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Synthesis of r nClSKF 82957: a High-Affinitv Dopamine D t Receptor 
Agonist. 
DaSILVA. J.N.: WILSON, A.A.; DOBBIN, S.; and HOULE, S. 
Clarke Institute of Psychiatry PET Centre, Department of Psychiatry, University of 
Toronto, 250 College St., Toronto, Ontario, Canada, M5T 1R8. 

Dopamine D[ receptor sites exist in two interconvertible states exhibiting either high 
or low binding affinity for agonists or partial agonists, while antagonists do not 
recognize the difference between these states (1,2). The high affinity state is 
thought to be the functional state for dopamine receptors (1-3), and their numbers 
are probably abnormal in neurological disorders as compared to controls. Except 
for the Dj agonist [ nC]SKF 75670 (4), all radioligands that were previously 
developed for visualizing dopamine D, receptors in the living brain with PET or 
SPECT were antagonists. 

SKF 82957 (3-methyl-6-chloro-7,8-dihydroxy-l-phenyl-2,3,4,5-tetrahydro-l#-3-
benzazepine) (Fig. 1) is a Dj agonist that binds with high affinity and selectivity for 
dopamine D, receptors (Ki = 0.8 nM for Dj, Ki = 142 nM for D 2 (5)). Addition of 
the 6-chloro group to SKF 75670 (SKF 82957) and to other benzazepines has been 
previously shown to cause an increase in the brain uptake (due to enhanced 
lipophilicity), and in the binding affinity for D! receptors, as compared to the nor-
chloro derivatives (5,6). Therefore, with the aim of increasing the signal to noise 
ratio in PET studies, we have synthesized [ nC]SKF 82957 as a potential PET 
radioligand of the functional high affinity sites of post-synaptic dopamine D, 
receptors. 

[nC]SKF 82957 was prepared by N-[nC]methylation of the widely used Dj agonist 
SKF 81297 with [nC]methyl iodide (Fig. 1). The reaction was performed using the 
HC1 salt of the racemic SKF 81297 and the base N-ethyldiisopropylamine in DMF at 
90°C for 5 min. [UC]SKF 82957 was purified by semi-preparative HPLC (Partisil 
SCX). After evaporation of the HPLC solvent, the residue was dissolved in sterile 
saline and filtered to provide an injectable formulation within 30 min from EOB, 
with 20-45% radiochemical yield (decay-corrected, based on [ nC]CH 3I). Quality 
control analyses (analytical HPLC and radio-TLC) showed high radiochemical 
purity (>99%), and high specific activities (700-2500 Ci/mmol at EOS). 
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Biodistribution studies in rats demonstrated high uptake in regions rich in dopamine 
D t receptors such as the striatum and olfactory tubercles. The ratio between the 
.retention of radioactivity in the striatum and the cerebellum was ca. 10 at 60 min 
after [nC]SKF 82957 injection. Further in vivo studies are in progress. 

HO. 

HO 

N-H 
»CH 3I 

DMF, 90'C 
Base 

HO. 

HO 

N n C H 3 

SKF 81297 [ n C]SKF 82957 

U, F i g . l . Radiosynthesis of ["C]SKF 82957 
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Carbon-11 Labelling of the D2 Agonist (±V4-H-IiC-pr<7pv/1-9-hvdroxvnaphthoxazine 
ttMUClPHNO 
D. BROWN», S. K. LUTHRA.1 F. BRADY', S. OSMAN', S. L. WATERSi, 
D. DIJKSTRA2- H. WIKSTROM2, D. BAGHURSP, and D. M. P. MINGOS*. 
'MRC Cyclotron Unit, Clinical Sciences Centre, Royal Postgraduate Medical School, 
Hammersmith Hospital, London W12 OHS, U.K. 
^University Centre for Pharmacy, University of Groningen, Groningen, The Netherlands. 
^Department of Chemistry, Imperial College, University of London, London SW7 2AY. 

Currently, the majority of PET ligands in use for measuring receptor binding are antagonists. 
In vivo, receptors adopt both high and low-agonist affinity conformations but antagonist 
tracers bind to these with equal affinity giving information on total receptor availability. 
Dopamine receptors can adopt both high and low agonist affinity conformations. Total putamen 
D2 site density is normal in Parkinsonian patients with fluctuating responses to levodopai but it 
is unclear whether changes in the relative levels of receptors with a high-agonist affinity 
conformation are occurring. The active (+)-enantiomer of PHNO is a potent and selective 
dopamine agonist2 which binds with a nanomolar affinity to the D 2 sites (Kd 6.2)3-4 and with 
a subnanamolar affinity (Kd 0.21)to the DA D3 receptors- We have developed radiochemistry 
for labelling PHNO with carbon-11 in order to evaluate it as a ligand for addressing this 
question using PET. 
(+)[' 'C]PHNO (III) was labelled in the N-propyl group by reaction of l-[nC]iodopropane 
with the (+)N-despropyl precursor (II) as shown in Figure l.The (±)iV-despropyl precursor 
(II) of (±)PHNO was prepared from the (±) 9-methoxydespropyl compound (I) by 
demelhylation using TMSI in acetonitrile. 

CH3O. 

(I) (ID 
CH3CH2nCH2l 
NaHC03 

DMF 

n... N—CH2CH2CH3 

ruC]PHNO 
(III) 

Figure 1. Synthesis of (±)-4-Il-iiC-prop.v/]-9-hydroxynaphthoxazine(±)[iiC]PHNO (III). 

l-["C]Iodopropanc was synthesised from [i'C]C02 using a 'one pot' method described by 
Langsirom<>. [iiC]C0 2 was trapped in ethylmagnesium bromide ( 0.2M) in THF (l.OmL ) 
over 4 min. 300nL of 0.5M (saturated) Li A1H4 in THF was added to the reaction vial and the 
solvent was then removed by evaporation at 1(X)°C with N 2 bubbling. 300jtL of HI was added 
and the reaction was then heated to 160"C for 3 minutes. The reaction pot was vented to waste 
during first minute of heating. l-[nC]Iodopropane was distilled from the reaction vial in a 
stream of nitrogen into a reaction vessel containing a solution of the N-dcspropyl precursor (II) 
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(0.5mg, 2.4 p.mol)) and sodium bicarbonate (6mg, 71.4 nmol) in DMF (200uL). The sealed 
reaction pot was then heated for 10 min at 1300C. The reaction mixture was injected onto a 
semi-preparative HPLC (CI8 p.-Bondapak 7.8 x 300 mm) eluted with a mixture of MeOH: 
aqueous KH 2 P0 4 (0.07M); (50:50) + 2.0mL/L Et3N at a flow rate of 3.0mL/min.The pH of 
the mobile phase was ca 7. [HCJPHNO eluted at 14 - 16 min. The N-despropyl precursor 
eluted at 3 - 5 min and [HQiodopropane eluted at 18 -20 min. Mass spectrometry (CI +ve 
mode) on (±)[ nC] PHNO after radioactive decay gave a peak m/z = 248 [M+H]+, identical 
to that obtained from authentic PHNO reference. Mass spectrometry was performed on a 
quadrupole mass spectrometer (Nermag R10/10C). Radiochemical yields of [ U C] PHNO 
were 7-10% from [ >iC]iodopropane. Work is in progress to optimise the radiochemical yield 
of (±)[ "C]PHNO before using the reaction to produce (+)[nC]PHNO from available (+)N-
despropyl precursor for biological evaluation. The effect of heating the cold propylation 
reaction is shown in figure 2. 
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70-
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2 
X 50-a. 
^ 40-

30-
20-
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0H 
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40 

- 1 -

80 120 160 
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Figure 2. Effect of temperature on yield of PHNO 

Temperatures well in excess of 100<>C and longer reaction times are required in order to obtain 
useful yields of PHNO. Consequently we are investigating the use of microwave heating for 
enhancing yields using a microwave cavity specially constructed for use with small volumes 
and fitted with a fibreoptic temperature probe. A comparison of yields of PHNO obtained using 
conventional and microwave heating at 130°C for different limes is shown in Figure 3. 
Considerable enhancement of yield in shorter reaction times is achieved by microwave heating 
compared to conventional heating. Preliminary results from microwave heating of the 
radioactive preparation at 130°C gave radiochemical yields of 20 - 25% in 10 min compared to 
the 7 -10 % obtained with conventional heating. 
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Svard H. - Appl. Radiat. Isotop. 22: 1141 (1986). 
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Figure 3. Comparison of microwave and conventional heating on the yield of PHNO. 
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Biodistribution Study of the Dopamine D-2 Receptor PET Radiotracer, , 8 F -
Fallypride. J. Mukherjee. Z-Y. Yang, T. Brown, X. Ouyang and M. Cooper. Franklin 
McLean Institute, Department of Radiology, The University of Chicago, Chicago, D. 

We have developed l8F-fallypride ((S)-A4(l-allyl-2-pyrrolidinyl)-methyl]-5-(3-
[l8F]fluoropropyl)-2,3-dimethoxybenzamide), a dopamine D-2 receptor radiotracer, for PET 
studies (Mukherjee et al., 1995a, 1995b). This radiotracer seems suitable for human studies of the 
dopaminergic receptor system in normals and neuropsychiatric illness. The radiotracer localizes in 
the dopaminergic neurons within the brain rapidly enabling the study of this receptor system. We 
have now carried out biodistribution studies of l8F-fallypride in monkeys using PET and 
subsequent whole body dissection in order to evaluate its radiation dosimetry and demonstrate its 
efficacy for human studies. We report here our results on the biodistribution of I8F-fallypride in 
non-human primates measured by PET and by post-mortem analysis. 

Two monkey species, Cebus apella (cebus, 4 kg, male) and Macaca mulatto (rhesus, 10-13 kg, 
males) were administered intravenously with lsF-fallypride (40-80 MBq) and were imaged using a 
PETT VI tomograph. Image data consisted of at least forty-four 2.62 minute frames starting at the 
time of injection. The percent injected dose/cc was measured for the various organs by PET as 
well as by whole body dissection. Whole body data was obtained for the cebus in five separate 
experiments whereas data from the brain only was obtained on the rhesus monkeys in several 
experiments. Urine was collected from the cebus and rhesus monkeys during the PET scans via a 
catheter inserted into the bladder. 

The PET data in Figure-1 shows distribution of l8F-fallypride in five organs in the cebus 
monkey over a period of approx. 2.3 hrs. At initial time points, liver contained a large proportion 
of the activity, followed by gall bladder, brain and heart. Lungs showed relatively small amounts 
of activity. Uptake in the gall bladder increased substantially during later time points in the PET 
study. Table 1 shows the distribution of activity in the cebus and rhesus monkeys. Gall bladder 
and liver contain a significantly large proportion of the activity. The following activities as 
%JD/organ, (PET/postmortem) at two hours postinjection were measured for the cebus monkey: 
liver 9.36/5.1, heart 0.67/0.35, brain 2.09/0.71 and gall bladder 1.40/4.11. Also, shown in this 
Table is the specific localization of the radiotracer in the various brain regions. 

From urine analysis on six experiments on cebus and rhesus monkeys an average of apprcx. 
12.8% of the radioactivity was excreted over a period of 2.3 hrs in the cebus monkey and an 
average of 38% (range 24-54%) of the injected dose was excreted in the urine of the rhesus 
monkeys over a period of 2.5 hrs post-injection. 
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of dopamine D-2 receptor: Challenges for non-invasive imaging studies by positron emission tomography. Med. 
Chem. Res., 5: 174-192, 1995. 
2. Mukherjee, J., Yang, Z.Y., Das, M.K. and Brown, T.: Fluorinated benzamide neuroleptics 3. Development of 
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Figure 1: Data from PET studies of Cebus monkey 
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Table 1: Distribution of ' ^F-fallypride j n Non-Human Primates 
approx. 3 hrs post-injection of radiotracer. 

Organ Percent Injected Dose of ^F-Fallypride 
Cebus monkev Rhesus monkev 
per gram per gram 

Brain 0.0142 0.0055 
Muscle 0.0143 0.0025 
Heart 0.0181 0.0044 
Blood 0.0120 0.0043 
Gall Bladder 0.2529 0.5298 
Lungs 0.0165 0.0049 
Liver 0.0645 0.0162 
Stomach 0.0537 0.0055 
Spleen 0.0331 0.0081 
Colon 0.0326 0.0057 
Kidneys 0.0430 0.0153 
S. Intestine 0.2311 0.0269 
U. Bladder 0.0498 0.0104 
Skull 0.0126 0.0036 
Thyroid 0.0280 0.0054 
Urine 0.1245 0.5173 

Brain Regions 
Striatum 0.1632 0.0732 
Cerebellum 0.0060 0.0015 
Frontal Cortex 0.0079 0.0028 
Temporal Cortex - 0.0028 
Thalamus - 0.0042 
Brain stem 0.0071 0.0029 
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Development of Fluorinated Dopamine Receptor Agonists as Potential Radiotracers 
for Functional Assessment of the Receptors. Yang, Z-Y and Mukherjee. J.. Franklin 
McLean Institute, Department of Radiology, University of Chicago, Chicago, D 60637 

Dopamine D2 receptors exist in two interconvertible states, a high affinity state and a low 
affinity state. The population of high affinity state which is the functional state of the receptor may 
be altered in certain diseases. Agonists (rather than antagonists) as radiotracers may be more 
appropriate for die in vivo assessment of die high affinity state of the dopamine D2 receptors and 
for their increased sensitivity to discriminate between die two affinity states (Seeman et al., 1993). 
We have dierefore attempted to develop derivatives of the D2 receptor-selective agonist, (S)-2-(N-
phenethyl-W-propyl)-amino-5-hydroxytetralin (PPHT) which has a sub-nanomolar affinity (Kj = 
2.1 nM for D2 sites; Madras et al., 1990) as potential radiotracers. 

Dopamine receptor sub-type selectivity, although marginal, has been shown to depend on the 
position of the hydroxy group on the tetralin ring, where 5-hydroxy prefers D2-sites while 7-
hydroxy prefers D3-sites (Figure 1). Iodinated analogs of these compounds have recendy been 
reported for me development of potential SPECT tracers (Chumpradit et al., 1994). Efforts to 
develop fluorine-18 labeled analogs of 5-hydroxy-2-aminotetralin as a tracer have not resulted in 
receptor-mediated retention in in vivo studies (Zijlstra et al., 1993). The fluorine atom in this study 
was placed on the propyl-group where it could potentially have detrimental effects on receptor 
binding. In order to remove the fluorine from close proximity to the nitrogen, we chose PPHT as 
an alternate structure to radiolabeling. Since PPHT has been shown to tolerate various functional 
groups as well as bulk at the para-position in the free phenyl group, we have intiated preparation of 
derivatives by incorporating a fluorine atom directly on the ring as well as placing an amino group 
at this position which is later derivatized (Figure 1). 

Figure 1. 
HO 

I.R = H; PPHT 
2. R = NH 2 

3.R = NHCH 2CH 2F 
4.R = NHCH 2 CH 2

1 8 F 
S.R = F 

The racemic ring-fluorinated derivatives were prepared using modifications of reported metiiods 
and has been reported for die 5-hydroxy derivative (Mukherjee et al., 1995); die correponding 7-
hydroxy derivative was similarly prepared starting from 7-memoxy-2-tetralone. The synthesis of 
PPHT-NH2 was carried out using modifications of reported methods and is described in Figure-2. 
The 2-fluoroediyl derivative was prepared by reacting PPHT-NH2 with 2-fluoroethyl tosylate (as 
shown in Figure-2). 

In order to develop fluorine-18 analogs of these agents, as a first step, the AM8F-fluoroediyl 
derivative was chosen. For purposes of 18F-fluoroemylation, I8F-fluoroemyl bromide was 
produced by reacting nca 18F-fluoride/Kryptofix/ K 2 C0 3 with dibromoethane in CH3CN at 75 °C 
followed by me addition of PPHT-NH2. Alternatively, radiolabeling experiments were carried out 
by reacting PPHT-NH2 with l8F-fluoroethyl bromide in the presence of tert-butyl limium for 15 
min at 80 °C followed by HPLC purification to provide radiolabeled PPHT-NHCH2CH2 ,8F. 
Radiochemical yields have been relatively low (<4%); attempts to improve the the reaction 
conditions are currently underway. 
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Figure 2. Synthesis Scheme for 1 8F-Labeled Agonists 
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Radiosynthesis and In Vivo Evaluation of [nC]A-69024 Enantiomers for 
Studying Dopamine Dl Receptors Using PET. Kassiou M.*, Scheffel U., 
Ravert H. T., Mathews W. B., Musachio J. L., Dannals R. F. Divisions of Nuclear 
Medicine and Radiation Health Sciences, The Johns Hopkins Medical Institutions, 
Baltimore, MD, USA, and *Biomedicine and Health Program, ANSTO, Sydney 
Australia. 

The association of dopamine Dl receptors in neuropsychiatric disorders has 
seen the development of selective radiotracers for use in positron emssion 
tomography (PET). Recently the non-benzazepine, A-69024 [(±)-l-(2-bromo-4,5-
dimethoxybenzyl)-7-hydroxy-6-methoxy-2-methyl-l,2,3,4-tetrahydroisoquinoline] 
has been labeled with carbon-11 and demonstrated to be a useful ligand for in vivo 
studies of dopamine Dl receptors (1,2). Here we report the resolution, isolation and 
in vivo evaluation of [ nC] A-69024 enantiomers. 

The enantiomers of ["C]A-69024 were prepared by N-alkylation of the (±)N-
desmethyl A-69024 with [uC]methyl iodide. The reaction was performed in acetone 
and heated at 80°C for 5 minutes. Mobile phase was added and the reaction mixture 
injected onto a semi-preparative Chiracel OD column. With hexane and isopropanol 
(60:40) as mobile phase and a flow rate of 3 mL/min, the retention times of 
[nC]A-69024 enantiomers were 10.5 and 14.5 minutes. Radiochemical yields of 
3.2% were obtained with specific activity 1434 Ci/mmol calculated at end-of-
synthesis (EOS). The chemical and radiochemical purity assessed by C-18 HPLC 
was 98%. The average time of synthesis and formulation of both enantiomers was 
30 minutes. 

In vivo biodistribution of the active enantiomer of [nC]A-69024 (tR = 10.5 
minutes) in mice showed a high uptake in the striatum (10.3 % ID/g) at 5 minutes, 
followed by clearance with T 1 B of 18.3 minutes. The striatum/cerebellum ratio 
reached a maximum of 16.4 at 30 minutes post-injection. Radioactivity in the 
striatum was reduced by 61% by pre-administering unlabeled A-69024 (1 mg/kg). 
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Pretreatment of mice with spiperone (D2) or ketanserin (5-HT2/5-HT2C) had 
no significant inhibitory effect on uptake of the active enantiomer in the striatum. 
The inactive enantiomer of ["CJA-69024 (^ = 14.5 minutes) diplayed no specifc 
uptake (STR/CB = 1-2) during the time course of the experiment (90 minutes). 

These results suggest that the active enantiomer of ["CJA-69024 potently and 
selectively labels Dl receptors in vivo while the pharmacologicol inactive 
enantiomer can be used as a measure of non-specific binding. These PET 
radiotracers could prove valuable for quantification of dopamine Dl receptors in the 
living human brain. 
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Synthesis and Enantiomeric Evaluation of an Iodine-123 Labelled Analogue of 
A-69024 for In Vitro and In Vivo Studies of Dopamine Dl Receptors. 
KASSIOU. M.: MARDON. K.; LOCH. Gfr, KATSIFIS. A.; DIKIC. B.; MATTNER. F. 
Biomedicine and Health Program, ANSTO, PMB 1 Menai NSW 2234 Australia, and #Service 
Hospitaller Frederic-Joliot, CEA, F-91406 Orsay, France. 

The role of dopamine Dl receptors in the pathophysiology of psychotic disorders has seen 
the continued development of suitable radiotracers for studying Dl receptors using PET and 
SPECT. The development of suitable radiotracers for SPECT studies has been limited to iodine 
analogues of benzazepines. Recently the non-benzazepine, A-69024, has been labelled with 
carbon-11 and shown to be suitable for in vivo studies of dopamine Dl receptors (1,2). Here we 
report the synthesis and pharmacological evaluation of the enantiomers of an iodine-123 labelled 
analogue of A-69024, (±)-l-(2-iodo-4,5-dimethoxybenzyl)-7-hydroxy-6-methoxy-2-methyl-
1,2,3,4-tetrahy dro-isoquinoline. 

A-69024 was treated with n-BuLi and tributyltin chloride at -78°C. The reaction mixture 
was allowed to reach room temperature and the stannane isolated by column chromatography. 
Racemic 2-[iaI]-A-69024 was prepared by electrophilic substitution of the corresponding 
tributyltin derivative with Na123I in the presence of Chloramine-T and HC1 at room temperature. 
The purification of the radioligand was performed using semi-preparative C-18 reverse phase 
HPLC. With acetonitrileand 0.01M H3P04 (pH adjusted to 7.2 using TEA) (50:50) as a mobile 
phase and a flow rate of 3 mL/min, the retention time of 2-[12T]-A-69024 was 20 min. 
Radiochemical yields of 70% were obtained with specific activity 74 GBq/nmol. The chemical 
and radiochemical purity assessed by HPLC were 98%. 2-[123rj-A-69024 was loaded on a C-18 
Sepak, washed with water, eluted with ethanol and azeotroped several times with hexane. The 
active and inactive enantiomers of 2-[l2TJ-A-69024 were resolved and isolated using a Chiracel 
OD analytical column. With hexane and isopropanol (80:20) as moblie phase and a flow rate of 1 
mL/min the retention times of the two enantiomers were 12 and 17 min. The total time of 
synthesis was 60 minutes (Scheme 1). 

In vitro studies on rat striatal membranes showed that the active enantiomer of 
2-[raI]-A-69024 (Chiral HPLC, \ = 12 min) bound saturably to a single population of binding 
sites (Bmax = 0.95 + 0.04 pmol/mg protein) with a dissociation constant Kd = 1.3 ± 0.1 nM 
(fig. 1). The binding of the inactive enantiomer (Chiral HPLC, ^ = 17 min) on the same 
membranes was determined to be non-specific. In vivo biodistribution of the active enantiomer of 
2-[,aI]-A-69024 in rats showed a high uptake in the striatum (0.7 % ID/g) at 5 minutes followed 
by clearance. The STR/CB ratio reached a maximum of 3.9 at 30 minutes post-injection. 
Radioactivity in the striatum was reduced to the level of the cerebellum by pre-administering the 
Dl antagonist SCH 23390 (1 mg/kg). Pretreatment of rats with 1 mg/kg of spiperone (D2), 
7-OH-DPAT (D3), clozapine (D4), ketanserin (5-HT2/5-HT2Q and haloperidol (D2/o) had no 
significant effect on the uptake of the active enantiomer of 2-[l23I]-A-69024 (fig. 2). No specific 
uptake was observed for the inactive enantiomer (STR/CB = 1) throughout the 60 minute time 
course of the experiment. 
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These results suggest diat active enantiomer of 2-[l2TJ-A-69024 has the potential of being 
developed as a useful SPECT radiotracer for dopamine Dl studies while using the 
pharmacologically inactive enantiomer as a measure of non-specific binding. 
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Rgure 1 : A. Equilibrium binding data from a typical experiment. Total, non-specific and 
specific binding of 2-['23I]-A-69024 (active) in the homogenate of rat brain striata. 
B. Representative Scatchard plot of specific binding data, ratio of bound to free (B/F) 
2-[,:3I]-A-69024 is plotted as a function of specifically bound 2-[l23I]-A-69024. 
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Figure 2 : Effects of various drugs on 2-[l23I]-A-69024 (active) uptake in rat brain. 
Regional radioactivity concentrations are means % ID/ g tissue ± S.D.; n=3-5. * p<0.0001. 
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Synthesis and Biological Evaluation of 3-(3'-f18FlFluoropropvn-2-5'-
lodothienvlspiperone (FPITS); A New Potent and Selective D2 Dopamine Receptor 
Antagonist for PET or SPECT. Shi. B.; Goodman, M. M.; Tune, L.; Hoffman, J. M; 
Shoup, T.; Kilts, C; Eshima, D.;. Shattuck, L.; Votaw, J. and Camp, V. Emory Center for 
Positron Emission Tomography, Emory University, Atlanta, GA. 

Abnormalities in CNS dopaminergic neurotransmission have been implicated in the psychiatric 
disorder schizophrenia (1). Dynamic imaging studies of the dopamine D2 receptor binding in humans 
with fluorine-18 labeled neuroleptic drug spiperone by positron emission tomography (PET) has 
been well documented (2). Imaging studies with 3-(2'-[F-18]fluoroethyl)spiperone (FESP) and 3-
(3'-[F-18]fluoropropyl)spiperone (FPSP) show that these radioligands are rapidly taken up in the 
brain and exhibit high specificity for the dopamine D2 receptor which results in high striatum to 
cerebellum ratios. Although FESP and FPSP show high affinity for the dopamine D2 receptors, an 
undesired property of butyrophenones such as FESP is nanomolar serotonin SHT2 receptor affinity. 
Dopaminergic and serotinergic neurons project into the striatum and cortex resulting in the 
superimposition of dopamine D2 receptors and serotonin 5-HT2 receptors within the striatum and 
cortex which can interfer with receptor mapping of the D2 receptors. Thus, there is a need for more 
selective high affinity radioligands for in vivo quantitative measurement of dopamine D2 receptors 
within the striatum and in extrastriatal regions. 

Recently, we developed a series of thienylbutyrophenones, where the 4'-fluorobenzoyl- substituent 
was bioisoterically replaced by a 2-thienoyl group (3,4). These unique spiperone analogues were 
found to exhibit high affinity to dopamine D2 receptors but not to serotonin 5-HT2 receptors. We 
now report the development of a new thienylbutyrophenonc, 3-(3'-[18F]Fluoropropyl)-2-5'-
iodothienylspiperone (5) (FPITS), which exhibited a very high affinity in vitro (IC50 < 1 nM vs [3H] 
sulpride) for the dopamine D2 receptor and a 100 fold lower affinity for the serotonin 5-HT2 receptor ( 
IC50 = 72.6 nM vs [3H]ketanserin). FPITS showed the highest potency and selectivity of the series 
of thienylbutyrophenones tested and contains both fluorine and iodine which allows for radiolabeling 
with either fluorine-18 for PET or iodine-123 for SPECT. 

[18p]ppiTs (sj w a s synthesized in a four step reaction sequence shown in Figure 1. 8-[4,4-
(Ethylenedioxy)-4-(2,-5'-iodothienyl)butyl]-8-phenyl-13,8-triazaspiro[4,5]decan-4-one (t) was 
alkylated in benzene in the presence of a phase transfer catalyst and 50% NaOH aqueous solution with 
l-bromo-3'-0-tetrahydropyranylpropane. The tetrahydropyran 2 was treated with acid to remove both 
the 4.4- ketal and the tetrahydropyran protecting groups giving alcohol 3. The alcohol 3 was converted 
into the key intermediate mesylate 4. The mesylate was purified by preparative HPLC prior to labeling. 
[18F]FPITS (5) was prepared using an automated device, in 4.2% E.O.B. yield by NCA 
K[18F]/K222 exchange for mesylate from 3-(3'-mesyIpropyl)-2-5'-iodothienylspiperone (4) in 
CH3CN at 80°C. HPLC purification (Cjg RP 25 mm X 100 mm, 75:25:0.1 CH30H:H2QNEt3, 
flow rate 6mL/min) afforded [18F]FPITS (12 mCi EOS) with a specific activity of 2 Ci//<mole in a 
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total synthesis time of 110 min. Following femoral vein injection in rats [18F]FPITS showed good 
uptake and retention in striatal (S) tissue (0.25% dose/g at 120 min) with clearance from the cerebellum 
(C) (0.04% dose/g at 120 min) giving S/C = 6.3 at 120 min (Table 1). [18F]FPITS also showed 
rapid clearance from the cortex (Cx) (0.08% dose/g at 120 min) giving S/Cx = 3.0 at 120 
min.[18F]FPITS (5.0 mCi) was administered to a rhesus monkey and showed rapid and high uptake 
and retention in the basal ganglia with rapid washout from cerebellum resulting in S/C = 5 at 120 min 
post injection by PET imaging. Research supported by the National Institute of Health and the National 
Institute of Mental Health. 
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Table 1. In vivo tissue distribution with [ 1 8F]FPITS in rats 
(% dose/gram average of 4 rats) 

Organ 2 min 30 min 60 min 120 min 
Blood 0.71 0.29 0.13 0.08 
Heart 1.62 0.31 0.12 0.08 
Lungs 3.2 0.77 0.37 0.20 
Liver 2.29 0.73 0.60 0.39 
Kidneys 2.07 0.80 0.45 0.30 
Bone . 0.21 0.98 1.32 1.38 
Brain 0.2 0.15 0.11 0.11 

Region 5 min 30 min 60 min 120 min 
Striatum 0.21 0.26 0.22 0.25 
Cortex (Cx) 0.24 0.15 0.09 0.08 
Cerebellum 0.18 0.07 0.05 0.04 

S/Ccreb 1.18 3.54 4.52 6.3 
S/Cx , 0.88 1.71 2.55 3.02 

16 



18 
[ FJ5 

N - H BrCH2CH2CH2OTHP 

Benzene 
50% NaOH 
Cat.Bu 4NHS0 4 

84% 

N-CH 2 CH 2 CH 2 OTHP 
I CH3OH/HCI 

N-CH 2 CH 2 CH 2 OH MsCl/EtgN 

CH 2C1 2 

74% 

N-CH 2CH 2CH 2OMs 2̂22< 
18 

CH 3CN 
80 C 

18_ N-CH 2 CH 2 CH 2 F 

18 Figurel. Synthesis of [ F]FPITS 

17 



Synthesis of l*23I]-3-N-MethyI-2-iodothienyIspiroperidol: A Novel Dopamine D2 
Receptor Imaging Agent for SPECT 
Waterhouse R. N. '^; Gotsick. T. 2: Kabalka G. W.2; Goodman, M. M.3; and O'Brien, J. C.1 

Biomedicine and Health Program, ANSTO, Lucas Heights NSW Australia 22341, Biomedical 
Imaging Center, University of Tennessee at Knoxville, TN. USA 379202, Emory Center for 
Positron Emission Tomography, Emory University, Atlanta, Georgia USA 303223 

Various neurological disorders including Parkinson's disease, schizophrenia, tardive 

dyskinesia, and Huntington's chorea involve changes in the density of dopamine receptors in the 

central nervous system (1-3). With the development of computed tomography, several radiotracers 

labeled with M C , 1 8 F and 1 2 3 I have been developed for the in vivo evaluation of dopamine P2 

receptors by positron emission tomography (PET) and single photon emission computed tomography 

(SPECT). Assessment of D2 receptor status in humans has been accomplished with PET using n C 

and 1 8 F spiroperidol and benzamide derivatives (4-6). Similar studies have been performed with 

SPECT using 123I-labeled benzamide analogs (7). Although several radioiodinated spiroperidol 

analogs have been characterized, most have proven to be less than ideal as imaging agents because of 

non-specific binding due to of lack of selectivity or high lipophilicity (8). 

In the development of novel 123I-labeled imaging agents for D2 receptors, we have 

synthesized and characterized 3-N-methyl-2-iodothienylspiroperidol, 1 (9). This compound has 

appropriate lipophilicity (log P7.2 = 3.14) for good brain uptake and low non-specific binding. 

Preliminary in vitro characterisation of 1 indicates that the ligand binds selectively to dopamine D2 

receptors (Ki = 1.9 nM) over serotonin 5HT2 receptors (Ki = 29.3 nM), serotonin 5HTi a receptors 

(Ki = 295 nM) and alpha-1 receptors (Ki = 293.0 nM). In view of these results, 1 2 3 I - 1 was 

prepared for evaluation in vivo . 

The stannane precursor J used to prepare 1 2 3 I -1 was obtained by reacting 1 with bis(tributyltin) 

in toluene at reflux in the presence of tetrakis(triphenylphosphine)palladium (0) for 24 hours 

(Scheme I). Purification of 2, was accomplished using gravity chromatography [silica, ethyl 

acetate/ethanol 9:1, rf=030] to provide a white, crystalline solid (53% yield). Radioiodination of 2, 

was performed by classical electrophilic iododestannylation methods under acidic conditions using 

chloramine-T (CAT) as the oxidant. Briefly, no-carrier added Na 1 2 3I in 0.1 N aqueous NaOH 
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Scheme 1: Synthesis of 1 2 3l-lfrom 1 

o 
$—N-CH3 

, J ^ X ^ C H 2 ) 3 N N / C ^ 7 ^ ^ 
° 1 

[(Ph^Pj4Pd(0) toluene 
b i s ( t r i b U t y l t i n ) | r e n u x 2 4 h r s 

O 
.\1-CH3 

O 
1 2 3 f - i 50-55% 

(50 nl) was placed into a 3.0 ml Wheaton vial followed by glacial acetic acid (15 fil), chloramine-T in 

85% ethanol / water (30 u,g, 30 nl) and 2, in ethanol (1 mg, 50 jil). The vial was gently shaken and 

allowed to stand for 1 minute. Next, aqueous sodium bisulfite was added (50 fig, 50 fil) followed 

by distilled water (1ml) and dichloromethane (1ml). The vial was sealed, shaken vigorously and 

allowed to stand for one minute. The organic phase was collected and all volatile solvents removed 

under a stream of nitrogen gas. The residue was dissolved in ethanol and the product purified by 

reverse-phase high performance liquid chromatography (HPLC) [Activon Gold PaK Exsil ODS B 

(25 X 1 cm)l with a mobile phase of methanol/water (80:20, v/v) and a flow rate of 2.0 ml/min. As 

determined by HPLC (250 nm, retention time = 14.2 min.), the radiochemical purity of the final 
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product was >99%. -The radiochemical yields were 50-55% EOS and the average time of synthesis 

and purification was 30 minutes. 

In summary, [123I]-3-N-Methyl-2-iodothienylspiroperidol has been prepared in good yield 

and in high radiochemical purity. The evaluation of this novel radioligand in rodents is planned. 
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VALIDATION STUDIES OF [18F]FLUOROCLEBOPRIDE ([18F]FCP): A 
BENZAMIDE ANALOGUE THAT BINDS REVERSIBLY TO DOPAMINE D2 
RECEPTORS. 

R.H. MachU. R.L.E. Ehrenkaufer1, M.A. Nader2.*, S.W. Line1, C.R. Smith1, C. Hubbard2, M.-
P. Kung4, H.F. Kung4'5, R.R. Luedtke6, and T.E. Morton1. Departments of iRadiology, 
^Physiology & Pharmacology, and 3Comparative Medicine, Bowman Gray School of Medicine, 
Winston-Salem, NC 27157; Departments of 4Radiology and 5Pharmacology, University of 
Pennsylvania, Philadelphia, PA 19104; and department of Pharmacology, University of North Texas 
Health Science Center, Fort Worth, TX 76107. 

[^CJRaclopride is currently the most-frequently used radiotracer for PET studies of dopamine D2 
receptors. This can be attributed to the positive features' of raclopride, which include its high D2-
selectivity and reversible binding kinetics in vivo, that are amenable to receptor quantitation with PET. 
The reversible kinetics of [^Qraclopride in vivo has also proven to be useful in estimating the 
changes in synaptic dopamine content under a variety of experimental conditions (1-3). In spite of 
these positive attributes, a feature of [^CJraclopride that is not ideal is its relatively low binding 
potential reported from PET studies of both humans (3) and nonhuman primates (1,2). In addition, 
the relatively short half-life of carbon-11 places time constraints on the types of pharmacological 
challenge experiments one can conduct since there is only 30-40 min of data acquisition time available 
once equilibrium has been reached with ["CJraclopride. 

Our previous studies in rats revealed that the benzamide derivative, [18F]fluoroclebopride ([18F]FCP), 
had a high brain uptake and labeled dopamine D2 receptors in vivo (4). The rapid washout from rat 
striatum also suggested that this compound should display reversible binding kinetics in PET imaging 
studies of nonhuman primates. The goal of the current study was to conduct a series of validation 
experiments of [18F]FCP in nonhuman primates in order to determine if this compound is a suitable 
PET radiotracer for PET studies of D2 receptors. In vitro binding studies were also conducted in order 
to determine the relative affinity of FCP for the different subtypes of the D2 receptor (D2(i0ng). D3, and 
D4; Table I). 

[18p]pcp was prepared via N-alkylation of the corresponding N-desbenzyl precursor with [18FJ4-
fluorobenzyl iodide ([18F]FBI) using a modification of the published procedure (4). The synthesis 
time generally required ~2 h to complete and [18F]FCP was obtained in a yield ranging from 20-40% 
from [18F]FBI; the specific activity ranged from 1700 - 4800 mCi/umol decay corrected to E.O.B. 
PET imaging studies were conducted in rhesus monkeys (n = 5) in order to determine the between-
subject and test/retest variability of [18F]FCP. [18F]FCP was found to have a high uptake and slow 
rate of washout from the basal ganglia, a region possessing a high density of D2 receptors (Figure 1). 
The half-life of washout of [18F]FCP from the basal ganglia ranged from 190 - 245 min; kinetic 
equilibrium was also reached at ~40 min post-i.v.-injection. The basal gangliarcerebellum ratio 
increased rapidly over the first 40 min and reached a plateau value ranging from 4.0 - 5.5. The PET 
data was also analyzed using the graphical method for reversibly-binding radiotracers described by 
Logan et al. (5); [18p]FCP was found to have a binding potential of 3.24 ± 0.22 (mean ± S.E.M., n = 
5). Test/retest variability studies were also conducted in test subjects on different days (separated by 2 
- 6 months) and was found to range from 10 -18%. 

Pharmacological challenge experiments were also conducted in order to determine if the kinetics of 
binding of [18F]FCP was influenced by changing levels of synaptic dopamine. An advantage of 
[18F]FCP over [11C]raclopride is the relatively long imaging time (-140 min) that can be conducted 
once kinetic equilibrium has been reached. Therefore, pharmacological challenge experiments were 
conducted by injecting the challenge drug at 40 min post-i.v.-injection of a no-carrier-added dose of 
[18F]FCP. Amphetamine challenge (1 mg/kg/i.v.) was found to result in a dramatic increase in rate of 
washout of [18F]FCP from the basal ganglia that persisted for -40 min.; no change in kinetics of 
[18F]FCP in the cerebellum was observed. A similar challenge experiment with cocaine (1 mg/kg/i.v.) 
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resulted in a less dramatic increase in rate of washout of [ 1 8F]FCP from the basal ganglia, but the 
effect persisted for -90 min. Increasing the dose of cocaine to 3 mg/kg/i.v. did not result in a 
significant change in washout kinetics of [ 1 8F]FCP. The results of these studies indicate that 
[ 1 8F]FCP may be an appropriate ligand for PET studies of D2 receptors. Furthermore, the relatively 
long half-life of fluorine-18 and the suitable kinetics of [ 1 8F]FCP indicate that imaging studies can be 
conducted in a manner that can provide information regarding the temporal changes in synaptic 
dopamine content that occur following challenge by an agent that is known to elevate synaptic 
dopamine levels. 
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Table I. In Vitro Binding Constants for Fluoroclebopride for the 
D2-Class of Receptors. 

Receptor Tissue Ligand Ki [nM] 

D2-like 
D2(Iong) 
D 3 

D 4 

rat striatum 
sf9 cells 
sf9 cells 

CHO cells 

[125l]NCQ 298 
[125rjNCQ298 
[ 1 2 5I]NCQ 298 
[ l 2 5 r j p I P A T 

0.95 
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Figure 1. Tissue-time activity curves (A) and basal gangliaxerehellum ratios from [ 1 8F]FCP PET 
studies in rhesus monkeys (n = 5). 
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Figure 2. Representative test/retest studies with [ 1 8F]FCP in two rhesus monkeys. These studies, 
which were conducted on different days separated by - 6 months, gave a test/retest variability of 10 -
15%. 
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Figure 3. Amphetamine and cocaine challenge studies in rhesus monkey 1068. 
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STRUCTURE-AFFINITY RELATIONSHIP FOR DOPAMINE 
D 2 RECEPTOR 

Liu Bo-li; Meng Zhao-xing; *Zhu Tong: *Gong jia ling 

Beijing Normal University, Department of Chemistry, Beijing 100088.China 
* Shanghai Medical University, Shanghai 200032 China. 

In the past few years, a series of new benzamide derivatives have been 
synthesized and characterized to show very high affinity and selectivity to the 
D2 dopamine receptor. However the influence of aromatic substituents on the 
binding of substitated benzamides to dopamine D2 receptors still have not been 
clearly. In order to investigate the stracture-affinity relationship between 
different ring-subtituted benzamide and k^ or IC50 value, some crystals of 
Benzamides have been synthesized in our Laboratory. According to its x-ray 
crystallography data. We have calculated the charge distribution of variously 
ring-substituted benzamide using improved CNDO/2 methodW. The results are 
listed in table 1 and 2. It was clearly from our results that the positive 
electrocharge of nitrogen of pyrrolidine ring are quantitatively related to its kd 
value or IC50 value. The binding affinity will be increased with decreasing of 
total electric charge of benzen ring. Fur-thermore the summation of total 
electric charge of benzen ring including substituted groups is quantitatively 
related to its Kd or IC50 values as well. It was demonstrated that the binding 
affinity is apparently effected by the electric charge of the area of plane of 
benzen ring and electrocharge of nitrogen of pyrrolidine ring. Based on the 
previous calculated results, some optimal conditions for synthesis of various 
new substituted benzamides for D2 receptor have been suggested, finally the 
preminary model of interaction between ligand and D2 receptor has also been 
proposedThis structure-affinity relationship for Dopamine D2 Receptor seems 
to be useful in designing and predicting new benzamide D2 receptor ligand. 
This research project was supported by The P.R.C. National Natural Science 
Foundation.. 
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Structure of Benzamide 

Tablel. 
Electric Charge Distribution of Nitrogen of Pyrrolidine ring and Benzen ring of Benzamides 

ligands Comfor-

mation 

Rl R 2 % R 4 R5 Rk Kd(2> benzen 

rine(e) 

N U ( e ) 

FIDA-2 S H I OMe OMe H CH 2C 6H 4F 0.01 0.01 0.345 

D3F S H H OCH2CH3 H H Et 0.11 0.07 0.245 

FIDA-1 S H I H OCH2CH2 H Et 0.13 0.07 0.240 

Eticloprde S OH CI Et OMe H Et 0.17 0.20 0.221 

IBZM S OH I H OMe H Et 0.43 0.41 0.170 

Raclopride S OH CI CI OMe H Et 1.1 0.57 0.108 

BZM S OH H H OMe H Et 30 0.95 0.011 

Tablel 
Electric Charge Distribution of Nitrogen of Pyrrolidine ring and Benzen ring of Benzamides 

ligands Comfor 

mation 

Rl R 2 R3 R4 R5 R k benzen 

rin°(e) 

"-50 N M ( e ) 

1 S OH Et OM3 OMe H Et 0.037 0.77 0.251 

2 S OH Br OMe OMe H Et 0.05 1.44 0.250 

3 S OH CI OMe OMe H Et 0.054 1.70 0.248 

4 S OH C 3 H 7 OMe OMe H Et 0.05 2.40 0.241 

5 S OH H OMe OMe H Et 0.50 8.80 0.124 

6 S NH2 Br OMe OMe H Et 0.64 21 0.118 

7 S OH Br OMe OMe H Et 0.66 33 0.110 
8 S OMe Br NH 2 OH H CH2CH=CH2 0.75 44 0.101 

9 S OH H OMe OMe H Et 0.83 56 0.098 

10 S OMe Br OH OH H Et 0.93 67 0.071 

11 R OH Br OMe OMe H Et 0.84 79 0.058 
12 S OMe CI OMe OMe H Et 1.10 420 0.042 

13 S OMeOO Et OMe OMe H Et 1.15 820 0.034 

14 S Me Br OMe OMe H Et 1.26 1750 0.021 

15 S OMe C3H7 OMe OMe H Et 1.38 2960 0.011 

16 R OMe Br OMe OH H Et 1.45 6170 0.014 
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ABSORBED RADIATION DOSIMETRY OF THE PET RADIOLIGAND N-METHYL-
[F-18]BENPERIDOL. S.M. Moerlein. J.S. Perlmutter, P.D. Cutler, J. Giovanni, M.M. 
Anderson and MJ. Welch. Mallinckrodt Institute of Radiology, Washington University 
School of Medicine, St. Louis, MO 63110. 

PET investigations of nonhuman primates have shown that N-methyl-[F-
18]benperidol ([F-18]NMB) is a unique radioligand for noninvasive study of cerebral 
dopaminergic D2 receptors (1,2). Preceding safe application of this tracer in humans, it 
is necessary to evaluate the absorbed radiation dosimetry associated with use of this 
tracer. In this work we have estimated the dosimetry of this tracer via whole-body PET 
imaging of baboons injected with [F-18]NMB. 

[F-18]NMB was synthesized for these investigations in 5-10% radiochemical yield 
with a specific activity exceeding 3000 Ci/mmol using a three-step reaction sequence (3). 
Two baboons weighing 10.4 kg and 18.2 kg were injected i.v. with [F-18]NMB (2.65 mCi 
and 436 mCi, respectively) for the imaging studies. The experimental protocol (4) that 
we employed was approved by the Animals Studies Committee of Washington University. 
The animals were initially anesthetized with ketamine (10-15 mg/kg, i.m.), atropine 0.2 
mg i.m. to decrease secretions, paralyzed with gallamine (2-4 mg/kg,i.v.), and ventilated 
via endotracheal tube with 70% nitrous oxide and 30% oxygen. For the emission scans, 
four scanning positions corresponding to different regions of the animals' bodies were 
imaged sequentially. Position 1 included the brain and eyes, position 2 the heart and 
lungs, position 3 the liver, gall bladder, upper intestines and kidneys, and position 4 the 
bladder, lower intestines and gonads. Accumulation of radioactivity in tissues other than 
these organs was uniform and minimal. Before the emission scans, tissue attenuation 
was measured for each position via a transmission scan using rotating rod sources of 
[Ge-68]/[Ga-68]. 

After injection of [F-18JNMB, 5-min long scans were acquired for each position 
sequentially over a 4 h interval; for each position, 4-5 scans were obtained at different 
times after injection. For smaller organs, regions of interest (ROI) were defined that 
completely encompassed the target organ. For larger organs, multiple large 
representative ROIs were identified that included all local peaks of radioactivity. The 
average activity concentration then was calculated for the target organ and multiplied by 
the organ weights to give the radioactivity accumulation per organ as a function of time. 
The residence time of radioactivity in each organ and S-values were used to derive 
absorbed dose per unit cumulated activity. Dose calculations were performed using both 
the original MIRD S-values (5) and the updated MERDOSE3 S-values (6). 

For reference man, the critical organ was the gall bladder (0.6-1.1 rad/mCi), with 
relatively high dose delivered to the heart wall (0.3 rad/mCi) as well. Gonadal dose was 
minimal (0.05 rad/mCi). The absorbed radiation dose to other tissues was relatively 
modest These results suggest that approximately 5 mCi of [F-18JNMB can be safely 
administered to human subjects for PET study of cerebral D2 receptor binding in vivo. 
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A SELECTIVE DOPAMINE D 3 RECEPTOR AGONIST FOR PET. 
EVALUATION AND PREPARATION OF (R)-(+)-[PROPYL-11C]PD 128907. 
C. Halldin'. H. Hall1, C. Lundkvist1, D. Dijkstra2, H. Wikstrom2, C.-G. Swahn1, L. Farde1, 
L.D. Wise3, T.A. Pugsley3 and G. Sedvall1. 'Karolinska Institutet, Department of Clinical 
Neuroscience, Psychiatry Section, Karolinska sjukhuset, S-171 76 Stockholm, Sweden and 
2University of Groningen, Groningen, The Netherlands and 3Parke-Davis Pharmaceutical 
Research, Ann Arbor, USA. 

The first selective dopamine D3 receptor ligand reported in the literature is the agonist 7-OH-
DPAT (7-hydroxy-N,N-dipropyl-2-aminotetraline) (1). It was first reported to bind with high 
selectivity to dopamine D3 receptors with a Kp of 0.78 nM. Recently, Gonzalez and Sibley (2) 
reported that [3H]7-OH-DPAT is capable of labelling dopamine D2 as well as dopamine D3. 
The active (+)-enantiomer of (+)-[propyl-"C]7-OH-DPAT has earlier been prepared by 
alkylation with ["C]propyl iodide and evaluated with PET (3). A marked uptake of 
radioactivity has been demonstrated in brain regions such as the striatum. Displacement 
experiments demonstrated reversibility of (+)-[propyl-' 'C]7-OH-DPAT binding, but binding 
also to dopamine D2 can not be excluded. Pergolide (Kj for D2 20 nM for D3 2 nM) is another 
compound showing some dopamine D3 selectivity, which has been labelled with " C and 
examined in a monkey PET experiment (4). Some iodinated analogues to 7-OH-DPAT has been 
suggested to have affinity for dopamine D3, such as (R)-(+)-7-OH-PIPAT and (R)-(+)-5-OH-
PIPAT. These compounds are specific for D2high and D3 binding and have potential as tracers 
for in vivo SPECT studies of functional dopamine D2high/D3 receptors (5,6). 

Recently, PD 128907 (4aK, 10W?-(+)-frans-3,4,5,4a,10b-tetrahydro-4-propyl-2H,5#-
(l)benzopyrano(4,3-b)-l,4-oxazin-9-ol) has been reported to be a selective dopamine D3 
receptor agonist ligand that exhibits about a 1000-fold selectivity for human dopamine D3 
receptors (Ki, 1 nM) versus human dopamine D2 receptors (Kj, 1183 nM) and a 10000-fold 
selectivity versus human D4 receptors (Kj, 7000 nM) using [3H]spiperone as the radioligand in 
CHO-Kl-cells (7). In this work we report the evaluation of (R)-(+)-[3H]PD 128907 binding in 
post-mortem human brain whole hemispheres, the synthesis of the optical pure (R)-(+)-
despropyl precursor and labelling of (R)-(+)-[propyl-' 'C]PD 128907. 

Autoradiography was performed using (R)-(+)-[3H]PD 128907 (1-4 nM) on post-mortem 
human whole hemispheres. The autoradiograms showed a marked distribution in the nucleus 
accumbens, with less binding to the putamen. No labelling was obtained in the neocortex or in 
white matter. The pattern of labelling was similar to that obtained with the dopamine D3 agonist 
(R)-(+)-[3H]7-OH-DPAT performed in the presence of GTP. The addition of GTP (100 |iM) 
did not reduce the (R)-(+)-[3H]PD 128 907 labelling of nucleus accumbens, indicating selective 
binding of (R)-(+)-[3H]PD 128907 to dopamine D3 receptors. The labelling could be entirely 
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blocked by the D2/D3-receptor antagonist raclopride (10 pM). The results suggest that (R)-(+)-
[ 3H]PD 128907 is the best ligand so far to visualize dopamine D3 receptors in the human brain 
with autoradiography. 

The racemic trans-9-OMe-despropyl (8) intermediate was resolved using diastereomeric salt 
formation with (+)-Chlocyphos (9). Enantiomerically pure trans 9-OMe-despropyl intermediate 
was achieved after two crystallizations. Selective O-demethylation was achieved in room 
temperature by AICI3 in EtSH in good yield (Scheme 1). 

CH3O , N ^ HO 
H l.Chlocyphos 

2.AlCl 3 inEtSH 

trans-(±) 

Scheme 1. 

trans-R-(+) 

The active (R)-(+)-enantiomer of [propyl-1 'C]PD 128907 was prepared by N-alkylation of the 
free base of the secondary amine with [^C]propyl iodide (Scheme 2). Different reaction 
conditions were tested as using different additional bases such as tetramethylpiperidine (TMP) 
and tetrabutylammonium hydroxide (TBAH). By using 4 mg of the optical pure (R)-(+)-
despropyl precursor we found that the best yields were obtained in DMF with 
tetramethylpiperidine (TMP) as the base at 130°C for 10 min which resulted in 15-20% 
radiochemical incorporation of [' lC]propyl iodide. Subsequent reversed-phase semi-
preparative HPLC purification resulted in a total radiochemical yield of 12-15% (from EOB 
and decay-corrected) with a total synthesis time of 45 min and a radiochemical purity >99 %. 
The specific radioactivity was 1600 Ci/mmol (59 GBq/ftmol) at EOS. (R)-(+)-[propyl-' 'C]PD 
128907 will be evaluated by post-mortem human autoradiography in a similar way as described 
above for (R)-(+M 3H]PD 128907 and examined in Cynomolgus monkeys by PET. 

["C]Propyl iodideHO. 
H DMF, TMP 

130°C, 10 min 

1 1 C H 2 

(R)-(+)-[propyl- uC]PD 128207 

Scheme'. 
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Synthesis and Binding Studies of 2-Aniinotetralins and 3-Amiiiobenzopvrans as 
Selective Ligands for Dopamine D2 Receptors at High Affinity States. 
S. CHUMPRADIT.# J. VESSOTSKIE,' M.-P. KUNG* and H.F. KUNG.#* Departments of 
Radiology" and Pharmacology,* University of Pennsylvania, Philadelphia, PA 19104. 

Dopamine receptors play important roles in maintaining the normal function of the central nervous 
system (1). Recently, we developed an iodinated D2 agonist, 7-OH-PIPAT, 2, based on 7-OH-
DPAT, a well known dopaminergic agent (2). However, this agent not only displayed D3 receptor 
binding, it also bound to D2H (high affinity state) and other receptors (3). Several additional tetralin 
derivatives, 3-6, were prepared and evaluated for dopamine D2 and D3 receptor binding (4). In 
developing new SPECT imaging agents selective for a particular dopamine D2-like receptor subtype 
(either the D2, D3 or D4 receptor), we prepared new 2-aminotetralins and 3-aminobenzopyrans, and 
their binding affinities were evaluated in membrane preparations from cell lines expressing dopamine 
D2 and D3 receptors. 

^ HO' " ~ NH V ^ ^ N ^ ^ ^ 
^ 1 ^ i U^ 

H O - ^ - V - y ^ V ^ . „ II I l i j A X ) 
N-0437 

o^ 
HO „ .i i / s / H Q 

2 7-OH-PIPAT̂ 1 O C W XXj^y 
3 5-OH-PIPAT 5 6.QH ^ ^ i o^J 
4 6-OH-PIPAT 6 8-OH PD128907 

Compounds 9-13 were synthesized by the reactions described in Scheme 1. N-Acylation of known 
compound 7 with the appropriate acid chloride produced 8. Reduction of amide 8 with BH3/THF 
complex, followed by deprotection of O-methoxy group with boron tribromide, resulted in the 
production of desired compounds 9-13. Synthesis of 16-18 was achieved by converting 
commercially available 4- or 5-bromo-thiophene carboxaldehyde, 14, to bromomethyI-4- or 5-
bromothiophene 15. N-Acylation of 7 with 15 produced the desired compounds 16-18. 

Scheme 1. 

MeO-

7 1 . 8 ^ k/ 
' X: CH 2 R: X: O R: 

Rl R2 R3 9 7-OH Rl 11 8-OH R2 

Scheme 2. 

>-€Q. McO- ^ ^ 

OCH 

R4 R5 

\J-Br — \ > B r - J M e O - ^ Q ^ J ^ 
16 7-OH R4 

2.Br 2,Me3NBH 3 

Br 

14 15 L £ 2 ° ? 3 ! ^ 1 7 5-OHR4 
D M F 18 7-OH R5 
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Binding affinities of these compounds were evaluated using genetically transfected cells expressing 
different receptor subtypes. All of the new compounds except 9,12 and 17 displayed higher binding 
affinities toward D2H (high affinity states of dopamine D2) receptors. This D2H-preferred binding is 
different from the results obtained for the aminotetralin derivatives reported previously (4). 
Interestingly, the selective binding between D2H and D3 receptors was significantly increased by 
eliminating one carbon chain length between the nitrogen and thiophene rings (D3/D2H = 5.0,20 and 
27 for N-0437,10 and 11, respectively). In addition, the position of the hydroxy group appeared to 
affect the selective binding for D2H receptors. Higher selectivity between D3 and D2H was observed 
Tor 5-OH derivatives than for the corresponding 7-OH derivatives (10 vs 12 and 16 vs 17). High K; 
values obtained for 16-18 indicated that there is less bulk tolerance around the thiophene ring for 
receptor binding. Stereoselectivity of compound 12 was also observed, with the S-isomer showing 
higher binding affinities for D2H and D3 receptors. 

In conclusion, a new series of 2-aminotetralins and 3-aminobenzopyrans, containing a thiophene side 
group, were prepared. One of the compounds, 11, displayed selective binding to D2H receptors. 
This information may be useful in designing new PET and SPECT imaging agents for selective 
imaging of dopamine receptor subtypes. 
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Table 1. Comparison of inhibition constants Kj (nM) of 9-11,13,16, N-0437 and PD128907 
for dopamine D2H and D3 receptors. 

Compound D2H (A9L) D3 (Sf9) D3/D2H 

9 0.6+0.20 0.110.07 0.16 

10 18.4±2.5 348±42 18.9 

11 12.1+11.3 333±89 27.2 

13 4.15+0.5 42.2+5.7 10.1 

16 41.9±24.3 248+33 5.92 

N-0437 0.09±0.02 0.45±0.07 5.0 

PD128907 10.9+2.9 1.96±0.2 0.18 
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Table 2. Comparison of inhibition constants Kj (nM) of 10-12,17 and 18 for dopamine D2H and 
D3 receptors. 

Compound D2H (HEK293) D3 (HEK293) D3/D2H 

10 7.7+2.2 154±29 20.0 

11 5.4±1.9 166±36 30.7 

12 10.9±4.0 12.4+1.3 1.14 

17 110+6.6 91.1+20.7 0.83 

18 193+48 864+4.48 4.48 
[>25I]NCQ298 was used as the ligand for dopamine D3 receptors expressed in Sf9 or HEK293 cells. 
[i25i]S(-)5-OH-PIPAT was used as the labeled ligand, for measuring high affinity states of D2 
receptors in A9L or HEK293 cells. 
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Synthesis and Binding Studies of N-(r2'-Pvrrodidinvl1MethvO-2.3-Dimethoxy-5-
Iodobenzamides As PET and SPECT Imaging Agents For Dopamine D2 and D3 
Receptors. S.K. MEEGALLA* Z.-P. ZHUANG,# S. CHUMPRADIT,* H.-E. WANG,# M.-P. 
KUNG,# J. VESSOTSKIE,* D.A. STEVENSON," and H.F. KUNG.#* Departments of Radiology* 
and Pharmacology,* University of Pennsylvania, Philadelphia, PA 19104. 

Dopamine D2 receptor imaging agents [> >C]raclopride and ['25i]iodobenzamide are used as PET and 
SPECT imaging agents, respectively. Recently, it was found that both compounds bind to dopamine 
D2 and D3 receptor subtypes with equal potency. Most likely the PET and SPECT images obtained 
with these two agents are a reflection of both D2 and D3 receptors in vivo. Development of subtype 
selective ligands will improve the ability to study the individual subtype using in vivo imaging. The 
major objective of this research is to investigate the structure-activity relationship, especially as it 
relates to the selectivity between dopamine D2 and D3 receptors. A series of 5-iodobenzamides and 
related derivatives were prepared, and their binding affinities and selectivities to dopamine D2 and D3 
receptors were evaluated using membrane preparations with either dopamine D2 or D3 receptors 
selectively expressed in Sf9 (baculovirus infected Spodopterafrugiperda) cells. 

The syntheses (1-5) of the benzamide derivatives are outlined in Scheme 1. Fisher esterification of 
commercially available 3-methoxysalicylic acid, followed by the iodination of the resulting ester, 
produced methyl-5-iodo-3-methoxysalicylate. The free hydroxy group of the above compound was 
methylated under standard conditions with MeI/K2CC>3, and the ester functionality of the resulting 
product was soaponified under basic conditions to obtain the acid, 2. In order to prepare the 
pyrrolidine moiety, a commercially available racemic proline was first esterified, and the resulting 
ester was converted to the corresponding amide by reacting with NH3/MeOH in the presence of 
NaCN as a catalyst. After masking pyrrolidine nitrogen of the above compound with a trityl group, 
the amide function was reduced with LAH to obtain 2-aminomethyl-N-tritylpyrrolidine, 4. 

The acid, 2, was activated by reacting with ethylchloroformate in the presence of EtsN in CH2CI2, 
and the resulting intermediate was intercepted with prolinamine, 4, in the presence of Et3N, to obtain 
the coupled product, 5. The removal of the trityl moiety of 5 was accomplished under acidic 
conditions to obtain the deprotected benzamide, 6, which was then alkylated with a variety of alkyl 
halides, in the presence of K2CO3 as an acid scavenger to furnish N-substituted benzamide 
derivatives 7a -x (Table 1). 

Potencies of compounds to inhibit the specific binding of [1 2 5I]NCQ298 to dopamine D2 and D3 
receptors were determined with Tris-HCl buffer and incubation at 37°C for 20 minutes (4, 5). The 
results in Table 1 suggest that the N-cyclopropylmethyl substituted compound, 7q, exhibited the 
highest affinity toward dopamine D2-like receptors, without any discrimination between D2 and D3 
subtypes. Compounds 7b-f, 7i, 7j , 7p and 7v are also potent for D2-like receptors. However, 
compound 7p showed the highest binding selectivity for the D3 receptor subtype (14.87), and its 
positional isomer, 7o, had a tenfold higher affinity for D3 versus D2 receptors. Compounds 7c, 7e, 
7i, 7m, 7u, 7v and 7w also exhibited over a fivefold greater selectivity for D3 versus D2 receptors. 
The results suggest that this series of iodobenzamides warrant further studies for the development of 
dopamine receptor subtype-selective ligands. 
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Table 1. Inhibition Constants (Kj) of Benzamide Derivatives 

Compound Ki. fnM) Dj/D-* ratio 

7a R = CH 3 349±78 152±19 2.3 
7b R = CH 2 CH 2 CH 3 0.55+0.2 0.15+0.02 3.67 
7 c R = CH(CH 3) 2 

0.70+0.1 0.14+0.01 5.0 
7d R = CH(CH 3)CH 2CH 3 1.98+0.3 0.63+0.6 3.14 
7e R = CH 2CH(CH) 3 7.61+1.63 1.46±0.'55 5.2 
7f R = CH 2CH=CH 2 0.54+0.1 0.40+0.02 1.35 
7g R = CH2CH=CHCH3 204+115 190+28 1.07 
7h R = CH2C=CH 28±3.76 14.3+1.99 1.95 
7 i R = methylcyclopropyl 0.02+0.0003 0.03+0.005 0.67 
7j R = cyclobutylmethyl 0.10±0.03 0.06±0.03 1.67 
7k R = COCH3 40.3+6.6 8.33±2.0 4.8 
71 R = methylthiocyanate 52.67±5.88 4.71+0.83 11.18 
7 m R = methyldioxalane 34.83±10.39 5.49+2.53 6.34 
7n R = l(2'-tetrahydropyrano)methyl 35.63+16.86 3.95+0.11 9.02 
7o R = 3-iodobenzyl 14.6+2.46 1.49±0.89 9.8 
7p R = 4-iodobenzyl 2.23+0.62 0.15+0.06 14.87 
7q R = 4-t-butylbenzyl 28.0+5.5 14.7+4.1 1.9 
7r R = 3-5-dimethoxybenzyl 70.3+2.4 56.4+6.4 1.25 
7 s R = 3-4-dimethoxybenzyl 50.3±21.4 11.9+3.5 4.2 
It R = 2'-naphthylmethyl > l H M >l\iM 
7u R = 9'-anthracenylmethyl 122.3+11.24 23.53+3.93 5.2 
7v R = 2'-furylmethyl 5.0+1.0 0.64+0.44 7.8 
7w R = 3'-pyridylmethyl 403+100 82.4±17.1 4.89 
7 x R = 2-(N-phthalimido)ethyl > l ( i M 831±123.56 
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Synthesis of K(V)-7-hvdroxv-AMUClmethvl-Alpropvl-2-aminotetra1in. (7-OHrilClMPAT). 
a potential high affinity agonist for the dopamine D* receptor 
D. BROWNi, S. K. LUTHRA.i F. BRADYl, S. OSMANi, S. L. WATERS', 
D. DIJKSTRA2 and H. WIKSTROM2. 
'MRC Cyclotron Unit, Clinical Sciences Centre, Royal Postgraduate Medical School, 
Hammersmith Hospital, London W12 OHS, U.K. 
^University Centre for Pharmacy, University of Groningen, Groningen, The Netherlands. 
The dopamine D3 receptor may, in view of its high concentrations in the mesolimbie 
dopaminergic regions, play an important role in the pathogenesis of disorders such as 
schizophrenia and depression!. Tritiated 7-hydroxy-MN-di-n-propyl-2-aminotetralin (7-OH-
DPAT) has been identified as a potent and selective ligand for the D3 receptor^ and the 
radioiodinated analogue [I25l]trans-7-OH-PIPAT has been reported to exhibit high affinity for 
the D3 receptor3-'t. However recent evidence has raised a question over the selectivity of (7-
OH-DPAT) between D2 and D 3 receptors*-* and there also appears to be considerable binding 
of PHJ7-OH-DPAT to sigma-1 receptors 7 . We have selected 
fl(+)-7-hydroxy-yV-methyl-N-propyl-2-aminotetralin, an agonist,having high affinity {ca. 0.5 
nM) and selectivity for D3 receptors for labelling with carbon-11 as a potential radioligand for 
PET studies. 
Labelling has been achieved by N-methylation of the fl(+)-desmethyl precursor (I) using 
[i>C]iodomethane to give /?(+)-7-hydroxy-A'-|"C]methyl-N-propyl-2-aminotetralin (7-
OH[HC]MPAT (II) as shown in Figure I. 

Figure 1. Synthesis of (7-OH[nC]MPAT) 

["C]iodomethanc was prepared from [nC]carbon dioxide using a remotely controlled 
apparatus9. [nC]Iodomethane was distilled into a vial containing the desmethyl precursor (1.0 
mg, 5 umol) (I) and sodium bicarbonate (l.Omg, 12umol) in DMF (200 p.1). The reaction 
mixture was heated at 130 °C for 5 min and then diluted with water (5.0 mL) and injected onto 
a sample enrichment C18-column (SEC). The SEC column was eluted with water for 3.0 min 
at a flow rate of 2.2 mLmin"1 and then switched in line with the HPLC column (p>Bondapak 
C18, 300 x 7.8 mm i.d.). The HPLC column was eluted at 2.5 mLmin-1 with a mixture of 
MeOH and 0.07M KH 2 P0 4 [20:80]. 7-OH[l 1C]MPAT eluted between 12-14 min and the 
desmethyl precursor eluted between 16-18 min. The fraction containing 7-OH[uC]MPAT was 
collected and the solvent was removed by rotary evaporation and the residue dissolved in 
isotonic saline (lOmL) and millipore filtered. The radiochemical yield was ca.70% from 
["Cjiodomethane. 
A sample of the formulated radioactive product examined by mass spectrometry (CI +ve 
mode) gave m/z = 220 [M + H] + , corresponding to 7-OHMPAT. For validation of the 
radiosynthesis, particularly in view of possible methylation at the hydroxyl group, a sample of 
7-OH[ I1 /13C]MPAT was prepared using [nC]iodomethane and [ 13C]iodomethane (90 atom 
?r, 1 (iL) and the product analysed after decay by mass spectrometry (CI +ve mode) and 1 3 C-
NMR. The mass spectrum showed m/z = 221[M + H]+, corresponding to 7-OH[ 13C]MPAT. 
Proton decoupled I3C-NMR (CD3OD) showed a single peak at 38 ppm corresponding to the 
W-methyl position in authentic 7-hydroxy-N-mcthyl-N-propyl-2-aminotetralin. 

XX) 
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Synthesis, Biodistribution and Regional Brain Distribution of 
n.c.a. Carbon-11 Labeled SDZ GLC 756, a Compound with High 

Affinity for D-4-like Receptors 

M.Holschbach. W.Hamkens, W.Wutz, M.Schuller, RJdarkstein*, P.Seeman*, 

H.H.M.Van Tol*, G.Stocklin 
Institut furNuklearchemie, Forschungszentrum Julich GmbH, 52425 Julich, Germany 

'Preclinical Research, Sandoz Pharma AG, 4002 Basle, Switzerland 

•Department of Psychiatry and Pharmacology, University of Toronto, Canada, M5S 1A8 

Dopamine (DA) D-2, D-3 and D-4 receptors are targets for antipsychotic drugs. The recent 
cloning, deoxyribonucleic acid sequencing and localization of these receptors in brain provide 
new insights into the DA hypothesis of schizophrenia (1). 

SDZ GLC 756,1, is an enantiomerically pure benzoquinoline derivative with 3 chiral centers. 
1 exhibits in vitro high affinity for human D-4-like receptors but also binds to other dopamine 
receptor subtypes. Ki-values for human receptors: 1.1 nM at D-1, 0.4 nM at D-3 and 0.3 nM 
at D-4 (2). Provided D-1 and D-2 receptors are occluded by pretreatment with selective 
antagonists, SDZ GLC 756 might be a suitable ligand to monitor D-4-like receptors by PET. 

Here we wish to describe the n.c.a. synthesis of [NUCH3]SDZ GLC 756, la, by methylation 
of the desmethyl compound SDZ 224-779, 2, using [MCH3]methyl triflate as the methylation 
reagent (3,4) and the biodistribution of la. 

H R 

-o 
R = CHs,SDZGLC756, I 

(3R,4aR,10aR)-I,2,3,4,4a,5J0J0a-octahydro-6-hydroyy-l-methyl-3-[(2-pyri^>l-
thio)methyl]-benzo[g]quinoline 

R = ["CJCH3, la 
R = H, SDZ 224-779,2 

39 



Owing to the very small D-4 receptor population in the brain, an extremely high specific 
activity is an important prerequisite for the possible use of ligand la for PET. 
Thus, after optimisation of the labeling parameters such as reaction time, solvent and amount 

of precursor, target compound la was synthesized in 90±4 % radiochemical yield by N-
methylation of compound 2 using n.c.a. ["C]methyl triflate as the alkylation reagent. In 
preparative scale runs (n=22) about 3.7 GBq (100 mCi) of [nC]SDZ GLC 756 could easily be 
obtained ready for injection within 30min EOB by means of a combined HPLC/solid phase 
extraction / purification procedure. The radiochemical purity of the product exceeded 98%; at 
the time of injection the specific activity of la was 296±22 GBq/umol (8±0,6 Ci/umol). 
The regional distribution of n.c.a.[nC]SDZ GLC 756, la, in brain and the uptake into various 
organs (heart, lung, kidneys, liver) was studied in NMRI mice. Compound la showed a rapid 
and high organ uptake; the highest accumulation of radioactivity was found in the kidneys. In 
the brain 5min p.i. the highest uptake was observed in the striatum (9.5% dose/g) followed by 
the frontal cortex (8.5% dose/g) and the hippocampus (8.1 % dose/g). The striatum to 
cerebellum ratio increased from 1 2min p.i. to 5.9 40min p.i. The amount of retained 
radioactivity reached a maximum at 5min p.i. and then decreased. Preloading experiments with 
SCH23390 (lmg/kg), raclopride (lmg/kg) and spiperone (0.5mg/kg) 15 min before tracer 
administration exhibited a decrease of uptake by striatum and frontal cortex, respectively at 10 
min p.i. For SCH23390 the decreases were 25 and 40%, for raclopride in combination with 
SCH23390 60% in both regions and for spiperone 25 and 50%, respectively. 
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SYNTHESIS OF UC-LABELLED (-)-OSU6162 

Henrik Neu u, Karl-Johan Fasth2-4, Clas Sonesson3 and Bengt Langstrom1-2-4 

'Department of Organic Chemistry, Uppsala University, Box 531, S-75121 Uppsala, 

Sweden. 2Uppsala University PET Centre. 3Dept. of Pharmacology, University of 
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Since the discovery of the pharmacological actions of (+)-UH232 (1), the 

investigation of SAR and pharmacological activity of preferential dopamine (DA) 

autoreceptor antagonists have been explored. Such compounds could have a potential 

utility in the treatment of a variety of central nervous system related disorders, such as 

schizophrenia, depression and drug addiction. One of the first compounds claimed to 

be a preferential DA autoreceptor agonist was (-)-3PPP (preclamol). According to 

SAR for (S)-phenylpiperidines, a substitution of the hydroxygroup with a 

methylsulfonyl group ((-)-OSU6162) rendered such a compound antagonistic 

properties at the DA autoreceptors (2). (-)-OSU6162 displays also good oral 

bioavailability. 

We are interested to use ' 'C-labelled OSU6162 in PET studies.In order to prepare the 

(S)-(-)-(methyl-"C) OSU6162, the corresponding thiol was used. The thiol forms 

easily a disulfide. In order to utilize the stable disulfiede, an in situ formation of the 

thiol was performed using triphenyl phosphine to cleavage(3). After addition of 

sodium hydroxid, the thiol was methylated by use of [nC]methyl iodide. The labelled 

[MC]thioether was obtained in 75 % radiochemical yield. The formed labelled 

["CJmethyltioether was then oxidized with m-chloroperbenzoic acid to the 

corresponding [' 'C]OSU6162, in 95 % radiochemical yield. The synthesis and 

purification was performed by an automated procedure, using Synthia (4), with a 

synthesis time of 35 minutes including synthesis of [MC]methyI iodide. The identity of 

the "C-labelled OSU 6162 was confirmed by radio-HPLC and LC-MS. 

41 



a. 
C H 3 

UH232 

\n-Pr 

OSU6162 

1. Svensson, K. et al. -Naunyn-Schmiedeberg's Arch. Pharmacol. 334:234-245 (1986) 

2. Sonesson, C. et al. -J. Med. Chem. 37: 2735-2753 (1994) 

3. Danehy, J.P. and Hunter, W.E. -J.Org. Chem. 32: 2047-2053 (1967) 

4. Bjurling, P. et al. -VI:th Workshop on Targetry and Target Chemistry (1995) 

42 

file:///n-Pr


Synthesis of 2B-Carbomethoxv-8-(<i>-I18FlFiuoroalkvl)-3B-(3'-Nitrophenvn-
Carbamovlecgonine: Potential M-Cocaine Receptor Imaging Agents for PET . 
Gotsick, T.; *Goodman, M. M.: Kabalka, G.W.; *Keil, R.; and *Shi, B. *Emory Center for 
Positron Emission Tomography, Emory University, Atlanta, GA and Center for Biomedical Imaging, 
University of Tennessee Medical Center, Knoxville, TN 

Recently the synthesis of a series of 3B-carbamoyIecgonine methyl ester analogs, where the 3-B-
bcnzoyl ester was replaced by a3-B-aryl carbamate bioisostere has been described (1). These analogs 
were reported to be potent inhibitors of [3H]cocaine binding to rat striatal tissue homogenate and 
[3H]dopamine uptake into striatal synaptosomes. The most potent carbamoyl analog of cocaine, meta-
nitro-3B-carbomylecognine methyl ester, was found to be twice as potent in inhibiting pHJcocaine 
binding and more potent in inhibiting [̂ HJdopamine binding to rat striatal tissue than (-)-cocaine itself. 
More recently we have reported a variety of iodine-123 and fluorine-18 labeled N-substituted 26-
carboalkoxy-3B-(4'-chlorophenyl)tropanes which showed low nanomolar potency for the (-)-cocaine 
receptor (2-4). The iodine-123 analog, 2B-carbomethoxy-3B-(4'-chIorophenyl)-8-[(2J )-3-iodopropen-
l-yl]nortropane (IPT) showed very high striatal to cerebellum ratios in in vivo studies in rats (16.5:1 
at 2h) and cynmolgous monkeys (>5:1 at 2h). The fluorine-18 analog, 2B-carbomethoxy-3B-(4-
chlorophenyl)-8-[-3'-fluoropropyl)nortropane(FPCT), also demonstrated very high striatal to 
cerebellum ratios in in vivo imaging studies in rhesus monkeys (>3:1 at 2h). These studies clearly 
show that bulk tolerance exists at the 8-aza- position of 3B-arylecgonine methyl ester. We now report 
the synthesis of fluorine-18 labeled 2B-carbomethoxy-8-(2'-fluoroethyl)-3B-(3'-
nitrophenyl)carbamoylecgonine (7) and fluorine-18 labeled (2B-carbomethoxy-8-(3'-fluoropropyl)-
3B-(3'-nitrophenyl)-carbamoylecgonine (8) as potential PET cocaine receptor imaging agents. 

The synthetic approach for the preparation of 2B-carbomethoxy-8-(2'-fluoroethyl)-3B-(3'-
nitrophenyl)carbamoylecgonine (T) and (2B-carbomethoxy-8-(3'-fluoropropyl)-3B-(3'-
nitrophenyl)carbamoylecgonine(8) is delineated in Figure 1 and involved a six step sequence of 
reactions. In this synthetic approach (-)-cocaine (1) was hydrolyzed in dilute HC1 to (-)-ecgonine HC1 
(2) followed by esterification using methanol and 18 N H2SO4 to afford (-)-ecgonine methyl ester 
(3). Treatment of (-)-ecgonine methyl ester (3) with 3-nitrophenyl isocyanate in refluxing toluene 
gave3B-(3'-nitrophenyl)carbamoylecgonine methy ester (4). The crucial step in the synthesis 
involved treatment of carbamoylecgonine methy ester 4 with vinyl chloroformate to afford 2B-
carbomethoxy-8-(vinylformyl)-3B-(3'-nitrophenyl)carbamoylecgonine(5). Treatment of 5. with 12 N 
HC1 gave the key intermediate 2B-carbomethoxy-3B-(3'-nitrophenyl)carbamoylnorecgonine (6). 
Alkylation of carbamoylnorecgonine 6, l-bromo-2-fluoroethane and l-bromo-3-fluoropropane in 
CH3CN gave the desired 2B-carbomethoxy-8-(2'-fluoroethyl)-3B-(3 -nitrophenyl)carbamoylecgonine 
(7) and 2B-carbomethoxy-8-(3,-fluoropropyl)-3B-(3'-nitrophenyl)-carbamoylecgoninc (8) 
respectively. 
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Figure 2. Synthesis of Fluorine-18 labeled 7 & 8 

The synthesis for the preparation of fluorine-18 labeled 2B-carbomethoxy-8-(2'-fluoroethyl)-3B-(3'-
nitrophenyl)carbamoylecgonine[18F](7) and fluorine-18 labeled 2B-carbomethoxy-8-(3'-
fluoropropyl)-3B-(3'-nitrophenyl)-carbamoylecgonine [ 1 &FK8) j s shown in Figure 2 and involved 
a two step sequence of reactions. In this approach 13-diiodopropane (9) was treated with NCA 
K [ 1 8 F ] / K 2 2 2 for 6 min in 1 mL of CH3CN at 85°C to give l-[18F]fluoro-3-iodopropane (1.0) 
following elution through a silica SEP-PAK in 40% E.O.B. yield (33% E.O.S.) . Coupling of 
[1 8F]H) with 2B-carbomethoxy-3B-(3'-nitrophenyl)carbamoylnorecgonine (6) in 2 mL 10 % 
DMF/CH3CN at 85°C afforded [ 1 8FJ8 in 15% yield. Fluorine-18 labeled 2B-carbomethoxy-8-
(2'-fluoroethyl)-3B-(3,-nitrophenyl)-carbamoylecgoninefl8F](7J was prepared in an analogous 
manner from l-[l8F]fluoro-2-iodoethane. Research sponsored by DOE. 
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SYNTHESIS OF 2p-CARBOMETHOXY-3P-([4-l8F]-FLUOROPHENYL)TROPANE 

([ 1 8 F]CFT or [1 8F]WIN 35 428) 

J. Bergman 1, M. Haaparanta2 and O. Solin1 

1 Accelerator Laboratory, Abo Akademi University, Turku, Finland 
2 Turku Cyclotron/PET Center and Medicity Research Laboratory/PET, Turku University, Turku, 

Finland 

Cocaine and several derivatives of cocaine labelled with the nuclides 3 H, ' 'C, 1 8 F, 7^Br and 1 2 3 I 

have been of interest mainly due to the possibilities they offer in the invesitigation of dopamine, 

norepinephrine and serotonine transporters. [' 'CJCocaine (1,2), ["C]CIT (3,4), [' 'CJCFT (5) and 

[76Br]CBT (6) have been synthesised in order to be used for PET studies. P-CFT, having high 

affinity and good selectivity for the dopamine transporter, seems to be a pharmaceutical useable in 

investigating neurological and psychiatric disorders like Parkinsons disease and schizophrenia. 

Because equilibrium between target and nontarget tissue is reached relatively slowly, the longer 

half-life of 1 8 F makes the use of [ , 8F]CFT advantageous as compared to [' 'C]CFT in PET studies. 

2P-carbornethoxy-3P-(4-[18F]-fluorophenyl)tropane ([l8FJCFT) is synthesised by electrophilic 

fluorination of 2p-carbomethoxy-3p-(4-trimethylstannylphenyl)tropane (R.B.I., Natick, Mass., 

USA), using [18F]acetylhypofluorite as fluorinating agent (see figure 1). 

CH, \ 
COOCH, 

H 

[1SF]F" 

CH3l 

[ l8F]CH3F 

Lj 20-30 kV 

^O)—Sn(CH 3 ) 3 

t*F]F2 

CH) COOH 

[l8F]CH3COOF 

C H 3 \ x 

Fig 1. Synthesis of [I8F]CFT. 
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The [18F]CFT has to be synthesised with a specific radioactivity high enough for a PET-study (our 

criteria < 5 p.g [18F]CFT for 5 mCi at time of injection), which means that the specific activity of 

the [18F]acetylhypofluorite has to be -500 mCi/nmol in the labelling. 

Nucleophilic fluoride is produced by irradiating -400 JIL highly (> 94 %) 1 8 0 enriched water in a 

silver target chamber (7). [ 1 8F]CH 3F is synthesised and purified as described previously (8). After 

trapping in a stainless steel loop cooled with liquid nitrogen, the [,8F]CH3F toghether with carrier 

F2 (280 nmol) is released into a discharge chamber made of teflon. The [,8F]-labelled electrophilic 

fluorine is formed when applying an electrical discharge through the gas mixture in the chamber 

(20 -30 kV, 10 s) (9,10). [l8F]Acetylhypofluorite is formed when bubbling [ 1 8F]F 2 through 0.2 mL 

of a solution containing 0.02 M CH3COONH4 in CH3COOH (11). The [18FJacetylhypofluorite 

solution is added to a vessel containing SO (ig of the stannylated precursor. After a reaction time of 

5 minutes during vigorous shaking at room temperature, -800(iL of mobile phase for the 

preparative separation is added. The preparative HPLC is made using a |lBondapac C-18 column 

(10 Jim, 7.8 x 300 mm) and the mobile phase is acetonitrile/0.01 M phosphate buffer = 30/70 at a 

flow rate of 3 mL/min. After separation, the mobile phase is evaporated and the residue dissolved 

in physiolocical saline. The synthesis time is 60 -75 min from EOB. The yield of 

[18F]acetylhypofluorite is 15 - 25 % (max. 50 % acheviable) and the yield of the [18F]CFT is 0.9 -

3 % calculated from the [ ,8F]F~ produced (decay corrected). In a typical synthesis, starting from 

1000 mCi of [ 1 8 F]F, between 10 - 20 mCi of [ l8F]CFT is available. The radiochemical purity of 

the [18F]CFT exceeds 98 % and the specific radioactivity has varied between 320 - 600 mCi/p.mol 

at end-of-synthesis. 

The uptake and specificity of the product have been analysed in rats using autoradiographic and 

other techniques (12). Striatum-to-cerebellum ratios reached a maximum of about 10 at two hours 

post injection. Displacement studies showed the specificity of the compound. Studies of normal 

human volunteers with PET are in progress. 
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SYNTHESIS AND AUTORADIOGRAPHIC EVALUATION OF THE DOPAMINE 
TRANSPORTER RADIOLIGANDS P-CIT, P-CIT-FE AND P-CIT-FP LABELLED 
WITH "Si OR 3H. 
I. GUNTHER**. H. HALL#, C. HALLDIN#, C.-G. SWAHN* and L. FARDE#. #Karolinska 
Institute, Department of Clinical Neuroscience, Psychiatry Section, Karolinska Hospital, S-171 76 
Stockholm, Sweden, *PET Department, Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland 

The dopamine transporter which is localized on presynaptical dopaminergic nerve terminals is an 
important target for the investigation of neurodegenerative and psychiatric disorders as well as drug 
abuse. A large number of varying radioligands have therefore been developed and used for in vitro 
and in vivo characterization of the dopamine transporter. One commonly used ligand is the cocaine 
congener 2p-carbomethoxy-3p-(4-iodophenyl)tropane (P-CIT). p-CIT and its N-fluoroalkyl analogs 
fluoroethyl- and fluoropropyl-nor-p-CIT (p-CIT-FE and p-CIT-FP) have a high affinity for the 
dopamine reuptake site and have been labelled with different radionuclides (1-5). We report in this 
study the radiolabelling of the above radioligands with 1 2 5 I or 3 H and their capacity in labelling the 
dopamine transporter in autoradiography on post mortem human whole hemisphere sections. 

Starting from cocaine, P-CIT, P-CIT-FE and P-CIT-FP were prepared via anhydroecgonine methyl 
ester and 2p-carbomethoxy-3p-phenyl tropane (p-CPT) and used either for stannylation or 
deesterification in order to obtain the appropriate precursors for the labelling reactions (6). [ 1 2 5I]p-
CIT1 and its N-fluoroalkyl analogs 2 and 3 were labelled by iododestannylation of the trimethyltin 
precursors with NCA [ , 2 SI]sodium iodide and Chloramine-T in hydrochloric acid according to 
Scheme 1. The radioligands were purified by semi-preparative reversed-phase HPLC (p>Bondapak 
C18, 300 x 7.8 mm, 10 u.m, Waters) with acetonitrile and 0.01 M phosphoric acid (30/70) as 
mobile phase and a flow of 5 rmVmin. The radioligands 1,2 and 3 eluted at 9,12 and 15 minutes 
with retention times identical to reference samples. After evaporation of the HPLC fractions the 
residues were dissolved in 75% ethanol. The tritiated radioligands 4, §. and 6 were synthesized by 
direct methylation with [3H]methyl iodide of the corresponding free acid precursors in DMF using 
freshly prepared tetrabutylammonium hydroxide as a base (Scheme 2). Semi-preparative reversed-
phase HPLC was carried out as described using 35/65 acetonitriIe/0.01 M phosphoric acid as mobile 
phase. The radioligands eluted with retention times of 5,6 and 7 minutes (4,5, and 6, respectively) 
as validated with reference samples. 

Autoradiography was performed on 100 (xm thick brain cryosections of post mortem human brain 
obtained from clinical autopsy at the National Institute of Forensic Medicine, Karolinska Institute, 
Stockholm, Sweden using previously described techniques (7). The sections were incubated for 15, 
30, 45 or 60 minutes at room temperature using HEPES buffer pH 7.4 (15 mM, 120 mM NaCl, 
0.1% BSA), rinsed twice with cold buffer for 10 minutes and than rapidly rinsed in cold distilled 
water before they were dried and exposed either to P-radiation sensitive film for 92 hours (1,2,3) 
or to tritium sensitive film for four weeks (4,5,6). The specificity of the radioligand binding was 
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examined in competition studies with GBR 12909 (0.01-100 nM), citalopram (1-100 U.M) and 
desipramine (10 |iM). The autoradiograms were analyzed using computerized densitometry and 
image analysis software (Image 1.56, NIH, U.S.A.). The pixel values were calibrated with 1 4 C 
labelled calibration strips. ROIs were drawn for the striatum (caudate nucleus and putamen), the 
thalamus and the neocortex (insular and cingular area). 

The total radiochemical yields were 70-90% for 1, 2 and 3 with a specific radioactivity of 
2200 Ci/mmol and 50-70% for 4,5 and 6 with a specific radioactivity of 22-57 Ci/mmol. The 
radiochemical purity was >99% in all cases. The whole hemisphere autoradiograms of 1, 2, 3 
revealed an intense, homogenous and selective labelling of the striatum (caudate nucleus and 
putamen) increasing with the time of incubation (Figure l.a.). To a lower extent but also time-
dependent was the binding to the neocortex (Figure l.b.) and the thalamus (Figure I.e.). The ratios 
striatum over neocortex with 60 minutes incubation time were 1.5 (1), 2.6 (2) and 3.9 (3), 
respectively. Between 45 and 60 minutes incubation time labelling reached a maximum, and an 
incubation time of 60 minutes was therefore chosen for all other experiments. Citalopram, a 
selective serotonin reuptake antagonist, reduced the binding in neocortex drastically with no visible 
effect in the striatum. The norepinephrine reuptake antagonist desipramine showed no effect on 
striatal binding whereas in the other regions there was a 55-85% reduction of labelling. The binding 
of all three radioligands to striatum was abolished with 100 p:M GBR 12909 indicating that the 
binding is specific for the dopamine transporter. A concentration of 1 u,M GBR 12909 reduced 
labelling with 2 and 3 more effectively (44%) compared to 1 (15%), which might be an indication 
for their lower affinity. The saturation analysis with 4,5 and 6 on whole human brain hemispheres 
is under current investigation due to the long exposure time of the films. 

It can be concluded that all three radioligands are specific for in vitro studies of the human dopamine 
transporter in the nigrostriatal dopaminergic system. The order of specificity estimated by calculating 
the striatum over neocortex ratios is P-CIT-FP>P-CiT-FE»P-CIT, which is in accordance to the in 
vivo striatum over cerebellum ratios in PET investigations (5). 
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SYNTHESIS OF " C - OR ^-LABELLED ANALOGUES OF p-CIT. 
LABELLING IN DIFFERENT POSITIONS AND PET EVALUATION IN 
CYNOMOLGUS MONKEYS. 
C. Lundkvist. C. Halldin, C.-G. Swahn, L. Miiller, N. Ginovart, Y. Nakashima, P. Karlsson, 
*J.L. Neumeyer, *S. Wang, *R.A. Milius and L. Farde. Karolinska Institutet, Department of 
Clinical Neuroscience, Psychiatry Section, Karolinska Hospital, S-17176, Stockholm, 
Sweden. *Research Biochemicals Int, Natick, MA, U.S.A. 

Dopamine transporters are localized presynaptically on the dopaminergic nerve terminals. 
Studies of the dopamine transporter in the human brain with PET or SPECT may be useful for 
monitoring neurological and psychiatric diseases. A labelled cocaine analogue based on the 
phenyltropane moiety such as 2p-carbomethoxy-3p-(4-iodophenyl)tropane (p-CIT) has shown 
to be useful for visualization of the dopamine transporter by PET and SPECT (1-3). It is 
difficult to quantitate the dopamine transporters with [' IC]p-CIT as an equilibrium of [' 'C]p-
CIT binding in striatum was not reached within the time of the PET study. In the search for 
more optimal radioligands for quantitation a series of N-fluoroalkyl analogues of p-CIT has 
recently been developed (4,5) which can be labelled for both PET or SPECT. In this work a 
series of different analogues of p-CIT was labelled either with " C or I 8 F and in different 
positions (Table 1). Some of these radioligands were administered to Cynomolgus monkeys 
and examined with PET. For investigation of the pharmacokinetics two possible labelled 
metabolites, [' 'Clnor-p-CIT and [' 'CJP-CIT acid, were also prepared and examined in monkey 
brain with PET. 

[1 Iqp-CIT itself and the N-ethyl analogue ([' 'CJp-CIT-E) were both labelled in two different 
positions in order to study the different kinetics that may occur depending of position of 
labelling. [N-CH3-"C]p-CIT has earlier been prepared via N-methylation of nor-p-CIT with 
[' 'C]methyl iodide (1) or [' 'C]methyl triflate (6). [O-CH3-1 'C]p-CiT was prepared through O-
methylation of the free acid of p-CIT with aqueous tetrabutylammonium hydroxide (TBAH) as 
base. [N-ethyl-1'CJP-CIT-E and [O-CHs-^Clp-CIT-E were prepared by N-ethylation with 
[' 'Cjethyl iodide of nor-p-CIT or O-methylation with [' 'Qmethyl iodide of the free acid of p-
CIT-E with TBAH as base. Two of the most likely labelled metabolites of p-CIT are nor-p-CIT 
and p-CIT acid which are obtained by demethylation in the N- or the O- position. They are 
relatively lipophilic and might cross the blood-brain barrier. The two labelled metabolites were 
investigated for the possibility of entering the brain and binding to dopamine transporters. [O-
CH3-11C]nor-p-CIT and [N-CH3-1 'CJp-CIT acid were labelled from [' 'C]methyl iodide in a 
similar way as described above. 

p-CIT-FP (N-(3-fluoropropyl)-2P-carbomethoxy-3P-(4-iodophenyl)nortropane) and P-CIT-FE 
were labelled with both ' 'C or 1 8 F. [O-methyl-1 'CJP-CIT-FP ([• 'CJP-CIT-FP) (7) and [O-
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methyl-1 'qp-CIT-FE ([' 'qp-CIT-FE) were both prepared by O-methylation of the free acid 
with [' 'C]methyl iodide. The total radiochemical yield was 35-60% with an overall synthesis 
time of 30 min. The radiochemical purity was >99% and the specific radioactivity at time of 
injection was about 37 GBq/u.mol (1000 Ci/mmol). The 18F-labelled compounds [N-
fluoropropyl-18F]P-CIT-FP and [N-fluoroethyl-18F]P-CIT-FE were also possible to obtain by 
[18F]fluoroalkylation of nor-p-CIT with [18F]fluoropropyl bromide and [18F]fluoroethyl 
bromide (8), respectively. The yield was comparatively low and need to be optimized. 

Table 1. Radiochemical yields of various "C- or ,8F-labelIed analogues of p-CIT. 
R 

-H 
.COOR" 

Compound R R' Radiochemical 
yield(%)* 

[o-CH3-"c]p-crr CH 3 ["C]CH3 
50-60 

[N-ethyl-"C]p-CIT-E [UC]CH2CH3 CH3 5-10 
rp-Cr^'qp-CIT-E CH 2CH 3 ["C]CH3 10-20 
[0-CH3-"C]nor-p-CIT H ["C]CH3 20-30 
[N-CH3-"C]p-CITacid [HC1CH3 H 40-50 
[0-CH3-llC]p-CIT-FE FCH2CH2 [ 1 !C]CH 3 40-50 
[O-CHs-Hqp-CIT-FP FCH2CH2CH2 [UC]CH3 60-70 
[>8F]p-CIT-FE l I 8F]CH 2CH 2 CH3 5-10 
[ 1 8F]P-CIT-FP l]8F]CH2CH2CH2 CH3 5-10 
* The radiochemical yield was calculated from the ' 'C-alkyI iodide or' 8F-alkyl bromide. 

| nC]p-CIT labelled in two different ways was examined in monkey brain with PET. The 
uptake curve in brain was different depending of where the ' 'C-methyl group was located. For 
[O-CH3-1 'C]p-CIT the uptake in striatum showed a tendency to give a plateaue but for [N-
CHs-^ClP-CIT it increased within the time of the PET scan. This may be explained by their 
different radioactive metabolites contributing to the uptake curve. [0-CH3-"C]nor-p-CIT 
entered the brain with 6% after 10 min. There was a high accumulation of radioactivity in both 
putamen cortex and thalamus. [0-CH3- 1 1qnor-p-CIT has high affinity for serotonin 
transporters (9), which explains the high uptake in thalamus and cortex. The results indicates 
that [0-CH3-nC]nor-p-Crr may be used as a radioligand for examination of serotonin 
transporters. [N-CH3-1 'qp-CIT acid did not enter the brain in any significant degree. [O-CH3-
1 'C]p-CIT-E was administered to a monkey and studied with PET. The uptake in striatum 
increased during time and equilibrium was not reached within the time of the PET scan. 
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Both [' 'Qp-CIT-FP and [' 'C1P-CIT-FE showed a rapid accumulation of radioactivity in the 
monkey brain (6% of injected dose after 4 min). For ['' C]p-QT-FP equilibrium in the striatum 
was reached after 70-90 minutes and for [' 1C]|3-CIT-FE after 30-40 minutes (Figure 1). The 
striatum to cerebellum ratio was about 8 at equilibrium for both radioligands. In displacement 
experiments performed with [''ClP-CIT-FP and [' 'CIP-CIT-FE radioactivity in the striatum 
but not in the cerebellum was markedly reduced with unlabelled p-CIT or cocaine. The results 
indicate that striatal radioactivity represents specific binding and that the binding is reversible. 
Both [' 'C1P-CIT-FP and [' 'CIP-CIT-FE have the potential to be used for quantitation of the 
dopamine transporter in the primate brain in vivo by PET. 

"3 3 S" 
Time {min) 

ur~--
-Putamen 
-Thalamus 
-Cortex 
- Cersbeflum 

" +-T ~45 S io iiSa iS Tia 
Time (min) 

Figure 1. Time course for regional radioactivity (nCi/mL) of [' 'C]P-CIT-FP (left) and [' 'C]p-C1T-FE 
(right) in the brain of a Cynomoh»us monkey. 
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N-p8F]FLU0R0ALKYL-CFT: SYNTHESIS AND CEREBRAL DISTRIBUTION 

G. Firnau, J.J. Chen and D. Mutiny 
Chedoke-McMaster Hospitals, McMaster University Medical Centre, 
Hamilton, Ontario, Canada 

The excellent properties of N-[11C-methyl]-2p-carbomethoxy-3p-
(4-fluorophenyl)-tropane, [1 1C]CFT, to delineate with PET 
dopaminergic areas in the brain (1,2) cannot be exploited fully 
because of the short half life of 1 1 C. We set out to create a p-CFT 
with a longer lived positron emitter, such as 1 8 F . Encourage by the 
results of pharmacological studies with N-substituted tropane 
derivatives (3,4), we hypothesised that the substitution of the 
methyl group on the tropane of CFT for a 18F-labelled fluoroalkyl 
groups would result in a CFTderivative with similar affinity for the 
dopamine transporter in the brain. 

Thus, N-fluoroethyl and N-fluoropropyl derivatives of 2p-carbo-
methoxy-3p-(4-fluorophenyl)-nortropane (P-norCFT), have been 
synthesised and labelled with 1 8 F . The de-methylated amine, p-
norCFT, was radiofluoroalkylated with either [18F]fluoroethyl 
bromide or [18F]fluoropropyl bromide. 

Synthesis of [18F]fluoroalkyl bromides: 
Dry 1 8 F- ( 1 80(p,n) 1 8F; 11 MeV p; high pressure [180]water-target; 
Siemens RDS; aceotropically evaporated with acetonitrile) was 
dissolved in acetonitrile with K2CO3 and Kryptofix. 1,2-Dibromo-
ethane or1,3-dibromopropane was heated at 70°C with 'dry 1 8 F - ' in a 
sealed vial for 10 min (Scheme 1). The reaction mixture was diluted 
with water and passed through a C-18 SepPak which was then 
washed with water. The [18F]fluoroetayl bromide or 
[18F]fluoropropyl bromide was eluted from the C-18 SepPak with 
dimethylformamide into a closed distillation apparatus. 

Synthesis of N-[ 1 8F]alkyl-P-nor-CFT: 
The [18F]fluoroalkyl bromides were then distilled (5) from dimethyl
formamide (70°C, N2-stream) into a solution of p-nor-CFT in 
acetonitrile . After distillation the receiving vial was heated at 120°C 
for 30 min (Scheme 2). The N-p8F]alkyl-p-nor-CFTs were isolated by 
HPLC (silica gel lO^m, 30 x 0.8 cm, CHCI3/CH3CN 100:8). Formulation 
in saline. Radiochemical yield 1.0±0.6 %, (n=15; dry 1 8 F- = 100%) Spec, 
act. >4 Ci/pmol at EOS. 
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Milligram quantities of both fluoroalkyl-p-norCFTs were also 
prepared for reference and for identification by MS and 1 H- and 1 9 F-
NMR (Tablel). The stereochemistry was also veryfied. 

Cerebral Distribution in rats: 
Either N-p8F]fluoroethyl-p-norCFT and N-p8F]fluoropropyl-p-
norCFT (500 nCi in 0.5 ml) was injected into the tail vein of the 
rats. Their brains were discected 60 min after injection. Weight and 
1 8 F in the brain parts were measured (Table 2 and 3). 

Conclusion: 
N-substituted [18F]fluoroalkyl derivatives of CFTs have been 
synthesised under preservation of the stereochemistry (3p). 
N-[18F]fluoropropyl-p-norCFT accumulates in the striatum of the 
rat, where as N-[18F]fluoroethyl-p-norCFT does not. Thus, N-
[18F]fluoropropyl-p-norCFT can serve as an longer lived alternative 
to p-[HC]CFT. 
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Table 1: Cerebral Distribution of 1 8 F 60 min after an i.v. injection of N-[18F]fluoropropyl-
p-norCFT into rats. The figures are expressed as percent relative concentration*. 
They represent the mean and standard deviation of 10 experiments. 

Brain Region 1 8F-Uptake * 

Frontal Cortex 24.5 ± 8 
Striatum 48.0 ± 12 
Thalamus 20.2 ± 5 
Hypothalamus 18.1 ± 5 
Brain Stem 15.9 + 5 
Cerebellum 15.0 ± 5 
Pituitary 32.0 ± 12 
Visual Cortex 22.1 ± 6 

Table 2: Retention of 1 8 F in striatum and cerebellum 60 minutes after i.v. an 
injection of N-[18F]fluoroalkyl-p-no/CFTs into rats . The figures are 
expressed as percent relative concentration and represent the mean and 
standard deviation. 

Tracer Striatum Cerebellum Str iatum-to-Cerebel lum 
Ratio 

N-[ 1 8 F] f luoroethy l -
P-/70/-CFT 

101 ± 16 
n=3 

78 ±14 
n=3 

1.3 ± 0.3 

N- [ 1 8 F] f luoropropy l -
MorCFT 

48 ± 12 
n=10 

15 ± 5 
n=10 

3.2 ± 0.9 

Percent of relative concentration 

1 8 F in tissue, cpm 
weight of tissue.g 

1 8 F injected, cpm 
body weight, g 

x100 
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Synthesis, Pharmacologic Characterization. Biological Evaluation and Primate Imaging 
of Fluorine-18 Labeled 2&-(R.S ) Carbo-(2'-fluoroisopropoxy)-3B-(4-Chlorophenyl)-
tropane (FIPCT): A Selective PET Radioligand For Mapping Dopamine Reuptake Sites. 
Goodman. M. M.: Shi, B.; Keil, R.; Hoffman, J.; Kilts, C ; Camp, V.; Eshima, D.; Shattuck, L. and 
Colla, M. Emory Center for Positron Emission Tomography, Emory University, Atlanta, GA. 

The dopamine transporter is a protein located on the membrane of nerve terminals in presynaptic neurons 
projecting from the substania nigra into the striatum. Regional receptor density measurements in 
postmortem brain samples from patients with Parkinson's disease show a significant reduction in 
dopamine transporter density in striatal tissue (1). Competitive binding studies with [3H]-(-)-cocaine and 
several potent dopamine receptor ligands have demonstrated that cocaine's addictive properties are 
associated with cocaine binding to the dopamine transporter (2). The development of dopamine transporter 
ligands radiolabeled with Y-emitting isotopes which exhibit high affinity and selectivity for the dopamine 
transporter would be excellent probes for in vivo study of their binding with the dopamine transporter in 
humans with the above disorders by emission tomography (3). Recently, it was reported that replacement 
of the 2B-carbomethoxy functionality of 3B-(p-substituted-phenyl)-N-metliyl-tropane-26-carboxylic acid 
methyl esters with an isopropyl ester affords analogs exhibiting a significant enhancement in selectivity 
for the dopamine transporter in comparison to norepinephrine and serotonin receptors (4). The 4-choro 
derivative (RTI-121) was found to show low nanomolar potency (IC50 = 1.41 nM vs 6-CFT) and to be 
1,000 times more selective for the dopamine transporter than the serotonin transporter (IC50 = 1404 nM 
vs [3H]paroxetine). These results suggested that the replacement of the 2B-carbomethoxy functionality of 
RTI-121 with a 2&-(R, S ) 2'-fluoroisopropoxy bioisostere may also lead to a potent and highly selective 
ligand for the dopamine transporter. We report the effect of the 2&-(R,S ) 2'-fluoroisopropoxy 
substituent on striatal affinity, uptake and retention by the preparation and biological evaluation of fluorine-
18 labeled 2B-(R,S )-carbo-2'-fluoroisopropoxy-3B-(4-chlorophenyl)tropane(FIPCT). 

(R,S )-HPCT (6) was synthesized in a four step reaction sequence shown in Figure 1. The R and S 
enantiomers were separated by flash chromatography in a ratio of 3:2 respectively. In vitro binding study 
of R-FIPCT in rat striatal homogenates showed that R-FIPCT exhibited high but lower affinity than RTI-
121 to the dopamine transporter (Ki = 25.8 nM vs. [3H]B-CFT). However, FIPCT displayed in rat 
cortical homogenates low in vitro affinity (Ki = 98.7 nM vs. [3H]citalopram) to the serotonin 
transporter resulting in a 4 to 1 selectivity for the dopamine transporter. R-[18F]FIPCT (6) was prepared 
from a mesylate precursor (Figure 2). R -[1 8F]FIPCT and its 2<x-isomer were prepared in 10.4% 
E.O.B. yield by NCA K[1 8F]/K222 exchange for mesylate 9 in CH3CN at 80°C . HPLC purification 
(Cis RP 25 mm X 100 mm, 70:30:0.1 CH30H:H20:NEt3, flow rate emLtaiin) afforded R -[18F]FIPCT 
in 4.6% E.O.B. yield with a specific activity of 2 Ci/^mole in a total synthesis time of 100 min. 
Following femoral vein injection in rats R -[18F]FIPCT showed good uptake and retention in striatal (S) 
tissue (0.25% dose/g at 120 min)with rapid clearance from the cerebellum (C) (0.06 % dose/g at 120 
min) to afford a high S/C ratio = 4.42 at 120 min. Radioactivity also rapidly cleared cortical tissue (Cx) ( 
0.11 % dose/g at 120 min) affording a good S/Cx ratio = 2.40 at 120 min. (Table 1). 
PET imaging in a rhesus monkey with R -[1 8F]FIPCT demonstrated rapid and high uptake in the 
striatum. The S/C ratios increased to 3.0 at 125 min. PET imaging was also performed in a rhesus monkey 
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with a MPTP dennervated left caudate-putamen. Only caudate-putamen in the right hemisphere could be 
clearly visualized. Arterial blood samples were taken during the PET imaging period. Plasma was 
separated from red cells and the plasma was analyzed for metabolites (Table 2). The plasma was samples 
were thoroughly extracted with diethyl ether and the plasma and ether extracts were counted and the ether 
analyzed by radio TLC. Only unmetabolized R -[18F]FIPCT were detected in the ether. These results 
suggest that R -FIPCT is a selective ligand for mapping dopamine reuptake sites by PET. Research 
supported by DOE. 
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Figure 1. Synthesis of FIPCT R:S = 3 : 2 
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Figure 2. Synthesis of [18F]FIPCT 
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Table 1. In vivo tissue distribution with [ 1 8 F ] F I P C T in rats 
(% dose/gram average of 4 rats) 

Organ 2min 30min 60min 120 min 
Blood 0.06 0.01 0.01 0.01 
Heart 0.76 0.06 0.48 0.57 
Lungs 2.57 0.25 0.25 0.23 
Liver 0.74 2.06 2.23 2.09 
Kidneys 1.49 0.18 0.11 0.12 
Bone 0.13 . 0.08 0.07 0.11 
Brain 0.37 0.23 0.15 0.13 

Region 2min 30min 60min 120 min 
Striatum 0.38 0.37 0.28 0.25 
Cortex (Cx) 0.44 0.24 0.13 0.11 
Cerebellum 0.33 0.14 0.07 0.06 

S/Cereb 1.15 2.58 4.04 4.42 
S/Cx 0.86 1.53 2.22 2.40 

Table 2. Percent composition and metabolite analysis of rhesus monkey blood after i.v. 
injection of [18F]FIPCT 

Time % Plasma % Ether % r18FlFIPCT % Protein 
min. 

% Plasma % Ether 
Ether Plasma 

5 22 78 99 
15 46 54 99 
30 70 30 99 63 
60 87 13 99 65 

120 88 12 99 
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Improved Synthesis. Pharmacologic Characterization. Tissue Distribution and Primate 
Imaging of Fluorine-18 Labeled 2B-Carbomethoxy-3B-(4-Chlorophenvn-8-f-3-
FluoropropvDnortropane (FPCT): A PET Radioligand For Mapping Dopamine 
Reuptake Sites. Keil, R.; Shoup, T.; Eshima, D.; Shattuck, L.; Kilts, C ; Hoffman, J.; Camp, 
V.; Colla, M. and Goodman. M. M. Emory Center for Positron Emission Tomography, Emory 
University, Atlanta, GA. 

2B-Carbomethoxy-3B-(4-substituted-aryl)tropanes are highly potent and selective ligands for the dopamine 
transporter (1,2). Recently, we reported a 8-3-fluoropropyl- 3B-aryl analog of cocaine, 2B-
carbomethoxy-3B-(4-chlorophenyl)-8-[-3-fluoropropyl)nortropane (FPCT), labeled with fluorine-18 (t 
1/2=110 min) as an attractive probe for longitudinal in vivo measurement of innervation of the 
presynaptic dopamine neuron in the caudate and putamen in patients with Parkinson's disease using 
positron emission tomography (PET) (3). 

We originally prepared [18F]FPCT in a two step reaction sequence which first involved the preparation of 
l-bromo-3-[l8F]fluoropropane from l-bromo-3-trifluoromethanesulfonyloxypropane followed by 
alkylationof 26-carbomethoxy-3B-(4-chlorophenyl)nortropane(3). The first step in the reaction sequence 
was not reproducible on a routine basis and required fresh preparation of l-bromo-3-
trifluoromethanesulfonylpropane. Analysis of the reaction mixture of l-bromo-3-
trifluoromethanesulfonylpropane withK18F/K222 in CH3CN at 85°C by radio-TLC indicated formation 
of significant amounts of l-[l8F]fluoro-3-trifluoromethanesulfonylpropane in addition to the desired 1-
bromo-3-[l8F]fluoropropane. Treatment of 2B-carbomethoxy-38-(4-chlorophenyl)nortropane with 1-
[18F]fluoro-3-trifluoromethanesulfonylpropanein CH3CN at 85CC does not afford [1 8F]FPCT (4) thus 
lowering the overall yield. We now report a more reliable method for the preparation of [1 8F]FPCT (4). 
Our new synthetic method (Figure 1) employs commercially available 1,3-diiodopropane (1) as the 
initial substrate. 1,3-Diiodopropane (1) was treated with NCA K[1 8F]/K222 for 6 min in 1 mL of 
CH3CN at 85°C to give l-[18F]fluoro-3-iodopropane (2) following elution through a silica SEP-PAK in 
40% E.O.B. yield (33% E.O.S.) . Coupling of [ 1 8F]2 with 2B-carbomethoxy-3B-(4-
chlorophenyl)nortropane (3J in 2 mL 10 % DMF/CH3CN at 85°C afforded [18F]FPCT (4) in 65% 
yield (based upon [ 1 8 F] 2 ) E.O.S. HPLC purification on a Waters Ci8 RP 25 mm X 100 mm, 
70:30:0.25 CH30H:H20:NEt3, flow rate 6mL/min) afforded [1 8F]FPCT in 10% radiochemical yield 
E.O.B. in a total synthesis time of 145 min.. [18F]4_ was >99% radiochemically pure with a specific 
activity of 2 Ci/^mole. 

In vitro binding study of FPCT in rat striatal homogenates showed that FPCT exhibited high affinity to the 
dopamine transporter (Ki = 11.9 to 15.7 nM vs. [3H]B-CFT). However, FPCT also displayed in rat 
cortical homogenates moderate in vitro affinity (Ki = 18.5 to 22.0 nM vs. pHJcitalopram) to the 
serotonin transporter resulting in a 2 to 1 selectivity for the dopamine transporter. Following intravenous 
administration to rats [18F]FPCT in vivo tissue distribution (Table 1) showed high uptake of 
radioactivity in the striatum (S) (0.38 % dose/g at 120 min) with rapid clearance from the cerebellum (C) 
(0.06 % dose/g at 120 min) to afford a high S/C ratio = 6.2 at 120 min. Radioactivity rapidly cleared 
cortical tissue (Cx) (0.12 % dose/g at 120 min) affording a good S/Cx ratio=3.17 at 120 min. 
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PET imaging in a rhesus monkey with [^FJFPCT demonstrated rapid and high uptake in the striatum. 
The S/C ratios increased from 2.02 to 2.65 to 3.3 at 35 min, 65 min and 125 min respectively . Arterial 
blood samples were taken prior to and during the PET imaging period. The blood samples were kept in 
ice, centrifuged to separate plasma from red cells and the plasma was analyzed for metabolites (Table 2). 
The plasma samples were thoroughly extracted with diethyl ether and both the plasma and ether extracts 
measured in a Packard Cobra auto-y-counter. The ether extracts were analyzed for the presence of 
lipophilic metabolites by radio TLC. Only unmetabolized [18F]FPCT were detected in the ether. These 
results suggest that HPT is an excellent candidate for mapping dopamine reuptake sites by PET. Research 
supported by DOE. 

References: 

1. Carrol, F.I.; Lewin, A.H.; Boja, J.W. and Kuhar, M.J. J Med Chem 35:969 (1992) 
2. Goodman, M.M.; Kung M.P.; Kabalka G.W.; Kung H.F. and Schweitzer, R. J Med Chem 37:1535 
(1994) 
3. Goodman, M.M.; Kabalka, G.W.; Kung, M.P.; Kung, H.F. and Meyer, M.A. J Label Cmpd 
Radiopharm 34:488 (1994) 
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Table 1. In vivo tissue distribution with [18F]FPCT in rats 
(% dose/gram average of 4 rats) 

Organ 5min 30min 60min 120 min 
Blood 0.18 0.21 0.14 0.07 
Bone 0.27 0.65 1.33 1.58 
Brain 1.27 0.71 0.32 0.16 

Brain/Bid 7.06 3.38 2.29 2.29 

Region 5min 30min 60min 120 min 
Striatum 1.49 0.92 0.70 0.38 
Cortex (Cx) 1.46 0.40 0.25 0.12 
Cerebellum 0.99 0.24 0.13 0.06 

S/Cereb 1.51 3.94 5.5 6.2 
S/Cx 1.03 2.36 2.82 3.17 

Percent composition and metabolite analysis of rhesus monkey blood after i. v. 
injection of [18F]FPCT 

% Plasma % Ether % r 1 8FlFPCT % Protein % Ether 
Ether Plasma 

16 84 99 
36 64 99 
75 25 99 
90 10 99 83 
93 7 99 85 
95 5 99 

63 



Preparation and PET Evaluation of Radiobrominated Cocaine Analogues for 
Quantitation of Monoamine Uptake Sites. 
LOCH. C1: HALLDIN, C2; HANTRAYE, P1; SWAHN C-G2, LUNDQVIST, C2; PATT, J2; 
MAZIERE, M1; FARDE, L2; MAZIERE, B1; 1 Service Hospitalier Frederic Joliot, CEA, 
91406 Orsay, France, 2 Department of Clinical Neuroscience, Karolinska Institutet, 17176 
Stockholm, Sweden. 

In patients suffering of Parkinson's disease (PD), a decrease of the dopamine transporter 
density in the striatum has been described. Several recent reports suggest that foetal 
ventral mesencephalic transplants can alleviate motor symptoms in patients with PD. In 
the search for new tracers which would allow quantitation of fiber density and graft 
survival in vivo, we labelled phenyltropane cocaine analogs - methyl 2p-carbomethoxy-3p-
(4-bromophenyl)tropane (P-CBT), p-fluoropropyl-CBT (p-CBT-FP) and p-fluoroethyl-CBT 
(P-CBT-FE) with [^Br] (Tic=16 h) and we studied their pharmacokinetics in baboons using 
PET. 
For the radiosynthesis, the stannyl precursors were prepared from CIT, fluoropropyl-nor 
CIT and fluoroethyl-norCIT using hexamethylditin and palladium-tetrakis-
triphenylphosphine (1). The radiolabellings of [^Brjp-CBT, [^BrJp-CBT-FP and [^Brjp-
CBT-FE were performed by electrophilic substitution from the corresponding 
tributylstannyl derivatives using peracetic acid (2-3). To a vial containing pBrjNH^ in 200 
uL water were added 100 ug of the precursor in 50 uL ethanol, 20 uL 5M H3PO4 and 20 
uL of 1.6% peracetic acid. The labelling process was stopped 30 min later by addition of 1 
mg of Na2S20s. The crude labelling mixture was purified by solid phase extraction. Then, 
[^Brip-CBT, [^BriP-CBT-FP or [^Brjp-CBT-FE were purified by RP-HPLC with a water-
acetonitrile-triethylamine mixture (75-25-0.1 ,v/v/v). The total radiochemical yield was 80% 
allowing the preparation of 200 MBq of [^Brjp-CBT, [^BrJp-CBT-FP and [76Br]p-CBT-FE in 
a sterile solution. The radiochemical purity was >98% and the specific radioactivity 
determined by HPLC was 20 GBq/umol. 
PET imaging of the biodistribution of radiobrominated phenyltropane analogues in 
baboons demonstrated rapid and high uptakes in the brain (5% ID). Analysis of the time-
course distribution of radioactivity showed that the radioactivity concentration in the 
striatum reached a plateau at 0.5 h for [^Brjp-CBT-FE, 1 h for [76Br]P-CBT-FP and 2 h for 
[^Brjp-CBT (Figure 1). The radioactivity clearance from the cerebellum were in the order: 
[^Brjp-CBT-FE > [̂ BrJp-CBT-FP > [^Brjp-CBT. The uptake in the cortices remained very 
low, at the level of the cerebellum. At 3 h post injection, the binding potential values 
estimated as the striatum to cerebellum radioactivity concentration ratios, were 5, 11 and 
22 for [^Brlp-CBT, [^BrlP-CBT-FP and [^BrlP-CBT-FE, respectively (Figure 2). Metabolic 
plasma analysis indicated that, 2 h p.i., about 30-40% of the radioactivity represented 
unchanged radiobrominated radiotracers. 
These preliminary results show that, among these three radiolabeled cocaine congeners, 
[^BrJp-fluoroethyl-CBT has the potential to be used as a tracer to image dopaminergic 
fiber degeneration in PD patients. 

1 Swahn C-G., Halldin C, Giinther I. et al, -J. Labelled Comp Radiopharm., submitted. 
2 Neumeyer J.L., Wang S., Milius R.A., et al, -J. Med. Chem., 33: 3144 (1991) 
3 Loc'h C, Miiller L, Ottaviani M. et al, - J. Labelled Comp Radiopharm, in press. 
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Figure 1: Radioactive concentration (ID/g.103)) in the putamen (top) and in the cerebellum 
(bottom) of baboons injected with [™Br]p-CBT (•), fBrJp-CBT-FP (x) and [^Brjp-CBT-FE (•). 

1.5 2.0 ZS 
Tlme(h) 

Figure 2: Putamen to cerebellum radioactive concentration ratio of [reBr]p-CBT (•), 

[reBr]p-CBT-FP (x) and [^Brjp-CBT-FE (D). 
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THE USE OF * 8F- AND "C-LABELLED SUBSTITUTED BENZALDEHYDES 
IN THE SYNTHESIS OF LABELLED NOREPINEPHRINE ANALOGUES. 
O. Langer1-3, C. Halldin1. K. Nagren2, M. Mitterhauser3, C.-G. Swahn1 and I. Zolle3. 
^arolinska Institutes Department of Clinical Neuroscience, Psychiatry Section, Karolinska 
Hospital, Stockholm, Sweden, 2Turku Medical Cyclotron-PET Center, Turku, Finland and 
3Univ. Klinik fur Nuklearmedizin, Vienna, Austria. 

Several analogs to the endogenous transmitter substance norepinephrine (NE) have previously 
been labelled for the presynaptic adrenergic nervous system, such as [6-18F]fluorometaraminol 
([6-l8F]FMR) (1) and [nC]hydroxyephedrine (["CJMHED) (2). [»C]MHED has been 
choosen for use in human studies because it is possible to label this radiotracer with high 
specific radioactivity by N-methylation with [uC]methyl iodide or [nC]methyl triflate (3). A 
major drawback with [6-18F]FMR is that the specific radioactivity obtained with the reported 
synthesis is very low. The mass of unlabelled FMR is in pharmacological levels and therefore 
to high for safe use in humans. 

Racemic [ nC]NE have previously been labelled from [nC]cyanide in relatively low yield 
(10%) (4). Alternatively, a method has been described for the NCA preparation of racemic J' C-
labelled [ nC]NE and erythro-t1 'Clmetaraminol (5,6). This general method uses substituted 
benzaldehydes and [nC]nitroalkanes in selective condensation reactions to obtain high specific 
radioactivity products. PET examination of racemic [^CjNE in a Cynomolgus monkey 
demonstrated rapid and high uptake of radioactivity in the heart (7). NCA 18F-labelled NE 
analogues have been prepared such as [6-18F]dopamine, which was synthesized via a 
condensation of a 18F-labelled substituted benzaldehyde with nitromethane (8). 

In this work the approach to perform selective condensation reactions of substituted 1 8 F- or 
1 •C-labelled substituted benzaldehydes with unlabelled nitroalkanes was tested. The aim was to 
obtain [6-18F]FMR and [6-18F]FNE with high specific radioactivity and [ n C]NE and 
[nC]metaraminol labelled in the 2-position. The general procedure consists of the following 
steps: (a) incorporation of nucleophilic 1 8 F with high specific radioactivity in a suitably 
protected substituted benzaldehyde precursor or preparation of a "C-labelled substituted 
benzaldehyde (9), (b) condensation with an unlabelled nitroalkane, (c) reduction with Raney-
nickel in formic acid and (d) hydrolysis of the protecting group and separation of the 
stereoisomers by chiral HPLC. 

A series of substituted 1 8 F- or "C-labelled substituted benzaldehydes was prepared and tested 
in the condensation step. Six different condensation reaction types were tested which are 
examplified by [,8F]fluoro-3-methoxybenzaldehyde and unlabelled nitroethane, and 
[nC]piperonal and unlabelled nitromethane (Table 1). Racemic [6-18F]FMR and [6-18F]FNE 
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were prepared in 25-30% radiochemical yield (calculated from 18F-labelled benzaldehyde) and. 
in 2-4% (calculated from 18F-fluoride) within a total synthesis time of 115 minutes (Figure 1). 
The most potent stereoisomer (1R, 2S)-[18F]FMR was resolved from the racemic mixture by 
chiral HPLC. Racemic [2- nC]NE and [2-nC]metaraminol were prepared in 15-35% 
radiochemical yield (calculated from ^C-labelled benzaldehyde) and 5-15% (calculated from 
[llC]C02) within a total synthesis time of 70 minutes (Figure 2). Work is in progress to 
increase the overall yields. 

Table 1. Radiochemical yields from various condensation methods of [4-18F]fluoro-3-benzyl-
oxybenzaldehyde (A) and [^CJpiperonal (B) with nitroethane and nitromethane, respectively. 

Condensation method Yield* (A) Yield* (B) 

NH4CH3COO/glacial acetic acid 
(10minatl40°C) 
lOMNaOH 
(3 min at 80°C) 
MeOH/triethylamine (TEA) 
(3 min at 80°C) 
EtOH/10%NaOH 
(5minat0°C) 
Tetrabutylammonium fluoride CTBAF)/ 
TEA/t-butyldimethylsilylchloride 
(2minatO°C) 
TBAF 46% 90% 
(2minatO°C) 

•Radiochemical yield calculated from [4-18FJfluoro-3-benzyIoxybenzaldehyde (A) and p'CJpiperonal (B). 
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Figure 1. Synthesis of [6-18F]FME. 
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Figure 2. Synthesis of [2- l lC]NE. 

This work was performed within the COST B3 action. 
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THE PHARMACOKINETIC BEHAVIOR OF TWO N-rCll lMETHYL-
LABELED BETA-SUBSTITUTED AND UNSIJBSTITUTED PHENTERMINE 
TRACERS IN THE RHESUS MONKEY BRAIN AS METABOLISM 
RESISTANT ANALOGS OF AMPHETAMINE. 
D.R. Elmaleh, A.-L. Brownell, J.W. Babich, R.N. Hanson and A.J. 
Fischman. Department of Radiology, Massachusetts General 
Hospital, Boston, MA. 

The association of cerebral monoamine uptake sites with neuropathology 
has generated significant interest in developing radiopharmaceuticals that 
can provide information about the distribution and density of these 
sites 1 "3. Among the compounds examined, phentermines demonstrate 
anorectic and antidepressant activity. Combination treatment with racemic 
fenfluramine and phentermine has proved useful for drug addiction and 
weight control. The rationale for this treatment is the creation of a balanced 
availability of serotonin and dopamine in the synaptic gap. To study the 
specific binding of phentermine analogs to dopamine and serotonin sites we 
investigated the regional brain distribution of two C-11-labeled 
p h e n t e r a m i n e a n l o g s . [ C - l 1 ] - N - m e t h y l - 1 - m e t h y l 
-(4-chlorophenyl)ethylamine (C1P) and [C-ll]-N-methyl-l,2-dimethyl 
-(3-trifluoromethylphenyl)ethylamine (BMP) were radiolabeled by direct 
methylation with [C-11]CH3I of the normethyl precursor (Scheme 
l)followed by HPLC purification (specific activities >800 mCi/umol). 
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Brain accumulation of the agents was rapid and nonselective. The caudate 
and putamen concentrations increased rapidly to 9+/-1 % injected 
dose/100 cc after IV injection of 8-10 mCi. Significant retention occured at 
90 min with both labeled anlogs. Displacement experiments with a 
selective dopamine drug (mazindol 0.3 mg/kgl) and a serotonin selective 
compound (D-fenfluramine, lmg/kg) did not affect the regional brain 
distribution of [C-11]CIP while a partial washout was observed when 
mazindol was administered with [C-11]BMP. Blocking with specific and 
nonspecific CNS drugs will also be examined. These preliminary drug 
competition studies give clear indication of no predominant affinities to 
specific presynaptic dopamine or serotonin sites in the brain. However, 
radiolabeled phentermines may provide insight into addiction and its 
treatment. 

1. Hitzig P.Combined dopamine and serotonin agonists: a synergistic 
approach to alcoholism and other addictive behaviors [see comments]. 
Maryland Medical Journal. 42(2):153-6, 1993. 

2. Silverstone T. Appetite suppressants. A review. [Review] 
Drugs. 43(6):820-36, 1992. 

3. Elmaleh DR. Kizuka H. Hanson RN. Jones GS Jr. Herman LW. Strauss 
HW structure-localization relationships of llC-labeled phentermine 
derivatives: effect of aromatic substitution. Applied Radiation & Isotopes. 
44(5):821-9, 1993. 
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RADIOSYNTHESIS OFNCA ["F]N-(2-AMINOETHYL)-5-FLUORO-2-PYRIDINE-

CARBOXANDDE: A POTENTIAL TRACER FOR IMAGING MAO-B USING PET 

S. M. Ametamey, M. Haeberli, H. -F. Beer and P. A. Schubiger 

Division of Radiopharmacy, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland 

Labazemide (Ro 19-6327), N-(2-Aminoethyl)-5-chloro-2-pyridinecarboxamide, (IQ„ = 32nM) has 

been reported to be a selective and reversible inhibitor of monoamine oxidase B (MAO-B) [1]. Its 5-

iodo analogue (Ro 43-0463, ICj,, = 30nM) has been labelled successfully in our laboratory with 1 2 3 I 

using the halogen exchange reaction approach on the 5-bromo analogue. SPET (Single Photon 

Emission Tomography) studies performed on healthy volunteers showed that [ I 2 3I]Ro 43-0463 

selectively binds to MAO-B enzymes [2]. Stimulated by the SPET results, we decided to synthesize 

also the [18F]-5-fluoro analogue and to elucidate its binding potential to MAO-B enzymes using PET 

(Positron Emission Tomography). The synthesis of [18F]N-(2-aminoethyl)-5-flouro-2-

pyridinecarboxamide (3J was accomplished in a two step reaction sequence as depicted in scheme 1. 

The first step which involves the nucleophilic aromatic substitution of a nitro group was achieved by 

reacting the corresponding aromatic nitro precursor 1 with [18F]fluoride in the presence of Kryptofix 

at 135°C using DMSO as solvent for 20 min. Purification of the reaction mixture using a C-18 SEP-

PAK column prewashed with 0.1M HC1 (5 ml), 0.1M sodium carbonate (2 ml) and water (2 ml) and 

eluted with diethyl ether (10 ml) gave the intennediate compound 2. in 48% radiochemical yield. The 

last reaction sequence involving the deprotection of the primary amino group was done by heating 

intermediate 2 in 6M HC1 at 135°C for 10 min followed by neutralization with 3M NaOH (2 ml). 

Preparative reversed-phase HPLC was performed with Lichrosorb RP-18, 250x16mm, 5\i with 

0.06M H 3 P0 4 as eluant at a flow rate of 9 ml/min. The average radiochemical yield (n > 10) of the 

final product 3_ obtained was 70% (decay corrected) and the radiochemical purity was > 99%. The 

identity of the final product was confirmed by comparison of HPLC retention times and liquid 
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chromatography-mass spectrometry (LC-MS ) using electrospray as interface. Preliminary PET 

studies with this new tracer are underway. 
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Scheme 1. Synthesis of [ F]N-(2-Aminoethyl)-5-fluoro-2-pyridinecarboxamide (2). 
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A new method for production of nC-IabeIIed methyl iodide from nC-methane. 

P. Larsen1. J. Ulin2 and K. Dahlstram2. 

•The National University Hospital. Cyclotron and PET section KF 3982. Blegdamsvej 9. DK-2100 
Copenhagen, Denmark. 2GEMS PET Systems AB. Husbyborg. 752 29 Uppsala, Sweden. 

"C-!abelled methyl iodide is an important starting material in the production of "C-Iabelled tracers 
used in PET investigations. It is usually prepared by reduction of "C-carbon dioxide to "C-
methanol with lithium aluminium hydride followed by reaction with hydrogen iodide (1). Since 
lithium aluminium hydride readily absorbs carbon dioxide from the air, great care must be taken in 
order to achieve a good specific activity of the "C-methyl iodide. The use of lithium aluminium 
hydride and hydrogen iodide also requires a careful cleaning and drying of the equipment prior to 
each new synthesis. The cleaning process is time consuming and difficult to automate. 
An alternative to the lithium aluminium hydride method is the catalytic gas phase halogenation of 
1 'C-methane with chlorine, bromine or iodine (2,3). If chlorine or bromine is used the produced "C-
methyl chloride or bromide can be used instead of' 'C-methyl iodide in many methylation reactions. 
The yields of these reactions are limited by reaction of the monohalogenated product to methyl-di-, 
-tri- or -tetra-halogenide with excess of halogenating agent, which will always be present when 
working with tracer amounts of "C-methane. The yield is further reduced, when a high reaction 
temperature is applied in order to achieve a fast conversion, since traces of oxygen or water react 
with methane or methylhalogenide under formation of "C-carbon monoxide and "C-carbon 
dioxide. Hydrogen from the "C-methane target can consume the halogen under formation of 
hydrogen halogenide. The hydrogen or the hydrogen halogenide can also reduce the 
methylhalogenide to methane. The kinetics for these reactions and side reactions between unlabelled 
methane and iodine are described in (4,5). 
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We show here that the problems can be solved by keeping the reaction temperature sufficiently low 
to avoid oxidation of methane or methyliodide, and by continuous removal of the methylmonoiodide 
and hydrogen iodide from the reaction mixture. This can be done in the chemistry system shown in 
fig 1. The system is controlled by a microcomputer. 

Function: 

Step 1: nC-Methane is collected on the Porapac N-column (cold trap) immersed in liquid nitrogen. 

Step 2: Nitrogen and hydrogen is flushed out of the trap with helium. 

Step 3: Helium is flushed through the whole system, from the helium inlet to the product outlet. The 
end of this step is referred to as the end of trapping of "C-methane. 

Step 4: The Porapac N-trap is removed from the liquid nitrogen. All valves are switched so that the 
small membrane pump circulates the "C-methane/helium mixture from the trap to the quartz-tube 
where it is mixed with iodine vapours from the heated iodine crystals. After the oven the gasses pass 
a piece of quartz tube kept at room temperature, where most of the exces of iodine crystalises, and 
then a piece of tube filled with ascarite where HI and the rest of the iodine is trapped. The "C-
methyl iodide is trapped at room temperature on Porapac N (nC-CH3I-Trap), and the unchanged 
"C-methane is recirculated. 

Step 5: The helium valve (V3) and the output valves (V4 and V5) are switched, the CH3I-Trap is 
heated to 190 °C and the "C-methyl iodide is released through the "C-CH3I outlet, into the 
precursor solution. 

Results: 

The circulation time is 5 min from end of trapping of "C-methane and the time of releasing n C -
methyl iodide is 2 min. 
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Fig 2. shows the yield as a function of the oven temperature. The yield is decay corrected to end of 
trapping of "C-methane. The radiochemical purity is better than 98% and the main impurities are 

800°C 
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"C-carbon monoxide, "C-carbon dioxide and "C-methane. The specific activity of the product is 
mainly limited by the specific activity of the "C-methane. 
Thus even a short irradiation (S min, 50nA) yields a product with a specific activity better than 10 
Ci/nmol. The quartz tube last for 10 productions and the cool down time between two productions 
is less than 10 min. 
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PRODUCTION OF [ 1 1C] METHYL IODIDE BY REACTION OF 1 1 C H 4 WITH l 2 . 
Jeanne M. Link3, John C. Clarkb, Peter Larsenc, Kenneth A. Krohna. 
aUniv. of Washington, Seattle, WA, bHammersmith Hospital, London; cUniversity Hospital, 
Copenhagen, Denmark. 

The direct production of 1 1CH3l from 1 1CH4 has the potential to eliminate many of the 
difficulties encountered with the 1 1 C02 / IJAIH4 /HI method (1)(2). We have investigated the 
single pass reaction of 1 1CH4 with I2 to produce 1 1CH3l where 1 1CH4 is brought together 
with I2 at elevated temperatures without the mediation of catalysts. The reaction mechanism 
is: l 2 <± 21- K p = 3x10-3at725°C(3) 

CH 4 + I- -» CH3- + HI 
CH3* + l 2 -* CH3I + «' (4,5,6) 

We make 1 1 C02 by the 1 4N(p,a) 1 1C reaction on a target containing 0.5% O2 in N2 The 
radioactive 1 1 C02 is collected and [1 3N]N2 and O2 are removed using a stainless steel trap 
in liquid argon. After collecting the 1 1 C02, we heat the trap and pass the 1 1 C02 with H2 
through a quartz tube containing NiO to make 1 1CH4. The methane flows into a small 
stainless steel trap containing Porapak Q cooled in liquid argon. After collecting the 1 1CH4 
with >99% efficiency, He is passed through the trap to remove H2. Then a valve is switched 
and the Porapak Q trap is warmed to sweep 1 1CH4 in He into a quartz tube (see figure 1.) 
which contains I2/1* in equilibrium at >650°C. The iodine is introduced into the furnace by 
external heating of I2 crystals at the front end of the quartz tube. The reaction gas stream 
passes through a water cooled (~20°C) region of the quartz tube to trap any iodine and then 
a glass trap immersed in liquid argon to trap 1 1CH3l. The 1 1CH4 passes through this trap 
into a gas collection bag. When all of the 1 1CH3l is trapped, a valve is switched and the trap 
is warmed to send the product through a small amount (< 0.2 g) of Ascarite II which removes 
trace amounts of I2 and 1 1 C02 from the gas stream. The 1 1CH3l is then bubbled into the 
reaction vessel. 

i i 
C ^ O-Valves 

Traps 
Tl Mg(C104)2 
T2 NaOH 
T3 Porapak Q 
T4 glass finger Vent unreacte< 

ethane 

Quartz reaction 

Figure 1. [C-1 1 ]-Methyl iodide gas processing system at the Univ. of Washington 

We have run this reaction over 100 times to examine the effects of helium flow rate, 
and I2 and furnace temperature. The amount of radioactivity produced was determined by 
collecting all of the products and assaying them for radioactivity. The chemical and 
radiochemical purity and specific activity of the CH3I were determined either by gas 
chromatography (HayesSep Q: TCD and radioactivity detection) or by HPLC determination 
of the specific activity of [ 1 1C] meta-hydroxyephedrine ([11C]-MHED) made by reacting 
1 1CH3l with metaraminol (7). Our liquid traps, ethanol or metaraminol in DMF/DMSO, are 
90-100% efficient for capturingiiCH3l. 
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Results: 
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Conclusion: 
Production of 1 1CH3l is dependent on the flow rate, furnace temperature and 

temperature for heating I2. The amount of 1 1CH3l trapped in liquid in the reaction vessel is 
as great as 6,070 MBq at EOB from a 5 min 40 uA irradiation, 28% of the 1 1 C02 removed 
from the target. Conversion of 1 1CH4 to 1 1CH3l is greatest when the oven is at ~725°C. The 
higher the temperature of the iodine, the greater the yield of 1 1CH3l, consistent with the 
initiation of the reaction by iodine free radicals (figure 3). The yield of 11CH2l2 never 
exceeded 10% of the 1 1CH3l collected in the liquid argon trap and was less than 1% of the 
1 1CH3l collected when the I2 temperature outside the oven was kept below 110°C. There is 
a slight negative correlation of yield with increase in helium flow rate, but extreme lowering of 
the helium flow rate also caused more radioactivity to be trapped on the Ascarite, perhaps 
due to trace amounts of O2 in the system. 

The reaction is robust as long as O2 and H2 are absent from the system. The reaction 
is very sensitive to oxygen, a small amount of which converts the 1 1CH4 to 1 1 C02. Any H2 
will be more reactive with I* than CH4, and thereby quenches the reaction. Yield is generally 
reproducible when reaction conditions are kept constant. Control of the iodine temperature 
and therefore the amount of I2 into the furnace needs to be improved. We are working to 
optimize the system and improve reproducibility and yield. The synthesis takes 10 minutes 
from EOB, 4 minutes from production of'1 1CH4, but this could be reduced. The yield of [ 1 1C]-
MHED is 82 ± 6% (n=23) from this system. We have measured specific activity as great as 
(12,200 Ci/mmole) at EOB (S/N = 9). This value is not significantly lower than the measured 
specific activity of 1 1 C02 from our target system. We have found this method for production of 
1 1CH3l much simpler than the UAIH4 / THF / HI scheme although the yield is less at this time. 
Recirculation of the gas may improve the reaction efficiency (8). 

We wish to acknowledge and thank Peter Larsen (University Hospital, Copenhagen, 
Denmark) who has pioneered the use of this reaction to make 1 1CH3l and both Peter Larsen 
and G.E. Medical Systems for sharing their data on reaction methods and yields. This work 
was supported by USPHS HL50238 and HL50239. 
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N.C.A. GAS PHASE PRODUCTION OF [ nC]METHANOL FROM [UC]METHANE. 
APPLICATION TO THE ON LINE SYNTHESIS OF ["qCHjL 

CROUZEL Christian and FOURNIER Denis 

Service Hospitalier Frederic Joliot - CEA - 4 place du General Leclerc - F - 91406 Orsay - France 

The [ nC]CH 3I radiosynthesis is coaventionaly carried out in many laboratories from [ n C ] C 0 2

( ' ' . 
Although giving good results, this method requires the synthesis of [nC]methanol in liquid phase 
using LiAUL,, a reagent which must be manipulated cautiously if high specific radioactivities are 
needed. 
The idea to produce [uC]CH3l in gas phase seems attractive because it avoids the use of LiAUL, and 
should allow theoretically to obtain specific radioactivities higher than those from [ n C]C0 2 . 
The synthesis of [nC]halogenomethanes on catalysts (Cul, CuBr2 on pumice stone ) gave only 
moderate yields incompatible with a routine production as used in a PET centre. 
The attempts that we made to iodinate the [' C]CHt by photochemistry at 1849 A with a low pressure 
mercury l a m p ' 3 ' prouved fruitless (yield 2-4 % ) . 
In front of the difficulties encountered to iodinate directly [nC]methane , we searched for a simple 
gaseous method to synthesize [nC]methanol from [nC]methane. 
We used chromium trioxide' or manganese dioxide as catalysts. A flow of [nC]methane with only 
helium as carrier gas gives no results, [ rC] methane being entirely recovered at the end of the furnace 
whatever the temperature. 
Trying to initiate the reaction , we introduced rnC]methane together with chlorine in the stream. 
Depending the quantities of chlorine added , [ CJCHj is transformed either in [ l l C]C0 2 or into 
[ nC]CO - [ l I C]C0 2 mixture. Under some conditions 50 to 60 % of [ uC]CO are obtained. To 
attempt to limit the oxidation of methane into carbon dioxide or monoxide, we added hydrogen to the 
mixture helium - ["CJCHi - chlorine. In this case, depending on the temperature and the proportions 
of Cl 2 / H 2 , [I!C]methanol is produced.. 
At this time, the best yields of [ CJmethanol are obtained with chromiun trioxide on pumice stone as 
catalyst at 700°C with 15 ml Cl 2 and a H 2 flowrate of 20 ml / minute. 45 to 50 % [nC]CH4 are 
transformed into [ nC]methanol, 2 minutes after the introduction of[ l lC]CH4 in the gas stream. 
The gases effluent from the catalyst were analyzed by gas chromatography : column Hayasep Q , 2m 
x 2mn , carrier gas helium 30 ml / minute, temperature programmed from 30°C to 180°C (2 min. at 
30°C , 30°C to 180°C by 39°.9C / min., 8 min. at 180°C ). Under these conditions, the retention 
times of the products formed are : CO= 0.6 min., CrL.=0.9 min, COj=2 min., CH3OH= 6.5min., 
unknown peak=9.5 min. 
The synthesis of [MC]CH 3I from thus produced [ uC]CH 3OH was carried out by using 
triphenylphosphine diiodide adsorbed on alumina at 160°C ( 5 ) . 90% of the [ l IC]CH 3OH is 
transformed into [ nC]CH 3I. This [MC]methyl iodide has been used to label RO 15 1788 
(FLUMAZENIL) , an antagonist of benzodiazepines currently used in our laboratory. The specific 
radioactivity of [ nC]RO 151788 does not seem better than the one obtained by the classical method : 
around lCi/uMole,(37GBq/uMole)E.O.S. By this gaseous method, starting with 1.5 Ci(55.5GBq) 
of [!1C]CH4 produced by the ( p,ot) reaction on N 2 +5% H 2 .about 450 to 500 mCi ( 16.7 to 18.5 
GBq) of [ n C] CH3I are obtained, 8 minutes after EOB. 

1 - Crouzel C , Langstrom B., Pike V.W. and Coenen H.H. Appl. Radiat. hot. 38_: 601(1987) 
2 - Prenant C. and Crouzel C. J. Lab. Compds. Radiopharm.XXX: 125 (1991)) 
3 - Gover TA. and Willand J.E. J.A.C. S.82j 3816 (1960) 
4 - Eusuf M., Hasan A.M., Khan R. and Chodhury FA. Scientific Research 6_: 17 (1969) 
5 - Holschbach M. and Schuller M. Appl. Radiat. hot.44: 779 (1993) 
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SYNTHESIS OF ["CJUREAS BY ["C]CARBONYLATION OF AMINES 
P.H. Elsinga. T.J. Visser, G.M. Visserand W. Vaalburg. PET-center, Groningen University 

Hospital, P.O. Box 30001, 9700 RB Groningen, The Netherlands. 

Several methods have been described to synthesize urea derivatives from carbon dioxide and 

amines. Carbon dioxide can be preactivated by diphenylphosphite1. The nucleophilicity of the 

amino group can be increased by replacement of a proton by an electron-donating 

trimethylsilyl group, which could be cleaved easily afterwards by hydrolysis2. This method 

/ 
H 

1 2 

Fig 1 Model compounds prepared by /" CJcarbonylation of amines 

could provide an alternative approach to synthesize ["C]CGP 12177 by application of 
["C]C02 instead of ["C]phosgene in the reaction with (S)-[l-(2,3-diaminophenoxy)]-3'-N-t-
butylamino)propan-2'-ol). 

The reaction of ["C]C02 with the model compounds aniline and diaminobenzene was 
investigated in the presence of diphenylphosphite. A typical synthetic procedure was: 
["C]Carbon dioxide was trapped in a solution of aniline or 1,2-diaminobenzene and 
diphenylphosphite in pyridine at -100 °C. A small amount of dichloromethane was added in 
order to keep the solution in a liquid form. The reaction mixture was heated in a closed 
reaction vial at 110 "C for 30 min. After evaporation of the solvent under reduced pressure, 
the end-product was analyzed by HPLC. The radiochemical yield increased with reaction 
time and temperature. Carbon-11 labelled diphenylurea 1 and benzimidazolone 2 were both 
isolated in an overall radiochemical yield of 2% (corrected for decay) performing the reaction 
at 110 °C for 30 min. Using a reaction time of 10 min the radiochemical yield was 0.5%. 
The reaction could also be carried out in a microwave oven at 600 Watt for 90 sec resulting 
in a radiochemical yield comparable to the reaction at 110 °C for 10 min. The main practical 
problem in this reaction was the fact that most of the ["C]C02 was in the gas phase as a 
result of increased reaction temperatures. 
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In contrast to the applied model compounds aniline and diaminobenzene, no ["CJlabelled 
product could be isolated after reaction of ["C]C02 with the diamine precursor of CGP 
12177. 

Increasing the nucleophilicity of the amino group by replacement of a proton by a 
trimethylsilyl (TMS) group resulted in an overall radiochemical yield of 25% for the 
synthesis of ["C]benzimidazolone 2. Since the trimethylsilylated amines are very sensitive 
towards moisture, it was difficult to obtain reproducable results. For this reason the more 
stable /e/i-butyldimethylsilyl (TBDMS) group was tested. The TBDMS-group is stable under 
neutral and basic conditions and should therefore be more suitable for our purposes. Attempts 
to synthesize the TBDMS-silylated derivative of 1,2-diaminobenzene (unknown in the 
literature) were not succesful probably due to steric factors. This prompted us to test the 
mono-TBDMS-derivative of aniline, which was synthesized according to Calverley5. Using 

OPh 
[ 1 1C]C0 2 ( ( ) )—NH 2 H—P-OPh ©- 0 

pyridine 

©-
"OPh 

NH-Tr—O—P—OPh 
I YXOH 

C ^ ~ N H T N H - ® 

Fig 2 Proposed reaction mechanism of the reaction 0fCO2 with aniline in the presence of 
diphenylphosphite 
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the TBDMS-group the overall radiochemical yield of ["Qdiphenylurea 1 was only 5% 
(corrected for decay). Probably steric hindrance is the explanation for this low radiochemical 

yield as compared to the use of the TMS-group. 

In conclusion, ["C]urea can be prepared by the ["C]carbonylation reaction with amines in 

the presence of diphenylphosphite. Enhancement of the radiochemical yield was achieved by 

silylation of the amino group. Work is in progress to select a versatile silyl group, which 

does not hamper the reaction by steric effects. 
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[nC]METHYL IODIDE AND [uC]CARBON MONOXIDE IN PALLADIUM-

PROMOTED COUPLING REACTIONS 

Yvonne Andersson and Bengt LSngstrom 

Uppsala University PET Centre, UAS, S-751 85 Uppsala, Sweden and The Subfemtomole Bio-
recognition Project, Uppsala University and Research and Development Corporation of Japan. 

The versatility of palladium-mediated reactions in rapid labelling synthesis has recently been 

demonstrated in production of "C-labelled nitriles (1) and benzamides (2), using hydrogen 

["C]cyanide as the labelled precursor. In the present paper, the use of ["Cjmethyl iodide and 

[nC]carbon monoxide in palladium-promoted coupling reactions is reported. Generation of new 

carbon-carbon bonds can be achieved by palladium-catalysed cross-coupling of an organic halide or 

triflate with an organometallic reagent. 

Pdo 
R-X + R'-M »- R-R' + M-X 

Among the most useful cross-coupling reactions are those of organostannanes (3) or organoboranes 

(4), commonly referred to as the Stille and Suzuki reaction, respectively. A variety of organic 

residues can be transferred from these organometallic compounds, and the reactions may often be 

performed under mild conditions. Moreover, the Stille and Suzuki reactions are compatible with a 

wide range of functional groups (e.g. CHO, CN, COR, CO2R) in either of the coupling partners. 

Carbonylative coupling can be accomplished by performing the palladium-catalysed cross-coupling 

under an atmosphere of carbon monoxide (5), leading to carbonyl insertion and formation of 

ketones. 

O 
A Pdo M 
R-X + CO + R'—M »• R—C—R' + M-X 

The organo-palladium complex obtained after insertion of carbon monoxide may also be treated 

with nucleophiles other than organometallic reagents, thus providing a general method for synthesis 

of a variety of carbonyl compounds, e.g. acids, amides and esters. In this work, the carbon-carbon 

bond forming reactions described above have been applied in synthesis of a number of "C-labelled 

model compounds. 
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C-Hydrocarbons were obtained by cross-coupling of ["CJmethyl iodide with organotin or 

organoboron reagents (6), Scheme 1. The "C-products were synthesized via trapping of ["CJmethyl 

iodide in a solution of the palladium catalyst, and subsequent addition of the tin or boron reagent. 

The mixture was heated at 90 °C for 2-4 min and the product then purified by semi-preparative 

HPLC. The decay-corrected radiochemical yields were between 30 and 55 %, based on ["CJmethyl 

iodide, and the products were obtained within 35 min from end of bombardment (EOB). 

Phenyl-Snft, f^Y 

Methyl 4-(SnR3)benzoate / * ^ C H 3 

" o y + PCP 
y H*«V 

Vinyl-SnRa 

Hexyl-9-BBN 
NaOH 

R = CH3, n-C„H9 

Scheme 1. 

In synthesis using ["CJmethyl iodide, carbonylative coupling was achieved by adding on step to the 

labelling procedure above. Thus, by simply bubbling carbon monoxide through the solution of 

["CJmethyl iodide-Pd(O) prior to the addition of the organostannane, synthesis of "C-Iabelled 

methyl ketones was accomplished, Scheme 2. The "C-methyl ketones were isolated in 50-60 % 

radiochemical yield in a total synthesis time of 30 min, including HPLC-purification. 

„ 1. Pd°. CO ° n 
CRjl , . R - C - C H j R = CH 3,C 6H 5 

2. RSnMe3 

Scheme 2. 

With the intention to further extend the utility of the palladium-mediated "C-synthesis, the 

carbonylative coupling reaction was investigated using unlabelled halides and [nC]carbon 

monoxide (7), Scheme 3. As above, the carbon monoxide was passed through a solution of halide-

Pd(0), the organostannane then added, and the vessel heated for a few min. The purified products 

were obtained in 25-50 % radiochemical yield, based on "CO trapped, within 30 min from EOB. 
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In our initial experiments using "CO, the trapping efficiency was rather low, i.e. approximately 10 

%. However, this problem may be overcome by use of low temperature techniques for trapping of 

the labelled gas, and development of such techniques is now in progress (8). 

0 
RI — Z Z „ R^fc—R' 

2. R'SrWe3 

1. PdO, 11CO „11Q 
R = R' = CH3 

R — CHg R = CgHij 
H — H = CgHg 

Scheme 3. 

The palladium-promoted "CO-carbonylation was also investigated using other nucleophiles, as 

illustrated in Scheme 4. Preliminary results indicate that the reaction may be useful in synthesis of 

"C-labelled acids, aldehydes and esters. Since the use of the palladium-mediated reactions 

described herein usually is compatible with a wide range of functional groups, these new " C -

labelling methods may be of general interest in production of more complex "C-tracers. 

— I • R—C—OH R = C 6 H S 

PdO,11cO / C 2H 5OH 

HSnBu3 

RI ' " " ' ~ " (• " 2 n 5 " " . R—C—OC2H5 R = CH3 

O 
» R U C — H R = C 6H 5 

Scheme 4. 
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ONE POT SYNTHESIS OF f1 ICIAMIDES AND f 1C1AMINES FROM M1C1CARBQXYLIC 
ACID SALTS 
Aubert C , Huard C. and Lasne M. C. 

UniW de Recherche Associee au CNRS N°480. Instrtut des Sciences de la Matiere et du Rayonnement. 6 

Boulevard du Marechal Juin, 14050 Caen Cedex ; Universite de Caen- Basse Normandie and Centre Cyceron. 

Boulevard Henri Becquerel, 14074 Caen Cedex; France. 

The development of new radiotracers for positron emission tomography studies is strongly 
dependent on the possibility of carrying rapid syntheses that can be easily automated for 
routine production. The labelling of an amide or amine function with carbon-11 is the most 
widely used synthetic method. [11C]Amides are usually prepared by reaction of an [1 1C]acid 
chloride onto an amine(1). An other approach has been described for the preparation of 
[11C]benzylamides including a palladium catalysed reaction of [11C]hydrogen cyanide with an 
aromatic halide(2). N-[11C]Alkylated amines are generally obtained by reaction of the Jnor" 
amine with an [11C]alkyl iodide(3) or by reduction of the corresponding [1 1C]amides(4). Two 
other routes have been developped in the limited case of [11C]methylated amines using a 
reductive amination with [11C]formaldehyde(5) or a carbonation of a silylated amine with 
[ 1 1C]C02 followed by a reduction^). 

With the aim of simplifying and optimising as much as possible the syntheses of [11C]amides 
and [ 1 1 C]amines, we have studied the "one-pot" reaction of [ 1 1 C]carboxylates 1 with 1,2,3,4-
tetrahydroisoquinoline 2 used as a model amine in the presence of an added amine 3 or an 
ammonium salt 4 eventually, or under reducing conditions with sodium borohydride NaBH4 
(Scheme 1). We report here our preliminary results. 

[ 1 1C]Amides£: 
The key step is the direct acylation of the noramine 2- After carbonation of the alkylmagnesium 
halide in THF at 0°C for 8 min, the acylation reaction was carried out in THF at 70°C with or 
without 3. or 4 for 1,5 or 10 min. Hydrolysis lead to a mixture of the expected [ 1 1 C]amides £ 
and [11C]carboxylic acids corresponding to the unreacted [11C]carboxylates 1 in variable 
ratios. Amides £ were obtained in higher yields (65-80% from p 1C]C02, decay corrected, 20 
min overall time synthesis) by acylation for 5 min without adding 3_ or 4. Similar results were 
obtained with the presence of 3s, 3d or 3e in the reaction medium. The studies of the acylation 
for 1 min showed an accelerating effect with 3£. The addition of 3a, Ste, 4a or 4b_ induced the 
obtention of [11C]amides £ in low yields (2-35% from [ 1 1C]C02, decay corrected, 20 min 
overall time synthesis) after 10 min of acylation reaction. 

[ 1 1C]AminesZ: 
The original step is the reductive amination of the [11C]carboxylates 1 with 2. Alkylations of 
amines with carboxylic acids in the presence of a reducing reagent reported in the literature^7) 
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all required a large excess of the carboxylic acid. Preliminary works in non radioactive 
chemistry showed us that the addition of the ammonium salt 5 could be a good alternative to 
the use of the excess of carboxylic acid. Reductive amination of 1 obtained as described 
above in high dilution conditions was then studied using either NaBH4 or a mixture of NaBH4 
and 5. in THF or toluene at 70 or 110°C for 20 min. Hydrolysis lead in both cases to the 
expected [11C]amines Z in 10-20% yields (from [ 1 1C]C02, decay corrected, 35 min overall 
time synthesis). The addition of 5 did not change the rate of the reaction. 

CO, 
(2. or 4) 

n / THF,70°C 

^s JL „Nvii^R T 
RMgX - R1 1C02MgX oa l a C3H7

1 1C02MgBr 
l b . CH 3

l 1 C0 2 Mgl (5.). NaBH4 

solvent, A 
00 

7. 
3 : a : NEt3 ; b_ : DBU.(1,8-diazabicyclo[5.4.0]undec-7-ene) ; c : DTBP (2,6-di-tert/o-
butylpyridine); <£,: pyridine ; o : 2-chloropyridine ; 4.: a : 2-chloropyridinium chloride ; 
b : N-methyl-2-cnloropyridinium iodide ; 5 : dimethylphenylammonium chloride 

Scheme 1 

[11C]Amides £ and [11C]amines I were identified by comparison of their Rf in TLC and their 
retention time in GC with an authentic sample. Work is in progress to improve the yields and 
to determine the specific radioactivity. The methods will be applied to a variety of 
[11C]carboxylates. 
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THESYNTHESISOF[nC]METHYLMAGNESIUMIODIDEAND ITS APPLICATION 

TO THE INTRODUCTION OF ["C]-N-7ERr-BUTYL GROUPS AND ["C]-SBC-

ALCOHOLS 

Philip H. Elsinga. Erik Keller, Tjibbe J. de Groot, Gerben M. Visser and Willem Vaalburg 

PET-center, Groningen University Hospital, P.O. Box 30001, 9700 RB Groningen, The 

Netherlands. 

Alkyl lithium or Grignard reagents are very useful tools for the introduction of alkyl groups. 

Application of these reagents to "C-chemistry would increase the synthetic scope for [UC]-

compounds. In this respect we started a program to investigate the behaviour of 

organometallic reagents towards imines, oxazolidines and aldehydes (aromatic and aliphatic) 

in order to develop a method for the labeling of ["C]-N-re/T-butyl and ["C]-jec-alcohol 

functionalities with ["C]MeMgI or ["C]MeLi respectively. ["C]Meli has already been 

developed in our laboratory1. 

For studying the formation of a ["C]rert-butyl group, ephedrine, a B-amino alcohol was 
chosen, since many B-blockers like CGP 12177 contain a jS-amino alcohol functionality. The 
reaction of a B-amino alcohol with acetone leads initially to an oxazolidine. From the 
literature it is known that the reaction of oxazolidines with Grignard reagents leads to 

O N - " OH 

[11C]MeMgl ^ ^ - ^ '**~ v - o r ^ [- ujMeMgi s^> 
- 1 1 C H 3 

H P r11c]MeMgl 0 H 

R—K *• R- 1 1 C H 3 

H H 

R=Ph, 3 5 
PhCH2CH2.4 6 

Fig 1. Reaction ofl"C]MeMgI with oxazolidine and aldehydes 
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substituted /3-amino alcohols2,3. 

When the oxazolidine 1 was treated with MeLi, N-rert-butyl 0-amino alcohol 2 was formed. 
A typical reaction procedure was the reaction of oxazolidine 1 in dry ether with three 
equivalents of MeLi and stirring of the reaction mixture for one hour at reflux. From the 'H-
NMR spectrum of the crude reaction mixture it was demonstrated that about 75 % of product 
2 was formed, whereas 25 % of starting material 2 was still present. When another three 
equivalents of MeLi were added, all of the starting material 1 could be converted to the tert-
butyl compound 2. 

When one equivalent of MeMgBr was reacted with oxazolidine 1 and the reaction was 
quenched after one minute all of the starting material 1 was converted into N-/ert-butyl 0-
amino alcohol 2. According to these results the introduction of a "CH3-group by addition of 
the radioactive Grignard reagent to an oxazolidine looked to be promising and superior to 
[nC]MeLi3. Difference in complexation behaviour of the metals towards nitrogen or oxygen 
may be the reason for the difference in reactivity. 

Carbon-11 labelled MeMgl could easily be prepared by,the reaction of ["CJmethyl iodide 
with magnesium under argon atmosphere. Essential for starting up the Grignard reaction was 
the addition of either carrier methyl iodide or phenyl iodide (non-carrier-added conditions). 
In the case of NCA-["C]MeMgI, it is assumed, that the in situ formed product from PhMgl 
could be separated by HPLC. Using low concentrations of halide, ultrasound was required, 
whereas using high concentrations (> 0.1 M), the reaction started up spontaneously within 
30 sec. The radiochemical yield of the non-carrier added synthesis of ["C]MeMgI was 
>90%. 

The overall radiochemical yield of 2-N-([nC]re/r-butyl-methyl-amino)-l-phenyl-l-propanol 
2 (from ["C]CH3I, not corrected for decay) was about 20%, when CH3I was added as 
carrier. When phenyl iodide was added as auxiliary, the overall radiochemical yield was 6%. 
In the reaction of ["CJMeMgl with aldehydes 3 and 4, it was also observed that the 
radiochemical yields of the ["C]sec-alcohoIs 5 and 6 were better, when CH3I (30 jtL) was 
added (18-29%) instead of phenyl iodide (36 fiL, 3-4%, non-carrier added). In addition it 
was found, that the concentration of aldehyde, oxazolidine and methyl- or phenyl iodide 
greatly influenced the overall radiochemical yields. For instance, when the amount of CH3I 
was diminished to 5 fiL, the radiochemical yield decreased to 2% (1 %, when phenyl iodide 
was used). 
An alternative approach in relation to the Grignard reaction is the Barbier method4. The 
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Barbier method reduces manipulations performed by the chemist and offers a better 

opportunity to automate. An additional advantage is the short reaction time, which is a 

crucial aspect for ["C]-chemistry. With respect to the Grignard addition to the oxazolidine, 

the Barbier method proved to give similar radiochemical yields as compared to the classical 

Grignard procedure. 

In this stage of our research the synthesis of a ["C]-re/T-butyl group is limited to B-amino 

alcohols, which form oxazolidines as intermediates. Many B-blockers, e.g. CGP 12177 

contain a rerr-butyl group. For labelling ^-blockers with carbon-11, NCA-conditions are 

required in order to achieve a high specific activity. We established that treating ephedrine 

with ["CJMeMgl gave better results as compared to norephedrine, which showed to be 

inreactive, due to the fact that the acidic N-H is deprotonated by the Grignard reagent. To 

achieve ["C]-labelling of the /ert-butyl group in B-blockers, more research is needed to find 

an appropriate protective group for the nitrogen atom in the oxazolidine precursor, which can 

be cleaved easily and simultaneously does not hamper the Grignard addition. When a high 

specific activity of the radiotracer is not important, the carrier added Grignard addition is 

preferred, because higher radiochemical yields can be obtained. 
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Optimisation of the Preparation of No-carrier-added ["C]EthyIene 
FARAH SHAH and VICTOR W. PIKE 
PET Methodology Group, Cyclotron Unit, Clinical Sciences Centre, Royal Postgraduate Medical 
School, Hammersmith Hospital, Ducane Road, London W12 ONN, U.K. 

Previously we have reported the synthesis of [nc]ethylene by the carboxylation of 
methylmagnesium bromide in diethyl ether with cyclotron-produced [UCJcarbon dioxide, 
reduction of the resulting adduct with lithium aluminium hydride in tetrahydrofuran and catalytic 
dehydration of the generated [l-nC]ethanol over heated alumina (1) (Scheme 1). Detailed 
investigation of this method has shown that traces of the volatile solvents are pyrolysed, during 
the catalytic dehydration to produce carrier ethylene and other products. A significant retention 
of radioactivity on the alumina was also evident (Table 1). Also [iiC]dicthyl ether was usually a 
radioactive byproduct We have developed this procedure further to address these problems. 

MeMgBr 
l 4N(p,a) 1 1C — 1 1 C 0 2 - [Me11COOMgBr] 

o n N z I i) LiAIH4 

I ii) H 20 
Me 1 1CH 2OH 

Icatalyst 
heat B 

1 , CH 2 =CH 2 ^ - Br 1 1CH 2CH 2Br 

Scheme 1. The preparation of [l'C]ethylene (and conversion into l,2-[HC]dibromethane). 

To overcome the pyrolytic formation of carrier ethylene, higher boiling point solvents 
were considered for the reagents. Solvents for the methylmagnesium bromide were required to 
be suitable for preparing a O.SM solution and to have boiling points above the temperature 
required for the distillation of the [l-iiC]ethanol (generally > 120 *C). Toluene-tetrahydrofuran 
(3:1 v/v) and dibutyl ether met these requirements. Diglyme (b.p. 162 'C) was found to be a 
suitable high boiling point solvent for lithium aluminium hydride. In order to avoid unnecessary 
contamination of the reagents by atmospheric carbon dioxide that would otherwise lead to the 
formation of carrier in labelled products, the reagents were prepared freshly 'in-house'. 

To overcome the problem of retention of radioactivity on the heated alumina catalyst, 
different temperatures and alternative catalysts were examined (Table 1). Pyrolytic dehydration 
of [l-HC]ethanol in an empty quartz glass tube at temperatures in the range 700-800'C was 
successful in producing [ncjethylene, but as a preparative method still suffered from 
considerable retention of radioactivity by the furnace tube. Use of a stainless steel tube almost 
abolished the retention of radioactivity but gave a lower conversion of [l-nCJethanol into 
[nC]ethylene. It was found that the use of a quartz tube as an insert in a stainless steel furnace 
tube at SOO'C gave the least retention of radioactivity in the heated zone and optimal conversion 
of [l-iiC]ethanol to [»C]ethyIene (Table 1), as assessed by conversion of the [iiCJethylene into 
its dibromo derivative for gas chromatography on a column of 60/80 Carbopack B with 1% SP-
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1000 support (8' x 1/8") using a temperature gradient (70°C for 12 min, rising by 40°C/min to 
190°C and held for 55 min) with flame ionisation and radioactivity detectors (retention times: 
[l-iiC]methanoI, 1.6 min; [l-nC]ethanol, 5 min; l,2-[nc]dibromoethane, 22.5 min). 

Table 1. Performance of catalysts for conversion of n.c.a .[l-"C]ethanol into [l-"C]ethylene. 

Catalyst n" Temperature 

*C 

Retention 
of activityi> 

% 

[l-iiC]Ethylene 
in effluent̂  

% 

[»C]Et20 
in effluent^ 

% 

Alumina (100 mesh 
in quartz glass tube) 

7 
2 
2 

400 
550 
650 

73-89 
42 
90 

31-90 
66 
50 

0-32 
22 
50 

Alumina (y-. Grade 2) 5 400 52-75 7-90 10-29 

Alumina (GC grade) 4 
7 

400 
450 

54 
57-82 

36 
90-98 

41 
2-10 

Quartz glass tube 2 
2 

700 
800 

51 
68 

67 
99.4 

22 
0 

Stainless steel tube 4 700 0.3-9 26-47 20-46 

Quartz tube (within 
stainless steel tube) 

8 
50 

700 
500 

8-14 
<5 

57-81 
100 

0-1.4 
0 

»n = number of experiments. 
•> % of radioactivity retained by furnace tubes or catalysts. 
' % of radioactivity in furnace effluent as [l-nC]ethylene (usually detected after 
["CJl^-dibromoethane) derived from [l-i'C]ethanol, as measured by radio-GC. 
* % of radioactivity in furnace effluent as ['>C]diethyl ether derived from [1 
measured by radio-GC. 

conversion into 

-t'C]ethanol as 

It was concluded that the optimal conditions for the production of n.c.a. [nC]ethylene (as 
its 1,2-dibromo derivative for analysis) were as follows. Cyclotron-produced [nC]carbon dioxide 
was concentrated cryogenically by passage into a stainless steel loop immersed in liquid argon. 
Typically, the [i'C]carbon dioxide was dispensed over 6 min by a slow stream of nitrogen into 
methylmagnesium bromide (0.5 mmol) in dibutyl ether (1 mL) under nitrogen at room 
temperature. Lithium aluminium hydride (0.4 mmol) in diglyme (800 uL) was then added under 
nitrogen and allowed to react at room temperature for 1 min. The reaction mixture was then 
cooled and water (300 jiL) was added. (Alternative methods for achieving hydrolysis with other 
reagents were examined but were found to be much less satisfactory). A stream of nitrogen was 
passed through the reaction mixture while it was heated to 120'C to carry the generated 
[l-»C]ethanol through a heated (external temperature, 500 *C) stainless steel furnace tube having 
a quartz tube insert (150 mm x 2 mm; Goodfellows), and then into a trap containing bromine 
(1M) in carbon tetrachloride. GC with FID and radioactivity detection established that 
[HC]l,2-dibromoethane was the main radioactive product (ca 30 % radiochemical yield from 
[»C]carbon dioxide, decay-corrected). The main impurity was ['iC]methanol. [t'C]Diethyl 
ether was not observed as a significant radioactive byproduct under these conditions (Figure 1). 
No stable 1,2-dibromoethane was detected above the detection limit. The preparation takes 20 
min from the end of radionuclide production. 
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This procedure can be performed repetitively with the same piece of quartz tube present 
in the stainless steel furnace tube. The production of no-carrier-added [I'Clethylene (75% 
radiochemical yield from [l-'iC]ethanol) is consistent for approximately 10 consecutive 
preparations. However, after extensive use of the quartz tube other radioactive byproducts appear 
in preparations of the [I1C]ethylene and replacement of the quartz glass tube becomes necessary. 
The stainless steel tube is cleaned periodically. 

This experience is now being applied to the optimisation of the radiosyntheses of other 
"C-labelled olefins, which have been prepared in the same apparatus, notably [l-i'C]propyIene 
and [2-»C]propylene (1). Applications of n.c.a. ["C]ethylene and [nC]l,2-dibromoethane to 
the radiosynthesis of other tiC-labelling agents and to the labelling of particular target structures 
are also being explored. 

,a3!inc.«.o 

I 

1 

1 « 

& 4 

! 
n-3 

i 

Is i 
(UCIMethanol 

te^M' 
/ 14 1 / « \-> 4V d<* 

Time (min) 

Figure 1. Typical radio-GC analysis of n.c.a. ["CJethylene as its dibromo derivative. 

Shah F., Pike V.W., Dowsett K.J. and Aigbirhio F.I., J. Label. Cornpd. Radiophamu, 1994, 
35, 83-85. 
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Synthesis of [»C]Chloroethyltriflate from ["C]Ethylene; a Reagent for 
Introducing the Haloethyl Group into Antibody Directed Enzyme Prodrugs 
(ADEPT Prodrugs) 
C. PRENANTi, F. SHAHi, F. BRADYi, S.K. LUTHRAi, V.W. PIKEi, P.J. BURKE2 
and PRICE P.M.i 
•Cyclotron Unit, MRC Clinical Sciences Centre, Royal Postgraduate Medical School, 
Hammersmith Hospital, Ducane Road, London W12 ONN, U.K. 
^Cancer Research Campaign Laboratories, Charing Cross Hospital, London W6 8RF, UK. 

Antibody Directed Enzyme Prodrug Therapy (ADEPT) is a new approach to cancer 
chemotherapy in which a non-toxic prodrug is transformed into a cytotoxic agent by an enzyme 
located at the tumour site (1). The enzyme is delivered to the tumour as a conjugate with a 
tumour-specific antibody. After the enzyme-antibody conjugate has localised and the circulating 
conjugate has cleared, the prodrug is administered. Several types of prodrugs have been 
investigated as candidates for ADEPT (1). A number of those showing promising anti-cancer 
activity and now in clinical trials contain AW-dihaloethylaminophenyl groups (2,3) (Figure 1). 

X C H 2 C H 2 . N _ / " \ _ 0 _ » _ R 
XCH 2 CH 2 - " N \ _ / 

R = e.g. glutamate 
X = e.g. CI, I 

Figure 1. Structure of ADEPT prodrugs. 

These groups cross-link DNA upon prodrug activation by the enzymes. As part of our 
programme of utilising PET as a means of facilitating the more rapid and rational progression of 
promising novel anti-cancer agents into the clinic, we are seeking to label the haloalkyl function 
of these compounds with carbon-11 (fla = 20.4 min). Carbon-11 labelled ADEPT prodrugs will 
be used with PET to determine the normal and tumour tissue pharmacokinetics of these agents. 

We have used W-chloroethyWV-ethylaniline (VU) as a model compound for developing 
routes for labelling chloroethyl containing ADEPT prodrugs with carbon-11. Our synthetic 
strategy is outlined in Figure 2. [iiC]Ethylene (ID) is converted into [iiC]chloroethyltriflate (V) 
by reaction with chlorine triflate (IV). [iiC]Chloroethyltriflate is then used to alkylate 
W-ethylaniline (VI) to produce AT-chloro-[iiC]ethyl-iV-ethylaniline (VII). 

We have previously reported on the synthesis of [t'C]ethylene (4). A refined 
radiosynthesis (5) was used for this application. The preparation of chlorine triflate by reaction 
of C1F with triflic acid at very low temperatures has been described (6). However, the synthesis 
and isolation of the unstable chlorine triflate, as reported, is unsuitable for our needs. Here we 
describe a simplified synthesis which provides chlorine triflate in dichloromethane solution. 
Reaction of halotriflates with alkenes has been reported to yield haloalkyltriflates (7-9). Here 
reaction of ethylene with chlorine triflate gave chloroethyltriflate, which was not isolated but used 
in further reaction with W-ethylaniline to give W-chloroethyl-A/'-ethylaniline (Figure 2). The 
reactions shown in Figure 2 were confirmed using cold reagents and have now been extended to 
reaction with ["CJethylene. Preliminary work with the »C-Iabelled compounds is described here. 
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Chlorine triflate 
Chlorine (10 mL) was bubbled through a stirred ice cold solution-suspension of silver 

triflate (26 mg, 0.1 mmol) in dichloromethane (2 mL). Silver chloride precipitated after about 
30 min. The solution of chlorine triflate was then transferred under nitrogen pressure through a 
Teflon line into a second pot for further reaction. The yield of chlorine triflate estimated from 
silver chloride, was virtually quantitative. 

Chbroethyltriflate 

Ethylene (500 mL, 2 |imol; 100 ppm in nitrogen) was bubbled into the dichloromethane 

(2 mL) solution of chlorine triflate, which was maintained at -100 *C. 

N-chloroethyl-N-ethylaniline 
N-Ethylaniline (25 (iL; 0.2 mmol) was added with stirring to the chloroethyltriflate. 

The dichloromethane was then removed by heating at 80 "C. The product was analyzed by 
HPLC on a polystyrene-divinylbenzene reticulated PRP1 column (300 mm x 7 mm i.d.) eluted 
with ethanol-water (95: 5 v/v) at 3.5 mL/min. W-chloroethyl-W-ethylaniline (VII) eluted at 16 
min. Mass spectrometry (CI +ve mode) on the collected product gave m/z = 184 ([M+H]+) 
and demonstrated the isotopic pattern for CI, as expected for W-chloroethyl-iV-ethylaniline. 

N-chloro [UC]ethyl-N-ethylaniline 
Cyclotron-produced [nC]carbon dioxide was collected in a stainless steel loop 

immersed in liquid nitrogen. The collected radioactivity was transferred in a slow stream of 
nitrogen into methylmagnesium bromide (0.5 mmol) in dibutyl ether (1 mL) under nitrogen for 

6 min at room temperature. Lithium aluminium hydride (0.4 mmol) in diglyme (800 |iL) was 
then added under nitrogen and the reaction mixture allowed to react at room temperature for 1 
min. The reaction mixture was then cooled and water added (400 \iL). It was then heated at 
120 'C to distil off [UCJethanol. The [HQethanol was carried in a stream of nitrogen from the 
reaction pot through a stainless steel column, containing a quartz rod insert, heated at 500'C in 
a tube furnace where it was converted to [tiCJethylene (5). The generated [HCJethylene was 
carried from the furnace directly into a reaction vessel containing a solution of chlorine triflate 
under nitrogen. After all radioactivity had been trapped, N-ethylaniline (25 nL; 0.2 ramol) was 
added with stirring. The dichloromethane was removed at 80 'C and the residue dissolved in 
HPLC mobile phase. The solution was injected onto a (polystyrene-divinylbenzene reticulated 
PRP 1 column (300 mm x 7 mm i.d.) eluted with ethanol-water (95: 5 v/v> at 3.5 mL/min. 
W-Chloro [iiC]ethyl-W-ethylaniline (VH) eluted with the same elution time as reference 
iV-chloro ethyl-W-ethylaniline (16 min). 
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In preliminary experiments we produced 4.8 MBq (130 uCi) of N-chloro [uC]ethyl-
W-ethylaniline (VII) from 740 MBq (20 mCi) of [UC]carbon dioxide in about 45 min from the 
end of radionuclide production. 

1 1 C 0 2 quartz, heat 
MeMgBr «• CH 3

1 1CH 2OH - H 2 C= 1 1 CH 2 

(I) (ID (III) 

ClOS0 2CF 3 

(IV) 

CI([ 1 1C]CH 2CH 2)OS0 2CF 3 

(V) 

'>-Q Et 
(VI) 

CI([1 1C]CH2CH2) / = \ 

(VII) 

Figure 2. Synthesis of Ar-chloro([HC]ethyl)-AT-ethylaniline (VII). 
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High Yield n.c.a. On-line Synthesis of the Powerful Methylation 
Reagent [UCH3] Nonafluorobutanesulfonic Acid Methylester 

([ nCH 3] Methyl Nonaflate) Using a Solid State Support 
M.Holschbach*. W.Hamkens 

Institut furNuklearchemie, Forschungszentrum Julich GmbH 
52425 Julich, Germany 

Some years ago no carrier added (n.c.a.) ["CH3]methyl triflate was introduced as an 
alternative to the classical methylation reagent ["CHjjmethyl iodide (1-3). Both methods used 
solid state supports for the adsorption of silver trifluoromethanesulfonate prior to the reaction 
with gaseous [uCH3]methyl iodide. In search for an even more powerful methylation reagent 
with the intention of shortening reaction times, we extended this solid state methology to the 
n.c.a. synthesis of ["Ciynohafluorobutanesulfonic acid methylester ([nCH3]methyl 
nonaflate). In methylation reactions this reagent is known to react 2 to 5 times faster than 
methyl triflate (4,5). Using silver nonaflate absorbed on a-alumina as the solid support in 
combination with a simple and reliable column system we have carried out the near quantitative 
on-line transformation of n.c.a. ["CHymethyl iodide into n.c.a.["CH3]methyl nonaflate. 
Moreover we compared the methylation potency of the title reagent to that of ["Ciymethyl 
triflate in n.c.a. methylations of selected organic compounds. 
Although silver nonaflate is not commercially available, ist synthesis is a simple four step 

reaction sequence (6-8). The acid fluoride is converted to the barium salt, hydrolyzed and 
subsequently reacted with silver carbonate to give essentially pure product in an overall yield 
of 80%. The silver salt is then adsorbed on a-alumina and used for the reaction with 
["CJmethyl iodide: 

C 4F 9S0 2F • [C<F9SOJ2Ba • C,F 9S0 3H • C <F 9S0 3Ag 

C 4 F 9 S0 3 Ag+"CH 3 I • C.,F9SO"CH3 + Agl 

This technique consistently yields about 26GBq (700mCi) of [nC]methyl nonaflate with 
specific activities of 555-666 MBq/umol (15-18 mCi/umol, [EOS]). 
Methylations of selected organic compounds with NH, OH or SH functionalities confirmed 

the extreme reactivity of this alkylation reagent. Using 1,2-dichloroethane (DCE) or 
dimethylacetamide (DMA) as solvents, methylation occured spontaneously at or below room 
temperature in less than 30 s to give nearly quantitative yields of product. 
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SYNTHESIS OF [UC]METHYL KETONES VIA ["CJMETHYLATION OF 

DITHIANE INTERMEDIATES 
P.H. Elsinga. E. Fluks, E.J.F. Franssen, G.M. Visser and W. Vaalburg. PET-center, 
Groningen University Hospital, P.O. Box 30001, 9700 RB Groningen, The Netherlands. 

As part of our research on radiolabelling of anticancer drugs we were interested in a 
suitable procedure to synthesize ["Cjmethyl ketones from the corresponding aldehydes. 
Since the reaction of aldehydes with ["C]diazomethane gave unsatisfactory radiochemical 
yields', an alternative synthetic route was investigated. Aldehyde functionalities can be 
subjected to 'umpolung' by reaction with a dithiol2-3 to form a thioacetal. The acidic 
proton on position 2 adjacent to substituent R can be abstracted by a base (usually n-
BuLi), followed by nucleophilic addition (e.g. ["C]CH3I). 
Using a combination n-BuLi with NaOtBu as a superbase4, deprotonation was accomplis-

O | | n-BuLi/NaOtBu [ | 9 

y<r IICH3I y£ R ^ H a 

R H J R tVu. 

R=Me 1 4 7 
PhCH2CH2 2 5 8 
cyclohexyl 3 6 9 

Fig 1 Model compounds to explore possibilities for " C-labelling via dithiane 
intermediates 

hed within one hour. The radiochemical yields for the model compounds are listed in 
table 1. 
The ["CJmethylation reaction proceeded with high radiochemical yield. Except for 2-
(ethylphenyl)-l,3-dithiane 2, the conversion was nearly quantitative. The determination of 
the radiochemical yield for 2;2-dimethyl-l,3-dithiane 4 was difficult, because this com
pound is volatile and was consequently partially evaporated. However via NMR it was 
demonstrated that no starting material was present and solely the desired product 4 was 
formed. 

100 



Entry R ["C]methylation NBS 

1 Me >99% >99% 
2 PhCH2CH2 70% 2 products 
3 cyclohexyl 94% >99% 

Table 1 Overview of radiochemical yields obtained with model compounds R-1,3-
dithiane. Yields are given for the ["CJmethylation step and the cleavage of 

the thioacetal with NBS (corrected for decay). 

A problem in the synthesis of benzyl-l-["C]acetone 8 appeared during the cleavage 

reaction with N-bromosuccinimide (NBS). HPLC-analysis of 8 revealed a major side 

product. Besides oxidation with NBS, other oxidation methods were investigated, i.e. 

CuCyCuO2 and HgOIJCyHgGDO3 respectively. Radiochemical yields were 75%, which 

are less as compared to the NBS method. 

A typical synthetic procedure was: ["CjMethylation (2-methyl 4, 2-(ethyIphenyl)- 5 or 2-

cyclohexyl-2-["C]methyl- 1,3-dithiane 6. NaOtBu in hexane was added to n-BuLi at 0°C 

and stirred at ambient temperature for one hour under an argon atmosphere. To a solution 

of dithiane precursor 1; 2; 3 in THF or hexane, n-BuLi was added. This mixture was 

stirred at -78°C for 15 min. Subsequently the superbase n-BuLi/NaOtBu was added. A 

solution of ["C]CH3I in THF containing 'cold' Mel (0.5 eq with respect to dithiane) was 

added to the reaction mixture containing the superbase and dithiane. After stirring at -

60°C for 5 min, the reaction was quenched with water. The reaction mixture was eluted 

over an ion exchange column (AG11-A8, 50-100 mesh). The column was washed with 

THF. The identity of the product was verified by HPLC (UV^) using a Waters RAD-

Pak C-18 column eluted with a methanol/water 50/50 mixture (eluent A) or 60/40 (eluent 

B) using a flow rate of 1.5 mL/min. Retention times are depicted in table 2. 

Synthesis of ["CJmethyl ketone (l-["C]acetone 7, benzyl-l-["C]acetone 8 or cyclohexyl 

["CJmethyl ketone 9. The 2-["C]methyl-l,3-dithiane compound 4; 5; 6 dissolved in 

acetone was added to NBS in acetone. After stirring for 5 min at ambient temperature, 

NaHS03 was added. The reaction mixture was eluted over an ion exchange column 

(AG11-A8, 50-100 mesh). Finally the solvent was removed by evaporation. HPLC-
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analysis using a Water RAD-Pak C-18 column eluted with a methanol/water 50/50 

mixture (eluent A) or 60/40 (eluent B) using a flow rate of 1.5 mL/min. 
Work is in progress to apply this methodology to the radiolabelling of cytostatic agents. 

Entry Eluent RT(min) Entry Eluent RT(min) 

4 A 7 7 A 3 
5 A 13 8 A 2 
6 B 15 9 B 7 

Table 2. Overview of HPLC-retention times of ["Qmethyl dithianes (4,5,6) and the 

corresponding ["CJmethyl ketones (7,8,9) 

The authors gratefully acknowledge the Dutch Cancer Foundation (Koningin Wilhelmina Fonds) for their 

financial support. 
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Methylation of Amide, Thiol and Phenol Functions with [nC]Methyl Triflate, examplifled by 

["CJNMSP, ["ClFIumazenil, ["CJMethionine and ["CJRadopride. 

NAGREN. K.. HALLDIN, C* and LUNDKVIST C* Turku University Cyclotron/PET Center, 

Radiopharmaceutical Chemistry Laboratory, Turku, Finland and *Karolinska Institute, Department 

of Clinical Neuroscience, Psychiatry Section, Karolinska Hospital, Stockholm, Sweden. 

The most commonly used labelled precursor for ^C-radioligands is [^Qmethyl iodide (1,2). 

[^CJMethyl triflate has been proposed as a highly reactive alternative to [''Qmethyl iodide (3). We 

have recently undertaken a comparison of [^CJmethyl triflate and [^CJmethyl iodide as labelled 

reagents for the synthesis of commonly used PET radioligands such as [^CJdeprenyl, [^CJMHED, 

[Hcjp-CFT and [nC]nicotine by n C methylation of amine functions (4,5). These two reagents has 

also been compared in a few other cases, i.e. for the synthesis of [^CJepinephrine (6) and 

[^CJclozapine (7). ["CJMethyl triflate has been proposed as a reagent for the synthesis of 

[^CJmethionine and [^CJraclopride (8), however no details such as radiochemical yields were 

presented. 

The reactivity of [llC]methyl iodide is in most cases sufficient for the routine production of PET 

radiopharmaceuticals. When considering PET radioligands where the yield is relatively low from 

[''CJmethyl iodide, the use of [''CJmethyl triflate may result in higher yields, shorter reaction times 

and lower reaction temperatures (3,4). In addition, a reduced amount of precursor (nor-compound) 

is important both when considering the final purification of a PET radioligand and the commercial 

availability and cost of the precursor. 

Preparation of PET radioligands by N-methylation of amines is performed using mild reaction 

conditions i.e. methylation of the free base dissolved directly or generated in situ from a salt by the 

use of a mild base such as PMP. The methylation of amide anions require stronger bases such as 

sodium hydroxide as commonly used for the preparation of [nC]NMSP (9,10) or ["CJflumazenil 

(11). We have used ["Qmethyl triflate for the synthesis of [nC]NMSP and [11qflumazenil and 

found that a small amount of aqueous sodium hydroxide (1.5 eq.) give high and consistent yields 

with 1 min heating at70°C and 0.3-0.5 mg of precursors in 100-300 nL of acetone (Table 1). 

[J'CJMethionine is commonly prepared by methylation of ^homocysteine sulphide anion gererated 

either from L-homocysteine thiolactone (12) or L-S-benzyl-homocysteine (2) with [^Clmethyl 

iodide. Ichiwata el. al. demonstrated that racemization in the thiolactone synthesis method is 

increasing as the concentration of sodium hydroxide is increased (13). Unfortunately, we have found 
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that the radiochemical yield of this method is also influenced by the sodium hydroxide concentration, 

which means that low racemization is obtained with relatively low radiochemical yield. 

Table 1. Preparation of some PET radioligands by methylation of anions with [l ^methyl triflate. 

Radioligand Precursor (mg.solvent) Yield(a) 

[ u qNMSP spiperone (0.3, acetone) 50-65 

[llqFlumazenil Ro 15-5528 (0.5, acetone) 65-75 

[nC]Methionine thiolactone (1.0, water) 60-70 

[nC]Raclopride norraclopride (1.0, acetone) 25(b) 
aDecay corrected radiochemical yield (%) from [11C]methyl triflate to final sterile filtered 

product using 1 minute heating at 70°C. ^Preliminary, unoptimized results. 

As we found that [^CJmetiiyl triflate is compatible with low concentrations of sodium hydroxide, 

and it has higher reactivity than [HQmethyl iodide we postulated that high radiochemical yields and 

low racemization can be obtained using t 1 ̂ methyl triflate in the thiolactone method. Indeed, the 

radiochemical yield is high (Table 3) using 1.5 eq. of sodium hydroxide and 1 min heating at 70°C in 

water. The dependence of racemization and oxidation (14) on sodium hydroxide concentration is 

presently evaluated. Interestingly, when performing the same reaction in 50% aqueous ethanol, a low 

radiochemical yield (20 %) was obtained, the main reaction product beeing a so far unidentified 

lipophilic compound. 

When using [llC]methyl triflate in the reaction with the phenolate anion of norraclopride, generated 

using 1.5 eq. of sodium hydroxide and norraclopride hydrobromide the main labelled product is a 

volatile compound. This presumably corresponds to [^CJmethyl bromide as t11C]methyl triflate has 

been reported to react with halide salts (8). When using the same reaction conditions and the free 

base of norraclopride a modest radiochemical yield was obtained (Table 1). Work is in progress to 

optimize the radiochemical yield. 

In conclusion, [llC]methyl triflate was found to be compatible with low concentrations of sodium 

hydoxide, and could thus be used for the preparation of PET radioligands by ^C-methylation of 

amide, sulphide and phenol anions. This work has been performed within the COST B3 action. 
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S-. N- and O- rllCIMethvlations of a Nor Precursor Adsorbed on AbO*/ KF 
SCHMITZ. F.: PLENEVAUX, A.; DEL FIORE, G.; LEMAIRE, C; AERTS, J. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilman B30, B-4000 Liege, Belgium. 

Improvement of methods for introducing J !C-labeled carbon into organic compounds are 
essential for subsequent application to PET. Alkylation with [ nC]iodomethane is 
undoubtedly one of the most widely used method for radiopharmaceutical labeling with 
carbon-11. Because of the short half-life of this isotope new chemical strategies characterized 
by high yield, short reaction time and high regioselectivity have to be developed in order to 
reduce the overall preparation time. 
Recently, a preliminary report dealing with [' 1C]alkylations in the presence of AI2O3 / KF 
pointed out the interesting features of the interfacial reaction between ["CJiodomethane and 
Nor R0151788 (1): very fast reaction, no by products, high regioselectivity and an simple 
final purification due to the adsorption of the Nor derivative on the alumina (removed by 
filtration). 
According to Yamawaki (2) and Ando (3) the interfacial S-, N- and O-methylation reactions 
can be expected to lead to positive results under similar reaction conditions. For this reason, 
homocysteine (4), Nor flumazenil (5), Nor 33 (6), Nor LY186126 (7), Nor deprenyl (8) and 
Nor raclopride (9), were used as models to probe the feasibility of [' 1C]methylations under 
these very mild conditions. 
The Nor precursor (0.75 u.mol) was dissolved in a suspension consisting of AI2O3 / KF (10 ± 
2 mg) in 500 |iL of solvent. Methylene chloride, chloroform, water, ethanol (EtOH), diethyl 
ether, tetrahydrofuran (THF), acetonitrile (CH3CN) and dimethylformamide (DMF) were 
used. [HQiodomethane was distilled and directly trapped into the suspension kept at 0°C. 
After the distillation completion, the vial was removed from the cooling bath and the mixture 
allowed to react for 2 min at RT or under gentle heating (80°C, cf footnote of Table 2). The 
crude mixture was then filtered using a 0.5 \im Millex FH13 filter from Millipore. The 
resulting solution was analyzed with TLC and analytical HPLC. The respective results 
obtained for the removal of the Nor derivative, adsorbed on the solid support, by a simple 
filtration are presented in Table 1 and for the alkylation yield in Table 2. 

From the experimental results, acetonitrile appeared as the solvent of choice for this reaction, 
the only exception being methionine obtained with the same radiochemical yield in EtOH. 
The use of water, methylene chloride, chloroform and diethyl ether as alkylating solvent did 
not show any positive results. With this technique, after filtration, 70-200 mCi of 
["Qflumazenil, [HC]33, [»C]LY186126, ["CJdeprenyl, [UClraclopride, ["C]methionine 
were obtained with a 10 minutes irradiation time when using acetonitrile. After a simple 
filtration, no by product were detected in the crude mixture except unreacted [ uC]CH3l and 
the residual amount of Nor derivative. Usually the specific activity of the 
radiopharmaceuticals was above 1 Ci/|imole. 

The main advantages of this new alkylation route are a very high regioselectivity for the 
reaction under smooth conditions, the Nor derivatives show a strong adsorption on the solid 
support (see Table 1), high radiochemical yields (see Table 2) and a preparation time reduced 
compared to classical alkylation. Furthermore, the use of the interfacial reaction resulted in 
an important simplification of the final purification step, because the major part of the Nor 
derivatives remained on the support. The results presented in this paper further point to the 
importance of this new approach for the simplification and the overall reduction of the 
preparation time of carbon-11 labeled radiopharmaceuticals. S-methylation, O-methylation 
and N-methylation of amine and amide were realized in the presence of AI2O3 / KF with 
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radiochemical yields comprised between 30 and 94% corrected for decay after a short 
reaction time (+ 2 min) under smooth conditions in acetonitrile. The methylation reaction in 
the presence of AI2O3 / KF must be considered as a new general route for the fast and simple 
preparation of radiopharmaceutical compounds labeled with carbon-11 for PET. 

Scheme 1: Interfacial reaction between ['1C]iodomethane and a Nor compound R-X 

V.v.v.vjy^^vvB'w-U-V.v, 

- Al - 0 - A! - 0 - Al - 0 - Al - 0 - Al -0 - Al - 0 -AI - 0 

• v ^ ^ ^ / ^ ^ ^ ^ / s ^ r O O ^ y y s*. s*. A V A / 

© F" H 10 
x = - N - C 0 

-NH 
-S 
- 0 

- Al - 0 - Al - 0 - Al - 0 - Al - 0 - Al -0 - Al - 0 -Al - 0 

Table 1: 

Removal of the Nor derivative adsorbed on the solid support by a simple filtration. Results 
are expressed as % ± SEM of the initial amount engaged in the reaction. The number of 
experiments is mentionned in parentheses. 

EtOH THF DMF CH3CN 

Nor Flumazenil 61+30 (12) 90+8 (12) 78±27 (12) 97±5 (21) 
Nor 33 24+4(10) 2+2(10) 30+30 (22) 34±6 (17) 

Nor LY 186126 57±31 (10) 82±25 (12) 65+31 (12) 78±27 (18) 
Nor Deprenyl 31+20(10) 54+25 (10) 43±5(10) 59+7 (10) 

Nor Raclopride 61+4(10) 79±7 (10) 90+2 (10) 90+3 (10) 
Homocysteine 90+6 (20) 86±13 (12) 88±9(11) 81+17(11) 
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Table 2: 
Radiochemical yields corrected for decay obtained for the [nC]methylation realized in the 
presence of AI2O3 / KF. Results are expressed as % ± SEM, the number of experiments is 
mentionned in parentheses. 

EtOH THF DMF CH3CN 

Flumazenil 1+1 (2) 3±2(2) 54+16 (2) 87+11(10) 
33 0(3) 0(3) 75+3 (3) 62+23 (8) 

LY 186126 64±34 (2) 0(2) 68+23 (2) 91±8 (9) 
Deprenyl * 8±4 (6) 7±2(6) 25±9 (9) 29±10 (12) 

Raclopride * 1±1 (5) 1±1 (6) 49±9(3) 30+5(6) 
Methionine 94+4 (20) 2±1(2) 42+13 (2) 94+4 (7) 

*: the methylation was performed at 80°C for 2 min. 
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Synthesis of [UCJmethanethiol, a precursor for S-[HC]methyIations. 

Suehiro, M.; Shiue, C.Y.,; Gonzalez, C ; Dembowski, B. 
The University of Pennsylvania, Philadelphia, PA 19104, U.S.A. 

S-fUQMethylations can be performed using [^Qmethyl iodide and a thiol as 
precursors. For example, [ 1 1 C]McN5652, a promising PET radiotracer for 
imaging serotonin uptake sites (1 - 4), has been synthesized from the normethyl 
McN5652, a thiol, and [ 1 1C]methyliodide (5). However, handling of thiol 
precursors is difficult due to their instability and sometimes a thiol precursor has 
to be freshly prepared for every radiotracer production run. 

Altenatively, S-t^CJmethylations can be also performed via nucleophilic 
substitution reactions with [HClmethanethiol and aryl halides (6, 7). With this S-
[^CJmethylation method in mind, we have synthesized [^Cjmethanethiol from 
[! ^jmethyliodide according to Scott et al. (8). [^CJMethyliodide was reacted 
with sodium hydrosulfide (2 mg) in DMF (200 u.L) at room temperature and 
[HQjmethanethiol thus produced was transferred in a stream of nitrogen into a 1 
mL glass vial containing 200 jxL DMF cooled in a dry-ice-ethanol bath. 

N a S H + »CH3I ™ " * " l ~ f . n C H 3 S H + N a I 

The conversion from [HQlmethyliodide to [^Qmethanethiol appeared to be 
completed almost instantaneously. The reaction also appeared to be an 
exothermic one which proceeded quickly even at dry-ice-ethanol temperature 
(approx. -75°C). Thus, the nitrogen gas flow conveying HCH3I from the HCH3I 
synthesis system into the DMF solution of NaSH in a two-neck flask conveyed 
continuously ^ C H s S H , which was produced by contact between HCH3I and 
NaSH, into the cooled DMF in a sealed vial where HCH3SH was trapped. 
Therefore, the radiochemical yield of UCH3SH and the synthesis time were 
practically the same as the ! iCHs! synthesis. 

P205/NaOH 11CH3SH/N2 

11C02/N2 
Vent 

methanol 
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The identification of the product nCH3SH was confirmed with HPLC by co-
injection with authentic methanethiol. HPLC analyses also revealed that the 
activity transferred to the cooled vial was 95-99% radiochemically-pure UCH3SH 
with trace amounts of n CH3l and 11CH3SS11CH3. When the precursor NaSH 
was exposed to the air during the synthesis procedure, the product was 
HCH3SSUCH3 instead of HCH3SH. 

In the presence of a base, [HCjmethanethiol was ready to make a thiolate ion 
complex which would react with an aryl halide via a nucleophilic substitution 
reaction. Studies on the application reactions are in progress. 
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ri-HCIBromoethane: an Alternative to the Use of ri-UC1Iodoethane 
SCHMITZ. R: DEL FIORE, G.; PLENEVAUX, A., LEMAIRE, C; AERTS, J. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilman B30, B-4000 Liege, Belgium. 

Alkylation of amide, amine, thiol, alcohol,... with f1 IC]iodomethane is a well know synthetic 
pathway to introduce carbon-11 into a biologically interesting compounds. Some of them 
present an ethyl group which is potential candidate for carbon-11 labeling. In this paper, we 
report our experience with the production of [l- 1 'CJhalogenoethane. 
The synthesis of [l-"C]iodoethane has been investigated by LSngstrom et al (1), Siegers et al 
(2), Suzuki et al (3). The classical reaction (Sheme 1) consists of reducing [' 'CJC02 with an 
appropriate organometallic reagent, in this case mefhylmagnesium bromide, followed by a 
reduction with LiAlH4 to form an alcoolate. Iodination step is done by adding HI and the 
corresponding [l-^CJethyl iodide is distilled into the alkylation reactor. According to the 
literature (1,2,3), the major problem of this reaction is the side productions of 
["CJiodomethane that could preferentially alkylate the Nor precursor giving a mixture of 
ethylated and methylated labeled compounds difficult to separate and [2-uC]iodopropane. 
The later is less important because the alkylation with it is very slow. As these side reactions 
cannot be avoided, the influence of the methylmagnesium bromide concentration on the 
respective amounts of [uC]iodomethane, [l-^CJiodoethane and [2- l lC]iodopropane 
produced was measured (Scheme 2). From the experimental results, a concentration of 0.9 
mmol/mL was chosen. In this case, the percentage of ["C]iodomethane was below 10%. 
Another problem observed in our laboratory was a volatile labeled compound appearing 
under drastic alkylation conditions (AI2O3/KF used as a base, micro wave oven heating) 
reaching in certain case 55 % of the total activity after alkylation. This compound could be 
[ ! ,C]ethylene (Scheme 3). This side reaction is important because the ethylation is more 
difficult to realize than the corresponding methylation and thus requires harsh conditions to 
keep the alkylation time as short as possible. In order to avoid this secondary reaction, [1-
uC]bromoethane was prepared as the dehydrobromination should be reduced compared to 
the dehydroiodination. 

[l-^Clbromoethane was prepared under the same conditions as for [l-^CJethyl iodide when 
using HBr instead of HI during the halogenation step. The distillation of [l-nC]bromoethane 
was very easy because of the low boiling point of the brominated derivatives compared to the 
iodinated ones (4). Due to the same reason, the radioactivity loss in the apparatus was 
slightly lower for [l- 1 'Cftromoethane (66 + 4 %; n = 5) than for [l- 1 ]C]ethyl iodide (71 ± 20 
%; n = 46). Although the reactivity toward alkylation of [l^'CJbromoethane was lower than 
that of [l- 1 'CJiodoethane, we did not observe the formation of the volatile compound. 
With a 10 minutes irradiation, we usually produced 52-89 mCi of [I- 1 'CJhalogenoethane (n = 
100) within 25 min (irradiation time included). The specific activity at that time of this 
precursor wa ranging between 20 and 200 mCi/urno!. 
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Procedure: 
[ n C ] C 0 2 was trapped at RT in 500 p.L of a 0.9 mmol/mL of CHsMgBr solution in 
ether/THF. When the reduction was complete (2 minutes), 200 jiL of 1.0 M L1AIH4/THF 
were added. The solvents were eliminated at RT with a vacuum pump. HI or HBr (500 jiL) 
were added, the reactor was tightly closed and heated at 130°C for three minutes. The 
[! 1C]halogenoethane was then distilled into the alkylation reactor. 

Scheme 1 
11C02 + CH3MgBr -» CH31 ICOOMgBr 
CH3nCOOMgBr + LiAlH4 -»CH3 nCH 2OLi 
C ^ ^ O ^ O U + HX -» CH3"CH2X (X = I, Br) 

Scheme 2 : Influence of the methylmagnesium bromide concentration on the respective 
amounts of [nC]iodomethane, [l-^Qiodoethane and [2-nC]iodopropane produced (n=9). 

DMel 

ElEtl 

• PropI 

Scheme 3 
CH 3<'CH 2I-> CH 2

I 1 CH 2 + HI 
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Radiolabelling Using Hetereogeneous Media in Microwave Fields 

Sharon Stone-Elander, Jan-Olov Thorell and Peter Johnstrom 
Karolinska Pharmacy, Box 160, S-171 76 Stockholm, Sweden and 

Clinical Neurophysiology, Karolinska Hospital and Institute, S-17176 Stockholm, Sweden 

A number of PET-related syntheses have used solid phase reagents to effect the transformations 
(see for example 1-5). Isolations are facilitated since the products can be removed by filtration. 
Microwave dielectric heating is increasingly being used to reduce labelling times. The combination of 
short reaction times and rapid separations make the idea of using solid phase reagents in microwave 
fields particularly attractive. However, most such reagents contain dipolar / ionized species, which 
may require special microwave conditions (6,7). Here we report a preliminary investigation of the 
feasibility of labelling with solid phase reagents in a single-mode microwave cavity (8). 

Radiofluorinations were performed using a functionalized Merrifield's resin (1) with the relatively 
non-nucleophilic CO32- as counterion. [18F]F~ was rapidly immobilized and the resin was dried by 
washing twice with CH3CN. The substrate was added in 200-300 ul solvent. 

Reaction with l,3,4,6-tetraacetyI-2-triflyl-mannose (9) proceeded smoothly with radiochemical 
yields comparable to thermal procedures (60-75%) after 1 min with low microwave power (=20W). 
[18F]FDG-Ac4 (>97% radiochemical purity) was thus obtained in a small volume of CH3CN to be 
removed before the hydrolysis. 

Nucleophilic aromatic substitutions depended on the solvent used (DMF much better than 
CH3CN). Different substrate reactivity was observed than under thermal conditions. For example, 4-
nitrobenzaldehyde gave very little 4-fluorobenzaldehyde (£ 5%), while 4-nitrobenzonitrile gave good 
radiolabelling yields (40-50%) after only 30 sec with =20 W. 

Nucleophilic aliphatic substitution with Br(CH2)3Br gave acceptable incorporations (30-40%, 30 
sec, 20 W). 18F(CH2)3Br was filtered from the resin in a DMF solution for the subsequent 
alkylations or could be distilled from the vessel. Comparable yields (isolation by distillation) were 
also obtained by performing the reaction neat (Kryptofix 2.2.2, K2CO3, [18F]F~, Br(CH2)3Br). 

Hydrolysis of [18F]FDG-Ac4 was performed, after evaporation of CH3CN, using Dowex 50 
(H +) as recently reported (5). As observed with acidic solutions (10), this resin couples very well 
with microwaves. In contrast to the thermal procedure, water must be added. Conversions to 
[ I8F]FDG >80% in £1 min with 20 W could be obtained and efforts are underway to find a way to 
technically handle these acidic resins. 

Radiocvanations [UC]CN" was trapped efficiently (> 95%) using several anion exchange resins. 
The balance between substitution and competing reactions such as hydrolysis was, however, more 
difficult to predict Good yields (=70%) were obtained with chloromethyl pivalate, while yields with 
Br(CH2)30H (=10%) were much lower than previously obtained (11). Difficulties at stopping at the 
nitrile may in fact make this an attractive method for performing the cyanation and subsequent 
hydrolysis in the same reaction media. For example, the Biicherer Strecker synthesis of [l-11C]-D,L-
tyrosine could be performed in one step in 12-15% yields using [UC]CN" on an Amberlite resin. 
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Conclusions 
Almost contrary to expectations, these ionic resins were found to be quite useful for performing 

certain radiolabelling reactions in well-defined microwave fields. Their high reactivity at very low 
input powers argue against performing these transformations in a multi-mode device. The reactivity 
of individual substrates must be empirically tested. However, the small volumes used, the short 
reaction times and rapid isolations recommend further studies in the implementation of heterogenous 
media for radiolabelling in microwave fields. 

Acknowledgements Financial support by the Swedish Medical Research Council (K95-04P-
11319-01A) and the Karolinska Institute as well as technical support by Walter Pulka and Peter 
Soderholm. 
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Evaluation of a Microwave Cavity for the Synthesis of PET 
Radiopharmaceuticals. 
C . S. Pence. E. Mishani, T. J. McCarthy and M. J. Welch. Mallinckrodt 
Institute of Radiology, Washington University School of Medicine, St. Louis, 
MO 63110. 

Since we first reported the use of a conventional microwave oven to shorten 
reaction times for short-lived radiolabeled pharmaceuticals1, the application 
of microwave heating has grown in popularity. This is particularly due to the 
systematic studies that have been conducted with microwave cavities 2- 3 . 

We present here our preliminary experience with a specially designed unit 
(Model 420 BX, built by Micro-Now Instruments, Skokie, Illinois) made for 
this application. The cavity is a resonance-type cavity4 and is connected to a 
waveguide section; this has a monitor to indicate reflected power. The power 
output of the generator is 150 watts. The microwave source is a magnetron 
operating at 2.45 GHz. The power supply unit is 22 cm H x 34 cm W x 42 cm 
L and weighs 19 kg; it has an indicator window for alternately reading the 
reflected (REFLECT) and applied (DIRECT) power supplied when the unit is 
in operation. The time control box is 10 cm H x 6 cm W x 32 cm L, and 
heating times are entered in seconds in the touch-pad. The RF output cable 
that connects the power supply to the cavity is 9 ft long and it allows the 
cavity to be placed in a shielded hood, distant from the power unit. 

The cavity is made of copper because of the high electrical conductivity of this 
material, and is fashioned in the shape of a cylinder 4 cm H x 10 cm in 
diameter. In the center of this cylinder a hole has been bored (15 mm 
diameter) to accommodate the sample vial. The overall depth of the cavity, 
including the side walls, is only 7 cm; this allows for the easy removal of 
samples at the end of heating. An aluminum tuning stub is used to optimize 
sample heating by minimizing the reflected power. The overall design of the 
cavity allows the use of commercially available pyrex tubes 15 mm in 
diameter or less, as well as 3-mL conical vials. 

We have tested the cavity on [18F]-for-N02 nucleophilic substitution 
reactions with such substrates as 2-nitrobenzaldehyde, 4-nitrobenzonitrile 
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and 4-nitro-a,a,a-trifluorotoluene in DMSO. In all these cases the yields 
achieved with 6 - 9 seconds of heating time were similar to those obtained by 
conventional oil bath or microwave heating for 3 - 5 minutes or as indicated. 
The results of these incorporations are shown in Table 1. 

The cavity is now routinely used for [18p].f o r-N02 substitution in the 
synthesis of [18F]fi u o r obenzamides. In conclusion, much shorter reaction 
times are needed for radiolabeling with short-lived isotopes. Easy access and 
the fixed geometry of the cavity allow for the accurate positioning and ease of 
retrieval of the reaction vessels. The power supply unit and timer control box 
are kept outside the shielded hood, thereby saving space. 

Acknowledgments: Work supported by NIH grant No. P01HL13851 and the 
Fulbright Commission (Scholarship to EM). 

TABLE 1 

[18F] +X-C6H4-G > laF.CgHLt-G 
RADIOCHEMICAL YIELDS (%) 

SUBSTRATE PRODUCT OIL BATH H-WAVE u-WAVE 
135°C OVEN 

500 W 
CAVITY 

150 W 

X=2-N02 
X=2-18F 5 minutes 5 minutes 6 seconds 

G=CHO G=CHO 55% 65% 67% 

X=4-N02 
X=4-18F 5 minutes 5 minutes 9 seconds 

G=CN G=CN 52% 68% 46% 

X=4-N02 
X=4-18F 20 minutes 3 minutes 9 seconds 

G=CF3 G=CF3 20% 16% 20% 
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Simple General Synthesis of NCA r13N1Nitrosothiols and r13N1Nitrosamines 
VAVREK MT and MULHOLLAND GK. 
Department of Radiology, Indiana University School of Medicine, Indianapolis, IN USA 

Nitroso derivatives of thiols and secondary amines have important roles in biology. S-
nitrosothiols may serve as carriers or latent forms of the chemical messenger nitric oxide 
(NO) in the body. Some N-nitrosamines are potent carcinogens and mutagens of concern 
to public health because of their wide occurrence in foods, tobacco products and the 
environment. Others are used as anticancer treatments. These reactive substances are 
difficult to study directly in biological systems because of the lack of suitable methods for 
detecting them at physiologically relevant concentrations. PET with labeled NO 
derivatives could be a sensitive tool to increase our understanding of the distribution and 
sites of action of these substances in the body. Until now few 13NO-derivatives have been 
studied1. We report here a facile "on-line" production of 13N-nitrite and a resin-supported 
general nitrosation method for synthesizing 13NO-thiols and 13NO-amines in amounts 
suitable for PET imaging. 

On-line 13N-Nitrite Production. Aerated water was irradiated with 11 Mev protons to produce 
aqueous 13N-nitrate, which was passed directly from the target through a reductor column 
containing cadmium filings (6.4 mm x 150 mm) at a flow rate of 5 milliliters per minute. The 
effluent from the Cd column, containing 13N-nitrite (65-90%), 13N-ammonia (5-35%) and 
unchanged 13N-nitrate (0-3%), was directed through a small AG1(OH) anion exchange resin (SAX) 
column to trap the 13N-nitrite quantitatively. Calorimetric measurement of this 13N-nitrite by the 
Griess reaction found ̂ 1 nmol of NO2' to be present2. 
S-[13N]Nitrosothiol Synthesis. A solution containing 40 mg citric acid and 25 jimol of the thiol per 
mL of water or aqueous ethanol was passed through the 13N-nitrite-SAX column. Normally 1.5-2 
mL of this solution was sufficient to displace >90% of the 1 3N activity from the column. S-
13Nitrosation was nearly instantaneous and quantitative, and in most cases the product (13NO-thiol) 
in the eluted solution was radiochemical^ pure enough to be used directly following dilution and 
sterile filtration (Fig. 1). 13NO-Thiols were analyzed against freshly prepared authentic standards 
with reverse phase gradient HPLC (UV-230nm / radioactivity; solvent A: pH 2.3 NaHP04; solvent 
B: CH3CN). Method 1: 100%A-» 80%A, 20%B over 20 min. Method 2: 80%A, 20%B-> 100%B 
over 25 min. Chromatographic and yield data are summarized in the Table below. All of the 
examples shown in the table below were chemically stable in weak acid solution (pH 2.5-4) for at 
least 2 1 3 N half-lives. 
C3N]Nitrosamine Synthesis. The 13N-nitrite-SAX column was eluted with 2-3 mL of a solution the 
secondary amine (25-50 nmol/mL) in citrate buffer (pH 2-4.5, depending on basicity of the amine). 
The eluted solution was allowed to stand for 5 min at room temperature and then analyzed by 
HPLC and/or TLC. In general, nitrosamines were non-basic and less polar than the precursor 
amine, and they were usually easy to separate on this basis. Examples of amines which have 
been successfully 13N-nitrosated (>30% decay correct yields based on SAX trapped 13N) include 
ephedrine, pyrrolidine, N-methyl aniline and nortropanol. 

This new method allows 50-80 mCi batches of 13NO-thiols to be prepared easily within 5 
min of end target bombardment. 13N-Nitrosation of amines appears to be a more particular 
reaction that works rapidly with some substrates and slowly with others. The Cd reductor 
column is completely reusable and repeat syntheses can be conducted easily over a short 
time frame. Only periodic washing of the Cd column with dilute HCI is necessary to 
maintain its performance. The method's simplicity makes it extremely easy to automate, 
and its generality enables the synthesis and PET investigation of a broad range of 1 3NO-
labeled compounds. 
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TABLE 
HPLC Behavior and Yields of 13N-Nitrosothiols 

HPLC Retention Time (min) Yield 
Method thiol NO-thiol (% of trapped'^) 

Cysteine 1 3.3 4.5 80-90 
Glutathione 1 8.5 14.8 90 
N-Acetyl Penicillamine 2 8.5 10.1 75 
1-Thioglucose 1 NA 14.3 85 
2-Mercaptoethanol 1 12.3 18.7 95 

Diagram of 13N-Nitrosation Setup 

JNO-thiol or 
H 2 0 (Oj) 

thiol or amine 
in citrate 

Cd Column waste 
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Reactions of [i8F]Fluoride with Aryliodonium Salts - a Novel Route to 
No-carrier-added Aryl [i«F]Fluorides 
VICTOR W.PIKE and FRANKLIN I. AIGBIRHIO 
PET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Centre, Royal Postgraduate 
Medical School, Hammersmith Hospital, Ducane Road, London W12 ONN, U.K. 

Single-step methods for labelling aryl rings, that have no electron-withdrawing substituents, with 
fluorine-18 (0/2 = 109.6 min) using no-carrier-added (NCA) [isFJfluoride are lacking; the only 
described methods are the decomposition of triazenes in the presence of [i8F]fluoride (1), and the 
well-known Balz-Schiemann procedure and its recent modification (2), based on the 
decomposition of a suitable diazonium salt in the presence of ['*F]fluoride. The triazene method 
has not generally provided high radiochemical yields in the labelling of complex substrates and is 
now little used while the maximum radiochemical yield obtainable from the Balz-Schiemann 
procedures is 25%. New methods for the single-step facile and efficient labelling of aromatic 
rings, bearing electron-donating groups, might greatly increase the scope to i) prepare important 
PET radiopharmaceuticals (such as L-6-[i8F]fluoro-DOPA) in higher radioactivities, and ii) to 
label new target molecules with [>8F]fluoride at a NCA level of specific radioactivity, for clinical 
research with PET. 

Diaryliodonium salts (I) are an important class of polyvalent iodine compounds that are 
becoming highly popular reagents for efficient arylation (3). They are known to react with a 
wide range of nucleophiles, such as methoxide, cyanide and halides, to give aryl substituted 
products. Reactions of aryliodonium salts with potassium fluoride in the presence of crown 
ethers have been shown to produce aryl fluorides in high yields (4). This suggested to us that the 
treatment of aryliodonium salts with NCA [1 8F]fluoride might provide a novel single 
step-procedure for the radiosynthesis of aryl [>8F]fluorides (according to Scheme 1). Here we 
report our results from pilot studies of such reactions (Table 1). 

(I) 

A selection of known aryliodonium salts, with various substituents and counter-anions, 
were purchased or otherwise produced by treating substituted benzenes with 
(diacetoxy)iodobenxene (5) or iodosyl benzene (6) (Table 1). The identity of each product was 
verified by mass spectrometry. Each salt was pure by analytical reverse phase HPLC. The 
solubility of these salts was found to depend on the counter-anion, with the halides sparingly 
soluble and the triflates highly soluble in acetonitrile. 

R - 0 ~ I + " 0 - ^ R - 0 ~ 1 8 F + 0 ~ 1 8 F 

A Product A Product B 
Scheme 1: Investigated route to NCA aryl ['8F]fluorides — the reaction of [i8F]fluoride with 

diphenyliodonium salts. 
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Radiochemistry was performed using cyclotron-produced NCA [>8F]fluoride in 
180-enriched water (ca 20%) (7) that was recovered by adsorption onto an anion exchange resin 
and then elution with potassium carbonate (0.3M) solution. The P8F]fluoridc was converted into 
the powerfully nucleophilic radiofluorinating agent, K+-APE 2.2.2-[i8F]fluoride, in a 
glassy-carbon reaction vessel (8). This reagent was reacted with a diaryliodonium salt (ca 30 mg) 
in acetonitrile at 110 °C under nitrogen pressure (20 p.s.i.) for 30 min. The reaction solution was 
analyzed for radiochemical product and yield by radio-HPLC on a Lichrosphere 100 RP-18 
column (150 x 4.6 mm; 5 p.) eluted with acetonitrile-water (70: 30 v/v) at 1.0 ml/min, with eluate 
monitored for radioactivity and absorbance at 255 nm. The identities of the radioactive products 
were confirmed by co-elution with added reference compounds. The HPLC method was capable 
of separating positional isomers of substituted benzenes. 

Table 1. Results from reactions of diaryliodonium salts with P8F]fluoride. 

Iodonium 
salt 
R 

Anion 

A-

Reagent 
used for 
synthesis 

Radiochemical 
yieldb of 
fluoroaromatics, 
%, (average) 

Radiochemical 
composiUon of 
products,'1 % 

A B 

Number of 
reactions 

H Br- a 20-90, (60) 100 5 

H CF3SO3- PhI(OAc)2 21-35. (28) 100 2 

CI CF3SO3- PhI(OAc)2 23-25, (24) 69 32 2 

Me CF3SO3- PhI(OAc)2 16.5-21, (19) 32 68 2 

OMe Br- PhIO 19-32, (25.5) 100= 2 

lOMe CF3SO3- PW(OAc)2 11,<• 1 

'Purchased from Aldrich Chemical Co. 
^Radiochemical yields were based on the percentage of radiochemical products in solution, 
measured by HPLC, and measurement of the volatile radioactivity lost after reaction. 
'Radiochemical composition is based on the total fluoroaromatics detected in the reaction 
solution by radio-HPLC. 
<>A substantial proportion of the total radioactivity (ca. 19%) was lost by volatilisation. This may 
represent ['8FJfluorobenzene. 

Reactions of NCA [i8FJfluoride with diphenyliodonium bromide or triflatc gave 
substandal yields of [18F]fluorobenzene, unequivocally identified in analytical HPLC by its 
co-mobility with reference fluorobenzene and by diode array analysis of the u.v. absorbancc 
spectrum of associated carrier. Radiochemical yields are impressive, generally ranging from 
20-90%, decay-corrected. This is the first truly single-step method for the radiosynthesis of 
[18F]fluorobenzene in high radiochemical yield. The reasons for the wide variation in 
radiochemical yield from experiment to experiment are not yet understood, but may be related to 
the 'quality' of the cyclotron-produced P8F]fluoride with respect to contaminants. The reaction 
conditions arc yet to be optimised. 
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Reactions of [18F]fluoride with 4-chloro-diphenyliodonium tosylate gave substantial 
yields of radiofluorinated aromatics, with the formation of 4-P 8F]fluoro-chlorobenzene 
dominating over the formation of [isFJfluorobenzene. By contrast, in reactions of ['8F]fIuoride 
with 4-methyl-diphenyliodonium tosylate the formation of P8F]fluorobenzene dominated over 
the formation of the alternative product 4-[18F]fluorotoluene. Reactions of [18F]fluoride with 
4-methoxy-diphenyIiodonium bromide gave impressive yields of radiofluorinated products, that 
were shown to be mixtures of [i8F]fluorobenzene and 4-['8F)fluoroanisole by analytical HPLC. 
No positional isomers of [ 1 8F]fluoroanisole were detected. One reaction of 
4-methoxy-diphenyliodonium tosylate gave a somewhat lower radiochemical yield of 
radiofluorinated aromatic compounds. Further experiments are required to test whether losses of 
radioactivity by volatilisation from reaction solutions are attributable to losses of 
[iSF]fluoroaromatics. 

The described single-step radiosyntheses of [ 1 8F]fluorobenzene, 4-[1 8F]fluoro-
chlorobenzene, 4-['8F]fluoroanisole and 4-[i8F]fluorotoluene from NCA. [iSFJfluoride in 
substantial radiochemical yields are remarkable. These preliminary results show that iodonium 
salts are precursors for labelling aromatic systems without electron-releasing substituents in a 
single step using NCA [i8F]fluoride. At present the mechanisms of these reactions are matters for 
conjecture. Studies are in progress to investigate mechanistic aspects, the influence of the pattern 
of substituents in the iodonium salts on reactivity with ['8F]fluoride and on product spectrum, and 
the preparation of more complex iodonium salts as possible precursors to PET 
radiopharmaceuticals. The potential to prepare structurally complex iodonium salts by reactions 
at aryl-H or aryl-I centres, as substrates for the surrogate ipso substitution of aryl-H or aryl-I by 
NCA [i8F]fluoride, is also an attractive feature of this new approach. 

Acknowledgement. The authors are grateful to Mr Colin J. Steel for the production of 
[>8F]fluoride for these studies. 
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The Development of Ruthenium Iodoalkane Systems for Possible Use 
in 1 8 F Alkylation Reactions 

J. Powell 3 . M. Horvatha, G. M. Visserb, Ir.S. Zijlstra*> and W. Vaalburg b 

aChemistry Department, University of Toronto, Toronto, Canada, M5S 1A1 and 

bNationaI Dutch PET Center, AZG/RUG, University Hospital, P.O. Box 30001,9700RB 
Groningen, the Netherlands 

The synthesis of PET ligands by I8F-fluoroa]kylation of amine or amide nitrogen centers is a frequently 

used two step procedure (deprotonatkm steps are not shown): 

Eg: (i) " F + I(CH2)3l -> "FCCHJWC 

(u) uF(CH2)3l + RiNH -» M F(CHJ)JNRJ 

However, radiochemical yields for reaction 05 (thermal heating) are frequently rather low (5-10%). We 

have recently shown that the cationic ruthenium-iodoalkane complexes [(Ti5-QH$)(Ph3P)(OQRu(IR)]'TJF6" 

{s [Ru-IR]*PFg'} are very effective reagents for the rapid and efficient alkylation of both Fand amines under rnM 

conditions.1 These reagents also rapidly alkylate amidates, carboxylates, phenolates, and several types of aryl-metal 

systems and consequently are very promising reagents for the development of broadly applicable PET labelling 

procedures. Illustrative examples with reaction times and yfclds {based on I(CH2)3Ffor(iv) and (v)} are: 

(iii) [Ru-IR]* + F -> [Ru-IJ + FR (R=Me, Et, Pr) (20°C,2min., 90-100%) 

(iv) [Ru-CICIfcCir +KCHj)3F -» [Ru-I(CH2)3F]* (20"C,3min. ,100%) 

(v) [Ru-KCHjijFĴ  + RjNH-^tRu-U + R^CHjJjF (20"C,3min >90%) 

{Solvent: diyCH2a2;[Ru-CICH2Cirsynthesisedw situ from [Ru-CI] + AgPF* All quoted 

yields are in situ as assessed by 'H, "F and °C NMR spectroscopy}. 
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Using reaction (v) we have synthesised the potential dopamine D2 receptor ligands F-l (a tetralin, yield 

92%, reaction time 3 min., temp. 20°Q and the protected norapomorphine F-2 (96%, 3 min., 20°Q. We have also 

previously prepared N-3-fluoropropylputrescine F-3 (100%, 2 min., 20°Q l - a potential PET imaging agent for 

prostate and prostate tumors.2 In comparison the previously reported radiochemical yields via reaction (ii) -

conventional heating, are:- U F - 1 5 % (1 hr., 120°Q; "F-2 0%;3 and 1 8F-3 8% (20 min., 110°Q.2 The high yields, 

short reaction times and mild conditions clearly establish the potential of a ruthenium-iodoalkane based protocol 

for the synthesis of 1 8 F- and "C- PET ligands. 

qo' 
OMe 

F- l F-2 F-3 

The synthetic strategy requires a cationic ruthenium complex [RuL]+ Y" that is easily crystallizablc and 

hence easily purified, that is stable in the solid state but which has a ligand L that will be rapidly substituted by 

OfcCb when the complex is dissolved in CH2CI2 solution to give [RuClCH2CIT,Y'. The system [RuClCEfeCIfY" 

will rapidly capture I(CH2)a

18F. The coordinated CH2Q2 is a very fast leaving group and we have determined the 

equilibrium constant for the system [RuaOfeCglW + I(CH2)3F ± 5 [RuI(CH2)3F]'fPF6" + CH2CI2 in OfcCk 

solution to be -10 s . In terms of the projected 1 8 F labelling process this value implies that an initial 0.0025M 

solution of [RUCICH2CIFV (- 2 mg of ruthenium complex in 0.5 mL of CH2CI2) when reacted with I(CH2)318F 

under typical conditions (conc° of [Ru]>»[I(CH2)3:8F]) win complex > 95% of the I(CH2)3 l8F when equilibrium 

conditions are attained. The in situ generated [RuI(CH2)„l8F]+Y" would then be reacted with the appropriate tracer 

precursor molecule to give the required PET ligand. Our initial approach to these ideas has been to use an 

aryliodide system [Ru-IArJ'PEs" as the starting ruthenium compound and is illustrated by the following results:-

tRu-p-ICsH4Me]++ I(CH2)3F + R2NH -> (via [Ru-KCE^F]4) -> [Ruq+p-IOHMe + i y ^ a W s F (ligand 
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F-1,100% yield based on I(CH2)jF, 20°C 65 min. Initial conditions:[Ru]0.28M; R2NH 0.17M; I(CH2)jF 0.03M.). 

The speed of this reaction is controlled by the rate of dissociation of the aryliodide. The same procedure using the 

bulkier ortho-iodotoluene complex [Ru-o-IGftMe^Fe" gives the fluoroalkylated tetralin F-1 in 100% yield at 

20°C in a reaction time of 12 minutes. 

In an initial attempt to effect [Ru-IAr]+ promoted I8F-fluoroalkylation, the tetralin precursor to F-1 was 

reacted with 1!F(CH2)3l in the presence of [Ru-p-ICsRiMelPF*. The reaction at 20°C in CH2Cb gave the required 

product UF-1 in a radiochemical yield of 0.3%. Also -50% of the starting ICCH^'F ended up in other products 

(yet to be identified) which produce 1!F-fluoride ion when subjected to base hydrolysis. Since no reaction occurs in 

the absence of the ruthenium complex this preliminary result confirms that the ruthenium complex in this first 

experiment captured and activated at least 50% of the I(CH2)318F. The major and as yet to be identified products 

are probably the result of reactions with nucIeophOic impurities such as CT, C^Ppf and F. Indeed, subsequent to 

this preliminary study, we have confirmed that the compkxes [RuIAr]PFs readiry undergo PFJ hydrolysis via 

[RuFPFs] to generate difluorophosphate and HF. Consequently we are currently developing systems in which the 

PF6' has been replaced by the non-coordinating, non-fluoride releasing anion B(CsFs)4". 

REFERENCES 

1. Powell, J. and Horvath, M. Organometallics, 12,4067 (1993). 

2. Hoang, D-R; Lang, L; Mathias, CJ.; Kadmon, D. and Welch, M J. J NucL Med. 30,1205 (1989). 

3. Zijlstra, S.; de Groot, TJ.; Kok, LP.; Visser, G.M and Vaalburg, W. J. Org. Chera 58,1643 (1993). 

125 



Synthesis of [2-l 8 F]-2,2,2-trifluoroethyl triflate using the masked ester 
2- (bromodif luoromethyl) -4 ,4-dimethyl-2-oxazol ine 

Peter Johnstrom and Sharon Stone-Elander 
Karolinska Pharmacy, Box 160, S-17176 Stockholm. 

Clinical Neurophysiology, Karolinska Hospital/Institute, Box 130, S-171 76 Stockholm, Sweden. 

Recently we have presented a method for producing [2-18F]-2,2,2-trifluoroethyl triflate in good 
radiochemical yields and its subsequent use in the alkylation of des-alkyl-oxoquazepam (1). Due to 
isotopic dilution in the first step, reaction of [ 1 8F]P with BrCF2COOEt, the final product was of very 
low specific activity. Efforts to reduce the isotopic dilution in the fluoro-debromination were not 
successful. The amount of starting material (BrCF2COOEt), the source of carrier fluorine, could not 
be reduced without drastically decreasing the radiochemical yield. An approach in which the ester 
function was protected as an oxazoline enabled radiolabelling with lower amounts of starting material 
while still maintaining good yields (2). Primarily due to reductions in the amount of starting material 
the specific activity of the fluorine-18 labelled oxazoline was increased compared to that obtained 
using BrCF^COOEt as starting material (on the order of 30). These results encouraged us to attempt 
to adapt this method for the synthesis of [2-18F]-2,2,2-trifluoroethyl triflate. 

The synthetic sequence is presented in the scheme below. The 18F-labelIed oxazoline obtained by 
fluoro-debromination was separated and reacted with H2SO4 in ethanol to give the corresponding 
ester. This ethanolysis could be performed using jiwaves (2), but it was found that thermal treatment 
with simultaneous distillation of the [18F]CF3COOEt was more convenient for the next reaction step. 
The 18F-labelled ester was subsequently reduced to [18F]CF3CH20H and reacted with triflic 
anhydride to give the desired [2-18F]-2,2,2-trifluoroethyI triflate. The total synthesis time was on the 
order of 40-45 min (excluding evaporation of target water) with a radiochemical yield of 9-14%, 
based on [ 1 8F]F\ The investigation of the use of [2-18F]-2,2,2-trifluoroethyl triflate as an alkylating 
agent is currently being pursued. 

B '-fC^ -^^""-f-C}- ̂ ^ " 4 ^ —1 
F F 

ttF_|_CH2OTf « T f 2 ° 1 8F_|_CH 2OH < eduction 1 
F F 
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Reactivity of Radiolabeling Agent p-f 1 8F1 Fluorophenacyl Bromide 

'^Downer, J.B.; 2McCarthy, T.J.; 2Edwards, W.B.; 2Anderson, C.J.; ^Welch, M.J.; 

(1) Department of Chemistry, Washington University in St. Louis, St. Louis, MO 

63130, and (2) Mallinckrodt Institute of Radiology, Washington University School of 

Medicine, St. Louis, MO. 

The synthesis of novel radiopharmaceuticals is facilitated by the ability to 

react the same radiolabeled molecule with a number of biologically active 

substrates. High molecular weight proteins including human serum albumin, 

human serum fibrinogen, and immunoglobulin A have previously been radiolabeled 

usingp-[18F]Fluorophenacyl bromide ([18F]FPB). (1) The exact site of the attachment 

of the [18F]FPB is unknown. A modification of the synthesis of [18F]FPB has been 

reported, involving the use of a solid phase bromination technique (Figure 1). (2) 

18F- DMSO 

MW, 5 min 

• ^ A-26 Bra-, THF S " ^ 

60oC, 10 min 

18F 

p-[i8F]Fluorophenacyl bromide 

Figure 1: Synthesis of p-[18F]fluorophenacyl bromide 

Results obtained during attempts to label octreotide, an eight amino acid 

analog of the naturally occurring peptide somatostatin, prompted the current work. 

The p-[18F]fluorophenacyl bromide was expected to react readily with the N-terminal 

amine of octreotide (Figure 2). However, HPLC analysis of the reaction mixture 
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showed no reaction between [18F]FPB and octreotide, but decomposition of the FPB 

was observed. The functional groups available for reaction on protected octreotide 

are the N terminal amine and the hydroxyl groups of threonine and threoninol. 

D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr(ol) 

I 
Boc 

Figure 2. Mono-Boc-Octreotide 

A previous study had indicated that decomposition of phenacyl bromide is catalyzed 

by the presence of simple alcohols. (3) In order to understand and clarify the 

chemistry of FPB as a labeling agent for peptides and proteins, the relative 

reactivity of FPB toward amino acid functional groups needed to be elucidated. 

An extensive reactivity study of p-fluorophenacyl bromide was carried out 

using small organic molecules with a variety of nucleophiles. Relative reactivity 

studies were initially carried out using non-radioactive FPB (Figure 3). Results 

X = SH,NH2,COOH 

Figure 3: Reactivity Scheme 
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showed that a thiol functional group reacted immediately (less than three minutes 

for completion) and with high yield (>90%). Amine groups required at least one hour 

reaction time, but reacted fully within six hours. The reaction between FPB and a 

carboxylic acid group also proceeded to completion within six hours and with good 

yield. In addition, the current work supported the finding that FPB undergoes rapid 

decomposition in the presence of a stoichiometric equivalent of a simple alcohol. 

Radiolabeled competition studies have shown that [18F]FPB reacts much more 

readily with a thiol as opposed to an amine. This is expected due to the greater 

nucleophilic character of sulfur. 

In summary, we have evaluated the relative reactivity of [18F]FPB with a 

variety of nucleophiles. We have demonstrated that [18F]FPB has a dramatic 

preference for a thiol as opposed to any other nucleophilic moiety and also that 

simple alcohols catalyze the decomposition of the phenacyl bromide. This research 

will be applied to small peptides in an effort to fully understand which amino acid 

residues are conducive to labeling with [18F]FPB. 
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Synthesis of r1 8F1FluoromethylbenzyIsulfonate Ester: A Rapid and Efficient 

Method for the JV-|"l8FlFluoromethylbenzvIation °f Amides and Amines 

Choe, Y. S.; Song, D. H.t; Lee, K.-J.t; Kim, S. E.; Kim, B. T.; Choi, Y.; and Chi. P. Y. 

Department of Nuclear Medicine, Samsung Medical Center, 50 Ilwon-dong Kangnam-ku, Seoul 

135-230, Korea. ^Department of Industrial Chemistry, Hanyang University, 17 Heangdang-dong 

Sungdong-ku, Seoul 133-791, Korea 

Positron-emitting radiopharmaceuticals labeled with fluorine-18 are being increasingly used in 

clinical diagnosis. Although fluorine-18 is the most attractive radionuclide in the preparation of 

imaging agents for positron emission tomography, there are few chemical processes suitable for 

introducing fluorine-18 into the organic molecules. Therefore, there is a considerable interest in 

developing new methods for fluorine-18 labeling. 

In practice, for a process to be useful, it should provide more than 10 mCi activity of the fluorine-

18 labeled radiopharmaceutical at the end of preparation, available for human studies. In addition, 

for imaging receptors, specific activity should be higher than 1000 Ci/mmol. The methods for 

fluorine-18 labeling that fulfill these criteria typically use [18F]fluoride obtained from a 
1 80(p,n) 1 8F nuclear reaction and involve fluoride ion displacement reactions of either aliphatic 

sulfonates or aromatic nitro groups. 

We reported the synthesis of short-chain 2-[18F]fluoroalkyl-l-bromides and o»-[18F]fluoroalkyl-l-

bromides.1 The former were prepared from short-chain terminal olefins via halofluorination, and 

the latter from 1-bromoalkyl-o-triflates via a fluoride ion displacement reaction. These fluoroalkyl 

halides underwent rapid and efficient JV-alkylation, attaching fluoroalkyl groups onto secondary 

amines or amides. Comparison of these two sequences in terms of radiochemical yield and 

efficiency demonstrated that a fluoride ion displacement - W-alkylation sequence is superior to a 

halofluorination - Af-alkylation sequence. Other groups have also prepared co-[I8F]fluoroalkyl 

amines or amides from o-disubstituted alkanes (X(CH2>nX, n = 1-3, X = Br, OMs, OTs), in a 

similar manner.2"4 2-[18F]Fluoroethylation or 3-[18F]fluoropropylation of amide and amine 

radiopharmaceuticals have been widely used, because high activity levels could be obtained using 

these processes. The resulting [18F]fluoroalkyl amine derivatives are believed to be metabolized 

via an amine N-dealkylation, with the two chain lengths showing a big difference in clearance 

rate.5 Nucleophilic aromatic [18F]fluorination of nitro substituents using [18F]fluoride ion has also 
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been used due to its simplicity and its effectiveness in providing the high yield and high specific 

activities. When the nitro substitutent is activated, this method works well, otherwise, additional 

steps are required for activation of the nitro group. For instance, Mach et al. have prepared 4-

[I8F]fluorobenzyl iodide from 4-nitrobenzaldehyde in three steps and have used it to prepare 3-N-

(4-[18F]fluorobenzyl)spiperone.6 

We report here the preparation of 4-[18F]fluoromethylbenzylsulfonate ester 2 and their application 

in N-alkylation reactions of spiperone as an amide and l-phenylpiperazine as a secondary amine, 

under no-carrier-added (NCA) conditions. 

HO' 

XO 

XO 

XCI XO 
OH 

XO' 
OX n-Bu4NOH 

THF 
5 min, 90 °C 

la ,X = Ms 
lb,X = Ts 

[ 1 8F]2a,X=Ms 
[ 1 8F]2b,X = Ts 

spiperone 
18; ^ * * \ / F n-Bu4NOH 

^ v . ^ 1 8 F CH 3CN 
5 min, 90 °C 

A F-18 fluoride ion displacement reaction of 1,4-benzenedimethanol bismesylate (la, 2.0 mg, 6.8 

(imol) in THF or CH3CN was carried out at 90 °C for 5 min and afforded 2a reproducibly in 27-

37% isolated yield (Unless noted, all yields are not corrected of decay.) under NCA conditions 

(0.5-100 mCi F-18 fluoride ion, tetrabutylammonium hydroxide (40% aq, 3.8 uJL, 5.8 u,mol), 86% 

resolubilization yield, resolubilization time 15 min). In general, a higher yield was observed in 

THF than in CH3CN. We have purified 4-[18F]fluoromethylbenzyl mesylate (2a) on a short silica 

gel column and used it for the /V-alkylation of spiperone. The reaction was performed in o-

dichlorobenzene (0-DCB, 200 \)L) in the presence of tetrabutylammonium hydroxide (40% aq, 25 

p.L, 38 umol) at 90 °C for 5 min, affording an adduct 3 (79%, isolation yield). The average overall 
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isolated yield was 25%, based on initial activity (35% decay-corrected), and the total reaction and 

purification time was 55 min. We have also performed the N-alkylation of 1-phenylpiperazine 

with purified 4-([18F]fluoromethyl)benzyl mesylate (2a) in CH3CN (200 nL) under the conditions 

described above, providing adduct 4 (84% isolated yield). The overall yield and the time of 

synthesis including HPLC purification were 27% (38% decay-corrected) and 55 min, respectively. 

The preparation of an adduct 3 was also carried out in a one-pot reaction and gave an even better 

result (39% isolated yield, 55% decay-corrected yield, 50 min total reaction time). HPLC 

conditions are: Econosil silica gel, 5 Jim, 250 x 4.6 mm, 1 mL/min; 2a, hexane:CH2Cl2(5% iPrOH) 

80:20; 3, CH2C12:CH2C12(10% MeOH(l% NH4OH)) programmed from 85:15 to 60:40; 4, 

CH2C12:CH2C12(10% MeOH(l% NH4OH)) programmed from 100:0 to 90:10. 

Biological properties for 3-W-(4-[18F]fluoromethylbenzyl)spiperone are under investigation. 

Barrio et al. have observed the rapid localization of the radiotracer, 3-(4-

[18F]fluoromethylphenyl)ecgonine derivative, in dopaminergic central brain structures using vervet 

monkeys.7 They also showed that this tracer was cleared from plasma with a ti/2 of 40 min, 

suggesting that a benzyl fluoride can be stable in vivo. 

In conclusion, this work indicates that NCA-4-[18F]fluoromethylbenzylsulfonate ester 2, which 

can be readily prepared efficiently and at high specific activity, can be a useful intermediate for the 

preparation of radiopharmaceuticals containing a 4-[18F]fluoromethylbenzyl group. This 

preparation and use of this intermediate is another useful application of the fluoride ion 

displacement - /V-alkylation sequence. 
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REGIOSPECIFIC RING OPENING OF AZIRIDINES WITH [1!1F]FLUORIDE : 
THE SYNTHESIS OF P-[18F]FLUOROPHENYLALANINE 

N. M. Gillings. T. K. Venkachatalam and A. D. Gee*, 
PET-Center, Arhus Kommunehospital, Nerrebrogade 44,8000 Arhus C, Denmark. 

The synthesis and synthetic application of chiral aziridines has become of great interest in recent years 

(1) and we aim to explore the susceptibility of these compounds towards nucleophilic ring opening with 

F-fluoride. Several recent reports have demonstrated the advantage of various lanthanide (HI) 

complexes as catalysts for nucleophilic ring opening of epoxides and aziridines (2-6). This abstract 

reports the synthesis of f5-[ F]fluorophenyIalanine by nucleophilic ring opening of N-rert-

butoxycarbonyI-2-cyano,3-phenylaziridine catalysed by Ytterbium (HI) triflate, followed by acid 

hydrolysis. 

2-cyano,3-phenylaziridine 1 was prepared in good yield (scheme) from //mr-3-phenyI-propionitrile in 

two steps (7). Treatment with di-/ert-butoxycarbonate gave N-/er/-butoxycarbonyl-2-cyano,3-

phenylaziridine2. Reference (J-fluorophenylalanine 2 was synthesised from the aziridinel in two steps 

(7). Ytterbium (III) triflate was prepared from ytterbium (III) oxide according to a published procedure 

(8). The aziridine precursor (30 mg) plus YbTf3 (10 mg) were dissolved in acetonitrile (I cm3) and 

passed slowly over a column containing F-fluoride on a modified merrifield resin support heated to 

100°C. The reaction mixture was then hydrolysed with 1M hydrochloric acid (2 cm3) by heating to 

I20°C for 20 minutes to give the corresponding amide. Following removal of free fluoride using a silica 

Sep-Pak, the resulting solution was heated with concentrated hydrochloric acid (5 cm ) in a pressure tube 

at 150 °C for 10 minutes to yield P-[l8F]fluorophenylalanine. Analytical HPLC was performed using a 

Spherisorb 5 amino column (250 x 4.6 mm, Phenomenex) eluting with a gradient of 100% acetonitrile to 

100% potassium phosphate buffer (25mM, pH 7.0) over 15 minutes at 1 cm'min"1, with UV (254 nm) 

and radioactivity detectors. Authentic reference material was co-injected with the sample to confirm the 

identity of the labelled product (Rt.12.0 minutes). [l8F]p-fluorophenylalanine was synthesised in 60 

minutes with a decay corrected (EOB) radiochemical yield of 4% and a radiochemical purity >95%. 
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Work is in progress to improve yields by varying the reaction temperature and solvent and by the use of 

2-aziridine carboxylic ester precursors, which will allow for much milder hydrolysis conditions. 

Different fluorination techniques (e.g. the Kryptofix method) and different N-activating groups may also 

be explored. Work is also in progress to attempt to synthesise p-[ FJfluoroDOPA and (3-

[ Fjfluorotyrosine by this method. 

Scheme 

^ H 

CN 
Br2 

ecu 

P-[ FJfluorophcnylalanine 

NH3(g) 

DMSO 

YbfTf), 

CO2H cone. HC1 
•4 

NH2 

("Boĉ O 
NaOH 

lBuOH 
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THE USE OF [ I 8F]F 2 IN ANHYDROUS HYDROGENFLUORIDE. 

PREPARATION OF 5-[I8F]FLUOROCYTOSINE AND ITS CONVERSION 

TO 5-[18F]FLUOROURACIL. 

Franz Oberdorfer1*, Uwe Haberkom2, Klaus Weber1 and Giinter Fimau3. 

Deutsches Krebsforschungszentrum, iAbteilung 520 - Radiochemie und Radiopharma-
zeutische Chemie, 2Abteilung 510 - Onkologische Diagnostik und Therapie, im Neuenheimer 
Feld 280, D-69120 Heidelberg, Deutschland. ^Chedoke-McMaster Hospitals, McMaster 
University Medical Center, Nuclear Medicine, 1200 Main Street, West, Hamilton, Ontario, 
L8N 3Z5, Canada. 

Labelled compounds 5-[18F]fluorocytosine 1 and 5-[18F]fluorouracil 2 were prepared [1,2] 

by a direct electrophilic fluorination technique using [18F]F2 in anhydrous hydrogenfluoride, 

and the unprotected pyrimidine base'cytosine as substrate. 

NH 2 

F 2inHF,-5°C 

in vitro 

\ 
H 20,100°C,30min. 

or cytosine deaminase 

t 
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Radiochemic und Radiopharmazcutischc Chemie, Im Neienheimer Feld 280, D-69120 Heidelberg, Deutschland. 
Phone: 49-6221-422443; Fax: 49-6221-422572. 
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The reaction delivered 5-[18F]fluorouracil by hydrolysis of 5-[18F]fluorocytosine 

hydrofluoride at an elevated temperature. Conversely, 5-[18F]fluorocytosine could be isolated 

under mild conditions after stripping off hydrogen fluoride. Compounds 1 and 2 were 

obtained in yields of 1.1 to 1.5 GBq at the end of synthesis (20% related to [18F]F2, not 

corrected for decay) and with a purity of >98%. 5-[18F]fiuorocytosine. 

Compound 1 is suggested as the key indicator for monitoring human gene therapy through the 

in-vivo assessment of cytosine deaminase activity of infected tumor tissue [3]. 
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Iodine Monofluoride: a new reagent for n.c.a. radioiodination of arenes 
in comparison to I7. IBr and IC1 

COENEN, H.H.; THINIUS, O.; DUTSCHKA, K.; AG Nuklearchemie und 
Radiopharmazie, Universitatsklinikum Essen, FRG 

Due to the fast development of methods for efficient in-situ oxidation of radioiodide, 
iodine monohalides were not systematically examined as radioiodination agents in the 
low carrier range and they are seldom used for labelling purposes today. Therefore, the 
reactivity and selectivity of iodine monohalides with monosubstituted benzenes 
(C6H5R, R = H, CH3, OCH3, OH, NH2) were examined, including for the first time 
iodine monofluoride (1), recently introduced for preparative iodination of arenes (2). 
[123,131j]ix (X = I, Br, CI) was obtained at room temperature by equilibration of 
radioiodide with IX in aqueous HX. [123,13 lrjlodine monofluoride, however, was 
prepared in n.c.a. form by purging elemental fluorine (1 to 10 % in neon) into a 
solution of radioiodide in perfluoro-hexane (PFH) or trifluoroacetic acid (TFA). The 
arene, dissolved in methanol or with IF in the corresponding solvent (50 mM), was 
added at the desired temperature. The radiochemical yields of the isomeric 
iodobenzenes were determined by isocratic radio-HPLC. 

The equilibration of *I" with IC1, for example, proceeds spontaneously as 
demonstrated by variation of the time of arene addition. Corresponding to the classical 
rules of electrophilic iodination, radiochemical yields of iodoanilines increase with the 
sequence I2 < IBr < IC1 from 60 and 70 to about 90 %, respectively; for iodoanisoles 
see Table 1. Also, the expected electrophilic substitution pattern of isomers was found. 

Table 1: Radioiodination of anisole with iodine monohalides at 60 °C 

iodine halogenide iodoanisoles* by-products* 

12 0 0 

IBr 37.5 ±1.1 0 

IC1 61.3 ±6.1 <2 

IF 68.1 ±4.4 10 ±1.8 

% radiochemical yield; 10 min reaction in 10 % aq.MeOH, with IF in TFA 
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Correspondingly, with *IC1 radiochemical yields decreased from 90 % with aniline, 85 
% with phenol, and 10 % with anisole to 0 % with toluene and benzene. A systematic 
deminuation of the amount of IC1 carrier demonstrated, at least for activated arenes, 
that a radiochemical yield of > 75 % is still obtainable with specific activities of 50 
GBq/umol which are necessary for receptor ligands. 

The reactivty of n.c.a. *IF is increased so much compared to IC1 that even at -70 °C 
about 20 % of exclusively para-iodoanisole was formed in PFH. TFA proved to be the 
better solvent and with an optimal amount of 10 umol of fluorine radiochemical yields 
increased with the reaction temperature. A radiochemical yield of 68 ± 5 % of 
iodoanisole was found at 60 °C, although a decomposition temperature of-14 °C was 
reported for IF (3). However, except for anisole (cf. Table 1), the formation of side 
products is already higher at room temperature than of monoiodinated arenes. 

Table 2: Positional selectivity of *IF and *IC1 on phenol in TFA and water at R.T. 

isomer of *IF *IC1 
iodophenol TFA H 2 0 TFA H 2 0 

ortho 11.6 30.8 6.2 38.0 

meta <.l <.l <.l <.5 

para 76.8 38.4 87.6 24.0 

relative statistical yields (2o + 2m + p=100%)±10% standard deviation 

The positional selectivity of *IF on anisol, for example, corresponds to that of *IC1 
with a p/o ratio of 18/1. In phenol, however, the preference for the para-position in 
TFA with *IF and *IC1 was in contrast to the results in aqueous solutions. The 
comparison in Table 2 suggests a dominant influence of the solvent rather than the 
interhalogen on the positional selectivity. An intermediate formation of trifluoroacetyl 
hypoiodide may explain the high para-selectivity in TFA and the high yields at 
elevated temperatures. Continued studies on n.c.a. *IF for labelling of radiopharma
ceuticals appear attractive considering its high reactivity at low reaction temperatures. 
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A Direct lodination Method with Iodine and Silver Trifluoromethanesulfonate for 
Synthesis of SPECT and PET Imaging Agent Precursors 
MULHOLLAND, G. KEITH and ZHENG. QI-HUANG. Department of Radiology, Indiana 
University School of Medicine, Indianapolis, IN 46202, USA. 

lodinated aromatic compounds are essential precursors to innumerable radioiodinated 
tracers1 and several PET imaging agents, such as p-[11C]CIT and [11C]iomazenil. The most 
important aromatic iodination methodologies2 include: (a) direct iodination with l 2 ; a 
thermodynamically defavoured (endothermic) and reversible reaction which needs the help 
of an oxidant, metallic salts3 - 4 or strong oxidizing acids, (b) lodination with iodide and an 
oxidant, (c) lododemetalation, and (d) Other less common procedures, such as the use of 
electrochemical reactions, or iodonium salts5. Unfortunately, many of these procedures 
use harsh conditions that can destroy oxidatively and hydrolytically sensitive drug 
molecules such as those containing amino and ester functions. We have recently 
discovered l2-AgOTfl to be a mild, specific and easy to use reagent for direct iodination of a 
variety of compounds of interest as radiopharmaceuticals. Surprisingly, this system was 
first reported in a short communication in 19776, but has been ignored in the subsequent 
literature. In this abstract we report its new application in the synthesis of imaging agents. 

Typical aromatic iodination procedure. The aromatic compound (2 mmol) was dissolved in 
10 mL CH 2CI 2. To this solution was added 5 drops of acetic acid, iodine (2-4 mmol) and 
silver trifluoromethanesulfonate (2-4 mmol). The mixture was stirred for overnight at room 
temperature. Precipitated silver iodide was removed by filtation and and washed with 4x3 
mL CH 2CI 2. The combined CH2CI2 solution was washed with NH4OH, 1M Na 2 S0 3 , and 
water, then dried over anhydrous Na 2S0 4, filtered and evaporated under vacuum to give 
the crude product. The product was further purified by flash chromatography with silica gel 
column and hexane: Et 20: Et3N mixtures as eluent. Final products were characterized by 
300MHz proton nmr and elemental analysis. 

Scheme 1. Direction lodination with the l2-AgOTfl Combination 
C H 3 — N CH3~ 

H 
P-CIT, 80% 

CH 3-~- N 

C0 2 CH 3 CO2CH3 

P-CINT, 70% 
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N -CH 3 

6 
C-0CH3 

ITRB, 75% 

OHO 
1 II 
C-C-OCH3 

93% 

A— 0H?°4> 
IQNB, 57% 

Conditions: l2-AgOTfl, HOAc, CH2CI2, RT, overnight 
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Solidphase Labeling Method of 6-Radioiodinated L-DOPA using 
Polymer-bound 6-Mercuric Carboxylate DOPA Precursors 

K. KAWAll. H.OHTA1, M.A. CHANNING2, A. KUBODERAl and W.C. ECKELMAN2 

1 Department of Radiopharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Science University of 
Tokyo, 12 Ichigaya Funagawara-machi, Shinjuku, Tokyo 162, Japan and 2 PET Department, Warren Grant 
Magnuson Clinical Center, National Institutes of Health, 9000 Rockville Pike, Bethesda, MD 20892, U.S.A. 

6-[ F]F-L-DOPA has been shown to be a useful radiopharmaceutical for evaluating 
cerebral dopamine metabolism in humans (1). On the other hand, 6-[123l]I-L-DOPA appeared 
to be a suitable SPECT tracer for the selective measurement of cerebral DOPA transport, having 
no affinity for dopamine metabolism (2). 

6-Mercuric trifluoroacetate protected DOPA 1 is a regiospecific labeling precursor that 
reacts with acetyl hypofluorite (3) and no-carrier added sodium iodide (2) exclusively in the 6 
position. The halodemercuration radiolabeling procedure requires the separation of a very small 
amount of radiopharmaceutical from unreacted mercury precursor and other mercury-containing 
compounds [B]. One approach to minimize this problem is me development of a polymer-bound 
mercury precursor. In principle, the unreacted mercury precursor would remain bound to an 
insoluble polymer and the radiopharmaceutical would be released into solution [A]. We have 
previously published on polymer-bound 6-thiolatomercury and 6-mercuric sulfonate DOPA 
precursors (4). 

In this study, polymer-bound 6-mercuric carboxylate DOPA derivatives were synthesized 
from the ion-exchange resin and the Merrifield-type resin. Iododemercuration with cold iodine 
and radioiodination with no-carrier added iodine-125 of them were carried out. 

[B] 

CK,0. 

CHjO' 

HtCiOjCs^NHCOCFj 

0,C 

H,C,0,C_,NHCOCF, H,C,0,CN^NHCOCF, 

CK,0. 

C H , 0 ' " ^ »i' *CF, CH,0 -
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1 R=Hg0 2CCF 3 

2 R=Hg02C-8Io Rex 
2 R=Hg02CCH2C6H5-Blo Beads 
£R=I 
5R=H 
6R="5I 

Bio-Rex 70, a weakly acidic cation exchange resin containing carboxylic acid groups on a 

macroreticular acrylic polymer, was selected as a carboxylate ion-exchange resin. An ethanol 

solution containing 1 eq. of 1 was added to Bio-Rex 70 (H + form), the resin was filtered to 

obtain the polymer-bound 6-mercuric carboxylate protected DOPA 2 with 15% coverage of the 

available carboxylate groups on the resin. 

H J C J O J C ^ ^ N H C O C F J H 0 J C 

CH,0. 

CHjO' 

HHCOCF, 

^^ Hg' - CF, C 2 H 5 0H 

CHjO. 

CHjO 

1 2 

We also selected the Merrifield-type resin, Bio-Beads S-xl Chloromethylated, which is 

composed of chloromethyl groups attached to a polystyrene copolymer crosslinked with 

divinylbenzene. The carboxylated Bio-Beads S-xl 2 from the chloromethylated resin 2 was 

quantitatively obtained according to the methods described by Kusama and Hayatsu (5). 6-

Mercuric trifluoroacetate protected DOPA 1 (1 eq.) dissolved in chloroform solution was added 

to the carboxylate methyl Merrifield resin 2, the polymer-bound 6-mercuric carboxylate protected 

DOPA 2 with 30% coverage of the available carboxylate groups was obtained. 

OMF 
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H 2 S0 4 

CH 3C0 2H 
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Iododemercuration was carried out in chloroform using 2/3 eq. of cold iodine according 

to the method previously reported (4). After purification by column chromatography, the 

products were analyzed by NMR, GC/MS and HPLC. Iododemercuration of compound 1 using 

cold iodine provides 6-iodo protected DOPA 4 in 44-46% yield, on the other hand, the polymer-

bound 6-mercury protected DOPA precursors 2 and 2 produced the much yields (49-54%) of 6-

iodo protected DOPA 4.. These yields were significandy higher than the polystyrene resin-bound 

6-thiolatomercury and the ion-exchange resin-bound 6-mercuric sulfonate DOPA precursors (4). 

No 6-mercury precursor 1 could be detected in the solvent after iodination of the resin 2 and 2-

The results suggested that mercury carboxylate protected DOPA was a viable means of obtaining 

the desired 6-iodo derivative. 

Radioiodination was carried out using chloramine-T and no-carrier added Nal25i 

according to the method for monomelic precursor 1 (2). The labeling efficiency was studied by 

silica gel TLC. Radioiodination of the polymer-bound 6-mercury protected DOPA precursors 2 

and 2 under no-carrier added condition gave the radioiodinated 6-iodo protected DOPA 2 in 

superior radiochemical yields (92-97%) compared with the labeling efficiency of the monomeric 

precursor 1 (86%). The excellent radiochemical yields indicated that the polymer-bound labeling 

precursor provided the advantage of a simplified labeling reaction. The 6-mercury precursor 1 

was not detected in the solvent after radioiodination of the resin 2 and 2-

In conclusion, the ion-exchange and the Merrifield resin-bound 6-mercuric carboxylate 

DOPA precursors were synthesized. The cold iododemercuration and the radioiodination studies 

indicate that these polymer-bound protected DOPA are useful as precursors of6-(123l]I-L-DOPA 

because the solid phase yield can be increased to that obtained with the soluble monomer 

compound. In principle, the solid phase labeling method shown in this work can be applied to 

the polymer-bound mercuric precursors to produce radiohalogenated radiopharmaceuticals. 
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Polymer Supported m-Benzylguanidinium: a Route to No-Carrier-Added MEBG (m-

Iodobenzylguanidinium) 

D.H. Hunter*. A-M Marinescu*, C. Loc'h" and B. Maziere". 

* Department of Chemistry, University of Western Ontario, London, Ontario, Canada, N6A 5B7 

Phone: (519)679-2111 ext. 6347. Fax: (519)661-3022. Email: dhunter@julian.uwo.ca 

# Service Hospitalier Frederic Joliot, CEA, ORSAY, France 91406 

As reported earlier1, the organochlorostannyl polymer A has the potential to serve as a 

route to polymer bound radiopharmaceutical precursors. As illustrated below, treatment of 

polymer A with an appropriate organolithium could serve to produce a polymer supporting the m-

benzyl guanidinium moiety, B. Reaction of this polymer, B, with radioiodide or radiobromide in 

the presence of an oxidant could release M E G or MBBG (m-bromobenzylguanidinium) as no-

carrier-added material. This material would also be free of the insoluble cross linked precursor 

polymer B and of stannyl bearing side products from the radiolabelling reaction since they are also 

polymeric. This should simplify and accelerate isolation and purification of the radiolabeled 

MEBGorMBBG. 

H:N + 

Na'X J NH2 

N. + oxidant / Nv 

MIBG/MBBG 
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The preparation of polymer B was approached in two ways, a one step process and a two 

step process as shown below. The one step process utilized an organolithium reagent produced 

by the direct metallation of either MIBG or MBBG sulphate with five or six equivalents of tert-

butyl lithium at reduced temperatures in THF. The polymer B so produced was reacted with 

excess bromine or excess iodine to determine the extent of fiinctionalization of the polymer. The 

iodination reaction produced MIBG to the extent of 3-15 umol/g of polymer depending on the 

exact reaction conditions and polymer batch. The bromination reaction analogously produced 4-

16 umol/g of MBBG. 

MIBG/MBBG 

For the two step process the organolithium was generated from m-bromobenzyl 

ammonium chloride using four equivalents of n-butyl lithium in THF at -78°. The intermediate 

polymer C was analysed for the extent of uptake of m-benzylamine moieties by reaction with an 

excess of iodine and bromine. Reaction with iodine resulted in the release of m-iodobenzyl amine 

to the extent of 80-160 umol/g of polymer C and reaction with bromine produced m-

bromobenzylamine at the level of 100-140 umol/g of polymer. This indicated about a 30 fold 

improvement in the degree of functionalization of polymer C as compared to polymer B 

generated by the one step process. Polymer C was then reacted with cyanamide in THF at reflux 
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in an attempt to produce polymer bound m-benzylguanidinium, polymer B. The polymer B 

produced in this manner was also reacted with iodine and bromine this time to generate MIBG at 

the level of about 50 umol/g of polymer and MBBG at the level of 140 umol/g of polymer. This 

corresponds to about a 10 fold improvement over the one step method. 

U Y T -%^ 

THF, -780 to RT 

Bu2Sta-CI 

Treatment of polymer B produced by the two step process with 200 uCi of Na 1 2 3 I in 0.05 

M HC1 and chloramine-T produced [1 2 3I]MIBG in 70 % radiochemical yield. Interestingly the 

remaining radioactivity remained on the insoluble polymer allowing facile separation of the 

[ 1 2 3I]MIBG from other potential radioactive contaminants. 

Although much remains to be done to optimize the process, the polymer supported m-

benzylguanidinium reagent is an attractive alternative to the widely used Cu+ assisted exchange 

method2 since it results in no carrier added material and has the potential for development as a 

'kit'. 

This work was supported by an IOR grant jointly funded by NSERC, Canada and the 

Radioisotope Division of Merck-Frosst, Canada, Inc. to whom we are grateful. 
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SYNTHESIS OF BROMINATED AND FLUORINATED ortho-TYROSINE ANALOGS AS 
POTENTIAL DOPA DECARBOXYLASE TRACERS. O.T. DeJesus. D. Murali and R.J. 
Nickles. Department of Medical Physics, University of Wisconsin Medical School, Madison WI 
53706. 

We reported several years ago the synthesis of halogenated ortho- and meta-tyrosines as potential 
tracers for CNS dopamine (1). Both tyrosine analogs are substrates of the enzyme dopa 
decarboxylase (DC) unlike the more common p-tyrosine which is a very poor DC substrate (2). 
The advantage of these non-catecholic compounds is that they are not substrates of catechol-O-
methyltransferase (COMT) - the enzyme responsible for the formation of 3-0-methyl-6-
FluoroDOPA which has complicated 6-FluoroDOPA PET studies. Reduced metabolite formation 
has been demonstrated with l 8 F labelled m-tyrosine (3,4) where PET images with better contrast 
compared to those obtained with 6-FluoroDOPA were seen. Since we have observed 
decarboxylation to be necessary for the retention of [l8F]-6-F-(E)-p-Fluoromethylene-DL-m-
tyrosine (5) in dopamine terminals similar to that found for 6-FluoroDOPA (6) and also since 
ortho-tyrosine has been reported to be a better DC substrate than m-tyrosine (2), we have 
prepared brominated and fluorinated ortho-tyrosines for evaluation as potential DC tracers. 

Direct bromination of DL-ortho-tyrosine in acetic acid with Br2 provided a single product. NMR 
analysis of this product showed it to be 5-Br-o-tyrosine (5-BOT). To evaluate the Km and Vmax 
values for 5-BOT and other analogs synthesized as DC substrates, the method described by 
Rahman et al. (7) using rat striatal synaptosomes was used. Product amines formed by the action 
of DC on these substrates were quantitated by HPLC using standard solutions prepared from 
authentic amine samples which we have prepared for this purpose. Lineweaver-Burke plot 
analyses gave the following values of Km and Vmax (Table 1). 

TABLE 1 

SUBSTRATE DC PRODUCT Km, p.M Vmax, pmol/min/g 

L-DOPA Dopamine 125 98 
DL-o-Tyrosine o-Tyramine 380 100 
5-Br-DL-o-Tyrosine 5-Br-o-Tyramine 4470 320 

L-m-Tyrosine L-m-Tyramine 210 67 
4-F-L-m-Tyrosine 4-F-m-Tyramine 54 450 
6-F-L-m-Tyrosine 6-F-m-Tyramine 53 390 
6-Br-DL-m-Tyrosine 6-Br-Tyramine 12120 4910 

Km values obtained for L-DOPA and L-m-tyrosine are within the range reported in the literature. 
For example. Borri Voltattorni et al. (8) found Kms of 180 uM and 520 nM for L-DOPA and 
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DL-m-tyrosine, respectively. As seen in Table 1,5-BOT is a poor DC substrate and thus would 
not be a suitable DC tracer. Furthermore, brominated m-tyrosine was found to be an even poorer 
DC substrate. These results suggest that the size of the bromo substituent interferes with DC 
enzyme activity. On the other hand, as shown in Table 1, both 4- and 6-fluorinated m-tyrosines 
are better DC substrates than both L-DOPA and L-m-tyrosine. These findings encouraged us to 
pursue fluorinated ortho-tyrosines as possible DC tracers. 

Fluorination of 18.2 mg ortho-tyrosine (100 u.mol) in 3 ml 1:1 trifluoroacetic acid and glacial 
acetic acid was accomplished using 150 u.mol acetylhypofluorite prepared by the method of 
Jewett et al. (9). Preparative HPLC (column: Alltech Econosil C-18 250x10mm lOu, mobile 
phase:0.02M NaOAC pH 3.5, flowrate:5 ml/min) showed that three products were formed. 
HPLC peaks corresponding to these three products were collected separately, dried "and 
dissolved in DCI-D2O. These samples were then analyzed by *H NMR and 1 9 F NMR 
spectroscopy where spectra were recorded at 400 MHz and 376.5 MHz, respectively, on a 
Brucker AM-400 WB instrument. The l 9 F NMR spectra of o-, m-, and p-fluorophenol 
standards were also taken for comparison of chemical shifts. A summary of results of the 
analyses of 1 9F NMR spectra is shown in Table 2. 

Table 2 

Sample chemical shift, ppm* 
1 9F NMR Identity 

o-fluorophenol - 60.3 
m-fluorophenol - 34.8 
p-fluorophenol - 47.4 

HPLC Peak 1 - 58.8 3-fluoro-o-tyrosine 
HPLC Peak 2 - 46.4 5-fluoro-07tyrosine 
HPLC Peak 3 - 43.3, - 54.1 3,5-difluoro-o-tyrosine 

* Based on trifluoroacetic acid as external standard. 

Analysis of proton NMR spectra of the samples were found to corroborate this identification of 
the products. 

Preliminary studies on the radiofluorination of ortho-tyrosine with equimolar l 8 F -
acetylhypofluorite resulted in a total radiochemical yield of about 11%. This yield was found by 
radioHPLC to be composed of equal amounts of [18F]3-FOT and [18F]5-FOT. No significant 
amount of the difluoro product was detected under these conditions. Because of its structural 
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similarity to 6-FMT we have selected 5-FOT as the product to evaluate in animal studies at least 
initially. These biologic studies are underway. 

COOH COOH COOH COOH 

o-tyrosine 5-fiuoro-o-tyrosine 3-fluoro-o-tyrosine 3,5-difluoro-o-tyrosine 

Figure 1. Fluorination of ortho-tyrosine with acetylhypofluorite. 

We thank R. Kitchen and L. DelaCruz for their assistance in the enzyme assays. We also 
acknowledge the financial support received under NIH Grant NS26621. NMR analyses were 
performed at the National Biomedical NMR Facility at Madison which is supported by NIH P41 
RR 02301. 
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Synthesis of a-tN-^lc-MethvD-aminoisobutvric Acid 
Bernard Schmall^. Peter S. Conti2. Dale 0. Kiesewetter1, and 
Mian M. Alauddin2. 1PET Department, Warren G. Magnuson clinical 
Center, National Institutes of Health, Bethesda, MD 20892 and 2PET 
Imaging Science Center, University of Southern California, Los 
Angeles, CA 90033, USA. 
We have been interested in the synthetic amino acids a-
aminoisobutyric acid (AIB) and its analogue a-(N-
methylamino)isobutyric acid (N-Me-AIB)for use as tumor imaging agents 
and for the guantification of amino acid transport in vivo with PET. 
Studies in experimental animals( 1 - 4) and in humans( 6 - 7) suggest that 
AIB labeled with carbon-11 is a useful tumor imaging agent. 
Preliminary studies carried out with (N-14C-methyl)AIB in rats 
bearing the Dunning R3327G prostatic adenocarcinoma demonstrated 
accumulation of activity by the tumor. (8) Amino acids cross cell 
membranes through the mediation of transport 
systems. (9) AIB is transported primarily (but not exclusively) by 
the A-type transport system.(10) N-Me-AIB is a more highly specific 
substrate for the A-type transport system. 

(10) 
[11C]AIB has been synthesized by the Bucherer-Strecker method from 
[l:LC]HCN,C11) and by another method from [Hc]CH 3I. ( 1 2) The Strecker 
method has been reported for the synthesis of unlabeled N-Me-AIB. 

(13) 
However, the synthesis of N-Me-AIB from [l:LC]HCN would require an 
assay for the determination of cyanide in the final product. The 
second method( 1 2) is not applicable to the synthesis of [1]-C]N-Me-
AIB. Our synthesis of (N-"-C-methyl)AIB (Scheme 1) was based on a 
modification of a previously reported method for preparation of (N-
11c-methyl)-L-dopa.(14) 
AIB (10.3 g, 0.10 mol) was suspended in absolute EtOH (460 mL) . 
SOCI2 (103.7 g, 0.87 mol) was added over 30 min to the stirred 
suspension at -78° C. The resulting clear solution was refluxed for 
20 min, and then stirred at room temperature for 1 hour. The solvent 
was removed by rotary evaporation to give a solid that was 
recrystallized from a mixture of CHCI3 (60 mL) and hexane (200 mL). 
Filtration gave white crystals (11.0 g) of AIB ethyl ester • HC1 1 
in 66% yield. The hydrochloride 1 (10.7 g, 0.064 mol) was suspended 
in CHCI3 (150 mL) and H2O (10 mL containing 5.9 g NaHC0 3/ 11.8 g 
NaCl). Di-tert-butylpyrocarbonate (15.2 g, 0.07 mol) in CHCI3 (60 
mL) was added. The mixture was refluxed for 90 minutes. The aqueous 
layer was separated and washed with CHC1 3 (100 mL) . The organic 
phases were combined and dried (NaSC^). The CHCI3 was evaporated 
yielding a pale yellow oil. Trituration of the oil gave ethyl a- (N-
tert-butyloxy carbonyl)-aminoisobutyrate 2 as white crystals (5.3 g) 
in 36% yield after two recrystaliztions from hexane, and an oil of 
di-tert-butylpyrocarbonate as determined by GC/MS. The t-Boc 
derivative 2 was identified by its 1H/ 1 3C-NMR spectra and by MS. 
The t-Boc derivative 2 (10.8 mg, 0.047 mmol, kryptofix 2.2.2 (17.8 
mg, 0.047 mmol), NaH (16.8 mg, 0.70 mmol), and dry THF (2 mL) were 
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sealed in a 10 mL reacti-vial and stirred at room temperature for 1 
hour. The resulting anion 3 was treated with CH3I (70 jiL, 0.047 
mmol) of a solution of 380 nL of CH 3I in 9 mL of THF. The solution 
was heated at 90° C for 5 min. The solution was filtered and the 
solvent was evaporated at 90° C under a stream of argon until it was 
almost dry. The resulting residue of ethyl a-(N-methyl, N-tert-
butyloxycarbonyl)-aminoisobutyrate 4 was hydrolyzed with 1 mL of HI 
(57%, stabilized) at 140° C for 15 min. The solution was evaporated 
at 140° C under a stream of argon until it was almost dry. The dark 
liquid residue containing N-Me-AIB 5 was diluted with 2 mL of HPLC 
eluant {750 mL CH3CN/250 mL Buffer = 1000 mL H 20, 4.1 g KH 2P0 4 f 200 
HL H 3P0 4, pH 3.0}/200 fiL H3PO4, pH 3.5. 5N NaOH (50 nL) was added. 
The solution is not allowed to become alkaline. All of the solution 
was injected onto an Alltech NH 2 10ji 10 x 250 mm column (2 columns in 
series) (UV detection: 210 nm, 1.0 AUFS). N-Me-AIB 5 elutes in about 
12 min at 9 mL/min. The eluate was shown to contain 5 by 
HS[CI(NH3): (M + 1, 117 and M + 18, 135)]. 

The above procedure was used to synthesize no-carrier-added (N-̂ -̂ -C-
methyl)AIB from 2 and [1:LC]CH3l. The (N-11C-methyl)AIB fraction was 
collected from the HPLC column and reinjected. Radiochemical 
detection indicated that the purity of the fraction was greater than 
99%. The identity of the product is supported by co-elution of (N-
11C-methyl)AIB and unlabeled N-Me-AIB. The radiochemical yield was 
about 40% based on [11C]CH3l. The synthesis time was about 75 min, 
which included rotary evaporation of the fraction under high vacuum, 
formulation of the product in 10 mL of physiological saline, and 
sterilization through a 0.22 nm filter. 
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SYNTHESIS AND RVALUATTON OF ri8F1.l.AMTN0.3.FUIOROCYr.LO.BIITANF..1. 
CARBOXYLIC ACID (FACBO FOR TUMOR LOCALIZATION 
Timothy M.Shoup: Mark M.Goodman; Dennis Eshima; Lori Shattuck; and Mel Camp. 
Emory Center for Positron Emission Tomagraphy, Emory University, Atlanta, GA 30322 

Development of agents for imaging tumors, specifically brain neoplasm, continues to draw considerable 
attention. Fluorine-18 labeled 2-fluoro-2-deoxy-D-glucose and C-ll labeled methionine are agents 
currently being used in PET for distinguishing highly malignant glioblastomas from normal brain tissue or 
benign growths; however, these agents are often not suitable for imaging low grade astrocytomas because 
of their relatively high uptake in normal tissue which can mask the presence of a tumor. The development 
of a position emitting amino acid analog that is not a substrate for nonnal brain, benign growths, and 
infectious tissue but is a substrate for astrocytomas and glioblastomas would be an excellent diagnostic 
radiopharmaceutical for staging tumors and measuring the regression or recurrence of tumors following 
therapy. 

We wish to report the synthesis of ^F-labeled l-amino-3-fluorocyclobutane-l-carboxylic acid (FACBC) 
for PET which exhibits high uptake and retention in gliosarcoma tumors implanted in rats. This agent is 
based upon recent clinical studies of the mapping of brain tumors with the unnatural amino acid analog 
carbon-111-amino-cyclobutane-l-carboxylic acid (ACBC) (1). ACBC has been shown to be a selective 
substrate for protein synthesis in metastatic lesions in the brain with little observable uptake in normal 
brain tissue. Unfortunately carbon-11 is a short lived radioisotope which is not amenable to regional 
distribution. Fluorine-18 is the most attractive PET radionuclide for radiolabeling because its 110 minute 
half-life allows sufficient time for incorporation into the tracer molecule, also it is the lowest energy 
positron emitter which affords the highest resolution images. Moreover, the 110 minute half-life allows 
sufficient time for regional distribution. 

Synthesis of the ^p-labeling precursor 1 was accomplished in nine steps as outlined in Figure 1. 
Reaction of benzyl bromide with epichlorohydrin gave l-chloro-2-benzyloxy-3-brompropane (2). 1-
Chloro-2-benzyloxy-3-brompropane was treated with NaH followed by diethyl malonate which afforded 
diemyl 3-benzyloxycyclobutane-l,l-dicarboxylate (2). Stirring this diester in NH4OH provided the 
corresponding diamide which was then converted to a mixture of cis and trans 2-benzyloxycyclobutane 
hydantoins using dilute NaOCl. The hydantoin was hydrolyzed to the amino acid by refluxing with 
Ba(OH)2- Protection of the amino acid moiety was accomplished by using l-methyl-3-nitro-l-
nitrosoguandine and di-fert-butyl dicarbonate. Following debenzylation using Pd/C, the resultant alcohol 
was converted to 1 using trifluoromethane sulfonic anhydride. 

[18F]-Fluoride was produced using the 18o(p,n)18F reaction with 11 MeV protons on 9596 enriched 
[18o] water. After evaporation of the water and drying of the fluoride by acetonitrile evaporation, the 
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protected amino acid triflate 1 (3 mg) was introduced in an acetonitrile solution (1 mL). The (NCA) ' 
fluorination reaction was performed at 85°C for 5 min in a sealed vessel in the presence of potassium 
carbonate and Kryptofix. Unreacted *&P was removed by diluting the reacting mixture with methylene 
chloride followed by passage through a silica gel Seppak which gave the 18p labeled product 2 in 42% 
E.O.B. yield. Deprotection of 2 was achieved by using 1 mL of 4 N HC1 at 115°C for 15 min and then 
the aqueous solution containing ISpACBC was passed through an ion-retardation resin (AG 11A8 50-100 
mesh). The synthesis was coihpleted in 60 min following EOB with an overall radiochemical yield of 
12% (17.5% EOB). 

The distribution of radioactivity expressed as percent dose per gram in tissues of unfasted male fisher rats 
with implanted gliosarcoma at 5 min and 60 min after intravenous administration of [ 1 8 F ] F A C B C is 
shown in Table I. The initial level of accumulation of radioactivity in the brain after injection of 
[18F]FACBC was low 0.11% dose/gram at 5 min and increased slightly to 0.26% dose/gram. The agent 
however, exhibited a high uptake in the brain tumor. The tumor uptake exhibited a maximum at 60 min 
(1.72% dose/gram) resulting in an increase in the tumor to brain ratio of 5.58 at 5 min to 6.61 at 60 min. 
The bone radioactivity showed no increase from 0.52% dose/gram at 5 min, to 0.38% dose /gram at 60 
min, which demonstrates the expected stability of the 2-cyclobutyl group to significant in vivo 
defluorination. This significant tumor to brain ratio of 6.6 at 60 min strongly suggest that FACBC is a 
potentially valuable imaging agent for the diagnosis and management of treatment of metastatic disease in 
humans by PET. Research supported by DOE. 

Table L Distribution of Radioactivity in Tissues of Unfasted Male 
Fisher Rats following Intravenous Administration of [^FJFACBC 

mean % injected dose/gram (average of 4 rats) 

organ 5min 60 min 

Blood 058 032 
Heart 0.70 0.56 
Muscle 0.27 0.41 
Lung 1.13 0.64 
Kidney . 1.08 0.60 
Spleen 1.55 0.68 
Liver 1.10 1.7 
Testis 0.25 0.28 
Bone 0.52 0.38 
Brain (B) 0.11 0.26 
Tumor (T) 0.61 1.72 

T/B 5.58 6.61 

References; 
1. Washburn, L.C.; Sun, T.T.; Byrd, B.L.; Hayes, R.L. and Butler, T.A. J. Niicl Med 20:1055 (1979). 
2. Michejda, C.J. and Comnick, R.W. J. Org. Chem. 40:1046 (1975). 
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Synthesis of FACBC 
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Synthesis of [uC]Me-AIB, a-[uC]methyIamino-isobutyric acid, for PET Examination of the 
Amino Acid Uptake System A. 
NAGREN. K.. LEHKOINEN, P. AND LESKINEN, S. Radiopharmaceutical Chemistry Laboratory, 
Turku University Cyclotron-PET Center, and Departments of Oncology and Radiotheraphy, 
University of Turku, FIN-20500 Turku, Finland 

[nC]Methionine (MET) is the most commonly used labelled amino acid for PET oncology studies. 
The uptake of MET in tissue reflects both amino acid transport, protein synthesis and 
transmethylation (1). MET is mainly transported by the A and ASC systems. PET studies of the A 
type amino acid transport system has been carried out using [''CJAIB (a-amino-isobutyric acid), an 
achiral, non-metabolized amino acid (2). [HC]A1B is traditionally labelled in the 1-position by a 
carrier added Bucherer-Strecker synthesis (3). Recently two methods have been described for the 
preparation of [3-nC]AIB from [nC]methyl iodide (4,5). 

The disadvantage of the carrier added method, apart from the low specific radioactivity, is that it 
requires vigorous quality control (5). Both methods for synthesis of [3-uC]AIB involves lithium 
complexes which arc sensitive to moisture. The N-methyl derivative of AIB, Me-AIB, has higher 
specificity for the A type amino acid transport system than AIB (6). We report a two step synthesis 
of [11C]Me-AIB starting from AIB methyl ester and nC-labelled methyl iodide or methyl triflate. 

AIB methyl ester hydrochloride was prepared by thionyl chloride / methanol treatment of AIB. The 
free base was generated from the hydrochloride in situ using PMP in methanol / acetonitrile (2 / 1) 
and methylated with [11C]methyl iodide or ["Qmethyl triflate. Aqueous sodium hydroxide was 
added and the methyl ester hydrolyzed by 2-3 min heating at 60°C. Purification of the final product 
was carried out on a Phenomenex Selectosil 5 um SAX (4.6 x 250 mm) column using an eluent of 
2.5 mM sodium dihydrogen phosphate in water/acetonitrile, 17/83 at a flow rate of 8 mL/min. 

As previously found in the synthesis of other radiopharmaceuticals by n C methylation of amino 
functions (7) [uC]methyl triflate was superior to [nC]methyl iodide. The decay radiochemical yield 
of [nC]Me-AIB (final sterile filtered product) was 60-70% counted on [nC]methyl triflate (1 min 
heating at 60°C) with a synthesis time of 40-45 min and a radiochemical purity higher than 98%. The 
corresponding yield using [''Omethyl iodide and 5 min heating at 110°C was 10-15%. Me-AIB has 
very low UV-absoiption (UVmax at 207 nm) and methods for routine determination of the specific 
radioactivity by derivatization with aromatic nitro componds are presently evaluated. 
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[123-I]Iodomethyltyrosine ([123-I]IMT): a simplified preparation 
and metabolite analysis 

G. WESTER A. R. BONI*, J. MEYER*, R. HUCH BON!, H. STEINERT. 
Department of Radiology, Division of Nuclear Medicine and * Department of 
Dermatology, University Hospital, Zurich, Switzerland. 

[123I]-L-3-Iodo-a-methyltyrosine (IMT) is known to accumulate in melanoma (1). 
It also is taken up in the brain (2, 3) and shows promise, in brain tumor imaging (4, 
5).The tumor-uptake mechanism is dependent on the nature of the tumor (1,4). 
We have simplified the labeling procedure and studied the compound in melanoma 
cells and patients with melanoma: 
Labeling: 
L-Ct-Methyltyrosine in HCl is mixed with Nal and [ 1 2 3I]NaI. After afdition of 
NaI03 the reactionmixture is heated at 50°C. The solution quickly changes from 
brown to colourless after which the yield of the reaction is checked with HPLC 
(over Nucleosil-C18, 10 urn, 240x4 mm, eluting with H20/EtOH/CH3COOH = 
90/9/1). If the product is < 97% pure the reaction is allowed to proceed for another 
30 minutes and the yield checked again. 
As soon as the product is > 97% radiochemical^ pure, Na2S20s.is added, the 
reaction mixture is neutralized with 0.6M phosphate buffer and sterilized over a 0.2 
p.m filter. The over all yield is > 95%. 
The advantages of this procedure are: one pot synthesis and no purification and thus 
high yield, fast procedure and little radiation dose to the personnel. 

For the cell culture experiments [1 2 5I]IMT was produced by the same method. 
Quality control was by HPLC over Nucleosil-C18, 10 urn, 240x4 mm, eluting with 
H20/EtOH/CH3COOH = 90/9/1. Radiochemical purity was >99.9%. 

Melanoma cells and as controls glioblastoma cells and fibroblasts were grown with 
[ I 2 5I]IMT in the medium. Cellular uptake was measured (Figure 1): melanoma cells 
show higher uptake than the controls. 
The medium in which the cells had been grown was analyzed for metabolites by the 
same radio-HPLC system used for quality control. Cells were extracted with 1 % 
acetic acid in ethanol. The extract was also analyzed for metabolites. 
Except inorganic iodine and unreacted IMT, 2 unknown metabolites were found 
with a larger retentionvolume in our HPLC system (e.g. Figure 2). The actual 
composition was different for the various solutions (Table 1). 
In the bloodplasma and urin of patients with melanoma a similar metabolite pattern 
was found (Table 1). 
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Table 1. Metabolite composition (%) of IMT 

CaCl M26 ' M19 
Medium Cell extract Medium Cell extract Medium Cell extract 

Inorg. iodine 5 34 4 64 5 76 
IMT 38 19 72 27 71 17 
Unknown 1 30 45 24 9 23 7 
Unknown 2 27 2 0 0 0 0 

Glioblastoma Fibroblasts Patient 
Medium Cell extract Medium Cell extract plasma 2h urin 24 h 

Inorg. iodine 4 45 5 67 4 19 
IMT 72 34 72 22 49 38 
Unknown 1 24 21 24 10 27 18 
Unknown 2 0 0 •o 2 20 25 
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Evaluation of 6-[123l]iodo-L-DOPA as a Cerebral L-DOPA 
Transport Marker 

K. KAWAI1. H.OHTA1, A. KUBODERA1, M.A. CHANNING2 and W.C. ECKELMAN2 

' Department of Radiopharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Science University of 
Tokyo, 12 Ichigaya Funagawara-machi, Shinjuku, Tokyo 162, Japan and 2 PET Deparunent, Warren Grant 
Magnuson Clinical Center, National Institutes of Health, 9000 Rockville Pike, Bethesda, MD 20892, U.S.A. 

6-[18F]F-L-DOPA is the most useful imaging agent used in PET to study dopamine 

metabolism in vivo (1). However, since cyclotron-produced ultra short-lived radionuclides are . 

often not available for routine use, we evaluated L-DOPA labeled with 1 23l, which can be widely 

available for SPECT studies. 

6-Mercuric trifluoroacetate protected DOPA 1 is a regiospecific halogenation precursor 

that reacts with acetyl hypofluorite and iodine exclusively in the 6 position (2). 6-[123I]I-L-

DOPA has also been synthesized by the exchange reaction of radioiodine for bromine on 6-

bromo-L-DOPA and studied in rats (3). 

In this study, 6-[125I]I-L-DOPA 2. was prepared from 1 followed by acidic hydrolysis 

under no-carrier added condition. Iododemercuraion of 1 was also carried out using cold iodine 

(Figure 1). The evaluation of 6-[125I]I-L-DOPA 3_ as a cerebral L-DOPA transport marker is 

reported. 

HJCJOJC^-NHCOCFJ HOjC^^NH, 

0*1° Y^X* HCt or HI H0-

C H 1 0 ' ^ ' ^ ' B l HO^' N *'^'»l 
N a , 2 S l ' Chloramlne-T 

HJCJOJC-^NHCOCFJ 

2 a 

JL^L o,c 
CH,0 ^ ^ HQ' -CF, 

H J C J 0 1 C V . N H C O C F , 

CH,< «.<V^J 
CHjO' AA. 

4feR=H 

Fig. 1 Preparation of 6-[ 1 2 SI]I-L-DOPA 
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Regioselective radioiodination of 6-mercuric trifluoroacetate protected DOPA 1 was 

carried out using no-carrier added Na 1 2 5 I and chloramine-T in chloroform-methanol and gave 6-

[125I]iodo protected L-DOPA 2 with a labeling efficiency more than 85%. The main radioactive 

product showed the same Rf value as 6-iodo protected L-DOPA 4a on TLC. After hydrolysis 

and purification, no-carrier added 6-[125I]I-L-DOPA 2 with radiochemical purity greater than 

95% were obtained. Hydrolysis of 6-[125I]iodo protected L-DOPA 2 with either HCl and HI 

showed no difference in the chromatographic patterns and the partition coefficients. The results 

suggested that HCl can be used for hydrolysis. 

The biodistribution of 6-[125I]I-L-DOPA in mice is shown in Figure 2. In the brain, the • 

highest accumulation was found 2 minutes after injection and then deaeased. Rapid clearance of 

6-[125I]I-L-DOPA from the blood was also observed. 6-[125IjT-L-DOPA showed high 

accumulation in the pancreas after injection, but very rapid clearance was noted. Only non

specific accumulation was observed in the liver. At any time, the accumulation in the thyroid 

was < 0.06%/organ, indicating low free iodine. More than 50% and 80% injected dose was 

excreted in the urine after 3 and 24 hours, respectively. 

The partition coefficient of 6-[,25I]I-L-DOPA in n-octanol/O.lM phosphate buffer was 

too low for simple diffusion into the brain to occur by its lipophilicity. 

0 10 30 60 Brain Pancreas Liver 
Tlme(min) a oubaln • L-DOPA a D-DOPA O L-tyroslne 

Fig.2 Biodistribution of 6-[ 1 2 SI]I-L- Fig.3 Effects on 6-[ 1 2 5I]I-L-DOPA 

DOPA in mice accumulation in rat tissue slices 
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Figure 3 showed effects of inhibition on 6-[125I]I-L-DOPA accumulation in rat tissue 

slices by various agents. Ouabain, an inhibitor of an energy-dependent acdve transport system, 

significantly suppressed the accumulation in the brain and the pancreas in contrast with the liver. 

In the brain, stereoselective competitive inhibition was observed only in the presence of L-DOPA 

and L-tyrosine, the precursor of L-DOPA. In the pancreas, in which 1 2 3 I labeled D-amino acid 

has a similar selectivity as L-isomers (4), D-DOPA as same as L-DOPA and L-tyrosine also 

inhibited the accumulation of 6-[I25I]I-L-DOPA. On the other hand, no significant inhibition 

was detected in the liver. It strongly suggested that the brain and pancreas selectivity for 6-

[125I]I-L-DOPA is facilitated by the active transport system for L-DOPA and L-tyrosine. 

Although 6-[18F]F-L-DOPA was metabolized to 6-[18F]fluorodopamine and various 6-

[18F]fluoro compounds in the brain of rats (5) and monkeys (6), the analysis of mouse brain 

homogenate revealed that more than 95% of the radioactivity was present as 6-[,25r]I-L-DOPA. 

Thus, the iodination of the L-DOPA in the 6-position might have induced the loss of the affinity 

of the metabolic pathway, but it kept the affinity for the transport system. Less than 2% of free 

iodine observed in all tissue homogenate revealed the superior stability against deiodinarion. The 

metabolic stability of 6-[125I]I-L-DOPA promoted the simple clearance from the tissue and rapid 

excretion into the urine. 

These results lead us to conclude that 6-[123I]I-L-DOPA, easily and regioselectively 

prepared from 6-mercury DOPA precursor L appears to be a suitable SPECT tracer for the 

selective measurement of cerebral L-DOPA transport, having no affinity for dopamine 

metabolism. Thus, the SPECT study of 6-[123I]I-L-DOPA might provide useful information in 

combination with a PET study of 6-[18F]F-L-DOPA. 
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Ester Derivatives in Transport of I-Iabelled D-glucose analogues. 

Marie-Dominique Brunet, Christophe Morin *, Michel Vidal. 
Ledss, Departement Chimie, University de Grenoble, 38402 Grenoble (France). 

A number of iodinated analogues of D-glucose have been prepared with regard to 
their possible use as metabolic tracers in Single Photon Emission Computerised 
Tomography (SPECT) medical imaging. While none of them has yet matched 2-fluoro-2-
deoxy-D-glucose (FDG) which is used in Positron Emission Tomography (PET), it remains 
intriguing that these iodinated derivatives have showed better cellular uptakes whenever 

the hydroxyl groups were converted to acetates . Since only acetates have been 
evaluated so far, this calls for an examination of the possible role of ester groups in transport 
of glucose derivatives; this is the purpose of the present work. 

To enable a proper evaluation of the transport processes, it is necessary to esterify a 
glucose analogue which itself cannot be transported by facilitated diffusion ; indeed, 
should an in vivo conversion of ester derivatives to parent compound occur (for example 
through the action of esterases), it would accordingly become difficult to assay the 
importance of other transport mechanisms. 

n-Propyl-0-D-glucoside 1 , has been shown not to be a competitive inhibitor of D-

glucose for entry into the cell through facilitated diffusion " . In 2, the methyl group of 1 

is replaced by an iodine atom (of similar lipophilicity and bulkiness), and it has indeed 
o 

been shown that 2 was not transported ° ; hence its choice as the parent compound. 

Additionally, the stable beta-iodoethoxyl unit, whose advantages in radiolabelling have 

been demonstrated , is present in betaiodoethyl glucopyranoside 2, thus facilitating 

subsequent introduction of " I ' by isotopic exchange. Several types of ester derivatives of 

2 : R = H 
3 : R = COCH3 
4 : R = COCH2CH3 
5 : R = COC(CH3)3 
6 : R = CO (CH2)4CH3 
7 : R = CO (CH2)14CH3 
8 : R = COCH20CH3 
9 : R = COOCH2CH3 

CH2OR 

OR V N 
OR> 

OR 
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2 have been prepared so as to present various physico-chemical properties 
(lipophilicity, bulkiness and sensitivity to hydrolysis of the acyl group) of these glucose 

derivatives; 3-8 have been derived from 2 1 0 , 1 by action of an acylating agent 1 2 " 1 4 i n 

the presence of 4-dimethylaminopyridine , whereas carbonate 9 could be obtained by 

reaction with ethyl fluoroformate 1 6 * Since several hydroxyl groups of different reactivities 
are borne by the starting material 2, particular attention has been paid to allow conversion 
of all hydroxyl groups, and, if necessary, to carefully eliminate partially esterified 
material. Diagnostic nmr data, in particular the characteristic patterns of the 

glucopyranose hydrogens for fully acetylated derivatives , allowed the proposed 
structures to be confidently assigned. 

Tissue uptake determinations were performed using radiochemically stable "I-labelled 

3-9 as radioiodination of these betaiodoethers y by isotopic exchange occurred efficiently. 
A typical time-distribution of tissue uptake in mice of 4, a representative compound, is 
presented in the figure; 3 and 5-9 display similar patterns and a comparison of their 
biodistributions in various organs at 2 minutes (maximum uptake for organs other than 
kidneys) is presented in the table. As revealed by the observed levels in detoxification 
organs (liver or kidneys) , only lipophilicity (see 3,4,6 and 7) seems to be of importance 
despite the structural variations introduced in the acyl group substituents (compare 3 vs 5, 
8 or 9). 

<D 

heart 

kidney 

time(min) 

Figure : Biodistribution of radiolabelled 4 in mice (the values arc the mean of three 
experiments). 

Although tissular uptake are consistently higher than those of the parent compound 
2, the levels of radioactivity observed in the organs of interest (heart or brain) for SPECT 
imaging remain low: furthermore no favorable blood/heart ratio was observed and these 
derivatives can best be viewed as blood-flow tracers. This reveals that in addition to faci-
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% injected dose / gram of tissue* 

2 3' 4 5 6 7 8 9 
heart 2,5±0,7 4,9±0,3 6,3±1 7,1±0,8 7,6±2,5 5,5±2,8 7,3+1 6,9±1,5 
lung 4,5±0,9 7,5±0,4 6,6±0,7 8,9±0,6 9,5±0,8 17,1+0,6 17,0±1,3 11,3+0,4 
liver 4,6±0,4 7,4+0, 8,6±0,6 10,2+2,2 22,2±4,4 31,6±10 5,3±0,9 5,4±0,6 

kidney 49+10 21+5,7 16,41,7 12,8±0,6 6,8±1,0 2,8±0,8 27,4±1,2 25,2±1,2 
brain 0,3 1,4±0,3 2,2±0,2 1,8 0,6 0,5 0,3 0,9 

* Mean ± SDM for 3 or 4 animals per point 

Table : Comparison of the biodistributions of V L i I-labelled 2-9 at t= 2 minutes. 

litated diffusion no other transport mechanism, such as pore mediation, is operating to a 

significant extent and, as suggested in other cases , the variations observed are 
possibly due to differing interactions with the glucose transporter itself. 
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Oral vs Intravenous FDG: High Similarity Between Whole Body PET Distributions in 
Normal Dogs 
MULHOLLAND GK. CARLSON KA, FAIN R, MOCK BH, WINKLE WL, and VAVREK MT. 
Department of Radiology, Indiana University School of Medicine, Indianapolis, IN USA 
46202-5121. 

18F-Fluorodeoxyglucose (FDG)-PET has demonstrated clinical diagnostic utility for several 
disorders of the brain and heart, and in tumor detection. From an economic standpoint 
FDG is currently the most important PET radiopharmaceutical. However, pending 
regulatory guidelines by the US Food and Drug Administration (FDA) concerning the 
manufacture of PET radiopharmaceuticals1 could severely restrict clinical use of FDG 
injection in the USA. Among the more onerous guidelines are requirements for clinical PET 
radiopharmaceuticals to be produced and dispensed under "Class 100" laminar flow clean-
room conditions, and establishment of a microbial safety testing and recordkeeping 
program for all "components, containers, and closures" used in synthesis, in addition to the 
final product itself (which presently is done). Compliance with these new rules would be 
prohibitively difficult and expensive for nearly all hospital and university based PET 
facilities. 

Since FDA guidelines for oral substances are less stringent than for injectable materials, 
and glucose is known to be rapidly absorbed from the upper small intestine2, we decided to 
test the possibility that oral FDG might have sufficiently rapid gut absorption and 
distribution throughout the body to be useful in clinical PET applications. The great majority 
of clinical FDG heart, brain, and cancer scans are straightforward qualitative studies in 
which a static image is taken 30-60 min after i.v. administration. 

METHODS: Oral study. A conscious fasted 26 kg adult male dog was given 10.4 mCi of 
FDG in 5 mL of clear beef broth by oral syringe. This was followed by another 35 mL of 
beef broth to wash FDG completely into the stomach. The dog sat quietly in a 1 m 2 cage 
for 35 min after administration and then was anesthetized (i.v. pentobarbital). A whole body 
PET scan sequence was initiated that ran from the brain to the bladder area over the time 
period of 45-90 min post-administration. Venous blood samples for radioactivity and 
glucose assay were drawn every 5 min during the scan. Intravenous study. The same 

.conscious fasted dog was injected (right cephalic vein) one week later with 10.4 mCi of 
FDG and thereafter handled and scanned in an identical manner as in the oral study. 

RESULTS: Whole body oral and i.v. FDG-PET images (Fig 1.) were very similar in terms 
brain, gut, and bladder distribution. The dog's blood glucose levels were similar in both 
studies (46 and 56 mg/100 mL). Blood FDG levels 45-90 min post administration were 
~20% higher in the oral study than in the i.v. study (Fig 2.), but more paired studies are 
needed to establish significance of this finding. Preliminary analyses of two oral studies 
suggest the radiation dose to the gut due to unabsorbed FDG at 65 min is insignificant 
compared to contribution from the bladder, the dose limiting organ with i.v. FDG. 

CONCLUSIONS: FDG is efficiently absorbed from the gut of fasted dogs following oral 
administration and distributes to all parts of the body in a pattern that closely matches that 
of intravenous FDG. If future studies determine oral FDG behaves similarjy in humans, and 
gastrointestinal dosimetry is acceptable, it may be possible this route of administration 
could find use as a safer, and regulatorily less burdensome alternative in certain types of 
clinical PET studies. 
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Figure 1. Comparison of whole body PET images of the same dog 45-90 min following oral or i.v. FDG administration 
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Figure 2. Blood plasma radioactivity levels following oral or intravenous 10 mCi FDG doses 
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The Potential Uses of Animal PET in the Assessment of Drug 
Effect : Evaluation of the Effects of Nicotine and Ginsenoside Rbi 

S.R. Choi, H.Saji, fY. Magata fY. Yonekura, f J Konishi and A. Yokoyama 
Department of Radiopharmaceutical Chemistry, Faculty of Pharmaceutical 
Sciences, Pharmaceutical Sciences, t Department of Nuclear Medicine, Kyoio 
University 

Functional changes induced by drugs in the brain directly related to energy 
consumption within the affected brain sites. Therefore, the cerebral metabolic rate 
of glucose (CMRglc) has provided an index of cerebral function under a wide 
variety of conditions, including brain stimulation and selective lesions. 

We have recently reported that measurement of CMRglc and rate parameters 
with animal positron emission tomography (PET) and radiotracer,18F-2-fluoro-2-
deoxy-glucose (FDG) is a useful tool for the evaluation of drug effect (1). 
The purpose of this original investigation was: 
1. to study the effects of the ginsenoside Rbi(one of the active chemical constituent 
of ginseng) and nicotine on the cerebral metabolic activity 
2. to delineate how to act these drugs on the CMRglc using animal PET 

Although ginseng has been used in traditional Chinese medicine for treatmen* 
of various disorders, it was long surrounded with an aura of mystery. But much 
evidence has accumulated in recent years suggesting that ginseng saponins may 
affect brain function (2). On the other hand, nicotine produces many CNS effects. 
And it is reported that nicotine stimulated local cerebral glucose utilization (LCGU) 
using the autoradiographic 2-deoxy-D-(14C) glucose method (3). 

From the data obtained with PET, CMRglc was calculated as 
51±14nmol/min/100g under control conditions. These values were in close 
agreement with published data obtained with the autoradiographic technique. Also 
CMRglc were calculated in the drug stimulation such as nicotine and ginsenoside 
Rbi. The rate parameters and CMRglc are shown in Tablel. Both nicotine and 
ginsenoside Rbi increased CMRglc significantly. The parameter analysis showed 
that nicotine had an effect on the Ki, the rate parameter for transport of 1 8F-FDG 
from plasma to brain and ginsenoside Rbi increased k3, the rate constant for 
phosphorylation of 18F-FDG in the tissue, respectively. Ki is related with blood flow 
and the extraction of 1 8F-FDG into tissue through the capillary wall. So we 
estimated cerebral blood flow (CBF) with 1 50-water in control and nicotine-loading 
condition of the same rat. It was indicated that nicotine increased CMRglc by 
accelerating CBF. On the other hand, to understand the effect of ginsenoside on k3, 
we investigated hexokinase activity in rat brain hpmogenate. It is proposed that the 
increase of k3 by the ginsenoside Rbi is due to its activating effect on hexokinase 
activity. 

We found that nicotine and ginsenoside Rbi changed CMRglc and rate 
parameters by using 18F-FDG and PET imaging. And these results may improve 
our understanding of the mechanism by which drugs act to alter cerebral metabolic 
activity. 
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Table 1. Effects of Ginsenoside Rbi and Nicotine on CMRglc 
in Normal Rats 

Kl k2 k3 k4 Blood Sugar CMRglc 
(ml/min/g) (1/min) (1/min) (1/min) (mg/dl) (umol/min/lOOg) 

(Control) 
Ave. 0.16 0 .32 0.10 0.01 153 .42 53 .06 
s.d. 0.04 0.11 0.04 0.01 15.31 13.98 

(+Rbl) 
Ave. 0.16 0 .37 0.16 0.03 183 .60 7 8 . 9 9 
s.d. 0.03 0.06 0.05 0.01 9.18 9.24 

(+Nicotine) 
Ave. 0.29 0 .32 0.08 0.02 169 .87 9 2 . 3 2 
s.d. 0.02 0.08 0.02 0.00 13.37 4.46 
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"Mild Synthesis of [N-Methyl- "q-Isovaleroyl-L-Carnitine" 

G. Angelini*, F.Carnevaletti*, G.Corsi*, A.Margonelli*, P.Ragni*, F.Fazio^, S. 
Todde6, O. Tinti*. 

* Istituto di Chimica Nucleare, C.N.R., Monterotondo Scalo (RM), Italy. 
51.N.B. C.N.R., University of Milan, H. S.Raffaele, Milan, Italy. 
* SIGMA-TAU Industrie Farmaceutiche Riunite S.P.A., Pomezia (RM), Italy. 

(L)-Carnitine (Vitamine BT) is a very important and essential substance in 
fatty acid mammals metabolism and it is the main source of energy for the 
heart. Moreover, the plasma contains some quantities of endogenous acyl 
carnitines, produced inside the cells. 

Some acyl carnitines are under investigation as therapeutic agents, i.e. for 
peripherical artery disease, coronary artery disease and chronic heart failure (1). 

In order to improve the knowledge of the acyl-carnitines fate in humans, 
the labelling with ' *C ( t 1 / 2 = 20.4 min, P + = 99.8%) can be a good choice. 

To date, two [ C] labelled carnitine syntheses were published. They 
concern respectively the synthesis of the carnitine itself (2) and an acyl 
derivative synthesis (3). In the second case, the synthesis started from the nor-
derivative and the [nC]-methylation was performed by [UC]-CH3I in EtOH, 
1,2,2,6,6-Pentamethylpiperidine, 120° for 10'. The radiochemical yield was 
about 50%. 

During our work, taking advantage of these useful indications, we have 
tested several different experimental conditions in which labelled isovaleroyl-L-
carnitine (IVC) in softer conditions and with a better yield may be produced. 

To find the best reaction conditions, preliminary studies were performed 
using tritiated methyl iodide at approximatively the same concentration level of 
the usual [ nC]-CH 3I preparation. We prepared the [N-Methyl-UC]-IVC by 
direct methylation of Nor-IVC with [nC]-CH3I produced following the 
procedure described by Holschbach and Schuller (4 a,b), from cyclotron-
produced [MC]-C0 2 . 
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The best reaction conditions (Fig. 1), were achieved using a solvent 
mixture of anhydrous CH3CN (100 ul) and anhydrous toluene (15 ul) in 
presence of 1,2,2,6,6-Pentamethylpiperidine and well dryed Nor-IVC (2,0 mg). 
To this mixture, cooled at -20° , was added [ n C]- CH3I (20 + 100 mCi) and the 
temperature was raised to 45 -5- 50°C for 8 minutes. The reaction was quenched 
adding a mixture of NH 4 H 2 P0 4 buffer (175 ul, 100 mM, pH = 7) plus CH3CN 
(HPLC grade, 230 ul), obtaining, in this way,-the correct HPLC eluent for the 
subsequent direct injection for the preparative chromatography purification 
(Partisil™ SCX, 10 u, 250 x 7,8 mm. Flow 2.0 ml/m of a mixture 65% CH3CN, 
35% NH 4 H 2 P0 4 buffer 100 mM, overall pH = 7. U.V. analysis was performed 
at 205 nm and radioactive trace was checked by Beckman 170 detector). 

In this condition we obtained excellent separation between the only ["C]-
methylated product (IVC) and the starting precursor (Nor-IVC). Also some non
radioactive decomposition products were well separated (Fig. 2). 

24 

U.V. Trace Radioactive Trace 

Fig. v.2 
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Finally, the [uC]-methylated-IVC was collected, the solvent evaporated 
at about 90°C and its purity was HPLC checked (purity was more than 98%). 
The recovered radiochemical yield was about 70% (time corrected and 
calculated with respect to the starting [MC]-methyl iodide activity) and the 
overall synthetic process took less than 45' from the end of [ U C] carbon dioxide 
collection. 

As a general remark, the use of a dipolar aprotic mixture of solvents, such 
as CH3CN-toluene, which are not able to solvate the aminic group, makes the 
methylation process easier and more efficient, compared with other solvent 
systems (e.g.. EtOH). 

Our kinetic pattern is in good agreement with that shown by Berger et al. 
(5), where the reaction yield does not depend (inside different magnitude 
orders) on concentration of the methylating agent. 

Finally, we would like to stress the usefulness of using tritiated analogous 
of positron emitting isotopes labelled agents. The longer half-life of the former 
allowed us to evaluate all the different aspects concerning the labelling process 
and to find the best experimental conditions, while working with the same mass 
scale of the latter. 
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SYNTHESIS OF N.C.A. (2S,4R)-4-rF|FLUOROPROLINE: A 
POTENTIAL AMINO ACID FOR PET MEASUREMENTS OF 

PROCOLLAGEN AND MATRIX PROTEIN SYNTHESIS 

K. HAMACHER AND G. STOCKLIN 

Institut fur Nuklearchemie, Forschungszentrum Julich GmbH, 

52425 Julich, Germany 

The amino acid proline is one of the most important constituents of the structural protein 
collagen. In vivo experiments on granuloma minces of guinea pig have shown that 4-
fluoroproline, especially the (2S,4R) diastereomer, is incorporated into collagen, and the 
metabolic behaviour was similar to L-proline [1]. It was the aim of the present work is to 
demonstrate the ability of n.c.a. (2S,4R)-4-[ FJFIuoroproline to act as an indicator for 
abnormal pro- collagen or tropocollagen synthesis in man using PET. 

N.c.a. fluorination of the precursor (2S,4S)-N-Boc-4-0-tosyl-hydroxyproline methylester was 
performed according to scheme 1 using the cryptate-mediated nucleophilic substitution in 
acetonitrile. Ester hydrolysis was done under strong acidic conditions, using 8 mol/L 
hydrochloric acid at 100 C for about 25 min. The N-protecting group, tert. butyloxycarbonyl, 
was destroyed immediately upon acidification. The F-18 labeled amino acid was purified via 
reverse phase chromatography and separated from HPLC eluent by solid phase extraction 

® 18 
using a SCX-cartridge (LiChrolut ,Merck). [ F]fluoroproline was eluted with 0.1 molar 
phosphate buffer (pH 6.82). The time for synthesis and product formulation is about 80 min 
and the radiochemical yield is in the range of 20 to 30%. 
Preliminary results of biodistribution in rats have shown a significant accumulation of activity 
in tumor tissue. After an incubation time of 60 min average ratio of tumor to normal tissue 
(bone, muscle, liver, heart and blood) was 1.35 to 1.53. The activity uptake in peripheral and 
central tumor tissue was found to be similar and was in the range of 0.7310.11% i.D./ gram 
tumor. The activity in brain was very low in comparison to the other organs, possibly due to 
the fact that collagen is a less important structure protein in brain tissue. 

1. Gottlieb A.A., Fujita Y., Udenftiend S., and Witkop B., 

Biochemistry 4,2507 (1965) 
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Multi-millicurie Preparation of 6-[18F]Fluoro-6-deoxy-L-ascorbic Acid 
via Nucleophilic Displacement with 18F-Labelled Fluoride. 

P.J.Kothari, W.G.Bornmann*,R.D.Finn, J.C. Vera**,D.W. Golde** and S.M. 
Larson***.Radiochemistry and Cyclotron Core Facility, * Organic Chemistry Core Facility, 
** Division of Hematologic Oncology, *** Nuclear Medicine Service, Memorial Sloan 
Kettering Cancer Center, New York, NY 10021 

Ascorbic acid is required for human physiology and is particularly important in 
maintaining normal connective tissue and host defense. Our interest in this carboxylic acid 
stems from its similarity in transport with glucose in human cells (1,2). In order to 
investigate this phenomenon, we report a refined synthesis (3) of 6-[18F]-fluoro-6-deoxy-
L-ascorbic acid (I8F-FDA) which results in multi-millicurie quantities of high specific 
activity and improved chemical purity. 

Methyl-2,3-0-isopropylidene-2-keto-L-gulonate-4,6-cyclic sulfate was prepared 
from 2,3-4,6-di-O-isopropylidene-L-gulosonic acid according to a literature procedure(4). 
The reaction of cyclic sulfate with kryptofix 2.2.2/ K 1 8 F complex (5) in anhydrous 
acetonitrile at 95° C followed by hydrolysis and rearrangement with 30% cone, sulfuric 
acid in tetrahydrofuran yielded a complex mixture containing 1 8F-FDA. The product was 
isolated by using a 250mm x 10mm i.d. 10 |i partisil silica column and an eluent 
composed of 59 parts methylene chloride, 40 parts ethyl acetate and 1 part acetic acid . 
The identity of the product was confirmed by HPLC and TLC upon comparison with an 
authentic sample of 19F-FDA . The chemical purity of 18F-FDA exceeded 90% with a 
specific activity of >11.53+. 2.78 Ci / nmole at the end of bombardment (EOB). 
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High Yield Radioiodination of Sugar Analogs by Exchange Labelling 

Herbert C. Lee, Piyush Kumar, Alexander J. McEwan and John R. Mercer* 

Faculty of Pharmacy and Pharmaceutical Sciences, University of Alberta. Edmonton. Alberta 
Canada. T6G 2N8, 

Radiolabelled sugar analogs, especially 2-fluoro-2-deoxy-D-glucose (FDG), have found a wide 

application in the detection of human tumors and in the evaluation of tumor and brain glucose 

metabolism'". The enhanced uptake of glucose analogs in tumors and brain is due to the 

elevated levels of glycolysis in these tissues. FDG is a marker for these tissues through a 

process of metabolic trapping in which intercellular FDG acts as a substrate for hexokinase to 

form 2-FDG-6-phosphate. This species is unable to undergo further glycolysis and is not able 

to cross the cell membrane and is thus metabolically trapped. 

Studies with l 8F-FDG are limited to centers that have medical cycloton facilities available for 

the production of the short lived (118 minute) l 8 F. Consequently l sF-FDG has not achieved 

widespread clinical application. Glucose and related sugar analogs labelled with longer-lived, 

single photon emitting radionuclides would be an attractive alternative to l 8F-FDG and would 

extend their medical application to most nuclear medicine departments. Despite its high cost 

and supply limitations, the physical properties and chemical utility of , 2 3 I make it an attractive 

radionuclide to consider for radiopharmaceutical development. 

We have recently synthesised a number of radioiodinated sugar analogs as potential tumor and 

brain imaging agents. Our interest in the sugars resulted from the observation that there was 

uptake of activity in the brain in patients receiving diagnostic doses of the hypoxic imaging 

nucleoside l:'I-iodoazomycin arabinoside ( , : 3I-IAZA; 1). IAZA has been shown to have 

selective uptake into hypoxic tissues in both animal3 and human studies4 and it is currently 

"Author to whom correspondence may be addressed. 
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under investigation in advanced cancer patients where it is used to assess tumor hypoxia. The 

brain activity observed in some patients was sufficient to provide excellent images. The time 

course of this uptake is not consistent with perfusion images and is postulated to represent 

metabolic trapping of radioactivity in the brain. The actual species involved has not been 

determined but metabolism studies suggest that the intact IAZA is rapidly metabolized to 

produce an iodinated sugar. 
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Two deoxyiodo sugars, methyl 5-deoxy-5-iodo-a,P-D-arabinofuranoside (IS-3; 3.) and methyl 

2,3-di-0-acetyl-5-deoxy-5-iodo-a-D-arabinofuranoside (IS-1; 6), and their radiolabelled 

analogs have been synthesised. The tissue distribution of these" compounds in animal models 

is under investigation in order to evaluate their imaging potential. IS-3, as a mixture of a and 

P anomers, was prepare'd from i by acetylation to 2 followed by hydrolysis of the glycosidic 

bond by SnCl, and MeOH and deblocking of 2 with ammonia in methanol. Anomerically pure 

IS-1 was prepared in several steps from D-arabinose as shown in the scheme. 
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The radioiodinated analogs, l 25I-IS-3 and l 2 5I-IS-l, were prepared by an exchange labelling 

technique. In a typical reaction, l 25I-NaI (0.2 MBq) is evaporated to dryness in a thick walled 

V-vial under a stream of inert gas. A 1 mg portion of iodosugar is added to the vial as a 

solution in 100 ng of the appropriate solvent (MeOH for IS-3 and CH,C1, for IS-1). A 

methanol solution of pivalic acid (100 uL, 3 mg) is added to the vial and the solvents are 

removed under a stream of inert gas. The vial is capped and heated at which point radioiodine 

exchange occurs in a pivalic acid "melt". Crude products were analyzed by thin layer 

chromatography and purified by passage through a short column of silica gel. Table 1 gives 

the conditions and results for the exchange reactions with IS-1 and IS-3. 

Table 1. Reaction conditions and radiolabelling results for exchange 
labelling of iodosugars IS-1 and IS-3. 

IS-1 IS-3 

iodosugar (mg) 1 I 

pivalic acid (mg) 3 3 

reaction temp (°C) 80 100 

reaction time (min) 180 120 

labelling efficiency (crude) 91% 92% 

radiochemical purity (purified) >98% >99% 
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SYNTHESIS OF 4-nC-LABELLED L-ASPARTTC ACID, L-ASPARAGEME AND L-2,4-
DIAMINOBUTYRIC ACID FROM ENZYMATICALLY PRODUCED p-[nC]CYANO-
ALANINE 

Gunnar Antoni,1,4 Hironori Omura,2 Mats Bergstrom, '' 4 Anders Sundin, l A Yasuyoshi 
Watanabe3,4 and Bengt Langstrom ' ' 4 

'Uppsala University PET-Centre, UAS, S-751 85 Uppsala, Sweden, ̂ Ikeda Food Research Ltd., 
Osaka, 3Osaka Bioscience Institute, 4The Subfemtomole Biorecognition Project, Uppsala 
University and Research Development Corporation of Japan. 

The synthesis of L-[4-uC]aspartic acid (ASP), L-[4-nC]asparagine (ASN) and 2,4-diamino-L-[4-
uC]butyric acid (DAB) are described and preliminary biological applications are reported. 

Amino acids labelled with n C have been of interest in various PET applications e.g. as tumour1 

tracers or for the study of neurotransmitter synthesis.23,1' Another interesting PET-related area 

where labelled amino acids are used are in vitro experiments on cultured cells and viable tissue 

slices. In our laboratory, this has become a useful screening procedure, indicating the potential 

value of the tested tracer in PET studies. Although procedures to obtain both ASP and DAB have 

been presented earlier3>,b we searched for a method which would give access to several enantio-

merically pure amino acids from a common labelled intermediate (compare e.g ref. 2a). In this 

report, our primary interest was to obtain a reliable synthesis of the non-proteinogenic, neuro

toxic amino acid L-2,4-diaminobutyric acid (DAB). DAB has been found to exhibit an almost un

limited uptake in glioma cells whereas the uptake in normal glia cells is comparably low.4 The 

high levels obtained in the glioma cells ultimately lead to cell lysis. This interesting finding 

prompted us some years ago to develop a synthesis of racemic DAB3a which, however, gave ir-

reproducible results and was thus abandoned. 

COOH COOH mnH 
I B.CA.yns™« | " N.OH V ° ° H P-CAjynfcewe | . 

C H j C O O C H ^ n c N . » N"CCH2CH *• HOO»CCH2CH 
NH2 NH2 """" ^ 2 -'-

Coa2/"iBHt 

COOH COOH 
H2N11CCH2CH H2NIICOCH2CH 

NH2 NH2 

Scheme 1 

182 



A new approach was thus tested based on an enzymatic synthesis of P-cyanoalanine5 (BCA), 

using cyanide as the labelled precursor. From BCA, ASP, ASN and DAB can be obtained by 

chemical transformations of the nitrile (Scheme 1). The key step in the reaction is the synthesis 

of P-cyanoalanine. Hydrogen [ nC]cyanide is reacted with (3-acetyl-L-serine in the presence of a 

small amount of carrier KCN (0.1 nmol). The BCA formed is converted to ASP, ASN and DAB 

by reaction with CoCyNaBHU, 6 percarbonate or NaOH respectively. Purification of DAB and 

ASP was performed on AG50W-X4 cation and AG1-X8 anion exchange resin, respectively. 

Work is in progress to develop a reproducible purification procedure for ASN. 

DAB and ASP were obtained in 30-40% and 75-85% decay-corrected radiochemical yields 

respectively, and with radiochemical purities higher than 95%. The total reaction times for DAB 

and ASP were around 25 and 30 min respectively. The enantiomeric purities were assessed by 

derivatisation with Marfey's reagent 7 Preliminary biological experiments with DAB and ASP in

clude PET studies using rats with inplanted tumours and in vitro experiments with cultured cells 

and viable tissue slices. 
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Polymer-Bound Triphenylphosphine in Wittig Reactions Adapted to an 
Automated Synthesis of [6-uC]-D-Glucose 

Mattias Ogren, I > 2 K.-J. Fasth w and Bengt Langstrom1,2,3 

1) Dept of Org. Chem., University of Uppsala, Box 531 S-751 21 Uppsala, Sweden 2) 
Subfemtomole Bio-recognition Project, Uppsala University and The Research and 
Development Corporation of Japan 3) Uppsala University PET-Centre UAS S-751 85 Uppsala, 
Sweden 

The metabolic fate of C-1 and C-6 in glucose is dependent on the ratio consumed via the 

pentose shunt to the citric acid cycle. By measuring the loss of n C as nC02for the two position 

specific labelled isotopomers, the fraction of glucose consumed via the pentose shunt can be 

studied. Therefor it is of interest to label glucose in both C-11 and C-62. 

The use of the Wittig reaction in the synthesis of nC-labelled alkenes has been described 

previously23,4. Solid-phase supported reactions has been utilised in order to achieve rapid and 

efficient separations5'6. 

In the synthesis of [6-nC] D-Glucose the labelled alkene has to be dihydroxylated by 

Os042.(Rg 2.) When using free triphenylphosphine the unreacted triphenylphosphine has to be 

removed from the reaction mixture by a time consuming semi-preparative HPLC separation. 

Otherwise, triphenylphosphine would reduce the OsO-t. In order to avoid these problems we 

investigated the possibility of using polymer-bound triphenylphosphine7 (Figl.) in the synthesis 

of the labelled alkene. The polymer used is polystyrene crosslinked with 2 % divinylbenzene. 

After synthesizing the nC-labelled alkene the polymer resin was filtered off from the reaction 

mixture and the labelled alkene can be asymmetrically dihydroxylated. Finally, the protective 

groups were removed by hydrochloric acid. 

CH—CH 2-

? 
PI12P 

Fig. 1 Polymer-bound triphenylphosphine 
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The synthesis was automated, using the Synthia system8, in order to reduce the exposure of 

radiation to the chemist and to increase the pharmaceutical integrity of the labelled glucose. 

The reagents used in the synthesis were loaded in the rack used by Synthia. After trapping the 
U C02 and distilling the "CHW to the reaction-vessel containing the solvent (ortho-

dichlorobenzene) and the polymer, the reaction-mixture was heated at 160° C for two minutes. 

The reaction-mixture was heated for another 5 minutes after addition of the substrate (1) and 

the base (epichlorohydrin). The crude alkene (2) was filtered through a SPEC-column into a 

vessel containing the asymmetric dihydroxylating-mixture (OsQ), reoxidant, ligand), the OsC>4 

was quenched and the reaction-mixture injected on a semi-preparative RP-HPLC. The fraction 

containing the gluco-diol (3) was collected and transferred to an evaporator together with 

hydrochloric acid. After evaporation and deprotection the product (4) was taken up in sterile 

phosphate buffer and passed through a C-18 SPE-column and a sterile filter into a sterile vial. 

OHC ® "CH2=CH o. 

HO OH 
I I 

"CH?—CH jo^ 
2MHQ 

R= MeO—a^)V-CHi-

^ 

"CHjOH 

H O ^ T ^ - A 
HO-^---^V~A«wOH 

3 4 

Fig. 2. Synthesis of [6-nC]-D-Glucose 

The use of polymer-bound triphenylphosphine in the synthesis of labelled diols reduces the 

total time of synthesis due to the fast exclusion of the unreacted triphenylphosphine and the 

formed triphenylphosphine oxide. Furthermore, the method is well suited for automated 

synthesis. Using this method, [6-nC]-D-glucose was synthesized in 20% decay-corrected 

radiochemical yield in 45 minutes. Work are in progress to synthesize [l-nC]-D-glucitol, using 

the polymer-bound Wittig reagent From [l-nC]-D-glucitol it may be possible to synthesize [1-
nC]-D-fructose and [l-nC]-D-glucose by enzymatic means. The interaction between these 

three compounds is of interest in studies of maligna melanomas. 
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nC-LABELLING OF GUANIDINES VIA THE CORRESPONDING CYANAMIDES 

USING SUPERCRITICAL AMMONIA. 

Gunilla B. Jacobson1,2,4, Goran Westerberg2,4, Karin E. Markides3, Bengt LangstrSm1,2,4 

1) Department of Organic Chemistry, Institute of Chemistry, Uppsala University, S-751 21 Uppsala, 

Sweden. 2) Uppsala University PET Centre. 3) Department of Analytical Chemistry. 4) The 

Subfemtomole Biorecognition Project, Uppsala University and Research and Development 

Corporation of Japan. 

The guanidine moiety is a frequently occurring functional group in many pharmaceuticals as well as 

a synthetic intermediate in the synthesis of urea compounds. Efficient procedures for the synthesis of 

substituted guanidines labelled with short-lived positron emitters, especially U C , may give access to 

a range of biologically and pharmaceutically interesting compounds. 

Substituted "C-labelled cyanamides (Fig.l, IT) can be synthesized from the corresponding amine by 

reaction with [nC]cyanogen bromide1. Further reaction with ammonia gives the nC-labelled 

guanidine (Fig. 1, B3). 

llCNBr , SC-NH3 „ w # ' N H 

R — N H , R— NH-11CN *-*• R-NH—»C^ 
NH2 

i n m 

Fig. 1. The aromatic or aliphatic amine (I) was first converted to the corresponding cyanamide (II) by reaction with 
[nC]cyanogen bromide. Further reaction with supercritical ammonia produces the "C-Iabelled guanidine (ID). 

The aim of this project was to investigate the reactivity of nC-labelled cyanamides with ammonia to 

produce the corresponding nC-labelled guanidines. Experiments were first performed in 25 % 

NH4OH, but only 0-5 % conversion to guanidine was obtained. To increase the concentration of the 

nucleophile, the use of supercritical ammonia (Pc = 112.5 atm, T c = 132.5 °C) was instead 

investigated. The SFS (supercritical fluid synthesis) system2, designed to be used with supercritical 

ammonia, allowed accurately controlled microscale synthesis to be performed at high temperatures 
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and pressures. The possibility to manipulate the physical properties of the supercritical fluid by 

varying the pressure and temperature in the system could be used to optimize the rate and selectivity 

of the chemical reactions. 

The reactivity of ten different aliphatic and aromatic amines were compared using the same set of 

standard conditions (Table 1). The nC-labelled cyanamide was produced by trapping [nC]cyanogen 

bromide in a solution of 400 ill of butanol and 50-100 |lmole of the amine and heating at 115 "C for 

5 min. A total of 10 ]il of the reaction mixture was injected into the SFS system (250 bar, 145 °C, 5 

min) and the product mixture trapped in 3 ml water. A difference in reactivity could be observed 

between aromatic and aliphatic amines, where the aliphatic gave a higher yield of the cyanamide but 

a considerably lower yield of the guanidine. The effect of changing substituent on the aniline, from 

electron donating to electron withdrawing, decreased the yields of cyanamide corresponding to the 

basicity of the amine but had less effect on the conversion to guanidine. 

Table 1. Radiochemical Yield of "C-Labelled Cvanamides and Guanidines 

i % Yield n" % Yield m b m/n c 

52 66 
31 58 
27 45 
36 77 
18 64 

29 38 
6 8 
5 5 
0 

Radiochemical yields were calculated from the decay corrected HPLC chromatograms. a) Radiochemical yield of "C-
labelled cyanamide in BuOH after 5 min at 1 IS °C. b) Radiochemical yield of "C-labelled guanidine after reaction in the 
SFS system (250 bar, 145°C, 5 min). c) Ratio oftheyieldof guanidine obtained after reaction with SC-NH3 to the yield 
of cyanamide injected into the SFS system. 

"-O -™ 2 

O-" ,NH 2 

NH2 

C)-NH2 

R = 
-OCHj 79 
-CH3 53 
-H 57 
-CONH2 47 
-COCH3 28 
-NO2 .0 

77 
78 
98 
98 

188 



Optimization of the radiochemical yields regarding reaction time was not investigated. Changing the 

solvent from butanol to toluene, acetonitrile or DMF had a pronounced effect on the radiochemical 

yields in both reaction steps. For aromatic amines with electron donating groups, toluene and 

acetonitrile gave a decreased yield of cyanamide but the conversion to guanidine was increased to 

80-100 %. However, compared to butanol, the total yield of guanidine after both reaction steps did 

not increase. DMF as a solvent gave decreased yields in both steps and also produced several 

byproducts. The effect of temperature and pressure was also studied, which showed that higher 

temperatures and pressures gave an increased conversion to the guanidines. The addition of reactants 

effects the supercritical point of the mixture and is therefore different from pure ammonia3. In the 

synthesis described 97 % of the reaction mixture is pure ammonia, and when P/Pc > 2.2 and T/Tc = 

1.1 it was estimated that the reactions were run under supercritical conditions. 

The use of supercritical ammonia in the SFS system is a rapid and efficient method for microscale 

synthesis of nC-labelled guanidines, allowing optimization of the reaction by varying solvent, 

temperature and pressure. 
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Biodistribution. metabolic transformation and tumor localization of 
adenosine and 2'-deoxyadenosine analogs in rats 
Fukushi K.. Irie T., Namba H.1, tyo M.2, Division of Clinical Research and Radiation 
Health, National Institute of Radiological Sciences, 263 Chiba, Japan, iChiba Cancer 
Center Hospital, 2 National Institute of Mental Health 

We previously reported [1] synthesis and biodistribution in mice of two positron-labeled 
adenosine analogs, 6-[1 8F]-fluoro- and 6-[11C]-methyImercaptopurine ribosides. 
Although the fluoro analog was rapidly defluorinated in vivo by adenosine deaminase, 
the methylmercapto analog was resistant to enzymatic hydrolysis and showed retention 
of radioactivity in most tissues. In mammals, cellular uptake of adenosine and 2'-
deoxyadenosine is known to be mediated by common transporters called nucleoside 
transport systems. It is also known that adenosine kinase is relatively nonspecific with 
regard to the base moiety (purine ring) but is highly specific for the sugar moiety: 
substrate efficiency (Vmax/Km) of 2'-deoxyadenosine for the kinase is about 10' 4 that of 
adenosine [2]. In this study, we synthesized 6-[14C]-methylmercaptopurine riboside 
([ 1 4C]MMPR, an adenosine analog) and 2'-deoxyriboside ([ 1 4C]MMPdR, a 2'-
deoxyadenosine analog) to examine the effect of alteration in their metabolic 
(phosphorylation) rates on their uptakes in the normal and tumor tissue in rats. 

[1 4C]MMPR and [14C]MMPdR were prepared as follows: To a reaction vial were added 
6-mercaptopurine riboside or 2'-deoxyriboside (5 mg), K2CO3 (5 mg), [14C]methyl iodide 
(37 MBq) and methanol (1.5 mL), and the mixture was stirred at room temperature for 30 
min. After the reaction, the reaction mixture was evaporated to dryness under N2 gas, 
dissolved in 0.5 mL of a HPLC solvent ([ 1 4C]MMPR; acetonitrile-water=15:85, 
["•4C]MMPdR; 20:80) and injected to the HPLC (Bondapak C-18, 8 x 100 mm, elution with 
the same solvents of above, flow rate 4 mL/min, UV 300 nm). The radioactivity 
corresponding to [14C]-MMPR (retention time, 4.8 min) and [14C]MMPdR (4.3 min) was 
collected, evaporated to dryness below 50'C, dissolved in methanol and stored at -20'C 
before use. Radiochemical yields of both compounds were >90% and the purities were 
>98% as determined by TLC method (silica gel, chloroform-ethanol=10:1). 

For biodistribution and tumor uptake studies we used male Fisher 344 rats (200-250 g) 
which were inoculated with 9L-gliosarcoma cells (1 x 10 5 cells) into right deep cerebrum 
two or three weeks before the experiment. Following intravenous administration of [ 1 4 C]-
labeled compounds, uptakes (% dose/g tissue) of radioactivity in the blood (plasma and 
red blood cells, RBC), lung, heart, liver, brain (cerebral cortex and cerebellum) and tumor 
were measured at 20 s, 1, 5, 30 and 60 min after injection. In the case of [ 1 4C]-MMPR 
(Table 1), the highest uptake was observed in the lung (a major organ for degradation of 
pharmacologically active adenosine), followed by the heart, blood, fiver, tumor, and 
brain. Radioactivity in all the tissues examined was retained over an experimental period. 
The tumor-to-brain ratio reached the highest value (about 20) at 5 min after injection. In 
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the case of [14C]-MMPdR (Table 2), though the initial distribution pattern was similar to 
that of [14C]-MMPR, no retention of radioactivity was observed in the tissues except liver. 
Because of its lower uptake in the tumor and higher uptake in the brain, the tumor-to-
brain ratio of [14C]-MMPdR was much lower compared to that of [14C]-MMPR. 

For chemical form analysis of radioactivity in the blood plasma, RBC, lung, and tumor, the 
tissues were homogenized in 50% ethanol, centrifuged, and an aliquot of the 
supernatant solution was applied on TLC plate (silica gel) and developed (chloroform-
ethanol=10:1). Radioactive spots corresponding to [ 1 4C]-nucleobase (6 - [ 1 4 C]-
methylmercaptopurine), unchanged nucleosides ([14C]-MMPR and [14C]MMPdR) and 
[14C]-nucleotides were quantitated by a phosphor imaging plate method. In the case of 
[14C]-MMPR, rapid conversion into [14C]-nucleotides in the tissues were observed: e.g., 
in the RBC and lung, the conversion rates were almost 100% as early as 1 min after 
injection. In contrast, [1 4C]MMPdR remained almost unchanged up to 5 min, and 
thereafter some conversions (<10%) into [14C]-nucleobase and [ 1 4C]-nucleotides 
occurred. In agreement with this result, in the case of [14C]-MMPR, radioactivity in blood 
was mainly localized in RBC but in the case of [14C]-MMPdR, radioactivity was almost 
uniformly distributed between RBC and plasma (Fig.3). Lung uptake curves were also 
different between the two compounds: The radioactivity of [14C]-MMPR was retained, 
whereas that of non-metabolizable [14C]-MMPdR was washed out rapidly (Fig.4). 

In summary, unlike natural adenosine and 2'-deoxyadenosine, their methylmercapto 
analogs, MMPR and MMPdR, were resistant both to hydrolysis into inosine by adenosine 
deaminase and to degradation into nucleobases by purine nucleoside phosphorylases 
in rats. Both compounds entered rapidly into tissue cells by facilitated diffusion but their 
metabolic fates were quite different: while [14C]-MMPR was rapidly transformed into 
[14C]-nucleotides and radioactivity was retained in the tissues, [14C]-MMPdR remained 
almost unchanged and radioactivity was rapidly eliminated from the tissues. [11C]-MMPR 
may be useful as a tracer for studying adenosine metabolism in normal and tumor tissues 
by positron emission tomography. 
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Table 1. Biodistribution of [14C]6-Methylmercaptopurine Riboside ([1 4C]MMPR) in 
Tumor (9L-Gliosarcoma)-Bearing Male Fisher 344 Rats Following Intravenous 
Injection 

% dose/g tissue (mean ± S.D., n=3) 
20 sec 1 min 5 min 30 min 60 min 

Blood 2.31 ±0.14 2.24±0.06 1.94+0.11 1.87+0.09 1.81 ±0.09 
Lung 19.16+2.25 22.98+3.43 10.33±0.73 5.32±0.19 2.85+0.04 
Heart 3.32±0.34 2.69±0.53 2.04±0.16 1.76±0.34 1.62±0.08 
Liver • 1.31 ±0.29 0.44±0.05 0.30+0.05 0.43+0.03 0.46±0.06 
Tumor N.D. 0.36+0.001 0.45+0.31 0.41 ±0.05 0.51+0.05 
Brain 0.048±0.017 0.019±0.000 0.023±0.002 0.038±0.005 0.058±0.009 
Tumor/Brain Ratio 18.9 19.6 10.8 8.8 

Table 2. Biodistribution of [14C]6-MethyImercaptopurine Deoxyriboside <[14C]MMPdR) 
in the Same Rats 

% dose/g tissue (mean ± S.C ., n=3) 
20 sec 1 min 5 min 30 min 60 min 

Blood 2.59±0.36 0.92±0.05 0.55+0.01 0.35±0.02 0.30±0.01 
Lung 4.64+0.33 1.30±0.08 0.57±0.05 0.42+0.11 0.27+0.02 
Heart 3.49±0.07 1.23±0.00 0.50+0.04 0.26±0,01 0.19±0.01 
Liver 2.93±0.33 1.33±0.42 1.16+0.11 1.47+0.38 1.39±0.12 
Tumor N.D. 0.41+0.01' 0.32+0.02 0.33+0.06 0.32±0.03 
Brain 0.082±0.002 0.031+0.004 0.062±0.006 0.17±0.05 0.23+0.03 
Tumor/Brain Ratio 13.2 5.2 1.9 1.4 

Fig. 3. Distribution of Radioactivity 
between RBC and Plasma 

Fig. 4. Time-activity curves in the lung 
shortly after I.V. injection 
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Development of PET Radiopharmaceuticals for Gene Therapy: Synthesis of 9-fn-rl8FlFluoro-3-
Hvdroxv-2-PropnxvWethvnOiianine 

Mnnclus M . , Luxen A.*, Van Naemen J . , Damhaut P . , Velu T . , Cool V. , and Goldman S. 
PET / Biomedical Cyclotron Unit and Department of Medical Genetics, ULB, Hopital Erastne, 808 
Route de Lennik, 1070 Bruxelles, Belgium. 
•Cyclotron Research Center, Liege University, Sart Tilman B.30, B-4000 Liege, Belgium 

Recently, new approaches such as gene therapy have been proposed for cancer treatment One 
of them uses the transfer in tumor cells of the "suicide" gene coding for the thymidine kinase of the 
herpes simplex virus (HSV-tk) 

(1-2). 
The purpose of this transfer is to make the transduced cells 

sensitive to the cytotoxic action of the antiviral drug ganciclovir 1, a guanosine analog with no effect on 
normal non-transduced cells. The cellular toxicity results from the phosphorylation of 1 by HSV-afc in 
monophosphate product, and then, by normal cellular enzymes, in bi- and triphosphate products. The 
transfer of such suicide gene by retroviral particles takes advantage from the fact that its integration into 
cellular genome requires dividing cells. Cerebral tumors are especially adapted targets for this strategy 
since neurons and most other cell types normally present in the brain, have no mitotic activity: only 
tumor cells are susceptible to integrate the viral genome. This new approach was successful in rats (1) 
and has been applied recently in humans @). 

In order to evaluate with positron emission tomography the HSV-tk transfer efficiency in human 
we developped a potential radiopharmaceutical ± which is a [^F]fluorinated analog of ganciclovir (3 _ 

5). 

H,N 

We have synthesized pure 9-{(l-fluoro-3-hydroxy-2-propoxy)methyl}guanine enantiomers of 
± and we present here our preliminary results on the radiosynthesis of racemic 9-{(l-[^F]fluoro-3-
hydroxy-2-propoxy)methyl}guanine (scheme 1). 
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Scheme 1: synthesis of (±) 9-{(l-[^F]fluoro-3-hydroxy-2-propoxy)methyl}guanine 

1 8 0 [ p , n ] 1 8 F 

K2CO3 
Kryptoftx222 

CH3CN 
70°C 
30 min 

4 Z.r\n 

Nucleophilic iSp-fluorination of the ditosylate 2 precursor was carried out in the presence of 
potassium carbonate (2.4 mg) and kryptofix 222 (13 mg) in acetonitrile (1 mL) at 70°C for 30 
minutes.The reaction was followed by TLC (Silicagel plates eluted by acetone/water : 8/2) using a 
Berthold TLC analyser. The acetonitrile mixture was diluted with 20 mL of water and the whole 
solution passed through a C-18 Sep-Pack column. This one was washed with 1 M HCl (10 mL) and 
water (10 mL) and the derivative 2 was eluted with ethanol (2 mL). The ethanol mixture was evaporated 
(110°C, under Ar flow) and 1 M KOH (0.5 mL) was added. The hydrolysis was conducted by heating 
at 110°C for 20 minutes. The solution was cooled, and 1 M HCl (0.S mL) was added. The resulting 
mixture (pH 1.5) was injected on a HPLC column (Alltech Econosil C-8,10 X 250 mm, 10 mm; eluent: 
NH4AC 50 mM, 4% CH3CN; flow rate: 7 mL/min, k 254 nm). 
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The fraction eluting from the HPLC column which corresponded to ± was collected after 12 minutes. 
•In a typical run, 3.5 mCi of related product ± was obtained starting from 300 mCi of [^Flfluoride 
(radiochemical yield: 2% corrected for decay). 
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Carbon-11 Labelling Of A Series of DNA Intercalators Related to DACA 
G. BROWNi, F. BRADYl, S. K. LUTHRAL S.OSMANi, S. GAMAGE2, W. A. 
DENNY*, B. C. BAGULEY2 , S. L. WATERSi and P. M. PRICEi 
'MRC Cyclotron Unit, Clinical Sciences Centre, Royal Postgraduate Medical School, 
Hammersmith Hospital, London W12 OHS, U.K. 
dancer Research Laboratory, University of Auckland, School of Medicine, Auckland, New 
Zealand. 

DNA-intercalating agents , both naturally occurring and synthetic, are an important 
class of clinical anticancer drugs! Acridine derivatives are used clinically, e.g. Amsacrine, 
for treatment of acute myelogenous leukaemia and an amsacrine derivative N-5-dimethyl-9-[(2-
methoxy-4-methylsulfonyl-amino)]-4-acridine carboximide (CI-921) is currently undergoing 
Phase n trial against solid tumours. A new synthetic member of this class; [N-(2-
(dimethylamino)ethylacridine-4-carboxamide]; DACA (also known as NSC 601316), Figure 
1., 11(A), is currently in clinical trial in Cambridge, UK and Auckland, NZ. DACA is an 
example of a "minimal" DNA intercalator*, designed to have a low DNA association constant 
and thus improved tissue diffusion properties.lt has shown high activity against 
subcutaneously implanted Lewis lung tumour cells in the mouse with little myelosuppression at 
curative doses*. It is also showing promising activity against multi-drug resistant human 
tumour cell lines4-6. 

We have previously labelled DACA with carbon-11 by /V-methylation7 using 
[•'Cliodomethane as" shown in Figure 1 and carried out human PET studies prior to and in 
parallel with Phase I trials of this compound8-10. These studies are part of a programme of 
utilising PET to investigate in vivo tumour and normal tissue pharmacokinetics of new anti
cancer agents. The aim of this programme is to facilitate more rapid and rational progression of 
new anti-tumour agents into the clinic* 1-12. As an extension of this work we have labelled three 
analogues of DACA (Figure 1) with the aim of obtaining structure activity /biodistribution 
data, using PET, prior to extensive preclinical and clinical testing. The analogues chosen 
represent other classes of minimal intercalators which are exhibiting good experimental 
antitumour activity. These are the phenazine-1-carboxamides (SN23490), [11(B)]" , the 
dibenzo[l,4]dioxin-l-carboxamides (SN23935),[II(D)]i4 and the 2-phenylquinoline-4-
carboxamides (SN(23719), [11(C)] is. These analogues all have the same carboxamide side 
chain as DACA and were labelled in the same way (Figure 1). 

The hydrochlorides of the three iV-desmethyl precursors 1(A), 1(B) and 1(C) were 
converted to their corresponding free bases by dissolving 3-4 mg in 10% NaC03(aq)(l mL) 
and stirring for 5 min. The free base was then extracted into ethyl acetate(l mL) and the extract 
dried over anhydrous magnesium sulphate. For the preliminary labelling experiments described 
here 400nL of the ethyl acetate solution of the particular free base was transferred to a reaction 
vial and used direcdy for the radiosynthesis. 

[UCJIodomethane was prepared from [UC]carbon dioxide using remotely controlled 
apparatus operated by a Toshiba EX-40+ programmable controller.(Ref) The 
[uC]Iodomethane produced was then distilled into the vial containing the Af-desmethyl 
precursor 1(A), 1(B) or 1(C) in ethyl acetate solution and the reaction mixture heated at 90<>C 
for 5 min. The ethyl acetate was removed and the residue dissolved in chloroform(l mL) and 
injected onto a semi-preparative HPLC column Qi Porasil, 30 x 0.78 cm i.d.). For purification 
of [N-nC-methy[\SN 23935 [11(D)] and [//-iiC-merfty/]SN 23490 [11(B)] the column was 
eluted at a flow rate of 3 mL min-i using a mixture of chloroform:ethanol [80:20]. [AMiC-
methyQSn 23935 [11(D)] and [AMiC-metfiy/]SN 23490 [11(B)] eluted at 8-9min. and 12-13 
min. respectively. For purification of [N-UC-methyl\SN 23719 [11(C)] the column was eluted 
at a flow rate of 3 mL min-i using a mixture of chloroform:ethanol [50:50]. [N-UC-methy[\SN 
23719 [11(C)] eluted at 10-11 min. 

The HPLC solvent was removed by rotary evaporation and after radioactive decay the 
products were dissolved in a minimum amount of dichloromethane and analysed by mass 
spectrometry (CI +ve mode). Mass spectrometry was performed on a quadrupole mass 
spectrometer (Nermag R10/10C). The spectra obtained were identical to those of the 
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corresponding reference compounds SN 23490 [11(B)] (m/z = 325 (M+H]+), SN 23719 
[11(C)] {m/z = 321 [M+H]+) and SN 23935 [11(D)] (m/z = 299 [M+B]*). Radiochemical 
yields in preliminary experiments were 6 - 8% for SN 23490 [11(B)]; 14 - 24% for SN 23935 
[11(D)] and 10 -12% for SN 23719 fH(C)]. 

HC/13C co-labelling experiments were also carried out in which the procedure 
described above for the syntheses of the [N-UC-methyl] tricyclic carboxaraides from 
[HCJiodomethane was repeated'but ["CJiodomethane (90 atom %) (Ipl) was added to the 
reaction mixture just after the [iiC]iodomethane was distilled into the reaction vial. Mass 
spectrometry (CI +ve mode) on the carbon-13 labelled products gave peaks m/z = 326 
[M+H]+, m/z = 322 [M+H]+and m/z = 299 [M+H]+ as expected from mass spectrometry 
analysis of the reference compounds SN 23490 [11(B)]; SN 23719 [11(C)] and SN 23935 
[11(D) respectively. Work is currently in progress to optimise the radiochemical yields. 

R CH, "CH 3 I R 

~<A, 
CH3 

,N-"CH 3 

(D ODD 

R = 

(A) DACA 
acridine-4- carboxamide 

SN 23490 
phenazine- 1-carboxamide 

(C) SN 23719 
2-pyridylquinoline-4-carboxamide 

(D) SN 23935 
dibenzo[l,4]-l-carboxamide 

Figure 1. Carbon-11 labelling of a series of "minimal" DNA intercalators. 
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YIELD DEPENDENCE OF [18FJFMISO ON DIFFERENT REACTION PARAMETERS 

Solbach. M.. Machulla, H.-J. 
Sektion Radiopharmazie, PET-Zentrum des Unrvershatsklinikums, 

Eberhard-Karls-Universitat Tubingen, D-72076 Tubingen, Rontgenweg 15, 
Tel. 49-7071-29-7443, Fax 49-7071-29-6554 

Derivatives of 2-nhroimidazoles have been demonstrated to accumulate in hypoxic tissue (1) and 

can therefore be used when labelled with a suitable radionuclide for in-vivo imaging of hypoxia by 

means of PET or SPECT. 

Among the positron emitting radionuclides fluorine-18 is the one of choice since it allows PET 

measurements during a longer period after administration. Therefore Krohn et al (2) developed a 

two-step synthesis of [18F]flouro-misonidazole ([18F]FMISO) consisting of the aminopolyether 

supported exchange of [18F]fluoride for tosylate on R-(-)-gh/cidyltosylate under anhydrous 

conditions and the subsequent attack of the 2-nitroimidazole anion on the epoxide ring of the 

primarily produced [18F]epifluorhydrin. 

When setting up the labelling procedure for the routine production of [18F]FMISO a unknown side 

product close to the product peak was observed as the result of an obviously competing process. 

Therefore the optimized labelling conditions were to be determined in the necessary details such as 

the dependency of the radiochemical yield on temperature, reaction time, amount of basic catalyst 

and amount of substrate (2-nhroimidazole). 

[18F]fluoride was produced via the 1 80(p,n)1 8F nuclear reaction, the activity was transferred to a 

5ml reactivial containing Kryptofix 2.2.2 and K2CO3. The complex was dried by evaporating 1ml 

of anhydrous acetonhrile for four times and finally resolubilized in dry DMSO. After addition of 

40 mg (175 umol) of R-(-)-glycidyltosylate a stream of argon was bubbled through the reaction 

mixture and the resulting volatile compounds were transferred through a teflon tubing into a 

second reaction vessel with 1 ml of cold DMF (5 °C), 35 mg (310 umol) 2-nhroimidazole and 12 

mg (87 umol) anhydrous K2CO3 during 10 min. After trapping of [18F]epifluorohydrin the second 

reaction vessel was kept heated at 120 °C for 20 min. The solvent was evaporated and the residue 

resolubilized in 500 ul H 20. The solution was filtered and the reaction product [18F]FMISO was 
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separated from unreacted 2-nitroimidazole by means of semipreparative HPLC (Partisil 10 ODS 3; 

250x8 mm; EtOH/H20; 5/95; v/v). Under these conditions no other radioactive by-product was 

detected. 

When altering the reaction temperature from 85 °C to 135 °C the yield increased reaching highest 

values between 115 °C and 135 °C as shown in the Figure. By determining the influence of the 

reaction time on the radiochemical yield at different temperatures (Table 2) the activation energy 

could be calculated for alkylation rection by means of the epifluorhydrin, it was 54.1+8 kJ/mol. 

The dependence on substrate concentration and the ratio of 2-NOr-imidazole exhibited best yields 

in case of 40 mg substrate and a molar ratio of 3.0 and more (Table 2 and 3). The by-product is 

found at higher K2CO3 concentrations Le. lower molar ratios of FMISO and K2CO3 where the 

amount of substrate was kept unchanged (35 mg). Since the by-product closely follows the 

product peak in the HPLC separation it is helpful to have the exact reaction conditions by which 

the impurity is not produced. Moreover, the by-product is obtained mainly on account of 

[l8F]FMISO as can be seen in Table 3. 

Table 1: Time dependence of the radiochemical yield at different reaction temperatures 
radiochemical yield / % 

temperature /"C 2min 5 min lOmin 15min 20min 
75 2±1 5±2 10±2 16±3 20+2 
101 4+1 29±2 44±1 57±3 69+2 
116 4±1 22+5 62±5 78±4 81+2 

' Table 2: Yield dependence on molar ratio of 2-nitroimidazole: K2CO3 
molar ratio of 
2-nitroimidazole / K2CO3 

0.5 1.0 1.9 3.0 3.5 4.2 

radiochemical yield / % 
[,8F]FMISO 
by-product 

2±1 6±3 61±9 88±2 84±5 90±5 
33±4 31±2 5.4±2' 2±0.5 n.d. n.d. 

35 mg 2-nitroimidazole; 120°C; 20 min; > 3 experiments each data point; n.d.: no impurity detectable 

200 



Table 3: Influence of substrate concentration on the radiochemical yield 
amount of 2-nitroimidazole / mg 2 10 20 30 40 

radiochemical yield /% 13±1 45±1 71±3 78±4 8812 

molar ratio 2-nitroimidazole: K2COj= 3.5; 120°C; 20 min; 3 experiments each data point 

6S 

o 
o 

0 0 - , 

9 0 - i ! 
• i I I 

8 0 -

I 
7 0 -

( 
6 0 - 1 
5 0 - I 
4 0 -

1 1 1 p • • i - • i — i -— i — i 

80 90 100 110 120 130 140 
temperature / °C 

Figure: Dependence of the radiochemical yield of [18F]FMISO on the reaction temperature. 
Reaction conditions: 35 mg 2-nhroimidazole; 12 mg K 2C0 3; 20 min; 3 experiments 
each data point. 
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THE CHEMISTRY OF THE NOVEL PROPYLENE AMINE OXA Tc-
NITROIMIDAZOLE COMPLEX, BMS-194796. 

K. E. Linder. Y-W Chan, J. E. Cyr, A.D. Nunn. Bracco Research USA, 
Princeton, New Jersey, USA. 

BMS-189781 (Fig. la) is a novel chiral propylene amine oxa oxime ligand that 
yields four isomeric complexes upon coordination to technetium. The resulting complex 
mixture, Tc-99m BMS-194796 (Tc-796, Fig. lb)) is a new imaging agent that has been 
shown to localize preferentially in hypoxic myocardium1. The Tc-99m product can be 
formed from freeze-dried kits in >90% yield by stannous reduction of technetium in the 
presence of ligand at pH 8.2. Once formed, Tc-796 is stable for >2 hours in solution. 

As the biological handling of isomers in vivo may differ, we attempted 
preparative isolation of the four isomers of Tc-796 by chiral HPLC. When analyzed by 
reversed phase HPLC on PRP-1 columns, only one peak is seen. However, all four of 
the isomers of Tc-796 can be resolved using a Chiralpak AD column eluted with 
hexane:ethanol:diethylamine (65:35:0.1%) at a flow rate of 1 mL/min (Fig. 2). Products 
eluted with retention times of -11 , 13, 21.5 and 28 min; the four isomers (two 
enantiomeric pairs of diastereomers) were obtained in a -47/3/47/3 ratio. Comparison to 
the chromatographic behavior of a sample of a Tc-99 standard that had been characterized 
by X-ray crystallography indicated that the two large peaks present in Tc-796 are an 
enantiomeric pair of complexes of the R and S ligand coordinated to a Tc(V)oxo core. In 
these major products, the nitroimidazole moiety was found to be in the equatorial 
position of the 6-membered chelate ring that bears the oxa moiety (anti with respect to the 
Tc-oxo group). The two minor peaks are believed to have the nitroimidazole group in the 
axial position (syn with respect to the Tc-oxo group). 

All four Tc-99m isomers were separated by preparative HPLC using the Chiralpak 
column, evaporated to dryness and re-injected onto the column in ethanol. Each isolated 
product yielded a syn and anti complex on re-injection, indicating that interconversion 
between syn and anti diastereomers is facile. Such interconversion has been noted 
previously with other 1- and 6-substituted Tc-PnAO compounds2"4. The equilibrium ratio 
of syn and anti products strongly favored the anti form (>95% anti). No interconversion 
between R and S forms of the complexes was noted. This chromatographic method was 
used for the preparative isolation of the R and S forms of Tc-796 for studies comparing 
the behavior of the isomers in mouse biodistribution, isolated cardiac myocytes and tumor 
cells. As reported elsewhere5, no significant differences between the isomers were noted, 
indicating that it is appropriate to formulate kits for the preparation of ""Tc-BMS-
194796 with racemic ligand. 
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Fig. la: BMS-189781 Fig. lb: BMS-194796 

FIGURE 2: HPLC CHROMATOGRAM OF THE ISOMERS OF Tc-BMS-194796* 

* Prepared with racemic BMS-189781 ligand. Chiralpak AD column (4.6 x 250 mm) eluted with 
hexane:ethanol:diethylamine (65:35:0.1%) at a flow rate of 1 mL/min, gamma detection. Products eluted at 
retention times of 10.6-11.7 min (Peak 1), 12.6-14.3 min (Peak 2), 20.5-23.9 min (Peak 3), and 26.1-30.0 
min (Peak 4). 
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Tc-l-(N-DiphenyIphosphinoaceryIgIycylgIycyl-2-aminoethyl)-2-nitroimidazol: 
a New Agent for Non-invasive Imaging of Tissue Hypoxia 

Zaihui Zhang, Rezaul H. Mannan, Alexander J. B. McEwan and Leonard I. Wiebe 
Division of Pharmaceutical Sciences, Faculty of Pharmacy and Pharmaceutical Sciences, 

University of Alberta, Edmonton, Alberta, Canada T6G 2N8 

There has been great interest recently in the development of radiopharmaceuticals 
for imaging hypoxic tissues or cells. A number of derivatives of nitroimidazoles 
radiolabelled with l 2 3 I (1-2) and I 8 F (3) have been reported to have selective binding to 
hypoxic tissues and are currently under clincal investigation along with 99mTc-radiolabelled 
agents such as BMS181321 (4), nitroimidazol-BATO derivatives (5), HL91 (6) and 
HNBAHP (7). Several of these showed good hypoxia-selective uptake in vitro, but were 
not adequately hypoxia-selective in vivo. The development of a more clinically applicable 
^ " c radiopharmaceutical has thus remained an elusive goal. As a part of an on-going 

program to develop technetium radiopharmaceuticals for non-invasive imaging of tissue 
hypoxia, we have synthesized a new ligand system which contains a modified peptide chain 
as the coordination site attached to the bio-reducible 2-nitroimidazol. The synthesis, ^"Tc 
labelling and the biological evaluation of this new ligand system, 1-(N-
diphenylphosphinoacetylglycylglycyl-2-aminoethyl)-2-nitroimidazol, as a marker of tissue 
hypoxia is now reported. 

This novel ligand system, l-(N-diphenylphosphinoacetylgIycylglycyl-2-aminoethyl)-
2-nitroimidazol, was synthesized as described in the synthetic scheme. The coupling of 
diphenylphospinoacetic acid and l-(N-glycyIgIycyl-2-aminoethyl)-2-nitroimidazole in 
anhydrous dimethyl sulfoxide in the presence of BOP reagent afforded the desired 
compound with good yield. This compound has been characterized by *H and 1 3 C NMR 
spectroscopy, elemental analysis, FAB-MS, and FTIR. 

r-C 
0 NH HN. 

P H N ^ ° 

NO, 

l-(N-DiphenylphosphinoacetylgIycylglycyl-2-aminoethyl)-2-nitroimidazol 
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NHJCH2CONHCH2COOH HBrNH2CH2CH2Br 

BOC-NHCH2CONHCH2COOH (1) 80C-NHCH2CH2Br(2) 

I' 

Ph,P + Na 

1=1 
BOC-NHCHjCBf-N-yN (3) 

N 0 2 

1=1 

N 0 2 

H C m H 2 C H 2 C H ; f N ^ N ( 4 ) 

BOC-NHCH2CONHCH2CONHCH2CH2-NVfS.N (5) 
1=1 

r N 

NO, 
H C I N H J C H J C O N H C H Z C O N H ^ C H Z - N ^ N (6) 

NO, 

PhzPCHjCOOH <J) 

Pb2PCH2CO>mCH2CONHCH2CONHCH2CH2-Nv.>N (8) 
NO, 

L ^OC)10>Et3N,MeOH,refkK 
£ CBOC^O.EtjN.HjO/dioxare 
£ 2-NI,NaH,t-Bu,NBr,THF,reDiK 

i/. 3NHCI 
v. BOPreagert,Et3N,DMF 
vi 3NHC1 

v i iq.NH 3,CCH 2C0 2Na;HCI 
TO. BOP reagent, Et3N,DMF 
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The """To labelling of this compound at room temperature was achieved by the 
following procedure, which consistently yielded high labelling efficiency (> 93%): in a 
nitrogen purged vial, the compound (0.2 mg) was dissolved in 0.2 mL of 0.1 N NaOH 
solution, then 2.0 mL of saline solution was added. This solution was reconstituted with 
9 9 m T c 0 4 ' (0.14-1.0 GBq), followed by the addition of 0.3 mL of freshly prepared saturated 
stannous tartrate solution. The pH of this solution was adjusted to 5 - 6 with 0.1 N HC1 10 
minutes after the addition of stannous tartratean. The radiochemical purity was analyzed by 
ITLC, paper chromatograpy and HPLC. 

The preliminary imaging studies were carried out on Balb/c mice bearing EMT-6 
tumors. Scintigrams showed high uptake in the G.I. tract area in the early images and the 
liver had high radioactivity in the late images (24 hours post injection). However, 
accumulation of radioactivity in the tumor was negligible. The quantitative biodistribution 
and the in vitro oxygen-dependent cell uptake studies are currently under way. 

Acknowledgment: The financial support for this project from the Alberta Cancer 
Board and the Alberta Heritage Foundation for Medical Research (Technology 
Commercialization Program) is gratefully acknowledged. 

References: 
(1) Parliament M. B., Chapman J. D., Urtasun R. C , McEwan A. J., Golberg L., Mercer 

J. R., Mannan R. H. and Wiebe L. I. - Br. J. Cancer, 65, 90-95 (1992) 
(2) Mannan R. H., Somayaji V. V., Lee J., Mercer J. R., Chapman J. D. and Wiebe L. I. 

- J. Nucl. Med., 32, 1764-1770 (1991) 
(3) Martin G. V., Caldwell J. H., Graham M. M., Grierson J. R., Kroll K., Cowan M. J., 

Lewellen T. K., Rasey J. S., Casciari J. J. and Krohn K. A. - J. Nucl. Med., 33, 2202, 
(1992) 

(4) Linder K. E , Chan Y.-W., Cyr J. E., Malley M. F., Nowotnik D. P. and Nunn A. D. 
- J. Med. Chem., 37, 9-16, (1994) 

(5) Linder K. E., Chan Y. W., Cyr J. E., Nowotnik D. P., Eckelman W. C. and Nunn A. 
D. - Bioconjugate Chem., 4, 326-333 (1993) 

(6) Archer C. M., Edwards B., Kelly J. D., King A. C , Burke J. F. and Riley A. L. M. - J. 
Nucl. Biol. Med., 38,473 (1994) 

(7) Zhang Z., Mannan R. H., Wiebe L. I. and McEwan A. J. - J. Nucl. Biol. Med., 38, 
472 (1994) 

207 



Copper© Assisted n.c.a. Radioiododebromination Using 
Cuprous Sulfate; Radioiodination of Reduction Sensitive 2-

Nitroimidazole Amino Acid Conjugates 

H.Henneken, C.Krummeich, M.Holschbach. G.Stocklin 
Institut fur Nuklearchemie, Forschungszentrum Mich GmbH 

S2425 Julich, Germany. 

Mild and simple radioiodination methods, allowing the direct use of commercially 
available aqueous radioiodide solution, generally result in high radiochemical yields of 
product with high specific activity. Moreover, low precursor and reagent concentrations are 
desirable in order to facilitate purification of product.' 
With regard to their metabolic stability, radioiodinated L-phenylalanine and L-tyrosine are 

suitable prosthetic groups for conjugation with biomolecules. In contrast to L-tyrosine, the 
phenylalanine moiety has rarely been used due to its lack of activation towards electrophilic 
iodination. In the past L-phenylalanine itself has been labeled with radioiodine in the para 
position using the isotope exchange reaction (1). N.c.a. labeling has been achieved by a 
destannylation reaction, but this procedure requires the synthesis of a commercially 
unavailable precursor (2). Likewise, the use of the readily available L-p-bromophenyl-
alanine via radioiododebromination is a cumbersome labeling reaction (3). 
We wish to report the regiospecific n.c.a. high yield Cu(I) assisted radioiododebromination 

of p-bromc-L-phenylalanine and some phenylalanine derivatives, particular the 2-
nitroimidazole conjugates N-(2-(2-nitroimidazolyl)-acetyl)-p-bromo-DL-phenylalanine-
methylester (Br-P2NI-Me) and N-(2-(2-nitroimidazolyl)acetyl)-p-bromo-DL-phenylalanine 
butylamide (Br-P2NI-Ba). These compounds are promising probes for hypoxic cell labeling. 
We have used a modified copperQ assisted radioiododebromination procedure (8) for the 

n.c.a. radioiodination of L-phenylalanine using commercially available p-bromo-L-
phenylalanine as the precursor. Since amino groups form complexes with copper©, it is 
necessary to protect the a-amino group. This was performed in near quantitative yield using 
trifluoroacetic anhydride. The protective group can easily be removed in IN NaOH at the end 
of the labeling reaction. Thus, using Cu(I)Cl (8) as a catalyst in combination with a small 
amount of citric acid in DMSO at 170°C for 2h , RCY of 50 to 60% of p-radioiodo-L-
phenylalanine can be obtained. 
Due to the extremly reductive conditions needed for the formation of Cu(I) in situ, we 

were unable radioiodinate Br-P2NI-Me using the known Cu(I) assisted methods (4,6,7), 
because the nitro function of the educt was destroyed by the reductants tin sulfate or sodium 
sulfite. The application of Moerlein's method (8), using the reductant-free Cu(I)Cl/DMSO 
system, led to unsatisfactory radiochemical yields (RCY). 
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The best results were obtained using cuprous sulfate produced in situ in a slightly acidic 
system (4). In order to avoid the strongly reductive and acidic conditions and to exploit the 
advantages of halogen free reaction conditions, we decided to investigate the direct use of 
cuprous sulfate, which can easily be prepared from cuprous oxide and dimethyl sulfate (9). 
After optimisation of the reaction parameters such as temperature, catalyst and precursor 
concentrations, solvents and reagents, best results were obtained in DMSO at 140°C with a 
catalyst concentration of 2 mM. Additon of an acid like citric, tartaric or acetic acid in 
concentrations similar to that of the catalyst was advantageous. Using a precursor 
concentration of 50 mM and a reaction volume of 100/tl, RCY higher than 90 % were 
obtained in reaction times of less than 180 minutes. 

Br 

R 

HN./\ r^ 
NO, 

Compared with the CuCI/DMSO method (8), the CU2SO4/DMSO system gives higher RCY 
(Table 1) and allows the use of lower amounts of catalyst and precursor, which is simplifies 
isolation of the product. A water content of up to IS % is tolerated by the system and the 
radioiodide solution can be added directly to the precursor. Increasing the amount of catalyst 
(Table 2) and raising the reaction temperature leads to a decrease in the RCY due to the 
formation of by-products, which complicates product separation. No labeling reaction takes 
place if a chloro precursor replaces the bromo precursor. Although DMSO is the solvent of 
choice, DMF, CH3CN, HMPT and DMPU are suitable, but the RCY is lower. The high 
sensitivity of the reaction towards oxygen necessitates the exclusion of air and the use of 
oxygen free solvents. 

Table 1: Comparison of CuCl unci G12SO4 as catalysts 
in radioiododebromination of Br-P2NI-Me 

Table 2: Influence of the O12SO4 
concentration on the RCY 

t [min] RCY CuCl [%] RCY C u 2 S 0 4 [%] C u 2 S 0 4 [mM] RCY[%] 

30 11,5 ± 2 15 ± 3 0,2 17,4 ± 3 

60 17,5 ± 1 26 ± 5 1 21,0 ± 6 

120 29 ± 3 45 ± 4 2 45 ± 4 

180 37 ± 3 6 0 ± 5 4 

10 

36,0 ± 3 

31,0 

4 

10 

36,0 ± 3 

31,0 

Reaction conditions: 140°C, Br-P2NI-Me: 25mM, Cu(I):4 mM, DMSO 2O0>l, Ar-atmosphere 
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ASSESSMENT OF DEUTERIUM SUBSTITUTED [nC]L-DEPRENYL (["dL-DEPRENYL-Da) 

AS A TRACER FOR GLIAL CELL PROLIFERATION AND AGE-RELATED CHANGES IN 

HUMAN BRAIN MONOAMINE OXIDASE B (MAO B) 

Joanna S. Fowler, Nora D. Volkow, Gene-Jack Wang, Jean Logan, Robert MacGregor, Shan Xie, 

David Schlyer, Alfred P. Wolf and Naomi Pappas 

Brookhaven National Laboratory, Upton, New York 11973 

Monoamine oxidase is a flavin containing enzyme located in the outer mitochondrial 

membrane. It exists in two subtypes, MAO A and MAO B. In the human brain, MAO B 

predominates (B:A = 4:1) and is associated mainly with glial cells. Post-mortem studies have 

shown that human brain MAO B (but not MAO A) increases in normal aging and 

neurodegenerative disorders. This has been attributed to the proliferation of MAO B-rich glial 

OX- COO 
t11C]L-Deprenyl [11C]L-Deprenyl-D2 

cells in response to the normal loss or shrinkage of neurons in aging or gliosis which occurs in 

neurodegeneration or brain injury. 

Since MAO B is localized in glial cells, we have investigated its use as an in vivo marker 

for gliosis using PET. We initially developed t 1 'CJL-deprenyl to map the concentration of MAO 

B in the human brain and found that the sensitivity of this tracer is limited in regions of high 

MAO B concentration due to a rapid rate of trapping of tracer (Fowler et al, 1993). Since the 

rate limiting step in oxidation by MAO B involves the cleavage of a carbon-hydrogen bond, 

there is an opportunity to reduce the rate of trapping and improve tracer sensitivity by deuterium 
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substitution of the appropriate carbon-hydrogen bond. In the case of L-deprenyl, it is the 

methylene hydrogens of the propargyl group which are cleaved by the enzyme (Fowler et al, 

1988). We have compared [nC]L-deprenyl and [11C]L-deprenyl-D2 in the human brain using 

PET. As predicted, [11C]L-deprenyl-D2 provides a greater sensitivity in regions of high MAO B 

due to a reduced rate of trapping of tracer due to the deuterium isotope effect (Figures 1 and 2). 

It also shows a higher concentration of the tracer in arterial plasma over the time course of the 

study. The reduced rate of trapping allows the measurement of relative MAO B concentration in 

the human brain more accurately in regions of high MAO B concentration and in conditions 

where there may be decreased CBF and/or increases in enzyme concentration as with aging 

and/or in neurodegenerative disease. 

We have used [11C]L-deprenyl-D2 to measure MAO B in normal human brain in 19 

healthy mena and women (age range 23-86) to determine whether the measurement of MAO B in 

vivo parallels the age-related decreases reported for post-mortem tissue (Fowler et al, 1980). The 

influx constant (ki) (Patlak et al, 1983) was used as a model parameter reflecting relative MAO B 

activity. Women had higer MAO B than men for the global region (average ki: 0.128 ±0.007 

(men) and 0.140+0.015 (women) p<0.03). In women (n=9; age range 23-73), ki increased with 

increasing age in thalamus, frontal cortex, cingulate gyrus, parietal cortex, occipital cortex and 

cerebellum (p < 0.04). In contrast, in men (n=10; age range 34-86) there was no correlation 

between ki and age in any brain region. This baseline data is being used to evaluate the utility of 

[nC]L-deprenyl-D2 as a positive tracer for the proliferation of glial cells in regions of brain 

damage. Supported by DOE/OHER and NINDS. 
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Figure 1. Influx constants (ki) determined by graphical analysis for [HQL-deprenyl and 
[l*C]L-deprenyl-D2 for different brain regions (GL (global); CB (cerebellum); OCC (occipital 
cortex); CG (cingulate gyrus); BG (basal ganglia); TH (thalamus)). 

1000 

500 1000 1500 
Normalized Time 

2000 

Figure 2. Graphical analysis of time-activity data from the thalamus for one of the subjects 
(male, 43 years) for [UQL-deprenyl and [nC]L-deprenyl-D2. Slopes are 0.49 min-1 and 0.14 
min -1 for [nC]L-deprenyl and [11C]L-deprenyl-D2 respectively. 

213 



Radioactive N-Methyl-piperidyl-3-esters for In Vivo Measurement of 
Acetylcholinesterase(AchE) Activity in the Brain; Optical Resolution. 
Enzymatic Properties and In Vivo Response. 
IRIE.T.: FUKUSHI, K.; IKOTA, N.; NAMBA*, H.; IY0*\ M.; NAGATSUKA"*, S. Division 
of Clinical Research, and Division of Chemical Pharmacology, National Institute of 
Radiological Sciences, Chiba, 'Department of Neurosurgery, Chiba Cancer Center 
Hospital, Chiba, "National Institute of Mental Health, National Center of Neurology and 
Psychiatry, Chiba, ***Tokai Research Laboratories, Daiichi Pure Chemicals Co., Ibaragi, 
Japan 

In patients with Alzheimer's disease two cholinergic enzymes, choline acetyltransferase 
and acetylcholinesterase (AchE), have proved to be the most consistent neurochemical 
deficit in the brain. To develop a new radiotracer targeting AchE in vivo we synthesized 
lipophilic acetylcholine radio-analogs, N-[i4C/nC]methyl-3-piperidyl acetate and its 
congeners with longer acyl groups (MP3X), and N-[i4C/iiC]methyl-4-piperidyl acetate 
and its congeners (MP4X), based on the following biochemical rationale; the 
acetylcholine analog crosses the blood-brain barrier and is hydrolyzed by AchE to 
produce a hydrophilic metbolite, thus becomes trapped in the brain at the site of its 
production. In our previous studies (1, 2), tracer's behavior in the brain followed the 
rationale in mice and rats, and some analogs responded to the reduction of AchE 
activity in rat cortices produced by a lesion in the nucleus basalis magnocellularis 
(NBM), an animal model of Alzheimer's disease. We also found that tracer's enzymatic 
properties, the hydrolytic reaction rate and the specificity against AchE in the brain, were 
likely to be one of important factors determining the uptake response to changes of the 
enzyme activity. However, MP3X contains chiral center and is thus a mixture of two 
enantiomers, which are likely to differ in the enzymatic reaction properties. In this study, 
we synthesized each pair of two enantiomers of [i4C]methyl-3-piperidyl acetate (MP3A) 
and propionate (MP3P) (Fig. 1), and examined their enzymatic properties with rat brain 
homogenate and their uptake responses to AchE activity change in vivo. 

Optical resolution and synthesis of MP3A and MP3P were performed through the 
chemical processes (Fig. 2): racemic 3-hydroxypiperidine (1) was converted into the 
carbamate (2) of N-t-butoxycarbonyl-3-hydroxypiperidine with R-(+)-a-methylbenzyl-
isocyanate, and then 2 was chromatographically separated into two diastereomers (2-A 
and 2.-B) (less polar and polar isomers), from which were regenerated N-t-
biitoxycarbonyl-3-hydroxypiperidines (3-fi and 2.-S), which were assigned with an 
authentic piperidinol configurationally determined (3). 3-fl and 3-S were converted into 
N-demethyl-3-piperidyl acetate and propionate (4-fl and 4-S), which gave R- and S-N-
p4C]methyl-3-piperidyl acetate (MP3A) and propionate (MP3P) by methylation with 
[i4C]methyl iodide. 

The reactivity and specificity against AchE of each pair of two enantiomers of MP3A and 
MP3P were radiometrically examined in vitro by measuring reaction rates in rat brain 
(cerebral cortex) homogenates with and without a specific AchE inhibitor, BW284c51 
(Table 1). The enantiomers did not differ in the specificity; all the four compounds had 
high specificity (more than 94 %). However, in reactivity the significant difference was 
observed between enantiomers; the rate ratios of R/S were 3.3 in MP3A, and 8.1 in 
MP3P. 

The uptake response to AchE activity change of the four compounds was examined in 
rats with unilateral NBM-lesion. The i4C-uptakes 30 min after i.v. injection and the AchE 
activity were simultaneously measured in both side of neocortex. The result clearly 
showed that S-isomers of both MP3A and MP3P, which had slower hydrolytic rate 
constant, responded more largely to AchE activity change than fl-isomers (Table 2). 
Among the four compounds the rank order of the observed % uptake reduction was 
reverse to that of the rate constant. Since the specificity of these compounds against 
AchE was almost the same and high, these results indicate that the hydrolysis reaction 
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rate of the tracer is a critical property determining the uptake and/or the response to 
AchE. 

(1) Irie T., Fukushi K., Akimoto Y. et al., Nucl. Med. Biol., 21:209-215 (1994) 
(2) Namba H., Irie T., Fukushi K. and lyo M., Brain Res., 667:278-282 (1994) 
(3) Deane C. C. and Inch T. D., Chem. Commun., 813 (1969) 

Fig. I. Chemical scheme of optical resolution and synthesis of MP3A and MP3P 
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Table I. Enzymatic hydrolysis rate and AchE specificity of R- and S-
N-[l4C]methylpiperidyl-3-acetate (MP3A) and -3-propionate (MP3P) 

in the homogenate of rat cerebral cortex 

Hydrolysis rate 
(fraction/ min,37°C)* N=3 

AchE 
Specificity 

(A) Without Inhibitor (B) With Inhibitor** (A) 
K-MP3A 
5-MP3A 

5.26 ± 0.25 
1.59 ±0.12 

0.152 ±0.004 
0.022 ± 0.004 

97 
98 

Ratio of R/S 3.3 
R-MP3P 
5-MP3P 

5.89 + 0.58 
0.728 ±0.106 

0.296 ± 0.004 
0.047 ± 0.003 

95 
94 

Ratio of R/S 8.1 

* first order rate constant at tissue concentration of Ig/rnL 
**BW284c51 (30p:M) was used as a specific inhibitor of AchE 

Table 2. Reduction of AchE Activity and 1 4 C Uptake in Cerebral Cortices Measured 
Simultaneously in Rats with Unilateral NBM-lesion 

Compound Rat no. % Reduction of % Reduction of 
AchE activity* 14c uptake* 

% Uptake reduction 
at 50 % AchE reduction** 

A-MP3A 
1 
2 
3 

38 
52 
51 

10 
14 
12 

means ±S.D.(N=3) 

13 
14 
12 

1 
2 
3 

38 
52 
51 

10 
14 
12 

means ±S.D.(N=3) 13+1 

S-MP3A 
1 
2 
3 

69 
39 
80 

34 
16 
39 

means ± S.D. (N=3) 

25 
20 
24 

1 
2 
3 

69 
39 
80 

34 
16 
39 

means ± S.D. (N=3) 23 ±2 

K-MP3P 
1 
2 
3 

42 
70 
42 

14 
18 
17 

means ± S.D. (N=3) 

17 
13 
20 

1 
2 
3 

42 
70 
42 

14 
18 
17 

means ± S.D. (N=3) 17±4 

S-MP3P 
1 
2 
3 

50 
36 
17 

25 
18 
7 

means ± S.D. (N=3) 

25 
25 
22 

1 
2 
3 

50 
36 
17 

25 
18 
7 

means ± S.D. (N=3) 24 + 2 

* (control side - lesioned side)/(control side) x 100 
** extrapolated values under the condition of 50 % AchE activity reduction in the lesioned side 
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Fluorine-18 Labeled Dihydrorotenone Analogs: Preparation and Evaluation of PET 
Mitochondrial Probes. 
H.F. VanBrocklin. J.D. Enas, S.M. Hanrahan, J.P. O'Neil, Center for Functional Imaging, 
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720. 

Defects in mitochondrial energy metabolism have been attributed to several mitochondrial myopathies. 
Likewise, loss of electron transport complex activity has also been associated with neurodegenerative 
diseases and the aging brain. A reduction in Complex I activity has been demonstrated in Parkinson's 
disease and Huntington's Disease (1,2). Recent studies in rhesus monkeys showed marked decrease 
in Complex I and Complex IV activity with age (3). Thus, specific probes for the ETC complexes 
would greatly enhance our ability to define the loss of these structures as well as aid in the study of the 
etiology of aging and neurodegenerative diseases. 

Rotenone, a natural product insecticide and fish kill poison, is a specific high affinity inhibitor of 
Complex I and a suitable ligand for labeling as a mitochondrial probe. We have previously reported 
the labeling of the reduced analog, dihydrorotenone, with fluorine-18 as a PET tracer of mitochondrial 
distribution (4). Likewise, Charalambous et al. have reported the synthesis of carbon-11 labeled 
rotenone for PET imaging (5,6). In a continuation of our effort to improve the synthetic design and 
ascertain desirable biological characteristics of the rotenone analogs, we describe two alternate 
syntheses of the fluorodihydrorotenone (FDHR) epimers. 

The original preparation of FDHR is shown in Scheme 1. While we have been able to study the 
distribution of the epimeric mixture of 4 in rats, the synthetic route presents several shortcomings. 
First, it is difficult to separate the 6" epimers of 2,3_, 4, or the tosylate of 2. We were able to separate 
one of the 6' epimers of 2 from the other, however, one of the epimers remained unresolved. 
Secondly, the Mn02 oxidation reaction led to two undesirable fluorinated over-oxidation byproducts 
and was difficult to control causing variable yields for the radiochemical steps. Thus, we have 
pursued other routes to improve the overall yield of the reaction and foster separation of the 
diastereomers. 

In an effort to eliminate the problems associate with die first synthesis, we undertook the pathway 
shown in Scheme 2. Rotenone, I , was converted into the methyl enol ether using the same procedure 
described by Charalambous et al. (8,9). Hydroboration oxidation followed by reaction with triflic 
anhydride gave the corresponding triflates, 2 as a mixture of four isomers. We were able to separate 
the 5' epimers of 6. by HPLC, however, this was futile as the deprotection of the methyl enol ether 
under acidic conditions epimerizes the 5' center again. The 1 hour distribution of this mixture £ in rats 
showed only 1.87 ± 0.44 and 0.45 ± 0.15 % injected dose per gram uptake in the heart and brain 
respectively. This represents a four fold decrease in heart and brain uptake versus the 6' mixture 4 
(heart: 6.97 ± 1.04 %ID/g and brain: 1.72 ± 0.14 %K>/g). Thus, the distribution of FDHR is much 
more sensitive to epimerization at the 5' carbon than the 6' carbon. 

The latest synthetic pathway shown in Scheme 3 alleviates the complications of two previous routes, is 
more efficient, and allows the incorporation of the fluorine-18 in the penultimate step. Rotenone, I , 
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Scheme 1 

was converted directly into the 7'-hydroxydihydrorotenols 2 upon treatment with excess borane. 
Oxidation with Mn02 gives the corresponding 6' epimers of 7'-hydroxy -DHR which were completely 
separable on normal phase HPLC. Each epimer was then treated with triflic anhydride to form the 
triflates 9a and 9_h. Subsequent reaction with [18F]fluoride ion and purification yielded JOa and 10b. 
respectively. The overall radiochemical yield was 15-20% DC with a total synthesis time of 1 hour. 
This represents a significant improvement over the reaction sequence shown in Scheme 1 and will 
make available mCi quantities of each 6' FDHR epimer for biological assessment. 
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Scheme 2 
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[ 1 2 5I]Iodorotenone and [ 1 2 SI]Iodorotenol: Synthesis and Evaluation of Mitochondrial 
Electron Transport Chain (ETC) Complex I Probes for SPECT. 
J.D. Enas. S.M. Hanrahan, and H.F. VanBrocklin, Center for Functional Imaging, Lawrence 
Berkeley Laboratory, University of California, Berkeley, CA 94720. 

Despite the growing number of studies probing age and disease related central nervous system (CNS) 
degeneration of receptor systems with neuroreceptor imaging agents and the localization of the 
involved brain regions by metabolic and blood flow tracers, the root causes of these neurological 
processes remain unknown. One of the hypotheses that has been put forth regarding the underlying 
mechanisms of aging and neurodegeneration suggests that the loss of mitochondrial function is related 
to declining brain function. Additionally, electron transport dysfunction by way of mitochondrial 
DNA mutations has been implicated in Parkinson's and Huntington's Disease (1,2). Thus, we are 
currently evaluating several mitochondrial agents, suitable for radiolabeling, to serve as probes to 
investigate the connection between mitochondrial function, aging and neurodegeneration. 

MeO 

Rotenone (1) is a high affinity potent inhibitor of complex I of the mitochondrial electron transport 
chain, and is believed to bind at the same site as the neurotoxin MPTP. Tritiated rotenone has been 
used to determine the regional distribution of Complex I in the brain (3). Additionally, carbon-11 and 
fluorine-18 radiolabeled rotenone analogs, useful as PET imaging agents have been reported (4,5,6). 
An extension of this work is the development of iodorotenone analogs as potential mitochondrial 
agents for brain, heart, or tumor SPECT imaging. We now wish to report the synthesis of 7'(E)-
[125I]Iodorotenone and 7'(£)-[I25I]IodorotenoI, and the preliminary biological distribution in normal 
and tumor-bearing mice. 

The synthetic sequence employed for the production of 7'(£)-[125I]Iodorotenone is illustrated in 
Scheme 1. Commercially available rotenone I was reduced with NaBH4 to afford rotenol as a 
single isomer (7), followed by oxidative cleavage of the C-6',7' double bond to yield ketone 2. Wittig 
reaction of 2 with iodomethyltriphenylphosphonium iodide furnished iodorotenol 3. The assignmentof 
the E double bond geometry to 3 was based on 'H-NMR comparison of the chemical shift of the 7' 
vinyl proton with that of (£)- and (Z)-3-Iodo-2-methyl-propen-2-ol (8). lodorotenol 3 was stannylated 
in low yield with hexabutylditin and palladium catalysis to afford the vinyltributyltin analog 4. At this 
stage of the synthesis, the 7'(£)-tributyltinrotenol 4 was oxidized with MnC"2 to afford 
tributyltinrotenone£ and radioiodinated to afford 7'(£)-[l25I]iodorotenone 7. Alternatively, 4 could be 
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radioiodinated directly to furnish 7'(£)-[125I]iodorotenol 5. Radiochemical yields for either process 
were typically 50-60%. No carrier added 125I-radioiodination of 4 and 6 was best achieved in THF 
with a sodium acetate buffer (pH 4.5) and hydrogen peroxide as the oxidant. Other radioiodination 
procedures utilizing dichloramine-T as the oxidant gave either predominantly or exclusively rotenoid 
overoxidation products, attesting to the known high oxidation potential of rotenone (9). Iodorotenol 5_ 
could also be oxidized conveniently to produce 7, but overall radiochemical yields were lower due to 
the formation of undesired overoxidized products. 
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The distribution of [,25I]iodorotenone, 7, was evaluated in normal and MCF-7 tumor-bearing mice. 
The uptake of 7 in the heart and brain was 22.8 ± 10 and 4.5 ± 1.4 percent injected dose per gram 
(%ID/g), respectively. The blood activity was 0.87 %ID/g, giving heart/blood and brain/blood ratios 
of 25.6 and 5.25, respectively. The overall uptake values in the brain and heart were comparable to 
FDG, however the tissue/blood ratios were lower due to the higher blood activity for the iodinated 
analog. Tumor uptake was 3.5 ± 2 %ID/g, approximately 1.5 times that of FDG. 

[,25I]Iodorotenone and [125I]iodorotenol can be produced in high yield and in one step from their 
respective tributyltin precursors. The initial biodistribution data suggest that [125I]iodorotenone may 
be a suitable candidate for mitochondrial density imaging in the brain, heart, and tumors using SPECT. 
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A Comparison of r»ni.(.W+l. and M-H-,- PhftnvlfinhrinB as In Vivn Functional Heart ££X 
Agents For MAO. RENATO B. DEL ROSARIO*. JOHN CARAHER and DONALD M. 
WIELAND, Division of Nuclear Medicine, PET Center, Kresge III 3480, University of 
Michigan Medical Center, Ann Arbor, Michigan 48109-0552 

Monoamine oxidase (MAO, EC 1.4.3.4) is a flavoprotein which is known to oxidize amines in 
the heart. Phenylephrine (PHEN), an MAO substrate, possesses structural features which 
suggest it might be effectively used to assess enzyme activity in the sympathetic nerves of the 
heart by positron tomography (PET). PHEN lacks the a-methyl group of [nC]-lR,2S-(-)-m-
hydroxyephedrine (HED), which has been extensively used to map the sympathetic neurons of 
the heart (1). 

X Y HO H 

f^^^Y'" Z f^^i^Y'" C H s 

S ^ NHnCH3 S ^ NHUCH3 

(-)- [X=*OH,Y,Z»H], (+)- [Y=OH, lR,2S-(-)« -Hydroryephedrine 
X£»H] and (O-dy [X=OH, Y«H, (HED) 
Z«D] Phenylephrine (PHEN) 

[llC]-(-)-,(+)- and (-)-d2-PHEN were synthesized via N-methylation of the appropriate m-
octopamine free base enantiomer (2,3) under very mild conditions (CF3S0311CH3/DMF/RT). 
(-)-d2-PHEN was designed to determine if an in vivo deuterium kinetic isotope effect could be 
observed in the deamination of PHEN by MA0(3). To gain an understanding of the dynamic 
kinetics and storage mechanisms of PHEN in the heart, as well as the importance of hydroxyl 
stereochemistry of PHEN, comparative studies were performed in the Tat and dog. 

Efflux curves of [nC]-(-)-,(+)- and (-)-d2-PHEN are depicted in Figures 1 (rat) and 2 (dog). In 
either animal model, the washout rate of all PHEN tracers showed no notable differences at t > 
15 min. In the rat, the (+)-PHEN showed an intially higher uptake than (-)-PHEN but had 
slightly lower neuronal selectivity (60-69% blockade by DMI) than (-)-PHEN (-77% DMI 
blockade). Over a 60 min period, the (-)-d2-PHEN retention was - twice that of (-)-PHEN in the 
rat but these values were similar in the dog. Reserpine induced blockade was similar to HED. 
Pretreatment of rats with reserpine resulted in 75-82% and 61-75% blockade for (-)- and (-)-d2-
PHEN, respectively. Unlike HED, (-)- and (0-d2-PHEN were not chased out by DMI. 

These comparative studies indicate that PHEN is kinetically more active than HED in 
mammalian heart. The DMI-chase studies suggest that the storage mechanisms for PHEN are 
different from HED. Additional studies are in progress to determine whether the dynamic 
kinetics of PHEN can be used as a basis for assessing neuronal MAO activity in the heart. 

1. Rosenspire K.C., et al. (1990) J. Nucl. Med. 31,1328-34 (1990). 
2. Midgley, J.M., et al. J. Chan. Soc. Perkin. Trans. II 963-969 (1989). 
3. Del Rosario, R.B. and Wieland, D.M. (1995) J. Lab. Compds. and Radiopharm. , in press. 
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PET RADIOTRACERS FOR STUDIES OF 
CATECHOL-O-METHYLTRANSFERASE 

Y.-S. Ding, S.J. Gatley, J.S. Fowler, R. Chen, N.D. Volkow, J. Logan, C.E. Shea, 
Y. Sugano, J. Koomen, R. Ferrieri. Brookhaven National Lab. Upton, NY 11973 

Catechol-O-methyltransferase (COMT; EC 2.1.1.6) regulates the concentration of 
important catecholamine neurotransmitters such as dopamine (DA) and 
norepinephrine (NE), and there is speculation that abnormalities in its activity may be 
associated with neurological and psychiatric disorders. It is an important molecular 
target in the development of drugs to treat Parkinson's disease (PD). Several 
investigators have reported elevated levels of COMT activity in malignant breast tumors 
[1, 2] where it plays a role in estrogen metabolism. Though the major function of COMT 
was described first in the 1950's and its structure was recently elucidated [3], there is 
limited information on its regional distribution or functional significance in the living 
body or of changes in its activity occurring in diseases. With the recent development of 
selective and potent COMT inhibitors, we now have the opportunity to probe the 
distribution of COMT in vivo. 

Ro40-7592 

Ro41-0960 (3,4-dihydroxy-5-nitro-2'-fluorobenzophenone) is a potent, fluorine 
containing COMT inhibitor which has been reported to cross the blood brain barrier [4, 
5, 6]. It is structurally similar to Ro40-7592 which is currently undergoing clinical trials 
in PD [7, 8]. Enzyme kinetic studies indicated a reversible tight binding type interaction 
between the enzyme and Ro41-0960. These characteristics fit a major requirement for 
mapping COMT in vivo; that is, the binding of the labeled inhibitor to the enzyme should 
be tight enough to allow visualization of the enzyme-substrate complex. We report 
here the synthesis of [18F]Ro41-0960, in order to investigate the possibility of mapping 
COMT activity and for studies of COMT drugs. [18F]Ro41-0960 was synthesized by the 
nucleophilic aromatic substitution reaction with NCA [18F]fluoride on a dimethyl 
protected catechol precursor (prepared via a five-step synthesis, Scheme 1) followed 
by hydrolysis with HBr (synthesis time of 100 min; radiochemical yield of 5-7% (EOB)) 
(Scheme 2). Surprisingly, [18F]CH3F was identified by radio-GC as a side product 
during the fluorination reaction, presumably generated by 1 8 F " attack on the methyl 
moiety ortho to the nitro group on the A ring. This interesting phenomenon has never 
been reported in any previous cases involving fluorination of catechol substrates with 
[1 8F]F" (for example, syntheses for F-18 labeled 6-fluoro-DOPA, 6-fluoro-DA and 6-
fluoro-NE) [9, 10,11,12] 

Though Ro41-0960 has been reported to cross the blood brain barrier, our PET 
studies in baboon using F-18 labeled Ro41-0960 demonstrated a negligible uptake in 
the brain both at tracer doses and with the addition of unlabeled drug (1.5 mg/kg) at all 
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times through a 90 min experimental interval (Figure 1). The brain to plasma ratios of 
F-18 averaged about 0.025. Region of interest analysis of the brain tissue area 
suggests that most of F-18 in the brain was due to the blood in the brain and not the 
brain tissue itself (Figure 2a & 2b). However, high uptake was observed in the kidneys 
and in other organs which are known to have high COMT activity. Studies in mice 
showed that at 30 min after injection of tracer, F-18 in kidneys was largely as 
unchanged [18F]Ro41-0960 and that it could be displaced with unlabeled Ro41-0960. 
The fact that the average brain to blood ratio for mice (n=12) was 0.04, and that similar 
HPLC metabolite patterns were observed for brain and blood, provides consistent 
evidence that nearly all the F-18 in the brain represents F-18 in the cerebral blood 
vessels. These studies raise the question of whether the common assumption that 
Ro41-0960 has central activity is valid. They also provide the first example of a 
positron emitter labeled COMT radiotracer and provide initial encouraging evidence 
that [18F]Ro41-0960 may be used to examine COMT in peripheral organs in vivo and 
for monitoring COMT inhibitor therapy. Supported by USDOE, OHER, NINDS, LDRD 
95-07 and Sankyo Co. 
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[2] Hoffman A. R., Paul S. M. and Axelrod J—Cancer Res. 39:4584 (1979). 
[3] Vldgren J., Svensson L. A. and Liljas A.—Nature 368:354 (1994). 
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[8] Zurcher G., Keller H. H., Kettler R., Borgulya J., Bonetti E. P., Eigenmann R. and Da 
Prada M.—Adv. Neurol. 53:497 (1990). 
[9] Lemaire C, Guillaume M., Cantineau R. and Christiaens L—J. Nucl. Med. 31:1247 
(1990). 
[10] Ding Y.-S., Shiue C.-Y., Fowler J. S., Wolf A. P. and Plenevaux A.—J. Fluorine 
Chem. 48:189 (1990). 
[ I I ] Ding Y. S., Fowler J. S., Gatley S. J., Dewey S. L and Wolf A. P.—J. Med. Chem. 
34:767 (1991a). 
[12] Ding Y.-S., Fowler J. S., Gatley S. J., Dewey S. L, Wolf A. P. and Schlyer D. J.—J. 
Med. Chem. 34:861 (1991b). 
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Scheme 1: Synthesis of Precursor for F-18 Labeled COMT Inhibitor Ro41-0960 
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Scheme 2: Synthesis of F-18 Labeled COMT Inhibitor (Ro41-0960) 
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[reF]Ro41-0960 in Baboon Brain 
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Figure 1. Time-activity curves of [18F]Ro41-0960 in the brain both at a 
tracer dose (no-carrier-added (NCA), open circles) and with addition of 
unlabeled drug (1.5 mg/kg, carrier added (CA), solid circles). 

Table 1: Displacement of [18F]Ro41 -0960 with Unlabeled Ro41-0960 (10 
mg/kg) at 5 Min Post Injection in Mouse Tissues. 

%IA/g Control Ro41 added %DISPLACE 
Blood 6.71±1.06 4.4811.56 33.15 
Urine 43.16±13.83 68.41132.74 -58.48 
Brain 0.45±0.11 0.25+0.07 45.26 
Heart 1.86±0.31 1.0410.15 44.02 
Lungs 3.49+0.70 2.20+0.35 36.98 
Liver 8.6911.44 6.9311.10 20.28 
Kidneys 12.32±1.56 7.4011.21 39.89 
Intestine 3.49±0.69 7.1011.36 -103.67 
Stomach 1.80+0.60 1.9410.69 -7.84 
Spleen 1.66±0.32 1.12+0.16 32.57 
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PET STUDIES IN THE BABOON BRAIN AND BIODISTRIBUTION IN THE 
RAT OF NEW MONOAMINE OXIDASE B INHIBITORS. 

Bernard S.* 1- 2. Fuseau C.1, Schmid L 3 , Milcent R.2, Crouzel C.1. 

* 1 Service Hospitalier Frederic Joliot, DRIPP, CEA, 4, Place du General Leclerc, 9140S 
Orsay, France, 2Laboratoire de Chimie Organique Medicate, Unite de Recherche Chimie et 

Pharmacologic, Faculte de Medecine Xavier Bichat, Un'wersite Paris 7, 16, rue Henri 
Huchard, BP 416, 75870 Paris Cedex 18, France, 3Service Hospitalier Frederic Joliot, 

CNRS URA 1285, CEA, 91406 Orsay, France. 

L-deprenyl, an irreversible MAO B inhibitor actually used in the treatment of 
Parkinson's disease (PD) [1], has been labelled and used in studies of the human 
MAO B [2]. New MAO inhibitors recently described as potent, reversible and selective 
for MAO B, in vitro, were the 5-[4-(benzyloxy)phenyl]-3-(2-cyanoethyl)-3H-1,3,4-
oxadiazol-[11C]-2-one 1a ( IC 5 0 MAO B = 2.2 nM; MAO A/MAO B = 71 000) [3], and 
the 1-acetyl(2-cyanoethyl)hydrazone of 4-(benzyloxy)benzaldehyde 2a (IC50 MAO B 
= 3 nM; MAO A/MAO B > 33 000) [4]. We synthesized the corresponding 
radiochemical molecules, 1a and 2a, from their precursors, 1 and 2, and with, 
respectively, [11C]phosgene and [11C]acetyl chloride, giving radiotracers with high 
specific radioactivities (around 20 GBq/nmol) (Figs. 1, 2). 
Rat biodistributions (Tables 1, 2), and for compound 1a, 2 PET studies in the 
baboon brain (Figs. 3, 4), with or without L-deprenyl presaturation, were carried out 
with these two products. Biodistributions results showed good uptakes of 
radioactivity for 1a and 2a in all organs of the rat, although those for 1a were 
higher and more stable with time. Studies in the presence of L-deprenyl showed 
around 50% of displacement of radioactivity of rats injected with 2a. In the baboon 
brain, the total radioactivity was displaced for 70% in the presence of L-deprenyl 
and in the blood the radioactivity decreased rapidly (15 minutes). Metabolite analysis 
in the plasma and in the diencephalon of rats, at 10 and 30 minutes, showed that 
1a was the only radioactive compound in the brain structure whereas in the plasma 
three other radioactive products appeared. For compound 2a, 2 metabolites were 
present in the plasma at 10 minutes and none in the brain at 10 and 30 minutes. 

1. The Parkinson Study Group. N.EnglJ.Med. - 221: 1364 (1989). 
2. Fowler J.S., Volkow N.D., Logan J., Wang G.J., Macgregor R.R., Schlyer D.J., Wolf A.P., 

Pappas N., Alexoff D., Shea C, Dorflinger E., Kruchowy L, Yoo K., Fazzini E. and Patlak C. 
- Synapse IS; 86 (1994). 

3. Mazouz F„ Gueddari S., Burstein C, Mansuy D. and Milcent R. - J.Med.Chem. 26.: 1157 
(1993). 

4. Bernard S., Paillat C, Oddos T., Seman M. and Milcent R. Selective and potent monoamine 
oxidase type B inhibitors: substituted semicarbazones and acylhydrazones of aromatic 
aldehydes and ketone - Eur.J.Med.Chem. (1995). (In press). 
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Fig.1: Synthesis of 1,3,4-oxadiazolone 1a. 
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Fig.2: Synthesis of hydrazone 2a. 

Table 1 . Tissue distribution of 
radioactivity in rats after I.V.. 
injection of 3.7 MBq oxadiazolone 
1a. Units are expressed as % of 
injected dose/g of fresh tissue of 3 
animals, corrected from decay, 
background and averaged. 

IableJ>: Animals were injected I.V. 
3.7 MBq of hydrazone 2a and 
sacrificed at the designated times. 
Units are expressed as % of injected 
dose/g of fresh tissue of 3 animals, 
corrected from decay, background 
and averaged. 

Time (min) 

5 10 30 

Time (min) 

10 30 

60 
PONS 1.38 1.42 1.29 0.86 0.53 
CEREBELLUM 1.30 1.30 0.86 0.86 0.59 
QUAD. CISTERN 1.59 1.58 1.29 0.85 0.59 
DIENCEPHALON 1.36 1.44 1.09 0.98 0.69 
HIPPOCAMPUS 1.15 1.19 1.09 0.83 0.61 
STRIATUM 1.29 1.37 1.16 0.76 0.57 
FRONT. CORTEX 1.52 1.35 1.14 0.79 0.52 
POST. CORTEX 1.74 1.43 1.16 0.81 0.56 
LIVER 0.86 2.83 3.35 3.62 2.75 
KIDNEY 2 .96 1.29 1.15 0.68 0.48 
HEART 2 .79 0.87 0.67 0.31 0.15 
LUNG 4 .45 2.08 2.73 1.86 0.72 
MUSCLE 0.63 0.58 0.43 0.22 0.09 
BLOOD 0.46 0.30 0.29 0.16 0.11 
PLASMA 0.63 0.42 0.44 0.23 0.15 

60 
PONS 1.47 1.40 1.33 1.04 0.95 
CEREBELLUM 1.42 1.36 1.42 1.22 1.22 
QUAD. CISTERN 1.52 1.48 1.39 1.08 1.05 
DIENCEPHALON 1.38 1.40 1.44 1.29 1.32 
HIPPOCAMPUS 1.21 1.39 1.28 1.15 1.24 
STRIATUM 1.46 1.34 1.30 1.06 1.03 
FRONT. CORTEX 1.62 1.40 1.38 1.22 1.22 
POST. CORTEX 1.67 1.45 1.40 1.19 1.20 
PINEAL GLAND 1.30 0.55 1.73 1.44 1.09 
LIVER 0.89 2.24 2.99 3.68 4.26 
KIDNEY 2.36 1.30 1.01 0.78 0.57 
HEART 1.89 0.79 0.50 0.27 0.20 
LUNG 8.95 9.02 11.84 4.33 3.39 
MUSCLE 0.46 0.47 0.31 0.14 0.09 
BLOOD 0.45 0.25 0.12 0.12 0.07 
PLASMA 0.56 0.29 0.18 0.13 0.11 
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Fig. 3: Uptake curves of radioactivity, 
obtained from PET scans, over time in 
several regions of the baboon brain, 
after intravenous administration of 1 a. 
ROI are (•) white matter, (a) caudate, 
(•) putamen, (O) thalamus, f » brain 
stem, (A) cerebellum, (•) cortex. 

Fig. 4: Uptake curves of radioactivity, 
obtained from PET scans, over time in 
several regions of the baboon brain, 
after intravenous administration of l a 
tracer in L-deprenyl (1 mg/kg) 
preteated baboon. ROI are (•) white 
matter, (a) caudate, (•) putamen, (O) 
thalamus, (>) brain stem, (A) 
cerebellum, (•) cortex. 
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Preparation and Evaluation of r76Br1-Brofaromine for PET Studies of MAO-A Activity 
DUBUQUOY, E; LOCH. C: HUNTER, D; STRIJCKMANS, V; FUSEAU, C; CROUZEL, C; 
WALDMEIER, P* and MAZIERE. B. Service Hospitalier Frederic Joliot, CEA, F-91406 
Orsay, France.* Pharma Division, Ciba-GeigyAG, CH-4002 Basel, Switzerland. 

Monoamine oxydases (MAO) are enzymes responsible of the metabolism of endogenous 
amines. As quantitative variations of MAO were observed in neurologic and psychiatric 
disorders, MAO inhibitors were among the first drugs used in the treatment of depression. 
Brofaromine (4-[7-bromo-5-methoxy-2-benzofuran]piperidine) is a selective and reversible 
inhibitor of MAO-A with serotonin uptake-inhibiting (1). To evaluate MAO-A activity with 
PET, brofaromine was labelled with [1 1C] (Tic = 20 min) (2). To study for a longer time the 
brain distribution of brofaromine, we labelled brofaromine with [7 6Br] (T 1 C = 16.2 h) and 
investigated its pharmacologic profile in vivo in rodents. 
[76Br]-brofaromine was prepared from its tributyltin derivative (Scheme 1). To a solution of 
0.6 mmol of brofaromine-HCI in 10 ml THF at -80°c was added 2.4 mmol of butyllithium in 
1.2 ml hexane. 2h later, 2.4 mmol of tributyltin chloride was slowly added, this mixture was 
warmed to room temperature overnight before being hydrolysed. After evaporation of 
THF, the crude product was extracted with ether, dried and purified by flash 
chromatography on silica gel (CH2Cl2/CH30H, 85/15). A subsequent HPLC purification on 
a semi-preparative reverse phase column with 0.01 M H3PO4/CH3CN, 70/30 as eluent, 
gave (Bu)3Sn-brofaromine as an yellow oil (40% yield). 
[76Br]-brofaromine was prepared by electrophilic substitution of the tributyltin leaving 
group with nca bromine-76 using various oxidizing agents: peracetic acid, hydrogen 
peroxide/acetic acid or chloramine-T. The highest radiolabelling yield (60%) was obtained 
in 10 min by reacting [76Br]NH4 (in 100 ul of 0.05 M HCI), 0.4 umol of the precursor and 
0.2 umol of CAT (Figure 1). [ Br]brofaromine was purified by reverse phase HPLC using 
acetonitrile/phosphoric acid as eluent. The chemical and radiochemical purities of 
[76Br]brofaromine were >98 %. The total radiochemical yield was 55% and the specific 
activity was 20 MBq/nmol. 
In vivo biodistribution studies in rats showed a high uptake of [76Br]brofaromine in the 
brain (1% ID/g). In the cerebral structures the radioactivity concentration peaked at 1 h 
post injection with a 20 % higher uptake in the cortex than in other structures (Figure 2). 
In competition studies with cold brofaromine, with clorgyline, a MAO-A inhibitor, and with 
citalopram, a serotonin uptake inhibitor, non significant decreases of radioactive 
concentration in the cortex were observed. RadioTLC analysis indicated that 1h after 
injection, 95% of the radioactivity was still related to unchanged [76Br]brofaromine. 
The high non specific binding fraction of [76Br]brofaromine, which can be related to its 
important lipophilicity (Log Poet/water = 4.2), prevents it to be used as a tracer to visualize 
in vivo MAO-A disribution in the brain. 

1 Waldmeier PC, Glatt A., Jaekel J., Bittiger H., Clin. Neuropharmacol., 16: S19, (1993) 
2 Ametamey SM., Gunther I., Antonini A. et al, Eur. J. Nucl. Med., 2J.:876, (1994) 
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Reaction Scheme 
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EVALUATION OF iV-[»C]METHYL-4-PIPERIDYL PROPIONATE AS A 
RADIOTRACER FOR ACETYLCHOLINESTERASE ACTIVITY IN VIVO. 
S.E. Snvder. P. Sherman, D.E. Kuhl, and M.R. Kilboum, Division of Nuclear Medicine, 
Department of Internal Medicine, University of Michigan Medical School. Ann Arbor, ML 

AT-[nC]Methyl-4-piperidinol esters have been proposed1-2 as in vivo substrates for brain 
acetylcholinesterase (AChE). We have evaluated ^-["QmethyM-piperidyl propionate (PMP) as 
a potential PET radiotracer for acetylcholinesterase activity in vivo. Following i.v. injection, this 
radiotracer showed high initial uptake (4% I.D./g tissue) and a regional tissue concentrations of 
radioactivity in mouse brain (STR>CTX>CBL) consistent with in vitro estimates of AChE 
enzymatic activity.3 Chromatographic analysis of radioactivity in blood and brain homogenates 
showed rapid hydrolysis of PMP with <4% authentic radiotracer remaining in both tissues at 10 
min. post-injection and <1% at 20 min. The regional brain distribution of radioactivity, 
representing trapping of the hydrophilic hydrolysis product, is thus consistent with enzymatic 
action by AChE. To further characterize the mechanism of localization of radioactivity in the brain 
after PMP injection, we have evaluated the effects of pretreatments with potent inhibitors of AChE. 

r - -N--11CH3 
CH 3 CH 2 ^.0^/ - V 

[»C]PMP 

Pretreatment with diisopropylfluorophosphate (DFP; 3 mg/kg i.p., 3h prior), an irreversible AChE 
inhibitor, produced increased radioactivity levels in most brain regions at 10 min. after PMP 
injection. A significant attenuation of the regional differences in radioactivity distribution was 
observed (Table I). These results serve to illustrate the difficulties inherent in a classical 
"blocking" study when using an enzyme substrate as a radiotracer. As DFP is a fairly non-specific 
esterase inhibitor it inactivates AChE and butyrylcholinesterase (BuChE) in both the CNS and the 
periphery. Chromatographic analysis indicated that >85% of the radioactivity in the brain of DFP 
treated mice was unhydrolyzed PMP at 10 min., as compared to <4% in control mice; in the blood, 
this analysis showed significantly increased remaining levels of PMP (57%) as compared to 
controls (4%). Thus, changes in brain radioactivity concentrations represent both inhibition of 
brain AChE as well as alteration of the concentration of substrate (PMP) in the blood. In essence, 
the "blocking" study has created a free+non-specific distribution of the unhydrolyzed ester that is 
significantly higher than would be expected from simple inhibition of only the brain AChE. It is 
interesting to note that in the DFP treated animals -15% of the radioactivity in the brain was present 
as iV-[nC]methyl-4-piperidinoI, indicating residual enzyme activity even at near lethal doses of this 
irreversible inhibitor. 

AChE is an extremely efficient enzyme and has high activity in both brain and blood.4 The effect 
of inhibition of only peripheral AChE was demonstrated by pretreatments with neostigmine 
(NEO), a specific peripheral inhibitor of AChE5 which has no CNS effects on acetylcholine levels. 
NEO (0.3 mg/kg, i.m., 15 min. prior), at a dose near its LD 5 0 , 6 caused an overall increase of brain 
levels of radioactivity (p < 0.01, Student's t-test) but with no perturbation of the regional tissue 
concentration ratios (Table I). There was also a slight increase in the level of unhydrolyzed PMP 
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in the brain at 10 min. (10% of the brain radioactivity), but essentially negligible levels at 20 min. 
(as seen in controls). These results are consistent with peripheral inhibition of cholinesterases, 
producing an increase in the blood concentrations of PMP but no alteration of the rate of PMP 
hydrolysis by brain AChE. 

Finally, we have examined the effects of reversible, centrally active AChE inhibitors on regional 
radioactivity distributions after PMP injection. Preliminary studies using pretreatment with 
physostigmine (PHY; 0.5 mg/kg, i.p., 15 min. prior)7-8 at a dose near its L D 5 0

9 showed a small 
attenuation of the regional tissue concentration ratios (Table I). Pretreatment with 
tetrahydroaminoacridine (THA, tacrine; 10 mg/kg i.p., 15 min. prior), which exhibits a 10-fold 
selectivity for brain AChE, 1 0 gave a trend towards decreased tissue concentration ratios which 
were not statistically significant. Measurements of the relative proportions of authentic PMP and 
the hydrolysis product have not yet been completed. These preliminary results are also consistent, 
however, with inhibition of brain AChE; the non-significant effect of THA may represent an 
inadequate dose of this lower affinity AChE inhibitor. Further experiments will be needed to 
define the effects of such reversible AChE inhibitors on the in vivo metabolism of PMP. 

These experiments illustrate the difficulties inherent in employing simple "blocking" studies to 
evaluate an enzyme substrate in vivo. First, it may not be feasible to completely inhibit enzyme 
action due to toxicity. Second, when the enzyme is present in both the CNS and periphery, a 
CNS-specific inhibitor may not be available for peripheral injection (although, as in the case of 
NEO, an inhibitor specific for only the peripheral enzyme population may be available); this results 
in alterations of the blood radioactivity concentration and composition. For quantitative studies of 
such enzyme inhibitors, therefore, kinetic measurements of tissue and blood radioactivity levels, 
with corrections for blood metabolism, will be required. However, simple "blocking" studies, as 
completed here, can be used to demonstrate the qualitative effects of enzyme inhibitors on the in 
vivo metabolism and distribution of radiolabeled enzyme substrates. In the case of PMP, the 
experiments completed to date demonstrate a dependence on AChE activity for specific retention of 
radioactivity in brain tissues, consistent with hydrolysis of the ester and tissue trapping of the 
product ^-[nC]methyl-4-piperidinol. Thus, PMP deserves further attention as an in vivo agent 
for measuring AChE activity in the brain. 

Table I. Distribution and metabolism of [ 1 1C]PMP at 10 min. post-injection. 
Pretreatment STR/CBL CTX/CBL STPJCTX 

± s.d. ± s.d. ± s.d. 
Control 2.68±0.24 1.50±0.12 1.79±0.13 
DFP 1.42±0.19* 1.39+0.20 1.02±0.11* 
NEO 2.76+0.25 1.44±0.15 1.91+0.16 
PHY 1.94±0.38* 1.25+0.25 1.55+0.24 
THA 2.36+0.29 1.55+0.20 1.52+0.14 

*p<0.05 vs. controls. Student t-test 

Acknowledgments: This work was supported by National Institutes of Health grants NS24896 
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THE SYNTHESIS OF FLUORINE-18 LABELED CARBONIC ANHYDRASE IV 
INHIBITORS: SELECTIVITY BY EXCLUSION. 

T.J. Tewson, K. Sadilkova, C. Supuran and Erik Swenson. 
Imaging Research Laboratory, Departments of Radiology and Medicine, University of 
Washington, Seattle, WA 98195. Phone 206-548-6709 Fax 206-543-3495 and the Department of 
Chemistry, University of Florence, Florence, Italy. 

Carbonic anhydrase is a ubiquitous enzyme found in practically every tissue in the body1. It 
subserves numerous acid-base regulatory and gas exchange processes by permitting rapid 
interconversion of carbon dioxide and bicarbonate anions. The enzyme is known to have at least 
seven isoforms2. Carbonic anhydrase IV is the least abundant of the isozymes and is uniquely 
membrane bound3. It is present on the epithelial and endothelial cells in the lung and other organs. 
One role in the lung is to control the local match between ventilation and perfusion, changing the 
extracellular pH as the local tissue pC0 2 changes. We wish to measure the concentration of this 
enzyme in vivo to correlate its activity with local temporal mismatches of ventilation and 
perfusion. 
All isozymes of carbonic anhydrase are inhibited by sulfonamides and there is minimal difference 
in the inhibitory constants for the different isozymes. What difference there is tends to work 
against CA IV, i.e. the Kj of a given inhibitor is the highest for CA IV3. In order to achieve 
selective inhibition of CA IV we are preparing compounds that are excluded from the tissue by 
reason of their charge and thus will only bind to enzyme that is on the exterior cell surfaces. 
There are two candidate groups of compounds that are powerful inhibitors of the enzyme and are 
also excluded from the tissue. These are the benzolamides ( l) 4 and pyridinium sulfonamides (2)5. 

, N N 

if II JL® A A 
X-<n>- S02NH^sAs0 2NH 2 j f j * S S0 2 NH 2 

> ' (1) - A A (2) 
The secondary sulfonamide in (1) is very acidic, with a pKa of about 2 and thus will exist, at 
physiological pH, as the anion (la) and it is this characteristic that serves to exclude it from the 
tissue. 

N N 

X — < f ^ S 0 2 N A s A s 0 2 N H 2 

The exclusion characteristics are evaluated by measuring the extent of inhibition with respect to 
time of the enzyme inside erythrocytes in the presence of a large excess of inhibitor outside the 
cell. This value is then compared to ethoxzolamide, an inhibitor which is immediately permeable. 
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Typically the benzolamides will inhibit 6% of the enzyme after 1 hour and the pyridinium 
compounds produce no measurable inhibition. 
We prepared the para-nitro and para-fluoro benzolamides by reaction of the appropriate 
benzenesulphonyl fluoride with 2-amino-l,3,4-thiadiazole-2-sulphonamide under Schotten-
Bauman conditions. The inhibitory constants of the nitro and fluoro derivatives was measured 
with CAIV and for both compounds was found to be about 10"9 molar. 

x-^N-sojCi + J~~X ** X ~ 0 > - S 0 2 N H s 2 N"2 

^ ' N H 2 ' ^ ^ S ' ' ^ S 0 2 N H 2 ^ ' 

X=F. NO2 

The para-nitro compound was reacted with fluorine-18 fluoride in DMSO at 130°C. The yield 
of the para-fluorocompound was very low >0.1%. This was not unexpected as the formation of 
the anion (la) would be expected to preclude a satisfactory nucleophilic displacement. To 
overcome this problem we prepared the benzyloxymethyl (BOM) derivatives, both nitro and 
fluoro, of the sulfonamide (3). This gave an improved yield of the fluorine-18 compound but still 
less than 5%. 

N N 

X-^3J)—S0 2N^S^ S02NH 2 

^ ' CH 2OCH 2 

(3) 

This was ascribed to effects of the primary sulfonamide both hydrogen bonding the fluoride and 
being ionized under the reaction conditions. To prevent this we prepared the 
tribenzoyloxymethyl derivatives (4) 

N N 

^-Qr -N^sA S0 2 —N S S0 2 N(CH 2 OCH 2 Ph) 2 

CH 2 

I 
0 - C H 2 P h 

This compound gave a low yield of the fluorocompound and at least three other labeled 
compounds. It was apparent that the nitro compound was reacting under the basic conditions to 
give several products and that the products were then reacting with fluorine-18 fluoride. This 
occurred even when tetrabutylammonium bicarbonate was the base accompanying the fluoride. 
This was a surprising result, given that the initial compounds were prepared under much more 
basic conditions than this. The probable explanation of this is that thiadiazole ring is normally 
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protected from basic reaction by the ionization of the sulfonamide. When this is prevented by 
formation of the BOM derivatives then the ring becomes susceptible to reaction with base. 

With this lack of progress with the benzolamides we turned our attention to the pyridinium 
compound (2). The methyl groups on the pyridine ring are very acidic and will react with 
carbonyl groups in the Knoevagel type reaction to give addition products (5, X=H) 

We have prepared the benzaldehyde addition product (X=H) and measured its inhibitory 
constant as 3xl0"9 molar. In addition we have shown that (2) reacts with fluoro-acetone, a 
compound that we make at high specific activity with fluorine-18, to give, presumably (6). 

s S0 2 NH 2 

Thus the use of (2) in combination with fluorine-18 labeled intermediates such as fluoroacetone 
or p-fluorobenzaldehyde will make a variety of charged hydrophillic carbonic anhydrase 
inhibitors available for selective imaging of tissue CAIV. 

Acknowledgments This work was supported in part by HL 502 38 
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Synthesis of Carbon-11 Labeled Nitric Oxide Synthase (NOS) Inhibitors as 
Potential NOS Tracers for PET. 
Zhang. J.. Dence, C. S., McCarthy, T. J., Welch, M. J. Mallinckrodt Institute of 
Radiology, Washington University School of Medicine, St. Louis, MO 63110, USA. 

Nitric oxide is a short-lived radical species that is involved in regulatory processes 
including vasorelaxation, neurotransmission, and cytotoxicity.1 This radical is generated in 
biological systems from L-arginine by either constitutive (cNOS) or inducible (iNOS) nitric 
oxide synthase.2 cNOS is associated with normal physiological regulation with one 
subtype located predominantly in the vascular endothelium (eNOS) and another in the brain 
(nNOS). iNOS is induced as a response to cytokines or endotoxin in various tissues and is 
associated with host defense mechanisms. The development of inhibitors to each isoform 
of NOS is currently of considerable interest in pharmaceutical research.3 

We are interested in developing radiolabeled inhibitors for probing NOS enzyme activity in 
vivo. Two target compounds which have been reported as extremely potent and 
competitive inhibitors of NOS are S-alkylisothiourea 1 and S-methyl-L-thiocitrulline 2 
(Figure l). 4" 6 S-ethylisothiouronium hydrochloride (EITU, Kj=16 nM for iNOS) is 8 

f R=Me,El. 
1^ orCH2CH2F. 

HOHN'^NHa 

1 

Figure 1 

times more selective for iNOS than other isoforms. S-methyl-L-thiocitrulline (MTICU, 
Ki=1.2 nM for nNOS) displays a ten-fold preference for nNOS compared to other 
isoforms. 

Previously, we have reported the synthesis of both radioactive and nonradioactive 2-fluoro-
ethylisothiouronium hydrochloride ([ I 8F]FEITU and FEITU) as well as C-ll labeled 
methylisothiouronium hydrochloride (["C]MITU). 7 FEITU has shown comparable 
binding affinity and selectivity to iNOS as EITU, while MITU is a weaker and non
selective NOS inhibitor. However, [1 8F]FEITU was metabolized much faster than 
[' 'CIMITU both in vivo and in vitro. The rapid metabolism of FEITU may arise from the 
fluorine substitution. Therefore, we have labeled S-ethylisothiourea with C-l 1 to ascertain 

HCI-HN^ N 
H 
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any biodistribution or stability changes. The synthesis of S-l-^'CJethylisothiourea is 
shown below (Scheme 1). 1-f11C]Ethyliodide was prepared as reported8 with some minor 

(1) LiAIH4 in 

» C 0 2 + C H 3 M g B r d i e l h y ' e t h e / CH3

1 1COOMgBr d l B t h y l e t h e r , 
RT (2) 57% HI in H 2 0 

CH 3

1 1 CH 2 I 

100 -C 

^HuCH-j 

I H « H N ^ N H 2 

3 

Scheme 1 

thiourea 
2mg 

DMF microwave 
500 W 4 min 

modifications, and shown to be greater than 90% radiochemically pure by HPLC. The 
final product 3 was prepared by reacting l-[' 'C]ethyliodide with thiourea in DMF and 
heating in a microwave oven (500 W, 4 min). Compound 3 was analyzed by HPLC on a 
cation exchange column (97.5% 0.05N NaCl, 2.5% EtOH ) to give a final radiochemical 
yield >80% (decay corrected) within 30min. 

The radiolabeling strategy that we developed for the [nC]MITU was applied to 
[• 'CJMTICU 5. Specifically, the protected9 thiocitrulline4 was reacted with ' 'C^ I at 

CBZHN ,COOH 

NHBOC 

1) tBuOH, DMAP, 
EDC 
2) H2,10%Pd/C 
in MeOH 

,COOtBu 

NHBOC 

Yield=72% 

1)CSCI2, CHCl3/H20 

2) NH 3 l 0 °C in MeOH 

s 

1) 1 1 CH 3 I , Acetone II ( 

at RTImin H a N ^ ^ - ^ f 
COOtBu 

2)TFA at110*C 
10 min 

NHBOC 
Yie!d=45% 

Scheme 2 
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room temperature in acetone (Scheme 2). Subsequent hydrolysis of the protecting groups 
with TFA gave the desired product 5 which was purified by HPLC on a cation exchange 
column (97.5% 0.05N NaCl, 2.5% EtOH ). The total synthesis and purification of 
[• 'CJMTICU was achieved in 30 min with a decay corrected radiochemical yield of 15%. 

In summary, we have prepared two new C-l 1 radiolabeled inhibitors of NOS. The in vivo 
biodistribution and stability of these two compounds are under investigation. 

Acknowledgement: This research was supported by the National Institutes of Health (P01-
HL-13851). 
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SYNTHESIS AND IN VIVO CHARACTERISATION OF SOME POTENTIAL MONO
AMINE OXIDASE-A INHIBITORS: [nC]HARMINE, ["CIMETHYLHARMINE, 
[UC]HARMALINE, [uC]CLORGYLINE AND [nC]BROFAROMINE 

Goran Westerberg, Mats Bergstrom, Tor Kihlberg and Bengt Langstrom 
Uppsala University PET Centre, UAS S-751 85 and The Subfemtomole Biorecognition Project, 
Uppsala University and Research Development Corporation of Japan, Uppsala, Sweden. 

The monoamine oxidase A (MAO-A) inhibitors 0-[methyl-"C]harmine (l), W-fmethyl-"^ 

methylharmine (2), 0-[methyl-nC]harmaline (3), 0-[methyl-nC]brofaromine (4) and N-[methyl-

••Qclorgyline1 were synthesised and their potential as tracers for MAO-A evaluated in vivo in 

Rhesus monkey brain using PET. 

The labelled compounds were obtained in 48 - 89 % radiochemical yield within 40-45 minutes 

synthesis time and with specific radioactivities in the region of 0.486 - 2.36 Ci nmol"1 (18.0 -

87.3 GBq ftmol"1) at the end of synthesis (Table I). The ̂ -methylated compounds were obtained 

direcdy from the free amine base in DMF solution, whereas the O-methylated products were ob

tained from the respective sodium phenolates in DMSO, without need for protection of amine 

functions. In all cases, purification by semi-preparative HPLC afforded the labelled compounds 

in a radiochemical purity exceeding 98 %. 

Positron emission tomography studies were performed to analyze the kinetic behaviour of the tra

cers in monkey brain, with or without prior inhibition of the MAO-A with either of the well-

1 MacGregor, R.R., Fowler, J.S., Wolf, A.P., Halidin, C. and Langstrom, B. 
J. Lab. Compd's. Radiopharm. 25:1 (1988). 
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known MAO-A inhibitors clorgyline, esuprone or moclobemide. Time-activity curves were gene

rated to represent whole brain uptake, normalized to SUV (Standardized Uptake Value) by di

viding regional radioactivity concentration by the ratio of injected dose and body weight. 

All the five labelled compound showed a high a rapid uptake in the brain, reaching SUV values 

of 1.5 - 4 within a few minutes after injection. In the tracer studies, the initial high uptake obser

ved with iV-[methyl-"C]clorgyline was followed by a significant washout, whereas all the other 

tracers continued to increase slowly with time. When a blocking dose of MAO-A inhibitor was 

given, the uptake of 0-[methyl-"C]brofaromine and 0-[methyl-llC]harmaline was further in

creased compared to the tracer study, although the shape of the time-activity curve was retained. 

With A/-[methyl-"C]clorgyline, the uptake was slightly lower than in the tracer study, also in this 

case with retained shape. With both W-[methyl-"C]methylhannine and W-[methyl-"C]harmine, 

the study after inhibition initially showed a higher uptake than the tracer study but this was fol

lowed by a significant washout. 

The analyses of the time-activity curves of monkey brain revealed that 0-[methyl-"C]harmaline 

and 0-[methyl-"C]brofaromine after administration of MAO-A inhibitor only increased the up

take in the brain, without change in shape. This is probably an indication that the brain uptake is 

not governed by MAO-A binding in the brain but rather by a non-specific process. The increase 

itself is presumably explained by an increase in the blood radioactivity when the large peripheral 

pool of MAO-A is blocked. With N-[methyl-"C]clorgyline, a minimal decrease is observed after 

MAO-A inhibition which is probably not sufficient for an enzyme characterization. Both N-
[methyl-uC]methylharmine and W-[methyl-"C]harmine seem to follow a pattern compatible 

with enzyme binding in the brain and an accompanying washout after enzyme inhibition. Thus N-
[methyl-nC]methylharmine and 0-[methyl-nC]harmine were promising candidates for further 

evaluation as tracers of MAO-A enzyme in the brain, and 0-[methyl-1IC]harmine has then been 

applied in various PET studies now in progress. 
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Table I. Radiochemical yields of monoamine oxidase inhibitors 
Compound Radiochemical yield* Synthesis timeb 

(*) (min) 
1 0-[methyl-llC]Harmine 72.5 ±3.6 43 
2 W-[methyl-"C]MethyIharmine 83.8 ±7.4 45 
3 0-[methyl-"C]Harmaline 65.9 ±9.7 40 
4 0-[methyl-"C]Brofaromine 48.1 ±6.5 43 
5 /V-[methyl-llC]CIorgyIine 88.8 ±5.9 43 

* Decay-corrected, based on ["C]methyl iodide. Mean ± range, n = 8. 
b At end of synthesis. 

Uptake of C-11-labelled harmlne 
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Time (min) 
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Uptake of C-11-labeIled brofaromine 
in monkey brain 

MAO-A Inhibitor 

0 1 0 2 0 3 0 4 0 SO SO 

Time (min) 

245 



Radiosynthesis and biodistribution in mice of [1-11C]phenylacetate 

G. Bormans, T.J. de Groot, L. Mortelmans* and A. Verbruggen 

Laboratory for Radiopharmaceutical Chemistry F.F.W. and "Nuclear Medicine, K.U. Leuven, 
Herestraat 49, B-3000 Leuven, Belgium 

Phenylacetic acid is an endogenous metabolite of phenylalanine and is present in human plasma 

in micromolar concentrations. Elevated concentrations of phenylacetate cause a depletion of 

serum glutamine and inhibit the mevalonate pathway, subsequently interfering with the synthesis 

of isoprenoids and sterols that can be critical to cell replication1. 

Recent in vitro and animal in vivo studies have indicated a dose dependent selective activity of 

phenylacetate against malignant gliomas2. Phenylacetate also caused in vitro differentiation and 

growth arrest in cell lines from several solid tumors including neuroblastoma3 and 

rhabdomyosarcoma4. 

As the induction of tumor differentiation is largely dependent on the concentration of 

phenylacetate in the tumor cells, positron emission tomography (PET) with carbon-11 labelled 

phenylacetate could be a helpful tool to determine tumor uptake and establish dosage 

requirements. Moreover, phenylacetate might be selectively retained in malignant gliomas due to 

its interference with the mevalonate pathway and this could allow the visualisation of gliomas with 

[1-11C]phenylacetate and PET. 

We have therefore synthesized carbon-11 carboxyl labelled phenylacetate and performed 

preliminary biodistribution studies in mice. 

[1-11C]Phenylacetate was synthesized by the reaction of 1 mmol benzyl magnesiumbromide 

(prepared from benzylbromide and iodine-activated magnesium in dry ether) and [1 1C]C02 in 

ether (10 ml). After the level of radioactivity in the flask had stabilized, the reaction mixture was 

left for 7 minutes. Next, the reaction mixture was quenched with 6N HCI (1 ml), mixed and the 

ether layer containing [1,C]phenylacetic acid was separated and added to a solution of 8.4% 

NaHC03 (1.5 ml) and 0.9% NaCI (8.5 ml). The layers were mixed and the ether layer was 

decanted. Subsequently, the water layer was washed with ether (10 ml), mixed and separated. 

Residual ether was removed by heating the water layer-for 5 minutes. [1-11C]phenylacetate was 
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obtained with a specific activity of 800 Ci/mmol and a radiochemical yield of 10% (decay 

corrected) in a total synthesis time of 25 min. 

The identity and radiochemical purity of [1-,1C]phenylacetate were assessed on a 5u Hypersil 

(Shandon) C18-column, eluted with 80/20 (v/v) acetonitrile/0.025M phosphate buffer, pH=3; flow 

2ml/min. The labelled product, with a radiochemical purity >99%, coeluted with authentic 

phenylacetic acid after 4 min. 

Biodistribution in mice was assessed after intravenous injection of [l-^Cjphenylacetate (150 jiCi) 

in male NMRI mice (weight 20 g) that were sacrificed and dissected at 30 sec, 2 min, 10 min and 

30 min p.i. 

The results of the biodistribution study are presented in Table 1 and show the fast kinetics of 

[1-"C]pheny!acetate which is rapidly excreted through the urine (82% at 30 min) probably after 

conjugation with glutamine5. [1-11C]phenylacetate further shows an initial brain uptake that rapidly 

washes out. 

Further studies will be performed in tumor bearing rats to evaluate the value of this new 

radiopharmaceutical. 

Table 1. Biodistribution of [1-11C]phenylacetate in mice (% of i.d., n=3) 

time p.i. 30s 2 min 10 min 30 min time p.i. 

mean SD mean SD mean SD mean SD 
urine 0.28 0.04 4.38 4.16 68.09 5.19 82.35 10.15 

kidneys 15.65 1.73 20.74 3.71 5.46 1.23 1.46 0.58 

liver 15.40 0.32 13.46 0.47 3.08 0.34 1.08 0.30 

lungs 1.51 0.20 1.61 0.58 0.34 0.06 0.13 0.02 
heart 0.63 0.09 0.49 0.03 0.10 0.03 0.07 0.03 

cerebrum 0.53 0.02 0.42 0.09 0.08 0.01 0.01 0.04 
cerebellum 0.20 0.01 0.19 0.01 0.03 0.01 0.01 0.03 
blood 13.41 0.41 12.37 0.11 3.23 0.62 1.08 0.44 

1 Castillo M.- Neurochem. Int. 18:171-174 (1988) 
2 Samid D.- Cancer Research 54:891-895 (1994) 
3 Cinatl J.- Cancer Letters Z2:15-24 (1993) 
4 Cinatl J.- Cancer Letters Z§: 41-48 (1994) 
5 Moldave K. and Meisler A.- J.Biol.Chem 229:463-476 (1957) 
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MEASUREMENT OF CHEMICAL CHANGE IN VIVO BY THE USE OF A DOUBLE 
LABELLED COMPOUND 
NOGUCHLJ.*; OGAWA, K.*; NOZAKI, T.*; TOYAMA, H-**; ODA, K.**; 
ISHIWATA, K.**; ISHII, S . " ; and SEND A, M . " 
* School of Hygienic Sciences, Kifasato University, Sagamihara, Kanagawa 228, Japan 
** Tokyo Metropolitan Institute of Gerontology, Nakamachi, Itabashi-ku, Tokyo 173, Japan 

A radionuclide injected into body for diagnosis is measured only to obtain the time course of its 
distribution, without offering any information about the chemical change in vivo. It is now thought 
to be highly desirable to develop methods for nondestructive and continuous observation of 
chemical changes in vivo1'. For a limited number of nuclides, nuclear magnetic resonance 
spectroscopy, Mossbauer spectroscopy, y-y angular correlation measurement, and some other 
methods related with X- and y-rays give some indirect information about the chemical state, but 
they are not satisfactory in sensitivity and rapidity in response1'. 

By the use of a compound labelled with two different y-ray emitters at its two assigned positions, 
we can often observe the cleavage of the molecule between the two positions using a 
gamma-camera with two energy windows. We have intended to realize this observation, looking 
for some compounds suitablbe for exemplifying it, and show here a result obtained by l 4C- 1 2 5I and 
U C- I 2 3 I labelled 5-iodopentanoic acid [I] and 5-(p-iodophenyl)-pentanoic acid [II]. They were 
synthesized by the following routes; 

0-°-' (CHak-MgBr (CH ĵ-COOH 

HCH2)4-COOH 

5-Iodopentanoic Acid [I] 

I -^Vo- (CH 2 )4 -COOH 

5-(p-Iodophenoxy)-pentanoic Acid[II] 

The iodine compounds were labelled by isotope exchange (usually 80 % yield , in 15 min). The 
yields in the carbon labellings were 70 to 80 % for 1 4C and 5 to 20 % for "C (without decay 
correction). First, each 14C-compound (40 kBq) and 125I-compound (30 kBq, 10 n g) was 
separately injected into a mouse for the measurement of organ distribution. Then, a mixture of the 
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nC-compound ( 66 MBq) and 123I-compound (24 MBq, 30 fig) was injected into a rat, and the 
distribution of the two radionuclides were followed for 60 min by a gamma-camera with a pin-hole 
collimator coupled to a two-channel pulse-hight analyzer. 

Figures la and lb show the concentration of the radionuclides in the heart and stomach of mouse. 
From these and the results for other organs, it is clear that the cleavage between the radio-iodine 
and radio-carbon is much faster in Compd I than in Compd II. This is probably due to the higher 
stability of the aromatic C-I bond than the aliphatic C-I bond. Similar tendency was also observed 
in the organ distribution for 5-[125I]iodo-2-methyl-pentanoic acid, 5-iodo-2-[',1C]methyl-pentanoic 
acid, and 5-(p-[l25I]iodophenoxy)-2-methyl-pentanoic acid. Figures 2a and 2b show the result of 
the gamma-camera measurement in Compd I. Marked differences are clearly visualized in the 
behaviour of 1 2 3 I and "C. 

The measurement of chemical change in vivo is not only meaningful in the fundamental study of 
biochemistry but also expected to offer knowledge highly useful for the development of new 
radiopharmaceuticals. There are many other possible pairs of radionuclides for the double 
labelling, when those of rather limited accessibility are included. 

i i i i i i 0-| 1 j 1 1 1 1-
0 10 20 30 40 50 60 0 10 20 30 40 SO 60 

Time after injection (min) 

Fig. la Fig. lb 
DAR in the heart and stomach for 1 2 S I and I 4 C injected as Compds I and II. 
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« 1 ! 
Fig. 2a Fig. 2b 

Gamma-camera images of *23I (a) a n d n C (b) injected 
as Compd I. (Taken from 30 to 60 niin after injection ) 

Reference 

1. T. Nozaki, The 1989 Int. Chem. Congr. Pacific Basin Soc, Honolulu, Dec, 1989. 
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SYNTHESIS OF CARBON-11 LABELED DESIPRAMINE: A POTENTIAL 
RADIOTRACER FOR THE CARDIAC NOREPINEPHRINE TRANSPORTER. 
M. E. Van Port. L. Tluczek, P. S. Sherman, D.B. Raffel and D. M. Wieland. Division of 
Nuclear Medicine, University of Michigan Medical Center, Ann Arbor, ME 48109-0552. 

PET studies of the sympathetic nervous system of the heart in health and disease is 
an area of active research. Work at our institution (1,2) and others (3,4) have focused 
primarily on norepinephrine (NE) storage analogs such as 6-[F-18]fluorometaraminol, 
[C-ll]meta-hydroxyephedrine, 6-[F-18]fluorodopamine, and 6-[F-18]norepinephrine. 
Following release of NE within the synaptic cleft, the principal mode for termination of its 
action is reuptake via the neuronal membrane bound NE transporter. Dysfunctions in NE 
reuptake have been implicated in cardiac failure (5). Radiolabeled inhibitors of the NE 
transporter, therefore, represent an alternative approach for study of the role of the cardiac 
NE uptake system in myocardial disease. Desipramine (DMI) is a potent and selective 
inhibitor (IC50 = 0.82 nM) of NE reuptake (6). We report here the synthesis and 
preliminary biological evaluation of [C-11]DMI as a potential radiotracer for the cardiac NE 
transporter. 

[C-11JDMI and its desmethyl precursor (4) were synthesized as shown in Scheme 1. 
Treatment of the lithium salt of iminostilbene (1) with 1- bromo-3-chloropropane in 
benzene at reflux afforded 5-(y-chloropropyl)iminostilbene (2) in 65% yield. Condensation 
of 2. with dibenzylamine at 140 °C under neat conditions gave 2. in 60% yield. 
Deprotection of the benzyl groups was carried out with Pd(OH)2/ammonium formate in 
refluxing methanol to give desmethyldesipramine (£) in over 90% yield. [C-lljDMI was 
synthesized by direct N-methylation of this precursor with [C-ll]CH3l in DMF at 85 °C for 
5 min. Preparative normal phase HPLC using conditions previously described(7) 
[Phenomenex Selectosil 5u. NH2, 250 x 10 mm; hexane:isopropanol:methanol:diethyl-
amine (580:10:10:0.6)] provided [C-11]DMI in 20% decay-corrected radiochemical yield in a 
synthesis time of 45 min. The radiochemical and chemical purity was 95%. The 
radiotracer was formulated in normal saline:EtOH (95:5) for animal studies. 

[C-11]DMI shows rapid, high uptake in the mouse heart (10% and 5% injected dose/g 
at 5 and 15 min postinjection, respectively) in preliminary tissue distribution studies. 
High uptake of radioactivity was also observed in the lung at these time intervals. The 
tracer shows very rapid accumulation in the isolated perfused rat heart during constant 
infusion with a half-time of washout of 7 min. Further studies are in progress to evaluate 
the suitability of this radiotracer as a marker for the NE transporter. 

REFERENCES 

1. Wieland D.M., Rosenspire K.C., Hutchins G.D., Van Dort M.E., Rothley J.M., 
Mislanker S.G., Lee H.T., Massin C.C., Gildersleeve D.L., Sherman PS. and Schwaiger 
M. - J. Med. Chem. 22: 956 (1990). 

2. Rosenspire K.C., Haka M.S., Van Dort M.E., Jewett D.M., Gildersleeve D.L., Schwaiger 
M. and Wieland D.M. - J. Nucl. Med. 21: 1328 (1990). 

3. Ding Y-S., Fowler J.S., Gatley J.S., Dewey S.L., Wolf A.P. and Schlyer D.J. - J. Med. 
Chem. 24, 863 (1991). 
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SCHEME 1. SYNTHESIS OF [C-11]DESIPRAMINE 

H 
• i — \ ^ N 

^ 

-CI 

^ - N st> 

-N(Bn)2 

NH1 1CH3' 

[C-11£ 

Reagents and conditions: 
(a) 1-Bromo^-chtoropropane,UNH2,benzene,reflux; (b)Dibenzylamine, 140 C; 

(o)2Q% PdPf la, HCOONH4, CH3OH, reflux; (d) 1 1 CH 3 I , DMF, 85 °C. 5 min and HPLC purification. 
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SYNTHESIS OF AN OPTICALLY ACTIVE CALCIUM CHANNEL LABELLED 
ANTAGONIST FOR IN VIVO CARDIAC PET IMAGING 

DOLLE FrMeric1. HTNNEN Francoise1. DUVAL Raphael2. PEGLION Jean-Louis2 and CROUZEL Christian1 

1 Service Hospitalier Frederic Jolkrt - CEA - 4 place du General Leclerc - F-91406 Orsay - France 
2 Institut de Recherches Servier -11 rue des Moulinaux - F-92150 Suresnes - France 

Dihydropyridine (DHP) calcium entry blockers are clinically effective cardiovascular agents and have already 
been intensively studied to elucidate the molecular and conformational requirements for their interaction at the receptor 
level 1 . The in vivo determination of the myocardial density of DHP binding sites should allow the assessment of 
pathophysiological changes associated with heart disease, 

SllSeSft+A^-P-^-amirKjewoxyJemoxymemylM-^^'-dichlor^ 
nyI-6-melhyl-l,4-dihydropyridine) has an in vitro profile of high potency and of high selectivity for the low-voltage 
dependent L-type calcium channel. It was labelled with •'C for in vivo cardiac PET (Positron Emission Tomography) 
imaging in Beagle dogs 2. In contrast with first generation DHP (such as isradipine (PN 200-110]) this antagonist does 
not have a rapid wash-out from the myocardium. Moreover, its myocardial concentration increases after a bolus 
injection to reach a maximum in 2 minutes and then remains on a plateau with a slight downslope while the blood 
concentration falls rapidely. Studies of the reversibility of in vivo binding in dogs (examined via displacement 
experiments) show that the specific binding is up to 80%. 

Like for most chiral DHPs, one enantiomer is more active than the other one 3 , and in our case the S-
enantiomer (8. S12968 or (-)-S11568) is described to be the more potent (6- to 18- fold) 4. So. as the use of the 
racemate SI 1568 is now a limitation for the ongoing studies, we decided to synthesize the appropriate enantiomeric 
precursor for both 3 H and 1 ! C labelling of the corresponding more active DHP. 

The total synthesis of the carboxylic acid precursor 7 (2-[2-(2-aminoethoxy)ethoxymethyI]-4-(2\3'-
dichlorophenyl)-3-ethoxycarbonyI-5-(carboxylic acid)-6-methyl-l,4-dihydropyridine) is described in scheme 2. The 
syntheses of the two required P-kelo esters (2 and 4) are described in scheme 1. Activation of the carboxylic acid 
function with CDI, condensation with Meldrum's acid and opening with the appropriate alcohol gave the desired 
building blocks in good yield (80% and 60%). Hantsch synthesis of the dihydropyridine (scheme 2) started with the B-
keto ester 2 and commercial 2,3-dichlorobenzaldehyde. The corresponding benzylidenes 5 were obtained in moderate 
yields (50%) as a Z/E mixture (Z/E: 3/7). Condensation with the second B-keto ester 4 and a source of ammonia gave 
the expected disubstituted dihydropyridine 6 in good yield (70%). Deprotection of the amino group occured 
simultaneously with regeneration of the carboxylic acid function when methylamine was used, to give 7 as a racemic 
mixture in high yield (90%). 

Chiral-HPLC separation of DHP 7, as well as other N-derivatives, performed on a selection of analytic 
DAICEL Chiralpak® AD/AS and DAICEL Chiralcel® OC. OD. OJ, OF columns looked very promising. Semi-
preparative and preparative separation are currently underway 

The radiosynthesis of I1 •Cj-S 12968 (8) will be similar as the one published5 for [ n C]-Sl 1568 (scheme 3). 

1. Rovnyak G.C. el a!.- J. Med. Chem. 2& 119 (1995). 
2. Valette H. el at.- Life Sciences 55:1471 (1994). 
3. Goldmann S. et al.- Angew. Chem. Int. Ed. Engl. 3_Q: 1559 (1991). 
4. Randle J.C.R. et al.- European J. of Pharmacology 12Q: 85 (1990). 
5. Crouzel C. el al.- Appl. RadiaL Isot. 41: 241 (1990). 
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Reagents and conditions: (a) 23-dichlorobenzaldehyde, piperidine, hexanoic acid, CsH6 Â nm (Dean-Stark), 5h 
; (b) P-keto ester 4, HCO2NH4. EtOH, 40°C, 48h; (c) aq. CH3NH2,25°C. 4h. 
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Radiosynthesis of S12968 (-)-Sl 1568 
Scheme 3 
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New Preparation and Evaluation of 3-r76Br1bromobenzvlquanidine (r76Br1-MBBG) 
as a Tool for PET Imaging of Adrenergic Tumors 
LOCH. C1; NGUYEN, G1; HUNTER, D1; MARDON. K'; CLERC, J 2 ; MERLET, P1; 
LUMBROSO, J 2 ; SYROTA, A1; and MAZIERE, B1,1-Service Hospitaiier Frederic Joliot, 
CEA, F-91406 Orsay, France, 2- Institut Gustave Roussy, F-94805 Villejuif, France. 

Meta-iodobenzylguanidine (MIBG), an analogue of norepinephrine (NE), is transported, 
stored and released in the adrenergic neuron by the same mechanisms as NE (1). 
Radioiodinated MIBG has been used for the detection and the therapy of 
neuroendocrine tumors. For PET assessment of catecholamine reuptake in various 
heart diseases, [^BrJ-meta-bromobenzylguanidine (pBrJ-MBBG) was prepared from 
MIBG using a bromodeiodination copper assisted substitution reaction (2). Here, we 
described a new, efficient and rapid preparation of [̂ BrJ-MBBG using the trimethylsilyl 
analogue as precursor and nca [^Br] distilled directly from the irradiated target 
The 3-trimethylsiiylbenzylamine has been prepared in 4 steps (3). We synthesized this 
intermediate in 2 steps starting directly from 3-bromobenzylamine hydrochloride 
(Scheme 1). To a solution of 2 mmol of 3-bromobenzylamine-HCI in 25 ml THF at -75°C 
was added 8 mmol of butyllithium in 3.2 ml pentane. 1h later, 6 mmol of trimethylsilyl 
chloride was slowly added, the mixture was warmed to room temperature overnight and 
hydrolysed. After evaporation of THF, the crude product was extracted with ether, dried 
over Na2SC>4 and precipitated as 3-trimethylsilylbenzylamine hydrochloride by gazeous 
HCI (65% yield). 3-trimethylsilylbenzyguanidine hemisulfate was classically obtained 
(4) by heating at 100°C, for 4h, 3-trimethylsilylbenzylamine HCI with 4 eq of cyanamid 
and by precipitating the bicarbonate salt and finally the hemisutfate (68% yield). 
[^Br] was produced by irradiation of 0.8 g arsenic target with a beam of 30 MeV fHe] 
ions. The target was dissolved in 20 ml concentrated H2SO4 at 180°C. After cooling, 2 g 
of Cr03 in 6 ml water were added. The radioactive bromine was carried out with a 
nitrogen stream into a reaction vial containing 200 ug of 3-
trimethylsilylbenzylguanidium hemisulphate and 50 ug of chloramine-T in 300 pi 0.05 M 
HCI. 15 min later, [^BrJ-MBBG was purified by RP-HPLC with a mixture of 0.01 M 
NaH 2P0 4, CH3CN (85/15,v/v) as eluent [̂ BrJ-MBBG was obtained in a 90% 
radiochemical yield. The chemical and radiochemical purities were >98% and the 
specific radioactivity was 20 GBq/umol. 

In rats, biodistribution kinetic studies confirmed a preferential uptake of [̂ BrJ-MBBG in 
organs with rich adrenergic innervation such as the heart and the adrenals. In heart 
tissue the uptake reached its maximum of 5% ID/g at 2 h pi, whereas at 4 h the 
maximum of the heart/lung and heart/blood radioactive concentration ratios were 
respectively 8 and 48. 
In nude mice, which were transplanted with pheochromocytomas (PC12), a very high 
uptake of [^BrJ-MBBG (80±7 % ID/g) was observed in the tumor 8 h after injection. This 
uptake which was at least 16 times higher than in other tissues decreased slowly with 
time (Figure 1). 
In humans, preliminary investigations in patients suffering of neural crest tumors 
demonstrated that [^BrJ-MBBG has the potential of being developed as a useful agent 
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for the localisation of adrenergic tumors, for the quantification of tumor uptake and for 
therapeutic response monitoring. 

1. Wieland D.M., Brown L.E., Rogers W.L. et al - J. NucI Med., 22:22 (1981) 
2. Loc'h C, Mardon K., Valette H. et al - NucI. Med. Biol., 21:49 (1994) 
3. Vaidyanathan G. and Zalutsky M.-Appl. Radiat Isot., 44:621 (1993) 
4. Wieland D.M., Wu J.L., Brown LE. etal - J . NucI. Med., 21: 349 (1980) 
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Figure 1: Radioactive concentration of [ Br]-MBBG in mice. 
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MELATONIN BINDING SITES: 1 1 C - AND 18F.|_ABELLED MELATONIN AGONISTS 

G. Firnau, J.J. Chen, B. Schulze, D. Murthy, L.P. Niles and R. Defrance* 
Chedoke-McMaster Hospitals, McMaster University Medical Centre, Hamilton, Ontario, Canada and 
"SERVIER, Courbevoie, France 

The neurohormone melatonin is a chemical signal to entrain the circadian rhythm in animals and 
humans. Binding sites on receptors for melatonin are part of the biological clock which is localised in 
the suprachiasmatic nuclei (SCN) of the hypothalamus. They have been identified in brain slices in 
vitro using 2-[125l]iodo-melatonin (1) including those of human hypothalamus (2). No PET-
method exist yet to visualise and measure melatonin binding sites in humans. In the absence of a well 
characterised antagonist, we have synthesised high-affinity agonists labelled with 1 1 C or 1 8 F and 
have investigated their ability to delineate melatonin binding sites with PET. Four agonists have been 
labelled: 2-iodo-[11C]melatonin, [1 1C]S-20098, [18F]S-20755 and [18F]S-20MFA. 
Synthesis of 2-iodo-[11C]melatonin: 
Deacetylation of 2-iodo-melatonin yieded 2-iodo-5-methoxy-tryptamine (3) which was used as the 
precursor amine for radio-acetylation with [11C]acetylchloride. It was produced from 1 1 C02 
( 1 4N(p,o) 1 1C; HMeV p; Siemens RDS) by a Grignard procedure, 1 1 C02 + CH3MgBr -* 
CH311COOMgBr + phthaloyi chloride -* CH311COCI (4). 2-lodo-[11C]melatonin was isolated from the 
reaction mixture by solid phase extraction (Silica SepPeak) and elution with CH3CN:CHCl3 (90:10). 
Formulation in saline for injection. Radiochemical yield 19 ± 3 % (n=5; 11C02=100%, dec. corr). 
Radiochemical and chemical purity >95 %. Spec. act. 0.5-1 Ci/^mol at EOS. 

NHCOCHj NH 2 NH"COCHs 

CH 
3 i Q Q - H NaOH,Na^r'0lQrV-- CH^COC^lQ^V. 

I inisobuunol I I 
H H H 

2-iodo-mektonin 2-iodo-5-methoxy-tiyptamine 2-iodo-["Clmclatomn 

Synthesis of [ 1 1C]S-20098: 
Radio-acetylation (4) of 7-methoxy-naphthylenyl-1-ethylamine with [11C]acetyl chloride gave [ , 1C]S-
20098. 

r^^NHj r^^VNH,,COCH3 

CHjO^y^v^L CH3"COCI CHjO^sw^ CO CO 
7-MeUK»y-niphthyIenyl-l-ethyUmine 7-Methoxy-naphlhylenyl-l-elhyl-N-acelamide. (' 'C|S-20098 

It was separated from the reaction mixture by solid phase extraction with C-18 SepPak and elution 
with ethanol. Formulation in saline with 0.5% Tween 80. Radiochemical yield 16 ± 3 % (n=l0; 1 1 C02 
= 100%; dec.corr). Radiochemical and chemical purity >96%. Spec. act. 0.2-0.7 Ci/jimol at EOS. 
Synthesis of [ 1 8F]S-20755: 
The synthetic route is given in Scheme 1. Ethyl bromodifluoroacetate (D was hydrolysed to 
difluorohydroxy-acetic acid (2) which was brominated to give bromodifluoroacetyl bromide (3).N-
Acetylation of the precursor amine (4) with 3 gave 5. Nucleophilic displacement of Br in 5. by 1 8 F _ 

( 1 80(p,n) 1 8F; 11 MeV p; high pressure 1 80-water target; Siemens RDS) gave [18F]S-20755 (6) 
which was isolated by HPLC (silica, CHCI3/CH3CN 95:5). Radiochemical yield 1.5±0.5 % (n=4; dry 
I8p =100%, dec. corr.). Spec act. >2 Ci/|imol at EOS. 
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Synthesis of [1 8F]S-20MFA: 
The bromine in 7-methoxynaphthyl-1-ethyl-N-bromoacetamide, S-20251, was substituted with 1 8 F 
by nucleophilic displacement. The product 7-methoxy-naphthyl-l-ethylamine-N-
(18Flmonofluoroaeetamide, I18F]S-20MFA, was isolated by HPLC (silica lOjim, CHCI3/CH3CN 
100:1.2). Radiochemical yield 4±0.3% (n=10; dry 18F-=100%) Spec. act. >3 Ci/nmol at EOS. 
Identification by mass spectr. on a milligram sample (chem.ion. with NH3): m/z, 262(100%, M+1), 
279(40%, M+I+NH3). 

""NHCOCHjBr f ^NHCOCH^'F 

C H j O ^ ^ v ^ s . , 8 F , K 2 C 0 3 , K W t o f i x C H 3 O v 

i n C H 3 C N 

S-20251 ( 1 8F1S-20MFA 

Pre-clinical Evaluation: 
The affinities of the agonists for the melatonin receptors in the brain were measured by competitive 
binding assay (5,6) with 2-I125l]iodo-melatonin as radioligand. Table 1 shows that the SERVIER 
compounds have affinities equal to or higher than that of native melatonin. The time course of 1 1 C and 
1 8 F in the organs of the rats was determined after i.v. injection of either 2-iodo-[11C]melatonin, 
[11C]S-20098 or [18F]S-20755. Based on the distribution data, the radiation dose to a human was 
estimated using standard procedures (7). The whole body exposure (effective dose equivalent) was 40 
mrem/mCi of 2-iodo-[11C]melatonin injected and 42 mrem/mCi of [11C]S-20098 and 123 
mrem/mCi of [18F]S-20755. 

PET Scanning: 
After i.v. injection of either 2-iodo-[11C]melatonin (10mCi/human) or [18F]S-20755 
(5mCi/human) the ECAT recorded 31 transaxial slices with time. The images showed no preferential 
retention in the hypothalamus. Both tracers cleared very rapidly from both blood and brain (Fig.1). 
However, uptake was observed in the vasculature to the brain (circle of Willis). 

Conclusion: 
For the first time the melatonin receptors in the vasculature (8) have been visualised with PET. 
However, the labelled agonists examined are not suitable to delineate melatonin receptors in the 
suprachiasmatic nuclei. Two factors may contribute to this failure, first the short sojurn time of the 
labelled agonists at the receptor site and, second, the low receptor density in the hypothalamus. Labelled 
antagonists that bind with high affinity to the melatonin receptor are expected to be more successful 
canditates than agonists used in this study. 

1. Tenn, C and Niles LP. Mol Cell Endocrinol 98, 43 (1993) 
2. Reppert SM, Weaver SA, Rivkees SA et al. Science 242,78 (1988) 
3. Bertholet R and Hinsbrunner P. Europ.Pat Off. 130 303 A1 (1985) 
4. LeBars D, Luthra SK, Pike VW et al. Appl Radiat Isot 38, 1073 (1987) 
5. Ying S-W and Niles LP. J Neuroctiem 56,580 (1991) 
6. Ying S-W, Niles LP, Pickering D and Ye M. Mol Cell Endocrinol 85, 53 (1992) 
7. International Commission of Radiation Protection (Document ICRP-53, "Radiation dose to patients from 
radiopharmaceuticals", published in 1987 and ICRP-42). 
8. Viswanathan M, Laitinen JT and Saavedra JM. Proc Natl Acad Sci USA 87, 6200 (1990) 
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Scheme 1 
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Tablel: Binding affinities to melatonin 
receptor In the chick brain 

Ugand K( [M| 

Melatonin 3.8 x 10- 1 1 

2-lodomelatonin 2.5 X 10- 1 1 

S-20098 2.8 X 10- 1" 
S-20755 3.7 X 10" 1 1 

S-20MFA 1.3 x 10- 1 1 Rgure 1: Time course of 1 1 C in an equal volume of interest in 
the brain (left) and blood (right) after injection of 2-iodo-
[11C]melaton!n into a human volunteer 
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Evaluation of melanoma seeking N-fdialkvlaminoValkvl-[^^^»^ll1iodoberizarnides 
by animal and cell-culture studies 

COENEN, H.H.; BRANDAU+ W.; DITTMANN*, H.; DUTSCHKA, K.; 
NIEHOFF1-, T.; PULAWSKI+ P.; ZOLZER*. F.; SCIUK+ J.; STREFFER*, C; 
AG Nuklearchemie und Radiopharmazie and *Institut fur Strahlenbiologie, 
Universitatsklinikum Essen, +Klinik furNuklearmedizin, Universitat Munster, FRG 

N-alkyl-substituted [^Tjjodobenzamides were recently shown in first clinical studies 
to be potent melanoma imaging agents (1,2). For a systematic evaluation of the in vivo 
structural-distribution-relationship (SDR) and the effect of lipophilicity, a series of the 
positional iodoisomers of N-alkyl-substituted benzamides were examined of which the 
structures are given below (m = 2, 3; n = 1, 2). The N-ethylene-piperidinyl derivatives 
were included for comparison (3). Using the corresponding bromo-precursors, which 
were synthesized in one step by reaction of benzoyl chlorides with appropriate 
alkylamines, labelling was achieved by Cu(I)-assisted non-isotopic exchange in acetic 
acid at 180 °C with a high radiochemical yield (80 to 95 %) and specific activity (4). 

O^ NH / ( C H 2 ) n H 
V ^(CH2)m-N 

JL N ( C H 2 ) n H 

o-f m-, p-ABA-m-n o-„ m-, p-ABA-2-pip 

Incubation of 13 ll-Iabelled analogs with murine B16/C3 melanoma cells in a culture 
medium (D-MEM/HAM F12 (1:1) plus 10 % fetal calf serum) indicated no essential 
effect of incubation time (1 to 6 h) or specific activity (10 MBq/umol to 110 
GBq/umol) on the incorporation fraction. However, when the pH of the medium was 
varied between 6.6 and 8.0, a strong effect on the incorporation of p-ABA-2-2 with a 
maximum at pH 7.8 was found which paralelled the varying total amount of melanine 
produced in the culture. Correspondingly, almost no incorporation was found when 
cells were grown in tyrosine-free medium where melanine is not synthesized (cf. Table 
1). This supports a correlation of tracer uptake and melanine production. 
Surprisingly, no influence of the alkyl side-chain on the cell incorporation at pH 7.8 
could be detected. All meta- and para-iodobenzamides exhibited a comparable uptake 
of 90 to 110 % relative to p-ABA-2-2 at 1, 2 and 6 h of incubation. All ortho-
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derivatives uniformly showed a 30 to 35 % lower incorporation. No uptake (< 0.2 %) 
into cells was found with the non-alkylated para-iodobenzamide. 

Table 1: Incorporation of p-*I-ABA-2-2 and melanine production in murine B16/C3 
melanoma cells in culture medium with and without tyrosine at pH 7.8 

incubation melanine [ug]* incorporation [%]* 

time [h] +tyr -tyr +tyr -tyr 

1 0.64 0 2.10 0.013 

2 0.81 0 3.20 0.019 

8 0.87 0 3.13 0.013 

* values related to 10,000 cells 

In contrast, pharmacokinetics and organ distribution in nude mice bearing human 
melanoma (SKL-MEL-25), were strongly influenced by the isomeric position of 
radioiodine and the type of alkyl chain of ABA-2-1 and -2-2 (cf. Table 2). The uptake 
in the liver was exponentially correlated (r = 0.90) with the increasing lipophilicity of 
the derivatives as determined by HPLC. For both alkyl chain lengths the meta-
derivatives showed less favourable biokinetics, especially with respect to liver and 
tumor uptake, than the ortho- and para-compound. 
In the tumor, the highest uptake of 12 % ID/g was found at 4 h p.i. with o-ABA-2-2 
and at 48 h p.i. with p-ABA-2-2 (2.9 % ID/g). Tumor/non-tumor ratios of up to 300 
were detected for blood and muscle at 24 h and 48 h p.i. with o- and p-ABA-2-2. The 
highest tumor/liver ratios of up to 12 and 75 were observed with o-ABA-2-2 at 24 h 
and 48 h p.i., respectively. These high ratios were caused by rapid metabolization and 
renal excretion of background activity. HPLC-analysis of urine revealed ortho-
iodohippuric acid as the main metabolite after injection of o-ABA-2-2. 
Scintigraphic studies at 4 h and 24 h p.i. in mice allowed a clear distinction of tumor 
from surrounding tissue. Similar to the uptake in the liver, tumor delineation correlated 
with increasing lipophilicity. The best detectability, however, was achieved with the 
ortho-derivatives due to the faster metabolic clearance of background activity. Except 
for o-ABA-2-1 at 24 h p.i., no significant thyroid uptake could be observed, indicating 
sufficient stability of the tracers against in vivo deiodination. 
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Table 2: Organ distribution of isomers of n.c.a. [123i]j0d0_ABA-2-l and -ABA-2-2 in 
human melanoma (SKL-MEL-25) bearing nude mice 4 h p.i. (% inj. dose/g) 

Organ ABA-2-1 ABA-2-2 

ortho- meta- para- ortho- meta- para-

tumor 2.8 2.3 4.3 10.9 3.2 7.8 

blood 0* 0 0 0.4 0.2 0.3 

liver 0 0.7 0.2 0.7 2.9 5.8 

muscle 0 0 0 0.3 0.2 0.4 

± 20 % standard deviation; * values < 0.1 % 

The results indicate that studies with cell-cultures can provide information on the 
uptake mechanism, as shown here for the dependence of incorporation on melanine 
production. They are not sufficient, however, for the prediction of the in vivo tracer 
kinetics in mammals. In contrast, the animal studies demonstrate that organ distribution 
is dependent on features of the chemical structure as well as physiological processes 
which strongly influence tracer availability and background activity. A further 
optimization of the structure of iodobenzamides for melanoma imaging and therapy 
may be possible by taking into account the correlation between chemical structure, 
lipophilicity, and metabolism found in this study as well as specific activity. 

[1] Michelot J M, Moreau MFC, Veyre A J et al. - J. Nucl. Med.34,1260 (1993) 
[2] Brandau W, Kirchner B, Bartenstein P et al. - Eur. J. Nucl. Med. 20. 238 (1993) 
[3] John C S, Bowen W D, Saga T et al. - J. Nucl. Med. 34,2169 (1993) 
[4] Coenen H H, Dutschka K, Brandau W - J. Lab. Comp. Radiopharm. 35,. 222 (1994) 
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Synthesis and Evaluation of [F18] Labeled Benzamides: High Affinity 
Sigma Receptor Ligands for Imaging Tumors. 
C. S. Pence. C. S. John, R. E. Goree, W. D. Bowen and M. J. Welch. 
Mallinckrodt Institute of Radiology, Washington University School of 
Medicine, St. Louis, MO, 63110, and George Washington University Medical 
Center, Washington DC and NIDDK, NIH, Bethesda, MD, 20892. 

Benzylpiperidinyl iodobenzamides have recently been shown to possess high 
affinity for sigma receptors1. Sigma receptor subtypes are expressed in a 
variety of human tumor cells2. In order to develop sigma receptor ligands for 
imaging tumors using PET, we have designed, synthesized and characterized 
fluorinated halobenzamides. The nonradioactive compounds, ( N-
fluorobenzylpiperidin-4-yl)-4-halobenzamides, were debenzylated using 1-
chloroethyl chloroformate and then rebenzylated with fiuorobenzyl bromides. 

The fluorine-containing benzamides were evaluated for their sigma-1 
affinities in guinea pig brain membranes using [H-3]-(+)-pentazocine. 
Likewise, sigma-2 affinity was determined in rat liver membranes using [H-
3]DTG in the presence of dextrallorphan to mask sigma-1 sites. All 
compounds were found to have high sigma-1 affinities ( Ki = 3.03-9.63 nM ) 
and the 4-fluoro substituted benzamides were found to be more potent at 
sigma-2 sites (Ki = 18-19 nM) than their corresponding 2-fluoro analogs (Ki = 
102-156 nM). 

The radiochemical syntheses of these analogs were performed as indicated in 
Figure 1. The 2- or 4-[18F]fluorobenzyl iodide was synthesized from the 2- or 
4-N02-benzaldehyde by reduction/iodination with diiodosilane3-4, followed by 
rapid purification of the mixture with newly developed solid-phase media that 
consisted of 10% solutions of sodium bicarbonate and sodium thiosulfate 
bound to silica gel. The debenzylated substrates (1) were reacted with 2- or 4-
[18F]fluorobenzyl iodide in dimethylformamide and triethylamine, using 
conventional or microwave heating. The products (2a-d) were purified by 
HPLC on a silica column. The synthesis time was about 90 min, with a 
radiochemical purity better than 99% , a total radiochemical yield of 10-30 % 
(decay corrected) and a specific activity between 800-1200Ci/mmol. 
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The biodistribution of the 2-[18F]-4-I analog (compound 2c) at 1, 2 and 4 
hours has been performed in rats. The results, presented in Table 1, show 
that the compound accumulates in the liver, lungs, kidney, heart and brain, 
structures known to possess sigma receptors. Blocking experiments at one 
hour with haloperidol (5 \ig per rat, co-administered with the radioactive 
analog) showed that the uptake in these organs was inhibited by 61% (lung), 
45% (kidney), 47% (heart) and 38% (brain), indicating specific binding to 
sigma receptors. The regional brain biodistribution of this compound showed 
the highest accumulation in the cortex and cerebellum, followed by the 
striatum. 

Acknowledgments: This work was supported by NIH grants No. POIHL 
13851 (Washington Univ.) and CA58496 (George Washington Univ.). 
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TABLE 1 

Rat biodistribution of 2-[18F]-(fjUorobenzylpiperidin-4-yl)-4-
iodobenzamide (2c); %ID/g 

TISSUE 1HOUR 2 HOURS 4 HOURS 

Blood 0.0231 + 0.0024 0.0159 + 0.0019 0.0130 + 0.0014 

Lung 2.0360 ±0.5541 2.1186 + 0.4631 1.9801 ± 0.3777 

Liver 7.0055 + 0.7212 7.6601 ± 0.5912 7.7666 ± 1.6929 

Kidney 1.6563 + 0.1968 1.5397 ± 0.3680 1.5654 + 0.1519 

Heart 0.4782 ± 0.0713 0.4927 ± 0.0814 0.4931 + 0.0249 

Brain 1.3133 ±0.1645 1.3062 + 0.1868 1.3598 ± 0.1040 

Bone 0.5308 ± 0.0582 0.4731 ± 0.0966 0.4625 + 0.0206 
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Synthesis and In Vivo Evaluation of 1 2 3I-l-(2-Hydroxyethyl)-4-[(4-iodophenoxy)-
methyljpiperidine: A Novel Sigma Receptor Ligand that Exhibits High Uptake in B16 
Melanoma in Mice. 
R. N. Waterhouse. T. L. Collier and J. C. O'Brien 
Biomedicine and Health Program, ANSTO, Lucas Heights, Australia 2234-

In recent years there has been effort in the development of radiolabeled sigma (a) receptor 

ligands for several possible applications in nuclear medicine. While specific uses for sigma receptor 

radioligands in neurology have yet to be determined, there is evidence that such agents have potential 

in the detection of malignant melanoma and various other types of cancer. Sigma receptor sites are 

expressed in a wide variety of human tumours, including malignant melanoma and cancers of the 

breast, colon, lung and brain (1-3) and some radioligands with affinity for these sites exhibit good 

tumour uptake in vivo (4). Recently, one ,23I-labeled sigma receptor ligand has been reported as a 

potential SPECT imaging agent for the detection of malignant melanoma in humans (5). In order to 

provide imaging agents for detection of cancer by single photon emission computed tomography 

(SPECT), 123I-l-(2-hydroxyethyl)-4T[(4-iodophenoxy)methyl]piperidine, 1 2 3 I - I , has been prepared 

for in vitro and in vivo characterisation. 

The synthesis o f ! is outlined in Scheme 1. Briefly, 4-hydroxymethylpiperidine was reacted 

with di-te/r-butyl dicarbonate in dichloromethane to provide l-(ze/r-butoxycarbonyl)-4-

hydroxymethylpiperidine, 3_. Next, 3 was dissolved in ethanol-free dichloromethane and treated with 

methanesulfonyl chloride in the presence of anhydrous triethylamine to provide the mesylate 4. The 

sodium salt of 4-iodophenol was prepared in anhydrous N,N-dimethyl formamide and stirred with 4 

at 75*C for 24 hours to provide l-(K«-Butoxycarbonyl)-4-[(4-iodophenoxy)methyl]piperidine, §.. 

Compound £ was then stirred in a mixture of dichloromethane and trifluoroacetic acid (3:2 v/v) for 30 

minutes at room temperature to yield 4-[(4-iodophenoxy)methyl]piperidine, 6. The amine 6. was 

mixed with 2-bromoethanol in ethanol-free dichloromethane in the presence of pottasium carbonate 

the provide the target compound, X. The stannane precursor 7_ used to prepare , 2 3 I - i was 

synthesized by reacting I with bis(hexabutyltin) in toluene at reflux in the presence of a palladium 

catalyst (Scheme H). Purification of 2. was accomplished using gravity chromatography [silica gel; 

ethyl acetate / ethanol 1:1 (v/v); rf = 0.36]. Radioiodination of 1 was performed by classical 

electrophilic iododestannylation methods under acidic conditions using chloramine-T as the oxidant. 

Briefly, Na , 2 3 I (in 0.1 N aqueous NaOH, 50 uL) was added to a 1.0 ml Wheaton vial followed by 

glacial acetic acid (15 uL), chloramine-T [in ethanol / water 85:15 (v/v); 30 ug, 30 uL] and 7 (in 
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ethanol; 1 mg, 100 uL). The vial was gently shaken and allowed to stand for 1 minute. Next, 

aqueous sodium bisulfite was added (50 ng, 50 uL) followed by 50 mg dry potassium carbonate. 

After standing ten minutes, the reaction mixture was decanted and the radioligand purified by 

reversed-phase high performance liquid chromatography (HPLQ [Activon GoldPak ODS B (25 X 1 

ml)] using a mobile phase of methanol/water 85:15 (v/v) and a flow rate = 2.0 ml/min. As 

determined by HPLC (234 nM), the specific activity of the product was greater than 2000 mCi/umole 

(Rt = 11.5 minutes) and radiochemical purity was >99%. The radiochemical yields were 60-75% 

EOS and the average time of synthesis and purification was 30 minutes. 

In vitro characterisation of 1 in various receptor binding assays revealed the ligand has good 

affinity for the sigma receptor site (Ki = 32 nM), moderate affinity for serotonin 5HT2 (Ki = 335 nM) 

and 5HT3 (Ki = 818 nM) receptors and low affinity (Ki > 10,000 nM) for PCP, NMDA, muscarinic 

Mj, M2, M3, dopamine Dj, D2, alpha and beta receptors. Evaluation of 1 2 3 I -1 in nude mice with 

B16 melanoma tumours revealed high uptake of radioactivity in tumour tissues (16.42 +/- 234 % 

ID/g at 24 hours) and good tumour / tissues ratios were obtained for all organs examined except for 

the liver (Table I). The uptake of radioactivity in tumour tissues appeared to be irreversible, whereas 

radioactivity was lost from normal tissues over the course of the study. These results indicate that 

further evaluation of this radioligand for detection of cancer by SPECT is warranted. 

Table 1. Tissue Distribution (%ID/gram) of [ I 2 3 I ] -1 in Nude Mice with B16 Melanoma (N = 5). 

TIME 1HOUR 2 HOUR 4 HOUR 16 HOUR 24 HOUR 48 HOUR 
ORGAN MEAN S.D. MEAN S.D MEAN S.D MEAN S.D MEAN S.D MEAN S.D 

LIVER 23 .16 3.96 26 .69 1.05 26 .4 3.57 18.3 0.79 14.16 2 .03 10 .03 0.86 
SPLEEN 5 .42 1.15 6 .03 0.91 5 .78 0.77 4 .32 0.37 3 .01 0 .25 1.78 0 .46 
KIDNEY 8.63 0.57 7.98 0.54 6.46 0.56 3.38 0.4 2.66 0.22 1.63 0.24 
MUSCLE 1.97 0.6 1.63 0.71 1.05 0.44 1.01 0.38 0.72 0.15 0.41 0.09 

SKIN 4 .78 0 .82 4 .86 0 .72 4 .88 0.98 4 .03 1.05 4 .13 0 .69 2 .98 0 .93 
LUNGS 8.13 2 .28 8.18 1.79 6.95 0.69 3.88 0.78 3.09 0 .42 2.05 0.24 
HEART 4 .03 0.26 3.82 0 .25 3 .38 0.33 1.81 0.13 1.36 0.24 0.85 0 .09 
BLOOD 0.43 0 .07 0 .37 0 .09 0.28 0.05 0.24 0 .03 0.3 0 .07 0 .19 0 .02 

BLADDER 3.37 1.05 3.75 1.57 4.71 2.18 7.11 1.31 6.82 2.45 2.86 0.96 
STOMACH 4.81 1.17 3 .12 0.85 2 .13 0.73 1.62 0.95 0.73 0.07 0.72 0 .12 

GIT 5 .66 0.76 5 .69 0.31 4 .51 0.28 3.09 0.19 2 .33 0 .17 1.52 0.3 
TAIL 5.74 0.95 4.01 1.21 5.95 4.08 3.26 1.56 3.99 0.8 2.7 0.85 

BRAIN 8.32 1.27 7.53 0.21 5.9 0.32 3.98 0.24 3.18 0.28 1.76 0.18 
THYROID 3 .52 0 .72 3 .44 1.07 3 .84 1.31 10.331 2.75 7.21 2 .42 8.03 2 .92 

TUMOR 11.71 2.64 12.25 2 .06 11 .31 3.24 12.46 0.78 16 .42 2.34 12 .99 4 .28 
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Scheme I: Synthesis of [ 1 2 3 l l -1 from 1 

"H2OH ._ ,_ CH2OH CH,OMs 
r (BociO r MsCl • 
^ EtjN.CHjClj ^ J CH2^,2 ^ y 

N N 92% f / N 78% 
BOC p y r i d i n e 

2ci2 I J 

^"S " £ 8 2 % \ ^ ] 

quantitative 

2-bromoethanol 
K2CO, I CH2C12 1 [(Phj)PlPd(O) 
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SYNTHESIS. COMPARATIVE EVALUATIONS OF IN-VITRO BINDING AFFINITIES. AND IN-VTVO 
rr.F.ARANCES OF n-1251fN-BENZYLPIPERIDIN-4-YIJVIOnOBENZAMIDE.S. 
C.S. John. M.E. Gulden, B.J. Vilner, R. Venugopal and W.D. Bowen. 
Radiopharmaceutical Chemistry Section, Department of Radiology, George Washington 
University Medical Center, Washington, DC 20037 and Laboratory of Medicinal Chemistry, 
Unit on Receptor Biochemistry and Pharmacology, NIDDK, NIH, Bethesda, MD 20892. 

N-Benzylpiperidinyl iodobenzamides have recently been shown to possess high affinity 
for both sigma-1 and sigma-2 receptor subtypes (1). We also characterized the expression 
of sigma-1 and sigma-2 subtype receptors in several human and rodent tumor cell lines 
using tritiated probes such as [3H](+)-pentazocine and [3H]l,3-di-o-tolylguanidine 
([3H]DTG) that label sigma sites (2). We have been interested in design, in-vitro and 
in-vivo evaluation of radiopharmaceuticals for SPECT and PET imaging that would label 
sigma sites in-vivo. A high affinity sigma radioligand N-[2-(piperidinylamino) 
ethyl]-4-iodobenzamide (IPAB) has been shown to label sigma receptors present on 
melanoma tumor xenograft in vivo and to visualize tumors in nude mouse model (3). An 
ideal sigma receptor-specific tumor imaging agent would possess a) high in-vitro and 
in-vivo affinity for both sigma-1 and sigma-2 sites, b) fast in-vivo clearance from the 
normal tissues and organs, and c) have a high uptake and retention in the tumors. 
Thereby sigma sites could be used as external markers for non-invasive imaging of 
several human malignant diseases. 

The synthesis and binding affinities of [I-125](N-benzylpiperidin-4-yl) -4-iodobenzamide, 
4-[I-125]BP to MCF-7 breast cancer cells were recently reported. The binding of 
radioiodinated 4-[I-125]BP to MCF-7 breast tumor cells was shown to be inhibited with a 
high affinity using the sigma ligands haloperidol, and DTG (1). To evaluate the in-vivo 
tumor imaging potential of radioiodinated 4-IBP, the biodistribution in rats was 
performed. These studies showed a high uptake and a slow clearance of the 4-[I-125]BP 
from normal organs such as liver. We therefore, prepared and evaluated 2-[I-125]BP and 
3-[I-125]BP as potential sigma receptor-specific tumor imaging agents. Tributylstannyl 
precursors were prepared in modest yields from palladium catalyzed reaction of the 
corresponding bromo precursors with bis(tributyltin). Oxidative iododestannylation in 
presence of chloramine-T gave high (71-88 %) yields of radioiodinated ligands (Scheme 
1). 
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The in-vitro binding properties of the radio-iodinated IBP's were studied in human 
melanoma (A375) and breast cancer (MCF-7 and T47D) cells. The inhibition constants (Ki, 
nM) for the sites labeled by 4-[I-125]BP in MCF-7 cells for various compounds are given in 
Table 1. The inhibition constants (Ki, nM) for sites labeled by 4-[I-125]BP in T47D cells for 
4-IBP and haloperidol were found to be 29 and 8 nM respectively. However, the curves 
were biphasic implying the presence of two sites. A representative example is shown in 
figure 1. The in-vitro binding for the sites labeled by 2-[I-125]BP in T47D breast and A375 
melanoma cells also exhibited high affinities for haloperidol (1.91 and 13.6 nM 
respectively) 

The in-vivo clearance of 4-[I-125]BP showed a high uptake of tracer in the liver (4.77 % 
ID/g at 1 hr and 5.37 % ID/g at 24 hr), lung (5.05 %ID/g at 1 hr and 3.7 %ID/g at 24 hr) and 
kidneys (2.10 % JD/g at 1 hr and 1.54 % ID/g at 24 hr) and a slow clearance from these 
organs. The biodistribution of 3-[I-125]BP showed fast clearance of tracer from the blood 
(0.75 %ID/organ at 1 hr postinjection) but a lower level of radioactivity in liver (15.85, 
9.06 and 6.25 %ID/organ was found at 1, 6, 24 hr postinjection, respectively). The whole 
body clearance of 2-[I-125]BP, however, showed a fast clearance of the 
radiopharmaceutical from blood and other normal organs. The radioactivity in liver at 1, 
6, 24 hours was 22.36, 6.07, and 0.59% ID/whole organ. 
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Scheme 1. Synthesis of [ l]-N-(N-Benzylpiperidin-4-yl)iodobenzamides ([ l]BPs) 

Table I. Inhibition Constants (Ki) for 4-[ l 2 5 I ]BP Binding 
in MCF-7 Breast Cancer Cells for Various Drugs. 

L i g a n d s Ki, nM 

Haloperidol 
IBP 
DTG 
Spiperone 
(±)Verapamil 
(-)-Pentazocine 
(+)-PPP 
(+)-Pentazocine 
(+)SKF 10,047 
(-)SKF 10,047 

4.6±0.9 
4 .8±2 
5 6 ± 1 5 
2 4 7 ± 3 7 
3 7 9 ± 7 5 
>1000 
>1000 
1494±190 
>10000 
>10000 

Figure 1. The competition assays for the binding of 4-[125I]BP with sigma ligands in T47D breast tumor cells. 
Solid triangles indicate haloperidol inhibition and solid circles indicate 4-IBP inhibition 

-10 - 9 -8 -7 -6 -5 
LOG (H) 4-IBP OR HALOPERIDOL 
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Synthesis of F-18 Labeled Benzamides as Sigma Receptor and MAO-B Inhibitor 
Ligands for PET Studies. 
C-Y Shiue. G.G. Shiue, S. Zhang, S. Wilder, J. Wolfram and J. Staub. Department of 
Radiology, University of Pennsylvania, Philadelphia, PA 19104 

Sigma receptors have been implicated in psychoses, movement disorders and 
neuroprotection. 1/2 Monoamine oxidase B (MAO -B) inhibition has also been 
implicated in movement disorders and neuroprotection. 3,4 The development of 
high affinity and high selectivity ligands for sigma receptors and/or MAO- B will 
enhance the understanding of these disorders. Radiolabeled benzamides, such as 
raclopride and its analogs have been found to be useful radioligands for studying the 
dopaminergic system.5-7Recently, a series of benzamides have been found to be 
potent sigma receptor ligands^ and MAO-B inhibitors. 9 We have synthesized and 
evaluated the corresponding F-18 labeled benzamides as potential sigma receptor and 
MAO-B inhibitor ligands. 

Synthesis of N-CN-benzylpiperidin^-yll^-fF-lSlfluorobenzamide (2a) and N-CN-
benzylpiperidin^yD-^fF-lSlfluorobenzamide (2b1 as sigma receptor ligands. 

Compound 2a was synthesized by nucleophilic substitution of the corresponding nitro 
precursor (la) with K[F-18]/Kryptofix 2.2.2. in DMSO at 140°C for 20 min followed by 
purification with HPLC (Cl8,10x250 mm, CH3CN:0.1M HCO2NH4,1:1, 5 ml/min) in 5-
10% yield in a synthesis time of 110 min from EOB (scheme 1). The corresponding 4-[F-
18]fluoro analog 2b was synthesized in~a similar manner in ~5% yield. Following i.v. 
injection into rats, the uptake of 2a in the rat brain regions with a high concentration of 
sigma receptors (brain stem, cerebellum, hippocampus) was high (~1.1, 0.8, 0.7%/g 
respectively, 60 min post-injection). Pretreatment of rats with haldol (2.5mg/kg i.p., 30 
min prior) significantly reduced the uptake of 2a in these regions (Table 1). These results 
tend to suggest that compound 2a may be an useful ligand for studying sigma receptors 
with PET. 

Synthesis of N-(2-aminoethyl)-2-[F-181fluorobenzamide(2c'). N-fe-aminoethylM-fF-
18]fluorobenzamide (2d). N-(2-N.N-dimethylaminoethyD-2-rF-18]fluorobenzamide (2e) 
and N-(2-N.N-dimethylaminoethylV4-fF-181fluorobenzamide f2f> as MAO-B inhibitor 
ligands. 

The N-(2-aminoethyl)-4-chlorobenzamide ( RO 16 6491 ) is a potent reversible MAO-B 
inhibitor. The corresponding bromo and iodo analogs also have high affinity and high 
selectivity for MAO-B.' We have synthesized the corresponding fluoro analogs (2c-f) as 
MAO-B inhibitor ligands. The non-radioactive 2c-f were synthesized by the reaction of 
the appropriate benzoyl chloride with the appropriate ethylenediamine at 0° C followed 
by recrystallization in good yield. The F-18 labeled compound 2c was synthesized by 
nucleophilic substitution of the corresponding nitro precursor (lc) with K[F-
18]/Kryptofix 2.2.2. in DMSO at 140°C for 20 mins followed by purification with HPLC 
(Ci8,10x250 mm, CH3CN: 0.05M HCO2NH4, 30:70 with 0.1 % diethylamine, 2.5 ml/min) 
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in 2-4% yield in a synthesis time of 85 mins from EOB. The corresponding 2d-f were 
synthesized from the corresponding nitro precursors in a similar manner in 2-5% yield 
(scheme 1). 

In summary, six F-18 labeled benzamides have been synthesized in one-step for 
evaluation as potential sigma receptor and MAO-B inhibitor ligands. 

1. Walker J.M., Bowen W.D., Walker RO. et al, Pharmacol. Rev. 42, 355-402 (1990). 
2. Matsumoto, R. R., Hemstreet, M. K., Lai, N.L. et al. Pharmacol. Biochem. Behav. 36. 

151-155 (1990). 
3. Sparks, D.L., Woeltz, V.M. and Markesberg, W.R. Arch. Neurol. 4g, 718-721 (1991). 
4. The Parkinson's Study Group. N. Eng. T. Med. 321.1364-1371 (1989). 
5. Sedvall, G. Trends Neurol. Sci. 12, 302-308 (1990). 
6. Kessler, R., Ansari, M., DePaulis, T. et al. T. Nucl. Med. 22,1593-1600 (1991). 
7. Chumpradit, S., Kung, M.P., Billings, J. et al. T. Med. Chem. 26, 221-228 (1993). 
8. John, C.S., Vilner, B. J. and Bowen, W.D. T. Med. Chem.. 37.1737-1739 (1994). 
9. Besnard, J.C., Raffi, A., Ombetta, J.E. et al. Eur. T. Nucl. Med. 21(Suppl), s36 (1994). 

273 



Scheme 1. Synthesis of F-18 Labeled Benzamides 

140°C R, 
2 

Ei E2 

a) 2- , 8 F 0 ~ C H 2 " 0 
b) 4 - , 8 F Qi-CH2-^Q 

c) 2- 1 8 F (CR2)1NH2 

d) 4- 1 8 F (CH 2 ) 2 NH 2 

e) 2- 1 8 F (CH2)2NMe2 

f) 4- 1 8 F (CH^NMe^, 

Table 1 

Distribution of compound 2a in rat brain 1 hr after injection fn=3) 

Region Pretreatment * % dose/g (mean ±SD1 

oil E2 

a) 2 -N0 2 C N - c H 2 _ 0 
b) 4-NO z C N - C H * - 0 
c) 2 -N0 2 (CH 2) 2NH 2 

d) 4 - N 0 2 (CH 2) 2NH 2 

e) 2 -N0 2 (CH2)2NMe2 

f) 4 - N 0 2 (CH2)2NMe2 

Striatum S 0.675 ±0.171 
H 0.061 ±0.041 

Cerebellum S 0.768 ±0.196 
H 0.066 ±0.029 

Hippocampus S 0.726 ±0.191 
H 0.054 ±0.037 

Brain Stem S 1.091 ±0.293 
H . 0.082 ±0.033 

Blood S 0.03 ±0.004 
H 0.079 ±0.019 

* Rats were pretreated (i.p.) with ethanol-saline (2:1) (S) or with 2.5 mg/kg of haldol 
in ethanol-saline (2:1) (H) 30 min prior to 2a injection. 
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Synthesis and labeling of [125I/18F]-N-(N-BenzyIpiperdin-4-yl)-iodo/fluorobenzamides as 
a-receptor ligands 

Robert N. Hanson* and David R Elmaleh 
•Department of Pharmaceutical Sciences, Northeastern University, Boston, MA 02115 
Division of Radiochemistry, Department of Radiology, Massachusetts General Hospital, Boston, 
MA 02114 

The report that a receptors are expressed in several lines of human tumors stimulated our 
efforts in developing radioligands capable of providing external visualization of those tumors 
(1,2). Although our initial efforts focused on analogs of (+)-N-allylnormetazocine, the findings by 
John, et al. that derivatives of iodobenzamide possessed high a-receptor affinity and selectivity 
redirected our interests. In this abstract we describe our alternative synthesis of the [ ,25I]-4-N-(-
benzylpiperidinyl)-4-iodobenzamide (4-[125I]BP) as well as the 3-[125I]BP isomer, and its 
fluoroanalogs. 

Our approach utilizes the preparation of the 3/4-tributyl stannylbenzoate NHS esters 
which can be converted to the corresponding BP products. The NHS esters are prepared in a 
60% overall yield from the methyl 3/4-iodobenzoates via a three step process. The key step is the 
mild, efficient metallation of the methyl iodobenzoates using the palladium (0) catalyst. The 
subsequent preparation of the 3/4 Sn-BP intermediates proceeds in high yield and the products are 
isolated by column chromatography. Radioiodination also proceeds in high yields to give the 
3/4-[125I]-BP. Purification is accomplished using HPLC. Radiofluorination utilizes 1 8F-F 2 to give 
the 3/4[I8F]-BP in acceptable albeit lower yields. 
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Dialkylaminoalkyl-4-Iodobenzamides: Influence of Specific Activity and Substituents on Me
lanoma Uptake and Biodistribution 
C. NICHOLL, A. MOHAMMED AND M. EISENHUT 
Department of Nuclear Medicine, University of Heidelberg 

N-(2'-diethylaminoethyl)-4-[131I]iodobenzamide (DEAE-IBA) was recently developed as a ra
diopharmaceutical for melanoma scintigraphy (1,2). The inventors have attributed preferential high 
uptake in melanotic melanoma cells to melanosome binding (2). On the other hand binding of radioi-
odinated DEAE-IBA and N-(2'-piperidinylethyi)-4-iodobenzamide (PE-IBA) to sigma-1- and to a 
lesser extent to sigma-2-receptors was also reported (3). Sigma receptors which are non-opioid, non-
dopaminergic binding sites of haloperidol and other neuroleptics are located in various organs inclu
ding brain, liver and gonads. But they are also expressed by certain tumors including melanoma cells. 
The comparison of data from animal and human studies which were obtained with radiolabeled 
DEAE-IBA of extremely differing specific activities, ranging from 0.009 (2) to 60 GBq/jimole (3), 
reveal doubts for receptor binding as the major uptake mechanism. 

With respect to the uptake mediated by melanosomes and/or receptor binding, we investigated 
the influence of the specific activity on the biodistribution and tumor affinity of I 3 1 I labeled DEAE-
IBA. This is in our view not only important for the achievment of better scintigraphic images but also 
for the preparation of the radiolabeled compound requiring HPLC separation if non carrier added 
(nca) preparations would be neccessary. 

The preparation of nca DEAE-[131I]IBA was performed by refluxing a mixture of 5 ul 5 mM of 
N-(2'-diethylaminoethyl)-4-bromobenzamide (free base in anhydrous acetic acid), 5 ul [13II]iodide 
(37 MBq, 0.02 N NaOH) and 0.4 ul of 5 mM CuS04 (H20) at 180 °C for 10 minutes in a sealed glas 
ampoule. The complete reaction mixture was loaded on a reversed phase column (Nucleosil C18 
100-5, 250*4 mm) and separated with a methanol gradient starting at 0% and ending at 100% after 
30 minutes. The aqueous phase consisted of 0.9% TRIS adjusted to pH 2.6 with H 3 P0 4 . The labe
ling yields amounted to >90% (HPLC) and about 60% (isolated). The specific activity was estimated 
to 80 GBq/umole if freshly delivered 1 3 I I was used. 

Organ distribution studies were performed with C57 Black Mice carrying subcutaneously trans
planted B16 melanoma graftings. 10 kBq DEAE-[13II]IBA was injected into a tail vein in nca formu
lation and with addition of cold DEAE-IBA. The animals were dissected 60 and 360 minutes after 
injection. The following melanoma uptake values expressed as % inj. dose/g and melanoma/organ 
ratios (medians of three animals) are summarized in the Table. 

The increase of melanoma uptake with decreasing specific activity of DEAE-[131I]IBA can not 
be related to receptor binding. The elevated tumor tissue values may be explained by prolonged in-
travasal retention at high DEAE-IBA concentrations. High melanoma uptake values which were ob
tained with DEAE-[131I]IBA of low specific activity are not suited to obtain a better imaging con
trast because of unfavourable melanoma/organ ratios. 
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Melanoma Uptake (% inj. dose/g) and Melanoma/Organ Ratios Obtained with 
DEAE-[13II]IBA and C57 Black Mice/B16 Melanoma (Medians of 3 Mice) 

3.9 10"7 |imole/mouse (nca) 
Time Blood Heart Lung Spleen Liver Kidney Muscle Brain Melan. 

60 11 1.7 0.5 0.7 0.3 0.4 3.2 2.7 2.66 
360 105 31 11 21 2.0 7.2 92 

2.0 10"3 nmole/mouse 

43 6.74 

Time Blood Heart Lung Spleen Liver Kidney Muscle Brain Melan. 
60 12 4.6 1.0 1.8 0.7 0.9 8.8 6.8 9.67 

360 83 26 6.8 16 1.7 7.5 50 

1.7 (imole/mouse 

34 14.93 

Time Blood Heart Lung Spleen Liver Kidney Muscle Brain Melan. 
60 11 2.8 1.2 1.9 1.5 0.9 7.1 3.9 12.06 

360 50 19 3.7 13 5.5 2.7 36 16 14.94 

The influence of small structural changes on the biodistribution characteristics was additionally 
studied with reference to the original dialkyIaminoalkyl-4-iodobenzamides. Figures 1-4 illustrate 
such substituent effects where the lines which connect the 1 and 6 hour values of each organ express 
the (%inj.dose/g)R/(%inj.dose/g)c for the melanoma and the (melanoma/organ)R/(melanoma/organ)c 

for all other organs. R and C refer to references and compared benzamides, respectively. Thus every 
part of the line which is located above 1, points to better characteristics of the reference and vice 
versa. 

(Melanoma/Oraanfa 
(Melanoma/Organ)c 

Ring closure of the two diethylamino groups to 
pyrrolidyl (Figure 1) reduced melanoma uptake 
but improved most of the melanoma to organ 
ratios. 

Mel Blood Heart Lung Liver Kkin. Muscle Brain 
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'anoma/Ort 
(MeIanoma/Organ)e 

Ring closure of one ethyl group with a spacer 
carbon to N-ethyI-2-pyrrolidyl showed no im
provement in any respect (Figure 2). 

r 
compared with 

A comparable result was observed by changing 
the amid-amine spacer to propylene (Figure 3). 

compared with 

By comparing N-(2'-diethyIaminopropyl)-4-
[131I]iodobenzamide with N-(2'-aminopropyl)-4-
[,31I]iodobenzamide the loss of the two ethyl 
groups increased the hydrophilicity which resul
ted in reduced melanoma uptake. The melano
ma/organ ratios were, however, better for most 
of the 6 hour values (Figure 4). Mel Blood Heart Lung Uver Kldn. Muscle Brain 
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3. John C.S., Bowen W.D., Saga T. et al. J.Nucl.Med. 34: 2169 (1993) 
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SELECTIVE 5-HT,A RECEPTOR LIGANDS FOR PET; A COMPARATIVE 
STUDY OF l"C]WAY-100635 AND ["C1ORG-13502 

G. M. Visser. A. van Waarde, J. Medema and W. Vaalburg, PET-Center, University 

Hospital, P.O. Box 30.001, NL-9700 RB Groningen, The Netherlands. 

T. A. Barf, M. M. Mensonides and H. Wikstrom, Department of Medicinal Chemistry, 

University Centre for Pharmacy, A. Deusinglaan 2, NL-9713 AW Groningen, The 

Netherlands. 

F. Postema and J. Korf, Department of Psychiatry, University Hospital, P.O. Box 30.001, 

NL-9700 RB Groningen, The Netherlands. 

S. M. Korte and B. Bohus, Department of Animal Physiology, University of Groningen, 

Biological Centre, P.O. Box 14, NL-9750 AA Haren, The Netherlands. 

D. Leysen and A.M.L. van Delft, Department of Neuropharmacology, Organon Int., P.O. 

Box 20, NL-5340 BH Oss, The Netherlands. 

WAY-100635 (1), a silent 5-HTu receptor antagonist, has successfully been 

labelled and evaluated as a potential in vivo PET-imaging agent.1 WAY-100635 is a high 

affinity ligand antagonist (Ki = 0.8 nM; no intrinsic efficacy) of both G-protein-coupled 

and free 5-HTIA receptors.2 However, from a clinical and functional point of view it would 

be highly valuable to develop a 5-HTiA radioligand which is capable of only visualizing the 

high affinity state of this receptor. ORG-13502 (2) is a highly potent and selective 5-HTiA 

partial agonist (Ki = 0.04 nM; intrinsic efficacy of 0.2) and therefore was considered a 

candidate ligand for labelling with a positron emitter. 

Figl. 
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The U C analogues of WAY-100635 and ORG-13502 were prepared by 

methylation with [uC]-methyliodide of the corresponding phenols and evaluated by 

biodistribution studies in rats. The precursors were obtained by refluxing the o-methoxy-

phenylpiperazines with 5-6 eq. AICI3 in benzene, affording pure desmethyl-1 and 2 in 70 

and 73% C.Y., respectively. Subsequently, a mixture of [IlC]-MeI, the phenol and 

potassium-t-butoxide in acetonitrile was heated for 5 min in a cap-sealed tube at 110 °C. 

After purification by reversed-phase HPLC the desired compounds were obtained in a 

radiochemical yield of -60% (from [lIC]-MeI, corrected for decay). The specific activities 

of [O-mert>'/-11C]-WAY-100635 and [O-me/Ay/-"C]-ORG-13502 were >1000 and >300 

Ci/mmol, respectively. 

N [p.a] C 

I 
" C 0 2 

IDLAH 

12) HI 

OH 1 , C H 3 I 0 "CH 3 

*• f Y-N N-R 

Fig2. Radiosyntheses of [O-methyl-"C]-WAY-100635and ORG-13502 

The regional uptake of [0-me%/-"C]-WAY-lOO635, but not of [0-methyl-uC]-

ORG-13502, correlated with the known 5-HTIA receptor distribution in the rat brain. At 

60 min after injection of ["C]-l, the ratio of radioactivity in 5-HTiA receptor-rich regions 

(e.g. septum and hippocampus) to that in cerebellum reached ca. 13 and 15, respectively. 

Substantial blockade (up to 78% in hippocampus) of binding of [UC]-1 was achieved with 

the 5-HTIA agonist 8-OH-DPAT (8-hydroxy-2-(di-n-propylamino)tetralin). The uptake of 

[O-mef/i)>/-11C]-ORG-13502 was homogeneous throughout the brain and partially reduced 

upon pretreatment with 8-OH-DPAT. 

o-
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In order to study changes in receptor densities, rats were adrenalectomized 

(ADX), which is known to cause upregulation of the 5-HTiA receptor.3 Surprisingly, 24 h 

after ADX, none of the studied brain areas showed an increased uptake of ["C]-l, as 

compared to normal rats. Interestingly, the brain uptake of n C in ADX animals was more 

sensitive to pretreatment with 8-OH-DPAT in all examined brain regions, except for 

cerebellum, which suggests a shift from a low affinity state to a high affinity state after 24 

h ADX, rather than an upregulation of the 5-HTIA receptor. 

In conclusion, ORG-13502 seems unsuitable for in vivo imaging of (central) 5-

HTIA receptors. Probably, the intrinsic activity of this compound undermines its ability to 

exert specific binding. So far, it has not been possible to observe changes in 5-HTIA 

receptor densities in rats by employing [O-me/A)'/-nC]-WAY-100635 as the radioligand. 
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Radioactive Metabolites of the 5 - H T I A Receptor Radioligand, 
[O-mef/ry/-nC]WAY-100635, in Rat, Monkey and Humans plus Evaluation of 
the Brain Uptake of the Metabolite [0.mef/ry/-»C]WAY-luO634 in Monkey. 

S. OSMANi.C. LUNDKVIST2, V.W. PIKEi, C. HALLDIN2, J.A. McCARRONi, S.P. HUME", 
S.K. LUTHRAi, CJ. BENCHi, P.M. GRASBYl, C.-G. SWAHN.2 H.2 WIKSTR8M3, T. BARF.3 N. 
GINOVART* L. FAROE*, I.A. CLFFFE* & A. FLETCHER* 

•PET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Centre, Hammersmith 
Hospital, Ducane Road, London W12 ONN, U.K. 
ZKarolinska Institute, Department of Clinical Neuroscience, Psychiatry Section, S-17176 
Stockholm, Sweden. 
^University Centre for Pharmacy, University of Groningen, Groningen, The Netherlands. 
4Wyeth Research (U.K.) Ltd, Huntercombe Lane South, Taplow, Maidenhead, Berkshire, SL6 
OPH, U.K. 

[0-mer/ry/-"C]WAY-lOO635 (I) is a promising radioligand for the study of central 5-HTu 
receptors in humans (1,2). With a view to modelling the regional cerebral uptake of radioactivity 
in PET studies of volunteers injected intravenously with [O-methyl-^CYfiAY-100635. we 
measured the fractions of unchanged radioligand and its radiolabelled metabolites in serial 
plasma samples from rat, monkey and five healthy human subjects. 

(I), R = Cyclohexanecarbonyl (WAY-100635) 
(n), R = H (WAY-100634) 

The analysis of rat and human plasma samples was based on an automated procedure 
described previously (2,3). Briefly, cell-free plasma (1.0 mL) was injected onto a solid-phase 
extraction column (octadecyl-derivatised silica) and eluted with O.OlM-diammonium hydrogen 
phosphate solution. The retained [HCJWAY-100635 and its radiolabelled metabolites were eluted 
from the extraction column and onto a reverse-phase HPLC column with methanol-O.lM-
ammonium formate (70: 30 by vol.) at 3 mL/min. The percentages of unchanged 
["C]WAY-100635 and radiolabelled metabolites in plasma were calculated from the HPLC 
radio-chromatograms and measurements of the radioactivity present in the eluate of the 
extraction column. The analysis of monkey plasma samples was carried out using acetonitrile for 
deproteinisation and a gradient HPLC system with a semi-preparative reverse-phase C18 column, 
which was eluted with a gradient mixture of acetonitrile and phosphoric acid (0.01 M) as follows: 
0-5.5 min: 25-60% acetonitrile; 5.5-6.5 min: 60-25% acetonitrile (4). 

HPLC analysis of [HCJWAY-100635 from rat plasma was reported previously (2). The 
HPLC analyses of monkey and human plasma revealed several radioactive compounds. The 
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retention times for unchanged ["C]WAY-100635 were 6.47 min and 10 min in monkey and 
human plasma analyses, respectively. A radioactive peak, which eluted with retention times of 
3.17 and 7 min in monkey and human plasma analyses respectively, had the same 
chromatographic mobility as the descyclohexanecarbonyl analogue of WAY-100635 (WAY-
100634, II). The other radioactive metabolites were all more polar than [nC]WAY-100634 and 
have not been identified. 

The time-courses for unchanged [HCJWAY-100635, as a percentage of radioactivity in 
rat, monkey and human plasma up to 60 min after radioligand injection, are shown in Figure 1 
(panel A). At 2.5 to 3 min, 97, 95 and 81% of the radioactivity present in monkey, human and 
rat plasma, respectively, was ["CJWAY-100635. In rats and human subjects [HC]WAY-100635 
decreased rapidly to 20 and 5% of radioactivity in plasma by 60 min after injection, respectively. 
About 40% of the radioactivity in monkey plasma was [HC]WAY-100635 at 60 min after i.v. 
injection. The percentage of radioactivity present in plasma samples from monkey and human 
subjects as the metabolite ["CJWAY-100634 differed over the whole-time course (Figure 1, panel 
B). In human, the percentage of ["C]WAY-100634 in plasma was variable and increased during 
the first 10 min to a mean of 34% (range 16 to 65, n = 5) and then decreased slowly to 25% by 
60 min. In monkey, the percentage of [i'C]WAY-100634 in plasma did not exceed 11% during 
the whole of the study (60 min). The formation of [i'C]WAY-100634 was expected based on 
results obtained from incubations of WAY-100635 with liver microsomes in vitro (C. Tio; 
personal communication). By contrast, [HC]WAY-100634 has not been detected in plasma after 
intravenous administration of [nC]WAY-100635 into rats; only polar radioactive metabolites 
were observed in rat plasma (2). Figure 1 (panel C) shows the time-course for the aggregate 
appearance of more polar radioactive metabolites, as percent radioactivity in rat, monkey and 
human plasma. 

WAY-100634 has high affinity for 5-HTiA and a radrenoceptors in vitro (unpublished 
results). We have shown that, after intravenous injection into rats, [0-me//iyZ-"C]WAY-lOO634 
has a higher nonspecific uptake into brain than [»C]WAY-100635 (2). Wc have also labelled (2) 
and studied the brain uptake of [0-me//ry/-»C]WAY-lOO634 in the monkey. The total brain 
uptake of radioactivity is about 4% of the radioactive dose at 2.5 min after injection and 
decreases to 1% at 80 min. Radioactivity retention was higher in frontal cortex than in 
cerebellum over the whole time course. These results suggest that ("C]WAY-100634 could 
contribute to nonspecific binding and perhaps to specific binding in brain in PET studies with 
[O-me//ry/-"C]WAY-100635 in humans, and thereby complicate attempts to model data from the 
use of the radioligand. 

In summary, the metabolism of [0-me/fty/-'iC]WAY-100635, as revealed by analysis of 
plasma shows significant differences between species, with [O-me//ry/-i'C]WAY-100634 
appearing as a significant radioactive metabolite in primates. This metabolite has been shown to 
enter rat and monkey brain more easily than [O-me//iy/-"C]WAY-100635, and is also known to 
be pharmacologically active. These metabolic features complicate attempts to model the uptake 
of l0-mer/iy/-"C]WAY-lOO635 in human brain. We have labelled WAY-100635 with carbon-11 
in the carbonyl group (2). This radioligand cannot be metabolised to [HCJWAY-100634 and 
could therefore be a useful adjunct for PET studies of the 5-HT 1 A receptor in humans. 
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Figure 1. Time courses for unchanged ["CJWAY-100635 (panel A), [»C]WAY-100634 
(panel B) and other radiolabelled polar metabolites (panel C) in rat, monkey and human 
plasma after /.v. injection of ["CJWAY-100635. 
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[O-methyl-uC]WAY-10063S — Routine Production, Quality Control and PET 
Studies of Binding to Central 5-HTJA Receptors in Humans 

J.A. McCARRON.i V.W. PIKE.i K.G. P00LE.1 S.P. HUMEi, A.A. LAMMERTSMA.i 
C.J. BENCH.i P.M. GRASBY.t LA. CLIFFE2 and A. FLETCHER* 

iPET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Centre, Royal Postgraduate 
Medical School, Hammersmith Hospital, Ducane Road, London, W12 ONN, UK. 
2Wyeth Research (U.K.) Ltd., Huntercombe Lane South, Taplow, Maidenhead, Berkshire, SL6 
OPH, U.K. 

Over recent years, the serotonergic system has attracted extensive academic interest as studies in 
pharmacology and molecular biology have increased our understanding of 5-HT receptor 
heterogeneity. 5-HT]A receptors are receiving widespread attention, since the development of 
selective agents for this receptor has enabled its pharmacological and biochemical properties to 
be established (1). These studies have mainly used agonists or partial agonists of the 5-HTJA 

receptor. There is growing evidence to implicate the central 5-HT J A receptor in several 
neurological and psychiatric disorders, particularly anxiety, depression and Alzheimer's disease 
(2). Clearly the use of positron emission tomography (PET) with a suitable radioligand would 
provide an important opportunity to investigate 5-HT1 A receptors in relation to various 
neuropsychiatric diseases in humans in vivo. Attempts to develop agonists or partial agonists as 
radioligands for PET studies of central 5-HTiA receptors in humans in vivo have not been 
successful. 

WAY-100635 (N - (2-(l-(4-(2-methoxyphenyl)piperazinyl)ethyl))-W-(2-pyridinyl)-
cyclohexanecarboxamide) is the first potent, selective and silent antagonist at 5-HT)A receptors 
(3). Our studies have shown that [O-merfty/-3H]WAY-100635 is an effective radioligand for 
central 5-HTiA receptors in rats in vivo (4). We (5-7) and others (8) have recently labelled 
WAY-100635 with positron-emitting carbon-11 (iln = 20.4 min) as a radioligand for studies in 
vivo with positron emission tomography (PET). Here we report our experience in the production 
of this radioligand, a useful quality control procedure and results from the first PET studies of 
[O-me/ftvM'C]WAY-100635 in normal volunteers. 

[0-me/fty/-iiC]WAY-lOO635 was routinely prepared by uc-methylation ° f the 
O-desmethyl precursor (as the dihydrochloride salt or free base) with no-carrier-added 
["CJiodomethane in acetone (400 uL) in the presence of 5M-sodium hydroxide (10 (iL) (6) 
(Figure 1). The overall radiochemical yield was 60% (decay-corrected) from ['iC]iodomethane. 
The product had previously been unequivocally identified during radiochemistry development 
by radio-HPLC and radio-TLC and the position of label verified by HC/'3C co-labelling followed 
by »C-NMR spectroscopy and mass spectrometry. [O-me«/iyZ-»C]WAY-100635 (50-100 mCi) 
was routinely purified by reverse phase HPLC on a Nucleosil-C18 column and formulated in 
saline (0.9% w/v, 10 mL) (6). 
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[O-me//iyZ-HC]WAY-100635 

Figure 1. Radiosynthesis of [O-methyl "CJWAY-100635 

Preparations of [O-methyl "CJWAY-100635 are routinely analyzed by reverse phase 
HPLC (Symmetry C18 column, 180 x 3.9 mm i.d., 5 u.; Waters Associates) eluted at 1.0 ml/min 
with 0.02M-potassium dihydrogen phosphate buffer (adjusted to pH 4.5 with phosphoric acid)-
acetonitrile (60: 40 v/v) with eluate monitored for absorbance at 254 nm and radioactivity. This 
method completely resolves WAY-100635 (retention time, 4.0 min) from the O-desmethyl 
precursor (retention time 3.0 min) and from the iV-descyclohexanecarbonyl analogue of WAY-
100635 (WAY-100634; retention time 1.9 min). This quality control procedure is superior to 
that previously reported (6), based on the elution of a reverse phase column (Nucleosil C18) with 
0.02M-potassium dihydrogen phosphate-acetonitrile (35: 65 v/v), which does not adequately 
resolve WAY-100635 from WAY-100634, and to a later related procedure (7), which used 
W.Af-dimethyloctylamine as a modifier to achieve an adequate resolution but suffered from poor 
column to column reproducibility. 

Both the O-desmethyl precursor and WAY-100634 are pharmacologically active, with 
high affinities for the 5-HTiA receptor (unpublished results). WAY-100634 may appear in 
preparations of [O-me/fty/-1 >C]WAY-100635 if separation becomes inefficient, while there is also 
a risk of ["CJWAY-I00634 being generated by hydrolysis of precursor (particularly as the 
dihydrochloride salt during storage) or radioligand. Therefore, it is important to assure the 
absence of both compounds from preparations of [O-me/fty/-1 >C]WAY-100635. Chemical 
impurities generally represented < 7% of the absorbance detector response in chromatograms 
from analytical HPLC. The average radiochemical purity of [O-merAyZ-»C]WAY-100635 in 
eleven consecutive preparations was 98.97%. Preparations were radiochemically stable for at least 
1.5 h. The average specific radioactivity, decay-corrected to the end of radionuclide production 
was 7.8 Ci/u.mol (" = 12). Specific radioactivities at the end of synthesis (50 min from EOB) 
were in the range 1.06-1.04 GBq/umol. 

The first PET studies of [O-mer/iy/-iiC]WAY-100635 in normal volunteers have been 
carried out and used to delineate 5-HTiA receptor populations in the human brain. At 20 min 
after an intravenous injection of [O-/ner/iy/-iiC]WAY-100635 (6 mCi, containing 10 ng of 
carrier) into a normal male volunteer, the highest concentrations of radioactivity in the brain were 
found in the entorhinal cortex, frontal cortex, hippocampus and insula. The lowest uptake was 
seen in the cerebellum, a tissue devoid of 5-HT 1 A receptors in adult human brain. This 
distribution of radioactivity corresponds to the distribution of 5-HT I A receptors seen in adult 
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human brain in vitro (9). The ratio of radioactivity in medial temporal cortex to that in 
cerebellum was about 3.2 from 20 min after injection (Figure 1). Similar findings have been 
obtained in 5 subjects. 

These studies show that [O-me/Ay/-i'C]WAY-100635 is the first radioligand to bind with 
high selectivity to 5-HTiA receptors in human brain. Further PET studies are now in progress 
with this radioligand to evaluate its potential for the quantitative determination of central 5-HTiA 

receptors in vivo in patients with psychiatric and neurological disorders. 

4*1 
Cerebellum 

Medial temporal 

**o—-o- ~o- o 

o l -
20 40 60 80 

Time aiterinjection (nrin) 

Figure 1. Radioactivity uptake in cerebellum and medial temporal cortex of 
a normal male volunteer after t.v. injection of [0-meffty/-»C]WAY-100635. 

1. Hoyer D., Clarke D.E., Fozard J.R., Hartig P.R., Martin G.R., Mylecharane E.J., Saxena 
P.R. and Humphrey P.P.A., Am. Soc. Pharm. Exp. Ther., 1994, 46, 157-203. 

2. Fletcher A., Cliffe I.A. and Dourish C.T., Trends Pharm, Sci., 1993, 14, 441-448. 
3. Fletcher A., Bill D.J., Cliffe I.A., Forster E.A., Jones D. and Reilly Y., Br. J. 

Pharmacol, 1994, 112, 91P. 
4. Hume S.P., Ashworth S., Opacka-Juffry J., Ahier R.G., Lammertsma A.A., Pike V.W., 

Cliffe I.A., Fletcher A. and A.C. White, Eur. J. Pharmacol., 1994, 271, 515-523. 
5. Pike V.W., Hume S.P., Ashworth S., Opacka-Juffry J., McCarron J.A., Cliffe I.A., 

Fletcher A. and White A.C. Presented at the IUPHAR Conference Chicago, August 
1994, Abstract 73, Behavioural Brain Research, Elsevier. Ed J.P. Huston. In Press. 

6. Pike V.W., McCarron J.A., Hume S.P., Ashworth S., Opacka-Juffry J., Osman S., 
Lammertsma A.A., Poole K.G., Fletcher A., White A.C. and Cliffe I.A., Med. Chem. 
Res., 1995, 5, 208-207. 

7. Pike V.W., Cliffe I.A., Fletcher A., Hume S.P., McCarron J.A., Ashworth S., 
Opacka-Juffty J., Osman S., Lammertsma A.A., Poole K.G., White A.C., Bench C.J. and 
Grasby P. In Proceedings of the Symposium on Positron Emission Tomography for 
Drug Development and Evaluation, Lyon, France. January 1995. Kluwer Press, 
Dordrecht. Ed. D. Comar. In press. 

8. Mathis C.A., Simpson N.R., Mahmood K., Kinahan P.E. and Mintun M.A., Life Sci., 1994, 
55, 403^107. 

9. Palacios J.M., Pazos A. and Hoyer D., in Brain 5-HT1A Receptors. Eds C.T. Dourish S. 
Ahlenius and P.H. Hutson. Ellis Horwood Ltd, Chichester, U.K. 1987, pp 67-81. 

288 



The Labelling of Analogues of WAY-100635 with Carbon-11 or Fluorine-18 as 
Potential Radioligands for PET Studies of Central 5 -HTi A Receptors 
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3University Centre for Pharmacy, University of Groningen, Groningen, The Netherlands. 
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WAY-100635 (iV-(2-(l-(4-(2-methoxyphenyl)piperazinyl)ethyl))-W-(2-pyridinyl)-cyclohexane-
carboxamide) is a highly selective and potent antagonist at central 5-HT ] A receptors (1,2). The 
labelling of WAY-100635 with carbon-11 Urn = 20.4 min) in the O-methyl group (3-6) has 
provided the first radioligand (I) for PET studies of central 5-HTiA receptors in vivo in rodents 
(3-5), monkey (4) and human (6). This breakthrough is likely to be of great importance to PET 
studies of several neuropsychiattic diseases, including anxiety, depression, Alzheimer's disease 
and schizophrenia, in which changes in 5-HT ] A receptors are implicated by studies in vitro (7). 
Also effort in radioligand development in this area is likely to intensify with the aims of 
increasing the signal obtainable, avoiding any confounding effects of metabolism and achieving 
mathematically interpretable pharmacokinetics. A further area of interest will be the development 
of 5-HTiA radioligands labelled with longer-lived iluorine-18 (0/2 = 109.7 min), since these 
might be prepared in high radioactivities for multiple studies on one site or for distribution to 
satellite PET centres. Here we report approaches to the development of improved nC-labelled 
and i8F-labelled radioligands for PET studies of central 5-HTiA receptors. 

OR r ^ N ^ ^ ' S ' 

R = 11CH3, R' = cyclohexanecarbonyl; (I) ([O-me//iy/-iiC]WAY-100635) 
R = HCH3, R' = H; (II) ([O-me//ry/-iiC]WAY-100634) 
R = Me, R* = [carfony/-HC]cyclohexanecarbonyl; (III) ([car6ony/->'C)WAY-100635) 
R = H, R' = [carbonyl-1 >C]cycIohexanecarbonyl; (IV) 
R = Q)-[i8F]fluoroethyl, R' = cyclohexanecarbonyl; (V) 
R = 0)-[18F]fluoropropyl, R' = cyclohexanecarbonyl; (VI) 

A significant metabolite of [0-me//iy/-iiC]WAY-lOO635 (I) in monkey and humans is the 
descyclohexanecarbonyl derivative, [O-;ne«/ry/-i1C]WAY-100634 (II). This metabolite (II) 
crosses the blood-brain barrier in rats (5) and monkey (Osman el a/., submitted). Thus, it can 
contribute to nonspecific binding in PET studies in humans with the radioligand, I, thereby 
reducing signal contrast and complicating attempts to model the regional kinetics of brain uptake 

& 
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of radioactivity. Furthermore, the metabolite II has high affinities for 5-HTiA and aradrenergic 
receptors (unpublished results), posing a risk of some specific receptor binding in human brain. 
One strategy, which we are following to avoid this difficulty, is to label WAY-100635 in the 
carbonyl position. Metabolism of this radioligand (III) by descyclohexanecarbonylation, cannot 
lead to the labelled metabolite, II, nor to related radioactive compounds. Thus, the carbonyl-
labelled radioligand (III) may give a signal with higher contrast than that of the methyl-labelled 
radioligand (I) in PET studies of 5-HT1A receptors in human brain. 

WAY-100635 has been labelled in the carbonyl position in a 'one-pot- procedure in 
(60% radiochemical yield, decay-corrected), based on the reaction of 
Icar6ony/-uC]cyclohexanecarbonyl chloride with WAY-100634 (Scheme 1) (5). This 
radiosynthesis has been developed further to give pure radioligand (II) for i.v. injection. 

.N. OR [ ^ N ^ , , c . 

R = Me; (III) ([cari>ony/-»C]WAY-100635) 
R = H; (V) 

Scheme 1. The labelling of WAY-100635 and its desmethyl analogue in the carbonyl position. 

Thus, in remotely controlled apparatus, ["Cjcarbon dioxide was dispensed into 
cyclohexanemagnesium chloride (100 jil, 0.2 mmol) in diethyl ether (400 p.1) plus 
tetrahydrofuran (THF) (400 p.1) under nitrogen. Thionyl chloride (20 Ul) in THF (100 til) was 
added to the solution and the sealed reaction vial was heated at 70°C for 2 min. Triethylamine 
(41 Hi). THF (300 ul) and WAY-100634 (5-10 mg) were then added. The mixture was heated at 
70°C for 15 min and then quenched with water. This solution was injected onto a sample 
enrichment column (silica-Cis,) which was then washed with water (2.5 ml/min for 3 min) and 
then back-eluted onto a reverse phase HPLC (300 mm x 10 mm i.d., 5 |t column; Nucleosil-Cis) 
with methanol; O.lM-ammonium formate (70: 30 v/v). Elution of the column with this mobile 
phase at 1 ml/min, gave a radioactive peak with the same mobility as authentic WAY-100635 
(retention time, 14 min). WAY-100634 eluted at 6-7 min. [Cartony;-»C]WAY-100635 (III) was 
obtained from [iiCjcarbon dioxide in 40 min from the end of radionuclide production (EOB). 
The product was chemically and radiochemically pure by HPLC analysis on a reverse phase 
column (180 x 3.9 mm i.d., 5 \i; Symmetry C-18) eluted at 1.0 ml/min with 0.02M-potassium 
phosphate buffer (adjusted to pH 4 with H3P04)-acetonitrile (60: 40 v/v). 

From a general knowledge of structure-activity relationships for interactions between 
ligands and 5-HT]A receptors (8-10), the desmethyl analogue of WAY-100635 is also expected 
to be similarly potent and selective for central 5-HTiA receptors. We have prepared 
[car6ony/-"C]desmethyl-WAY-100635 (IV) from the secondary amine, 2-(2-(l-(4-(2-
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hydroxyphenyl)piperazinyl)ethyl)amino)pyridine, by the same technique use to produce HI (5). 
Analysis of the methanol fraction from Sep-pak purification by reverse phase HPLC and normal 
phase TLC revealed three major radioactive products, one of which comigrates with authentic 
desmethyl-WAY-100635. Crude radioligand (IV) is obtained in about 305& radiochemical yield 
(decay-corrected) from [I'CJcarbon dioxide in 20 min from EOB. The syntheses of the 
secondary amino precursor and desmethyl-WAY-100635 were reported recently (5). 

A strategy that may deliver effective i^F-labelled radioligands for 5-HTiA receptors 
based on WAY-100635 is the replacement of the 0-methoxy group by an co-fluoroalkoxy group. 
(Scheme 2). Treatment of desmethyl-WAY-100635 (1 mg) in dimethylformamide (200 uL) plus 
5M-NaOH (2 U.L) with [2-18F]fluoroethyl bromide for 20 min or [3-18F]fluoropropyl bromide 
(11) for 6 min at 120*C gave the 2-((B-[I8F]fluoroethyl) ether (V) and 2-(o)-[i8F]fluoropropyI) 
ether (VI), in 20 and 45% radiochemical yield, respectively, as assessed by HPLC. Reference 
compounds were prepared by reactions of desmethyl-WAY-100635 with 2-fluoroethyl bromide 
and 3-fluoropropyl bromide, respectively. 

OH r ^ N ^ V ^ 18F(CH2)„0 r ^ N ^ N 

1 rO O Br (CH 2 ) n

1 8 F / k ^ N ^ O 

n = 2; (V) 
n = 3; (VI) 

Scheme 2. The preparation of [iSFJfluoroalkyl ethers of desmethyl-WAY-100635. 
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11C- AND 18F-LABELLED ANALOGUES OF WAY 100635: 
LESS POTENT RADIOLIGANDS FOR 5 - H T I A RECEPTOR STUDIES. 
MATHIS, C.A.; MAHMOOD, K.; SIMPSON, N.R.; HUANG, Y.; GERDES, J.M.; PRICE, J.C.; 
BLASTOS, B.P. PET Facility, Department of Radiology, Univ. of Pittsburgh, Pittsburgh. PA 15213 

Recent studies using the potent and selective serotonin 5-HTi A antagonist [11C]WAY 100635 have 
indicated that this radioligand will be useful for imaging the 5-HTJA receptor system in vivo (1,2). 
The in vivo binding of [' 'C]WAY 100635 in rat brain is relatively unaffected by drug-stimulated 
release of endogenous serotonin (3). We sought to develop 5-HTIA radioligands less potent than 
WAY 100635 whose in vivo binding would reflect competition from elevated levels of endogenous 
serotonin. Thus seven analogues of WAY 100635 (1) were synthesized (compounds 2-7,10; 
Chart 1). The amides 1-2 were prepared from the amine WAY 100634 (2) by reaction with the 
respective acid chlorides (1,4). The synthesis of the fluoroethyl ether derivative of WAY 10063510 
involved the demethylation of I with BBr3 followed by the alkylation of the phenol 9 with l-bromo-2-
fluoroethane. The relative potency of the analogues of 1 to inhibit the in vitro binding of pH]8-OH-
DPAT to 5-HTi A receptors in rat brain homogenates was determined, and the lipophilicity of the 
derivatives was estimated using the CLogP program (Table 1) (5). 

Chart 1 

Ri R? 
methyl cyclohexyl (WAY 100635) 
methyl p-PhCl 
methyl p-PhBr 
methyl p-PhCF3 

methyl p-PhEt (6) 
methyl cyclopentyl 
methyl 2,2-dimethylpropyl 

H p-PhCl 
H cyclohexyl 

CH 2 CH 2 F cyclohexyl 
CH 2CH 2OTs cyclohexyl 

Compounds 2 and 10 were chosen for further in vivo evaluation based upon their 2-3 times lower in 
vitro binding affinities and their similar calculated log P values compared to 1. The I 'C-labelled form 
of 2 was prepared by reacting the phenol precursors with [' 'C]CH3l in DMF/NaOH at 80°C for 3 
min. Reverse phase HPLC provided the product ["C]2 in high specific activity (1.6 + 0.7 Ci/umol; 
N = 5). Incorporation yields (based upon [l 'C]CH3l) were 76 + 7 % and EOS yields (based upon 
[• 'C]C02) averaged 5 % with a synthesis time of 40 min. The precursor for [18F]10 was prepared by 
the treatment of 9 with sodium hydride in DMF to generate the phenoxide, which was reacted with 
ethylene glycol di-p-tosylate to afford the 2-(p-tosyIoxyethoxy) derivative 11 for radiolabelling (7). 
Radiolabelling with '8F was accomplished by reacting anhydrous [18F]fluoride in K2C03/Kryptofix 
222/MeCN with U at 80°C for 30 min followed by reverse phase HPLC separation to produce 
[ l 8F]10 with a specific activity of >1000 Ci/mmol. Incorporation yields were 8 ± 3 % (N = 4) and 
EOS yields averaged 1 % with a synthesis time of 90 min. 
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In vivo distribution studies in rats indicated that [18F]1Q was taken up in the brain at 2 min post 
injection with about the same concentration as [11CJWAY 100635, while [• 1C]2 demonstrated higher 
brain uptake at 2 min relative to the other two radioligands (Table 2). However by 30 min, [18F]10 
demonstrated no regional localization in rat brain areas known to contain high densities of 5-HTJA 
receptors (e.g., hippocampus and frontal cortex) while [' 1C]2 showed good regional localization. 
The hippocampus-to-cerebellum ratio of [' 'C]2 was about 4:1 at 30 min, which was considerably 
lower than the 12:1 ratio demonstrated by [' 'C]WAY 100635 at 30 min. Since the non-specific 
binding of [1 'C]2 and [11QWAY 100635 in the cerebellum were similar at times >30 min, the lower 
hippocampus-to-cerebellum ratios of [' 'C]2 compared to [' 'C]WAY 100635 can be attributed to the 
lower specific binding of [1 'C]2. This is particularly evident at 60-90 min post injection where the 
concentration of radioactivity in the hippocampus is about 6 times higher for [' 1QWAY 100635 than 
for [1 IC]2. The specific uptake of [11Q2 was blocked by pretreatment with 8-OH-DPAT (5 mg/kg) 
5 min prior to the iv injection of [' 'C]2. 

PET imaging studies of f1 'C]2 in rhesus monkeys indicated initial brain uptake similar to that of 
["C]WAY 100635 (1) and regional localization consistent with the known distribution of 5-HTIA 
receptors in primate brain. The frontal cortex-to-cerebellum ratio for [' 1C]2 in monkeys decreased 
from about 3:1 to 2:1 between 20 to 90 min post injection, while that for [' 1QWAY 100635 increased 
from 3:1 to 6:1 over this same time period. Based upon the apparently faster in vivo off rate of [U C]2 
from the 5-HTJA receptor, this radioligand may be responsive to competition from endogenous 
serotonin. 
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Table 1. In vitro inhibition binding constants (Ki) and 
calculated partition coefficients (log P) for WAY 100635 
and analogues. 

KiinMl2 logPb 
1 (WAY 100635) 0.3 ±0.2 4.67 
2 0.8 ±0.3 4.65 
3 1.1 ±0.5 4.80 
4 10±3 4.88 
5 7.5 ±3.7 5.20 
6 5.2 ±2.4 4.12 
7 4.1 ±1.5 4.50 
10 0.9 ±0.5 4.83 

Rat cortical membranes were labeled with [ H]8-OH-
DPAT. The ICso's from which the Kj's were calculated 
were determined from Hill plots of seven data points 
performed in triplicate. All data represent the mean + SD 
for three or more individual determinations. 
logarithm of the partition coefficient calculated by the 
ClogP program (5). 

Table 2. Regional Brain Distribution of Compounds [1 IC]1, ["C]2, and ['8F]10 in Rats. 
(% Dose/g; average of 3-5 rats ± SD) 

Compd Region 2min 30min 60 min 90 min 
[HC]ia Cerebellum 0.39±0.15 0.08510.011 0.05810.015 0.03110.006 

Hippocampus 0.75+0.19 1.010.2 0.9210.35 0.4210.15 
Frontal Cortex 0.69+0.20 0.6010.15 0.3810.12 0.1710.06 
Striatum 0.59±0.20 0.2010.04 0.1610.10 0.07710.024 

[HC]2 Cerebellum 1.1+0.3 0.11+0.01 0.05510.004 0.04710.004 
Hippocampus 1.5+0.3 0.4110.04 0.1410.04 0.06810.008 
Frontal Cortex 1.6+0.1 0.2110.03 0.08610.015 0.04910.004 
Striatum 1.310.2 0.1610.02 0.07310.014 0.03510.015 

[I8F]10 Cerebellum 0.4810.24 0.1910.05 0.1410.04 . . . 
Hippocampus 0.7510.49 0.2510.05 0.1710.03 — 
Frontal Cortex 0.72+0.39 0.2710.06 0.2210.03 — 
Striatum 0.7110.27 0.2510.05 0.1910.02 — 

aData for compound [' 'C]l were taken from the literature (1). 
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Fluoroalkvl Derivatives of the 5-HTlA Antagonist WAY 100635. 
Alan A. Wilson. Jean N. DaSilva and Sylvain Houle. 
PET Centre, The Clarke Institute of Psychiatry and Department of Psychiatry, 
University of Toronto, Toronto, Ontario Canada M5T 1R8. 

The discovery that buspirone, a novel non-benzodiazepine anxiolytic, has high 
affinity for the 5-HTIA receptor has stimulated interest in this system. The 5-HTIA 

receptor has also been implicated in Alzheimer's Disease, depression, and 
schizophrenia (1). In addition, it is only recently that selective 5-HTIA antagonists 
have become available as pharmacological tools. The most promising of these is 
WAY 100635, which is a potent (KD 0.1 nM), selective, and silent antagonist at both 
pre- and post-synaptic 5-HTIA sites (2). Recent reports have shown that [3H]WAY 
100635 and [ nC]WAY 100635 successfully label the 5-HTiA receptor in vivo in 
rodents and primates (3-5). We report here the radiosynthesis of two 18F-labelled 
analogues of WAY 100635 which may prove useful as ligands for imaging the 5-
HTIA receptor using positron emission tomography. 

WAY 100635, prepared in four steps from 2-aminopyridine and l-(2-
methoxyphenyl)piperazine(6), was demethylated with BBr3 in CH2CI2 to yield (60%) 
the phenolic precursor, N-[2-[4-(2-hydroxyphenyl)-l-piperazinyl]ethyl]-N-(2-
pyridinyl)cyclohexanecarboxamide. [18F]-2-Fluoroethyl bromide was prepared 
from [18F]-fluoride and 2-bromoethyl triflate in THF in 60-70% radiochemical yield 
(7) and distilled into a cooled vessel containing precursor, DMF, and 
tetrabutylammonium hydroxide. Alkylation of the phenolate anion proceeded 
smoothly at 80 °C and was complete in 5-8 min with no observed (<2%) alkylation 
at nitrogen. The product, N-[2-[4-(2-(2'-[i»F]fluoroethoxy)phenyl)-l-
piperazinyl]ethyl]-N-(2-pyridinyl)cyclohexanecarboxamide (FEC) was isolated by 
semi-preparative reverse-phase HPLC. Radiochemical yields were 20-30% 
(uncorrected for decay, from [18F]-fluoride) of the final product, formulated for 
injection, were obtained 60-65 min after end-of-bombardment. Radiochemical 
purities of >98% were achieved with specific activities of 400-600 GBq/(imol. 
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In an analogous fashion, N-[2-[4-(2-(3'-[18F]fluoropropoxy)phenyl)-l-
piperazinyl]ethyl]-N-(2-pyridinyl)cyclohexanecarboxamide, [18F]FPC, was prepared 
using 3-bromopropyl triflate. Radiochemical yields of the formulated product were 
a little lower (15-20%, uncorrected) due to less efficient production of the [ 1 8F]-
fluoroalkylating agent, [18F]-3-fluoropropyl bromide. 

Animal studies are in progress to assess the biodistribution of [18F]FEC and 
[i8p]FPC as potential PET radioligands for the 5-HTiA receptor. 

181 222K, K2CO3 
THF 
Distill 

,DMF x — \ TBAH,_.._. 
OH 0(CH2)n

18F 
Normethyl WAY 100635 n = 2:[18F]FEC 

n = 3:[18F]FPC 
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Synthesis and Binding Studies of f3HlMPPI and T3H1MPPF: Radioactive Antagonist 
Ligands for 5-HT^ Receptors. Z.-P. ZHUANG.+ S.D. HURT,* D.A. STEVENSON,+ M.-P. 
KUNG.+ and H.F. KUNG.+* Departments of Radiology* and Pharmacology,* University of 
Pennsylvania, Philadelphia, PA 19104, and Medical Products,* NEN, DuPont, Boston, MA 02118. 

Due to the importance of their functional roles in the central nervous system, pharmacological 
investigation of the serotonin receptors has attracted much interest in the last two decades. Several 
antagonists for one major serotonin receptor subtype, the 5-HTIA receptor, have been reported in the 
literature (1, 2). The development of radioactive antagonists selective for the 5-HTJA subtype can 
greatly facilitate its pharmacological study and characterization (3,4). Based on the compound WAY 
100635 (5), an iodinated compound, MPPI, la, was reported (6); it is a full antagonist, as shown by 
in vitro hippocampal membrane binding and in vivo pharmacological studies (6-8). MPPF, 2a, a 
close analog of MPPI, displays a similar binding affinity (Kj = 2.6 and 3.2 nM for MPPI and MPPF, 
respectively), but with less lipophilicity (6). Reported herein are the preparation of two tritium labeled 
ligands, [3HJMPPI, [3H]la, and [3H]MPPF, [3H]2a. The same labeling procedure may be suitable 
for the development of PET imaging agents using [' 'C]methyl iodide to prepare the corresponding C-
11 labeled agents. 

Scheme 1. 

1 MPPI:X=Ior 2 MPPF:X=F 
R: a) -CH 3; b) -H; c) -Si(CH 3) 3; d) - COOEt; e) -COOCH 2CCl 3 

Syntheses of [3H]la and [3H]2a are shown in Scheme 1. Non-radioactive MPPI and MPPF were 
prepared as reported previously (6). Demethylations of la and 2a were carried out in CH2CI2 by 
using BBr3. The initial demethylation reaction was not completed, which introduced unwanted carrier 
into final products [3H]la and [3H]2a, leading to low specific activity. Additional purification steps 
were repeated for preparation of [3H]2b. In the case of [3H]la, Rf values on TLC of the starting 
material and product lb were very close (Rf = 0.50 and 0.51, respectively). It was difficult to 
separate them using column chromatography. Several derivatives, trimethylsilyl (TMS) and 
carbonates were prepared, which were easily separated from the starting material by medium pressure 
liquid chromatography (MPLC). Unfortunately, O-TMS MPPI was not stable and hydrolysis of 
ethoxy-carbonyl group was difficult. However, the trichloroethoxy-carbonyl group could be easily 
hydrolyzed. In the case of MPPF, the RfS were not as close as in MPPI; careful chromatography 
could afford the pure demethylated compound. The tritiation reaction was achieved by a 
[3H]methyliodide reaction by NEN/Du Pont Co.; the radiochemical purity of both pH]la and [3H]2a 
was >95%. Specific activity (78 Ci/mmol) was determined by comparing the molecular ion region of 
the mass spectrum carried out on an instrument equipped with desorption chemical ionization (DCT) 
capability. 

In vitro binding studies in rat hippocampal homogenates indicated that both [3H]la and [3H]2a, as 
well as the demethylated precursors, showed potent 5-HT]A receptor affinity. Scatchard analysis of 
[3H]2a gave a K<j value of 0.23 nM, which was comparable to that observed for [>25I]MPPI under a 
similar condition. On the contrary, [3H]la displayed a very high nonspecific binding compared to 
[3H]2a. Both compounds labeled the same number of 5-HTIA receptors as did [125I]MPPI (7) and 
displayed the same pharmacological profile. The results suggest that it is likely that both ["CjMPPI, 
la and [' 1C]MPPF, 2a, may be used as potential PET imaging agents for 5-HT| A receptor. 
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Table 1. Potencies (K; 
PIPAT, [125I]MPPI, or 

nM) of compounds to inhibit the specific binding of [ I25I]R(+)8-OH-
[3H]MPPF to 5-HT] A receptors of rat hippocampal homogenates 

Competitor vs. PIPAT vs. p-MPPI vs. p-MPPF 
WAY 100635 0.38+0.05 0.84±0.10 0.14±0.08 
p-MPPI 0.96±0.10 2.60±0.70 1.06±0.28 
Ketanserin 1817±178 1970+98 2868 
(±)8-OH-DPAT 2.30+0.2 0.91±0.12 5.45±0.45 
5-HT 2.60±0.2 4.31±0.52 10.04±1.67* 

* Assays were performed at 37°C for 15 min in 50 mM Tris-HCl, pH 7.4 and 2 mM of MgCl2; 
average of two determinations. 
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SYNTHESIS AND BIODISTRTBUTTON OF rF-181-MDL100907. A POTENT LIOAND FDR PRT 
STUDIES OF 5HT2A RECEPTORS. 
Hwang D.-R.1, Hwang Y.C. 1, Mathis C.A.2, Mahmood K. 2, Huang Y. 2 , Gerdes J.M. 2. 

1 Department of Nuclear Medicine/PET, Kettering Medical Center, Kettering, OH 45429; and 2 PET 
Facility, Department of Radiology, University of Pittsburgh, PA 15213. 

Recently, a series of fluorophenethylamines (e.g. MDL28161 and MDL100151) were found to be potent 
and selective 5HT2A ligands. (+)-MDL-100907 is the more potent enantiomer and MDL100907 is the 
less potent entiomer of the racemate MDL100151 (1). We proposed to label this ligand with fluorine-18 
and evaluate its potential use for imaging 5HT2A receptors in vivo. The preparation and in vivo 
evaluation of [F-18]-labeled MDL100907 and MDL100009 are presented. 

The precursor for the preparation of [F-18]-labeled MDL100907 and MDL100009 was prepared 
according to the literature procedure (2). A 4-step method was used for the [F-18]-labeling of the title 
compounds (Scheme 1) (3,4). The overall radiochemical yields were 3-7% at the end-of-synthesis with 
a specific activity of >800 mCi/umol. The racemic product ([F-18]MDL100151) was purified by HPLC 
(Silica gel, 8% MeOH/CH2Cl2 doped with NH4OH, flow rate 3 ml/min). The radiolabeled optical 
isomers were then separated by HPLC (analytical Chiralpak AD, ethanol/hexane, 1/9, flow rate: 2 
ml/min) and used in the biodistribution studies. 

The biodistribution studies were performed using female Sprague-Dawley rats with an average weight of 
210 g. A group of four rats was used for each time point. The animals were anesthetized with 
halothane, and the tracer (50uCi/animal) was administered via femoral vein. The most potent isomer 
was identified by evaluating the tracer uptake by frontal cortex at 1 hr post-injection. The frontal 
cortex/cerebellum ratios (target/nontarget) were calculated and used as the potency index. The ratios for 
the first isomer (fF-18]-(+)-MDL100907) and the second isomer ([F-18]-(-)-MDL 100009) were 13.1 ± 
1.6 and 1.1 ± 0.06, respectively (Table 1). The result clearly indicated the potent tracer is [F-18]-
MDL100907. 

The biodistribution of [F-18]MDL100907 was further evaluated. The results are summarized in Table 2. 
The percentage of injected dose per gram of tissue (%ID/gm) for the frontal cortex were 2.2,2.6,2.2, 
and 1.8 at 5,30,60 and 180 min, respectively. Continuous washout of tracer from the cerebellum was 
observed. This led to the continuous increase of frontal cortex/cerebellum ratios. The ratios were 2.5, 
8.5,13.1, and 26.7 at 5,30,60 and 180 min post-injection, respectively. 

Organs such as heart, liver, and kidney also had high amounts of radioactivity at 180 min post injection. 
Low tracer uptakes by bone indicated no in vivo defluorination of the tracer. Rapid washout of 
radioactivity from blood and muscle provided high target/background ratios. The frontal cortex/blood 
and frontal cortex/muscle ratios were 57 and 42, respectively, at 180 min post-injection (Table 3). The 
target/background ratio is much higher than many reported ligands. 

In summary, we synthesized and evaluated the [F-18]-labeIed MDL100907 and MDL100009. [F-18]-
MDL100907 was found to have a target/nontarget ratio of greater than 26 at 3 hr post-injection. This 
ratio is the highest reported to date for any 5HT2A radioligand. The high target/nontarget and 
target/background ratios supports the potential use of [F-18]MDL100907 in imaging 5HT2A receptors in 
vivo using PET. Currently, PET studies in primates using [F-18]MDL100907 and MDL100009 are in 
progress. 

1. Sorensen S.M., Kehne J.H., Fadayel G.M., Humphreys T.M., Ketteler H.J., Sullivan C.K., Taylor 
V.L., Schmidt C.J. - J. Pharmacol. Exper. Thera. 22£: 684 (1993). 

2. Carr A.A. Kane J.M., Hay D.A., Schmit C.J. - US Patent 5,134,149 (1992). 
3. Hwang D-R, Dence CS, Gong J, Welch MJ. - Appl. Radiat. Isotop. 42:1043(1991). 
4. Hwang D.-R., W.R. Banks, J.C. Mantil (Abstract) - J. Label. Cmpd. Radiopharm.328 (1993). 
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Scheme 1. Preparation of [F-18]-labeIed MDL100907 and its optical isomer. 
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Scheme 2. HPLC separation of optical isomers. 
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Table 1. Biodistribtion of [F-18]-labeled MDL100907 and MDL100009 in Sprague Dawley rats at 1 
hr post-injection. (%ID/gm, mean istdev, n = 4) 

Organs 
frontal cortex 
striatum 
cerebellum 
brain stem 
rest of brain 
heart 
lungs 
liver 
kidney 
muscle 
bone 
blood 

%DD/gm 
MPU00907 MDL1000QO 
2.17 ±0.13 
0.68 + 0.16 
0.17 ±0.02 
0.41 ± 0.03 
1.05 ± 0.13 
0.17 ± 0.01 
0.72 ± 0.07 
1.02 ±0.11 
1.29 ± 0.20 
0.10 ±0.02 
0.18 ±0.02 
0.06 ± 0.01 

0.16 ±0.02 
0.15 ±0.04 
0.15 ± 0.02 
0.18 ±0.02 
0.16 ±0.02 
0.16 ±0.03 
0.78 ± 0.03 
1.07 ± 0.19 
2.00 ± 0.36 
0.09 ± 0.03 
0.17 ± 0.04 
0.05 ± 0.00 

Ratios 
fromal/cereb 
Striatum/cereb 
frontal/blood 
frontal/muscle 

100907 
13+1.6 

4.1 ± 0.5 
35 + 4.0 
23 ± 5.0 

100009 
1.1 ±0.1 
1.0 ±0.2 
2.9 + 0.1 
1.8 ±0.4 

Table 2. Biodistribtion of [F-18]-labeIed MDL100907 in Sprague Dawley rats. 
%ID/gm ± stdev (n = 4). 

%ID/gm 

Data presented as 

Organs 5 min 30min 60 min 180 min 

frontal cortex 
striatum 
cerebellum 
brain stem 
rest of brain 
heart 
lungs 
liver 
kidney 
muscle 
bone 
blood 

2.35 ± 0.51 
1.54 ± 0.32 
0.95 ± 0.27 
1.05 ± 0.17 
1.63 ± 0.35 
1.90 ± 0.30 
8.86 ± 4.54 
1.17 ±0.11 
3.82 ± 1.92 
0.13 ±0.03 
0.24 ± 0.04 
0.16 ±0.02 

2.65 ± 0.43 
1.20 ± 0.35 
0.33 ± 0.08 
0.68 ± 0.05 
1.34 ± 0.05 
0.38 ± 0.06 
1.45 ± 0.61 
1.16 ±0.18 
2.21 ± 0.30 
0.19 ±0.04 
0.29 ± 0.01 
0.10 ±0.00 

2.17 ±0.13 
0.68 ± 0.16 
0.17 ±0.02 
0.41 ± 0.03 
1.05 ± 0.13 
0.17 ±0.01 
0.72 ± 0.07 
1.02 ±0.11 
1.29 ± 0.20 
0.10 ±0.02 
0.18 ± 0.02 
0.06 ± 0.01 

1.80 ±0.48 
0.43 ±0.11 
0.07 ± 0.01 
0.16 ± 0.02 
0.48 ± 0.08 
0.08 ± 0.01 
0.34 ± 0.04 
0.71 ±0.18 
0.87 ±0.13 
0.04 ± 0.01 
0.08 ± 0.02 
0.03 ± 0.01 

Table 3. Frontal cortex/tissue ratios of [F-18]MDL100907. 

ratios 5 min 30 min 60 min 180 min 

frontal/cerebellum 
striatum/cerebellum 
frontal/blood 
frontal/muscle 

2.51 ± 0.40 
1.66 ±0.32 

14.40 ± 2.60 
18.99 ±7.05 

8.47 ± 2.48 
3.69 ± 0.92 

26.91 ± 4.01 
13.80 ± 1.51 

13.12 ± 1.60 
4.06 ± 0.54 

35.53 ± 4.24 
22.96 ± 4.98 

26.71 ± 
6.39 ± 

57.29 ± 
42.18 ± 

5.18 
0.86 
12.94 
14.21 

301 



SYNTHESIS OF [1 1C]RPR-72840A AND ITS PRELIMINARY EVALUATION 
AS A PROBE FOR THE SEROTONIN REUPTAKE SYSTEM 

ROEDA Dirk, DOLLE EnSdenc and CROUZEL Christian 

Service Hospitalier Frecle'ric Joliot - CEA - 4 place du G6n6ral Leclerc - F-91406 Orsay - France 

Up to date no radiopharmaceutical for the study with positron emission tomography (PET) of 
the serotonin (5-HT) reuptake system is available. Indeed fluoxetine, a known blocker of 5-HT 
reuptake sites, has been labelled with fiuorine-181 and with carbon-11 2- 3, but it proved unsatisfactory 
as a PET-scanning agent The same holds for f1 'CJcitalopram3. 

In a renewed effort to prepare such an agent we have labelled RPR-72840A which possesses 
a considerable antagonistic activity towards 5-HT reuptake in vitro and in vivo with an IC50 of 
1.5 nmol 4 . 

Our synthesis of the non-radioactive precursor and its conversion to [ 1 1C]RPR-72840A is 
outlined in the reaction scheme. This route was chosen after attempts with the model compound 2-
piperidinoethanol to achieve condensation with 1,8-diaminonaphtalene using (t-BuO)3Al and Raney 
N i 5 or with l-amino-8-tosylaminonaphtalene under Mitsunobu conditions 6 had failed. 2-
Chloromethyl-l,2-dihydroperimidine (2) was synthesized from 1,8-diaminonaphtalene (D and 
aqueous chloroacetaldehyde (in EtOH, 30 min. at 0°C and 80 min. at 25°C; yield 95%). Reaction of 2 
with 5-fIuoro-3-[(4-pyridinyl)methyl]-lH-indole Q ) 7 gave the 1,2-dihydroperimidine 4 (in CH2CI2; 
6 hrs reflux; base: N-methylmorpholine; yield 42%). Treatment of 4 with 13 equivalents of DIBAL-H 
gave precursor 5_ (in benzene; 30 hrs reflux; yield 25%). 

Reaction of 5 (2 jimol) with no-carrier-added [ n C]COCl2 8 gave [ nC]RPR-72840A (in 300ul 
toluene; at 0°C; instantaneous reaction). The radiochemical yield with respect to the trapped 
[ n C ] C O C l 2 was 70%. After evaporation of the solvent and before HPLC purification the 
radiochemical purity is virtually 100%. The product was separated from non-reacted precursor and 
other impurities by HPLC (mobile phase: CH2CI2/CH3OH 1/1; flowrate 5 ml/min.; retention times: £: 
5.8 min.; 5_: 8.0 min.) and was formulated for injection into animals. The specific radioactivity at the 
end of synthesis, 20 minutes after end of bombardment, was 600 mCi/nmol. 

Exploratory animal studies will be presented. 

1. Hammadi A. and Crouzel C- J. Label. Compd. Radiopharm. 28_:703 (1993). 
2. Kilbourn M.R. el a! - J. LabeL Compd. Radiopharm. 26:412 (1989). 
3. Scheffel U. et al - J. Nucl. Med. 31:883 (1990). 
4. Mignani S. et al - Bioorg. Med. Chem. Lett. 2:1913 (1993). 
5. BottaM.etal-Synthesis 722 (1977). 
6. Edwards M l . et al - Tetr. Lett 21:3417 (1990) 
7. Malleron J-L. et al - J. Med. Chem. 26:1994 (1993) 
8. Landais P. and Crouzel C. - AppL Rad. Isot. 28:297 (1987). 
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SYNTHESIS OF [11C]S21007 A NOVEL SELECTIVE AND PARTIAL AGONIST OF 
5HT3 RECEPTORS 
GUILLOUET, S.. BARRE , L; GOURAND, F.; +LASNE, M.C., BESRET, L, 
"DAUPHIN, F.,"+RAULT, S. 

CEA- DSV/DRIPP CYCERON, Bd Henri Becquerel BP 5229, 14074 CAEN;+URA 
CNRS D 0480, ISMRA, 6 Bd du Marechal Juin, 14050 CAEN;"URA CNRS 1829 Bd 
Henri Becquerel BP 5229, 14074 CAEN;*~FACULTE DE PHARMACIES rue 
Vaubenard, 14032 CAEN 

Serotonin fulfills multiple physiological roles in both the central and 

peripheral nervous system by acting on a diversity of receptor subtypes widely 

distributed in the organism. Over the past few years special attention has been paid 

to serotonin 5HT3 receptors. Some antagonists of these receptor subtypes are of 

high therapeutic interest in the prevention and treatment of vomiting associated with 

anticancer chemotherapy, in the treatment of anxiety disorders and schizophrenia. 

The first 5HT3 antagonist labelled with a p+ emitter atom was [11C]MDL72222; its 

study in the brain of baboon (distribution, kinetics, and binding) has demonstrated 

that is was not a good candidate to detect a specific binding in PET, due to its high 

lipophilicity 1. Among a series of tricyclic piperazine derivatives synthetized ,S21007 

has been described as a novel selective and partial agonist which possesses a good 

affinity for 5HT3 receptors (IC50 = 1nM) versus others 5HT subtypes studied where 

IC5o> 1|JM 2. We report here the radiosynthesis of [1,C]S21007 . 

["0521007 was labelled by N-alkylation of 2 with [11C]benzyl iodide in 

CH3CN at 70°C for 10 min. The reaction mixture was applied to semi-preparative 

HPLC separation using a n-porasil normal phase (eluent: CH2CI2/ solB 99/1, v/v; 

solB: EtOH/H20/EtNH2 96/2/2, v/v/v; X: 265nm; flow-rate 4mLmin'1). ["C]S21007 was 

isolated with a radiochemical yield of 40-50% based on ["C]benzyl iodide, in 60 min 
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synthesis time. The purity and the specific activity are >98% and 200-400mCi/nmol 

respectively. 

^N^^N N-H 2=£ ^ ^ N ^ N N-CH2-</ J 
\ ' 7110CCH3CN \ / \ = / 

2 1 

Preliminary in vivo biodistribution studies in male Sprague Dawley rats 

showed that [11C]S21007 has a relatively good blood brain barrier permeability 

(0.30% of the injected dose in brain at 20min post-injection). The first data suggest 

that the regional distribution in the brain appears to favor specific regions but 

additional studies are needed to further characterize this potential serotonin 5HT3 

radiotracer. 
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Tc-99mfMPP1 Complexes; Potential 5-HT]^ Receptor Imaging Agents. 
K. PLOSSL. Z.-P. ZHUANG, S.K. MEEGALLA, J. BRADSHAW, D. FREDERICK, D.A. 
STEVENSON, M.-P. KUNG and H.F. KUNG.* Departments of Radiology and Pharmacology,* 
University of Pennsylvania, Philadelphia, PA 19104. 

In order to develop antagonists for in vitro and in vivo evaluation of 5-HTIA receptors, a series of 
new benzamido derivatives, including MPPI (Fig. 1), was prepared (1). The radioiodinated para-iodo 
compound, [I25I]p-MPPI, demonstrated high affinity and selectivity toward 5-HTJA receptors (K<j = 
0.36 nM and B m a x = 264 fmol/mg of protein in rat hippocampal membrane homogenates) (2). This 
potential 5-HTIA ligand is the first reported pure antagonist, and may provide a powerful tool for 
pharmacological studies of the 5-HTJA receptor system. Initial biodistribution studies in rats and 
monkeys suggested that [l23I]p-MPPI is an excellent imaging agent. 

The development of Tc-99m based radiopharmaceuticals is widely investigated. One class of brain 
perfusion agents is based on 99mTc-amine-oxime and was developed to the final product, [99mTc] d,l 
- HMPAO (3), which is used in nuclear medicine clinics for the study of regional cerebral perfusion. 
A second category of brain and heart perfusion agents is based on BATO complexes (Boric Acid 
Adducts of Technetium Complexes) (4,5). Another class of " m T c brain perfusion agents is based on 
the N2S2 donor atoms, bisaminodithiol (BAT) (6). 

Several recent reports demonstrate that it is possible to incorporate TcO(III)N2S2 into potential 
receptor selective imaging agents for muscarinic receptors (7), vesamicol sites (8) and steroid 
hormone receptors (9-12). Generally, these agents can be classified into two categories: pendent 
approach, in which the Tc-99m complexing moiety is attached to the main body of the molecule 
responsible for binding to the pocket of the receptor-Iigand binding site; or integrated approach, in 
which the Tc-99m complex is integrated as part of the receptor specific ligand. This point is clearly 
illustrated in our preliminary effort in preparing a Tc-99m 5-HT| A receptor ligand (Fig. 1). 

.OMe \ " / - V 

p-MPPI 
Original Ligand 

OMe V r

N f-\ 1 v 

Pendent Approach 

OMe > N _ _ 

W 
Integrated Approach 

Fig. 1. Chemical structures of the new 5-HTIA receptor antagonist, p-MPPI, and its Tc-99m 
labeled derivatives based on linking the Tc moiety using a pendent or integrated approach. 

Based on the chemical structure of p-MPPI, we prepared a series of compounds, A1-A4, 
containing a N2S2-TC complex moiety. The biodistribution, partition coefficient and binding affinity 
to 5-HTIA receptors of some of the corresponding ReO complexes were studied (Table 1). These 
ligands formed 99mTc complexes and displayed high stability in vitro (>4 hours in saline at room 
temperature). The 99mTc complexes A1-A4 exhibited good lipophilicity (P.C. > 225). 
Biodistribution studies in rats show that brain uptake is a reflection of lipophilicity (P.C.). However, 
[99mTc]A4 displayed no brain uptake, possibly because the molecule is too large to penetrate the 
intact blood-brain barrier. The in vitro binding study showed that the ligand itself, as well as the ReO 
complex, displayed good binding affinity. [99mjc]A4 may not be useful as the lead compound. 
However, the analogous ReO complex of A4, showing a Ki of 26 nM, is very close to the desired 
binding property (Kj < 10 nM) (13). 

As the pendent approach with a N2S2-Tc-core did not show any significant brain uptake, a new 
approach was investigated. We and others have shown that tridental SNS-ligands and a monodentate 
coligand are suitable to form stable and neutral Tc-complexes (14-16). We applied this strategy of 
using a "3+1" Tc complex and synthesized alternative complexes, Bl and B2. In order to improve 
lipophilicity, a NS2 ligand with a built-in pair of gem-dimethyl groups v/as integrated with a pendent 
MPP moiety. This complex, Bl, showed high lipophilicity (P.C. = 888), as expected, but showed 
no brain uptake. With a molecular weight of 781, the molecule may be too large to penetrate the intact 
blood-brain barrier. Therefore, to decrease the lipophilicity, the SNS-ligand without additional methyl 
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groups was also prepared. This complex, B2, again displayed no significant brain uptake (Table 2). 
The results suggest that molecular sizes of Bl and B2 exceed the limit to pass through the intact 
blood-brain barrier, even though they are neutral and lipophilic. Therefore, another MPP-derivative, 
based on the integrated approach, was prepared. The new N2S2 ligand integrates the Tc-99m 
moiety into the core structure of a new 5-HTIA receptor ligand. This ligand was reacted with a 
TcsN2+-intermediate to produce a neutral and lipid-soluble complex (17). Although the structure is 
not confirmed, it is reasonable to assume that the complex C has a structure as proposed. This 
complex was stable in saline, and biodistribution showed high initial brain uptake in rats (Table 2). 

In conclusion, new Tc-99m complexes have been prepared using two approaches, integrated and 
pendent, and were tested as potential 5-HTJA receptor imaging agents. It appears that the integrated 
approach provides a new Tc-99m complex with moderate success. Further studies are warranted for 
additional chemical and biological characterization of this series of new Tc-99m complexes. 

Table 1. Biodistribution (in rats) of 99"iTc-MPP complexes (pendent approach with a N2S2-TC 
moiety) and its related derivatives Al to A4 

9 — 9 ô  CH3OV o N > J M r f l 

V \ P * W A3 C/'v) A 4° ^ ^ 

Tc-complexes M.W. P.C.a 

Brain Uptake in In Vitro Binding 
Rats (%dose/organ)b Kj (nM)c 

2mln 30min Ligand(L) ReOL 
A l 466 422.1 1.11 0.07 - -
A2 466 225.9 0.68 0.03 - -
A3 512 526.8 0.44 0.07 16.0 ± 1.4 448 + 44 
A4 734 440.0 0.05 0.01 26.5 ± 5.5 26.6 + 2.3 

Table 2. Biodistribution (in rats) of 99mTc-MPP complexes Bl , B2 (pendent approach "3+1") 
and complex C (integrated approach) 

f\ "V MeCI __ Kf M e 0 ^ N A M e Q 

T O Bl ^ > B2 „ L T 0 'VJ - 7\ s s 

Brain Uptake in 
Rats (%dose/organ)b 

Tc-complexes M.W. P.C. a 2min 30min 
B l 781 888 0.07 0.05 
B2 725 437 0.04 0.02 
C 617 >3000 0.89 0.27 

a P.C. Partition Coefficient (n-OctanoI/pH 7.0 buffer); all compounds were stable in saline for >4 hr. 
b All of the data for biodistribution in rats were obtained with Tc-99m complexes. 
c In vitro binding assays for RcO complexes were performed in rai hippocampal homogenatcs with ['^SijMPPI as the 

ligand. 
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THE SYNTHESIS OF [0-METH¥L-uC]YE^LAFESINE : 

A POTENTIAL TRACER OF THE 5-HT REUPTAKE SITE 

A. D. Gee*, D. Smith and A. Gjedde 

PET Center, Arhus Kommunehospital, Norrebrogade 44, DK-8000 Arhus C, Denmark 

Introduction 

As part of our program to develop a PET tracer for the 5-HT reuptake site, venlafexine was 

selected as a candidate for labelling with "C for in vivo evaluation. 

Experimental 

General - Venlafexine.HCl and its O-desmethyl analog was obtained from Wyeth-Ayerst 

Research laboratories, Princeton, New Jersey, USA. "C-CO2 was produced using a GE 

Medical Systems PETtrace, 18 MeV cyclotron by the "N(p,a)"C reaction using a nitrogen 

gas target and was converted to "C-methyl iodide by a standard procedure (1,2). Preparative 

and analytical HPLC was carried out using a Spherisorb 5-ODS 250*10 mm or a Spherisorb 

5-ODS 250*4.6 mm column (columns A and B respectively) connected in series with UV 

(254 nm) and radioactivity detectors. 

"C-Labelling (Scheme 1) - "C-Methyl iodide was distilled in a stream of nitrogen gas to a 

reaction vial containing 1 mg O-Desmethylvenlafexine (1) and 1.5 mg sodium hydride (60% 

oil dispersion) dissolved in 300 ul DMF. After heating for 5 min at 130 °C, the crude 

product was purified using column A with ethanol:5mM TEA (80:20) as eluent at a flow 

rate of 6 cmVmin. The fraction containing the "C-venlafexine (2) was evaporated to dryness, 
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formulated in a buffed saline solution and passed over a 0.22 um filter into a sterile vial. The 

radiochemical purity and product identity was analysed using column B with ethanol:5mM 

TEA (95:5) as eluent at a flow rate of 2 cmVmin. 

"CH3I 
NaH,DMF 

130 oC 

.o'ta 

Results 

Radiochemically pure [0-;we//!)>/-"C]venlafexine was produced within 30 min post EOB, in 

a 30 - 40 % decay corrected radiochemical yield and a specific activity greater than 50 

GBq/umol. Analytical HPLC showed no detectable amounts of the labelling precursor 1. 

In vivo PET studies are now in progress to evaluate "C-venlafexine as a tracer of 5-HT 

reuptake sites. 
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Synthesis of Trans-1.2.3.5,6,10b-hexahvdro-6-f4-(2'-ri8F1fluoroethvlthio)phenvll 
-pyrrolof2.1-alisoquinoline: A New Radioligand for PET Study of the Serotonin 
Transporter. Shi, B.; Faraj, B. and Goodman. M. M. Emory Center for Positron Emission 
Tomography, Emory University, Atlanta, GA. 

Significant reduction in the density of serotonin transporter sites has been associated with a variety of 
pyschiatric, pyschomotor and addictive disorders such as depression and obsessive-compulsive disorder, 
Parkinson's disease and Alzheimer's disease and alcohol abuse respectively (1). The development of 
serotonin transporter imaging agents labeled with positron emitters has been of great interest in order to 
study the role of this regulatory site in these disorders antemortem using positron emission tomography 
(PET). Citalopram (2), paroxetine (3), fluoxetine (4) and nitroquipazine (5), potent serotonin transporter 
ligands, have been radiolabeled with carbon-11 and fluorine-18 as potential radiotracers for imaging and 
quantifying serotonin transporter sites in the brain using PET. Recently, a series of antidepressants, 
trans-l,2,3,5,6,10b-hexahydro-pyrrolo[2,l-a]isoquinoline derivatives, have been found to be potent 
inhibitors with low and subnanomolar affinity for the serotonin transporter (6). The most potent inhibitor 
of the series, trans-l,23,5,6,10b-hexahydro-6-[4-(methylthio)phenyl]pyrrolo[2,l-a]isoquinoline (McN-
5652Z) (Ki = 0.68 nM vs 100-200 nM [3H]serotonin), has been labeled with carbon-11 as a PET 
radioligand for mapping serotonin transporter sites (7). Carbon-11 McN-5652Z showed the greatest 
accumulation in brain regions rich in serotonergic neurons with greater cortex to cerebellum ratios (4.3 to 
1) than previously tested PET serotonin transporter ligands (8). 

Trans-l,2,3,5,6,10b-hexahydro-6-[4-(ethylthio)phenyl]pyrrolo[2,l-a]isoquinoline is another pyrrolo-
isoquinoline derivative which exhibits high affinity for the serotonin transporter (Ki = 3.0 nM vs 100-200 
nM [3H]serotonin) (9). These findings and the more attractive radionuclidic properties of fluorine-18 
(tl/2=110min) prompted us to synthesize trans-l,23A6,10b-hexahydro-6-[4-(2'-[18F]fluoroethylthio)-
phenyl]pyrrolo-[2,l-a]isoquinoline, as a bioisostere of trans-l,23,5,6,10b-hexahydro-6-[4-ethylthio)-
phenyl]pyrrolo[2,l-a]isoquinoline, for evaluation as a potential PET serotonin transporter ligand. 

Trans-l,23,5,6,10b-hexahydro-6-r4-(2'-fluoroethvlthio)phenvnpvrrolo-f2.1-a1isoquinoline(10). was 
synthesized by a four step reaction sequence outlined in Figure 1. The pivotal step in the preparation of 
10 involved treatment of amixtureof either trans/cis-l,23,5,6,10b-hexahydro-6-[4-(methylthio)phenyl]-
pyrrolo[2,l-a]isoquinoline (8) or trans/cis-l,23,5,6,10b-hexahydro-6-[4-(bromo)phenyl]pyrrolo[2,l-
a]isoquinoline(9) with sodium thiomethoxide followed by l-bromo-2-fluoroethane to give a 1:2 mixture 
of trans (10) to cis (11) isomers. The desired trans isomer 10 was obtained by prep HPLC. In vitro 
binding study of trans-l,2,3,5,6,10b-hexahydro-6-[4-(2'-fluoroethylthio)phenyl]pyiTolo-[2,l-
a]isoquinoline (10). in rat cortical homogenates exhibited high in vitro affinity (97.9% inhibition at 10-
5 M vs. pHJcitalopram) for the serotonin transporter. 
[ 1 8 F] i0 was prepared from a [18F]fluoroethyltosyl precursor as outlined in Figure 2. A mixture of 
either trans/cis-1,23,5,6,10b-hexahydro-6-[4-(methylthio)phenyl]-pyrrolo[2, l-a]isoquinoline (8) or 
trans/cis-l,23,5,6,10b-hexahydro-6-[4-(bromo)phenyl]pyrrolo[2,l-a]isoquinoline (9) was allowed to 
react with sodium thiomethoxide to give a mixture of trans (12) and cis (13) thio-isomers. [18F]H) was 
then prepared by NCA K[1 8F]/K222 exchange for tosyl from 1,2-ditosylethane in CH3CN at 85°C 
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followed by alkylation of trans isomer 12 which was isolated by prep HPLC. Pharmacologic 
characterization ans biological evaluation will be presented. 

1 . X = SCH 3 

2. X = Br 

8 . X = SCH 3 

9 . X = Br 

BOP/EtjN 

PPA 

76-84% 66-80% 

6 . X = SCH 3 

7 . X = Br transxis 2:1 

1. NaSCH3 

2.BrCH 2CH 2F 
> • 

70-72% 
Conversion 

10. trans 
1 1 . cis 

transrcis 1:2 

Figure 1. Synthesis of Fluoroethyithio-McN-5652Z 
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X SH 

|*8F]10-trans 

Figure 2. Synthesis of [18F]FIuoroethylthio-McN-5652Z 
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(KHA^uC-MethyI]-ll-hydroxy-10-methylaporphine as a ligand for 5-HTIA 
receptors: synthesis and evaluation of its biodistribution in monkey with PET 

J.-O. Thorellab, M.H. Hedberg0, A. M. Johansson6, U. Hacksellc, 
S. Stone-Elanderab. L. Erikssonband M. Ingvarb 

a Karolinska Pharmacy, Box 160, S-171 76 Stockholm, Sweden 
o Clinical Neurophysiology, Box 130, Karolinska Hospital / Institute, S-171 76 Stockholm, Sweden 

c Organic Pharmaceutical Chemistry, Uppsala University, Uppsala Biomedical Center, 
Box 574, S-75123 Uppsala, Sweden 

Specific changes in the levels of endogenous amines such as serotonin (5-HT) are expected in 
response to spontaneous emotional reactions such as anxiety, depression, coping with pain (1). A 
number of ligands have been labelled and evaluated as tools for the PET study of 5-HT receptors 
and reuptake systems (for a review see 2). 5-HTIA is one of the subtypes most well-characterized 
pharmacologically, mainly due to the availability of the selective agonist (R)-8-OH-DPAT (3). 

We report here a method for labelling an agonist for the 5-HTIA receptors, (Ry 11 -hydroxy-10-
methylaporphine (HYMAP, I) . This derivative of aporphine has recently (4) been shown to bind 
with a high affinity (Ki =0.45 nM) and selectivity for 5-HTIA receptors and was characterized to 
be almost devoid of interaction with dopamine receptors. As shown in the scheme below, 
radiolabelling was accomplished by reaction of [''CJCHsI with the N-desmethyl precursor Q) and 
microwave treatment to improve the radiochemical yields. [^CJCHjI, produced by standard 
procedures, was trapped in a DMF (0.3 mL) solution of 2 (1 -5 mg) containing K2CO3 (=8 mg). The 
mixture was treated with 60 W (2 x 30 sec, 1 min interval). [AM!CH3]-1 was isolated using a semi-
preparative n-Bondapak C18 column and CHaCNiNRjOAc as the mobile phase. The radiochemical 
incorporation of [^QCHal was 30-40%, the radiochemical purity of isolated [AM'CH3]-1 was > 
99% and the specific activity was 15-18 GBq/nmol at end-of-synthesis. Total synthesis time, 
including formulation and sterile filtration, was =35 min. 

Following i.v. injection in a Cynomolgous monkey, [A/-11CH3]-J. demonstrated an in vivo 
behavior that is favorable for a HC-labelled ligand which binds reversibly : good extraction over 
the B.B.B., maximum levels obtained in =10 min after injection with a preferred uptake in regions 
rich in 5-HTIA receptors (raphe > striatum > cerebellum). By 45 min post i.v., the regional 
differences had disappeared and the cerebral radioactivity had decreased to =10% the peak value. 
Pretreatment with 8-OH-DPAT prior to the injection of n.c.a. [W-HCHsl-l completely abolished 
the regional differences in binding at early times. We conclude that [N-^CHs]-! is a promising 
candidate for use in the in vivo study of 5-HTIA receptors. 

Acknowledgements: financial support by Swedish Medical Research Council (8276, 9847 and 
K95-04P-11319-01A) and the Karolinska Institute as well as technical support by Walter Pulka, 
Peter Soderholm and the members of the PET group involved in the PET evaluation. 
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r"C!MDL 100.907: A POTENT AND SELECTIVE ANTAGONIST OF 5-HT->A 

RECEPTORS LABELLED WITH n c AT TWO DIFFERENT POSITIONS. 
MATHIS, C.A.; HUANG, Y.; SIMPSON, N.R.; MAHMOOD, K.; GERDES, J.M.; PRICE, J.C. 
PET Facility, Department of Radiology, University of Pittsburgh, Pittsburgh, PA 15213 

Several I8F-labelled radioligands, such as [18F]setoperone (1) and [l8F]altanserin (2), have been used 
successfully for PET studies of the serotonin 5-HT2A receptor system. We sought to develop a 
selective and potent HC-labelled 5-HT2A agent to conduct baseline and pharmacological challenge 
studies in a single PET scanning session. Towards this goal, the potent and selective 5-HT2A 
antagonist MDL 100,907 [(R)-(+)-a-(2,3-dimethoxyphenyl)-l-[2-(4-fluorophenylethyl)]-4-
piperidinemethanol)] (3) was radiolabelled with [1'CJmethyl at either the 2- or 3-methoxy positions 
and evaluated in rats and rhesus monkeys. In addition, the less active (S)-(-)-enantiomer (termed MDL 
100,009; structure not shown) (4) was radiolabelled with 1 'C and evaluated in these species as well. 

MDL 100,907 (1) is highly selective for the 5-HT2A receptor, possessing a 300-fold in vitro binding 
selectivity for this site over 5-HT2C, ai, and D2 receptors (5). The binding potency of 1 for the 5-
HT2A receptor is similar to that reported for setoperone and altanserin (K;'s of 0.36,0.37, and 0.16 
nM, respectively), and the compound is presently undergoing Phase II clinical trials in Europe as a 
potential antipsychotic therapeutic agent. 

HO H OR I Ri=R 2 = CH3 (MDL 100,907) 
\ f j V OR2 ^ Ri = ! ICH 3,R2 = CH3 ([2-0[uC]CH3]MDL 100,907) 

r^VNf^vf 2 3 R, =CH 3 ,R 2 = n CH 3 ([3-0[nC]CH3]MDL 100,907) 
F _ ^ V ^ ^ N ^ k ^ 4 R,=H,R 2 = CH3 

^ ^ 5 R,= CH3, R2 = H 

The syntheses of the two precursors (4 and 5) for radiolabelling were achieved by different routes. 
Formation of the 2-hydroxy precursor 4 (>98 % ee as determined by chiral HPLC (Chiracel OD)) was 
obtained by regiospecific demethylation of 1 with L-Selectride (6) (65 %). The synthesis of 1 
followed literature procedures (7). The 3-hydroxy precursor 5_ was prepared by the route outlined in 
Scheme 1. Alkylation of ethyl isonipecotate (6) with the bromide 7 afforded the ester 8. Ester 8 was 
transformed to the amide 9 (8), which was coupled with the regiospecific anion (9) of 10 (10) to 
provide the ketone H . Reduction of U afforded the racemic alcohol 12 (49 % from 6). The 
enantiomers of 12 were resolved by formation of the 12 acetates with (S)-(+)-a-methoxyphenylacetic 
acid and column chromatography of the resulting diastereomers (7). The phenol 5 (>98 % ee) was 
produced from the (R,S)-diastereomeric ester by concomitant ester hydrolysis and silyl deprotection 
under mild basic conditions. 

Cold methylation of 4 with methyl iodide proceeded very slowly in DMF with KOH. However, the 
conversion of 4 to I was accomplished by changing the solvent to HMPA (10 min, 20°C, 80 %). 
Compound 4 was reacted with [' ICICH3I in HMPA with KOH at 65°C for 4 min to afford 2. The 
crude reaction mixture was passed through a neutral alumina SepPak which retained >95 % of 4, and 
the product 2 was eluted with acetone. High specific activity product 2 (1.9 ± 1.3 Ci/umol; N = 10) 
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was achieved by reverse phase HPLC purification of the SepPak eluent using an Alltech Econosil CI 8 
column eluted with MeOH/pH 7.3 buffered water (57/43). Incorporation yields (based upon 
[1 lC]CH3l) were 39 ± 13 % and EOS yields (based upon [l >C]C02) averaged 2.3 % with a synthesis 
time of 50 min. The [2-0[l 1C]CH3]MDL 100,009 radioligand (the (S)-enantiomer of 2) was 
synthesized with high specific activity (2.8 ±1.5 Ci/umol; N = 4) in a manner analogous to that of 2 
starting with the (S)-enantiomer of 4. This precursor was obtained from MDL 100,009 (7) in >97 % 
ee by selective demethylation using L-Selectride. 

Cold methylation of 5 with methyl iodide employing KOH in either DMF or HMPA provided 1(10 
min, 20°C, 80 % yields). The l IC-labelled form 3 was produced from 5 using KOH in HMPA with 
[I 'C]CH3l at 65°C in 3 min. Reverse phase HPLC provided the product 3 in high specific activity 
(1.1+0.1 Ci/nmol; N = 5) without the need for alumina SepPak purification. Incorporation yields 
(based upon [l lC]CH3l) were 68 +15 % and EOS yields (based upon [• 1C]C02) averaged 6 % with 
a synthesis time of 40 min. 

Scheme 1 

HN V ^ O E t + F 

OMe 

-o—-

VY OMe 

10 

r ^ V ^ " O E t 

§ | b , c ,d 

o l 

l-Me 
\y> OMe 

^ 9 

OH OMe sf& OTBDPS 

• 1 
MDL 100,907 

•+~ 3 
r"r [3-0["C]CH 3]MDL 100,907 

a. K 2 C 0 3 b.NaOH c.ClCOCOCl d. HN(OMe)Me«HCl e.n-BuLi f. NaBH4 
g. (S)-(+)-a-methoxyphenylacetic acid, DCC, DMAP; separation; K2CO3, MeOH, H2O 
h. CH3I, KOH, HMPA, 20°C i. [i 1C]CH3I, KOH, HMPA, 65'C 

In vivo distribution studies in rats indicated that 2 and 3 were taken up and regionally distnbuted in the 
brain in a manner consistent with the known distribution of 5-HT2A receptors (Table 1). The specific 
uptake of 2 was blocked by pretreatment with altanserin (2 mg/kg) 5 min prior to the iv injection of 2. 
The in vivo brain distribution of [2-0[HC]CH3]MDL 100,009 (the less active (S)-(-)-enantiomer) 
indicated the lack of regional localization in brain areas known to contain high concentrations of 5-
HT2A receptors such as the frontal cortex. 
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PET imaging studies of compounds 2 and 3 in rhesus monkeys indicated good brain uptake and 
regional localization for both compounds consistent with the known distribution of 5-HT2A receptors 
in primate brain. The regional brain concentrations of 2 and 3 in monkeys were similar with frontal 
cortex-to-cerebellum ratios >3:1 at 90 min post injection. Injection of [2-0[»C]CH3]MDL 100,009 in 
monkeys resulted in a uniform brain distribution without regional localization consistent with the lower 
affinity of this enantiomer for 5-HT2A receptors. Radiolabelled metabolites in the plasma of monkeys 
were determined for compounds 2 and 3, and compound 2 led to the formation of a lipophilic 
metabolite which was absent with 3. Thus based upon higher radiochemical yields and absence of a 
lipophilic metabolite, compound 3 is preferred over 2 for PET studies of the 5-HT2A receptor. 

Table 1. Regional Brain Distribution of Compounds 2,3, and [2-0["C]CH3]MDL 100,009 in Rats. 
(% Dose/g; average of 3-5 rats 1 SD) 

Compd Region 2 min 30 min 60 min 90 min 
2 Cerebellum 0.87±0.18 0.41+0.03 0.24+0.08 0.2110.03 

Frontal Cortex 1.4±0.3 2.310.5 2.010.5 2.010.3 
Striatum 1.2±0.1 1.510.1 1.210.4 1.1+0.1 
Thalamus 1.110.3 0.6410.08 0.3910.11 0.3210.05 

3 Cerebellum 1.010.1 0.3710.02 0.2510.03 0.20+0.02 
Frontal Cortex 1.410.3 1.710.4 1.610.2 1.410.1 
Striatum 1.310.2 1.310.2 1.010.1 0.81+0.17 
Thalamus 1.410.3 0.5210.07 0.3710.04 0.2610.03 

[2-0["C]- Cerebellum 0.9710.07 0.3210.05 0.2110.01 0.1710.05 
CH3]MDL Frontal Cortex 1.4+0.3 0.4010.07 0.2210.04 0.1710.05 
100,009 Striatum 1.210.2 0.4010.08 0.2110.02 0.1610.02 

Thalamus 1.4+0.4 0.3710.05 0.2010.02 0.1510.03 
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TECHNETIUM AND RHENIUM COMPLEXES AS POTENTIAL 
RECEPTOR BINDING LIGANDS 

H.Spies, B. Johannsen, H.-J.Pietzsch, B.Noll, St.NoIl, MScheunemann, T.Fietz, 
R.Berger, P.Brust; P.Leibnitz 

Forschungsinstitut Rossendorf e. V., Institut fur Bioanorganische und 
Radiopharmazeutische Chemie, D-01314 Dresden, POB 510119, Germany 

Coordination compounds of radioactive metals, such as 99mxC) m e becoming 
increasingly important tracers as mimics of biochemical substrates or drugs for studying 
physiological and pathobiochemical functions at a molecular level. 
The paper informs on synthesis and characterization of complexes of rhenium and 
technetium able to bind at serotonin receptor binding sites. The novel small-sized 
complexes involve a square-pyramidal oxometal(V) chelate unit combined with an 
easily modifyable substituent R in the ligand side chain. The molecular structure of one 
typical representative is shown in the figure. 

The mixed-ligand complexes of the formula MO(SXS)(SR) (M = Tc, Re; RSH = 
monothioles, HSXSH = HS-CH2CH2-E-CH2CH2-SH with E = S,0, NR;) have been 
prepared according to the "3+1" concept (1-3) by simultaneous or successive action of 
both the tridentate and the monodentate ligand on the corresponding metal(V) 
precursors. 
The compounds have been evaluated with respect to their inhibition of the |?H]-
spiperone and pH]-ketanserin binding. Significant in vitro inhibition of the pH]-
ketanserin binding (Kj in the nM level) is observed for compounds where R are quite 
simple structural elements of the lead molecule ketanserin (4). 

319 



REFERENCES 

1. Spies H., Fietz Th., Glaser M, Pietzsch H.-J. and Johannsen B. - Technetium and 
rhenium in chemistry and nuclear medicine, Nicolini M, Mazzi M. and 
Bandoli M (editors), SGEditoriali, Padova 1995, p. 243-246. 

2. Spies H., Fietz Th., Pietzsch H.-J., Johannsen B., Leibnitz P., Reck D., 
Scheller D. and Klostermann K. - J.Chem.Soc., Dalton Trans, (in press). 

3. Spies H. and Johannsen B. - Analyst 120: 775 (1995). 

4. Johannsen B., Pietzsch H.-J., Scheunemann M., Spies H. and Brust P. -
J.Nucl.Med. 36: 27P (1995) abstract. 

320 



Targeting Small Cell Lung Cancer Using Iodinated Peptide Analogs. 
T.J. Hoffman1,2, G.L. Sieckman1, and W.A. Volkert.1-3 'Research Service, H.S. Truman 

Memorial VA Hospital and Departments of'Chemistry and 3Radiology, University of Missouri, 

Columbia, MO 65211, U.S.A. 

Small cell lung cancer (SCLC) is classified as a pulmonary neuroendocrine type of tumor. 

These neoplasms have been shown to selectively express a variety of growth factor receptors 

including the bombesin/gastrin releasing peptide receptor (BB2). SCLC cells simultaneously 

produce, and via the BB2 receptor express a high affinity for, the 27 amino acid peptide known 

as gastrin releasing peptide (GRP) [ 1]. GRP has been demonstrated to act in an autocrine fashion 

as a potent mitogen in SCLC. We are developing radioiodinated analogs of GRP, based on the 

structure of bombesin (BBN), a potent BB2 agonist, which can utilize both 1 2 3 I and 1 3 1 I for possible 

diagnostic and therapeutic radiopharmaceutical applications. A series of BBN analogs were 

synthesized, as shown in Table 1, using automated solid phase peptide synthesis (SPPS). Each of 

the analogs maintained sequence homology with the 7 amino acid C-terminus shared by GRP and 

BBN, which is essential to maintain receptor specificity. All of the analogs were analyzed by 

amino acid analysis and FAB-MS. 

TABLE 1 

PEPTIDE AMINO ACID SEQUENCE 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

BBN P E Q R L G N Q W A V G H L M NH2 

Lys'-BBN pE Q K L G N Q W A V G H L M NH2 

mlP-Lys'-BBN pE Q mlPK L G N Q W A V G H L M NH2 

BBN(8-14)NHj w A V G H L M NH2 

mTP-Des-Met'4-

BBN(7-13)NH2 

mlP Q w A V G H L NH2 

D-Phe'-Des-Met14-

BBN(6-13)-EA 

dF Q w A V G H L NH2 
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In-vitro BB2-receptor binding capabilities were assessed for each of the analogs, utilizing 

displacement binding assays conducted at 37°C in Swiss 3T3 fibroblasts (Figure 1). 

FIGURE 1 

i I > I i I i I > I > I i I i I i I > 

BBN 

Lys3-BBN 

l-P-Lys-BBN 

BBN (8-14) Fragment 

IP-Des-Met14-BBN(7-13 

D-Phe6-Des-Met14-BBN 

NMB 

-13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 
Log Concentration Displacing Ligand 

The IC 5 0 values were determined for the non-iodinated peptides by analyzing displacement of 

bound 125I-Tyr4-BBN as shown in Table 2. Non-radioactive meta-Iodophenyl-N-Hydroxysuccin-

imide (mlPNHS) was prepared as previously described [2]. Conjugation of mlPNHS with the 

e-amine of Lys3-BBN in the presence of pH8.5 borate buffer resulted in isolation and 

characterization of a single product demonstrated by reverse phase C-18 HPLC. The IC J 0 value 

obtained for mIP-Lys3-BBN was nearly identical to that of the unlabeled peptide, Lys3-BBN, and 

the parent peptide, BBN CTable 2). 
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TABLE 2 

PEPTIDE IC„(nM)* STD DEV(nM) 

BBN 1.07 ±0.86 

NMB 195.4 ±14.1 

Lys3-BBN 1.32 ±1.09 

mIP-Lys3-BBN 2.13 ±0.17 

mIP-Des-Met14-BBN(7-13)NH, 0.14 ±0.02 

D-Phe«-Des-MetM-BBN(6-13)-EA 1.13 ±0.57 
RRNfR-UIWR.** 17445 +osn 

* N= 18 except where noted;** N= 12 

Short chain derivatives of BBN have previously been examined in order to obtain 
metabolically stable, high affinity BBN antagonists as potential chemotherapeutic agents [3]. 
These studies have demonstrated that deletion of the C-terminal methionine residue on BBN 
resulted in obtaining potent antagonists. We have synthesized several short chain analogs of BBN 
and incorporated the meta-Iodophenyl moiety into one of these analogs (mIP-Des-Met14-BBN(7-
13)NH2) using automated SPPS for the entire synthesis. mIP-Des-Met,4-BBN(7-13)NH2 yielded 
a single species upon reverse phase C-18 HPLC analysis. The structure of mIP-Des-Metl4-BBN(7-
13)NH2 was confirmed by amino acid analysis and FAB-MS. In-vitro BB2 receptor binding 
analysis of mIP-Des-Met14-BBN(7-13)NH2 revealed an IC J 0 value in the 0.14±0.02 nanomolar 
range. The IC5 0 value obtained for mIP-Des-MetI4-BBN(7-13)NH2 indicates that this derivative 
has higher affinity for the BB2 receptor, based upon in-vitro analysis, than any currently known 
BBN analog. These results suggest that incorporation of an I 2 3I or 1 3 lI meta-Iodophenyl moiety 
should result in radiolabeled BBN analogues with high affinity and selectivity for BB2 receptors. 
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RADTOHALOGENATED DNA APTAMERS 

H. Dougan1. J.B. Hobbs2, D.M. Lyster3 and J.I. Weitz4 

^TRIUMF, 2NAPS Unit, -̂ Division of Pharmaceutical Sciences, University of British Columbia, 

Vancouver, B.C. V6T 2A3 and 4McMaster University, Hamilton, Ontario L8V 1C3 

The present work has the goal of obtaining *"I radiopharmaceuticals from DNA ligands, termed 

"aptamers". Receptor binding pharmaceuticals may be obtained as nucleic acid aptamers. We 

report here on the synthesis of a suitable vinyl tributyltin nucleoside analog, phosphitylation of the 

organotin nucleoside analog, in situ incorporation of the organotin nucleoside phosphoramidite 

into DNA through automated phosphoramidite DNA synthesis, recovery of pure organotin DNA, 

and radiolabeling. 

The aptamer chosen was the thrombin binding aptamer, a 15-mer DNA fragment 

d[GGTTGGTGTGGTTGG](l). The aptamer was arrived at from a combinatorial chemistry 

approach in which a pool of 10 1 4 randomized 60-mers competed for binding to thrombin. In 

solution the aptamer assumes a triple loop structure which binds to thrombin with a Kyj of 20 

nM . The objective was to incorporate an organotin analog of 2'-deoxyuridine (dUx) to obtain the 

sequence d[UxGGTTGGTGTGGTTGG]Q) 

A suitably protected organotin analog of 2'-deoxyuridine, 5-(E)-[2-tri-n-butylstannylvinyl]-2'-

deoxyuridine was synthesized by a modification of our previous work2. The required nucleoside 

phosphoramidite was obtained by treatment with the reagent 2-cyanoethyl N,N,N',N' 

tetraisopropylphosphoramidite . 

Automated solid phase DNA synthesis was carried out using an Applied Biosystems Model 391. 

The starting point was standard phosphoramidite reactions4. DNA synthesis was carried out at the 
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1 jtmol scale using a standard synthesis cycle. Syringe technique was used to introduce the 

specialized reagents associated with the organotin nucleoside5. An excess (28 /xmol) of the 

nucleoside phosphoramidite was used. Initially it was discovered that the organotin moiety was 

instantly cleaved in two phosphoramidite reagents (trichloroacetic acid(3%); iodine (0.2M)); 

alternatives were developed for these reagents. Subsequently it was discovered that the organotin 

was significantly cleaved during deprotection (ammonium hydroxide(35%)); an alternative 

deprotection protocol was developed. Resulting DNA molecules were examined by reverse phase 

HPLC using 0.1M triethylamine acetate (pH7.0, lmL/min) and an acetonitrile gradient (10 to 

50%; 1 %/min). With improved reagents in place it was found that product DNA (i.e. 2) was 

recovered at 41min, compared to 14.5min for the simple aptamer (1). Coupling of the nucleoside 

analog was 80% efficient. When the 41min fraction was treated with iodine a peak was recovered 

at 18min; when it was treated with acid (HAc) a peak was recovered at 15.3min. 

Radioiodination was carried out by treating the DNA with [ 1 2 3I]NaI and chloramine T. The main 

"•\ peak was recovered at 18min and was associated with minor isomers. The radiolabeling yield 

was 90%, including the minor isomers. Further chemical, enzymatic, and biological 

characterization are in progress. 
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Labelling of DNA components and ligands with 1 2 4 l 

Regin Weinreich1), Jacek M. Koziorowski1), Leo Wyer1) and Ronald D. Finn2) 

1) Instrtut fur Medizinische Radiobiologie der Unh/ers'rtat Zurich und des Paul 
Scherrer Instituts, CH-5232 Villigen-PSI, Switzerland 

2) Department of Medical Physics, Sloan Kettering Memorial Cancer Center, 
New York, N.Y. 12021, U.S.A. 

4.25-d 1 2 4 l decays by positron emission (26 %) as well as by electron capture (74 
%). Consequently, it is an attractive labelling radionuclide for both long-term PET 
investigations, e.g. of tumours (1-3) and radiotherapy by Auger electrons (4). 

In order to exploit 1 2 4 l in Clinical Oncology, several compounds have been labelled 
with 1 2 4 l , basically by analogous methods which have been developed for labelling 
with 1 2 5 l or 1 3 1 l , respectively. 

P24l]lodo-Hoechst 33258 and 33342 

H 33258 and 33342 are bis-benzimidazoles (Fig. 1) with high affinity to the A-T 
base pairs of DNA (5). When labelled with a short-ranged radioactive or act'rvable 

Fig. 1: Hoechst 33258 (Ft = OH) and Hoechst 33342 (R = OC2H5) 

nuclide and transported into the cell plasma, it attaches very rapidly and is stable to 
the small groove of DNA. This creates high-LET double strand breaks which affect 
the cell proliferation (6). By this approach, Auger electron therapy of small tumours 
and micrometastases is discussed. 

The labelling procedure has been derived from corresponding labelling method for 
H 33258 with ">25| (j)t with some improvement: 2 mg H 33258 or 33342, 
respectively, are dissolved in 0.5 ml H2O and adjusted to pH 7.6 by phosphate 
buffer. It reacts at room temperature for 90 min. with [ 1 2 4l]Nal, diluted with 25 nmol 
Iodide carrier, and 2 "lodo-bead"s (immobilized Chloramine-T on polystyrene 
beads). After reaction, unbound iodine is removed by a Sephadex A 25 column. 
Purification is performed by TLC at Polygram CEL 300 (eluted by Me/H20 80/20). 
Quality control is made by TLC as well as by HPLC (RP C-18 column, 
triethylammonium hydrogencarbonate 0.01 M/THF 2:1, adjusted to pH 6.2 with 
CO2). The yields are 70 % for H 33258 and 30 % for H 33342, respectively. The 
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final solution contains less than 1 % free iodine. The stability has been tested at the 
corresponding 131l-labelled compound: the product remained unchanged at 4°C for 
more than 1 week. 

The solution has been adjusted to 1 uC'i/ul and has been used for cell culture 
experiments (4). 

P 2<l]5-lodo-2*-deoxyuridine ("P2«l]IUdR") 

Halogenated pyrimidine nucleosides are useful for studying the metabolic 
pathways of pyrimidine nucleoside incorporation into DNA and RNA for measuring 
cell proliferation (8). It can be imaged with p24l]IUdR and PET in patients with brain 
and lung tumours. It is assumed further that this imaging can accurately assess 
treatment response early in the post-treatment period, before there is a decrease in 
tumour volume. 

The n.c.a. labelling method has been derived from corresponding procedure used 
in labelling UdR with 1 3 1 l (9). 500 ng 2'-deoxyuridine reacts in an lodoGen-coated 
ReactiVial with n.c.a. [1 2 4l]Nal for 15 min. at 65°C in a water solution adjusted to pH 
7.2 to 7.4. The product is separated by SEP-PAK C-18 cartridges preconditioned 
with water and methanol. Then, the column is washed twice with 10 ml H2O, and 
the product is eluted with 2 ml methanol. The solution is dried under nitrogen at 
65°C, and the substance is taken up with 1-2 ml physiological saline solution and is 
put through a sterile filter. The quality control is carried out by reverse phase HPLC. 
The yield of the product is 60 - 80 %, less than 1 % free iodine have been found. 
The solution contains traces of UdR which are not toxic (-10 ug). Stability and 
specific activity have been measured to date with the corresponding 1 3 1 l compound: 
In 3 days at room temperature remain 74 % of the radioactive iodine bound to UdR, 
the specific activity has been detected to 20 - 60 GBq/pmol. 

This labelled compound is used for PET investigations of brain and lung tumours 
(10). 
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9 9 m T c - M I B I and 2 0 1 T 1 uptake in multidrug-resistant tumor cell l ines and 
xenografts 
E. Barbarics, J.M. Croop,1 J.F. Kronauge, D. Cohen,2 A. Davison,3 A.G. Jones 
Brigham and Women's Hospital, Harvard Medical School, Boston, MA 
1Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA 
2Sandoz Research Institute, East Hanover, NJ 
3Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA, USA 

The agents "mTc-MIBI and 2 0 1 T1, used primarily for myocardial perfusion studies, 
have been employed increasingly for tumor imaging (1). Recently, cellular accumulation 
of 9 9 mTc-MIBI has been shown to correlate with the level of P-glycoprotein (Pgp) 
expression (2). Pgp is an energy-dependent membrane transport protein that is responsible 
in tumors for the development of multidrug resistance (MDR) to a broad spectrum of 
cytotoxic drugs. It has been previously shown that 9 9 mTc-MIBI is a Pgp transport 
substrate. Evaluation of Pgp function is important since agents capable of reversing or 
inhibiting Pgp transport activity have recently entered clinical trials in an attempt to 
improve cancer chemotherapy. 

We have examined whether co-injection of "mTc-MIBI and 2 0 1 H could be useful as 
a functional measure of Pgp expression in vivo. This approach uses 9 9 mTc-MIBI as a 
marker of Pgp functional activity and 2°lTl as a marker of blood flow and, hence, 
radiotracer delivery to sensitive and resistant tumors. 

In vitro cell accumulation studies of "nTc-MIBI and 2 0 IT1 were performed with the 
parental MDA 435 human breast carcinoma cell line and the MDA/TO.l and MDA/T0.3 
multidrug-resistant derivatives (expressing increasing levels of Pgp) which have been 
selected to 0.1 and 0.3 uM Taxol, respectively. The effects of the MDR reversal agents 
Verapamil, cyclosporin A (CSA), and SDZ-PSC-833 on 9 9 mTc-MIBI and 2 0 1T1 uptake were 
examined in the three cell lines in vitro. Biodistribution studies were also performed with 
co-injection of "mTc-MIBI and 201x1 in nude mice bearing subcutaneous xenografts of 
MDA 435 on one thigh and the multidrug-resistant MDA/TO.l or MDA/T0.3 tumors on 
the other thigh. 

The accumulation of "mTc-MIBI in vitro was 9.4 +1.9% in MDA 435, 3.4 + 0.9% in 
MDA/TO.l, and 1.0 + 0.3% in MDA/T0.3 cell lines. Accumulation was expressed as 
activity in the cell/total activity of the sample * 100 (3). 2 0 1T1 uptake was 6-7 % in all three 
cell lines. 
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Verapamil (100 uM), CSA (2 uM) and PSC-833 (1 uM) enhanced "mTc-MIBI uptake 
in the MDA/T0.3 cell line 10-fold, but there were no significant changes in the uptake of 
"roTc-MTBI in the MDA 435 cell line. The reversal agents did not affect the uptake of 2 0 1 T1 
in either the drug-sensitive or -resistant cell lines. 

The 15-min biodistribution data for 9 9 mTc-MIBI and 2 0 1 T1 showed a significant 
difference in "Tc-MIBI uptake in MDA 435 tumors compared with MDA/T0.1 and 
MDA/T0.3 tumors, while 2 0 1 T1 uptake was the same in all three tumors. The Tc-MIBI/Tl 
ratios (Table 1) demonstrated approximately a 3-fold decrease in both MDA/T0.1 and 
MDA/T0.3 multidrug-resistant tumors compared to the MDA 435 tumors. 

We conclude that "mTc-MIBI and 2 0 1 T1 co-injection is useful as an in vivo measure 
of Pgp function. These observations support the potential use of 9 9 mTc-MIBI as a clinical 
imaging agent of Pgp expression in human tumors. Further studies are currently under 
way on how best to deliver and analyze """Tc-MIBI accumulation. 

Table 1. "mTc-MTBI and 2 0 1 T1 biodistribution in nude mice 15 min post injection 

9 9 mTc-MIBI/ 2° 1Tl ratios "^Tc-MIBI/^Tl ratios 

Tumor -m M D A 4 3 5 & MDA/TO.l in MDA 435 & MDA/T0.3 

(1 experiment, n=3) (2 experiments, n=3 &5) 

MDA 435 parent 0.270 + 0.029 0.285 ±0.042 

MDA multidrug-resistant 0.096 + 0.010 0.091 ±0.035 
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A METHOD FOR THE FACILE PREPARATION OF MAG3 CONJUGATED DNA-
USED AS AN ALTERNATIVE 99mTC LABELING METHOD TO AVOID 

NONSPECIFIC PROTEIN BINDING 

Winnard P. Jr. and Hnatowich D T. 
Department of Nuclear Medicine, University of Massachusetts Medical Center, 

Worcester, MA., USA 

The chelator benzoylmercaptoglycylglycyglycine (MAG3) has been used 
successfully to radiolabel proteins and other molecules with technetium-99m 
(99mTc) and radiorhenium (1-3). In the past, use of this chelator has been limited by 
its involved synthesis. In addition, the sulfur, which must be prevented from 
forming a disulfide, is protected in this chelator by a leaving group (benzoyl) which 
requires harsh conditions of extreme alkaline pH or boiling temperatures for 
deprotection. Accordingly, the chelator must be radiolabeled prior to conjugation 
(i.e. preconjugation labeling) to carriers such as proteins or peptides which cannot 
withstand harsh conditions. We have employed a simpler, two-step synthesis, of 
the N-hydroxysuccinimide derivative of MAG3 (NHS-MAG3) in aqueous solution 
and with commercially obtained reagents. Furthermore, because the protecting 
group (acetyl) is more easily removed (4), labeling with 99mx c Gf preconjugated 
MAG3-DNA may be accomplished rapidly at near-neutral pH and at room 
temperature. 

MAG3 was synthesized by reacting triglycine with S-acetylthioglycolic acid for 
15 min. at room temperature. Without purification, NHS-MAG3 was then prepared 
over several hours by DCC-mediated coupling to MAG3 of the in situ-generated N-
hydroxysuccinimide. Again without purification, the NHS-MAG3 was coupled in 
15 min. at room temperature to a 22-base single-stranded DNA through an amine 
on the 3' end. Radiolabeling was accomplished by transchelation from 99nvrc_ 
tricine with maximum yields obtained within 20 min. and at specific activities of up 
to 15 uCi/ug. 

The 99mjc labeled DNA was evaluated for stability in comparison to the 
same DNA radiolabeled with 99mxc via the hydrazinonicotinamide chelator 
(SHNH). The radiolabel was found to be at least as stable to transchelation, both to 
serum proteins and to cysteine, and to pertechnetate oxidation. However, in 
contrast to SHNH-DNA, no evidence for protein binding of the labeled MAG3-DNA 
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was observed. Since we have identified binding to proteins in serum and in tissues 
as a major disadvantage to the use of oligonucleotides and peptides labeled with 
99mTc v i a SHNH (5), the MAG3 chelator may prove to be a more useful method of 
radiolabeling these reagents. 
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FACILE INTRODUCTION OF THE 4-(2-[18F]FLUOROETHYLAMINO) GROUP 
INTO THYMIDINE DERIVATIVES. A VERSATILE APPROACH TOWARDS 
LABELLING ANTISENSE OLIGODEOXYNUCLEOTIDES FOR PET. 

RJ. Davenport", G.M. Visserr S. Zijlstra, V.W. Pike* and W. Vaalburg. PET-center, 
Groningen University Hospital, P.O. Box 30001, 9700 RB Groningen, The Netherlands 
and "PET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Center. Royal 
Postgraduate Medical School, Hammersmith Hospital, Ducane Road, London W12 ONN, 
UK. 

Antisense oligodeoxynucleotides (ODNs) are of increasing interest for potential applica
tion as therapeutics, because of their ability to form duplexes with specific regions of 
DNA in vivo and to block gene expression1. We have initiated a programme to develop 
general methods for labelling antisense ODNs with positron-emitters (e.g. "C or 18F) to 
provide probes for identifying specific regions of DNA in vivo with PET. We intend to 
develop chemical strategies for labelling at the monomer level, refine it at the dimer level 
and finally apply it at the oligomer level. The use of [18F]-fluoride to substitute a good 
leaving group, such as triazole2-3 or tetrarhethylphenyl ether4 at the 4-position of the 
heterocyclic base of thymidine or a tosyl group from a 4-ethanolamino derivative of 
thymidine, is now being examined as a labelling strategy at the monomer level (scheme 
1). Here we report a facile chemical procedure for introducing "F into a thymidine 
derivative as a pendant 4-(2-[1,F]-fluoroethylamino) group, so providing a chemical basis 
for preparing antisense probes for PET. 

4-(l,2,4-Triazolo-l-yl)-5-methyl-2-pyrimidon-l-yl-B-D-3'-5'-di-0-acetyl-2'-deoxyribofura-
noside 1, which is readily prepared by triazolylation of commercially available 0-3'-5'-
diacetyl-2-deoxy-thymidine2, is susceptible to displacement of the triazolyl moiety by 
nucleophilic oxygen or nitrogen to give the corresponding 4-substituted derivatives2,3. 
However, our experiments indicated that the 4-fluoro derivative could not be obtained by 
treatment of triazole 1 with fluoride under a variety of conditions. For this reason we 
decided to exploit the susceptibility of the triazolyl moiety to nucleophilic substitution by 
a primary amine to introduce a 2-carbon spacer group that could be activated for the 
introduction of "F (scheme 1). 
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Scheme 1, Introduction of a 4-(2-[18F]-fluoroethylamino) group into thymidine derivatives. 

Thus we prepared the N-(2-hydroxyethyl)amino derivative 2 by substitution in the triazole 

1 with 2-hydroxyethyIamine from which the tosyl ester 3 was obtained in good yield 

(45%). The corresponding reference fluoro-compound 5 was prepared in a nearly 

quantitative yield by treating the triazole 1 with 2-fluoroethylamine hydrochloride in 

acetonitrile and triethylamine as base at ambient temperature and was fully characterized 

by HPLC, MS and 'H, "C and "F-NMR spectroscopy. 

Treatment of the tosyl ester 3 with non-carier added [18F]-fluoride in the presence of 

potassium carbonate and kryptate 2-2-2-aminopolyether, for 30 min at 110° C gave an 

excellent radiochemical yield (30-70%, cfd) of the 4-(2-[18F]-fluoroethylamine) derivative 

4 as identified by LC-MS and its comigration on reversed-phase HPLC with reference 

fluoro-compound 5. 

A remarkable phenomenon was observed: the radioactive product being formed was more 

lipophilic than starting tosyl compound 3 on silica TLC plates (UV-254; CH2Cl2/MeOH 
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96: 4 v/v), while on the same system the cold reference material ran more slowly than the 
tosyl compound. On a silica base /tPorasil HPLC column, the active compound ran more 
quickly than the cold reference material. Different retention times when comparing carrier 
added and non carrier added injections on HPLC systems have been described previous
ly5, so further investigation of the active component was necessary. 
Analysis on a RP-HPLC and LC-MS showed that the identity of the radioactive probe 
was identical to that of reference material. 

The radiochemistry which we report here, represents a pioneering approach towards the 
labelling of antisense ODNs with I 8 F for PET. For example, subsequent coupling of the 
thymidine derivative to an ODN would appear feasible since we have recently demon
strated that thymidine labelled with short-lived positron-emitting "C, can itself be coupled 
to thymidine, by well-established 'phosphotriester methodology', to give the dinucleotide 
["C]-(3'-5')TpT. Furthermore protected ODNs may be synthesized with a pendant 4-
triazolyl moiety on a particular thymidine constituent2. In principle such a group might be 
converted into the 4-(2-tosylethylamino)-derivative for direct nucleophilic substitution by 
["FJ-fluoride. In this manner, antisense ODNs of defined sequence might be labelled with 
"F. Work is in progress to evaluate these alternative labelling strategies to prepare 
defined "F-labelled ODNs that can be used to test the feasibility of using PET to visualize 
sense-antisense interaction in vivo. 
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OLIGONUCLEOTIDES LABELLED WITH "F-LINKERS IN THE 5'-POSITTON 

Elisabeth Hedberg,l>3 Hajime Takechi3 and BengtLangstrbm1-2^ 
1 Department of Organic Chemistry, Institute of Chemistry, Uppsala University, Box 531, S-751 21 
Uppsala, Sweden. ^Uppsala University PET Centre. ̂ Subfemtomole Biorecognition Project, 
Uppsala University and Research Development Corporation of Japan. 

The interest in oligonucleotides has grown as their use has developed from analytical probes in 

molecular biology to potential therapeutic agents. The properties of oligonucleotides make them 

interesting as probes for PET, since their hybridisation to the complementary nucleotide strand is 

highly specific and since their sequence can easily be altered. When using an oligonucleotide with a 

nucleophilic linker in the 5'-position, the oligonucleotide can be modified postsynthetically with a 

suitable electrophile.1 In this report, the labelling of the oligonucleotides d[GCTAAGCGATGCC 

TCCGT], d[ACGGAGGCATCGCTTAGC] and d[CCCAAACCACACAAACAC] modified in the 

5'-position with alkyl amine, using 18F-linkers 1 2 and 2 3 was investigated (Scheme 1). 

' * ^ - H ^ O ° M ™ ™ E ' ^ ^ - . H L H ^ W O U C O ^ C O H 

l8p_/( )V_fc_o_N I '""JJ V.TJ~V."„^""">' 8F—(( ))—C—NH/V\/V OLIGONUCLEOTIDE F - / f ^ L 0 - f / l "*~WOUGONUCLEOTIDE 1 8 F _ / ^ y _ | 
\ V 7 / \ l Buffer-DMF.pH 9-11 \^J/ 

Scheme 1 

The oligonucleotides were synthesised by the phosphor amidite method on an Oligo 1000 DNA 

Synthesizer (Beckman). An alkylamine was introduced in the 5'- position of the oligonucleotide, 

figure 1, as the last step in the synthesis cycle, using 5'-Amino-Modifier C6 (Glen Research). 
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Figure 1: Oligonucleotide modified in the 5'-position with alkyl amine, 
H2N/\/\/\/OLIGONUCl.EOTIDE. 

To examine the possibility of labelling oligonucleotides with fluorine-18, a rapid synthesis of a 

labelled suitable precursor was required and therefore, [l8F]fluoromethylphenyl isothiocyanate 1 

was synthesised.2 In a typical experiment, the SPE eluate containing purified 1 was transferred to 

an eppendorf tube and evaporated at room temperature by a stream of nitrogen. To the residue was 

added DMF and approximately 10 O.D.260 units of 5'amino-modified oligonucleotide dissolved in 

buffer. The total reaction volume did not exceed 100 u.1. The mixture was incubated at 37-45°C. 

Samples from the reaction mixture were analysed by reversed phase HPLC ( Column: TSK gel 

Oligo DNA-RP 300 A, macroporous). 

Since the stability of the labelled oligonucleotides in in vivo applications is crucial, we are also 

investigating approaches to attach more stable labelled linkers. Among others, N-succinimidyl 4-

[' FJfluorobenzoate 2 was synthesised according to Vaidyanathan et al. The solvent was 

evaporated from the crude product and the oligonucleotide labelling performed as described for 

compound 1. 
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To optimise oligonucleotide labelling reactions, a number of different buffer-solvent combinations 

were tested. Precursor I generally gave low coupling yields (<10%). Compound 2, however, 

showed high coupling efficiencies (40-90%) with oligonucleotides when reactions were performed 

in borate buffer-DMF mixtures. The crude product from incubation of oligonucleotide with 2 were 

fractionated using a NAP-5 column. Fractions were analysed by gel electrophoresis combined with 

autoradiography using a Molecular Dynamics Phosphor Imager (Sunnyvale, Cf., USA). The analysis 

showed bands with radioactivity corresponding to the UV-band from an 5'amino modified 18-mer 

oligonucleotide. Further work is in progress to evaluate the performance of the labelled 

oligonucleotides in various in vivo and in vitro applications. 

This work is partly financed by the Swedish Natural Science Research Council, Grant No K-3463. 
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SYNTHESIS OF 5'-DEOXY-5'-["F|-FLUORO-THYMIDINE (5'-["F]FDT) A 
BIFDNCTIONAL AGENT TO INVESTIGATE DNA SYNTHESIS RATE AND A 
USEFUL TOOL AS A TERMINAL BUILDING UNIT IN ANTISENSE ODN LA
BELLING FOR PET. 
M.G. Vos, G.M. Visser. *V.W. Pike, *R.J. Davenport and W. Vaalburg. PET-Center, 
Groningen University Hospital, P.O. Box 30001 9700 RB Groningen, The Netherlands 
and *PET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Center, Royal 
Postgraduate Medical School, Hammersmith Hospital, Ducane Road, London W 12 
ONN, UK. 

5'-Deoxy-5'-fluoro-thymidine, a biochemical analogue of thymidine-5'-monophosphate 
selectively inhibits DNA synthesis'. Its inhibiting effect is associated with its primary 
capacity to inhibit the biosynthesis of thymidine nucleotides at the stage of thymidine 5'-di 
and triphosphate biosynthesis, which appears to be the consequence of inhibition of 
thymidine-5'-monophosphate kinase activity. 

The partial reversal of 5'-deoxy-5'-fluoro-thymidine inhibition by thymidine is explained 
by an intracellular accumulation of competing thymidine-5'-monophosphate2. These 
results indicate the selective inhibition of DNA, synthesis a rather specific inhibition of 
cell division, which leaves cytoplasmic processes largely unaffected. 
Since the usefulness of 2-["C]-thymidine as a PET tracer of cellular proliferation still 
needs to be validated and may be limited due to a rapid metabolism, the stability of 5'-
deoxy-5'-fluoro-thymidine (5'-FdT), in which the phosphoryloxy group in thymidine-5'-
monophosphate is simulated by fluorine, is rather surprising and might be an important 
advantage for a possible application as PET tracer. 

We developed a synthetic route towards the production of 5'-FdT suited for 1 8 F labelling 
as depicted in Scheme 1. After selectively protecting the 5'-hydroxyl group of thymidine 
1 with t-butyldimethylsilylchloride3, 5'-TBDMS-thymidine 2 was obtained. 3'-Hydroxy 
and N-3 of 2 were protected using benzoylchloride. The completely protected nucleotide 3 
was treated with 80% acetic acid to remove the 5'-TBDMS-protecting group resulting in 
the partially protected 3'-0,N3-dibenzoyl-thymidine 4. Tosylation of 4 with tosylchloride 
in dichloromethane afforded the fully protected precursor 5. 5'-Deoxy-5'-[18F]fluoro-
0,N3-dibenzoyl-thymidine 6 was obtained in 40-50% radiochemical yield by treatment of 
5 with non-carrier added [I8F]fluoride in the presence of potassium carbonate and kryptate 
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iii) 80% HAc. iv) TsCI, C^Cfe, Et3N, v) K[18F]F/K222,110° C. 30 min. 
vi)10%NH3. 

Scheme 1, The synthesis of 5'-deoxy-5'-[18F]fluoro-thymidine. 

2-2-2-aminopolyether, for 30 min at 110° C. Treatment of 6 with 10% NH3 for 20 min at 
60° C afforded 5'-deoxy-5'-[18F|fluoro-thymidine 7 in nearly quantitative radiochemical 
yield. Moreover DNA unit 7 might be an interesting DNA building block in strategies to 
be applied for antisense ODN labelling for PET. In this respect the possibility has been 
demonstrated to synthesize some short oligoribonucleotides with modified ribose moieties 
by preparation of the dinucleotide S'-deoxy-S'-fluoro-thymidylyKS'-S'^'-deoxy-S'-fluoro-
thymidine analogue4, which indicates the potential application of 5'-['8F]FdT as labelling 
unit in antisense approach (Figure 1). 

T 

Figure 1, [I8F]-FdT as terminal building 

unit in an ODN . 
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In conclusion, the synthesis of 5'-deoxy-5'-[18F]fluoro-thymidine opens new ways to 
investigate DNA synthesis rate. Work is in progress to validate [I8F]-5'FdT as a potential 
PET tracer and to investigate the possibility of it being applied as building unit in 
labelling antisense units for PET. 
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DEVELOPMENT OF LABELLED ANTISENSE DEOXYOLIGONUCLEOTIDES 

(ODNs) FOR USE IN PET. SYNTHESIS OF THE "C-LABELLED DBMUCLEOTI-

DE ["Q-THYMTOYLYLO'-SOTHYMIDINE. 

G.M. Visser, M.G. Vos, R.J. Davenport", V.W. Pike*, J. Medema, and W. Vaalburg. 

PET-center, Groningen University Hospital, P.O. Box 30001, 9700 RB Groningen, The 

Netherlands and *PET Methodology Group, MRC Clinical Sciences Centre, Royal 

Postgraduate Medical School, Hammersmith Hospital, Ducane Road London, W 12 

ONN, UK. 

Though some work has started on the development of gamma-emitting antisense probes 
for the imaging of sense antisense interactions with SPECT1 the possibility to develop 
probes for PET studies has not been adressed hitherto. We aim to extend the application 
of PET to the imaging of antisense oligodeoxynucleotides (ODNs) hybridisation in 
humans. The objective of imaging of mRNA antisense ODN interactions could be viewed 
to be analogous to the successful PET imaging of other molecular interactions, such as 
receptor ligand, enzyme inhibitor or antigene anti-body interactions. The ability to image 
these interactions has depended on the development of selective probes that can be 
labelled easily with positron emitters, such as "C or I 8 F. One of our initial aims is to 
provide a general purpose DNA building block for the construction of ODNs amenable to 
postsynthetic labelling by a variety of "F or "C labelled species. The most practical 
approach is likely to involve the synthesis of an antisense sequence on a solid support and 
introduction of positron emitter at the final stage of ODN assembly. 
We have first explored chemical methodology to permit 2-["C]-thymidine to be introdu
ced into any ODN of defined sequence, an approach used succesfully to label ODNs with 
carbon-142. 2-["C]-Thymidine is prepared routinely in our laboratories, and as a conse
quence presented the possibility to explore coupling to other nucleotides. With the 
objective of achieving regioselective introduction of 3'-5* intemucleotide bonds, 2-[ nC]-
thymidine was coupled via the well established cyanoethyl phosphoramidate approach3. 
Condensation of the cyanoethyl phosphoramidite (5 mg; 1) with 2-["C]-thymidine in the 
presence of lH-tetrazole (25 jtg), afforded the phosphotriester intermediate 2, which 
afforded the protected dinucleotide 3 after oxidation with iodine solution (500 jil; 1 mM). 
The 5'-DMT trityl group was removed using 2% dichloroacetic acid in dichloromethane 
(250 /il) as verified by monitoring the formation of the trityl-cation. Finally, the cyano-
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ethylgroup was removed by taking up the crude dimer in a mixture of aqueous ammonia 
(25 %), methanol and acetonitril (1:1:1, v/v; 4 ml.) and heating it in a sealed flask at 
50°C (oil bath). After evaporation, the resultant fully deprotected dimer 4 was dissolved 
in water (1 ml) containing 0.01 M NaOH and purified by FPLC on a mono Q HR5/5 
column (EEX chromatography); gradient elution was performed by building up a gradient 
starting with buffer A (0.01 M NaOH, pH 12) and applying buffer B (0.01 M NaOH, 1.2 
M NaCl, pH 12) at a flow rate of 2.0 ml/min. The radioactive product (yield 1 % decay 
corrected) co-eluted with reference thymidylyl(3'-5')thyrnidine (Sigma-Aldrich N.V.). 

DMTQ DMTO. 

^P-N(iPr)2 

DMTO. HO. 

1)CbCOOH 
2) NH3, MeOH •o^No. 

NH4 

OH 

Scheme 1, synthesis of ["CKS'-SyTpT. 

This pilot work unambiguously demonstrates the possibility of applying DNA coupling 
techniques to ODN units labelled with positron emitters on a non-carrier added scale. 
Work is in progress to improve coupling procedures and to establish this methodology to 
DNA monomer units to be obtained via various labelling strategies. Although (radioche
mical yields need to be improved, this is the first step towards the development of ["C]-
labelled antisense probes ever reported. 
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Delivery of High Energy Beta Radiation to mRNA by Antisense 
Mechanism and Tumor Cell Killing by Y-90 Labeled Bcl2 Antisense 
Oligodeoxvnucleotide Probes. MRINAL K. DEWANJEE, LARRY WILLEM, 
MANSOOR KAPADVANJWALA, SUMIT DEWANJEE, DIANA M. LOPEZ, ALDO N. 
SERAFINI, GEORGE N. SFAKIANAKIS. University of Miami, School of 
Medicine, Miami, FL USA. 
The bcl2 gene is implicated in follicular lymphoma and found to 
prevent apoptosis in myeloid cells and pro-B-cell lines cultured 
in absence of growth factor (1-3). This makes the bcl2 mRNA a 
suitable cytoplasmic receptor-like target for therapy of 
proliferative diseases (4). We radiolabeled previously several 
antisense oligonucleotide probes with gamma-emitting 
radionuclides (Tc-99m, In-Ill) for imaging the sites of breast-
tumor in Balb/c and nude mice (3). With antisense 
radiopharmaceuticals labeled with 6-emitting radionuclides of Sr-
89, Y-90 and Sm-153, we could deliver B-energy specifically to 
the mRNA-targets in cytoplasm and nucleus of cancer cells, 
inducing non-repairable double-strand DNA breaks (2,4). Our 
subcellular distribution studies indicated that nascent bcl2-
mRNAs in cytoplasm and nucleus bind these tracers. Yttrium-90 (Y-
90) decays with a half-life of 64 hr and emits a high energy beta 
radiation of 1.76 MeV. We evaluated the tracer kinetics in P388 
murine leukemic cells, cell killing and the breast tumor-uptake 
of Y-90 labeled bcl2 antisense and sense probes in Balb/c mice. 
The 15-mer oligonucleotide sequence [sense (SN) and antisense 
(AS) monothioester (S)] for the translation initiation-codon 
domain of bcl2 oncogene was synthesized (Applied Biosystems, 
Inc.), aminolinked and coupled to DTPA-isothiocyanate (1/10) and 
aliquots (10-lOOptg) were lyophilized. Y-90 chloride (no carrier 
added, Sr-90—>Y-90 generator, extracted by HDEHP ligand) was 
provided by Nordion Inc., Canada. Y-90 (100-1000 ftCi) was 
chelated to probes and free Y-90 was separated by gel-filtration. 
Radiation degradation of radiolabeled probes in buffer, plasma 
and cell-suspension was evaluated by molecular sieving technique 
with a TSK-300 column (Waters Inc.). Aliquots of 1-1000 fiCi (0.1-
100 jig) was added to P388 cells (1X106 cells/ml) and incubated at 
37°C for 10 days. Samples were taken each day from the culture 
flask and cell-counts were estimated by trypan-blue staining and 
clonogenic assay. Dimethyl benzanthracene induced mammary tumor 
cells (1X106) were injected subcutaneously in the right flank of 
Balb/c mice and tumors were allowed to grow till 8-12 days post 
inoculation. They were injected intravenously with 8-10 /jCi of Y-
90 labeled AS and S probes. Thirty mice in six groups were 
sacrificed at 1, 6 and 72 hours post-injection with AS and S 
probes. Tumor, viscera, bone and bone marrow samples were 
harvested, weighed and the bremsstrahlung radiation of Y-90 in 
tumor and tissue samples was determined with a gamma counter 
(Packard Inc.). in the wide window (50-1000 keV). 
Y-90 antisense probe uptake was 1.7 and 2.8 fold higher for the 
antisense than sense probe for the plateau and exponentially 
growing cells (Figures 1,2). The cell-killing was dose-dependent 

344 



and more efficient for the antisense probe than sense probe. 
Selected unique sequences may provide new radionuclide-carrier to 
induce double-strand DNA-breaks in proliferative cells. Being 
closer to nucleus, the mRNA-probe duplex may be more effective 
for tumor therapy than radiolabeled peptides and antibodies 
binding membrane-antigens. The cells in log phase with more mRNA 
copies hybridized more antisense probes'than plateau phase cells; 
CU(%) of sense (S) probes was significantly lower (p< 0.001). 
Tumor-cell killing was more effective with both AS phosphodiester 
and phosphorothioate derivatives than S-probes. The AS probes 
showed similar high CU(%) suggesting probe transport, probe-mRNA 
hybridization for therapy for malignancy. The kinetics of 
hybridization was studied by incubation of cytoplasmic extracts 
of bcl2 mRNA with sense and antisense probes. The mRNA-probe 
complex, unbound radiolabeled oligonucleotide and degradation 
products, were analyzed by the HPLC analysis (size-exclusion) 
technique. Hybridization of antisense probe with bcl2 mRNA 
reached a saturation value at 60 minutes. The tumor uptake of the 
AS and S probes was 8.3% and 0.9% respectively. The AS-
radioactivity (% of injected dose at 6 hr) in liver, lung, gut 
and bone was 6.5, 3.8, 6.3 and 6.1 respectively. Unbound Y-90 
localized in the bone marrow. DTPA-isothiocyanate generates a 
stable thiourea linkage between oligonucleotide and Y-90 
radionuclide, to reduce bone marrow-dose. This new radiolabeled 
AS-oligonucleotide-mRNA hybridization technique may permit 
therapy of other cancer cells and lymphoma by inhibiting bcl2 
gene and inducing apoptosis. 
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Figure 1. Cell survival study (P388) with Y-90 labeled bcl-2 
antisense (phosphorothioate) probe 
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Figure 2. Cell survival study (P388) with Y-90 labeled bcl-2 
antisense (phosphodiester) probe 
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Radiolabeled Sinale-stranded DNA probe for Imaging Thrombin in 
Thrombus; Noninvasive Imaging of DNA-protein Interaction. MRINAL 
K. DEWANJEE, MICHAEL J. ABRAMS, LIPTON GONJALEZ, MANSOOR 
KAPADVANJWALA, SUMIT DEWANJEE, ALDO N. SERAFINI, GEORGE N. 
SFAKIANAKIS. University of Miami, School of Medicine, Miami, FL 
and Johnson Matthey, West Chester, PA, USA. 
Aptamers are double-stranded DNA or single-stranded RNA molecules 
that bind specific molecular targets. The basic nature of 
thrombin probably accounts for its ability to interact with 
anion-binding epitopes of fibrinogen and heparin. From a 
combinatorial library of 1X1013, 96-mer oligodeoxynucleotides, a 
few 15-nucleotide sequences have been selected with high affinity 
for thrombin-binding and its inhibition (l). Thrombi and emboli 
in experimental models and clinical studies were imaged with In-
Ill tropolone labeled platelets (2-4). Several murine monoclonal 
antibodies against fibrinogen receptors (glycoprotein: Ilb-IIIa) 
and linear and cyclic peptides (RGD-sequence and analogs) have 
been labeled with In-Ill and Tc-99m radionuclides. We 
radiolabeled previously several antisense oligonucleotide probes 
for imaging the sites of infection in pig and cancer in breast-
tumor bearing Balb/c and nude mice. We have recently labeled 
thrombin-aptamers with Tc-99m and In-Ill radionuclides and 
evaluated their potential for thrombus imaging in in vitro and in 
vivo models. Noninvasive imaging with penetrating gamma-emitting 
(140 keV) probe permits us to study directly the complex 
molecular interactions, biology and pathology in live animals and 
patients. 

Phosphorothioate and phosphodiester aptamer of nucleotide 
sequence, 5'-GGT-TGG-TGT-GGT-TGG-3• and its scrambled sequence, 
5'-TGG-GGT-GTT-GTG-GTG-3*, were made by the DNA synthesizer, 
5'terminal was aminolinked, coupled to succinimidyl 6-hydrazino 
nicotinate.HCl (SHN) and aliguots (10-100 jug) were lyophilized. 
They were radiolabeled with Tc-99m by ligand exchange with Tc-99m 
tricine (3,4). The general formulae (Fig. 1) of aminohexyl 
oligodeoxynucleotide, SHN-coupled oligodeoxynucleotide and 
corresponding Tc-99m chelated probe are shown below: 

5' -NH2- (CH2) 6-OP03-OLIGONUCLEOTIDE-OH-3 », 5' -SHN-CONH-(CH2) 6-OP03-OLIGONUCLEOTIDE-OH-3 •, 5 «-Tc-99m-SHN-CONH-(CH2)6-0PO3-0LIGONUCLE0TIDE-OH-3' . 
Tc-99m (5-100 mCi) was chelated to SHNON-conjugate by ligand 

exchange with Tc-99m-tricine and free Tc-99m-tricine was 
separated by gel-filtration. Purity of radiochemicals was tested 
by paper chromatography with DEAE-cellulose and 0.5 M ammonium 
formate (pH 7.4); Rf value of Tc-99m tricine was 1.0 and Tc-99m-SHNON was 0.0 respectively (Fig. 2). Binding and retention of 
TDNA probes on retained thrombin on hollow-fiber hemodialyzer was 
evaluated in a flow-loop at 37°C with a roller pump and a hollow-
fiber hemodialyzer HFD (Cellulose SCE, 0.9 meter2); 150 ml of 
blood were collected in 25 ml of ACD anticoagulant from Beagle 
dogs. Thrombin was allowed to build up in lumen of HFD after 
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sham-dialysis (SHD) with 5 HFD (90 SCE, 9,000 fibers, int. diam.: 
200 "/ra, Althin Medical Inc.) in a flow-loop at 37°C for 30 min, 
with flow-rate of 250 ml/min (shear rate 589 sec"1). TDNA probes 
was circulated for 30 min and kinetics of TDNA probe binding and 
retention to HFD was continuously monitored with a calibrated 
Geiger probe. After washing and draining, the adherent TDNA 
probes to thrombin were quantified with an ion-chamber and imaged 
with a gamma camera. 
In the interaction of blood with cellulose fibers, fibrinogen and 
von Willebrand factors are adsorbed in the hollow-fiber lumen; 
which bind the GP Ilb-III-a receptors in circulating platelets 
resulting in the adherence of platelet-fibrin thrombus in 
dialyzers. Prothrombin, the precursor of thrombin, is present in 
blood (1-ftM). The thrombin receptor, on platelet membrane binds 
thrombin and continues further propagation of thrombus. The 
probes were labeled at a high specific activity of 10-15 mCi/jig 
of oligomer and a high labeling efficiency of 90-95%. Thrombin-
binding and retention of TDNA probe in HFD, reached a saturation 
value at 5 minutes, like iodinated fibrinogen (1-125). The 
binding of TDNA and that of scrambled sequence were (35+5)% and 
(24±3)% respectively showing the preferential binding of TDNA 
probe with thrombin. The TDNA was uniformly bound and distributed 
along the thrombogenic surface of dialyzer. Uptake was 
significantly lower with the scrambled probe. Thrombin is 
conserved in all mammalian species. This thrombus was imaged at 
early period suggesting the potential of TDNA probe for thrombus-
detection in animals and human patients. 
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Figure 1. Structure of Tc-99m labeled single stranded 
oligodeoxynucleotide probe for binding thrombin 
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Solid phase, synthesis of a HYNIC-D-peptide-phosphorothioate oligodeoiynucleoride conjugate from two 

arms of a poryethyleneglycol-polystyrene (HLP) support 

Basu S,1 Kolan HR, Thakur ML and Wickstrom E 1. Department of Radiology and Pharmacology1, 

Thomas Jefferson University, Philadelphia, PA 19107. 

In the era of rational drug design, the use of gene specific oligonucleotides to control gene expression is 

a promising approach. We hypothesized that the oligonucleotide conjugated with a receptor specific peptide 

might improve cellular binding,enhance the uptake and provide resistance to nucleases. We further 

hypothesized that the conjugate labeled with a gamma emitting radionuclide might permit us to monitor and 

quantify its distribution in vivo and to determine its potential as a diagnostic or therapeutic agent. 

The antisense DNA phosphorothioate, S'-dTCCGGAGCCAGACTT, was chosen to target the mRNA 

for the receptor of insulin-like growth factor. The D-amino acid peptide (GCSKAPKLPAALC) was chosen as 

an analog of IGF-1, and HYNIC (succmimidyl-6-Boc-hydrazinopvridine-3-carboxylate) was selected as a 

bifunctional chelating agent (1,2,3). Amino-HLP beads (Perseptive Biosystems/Biosearch, Bedford, MA) 

allowed us to synthesize the peptide and the DNA separately using peptide and DNA synthesizers. 

The amino HLP (0.5g, 110 pmol) was washed with DMF, CHjCl ,̂ then treated with 10% diisopropyl 

ethylamine in DMF for 5 minutes, washed with DMF/CHjCIj, then dried under a vacuum over P 20 5 . Amine 

loading was quantified to be 214 pmol/g by ninhydrin assay. 1.2S g succinic anhydride and 0.10g (0.8mmol) 

4-{N,N-dimemylammo)-pyridine (DMAP) were added to 1.02 g (1.5 mmol) A (scheme-1) dissolved in 5 ml 

anhydrous pyridine, and the reaction proceeded overnight The reaction mixture was concentrated and extracted 

with EtoAC. The solvent was removed, followed by co-evaporation with anhydrous pyridine. The succinylated 

linker (B) was dissolved in 4.S ml anhydrous DMF, followed by the addition of 120 pi anhydrous pyridine, 188 

mg of p-nitrophenol, and 203 mg of DCC (N.N'-dicyclohexylcarbodiimide) in that order. The mixture was 

stirred for 4 hours at room temperature. Following filtration, the filtrate (C) and ISO pi triethylamine were 

added to the solid support (0.5 g). The reaction mixture was continuously agitated by a wrist shaker for 20 

hrs. The linker HLP product (D) was thoroughly washed with DMF, MeOH and EtjO, then dried under a 

vacuum. 
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Peptide synthesis was performed by F-moc D-amino acid coupling, leaving the terminal F-moc group 

on the resin. The protective groups used for Cys, Lys and Ser residues were Tit, Boc and t-BDMS 

respectively. An aliquot was deprotected and cleaved from the support then analyzed by MALDI/TOF mass 

spectroscopy (4). The expected peptide peak (calculated 1436.5; found 1434.8) was identified with 

insignificant amounts of side product peaks. DNA coupling was carried out using phosphoramidhe chemistry 

with 2-(acetoxymethyl) benzoyl (AMB) (Glen Research, Sterling, VA) protection of exocyclic amines of dA 

and dG, as these may be deprotected under considerably milder conditions than aqueous NHj (5). The amino 

terminal F-moc was removed with 20% DMF/piperidine and coupled to Boc-HYNIC synthesized in our 

laboratory (3), using diisopropylethylamine in DMF. 

Peptide deprotection was carried out using 90% TFA and EDT and followed by deprotection of 

protecting groups on DNA as well as cleavage of DNA-peptide from the support with 30% NH3 (aq.) at room 

temperature for 30 minutes. The DNA-peptide products were purified by reverse phase HPLC on a C18 

column and characterized by MALDI/TOF mass spectrometry from a sinapinic acid matrix, confirming both 

conjugates. 

Further work with labeling the conjugate with Tc-99m, its evaluation in vitro and in tumor bearing 

mice is in progress. Antisense-DNA alone has been labeled with Tc-99m in our laboratory and its distribution 

in animals has been studied (6). These data will serve as a control. 

This work was supported by ACS-RD-377, DOE FG-02-92ER 61485, ACS-DHP-105 and Nffit CA 

60139. 
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Synthesis and In Vivo Evaluation of nC-Labeled Xanthine Derivatives as a PET 
Tracer for Mapping CNS Adenosine Al Receptors. 

ISHIWATA'. K.: FURUTA1-2, R.; ISHII1, S.; KOIKE,3 N,; SHIMADA3, J.; NOGUCHI'-2, J.; 
ENDO2, K.; SUZUKI3, R; and SENDA', M. ('Positron Medical Center, Tokyo Metropolitan 
Institute of Gerontology, Tokyo, 2Showa College of Pharmaceutical Sciences, Tokyo, 
Pharmaceutical Research Laboratories, Kyowa Hakko Kogyo Co., Ltd., Shizuoka, Japan) 

Adenosine is an endogenous modulator of neuronal activity in the central nervous system 
(CNS). The effect is mediated by at least two types of receptors. Adenosine Al receptors exhibit 
relatively high affinity to adenosine and inhibit adenylate cyclase; A2 receptors exhibit lower affinity 
to adenosine and stimulate adenylate cyclase. The adenosine Al receptors are widely distributed in 
the presynaptic region of excitatory neurons. Recently, Shimada et al. (1) proposed 8-
dicyclopropylmethyl-l,3-dipropylxanthine (KF15372) as a selective adenosine Al antagonist. In 
this study, we prepared l-propyl-nC-labeled 8-dicyclopropylmethyl-l,3-dipropylxanthine 
([UC]KF15372) and its "C-ethyl and "C-methyl derivatives, and evaluated in vivo the potential as 
tracer for mapping adenosine Al receptors in the brain by PET. 

I : Ri, ["CJCjHr.RiH 
2: R,, H; R2, t "CJC^T 

1 : R,, ["C]C2H5;R2,H 
4: R,, H; R2, ["'C]C2H5 

5 : R,, ["C]CH3;R2,H 
£ : R,, H; R2, t 'C]CH3 

n - P r 7 : R,, C3H7;R2,["C]CH3 

KF15372 (7) and related compounds 

Radiosyntheses of [I1C]KF15372 CD and its derivative were carried out by the reaction of 
8-dicyclopropyImethyl-3-propylxanthine and ["C]alkyl iodides; [nC]propyl iodide (2), ethyl 
iodide (2) and methyl iodide. ["CJAlkyl iodide was trapped in DMF containing nor-compound 
sodium halide or other catalist. The solution was heated at 60—120 CC for 5—10 min and applied to 
HPLC separation. A YMC-pack ODS column (20 mm x 150 mm) was used with CH3CN/H2O 
(45/55, v/v) at a flow rate of 20 mL/min. Retention times were; [HC]KF15372 (i), 13.5 min and 7-
["CJpropyl isomer (2), 14.2 min; l-[nC]ethyl compound (il, 9.2 min and 7-["C]ethyl isomer 
{£), 10.2 min; and l-[nC]methyl compound (£1, 6.6 min and 7-[uC]methyl isomer (£),7.2 min. 
The separated fraction was evaporated to dryness.The residue was dissolved in physiological saline 
containing 0.1% of polyoxyethylene (20) sorbitan monooleate, and passed through a 0.22 urn 
membrane filter. As a non-specific reference compound 7-[nC]methyl KF15372 (7) was also 
prepared by the reaction of KF15372 and [nC]methyl iodide. Radiochemical purity was analyzied 
by HPLC using a TSKgel Super-ODS (4.6 mm x 50 mm) with CH3CN/H20 (35/65, v/v) at a flow 
rate of 1 mL/min. 

The tracer was injected i.v. into mice, and regional brain distribution of the tracer was 
measured. The effect of selective Al antagonists DPCPX and KF15372 and selective A2 
antagonists DMPX and KF17837 on the distribution was also evaluated. Imaging of rat brain 
adenosine Al receptors with ["CJKF15372 (/) was carried out by autoradiography. The labeled 
metabolites of the ["CJKF15372 in the brain and plasma were analyzed by HPLC. 

Table 1 summerized the overall radiochemical yields in the venous reaction conditions. In 
the presence of sodium hydride or sodium methoxide, precursor was alkylated with [' 'Qpropyl 
iodide. The yields of 1-prolyl isomer were low but higher than those of 7-prolyl isomer. Potassium 
carbonate, cesium carbonate, sodium ethoxide, potassium fert-butoxide. tetrabutylammonium 
hydroxide and W-benzyltrimethylammonium hydroxide had no effect on the propylation. After the 
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proton irradiation at 30 uA for 30 min, up to 280 MBq of ["CJKFI5372 (I) was prepared at 45 to 
55 min from EOB with decay-corrected radiochemical yield of 5% based on the ["CJpropyl iodide, 
radiochemical purity of >99% and specific activity of 10-56 GBq/umol. 

Ethylation was also carried out as similar to propylation. By methylation in the presence of 
sodium hydride, the yields (2>Z) increased, whereas the reactivity in the 7-position was 
significantly enhanced in the presence of potassium carbonate or cesium carbonate. By the reaction 
of KF15372 and [' 'C]methyl iodide in the presence of cesium carbonate at 60 °C for 5 min, 7 was 
prepared with the radiochemical yield of 63% (n = 2). 

[MC]KF15372 (X), 1 and 5. was taken by the mouse brain and the • 'C gradually decreased 
for 60 min. The brain uptake of the these compounds was significantly reduced by Al antagonists, 
but not by A2 antagonists. On the other hand, 7-alkyl derivatives (2, i, £) and Z showed no A1 
selective uptake. In the autoradiographic imaging with 7, regional brain distribution of the • 'C was 
compatible to that of Al receptors reported. In both mice and rats, ' 'C-Iabeled metabolites of 2. 
increased in the plasma with time, whereas approximately 90 % of "C was detected as i. in the 
brain tissues at 15 min post injection. 

The results showed that [11C]KF15372 CD, I and £ were potential PET tracers for 
mapping the CNS Al receptors. On the other hand, thier 7-alkyl isomers and 7 may be a reference 
compound representing non-specific binding. 

References 
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Table 1. Alkylationof 8-dicyclopropyImethyl-3-propylxanthinewith ["C]alkyl iodides. 

['•C]alkyl 
iodide 

Reaction conditions 
despropyl 
KF15372 

DMF 
(mL) 

Temp. 
(°C) 

Time 
(min) 

Radiochemical 
yield* of 

l-["C]alkyl isomer 

Ratio 
l-iso/7-iso. 

["QPrl 1 mg 2 mg NaH 
1 mg 2-3 mg NaH 
1 mg 2 mg NaH 

0.2 
0.6 

0.2-0.3 

60 
60 

120 

5 
10 
5 

2.9% 
4.9% (n = 3) 
5.4% (n = 6) 0.17-0.23 

0.5 mg l~10mgCH3ONa 0.5 60 5 3.4%(n=ll) 
[ • •qa i 0.5 mg 2 mg NaH 0.3 120 5 4.4% 0.31 
[••CJMel 0.5 mg 2 mg NaH 0.3 60 5 31%, 24% 0.51,0.64 

0.5 mg 5 mg Cs 2 C0 3 0.25 60 5 2.2% 31.6 
0.5 mg 5 mg K 2 C0 3 0.25 60 5 3.3% 15.4 

•Overall radiochemical yields based on [' 'C]alkyl iodides (decay-corrected). 
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[HC]-N-Methyl- and p8F]Fluoroethylepibatidine: Ligands for the 
Neuronal Nicotinic Receptor 

J.T. Patt. G. Westera, A. Buck, S.R. Fletcher*, P.A. Schubiger. Division of Nuclear 
Medicine, University Hospital, Zurich, Switzerland, * Merck, Sharp & Dohme Research 
Laboratories, Harlow, England 

Epibatidine (Scheme 1, a) is an azabicycloheptane alkaloid which had been first 
isolated from the skin extracts of the ecuadorian frog Epipedobates tricolor (1). The total 
synthesis of this substance was performed by several groups (2,3,4,5,6). Both 
stereoisomers of epibatidine show a very high affinity and selectivity to brain nicotinic 
receptors. It has been shown that the N-methyl derivative shows a similar 
pharmacological behaviour as the mother compound (7). 
N-Methyl epibatidine (Scheme 1, b) may have possibilities as a compound which maps 
the neuronal nicotinic receptor. To enable a PET investigation of the kinetics of receptor 
binding in vivo and to develop a brain receptor tracer for the nicotinic system we have 
prepared [11C]N-methylepibatidine in a remotely controlled system by methylation of 
epibatidine with 1 1C-Mel (Scheme 1). 
[ 1 1C]Mel was produced by the usual method via UAIH4 reduction of [ 1 1C]C02 in THF 
and (after removal of the THF) reaction of [11C]MeOH with HI. 
The subsequent reaction with epibatidine in 300 \i\ ethanol or acetonitrile containing 0.2 
to 0.3 mg epibatidine and 5 u,l of di-isopropyl-ethylamine, proceeded (5 min., 100°C) 
with a radiochemical yield of 20-30%. The reaction with [11C]methyltriflate did not result 
in higher radiochemical yields. The radiochemical purity of the product was lower for the 
triflate-method, therefore the methylation with methyliodide was preferred. 
The compound was purified by preparative reversed phase HPLC on a n-Bondapak C18 
column eluting with 20 mM phospate buffer, pH 7 / acetonitrile = 70 / 30. The eluent was 
removed under low pressure in a rotavapor and the product was redissolved in 
phosphate buffer pH 7.5. 
With a total production time of 50 minutes we thus obtained an overall yield of at least 5 
% radioactivity (not corrected for decay). 

An experiment using a small amount of non radioactive Mel (25 ul, 1 uMol) was 
performed and the product isolated by the same method. Subsequent mass 
spectroscopy (electrospray) showed a molecular mass of 223 and 225 dalton the mass 
of N-methylepibatidine. 

[18F]fluoroethylepibatidine (Scheme 1, c) was prepared by fluoroethylation with 
[18F]fluoroethyltosylate. Labeling was done in a one pot synthesis by reaction of [ 1 8F]F" 
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with kryptofix 222 potassium carbonate complex (20 u.mol/ml), ethylene glycol di-p-
tosylate (15 u.mo!/ml) and epibatidine (6 u,mol/ml) at 80 °C in acetonitrile for 20 min. The 
purification was performed as described for [ 1 1C]N-methylepibatidine. The 
radiochemical yield was < 10 % and needs further optimization but is sufficient for first 
animal studies. 
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Scheme 1: Epibatidine and derivatives 

R=H (a) 
R=CH 3 (b) 
R=FCH2CH2 (c) 
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18F-Labeling of the Muscarinic Receptor Ligand (RH-)-p-
Fluoro-hexahydro-difenidole 

R. Gail. K. Hamacher, R. Tacke*. G. StOcklin. 

Institut fur Nuklearchemie, Forschungszentrum Julich GmbH, 52425 Julich und 'Institut fur 
Anorganische Chemie, UniversitSt Karlsruhe, 76128 Karlsruhe, Germany. 

The tertiary fluorophenylcarbinole p-fluoro-hexahydro-difenidole (p-FHHD) (1-cyclohexyl-
1-(4-fluorophenyl)-4-N-piperidino-butanol), 1 , is useful in experimental pharmacology as 
a tool to characterize subtypes of muscarinic receptors (1) (Kd-values: 2.5 EE-8 {M1}, 4 
EE-7 {M2}, 3.2 EE-8 {M3}). Although the affinities are too small to allow receptor mapping 
with PET, we have synthesized the 18F-Iabeled I f o r in vivo pharmacokinetic studies. 
Cyclohexyl-(4-[18F]fluorophenyl)-ketone 2 was synthesized as a prochiral intermediate via 
"F-for-NOj exchange on cycIohexyl-(4-nitrophenyl)-ketone , 3 , or via 18F-for-N*(CH3)3 
exchange on cyclohexyl-(4-N,N,N-trimethylanilinium)-ketone triflate , 4 , (cf. Scheme 1, 
pathway A). The cryptate mediated nucieophilic aromatic 18F-for-N02 substitution of 3 in 
dimethylsulfoxide at 150°C led to the formation of 2 in radiochemical yields of about 55 ± 
3% within 5 min. In the case of the 18F-for-N+(CHs)3 substitution on 4 , radiochemical 
yields of about 60 ± 3% were obtained under similar conditions. 

The possibility of labeling tertiary fluorophenylcarbinoles with fluorine-18 via 
[18F]fluoroaryIation (2) of ketones (cf. Scheme 1, pathway B) was investigated using the 
reaction of 4-[18F]fluorophenyllithium with acetone. 2-(4-[18F]Fluorophenyl)-2-propanol was 
obtained in a radiochemical yield of about 10 ± 2%, based on the starting activity of 4-
["FJfluoro-iodobenzene. Because of the poor preparative yields of 4-
["FJfluorophenyllithium, (4-[18FJfluorophenyl)-3-N-piperidinopropylketone , 5 , was 
synthesized as a second prochiral intermediate via 18F-for-N02 exchange on (4-
nitrophenyl)-3-N-piperidinopropylketone , 6 , (cf. Scheme 1, pathway C). Because of the 
base sensitivity of 6 and the high temperatures needed, several reaction parameters had 
to be optimized. The highest radiochemical yield of 5 (about 30%) could be obtained in 
dimethylsulfoxide at 140°C within 15 min. The nucieophilic 18F-fluorination was performed 
using the less basic cryptate system ([Kc2.2.2]2C204) (3). The nucieophilic aromatic 
substitution was followed by a Grignard reaction of 6 with cyclohexylmagnesium chloride 
under an argon atmosphere in diethylether within 30 min. A radiochemical yield of about 
66 ± 2% of (±) 1 based on 2 was obtained with a specific activity of 74 GBq/umol (2000 
Ci/umol) and a radiochemical purity > 99%. The total preparative synthesis of racemic 1 
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including both synthetic steps, HPLC-purifications and formulation was performed within 
3h (Scheme 2). 

-O*0 
R1-F,N02,N*(CHj)3Tr 

2 2 4 

1 ) [ K < 2 2 2 1 2 C O J K : 2 0 4 

n.c.a.[1*F]fluoridt 
2)C s H 1 0 NC 3 l^Mo^ 

lo*~0 

R1 - F, N0 2 

i I B 

1) [K<222] j C O / C ^ 
n.cju [ 1*F]iIuoitd* 

^CjHj^a-CI 

^ A s / v ^ * * ^ 

2) H^/HjO 

Scheme 1. Synthetic pathways for the preparation of (±)-p-[18F]FHHD 

A chromatographic separation of the (R)-(-) and the (S)-(+) isomer of fluorine-18 labeled 1 
by chirai HPLC occurred on a ChiraDex 5um 244 x 4 mm coiumn (Merck) with methanol / 
water (50/50) (v/v) 0.5% triethylamine pH 7 (AcOH) as eluent (cf. Fig. 1). Therefore the 
more potent (RH-)enaniiomer of 1 is now available for pharmakokinetic studies in an 
enantiomerical purity above 99%. 

15 

10 

mV UV-M. 

(RH"H s o m e r (SH +Hsorner 

"1—^f—I 1 1 1 1 1 1 1 1 1 T*" I - " I 1 5 1 -

0 5 10 15 20 25 time[min] 
Fig. 1. HPLC-chromatographic sepatation of the enantiomers of (±) p-FHHD 
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Scheme 2. Flow scheme of the preparative synthesis of (±) p-FHHD 
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Preparation and pharmacological evaluation of r"Brl-Bromocaramiphen 
Strijckmans, V 1; Hunter, D'; Loc'h, C ; Dolle, F': Coulon, C and Maziere, B1. 'Service Hospitalier 
Frederic Joliot, CEA, F-91406 Orsay, France. University of Western Ontario, London, Ontario, 
Canada. 
The muscarinic acetylcholine receptor (m-AChR) is present to varying extents in every structure of 
the brain. The m-AChR concentration is altered in a number of neurological disorders such as 
Alzheimer's disease, Parkinson's disease and Huntington's disease. The putative role of m-AChR 
in these neurodegenerative pathologies has generated considerable interest for their non 
invasive mapping. Caramiphen, iodocaramiphen and nitrocaramiphen have been demonstrated to 
possess selective muscarinic M, activity (1). We report the preparation of another 
halogenoderivative of caramiphen, its labeling with bromine-76, an isotope suitable for PET 
studies, and its biodistribution and metabolite studies in rats. [76Br]-Bromocaramiphen has been 
prepared from iodocaramiphen and NH4

7 6Br using a Cu* assisted halogen exchange reaction. 
The synthetic route to prepare the precursor iodocaramiphen from commercially available 1-
phenylcyclopentanecarboxylic acid is described in fig 1 (5 steps, 10% overall yield) and follows 
mainly the one published (2). Nitration of the aromatic ring in the para-position using a 
nitric/sulfuric acid mixture gave the nitro-derivative in 87% yield. Catalytic reduction using 
palladium on charcoal and hydrogen gas cleanly afforded the amine (76% yield; only 46 % yield 
was obtained when a similar hydrazine procedure was used). Diazotation (HCI/NaN02) followed 
by iodihation with Kl gave the desired halogenated phenylcyclopentanecarboxylic acid in a 
moderate yield of 35%. Formation of the corresponding acyl chloride (SOCI2) and esterification 
with N,N-diethylethanolamine afforded iodocaramiphen in 40% yield (a poor yield (3%) was 
obtained with CDI in a direct coupling alternative procedure). The preparation of more suitable 
precursors for the labeling of caramiphen with bromine-76, suph as trimethylsilylcaramiphen and 
tributyltincaramiphen were unsuccessful. 
The exchange between cold iodine and bromine-76 (fig 1) was performed at 165°C for 60 min in 
the presence of CuS0 4 and an excess of reducing agents (gentisic acid, ascorbic acid, citric acid) 
(3). The [76Br]-bromocaramiphen was purified using a C18 Sep-Pak with 3x5 ml of water and 
eluted from the column with 3 ml of methanol. Purification and isolation of the radiotracer was 
earned out by HPLC on a u-Bondapak C18 column with a mixture of acetonitrile and ammonium 
acetate buffer (75/25) as mobile phase. Under these conditions the radiochemical yield reached 
44%. Radiochemical and chemical purities assessed by radioTLC and HPLC were 99%. The 
lipophilicity of the radiotracer was determined by the shake flask method with a mixture of octanol 
and a NaH2P04/Na2HP04 buffer (pH=7.4). The log P7.4 so measured was 2.4. 
Rat biodistribution study was performed and showed significant uptakes in lung and liven 1% ID/g 
30 min after injection. At this time, there was only 0.10% ID/g in plasma and 0.26% ID/g in the 
heart. In the cortex, where muscarinic M, receptors are abundant, the uptake of radioactivity was 
1.1% ID/g 10 min after injection and decreased to 0.4% ID/g after 120 min. In the other brain 
structures studied (especially cerebellum where M, receptors are less abundant) the radioactive 
concentrations are not significantly different that in the cortex. Competition studies were carried 
out by coinjecting a cold load of QNB, a non selective muscarinic central antagonist (5 mg/kg), 
and dextrometorphan (10 mg/kg) a sigma ligand (4). As depicted in fig 2, with QNB, the uptakes 
in the pons, the striatum and the cortex were reduced by 7%, 11% and 9% respectively. With 
dextrometorphan, a reduction of the radioactivity by 20 to 27% appeared in these structures but 
also in the cerebellum. The remaining non displaceable activity could be attributed to non specific 
binding. A metabolite study was performed in the pons and in the plasma. The percentage of 
unchanged [76Br]-bromocarmiphen was analyzed after acetonitrile treatment by HPLC on a u-
Bondapak C18 column (300x7.8 mm) with a mixture of acetonitrile and ammonium acetate buffer 
(90/10) as eluent and by radio-TLC. 30 min p.i. the percentage of unchanged [76Brj-
bromocaramiphen was found to be 40% in the plasma and 92% in the pons. 

These results suggest that [76Br]-bromocaramiphen which in vitro demonstrates a good affinity for 
muscarinic receptors has a limited potential to be used as an in vivo ligand due to its high 
lipophilicity and non specific binding. 
(1) Hudkins RL et al. J. Med. Chem. 34: 2984 (1991) 
(2) Hudkins RL et al. Europ. J. Pharmacol. 231.: 485 (1993) 
(3) Loc'h C et al. Nucl. Med. Biol. 21: 49 (1994) 
(4) Klein M et al. Pharmacol. Exp. Therap. 251; 107 (1989) 
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NOVEL, DIASTEREOSELECTIVE SYNTHESIS OF POTENT [C-ll]-
LABELLED ANTAGONISTS FOR QUANTIFICATION OF 
PULMONARY MUSCARINIC RECEPTORS WITH PET 
T.J. Visser*. A. van Waarde*, G.M. Visser*, Th.W. van der Mark**, J. Kraan**, K. 
Ensing***, W. Vaalburg*. *PET Center, **Dept. Pulmonary Diseases, and ***Dept. 
Analytical Chemistry & Toxicology, Groningen University Hospital, P.O. Box 30.001, 9700 
RB Groningen, The Netherlands. 

Cholinergic muscarinic receptors (mACHRs) regulate smooth muscle contraction and 
pulmonary mucus secretion in the airways. Quantification of mAChRs in vivo with PET is of 
clinical interest, especially in patients with asthma or chronic obstructive pulmonary disease. 
Because of the relatively low density of mACHRs in the airways 40 fmol/mg protein1, high 
affinity ligands (KD<10'10 M) must be employed for PET research to obtain reasonable tissue to 
plasma ratios. In 1973 Inch2,3 reported the synthesis of various esters of a-aryl-oe-hydroxy-a-
phenylacetic acid which were very potent antagonists in functional experiments. For instance 
compounds 1 and 2 (fig. 1) antagonized the carbachol-induced contractions of guinea pig 
ileum in picomolar concentrations. Inch synthesized these drugs by degradation of sugar 
derivatives, but we explored an alternative route for the diastereoselective synthesis of these 
cholinoceptor ligands. 

1 2 
N-M«thyWp«ifdiiv+yl-2-cyclol»xyl-
2-tiydroxy2fih.nyhe.Ut. methiodid. (R.RHWnuelidin*yH«yeWiexy|. 
a) rac*mat* 2-*iydroxy-2-phenylacetate methiodide 
b) (RHsoowr 

Flg.l 

In 1984 Seebach showed that protected ct-hydroxy acids could be a-alkylated with various 
electrophiles (primary alkylhalides, allylic halides and ketones) in high yield and with high 
diastereoselectivity.4 The route which we selected for our synthesis is based on these results 
and depicted in scheme 1. (R)-mandelic acid 3 was condensed with pivaldehyde 4 to give after 
crystallization, the cis dioxolanone 5 in. optically pure form in 71% yield. Deprotonation with 
LDA and reaction with bromocyclohexane gave no cc-substitution, but by using 3-
bromocyclohexene (SN2' mechanism) the a-substituted-dioxolanone 6 could be isolated. The 
diastereoselectivity in this alkylation step is high (d.e.>85%) because the electrophile attacks 
the enolate trans towards the bulky t-butyl group. After crystallization, 'H-NMR showed that 
the trans-isomers were no longer present. Subsequently the double bond was reduced with a 
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catalytic amount of Pd/C and H 2 and compound 7 was obtained in 98% yield. Direct 
esterification of the 5-disubstituted-dioxolanone only gave very low yields. 

Po7C(10%) 

5barH2 
ay. 98% 

H 
5 (ds) 

crystallization; 
da>99% 
ay. 71% 

LDA -80C 

KOH. EtOH, 
ay. 85% 

6 
d.e. = 86% 
crystallization: 
d.e.>99% 
ay. 77% 

7(R.R) 

CHjN2> 

ay. 95% 
Q-T<OMe — ! ° — 
^ " ^ I f j l NaH.40% 

9(R) NaH 

Scheme 1 

However, deprotection with KOH, afforded a-cyclohexyl-a-hydroxy-a-phenylacetic acid 8 in 
85% yield. The enantiomeric excess of 8 could be determined by means of a chiral P-
cyclodextrin column and appeared to be larger than 99%. Reaction of 8 with diazomethane 
afforded the methylester 9 in 95% yield. Transesterification with N-methyI-4-
hydroxypiperidine 10 or 3-quinucIidinol 11 afforded the esters 12 (R) and 13 (R,R) in 40% and 
18% yield respectively. Quarternarization of the tertiary amines with ("C)-Mel afforded the 
labelled muscarinic antagonists la , lb and 2 in 40-60% radiochemical yield and specific 
activities of 300-1200 Ci/mmol (scheme 2). 
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Scheme 2 
Ligands la, lb and 2 (fig. 1) were labelled as depicted in scheme 2 and evaluated in male 
Wistar rats. Tissue uptake was determined by ex vivo counting, 15 min post injection. 
Nonspecific binding was defined as tissue uptake in animals treated with atropine (2.5 mg/kg 
i.v., 1 min before injection of radioligand). 

ligand la la lb lb 2 2 

organ control atropine control atropine control atropine 

heart 61.1*8.5 1.3±0.3 118.2*24.4* 0.6*0.1* 140.3*9.9 1.0*0.4 

intestine 33.0*20.2 8.7*4.5 47.2*24.4 5.3*4.3 54.7*19.0 33.5±22.5# 

lung 4.8*0.7 1.1±0.1 10.1*2.9* 0.6*0.1* 11.8*1.1 1.0±0.3# 

pancreas 14.2*1.5 2.3*0.7 28.8*5.6* 1.9*0.8 30.3*5.3 3.4*1.7 

spleen 6.3*1.7 1.8*1.1 11.0*2.0* 0.6*0.2* 15.6*4.3 1.8±0.8# 

stomach 11.6*1.8 3.0*2.2 24.7*3.6* 1.2*0.4 22.6*3.4 4.1*3.2 

sub.gland 12.1*1.0 1.6*0.5 26.3*7.5* 1.3*0.8 27.2*4.9 2.7*1.1# 

trachea 4.0±0.7 2.1*0.6 8.0*2.8* 1.6*0.3 10.8*3.1 3.0*0.8 # 
Table 1: Biodistribution (tissue/plasma ratios) in male Wistar rats, 15 min post injection. 
* Significant difference (PO.05) between 1 b and 1 a. 
# Significant difference (PO.05) between I b and 2. 

In conclusion: (i) Compounds la, lb and 2 showed significant specific binding in tissues 
containing muscarinic receptors, (ii) Injection of the active R-isomer (lb) instead of its 
racemate (la) resulted in a doubling of the tissue to plasma concentration ratios in receptor 
containing organs, (iii) Injection of the slightly more potent (R,R)-compound (2) instead of 
the (R)-corripound (lb) did not improve tissue/plasma ratios and it slightly increased non
specific binding, (iv) Ligand lb demonstrated low but useful lung/plasma ratios (10 ± 3) and 
lung/blood ratios (20 ± 3) at 15 min post injection, (v) Ligands lb and 2 appeared excellent 
candidates for PET studies of m-ACh receptors in vivo. 
The authors gratefully thank the Netherlands Asthma Foundation for their financial support. 
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r7tBr1-Z(R.R)QNP: a high affinity PET radiotracer for central muscarinic receptors 
Strijckmans V1, McPherson DW2, Knapp FF2, Loc'h C1, Coulon C1, Maziere B 1 . 1 Service 
Hospitalier Frederic Joliot, CEA, F-91406 Orsay, France. 2Nuclear Medicine Group, Oak 
Ridge National Laboratory (ORNL), Oak Ridge, Tennessee, USA. 

Changes in muscarinic acetylcholine receptors (m-AChR) have been implicated in various 
disease states such as Parkinson's disease, Huntington's chorea and Alzheimer's 
dementia. The localization and quantification of m-AChR in the living brain using PET may 
provide valuable information about these changes. QNP, that has been labeled with 
iodine-123 (1), is a high affinity muscarinic ligand with important cerebral uptake and long 
retention. It presents a potential for 8 diastereoisomers: the 3-carbon of the quinuclidinyl 
center, the 2-carbon of the acetate center and the orientation of the halogen on the vinyl 
group. These various diastereoisomers showed different affinity for muscarinic receptors 
subtypes (2). We report here the labeling with bromine-76 of Z-(R,R)QNP and its first 
biodistribution in rats and metabolite studies. 

As described in fig 1, two different oxidizing agents were evaluated for the preparation of 
[76Br]-Z(R,R)QNP by electrophilic substitution of the tributyl-tin precursor (50ug). The 
exchange between Br and the leaving group occurred in 30 min at room temperature in 
the presence of peracetic acid 1% in 100ul acetic acid, 50ul hydrogen peroxide while it 
occurred in 10 min at the same temperature with chloramine T (10 -3 M) in 0.1 N HCI. The 
radiochemical yields reached 85% and 95% for the peracetic and chloramine T conditions 
respectively. The purification of the radiotracer from the reaction mixture was carried out 
using a Sep-Pak C18 with 5 ml of water. The tracer was further eluted with 3 ml of 
methanol and isolated by HPLC on a u-Bondapak C18 column (300 x 3.9 mm) with a 
mixture of acetonitrile and ammonium acetate buffer (50/50) as the mobile phase. 
Radiochemical purity assessed by radio-TLC was 95% whatever the oxidizing agent. 

Rat biodistribution study (fig 2) showed, 6h after injection, high uptakes in the cortex 
(2.0% ID/g) and in the striatum (1.4% ID/g). At this time, the cortex to cerebellum 
radioactivity ratio and the striatum to cerebellum radioactivity ratio were still 4.3 and 3.0. 
In the heart, the uptake was 2.7% ID/g 30 min after injection and decreased to 0.6 % 6h 
p.i. The heart to lung radioactivity ratio was about 1.5 and remained relatively constant for 
6h. 

A metabolite study was performed in the heart, the cortex and the plasma. The 
percentage of unchanged [ Br]-Z(R,R)QNP was analyzed after acetonitrile treatment by 
radio-TLC at various times. 1h pi, [̂ Brj-ZCR.RJQNP was totally metabolized in the plasma 
while there was still 80% and 90% of unchanged [^Bfl-ZtR.RJQNP at the same time in the 
heart and in the cortex respectively. 3h p.i., these percentages were decreased to 50% for 
the heart and 80% for the cortex. 

In conclusion, [7SBr]-Z(R,R)QNP possess good characteristics for imaging m-AChR and 
may serve as a potential PET radiopharmaceutical for investigating the muscarinic 
receptors in the brain. 

(1) McPherson DW et al. J. Lab. Comp. and Radiopharm. 35:422 (1994) 
(2) McPherson DW et al. J. Med. Chem. 36: 848 (1993) 
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Preparation. In Vitro and Initial In Vivo Evaluation of New Fluoralkvl QNB 
Analogues as Potential mAChR Liqands for PET Studies. ^ .W. McPherson. 1 H. 
Luo. nA.L Beets,* B. Zeeberq.-'V. Sopd.* R.C. McRee.a R.C. Reba.1 F.F. Knapp. 
Jr^' Nuclear Medicine Group, Oak Ridge National Laboratory (ORNL) Oak Ridge, 
TN 37831-6229, 2Division of Nuclear Medicine, George Washington University, 
Washington, D.C. 20037,3 Nuclear Medicine Section, University of Chicago, 
Chicago, lL 60637. 

Changes in cerebral muscarinic acetylcholinergic receptor (mAChR) density have 
been implicated in many diseases and have stimulated interest in the development 
of high affinity mAChR ligands for use in the non-invasive in vivo imaging by 
nuclear medicine techniques. Due to its availability, half-life and imaging 
properties, fluorine-18 is of interest for radiolabeling mAChR ligands for PET 
studies. Various studies have shown that it is possible to replace one of the 
phenyl rings of 3-quinuclidinyl benzilate (QNB) with a variety of groups while still 
retaining a high binding affinity for mAChR (1,2). We have now prepared a new 
series of analogues of QNB in which one of the phenyl rings is replaced with a 
fluoroalkyl group. 

1-Azabicyclo[2.2.2]oct-3-yI cr-(1-fluoroeth-2-yl)- (FQNE, 1) and cr-(1-fluoropent-5-
yl) or-hydroxy-a- phenylacetate (FQNPe, 2) were prepared as shown in Schemes 
1 and 2, respectively. Attempts to prepare the propyl and butyl analogues 
resulted in formation of the cyclized furanyl and pyranyl products, respectively. 
In vitro binding assays revealed a higher mAChR binding affinity of racemic 2 (Kp, 
nM, ml, 0.45, m2, 3.53) compared to 1 (KQ, nM; ml, 12.5: m2, 62.8). 

Initial in vivo studies of the ability of1_and_2_ to pass the blood-brain barrier (BBB) 
and block the uptake of iodine-131-labeled Z-(-)(-)-IQNP were performed in 
female rats (Tables 1 and 2). The data from these studies demonstrate the ability 
of both 1 and 2 to block the uptake of activity in tissues containing mAChR. 

These results demonstrate that 1 and 2 cross the BBB and localize in mAChR 
areas of the brain and heart. From these promising results, development of 
methods for the introduction of fluorine-18 are currently being pursued for the 
evaluation of the in vivo properties of these promising new fluorinated mAChR 
ligands for potential use in PET studies. 

Tho submitted manuscript has been 
authored by a contractor of the U.S. 
Government under contract No. DE-
AC05-84OR21400. Accorrjnrjly., the U.S. 
Government retains a nonexclusive, 
royalty-free license to publish or reproduce 
the pubished form of this contribution, or 
alow others to do so. for U.S. Government 
purposes.* 
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Table 1. Levels of Activity Three Hours After Intravenous 
Administration of [ 1 3 1 l] -Z-(-)(-)-IQNP in Rats 
Pretreated One Hour Earlier with FQNE (1; 2-3 
mg/kg). 

Cortex Straftum Hippocampus Pons Cerebelum Heart Blood 

Control 1.20 

±0.27 

0.73 

±0.19 

0.67 

±0.08 

0.70 

±0.20 

0.43 

±0.14 
1.98 

±0.40 

0.18 

±0.05 

FQNE 0.67 

±0.15 

0.35 

±0.14 

0.22 

±0.19 

0.40 

±0.08 

0.16 

±0.09 

0.78 

±0.30 

0.16 

±0.02 

Table 2. Levels of Activity Three Hours After Intravenous 
Administration of [131l]-Z-(-)(-)-IQNP in Rats 
Pretreated One Hour Earlier with FQNPe (2; 2-3 
mg/kg). 

Cortex Stratum Hippocampus Pons Derebelum Heart Blood 

Control 1.33 

±0.24 

1.13 

±0.19 

1.11 

±0.34 

1.06 

±0.34 

0.45 

±0.16 

1.84 

±0.65 

0.28 

±0.03 

FQNPe 0.38 

± 0 . 0 5 

0.16 

± 0 . 1 0 

3.24 

i.0.04 

0.25 

±0 .03 

0.06 

±0.05 

0.24 

± 0 . 0 2 

0.18 

± 0 . 0 4 
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Characterization of f+Wl^HMIBT Binding in Monkey Brain Reveals 
Differences with Benzovesamicols. J.K. Staley,1 D.C. Mash,1 S.M. Parsons,2 

A.B. Khare,3 and S. M. N. Efange.3.4.5 
departments of Neurology and Molecular and Cellular Pharmacology, University of 
Miami School of Medicine, Miami, FL 33101. department of Chemistry, University of 
California, Santa Barbara, CA 93106.3Departments of Radiology, 4Medicinal Chemistry 
and Neurosurgery, University of Minnesota, Minneapolis, MN 55455. 

The vesamicol receptor is a unique site on the cholinergic synaptic vesicle (reviewed 
in ref. 1). The recognition that radiolabelled selective high-affinity VR ligands may be 
potentially useful in the study of neurologic disorders characterized by cholinergic 
dysfunction has fueled interest in the development of new radioiodinated and positron-
emitting VR ligands for PET and SPECT. Although several compounds have resulted from 
this effort, they are easily identified as belonging to two major structural classes: the 
benzovesamicols and trozamicols. Many compounds from these two structural classes 
display subnanomolar affinity for the VR in Torpedo synaptic vesicles (2-4); however, no 
systematic comparison of benzovesamicols and trozamicols has been previously 
undertaken. The aim of the present study was twofold: 1) to characterize the binding of 
(+)-me/a-[125I]iodobenzyltrozamicol {(+)-[125rjMIBT} (Figure 1), a recently described (5) 
high-affinity VR ligand of the trozamicol class, in the primate brain, and 2) to compare the 
binding characteristics of MIBT and the closely related analogue FBT (6) with those of 5-
aminobenzovesamicol (ABV). 

Brains were harvested from 3 deeply anesthetized adult male monkeys (Macaca 
mulatto, 5 kg) obtained from Perrine Primate Center in Miami, Florida, and rapidly frozen 
in 2-methyl butane at -30°C. For in vitro binding assays, tissue punches were taken from 
the striatum and occipital cortex. All binding assays were performed in 50 mM Tris, pH 
7.6, with 120 mM NaCl, 5 mM KC1, 2 mM CaCfe, 1 mM MgCl2,0.5% bovine serum 
albumin. Membranes (from striatum or occipital cortex) for in vitro binding assays were 
prepared by homogenizing tissue with a Brinkman polytron at setting 3 for 15 seconds in 
20 volumes of ice-cold assay buffer. Membranes pellets were obtained by centrifugation 
at 15,000 x g for 15 minutes. The tissue was washed once and re-suspended to a final 
concentration of 5 mg/ml and 15 mg/ml for (+)-[125r]MIBT (SA = 1500 Ci/mmol) and (-)-
[3H]vesamicol (SA = 50.5 Ci/mmol, NEN Dupont) binding assays, respectively. Data 
analysis was performed with COLD (Elsevier, Biosoft), DRUG (EBDA) and KINETIC 
(Elsevier, Biosoft). 

The binding of (+)-[125I]MIBT to striatal membranes was rapid and reversible. In 
the presence of 10 nM (-)-ABV, saturation analysis of (+)-[125I]MIBT binding in the 
striatum and occipital cortex demonstrated a single high affinity binding site with a KD 
value of 4.4 ± 0.7 nM and 4.0 ± 1.6 nM, respectively. Competition for the binding of (+)-
[125I]MIBT to the high-affinity binding site in the striatum displayed a pharmacological 
profile characteristic oftheVR in Torpedo synaptic vesicles: (+)-MIBT = (-)-ABV > (+)-
FBT > (+)-ABV > (-)-MEBT = (-)-vesamicol 2. (-)-FBT ^ (+)-vesamicol s. 
haloperidol > (-)-pentazocine = (+)-pentazocine (Table 1). Vesamicol analogues 
displayed the highest potency while the sigma ligands pentazocine and haloperidol 
displayed the lowest potency. Estimated eudesmic ratios for ABV, MIBT, FBT and 
vesamicol were 14,16.5, 8 and 4, respectively. A similar rank order was obtained for the 
inhibition (-)-[3H]vesamicol binding in striatal membranes, suggesting that both (+)-
[125I]MIBT and (-)-[3H]vesamicol label similar binding sites binding sites in the primate 
striatum. In contrast to the striatum, the rank order of potency for inhibition of (-)-
[3H]vesamicol binding to the occipital cortex bore no resemblance to previously established 
patterns of binding at the VR (Table 2). Moreover, haloperidol emerged as the most potent 
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inhibitor of (-)-[3H]vesamicol binding in the occipital cortex, thus providing further 
support for the view that the sigma receptor is the primary target for this ligand in the 
human cerebral cortex. Inhibition of (+)-[125I]MIBT binding to the occipital cortex revealed 
a rank order of potency [(+)-MIBT > (+)-FBT > (-)-MIBT > (+)-vesamicol = (-)-
vesamicol = (-)- FBT > (-)-ABV = haloperidol > (+)-ABV = (-)-pentazocine > (+)-
pentazocine] which differed from that obtained in the striatum. While the potencies of(+)-
MIBT and (+)-FBT were maintained in both striatum and cortex, the potency of(-)-ABV in 
the cortex was reduced by two orders of magnitude relative to the striatum (from IC50 = 
6.1 ± 1.1 to 806 ±291 nM). Combined with previous reports attesting to the poor affinity 
of (-)-[3H]ABV and its closely related analogue (-)-[18F]NEFA in rodent (7) and human 
(8) cortex, the foregoing observations suggest that (-)-ABV and related benzovesamicols 
may be unsuitable for mapping cholinergic function in the human cerebral cortex. On the 
basis of these results and a molecular shape analysis of M1BT and ABV, we propose 1) 
that the primate brain contains two distinct forms of the VR, striatal and cortical, which can 
be distinguished by their binding site topographies; and 2) that the striatal VR can bind 
both MIBT and (-)-AB V while the cortical VR can only bind (+)-ME3T and its derivatives. 
SUPPORTED BY THE NINDS (1R01 NS28711). 
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Table 1: Pharmacology of Vesamicol Analogs in Monkey Striatum 

[USijMIBT pHJVesamicol 

Compound Ki, (nM) nH Ki, (nM) nH 

Vesamicol Analogs 
(-)-ABV 6.1 ± 1.1 0.69 176.6 ± 0.2 0.71 
(+)-ABV 82.7 ± 3.0 0.86 539.5 + 61.9 0.78 
(-)-FBT 335.2 ± 146.4 0.80 223.7 + 22.1 0.77 
(+)-FBT 42.0 ± 5.7 0.77 9.0 + 1.2 0.82 
(-)-MBT 146.9 ± 15.0 0.79 474.7 + 30.0 ' 0.73 
(+)-MIBT 8.9 ± 3.2 1.10 17.5 ± 4.3 0.71 
(-pVesamicol 154.6 ± 35.8 0.72 53.1 ± 16.3 0.92 
(+)-Vesamicol 689.5 ± 357.3 0.58 115.4 ± 35.8 0.64 

Sigma Receptor Ligands 
Haloperidol 1022.0 ± 295.6 0.74 - 207.7 ± 6.7 0.53 
(-) Pentazocine 6562.6 ± 1864.6 0.64 1471.4 ± 489.4 0.86 
(+) Pentazocine 7026.6 ± 3541.0 0.65 1824.3 ± 492.9 0.84 

The data shown are the mean ± S.E. of 2-4 independent determinations each performed in 
triplicate. 

Table 2: Pharmacology of Vesamicol Analogs in Monkey Occipital Cortex 

[125[]MIBT pH]Vesamicol 
Compound U (nM) flH Kl(nM) nH 
Vesamicol Analogs 

(-)-ABV 806.3 ± 290.6 0.80 286.4 ± 55.0 0.80 
(+)-ABV 1607.1 ±735.1 0.85 964.8 ± 304.3 0.84 
0-FBT 262.4 ±116.7 0.69 30.3 + 1.3 0.73 
(+)-FBT 30.8 ± 9.5 0.87 12.3 ± 2.1 0.81 
(-)-MTBT 87.0 ± 24.7 0.77 58.0 ± 27.7 0.67 
(+)-MIBT 9.4 ± 3.5 0.87 41.4 ± 11.9 0.61 
(->Vesamicol 202.6 ± 52.1 0.82 91.3 ± 28.4 0.90 
(+)-Vesamicol 135.4 ± 26.5 0.68 58.6 ± 14.8 0.74 

Sigma Receptor Ligands 
Haloperidol 948.6 ± 355.9 0.83 9.6 + 5.7 0.50 
(-)-Pentazocine 1676.0 ± 540.6 0.70 588.9 ± 388.9 0.80 
(+)-Pentazocine 3396.8 ± 492.0 0.52 835.6 + 158.3 0.71 

The data shown are the mean + S.E. of 2-4 independent determinations each performed in 
triplicate. 
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Simplified Synthesis Via Iododestannvlation , Pharmacologic Characterization. 
Biological Evaluation of Iodine-123 labeled 2'-Iodo-& 4'-Iodo PK 11195 A Potent 
SPECT Radioligand For Peripheral Benzodiazepine Receptors. Wane Y.; Goodman. M. 
M.: Chappel, D.; Patterson, R., Eisner R., Sullivan, K. and Schmarkey, S. M. Emory Center for 
Positron Emission Tomography, Emory University, Atlanta, GA. and Crawford Long Hospital, 
Atlanta, GA. 

Two recognition sites of the benzodiazepine (BZ) receptor have been described (1). The first 
recognition site identified involves binding to GAB AA receptors in the central nervous system (CNS) 
in the brain. This central-type (BZ) receptor (CBR) mediates the anxiolytic, anticonvulsant, and 
hypnotic actions of benzodiazepine drugs. A second binding site was later identified and determined 
to be present in high concentrations in peripheral tissues such as in the heart, kidney, lungs, glioma 
cells and adrenal gland as well as in the brain. This second recognition site has been termed the 
peripheral BZ receptor (PBR). PK 11195 [l-(-2-chlorophenyl)-N-methyl-N-(l-methylpropyl)-3-
isoquinoline carboxamide], an antagonist with affinity for the PBR, has been labeled with carbon-11 
as a PET radioligand for mapping PBR sites in the heart and brain (23). More recently the 2-iodo (2-
I-PK 11195) and 4-iodo (4 -I-PK 11195) derivatives of PK 11195 have been labeled with iodine-125 
for in vivo evaluation as potential SPECT radioligands when labeled with iodine-123 for brain and 
tumor imaging (4,5). The reported syntheses of iodine-125 labeled 2-I-PK11195 and 4 -I-PK 11195 
involved direct displacement of aromatic halide by radioiodide. Because of our interest in radiotracers 
for studying cardiovascular disease, we report the development of a "no-carried added" synthesis of 
iodine-123 labeled 2-I-PK 11195 and 4 -I-PK 11195 via iododestannylation. 

2-I-PK11195 9a and 4-I-PK11195 9b were synthesized via a six step reaction sequence as shown in 
Figure 1. Norephedrine hydrochloride 1 was reacted with 2-and 4-iodobenzoyl chloride (2a,b) in 
CH2CI2 in the presence of 5% NaOH aqueous solution to give amides 3a and 3b. The amides were 
cyclized in o-dichlorobenzene in the presence of P2Q5 to give l-phenyl-3-methylisoquinolines 4a and 
4b. Treatment of l-phenyl-3-methylisoquinolines 4a and 4b with NBS gave the corresponding 
dibromomethyl derivatives 5a and 5b respectively. The aldehydes 6a and 6b were obtained by 
heating 5a and 5b with AgNQ3 in EtOH/THF. The aldehydes 6a and 6b were then oxidized with 
AgNQ3 in base to yield the carboxylic acids 7a and 7b. The acids were coupled withR,S N-methyl-
2-butylamine 8 in DMF in the presence of BOP/Et3N to afford 2-I-PK11195 9a and 4-I-PK11195 
9b. 

The radioiodinated PK11195 [123l] 9a and 9b were prepared via iododestannylation as shown in 
Figure 2. The key trialkylstannyl amide substrates 10a and 10b were prepared by treating 9a and 
9b with (Bu3Sn)2 or (Me3Sn)2 respectively in toluene in the presence of Pd catalysts. 4-
[123I]PK11195 9b was prepared by no carrier added Na 1 2 3I treatment of 10b with 123l+ generated in 
situ by H2Q2/HCI oxidation of radioiodine. The radioiodinated PK11195 9b was purified by 
application on two C-18 sepparks in series followed by elution with MeOH/H20/Et3N (75:25:0.2). 
The fractions 5 (lmL) and 6 and 7 (2 ml) containing the product were combined and evaporated to 
dryness under a stream of Ar while heating. The product (75% radiochemical yield) was dissolved in 
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10% EtOH in saline (purity > 98%). and administered to rabbits for in vivo evaluation. 
Pharmacologic evaluation and SPECT imaging in rabbits will be presented. 
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(Bu3Sn)2 or (Me3Sn)2 

Pd(OAc)2, PdPPh* toluene 

9a:X=I,Y=H 
9b:X=H,Y=I 

10a:X=Me3Sn,Y=H 
10b: X=H, Y=Me3Sn or BU3S11 

Ifc1 2 3I 
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H 2 0 2 

[123I]9a:X=123I,Y=H 
[1 2 3I]9b:X=H.Y= i : 3I 

Figure 2 The synthesis of 2 and 4-[ 1 Z 3I] PKl 1195 
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(+M1 2 5I]MIBT Binding in Human Temporal Cortex Reveals Cholinergic 
Hypofunction in Alzheimer's Disease. S.M.N. Efange.1 E.M. Garland,2 J.K. 
Staley,2 A.B. Khare* and D.C. Mash.* 
departments of Radiology, Medicinal Chemistry & Neurosurgery, University of 
Minnesota, Minneapolis, MN 55455 and departments of Neurology & Molecular & 
Cellular Pharmacology, University of Miami School of Medicine, Miami, Fl 33101. 

Alzheimer's disease (AD), a progressive memory disorder affecting as many as 
four million Americans over the age of 65, is characterized by significant reductions in 
cholinergic innervation of the cerebral cortex. Consequently, the development of 
noninvasive methods which can detect the loss of cortical cholinergic terminals may 
provide a useful procedure for the diagnosis of AD. The vesamicol receptor (VR), a unique 
site on the cholinergic synaptic vesicle, provides a target for the development of new 
radiotracers directed at cholinergic neurons. When used in conjuntion with SPECT or PET, 
such radiotracers may provide a means of detecting the cholinergic lesion in AD. The 
present study describes the binding of (+)-/nefa-iodobenzyltrozamicol {(+)-[125I]MEBT} 
(1), a high-affinity VR ligand, in the AD brain post-mortem and in age-matched controls. 

Human brain samples were obtained from the Miami Endowment Brain Bank. For 
the AD group (3 males and 1 female), age at time of death was between 56 and 71 yr. The 
diagnosis of AD was confirmed neuropathologically by the presence of neuritic plaques and 
neurofibrillary tangles. Evidence of neurologic disorder was largely absent from the control 
group (3 males and 1 female; age at time of death, 65-72yr). Membranes were prepared 
from the temporal cortex as described previously and the binding assays were performed in 
50 mM Tris, pH 7.6, with 120 mM NaCl, 5 mM KC1, 2 mM CaCl2, 1 mM MgCl2 and 
0.5% bovine serum albumin. Cold saturation binding experiments were conducted with 0.1 
nM (+)-[i2SI]MIBT (SA = 1500 ± 200 Ci/mmol) and 0.01-1000 nM stable (+)-MIBT. 
Nonspecific binding was defined as the fraction of (+)-[125I]MIBT bound in the presence 
of 10 jiM (-)-5-aminobenzovesamicol [(-)-ABV]. Determination of choline acetyltransferase 
(ChAT) activity, a reliable marker of cholinergic function, was carried out by published 
methods (2). Data analysis was performed with COLD (Elsevier, Biosoft) and LIGAND 
(EBDA). 

The binding of (+)-[125rjMIBT has been previously characterized in the monkey. 
When nonspecific binding was defined with 10 nM (-)-ABV, (+)-[125I]MIBT bound to a 
single high-affinity site with a dissociation constant of 4 nM (3). In the present study, 
conducted under similar conditions, (+M12SI]MIBT bound to a single high-affinity site in 
the human temporal cortex. Moreover, the Kd value obtained from both control and AD 
groups was comparable to that obtained from the monkey occipital cortex. In contrast, the 
Bmax values for the control and AD groups were 19.5 and 11.6 pmol/g, respectively, 
reflecting a statistically significant (p=0.007, paired student t-test) 41% reduction in (+)-
[125I]MIBT binding in the AD brain. Moreover, the reduction in the density of (+)-
[12SIJMIBT binding was correlated with ChAT activity (r=0.88). Therefore, we conclude 
that in vitro (+)-[125I]MIBT binding may be a useful measure of cholinergic neuron density 
in the human cortex. SUPPORTED BY THE NINDS (IROl NS 23711) 
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SYNTHESIS ANT) TMAOTNft NONHIJMAN PRIMATES WITH THE 
ACETYLCHOLINE AQONTST fC-HIARECOUNE; PRELIMINARY. 
EVALUATION. 
D.R. Elmaleh, J.W. Babich, A.-L. Brownell, M.A. Crowley and A.J. 
Fischman. Department of Radiology, Massachusetts General 
Hospital, Boston, MA. 
Alzheimer's disease is associated with decreased presynaptic cholinergic 
receptor capacity! ,2 . Arecoline is a naturally occurring cholinomimetic 
alkaloid 
[affinities to muscarinic receptors: IC50 = 11 uM (^H-QMB, M1/M2 
receptors), IC50 = 1.1 uM (^H-pirenzepine, Ml antagonists)]. As such this 
compound can be used both to delineate differences in pharmacokinetic 
behavior between normal individuals and patients with early onset of 
Alzheimer's disease and to follow the efficacy of prophylactic therapy. C-ll-
N-methylation. of the corresponding normethyl precursor with [C-ll]CH3l 
(Scheme 1) followed by HPLC purification (yield = 10-15% EOS, specific 
activity >800 mCi/umol). 

Scheme 1 

^"^^.COOCHa 
11 CH3I 

V^COOCHs 

H 
I I 1. " C02/LAH 

2. HI 
Two rehsus monkeys were imaged for a period of 90 min following an IV 

injection of 10 mCi of [C-ll]arecoline. The compound concentrated rapidly 
in all brain regions (cerebellum, cortex, caudate, putamen) in accordance 
with the diffused distribution of acetylcholine/muscarinic receptors (3.0-
4.5% injected dose/100 cc at 2 min). The activity decreased rapidly within 
the first 20 minutes (1% injected dose/100 cc) and stayed at the same level 
for the remainder of the imaging session. The washout was faster than that 
of another muscarine agonist [C-ll]labeled RS 86. The effect of atropine and 
RS 86 on uptake will be examined. [C-ll]arecoline may be a suitable tracer 
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for measuring changes in cholinergic innervations investigations of 
neurodegeneration with aging. 
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SYNTHESIS AND PRELIMINARY EVALUATION OF C-11 LABELED RS 86. A 
SELECTIVE MUSCARINIC/CHOLINERGIC AGONIST. AS A POTENTIAL TRACER 
FOR MONITORING AL?HEIMER"S DISEASE WITH PET. 
D.R. Elmaleh, A.-L. Brownell, E. Llvnl, J. W. Babich, M.A. Crowley and A.J. Flschman. 
Department of Radiology, Massachusetts General Hospital, Boston, MA. 

The observation that presynaptic cholinergic markers decrease in the brain of patients 
with Alzheimer's disease led to the development of many series of muscarinic 
acetylcholine receptor agonists 1- 3. RS86 (2-ethyl-8-rnethyI -2,8- diazaspirol 
[4,5]decane-1,3-dione) 1, an analog with high agonistic activity, was labeled by direct 
[C-11]-N-methylation of the corresponding nor-8-methyl precursor with [C-11]CH3I 
(Scheme 1). The compound was obtained in >98% radiochemical yield after HPLC 
purification (specific activity >400 mCi/umol. 

" C H 3 I 

1 . " COj>/UH 
2. HI 

J 
Using [C-11]RS 86, we performed biodistribution studies in rats and imaged two 
rhesus mokeys with a positron camera. In the rats the initial brain uptake was about 
1% injected dose/gram at 5 min, decreasing by 66% at 30 min, with the thalamus and 
cerebral cortex having the highest concentrations. In the monkeys, [C-11]RS 86 
concentrated rapidly in the different brain regions (3.5-4% injected dose per 100 cc at 
5 min) and decreased slowly to half its value at 90 min. The temporal cortex and 
thalamus activity decreased from 300 nCi per cc at 5 min to 250 nCi per cc at 45 min. 
[C-11JRS 86 washes out of the brain much more slowly than the nonselective agonist 
[C-11]arecoline. The pharmacokinetic behavior observed when [C-11JRS 86 is 
blocked with other acetylcholine muscarinic receptor agonists will be examined. 
[C-11JRS86 is a potential tracer for following with PET the efficacy of drug therapy in 
Alzheimer's patients. 
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Synthesis and Tn Vivo Evaluation o_f fS^- (El-5- (2-
iodovinyllnicotine: a New Neuronal Nicotinic 
Cholinergic Reeapt-of Imaging Agent ffl£ SPEC! • 
A.WATANABE: H,SAJI; K,SEKI*; K,OHKURA*; Y,MAGATA; Y, IIDA; 
A,YOKOYAMA Faculty of Pharmaceutical Sciences, Kyoto 
University, Kyoto. *Faculty of Pharmaceutical Sciences, 
Health Sciences University of Hokkaido, Hokkaido, Japan. 
Changes in the density of neuronal nicotinic cholinergic 
receptor (NicR) has recently been reported in the various 
cerebral disorders, such as Alzheimer's disease (1) . 
Visualization and quantitative assessment of NicR in the 
brain has thus been of great interest. In this study, 
taking into account of the superior radiation properties of 
1-123 and its good spatial resolution of recent SPECT, the 
development of a radioiodinated ligand for NicR mapping was 
attempted. Studies on the structure-activity relationship 
of nicotine molecule have suggested that the position 5 of 
the pyridine ring of (S)-nicotine minimize the disturbance 
of receptor binding. It is also known that vinyl iodide is 
relatively stable in vivo. Thus we attempted to synthesize 
(S)-(E)-5-(2-iodovinyl)nicotine, which introduced vinyl 
group into the position 5 in the pyridine ring of (S)-
nico.tine, and evaluated the potency for NicR mapping agent. 

The (S)- (E)-5-(2-iodovinyl)nicotine was synthesized from 
(S)-5-bromonicotine by reaction with BuLi and acetaldehyde, 
dehydration, dehydrogenation, and followed by 
tributylstannylation. The (S)-(E)-(2-
tributylstannylvinyl)nicotine obtained was reacted with 12 
to yield (S)-(E)-5-(2-iodovinyl)nicotine. The structure of 
the compound was confirmed by 1H-NMR and mass spectrometric 
analyses. 
No-carrier added (S)-(E)-5-(2-[1-125]-iodovinyl)nicotine was 
obtained by an iodostannylation reaction catalyzed by 
hydrogen peroxide in 70 - 80 % radiochemical yield of > 98 % 
purity. 
The affinity of (S)-(E)-5-(2-iodovinyl)nicotine for NicR was 
measured from its ability to inhibit specific ^H-cytisine 
bindings to rat cortical synaptosomal membranes. The (S)-
(E)-5-(2-iodovinyl)nicotine showed high affinity for NicR, 
which were similar to that of (S)-nicotine. 
Distribution studies of (S)- (E)-5-(2-[ 1-125]-
iodovinyl)nicotine in mice showed rapid uptake by the brain 
at early period, after which radioactivity decline with 
time. High initial uptake was also observed in the liver, 
kidneys, lungs. A moderate accumulation of radioactivity 
in stomach was observed the early period, after which it was 
increased with time. 
A regional distribution of radioactivity in the mouse brain 
showed a high uptake by the thalamus, hippocampus, and 
cortex. This brain distribution profile was substantially 
similar to that reported for (S)-nicotine. 
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Analysis of brain homogenates at 15 min after injection 
displayed a single peak on TLC with the same Rf value as 
that of the cold (S)-(E)-5-(2-iodovinyl)nicotine. 
Thus, this newly designed (S)-(E)-5-(2-iodovinyl)nicotine 
showed a high affinity for NicR in the brain, indicating the 
5 position of pyridine moiety is a good site for the 
introduction of iodine into (S)-nicotine. 
1). E.Giacobini, J. Neurosci. Res., 27: 548-560 (1990). 

Fig. 1. Chemical structure 
iodovinyl)nicotine and (S)-nicotine. 

of (S)-(E)-5-(2-

(S)-nicotine 
(S)-(E)-5-(2-iodovinyl)nicotine 

Nf^ 
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Synthesis of Potential Radioligands for B-Adrenoreceptors by the 
"C-Methylation of (S)-CGP 12177 
R. J. DAVENPORT.' V. W. PIKE', K.A. JAEGGI.2 C. HALLDIN.3 K. NAGREN4N. GINOVART3 
and L. FARDE3 
•PET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Centre, Royal Postgraduate 
Medical School, Hammersmith Hospital, Ducane Road, London, W12 ONN, U.K. 
2Pharmaceutical Research, AG 4002, Basel, Ciba Geigy, Switzerland. 
3Karolinska Institute, Department of Clinical Neuroscience, Psychiatry Section, S-17176 
Stockholm, Sweden 
4Turku University Cyclotron-PET Center, Radiopharmaceutical Chemistry Laboratory, Turku, 
Finland. 

[»C](S)-CGP 12177 is established as an effective radioligand for the study of lung and heart 
B-adrenoceptors in humans with PET. [»C](S)-CGP 12177 is formed by the ring closure of a 
diamino precursor with ['iCJphosgene (1-3). However, the synthesis of ["C]phosgene can be 
demanding for the routine production of this radioligand. 

Close structural analogues of CGP 12177, which might be more easily labelled with 
carbon-11, have not been investigated as potential alternative radioligands. However, one ring 
AMnethylated compound, CGP 12558, is known to be equipotent to CGP 12177 in various 
biological assays (4, K.A. Jaeggi, personal communication). The ring N,iV-dimethyl compound, 
CGP 13675, is much less active (K.A. Jaeggi, personal communication). The positional 
W-monomethyl isomer of CGP 12588 is unknown, leaving open the question of its biological 
activity. 

R o y^ N 

FY 

R = R '=Me; CGP 13675 
R = Me, R' = H; CGP 12558 

R = R' = H; CGP 12177 
R = H, R' = Me; unknown. 

We considered that the treatment of CGP 12177 with no-carrier-added ["CJiodomethane 
under strongly basic conditions might lead to ring JV-["C]methylation, to give ["C]CGP 12558 
and also its labelled positional isomer as prospective radioligands for P-adrenoceptors (Scheme 
1). This approach would have the advantage of using easily prepared ["CJiodomethane as 
labelling agent. It is expected that the N-methyl analogues of CGP 12177, will have similar 
stereoselectivity to CGP 12177 for p-adrenoceptors, with the (5)-enantiomers showing by far the 
greater affinity (5). (5)-CGP 12177 can now be produced easily in high enantiomeric purity as a 
stable crystalline solid (6) whereas the diamino precursor of ["C]CGP 12177 is a viscous oil that 
is prone to oxidation. This is a further potential advantage for the routine production of a 
P-adrenoceptor radioligand for PET. 

(S)-CGP 12177 was dissolved in acetone (250 u.1) plus 5N-sodium hydroxide solution (6 
u,l) in a sealed vial (1 ml Wheaton). ["C]Iodomethane was produced from cyclotron-produced 
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["Cjcarbon dioxide and distilled into the reaction vial, after which the vial was lowered into an oil 
bath and heated at 100°C for 5 min. Acetone was then removed by a stream of nitrogen. The 
residue was taken up in HPLC mobile phase (87.5: 12.5: 0.05 chloroform: methanol: 
triethylamine by vol.; 250 jil). An aliquot (20 u.1) of this sample was then injected onto an 
analytical column (250 x 4.6 mm i.d.; u,-Porasil) eluted with the mobile phase at 1.0 ml/min. A 
major and a minor radioactive peak, coincident with authentic CGP 12558 and CGP 13675 
respectively, were obtained. A further major radioactive product peak was observed, which 
probably corresponds to the alternative ring W-methylation product. Upon scale-up using a semi-
preparative column (300 x 7.8 mm i.d.; u.-Porasil), it was found that complete separation of the 
two major radioactive products was troublesome. Nonetheless, from the P'CJcarbon dioxide 
produced from the proton irradiation (1 min, 30 p.A beam; 0.5 fiAh) of nitrogen, 6 mCi of 
separated [»C]CGP 12558 were obtained at 27 rain after the end of synthesis. This corresponded 
to 55% of the non-volatile radioactivity in the reaction mixture. 

rn 
CGP 12177 

["C]CH3I 

I JL. H 
,t.Bu 

- o = < J 

,f.Bu 

"C/CH3 O ^ N 
.f.Bu 

* 0 = ( 
OH 

[ 1 1 C ] C G P 13675 

Scheme 1. The methylation of CGP 12177 with [»C]iodomethane. 

Improved separation of the labelled compounds was achieved on reverse phase HPLC 
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with methanol-water-triethylamine (50: 50: 0.1 by vol.) as eluent. Satisfactory purification of a 
reaction mixture was achieved by injecting an aliquot of the reaction mixture (20 |il) onto an 
analytical reverse phase column (300 x 3.9 mm i.d.). Injection of a greater volume (250 u\l) 
resulted in a low level contamination of the [»C]CGP 12588 by CGP 12177. 

As a possible aid to the identification of the nC-methylation products, attempts were 
made to produce the corresponding ring W-[i3C]methyl products from CGP 12177 from 
[i3C]iodomethane under the same reaction conditions used for the nC-methylation of CGP 
12177. However, these were thwarted by the high reactivity of the mono /V-methyl compounds 
towards further methylation. The major products obtained, even in the presence of < 0.5 
equivalents of [i3C]iodomethane were starting material and the, dimethylated compound, 
[13CJCGP 13675, characterised by mass spectroscopy (CI). Use of higher concentrations of 
iodomethane gave polymethylated compounds. The high reactivity of the ring monomethyl 
compounds explains the production of [ nC]CGP 13675 from no-carrier-added 
[»C]iodomethane. 

We have nonetheless demonstrated that the simple ring iV-[i'C]methyl derivatives of 
(S)-CGP 12177 are accessible in good radochemical yields through a straightforward 
"C-methylation technique. It is assumed that there is minimal racemisation of the final product, 
since the proton at the chiral centre is not acidic. The separation of these products from each 
other and from the pharmacologically active (S)-CGP 12177 requires further optimisation. 

Notwithstanding problems of separation, it was possible to separate a mixture of ["CjCGP 
12588 (66%) and its supposed positional isomer (34%) (with low level contamination by CGP 
12177) for a PET study in a monkey. Following intravenous injection, the uptake of 
radioactivity in lung, allowing for lower tissue density, is sustained and relatively greater than that 
in heart. Labelled metabolites were found to appear rapidly in plasma. Further studies of these 
"C-labelled derivatives of (S)-CGP 12177 are required to assess fully their behaviour in vivo. 

Acknowledgement. The authors are grateful for some financial support from the EEC COST B3 
Action for collaborative studies. 
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Radiosynthesis of ["C]GB67 - a Potential Radioligand for the Study of 
aj-Adrenoceptors with PET 

R. J. DAVKNPORT.i V. W. PIKE,» M.P. LAW and D. GIARDINA2 

iPET Methodology Group, Cyclotron Unit, Clinical Sciences Centre, Royal Postgraduate Medical 
School, Hammersmith Hospital, Ducane Road, W12 ONN, U.K. 
zUniversita degli Studi di Camerino, Dipartimento di Scienze Chimiche, 62032 Camerino, Via S. 
Agostino, 1, Italy. 

While it is now possible to use positron emission tomography (PET) to study (3-adrenoceptors in 
human heart and lung using radioligands, such as [HCJCGP 12177, radioligands for the study of 
aj-adrenoceptors are still lacking. ai-Adrenoceptor radioligands would be useful adjuncts for 
PET studies of the sympathetic nervous system in human heart. The potent and selective 
cci-adrenoceptor antagonist, prazosin, has previously been labelled with carbon 11, via a difficult 
acylation technique (1) and also by 0-methylation at its quinazoline ring (2). However, the 
efficacy of ["CJprazosin as a radioligand has not been tested fully or reported to any extent. 
Over recent years, other Oi-adrenoceptor ligands, having properties making them attractive for 
development as radioligands for PET, have been reported. We have started to explore one of 
these compounds, GB67 (3), which is structurally related to prazosin, as a potential radioligand 
for oci-adrenoceptors. This compound is at least equipment to prazosin for ^-adrenoceptors by 
various tests in vivo (3) and also by our measurements of receptor binding affinity in rat heart, 
brain and liver in vitro. While our measurements show that GB67 lacks selectivity for 
a i-adrenoceptor subtypes it has over 100-fold selectivity for oc radrenoceptors versus 
a2-adre"noceptors (3). Its structure contains both O- and W-methyl groups suggesting several 
possibilities for labelling by simple iiC-methylation. Moreover, stable, crystalline, Af-desmethyl 
precursors of GB67 are known (3). We have explored the nC-methylation of these desmethyl 
precursors, namely the secondary amine, GB101, and the primary amide, GB99, as routes to 
[»C]GB67. 

R = R' = Me; GB67 
R = H, R' = Me; GB101. 
R = Me,R' = H; GB99 

Attempts to methylate GB101 with no-carrier added [nC]iodomethane (3), under basic 
conditions, resulted in several labelled products, as assessed by TLC and autoradiography. 
["C]GB67 was produced only as a minor radioactive product. These results are explained by the 
relatively low nucleophilicity of the secondary aromatic amino group relative to the competing 
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primary aromatic amino group and the quinazoline ring nitrogen, which is known to be very 
nucleophilic on the basis of its ready protonation at physiological pH (4). It was considered that 
treatment of the amide precursor, GB99, with a strong base followed by reaction with 
[HCjiodomethane would give a more favourable outcome, in terms of producing [i'C]GB67. 

In a sealed vial (1 ml; Wheaton) GB99 (0.5 mg, 1.1 umol), dissolved in DMF (200 ul), 
was treated with excess sodium hydride and reacted with [uCjiodomethane at 120°C for 5 min. 
The mixture was then cooled and quenched with water (50 u.1). The resulting solution was 
applied to a semi-preparative HPLC column (u.-Bondapak C18, 300 x 7.8 mm) eluted with water-
acetonitrile-c. ammonia (60: 40: 0.02 by vol.) at 5 ml/min, with eluate monitored for absorbance 
at 254 nm and radioactivity. The major radioactive component co-eluted with reference GB67 
(retention time, 17 min) and corresponded to 38-60% (decay-corrected) of the radioactivity 
injected onto the column. This radioactive product had the same chromatographic mobility as 
reference GB67 in TLC (silica; hexane-ethyl acetate-methanol-28% ammonia, 8: 6: 2: 0.2 by 
vol,) and in analytical HPLC (Bondclone silica column, 300 x 3.9 mm; eluted with 
dichloromethane-methanol-c. ammonia, 90: 10: 0.2 by vol., at 1 ml/min). A second major 
radioactive product eluted from semi-preparative HPLC at ca 60 min. 

Treatment of GB99 with ["Cliodomethane (0.5 equivalents), under the same conditions 
used for the "C-methylation reaction, gave two major I3C-labelled products, one of which was 
identified as ["CJGB67 by HPLC and mass spectrometry (CI). Mass spectroscopy also 
confirmed that the other product was a simple monomethyl derivative of GB99. The use of 
larger amounts of [!3C]iodomethane gave mixtures of mono-, di - and tri- methylated products.. 

[iiC]GB67 is now readily produced for evaluation as a prospective radioligand for 
ai-adrenoceptors by the nC-methylation of the amido nitrogen of the desmethyl precursor, 
GB99. 
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Synthesis of |7V-UC-MethyI]KF 17837 for Evaluation as a 
PET iigand for Adenosine-A2A receptors 

S. Stone-EIander1*, J-O. Thorellab, M. Ingvai*, L. Erikssonb and B. Fredholmc 

a Karolinska Pharmacy, Box 160, S-17176 Stockholm, Sweden 
0 Clinical Neurophysiology, Box 130, Karolinska Hospital / Institute, S-17176 Stockholm, Sweden *• 

c Dept. of Physiology and Pharmacology, Karolinska Institute, S-17177 Stockholm, Sweden 

At present four distinct adenosine receptors, Ai, A2A, A2B and A3 have been characterized (1). 

Adenosine A2A receptors are mainly localized in the dopamine-rich areas of the brain (caudate-

putamen, nucleus accumbens and tuberculum olfactorium). KF 17837 (l,4-dipropyl-8-(3,4-

dimethoxystyryl)-7-methylxanthine) was recently reported to be a selective antagonist at A2A 

receptors (2,3) and [3H]KF 17837 has been evaluated as a radioligand for in vitro studies of 

membrane A2A receptors (4). Here we report our investigation of the possibility of using ^C-labelled 

KF 17837 as a ligand for in vivo PET studies of adenosine receptors. 

The method used for labelling (see Scheme below) is similar to that previously reported for the 
1 JC-labelling of caffeine in the N-7 position (5). Prior to the start of the synthesis, the N-desmethyl 

precursor, KF 17440, was stirred with NaH in DMF to remove the proton at N-7. [1 1C]CH3l, 

prepared by standard procedures, was trapped in the precursor solution and was allowed to react at 

room temperature for 7 min. After quenching the reaction,l ̂ -labelled KF 17837 was isolated using 

a semi-preparative uBondapak C18 column and mobile phase = EtOH:NaH2PC>4. The collected 

fraction was diluted and sterile filtered. The incorporation of [ l 'C]CH3l was on the order of 50% and 

total time of synthesis was =45 min. 

[N-liCHiI]KF 17837 was injected in a Cynomolgus monkey fixed in the PET camera (Siemans 

ECAT Exact 47). The uptake of radioactivity in the brain was low (=2% of injected dose) and was 

greater in gray matter than in white. However, due to poor counting statistics, it was not possible to 

detect any enhanced retention in the striatum relative to cortical regions or cerebellum. We conclude 

that, although KF 17837 demonstrates promise as an in vitro probe and has been shown to have 

behavioural effects, it does not have biodistribution characteristics in vivo that makes the ^C-labelled 

compound a useful radioligand for the PET studies of adenosine A2A receptors. 
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SYNTHESIS OF A "C-LABELLED DERIVATIVE OF THE a-ADRENERGIC 
RECEPTOR LIGAND CLONIDINE 

Margareta Bjorkman,1 Yvonne Andersson, Yasuyoshi Watanabe ' 4 and Bengt Langstrom ' , 2 - 3 

'Department of Organic Chemistry, Institute of Chemistry, Uppsala University. 2Uppsala University 
PET Centre, UAS, S-751 85 Uppsala Sweden. 3The Subfemtomole Biorecognition Project, Uppsala 
University and The Research and Development Corporation of Japan. 4Department of 
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Clonidine is a antihypertensive drug whose mechanism of action is believed to be via stimulation of 

centrally located a-adrenergic receptors (1). Previous reports have shown that the para-position of 

clonidine can accommodate different substituents without a significant loss of affinity for cc-

adrenergic receptors(l). In order to investigate if a nC-Iabelled clonidine analogue would be useful 

for in vivo PET studies of the receptors, the p-[cyano-nC]cyanoclonidine was synthesised as 

illustrated in Scheme 1. 

^ N \ / THF,90OC,3min ^ f ' \ / 

p-iodoclonidine p-[cyano-HC]cyanoclonidine 

Scheme J 

The labelling reaction was performed according to a previously published method for uC-cyanation 

of aromatic halides (2). Starting from the commercially available p-iodoclonidine, the p-[cyano-

"C]cyanoclonidine was obtained in 40% decay-corrected radiochemical yield in a total synthesis 

time of 35 min from EOB, including HPLC-purification. The radiochemical purity was >98 % and 

the specific radioactivity was 6-8 Ci/nmol. 
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In preliminary experiments, p-[cyano-nC]cyanoclonidine showed a low binding to the 

synaptosomal fraction and frozen thin sections of rat brain. A slight penetration of the blood-brain-

barrier was observed when the p-[cyano-nC]cyanoclonidine was used for in vivo PET studies in 

Rhesus monkey. Although further careful characterisation is needed, this compound may not be a 

suitable PET-tracer for in vivo studies of the a-adrenergic system. 

The efficient method for nC-cyanation of aromatic halides exemplified in this work is now applied 

in development of other potential nC-tracers for the adrenergic receptor system. Other areas where 

this method is utilised include the synthesis of nC-labelled analogues of the NMDA-receptor 

antagonist MK-801 (3), now under evaluation as possible tracers for in vivo PET studies of the 

NMDA-receptor complex. 
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The Synthesis of I^CI-Iabelled Amitriptvline. 
A D . G e e 1 ,J Sutcliffe *. N. Gillings1 and M. Jacobson. 

Guy's and St. Thomas' Clinical PET Centre, St-Thomas' Hospital, London. England. 

The synthesis of n.c.a. ["C]-amitriptyline. a tricyclic antidepressant is reported (figure 1). 

Nortriptyline hydrochloride ( C i ^ i N - H C I . i w = 298.8. light sensitive) was alkylated with [ n C ] 

CH3I and the resulting crude product was purified using HPX.C. [^Cl-Amitriptyline was 

formulated ready for injection within 40-50 minutes after E.O.B., with a radiochemical purity £ 99%, 

a radiochemical yield of 10-20% (decay corrected) and a specific activity of SO GBq/umoL 

Introduction 

Amitriptyline is a tricyclic antidepressant that is widely prescribed for major effective disorders in the 

U.K.. Data shows that overdose from amitriptyline causes 200-300 deaths per year due to the 

cardiotoxic effects of the drug at elevated doses*. This effect is believed to be related to the drug's 

interaction with the N a + channels in tbe myocardium. A procedure for tbe t 1 ^-labelling of 

amitriptyline was therefore developed with a view to investigating the cardiopharmacology of the drug 

in vivo using PET. 

Experimental 

[nQ CO2 was produced by the 1 4 N(p.a ) n C reaction with 11 MeV protons produced from the RDS 

112 Siemens cyclotron at St Thomas' Hospital. Nortriptyline hydrochloride was obtained from Sigma 

Chemical Company and other materials from Aldrich. Preparative HJPX.C. was carried out using a 

Spherisorb SCN, 250 x 10.0 mm. 5 micron column and analytical KPX.C. was carried out using a 

Spberisorb SCN, 250 x 4.6 mm, 5 micron column (columns A and B respectively). 

* Author for correspondence. 

li'resent address PET Centre, Aarhus University Hospital. Aarhus. Denmark. 
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[ ^ d CO2 was converted to [**C] CH3I by a standard procedure3, using a folly automated system, 

"Synthia". [^C] CH3I was transferred in a stream of nitrogen gas into a vial containing the 

nortriptyline hydrochloride precursor (2 mg, dissolved in 300ul DMF and lOuINaOH). After heating 

the reaction mixture at 100"C for 5 minutes the crude product was purified by preparative HPX.C 

using column A with MeCN:MeOH (4:1) as mobile phase at a flow rate of 5 cm^/minute. Using 

radioactivity and U.V. absorbance (215 nm) detection the [^Q-amitrqjtyline fraction was collected, 

mixed with 1 ml of 0.1% 1M HQ and evaporated to dryness. The product was formulated in sterile 

isotonic saline and passed through a 02 micron filter into a sterile vial. Analytical HJ\L.C. was 

carried out using column B with potassium dihydrogen phosphate buffer pH 7.1: MeCNiMeOH 

(10:72:18) as mobile phase at a flow rate of 2cm^Aninute. The product identity was confirmed by 

radioactivity and U.V. (215nm) detection by addition of amitriptyline reference standard. The pH of 

die product was determined using indicator paper and ranged between 5 and 8. 

Results and Discussion. 

[11(3- Amitriptyline was synthesised from U(X)2 i s 40-50 minutes with a radiochemical purity £ 

99%. For a typical bombardment of 40)lA for 30 minutes, 1-2 GBq of [' 'd-iumtriptylioe was obtained 

at E.O.S. The preparative ELFX.C showed the product to elute after 6-8 minutes and the residual 

nortriptyline precursor to elute after 12-16 minutes, thus contamination of the final product with 

nortriptyline was avoided. 

A PET scan on a normal volunteer showed that the tracer was taken up in the heart, lungs and CNS. 

Studies on normal volunteers and depressed patients with amitriptyline are planned in order to 

determine the mode of action of the drug on the heart and brain. 
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Figure 1 
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Synthesis of Iodine-123 Labelled Analogues of the Imidazobenzodiazepines 

Imidazenil and Ethvl-Imidazenil for In Vitro and In Vivo studies of the 

Benzodiazepine Receptor. Katsifis. A.: Mardon. K.; Kassiou. M.; Manner. F.; Dikic. B. 

Biomedicine and Health Program. ANSTO, PMB I Menai NSW 2234 Australia. 

Imidazenil, 6-(2'-bromophenyl)-8-fluoro-4H-imidazo[l,5a][l,4] benzodiazepine-3-

carboxamide is a novel low efficacy, positive aliosteric modulator (partial agonist) of GABAA 

with specific high affinity binding to the benzodiazepine sites of the GABAA receptor complex 

(Ki = 0.5 nM). It is more potent, longer lasting and has more selective pharmacological and 

behavioural characteristics than benzodiazepines such as diazepam, alprazolam, and bretazenil1. 

Although the molecular interactions of partial aliosteric modulators such as imidazenil have not 

been established, it has been suggested that the selective pharmacological efficacy may be 

attributed to preferential affinity or specific activation of subpopulations of GABAA receptors in 

distinct brain regions2. Herein we report the synthesis, in vitro and in vivo evaluation of iodine-

123 labelled analogues of imidazenil. 

[l23rjIodoimidazenil was prepared by nucleophilic substitution of the 2'-bromine of 

imidazenil with iodine-123 in acetic acid3 (Scheme 1). Briefly, [123I]Sodium iodide (1-3 Gbq) in 

0.1N sodium hydroxide was evaporated to dryness under a stream of nitrogen at 100°C. A 

solution of imidazenil (100-200 |ig) in glacial acetic acid 100 nl was added to the [123I]sodium 

iodide and the reaction mixture heated in a sealed vial at 160°C for 40 minutes. After cooling the 

solution was diluted with water (0.5 ml) and injected onto a semi-preparative C-18 reverse phase 

column. The [I23rjiodoimidazenil was separated from imidazenil using a mobile phase consisting 

of acetonitrile and 0.02M H3PO4 (pH 7.1 with TEA)(32:68) and a flow rate of 3.0 ml/min. The 

retention times of imidazenil and [l23rjiodoimidazenil were 37 and 43 min respectively. The 

radiochemical and chemical purities as assessed by HPLC were 98% with a radiochemical yield of 

85% after HPLC chromatography. 

In vitro studies on rat cortical membranes showed that [l23I]Iodoimidazenil bound to a 

single population of binding sites (Bmax = 0.61 ± 0.04 pmol/mg protein) with a dissociation 

constant Kd = 0.99 ± 0.14 nM (Fig. 1). In vivo biodistribution of the tracer in rats indicated 

accumulation of activity in regions of high benzodiazepine receptor density such as the posterior 

and frontal cortex (0.74% ID/g and 0.75% ID/g), midbrain(0.71% ID/g) and hippocampus(0.67% 

ID/g) 60 min p.i. Radioactivity in these regions was reduced by 70% by pre-administering the 

benzodiazepine partial agonists bretazenil and imidazenil and unlabelled 

iodoimidazenil(lmg/kg). Pretreatment of rats with fiumazenil and Ro 15-4513 (lmg/kg) partially 

blocked the uptake of the radiotracer by 40 and 30% respectively at 60 min p.i. PK11195 showed 

no reduction in activity uptake (Fig. 2A). 
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The effects on the biodistribution of the tracer incorporating an alkyl substituent on the 

carboxamide nitrogen was also investigated. The analogous 6-(2'-bromophenyl)-N-ethyI-8-fluoro-

4H-imidazo[l,5-a][l,4]benzodiazepine-3-carboxamide (ethylimidazenil) and 6-(2'-iodophenyl)-

N-ethyl-8-fluoro-4H-imidazo[ 1,5-a] [ 1,4]benzodiazepine-3-carboxamide (iodo-ethylimidazenil) 

were synthesised and radiolabeled with iodine-123 according to the above conditions. 

Purification was achieved by HPLC using a mobile phase consisting of acetonitrile and 0.02M 

H3PO4 (pH 7.1 with TEA)(35:65) with a flow rate of 4.0 ml/min. The retention times of 

ethylimidazenil and [123I]iodo-ethylimidazeniI were 42 and 48 min respectively. Biodistribution 

studies in rats indicated high uptake in the frontal and posterior cortex (0.81 and 0.92% ID/g), 

midbrain (0.94% ID/g), diencephalon (1.0% ID/g) and hippocampus (0.76 % ID/g) at 5 min p.i.) 

followed by slow clearance Pre-administration of flumazenil, bretazenil and the unlabelled iodo-

ethylimidazenil (lmg/kg) blocked the uptake of activity in the above regions by 70-80% at 15 min 

p.i.(Fig 2B). Further studies in rodents are in progress to evaluate the specificity of 

[123I]iodinated imidazocarboxamides and their potential as imaging agents for the 

benzodiazepine receptor using SPECT. 
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Rgure 1 : A. Equilibrium binding data from a typical experiment. Total, non-specific and 
specific binding of [l23I]iodoimidazenil in the homogenate of rat brain cortex. 
B. Representative Scatchard plot of specific binding data, ratio of bound to free (B/F) 
[I23I]iodoimidazenil is plotted as a function of specifically bound [1MJ]iodoimidazenil. 
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Midbrain Hippocampus Cortex Midbrain Hippocampus Diencephalon 

figure 2 : Effects of various drugs on [I23I]Iodoimidazenil uptake (A) and 
[123I]Iodo-ethylimidazenil uptake (B) in rat brain. Regional radioactivity concentrations are 
means % ID/ g tissue ± S.D.; n=3-5. *p<0.01, **p<0.001. 
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SYNTHESIS AND PRELIMINARY PHARMACOLOGICAL STUDY OF 
[HQGABAZINE, A G A B A A ANTAGONIST 

P. Le Bars. CG Wermuth* 

CERMEP, 59 Bd Pinel, 69003 Lyon, France and 
*Centre de Neurochimie du CNRS, 5 rue B. Pascal, 67084 Strasbourg, France 

In continuation of our efforts to gain access to direct markers of the Gaba 
transmission, we labelled with carbon 11 and studied in rats Gabazine, a 
G A B A A antagonist. 

So far, only benzodiazepines have proven to be valuable tools for studies of 
Gaba transmission in PET, despite numerous attempts in labelling direct 
acting drugs such as uptake inhibitors (1,2) or chloride channel ligands (3). 
In fact, most of the reference in vitro compounds do not penetrate the blood 
brain barrier, and in most cases of lipophilic compounds their heterocyclic 
nature (eg THIP, 4) often precludes any labelling with positron emitting 
radioisotopes. 

Gabazine, SR95531 (2-(3-carboxypropyl)-3-amino-6-(4-methoxyphenyl) 
pyridazinium bromide is a specific G A B A A antagonist (5,6) with ki=0,15 
umol on rat membrane. Gabazine and derivatives have been shown to 
possess a convulsant activity in rodents after IV injection at high doses, so a 
labelling attempt was worthwhile given the possibility of labelling with 
[llQmethyl iodide: 

0 1 1 CH. 

11 CH a l 

Labelling of gabazine is simply realised by methylation of the nor derivative 
with [HC]CH3l in DMF/DMSO/NaOH at 100 °C for 3 minutes. Separation is 
achieved by reverse phase HPLC, on an Alltech Econosphere C18 5 urn, 
CH3CN 25 % H3PO4 0.01 M 75 %, 2 ml.min'l, Rt=ll min (nor derivative 6 
min). 
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Purity was assessed by comparison with standard cold gabazine. Yields are in 
the 25-30 EOB % range with a specific activity between 0.5 - 1 Ci/umol EOB. 

[HQGabazine repartition at 15 min was studied in two rats by IV injection 
of 4 to 6 mCi in the tail vein, autoradiography and organ counting after 
sacrifice with the following results, in % of injected dose per g for each 
animal: 

ORGAN %ID/g 
Blood 0.25-0.31 
Heart 0.16 - 0.04 
Lungs 0.25-0.26 
Liver 1.13-1.73 

Kidneys 2.50-4.58 
Cortex 0.03-0.05 

These results, as well as autoradiographies of rat brain slices clearly show 
that gabazine does not easily penetrate the brain. 

Studies are now in progress to improve lipophilicity of the tracer by 
esterification of the acidic moiety, either with methyl, ethyl or higher esters. 
(The methyl ester of gabazine was prepared for reference use and purified 
with the same chromatographic system as above, Rt = 15'45). 

This mediocre penetration in the brain can be nevertheless a point of 
interest, gabazine and derivatives beeing proposed as veterinary 
anthelmintics. 
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[nC]NALTRIBEN: SYNTHESIS AND BIODISTRffiUTION OF A SELECTIVE 52-
OPIOID RECEPTOR ANTAGONIST FOR PET IMAGING. 
M. Sajjad. C. D. Amett*, T. T. Conway, E. Akgun, and P. S. Portoghese** 
PET Imaging Service, VA Medical Center, Minneapolis, MN 55417, *Department of Radiology, 
School of Medicine, and **Department of Medicinal Chemistry, College of Pharmacy, University 
of Minnesota, Minneapolis, MN 55455 

Following the discovery of the enkephalins as endogenous opiate-like pentapeptides, the 
existence of a specific subclass of opioid receptor, the 8-opioid receptor, was proposed, based on 
the selectivity of action of these enkephalins. Pharmacological studies suggested the involvement 

1 2. 
of 8-opioid receptors in the mechanism of physical dependence on amphetamine , butorphanol, 
cocaine ' , heroin , and morphine . Recent reports of the effective treatment of alcoholism with 
the opioid antagonist naltrexone suggest that endogenous opioid systems may be involved in 
other drug dependence mechanisms as well. Until recently, in vivo studies of this subclass of 
opioid receptors have been severely limited by the rapid metabolic inactivation and poor central 
nervous system penetration of the peptide drugs which were the only ligands with sufficient 
selectivity for isolating 5-opioid effects. Such studies have necessitated either intracerebroventri-
cular injections of these peptides or combinations of several drugs in attempts to isolate effects 
mediated by the 5-opioid receptor. The introduction of the selective non-peptide naltrexone-
derived 5-opioid receptor antagonists (naltrindole, naltriben, benzylidenenaltrexone, and naltrin-
dole 5'-isothiocyanate), has made possible more extensive in vivo studies of 5-opioid receptors; 
these compounds penetrate the blood-brain barrier and are not subject to rapid metabolic degrada
tion by peptidases, properties which make this new series of compounds, with suitable radio
nuclide labels, particularly attractive as candidates for PET imaging of 5-opioid receptors. A 
derivative of naltrindole, N-methylnaltrindole, has been labeled with carbon-111 1 and used to label 
5-opioid receptors selectively in mice and humans ; its regional biodistribution in mouse brain 
corresponds to the known distribution of 5-opioid receptors. Within this series of naltrexone-
derived 5-opioid receptor antagonists naltriben (NTB) is the most potent antagonist when admin
istered subcutaneously in in vivo studies: approximately 26 and 39 times as potent as naltrindole 
and W-methylnaltrindole, respectively14. 

Recently, based on the opioid receptor activities of this new class of naltrexone-derived 
compounds, the 5-opioid receptor has been further subdivided into 5i and 82 subtypes. Benzyli
denenaltrexone is highly selective for the 5i-opioid receptor, whereas naltriben is highly selective 
for the 62-opioid receptor. The 62-opioid receptor is involved in the antinociception effected by 
release of endogenous opioids during cold water swim-stress1 and in the development of 

17 
morphine dependence in mice. Because of its potency and selectivity in inhibiting the c^-opioid 
receptor in vivo, we selected naltriben to label with carbon-11 for use in imaging the 82-opioid 
receptor. 

The starting material nor-NTB (1) was made by reacting noroxymorphone with O-phenyl-
hydroxylamine hydrochloride in the presence of methanesulphonic acid according to the proce
dure of Portoghese et al. for the synthesis of naltriben18 (Scheme I). [l-uC]Cyclopropyl-
carbonyl chloride was prepared from cyclotron-produced l x CO2 by the method of Luthra et al. , 
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Scheme I. Synthesis of [nC]Naltriben. a) [l-nC]cyclopropylcarbonyl chloride, A; b) LAH, 
THF.A 

and reacted with nor-NTB to produce the intermediate amide 2. Subsequent reduction of 2 by 
lithium aluminum hydride and purification by HPLC afforded [* QNTB 3 in a radiochemical yield 
of 8-15%(EOB), a radiochemical purity greater than 98 %, and an overall synthesis time of 80 
min. The specific activity of the product (corrected to EOB) was 2.8 Ci/umol. 

Preliminary biodistribution studies in mice demonstrated a brain retention of 1.1 percent of 
the injected dose per gram (% DD/g) at 30 min after injection; this declined slowly to 0.84 % ID/g 
at 60 min after injection. These results are comparable to those obtained for N-[ Qmethyl-

12 
naltnndole . Because of its greater m vivo potency, good brain penetration, long retention time, 
and 82-opioid receptor selectivity [ ^naltriben thus appears to be a good candidate for imaging 
5-opioid receptors. Future studies will be directed towards demonstrating selectivity in binding to 
the 82 subtype of opioid receptor. 
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Synthesis of Carbon-11 Labeled Kappa Opiate Receptor Agonists. 
W. B. Mathews, X. Zhang, H. T. Ravert, J. L. Musachio, J. E. Flesher, J. J. 
Frost, R. F. Dannals. Divisions of Nuclear Medicine and Radiation Health 
Sciences, The Johns Hopkins Medical Institutions, Baltimore, MD, USA. 

The search for non-addictive opiate analgesics has led to the development 
of a series of compounds which have both high affinity and selectivity for the 
kappa subtype opiate receptor. Structure/activity relationship studies have 
revealed several promising candidates, such as U-50,488, which bind selectively 
to this subtype.1 Two of newer ligands which are of particular interest due to 
their potency are CI-9772 and ICI 1994413 (XE-447). Our recent efforts have 
centered on the labeling of these ligands for use with positron emission 
tomography (PET).4 Here we report the radiosynthesis and purification of these 
compounds. Recently, one of them (CI-977) has been labeled in the carbonyl 
group with carbon-11.5 

^ « \ _ ( 11 CH 3 o 
CI-977 X&447 

K| = 2.0nM K, = 0.5riM 

[ nC]CI-977 and [ n C]ICI 199441 were prepared in similar one-pot 
syntheses. The two step procedure involved N-alkylation of the respective amine 
precursor with [* ̂ methyl iodide, then coupling the resulting secondary amine 
with the appropriate acid chloride. The syndieses were performed in DMF with 
heating at 80° C for 1 minute for each step. The reaction mixtures were diluted 
with HPLC mobile phase and injected onto a semi-preparative HPLC column. 
The mobile phase solvent was evaporated, and the products were reformulated in 
7:3 saline:bicarbonate solution. Radiochemical yields of 8% and 3% were 
obtained for [uC]CI-977 and [ nC]ICI 199441, respectively, calculated at the 
end-of-synthesis (EOS). The average times of synthesis and formulation were 32 
minutes for [ nC]CI-977 and 23 minutes for [ nC]ICI 199441. The average 
specific activities were 1519 and 692 mCi/u.mol for [ n C]CI-977 and 
[UC]ICI 199441, respectively, calculated at EOS. Using this two step procedure, 

either the amine or acid chloride portions of the product could be changed easily. 
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In addition to CI-977 and ICI 199441, several other tracers were synthesized in 
this manner with similar results. 

In vivo binding of [HC]CI-977 and [ n C]ICI 199441 to kappa opiate 
receptors was evaluated in mice. [11C]CI-977 showed the appropriate regional 
distribution with the highest uptake in die hypothalamus (1.04 %ID/g) and lowest 
in cerebellum (0.62 %ID/g). [ nC]CI-977 uptake was inhibited by the non
selective antagonist naloxone and also by U-50,488, a selective kappa agonist. 
Uptake of [ nC]ICI 199441 was highest in the cortex (1.65 %ID/g) and lowest in 
the cerebellum (1.07 %ID/g). These results suggest that [ nC]CI-977 and 
[^CJICI 199441 potently and selectively label kappa opiate receptors. These 
PET radiotracers may prove valuable for imaging kappa opiate receptors in 
humans. 
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In Vivo Evaluations of f1 *C1L-365,26Q and T 1 1ClL-365,346. non-Peptide 
Antagonists for PET Studies of Cholecvstokinin (CCK) Receptors. 
HARADAHIRA. T.; INOUE, 0.*; KOBAYASHI K.*; TAKAI. N.*; NAKANO. T.*: and 
SUZUKI, K. Research Development Corporation of Japan, 4-1-8 honmachi. Kawaguchi 332, 
Japan. *Natibnal Institute of Radiological Sciences. 4-9-1 Anagawa, Inage-ku, Chiba 262, Japan. 

Cholecystokinin (CCK) is a mammalian neuropeptide biologically active in peripheral organs and in 

the central nervous system (CNS)l. CCK may function as a neurotransmitter or a neuromodulator 

through the two distinct receptors, CCK-A (peripheral type) receptor and CCK-B (central type) 

receptor. Recent developments of novel non-peptide CCK receptor antagonists such as MK-329 and 

L-365,2602 (Fig. 1) have disclosed a variety of the CNS actions of CCK, as well as the 

characterizations and distributions of CCK receptors in animal brains. It has recently been reported 

that CCK coexists with dopamine and modulates dopamine functions in sites within dopaminergic 

pathways^. Implications of CCK and its receptors in human diseases linked to dopamine such as 

Parkinson's disease and schizophrenia have also been reported'. However the precise molecular 

mechanisms of CCK and its receptors remain to be clarified. To develop the radioligands for use in 

CCK receptor studies with positron emission tomography (PET), we have recently synthesized an 

enantiomericpairofcarbon-11 labelledL-365,260, [HciL-365.260 and [HqL-365,346 4 (Fig. 1). 

In this paper we have evaluated their potentials as in vivo PET tracers for peripheral and the CNS 

CCK receptors. 

L-365,260 shows nanomolar CCK-B receptor affinity (IC50= 2 nM) and MO 2 selectivity over CCK-

A receptor, whereas L-365346 shows CCK-A receptor affinity (IC50= 3 nM) and 50-fold selectivity 

over CCK-B receptor. Animal experiments in ddY mice showed the brain uptakes of the two 

enantiomers were unfortunately very low after intravenous injections (Table 1), indicating the low 

ability of these benzodiazepine analogs to penetrate the blood-brain barrier. The brain uptake of the 

CCK-B receptor selective [^C]L-365,260, however, was more than twice that of the CCK-A 

receptor selective [1 lQL-365,346 at 30 min post injection. CCK-B receptor is widely distributed in 

the brain, particularly in olfactory bulb and cerebral cortex^. At 60 min after injection, the uptakes of 

[' 'C]L-365,260 in the olfactory bulb and the cerebral cortex appeared to be slightly higher than those 

in other regions. CCK-A receptor is known to be distributed in a few brain region including the 

medial nucleus tractus solitarius and the area postrema. Therefore majority of the radioactivity in the 

brain after i.v. injection of [1 lQL-365,346 could be regarded as a nonspecific binding. In peripheral 

organs, [^C]L-365346 showed the highest accumulation into the mouse pancreas, one of the 

organs having the highest density of CCK-A receptor, and this uptake was 3-fold that of 1l 'C1L-

365,260 at all the time points studied for 60 min (Fig. 2). No significant differences were observed 

in other peripheral organ uptakes between the two tracers and the blood radioactivity levels were the 
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lowest except for the brain. High uptake of radiolabeled MK-329, which is the most potent CCK-A 

receptor antagonist, in mouse pancreas has also been reported**. In PET studies on Wister rats, the 

pancreas could be clearly visualized after i.v. injection of [' 'C1L-365346. In contrast, no apparent 

accumulation of the radioactivity into the rat pancreas was observed in the PET images obtained after 

i.v. injection of [^C]L-365,260. These results indicate that [HciL-365,346 may be a useful 

imaging agent for pancreas by PET. 

L-365,260 shows nanomolar affinity (1C50= 1.1 nM) for gastrin receptor^, which is primarily 

distributed in stomach, because of the marked structural resemblance of gastrin receptor to CCK-B 

receptor. This CCK-B/gastrin receptor has been reported to be expressed in many human cancer cells 

such as lung, pancreas, colon, and stomach cancers, in which the peptides have a growth promoting 

effect^,7. [ 1 lCIL-365,260 might therefore have a potential clinical use for tumor diagnosis with 

PET, although the uptake and imaging studies of [ I 'CIL-365,260 in CCK-B/gastrin receptor-positive 

tumors will be required. 
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Asp—Tyr(S03H) —Met —Gly —Trp-Met — Asp—Phe-NH2 

CCK-8 

MK329 

=N ^ - N - Q 

CH, 

R=CH3or U CH 3 : L-365,260 or [l,C]L-365,260 (C 3 , R) 
R=CH3 or ' 'CH3: L-365,346 or [' 'ClL-365,346 (C 3 , S) 

Fig. 1 The Structures of CCK-8 and non-Pepride Antagonists 
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Table 1. Regional Brain Distributions of ["C]L-365,260 and [uC]L-365,346 in Mice 
(% Injected Dose/g, Average of 3 Mice ± S.D.) 

I1 'C]L-365,260 I1 1 C]L-365,346 

5min 30min 60min 5min 30min 60min 

Blood 1.70 
±0.06 

2.28 
±0.59 

1.45 
±0.26 

1.46 
±0.39 

1.58 
±0.15 

1.04 
±0.06 

Cerebellum 0.48 
±0.04 

1.21 
±0.36 

0.65 
±0.31 

0.33 
±0.05 

0.49 
±0.07 

0.40 
±0.05 

Olfactory bulb 0.44 
±0.05 

1.23 
±0.28 

0.86 
±0.41 

0.35 
±0.01 

0.50 
±0.01 

0.48 
±0.09 

Hippocampus 0.46 
±0.08 

1.13 
±0.44 

0.65 
±0.27 

0.34 
±0.02 

0.42 
±0.05 

0.34 
±0.03 

Striatum 0.43 
±0.09 

1.14 
±0.41 

0.67 
±0.36 

0.34 
±0.01 

0.51 
±0.02 

0.32 
±0.02 

Cerebral Cortex 0.48 
±0.07 

1.25 
±0.37 

0.74 
±0.35 

0.34 
±0.04 

0.47 
±0.07 

0.37 
±0.03 

[11C]L-365,346 
- o - Blood 

Pancreas 

[11C]L-365,260 

Blood 
Pancreas 

Fig. 2 Uptakes of [uC]L-365,260 and [nC]L-36S,346 in Mouse Pancreas and Blood (n=3) 
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Synthesis and Brain Distribution of a Nootropic Drug; 1* ^ClAniracetam. 
HARADAHIRA, T.; INOUE, O.*; KOBAYASHI K.*; TAKAI, N.*; NAKANO, T.*; and 
SUZUKI, K.* Research Development Corporation of Japan, 4-1-8 honmachi, Kawaguchi 332, 
Japan. *National Institute of Radiological Sciences, 4-9-1 Anagawa, Inage-ku, Chiba 263, Japan. 

Aniracetam (I-p-anisoyl-2-pyrrolidinone) is one of the piracetam-like nootropics which exhibit 

memory enhancing properties'. Although the therapeutic potentials of aniracetam in patients with 

senile cognitive disorders such as Alzheimer's disease has been evaluated^ and this drug is now used 

in clinical trials in Europe, the mechanism of action is not fully understood. Recently, aniracetam has 

been shown to increase the conductance of a-amino-3-hydroxy-5-methyl-4-isoxazole propionate 

(AMPA) receptor, but not to Kainate and N-methyl-D-asparatate (NMDA) receptors- ,̂ all of which are 

subtypes of glutamate receptors. This potentiation has been suggested to be due to a reduced rate of 

desensitization of the receptor in the presence of aniracetanA The glutamate receptors are known to 

mediate excitatory neurotransmission in brains and are important in memory acquisition, learning, and 

some neurodegenerative disorders. Due to the lack of potent and selective antagonists, however, the 

characterization of AMPA receptor is less advanced compared with that of NMDA receptor. The 

purpose of this study is to clear in vivo distribution characteristic of aniracetam in rodent brains by 

employing a positron-emitter labelled aniracetam and positron emission tomography (PET), and this 

study might offer a promising prospect of developing the radioligands for studying AMPA receptor 

by PET. Here we report the radiosynthesis of carbon-11 labelled aniracetam (|' 'C|aniracetam) along 

with its brain biodistribution in mice. 

Aniracetam and a precursor Q) for the radiosynthesis were synthesized as shown in Scheme 1. 

Reaction of equimolar amounts of/7-anisoylchloride, 2-pyrrolidone, and triethylamine in dry ether 

(reflux for 24 h) and subsequent silica gel column chromatography (CHCI3) gave aniracetam. The 

precursor (J.) was prepared by demethylation of aniracetam with boron tribromide (3 equivalent, 

-10°C - r.t. for 14 h)5 in dry CH2CI2 and subsequent purification by silica gel column 

chromatography (CHCl3/ethyl acetate = 9/1). The chemical structures of these compounds were 

identified by spectral analyses^. Carbon-11 labelling has been achieved by O-methylation of l_ (1 mg) 

with I' 'C|iodomethane7 in DMF (500 p.1) in the presence of NaH (ca 5 p.mol) at 50°C for 5 min. 

HPLC purification (Megapak SIL C18, JASCO Co.: 35% CH3CN; 3 ml/min) of the crude • >C-

reaction mixture gave radiochemically and chemically pure (> 99%) | ' ' Claniracetam. The identity of 
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1' 'Claniracetam was established by HPLC comparison with the authentic aniracetam. The synthesis 

time was 30 min from EOB and the specific activity of [ ' ' C laniracetam was 81 GBq/umol at EOS. 

Brain distribution study was carried out in male ddY mice after i v injection of the tracer and the results 

are shown in Fig. 1. | " C |Aniracetam had a good brain penetration but was rapidly cleared from the 

brain. In the brain regions, the clearance of the radioactivity in the hippocampus appeared to be 

slower than those in the cerebellum, striatum, and cerebral cortex. It has recently been demonstrated 

that aniracetam enhances selectively fast excitatory postsynaptic currents (EPSCs) mediated by AMPA 

receptor in rat hippocampus^, which is suggestive of a mechanism of memory enhancement by 

aniracetam mediated by AMPA receptor in hippocampus, although the conflicting evidence has been 

reported^. The uptake of | ' 'Claniracetam in the hippocampus, however, could not be displaced by a 

load of unlabelled aniracetam (1 mg/kg), suggesting the non specific bindings of this tracer to the 

hippocampal cell components including AMPA receptor. PET study on rhesus monkey has also 

shown the rapid clearance of the radioactivity from the whole brain after iv injection of 

|"C|aniracetam. 

In conclusion, due to the rapid clearance from the brain without showing any specific binding, the 

synthesized | ' ' C laniracetam had no potentials as a PET tracer for AMPA receptor. 
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1. Gouliaev A.H. and Senning A. - Brain Res. Rev. J9: 180 (1994) 
2. Lee C.R. and Benfield P. - Drugs & Aging 4:257 (1994) 
3. Ito I., etal. - J. Physiol. 424:533 (1990) 
4. Vyklicky U Jr., etal. - Neuron 7:971 (1992) 
5. McOmie J.F.W.. el al. - Tetrahedron 24:2289 (1968) 
6. Aniracetam: mp 123-124°C(EtOH. lit.* 121-122°C). IR(Nujol): 1720,1660.1600 cm-'. >H-

NMR(CDCl3) 6: 7.67 (2H, d), 6.91 (2H, d), 3.96 (2H. t), 3.86 (3H, s), 2.62 (2H, t), 2.15 
(2H. quintet). FD-Ms m/e; 219 (M+). Anal. Calcd for C12H13NO3: C, 65.74; H. 5.98: N, 
6.39. Found: C, 65.69: H. 6.01: N, 635. U mp 184-186°C (ethyl acetate). 1R (Nujol): 3200, 
1710. 1660. 1610 cm-'. 'H-NMR (Me2SO-d6) 6: 7.48 (2H. d). 6.76 (2H. d), 3.77 (2H. d). 
333 (br-s, OH). 2.02 (2H, quintet). FD-Ms m/e: 205 (M+). 
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OMe / V 
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BBryCH2CI2 / V . 
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OR NaH/DMF ^ ^ "OH 

R=CH3: Anlracetam 
R= 1 1CH 3: [11C]AnIracetam 

Scheme 1. Synthesis of ["CjAniracetam 

*P<0.05 

30 1 3 5 10 
Time (mln) after iv injection 

E3 Cerebellum E3 striatum B Hippocampus iS Cerebral cortex 

Fig. 1. Brain Distribution of ["CjAniracetam in Mice (n=3) 
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SYNTHESIS AND PRELIMINARY IN-VTTRO RTNDTNfi DATA FOR 7-
FLIJOROKVNIJRENTC ACID: A POTENTIAL GLYCINE ANTAGONIST FOR THE 
NMDA RECEPTOR COMPLEX. M i A d a m 1 , K. Curry2, T.J. Ruth1, and J. Gordon1. 
' T R I U M F , University of British Columbia, Vancouver, Canada, V6T 2A3, 2 Department of 
Physiology, University of British Columbia, Vancouver, Canada. 

Abnormalities in the Glutamate/Aspartate (Glu/Asp) neuronal system are factors in degenerative 
diseases of the motor systems. Therefore we are seeking to identify radiotracers that have the 
potential to detect changes in the Glu/Asp systems as a function of progression of diseases such 
as in Huntington's Disease. Young and colleagues reported a dramatic decrease in NMDA 
receptors in contrast to GABA benzodiazepine and muscarinic receptors in the putamina of HD 
patients.1 The NMDA site is one of at least three major types of excitatory amino acid receptors 
(generally called the NMDA, AMPA and KA sites) and seems to be the one which is most likely 
implicated in endogenous excito-toxicity in ischemia/hypoxia.2 Its possible role as a mediator of 
some of the neuronal degenerations in diseases such as HD, ALS and PD is speculative but is a 
possibility worth investigating. The NMDA receptor complex has not only NMDA and AMPA 
recognition sites but also modulatory (PCP) and stiychnine-insensitive glycine sites. There is 
excellent parallelism between the distributions of NMDA and these modulatory sites in brain3 , 4 

so it has been believed that a PET ligand modeled after an antagonist at any one of these sites 
may be useful in studying the density of the NMDA complexes. 

The synthesis of fluorine containing compounds has been used in the past with the dissociative 
anesthetic MK801 and phencyclidine . Both of these drugs are potent non-competitive 
antagonists at the NMDA receptor, one of the sub receptor types for L-glutamate. Unfortunately, 
manipulation of the structure to accommodate fluorine destroys the potency of drug binding, thus 
rendering the compounds ineffective. 

We propose to synthesize novel analogues of acidic amino acids which may be systemically 
active. Several options are available, but due to the toxic nature of the agonists it is preferable to 
study antagonists initially. Studies focussed on the development of fluorine containing 
compounds based on known structures such as kynurenic acid (KA). Several halogenated 
derivatives have previously been reported along with their NMDA binding characteristics9. It has 
been shown that halogenation with F, CI, Br, and I hi the 5 and/or 7 position of the aromatic ring 
improves dramatically the binding characteristics ([3H] Gly and Kb) to the NMDA-glycine site 
receptor when compared to kynurenic acid itself.*'1 Both potency and selectivity of these 
antagonists are improved by halogenation. Also, nitro substituent in the 5 and 7 positions have 
been reported and these would make ideal precursor compounds to the fluorinated ones when 
fluorinated with nucleophilic F. 

COOCH, 
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These compounds are all fairly lipophilic and can be synthesized with fluorine groups away from 
the active binding elements of the molecule using one of the new nucleophilicfluorination 
methods recently developed.1 The pharmacology has been performed with the standard methods 
described below to determine the specificity and potency of the compounds after fiuorination. 

Coronal slices from rat brain (500 um) were hemisected at the midpoint and again from cortex to 
mid brain to give wedge shaped sections. The sections were placed across a grease seal in a dual 
chambered bath containing CsF. Drugs were applied in the perfusing fluid to one side of the 
preparation and potential changes recorded via a pair of Ag/AgCl electrodes on either side of the 
grease seal. Data was aquired into LabView with A/D conversion and charted in Excel. This 
technique has been shown to react to the archetypal agonist for glutamate sub-receptors and those 
responses can be attenuated with standard antagonists. Table 1 and Figure 1 show the depression 
of standard excitatory response in the presence of 100 uM Fluorokynurenate. 

1 Albi RL, Young AB, Penney JB, et al. N E J Med 322:1293-1298 (1990). 
2 Choi, D.W., Neuron 1,623-634 (1988). 
3 Bristow, D.R. et al., Eur. J. Pharmacol. 126,303-308 (1986). 
4 Maragos, W.F. et al., J. Neurosci. 8,493-501 (1988). 
5 Brady F, Luthra SK, Pike VW. Appl Radiat Isot 40: 325 (1989). 
6 Denis A, Crouzel C J Labelled Cmpd Radiopharm 27:1007 (1989). 
7 Wieland DM, Kilboum MR, Yang DJ, et al. Appl Radiat Isot 39:1219 (1988). 
8 Orita K, Sasaki S, Maeda M, et al. Nucl Med Biol 20: 865-873 (193). 
9 Lesson PD, Baker R, Carling RW, et al, J.Med Chem. 34,1243-1252 (1991). 
10 Kulagowski JJ, Baker R, Curtis NR, et al JACS, 37,1402-1405 (1994) 
11 Kiboum MR Fluorine-18 Labelling of Radiopharmaceuticals NAS-NS-3203, Nat Acad 

Press (1990). 

Table 1 
compound peak height cell 1 I % standard cell 2 % standard 

| 
nmda 20 11.8 | 4.3 
ampa 20 8.1 I 5.4 
ka10 4.8 i 3.3 

start FKYN 1 

nmda 20 2 83 1.1 74 
ampa 20 6.3 22 4.4 19 
kalO 3.7 23 2.2 37 

stop FKYN 
nmda 20 6.8 42 2.8 35 
ampa 20 7.8 4 4.2 22 
ka10 5.8 121 3.4 103 
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F i g u r e 1 
Standard Responses of Cortical Slices to Glutamate Agonists 

NMDA2Q1M AMPA20J1M KAityM 

Standard Responses in the Presence of lOOuM Fluoro-Kynurenic Acid 

NMDA AMPA 

Recovery of Standard Responses After Washout 

NMDA AMPA KA 
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Synthesis and Characterisation of [minJ-Liposome Encapsulated 
[45Ti]-Budotitane 
R. N. Waterhouse1. F. Mattner1, L. NajdovsM1 T. L. Collier1, J. Fallon2 

Biomedicine and Health1 and Nuclear Physics2, ANSTO, Lucas Heights Australia 2234 

The titanium-based anti-cancer agent, c/s-diethoxybis(l-phenylbutane-l,3-dionato)-

titanium(IV) (budotitane, 1) is being evaluated in clinical trials for treatment of colon cancer (1). At 

physiological pH, budotitane is extremely prone to hydrolysis and therefore must be encapsulated in 

lipid emulsions prior to injection. The side effects of budotitane include heptatoxicity and 

nephrotoxicity, probably due to uptake of the agent in the liver and kidney. It has been reported that 

lipophilic drugs encapsulated in liposomes of specific size and composition show enhanced tumour 

uptake as a result of delayed uptake in the liver and spleen (2). The aim of the experiments described 

here was to encapsulate budotitane in lipsomes having the appropriate characteristics for optimum 

tumour targeting. Therefore, carrier-added 45Ti-budotitane has been prepared and incorporated into 
1 ' 'In-liposomes to be assessed for in vivo tumour targeting. 

4 5 Ti was produced via the 4 5 Sc (p, n) 4 5 Ti reaction using a Tandem accelerator. During 

irradiation, the proton energy was 11.0 MeV with an average current of 1.0 uA. Purification of 4 5 Ti 

from 4 5 Sc foil was performed using the method of Nelson et al (3). Budotitane and ^Ti-budotitane 

were prepared as described by Oberdorfer et al and Keppler et at. (4, 5) and analysed using a thin 

layer chromatography (TLC) method developed to allow efficient characterisation of the complex 

[silica paper (ITLC-SA, Gelman): hexanes/ethanol 9:1 (v/v). Budotitane is very sensitive to 

hydrolysis and since trace amounts of water were present, radio-TLC analysis was successful only 

when carrier budotitane was added (0.1 mg). The developed TLC plate was analyzed by UV 

detection and then cut into 10 equivalent pieces that were assayed using a gamma counter (Figure I). 

The U V adsorbing region of the plate was also the region that contained the majority of radioactivity 

(Rf = 6.0), indicating that the 4 S Ti was associated with the 1-benzoylacetone ligand of budotitane. 

Using these same radio-TLC conditions, uncomplexed 4 5 Ti did not move from the origin. 

H'In-liposomes were prepared as described by Mori (2) with the slight modification of the 

addition of a solubilizing agent, 1,2-propanediol. Briefly, 'I'In-DTPA-stearylamine complex was 

prepared as reported by Holmberg et al (6) and added to a solution of phosphatidyl choline (20 mg), 

cholesterol (S.14 mg) and monosialoganglioside GMi (2.0 mg) in chloroform (1.0 ml) and 1,2-

propandiol (250 uL). When budotitane was to be incorporated into the liposomes, budotitane in 

chloroform (0.1 mg, 100 fiL) spiked with 45Ti-budotitane was also added. The volatile solvents 
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Figure I: Radio-TLC analysis of 4 5Ti-Budotitane 

Hexanes/EtOH (10:2) TLC DATA (carrier added) 

w o 

o 
> 2 a 

7 \ \ 

45TH 

9 10 

were removed under a stream of nitrogen gas and the remaining material hydrated with phosphate-

buffered saline (10 ml, pH = 7.2). The resulting mixture was sonicated for 40 seconds and then 

extruded through polysulfone filters (Anopore, 1 X 0.45 fim then 3 X 0.22 urn). The final 

formulation was examined by a particle size analyzer (Coulter N4MD) and the mean size and size 

distribution of the liposomes recorded. Liposomes prepared by these methods were routinely 

between 190-220 nm in mean diameter, which is the desired size for delayed liver and spleen uptake. 

Due to the short half-life of 4 5 Ti (3.08 hrs) the usual methods of liposome purification 

involving dialysis were not feasible. A method was therefore developed to allow quick separation of 

the liposomes from unincorporated radioisotopes using size exclusion chromatography. Initial 

studies were performed by passing the radiolabeled materials through spin columns (Bio-Rad, 1 ml) 

containing Bio-Gel P-6 resin (Bio-Rad, medium grade, 200 mg). In separate experiments, it was 

found that»•in, '"In-DTPA, inIn-DTPA-SA, 4 S Ti (in ethanol) and 4STi-budotitane were all well 

retained by the resin (99-100% retention of radioactivity), however, the radiolabeled lipsomes passed 

through the column (Table I). The elution profile for n lIn-liposomes passing through a larger size 

exclusion column (10 ml, 1 ml void volume, eluent: saline) is shown in Figure II. From these 

experiments, it was determined that radiochemical yield of' 1 'In-labeling was 80-85% and the overall 

incorporation of 45Ti-budotitane in the liposomes was 65-75%. The final formulation of 4 5Ti-

416 



budotitane encapsulated in lnIn-liposomes contained lOuCiof m I n a n d 10 uCi of 4 S Ti per 100 uL 

of sterile saline solution. This preparation was stable for at least 8 hours at room temperature and is 

suitable for in vivo evaluation. 

Table I: Analysis of Radioactivity on Bio-Gel Resin and in Eluent (ave. of N=3) 

Product fin 100 uL saline) activitv (resin) activity (eluentl % retained 
4 5 Ti (uncomplexed) 37.0 uCi 0.0 uCi 100 
ulInCl3(inaquHCL) 98.2 uCi 0.0 uCi 100 
l»In-DTPA-SA 69.0 uCI 0.0 uCi 100 
min-liposomes 39.2 uCi 7.4 uCi 16 

4STi-budotitane 42.0 uCi 0.24 uCi 99.4 
45Ti-budotitanein liposomes 12.8 uCi 4.2uCi 75 
4 5 Ti budotitane in ' ' ^n-liposomes 23.2 uCi 6.40 uCi 21 

Figure II. 
Column 

Elution Profile of [lllIn]-liposomes from Size Exclusion 

5 S 7 8 

Fraction (1 ml) 
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48V BIODISTRffiUTION STUDIES OF INSULIN MIMETIC VANADIUM COMPOUNDS. 

C. Orvig.a D. M. Lyster}> J. H. McNeill,'' T. J. Ruth.c I. A. Setyawati,3 Y. Sun,* C. Vo.b V. G. 

Yuen,b S. Zeisler0. a Department of Chemistry,b Faculty of Pharmaceutical Sciences, c 

TRIUMF, University of British Columbia, Vancouver, B.C. V6T 1Z1. Tel (604) 822-4449 

FAX (604) 822-2847 

Over the past decade, vanadium compounds (particularly vanadate and vanadyl) have 

been reported as orally active therapeutic agents for diabetes mellitus due to their insulin mimetic 

properties.1 ,2 In order to improve the oral efficacy of these agents we have developed 

bis(maltolato)oxovanadium(IV) (BMOV). Since BMOV has been proven to be orally effective 

in the treatment of diabetes mellitus,3-6 and two to three times as potent as vanadyl,7 the 4 8 V 

biodistributions of both BMOV and VOSO4 have been studied in rats. 

O ?H3 

C H 3 

BMOV 

Previous biodistribution data, obtained by atomic absorption spectroscopy in various 

laboratories including ours, has shown that vanadium from either VOSO4 or BMOV 

accumulated in bone, liver and kidney. The results of the oral administration of BMOV in rats 

over a 26 week period showed localization in bone (26 Jig/g), liver (3.9 Hg/g) and kidney (11 

jig/g).5 A variety of studies with vanadyl (3-12 week periods) also showed localization in bone 

(4-14 ng/g), liver (1-2.5 ng/g) and kidney (4-11 ng/g). The average vanadium concentration in 

plasma was 15 |iM. 

4 8 V (ti/2 = 16.0 d; y= 511 (P+), 983 and 1312 KeV(EQ) was prepared by 16 hour proton 

irradiation of high purity titanium plate (Ti 99.99%) on the TRIUMF TR13 cyclotron with a 13 
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MeV, 5 nA beam. The isotope was obtained by dissolving the plate in 6M H2SO4 which was 

then diluted to less than 0.4M. The solution was passed through an ion exchange column 

(AG50W-X8) before the pure nuclide was finally isolated as vanadyl sulfate (48V-VOS04). The 

chemical yield was 93% and the specific activity was 0.33 Ci/mg. 

The biodistributions of carrier-added 4 8 V-VOSO4 and of carrier-added 4 8 V-BMOV were 

studied over a period of 24 hours. Each compound was administered by intraperitoneal injection 

and oral gavage in separate experiments. ^V localized in various organs, particularly bone, liver 

and kidney, following intraperitoneal and oral administration. Sample data are shown in Figure 

1. A complete 24 hour metabolic study of 48V-BMOV administered orally was also carried out 
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Figure 1. % Uptake of vanadium in various organs over 24 hours. 

• different from VO2*, Student "t" Test, p<0.05 

420 



STABLE INDIUM(III) AND GALLIUMflH) COMPLEXES AS CANDIDATES FOR 

CONJUGATION TO ANTIBODIES 
Arthur E. Martell,* Ramunas J. Motekaitis, Yizhen Sun and Michael J. Welcht. 

Department of Chemistry, Texas A&M University, College Station, TX 77843-3255. 
t Mallinckrodt Institute of Radiology, Washington Univ., School of Medicine, St. Louis, MO. 

Although the thermodynamic stabilities of metal complexes are usually 

expressed as the equilibrium constant K, of the complex formed from the metal ion and 

the most basic form of the ligand, a better indication of how a metal ion behaves under 

physiological conditions is the pM value, which is the negative logarithm of the free 

metal ion concentration (-log [M n +]). For the purposes of this paper, pH 7.4 is selected 

as physiological pH, and 100% excess free ligand is assumed to be present. The pM 

value thus selected provides an index number which increases with the effectiveness of 

the ligand and takes into account the competition between the metal ion and the 

hydrogen ion under the conditions selected. 

In Table 1 are listed the stability constants and pM values for Ga(lll) and In(III) 

chelates of various types. The ligands consists of amines or polyamines to which 

carboxylate, phenolate, hydroxy pyridonate, and thiolate donor groups are attached. 

For the familiar aminopolycarboxylates 1, 2, and 3 the stabilities of the In(lll) chelates 

are a little higher than those of Ga(lll), but the stabilities of the chelates of both metals 

are too low to provide stability in physiological systems, in competition with natural 

complexors for trivalent metal ions. One way to increase the stabilities of these metal 

complexes is to increase the basicities of the donor groups. In ligands 4 and 5 two 

carboxylate donors (of EDTA) have been replaced by o-hydroxybenzyl groups and in 6 

two carboxylates are replaced by o-hydroxypyridine donors. It is seen that while 

phenolate or hydroxypyridonate donors dramatically increase the stabilities (and pM's) 

of the Ga(lll) complexes, there is only a slight increase in the stabilities of the In(lll) 

complexes. At least part of this difference is due to the fact that the introduction of the 

more basic oxygen donor is associated with the formation of a 6-membered chelate ring 
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in place of a five-membered chelate ring, thus favoring complexation of the smaller 

metal ion. 1 0 ' 1 1 Another factor is that a negative very basic oxygen is more suited to 

complexation of the harder Ga 3 + ion than to the somewhat less hard In 3 + . 

Table 1. Stabilities and pM a Values of Various Types of Ga(lll) and In(lll) Complexes 

Ligand Quotient LogQ 6 pM Ref. 

l n 3 + G a 3 + l n 3 + G a 3 + 

1 NTA,H3L [ML]/[M3+][M3-] 16.9 13.8 15.2 15.5 1,2 

[ML]/IM(0H)I_-][H+] - 4.27 - -

[M(OH)L-]/[M(OH)2L2-][H+] - 7.64 - -

2 EDTA, H 4L [ML-]/[M3+][L4-] 24.9 21.0 22.1 20.0 1,2 

[ML-]/[M(OH)L2-][H+] 8.49 5.58 - -

3 DTPA, H 5L [ML2-]/[M3 +][L5-] 29.3 24.3 24.9 20.2 1,2 

[ML2-]/[M(OH)L3-][H+] 11.9 7.51 - -

4 rac-EHPG,H4L [ML-]/[M3+][L4-] 26.68 33.89 17.0 24.3 3 

5 HBED. H 4L [ML-]/[M3+][L4-] 27.76 38.51 17.9 28.6 4 

6 TACN-HP, H 3L [ML]/[M3+][L3-] 28.02 45.6 17.4 34.9 5 

7 TACN-TM, H 3L [ML]/[M3+][L3"] 

[MHL+]/IML][H+] 

36.1 

9.1 

34.2 

9.6 

25.2 23.8 6 

8 EC, H 4L [ML-]/lM3+][L4-] 33.0 31.5 26.2 24.7 7 

9 EDDA-SS, H 4L [ML-ytM3+][L4-] 37.0 35.6 30.9 29.0 8 

10 6SS, H 4L [ML-]/[M3+][L4-] 39.8 41.0 - - 9 

a Atp[H]7.4and 100% excess ligandd. * At 25.0 °C and u. = 0.10 M. 

When the ligand has two or more thiolate donors, as in the case of ligands 7, 8, 

9 and 10, there is also a large increase in the stability of the In(lll) chelates. In fact the 

stabilities of some of the In(III) chelates are higher than those of Ga(lll), and in all 

cases they are quite close. The stronger binding of ln 3 + may be ascribed to the 

formation of five membered chelate rings, the softer thiolate donor which is more suited 

to the less hard ln 3 + ion, and the steric effect of the bulky thiolate donor, which 
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produces a larger chelate ring. It is reasonable to conclude that the highly stable 

complexes in Table 1 should retain their integrities in biological systems because they 

are much more stabile than the complexes that would be formed with biological 

receptors, such as transferrin, that are present. In another paper at this meeting 1 2 it is 

shown that the most stable Ga(lll) and In(lll) complexes are rapidly cleared from the 

liver, while less stable chelates of these metals are cleared less slowly or not at all. 

Apparently these complexes undergo exchange in the liver with other (natural) trivalent 

metal ion receptors that are present. The high stabilities of the thiolate complexes in 

Table 1 suggests that bifunctional chelates containing 6 8Ga(lll) or 1 1 1 ln( l l l ) complexes 

of these ligands would be suitable for diagnostic applications of these radioisotopes. 
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SYNTHESIS OF AN N,S, TETRADENTATE CHELATE SYSTEM FOR THE 
PREPARATION OF cfrORHENTUMW AND OXOTECHNETTIIMm 
COMPLEXES WHOSE STRUCTURE MTMTC THAT OF STEROIDS. 
Yuichi Suganoa-b and John A. Katzenellenbogen3, aDepartment of Chemistry, University of Illinois, 
Urbana, IL 61801, bon leave from Sankyo Co. Ltd, Tokyo, Japan 

Radiopharmaceuticals prepared from the widely available radionuclide technetium-99m are 
generally rather simple inorganic complexes or organometallic species. However, the bulk and 
hydrophobicity of these species generally make them poorly suited for the labeling of receptor-
binding radiopharmaceutials, such as ligands for steroid or neurotransmitter receptors, by a 
conjugate approach: The conjugates are so large that their receptor binding is generally low, their 
non-specific binding is high, and their transport and distribution properties are poor. Such 
considerations led us to design metal-labeled steroid receptor radiopharmaceuticals in which the 
metal complex was integrated into the structure of the steroid. 

•In our initial concept (Design A), we considered replacing the trans-decalin BC ring system 
of a steroid with a prototypical bis(aminothiol) complex of oxorhenium or oxotechnetium, 
recognizing that the dimensions of such a square planar complex matched quite closely the 
dimensions of the decalin system. Such a design led to metal complexes of a heterobisbidentate 
amino thiol nature whose structure (I) is predicted to mimic that of a steroid quite closely, provided 
that certain synthetic and stereochemical problems can be overcome. We have, in fact succeeded in 
preparing both model systems as well as steroid mimics according to this design. * In all of the 
complexes prepared according to Design A, the metal occupies a position that corresponds to the 
midpoint of the C8-C9 bond, thereby effectively bisecting the carbon structure of the steroid 
molecule and giving a complex of a bisbidentate structure (I). 
Design A. 

* % N 

OH 

\g° (M = 99mTc,Re) 
I 

C8-C9 Metal Centered Prototypical (NS)2 Complex Bisbidentate (NS)2 Complex 
We recognized that stability was one aspect in which the complexes of the bisbidentate 

design might be inferior to those of tetradentate design. In a modification of Design A, we have 
considered complexes in which the metal might be centered at the C7-C8 bond (Design B). The off-
center nature of this design does not bisect the steroid structure and leaves the upper atom periphery 
intact (II). As a result, with the addition of a few atoms to provide the fourth chelation site, one can 
obtain various designs for tetradentate metal complexes that resemble steroids having only minor 
structural perturbation at the lower periphery of either the B- or D-ring regions (HI, IV). 
Design B. 

PH OH 

HO 
M ; 

> " ' (M = 99mTc,Re) 
C7-C8 Metal Centered II 
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Design B. 
I ° H ?H 

m iv 
In this work, we describe the synthesis of compound 1, which represents a model system 

for one of the most accessible of these metal chelate systems. The structure is not of the 
conventional N2S2 design, as it has a thiol and a thioether as donor sites, rather than two thiols. 

H O - ^ - s ^ S SH 
\_J 

1 

The synthesis of compound 1 is shown in the scheme below. 

1-TFAA 
^ u ^ M s a ^SBoo ^ ^ N H 2 2. BFa-OEte/EtSH ^ w N H 2 fy -5—- X X — -• XJC 

B n O ^ * ^ S H LiOH B n O ^ ^ ^ . SBoc 4. T | P s c i , Et3N ' P ^ i O ^ ^ ^ S S S i ' P r a 

2 4 
H 

5.HCI 

H O O C ^ f - \ X O 1.(HF)3.Et3N 
6 BocN-V j f 1 Boc 2.TFA 

7 

The selective alkylation of the thiol group in compound 2, which is available from 4-
benzyloxyaniline and sulfur monochloride, with mesylate 3 gave thioether 4. The benzyl protecting 
group was cleaved by boron trifluoride in ethanethiol with the assistance of electron withdrawing 
trifluoroacetyl group, and re-protection of the resulting phenol and thiol with triisopropylsilyl 
groups, allowed condensation with carboxylic acid 6 derived from L-proline to yield amide 7. 
Fluoride and trifluoroacetic acid deprotection provided the desired target 1. 

We are in the process of preparing oxorhenium(V) and oxotechnetium(V) complexes of 
compound 1 in order to evaluate their structure and stability. 
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Pharmacokinetic Studies of 105Rh(HI) Complexes with Macrocycles 
Containing Thioether Groups . Li Ning,* L.A. Ochrymowycz,b C. Higginbotham,", M. 

Struttmann,1, M.J. Abrams,0, J.F. Vollanoc, R.T. Skerlj,c A.R. Ketring,*, W.A. Volkert*. H.S. 

Truman Memorial VA Hospital and University of Missouri, Columbia, MO.' University of 

Wisconsin-Eau-Claire, Eau-Claire; WI b and Johnson Matthey, West Chester, PA.C 

I Q 5Rh has been identified as a promising radionuclide for therapy with its desirable physical 

properties ( t I / 2 = 1.4d, E p = 0.57 MeV), the kinetic inertness of most Rh(HI) complexes and the 

fact that large quantities can be produced as a NCA product in reactors [1]. Recently, studies with 

macrocyclic ligands containing 2 2 thioether groups showed that well-defined 105Rh(IH) chelates 

in high specific activities are formed under relatively mild conditions making them particularly 

attractive for use in designing new I05Rh-labeled site-directed therapeutic radiopharmaceuticals 

[2,3]. The purpose of this study was to synthesize 105Rh(HI) complexes using a spectrum of 

macrocyclic ligands containing 4-thioether groups or 3-thioether groups and 1 N-atom in the ring 

and to study the influence of chelate structure on their respective pharmacokinetic properties in 

rats. Ligands synthesized for this study (Figure 1) contain a site (i.e., an amine, -OH or -COOH 

group) that can be used for linking macrocycles to biomolecular targeting agents. Two of these 

ligands contain an appended -COOH functionality (i.e., [16]aneS4-o-acid and [l^aneNSj-acid) 

that can be as a site for linking the ligands to peptides, proteins or other biomolecules. 
IDSRh(m) complexes were prepared by incubating 1 mg/ml of each ligand at pH 4 with a 

NCA I05Rh(III)-chloride reagent [obtained from Missouri University Research Reactor (MURR)] 

at 80°C for 1 hr in the presence of 20% ethanol [2]. Complex yields of >90% of all 1 0 5Rh 

chelates were obtained as ascertained by TLC, HPLC and electrophoresis. l05Rh-complexes were 

positively charged except for the two -COOH derivatives which have an overall neutral charge at 

pH 7.4. Based on previous work [2,3], it is assumed that the [16]ane macrocycles contain a Irans-

RhClJ core while the [14]ane macrocycles contain a cjs-RhCl^ core. Biodistribution studies were 

performed in Sprague-Dawley rats (170-200g) anesthetized with Na-pentobarbital (50 mg/kg; IP). 

The percent injected dose (%ID) of the 1 0 5Rh chelates localized in various organs at 30 and 120 

min, PI, are summarized in Table 1. The results of these studies show that all of the 1 0 SRh-
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thiamacrocycle chelates clear from circulation via both hepatobiliary pathway and renal pathways. 
The retention of the three 105Rh-complexes with [16]ane macrocycles in the kidneys at 120 min 
exceeds 15% of the ID. In contrast, 105Rh complexes with both [14]aneNS3 and [14]aneNSj 
exhibit < 10% ID kidney retention (Table 1). The presence of a -COOH group on the ligands 
(i.e., [16]aneS4-o-acid and [14]aneNSj-acid) further reduced retention in kidneys relative to the 
respective underivatized macrocycles. I05Rh-[14]aneNS3-acid exhibited the lowest retention with 
only 3.68 ± 0.44% ID retained in the kidneys at 120 min, PI. 

These results indicate that the trans 105Rh(III)Cl2 complexes with [16]ane macrocycles are 
retained significantly more by the kidneys than cjs-105Rh(III)Cl2 complexes with [14]ane 
macrocycles (Table 1). The presence of a single COOH group reduces the kidney retention 
significantly. It can, therefore, be concluded that -COOH derivatives of [14]ane thioether 
macrocycles are excellent candidates to formulate BFCAs with optimal in vivo properties for 
conjugating site-specific biomolecular targeting agents that will be used for preparation of high-
specific activity I05Rh therapeutic agents. 

[14]aneNS3 [16]aneNS3 [14JaneNS3* [14]ane NS3-PY 

,CHpCOH 

"^G D*" C D^ 1 <Z I}- 0 0* 0 0 0 1 c D u u u A_T 
[16]ane S4-DM [16]aneS4-ol [16]aneS4-0-A=id [14]ane NS3*-Acid 

Figure 1. Structure of thiaether macrocycles used to prepare !05Rh-complexes. 

1. Troutaer, D.E. - Nucl. Med. Biol., 14: 171 (1987) 
2. Venkatesh M., et al. - J. Nucl. Med., 2fi: 41P (1994) 
3. Ning, L., et al. - J. Nucl. Med., Abstract, May 1995 (in press) 
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Table 1. Biodistribution Studies of Rh-lOS Thiamacrocyde Complexes in Rats 

Complexes [MlaneNS, fl41aneNS,* [16]aneNS, fl41aneNS,*-ph-Acid 

Time Interval 30min 120 min 30 min 120 min 30 min 120 min 30 min 120 min 

Organ %dose/organ %dose/organ %dose/organ % (lose/organ %dose/orRan %dose/organ %dose/organ %dose/organ 

Blood 1.27 ±0.16 0.41 ± 0.07 2.20 ± 0.23 0.66 ±0.18 1.79 ±0.07 1.18 ±0.19 4.73 ±0.48 1.99 ±0.29 

Liver 18.1 ± 1.4 11.6±1.7 19.2 ±1 .1 14.1 ± 2 . 2 23.3 ±1 .1 19.6 + 1.6 10.1 ± 0 . 3 8.26 ± 0.72 

Largelntestino 1.50 ±0.21 1.77 ±0.99 1.04 ±0.09 0.85 ±0.14 0.98 ±0.15 0.91 ± 0.20 0.50 ±0.13 0.30 ±0.12 

Small Intestine 12.8 ± 0.9 13.0 ± 2.3 12.0 ± 0.7 16.6 ± 0.8 20.0 ±1 .1 23.4 ± 1.2 20.8 ± 2.8 26.7 ± 3.6 

Kidneys 12.0 ±5 .1 6.76 ± 0.34 11.0 Jt 1.0 9.77 ± 0.62 17.9 ± 2 . 3 16.1 ±0 .5 6.60 ± 0.58 3.68 ± 0.44 

Urine 41.3 ±7.0 59.8 ± 4 . 0 37.0 ± 3 . 5 51.8 ± 3 . 6 19.5 ±5 .0 30.3 ±2 .1 30.9 ± 2.2 46.0 ±2 .3 

Complexes [141aneNS,-PY [16]oneS,-diol ri6]aneS,-ol fl61aneS,-o-acid 

Time Interval 30min 120 min 30 min 120 min 30 min 120 min 30 min 120 min 

Organ %dose/organ SSdose/orfian %dose/organ S5dose/orj?an %dose/organ SSdose/organ %dose/organ %dose/organ 

Blood 2.35 ±0.41 1.71 ±0.30 2.25 ± 0.45 0.82 ±0.21 1.86 ±0.31 0.49 ±0.07 3.68 ± 0.27 1.39 ±0.22 

Liver 24.0 ± 3 . 0 18.0 ± 2.8 19.7 ±3 .1 14.5 + 1.7 18.1 ± 1.2 13.4 ± 1 . 3 14.2 ± 1 . 9 10.8 ±1.2 

Largelntestine 1.11 ±0.14 1.09 ±0.15 0.89 ± 0.24 0.81 + 0.23 0.84 ±0.10 0.80 ± 0.32 0.51 ±0.00 0.28 ± 0.06 

SmalUntestine 20.2 ± 3 . 0 24.2 ± 3 . 7 18.4 ± 3 . 0 25.6 + 2.1 23.5 + 2.5 29.7 ± 1 . 2 12.7 ± 2 . 7 15.9 ±2.6 

Kidneys 16.0 ±1 .8 16.6 ± 1 . 3 18.2 ± 1 . 3 15.6+ 1.1 20.4 ±1 .1 16.4 ± 1 . 3 10.8 ± 2 . 4 8.43 ± 0.63 

Urine 18.0 ±2 .1 23.8 ±1 .1 24.0 ± 2 . 7 37.0 + 1.7 21.2 ±3 .6 33.8 ± 1 . 3 34.3 ± 4 . 9 54.2 ±3.1 
The % dose/organ were determined following jugular vein injection in 170-200 g anesthesized rats (50 mg/kg pentobarbital) and presented as 
the mean + SD. n = 5 in each group. 



Design and Synthesis of a Redox-Active Technetium-99m Nitrido 
Radiopharmaceutical 
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Christophe Morin,'' Roberto Pasqualini,' Melchiorre Giganti," Adriano Piffanelli" 
a> Laboratorio di Medicina Nucleare, Universita di Ferrara, 44100 Ferrara, Italy. * Di-

partimento di Chimica Fisica ed Inorganica, Universita di Bologna, 40136 Bologna, It

aly. c) ICTMA CNR, Padova, Italy. d) LEDSSIV, Universite de Grenoble, 38041 Greno

ble, France. CIS bio international, 91192 Gif-sur-Yvette, France. 

Introduction 

Electron transfer through oxidation-reduction reactions is a common feature in most 

metabolic processes. It could be possible, in principle, to design a technetium-99rn tracer 

capable of monitoring this type of redox processes. This radiopharmaceutical should 

contain either a redox-active technetium center or some other redox-active metal centers 

bound to the technetium atom through a suitable coordinating bridge. If the standard re

duction potentials of such a radiopharmaceutical fall in the range of some biological re

dox process, the tracer would be allowed to interact with it, and ultimately monitor the 

underlying reaction pathway. The search for complexes containing a suitable redox-active 

technetium center is usually a difficult task due to the high number of possible oxidation 

states of this element. However, other metals exhibit a simpler redox chemistry and give 

rise to compounds showing reversible electron transfer at a well-defined potential. Fer

rocene, [Fc = Fe(C5H5)2], is a well-known iron compound exhibiting a reversible one-

electron oxidation to ferricenium cation (Fc + e -> Fc, E° = 0.40 V vs. SCE). In this 

work, we tried to prepare a mixed-metal complex containing a ferrocene moiety attached 

to a technetium center through a suitable coordinating functional group. The presence of 

both a ferrocene unit and of a technetium atom in the resulting complex would make it 

capable of participating to some redox process and, at the same time, to behave as a ra

dioactive tracer. To this goal, we used the piperidinium salt of the ligand ferrocenedithio-

carboxylate (FcCS2") showed in Figure la. This ligand was derived from ferrocene by 

substituting one hydrogen atom of one cyclopentadienyl ring with a dithiocarboxylate, -

C(=S)S", group (1). The dithiocarboxylate group could be used, in turn, to coordinate to a 

suitable technetium center in order to produce the desired mixed-metal complex. We de-

1 
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scribe here the synthesis, at tracer level, of the neutral technetium(V) nitrido complex 
99mTc(N)(FcCS2)2 (1), containing two ferrocenedithiocarboxylate ligands bound to a 
terminal Tc^N multiple bond and the characterization of its redox behavior. The prepara
tion, in macroscopic amounts, of the Tc-99 analog of this compound have been reported 
elsewhere (2). 

• T c v 
/ ml ?±—^=5— «-?s:sT-r-W \ '^<^y ( Q ^ s / x s ^ ^ ? 

Fe Fe Fe 

(a) (b) 

Figure 1 

Experimental 
The preparation of complex 1, at tracer level, was carried out as follows. 1.0 mg of N-

metbyl S-methyl dithiocarbazate (DTC), 3 mg of diethylenetriaminopentaacetic acid 
(DTPA) and 100 ug of SnCl2-2H20 were dissolved in a vial containing 0.40 mL of H 20 
and 0.60 mL of ethanol. ""TcCM" (ca. 50 MBq) in 0.250 mL of saline was successively 
added and the resulting solution heated at 100 °C for 15 min. After cooling to room tem
perature, 0.250 mL of a 0.010 mol dm'3 solution of piperidinium ferrocenedithiocarboxy
late were added to the reaction vial. After 5 min of reaction at room temperature, complex 
1 was obtained with a final yield >95 %. The radiochemical purity (RCP) of the product 
was checked by thin-layer chromatography (TLC) on silical gel plates using a 
CH2Cl2/hexane/glacial acetic acid (2:1.5:0.02) mixture as eluant. Rf of 1 was 0.6. 

A carrier-added synthesis of 1 was performed by addition of solid [ Tc04]Na to the 
reaction solution andfollowing the procedure detailed above. About 90 % of the initial 
activity was recovered by extracting the reaction mixture with dichloromethane. After 
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reduction of the volume of the organic phase by passing a weak nitrogen stream through 
the solution, the redox behavior of 1 was investigated by cyclic voltammetry at a station
ary platinum-disc electrode using [n-Bu4N][C104] as supporting electrolyte. Complex 1 
shows a quasi-reversible one-electron oxidation at E./2 = 0.344 V (relative to the Fc/Fc+ 

couple) and a irreversible reduction at E = -1.681 V. This behavior parallels completely 
that observed for the Tc-99 analog of 1 which had been investigated previously (2). 

Results and Discussion 
The preparation of the neutral compound """TcOTfFcCS^ (1) was carried out using a 

well-established procedure for producing the Tc=N bond at a nanomolar concentration 
scale (3,4). The characterization of 1 showed that it possess the same structure of the 
analogous Tc-99 complex (2) reported in Figure lb. Complex 1 exhibits remarkable re
dox properties in view of its potential application as a radiopharmaceutical. It undergoes a 
one-electron oxidation attributed to the Fe(II) center of one of the two ferrocene groups in 
the molecule. This behavior results from the electronic communication between the two 
FcCS2" ligands propagated through the TcsN bridge (2,5). It was possible, therefore, to 
design and prepare, at tracer level, a redox-active Tc-99m radiopharmaceutical through a 
simple and efficient method. However, further studies are required in order to establish 
whether complex 1 could be an efficient tracer of some 'metabolic' oxidation-reduction 
pathway. 
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Introduction 

Technetium complex containing N 2 S 2 or N3S ligands derived from amino acids or 

peptides have played a key role in the development of new Tc-99m 

radiopharmaceuticals. A further innovative of this type of ligands could be achieved 

by incorporating a phosphine residue in the peptide backbone. We recently 

described the synthesis of the first example of this class of ligands [1] namely the 

derivative 3-diphenylphosphinopropionylglycyl-L-(S-benzyl)cysteinyl methyl ester 

(LH2SBzl), which is shown in Rgure 1. In this compound a phosphine functional 

group has been coupled to a dipeptide derivative generating a tetradentate ligand 

characterized by the presence of the PN2S donor atom set. The coordination ability 

of this set of donor atoms has been demonstrated through the preparation of the 

first oxo-rhenium(V) complex with the ligand LH2SBzl [1]. The labelling of this 

ligand with Tc-99m has been also reported [2]. We extend here the study of the 

coordination properties of the new phosphino-peptide derivative, by describing the 

preparation of the first technetium(V) nitrido complex with Tc-99, and at tracer level. 

The Tc-99 complex has been characterized by elemental analysis and 

spectroscopic techniques. Finally, the comparison of the chromatographic properties 

of the products obtained at the two very different concentration scales, has allowed 
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to establish the chemical nature of the compound prepared in nanomolar 

concentration and under physiological conditions. 

Experimental 

The ligand LH2SBzl has been prepared as reported previously [1]. The preparation 

of the Tc-99 complex was carried out as follows. 9 9Tc(N)Cl2(PPh3)2 (0.206 g) was 

added to dry CH 2CI 2 (20 mL) at room temperature, under an argon stream. Excess 

of the ligand (3:1) dissolved in the minimum amount of methanol was successively 

added. The colour of the resulting solution turned rapidly to a bright-yellow and the 

mixture was stirred at room temperature for 1 hour. The reaction solution was 

filtered and the solvent reduced to 1/3 of the initial volume. The yellow solution was 

passed through a reversed-phase C 8 chromatographic column and then eluted with 

dichlorometane. After collecting the yellow band, a yellow powder of the neutral 

complex 99Tc(N)(L) was recovered by slow diffusion of hexane into the resulting 

solution. (Yield, 58% based on Tc-99). This product was characterized by elemental 

analysis, 1 H NMR and FT IR spectra. 

The Tc-99m analogue 99Tc(N)(L) was obtained as follows. S-methyl N-methyl 

dithiocarbazate (DTC) (1.0 mg) and tris(2-sulphonatophenyl)phosphine trisodium 

salt (TPPTS) (2 mg) were dissolved in 0.5 mL of water/ethanol (2:1) mixture 

containing HCI (2.0 x 10" 2 mol dm-3). "mTc0 4 - (ca 50 Mbq) in 0.250 mL of saline 

was successively added and the solution was heated at 100'C for 15 min. 

. „ c -C H, - K H _ \ -°- CH. 
II II 
O O 

do LHjSBzl \Jf \^J Tc(N)(L) 

Figure 1 
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After cooling to 40*C, the pH raises to 7.4 with a sodium phosphate buffer and 10 

mg of the ligand LH2SBzl were added. The formation of the final product was 

complete within 10 min. The radiochemical yield was above 90%. the product was 

characterized by TLC chromatography on silica gel and reversed-phase plates, and 

by electrophoresis. 

Results and Discussion 

The new technetium(V) nitrido complex 99Tc(N)(L) [L= dianionic form of 3-

diphenylphosphinopropionylglycyl-L-(S-benzil)cysteinyl methyl ester] has been 

obtained through the reaction oh the technetiumfV) nitrido precursor 

"Tc(N)CI2(PPh3)2 with the S-Bzl derivative LH2SBzl. The coordination of the 

LH2SBzl ligand to t;echnetium(V) caused both the cleavage of the S-Bzl bond 

between the sulphur atom of the cysteine residue and the protecting benzyl group, 

and the deprotonation of one of the two amide nitrogen atoms. The resulting ligand 

is coordinated to the [Tc=N]2+ group as a tetradentate dianionic ligand giving rise to 

a neutral product. The proposed structure of the Tc(N)(L) complex is shown in 

Figure 1. The same compound was prepared in nanomolar quantities using a well-

established procedure for producing the Tc*N multiple bond at tracer level [3]. The 

complex 99Tc(N)(L) was characterized by chromatographic methods and by 

electrophoresis. 
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Co-ordination Properties of the Gly-L-Cys(SBzl)COOMe Peptide 
Modified by the Ph2P(CH2)2COOH Phosphine Group. 

Synthesis and X-Ray Structure of 
ReOCI[Ph2E(CH2)2CONCH2CONCH(CH2SBzl)COOMe]. 

Mazzi U.1, Bandoli'G.', Santimaria M.2, Nicolini M.' 
1 Department of Pharmaceutical Sciences, University of Padova, via F. Marzolo 5, 

35131 Padova, Italy 

2 SORIN Biomedica, Saluggia, Vercelli, Italy 

The most important pre-requisite in labelling of receptor affine proteins with 99nrrc 

is the availability in the biomolecule of a donor set stabilizing the Tc metal by means 

of a co-ordination complex. The binding of 99mTc-radiotracer has to modify as less 

as possible the chemical properties and shape of the biological molecule, mainly in 

the bioactive part. 

Bearing in mind this requirement, we studied the co-ordination properties of a 

chelating ligand containing a potential co-ordinating set of three atoms (NNS) 

present in natural peptides and, in addition, a fourth atom (P) added to the peptides 

as a phosphinic group. The synthesis of this molecule was easily performed by a 

coupling reaction between the amine group of the dipeptide H 2N-Gly-L-

Cys(SBzl)COOMe [Gly + L-Cys(SBzl)COOMe] and the functionalized phosphine 

Ph2P(CH2)2CO0H activated to the succinimidyl ester. This coupling reaction is a 

general one, independently from the peptide. 

Because of the chemical HC—c \ 

similarities between Tc and Re ^- \ H C S 

I It " CH MI t \ O 
and also for the possible use of l^. X. .CH „c^ - zc^ ~ s v - ' "-<», 

186 or iB8Re as radiotherapeutics, 

rhenium was used in the first 

chemistry studies. Ph2P(CH2)2CONHCH2CONHCH(CH2SBzi)cooMe (U) 

By reacting ReOCI3(PPh3)2 with a stoichiometric amount of L in boiling ethanol, a 
violet compound was obtained and recovered with diethyl ether as a crystalline 

o 
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product. It was characterized as ReOCIL' by means of IR [v(Re=0) = 968 cm - 1 ] 

UV-vis [274, 450 nm], 1 H and 3ip NMR [1], FAB-mass [parent pick at 759 m/e] 

measurements. When the above reaction is performed in dichloromethane at room 

temperature, a green solution was obtained after some minutes. By treating it with 

ethanol (twice the volume of dichloromethane) and refluxing for half an hour, a 

violet solution was obtained, which gave, by slow evaporation, violet crystals 

suitable for X-ray analysis. The product resulted the same as in the previous 

reaction. 

The structure shows in the equatorial plane the ligand (L1) co-ordinated to the 

frans-CIRe02+ moiety through the phosphine phosphorus , the two deprotonated 

amine nitrogens, and the thioether sulfur. The carboxy methyl ester is in sin position 

in respect to Re=0 and out of the co-ordination sphere. 

Principal Bond Lengths 

Re-0(1) = 1.66(2) A 

Re-S(1) = 2.485(6) A 

Re-N(1) = 2.02(2) A 

Re-N(2) = 2.00(2) A 

Re-P(1) = 2.451(6) A 

Re-CI(1) = 2.494(6) A 

The stability of the compound in organic solvents was evaluated with HPLC. The 

compound was found unchanged in acid media for weeks, but at basic pHs its 

solutions turn immediately yellows and methyl ester group slowly hydrolyzes too. 

The products present before and after hydrolysis are going to be determined. 
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FACTORS INFLUENCING THE LABELEING EFFICIENCY OF CHELATORS. 

Shuang Liu and D. Scott Edwards. The DuPont Merck Pharmaceutical Company, 
Radiopharmaceuticals Division, 331 Treble Cove Road, N. Billerica, MA 01862, U.S.A. 

We have been actively pursuing a research program to develop a thrombus 

imaging agent by labeling cyclic Ilb/IIIa receptor antagonists with 99T C [ j t j \ . Since 

these small peptides are very potent, the 99mTc-labeling must be accomplished with high 

specific activity. In order to choose an efficient chelator for 55mTc bonding, we have 

examined the relative labeling efficiency of several chelators (Figure 1) by competing 

them with glucoheptonate in the "mTc-glucoheptonate complex, and studied factors 

influencing their radiolabeling efficiency. These include reaction time and temperature, 

pH of the reaction mixture, protecting groups and chelator concentration. 

Chelators (Figure 1) in their free or protected forms were prepared according to 

the literature methods [3-6]. The S-benzoyl group was removed by alkaline hydrolysis 

using 1N NaOH. Deprotection of the trityl-protected ethyl ester of H3L3 was achieved 

by a radical cleavage of C-S bond, followed by hydrolysis os ethyl ester under alkaline 

conditions. The radiolabeling was accomplished by reacting the deprotected ligand with 

1/10 of a Glucoscan® kit, prepared by simply adding 1 mL of saline solution containing 

-200 mCi of pertechnetate to the commercial kit The reaction solution was analyzed by 

the radio-HPLC. The results are summarized in Tables I and EL 

In general, the chelator concentration is important for the success of radiolabeling. 

In all the cases, higher chelator concentrations produce better radiolabeling. H3L4 can be 

well labeled (RCP 2: 90%) at very low concentrations (-1.25 x 10*5 M, 5 ug/mL). Heating 

at 100 °C for 30 min is required for N2S2 diamidedithiol (H4LI), N3S triamidethiol 

(H4L2), and N2S2 monoamide monoaminedithiol (H3L3). For the N2S2 diaminedithiol 

(H3L4), the ligand exchange reaction is completed in 60 min at room temperature. Higher 

temperature accelerates the ligand exchange rate. It is clear that the substitution of an 

amine-N for one amide-N enhances the kinetics of "mTc-labeling. Chelators, H3L3 and 
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H3L4, can be well labeled with the pH 5 to 11. For H4L1 and H4L2, successful Wnvpc-

Iabeling requires alkaline conditions (pH £ 10). The acetamidomethyl (Acm) group can 

be easily deprotected when the chelator is bonded to the Tc, and shows no significant 

influence on the labeling efficiency under conditions described in this study. Since 

deprotection of the benzoyl group requires harsh conditions (pH > 10), the Acm-protecting 

group is recommended. 

In conclusion, this study clearly demonstrates that substitution of amine-N for 

amide-N in a chelator increases lableling kinetics, and N2S2 diaminedithiols are the 

candidates of choice in labeling small biologically molecules with very high potency. 
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COOH jp 

\ Q J J H HN 

VH fjy° M e S H H ? o 
T J (CH2)3 

SH HS HOOC 
H 4L1 H 3 L2 

SOOH B O O R COOEt 
^NH H N ^ / t t U U ° \ . N H H N ^ / 

SH HS SH HS 
H 3L3 H 3 L4 

Figure 1. Chelators used forradiolabeling efficiency studies. 

Table I. Effects of pH on RCPs for [99n>TcO(Ll)]2-, [" r aTcO(L2)]2-, an d p^cOCLA)]. 

Compound Concentration Temperature pH Time RCP 
(MM) (°C) (min) (%) 

H4LI* 2.5 x 1(H 100 11.0 30 99 
H4LI 2.5 x 1&4 100 9.0 30 93 
H4LI 2.5xl(H 100 7.5 30 90 
H4LI 2.5 x 1(H 100 5.0 30 86 

H4L2* 2.5 x l O 4 100 11.0 30 89 
H4L2 2.5 x IO-4 100 9.0 30 85 
H 4 L2 2.5 x KT4 100 7.5 30 <2 

H 3 L4 2.5xl(H RT 11.0 60 76** 
H 3 L4 2.5 x 10-4 RT 9.0 60 97 
H 3 L4 2.5 x 1(H RT 7.5 60 99 
H 3 L4 2.5 xlfr 4 RT 5.0 60 98 

Acm-L2 2.5 x 1(H 100 11.0 30 95 
Acm-L2 2.5 x 1(H 100 9.0 30 . 97 
Acm-L2 2.5 x Kr4 100 7.5 30 90 
Acm-L2 2.5 x 10 4 100 5.0 30 60 

The benzoyl group was deprotected using 1 N NaOH solution. 
Hydrolysis of the ester groups produced lower RCPs. 
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Table II. Effects of Chelator Concentration on RCPs for p9mTcO(Ll)]2-, p9mTcO(L2)]2-, 
["mTcO(L3)], and [^TcOO^)]. 

Compound Concentration 
(MM) 

Temperature 
(°C) 

PH Time 
(min) 

RCP 

H4LI* 2.5 x 1 a 4 100 7.5 30 90 
H4LI 1.25 x 1 a 4 100 7.5 30 80 
H4LI 2.5 x lO"5 100 7.5 30 81 
H4LI 1.25xl0-s 100 7.5 30 76 
H4LI 2.5 x 1 a 6 100 7.5 30 11 

H4L2* 1.25x10-3 100 11.0" 30 97 
H4L2 2.5 x 1 a 4 100 11.0 30 89 
H4L2 1.25 x 10 4 100 11.0 30 65 
H4L2 2.5x10-5 100 11.0 30 25 

H4L2 2.5X10 4 100 9.0 30 85 
H4L2 1.25 x 1 a 4 100 9.0 30 60 
H4L2 2.5x10-5 100 9.0 30 28 

H3L3** 4.0X1&4 100 7.5 30 94 
H3L3 2.0 x 1 a 4 100 7.5 30 98 
H3L3 4.0x10-5 100 7.5 30 92 
H3L3 1.3x10-5 100 7.5 30 74 
H3L3 6.7 x 10-« 100 7.5 30 40 

H3L4 2.5X10 4 RT 7.5 60 95 
H3L4 1.25X104 RT 7.5 60 97 
H3L4 2.5 x i a 5 RT 7.5 60 93 
H3L4 1.25 x i a 5 RT 7.5 60 94 
H3L4 2.5 x lO 6 RT 7.5 60 78 
H3L4 1.25 x lO 6 RT 7.5 60 38 

Acm-L2 2.5 x lO 4 100 7.5 30 90 
Acm-L2 1.25 x 1 a 4 100 7.5 30 79 
Acm-L2 2.5 x l a 5 100 7.5 30 57 
Acm-L2 1.25 xlO<> 100 7.5 30 36 

The benzoyl group was deprotected using 1 N NaOH solution. 
Deprotection of the trityl-protected ethyl ester of H3L3 was achieved by a radical 
cleavage of C-S bonds, followed by hydrolysis of ethyl ester under alkaline 
conditions. 
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Stereochemical Tssues in the Synthesis of Bis-Bidentate fNS^ Amino Thiol 
Complexes of OxorheniumPVO and OxotechnetiumfV) Whose Structures Mimic 
Those of Steroids, 
Horn. R. K.: Chi, D. Y.;a Katzenellenbogen, J. A. 
Dept of Chemistry, University of Illinois, 600 S. Mathews Ave., Urbana, IL 61801 USA. 
aCurrent address: Samsung Hospital, Division of Nuclear Medicine, SO Ilwondong Kangnamgu, 
Seoul, Korea 135-230 

In the interest of preparing radiolabeled probes for steroid receptors which can be used to 
image receptor-positive tumors, we have developed two strategies to incorporate 9 9 m T c : (a) 
conjugation, where the metal-chelate complex is attached to a steroid, and (b) integration, where the 
metal-chelate system itself forms part of the skeleton of a molecule that mimics a steroid in size and 
shape. With the integrated approach, we have prepared a series of compounds designed from 
dihydrotestosterone (DHT) (1) that may be useful in imaging prostatic carcinoma (Fig. 1). 
Replacement of the trans-decalin system of the steroid with a metal (NS)2 core yields target 
compounds 2. 1 

Figure 1. Design of Metal Bis-Bidentate Complexes from Dihydrotestosterone. 

OH . OH 

r^N-»f ' N *- / (M=Re.99mTc) 

o^p 

We have shown previously that it is feasible to prepare simpler model systems related to 
complexes 2 conveniently and selectively.2 In these model oxorhenium and oxotechnetium bis-
bidentate systems, the heterodimer forms selectively over the homodimer when a 1:1:1 ratio of the 
metal and two ligands are used. In addition, due to the trans effect,3 these molecules exhibited a 
trans (NS)2 configuration around the metal core. Studies performed in vivo also showed that the bis-
bidentate compounds were reasonably stable.2 

A vital stereochemical issue must be addressed in the preparation of complexes 2. While the 
p-methyl and hydroxyl groups on the C and D ring mimic portion and the angular hydrogen in the A 
and B ring mimic portion of 2 can be set via synthesis, the configurations of the quaternary nitrogen 
and that of the metal oxo center are set upon complexation. In order to determine the behavior of the 
formation of these stereocenters, we pursued the preparation of model system 3 (Fig. 2). 

Precursors 4 and 5 can be conveniently obtained from Mitsunobu thiolation of the 
commercially available racemic alcohol4 and standard thiolation via the bromide of L-prolinol,2 

respectively. When the two bis-bidentate ligands were combined under standard conditions with an 
oxorhenium(V) source, two diastereomers were isolated and were determined to be compounds 6a 
and 6b (Scheme 1). 

441 



Figure 2. Design of Model Bis-Bidentate Complex Mimicking Androgens. 

OH 

o' xiF ciF 
H H 

2 (M = Re,Tc) 3 

Scheme 1. 

cp HS' 
s 

•r-% 0=ReCl3(PPh3)2 = \/? 

HNO NE, • rrr 
HI IN NaOAc / MeOH j T ^ 

80°C " „ 
5 6a: Ha 

fib: HP 

m 
Configurations within compounds 6a-b were deduced using 'H, 1 3 C , 1 H- 1 H correlated, and 

'H-^C correlated NMR spectrometry. The presence of the N-CH3 resonances in compounds 6a-b 
at about the same chemical shift as in compound 4 indicated an anti configuration of the 0=Re bond 
relative to the N-CH3 substituent; if the two groups were syn, the methyl resonance would be 
expected to be far downfield compared to the resonance in 4, due to the anisotropy of the 0=Re 
bond.5 These assignments were confirmed by X-ray crystallographic analysis of the structure of 
each of the diastereomers. 

The configuration of the N-CH3 substituent in complexes 6a and 6b is the opposite of that 
desired for high affinity binding toward the androgen receptor. Nevertheless, we believed that the 
presence of the methyl and hydroxyl groups on the C and D ring mimic of the complete steroidal 
complexes 2 would favor the formation of an 0=Re bond anti to both methyl moieties present, an 
orientation that would furnish a P N-CH3 configuration. 

We prepared the two bis-bidentate ligands needed for the full steroidal complexes 2 by the 
routes shown in Scheme 2. The A and B ring mimic 8 can be obtained from 2-picoline N-oxide. 

Scheme 2. 
1)HNCWHzS04 1)NaBH4 /^•US 

Ct - O ' o A 3 ? ? " ^ S " I" 2 ACSH.DIAD. j o u 

CH3 f)J$2C03 B n O - ^ ^ ^ 0 " 3)K2C03 -HCl 
5) CH3I 4) HCl, 1 eq HzO 

OH 
I ° H DPCO' , °Bn Ij^HDEAD u c / * - K 

^ U 2 )UA l ( 0.mu ) 3H ^ U 2 ) ^ H - D E A D H S

 H 0 
V N ~ - / 3)BnBr M U H N V 3)Na.NH3 H r , 
A 4}KOH.MeOH 4) HCl ' H U 

9 10 
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Nitration and benzyloxylation of the starting material affords 4-benzyloxy-2-picoline JV-oxide, and 
treatment with acetic anhydride, basic cleavage of the acetyl group, and methylation gives 
intermediate 7. Reduction of the pyridinium salt, Mitsunobu conversion to the thiol, and hydrolysis 
yields ligand 8. The C and D ring mimic 10 can be obtained from known compound 9. 6 Oxidation 
and re-reduction of 9 provides the desired relative stereochemistry, and selective protection of the 
amine and secondary alcohol allows for the Mitsunobu thiolation of the primary alcohol. 
Sodium/ammonia deprotection and HC1 treatment then provides 10. 

Upon complexation to an oxorhenium core, two diastereomers are again isolated (Scheme 3).' 
By NMR analysis, both methyl groups in compounds lla-b resonate at about the same chemical 
shift (+ 0.3 ppm) as in the free ligands, indicating that both substituents are anti to the 0=Re core. 
Therefore, one of these diastereomers is expected to have the natural steroid-like configurations at all 
the relevant centers. Furthermore, the diastereomers are separable by chromatography, allowing for 
the DHT mimic to be isolated for biological studies. 

Scheme 3. 
OH 

NEtj s ^ ^ 

INNaOAc/MeOH J 7 * lib: HB 
80 °C o ^ ^ t ^ ^ 

Conclusion. 
The bis-bidentate oxorhenium(V) DHT mimic can be prepared by a facile synthesis, and may 

prove to be useful in imaging and staging of prostatic carcinoma. The kinetics of complexation of 
die two ligands to the metal center are such that the 0=Re bond is anti to methyl and hydroxyl 
groups critical for biological activity, as required for appropriate mimicry of the natural steroid 
stereochemistry. 
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RADIOLABELLING OF AMINE RESIDUES WITH TECHNETIUM 

BASED ON THE MIXED LIGAND APPROACH. 

M.Papadopoulos, LPirmettis, EPaschali, AD.Varvarigou and E.Chiotellis. 

Institute of Radioisotopes - Radiodiagnostic Products, NCSR "Demokritos", 

POB 60228,153 10 Aghia Paraskevi, Athens (Greece). 

Our research projects are focused on the development of mixed ligand complexes with 

radiometals (1,2), [3+1 concept, SNS/S donor set], which could have interest in 

radiopharmaceutical studies. We have recently reported (3) the synthesis, and the 

biological evaluation of a series of neutral technetium mixed ligand complexes, which 

present high brain uptake and retention in mice. 

In the present study, we have synthesized a novel mixed ligand complex of the general 

formula TcOL,]^, where L,H2 is the N,N-bis(2-mercaptoethyl)ethylamine and L2H the N-

mercaptoacetyl-benzylamine. The synthesis of ligand LjH is outlined in Figure 1. 

Compound 1 contains an active ester, which is susceptible to nucleophilic attack, 

especially by amines. Initially, we evaluated the reaction of 1 with benzylamine as a model 

nucleophile. The S-protecting group was removed either by heating of compound 2 in 

alkaline solution for 15 min at 100°C, or by incubation with sodium methanolate prior to 

the labelling reaction. 

The mixed ligand complex "TcOI^Lj was prepared by reacting the tridentate 

aminodithiol (L,H2), and the monothiol (I^H) with a Tc(V)-gluconate precursor at a ratio 

of L,H2: LjH Tc, 1 :1 :1 . The neutral complex was extracted in CH2C12 and isolated as a 

crystalline product. The structure of the complex was confirmed by elemental analysis and 

spectroscopic methods (Table 1). 

The preparation of the mixed ligand complex at tracer level was accomplished by 

using mTc-glucoheptonate as precursor. The labelling yield, which was 30%, was 

calculated by CH2C12 extraction of the aqueous reaction mixture. The radiochemical purity 
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of the extracts was checked by HPLC (C18 reversed phase column, mobile phase 

MeOH/H20 70/30,1.0ml/min). When W m T c and 99Tc-complexes were coinjected, both 

radioactivity (for tracer) and UV-vis (for carrier) detectors exhibited identical 

chromatographic profiles, demonstrating that the same chemical stucture was formed in 

both cases (Figure 2). 

The results of biodistribution studies in mice are presented in Table 2. 

In summary, this method would be applicable for the labelling of small molecules 

containing amine residues. Further more, this approach could also be applied for the 

preparation of rhenium radiopharmaceuticals. 

<5>-coci H > - ' r , V-1 
HSCH2COOH - ^ • toVCOSCH2COOH — •«D>-COSCH2CON 

. 1 ° ^ J ^ CH,NH, 

^ - C O S C H 2 C O N H C H 2 - ^ 

NaOH/T 
or MeONa 

CH,CH2N mTc-elucoheptonate HSCH^ONHCHr^o) 
\ / - u /-u on ^ - ^ or Tc-gluconate^^^ i i vry 

LjH 2 

CH2CH2SH - v ^ ^ - ^ T H 

^ > . 

Q ^ S C H 2 C O N H C H 2 - @ 

7\ 
TcOL tL2 

Fig. 1 Syntheis of TcOL,L2 complex. 
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Table 1. Analytical data of TcOL,!^ 

Elemental Analysis 
Calc. Found 

IR spectrum 
(cm"1) 

UV--vis spectrum 
(nm) 

%C 39.29 38.99 939 Tc=Ostr 210 
%H 5.06 5.28 3298 N-H 295 
%N 6.11 5.82 3062 CH (arom) 460 
%S 20.98 21.78 1647 C=0 

\ / u v 
W 254 nm 

4.0 min 

gamma 
120-160KeV 

Fig. 2. HPLC profiles of "TcOI^Lj (UV) and '""TcOL,!^ (gamma). 

Table 2. Biodistribution data of ""TcOL,!^ complex in mice.' 

Organ 5 min 10 min 30 min 
Blood 83410.92 6.13±1.59 3.96±0.18 
Liver 19.57±2.03 20.60±3.55 32.6111.02 
Heart 0.57+0.06 0.37+0.02 0.1710.02 
Kidneys 6.65±1.76 5.86+131 4.0910.22 
Stomach 1.02±0.08 1.82+0.40 1.3810.29 
Intestines 9.2111.84 1430+2.10 18.5711.62 
Muscle 22.03±2.15 14.2512.05 9.59+0.77 
Lungs 2.15+0.16 1.83+0.22 0.9310.16 
Brain 0.41±0.05 033±0.02 0.1610.01 
Urine 1.62+1.00 6.42±0.75 10.191130 

1 %dose per organ. 
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A NEW MIXED LIGAND COMPLEX WITH RHENIUM AND TECHNETIUM. 

CRYSTAL STRUCTURE OF [4-TOLUENETHIOLATO][N-(2-MERCAPTO-

ETHYL)-N-(2-PYRR0LIDIN-l-YLETHYL)AMINE]-0X0RHENIUM(V)-

LPirmettis', MPapadopoulos*, Ch.Tsoukalas*, C.P.Raptopouloub, A.Terzisb, E.Chiotellisa. 

"Institute of Radioisotopes - Radiodiagnostic Products, bInstitute of Materials Science, 

NCSR "Demokritos", POB 60228,153 10, Aghia Paraskevi, Athens, (Greece). 

Our efforts to synthesize new chelate systems for technetium(V) (1,2) and rhenium(V) 

(3) for subsequent use in vivo diagnostic imaging and therapy led us to the development 

of a novel class of mixed ligand complexes with the general formula MO(NNS)(S). 

In the present study, we describe the preparation and characterization of a new 

oxorhenium complex and the corresponding oxotechnetium complex with the general 

formula MO(L,XLa), where L,H2 is the tridentate ligand N-(2-mercaptoethyl)-N-(2-

pyrrolidin-l-ylethyl)amine and LjH is the thiocresol. 

Complex 1, ReOL,L2, was prepared by a ligand exchange reaction using as precursors: a) 

ReOCl3(PPh3)2, b) the intermediate Re(V)-citrate or c) via [ReO(eg);,] (eg=ethyleneglycole), 

in a ratio of tridentate ligand to monodentate thiol 1:1. The mixed ligand complex 1 was 

isolated as red brown crystals and characterized by elemental analysis and spectroscopic 

methods (Table 1). The crystal structure of complex 1 was determined by x-ray 

crystallography. An ORTEP diagram is shown in Figure 1 and selected bond distances and 

angles are given in Table 2. The crystallographic data demonstrated that the coordination 

geometry is square pyramidal with Re being 0.67A above the basal plane of the pyramid 

defined by the NNSS atoms. Both sulfur atoms and nitrogen atom undergo ionization 

during complexation so that the total net charge of the ReO(NNSXS) core is zero. 

TcOL,L2, complex 2 prepared by reacting the tridentate, L,H2, and the monodentate, 

LjH, ligand with a Tc(V)-gluconate precursor in aqueous solution. The complex was 
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extracted by CH2C12 and isolated as brown crystals. IR, UV-vis, lH NMR and elemental 

analysis correspond to the stucture TcOL,Lj. (Table 1). Spectroscopic data suggest also that 

both complexes have the same configuration. 

Table 1. Analytical Data for ReOL,!^ and TcOL,! .̂ 

Comp. Elemental Analysis IR Spectra UV-vis 
%C %H %N %S M=0 str (nm) 

ReOL,L2 36.20 4.66 
36.11 4.89 

5.63 
537 

12.88' 
12.59" 931 cm"1 205, 234, 311, 385 

TcOL,L2 43.89 5.65 
43.71 5.74 

6.82 
6.57 

15.62" 
15.43" 952 cm"' 202, 282, 487 

* Calculated. " Found. 
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Fig. 1. ORTEP diagram of ReOL,L2 complex. 
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Table 2. Selected bond distances and angles 

Bond Distance 
(A) 

Atoms Angle (°) Atoms Angle 0 

Re-0 1.699 (4) Nl-Re-N2 78.6 (2) Sl-Re-N2 149.8 (1) 
Re-Sl 2.286 (2) Nl-Re-Sl 82.9 (1) O-Re-Nl 113.4 (2) 
Re-S2 2.321 (2) N2-Re-S2 86.9 (1) 0-Re-N2 99.7 (2) 
Re-Nl 1.931 (4) Sl-Re-S2 89.9 (1) O-Re-Sl 109.5 (2) 
Re-N2 2.198 (5) Nl-Re-S2 135.4 (1) 0-Re-S2 1105 (1) 
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Technetium and Rhenium Chemistry of Bis-Benzylidene-l,l-Diaminobutane 
Ligands MABH2, CABH2 and ABH2 

Suzanne J. Parrott+and Milind Rajopadhye 

Radiopharmaceutical Division, The DuPont Merck Pharmaceutical Company, 
331 Treble Cove Road, N. Billerica, Massachusetts, MA 01862, U.S.A. 
t Current Address: Department of Chemistry and Biological Chemistry, 
University of Essex, Wivenhoe Park Colchester, Essex, COt 3SQ, U.K. 

Six-coordinate complexes of technetium (V) and rhenium (V) containing 

the M 0 3 + core (M= 99n»Tc or Re) were synthesized from either stannous tartrate 

reduction of Na["mTc04J or from ligand exchange of [Re02(Py)4]Cl with 

tetradentate bis-benzylidene-l,l-diaminobutane ligands in methanol. These 

ligands contain the unusual gem-diimino methyl backbone. The structures of 

N^'-bis(2-hydroxy-4-methoxybenzylidene)-l,l-diaminobutane(MABH2), 

NJ>J-bis(2-hydroxy-5-chlorobenzylidene)-l,l-diaminobutane (CABH2) and 

N,N'-bis(2-hydroxybenzyUdene)-l,l-diaminobutane (ABH2) are shown below. 

MABH2: Rl = H, R2 = OMe CABH2: Rl = CI, R2 = H 

ABH2:Rl,R2 = H 

The complexes were of the general formula [MO(L)(MeOH)]Cl where M = 
9 9 m T c or Re and L = MAB, CAB or AB. The olive green rhenium complexes were 

obtained in high yields and were characterized by IR, NMR, HPLC, UV, MS and 
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microanalysis. The 99i«Tc complexes were studied by HPLC via radiometric 

detection. The biodistribution of P^cCKMABJCMeOH)]"1- in rats was also 

evaluated. We believe that the complex comprises the tetradentate ligand 

occupying equatorial sites of the octahedral coordination sphere, an axial M=0 

group, and the methanol trans to M=0. The proposed structure is similar to the 

Tc and Re complexes of the classical Schiff bases such as (sal)2enH2 and 

(sal)2phenH2(l). 

The optimum conditions for labeling these ligands with 99Tc was 

found to be the stannous tartrate (0.075 mg) reduction of a mixture of aqueous 

Na[ 9 9 mTc04] (1 ml of 50mCi/ml) and the bis-benzylidene-l,l-diaminobutane 

ligand (2 mg) in methanol, with the pH of the solution adjusted to 12 using IN 

NaOH. The optimum reaction time was 50 min. at room temperature. The yields 

and HPLC retention times (R.T.) are summarized in Table 1. 

Table 1: Labeling Results 

Complex Yield, % R.T.,min. Stability 

[99mTco(MAB)(MeOH)]+ 75 10.77 >4h 

[99mTco(AB)(MeOH)]+ 45 11.75 >4h 

[99mTc0(CAB)(MeOH)]+ 21 11.67 >4h 

HPLC conditions: Flow Rate, 1.5 mL/min. 

A = 700:300:1 H20:MeCN:TFA; B = 100:900:1 H20:MeCN:TFA; Unear gradient 

from 100% A to 100% B over 10 mins, 100% B for 1 min., then 100% A. 
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The complex P9mTcO(MAB)(MeOH)]+ was formed in consistently high 

yield, found to be stable over time, and selected (chemically) as most promising 

for biodistribution study. Labeling of CABHfe gave low yields which may be 

attributed to the electron withdrawing property of the para-chloro substituent 

which compromised the ability of the ligand to coordinate. The average results 

of the biodistribution study of [99mTcO(MAB)(MeOH)]+ in rats is shown in 

Table 2. 

Table 2: Average % ID per organ obtained 60 mins post injection (n^3) 

Brain Spleen Stomach GI Kidney Liver Lung Heart Carcass Blood 

0.03 0.18 1.56 32.74 1.89 11.07 0.96 0.29 49.79 4.03 

The synthetic procedure outlined above should be readily applicable to 

the production of a range of Tc(V) and Re(V) complexes exhibiting a graduation 

of structural and electronic properties. The lipophilicity or the charge of the 

complex can be altered by varying the substituents on the aromatic ring, while 

still retaining the metal ion in a given formal oxidation state and coordination 

environment. The convergent one-pot synthesis of these ligands (2) from 

substituted salicylaldehyde and appropriate "backbone" aldehyde may also allow 

functionalization of the backbone, which could include conjugation of a 

biologically active molecule. 
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Cvclnnentadienvltricarhnnvlrhenium and Technetium. An Organnmetallic Approach 
to Labeling Small Molecules with Radiometals. Studies o n a n Ligand Transfer 
Process. 
Spradau. T.W. and Katzenellenbogen, J. A. 
Department of Chemistry, University of Illinois, 600 S. Mathews Ave., Urbana, IL 61801, USA. 

As part of an ongoing effort to develop estrogenic radiopharmaceuticals containing 9 9 m Tc, 
I 8 6 Re, or 1 8 8Re, the merits of the half-sandwich complexes 1 as tagging agents are under 
investigation. Cyclopentadienyltricarbonylrhenium and technetium (CpTR or CpTT) complexes are 

^ ^ 

CO 
1 M- M m rc , 1 S 6 Ro.of i88Ra 

stable to both ligand exchange and oxidative processes, and are relatively small, lipophilic units 
suitable for derivatizing receptor ligands and proteins.1 

Traditional methods for connecting 99mXc to a molecule require the attachment of a heteroatom-
containing chelate complex to the substrate of interest ""Tc incorporation leads to molecules such as 
2, in which the metal-containing appendage is very large. Because Tc(V) complexes tend to also be 

2 M-TcorRe 
more reactive than their Tc(T) analogs, the aforementioned attributes of CpTT make it an attractive 
candidate for substrate tagging. 

Conventional methods for preparing CpTT rely on the reaction of a cyclopentadienyl anion 
with a Tc(I) carbonyl species. This requires a vigorous and protracted reduction/carbonylation process 
from TcCVTf), a procedure that would be difficult to undertake at the no-carrier-added level. These 
synthetic problems were in large part solved by Martin Wenzel, who in a 1992 paper described the 
following remarkable transformation: 

^ ^ + « - T c 0 4 - + Mn(CO)5Br ^ * ™ F - OC'Tc-CO + O C ^ ' c o 

3 4 

This reaction accomplishes the reduction, carbonylation, and cyclopentadienylation of 9 9 m Tc (VH) in a 
single step. In a recent paper the same author reported the only CpTT-tagged estrogens prepared to 
date.2 

An unfortunate and unavoidable by-product of the reaction is the analagous manganese 
compound 4, which was inseparable from its " m T c congener. Such contamination would diminish 
the effectiveness of this method for preparing " T c imaging agents, since the Mn impurity (present in 
large excess) is likely to compete with its W l n Tc analog for substrate binding sites. Use of other 
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carbonyl donors like Fe2(CO)9, [CpFe(CO)2]2, sodium formate, or oxalic acid led to substantially 
diminished yields.lb 

The primary goal of the work to be described herein was to improve Wenzel's CpTT reaction 
protocol to yield CpTT-derived products that are both radiochemically and chemically pure. A 
secondary goal was to extend the chemistry to the production of CpTR compounds. 

The latter goal was realized in the form of acetylcyclopentadienyltricarbonylrhenium (AcCpTR, 
5) by simply substituting KRe04 for ""TcO^ in Wenzel's procedure for the preparation of AcCpTT. 
This led to a 4.5:1 mixture of 6/5 (Scheme 1), which was separable by careful chromatography. 

Scheme 1. AcCpTRfrommonoacetylferrocene 

Fe + K R G < V + Mn(CO)5Br + SnCI2 0 C - R e , C O + O C - M n - C n 

"$5> 1 5 0 „ c . ; 1 h r co co S 6 
Though the two products were separable in this simple case, it was expected that more complex side 
chains might overwhelm the small inherent difference in metal-carbonyl dipole moments, and thus 
make purification impossible. This would result in a situation similar to that experienced by Wenzel 
for the inseparable " T c and Mn coproducts. 

A study was therefore undertaken to find a more suitable carbonyl donor for this reaction. As 
can be seen in Table 1, the Group VI metal carbonyls provided reasonable yields of AcCpTR, which 
could be obtained in pure form via simple column chromatography. The various carbonyl donors 
mentioned by Wenzel as alternatives to Mn(CO)sBr (e.g. Fe2(CO)9, oxalic acid, etc.) were unable to 
promote the Re reaction. 

Table 1. Diacetylferrocene/KReCVSnCh reaction Table 2. Monoacetylferrocene/KRe04/Cr(CO)6 
with various carbonyl donors. reaction with selected reducing agents. 

Carbonyl Donor Yield Reducing Agent Yield 

Mn(CO)sBr 53% none 5% 
Cr,Mo,orW(CO)6 45% SnCl2 36% 

Fe(CO)5 
20% FeCl2«4H20 

FeCl2 

28% FeCl2«4H20 
FeCl2 40% 
CrCl2 53% 
wcu 59% 

An investigation into the ability of various low-valent metal salts to promote the reaction followed, and 
representative results are collected in Table 2. These data revealed several points of interest. First, 
though many reducing agents fostered the transformation, their presence was not absolutely necessary, 
as some product was formed in their absence. Second, monoacetylferrocene transferred only its 
substituted ring to rhenium, though not quite as efficiently as l,l'-diacetylferrocene. (No 
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unsubstituted CpTR has been detected in these reactions.) Lastly, the Group VI metal chlorides 
outperformed the other salts tested. 

A survey of different reaction media produced the data compiled in Table 3. It can be seen that 
methanol works best, while THF was ineffective. This contrasts with Wenzel's observations for 
CpTT, as THF (with or without added H2O) was almost as good as MeOH in his studies. It is 
significant that added BU3P increases the yields considerably, as this allows reactions to be conducted 
under aprotic conditions, if necessary. 

Table 3. Monoacetylferrorene/KReO^CtfCOyCrCk Table 4. KReC<4/Cr(CO)6/SnCl2 reaction 
reaction in various solvents. with an assortment of Cp donors. 

Solvent Yield Cp Donor Yield 

THF 0 CpaMg 5%. 
THF/Bu3P (3:1) 33% Cp2Cr 5% 

DME 5% CP2VCI2 10% 
DME/Bu3P(3:l) 37% 

53% 
Cp2Ni 32% 

Methanol 
37% 
53% 

Methanol/Bu3P(3:l) 16% 

A drawback of this method is that only cyclopentadienyl (Cp) rings containing acyl side chains 
have been successfully transferred thus far. As can be seen in Table 4, though, there are other 
metallocenes which are capable of acting as Cp donors in this reaction. Thus far, nickelocene works 
best, but the scope of this transformation is still under investigation. 
Conclusion. 

This work demonstrates the extension of Wenzel's methodology to the production of 
substituted CpTR compounds. The use of Group VI metal carbonyls enables the production of 
chemically pure CpTR derivatives, while adding a Group VI metal chloride increases the reaction 
yield. Combining BU3P with ethereal solvents allows the transformation to be done in an aprotic 
medium. Finally, unsubstituted CpTR was prepared via this method for the first time using 
nickelocene as the Cp source. 
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Radiolabeling Phosphinophenol (PO2 and P2O4) Ligands with 99mj c 

and Preliminary Biodistribution Studies of the 9 9 m Tc-P204 Complex 

Hongyan Luo,+ Donald M. Lyster,* Can Vo,* Magie Hampong*and Chris Orvigt* 
+Department of Chemistry, University of British Columbia, Vancouver, Canada 

^Division of Nuclear Medicine, Vancouver General Hospital, Vancouver, Canada 

We have synthesized hydrochloride adducts of two new functionalized phosphines: H2P02-HC1 (1) 

and H4P204-2HC1 (2). From these two ligands, neutral complexes, ["TcO(P02)(HP02)] ( 2 ) , 1 , 2 and 

[9 9Tc(HP204)(S)]S (S = EtOH, 4J, 2 were synthesized in high yield by the direa interaction of "TCO4- with 

the hydrochloride adducts of the functionalized phosphines, which function as both reducing and ligating 

agents. The successful preparation of these two "Tc complexes prompted us to investigate the preparation 

of " T c analogs and the biodistribution of the " T c complexes. 
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The 9 9 m T c labeling procedure was as follows: 1 mL of a solution of the appropriate ligand in 

ethanol (0.014 and 0.016 M for 1 and 2, respectively) was added to a sterile, pyrogen-free, 10 mL vial. The 

vial with the solution was purged with N2 for at least 10 min. The desired amount of 9 9 mTc04"in saline 

solution (ca. 1 mCi) was injected into the vial, and the mixture heated in a 100 °C water-bath for ca. IS min. 

The radiochemical purity was then checked by TLC.3 With this procedure, two hot spots (Rf=0.0 and 0.43) 

were found for ""Tc-PCh (£). with the overall yield of 80-90 %, while the labeling efficiency of 9 9 m T c -

P2O4 (ffl, was consistently very high (> 95%, Rf = 0.43).4 The identities of the two " T c complexes were 

comparable to those of (2) and (4J respectively, on the basis of TLC. No significant changes in Rf values of 

(5) and (fi) were observed when the ethanolic solution of the 9 9 m T c complexes were diluted with water, 

indicating the high aqueous stability of the " T c complexes. Rgure 1 shows the radiochromatographic plot 

of (6j after dilution. 

Table 1. The tissue distribution in % uptake per gram of (fi) in mice (mean ± S.D. for 5 mice). 
Organ 15 min 30 min 60 min 4h 24 h 
Blood 1.16(0.17) 0.86(0.11) 0.43 (0.02) 1.01 (0.97) 0.74 (0.75) 
Liver 31.51 (5.29) 34.28 (13.51) 24.26 (1.86) 34.38 (14.97) 8.02 (1.08) 

Kidney 2.26 (0.79) 2.95 (0.94) 1.83 (0.23) 2.56 (1.59) 0.98 (0.25) 
Spleen 12.95 (2.73) 9.10 (4.95) 5.29 (1.55) 3.66 (1.29) 2.54 (1.38) 
Muscle 0.40(0.11) 0.40(0.18) 0.30 (0.07) 0.43 (0.22) 0.47 (0.22) 
Stomach 0.42(0.11) 0.64 (0.25) 0.41 (0.10) 0.98 (1.00) 0.66 (0.44) 
Lungs 4.41 (1.06) 2.74 (0.48) 1.12 (0.17) 1.48 (1.13) 0.91 (0.73) 
Heart 2.47 (0.62) 2.19 (0.72) 1.09 (0.21) 1.50(1.23) 0.99 (0.39) 
Bone 0.68 (0.44) 0.41 (0.09) 0.26 (0.07) 3.35 (5.13) 1.61 (1.14) 
Brain 0.01 (0.01) 0.02 (0.03) 0.03 (0.02) 0.22 (0.26) 0.21 (0.17) 

Biodistribution studies of (fi) (the final solution: 100 fiCi in 10.0 mL of 0.5 % EtOH in H2O) was 

performed with male mice (CD-I/UBC, 37-46 g). All mice were injected with 0.1 mL (1 u.Ci) of the final 

solution. Five animals were used for each data point and the results are expressed as the average percent 

uptake of injected dose per gram (or per organ) of tissue. The biodistribution of (fi) per gram are listed in 

Table 1. The tissue distribution of the complex (per organ) in mice is shown in Rgure 2. The clearance of 

(6J from the bloodstream was rapid after intravenous injection; in 15 min, the level dropped to < 5% of the 

injected activity. The diagram clearly indicates that 70% of injected dose was localized in the liver after 15 

min or less, and this elevated level was retained for 4 h. The levels in all other organs or tissues were found 

to be low (less than 10%) (Figure 2). 
2 
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As shown in Figure 3, the relative uptake of (fi between the liver and the blood remained > 25 for 4 

h post injection, with the maximum at about lh. The ratio of liver to kidney remained above 10 for at least 

4 h. The preliminary result shows that (fi) is a potential liver function agent With the dual function of (2) as 

both ligating and reducing agent, a distinct advantage of this procedure is its simplicity in labeling. No other 

chemicals, such as pH buffer, or stabilizer are required for this. The simple, rapid labeling for (£), provides 

a kit-amenable procedure for clinical application, and this procedure merits further investigation as a 

potential liver function agent. 

•Liver/Blood 

• Liver/Kidney 

Figure 3. Relative liver uptake of (© vs. blood (top) and kidney (bottom). 
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New Technetium-99m and Rhenium Complexes of Novel Water-Soluble Bis 
Phosphines. D.B. Beming,1 V. SreenivasaReddy,2K.V. Katti,23 P.R. Singh2, TJ . Hoffman,4, 

W.A. Volkert,2,4 and A.R. Ketring.3 'Departments of Chemistry and 2Radiology, 3Research 

Reactor, University of Missouri and Research Service, 4H.S. Truman Memorial Va Hospital, 

Columbia, MO 65211, U.S.A. 

The properties of phosphines to act as ligands and also as coordinating reducing agents 
toward Tc-99m have made them a useful family of ligating frameworks in diagnostic radiopharma
ceutical applications. In particular, chelating bisphosphines have been extensively used in the 
development of Tc-99m-based radiopharmaceuticals [1-3]. Most of the chelating bisphosphines 
used in Nuclear Medicine contain alkyl substituents on the phosphorus and are oxidatively unstable 
at or near neutral pH. This limits their consideration for use in designing Afunctional chelating 
agents (BFCAs) in preparing site-directed "Tc/'^Re radiopharmaceuticals. As part of our on 
going research in the development of new phosphines for use in transition metal chemistry and 
radiopharmaceutical applications [4], we report, herein, generation of new water-soluble and 
oxidatively-stable bisphosphines of the general formula (A). 

HCHO 
HjP—E—PH2 >R2P—E—PRj Equation (1) 

KjPtCI, 
(catalyst) (A) 

R = CH2OH, E = (CHj^^Pl); CSH, (BP2) 

The new bisphosphines, BPl and BP2, form stable complexes with " T c (and Re(V)). This paper 
reports (a) the synthesis of BPl and BP2; (b) application of BPl and BP2 in complexation 
reactions with Technetium and Rhenium precursors and (c) X-ray structure of a Re(V) complex 
derived from BPl. The bisphosphines BPl and BP2 were prepared in "90% yields via the 
hydroformylation of the corresponding bisphosphine hydrides (eqn. 1). BPl and BP2 were 
characterized by 'H and 3 IP NMR spectroscopy. BPl and BP2 are highly-soluble in water and are 
also stable to oxidation in 02-containing aqueous media. 

The " T c complexes of BPl and BP2 were prepared by simply mixing 0.1 ml of N. saline 
containing "TcO; (0.5-5 mCi) with 0.4 ml of N. saline containing 1 mg/ml solution of BPl or 
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BP2. The mixtures were incubated for lh before analyzing the products by electrophoresis and 
reversed phase HPLC (PRP-1 column) using a gradient elution system. The Tc-99m chelates of 
both BP1 ("Tc-BPl) and BP2 ("Tc-BP2) were found to be singular, cationic chemical species. 
For example, the retention time of "Tc-BP2 was 8.43 min in comparison to 1.8 min for 9 9TcOj. 
The yields of "Tc-BPl and "Tc-BP2, as determined by HPLC and TLC, were *95% (Table 
1). Both " T c complexes were found to be stable in human serum at pH 7.4-7.8 and 37°C for 
i 24 hr (Table 1). "Tc-BPl cleared efficiently from the blood stream in anesthetized rats where 
87.9 ± 4.3% was excreted into the urine 2 hr after injection. It is important to note that 
products identical to "Tc-BPl and 95mTc-BP2 were formed within 5 min when "TcO,; was 
reduced with Sn(II) in the presence of 1 mg/ml aqueous solutions of BP1 or BP2. The identity 
of these products were confirmed by electrophoresis and HPLC analysis. In order to gain insight 
about the coordination chemistry of BP1 and BP2 with " T c , we have investigated their reactions 
with the Re(V) precursors. BP1 dissolved in water, reacted with the dichloromethane solutions 
containing ReOjI^Ph^ or [ReOjtNCsHsXJCl under biphasic conditions to produce cationic dioxo 
rhenium(V) complexes in 85.90% yields as outlined in Scheme 1. The retention time of Re-BPl 
under reversed phase HPLC (PRP-1 column) was 8.38 ml suggesting similarity in the structure 
to its 9 9 mTc analogue ("Tc-BPl = 8.49 min). The Re-BPl and Re-BP2 complexes were 
characterized by *H and 3 IP NMR spectroscopy and C, H, N analytical data. The final 
confirmations of the structures of these complexes were obtained by single crystal X-ray analysis. 
These results show that even though hydroxymethylphosphine groups are less basic (and not 
readily oxidized by OJ than alkylphosphines (e.g., DMPE), they are capable of forming well-
defined complexes with excellent in vitro and in vivo stability. The ability of hydroxymethyl
phosphine ligands to form high yield and RCP chelates with " T c at neutral pH in aerated aqueous 
solutions make them attractive candidates for designing new BFCAs in preparing "Tc-site-
directed radiopharmaceuticals. 
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4. Katti, et al. - Chem. Soc. Chem. Rev. (1995) (in print) 
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Table 1. Complex yields and in vitro stability of the " T c complex resulting from the 
reactions of BPl and BP2, respectively, with "TcO; 

Time 
(hrs) 

% Complexation Yield* 
Time 
(hrs) "Tc-BPl 9 9 mTc-BP2 

0 97 ± 1.3 98 ± 1.7 

4 98 ± 1.1 98 ± 1.2 

12 97 + 1.0 97 + 1.4 

24 97 + 1.4 98 + 1.2 

Stability in Human Serum at 37°C 

24 98 + 1.8 96 ± 1.2 

*The ""Tc-complexes with BPl and BP2 formed at neutral pH (pH 6-7.5) by mixing 1 
ml of 1 mg/ml of BPl or BP2 in N. saline and 0.1 ml of "TcOHO. 1-2 mCi) in N. saline 
at room temperature. Serum stability studies were performed by adding 50 jtl of the 
complex solution to 0.95 ml of human serum. The RCP at 0, 4, 12 and 24 hr is reported 
as the mean + SD (N=5). 

(CH2OH)2P 

H 2 H 2 

B P 1 T I (CH2OH)2 

Re0 2l(PPh 3) 2 

or 
[Re02(NC5H5)lCI 

H2 H2 

(CH2OHhP^ >(CH2OH)2 

0 = R e = 0 
(CH 2OH) 2P^ J '̂(CH2OH)2 

H 2 H 2 

Re-BPl 

Rc-P = 2.480(2)A; Re4) = 1.774<5)A 

Scheme 1 Figure 1 
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1.4-Ethano-1.4.8.11-Tetraazacvclotetradecane (Et-Cyclam): a New Liqand forCu-64.67 
T. M. Jones-Wilson. D.E. Reichert, C.J. Anderson, and M.J. Welch. Mallinckrodt Institute of 
Radiology, Washington University School of Medicine, St. Louis, MO 

In vivo stability is an important factor in designing chelates for use with radiocopper 

azamacrocyclic ligands have shown high affinity for Cu(ll) and the complexes have exhibited 

high stability in vivo. (1) Addition of a carbon bridge between nitrogens in an azamacrocycle 

restricts the available conformations of the free ligand by opening the macrocyclic cavity, thus 

preorganizing the ligand for binding the metal ion. Preorganization contributes to complex 

formation and stability by providing a drop in strain energy (U) upon complex formation. Rates of 

complex formation may also be increased due to the reduction of conformations available to the 

free ligand.(2) 

A tetradentate reinforced azamacrocyclic ligand for coordination to Cu(ll), 1,4-ethano-

1,4,8,11-tetraazacyclotetradecane (et-cyclam) has been prepared in 25% yield using a modified 

procedure of Wainwright (3) (Scheme 1) from 1,4,8,11-tetraazacyclotetradecane (cyclam) and 

1,2-dibromoethane in ethanol at reflux for 68 hours. Et-cyclam was isolated and purified by 

vacuum sublimation and fully characterized. The location of the ethano bridge on the cyclam 

backbone was confirmed by X-ray crystal structure. Et-cyclam was labeled with " ^ C u in 

quantitative yield in 0.1 M NH,OAC, pH 5.45 at room temperature in 10 minutes and the 

radiochemical purity established by radio th.in layer chromatography (Whatman KC18; 92:8 ACN: 

0.1 M NH4OAc, pH = 2; R, = 0.37). 

Scheme 1: Synthesis of et-cyclam and radiometal labeling. 

\ J \ J pH5.45 \ / 
^ v / ^ ^ ^ ^ ^ 10 min, room temp. ^ ^ / ^ 

Stability of 67Cu-et-cyclam towards exchange of metal ion in solution was assessed by 

cold Cu(ll) challenge at 37 °C with a ten-fold excess of Cu(ll)-acetate. No exchange of the 

radioactive metal with acetate was indicated over 4 days. The stability of MCu-et-cyclam in 
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serum was also evaluated. 64Cu-et-cyclam was stable to transchelation after incubation with rat 

serum for 24 hours. 

Biodistribution in female Sprague-Dawley rats was evaluated (n=4)(table 1). Significant 

renal and hepatic uptake was found for the complex; clearance of activity from the kidneys and 

liver was slow. Due to the hepatic and renal uptake, the liver and kidneys were assayed for 

metabolites at 1, 2 and 24 hours post injection. Livers and kidneys were harvested, rinsed, 

homogenized, sonicated and centrifuged, and the pellet and supernatant analyzed by radio thin 

layer chromatography. Analysis of the liver and kidney supernatant extract showed a single 

radioactive peak with an R( identical to the injectate, indicating that the chelate was intact in vivo. 

Table 1: Selected biodistribution data for MCu-et-cvclam, (%ID/organ). 
Organ 15min 2 hrs 24hrs 
Blood 3.19 ±0.29 0.69 ±0.23 1.40 ±0.07 
Liver 16.28 ±1.96 25.21 ± 12.67 13.40 ±2.78 
Kidney 7.54 ±0.96 10.85 ±5.17 4.19 ±0.42 
Heart 0.089 ±0.02 0.033 ±0.02 0.091 ±0.010 
Sm. Int 1.39 ±0.27 2.24 ±1.40 1.29 ±0.14 
U. Ig. Int 0.93 ±0.16 4.06 ±3.01 1.23 ±0.20 
L Ig. Int. 0.55 ±0.11 0.47 ±0.22 3.45 ±0.60 

• Biodistributions of "Cu-cyclam (1,4,8,11-tetraazacyclotetradecane) and "Cu-TETA 

(1,4,8,11-tetraazacyclotetradecane-1,4,8,11-tetraacetic acid) in female Sprague-Dawley rats 

were also determined for comparison of renal and hepatic activity of the three M Cu complexes 

(figure 1). Both MCu-et-cyclam and "Cu-cyclam (+2 charge) presented similar and higher uptake 

in the liver and kidney than found for "Cu-TETA (-2 charge). Both positively charged complexes 

were retained in the clearance organs at 24 hours post injection. 

Recently, differential retention of radiocopper labeled monoclonal antibody fragments and 
MCu-labeled octreotide in the clearance organs has been correlated with the charge of the 

conjugated chelate.(4,5) The high hepatic and renal uptake found for the positively charged M Cu 

labeled et-cyclam and cyclam chelates indicates that, for azamacrocyclic chelates, the positive 

charge of the complex may be a critical factor in the high clearance organ uptake. 
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• 64Cu-et-cyclam 

• 64Cu-cyclam 

• 64CU-TETA 

15min 2 hours 24 hours 
Time 

15min ' 2hours '24hours' 

Time 
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Copper(I) bis(diphosphine) complexes as a basis for PET and therapeutic 

radiopharmaceuticals. 

J. S. Lewis,1 J. Zweit,2P. Carnochan,2 P. J. Blower1,3 

' University of Kent, Canterbury, UK; 2Instutute of Cancer Research, Royal Marsden 

Hospital, Sutton, UK; 3Kent and Canterbury Hospital, Canterbury, UK. 

To date, radiopharmaceuticals containing copper radionuclides have comprised 

copper(II) complexes of bis(thiosemicarbazide) or polyazamacrocyclic ligands such as cyclam, 

TETA and DOTA (/). Copper(I) chemistry has hitherto not been exploited. Here we report on 

the utility of copper(I) complexes with diphosphine ligands (Fig.l) as the basis of copper 

radiopharmaceuticals. 

Addition of a small volume of ethanolic dppe (1) or dppey (2) to no-carrier-added 

aqueous 64CuCl2 results in immediate and quantititave formation of lipophilic cations 

MCu(dppe)2* (logP 1.63) or ̂ CuCdppeyV (logP 1.59), respectively (Fig. 2). The complexes 

were identified unambiguously by TLC in comparison with authenticated (elemental analysis, 

'H and 3 I P NMR, FABS-MS) recrystallised samples of the non-radioactive analogues (2). The 

complexes were equally readily synthesised with Ag(dppe)2* or Ag(dppey)2* as the source of 

diphosphine. An analogous lipophilic cation (logP 1.43) was prepared (Fig. 2) by addition of 

no-carrier-added aqueous "CuCfe to Myoview™ vials (J), which contain the diphosphine 

Iigand tetrofosmin (3). Preliminary measurements of serum stability of the complexes over 2 h 

(rat serum, from logP values and gel filtration chromatography), and biodistribution in 

tumour-bearing rats (Fig. 3), indicate that the Cu(diphosphine)* cores are sufficiently stable for 

radiopharmaceutical application. 

The diphosphino-maleic anhydride 4 (•/) provides an opportunity to derivatise the 

complexes and prepare bioconjugates. It reacts with CuCk in non-aqueous solvents to give the 

expected copper(I) complex In both the complex and the free ligand, the anhydride group can 
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undergo hydrolysis to yield the water-soluble carboxylic acid derivative, and aminolysis (e.g. 

with benzylamine, glycine, lysine) to yield amide conjugates (Fig. 2). 

In conclusion, copper(I) bisdiphosphine complexes provide a versatile basis for 

synthesis of copper radiopharmaceuticals and bioconjugates. 
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Fig. 1. Structures of diphosphine ligands. 
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Mixed Bisfthiosemicarbazone) Ligands for Preparation of Copper Radiopharmaceuticals: 
Synthesis and Evaluation of Tetradentate Ligands Containing Two Dissimilar Thiosemicarbazone 
Functions. 
John K. Lim, Carla J. Mathias, and Mark A. Green. 
Department of Medicinal Chemistry, Purdue University, West Lafayette, IN 47907-1333. 

Copper-62 labeled pyruvaldehyde bis(N4-methylthiosemicabazonato)copper(II), Cu-PTSM (Figure 
IB, Ri = R2 = -NHCH3), has been widely investigated as a generator-based radiopharmaceutical 
for evaluation of regional tissue perfusion with positron emission tomography (PET), since it 
affords reasonably high extraction and prolonged "microsphere-like" tissue retention of the copper 
radiolabel following intravenous administration (1). Contrary to experience with the dog model 
(2), in humans myocardial blood flow is significantly underestimated with Cu-PTSM at high rates 
of flow (3), apparently due to strong binding of Cu-PTSM to human serum albumin (4). An 
extensive number of related bisfthiosemicarbazone) complexes derived from P-ketoaldehydes have 
been studied (5). Two related agents, Cu-ETS and Cu-n-PrTS, have been identified that do not 
exhibit the problem of inter-species variability in albumin binding that has been problematic with 
Cu-PTSM (4). This has led to renewed interest in better definition of the limits of copper(II) 
radiopharmaceutical chemistry with bis(thiosemicarbazone) ligands. While the properties of such 
copper radiopharmaceuticals are quite sensitive to substitution patterns at the Ri and R2 sites (5), 
conventional synthetic methods (involving condensation of a (3-ketoaldehyde with two equivalents 
of a thiosemicarbazide derivative) result in ligands in which R] and R2 can not be independently 
varied (i.e., Ri = R2 in Figure 1). To gain access to ligands in which the properties of the final Cu 
complex can be more finely-tuned to optimize radiopharmaceutical biodistribution and 
pharmacokinetics, it is desirable to develop methods for preparation of "mixed" 
bis(thiosemicarbazone) ligands containing dissimilar thiosemicarbazone functions (i.e., Ri * R2 in 
Figure 1). We report here the development of synthetic methods that provide access to such mixed 
bis(thiosemicarbazone) radiopharmaceuticals. 

/ 
NH—C 

^ < T N S ^ \ / 
I ,Cu 

" \ // " \ / 
NH C 

R, 

N = C \ 
R, 

A B 
Figure 1. General structural formula of (A) the pyruvaldehyde bis(thiosemicarbazone) 

ligands and (B) the corresponding copper(II) complexes. 

Attempts to generate pure samples of the "mixed" bis(thiosemicarbazone) ligands by methods 
described in the literature (6,7) produced unsatisfactory results. In our hands the reported reaction 
conditions (6,7) produce a random mixture of the four possible ligand permutations (two mixed 
and two "unmixed" ligand products). An alternate synthetic strategy was required to avoid the 
resultant, potentially intractable, separations problem. 
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Scheme I 
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The strategy successfully employed for the synthesis of the "mixed" bis(thiosemicarbazone) ligands 
is outlined in Scheme I. The aldehyde moiety of pyruvic aldehyde was masked as the dimethyl 
acetal 1 and the condensation of the first thiosemicarbazide accelerated by activated molecular 
sieves. The isolated acetal 2 was oxidatively cleaved to generate the stable aldehyde 3, which was 
then condensed with a second thiosemicarbazide to produce the desired "mixed" 
bis(thiosemicarbazone) A. The final products were characterized by mass spectrometry and J H-
NMR spectroscopy. 

The four new "mixed" bis(thiosemicarbazone) ligands obtained in this manner are shown in Table 
1. The copper-67 complexes of the "mixed" bis(thiosemicarbazone) ligands were prepared by 
methods analogous to those employed for 6 7Cu-labeled Cu-PTSM (4) and their radiochemical 
purity found to exceed 99% by thin layer chromatography. The octanol/water partition 
coefficients for the neutral "mixed" bis(thiosemicarbazonato)copper(II) complexes are reported in 
Table 1. (Data for CuPTS, CuPTSM, and CuPTSM2 are included for comparison.) The 
biodistribution of these 6 7 C u complexes was determined in rats following intravenous 
administration via the femoral vein under diethyl ether anesthesia (Tables 2 and 3). Ultrafiltration 
studies of albumin binding with these four new complexes reveal that they, like Cu-PTSM and Cu
PTS, bind more strongly to human serum albumin than to dog serum albumin. Work remains in 
progress to extend these methods to preparation of the "mixed" bis(thiosemicarbazone) derivatives 
of a wider variety of p-ketoaldehydes. 

This work was supported by a grant from the National Heart, Lung, and Blood Institute of the 
Public Health Service (R41HL53067). 
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Table 1. Measured octanol/water partition coefficients (P) for the 6 7 C u 
complexes formed with the "mixed" bis(thiosemicarbazone) ligands. The 
substituents Ri and R2 are numbered as shown in Figure 1. Data is also 
shown for the related tracers: Cu-PTS, Cu-PTSM, and Cu-PTSM2 (5). 

Compound Ri R 2 logP 

Cu-PTS NH 2 NH 2 0.76 + 0.04 
i NH 2 NHCH3 1.35 ±0.01 
ii NHCH3 NH 2 1.51 ±0.01 

Cu-PTSM NHCH3 NHCH3 1.92 ±0.04 
lii NH 2 N(CH 3) 2 1.97 ±0.01 
iv NHCH3 N(CH 3) 2 2.62 ±0.04 

Cu-PTSM2 N(CH 3) 2 N(CH 3) 2 3.18 ±0.05 

Table 2. Myocardial Uptake of 6 7Cu-Complexes in the Rat Following 
Intravenous injection. 

Percentage of the Injected Dose in the Heart* 
Compound lmin 5min 120 min 

Cu-PTS+ 2.8 ±0.4 2.3 + 0.1 -
i 2.73 ±0.15 2.44 ±0.14 2.03 ±0.23 
ii 2.84 ±0.16 2.86 ±0.01 2.59 ±0.22 

Cu-PTSM+ 2.7 ±0.3 3.4 ±1.2 3.3 ±0.9 
iii 1.59 ±0.27 1.23 ±0.17 1.05 ±0.09 
iv 1.43 ±0.05 1.27 ±0.19 0.89 ±0.13 

Cu-PTSM2

+ 0.97 ±0.15 0.43 ±0.14 -
•Values represent the mean ± standard deviation of data obtained from three rats. 
+From reference 5. 

Table 3. Cerebral Uptake of 6 7Cu-Complexes in the Rat Following 
Intravenous Injection. 

Percentage of the Injected Dose in the Brain* 
Compound lmin 5 min 120 min 

Cu-PTS* 0.46 ±0.15 0.29 + 0.05 -
i 1.40 ±0.06 1.37 ±0.26 1.10 ± 0.24 
ii 1.72 ±0.17 1.81 + 0.09 1.67 ±0.17 

CU-PTSM+ 3.0 ±0.7 3.0 ±0.6 3.2 ±0.4 
iii 2.79 ±0.62 1.97 ±0.12 1.98 ± 0.33 
iv 2.76 ±0.17 1.80 ±0.48 1.63 ±0.20 

Cu-PTSM2

+ 3.1 ±0.4 2.2 ±0.3 -
'Values represent the mean ± standard deviation of data obtained from three rats. 
+From reference5. 
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Synthesis of a New Bifunctional Chelating Agent with Multimetal Binding Abilities. 
SAFAVY. A- SHAFII, B., POURMAND, S., and BUCHSBAUM, D.J. 
Department of Radiation Oncology, University of Alabama at Birmingham, Birmingham, AL 35233-

6832 (205) 934-3681; (205) 975-7060 (FAX). 

Radioimmunotherapy (RIT) and radioimmunodiagnosis (RID) using monoclonal antibodies 

(Mabs) have been active areas of cancer research. The application of Mabs in this field was started 

with radioiodinated preparations, using '231, '251, and 13>I, with the radiohalogen directly attached to 

the protein (1). While a large portion of the work reported in RIT and RID of cancer is based on the 

use of radioiodinated Mabs, some shortcomings associated with this method were encountered. A 

typical concern, for instance, is in vivo deiodination of the radiolabeled antibody which results in a 

decrease in the rumor targeting and retention of the radionuclide and an increase in the normal tissue 

uptake of the radionuclide. Based on these drawbacks, the application of metallic radionuclides was 

proposed (2). In this approach, the radioactive metal is attached to the antibody either directly (3) or 

through a linker (i.e., a bifunctional chelating agent, BCA) (4). The use of a BCA in radiometal 

labelings might have the advantage of improving the conjugation and radiolabeling results through 

structural adjustments of the ligand. We have identified BCAs derived from hydroxamic acids as 

potential reagents for radiometal labeling of antibodies (5). One of the goals of our research has been 

the design and development of BCAs which could be applied to several radiometals. 

In this report we describe the synthesis of a pyridine-derived dihydroxamic acid, 3-[[4-

(aminophenyl)methyl]carbonyl]amino-1,6-&w-[[[n-(hydroxy)amino]carbonyl]methylthio]pyridine, (§, 

Scheme I) which was prepared in seven steps with 9% overall yield. This compound contains the 

hydroxamic acid arms on a pyridine nucleus for metal binding and an amino function, located at the 

side arm terminus of the molecule, for protein binding. The ligand was designed based on the 

rationale that higher stabilities of the ligand-metal complexes may be achieved due to the rigidity of the 

complex resulting from participation of the ring nitrogen in chelation, in addition to those of the 

hydroxamate functions. To evaluate the metal-binding abilities of the hydroxamate functions, without 

any contributions from the side arm amine moiety, a second compound, U , Scheme I, was also 

synthesized. The latter molecule lacks the amine-containing side arm which is replaced by a nitro 

group. This will be similar to the situation with a conjugate where the amine function is attached to the 

antibody. Compound 11 was complexed with non-radioactive copper, cobalt, and lutetium. Binding 

to all these metals showed very rapid kinetics and the instantaneous reaction resulted in the formation 

of stable complexes isolated as crystalline powders. These solids were identified by electrospray mass 

spectrometry as shown in Fig. 1. Both compounds 8 and H were labeled with 99mTc and showed 
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quantitative radiolabeling yields. In this procedure, sodium [9'n>Tc] pertechnetate was reduced by 

stannous chloride and added to the ligand as a solution in 50:50 (V/V) DMSO:PBS. Complete 

consumption of free technetium was observed as monitored by HPLC. Compound 8 was conjugated 

to a mouse polyclonal IgG (MPIgG) model antibody using glutaraldehyde as a linker (6). The 

conjugate was then radiolabeled with 99mTc which resulted in a 30% radiolabeling yield (RY). The 

high RY from 99mJC labeling of 8 as compared to the 30% RY for the MPIgG-8 conjugate indicates a 

low substitution of the ligand in the conjugate. Work is in progress to improve the conjugation yield. 

The compound will be conjugated to Mabs, through the side-arm amine, and the resulting conjugate 

will be labeled with radiometals for RIT studies in animal models. 

In conclusion, a new dihydroxamate BCA (8) was designed and synthesized. Binding of this 

ligand to copper, cobalt, lutetium and 99mTc showed rapid kinetics of ligand-metal complex formation 

with high yields. Conjugation of compound 8 to MPIgG, and 99n»T-labeling of the conjugate, showed 

radiolabeling of the conjugate albeit with a low RY. Efforts are underway to improve the RY. 
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Scheme I. Synthesis of the Pyridine Dihydroxamates Bifunctional Chelating Agents 8 and U. 
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Fig. 1. Electron Spray Mass Spectra of Copper (A), Cobalt (B), 

and Lutetium (C) Complexes of H . 
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Monocationic Ga and In Complexes with Modified Amine Phenols Which Possess a 3-

Dimensional tyN'pO? Donor Atom Cavity. 

Emest Wongt, Shuang Liu*, Steven J. Rettigt and Chris Orvigt*. 

tDepartment of Chemistry, University of British Columbia, 2036 Main Mall, Vancouver, 

British Columbia, V6T 1Z1, Canada. Tel. (604)-822-4449, Fax (604)-822-2847. 

$Dupont-Merck Parmaceutical Company, Radiopharmaceutical Division, 331 Treble Cove 

Road, N. Billerica, M. A., 01862, U.S. A. Tel (508)-671-8696, Fax (508)-436-7500. 

In recent years, we have actively examined the coordination chemistry of Ga 3 + and In 3+ 

with tripodal and linear hexadentate amine phenols.1-4 The mode of coordination and the 

binding selectivity of multidentate amine phenols for Ga 3 + and In3* and the stability of the metal 

complexes have been examined by varying the spatial arrangement of the donor atoms. Binding 

selectivity and stability of the metal complexes can also be adjusted by the alteration or 

incorporation of different donor atoms. As an extension of our investigation into the 

coordination of Ga 3 + and In 3 + with multidentate amine phenols, we have incorporated pyridyl 

nitrogen atoms into the amine phenol donor set. In this paper, we present the coordination of 

G a 3 + and In 3 + to a series of potentially N2N'2C>2 ligands (Hgbbpen, HeBrbbpen, 

HeCIbbpen) which possess amine nitrogen, pyridyl nitrogen and phenolate oxygen donor 

atoms. Thermodynamic stability constants and pM values of Ga and In complexes with a 

sulfonated analog (HgSbbpen) were also determined. 

Hebbpen: R=H 
H6Clbbpen: R=C1 
HeBrbbpen: R=Br 
H<;Sbbpen: R=SQ3" 

Monocationic Ga and In complexes with Hgbbpen, HgBrbbpen, H6Clbbpen were 

prepared and characterized by spectroscopic techniques and crystalIographic analyses. Both 

. Ga 3 + and In 3 + were coordinated in a distorted octahedral geometry via two amine nitrogen, two 
1 
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pyridyl nitrogen, and two anionic phenolate oxygen atoms. Although the ionic radius of In3* is 

greater than that of Ga 3 +, no significant difference was observed in the bond lengths and bond 

angles between the Ga and In complexes. The bbpen ligand cavity is sufficiently large to 

encapsulate ions as large as In 3 +, without causing significant strain to the ligand framework. 

NMR spectral data (d6-DMSO and D2O) of both the Ga and In complexes showed the solution 

structures of the metal complexes to be consistent with the solid state structure. 

Potentiometric titrations of HgSbbpen in the absence and presence of Ga 3 + and In 3 + 

ions were performed to determine the deprotonation constants (pKa's) of HgSbbpen and the 

stability constant of the Ga and In bbpen complexes. Although there are eight potentially 

ionizable groups on HgSbbpen, only six pKa's were determined. They are 11.33(4), 

10.64(7), 9.09(7), 6.87(3), 4.70(3), and 2.17(8). These six pKa's corresponded to the 

deprotonation of two ammonium nitrogen atoms, two pyridinium nitrogen atoms and two 

phenols. The stability constants of [Ga(Sbbpen)]" and [In(Sbbpen)]", and of the Ga and In 

complexes with HBED5 and PLED6 are listed in Table 1. HBED and PLED show a greater 

selectivity for Ga 3 + over In 3 +. HgSbbpen shows a similar selectivity for both Ga 3 + and In 3 + 

ion. By changing the carboxylate groups in HBED and PLED to methylpyridyl groups in the 

bbpen amine phenols, the selectivity of the multidentate ligand for In 3 + is increased 

significandy. The pM values (-log [free metal ion]) at physiological pH of [Ga(Sbbpen)]- and 

[In(Sbbpen)]- are 27.4 and 26.9, respectively. Comparison of pM values at pH 7.4 shows 

bbpen amine phenols capable of competing with transferrin for Ga 3 + and In34" ion. 

Ga and In bbpen amine phenol complexes were prepared and found to be 

thermodynamically stable in aqueous solution under neutral and weakly acidic or basic 

conditions. The ligand cavity that is formed by the two hydroxylbenzyl and two methylpyridyl 

pendant arms appears to be suitable for metal ions whose ionic radii are similar to those of Ga3* 

(0.62 A) 7 and In 3 + (0.80 A)7. 
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Table 1. Log £ and pM (pH=7.4) of Ga and In complexes with HeSbbpen, HBED, PLED, 
and transferrin. 

logp pM(atpH=7.4) 

Ligand3 Ga3+ In3+ Ga3+ In3+ 

H6Sbbpen 35.33(8)b 34.85(5)b 27.39 b 26.9 l b 

HBED 38.51° 27.76C 29.6P 18.86c 

PLED 32.3ld 26.54^ 26.68^ 20.9 ie 

Tf ( 1 s t binding site) 19.75 f 18.80 f 20.9 f 18.7 f 

Tf (2 n d binding site) 18.30 f 16.44? — 
a: abbreviation: HBED: N,N'-bis(2-hydroxybenzyl)ethylenediamine-N,N'-diacetic acid, PLED: N,N'-
dipyridoxylethylenediamine-N,N'-diacetic acid, Tf: transferrin. 
b:This work 
c: reference 5 
d:reference 6 
e: calculated based on pKa's and log p obtained from reference 6 for [M]=l |iM and [L]=10 |iM. 
f: reference 8 

References 

1. Liu, S.; Wong, E.; Karunaratne, V.; Rettig, S. J.; Orvig, C. Inorg. Chem. 1993,32, 1756. 

2. Liu, S.; Wong, E.; Rettig S. J.; Orvig, C. Inorg. Chem. 1993,32,4268. 

3. Wong, E.; Liu, S.; Lugger, T.; Hahn, F. E.; Orvig, C. Inorg. Chem. 1995,34 93. 

4. Wong, E.; Caravan, P.; Liu, S.; Rettig, S. J.; Orvig, C. Manuscript in preparation 

5. Ma, R.; Motekaitis, R. J.; Martell, A. E. Inorg. Chim. Acta 1994,224,151. 

6. Motekaitis, R. J.; Sun, Y.; Martell, A. E. Inorg. Chim. Acta 1989,159,29. 

7. Shannon, R. D. Acta Cryst. 1976, A32, 751. 

8. Harris, W. R.; Chen, Y; Wein, K. Inorg. Chem. 1994,33, 4991. 

476 



Characterisation of Lanthanum Complexes for PET Imaging 

Clive Foster3, David Parker3, Paul Camochanb and Jamal Zweitb 
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b) Institute for Cancer Research, Royal Marsden Hospital, Downs Road, Sutton, SM2 5PT, 

U.K. 

Quantitative radiotracer studies using PET imaging are powerful tools for investigating 

specifical biological function and pharmacokinetics in vivo. Given the shortness of the half life 

of most generator-produced positron-emitting radioisotopes, studies of regional tissue 

perfusion are most appropriate. The 1 3 4 Ce/ 1 3 4 La pair [1] is a potential source of PET 

radiopharmaceuticals due to the favourable decay characteristics of both radionuclides. This 

generator produces the positron-emitting (62%) 1 3 4 La with a 6.7 minute half-life that is well 

suited to PET perfusion imaging. The half-life of 1 3 4 Ce (3.2 days) gives the generator a shelf-

life comparable to that of the 99Mo/"mTc system. 

In seeking suitable ligands for complexing La, it is clear that the ligand must complex 

the radioisotope rapidly and form a complex that is stable with respect to dissociation for at 

least five or six half lives [2]. Octadentate ligands based on a I2-N4 macrocycle ring generally 

show fast complexation kinetics in cation binding and may be functionalised with substituents 

of varying lipophilicity to give a series of ligands of modest molecular weight (<9Q0). Given 

the similarity of the aqueous coordination chemistry of La to that of Gd and Y, we have 

examined the radiolabelling of the series of octadentate ligands I to 5 , each of which is based 

on a tetraazacyclododecane ring skeleton [3],[4] initially using M9La (P -, tj^, 40.2 h). Prior 
2 

work with the 1 5 3 Gd complexes of 1 and 2 has shown that the complexes are formed rapidly at 

pH 6 to 7 and are excreted intact (> 99.9% after 7 days). With the lipophilic complex 

[l. 1 5 3Gd]-, studies in mice and rats have shown that 5 minutes after injection, more than 50% 

of the complex had already passed into the small intestine via the liver, [5]. 
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Complexation of 1 4 0 La by ligands 1 to 5_ was examined in the pH range 6 to 9, 

monitoring by HPLC-radiometry. Radiolabelling yields are given in Table 1, together with 

log P values determined by partitioning the complex between n-octanol and 0.15 M salted 

water. The complex [3_.140La]_ was selected for serum stability studies and log P values of 

0.38,0.31 and 0.45 in plasma after 5,30 and 60 minutes, compared to 0.38,0.36 and 0.41 in 

blood at the same time intervals confirm that this complex is stable with respea to dissociation 

over this time period. Studies of the biodistribution of the 1 4 0 La complexes of I and 3_ are 

currently being undertaken. 
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Table 1 Characteristics of 14QLa Radiolabelling of Ligands I to 5_. 

ligand pH % Labelling yield log P of 

(time, mins)3 La complex 

1 9.1 60 -2.5 

(12) 

2 8 100 0.08 

(30) 

2 6.6 60 0.49 

(30) 

4 9.3 60 0.08 

(60). 

5 9.1 70 -2.35 

(30) 

a) the times shown represent upper limits. 

1. Zweit J., Doyley M., Camochan P., Ott RJ. - J.Nucl.Med., 25,42p (1994) 

2. Parker D. - Chem. Soc. Rev. 12: 271 (1990). 

3. Pulukkody P.K., Norman T.J., Parker D., Royle L. and Broan C.J. - J. Chem. Soc. 
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4. Aime S., Botta M., Batsanov A.S., Howard J.A.K., Parker D., Senanayake K. and 

Williams G. - Inorg. Chem. 22,4696 (1994). 

5. Harrison A., Walker C.A., Pereira K.A., Parker D., Royle L., Pulukkody P.K. and 

Norman T.J. - Magn. Res. Imag., 1L 761 (1993). 
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SELECTIVE SYNTHESIS OF PHOSPHONATE SEMI-RIGID BEFUNCTIONAL 
CHELATING AGENTS AND THE INFLUENCE OF CAVITY SIZE ON CHELATION OF 
1 5 3Sm 
J.F. Gestinl»Y. E. Benoist1, C. Geay-Borel1, A. Faivre-Chauvet1, A.K. Mishra1, R.C. 
Mease^, S. Srivastava^ and J.F. Chatall. 
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Y Author for correspondence, TEL: 40084719, FAX: 40356697. 

Although I 5 3Sm possesses suitable radiophysical characteristics for radioimmunotherapy, its 
application in vivo is limited by a lack of radiolabeling stability (1). Initial results concerning the 
use of ethylene diamine tetramethyl phosphonate (EDTMP) (2) demonstrated the complexing 
properties of phosphonate functions with regard to Sm. The purpose of our study was to 
synthesize new ligands likely to chelate 1 5 3Sm efficiendy. The stability of the chelate can be 
improved by semi-rigid ligands with phosphonate groups. 
In this preliminary study, we performed selective synthesis of two bifunctional ligands with 
chelating cavities of different size in order to test their chelating properties with respect to 
1 Sm, couple them to antibody and perform a stability study in human serum. 
The syndiesis of sodium salt (l,2)E-(l,4)Z-4-isothiocyanato-(trans)-l,2-diaminocyclo hexane-
N.N.N'.N'-tetraethylene phosphonate (4-ICEP) (6J and sodium salt (l,2)E-(l,4)Z-4-
isothiocyanato-(trans)-l,2-diarninocyclohexane-N,N,N',N'-tetramethylene phosphonate 
(4-ICMP) (8) is oudined in Fig. 1. 
Compound 1 was prepared by the procedure described by R.C. Mease et al. (3). 
Mercuration-amidation reaction appeared to be diastereoselective in an 85:15 ratio. 
Diastereoisomers were separated to give (l,2)E-(l,4)Z-4-acetamido-(trans)-l,2-bis(N-t-
butoxycarbonylamino)cyclohexane Q) in majority. Hydrolysis of the t-boc groups of 3. (HC1 
3M at R.T.) gave (l,4)Z-(3,4)E-l-acetamido-(trans)-3,4-bis(N-hydrochloroamino)cyclohexane 
(4) without alteration of the amide function. 
Reaction of 4 with diediyl vinylphosphonate according to a Michael addition type reaction gave 
ethyl (1^2)E-(l,4)Z-4-isothiocyanato-(trans)-l,2-diaminocyclohexane-N,N,N',N'-tetraethylene 
phosphonate (51. Reaction of 4 with phosphorous acid in concentrated HC1 followed by 
formaldehyde addition gave acid (l,2)E-(l,4)Z-4-isothiocyanato-(trans)-l,2-
diarrunocyclohexane-N,N,N',N'-tetramediylene phosphonic (71. Treatment of 5 and 2 with 
thiophosgene gave 4-ICEP and 4-ICMP. 
Complexing studies of 4-ICEP and 4-ICMP with a ligand to a 1 5 3Sm molar ratio of 100:1 at pH 
6 and at R.T., indicated the chelation properties of the two ligands. 
Conjugation of 4-ICEP and 4-ICMP to CEA F(ab')2 Mab at 37°C overnight, using an antibody 
concentration of 1 mg/ml and a ligand-to-antibody molar ratio of 25:1, gave an average of one 
ligand per antibody. Stability studies undertaken in human serum showed a rapid loss of 
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radioactivity from 4-ICEP compound at 24 and 96 h while 4-ICMP appeared to be more stable. 
Results of the stability study are summarized in the following table: 

24 H 96 H 
4-ICEP 75% 23% 
4-ICMP 96% 88% 

It may be concluded that 4-ICMP is more stable than 4-ICEP in serum medium, possibly 
because of the length of the carbon arms which increases the cavity size and thus decreases the 
benefit of the semi-rigid structure. Phosphonate functions seem to be appropriate for 1 5 3Sm 
complexing. 
1. Lightfoot, D.V. et al. Antibody Immunoconj. Radiopharm. 4: 221 (1991). 
2. Goeckeler, W.F. et al. Nucl. Med. Biol., 2Q: 657 (1993). 
3. Mease, R.C. et al. DC International Symposium on Radiopharmaceutical Chemistry, Paris. 
410 (1992). 
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Figure 1. Synthesis of 4-ICEP and 4-ICMP. 

mf> 

'NH-tBoc '''NH-tBoc H g N 0 3 - " " ^ ^ ' / / f ' 

CH 3 

\H ^ ^ ^ N H - t B o c 
15% > £ - " A-NH-tBoc 

H H 

3'-f1.4>E 

NaBR/NaOH 

85% 

HCI 

I 
n 

/ - J — NH-1 

NH H 

\ 3-0.4)2 
CH3 

•tBoc 
NH-IBoc 

CHjCHPCOXOEtfe 

/ -—4—NH 3 CI 
H — • / • — i — NH3C1 

NH H 
O ^ c ' 

CH3 

1-H3P03,HCI 
2- HCHO 

H /-PO(OEI), 
< PO(0&) 2 

N—S 

>NH H 

CH3 5 

1-NaOH reflux 
2-CSCI2 

H / - P O ( a ) , 
I < P O ( 6 - ) 2 

I I ( PO(0-)2 

NCS H \ -PO( f f )2 

NH H (. 

\ 
CHj 

H ^-PO(OH)2 

^PO(OH) 2 

PO(OH)2 

POfOHfc 

7 

.1-NaOH reflux 
2- CSCI2 

H ^POlO-fe 

H-^c iv p 0 ( 0 ' > 2 

I I f PO(0-)2 NCS H \ 
PO(Q-)2 

4-ICEP 

8 

4-ICMP 

482 



Solid Phase Peptide Synthesis of Tyr-3-octreotide And High Performance Liquid 
Chromatographic Purification 

Te-Wei Lee, Shiang-Rong Chang, Chang-Shinn Su, Lie-Hang Shen, and Zei-Tsan 
Tsai, Institute of Nuclear Energy Research, Lung-Tan, Taiwan, R.O.C. 

Shui-Tein Chen, Hui-Ming Yu, and Kung-Tsung Wang, Institute of Biological 
Chemistry, Academia Sinica, Taipei, R.O.C. 

Radiolabeled somatostation analog, 1 2 3 l-Tyr-3-octreotide, this new scintigraphic 

technique has attracted great interest in clinical nuclear medicine. The 

radiopharmaceutical has been used successfully for the localization of primary 

and metastatic somatostation receptor-rich tumors, such as carcinoids, islet cell 

tumors of the pancreas, paragangliomas and small-cell carcinomas of the lungs 1. 

Tyr-3-octreotide has been synthesized using the 9-fluorenylmethoxycarbonyl 

method of solid phase peptide synthesis. The D-Phe-Cys(Trt)-Tyr(tBu)-D-

Trp(BOC)-Lys(BOC)-Thr(tBu)-Cys(Trt)-Resin was suspended in DMF and treated 

with iodine. Disulfide-containing peptide-resin of D-Phe-Cys-Tyr(tBu)-D-Trp(BOC)-
1 

Lys(BOC)-Thr(tBu)-Cys-Resin may be obtained in good yield and when oxidation 

is carried out on peptide chain anchored to polymeric supports. Cleavage from 

the peptide-resin was achieved by aminolysis using threoninol 2 ( obtained from 

threoninol(Bzl) treated with 10% Pd-C ) 3 . The filtration of D-Phe-Cys-Tyr(tBu)-D-

Trp(BOC)-Lys(BOC)-Thr(tBu)-Cys-Thr(ol) from the resin was deprotected with 

TFA. Purification of the crude peptide of D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr(ol) 

( Tyr-3-octreotide ) has been accomplished in a one step procedure using reverse 

phase high performance liquid chromatography. The purity was analyzed by 
HPLC on RP C-18 column using linear gradient of H20-acetonitrile(Fig.1). The 

product was characterized using amino acid analysis and electrospray mass 

spectroscopy. 

Reference : 
I.Kwekkeboom D.J., Krenning E.P., Bakker W.H. et al. J. Nucl. Med. 
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32:1845(1991) 
2.Fields C.G., Fields G.B., Nobel R.L. and Cross T.A. Int. J. Peptide 

Protein Res. 33:29(1989) 
3.Chen S.-T., Tseng M.-J., Wu S.-H.and Wang K.-T. Proc. Natil. Sci. 

Counc. B. ROC 6:416(1982) 

( m i n ) 

Fig.1 Analytical reverse-phase HPLC of Tyr-3-octreotide monitored at 280 nm. 
HPLC was on a 4*250 mm RP-C18 column. ( mobile phase : solvent A = 
95% H 20/5% CH3CN in 0.1 % trifluoroacetic acid and solvent B = 10% 
H2O/90% CH3CN in 0 . 1 % trifluoroacetic acid ; gradient 0 - 100% B 
in 40 min;flow rate:1ml/min ) 
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Enzymatic labelling of antibodies by radiohalogenated neuraminic acid 
analogs 

Schwarz,U3., Wunderlich.G1., Brossmer.R.2, Franke.W.-G.1 
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Most of the labelling reactions on the peptide chains of antibodies result in random labelling of 
the protein molecule dependent from the distribution of reactive amino acids or thiol groups in 
the whole molecule including the antigen binding region. Undesirable side reactions, for example 
with oxidizing or reducing agents, are responsible for a decrease of the immunreactivity after 
labelling. 
The goal of our investigations was to develop a sufficient method for labelling of antibodies with 
radiohalogens for diagnostic purposes or, may be in future, for radioimmuntherapy avoiding 
oxidation or reduction demages and structural changes in the antigen binding regions. 
The terminal groups of the saccharide structures in the Fc-part are preferable for such labelling 
reactions. Monoclonal IgG antibodies show a wide heterogenecity of oligosaccharide structures, 
but they contain only three different terminal groups based on a GlcNAc-Gal-NeuNAc unit [1-3]. 
Sialyltransferases allow the transfer of neuraminic acid derivatives modified in position 5 and 9 
(fig.2). Especially after a modification in position 9, the sialyltransferases enable the transfer of 
sterically demanding substituents into the oligosaccharide chains of glycoproteins [4,5]. 
Caused by the three different terminal saccharide structures, three different ways are possible to 
modify these compounds: 

1. The modification of terminal sialic acid units by cleavage of 
bound sialic acid and subsequent transfer of modified neuraminic acids, 
2. The modification of terminal N-acetylglucosamin by transfer of galactose and 
subsequent transfer of neuraminic acid derivatives, or 
3. The modification of terminal galactose units only by transfer of neuraminic acid 
derivatives 

All reactions were performed at room temperature. The desialylation took place for one hour in 
acetate buffer at pH 5.5 employing immobilized Closteridium perfringens sialidase (Sigma). The 
transfer was catalyzed by alpha-2,6-sialyltransferase from rat liver in phosphate buffer at pH 7.0. 
The galactosylation was performed for one hour in phosphat buffer pH 8.5 using a 
galactosyltransferase from human milk (Boehringer Mannheim). 
For radioiodination of 9-SNA and 5-SNA we used m I Nal (Amersham) and Iodogenmethod [6]. 

Results: Applying HPLC we found three different radioactive products of 9-SNA which were 
identified as two different monoiodinated derivatives and one diiodinated substance..Fig.l 
presents a comparison between the transfer reactions into the oligosaccharide chains of different 
IgG solutions. The results of the transfer reaction of unmodified IgG indicate, that under these 
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conditions the labelling will be unsuccessful in an acceptable short reaction time. The transfer 
after the galactosylation of IgG shows that this way is suitable to obtain acceptor groups for 
transfer of sialic acids. The best transfer results were obtained after cleavage of bound 
neuraminic acid. This method results in yields of more than 90% in one hour. 
In all these labelling reactions no decomposition of the 9-SNA was observed. Similar results 
were found for iodinated 5-SNA and for fluoresceinylated 9-FNA. 
For estimating the immunological activity of such a labelled product we used a goat anti mouse 
antibody which was detected after the binding on immobilized mouse IgG. As expected, an 
influencing of the immunreactivity by this reactions was not detected. 
In summary, we present a method for site-specific labelling of antibodies by enzymatic transfer 
of neuraminic acid analogues thus avoiding the use of oxidizing or reducing agents. 
This method enables to obtain high labelling yields in short reaction times by the modification of 
antibodies only in a defined position caused by the specific activity of the used enzymes. 

References 
1. Krotkiewski,H., Gronberg.G., Krotkiewska,B. et al. - J.Biol.Chem. 265:20195 (1990) 
2. Mizuochi.T., Taniguchi.T., ShimizuA. et al. - J.ImTiunol.129: 2016 (1982) 
3. Field,M.C, Amatayakul.T.W., Rademacher.P.M. et al. - Biochem.J. 299: 261 (1994) 
4. Gross,HJ., Bunsch.A., PaulsonJ.C, Brossmer,R. - Eur.J.Biochem.168: 595 (1987) 
5. Gross,H.I, Brossmer.R. - Eur.J.Biochem.177: 583 (1988) 
6. Schwarz,U., Wunderlich.G., Brossmer.R. - FEBS Letters 337: 213 (1994) 
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99mr c Labelling Studies on Ph2P(CH2)2CONHGIy-L-
Cys(SBzl)COOMe and Preparation of the Labelled Species for the 

Conjugation to Peptides. 
Maggiolo M.2, Manetto G.z, Blok D.', Feitsma R.I.J.'. Pauwels E.K.J.", Santimaria 

M.3, Mazzi U.2 

Wept of Nuclear .Medicine, AZL,Leiden, The Netherlands 
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3SORIN Biomedica, Saluggia, Vercelli, Italy 

With Rhenium the ligand Ph2P(CH2)2CONHGIy-L-Cys(SB2l)COOMe (!_') 

demonstrated a co-ordination ability as tetradentate chelator, producing a ReOCIL' 

complex in which the metal is co-ordinated in the equatorial plane in respect to the 

trans-CIRe02+ core [1]. The carboxyl group is not involved in the coordination of 

the complex, which can be coupled after hydrolysis and ester activation to peptides, 

leading to the conjugation of the metal to bioactive molecules. 

If the metal is 1 8 8 Re, these radiopharmaceuticals can perform a radiotherapeutic 

action, if the metal is 99mj c the the bioactive molecules could be useful in 

scintigraphic investigations. 

Labelling studies on L' with 99rrrrc have been performed at various temperature and 

pH values in saline solutions using isopropanolic solutions of the ligand. Under 

basic pHs this resulted in a single product with high labelling yields (>95%). 

The labelling procedure consisted in an addition of 200 \iL of saline solution of 

Na[99m-rco4] (*5 mCi), to 200 (il of a 1mg/mL solution of L' in 2-propanol/H20 

(9:1). After adjusting pH by means of HCI or NaOH solutions, SnCI2 (5nL, 1mg/mL 

SnCI2.2H20) was additioned. The best labelling yields were obtained at pH>12. 

Detection of the labelling products was performed by HPLC. HPLC system 

consisted in a C 1 8 Chrompack reverse phase column equipped with UV (X = 254 

nm) and radioactive detectors. Flow rate 0.5 mL/min and gradient mobil phase from 

100% A (0.9% NaCI/0.002M phosphate buffer, pH=6.5) to 100% B ( 60% 

acetonitrile; 40% A) from 5 to 23 min and then to 100% A at 27 min, have been 
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used. The recovered activity was also determined to calculate the real 

percentage of labelling. At basic pHs the activity was almost completely recovered. 

HPLC chromatograms of labelling mixtures, injected some minutes after SnCI 2 

addition, showed a complete reduction of pertechnetate and the production of two 

species at rt = 8.00 (complex 1) and 9.55 mins (complex 2). By heating for some 

minutes, the 1 species increased, but it only leads to one (>95% yield) peak after 

standing some hours at r.t. In the meantime the U.V.-vis detector shows in the 

chromatograms progressive hydrolysis of the methyl ester of the ligand , see ref. [1]. 

Activation reactions with tetrafluorophenol, in presence of EDAC or,DCCD, of the 

labelled species demonstrated that only 1 can be activated. In fact, activation 

performed after labelling of L' in the above reported conditions, just after lowering 

pH at = 6, only peak 1 disappeared and contemporary a peak at 12.00 mins (3) 

appeared. When only peak 1 is observed, the activation leads completely to peak 

3. Product 3 is ready to conjugate polypeptides containing a free amine group 

(H 2 N-) . The labelled species are tentatively attributed the methyl ester product with 

a structure similar to ReOCIL' (2) and its hydrolysed analogue (1). However 

chemistry studies on rhenium and "atechnetium complexes are in progress to 

define the ss^Tc species. 

Activity 
2 

i 

F 

8.00 9.55 11.75 r\ (min) 

Chromalogram from radioactive detector of a) Labelling solution of L" 
b) Activation of the labelling solution at neutral pH. 
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[1] M.Santimaria, T.Maina, U.Mazzi, M.Nicolini. Inorg. Chim. Acta, in press, 1995. 
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Tc-99m-HYNIC-RC-160 and Tc-99m-CPTA-RC-160: Synthesis of chelating agents, preparation and 

preliminary evaluation. 

Kolan HR, Thakur ML, Wiaderkiewicz R1, Li J and Duggaraju R. DepL of Radiology and Jefferson 

Cancer Institute1, Thomas Jefferson University Hospital, Philadelphia, PA 19107 

RC-160 with amino acid sequence D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Trp-NB, (S-S cyclized) is a 

potent somatostatin analog and possesses a prolonged duration of action (1). We have labeled RC-160 with 

Tc-99m and Re by reduction of cysteine bridge and shown that Tc-99m-RC-160 has IC-50 values similar to 

that of I-125-RC-160 (2, 3), and Re-RC-160 maintains the same backbone conformation as parent 

somatostatin (4). However, this method is limited only to those peptides which include a cysteine bridge in its 

amino acid residues. The purpose of this investigation was to label RC-160 with Tc-99m using two 

bifunctional chelating agents and compare the efficacy of agents in vitro and in tumor bearing athymic nude 

mice. 

HYNIC, succinimidyl 6-Boc-hydrazinopyridine-3 carboxylate was synthesized (scheme-1) by the 

method of Abrams et al (5) and was characterized by IR and NMR. CPTA, [4-< 1,4,8.11 

tetrazacyclotetradec-1-yl) methyl benzoic acid] was synthesized (scheme-2) using the method of Studer and 

Kadeh (6) and was analyzed as above. RC-160 was synthesized as its carboximide on PAL-PEG resin. 

BFCA, (5 fold molar excess) were activated by benzotriazol-1-yloxy tris (dimethyl amino) posphonium 

hexafluorophosphate (BOP)/l-hydroxybenzotriazole (HOBT) for 20 minutes, added to the resin in DMF and 

allowed to react at 22°C for three hours. Using a scintered funnel, the resin was washed with DMF, followed 

by DCM and vacuum dried. The peptide was then cleaved from the resin with 95% TFA, efhanedithiol and 

diethylether was added. The resultant precipitate was purified using a preparative HPLC, conjugated peptides 

collected, lyophilized and confirmational analysis was performed using matrix laser desorption ioniziation time 

of flight mass spectrometry (scheme-3). Technetium-99m labeling of CPTA-peptides was carried out using the 

method of Kolan et al (7) and that of the HYNIC-peptides by the glucoheptonate transchelation technique 

described by Babich et al (8). 
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The reaction mixtures were then passed through Waters C-18 "Sep Pak" cartridge and the labeled 

product was taken up in O.OSM phosphate buffer containing glycine (2 mg/ml) and 0.05% Tween-80. The 

preparation was analyzed by ITLC and HPLC. 

Approximately 40 u,Ci of Tc-99m labeled peptide was then mjected i.v. to separate groups of 5 

athymic nude mice each bearing MDA MB 435 human breast tumors. In-111-Octreotide and Tc-99m-RC-160 

prepared by direct method were also injected. Animals were sacrificed 4 hours later, tissues dissected and % 

ad. dose/g were calculated. A limited tissue distribution data are given in Table 1. 

Results indicate that tissue distribution with all Tc-99m agents was similar. The kidney uptake with 

these agents was significantly (PO.01) lower than that of In-111-Octreotide but the uptake in all other organs 

including the tumor was higher (P<0.05) than In-111-Octreotide. In vitro (4 hrs) and in vivo (2 hrs) stability of 

Tc-99m-RC-160 prepared by the direct method was excellent. Further work continues. Work was supported by 

ACS-RD-377 and DOE FG 02-92ER61485. 

In-111-Octreotide Tc-99m-RC-160 Tc-99m-CPTA-RC-160 Tc-99m-HYNIC-RC-160 
1.0+.0.07 0.7±0.07 0.6+0.22 

0.1+0.04 0.2+0.02 0.2+0.08 
1.1+0.76 1.3+0.55 0.8+0.36 

0.5+0.13 1.0+0.19 0.6+0.12 
2.4+0.42 3.8+0.53 3.4+0.34 

3.1+0.87 4.8+0.42 3.4+0.43 

Tumor 0.13+0.06 

Muscle 0.03+0.01 

Intestine 0.11+0.06 

Spleen 0.16+0.06 

Kidneys 20.90+7.67 

Liver 0.20+0.04 
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PRE- AND POST-CONJUGATE LABELING OF AMINES AND PEPTIDES WITH 
188RE USING THE MAG? CHELATE 
Andreas Schaffland1, Stefan. Guhlke1, F.F. (Russ) Knapp2, P.O. Zamora3 and Hans J. 
Biersack' 
1 Klinik fur Nuklearmedizin, University of Bonn, Bonn, Germany; 2Nuclear Medicine Group, 
Health Sciences Research Division, Oak Ridge National Laboratory (ORNL), Oak Ridge, TN. 
USA; 3RhoMed Inc., Albuquerque, NM (USA) 

Bifunctional chelates are commonly used to attach metallic radionuclides such as 
technetium or rhenium to biomolecules (1-4). Since highly stable amide derivatives of the 
target molecules are formed, active-ester chemistry is often used in conjugate-labeling of 
amines, peptides or proteins (5,6). 

Recently, we have used 99mx c. o r 188Re_MAG3-p-nitrophenyl ester for labeling 
monomeric amines and peptides including the chemotherapeutic drug daunorubicin and the 
somatostatin analogue RC-160 using route 1 (Figure 1) (7). 

Now, we have studied the direct labeling of N-(benzoylmercaptoacetyltriglycyl)-N'-(t-
butyloxycarbonyl)-l,6-hexanediamine (MAG3-HD-B0C) as a model compound for the post 
conjugate approach (Figure 1, route 2). MAG3-HD-B0C was synthsized by coupling MAG3-P-
nitrophenylester with mono-Boc-l,6-hexanediamine. The identity of the products obtained by 
the two different routes was proven by HPLC. 

route 1 „ 

H ri ri 
l "«°4 ^ y t I "rbonale I / " V I 

— « HH-^S- SnCI2; tartrate ^ / V ^ \ *• ^ ~ s H — > 
s HH 0 a M o / 

0^ ^ ^ >-0 
ONp 

0 

Peptlde-NH2 

route 2 

ri ri 
L. X snc,2:tartra,e LA A 

V 1 ™ Cr^S-NH-Peplkle 
O Peptide 

Figure 1: I88Re-MAG3-conjugates by pre- (route I) and post-conjugate labeling 
(route 2). 

Attempts to shorten route 1 to a two-step method by direct labeling the MAG3-P-
nitrophenylester failed (see Table I) 
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Table 1: Radiochemical yields (RCY) using different chelators and Tc-99m or Re-188 
chelator RCY (9»mTc) [%] RCY ( 1 8 8Re) |%| 

MAG-^-p-Nitrophenylester 0 0 
MAG, >90 >90 

MAGrHD-Boc >90 >90 
conditions: SnC^-I^O (lOOul of 12 mg / ml 0.02 M HC1). sodium-potassium-tartrale (100 ul of3 mg/ ml 

0.02 M HC1). 200ul Re-188-eluate and 200ul ofa 110 nm solution of MAG3-HD-Boc (0.02 mg / 
ml DMF) or MAG -̂p-nitrophcnylesler (1 mg / ml DMF) are heated for 75 minutes in a 
sealed vial at 90°C al pH 3.6. 

The observed failure in labeling of MAG3-ONP is in aggreement to published results 
with tetrafluorophenylesters (8). Our new results and other published data on 99nrj-c/186Re_ 
MAG3-ethylesters (9) and "mTc-MAG3-biocytin (12) suggest that strongly electron with
drawing substituents at the C-terminal end of MAG3 lead to a drastic decrease in radiolabeling 
yields. 

To optimize the reaction conditions for the post-conjugate approach, concentration 
(Figure 2) and pH dependencies (Figure 3) were examined: 

M Hr 

c(M°G3-HD-Boc) [nmottnl] 

Figure 2: Dependency of the RCY on the chelator concentration 
(reaction conditions analog table 1, pH 3.6) 

Figure 2 shows the influence of the MAG3-HD-B0C concentration on the 
radiochemical yield. The amount of MAG3-HD-B0C needed for yields of more than 90% could 
be reduced to 18 nmol/ml. Even at 1.8 nmol/ml. 80% RCY was obtained. 

xo- • 
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• 
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pH 

Figure 3: Dependency of the RCY on pH 
(reaction conditions analog table 1, MAG3-HD-Boc concentration- 37 nmol/ml) 
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Figure 3 shows that the highest RCY are obtained between pH 2 and 4. Acidic 
conditions are favoured, however cleavage of the t-butyloxycarbonyl group up to 10 % at pH 
2 occurs (radiochemical yields in figure 3 represent the total amount of both, the intact and the 
cleaved product). The drastic decrease at a pH of lower than 2 is not due to cleavage of the 
Boc-group. Rhenium seems to be released from the complex, as a third peak appears, which 
elutes in the void volume during reversed phase HPLC. 

Despite of its use as a model compound, Re-188-MAG3-HD-Boc can be used for 
coupling reactions with activated carboxyl compounds after deblocking. Benzoylanhydride and 
t-butyloxycarbonylanhydride reacted quantitatively with the deblocked chelate 

In conclusion, the carrier free status of Re-188 and the low amounts of chelator 
necessarry for high labeling yields seem to allow the use of MAG3-conjugates of receptor 
binding peptides. 
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Preliminary evaluation of radioiodinated alpha-melanocyte stimulating hormone 
(a-MSH) and its analogue using W-succinimidyl 3-iodobenzoate and iodogen 

' methods. Pradeep K. Garg, Kevin L. Alston, Philip C. Welsh, and Michael R. Zalutsky. 
Department of Radiology, Duke University Medical Center, Durham, NC. USA 

Radiohalogenation of monoclonal antibodies (MAbs ) using Af-succinimidyl 3-iodobenzoate 
(SIB) has been reported to decrease dehalogenation while maintaining MAb reactivity to target 
tissues (1). Although this approach has been used successfully for MAbs and other proteins, little 
information is available concerning its utility for labeling peptides. The current study was undertaken 
to investigate whether the inertness to dehalogenation and binding characteristics of a peptide labeled 
using SIB were superior to those observed when a conventional iodination method was used. 

These studies were performed with a-MSH (Figure 1), a tridecapeptide for which specific 
receptors have been shown to exist on both murine and human melanomas (2,3). When labeled with 
the appropriate radionuclide, a-MSH, or its more potent and stable [Nle4,-D-Phe7]-a-MSH analogue, 
is of considerable interest for the diagnosis and treatment of melanomas. 

The synthesis of [12SI]SIB was performed as described in a previous publication (4). To 
[125I]SIB (200 uCi), 30 uL of a-MSH or [Nle\-D-Phe7]-a-MSH (5 mg/mL in DMF) and 2 uL of 
triethylamine were added and the mixture was incubated at 37°C for 1 hr (Scheme A). The 
radioiodinated peptides were isolated in ~40-55% radiochemical yields using reverse-phase HPLC 
(C-18 column eluted at a flow rate of 1.2 mL/min using a 5% to 60% gradient of solvent A in solvent 
B over 45 min; A: 70% Acetonitrile in H 2 0 and 0.1% TFA; B: 0.1% TFA in H 2 0). For comparison 
purposes, a-MSH and [Nle4,-D-Phe7]-a-MSH were also radioiodinated with " ' I using the iodogen 
method. After a 3 min incubation of the peptide with sodium [13II]iodide (100 uCi) and iodogen (10 
ug) at room temperature, the contents were injected into the HPLC. Labeled peptides were isolated 
in 60-70% radiochemical yields following the procedure described above. Retention times for the 
labeled peptides and other compounds of interest are shown in Table 1. 

In vitro binding of radioiodinated [Nle\-D-Phe7]-a-MSH was performed using the murine 
melanoma cell line B16 Fl (ATCC, Rockville, MD). Cells were incubated in triplicate with 
approximately 10,000 cpm of 1 2 5 I or 1 3 1 I labeled peptide in eppendorf tubes containing 2x10 s 

cells/tube in the presence or absence of 100 uL of unlabeled peptide (10" 6-10'" M). After a 3 hr 
incubation at 15°C, supernatant was removed, cells were washed two times with PBS and counted 
in an automated y-counter along with input standards. Lacking sufficient quantity of cold iodinated 
[Nle4,-D-Phe7]-a-MSH, KD value was not measured. Based on the competition binding data using 
[Nle4,-D-Phe7]-a-MSH as the cold peptide, IC^ of 0.02 nM and 0.28 nM was calculated from the 
SIB conjugated peptide and that labeled using iodogen, respectively (Figure 2). For comparison, 
under similar conditions using B16 Fl cells, KD of 0.32 + 0.13 nM has been reported for the [Nle\-D-
Phe7]-a-MSH using [Tyr (I)2-Nle\-D-Phe7]-a-MSH as radioligand (5). 

To evaluate the effect of labeling method on in vivo dehalogenation, paired-label 
biodistribution studies were performed in Balb/c mice. For a-MSH, at 4 h the accumulation of 1 2 S I 
was 0.03 ± 0.01%ED in thyroid and stomach, whereas that for the I 3 1 I was 0.86 ± 0.39%ID and 2.96 
+ 0.79%ID in thyroid and stomach, respectively. With the [Nle\-D-Phe7]-a-MSH analogue, a 15 to 
20-fold lower accumulation of I 2 5 I compared to 1 3 1I in the thyroid and stomach was seen at 1 and 4 
h post injection (Figure 3). Catabolic analyses of urine by reverse-phase HPLC for peptide labeled 
by the Iodogen method indicated that nearly 100% of the activity was present as free iodide. With 
SIB, a lysine-iodobenzoic acid conjugate was seen, suggesting that with this method, labeling occurs 
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at Lys". 
In conclusion, these studies demonstrate that a-MSH and its [Nle4,-D-Phe7]-a-MSH analogue 

can be labeled using the SIB method in good radiochemical yields and with high affinity for 
melanomas. In addition, peptide-SIB conjugates show reduced in vivo dehalogenation when 
compared to the peptides radioiodinated using conventional methods. 
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Table 1. HPLC retention time on reverse-phase column 

Compound Retention Time (min) 

Iodobenzoic acid 38.1 

N-succinimidyl 3-iodobenzoate 43.6 

rNle4,-D-Phe7]-a-MSH 36.6 

Tyr2 rI3,Il,-tNle4,-D-Phe7l-a-MSH 39.4 

r,25HSIB-rNleVD-Phe7l-a-MSH 48.5 

a-MSH 35 

TyrT^'Il.-a-MSH 38.2 

[,2ir|SIB-a-MSH 46.2 

A) N-Acetyl-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-GIy-Lys-Pro-Val-NH2 

B) N-Acetyl-Ser-Tyr-Ser-Nle-Glu-His-D-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 

Figure 1. Amino acid sequence for a-MSH (A) and [NIe4,-D-Phe7]-a-MSH (B) peptides 

II / ^ l 
C-O— H Peptide in DMF 

\ - ^ 37°C, lh 

Scheme A. Radioiodination of peptides using SIB 
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Figure 2. Competition binding of [Nle4,-D-Phe7]-a-MSH to murine melanoma B16 Fl cells. 
Binding was performed for 3 h @ 15°C in the presence of ImM 1,10 phenanthroline, 10,000 
cpm of either S[ ,15I]IB-[Nle\-D-Phe7]-a-MSH or [ulI]iodogen-[NleV»-Phe7]-a-MSH, and 
varying concentration of unlabeled [Nle4,-D-Phe7]-ce-MSH (* represent binding in absence 
of unlabeled peptide). 
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Figure 3. Percent injected dose of radioiodine localized in thyroid (A) and stomach (B) of 
normal balb/c mice following injection of radioiodinated [Nle\-D-Phe7]-a-MSH 
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•Synthesis. Radiolahelling. and Evaluation of DTPA/octreotide Conjugates for Radiotherapy. 

P.M.Smith-Jones. B.Stolz, RAlbert, G.Ruser*, HJ4a'cke', U.Briner, L.Tolcsvai, G.Weckbecker and 
CBruns. Preclinical Research, Sandoz Pharma AG, CH 4002, Basle and 'institute of Nuclear 
Medicine, Kantonsspital Basle, Switzerland. 

OctreoScan* (SDZ 215-811), when labelled with l n In , is becoming an important radiopharmaceutical 
for the detection and staging of various somatostatin (SRIF) receptor-positive tumours (1). Using 
the same principle, the use of octreotide to transport p emitters to cancerous tissue offers an 
attractive alternative to conventional radioimmunotherapy (RIT). Two DTPA/octreotide conjugates 
(figure 1) were evaluated for their binding affinity to SRIF receptors and the stability of their 
respective ""Y complexes in human serum under physiological conditions. The more promising 
octadentate conjugate was further evaluated in tumour bearing rats and mice. 

Figure 1. Structures of the two DTPA/Octreotide conjugates used in this study: Heptadentate 
SDZ 215-811 and the new octadentate conjugate 

The ligand octadentate conjugate was synthesized in a three step procedure (figure 2) by: 
i) reductive alkylation of [e-Boc-Lyss-Tyi3]-octreotide (2) with glyoxylic acid, followed by 
ii) coupling with l-(p-aminobenzyl)-perrtakis-butyloxy-DTPA (3) in the presence of N.N'-
dicyclohexylcarbodiimide (DCCI) and 1-hydroxybenzotriazol (HOBT) and finally 
iii) deprotection of the octreotide with trifluroacetic acid (TFA). 

The two conjugates were radiolabelled with 8 8Y and "Y in 0.1 M NaOAc buffer (pH 4 J ) . The kit 
like radiolabelling procedure typically produced > 99.5% incorporation for both of the nuclides and 
specific activities of 7 MBq/nmole and 48 MBq/nmole peptide were produced for M Y and ""Y 
respectively. 

The heptadenate conjugate (SDZ 215-811) had a high binding affinity to SRIF receptors expressed 
by rat cortex membranes (table 1) and the M Y complex was relatively stable in human serum (tK 3.8 
days for '"Y lost to serum proteins). The octadentate conjugate also exhibited a high binding affinity 
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to these SRIF receptors (table 1 and pKd = 8.69 ±0.15), but it demonstrated a slower loss of ""Y 
to serum proteins (t^ 12.1 days). Consequently only the more stable '"Y complex formed with the 
new octadentate ligand was further evaluated in vivo. 

-r s o HN 

«A ° HO 
NH 

A 
* 

/=< IT HN Y x mi i f r-
\_j ° o s^ o 0=7" 

r* ^S o HN 

O^OH H O ^ ° H O ^ ° 

Figure 2. Synthesis of the new octadentate conjugate. 

Table 1. pICjo values of various somatostatin analogues for their ability to inhibit the binding of m I 
SDZ 204-090 to somatostatin receptors expressed by rat cortex membranes. 

Analogue 
Octreotide 

BlCso 
9.3 

SDZ 215-811 
°"Y SDZ 215-811 

8.4 
7.7 

Octadentate ligand 
°*'Y Octadentate ligand 

8.4 
8.5 
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The evaluation of the more stable '"Y labelled conjugate, in rats bearing SRIF receptor positive 
tumours, showed a very rapid and high tumour accumulation which after 1 hour resulted in 
tumour/non tumour ratios of 4.8,25.5,7.1 and 24 (for blood, muscle, liver and femur respectively). 
These tumour/non tumour ratios increased to 200, 350 and 8.2 (for blood, muscle and liver) at 24 
h pi. 

The administration of a single radiotherapeutic dose of '"Y (18 MBq) chelated to the octadentate 
ligand to nude mice, bearing SRIF receptor positive exocrine pancreatic tumours (AR42J), resulted 
in a significant reduction of the tumour growth compared to animals treated with an equivalent 
amount of either ""Y DTPA (figure 3) or the unlabelled peptide (data not shown). 

Tumour size (mL) 
7 |ry-90]-DTPA:- -

10 15 20 25 30 35 40 

Time post tumour inoculation (days) 

Figure 3. Radiotherapeutic effects of 9 0Y chelated to an octadente chelater/octreotide conjugate 
following a single ip application of 18 MBq in nude mice bearing AR42J tumours. 

Conclusion. 
This approach demonstrates that short synthetic SRIF analogues are able to both selectively target 
tumours which over-express SRIF receptors and to transport sufficient amounts of a P emitting 
radionuclide to produce a positive radiotherapeutic effect Further studies are in progress to identify 
the most suitable conjugate. 
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Radiopharmaceutical development of 1 2 3I-Vasoactive Intestinal Peptide (VIP) for receptor 
scintigraphy in oncology. 

P. Angelberger, I. Virgolini*, O. Buchheit, M. Egger, R. Portner, H. Kvatemik 
Abt. Radiopharmaka, Osterr. Forschungszentrum Seibersdorf, *Univ. Klinik f. Nukl. Med. Wien, 
Austria 

In recent years increasing biochemical and radiochemical research has been performed to develop 
radiolabeled peptides as specific ligands for tumor associated receptors. The most prominent 
example are several somatostatin analogs (1), by now in clinical diagnostic application. The subject 
of our study was labeling of VIP with I 2 3 I followed by separation and analysis of reaction products 
which provided the basis for subsequent in-vitro and in-vivo application. 

VIP is a 28-amino acid peptide of the glucagon-secretin family, m.w. 3326, containing 2 tyrosine 
residues at position 10 and 22 (2). Due to the potent biological effects of VIP (2) and the goal of 
receptor-binding high specific activity 1 2 3I-VTP was necessary, requiring a preparative HPLC 
separation. We developed a reversed phase system using a Nucleosil 100( 5 urn, CI8,4 x 290 mm 
column and isocratic elution with 74 % (v/v) aqu. 0.25 M TEAF pH3,26 % Me CN at 1 ml/min, 
monitoring the effluent with a scintillation radioactivity detector and a UV (280 nm) detector in 
series. 

In order to achieve mono-iodination and to preserve receptor-binding VIP must not be exposed to 
an excess of electrophilic iodine and oxidising agent. Therefore radioiodination by an enzymatic 
method and by an insoluble oxidant was studied. For enzymatic iodination 5 ug Iactoperoxidase 
(LPO) and very low concentrations of H2O2 were used. Best results were achieved with 0.15 mM 
VIP, 0.1 nmol iodide carrier added to I 2 3 I-NaI, 0.01 mM H2O2 in~ 100 jil reaction mixture 
(phosphate buffer pH 7.0) and 15 min reaction at 25 °C. The insoluble oxidant Iodogen (IG) is 
normally applied in a coating technique for radioiodination of sensitive proteins. We used 6 ug IG in 
suspension, 0.15 mM VIP, 1 2 3 I-NaI and 0.1 nmol iodide carrier in - 100 ul reaction mixture 
(phosphate buffer pH 7.5) and 30 min reaction/stirring at 25 C C. 

Preparative HPLC of both reaction mixtures revealed 2 major ! 2 3I-peaks eluting after the VIP 
mass-peak (Fig. 1). Their identity was established by reference to J.C. Marie (3) who had analyzed 
radioiodinated VEP-fragments after arginase and trypsin digestion by HPLC and amino acid 
analyzer. We used their labeling- (Chloramine T) and HPLC-system (Bondapak C18) to prepare 
mono-iodinated 1 3 I I -VIP standards. By comparing these in our HPLC-system the 2 major , 2 3 I -
peaks were identified as 1 2 3I-TyrlO-VIP and 123I-Tyr22-VTP after LPO-labeling as well as 1 2 3 I -
TyrlO-VIPox. and 1 2 3I-Tyr22-VIPox. (both in the oxidised methionine form) after IG-labeling. 
These 2 I 2 3I-peaks contained 65 ± 7 % (n = 20, IG) of the applied 1 2 3 I and were isolated as 1 2 3 I -
VIP product (Fig. 1). The eluent was evaporated at reduced pressure and the product was dissolved 
in PBS containing 0 . 1 % Tween 80,0.1 % (w/v) HSA (HSA for in-vivo application only) and 
sterile membrane filtered. 

Aliquots of the product were injected into an analytical HPLC-system, corresponding to the 
preparative one but using a dedicated analytical column. Unlabeled VIP in total product was < 1 
nmol by comparison with VIP standards resulting in a specific activity of- 10 mCi/nmol 
Zone electrophoresis using Whatman 3 MM paper, 0.1 M barbital buffer pH 8.6 and a field of 300 
V for 10 min., demonstrated < 3 % free 1 2 3I-iodide. 
The radiochemical composition remained stable in-vitro for more than 20 hours. 
Using the described I 2 3 I -VIP, Virgolini and coworkers demonstrated that various tumor cells ex
press significantly elevated VIP- receptors (4) and developed these in-vitro data into clinical use of 
, 2 3 I-VIP for in-vivo localization of intestinal adenocarcinomas and endocrine tumors (5). 
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Preparative HPLC of I 2 3I-VIP IG-reaction mixture (for HPLC-conditions see text). 
The following peaks can be seen in order of elution: UV 280 nm (dashed line) IG, 
VIPox., VIP; 1 2 3 I (full line) 123I-Tyrl0-VIPox., 123I-Tyr22-VIPox.> both were isolated 
as 1 2 3I-VIP product. 

I 
- 1 2 3 I - V I P 

product 

o 
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Stability of [Hlln]-DTPA-octreotide in vivo and in vitro 

A. Bruskina, H.Lundqvistb and J.-E.Westlinc. 

a Institute for Theoretical and Experimental Physics, Moscow, Russia 

b Department of Radiation Sciences, Uppsala University, Uppsala, Box 535, S-75121, 

SWEDEN 

c Section of Nuclear Medicine, Department of Oncology, University Hospital, Uppsala, Sweden 

During our work to label octreotide with a PET-tracer, ["Oln]-DTPA-octreotide O i w e 

revealed, by the use of size-exclusion HPLC, that fractions corresponding to labeled octreotide 

consisted of two peaks. When testing the commercial U'ln-kit (Mallinckrodt) we found the 

same thing. Eluate fractions corresponding to these peaks were collected and investigated during 

shelf-life of the radiopharmaceutical. It was shown that both forms are individual and that mutual 

transformation did not take place. From this we concluded that two different forms of labeled 

DTPA-octreotide occurred in our preparations. Further investigations were made to test the in 

vitro and in vivo stability of the two forms. 

MATERIALS AND METHODS. 

Blood samples from three patients were taken immediately, 5 minutes and 24 hours after 

injection. Serum from these samples was analyzed as described below. 

[11 lln]-OctreoScan was incubated in human serum at 37.5 °C during 72 hours. Samples were 

taken for analysis immediately, 24, 48 and 72 hours after mixing. All samples were analyzed 

with a GF-250 column, working on-line with UV and radioactivity detectors. In the analysis of 

low level radioactivity samples (patient serum) fractions were collected and measured by the use 

of gamma counter (1418 Wizard 3"). 
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RESULTS AND DISCUSSION. 

Figure 1 shows a radiochromatogramm of [11 'inJ-OctreoScan after its preparation. Two peaks 

are clearly seen. 

Figure 1. Radiochromatogram of 

[tUlnJ-OctreoScan. 

2 < C G 10 12 14 10 16 20 
VOl UM£ (<*) 

In the radiochromatograms of patient blood serum, four distinguish peaks were found and 

identified as free indium, protein bound indium and two peaks of indium labeled DTPA-

octreotide. Figure 2 shows the relative radioactivity distribution between these peaks from patient 

serum. 

Figure 2. Distribution of " Un between fraction of serum from three patients and as a function 

of sample time. 

D blood proteins 

• free indium 

• peakl 

•peaks 

It is seen that the relation between the two OctreoScan peaks is changed with time. This could be 

due to differences in uptake or/and catabolism of the two OctreoScan forms. 

Q L H - I BJ_ I n ™ • • I w •—BJ _, !^_ •_] 
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In order to investigate this point further the ["'ln]-OctreoScan stability in human serum was 

studied. The results are shown in figure 3. One of the components was apparently stable but the 

other component decreased corresponding to increasing amounts of free indium and protein 

bound indium. Thus we can conclude that one of the components is less stable in human serum. 

Figure 3. Distribution of ' ' Hn between fraction after incubation in human blood serum. 
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Other groups commonly use reverse phase HPLC. This might explain why the two forms of 

[11 'ln]-OctreoScan have not been seen before. The GF-250 column, which we use, is a size-

exclusive zirconium oxide coated column and may have some ion-exchange properties. 

Different forms of the labeled DTPA-octreotide may have different distribution of spatial 

charge, which can affect their ion-exchange properties. 

1. A. Bruskin, H.Lundqvist and J.-E.Westlin et al.- This book. 
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A search for the optimal positron emitting label for DTPA-octreotide. 

A. Bruskin3, H.Lundqvistb, J.-E.Westlinc, H.Arnbergc and V.Tolmachev3. 

a Institute for Theoretical and Experimental Physics, Moscow, Russia 

b Departmaent of Radiation Sciences, Uppsala University, Uppsala, Box 535, S-75121, 

SWEDEN 

c Section of Nuclear Medicine, Department of Oncology, University Hospital, Uppsala, Sweden 

[111 In]-DTPA-octreotide ("OctreoScan", Mallinckrotd) is applied for diagnostics of 

neuroendocrine tumors (1) by die use of SPECT or planar scintigraphy. It will be of value to 

combine diagnostic properties and accessibility of OctreoScan and the quantitative advantages of 

PET as registration technique. A number of positron emitting nuclides with different half-lives 

are available for the labeling of this kit (DTPA-octreotide), "^In (T>/4= 69 min, positron 

abundance -62%), 6 1 Q I (TI/2=3.4 hours, positron abundance-6! % ) and "(To 0"l/2 = '7.5 

hours, positron abundance-76 %). These radionuclides are readily obtainable with cyclotrons 

available at PET-centres. 

MATERIALS AND METHODS. 

Copper-61, cobalt -55 and indium-110 were produced by the nuclear reactions 60jvji(d,n)61Cu, 

5 8Ni(p,cc) 5 5Co and "°Cd(p,n)"°In at the MC17 cyclotron (Uppsala University PET-centre). 

For development work more long-lived analogs were used. 57QJ and 6 7 Q I were produced at the 

Gustaf Werner cyclotron, The Svedberg laboratory, Uppsala."'in and OctreoScan were 

purchased commercially (Mallincrodt). In the optimization of the labeling conditions the 

influence of pH, buffer composition and octreoscan concentration were studied. 
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For the assessment of in vivo stability, labeled compounds were incubated in human blood serum 

at 37.5 °C. Analysis and separation of labeled compounds and analysis of radioactive products 

after serum stability test were carried out with the use HPLC (DuPont, GF-250 column 

phosphate buffer, pH 5.8). 

RESULTS AND DISCUSSION 

Optimal labeling conditions are given in table 1 

Table 1. Optimal labeling conditions for DTPA-octreotide. 

Label pH Buffer Octreotide 

concentration, }ig/ml 

The results of serum stability test are shown in table 2. 

Table 2. Results of serum stability test for labeled DTPA-octreotide. 

Label Incubation time Activity remaining in labeled 

(hours) octreotide (%) 

In 24 95 

Co 24 35 

Cu 16 6 

Yield, % 

HOfo Standard conditions in 

the OctreoScan kit 

1 95 

5 5 C o 5.6 acetate 1 97 

61Cu 5.6 acetate 4 82 

We can conclude, that' '^In as the most stable label in vivo can be used for PET diagnostics 

with the use of OctreoScan. 
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Metabolism of Octreotide Conjugates of ^Cu-TETA. 64cu-CPTA and m I n - P T P A 
M.V. Lanahan. L.A. Bass, M.J. Welch, and C.J. Anderson. Mallinckrodt Institute 
of Radiology, Washington University School of Medicine, St. Louis, MO 63110. 

The somatostatin analogue octreotide (Sandostatin®) has been labeled with 
1231 (T1/2 = 13 h)W and m I n (Ti/ 2 = 67 h)P) for SPECT imaging, as well as 6 8 Ga 
(T1/2 =1-1 h)(3) and 1 8 F (T1/2 =1.8 h)(4) for PET imaging of somatostatin receptor 
positive tumors. Due to high background activity in the body, optimal SPECT 
images of tumors in patients of 111In-DTPA-D-Phe1-octreotide were obtained at 24 
hours post-injection. For PET imaging, the short half-lives of 6 8 Ga and 1 8 F may 
not allow for optimal imaging times when labeled to octreotide, therefore we 
have focused on labeling octreotide with 6 4 Cu, a positron-emitting radionuclide 
with a half-life of 12.8 h. Octreotide has been labeled with 6 4 C u using the 
macrocyclic chelates; l,4,8,ll-tetraazacyclotetradecane-N,N',N",N'"-tetraacetic 
acid (TETA) and 4-[l,4,8,ll-tetraazacyclotetradec-l-yl)-methyl]benzoic acid (CPTA) 
shown below. 

H 0 S _ I | ^ H j u l / ^ L XJ-OH 

O J, ™ <J O >1H HN 
H04! 

TETA CPTA 
The 6 4Cu-octreotide conjugates of these chelates have been evaluated both in 
vitro, to determine receptor binding affinity and in vivo, to determine 
biodistribution in target and nontarget tissues and have been been compared to 
the extensively studied m In -DTPA-oc t reo t ide . ( 5 ) We have observed a 
relationship between the biodistribution of octreotide conjugates and the 
lipophilicity of the chelate and/or overall charge of the metal-chelate complex.(5) 
There is not, however, a clear interpretation of this relationship. To accurately 
design second-generation octreotide conjugates the metabolic fate of octreotide 
complexes needs to be determined. There has been a lack of studies pertaining to 
the metabolic fate of radiolabeled octreotide complexes even for the commonly 
researched mIn-DTPA-octreotide. We believe that by determining the site of the 
isotope in the cell/organ and the nature of the metabolite we can more 
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thoroughly understand the relationship between the lipophilicity and charge of 
the metal-chelate octreotide conjugate and its biodistribution. 

The metabolites of 64Cu-TETA-octreotide and 64Cu-CPTA-octreotide were 
analyzed in the blood and urine. Metabolites of ^Cu-TETA-octreotide and m I n -
DTPA-octreotide were analyzed in the pancreas, adrenals, liver and kidneys. 
Metabolic studies were performed using mature female Sprague Dawley rats. 
Radiolabeled octreotide conjugates were prepared as previously describedC5) and 
were injected into rats via the tail vein. The rats were sacrificed at 1 and 24 hours 
post-injection and the liver, kidneys, adrenals, pancreas, blood and urine were 
removed. Tissue samples were homogenized in ethanol/TEA buffer (lOmM Tris, 
1.5mM EDTA, 3mM sodium azide, pH 7.4) at room temperature. The tissue 
homogenates were treated with ethanol; the precipitated protein was separated by 
centrifugation and the supernatant was removed, counted and analyzed by 
reversed phase HPLC and/or TLC. Organ blanks, where the 6 4 Cu-TETA-
octreotide or mIn-DTPA-octreotide injectate was added directly to tissues prior to 
work-up, were performed as controls. 

The fraction of activity in vivo that is present as unmetabolized octreotide-
labeled conjugate in blood and urine was determined from integration of the 
HPLC chromatograms. (see Table 1) The percent authentic activity that is 
unmetabolized was determined using the %intact conjugate obtained from the 
chromatogram, the %purity of the injectate, the tissue extraction efficiency of 
sample and the tissue extraction efficiency of the blank. 

Table 1. Percent intact ^Cu labeled chelate octreotide in blood and urine. (Chelate 
= TETA or CPTA) 

timefh) TETA (blood) CtfTA (blood) TETA (urine) CFTA (urine) 
0.03 79 38 — -
0 5 78 38 - — 

75 34 100 0 
42 42 100 39 

4 9 15 85 36 
6 15 0 - 21 
12 0 0 5 0 
24 0 0 0 0 

As exhibited above, metabolism of 64Cu-TETA-octreotide in the blood 
occurred rather slowly until 1 h post-injection. The percent of intact 6 4Cu-TETA-
octreotide decreased rapidly from 1 h to 12 h at which time it was completely 
metabolized. In contrast, the more lipophilic, positively charged 6 4Cu-CPTA-
octreotide was 62% metabolized by 2 min post injection and 100% metabolized in 
the blood by 6 h post injection. 
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Urine data has proven quite interesting in that 64Cu-CPTA-octreotide and 
64Cu-TETA-octreotide show markedly different results. At 2 h post injection, 
64Cu-TETA-octreotide remained 100% intact whereas 64Cu-CPTA-octreotide was 
only 39% intact. It may be concluded from this data that 64Cu-TETA-octreotide is 
excreted from the kidneys initially intact whereas 6 4Cu-CPTA-octreotide is 
initially excreted mostly as metabolites. It should be noted that metabolism is 
relatively complete by 12 h post injection for both conjugates. 

In organ metabolism studies at 1 h post injection, 6 4Cu-TETA-octreotide 
and l nIn-DTPA-octreotide were >65% intact in the somatostatin receptor 
containing organs (adrenal and pancreas). In both clearance organs (kidneys and 
liver) 111In-DTPA-octreotide was >70% metabolized at 1 h, whereas 6 4Cu-TETA-
octreotide was approximately 50% metabolized. At 24 h, both radiolabeled 
conjugates were completely metabolized in all organs. Both compounds showed 
the presence of a more hydrophilic, relatively small molecular weight metabolite. 
Using reversed phase TLC this metabolite had an Rf of -0.7 as compared to an Rf 
of -0.3 for intact radiolabeled octreotide-chelate. 

In conclusion, our studies have shown that metabolism of the three 
octreotide conjugates studied occur rather rapidly, especially in the clearance, 
organs. Further studies are in progress to more accurately correlate the 
metabolism and biodistribution of 6 4 Cu- and 1 1 1 In- octreotide conjugates. 

Acknowledgements: This work was supported by NIH CA64475 (C.J.A.), 
Mallinckrodt Medical, Inc. (C.J.A.), and DOE DE-FG02-87-ER60512 (M.J.W.). 
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18F- and 131l-LabeIing of the Octadecapeptide Apamin: A Selective 
Blocker of the Ca2+ Dependent K + -Channel. Syntheses and In-Vivo 

Evaluation in NMRI Mice. 
Wester H.J.*. Krummeich Ch.*, Fixmann A.**, Farmer W.*, MuIIer-Gartner H.W.**, Stockiin G* 

Institute fur Nuklearchemie und Medizin , Forschungszentrum Julich GmbH, 
52425 Julich, Germany. 

Apamin (scheme 1), an octadecapeptide found in the venom of the honey bee (1), is known to be a 
selective blocker of Ca2+-dependent K + channels (K^ca-ch.) (2) and to exhibit high affinity to its 
binding sites (KQ in the range of 15 to 60 pM (3)). As recently shown by post mortem 
autoradiography, an anatomically discrete loss of K. + Ca- C f t a n n e ' s within the hippocampus occurs in 
Alzheimer's disease (4). Since apamin is different from most peptide toxins in its unusual ability to 
cross the blood brain barrier (5), radiolabeled apamins are of potential interest for in-vivo receptor 
mapping of K+ca-channels with SPET and PET. For this purpose, 131j. and 18p_ labeled apamin 
was synthesized. The biodistribution and in-vivo stabilities of the different tracers were investigated 
in NMRI mice and the brain uptake compared. 
Initial attempts concerning direct iodination of apamin at His'8 (l) were carried out via the 
chloramine-T method according to a published procedure (2). Due to extensive degradation of 
educt and product observed under these reaction conditions, further experiments were performed 
using the Iodogen method. However, no significant reduction of fragmentation was found. 
Moreover, in-vivo studies on NMRI mice using SP-Sephadex C-25 purified product (1, CAT-
method) revealed fast deiodination as indicated by values of about 110% iD/g thyroid (60min p.i.). 
Thus, an alternative labeling procedure via acylation at Lys'* was performed which allows labeling 
of apamin under mild conditions. 
Encouraged by the recently published results of our group concerning improved in-vivo stability 
towards deiodination of iodinated tyrosine derivatives such as O-methylated 3-iodotyrosine (OIMT) 
and O-methylated 3-iodo-a-methyltyrosine (OMIMT) (6), we have O-methylated the Bolton-
Hunter reagent and applied N-succinimidyl desamino-(0-methyl)tyrosine (l^OMeBH) to the 
labeling of apamin (2) (scheme 1). Initially, as shown in scheme 2, we prepared ^U-OMeBH by 
iodination of the corresponding acid (Iodogen, 90% trifluoroacetic acid (TFA), 60°C, 45min, RCY 
68±4%) and subsequent activation using 0-(N-succinimidyl)-N,N,N',N'-tetramethyluronium 
tetrafluoroborate (TSTU) (MeCN, 60°C, 2 min, >95%). Direct iodination of OMeBH using TFA 
was also possible and led to a RCY of about 60% in 15 min (scheme 1, Fig. 1). At longer reaction 
times the acid-catalyzed ester hydrolysis led to a decrease of the overall radiochemical yield. 

Pharmacophore 

H-Cys-Asn-Cys-Lys-AIa-Pro-Glu-Thr-Ala-Leu-Cys-Ala-Arg-Arg-Cys-Gln-Gln-His-NHj 

4-['*F]Fluorobenzoate(2) ["TJOMe-Bolton-Hunter(3) Direct iodination (1) 

Scheme 1: Apamin (amino acid sequence, pharmacophore and labeling sites) 
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^-labelling at Lys 4 (3) was achieved using N-succinimidyl 4-[^F]fluorobenzoate (7,8) which 
was prepared via an improved synthesis (scheme 3). This procedure involved ^ ̂ F-fluorination of 
ethyl 4-(trimethylammonium triflate)benzoate followed by hydrolysis. Educt separation was 
performed by fixation on a polystyrene cartridge and elution through a cation exchange cartridge. In 
the last step, activation using N,N,N',N'-tetramethyluronium tetrafluoroborate yielded [^F]SFB in 
nearly quantitative yield. Subsequent product separation was done by fixation on a poylstyrene 
cartridge and selective elution. The synthesis was completed in about 35min with a RCY of 55±5%. 
To determine the extent of competing acylation at Cys* and His^ (as well as active ester 
hydrolysis catalyzed by His^) and to check the assumption that no protection is necessary at 
Argl3>14) initial acylations were carried out on a S-Benzyl-CysOMe/ N(ct)Ac-HisOMe/ N(a)Ac-
ArgOMe amino acid mixture (molar ratio 1:1:2 ) as a function of pH. The RCY found for the 
[1 8F]SFB conjugate of N(a)Ac-LysOMe was >85% at pH >8.5, whereas acylation of N(a)Ac-
KsOMe and N(cc)Ac-ArgOMe did not exceed 5 and 1% (pH>8.5) respectively. Thus, preparation 
of (2) and (3) was carried out at pH 8.7 with 0.05 to 1 mg of apamin which giving a RCY of up to 
70% (Fig. 2). 
In-vivo studies on NMRI mice revealed fast deiodination of (1) (111±36% iD/g thyroid, 60 min 
p.i.) and a much higher stability for (2) (<10% iD/g thyroid, 60 min). Accumulation of F-18 in 
bones using (3) did not exceed 2.5% iD/g after 60 min. In accordance with literature data on the 
distribution of binding sites for potassium channel ligands in rat brain (9), the activity accumulation 
for both (2) and (3) showed a significantly higher uptake in the hippocampal area (Figs.3 and 4) 
compared with in the remaining brain tissue. 
To demonstrate the preservation of binding properties, the determination of the ICso-values of (2) 
and (3) by competition experiments on mouse brain synaptosomes are presently being carried out. 
From these results we conclude that despite the relatively low absolute activity accumulation in the 
brain, further studies on the suitability of radiolabeled apamin as a suitable tracer for the imaging of 
pathological differences of the receptor status of K+ca-channeIs in-vivo is worthwhile. 

20 30 
time [min] 

Fig. 1: RCY of [131rjMeOBH (•) and the 
corresponding acid (D) as function 
of time (90%TFA, Iodogen, 60°C, 
32mMOMeBH) 

— 80-

1 .60 ' jr -i— I ; 
•3 j • 

$«. i • 
J= 1 
« 2 0 - -

0< 1 
i — , — , , 

103 200 300 400 SCO 
apam'n concentration [(jg/100ji] 

Fig.2: RCY of [1 3 1I]OMeBH-Lys4-
apamin as function of apamin 
concentration 
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Scheme 2: Synthesis of [ 1 3 1I]OMeBH 
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Scheme 3: Improved synthesis of [^F]SFB 
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Fig.3: Uptake of [18F]FB-Lys4-apamin 
in mouse brain 
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Fig.3: Uptake of [1 3 1I]OMeBH-Lys4-

apamin in mouse brain 
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Labeling of small peptides with yttrium and gallium via a new DOTA-

derivative or DFO using different disuccinimidylic esters as linker 

Brockmann J.. Rosch F. 

Institutfiir Nuklearchemie, Forschungszentrum Julich GmbH, D-52425 Julich, Germany 

Small peptides such as the somatostatin analogue are of increasing interest in tumor 
diagnosis. Many procedures have been developed to label these peptides either via 
halogenation or via the linking of radio-metals like gallium, indium etc. Due to the useful 
nuclear properties of ̂ V (T^ = 64.2 h, 100% (J-decay) for endo-therapeutic applications, 
chelating agents are also required for yttrium. Many chelators were synthezised on the 
basis of diethylenetriamine pentaacetic acid. Due to the low in vivo stability of these 
complexes, the siderophoric ligand desferoxamine B (DFO) for gallium as well as deri
vatives of 1,4,7,10-tetraaza cyclododecane-N,N',N",N'"-
tetraacetic acid (DOTA) for yttrium were suggested to 
yield complexes of high stability, respectively. 

We have synthezised an analogue of DOTA by modify
ing one of its carboxylic groups forming an butylamine 
residue; scheme 1. DOTA was prepared by the method 
of Desreux et al. (1) with 74% yield. In the second step 
mono-boc-1,4-diaminobutane was coupled to one car
boxylic group of the macrocycle using 0-(N-succin-
imidyQ-tetramethyluronium tetrafluoroborat as activating 
agent. The reaction was carried out in a dioxane/ 
DMF/H20 solvent-mixture using diisopropyl-ethylamine 
as base. The product 2 was purified by anion-exchange 
chromatography and lyophilized giving a white powder 
wich was analysed by 'H-NMR. It was deprotected with 
trifluoracetic acid, subsequently evaporated and purified 
by anion exchange chromatography. Overall yields of 3 
are > 50%. 
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Scheme 1: Derivatization of 
DOTA 
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In order to modify the linkage between the chelator 
(DOTA-derivatives or DFO) and the peptide, several 
disuccinimidylic esters were used systematically 
(scheme 2). Initial studies were done using various 
small petides with an N-terminal phenyalanin group. 
The parameters of the reaction between the alkyl-
amine-residue and the N-terminal amino acid of the 
NHS-esters were studied in detail. Due to the cha
racteristics of the homobifunctional NHS-esters, 
crosslinking was observed especially at low peptide 
to NHS-ester ratios, Fig. 1. At least a five fold ex
cess of the chelator to NHS-ester is needed to ob
tain yields higher than 80%, Fig. 2. The second step 
can be carried out without any prior purification. For 
most of the peptides the overall yield in the linking 
procedure is higher than 90% except for peptides 
with histidine residues, known to build unstable side 
products (Table 1). 

0ta£ 

Scheme 2: Coupling of DOTA and 
DFO to peptides through 
Disuccinimidylesters 

For the labelling of these products with yttrium and gallium the effects of buffer, pH and the 
complexation kinetics were investigated. Furthermore, their long term stability in aqueous 
solution was measured. These results were applied to synthesize a set of octreotide ana
logues of the ^Ga-DFO-succ-octreotide (2), substituting glutaryl and suberyl by the 
succinyl-linkage. Lipophilicity, stability and ease of synthesis were evaluated systematically. 
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In conclusion, the various comercially available NHS esters can be effectively used as 
variable linkers for the coupling of peptides and chelators. 

Fig. 1: Crosslinking for different R g . 2 : Kinetics of the reaction EGS + PHE-TRP 
EGS/PHE-TRP-ratios a s a fUnction ofeduct ratios. 

Table 1: Coupling of small peptides to DFO through disuccinimidyl suberate (DSS) 

Peptide educt product 4 
(yield in %) 

product 5 
(overall yield in %) 

cross-linking 
(in %) 

Phe-Trp 2.0 91.9 83.0 6.1 

Phe-Tyr 0 96.4 89.8 3.6 

Phe-His 3.1 64.4 61.8 32.5 
(side products) 

Phe-Gly 0 99.3 98.8 0.7 

Phe-Gly-Phe-Gly 0 94.8 94.3 5.2 

Phe-Ser-Val 0 99.5 92.5 0.5 

(cpeptidB= 1 -5 10"3 M; Cpeptae / CD S S = 1 / 5; c ^ / CD F 0 = 1 / 2 ; DMSO (Diisopropylethylamine) 

(1) Desreux F. - Inorg.Chem. 19:1319 (1980) 
(2) Smith-Jones P.M., Stolz B., Bruns C, Albert R., Reist H.W., Friedrich R.; Macke 

H.R- J.Nucl.Med. 25: 317 (1994) 

This work was supported by DFG grant Ro 985/2-2. 
The fruitful co-operation with SANDOZ Pharma AG, Basel, is acknowledged. 
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In vivo uptake kinetics and dosimetric calculations of ^Y-DTPA-octreotide 
with PET as a model for potential endotherapeutic octreotides labelled with "Y 

J. Brockmann1. F. Rosen1, H. Herzog2, B. Stotz3, C. Bruns3, G. Stocklin1 

'institute fur Nuklearchemie und ̂ edizin, Forschungszentrum Julich GmbH, 
D-52425 Julich, Germany, and 3Sandoz Pharma AG, Basel, Switzerland 

Various radio-labelled somatostatin-analogues such as 1"ln-DTPA-octreotide (Octreo-
scan®) or 123l-Tyr3-Octreotide for example are broadly applied for the diagnosis of different 
SRIF tumors. The high affinity of the this peptide to somatostatin receptors has stimulated 
the development of radio-labelled analogues, in view of potential endotherapeutic appli
cations. Yttrium-90 is one of the most promissing candidates amoung the radiotherapeutic 
isotopes because of its nuclear decay parameter (Tin = 64 h, 100% p") and its convenient 
availability in n.c.a. state from the ^Sr/^Y generator system. Furthermore, it forms stable 
chemical bonds to small peptides via appropriate chelators. There is, however, one se
rious problem to be solved preporatory to the endotherapeutic application of potential 9 0Y-
labelled octreotides, namely the quantitative determination of the in vivo uptake kinetics 
and the calculation of local radiation doses of the individual radiotherapeutics in patients. 

It was the aim of this study to substitute " V by the positron emitting yttrium isotope *y 

(Tin = 14.7 hr, 32% p*) in the radioyttrium-labelled octreotide in order to measure uptake 

kinetics of the tracer in tumor bearing rats using a PET scanner and to calculate dosime

tric data for organs of interest (1). "Y-DTPA-octreotide was used as a model analogue. 

Male Lewis rats (250±50 g) bearing an intrascapular exocrine pancreatic islet cell tumor 

(« 1 g) were used. They were injected i.v. with about 100 MBq of ^Y-DTPA-octreotide of 

17 GBq / umol specific activity. Simultaneously, dynamic PET scans were started for up to 

120 min with intervals of 30 sec at the beginning and 10 min at the end. 

Uptake kinetics of ̂ -DTPA-octreotide in the tumor are shown for two animals in Fig. 1. 
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120 

Time p.i. [min] 
Fig. 1 Tumor uptake kinetics of ^Y-DTPA-octreotide of two male Lewis rats as mea

sured by PET. Data are normalized per one uCi ̂ -DTPA-octreotide injected. 

The primary measured absolute 8 SY activity concentrations per cm3 were normalized to 

one uCi ^-DTPA-octreotide injected. For both rats a rapid uptake is observed with ma

xima of 3.5±0.5 nCi / cm3 / uCi injected (= 0.35±0.05 % ID / g) at 3.5±0.5 min after injecti

on followed by a slow release of 8 6 Y activity from the tumor with a kc rate of 4.4+0.4 and 

2.1±0.210"5 s"1 for the two PET rats. 

The uptake kinetics of ^-DTPA-octreotide in the tumor, the liver, and the bladder is 
shown in Fig. 2. There is an increase in *Y activity concentrations for the liver and the 
bladder with values being much higher han those for the tumor. The PET data agree with 
the results of the biodistribution measurements, which are (in % ID / g at 120 after injecti
on, n = 3) 0.39±0.05 for the tumor, 0.76±0.01 for the liver, 0.98+0.16 for the kidneys, and 
1.59+0.14 for the bone, for example. 
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Uptake kinetics of ̂ -DTPA-octreotide in tumor, liver and bladder of rat Y2 
as measured simultaneously by PET. Note logarithmic scale. 

Using the uptake kinetics of ""Y-DTPA-octreotide as measured by PET, radiation doses 
for ^Y-DTPA-octreotide were calculated according to the MIRD recommendations (2). To 
simplify the dose calculation, only the contribution of the P'-radiation of ̂ V (mean energy 
of 0.934 MeV) and a specific absorbed dose fraction of 1 for the two organs was conside
red. The results, given as mGy per MBq ^-DTPA-octreotide injected, for the tumor and 
the liver are 6.8 and 11.3 for rat Y1 and 3.2 and 13.5 for rat Y2. 

In conclusion, the approach to use ̂ -labelled octreotides and PET to determine indivi
dual radiation doses in vivo seems to be a useful tool to evaluate the radiation dosimetry 
of potential ^-labelled octreotide endotherapeutics in patients. Furthermore, it can be 
used to evaluate chemically different 90Y-chelator/linker-octreotides and finally, to estima
te the dose of a given ^V-labelled octreotide per individual patient. 

(1) Herzog H., Rosen F., Stocklin G., Lueders C, Qaim S.M., Feinendegen LE. -
J Nucl Med 34: 2222 (1993) 

(2) Loevinger R. - MIRD primer for absorbed dose calculation, 
The Society of Nuclear Medicine Inc., New York, 1988 

This work was supported by DFG grand Ro 985/2-2. 
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E v a l u a t i o n of S o m e D i r e c t L a b e l i n g T e c h n o l o g i e s of T c - 9 9 m 
M o n o c l o n a l A n t i b o d y in E f f i e n c y and T a r g e t i n g 
YJ. L i M t Z . C a o l , W H . Z h o u 1 , and YL. Y u 3 

1 S h a n g h a i I n s t i t u t e of N u c l e a r R e s e a r c h A c a d e m i c S i n i c a ; 
3 S h a n g h a i No. 6 P e o p l e ' s H o s p i t a l 

This study vas aimed to evaluate 3one different methodologies 
(1) (2) (3) for Tc-99m labelling of monoclonal antibody can affect 
labelling efficiency and scintigraphic characteristics. The 
effects of antibody reduction and transition leak ligand used on 
labelling efficiency and the arailibility of using Tc- 9 9m -
antibody labelled without 2-mercapto-ethanol pretreatment in 
scintigraphy lere tested. The ior-ceal, hig and home-developed 
monoclonal antibody 1A6 were used. 2-Mercapto-ethanol in 0.06 H 
PBS solution ipB 7.4) was added to antibody PBS solution with 
2-mercap toethano I:antibody ratio of 1000:1. svirled and incubated 
for 30 min at room temperature (20° C) in nitrogen atmosphere. 
The reduced antibody vas purified on Sephadex G-2S column 
(1.6x7 cm) , previously equilibrated tith 0.1% BSA, PBS rinsed, 
and elated with 0.06 U PBS containing 1 mil 2-oer cap toe thanol 
monitoring by DV detector and with nitrogen purged. The protein 
containing fractions vere purged vith nitrogen and after being 
sampled to measure its concentration divided into aliquots 
frozen immediately at -70° C stored ready for use. A domestic 
HDP kit vial ( containing 6 tag S n C U and 5 mg HDP ) vas 
reconstituted lith 0.06 ml nitrogen purged saline and 20 i» I vas 
added to every 0.2 mg reduced (unreduced) antibody jin 0.05 H 
PBS). Tc-99m-pertechnetate solution of 74 HBq(2 mCi) each vas 
added, made equal volume vith saline, svirled and after 30 
min at room temperature (20° Cl purified over Sephadex G-50 
using saline as eluant. Labelling efficiency vas analyzed 
by paper chromatography using saline as mobile phase. The 
labelling efficiencies obtained from reduced antibody ver.e 
evidently higher than that from unreduced antibody (P< 0. 011. 
The tartrate solution reconstituted from a kit vial (containing 
2 mg SaC 1 3 and 20 mg tartaric acid) vith 0,2 ml purged saline 
solution made by dissolving 6 mg SnCl* and 60 mg citric acid 
in 5 ml purged saline and S n C U solution vithout iigand (as 
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(1) Sckvarz A., Steinstrasse A., i. Nuc 1. Med.. 28.. 721 (1987). 
(2) Bkodes Buck A., Zamora Paul 0., Nevell Keith D, and Yaldez 

Edward F., i, Sucl. Med., 27., 685 (1986). 
(3) Tkakur M, L., Defnlvio J., and Park C. H.,Bar. i. Nacl. Med., 

16. 392 (1990). 
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Electrochemical reduction of Re for protein labelling 

E.Dadachova1, S.V.Smith1, P.F.Schmidt1, and S.Mirzadeh2 

^iomedicine and Program, Australian Nuclear Science and Technology ' Organisation 

(ANSTO), PMB 1, Menai NSW 2234 Australia; 2Nuciear Medicine Group, Oak Ridge National 

Laboratory (ORNL), P.O. Box 2008, Oak Ridge, TN, 37831-6229 USA. 

As the reduction of 188Re(VII) for antibody labelling employs a vast excess of stannous chloride 

which often results in dimininshed biological activity, electrochemical reduction was investigated 

as alternative method for 188Re(VII) reduction. 

The "H" type electrochemical cell with tungsten cathode and platinum anode was constructed, 

and 7 M HCI was used as supporting electrolyte. Reduction of 1 8 8 Re0 4 ' was conducted at 25 -

35 V (I = 0.05 - 0.5 A, current density on cathode 4x10-3 - 4x10-2 A/cm2) for 15 min. Ascending 

paper chromatography on Whatman DE81 paper in 7 M HCI at 4°C confirmed that 75% of 1 8 8Re 

was reduced to 5+ oxidation state [1]. 

Three methods of recovery of 188Re(V) from 7 M HCI media in the form suitable for direct 

labelling of proteins were investigated: I - evaporation of HCI followed by addition of 0.5 -1 .0M 

sodium gluconate or citrate solution at pH = 5 - 7; II - extraction of 1 8 3Re into the acetylacetone 

phase followed by re-extraction into sodium gluconate or acetate solution; III - formation of 

18BRe(V)-KCNS complex, extraction of the resultant complex into acetylacetone-chloroform 

phase, evaporation of chloroform under nitrogen and suspension of residue into sodium 

gluconate or acetate solutions. In each case the percentage of 188Re(V) complexed was 

determined by ITLC - SG with acetone and saline as mobile phases. 

A typical procedure of radiolabelling the DD 3B6/22 murine antifibrin antibody involved exposing 

Fab' fragments (0.9 mg/ml) in 0.5 -1 .0M sodium acetate or gluconate solution at pH = 5 - 7 to 

the equal volume of l e 8Re(V) complexes described above. Reactions were conducted at 

various temperatures (4-37°C) and time intervals (15-90 min). Size exclusion chromatography 

(P6-DG column; 1.0 x 2.5 cm; eluent 0.5 M sodium acetate) was used to separate the 

radiolabelled protein from unreacted 1 8 8Re. 

188Re(V) recovered from 7 M HCI for each method I - III and complexation are summarised in 
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Table 1. Methods I - III provide good extraction of electrochemically reduced Re(V) from 7 M 

HCI media into aqueous solutions of chelating agents. As direct labelling of Fab' fragments 

involves transchelation of , 8 8Re(V), high complexation of 188Re(V) with gluconate or citrate is 

mandatory for labelling. Methods II and III provide relatively high complexation of 1 8 8Re(V). 

Lower percentage of complex formation for method I may be explained by re-oxidation of 

, 88Re(V) to ,88Re(VII) during evaporation procedure. 

Table 1 Extraction into aqueous phase and complexation of electrochemically reduced , 8 8Re(V) 

Method mRe in 

aqueous 

solution, % 

""Re(V) 

complexed, % 

I 80 15 

II 45 80 

III 70 50 

The labelling of the reduced Fab' fragments of DD 3B6/22 monoclonal antibody with 

electrochemically reduced 1 8 8Re have not been successful due to instability of , 88Re(V) and its 

complexes in the absence of reducing agent. However, we believe that electrochemically 

reduced , 8 8Re may play an important role in protein labelling with bifunctional chelating agents, 

and the work with developed in house bifunctional chelating agent is currently ongoing. 

Literature: 

1. Pavlova M. - J.Chromatog. 51:346 (1970) 
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Labelling of proteins with 1 6 5Ho 

E.Dadachova1, S.V.Smith1, N.Di Bartolo1, P.F.Schmidt1, S.Mirzadeh2 and E.L.Hetherington1 

1Biomedicine and Health Program, Australian Nuclear Science and Technology Organisation 

(ANSTO), PMB 1, Menai NSW 2234 Australia; 2Nuclear Medicine Group, Oak Ridge National 

Laboratory (ORNL), P.O.Box 2008, Oak Ridge, TN, 37831-6229 USA 

The physical properties of 1 6 6Ho make it ideal for radiotherapeutic applications - high energy 

beta rays (Ea t f = 666 keV); low intensity and low energy suitable for imaging y-rays (80.5 keV, 

6%); 26.4 h half-life and stable daughter , 6 6Er. Non-carrier free 1 6 6Ho may be produced in a 

nuclear reactor by 1 6 5Ho [n,y] reaction. Recently it has been shown that 1 6 6Ho [1] can be 

obtained in carrier-free form by separation from its parent Dy employing reverse phase ion 

exchange chromatography on Aminex-A5 HPLC column and a-HIBA (a-hydroxyisobutyric acid) 

as eluent. The availability of carrier-free t S 6Ho make it an attractive nuclide for labelling of 

proteins. 

Production of 1 6 6Ho 

1 6 4Dy203 (2.8 mg) was irradiated in the ANSTO reactor (5.0 x 10' 3 n.s'\cm"2) for 120 h and 

"cooled" for 2 days allowing short-lived , 6 5 Dy to decay to , 6 5Ho. The target was digested in 9 M 

HCI (1 ml), evaporated to dryness and taken up in of 0.01 M HN0 3 (500 u.l). This was followed 

by separation of 1 6 6Ho from , 6 6Dy on commercially available Alltech HEMA-IEC BIO 1000 

sulphobutyl column (4.6 x 250 mm, p=1600 psi) and 0.085 M a-HIBA as eluent. In a similar 

manner to that described elsewhere [1], the amount of 1 6 5Ho in this preparation was determined 

by titrating with Arsenazo-lll (2,2'-[1,8-Dihydroxy-3,6-disuIfo-2,7-naphthalene-

bis(azo)dibenzenearsonic acid), and monitoring UV absorbance of the Ho - Arsenazo-lll 

complex formed. Results indicated that -2.8 x 10"2 mg (1.7 x 10"7 M) of 1 6 5Ho was present per 

13-15 mCi of , 6 6 Ho (preparation A, -0.54 mCi/jig of 1 6 5Ho). The remaining '^Dy was eluted 

from the column, and after 2.5 days the 1 6 6Ho / 1 6 6Dy mixture was reloaded on the column for 

separation. This separation provided - 4.5 - 5 mCi of the desired carrier-free , S 6Ho (preparation 

B). As no measurable amount (>0.6 ug) of 1 6 5Ho was detected in preparation B, specific activity 
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was calculated to be ~8 mCi/ug of , 6 5Ho. Purified from a-HIBA, carrier-free , 6 6Ho was 

resuspended in 0.1 M sodium acetate buffer (pH=4.0 - 5.5; 200 - 300ul). Non-carrier free 1 6 6Ho 

was produced by irradiation of ,65Ho2C>3 (2 mg) in the reactor for 1 h to yield 6.7x10"3 mCi/u.g of 

' 6 5Ho (preparation C). 

Labelling of human serum albumin (HSA) with '^Ho 

Diethylenetriaminepentaacetic acid (DTPA) anhydride in dimethylsulfoxide (DMSO) (10-40 ul) 

was added to HSA (1 ml, 10 mg/ml) in NaHCC>3 buffer (pH=8.5, 0.05 M), so the molar excess 

of DTPA anhydride to HSA varied from 1 to 300. The mixture was shaken and allowed to react 

for 10 min, concentrated by Centricon-30 microconcentrator followed by washing with 0.1 M 

sodium acetate buffer (pH=4.0,4x1 ml). Rnal concentration of DTPA-HSA conjugate was 

-50 mg/ml. Varied volumes of , 6 6 Ho solution (15 - 200 ul) in sodium acetate buffer (pH=4.0, 

0.1 M) were added to the DTPA-HSA conjugate and left to react for 10 min. The 166Ho-DTPA-

HSA product was purified on Sephadex G-25 column (15 cm x 0.7 cm; eluent PBS). Non

specific binding was determined by addition of , 6 6Ho (15 - 200 ul) to HSA in the absence of 

DTPA anhydride. As shown in Fig.1, the ratio of specific activity (Sp Act) of 166Ho-DTPA-HSA 

to specific activity of 166Ho-HSA is a function of the protein to anhydride molar ratio. 

Protein to DTPA anhydride molar ratio 

Fig. 1 Normalised specific activity of , 6 6Ho -DTPA-HSA versus protein to anhydride molar ratio 

The same dependence of relative coupling efficiency at a fixed protein concentration upon the 

protein to anhydride molar ratio has been observed elsewhere [2]. Due to rapid hydrolysis of Ho 
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at pH > 6, eluents at pH=4.5 - 5.5 (e.g. 0.1 M sodium acetate) were found to be more suitable 

than PBS for purification of ,66Ho-DTPA-HSA from unconjugated Ho using size exclusion 

chromatography. 

Labelling of monoclonal antibodies with 1 6 6Ho 

The same method to that described above was employed to label the murine antifibrin 

DD-3B6/22 monoclonal antibody (Fab'2 fragments, supplied by Dr.P.Bundesen, AGEN 

Biomedical Ltd, Brisbane, Qld, Australia). Only 1:1 molar ratio of Fab'2 to DTPA anhydride was 

used for conjugation. Table 1 presents labelling yields using different preparations of 1 6 6Ho. 

Table 1. Labelling efficiency of DTPA-Fab'2 conjugate* with various preparations of 1 S 6Ho 

'""Ho preparation ['"Ho], M Radiolabelling yield, % 

A 1.7x10'' 1 

B no , K ,Ho 
3.3x10""M 1 6 6 Ho 

12 

C 5.5 X10"" <1 

Using carrier-free Ho in 0.1 M sodium acetate buffer at pH=4.5, 12% labelling efficiency of 

DTPA-Fab'2 fragments was achieved in 30 min at room temperature (non-specific binding 3%). 

Specific activity of final product 166Ho-DTPA-Fab'2 was 2.4 mCi/mg. Radioimmunoassay was 

performed using lmmulon-4 Dividastrips (Dynatech Laboratories) coated with human D-Dimer. 

Immunoreactive fraction of labelled species was 64%. 

This study clearly demonstrates the advantage of using carrier-free 1 6 6Ho for protein labeling in 

comparison with non-carrier free. Considerably higher labelling efficiency and specific activity 

are achieved using relatively lower amounts of activity, emphasising important role of carrier-

free t 6 6 Ho in radioimmunotherapy. 

Literature: 

LDadachova E., Mirzadeh S., Lambrecht R.M., Hetherington E., Knapp F.F., Jr. - Anal.Chem. 

66:4272(1994) 

2.Hnatowich D.J., Layne W.W., Childs R.L. - Int. J.'Appl. Radiat. Isot. 33: 327 (1982) 

'Starting amount of Fab'21.84 x 10'9 M 
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BIOKINETICS OF MONOCLONAL ANTIBODIES LABELLED 
WITH RADIO-LANTHANIDES AND 225-AC 

IN XENOGRAFTED NUDE MICE: 
PRELIMINARY RESULTS 

G.J. BEYER1, R.E. OFFORD2. G. KUNZI 2, R.M.L. JONES 2, U. RAVN 2. 
Yu.ALEKSANDROVA2,R.C. WERLEN 2, H. MACKE 3, M. LINDROOS4, S. JAHN 4 , D. TENGBLAD 4 

and the ISOLDE Collaboration. 

1 Division Nuclear Medicine, HCU Geneva, 2 Department of Medical Biochemistry, University of 
Geneva, 3 Department Nuclear Medicine, Cantonsspital Basle, 4 CERN, Geneva, Switzerland 

INTRODUCTION Monoclonal antibodies have found wide nuclear-medical application as vehicles 
to carry radionuclides to tumor cells. Unfortunately the number of available radionuclides, and thus 
the diversity of types and energy of radiation, are limited. Further, commercial available radiotracers 
often contain significant amounts of inactive components impairing the labelling procedure. Here we 
demonstrate that lanthanide radioisotopes can be introduced into appropriate chelator-antibody 
conjugates under very mild conditions. The biokinetic behavior of radiolabelled immunoconjugates 
was compared with that of the corresponding 1 1 1 l n derivative. In-labelled bioconjugates have a well 
understood biokinetic behavior and are commonly used as radio-pharmaceutical (Abdel-Nabi and 
Doerr1993). 

EXPERIMENTAL: Radio isotopes: Carrier free preparations of , 5 3 G d , 1 6 9 Y b , 1 6 7 T m , 1 4 1 C e . ^ A c 
were produced using the on-line isotope separator facility ISOLDE at CERN (E.Kugler et al. 1992). In 
unspecific nuclear interaction induced by the 1 GeV pulsed proton beam of the CERN PS Booster 
(spallation, fission and fragmentation) a very complex mixture of nuclear reaction products is formed. 
After the mass separation process in most cases an additional radiochemical purification step 
(isobaric separation) is required. Cation-exchange chromatography was applied using cc-HIB (ct-HIB = 
a-hydroxyisobutyric acid) as eluting agent. For the production of ^ A c and 1 4 1 Ce a 55 g/cm 2 thick U-
carbide target was used, the other rare earth isotopes were produced from a 220 g/cm 2 Ta-foil 
target. The hot surface ionisation ion source provides selective ionisation of radioisotopes of group I, 
II and 1Mb elements. From the primary obtained 2 2 5 Ra a small radionuclide generator based on a cation-
exchange column (Aminex A5) was build. From the Aminex-A5 column pure ^ A c can be eluted 
using 1 M a-HIB, while the 2 2 5 R a remains on the column. The oc-HIB used in all radiochemical 
purification steps was removed by evaporation and the remaining radioisotopes were redissolved in 
10 - 50 uL of 0.05 M HCI. The obtained preparations were carrierfree and isotopically clean. 1 1 1 l n was 
purchased from Amersham. 

Preparation and labelling of the chelator-antibody conjugate: Aminobenzyl-DTPA, in 
which the DTPA is derivatized on the carbon backbone so as to retain the highest metal-ion affinity 
(Brechbiel et al., 1986), was converted to its aminooxyacetyl derivative. It was then site specifically 
conjugated to the murine anti-CEA lgG1 monoclonal antibody MAB 35 by oxime formation with 
aldehyde groups introduced on the antibody oligosacharides by mild periodate oxidation (Pochon et 
al. 1989). The chelator-antibody conjugate was then labelled by 2 h incubation with the radio 
nuclides in acetate solution. The labelled protein was isolated by gel filtration. 

Biokinetic studies: Antibody-chelator conjugates labelled with different radionuclides were 
injected simultaneously into the tail vein of nude mice bearing xenografted colorectal tumors. At 
various times, mice were sacrified and dissected. The radionuclide content of the organs (expressed 
in % i.dVg tissue) was analyzed by gamma ray spectroscopy. 

RESULTS: Labelling yields: All rare earth elements as well as Ac could clearly be introduced 
into the protein fraction with labelling yields between 75 and 95 %. 

Biokinetic studies: The comparison of the biokinetics of some lanthanides and indium is 
summenzed in Fig.1 - 3. Fig.1 shows the biokinetics for , 5 3 G d labelled bioconjugates. The 
simultanously measured biokinetics for 1 " I n labelled antibodies (not presented in the figure) showed 
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exactly the same behaviour except for the liver, were 
the uptake was slightly smaller compared to Gd. Fig. 2 
demonstrates that the blood clearance for the 
antibodies labelled with different lanthanides and In is 
practically identical, while in case of Ac a significant 
faster clearance is observed indicating a low in-vivo 
stability. The simultanously measured tumor uptake 
(Fig.3) confirms this findings, similar uptakes for the 
rare earth and In labelled bioconjugates and 
satisfactory in-vivo stability and a fast tumor clearance 
in case of a Ac-labelled antibodies. Only small 
differences in the uptake of lanthanides and Indium in 
other organs (liver, kidney, femur) have been 
measured. 

An increase of DTPA groups bound per antibody up 
to 10 did not affect the biodistribution. 

CONCLUSION: Radio-lanthanides can form 
radioimmunoconjugates showing an in vivo behaviour 
comparable to clinically used 1 1 1 l n immunoconjugates. 
Consequently the complete range of lanthanide radio
isotopes can be used in radioimmunoconjugates. 
Thus we have access to all types of radiations with a 
wide range of energy and half life, including p + -
emmitters which can be used for in-vivo dosimetry with 
PET and p - - and a-emitters for radio-immuno 
therapy. 
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LEGENDS 
Fig.1 Biokinetics for monoclonal antibodies labelled 
with 1 S 3 G d . The simultanously measured 1 1 1 l n bio-
distribution (not shown in the fig.) is practically 
identically. 

Fig .2 Blood clearance of monoclonal antibodies 
labelled with radio-lanthanides and 2 2 5 A c (produced at 
CERN ISOLDE) and 1 1 1 l n (purchased from Amersham) 
in tumor bearing nude mice 

Fig.3 Tumor uptake of monoclonal antibodies 
labeled with 1 5 3 G d , 1 6 9 Y b , 1 6 7 T m . 1 4 1 C e a n d 2 2 5 A c 
(carrier free, produced at CERN ISOLDE) and 1 1 1 l n 
(purchased from Amersham) in tumor bearing nude 
mice. 
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THE DIRECT LABELLING OF IqG ANTIBODY WITH Tc-99m 
USING FSA AS A REDUCING AGENT FOR PRETREATING 

X.B.WANG: A.A.NOUJAIM.* and T. R. SYKES.* Department of Chemistry, 
Beijing Normal Univ. Beijing, China. * Faculty of Pharmacy.Univ. Of Albert*. 
Edmonton. Canada T6G 2N8 

As an alternative to dithiothreitol, 2-mercaptoethanol, etc. reductants(l),We have 
recently reported a modification of the direct Tc-99m labelling method of IgG 
antibody(2). In this paper, we report an improved method using FSA as a reducing 
agent for pretreating and using Sncl2 as a reducing agent for the labelling of IgG 
antibody with Tc-99m. We have study on the effect of pH, temperature, buffer, FSA 
amount etc. on the labelling yieled of IgG antibodies using FSA for pretreating. 

The antibody was first changed from buffer into saline and concentrated to about 10 
mg/ml by ultra-filtration. The IgG antibody (2mg)in saline was pretreated by reaction 
with a appropriated buffer solution and FSA as a reducing agents at 39 T2 for 2hr and 
then adding appropriated Sncl2. ^^mTcO"4 for labelling at room temperature. The 
results are sumarized in Tables 1-2. 

Radiochemical purity and in vitro stability were measured by a combination of ITLC. 
TCA and stable labeling methods. Two develop systems in acetone and in methanol: 
ammonia acetate (10% in water)=l:l(v/v)were used for the ITLS. 0.003M EDTA. 
phosphate buffered saline and the fresh cysteine solution of a different concentration 
were prepared for Transchelation Challenge Test. 

Table 3 is the results on frozen test of IgG kit. The results for the assay of 
immunoreactivity of the reduced and labeled antibody(MAbl70) are shown in Table 4. 

In conclusion, FSA is a mild reducing agent for IgG antibodies pretreating which may 
be of value in keeping immunoreactivity of IgG antibodies(3). It could be split for 
disulfide bone in IgG antibodies and it is not necessary to remove from the reduced 
IgG antibodies before the IgG antibodies are reacted with Tc-99m. The results suggest 
that the reported method provides a direct and efficient means of labeling IgG antibody 
with Tc-99m and offers the possibility of performing labeling by a kit. 
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TABLE 1. IgG LABELING WITH Tc-99m USING FSA+SnCb METHOD 

No Labeling TLC-A% bound TLC-M.N % bound TCA% bound 

1 Tc-99m 99.6 97.2 97.4 

2 Tc-99m 997 972 96.8 

* A=acetone M.N=methanol: ammonia acetate 

TABLE2.MAbl70 LABELING WITH Tc-99m USING FSA+SnCI2 METHOD 

No Labeling TLC-A% bound TLC-M.N % bound TCA% bound 

1 Tc-99m 99.6 96.1 96.6 

2 Tc-99m 99.7 91.7 90.8 

TABLE 3. FROZEN TEST FOR IgG KIT USING FSA+SnCl2 METHOD 

Analysis Fresh Frozen (-70° ) % bound 
(25TC)% bound 6d 8d 49d 

TLC-A 98.9 99.3 99.5 98.9 
TLC-M.N 94.5 92.0 97.1 95.8 

TCA 93J 97.5 94.2 97.7 

* Fresh—new preparations 
Frozen—keep kits in cold storage at^Ot: for several days 

TABLE 4. THE ASSAY OF IMMUNOREACT IVITY OF THE REDUCED AND 
Tc-99m LABELED ANTIBODY (MAM70) 

Sample conc.ng STD 170 % INHTB #1 %INHIB #2 %INH1B 

40 92.19 94.29 94.07 
20 83.39 87.33 87.33 
10 65.54 73.34 73.53 
5 45.93 55.15 52.22 

15 24J8 26,39 32.31 
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Re-188 labelling of DD-3B6/22 Fab' Antibody for Radioimmunotherapy. 

P. F. Schmidt,1 S.V. Smith1 and P. Bundesen2. 1Biomedicine and Health, Ansto, Australia. 2AGEN 
Biomedical Ltd, Australia. 

Rhenium-188 (7 =155 keV (15 %); P'= Era* 2.1 MeV and tj417 hrs) can be obtained in a carrier-

free and salt-free form from the 1 8 8 W/ 1 8 8 Re generator [1]. Positive results in a pilot clinical trial of 

99mTc-DD-3B6/22 Fab' for the diagnosis of ovarian cancer encouraged the development of the 

188Re-DD-3B6/22 Fab' - a matched pair of radioimmunoconjugates for diagnosis and therapy. As 

its coordination chemistry is similar to that of """Tc, similar radiolabelling techniques for " m T c -

DD-3B6/22 Fab' were employed for direct labelling with 1 8 8 Re. The in vitro and in vivo stability as 

well as the biodistribution of the 188Re-DD-3B6/22 Fab' in nude mice are reported. 

Rhenium-188 was eluted from a 1 8 e W/ 1 8 8 Re generator with 0.05 M NH4NO3 and the eluent 

evaporated to dryness. The residual 1 8 8 Re was dissolved in a range of buffers - 0.2 M acetate 

(pH 4.0 - 5.5), 0.2 M phosphate (pH 5.0-6.0) and 0.2 M sodium carbonate (pH 6.5-8.5). Excess 

SnCI2 (2 mg/ml) was used to reduce the ReCV - Re(VII) to its Re(V) for complexation at various 

pH in sodium gluconate (0.5 M) or sodium citrate (0.5 M) in the presence and absence of an inert 

atmosphere. Percent complexation (confirmed by ITLC-SG mobile phase acetone; Re0 4 " : Rf = 

0.95; Re(complex) : Rf = 0.05) in each case is illustrated in Fig. 1., 2. and 3. Comparing the 

effect of gluconate complexation at various pHs (4.0 - 8.5) in various buffers (Fig. 1.) shows 

complexation decreases rapidly with increasing pH. An inert atmosphere was essential for this 

reduction reaction as Re(V) readily oxidises to Re(VII) in air. Optimum complexation of = 75 % 

was achieved at pH 4.0 - 4.5 in 90 min at 37°C for both citrate and gluconate. 

The DD-3B6/22 Fab' was produced by the reduction of F(ab')2 with dithiothreitol (DTT) at 37°C 

for 30 min. The 1 8 8Re(V) complexes of gluconate and citrate formed in situ were incubated for 1 h 

at 37°C with the purified (by size exclusion chromatography) Fab'. Transchelation of the 1 8 8 Re 

onto the endogenous thiol groups of the Fab' was found to be 20 times more effective for the 

1 8 8 Re complexes of gluconate than that of citrate. Specific activity of final product was 2.9 

mCi/mg with an immunoreactive fraction of 77%. The concentration of SnCI2 was increased (2.0 -

5.0 mg/ml) in an effort to increase 1 8 8Re(V) available for transchelation, however immunoreactivity 
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was severely compromised (IRF = 37% at 5mg/ml). In vitro stability of the 188Re-DD-3B6/22 Fab' 

at 4°C in PBS pH 7.2 was assessed by HPLC over a 48 h time period (see Fig. 4.). Result show 

upto 30% of the 1 8 8Re was lost from the Fab' fragment within 24 h. The rate of 1 8 8 Re lost from 

the protein was considerably reduced after 24 h. 
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Fig. 1. Effect of pH on gluconate complexation of 
Re in various buffers" 
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Fig. 2. Effect of pH on gluconate complexation of 
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Fig. 4. Percent activity associated with DD-3B6/22 
Fab' when store at 4°C. 

As the DD-3B6/22 antibody only recognises the cross-linked fibrin of humans and primates, a 

pseudo animal model was established. Pharmacokinetics of the final product was evaluated in 

nude mice transplanted with both D-dimer (antigen +ve) and glycine (antigen -ve) sepharose 

beads in the left and right hind flanks, respectively. Results (see Table.1 and Fig. 5. and 6.) show 

that 188Re-DD-3B6/22 Fab' clears rapidly from the blood (a phase = 1.1+ 0.1 h; p phase = 5.7 + 

0.6 h) and is excreted through the renal system. 

534 



Fig. 5. Blood clearance of 
nude mice. 
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Rg. 6. Localisation to D-dimer (antigen +ve) and 
glycine (antigen -ve) sepharose beads in nude mice. 

Table 1. Biodistribution of Re-DD-3B6/22 Fab' in nude mice 
%ID/G 
TIME l h 2h 4h 6h 16h 24 h 

ORGAN MEAN S.D. MEAN S.D MEAN S.D MEAN S.D MEAN S.D MEAN S.D 

UVER 2.36 082 2.46 0.25 1.06 0.14 0.73 0.04 022 0.02 0.11 0.01 
SPLEEN 1.52 057 1.49 022 0.74 0.15 0.52 0.13 028 0.05 0.15 0.04 
KIDNEY 108.03 37.32 124.32 14.54 73.67 16.72 42.87 5.87 8.86 0.9 554 1.09 
BONE 1.84 0.76 1.65 0.31 058 0.17 0.51 0.09 023 0.06 0.14 0.04 
LUNGS 3.81 1.15 8.69 454 12.84 16.99 124 0.62 3.02 1.71 02 0.12 
HEART 2.91 0.76 1.97 028 0.61 0.21 0.39 0.06 0.18 0.09 0.06 0.07 
BLOOD 8.12 2.91 5.66 2.37 156 0.31 0.9 0.13 03 0.04 0.11 0.01 
BLADDER 43.14 65.65 19.01 21.14 926 1123 6.44 6.29 1.13 0.43 0.39 0.18 
STOMACH 3.67 1.56 9.05 4.6 1.31 0.71 0.74 0.1 025 0.11 0.13 0.05 
SMINT 2.21 0.83 325 1.15 0.67 0.16 0.42 0.11 0.11 0.03 0.05 0.01 
CAECUM 3.22 2.05 3.04 0.84 0.74 0.16 0.81 0.4 0.16 0.09 0.17 0.04 
TARGET 

+ v e * 0.17 0.12 0.25 0.14 052 0.11 027 0.07 024 0.04 024 0.13 
- v e * 0.09 0.11 0.11 0.05 0.11 0.O4 0.08 0.02 0.02 0.01 0.03 0.04 

* Data represented as %ID. 

Localisation to the target was specific, with a ratio +ve : -ve controls of 5:1 (P < 0.001). 

Specificity was achieved within 6 h and maintained for upto 24 h post-injection. The retention of 

188Re-DD-3B6/22 Fab' at the target site tends to indicate that the product is sufficiently stable in 

in vivo for the localised 1 8 8 Re to decay and potentially administer the required dose. Preliminary 

work to date indicates that therapeutic levels (upto 30 mCi) of 188Re-DD-3B6/22 Fab' are 

achievable with this antibody confirming its potential use in therapy of ovarian cancer. 

References: 
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Labeling of Monoclonal Antibodies (MAhs) with /V-Succinimidyl 3-hydroxy-4-
[u'I]iodohenzoate (wiSHIB). 
VAIDYANATHAN, G., AFFLECK, D.J., SLADE, S.A. AND ZALUTSKY, M.R. 
Duke University Medical Center, Durham, NC. 

The extensive in vivo deiodination observed with directly radioiodinated MAbs generally has 
been attributed to the presence of an hydroxy group ortho to iodine. However, we have shown that 
the ortho hydroxy group does not always result in significant deiodination.(l) This was further 
substantiated by comparing the biodistribution of a MAb radioiodinated using our prototypical 
agent, N-succinimidyl 3-[131I]iodobenzoate (SIB)02' with the same MAb radioiodinated with an agent, 
TV-succinimidyl 4-hydroxy-3[131I]iodobenzoate,/>SHIBC5, in which a hydroxy group was introduced 
ortho to the iodine in SIB. The SHEB agent is of particular interest because of its potential 
adaptability to simple kit formulation. With respect to in vivo deiodination, MAb labeled with this 
agent was only slightly inferior to that labeled with SIB and several-fold better than the directly 
iodinated MAb. Unfortunately, the coupling yields for/?SHIB with MAbs was unacceptably low. 
It was reasoned that this may be due to the presence of a hydroxy group at the para position of the 
carboxylic ester group. To investigate this, an isomeric compound (mSHIB) wherein the hydroxy 
group was moved to the meta position was prepared and its potential for radioiodinating MAbs was 
evaluated. 

SIB pSHIB mSHIB 

NHS = W-succinimidyl 

Chart 1. Chemical structures of N-succinimidyl 3-iodobenzoate (SIB), N-succinimidyl 4-hydroxy-
3-iodobenzoate (pSHIB) and N-succinimidyl 3-hydroxy-4-iodobenzoate (/MSHIB). 

A<feto-hydroxybenzoic acid (MHBA) was radioiodinated using chloramine-T in a 10 min reaction. 
A yield versus concentration of MHBA showed that a 2 mM concentration of MHBA is necessary 
to obtain the optimum yield of 70-75% (Figure 1A). The 3-hydroxy-4-['"I]iodobenzoic acid 
(HIBA) was isolated by reverse-phase HPLC and converted to mSHIB in more than 80% 
radiochemical yield (determined by normal-phase HPLC) by treating it with iV-hydroxysuccinimide 
and DCC for 5-10 min. No advantage in yield was obtained by increasing the reaction time up to 
1 hr (Figure IB). MAb 81C6 could be conjugated with HPLC-purified mSHIB in 40-60% yield 
in 20 min; increasing the incubation time upto 1 hr did not result in any significant increase in 
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conjugation efficiency. In comparison, only 10-15% coupling yield was obtained whenpSHTB was 
used.<3) The specific binding of 81C6 labeled with , 3 1 I using mSHIB to D 54 MG human glioma 
homogenate was 70 ± 9%. In comparison, the specific binding was 80 ± 7% when 81C6 was 
labeled with [125I]SIB. The immunoreactivity did not change appreciably when the nuclides were 
switched. A paired-label biodistribution of 81C6 labeled with [I3!I]/nSHIB and with [125I]SIB was 
determined in normal mice. Generally the uptake of l 3 1 I was higher in almost all tissues especially 
at later time points. Although such a difference in uptake was seen between 81C6 labeled with 
[13II]pSHIB and that with ['"qSEB0', the magnitude of the difference was much higher in the present 
case. The thyroid uptake was similar to that observed earlier with^SHTB (Figure 1). Initially, the 
difference in uptake of 1 3 1I and 1 2 5I was small but statistically significant (p < 0.005). With time the 
difference increased; on the seventh day the I 3 , I uptake was 2.5-fold higher than that of 1 2 5 I . 

In conclusion, mSHIB could be prepared in good yields and, as predicted, the yield of coupling to 
protein was higher with this isomer. The inertness of 81C6 labeled with /»SHIB to in vivo 
deiodination was similar to the one labeled with pSHTB . The usefulness of this labeling agent will 
be investigated in future tissue distribution experiments in nude mice bearing tumor xenografts. We 
are currently developing a kit-formulation for the preparation of/nSfflB. 
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Figure 1. A) Dependence of radiochemical yield of [13,I]HIBA production on the concentration of 
weto-hydroxybenzoic acid. B) Yield as a function of time in the formation of m[131I]SHTB. 
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Figure 2. Thyroid uptake in mice following the co-administration of 81C6 labeled with [125I]SIB 
and with m[131I]SHIB. 
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Catabolism of Label from in FJab'V, Fragment Radioiodinatcd using JV-Succinimidyl 3-
iodobenzoate and Iodogen Methods. 
Pradeep K. Garg, Kevin L. Alston, and Michael R. Zalutsky. 
Department of Radiology, Duke University Medical Center, Durham, NC 27710, USA. 

Understanding of the nature of labeled species generated in vivo following administration of 
labeled monoclonal antibodies (MAbs) could facilitate the design of next-generation radiolabeling 
methods. In spite of the less than ideal nuclear decay characteristics of radioiodine, the more rapid 
normal tissue clearance of radioiodine compared to radiometals has resulted in its continued 
preference for clinical MAb therapy trials. When MAbs are labeled via the direct iodination of their 
tyrosine residues, high thyroid uptake is observed, providing indirect evidence for in vivo 
dehalogenation (1). This has led to the development of alternative radioiodination approaches using 
#-succinimidyl 3- or 4-iodobenzoate which have resulted in decreased thyroid uptake (2,3) and 
improved tumor localization (4) in mice. The current study was undertaken to determine the labeled 
catabolites created following the exposure to tissue in vitro and in vivo of an F(ab')2 fragment 
radioiodinated using A'-succinimidyl 3-iodobenzoate (SIB) and the Iodogen method. 

The F(ab')2 of Mel-14, a MAb reactive with a tumor-associated chondroitin sulfate 
proteoglycan, was labeled with 1 2 5I using SIB (4) or the Iodogen method. Balb/c mice were injected 
with 10 uCi of 125I-labeled F(ab')2 MAb fragment and killed 3 hr later. Tissues of interest were 
removed, washed with saline and homogenized. After centrifugation, the supernatant was separated 
and analyzed using size exclusion HPLC performed using a Bio-Sil SEC 250 gel filtration column 
(Bio-Rad, 600 x 7.5 mm) eluted with PBS at a flow rate of 1 mL/min. Fractions of 0.5 mL were 
collected and counted using an automated y-counter. Molecular weight for different peaks was 

• ascertained by running gel filtration molecular weight standards using identical conditions. In 
addition, liver, spleen, kidneys, blood and urine were collected from another group of Balb/c mice. 
Tissues were homogenized and incubated ex vivo with 10 uCi of I25I-labeled Mel-14 F(ab%. After 
incubation @ 37°C for 3 h, homogenates were centrifuged and supernatants were analyzed using size 
exclusion HPLC as described above. Compounds with molecular weights of less than 10 kD were 
separated from the supernatants (in vivo and ex vivo samples) using Centricon-10 cartridges and 
were analyzed by HPLC using a reverse phase column (C-18, lOu, 250 x 4.6 mm) eluted in isocratic 
mode with methanol:wateracetic acid (45:55:0.2) at a flow rate of 1 mL/min. One mL fractions were 
collected and counted for radioactivity in an automated y-counter. Cold compounds including 
iodobenzoic acid (IBA), the glycine conjugate of IBA (IBA-Gly), and the lysine conjugate of IBA 
(IBA-Lys) were run on HPLC to determine the retention time of these potential catabolic products. 

Based on size exclusion HPLC profiles, the distribution of radioactivity in tissues was grouped 
into four molecular weight (MW) categories: >150kD, -100 kD, -30-70 kD, and<30kD. As would 
be anticipated, the largest differences observed between the two labeling methods were in the lowest 
molecular weight category (Table 1). Two- and seven-fold higher levels of <30 kD species were 
present in liver and kidney, respectively, in the iodogen samples compared with those obtained from 
animals injected with F(ab')2 labeled using SIB. In serum samples from SIB group, 87% of 
supernatant activity was present as the lOOkD species (reflecting intact MAb fragment) while for 
Iodogen group only 33% was present as intact F(ab")2 with 31% present as the ~50kD species 
(Figure 1). 
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Reverse-phase HPLC analysis showed a distribution of radioactivity in four major species: 
iodide, IBA, IBA-Gly, and IBA-Lys. Ex vivo incubation of urine with MAb fragment labeled using 
SIB yielded two major peaks corresponding to iodide and IBA, while in vivo urine sample showed 
the presence of IBA-Lys and IBA-Gly as major peaks, with <3% radioactivity present as iodide 
(Figure 2). Urine samples from the Iodogen group contained iodide as the predominant peak (>75%) 
and iodotyrosine as a minor peak. In vivo liver samples from the SIB group exhibited a distribution 
of radioactivity between IBA (30%), IBA-Lys (55%), and IBA-Gly (5%), whereas those from the 
Iodogen group showed >80% of the radioactivity as iodide with the remainder as the monoiodo-
tyrosine. Unlike other tissues, kidney supernatant from the SIB group included IBA as the major 
catabolite (Figure 3). 

In conclusion, these studies provide direct evidence for the generation of iodide as the 
predominating catabolic product from a MAb fragment radioiodinated using the Iodogen method. 
This is consistent with previous speculations that in vivo dehalogenation may be the major event in 
the catabolism of radioiodinated proteins. For MAbs radioiodinated using SIB method, except for 
the kidneys, IBA-Lys predominates as the catabolic product with minimal radioactivity present as 
iodide. 
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Table 1. Size exclusion HPLC analysis of tissue supernatants from SIB and iodogen groups 

Supernatant Activity (%) 

Sample >150kD -100 kD -50 kD <30kD 

10 13 63 10 
9 9 57 20 

6 31 29 13 
5 31 32 16 

2 70 19 1 
3 65 12 13 

7 15 65 3 
11 11 54 21 

7 87 4 1 
8 33 31 20 

Liver 
SIB 
Iodogen 

Spleen 
SIB 
Iodogen 

Lungs 
SIB 
Iodogen 

Kidney 
SIB 
Iodogen 

Serum 
SIB 
Iodogen 
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Figure 1. Size exclusion radiochromatogram obtained from analysis of liver and serum. Samples were 
obtained after injection of Mel-14 F(ab')2 labeled using SIB (left) and iodogen (right). 
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Figure 2. Reverse phase HPLC chromatogram 
from analysis of urine obtained 3 h after injection 
of radioiodinated Mel-14 F(ab'), in normal mice 
(in vivo) or after 3 h incubation with urine (top). 

Figure 3. Reverse phase HPLC chromatogram 
from analysis of supematants from liver (top) and 
kidneys (bottom). Tissues obtained after injection 
of radioiodinated Mel-14 F(ab')2. 
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PREPARATION AND IN VIVO EVALUATION OF RADIOLABELED LDTPA 
PROTEIN CONJUGATES. 
K.A. Deal. J. R. Duncan, and M. J. Welch. Mallinckrodt Institute of Radiology, 
Washington University School of Medicine, St. Louis, MO 63110. 

The site specific delivery of radioactive metal ions using chelate-
biomolecule conjugates has potential medicinal applications in radiodiagnostics, 
radiotherapy (1), and magnetic resonance imaging (2). The preparation of 
functionalized chelate derivatives for conjugation, like DTPA (3) and DOTA (4), 
are generally multi-step procedures with extremely low yields. The notable 
exception is the DTPA dianhydride which can react with primary amines to form 
protein conjugates. The major draw back to DTPA dianhydride is substantial 
cross-linking between the chelate and protein, greatly reducing the yield of 
protein conjugate. Recently, the high yield synthesis of N,N-bis[2[N',N'-
bis(carboxymethyl)amino]ethyl]-4-amino-L-phenylalanine (LDTPA), a bifunctional 
chelate with one site for protein attachment, was reported (5), but biological data 
was not given. 

We have prepared gram quantities of LDTPA, and converted the aromatic 
amino group to an isothiocyanate for protein conjugation (Figure 1). This was 

H2N~\_J~VC02" S C N - 4 ^ - X , C O 2 H 

H ° 2 C _ V N LDTPA N V _ C O j H "O^^SCN-LDTPA^00*" 

eo 2H 

H ° 2 C ^ N

/ V ^ N \ ^ N

/ - C ° 2 H 

H02C-^" ^ C 0 2 H 

Figure 1 

readily achieved by treating LDTPA with thiophosgene (6) and precipitating the 
product from methanol with dry acetone. The isothiocyanate derivative (SCN-
LDTPA) was conjugated to BSA and a series of glycoproteins to evaluate the 
uptake and clearance of the radiolabeled conjugate. Glycoproteins with 
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mannose and galactose residues were used, and they are targeted to mannose 
and asialoglycoproteins receptors, respectively. 

The LDTPA BSA and glycoprotein conjugates were radiolabeled with 
either 111 ln 3 + or 153Gd 3 + , and the biodistributions assayed. The 
biodistributions of 1111n-LDTPA-BSA indicated that the compound was initially 
circulating in the blood, but then cleared rapidly through the kidneys. "•111n-
LDTPA-mannose BSA and 1111n-LDTPA-galactose BSA showed rapid 
accumulation in the liver with slow clearance over 24 hours. The 1 1 1 In-LDTPA-
mannose BSA cleared primarily through the kidneys, while 11 1In-LDTPA-
galacose BSA cleared primarily through the lower large intestine. 

The biodistributions of 1 5 3Gd-LDTPA-BSA was similar to the 111 -indium 
compound, with clearance primarily through the kidneys. The release of 
153G(J3+ f r o m t h e protein conjugate in vivo can be inferred by monitoring the 
accumulation of radioactivity in the bone. Significantly less bone accumulation of 
153Gd W a s observed with 153Gd-LDTPA-BSA at all time points compared to 
153Qd3+ labeled DTPA dianhydride BSA protein conjugate (7). 153Gd-LDTPA-
mannose BSA and 153Gd-LDTPA-galactose BSA both exhibited rapid uptake in 
the liver followed by slow clearance. Both glycoproteins showed significant 
accumulation of radioactivity in the bone matrix with time. 

The bifunctional chelate LDTPA has been prepared in large quantities and 
modified for protein conjugation. The conjugation reaction between SCN-LDTPA 
and the protein showed no cross-linking, offering an advantage for the 
preparation of 11"I l n 3 + radiopharmaceuticals currently employing DTPA 
dianhydride. LDTPA-BSA demonstrated a higher affinity for 1 5 3 G d 3 + in vivo 
compared to the DTPA dianhydride protein conjugate. 

Acknowledgments: This work was supported by Mallinckrodt Medical, Inc. 
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Biodistribution and Metabolism of the MAb 1A3 and 1A3-F(ab') 2 

when Labeled with 6 4 / 6 7 C u Through Four Different Bifunctional 
Chelates 
B.E. Rogers1-", C.J. Anderson1, J.M. Connett2, L.W. Guo2, K.R. Zinn 3. #, and M.J. 
Welch 1 . 1 Mallinckrodt Institute of Radiology and department of Surgery, 
Washington University Medical School, St. Louis, MO and 3University of 
Missouri Research Reactor, Columbia, MO. 

Bifunctional chelating agents (BCAs) are required to complex radiometals to 
biomolecules such as proteins and peptides. Copper-64 (p +, T1/2 = 12.8 h) has 
shown potential as a therapeutic and diagnostic radiometal and macrocyclic 
BCAs are necessary for in vivo stability/ 1) 1A3 and 1A3-F(ab')2 are anti-
colorectal MAbs that have been labeled with 6 4 C u using the bifunctional 
chelate, 6-bromoacetamidobenzyl-1,4,8,11-tetraazacyclotetradecane-1,4,8,11-
tetraacetic acid (BAT), and evaluated in rat and hamster models/2) 6 4Cu-BAT-
1 A3 and 6 4Cu-BAT-1 A3-F(ab')2 had superior tumor uptake in a hamster model 
than either the 1 1 1 l n - or 1 2 5 l-labeled antibodies; however, the kidney uptake of 
6 4 Cu-BAT-1A3-F(ab' ) 2 was high. The bifunctional chelate, 4-[(1,4,8,11-
tetraazacyclotetradec-1-yI)-methyl]benzoic acid (CPTA), has been previously 
conjugated to 1A3 and 1A3-F(ab')2, labeled with copper, and compared to the 
BAT conjugates in both rats and hamsters/3) In this study, we have synthesized 
BAT, CPTA, 6-isothiocyanatobenzyl-1,4,8,11 -tetraazacyclotetradecane-
1,4,8,11-tetraacetic acid (SCN-TETA) and 4- [ (1,4,7,10,13-
pentaazacyclopentadec-1-yl)-methyl]benzoic acid (PCBA) for conjugation to 
1A3 and 1A3-F(ab')2 and radiolabeling with copper isotopes. The four 
bifunctional chelates (Figure 1), when conjugated to 1A3 and 1A3-F(ab')2 and 
labeled with 6 4 Cu, are compared with respect to their biodistribution in rats and 
hamsters. The metabolism of the SCN-TETA, CPTA, and PCBA conjugates in 
Sprague-Dawiey rats will also be discussed. 

The four bifunctional chelates were conjugated to 1A3 and 1A3-F(ab')2, labeled 
with 6 4 Cu, and evaluated in normal Sprague-Dawiey rats and Golden Syrian 
hamsters implanted with GW39 human colon cancer tumors. The rat and 
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hamster biodistribution data for Figure 1 
all of the 6 4 C u labeled 1A3 . 1 / > r f V U 

conjugates were comparable, 
except for a significantly lower HO^-^/? Js^cch» HOJC-JL f^co^ 
uptake in the liver and kidneys of 
the BAT conjugate (data not 
shown). The biodistribution data 
of the 64Qu labeled 1A3-F(ab')2 

conjugates at 24 hours post- ( S C N ) 

injection are presented in Tables i ^ W - V y-^ ^ V ^ \ 
1 and 2. The tumor uptake for all r m V ^ t ° H ("» y ~ ^ £ ° H 

of the conjugates are similar; ^ j 1 kj*^ 
however, both rats and hamsters 
show a large kidney uptake. The ( C P T A ) ( P C 8 A ) 

kidney uptake for the CPTA and 
PCBA conjugates are significantly greater than the kidney uptake for the BAT 
and SCN-TETA conjugates in rats and hamsters. Also, the SCN-TETA 
conjugate has a significantly lower kidney uptake in the hamster kidneys than 
the BAT conjugate. 

Table 1: Biodistribution in Golden Syrian Hamsters (%ID/g) 

~ZZZ ^Cu-BAT- 64Cu-SCN- <*Cu-CPTA- fwrju-PCBA-
y 1A3-F(ab')2 TETA-1A3- 1A3-F(ab')2 1A3-F(ab')2 

F(ab')2 

Blood 1.44 ±0.24 1.19 ±0.06 0.92 ± 0.20 1.05 ±0.15 
Liver 1.68 + 0.31 1.26 ±0.12 2.71 ± 0.46 2.96 ± 0.70 

Tumor 11.71 ±1.52 8.17 ±0.51 9.00 ±1.14 13.71 ±2.59 
Kidney 7.99 ± 0.84 3.35 ± 0.69 23.57 ± 2.41 17.56 ±2.71 
Muscle 0.22 ± 0.04 0.40 ± 0.07 0.27 ± 0.04 0.34 ± 0.04 

The metabolism of " C u labeled SCN-TETA-1A3, CPTA-1A3, and PCBA-1A3 
was examined in rat livers and the metabolism of 6 7 Cu labeled SCN-TETA-1A3-
F(ab')2, CPTA-1A3-F(ab')2, and PCBA-1A3-F(ab')2 was studied in rat kidneys. 
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Liver and kidney homogenates were analyzed by size exclusion 
chromatography. All of the kidney conjugates were converted to a small 
molecular weight species by 24 hours. The liver conjugates showed the 
appearance of a peak at -35 kDa, with the majority of the remaining activity 
associated with the intact antibody. Superoxide dismutase (SOD) is a copper 
containing enzyme (MW = 32 kDa) that has a concentration in the rat liver that is 
twice as great as any other organ. Our data suggest that 6 7 Cu is transchelating 
to SOD in the liver, causing the peak at -35 kDa. Comparison of the 6 7 C u -
CPTA-1 A3-F(ab')2 metabolite to known standards by TLC show that the main 
small molecular weight metabolite is 67Cu-CPTA-e-lysine. Our results indicate 
that the 6 7 C u labeled 1 A3-F(ab')2 conjugates were rapidly degraded to the 
6 7Cu-chelate-e-lysine and the kidney activity may be dependent on the 
exportation of these lysine metabolites. 

Table 1: Biodistribution in Sprague-Dawiey Rats (%ID/g) 

organ 64CU-BAT- 64CU-SCN- 64cu-CPTA- ^Cu-PCBA-
1A3-F(ab')2 TETA-1A3- 1A3-F(ab')2 1A3-F(ab')2 

F(ab')2 

Blood 0.59 ± 0.09 0.50-+ 0.05 0.21 + 0.01 0.29 + 0.02 
Liver 1.24 + 0.16 1.27 + 0.06 2.30 + 0.40 1.81 ±0.27 

Kidney 13.57 + 2.56 15.35 + 2.55 27.58 + 2.25 23.83 ±1.89 
Muscle 0.17 ±0.03 0.19 + 0.03 0.11 ±0.04 0.12 ±0.02 

Acknowledgements: This work was supported by DOE grant DE-FG02-87ER-
60512 and NIH grant CA-42925. 
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TECHNETIUM-99ni-LABELED HYDRAZINO NICOnNAMTOE 
DERIVATIZED INTACT AND F(ab')21A3, AN ANTICOLORECTAL 
MONOCLONAL ANTIBODY (MAb). S.W. Schwarz, J.M. Connett*, C.J. 
Anderson, M.J.Welch, G.W. Philpott* Mallinckrodt Institute of 
Radiology, Washington University School of Medicine, St. Louis, MO 
63110, 'Department of Surgery, Jewish Hospital, St. Louis, MO 63110. 

We are interested in labeling 1A3, an anticolorectal carcinoma 
MAb, with 99n»Tc to increase the sensitivity of the antibody for y-camera 
imaging due to the favorable decay characteristics of 9 9 m T c . We are 
currently involved in Phase I-II clinical trials of intact 1A3 and F(ab')2 
labeled with the positron emitting isotope 6 4 Cu. These radiopharm
aceuticals have exhibited significant tumor uptake and blood clearance by 
24 hours post injection (1) (2). 

In this study we have investigated the attachment of 9 9 m T c via the 
bifunctional chelate succinimidyl 6-hydrazino nicotinate hydrochloride 
(SHNH) to intact 1A3 and F(ab')2 fragments. Conjugation was performed 
as previously described with some modifications (1). Briefly, a 5 molar 
excess of freshly dissolved SHNH (30 mM in DMF) was added dropwise to a 
stirred solution of MAb in 0.1 M sodium phosphate pH 7.8. The solution 
was stirred for 5 h at RT and protected from light. Purification of the 
intact SHNH-1A3 was accomplished by dialysis against 10 mM sodium 
citrate pH 5.2 at 4° C for 24 h. Purification of the SHNH-1A3-F(ab')2 
recquired fast protein liquid chromatography (FPLC) separation of the 
conjugate and excess SHNH. This was accomplished using an HR 16/50 
Superose column eluted at 0.4 mL/min with 0.1 M sodium phosphate pH 
7.8. The eluate was monitored for u.v. absorption at 280 nm. The 
conjugate eluted with a retention of ~32 minutes, corresponding to a MW 
of -110,000 Da. The protein peak was concentrated using Centricon-30 
filtration units, and diluted to a final concentration of 3 mg/mL using 20 
mM sodium citrate pH 5.2. 

The nicotinyl hydrazine modified MAbs were radiolabeled with 
99mTc using 9 9 mTc-tricine [tris(hydroxymethyl)methylglycine] (2) to 
provide the recquired Tc(V) oxo species. Tricine kits were prepared (72 
mg/mL tricine, 100 ug/mL stannous chloride, pH 6.0) and stored frozen at 
-80° C in 1 mL aliquots. 9 9 mTc-tricine was freshly prepard by mixing equal 
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volumes of the tricine kit and 99mTcC>4- and immediately adding the 99mr['c-
tricine to the SHNH-MAb. The mixture was incubated for 10 minutes at 
room temperature. Radiochemical purity was determined using ITLC-SG 
strips in 0.1 M sodium citrate pH 5.5, and FPLC analysis on a Superose-12 
column eluted with 20 mM Hepes and 150 mM NaCl. All preparations 
had >98% of the radioactivity bound to the MAb. No purification of the 
99mTc-SHNH-MAbs was recquired. Immunoreactivity (IR) was 
determined using a direct binding assay under conditions of antigen 
excess. IR values for 99mTc-SHNH-lA3 ranged from 85-89%, and for 
9 9 mTc-SHNH-lA3-F(ab') 2the range was 85-92%. 

To determine the in-vivo behavior of the 9 9 mTc-labeled intact 1A3 
and 1A3-F(ab')2) biodistribution studies were performed in Golden Syrian 
hamsters implanted with GW39 human colon carcinoma. The %ID/g 
tumor were obtained for 5, 19 and 24 hours post injection. Uptake was 
maximized for "mTc-SHNH-lA3 at 24 hours, and for 99mT c_ SrINH-lA3-
F(ab')2 at 19 hours post injection (13.55±1.18 and 11.27+3.36 respectively). 
These results were compared to the biodistribution of ^Cu-benzyl-TETA-
1A3 intact and F(ab')2, and 1 2 5I-1A3 intact and 1 2 3I-F(ab') 2 at 6 and 24 
hours in the same animal model (Table 1 and 2). The uptake in the tumor 
for both "n>Tc-labeled intact 1A3 and F(ab')2 is greater at 24 h than the 
iodinated MAbs and in the same range as the 64Cu-labeled MAbs. These 
exciting results with 9 9 mTc-labeled-lA3 indicate in-vivo stability, tumor 
uptake comparable to clinically effective 64Cu-TETA-lA3 intact and 
F(ab')2, and TNT ratios at 24 h (Table 3) which would allow visualization of 
primary and metastatic disease. 
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Tissue %ID/g 
5 h 

99mTc-
SHNH-

1A3 

%ID/g 
24 h 

99mTc-
SHNH-

1A3 

%ID/g 
6 h 

64Cu-
TETA-

1A3 

%ID/g 
24 h 

64Cu-
TETA-

1A3 

%ID/g 
6 h 

!25I-1A3 

%ID/g 
24 h 

125MA3 

Blood 5.82±1.30 3.49+0.15 5.52±1.97 4.1110.25 5.47±0.38 4.04+0.44 
Liver 3.58±1.34 2.37+0.42 1.96±0.88 1.56±0.07 1.68±0.21 1.2610.10 
Kidney 1.71±0.53 1.14±0.12 1.66±0.56 1.17+0.06 3.5110.35 3.5110.21 
T u m o r 3.20+1.76 13.55±1.18 2.79±1.80 14.4±4.8 3.5811.07 8.9911.67 
Muscle 0.14+0.03 0.21±0.05 0.09+0.03 0.21±0.03 0.22+0.05 0.29+0.04 

TABLE 1 Biodistribution in Golden Syrian hamsters carrying GW39 human colon 
carcinoma of intact 99mTc-SHNH-lA3, 64Cu-TETA-lA3 and 125I-1A3 at 5 or 6 and 24 
hours post injection ( n = 4-5 for each group). Values are the mean %ID/g tissue 1 
S.D. 

Tissue %ID/g 
5 h 

99mXc-
SHNH-

1A3-
F(ab ' ) 2 

%ID/g 
2 4 h 

99n»Tc-
SHNH-

1A3-
F(ab ' ) 2 

%ID/g 
6 h 

6 4 C u -
TETA-

1A3-
F(ab')2 

%ID/g 
24 h 

6 4 C u -
TETA-

1A3-
F(ab')2 

%ID/g 
6 h 

!23I-1A3-
(Fab ' ) 2 

%ID/g 
24 h 

123MA3-
(Fab')2 

Blood 5.1512.61 1.90+0.13 5.4410.58 1.33+0.18 3.9611.21 1.1210.26 
Liver 2.3210.53 1.99+0.21 1.7310.22 1.56+0.18 0.74+0.29 0.3110.04 
Kidney 12.9013.61 17.0112.89 10.7210.85 7.6610.97 2.4210.89 0.9810.20 
T u m o r 7.1811.10 10.3111.70 10.47+2.16 11.7711.47 4.6812.63 8.9910.59 
Muscle 0.3310.07 0.3710.07 0.1910.07 0.1810.02 

TABLE 2. Biodistribution in Golden Syrian hamsters carrying GW39 human 
colon carcinoma of 99"»Tc-SHNH-lA3-F(ab')2. 64Cu-TETA-lA3-F(ab')2) and 1251-
1A3-F(ab')2 at 5 or 6 and 24 hours post injection ( n = 4-5 for each group). Values 
are the mean %ID/g tissue 1 S.D. 
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MAb Time 

(hours) 

Tumor/Blood Tumor/Liver Tumor/Kidney 

9 9 mTc-SHNH-lA3 5 0.53±0.25 0.89+0.37 1.83±0.88 

24 3.87±0.37 5.78±0.55 11.93+1.56 

9 9 m T c . S H N H . 1 A 3 . 

F(ab')2 

5 2.97+0.09 3.17+0.62 0.66±0.03 9 9 m T c . S H N H . 1 A 3 . 

F(ab')2 

24 5.47±1.06 5.20+0.87 0.59±0.15 

TABLE 3.Tumor to non-tumor ratios for blood, liver and kidney 
obtained in Golden Syrian Hamsters at 4-5 and 24 hours post injection 
for intact 99»Tc-SHNH-lA3 and 99mTc-SHNH-lA3-F(ab*)2. n = 4 or 5 for 
each group. Values are the mean + S.D. of the indicated tumor/non-
tumor ratio of each animal. 
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IMPROVED ONE STEP SYNTHESIS OF N-SUCCINIMIDYL 4-[l8F](FLUOROMETHYL) 
BENZOATE FOR PROTEIN LABELING 
L. Lang and W. C. Eckelman 
National Institutes of Health, Bethesda, MD 20892 

We previously reported a method of one step synthesis of fluorine-18 labeled N-succinimidyl 
4-[,8F](fluoromethyl)benzoate for protein labeling (l). We showed that by carefully controlling the 
reaction conditions and increasing the reactivity of the leaving group the N-succinimidyl 4-
[18F](fluoromethyl)-benzoate can be prepared in one step in 15% (± 4%) labeling yield (EOS) after 
normal phase HPLC purification. We also showed that by using reversed phase HPLC the specific 
activity of N-succinimidyl 4-[18F](fluoromethyl)benzoate can be greatly enhanced (2). The 
radiochemical yield obtained from reversed phase HPLC is comparable to that of obtained from normal 
phase HPLC. However, one drawback of the purification of [18F]-N-succinimidyl 4-[ 1 8F]-
(fluoromethyl)benzoate with reversed phased HPLC is the post HPLC purification handling of 
radioactivity mainly due to removal of relatively large volumes of aqueous solution using a C-18 Sep-
Pak cartridge trapping technique. Evaporation of the aqueous solution is not practical due to the 
instability of N-succinimidyl 4-[18F](fluoromethyl)benzoate in aqueous solution and the short half life 
of F-18. The C-18 Sep-Pak cartridge trapping requires washing and drying which lead to substantial 
recovery and decay loses. At the end of this process, only about 70% of activity from HPLC is 
available for protein labeling. The objective of our current investigation is to increase the 
radiochemical yield and to generalize the condition and structural requirement for one step synthesis of 
a F-18 labeled active ester suitable for protein labeling. Different active esters, leaving groups, and 
carboxylic acids were studied in order to obtained optimal results. 

Ligands used in the study 
The esters used in this study can be divided into five groups according to the structure of the 

acids: a) benzoic acid esters with the leaving on the benzene ring (1-3); b) substituted 4-methyl 
benzoic acid esters (4-19); c) substituted 4-ethyl benzoic acid esters (20-21); d) substituted 4-methyl 
phenyl acetic acid esters (22-23); e) substituted aliphatic acid esters (24-25). These compounds are 
listed in Figure 1. 

Radiolabeling of esters 
The radiofluorination of esters were carried out using potassium carbonate/Kryptofix and F-18 

fluoride with acetone or acetonitrile as the solvent at varing temperatures. The anhydrous [18F]fluoride 
ion was prepared by removing water with argon flow at 105 °C using 3x0.3 ml dry acetonitrile. The 
products were analyzed using silica gel radio TLC along with fluorinated standards which can be 
visualized by UV. TLC radiochromatograms were obtained using a Bioscan radioactive scanner. 
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Figure 1. Compounds used in the study 
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Results. 
When compounds 1-3 were used for labeling, only compound 3 can be labeled at high 

temperature. Radiofluorination of compounds 1 and 2 resulted in decomposition (1). Results indicate 
that radiofluorinated active esters of this group can not be made in one step and can only be made in 
multi-steps as reported by other group (3). When compounds 4-19 were used for labeling, only 
methyl ester and N-succinimyl esters can be radiolabeled in one step with different labeling yields 
depending on the leaving group and ring substitution (compounds 4-15 in Table 1). For active esters 
the best results were obtained at room temperature using acetone as the solvent. Labeling yields 
increase with the better leaving groups (NO2-NSO > NsO > PF > TsO > Br) and decrease with eletron 
withdrawing ring substitution (Table 1) with the 3-nitro compound having the lowest reactivity 
(compouds 13,14, and 15). 

Table 1. Labeling yields of active esters in group b using acetone as the solvent at 
the room temperature 

Compound 5 6 7 8 9 10 11 12 13 14 15 

Yield 5% 10% 15% 25% 12% 1% 5% 10% <1% - 1 % <5% 

When 4-nitrophenol and tetrafluorophenol were used as the active ester (compounds 16-19), the acid 
fluoride was the only radioactive product. These types of F-18 labeled esters have been reported for 
labeling proteins, but can be only made in multi-steps (4). Compounds 20 and 21 can also be labeled 
in one step with somewhat lower reactivity compared to compounds 5 and 6, whereas the compounds 
22 and 23 can not be radiolabeled in one step at all. The major difference here is that compounds 22 
and 23 have a hydrogens which can be deprotonated during the fluorination leading to the 
decomposition. By the same argument, the compounds 24 and 25 can not be made in one step either. 
In conclusion, by using a better leaving group NO2-NSO instead of NsO we achived a 65% increase in 
labeling yields (from 15% ± 4% to 24% + 4%). The results indicated that only N-succinimidyl esters 
without an a hydrogen can be radiolabeled with F-18 in one step. The NC<2-NsO leaving group 
represents a significant improvement in labeling yield compared to the previous method (1). 

1 Lang L and Eckelman WC. Appl Radiat Isot 45:1155 (1994) 
2 Lang L and Eckelman WC. Appl Radiat Isot, in press (1995) 
3 Vaidyanathan G and Zalutsky MR. Int J Rad Appl Insirum 19:275 (1992) 
4 Guhlke S, Coenen HH, and StOcklin G. Appl Radiat Isoi45:715 (1994) 
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IDENTIFICATION OF METABOLITES OF F-18 LABELED ANTI-TAC DISULFIDE 
STABILIZED MONOCLONAL ANTIBODY VARIABLE-REGION FRAGMENTS IN MICE. 
L. Lang, C. W. Choi,-J. T. Lee, K. O. Webber, T. M. Yoo, H. K. Chang, N. Le, E. Jagoda, C. 
H. Paik, I. Pastan, J. A. Carrasquillo, and W. C. Eckelman. 
National Institutes of Health, Bethesda, MD 20892 

Radiolabeled monoclonal antibodies and monoclonal antibody fragments are being 
evaluated as diagnostic and therapeutic agents for tumors. The advantage of using monoclonal 
antibody fragments is that the localization of monoclonal antibody fragments is much faster than 
whole antibody and the distribution is more uniform due to smaller size of the fragments. This 
would allow the use of short lived radioisotopes for radiolabeling. We report here the labeling of 
anti-Tac disulfide stabilized Fv fragment (dsFv) with fluorine-18 and the identification of 
metabolites of radiolabeled dsFv in nude mice. This dsFv is genetically-engineered from a murine 
monoclonal antibody that recognizes the IL-2a receptor (l). IL-2a is expressed on activated T-
cells, various leukemias and lymphomas and has been proposed as a target for immunotherapy (2). 
When the variable-region fragments (Fv fragments) are linked by a covalent peptide bond they are 
know as single chain Fv (scFv), whereas when they are linked by an interchain disulfide bond they 
are known as disulfide-stabilized Fv (dsFv). Anti-Tac dsFv has been shown to be more stable than 
its Fv or scFv counterpart and has been evaluated as an immunotoxin conjugate (3) and as an 1-125 
Bolton-Hunter reagent labeled fragment (4). The biodistribution study of 1-125 Bolton-Hunter 
reagent labeled fragments showed fast blood clearance and high kidney uptake. The study with F-
18 labeled dsFv showed similar results. The blood clearance of F-18 dsFv was rapid with less 
than 10% retained in the blood by 15 minutes and 70% of F-18 activity was absorbed by kidney. 
The tumor uptake reached a maximum between 30-40 minutes. The size of the anti-Tac dsFv is a 
main factor in determining glomerular filtration. Wochner et al have shown that glomerular 
filtration is important in the clearance of IgG fragments, but not important in the clearance of intact 
antibody (5). Arend et al reported that the main mechanism for catabolism of Fab fragments is 
removal from circulation by glomerular filtration and subsequent re-absorption and degradation in 
the proximal tubule (6). In order to better understand the retention of F-18 activity by kidney and 
to improve the target to non-target radios, it is an important step to identify the metabolites of F-18 
labeled dsFv. It has been reported that the major metabolite of mIn-DTPA-glycoprotein is the 
nlIn-DTPA-E-lysine and the amide bonds between radiometal chelate complex and lysine are 
stable in vivo (7). Another group has also reported the identification of the N-acetylated-lysine 
adduct of Tc-99m-N2S2 chelate in the urine of rats and mice after the administration of Tc-99m-
N2S2 preformed chelate labeled monoclonal antibody Fab fragment (8). 
Preparation of F-18 Labeled dsFv. Anti-Tac dsFv was labeled with F-18 using N-
succinimidyl 4-[I8F](fluoromethyl)benzoate prepared according to previously described method 
(9). The F-18 labeled Anti-Tac dsFv was purified with a Beckman SEC 2000 size exclusion 
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HPLC column using PBS buffer (pH 6.9). Specific activity of F-18 anti-Tac dsFv at the end of 
synthesis was about 13 mCi/mg and showed more than 98% of radiochemical purity as determined 
by size exclusion HPLC. The immunoreactivity of the radiolabeled anti-Tac dsFv was > 82%. 
Preparation of possible radioactive metabolites of F-18 dsFv. In order to analyze the 
metabolites from F-18 dsFv, several likely metabolites were prepared to serve as standards: 4-
[18F]- (fluoromethyl)benzoic acid (FMBz), N-e-4-[18F] fluoro-methylbenzoyl lysine (FBL), N-e-
4-[i8F]fluoromethylbenzoyl(a-N-acetyl) lysine (FBNAL), N-e-4-[18F](fluoromethylbenzoyl) 
lysinyl-alanine (F-LYS-ALA), and ananyl-N-e-4-[18F](fluoromethylbenzol) lysine (ALA-F-LYS). 
The latter two were chosen based on the sequence of anti-Tac dsFv. FMBz was prepared by 
hydrolyzing N-succinimidyl 4-[18F](fluoromethyl)benzoate with 0.5 M sodium carbonate. FBL, 
FBNAL, F-LYS-ALA, and ALA-F-LYS were prepared by reacting lysine, N-cc-acetyl lysine, 
alanyl lysine, and lysinyl alanine with N-succinimidyl 4-[18F](fluoromethyl)benzoate in 50% 
acetonitrile. TLC radiochromatogram showed 100% incorporation of F-18 activity to the amino 
acids and dipeptides. 
Analysis of Metabolites with TLC. Serum and urine samples obtained at 15, 45, and 90 min 
were analyzed using silica gel TLC. Approximately 10 fj.1 of urine, serum and radiolabeled 
standards were spotted on the plates and developed using three different mobile phases: 15:15:1 
ethyl acetate:hexane:acetic acid (A); 15:15:1 ethyl acetate:methanol:acetic acid (B); 15:15:1 ethyl 
acetate:methanol: ammonium hydroxide(C). TLC radiochromatograms were obtained using a 
Bioscan radioactive scanner. 
Analysis of Metabolites with HPLC. Standards and selected urine samples were analyzed 
by HPLC equipped with a reversed phase radial-pak cartridge with 3% acetonitrile in 5 mM 
sodium phosphate (pH 6.54) with a flow rate of 1 ml/tnin. The radiolabeled anti-Tac dsFv and 
selected serum and urine samples were analyzed using size exclusion HPLC equipped with a on
line Nal gamma detector using a TSK 2000 column. The column was eluted with 0.067 M PBS, 
0.1 mM KC1 buffer (pH 6.8) with a flow rate of 0.5 ml/min. 

RESULTS. 
Evaluation of the circulating radioactivity showed that anti-Tac dsFv cleared rapidly from 

the blood with an increasing fraction of the circulating radioactivity appearing as metabolites. The 
fraction of radioactivity appearing as metabolites in serum and urine increased over time whereas 
the fraction present as the anti-Tac dsFv parent decreased (Table 1). The analysis of urine and 
serum samples along with the known F-18 standards on silica gel TLC plates showed that the main 
metabolite was N-E-4-[18F]fluoromethylbenzoyl(a-N-acetyl) lysine and the minor metabolite was 
N-e-4-[ ,8F] fluoromethylbenzoyl lysine in urine. The main metabolite in serum was N-e—4-[,8F] 
fluoromethylbenzoyl lysine and the minor metabolite was N-e-4-[18F]fluoromethylbenzoyl(a-N-
acetyl) lysine (Table 2). 
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Table 1. % Radioactivity in anti-Tac fraction (size exclusion HPLC) 

Time In serum In urine 
15min 74% ±8% (4*) 56% ±36% (4) * number of study 
45min 39% ± 10% (4) 2% ±3% (3) 
90min 32% (1) 7% ±11% (3) 

The Rf values of metabolites obtained with different solvent system gave us a hint of the identity of 
the metabolites. N-e-4-[18F]fluoromethylbenzoyl(a-N-acetyl) lysine does not have a free amine 
and added base in the solvent did not affect its Rf value. On the other hand, N-e-4-[ 1 8 F] 
fluoromethylbenzoyl lysine and the two dipeptides have free amine group and added base greatly 
changed their Rf values. The results of reversed phased HPLC of standards and urine samples 
also confirm the identity of the metabolites. The reversed phased HPLC of urine samples showed 
that the major peak had a R t (20.3 min) identical to that of N-e-4-[18F]fluoromethylbenzoyl(a-N-
acetyl) lysine and the minor peak had a Rt (14.8 min) identical to N-e—4-[18F] fluoro
methylbenzoyl lysine. 

Table 1. Rf value of reference F-18 compounds using silica gel TLC 

Solvent FMBz FBL FBNAL ALA-F-LYS F-LYS-ALA 
A 0.18 0 0 0 0 
B - 0.11 0.44 0.14 0.14 
C - 0.36 0.56 0.51 0.51 

No 4-[1 8F] (fiuoromethyl)benzoic acid was detected in all urine and serum samples. This indicates 
that the amide bond between lysine and benzoic acid is stable in vivo. The result also rule out the 
presence of dipeptides with the F-18 attached to them. This study is the first to identify the N-e-4-
[18F]fluoro-methylbenzoyl lysine and the N-acetylated N-e—4-[18F] fluoro-methylbenzoyl lysine 
as the metabolites of radiolabeled antibody fragments in both urine and serum. 

1 Webber KO, Reiler Y, Brinkmann U, Kreitman R, and Pastan I. Molecular Immunology, in press (1995) 
2 Waldmann TA, Goldman C, Top L, Grant A, Burton J, Bamford R, Roessler E, Horak I, Zaknocn S, Kasten-
Sportes C, Horak E, Maru'nucci J, Tinubu SA, Mishra B, Junghans R, Dipre M, Carrasquillo JA, Reynolds J, 
Gansow O, and Nelson D. Ann New York Acad Sci 685:603 (1993) 
3 Kreitmann RJ, Bailon P, Chaudhary VK, FitzGerald DJP, and Pastan I. Blood 83:426 (1994) 
4 Webber KO, Kreitman R, and Pastan I. Cancer Res 55:318 (1995) 
5 Wochner RD, Strober W, and Waldmann TA. J Exp Med 126:207 (1967) 
6 Arend WP and SUberblatt FJ. Cli Exp Immunol 22: 502 (1975) 
7 Franano FN, Edwards WB, Welch MJ, and Duncan JR. Nucl Med Biol 21:1023 (1994) 
8 Axworthy DB, Kasina S, Rao TN, Srinvasan A, and Fritzberg AR. J Nucl Med 32:915 (1991) 
9 Lang L and Eckelman WC. Appl Radial Isot45:1155 (1994) 
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Synthesis and Evaluation of j>ara-Iodohippuric Acid Tetrafluorophenyl Ester for 
Radioiodination of Antibodies. 
Hamlin D.K.'. Wilbur D.S.1, Stray J.E.2, Chitnis A.2, Buhler K.R.2, Daniel J.2 and Vessella R.L.2 

Departments of'Radiation Oncology and 2Urology, University of Washington, Seattle, WA 98195 

Conjugates for radiohalogenation of antibodies have been extensively studied and several have 
proven to be useful for that application [1]. Of the many different conjugates, para- and me/a-iodo-
bcnzoyl derivatives [2,3] have been studied the most. While these two reagents have similar 
characteristics (radiochemical yields, protein modification results, and iodine stability), one notable 
difference has been that the kidney retention of radioactivity for antibody fragments labeled with the 
/rara-iodobenzoate is considerably higher than that found with the wze/a-iodobenzoate [4] or chloramine-
T labeled antibodies [5]. The difference in kidney retention has been attributed to the fact that the 
metabolite found in urine for thepara-iodobenzoyl conjugate is primarily the lysine adduct [6], whereas 
free m-bcnzoic acid is thought to be released on metabolism of m«a-iodobenzoyl conjugate [7]. This 
difference prompted us to evaluate iodohippuryl conjugated antibody fragments since iodohippuric acid, 
2, might be released as a metabolite from its conjugation with lysine moieties, and 2 would not be 
expected to be retained in the kidney. 

We have previously prepared the N-hydroxysuccinimide (NHS) ester of p-tri-n-butylstannyl-
hippuric acid for antibody conjugation, however, antibody conjugations were not conducted with that 
compound [1]. In our present studies, p-tri-n-butylstannylhippurate tetrafluorophenyl (TFP) ester, 7, 
and p-iodohippurate tetrafluorophenyl ester, 3 , were targeted as the TFP ester is more stable to 
hydrolysis. Initial studies to prepare 7 involved reaction of p-tri-n-butylstannylbenzoic acid NHS ester 
(PIB reagent [2]) with glycine. It was surprising that, under the conditions studied, no product was 
obtained. Indeed, no reaction was obtained with a number of different amine containing compounds. 
Thus, a different synthetic route had to be designed. Ultimately, two different successful approaches to 
prepare the stannyl derivative 7 were studied, as depicted in Figure 1. From those studies, we 
conclude that synthesis of 7 is best accomplished by conversion from 3 . The conditions and reaction 
yields are listed in Figure 1. 

Radioiodination of 7 was conducted by its reaction with N-chlorosuccinimide (NCS) / Na[ 1 2 SI]I 
in MeOH containing 1% HO Ac. Radiochemical yields of 44% and 45% of 3 were obtained in two 
reactions. Radiolabeled 3 was isolated from the HPLC effluent so that 7 would not be present to 
conjugate with the antibody. Our previous labeling method using PIB had not required HPLC 
separation prior to antibody conjugation as we had found no tin associated with the antibody (Plasma 
Emission Spectrometry). Although we had previously believed that this was due solely to insolubility 
of the arylstannane, it is likely that the non-reactivity of the NHS ester with amines was a significant 
factor. 
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Figure 1: Synthesis of p-Tri-n-Butylstannylhippurate and p-Iodohippurate 
Tetrafluorophenyl Esters. 
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Our studies employed the anti-renal cell carcinoma antibody A6H. Its Fab' fragment was used 
since previous studies with Fab and Fab' fragments had demonstrated a large difference in kidney 
radioactivity (>2x) [2,5] at 4 hours post (co)injection when radioiodinated with p-iodobenzoyl (PEB) or 
by chloramine-T labeling. The sulfhydryl groups of the A6H Fab' fragments were capped with N-
ethylmaleimide prior to labeling so that thioesters would not be formed. To conduct the comparison in 
tumor bearing athymic mice, A6H Fab' was radioiodinated with [ 1 2 5I]3 and separately with Na[1 3 1rjl / 
chloramine-T. The A6H Fab' radioiodinated with [ 1 2 5I]3 had an immunoreactivity of 44% and A6H 
Fab' radioiodinated with Na[1 3 1I]I/ chloramine-T had an immunoreactivity of 42%. While these values 
are low, they are normal for radiolabeled A6H Fab'. A biodistribution of the co-injected preparations is 
shown graphically in Figure 2. It is important to note that the percent injected dose of radioactivity in 
the kidney at 4 h is approximately equivalent for both radioiodination methods. This is quite different 
from the results obtained with PIB labeled A6H Fab' [5], suggesting that the kidney retention is 
different with the hippurate conjugate. However, some caution must be taken in that interpretation as 
the blood levels of the two radiolabeled preparations were significantly different at the 4 h time. As 
expected, the levels of radioiodine in the stomach and neck for the [I25I]3-labeled A6H Fab' indicate 
that it was stable to in vivo dehalogenation. 
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Figure 2: Biodistribution of Coinjected p-["5I]Iodohippuryl- and Na[ 1 3 ,I]I / 
Chloramine-T labeled A6H Fab' in Athymic Mice (n = 8) bearing a 

Human Renal Cell Carcinoma Xenograft (TK-82). 
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Production of Zirconium-labelled Antibodies and their Biodistribution in 
Tumour-bearing Mice 
WILMA E. MELTS", HIDDE J. HAISMAa, ROB P. KLOK", FRANK B. van GOG", 
ELS KIEVITa, HERBERT M. PINEDO2' and JACOBUS D.M. HERSCHEID 
"RadioNuclideCentre, Free University, De Boelelaan 1085c, 1081 HV Amsterdam, The 
Netherlands, ''Department of Oncology, "Department of Otolaryngology 

For planning radioimmunotherapy, it is important to know the biodistribution of the 
radiolabelled antibody. Positron Emission Tomography can provide these data by non
invasive measurements of an antibody labelled with a positron emitter. The relatively long 
half-life of 8 9Zr (T i y 2=78 h) makes this positron emitter suitable for this purpose. 
Furthermore, 8 9Zr decays for 23% by positron emission and it can be produced in high 
yield with a high radionuclidic purity (1). The aim of this study was to investigate 
whether antibodies can be labelled with Zr-isotopes, without altering their pharmaco-
kinetica] behaviour. 

The antibodies 323A3 and E48 (IgG) have been modified with desferal, a chelating agent 
with a high complexation affinity for Zr (2). Modification was performed in a two-step 
procedure (Scheme 1). First maleimide groups were incorporated into the antibodies by 
reaction of the lysine-groups with SMCC. The thioester of SATA-Df was converted into 
the free thiol with hydroxylamine in order to react with the malemide groups of the 
antibodies. The excess of SATA-Df was succesfully removed by gelfiltration. The 
labelling was performed easily by adding the premodified protein to isolated Zr. After 
incubation for one hour the yield of labelling was found to be more than 90% and the 
antibodies retained their immunoreactivity (>80%). 

The biodistribution of the 88Zr-labelled antibodies in mice bearing non-specific and 
specific xenografts was determined and compared with the biodistribution of the same 
antibodies labelled with ""Tc and m l . From the results of these studies, which are 
depicted in Figure 1, it can be concluded that the developed procedure is a good method 
of general applicability to label proteins with Zr-isotopes, that the tumour accumulation 
must be due to specific binding of the monoclonal antibodies to the antigens on the 
tumour cells and that it seems justified to assume that the Zr-labelled antibodies are stable 
in vivo. The usefulness of the "Zr-labelled Mab's as PET-conjugate was confirmed by 
PET-imaging studies. The images, obtained without interference of the 900 keV gamma-
radiation, showed an obvious accumulation of 8 9Zr in the tumours. Even a small tumour 
(50 mg) was clearly visualized (see Figure 2 as an example). 

References 

1. Meijs W.E., Herscheid J.D.M., Haisma H.J., Wijbrandts R., van Langevelde F., 
van Leuffen P.J., Mooy R. and Pinedo H.M. Appl.Radiat.Isot. 45:1143(1994) 

2. Meijs W.E., Herscheid J.D.M., Haisma H.J. and Pinedo H.M. Appl.Radiat.Isot. 
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in tumour-bearing nude mice 24 hours post injection. 

tap „* 9 ^ 

Figure 2. PET-image of a mouse injected with 89Zr-323A3 
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SYNTHESIS OF RADIOIODINATED BIOTIN DERIVATIVES. Catherine F. 
Foulon, S. James Adelstein and Amin I. Kassis. Harvard Medical School, 
Department of Radiology, 50 Binney Street, Boston, MA 02115. 

The localization and therapy of tumors using radiolabeled antibodies is 
impaired by the extremely low uptake within the tumor and poor target/non-target 
ratios (1,2). This limitation may be overcome by an approach (3,4) that utilizes 
the high avidity of avidin or streptavidin for biotin, a 244 Da vitamin found in low 
concentration in blood and tissues (5). Because the noncovalently bound 
avidin/streptavidin-biotin complex has an extremely low dissociation constant 
(Kd of about 10-15 M), investigators have used these two molecules as binding 
pairs to bridge molecules that have no affinity for each other and to target various 
radionuclides. So far, two distinct strategies tested in animals and humans have 
been designed: the "two-step" and the "three-step" approaches. The former 
consists in injecting an avidin-antibody or biotin-antibody conjugate, followed 
several days later by radiolabeled biotin (6) or avidin (7,8), respectively. The 
latter approach relies on injecting a biotinylated antibody, followed by an excess 
of avidin, and several days later, radiolabeled biotin (9). Each of these protocols 
shows enhancement of the tumor/background ratio and tumors are vizualized 20 
min post injection of the tracer with an average tumor uptake of 0.012% ID/g, 3 hr 
post injection (9). These encouraging results motivated us to pursue the 
development of a series of radioiodinated biotin derivatives for use in cancer 
radioimmunoscintigraphy or radioimmunotherapy (10,11). By modifying the 
molecular structure of such derivatives, we hope to identify a molecule that 
exhibits a high and selective affinity for avidin/streptavidin and that displays more 
suitable in vivo pharmacokinetic properties. The structural modifications are 
based on the length of the alkyl arm (presence of not of the caproyl chain) and 
nature of the prosthetic group carrying the iodine. As depicted in the synthetic 
scheme, the metallic precursors (1a, 2a, 3a and 4a) were obtained by the action 
of either 3-tributylstannylaniline or 3-tributylstannylbenzylamine with each of the 
succinimido derivatives of biotin, whereas the iodinated biotin derivatives (1b, 2b, 
3b and 4b) were obtained by the action of either 3-iodoaniline or 3-
iodobenzylamine with each of the biotin derivatives activated via isobutyl-
chloroformate. The four tributylstannyl derivatives as well as the cold iodinated 
analogs have been characterized by NMR and elemental analysis. The synthesis 
of biotinyI-3-[i25|]iodoanilide (1c), biotinyl-3-[i25|]j0dobenzylamide (2c), biotinyk^ 
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caproyl-3-[i25|]iodoanilide (3c) and biotinyl-y-caproyl-3-[i25|]iodbenzylamide (4c) 
was achieved by destannylation of their respective tributylstannyl analog (1a, 2a, 
3a and 4a) using Nai25|, N-chlorosuccinimide as the oxidant and followed by 
treatment with sodium metabisulfite. The radioiodinated compounds were purified 
by elution through reverse-phase cartridge with MeOH/Water (65/35). The 
solvent was evaporated under a stream of nitrogen and the sample solubilized in 
water for in-vitro assays. Radiochemical yields ranged between 90-95%. As a 
quality control, each radiolabeled biotin derivative was authenticated by 
coinjecting the respective cold iodinated analog (1b, 2b, 3b and 4b) onto a C18 
HPLC column (MeOH/Water: 65/35,1 mL/min). In-vitro binding assays and in-
vivo stability studies of (1c), (2c), (3c) and (4c) are currently under way and the 
results will be presented at the meeting. 
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ln-111 Avidln and ln-111 Streptavidin Localization in 
Tumor as a Function of Dose Administered. WANG. T.S.T.; DAS, 
S.; GREENSPAN, R.; VAN HEERTUM, R.L; AND FAWWAZ, R.A. College of 
Physicians and Surgeons, Columbia University, New York, NY 10032. 
U.SA 

Biotin-containing intranuclear inclusion bodies have been 
demonstrated in various tumor types (1-4). Carbohydrate utilization 
has" been shown to be elevated in many tumor tissues (5) and biotin 
plays an important role in carbohydrate metabolism (6). Based on 
these observations, we investigated the role of radiolabeled avidin 
and streptavidin, which have a high affinity for biotin, as potenital 
tumor localizing agents. In experiments performed in nude mice 
bearing human breast carcinoma and injected with ln-111-Avidin or 
ln-111-Streptavidin, the overall tumor to normal tissue ratios were 
superior to those achieved following the administration of Fluorine-
18-fluorodeoxyglucose (F-18-FDG), Tc-99m-Sestamibi, ln-111-lgM-
MAb, ln-111-lgG-72-MAb, and ln-111-Octreotide (7). 

Since the mass of normal tissues is much greater than that of 
tumor, and since biotin is utilized by all normal tissues, one would 
predict that following the administration of ln-111 avidin or In-
111-streptavidin in tumor bearing animals, the vast majority of the 
label would localize in normal tissues. 

This study was designed to determine whether increasing the 
amount of avidin or streptavidin administered would result in 
improved tumor to normal tissue ratios by saturating normal binding 
sites. 

In-111-Avidin and ln-111 Streptavidin labeling was achieved 
via bifunctional chelation using the bicyclic anhydride of DTPA 
method (8). Human breast carcinoma (MCF-7) xenografts were 
implanted subcutaneously into the back of nude mice weighing about 
20 g. When tumor size reached approximately 0.5 cm., 20 uCi of In-
111-Avidin or ln-111-Streptavidin was injected intravenously 
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through the tail vein. The following dose levels were used: 1, 10, 
and 100 ug per mouse (Four animals were used per dose level). The 
animals were sacrificed 3 days post injection and tissues obtained 
for determination of percent of injected dose per gram of tissue. 
As demonstrated in Table 1 and 2, tumor to normal tissue ratios 
were directly proportional to the dose of Avidin or Steptavidin 
adminstered. 

Since Avidin and Streptavidin are relatively non-toxic agents 
(9), these results warrant further studies to determine whether 
further dose increments results in even greater improvement in 
tumor to normal tissue ratios. 

Supported by a Grant from the Irving A. Hansen Memorial 
Foundation. 
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Table 1. BIODISTRIBUTION RATIO OF TUMOR TO NORMAL TISSUE 

Tissue F-18-FDG Tc-99m ln-111-lgM ln-111-lgG ln-111 ln-111-SAV ln-111-AV 
Sestamibi MAb MAb-B-72 Octreotide 

Blood 6.6 10.1 6.0 0.9 8.0 18.2 17.1 
Lung 1.3 1.4 1.0 1.3 0.3 2.3 2.1 
Heart 0.1 0.1 2.9 1.0 4.0 3.4 2..5 
Liver 5.4 0.2 0.7 0.6 0.5 0.6 0.3 
Spleen 1.8 0.8 0.2 1.3 1.2 0.9 0.5 
Kidney 1.5 0.03 0.1 0.9 0.06 0.4 0.3 
Muscle 0.9 0.39 5.4 4.9 '4.1 6.8 7.9 
Bone 1.3 1.0 0.2 3.4 1.1 2.7 1.6 
Small Int. 1.3 0.1 0.9 3.8 0.5 3.6 2.7 
Large Int. 1.3 0.2 1.1 4.8 0.06 2.2 1.5 

SAV=Streptavidin, AV=Avidin 

Table 2. RATIO OF TUMOR TO NORMAL TISSUES OF UPTAKE OF ln-111-AVIDIN 
Tissue 1 ug 10 ug 100 uq 

17.1 
2.1 
2.5 
0.3 
0.5 
0.3 
7.9 
1.6 
2.7 
1.5 

Blood 3.4 7.3 
Lung 1.3 1.6 
Heart 1.2 1.4 
Liver 0.01 0.02 
Spleen 0.04 0.05 
Kidney 0.1 0.2 
Muscle 1.3 4.4 
Bone 0.8 0.6 
Small Int. 2.3 2.9 
Large Int. 2.7 1.9 



Binding of radioyttrium to human serum albumin: 

Relevance to endotherapeutic applications of 90Y-labelled pharmaceutics 

B. Neumaier, F. Rosch 

Institutfur Nuklearchemie, Forschungszentrum Julich GmbH, D-52425 Julich, Germany 

The endotherapeutic application of ^-labelled monoclonal antibodies, peptides, comple
xes or particles has increased over the last decade in parallel to an improvement of radio
chemical syntheses, in vitro stability and in vivo behaviour of these radiotherapeutics. In 
contrast, only little and contradictory information is available on the physiological beha
viour of the radioyttrium cation in the blood itself, i.e. its ability to bind to serum proteins 
[1-5]. The binding of trivalent metals to proteins is actually a topic of basic bioinorganic 
chemistry, but it is also relevant to radiopharmaceutical chemistry. It is mandatory to study 
in particular those "Y-labelled radiotherapeutics, from which Y(lll) is released in vivo and 
subsequently transfered to serum proteins, which in turn develop their own radiothera-
peutic action. 

In order to investigate the radioyttrium binding to the serum proteins, human serum albumin 
(HSA) was used as a model protein and *y (Tia = 14.7 h, 32% p*) or ^Y (Tic = 106 d, 
EC) as radioyttrium isotope. The separation of protein-bound from non-protein-bound ra
dioyttrium was carried out on a gel filtration column filled with Sephadex G-25 using TRIS-
acetate as eluent. For comparison ultrafiltration studies with Amicon microconcentrators 
microcon-30 were performed. The activity distribution was measured via ^-counting. Stan
dard incubation time of radioyttrium in solutions of 10 mg/mL HSA (ionic strength: 0.15 M) 
was 23 h, and the following experimental parameters were varied systematically: (a) type 
of the endogenous anion present in the solutions including chloride, fluoride (labelled with 
[ , 8F]F). sulfate (labelled with f'SJSO,,2"), citrate and phosphate (labelled with r^PlPO,,3"), 
(b) concentration of Y(lll) carrier, (c) pH and (d) competing citrate concentration. 

While the binding of Y(lll) to HSA was low (< 2%; determined by gel filtration) in the ab
sence of any anion or in the presence of chloride, fluoride, sulfate and citrate, a significant 
enhancement of Y(lll) bound to HSA (ca. 80%) was observed in the presence of the 
phosphate anion. Phosphate, in turn, was effectively bound to HSA (about 80% in the pre
sence of Y(lll)), but almost neglegibly (< 2%) in the absence of Y(lll), indicating that Y(lll) 
and phosphate are bound synergistically to HSA; Table 1. 

569 



Table 1 Percent binding of ̂ ( l l l ) and endogenous anions to HSA 

Anion Concentration in serum ""Y-HSA-binding Anion-HSA-binding 

Chloride 100 mM 2% -
Bicarbonate 27 mM 3% -

Sulfate 1mM 2.5% 1.5% 
Fluoride 0.02 mM 1% 1% 
Citrate 0.1 mM 2% -

Phosphate 2mM 82% 81% 

The evidence for the simultaneous binding of Y (III) and phosphate to HSA could be con
firmed in human blood serum. Maximum binding was observed at concentration ratios 
[Y(lll)]: [phosphate] of about 1 : 1 for both HSA and human serum. Results are illustrated 
for HSA in Fig. 1. The number of binding sites for the yttrium-phosphate-species on HSA 
was determined to be about 14. 
Increasing the citrate concentration lead to a destruction of the supposed complex betwe
en yttrium, phosphate and HSA. The latter process may be described by following com
plex formation equilibrium: Y(P04)HSA + cif3" <-» [YCcif),,]37" + PC^3" + HSA. 

*—//•—>—>—» » i 1 i 1 i • • • • ' « « 

• Y(lll) carrier concentration [M] 

Fig. 1 Percentage of r̂ YjYCIII) and [^phosphate bound to HSA vs. Y(lll) 
carrier concentration (GF = gel filtration, UF = ultrafiltration) 
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The results indicate that Y(lll) is effectively bound to HSA, almost exclusively due to the inter
action of the endogenous phosphate anion. As compared to binary models discussed in the 
literature, this process may be described in terms of a ternary complex formation between yt-
trium(IH), phosphate and HSA Ligands L* with high [YLn]1*1 complex formation constants 
(e.g. citrate, EDTMP, EDTA etc.) are able to competitively destruct this ternary complex It 
seems possible to quantify the number of binding sites and the apparent association constant 
of this complex However, an HSA stabilized yttrium phosphate colloid formation cannot be 
completely excluded. On the other hand, the effect of Y(lll) bound synergisticalry with phos
phate to HSA could be detected also for other trivalent metals. Phosphate, for example, is bo
und to HSA to a small degree only in the presence of Sc(lll), Ga(lll) and In(lll), but in higher 
amounts in the presence of the lanthanides Ln(lll). There is even evidence that the tendency 
to form a ternary complex is dependent on the ionic radius of the trivalent metal, cf. Fig. 2. 
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Fig. 2 Binding of triphosphate to HSA vs. the ionic radius of various Me(lll) 
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PALLADIUM MEDIATED SYNTHESIS OF M8F1FLUOROPHENYL ALKENES OR ARENES 

Allain - Barbier L, Lasne M. C. Huard C, Barre L*. 

Unite de Recherche Associee au CNRS N°480, Institut des Sciences de la Matiere et du 
Rayonnement, 6 Boulevard du Marechal Juin, 14050 Caen Cedex; Universite de Caen-
Basse Normandie,*CEA-DSV/DRIPP Centre Cyceron, Boulevard Henri Becquerel, 14074 
Caen Cedex; France. 

The 4-fluorophenyl group is frequently encountered in molecules of biological interest (GBR 
12936', WIN 35,4282) and we have previously developped a rapid synthesis of 
[18F]fluorophenylpiperazine\ We have also shown that [18F]fluorophenylalkenes can be 
obtained in a two step procedure from [ 1 8 F] fluoride using a Wittig reaction on [ 1 8 F] 
fluorobenzaldehyde1. The major drawback of this approach is the formation of a mixture of 
both Z and E diastereoisomers (ratio 40/60). Alkene arylations can be successfully carried out 
by reaction of an organometallic and an aryl halide using a palladium catalyst. This reaction is 
often quite regio and stereospecific4. A particulary attractive feature of the use of stannane 
derivatives is the toleration of a wide variety of substituents such as unprotected carbonyl or 
acetate functionss.This methodology has been recently used in carbon-11 chemistry for the 
[11C]cyanation of halogenoaromatics6 and in the synthesis of [11C]ketones7. With the aim of 
synthezising alkenes or (hetero)aromatic compounds bearing a [18F]fluorophenyl group on an 
sp 2 carbon and [18F]fluorophenyl(cyclo)alkanes, we have explored the usefulness of some 
palladium mediated reactions of organGmetallics on 4-[18F]fluoroiodobenzene and we report 
here our preliminary results. 

4-[18F]fluorophenylethene ± 
4-[18F]fluoroiodobenzene 2 prepared according to the literature1* was allowed to react with 
tributylvinylstannane 3a (14 umol) under different conditions [solvent (DMF or toluene), 
temperature (60, 110 or 150°C), catalysts : tetrakistriphenylphosphine palladium'' 4a, 
palladium acetate - tri-o-tolylphosphinelo4b, tris(dibenzylideneacetone)dipalladium-tripheny! 
arsine" 4c, copper (I) iodide" 4d]. The highest yield in [18F]fluorophenyl ethene 1 [53% 
from [18F]fluoroiodobenzene 2, 90 min total synthesis time from [13F]fluoride including HPLC 
(u-bondapack Ci8, MeCN:H20 50:50 v/v flow : 2.4 mLmin - 1, X : 254 nm)] was obtained when 
the iodide 2 and the stannane 3a were heated for 5 min in DMF in the presence of 4c and 
4d. The co-catalytic effect of the cuprous iodide 4d appeared strongly solvent dependent. If 
no significant influence was observed in DMF, the isolated radiochemical yield was largely 
improved (from 26 to 42 %) by adding cuprous iodide to 4c when the reaction was carried out 
in toluene. The usefulness of the stannane derivative was shown by the failure to isolate any 
coupling adduct from the reaction of vinylmagnesium bromide 3b and the aryl iodide 2 under 
palladium catalysis. 
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TfO Me 

K 1 8F 
,+N^y« 

CH2=CH- M 

3 a M = SnBu3 

3b M = MgBr 

Ph-M 
5a M = SnPh3 

5_b M = MgBr 

IV /n^j 18r \ /r~\ // 
6. 1 3 . 

i) 3a (14 umol), DMF (1 mL), 60°C, 5 min, 2 % Pd 2dBa 3, 16 % AsPh3, 8 % Cul ; 3b 
(960 umol), THF (1 mL), 5 min, reflux, 0.9 % Pd(PPh3)4 ii) 5a (10 umol), HMPA (1 mL), 
120°C, 5 min, 0.7 % Pd(PPh3)4 ; 5b (960 umol), THF (1 mL). 5 min, reflux, 0.9 % 
Pd(PPh3)4 iii) 7 (85 umol), DMSO (1 mL), 150°C, 15 min iv) FthCI(PPh3)3 (13.5 umol). 
benzonitrile (1 mL), 2 min (microwave oven). 

[18F]Biphenyl 3. 
The reactions of [18F]fluorophenyliodide 2 with either phenylmagnesium bromide 5b. or 
triphenylstannane 5a in the presence of tetrakistriphenylphosphine palladium 4a 1 - or 
benzylchlorobis(triphenylphosphine)dipalladium i;1 4e have been compared. The results 
presented in table 1 showed that the highest yields are obtained when HMPA and 4a were 
used as solvent and catalyst respectively. [18F]Biphenyl 3 was identified by HPLC [u-porasil, 
heptane, flow: 2 mLmn - 1, X: 254 nm]. 

Table 1 : Cross-coupling reactions of 2 with 5a or 5b 

Ph-M Solvent Catalyst Isolated Radiochemical 
(%umol) (a> Yield (%) (*>) 

Ph-MgBr THF 4a (2.2) 0 
THF 4a (1.9) 20 
THF 4a (0.9) 53 

Ph-SnPh3 THF 4a (0.7) 0 
THF 4e (0.7) 15 

HMPA 4a (0.7) 86 
HMPA 4e(0.7) 80 

(a) in % versus 5a or 5b 
(b) from 4-[18F]fluoroiodobenzene 2 
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4'[18F]fluorophenylethene 1 via decarbonylation of2-[18F]fluoro-5-vinylbenzaldehyde 6 
A second approach to the synthesis of 4-[18F]fluorophenylalkenes based on the easy 
[18F]fluorination of an 2-nitrobenzaldehyde14 and the possibility of removing the aldehyde 
group by decarbonylation15-"'was envisaged. 2-[18F]fluoro-5-vinylbenzaldehyde 6 (Rf = 0.46, 
heptane:AcOEt 50:50 v/v) prepared in 33% yield (not optimized) from its nitro precursor 7 1 7 

[K18F/K222. DMSO (1 mL), 150°C, 15 min],was treated with tris(triphenylphosphine)rhodium 
chloride in benzonitriie for 2 min in a microwave oven. The [18F]fluorophenylethene 1 was 
obtained in 70% yield from the aldehyde 6 (23% overall yield from [18F]fluoride, and 80 min 
total synthesis time). 

Work is in progress to improve both the yields and specific radioactivities and to synthesize 
polyfunctionnal compounds. 
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A study of a,a,a-TrifluorotoIuenes Mediated [ 1 ° F ] F l u o r o - f o r - N i t r o 
Exchange. A Useful Intermediate in the Synthesis of Highly Fluorinated 
Radiopharmaceuticals. 
MISHANI. E.. DENCE, C. S., MCCARTHY, T. J. and WELCH, M. J. Mallinckrodt Institute 
of Radiology, Washington University school of Medicine, St. Louis, MO 63110 USA. 

The high Iipophilicity and the strong electron-withdrawing effect of the 
trifluoromethyl group make aryltrifluoromethy! derivatives a desirable moiety in the 
development of novel pharmaceuticals. Three recent examples are the serotonin agonist 1 
and the nonpeptidal antagonists-' 2. and 2. of substance P (Figure 1). It has been 
demonstrated in some cases that biological activity does not significantly change upon 
replacing one hydrogen atom with a fluorine atom. Therefore, development of an efficient 
way of labeling drugs containing both a trifluoromethyl group and a fluorine-18 directly 
substituted on an aromatic ring may be an interesting approach to radiopharmaceutical 
design. ['°F]fluoro-for-nitro exchange is an important method for the labeling of various 
radiopharmaceuticals. In order for this reaction to be effective, the aromatic ring must be 
activated to nucleophilic attack. This has been well demonstrated by successful 
radiolabeling of nitroacetophenone and nitrobenzonitrile. To extend this approach we have 
evaluated ' °F radiolabeling of aromatic nitro compounds that contain a trifluoromethyl 
substituent. 

Reaction of resolubilized ['°F]fluoride ion with 2-nitro-a,ct,a-trifluorotoluene (4a) 
(microwave, 2 minutes) gave 2-[^F]fluoro-a,a,a-trifluorotoIuene (5_a) in 80% 
radiochemical yield (Figure 2). No isotopic exchange" was observed by HPLC. The yield 
was less impressive for the para position, and in this case because of the lower reactivity of 
the nitro group we also observed 1-4% isotopic exchange. As with many other electron-
withdrawing groups, the nitro at the meta position did not react at all. Addition of another 
electron-withdrawing group at the meta position as in compound 4jJ. activated the nitro 
group and the yield increased to 80%, while no isotopic exchange was observed. Product 5JL 
is a possible synthon for the potent serotonin agonist 1. 

Encouraged by these results, we turned our attention toward the synthesis of 
compound £ , a model for the antagonist 2. Reaction of 2-chloro-5-nitrobenzaIdehyde (6J 
with dibromodifluoromethane' in the presence of copper gave the 5-nitro-2-trifluoromethyI 
benzaldehyde (2) in 70% yield (Figure 3). The latter was reacted with K^F/kryptofix in an 
conventional microwave for 2.5 min to give the desired 5-['^F]fluoro-2-trifluoromethyl 
benzaldehyde (8J in 75% radiochemical yield, and the compound was readily purified on a 
C18 Sep Pak. Reductive alkylation with sec-butylamine and NaCNBH3 produced 
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compound 2 in 65% radiochemical yield. We attempted to incorporate the °F at the final 

step by radiolabeling the imine 1 0 . However, this gave a low yield of 11(20%), an 

observation similar to those obtained for the simple toluenes. In summary, we have 

evaluated the ability of the aryltrifluoromethyl derivatives to mediate ['°F]fIuoro-for-nitro 

exchange in simple trifluorotoluenes and have synthesized a model compound that has 

potential as a novel radiopharmaceutical . 

This research was supported by the National Institutes of Health (POl-HL-13851) 

and the Fulbright Commission (Scholarship to E.M.). 
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4Ji: X = p-N0 2, Y = H 5J> 15% yield 80% radiochemical purity 

4c:X = m-N0 2,Y = H no reaction 

4d.: X = m-N0 2, Y = m-N0 2 5jl 80% yield 97% radiochemical purity 
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Figure 3 
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Labelling of the CFC-alternative, 2ff-Heptafluoropropane (HFC 227ea), with 
Fluorine-18 
FRANKLIN I. AIGBIRHIO and VICTOR W. PIKE 
PET Methodology Group, MRC Clinical Sciences Centre, Royal Postgraduate Medical School, 
Hammersmith Hospital, Ducane Road, London, W12 ONN, U.K. 

2#-Hcptafluoropropane (HFC 227ea) is proposed as an alternative to ozone-depleting 
bromofluorocarbons (Halons) and chlorofluorocarbons (CFCs) in several applications, including 
their use as fire extinguishants and aerosol propellants. This compound is also being considered 
as a propcllant in metered-dose inhalers for the administration of drugs. This raises questions 
about the biological fate and distribution of HFC 227ea when inhaled by humans. Our recent 
study (1) on the CFC-replacement, 1,1,1,2-tetrafluoroethane, suggests that the disposition of HFC 
227ea in vivo could be investigated by whole-body "/-counting after labelling the fluorocarbon 
with positron-emitting, fluorine-18 (t1/2 = 109.7 min). Thus, it was of interest to develop a 
method for labelling HFC 227ea in high radiochemical yield, radiochemical purity and chemical 
purity with fluorine-18. 

The proton-irradiation of 180-enriched water is an efficient route to high radioactivities of 
[i8F]fluoride at high specific radioactivity (2). We have investigated several approaches to label 
HFC 227ea with fluorine-18, based on reactions of ['8F]fluoride in the presence of potassium 
cation-aminopolyether 2.2.2 (K+-APE 2.2.2), a powerful radiofluoridation reagent, with various 
fluorocarbon substrates. 

Reactions were performed with or without acetonitrile as solvent in a sealed glassy carbon 
vessel under nitrogen (3). Volatile products were analyzed by radio-GC on either, i) a 60/80 
Carbopack B/5% Fluorcol SP alloy column (10 ft. x 1/8 in. o.d.; Supelco Ltd.) operated with 
helium (30 ml/min; 30 p.s.i.) and the oven programme: hold 15 'C for 10 min; raise 5 *C/min to 
100 *C; hold 30 min (retention times: hexafluoropropene, 7.7 min; HFC 227ea, 10.9 min; 
pcrfluoro-isohex-2-ene, 29.6 min; l-iodo-2#-hexafluoropropane, 35 min) or ii) a Carboxen-
1000 stainless-steel column (3.05 m x 1/8 in. o.d.; Supelco Ltd.) operated iso'thermally at 225 'C 
with helium (60 ml/min; 60 p.s.i.) (retention times: hexafluoropropene, 14.3 .min; HFC 227ea, 
24.8 nun). CC-MS, equipped with a B.P. 1 column (5 mm thick dimethyl siloxane, 25 mm X 
0.33 mm i.d.; SGE Ltd.) and quadrupole spectrometer, was also used for analysis. 

Nucleophilic substitution reactions were considered first. Reaction of 
2ff-hexafluoroisopropyl tosylate (30 mg.) with K+-APE 2.2.2-[18F]fluoride in acetonitrile (400 
uL) (30 min, 100 "C; N 2 , 30 p.s.i.) gave [18F]HFC 227ea in less than 2% radiochemical yield 
(decay-corrected) and three other unidentified volatile radioactive products (12%) (Scheme 1). 

(CF3)2CHOTs 
K+-APE 2.2.2- 1 8 P »- (CF3)2CH1 8F + other radioactive products 

2% 12% 

Scheme 1: Reaction of K+-APE 2.2.2-[i«F]fluoride with 2H-hexafluoroisopropyl tosylate. 

By contrast, the reaction of l-iodo-2ff-hexafluoropropane with K+-APE 
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2.2.2-[I8F]fluoride in acetonitrile (400 |iL) (30 min, 50'C; N 2 , 50 p.s.i.) gave [18F]HFC 227ea in 
high radiochemical yield (50%, decay-corrected). No other volatile radioactive product was 
observed (Scheme 2). 

CF 3 CHFCF 2 I 
K + -APE 2.2.2- 1 8 F CF 3 CHFCF 2

1 8 F 
50% 

Scheme 2: Reaction of K+-APE 2.2.2-[18F]fluoride with l-iodo-2#-hexafluoropropane. 

The reaction of [18F]fluoride widi trifluoroethylene gives [r1 8F]l,l,l,2-tetrafluoroethane 
in high radiochemical yield; the reaction is tantamount to 'hydrogen [18FJfluoride addition* (4). 
However, in our hands the analogous reaction of hexafluoropropene with K+-APE 2.2.2-
[18F]fluoride in acetonitrile (400 u.L) at 95 *C for 30 min gave a mixture of volatile radioactive 
products (80.6%; decay-corrected), consisting of [ l 8F]HFC 227ea (10%), [I8F]hexafluoropropenc 
(28%), [ ,8F]perfluoro-jsohex-2-ene (76%) and an unknown (6%). These observations are 
consistent with an equilibrium operating between hexafluoropropene and the carbanion formed 
by addition of [18F]fluoride (Scheme 3). This carbanion is presumed to react further with 
hexafluoropropene to give the major radioactive product, [18F]perfluoro-isohex-2-ene, or to 
eliminate fluoride to give [ I 8FJHFC 227ea. as a minor product. Fluoride-induced dimerisations 
of hexafluoropropene are well-known (5). However, Finch et al. (6) recently report that the 
reaction of [ ,8FJfluoride with hexafluoropropene, using a high temperature (160"C) and short 
reaction time (5 min), gives [ I 8F]HFC 227ea in high radiochemical yield and purity, 

CF 3CF=CF 2 r -, . „ i H + 

K+- APE 2.2.2 - 1 8 F , [CF 3 5FCF 2

1 8 F] * . CF 3 CHFCF 2

1 8 F 
4% 

"CF 3CF=CF 1 8F ' 
+ 

CF 2

1 8 FCF=CF 2 

3% 
CF 3CCF=CFCF 3 

C F 2

1 8 F 

61% 

Scheme 3: The reaction of K+-APE 2.2.2-[18F]fluoride with hexafluoropropene. 

Several 1,1,1-trifluoroaIkanes can incorporate fluorine-I8 by exchange with K+-APE 
2.2.2-[ l8F]fluoride (3,7,8). The mechanism almost certainly involves deprotonation of the 
hydrofluorocarbon followed by fluoride loss from the trifluoromethyl group of the generated 
carbanion, with the reverse sequence resulting in the incorporation of [18F|fluoride (7,8) (Scheme 
4). Exchange is favoured when the intermediate carbanion is stabilised (7) and able to extract a 

C 3 F 6 
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proton from the reaction milieu. The trifluoromethyl group is highly electron-withdrawing and 
can stabilise the intermediate carbanion (9). Stabilisation increases with the number of 
trifluoromethyl or other electron-withdrawing substituents bonded to the carbon bearing the 
formal negative charge (7-9) Exceptionally, the strongly electronegative fluoro group is weakly 
effective at stabilising an intermediate carbanion because of its opposing mesomeric effect (5,7). 
Thus, it was of interest to test whether HFC 227ea, which has two trifluoromethyl and one fluoro 
group bonded to a single carbon atom, could be labelled with fluorinc-18 by exchange. 

_U+ _c- . 18p- 14+ 
CF3CHXY=^^= [CF3CXYJ ^=S:CF2=CXY = ^ = 1 8 F C F 2 C X Y ^ = ^ : 18FCF2CHXY 

H + +F - 1 8 F -H + 80% 
radiochemical 

yield 

Scheme 4: Reaction of K+-APE-2.2.2-[18F]fluoride with 1,1,1-trifluoroalkanes. 

The reaction of HFC 227ea (40 p.s.i.; ca. 110 mg) with K+-APE 2.2.2-[18F]fluoride in 
acctonitrile (500 |iL) at 100 'C for 30 min gave [ I 8F]HFC 227ea (81% radiochemical yield, 
decay-corrected) as the major (> 99%) volatile radioactive product. The above reaction was 
repeated without acetonitrile and incorporated 80% of the radioactivity (decay-corrected) into 
[18F]HFC 227ea. The supposed mechanism implies that labelling is in the 1-position (3,4,10). 

The exchange reaction without solvent was chosen for its simplicity and high 
radiochemical yield for the synthesis of high radioactivities of pure [1-1 8F]HFC 227ea. ' A 
lead-shielded automated apparatus including preparative GC, previously developed for the 
synthesis of [l-18F]l,l,l,2-tetrafluoroethane [3], was modified with respect to GC conditions for 
the production of high radioactivities of [1-18F]HFC 227ea. [1-18F]HFC 227ea was produced in 
80 min with a radiochemical purity of greater than 99% and a chemical purity of 98.4%. This 
product is suitable for the study of the disposition of HFA 227ea in vivo by whole-body 
y-counting. The same apparatus could be used to produce pure no-carrier-added product by the 
reaction of [I8F]fluoride with I-iodo-2tf-hexafluoropropane. 
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Halogen Activation of the Aromatic Ring. A new Approach 

for the Synthesis of 2- and 3-[18F]Flu°roalkylarenes ? 

J. Ermert, R. Gail. H. H. Coenen" 
Institut fur Nuklearchemie, Forschungszentrum Julich GmbH, 52425 Julich. 

'Nuklearchemie und Radiopharmazie, Klinik fur Nuklearmedizin, Universitatsklinikum 
Essen, 45122 Essen, Germany. 

The N.N.N-trimethylammonium moiety is often used as a potent and useful leaving 
group in the synthesis of fluorine-18 labeled aromatic compounds. Based on earlier 
results (1) a 18F-for-N+(CH3)3 substitution-on 4-iodo-2- or 4-iodo-2-alkyl-N,N,N-
trimethylanilinium triflates followed by a hydro-dehalogenation might be a promising 
synthetic pathway for the synthesis of 2- and 3-[18F]fluoroalkylarenes (Scheme 1). 
However, recent studies of the 18F-for-N*(CH3)3 substitution on halogen activated 
alkylarene precursors were unable to confirm this assumption. 

(CHj)jN+TfO-
• R 1 [K<2.2.2J18F 

DMAA 
140'C 
5min 

X = CI, Br, I R2 = H, CHj, C 2H 5, CH2COOEt, 
R1 = H.CH3 RJ = H,OCH3 

Scheme 1: Synthesis of 2- and 3-fl 8F]fluoroalkylarenes via halogen activation of 
the aromatic ring 

The fluorination reaction was performed in dimethylacetamide (DMAA) at 140°C 
within 5 min and in the presence of [Kc2.2.2]2C03 cryptate as [1BF]fluoride activator. 
Under these conditions the 18F-for-N*(CH3)3 substitution on 4-iodo-3-methyIphenyl-
N,N,N-trimethylanilinium triflate led to 3-[18F]fluoro-6-iodotoluene in apparent 
radiochemical yields (RCY) of about 45%, based on the solubilized activity (EOS). 
The separation of the labeled compound by solid phase extraction on a SEP-PAK C-
18 cartridge led to a real preparative RCY of only 9%. This remarkable difference is 
mainly due to the formation of volatile [18F]CH3F which is a well known byproduct in 
the case of a 18F-for-N*(CH3)3 substitution on N,N,N-trimethylanilinium salts (2, 3) 
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and which escapes total activity measurement, unless special precautions are taken. 
Additional evidence is given by recent gaschromatographic studies of the 
preparation of 4-[18F]fluorophenyllithium via 4-[18F]fluoro-iodobenzene (cf. (4)) where 
15 to 23% and 70 to 80% were found for 4-[18F]fluoro-iodobenzene and methyl 
[18F]fluoride, respectively. Thus, the previously reported yields (1, 4) must be revised 
downward by a factor of 3 to 5. 

Variation in the type, size and position of the alkyl substituent led to a further 
reduction of the radiochemical yields, corresponding to the increasing electron 
density in the aromatic ring. For example, with 2-[18F]fluoro-5-iodotoluene and 3-
[18F]fluoro-2-iodo-4-methylanisole radiochemical yields of about 7% were obtained, 
whereas for 2-ethyl-4-{18F]fluoro-iodobenzene a radiochemical yields of 5% was 
found. With respect to functionalized aliphatic side chains, the synthesis of 3-
[18FJfluoro-2-iodophenylacetic acid ethyl ester was investigated. However, in all 
cases the radiochemical yields were below 1 %. 

In order to study the possibility of hydro-dehalogenation, the extracted organic 
compounds were eluted from the SEP-PAK C-18 cartridge with 1 mL acetonitrile or 
1,4-dioxane. The dehalogenation step was performed with sodium borohydride (5), 
sodium cyanoborohydride (6) or tri-n-butyltinhydride (7) because of their different 
strenght of reduction. The variation of the reductive potential was necessary in order 
to prevent the reduction of functionalized aliphatic side chains (cf. Scheme 1). 

60 80 100 
time [min] 

140 160 

Fig. 1: Influence of the reduction agent on the radiochemical yield of n.c.a. 3-[ F]fluorotoluene 
(based on 3-[18F]fluoro-2-iodotoluene). Reaction conditions: [hydro-deiodination agent] 
35 mmol/L, uv-activation (X = 254nm), room temperature, 1 mL acetonitrile. 
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A fast and quantitative hydro-dehalogenation of 3-["FJfluoro-2-iodotoluene was 
found in the case of sodium borohydride (100% transformation within 30 min). 
Because NaBH< is known to reduce aldehydes or keto groups to primary and 
secondary alcohols, comparative studies were done using sodium cyanoborohydride 
and tri-n-butyltinhydride in order to determine mild reaction conditions (cf. Fig. 1). 
Sodium cyanoborohydride as well as tri-n-butyltinhydride led to a quantitative hydro-
dehalogenation of 3-[18FJfluoro-2-iodo-toluene within 140 min. The variation of the 
hydride concentration in the reaction mixture showed that a tenfold excess of the 
hydride was necessary for quantitative dehalogenation within 15 min (concentration 
based on the amount of N,N-dimethylaniline derivative as macroscopic side product 
in the solution). 

The influence of thermal vs photolytic activation for reduction of 3-[18F]fluoro-2-iodo-
toluene on the radiochemical yield of 3-{18F]fluorotoluene was studied. Using thermal 
activation a quantitative hydro-deiodination was obtained within 15 min, whereas 
photolytic activation yielded about 80% based on the starting activity of n.c.a. 3-
[18F]fluoro-2-iodotoluene. 

Although, the reductive deiodination can be performed quantitatively, the overall 
radiochemical yield (< 10 %) appeares too low for radiolabeling purposes. 
Preparation of n.ca. 2- and 3-[18F]fluoroalkylarenes via Scheme 1. depends on 
improvement of the first reaction step in order to be comparative to multi step 
synthetic methods. 

References 
(1) R. Gail and H. H. Coenen; Appl. Radiat. Isot. 45,105 (1994) 
(2) W. R. Banks, M. R. Satter and D.-R. Hwang; Appl. Radiat. Isot. 45, 69 (1994) 
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RADIOSYNTHESIS OF 4-[18F] FLUORONAPHTHOL DERIVATIVE 

GUILLOUET, S ; BARRE , L.; GOURAND, F.; EKAEVA , I ; +LASNE, M.C. 

CEA- DSV/DRIPP CYCERON, Bd Henri Becquerel BP 5229, 14074 CAEN, 

+URA CNRS D 0480, ISMRA, 6 Bd du Marechal Juin, 14050 CAEN 

We recently reported a Baeyer-Villiger reaction with m-chloroperbenzoic acid 

(MCPBA) and trifluoroacetic acid (TFAA) as catalyst to obtain [18F]fluorophenol from 

a series of [18F] non-symmetrical ketones'. The success of this method was extended 

to more complex structures such as [,8F]naphthol derivative. Compound 1 was 

prepared in a two step sequence that began with a nucleophilic substitution with 

[18F]fluoride followed by the oxidation reaction (scheme 1). 

With an interest to maximize the synthetic potential of this reaction, we have 

investigated the effect of different activating groups (nitro or trialkylammonium), on 

the aromatic ring, towards the nucleophilic reaction on the yield of the [18F] fluoride 

displacement. Various conditions were explored with n.c.a [18F] fluoride and the 

optimal reaction conditions for the fluoration were found to be: 160°C over 20min 

with 15mg of 3a ( 3b : 140°C)as precursor and DMSO as solvent. These conditions 

gave 25% and 45% as radiochemical yields of crude product 2 from 3a and 3b 

respectively, assessed by radioTLC. The work up of these compounds on a C18 

Sep-Pak followed by a Si Sep-Pak purification gave radiochernically pure yields of 2 

in 5-7% and 20-25% respectively. Compound 3a was prepared in three steps from 

5,6,7,8 tetrahydro-1-naphthol 4 (nitration, alkylation and Heck reaction) and 3b was 

obtained from 3a by reduction and N-alkylation of the nitro group. 

The oxidation reaction of 2 was carried out in a sealed reactor at 100°C for 

15min with MCPBA (100mg) and CF3COOH (200j.il) in dichloromethane. After 
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cooling, the solution was washed with water. KOH (1M) was added, the mixture 

heated at 40-50°C for 10min , neutralized to pH 7-8 and extracted with 

dichloromethane. Compound 1 was isolated in 25-40% radiochemical yield from 2, 

analyzed by radioTLC, coeluted with authentic sample and counted. Work is now in 

progress to apply this procedure to a biologically active compound which possesses 

this structure and presents a great interest in TEP. 

1. Ekaeva I., Barre L, Lasne M.C., Gourand F. Appl.Radiat.lsot (in press) 

COCH3 

OH 

K 1 8 F 
* • 

140°C 
DMSO 

COCH3 

1)MCPBA/TFAA 
100°C, 15min 

v2)KOH 
,3)H 3O s 

OH 

R=a: NO2, b^NMe^OTf3 

SCHEME 1 
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Synthesis of g-riSFlFluoro-ft-alanine via a nucleophilic Route. 
A. N. SERGIS, F. BRADY, S. K. LUTHRA , C. PRENANT, S. L. WATERS, C. J. 
STEEL, S. OSMAN and P. M. PRICE. 
MRC Clinical Sciences Centre, Cyclotron Unit and Royal Postgraduate Medical School, 
Hammersmith Hospital, Ducane Road, London W12 OHS, U.K. 

Study of the pharmacokinetics of the anti-cancer drug 5-Fluorouracil (5FU) is an area of 
current interest especially in view of the use of this agent in combination with modulators such 
as Folinic acid, PALA and Interferon in order to increase it's efficacy 1.2. Positron Emission 
Tomography (PETP-4 has been used for such studies with the aim of optimising the use of 
this agent. However 5-FU is rapidly catabolised in vivo to a-fluoro-P-alanine (FBAL)3-« and 
"'contamination" of the PET signal by this metabolite currently restrains data interpretation*. We 
have previously reported on the kinetics of [18F]FBAL in rats, using [i»F]FBAL recovered 
from the urine of other rats which had been injected with 5[' 8F]FU. 6 Here we report a 
synthesis of [iSFJFBAL, the availability of which will allow us to extend these studies to man 
to assist interpretation and modelling of data from PET studies with 5[18F]FU. 
The cold synthesis of oc-fluoro-B-alanine by fluorination of iV.N-dibenzyl-isoserine benzyl 
ester using DAST to give N,iV-dibenzyl-a-fIuoro-B-alanine benzyl ester followed by 
debenzylation using hydrogenolysis has previously been reported7. This route is tedious and 
unsuitable for synthesis of a-[i8F]fluoro-B-alanine. Although [i8F]DAST has been labelled 
with fluorine-18, the synthesis is difficult and uses carrier added [18F]fluorine8. Consequently 
wc sought an alternative synthesis of a-[i8F]fluoro-B-alanine via a nucleophilic route using no-
carrier-added [18F]fiuoride. 
Here we report a novel and rapid synthesis of a-['8F]fluoro-6-alanine by displacement of 
bromine from N,N-dibenzyl-ct-bromo-8-alanine benzyl ester, by cryptand activated 
[ i8F]fluoride anion, to give MW-dibenzyl-a-[i8F]fluoro-B-alanine benzyl ester followed by a 
novel one step catalytic debenzylation to give a-['8Flfluoro-B-alanine. 

The carboxyl and amino functions of isoserine (I) were simultaneously benzylated in a novel 
one step procedure as shown in Figure 1, 

o o 
II PhChbCI II 

H 2 N-CH 2 -CH-C-OH — * - (PhCH2)2M-CH2-CH-C—OCH2Ph 
I DEA I 

(I) ° H (H) ° H 

SOBr2 || 
*- (PhCH^N-C^-CH-C— OCH2Ph 

Benzene 1 
Base ( H I ) Br 

Figure 1, Synthesis of W,N-dibcnzyl-oc-bromo-B-aIaninc benzyl ester (III) from isoserine (I). 

The N,W-dibenzyl-isoserine benzyl ester (II) was then converted to AW-dibenzyl-cc-bromo-
B-alaninc benzyl ester (III) by bromination with thionyl bromide as shown in Figure 1. 
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0 O 
II 1 8 F"/ K2.2 2 II 

(PhCH^N— C H 2 - CH -C-OCH2Ph > (PhCH^N- C H 2 - CH -C-OCH2Ph 
Rr 1 B F 

(in) r (iv) 

Pd(0H)2/ C II ^ ^ »- H 2 N-CH 2 -CH-C-OH HCOjNH* " Z " W " z f 

(V) ' * 
Figure 2. Synthesis of cc-[18F]fluoro-B-alanine. 
Nucleophilic displacement of bromine from W./V-dibenzyl-cc-bromo-B-alanine benzyl ester (III) 
to give Af,W-dibenzyl-a-[18F]fluoro-B-alanine benzyl ester (IV) was achieved using 
[i8F]fluoridc anion activated by Kryptofix 222 as shown in Figure 2. Incorporation of 
fluoride was 75 - 90%. The benzyl protecting groups were rapidly removed using a suspension 
of palladium hydroxide and ammonium formate in methanol. In preliminary experiments 
radiochemical yields of [18F]FBAL of 18 - 24% were obtained. In the cold reaction yields of 
FBAL were in excess of 60% and work is in progress to optimize the radiochemical yield by 
incorporating a preliminary clean-up before debenzylation. 

N,N-dibenzyl-isoserine benzyl ester (II) 
Benzyl chloride (28 ml, 242 mmol) was added slowly over 25 minutes dropwise to a boiling 
solution of (i?,S)-isoserine (1.25g,11.9mmol) in ethanol (85ml), containing 
diisopropylethylamine (16ml, 92mmol) and distilled water (40ml), with stirring. The mixture 
was rcfluxed and was found by mass spectrometry and tic to go to completion within 1 hour.. 
Extraction with chloroform and vacuum distillation (9.5mmHg) at 130°-135°C to remove 
benzyl chloride and base left a clear, viscous liquid which was found to be W,N-dibenzyl-
isoserine benzyl ester in good yield (75-80%). Mass spectrometry: Cl+ve mode, m/z = (210) 
[(PhCH2)2NCH2]+and (376) [M+H]+. EI mode, m/z = (210) [(PhCH2)2NCH2]+. "CNMR 
(CDC13)8 56.18(£H2CH), 58.60((Ph£H2)2), 66.96(Ph£H20), 69.18(£HOH), 127.24, 
128.34, 128.38, 128.55, 128.81, 129.05, 135.25 and 138.48, (Aromatic) and 173.39ppm 
(£0). 
N.N-dibenzyl-a-bromo-fi-alanine benzyl ester (III) 
Thionyl bromide (220 tiL, 2.8 mmol) was added to a stirred solution of N,W-dibenzyl-
isoserine benzyl ester (980mg, 2.6mmol), in dry benzene (20 mL) containing 
pentamethylpiperidine (510 p.L; 2.8 mmol) and pyridinium hydrobromide (12 mg, 0.07 
mmol), at 7 <>C. After removal of a precipitate of pentamethylpiperidinium hydrobromide, 
N,N-dibenzyl-a-bromo-B-alanine benzyl ester was extracted into ethyl acetate (40 mL) as the 
hydrobromide, converted to the free base by addition of triethylaminc (150 nL). Extraction 
with hexane (30 mL) followed by removal of solvent gave /V,N-dibenzyl-oc-bromo-B-aIanine 
benzyl ester as a clear viscous liquid (746 mg, 65% yield). 
Mass spectometry: CI +ve mode, m/z = (210) [(PhCH2)2NCH2]+ and (438,440) [M+H]+. EI 
mode, m/z = (210) [(PhCH2)2NCH2]+. "C NMR (CDC13) 8 42.57(£HBr), 58.40(£H2CH), 
58.92((PhC_H2)2), 67.50(Ph£H2O), 127.4, 128.4, 128.4, 128.5, 128.67 129.1, 135.39; and 
138.6 (Aromatic) and 169.35ppm (£0). 
N,N-dibenzyl-a-[i8F}fluoro-fi-alanine benzyl ester (IV) 
Cyclotron-produced nca [isFjfluoride in isO-enriched (20%) water was adsorbed onto an 
anion exchange resin (Biorad AG1X8, carbonate form) and eluted with potassium chloride 
solution (0.03mol dm-3). This solution was added to a platinum crucible containing Kryptofix 
2.2.2 (26mg). The water was azeotropically removed by adding and evaporating off dry 
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acetonitrile (3 x 2mL). A solution of N,N-dibenzyl-a-bromo-B-alanine benzyl ester (6mg) in 
acetonitrile (2mL) was then added to the crucible, which was heated at 120°C for 15min. The 
progress of the reaction was monitored by autoradiography and tic using authentic N,N-
dibenzyl-a-fluoro-B-alanine benzyl ester as standard and was found to go to completion within 
15min to form N,N-dibenzyl-a-[i8Fjfluoro-B-alanine benzyl ester in radiochemical yields of 
75 - 90% as determined by tic (Silica; methanohtriethylamine; 99:1; Rf 0.7). 
a-['SF]fIuoro-fi-alanine (V) 
After removal of acetonitrile from the reaction mixture a suspension of palladium hydroxide 
(20%) on carbon (3mg) and ammonium formate (60mg) in methanol (2mL) was added to the 
crucible containing N,N-dibenzyl-a-p8F]fiuoro-B-alanine benzyl ester. The mixture was 
covered and heated at 120°C for 15min. a-[i8F]fluoro-B-alanine (V) was produced in 
radiochemical yields of 18-24% as determined by tic (Silica plate; methanol: triethylamine 
99:1; Rp=0.4) and autoradiography with authentic a-fluoro-B-alanine. 

The work described was carried out starting from racemic isoserine. This produces racemic 
N,N-dibenzyl-a-bromo-B-alanine benzyl ester and consequently racemic oc-[i8F]fluoro-B-
alanine. An HPLC method has been successfully developed for chiral separation of the 
enantiomers of N,N-dibenzyl-a-bromo-B-alanine benzyl ester using a Chiralcel OD semi-prep 
column eluted with hexane:isopropanol (99.7 :0.3)). Work is in progress to synthesise (+) a-
[i8F]fluoro-B-alanine using the appropriate enantiomerically pure benzylated bromide which is 
required for human PET studies. 
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THE ROUTINE SYNTHESIS OF FLUORINE-18 16a-FLUOROESTRADIOL: THE 
USE OF 3-METHOXYMETHYL-EPIESTRIOL-16P,17P-CYCLIC SULFATE AS THE 
STARTING SUBSTRATE. 

T.J. Tewson, 

Imaging Research Laboratory, Department of Radiology, University of Washington, 
Seattle, WA 98195. Phone 206-548-6709 Fax 206-543-3495 

The use of 16P,17P-cyclic sulfate derivatives as substrates for the preparation of fluorine-
18 labelledl6a-fluoroestradiol has been reported before1 1 2 , 3 , with variations on the 
protecting group used at the phenolic three position being the primary variable discussed. 
The methoxymethyl derivative (1) at three has proved to be the most convenient protecting 
group and we would like to describe the progression of the use of this compound, from a 
developmental compound to the substrate of choice for the routine synthesis of fluorine-18 
16oc-fluoroestradiol for clinical use. 

0 0 
OSOj N(CH3)« 

C H 3 0 C H 2 0 ^ 5 ! ! i / ^ ^ ( l ) CH,OCH2tf 

The synthesis of the methoxymethyl cyclic sulfate will be described elsewhere. The 
compound is a stable crystalline derivative. A sample has been kept at room temperature 
for more than a year without any change in properties. It reacts with tetramethyl 
ammonium fluoride in a quantitative fashion to give a stable crystalline tetramethyl 
ammonium salt (2). There is no sign of the alternative product of ring opening, the 17a-
fluoro-16p-sulfate either by NMR or HPLC. Refluxing the salt in methanol with strong 
cation exchange resin for 90 minutes removes both 17-sulfate and the 3-methoxymethyl 
group to give 16oc-fluoroestradiol identical to the literature compound4. 

Fluorine-18 is prepared by the "0(p,n) 1 8 F 5 reaction, using oxygen-18 water as target 
material and the fluoride is trapped on a anion exchange resin in the hydroxide form6, 
eluted with an appropriate base and dried by azeotropic distillation with acetonitrile. Details 
of the target and isolation system will be described elsewhere. Fluorination was then 
performed in refluxing acetonitrile. The fluorination of the cyclic sulfate was examined 
using either elution of the column with 20 (lmoles of potassium carbonate and subsequently 
complexing the potassium with [2,2,2]-Kryptofix7 or elution with 20 nmoles of tetrabutyl 
ammonium hydroxide. The potassium carbonate typically elutes >95% of the fluoride 
from the column but consistent fluorination yields could only be obtained using amounts of 
the cyclic sulfate equivalent to the quantity of base, that is 20 nmoles. 20 nmoles of 
tetrabutyl ammonium hydroxide typically elute about 80% of the fluorine-18 from the ion 
exchange column. The amount of fluoride eluted is somewhat variable, but consistently 
high fluorination yields could be obtained using as little as 3 nmoles of the cyclic sulfate. 
The fluorination reaction is heated under argon for ten minutes at a bath temperature of 
95°C, such that the acetonitrile will evaporate. When the solvent has evaporated the 
residue is dissolved in 0.75 mis of a solution of lrlethanol and 0.1 M ammonium acetate 
(the mobile phase for the HPLC column). This solution is loaded onto the HPLC column, 
a semi-prep Phenomenex C-18 column with 7 micron particles running at 5 ml min. The 
fluoride is eluted at 2 minutes and the product (2) comes off at 6 minutes. Unreacted cyclic 
sulfate is not eluted from the column under these conditions. Starting from' a 10 minute 
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7 K. Hammacher, H. Coenen, G. Stocklin, Efficent stereospefic synthesis of NCA 2-
[l8F]-fluoro-2-deoxy-D-glucose using aminopolyether supported nucleophillic substitution. 
J. NucL Med. 27: 235-238,1986. 
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bombardment there are 2-5 mCi's in the fluoride fraction and 70-75 mCi's in the product 
fraction. Analytical HPLC shows the fluorosulfate salt (2) as single peak with <0.1% 
fluoride. There is no detectable UV absorption at 284 nm's, the UV max for the estradiol 
MOM ethers. 

Removal of the protecting groups did not follow the macroscopic scale reaction. Refluxing 
with cation exchange resin quickly and cleanly removed the MOM group but did not 
remove the 17 sulfate, even after 90 minutes reflux in water. The probable difference 
between the two reactions is that the macroscopic hydrolysis of the sulfate may be 
autocatalytic in that a strong acid is produced by the hydrolysis. On the no carrier added 
scale this will not be a factor. Both groups are removed by refluxing for ten minutes in 
20% HCl. However this reaction is not completely clean. The percentage fluoride rises 
from <0.1% to 2-3% and two additional organic radioactive peaks appear on the analytical 
HPLC. They comprise <5% of the total radioactivity. The solution is then neutralized with 
sodium hydroxide and sodium bicarbonate, put on a Sep-Pak, washed with water to 
remove the salts and the produced fluoride during the hydrolysis. The 16a-fluoroestradiol 
is washed off with 25% ethanol solution. This removes all but a trace of the 2 products 
produced by the hydrolysis. 

This sequence produces 50-55 mCi's of the final product from a 10 minute bombardment 
There are no detectable UV absorption peaks in the product and so we do not have a 
measured specific activity at this point. The minimum detectable amount would put the 
specific activity at >1 Curie per nmole. At this point we have not performed an estrogen 
bioassay on the produced solution so that we cannot give the total effective estrogen 
content of the solution. 

Acknowledgments: This work was supported in part by Grant CA 42045 from the 
National Cancer Institute. 
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Radiosynthesis of [isFJFluticasone Propionate for Lung Deposition Studies 
with PET 
FRANKLIN I. AIGBIRHIO.i VICTOR W. PIKE.i RICHARD M. CARR2 and DEREK R. 
SUTHERLAND* 
'PET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Centre, Royal Postgraduate 
Medical School, Hammersmith Hospital, Ducane Road, London W12 ONN, U.K. 
2Isotope Chemistry Group, Glaxo Research and Development Ltd, Gunnels Wood Road, 
Stevenage, Hertfordshire, SGI 2NY, U.K. 

Fluticasone propionate [(SJ-fluoromethyl 6a,9oc-difluoro-lla-hydroxy-16o:-methyl-3-oxo-17a-
(propionyloxy)androsta-l,4-diene-17P-carbothioate, (FP)] is a potent (1) anti-inflammatory 
steroid with several therapeutic indications, including use as an anti-asthmatic when administered 
as sized particles by inhalation from a metered-dose inhaler (MDI) (2,3). Further information on 
the deposition of FP within the human lung and its subsequent pharmacokinetics is of interest (3). 
Positron emission tomography (PET) is a potentially powerful technique for the study of the 
deposition of FP in human lung, provided that the drug can be labelled isotopically with a 
positron-emitter and used to label FP particles uniformly within an MDI. 

Me .COSCH2F 
OCOEt 

Me 

(FP) 

FP contains three fluorine atoms. We chose to develop a method for labelling FP with 
positron-emitting fluorine-18 (f//2 = 109.6 min) rather than shorter-lived carbon-11 (///2 = 20.4 
min), since this allows more time for radiochemistry, formulation and data acquisition in PET 
studies. We sought to develop.a labelling procedure from [18F]fluoride, which can be produced 
in high radioactivity at a no-carrier-added level of specific radioactivity by the proton irradiation 
of ISO-enriched water (4). Labelling by nucleophilic substitution in the 6-position would require 
the difficult synthesis of an activated precursor and probably lack stereochemical control. Since 
the opening of an epoxide with anhydrous hydrogen fluoride is a standard procedure for the 
introduction of the trans 9a-fluoro-lip-hydroxy system into steroids, we originally explored the 
opening of the corresponding 9p,lip-epoxide with ['8F]fluoride under a variety of conditions, 
but without success. De Groot (S) have attempted similar reactions in progestins, also without 
success. We therefore considered labelling in the fluoromethyl group. In the preparation of FP, 
this fluorine is introduced by treating the 17p-carbothioic acid with bromofluoromethane or 
fluoroiodomethane (6). This approach could be considered for labelling with fluorine-18 since 
[I8Flbromofluoromcthanc can be prepared from [ |8F]fluoride (7,8). However, we considered that 
a single step labelling procedure, based on nuclcophilic displacement of a suitable leaving group 
(Scheme 1) would be preferred. 
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Me 

Scheme 1: Proposed radiosynthesis of [18FJFP by nucleophilic substitution form [18F]fluoride. 

The known chloro analogue of FP, chloroticasone propionate (CP) (6), was used to 
prepare precursors with leaving groups suitable for nucleophilic displacement by [18F]fluoride. 
The iodo analogue (iodoticasone propionate; IP) was first obtained by treating CP with sodium 
iodide in acetone (Scheme 2). Other precursors were then obtained by exchanging the iodo 
group for mesylate or tosylate by treatment with their silver salts in acetonitrile. However, all 
attempts to prepare the triflate from the iodo analogue by treatment with silver Inflate failed. The 
symhcsised precursors were fully characterised by iH- and "C-NMR spectroscopy, infrared 
spectroscopy, MS, TLC and elemental analysis. 

Nal 
RCI 

(CP) 

Rl 
(IP) 

AgOTs, 

R = MeT 
Me „COSCH2-\L -^ 'OCOEt 
J V-Me 

0^ 
F-

AgOMes \ AgOTf ' 

ROTs ROMes ROTf 
(Tosyl ester) (Mesyl ester) 

Scheme 2: Synthesis of precursors for the preparation of P 8F]FP. 

Radiochemistry was performed using 'no-carried-added' [1 8F]fluoride produced by 
proton irradiation of 1 80-enriched water (ca 20% enrichment) (4). [18F]Fluoride was recovered 
by adsorption onto an anion exchange resin (9). The resin was eluted with potassium iodide 
solution (0.095M) in preference to potassium carbonate solution, which due to its higher basicity, 
reacted with the FP precursors to form dimeric byproducts. The [>8F]fiuoride was then converted 
into the powerfully nucleophilic radiofluorinating agent, K+-APE 2.2.2-118F]fluoride, in a glassy-
carbon reaction vessel (9). This reagent was then reacted with the FP precursors (ca 10 mg) in 
acctonitrile (600 (lL) at 100 °C under a nitrogen pressure of 20 psi for 30 min. 

Products were analyzed by HPLC (Lichrosphere 100 RP-18, 5 n column, 150 x 4.6 mm 
i.d.; clutcd with acetonitrilc-watcr (60:40 v/v) at 1.5 ml/min with eluatc monitored for radioactivity 
and absorbancc at 254 nm). [>8F]FP was identified by co-elution with a sample of authentic FP 
and decay-corrected radiochemical yields from [>8F|fluoridc were measured (Table 1). 
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Table 1. Results from nucleophilic substitution reactions for the preparation of [ I 8F]FP. 

FP precursor Radiochemical yield 
0f[i8F]FP(%) 

Iodo 4 - 5 ( n = 4 ) 

Mesyl ester 15-18 (n = 5) 

Tosyl ester 18-25 (n = 8) 

The highest radiochemical yield of ['8F]FP was obtained by substitution in the tosylate 
precursor. This method has been chosen for the routine production of (•8F1FP for which an 
automated radiosynthesis has been devised. The total preparation takes 110 min and gives a 
[ISFJFP in radiochemical yield 18-25%, decay-corrected, with a specific radioactivity of 40 
mCi/umol at the end of synthesis (from an irradiation producing 12 mCi of [iSFJfluoride). The 
amount of carrier is 20 ug. The low specific radioactivity may be due to the production of 
fluoride carrier from the decomposition of the FP precursor during the reaction. A preparative 
HPLC method has been devised, based on the use of a Primesphere C18-HC, column (250 x 10 
mm; 5 p.) eluted with acetonitrile-water (52: 48 v/v) at a flow rate of 9 mL/min. This has been 
found to give a chemical purity of > 95%. 

A reaction of one equivalent of potassium fluoride with tosylate precursor in the presence 
of APE 2.2.2 gave fluticasone propionate after HPLC purification under the same conditions 
used for the preparation of ['*FJFP. This product was chemically pure as assessed by LC with 
diode array detector analysis of the UV spectrum and by LC-MS and LC-NMR. 

Thus, an effective method has been developed for labelling FP with fluorine-18 in high 
activity, chemical purity and radiochemical purity. The radiosynthesis is now being automated to 
produce high radioactivities of [t8F]FP for introduction into FP particles within an MDI. 

Acknowledgement. The authors are grateful to Professor D.S. Davies (RPMS) for his interest in 
this work, to Mr MJ. Daniel (GRD)for useful discussions and to Mr Colin J. Steel (MRC) for the 
production of ['8F]fluoride for these studies. 
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PALLADIUM-MEDIATED COUPLING REACTIONS OF ,8F-LABELLED 
ARYLHALIDES WITH ORGANOTIN COMPOUNDS 

Tobias Fomgren,1,2 Yvonne Andersson,2 Bo Lamm3 and Bengt Langstrom 1 J 

'Department of Organic Chemistry, Institute of ( 
S-751 21 Uppsala, Sweden. 2Uppsala University 
1 Astra Hassle AB, S-431 83, Molndal, Sweden. 

'Department of Organic Chemistry, Institute of Chemistry, Uppsala University, Box 531, 
S-751 21 Uppsala, Sweden. 2Uppsala University PET Centre, UAS S-751 85 Uppsala, Sweden. 

Palladium-promoted coupling reactions of organic halidcs with organolin compounds has been 

extensively used in carbon-carbon bond forming reactions.1'2 These type of coupling reactions has 

previously been utilised in rapid labelling synthesis involving the short-lived radionuclide "C. 3 In 

development of the 18F-labelled cholesterole inhibitor fluvastatine 1. for metabolic studies using the 

PET-technique, a mild incorporation of the label was required due to the presence of sensitive 

functional groups attached to the indole skeleton. 

The palladium-promoted cross-coupling of p-[' F]fluorobromobenzene 2 with an indole trialkyltin 

derivative was considered as a possible route to prepare 18F-labelIed fluvastatine. With the 

intention to evaluate this metal-mediated approach, a number of model reactions were 

investigated, as cxamplified in Scheme 1. 

1 Stille. J. K.- Angew.Chem. Int. Ed. (Eng). 25:508 (1986). 
2 Ciailini el al.- Tetrahedron Letters 35:2405 (1994). 
3 Andersson. Y. el al.- Acta Chem. Stand. Accepted (1995) 
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Pd R = F h . C H = C H 2 

RS11BU3 l S ~ X J Pd = Pd(PPhA.Pd2(dba)3 

Scheme 1 

Production of p-[18F]fluorobromobenzene has previously been reported in the literature4. In the 

present study another approach to obtain 2 was investigated. The p-[18F]fluorobromobenzene was 

produced from 3-bromo-6-nitrobensaldehydc via nucleophilic aromatic substitution with 1 8 F and 

subsequent dccarbonylation using Wilkinson's catalyst In the decarbonylation reaction, a slight 

modification of the previously described procedure was used.5 The p-[18F]fluorobromobenzene 

was obtained in approximately 70% radiochemical yield as determined by analytical HPLC. 

Purification of p-[18F]fiuorobromobenzene was performed cither by solid phase extraction or by 

distillation, which appears to be a promising purification procedure. The coupling reaction of the 

purified 2 with various organotin model compounds was investigated using different solvents such 

as DMF, dioxane, DMSO and toluene in temperatures between 6()-130°C. The cross-coupled 

products were obtained in radiochemical yields between 40-90 % within 20 min reaction time. 

Work is now in progress to optimise the reaction conditions in the cross-coupling of p-

[I8F]fluorobromobenzene with indole trialkyltin derivatives. 

4Gail, R and Coenen, H. H.- Appl. Radiat. IsoL45: 105 (1994). 
5 Plenevaux, A., ctal.-Appl. Radial. Isol.43_: 1035(1992). 
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COMPARISON OF [18F]FLUOROSULFENYLATION TO [18F]FLUORO-
SELENENYLATION. Hatano, Kentaro and Yanagisawa, Touru, Cyclotron Research Center, 
Iwate Medical University, Takizawa, Iwate Japan 020-01 

In the last symposium we reported a new radiofluorinating reaction, [18F]fluoroselenenylation, 
from no-canier-added (NCA) I18F]fluoride (1). This reaction consisted of in situ preparation of 
benzeneselenenyl [18F]fluoride followed by addition reaction across double bond of alkene 
(Figure 1). [18F]FluoroseIenidethus afforded was found to be converted to [18F]fluoroalkene 
by oxidative desenenylation by ozone, however, radiochemical yield and reproducibility was 
not sufficiently high. In this study we examined analogous [18F]fluorosulfenylation (Figure 1) 
as another novel labeling procedure. Fluorosulfenylation was found earlier than 
fluoroselenenylation (2) but the application was also limited (3, 4). It might, in part, be 
attributed to that products, fluorothioethers, could also be obtained via fluoro-Pummerer 
reaction of sulfoxides by diethylaminosulfur trifluoride (5). 

Figure 1 
PhAX, 1 8P I I 

> _ < ^ I | +X" 
1 8 F APh 

A=S, Se X=Br, CI 
Benzenesulfenyl chloride was added dropwise to ice cooled suspension of different kind of 
[18F]fluoride and alkene (4-allylanisole) in CH2CI2. Reaction mixture was stirred for a 
subsequent hour at room temperature. Formation of [18F]fluorothioether via addition reaction 
of in situ generalized benzenesulfenyl f18F]fluoride across double bond was observed by radio-
TLC. Regioselectivity of the reaction was also inspected by normal phase HPLC analysis. 
About 80% of product was Markovnikov adduct. 

Table 1 Radiochemical "Welds of [18F]Fluorosulfenylation From Various [18F]Fluorides 

rigiriCT -J , u r j i Radiochemical "Meld (%) 
pFJFluonde (Additive) . , „ „ „ t . , „ V, 

[lBFlFluorothioether Byproduct 
CAAg[18F](AgF) 29.2 12.6 

NCA Ag[1 8F] (AgOCOCH3) 1.4 3.0 
NCA Ag[18F] (AgC03) No Reaction 

NCA [K/APE][18F] (K2CO3, APE) 11.2 7.9 
NCA [K/APE][18F] (KOCOCH3, APE) 2.9 -
NCA [K/APE][18F] ((KOCO)2, APE) 4.7 -

CA=Carrier-Added, NCA=No-Carrier-Added, APE=Aminopolyether (Kryptofix 222 (Merck, 
Germany) 

Significant amount of polar byproduct was obtained together with desired product (Table 1). 
When carrier-added Ag[1 8F] was used as labeling precursor radiochemical yield of 
[18F]fluorosulfenylation was lower than that of [18F]fluoroselenenylation. (Up to 61% of 
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[18F]fluoroselenide was yielded under same reaction procedure.) But with NCA K[ 1 8F] 
activated by aminopolyether (APE) yield of [J 8F]fluorothioether was as good as corresponding 
selenide. More [18F]fluorothioether would be obtained, provided the byproduction were 
reduced 

Generally, selenides are easily converted to corresponding alkene via oxidation. Selenoxide 
fragmentation proceeds readily even at room temperature. In contrast desulfurization of 
sulfoxide could only be achieved under pyrolytic condition (6). The problem of 
[18F]fluoroselenenylation was instability of product especially in high specific activity that led 
to unsuccessful yield of oxidative desenenylation. Therefore rather stable sulfur intermediate 
was considered advantageous. In addition labeled sulfoxides could also be further convened by 
Pummerer or other rearrangement reactions. Radiochemical yield of [J 8F]fluorosulfenylation 
was comparable to that of [18F]fluoroselenenylation with NCA [K/APE]+[18F]". From this data 
and forecasted stability and synthetic possibility of I18F]fluorothioether it can be concluded that 
[18F]fluorosulfenylation is superior to [18F]fluoroselenenylation. 

This work was supported by grant-in-aid (05772019, 05151036 and 06772189) from Ministry 
of Education, Science and Culture, Japan. Authors are grateful to the members of Nishina 
Memorial Cyclotron Center, Japan Radioisotope Association for their cooperation. 

References 
1. Hatano K. and Yanagisawa, T.- / . Labelled Compds. Radiopharm. 3 5, 152-153 (1994) 
2. Purrington, S.T: and Correa, ID. - J. Org. Chem. 51 , 1080-1083 (1986) 
3. Saluzzo, C , Alvernhe,G., Anker, D. and Haufe, G. - / . Fluorine Chem. 47 , 467-479 
(1990) 
4. Haufe, G., Alvemhe, G., Anker, D., Laurent, A. and Saluzzo, C. - J. Org. Chem. 5 7 , 
714-719 (1992) 
5. McCarthy, J.R., Peet, N.P., LeToumeau, M.E. and Inbasekaran M. - / . Am. Chem. Soc. 
107,735-737(1985) 
6. Purrington, S.X and Pittman J.H. - Tetrahedron Lett. 2 8,3901-3904 (1987) 

598 



4-[,0B]BORONO-2-[18F]FLUORO-L-PHENYLALANINE-FRUCTOSE COMPLEX FOR 
USE IN TIMING BORON NEUTRON CAPTURE THERAPY (BNCT) 

N.K. Reddy, G.W. Kabalka, C.P.D. Longford, and T. G Roberts 
Biomedical Imaging Center, The University of Tennessee, Knoxville, TN 37920 USA. 

Phone: (615)544-9670; Fax: (615)974-2997; E-Mail: KABALKA@UTK.EDU. 

BNCT is a form of radiotherapy that relies on the selective concentration of boron-

10 in the targeted tumors. 4-Boronophenylanine (BPA) has been successfully utilized to 

treat patients, with glioblastoma multiforme and occular melanoma in Japan,1 Australia2 

and, more recently, in the U.S. The complexation of BPA with fructose increases its 

solubility in solution,3 at pH 7.4, from 1.8 mg/mL to about 100 mg/mL. In addition, the 

BPA-fructose complex improves both the tumor-to-blood and tumor-to-normal brain 

concentration ratios from 3:1 to 3.6:1. 

Recently, 4-borono-2-[18F]fluoro-L-phenylalanine (L-[18F]FBPA) was prepared for 

evaluation as a tumor imaging agent." It was discovered that the [ ,8F]FBPA uptake in 

melanoma was competitively reduced by BPA loading. It has been postulated that 

complexing [18F]FBPA with fructose might enhance its tumor uptake. We wish to report 

the synthesis of the [18F]FBPA-fructose complex (Scheme 1). 

Scheme 1 

,CO,H 
|l«F|Ac<>HTA 

HO-

CC-H 
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[18F]AcOF was bubbled into a solution of BPA«HCI (1) (100 umol) in TFA (5 mL) 

at room temperature. After removal of the TFA, the residue was treated with fructose (45 

mg), sodium hydroxide (0.25 mL, 0.24 N) and sodium bicarbonate buffer (pH = 7.4, 1.0 

mL). The mixture was charged on to a C-18 Sep-Pak cartridge, eluted with water and 

1.0 mL fractions were collected. The fractions containing the [18F]FBPA-fructose complex 

were identified by reverse-phase chiral TLC (acetonitrile-methanol-water, 4:1:1) and by 

HPLC utilizing a reverse-phase column and an eluant mixture of methanol and 0.8% 

acetic acid (15:85) which contained EDTA (1.0 mM), sodium octylsulphate (1.0 mM) and 

sufficient sodium hydroxide to maintain pH = 4.0. The radiochemical yield of [18F]FBPA 

was 45-55% corrected to EOB based on the [18F]AcOF. The selectivity of [18F]FBPA-

fructose complex for tumor, imaging with PET is currently being evaluated. 

Acknowledgements: Research sponsored by The Department of Energy and The Robert 

H. Cole Foundation. 
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S-fFJFLUOROBENZIDINE : A PRECURSOR TO FLUORINE-18 LABELED CONGO 
RED, A POTENTIAL IMAGING AGENT FOR ALZHEIMER'S DISEASE 

Z.Y. ZHANG, M.R. AKULA. C.P.D. LONGFORD and G.W. KABALKA, 
Biomedical Imaging Center, The University of Tennessee, Knoxville, TN 37920, U.S.A. 

Phone: (615)544-9670; Fax: (615)974-2997; E-Mail: KABALKA.UTK.EDU. 

Alzheimer's disease (AD) is a neurodegenerative disorder in humans in which there 

is extensive brain damage caused by p-amyloid deposition. AD can be definitively 

diagnosed through the examination of amyloid in brain tissue using Congo Red (CR) 

staining.1 The inability to assess amyloid deposition in AD until after death precludes the. 

detailed study of this debilitating illness. It would be advantageous to develop a diagnostic 

marker to probe amyloid deposits using PET imaging. Based on the X-ray crystal 

structure of the CR-amyloid protein complex, Turnell and Finch have demonstrated that 

one molecule of CR intercalates between two anti-parallel p-strands of protein.2 This 

suggests that CR derivatives may be effective agents for imaging amyloid deposits in 

vivo. Indeed, a radioiodinated CR derivative was synthesized and was found to localize 

in amyloid tissue.3 We have synthesized fluorine-19 labeled CR and have demonstrated 

specific binding to amyloid protein, in vitro.4 We now wish to report the synthesis of 3-

[18F]fluorobenzidine, a precursor to fluorine-18 labeled CR. 

The synthesis is based on the electrophilic radiofluorination of a protected 

stannylated benzidine, 3. 3-lodobenzidine, 1, was used as the starting material. The 

amino groups of 1 were protected as Fmoc derivatives. [When formyl, acetyl or t-BOC 

functionalities were used as protecting groups, the resultant materials exhibited poor 

solubility in organic solvents.] Reaction of the iodo derivative, 2, with hexamethylditin 

gave the stannylated benzidine, 3. A chloroform solution of 3 was treated with [ 1 8F]F 2 

obtained from proton irradiation of gaseous [ 1 8 0]0 2 . The resulting fluorine-18 labeled 

compound, 4, was treated with 4-(aminomethyl)piperidine (4-AMP) and washed with 

acidic phosphate buffer. After purification by column chromatography, 3-[18F]fluoro-

benzidine, 5, was obtained in 20% radiochemical yield. The synthesis, including fluori-

nation and deprotection, required sixty minutes. 
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The conversion of 5 r to fluorine-18 labeled CR involves a diazotization followed by 

a coupling reaction using the sodium salt of 4-aminonaphthalenesulfonic acid. Pre

liminary studies indicate that this can be accomplished in less than thirty minutes. 

Acknowledgement: Research sponsored by The Department of Energy and The Robert 

H. Cole Foundation. 

Fmoc-Cl 
FmocHN NHFmoc 

Pd(PPh3)4 

MefiSnz 

[ F l F 2 

NHFmoc ». 

SnMe 3 

FmocHN NHFmoc 
4-AMP 

References: 

1. McKhann G., Drachman D., Folstein M., Katzman R., Price D. and Staldan E. -

Neurology 34: 939 (1984). 

2. Turned W.G. and Finch J.T. - J. Mol. Biol. 227: 1205 (1992). 

3. Tubis, M.. Blahd, W.H. and Nordyke, R.A. - J. Am. Pharm. Assoc, Sci. Ed. 49: 

422 (1960). 

4. Akula M.R., Kabalka'G.W. and Solomon A. - unpublished results. 

602 



EVALUATION OF NEW PRECURSORS FOR THE ELECTROPHILIC 

SYNTHESIS OF 6-pFjFLUORODOPA 

T.K.Venkatachalam. N. M. Gillings, A. Gjedde and A. D. Gee* 

PET Center, Arhus Kommunehospital, Nerrebrogade 44, DK-8000 Arhus C, Denmark. 

Introduction 

A number of methods for the electrophilic synthesis of 6-[l8F]Fluorodopa (FDOPA) have been 

reported in the literature (1-5). Among these, the regioselective fiuorination of 3,4-dimethoxy-6-

trifluoroacetoxy-mercurio-L-phenyl alanine ethyl ester 4_a with AcO l 8F is reported to produce the 

highest yields ( up to 11% decay corrected to EOB) (4). Despite the use of vigourous hydrolysis 

conditions (57% HI, 135 °C, 20 minutes), a common cause of yield losses using this method results 

from the incomplete hydrolysis of the methoxy protecting groups and subsequent preparative HPLC 

purification of the crude product The use of more labile protecting groups and alternative 

hydrolysis conditions were therefore investigated with the aim of increasing the overall yield of this 

electophilic synthesis. 

Methods 

Precursors 4h-e (see Fig 1) were prepared from L-DOPA (1) using the respective alcohols and 

hydrochloric acid gas to yield the ester 2b-e. The aromatic hydroxy groups and the amine group 

were simultaneously protected by either reaction with di-t-butyl dicarbonate or with acetic 

anhydride to produce 3b-e. Subsequent treatment of 3b-e with mercuric trifiuoroacetate in ethanol 

gave the respective mercurio derivatives 4b-e. 4b-e were labelled using [l8F]acetyl hypofluorite in 

CHClj and subsequently passed over a Si SepPak to a hydrolysis vessel. After evaporation of the 

organic solvent, concentrated hydrochloric acid was added to the residue and heated at 135 °C for 20 

minutes to produce "F-DOPA (5). 
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Figure 1 

Cmpd. R R' R" 
a Me Et COCF, 
b 'Boc Me 'Boc 
c 'Boc CH(CH3)2 'Boc 
d Ac Et Ac 
e 'Boc Et Ac 

Results 

Preliminary studies indicate that by using substrates 3b t c T radiochemically pure [ l 8 F]FDOPA can be 

produced with a synthesis time o f ca. 45 min (from EOB). Determination o f radiochemical yields 

and the labelling o f subtrates 4d T e are currently under investigation. These initial results indicate 

that the yields o f [ 1 8 F]FDOPA may be increased, and the synthetic procedure simplified by the 

careful choice o f protecting groups in the labelling precursor. Work is also in progress to analyse the 

content o f mercury, organics and other amino acids in the final product to determine wether the final 

HPLC purification step may be omitted. 
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A strategy for the labeling of [F-18]-3'-deoxy-3'-fluorothymidine: [F-18]FLT. 
J.R. Grierson and A.F. Shields, Department of Radiology, School of Medicine, University of 

Washington, RC-05, Seattle WA, 98195, Ph (206) 548-4247/FAX (206) 543-3495. 

Key words: fluorine-18, nucleoside, neoplastic, DNA synthesis. 

Introduction: The thymidine (TdR) analogs: 3'-deoxy-3'-fluorothymidine (FLT) and 3'-azido-3'-
deoxythymidine (AZT) display some unique biochemical characteristics in vivo. While FLT and 
AZT are both 5-phosphorylated by thymidine kinase (TK) and trapped in cells, they are also 
resistant to rapid nucleoside-glycosyl-bond cleavage by thymidine phosphorylase (TdR-Pase). FLT 
and AZT resistance to TdR-Pase sharply contrast to the behavior of injected thymidine—which is 
aggressively degraded by TdR-Pase in blood and some other tissues. This situation demands that 
imaging protocols using [C-l l]TdR account for gross degradation of the tracer in competition with 
its bioactivation, and eventual incorporation into DNA. These considerations suggested to us that 
[F-18]FLT and [C-l 1]AZT could be useful [C-l l]thymidine substitutes for imaging characteristics 
of DNA synthesis in vivo. The longer lived [F-18] label on FLT will allow us to image for longer 
periods than with [C-ll] labeled analogs. 

Labeling strategy: Our no-carrier-added radiosynthesis of [F-18]FLT was designed to overcome 
some pitfalls in the low yield (7%) method previously reported by Wilson et al.O. Our labeling 
precursor is a reactive triflate, with both the 5'-OH and the pyrimidine moiety of the nucleoside 
protected as benzoyl derivatives (see Fig 1). This contrasts with the earlier work which used the 
less reactive mesylate on C-3' and a pyrimidine ring unprotected, which is susceptible to ionization 
with carbonate ion. As well, a 5'-Q.-trityl-group was previously used and it required removal under 
strictly controlled acidic conditions to avoid competitive hydrolysis (glycosyl bond) of liberated 
FLT. Our strategy was to use benzoyl protecting groups that could be cleaved under mild basic 
conditions, thereby avoiding the acid sensitivity of FLT. As well, a benzoyl group on the 
pyrimidine ring precludes ionization of the N3-H or its complexation with TBAF, in a similar way 
that TBAF can form strong H-bonded complexes with p-dicarbonyl structures (2) and promote N-3 
alkylations of pyrimidines @). The potential for this type of fluoride complexation was suggested by 
our recent report of a crystalline TBAF complex with p-pseudothymidine (4X 

Unlabeled studies: Our labeling precursor was prepared by a six step synthesis from 2-0^3'-
anhydrothymidine (Fig. 1). Fluorination of the labeling precursor with TBAF at r.t. in d3-MeCN 
and 1 9 F NMR observation showed a clean reaction to produce a fluorine product with a 16-line 
resonance (non-overlapping, d,d,d,d) centered at 8 -177 ppm. These values are consistent with 
those reported by Wilson et al.O) for FLT. This result led us to pursue our radiolabeling. 

Radiolabeling method: The "triflate" labeling precursor (1.6 u.mol/25 nL dry MeCN) was treated at 
r.t. with no-carrier-added [F-18]fluoride (s.a. 2-3Ci/}imol) in TBA-OH (1.25 n.mol/50 ^L dry 
MeCN) as a stirred reaction within a closed 1 mL glass V-vial. The progress of the reaction was 
monitored by radioTLC (Si02, A: 50% EtOAc/Hex and B: 20% MeOH/CHCl3) (see Fig. 2). After 
5 min at r.t a non-polar product (15% total activity) had cleanly formed (Fig 2:A-tlc system-A), and 
we assign this to labeled and protected FLT. After 15 min at r.t. the activity distribution had not 
significantly changed. However, heating the reaction at 107°C for 2 min improved the product yield 
to 84% of the total activity (Fig 2:B-tlc system A; Fig 2:C-tIc system B). We next attempted a base 
promoted hydrolysis of the benzoyl protecting groups using 2M anhydrous ammonia in methanol 
(200 |XL) for 15 min at rt then hearing at 107°C for 5 min. Essentially complete conversion of the 
non-polar product to material with Rp=0 (same Rf as fluoride) had occurred (Fig 2:D-tlc system-B). 
Also, HPLC (C-l8) analysis showed that no labeled FLT was present and that activity eluted in the 
void volume, suggestive of [F-18]fluoride was the labeled material. We believe that the hydrolysis 
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conditions were simply too harsh and that fluoride was eliminated from the first formed product. 
Hydrolysis with less concentrated ammonia at rt, or slightly above, should effect the benzoyl group 
cleavage without elimination of fluoride. We are encouraged by our preliminary results and are 
studying this radiosynthesis in more detail. 

""W (a-0 BzO 

Labeling 
precursor 

T B A I S F 

r.L to 107°C 

B*vr° 
NH3-MeOH 
(attempted) 

"V/^ 

Reaction conditions (a-f): (a) LiOH, water, r.t, quant, (b) TBDMSiCl (2 eq), pyr/DMF, 79%; (c) 
BzCl, EtNPr'2, MeCN, reflux, 88% (d) TBAF/THF, r.t., 85%; (e) BzCl, pyr, 78%; (f) Tf 20, 4-
Me-2,6-diBut-pyr, CH2C12, -78°C to r.t., 56%. 

FIGURE 1: Precursor synthesis and radiolabeling reactions for [F-18]FLT. 

FIGURE 2: TLC-radiochromatograms of reaction mixtures during the radiosynthesis of [F-18]FLT. 
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Radiosynthesis of (C-ll)methyl-labeled AZT from (C-ll)methyl iodide. John R. 
Grierson. Anthony F. Shields, Jeanne M. Link. Department of Radiology, School of Medicine, 
University of Washington, RC-05, Seattle, WA, 98195, Ph/FAX: (206) 548-6247; 543-3495. 

Key words: C-ll, methyl iodide, organometallic labeling, neoplastic, nucleoside, DNA synthesis. 

Introduction: Carbon-11 labeled thymidine is a useful radiopharmaceutical for imaging DNA 
synthetic activity in vivo. Thymidine is specifically incorporated into DNA and its intermediate 
anabolites (dTMP, dTDP and dTTP) are retained in cells. However, a problem with using 
thymidine for PET imaging is that it enters into processes biochemical at a crossroads, where the 
larger share of the injected dose is shutded off towards its irreversible degradation, whereas the 
balance of the dose, perhaps as little as 10-20%, is exclusively used to make DNA. This situation 
limits contrast between proliferating and non-proliferating tissues in images and complicates 
modeling. Other practical problems with thymidine use are its technically demanding labeling (e.g., 
2-(C-ll)-TdR) and detailing thymidine's metabolic breakdown within minutes of injection. 

The pharmaceutical AZT (3'-azido-3'-deoxy-thymidine) is a structural mimic of thymidine, that is 
known to form 5'-phosphorylated nucleotides (AZTMP, AZTDP and AZTTP) within cells and can 
partially chain-terminate replicating DNA. As well, AZT is resistant to degradation by thymidine 
phosphorylase. The in vivo biochemistry of AZT, and the fact that it is a prescription drug, attracted 
us to label it with carbon-11. 

Research: Our radiolabeling of AZT (Figure 1) adapts the method of (C-ll)-methyl iodide 
alkylation of pyrimidyl dianions, developed for the (C-1 l)methyl labeling of thymidine1,2. Prior to 
this report the method had been exclusively reserved for thymidine syntheses. It was not known if 
the azido moiety would be tolerated during reactions with butyllithium. The labeling precursor for 
our radiosynthesis is 3'-azido-5-bromo-5'-ftert-butyldiphenylsilyl1-2'.3'-dideoxy-l-P-D-ervf/iro-
pentofuranosyluraciUS-Br-S'-TBDPSi-dAZU). 

Methods and Results: The protected bromo nucleoside was lithiated in dry THF (16 )imol/3 mL) 
with 2.0 equiv. of butyllithium at -78°C for 20 seconds then treated with carrier-added (C-ll)-
methyl iodide in THF (8 u.mol/0.75 m L ) - The cold reaction was continued for 2 minutes then 
warmed to 0°C for 2 minutes. Addition of sat. aq. NH4CI (150 uX ) to the reaction, then 
decantation and rapid filtration of the organic solution through a pipette column of silica gel afforded 
a crude product solution. Radio-TLC (Si02: 60% EtOAc/Hex) analysis of the product showed a 
major component with an Rf identical to a TBDP-silylated AZT standard. The crude product was 
desilylated with TBAF-THF (40 (imol, rt, 5 min) then the solvent was removed. The residue was 
extracted with 20% 0.1N NH40Ac/MeOH (5 mL) and the mixture was then filtered through a 0.2 
(im filter. The filtrate was analyzed by HPLC (C-18: see Figure 2). From the injected solution, 
83% of the activity was recovered and 40% of the eluted activity was (C-11)AZT. Overall, a 7% 
decay-corrected yield of isolated (C-ll)-AZT was calculated, with a synthesis time of 50 min. 

(C-1 l)Methyl iodide was prepared by a method described in these proceedings (J. Link et al.), then 
trapped in cold (-78°C) THF containing carrier Mel. The labeling precursor was prepared by 
silylation of AZU with TBDPSiCl (pyr, reflux) and the silyl compound was brominated with 
LiBr/ceric ammonium nitrate in acetonitrile. Proof of structure for (C-11)-AZT was based on its 
HPLC identity with authentic unlabeled AZT and the results of a carbon-13 labeling reaction that 
used the above reaction conditions with 1.1 eq of (C-13)-Mel. Carbon-13 labeling yielded 5-
(C-13)mer//y/-5'-R3SiAZT as the near exclusive labeled product ( I 3 C NMR). Its structure was 
assigned by ' 3c NMR (5:12 ppm, q, J l3c,Me= 129 Hz) and 1H NMR (5: 1.63 ppm, d, J=129 
Hz). All *H NMR resonances were identical to 5'-R3SiAZT except the 13C-labeIed methyl. 
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Figure 1: Precursor synthesis and labeling chemistry for (C-ll)AZT. 
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Figure 2: HPLC purification of (C-l 1)AZT. 

Conditions: Phenomenex Ultracarb 5 ODS-30, (250 x 4.6 mm) column, solvent A (MeOH), 
solvent B (0.1M NHtOAc): 0-3 min, A/B (1:4); 3-10 min, linear gradient to A/B (4:1); 10-15 min, 
A/B (4:1). Radioactive peak at approximately 750 sec is (C-ll)AZT. 
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ALTERNATIVES IN THE SYNTHESIS OF 2-[11C]-THYMIDINE. 
Jeanne M. Link, John R. Grierson and Kenneth A. Krohn. Imaging Research Laboratory, 

University of Washington, Seattle, WA 98195-6004. 

Our laboratory uses [11C]-thymidine labeled in the ring-2 position to image cellular 
proliferation (1). Its synthesis from [1 1C]-urea was pioneered by VanderBorght (2) and 
Labar (3) and has been adapted to the Zymark robot (4). The synthesis has proved 
difficult to reproduce, especially with robotics, and so we undertook some experiments to 
develop a more robust approach to this useful radiopharmaceutical. Specifically, we have 
developed the synthesis of [1 1C]-urea from cyanide as developed by Emran (5) to utilize 
robotics, reduce the number of steps, and maximize the yield. We have also evaluated 
alternative precursors as sources of the 4-carbon skeleton that is cyclocondensed with 
labeled urea to form the desired [11C]-thymine. Lastly, we have evaluated the 
requirements for drying urea and other reaction conditions for the cyclocondensation step. 
With these improvements we produce ~40 mCi (1480 MBq) batches of [11C]-thymidine, 
HPLC purified and in injectable form, 60 min after a 30 min (40 nA) cyclotron 
bombardment. 

Urea production begins with [11C]-NH4CN as described earlier (4). The HCN is 
bubbled through a 22 gauge spinal needle into a 5 mL conical vial containing 0.20 mL of 
KMn0 4 (0.032 M) and 0.05 mL KOH (2 M). We trap 65500±2900 MBq [ 1 1C]-NH 4CN 5 min 
after a 30 min irradiation in a system that has given a consistent cyanide yield for over 600 
uses in the past six years. The CN7Mn04- mixture is warmed to 100±3°C for 1 min and 
then 0.2 mL (NH4)2S04 (0.75 M) and 0.1 mL EtOH are added. The vial is capped and 
heated at 170°C for 3 min. Addition of H2O2 as recommended in the literature (5) is not 
required or advantageous in producing the insoluble Mn02 to remove permanganate from 
the chemistry. It is known that H2O2 and urea form a complex, which presumably 
decomposes to hydroxyurea (6). The separation of Mn02 is currently accomplished by 
filtration through a BioRad disposable column followed by a 0.45 urn nylon mesh. 
Addition of -0.3 mL EtOH with 10 (ig carrier urea, and a rinse of the reaction vessel with 
another 0.2 mL EtOH, increases the fraction of [1 1C]-urea that can be collected and does 
not prolong the time required for drying the urea. Our procedure for drying is similar to that 
described (7) and takes about 10-12 min for azeotropic drying using MeCN and under 
control of the Zymate II. The literature suggests that urea needs to be exceptionally dry for 
cyclocondensation to occur (2, 3). Our experience, however, is that as much as 10 uL of 
residual liquid in the urea vessel can be tolerated and still achieve >35% 
cyclocondensation yields. The amount of urea available for cyclocondensation decreases 
rapidly if it is dried at >130°C; we typically dry at 100-110°C. Also, if the oleum and 
organic precursor are added when the urea drying vessel is still hot, the reaction yield is 
reduced, presumably because of the volatility of the organic precursor. During the 
cyclocondensation reaction radioactivity can also be lost as 1 1 C02 during sulfamic acid 
formation or urea can be oxidized by excess SO3 (8). We therefore monitor the 
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radioactivity and temperature in the cyclocondensation vessel; the temperature of this heat 
block never exceeds 130°C. 

We have prepared the diethylester of p-methylmalate ("malate") as well as several 
alternative molecules as the source of carbon atoms for the pyrimidine ring. Details of 
these precursors are given in Figure 1 and the associated figure legend. Each precursor 
has been reacted with [11C]-urea to give the results shown in Figure 2. Our choices for 
alternatives to the "malate" precursor were based on their ease of synthesis and the work 
by Davidson and Baudish (9) for cyclocondensation of urea with malic acid in oleum. 
Their hypothesis was that during reaction, malic acid generated malonic semialdehyde 
(OHC-CH2-CO2H) and this species, or its enol, condensed with urea to form uracil. We 
reasoned that the "acid, acrylate, and acetal" could be better precursors to malonic 
semialdehyde, based on their resemblance to its enol, or in the case of the acetal, a 
reactive hemiacetal. Unlike the malate, which must decarbonylate to form thymine, our 
alternative precursors do not have to undego this additional, or perhaps even prerequisite 
decarbonylation. 

Each of these precursors have been used for synthesis on the same day, with all of the 
other reagents and procedures being held constant. Either 9 uL of liquid or 8-14 mg of 
solid were used. The reactions were only completed through [11C]-thymine. Conversion 
of thymine to thymidine is done with an enzyme in nearly quantitative yield and works well 
in our hands. While there were overlapping yields for the different precursors (Figure 1), 
the variation in results was greatest for the most volatile reagents; the most reproducible 
yield was for the acid. 

In summary, the robotic synthesis of [11C]-thymidine from the malate precursor has not 
been sufficiently robust in our hands. The acid and the acetal described above have 
better yields. Our synthesis for patients has used the acrylate, but these results suggest 
using the acid would give the greatest yield. The technical inconvenience of adding a 
solid precursor must also be considered. 

This research was supported by the NIH CA42045. 
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Figure 1. Precursors used for the synthesis of thymine: "Malate" CAS: [74213-

61-9], (+)-(2R,3S)-2-hydroxy-3-methyl-butanedioic acid diethyl ester, b.p. 120°C/0.3 
mm (Kugelrohr air bath temp.), pure by NMR (1H/13C), prepared from (L)-(+)-
tartaric acid diethyl ester. "Acetal" CAS: [113681-49-5], 3,3-dimethoxy-2-
methylpropanoic acid methyl ester, b.p. 94-98°C/27 mm, pure by NMR (1H/13C). 
"Acrylate" CAS: [35588-82-0] (E-isomer); [14310-92-1] (Z-isomer), (~ 10:1 E/Z)-2-
methyl-3-methoxy-2-propenoic acid methyl ester, b.p. 90-93°C/17 mm, >95% pure 
by NMR (1H/1 3C). "Acid" CAS: [n.a.], (E)-2-methyl-3-methoxy-2-propenoic acid, 
m.p. 103-104°C, pure by NMR (1H/13C). 
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Figure 2. Cyclocondensation yields given as the percentage of [11C]-urea 
produced that was subsequently, incorporated into [11C]-thymine and collected 
after the AG11A8 resin neutralization step. Data is included only for matched 
runs where each precursor was evaluated at least once on that date. 
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Aspects of the synthesis of "C-labelled aromatic compounds. 
Steinbach. J.: Mading, P.; Chebani, K.; Zessin, J.; Fuchtner, F. and Johannsen, B. 
Forschungszentrum Rossendorf e.V., Institut fur Bioanorganische und Radiopharmazeutische 
Chemie, D-01314 Dresden, Postfach 510119, Germany 
Tel. + Fax-No.: +49 (0351) 591 3452, E-Mail: STEINBACH@FZ-Rossendorf.DE • 

Numerous benzenoic and heteroaromatic compounds have a key function in the human body. 
Among them are such essential substances as nucleic acid components, nicotinamide 
coenzymes, and certain hormones or receptor binding ligands, containing aromatic moieties. 
Given the important role these substances play in biological systems it appears desirable with 
respect to future application in PET to have appropriate methods of "C labelling in the 
(hetero)aromatic rings at our disposal. An outstanding characteristics would be the metabolic 
stability of the label. Besides this advantage there are also compounds which can only be 
labelled in their aromatic position. These potentials prompted us to study "C-labelling of 
(hetero)aromatics. 
For labelling aromatic rings two approaches have been elaborated: 
- thermal rearrangement (pyrolysis) of suitable labelled parent molecules exploiting the 
stabilizing energy for aromatics 
- direct chemical synthesis by reaction of an appropriate precursor with a labelled synthone. 

I. "C-Iabelling of benzenoic compounds 
Thermal rearrangement to synthesize ["C]benzene was performed by pyrolysis of 
["C]methylcyclopentadiene at 800 °C according to experimental details described for labelling 
with "C [1]. ["C]methylcyclopentadiene was synthesized by reaction of sodium-
cyclopentadienide with ["C]methyliodide. Because of poor radiochemical yields in the range 
of 5 % the investigations were discontinued. 
Direct chemical synthesis of n.c.a. "C-labelled nitro-[l-"C]benzene and [l-"C]aniline has 
been recently published [2]. The procedure makes use of the synchronous six-electron 
cyclization of hexatriene systems into benzenoid compounds [3]. We extended the principle to 
the multiple substituted compounds 3-nitro-[3-"C]anisole, 3-nitro-[3-"C]toluol and 4-nitro-
[4-"C]toluol. A precursor 2 reacts in the presence of a base (butyl lithium, potassium 
tert.butylate) with nitro-[l-"C]methane Q) to the desired compound 4. The "C- labelled 
nitrocompounds can be transformed to the aminoderivatives by reduction with sodium 
sulphide in aqueous solution (equ. 1, Table 1). 
After purification [l-"C]aniline can be converted to [l-"C]phenol (equ. 2). 

II. "C-labelling of heteroaromatic compounds 
Corresponding to indications in the literature [4,5] thermal rearrangement is proved to be a 
useful tool to prepare ["CJpyridine and ["CJpyridine-derivatives. The essential of this method 
to prepare ["C]pyridine is the preparation of an "C-labelled precursor containing the C5N-
structure and its thermal conversion. In initial nonradioactive pyrolysis experiments N-methyl-
pyrrole, N-methyl-pyrrolidine, N-methyl-3-hydroxy-pyrroIidine, butyl-methylamine and 
4-hydroxy-butyl-methylamine were tested in order to select the most suitable candidate. 
N-methyl-pyrrole, giving 79% pyridine, was found to be most useful. In case of the other 
amines the portion of pyridine was in the range between 35 to 50 %. 
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As catalyst Pt/MgO on charcoal was tested at temperatures between 400 and 600 °C. In 
another series of experiments, I2 as a reactive support was added to the product before 
pyrolysis and CaO was loaded on the oven. The highest portion of pyridine was obtained by 
use of quartz packing in the oven at optimum temperature 750 to 800 °C. 
Similar experiments with N-methyl-pyrrole were done at the lower carrier added level in a 
miniaturized apparatus with very similar results. 
In n.c.a. experiments (equ. 3) the absolute, decay corrected radiochemical yield was 18 % 
["Cjpyridine as determined by HPLC. The portion of ["C]pyridine in the product distribution 
was 74 %. The conditions are not optimized yet. 
Preliminary experiments encourage us to synthesize cyano-["C]pyridines analogously. Their 
conversion to nicotinic acid amide was shown to be very fast by anion exchange resin 
(OH-form) supported selective hydrolysis. 
The time needed for the conversion and purification of the products is about 20 minutes. 
Despite the low yields and looking up to optimized conditions this method seems to be a 
useful technique for the generation of "C-labelled heteroaromatic compounds. 

The direct chemical synthesis of n.c.a. "C-labelled heteroaromatic compounds is under 
progress. 
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Table 1: Yields of "C-Iabelled benzenoic compounds 

compound yield 
[%] 

related to reaction time 
[min] 

related to 

nitro-[ 1 -"C]benzene 80 ["C]C02 7 ["C]CH3N02 

[l-"C]aniline 65 ["C]C02 18 ["C]CH3N02 

[l-"C]phenol 85 [l-"C]aniline 10 [l-"C]aniline 

3-nitro-[3-"C]anisoI 65 ["C]CH3N02 10 ["C]CH3N02 

3-amino-[3-"C]anisol 50 ["C]CH3N02 16 ["C]CH3N02 

3-nitro-[3-"C]toluol 87 ["C]CH,N02 10 ["C]CHjN02 

3-methyl-[l-"C]aniline 82 . ["C]CH3N02 21 ["C]CH3N02 

4-nitro-[4-"C]toluol 78 ["C]CH3N02 10 ["C]CH3N02 

4-methyl-[l-"C]aniline 68 ["C]CH3N02 16 ["C]CH3N02 

/P^, NaNÔ /HBr 
O r N H 2

 1 —• 
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[^C] Copper cyanide in synthesis of various P^C] benzonitriles and [nCl 
benzamides. 

PONCHANT.M.. TERRILLON S., DARROUZET E. DEMPHEL S. and 
CROUZEL C . 
Service Hospitalier Fre'deric Joliot, CEA, 4 place du General Leclerc, 91406 Orsay 
France. 

Many pharmaceutical products possess the benzamide moiety and are 
active on the C.N.S. ( dopaminergic, serotoninergic receptor, e tc . ) . A 
labelling of these ligands with 1 J C would be useful for positron emission 
tomography investigations. Few direct aromatic 1 1 C cyanations have been 
described in the literature. One method used arene tricarbonyl chromium 
(1) and the other, more recently (2), used palladium mediated reactions. 
The Rosenmund-Von Braun reaction (3) is a useful reaction for cyanation 
of aromatic rings. It has been classically used for 1 4 C and 1 3 C labeling (4). 
We have also attempted llC cyanation of the biphenyl moiety for the the 
labelling of a non peptidic angiotensine II antagonist (5) using this 
reaction. We here present the application of [ n C] copper cyanide for direct 
cyanation of different aromatic substrates with either an acceptor or a 
donor substituent (Scheme I) and the possibility to obtain easily [ n C ] 
benzamides (Scheme II). [ n C ] HCN was obtained by a rapid on-line 
synthesis from [^C] CH4 and gaseous ammonia.(6) 

Scheme I 

R R R 

Synthesis conditions: after trapping 0-^C] HCN at -15°C in a vial, reagents 
were involved according the following procedure : 

a) 50 ul Cu SO4 in water, 50 ]x\ Na2S20s in water and 200 ul of precursor in 

DMF were added and the reaction was carried out for 2 minutes at 180°C. 
b) after cooling the vial, 50 ul of 1.25N hydrochloric acid and 50 ul of aqueous 
iron chloride were injected. Hydrolysis was effected in about 1 minute. 

This study was effected with only iodine as halogene atom for direct 
cyanations. We had shown previously the influence of the halogene atom 
on cyanation of the biphenyl moiety (5). All benzonitriles were obtained 
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with the same procedure after 3 minutes of reaction. The radiochemical 
yield was calculated after prepurification on a silica sep pak and 
analytical HPLC on a reversed phase column, counted from the [ 1 1 C] 
HCN activity. Twenty five minutes are necessary to have the crude 
labelled compound (from the end of bombardment to the analytical HPLC). 
Results are shown in table I. 

Table I : Parameter studiesfbrradiolflbellingofhalogeiio-aromaticring 

E-
umol 

CuS0 4 

umol 
Na 2 S 2 05 

umol 
reaction FeCl 3 

umol 
Hydrolysis •yield 

% 

H-
37.3 

4 4 2 min 
180-C 

8.6 1 min 
180°C 

46.9 

2-nitro-
28.1 

2.4 2.4 2 min 
180°C 

11.6 1 min 
180°C 

47.3 

2-amino-
24.5 

7.9 6.6 2 min 
WO'C 

8.6 1 min 
160°C 

60.5 

4-phenyl-
30 

10.7 9.8 2 min 
180°C 

13 1 min 
180"C 

88 

* decay corrected to the end of bombardment.. 

Benzamide can be obtained easily from nitrile by reaction with hydrogen 
peroxyde and potassium carbonate (7). The radiosynthesis of benzamide 
followed scheme II. 

Scheme II 
N H 2 N H 2 

R • " R c R b R 

Synthesis conditions : after trapping [^C] HCN at -15°C in a vial, reagents 
were involved according the following procedure : 
a) 50 ul C11SO4 in water, 50 ul Na2S2C>5 in water and 200 ul of precursor in 
DMF were added and the reaction was carried out for 2 minutes at 180°C. 
c) after cooling the vial, 50 ul K2CO3 in water and 50 ul H2O2 (30%) were added 
and the reaction was carried out for 3 minutes at 90°C. 

b) after cooling the vial, 50 ul of 1.25N hydrochloric acid and 50 ul of aqueous 
iron chloride were injected. Hydrolysis was effected in about 1 minute. 
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The free [^C] benzamide was obtained after 6 minutes of reaction under 
the synthesis conditions. Our conditions of direct cyanation (excess of 
copper sulfate and sodium metabisulfite) do not interfere with the 
benzamide synthesis. Thirty minutes are needed to have the crude 
labelled compound (from the end of bombardment to the analytical HPLC). 
The yield was calculated as above. Results are shown in table II. 

Table I I : Parameter studies for radiosynthesis of [HQ benzamide. 

R- C11SO4 Na2S205 H2O2 K2CO3 FeCl3 *yield 
Hmol umol nmol ul nmol jlmol % 

4-phenyl- 4 4.6 60 36 1.7 25.5 
28.5 

2-nitro- 4 4.3 50 36 1.7 37.9 
29.7 

H- 4 4.6 50 36 1.7 24.9 
29.4 

* decay corrected to the end of bombardment. 

This copper assisted cyanation is generally compatible with a number of 
functional groups. The syntheses are very useful. Reagents are stable 
and common. No special precautions are necessary like for the palladium 
mediated reactions (2). Reaction time is very short. Prepurification on a 
silica sep pak eliminates most of the salts. Purification on a reversed 
phase HPLC column give pure labelled compound. Further investigation 
in the synthesis of [ n C] benzamide is now in progress. 

(1) Balatoni J.A., Adam M.J., and Hall L.D.- J.Labelled Compds. and Radiopharm. 21 
:1429(1989). 
(2) Andersson Y. and Langstrbm B.- J . Chem. Soc. Perkin Trans.-1:1395 (1994). 
(3) March J. Advanced Organic Chemistry- 4th edition, Wiley Interscience, (1992). 
(4) Can- R.M., Cable KM, Wells G.N. and Sutherland D.R.- J.Labelled Compds. and 
Radiopharm. 34.:887 (1994). 
(5) Ponchant M., Hinnen F. Crouzel C. and Valette H.- Tenth International Symposium 
on Radiopharmaceutical Chemistry (Kyoto 1993) - J.Labelled Compds. and Radiopharm. 
35:89(1994). 
(6) Mestelan G., Crouzel C. and Comar D.- Int. J. Nucl. Med. Biol. 4:185 (1977). 
(7) Katritzky A.R., Pilarski B. and Urogdi L.- Synthesis :949 (1989). 
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A HIGH YIELD AND SIMPLIFIED PROCEDURE FOR THE SYNTHESIS OF 
a-tHCJMETHYL-L-TRYPTOPHAN 

Pulak K. Chakraborty, Thomas J. Mangner, Diane C. Chugani, Otto Muzik and Harry T. Chugani. 
Children's Hospital of Michigan, Department of Pediatric Imaging, Wayne State University School of 
Medicine, Detroit, Michigan 48201 U.S.A. 

The alteration of the level of brain serotonin (5-hydroxytryptamine) and the rate of its in vivo 
synthesis from L-tryptophan have been implicated in a number of neurological diseases and disorders 
(1,2). The use of radiolabeled L-tryptophan as a potential PET tracer for mapping presynaptic 
serotonergic neuronal processes is complicated by its rapid metabolism in brain and its significant 
incorporation into proteins (3). However, a-methyl-L-tryptophan (AMT), radiolabeled at the oc-methyl 
position with carbon-11 ([1 ICJAMT, 1), has been considered as an alternative tracer to study these 
processes via PET (4). The [1 ^C]AMT is converted in vivo into a-[l ^C]methylserotonin, a false 
neurotransmitter which does not undergo metabolism by MAO, and thus accumulates in serotonergic 
neurons (4,5). The incorporation of AMT into brain proteins is also negligible (5), thus simplifying 
the kinetic modeling of [1 'C]AMT. As a result of our need for a PET tracer to study serotonergic 
involvement in a variety of neurological disorders, the synthesis of f1 ^CJAMT was undertaken. 

COOCH, 1)LDA,THF/-55°C 

-N H C 0 0 C H ' 2)"CH,I 

C 6 H 5 S0 2 

COOCHj 

COOH 

NH2 

1)TFA. 135°C,5min 
2)KOH, 160°C,5min 
3)C-18Sep-Pak 

Of the two alternative approaches to the stereoselective synthesis of radiolabeled AMT, 
methylation of either an N-benzylidene tryptophan methyl ester (6) or a cyclized fully protected 
tryptophan (7,8), the latter was chosen. The initial step in this approach is the alkylation (e.g. [^C]-
methylation with [HQmethyl iodide) of the lithium enolate generated by treating dimethyl 
2(S),3a(R),8a(S)-(+)-hexahydro-8(phenylsulfonyl)pyrroloI2,3-b]indole-1,2-dicarboxylate (2) with 
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lithium diisopropyl amide (LDA) at -78°C, as described by Bourne et al. (9). The method of 
hydrolysis of the resulting [' 'CJmethyl adduct (3), we discovered, greatly influences the formation of 
unwanted side products and the subsequent ease of [1 *C]AMT isolation and purification from the 
hydrolysis reaction mixture. Plenevaux et al. (8) hydrolyzed the f1 ^Jmethyl adduct in one step with 
57% HI at 200°C for 5 min and isolated the final product by C-18 reversed-phase semi-prep HPLC. 
Venkatachalam et al. (7) adopted a two-step hydrolysis procedure, heating the [ 3H]- or [l4C]-labeIed 
adduct first with trifluoroacetic acid (210°C for 1 h) followed by strong base (8N NaOH at 210°C for 2 
h or 5N KOH at 210°C for 15 min) in a sealed vessel with subsequent HPLC purification of the final 
product. This two-step hydrolysis procedure, to our knowledge, has not been applied to the clinical 
synthesis of [ n C]AMT. 

Our goal in pursuing the synthesis of [' 'C]AMT for routine clinical use was to simplify the 
process by eliminating the need for HPLC isolation and purification of the final product. We initially 
followed the procedure described by Plenevaux et al. (8). After alkylation of the lithium enolate of 2 
with 0 ^Jmethyl iodide and subsequent acid hydrolysis (57% HI at 160°C for 5 min), [' !C]AMT 
was indeed formed as the major radioactive product. However, a substantial number of other 
radioactive and nonradioactive impurities (other than L-tryptophan resulting from the hydrolysis of 
unlabeled precursor) were also produced, as revealed by HPLC and TLC analysis. Attempts to isolate 
[' 'C]AMT from these nonradioactive impurites present in the crude reaction mixture using a solid 
phase extraction (Sep-Pak) technique were ineffective. We concluded that HPLC is probably essential 
for this purification. We then turned our attention to the two-step hydrolysis procedure described by 
Venkatachalam et al. (7) for the synthesis of [^H]- and ['4C]-labeled AMT. When we applied this 
TFA/KOH hydrolysis technique to our [1 ^CJAMT synthesis, the formation of unwanted side products 
was minimal and the reactions went very smoothly even when heated for significantly shorter times (5 
min) and at lower temperatures (135 - 160°C) than those reported (7) to yield crude f1 ^C]AMT which 
could easily be purified by a simple C-18 Sep-Pak procedure. Despite the slightly longer times 
required for this two-step hydrolysis route, the overall yield of [' 'CJAMT was better than with the HI 
hydrolysis, the conversion was cleaner and the purification was significantly simplified. 

In a typical procedure, [' lC]methyl iodide is distilled directly into a cold solution (-55°C, THF, 
500 p:L) of the lithium enolate generated in situ (15 min in advance) by treatment of 4 - 4.2 mg (10 
(imol) of dimethyl 2(S),3a(R),8a(S)-(+)-hexahydro-8(phenyIsulfonyl)pyrrolo[2,3-b]indoIe-l,2-
dicarboxylate (2) with LDA. The methylation is allowed to proceed for 5 min after which 
trifluoroacetic acid (300 p:L) is added and the mixture is heated at 135°C for 5 min. The TFA and THF 
are then removed by distillation and a solution of potassium hydroxide (5N, 500 p:L) is added. After 
heating the mixture at 160°C for another 5 min, it is neutralized with 500 U.L of 50% acetic acid. The 
crude radioactive product is then loaded onto a pair of C-18 Sep-Pak cartridges (pre-activated with 5 
mL ethanol and 10 mL water) and washed with 10 mL of sterile water to remove polar impurities and 
inorganic salts. The [* ̂ C]AMT final product is eluted using 5% ethanol-0.05M acetic acid, typically 
in a 10 mL total volume. After adjustments for pH and isotonicity, the formulated product is sterilized 
by filtration. Radiochemical purity (HPLC, TLC), chemical and enantiomeric purity (HPLC) of the 
final product is >97% . Typically, the radiochemical yield of the purified product is 45 - 50% (from 
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[1 lC]C02, decay corrected to end of bombardment (EOB)) with a total synthesis time of 40 - 45 min 
(or 54 - 67% in 30 - 35 min from t 1 ^ m e t h y l iodide). At end of synthesis (EOS), 150-200 mCi of 
product with a specific activity of ca. 1-1.3 Ci/nmol (EOS) ( 4 - 5 Ci/u.mol @ EOB) is produced 
starting from 1.5 Ci (EOB) of [l !C]C02. 

In conclusion, the method described herein represents a high yield (45 - 50% EOB), greatly 
simplified procedure for the synthesis of [1 lC]AMT. It utilizes a simple C-18 Sep-Pak purification 
procedure to provide [1 'C]AMT with acceptable chemical and radiochemical purity for clinical PET 
application, thus eliminating the need for semi-prep HPLC. Although this synthesis requires a longer 
time (30 - 35 min vs 22 min from [1 lC]mefhyl iodide) than a previous report (8), this liability is 
overcome by the overall higher yield and simplified purification. 
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A CONVENIENT SYNTHESIS OF 1- AMINOCYCLOBUTANE-1-[11C]CARBOXYLIC 
ACID ( l - fqACBC). 

G. W. Kabalka. J. F. Green, K. F. Hubner, C. P. D. Longford and T. G. Roberts 
Biomedical Imaging Center, The University of Tennessee, Knoxville, TN 37920. U.S.A. 
Phone: (615)544-9670; Fax: (615)974-2997; E-Mail: KABALKA@UTK.EDU. 

1-Aminocyclobutane-1-[11C]carboxylic acid (1-[11C]ACBC) has been utilized at the 

University of Tennessee Medical Center for clinical positron emission tomographic (PET) 

oncology studies of brain tumors for almost five years. This alicyclic amino acid analog 

has shown a higher affinity for a variety of tumors and cancer of the pancreas than other 

carbon-11 labeled L-amino acids.1 PET oncology studies with appropriate radiotracers, 

especially analogs of physiologically active compounds, provide a unique and non

invasive method for studying biochemical and metabolic changes in cancer tissue. Thus, 

PET can be used to monitor the growth or regression of tumors.2 1-[11C]ACBC is 

selectively taken up by intracranial tumors but not by normal brain tissue and therefore 

has the advantage of a high tumor-to-normal brain tissue ratio when it is used for tumor 

imaging.1,3 As a radiotracer, it has demonstrated great utility in identifying malignant 

tumors and we have found 1-[11C]ACBC studies to be extremely useful in evaluating 

patients for tumor recurrence.3,4 

The synthesis of 1-[11C]ACBC involves a modified Bucherer-Strecker synthesis 

carried out at high temperatures and pressures in a high pressure bomb-reactor. The 

reaction involves condensation of carrier-added [11C]cyanide and cyclobutanone in an 

aqueous solution of (NH„)2 C 0 3 and NH4CI to form a hydantoin.5 This hydantoin is then 

hydrolyzed by sodium hydroxide to the amino acid. After purification by ion-exchange 

chromatography, the radiopharmaceutical is then ready for clinical use.5 , 6 

@ „ _ (NH4)2co3, NH 4CI 
c = 0 + 1 1 C = N 

o 

200 °C, 3 minutes 

O 

11c N a ° H 

0& 
•NH 

O 

J 1 C 
200 °C, 10 minutes \ yXT " ° H 

• N - " ^ r . V NH 2 

H ° 
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Recently, we reported the development of two automated synthesis units (high 

and low pressure) for the production of carrier-added carbon-11 labeled amino acids.5,6 

We now wish to report the development of a new convenient procedure which obviates 

the need for a high pressure bomb reactor and results in a more convenient synthesis of 

1-[11C]ACBC. 

The new method involves the use of a commercially available HPLC injection loop 

(Rheodyne, 5mL) and switching valve (model 7000, Rheodyne). The narrow i.d. stainless 

steel tubing of the injector loop allows for rapid heating and cooling of the reaction 

mixtures and easily withstands the high pressures generated during the synthesis. 

Heating and cooling of the loop is accomplished with commercially available heat guns 

(Master appliance) that thermostatically control the temperature (Figure 1). 

Figure 1 

LOADING/UNLOADING REACTION POSITION 

INLET OUTLET INLET 

OPEN RHEODYNE VALVE 

HPLC 
LOOP. 5 mL VOL 

OUTLET 

/W 
\m 

CLOSED 

A reaction temperature of 200 °C was reached in 40 seconds. Cooling the loop 

and its contents to 50 CC was achieved in 90 seconds. Transfer of the products from the 

reaction loop was accomplished by compressed gas. The radiochemical purity of the 1-

[11C]ACBC produced using the loop was determined via TLC with a Bioscan 200 Scanner. 

TLC of the product (rf=0.40) was achieved using a reverse-phase, silica gel chiral plate 

with a mobile phase of CH3CN:H20:CH3OH [4:1:1].6 The data obtained using this system 

is compared with that from our previous procedures in Table 1. The results indicate that 

the loop reactor gives a higher yield than that obtained using the low pressure method 

and approachs that obtained using the high pressure bomb reactor. 
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Table 1. PRODUCTION OF 1 -["CJACBC. 

Type of Reactor Radiochemical Yield (%)a 

High Pressure (Bomb)b 90 

HPLC loop 75 

Low Pressure (Open Vessel)0 40 

aCorrected to E.O.B. and based on [11C]cyanide. bSee ref. 5. cSee ref. 6. 

Acknowledgement: We wish to thank the Department of Energy and the Robert H. 

Cole Foundation for support of this research. 
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Radioiodination of Vitamin B». Synthesis and nca-Radioiodination of Cobalamin -

Carboxamide Derivatives. 

Wilbur D.S.*'1. Hamlin D.K. 1, Pathare P.M.1, Hcusser S. 1, Quadras E.V.2, McLoughlin P. 2 , and 

Morgan A.C.1'3 'Department of Radiation Oncology, University of Washington, Seattle, WA 98195, 
2VA Medical Center and the SUNY Health Science Center, Brooklyn, NY 11209, and 3Receptagen 

Corporation, Edmonds, WA 98020 

We are preparing bioconjugates of vitamin B 1 2 (cyanocobalamin, 1) for potential application as 
cellular growth blockers. Design of optimal bioconjugates requires that the cyanocobalamin 
derivatives be evaluated with regards to: a) their binding with the blood-bome protein carrier molecule 
transcobalamin II (TCII); b) interactions of the cyanocobalamin derivativen*CII complex with cell-
surface receptors, and c) their in vivo pharmacokinetics. To study these parameters, a method for 
preparing radiolabeled cyanocobalamin derivatives was sought. Previously, cyanocobalamin had been 
labeled with cobalt radionuclides (Co-57,-58,-60) [1-4J and carbon-14 [5]. While these labeling 
methods are adequate for obtaining information on unaltered cyanocobalamin, they were unattractive 
for our applications due to potential difficulties with derivatization of radioactive molecules and the low 
specific activity obtainable. Therefore, we chose to develop a method of radiolabeling cyanocobalamin 
derivatives with radionuclides of iodine. A further attraction of radioiodination is that dual labeling 
experiments (e.g. 1-125,-131) can be used to compare derivatives. 

Direct iodination of cyanocobalamin under neutral or acidic conditions results in an unstable 
adduct [6], and reaction with halogens under some conditions results in formation of the c-lactone or c-
lactam [7]. Thus, we sought to develop a method of nca-radioiodination which would be facile and 
could be accomplished in a manner which did not alter the cyanocobalamin portion of the derivative. 
To achieve this goal, the cyanocobalamin moiety was modified by chemical conjugation with an 
arylstannane. Our previous studies have shown that derivatization of the corrin ring b-, d-, and e-
propionamides results in variable binding to rhTCII. Binding characteristics that are similar to 
cyanocobalamin have been obtained with rf-carboxamide derivatives, while fc-carboxamide derivatives 
bind much less avidly than cyanocobalamin, and e-carboxamide derivatives have binding 
characteristics which are intermediate between the b- and ^-derivatives [8]. We chose to prepare all 
three radioiodinated derivatives (8,9,10; Figure 1) because the differences in binding could provide 
additional information. 

Based on the 3-D structure of vitamin Bi 2, we felt that it would be essential to place a long 
spacer chain between the vitamin B ) 2 molecule and the radioiodination moiety. The spacer chosen was 
a diaminododecane. This spacer moiety had been previously used in cyanocobalamin derivatives being 
attached to a column matrix [9] and had been successfully employed in preparing biotin derivatives [8]. 
Synthesis and isolation of the requisite mono-carboxyl cyanocobalamin derivatives (2, 3, 4) was 
carried out by modification of literature procedures [10]. Hydrolysis of the propionamides in 
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cyanocobalamin was accomplished at room temperature in 0.1 N HC1 over a 10 day period. After 
phenol extraction workup, the non-hydrolyzed cyanocobalamin and the di- and tri-carboxylates 
obtained were readily separated from the desired monocarboxylates by ion chromatography (Dowex-1-
acetate). The b-, d-, and e-monc-carboxylates (2, 3, 4) were then separated by preparative liquid 
chromatography using an aminopropyl column (1000 x 25 mm) at flow rate of 0.15 mL/min. The 
monocarboxylates were coupled with diaminododecane by reaction with carbodiimide (EDC) in 
DMF/H 20 containing NaCN / N-hydroxysuccinimide [ 11 ] to give 5,6, 7. The aryl iodide conjugates 
8, 9, 10 and arylstannane conjugates 1 1 , 12, 13 were obtained by reaction of 5, 6, or 7 with the 
tetrafluorophenyl ester of the corresponding hippuric acid derivative (IHipp and SnHipp; Figure 1). 

Figure 1: Synthesized Derivatives of Vitamin B ] 2 for Radioiodination Studies 

1 R, = NH2; R 2 = NH2; R3 = NH 2 

2 R, = OH; R2 = NH2; R3 = NH 2 

3 R ^ N H ^ R2 = OH; R3 = NH 2 

4 Ri = NH2: R 2 = NH2; R3 = OH 

5 R, = NH(CH2)i2NH2; R2 = NH2; R3 = NH2 

6 R, = NH 2; Rj = NH(CH2)12NH2; R 3 = NH 2 

7 Ri = NH2; R2 = NH2; R3 = NHCCHJuNHj 

8 R^NHtCH^NH-IHipp; R 2 =NH 2 ; R 3 =NH 2 

9 R, = NH2; R2 = NH(CH2),2NH2-IHipp: R3 = NH 2 

10 Ri =NH 2;R 2 = NH2;R3 = NH(CH2)i2NH-IHipp 

11 R, =NH(CH2)12NH-SnHipp; R 2 = NH2: R 3 = NH 2 

12 R, = NH2; R2=NHfCHi^NHrSnHipp; R3 = NH 2 

13 R, = NH2; R2 = NH2; R3 = NH(CH2)12NH-SnHipp 

H2NOC-

Initial radioiodination of 11, 12, and 13 was carried out in MeOH / 1% HOAc solution 
employing N-chlorosuccinimide / Na 1 2 5 I . Reaction with each of the three isomers resulted in a high 
yield of a radioiodinated compound, but the retention time of the radiolabeled species did not 
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correspond to that of the co-injected iodo- standard (8, 9, or 10). A concern about oxidative side 
products being produced under acidic conditions led to an investigation of iodination reactions under 
basic and neutral conditions. Under basic conditions, no reaction occurred. However, under neutral 
conditions, the desired product was obtained. Unfortunately, the yield was low (25-30%), and an 
additional radioiodinatcd species which was similar in lipophilicity to the starting arylstannane was 
obtained. The HPLC retention time for the new radioiodinated species indicated that the arylstannane 
was not substituted by iodine, but rather the radioiodide had displaced the cyano group on the cobalt. 
To reverse this, the reactions were quenched with the addition of NaCN. Indeed, the lipophilic 
radioactivity peak previously seen at 19 min disappeared and a new radioactivity peak at 3.7 min 
appeared, suggesting that the cyanide had displaced the radioiodidc. 

Although the arylstannanes 11,12, and 13 appeared pure by HPLC, carrier-added iodination 
reactions provided data which indicated that the major product obtained was due to an impurity rather 
than oxidative side reactions. Thus, the starting arylstannanes were (further) purified by reverse-phase 
HPLC and radioiodinations were again studied. After purification, it was found that the reactions 
could be conducted under acid conditions to give approx. 40% yield (isolated) of the desired 
radioiodinated product. The specific activity was calculated from HPLC data by dividing the isolated 
activity by the quantity of iodo-standard equivalent to the UV peak area. The specific activity obtained 
in 3 /ica-radioiodinations (1-125) was 0.36 Ci/mg, 0.32 Ci/mg, and 0.22 Ci/mg, which Is 18% to 30% 
of theoretical specific activity (1.19 Ci/mg). Two additional wca-radioiodinations employing 1-131 had 
somewhat lower specific activities (i.e. 0.12 Ci/mg and 0.13 Ci/mg). 

1. ChaietL., Rosenblum C. and Woodbury D.T. - Science H I : 601 (1950). 
2. Rosenblum C. and Woodbury D.T. - Science 113:215(1951). 
3. Anderson R.C. and Delabarre Y. - J. Am. Chem. Soc. 73:4051 (1951). 
4. Maddock A.G. and Coelho F.P. - J. Chem. Soc. 4702 (1954). 
5. Boxer G.E., Rickards J.C., Rosenblum C. and Woodbury D.T. - Arch. Biochem. 30:470 

(1951). 
6. Smith E.L., Ball S. and Ireland D.M. - Biochem. J. 52: 395 (1952). 
7. Bonnett R. - B,2, Dolphin D., Ed., Vol. 1, chapt. 7, pp 201 - 243, John Wiley & Sons, New 

York, 1982. 
8. Patharc P.M., Wilbur D.S., Heusser S., Quadras E.V., McLoughlin P. and Morgan A.C.: 

Synthesis of Vitamin B12-Biotin Conjugates Which Vary in Position of Coupling. Presented at 
209lh American Chemical Society Meeting, Anaheim, CA, April 2-6,1995. 

9. Yamada R.-H. and Hogenkamp H.P.C. - J. Biol. Chem. 247: 6266 (1972). 
10. Allen R.H. and Majerus P.W. - J. Biol. Chem. 247: 7695 (1972) 
11. Huber E., Dieckhoff J., Klein C. and Kurzinger K. - Ger. PatentDE 39 00 648 Al, 1990. 

627 



Convenient High Yield Direct Electrophilic n.ca. Radio
iodination of Poorly Activated Anisole Derivatives 
Using the Iodo-gen™ Trifluoroacetic Acid System. 

C. Krummeich. M. Holschbach, G. Stocklin 
Institut furNuklearchemie, Forschungszentrum Julich GmbH, 

52425 Julich, Germany 

In the past the Chloramine-T (CAT) / Iodo-gen™ methods find wide application in the 
radioiodination of aromatic compounds like phenol and aniline which are activated towards 
direct electrophilic substitution. 
In comparison to phenols anisole and its derivatives show decreased activation towards direct 
electrophilic substitution. Therefore the direct radioiodination of anisole derivatives by the use 
of the classical Chloramine-T or Iodo-gen™ methods give only poor yields or no reaction at 
all. 
It is well known from preparative organic chemistry that trifluoroacetic acid (TFA) is a useful 
solvent for direct electrophiiic iodination (for a review see e.g. 1 ). In this case the actual 
iodinating agent in this case is trifluoroacetyl hypoiodite that is formed from N-Iodoamides. N-
Radioiodoamides are formed in situ from Iodo-gen™, Chloramine-T or N-Halosuccinimide by 
halide for radioiodide exchange (Scheme 1): 

RO-NFta + * r • RC— NR*I + CI" 

Scheme 1 

The N-radioiodoamides formed in-situ are converted in a second step into the strong 
electrophilic iodination reagent trifluoroacetyl radiohypoiodite (Scheme 2) (1): 

O 
II 

RC—NR*I 

Scheme 2 

This powerful iodination reagent allows n.c.a. electrophilic radioiodination of anisole 
derivatives which are even more desactivated than anisole itself (Scheme 3): 
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o o 
CRCOOH II II 

^ > CF3C—0*1 + RC-NRH 



lodogen, TFA, Radioiodide / \ 

R.C.Y.60-80% \ // 

R = CH 3, CI, COOH, CH2CHNH2COOH; 

Scheme 3 

Some years ago the Julich group (2) used trifluoroacetic anhydride in combination with CAT 
for the radioiodination of anisole. We found that CAT or Iodo-gen™ dissolved in TFA 
containing 10 % water gives rise to radiochemical yields (R.C.Y.) between 60 to 80%. The 
examination of different para substituted anisole derivatives (p-methylanisole, p-chloroanisole 
and p-anisic acid) towards radioiodination by this method reveals that the parasubstituent has 
only a minor effect on the R.C.Y.. Even with p-methoxybenzoic acid (p-anisic acid) a R.C.Y. 
of about 75% could be obtained. Fig. I shows the R.C.Y. of the labeled anisole derivatives as a 
function of the reaction time: 

ioo n 
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Figure I: R.C.Y. of various radioiodinated anisole derivatives as a function of reaction time. 
Reaction conditions: 20ftmolprecursor, LlSftmollodo-gen™ 30ftLH2O, 300fiL TFA, 

60°C, typically 1.48MBq [z40(tCi] radioiodide solution; 
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This convenient way of direct n.c.a. radioiodination can be used in radiopharmaceutical 
research, because a great number of pharmaceutically interesting compounds contain aromatic 
moieties which have methoxy groups as substituents. We have successfully used this method 
for the radioiodination of unnatural aromatic amino acids (3) and some potentially useful 
receptor ligands. The only prerequisite for the application of this method is the stability of the 
precursor and the product towards TFA. We hope that this easy method will encourage others 
to use it in direct n.c.a. radioiodination of poorly activated aromatic compounds. 

Literature: 
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807-819 (1982). 
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An Efficient Synthesis of No-carrier-added meto-[123I]-IodobenzyI-
guanidine 
JOS L.H. EERSELS0, GEERT J. ENSING" and JACOBUS D.M. HERSCHEID" 
"RadioNuclideCentre, Free University, De Boelelaan 1085c, 1081 HV Amsterdam, The 
Netherlands, 2)Mallinckrodt Medical B.V., Petten, The Netherlands 

Mera-[123I]-iodobenzyIguanidine (MIBG), a functional analogue of norepinephrine, is 
frequently used for the diagnosis of norendocrine tumours such as pheochromacytomas 
and neuroblastomas (1). Recently it has been shown that this radiopharmaceutical is also 
suitable for measuring the adrenergic neuronal activity of the heart and as such might 
have a prognostic value in congestive heart failure (2). Although it is expected that due to 
saturation of receptors a higher specific activity (SA) would lead to a higher uptake in the 
heart, the literature reports on this subject are contradictory (3-5). 
At the moment we commercially produce [I23I]-MIBG with a SA of 4 mCi/mg at calibrati
on time (6). Now we wish to report an efficient synthesis of no-carrier-added MIBG, and 
on the effect of the SA in relation to its biodistribution in rats. 
A large amount of parameters were varied for the Cu'-catalyzed [123rj-iodine for halogen 
exchange on me/o-chloro- and mera-bromobenzylguanidine . 

H / P H F** 
N— \ CuS0 4/SnS0 4 r=\ N—\ 

\ \ / / — ^ 

X 
X = Cl,Br 

gentisic acid/ 
citric acid 

\_f ^ 

The highest exchange-yield on the chloro compounds was only 60%, however using the 
bromo derivative a yield of 95% could be reached. This yield only slightly dropped when 
activities above 9.25 GBq (250 mCi) were used. Since gentisic acid interfered in the 
HPLC purification, this was first removed with the aid of a Sep-pak C18 from which 
MIBG could be eluted in 0.5 mL of acidified ethanol. The overall yield of [1J3I]-MIBG 
after semi-preparative HPLC (RP Select B, 250 x 10 mm, 10/0 using H20/EtOH/AcOH 
(87/13/0.1, pH=3.7) as eluent with a flow of 4.5 mL/min (R,MBrBG=12 min, 
R,MIBG=24 min) and redissolving the concentrated eluate in an isotonic citrate buffer, 
was more than 80%. 
In the analyses of the end-product, mem-bromobenzylguanidine could not be detected and 
thus the SA was estimated to be at least 200 Ci/mg. The product can be autoclaved and 
retains its radiochemical purity of over 95% for the first 48 hours. 

Ater addition of various amounts of carrier MIBG, biodistribution studies were performed 
in rats (Figure 1). The results show that saturation in heart tissue occurred at ap
proximately 50 mCi/mg, which corresponded with a MIBG loading of 5ftg/kg rat. Remar
kable is that at this SA also the highest heart to lung and heart to liver ratios were found. 
If this can be extrapolated to men, then a SA of at least 10 mCi/mg for a 4 mCi injection 
is required. Such a study is now planned for the near future. 
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KIT FORMULATION FOR THE PREPARATION OF RADIOLABELED 5-IODO-
2'-DEOXYURIDINE (lUdR) BY DEMETALLATION. Catherine F. Foulon, S. 
James Adelstein and Amin I. Kassis. Harvard Medical School, Department of 
Radiology, 50 Binney Street, Boston, MA 02115. 

5-lodo-2'-deoxyuridine (lUdR) is an analog of thymidine (TdR) whereby the 
5-methyl group is substituted with an iodine atom. Since the methyl group and 
the atom of iodine have similar Van der Waals' radii, lUdR is a suitable 
competitor of TdR for incorporation into replicating DNA where it sensitizes 
mammalian cells to the effects of radiations. Biological damages from the Auger 
electron following the decay of i25|UdR or i23|UdR have been demonstrated in 
cultural mammalian cells (1, 2) and these radioligands are highly therapeutic in 
several tumor models (3). Furthermore, the gamma-emissions from i23|UdR or 
miudR have established a role for these radiopharmaceuticals in the 
scintigraphic detection of animal and human tumors (3-5). The growing interest in 
radiolabeled lUdR as a therapeutical and/or a clinical imaging agent has 
prompted us to develop a preparation for this radiopharmaceutical that is rapid, 
efficient, reproductible and void of contaminants. 

Radiolabeled lUdR can be synthesized by demercuration of 5-
chloromercuri-2'-deoxyuridine, CIHgUdR (6) or destannylation of 5-trimethyl-
stannyl-2'-deoxyuridine, MeaSnUdR (7). Since our previous communication for 
the preparation of lUdR by demercuration (6), the radiolabeling conditions have 
been greatly improved. The synthesis and purification of the chloromercuri 
derivative have been modifed and recrystallized CIHgUdR was found water 
soluble (1 mg/mL) (8). Lately, we established that the metallic precursor was 
more stable when kept in solution rather than as a solid. Furthermore, iodogen-
coated (10 ug) vials containing 10 nL of CIHgUdR solution can be kept at 4°C for 
at least three months. Radiolabeling is accomplished by adding Nai23|/i25|/i3i| 
(pH<6) to such a vial. After a 10 sec incubation and elution through a cationic 
exchange cartridge fitted with a 0.22 urn, i23|/i25i/i3i|UdR is afforded in a 
maximum volume of 200 uL saline and the mercury concentration is 0.51 ppm. 
The sample is then ready for biological or clinical utilization. As shown by HPLC 
(C18 column, MeOH/Water: 20/80, 1 mL/min). the radiolabeling yield is 
quantitative and no UV absorbing by-products are detected (aufs=0.05). 

Because of the lesser toxicity of tin compared to mercury, we also 
investigated the radiolabeling of BuaSnUdR. Our repetitive failures to reproduce 
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the conditions for the radiolabeling of MesSnUdR, as described in the literature 
(8), urged us to identify a new set of conditions. The stannyl precursor 
(Bu3SnUdR or MeaSnUdR) is aiiquoted (10 «j) in 300-u.L vials and kept at 0°C 
until utilization. Radiolabeling is realized instantly in such a vial, by the addition of 
20 nL water, Nai23|/i25|/i3i| (pHs6) and 5 u l of a mixture 30% hydrogen 
peroxide/1 N HCI (4/1, diluted at 1/10,000) as the oxidant. The reaction is 
quenched 10 sec later by the addition of 100 uL saturated sodium metabisulfite 
solution, the sample is filtered through 0.22-um apyrogenic disk and is afforded in 
a maximum volume of 200 uL saline (tin concentration is 0.09 ppm). The sample 
is then ready for biological or clinical utilization. As shown by HPLC (same 
conditions as above), the radiolabeling yield is quantitative and no UV absorbing 
by-products are detected (aufs=0.05). 
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No-Carrier-Added [" l]MIBG (m-lodobenzylguanidine) from m-

Trimethylstannyl benzylguanidine 
R.J.FIanagan*, A.Goel", F.Peter Charleson* and D.H.Hunter*. 
"Department of Chemistry, University of Western Ontario, London, Ontario, Canada N6A 5B7. 

Phone: (519)697-2111 ext. 6347. Fax (519)661-3022. Email: dhunter@julian.uwo.ca 
'Frosst Radiopharmaceuticals, Merck Frosst Canada Inc., 16711 TransCanada Highway, 
Kirkland, Quebec, Canada H9H 3L1. Email: flanagar@merck.com 

MIBG1 , 2 has been used for many years as both a diagnostic and therapeutic agent for 
certain neuroendocrine tumours such as pheochromocytoma, neuroblastoma and also for 
carcinoid tumours. Current methods of preparing MIBG involve exchange labelling with either 
1 3 1 l or 1 2 3 l sodium iodide and MIBG. This has led to material of low specific activity which has 
caused pharmacological side effects especially in the use of therapeutic doses. There has 
long been a need for activated precursors of MIBG which would allow the preparation of no-
carrier-added material. Obvious candidates for such precursors would be organometallic 
precursors of MIBG such as the organomercury, organotin or organosilicon3 derivatives In 
this abstract we describe the preparation and use of the trimethylstannyl precursor of MIBG. 

Although trimethylstannyl compounds are often considerably more toxic than 
tributylstannyl analogues, we chose to use the trimethylstannyl reagents since 
trimethylstannylbenzyl amine proved to be a solid of reasonable melting point while 
tributylstannylbenzyl amine proved to be an intractable oil in our hands. This made purification 
and characterizaton more viable. As illustrated below, the trimethylbenzylguanidine was 
prepared in two steps from m-iodobenzylamine. In a typical preparation, m-iodobenzylamine 
(1.6 grams, 7 mmol, from neutralization of 3-iodobenzylammoium chloride) and hexamethyl-
distannane (2.5 grams, 7.5 mmol) were dissolved in 10 mL of toluene under an argon 
atmosphere and tertrakis(triphenylphosphine) palladium (0.1 g, 90 umol) was added. After 18 
h at 700, the toluene was removed under vacuum. The residue was taken up in ethyl acetate 
which was washed with brine, dried and evaporated to yield 1.98 g of a yellow solid. 
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Recrystallization form ether/hexanes yielded 0.75 g of a white solid of mp 78°C. The 1H and 
1 3C NMR spectra were consistent with the those anticipated for 3-trimethylstannylbenzyl amine. 

We anticipated that the trimethylstannyl group might be susceptible to protolysis and 

thus conversion of the amine to the guanidine was carried out under buffered conditions by 

using only a catalytic amount of hydrochloric acid (10 mol %) and by operating at only slightly 

elevated temperatures (50°C). Typically 100mg (0.37 mmol) of the previously prepared 3-

timethylstannylbenzyl amine, 24mg (0.56 mmol) of cyanamide and 100uL of 0.1 M HCI were 

stirred in 5 mL of THF under an argon atmosphere for 24 h. The THFwas evaporated and a 

yellow semisolid was obtained. 

Labelling of the m-trimethylstannyl benzylguanidine (MTBG) was achieved as follows; 
116mCiof 1 3 1l-Nal in100uL of 0.01 M sodium hydroxide was added to 100 uL of 0.5M pH 
6.5 phosphate buffer. Then 100 ugrams of MTBG in 100 uL of methanol was added, followed 
by 100 uL of 0.96% peracetic acid. The reaction mixture was vortexed briefly and then allowed 
to stand for 2 minutes. The reaction was quenched with 1.2 mgrams of sodium thiosulphate in 
100 uL of water. Hydrochloric acid (100 uL of 1.5N) was added to destroy the unreacted 
stannyl precursor and the reaction was heated in a sealed siliconized glass vial at 97°C for 14 
minutes. The mixture was cooled and diluted with 19.2 mgrams of nicotinamide in 600 pL of 
water. The 131I-MIBG was recovered after purification by SepPak. The radiochemical purity 
was typically 91% and the radiochemical yield was 85%. 

"V^V^^ 1 ® 1 ' "^"J 
McjSn 

PdCPPhjfc 
toluene/700 

XT"" NCNHj 
McjSn 

dUHCI/THF/SOo 
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Regiospecific Synthesis of IS-f^^IlIodophenyn pentadecanoic Acid (TPPA;> via 
Methylt15-f4-TrimethyIstarmylphenyl)pentadeconoate. *M.J. Adam. 'P.A. Culbert, 
1 J. Lu, and G. Leong 'TRIUMF, University of British Columbia, Vancouver, Canada, 
V6T 2A3 and Nordion International, Vancouver Operations. 

15-(4-[ I]-Iodophenyl)pentadecanoic acid (p-IPPA) continues to gain favor as an agent 
for the assessment of cardiac viability by single photon emission computed tomography 
(SPECT) nuclear medicine techniques (Corbett, 1994)1. IPPA labelled via the thallation-
iododethallation or mercuration-iododemercuration sequences invariably contains 
significant amounts of ortho and/or meta substituted contaminants (Dougan 19892, 
Dougan 19923, Le Bars 19864). o-IPPA has been shown to behave differently in-vivo than 
p-IPPA (Kaiser 1988)5. contamination of p-IPPA with o-IPPA and/or m-IPPA may 
complicate the interpretation of IPPA scans. We have indertaken the regiospecific 
synthesis of p-IPPA via the halodestannylation reaction of 15-
(trimethylstannyl)pentadecanoic acid (p-SnPPA) withNCA Iodine-123.p-SnPPA was 
synthesized by a modification (Scheme 1) of a previously reported method for the 
synthesis of IPPA4. Since p-bromophenylacetylene is used as the starting material the 
final stannylated precursor is assured to be isomerically pure. 

Oxidative iodination of the methyl ester of p-SnPPA with Na l 2 3I was achieved with 
peracetic acid in an ethanolic solution. The reaction mixture was dilluted with water and 
the IPPA-methyl ester was extracted on a C-18 Sep Pak cartridge and washed with water. 
The IPPA-methyl ester was extracted off the Sep Pak with ethanol and to this extact was 
added 2.5M NaOH to sapponify the ester. The final product IPPA was obtained in 50% 
radiochemical yield and only thepara-isomer was obtained as determined by HPLC. 
These initial results were obtained with non optomized conditions and some of the 
product remained in the ester form. It is expected that the optomized yields should be 
much higher. 

1. J. Corbett, J. Nucl. Med., 35,32S-37S (1994). 
2. H. Dougan, D.M. Lyster, R.J. Flanagan, J.S. Vincent, J. Radianal. Chem., 132,377-

385 (1989). 
3. H. Dougan, D.M. Lyster, Int. J. Appl. Radiat. Isot., 43,699-703 (1992). 
4. D. Le Bars, C. Luu-Duc, P.M. Leo, M. Apparu, M. Vidal, M. Comet, Int. J. Appl. 

Radiat. Isot., 37, 256-257 (1986). 
5. K.P. Kaiser, K. Grossman, B. Geuting, A. Storch-Becker and L.E. Feinendegen, 

Nuklearmedizin Suppl. 24,722 (1988). 
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Scheme 1. Regiospecific Synthesis of 15-{4-{,z>I|-Iodophenyl) pcntadecanoic acid. 
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The Impact of F2 on Organic Chemistry 

Shlomo Rozen. Yifat Bareket, Iris Ben-David, Sharon Dayan 
and Eyal Mishani 

School of Chemistry, Raymond and Beverly Sackler Faculty of Exact 
Sciences, Tel-Aviv University, Tel-Aviv 69978, Israel 

Some years ago F2 was an obscured and highly feared element in organic 
chemistry. It was considered to be dangerous and destructive and therefore incapable of 
selective reactions of any kind. The last decade, however, witnessed a radical change in 
this attitude and many fluorinating processes have been developed using F2 either as 
primary or secondary reagent. Recently, fluorine started to be used for many other 
organic transformations leading eventually to difficult to obtain fluorine free products. 
From the large pool of the reactions promoted by F2, mainly the following will be 
discussed. 

The Chemistry of BrF^ 

Although BrF3 is a commercial reagent it has seldom been used in organic 
chemistry because of fear and prejudice arising from lack of information. It could, 
however, be easily made directly from its elements and perform quite a few non
destructive reactions even with compounds which are not heavily halogenated. 

We will demonstrate the versatility of BrF3 as a novel electrophilic aromatic 
brominating agent but will concentrate on its ability to convert carbonyls into the 
desirable CF2 moiety. This can be achieved through reactions with many types of 
hydrazones, azines and oxime methyl ethers, many of them unreactive with IF which we 
previously designated for this transformation. BrF3 is also used for converting acids, 
through their dithioesters to the corresponding CF3 derivatives or alcohols to the OCF3 
compounds through their xanthates. 
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BrF, r f ^ S B r F 3 
3 " 1 • R 2 C = 0 —*• R 2C=NR' ' 

R* = NH 2 ;N=CR 2 ;OMe ; DNP 

BrF3 I k 1.CS2 
RCOOH —»-RCSSMe *- " " " |RCF3 I ; ROH " ^ " | ROCF3 | 

2. BrF3 

Fluoronitro compounds 

Nitro derivatives served as substrates for fluorination with AcOF, made in situ from 

F2. Quite a few derivatives were tested and we found that reacting the anions of nitro 

compounds with AcOF resulted in the corresponding gem-fluoronitro derivatives in high 

yields, even without removing first the water and the acetic acid present in the reactor 

were acetyl hypofluorite was made. 

NO 2 

I.MeONa ^^^CF 

2. AcOF 

Methyl and other hvpofluorites 

Till recently, methyl hypofluorite - MeOF, along with the hypothetical molecules 

MeHe and MeOHe, was a member of an exclusive family containing the smallest organic 

molecules which had never yet been synthesized. It was a "common understanding" that 

CH3OF would be unstable, since the hydrogen and the fluorine atoms would be too 

close to prevent a spontaneous HF elimination. In the near past, however, we conducted 

some experiments which indicated that MeOF is a real molecule and afterwards we 

isolated and fully characterized it. MeOF is a very unique reagent in the sense that it is 

the only source for the novel electrophilic methoxylium species "MeO+", attaching itself 

to the electron rich sites of various enol derivatives. Because of its characteristically fast 

reactions a research program was also promoted in the field of the radioactive " C 
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isotope (half-life time of 20 minutes). We will describe here some of our efforts to 
investigate and develop the chemistry of this new and unusual reagent, especially its 
reactions with various types of olefins. Time permitting the two other alkyl hypofluorite: 
t-BuOF and C2D5OF will also be mentioned. 

AcO' 

R = C 8 H 1 7 ; R' = H 
R = R' = O 

OMe 

The Chemistry of HOF'CrfrCN 

A conspicuous example demonstrating the use of fluorine as a source for a 
secondary reagent which in its turn could be used for general organic synthesis is the 
HOF«CH3CN complex made directly by bubbling F2 through aqueous acetonitrile. This 
complex is probably the best possible oxygen transfer agent, and used for direct 
epoxidations of almost any double bond including ones which can not be directly 
epoxidized by any other means. This reagent is capable also of very fast oxidation of 
aromatic and aliphatic amines, various aromatic rings, sulfur containing compounds and 
much more. We will report here of some other recent uses of this agent which is made in 
situ from fluorine and does not require any isolation and purification. 

CH3 CO 

Me 

NR with peracids or DMDO 

H0F«CH3 CN 
RT; S m!n; 95% 

" xx Ac 

Me 

0 
II 

R-C-CH 2 R 
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Development of an Automated Synthesis Apparatus for ll 3Nl-labeled Compounds 
Using Anhydrous I 1 3 N1 Ammonia. 
SUZUKI. K. SHIKANO, N.* and KUBODERA, A.* 
National Institute of Radiological Sciences, 4-9-1 Anagawa, Inage-ku, Chiba 263, Japan., and 
*Sciencc University of Tokyo, 12 Funagawara-machi, Ichigaya, Shinjuku-ku, Tokyo 162, Japan. 

Nitrogen-13 is one of the most important positron-emitters in nuclear medicine. However, the clinical 

application o f ' 3 N is of limited use compared to the other radionuclides such as 1'Cand '^F, due to 

the short half-life of ' 3N(Ti/2 = 10 min.). The development of an automated quick synthesis 

system for l3N-labeled compounds with high specific activity would increase the clinical application 

of 13N. We have previously reported the syntheses of various l3N-labeled compounds using 

['3N]ammonia in an aqueous solution (1,2), as well as in an organic solvent(2,3), and found that the 

use of [ 13]\j|ammonia in organic solvents often improve the labeling yield and feasibility of labeling 

compounds unstable in aqueous conditions. For the practical production of [ '3N]labeled compounds 

sufficient for PET study, it is important to develop a total production system including labeling, 

purification and dispensation processes. 

Fig. 1 shows the schematic diagram of the apparatus for the production of 

| ^^radiopharmaceuticals, using an anhydrous organic solution of [l3N]ammonia. |l 3N]p-

nitrophenyl carbamate ([13N]NPC) was synthesized as a model compound (Fig.2) , because the 

synthesis of [13N]NPC is usually unsuccessful in a basic aqueous solution of 1l3N]ammonia. 

The apparatus enables 1) the preparation of anhydrous [l3N]ammonia in organic solvent and its 

reaction with substrate in the same reaction vessel, 2) purification by a SEP PAK silica cartridge, 3) 

formulation and dispensing. 

An aqueous solution of [l3N]ammonia ( 1 - 5 ml) produced by the well known methods (Devarda's 

alloy method, TiC13 methods, etc.) was used and loaded on a small cation exchange column 

(AG50W-X8, 100 - 200 mesh, ca. 20 mg), and then eluted with 20 - 40 ul of 2N-NaOH under He 

gas flow. The eluted ll3N]ammonia was dehydrated by passing through CaO column at 100 °C , 

trapped in 2 ml of anhydrous THF containing 5 - 20 mg of Na2CQ3 and the substrate (ca. 1 mg) at < 

-5 °C and allowed to react for 1 min at R.T. The reaction mixture was passed through a SEP PAK 

silica cartridge after dilution with n-hexane. After washing of the cartridge with 10 % isopropanol in 

n-hexane, the effluent was introduced into a flask and evaporated to dryness at 60 °C under reduced 

pressure. An i.v. injectable solution of [13N]NPC was obtained by dissolving it in 5 - 10 ml of 

physiological saline solution and by filtrating the solution through a 0.22 urn Millex filter into a 

sterilized vial. Radiochemical puritv of the product was analw.cd bv radio-HPLC as shown in Fie. 3. 
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The time required for the production was around 12 min. Radiochemical yield of | l^NJNPC was 30 

- 40 *% (decay corrected) and the radiochemical purity was higher than 95%. The present apparatus 

would be applicable for the production of other ^jsj-labeled compounds with high specific activity 

since it allows the quick production by using only a small amount of chemicals and ion exchange 

resin. Optimization of experimental conditions and further improvement of the apparatus are now in 

progress. 

References: 
1. Irie T., Inoue O., Suzuki K. and TominagaT.: Int. J. Appl. Radiat. 

Isot.36,345(1985) 
2. Tominaga T., Inoue O., Suzuki K., Yamasaki T. and Hirobe M.: 

Appl. Radiat. Isot. 37, 1209 (1986) 
3. Tominaga T., Suzuki K., Inoue O., Irie T., Yamasaki T. and Hirobe 

M.: ibid. 38,437 (1987) 
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ENANTIOSELECTIVE SYNTHESIS OF N C A [ 1 8 F ] F L U O R O - L - D O P A : 
ADAPTATION TO ROUTINE USE 
P. LANDAia F. BONNEFOI, V. KUDLYK, CDENTRESANGLE, G. GALY, D. LE BARS, D. COMAR. 
CERMEP, Cyclotron Biomedical de Lyon, 59 Bid Pinel, 69003 Lyon, France. 

[ ,8F]Fluoro-L-Dopa is a widely used radiopharmaceutical for assessing presynaptic dopamine 
receptor functions in-vivo. 
The nucleophilic and enantioselective synthesis of [18FJFIuoro-L-Dopa described by Lemaire (1) has 
many advantages compared to the carrier added methods based on fluorodemetallation reactions of 
dopa derivative's using electrophilic [^8F]Fluorine (2-4). These methods require a vigilant quality 
control to insure that no traces of metal remain in the final solution. Moreover, the l 1 8 F]F 2 production, 
via 2"Ne(d,a)'8F, requires fluorine to be added to the target conducing therefore to a carrier added 
[ , 8F]Fluoro-L-Dopa. Futhermore the yield of [ 1 8F]F2 production is today smaller than the 
[18F]Fluoride production obtained by 1 8 0(p,n) 1 8 F. Finally the enantiomeric synthesis method of 
Lemaire gives higher yield since no chiral separation is necessary. 
It is generally thought that asymetric syntheses are difficult and their use for routine production may 
discourage their development. These are the reasons for which we have modified and adapted the 
Lemaire's method in order to make it routinely available in a clinical PET center. However to test the 
new enantiomeric synthesis as a routine method, we have adjusted some parameters in order to adapt 
it to our facilities and we have designed a simple quality control procedure. 

Precursor synthesis 
The 6-trimethylammonium veratraldehyde triflate 1 is prepared from the 4-fluoroveratrole 
according to the synthesis described by Lemaire (13). The final purification of 1 is of great importance 
to insure a good incorporation yield of 18F-fluoride ions in to 1. Even if the NMR and mass spectra do 
not show the presence of an impurity, careful washing with cold methylene chloride and ether are not 
sufficient to obtain a [18F]-fluorination yield of lgreater than 30%. We found that a recristallization 
of 1 from ethanol increases the [18FJ-fluorination yield of the precursor to 50%. 

Radiosynthesis and automation 
The radiosynthesis of [18F]Fluoro-L-Dopa has been partially automated as it is shown on Figure 1. 
The solenoid valves are activated through push buttons. All the liquid transfers arc realized using 
home made syringe drives. The push button box can easily be replaced by a low cost Simatic S5 
programable logic controller for further automation. 
As in the Lemaire's publication (1), we chose to use the (S)-Boc-BMI [(S)-(-)-l-(fert-butoxycarbonyU-
2-ferf-butyl-3-methyl-4-imidazolidinone] as chiral agent. The alkylation of the chiral inductor and 
the hydrolysis are presently carried out manually because of the small volumes involved in these two 
reactions (< 1 ml). 
The crude [,8FJFIuoro-L-Dopa is purified by HPLC on a semi-preparative Nucleosil 100 5C18 column 
(250 x 10 mm) eluted with AcONa/EDTA/AcOH/Ascorbic acid (5mM - ImM - 0,l%v/v - 0,01%) at pH 
4.0. The flow rate is 3ml/min, the wavelengh is 280nm and the retention time of [l8F]Fluoro-L-Dopa is 
11 min. 
In our hands, the radiochemical yield is 5% and the amount of [18F]Fluoro-L-Dopa at the end of 
synthesis is currently 0.15 - 1.1 GBq (4 - 30 mCi). The overall synthesis takes about 120 minutes from 
the end of bombardment. 

Quality control 
The chemical purity is checked in an analytical Lichrosorb C8 column eluted with 0,1% acetic acid 
(pH 4.0) at a flow rate of 1 ml/min (280nm). 
The enantiomeric purity of [^8F]FIuoro-L-Dopa is determined on the ready for injection solution of 
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l18F]Fluoro-L-Dopa (sterilized on 0,2 um Millipore filter), by analysis on a chemically bonded chiral 
stationary phase prepared in situ for the separation of aromatic a-amino acids (6). We use a Nucleosil 
100-10 column (250 x 4 mm) eluted with ImM CuS0 4,5H 20 - 50mM KH 2P0 4 (adjusted to pH 4.0), at a 
flow rate of 1 ml/min and at a wavelengh of 280 nm. In these conditions the retention time of 
[18F]Fluoro-L-Dopa is 6,5 min. The observed enantiomeric excess is higher than 98%. 
The same system is used to determine the specific radioactivity using L-Dopa as a standard. The 
specific activity is 17 - 26 GBq/umole (450 - 700 mCi/umoIe) at the end of synthesis. 
The enantiomeric excess is also determined by thin layer chromatography on chiral plate (Macherey 
Nagel) eluted with CH 3OH/H 20/CH 3CN (50:50:30)17). The Rf value of the [18F]Fluoro-L-Dopa is 
0.39. 
At the present time, the quality control is achieved using one method for the chemical purity analysis 
and two methods for the enantiomeric excess determination (HPLC and TLC). But on a daily basis, the 
enantiomeric excess will only be assessed by TLC which is the easiest method for routine use. 

It was interesting to look if this no carrier added [18FlFluoro-L-Dopa allowed to obtain in-vivo a 
better striatum to cerebellum or occipital cortex ratio than the one obtained with carrier added 
[18F]Fluoro-L-Dopa. We therefore compared, in a preliminary study in normal subjects, this ratio 
calculated between 60 and 80 minutes after intra-veinous injection, to the data obtained in the same 
way and published in the litterature using a fluorodcmetallation radiosynthesis (8-10). We observed 
that this ratio was increased by 25% indicating that the nca I18F]Fluoro-L-Dopa may give more 
accurate results than other methods. 
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ROBOTIC SYNTHESIS OF N-[F-18]FLUOROETHYL NEURORECEPTOR LIGANDS 
FOR PET. J.L. Bockhorst, S.M. Moerlein. G.G. Gaehle and MJ. Welch. 
The Edward Mallinckrodt Institute of Radiology, Washington University School of 
Medicine, St. Louis, MO 63110. 

Fluorine-18 as a label for PET radiopharmaceuticals has the advantage of a 
moderately-long half-life that is convenient for radiosynthesis, distribution and imaging 
protocols. A facile means for the incorporation of this radionuclide into neuroreceptor 
ligands with high specific activity is through N-[I8F]fiuoroalkylation. There are several 
radioligands labeled in this manner that have been shown to be useful for application 
with PET. These include the dopamine D 2 ligand N-[18F]fluoroethylbenperidol 
([18F]FEB, (1)) (1). the serotonin S2 ligand N.[18Flfluoroethylketaiiserin ([18F1FEK, (2)) 
(2), and the benzodiazepine receptor ligands N-[lSF]fluoroethylflumazenil ([18F]FEF) (3) 
and N:[18F]fluoroethyliomazenil ([18F]FEI, (2)) (4). 

Although the radiosynthesis of these compounds has been described previously, a 
reliable automated system for the routine production of these PET radioligands has not 
been developed. Over the past several years we have employed a fully-automated 
Zymark robot for the compounding of several labeled drugs for PET, including 
Fludeoxyglucose F 18 Injection (5), Acetate C 11 Injection (6), 16a-[18F]fluoroestradiol-
17B (7) and [^Gajgallium citrate (8). We have now expanded the capability of this 
system to include the radiosynthesis of the PET radioligands [18F]FEB, [18F]FEK, 
[l8F]FEF and [18F]FEI. 

The radiosynthetic pathway to these PET tracers is shown in Figure 1. The 
process is initiated by isolation of [18F]fluoride in 350 fiL of 0.02 M K 2C0 3 and recovery 
of [lsO]water for re-use (9). The resulting potassium [18F]fhioride is then coordinated to 
kryptofix 2.22, dried by azeotropic distillation, and resolubilized into anhydrous 
acetonitrile. The resolubilized activity is then used to fluorinate bis-tosylethane, which is 
subsequently used for the N-[18F]fluoroethylation of the appropriate substrate. The 
product radioligands are purified by normal-phase HPLC and reconstituted in lactate-
buffered saline injection suitable for human administration. 

A schematic of the robotic workstations used to accomplish these steps in a fully-
automated fashion is illustrated in Figure 2. The robot and workstations are positioned 
within a shielded hot cell, resulting in minimal radiation burden to production personnel. 
The workstations are shared with other radiopharmaceutical compounding programs, 
making the system flexible and permitting the production of a variety of PET 
radiotracers within the same shielded hot cell. 

The overall radiopharmaceutical production yields using this system are 10-12% 
within a total preparation time of 90 min. Typical adult radiopharmaceutical dosages of 
5 mCi are thus easily achieved from 100 mCi of aqueous [18F]fluoride. The specific 
activity of the products, as determined by HPLC, exceeded 1000 Ci/mmol. 
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The efficiency of PET radioligand production in this manner, together with the 
flexibility of the Zymark robotic system, makes this methodology attractive for 
radiopharmaceutical preparation in the clinical research setting. 
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Figure 1. Radiosynthesis of N-[18F]Fluoroethyl-Substituted Receptor Ligands 
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PREPARATION OF FLUDEOXYGLUCOSE F 18 INJECTION (["FjFDG) VIA THE 
GE MICROLAB DEVICE: THE WASHINGTON UNIVERSITY EXPERIENCE. 
S.M. Moerlein. J.L. Bockhorst, G.G. Gaehle, K.L Lechner, B.A. Siegel and MJ. Welch. 
The Edward Mallinckrodt Institute of Radiology, Washington University School of 
Medicine, St. Louis, MO 63110. 

A device for the production of Fludeoxyglucose F 18 Injection ([18F]FDG) (1) is 
commercially available as the GE MicroLab. We have evaluated the utility of this 
system for clinical production of this labeled drug. The production method uses 
nucleophilic exchange on a quaternary ammonium resin (4), which eliminates the need 
for azeotropic drying of the aqueous fluoride, and facilitates direct recovery of the 
[lsO]water target material for re-use. 

This device produces the drug within an overall preparation time of 50 min after 
addition of [18F]fluoride. Validation studies were performed to show that the final drug 
product meets USP standards. The radiochemical and radionuclidic purity of the final 
product exceeds 99.9%, and the final drug product is sterile and pyrogen-free. There 
was less than 0.01% v/v of acetonitrile or methanol in the final solution, and less than 
0.1% ethanol. The pH of the final solution is 7.0. 

We have used the MicroLab for the preparation of more than 135 batches of 
Fludeoxyglucose F 18 Injection without a single failure of the device. The radiochemical 
yield of Fludeoxyglucose F 18 Injection is dependent on the quality of the [18F]fluoride 
that is loaded into the MicroLab device. Production yields ranged from 36.0 _+. 4.9 % 
shortly after target cleaning, to 13.7 JL 5.9 % after several weeks of target use. 
Production of [ FJFDG was independent of the volume of irradiated target material that 
was loaded into the device; yields were 283 ±. 6.9 % when_<. 0.5 mL of irradiated target 
material were used, in comparison with 28.0 _+. 9.0 % when_>. 0.5 mL were used. There 
was no significant difference in the radiochemical yield of Fludeoxyglucose F 18 Injection 
when [18F]fluoride was produced in the 1.7 mL Cyclotron Corporation CS-15 target or 
the 1.2 mL JSW BC-16/8 target Both targets were made of titanium; the CS-15 target 
uses Havar foils whereas the JSW target has titanium foils. 

The GE MicroLab was examined for its ability to eliminate pyrogenic materials 
during the radiosynthetic procedure. Three media-fill batches were processed by the 
device, in all reagents were identical to validation tests, with the exception that 1 mL of 
endotoxin solution (17 EU/mL) was used instead of aqueous [18F]fluoride solution. The 
final solution was examined for its endotoxin content with use of the Pyrogent™ BET kit. 
The final 12-mL of product solution was found to contain less than 0.6 EU/mL. Our 
typical samples of irradiated or non-irradiated [18Ojwater contain less than 1-2 EU/mL, 
suggesting that the device tends to decrease pryogen-removing capability for the usual 
pyrogenic burdens encountered. 
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We have also compared the GE MicroLab with the Zymark robotic system also 
used for compounding [18F]FDG (23). Unlike the MicroLab, the robotic system utilizes 
nucleophilic substitution with phase-transfer catalysis (5) with azeotropic drying of the 
aqueous [18F]fluoride solution. We have adapted this system to allow isolation of the 
[lsO]fluoride in 0.02 M KjCO^ and recovery of irradiated [lsO]water for re-use (6). We 
have used this system to prepare more than 735 batches of Fludeoxyglucose F 18 
Injection for human PET studies. 

Advantages of the MicroLab device for preparation of the radiopharmaceutical 
are decreased operator intervention and maintenance requirements, completely 
disposable processing modules, and shorter overall production time. Disadvantages of 
the Microlab device are its inflexiblity in producing tracers other than [18F]FDG, the 
inability to visually monitor each step of the production sequence, and the relatively 
higher costs per drug batch produced. The MicroLab is preferred for routine clinical 
production due to the greater ease of compliance with possible regulatory drug 
manufacturing guidelines (7). 
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Development of a Semi-Remote System for the Routine Preparation of [18F]6-fluoro-
L-mefa-tyrosine to Study Striatal Lesions and Therapeutic Implants in Primates. 
J.P. O'Neil and H.F. VanBrocklin 
Center for Functional Imaging, Lawrence Berkeley Laboratory, Berkeley, CA 94720. 

Parkinson's disease as well as other neurological disorders involving the dopaminergic system have 
been studied using [18F]6-fluoro-L-DOPA, a metabolic tracer, and positron emission tomography 
(PET). However, kinetic analysis problems have been associated with the use of this tracer due to the 
formation of labeled, methylated metabolites that cross the blood brain barrier and compromise image 
contrast (1). Consequently, [18F]6-fluoro-L-meta-tyrosine (FMT) has been put forth as an alternative 
dopaminergic metabolic tracer due to its more desirable metabolic characteristics (2). 

FMT was chosen as the desired tracer to image primates pre- and post-treatment with genetically 
engineered cells. The primates are scanned before and after Parkinson's type lesioning with MPTP. 
Once lesioned the animals are treated with implanted genetically transfected cells capable of secreting 
tyrosine hydroxylase. The primates are imaged at various time points following treatment to assess the 
success of the implant and the potential for sustained recovery. The use of labeled FMT and PET 
imaging is significant in demonstrating the integrity and function of the transplant. 

We have developed a semi-remote synthetic system for the routine preparation of [18F]6-fluoro-L-
/we/a-tyrosine. We prepared [18F]6-fluoro-L-wje/a-tyrosine 2 from an aromatic stannylated precursor 
I, by a modified procedure of that described by Satymurthy, et al. (3). Compound I was synthesized 
from commercially available DL-meta-tyrosine. The radiochemical synthesis was accomplished by the 
electrophilic displacement of the aromatic trimethylstannyl precursor I by [,8F]fluorine gas followed 
by hydrolysis and HPLC purification. 

SnMe3 

J N ^ - v ^ C 0 2 E t [ F . 1 8 ] F 2 

W ^ NCOCF3 48% HBr' 
OAc H 
1 

We first prepared the carrier added [18F]F2 gas by the 1 80(p,n) 1 8F reaction on 1 8 02 gas with 11 MeV 
protons generated in the CTIRDS-111 deep valley medical cyclotron using a modification of the 'two 
shoot' method described by R.J. Nickles et al. (4).' Carrier added [18F]F2 gas was bubbled through a 
Freon 11 solution of stannylated precursor 1, followed by silica gel column purification on a Michel-
Miller column. Collection of the desired major radioactive peak from the column was followed by 
evaporation of the solvent. The various protecting groups were removed by hydrolysis with aqueous 
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HBr to provide the free amino acid which was purified by reversed phase HPLC after partial 
neutralization with NaOH. 

The development of 'hands-off techniques plays a very important role when considering the 
production of routinely prepared radiopharmaceuticals. We have therefore modified the known 
chemical procedures for the preparation of [I8F]6-fluoro-L-wjefa-tyrosine to allow for semi-remote and 
eventually fully automated production. As shown in Figure 1, the semi-remote apparatus which we 
have developed is a simple yet functional setup. The [18F]F2/argon gas mixture is automatically 
released from the CTIRDS-112 style gas target on demand from die control sequence. The gas travels 
ca. 10 meters through teflon tubing to a switching valve (SV) which directs the gas into reaction vessel 
1 (RV1). The gas is bubbled through a solution of the stannane substrate in Freon 11 and is vented 
back through the switching valve to an aqueous KI trap. The amount of activity that is trapped in RV1 
is monitored by a solid-state radioactivity detector (RD1)(5). Once the transfer of F2 gas is complete, 
the switching valve is rotated to the second position which allows for a pressurization of the headspace 
in RV1 from a syringe held outside of the shielded hood. The pressurization forces the transfer of the 
freon solution in RV1 back through the switching valve and onto the top of the Michel-Miller silica gel 
chromatography column. Both the fluoro-trimethylstannane byproduct as well as the protected fluoro 
amino acid are trapped on top of the column. After the complete transfer of the incorporation mixture, 
a 33% diethyl ether/hexane solution is delivered from the external syringe to elute the protected FMT 
from the silica column. The column elutant is monitored for me desired major radioactive peak by an 
inline flow detector (RD2)(5) and the desired portion is collected in a test tube which is then placed in a 
70 °C oil bath and a gentle stream of nitrogen is used to evaporate the solvent to dryness. Aqueous 
48% HBr is added to the tube and the subsequent hydrolysis is conducted over a 10 minute period at 
130 °C. The hydrolysis mixture is cooled to room temperature and the solution is partially neutralized 
with aqueous NaOH. This mixture is then injected on to a reversed-phase HPLC system (preprative 
C-18, pH=4 aqueous buffer) to provide the labeled FMT. 

This system has been used to reliably deliver millicurie doses of FMT for the primate studies while 
reducing the radiation dose to the radiochemist. This is a key component to an overall ALARA 
program for radiopharmaceutical chemists. 
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Diagram of the semi-remote apparatus used in the production of [18F]6-fluoro-L-mefcz-tyrosine. 
1/2 SV= One Half of a Switching Valve, RV= Reaction Vessel, RD= Radiation Detector 
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AUTOMATED PREPARATION OF NO-CARRIER-ADDED 18F-LABELLED 
RADIOPHARMACEUTICALS BY MEANS HETEROGENUOUS 

NUCLEOPHILIC SUBSTITUTION 

Solbach. M.. Machulla, H.-J. 
Sektion Radiopharmazie PET-Zentrum des Universitatskliiiikums, 

Eberhard-Karls-Universitat Tubingen, D-72076 Tubingen, Rontgenweg 15, 
Tel. 49-7071-29-7443, Fax 49-7071-29-6554 

17-[l8F]Fluoroheptadecanoic acid (I), [I8F]Fluoroacetate (2) and 3-[18F]FDG (3) were to be 

prepared as tracers valuable for studying myocardial metabolic functions and glucose transport 

mechanism, respectively. The labelling reaction described by Mulholland et aL (1) was to be used 

for synthesizing those tracers since the method has successfully been applied in preparing 2-FDG. 

The labelling procedure is based on a nucleophilic substitution reaction in heterogenous phase 

including an additional hydrolysis step of the protecting groups and it was implemented in an 

automated system i.e. the FDG-MicroLab (GE Medical Systems, Uppsala). 

After [I8F]fluoride was produced via the 180{p,n)18F nuclear reaction in 180-enriched water the 1 8F-

activity was fixed on a quaternary aminopyridinhun resin recovering the I80-enriched water. The 

resin was rinsed with dry CH3CN thus activating the [I8F]fluoride for nucleophilic exchange 

reactions. 

Each synthesis consisted of a primary labelling step: the nucleophilic exchange of anhydrous 

[18F]fluoride for a suitable leaving group such as -SO2CF3 or -Br on the protected precursor 

molecule and a subsequent hydrolysis step yielding the final radiotracer. 

By applying this labelling procedure to the syntheses we were able to prepare 3-[,8F]FDG, 17-

[l8F]Fluoroheptadecanoic acid and [18F]Fluoroacetate with radiochemical yields of 34 ± 7 %, 35 ± 4 

% and 29 ± 9 % (end of synthesis), respectively. Overall synthesis time was 58 min for all tracers. 

Further details are listed in the Table. Due to the automation Le. the microlab system high amounts 

of 18F-radioactivity (so for up to 6 GBq) were used for the labelling reactions in reproducable 

results as shown in the Table. 
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Table: Reaction conditions for labelling by heterogenuous nucleopbilic substitution 

precursor amount hydrolysis product decay number of 
/mg reagent corrected runs 

yield/% 

17-Bromo-heptadecanoic 
acid-methylester 

35 2.5MNaOH (1) 
25 % ethanolic 

solution 

35 ±4 8 

Bromoacetic acid- 38 2.5MNaOH (2) 29 ±9 9 
ethylester 

l:2,5:6-di 20 1MHC1 (3) 34 ±7 21 
-O-isopropylidene-3-O-

trifluoromethanesulfonyl-
a-D-allofuranose 

Reference 

Mulholland G.K., MangnerT.J., Jewett D.M. and Kilboum, M.R. • 
J.Label.Compd.Radiopharm. 26: 378 (1989)b 
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Siemens/CIT/IBA Automated System for Production of [C-ll]Methyl Iodide: On Going 
Evaluation, Operating Parameters and Field Modifications. Ehrenkaufer. R.L.E.: Morton 
T, Mach RH, and DeFilippi, F*., Department of Radiology/PET Center, Bowman Gray 
School of Medicine of Wake Forest University, Medical Center Blvd., Winston-Salem, 
NC 27157, USA. (*Siemens Medical Systems) 

In October of 1993, at our request, we received a prerelease version of the 
Siemens/Cn/IBA "[C-ll]Methyl Iodide Methylation Module". This unit was part of our 
original purchase agreement with Siemens. The synthesis is based on standard and 
accepted methods of [C-ll]methyl iodide production (1). 

The system, upon arrival was unfunctional due both to hardware and software 
insufficiencies in the required sequential production steps. Among some of the more 
notable hardware problems identified were: 
1) frequent leaking of the system due to poor design of reaction vessel seals, 
2) use of incompatable materials, such as PEEK tubing which came in contact with HI a q , 
3) poor thermal regulation (heating and cooling) and heater failures, 
4) reaction vessels popping out of their holders during heating/cooling cycles, 
5) valve diaphragm failures (2) and leaking solenoid valves (2), 
6) unreliability of the fluid detector resulting in premature HPLC injection. 
The system as it arrived, was neither robust nor user friendly to operate or maintain. 

With the cooperation and help of the CTI group in Knoxville, we have been able 
to redesign the hardware and rewrite the control and process software resulting in a 
modified and now functional production unit. In addition, functional changes in the 
synthetic schema have also been implemented to simplify the synthesis thus making it 
more reliable and robust. Most of these process changes are based on current practices 
being used routinely by other groups. Some of the main changes incorporated are listed 
below: 
1) elimination of the LN2 trapping of [C-11]C02, trapping is at room temperature in 
LiAlrLj/THF in reaction vessel (RV) #1; 
2) reaction vials and seals were redesigned to eliminate leaks (RVs have inside threads 
and flat disc seals have been replaced by tapered seals); 
3) reaction vessel heating/cooling chimneys have been redesigned to accommodate new 
RV design, but temperature regulation is still poor; 
4) PEEK tubing was replaced with PTFE where chemical compatability or stress (PEEK 
tends to crack under stress) was a problem; 
5) the fluid detector used in HPLC loop loading has been made less sensitive by addition 
of a 200K ohm resistor; 
6) operational parameters (times, temperatures, reagents, etc.) have been optimized; 
7) undistilled stabilized hydriodic acid is used in the conversion to methyliodide; 
8) changes in the software have been made to properly reflect production' events and 
experimentally determined optimized reaction conditions. 

Currently the system can produce >100 mCi end of synthesis yields of [C-
ll]methylated products such as methionine, and the Dl antagonist benzazepine SCH 
23390, although reproducibility is still low (see Table). 

1) Crouzel C. Langstrom B, Pike VW, and Coenen HH, Recommendations for a Practical 
Production of [C-ll]Methyl Iodide, Appl. Radiat. Isot., 3_8_, 601-3 (1987), (see also references 
within). 
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Table. Production Summary for [C-ll]Methyl Iodide Methylation Reactions 
Compound mCi Crude Product 

(OEOB)l 
mCi (Range) Time 

(min.) 

[C-11]SCH 23390 (n=16) 226±1562 4-450 22 

[C-ll]Methionine (n=14) 510+1522 130-658 26 
1 Irradiation Conditions: 40 uA/20 min. C-ll production is approximately 1000 mCi, 
based on a measured saturation yield of 50 mCi/uA. Although at times variable, yields 
of approximately 1000 mCi (368-1106 mCi) have been verified by [C-11]C02 trapping on 
soda lime. 
2 Averages do not include 2 failed runs in each synthesis where no product was formed 
due to electrical or mechanical problems. Crude product represents assay of the product 
vial after [C-ll]methyl iodide incorporation. Purities of the crude products ranged 70-
90% by analytical HPLC. 
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TECHNICAL PERFORMANCE AND OPERATING PROCEDURE OF A BEDSIDE 
PSQIWATERINFUSER, 
TOCHON-DANGUY H.J., CLARK J.C.*., JANUS A., SACHINIDIS J.I. 
Centre for Positron Emission Tomography, ARMC, Melbourne Australia and * MRC 
Cyclotron Unit, Hammersmith, London England. 

Functional imaging using positron emission tomography (PET) and [ 1 50]-Iabelled 
compounds is both scientifically and clinically challenging. The short half-life of oxygen-
15 (2.05 min) allows for multiple administration to a patient without exceeding 
acceptable levels of absorbed radiation dose and without excessive delay between 
administrations. [150]-labelled water, despite some limitation in tissue diffusion, is 
currently the preferred cerebral blood flow tracer because of its ease of production, 
effectiveness and safety for patient use. However, the high injected dose associated 
with the short half-life poses some logistic problems, and automation becomes 
mandatory both for safety to personnel and for achieving reproducibility and reliability of 
the radiopharmaceutical production. The aim of this study is to report the specifications, 
performance and operating procedure of a fully automated bedside [150]water infuser. 

The original prototype was designed and tested at Hammersmith Hospital (London) in 
1990 (1), and a second unit was developed at the Austin Hospital (Melbourne, Australia) 
in 1993. Figure 1 shows the layout of the infuser system including the [ 1 50]water 
generator, control module and power supply. 

PsO]water is synthesised inside a 50mm thick lead-shielded bedside unit by mixing 
cyclotron produced [1 50]oxygen (in 1% oxygen/99% nitrogen) with hydrogen (5% 
hydrogen/95% nitrogen) over a palladium catalyst in an oven at 150°C. The gaseous 
output passes through a Perspex exchanger where it diffuses across a semi-permeable 
membrane (cellulose acetate) into the sterile saline solution (0.9% NaCI). The saline 
solution is pumped continuously through the system with a medical infusion pump (IVAC 
560 or 3M AVI 470) at a flow rate of up to 10mL/min. The radioactive solution is then 
infused into the subject via a sterile Millipore filter and the delivered dose is monitored 
by an inline radioactivity detector (GM tube). The unused radioactive solution is allowed 
to decay in a delay unit consisting of a 250mL volume coil of polypropylene tubing 
housed within the lead shielding before being discharged into an external waste bottle. 

A control module, which links both an external mains power supply and the water 
generator itself, could be either manually driven or controlled by a small PLC. Displays 
allow for on-line monitoring of the gas input flow as well as radioactive saline output 
generated. More than one switching sequence can be stored into the PLC to allow 
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different [1 50]water administration protocols, such as continuous flow or bolus mode 
delivery. In continuous flow, the patient is infused for a predetermined time at a flow 
rate of 6mL/min with a constant level of activity. Alternatively in bolus mode the saline 
flow, through the membrane exchanger, is temporarily interrupted (typically 6min) 
accumulating a high level of activity which can then be dispensed to the patient in a 
relatively small volume (less than 1mL). 

Looking at the efficiency of the combination reaction in the catalyst oven, we found that 
the H 2 /0 2 ratio was not critical as long as a slight stoichiometric excess of H 2 was used. 
However, the efficiency was affected by the amount of palladium catalyst and the flow 
rate of the gas mixture passing through the oven. Our experience shows that an 
average flow rate of 500 mLVmin was a good compromise leaving close to 5% unreacted 
[1 5O]02 gas; however the flow rate could be easily increased if a shorter transit time is 
required, due to a long distance between the cyclotron and the scanner. In studies of 
the efficiency of the membrane exchanger as a function of the gas flow, no significant 
variation was observed and an average extraction efficiency greater than 95% was 
achieved. In addition, the efficiency was not affected by the flow rate of the saline 
solution. However the flow rate of both gas and saline do have a significant effect on 
the specific activity. 

In clinical applications, the level of radioactive dose to be delivered to the patient may 
need to vary depending on the protocol. Our experiments show that the most accurate 
and quickest way to modulate the specific activity of the infused P50]water, can be 
achieved by variation of the intensity of the beam current applied to the target. At a 
standard gas flow rate of 500mL/min, a response time of less than 5 minutes is needed 
to reach equilibrium. Figure 2 shows the amount of radioactive saline solution, 
produced per minute, as a function of the beam current intensity. In typical PET studies 
the specific activity of the infused solution was 1.5mCi/mL for continuous mode and 
25mCi/mL for bolus mode. 

In conclusion, the very high efficiency of both the palladium catalyst converter and the 
cellulose membrane exchanger, combined to produce a user-friendly system, providing 
a safe and effective [150]water infuser for PET. 

Reference 
1. Clark J.C. and Tochon-Danguy H.J. - Proceeding of the IVth Int. Workshop on 

Targetry &Target Chemistry, Villigen Switzerland (1991). PSI Proceedings 92-
01, pp.234-235. ISSN 1019-6447 (1992) 
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[150]Water Generator Control Module Power Supply 

Figure 1: Layout of the bedside [ 1 50]water system. 

5 10 

beam current (jiA) 

15 

Figure 2: Amount of [ 1 50]water produced per minute as a 
function of the beam current intensity. 
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FULLY AUTOMATED AM) RELIABLE CHEMISTRY MODULE FOR THE 

PRODUCTION OF M"q-THYMIDINE STARTING FROM ["Q-HCN, INCLU

DING HPLC PURD7ICATION. 

M.G. Vos, J. Medema, K.P. de Jong*, M.J.H. Slooff, E.J.F. Franssen, G.M. Visser. 
and W. Vaalburg. PET-center and "Department of Surgery, Groningen University 
Hospital, P.O. Box 30001 9700 RB Groningen, The Netherlands. 

Because of a growing demand for 2-["C]-thymidine to study tissue proliferation an 

automated synthetic module was developed to produce adequate amounts of 2-["C]-

thymidine (>10 mCi). The automated production process should be reliable, easy to 

operate and low in maintenance. The synthetic process closely follows a previous 

reported1,2 chemical procedure with a few modifications. 
In order to synthesize 2-["C]-thymidine, [uC]-urea synthesized from [UC]-HCN was 
condensed in the presence of H 2S0 4 resulting in 2-["C]-thymine which was enzymatically 
converted to 2-["C]-thymidine. Although the synthetic procedure has been previously 
reported2 some modifications have been made to improve the reliability of the synthesis. 
A critical step showed to be the condensation of ["C]-urea, to obtain anhydrous ["C]-urea 
it is necessary to evaporate three times with absolute ethanol. Performing the enzymatic 
reaction at ambient temperature, shows no decrease in yield (75+5%). 
The technical set up uses a Philips 80C552 processor which controls a stepwise program. 
The input needed for creating a program consists of only three parameters i.e. time, valve 
open and valve closed. This enables easy programming without necessary knowledge of 
any computer languages. Liquids are transferred through 1/16" PFTE tubing and 
pneumatically operated Rheodyne valves using nitrogen pressure. Heating vial 1 and 2 is 
performed with three standard oil baths set on a fixed temperature. To heat the vials at 
different temperatures a pneumatic lift-shift device is used. Because the Rheodyne valves 
are mounted on a rail and the tubing is connected to the vials with PEEK fingertight 
fittings, maintenance can be carried out quickly. The HPLC module necessary for the 
purification of 2-["C]-thymidine is installed in the same hotcell as the chemistry module, 
to enable direct injection of the crude reaction mixture. HPLC purification is performed 
using a Waters RP-C18 /xBondapak semi-preparative (7.8x300 mm) 10 /xm column eluted 
with 4% ethanol in saline at a flow of 5.0 ml/min. 2-["C]-thymidine (^=12.0 min) is 
filtered through a 0.22 /xm sterile filter into a stervial and, subsequently transferred out of 
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the hotcell by our Anatech robotic system. 

According to this procedure we are able to prepare 12.0±5.5 mCi 2-["C]-thymidine 

suitable for human use in 60 min EOB with a radiochemical yield of 2.0±0.5% (non 

decay corrected), calculated from initial ["CJ-HCN production. The chemical purity was 

>80% (impurities are S04

2"<5ppm and P04'"<5ppm), radiochemical purity was >99% 

and the specific activity in the range of 600± 150 Ci/mmol. 

The fully automated process as described here shows to be very reliable (>95%), easy to 

operate and maintenance can be performed quickly. 

References 
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AUTOMATED RADIOISOTOPE EXTRACTOR 
(AUREX) 

Richard A. Ferrieri and David J. Schlyer 

Brookhaven National Laboratory, Department of Chemistry 
Upton, New York 11973-5000 

AUREX is a prototype instrument that was designed and constructed to carry out simple 
two or three step processes that serve both in chemical and radionuclidic separations, as well as 
in simple chemistry involving radiotracers of interest in PET. The instrument was also designed 
to carry out repetitive processes without personnel intervention, thus maintaining ALARA 
standards for radiation safety (As Low As Reasonably Achievable). 

AUREX was designed specifically for blood-flow agents used in PET such as [-^O]-
water and [^NJ-ammonia which have extremely short half-lives ( ^ O t\p=l min; "N tj/2=10 
min), and a clinical demand for several injection doses in short-order. However, other 
applications in radioisotope processing are possible. The instrument is capable of processing and 
delivering up to six separate doses of the appropriate radiotracer in a sterile and pyrogen-free 
form suitable for human use. In addition, the instrument will cany out all processes within the 
confines of a standard-sized radiation dose monitoring chamber thus providing direct radiation 
monitoring at all times, as well as direct dose measurement 

At the heart of the AUREX's automation is a 8031 CMOS microprocessor which controls 
on a time-base a bank of Rheodyne (9000 series) switching and selector valves through 
pneumatic actuators. The system is versatile in that changes in the instrument's functional 
capabilities can be made through changes in software not hardware. Thus a single design can be 
made to perform a multitude of tasks in radioisotope processing. The following outlines some of • 
these applications. 

Application 1 [ l s O]-Water 

The system can trap and process [^O]-
water prepared by irradiating a target gas stream 
comprised of nitrogen and hydrogen gas. 
Trapping occurs in a sterile water bubbler. The 
system then processes the liquid charge through 
a cation exchange resin (AG50W-X8) and 
collects the charge in saline to make the ' PROCESS CONTROL VALVES H-OJ 
formulation isotonic. The cation resin strips out 
ammonia chemical impurity as well as [^N]-
ammonia radionuclidic impurity formed within 
the target Finally, the AUREX system 
dispenses the isotonic formulation either to an 
injection syringe or other suitable receptacle. 
Total process time per dose is about 4 minutes. F I e ° 1 ' *• S t h e m , U c •*•««" cvnatm* for IS&~««T. 

1 5 O-WATER PROCESS STEPS 
1. COU£CTK31K4ntOUTAMETCM.81.Ct.0t] 
icmieTMooMEu.ti.ei.Dii 
3J*JLH£CT>CftSYNHCf.(A2.mci.Dt) 

MtOft i s 
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Application 2 [l%]-Ammonia: 
In-Situ Production 

If ["Nl-Ammonia is generated in situ 
from an ethanol-water target, the system can 
process that target liquid charge through a cation 
resin (AG50W-X8) in order to trap [ 1 3N]-
ammonia and collect the liquid waste. The waste 
contains long-lived radionuclidic impurities from 
the target body, as well as chemical impurities 
from the organic additive. The [^N]-ammonia 
can be extracted by flushing the resin with 
saline. This rinse is then dispensed direcdy into 
the injection syringe or other suitable receptacle. 

Figure 2 . Schematic of AURZX configured for 1 3 N-*mmonIa. 

Application 3 [ 1 3N] -Ammonia: 
Indirect Production 
using Devarda's Alloy 

["N]-nitrate and p3N]-nitrite are 
precursors generated by irradiating a liquid 
target comprised of pure natural water. [13N]-
Ammonia can be synthesized from these 
precursors through chemical reduction using 
Devarda's alloy. The AUREX system can carry 
out this simple process repetitively by accepting 
target water . charges into separate reactors 
containing the alloy. The [13N]-ammonia 
synthesized on a per batch basis is then passed in 
a gas stream through a drying tube of sodium 
hydroxide and collected in sterile saline. The 
system then dispenses this isotonic charge to an 
injection syringe or other suitable receptacle. 
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Application 4 Processing [l^F].Fluoride 

[18pj.piuorj(ie i s typically made by 
irradiating a liquid water target comprised of 
[180]-water. The AUREX system will accept a 
target water charge and process it through anion 
exchange resin (AG1-X8). This action extracts 
the radioisotope from the irradiation medium 
while allowing for recovery of the enriched 
water for reuse. Next the system rinses this resin 
with a charge of weak carbonate solution to 
reextract the radioisotope into solution, and 
dispenses that solution to an appropriate 
receptacle for further chemistry. The AUREX 
can perform these tasks repetively from within 
the irradiation vault thus providing a mechanism 
for containing long-lived contaminants in an area 
outside of the hot lab. 

^WATCTMCWWVm 

PROCESS COKTTKX VALVES (A-O) 

18F-FLUORIDB ENRICHEDWATERTARGET 

CAttOHKTt M3TUCCD 

SETUP No. 1 

FIXurs*. 8chemitleof AUSXX cosflfared for 18F-flnortde. 
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AUTOMATED PRODUCTION OF e-fFJFLUORO-L-DOPA IN A COMMERCIALLY 
AVAILABLE CHEMISTRY MODULE 

Z.Y. ZHANG1. G.W. KABALKA1, C.P.D. LONGFORD1, H.C. PADGETT2, S.S. ZIGLER2 

biomedical Imaging Center, The University of Tennessee, Knoxville, TN 37920, and 2CTI 
Cyclotron Systems, Inc., Knoxville, TN 37933, U.S.A. Phone:(615)544-9670; Fax: 
(615)974-2997; E-Mail: KABALKA@UTK.EDU 

6-[18F]Fluoro-L-DOPA (6-[18F]FD) is an important tracer for probing dopamine 

metabolism. We have produced this tracer using a commercially available chemistry 

process control unit (CPCU1) configured and programmed for the production of 6-[18F]FD. 

All functions of the CPCU are controlled by a PC-compatible computer under Intel's iRMX 

for Windows operating system. A schematic of the process appears in Fig. 1. The major 

components include seven reagent reservoirs, two reaction vessels, two oil baths, a 

radiation detector, and an HPLC purification system. The CPCU automatically performs 

the electrophilic radiofluorination, liquid transfers, silica gel purification, hydrolysis, and 

neutralization. 

The synthesis is based on the electrophilic radiofluorination of a protected 

stannylated DOPA precursor.2 A Freon-11 solution of the tin precursor in Vessel 1 is 

treated with [1 8F]F2 obtained from proton irradiation of gaseous [ 1 8 0]0 2 . 3 The resulting 

protected 6-[18F]FD is purified by column chromatography and eluted to Vessel 2. The 

radiation detector output is used to switch the position of the three-way valve (R42) from 

waste to Vessel 2. Hydrolysis of the protected 6-[18F]FD is performed with 48% HBr at 

130°C. After cooling, acetate buffer and 3/V NaOH are added to dilute and partially 

neutralize the reaction mixture. The mixture is purified by semi-preparative HPLC, and the 

fraction containing 6-[18F]FD collected in the product vial. Using the automated system, 

a typical run produces 28.6 mCi of 6-[18F]FD at EOS from 175.8 mCi of [1 8F]F2 (26.6% 

decay-corrected yield) with a synthesis time under 80 min (including HPLC purification). 

Acknowledgement: Research sponsored by The Department of Energy and The Robert 

H. Cole Foundation. 
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Simple and Efficient Distillative r11C1Acetate Synthesis 
MOCKBH. MULHOLLAND GK, and VAVREK MT. 
Department of Radiology, Indiana University School of Medicine, Indianapolis, IN USA 
46202-5121. 

Numerous variations of the Grignard synthesis of 1-[11C]acetate have been devised for the 
production of this clinically promising cardiac PET radiotracer. Most of these approaches 
require purification of the final product by chromatography or ion exchange techniques. 
This complicates routine production by increasing the number of components in a setup 
and the number of potential points for microbial ingress. Recently Ishiwata et al. 1 reported 
a novel approach in which the [11C]acetate was purified by simple distillation. We report 
here a new automated distillation technique based on this general approach which is well 
suited for clinical production of this agent. 

Commercial 3M MeMgBr/Et20 (Aldrich) was diluted to 0.3M in THF and dispensed in 1 mL 
portions into oven-dried, septum-sealed, disposable 10 x 75 mm pyrex test tubes. These 
sealed Grignard tubes were made ahead of time and were stable for 2 days when stored in 
a freezer. 1 1 C 0 2 from a gas target was collected on a carbon molecular sieve trap at room 
temperature and then released by heating the trap to 110°C under helium purge2. The 
1 1 C0 2 , in a total helium volume of ~50 cc, was bubbled through a spinal needle into the 
room temperature Grignard tube located inside a dose calibrator chamber. The reaction 
was immediately quenched with 200 nL of water and the tube was quickly heated to 150°C 
under fast inert gas purge until the tube was dry (~4 min). The exhaust gases, containing 
THF and any 11C-acetone or t-butanol by-products, were directed to the waste containment 
system. Addition of 17% H 3 P0 4 to the hot solid residue containing Mg salts of 11C-acetate 
and any unreacted 11C-carbonate caused the immediate release of 1 1 C0 2 , which was 
directed to waste, followed by the more gradual distillation of [11C]acetic acid under 
continued heating at 150-175°. Inert gas sweep directed the [11C]acetic acid vapor into a 
sterile collection vial containing 2 mL of saline. The distillation was assisted by adding 
small aliquots of water and EtOH to the acidified reaction tube during heating. After the 
addition of 1 mL of sterile phosphate buffer (pH 7.5), the final product [11C]acetate is 
sterile, apyrogenic and has >99% radiochemical purity by HPLC. A summary of yield data 
for 72 runs is shown in the Table. 

The apparatus has no moving parts other than valves, requires no low temperature cooling 
provisions, and occupies less that 1 cu ft of space without the dose calibrator chamber. 
The entire procedure, including target irradiation and dumping, is computer controlled and 
can be completed within 20 min. A 40 \iN 4 min irradiation typically yields 50-70 mCi of 
acetate E.O.S. Because all reaction steps occur inside a dose calibrator and the various 
possible radioactive byproducts are removed by distillation at discrete points of the 
synthesis, it is very easy to monitor the efficiency of trapping, the quality of the Grignard 
reagent and the magnitude of side reactions leading to 11C-acetone and t-butanol, and 
make timely corrections. Furthermore, this distillative approach leaves very little 
radioactive residue in the apparatus following a synthesis so the same unit can be quickly 
and safely recycled. With the help of an automated line cleaning command and 
disposable components, we can begin a second synthesis within 10 min following 
completion of the first. We have used a single unit to make 4 sequential acetate syntheses 
within 130 min for test-retest heart studies, without difficulty or excessive exposure to 
personnel. 
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Table 
Yields and Radioactive Balance for Distillative 11C-Acetate Synthesis (N =72) 

"C-Species % Yield ± S.D. 
(based on starting 1 1C0 2) 

Acetate 59.9 ± 10.9 
Untrapped by Grignard 1.77 ± 5.1 
Acetone and f-butanol 11.2 ± 8.14 
HC03" 20.1 ±11.5 
Non-distillabie 7.0 ± 4.7 

Diagram of Acetate Synthesis Apparatus 

THF EtOH H + H20 

Q^jsua 
" c o 2 ^ 

Product 
vial 

Grignard Rx tube and 
heater in Calibrator 
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AUTOMATED SYSTEM FOR EFFICIENT TRAPPING OF "CO and »C0 2 USING A 
SILICA COLUMN 

Tor Kihlberg1-2, Peter Bjurling3 and Bengt LSngstrom1-2-3 

•'Department of Organic Chemistry, Institute of Chemistry, 2>Subfemtomole Biorecognition Project, 

Research Development Corporation of Japan and 3>Uppsala University PET Centre, Uppsala 

University, S-751 85 Uppsala, Sweden. 

Recently, the use of ["C]carbon monoxide in transition metal-mediated synthesis has indicated 

interesting possibilities.1 One of the problems was the low efficiency for trapping [nC]carbon 

monoxide in the reaction mixture. The trapping efficiency can be effected by increasing the reaction 

temperature, the volume of the reaction mixture and the concentration of reagent, but these methods 

implies several drawbacks and limitations. A more valuable procedure is to handle the ["C]carbon 

monoxide in a small gas-volume which is allowed to pass through the reaction solution several times. 

Trapping of ["C]carbon dioxide in reaction mixtures is usually not regarded as a problem, however, by 

using the described procedure the amounts of reagents can be decreased which may increase specific 

activity and simplify work up. 

Molecular sieves has been used extensively for preconcentration of ["CJcarbon dioxide and 

["CJcarbon monoxide.2 One drawback with molecular sieves is that relative high gas flows are needed 

in order to release the radioactivity. Another problem is that the properties of molecular sieves changes 

upon repeatedly heating and cooling, which leads to a decrease in the recovery of the radioactive 

precursor. In this report, the use of silica for trapping of [uC]carbon dioxide and ["C]carbon 

monoxide is presented. Silica, designed for use in gas chromatography, traps [nC]carbon dioxide and 

["C]carbon monoxide efficiently at -72 °C and -196 °C respectively. Upon heating, the radioactivity is 

released almost quantitatively in a small gas volume. 

A column of stainless steel tubing (30 x 2.1 mm (i. d)) was filled with silica and conditioned by heating 

at 250 °C for 15 min, flow 50 ml/min. The column was properly cooled several minutes before delivery 
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of the radioactivity. After trapping of the radioactive precursor, the flow was turned off, the column 

lifted from the cooling bath and heated using a hot air gun. The radioactivity was released during less 

than 30 s at a flow of 5 ml/min. The total recovery was >98 %. 

The released radioactivity was passed through a reaction mixture and drawn into a syringe. Using the 

syringe pump and valve system shown in Figure 1, the gas containing the radioactivity was allowed to 

pass several extra times through the reaction mixture. This system is now going to be implemented in 

our automated synthesis system, "Synthia". 

1. Andersson Y. and Langstrom B. J. - Chem. Soc, Perkin Trans. 1: 287 (1995) 

2. Clark I C. and Buckingham P. D. - Appl. Radiat. Isot. 22: 639 (1971) 

1 1 C Q 2 / 1 1 C O Waste 

Silica column ]_ 

CCMsyBOHorNjfl) 

Double syringe pump 

Fig. 1. Schematic outline of system for optimization of " C 0 2 / "CO trapping. 
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An Integrated Remote System for Collection and Clinical Delivery of Cyclotron Produced 
Inhalation Gases. Ehrenkaufer. R.L.E.: Chilton, H.; and DeFilippi, F\, Department of 
Radiology/PET Center, Bowman Gray School of Medicine of Wake Forest University, 
Medical Center Blvd., Winston-Salem, NC 27157, USA. ("Siemens Medical Systems) 

Gases labeled with short-lived positron emitters are widely used to measure tissue 
blood flow, blood volume and oxygen metabolism. A number of systems have been 
reported which are designed for the safe production and administration of these inhalation 
gases. 1-3 We currently have in "routine" operation a gas delivery system designed for both 
bolus and continuous administration of radioactive gases (0-15, C-ll etc.) via inhalation. 
This commercially available product, the Gas Delivery System (GDS), model 8301A, is 
made by Victoreen (Cleveland, OH), and was specifically designed for operation in 
conjunction with the Siemens RDS/112 cyclotron and associated isotope production 
hardware. 

The GDS provides for automated collection, monitoring , and delivery (including a 
patient dose delivery summary) of radioactive gases for PET scanning. The Victoreen GDS 
consists of a gas control station, a radiogas collection station, and a Radocon V electrometer 
and associated setup and operation menus and parameter video display readout. The 
system also provides for two way communication with the RDS/112 cyclotron terminal. 
The assay chamber is a well-type ion chamber designed to hold an inflatable bag for bolus 
administration, and a mixing chamber for continuous administration. 

The GDS is controlled by a programmable logic controller (PLC). The PLC checks the 
status of the system parameters and automatically switches the system control valves when 
all conditions (cyclotron sending gas, gas in flow range, gas radiation levels, etc.) are 
properly met for radiogas collection or dispensing. 

The systems (both Siemens RDS/112 and Victoreen GDS) needed to be customized 
for proper operation in our site specific installation, to accommodate our conditions of 0-15 
production and delivery for both [0-15]Q2 and [0-15]CO, currently in use. Specifically, 
isotope production, radiogas collection and delivery parameters needed to be determined to 
meet PLC controlled operational alarm/interlock, go/no-go criteria. 

Operational parameters, have been determined for routine operation, and GDS field 
performance has been evaluated. Due to the complexity of the sequential multiple [O-
15]gas and [0-15]H20 administrations of our studies, we have developed a single set of 
RDS/112 and GDS operational parameters to be used in all studies. This effectively 
eliminates necessitated agent specific (CO, O2 and H2O) changes of irradiation and delivery 
parameters. In addition, difficulties and problem areas of operation have been identified. 
Avoiding alarm/fatal-fault situations, proper setup and reset sequences, inhalation 
breathing restrictions, and isotope production system pre-irradiation purging and setup (for 
[0-15]CO), have been dealt with. RDS/112 setup, production and shut off conflicts between 
programs responsible for each of these [0-15] agents have been resolved. 

1) Welch MJ and Kilbourn MR, A Remote System for the Routine Production of Oxygen-15 
Radiopharmaceuticals, ]. Labelled Comp. & Radiopharm., 22,1193 (1985). 
2) Wagner R, Arenz W, Richerzhagen N and Wienhard K, Single-Breath Inhalation or 
Rebreathing of Gases Labelled with Positron Emitters: Some Technical Aspects of 
Dispensing and Waste Management, Appl. Radiat. Isot., 44,1065-1068 (1993). 
3) Jackson JR, Dembowski BS, Ehrenkaufer RL, Mclntyre E and Reivich M, ['50]H20, 
[150P2 and [iso]CO Gas Production, Monitoring and Quality Control System, Appl. Radiat. 
Isot., 44, 631-634 (1993), (see also references within). 
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On-column Preparation of "C-Labeled Amino Acids. 
IWATA R.: IDO T.; TADA M.* CYRIC and Institute of Development, Aging and Cancer*, 
Tohoku University, Aramaki, Aoba-ku, Sendai 980-77, Japan. 

"C-labeled 1-Aminocyclopentane-l-carboxylic acid (["CJACPC) and a-amino-isobutylic acid 
(["C]AIB) are synthetic, nonmetabolized amino acids, which find their practical way in tumor 
imaging by PET. No-carrier-added "C-amino acids are available by the synthetic method, as 
shown below, via ["C]aminonitriles from [nC]HCN (1). Although the method needs less mild 

R i SONa Ri /"CN R i /"COOH 

V ' "CN" \ / 6N HCI W 

^ N H , 5min,60°C R^ NH2 15min.160°C ^ NH, 

1 2 2 
reaction conditions than the strecker reaction which is commonly used for the preparation of carrier-
added "C-amino acids, it is still difficult to accommodate to automation due to an extraction 
procedure. We recently demonstrated the usefulness of column Extraction with commercially 
available kieselguhr, Extrelut® (Merck), in the preparation of [' 'C]fatty acids (2). This technique 
was expected to be more successfully adapted to the preparation of [' 'CJamino acids. We report 
here an on-column method using column extraction suitable for automated preparation of 
["C]amino acids from ["CJHCN. 

The automated system used for the on-column preparation of [nC]ACPC and [nC]AIB from 
["C]HCN was shown in Figure 1. Two short columns were loaded with Extrelut. The aqueous 
substrate (!) solution and a 6N HCI solution in an amount sufficient for overflowing were injected 
into the first and second columns, respectively, and air was then passed to push out the exceeding 
aqueous solution. The [MC]HCN, converted from [MC]C02 and carried with a He flow at 200 
mL/min, was quantitatively trapped by the first Extrelut column cooled at 0-15°C. When the 
radioactivity accumulating on the Extrelut column reached a maximum, the 6-way valve was 
switched and the column was heated with the hot blower at ca. 60°C for 3 min to complete the 
substitution reaction. A 5 mL portion of Et20 was then sequentially passed through the first and 
second Extrelut columns. The radioactive substituted product, ["Cjaminonitrile (2), was in this 
way extracted from the reaction mixture to the flowing ether layer and then from the ether layer to 
the acid solution retained by the second Extrelut column. The second column was heated at 
160°C for 10 min for acid hydrolysis of the ["CJaminonitrile into the [MC]amino acid. After 
hydrolysis , most of the HCI was eliminated from the column by sweeping with a He flow at 200 
mL/min while the column was cooled from 160 to 80°C. The residue remaining in the column was 
washed out with 1 mL of water, and the washing was applied to solid phase extraction with a short 
disposable column of cation exchange resin (H\ SCX, Whatman). The column was washed with 
an additional 2 mL of water and the [' 'C]amino acid (3) was then eluted with 6 mL of saline. 

Results of the on-column preparation of ["CJACPC and [nC]AIB are summarized in Table 1. 
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One of the advantages of the present system has been amply demonstrated in the column extraction 
with Extrelut. Efficient extraction and back-extraction can be accomplished at the same time by 
the single procedure of flushing ether through two columns. Another advantageous feature is that 
acid hydrolysis with 6N HC1 can be carried out on-column and the HC1 used can be removed from 
the column together with a major part of remaining ["Cjaminonitrile and some intermediate 
products, while the ["Cjamino acid stays in the column. Thus, the ["C]amino acid can be 
conveniently purified by solid phase extraction with a disposable SCX column and finally obtained 
in saline without solvent evaporation. The [nC]ACPC and ["C]AIB were prepared in decay-
corrected radiochemical yield of over 60% and 30%, respectively, within 40 min. As the whole 
procedure was remarkably simplified by adopting the on-column reaction and extraction, the 
synthesis system could be easily automated. 

References 
1. Iwata R., Ido T., Takahashi T., Nakanishi H. and Iida S., Appl. Radial. Isot. 38, 97(1987) . 

2. Iwata R., Ido T. and M.Tada., Appl. Radial. Isot. 46,117(1995). 

Table 1. Summary of the on-column preparation of [' 'C]amino acids 

[MC]Amino acid ["CjACPC ["C]AIB 

['' CJAminonitrile yield2 82% 67% 

Hydrolysis yield 82% 45% 

Overall radiochemical yield >60% >30% 

Radiochemical purity -98% -98% 

Overall synthesis time 40 min 40 min 

'Ascribed to the yield of the radioactivity retained by the hydrolysis column 

Waste * 

H["C]N 

Saline LU 

3CX( 
column 

t a iscxo-o 

_ Waste*—&] 

-1|L Cold air-' '—Hot air Hot air-1 

First Extrelut Second Extrelut r 1 1riA • -w 
column (reaction) column (hydrolysis) l ^JAmino acid 

Figure 1. A flowchart of the automated system for the on-column preparation of [' 'C]amino acid. 

680 



A General Preparative HPLC System for the Rapid and Efficient 
Separation of UF-Labelled 2- and 6-Fluoro Isomers of FluoroDOPA, 
Fluoro-3-0-methyl-D0PA and Fluoro-m-Tyrosine 
R.Chirakal. G. Firnau, C. Nahmias and G. Coates 
Department of Nuclear Medicine, Chedoke-McMaster Hospitals, 
Hamilton, Ontario, Canada. L8N 3Z5 

At McMaster, we produce routinely ,8F-labelled 6-fluoroDOPA and 
6-fluoro-m-tyrosine for the study of dopamine metabolism in the 
human brain using PET.1,2 For proper quantification of [18F]6-FDOPA 
studies, we also produce [I8F]6-Fluoro-3-0-methyl-DOPA, a metabolite 
of [18F]6-FDOPA formed in the body, which crosses the blood-brain 
barrier.3 He have shown that all three tracers can be made reliably 
and in good radiochemical yield by the direct fluorination of 
commercially available precursors.4,5 However, this direct 
fluorination method, using [,8F]F2, produces a mixture of wF-labelled 
2- and 6-fluoro isomers. It is therefore crucial to have a general 
preparative HPLC system for a rapid and efficient separation of 
isomeric mixtures of the above 18F-labelled tracers. 

One of the requirements for efficient separation of products, 
using a preparative HPLC system, is the small sample size to avoid 
overloading the column. However, our investigations on the 
electrophilic substitution of aromatic compounds in HF/BF3 using F2 revealed two important reasons for keeping concentration of the 
substrate in solution high: (1) to maintain a low fluorine to 
substrate ratio, a condition which is known to enhance fluorine 
substitution and (b) to trap efficiently the [18F]F2 in the reaction vessel, a condition that results in higher end of synthesis yields.6 

In order to maintain a high substrate concentration and at the same 
time minimize the amount of substrate, fluorinations were carried 
out in an 8.0-m o.d., 4.4-m i.d FEP tube. The small diameter 
reactor containing less substrate (ca. 10 mg) dissolved in about 
0.7 mL HF provided concentration of the substrate (ca. 0.08 M) that 
was sufficient to trap over 90% of the [l8F]F2. The higher 
concentration of the substrate and the height of the solution 
(typically 5 cm) in a small diameter reactor facilitates better and 
prolonged contact between the reactants in solution causing an 
increase in the amount of [18F]F2 trapped in the reaction vessel. 

A near baseline separation of 2- and 6-fluoro isomers were 
obtained by passing the reaction mixture through a reverse phase 
HPLC column (Phenomenex M9 Partisil 10/50 ODS-3 or Whatman Partisil 
10, ODS-3) with an aqueous solution of TFA (0.15%) containing THF 
(4.5%) as the mobile phase. A typical preparative HPLC trace of 
the reaction mixture after the radiofluorination of DOPA in HF/BF3 at -65 °C is shown in the Figure. The uF-containing fraction 
eluting at 16 min contained a mixture of 2- and 5-fluorodopa and 
the 18F-peak at 19.5 min contained 6-FDOPA (confirmed by I9F NMR). 
The radiochemical purity of [I8F]6-fluorodopa is 99 ± 1%. The 
utility of this HPLC system for the separation of 18F-labelled 
6-fluoro-m-tyrosine and 6-fluoro-3-0-methyl-dopa from their 
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2-fluoro analogs, efficiently and rapidly, will be demonstrated. 
It should be pointed out that the mobile phase must not 

contain any peroxide (from THF) because the latter would oxidize 
catechols to quinones. Another advantage with the present HPLC 
system is that the column can be stored for weeks in the mobile 
phase without affecting the retention times. This reduces the time 
required for pre-conditioning the column. More over, both TFA and 
THF can be removed, rapidly, from the product by rotary 
evaporation. 
References: 
1 E.S. Garnett, G. Firnau and C. Nahmias (1983) Nature 305. 137. 
2. R. Chirakal, G. Firnau, E.S. Garnett, L.M. Wahl and C. Nahmias 

Movement Disorder (1995 in Press). 
3. L. Wahl, R. Chirakal, G. Firnau, E.S. Garnett and C. Nahmias 

(1994) J. Cereb. Blood Flow Metab. 11/ 664. 
4. R. Chirakal, G. Firnau and E.S. Garnett (1986) J. Nucl. Med. 

22, 417. 
5. R. Chirakal, G.J. Schrobilgen, G. Firnau and E.S. Garnett 

(1991) Appl. Radiat. Isot. 4_2_, 113. 
6. R. Chirakal, G. Firnau, G.J. Schrobilgen, C. Nhmias and G. 

Coates (1995 submitted for publication). 
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Preparative HPLC profile (Column: Phenomenex M9 partisil 
10/50, ODS-3, Mobile phase: 0.15% TFA in water containing 4.5% 
THF, Flow rate: 4 mL/min) of the reaction mixture after the 
radiofluorination of L-DOPA in HF/BF3 at -65 °C. 
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HPIC Analysis of Radioiodides: Direct Determination of Isotopic and Chemical Purity 

Duncan H. Hunter. Kevin Mueller and Gina Wong Won, 

Radiopharmaceutical Development Group, Department of Chemistry, University of Western 

Ontario, London, Ontario, Canada, N6A5B7. Phone: (519)679-2111 ext. 6347. 

Fax: (519)661-3022. Email: dhunter@julian.uwo.ca 

Separation and detection of anions by High Performance Ion Chromatography1 (HPIC) 

has proven to be particularly applicable to commercial.samples of Na I 2 3 I and Na 1 3 1 I . More 

specifically, ion exchange columns are available which result in reasonable separation of many of 

the common anionic species present in commercial radioiodide samples. Detection using 

conductivity or amperometry allows measurement of iodide and other anions at the low ppb level. 

Conductivity detection2 with ion suppression is satisfactory for measuring the amounts of each 

anion in a mixture of several anions. Amperometry3 can be specific for iodide without 

interference from other ions that may be present. We have found that conductivity detection has 

detection limits near 1-2 ppb for most anions observed while amperometry gives a detection limit 

of about 0.1 ppb for I*. 

Because of the unique sensitivity of this instrumentation in the amperometry mode and its 

specificity to iodide even in the presence of other anions, it has proven possible to measure 

directly the specific activity of 1 2 3 I" and 1 3 I I" in commercial samples using fairly modest amounts 

of radioactivity. This because a concentration of 0.5 ppb of iodide in 100 uL of solution is 

obtained with 100 uCi (3.7 MBq) of carrier free I 2 3 I and 6 uCi (200 kBq) of carrier free 1 3 1 I . 

The talk will illustrate the application of this approach to commercial samples of Na 1 2 3 I and 

Na 1 3 , I . 
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We have applied conductivity detection to 26 commercial samples of Na 1 2 3 I that had 

undergone radioactive decay until no longer detectably radioactive. The anions that were 

separated, identified and measured were bromide, chloride, fluoride, iodide, nitrate, oxalate, 

phosphate and sulphate. The absolute and relative amounts of these anions varied quite 

dramatically from batch to batch in no readily identifiable pattern. Two fresh 'hot' samples of 

thiosulphate free Na 1 2 3 I were also analyzed for anionic contaminants showing bromide, nitrate, 

oxalate, phosphate and sulphate and oxalate with no detectable iodide. The amounts of these ions 

was significantly different in each of the two samples but the absence of an iodide peak was 

consistent with high specific activity material as seen when using amperometric detection. 

Some other potential sources of adventitious iodide, as well as other contaminants, were 

also analyzed by HPIC and will be discussed. 

The HPIC analyses were carried out on a Dionex DX-300 equipped with an IonPac AS9-

SC analytical column, a pulsed electrochemical detector, a PED amperometry cell with a platinum 

electrode, an AMMS-II ion suppressor system and a model 4400 integrator. Both conductivity 

analyses and amperometry analyses were run in the isocratic mode with 1.8 mM 

Na2C03/NaHC03 being used as eluent for conductivity analyses and 40 mM NaNO3/40 mM 

NaHC0 3 as eluent for amperometry. 

This work was supported by an IOR grant jointly funded by NSERC, Canada and Frosst-

Radiopharmaceuticals, Merck-Frosst, Canada, Inc. and by a gift from Dr. L.O. Patersen to whom 

we are grateful. 
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The Stereochemistry of (R.RHQNB 

Dale O. Kiesewetter. Judith L. Flippen-Andersont, William C. Eckelman. Positron Emission Tomography 
Department, National Institutes of Health, 10 Center Dr MSC 1180, Bethesda, MD 20892-1180 and tLaboratory for 
the Structure of Matter, Code 6030, Naval Research Laboratory, 4555 Overlook Ave, SW, Washington, DC 20375-
5000. 

IQNB (3-quinuclidinyI-4-iodobenzilate) is a high affinity muscarinic antagonist, whose affinity and subtype selectivity 
is affected by its stereochemistry. The (R,R) diastereomer is commercially radiolabeled with , 2 3 I by Nordion 
International by exchange iodination.1 However, the clearance of 1 2 3I-IQNB from the human brain was much more 
rapid2 than predicted by earlier work3. In addition, the group at George Washington University had reported 
biological differences between (R,R)-IQNB prepared by the method of Cohen et al. 4 and the (R,R)-IQNB prepared by 
Nordion Int. after August 1992.5 Two hypotheses were evaluated to explain the discrepancy between our clinical 
studies: either the wrong product was formed in the exchange iodination or the original stereochemical assignment 
was incorrect. 

HPLC studies ruled out the possibility of obtaining 3-IQNB6 from the exchange labeling (Table 1). The possibility of 
reducing the benzilic alcohol during the exchange procedure was also suggested1. A sample of quinuclidinyl 4-
iodophenyl-phenyl acetate (4-QIPPA) was synthesized 8 and shown by HPLC to exhibit a significantly different 
elution profile (Table 1). During the course of developing chiral fluoroalkylbcnzilates 9 I ° , we conducted an 
enantioselective synthesis of (R.RHQNB, obtained the X-ray crystal structure'', and verified by HPLC that it was the 
same diaslcrcomer available commercially (Nordion. Inc).9 Samples provided by Nordion Int. after August 1992 co-
elutcd with authentic (R.RHQNB but not with (R,S)-IQNB (Fig. 1). 

The original synthesis of (R,R)IQNB employed a resolution of nitrobenzilic acid by crystallization of the quinidine salt 
followed by conversion into both the triazene precursor and IQNB. We repeated the synthesis and resolution of 
nitrobenzilic acid. We observed ( a ] D = +107 (c = 0.32 pyridine. 88% optical purity; lit. |oc]D = +121.2) for the 
quinidine salt; however, when the acid was coupled to R-quinucIidinol. the crude 4-nitroQNB analog was found by 
HPLC to contain >97% of one of the diastereomers. A sample of this quinidine salt of nitrobenzilic acid (Fig. 2) was 
analyzed by X-ray crystallography.12 From the quinidine configuration (8R.9S), the relative configuration of the 
nitrobenzilic acid was assigned as S not R as originally proposed. To further establish the absolute configuration, the S 
nitrobenzilic acid was converted into IQNB following the procedure of Owens et a l . ' The product was analyzed by 
HPLC using normal phase and found to co-elute with (R.S)-IQNB, but not with authentic RR-IQNB. Therefore, the 
original assignment of absolute configuration by analogy to glycolic acid esters was incorrect. 

The absolute stereochemistry at the quinuclidinyl center of (R.R) IQNB was assigned on the basis of an X-ray crystal 
structure of a derivative of R-quinuclidinol. The absolute stereochemistry at the benzilic center was originally 
assigned4 on the basis of reported higher muscarinic activity for the R configuration compared to the S configuration 
of 2-cyclohexyl-2-hydroxy benzeneacetates (CHBA).1 3 Recently, Casy reviewed the eudismic ratios of various 
muscarinic receptor antagonists that contain one or more chiral centers." The isomer having the highest affinity 
(cutomer) did not uniformly possess cither the R or S configuration at the acetyl center. For example, tropanyl-S-
tropatc (hyoscyamine) is the eutomcr of its enantiomeric pair, whereas. tropanyl-R-mandclate is the eutomer of its 
pair. 

Although absolute stereochemistry may be a predictor of biological activity, it is important to note that the Cahn-
Ingold-Prelog sequence rules are based on atomic weights of connected atoms and are not related to any biologically 
important parameter. The comparison of biological activity and absolute configuration between IQNB and CHBA are 
drawn to show all common functional groups in the same relative configuration (Fig 3); however, the assignment of 
configuration is opposite because the sequence rules place cyclohcxyl al lower priority than phenyl. Comparison of the 
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lipophilicity of the groups attached to the chiral center using the hydrophobic parameter, 71, shows the iodophenyl to 
be the most lipophilic substituent in IQNB, whereas the cyclohexyl group is the most lipophilic in CHBA. 

In conclusion, we have shown that the absolute configuration of the precursor used for the current synthesis of 
radiolabeled (R,R)-IQNB is correct. Replication of the literature procedure used to prepare IQNB before August, 1992 
showed that the synthesis provided (R,S)-IQNB rather than (R,R)-IQNB. 

Table 1. HPLC clution times and eluant for possible products of the exchange iodination.' 

Compound Acetonitrile 
% 

Buffer 
% 

Retention Timeb 

min 

4-IQNB 70 30 15.4,16.5 
3-IQNB 70 30 12.8,13.6 
4-IQNB 80 20 11.3,12.0 
4-QIPPAc SO 20 27.35 
Column: Beckman-IP column 4.6 x 250 mm. Eluant: Acetonitrile (ACN) and buffer (5 mM Nal^PO^ 5 mM 

Et3N, pH not adjusted) at 1.5 mL/min. btwo retention times arc given for separated diastereomers. 4-QIPPA is 

quinuclidinyl 4-iodophcnyl phenyl acetate. 

Figure 1. HPLC of IQNB diastereomers". HPLC chromatograms of (R.R) IQNB. (R.S) IQNB, and coinjection of the 
two diastereomers, respectively. 

(RRJIOHB from Nordton 

IQNB from Owens etaL and Cohen et at (actuary (R.5J 

tW»A,SrM>fi**"40K>sf»Na«7 0 

(R*}ky*»i4ft9)IQra 

IT l i _ 

K 
10 t j 

a Perkin-EImer-Si column. 4.6 x 75 mm, 99% CH 2C1 2. 0.96% ethanol, 0.025% water, 0.015% ethylamine, 2 

mL/min. 

^ »Wo 9 - O ... 

Figure 2. Stucture of Quinidinc Nitrobcnzilalc Figure 3. Comparison of structure of IQNB 
enantiomers with those ofCHAB. 
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Separation of Racemic a-Methvl-Tryptophan into Its L-and D-Isomers 
and Synthesis of a-(llc-Methvl)-L-Tryptophan 
Bernard Schmall 1.Susan E.Shoaf 2,Richard E. Carson1, Peter 
Herscovitch1, Lin Sha 1, and William C. Eckelman1. ipET Department 
Warren G. Magnuson Clinical Center and 2National Institute on Alcohol 
Abuse and Alcoholism, National Institutes of Health, Bethesda, MD 
20892, USA. 
We have been interested in using PET to study a-(11C-methyl)-L-
tryptophan as a tracer of brain serotonin synthesis. The synthetic 
amino acid a-methyl-L-tryptophan (AMT) gives rise to the a-methyl 
analogue of serotonin in the brain. (1) The rate of accumulation of 
radioactivity of this tracer as measured by PET is assumed to be 
indicative of the rate of serotonin synthesis, and may be correlated 
with increased aggressive/impulsive behavior of patients. 
Separation of Raceaio a-Methyl-Tryptophan into Its L-and D-Isomers 
In order to use this tracer for serotonin synthesis, it was first 
necessary to establish the pharmacokinetic parameters of the 
tracer.(2~5) In order to relate the accumulation of the tracer to 
the rate of serotonin synthesis, the differences in the enzyme 
kinetics of AMT and L-tryptophan had to be determined. ( 5» 6) Since 
AMT is not commercially available, we developed a HPLC procedure for 
the resolution of the racemate into its enantiomers using an Astec 
Cyclobond 111 Alpha Cyclodextrin column (UV detection: 254 nm, 1.0 
AUFS). Using a mobile phase of 1000 mL H2O/3.6 mL HOAc/10.8 g 
NH4OAC/PH 5.1 at a flow rate of 3.5 mL/min gave the L-and D-isomers 
at 12.8 and 13.9 min, respectively. The L-isomer was identified 
using an in vitro tryptophan hydroxylase enzyme assay. It was 
isolated in > 99% enantiomeric purity (no D-isomer was detected by 
electrochemical HPLC analysis). The method provided the L-isomer in 
1% NH4OAC solution. This was satisfactory for the pharmacokinetic 
studies in Rhesus monkeys. However, in vitro enzyme kinetics 
required the L-isomer free of NH4OAC. This was achieved by 
concentrating the solution containing NH4OAC from 1 mL to 50 nL in a 
Speed-Vac at 60° C. The concentrate was injected onto a Waters C-18 
Nova-pak column (4 x 150 mm) using 8/92 MeOH/H20 at 1.0 mL/min. The 
eluate was concentrated in a Speed-Vac at 60° C until the final 
concentration was 4 mg/mL in H2O. 
Synthesis of a-(11c-Methyl)-L-Tryptophan 
Unlabeled a-methyl-L-tryptophan had been synthesized(7) in > 98% 
enantiomeric purity from the chiral pyrroloindole derivative, 
dimethyl-2(S),3a(R),8a(S)-(+)-hexahydro-8-(phenylsulfonyl)-
pyrrolo[2,3-b]indole-l,2-dicarboxylate 1. Desulfonylation of 4 was 
effected with Na in liquid NH3. Since the use of Na in liquid NH3 in 
radiosynthesis is impracticable, two different methods of hydrolysis 
have been reported. In one procedure, after methylation of the 
enolate 2 with [11C]CH3l to give 3, compound 5 was obtained directly 
from 3 by hydrolysis with HI. (8) In the other procedure, 3 was 
reopened to 4 with TFA, and a-(14C-methyl)-L-tryptophan was obtained 
after hydrolysis of 4 with 5N K0H(9) or a-(He-methyl)-L-tryptophan 
was obtained after hydrolysis of 4 with ION NaOH.C 1 0/! 1) 
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In our attempts to synthesize a-(11C-methyl)-L-tryptophan, we did not 
obtain reproducible results using the HI method. It is uncertain 
whether this is due to the source of HI, the hydrolysis conditions, 
the partial neutalization of the hydrolysate, the direct injection of 
the hydrolysate onto the HPLC column, or the interaction of the 
hydrolysate with the mobile phase. Consistent results were obtained 
using TFA/10N NaOH for hydrolysis. The pyrroloindole 1 is 
commercially available. Pyrroloindole 1 (10.0 mg, 0.024 mmol) was 
placed into a 10 mL reacti-vial to which was added dry THF (300 jiL, 
stabilized). The vessel was sealed and cooled at -78° C for 15 min. 
Then 75-150 nL of a solution of {800 jiL of (2M LDA in THF) in 4 mL 
THF} was added. That is, 1-2 equivalents of LDA is added until a 
distinct orange color is obtained. The vessel was maintained at -78° 
C for at least 30 min. [11C]CH3l was passed into the reaction vessel 
at -78° C, after which the reaction mixture was heated at 110° c for 
5 min. The THF was evaporated under a stream of argon at 110" C for 
3 min or until the mixture was almost dry. TFA (200 jiL) was added, 
and the vessel was heated for 1 min. The TFA was evaporated under a 
stream of argon at 135° C for 3 min or until the mixture was almost 
dry. ION NaOH (200 nL) was added to the dark residue, and the vessel 
was heated at 185° C for 5 min. HOAc (35.0 nL) and HPLC solvent (1.5 
mL) was added. The solvent composition was 900 mL H2O/IOO mL EtOH/4 
mL HOAc/1.6 g NaOAc»3H20/pH 4.0. After filtration-, all of the 
solution was injected through a 2 mL loop onto a Beckman Ultrasphere 
ODS 5ji 10 x 250 mm column (UV detection: 254 nm, 1.0 AUFS) at 3.0 
mL/min. a-(11C-methyl)-L-tryptophan eluted at about 16.5-18.5 min in 
about 6 mL of solvent. Reinjection of the fraction indicated that 
the radiopurity was > 99%, that the product eluted at the same 
retention time as a sample of AMT, and that no D-isomer could be 
detected. The radiochemical yield was about 40% based on [11C]CH3l. 
Synthesis time was about 70 min, which included formulation of the 
product by addition of 6 mL NaHCC-3 solution (2.1 g/100 mL H2O) and 
sterilization through a 0.22 urn filter. There are significant 
differences between our work and the literature reports. 

(Iff,11) 
Our 

procedure will greatly simplify automation of the radiosynthesis. 
These differences include using less substrate (10 mg vs 40 mg) which 
reduces the amount of material injected onto the HPLC column, using 
milder hydrolysis conditions, using HOAc instead of H2SO4 to 
eliminate an evaporation step, and using a mobile phase that does 
not require evaporation prior to formulation. 
Hc-AMT (1.5-to 5 mCi) was injected in three monkeys to determine the 
brain uptake (Figure 1) and absorbed radiation dose. Whole body scans 
were obtained using the General Electric Advance. The average 
residence times for lung, liver, kidney, brain, and heart were: 0.67, 
1.44, 1.52, 0.22, and 0.21 min, respectively. The kidney is the 
critical organ at 0.022 mGy/mBq (0.083 rad/mCi). 
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Figure 1. Time-activity curve for 1 1c-AMT in monkey brain. 
C = Tissue concentration in nCi/cc. 
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SYNTHESIS AND CHIRAL SEPARATION OF UC-P-AMINOISOBUTYRIC ACID 

(UC-P-AIB): A MAJOR CATABOLITE OF [METHYL-"C]THYMIDINE. 
Mian M. Alauddin, Peter S.Conti and John D. Fissekis 

University of Southern California 
Los Angeles, CA 90033 

p-Aminoisobutyric acid (P-AIB) is the major catabolite formed on biological degradation of 
thymidine (1,2). Radiolabeled agents such as C-thymidine have been used for tumor imaging and to 
measure tumor proliferation in vivo by positron emission tomography (PET) (3-5). In PET studies 

C-p-AIB is observed as the major catabolite in the plasma after intravenous injection of C-
thymidine in cancer patients and animal models (6). In animal studies I4C-p-AIB also has been shown 
to be major component of total 14C activity in the acid soluble fraction of normal and malignant cells 
(6). It would be useful to study the in vivo pharmacokinetics of C-p-AIB as part of the design of 
mathematical modeling schemes for DNA synthesis rate determination using C-thymidine. 

p-AIB having a chiral center has R and S configurations. The absolute stereochemistry of the 
natural compound isolated from human urine has been assigned the R configuration (2). This 
enantiomer was reported to be levorotatory with specific rotation of (-)15 , and named as D(-)-p-
aminoisobutyric acid (7). In order to obtain accurate pharmacological data regarding the kinetics and 
biodistribution of the p-AIB formed by the natural degradation of thymidine the enantiomerically pure 
D(-)-p-AIB is required. 

Previously reported syntheses of p-AIB are not suitable for incorporation of carbon-11 (1). A 
methodology for the synthesis of C-a-amino acids had been reported (8), and adapted to the racemic 
synthesis of C-p-AIB (9,10). Here, we wish to report the synthesis and chiral separation of C-p-
AIB. A general synthesis was carried out using cold methyl iodide (Scheme 1), and following the 
same method, C-labeled compound was synthesized. Commercially available p-alanine ethyl esterl 
was converted to benzaldimine-p-alanine ethyl ester 2 in 87% yield. Treatment of the imine 
derivative 2 with LDA (1 eq.) at -78 C, followed by addition of cold iodomethane (1.1 eq.) produced 
the a-methylated benzaldimine-p-alanine ethyl ester4 in 73% yield. Deprotection of the amino group 
by acidic hydrolysis followed by basic hydrolysis of the ester group produced the desired product 5_ in 
50% yield. 

Separation was performed by HPLC using cold p-AIB, on a chiral column [Crownpak (+), 
Chiral Technologies Inc.], with aqueous perchloric acid as the eluting solvent. The two enantiomers 
were well separated with a difference of 2.6 minute at 2°C and pH 1.05 at a flow rate of 0.4 
ml/minute. The separation time was dependent on both pH and temperature. By adjusting the 
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temperature and pH of the eluent the optimal separation was achieved. The Crownpak (+) column 
has been extensively used for the separation a-aminoacids (11). D(+) enantiomers generally eluted 
prior to the L(-) enantiomers. However, for p-amino acids the elution profile is not known. 
Therefore, to ascertain the enantiomeric identity of each peak, D(-)-0-AIB was prepared following a 
literature procedure (12). Incubation of D/L-p-AIB with Baker's yeast in the presence of sucrose at 
37 C and pH 6.5 produced the D(-)-p-AIB. After HPLC purification of the product (reverse phase C 
column), it was re-analyzed on the chiral column which showed primarily the second peak and 
minimal residue from the first peak. Therefore, the retention times of L(+) and D(-) p-AIB were 

assigned at 17.4 and 20.0 minutes, respectively, at 2 C when eluted with perchloric acid at pH 1.05. 

C-Methyl iodide was prepared from cyclotron produced C-C0 2 following a literature 

method (13) for radiolabeling of p-AIB. After removal of protecting groups and neutralization, the 
crude product was purified by HPLC using a semipreparative reverse phase C l g column and PBS as 

eluent. The desired compound was eluted at 8.26 minutes. Radiochemical detection by HPLC 
indicated that the product was >99% pure. The synthesis time was 39 minutes including HPLC 
purification. Assignment of the radioactive peaks to the D(-) and L(+) isomers has facilitated their 
successful separation which now provides a means for isolation of the desired species for future 
biological studies. 
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Fast Quality Control of Short-Lived Radiopharmaceutical Compounds with a 
Photodiode Array Detector. 
PLENEVAUX. A.: LEMAIRE, C; AERTS, J.; DEL FIORE, G. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilman B30, B-4000 Liege, Belgium. 

The quality control of short-lived radiopharmaceutical compounds labeled with positron-
emitting radionuclides of less than two hours half-life (carbon-11 and fluorine-18) is a problem 
of major concern due to the fact that the time which can be devoted to these analyses is very 
short (1,2). Ideally, the sterility, the apyrogenicity, the chemical purity, the radiochemical 
purity and the specific activity should be checked before use. The solution cannot be tested for 
sterility and the presence of pyrogens because of the technique used. The radiochemical purity 
and the specific activity can easily and rapidly be measured before application of the compound 
with an analytical HPLC and a single wavelenght UV detector. The picture is somewhat 
different for the chemical purity, usually a PET radiopharmaceutical preparation ends up with a 
reverse phase preparative HPLC chromatography process as final purification. Most of the 
time, a tunable absorbance detector set up at the appropriate wavelenght is used in conjunction 
with an activity probe. After formulation of the compound, an analytical analysis is performed 
in order to check the chemical and radiochemical purities of the radiopharmaceutical and to 
measure its specific activity. The chemical purity cannot be safely estimated through this 
approach due to the fact that we cannot be sure that all unintended reaction products show an 
UV absorbency at the wavelenght chosen for the analysis. 

The problem stems in the detection system used, Franssen et al. (3) proposed the application of 
liquid chromatography combined with mass-spectroscopy (LC-MS) to establish identity and 
purity of PET-radiopharmaceuticals. In this paper we report our experience in the quality 
control of these compounds with HPLC equipped with a photodiode array detector (PDA) 996 
and the associated Millennium™ 2010 Chromatography Manager from Waters. 
The PDA is a high resolution detection system for HPLC that gives the full spectral map of the 
compounds eluted through continious monitoring and acquisition of all UV/Vis wavelenghts. 
The associated software allows complete quantitative and qualitative analyses of the peak 
detected. The power of the system relies on the fact that the sample is analyzed not only at one 
or two wavelenghts but between 190 and 800 nm with a spectral resolution of 1.2 nm. This 
allows carrefull comparisons between spectra and library for compound confirmation. The 
automated peak purity routine compares the peak apex spectrum to all other spectra in the peak 
for fast determination of homogeneity and chase coeluting molecules. The software is able to 
determine if one, two or more (up to nine) compounds are present in the considered peak. The 
3D presentation of the chromatogram lets to look at the peak from every angle and diplays all 
region of the sample to verify that there are no surprise peaks anywhere. Finally the System 
Suitability option offers a package for trend plotting, quality control and methods validation. 
This overview of the PDA system shows that with a simple analytical HPLC analysis and such 
a detector, it is possible to obtain important informations concerning the identity of the 
compound, its chemical purity and a direct quantification within a few minutes. This type of 
quality control is very well suited for short-lived PET-radiopharmaceuticals labeled with 
carbon-11 or fluorine-18. This system is routinely used in our laboratory for the QC of the 
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current productions of [18F]altanserin, [1 8F]tropapride, 6-[18F]fluoro-L-dopa and 
["C]R0151788. 
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DEVELOPMENT AND VALIDATION OF A HIGH-PERFORMANCE LIQUID CHROMA
TOGRAPHIC METHOD FOR THE DETERMINATION OF RACLOPRIDE IN PLASMA. 
A de Bartolomeis, MG Der, E Jagoda, B. Schmall, R. Saunders, TP Su, A Breier, RE 
Carson, and WC Eckelman. 
PET Department, Clinical Center and Experimental Therapeutics Branch, NIMH, 
National Institutes of Health, Bethesda MD 20892 

[ 1 1 C] Raclopride, a substituted benzamide with good selectivity and relative low 
affinity (1.9 nM) for dopamine D2 receptors, is sensitive to synaptic concentrations of 
dopamine and therefore suitable for measuring endogenous dopamine indirectly 
through changes in free receptor concentration. The measurement of free receptor 
levels requires knowledge of the input function, usually through arterial sampling. 
The present report describes the development and validation of a method for 
extracting plasma samples to measure the recovery and concentration of [ 1 1 C] 
raclopride and its metabolites by means of high performance liquid chromatography. 
Although there have been numerous reports on chromatographic systems to 
determine radiochemical purity of [ 1 1 C] raclopride, there have been fewer accounts of 
the analysis of plasma, and no direct determinations of recovery in the analysis of 
plasma. In a recent review of the quality control of raclopride, Pike et al. (1) identified 
one faster eluting compound, desmethylraclopride, and one slower elution compound, 
O-ethyl-desmethylraclopride using reversed phase HPLC, but showed that the 
radiochemical purity was high. Farde et al (2) used a TLC system to measure parent 
raclopride in plasma. The fraction of unchanged raclopride was 92% after 4 min. and 
76% after 42 min. in humans. Swahn et al (3) using TLC found both a slower-moving 
and a faster-moving impurity in plasma samples that were tentatively identified as the 
sulfate or glucuronide and the lactam, respectively. Swahn et al (4) found that the 
major metabolite in plasma was slower to elute from reversed phase HPLC and 
identified the radioactive peak as the lactam formed through oxidation. Ogren et al 
had identified that compound as a major metabolite of Remoxipride (5). They also 
found a small faster eluting peak. Overall the metabolism was slow in humans, with 
70-80% raclopride remaining in plasma after 42 minutes. Luthra et al. (6) found an 
average of 75% of the plasma activity as raclopride at 1 hour after injection in 15 
subjects. 

Preparation of standard solutions and calibration curve determination 
A standard solution was prepared with 4 mg raclopride tartrate per 25 mL of the HPLC 
mobile phase and stored up to three months at 4°C until the day of the assay. A 
standard curve was constructed using 50, 60,70,80 and 90 u,L of the diluted standard, 
which consisted of 50 uL of the standard in 600 uL of HPLC mobile phase (MP). The 
UV peak area obtained from the HPLC trace was plotted versus the injected standard. 
Eighty microliters of a mixture of 300 uL of plasma, 50 uL of the standard, and 300 uL 
of acetonitrile (ACN) was used for the study sample. 

Procedure for analyzing recovery and metabolism of raclopride from plasma samples. 
The procedure is as follows: draw 2 mL of blood, centrifuge, and pipet 300 uL of 
plasma to an Eppendorf screw-cap tube containing 50 uL of raclopride standard and 
300 uL of ACN. Vortex and then centrifuge for 3 minutes. Using the same syringe that 
will be used for the HPLC injection, aliquot 80 uL (from thesupernatant) into a counting 

1 
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tube to measure HPLC recovery. Inject 80 uL into the HPLC and collect 20 fractions 
(0.6 min/ fraction). Count the pellet and the remaining supernatant. Re-extraction of 
the pellet with an additional 300 mL of ACN removed less than 3% of the total 
radioactivity. Using twice the volume of plasma and ACN did not affect the final 
metabolite values. 

High Performance Liquid Chromatography. Samples were analyzed using a 
uBondapak C18, 10 m, 3.9 x 300 mm column with 30% ACN-70% buffer (0.1 M 
NH4HCOz and 0.5% glacial acetic acid), pH 4.0 at 2.5 mL/min. 

In vivo studies. Studies in isofluorane-anesthetized rhesus monkeys with bolus 
injection or bolus/infusion (7) were performed on the Scanditronix PC2048-15B. For 
these studies, 2-5 mCi of raclopride (specific activity 125-600 Ci/mmol at injection) 
were administered and dynamic scanning and arterial blood sampling were performed 
over a 60-90 min. period. Studies in humans were performed on the General Electric 
Advance using 8 mCi administered as a bolus/infusion. 

RESULTS. 
Standard curves were run in parallel to processing plasma samples for recovery of 
raclopride. For eight experiments, the average microliters of standard raclopride 
solution recovered was 84.2 + 5.7 uL compared to 80 uL injected. The recovery was 
greater than 100% with a small systematic error probably due to evaporation of ACN 
(Table 1). 

Table 1. Recovery of raclopride from human plasma using HPLC and an 
added nonradioactive raclopride standard. 

average UV absorbance area. 
Studv for all time points (x103 + sd) recovered volume (uL) 
1 471 + 8 74.1 
2 475+ 5 89.8 
3a* • 496 + 20 89.4 
3b 485 + 24 86.8 
4a 493+ 16 87.9 
4b 454+ 31 82.0 
5a 443+ 18 79.5 
5b 4 5 7 + 8 82.5 
* a and b were carried out on the same day reflecting intraassay error. 

The recovery of radioactivity was measured for all samples at three steps: (1) the 
extraction with ACN in the plasma samples, (2) the total radioactivity recovered from 
the HPLC, and (3) the fraction of the radioactivity from the HPLC in the raclopride 
peak. In the first case the recovery was 88.7 + 2.6 % (sd) for humans and 90.6 + 2.6 % 
(sd) for monkeys. For the second case, the recoveries averaged 95 ± 4% (sd). In the 
third case for the 0 time point, for 10 patient studies using constant infusion, the 
average recovery was 96.3 + 1.5% (sd). In 17 monkey studies of which 4 were bolus 
injections and 13 were constant infusions, the average recovery was 96.3 + 3.9% (sd). 
The percentage of parent raclopride at the five times after injection showed that 
raclopride is metabolized more rapidly in monkeys than in humans (Table 2). 
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Table 2. Percentage of parent raclopride at various times after injection 
in monkeys (n=4 bolus, n=13 infusion) and humans (n=10). 

5min. 12 min. 25 min. 40 min. 60 min. 
Humans 
(infusion) 94.3+3.6 81.8+11.3 82.8±13.9 83.7±12.1 80.0±13.5 
Monkeys 81.8+11.7 63.0+13.1 49.4+12.6 43.1±14.5 19.1±9.5 
(infusion) 
Monkeys 83.4+8.0 58.5+15.6 40.1+15.1 
(bolus) 

Although the raclopride standards, the HPLC samples, and the plasma samples 
contained different proportions of solvents, the volume of mixing was additive. 
Therefore, direct comparisons were possible. The recovery of raclopride using 
nonradioactive standards was slightly higher than 100% and the standard curve had 
to be repeated on the day of the experiment to obtain accurate results. However, it did 
allow calculation of the recovery on metabolite samples at all times without the 
complication of summing radioactivity eluted from the HPLC. Recovery as measured 
using radioactive raclopride was quantitative, but could not be calculated easily on the 
actual metabolite samples because of the low count rate. As shown previously, 
raclopride is metabolized more rapidly in monkeys than in humans. The metabolism 
appeared to be faster after bolus injection in monkeys compared to an infusion, but the 
difference was not significant because of the large variation in metabolism from 
subject to subject. The rate constant for the change in percent raclopride in plasma for 
the four control bolus studies was 0.032 + 0.0155 min'1. For the seven control 
infusions, the rate constant was 0.015 ±0.006 min"1. The change in metabolism rate 
was reflected in a change in the amount of raclopride found in the target tissue, i.e., the 
concentration of raclopride bound to the D2 receptor was proportional to the 
concentration of raclopride remaining in the blood. For control bolus studies (n=5) the 
volume of distribution was 3.2 +0.9 mL/mL in the putamen, whereas for the control 
infusion studies, the volume of distribution was 3.1 ±1.2 mL/mL in the putamen 
compared to 1 in the cerebellum (8). 

1 Pike VW, Kensett MJ, Turton DR, Waters SL, and Silvester DJ. Appl Radiat Isot 41:483 (1990). 
2 Farde L, Eriksson L, Blomquist G and Halldin C. J Cereb Blood Flow Metab 9:696 (1989) 
3 Swahn C-G, Farde L, Halldin C and Sedvall G-Human Psychopharmacology 7:97 (1992) 
4 Swahn CG, Halldin C, Lundstrom J, Erixson E and Farde L. J Label Compd Radiopharm 32:284 
(1993). 
s Ogren SO, Hall H, Widman M and Angeby-Moller K. Pharmacology & Toxicology 73:325 (1993). 
6 Luthra SK, Osman S, Turton DR, Vaja V, Dowsett K and Brady F. J Label Compd Radiopharm 32:518 
(1993). 
7 Carson RE, Channing MA, Blasberg RG et al. J Cereb Blood Flow Metab 13:24 (1993). 
6 Carson RE, A Breier, de Bartolomeis A et al. J Cereb Blood Row Metab Suppl, 1995. 
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Studies on separation of 5-fluorouracil from uracil by reversed-phase HPLC 

Hartung T. and Adler T., Department of Nuclear Medicine - PET-Center, University of Ulm, 

Robert-Koch-Str. 8, D-89081 Ulm, Germany. 

5-[18F]fluorouraciI (5-I8FU) is frequently used in PET studies evaluating the uptake of the labelled 

cytostatic agent in tumors and metastases in order to predict individual response rates to 5-FU 

chemotherapy (1). Previously reported methods of synthesis of 5-18FU used preparative HPLC to 

obtain 5-18FU of high purity (2, 3). The main contamination of 5-18FU preparations generally consists 

of unreacted uracil which is initially used in large excess and which can only be removed chromato-

graphically. Our aim was to optimize the analytical HPLC separation of 5-FU from uracil by 

investigating the efficiency of different reversed-phase columns and by varying the eluent and the pH 

value considering two important conditions: 

- 5-FU should be the first eluting component (this avoids tailing of excess uracil in a preparative 

separation if it is first eluted), and 

- the eluent should consist of a buffer system suitable for injection to patients. 

The determination of the separation properties of the HPLC columns was performed with sodium 

phosphate buffers of different concentrations (10 mM and 50 mM) and varying pH values (3.5 - 8.0) 

as mobile phase. In accordance with previously reported results (2) we found that 5-FU generally is 

the first eluting component at pH > 7.0 - 7.3, whereas the order of elution usually inverted at pH < 6. 

Furthermore, a better resolution of the components was obtained by reducing the buffer concen

tration and by increasing the pH value of the eluents. It should be pointed out that even small 

changes of the pH value, e.g. from 7.8 to 8.0, resulted in considerable varying retention times of the 

components. Considering the conditions mentioned above, the best results were achieved with 10 

mM buffer at pH 8.0, independent from the stationary phase (eluents with a pH > 8.0 were not used 

to avoid decomposition of the silica gel-based materials). The HPLC analysis data summarized in 

Table 1 show that significant differences exist in the separation efficiency of the stationary phases. 

Fig. 1 illustrates a separation on an Econosphere column which should sufficient also for preparative 

application. 
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Table 1. HPLC analysis data of 5-FU and uracil on RP-columns (0.01 M sodium phosphate buffer, 

pH8.0) 

Stationary phase Dead time (to)0 kW k'lfticil Resolution 

Eurospher 100-C18, 5a*' 2.55 0.39 1.04 6.41 

Eurospher 100-C8, 5n"> 2.79 0.06 0.44 5.67 

Kromasil 100-C18, 5u*> 2.43 0.77 1.44 6.55 

Nucleosil 100-C18, 5u" 2.66 0.64 1.08 4.31 

Nucleosil 100-CN, 5ub ) 2.79 -0.11 0.08 2.86 

LiChrosorb RP Select B, 5nb) 2.41 0.45 0.96 3.05 

Econosphere C18, 5u,c' 2.60 0.46 0.96 7.04 

Hypersil ODS, 5u d ) 1.25 0.11 0.55 4.79 

Ultremex Phenyl, 3n e ) 0.88 -0.05 0.24 2.62 

" 250x4mm, 0.9 ml/min - b ) 250x3mm, 0.6 ml/min - c ) 250x4.6mm, 1.1 ml/min - d > 125x4.6mm, 

1.1 ml/min - e ) 75x4.6mm, 1.1 ml/min - ° dead time to was determined with urea as standard 

Uracil 

5-FU 

JL 

UU.UIS-1 
260 nm 

2.00 3.00 6.00 7.00 

Fig. 1. Separation of 5-FU and uracil on an Econosphere column (conditions see Table 1) 

References 

1. Strauss L.G., Conti P.S. - J.Nucl.Med. 32: 623 (1991) 
2. Oberdorfer F., Hofmann E., Maier-Borst W. - J.Label.Compds.Radiopharm. 27:137 (1989) 
3. Brown G.D., Khan H.R., Steel C.J. et al. - J.Label.Compds.Radiopharm. 32: 521 (1993) 

701 



Analysis of Radiolabeled Compounds using Capillary Zone Electrophoresis 

Michael J. Poirier, Joseph L. Glajch, The DuPont Merck Pharmaceutical Company, 
Radiopharmaceutical R&D Division, N. Billerica, MA 01862-2821 

Eugene F. Barry, Dept. of Chemistry, University of Massachusetts Lowell, 
Lowell, MA 01854 

Capillary Zone Electrophoresis (CE) is a powerful separation technique for the analysis 
of a wide variety of compounds. The use of CE has particularly grown in the past decade for 
separation of large molecules such as proteins and peptides, but has also been applied to smaller 
organic and inorganic molecules. The primary advantages of CE are high resolving power, rapid 
analysis, and the need for only extremely small samples (typically 1-10 nanoliters injected on 
column). 

The use of radiometric detection in CE for both beta and gamma emitters would be an 
extremely valuable tool in research and development of new radiopharmaceutical agents. 
Current techniques employ both radio-HPLC and radio-TLC as the primary methods for analysis. 
A common impurity found among many radiopharmaceuticals is radiocolloid (Tc02) which as a 
microparticle can not be determined by HPLC. Radio-TLC is therefore used for the 
measurement of radiocolloid, but the low resolving power of TLC limits its overall use. CE 
poses a possible mode of separation that offers the ability to resolve all the analytes of interest, 
including radiocolloid in a single analysis. 

This presentation will describe the development of CE methods using radiometric 
detection for the separation of a variety of radiolabeled compounds. The detection system 
consist of a scintillation tube with a BGO (bismith germanium oxide) crystal, although a sodium 
iodide crystal has also been used. The capillary is inserted through the crystal for enhanced 
sensitivity. The 4% geometry of the detector allows for detection at the attamole level (10"^ 
mole). The detector has been shown to have a linear response from 1 X10~H to 3.5 X 1 0 " ^ M 
for Tc99m_ A typical electropherogram showing the lower limit of detection is shown in Figure 
1. In addition to linearity, we have begun to validate the use of the detector as a quantitative tool 
by evaluating its accuracy and precision. 

The presentation will cover the different isotopes that have been evaluated, how the 
technique can be used in the radiopharmaceutical and pharmaceutical environments, problems 
due to detection of analytes with different mobilities, and the validation data. In addition, the 
analysis of a number of radiopharmaceutical compounds will be compared with other analytical 
techniques such as HPLC and TLC. 

References 

1. S. Pentoney, R. Zare and J. Quint, Anal. Chem.. £1 (1989) 1642 
2. S. Pentoney, R. Zare and J. Quint, J. Chromatogr.. 480 (1989) 259 
3. K.D. Altria, C.F. Simpson, AJC. Bharij and A.E. Theobald, Electrophoresis. 

11(1990)732 
4. G. Westerberg, H. Lundqvist, F. Kilar and B. Langstrom, J. Chromatogr.. 645. (1993) 319 
5. K.D. Altria, C.F. Simpson, A.E. Theobald and A.K. Bharij, Pittsburgh Conf. and 

Exposition, 1988, Abtract642 
6. R.E. Needham and M.F. Delaney, Anal. Chem.. 55. (1983) 148 
7. V. Berry, LCJGC. £ (1988) 484 

702 



inutes) 

Figure 1. Typical electropherogram of a 0.1 mCi/mL solution of 9 9 mTc04-. 
Conditions: 60cm x 75urn i.d. open tube capillary, 3 sec. vacuum 
injection, 50mM borate buffer, pH=8.3. Injection of ca. 1 nCi of 9 9 mTc04-. 
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IMPROVED SENSITIVITY AND SELECTIVITY IN THE DETERMINATION OF 
SPECIFIC RADIOACTIVITY BY MEANS OF RADIO-HPLC-MS 

Benita Hyllbrant,1A3 Niklas Tyrefors,3 Karin E. Markides,2Bengt Langstrbm,1,3 

Departments,of Organic1 and Analytical2 Chemistry, Inst of Chem., Uppsala University, Box 
531, S-751 21 Uppsala, Sweden. 3Uppsala University PET Centre, UAS S-751 85 Uppsala, 
Sweden. 

Atmospheric pressure ionisation (API) techniques, such as electrospray and atmospheric 

pressure chemical ionisation, has significantly broadened the range of applications for mass 

spectrometry1. One of the paths of development aim towards improved selectivity and 

sensitivity in determination of moderately polar pharmaceuticals, which is commonly 

performed by combining liquid chromatographic separation with mass spectrometric detection 

(HPLC-MS)2. In work with labelled compounds mass spectrometry has been shown to be 

useful to assess identity of synthetic products3,4. 

The high specific radioactivity achieved in synthesis of many nC-labelled receptor ligands used 

in PET studies, frequently causes problems in the determination of mass concentrations by 

chromatography with UV-absorbance detection, m this study, HPLC with on-line detection of 

radioactivity, UV-absorbance and mass spectrometry has been used for such determinations. 

Mass spectrometry shows significantly improved sensitivity compared to UV-absorbance for 

the receptor ligands investigated, as well as improved selectivity due to the possibility to 

separate each individual mass. 

As an example, 7-(0-[methyl-nC])-l-methyl-9H-pyrido[3,4-b]indole)5 ([nC]harmine) was 

separated, identified and quantified using HPLC with radio-, UV-absorbance and pneumatically 

assisted electrospray mass spectrometry detection simultaneously (Fig. 1). A volume of 2 ul of 

the final solution used for in vitro experiments was injected and the mass concentration was 

1 Bruins, A.P., Mass Spectrom. Rev., JO: 53 (1991). 
2 Burlingame, Ai., Baillle, T.A., Rusell, D.H. Anal.Chem. 64:467 (1992). 
3 Eranssen, EXF., Luurtsema, G., Medema, J., Visser, G.M., Jeronismus-Shalingb, CM., Bruins, A.P., Vaalburg, 
W. Appl. RadiaL IsoL 45: 937 (1994). 
4 Aigbirhio, F.I., Pike, V.W., Waters, SX., Makepeace, J., Steel, CJ., Tanner, R.J .N. J. Lab. Compd's 
Radiopharm.3_5_: 171 (1994). 
5 Westerberg, G., BergstrOm, M., Kihlberg, T., LSngstrom, B. Abstracts of the Xlth International Symposium on 
Radiopharmaceutical Chemistry, August 13-17,1995, Vancouver, Canada. 
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calculated to be 3 ug/ml. Quantification was performed from the MS trace, where the signal-to-

noise ratio is approximately 200 times higher than in the UV-absorbance trace. 

When determining mass concentration of receptor ligands, large injection volumes are used to 

compensate for the lack of sensitivity in UV-absorption detection. Compromise has to be struck 

between amount injected and the quality of the resulting chromatographic analysis. For the 

investigated receptor ligands, detection with MS for the same samples shows significantly 

improved sensitivity. The amount of sample injected is therefore not critical and subsequently 

small injection volumes can be used and chromatographic integrity be retained in analyses. 

These results shows that HPLC-MS will be a valuable complement in quantification of receptor 

ligands used in PET studies, for improved selectivity and sensitivity in analysis. In the 

presentation similar data sets for the following ligands will be discussed, W-[methyl-

"Cjspiperone, tf-[methyrnC]deprenyl and 0-[methyl-nC]raclopride. 

i • 111111 • i j 1 1 1 . M. . 111 T i m e 

Fig. 1. Analysis of, [nC]harmine with on-line detection of radioactivity (A), UV-absorbance 
(B) and positive electrospray mass-spectra with selected ion monitoring of m/z 213 [M+H]+ (C). 
Noise magnified 200 times inserted in (C). 
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1 J C - AND 1 23l-LABELLED 2-p-CARBOMETHOXY-3-P-(4-IODOPHENYL)-
TROPANE (P-CIT) DERIVATIVES AND THEIR LABELLED METABOLITES 
IN MONKEY AND HUMAN PLASMA DETERMINED BY GRADIENT HPLC 
C.-G. Swahn. C. Halldin, *K. Bergstrom, C. Lundkvist and L. Farde. Karolinska Instituted 
Department of Clinical Neuroscience, Psychiatry Section, Karolinska sjukhuset, S-171 76 
Stockholm, Sweden.*Kuopio University Hospital, Kuopio, Finland. 

B-CIT (Figure 1) is a cocaine analogue that binds to the dopamine transporter and is one of the 
most potent ones of this class of compounds (1). We have labelled B-CIT with UC, both on 
nitrogen and on oxygen. Further, we have labelled 6-nor-CIT, N-2-fluoroethyl-C-nor-CIT (B-
CIT-FE), N-3-fIuoropropyl-B-nor-CIT (B-CIT-FP) and 3B-(4-iodophenyl)tropane 2B-
carboxylic acid with ' 'C. These compounds were used for in vivo studies of monkey (Macaca 
cynomolgus) brain and for B-CIT also of human brain with PET and in connection with these 
studies blood was obtained. Plasma was separated and analysed by HPLC for unchanged 
compounds and labelled metabolites. These studies were undertaken to define the plasma input 
function, corrected for metabolites and also as an effort to identify the labelled metabolites to 
judge if they could pass the blood-brain barrier or if they could have affinity to the dopamine 
transporter. B-CIT and the two fluorinated analogues (B-CIT-FP and B-CIT-FE) were also 
labelled widi 1 23l for the study of the human brain. Plasma samples were taken and analysed in 
a similar way as for the "C-compounds. 

A recently developed plasma handling procedure and a gradient HPLC method (2) was used for 
separation between radioligand and its labelled metabolites. A sample for chromatography was 
prepared from plasma and centrifuged after the addition of acetonitrile and reference 
compounds. The total supernatant was injected into the HPLC column. The HPLC system 
consisted of two Kontron 420 pumps, a Kontron 491 solvent mixer, a Rheodyne 1761 injector 
with a 1 ml loop, a Waters H-Bondapak C-18 column (7.8 x 300 mm, 10 nm), a Kontron 432 
UV detector operated at 254 nm and a Packard Radiomatic Flo-one beta A-100 radioactivity 
detector (0.6 ml PET-cell). The data were stored and processed by a Kontron 450 computer 
system. The column was eluted with a gradient of a mobile phase consisting of acetonitrile and 
0.01 M phosphoric acid with a total run length for all compounds less than 7.5 minutes (solvent 
system 1). In addition a mixture of methanol-water-triethylamine (3) was used in some 
experiments (solvent system 2). 
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Figure 1. Structure of B-CIT and metabolism of cocaine. Additional hydroxylated metabolites 
are shown at the bottom. 

Cocaine itself is metabolised to a variety of compounds (4) (Figure 1). In analogy, B-CIT and 
its derivatives could also be expected to give the free acids and they were also detected in those 
cases when the label was situated on nitrogen. B-nor-CIT did not separate from B-CIT and not 
very well from C-CIT-FE in the solvent system 1 but did so in solvent system 2. Very little B-
nor-CIT was present at all time points with all radioligands tested (<5%). All the compounds 
gave rise to a labelled metabolite eluting almost with the void volume. There was usually also 
additional compounds eluting faster than the parent compound. Examination of B-CIT labelled 
with HC on nitrogen showed that at least two labelled metabolites were eluting at times 
corresponding to the free acid and slightly later. Sometimes a small (<5%) peak later than the 
parent compound could be seen. B-OT-FP and B-CIT-FE showed an unknown lipophilic 
metabolite eluting before the parent compound (20% and 40% at 60 min, respectively). The 
123I-labelled compounds showed the same pattern of labelled metabolites (5). After injection of 
the acid corresponding to B-CIT the parent compound was present unchanged to more than 
90% at all time points. Chromatograms of three 1 'C-labelled compounds are shown in Figure 
2. The radioactivity recovered in the supernatant was higher than 90% of the total radioactivity 
for all compounds at early time points but decreased to about 80% at 60 minutes only for B-CIT 
and B-nor-Cn*. The two fluorinated compounds (B-CIT-FP and B-CIT-FE) were recovered to 
more than 90% at all time points. The time course of the percentage of unchanged compounds 
labelled with "C in monkey is shown in Figure 3a. Unchanged B-CIT and the two fluorinatcd 
analogues in human plasma are shown in Figure 3b. 
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Figure 2. HPLC chromatograms of plasma samples of A: [N-methyl-^CJB-CIT (I) at 10 min, 
B: [O-methyl-1 JqU-CIT (II) at 21 min and C: [0-methyl-nC]6-CIT-FP (HI) at 26 min after 
injection in Cynomolgus monkeys (solvent system 1). 
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Figure 3. Time course of ^C-labelled B-CIT analogues in monkey Oeft) and 1 J C - and 1 2 3 I -
labelled B-CIT analogues in man (right). 
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DETERMINATION OF LABELLED METABOLITES OF THE DOPAMINE D-2 
RECEPTOR ANTAGONIST [HC]FLB 457 IN MONKEY AND HUMAN 
PLASMA BY GRADIENT HPLC 
C. Halldin. C.-G. Swahn and L. Farde. Karolinska Institutet, Department of Clinical 
Neuroscience, Psychiatry Section, Karolinska sjukhuset, S-171 76 Stockholm, Sweden. 

To study receptors in brain with PET it is important to determine the occurrence of labelled 
metabolites in plasma and investigate if they pass the blood-brain barrier and bind to the 
receptors. A time-curve for the fraction of radioactivity in plasma representing parent 
compound is necessary for calculation of the metabolite corrected plasma input curve. A rapid 
and efficient HPLC-method has been reported for determination of metabolism of the widely 
used dopamine D-2 receptor antagonist [HCJraclopride (1). The main labelled metabolite was 
identified as the lactam (10-20%) which is more lipophilic than [nC]raclopride itself. The 
benzamide analog [UCJFLB 457 has recently been developed as a potential PET radioligand 
for quantitative examination of dopamine D-2 receptors in extrastriatal regions in the human 
brain (2). This work describes the method for determination of metabolism of [ nC]FLB 457 in 
both monkey and human plasma. 

The radioactivity in monkey and human plasma that corresponds to unchanged [11C]FLB 457 
and that which is represented by metabolites was analysed with a gradient HPLC-method (3). 
Blood samples (2 mL) were obtained from monkey or human at about 4, 10, 20, 30, 40, 50, 
60, 75 and 90 minutes after injection of [HC]FLB 457. The supernatant obtained after 
centrifugation was mixed with acetonitrile containing a standard of FLB 457. The reversed-
phase HPLC Kontron system consists of: 2 Kontron 420 pumps, a Rheodyne injector (7125 
with a 1.0 mL loop) equipped with a Waters |i-Bondapak-C18 column (300 x 7.8 mm, 10 nm) 
and a Kontron 432 UV-spectrophotometer (254 nm) in series with a Packard 
Radiochromatography detector Serie A-100 (1 mL cell). Phosphoric acid (0.01 M) (A) and 
acetonitrile (B) were used as the mobile phases with a flow rate of 6.0 mL/rnin. Gradient 
elution was employed in all metabolite analyses. The gradient profile was the following: HPLC 
time 0-5 minutes, (A/B) 80/20-60/40; 5-7.5 minutes, (A/B) 60/40-30/70; 7.5-8.5 minutes 
(A/B) 30/70-80/20; 8.5-9.5 minutes (A/B) 80/20 isocratic; 9.5 minutes end. The Kontron 450 
Multitasking system was used as an efficient controller and PC-integration system. 

Several pathways can be suggested for the metabolism of [HCIFLB 457. It is known that the 
benzamide analogue remoxipride (Roxiam, Astra) is extensively metabolized in the pyrrolidine 
moiety in man (4). Thus, it is likely that FLB 457 is metabolized in an analogous way in 
humans. This would lead to N-dealkylated and/or pyrrolidone and hydroxypyrrolidone 
derivatives devoid of affinity for the dopamine receptors (Figure 1). 
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Figure 1. Structure of [^CJFLB 457 and metabolism of the regioisomer remoxipride. 
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Figure 2. Time course of [UCJFLB 457 and labelled metabolites in monkey and human. 

The recovery from the plasma handling was higher than 95%. Experiments showed that >98% 
of the injected radioactivity was recovered from the column. The percentages of total 
radioactivity in plasma representing unchanged compound obtained after injection of [' 'CJFLB 
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457 in monkey and human are shown in Figure 2. [ n C ] F L B 457 was rather rapidly 
metabolised. A rapid metabolism is seen for many radioligands and does not preclude that 
[ n C ] F L B 457 may be useful in PET-studies. The main metabolite (60-70% after 80 min) is 
polar and is not likely to pass the blood-brain barrier. One metabolite only observed in human 
plasma was lipophilic, but was less than 5% of the total radioactivity at all time points (Figs. 2 
and 3). A problem is if the metabolites pass the blood-brain barrier and bind to dopamine 
receptors. In future studies in humans the radiolabelled lipophilic metabolite will be identified to 
support the assumption that FLB 457 is metabolized in an analogous way as remoxipride. 

•nmeOnln) Tlawlriita) 

Figure 3. HPLC chromatograms of blood samples from a monkey (left) and human (right) after 
i.v. injection of [' 'C]FLB 457. From front to rear, the curves represent the consecutive 
samples, obtained after about 4 ,10,20, 30,40,50, 60,75 and 90 minutes after administration 
of the radioligand.The peak at 6.5 minutes represents [ n C]FLB 457 and at 7.5 the lactam. 
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[nCjmefa-Hydroxyephedrine — Determination of Labelled Metabolites in Rat 
Plasma and Heart, and in Serial Plasma Samples from Human Subjects during 
PET Studies 
S. OSMAN.i M.P. LAW.i V.W. PIKE.i D.R. TURTON.i RJ. DAVENPORT," M. SCHAFERS2 and 
P.G. CAMICP 
•PET Methodology and ^Cardiology Groups, Cyclotron Unit, MRC Clinical Sciences Centre, 
Royal Postgraduate Medical School, Hammersmith Hospital, Ducane Road, London W12 ONN, 
U.K. 

[>iC]me/a-Hydroxyephedrine, ["CJMHED, is an important radiotracer used with PET to examine 
the presynaptic neuronal re-uptake of noradrenaline in human heart (1,2). We are using 
[HCjMHED to determine whether there is abnormality in the neuronal re-uptake of 
noradrenaline associated with the decrease in B-adrenoceptor density observed in hypertrophic 
cardiomyopathy (3). To aid in the interpretation and modelling of PET data, we have measured 
the relative proportions of [i'C]MHED and its labelled metabolites in rat plasma and rat heart and 
in serial plasma samples from subjects during PET studies. 

N H U C H 3 

([HC]MHED) 

[JiC]MHED was routinely synthesised by the direct methylation of metaraminol with 
no-carrier-added [HCjiodomethane (4). The specific radioactivity was on average 22 GBq/umol 
(range, 15-36 GBq/umol) at the end of radiosynthesis. The radiochemical and chemical purities 
were > 99%, as determined by reverse phase HPLC on a Bondclone C13 column (300 X 3.9 mm 
i.d.; Phenomenex) using a mobile phase of 0.2M-ammonium formate-methanol (90:10 v/v) at a 
flow rate of 1 mL/min; the retention time of reference MHED, synthesised from metaraminol (5), 
is 5.4 min. In a subject dose (ca 370 MBq) of [HCJMHED, the levels of unlabelled MHED and 
metaraminol ranged from 9-22 nmol (n = 21) and 1.1-3.3 nmol (n = 21), respectively. 

Preliminary studies were carried out using rat plasma and tissues to determine an optimal 
method for analyzing [UCJMHED and its labelled metabolites before serial plasma sample 
analysis from human subjects was undertaken during PET studies. Adult male Sprague Dawley 
rats were injected with 3.7-11 MBq (1-3 mCi) of [HCjMHED via the tail vein. At various times 
up to 60 min after injection, arterial blood samples (0.5-1 mL) were taken from the tail artery 
into heparimsed tubes and centrifuged at 2000 g for 2 min to obtain cell-free plasma. Rats were 
sacrificed at 5, 30 and 60 min after injection of ["C]MHED and selected tissues (heart, liver) were 
rapidly removed. Plasma samples were deproteinised and tissue samples were homogenised using 
ice-cold 0.4M-perchIoroacetic acid and centrifuged. The resulting supernatant liquid was 
adjusted to between pH 6 and 7, filtered and analyzed, as 1 mL aliquots, by reverse phase HPLC 
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on a u-Bondapak C18 column (30 x 0.78 cm i.d.) eluted with O.lM-sodium dihydrogen 
phosphate-methanol (90: 10 v/v) at 3 mL/min. Eluate was monitored for both radioactivity and 
absorbance at 280 nm. The percentages of radioactivity represented by unchanged [i'C]MHED 
and its radiolabeled metabolites were calculated by integration of the HPLC radiochromatogram. 

HPLC analysis of rat plasma showed at least three major radioactive metabolites (retention 
times of 4, 5 and 8 min), which eluted before the [HCJMHED (retention time, 10 min). Figure 1 
shows the time-course for unchanged [»C]MHED and its labelled metabolites as a percentage of 
radioactivity in rat plasma up to 60 min after injection. At 2.5 min, 92% of the radioactivity in 
rat plasma was [>'C]MHED but this reduced rapidly to 17% by 60 min. These findings are 
similar to those reported in guinea pigs (4), but higher percentages of unchanged tracer were 
found in dog plasma (2). The uptake and retention of radioactivity in rat heart was higher than 
that in other examined tissues. [»C]MHED represented > 99.6 % of the radioactivity in rat heart 
during the 60 min of the study. 

["C]MHED and its labelled metabolites were measured in plasma samples (1 mL) from 
21 human subjects during PET scanning by using the method of analysis devised for rat plasma. 
Of these subjects 10 were healthy volunteers and 11 were patients with either hypertrophic 
cardiomyopathy or arrthyhmyogenic right ventricular cardiomyopathy. In contrast to the HPLC 
analysis of rat plasma, the analysis of human plasma showed only one radioactive metabolite 
(retention time, 8 min) eluting before [UCJMHED. The identity of the labelled metabolite and its 
pharmacokinetics are at present unknown, though its chromatographic mobility is the same as the 
one of the polar radioactive metabolite seen in rat plasma. ["C]MHED represented 97% of the 
radioactivity in human plasma at 3.5 min and 15% at 50 min after radiotracer injection (Figure 
2). No significant differences were observed in the data from healthy subjects and patients. The 
range of the data at all measured time points is narrow, showing low biological variation and the 
consistency of the analytical method. 

Figure 1: Time course of [HCJMHED and its labelled metabolite(s) in rats (Panel A) 
and in human plasma (Panel B) after i.v. injection. 

0 5 10 15 20 25 30 35 
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We arc now routinely using plasma metabolite analysis data to correct the arterial input function 
in the modelling of the cardiac [>iC]MHED uptake, recorded in PET studies of human subjects. 
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Determination of the anticancer agent r3-AMllClmethvntemozolomide and its metabolites in 
Human and Rat Plasma. 
OSMAN S., LUTHRA S.K., BROWN G., PRENANT C , BRADY F., HUME S., 
ASHWORTH S., BROCK C. AND PRICE P.M. 
MRC Cyclotron Unit, Clinical Sciences Centre, Hammersmith Hospital, London W12 OHS. 

Temozolomide (8-carbamyl-3-methylimidazo[5-l-d]l,2,3,5-tetrazin-4(3f0,1. (Figure 1) is a 
prodrug which has been shown in Phase I and II clinical trials to have antitumour activity, 
against gliomas, malignant melanomas and lymphomas, without toxicological problems'-2- It 
has been proposed that temozolomide undergoes nucleophilic, base catalyzed conversion to 5-
(3-methyl-triazen-l-yl)imidazole-4-carboxamide (II) (MTIC), which then converts to 5-
aminoimidazole-4-carboxamide (III) (AIC) and methyldiazonium species (IV). The latter has 
been postulated to be the active methylating agent in the major groove of DNA3. 

CONH, CONH, CONH, 

N. I 1 » - N. 1 

O 3 

(i) (ii) (in) (iv) 

Figure 1. Reaction scheme for metabolism and chemical decomposition of [3-N-
[iiC]methyl]temozolomide (I) to MTIC (II); AIC (III) and methyldiazonium (V). 

We have previously reported4 carbon-11 labelling of temozolomide in either the [3-W-methyl or 
the 4-carbonyl position in order to demonstrate the proposed mechanism of action in man using 
PET- Clinical PET studies with [3-yV-[nc]methyl]temozolomide are currently underway in 
parallel with Phase II clinical trials being carried out by Cancer Research Campaign UK>. 
Based on eight preparations for clinical studies, specific radioactivity was typically 28 GBq 
(imol-1 (range 5-57 GBq (imol-1) at end of synthesis and with radiochemical and chemical 
purity of >97%. The amount of stable temozolomide in a 370 MBq of [3-N-
11 iC]methyl]temozolomidc human injection was 7 ng (range 4-15 tig). For rat studies 37 -111 
Mbq was injected. 
To support the PET studies a rapid and efficient metabolite analysis method had to be 
developedwhich took into consideration the difficulties associated with the chemical instabilities 
of temozolomide and its metabolic products. Temozolomidc is stable at acidic pH (<7) and 
decomposes to MTIC at pH >7; MTIC is stable alkaline pH and spontaneously decomposes to 
AICatpH<7.3 

V-NH 
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Following i.v. injection of [3-N-[iiC]methyrjtemozolomide, serial arterial blood samples from 
either humans or Spraque-Dawley rats were taken and cell-free plasma was deproteinated using 
acetonitrile. The mixtures were centrifuged (2000 g , 3 min), supematants concentrated by 
rotary evaporation. The residues were re-suspended in the mobile phase and filtered prior to 
HPLC analysis. A "|i." Bondapak Qg (30 x 0.78 cm i.d.) column was eluted with the mobile 
phase containing a mixture of ammonium acetate (0.05 M):acetonitrile (95:5 v/v) at a flow rate 
of 3 mL min-i. The eluate was monitored with on line radioactivity and UV detector connected 
to PC integrator system. 

Extraction of radioactivity from human or rat plasma into acetonitrile was >98%. Methanol 
could not be used for deproteinations as it acted as a nucleophile causing ring opening of 
temozolomide in vitro. Temperatures greater than 40°C during rotary evaporation also caused 
decomposition of temozolomide. HPLC analysis of plasma samples from rats up to 90 min 
post-injection showed only a single radioactive peak corresponding to [3-N-
["Cjmethylltemozolomide (retention time, 10 min). Human plasma on the other hand showed 
[3-N-[HC]methyl]temozolomide and two metabolites having retention times of 4.5 and 12.5 
min. Four patients with brain tumours (glioma or astrocytoma) were scanned before and after 
chemotherapy with temozolomide. Determination of unchanged [3-yV-
[iiC]methyl]temozolomide, over 60 min post injection, is shown in Figure 2. The levels of 
unchanged [S-N-piClmethyrjtemozolomide in plasma from patients were variable. Preliminary 
results suggest different time courses before and after chemotherapy. Negligible radioactivity 
was found to be released in expired air and [^CJCC^ was not detected in arterial blood. These 
preliminary results indicate that measurement of [3-N-[iiCJmethyl]temozolomide in plasma 
from patients undergoing PET studies is essential in order to correct the arterial plasma input 
function for mathematical modelling of PET data. 

This work was supported by Cancer Research Campaign (U.K) Grant ST2 193/0101. 
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Figure 3. The level of unchanged [3-/V-[nC]methyl]temozolomide in plasma from patients 
before and after chemotherapy with temozolomide. 
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A low-cost photodiode detector for radio-HPLC quality control of positron-emitting radio

pharmaceuticals 

Luckau D. and Hartung T.. Department of Nuclear Medicine - PET-Center, University of Ulm, 

Robert-Koch-Str. 8, D-89081 Ulm, Germany. 

Radio-HPLC is the most frequent used chromatographical analysis technique for the routine quality 

control to determine the radiochemical purity of standard PET-tracers (1). Many commercially 

available gamma radiation flow detectors are scintillation counters which have the disadvantage of 

being very expensive and unwieldly. The high sensitivity of these detection systems is usually not 

necessary for monitoring the high activity of HPLC column effluents of routinely produced positron-

emitting radiopharmaceuticals. Recently, a simple, small, and efficient gamma radiation detector was 

developed consisting of a large area photodiode circuit which is suitable for monitoring the transfer 

of radioactive fluids in PET chemistry modules (2). We were interested to extend this detection 

principle to the measurement of smaller activities (<100 uCi) as required in analytical radiochromato

graphy. However, our investigations showed that the published circuit (2) doesn't achieve the 

adequate detection sensitivity required for use as a HPLC gamma radiation detector, and in addition, 

the output signal showed a strong temperature dependent drifting. 

Our aim was to develop a much more sensitive photodiode detection system which can primarily be 

used for the radio-HPLC quality control of standard PET-tracers. An essential prerequisite for 

attaining a higher sensitivity was a significant improvement of the signal-to-noise ratio which only 

can be obtained by minimization of the single noise-factors of the electronic components. 

The following parameters have been shown to provide the best circuit performance characteristics: 

- a low-noise and less temperature-sensitive operational amplifier (Texas Instruments, TLC2201) (3) 

was employed. 

- the reverse voltage was reduced from 15V to lOmV to lower the dark current of the photodiode 

which resulted in reduced noise and less temperature drifting. 

- the gain of the output signal was raised significantly by increasing the feedback resistor from 10 up 

to 500Mn. 
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- an offset compensation of the voltage caused by the electronic components was added. 

- the shape of the resulting output signal was made independent from the measuring method by 

inserting an additional signal converting component which enabled the integration of the output 

signal with disposable time constants as well as a manuel zero adjust. 

Due to the fact that very small currents in the order of femtoamps have to be processed, the photo-

diode and the electronic signal converting components are fixed in close proximity in the "detection 

unit" which fits into a lead shielding bearing a recess for the attaching of disposable flow cells made 

of standard plastic tubing (Fig. 1). The components required for an additional signal conversion and 

the power supply for the detection unit are placed into a separate case (Fig. 2). The reported circuit 

provides an analog output signal in the range of 0 to 10V compatible with a variety of recorders, 

integrators, and chromatographic data systems. 

| lead shielding | 

Fig. 1. Circuit diagram of the detection unit. 

Fig. 2. Circuit diagram of the signal converting unit. 

Radio-HPLC analyses of standard FDG injection solutions ( 4 - 8 mCi/ml) served as references to 

investigate the applicability of the detector. In order to determine the detection sensitivity and the 

reliability of the detector, we performed a series of injections with decreasing levels of FDG activity 

(5 - 0.2 uCi). 
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As shown in Fig. 3, FDG which had been injected into HPLC in a activity concentration of 4.8 

mCi/ml could be readily detected, and it was even possible to discriminate an injected activity of 

0.2 u,Ci from the baseline noise. 
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Fig. 3. Radio-HPLC profiles of FDG injected with differing activities (conditions: CarboPac PA1, 
250 x 4 mm, 0.08 N NaOH, 1 ml/min, injection volume 20 ul) 

These results indicate that the photodiode circuit can be used as a low-cost (< $ 300), efficient, and 

reliable gamma radiation HPLC detector which is suitable for the radiochemical quality control of 

PET radiopharmaceuticals because contaminations <1% are detectable. The feasibility for the detec

tion of other y-emitting nuclides utilizing this system is currently under investigation. 
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Sterilisation and desinfection of components for PET 
radiopharmaceutical synthesis- some aspects of 
microbiologically safe production . 

Wagner R.*, Bauer B.*, Wenchel H.-M.* 

* MPI fur neurologischeForschung Koln .GleuelerStr. 50, D-50931 Koln 
* InstitutfurMedizinischeMikrobiologieundHygienederUniversitatKoln 
Goldenfelsstr. 19-21, D-50935 Koln 

Routine production of positron-emitting radiopharmaceuticals has to deal with conflicting 

requirements, as soon as it comes to questions about radiation and /or microbiological 

safety of the production process. Radiation protection requires a heavily shielded cabinet 

with underpressure relative to the surrounding room , whereas sterile workbenches use a 

circulating air system, which might cause radiation safety problems. 

Furthermore, some of the legal testing procedures such as sterility and pyrogen testing 

before use are not compatible with the short halflife of the pet radionuclides. Therefore, 

process validation before the start of a routine production schedule combined with regular 

retrospective controls has become the method of choice to insure a safe procedure. 

Various hardware approaches ranging from the use of as far as possible closed systems 

over the partial use of sterile disposable components (1) up to totally disposable synthesis 

systems (FDG-system by GE) have been described. The FDA Guide To Inspections of liquid 

injectable radiopharmaceuticals used in PET (1993) gives a very detailed description of 

sampling methods and sterility testing. Nevertheless, we were not able to find detailed 

information about accepted methods to aseptically clean our synthesis apparatus or about 

methods to sterilize materials suchs as ion exchange resins used in FDG production 

systems. Therefore, we want to show some methods and experiences we found helpful to 

achieve acceptable quality standards in our injectable solutions. 

The remote controlled systems in our lab are put together from commercially available 

components, wetted parts are made only from glass, teflon and where unavoidable like in 

HPLC- systems stainless steel. Restrictions in available space (only two Hot Cells) and the 

need to perform different syntheses in one cell on the same day forced us to minimize the 

time needed to prepare the systems for the next production. Therefore only glass reaction 

vessels, flash chromatography collumns and filters are changed for every new synthesis, all 

the transfer lines, solenoid valves and transfer syringe pumps stay in place. 

Therefore, we looked for a liquid desinfectant and found Peresal* (Henkel), a peraceticacid 
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preparation used for cleaning dialysis systems. This solution does not interfere with the 

structural materials used in oursystems, but being a very strong oxidant, it must be removed 

totally before commencing radiopharmaceutical preparation. This is easily achieved by 

flushing the lines and valves with sterile water and testing the effluent with Kl/ starch paper or 

special peracetic acid test paperfor absence of this agent. We found, that an exposure time 

of 15 min to the Peresal solution (prepared according to the product specifications) is 

sufficient to ensure sterile conditions for the valve and tubing system. Using sampling points 

at different steps, we neverfound bacterial contamination even after a two week interval with 

multiple preparations. Since we have a scheduled service day every two weeks, we now use 

this period for our cleaning procedure as well. 

The use of ion exchange resins is known to be problematic. One possible solution for the 

case of AG11A8 is the use of the biotechnology grade of this product, which has been 

recommended before (Cyceron Caen, unpublished, Concerted action on PET). 

We found, that vapour sterilization of prefilled glass collumns using the normal resin is 

equally effective and leads to a fully acceptable product. The collumns, prefilled with a 

weighed amount of dry resin, are sealed in a sterilization bag and subjected to the clinic 

sterilization routine. Due to the sterile packing, some 20 collumns can easily be held on 

stock. 

HPLC collumns also can give rise to bacterial contamination. We tried various methods to 

remove these bacteria, such as flushing with various organic solvents before using buffer 

systems or even vapour sterilization. Some flushing methods appeared quite succesfull, but 

more validation of these procedures and of the potential of vapour sterilization is needed. 

Sterility test samples from the production system were taken at points with a high 

contamination risk such as liquid line connections that have to be opened to change vessels 

or filters. This complete control is repeated every three months. End product controls are 

taken every week. In this case, even the remains in a used multi-injection vial are tested and 

have shown to be sterile in all cases. We plan to test the safety further by a challenging 

experiment using the introduction of a certain amount of bacteria to prove the potential of the 

system to remove unforeseen contaminations. 

1. Chaly, T., Dahl, J.R., Matacchieri, R., Bandyopadhyay, D., Belakhlef, A., Dhawan, V., 

Takikawa, S., Robeson, W., Margouleff, D., and Eidelberg, D. Applied Radiation and 

Isotopes 44:869-873,1993. 
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Sep Pak™ as Alternative to Rotary Evaporators for Radiopharmaceutical 
Formulations. 
LEMAIRE. C: PLENEVAUX, A.; DEL FIORE, G.; AERTS, J. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilman B30, B-4000 Liege, Belgium. 
LE BARS, D. and COMAR, D. 
Cermep, 59 Bd Pinel, 69003 Lyon, France. 

Most of the PET radiopharmaceutical preparations end up with a reverse phase preparative 
HPLC chromatography process as final purification. The solvents commonly used for the 
purpose usually consist of a mixture of an aqueous phase (establishing the pH) and an organic 
modifier (acetonitrile, methanol, tetrahydrofuran, ethanol...). Except some exceptions such as 
6-['^F]fluorodopa, [1 'C]methionine,..., the eluting solvent is not compatible with injection 
into animals or humans. The final radiopharmaceutical formulation consists thus into freeing 
the compound of interest from undesired organic modifier by evaporation under reduced 
pressure or with an inert gas stream (1,2,3). 
This widely used technique is very efficient for most applications as long as the labeled 
molecules do not present an important volatility or an important sensitivity to degradation under 
heating. With this system, undesired salts cannot be removed from the final injectable solution 
constraining to use injectable salts to buffer the eluent. Difficulties may also result in 
redissolving the radioactive residue. Furthermore, in some case, this method is not at all 
adequate for the preparation of an injectable solution. For example, radiopharmaceuticals 
labeled with high specific activity such as [18F]altanserin are very sensitive to radiolytic 
decomposition when submitted to such a process. Other points are that the overall process is 
relatively slow, difficult to automate and that careful cleaning of rotary evaporator is mandatory 
to avoid cross contamination with cold products in the case of multiple radiopharmaceutical 
production within the same system (e.g.. methylations). 
Today, the Sep Pak™ cartridges are commercially available in a large variety of size containing 
chromatographic sorbents with different chemical selectivities allowing the extraction of the 
compound of interest to be performed under very smooth conditions. The Sep Pak™ extraction 
procedure is easy to automate and fast, these points are of prime importance as far as the highly 
radioactive short-lived radiopharmaceutical compounds are concerned. 
The formulation of [11C]flumazenil is presented as a typical example (the remote controled 
system is presented in Scheme 1). The ["C]flumazenil eluted from the C18 reverse phase 
column with CH3CN 35% and 6 10"3 M H3PO4 65% (6 mL collected) is diluted with 30 mL of 
water in buffer volume 1 in order to reach an organic modifier concentration below 10%. After 
stirring, the homogenous solution is transferred with pressure to buffer volume 2 and passed 
through the tC18 Sep Pak™ (trifunctional Sep Pak plus cartridge from Waters, previously 
activated with EtOH 5 mL and water 5 mL), the eluate being directed to the waste. The level of 
liquid is automatically detected in buffer volume 2 with a conductivity probe which before 
dryness, closes the Hamilton valve below the Sep Pak™. After two successive washings of 
the cartridge with saline (0.9 % NaCl, 5 mL, directed to the waste), the labeled 
radiopharmaceutical is eluted with EtOH (1 mL) and collected in buffer volume 3. The last step 
consists of a sterile filtration performed with pressure through a 0.22 p:m sterile filter. After 
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dilution with saline (18 mL) the percentage of ethanol in the final formulation does not exceed 
10 % of volume. The overall procedure takes less than three minutes and is easy to automate. 
Others radiopharmaceuticals such as ["CJraclopride, ["CJdeprenyl, [18F]altanserin, 4-
[18F]fluorotropapride have been satisfactory formulated through this procedure with only 
minor modifications concerning mainly the dilution volume of the collected HPLC fraction and 
the type of Sep Pak™ used. 
This method is also well adapted to robotics approaches. In this case, the mechanical 
operations are performed by the "robot arm" equipped with different hands. The diluted HPLC 
fraction is transferred into a pneumatically actuated 100 mL syringe. The lid is then closed and 
the solution pushed through the C18 Sep Pak™ cartridge with a slight flow of nitrogen. Before 
dryness, the level of liquid is detected by measuring the conductivity of the solution and the lid 
automatically moved up. Then the support is washed with 2 x 1 0 mL of 0.9 % NaCl. The 
radiopharmaceutical is finally eluted with ethanol in a sterile capped vial and diluted with sterile 
saline solution. 
In both case, quality control of the injectable formulation was performed by GC with an FID 
detector (1/4" Hayesep P 60-80 mesh from Alltech). This method is certainly the most useful 
for detecting trace of organic solvents. In all cases, acceptable levels of organic solvent were 
guaranteed. 
Under these conditions, the product formulation is performed without heating and volatile 
molecules can be treated without problems. The flexibility of this approach allows the chemist 
to use the best chromatographic conditions to purify the final compound regardless to the 
toxicity of the salt used in the eluent. 

References 
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A triple isotope technique to study the radiopharmacology of technetium agents. 
RJ Nickles, TL Mulnix, BT Christian, CK Stone, Carlson KJ, Whitesell LF and AD Nunn*, 
University of Wisconsin, Madison, WI and *Bracco Research USA, Princeton, NJ. 

I. Introduction. 

Improvements in the pharmacological properties in radionuclide imaging agents, faster 
blood clearance, more selective uptake, less non-specific binding in nearby tissue, are generally 
achieved by incremental changes in the ligand. Structure/function relationships will guide the 
strategy toward the initial molecular candidate, then "fine-tuning" alkyl adducts can optimize 
partition coefficients that govern drug delivery. In the evaluation of these agents in research animal 
models, it is often useful to co-inject the entire family of ligands, each compound labeled with a 
unique radioisotope of the specific element that will carry the radioactivity. The intent is not 
necessarily to image each compound in vivo, but rather to separate them in the hundreds of tissue 
samples post-vivo to make the best use of the arduous surgical prep and to use the animal as its 
own control. This situation is illustrated in our case, studying the uptake and clearance kinetics of 
several Tc-labeied (1) nitroimidazoles (BMS-181,321 and BMS-194,796) relative toTc-MIBI in 
the stunned swine myocardium. Three vessel flow control is maintained through a perfusion 
regimen including baseline, ischemia, reperfusion and dobutamine intervention (2). During this 
protocol, radiolabeled microspheres measure regional perfusion at each physiological stage, and at 
the desired point, a multi-isotope family of agents is introduced into the mixed blood perfusing the 
cardiac arterial tree (3). 

II. Choice of Tc- isotopes. 

Previous work at Wisconsin (4-9), Ghent (10) and Julich (11-15) have concentrated on the 
52-minute positron emitter Tc-94m, with its obvious advantages for quantitative, non-invasive 
imaging. The criteria for imaging studies in man (short lifetime, low absorbed radiation dose) are 
different in the case of tracer identification in excised tissue specimens. The bulk of the technetium 
isotopes are shown below in Table I, listing half-lives, primary emissions shown schematically as 
if observed by a large, high resolution gamma spectrometer, and the activity expected at the end of 
a 53 min irradiation of a 0.1 mm thick target of natural molybdenum with 11 MeV protons. 

Table I 

Tc Half life 

Tc-92 4 min 

Tc-94m 52 min 

Tc-94 293 min 

Tc-95 20 hr 

Tc-95m 61 d 

Tc-96 4.3 d 

Tc-99m 6hr 

Spectrum 
i.l II I 

Afnat. 53 min) 
1.4 mCi/uA 

1.7 mCi/nA 1 i i 

Afnat. 53 min) 
1.4 mCi/uA 

1.7 mCi/nA 

,1 90 u€i/p:A 

1 130 uCi/nA 

1 .1 0.6 u.Ci/u\A 

III i 60 uCi/uA 

1 
i 

1 
i 

MeV 
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The Tc-isotopes, readily available from a Mo-99/Tc-99m generator or simple irradiation of a 
natural Mo target, form a 5-decade sequence of half-lives, spanning minutes to months. In 
particular, the triple (X.Y.Z) = (Tc-99m, Tc-96, Tc-95m) stands out, 

- with half-lives differing by a factor of 15, allowing simple decay to "unveil" the next Tc 
with a 4-5 decade purity, by counting tissue samples at post-excision, again a week later, and 
finally again a month later. 

- with gamma energies well resolved from each other, and commonly-used microspheres 
(Ce-141, Sc-46, Sn-113, Zn-65,..) even using conventional Nal well counters. 

HI Production timing. 

The key to the triple-Tc technique is to anticipate the animal study, occuring at time T 0 , 
allowing enough lead time for the Tc-96 and Tc-95m to achieve the needed radionuclidic purity at 
T 0 . First, the Tc-99m (tens of mCi) is reserved for that compound for which high quality image 
data will be acquired. In our case, this agent is BMS-194,796, easily prepared hours prior to T 0 

due to the excellent stability of the compound. Second, the Tc-96 is prepared by proton irradiation 
of molybdenum roughly a week before T 0 . Several days of decay remove the fc-95, resulting in 
lower radiation exposure in the workup (electrolytic dissolution, solvent extraction into MEK from 
NaOH) to aqueous NaTc0 4. On the morning of the study, a portion of this Tc-96 pertechnetate 
stock solution is used to prepare the other nitroimidazole, BMS-181,321, with its short (1/2 hour) 
shelf life locked into the anticipated injection at T 0 . With a special high energy pinhole collimator 
used in these studies, the gamma camera can tolerate about a mCi of Tc-96 in the field of view 
without compromising the dynamic imaging of the BMS-194,796 labeled with Tc-99m. Finally, 
about 10 (iCi of Tc-95m MIBI is included in the injectate as a final perfusion marker, having been 
stored frozen with no discernible degradation over several months. The parent stock of Tc-95m 
pertechnetate does not need a separate molybdenum irradiation, but rather is the "compost" left 
over from unused Tc-96 pertechnetate stock made months earlier. This sequence is shown 
schematically in the figure below, a rough logarithmic time line showing the "windows of 
opportunity" following a single irradiation. 

Irradiate Mo Tc-96 ready Tc-95m ready • I 
hr day week month year 

If the triple-Tc research studies are done with any regularity (eg. once per week), then the 
necessary stock solutions of Tc-96 and Tc-95m can be maintained by a weekly irradiation of= 1 hr 
at 30-40 jxA of 11 MeV protons on a natural Mo foil. 

III. Conclusions. 

While proving the principle, the use of Tc-95m to label sesta-MIBI is somwhat of a non 
sequiter in this research, being simply a perfusion agent pre-empted by the ji-spheres. In fact, the 
three technetium isotopes still leave an open channel (2 hr, P+) for a component such as F-18 
fluoromisonidazol (16), the more obvious standard for comparison. Finally, the triple isotope 
technique can be quite general, with (Cu-61, Cu-64, Cu-67) labeling PTSM analogs (17) under 
development now. Other triples (Ga-68, Ga-66, Ga-67) and (Mn-56, Mn-52, Mn-54) invite 
comparative radiopharmacology with a wide class of transition metal ligands. • 
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The Determination of the 1 8 0 Concentration of iso-Enriched Water by 
Derivatisation and Mass Spectrometry 
Turton D R. Anderson G P, Steel C J, Waters S L, 
PET Methodology Group, Cyclotron Unit, MRC Clinical Sciences Centre, Royal 
Postgraduate Medical School, Hammersmith Hospital, Ducane Rd., London W12 
ONN, U.K. 

Oxygen-18 enriched water is used for the production of fluorine-18 as [18F]fIuoride via 
the i80(p,n)i8F nuclear reaction. The yield of 18F is dependent on the degree of enrichment of 
180 in the target water. If the irradiated 180-water is purified and re-used, then a gradual 
dilution of 1 8 0 with ISO inevitably occurs. The determination of the 180 concentration in 
enriched water is not trivial. A direct mass spectrometry method has been reported (1) and 
requires special calibration of the mass spectrometer. A chemical reaction to produce a 
phosphorinane compound followed by 31P-NMR has also been reported (2), but this is a time 
consuming process. 

We decided to explore a simpler method involving the reaction between 180-water and 
an acid chloride and subsequent analysis of the carboxylic acid produced by mass 
spectrometry. The advantage of this method is that the mass range observed will be in the range 
100 to 300 amu and therefore require no special calibration. Additionally, chosen the 
carboxylic acids have only a limited volatility allowing the reaction products to be introduced 
directly into the mass spectrometer via a probe. 

Two acid chlorides were examined, hexanoyl chloride and pentafluorobenzoyl chloride. 

1 CgHuCOCI + Ha^O ••CsH^CO^OH + HCI 

+ CgHnC^O^OH + HC1 

+ CsHnCOOH + HCI 

2 C6F5COCI + H 2

1 8 0 *~ C 6F sC0 1 8OH + HCI 

F.W. = 230/232 F.W.=214 

The use of hexanoyl chloride was unsatisfactory because both oxygen atoms of the hexanoic 
acid exchanged with i80-water, resulting in a mixture of three compounds (reaction 1). In 
addition there was the possibility of interference from peaks due to unreacted acid chloride. The 
use of pentafluorobenzoyl chloride (reaction 2) was much more successful, giving easily 
interpretable mass spectra, no exchange between pentafluorobenzoic acid and 180-water and no 
possibility of interfering mass peaks due to acid chloride. The difference between hexanoic acid 
and pentafluorobenzoic acid in their ability to exchange oxygens with water is probably a 
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function of the difference in their acidities and hence ease of protonation by trace hydrochloric 
acid present in the reaction mixture. 

A series of 2 ml glass vials with PTFE seals were dried in an oven at 100°C. After 
cooling to room temperature, each of the vials had 10 |il of 97% enrichment 180-water 
(normalised *) added to i t Each of the vials then had the required volume of distilled natural 
abundance water added to give a range of 1 8 0 concentrations ranging from 97% to 11%. 5 |xl 
of pentafluorobenzoyl chloride was the added to each vial. The vials were sealed and heated at 
110°C for 30 min. Each vial was then opened to air and the water evaporated under a flow of 
nitrogen for 1 min. A white solid of pentafluorobenzoic acid remained in the vial. 

Each sample was dissolved in dichloromethane (200 fil) and the pentafluorobenzoic 
acid analysed by mass spectrometry. A Nermag R10/10C quadrupole instrument was used 
both in electron impact (EI) and chemical ionisation (CI) mode. The results using the CI +ve 
mode (methane as the ionisation gas) are summarised in the graph shown below using data 
from thirteen separate analyses. 

Measured percent 0-18 versus calculated percent 0-18 

100-

• M.S.O-18%expt.1 
• M.S.O-18%expt.2 

40 60 

Calculated 0-18% 

80 100 
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Typical mass spectra of a sample of pentafluorobenzoic acid. 

213 
215 

n1*. i.*l^iiTTTTn7innn)uii)u*.".'.iiniiiiii,,J'.''."ni:1iinAfr.f.iiinTiA4rnnTiii'i.tiiiiit 

211= 0.09% 
212= 12.89% 

•213=100.00% 
214= 20.76% 

*21S= 93.12% 
216= 8.65% 
217= 7.08% 
218= 0.46% 

160 170 180 190 200 210 220 230 240 250 260 

Peak at 213 is 160 labelled pentafluorobenzoic acid (M+l) 
Peak at 215 is i 8 0 labelled pentafluorobenzoic acid (M+l) 

The procedure to prepare pentafluorobenzoic acid from pentafluorobenzoyl chloride and 
180-water is very quick and simple. Because the igO-water is only exposed to air for short 
periods of time, no special precautions, such as glove box manipulations, are needed to 
exclude atmospheric moisture. 

Waters S.L. Appl Radiat. Isot 41686-688, (1990) 
Hulst, R. et al J. Label. Compd. Radiopharm. 25.605-606 (1994) 
Europa Scientific, Crewe, Cheshire. UK. 
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Simple methods for preparation of high purity Cu-67 and Y-90. 
P.BIauenstein, R.Schwarzbach, K.Zimmermann, P.A.Schubiger 
Div. of Radiopharmacy, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland. 

The {^-emitters 6 7 Cu and ̂ Y are radionuclides suitable for application in the therapy 
of cancer. They have to be prepared with high yield and purity because the high 
doses which should be applied. To produce ^Cu, a Zn target of 5.6 g was irradiated 
with protons in the energy range between 67.7 to 52.8 MeV (details see [1]). 6 7 Cu 
had to be separated not only from accompanying radionuclides but also from inactive 
Zn, because amounts of more than 0.1 mg Zn reduced the yield of subsequent 
antibody labellings. In the case of ^ Y , the ^Sr /^Y generator was used. Because 
the systems known from the literature [2] seemed to have several disadvantages 
(breakdown of resins if ^Sr is adsorbed; use of toxic organic solvents that have to 
be eliminated; use of chelators that have to be eliminated) and based on the 
experience with 6 7 Cu, we expected that the separation of 9 0 Y from ^Sr using a 
Chelex 100 column would be a simple and reliable process. 
Separation of67Cu: The nuclides produced in addition to ^Cu are listed in Table 1. 
In a first step ^Ga was absorbed on a cation exchanger resin using 6 M HCI. The 
eluate was brought to pH 3.5 and transferred to a Chelex 100 column where 6 7 Cu is 
virtually completely bound, while the other nuclides and inactive Zn are partly eluted. 
Washing with 0.001 M HCI depleted Zn and the other radionuclides, but despite 
large volumes of 0.001 M HCI about 0.1% of Zn remained on the column. 6 7 Cu was 
then eluted using 2 M HCI. This eluate was passed over an anion exchanger resin, 
which retained the major part of the remaining Zn (Table 1). 
Separation of SOY: The mixture of 9°Sr and 9°Y was dissolved in 0.005 - 0.015 M HCI 
and pumped over a Chelex 100 column. About 99% of ^ Y was retained on the 
column, while 80 to 95% of ^Sr was eluted. Washing with 0.02 M HCI allowed a 
sufficient reduction of the ^Sr content but also eluted ^Y . The depletion of ^Sr to 
about 10 to 100 ppm lead to a loss of ^ Y of about 10 to 20% (optimisation is still in 
progress). ^ Y was then eluted with 0.1 M HCI. The 0.02 M HCI washing solution 
was partly neutralised, added to the afore obtained ^Sr solution and stored 8 - 1 4 
days until the process was repeated. 
Discussion: Chelex 100 comprises iminodiacetate groups and is therefore the 
material of choice if separation of transition elements has to be done. We assumed 
that the stability of the respective iminodiacetate complex [3] is a measure of the 
binding affinity to Chelex 100 (Table 2), and expected therefore, that the separation 
of soSr and 9°Y should be easier to achieve than the separation of ^Cu from Zn. If 
the resin coupled iminodiacetate behaved identically as the free ligand, a lower log K 
value should lead to a higher pH value of the eluent. 
After more than one years experience with the ^Cu separation process, we can 
conclude that we have found a highly reproducible procedure. The Chelex 100 has 
been found to be realiable and easy to handle. In contrast to the ^Cu procedure, the 
experience with ^ Y - ^Sr is short but the results obtained so far mixed. It clearly 
shows that it is not always possible to extrapolate from the stability constants of 
iminodiacetate complexes to the behaviour of Chelex 100. If the four radionuclides 
are compared, soSr is expected to be eluted at a higher pH value than Zn. The 
reason why a lower pH value has to be applied remains unclear. Despite this 
unexpected and less favorable finding, a simple single step process yields pure ^ Y 
in diluted acid, which can easily be neutralised for further use. 
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Table 1: Radionuclides [MBq/uAh] produced together with 6 7 C u (only nuclides 
formed at a rate > 0.1 MBq/uAh) 

nuclide before separation after separation 

ssrjo 0.62 nd 
58CO 0.56 nd 
67Qa 4.8 nd 
62zn 80 nd 
65Zn 1.1 0.000025 

64QU 51 42 
67CU 1.4 1.2 
57 N i 0.25 0.17 

nd: nuclide not detectable due to depletion and / or decay 

Table 2. log K values of iminodiacetate complexes [2] and highest pH values for the 
elution from Chelex 100 

Cu Zn Sr Y 

logK 10.63 7.27 2.23 6.78 

pH for elution ~0 3.5 ~2 1.0 

References: 
1. Schwarzbach R. Zimmermann K. BISuenstein P. Smith A. and Schubiger P.A. -

J.Appl.Radiat.lsot. in press (1995). 
2. Rnn R.D., Molinski V.J., Hupf H.B. and Kramer H. - Radionuclide Generators 

for Biomedical Applications. Nuclear Science Series - Nuclear Medicine 3202 
(US-DOE), 1983. 

3. Sillen L.G. and Martell A.E. Eds. - Stability constants of metal-ion complexes. 
Special Publication No17, The Chemical Society, London 1964. 
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"Tiny Bubbles:"An Ultrasonic Bubble Detector for Use in Remote Bolus Injection of 
rO-15]Water. Ehrenkaufer. R.L.E.: Chilton, H.; and DeFilippi, F*., Department of 
Radiology/PET Center, Bowman Gray School of Medicine of Wake Forest University, 
Medical Center Blvd., Winston-Salem, NC 27157, USA. ("Siemens Medical Systems) 

For the past several years we have had in operation an integrated remote system 
for production, collection and administration of bolus doses of [0-15JH20. The system 
is built around our Siemens RDS/112 cyclotron and associated production hardware. 
For [0-15]H2O production, we use the 15N(p,n)150 reaction on I5N2/O2 target gas, 
followed by catalytic combustion at 300°C, over Pd/Alumina pellets, in the presence of 
H2 (1). The product is collected is a 10 mL vial containing 5 mL sterile water for 
injection, USP, residing in a dose calibrator. Bolus injection is accomplished by use of 
a vertically positioned syringe pump system (Sage Instruments, Orion Research Inc., 
model # 351) based on a system published by Votaw et al. (2), and is remotely operated 
by a hand held switch box from the scanner console outside of the PET scan room. The 
bolus is delivered through 7-8 meters of 1mm I.D. PTFE tubing, that runs from a 
shielded vented bench area, under the floor to the subject. Since the internal dead 
volume (5-6 mL) of transfer tubing is similar to that of the 5 mL bolus dose, the water 
bolus is backed by 20-30 mL of air to ensure maximal transfer of the [0-15]H20 through 
this tubing, to the subject. To avoid the risk of injecting the subject with the backing 
air bolus, a double sterile filter arrangement is used, i.e. the water bolus is passed 
serially through a vented then an unvented Millipore filter, prior to infusion into the 
subject. The vented filter removes the air bolus and the prewetted unvented filter acts 
as an air lock in the event of failure of the vented filter. 

Although this arrangement has never failed, to further insure patient safety, we 
have built an interlocked, alarmed, air bubble detection system. The device is placed 
on the patient's intravenous catheter, after the serial filters, and is linked to both an 
audio and visual alarm, and a three way diverter pinch valve which will direct the 
bolus flow to waste in the unlikely event of rupture of both filters or other inadvertent 
introduction of air. The detector is built around a small (0.75" x 0.5" x 0.5") 
commercial (Zevex, Z-10528) ultrasonic air bubble detector, which has been machined 
to fit snugly around a standard intravenous extension tube set (2 mm OD). In lab tests, 
we have determined that the sensor will detect bubbles in this tubing, as small as 2 \iL. 
The detector has a internal test circuit to insure it is working properly upon setup, and 
is designed so that it can be reset for use, and the alarms deactivated, only after the air 
bubble has been removed. 

The system has been built with certified hospital grade electronic components 
and specifications, tested and certified by an independent testing agency and approved 
by our hospital safety committee for use with human subjects. Cost of the component 
electronics, ultrasonic unit, diverter valve etc., was less that $1,000. 

1) Ehrenkaufer R, Chilton H, Morton T and Jones B. Analytical Instrumentation in the 
QC of PET Radiopharmaceuticals. 206th American Chemical Society National Meeting, 
Chicago, IL, August 22-27,1993. 
2) Votaw JR, Cashion DB, Clanton JA, Automatic, Sterile, and Apyrogenic Delivery of 
PET Radiotracers from Cyclotron to Patient, Nucl. Inst. & Meth. in Phys. & Res., 
B56/571214-17 (1991). 
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TINY BUBBLES PARTS UST 

Item Company Model Supplier Safety 
Certification 

Cost 

Ultrasonic bubble detector Zevex Z-10528 Zevex Sealed $499.00 

Reset switch Omron SPM5A6VSM 
9F 

Omron UL, CSA S6.55 

Relay/PC mount Omron G6C-2114P-
US-DC5 

Wes-Garde RU, CSA S5.29 

Piezo buzzer, 3-16 VDC/ 
7.0 ma max/70 db min 
©12 VDC 

Tandy 273-074 Radioshack S2.99 

Metal eclosure 3"x8"x6" Tandy 270-274 Radioshack $11.99 

Box with PC board (2) Tandy 270-283 Radioshack $858 
Mini toggle switch, center 
off, 10 A/125 VAC 

Tandy 275-1545 Radioshack $429 

Red lamp, high 
brighttness, 12 VDC 

Tandy 272-331 Radioshack $159 

4-Pin panel mount socket Tandy 274-002 Radioshack $159 

4-Pin plug Tandy 274-001 Radioshack $1.99 
Multi-connector cable (100 
feet) 

Newark 1132202/ 
50F3446WA 

Newark CSA, UL, 
OSHA 

$6958 

Dual pinch relay NC/NO 
12V DC 

Angar Sci. P /N 44312330 S100.00 

Power line connector Corcom 6HJ4-4 Newark meets UL 
544-pat. care 

$21.60 

Power switch on/off 
lighted (DP/ST) 

Omron A8A-213 Wes-Garde RU, CSA, 
DVE 

$7.25 

Connectors M/F (2) Molex 03-06-2042 
03-06-1042 

Waldom Digikey $10.62 

Nylon spacers 1 / 4 " x 0.15" Hardware store $1.00 

Solderless insulated quick-
disconnect (22-14 ga) Male 
(8), Female (16) 

Tandy 64-3049 
64-3058 

Radioshack $1.00 

Machine screws/nuts 
SS/slotted (8) 

8-32x3/4" Hardware store $1.00 

Strain reliefs Tandy 278-1636 Radioshack $0.99 

Power cord, 6 feet Hospital $15.00 

5 Pin shielded DIN 
plug Ic jack 

Tandy 247-003 
274-005 

Radioshack $1.69 
$0.99 

Relay/PC mount, dual coil 
latching 

Omron C6AK-234P-
ST-40-US-DC5 

Wes-Garde $5.68 

Cable Tandy. 278-775 Radioshack 

Power supply Com. Prod. NFS50-7908 Newark RU, CSA $9334 
Approximate Cost $875.00 
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An Optical Cell and Light Source for Carrying Out Rapid High-Yield 
Radiotracer Syntheses Involving [l°F]-FIuoride 

Richard A. Ferrieri and David J. Schlyer 

Brookhaven National Laboratory, Department of Chemistry 
Upton, New York 11973-5000 

Heat can be transmitted by convection, conduction and infrared radiation. 
Conventional practices in radiotracer synthesis tend to use heating sources that rely on 
convection and conduction. For example, hot oil baths, resistively heated metal blocks and 
hot air guns are often employed to heat liquids in appropriate containers. Because 
convection and conduction both rely on some medium to transmit the heat, these practices 
can be inefficient as well as time consuming. On the other hand, infrared can radiate 
through space just like light and radio waves and therefore, can be absorbed directly into a 
reaction solution thus providing an extremely efficient way of heating that medium. 

We have designed an optical reaction cell and light source around this concept which 
has general utility for carrying out nucleophilic fluorination reactions involving [^F]-
fluoride that are of interest for radiotracer preparation in PET. In preliminary studies, we 
have tested this system for its efficacy in making 2-[^F]-fluoro-2-deoxy-D-glucose 
(1°FDG) rapidly and in high yield. 

Figure 1 shows a schematic drawing depicting the orientation of the cell relative to 
the light source. The optical cell consists of an infrared transparent optical quartz window 
joined to a platinum reaction vessel through a stainless steel Ultra-Torr union. Figure 2 also 
shows a scaled three-dimensional view of the assembled cell along with a breakaway view 
of its individual components. The cell is compact, rugged and can be quickly disassembled 
and reassembled without the need of any tools. 

The light source consists of a quartz tungsten halogen lamp which emits light mainly 
in the near infrared region. This radiant energy is focussed through the window and into the 
reaction solution residing in the platinum vessel by a gold-plated ellipsoidal reflector. This 
action provides for fast efficient heating of the solution through direct coupling of the 
radiant energy with the medium, and not the vessel. The platinum vessel also serves to 
reflect and refocus infrared energy that was not initially absorbed on the first pass through 
the solution, and thus provides a second opportunity for energy to be absorbed. 

We tested the efficacy of this heat source for drying aqueous media since this is 
typically the first step of any nucleophilic radiofluorination. Drying profiles were compared 
between the light source and conventional heating methods using the response of 
temperature thermocouple as an indicator of vessel dryness. * That is, the thermocouple 
would register the temperature of the boiling liquid until such a point when all the liquid 
was driven off in which case it would increase drastically. Figure 3 shows results from 
these measurements in a comparison of drying profiles of 1.5 mL of water for the lamp 
(designated NIR for near infrared source) with full infrared reflecting capability (trace A) 
and with partial infrared reflecting capability (trace B). Comparisons were also made to 
conventional heat sources such as a hot oil bath operated at 180°C (trace Q and a 450 Watt 
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hot air gun (trace D) operated at full power. Results indicated that the light source with full 
infrared reflecting capability was 50% more efficient than the unmodified lamp reflector, as 
well as 75% more efficient than conventional heat sources. 

Next we tested the efficacy of the optical cell and light source for synthesizing 
l^FDG using the conventional synthetic methodology developed by Hamacher et al.?- This 
method uses l,3,4,6-tetra-0-acetyl-2-0-trifluoromethanesulfonyl-D-mannopyranose 
(mannose triflate) reacted with no-carrier-added [l%]-fluoride in conjunction with the 2.2.2 
cryptand, 4,7,13,16,24-hexaoxa-l,10-diazobicyclo(8.8.8)-hexacosane (Kryptofix 2.2.2)™ to 
enhance fluoride reactivity. In the first step, [l°F]-fluoride was dried over 0.6 mL of 0.01 
M K2CO3 mixed with 0.5 mL of acetonitrile, 25 mg of Kryptofix and an additional 4 mg of 
K2CO3. The labelling step was then carried out under reflux in 2 mL of acetonitrile 
containing 30 mg of triflate for 5 minutes. Typically, [*°F]fluoride-for-triflate displacement 
yields of 83% ± 9% were attained under these circumstances. In the next step, hydrolysis of 
the tetraacetyl [^Fjfluorodeoxy-glucose intermediate was carried out to completion within 
10 minutes while under reflux in 3 mL of 2 N HC1. The hydrolysis solution was then passed 
through a C-18 Sep-pak followed in series by a 30 cm x 7 mm id econo-column (BioRad) 
packed with 2 cm of Dowex AG50W-X8 (100-200 mesh) resin in the hydrogen form and 16 
cm of Dowex AG1-X8 (200-400 mesh) resin in the carbonate form, and finally a neutral 
alumina Sep-pak. The final 1 8 FDG product was collected off the column in 10 mL of 
water. 

The combined use of the optical cell with the light source produced 1 8 FDG in 
radiochemical yields averaging 65% ± 2% (decay corrected to EOB) or about 45% (EOS) in 
the final formulation with a radiochemical purity exceeding 98%. Synthesis times for 
manual manipulation of liquids with this cell averaged about 30 minutes. This time could be 
reduced slightly with subsequent automation of the process steps. 

One of the critical factors we observed in the performance of this cell was product 
decomposition due to direct exposure to the light We believe this may occur as a 
consequence of receding liquid levels during reflux due to evaporative losses leaving solid 
deposits on the walls. Interestingly, the chemistry seems strongly dependent on the lamp's 
focal point positioning relative to the bottom of the optical cell. That is, by focussing the 
light source we were able to increase the 1 8 FDG radiochemical yield to 86% (decay 
corrected to EOB), and 62% (EOS) in the final formulation. 

Acknowledgements: This research was carried out at Brookhaven National Laboratory 
under contract DE-ACO2-76CH00016 with the U.S. Department of Energy and supported 
by its Office of Health and Environmental Research, and also supported by the National 
Institutes of Health, Grant NS-15380. 
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EFFICIENT ELECTROCHEMICAL RECOVERY OF rF|FLUORIDE 
FROM WATER 

K. HAMACHER AND G. BLESSING 
Institut fur Nuklearchemie, Forschungszentrum Jiilich GmbH, 

52425 Julich, Germany 

Separation of [ F]fluoride from water using an electric field was recently described by the 
Brookhaven group [1]. They used an electrochemical cell consisting of vitreous carbon and 
platinum electrodes. Although the activity deposited on the carbon electrode was about 95% of 
the target activity only 70% could be released using a field of opposite polarity. 
Based on that experiment we have designed a modified electrochemical cell which allows not 
only a more efficient recovery of activity but also the possibility of on-line connection to a O-
18 water target. According to scheme, the device consists of a cylindrical vessel made from 
glassy carbon (Sigradur G) and a platinum canula used as electrode. The central Pt-canula is 
used to fill the vessel over a volume of 0.3 to 2.5 ml. 
Electrochemical deposition of n.c.a. [18F]fluoride on the anodic glassy carbon was achieved 
with an electrical field strength of about 110 V/cm. Within 5 min 95+2% of the target activity 
was separated from the 0-18 water, which was nearly completely recovered without any 
organic contamination and with practically unchanged enrichment. The activity recovery using 
normal water was obtained under identical but inverse electrical conditions. The F-18 recovery 
from the glassy carbon cylinder was significantly accelerated at higher temperatures an effect 
that was not taken into account previously. More than 90% of the deposited activity could be 
released within 3 min at about 50°C. Repeating the recovery process with frech water gave rise 
to an additional 5 to 7% of the adsorbed activity.again within 3 min. 
After [,!F]fluoridc deposition and a short interval of drying with helium at 80 °C, the 
temperature-controlled separation device [2] can serve as the reactor for nucleophilic 
fluorination. Preliminary results have shown that e.g. tetraacetylated 2-[I8F]FDG can be 
produced without recovering the fluoride via the resin method and the cryptate drying process. 
However, the radiochemical yield is lower in comparison to the commonly used methods. 

1. Alexoff D., Schlyer D.J., and Wolf A.P., Int. J. Appl. Radiat. Isot. 40, 1(1989) 1-6 
2. PTC Patent application from 10.1.95 
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ri-HClBromoethane; an Alternative to the Use of ri-HCHodoethane 
SCHM1TZ. R: DEL FIORE, G.; PLENEVAUX, A., LEMAIRE, C; AERTS, J. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilman B30, B-4000 Liege, Belgium. 

Alkylation of amide, amine, thiol, alcohol,... with [' 1C]iodomethane is a well know synthetic 
pathway to introduce carbon-11 into a biologically interesting compounds. Some of them 
present an ethyl group which is potential candidate for carbon-11 labeling. In this paper, we 
report our experience with the production of [l- 1 'Qhalogenoethane. 
The synthesis of [l-^CJiodoethane has been investigated by Langstrom et al (1), Siegers et al 
(2), Suzuki etal (3). The classical reaction (Sheme 1) consists of reducing [ 1 IC]C02 with an 
appropriate organometallic reagent, in this case methylmagnesium bromide, followed by a 
reduction with LiAIH4 to form an alcoolate. Iodination step is done by adding HI and the 
corresponding [l-HC]ethyl iodide is distilled into the alkylation reactor. According to the 
literature (1,2,3), the major problem of this reaction is the side productions of 
["CJiodomethane that could preferentially alkylate the Nor precursor giving a mixture of 
ethylated and methylated labeled compounds difficult to separate and [2-1 ,C]iodopropane. The 
later is less important because the alkylation with it is very slow. As these side reactions cannot 
be avoided, the influence of the methylmagnesium bromide concentration on-the respective 
amounts of [''CJiodomethane, [l-ncjiodoethane and P-^CJiodopropane produced was 
measured (Scheme 2). From the experimental results, a concentration of 0.9 mmol/mL was 
chosen. In this case, the percentage of [nC]iodomethane was below 10%. 
Another problem observed in our laboratory was a volatile labeled compound appearing under 
drastic alkylation conditions (AI2O3/KF used as a base, micro wave oven heating) reaching in 
certain case 55 % of the total activity after alkylation. This compound could be [•' CJethylene 
(Scheme 3). This side reaction is important because the ethylation is more difficult to realize 
than the corresponding methylation and thus requires harsh conditions to keep the alkylation 
time as short as possible. In order to avoid this secondary reaction, [ l- 1 1C]bromoethane was 
prepared as the dehydrobromination should be reduced compared to the dehydroiodination. 
[I- 1 ^Ibromoethane was prepared under the same conditions as for [l- 1 'CJethyl iodide when 
using HBr instead of HI during the halogenation step. The distillation of [l-11C]bromoethane 
was very easy because of the low boiling point of the brominated derivatives compared to the 
iodinated ones (4). Due to the same reason, the radioactivity loss in the apparatus was slightly 
lower for [l-UC]bromoethane (66 ± 4 %; n = 5) than for [l- 1 'CJethyl iodide (71 + 20 %; n = 
46). Although the reactivity toward alkylation of [l-^CJbromoethane was lower than that of 
[l- 1 'CJiodoethane, we did not observe the formation of the volatile compound. 
With a 10 minutes irradiation, we usually produced 52-89 mCi of [l- 1 'qhalogenoethane (n = 
100) within 25 min (irradiation time included). The specific activity at that time of this 
precursor wa ranging between 20 and 200 mCi/umol. 
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Procedure: 
[1 'C]C02 was trapped at RT in 500 nL of a 0.9 mmoI/mL of CHsMgBr solution in ether/THF. 
When the reduction was complete (2 minutes), 200 \sL of 1.0 M L1AIH4/THF were added. The 
solvents were eliminated at RT with a vacuum pump. HI or HBr (500 |iL) were added, the 
reactor was tighdy closed and heated at 130°C for three minutes. The [• 'Cjhalogenoethane was 
then distilled into the alkylation reactor. 

Scheme 1 
1 !C0 2 + CH3MgBr -» CH3I 'COOMgBr 
CH3HCOOMgBr+LiAlH4 ^CH 3

1 lCH 2 OLi 
CH31 'CHaOLi + HX -» CH3I'CH2X (X = I, Br) 

Scheme 2 : Influence of the methylmagnesium bromide concentration on the respective 
amounts of [''Cliodomethane, [l-^Cjiodoethane and [2-uC]iodopropane produced (n=9). 

Scheme 3 
CH311CH2I -* CH 2 "CH 2 + HI 
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Alkaline Hydrolysis of 2-|lgFlFluoro-l,3.4.6-tetra-0-acetyI-D-gIucose in the 

preparation of 2-l18FlFluoro-2-deoxy-D-glucose 
Fuchtner. F.: Steinbach, J.; Mading, P. and Johannsen, B. 
Forschungszentrum Rossendorf e.V., Institut fur Bioanorganische und Radiopharmazeutische 
Chemie, D-01314 Dresden, Postfach 510119, Germany, 
Tel. + Fax-No.: +49 (351)591 3452, E-Mail: FUECHTNER@FZ-ROSSENDORF.DE 

Various methods to prepare 2-["F]fluoro-2-deoxy-D-gIucose ([18F]FDG) have been reported 
in the literature [1,2]. Nucleophilic substitution [3] or electrophilic introduction [4] of "F 
requires deprotection of the fluorinated precursor by a time consuming hydrolysis step up to 
now. For this reason modifications of the common procedure are offered [5], 
This paper reports on the possibility to remove the acetyl groups of the 2-[18F]fluoro-l,3,4,6-
tetra-O-acetyl-D-glucose (TA-[1!F]FDG) by hydrolysis in presence of solutions of alkali 
hydroxides, ammonia, amines or alkylammonium hydroxides in a short time and at room 
temperature in contrast to the commonly used HCI-treatment. 

Experimental: Studies to optimize the conditions for TA-[I8F]FDG hydrolysis both the 
nucleophilic and electrophilic procedure were carried out in a remote controlled apparatus. 
Fluorination: Fluorination of the FDG-precursor (I,3,4,6-tetra-0-acetyl-2-0-
trifluoromethanesulphonyl-P-D-mannopyranose for nucleophilic substitution and tri-O-acetyl-
D-glucal (TAG) for electrophilic introduction) was performed corresponding to the standard 
literature conditions. 
Removal of protective groups: An aliquot of the aqueous solution of TA-[18F]FDG was mixed 
with sodium hydroxide solutions to give sodium hydroxide concentrations of 0.01, 0.05, 0.1, 
0.2,0.3, 0.5, 1,2.5 and 4.5 M. From each of these solutions a sample was analyzed by thin-
layer chromatography (TLC) immediately after adding the hydroxide and mixing it. Further 
samples were taken at time intervals of 0.5, 1, 2, 5, 10 and 20 min. 

As the standard procedure, the fluorinated precursor was hydrolyzed by adding 2 ml of 0.3 M 
NaOH to the reaction mixture. The hydrolyzate was mixed by N2 bubbling for one minute at 
room temperature. 

Purification: For purification the reaction mixture was loaded on a column system. On a first 
column filled with cation exchanger the hydrolysis mixture was neutralized and Kryptofix™ 
2.2.2 was removed [6] if present in the mixture. To retain the partially hydrolyzed 
intermediates a solid-phase extraction on a cartridge of styrene-divinylbenzene resin was 
applied [7]. Finally, for retention of [18F]F" a cartridge filled with A1203 was used. The 
["F]FDG was eluted from the columns with sterile water. 
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TL chromatograms of different hydrolyzates (electrophilic procedure) 
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0.05 M NaOH, reaction time 2 min) 
1 - ["F]F\ 2 - [,8F]FDG + [,8F]FDM, 3 - partially hydroiyzed TA-["F]FDG, 
4 - TA-["F]FDG 
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Results: Fig. 1 shows the time needed to reach maximum yield and the yield of forming 
[1!F]FDG during alkaline hydrolysis depending on the concentration of sodium hydroxide 
(nucleophilic procedure). The rate of [I!F]FDG formation increases with increasing hydroxide 
concentration. Maximum yield is obtained at a sodium hydroxide concentration of 0.3 M. Under 
these conditions, all the starting TA-["F]FDG is converted into ["F]FDG. At higher hydroxide 
concentrations more ["F]F is formed and the yield of [18F]FDG decreases. Independent of the 
hydroxide concentrations the composition of the reaction mixture does not change after 
completion of the hydrolysis, fluorine is abstracted only from TA-[,8F]FDG. ["F]FDG is stable 
more than 20 minutes in alkaline solutions. 
The Fig. 2 shows for the electrophilic fluorination method a series of thin-layer chromatograms 
of the alkaline hydrolysis in comparison with acid hydrolysis. 
The hydrolysis with 2 ml 0.3 M NaOH is an outstanding method as well as for nucleophilic and 
electrophilic routine ["F]FDG preparation. The time for reaching maximum yield is only one 
minute. After hydrolysis the solution is clear and light brown. The radiochemical purity of the 
purified product (["F]FDG and 2-["F]fluoro-2-deoxy-D-mannose in electrophilic procedure), as 
determined by TLC and HPLC [8], is higher than 99 %. 

- In our procedure the protective groups are removed in quantity in the case of nucleophilic 
substitution. Using the electrophilic reaction the alkaline hydrolysis results in a yield of 
removing the protective groups that is about 20 % higher compared to acid hydrolysis. 

- Because of the high reaction rate of hydrolysis the time necessary for alkaline removal of the 
protective groups is negligible. Under acid conditions however this step takes about 10 to 20 
minutes. Therefore, the absolute yield of [1!F]FDG can be increased by about 6 to 13 %. 

- The simplified process enables the ["F]FDG preparation to be performed as a one pot reaction. 
- In case of electrophilic procedure all steps of synthesis can be performed at room temperature. 

The synthesis unit therefore becomes simpler, more reliable and easier to control. 
- The result is independent of the kind of base used, either alkali hydroxide or ammonia, 

alkylammonium hydroxide or similar amines. 
- Alkaline hydrolysis avoids the occurrence of 2-deoxy-2-chIoro-D-glucose. 
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Fast Routine Production of L-rllC-MethvllMethionine with AbCH/KF in a 
Disposable Unit 
DEL FIORE, G.; SCHMTTZ, F.; PLENEVAITX. A.. LEMAIRE, G; AERTS, J. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilamn B30, B-4000 Liege, Belgium. 

L-[' 1C-methyl]methionine is one of the most widely used amino acid for PET oncology. The 
present paper presents the routine production of this very important radiopharmaceutical in a 
disposable unit. In the continuing search for the improvement and simplification of 
methodologies for PET radiopharmaceutical preparations, disposable synthesis units present 
very, interesting features such as no cross contamination, sterility, easy to set up and easy to 
automate. 
The system is based on the recently reported synthesis of L-^C-methyllmethionine via an 
interfacial reaction (1,2). The starting material, L-homocysteine (0.1 mg) prepared according to 
du Vigneaud (3), was reacted with [1,C]iodomethane in the presence of AJ2O3/KF (10 mg) 
(4,5). The methylation reaction proceeded at room temperature in 200 |Xl of ethanol with a very 
high radiochemical yield (94 ± 4 % EOB). An important adsorption of the L-homocysteine on 
the support was also measured (90 ± 6 %). No racemization and no by products were detected. 
The specific activity of L-[' 'C-methyllmethionine was of 1 Ci/|imol. 
This synthesis was developed in a single use reactor consisting of a 2 mL syringe barrel 
containing L-homocysteine (0.1 mg), AI2O3/KF (10 mg) and EtOH (200 uL) connected to a 
0.5 Jim Millex-LCR filter from Millipore. The filter was linked to a single use three-way 
stopcock as presented in Scheme 1. The uCH3l was distilled through the filter and trapped at 
room temperature in the suspension. At the end of the distillation, the three-port valve was 
turned (180°) and pressure was used to push the mixture through the filter into a 20 mL syringe 
capped with a pyrogen free plug containing phophate buffer (15 mL). The three-way stopcock 
below the 20 mL syringe was rotated (90°) and L-f1 'C-methyrjmethionine purified by pushing 
with pressure the phosphate solution through a two Sep Pak system composed of a CI 8 and an 
AI2O3 cartridges (2). The disposable assembly illustrated in Scheme 1 includes also single use 
materials such as filters, pyrogen free lockable extension tubes, sterile vial and three needles. 
The single use three-way stopcock are operated by pneumatic actuators. Obviously the final 
purification can also be carried out with HPLC, in this case after filtration, the EtOH is diluted 
with water (1.5 mL) and injected onto the HPLC (this system is not illustrated on Scheme 1). 

Using this procedure 150-200 mCi (EOS) of pure L-[nC-methyl]methionine were easily 
obtained within 20 minutes including an irradiation time of 10 minutes in the case of the Sep 
Pak™ purification and 25-30 minutes with HPLC. The manipulation of a low cost, sterile and 
single use material was an important advantage of this procedure. 
The limiting step in the preparation of L-[> 'C-methyl]methionine by a direct on-line process 
from the irradiation to the final product is the [ n C]CH3l synthesis (LiAlH4 + HI). An 
optimisation of the halogenation of [uC]methane (6) could lead to a total on-line process. 
Because of the short irradiation and reaction time, the on-line concept, the single use reactor and 
purification devices (Sep Pak) this new strategy could bring important modifications in the 
organisation of the work schedule of a PET center. With such a system, it must be emphasized 
that any contamination by residues from a previous run will be avoided. 
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S-. N- and O- rllCIMethvIations of a Nor Precursor Adsorbed on Al^OW KF 
SCHMITZ. R: PLENEVAUX, A.; DEL FIORE, G.; LEMAIRE, C; AERTS, J. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilman B30, B-4000 Liege, Belgium. 

Improvement of methods for introducing nC-labeled carbon into organic compounds are 
essential for subsequent application to PET. Alkylation with [' 'CJiodomethane is undoubtedly 
one of the most widely used method for radiopharmaceutical labeling with carbon-11. Because 
of the short half-life of this isotope new chemical strategies characterized by high yield, short 
reaction time and high regioselectivity have to be developed in order to reduce the overall 
preparation time. 
Recently, a preliminary report dealing with [uC]alkylations in the presence of AI2O3 / KF 
pointed out the interesting features of the interfacial reaction between [nC]iodomethane and 
Nor R0151788 (1): very fast reaction, no by products, high regioselectivity and an simple final 
purification due to the adsorption of the Nor derivative on the alumina (removed by filtration). 
According to Yamawaki (2) and Ando (3) the interfacial S-, N- and O-methylation reactions can 
be expected to lead to positive results under similar reaction conditions. For this reason, 
homocysteine (4), Nor flumazenil (5), Nor 33 (6), Nor LY186126 (7), Nor deprenyl (8) and 
Nor raclopride (9), were used as models to probe the feasibility of ["C]methylations under 
these very mild conditions. 
The Nor precursor (0.75 junol) was dissolved in a suspension consisting of AI2O3 / KF (10 ± 
2 mg) in 500 u,L of solvent. Methylene chloride, chloroform, water, ethanol (EtOH), diethyl 
ether, tetrahydrofuran (THF), acetonitrile (CH3CN) and dimethylformamide (DMF) were used. 
[' 'CJiodomethane was distilled and directly trapped into the suspension kept at 0°C. After the 
distillation completion, the" vial was removed from the cooling bath and the mixture allowed to 
react for 2 min at RT or under gentle heating (80°C, cf footnote of Table 2). The crude mixture 
was then filtered using a 0.5 nm Millex FH13 filter from Millipore. The resulting solution was 
analyzed with TLC and analytical HPLC. The respective results obtained for the removal of the 
Nor derivative, adsorbed on the solid support, by a simple filtration are presented in Table 1 
and for the alkylation yield in Table 2. 

From the experimental results, acetonitrile appeared as the solvent of choice for this reaction, 
the only exception being methionine obtained with the same radiochemical yield in EtOH. The 
use of water, methylene chloride, chloroform and diethyl ether as alkylating solvent did not 
show any positive results. With this technique, after filtration, 70-200 mCi of [' 'CJflumazenil, 
[UC]33, [HCJLY186126, [»C]deprenyl, [Hqraclopride, [ '^methionine were obtained 
with a 10 minutes irradiation time when using acetonitrile. After a simple filtration, no by 
product were detected in the crude mixture except unreacted [' !C]CH3l and the residual amount 
of Nor derivative. Usually the specific activity of the radiopharmaceuticals was above 1 
Ci/umole. 
The main advantages of this new alkylation route are a very high regioselectivity for the reaction 
under smooth conditions, the Nor derivatives show a strong adsorption on the solid support 
(see Table 1), high radiochemical yields (see Table 2) and a preparation time reduced compared 
to classical alkylation. Furthermore, the use of the interfacial reaction resulted in an important 
simplification of the final purification step, because the major part of the Nor derivatives 
remained on the support. The results presented in this paper further point to the importance of 
this new approach for the simplificaction and the overall reduction of the preparation time of 
carbon-11 labeled radiopharmaceuticals. S-methylation, O-methylation and N-methylation of 
amine and amide were realized in the presence of AI2O3 / KF with radiochemical yields 
comprised between 30 and 94% corrected for decay after a short reaction time (± 2 min) under 
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Table 2: 
Radiochemical yields corrected for decay obtained for the [HCJmethylation realized in the 
presence of AI2O3 / KF. Results are expressed as % ± SEM, the number of experiments is 
mentionned in parentheses. 

EtOH THF DMF CH3CN 

Flumazenil 1±1 (2) 3±2(2) 54±16 (2) 87+11(10) 
33 0(3) 0(3) 75±3 (3) 62±23 (8) 

LY 186126 64+34 (2) 0(2) 68+23 (2) 91+8 (9) 
Deprenyl * 8±4 (6) 7±2(6) 25±9 (9) 29+10 (12) 

Raclopride * 1±1 (5) 1±1 (6) 49±9(3) 30±5 (6) 
Methionine 94±4 (20) 2±1 (2) 42±13 (2) 94+4 (7) 

*: the methylation was performed at 80°C for 2 min. 
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smooth conditions in acetonitrile. The methylauon reaction in the presence of AI2O3 / KF must 
be considered as a new general route for the fast and simple preparation' of radiopharmaceutical 
compounds labeled with carbon-11 for PET. 

Scheme 1: Interfacial reaction between [l 'CJiodomethane and a Nor compound R-X 

Table 1: 
Removal of the Nor derivative adsorbed on the solid support by a simple filtration. Results are 
expressed as % + SEM of the initial amount engaged in the reaction. The number-of 
experiments is mentionned in parentheses. 

EtOH THF DMF CH3CN 
Nor Flumazenil 61+30 (12) 90+8 (12) 78+27 (12) 97±5 (21) 

Nor 33 24+4 (10) 2±2(10) 30+30 (22) 34+6 (17) 
Nor LY 186126 57+31(10) • 82±25 (12) 65±31 (12) 78±27 (18) 
Nor Deprenyl 31±20(10) 54±25 (10) 43±5 (10) 59±7 (10) 

Nor Raclopride 61+4 (10) 79±7 (10) 90±2 (10) 90+3 (10) 
Homocysteine 90+6 (20) 86±13 (12) 88+9(11) 81±17(11) 
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MICROWAVE-INDUCED PREPARATION OF ["C]AMINO ACIDS VIA NCA-
BUCHERER-STRECKER SYNTHESIS 
C. Giron, G. Luurtsema, M.G. Vos, P.H. Elsinga, G.M. Visser and W. Vaalburg. PET-

center, Groningen University Hospital, P.O. Box 30001, 9700 RB Groningen, The 
Netherlands 

Carbon-11 labelled amino acids can be used to measure the protein synthesis rate in 
tumors and brain by PET. The most applied preparation method is the BQcherer Strecker 
synthesis'. The synthesis was originally performed carrier-added in pressurized reaction 
vessels. Thorell2 reported the carrier-added synthesis of [nC]tyrosine using a microwave 
oven. Here we report the scope of a NCA Bucherer-Strecker synthesis of ["C]amino 
acids from different categories, i.e tyrosine, phenylalanine, DOPA, methionine and 

NHz 

O 

Phenylalanine R= ( ( _ J / D 0 P A R = \(~j)—0H 

OH 
Methionine R= CH3SCH2 Leucine R=iPr 

Fig 1 Reaction scheme for the preparation off'CJcarboxylic amino acids 

leucine (fig 1) using an ordinary microwave oven. 
A typical synthetic procedure was: ["C]cyanide was trapped at 0° C in a reaction vessel 

containing the bisulfite adduct and ammonium carbonate. The reaction mixture was 
irradiated at 600 Watt for 30 sec. After cooling, 5M NaOH was added to hydrolyze the 
hydantoin intermediate. The reaction mixture was irradiated at 600 Watt for 25 sec. After 

neutralization with HC1 the mixture was analyzed by HPLC. 

The results of the NCA Bucherer-Strecker synthesis are depicted in table 1. The synthesis 
of ["C]tyrosine is not included and has been published elsewhere. 

Except for DOPA, the investigated amino acids could conveniently be synthesized on 

NCA-scale. The presence of salts in the reaction medium dramatically accelerates the 
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reaction kinetics due to an increased heat absorption3. In our experimental set up, 

considerable amounts of sodium bisulfite were present and in combination with 

microwave heating showed to be crucial aspects to provide [nC]amino acids as depicted 

in fig. 1 on NCA-scale. 

Moreover, the reaction times showed to be very critical to obtain good radiochemical 

yields and to avoid explosion of the reaction vessel. Performing the microwave-induced 

reaction with the free aldehyde together with an amount of sodium bisulfite instead of the 

bisulfite adduct gave comparable radiochemical yields. However, the choice of using free 

aldehyde or bisulfite adduct will depend on the stability or solubility of the free aldehyde 

in water. 

Amino acid precursor 1st irrad 2nd irrad RCY EOB 
(sec) (sec) (min) 

Phenylalanine Phenylacetaldehyde 30 25 40-60% 40 
DOPA 3,4-dimethoxy- 26 25 10% 50 

phenylacetaldehyde 
Methionine 3-methylthio- 17 20 40-60% 40 

propionaldehyde 
Tyrosine 4-hydroxyphenyl 30 30 40-60% 40 

acetaldehyde 
Leucine Isovaleraldehyde 22 27 70-80% 40 

Table J. Results of the NCA Bucherer-Strecker synthesis of the several amino acids. 

In the case of DOPA, problems arose with respect to the preparation of the bisulfite 

adduct. The free aldehyde showed to be very unstable, because of acetal formation by 

reaction of the aldehyde functionality with the 3,4-diol4. Labelling experiments to prepare 

["C]DOPA were carried out with 3,4-dimethoxyphenyIpropionaldehyde, because 

protection of the 3,4-diol showed to be crucial. 

Generally spoken, ["CJamino acids of various classes could conveniently be prepared on 

NCA-scale using microwaves, although the choice of an appropriate protective group to 

realize ["C]DOPA productions, still needs improvement. 
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Fast Routine Production of L-rHC-MethvllMethionine with AI2O3/KF in a Disposable 
Unit 
DEL FIORE, G.; SCHMITZ, E; PLENEVAUX. A.. LEMAIRE, G; AERTS, J. and LUXEN, A. 
Cyclotron Research Center, Liege University, Sart Tilamn B30, B-4000 Liege, Belgium. 

L-p 'C-methyl]methionine is one of the most widely used amino acid for PET oncology. The 
present paper presents the routine production of this very important radiopharmaceutical in a 
disposable unit. In the continuing search for the improvement and simplification of 
methodologies for PET radiopharmaceutical preparations, disposable synthesis units present 
very interesting features such as no cross contamination, sterility, easy to set up and easy to 
automate. 
The system is based on the recently reported synthesis of L-[nC-methyl]methionine via an 
interfacial reaction (1,2). The starting material, L-homocysteine (0.1 mg) prepared according 
to du Vigneaud (3), was reacted with [uC]iodomethane in the presence of AI2O3/KF (10 
nig) (4,5). The methylation reaction proceeded at room temperature in 200 ul of ethanol with 
a very high radiochemical yield (94 ± 4 % EOB). An important adsorption of the L-
homocysteine on the support was also measured (90 ± 6 %). No racemization and no by 
products were detected. The specific activity of L-[nC-meUiyl]methionine was of 1 Ci/umol. 

This synthesis was developed in a single use reactor consisting of a 2 mL syringe barrel 
containing L-homocysteine (0.1 mg), AI2O3/KF (10 mg) and EtOH (200 u l ) connected to a 
0.5 u.m Millex-LCR filter from Millipore. The filter was linked to a single use three-way 
stopcock as presented in Scheme 1. The l lCHjl was distilled through the filter and trapped at 
room temperature in the suspension. At the end of the distillation, the three-port valve was 
turned (180°) and pressure was used to push the mixture through the filter into a 20 mL 
syringe capped with a pyrogen free plug containing phophate buffer (15 mL). The three-way 
stopcock below the 20 mL syringe was rotated (90°) and L-[uC-methyl]methionine purified 
by pushing with pressure the phosphate solution through a two Sep Pak system composed of a 
C18 and an AI2O3 cartridges (2). The disposable assembly illustrated in Scheme 1 includes 
also single use materials such as filters, pyrogen free lockable extension tubes, sterile vial and 
three needles. The single use three-way stopcock are operated by pneumatic actuators. 
Obviously the final purification can also be carried out with HPLC, in this case after 
filtration, the EtOH is diluted with water (1.5 mL) and injected onto the HPLC (this system is 
not illustrated on Scheme 1). 

Using this procedure 150-200 mCi (EOS) of pure L-t'JC-methyUmethionine were easily 
obtained within 20 minutes including an irradiation time of 10 minutes in the case of the Sep 
Pak™ purification and 25-30 minutes with HPLC. The manipulation of a low cost, sterile 
and single use material was an important advantage of this procedure. 
The limiting step in the preparation of L-[uC-methyl]methionine by a direct on-line process 
from the irradiation to the final product is the ["C]CH3l synthesis (LiAlH4 + HI). An 
optimisation of the halogenation of [' iQmethane (6) could lead to a total on-line process. 
Because of the short irradiation and reaction time, the on-line concept, the single use reactor 
and purification devices (Sep Pak) this new strategy could bring important modifications in 
the organisation of the work schedule of a PET center. With such a system, it must be 
emphasized that any contamination by residues from a previous run will be avoided. 
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A Practical Method for the Preparation of ["CJAcetate 
PERRY S. KRUUER", TOM TER LINDEN1', ROEL MOOUa, FRANS C. VISSER3' 
and JACOBUS D.M. HERSCHEID1* 
"RadioNuclideCentre, Free University, De Boelelaan 1085c, 1081 HV Amsterdam, The 
Netherlands, ^B.V. Cyclotron V.U., "Department of Cardiology 

["C]acetate is a useful tracer for studying myocardial metabolism by positron emission 
tomography (PET) (1). The most common synthesis is carboxylation of methylmagnesium 
bromide or chloride in tetrahydrofuran or ether with cyclotron produced ["C]C02. After 
removing the organic solvent, the ["CJacetate is hydrolyzed and isolated either by extrac
tion (2) or distillation (3). Herein we describe a practical setup for the synthesis of 
["C]acetate, without the use of any cooling or heating device, which are still necessary in 
the recently described column-extraction method (4). The major step is the trapping of 
["C]acetate on a short anion-exchange column after the chloride ions have been removed 
with a silver column. Organic solvent and radiochemical by-products such as ["CJacetone 
and ["C]r-butanol pass this anion-exchange column and are found in the waste. The 
[MC]acetate is eluted from the column with an injectable citrate buffer. 
["Cjacetate is obtained in a radiochemical yield of 60-65% and a radiochemical purity of 
>99%. The total reaction time from EOB to ["CJacetate ready for injection is about 20 
minutes. So, a typical irradiation of 45 minutes with 17 MeV protons at 20 pA, gives 15-
16.5 GBq (400-440 mCi) of ["CJacetate at EOS. 

At the start of the synthesis, remote controlled three-way valves 1 to 7 are in the upper 
position (arrow) as depicted in Figure 1. 

* » * " * * w anw M * M fwpo&Kt "c^ottm 

Figure 1. Synthesis apparatus 

["C]C02, trapped in a stainless steel loop immersed in liquid argon or in a [ l lC]C0 2 

generator (5), is transferred with a helium flow of 50 mL/min into 1 mL of 0.3 M me
thylmagnesium chloride in THF at ambient temperature. An ascarite column on the 
reaction vial traps any unreacted ["C]C02. After 2 minutes, valve 2 is switched and 
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6 mL of water, containing carrier acetic acid (1 mM), is added with a pneumatic 10 mL 
syringe for hydrolyzation. Valve 1 is switched and the vacuum pump is turned on to 
transfer the reaction mixture over the two columns: the silver column to remove the 
chloride, and the anion-exchange column to trap the [nC]acetate. Another 4 mL of the 
1 mM solution of acetic acid in water is added to the reaction vial for washing. Valve 3 is 
switched and the anion-exchange column is washed with 20 mL of sterile water to remove 
all THF and radioactive by-products. After the vacuum has been reduced to 0.5 bar 
valves 4 and 5 are switched, so that the acetate is eluted with 10 mL of citrate buffer into 
the raw product vial. Vacuum is held on this vial for 2 minutes to remove the unreacted 
["C]C02 from the slightly acidic citrate solution by bubbling with air. The product is then 
passed through a 0.22 /^-filter for sterilization by switching valves 6 and 7. 

The ["Cjacetate is trapped on an anion exchange column. This column is in the OH"-form 
and has a binding capacity of 0.24 mmol. Trapping can only be effective when all the 
chloride (0.3 mmol) is removed from the reaction mixture, because chloride has a better 
binding capacity than acetate. Removal of the chloride with cation exchange material in 
the Ag+-form appeared to be very effective. 
Using physiological saline, about 50% of the ["Cjacetate was eluted from the column, but 
this eluate was still contaminated with ["CJcarbonate. A much better recovery of more 
than 90% was obtained by using an isotonic citrate solution. This is caused by the fact 
that citrate has a higher binding capacity for anion-exchange material than chloride, and 
thus a higher elution power. In addition, it was found that ["C]C02 could be completely 
removed from this slightly acidic solution (pH = 4.7) just by bubbling air through it for 
about two minutes. 
An HPLC chromatogram of the end product is depicted in Figure 2a. The radiochemical 
purity is >99%. The overall decay corrected yield based on starting ["C]C02 is 60-65%. 

Figure 2a. Radiochromatogram of ["C]acetate 
Figure 2b. Radiochromatogram of the waste 
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Specific Activities of l^N-Chemical Species Generated by the l^OCp, g)13^j 
Reaction Using an Ultra Pure Water Target Saturated with Gases. 

. SASAKI, M. 1 - 2 ; HARADAHIRA, T. 3; and SUZUKI, K. 2- 3 Sumitomo Heavy Industries, Ltd.. 
4-9-11 Kitashinagawa, Shinagawa-ku, Tokyo 141, Japan. ^National Institute of Radiological 
Sciences, 4-9-1 Anagawa, Inage-ku, Chiba 263, Japan. ^Research Development Corporation of 
Japan, 4-1-8 honmachi, Kawaguchi 332, Japan. 

Nitrogen-13 can be produced by the ^^0(p, a ) l 3 N reaction and has been used as a PET tracer in 
nuclear medicine mainly in a form of [ l3N]ammonia. [ '3N]Ammonia, which is also the most widely 
used precursor for '3N-radiotracer synthesis, can be prepared by the two methods using a water 
target, namely, classical reduction method and in-target reduction method. In the classical reduction 
method, [ l3N]NOx" produced in the irradiated water are converted to [l3N]ammonia by the reduction 
withTiG3 W DeVarda's alloy2. In the in-target reduction method, [l3N]ammonia can be prevented 
in situ to be oxidized to [l3N]NOx~ by adding ethanol or H2 to the degassed pure water as a 
scavenger for oxidizing radicals3. In our recent research on the developments of clinically useful 
l3N-radiotracers with high specific activity, we have re-examined the "N-target chemistry in pure 
water for the rapid and high-yield syntheses of '3N-precursors such as [l3N]ammonia with high 
specific activity. Here we have examined the influence of gases (H2, 02, N2, He) saturated in an 
ultra pure water target on the formations of chemical species, which would affect the specific activities 
of l 3 N -precursors, by employing a radio ion chromatography. 

A new l3N-target system has been developed for use in this study and illustrated in Fig. 1 The target 
body (Ti, B) used in this system was the same as that employed in [l°F|fluoride production using a 
l^O-enriched water1*. The transfer system of the water consists of inert HPLC pump and PEEK tube 
with an i.d. of 0.5 mm. Ultra pure water (Milli-Q SP reagent water system, Millipore Ltd.) was 
saturated with pure gas (259.9999% for N2, H2, and He; 2:99.9995% for O2) in the Pyrex glass 
reservoir (A) at room temperature under the pressure of 3 kg/cm2, transferred into the target box (B), 
and irradiated by a 18 MeV proton at 5uA, during which time the saturated water was constantly 
supplied into the target box by the inert HPLC pump at a flow rate of 2 ml/min and recovered into the 
polypropylene bottle (C). The irradiated water was fractionated into 4 fractions at 10 min intervals 
during the irradiation (40 min) and additional 1 fractions at the same time interval after the irradiation. 
The each fraction (20 ml) was analyzed for chemical species ([13N]NC>2~> [ 1 3N]N03". [ 13N]NH4+) 
and radioactivities by ion chromatography systems (DIONEX DX-100 and YOKOGAWA IC-7000) 
coupled to NaI(Tl) scintillation detector. 

The results obtained by the present experiments are summarized in Fig. 2 - Fig. 4. The total 
radioactivity was not significantly different in each water target saturated with different gas. About 
97% of the total radioactivity generated by the irradiation of the H2-saturated water has been 
confirmed to be that of [13N]ammonia([13N]NH4+) as shown in Fig. 2A. In contrast to the H2-
saturation, the He-saturation, as well as the 02- and N2-saturations, leaded to the formations of the 
oxidized species ([13N]N02~, [13N]N03") as main products as shown in Fig. 2B. The 
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concentrations of the chemical species in water target before the irradiation were lower than ppb level. 
However, those of the chemical species were rapidly increased and reached to the constant levels 
within 10 min after the irradiation. Fig. 3 shows the concentrations of the chemical species in the 
second fraction (10-20 min) of the irradiated water. It was observed that the NOx" concentration 
was significantly increased by the N2-saturation, and that the NH4+ concentration in H2-saturated 
water was slightly higher than those in other gas saturated waters. Fig. 4 shows the specific activities 
of the chemical species (third fraction) generated by the proton irradiation of the water saturated with 
different gases. Among the gas saturation only the N2-saturation greatly lowered the specific activity 
of the total ^N. The highest specific activity of [l^Njammonia was obtained in the H2-saturated 
water and the relatively high specific activity of [^NjNOx was obtained by the 02- and He-
saturations. The in-target reduction method using a water target saturated with H2 would be suitable 
for the production of ['^Nlammonia with high specific activity since [13N]ammonia could be 
produced directly during the irradiation. Furthermore the N2-elimination from the water target might 
be needed to obtain the 13N_chemical species with high specific activities. Further effort to improve 
the specific activity of l^N is now under way. 

Referenses 
1. Krizek H., et al. -J. Nucl. Med. 14:629(1973) 
2. Vaalburg W., etal. - Appl. Radiat. Isot. 26:316(1975) 
3. Wieland B., etal. - Appl. RadiaL Isot. 42: 1095 (1991) 
4. Yamada S., et al. - Proc. of the 2nd Int. symp. on PET in Oncology (abstract): P 393 (1993) 

18 MeV proton £_ 

Target 
Body:Ti; Foil:Ti,75n 
Target Volume: 13 ml 

Pump 

! Flow: 2 ml/min 

To Waste 

Back Pressure 
Regulator (3 kg/cm2) 

i— -<— Pure Gas 
3 Kg/cm2 

Irradiation j Hot Cell 
R 0 0 m ' Ultra Pure Water 
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The Production of Oxides of Nitrogen-13: Evaluation of a System For The On-Line 
Production of Either [N-13]Nitric Oxide or [N-13]Nitrogen Dioxide. 
McCarthy. T.J: Dence, C.S. and Welch, M.J. The Mallinckrodt Institute of Radiology, Washington 
University School of Medicine, Saint Louis, Missouri 63110 USA. 

Research into the biological significance of nitric oxide has been intense in recent years ' . One 
particular branch of this research has revealed that exogenous nitric oxide (NO-), when inhaled, will 
act as a selective pulmonary vasodilator. This has led to a great deal of clinical interest and, 
currently, inhaled nitric oxide is gaining recognition as a therapeutic agent for the treatment of various 
types of pulmonary hypertension . 

As a result of this effort we are currently interested in the development of a system suitable for 
the on-line production of [N-13]nitric oxide. Nitrogen-13 can be conveniently prepared via the 
, 2C(d,n) I 3N reaction. We have previously reported the production of [N-13]ammonia via the 
combustion and reduction of graphite pellets post-irradiation4. Combustion of nitrogen-13 in this 
manner is known to produce primarily [N-13]nitric oxide and [N-13]nitrogen dioxide. As this is a 
fast and efficient combustion technique, we sought to develop a method to isolate the [N-13]NO-
from the mixture. There is no suitable chromatographic technique available for this separation, so we 
turned our focus to a chemical method of differentiation. 

The white bis-aniline, o-tolidine (1), reacts selectively with nitrogen dioxide to yield a brown 
nitroso species. o-Tolidine shows no reactivity toward nitric oxide. The distinctive color change 
associated with this reaction has been incorporated into the commercially available Kitagawa gas 
detection system (available from Matheson, USA) as a chemical test for oxides of nitrogen. The 
system consists of a small glass tube (95 x 5mm) packed with o-toluidine on a silica gel support 
through which a sample of gas is passed. More elaborate tubes are available that are able to 
differentiate between nitrogen dioxide and nitric oxide (Fig. 1.). In this case the tube consists of two 
compartments of o-tolidine separated by a compartment containing an oxidizing agent. Nitric oxide 
is rapidly oxidized to nitrogen dioxide, where it is trapped in the second compartment. 

These tubes have proven to be of immense use in our production of [N-13]nitric oxide. Initially 
we used the tubes containing only o-tolidine, and found that they were able to efficiently remove all 
traces of [N-13]N02- In separate experiments we were able to assess the relative ratios of the two 
oxides (1.5:1 N07:NO-) by passing the gas mixture through the N07N02 detector tube. The 
compact design of these tubes makes them suitable for imaging on a radio-TLC scanner. Thus, we 
are able to not only determine the amount of radioactivity collected, but also to evaluate the chemical 
composition. 
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We have also evaluated the stability of [N-13]NO- in oxygen using these tubes. This has been 
tested by passing the product gas from the furnace through a single o-tolidine tube and then to a 
NO/NO2 detector tube placed in series a short distance from the first tube. Subsequent radio-TLC 
analysis revealed that all the radioactivity trapped in the second tube arose from [N-13JNO. As 
expected the [N-13]NO was stable in 100% oxygen, we anticipated this result since the oxidation of 
NO- to NO2 is second order with respect to nitric oxide . 

In conclusion we have found that by using commercially available gas detection tubes we are able 
to conveniently separate a mixture of [N-13]nitric oxide and [N-13]nitrogen dioxide. We are able to 
determine the relative ratios (1.5:1 N02:NO) of each component. This approach is economical since 
the trace amounts of the gases trapped in these tubes allows them to be reused many times. We are 
currently utilizing this procedure in the development of an on-line [N-13JNO delivery system for 
inhalation studies. 

This research was supported by the National Institutes of Health (POl-HL-13851). 

Me 

o-Tolidine Cr0 3 + H2SO4 
[ ,3N]NO -[ , 3N]NO;, 

©•Tolidine 

Figure 1. Schematic representation of the Kitagawa NO2/NO detection tube. 
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(AminostyryQpyridinium (ASP) Dyes As New Radioactive Cell Membrane Permeant Probes: Synthesis of 
Tributyltin Precursors, Radioiodination, Development of Mixed Leukocyte and Lymphocyte Labeling Procedures, 
and Preliminary Imaging Studies In Dogs With An Induced Inflammatory Abscess. 
C. Lambert, R.C. Mease. L. Avren, T. Le, H. Sabet, and J. G. McAfee'. George Washington University Medical 
Center, Washington, D.C. and ' NIH, Bethesda MD. 

Lipophilic fluorescent membrane permeant dyes have been used for over 15 years to measure 
membrane potential in both resting and activated neutrophils and lymphocytes in vitro. Lipophilic 125l-labeled 
carbocyanine dyes prepared in low specific activity by exchange methods have been used to label leukocytes 
for in vitro studies and animal biodistribution studies1. To increase the specific activity of membrane probes, 
reduce the time required for radioiodination and purification, and permit imaging studies with either " 1l,or 1 2 S I 
labeled probes, we now report the synthesis of a family of radioiodinated (aminostyryQpyridinium (ASP) dyes 
prepared from tributyltin precursors, the labeSng of lymphocytes and mixed leukocytes with these agents, and 
preliminary imaging studies in dogs with one of the "'(-labeled ASP dyes. 

The parent dyes 4-[2-{4-(N,N-dialkylamino)phenyl]ethenyl]pyridine (Di-X-ASP) where X = 4, 6, 8, or 10 
carbons were prepared by a modification of Loew's procedure2 (Scheme 1). Alkylation of Di-X-ASP with E-1-
tributylstannyl-3-tosyl propene 1 , prepared by tosylation of the known l-tributylstannyI-l-propen-3-ol3 2 gave 
compounds 3a-d (Scheme 2). Reacting 3a-d with 1 2 5 l or " ' I , with or without earner iodide, in aceton'rtrile/water 
containing 1-10 uL 2/1 30% hydrogen peroxide/glacial acetic acid for 10 min followed by HPLC purification 
(Spherisorb phenyl column, SmM sodium acetate in methanol) gave pure ASP dyes 4a-d. Yields of radio
iodinated 4a-d ranged from 47%-80% for earner-added reactions giving specific activities from 250 Ci/mmol to 
1200 Ci/mmol. Compound 4d was prepared in theoretical specific activity in a 50% yield with NCA 1 2 S I . 

Labeling of mixed leukocytes (harvested from 20mL canine blood) with 4a-d was performed using five 
different procedures: 1.) labeSng in Diluent C (a commercial non-ionic cell labeling media developed for 
fluorescent carbocyanine dyes that is not approved for human use) after two saine washes of the cell pellet; 
2.) labelng in salne after two saline washes of the cell pellet; 3.) labeSng in saine with no saine washes of the 
cell pellet; 4.and 5.) labeling in either 10% or 100% platelet poor plasma (PPP). Leukocyte labeling results are 
summarized in Table 1. ASP dyes 4a and 4b labeled leukocytes in high yield using either Diluent C, or saine 
with or without washes of the cell pellet The introduction of plasma into the labelng media reduced labeSng 
yields. Longer chain ASP dyes 4c. and 4d only labeled leukocytes in useful yields using Diluent C. 

Peripheral blood lymphocytes (PBLs) from dogs and rats as well as rat splenic lymphocytes were 
labeled In high yields with either 4a or 4b (Table 2). Viabiity of labeled lymphocytes was >90% both before and 
after radiolabeing (Trypan Blue exclusion test). 

Mixed leukocytes labeled with 4b and 111ln-oxine labeled mixed leukocytes were compared in dogs 
having a sodium urate-induced inflammation in the left stifle joint Selected results are summarized in Table 3. 
Both agents showed similar blood clearance and abscess localization by 3h. The 3h knee abscess aspirates 
showed more radioiodine than indium in the abscess and centrifugation of the aspirate showed that the 
radioiodine was cell bound. In Experiments 5 and 6 (Table 3), region of interest measurements of the 3h 
images gave abscess to contralateral knee ratios of 12.3 and 10.6 for 4b while the corresponding ratios were 
4.8 and 1.5 for "1ln-oxine. It is apparent from the images that " 1 I clears from the Ever by 24h and is excreted 
in the feces. No thyroid uptake of " ' I was detected at either 3h or 24h. 

In conclusion, we have demonstrated that ASP dyes can be radiolabeled rapidly in sufficiently high 
specific activity to allow labeSng of either mixed leukocytes or lymphocytes without loss of cell viabiity due to 
overloading of the cells. In addition, 4b labeled leukocytes accumulated in sodium urate induced abscesses in 
the knee of dogs to a greater extent than 111ln-oxine labeled leukocytes. This higher abscess localization 
coupled with the clearance of radioactivity from the Bver and the eimination of the need to wash the cell pellet 
free of plasma for labelng makes 4b an attractive agent for further study. Since our labeled ASP dyes are 
locaized in cellular membranes, radiation damage to lymphocytes will be reduced. This should allow higher 
doses of radioactivity to be used for imaging compared to 111In-oxine which localizes in the nucleus and alters 
lymphocyte migration at doses greater than 20uCi/100 milion cells. The maximum benefit of labeSng white 
blood cell populations for imaging and in vivo tracking studies however, will only be realized once ASP dye 
derivatives capable of chelating either 1 1 1 ln or " T o have been prepared. 

1. Gray, B. et al. J. Nucl. Med. 32:1092 (1991). 
2. Hassner, A. et al. J. Org. Chem. 492546 (1984). 
3. Jung, M.E. and Light L A Tetrahedron Lett 32: 3851 (1982). 
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Scheme 1. General Synthetic Route For Di-X-ASP Compounds 
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2d n = 10 
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CH3CN.2I H202/CH3C02H 

4a n = 4 
4b n = 6 

4c n = 8 
4d n = 10 

Scheme 2. Synthesis of Radioiodinated ASP Dves 4a-d. 

TABLE 1 . Mixed Leukocyte Labeling Yields Using 1 2 5 l Labeled ASP Dyes 4a-d' l > 

Method 4a 4fe 4£ 44 
Diluent C 75% 

(70-79%) 
75% 
(68-81%) 

52% 
(37-67%) 

55% 

Saline 
2 washes of pellet 

72% 
(71-74%) 

84% 
(79-87%) 

32% 
(27-36%) 

10% 
(8-13%) 

Saline 
no washes of pellet 

71% 
(58-83%) 

63% 
(42-80%) 

6% 
(3-9%) 

2% 
(1-4%) 

10% PPP in saline 41% 45% 
(28-65%) 

100% PPP 17% 

a. 10-30uCi m l labeled 4a-d per experiment 
b. Specific activity ranged from 250 325 Ci/mmol. 
c. Data expressed as the average, range presented in parentheses. 
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iaBJLE_2. Lymphocyte Labeling Yields Using 1 2 5 l Labeled ASP Dyes 4a. and 4J i , A c 

Animal Source of 
Lymphocytes 

Separation 
Procedure 

* of ceils LaMna 
fxi.ooo.ooo) Medium 

Dog Blood Isolymph 100 Diluent C 

Rat Blood Histopaque-
1077 

6-44 PBS 

Rat Blood Isolymph 15 PBS 

Rat Spleen Lympholyte-
Rat 

63-300 PBS 

4a. 

a. 10-15uCI , 2 5l labeled £a or 4b. per experiment. 
b. Specific activity ranged from 200-300 Ci/mmol. 
c. Data expressed as average, range given in parentheses. 
d. Ce) viability >90% before and after labeling (Trypan Blue). 

4b. 

82%" 
(77-85%) 

61% 
(43-75%) 

78%" 

72%a 71%" 
(62-76%) (64-77%) 

TABLE 3. Comparison of 1 2 5l/ 1 3 1l-4b Labeled Leukocytes with 111ln-Oxine Labeled Leukocytes in 
Dogs Having a Sodium Urate Induced Abscess in the Stifle Joint. 

Exp.. Radio-
Ebaim.. 

LaMna 
Yield 

Amount 
injected 

% inf. dose 
in abscess 
asoirate 

, 3 1 l / 1 " ln or 
1 2 5 j / 1 , , ln 
in aspirate i 

1 125l-fi£*-" 
111ln-oxine 

84% 
88% 

84uCi 
500uCi 

0.594% 
0.363% 

1.65 98% 
95% 

2 12Sl-S£*d 

11,ln-oxine 
88% 

91% 
66uCi 
312oCi 

0.527% 
0.088% 

6.0 96% 
96% 

3 «1l-2c.M 

1"ln-oxine 
88% 
85% 

86uCi 
331 oCi 

0.050% 
0.019% 

2.6 93% 
79% 

4 , 3 1I-S£ c d 

111ln-oxine 
88% 
94% 

255uCi 
288uCi 

0.194% 
0.056% 

3.5 97% 
86% 

5 , 3 ,I-Ss., 
11,ln-oxine 

86% 
89% 

272oCi 
326uCi 

0.092% 
0.021% 

4.3 95% 
92% 

6 ,3 ,|-fi£'-' 
1,1ln-oxine 

87% 
87% 

211oCi 
378uCi 

0.355% 
0.016% 

22 
22 

94% 
78% 

a. Specific activity = 250CI/mmol 
b. Specific activity = 500CI/mmol 
c. Specific activity = 1O00Ci/mmol 
d. Labeling done in Diluent C after cell pellet washed with 2 X 10mL saline 
e. Specific activity = 8O0Ci/mmol 
f. Labeling done in saline after cell pellet washed with 2 X 10mL saline 
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Synthesis and Biodistribution of IndiumflID Complexes with Hexadentate Bis(salicvlaldimine) Ligands. 
Shiaw-Pyng Wey, Yui-May Hsiao, Carla J. Mathias, and Mark A. Green. 
Department of Medicinal Chemistry, Purdue University, West Lafayette, IN 47907-1333. 

Radiopharmaceuticals labeled with generator-produced 1 1 3 m I n might be useful as alternatives to 9 9 m T c -
tracers for SPECT studies of regional myocardial perfusion. We have previously prepared a diverse 
selection of hexadentate bis(salicylaldimine) ligands designed to yield lipophilic, monocationic 
complexes with the gallium(III) ion (1-3). Such gallium complexes derived from bis(3-
aminopropyl)ethylenediamine (BAPEN) have been found to consistently provide relatively high 
myocardial uptake following intravenous injection accompanied by prolonged myocardial retention of 
the gallium radiolabel. We report here the synthesis of the corresponding 1 1 1In-labeled complexes of a 
number of these ligands (Figure 1) and determination of their biodistribution in rats following 
intravenous administration. 

The 1 1 1In-labeled indium(III)-bis(salicylaldimine) complexes were prepared following a procedure 
similar to that used for the gallium(III) analogs reported previously (1-3). Briefly, no-carrier-added 
1 1 1InCl3 in HC1 solution was evaporated to dryness by heating under a stream of nitrogen gas in a test 
tube. The residue was redissolved with 20 uL of an ethanol solution containing 0.002% by weight 
acetylacetone followed by addition of 1 mg of the bis(salicylaldimine) ligand or a tris(salicylaldimine) 
ligand precursor in 100 uL of ethanol. The reaction mixture was vortex mixed, heated for 20 minutes in 
a 65-70°C water bath, and then cooled to room temperature. The ethanol solution was then diluted to 
10% ethanol with saline and filtered through a disposable 0.2 um PTFE filter prior to use. The indium-
I l l complex of each ligand was obtained in >95% radiochemical purity as assessed by chromatography 
on Whatman 3MM paper strips. With this paper chromatography system the 111In-Schiff-base 
complexes migrate with fifvalues ranging from 0.8 to 1.0, while the uncomplexed 1 1 1 I n 3 + ion and 
unreacted m In(acac)3 remain at the origin. 

Measured octanol/water partition coefficients for these complexes are shown in Figure 1. The 
lipophilicity of the 111In-indium(III) bis(salicylaldimine) complexes studied spans a range from 0.4 to 2.6 
and was predictably altered by substitutions on the aromatic rings and/or the tetramine backbone. 
Most of the m In- indium bis(salicylaldimine) complexes were found to be slightly less lipophilic than the 
corresponding gallium analogs. 

Seven of the ten ^In-complexes prepared were further evaluated to determine their biodistribution in 
rats (Table 1). The radiotracers were injected via the femoral vein with diethyl ether anesthesia. All 
seven of these Schiff-base ligands provide complexes that afford the desired myocardial retention of 
i^In-radiotracer after intravenous injection, as previously observed with the corresponding gallium 
compounds. However, the m In-indium(III) bis(salicylaldimine) complexes generally provided 
somewhat lower myocardial uptake than observed with their gallium analogs and poorer 
heart/background tissue contrast. 

This work was supported by a grant from the National Cancer Institute (R01CA46909). 

1. Tsang B.W., Mathias C. J., and Green M.A. - J. Nucl. Med. 34:1127-1131 (1993). 
2. Tsang B.W., Mathias C.J., Fanwick P.E. and Green MA. - J. Med. Chem. 31:4400-4406 (1994). 
3. Wey S.P. - Synthesis, Characterizatiom, and Structure-Activity Relationships of Gallium, Indium, 

and Copper-Labeled Radiopharmaceuticals for Myocardial Imaging with PET, Doctoral Thesis, 
Purdue University - West Lafayette (1995). 
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Figure 1. Structure of the bis(salicylaldimine) ligands investigated for preparation of indium(III) 
radiopharmaceuticals. All provide a hexadentate N4O22' coordination sphere for the pseudo-octahedral 
Ga 3 + and In 3 + ions. 

H C < ^ R{ R, R R R,' R, ^ 

R5 y R3 R, y R, 
R4 R4 

Salicylaldimine Ligand (L) R Ri R2 R 3 » 4 R5 Rs I n - I / l o g P 

Bis(3-MeOsal)BAPEN H H H OCH3 H H H 0.54 + 0.01 

Bis(6-MeOsal)BAPEN H H H H H H OCH3 1.20 ± 0.01 

Bis(sal)Me4BAPEN H CH 3 H H H H H 1.71 + 0.01 

Bis(3-MeOsal)Me4BAPEN H CH 3 H OCH3 H H H 1.94 + 0.01 

Bis(4-MeOsal)Me4BAPEN H CH 3 H H OCH3 H H 2.15 ± 0.02 

Bis(5-MeOsal)Me4BAPEN H CH 3 H H H OCH3 H 1.68 + 0.02 

Bis(6-MeOsal)Me4BAPEN H CH 3 H H H H OCH3 2.56 ± 0.01 

BisCsalW^-DMBAPEN CH 3 H H H H H H 0.38 ± 0.01 

Bis(4-MeOsal)-W,AT-DMBAPEN CH3 H H H OCH3 H H 0.70 + 0.01 

Bis(sal)BAPTMEN H H CH 3 H H H H 1.92 ± 0.02 
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Table 1. Biodistribution of the monocationic In(III)-bis(salicylaldimine) complexes studied in rats following intravenous injection. 
Data is expressed as a percentage of the injected dose found in the heart. Heart/non-target ratios are calculated from the percentage 
of the injected dose per gram of tissue. Values shown are the mean ± standard deviation of data obtained from a minimum of three 
animals. For comparison, data is also shown for the analogous Ga-complexes. 

Ligand 
M3* 

% ID in Heart Heart/Blood Ratio Heart/Liver Ratio Ligand 
M3* 1 minute 2 hours 1 minute 2 hours 1 minute 2 hours 

Bis(3-MeOsal)BAPEN In 

Ga 

0.41 ± 0.03 

0.57 ± 0.10 

0.32 ± 0.01 

0.37 ± 0.05 

0.55 ± 0.07 

1.60 ± 0.39 

0.50 ± 0.03 

40.4 ± 19.2 

0.21 ± 0.04 

0.24 ± 0.06 

0.18 ± 0.02 

1.51 ± 0.36 

Bis(3-MeOsal)Me4BAPEN In 

Ga 

1.18 ± 0.05 

1.47 ± 0.07 

1.03 ± 0.06 

1.57 ± 0.19 

4.01 ± 0.36 

9.00 ± 1.51 

24.4 ± 2.6 

376 ± 64 

0.54 ± 0.14 

0.94 ± 0.21 

3.26 ± 0.14 

24.9 ± 4.3 

Bis(4-MeOsal)Me4BAPEN In 

Ga 

1.28 ± 0.15 

1.55 ± 0.21 

1.40 ± 0.05 

1.49 ± 0.09 

5.13 ± 1.04 

8.94 ± 1.78 

10.6 ± 1.1 

174 ± 21 

0.59 ± 0.10 

0.88 ± 0.19 

2.10 ± 0.29 

5.75 ± 0.97 

Bis(6-MeOsal)BAPEN In 

Ga 

0.66 ± 0.04 

1.05 ± 0.05 

0.71 + 0.03 

1.00 ± 0.03 

1.35 ± 0.53 

5.64 ± 0.56 

1.97 ± 0.17 

64.1 ± 5.3 

0.33 ± 0.10 

0.46 ± 0.03 

0.28 ± 0.01 

4.04 ± 0.33 

Bis(6-MeOsal)Me4BAPEN In 

Ga 

1.36 ± 0.11 

1.56 ± 0.02 

1.37 ± 0.03 

1.60 ± 0.06 

4.55 ± 0.57 

5.27 ± 1.15 

13.5 ± 1.0 

149 ± 21 

0.73 ± 0.11 

0.74 ± 0.07 

1.91 ± 0.64 

6.04 ± 2.90 

Bis(sal)BAPTMEN In 

Ga 

1.30 ± 0.20 

1.51 ± 0.17 

1.33 ± 0.10 

1.48 ± 0.13 

7.74 ± 1.28 

4.48 ± 0.70 

26.6 ± 2.0 

21.5 ± 7.5 

0.63 ± 0.08 

0.74 ± 0.14 

2.88 ± 0.38 

10.2 ± 1.2 

Bis(4-MeOsal)-W,iv"-DMBAPEN In 

Ga 

0.81 ± 0.02 

1.70 ± 0.14 

0.90 ± 0.10 

1.60 ± 0.17 

2.43 ± 0.16 

3.99 ± 0.42 

10.7 ± 0.3 

23.3 ± 2.7 

0.36 ± 0.07 

1.00 ± 0.20 

0.86 ± 0.08 

7.16 ± 0.75 



Structure-Activity Study of Bis(aminoethanethiol) Complexes of Ga(III) and In(III): 
Relationship Between Stability and in vivo Behavior 
C.J. Anderson'. Y. Sun2, T.S. Pajeau1, R.J. Motekaitis2, D. Reichert2, R.D. Hancock3, A.E. 
Martell2 and M.J. Welch1. 'Mallinckrodt Institute of Radiology, Washington University School 
of Medicine, St. Louis, MO, Department of Chemistry, 2Texas A & M University, College 
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The design and synthesis of new chelating agents for effective coordination of Ga(III) and In(III) 
is essential in the development of new 6 8 Ga and l n I n radiopharmaceuticals. Radioactive Ga(III) 
and In(III) complexes have applications as brain and heart perfusion agents or as biologically 
stable complexes conjugated to larger biomolecules such as proteins or peptides. Kung and co
workers have investigated four coordinate bis(aminothanethiol) (N2S2) ligands for Ga(III) and 
In(III) that were potential myocardial imaging agents/1-2) Our group recently reported the 
thermodynamic and in vivo stability of six coordinate N,N'-ethylene-di-L-cysteine (EC) 
complexes of Ga(III) and In(III).<3) The thermodynamic stability of In-EC (Log K = 33.0) is one 
of the highest reported for an In(III) complex. In this study, we compare thermodynamic and in 
vivo stability of Ga(III) and In(III) four, five and six-coordinate N2S2 complexes (I-IV). Two 
six-coordinate ligands have been investigated (III and IV) to evaluate the effect of lipophilic 
geminal dimethyl groups on biodistribution. 
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Ligands I and IV were synthesized as previously described/4-5) In the preparation of the II, the 
N2S2 backbone skeleton involved the condensation of ethylenediamine with 2,2'-dithiobis(2,2-
dimethacetaldehyde) to give the cyclic diimine-disulfide. The diimine was then hydrogenated to 
the diamine using sodium cyanoborohydride (NaBH3CN). Sodium and liquid ammonia were used 
to open the disulfide bond. Ligand III was synthesized by reacting the cyclic diamine disulfide 
(precursor to compound I) with sodium bromoacetate (BrCH2COONa) under basic conditions. 
The disulfide was then reduced with sodium and liquid ammonia. 
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Stability constants of Ga(III) and In(III) complexes of I and II were accomplished by direct 
potentiometric titration, whereas the complexes of III and IV were obtained by iigand-ligand 
competition with EDTA (Table 1). The ligands I-III were radiolabeled with 6 7 Ga and ' ' ' In , and 
their in vivo serum stabilities and biodistribution out to 1 h post-injection were determined in 
normal Sprague-Dawley rats. The biodistributions of 6 7 Ga and ' ' 'In-labeled EDDA-SS (IV) 
were also determined. 

Table 1. Equilibrium Constants (log K) for In(III) and Ga(III) Complexes of Ligands I-IV. 
T=25°C; n = 0.100 M KN0 3 

[ML]/[MKL1 I (4SS) II (5SS) III (6SS) IV (EDDA-SS)* 

In(III) 

Ga(III) 

27.3 

24.7 

30.9 

27.4 

39.8 

41.0 

37.0 

35.6 

*(i = 0.100 MKC1 

As expected, both the In(III) and Ga(III) stability constants increase as the number of donor 
groups increases in the series 4SS, 5SS and 6SS. For both metal ions the carboxyl group on the 
carbon backbone is responsible for an increase of 3 orders of magnitude for 5SS over 4SS, while 
the increase is 9 log units in 6SS over 5SS for In(III) and 4 log units for Ga(III). For all ligands 
except 6SS, the In(III) complexes were more stable than the Ga(III) complexes. 

Blood drawn from rats injected with ' ' 'In-labeled 4SS showed complete metabolism by 2 
minutes post-injection, whereas the circulating metabolites of 6 7Ga-4SS showed about 25-30% of 
intact complex from 2-60 minutes post-injection. Both 6 7Ga- and ' ' 'In-labeled 5SS showed 
>50% intact complex at 2 minutes, and >80% metabolism in blood by 1 h post-injection. 6 7 Ga-
and ' ' 'In-6SS were both 100% stable at 1 h post-injection. 

Biodistribution studies were performed on all complexes from 2-60 minutes post-injection. 
There was no significant brain or heart uptake for any of the radiolabeled complexes. A 
relationship is observed between the stability of the metal-ligand complexes and their liver 
clearance (Figure 1). The least stable complexes were retained in the liver whereas the most 
stable complexes were rapidly cleared. A similar, but not as pronounced correlation was 
observed with kidney uptake (data not shown). The geminal dimethyl groups in III giving 
increased lipophilicity appeared not to increase^iver or kidney uptake compared to radiolabeled 
IV. The accumulation of radiolabeled ligand in the liver without clearance may be indicative of 
complex instability and exchange of metal from the ligand, allowing the radiometal to become 
trapped inside the liver or kidney cells. Biodistribution studies with other 6 7Ga- and ' " In-
labeled ligands such as EC<3> have shown similar trends. 

In summary, four chelates have been evaluated as potential 6 7 / f i8Ga- or " 'In-
radiopharmaceuticals, and as potential bifunctional chelates for ' ' 'In- or 68Ga-labeled 
biomolecules. Stability was shown to increase with coordination number. A correlation between 
stability and liver clearance was established. The high stability constant of In-6SS together with 
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the rapid clearance through the liver and kidneys suggests that a bifunctional chelate of 6SS may 
be ideal for complexation of " 'In to biomolecules. 
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Figure 1 

Liver clearance of 6 7 / 6 8 Ga- and '"in -labeled 4SS, 5SS, 6SS and EDDA-SS 
in Sprague-Dawley rats 
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SYNTHESIS AND BIODISTRIBUTION OF TWO 
CATIONIC COPPER-64 COMPLEXES 

A.B. Packard. P.J. Day, J.F. Kronauge*, S.T. Treves. 
Division of Nuclear Medicine, Children's Hospital, Harvard Medical School, Boston, MA, USA, 
02115 and *Department of Radiology, Brigham and Women's Hospital, Harvard Medical School, 
Boston, MA, USA, 02115. 

The 6 2 Z n (ti/2= 9.2 h)/ 6 2 Cu ( t i ^ 9.73 min.) generator is a convenient source of positron-emitting 

radionuclides at those centers that would like to perform PET but do not have access to a cyclotron 

(1-4). In addition to 6 2 C u diagnostic agents, there is also interest in the development of 6 7 C u (ti/2= 

62.01 h) and 6 4 C u {ty2- 12.7 h) agents for radiotherapy. To date, however, the development of 

small-molecule copper radiopharmaceuticals has focused mostly on neutral perfusion agents such as 
6 2Cu-PTSM (5, 6). 

A group of copper(II) complexes of potential biological interest are the complexes of the anionic 

imine-oxime ligands 3,3'-(trimethylenedinitrilo)bis(2-butanone oxime) (PreH, Fig. la) and difluoro-

3,3'-(trimethylenedinitrilo)bis(2-butanone oximato)borate (cyclops, Fig. lb). These ligands form 

monocationic complexes with copper(II) (7-9) as shown in Figure 2. Monocationic complexes such 

as these may prove useful as myocardial perfusion or tumor-avid radiopharmaceuticals analogous to 
2 0 l T l a n d 9 9 m T c - M I B I . To test this possibility, the copper complexes were synthesized using 6 4 Q I 

(because of its longer half-life) and preliminary biodistribution studies were carried out in mice. 

OH 

J 

• ' B ° JO 

Figure 1 a. PreH Figure 1b. cyclops Figure 2 

The PreH ligand and the Cu-PreH complex were prepared by a modification of Gagne's method (7). 

The product was purified by cation-exchange chromatography (Sephadex SP C-25) after removal of 

the acetonitrile with nitrogen. The complex was characterized by TLC (Cis; 0.5 M NH4OAC, 
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CH3OH, CH3CN, THF; 22:66:9:3) using a sample of the non-radioactive complex as a standard. 

Under these conditions, the Rf of [Cu(PreH)]+ is 0.78. Typical yield (decay corrected) was 90%. 

The Cu-cyclops complex was prepared by addition of boron trifluoride etherate to an acetonitrile 

solution of crude Cu-PreH (7). This product was also purified by cation-exchange chromatography 

as described for Cu-PreH. Characterization by TLC using the same conditions as for Cu-PreH (Rf= 

0.83) again using the non-radioactive complex as a standard. Typical yield (decay corrected) was 

50%. 

The biodistribution of the complexes was determined in C57BL/6J mice. Animals were injected via 

the tail vein, sacrificed at 5,15, or 60 min. post injection, and dissected. Tissue samples were 

weighed, assayed in an automated NaI(Tl) scintillation counter, and the percent injected dose in each 

tissue calculated. The results of the biodistribution studies are summarized in Table 1. 

Table 1. Biodistribution of Cationic Copper Complexes (mean ± s.e., n = 5 or 6) 

Tissue 

[b4CulCu-PreH |MCulCu-cyclops 

Tissue 
Time Post Injection 

5 min. IS min. 60 min. 
Time Post Injection 

5 min. 15 min. 60 min. 
Blood 
Heart 
Lungs 
Liver 
Spleen 

Kidneys 
Stomach 

Gut 
Brain 

Skin/Fur/Fat 
Muscle 
Bone 

1.84*0.14 1.71*0.19 0.984*0.101 
1.42*0.06 1.61*0.07 1.93*0.13 
2.51*0.35 2.36*0.10 3.12*0.12 
31.8*1.8 36.1*1.7 42.4*4.4 
1.03*0.03 0.975*0.044 0.945*0.073 
16.2*1.5 13.1*1.3 6.99*0.22 
1.90*0.08 3.62*0.42 3.59*0.86 
7.37*0.36 7.96*0.39 10.7*0.9 

0.094*0.002 0.103*0.008 0.121*0.010 
1.19*0.11 0.846*0.075 0.900*0.035 

0.520*0.041 0.320*0.012 0.277*0.014 
0.583*0.087 0.697*0.099 0.711*0.070 

3.53*0.36 2.28*0.56 1.09*0.03 
1.87*0.26 1.22*0.13 1.17*0.06 
3.06*0.26 2.21*0.08 2.87*0.30 
45.2*1.7 56.7*3.5 67.1*4.2 
1.29*0.09 1.01*0.08 0.869*0.028 
63.2*1.3 68.1*3.4 39.0*1.9 
1.07*0.09 2.28*0.55 4.36* 1.01 
5.42*0.19 4.97*0.38 8.21*0.84 

0.134*0.012 0.097*0.007 0.117*0.010 
2.40*0.25 0.898*0.151 0.996*0.136 
0.98*0.18 0.366*0.022 0.333*0.086 
1.19*0.18 0.814*0.075 0.911*0.128 

The [64Cu]Cu-PreH complex shows high liver uptake and increasing accumulation in the gut" 

suggesting excretion through the liver into the gut. A smaller amount is eliminated through the 

kidneys. The uptake of [^4Cu]Cu-PreH by the heart at 5 and 15 min. post injection is less than the 

4.0 ± 0.4 and 2.9 ± 0.3 % reported for [64Cu]Cu-PTSM in rats (5). The myocardial uptake is similar 

to the highest values reported by John, et al. (10) for a series of neutral Schiff-base copper complexes 
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with the important exception that the amount of [^Cu]Cu-PreH in the heart increases with time 

(P<0.05). There is little accumulation of the complex in the brain. 

The cyclops complex shows higher liver uptake than Cu-PreH but slower excretion into the gut. 

There is also significantly more kidney excretion than with [^Cu]Cu-PreH. The uptake by the heart 

is less than that observed for Cu-PreH, decreases with time, and the heart-to-blood ratio is less than 1 

up to 1 h post injection. As with [^CuJCu-PreH, there is little accumulation in the brain. 

Further study of this class of complexes is currently underway to (a) determine in a larger series of 

ligands how structural changes influence the biodistribution of the copper complexes and (b) if there 

is accumulation of the complexes in tumors. 
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Novel TcVOfHI) N^S^ Complexes; Interconversion bv Redox Reaction. 
S. OYA. M.-P. KUNG, D. FREDERICK and H.F. KUNG. Department of Radiology, 
University of Pennsylvania, Philadelphia, PA 19104. 

As one of the N2S2 ligands for complexing Tĉ O core, BAT (bisaminodithiol) ligands have 
been actively investigated as potential brain imaging agents (1,2). Recently, we reported a 
UBAT ligand (BAT ligand with uneven amine groups; Scheme 1). The unique features of 
this ligand include: a) two unequal amines in a molecule to coordinate with TcvO; b) the 
ability to form two different Tc complexes which are interconvertible by a simple redox 
reaction; c) the complex obtained by oxidation has flat and rigid ring structure with a simple 
stereochemistry. The structures of both complexes were verified by X-ray crystallography 
(3,4). We report herein the development of a new UBAT type ligand, 7, which has an 
extra aromatic ring at the benzyl position of UBAT. This system should have all the 
features of the original UBAT, but with higher lipophilicity and stability. Also, the 
additional aromatic ring makes it possible to introduce substitution groups, which increases 
the flexibility of forming a wide variety of Tc-99m complexes. 

Scheme 1. UBAT and Its Two Different Tc Complexes 

"U-BAT" 

[NaBH*] >C>0< 
To synthesize ligand 7, diamine 3 was prepared from 2-aminobenzophenone 1 using a two 
step reaction. Diamine 3 was treated with acid chloride 4 (5), yielding diamide 5, which 
was readily reduced to diamine 6 by diborane. Ligand 7 was obtained after the S-protected 
group was removed (6). All the reactions had good yields, and products were characterized 
by NMR, IR and elemental analysis (Scheme 2). 

Scheme 2. Synthesis of Ligand 7 

O ^ NH H N « ^ . 0 

S S ^ \ 
MBz MBz 

5 
MBz =p-methoxybenzyI 
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Ligand 7 was labeled by stannous tartrate/TcC>4~ (yield = -50%; Scheme 3). This original 
complex (Rt = 8 min; reversed phase HPLC: PRP-1 column, CH3CN/5 mM dimethyl-
glutaric acid buffer, pH 7, 90/10, 1 mL/min) could be oxidized by air to form a more 
lipophilic complex (Rt = 16 min by HPLC) with high yield. The oxidized form, as 
expected, could be easily reduced back to the original complex by a reaction with 
NaCNBH3. Scheme 3 shows the HPLC profile for the oxidized and reduced forms. This 
interconvertible property of the reduced and oxidized forms is identical to the original 
UBAT system; thus, it is reasonable to propose the structures for the complexes as shown 
in Scheme 3. 

Scheme 3. Radiolabeling and Redox Reaction and the HPLCa Profile of the Two 
Different States of Tc Complex of 7 

7 

Sn2+/Tc<V 
pH7 

Rt = 8 min 

-N " N >oa -s s 
[ " T e l 7 (reduced) 

0.0 20.0 (min) 

NaCNBft, o 2/c 
A 

Rt = 16min 

WlfffKt* 
0.0 20.0 40.0 (min) 

1 PRP-I column, CH3CN/5 mM DMGA (pH 7), 90:10, 1 mUmin. 

Biodistributions of the complexes in rats showed fairly good initial brain uptake. Good 
brain retention (-0.1% dose/organ) was found after 30 min injection. Interestingly, [99">Tc] 
7 (oxidized form) showed significant lung uptake, while [99mTc] 7 (reduced form) showed 
much less lung uptake. This observation may be attributed to the fact that [99mTc] 7 
(oxidized form) has a flatter and more rigid structure and higher lipophilicity. In 
conclusion, this new Tc vO ligand system, based on UBAT, provides a useful foundation 
for designing various new imaging agents. 
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Table 1. Biodistribution of [99mTc] 7 (Reduced Form) and [»9mTc] 7 (Oxidized 
Form) In Rats3 

[99mTc] 7 (reduced form) [99mTc] 7 (oxidized form) 
% dose/organ 

Organ 2min 30min 2min 30min 

blood 
heart 
muscle 
lung 
kidney 
spleen 
liver 
skin 
brain 

5.8 ± 0.6 
1.2 ± 0.2 

14.8 + 1.7 
1.5 + 0.5 
2.2 ± 0.5 
0.4 ±0.1 

34.1 +8.8 
4.6 + 0.2 
0.30 + 0.05 

1.3 + 0.1 
0.2 ±0.1 

13.0+ 1.6 
0.5 + 0.1 
0.7 ± 0.1 
0.6 ± 0.2 

26.8 ± 6.9 
4.2 ± 1.0 
0.17 ±0.04 

2.9 ± 0.3 
0.6 ± 0.2 
3.6 ± 0.8 

29.6 ± 15.4 
1.3 ± 0.2 
0.2 ±0.1 

20.4 ± 3.6 
2.9 ± 0.3 
0.14 ±0.03 

1.3 ± 0.3 
0.2 ± 0.1 
7.6+1.1 

17.4 ± 11.6 
0.9 ± 0.2 
0.2 ± 0.01 

16.0 ± 3.2 
4.5 ± 0.3 
0.10 ±0.03 

brain/bloodb 0.689 1.626 0.481 0.825 
P.C.c 265 638 
a i.v. injection, average of three rats. b % dose/gram ratio of brain/blood. 
<•• Partition Coefficient (n-Octanol/Phosphate buffer pH 7). 
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Small and Neutral TcvQflll) N^S? Complexes for Developing New Brain Imaging 
Agents. S. OYA. K. PLOSSL, M.-P. KUNG, D.A. STEVENSON, and H.F. KUNG. Department 
of Radiology, University of Pennsylvania, Philadelphia, PA 19104. 

Various [99mTc]TcvO(HI)N2S2 complexes have been investigated as potential brain perfusion imaging 
agents due to their abilities to form neutral and lipophilic complexes (1). Recently, one of the 
complexes, ECD (Neurolite®), has been approved for human use (2). In order to broaden the scope 
of brain imaging study, we have evaluated the potential development of receptor-specific brain 
imaging agents based on various Tc-99m complexes. One of the major requirements is to design a 
small, neutral and slightly lipophilic complex moiety, by which the Tc-99m is attached to a receptor 
binding component. The preliminary results of several complexes as a carrier moiety of Tc-99m are 
reported herein. Several bisaminodithiol (BAT) ligands, 1-3, and monoamino-monoamide dithiol 
(MAMA) ligands (3), 4-6, were prepared, and their relative stabilities and in vitro and in vivo 
properties were evaluated. 

Ligands 4-6 were synthesized using step by step reactions combining aminothiol with bromoacetyl 
bromide. Ligands 1-3 were prepared by a subsequent borane reduction of ligands 4-6. Thiol 
protecting groups were removed by treatment with mercuric acetate and H2S gas (Scheme 1) (4). AH 
of these reactions had good yields (50-95%). The final products were characterized by NMR, FTIR 
and elemental analysis. 

All the ligands were labeled effectively with Tc-99m by ligand exchange reactions with Tc-99m tin-
glucoheptonate complex (labeling yield >60%) (5). All complexes were stable for at least 24 hr at 
room temperature in saline. The partition coefficient (n-octanol/pH 7 buffer) increased as extra methyl 
groups were introduced into the structure. Tc-99m BAT complexes ([99mTc] 1-3) showed only 
slightly higher P.C. compared to the corresponding MAMA complexes ([99mTc] 4-6). However, the 
retention times of [99mTc] 1-3 in reversed phase HPLC were significantly longer than the 
corresponding [99mTc] 4-6 complexes. In vivo biodistribution studies showed that [99mTc] 1-3 
initially penetrated rat brain, while none of the [99mTc] 4-6 showed any significant brain uptake 
(Table 1), suggesting that amide groups significantly inhibit brain uptake. 

As an effective method of evaluating the relative in vitro stabilities, competitive exchange reactions 
were attempted (Figure 1) (6). [99mTc] 1 and ["n>Tc] 6 were prepared separately and purified by 
HPLC to remove the excess free ligand. Each purified Tc-99m complex was mixed with the 
competitive ligand and heated to 80°C. The reaction was followed by HPLC. The exchange reaction 
between [99mTc] 1 and free ligand 6 showed that a significant amount of [ 9 9 mTc] 6 formed after 
several hours (Figure 1) (A). However, in reversed sequence, using free ligand 1 to compete with 
[99mTc] 6, no significant exchange reaction was observed (Figure 1) (B). This result strongly 
suggests that [99mTc] 6 is more stable than [99mTc] 1. Based upon this competitive exchange 
reaction, the rates of exchange (A -F) for three pairs of N2S2 ligands were examined (Figure 2). The 
data strongly suggest that all complexes of the ligands containing the amide group ([99mTc] 4,5,6) 
are more stable than [99mTc] 1. 

It is a common assumption that brain uptake increases in proportion to the increase in P.C. value. 
However, the results of this series of Tc-99m N2S2 complexes demonstrate that this is not always 
valid. Complexes contain an amide group always showed low brain uptake, regardless of lipophilicity 
(as measured by P.C.). Also, relatively higher stability in vitro does not necessarily contribute to high 
brain uptake. As a Tc-99m ligand for use as part of receptor specific brain imaging agents, Tc-99m 
complexes of BAT ligands showed preferred properties over MAMA complexes. These results 
provide a useful indicator for designing receptor-based brain imaging agents. 
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Scheme 1. 

R | S - i R2 
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O BzMS NH2 ^ l BzMS NH2 

7 ^ ** r N H Br *" 
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R ^ S M B Z R, 

R|,R 2 = HorMe 

MBz = p-Methoxybenzyl 

^ j BH3-THF 

H H l R 2 
R ' ^ L H H JL- R 2 

MBz MBz MBz MBz 
1 l)Hg(OAc)2 

y 2)H2S 
1 l)Hg(OAc)2 

y 2)H2S 
MAMA 4-6 BAT 1-3 

Table 1. Brain Uptake & Partition Coefficient 
BAT MAMA 

-"-SH HS-**-
1 

1—1 
fNH HN^ 

^ S H HS-* 
2 

1—1 
-NH HN-. 
'"SH HS- 1 

3 

rNHHN-, 
-"^SHHS"*-

4 

V i 
j . NH HN-. 

^ S H H S - ^ 
5 

. N H H N ^ 
-*^SH HS-< . 

6 

P C a 80 27 7.1 56 25.7 3.6 

RT b(min) 9.6 7.6 5.7 3.6 3.2 2.6 
Brain 
Uptake 
2 min 

1.96 0.73 0.46 0.14 0.08 0.04 

Brain 
Uptake 
30 min 

0.26 c 0.18 0.3 l c 0.11 0.06 0.03 

a) Partition Coefficient; n-OctanoI/pH 7 buffer 
b) HPLC Retention time (min) PRP-1 column, MeOH/0.5%NH4HCO3 80:20 lmUmin 
c) IS min after injection 
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Effects of Stability and Lipophilicity on the Brain Extraction 
and Retention of 9 9 mTc-PAO Complexes Cutler c . Jiang Z., Chen B., 
Shao L, Ding Y.P, Heineman W.R., Maina T., Tisato R, Seliskar C , Deutsch E. BCRC, 
University of Cincinnati, Cincinnati, Oh 45221 

"Tc-HM-PAO is a brain imaging radiopharmaceutical sold under the trade name 

CERETEC"". This agent is chemically unstable, and this instability not only limits its 

clinical usefulness but also hinders investigations aimed at determining the factors 

responsible for brain retention. Previously we have reported on a PAO derivative, CB-

PAO (4,8-diaza-3,9-dimethyl-6,6-(trimethylene)-undecane-2,10-dionebisoxime), that 

incorporates a rigid cyclobutane ring into the parental PAO ligand.(l) "Tc-CB-PAO 

exhibits enhanced in vitro stability and brain uptake similar to that of "Tc-HM-PAO.(l) 

The incorporation of the cyclobutylene bridging group apparently quenches the major 

decomposition pathway available to HM-PAO. 

In an attempt to further increase in vitro stability, the PAO ligand was modified by 

bridging the dimethyl groups of HM-PAO with an oxygen atom to generate the new ligand 

OCB-PAO(4,8-diaza-3,9-dimethyl-6,6-(3-oxacyclobutylene)undecane-2,10-bisoxime). 

"Tc-OCB-PAO shows increased stability over ""Tc-CB-PAO, however, it exhibits very 

low brain uptake. Structurally, these complexes are very similar to each other, however, as 

determined by HPLC, they differ significantly in their relative lipophilicity. The 

significantly lower lipophilicity observed for ""Tc-OCB-PAO may account for its low 

brain uptake. 

Figure: PAO Ligand Structures 

x * A £ A 
HN NH HN NH HN NH HN NH HN NH 

/ N N ' N N ' N N ' N N ^f N N \ 
I I I I I I I I ' I I X 

HO OH HO OH HO OH HO OH HO OH 
HM-PAO CB-PAO OCB-PAO EOCB-PAO IPOCB-PAO 
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To evaluate the effect of lipophilicity on brain uptake of the relatively stable OCB-

PAO complex, more lipophilic OCB-PAO derivatives have been prepared by the 

incorporation of lipophilic side chains. In EOCB-PAO (4,8-diaza-3,9-diefhyI-6,6-(3-

oxacyclobutylene)undecane-2,10-dionebisoxime), two methyl groups of OCB-PAO are 

replaced with two ethyl groups; in IPOCB-PAO (5,9-diaza-2,4,10,]2-tetramethyl-7,7-(3-

oxacyclobutylene)tridecane-2,11-dionebisoxime), two methyl groups of OCB-PAO are 

replaced with two isopropyl groups. The relative lipophilicity of these complexes, as 

determined by HPLC, is as expected: 

""Tc-IPOCB-PAO > Tc-EOCB-PAO > Tc-OCB-PAO 

Table: Brain uptake values and Brain/Blood ratios for various PAO ligands %ID/g 

(standard deviation n=3) B/B=brain/bIood ratio 

Time 66B ~OST E66B "TOOT 1POCB 'ttotoi" 6B CB HM HM 

(min) Brain B/B Brain B/B Brain B/B Brain B/B Brain B/B 

0.5 0.20(2) 0.14 0.27(2) 0.42 1.2(3) 1.0 1.8(2) 1.59 1.8(2) 1.02 
1 0.16(2) 0.15 0.19(2) 0.45 0.45(4) 0.56 
2 1-8(2) 1.27 1.7(2) 1.27 
5 0.14(1) 0.17 0.09(1) 0.23 0.263(9) 0.40 1.8(2) 1.74 1.5(2) 0.90 
15 0.13(1) 0.19 0.07(1) 0.27 0.19(2) 0.34 
30 0.12(1) 0.21 0.07(1) 0.30 0.20(5) 0.5 1.61(1) 2.18 1.87(7) 1.28 
60 0.08(1) 0.20 0.07(1) 0.35 0.22(2) 0.51 1.64(6) 2.62 1.31(8) 1.28 
120 0.08(1) 0.22 0.19(2) 0.53 

*VaIues reported for HM- and CB-PAO are for pure d,l isomers all others are d,l/meso mixtures 

From the table it can be seen that ""Tc-IPOCB-PAO exhibits the highest initial 

brain extraction followed by ""Tc-EOCB-PAO, and then ""Tc-OCB-PAO. Thus, there is 

a direct correlation between relative lipophilicity and brain extraction. ""Tc-IPOCB-PAO 

which displays the highest lipophilicity has the highest brain extraction, whereas, ""Tc-

OCB-PAO which exhibits the lowest lipophilicity is extracted least by the brain. 
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Lipophilicity plays a very important role in determining if and to what degree a "Tc-OCB-

PAO derivative will be extracted into the brain. 

In order to determine the effect of in vitro stability on brain retention, the stability 

of the parental PAO ligand was increased by restricting its flexibility. The stability of the 

above mentioned PAO complexes was assessed in vitro over three hours and the following 

order of stability determined: 

EOCB-PAO > OCB-PAO > IPOCB-PAO > CB-PAO > HM-PAO 

From the table above it can be seen that the highest brain uptake and retention is observed 

for "Tc-CB-PAO and WmTc-HM-PAO followed by the OCB-PAO agents. The complexes 

with the OCB-PAO backbone exhibit their highest extraction initially, followed by a fast 

wash-out. Thus, it can be inferred that the retention of these complexes within the brain is 

dependent on the in vitro instability of these complexes. "Tc-HM-PAO and "Tc-CB-

PAO with the highest degree of instability are the most highly retained in the brain while the 

more stable OCB-PAO complexes are quickly washed out of the brain. In vitro stability of 

the PAO complexes appears to determine the extent to which these complexes will be 

retained in the brain. 
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QUANTITATIVE STUDY OF BRAIN RETENTION MECHANISM 
OF 99mTc(V)0-CHELATES 

Liu Bo-Li; Jia Hong Mei; Department of Chemistry, Beijing Normal University Beijing 
100088, China 

In the past decade, 99mTc(V)0-chelates for brain perfusion imaging agent have been widely used in 
clinics, such as 9 9 m Tc-d, 1-HMPAO, 9 9 mTc-ECD and 9 9 mTc-MRP-20. In order to improve and 
design new optimum 99mTc(V)0-chetates, it is essential to understand the chemical and 
stereochemical properties of the 99mTc(V)0-chelates and their in vivo biolocalization 
characteristics. It is more clearly that 99mTc(V)0-chelates developed for brain perfusion imaging 
must be neutral, lipophilic, small molecular weight These general properties are necessary for the 
Tc(V)0-cheIates to efficiently penetrate the intact blood-brain-barrier. Few of 99rnTc(V)0-chelates 
including ligand system of PnAO, BAT and MRP exhibit appropriate cerebral uptake and retention 
properties but most of "'TcOOO-derivatives have no significant retention in brain. Up to date, 
there is not any quantitative indicator which has been obtained to show the identity of 9 9 m Tc(V)0-
chelates responsible for long brain retention. This paper try to investigate the relationship between 
structure of 99mTc(V)0-chelates and retention ability. W. A. Volkert et, al(l)suggested three 
general mechanisms for efficient trapping of 9 9 m T c in brain, the first step is the binding of the intact 
"•"TcfXOO-chelate to cellular components or proteins and other molecules in the cell. Neirinckx et, 
al (2) suggested that intracellular reduced glutathione (GSH) plays a major role in trapping of 
9 9 mTc(V)0-d, l-HMPAO in brain, although other reaction must also be considered. In this paper, 
we suggest that the solid angle factor (SAFv) of the vacancy trans to Tc(V) 0 of chelate (Fig2) is 
considered as an indicator for trapping ability, (R) is a retention ratio (Brain uptake % (15 
min))/(Brain uptake % (2 min)).We found the linear relationship between SAFv and R. SAFv can be 
applied to Tc(V)0-chelates system which brain retention can be explained by the mechanism that the 
cerebral trapping of Tc(V)0-cheIates results from a redox reaction with intracellular glutathione via 
an innersphere process. When the Tc(V)0 core was reduced by cellular sulfhydryl group, the sulfur 
atom must enter the Tc(V)0 coordination sphere prior to electron transfer. So when the 9 9 m Tc(V)0-
chelate have a large value of SAFv, the sulfur atom of intracellular glutathione can easily enter into 
99mTc(V)0-coordmation sphere. The innersphere redox reaction processes rapidly ." m Tc(V)0-
chelate reveals high retention ability. In addition to SAFv factor, there are still many other factors to 
effect the retention ability, for example, if mere are some other side group or indirected coordinate 
atom in the space of SAFv, it will make steric hindrance around the vacant technetium coordination 
site. The efficiency of intracellular trapping will be decreased. This is the reason why various 
derivatives of Tc(V)0-chelates or isomers of Tc(V)0-chelates reveal different brain retention ability. 
From our previous results(3), SAFv is inversely proportional to the stability of 99mTc(V)0-chelates. 
The linear relationship between SAFv and R indicates that proper instability of Tc(V)0- chelates for 
brain imaging agent may be valuable to their high brain retention. This result not only can explain 
many puzzling problems related to brain retention reported in literature, but also may be useful to 
design a series of new Tc(V)0-chelates with desired brain retention.AIthough the influence of in 
vivo factors on retention ability is complicated, however from the view point of structure of 9 9 m T c -
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chelate, the SAF\ values is one of important factors for designing Tc(V)0-chelales with high 

retention property. 
This research project was supported by the P. R. C. National Science Foundation. The authors thank 
prof. H. F. Kung for providing X-ray crystallography data or 9 9 mTc(V)0-cheIates 
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(ajcalculation of SAFv values for various 9 9 mTc(V)0-chelates. The equation (l),(2), (3), (4),(5)and 
(6) are used for calculation of SAFv values based on x-ray crystallography data. The results are 
presented in table (1) 
(b) Retention ratio (R) of various 59mrc(V)0-chelates. Biodisnibution data of various TcfVlO-
chelates from the literature and their retention ratio are presented in table (1). R is defined as the 
ratio of Brain uptake % al 15 min/Brain uptake % at 2 min 
(c)Tne linear relationship between SAFv and R is presented in Fig(3) 

Ligand atom ( 0 . N.or S) 
R: van der Waals Radius 
ML: Bond length between Tc and litiand atom 

Fan Angle FA=sin"'i'R/MLj >ii 
Solid Angle Factor SAF=(l-cosFAV2 (2) 

Figl 

a:Angle ofA-Tc-BcT =1/4 ( a i+ a 2+ a 3+ a 4) (3) 

FA:Fan angle FA=1/4(FA 1+FA 2+FA3+FA 4) (4) 

FAv Fan Angle of the vacancy 

FAv=180° -"a-TS (5) 

SAFv solid Angle factor of the vacancy 

SAFv=(l-cosFAv)/2 (6) 
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Table 1 SAFv values for various Tc(V)0-cheIates 
SAFv R Ref 

Tc-TM-BAT 0.0256 0.133 KungH-F 

T-TE-BAT 0.0269 0.116 Kung H.F 

Tc-HM-BAT 0.0276 0.094 Kung H.F 

Tc-BPA-BAT(anti) 0.0276 0.474 Kung H.F 

Tc-BPA-BAT(syn) 0.0280 0.390 Kung H.F 

Tc-PPP-BAT(anti) 0.0282 0.454 Kung H.F 
Tc-PPP-BAT(syn) 0.0277 0.438 Kung H.F 
Tc-BP-BAT-TE 0.0362 0.889 Kung H.F 
Tc-<Ll-HMPAO 0.0329 0.996*l Neirinckx R. D. 

Tc-MRP20 0.0347 " 1.167*2 Gillian F. Morgan 

.1 t2=20min ti=3nun 

Fie 3 The linear relationship between SAFv and R 

0.6C 

0.00 C.20 O.̂ O 0.60 0.80 1.00 

R (Relative retention ability) 
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Complexes of Tc-99m with Dimethyl Ethyleneimine Phenol Formed at pH 8 
Mediated with Boric Acid and In Vivo Evaluation 
Lo, J.M.; Tsai, S.Y.; Huang, W.T., and Yao, H.H. Institute of Nuclear Science, 
Nation Tsing Hua University, Hsinchu 30043, Taiwan, R.O.C. 

In this study, complexation of 1,1-dimethyl ethyleneimine phenol 
[ DEn(IP)2 ] C IUPAC named l,l-dimethyl-l,2-bis-(2-hydroxy-benzylimino) 

ethane ] with Tc-99m was primarily investigated in the media of varying pHs 
adjusted by HC1 or NaOH. The experiments were conducted by adding 
successively as 0.5 mL of 5 mM DEn(IP)2, 0.2 mL of 0.1 mM S n 2 + as stannous 
tartrate, 9 9 m T c 0 4 " in saline, and certain volume of 0.01 M HCl or NaOH. 
Complexation was accomplished by shaking the solution mixtures for 20 min. 
Solvent extraction by chloroform and electrophoresis under the electrolyte of 0.01 
M NaHC0 3 at 1000 V for 20 min were majorly utilized for characterization of the 
complexes produced besides other methods as previously reported(l,2). The 
neutral-lipophilic character and cationic charge of the "Tc-complexes formed 
from pH 3 to pH 12 were estimated separately by extraction yield and cationic 
electropherogram. The results are shown in Fig. 1. A neutral-lipophilic " T c -
complex was noticeably chelated with high yield in the pH range between 6 and 8. 
The extraction yield decreased precipitously from pH 8 to pH 9, reaching negligible 
at pHS 10. Ensuingly, a cationic 99mTc-complex appeared from the pH higher than 
8 with steeply increasing yield. The sudden conversion of the "Tc-complex from 
neutral-lipophilic to cationic character may be ascribed to the occurrence of 
hydrolysis in a sufficiently alkaline solution(3,4). 

Formation of the 99mTc-DEn(IP)2 complex at pH 8 was critical in changing its 
chemical character with varying pH as concluded above. Our next work was 
attempted to chelate " T c with DEn(IP)2 at pH 8 mediated with boric acid. 
Addition of 0.25 mL of 0.5 M boric acid with pH 8 previously adjusted was 
inserted before shaking to accomplish the complexation. The new 9 9 T c complex 
produced was characterized also by solvent extraction and electrophoresis. The 
boric acid mediated complex was observed to predominate as a cationic species with 
less than 5% as neutral-lipophilic. Generation of the cationic complex under the pH 
8 boric acid medium may probably be considered to involve the hydrolysis of the 
imine phenol by catalysis of boric acid (3,4). We have further explored the " T c -
DEn(IP)2 complexes formed under the different situations by an in vivo animal 

study by rats. The results are shown in Table 1. The original 99mTc-complex 
formed at the pH 8 simply adjusted by 0.01 M NaOH was found to be secreted 
mainly by hepatobiliary way and partially by the kidneys. The boric acid mediated 
99mxc-complex was secreted prominently and fast by the urinary system, bearing 
with 6~9% prolongedly retained in the kidneys. The biodistribution of the boric 
acid mediated 99mTc-complex was similar to that of the cationic complex formed 
under pH 11 but adjusted to pH 8 by adding 0.01 M HCl previously being injected 
( also indicated in Table 1 ). From the biodistribution study, it may furthermore 
reveal that the boric acid catalyzed cationic "">Tc complex is probably the same as 
that formed purly as cationic species at pH 11. The fast blood clearance of the 
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cationic 99nrrc complex would be very beneficial for the possible utility as renal 
imaging agent. 
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Table 1 In vivo biodistribution by rats of the 9 9 mTc-DEn0P) 2 complexes formed at 
pH 8 mediated under the different situations*. 

original t n e complex formed at the boric acid mediated 

organ/tissue pH l l c complex 

5 min"* 30 min 60 min 10 min 30 min 2 hr 10 min 30 min 2 hr 

blood 16.50 6.51 5.46 14.53 7.13 2.04 12.81 6.19 2.97 

heart 0.56 0.34 0.40 0.28 0.15 0.03 0.22 0.11 0.04 

lung 1.15 0.58 0.53 0.80 0.38 0.13 0.59 0.32 0.20 

brain 0.06 0.03 0.03 0.09 0.04 0.02 0.07 0.04 0.00 

liver 22.40 12.41 10.87 7.82 3.91 2.41 4.54 3.63 2.60 

stomach 0.77 0.69 0.71 1.05 0.92 1.27 1.24 1.01 1.26 

small intestines 21.08 26.68 40.27 3.32 2.28 4.50 2.50 2.94 3.74 

spleen 0.32 0.28 0.20 0.17 0.19 0.15 0.15 0.14 0.04 

kidneys 17.97 5.50 5.47 8.41 8.19 8.07 6.02 8.53 7.69 

urine 0.16 19.97 17.03 21.79 48.27 65.34 22.84 34.07 62.45 
a All the values are indicated as %ID. 
b The complex was formed at the pH 8 adjusted simply by adding NaOH. 
c The complex was formed at pH 11 but adjusted to pH 8 by adding 0.01M HCl 

previously being injected into the rat. 
d The periods of time postinjection. 
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Technetium Radiolabeling and Biodistribution of 
Dialkyldiethylcarbamylmethylphosphonates (DCMP) Ligands as a Possible New 
Class of Imaging Agents. GAMMARANO. T.P.. ESHIMA, D., SHATTUCK, LA., 
PAYNE R.T., University of New Mexico, College of Pharmacy, Albuquerque, NM and 
Emory University, School of Medicine, Atlanta, GA 

Technetium-99m radiopharmaceuticals play a major role in modern nuclear medicine 
scintigraphy. Tc-99m's popularity can be attributed to a relatively short half life, univer
sal availability, low cost, and single gamma photon emission. These properties led 
researchers to develop various Tc-99m labeled compounds. Because the 
dialkyldiethylcarbamyl methylphosphonates (DCMP) ligands (fig-1) have a high affinity 
to complex tripositive lanthanide and actinide ions, they also exhibit potential to form 
stable complexes with Tc- 99m. 

Figure 1- General Structure of the DCMP ligands 

Several conditions were evaluated in order to achieve optimal radiolabeling conditions. 
The ligands did not readily complex with Tc-99m under most conditions, (table-1) Four 
representative DCMP ligands were successfully radiolabeled after adding sodium 
pertechnetate from a commercially available Mo-99/Tc-99m generator using formami-
dine suifinic acid (FSA) as the reducing agent. 

Reducing Agents 
• •—•—•• • • • • 'OD**c<frM U K O C tatxac 

' " • ' H i < F » - W W I > M O M Q M « «. 
H* M X ^ M H Ma Ma — -
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« • " « » ! • M O Ma mt - O 

* « a M M wam Ac* MC POt MO „. 

Itettmlfen Tkiws ( M A ) 

•> • 04«> i ro i 
UIAM VAMIANCf • O H I I I 4 ) 

tUlf! "—"• • XTl M*.H 

MCAH « J M • 134 • M l • OH 

9tD DCVWDOM 0314 o**t 0»I4 O U I 

VAMUMCf 0111 Of I t 0 3ir 014« 

Table 1a- Reducing and conditions Table 1b- HPLC Retention times 

Following the radiolabeling procedure, the complexes were isolated and purified by 
reverse phase high performance liquid chromatography (HPLC), and stability studies 
were performed on the complex. 

Biodistribution of these complexes was studied using ketamine anesthetized Sprague-
Dawley rats. Approximately a one (1) milliliter bolus injection of the HPLC purified com-
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plex was injected into Sprague-Dawley rats weighing between 250 and 500 grams. 
Twelve Blood samples were drawn from the left carotid artery at selected intervals from 
one (1) to one hundred twenty (120) minutes. Blood clearance was calculated using a 
two compartment model, (table-2) Urine and bile samples were collected at 10 minute 
intervals from urinary bladder catheters and the common bile duct for two (2) hours 
and expressed as a percentage of total dose injected, (tables 3,4) Rats were sacri
ficed by exsanguination at approximately 120 minutes. Organs were removed and the 
radioactivity was counted and expressed as a percentage of dose/organ, (figure 
2a,b,c,d) 

The optimal yields obtained were 8-25% using FSA (table-l)The exact structure of 
these complexes is unknown. However.the complexes showed no degradation over 6 
hours. The highest activities expressed as percent dose per organ were observed in 
the blood, muscle, liver, and kidney, (figure 3a,b,c,d) No statistically significant differ
ences existed within any organ system with the exception of the brain (P=.0038) when 
using the Student-Newman-Keuls one way ANOVA and arcsine transformed one way 
ANOVA. 

No structure-distribution relationships were observed between the four different com
plexes, however statistical power may be lacking to detect such small mean percent
age differences observed. None of these complexes demonstrated significant uptake 
in any organ system in sufficient quantity that would be suitable for nuclear medicine 
scintigraphy or therapy. However, the fact that these compounds do form stable com
plexes with reduced Tc-99m may allow additional modification to the R-substituents to 
target it to specific organ systems. Thus the DCMP ligands may provide a new class of 
ligands which may be suitable for modification and the development of new imaging 
and therapeutic agents. 
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PLASMA CLEARANCE (Ml/Min) 
P • 0 4310 

Mean Vadanca • 0 00033 

Ethyl liopropyl Bulyl Hoxyl 

MEAN 0 3676 0 3043 0 3002 0 3340 

STD DEVIATION 0 1457 0 0040 0 0904 0 0272 

VARIANCE 0 0213 0 0072 0 0003 0 0007 

URINE EXCRETION • % TOTAL DOSE INJECTED 

j> • 0 0077 
Moan variance • 2 ) 010 

Ethyl It o propyl Duly! Hoxyl 

MEAN 13 286 13009 14 673 13 380 

3TD DEVIATION 0 002 3.002 3 060 3 0 0 1 

VARIANCE 42 27S 1207) 14.000 10.020 

BILIARY EXCRETION- % TOTAL DOSE INJECTED 

P • 03100 
Moan Varfanco * 1 3002 

Ethyl liopropyl Duly! Hoxyl 

MEAN 3 4 l 0 2 104 3.111 2.401 

STD DEVIATION 1 800 0012 1200 0 366 

VARIANCE 3 577 037S 1.440 0 140 

Table 2 Tablo 3 Tablo4 

BIODISTRIBUTION 
Elhyl (MEAN N=12) 

% DOSE INJECTED/PER ORGAN 

^ldno*4S63 

BIODISTRIBUTION 

Isopropyl (MEAN N=12) 

% DOSE INJECTED/PER ORGAN 

^Wfley6375 

^bJM3057 

• s / a n ! 2 t l 9 

BIODISTRIBUTION 
Hexyl (MEAN N=12) 

% DOSE INJECTED/PER ORGAN 
Wnoy5673 

BIODISTRIBUTION 

Butyl (MEAN N=12) 
% DOSE INJECTED/PER ORGAN 

'Mnoy6«2 

Fig 2a Fig 2b Fig 2c Fig 2d 

BIODISTRIBUTION 
ClOOOpiEAII 11=12) 
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A NEW POTENTIAL RENAL IMAGING AGENT 99mTcN-EC 

Liu Guozheng, Liu Boli. 
Department of Chemistry, Beijing Normal University, Beijing PRC 100875 

99mjc_EC has been prepared as a potential renal imaging agent, which shows good 
accumulating property in kidneys. Therefore 9 9 m TcN-EC can be considered as a 
potential alternative to 9 9 r aTcO-MAG3 and 9 9 m TcO-EC which are widely used in 

clinics. This is another example of radiopharmaceuticals containing 9 9 m T c N core[l] 

By substituting N,N'-diaminoethyl-l,3-propanediamine hexaacetic acid and H2N-
NHC(S)SCH3 for 1,2-diaminopropane tetraacetic acid and H2NN(CH3)C(S)SCH3 
used by Pasqualini et al.[l], a precursor is obtained in the presence of tin chloride. The 
precursor preparing procedure is accomplished by adding 0.20ml 
H2NNHC(S)SCH3(0.244mg in 1 ml ethanol), 1.00ml N,N'-diaminoethyl-l,3-
propanediamine hexaacetic acid(10mg/ml), 0.50ml SnCl2(100 u g SnCl2 • 2H2O in 
lml 0.02N HC1), 0.50ml 0.02N NH4AC to a vial, introducing the generator eluate 
(0.5-1.0mci) and incubating the mixture at 80-90X3 for 15min. The radiochemical 
purity is 95-98%. The analysis is performed by paper chromatography and the 
developing solvent is EtOH/CH2Cl2(v:v=l:4).The Rf value of the precursor is 0.90-

1.00 . No TCO4", TcC>2 • XH2O is noticeable at the origin point. 

99mxcN-EC is obtained by mixing lml NaHC03-Na2C03 buffer which contains 6-
7mg EC (Ethylenedicysteine) with the precursor solution and incubating the mixture at 
80-90 "C for lh. The same paper chromatography analyisis procedure shows that 
>90% radioactivity is located at the origin,which is proved to be the product 9 9 m T c N -
EC by developing with 85% methanol and saline respectively. 

Biodistribution of the preparation is shown in Table 1. The renal uptake(ID%/organ) 
are 7.66, 6.84 and 3.53 at 2, 5, 15, min. respectively. Comparison experiment of 9 9 m 

TcN-EC and 9 9 m TcO-EC is carried out with two groups, eath group contains five 18-
22g small white rats, and 9 9 m TcN-EC and 9 9 m TcO-EC are injected in the tail vein 
respectivly. The rats are killed at lOmin, and the result is shown in Table 2. The 
biodistribution of 9 9 m TcO-EC is consistent with the result of Zhu Lin et al[2]. The 
comparison indicates The renal uptake 9 9 m TcN-EC is higher than that of 9 9 m TcO-EC 
at lOmin. p.i. 

[1] Pasqualini R., Duatti A., Bellande E.Comazzi V., Bucato V, Hoffschir D, Fagret 
D, Comet M. J.Nucl. Med. 1994, 35(2), 334-341. 

[2] Zhu L., Chen D. Z., Hong T. Zhang Z., Liu B.L.. J. Isot.(|5]-fv:Jg) 1991, 4(4), 
212-216.(ch). 
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Table 1. Biodistribution of 9 9 m TcN-EC in rats* 

Organ 2min 

©%/organ ID%/g 

5min 

ID%/orRan ID%/g 

15min 

ID%/organ ID%/g 

Blood 

Brain 

Heart 

Liver 

Kidneys 

Spleen 

Lung 

14.19 ±1.37 10.14 ±0.98 

0.18 ±0.04 0.46 ±0.10 

0.29 ± 0.01 3.91 ± 0.42 

9.65 ± 0.66 9.31 ± 1.51 

7.66 ± 0.88 27.94 ± 1.66 

0.19 ±0.04 4.07 ±0.88 

0.66 ±0.40 8.37 ±3.06 

10.17 ±1.09 7.27 ±0.78 

0.16±0-.03 0.41 ±0.10 

0.22 ± 0.03 2.82 ± 0.25 

9.33 ±0.72 8.83 ±0.51 

6.84 ±1.32 26.93 ±8.77 

0.18 ±0.02 2.79 ±0.79 

1.44 ±0.19 6.82 ±0.50 

2.89 ± 0.47 2.06 ± 0.33 

0.05 ±0.01 0.13 ±0.01 

0.09 ± 0.01 0.90 ± 0.09 

5.01 ±0.50 4.11 ±0.42 

3.53 ±0.28 10.51 ±0.70 

0.10 ±0.01 1.17 ±0.08 

0.62 ±0.17 2.06 ±0.38 

* Mean ± s.d. of four animals 

Table 2. Biodistribution comparison of 9 9 m TcN-EC and 9 9 m TcO-EC at lOmin p.i.* 

9 9 mTcN-EC 9 9 mTcO-EC 

Organ rDWorRan ID%/(> ID%/ors>an ID%/g 

Blood 6.33 ± 0.77 4.56 ± 0.54 2.50 ±1.06 1.79 ±0.76 

Brain 0.09 ± 0.01 0.22 ± 0.03 0.09 ±0.03 0.21 ±0.08 

Heart 0.15 ±0.02 1.59 ±0.21 0.07 ± 0.01 0.72 ± 0.21 

Liver 9.35 ± 0.52 8.07 ± 0.78 2.72 ±0.77 1.91 ±0.58 

Kidneys 4.50 ±0.47 15.38 ±1.29 3.16 ±0.54 9.87 ±1.76 

Spleen 0.15 ±0.02 1.71 ±0.47 0.11 ±0.03 1.0? ±0.22 

Lung 2.12 ±0.19 9.07 ±1.98 0.33 ±0.09 1.51 ± 0 48 

Mean ± s.d. of five animals 
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Evaluation of S 9 mTc(V)-DMS in Ovarian 
Cancer Bearing Nude Mice 

aTang Liangdan 1BIan Duhong 2Li Shaolin 

'Department of Obstetrics and Gynaecology of 1st Affiliated Hospital of Chongqing 
University of Medical Sciences, Chongqing, Sichuan, P.R.China. 
"Department of Experimental Nuclear Medicine of Chongqing University of Medical 
Sciences, Chongqing, Sichuan, P.R.China. 

Pentavalent 09mTechnetium-dimercaptosuccinic acid < 0 0™Tc(V)-DMS), a new tumor-
seeking agent discovered in rencent years has been used in the diagnosis of 
head and neck squamous carcinoma, thyroid medullary carcinoma and soft tissue 
tumors,but there has yet been no report using o a°Tc(V)-DMS as an imaging agent 
in the diagnosis of ovarian cancer. 
In the present study, the original labelling conditions of a o"Tc( V)-DMS were 
somewhat modified to improve its affinity to ovarian cancer cell. 3.7MBq of 
a 9Tc(V)-DMS was used intravenously or intraperitoneal^ in 18 ovarian cancer 
bearing nude mice and 26 Ehrlich tumor bearing mice. The metabolism,biodistri-
bution and y -imaging of a 9 nTc(V)-DMS in both tumor-bearing mice were 
evaluated. The results showed that 8 9 mTc(V)-DMS was a steady tumor-seeking 
agent with more than 97% of DMS radiolabeled. Besides bone and kidney, the 
radioactivity of 99l*Tc(V)-DMS located mainly in tumor tissue of ovarian cancer 
bearing nude mice (Table). The ideal ratio of target/non-target and 91.67% y -
imaging rate (11/12) were obtained in 2 or 4 hours after administration of 
9 9°Tc(V)-DMS (Fig 1). There was no difference of radiodistribution in organs 
by either intraperitoneal or intravenous injection. The blood clearance of 
9 9"Tc(V)-DMS was rather fast, the peak blood concentration appeared in 10 
minutes after intraperitoneal administration and reduced to 29.41% and 8.50% 
of the peak level after 2 hours and 6 hours respectively (Fig 2). 
The study indicates that 9 9"Tc(V)-DMS is an effective tumor-seeking agent in 
ovarian cancer bearing nude mice just the same as in Ehrlich tumor bearing 
mice. ° 9Tc(V)-DMS has the merit of simply labelled, easily appraised and 
safty,so it is possible to be used in the diagnosis of ovarian caner and other 
pelvic malignancies. 
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Table Radiobiodistribution in tumor-bearing mice <%dose/g tissue) 

Ovarian cancer* Ehrlich tumor** 
P 

X ± l SD tumor/tissue X±l SD tumor/tissue 
P 

Tumor 0.52±0.02 — 0.74±0.07 — >0.05 
Liver 0.55±0.02 0.95 0.41±0.03 1.80 >0.05 
Blood 0.24±0.01 2.17 0.32±0.02 2.31 >0.05 
Heart 0.09±0.01 5.91 0.08±0.01 9.74 >0.05 
Lung 0.15±0.01 3.47 0.18±0.01 4.11 >0.05 
Stomach. 0.33±0.02 1.58 0.38±0.02 1.95 >0.05 
Small 0.13±0.10 4.00 0.15±0.01 4.93 >0.05 

intestine 
Muscle 0.09±0.01 5.78 0.21±0.02 3.52 >0.05 
Kidney 5.11±1-01 0.10 3.18±1.93 0.23 >0.05 
Bone 1.93±0.31 0.27 5.24±2.30 0.14 >0.05 

» X±1SD for 10 animals per point 
** X±1SD for 26 animals per point 

Fig 1 Y -imaging of ovarian cancer bearing nude mice. 4 hours after administration 
of lOOuCl of "Tcrn-MS, the radioactivity located in tumor tissue ( f> 
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60 120 180 240 300 360 
time after injection (min) 

Fig 2 The blood clearance of 90™Tc( V)-DMS in 
Ehrlich-tumor bearing mice 
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Production. Automatic Delivery and Bolus Injection of flSoiWater for Positron Emission 

.Tomography Studies 
DAMHAUTP.. VAN NAEMEN J., MONCLUS M., LUXEN A.* and GOLDMAN S. 
PET / Biomedical Cyclotron Unit, ULB - Hflpital Erasme, 808 Route de Lennik, B-1070 
Brussels, Belgium 
* Cyclotron Research Center - Liege University, Sart Tilman B-30, B-4000 Liege, Belgium 

Despite its very short half-live (2.05 min), oxygen-15 has proven to be of major 
importance for the in vivo study of numerous physiological processes with positron emission 
tomography. 

Among the various oxygen-15 labelled radiopharmaceuticals, [^ojoxygen, 
[^0]carbon dioxide, [15o]carbon monoxide, [ISojbutanol, [ISojwater, the last one has found 
applications in various medical fields such as neurology ( 1 _ 4 ) , cardiology t 3- 5) or oncology C6). 
The availability of large amounts of labeled compound was then of great importance. A simple, 
rapid and efficient system allowing the production of [ ^0 ]H20 from the ^0(p,pn)15o . 
nuclear reaction 0) , its delivery nearby the tomograph and the bolus injection to the patient is 
described in this abstract. 

Production offi^OJ-labeled water (Figure 1) 
All valves and tubing being in the PET camera room were sterile, pyrogen-free and 

single used. Both valves Vl-6 (Figure 1) and the HPLC pump were controlled by a Siemens 
Simatic 135U. 

Oxygen-15 was produced via the N>0(p,pn)15o nuclear reaction O . Oxygen-15 
labeled water was directly obtained by bombardment of 280 uL of natural water (8) contained 
in an Ag target holder {<P = 10 mm, thickness = 3 mm) with 30 MeV protons. The target holder 
was automatically filled using the system described in Figure 1. The mean current during the 
irradiation was of 25 uA and the integrated current was of 1 uAh (irradiation time=2-3 min). 

After irradiation, the labeled nitrogen oxide and ammonia obtained as by-products were 
removed by passing through both a cationic (AG 50W-X8, hydrogen form, Bio-Rex ion 
exchange membrane, BioRad, Richmond, USA) and an anionic (AG 1-X8, carbonate form) ion 
exchange membranes ( 9). Oxygen-15 labeled water was collected in a buffer through the valve 
3. The activity was then loaded into a 0.3 mL loop mounted on a Rheodyne valve. This one 
was pneumatically switched and the labeled water was delivered through a 40 m PEEK tubing 
(od: 1/16 inch, id: 0.01 inch) using a HPLC pump with a constant flow rate of 2 mL mur 1 of 
sterile NaCl 9%o. The activity was collected directly in a 3 mL loop in an ionization chamber 
(Capintec) nearby the PET camera. Valve 7 was then manually switched. The activity was 
directly measured (typically 132±45 mCi, n = 50). It was ready for injection and was allowed 
to decrease until the desired value was obtained. Valves 8, 9 and 10 were than manually 
switched and the automatic injector was turned on (10 mL syringe containing NaCl Woo, flow 
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rate: 10 mL/min). The activity was injected into the patient through a sterile 0.22 u.m filter 
(Cathivex, Millipore-Waters). 

Table 1 summarizes the various steps and the total time of a typical production of 
oxygen-15 labeled water. As it appears, this system allows a new run every 6 min. 

The quality controls including radiochemical and radionuclidic purity, pH, sterility and 
pyrogenicity were performed according to the general guidelines published by Meyer et al. C). 
The radiopharmaceutical produced by the technique described fulfilled these requirements. 

Table 1. Various steps and total times for a typical production 
of oxygen-15 labeled water. 

Step Total time 

Filling of the target 38 s 
Irradiation 3 min 30 s 
Purification (ion exchange membranes) 

+ filling of the HPLC loop 4 min 
Delivery to the PET camera 6 min 

This work was supported by FNRS grant (9.4503.91). 
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Figure 1. System developped for the production, delivery and bolus injection of oxygen-15 labeled water. 



Suitable PET isotopes of radionuclides used in therapy and diagnostics 

H.-W. Thiimmel, I. Kampfer, 

Dept. of Nuclear Medicine, University of Leipzig, Liebigstr. 20a, D-04103 Leipzig, Germany 

In the last years much progress in medical PET (positron emission tomography) applica

tion [1,2] and PET nuclide production [2] has been achieved. But PET is still expensive and 

seems to be restricted to nuclear medical centres still for a longer time. Besides 'classical' routine 

PET (using 1*F, , 1 C etc.) therefore a important task of such centres will be also the support of the 

widespread routine applications of ERT (endo radio therapy) and SPET (single photon emission 

tomography). Thus the view on PET nuclides (with E*-decay, i.e. 511 keV quanta emission) is 

somewhat changing and a re-evaluated compilation of suitable PET isotopes of the ERT and 

SPET nuclides being in use as given in Tab. 1 might be useful. The two main fields of such PET 

research applications which need PET isotopes are: 

(1) ERT-eauivalent-PET (or SPETi-studies: a (pharmaceutical) compound is labelled with 

a PET nuclide which ideally is an isotope of the radionuclide used in ERT. This ensure identical 

biochemical reactions and pharmacokinetics; the biodistributions can be made visible and the 

radiation dose distribution can be calculated [3,4]. Example [5]: use of the PET isotope " Y (14.7 

h) instead of the ERT nuclide " V (2.7 d). Recently, with respect to optimum labelling procedures, 

type and energy of the emitted particles about 30 further radionuclides for ERT applications has 

been proposed [4] for which PET isotopes might be of interest 

(2) SPET-eauivalent-PET-studies: support of quantification procedures of SPET [1] by 

PET; this task is mainly directed to the well-established SPET applications of T c , 1 2 3 l an some 

other SPET nuclides (energy of y quanta: a 100 to 400 keV). Example [5,6]: use of the PET iso

tope " T c (52 min) instead of the SPET isotope T c for the same (neurological) application. 

Tab. 1 has been compiled on the basis of some recent reviews (e.g. [3,4,8,9]) and compi

lations of nuclear reactions [10,11]. It comprises (on the left) SPET and ERT nuclides (and their 

main properties: half-life, y-energy and y-abundance) which have been cited in connection with 

nuclear medical diagnostics or therapy for routine applications (r), research studies (st) or as pro

posal (p); on the right suitable PET isotopes if physically existing are listed together with their 

main properties. The 'suitability' of a PET nuclide has been assessed by a 5 point scale; each of 
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the following features got one point if nearly ideal for PET applications: half-life (optimum: 2h to 

2d), [T-decay probability (best: 100 %), accompanying y-lines (best: no y), radioisotopic purity 

(best: no long-lived daughter nucleus); costs. In the case of nuclides to be produced at an 18 (or 

11) MeV cyclotron the estimated activity yields will be given [12]. 

Table 1: Radionuclides for nuclear medical application and their available PET isotopes *) 

Radionuclides on market for medical in-vivo use Radioisotopes for PET 

Ele 
me 
nt 

Main applications in 
Diagnostics, SPET, 
scintigraphy or ERT 

Nu
clide 

Half-life E,/teV7/ 
abund. [%] 
in() 

avail-
ibility 

Nu
clide 

Half-life Er[keV]; 
abund. %] 
in() 

avail-
ibility 

P hematol.,enceph.; ERT ^P ; 14d B; no y A1 3 0 p 2,5 m 511 (200) B3 
Cr hematol., nephrol. (r) M Cr 27.8 d 325(9) A1 4 9Cr 41.4m 511 (184) B3 
Fe hematology (r) w F e 45 d 1100(56) A1 u F e 8.3 h 169 (99) 

511 (113) 
B2 

Co gastroenterology (r) b / Co 272 d 123 (8) A1 b bCo 17.5 h 511 (75) B1a 
gastroenterology (r) M C o 71.3 d 805 (100) 

511 (29) 
A1 » 

Cu Cu test (r) t ; Cu 61.9 h 184 (48) A1 "Cu 3.4 h 511 (136) Blab 
Ga SPET: oncology (r) b 'Ga 3.3 d 93 (38) 

184 (21) 
A1 "Gel 

^Ga 
288 d/ 
68 m 511 (178) 

Blab 
G 

Se endocrinology (r) ; bSe 127 d 136 (54) A1 , JSe 7.15 h 511 (132) B2 
Kr ventilation (r) + PET 

(pr)-.SPET(pr) 
°'Rb/ 
8 i m K r 

4.6 h 
/13 s 

511 (54)/ 
191 (67) 

A1 "Kr 1.24 h 511 (148) B3 

Sr scelleton ERT (r) •"Sr 50.5 d C; no y A3 8 ,Sr 28 m 511 (200) B3 
Y ERT:synoviorthesis (r) auy 2.67 d &; no y A1 " Y 14.7 h 511 f66; Blab 
Tc SPET: various appli

cations (r) 
w Mo/ 
S 9 m T c 

66 h / 
6 h 

739(12)1 
140 (87) 

A1 
A2 

« m T c 

(+**Tc) 
52 m; 
4,5 h 

511 (140) Blab 

In SPET:oncol.,RHS scint. " ' i n 2.8 d 171 (91) A1 " I n 1.15 h 511 (124) Blab 
1 oncol., nephrol. (r) 123i 13.2 h 159 (83) A1 ™\ 4.1 d 511 (50) Blab 

ERT+SPET: thyroid (r) I 3 i i 8.1d &;364 (78) A1 a 

Xe pulmology (r) i J J Xe 5.27 d 80 (35) A1 ruXel 
123, 

2,08 h/ 
13.2 h 

511 (45)/ 
159 (83) 

B2.3 

Er ERT:synoviorthesis (r) 1 b aEr 9.4 d a A1 — 
Re ERT:synoviorth.+SPET 1 s t Re 89 h R;137 (10) A1 — 

ERT:synoviorthesis + 
SPETfpr) 

1 M W / 
1 8 8Re 

69 d / 
17 h 

a/ 
155 (15) 

G; 
A2 

— 

Tl SPETxardiology (r) a H n 3.04 d 167(10) A1 — 
Au ERT:synoviorth.+SPET , y s Au 2.7 d &;412 (96) A3 — 

*) shortened abstract version: without nuclides on market for life science and recently proposed ERT 
nuclides; PET 'suitability' points and activity yields at 18 and 11 MeV cyclotrons must be omitted 

The availability of a radionuclide is sorted as followed (see col. 6,10): 

(A) Buying on the marketed) ready (and approved) for in-vivo applications e.g. as la

belled pharmaceutical to be applied; (2) as an (approved) radionuclide solution (e.g. 1 2 3 l) or radi

onuclide generator (mark: 'G', e.g. " M o / T c ) together with a kit to synthesize the pharmaceuti-
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cal compound; (3) as an (unapproved) radiochemical or radiopharmaceutical compound being 

sold for life-science application. 

(B) Non-commercial production: (1) local production at a clinic-own (a)18 MeV compact or 

(b) 11 MeV self-shielded baby PET cyclotron (CC or BC) and local application; (2) distant produc

tion at a cyclotron of a nuclear centre: a high energy (>18 MeV) cyclotron (HEC) must be applied, 

transport (duration < 2 half-lifes) to the clinic and local application (on special permission); (3) 

ditto but distant application (in case of short half-life of the PET nuclide). 

There are only two radionuclide on the market which could by chance be used also for 

PET, i. e. 8 1Sr (4,6 h; 54 % 511 keV quanta) / s t m Kr used for ventilation and ^ S r (6.47 h; 191 % 

511 keV quanta)/ t 2Rb (1.27 min). All other needed PET nuclides must be self-produced. The 

most important found or proposed isotope couples useful to support SPECT or ERT by PET are 

57.58Co fsCQt xmTc pAmj^ l aws^y* * , a n d soy^ y H j g h z (neutron-deficitary) PET nuclides 

(Z>55) can be produced only at a HEC; nuclide with suitable half-lifes are scarce. 
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Structure and utilization of glycosaminoglycans (GLYCOS) as 
carriers in rapid selective delivery of radionuclides to 
tumors £2r application in tumor imaging and potential 
therapy, 
KIII.KARNI P.V.. ANTICH P.P., CONSTANTINESCU A., XIONG R., ERDMAN W., 
RANNEY D.F*., CHEN H*., ZADEI Z .M*., EBERHARDT G.M*., and PARKEY R.W. 
U T Southwestern Medical Center and ACCESS Pharmaceuticals Inc*. Dallas, TX 

Our previous studies have shown that desferrioxamine (Fe-DF) bound to 
sulfated glycosaminoglycans (GLYCOS) has the ability to rapidly target and 
permeate a wide variety of solid animal tumors of all sizes and also undergo 
rapid blood clearance almost exclusively by the renal route. High tumor 
uptake pertains to GLYCOS which contain L-iduronic acid (i,e.,dermatan 
sulfate, heparin and heparan sulfate) and which further contain 2-amino-2 
deoxy-D-galactose and spaced domains of naturally hypersulfated 
oligosaccharide sequences enriched for 2,4 disulfated disaccharides and 6-0 
sulfated saccharides (e.g., dermatan sulfate) that are complementary to tumor 
neovascular endothelium and tumor-cell surface determinants. The preferred 
GLYCOS is dermatan sulfate (DS) especially purified to have a high heparin 
cofactor II activity (HC II) (1). This dermatan sulfate (DS) is further 
distinguished over heparin and heparan sulfate as follows: a), it does not bind 
factor Xa and hence, is devoid of antiocoagulant activity conferring high 
safety; b). it does not bind to normal endothelium and is not metabolized in 
vivo, conferring rapid and complete blood and body clearance by the renal 
route, avoiding liver/bowel clearances; and c). it has a molecular weight of 
18,000 daltons, maintaining the agent as a polymer within the blood 
compartment except at sites of induced neovascular endothelium. These 
properties result in adequate blood circulation time for tumor uptake while 
still giving a sufficiently rapid blood clearance (Ti/2 of ca. 18 min in rats and 
ca. 1.2 h in man (2). Binding of the active moieties (Ga-67-DF or Fe-DF) to the 
dermatan sulfate carrier is by means of strong paired-ion binding between 
the strongly basic amine group of the chelator (DF) and strongly acidic 
(sulfate) groups of DS (Fig. 1). This gives a very high molar ratio of metal 
chelate to carrier (ca. 100:1 w/w), and affords a high pay load (77.5 : 22.5 w/w). 
By comparison, covalent conjugates such as antibody or peptide chelates have 
10 times lower payload (ca. 7%, by wt). In vitro dialysis studies indicate that Fe-
DF-DS and Ga-67-DF-DS remain inside the bag and are very strongly associated 
with DS. Analysis of urine obtained from dogs injected with Fe-DF-DS showed 
that: a. clearance of Fe-DF and DS occurred coincidently in proportions exactly 
stoichiometric with those injected as the paired-ion complex; and b. both the 
Fe-DF and DS cleared intact as assessed by HPLC analysis. 

The aim of this study was to evaluate the feasibility of using this 
approach to deliver radioactive agents to tumors for diagnostic and/or 
therapeutic purposes. Copenhagen rats with AT-1 tumors (prostate 
adenocarcinoma) grown in surgically prepared pedicles were used for this 
study. Ga-67 chelated to DF was bound as above to dermatan sulfate (DS). Rats 
with AT-1 tumor (1-3 cm dia.) were administered i.v. with -300 uCi Ga-67 and 
varying doses of the chelator (0.00155 to 0.155 mM/kg). The animals were 
imaged with a gamma camera up to 3 hr PI. The imaging studies showed that 
the agent cleared rapidly from the blood via the renal route and blood 
clearance of the agent was not affected by the dose of the agent, remaining 
nearly constant at Ti /2 of ca. 18 min over a wide dose range (1.0 to 100 
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Hmol/kg, DF basis). Uptake in the tumor was very rapid (< 7 min); there was 
lack of uptake in normal important tissues such as liver, bowel and RES. 
Region of interest analysis showed that blood clearance had a fast component 
of T1/2 of 9 min. and a slow component of T1/2 of 35 min. Activity in the tumor 
region had a Tj/2 of 54 min. Tumor to heart ratios steadily increased from 0.67 
at 5 min to 1.74 at 60 min. Tumor to liver ratios increased from 0.76 at 5 min to 
1.3 at 60 min. In a control animal injected with the chelator alone (Ga-67 DF), 
the tumor to heart or liver ratios were less than 1 at all times. The imaging 
studies indicate selective tumor localization of the radiolabeled agent at 20 min 
PI when formulated with GLYCOS (Fig 2). Ferroferricyanide staining of 
sections at 60 min post i.v. injection of 0.155 mM/kg of (Fe-DF-DS) showed that 
the stains were selectively positive for tumor neovascular endothelium and 
tumor cells. Marked tumor-cell internalization was evident at 1 h after 
injection. Stains were negative after injection of Fe-DF alone. Tumor uptake of 
Ga-67 agent was - 0.58% ID/g and remained nearly constant as the dosage of 
the agent was incremented. 

Our studies show that the radiolabeled agent formulated with GLYCOS 
may be useful in tumor localization studies based on binding to determinants 
on neovascular endothelium and tumor cells, (putatively VEGF/VPF and 
others) followed by tumor cell internalization. Vascular Endothelial Growth 
Factor /Vascular Permeability Factor (VEGF/VPF) is reported to bind strongly 
to heparin and structurally related sulfated glycosamonoglycans (3). It is 
reportedly induced in a wide variety of animal and human tumors on both the 
neovascular endothelium and tumor cells proper (4). Additionally, induction 
and upregulation of VEGF/VPF are reported to correlate with malignant 
transformation (5) and with more aggressive tumor phenotypes (6). Hence 
VEGF/VPF represents a strong candidate for the tumor-endothelial 
determinant for dermatan sulfate biding, high-capacity endothelial transport, 
tumor accumulation and tumor cell internalization. It also may correlate with 
tumor function and prognosis in a way which could provide additional in vivo 
imaging information on clinical diagnosis, staging, prognosis, patient 
management and therapy. New agents with commonly used radionuclides 
appropriately chelated and formulated with GLYCOS could potentially be 
developed. Rapid tumor uptake and fast clearance from non-arget organs of 
the agent over a broad dosage range enable the development of a new class of 
radiolabeled agents for tumor imaging and potentially therapy. 
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Fig 1. Schematic structure of Fe-DF-Sezmatan Sulfate (GLTCOS) 
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Fig. 2. Scintigraphic image of a Copenhagen rat with AT-1 tumor (prostate 
adenocarcinoma grown in a surgically instrumented pedicle) 20 minutes poBt 
Injection of Ga-67 DF-DS. The agent has rapidly cleared by the renal route 
without any accumulation in liver, bowel or RES system. 
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HIGH-YIELD PRODUCTION OF IODINE-124 USING THE1 2 STefp. 2n) 1 2 4I REACTION. 

G. Vaidyanathan1, B.W. Wieland1, R.H. Larsen1, J. Zweit2 and M.R. Zalutsky1. 
'Department of Radiology, Duke University Medical Center, Durham, NC 27710, USA, and 2Joint 
Department of Physics, Institute of Cancer Research, Royal Marsden Hospital, Sutton, Surrey, UK 

Iodine-124 has a half life of 4.2 days and a 25% positron branch. PET imaging with , 2 4 I 
could be particularly important for oncologic applications because this procedure could enhance the 
detection of occult tumor sites. An additional use would be for predicting radiation dosimetry prior 
to therapy with an 131I-labeled agent. For example, 7weta-['31rjiodobenzylguanidine is often used for 
the treatment of neuroblastoma and I 3 i I remains the most frequently used radionuclide for 
radioimmunotherapy. Unfortunately, , 2 4 I is currently produced at only a few centers. The goal of 
this study was to develop an approach for producing , 2 4 I which could be utilized at proton-only 
machines with proton energies of 20 MeV or less. Because of the lower cost of enriched , 2 5 Te 
compared with 1 2 4Te, and the low yields reported for the 1 2 4Te(p,n) I 2 4I reaction (1-2) we selected the 
l25Te(p,2n) reaction for further study. 

The target was prepared by melting and resolidifying 0.32 g of Te0 2 (93% enrichment in 
, 2 STe, with 6.5% I 2 6 Te and 0.5% l 2 4Te) in a 9.0 mm diameter by 0.9 mm deep cavity in an 11.0 mm 
by 1.5 mm thick platinum boat. The platinum target disk was then installed in a modified, water-
cooled aluminum Faraday cup to center it on the proton beam axis and provide an O-ring sealed, 
cover foil of 0.0127 mm aluminum to monitor activity loss during target irradiation. Aluminum 
degraders of 2.29,2.01 and 1.47-mm thickness were used to attenuate the 27 MeV proton beam of 
the CS-30 cyclotron to 15.2, 17.0 and 20.1 MeV energy on target, respectively. After passing 
through the exit surface of a degrader, the beam travels 4 cm before passing through a 9 mm 
collimator which is located 1 mm from the target surface. The beam focus was adjusted with the 
beam line quadrapole magnets to irradiate the target over a well-distributed, 9 mm diameter area as 
verified by Polaroid autoradiographs of the irradiated target. 

Irradiations have been performed at these three beam energies in order to determine yields 
for I 2 4 I and other iodine radionuclides produced by (p,xn) reactions on tellurium. Targets were 
irradiated for 3-5 min at beam currents of approximately 1 uA. The 1 3N produced by the 1 60(p,a) l 3N 
reaction on the oxygen in the Te0 2 was allowed to decay for several hours and the target was 
counted using an efficiency-calibrated GeLi detector. After allowing a major part of the 1 2 3 I to 
decay, the target was distilled using a Carbolite® horizontal furnace and an all quartz still. The 
distillation was conducted at 820 °C for a period of 25 min using oxygen as the carrier gas at a flow 
rate of 25 mL/min. The activity was trapped in 750 uL of 0.1 N NaOH in a Reacti®vial kept in an 
ice bath. Average distillation yields of 65-70% was obtained. Target and aliquots of distillate were 
counted immediately after distillation and periodically thereafter. Several weeks later, when most 
of the , 2 4 I was decayed, the entire distillate was counted for 1 2 5I in a gamma counter. Activity levels 
of 1 2 3I in the target were corrected for any 120-day , 2 3 T e produced in prior runs via the l 2 4 Te (p,pn) 
and l25Te(p,p2n) reactions. 

Our results are summarized in Table 1. The results suggest that acceptable yields of , 2 4 I can 
be produced using I 2 5Te(p,2n) I 2 4I reaction even at a proton energy of 15.2 MeV. However, at this 

811 



beam energy, a significant level of 1 2 5 I (25% of l 2 4 I) was also observed. As would be anticipated 
from the Q values of-0.9 MeV for (p, n) , 2 5I, -10.5 MeV for (p, 2n)1 2 4I and -18.0 MeV for (p, 3n) 1 2 3I 
reactions, higher 1 2 4I yields, lower I 2 5 I impurities and higher 1 2 3I impurities were obtained with the 
17.0-5.0 MeV and 20.1-10.5 MeV experimental proton energy windows. Of the three energy 
windows investigated, 20.1-10.5 MeV protons would be recommended. Iodine-123 (8%) would add 
only an incremental increase in radiation dose to patients administered with , 2 4 I and should not 
interfere with PET imaging. The level of l 2 5 I (50-250 u,Ci) in an anticipated patient activity of , 2 4 I 
(1-5 mCi) would be considerably lower than that those which we have used previously in patients 
receiving ,25I-labeled monoclonal antibodies (3). In conclusion, the results of this study suggest that 
the l 2 5Te(p,2n) l 2 4I reaction may be a promising approach for the production of l 2 4 I for PET 
applications. Further experiments are in progress to determine the proton energy and exit window 
that will maximize the radionuclidic purity of 1 2 4 I . 

This work supported by Department of Energy Grant DOE-FG05-89ER60789. 
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Table 1. Saturation yield and percentage of impurities produced in the production of 1 2 4 I via the 
1 2 5Te(p,2n)' 2 4I reaction. 

Proton Energy (MeV) 1 2 4 I Yield (mCi/uAhr) Impurities at EOB 

15.2-0 0.30 1 2 3 I (3%), l 2 5 I (25%) 

17.0-5.0 0.60 l 2 3 I (5%), 1 2 SI (5%) 

20.1-10.5 1.17 l 2 3 I (8%), 1 2 5I (5%) 
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ASTATTNE-211 RADIOTHERAPEIJTIC AGENTS: Production of clinically 
relevant quantities and quality using an internal target system. 

R.H. Larsen, B.W. Wieland, M.F. Dailey, G. Vaidyanathan, P.K. Garg and MR. Zalutsky 
Department of Radiology, Duke University Medical Center, Durham, NC 27710, USA 

Preclinical experiments indicate that compounds such as monoclonal antibodies and 
benzylguanidine labeled with the o-particle emitter 2 I 'At may be useful tools for treatment of 
micrometatstatic disease and should therefore be evaluated clinically (1-5). The radionuclide has 
until now only been produced on a smaller scale suitable for preclinical experimental work. To meet 
the requirements of clinical use, Duke University Medical Center has installed an internal target 
system for large scale production of 2"At." The application of internal targets allows higher beam 
currents to be used since the losses due to extracting the beam out of the cyclotron are avoided. 
Target irradiations at higher beam currents may, however, be problematic since an increase in energy 
deposition may melt the bismuth metal target surface. To overcome this problem targets were 
designed a) to spread the beam over a large surface by using a small angle between incoming beam 
and target surface, and b) using thin layers of bismuth and well-cooled backing materials to transport 
the generated heat away effectively. The usefulness of two different target-backing materials, 
aluminum and copper, were tested in the internal target system. Comparisons were based on 
cyclotron irradiation yields, 2 "At extraction yield, and also whether the backing materials were 
activated, generating radionuclides that could increase radiation dose to personnel and complicate 
routine assay of 2 "At activity. 

2"At production with internal target. 
The internal target system used was built by Cyclotron Inc., Napa CA, and installed on the Duke 
University CS-30 cyclotron. The targets consisted of a slightly curved layer of Bi-metal (surface 
dimensions of 10.2 x 2.1 cm) with a thickness varying between 15 and 50 um for different targets, 
which were plated onto a copper backing or melted onto an aluminum backing. The 2 0 9Bi(o,2n) 2 1 'At 
reaction was used for production. The outer orbit corresponding to an energy of 28 MeV was 
intercepted so that the incoming o-particles had a very narrow angle (less than 3 degrees) relative 
to the target surface. Water cooling of the target-backings, spread of the beam over large surfaces 
of the target, and low thicknesses of the poorly heat-conductive bismuth metal allowed high beam 
currents to be utilized without melting the targets. 

Quantification of the radioactivity of2"At-samples. 
The 2 I 'At radioactivity was determined from the 2 I 'At y-ray the two y-rays from the daughter nuclide 
2"Po using a Ge(Li) detector. A well counter (LKB) and a dose calibrator (Capintec) was thereafter 
calibrated using the Ge(Li) as primary standard. The measurements of these two detectors were 
corrected if necessary for vial type and sample size due to the low half-thickness of the 77-92 keV 
Po x-rays used for detection. 
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Distillation. 
The oven temperature was set to 675 °C and the gas velocity of the argon used as carrier gas was 
adjusted to 0.3 ml/s. It took approximately 20 min for the oven to reach the desired distillation 
temperature. Calibrations made with a thermocouple inside the still indicated that the temperature 
there was 20 to 30 °C lower (i.e. slightly below the 660 °C melting point of aluminum). Distillation 
time varied between 35 and 60 min but was kept at 45 min for most of the experiments. 

Quality of the 2"At produced. 
The radiochemical purity of the 2 , 1 At produced was determined by half life measurements and by 
peak analyses of the spectra obtained with the Ge(Li)-detector. 

Cyclotron irradiation and2"At extraction. 
The results of the irradiation and distillation of the internal targets are presented in Table 1. For 
comparison of production efficacy, five external target irradiations with beam currents of 15-18 uA 
for 1.5 to 2 hours were used. The average yield for these runs was 10.6 ± 1.2 MBq/uA h. The 
production efficiency of 2 1 1 At, expressed as MBq/uA h, was approximately 4 times higher for the 
internal targets compared with the external targets and is also higher than the values reported 
previously from other laboratories (6,7). The extraction yield with Cu-backing was lower than with 
Al, however, the difference was not significant. Experiments in progress indicate that higher 
extraction efficiencies may be obtained with a smaller distillation apparatus. 

Table 1 production and extraction of2"At using internal targets. 

Backing material Production efficacy Extraction yield (%) 
(MBq/uA h) 

Cua 44±I5" • 33 ±8 

Al̂  48±7 47 ±12 
*n = 6 experiments "Standard deviation cn = 4 experiments 

Radiochemical purity. 
The -/-spectra of targets measured 1-5 days after the cyclotron bombardment showed peaks due to 
activation of the backing materials. The positron-emitting activation products 6 6Ga and 6 8Ga in the 
Cu target backing and 3 0P in the Al target backings were particularly abundant. These three nuclides 
all disintegrate through p + and electron capture (EC) with associated high energy y-rays that may 
potentially cause problems both to the routine detection and quantification of 2 l l At activity and 
handling of the target after 2I1At-production. However, the abundance of these nuclides was greatly 
reduced in targets with thicknesses above 37 urn. None of these byproducts could be detected in the 
distillate. 

Gamma spectroscopy revealed that the radiochemical purity of the distillate was high. Analyses of 
various samples showed only the y-peaks of 2 1 l At and its daughter, 2 "Po, with no sign of 2 , 0 At 
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peaks. Measurements of the decay-rate of samples were very consistent with the expected 7.2 h half 
life of 2"At. 

Although astatine-211 has been produced by experimentalists for more than 50 years there are still 
problems to solve before the nuclide can be applied clinically. One of the most fundamental 
problems is how to prepare large amounts of 2 1 1 At useful for incorporation into tumor-specific 
molecules. Previous studies have reported high yields of 2 l l At but, with significant levels of 2 l 0 At 
in mixtures (8). Astatine-210 must be excluded from clinical preparations because it decays to the 
ee-emitter 2 1 0 Po. Using the newly developed internal target system at Duke University Medical 
Center it was possible to irradiate bismuth with a beam current of 40 uA without melting the target. 
This could be done by spreading the beam over a large target surface using a grazing angle, and by 
using thin layer of bismuth supported by effectively cooled target backings. The yield in excess of 
40 MBq per uA h of high purity 2 1 , At is high compared with previous studies with external target 
irradiations and also to the external target irradiations presented in this study. 

In conclusion, the preliminary data presented here indicates that 2 1 , At with a quality and quantity 
which should meet the requirements for clinical applications can be produced with the internal target 
system at Duke University Medical Center. 
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Is the production of 1 8 6 Re with cyclotron irradiations an alternative 
to neutron activation in a reactor? 

R.Schwarzbach, P.BIauenstein, J.Jegge, PASchubiger 
Paul Scherrer Institute, 5232 Villigen PSI, Switzerland 

The preparation of 1 8 6 Re is routinely done by irradiation of natural Re with neutrons 
in a reactor. Due to the favorable cross section a high yield is obtained: using a 
neutron flux of 0 = 1013n-cm-2-s-1 a specific activity Asp = 1.1 GBq/mg was reported 
[1]. The increase of the neutron flux or application of a Szillard-Chalmers reaction 
are leading to higher specific activities [2]. 
No carrier added 1 8 6 Re can be obtained as follows: 
- 1 8 6W(p,n)l 8 6Re: 396-130 MeV, 0 = 13.7 mb [3]. 
- 186W(d|2n)186Re: 16.7 - 5.9 MeV, CT = 365 [4], a = 647 [5] 
The access to the proton beam of 590 MeV at PSI is limited; to produce 
radionuclides on a routine basis, we can only use the p beam of the injector 
cyclotron. First experiments were therefore done with Ep < 72 MeV and a target of 
stacked foils of natural tungsten. The results are summarised in table 1 (column 3). 
186Re appears only in the lower energy range between 35.5 and 17 MeV. In the 
higher energy range (up to ~ 70 MeV) mainly l8l/l82mRe a r e produced. In addition 
different isotopes of Ta and W are found. Interesting results are obtained by 
irradiating W with deuterons of 15 MeV (Heidelberg) and 20 MeV (PSI) (Table 1, 
columns 4 & 5). 
The results given in Table 1 are obtained with irradiations of only a few minutes and 
beam currents of a few pA. The extrapolation to irradiations of 20 h with 50 nA yields 
up to 6.5 GBq 1 8 6 Re. Comparison of the irradiation with p and d shows clearly the 
more favorable quality of 1 8 6 Re obtained with d: the higher yield of 1 8 6 Re is 
accompanied by a lower production rate of the longer living Re isotopes. A more 
detailed analysis of the results indicates that the irradiation of enriched 1B6W should 
yield three times more 1 8 6 Re while the production rate of the longer living Re 
isotopes should be reduced. 
These preliminary experiments show that the production of 1 8 6 Re using a cyclotron 
is a potential alternative route compared to the use of a reactor. It shows that a 
sufficient yield and a higher specific activity can be obtained. 
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Table 1: Activity (Bq/jiAh) at EOB of nat. W foils after irradiation with protons or 
deuterons respectively. 

nuclide half life p; 35.5 -17 MeV d; 20 MeV d; 15 MeV 
i76Ta 8h 3.80 10 ' 1.20 101 7.60 10 6 

«*Ta 114d n.d. 9.50 10 5 n.d. 
"»Ta 5.1 d 6.30 10 6 1.20 10 6 1.00 10 b 

17B\fj 22d 1.10 10 6 1.70 10 5 n.d. 
187vy 23.9 h 2.33 10 7 6.90 10 7 1.0010 ' 
1820S 22h n.d. 2.50 10 6 2.6010 6 

19'OS 15.4 d 4.6510 5 1.6010 4 n.d. 
18lRe 20 h 3.70 10 8 3.10 10 7 6.3010 s 

182mRe 2.67 d 3.50 10 ' 7.20 10 6 1.1010 ' 
"»Re 70 d 2.90 10 6 1.10 1 0 6 2.8010 5 

" ^ e 38 d 2.70 10 6 9.10 10 5 5.2010 b 

184n R e 165 d 1.80 10 b 2.70 10 4 1.70 10 4 

i«SRe 90 h 2.1010 6 6.50 10 6 3.50 10 6 
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RADIOLABELED PHOTOSENSITIZERS FOR TUMOR IMAGING 

Johan E.van Lier, Francois Benard, Svetlana V. Kudrevich, Rene Ouellet and Jacques Rousseau 

MRC Group in the Radiation Sciences, Faculty of Medicine, University of Sherbrooke, Sherbrooke 

(Quebec) J1H 5N4, Canada. 

Photodynamic therapy (PDT) of neoplasms using a mixture of hematoporphyrin derivatives 

(Photofrin) and red light has been approved for the treatment of several types of cancers in a number 

of countries.1 Success of the protocol depends both on preferential dye uptake by the tissue and the 

local application of red light of the appropriate wavelength to initiate the photochemical process 

leading to tumor cell destruction. Interest in porphyrins for tumor imaging dates as far back as 1924 

when Policard2 suggested their role in the fluorescence of tumors under the influence of UV light. 

Selective retention of certain porphyrins by tumors was reported in 1948,3 triggering an intensive 

search for medical applications of this class of compounds.4 Our own efforts have been centered on 

substituted phthalocyanine dyes, which are among several second generation drugs slated to 

supersede Photofrin for PDT.5 Phthalocyanines (Pc) form strong chelates with many di- and 

trivalent ions and particularly Al, Ga and Zn complexes show strong photodynamic activity. Among 

possible radionuclides for scintigraphic imaging 6 7 Ga, 9 9 m T c and 6 4 Cu have been chelated with 

differently substituted phthalocyanines whereas 6 5 Zn has been used for biodistribution studies using 

conventional dissection and radioactivity counting. 

Phthalocyanines are insoluble in most solvents, however they can be rendered water soluble 

by sulfonation. The degree of sulfonation strongly affects the biodistribution as well as the tendency 

of the dyes to aggregate, which in turn may result in loss of photodynamic activity. In general, the 

amphiphilic lower mono- and disulfonated Pc's exhibit the highest cell penetrating capacity and in 

vivo PDT efficacy, however overall tumor retention is low. In contrast, the less active tri- and 

tetrasulfonated Pc's reach much higher tumor concentrations, rendering them more attractive for 

imaging purposes. Direct labeling of metal-free Pc's was possible with 6 4 Cu, 6 however ' 9 m T c or 
6 7 Ga gave unsatisfactory results. De novo synthesis, through condensation of sulfophthalic acid 

monomers, gave labeling yields up to 10%, albeit specific activities were low due to the required 

addition of non-radioactive metal carriers.7'8 
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In an attempt to obtain photosensitizers with similar biodistribution pattern and tumor 

selectivity as the trisulfonated Pc's, which the additional capability to form strong chelates with ^ I n , 

we prepared the mono-, di- and tetra-diethylenetriaminepentaacetic acid (DTPA) derivatives of ZnPc 

via the reaction of the corresponding amino-ZnPc's with DTPA anhydride. Scintigraphic studies in 

tumor-bearing rats confirmed that the water soluble ZnPc-DTPA-mIn complexes were stable under 

in vivo conditions and that tumor uptake and contrast-ratios varied with the degree of substitution. 

These Pc-based radiopharmaceuticals should be of particular importance as adjunct to PDT, whereas 

their role as independent tumor markers will require further in vivo validation. 
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HFIR-PRODUCED RADIOISOTOPES OF CURRENT MEDICAL INTEREST. 
MIRZADEH, S. BEETS, A. L, KNAPP, F. F. JR., Nuclear Medicine Group, Oak Ridge National 
Laboratory, Oak Ridge, TN, 37831-6229, USA. 

We have experimentally determined the yields of a number of medical radioisotopes 
produced in the ORNL High Flux Isotope Reactor (HFIR) Hydraulic Tube (HT) facility. The HT 
facility is located in the very high flux region of the flux trap and allows the insertion and removal 
of samples while the reactor is operating (1). The HT facility consists of nine vertically stacked 
capsules centered j'ust adjacent to the core horizontal midplane. The measured thermal and fast 
neutron flux values for the HT are 2.0x1015 and 4x101 4 n.s"1.cm"2, respectively, at the core 
midplane. The flux of thermal neutron decreases by a factor of ~2 at the top and bottom of the 
core (2). 

The radioisotopes included in these studies are summarized in Table 1, together with the 
corresponding nuclear reactions for their production. The experimental production yields are 
given in Tables 2. All targets were sealed in 0.3x2.5 thin wall (-0.3 mm) Suprasil quartz tubes. 
With the exception of Ho and Dy, all small samples were assayed directly without chemical 
processing. After irradiation at the usual 85 MWt power level, the quartz sample tubes were 
cleaned in cone. HN03, and after appropriate cooling time, the radioactivity of these sealed 
sources was measured at a 30 cm distance from a calibrated solid state detector. In some 
cases, irradiations were performed at a 9.0 MWt power level, in order to limit the levels of 
radioactivity produced. The radioactive contents were followed for several half-lives, and 
activities at the EOB were deduced by extrapolation. When more than one p-ray was used for 
assay, the intensities were used as weighing factors in calculation of the average values. The 
"projected yield" values given in the last column of Table 2, are the average of at least two 
measurements, and projected yields were calculated for 85 MWt power level (e.g. ~1-2x1015 

n.s"1.cm"2) and for a 21-d irradiation (1 HFIR cycle) or at saturation when t 1 / 2 «21 d. When 
available, the data from large scale productions are also included in Table 2. 

Rhodium-103m (t1/2=65.1 m) is a potential radionuclide for radioimmunotherapy when 
introduced into the cell nucleus. The expected high cytotoxicity is due to the total conversion 
of the 40 keV isomeric decay energy and in the emission of Auger electrons. Large quantities 
of carrier-free 1 0 3 m Rh could be made available through the 103Ru(39.6 d)/ 1 0 3 mRh generator 
system with the reactor-produced 1 0 3Ru parent. The projected yield of 1 0 3 Ru for one cycle 
irradiation is 430 mCi/mg. At present, it is not clear why the natural and enriched 1 0 2 Ru targets 
yield almost equal amounts 1 Ru; this apparent discrepancy is under investigation. 

Tin-117m is of interest and currently under clinical trials for bone pain palliation (3). This 
high spin radioisotope (13/2+) can be produced more efficiently from enriched 1 1 7 Sn target by 
the inelastic reaction. Our experimental data indicate a specific activity of 14.0 mCi/mg for 
1 1 7 m Sn can be obtained in 1 cycle irradiation (21 d). This value is extrapolated from a 1 h 
irradiation. The large scale production yield of 1 1 7 m Sn is 12±1 mCi/mg. 

Holmium-166 is an important candidate for therapy for attachment to tumor-associated 
antibodies or for treatment of arthritis (4,5). High specific activity 1 6 6Ho can be obtained directly 
by 165Ho[n,K] reaction or indirectly from S" decay of 1 6 6Dy (t1/2=81.4 h, Eo^ax=400 KeV). The 
latter route provides carrier-free preparations of 1 6 6Ho. In this case, the ^ D y parent nuclei is 
prepared in a fission nuclear reactor with double neutron capture on 1 6 4Dy. For a 4-d irradiation 
of 13.3 mg of natural Ho (monoisotopic) as Ho 2 0 3 at HT position 5 of the HFIR, the experimental 

820 



yield of 1 6 6Ho is 96.5 Ci, in comparison to the theoretical yield of 75.7 Ci. The increased 
experimental yield is attributed to the contribution from resonance integrals at the epithermal 
region of the neutron flux. Therefore, the sp. act. of 1 6 6Ho at saturation at EOB would be -10 
Ci/mg. The experimental yields of 1 6 6Dy were 2.2 and 3.5 Ci/mg of 1 6 6 Dy for 1 and 8 d of 
irradiation in HT positions 5 and 6, respectively. Although, the yield of the indirect route is lower 
than the direct route by a factor of 3, the sp. act. of the 1 6 6Ho from the decay of 1 6 6Dy would be 
much higher and would approach the theoretical value. 

Both 1 8 6 Re and 1 8 8Re are of interest for various therapeutic application, including 
radioimmunotherapy, when attached to tumor-specific antibodies, for radionuclide synovectomy, 
and for bone pain palliation and bone marrow ablation (6). The expected specific activity of 
1 8 6 Re from direct neutron capture on 1 8 5Re is 17 Ci/mg at saturation. Although the most 
practical and cost effective method to obtain carrier-free 1 8 8Re is from a 1 8 8 W/ 1 8 8 Re generator, 
the yield of 1 8 8Re from direct neutron capture on 1 8 7Re is 5.4 Ci/mg at saturation. 

Platinum-195m is of interest as a tracer for evaluation of the pharmacokinetics of several 
antitumor drugs and is easily prepared via neutron capture of 1 9 4Pt. The low sp. act. of 1 9 5 m p t 
produced by [n,y] reaction (1.2 mCi/mg of 1 9 4Pt) and concern regarding the availability of the 
enriched 1 9 4 Pt target material, prompted us to investigate the neutron inelastic reactions, [n.nV], 
for production of 1 9 5 m p t (/ = 13+). The data from an experiment where 1 9 4 Pt and 1 9 5 Pt were 
simultaneously irradiated at the HT-HFIR, indicated that the sp. act. of 1 9 5 m p t can be improved 
by a factor of 1.5 using the neutron inelastic reactions. 

Gold-199 has been proposed for its therapeutic properties (7). High sp. act. of 1 9 9 Au can 
be produced from B" decay of 1 9 9 Pt (t1/2=31 min) which in turn is produced by neutron capture 
on 1 9 8Pt. As shown in Table 2, the expected experimental yield of 1 9 9 Au is about 1 Ci/mg of 
1 9 8 Pt at saturation. 
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Table 1 . A l ist of radioisotopes included in these studies 

Radio p av EK(IK) Dose (ref. 8) Mode of 
nuclide *1/2 (keV) (keV)(%) (rad.g//jCi.h) Production Comments 

1 0 3 R u 39.25 d 69.0 497(86) _ ]«Ru[n.rf Predecessor to 
1 0 2 Rh[n,p] 56-m 1 0 3 m Rh(100%/T) in 

i 0 3 R u / i 0 3 m R n g e n e r a t o r 

1 1 7 m S n 14.0 d IT 158(86) - " 7 Sn[n ,n ' K ] 
1 6 6 H o 26.8 h 666.0 80(6) - "Ho [n , r i 

1 6 4Dy[2n,H(l i") Generator 
1 8 6 R g 90.64 h 350.0 many low 0.776 ] " R e [ n l K ] 
1 8 8 R e 17.0 h 767.8 155(15) 1.78 1 8 7 Ren .v ] 

1 8 8 W / , 8 8 R e 

1 8 7 Ren .v ] 
1 8 8 W / , 8 8 R e Generator 

195mpi 4.02 d IT 99(11) 
130( 3) 

0.552 ^Pt tn .K] 
9=Pt[n,nVl 

1 9 9 A u 75.3 d 87.0 158(39) 0.494 1 9 6 Pt[n, r ] ( i r ) 

Table 2. Reactor Production o f 1 0 3 R i i, 1 1 7 m S n , 1 6 6 H o , 1 8 6 R e , 1 8 8 R e , 1 9 5 m P t and 1 9 9 A u 

Target Reactor 
Product Yield at EOB (mCi. mg" 1) Product Yield at EOB (mCi. mg" 1) 
Radio
nuclide 

Mass 
(mg) 

Enrich. 
(at.%) 

Chem. Level 
Form (MWt) 

HT 
No 

Radio
nuclide Isotope 

Mass 
(mg) 

Enrich. 
(at.%) 

Chem. Level 
Form (MWt) 

HT 
No T i r r Experimental Projected 3 

1 0 3 R u 1 0 2 RU A 7.04 98.95 Ru° 85 4 1 h 3.21x10"1 

B 17.04 98.95 Ru° 85 4 1 h 
Av 

3.05x10-1 

(3.1±0.1)x10 - 1 4.3X10 2 

N a t . R u A 20.68 31.6 Ru° 85 6 1 h 2.92x10"1 

B 13.13 31.6 Ru° 85 6 1 h 
Av 

3.24x10' 1 

(3.1±0.1)x10"1 4.3X10 2 

1 0 2 R h A 22.18 100 Rh° 85 5 1 h 1.80x10-5 

B 14.52 100 Rh° 85 5 1 h 
Av 

1.35X10-5 

(1.6±0.2)x10 - 5 6.6x10 - 3 

1 1 7 m S n 
1 1 7 S n 16.00 84.23 S n 0 2 9.0 6 1 h 4.78x10" 3 14.2 
1 1 7 S n 20-100 86-92 Sn° 85 5 21 d 12±1 

1 6 6 H o 1 8 5 H o 13.3 100 H o 2 0 3 85 8 4.98 d 8.30x10 3 8.7x10 3 

1 6 4 D y 14.5 83.23 D y 2 0 3 85 5 7.81 d 3.51x10 3 . 4.4x10 3 

15.7 98.43 D y , 0 3 85 
Re 6 - 85 

6 1.0 d 1.78x103 9.6x10 3 

1 8 6 R e 1 8 5 R e A 1.54 97.48 
D y , 0 3 85 
Re 6 - 85 3 1 h 1.17x102 

B 1.44 97.48 Re 0 85 7 1 h 
Av 

1.39X102 

(1.3±0.1)x10 2 1.7x104 

9.6 97.48 Re 0 85 4 76 h 8.6x10 3 1.9x104 

1 8 8 R e 
1 8 7 R e A 10.0 99.39 Re 0 85 8 1 h 2.51X102 

B 6.18 99.39 Re 0 85 8 1 h 
Av 

1.80X102 

(2.2±0.4)x102 5.4x10 3 

195mpj 194p t 8.70 97.41 Pt° 85 5 1 h 8.32x10"2 11.3 
1 9 4 R 6.75 95.4 . Pt° 9.0 4 1 h 9.89x10 - 3 12.7 
1 9 5 R 6.20 53.40 Pt° 85 4 1 h 1.14X10"1 15.7 
195p { 4.88 97.28 Pt° 9.0 6 1 h 1.39X10 -2 17.9 

1 S 9 A u 198p ( 6.95 0.29 Pt° 9.7 6 1 h 1.1 1.1x103 

Projected yield at 85 MWt power level and for a 21-d irradiation (1 HFIR cycle) or at saturation when 
t l c « 2 1 d. bContribution from [n,y] reaction is included in calculation. 
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Iodine-120, A New Positron Emitting Radionuclide For PET Radiopharmaceuticals 

J. Zweit, S.K. Luthra1, F. Brady1, P. Carnochan, RJ. Ott and T. Jones1. 

Institute of Cancer Research /Royal Marsden Hospital, Sutton, UK and MRC 
Clinical Science Centre, Hammersmith Hospital, London, UK. 

Development of PET radiopharmaceuticals labelled with positron emitting radionuclides of 

iodine has been limited to the use of I as a radiolabel for antibodies (1,2) and metaiodobenzyl-

guanidine (mlBG) (3) for tumour imaging. This radionuclide has a number of disadvantages mat in

clude low positron emission (22%), significant emissions of high energy gamma rays and a relatively 

long half-life of 4.2 days. As an alternative to I for applications where a shorter half-life and in-

120 

creased positron emission are of value, we report here the development of I (positron = 81%, half-

life = 1.4hours). The shorter half-life is compatible with the kinetics of mlBG, and some PET radio

pharmaceuticals currently labelled with C may alternatively be iodinated, thereby extending the ob

servation of radiotracer kinetics. 

Excitation functions were measured, by the stacked foil technique, for (p,xn) reactions on en

riched T"e (96.45%) in the proton energy range of 32-37.5 MeV. Thin (3.4-6.8 mg/cm ) targets 

of T"e were prepared by electroplating T"e onto 0.038mm thick Ti foils. The electrolytic mixture 

was slightly different from that described by Scholten et al (4) in that 0.05M 1 2 2 Te in 6% HC1 / etha-

nol solution was used.The deposits were covered with 0.05-0. lmm thick Al foils. Several Cu foils 

were also used for beam monitoring and energy degradation. After irradiation for 15-20 minutes at 

luA beam current, the activity of each foil was measured non-destructively by gamma-ray spectros-
inn lOflm 

copy. The gamma-ray energies (in keV) used for measurements were 560( I), 729( I), 

159( , 2 3I) and 213 ( 1 2 1 I) . The presence of 1 2 4 I , I 2 5 i , - 1 2 6 l and 1 3 0 I were also monitored after the decay 

of the shorter-lived iodine radionuclides. 

Over the energy region studied, the excitation function (Fig.l) for the I 2 2Te(p,3n) 1 2 0I reac

tion shows a maximum cross section of 500mb at 35.5MeV. The respective values for the 

l22Te(p,2n) I reaction are 118mb and 32MeV. The cumulative thick target yields are shown in 

Fig.2. Iodine-120 yields of up to 7mCi/uAh were obtained in the energy range 37.1-32.6 MeV 
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121 

(Table I). The I impurity over this region is 11.5% at EOB, rising to 20% three hours post EOB. 

From the imaging point of view, this level of impurity is envisaged to have a negligible effect since 
121 

only 6.4% of I decay results in positron emission. 
120 

The estimated whole body absorbed dose for [ I]-mIBG is calculated to be 40% that of 

[124rj-mIBG and is only 1.5 times higher than that of [I8F]-mIBG (Table II). The 1 2 1 I impurity level 
120 

contributes an additional 7% to the I dose at the time of use, estimated to be 3 hours post EOB. 
120 

In conclusion, we have demonstrated the feasibility of I production as a PET radionuclide 

with many potential imaging applications. 

This work is supported by the Cancer Research Campaign and the Medical Research Council, 

UK. We would like to thank Mr. I. Watson and Mr. B.Mackay of MRC Cyclotron Unit for target 

irradiations. 
Table I Experimental yields (EOB) of 1 2 0 I and 1 2 I I 

at various energy windows, Energy window I 
(MeV) (VLO/IIAII) 

37.1-32.6 7066 
37.1-34.7 4588 
37.1-35.4 3091 

I2lj \20jyl2lj \20y\2\j 

(\iCi/\iAh) (%) (%, 3h post EOB) 
814 11.5 20.1 
353 7.7 13.5 
217 7.0 12.3 

Table II Whole body dose estimates for analogues of benzyl-guanidine 
labelled using various positron emitters 

Radiotracer 

[120I]-mIBG 
[121I]-mlBG 
[124T|-mIBG 
[I8F]-mIBG 

[120I]-mIBG + 20% 1 2 1I 

Absorbed dose 
(mrad/mCi) 

60 
20 
150 
40 
64 
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THE DEVELOPMENT OF 1 9 1 0s/ 1 9 1 r a Ir GENERATOR 

M.D. Kozlova, A.B. Malinin, A.S. Sevastyanova and C.V. Sedov. 
Radiopharmaceutical Dept., Institute of Biophysics, Ministry of Public Health, 

Moscow 123182, Russia. 

Three types of 1 9 1 0 s / 1 9 1 m I r generators are used in clinics now. One type of generators 
is based on the activated carbon (1), another one utilizes the anion exchange resin 
AGMP-1 (2, 3) and the third type is based on the silica gel impregnated with 
tridodecylmethylammonium chloride (4). 

l 9 1 0 s / 1 9 1 m I r generator based on silica gel modified with ethyldidecyloctadecyl-
ammonium nitrate was developed. 1 9 1 0 s 5-10 mg in the form of an oxalatoosmate-
Os(VI) complex was loaded on the column in dynamic with a flow rate of the solution 
0.2-0.3 ml/min. 1 9 1 Os was obtained by irradiation of the enriched metal Os (>92%) 
in reactor. After 24 hours the column was washed with 11 0.001% solution of oxalic acid 
in saline with pH 3.5. The follow rate was 8-10 ml/min. Then the daughter 1 9 1 m I r was 
perfusionally washed out with the same solution, that used for intravenous injections. 

The yield of 1 9 1 m l r was 12-18 %/ml at continuous washing with a flow rate of the eluent 
5-12 ml/min. The tube with a length 60 cm and a diameter 1 mm was connected to the 
column outlet. The breakthrough of the , 9 1 O s in eluate depends on the volume of the 
preliminary washing. It was 1.5-10"3 %/ml without preliminary washing and 4-10"4 %/ml 
after washing with 100 ml of the eluent. 

Several typical characteristics of the generator are shown on the fig. 1 and fig. 2. 
The dependencies of the 1 9 1 m l r yield and breakthrough of , 9 1 Os from the eluent volume, 
when the additional safety column filled with the same non-active sorbent was used, 
are shown on the fig. 3 and fig. 4. 
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APPLIED PET CHEMISTRY STUDIES FOR 
U.S. FDA APPROVAL OF 2-[18F]FDG 

Steven S. Zigler 

CTI Cyclotron Systems, Inc. 
Knoxville, Tennessee 37933 U.S.A. 

A great deal of research has been devoted to the development of reliable synthetic methods for the 
preparation of 2-deoxy-2-[,8F]fluoro-D-glucose (2-[I8F]FDG).' In August of last year, this important 
radiopharmaceutical was approved for marketing by the U.S. Food and Drug Administration (FDA).2 

Despite the extensive body of knowledge that existed for the preparation of 2-[18F]FDG, additional 
data was necessary to gain FDA approval and support claims for the strength, purity and uniformity 
of the final drug product. This paper will examine these issues within the context of the approval of 
2-[ ,8F]FDG and discuss product stability, the control of impurities (including bacteria and bacterial 
endotoxins), as well as other topics related to process control. 

Studies of this nature are probably best characterized as applied PET chemistry since they do not 
typically fall within the scope of the basic sciences. The information from these studies, however, is 
important to ensure product safety and to develop reliable, consistent production operations. 
Although the work described in this paper was aimed at FDA approval of 2-[ I8F]FDG, it highlights a 
possible lack of similar studies for other well-known clinical PET tracers. The basis for this 
shortcoming may lie in the fact that applied chemistry is typically conducted in corporate R&D 
programs, and a comparable infrastructure has not fully evolved in the clinical PET community. 
These issues, which may play a key role in the long-term viability of clinical PET, will be discussed in 
this paper. 
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