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Abstract

As part of our project to develop small-size, neutral, mixed ligand oxotechnetium

and oxorhenium complexes of the general formula MOL1L2, we have synthesized and

characterized two novel complexes of the general formula MO[EtN(CH2CH2S)2]|p-

O2NC6H4S] where M=Re (complex 1) or M=Tc (complex 2) as a new approach for tissue

hypoxia imaging. Complex 1 has been synthesized by exchange reaction in equimolar

quantities of the tridentate and the monodentate ligand on ReOCl3(PPh3)2. Only the

syn isomer has been isolated and characterized by elemental analysis, IR, UV-vis, and

1H NMR. Crystal data reveal a trigonal bipyramidal geometry around the metal. The

basal plane is defined by the sulfur atoms of the tridentate ligand and the oxygen,

while the two apical positions are occupied by the nitrogen of the tridentate ligand and

the sulfur atom of the monodentate thiol. Complex 2 is prepared by exchange reaction

using Tc-99m-glucoheptonate as precursor and equimolar quantities of the two

ligands. Only one complex, the syn isomer, is formed. Its identity is confirmed by

comparative HPLC studies with complex 1.
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1. INTRODUCTION

In recent years, considerable efforts have been invested in labelling a number of

nitroimidazole derivatives with lodine-123, Carbon-11 and Fluorine-18 for application

in the non-invasive imaging of hypoxic tissues [1]. Technetium complexes with the

nitroimidazole-BATO derivatives or the PnAO-1-(2-nitroimidazole) ligand system have

also been developed [2,3]. They bind to ischemic tissue of cerebral infarction in rats

and in hypoxic myocardium in rabbits.

Recently we have reported the synthesis of technetium ([99Tc] and [99mTc]) neutral

mixed ligand complexes of the general formula TcO{[X-CH2CH2N(CH2CH2S)2](S-R)}

[4,5]. It was found that usually only the syn isomer is formed at both carrier and tracer

level, although the formation of two isomers (syn and anti) is possible. The 99mTc

complexes were evaluated in mice and rats as potential brain perfusion imaging

agents and were found capable of penetrating the blood brain barrier. Most of them

resulted in significant retention in the brain. It was also found that the biodistribution

was grandly influenced by both X and R substituents [5].

As part of our project to develop small-size, neutral, mixed ligand oxotechnetium

and oxorhenium complexes of the general formula MOL1L2, we now present the

synthesis and characterization of two novel complexes, MO[EtN(CH2CH2S)2][p-

O2NC6H4S] where M=Re (complex 1) or M=Tc (complex 2) as a new approach for tissue

hypoxia imaging. This system combines the radiosensitizer properties of aromatic nitro-

compounds (3) on the one hand, and the advantages of technetium mixed ligand

complexes (3+1 combination, SNS/S donor atom set) on the other.
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2. EXPERIMENTAL SESSION

2.1. Materials and methods.

IR spectra were recorded as KBr pellets in the range 4000-500 cm'1 on a Perkin-

Elmer 1600 FT-IR spectrophotometer and were referenced to polystyrene. The NMR

spectra were recorded in deuterochloroform on a Bruker AC 250E spectrometer.

Melting points were determined using an Electrothermal 9100 capillary melting point

apparatus and are uncorrected. Elemental analyses were performed on a Perkin-

Elmer 2400/II automatic analyzer. High performance liquid chromatography (HPLC)

analysis was performed on a Waters chromatograph equipped with 600E delivery

system and a /;-Bondapak C-18 RP (10 jam, 3.9 mm x 300 mm) column using 60 %

methanol as the mobile phase at a 1.0 ml/min flow rate. The rhenium complex was

detected by a photodiode array detector, Waters 991 PDA, recording the UV-visible

spectrum of the eluting complexes. Detection of the technetium (99mTc) complex was

accomplished by a Beckman 171 radioisotope detector.

All chemicals were reagent grade. Solvents used in chromatographic analysis were

HPLC grade. The tridentate ligand, 2,2'-dimercaptotriethylamine, was synthesized

according to the literature [6,7]. The 4-nitrothiophenol, used as coligand, was

purchased from Fluka. ReOCl3(PPh3)2 was prepared according to literature [8].

[99mTc]NaTc04 was obtained in physiological saline as commercial " M o / 9 9 " ^

generator eluate (Cis International). Commercial glucoheptonate kits containing a

lyophilized mixture of 200 mg calcium glucoheptonate and 0.2 mg SnCfe

(Gluco/Demoscan, NCSR"Demokritos") were used.

2.2. Synthesis ofReO[C2H5N(CH2CH2S)2][p-SC6H4NO2]

To a stirred suspension of trichlorobis(triphenylphosphine)rhenium(V) oxide (333 mg,

0.4 mmol) in methanol (10 ml) 1 N CH3COONa in methanol (4 ml) was added. A
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mixture of 66 mg (0.4 mmol) 2,2'-dimercaptotriethylamine (L1H2), and 62 mg (0.4

mmol) of 4-nitrothiophenol (L2H) was added under stirring. The solution was refluxed

until the green-yellow color of the precursor turned to dark-green. After being cooled to

room temperature, the reaction mixture was diluted with CH2CI2 (30 ml) and then

washed with water. The organic layer was separated from the mixture and dried over

MgSO4. The volume of the solution was reduced to 5 ml and then 5 ml of methanol

were added.

Analysis of the solution by HPLC (C-18 RP column using methanol/water 85/15 as

mobile phase and a flow rate of 1 ml/min) demonstrated the formation of two

complexes. The major product was isolated as green crystals (66 mg, 32% yield)

FTIR (cm"1, KBr pellet) : 2978, 2934, 1590, 1560, 1503, 1333, 1083, 1025, 957

(Re=O). 1HNMR (250 MHz, CDCI3) 5 : 1.42 (t, 3H, J=7.5 Hz, NCH2CH3*), 2.65, 3.50

(m,4H, SCH2*CH2N), 3.29, 3.60 (m, 4H, SCH2CH2*N), 3.92 (q, 2H, J=7.5 Hz,

NCH2*CH3), 7.78 (d, 2H, J=10 Hz, aromatic H) and 8.20 (d, 2H, J=10 Hz, aromatic H).

Anal % Cald for C12H17N2O3S3Re : C: 27.69; H: 3.29; N: 5.39. % Found: C: 28.18; H:

3.15; N:5.71.

The minor complex was detected by HPLC in a very small amount (yield <1%). Our

attempts to isolate this complex have failed.

2.3. X-ray crystal structural determination of 1

Diffraction measurements were made on a P2i Nicolet diffractometer with Ni-filtered

Cu Ka radiation. Unit cell dimensions were determined by using the angular settings of

25 automatically centered reflections in the range 24°<29<54°. Intensity data were

recorded using a 6-29 scan (29max=130°). Lorentz, polarization and psi-scan

absorption corrections were applied using Crystal Logic software. All non-hydrogen

atoms were refined anisotropically. Complex 1: reflections collected/unique/used

2914/2745 [Rint=0.0119]/2523. The structures were solved with direct methods using
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SHELXS-86 [9] and refined by full-matrix least-squares techniques on F2 with

SHELXL-93 [10].

2.4. Synthesis

A Gluco/ Demoscan kit was reconstituted with 10 mL of water and then, a 1.0 mL

aliquot was mixed with 0.5-1.0 mL of (99mTc) pertechnetate solution (5-10 mCi). The

99mTc(V)O-glucoheptonate solution was added to a centrifuge tube containing

equimolar quantities (0.02 mmol) of the tridentate ligand: 2,2'-dimercaptotriethylamine

(L1H2: 3.3 mg) and the monodentate ligand: 4-nitrothiophenol (L2H: 3.1 mg). The

mixture was agitated in a vortex mixer and left to react at room temperature for 10 min.

This time was sufficient for a quantitative exchange between 99mTc(V)O-

glucoheptonate and the ligands (ITLC-SG; physiological saline Rf= 1 for 99mTc(V)O-

glucoheptonate and Rf= 0 for 99mTc mixed-ligand complex). The complex was

extracted with CH2CI2 (3x1.5 mL) and the combined organic extracts were dried over

MgSO4, and filtered. The extraction was nearly quantitative for all preparations (85-

99%).

Samples of the organic extracts (50 uL, 50-100 \iC\) analysed by HPLC showed one

major radioactive peak (>95%). The 99mTc complex (major radioactive peak) had the

same retention time with the analogous Re complex thus suggesting the same

chemical structure for both complexes. The 99mTc complex was isolated and thus

purified from excess of ligands and small amounts of radiochemical impurities by

manual collection of HPLC eluents.

3. RESULTS AND DISCUSSION

The rhenium mixed ligand complex 1, syn-ReO[C2H5N(CH2CH2S)2][p-SC6H4NO2],

was synthesized by reacting equimolar quantities of the tridentate
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C2H5N(CH2CH2SH)2 and the monodentate p-HSC6H4NO2 ligands with ReOCI3(PPh3)2

precursor in refluxing sodium acetate and methanol. The complex was extracted in

dichloromethane and isolated by recrystallization from CH2Cl2/Me0H. The yield of the

reaction was relatively low (32%).

Formation of two isomers, syn and anti during coordination of the tridentate and the

monodentate thiol, is expected according to the orientation of N-ethyl substituent of the

tridentate ligand in respect to the ReO3+ core [11]. However, these isomers are not always

both formed [4,5,12]. Indeed, in this study only the syn isomer (complex 1) has been

isolated. The HPLC analysis showed that a very small amount of a second complex was

present in the filtrates after isolation of complex 1. The second complex which was not

isolated, might be the anti isomer. Complex 1, gave correct elemental analysis and was

characterized by IR, UV-vis and NMR spectroscopy and x-ray crystallography. It is

soluble in acetone, dichloromethane and chloroform, slightly soluble in methanol or

ethanol and insoluble in ether, pentane and water. It is stable in the solid state as well

as in organic solutions as shown by HPLC. Its stability is not affected by the presence

of air or moisture.

The infrared spectra of 1 exhibits a strong Re=O stretching band at 957 cm"1. This

value is consistent with those reported for several other well characterized monooxo

complexes of rhenium [11, 13]. Strong bands, arising from the NO2 group, were

observed at 1503 and 1333 cm"1. Moreover, the IR spectra shows that both the

tridentate and monodentate ligands were combined to form the oxorhenium complex.

The absence of bands associated with SH stretching modes is a sign of the

deprotonation of this group upon complexation with oxorhenium.

The electronic absorption spectra of complex 1 was determined during HPLC

analysis using the photodiode array detector. The UV-vis spectra is characterized by

an intense band in 406 nm which is probably due to S-»Re charge transfer transition
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where S is the sulfur donor atom of the monodentate thiol. The results are consistent

with those of other syn isomers with this ligand system reported previously [11].

The 1H NMR data confirm the presence of both types of ligands in complex 1. The

integration of the peaks (data not shown) demonstrates that in each case one

tridentate and one monodentate ligand were combined to form the oxorhenium(V)

mixed ligand complex. The signals of the tridentate ligand fall in the region 1.42-3.92

ppm. The signals in the region 2.65-3.60 ppm are assigned to the methylene proton of

the two chelated NCH2CH2S moieties. The four protons of each moiety are

diastereotopic, each one resulting in a multiplet. The methylene protons of the ethyl-

side chain (C-5) are found in a deshielded environment at 3.92, indicating that the

complex has the syn configuration [11]. The two doublets at 7.78-8.20 (4H, J=10.0 Hz)

are characteristic of the protons of a para substituted benzene ring.

Crystals suitable for X-ray analysis are obtained by slow evapotation from

CH2CI2/Et0H. The X-ray crystallography for complex 1 established the syn

configuration of the ethyl side chain. An ORTEP diagram is shown in Fig. 1, and

selected bond distances and angles are given in Table 1. The metal-oxygen bond

distance is 1.67 (1) A. The metal sulfur bond distances are in the range of 2.273(3)-

2.303(3) A, while the Tc-N1 bond distance is 2.24 (1) A. AH of these parameters are in

general agreement with the structural parameters for a large number of complexes

containing the same donor atoms [11, 13]. The bond angles between the

diametrically opposite coordinated atoms N1-Tc-S3 and S1-Tc-S2 are 158.2 (1) and

123.9 (6) A respectively. Analysis of the shape-determining angles using the approach

of Addison [14], yields a trigonality index, T, of 0.57 (T=0 for square pyramidal

geometry and T=1 for trigonal bipyramidal geometry). Thus, the coordination geometry

around the metal can be described as distorted trigonal bipyramid. The basal plane is

defined by the sulfur atoms of the tridentate ligand and the oxygen, while the two
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apical positions are occupied by the nitrogen of the tridentate ligand and the sulfur

atom of the monodentate thiol. During complexation all sulfur atoms undergo

ionization so that the overall charge of the complex is zero.

03

C8

Fig.1 ORTEP diagram of syn - ReO[EtN(CH2CH2S)2][p-O2NC6H4S], complex 1.
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Table 1. Selected bond distances (A) and angles (degrees).

Re

Re

Re

Re

Re

01

01

01

01

N1

N1

N1

S1

S2

S3

-01

-S1

-S2

-S3

-N1

-Re

-Re

-Re

-Re

-Re

-Re

-Re

-Re

-Re

-Re

-S1

-S2

-S3

-N1

-S1

-S2

-S3

-S2

-S3

-S1

Complex 1

1.67(1)

2.287 (3)

2.273 (3)

2.303 (3)

2.24(1)

118.9(1)

116.7(4)

104.9(4)

96.6 (1)

83.6 (3)

83.7 (3)

158.2(4)

123.9(1)

83.8(1)

88.7(1)

Complex 2, 99^cO[C2H5N(CH2CH2S)2][p-SC6H4NO2], was prepared by exchange

reaction using Tc-99m-glucoheptonate as precursor and equimolar quantities of the

two ligands. The reaction mixture was extracted with dichloromethane and the

radiochemical purity of the extracts was checked by HPLC (C-18 u-Bondapak,

MeOH:H2O, 85:15, 1.0 ml/min). Under these conditions a major peak was monitored in

the radiochromatogram and was isolated by manual collection of the eluents. The

radioactivity of the peak was more than 95% of the radiochromatogram. When the Re

complex (1), which is a surrogate of technetium and the isolated 99mTc complex were

coinjected, both radioactivity (for 99mTc) and UV (for Re) detectors exhibited identical
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chromatographic profiles, demonstrating that the same chemical species (syn isomer)

were formed under both chelating conditions.

Further studies are in progress in order to evaluate the behavior of the complex in

experimental animals.
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