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INTRODUCTION

The work done towards the development of bifunctional chelating agents, modified
peptide and their radiolabelling studies with 90Y and 188Re are reported. Bifunctional chelating
agents DOTA, TETA and DAHPES were synthesised. DOTA-Lanreotide (Mauritius) was
synthesised from lanreotide. 90Y and 188Re used in the studies were obtained from 90Sr-90Y
and 188W-188Re generators. Complexation studies of DOTA and Mauritius with 90Y and that
of DAHPES and EC with 188Re were carried out. Cell labelling of 90Y-DOTA-Lanreotide with
a cell line expressing somatostatin receptors was also carried out.

Experiments and Results

Synthesis of DOTA
I,4,7,10-Tetraazacyclododecane-N,N',N",N"' tetraacetic acid (DOTA) was

synthesised in four steps (1). The synthetic route involved the use of inexpensive starting
materials. The first step involved the tetra-tosylation of triethylene tetramine by using p-
toluene sulphonic acid in acetonitrile in the presence of triethylamine. The tetratosylate was
condensed with dibromoethane in dimethyl formamide as the solvent and K2CO3 as the base,
to yield the tetratosylated cyclen. Following the cyclisation reaction, detosylation was effected
by using cone. H2SO4 to yield 1,4,7,10-tetrazacyclododecane, (cyclen) the key synthon. In the
fourth and final step, cyclen was derivatized to DOTA using chloroacetic acid. The yield of
the reaction was about 20%. In another procedure, cyclen disulphate was converted to DOTA
via a one step reaction involving the liberation of cyclen in alkaline medium and its
subsequent conversion to DOTA with chloroacetic acid. All the reaction conditions have been
standardized and the intermediates were identified with the help of TLC in suitable solvents.
The intermediates and the final products were characterized by FT-IR and high-resolution 1H-
NMR spectroscopy. *H-NMR, D2O, 8 ppm) 2.44, 2.67 (16 H, broad singlet, -CH2 of cyclen)
3.12 (8H, singlet, -CH2COOH)

Synthesis of TETA
1,4,8,11-tetraazacyclotetradecane (cyclam) was derivatized to the tetracarboxylic acid

derivative, 1,4,8,1 l-tetraazacyclotetradecane-N,N',N",N'"-tetraceticacid (TETA) in a single
step (2). The procedure involved the reaction of cyclam with five equivalents of chloroacetic
acid in aqueous NaOH (pH 10) at 70°C for 48 h. Monitoring the progress of the reaction was
done using TLC in 40% NH4OH in methanol wherein the product appeared at Rf -0.9. The
pH of the reaction was also checked from time to time and was maintained at 10 by addition
of 1 N NaOH solution. On completion of the reaction, the reaction mixture was concentrated
in vacuum. Neutralization of the reaction mixture was done with concentrated HC1 and further
concentration afforded the product as a semi-solid residue. The *H-NMR spectrum of the
product confirmed the formation of the N-substituted tetraacetic acid. ^-NMR (D2O, 8 ppm)
1.94 [4H, broad quintet, >N-CH2-CH2-CH2N<], 3.16 [8H triplet, J= 6.02Hz, >N-CH2-CH2],
3.23 [8H singlet, >N-CH2-CH2-N<], 3.49 [8H, singlet, -CH2COOHJ.
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Synthesis of DOTA-Lanreotide (Mauritius)
The synthesis of Mauritius was carried out in a 3-step reaction using Lanreotide

(Pichem) and locally synthesised DOTA (3). The reaction in the first step involved the
protection of the free amino residue of lysine with di-t-butyl dicarbonate (BOC-anhydride) to
yield BOC-LAN. In the second step, the peptide bond formation was effected via the
formation of the N-hydroxy succinimide ester of DOTA in the presence of DCC as the
condensing agent. The BOC-LAN-DOTA conjugate was formed at the fJ-naphthyl amino
residue of terminal alanine moiety. The final step involved the de-blocking of the BOC
protected -NH2 group to yield the product LAN-DOTA. The deprotection was carried out in
methylene chloride using trifluoroacetic acid. TLC in 40% NH4OH in methanol and
CH2Cl2:MeOH:CH3COOH (18:1.8:0.2) provided indication of the formation of the target
molecule.

Synthesis ofN2S2 Ligand
A novel tetradentate ligand 5-hydroxy-3,7-diazanonan-l,9-dithiol with N2S2 donor atom

sets and a derivatizable substituent in the form of hydroxyl group in the backbone were
synthesized. The designing of this ligand was envisaged bearing in mind that the
incorporation of the hydroxyl group would enable covalent coupling with receptor specific
molecules. The synthesis was achieved via a mercaptoethylation procedure involving
nucleophilic opening of ethylene sulphide using l,3-diamino-2-hydroxypropane in refluxing
toluene under nitrogen atmosphere for 24h (4). The reaction mixture after work up was
purified over silica gel using 2.5% ammonium hydroxide in methanol as eluent. !H-NMR
(CD3OD, 8 ppm) 2.64-2.71 [2H, dd, -NH-CHAHB-(CHOH)], 2.79-2.93 [6H, multiplet, NH-
CHAHB-(CHOH) and NH-CH2-(CH2SH)j, 3.16 [4H,triplet, J=5.4Hz, -CH2SH], 3.65-3.80 [1H
multiplet, -CH(OH)]; IR (KBr) v cm"1 3364 (-NH), 2960 (-SH); MS (El) m/z 210 (M+)

Complexation Studies With 90Y
90Y used for radiolabelling was obtained from a 90Sr-9OY generator system working on a

supported liquid membrane technology. 90Y was obtained as 90YCl3 (2 mCi in 5 ml) in 0.5 N
HC1. 90Y obtained was evaluated for Sr impurity by following its decay over 10 half lives
(~30d). No detectable 90Sr were found. 0.5 ml (0.2 mCi) of 9OYC13 was mixed with 0.1 ml of 5
M sodium acetate solution to convert 9OYC13 to

 90Y(CH3COO)3

Preparation of^Y-DOTA Complex
One mg/ml (2.54 mM) solution of DOTA was prepared by dissolving DOTA in DDW.

100 \xL of 90Y(CH3COO)3, and 25 piL (25 (ig) of DOTA solution was mixed together and the
pH of the solution was adjusted to 6-7.5 using either NaOH or NaHCO3 buffer. The reaction
volume was adjusted to 300 JLLL and incubated at 3 h at 37 °C or for 4 h at room temperature.
Complex yield was estimated by PC by using pyridine:ethanol:water (1:2:4) system, in which
uncomplexed 90Y remained at the point of spotting whereas, 90Y-DOTA complex moved
towards the solvent front.

Complexation studies were carried out with different amounts of DOTA and at different
pH. ^ was used as acetate for complexation. Complexation yields of >90% were obtained
with 25 (ig of DOTA and at pH 6-7.5.

Preparation of^Y-DOTA-Lanreotide
DOTA-Lanreotide (Mauritius) synthesized locally, was used for the present studies. To

25 \xg of DOTA-lanreotide (in dried form) 100 \xh of 90Y(CH3COO)3 was added and the pH
was adjusted to 6 by the addition of NaHCO3 buffer. The reaction mixture was incubated for
3h at room temperature. PC using pyridine:ethanol:water (1:2:4) and ITLC using 4 mM
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EDTA solution were carried out. 90Y-acetate remains at the point of spotting in PC whereas it
is expected to move towards the solvent front in ITLC. 90Y-DOTA moved to solvent-front in
both PC and ITLC. 90Y-DOTA-lanreotide is expected to remain at the point of application in
both the chromatography system. Hence, the activity, which remained at the point of spotting
in ITLC should correspond to 90Y-DOTA lanreotide. The labelling yield calculated by this
method for DOT A-lanreotide in one of the batches was about 70%.

Cell Labelling Studies
The cell line A-431, an epidermal mammary carcinoma cell line, was obtained from

Cancer Research Institute, Mumbai. This cell line expresses somatostatin receptors (5). The
cells were grown in DMEM supplemented with glutamine, antibiotics and 10% heat
inactivated FCS. Cell cultures were maintained in 5% CO2 in air. The cells were fed 3 times
per week and split 1:3 ratio using 1 ml of 1:10 diluted trypsin solution.

A twenty four well plate was coated with 104 cells per well 20 h prior to the experiment.
On the day of the experiment, the medium was removed and the wells were washed twice
with binding buffer (DMEM containing 1 mg/ml BSA). Cells were fixed in 10%
formaldehyde solution (prepared by dilution of 30 % formaldehyde in PBS), 1 ml/well was
added, kept for ten minutes, aspirated, washed twice with binding buffer). All the dilutions of
reagent solutions were prepared in binding buffer. 0.2 ml ( ~1 kBq) of 90Y-DOTA-lanreotide
was incubated for 1 h at 37°C with the cells. After incubation, the supernatant was discarded,
wells were washed twice with binding buffer. Cells were lysed with 0.3 ml lysis buffer (0.01
M tris HC1 containing 0.05% EDTA and 0.5% SDS pH 6 to 7). The amount of activity
associated with the cells was counted in a liquid scintillation counter and compared with the
total activity.

35% of the 90Y-DOTA Lanreotide was taken up by the cells, whereas only 3.6% of 90Y-
DOTA was taken by the cells under identical conditions. However, when 90Y-acetate was
incubated with the cells about 36% of the activity was taken up by the cells. Hence, the results
will be conclusive only when it is proved that the 90Y-DOTA-Lanreotide was free of any 90Y-
acetate.

Preparation ofTETA with 90Y
Complexation studies of 90Y with TETA were unsuccessful, despite studying different

reaction conditions. This is not altogether unexpected, as matching of the cavity size of the
macro molecule with that of the ionic size of the complexing metal is essential to get good
complexation yields. Complexation of TETA with 64Cu/67Cu will be pursued.

mW-mRe Generator
A 188W-188Re generator (25 mCi at the time of receipt) was obtained from MAP

Technologies. The 188ReO<f eluted from this generator was used for labelling studies. The
initial activity as estimated by gamma ray spectrometry was -22 mCi. The generator was
eluted about 20 times during the three months period. Difficulty in elution was observed
towards the end of the studies.

mRe-DAHPES and mRe-EC
The 188ReO4" was used for labelling studies with DAHPES, Ethylene Cysteine and some

of the phosphonate ligands. Complexation yield of 94% could be obtained when 188ReO4~ (and
50 \ig of Re carrier) was reduced at pH 2 in the presence of 2.5 mg of DAHPES with 10 mg
of stannous chloride. The complexation reaction could be carried out at room temperature.
Labelling of EC was done by reducing 188ReO4" with 2 mg of SnCl2 in the presence of 4 mg of
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EC at pH 2. The reaction could be completed (-98-99%) by heating the reaction mixture to
100°C for 30 min.

CONCLUSIONS

The synthesis of DOTA and TETA could be achieved. DOTA-Lanreotide was
synthesized, however, further work will be needed for ascertaining the purity of the product
and its utility for labelling with 90Y. Preliminary indications are that DOTA-Lanreotide can be
labelled with 90Y (70% yield). 36% of 90Y-DOTA-Lanreotide was taken up by the Cells,
A431. However, the results need more careful evaluation. The diamino-dithiol ligands,
DAHPES and EC, labelled 188Re (94% and 99%, respectively). Higher amounts of ligands (2-
4 mg) are needed for labelling studies and hence their utility in peptide labelling at very small
concentrations of peptide is doubtful.

Description of Future Tasks

One more batch of DOTA-Lanreotide will be attempted. The present 90Sr-90Y generator
is being scaled up. Labelling of DOTA-Lanreotide with 90Y, cell labelling studies and
possibly biodistribution in tumour induced mice will be attempted. Conjugation of DAHPES
ligand with carrier molecules will be attempted. Labelling of bio-molecules with 188Re will be
carried out.
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