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Abstract—A new synthetic methodology for preparing radioactive androgen receptor binding compounds in order to determine
receptor–ligands interactions has been developed.
� 2005 Elsevier Ltd. All rights reserved.
Androgen receptor is an important cellular regulatory
protein, which plays a prominent role in numerous phys-
iological processes.1,2 Compounds that bind to the
androgen receptor have great therapeutic value in the
treatment of various conditions ranging from regulation
of male fertility to prostate cancer.3 In our continued ef-
forts to establish the mechanism of action of the tissue
selective androgen receptor modulator (SARM), which
we discovered in 1998 and to develop it as a potential
drug candidate for prostate cancer we synthesized a ser-
ies of iodo analogs of bicalutamide.4,5 These molecules,
which exhibited antagonistic activity were found to
block the pharmacological effects of testosterone; and
were obtained by replacing the trifluoromethyl and sul-
fonyl groups of bicalutamide by iodine and oxygen,
respectively, and introduction of chirality at the stereo-
genic center; the synthesis has been reported recently.5

This investigation was carried out primarily to develop
a target molecule whose interaction with the androgen
receptor could be identified by having a tag or a label at-
tached to the molecule and to follow its course of action
by imaging techniques. Our attempts to label the mole-
cule by attaching a chromophore, which exhibits fluores-
cence did not turn out to be successful, because of the
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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low binding affinity to the receptor. Hence we decided
to incorporate a radioactive isotopic label (125I) to the
compound 2, which showed very high binding affinity
to the receptor (Fig. 1).6

Earlier investigations have proved that the stereochemis-
try at the chiral center, the nature of the functional
groups attached to the aromatic rings and the hetero-
atom linker play a prominent role in determining the
activity and affinity.7–13 An isothiocyanate moiety had
been introduced at the 4th position of the aromatic B-
ring so as to provide an electrophilic center for an irre-
versibly binding interaction between the receptor and
the ligand. Analogous agents have been shown to bind
irreversibly providing a theoretical basis to develop
these as prostate cancer therapeutics.14,15 Biological test-
ing of the isothiocyanate analogs of bicalutamide dem-
onstrated high binding affinity in exchange assays with
a radiolabeled high affinity androgen receptor ligand
[3H]mibolerone, irreversible androgen receptor binding
in Scatchard analyses and potential growth inhibitory
activity against LNCaP, DU-145, PC-3, PPC-1, and
TSU prostate cancer cell lines.16,17 The advantages of
incorporation of the radioisotope 125I into an androgen
receptor ligand are threefold: (i) it allows radioimaging
of prostate tumor, (ii) provides an irreversibly binding
ligand that should chemically ablate androgen receptor
action in prostate, blocking cancer growth, and (iii) pro-
vides a synthetic strategy to incorporate other iodine
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radioisotopes such as 131I, which could be investigated
in radioiodine therapy for prostate cancer.

The synthetic procedure employed for the preparation
of target compound is depicted in Scheme 1. We recently
reported the syntheses of 4-amino-2-iodobenzonitrile 4
and (2R)-3-bromo-2-hydroxy-2-methylpropanoic acid 6
from 4-nitro-2-iodoaniline 3 and (DD)-proline 5, respec-
tively.5 A solution of 6 in tetrahydrofuran was converted
to the corresponding acid chloride by thionyl chloride
under argon atmosphere at 0 �C. Addition of a solution
of 4 in tetrahydrofuran followed by overnight stirring at
room temperature yielded the (R)-propanamide deriva-
tive 7. A solution of compound 7 in acetone when
refluxed with K2CO3 for 2 h generated the correspond-
ing epoxide 8, which was subsequently opened up by
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Scheme 1. Reagents and conditions: (a) (1) NaNO2, H2SO4, CuCN, NaCN

acetone, (2) NBS, DMF, (3) HBr; (c) SOCl2, THF; (d) K2CO3, acetone; (e)

(Na125I), chloramine T, MeOH; (h) acetyl chloride, absolute EtOH; (i) chlor
refluxing it with tert-butylcarbonate protected 4-amino-
phenol 9 and K2CO3 in 2-propanol medium to obtain
compound 10. The conversion of the intermediate 7 to
compound 10 through the epoxide formation was car-
ried out in a two-step, one-pot process wherein after
the epoxide was formed, the solvent was removed and
the resulting residue was immediately carried on to the
ring opening step.

To a mixture of compound 10 and tetrakis(triphenyl-
phosphine)palladium in anhydrous toluene under argon
atmosphere, hexamethyl ditin18 was introduced and re-
fluxed for 5 h. Workup of the reaction mixture followed
by purification using flash column chromatography
afforded the trimethyl tin derivative 11. Equimolar
amounts of NaI and chloramine T were added to a solu-
tion of compound 11 in methanol and stirred at room
temperature for 30 min. The reaction mixture turned yel-
low during the course of the reaction; the completion of
the reaction was determined by the absence of the start-
ing material in the reaction mixture. Subsequent washing
with sodium bicarbonate solution and extraction into
ethyl acetate afforded back the compound 10. The suc-
cess of this step ensured the repetition of the experiment
with radioactive Na125I so as to obtain the radioactive io-
dine incorporated analog of compound 10. The protec-
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tive group on the amino functionality was then removed
by dissolving it in absolute ethanol and treating it with
acetyl chloride under ice-cold conditions, followed by
stirring at room temperature for 2 h; which upon concen-
tration followed by washing in aqueous medium and
extraction into ethyl acetate gave the free amine 12.
Thereafter, to the solution of compound 12 in chloro-
form, thiophosgene, and sodium bicarbonate were added
at 0 �C and stirred overnight at room temperature to
yield the target compound 13.19 The synthetic strategy out-
lined herein provides a facile route to the development of
a new class of androgen receptor ligands with a tracer
that helps to identify, understand and establish the
mechanism of action along with a detailed insight to
the receptor–ligand binding interactions. Simultaneously
computational studies using molecular modeling tech-
niques are also being carried out by docking the ligand
into the androgen receptor model that we developed,
so as to provide a theoretical rationale to substantiate
the experimental mechanistic observations of the binding
interactions and the resulting structure activity relation-
ships. Efforts are ongoing to confirm the binding loci by
X-ray crystallographic techniques as well.
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