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Preparation and Radiolabelling of CP-96,345, the First Non-Peptide Substance P Antagonist
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Abstract: The preparation of CP-96,345, a potent, non-peptide Substance P antagonist, in both
enantiomerically pure and radiolabelled forms is described. In addition, the absolute configuration of CP-
96,345 was determined to be 28,3S.

We recently described the discovery of CP-96,345, the first non-peptide Substance P antagonist!.
Substance P (SP), a peptide neurotransmitter first described in the 1930's2 and isolated and characterized more
recently3, has been the focus of an intense research effort for many years$. As a potent, specific, and
enantioselective SP receptor antagonist, CP-96,345 offers a unique opportunity to study the biochemistry and
pharmacology of SP and to evaluate the therapeutic potential of SP antagonists. To facilitate laboratory studies,
we prepared radiolabelled CP-96,345 and determined its absolute configuration.

CP-96,345 and its congeners were prepared by the route shown in Scheme 15, In order to generate the
desired cis relationship at positions 2 and 3 of the quinuclidine nucleus, imine 3 was reduced stereoselectively
with 9-borabicyclo[3.3.1]nonane:
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Scheme 1. Synthesis and SAR of Quinuclidine SP Antagonists

During SAR evaluation, compound 4¢ emerged as the most potent member of this series of SP receptor
antagonistsS. Accordingly, 4c was selected for radiolabelling. Its synthesis began with compound 5, which
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Scheme 2. Preparation of CP-96,345 and 3H2-CP-96,345
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was conveniently prepared by removal of the p-methoxybenzyl group from 4d in refluxing 48% hydrobromic
acid (Scheme 2). Removal of alternative protecting groups was less successful, with the benzyl group
(compound 4a) requiring prolonged heating and the 3,4-dimethoxybenzyl group leading to extensive
decomposition. Since direct resolution of 4e via crystallization of its diastereomeric salts with chiral acids
proved unsuccessful, resolution of § was carried out by conversion to a mixture of diastereomeric urea
derivatives, using commercially available chiral (S)-(+)-1-(1-naphthyl)ethyl isocyanate’. Compound 6
crystallized directly from the reaction and could be purified to constant optical rotation by a single
recrystallization (in contrast, separation of the corresponding diastereomeric ureas lacking the bromine atoms
required a tedious column chromatography). Heating 6 in 70% sulfuric acid conveniently afforded (-)-5 by way
of the unsubstituted urea intermediate in which the naphthylethyl moiety had been excised via solvolysis. The
other enantiomer, (+)-5, was obtained by using the R-(-) isomer of the chiral isocyanate.

Analysis8 of single crystal X-ray data for compound (-)-5, facilitated by the bromine atoms, indicated
that it possesses the 2S,3S absolute configuration. Hydrogenolytic removal of the bromines followed by
attachment of the side chain vig reductive amination with 2-methoxybenzaldehyde? provided (-)-4¢ and, starting
with (+)-§, compound (+)-4c. The success of the resolution was demonstrated by receptor binding studies,
which showed the (-) enantiomer to have an IC5( value of 3.4 £+ 0.8 nM, while the (+) enantiomer had an IC50
value of 81,000 £ 12,000 nM!. The activity of the (+) enantiomer is presumably due to the presence of residual
(-)-4e.

Finally, the 2-methoxybenzyl side chain was attached to compound (-)-5 to provide (-)-4e, the precursor
for radiolabelling. Exchange of the bromines for tritium was carried out at atmospheric pressure for one hour in
the presence of triethylamine; purification was effected by HPLC, and the final product, 3H-CP-96,345, with a
radiochemical purity of 97.2%, had a specific activity of 48.1 curies/mmole. As will be reported elsewherel0,
tritiated CP-96,345 has proven especially useful in autoradiographic studies characterizing SP binding sites in
brain; further studies will be reported in due course.
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