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Abstract—Four pyrrolidine derivatives were prepared by the formation of a 5-membered ring based on capsazepine. Among them,
the two carbon extended derivatives, 4a (IC50=55mM) and 4b (IC50=3 mM), both showed different levels of antagonist activity
against the vanilloid receptor in a 45Ca2+-influx assay.
# 2002 Elsevier Science Ltd. All rights reserved.

Capsaicin (1), the pungent component of chili pepper,
activates the vanilloid receptor (VR1) which is a
polymodal nociceptor.1 The activation opens a novel
cation selective ion channel in the plasma membrane
of peripheral sensory neurons.2 Capsaicin induces
pain upon topical application in the early stage,
which is followed by a period of desensitization.3

Since this agent became a target for the design of a
novel class of analgesics, its structure and activity
relationships have been studied by modifications of
capsaicin.4,5 However, the potent synthetic agonists
(SDZ-249-482,4e KR-250185a) could not be developed as
orally active analgesics, because of their initial irritancy.6

Since it has been impossible to remove the initial excita-
tory side effect in the agonist, a competitive antagonist
has been pursued as a novel pharmacological agent for
analgesics, rather than an agonist.

In 1994, the first competitive antagonist, capsazepine
(2), was reported by introducing a saturated 7-mem-
bered rigid ring system.7 The rationale for the major
difference between the agonist and the antagonist is in
the structural relationship between the catechol or
vaniloid aromatic ring (A region) and the amide bond
(B region). In the antagonist structure, the A and B

regions are virtually orthogonal, in contrast to the ago-
nist structure, in which they are approximately
coplanar.7 This conformational difference was sup-
ported by an X-ray crystallographic analysis as well
as a molecular modeling technique. Recently, tetra-
hydrobenzazepine and tetrahydroisoquinoline
thiourea derivatives have been prepared as antago-
nists by the replacement of the p-chlorophenethyl
group with 3-acetoxy-2-benzylpropyl groups.5d As
part of our program to find a new scaffold for a
competitive antagonist against the capsaicin receptor,
we modified capsazepine by introducing a 5-mem-
bered pyrrolidine ring (3, 4), which has a similar
conformation based on molecular modeling. In this
communication, we report the synthesis of 2-sub-
stituted-pyrrolidinethiourea derivatives and their bio-
logical activities. The molecular modeling studies
proposed the pyrrolidine derivatives (3) as target
molecules with an orthogonal conformation between
the A and B regions. The energy-minimized con-
formation of 3a was very similar to that of capsaze-
pine, as shown in Figure 1. Both structures showed
the E,E-thiourea-p–p-stacking form (3a: 5.91 kcal/mol;
2: 4.24 kcal/mol) rather than the E,E-thiourea-p–p-
nonstacking form (3a: 8.86 kcal/mol; 2: 6.68 kcal/mol)
because of the stabilizing effect induced by the p–p
stacking interaction of the two corresponding benzene
moieties.8
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Compounds 3a and 3b were prepared in 5 and 6 steps,
respectively, from vanillin, as shown in Scheme 1.
Reductive amination of vanillin with 3-chloro-
propylamine, using 10% Pd/C under atmospheric H2,
followed by sequential N-butyloxycarbonyl (Boc) pro-
tection and O-methoxymethyl (MOM) protection, gave
7. The pyrrolidine ring system (8) was constructed by
intramolecular cyclization of 7 under basic conditions.9

The deprotection of the Boc and MOM groups with
trifluoroacetic acid gave 9, which was coupled with
phenethylisothiocyanate to provide 3b. Compound 3a
also could be prepared by demethylation of 9, using c-
HBr and the same coupling reaction as above.

The biological activities of 3a and 3b were evaluated as
both agonists and antagonists in the 45Ca2+-influx assay
by using the neonantal rat cultured spinal sensory neu-
rons.10 Unexpectedly, none of derivatives showed both
agonist and antagonist activity, in spite of their similar
conformations to capsazepine based on the molecular
modeling (Table 1). A possible explanation may come
from the unfavorable rotation of C(10)–C(2) of 3, which
may affect the binding interaction of the catechol or

Figure 1. Stereopair modeling representation of the preferred three-
dimensional conformation. (a) Energy-minimized conformation of 2;
(b) energy-minimized conformation of 3a.

Scheme 1. Reaction and conditions: (a) 3-chloropropylamine, 10% Pd/C, H2, MeOH, rt; Boc2O, CH2Cl2, TEA, rt, 95%, (b) MOMCl, K2CO3, DMF,
50 �C, 93%, (c) n-BuLi, THF,�78–0 �C, 84%, (d) TFA, CH2Cl2, rt, 95%, (e) phenethylisothiocyanate, CH2Cl2, rt, 85%, (f) c-HBr, 100 �C, 57%.
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vanilloid moiety of 3 with the receptor. We extended
two carbons between C(10)–C(2) of 3, which could
give sufficient flexibility. The preparation of 4a and
4b is shown in Scheme 2. Wittig coupling with N-
Boc-2-formypyrrolidine 10 and 30-methoxy-40-benzy-
loxybenzyltriphenylphosphoniumbromide, followed by
hydrogenation, gave 12. The deprotection of the Boc
group with trifluoroacetic acid, followed by coupling
with phenethylisothiocyanate, provided 4b. Demethy-
lation of 13 with c-HBr followed by treatment with
phenethylisothiocyanate gave 4a. As shown in Table
1, the 45Ca2+-influx assay revealed that both 4a and
4b show antagonist activity and the vanilloid deriva-
tive, 4b (IC50=3 mM), is more active than the cate-
chol derivative, 4a (IC50=55 mM). Interestingly, the

difference in potency between the vanilloid derivative (4b)
and the catechol derivative (4a) is congruent with the
reported general tendency in agonists, but opposite to
that of capsazepine and its vanilloid derivative.11 These
cumulative findings may suggest that the binding site of
the vanilloid or catechol moiety in 4 may same as that of
the general agonists, such as capsaicin.

In conclusion, four pyrrolidine derivatives12 were pre-
pared by the formation of a 5-membered ring based on
capsazepine. Even though the energy minimized mole-
cular conformations of 3 are very similar to that of
capsazepine, they show no biological activities. How-
ever, the two carbons extended derivatives, 4a and 4b,
both show antagonist effects at different levels. This
result suggests that the orthogonal conformation may
not so critical for the antagonist activity but the varia-
tion in the length of the ligand could play more impor-
tant role for the design of new scaffold as potent
antagonist. The studies on the vanilloid type acyclic
antagonist are currently being investigated.
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4b CH3 2 >100 3
2 — — >100 0.6
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