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The search for novel TRPV1-antagonists: From carboxamides
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Abstract—Based on a series of diaryl amides the corresponding inverse amides have been found to be potent TRPV1 receptor
antagonists. Benzimidazole and indazolone derivatives prepared retained good potency in vitro and indazolone 4a was identified
as a novel TRPV1 receptor antagonist suitable for evaluating orally in animal models of analgesia.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1.
The search for transient receptor potential vanilloid 1
(TRPV1) antagonists as potential analgesics has attracted
much attention of late. This has resulted in the disclo-
sure of several structural classes of compounds.1,2 We
now wish to describe novel, potent benzimidazole and
indazolone derivatives.3

Discovery of a series of biaryl amides, such as 1, has
recently been described.2 Upon investigating the SAR
within that series and in particular to explore the spatial
and orientation requirements of the amide bond, inverse
amide 2a was prepared (Fig. 1). Despite the significant
change in orientation of the carbonyl and NH bonds,
compounds 1 and 2a were found to have comparable
potency at the TRPV1 receptor in vitro (Table 1). This
provided a new avenue for exploration, the results of
which are detailed in this letter.

Synthesis of a library of ‘inverse’ amides 2 was
undertaken which rapidly established the in vitro
SAR. Selected data are included in Table 1.

This study showed little tolerance for structural varia-
tion on the distal aromatic rings. Furthermore, evaluation
of pharmacokinetic parameters of 2a in rat (Table 4)
indicated poor oral absorption in the series with low
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hepatic portal vein (HPV) and systemic levels detected
following oral dosing at 5 mpk.

In an effort to overcome the pharmacokinetic liability of
the amides, heterocyclisation was explored. N–H hetero-
cyclic derivatives were considered initially and benzimid-
azole derivatives 3 and indazolones 4 were targeted
(Fig. 2).

A versatile synthesis of benzimidazoles 3 enabling struc-
tural variation at both the 2- and 5-positions was em-
ployed as shown in Scheme 1. Cross-coupling of 4-
bromo-2-nitroaniline (5) with a variety of aromatic
derivatives afforded the corresponding nitroanilines
(6). Reduction of the nitro group with iron powder in
acetic acid followed by cyclisation of the resulting
phenylene diamine with a selection of benzaldehydes
by heating at 140 �C in nitrobenzene for 2 h6 gave the
required benzimidazoles 3a–d.

Benzimidazole 3a showed comparable affinity at the
hTRPV1 receptor to the inverse amide 2a as measured
in a FLIPR-based assay (IC50, 22 nM). Whole-cell patch
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Table 1. Amides
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Figure 2.
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clamp experiments were again used to confirm activity
against pH 5.5-dependent activation of the human
receptor (Table 2). As was found with the amides, minor
modifications to the substituents, such as replacement of
NH2
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Scheme 1. Reagents and conditions: (i) bis(pinacolato)diboron, Pd(dppf)Cl

yl)pyridine, reflux; (ii) Fe, AcOH, THF–water, (iii) ArCHO, nitrobenzene, 1
the 4-CF3 group with Me, tBu or F, led to loss in potency.
Consequently the pharmacokinetics of 3a was evaluated
prior to further SAR studies to assess whether the benz-
imidazole core would offer any advantage in vivo. The
data obtained (Table 4) showed that whilst the benzimid-
azole led to a modest improvement in absorption
(AUChpv (0–7 h), 1.48 lM h), circulating levels were still
low (AUCsys, 1.25 lM h) following oral dosing at
5 mpk. As a consequence of this finding, attention was
directed towards preparation of the indazolone deriva-
tives 4.

The approach taken towards a versatile synthesis of the
desired indazolone derivatives was based on the work of
Smalley and co-workers7 who reported that treatment
of o-azidobenzanilides with thionyl chloride leads to the
formation of 2-aryl-3-chloro-2H-indazoles. Consequent-
ly, 2-azido-4-bromobenzoic acid was coupled with 4-
aminobenzotrifluoride and the resulting anilide treated
under the conditions of Smalley et al. with thionyl chlo-
ride at reflux. This led to the smooth formation of the
6-bromo-3-chloro-2H-indazole 11 as a key intermediate.
Selective cross-coupling at the 6-position with 4-methoxy-
phenyl boronic acid proved possible and hydrolysis of the
resulting product gave rise to indazolone 4e (Scheme 2).

In an alternative use of intermediate 11, hydrolysis of
the 3-chloro substituent was initially carried out using
KOH/MeOH to give bromide 13. Direct cross-coupling
with this derivative proved unsuccessful but the SEM-
protected bromide 14 could be converted to the pinaco-
lato borane derivative for cross-coupling purposes. In
this way, 4a8 and 4c were prepared (Scheme 3).

Azaindalone derivatives 4f and 4g were synthesised via
standard condensation reactions as shown in Schemes
4 and 5. 3

Since the indazolone lacks the inherent symmetry of the
benzimidazole core, two isomeric derivatives 4a and 4b
were prepared and evaluated. Of the two compounds,
4a proved to be more active showing comparable affinity
at the hTRPV1 receptor to the inverse amide 2a and
benzimidazole 3a in the FLIPR-based assay (IC50,
35 nM). This was confirmed by whole-cell patch clamp
technique following stimulation by H+ (Table 3). Some-
what disappointingly a similar SAR was observed with
small functional group changes again leading to signifi-
cant loss in potency. In a final effort to enhance affinity
in vitro, azaindazole 4f was prepared since this change
had proved successful in the amide series, and tetrahydr-
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Table 2. Benzimidazoles
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oindazole 4g was evaluated. Both strategies, however,
proved unsuccessful with indazolone 4a remaining the
most active compound in vitro.
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Scheme 3. Reagents and conditions: (i) KOH, MeOH, 160 �C, 15 min lwave

dioxane, reflux, 18 h; (iv) chloropyridine, K2CO3, Pddppf, dioxane, reflux, 1
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When indazolone 4a was evaluated in vivo,9 compared
with the amide 2a and benzimidazole 3a, a significant-
ly enhanced pharmacokinetic profile was observed
(Table 4). Following oral dosing of 4a at 5 mpk, sig-
nificant systemic levels were obtained (AUCsys,
3 lM h). The compound was evaluated further and
found to have low plasma clearance of 8 mL/min/kg
and a half-life of 3.6 h. Thus, indazolone 4a represents
a structurally novel TRPV1 receptor antagonist which
is suitable for evaluating orally in animal models of
analgesia.

Indazolone 4a was evaluated in the carrageenan induced
thermal hyperalgesia Hargreaves model in rat.10 Follow-
ing dosing at 30 mpk (po) a 50% reduction in hyperalge-
sia was obtained. To rationalize the modest activity, 4a
was evaluated at the rat TRPV1 receptor.11

The IC50 measured using whole-cell patch clamp stud-
ies5 was 220 nM when stimulated with 500 nM capsaicin
and 65 nM at pH 5.5 showing a significant drop in
potency compared to the human receptor.
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Table 3. Indazolones
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Table 4. Pharmacokinetic parameters8

2a 3a 4a

podose (mpk) 5 5 5

AUChpv (lM h) 0.08 1.48 6.2

AUCsys (lM h) 0.04 1.25 3.0

ivdose (mpk) 1

Cl (mL/min/kg) 8

T1/2 (h) 3.6

Vd (L/kg) 2.0
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In conclusion, we have developed a novel series of
potent TRPV1 receptor antagonists. Compound 4a
shows activity in the carrageenan-induced thermal
hyperalgesia model following oral dosing.
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