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A series of aminomethylpyrazoles were prepared and evaluated using cell-based Smoothened b-lacta-
mase reporter assay and Smoothened binding assay. Potent Smoothened antagonists 10k and 10l were
found to inhibit hair growth in vivo in the C3H/HeN mouse hair growth model. The more selective com-
pound 10l was tested negative in the 3T3 NRU assay, indicating a low risk for causing photo-irritation and
was efficacious using the C3H/HeN mouse hair growth model although it was slightly less efficacious
than that of the reference compound eflornithine (7).

� 2010 Elsevier Ltd. All rights reserved.
Largely thanks to the pioneering work of Lewis,1 Nüsslein-
Volhard and Wieschaus2 three decades ago, genetic experiments
in Drosophila identified the Hedgehog (Hh) mutant. Mammals
have three Hedgehog homologues: Sonic Hedgehog (Shh), Desert
Hedgehog (Dhh), and Indian Hedgehog (Ihh). The Hh signaling
pathway is implicated in many different processes in vertebrate
development including cartilage differentiation, myotome and
sclerotome specification, hair follicle development, limb morpho-
genesis and the specification of different neuronal cell types.3

Aberrant activation of the Hedgehog pathway has been identified
as the likely cause of a number of tumors in humans such as ba-
sal cell carcinomas (BCCs) and primitive neurectodermal tumors
(PNETs). It is now clear that multiple components of the Hh path-
way can be altered in tumors.4

On the other hand, the seven-transmembrane protein Smooth-
ened (Smo) mediates the cellular response to the Hedgehog protein
signal and is involved in cell growth and differentiation during
embryonic development. Stimulation of the Smo pathway is directly
implicated in tissue maintenance and repair, but over-activation of
Smo could lead to tumorigenesis. Beachy and co-workers at Johns
Hopkins demonstrated that in unstimulated cells, the activity of
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Smo is repressed by the protein Patched (Ptc), which appears to be
the receptor for the Shh ligand.5 Therefore, blocking the pseudo-
GPCR Smo would block the Hh signaling pathway.

Last decade saw great strides in the Smo field. As shown in
Figure 1, using the first known Smo antagonist cyclopamine (1)
as the starting point, Infinity Pharmaceuticals discovered IPI-926
(2), a potent and orally active Hh pathway antagonist now in phase
I clinical trials in cancer patients.6 Collaborating with Curis Inc., a
pioneer in the Smo field, Genentech discovered Smo antagonist
GDC-0449 (3).7 On the basis of positive results in phase I clinical
trials, 3 has been recently advanced to phase II trials to treat pa-
tients with locally advanced or metastatic solid tumors and BCC.
Beachy’s group also discovered potent Smo antagonists including
SANT-1 (4) and SANT-2 (5), as well as agonists such as SAG (6).8

Interestingly, Hh signaling is also closely related to hair cycle
regulations.9–14 Shh-dependent activation of Gli2 is essential for
embryonic hair follicle development.10 Sustained Hh signaling is
required for BCC proliferation and survival: conditional skin
tumorigenesis recapitulates the hair growth cycle.13 In knock-out
(KO) mice (Shh�/�), hair follicle development was severely im-
paired in mutant animals.14 The most compelling evidence
emerged when small molecule agonists of the Hh signaling path-
way was shown to modulate hair growth.15

Currently, the only prescription treatment for unwanted hair,
eflornithine (7, Vaniqa�, Fig. 2), is only moderately efficacious in
a small percentage of subjects.16 Novel mechanisms with robust
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Figure 1. Known Smo antagonists 1–5 and Smo agonist 6.

H2N OH
NH2

O

F
F

7

Figure 2. Eflornithine (7, Vaniqa�).

Figure 3. Day 14 for compounds 4 and 7 in the in vivo efficacy tests using the
C3H/HeN mouse hair growth model.
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efficacy and long-term safety are still needed for this indication.
We sought topical Smo antagonists to prevent or slow growth of
unwanted hair.

At the outset of the project, the proof of concept (POC) was
tested with known Smo antagonists for the treatment of unwanted
hair. In the C3H/HeN mouse hair growth model17 and using 30:70
propylene glycol/ethanol as the vehicle (Fig. 3), 3% of SANT-1 (4)
showed spectacular efficacy in inhibiting hair growth while
SANT-2 (5) was not active. In comparison, 13.9% of reference com-
pound 7 showed only moderate efficacy after 14 days.

We at first developed a robust and sensitive functional cell-
based assay that measures the activity of endogenous Smo using
a b-lactamase transcriptional readout.18 This is the first Smo repor-
ter assay that utilizes b-lactamase reporter technology. This assay
type has distinct advantages over other reporter technologies and
can be used in a high-throughput mode to search for therapeuti-
cally relevant downstream Smo target effectors. The assay also al-
lows a quick confirmation of the results by visual inspection
without any special instrumentation.

With functional cell-based b-lactamase assay as the primary as-
say, a Smo binding assay was also developed as the secondary assay
to evaluate if the compound binds to the Smo receptor. To that end,
a construct of truncated Smo over-expressing cells mammalian
expression system was prepared to gauge the compound’s influ-
ence on the specific interaction between Smo and tritiated-SANT-
2 (5).19

In addition to screening our compound library, an effort was
undertaken to ‘parachute-in’ around known Smo antagonist
SANT-1 (4) to develop our own Smo antagonists due to its robust
in vivo efficacy in the mouse hair growth model. It was decided
to replace the hydrazone functionality on 4 with amine due to
the known hepatotoxicity and neurotoxicity associated with
hydrazone-containing drugs.20 Furthermore, the potential hydra-
zone-associated toxicities could be even more acute and pro-
nounced for dermatological indications when the drug is exposed
to sunlight. As shown in the Scheme 1, our Smo antagonists 10
were readily assembled by reductive amination of pyrazole-alde-
hyde 8 with amine 9.

The structure–activity relationship (SAR) of the first-batch
derivatives is listed in Table 1. All tri-substituted phenyl-pyrazoles
(10a�10e) have significantly weaker activities in the cell-based as-
say in comparison to hydrazone 4. Remarkably, while the para-
methoxy-phenyl pyrazole 10b has an IC50 of 2000 nM in the Smo
binding assay, the corresponding meta-methoxy-phenyl pyrazole
10b has an IC50 of 20 nM, a 100-fold increase! This observation
suggests that the meta-methoxyl-phenyl moiety may represent a
favorably tight binding to a particular pocket at the Smo receptor.
Chloro-pyrazole 10d is also very potent in the binding assay with
an IC50 of 10 nM, but it was not further explored because it was
tested positive in the 3T3 neutral red uptake (NRU) assay,21,22 indi-
cating a high risk for causing photo-irritation.

A breakthrough was made when di-substituted phenyl-pyra-
zole analogues were prepared in place of the tri-substituted phe-
nyl-pyrazoles. As shown in Table 2, although 3-methyl-1-
phenylpyrazoles 10e and 10f are inactive in both Smo cell-based
assay and Smo binding assay, 3-methyl-1-phenylpyrazoles 10g–
10l showed significantly improved potency in both assays. Once
again, meta-methoxyl analog 10j is remarkably potent with an
IC50 of 5 nM in the binding assay and 64.7 nM in the cellular assay.
When tested in vivo using the C3H/HeN mouse hair growth model,
Scheme 1. Synthesis via reductive amination.



Table 1
SAR of the tri-substituted phenyl-pyrazole analogues

Compd SMOTTa

IC50 (nM)
SMOBAb

IC50 (nM)

4 4.74 25

10a

N
N

N
N

O
1870 >5000

10b

N
N

N
N

O

F

1690 2000

10c

N
N N

NF

O 823 20

10d

N
N

Cl

N
N

F

1860 10

a SMOTT, Smoothened transient transfection cell-based assay.
b SMOBA, Smoothened binding assay.

Table 2
SAR of the di-substituted phenyl-pyrazole analogues

Compd SMOTTa

IC50 (nM)
SMOBAb

IC50 (nM)

O

N
N

N
N

10e

>5000 >5000

F

N
N

N
N

10f

>5000 >5000

10g

N
N

N
N CF3

328 333

10h

N
N

N
N
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105 126
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N
N

N
N 78.4 96
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N
N

N
N O

F
64.7 5

10k
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N

N

O

F

O

40.8 216

10l

N
N

N

O
F

O

8.27 124

a SMOTT, Smoothened transient transfection cell-based assay.
b SMOBA, Smoothened binding assay.
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it was found to be equipotent to reference compound 7. Due to
perceived toxicological liabilities that anilines are associated with
drugs in general and topical drugs in particular (although the nitro-
gen atom of aniline 10j here is in a piperazine ring), we sought to
eliminate this potential toxicity. We found our answer in analogs
10k and 10l, both of which have good potency in cellular and bind-
ing assays. They were subsequently tested efficacious to inhibit
hair growth in the C3H/HeN mouse hair growth model with a min-
imal efficacious dose (MED) of 3%.

With regard to selectivity, compound 10k is less selective than
10l. Among the GPCRs tested, 10k is also active against 5-HT1A

(Ki = 103 nM), 5-HT2B (Ki = 180 nM), 5-HT7 (Ki = 15 nM), although
it is not active against b1, b2, D1, D2, 5-HT2A and calcium channel
with Ki’s all greater than 1 lM. On the other hand, 10l is active only
against a1A (Ki = 76 nM) and D4 (Ki = 148 nM), but inactive against
5-HT1A, 5-HT2A, D4, a1B, a2d and dofetilide with Ki’s all greater
than 1 lM.

Ideally, topical drugs exert their desired effects locally but are
rapidly inactivated via metabolism once they reach the systemic
circulation, thereby reducing unwanted systemic effects. Prelimin-
ary pharmaco-kinetics data predicts that 10l will be rapidly metab-
olized systematically because its half-life (t1/2) is 9.7 min in rat
liver microsomes (RLM) and 30.2 min in human liver microsomes
(HLM). Its cell membrane penetration PappAB was 11.3 � 10
�6 cm/s at 10 lM. Unlike oral drugs, topical drugs are required to
penetrate the skin to exert their pharmacological effects. We eval-
uated skin penetration of 10l using human cadaver skin mounted
onto Franz diffusion chambers.23 Compound 10l has high skin pen-
etration with a ratio of 0.52 versus isobutylmethylxanthine (IBMX),
a reference compound for skin penetration. It also has a good sol-
ubility of 79 lg/mL. Screening 10l against a panel of CYP enzymes
resulted in no significant binding and it had only 56% hERG inhibi-
tion at 3 lM concentration, indicating a low risk for QTC prolonga-
tion, and thus cardiac liability. More significantly, 10l was tested
efficacious in vivo using the C3H/HeN mouse hair growth model
although it was slightly less efficacious than that of the reference
compound eflornithine (7).

In summary, a series of aminomethylpyrazoles were prepared
and evaluated using cell-based Smo b-lactamase reporter assay
and Smo binding assay. Potent Smo antagonists 10k and 10l were
found to inhibit hair growth in vivo in the C3H/HeN mouse hair
growth model. The more selective compound 10l was tested nega-
tive in the 3T3 NRU assay, indicating a low risk for causing photo-
irritation. More significantly, 10l was tested efficacious in the C3H/
HeN mouse hair growth model although with slightly lower effi-
cacy than that of the reference compound eflornithine (7).
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