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The Hedgehog (Hh-) signalling pathway is a key developmental pathway and there is a growing body of
evidence showing that this pathway is aberrantly reactivated in a number of human tumors. Novel agents
capable of inhibiting this pathway are sought, and an entirely novel series of smoothened (Smo) antag-
onists capable of inhibiting the pathway have been identified through uHTS screening. Extensive explo-
ration of the scaffold identified the key functionalities necessary for potency, enabling potent nanomolar
Smo antagonists like 91 and 94 to be developed. Optimization resulted in the most advanced compounds
displaying low serum shift, clean off-targets profile, and moderate clearance in both rats and dogs. These
compounds are valuable tools with which to probe the biology of the Hh-pathway.

� 2011 Elsevier Ltd. All rights reserved.
Several developmental pathways regulate patterning, growth
and cell migration during embryonic development, of which the
hedgehog (Hh-) signalling pathway is a one of these. While this
pathway is critical during development, its role in later life is lim-
ited to a small number of tissues and to a maintenance/repair
role.1–4 However, in the last decade evidence has emerged showing
that this pathway is aberrantly activated in a growing number of
cancers, and strategies to inhibit this pathway are being evaluated
for therapeutic use to target defined tumors dependent on this
pathway.

The Hh-signalling cascade is initiated by binding of Hh-protein to
its cellular membrane receptor Patched (Ptch), and this binding re-
lieves Ptch-mediated repression of the GPCR-like receptor Smooth-
ened (Smo). Alleviation of this repression initiates an intracellular
signalling cascade culminating with the Gli-transcription factors
(Gli1-3) regulating genes involved in differentiation, proliferation
and survival. In tumors, mutations in Ptch and Smo, as well as down-
stream factors SUFU and Gli, have been identified, thereby activat-
ing the pathway.1,2

Several agents have been demonstrated to show preclinical
antitumor activity in animal models,3,5 The majority of the re-
search has focused on Smo antagonists, including the natural prod-
uct Cyclopamine (1) ( Fig. 1), and various synthetic molecules.
Recently, the most advanced of these, Vismodegib (GDC-0449)
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(2),6 has demonstrated encouraging results in phase I studies in
advanced basal cell carcinoma.7 We have recently disclosed the
identification and optimization of a novel series of [6,5]-bicyclic
tetrahydroimidazo[1,5-a]pyrazine-1,3(2H,5H)-dione Smo antago-
nists,8 culminating in the development of MK-5710 (3).9 An alter-
native method to inhibit the pathway include small molecule that
binds Hedgehog,10 such as robotnikinin (4) as well as binders to Gli
proteins like GANT61 (5),11 and other compounds whose mecha-
nisms of action are being elucidated.12,13

Herein we described the development of an alternative class of
structurally distinct, potent Smo antagonists with acceptable
pharmacokinetics in preclinical species, culminating in the
identification of 91 and 94.

The program began with an high throughput screening cam-
paign against the corporate screening collection to identify small
molecules useful for the treatment of Hh dependent malignancies
where compounds were screened for their ability to inhibit the Hh
pathway in Shh-light2 cells expressing a Gli-dependent reporter
gene, simultaneously monitoring for cytotoxicity.14 Hits were then
profiled in a whole cell Smo binding assay in 2% fetal bovine serum
(FBS), measuring the ability of compounds to displace a Bodipy-
labeled cyclopamine derivative.15 The initial screen identified three
closely related 4-[3-(quinolin-2-yl)-1,2,4-oxadiazol-5-yl]piperidi-
nyl urea (6–8) as Smo antagonists, and inhibitors of the Hh-path-
way ( Fig. 2). All three compounds inhibited the pathway with
several hundred nanomolar activity, and inhibited binding of the
labeled cyclopamine derivative at similar concentrations.

The ortho-chloro derivative (6) was profiled more extensively
and the compound showed high clearance in rat microsomes
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mailto:philip_jones@dfci.harvard.edu
http://dx.doi.org/10.1016/j.bmcl.2011.07.031
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


Table 2
Exploration of the central saturated heterocyclic ring system

HN
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N
(  )a

(  )b

R Compound Light2 IC50 (nM) SmoBind 2% FBS IC50 (nM)

N 7 410 180

N 11 28% inh. at 10 lM 39% inh. at 10 lM

N 12 15% inh. at 10 lM 38% inh. at 10 lM

Table 3
Effect of substituents on piperidine ring system
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Figure 1. Representation Hh-pathway inhibitors.
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Figure 2. Lead structures from uHTS campaign.
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(Clint >200 lL/min/mgP) and moderate clearance in dog and hu-
man microsomes (Clint = 65 and 45 lL/min/mgP respectively). In
vivo the compound showed low clearance in rats with
Cl = 11 min/ml/kg, which could be attributed to the lipophilic nat-
ure of the compound which displayed log D = 4.25, and high plas-
ma protein binding (fraction unbound (fu) rat 1%, human 0.5%).
The oral bioavailability of 6 was acceptable at 38%. Limited metab-
olite identification studies in microsomes pointed towards the
piperidine and chlorophenyl groups as being prone to oxidative
metabolism. The compound displayed some off-target activity
Table 1
Exploration of the oxadiazole ring system

N
HN

O

X

Y Z

N

MeO

R Compound Light2 IC50 (nM)a SmoBind 2% FBS IC50(nM)a

N

N O
7 410 180

O

N N
9 57% inh. at 20 lM 4700

N

O N
10 2400 15000

a Values are means of at least 3 experiments (std. dev. were within 25% of the IC50

values).
with modest hERG activity (62% inh. at 10 lM), and also inhibition
of CYPs 2C9 and 3A4 (62 / 58% inh. at 10 lM).

Encouraged by these results, further SAR exploration was
undertaken, extensively exploring the SAR of each of the four com-
ponents of the lead scaffold: the quinoline ring system; the 1,2,4-
oxadiazole; the piperidine ring system, and the right hand side
capping group.

Initial studies exploring the importance of the 1,2,4-oxadiazole
rapidly established that this isomeric ring system was critical from
binding to Smo, as the alternative isomers (9 and 10) were inferior
to 7 (Table 1). The isomeric 1,2,4-oxadiazole (10) was round 6-fold
less active, while the corresponding 1,3,4-isomer (9) displayed
only weak micromolar affinity.

Similar studies were conducted to explore the importance of
the piperidine ring (Table 2), and ring contraction to either the cor-
responding azetidine or pyrrolidine ring systems resulted in abol-
ishment of affinity for Smo, with both 11 and 12 showing only
modest inhibition at 10 lM.

Knowing that the piperidine moiety of 6 was one of the sites for
oxidative metabolism, some efforts were undertaken to try and
Compound Light2 IC50 (nM) SmoBind 2% FBS IC50 (nM)

N 6 510 380

N 13a 680 790

N
14 900 640

N
15 2400 620

N 16 2500 6000

N
HO

17 1300 2100

N
F

18 1300 1000

N N 19 140 170

a Mixture of diastereomers.
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prevent this metabolism (Table 3), either by addition of additional
substituents, or through changing the electronic of the ring system.
Unfortunately, introduction of additional substituents on this 6-
membered ring proved to be detrimental to affinity, as all substi-
tute piperidines displayed inferior potency to 6, even addition of
a 4-fluoro group in 18 resulted in a 3-fold loss in activity. However,
replacement of the piperidine for a piperazine as in the case of 19,
resulted in a 3-fold improvement in both Smo binding affinity
(IC50 = 170 nM) and also a similar improvement in activity in the
Table 4
Exploring the SAR of the left-hand side heterocyclic group

N

N O

R

R’

MeO

R Cpd SmoBind 2% FBS IC50

20 >2.5 lM

22 >2.5 lM

N
23 >2.5 lM

N
25 >2.5 lM

N
27 >2.5 lM

N
28 51% inh at 2 lM

N

N
30 >2.5 lM

N

N
32 >2.5 lM

34 2200

N 35 >2.5 lM

N
7 180

N
37 750

N
38 1900

N

N

N

N

N

N

N

N

N
N

N

N

light2 assay, where 19 inhibited the hedgehog pathway with
IC50 = 140 nM. Noticeably, the introduction of the additional nitro-
gen in the piperazine scaffold, resulted in lower log D = 2.95, and
accordingly improved both the CYP inhibition (2D6, 2C9 and 3A4
IC50 >25 lM) and hERG (IC50 = 12 lM) profiles.

Having established that the central portion of these Smo antag-
onists was critical for the affinity, attention focused on the two
extremities of the molecule, focusing first on replacement of the
2-quinoline ring (Table 4). The bicyclic heterocyclic framework is
N
HN R'

O

Cl

(nM) Cpd SmoBind 2% FBS IC50 (nM)

21 >2.5 lM

24 >2.5 lM

26 >2.5 lM

29 63% inh at 2.5 lM

31 >2.5 lM

33 >2.5 lM

36 >2.5 lM

6 380

39 >2.5 lM

40 >2.5 lM

41 1100

42 >2.5 lM

43 2200

44 >2.5 lM

45 1000
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important for potent inhibition of the hedgehog pathway, as alter-
ation to a simple phenyl (20–21), or monocyclic heterocycle such
as pyridines (23–27), pyrimidine (30–31) or pyrazine (32–33) re-
sulted in significant losses in activity. Only the addition of a
3-methyl-2-pyridyl group in 28 resulted in some modest inhibition
of the pathway with around 50% inhibition at 2 lM. When the 2-
quinoline was replaced by a 2-naphthyl group approximately a
10-fold loss in potency was observed with 34 displaying
IC50 = 2.2 lM. This position of the nitrogen in the quinoline ring
was critical as when the corresponding 1-isoquinoline (35–36),
or 3-isoquinoline were prepared these too displayed inferior inhi-
bition of the Hh-pathway with 37 displaying IC50 = 0.5 lM in the
Smo binding assay and IC50 = 1.6 lM in the light2 assay. Similarly
the 3-quinoline 38 display IC50 = 1.9 lM in the binding assay. Addi-
tion of a second nitrogen into the bicyclic scaffold also proved to be
detrimental as quinazoline (40), quinoxaline (41), and naphthyri-
dines (42–44) all showed weaker activity than the corresponding
2-quinoline (6), with the quinoxaline (41) being the most potent
of these displaying IC50 = 1.1 lM in the Smo binding assay. In
contrast, one suitable replacement for the 2-quinoline group
proved to be the corresponding N-methylbenzimidazole, and while
45 displayed slightly weaker affinity in the binding assay with
IC50 = 1.0 lM, it appeared to be equipotent with 6 in the light2 as-
say (IC50 = 430 nM). Interestingly this more polar compound, mea-
sured log D = 2.85, proved to have improved hERG profile
(IC50 = 32 lM), and reduced CYP inhibition liabilities (2C9: 44%
inh., 3A4: 35% inh. at 10 lM).

Knowing that the 4-[3-(quinolin-2-yl)-1,2,4-oxadiazol-5-
yl]piperidinyl ring system was one of the best core scaffolds with
which to interrogate the left hand side SAR, attention focused on
the urea fragment (Table 5). It was rapidly established that aro-
matic ureas were one of the best functionalities to introduce at that
position as simple amides were generally inactive, and only when
large lipophilic moieties like the cycloheptane group (46) were
introduced was good inhibition of the Hh-pathway seen. Similarly
alkyl groups such as cyclohexylmethyl (47) or ortho-chlorobenzyl
(48) displayed only micromolar activity. The corresponding carba-
mate analogy 50 was demonstrated to be equipotent to 7, however,
during further study it was shown that the phenolic carbamates
were unstable and rapidly cleaved. The homologated benzyl carba-
mate (51) was displayed weaker micromolar activity. With this
knowledge an in-depth study into the urea group was conducted,
where it was rapidly established that an aromatic urea was bene-
ficial for activity as the ethyl urea (52) was displayed greater than
2.5 lM activity in the Smo binding assay, whereas a simple phenyl
urea (53) displayed IC50 = 480 nM. It was also established that pri-
mary ureas were preferred over secondary ureas, as methylation of
the NH of 7 to give 56 resulted in a 8-fold loss in activity (Smo bind
IC50 = 180 vs. 1400 nM), similarly when the tolyl derivative 57 was
cyclised to the corresponding tetrahydroquinoline urea (58) a sub-
stantial loss in activity was observed in the functional assay (Light2
IC50 = 440 vs. 2300 nM).

Substituents were tolerated on the aniline ring at the ortho- and
meta- positions, although introduction of a para-methoxy (55)
group resulted in a loss of activity (68% inh at 4 lM). A wide range
of substituents could be accommodated at the ortho-position
without having a significant impact on the affinity of these Smo
antagonists, including methoxy (7), chloro (6), methyl (57), trifluo-
romethyl (60), isopropyl (8) and nitrile (61) groups. However, for-
mation of a ring between the ortho and meta-positions, as in
quinoline (62) was found to cause around a 3-fold loss in affinity.
Similarly introduction of heteroatoms into the aromatic ring
proved to be detrimental as the corresponding pyridine derivatives
of 6, compounds 63–65, all displayed between 3- and 6-fold weak-
er affinity than the chloroaniline, and similarly the isoxazole (66)
displayed only micromolar affinity.
When larger more lipophilic alkyl ureas were explored an inter-
esting trend was observed, and cycloalkyl ureas like cyclopentyl
(68) and cyclohexyl (69) displayed sub-micromolar activity in both
assays. In particular, the cyclohexyl 69 had a very interesting pro-
file, inhibiting the pathway with IC50 = 57 nM in the light2 assay
and showing IC50 = 280 nM in the binding assay, where it competes
for binding against Bodipy-cyclopamine. Despite the increase in
potency of this compound, the cyclohexyl urea suffered from both
high turnover in rat microsomes (Clint >300 lL/min/mgP) and high
plasma protein binding (human fu = 0.5%). The corresponding car-
bamate (70) was round 10-fold less active in the functional assay,
with IC50 = 580 nM.

Having established the initial SAR in this series, attention fo-
cused on optimizing the best compounds from this series, and
attention focused on some specific areas. Most notable was the po-
tency of these compounds, and the majority of these compounds
still displayed activities in the hundreds of nanomolar range, with
69 being one of the most active compounds, light2 IC50 = 57 nM.
Secondly, the high lipophilicity of these compounds needed to be
addressed as these Smo antagonists displayed high plasma protein
binding and serum shift. Accordingly, the binding assay was opti-
mised so that compounds could also be evaluated in the presence
of 20% normal human serum (NHS). For example, when 6 was
tested in the Smo binding assay in the presence of 20% NHS, the
IC50 shifted about 10-fold, IC50 = 3.5 lM. Initial data suggested this
could be improved by modulating the log D of these compounds as
the corresponding N-methylbenzimidazole (45) with measured
log D = 2.85, proved to have a reduced serum shift, with only a 5-
fold loss in activity when the binding assay was run in the presence
of 20% NHS (IC50 = 1.0 and 4.5 lM respectively). Similarly, the
piperazine bearing the ortho-chloroaniline (19) displayed
only a 4-fold shift in the Smo binding assay, displaying with
IC50 = 170 and 700 nM in the presence of 2% FBS and 20% NHS
respectively. The third area for improvement was the stability of
these compounds in liver microsomes, as the majority of these
compounds displayed high turnover in rat liver microsomes 6:
Clint >200, benzimidazole (45): = 174, and cyclohexyl (69):
>300 lL/min/mgP.

Attempts to reduce the plasma protein binding of lead 6 focused
on the introduction of polar substituents on either the left- or
right-hand side of the leads structures, as demonstrated from the
previous work that neither the quinoline or phenyl groups could
be altered to more polar heterocycles. Addition of a polar nitrile,
or methylsulfone on the urea fragment generally resulted in a loss
of potency (Table 6), however, the introduction of the para-meth-
ylsulfone in 71 did result in result in a reduction of serum shift to
only 3-fold, with Smo Bind IC50 = 1.5 and 4.1 lM respectively and
log D = 2.8. Alternatively, addition of a methoxy group at various
positions of the quinoline was also attempted, and resulted in a
substantial loss of activity (similar results were seen with other
substituents, data not shown). The exception to this was the intro-
duction of groups at the 5- or 6-position, which was tolerated to a
limited extent, although frequently resulting in a 5-fold loss in
potency.

Attention then switched to the cyclohexyl urea moiety in an ef-
fort to address primarily potency and stability, and to a lesser ex-
tent the serum shift (Table 7). Initial data revealed that the
introduction of polar functionality in this region of the molecule
was detrimental for affinity, as the introduction of a hydroxyl
group (81), or alteration of the cyclohexyl to either a pyran (82)
or a functionalised piperidine (83–85) resulted in a loss in potency.
Interestingly, both the piperidine (83) and the N-acetyl piperidine
(85) display minimal serum shift. A significant breakthrough came
with the discover of the thiopyran dioxide (87) and 4,4’-dif-
luorocyclohexyl (88) derivatives, for although these two com-
pounds showed inferior activity to 69, they both displayed



Table 5
Exploring the SAR of the right-hand side urea and related groups

N R
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N O
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R Compound Light2 IC50 (nM) SmoBind 2% FBS IC50 (nM)

O 46 840 1000

47 >2.5 lM
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Table 6
Exploring the SAR in an effort to affect the serum shift

N
N

N O

N

R

HN

O

Cl

R'

3

45
6

7
8

R R’ Compound SmoBind 2% FBS IC50(nM) SmoBind 20% NHS IC50(nM)

H H 6 380 3500
H 4-SO2Me 71 1500 4100
H 5-SO2Me 72 1200 >2.5 lM
H 5-CN 73 320 >2.5 lM
H 4-CN 74 1900
3-MeO H 75 >2.5 lM >2.5 lM
4-MeO H 76 >2.5 lM >2.5 lM
5-MeO H 77 >2.5 lM >2.5 lM
6-MeO H 78 1800
7-MeO H 79 >2.5 lM >2.5 lM
8-MeO H 80 >2.5 lM

Table 5 (continued)

R Compound Light2 IC50 (nM) SmoBind 2% FBS IC50 (nM)

H
N

O

CN

61 190 490

H
N

O

N

62 1400 1300

H
N

O
N

Cl

63 1600 1500

H
N

O
N

Cl

64 2000 1100

H
N

O N

Cl

65 2800 >2.5 lM

H
N

O O
N 66 3000 1500

H
N

O
67 410 750

H
N

O
68 630 420

H
N

O
69 57 280

O

O
70 580 280
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minimal serum shift, and 87 showed essentially no turn over in rat
liver microsomes (Clint = 8 lL/min/mgP) and in rats the compound
showed modest clearance Cl = 40 mL/min/kg and a terminal half
life of 0.9 h. Analysis of the urine showed that the parent was the
only species excreted.

Introduction of the cyclohexyl or thiopyran dioxide fragments
into the benzimidazole core resulted in compounds with similar
in vitro properties to the corresponding quinolines 69 and 87,
and both benzimidazoles (89 and 90) displayed around one micro-
molar affinity in the Smo binding assay in the presence of 20% NHS,
IC50 = 1.1 and 0.76 lM respectively. Similarly to the quinoline ser-
ies, the cyclohexyl derivative in the benzimidazole series (89) dis-
played high turnover in rat microsomes (Clint = 192 lL/min/mgP)
and relatively high plasma protein binding (rat fu = 2%). In rats
the compound displayed moderate clearance (Cl = 26 mL/min/kg),
T1/2 = 1.3 h and good oral bioavailability (F = 59%).

A substantial leap in potency was seen with the replacement
of the piperidinyl central ring by the corresponding piperazine,
and unlike the quinoline system where a 3-fold gain in potency
was observed going from 6 to 19, at least a 20-fold improvement



Table 7
Combining the optimal substituents

NX
N

N O

B
A

N HN

O

R

A-B X Compound Light2 IC50 (nM) Smo Bind 2% FBS IC50 (nM) Smo Bind 20% NHS IC50 (nM)

CH@CH CH 69 57 280 1600

CH@CH CH
OH

81 2700 2500 65% inh. at 25 lM

CH@CH CH
O

82 480 1700 8600

CH@CH CHs
NH

83 2500 2900 3700

CH@CH CH N
Me

84 3200 3400

CH@CH CH N

O

85 500 2300 1300

CH@CH CH S
O

86 850 1800 4800

CH@CH CH S
O

O 87 360 860 1600

CH@CH CH
F

F 88 480 1500

NMe CH 89 89 350 1100

NMe CH S
O

O 90 350 690 760

NMe N 91 5 3 33

NMe N
F

F 92 7 25

CH@CH N 93 53 45 180

CH@CH N
F

F 94 5 13 39
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in potency with the benzimidazoles 89 and 91. The simple cyclo-
hexyl urea improved in the light2 assay which was run in the pres-
ence of minimal serum from 89 nM for 89 to 5 nM for 91. The
addition of the piperazine also had a beneficial effect in reducing
the lipophilicity (log D = 2.57) of that scaffold, which resulted in a
leap in activity from 1.1 lM to 33 nM when this pair of compounds
was tested in the Smo binding assay in 20% NHS. This piperazine
scaffold also showed modestly improved stability in rat microsomes
(Clint = 119 lL/min/mgP), but in vivo in rats no dramatic change was
seen (Cl = 26 mL/min/kg) and due to poor solubility of this particular
compound the oral bioavailability was low (F = 10%).

The combination of the piperazine and the 2-quinoline yielded
some very interesting derivatives suitable for further characterisa-
tion, with excellent levels of potency, low serum shift and favour-
able PK parameters in preclinical species. The simple cyclohexyl
(93) showed 5-fold improved potency in the Smo binding assay
in the presence of 2% FBS (IC50 = 45 nM) compared to 69, and the
lower log D = 2.76 resulted in only a 4-fold serum shift with
IC50 = 180 nM in 20% NHS, one of the most potent compounds
identified in this series. Room for improvement remained with
the pharmacokinetics as this oxadiazole displayed relatively high
turnover in liver microsomes (Clint: rat = 189, dog = 54 and hu-
man = 60 lL/min/mgP), and moderate-high clearance in rats
(Cl = 54 mL/min/kg) with T1/2 = 1.1 h and modest oral bioavailabil-
ity (F = 24%). In dogs moderate clearance was observed (Cl = 16 mL/
min/kg) and T1/2 = 1.4 h. The corresponding 4,4’-difluorocyclohexyl
(94) displayed improved activity with IC50 = 5 nM in the light 2 as-
say, and similar activity in the Smo binding assay in low serum
IC50 = 13 nM. Similar to the unsubstituted cyclohexyl (93), this
compound showed only a 3-fold serum shift with IC50 = 39 nM in
20% NHS (log D = 2.67). The addition of the two fluorine atoms
on the cyclohexyl ring stabilised the molecule to oxidative metab-
olism and it displayed improved stability in microsomes (Clint:
rat = 61, and human = 8 lL/min/mgP). This corresponded to
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Scheme 1. Synthetic procedure for the preparation of Smo antagonists. Reagents and conditions: (i) 1.2 equiv CDI, DMF, RT, then 1.1 equiv CDI, toluene, D, 12 h; (ii) TFA/
DCM; (iii) RCNO, DIPEA, DCE/THF or R-NH2, CDI, MeCN 50 �C or Triphosgene, DIPEA, DCM, �20 �C then R-NH2; (iv) H2NOH, NaHCO3, MeOH, D; (v) TBTU, Et3N, DCM, then
TBAF, THF; (vi) MeI, KOH, acetone; (vii) Cl3CCOCl, Cl3CCO2H, D, 12 h; (viii) CDI, MeCN, D, 4 h; (ix) Neat POCl3, 190 �C, uW, 1 hr; (x) Boc-piperazine, DIPEA, THF.
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improved clearance in rats (Cl = 32 mL/min/kg) and T1/2 = 1.3 h. In
dogs moderate clearance was observed (Cl = 20 mL/min/kg) and
T1/2 = 1.1 h. The addition of the piperazine moiety also improved
the off-targets profile as neither compound displayed CYP inhibitor
or induction at 30 lM, and IC50 >30 lM in hERG binding assays.

These compounds were prepared as outlined in Scheme 1,16

quinoline-2-yl amidoximes were condensed with various hetero-
cyclic carboxylic acids, and then cyclised to form the required
1,2,4-oxadiazoles 97 using CDI in refluxing toluene. Deprotection
and urea formation then furnished the desired Smo antagonists
(98). Similar chemistry could be applied for the formation of
1,2,4-oxadiazoles (102) bearing various aromatic heterocycles at
the 3-position, in this case coupling of the piperidine carboxylic
acid with the heterocyclic amidoxime was followed up cyclodehy-
dration using TBAF as described by Gangloff.17 Structural modifica-
tion to allow introduction of the central piperazine required
alternative chemistry, and accordingly N-hydroxyquinoline-
2-carboximidamide (107) was reacted with trichloroacetyl chlo-
ride to form the 5-trichloromethyloxadiazole (108), although
displacement with N-Boc piperazine successfully yielded the de-
sired piperazine derivative (111) the reaction was complicated by
formation of piperazine amide 112 resulting from partial hydroly-
sis of 108. Alternatively, the oxadiazol-5(4H)-one (109) could be
prepared and reaction with neat POCl3 in the microwave to give
the 5-chlorooxadiazole (110) in modest 30% yield. In this case chlo-
ride displacement proceeded smoothly enabling the required final
compounds (113) to be prepared. Similar chemistry was used to
synthesize the corresponding benzimidazoles (116), although in
this case the displacement of the trichloromethyl group in 114 pro-
ceeded uneventfully.

In summary, a novel series of weak Smo antagonists were iden-
tified through uHTS screening, while these compounds are a novel
class of Smo antagonists other ureido derivatives have been de-
scribed as Smo antagonists.18–20 Thorough SAR exploration of the
scaffold identified the key functionalities necessary for potency,
enabling potent nanomolar Smo antagonists like 91 and 94 to be
identified. Optimisation of lipophilicity resulted in the most ad-
vanced compounds displaying low serum shift and clean off-tar-
gets profile, while reduction of intrinsic clearance in liver
microsomes resulted in 94 showing moderate clearance in both
rats and dogs. These compounds are valuable tools with which to
further probe the biology of the Hh-pathway.
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