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High-throughput screening revealed diaryl pyrazole 3 as a selective albeit modest cholecystokinin 1
receptor (CCK1R) agonist. SAR studies led to the discovery and optimization of a novel class of 1,2-diaryl
imidazole carboxamides. Compound 44, which was profiled extensively, showed good in vivo mouse gall-
bladder emptying (mGBE) and lean mouse overnight food intake (ONFI) reduction activities.

� 2008 Elsevier Ltd. All rights reserved.
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Figure 1. CCK1R agonists GI181771X (1) and SR-146131 (2).
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Cholecystokinin (CCK) is a peptide hormone secreted by the
duodenum in response to intraluminal nutrients (particularly fat
and protein). There are two CCK receptors, CCK1R and CCK2R (also
known as CCKA and CCKB receptors, respectively), which belong to
the G-protein coupled receptor (GPCR) superfamily. CCK1R stimu-
lation causes decreased food intake, delayed gastric emptying, in-
creased gallbladder emptying and increased pancreatic exocrine
secretion. CCK2R is the stomach gastrin receptor, mediating gastric
acid secretion, and is also widely expressed and functional in the
CNS.1

Since Gibbs et al. first demonstrated the satiety actions of CCK
in rats,2 CCK has been shown to inhibit food intake in multiple spe-
cies, including humans.3 CCK1R agonists, including peptides, pep-
toids, and small molecules, have been studied as satiety agents
for the treatment of obesity.4 Both the 1,5-benzodiazepine-based
GI181771X (1) and the thiazole SR-146131 (2) reached clinical tri-
als (Fig. 1).4 Recent phase II studies revealed that GI181771X (1)
alone did not cause weight loss in overweight or obese patients
after 24 weeks, and it was suggested that combination therapy
should be assessed in future studies.5a Tolerability-limiting gastro-
intestinal events including vomiting and diarrhea were observed,5
ll rights reserved.

: +1 732 594 5350.
which might prohibit dosing at a level sufficient to cause robust
weight loss.

Through a high-throughput screening campaign, 1,5-diaryl pyr-
azole carboxamide 3 (Fig. 2) was identified as a selective albeit
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Figure 2. CCK1R agonist hit from high-throughput screening.
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Table 1
Affects of D-ring modification Ar3

N

N
O

N

N
Ar3

OMe

Me

4, 8-18

Compound Ar3 = EC50
a,b (nM) IC50

c (nM)

4 3-ClPh 74 (89% act) 14
8 3,4-Cl2Ph 25 (99% act) 8.0
9 2-Naphthyl 9.6 (99% act) 2.5

10 1-Naphthyl 5371 (30% act) 630
11 1H-Benzimidazol-2-yl 9.1 (89% act) 17
12 Quinolin-2-yl 43 (89% act) 16
13 Isoquinolin-3-yl 8.4 (89% act) 1.9
14 Quinolin-3-yl 1.1 (92% act) 1.3
15 Quinolin-6-yl 9.3 (108% act) 8.6
16 Isoquinolin-6-yl 106 (86% act) 190
17 2-Naphthoic acid-3-yl 0.40 (92% act) 1.3
18 1-Naphthoic acid-3-yl 0.078 (85% act) 0.14

a CCK_IP3 (CCK1 human, NFAT) agonist data, values are mean of P3 experiments
except compound 18 (n = 2), standard deviations are 682% of the mean. % Activa-
tion at 10,000 nM is given in parentheses.6

b CCK2R inactive (% activations are 620% at 10,000 nM).6
c Mean of P3 experiments, standard deviations are 692% of the mean.
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modest CCK1R agonist.6,7 Herein, we describe the SAR studies
around this novel CCK1R agonist scaffold which led to the discov-
ery of a class of highly potent and selective CCK1R agonists.

SAR studies started with replacement of the central 1,5-diaryl
pyrazole core A with a variety of 5-membered heteroaromatic
rings. A series of isomeric pyrazoles, imidazoles, oxazoles, thia-
zoles, and triazoles were incorporated as cores in this system,
but only 1,2-diaryl imidazole 4 (Fig. 3) was found to have improved
potency relative to 3. All other heterocycles were less active
against CCK1R.

The synthesis of 1,2-diaryl imidazoles is outlined in Scheme 1.8

A variety of aryl groups Ar1 and Ar2 were incorporated into the
imidazole ring by condensing arylamidine 5 with 3-bromo-2-oxo-
propanoate in 1,4-dioxane or THF. After saponification, the result-
ing 1,2-diaryl-1H-imidazole carboxylic acid 6 was coupled with
aryl piperazine 7 either by EDC/HOBt or MsCl/1-methylimidazole
activation.9

Pd catalyzed C–N bond formation was utilized for the synthesis
of most non-commercially available aryl piperazines 7 (Scheme
2).10 For some aryl piperazines such as 2-piperazin-1-yl-1H-benz-
imidazole, direct nucleophilic aromatic substitution was utilized
(not shown).

The compounds synthesized were examined for their ability to
bind and activate CCK1R using a variety of in vitro assays.6 SAR
studies of Ar3 groups (Table 1) at the piperazine revealed that both
the agonist activity (EC50) and binding affinity (IC50) of 3,4-dichlo-
rophenyl 8 (EC50 = 25 nM, IC50 = 8.0 nM) were improved compared
with that of 4. Further improvements were noted with the 2-naph-
thyl piperazine derivative 9 (EC50 = 9.6 nM and IC50 = 2.5 nM)
while the 1-naphthyl derivative 10 was much less potent. Benz-
imidazole 11 had slightly reduced potency compared with the 2-
naphthyl derivative 9. For quinolines and isoquinolines 12–16,
N

N
O

N

N

Me

OMe

A

D

C

B

4

1

2

Cl

CCK1R EC50 = 74 nM
%activation @ 10 uM = 89%
CCK1R IC50 = 14 nM
CCK2R inactive
(%activation @ 10 uM = 9.6%)

Figure 3. 1,2-Diaryl imidazole core with improved potency.
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Scheme 1. Synthesis of 1,2-diaryl imidazole carboxamides. Reagents and condi-
tions: (a) NaHMDS, THF; (b) ethyl 3-bromo-2-oxopropanoate, NaHCO3, 1,4-dioxane
or THF, D; (c) NaOH, THF/MeOH/H2O; (d) EDC, HOBt, i-Pr2NEt or MsCl, 1-
methylimidazole.
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Scheme 2. Synthesis of aryl piperazine 7. Reagents: (a) NaOt-Bu, Pd(dba)2, ligand;
(b) TFA, CH2Cl2.
the point of attachment had variable affects on CCK1R activities,
with quinoline 14 (EC50 = 1.1 nM, IC50 = 1.3 nM) being the most po-
tent. Carboxylic acid substitution on the naphthyl ring was next
explored. Acid 17 was found to possess improved potency
(EC50 = 0.40 nM, IC50 = 1.3 nM) relative to 9. Acid 18 afforded the
greatest improvement in both CCK1R functional and binding activ-
ities (EC50 = 0.078 nM, IC50 = 0.14 nM).

Since the 2-naphthyl compound 9 showed improved CCK1R
activities compared with the original 3-chlorophenyl derivative
4, SAR studies at the B and C rings were performed with 2-naph-
thylpiperazine derivatives (Tables 2 and 3). The crucial role of
the 3-alkoxy group on the B-ring is illustrated in Table 2 by com-
paring 9 (EC50 = 9.6 nM, IC50 = 2.5 nM) with the 3-ethyl analog 20
Table 2
Affects of B-ring modification Ar1

N

N

Ar1

O

N

N

Me

9, 19-28

Compound Ar1 = EC50
a,b (nM) IC50

c (nM)

9 3-MeOPh 9.6 (99% act) 2.5
19 4-MeOPh 20 (110% act) 6.9
20 3-EtPh 65 (101% act) 43
21 3-HOPh 82 (102% act) 22
22 3-EtOPh 6.6 (93% act) 2.3
23 3-n-PrOPh 962 (89% act) 160
24 3-i-PrOPh 53 (94% act) 30
25 3-CF3OPh 3152 (66% act) 130
26 3-CF3CH2OPh 1349 (95% act) 200
27 3,4-(OCH2CH2O)Ph 0.99 (89% act) 0.42
28 2,3-(OCH2CH2O)Ph 471(70% act) 140

a CCK_IP3 (CCK1 human, NFAT) agonist data, values are mean of P3 experiments,
standard deviations are 671% of the mean. % Activation at 10,000 nM is given in
parentheses.6

b CCK2R inactive (% activations are 621% at 10,000 nM).6
c Mean of P3 experiments, standard deviations are 686% of the mean.



Table 4
Quinolin-3-yl and 1-naphthoic acid-3-yl with optimized Ar1 and Ar2

N

N

Ar1

O

N

N
Ar3

Ar2

Ar3 =

N

38-43 44-50

CO2H

Compound Ar1 Ar2 EC50
a,b (nM) IC50

c,d (nM)

38 3-EtOPh 4-MePh 0.73 (105%) 0.45
39 3-EtOPh 4-FPh 0.25 (92%) 0.60
40 3-EtOPh 2-FPh 0.53 (89%) 0.57
41 3-EtOPh 2-F,4-MePh 0.13 (86%) 0.24
42 3,4-(OCH2CH2O)Ph 4-MePh 0.12 (94%) 0.20
43 3,4-(OCH2CH2O)Ph 4-FPh 0.26 (101%) 0.12
44 3-EtOPh 4-MePh 0.094 (105%) 0.12
45 3-EtOPh 4-FPh 0.048 (95%) 0.08
46 3-EtOPh 2-F,4-MePh 0.056 (73%) 0.06
47 3-EtOPh 2,4-F2Ph 0.053 (76%) 0.07
48 3,4-(OCH2CH2O)Ph 4-MePh 0.14 (107%) 0.14
49 3,4-(OCH2CH2O)Ph 4-FPh 0.093 (97%) 0.03
50 3,4-(OCH2CH2O)Ph 2-F,4-MePh 0.077 (71%) 0.03

a CCK_IP3 (CCK1 human, NFAT) agonist data, values are mean of P3 experiments,
standard deviations are 672% of the mean. % Activation at 10,000 nM is given in
parentheses.6

b CCK2R inactive (% activations are 636% at 10,000 nM).6
c Mean of P3 experiments, standard deviations are 688% of the mean.
d CCK2R IC50 are >10,000 nM; % inhibitions are 624% at 10,000 nM.

Table 3
Affects of C-ring modification Ar2

N

N
O

N

N

Ar2

OEt

22, 29-37

Compound Ar2 = EC50
a,b (nM) IC50

c (nM)

22 4-MePh 6.6 (93% act) 2.3
29 Ph 7.4 (100% act) 3.4
30 4-EtPh 175 (83% act) 43
31 4-FPh 2.9 (96% act) 1.9
32 4-ClPh 5.5 (119% act) 5.6
33 3-FPh 105 (106% act) 35
34 2-FPh 6.3 (110% act) 1.9
35 2,6-F2Ph 4.4 (109% act) 1.9
36 2,4-F2Ph 1.1 (103% act) 1.0
37 2-F,4-MePh 1.9 (116% act) 0.56

a CCK_IP3 (CCK1 human, NFAT) agonist data, values are mean of P3 experiments,
standard deviations are 666% of the mean. % Activation at 10,000 nM is given in
parentheses.6

b CCK2R inactive (% activations are 612% at 10,000 nM).6
c Mean of P3 experiments, standard deviations are 668% of the mean.

Table 5
In vivo mouse gallbladder emptying (mGBE) and lean mouse overnight food intake
(ONFI) reduction

Compounda mEC50
b

(nM)
mGBEc,d ONFI reductionc

po doses (mg/kg)
with >50% reduction

0.3 po at
mg/kg

3 po at
mg/kg

38 2.1 0.3 (59%) — —
44 1.3 0.001 (72%) 18% 82%
44a 0.78 — 29% 78%
45 1.5 0.001 (69%) ns 73%
46 0.30 0.001 (77%) 13% 86%
49 0.14 0.001 (88%) 16% 96%

a CF3COOH salts, except 44a which is sodium salt of 44.
b Mouse CCK_IP3 agonist data, values are mean of P3 experiments. Standard

deviations are less than 70% of the mean.
c Compared with vehicle (10% Tween� 80 in water), ns, not significant.
d Mouse gallbladder weight % reduction is given in parentheses.
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(EC50 = 65 nM, IC50 = 43 nM). Additionally, the 4-methoxy com-
pound 19 was �2-fold less potent than the 3-methoxy derivative
9. Methoxy and ethoxy appeared to be optimal at the 3-position
of the B-ring as the 3-hydroxy (21), the 3-propoxy (23), and the
3-isopropoxy (24) derivatives were less potent than 9 and 22. Elec-
tron withdrawing alkyl groups connected to the 3-alkoxy position
such as OCF3 (25) and OCH2CF3 (26) also reduced the potency. The
biggest improvement in binding and functional activity was ob-
served with 1,4-benzodioxane compound 27 (EC50 = 0.99 nM,
IC50 = 0.42 nM) while regioisomer 28 was much less potent.

Next, the effects of ring C modification (Ar2 groups, Table 3)
were investigated. Unlike the B-ring which required a 3-alkoxy-
phenyl group for good potency, several different sterically small
substituents such as hydrogen (29), methyl (22), fluorine (31),
and chlorine (32) were well tolerated at the 4-position of the ring
C phenyl group. The 4-fluorophenyl compound 31 (EC50 = 2.9 nM,
IC50 = 1.9 nM) had slightly improved CCK1R activities compared
to 4-methyl 22 (EC50 = 6.6 nM, IC50 = 2.3 nM). Additionally, fluorine
substitution was also tolerated at the 2-position (34 and 35). The
2,4-disubstituted compounds 36 (EC50 = 1.1 nM, IC50 = 1.0 nM)
and 37 (EC50 = 1.9 nM, IC50 = 0.56 nM) had the most improved po-
tency. In contrast, 3-fluoro substitution (33) and more sterically
demanding substituents such as 4-ethyl (30) reduced potency
against CCK1R.

After we discovered that quinolin-3-yl 14 and 1-naphthoic acid-
3-yl 18 (Table 1) improved CCK1R functional and binding activities
compared to 9, piperazines bearing these two aryl groups were
incorporated into the imidazole core with optimized B- and C-rings
(Table 4). Compounds 38–50 all possessed subnanomolar EC50 and
IC50 values. Furthermore, it was notable that they maintained
excellent selectivity over CCK2R.11 In general, the acid bearing
naphthalenes afforded superior in vitro profiles compared to the
quinoline derivatives, with 44–47, 49, and 50 all showing extre-
mely potent functional activity and binding at the CCK1 receptor.

One of the CCK1R agonist mediated physiological effects is the
stimulation of gallbladder emptying.1 Consequently, the in vivo
activities of CCK1R agonists presented here were first evaluated
in a mouse gallbladder emptying (mGBE) assay (see Supporting
Information). To facilitate interpretation of these data, mouse
CCK1R EC50 values of selected compounds were measured (Table
5). At an oral dose of 0.3 mg/kg, quinoline 38 reduced mouse gall-
bladder weight by 59% compared with vehicle (Table 5). However,
it was ineffective at an oral dose of 0.1 mg/kg. Much greater in vivo
mGBE activities were observed with the naphthoic acid derivatives
44, 45, 46, and 49 which all showed >50% reductions in gallbladder
weight at oral doses as low as 0.001 mg/kg (Table 5). Thus, carbox-
ylic acid substitution improved not only the in vitro CCK1R func-
tional and binding activities, but also the in vivo activities.
Compounds 44, sodium salt 44a (Fig. 4), 45, 46, and 49 also caused
robust overnight food intake (ONFI) reduction in lean mice at oral
doses of 3 mg/kg. Moreover, 44, 44a, 46, and 49 were effective at
oral doses of 0.3 mg/kg.12

At an oral dose of 10 mg/kg, compounds 44 and46 did not affect
overnight food intake in CCK1R�/�mice while inducing robust food
intake reduction in the wild type mice, indicating that the observed
food intake reduction with these compounds is CCK1R mechanism-
based.13 Although the food intake reduction observed in this
mouse model is CCK1R mediated, it is important to note that these
anorectic effects may not be solely attributed to an increased sati-
ety effect due to CCK1R activation.12 Nevertheless, the relative
magnitude of ONFI reduction provides a measurable method to
rank order CCK1R agonists’ effects in vivo.
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Table 6
Active in vivo CCK1R agonists pharmacokinetic profilea

Compound Species Clp
(mL/min/kg)

Vd

(L/kg)
po AUCN

(lM h)
t1/2

(h)
F
(%)

Cmax

(lM)

44 Mouse 5.3 0.47 0.39 3.5 7 0.28
44a Mouse 3.1 0.56 4.2 3.4 43 4.9
45 Mouse 6.4 0.73 1.5 2.7 33 1.1
46 Mouse 10.4 0.59 0.61 1.7 22 0.82

aiv administration dosed at 1.0 mg/kg, po administration dosed at 10 mg/kg.
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The mouse pharmacokinetic profiles of selected compounds are
shown in Table 6. Compound 45 had higher oral exposure and bio-
availability than 44, however, 45 was not more active in vivo to-
ward mouse ONFI reduction. It is notable that compounds 44
(mouse EC50 = 1.3 nM, % activity at 10 lM = 103%) and 45 (mouse
EC50 = 1.5 nM, % activity at 10 lM = 101%) had similar in vitro
mouse CCK1R activities (Table 5). The sodium salt form 44a in-
creased the plasma exposure after an oral dose relative to the tri-
fluoroacetic acid salt of 44. Additionally, Cmax and oral
bioavailability increased. Paradoxically, however, 44a exhibited
similar ONFI reduction as the corresponding acid form 44. These
results suggest that systemic exposure of the compound may not
play an important role for in vivo efficacy.14

In conclusion, optimization of the heterocyclic core of HTS hit
3 led to the identification of a novel series of 1,2-diaryl imidaz-
ole carboxamides. Further optimization of the B, C, and D rings
led to the discovery of a class of highly potent and selective
CCK1R agonists. Quinoline 38 showed only modest in vivo mGBE
activity in spite of potent in vitro CCK1R functional and binding
activities. Introduction of a carboxylic acid group at the 1-posi-
tion of the naphthyl ring not only further improved the in vitro
profile, but most importantly also improved the in vivo CCK1R
mediated activities in mice such as gallbladder emptying and
overnight food intake reduction. Compounds 44, 44a, 46, and
49 all exhibited excellent in vivo mouse gallbladder emptying
(mGBE) activity and lean mouse overnight food intake (ONFI)
reduction. Since 44/44a (Fig. 4) showed a superior in vitro, in
vivo, and pharmacokinetic profile, this compound was selected
for extensive in vivo testing, and those results will be reported
in due course.
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