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Abstract—A series of pyrrolopyridinones was designed and synthesized as constrained analogs of the pyrazole CB-1 antagonist
rimonabant. Certain examples exhibited very potent hCB-1 receptor binding affinity and functional antagonism with Ki and Kb val-
ues below 10 nM, and with high selectivity for CB-1 over CB-2 (>100-fold). A representative analog was established to cause sig-
nificant appetite suppression and reduction in body weight gain in industry-standard rat models used to develop new therapeutics
for obesity.
� 2006 Elsevier Ltd. All rights reserved.
The prevalence of excessive body weight and obesity has
dramatically increased over the last 30 years, apparently
the result of an increasingly sedentary lifestyle, as well
as the plentiful availability of energy-rich food.1 Indeed,
the World Health Organization has declared human
obesity to be one of the most significant health problems
facing mankind, with more than 250 million obese pa-
tients (body mass index (BMI) P 30) around the world,
including epidemic proportions in the US and Europe.
During the last decade, antagonism of the cannabinoid
type 1 receptor (CB-1) has emerged as a highly promising
strategy for the treatment of obesity.2 The 1,5-diarylpy-
razole rimonabant (1, SR-141716, Sanofi-Aventis) is the
most advanced CB-1 antagonist, and this compound
was recently approved in the European Union for the
treatment of obese or overweight patients with associated
risk factors, such as type 2 diabetes or dyslipidemia.3

A large proportion of the structure classes investigated
as CB-1 antagonists consist of a five- or six-membered
heterocyclic core, substituted by two aromatic rings and
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1   rimonabant

(SR-141716, AcompliaTM)

hCB-1 Ki = 5.6 nM4a, 25 nM5a

mCB-1 Ki = 1.8 nM5d
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a hydrogen bond donor/acceptor functionality such as a
carboxamide group.2 1,5-Diarylpyrazoles, as exempli-
fied by rimonabant (1), represent the first series of
CB-1 antagonists to be disclosed having this pharmaco-
phore.4 Several research groups have reported com-
pounds that incorporate conformational constraints
into the antagonist structure. Such compounds have
the potential for increased binding affinity resulting
from an entropic advantage for the bioactive conforma-
tion, and improved pharmacokinetics due to altered
resistance to metabolizing enzymes. Tricyclic derivatives
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of 1 having a constraint between the pyrazole core and
the 5-aryl group have been reported, for example (e.g.,
2a–c).5 Compounds having a bicyclic core that effective-
ly incorporates a constraint between the pyrazole core
C-4 position and the hydrogen bond donor/acceptor
moiety have also been described (e.g., 3–5).6
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2a, X = CH2, mCB-1 Ki = 2050 nM5d

2b, X = (CH2)2, mCB-1 Ki = 14.8 nM5d

2c, X = (CH2)3, mCB-1 Ki = 0.35 nM5d,

      hCB-1 Ki =  126 nM5a
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4: hCB-1 Ki = 12 nM6b
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As part of our research investigations on CB-1 antago-
nists, we conducted computational studies on 1 and con-
cluded that the preferred conformation would have a
trans-amide with the carboxamide oxygen nearly copla-
nar with the pyrazole ring and oriented in the same
direction as the pyrazole C-4 methyl group (Fig. 1a).7

Further modeling studies indicated that a constrained
analog of this conformation could be readily achieved
by linking the pyrazole N-2 position via an ethylene
bridge to the carboxamide nitrogen. An overlay of the
low-energy conformation of 1 with this type of con-
strained derivative (6), having a 1,5,6,7-tetrahydro-4H-
pyrrolo[3,2-c]pyridin-4-one scaffold, is represented in
Figure 1b.

Subsequent to our studies, an X-ray structure and con-
formational studies of 1 were reported,8 and these were
Figure 1. (a) Low-energy conformation of 1. (b) Overlay of the low-

energy conformation of 1 with the 1,5,6,7-tetrahydro-4H-pyrrolo[3,2-

c]pyridin-4-one derivative 6.
consistent with the low-energy conformation that we
had determined (Fig. 1a). Furthermore, computational
studies reported for 1 docked to a model of the CB-1
receptor protein suggested that this same conformation
represented the bioactive conformation of 1, with a
key hydrogen bond from the carboxamide oxygen in 1
to a lysine residue at protein position K 3.28.8,9 Also
of interest, this model indicated that the carboxamide
nitrogen in 1 was not involved in a hydrogen bond—
thereby supporting the design of our constrained analog
6.
A novel and efficient synthesis of 1,5,6,7-tetrahydro-
4H-pyrrolo[3,2-c]pyridin-4-ones such as 6 and the
related N-cyclohexyl amide 7 was developed, as
depicted in Scheme 1. This protocol involved the
Michael addition of an amine or hydrazine (8) to an
acrylic ester to provide the 3-amino ester (9), followed
by N-acylation with a malonyl chloride in the presence
of base to afford a diester amide (10). This diester
amide was cyclized by a Dieckmann condensation to
give an intermediate10 that was hydrolyzed and decar-
boxylated under acidic conditions to give a ketopiper-
idinone (11). Condensation with an amino ketone
provided the key bicyclic pyrrolopyridinone intermedi-
ate 12. The introduction of a substituent on the pyr-
role core group was accomplished by bromination to
give 13, followed by a palladium-catalyzed coupling
reaction with an organoborane. This methodology
was successfully applied with some slight modifications
to produce more than fifty pyrrolopyridinone deriva-
tives.11 For a variety of constrained amide analogs
(e.g., 7) the overall synthesis yield was typically 10–
15% (6 steps), whereas for the related hydrazides
(e.g., 6) the overall yield was considerably lower
(1–3%) (Scheme 1).

In an in vitro hCB-1 (human CB-1) binding assay, the
target hydrazide analog 6 was determined to have
hCB-1 Ki = 2.2 nM (Table 1).12 This potency is very
similar to that observed in our assay for 1
(Ki = 1.1 nM), validating the design of 6 as a con-
strained mimic of the bioactive conformation of 1.
The potency of 6 is also consistent with the rimona-
bant/CB-1 binding model,7,8 which indicates that the
carboxamide NH is not required for H-bonding to
the receptor. Analog 6 was also found to function
as an antagonist or inverse agonist,15 with hCB-1
Kb = 12 nM, and was also determined to be highly
selective for CB-1 over CB-2 (hCB-2 Ki = 1300 nM).
The constrained cyclohexyl amide analog 7 was also
found to be a potent hCB-1 antagonist, with hCB-1
Ki = 7.5 nM and Kb = 6.5 nM, and exhibiting high
selectivity against CB-2 (hCB-2 Ki = 8300 nM). In



Table 1. Binding affinities of pyrrolopyridinone compounds to the human CB-1 receptor

N
N

O
X

R2

R1

Compound R1 R2 X hCB-1 Ki (nM)a

6 4-Cl–Ph 2,4-Cl2–Ph N 2.2 ± 0.40

7 4-Cl–Ph 2,4-Cl2–Ph CH 7.5 ± 0.97

14 4-Cl–Ph 4-Cl–Ph CH >2500

15 2,4-Cl2–Ph 4-Cl–Ph CH >2500

16 Ph 2,4-Cl2–Ph CH 16 ± 3.5b

17 4-F–Ph 2,4-Cl2–Ph CH 6.0 ± 0.35

18 4-CH3–Ph 2,4-Cl2–Ph CH 10 ± 2.6

19 4-CF3–Ph 2,4-Cl2–Ph CH 4.1 ± 0.60

20 4-CH3O–Ph 2,4-Cl2–Ph CH 7.9 ± 1.6b

21 4-CH2@CH–Ph 2,4-Cl2–Ph CH 9.8 ± 2.8b

22 4-NH2–Ph 2,4-Cl2–Ph CH 920 ± 77

23 4-HOOC–Ph 2,4-Cl2–Ph CH >2500

24 4-CH3S–Ph 2,4-Cl2–Ph CH >2500

25 3-CH3–Ph 2,4-Cl2–Ph CH 17 ± 0.50b

26 3-CH3O–Ph 2,4-Cl2–Ph CH 6.8 ± 1.6b

27 3,4-(CH3O)2–Ph 2,4-Cl2–Ph CH 5.5 ± 1.5

28 3,4-(OCH2O)–Ph 2,4-Cl2–Ph CH 12 ± 3.1b

29 3-CF3–Ph 2,4-Cl2–Ph CH 67 ± 13b

30 3-NH2–Ph 2,4-Cl2–Ph CH 450 ± 108

31 3-Thienyl 2,4-Cl2–Ph CH 37 ± 16b

32 2-Thienyl 2,4-Cl2–Ph CH 19 ± 9.6b

33 2-Furyl 2,4-Cl2–Ph CH 20 ± 1.0b

34 2-Benzothienyl 2,4-Cl2–Ph CH 23 ± 16b

35 3-Pyridinyl 2,4-Cl2–Ph CH 390 ± 87

36 H 2,4-Cl2–Ph CH 240 ± 45

37 4-Cl–Ph 2-Cl–Ph CH 2.8 ± 0.85

38 4-Cl–Ph 2,6-Cl2–Ph CH 200 ± 31

39 4-CH3O–Ph 2-Cl–Ph CH 7.5 ± 0.70

40 4-CH3O–Ph 2-CH3–Ph CH 22 ± 4.7b

41 4-CF3–Ph 2-CH3–Ph CH 9.3 ± 0.60b

42 4-F–Ph 2-CH3–Ph CH 40 ± 20b

43 4-Cl–Ph 2-Cl–Ph N 3.5 ± 1.2

44 4-CH3O–Ph 2-Cl–Ph N 20 ± 3.7

45 4-CH3O–Ph 2-CH3–Ph N 74 ± 1.0

a Data are expressed as Ki ± SEM (nM); hCB-1 Ki = 1.1 ± 0.04 nM was determined for 1 in our assay.
b IC50 value; incomplete displacement of receptor ligand was observed at 1–10 lM, likely due to compound solubility limitations.
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Scheme 1. Synthesis of 1,5,6,7-tetrahydro-4H-pyrrolo[3,2-c]pyridin-4-ones such as 6 and 7. Reagents and conditions: (a) MeOH, 0 �C, then rt, 16 h;

(b) Et3N, CH2Cl2, 0 �C, then rt, 16 h; (c) i—X = N: DMF/THF, Cs2CO3, 77 �C, 48 h; X = CH: NaH, cyHex/toluene, reflux, 3 h; ii—10% aq AcOH,

reflux, 1–2 h; (d) toluene, TsOH, H2O trap, 6–24 h; (e) N-bromosuccinimide (NBS), DMF, 0 �C, 1 h; (f) 0.1 equiv Pd(PPh3)4, DME, aq Na2CO3,

60 �C, 16–18 h.
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Figure 2. Effect of the pyrrolopridinone hydrazide 44 on food intake in

overnight-fasted Wistar rats, after dosing at 10 mg/kg p.o. as a

suspension in 30% cyclodextrin.
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sharp contrast to 7, when the 2-chloro substituent was
removed from the 2,4-dichlorophenyl group as in 14,
or when the 4-chlorophenyl and 2,4-dichlorophenyl
groups were interchanged as in 15, a substantial loss
in hCB-1 binding affinity was observed (Table 1).
These key structure–activity relationships (SAR) are
consistent with those reported for the 1,5-diarylpyraz-
ole series related to 1,4b as well as for related 1,2-
diarylimidazole and 4,5-diarylthiazole analogs.16 How-
ever, the effect on potency by these structural changes
is more profound for the constrained analog 7.

The SAR for a diverse set of substituents at the 2-posi-
tion of the pyrrolopyridinone scaffold were investigated
(R1, Table 1). For a variety of substituted phenyl
groups, it was found that relatively small groups at the
4-position are preferred, such as 4-F, Cl, CH3, CH3O,
and CF3, providing compounds with Ki values in the
4–10 nM range (7 and 17–20, Table 1). Acidic or basic
groups at the 4-position result in a substantial loss in
potency (22, 23), as do certain bulky substitutions
(24). Substituents at the 3-position of phenyl groups
are reasonably well tolerated (25–29), although a basic
amino moiety once again provides a loss in potency
(30). Replacement of the 4-chlorophenyl group in 7 with
heterocycles such as thienyl, furyl, and benzothienyl re-
sults in a 3- to 5-fold decrease in hCB-1 binding affinity
(31–34), whereas replacement with a pyridyl group (35)
or a hydrogen atom (36) causes a 50- or 30-fold loss in
potency, respectively.

With respect to the N1-position of the pyrrolopyridi-
none scaffold (R2, Table 1), the ortho-chloro substitu-
ent on the 2,4-dichlorophenyl group is important for
potent activity, as described above (7 vs 14, Table
1). On the other hand, removal of the para-chloro
substituent in 7 provides analog 37, exhibiting compa-
rable or slightly increased CB-1 binding affinity. Addi-
tion of a second ortho-chloro substituent as in 38,
however, results in a substantial drop in potency.
The 2-chlorophenyl group can be replaced with a 2-
methylphenyl group without a substantial loss in bind-
ing affinity (39 vs 40).

Finally, hydrazide analogs related to 6 were investigated
(X = N, Table 1). Replacement of the 2,4-dichlorophen-
yl group in 6 with a 2-chlorophenyl group provided 43,
with similar potency against hCB-1. Compound 43 also
exhibited functional activity (hCB-1 Kb = 3.2 nM) and
high selectivity against human CB-2 (hCB-2
Ki = 1100 nM). Two hydrazide derivatives with a
4-methoxyphenyl group at the R1 position (44, 45) were
found to be somewhat less potent than 6 or 43.
Compound 44 also exhibited hCB-1 Kb = 32 nM and
hCB-2 Ki = 850 nM.

From pharmacokinetics screening in male Wistar rats,
the constrained cyclohexyl amides were generally found
to give quite low plasma exposure after oral dosing (e.g.,
Cmax < 50 nM at 10 mg/kg for 7), whereas certain
related hydrazides provided improved exposure levels.
For example, 44 provided Cmax = 0.62 lM and
AUC(0–2h) = 0.58 lMÆh at 10 mg/kg p.o.
1,5-Diarylpyrazole hydrazides such as 1 have been dem-
onstrated to reduce food intake in rodents in a variety of
studies.2c Likewise, 44 was investigated as a representa-
tive pyrrolopyridinone hydrazide in a fasted-refed rat
model for appetite suppression,17 and was found to
cause a significant anorexigenic effect (36% cumulative
reduction in food intake at 4 h, Fig. 2). In comparison,
compound 7 caused no effect in this model (data not
shown), which is consistent with the very poor plasma
exposure determined for this compound.

The genetically obese Zucker fa/fa rat has been used for
evaluating compound efficacy for the reduction of body
weight, including compounds such as rimonabant (1)
that have been shown to be effective in the management
of body weight in obese humans.18 Following the deter-
mination that 44 causes a significant suppression of
appetite (Fig. 2), we also investigated its effect in this
Zucker rat model.19

In the Zucker rat model, pyrrolopyridinone hydrazide
44 was dosed at 5 mg/kg qd p.o., and was observed to
cause a significant reduction in body weight gain as
compared to vehicle-treated rats (Fig. 3). The effect on
day 9 was �3.0%, which is approximately half the effect
determined for rimonabant (1) (�5.6%, 5 mg/kg po qd)
included in the study as a reference standard.20

In conclusion, a series of pyrrolopyridinones was suc-
cessfully designed and efficiently synthesized as con-
strained analogs of the pyrazole CB-1 antagonist
rimonabant. Certain examples exhibited very potent
CB-1 binding affinity and functional antagonism, with
Ki and Kb values below 10 nM. As well, these analogs
were found to be highly selective for CB-1 over CB-2
(>100-fold). Structure–activity relationships were gener-
ally consistent with SAR reported for the pyrazole series
of CB-1 antagonists. A representative analog (44) was
established to cause a significant anorexigenic effect in
the fasted-refed Wistar rat model, and a significant
reduction in body weight gain in the chronic Zucker
rat model. The efficacy established in these industry-
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Figure 3. Effect of the pyrrolopridinone hydrazide 44 on body weight

in genetically obese Zucker fa/fa rats, upon dosing at 5 mg/kg po qd as

a suspension in PEG/20 mM methanesulfonic acid (80:20).
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standard models validates this series of analogs as prom-
ising leads for the potential treatment of obesity.
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