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A series of 1,3-disubstituted-1H-pyrrole-based antagonists of the human Melanin-Concentrating Hor-
mone Receptor 1 (h-MCH-R1) are reported. High-throughput screening of the AstraZeneca compound
collection yielded 1, a hit with moderate affinity towards MCH-R1. Subsequent structural manipulations
and SAR analysis served to rationalize potency requirements, and 12 was identified as a novel, functional
MCH-R1 antagonist with favorable pharmacokinetic properties.

� 2008 Elsevier Ltd. All rights reserved.
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Worldwide obesity has been steadily increasing for the past 20
years.1 In the United States, obesity is now the most common
chronic disease, affecting one in three of all Americans, including
children.1 Morbidities associated with obesity and being over-
weight are contributing to more than 300,000 deaths per year
among the US population, whereas the related economic expendi-
ture has exceeded US $100 billions.1

The Melanin-Concentrating Hormone (MCH) system has at-
tracted the interest of pharmaceutical companies due to its role
in regulating food intake and energy expenditure in animal models.
Specifically, it was shown that intracerebroventricular (icv) injec-
tion of MCH, a cyclic 19 amino acid peptide, promoted food intake
in rats.2 Additionally, mice overexpressing the MCH gene demon-
strated hyperphagia and obesity traits,3 while transgenic MCH
Receptor 1 (MCH-R1) knockout mice displayed hyperactivity and
a lean phenotype and were resistant to diet-induced obesity.4 It
was therefore postulated that MCH-R1 antagonism could offer a
viable treatment for obesity and several MCH-R1 antagonists have
been reported.5–9 The discovery of novel, potent MCH-R1 antago-
nists with favorable in vivo pharmacokinetic properties is herein
presented.
ll rights reserved.
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A high-throughput screening (HTS) campaign against MCH-R1
was initiated. It identified 1 (Fig. 1) as a hit with good receptor
affinity (IC50 = 92 nM) but moderate functional antagonism
(MCH-R1 GTPcS IC50 = 804 nM). Docking of 1 to a MCH-R1 homol-
ogy model10 postulated that the tertiary amine group and the car-
bonyl function engaged in polar interactions with the receptor, as
shown in Figure 2. According to the docking, the 3,4-dichloro-ben-
zyl group partially filled a narrow and extended hydrophobic pock-
et formed by the transmembrane helices 3, 5, and 6. Interestingly,
these findings seem to be in agreement with a recently published
structural model for MCH-R1 antagonism.11 The nitro-thiophene
fragment of 1 was considered problematic due to a number of con-
cerns about metabolic stability and reactive metabolites formation.
Chemical scan of an acid chlorides lead generation set was per-
formed to identify appropriate structural replacements. Here, re-
agents were selected to ensure adequate coverage of chemical
H Cl
S-O

1      MCH-R1 IC50 = 0.092 μM

   MCH-R1 GTPγS IC50 = 0.804 μM

Figure 1. Hit originated from in-house high-throughput screening campaign.
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Figure 2. Predicted MCH-R1-docked conformation of 1. Observed electrostatic
interactions with D123 and Y272 side chains are displayed as dashed green lines.

Table 1
In vitro MCH-R1 binding and functional data for 2–21
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space and, as a result, the 3-chloro-phenoxymethyl moiety was
identified as a more suitable drug-like segment with similar
MCH-R1 binding properties (MCH-R1 GTPcS IC50 = 1 lM) to the ni-
tro-thiophene (MCH-R1 GTPcS IC50 = 0.8 lM), and it was used in
the subsequent optimization efforts. Here, a number of elongated
fragments were designed to validate the proposed structural
framework and to investigate their effects on MCH-R1 potency.
The results for derivatives 2–21 are presented in Table 1. The syn-
thesis of 10 is reported in Scheme 1.12

Replacement of the phenyl ring in 1 with a lipophilic naphtha-
lene (2) improved MCH-R1 potency and functional antagonism to
41 and 104 nM, respectively. On the contrary, the subsequent isos-
teric substitution of naphthalene to more polarized moieties,
including 2,3-dihydro-benzo[1,4]dioxine (3), benzo[1,3]dioxole
(4) and indole (5), was detrimental to affinity, as shown in Table
1. Inclusion of more extended biaryl fragments (6–7) failed to im-
prove potency over 1 (Table 1). However, the introduction of 1-(4-
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Table 2
In vitro MCH-R1 binding and functional data for 22–34
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Compound R Core Y MCH-R1 IC50
a (GTPcS IC50)b (lM) Compound R Core Y MCH-R1 IC50

a (GTPcS IC50)b (lM)
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a Values are mean of at least two experiments. Compounds competed with 125I-MCH for binding at the human MCH1 receptor (h-MCH-R1) expressed in the HEK293 cell line.
b Values are mean of at least two experiments. Functional assay measuring [35S]GTPcS accumulation.
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substituted-phenyl)-1H-pyrroles, 9–12, afforded potent MCH-R1
antagonists. Here, electron-withdrawing groups seemed to be pre-
ferred over electron-donating substituents, probably reflecting the
presence of electron rich tyrosines in the binding pocket. Specifi-
cally, the trifluoromethyl and trifluoromethyloxy groups provided
the most potent, functional MCH-R1 antagonists (11: IC50 = 29 nM,
GTPcS IC50 = 32 nM and 12, IC50 = 31 nM, GTPcS IC50 = 15 nM,
respectively). Branching on the pseudobenzylic position was toler-
ated, and afforded a potent MCH-R1 antagonist (14, IC50 = 43 nM)
but no improvement in functional MCH-R1 antagonism (14, GTPcS
IC50 = 117 nM). Additionally, increasing the steric bulk on the in-
dole ring with a 1,5-dimethyl substitution resulted in a significant
loss of MCH-R1 affinity (15, IC50 = 9.65 lM), thereby highlighting
specific spatial constraints. Modification of the electronic proper-
ties of the distal ring had a significant effect on potency, as shown
by the isoxazole (16, IC50 = 1.5 lM) and pyridine (17, IC50 = 48 nM)
derivatives. Replacement of pyrrole with the 1,4-disubstituted fur-
ans, 18–19, always translated in a potency loss. Similarly, the thi-
azole (20) and imidazole (21) counterparts failed to improve
MCH-R1 potency, possibly validating the predicted lipophilic char-
acter of the MCH-R1 binding pocket.

The central part of the molecule was then subjected to exten-
sive structural modifications in an effort to optimize MCH-R1
antagonism and to further explore the SAR around the present ser-
ies. The results of such campaign are outlined in Table 2. Com-
pounds 22–34 were prepared in a similar manner to Scheme 1,
according to synthetic procedures previously disclosed.12

Direct manipulation of the amide function resulted in a dimin-
ished MCH-R1 affinity: the removal of the carbonyl group (23,
IC50 = 636 nM) had a more evident effect than N-methylation (22,
IC50 = 109 nM). This underlines the hypothesis of the involvement
of the amide function in polar interactions with MCH-R1 (Fig. 2).
Scaffold hopping to pyrrolidine (25) and azetidine (26) yielded po-
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Scheme
tent MCH-R1 antagonists but no improvement in GTPcS IC50, when
compared to 11 or 12. Fascinatingly, despite the obvious 2D and 3D
similarities, introduction of 3-Aza-bicyclo[3.1.0]hex-6-ylamide
(27) displayed a marked reduction in activity, which cannot simply
be explained on the basis of ring flexibility alone. Modification of
the interatomic distance between the amide and amine functions
with 1,3-disubstituted cyclopentane (28) and cyclohexane (29) or
when the 4-substituted-piperidine was flipped (30) did not im-
prove MCH-R1 potency, as shown in Table 2. This is supported
by the results obtained via one carbon chain homologation (31–
34), affording IC50 values in the 169–313 nM range. Variation of
the central scaffold indicated that there seem to be specific geo-
metric constraints around the amide and amine groups of the pres-
ent lead series. This might be due to the occurrence of electrostatic
interactions with MCH-R1, which could be impaired by even the
subtlest structural modifications, as exemplified by the data pre-
sented in Table 1. According to the emerging SAR, we concluded
that a hydrogen bond acceptor (HBA) was beneficial to MCH-R1
potency, and we set to investigate alternative HBA functionalities,
in the form of heterocycle fragments. The purpose was to retain the
key HBA pharmacophore while reducing molecular flexibility, in
order to lock the bioactive conformation of the compounds and im-
prove their functional MCH-R1 antagonism. Compounds 35–40
were synthesized starting from commercially available building
blocks, according to Scheme 2. Their MCH-R1 binding properties
are outlined in Table 3.

Introduction of 5-substituted-imidazole, as a simple amide
group bioisoster, afforded a compound (35) with good MCH-R1 po-
tency (IC50 = 20 nM) but average functional activity (GTPcS IC50:
122 nM). This indicates that while incorporation of a HBA feature
via ring closure is tolerated in the binding pocket, there is no direct
gain in efficacy. Interestingly, the 2-substituted-imidazole isomer
36 resulted in approximately sixfold potency loss, suggesting that
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Table 4
Summary in vitro and in vivo data for 11 and 12

11 12

MCH-R1 GTPcS IC50
a (lM) 0.032 0.015

hERG IC50
b (lM) 0.56 0.49

Fu (% free) 1.2 3.2
HLM Clint (lL/min/mg) 38 21
Mouse Clint (iv)c (mL/min/kg) 41 34
Mouse T1/2 (iv)c (h) 6 8.3
Mouse Vss (iv)c (L/kg) 24 20
Mouse AUC (po) c (lM h) 11 1.2
Mouse T1/2 (po) c (h) 10 14
Mouse bioavailabilityc (%) 100 100

a Functional assay measuring [35S]GTPcS accumulation.
b Values are mean of at least two experiments. Patch clamp assay using ION-

WORKSTM technology in hERG-expressing CHO cells.
c Determined following oral administration of a 20 lM/kg nanosuspension dose

in C57BL female mice.

Table 3
In vitro MCH-R1 binding and functional data for 35–40
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a Values are mean of at least two experiments. Compounds competed with 125I-MCH for binding at the human MCH1 receptor (h-MCH-R1) expressed in the HEK293 cell
line.

b Values are mean of at least two experiments. Functional assay measuring [35S]GTPcS accumulation.
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the hydrogen bond interaction is indeed very susceptible to dis-
tance and directionality. This is supported by the data for the pyr-
azole (37) and isoxazole (38) derivatives, where the HBA atom is
located in exactly the same position as in 35. As a result, they dis-
played similar potency (IC50 = 37 and 25 nM, respectively) when
compared to 35, as shown in Table 3. Finally, cyclization of the
amide functionality to provide the imidazol-2-one core resulted
in a potent MCH-R1 antagonist (40, IC50 = 26 nM) but without
the desired improvement in functional activity (GTPcS
IC50 = 71 nM).

11 and 12 emerged as the most efficacious MCH-R1 antagonists
in this study, displaying GTPcS IC50 values of 32 and 15 nM, respec-
tively, as shown in Table 4. Moreover, the two compounds demon-
strated acceptable free fractions in human plasma and appeared to
be metabolically stable when tested in vitro in Human Liver Micro-
somes (HLM) preparations, as summarized in Table 4. Both 11 and
12 achieved high bioavailability following intravenous (iv) and oral
(po) administration of a 20 lM/kg dose in mice (Table 4). Unfortu-
nately, both derivatives were also found to be potent inhibitors of
the hERG potassium channel, as outlined in Table 4, and this has
represented a major hurdle for their subsequent development.

In summary, the optimization of the HTS hit 1 resulted in the
discovery of 1-phenyl-1H-pyrrol-3-yl-derivatives as novel and po-
tent MCH-R1 antagonists. Modification of the pyrrole and phenyl
rings, as well as the central amine scaffold, indicated stringent
electronic constraints in the MCH-R1 pocket. As a result of our
structural exploration, 11 and 12 were shown to be functional
MCH-R1 antagonists with favorable pharmacokinetic properties
but intolerable cardiovascular safety margins. The subsequent
hERG optimization efforts will be the subject of future publications
from our group.
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