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Abstract—Melanin-concentrating hormone (MCH) is a cyclic 19 amino acid orexigenic neuropeptide. The action of MCH on feed-
ing is thought to involve the activation of its respective G protein-coupled receptor MCH-R1. Consequently, antagonists that block
MCH regulated MCH-R1 activity may provide a viable approach to the treatment of diet-induced obesity. This communication
reports the discovery of a novel MCH-R1 receptor antagonist, the biarylether 7, identified through high throughput screening.
The solid-phase synthesis and structure–activity relationship of related analogs is described.
� 2006 Elsevier Ltd. All rights reserved.
The prevalence of obesity and obesity related fatality is
on the increase in the industrialized world. Today in the
United States, nearly two-thirds of adults are obese or
overweight and the problem is anticipated to be a major
contributor to a potential decline in life expectancy in
the 21st century.1 Unfortunately, the usefulness of cur-
rently available drugs for the treatment of obesity has
proven disappointing, due in part to poor efficacy and
off-target side effects.2

Accordingly, the search for drugs and drug targets that
selectively modulate physiological systems directly in-
volved in feeding and metabolism has become a pressing
concern in the pharmaceutical sector. Several lines of
evidence have implicated the melanin-concentrating
hormone (MCH) system as a pivotal regulator of food
intake and energy homeostasis.3 First, both genetically
obese mice and mice that have been fasted display up-
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regulated levels of MCH precursor messenger RNA
in the lateral hypothalamus, a key area of the brain
regulating feeding behavior.4 Second, injection of the
MCH peptide itself directly into the brain is sufficient
to stimulate feeding in rats.5 Finally, knock-out mice
that lack MCH eat less and are lean, while transgenic
mice that overexpress MCH develop insulin resistance
and become obese.6,7

The MCH transmitter system includes at least two sub-
types of G protein-coupled receptors (GPCRs), desig-
nated MCH-R1 and MCH-R2.8,9 While the differential
role of these subtypes in neurophysiology and behavior
has not been defined, the evidence at hand suggests that
MCH-R1 plays a more prominent role in the regulation
of diet-induced obesity in humans.10–12 Several structur-
ally distinct MCH-R1 antagonists have been reported in
Figure 1 (113, 214, 315, 416, 517, 618,19, 720, and 821).

Recently, Schering-Plough reported urea 7 (Fig. 1)
exhibited a significant reduction in food intake and
weight gain, and significantly reduced cumulative food
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Figure 1. Reported MCH-R1 antagonists.
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Figure 2. Compound 9, screening hit from HT-SPA assay.
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intake by day 28 at 30 mg/kg, oral dosing in diet-in-
duced obese (DIO) mouse model. In addition, Abbott
reported urea 8 (Fig. 1) exhibited a significant reduction
in food intake and a significant cumulative reduction by
day 14 at 100 mg/kg, oral dosing in DIO mouse model.
Herein we report the structure–activity relationships
(SAR) and pharmacokinetic properties of biarylether-
containing MCH-R1 antagonists prepared by an effi-
cient solid-phase synthesis.

The Amgen corporate collection was evaluated in a
high-throughput scintillation proximity assay (HT-
SPA) for binding versus rat MCH-R1 at a single
10 lM dose. Validated hits were further screened for
binding to both human, and mouse MCH-R1.22 Select
compounds were assayed for functional activity using
a FLIPR� protocol measuring the MCH-R1 induced
mobilization of intracellular Ca2+.23 Several sub-micro-
molar compounds emerged from the screening and val-
idation process, including compound 9 (Fig. 2) with an
IC50 (rMCH-R1) = 250 ± 70 nM. Compound 9 possess-
es three readily modified groups, R1, R2, and R3 (struc-
ture 16, Scheme 1), amenable to rapid analoging via
solid-phase synthesis.

Solid-phase synthesis of the series is described generical-
ly in Scheme 1.24 Commercially available 4-formyl-3-
methoxyphenoxy-polystyrene resin (10) was reductively
aminated to introduce R3 (11). Acylation with 4-fluo-
ro-3-nitrobenzoic acid afforded 12, which upon treat-
ment with the desired phenol, thiophenol or aniline in
the presence of a base provided 13. Nitro group reduc-
tion with tin (II) chloride dihydrate gave the amine,
14, which was then converted to the amide, carbamate
or urea (15). Cleavage from the resin with trifluoroacetic
acid followed by purification by silica gel chromatogra-
phy provided the desired products (16). Unless other-
wise noted, purity of compounds 17–39 was >95% as
determined by reversed-phase HPLC.

The in vitro IC50 data from the SPA assay at rat, hu-
man, and mouse MCH receptor-1 (rMCH-R1, hMCH-
R1, and mMCH-R1, respectively) for compounds
17-33 compared to compound 9 are given in Table 1.
Unless otherwise noted, IC50 values are the average of
at least two separate experiments and are reported with
the standard error of the mean (SEM).

Based on the results from Table 1, several observations
were made. For example, a tertiary amine (e.g., 9) was
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preferred over a primary amine (e.g., 17) at the terminus
of R3. The presence of a tertiary amine is common to
MCH-R1 antagonists and accounts for a key salt bridge
interaction with the receptor.25 Replacement of the oxy-
gen linker at R1 with either sulfur (e.g., 18) or nitrogen
(e.g., 19) resulted in a significant reduction in potency.
Replacement of 3,4-dimethyl phenyl at R1 with naphthyl
had little impact on activity (compare compound 9 with
20). Note that the biaryl ether motif is common to multi-
ple GPCR receptor ligands.26,27 Activity was not
impacted significantly when the phenethyl amide at R2

was replaced with a trans-cinnamide (compound 9 vs.
21). The trans-cyclopropane (22) was also tolerated.
Truncation of the phenethyl at R2 to benzyl, ethyl,
and methyl (compounds 23, 24, and 25, respectively)
resulted in a reduction in activity. While the phenyl car-
bamate (26) was less active than screening hit 9, the
analogous phenyl urea (27) showed an improvement in
potency up to 100-fold. Compound 27 possessed single
digit nM activities for all 3 receptor types (rat, human,
and mouse). Further examination of the ureas showed
that the N-methyl (28) and pyridyl (29) analogs suffered
from a significant reduction in activity. The reduction in
potency going from phenyl urea 27 to phenyl carbamate
26, N-methyl phenyl urea 28 or 2-aminopyridyl urea 29
suggests that the urea NH is involved in a key hydrogen-
bonding interaction with the receptor. Certain substitu-
ents on the urea phenyl, for example ortho-chloro (30),
and para-bromo (31), were tolerated and resulted in
low nanomolar potency for all three species. More bulky
substituents such as para-phenyl (32) and para-phenyl-
oxy (33) caused a decrease in potency relative to 27.
Compound 27 was further profiled in vitro and a sum-
mary of the potency and functional activity for the three
species is given in Table 2. Compound 27 was potent in
the functional assay (FLIPR� Ca2+ release: Ki (hMCH-
R1) = 13 ± 5 nM; Ki (rMCH-R1) = 13 ± 5 nM; Ki

(mMCH-R1) = 14 ± 4 nM). Mechanisms of ligand
interaction with MCH-R1 as determined by Schild
analysis28 showed that compound 27 was a reversible,
competitive antagonist (pA2 = 8; equivalent to
Kd = 10 nM).

The pharmacokinetic profile of compound 27 was then
examined. A high rate of clearance was observed in vitro
in rat liver microsomes (RLM CL = 703 lL/min/mg)29

and, consistent with this result, the compound was
cleared very rapidly in vivo (iv 2 mg/kg in Sprague–
Dawley rats; CL = >10,000 mL/kg/h; t1/2 = 0.7 h).30 In
addition, brain penetration in rats was limited, with
30 min peak levels of less than 40 ng/g (based on whole
brain homogenate), raising concerns that sufficient
exposure would not be achieved when dosing iv in the
efficacy model. Phase I metabolite identification studies
in rat liver microsomes suggested multiple sites of oxida-
tion (Fig. 3) based on mass fragments observed by LC/
MS/MS. A series of closely related analogs was designed
to prevent metabolic oxidation (Table 3). Low nanomo-
lar potency was maintained and a clear trend was ob-
served in the microsomal clearance data, confirming
that the methyl groups on R1 and aryl meta-position
on R2 are major sites of phase I metabolism. Introduc-
ing a single fluorine to the aromatic ring in the
meta-position at R2 (compare compound 27 to 34)



Table 1. Inhibition (IC50) of MCH binding to rat, human, and mouse MCH-R1 in the SPA assay

R1

HN R2

N
H

O
R3

O

Compound R1 R2 R3 IC50 rMCH-R1 (nM) IC50 hMCH-R1 (nM) IC50 mMCH-R1 (nM)

9
O

N 250 ± 70.0 330 ± 160 610 ± 130

17
O

NH2 >1000 >1000 >1000

18a

S
N >1000 >1000 >1000

19b

N
H

N >1000 >1000 >1000

20
O

N 540 ± 230 380 ± 160 340 ± 10.0

21
O

N 170 ± 60.0 540 ± 230 230 ± 120

22
O H

H

N 320 ± 160 170 ± 70.0 n.d.c

23
O

N >1000 >1000 >1000

24
O

CH3 >1000 >1000 >1000

25
O

CH3 N >1000 >1000 >1000

26d

O

O
N >1000 >1000 >1000

27
O

H
N

N 3.00 ± 1.00 7.00 ± 3.00 5.00 ± 2.00

28
O

N
CH3

N >1000 >1000 >1000

29
O

H
N N

N >1000 >1000 >1000

30
O

H
N

Cl

N 14.0 ± 5.00 15.0 ± 4.00 7.00 ± 1.00

31
O

H
N

Br

N 5.00 ± 1.00 11.0 ± 6.00 28.0 ± 9.00

32
O

H
N

Ph

N 260 ± 80.0 140 ± 50.0 400 ± 70.0

33
O

H
N

OPh

N 610 ± 150 340 ± 100 460 ± 60.0

a LC purity = 93% (215 nm); 92% (254 nm).
b LC purity = 85% (215 nm); 85% (254 nm).
c n.d. = not determined.
d LC purity = 92% (215 nm); 92% (254 nm).
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Table 2. Compound 27 in vitro binding potency versus functional activity

HN
H
N

N
H

O

O

N

O

Assay rMCH-R1 hMCH-R1 mMCH-R1

SPA (binding, Ki) 2.00 ± 0.67 nM 4.70 ± 2.00 nM 3.30 ± 1.30 nM

FLPR� (functional, Ki) 13.0 ± 5.00 nM 13.0 ± 5.00 nM 14.0 ± 4.00 nM
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Figure 3. Sites of phase I metabolism of compound 27.29
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reduced microsomal clearance over two-fold (RLM
CL = 264 lL/min/mg for 34 vs. 703 lL/min/mg for 27).
Less of an impact on clearance was observed for the
analogous mono-methylated analogs 35 and 36 (RLM
CL = 469 and 692 lL/min/mg, respectively). Replacing
one or both of the methyl groups in 34 with fluorine
(e.g., 37 and 38) was tolerated in terms of potency, but
Table 3. In vitro potency and rat liver microsomal (RLM) clearance for com

R1

HN R2

N
H

O

O

Compound R1 R2 IC50 rMCH-R

27
O

H
N

3.00 ± 1.00

34
O

H
N F

3.00 ± 1.00

35
O

H
N F

7.00 ± 0.10

36
O

H
N F

33.0 ± 19.0

37
F

O

H
N F

6.00 ± 3.00

38
F

F O

H
N F

28.0 ± 9.00

39
F O

H
N F

40.0 ± 26.0

a IC50 value based on n = 1 experiment.
did not result in a significant improvement in clearance
over 34. Compound 39, possessing a single fluorine in
the meta-position of each of the aromatic rings (R1

and R2), had the lowest in vitro clearance of the series
(RLM CL = 196 lL/min/mg) and was further profiled
in vivo.

Upon iv dosing in the rat (Table 4), compound 39
showed an improvement over compound 27 in terminal
half-life (3.9 h), clearance (5600 mL/kg/h), and volume
of distribution (23000 mL/kg). Brain levels, however, re-
mained low (46 ng/g at 30 min, based on whole brain
homogenate). When dosed orally (30 mg/kg in 1%
HPMC/1% Tween 80), with plasma and brain levels
monitored over eight hours, compound 39 was below
the limit of quantification.

In summary, the collective data for this novel series of
MCH-R1 antagonists suggest that, although possessing
pound 27 compared to compounds 34–39

N

1 (nM) IC50 hMCH-R1 (nM) RLM CL (lL/min/mg)

7.00 ± 3.00 703

2.00 ± 1.00 264

2.00 ± 1.00 469

2.00 ± 0.50 692

0.10a 258

1.40a 393

9.00 ± 5.00 196



Table 4. Comparison of pharmacokinetic profile for compounds 27 and 39

Compound In vitro RLM CL (lL/min/mg) In vivo CLa (mL/kg/h) t1/2 (h) Vss (mL/kg) Brain levelsb (ng/g)

27 703.00 >10000 0.7000 9800.0 31.000

39 196.00 5600.0 3.9000 23000 46.000

a 2 mg/kg in DMSO dosed in male Sprague–Dawley rats.
b Based on brain homogenate taken at 0.5 h post-dose.
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both excellent in vitro binding and functional activity,
these compounds suffer from high clearance and poor
blood–brain barrier penetration. Sites of metabolism
were identified and blocked to reduce clearance rates.
Current efforts are focused on achieving sufficient expo-
sure for in vivo efficacy studies.
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resin 14 (1.1 mmol/g loading, 100 mg, 0.11 mmol), phenyl
isocyanate (1.1 mmol, Aldrich), and 1:1 pyridine: dichloro-
methane (5 mL, Aldrich). The resulting mixture was shaken
overnight at room temperature. The resin was washed with
dichloromethane (2·) to afford 15; (vi) A solution of 30%
trifluoroacetic acid (Aldrich) in dichloromethane (10 mL)
was added to the washed resin and the resulting mixture was
shaken for 45 min at room temperature. The resin was
filtered and washed with dichloromethane (2·). The com-
bined filtrate was concentrated in vacuo and the residue was
purified by silica gel flash chromatography eluting with 30%
MeOH/EtOAc to afford compound 27. 1H NMR
(400 MHz, MeOH-d4): d 1.38 (m, 2H), 2.01 (m, 3H), 2.27
(s, 6H), 3.16 (m, 5H), 3.68 (t, J = 6.44 Hz, 2H), 6.78 (d,
J = 8.55 Hz, 1H), 6.82 (dd, J = 8.28, 2.40 Hz, 1H), 6.91 (br
s, 1H), 7.03 (t, J = 7.14 Hz, 1H), 7.19 (d, J = 8.04 Hz, 1H),
7.29 (t, J = 8.04 Hz, 2H), 7.45 (m, 3H), 8.71 (d, J = 2.4 Hz,
1H). 13C NMR (400 MHz, MeOH-d4): d 17.74, 18.58, 22.67,
37.03, 54.06, 54.78, 115.57, 116.57, 118.75, 118.93, 120.42,
121.77, 122.54, 128.22, 128.52, 129.89, 130.59, 132.81,
138.49,139.04, 149.79, 153.54, 153.59, 168.97. MS (ESI
pos. ion) m/z = 473 [M+H]+. Anal. Calcd for
C28H32N4O3Æ0.15CF3CO2HÆ 2.0H2O: C, 64.66; H, 6.93; N,
10.66; F, 1.63. Found: C, 64.89; H, 6.79; N, 10.47; F, 1.71.
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Chem. 2004, 47, 3962.

26. Freidinger, R. M. Curr. Opin. Chem. Biol. 1999, 3, 395.
27. Mason, J. S.; Morize, I.; Menard, P. R.; Cheney, D. L.;

Labaudiniere, R.; Hulme, C. J. Med. Chem. 1999, 42,
3251.

28. Schild experiments were conducted on the FLIPR� for
selected compounds by co-administering antagonist com-
pounds together with MC peptide. Several fixed concen-
trations of antagonist compounds were prepared in 10-
fold increments and presented to the cells in a gradient of
increasing MCH concentration. Values for pA2 were
calculated by linear regression of MCH EC50s as a
function of antagonist concentration.

29. In vitro metabolic stability was examined by incubating test
compound (1 lM) in rat liver microsomes (0.1 mg/mL) and
cofactor NADPH (1 mM) for 0 and 10 min. In addition,
incubation without NADPH for 10 min was used to
monitor the non-NADPH-dependent degradation. To stop
the reaction, equal volume of cold acetonitrile containing
internal standard was added to incubate. After vortex and
centrifugation at 14000 rpm for 10 min, supernatant was
analyzed by LC/MS. The remaining of the test compound
was determined by comparing the ratio of the MS response
of test compound/internal standard in the 10 min incubates
with the presence of NADPH to that in the 0 min incubates.
The in vitro intrinsic clearance was calculated based on the
rate of metabolism normalized with microsomal protein
and incubation time, expressed as lL/min/mg.

30. Male Sprague–Dawley rats (weight range 225–280 g)
with surgically implanted femoral vein and jugular vein
cannulae were obtained from Hilltop Lab Animals Inc.
(Scottsdale, PA). Animals were fasted overnight and the
following day compounds were administered either by
oral gavage or by intravenous bolus injection. Oral
formulations were prepared 24–48 h prior to dosing
while intravenous formulations were prepared on the
day of dosing. Blood samples were collected over 8 h via
jugular cannula into a heparinized tube. Following
centrifugation, plasma samples were stored in a freezer
to maintain �70 �C until analysis. Lithium heparinized
plasma samples (40 lL) were precipitated with acetoni-
trile containing an internal standard. The supernatant
was analyzed by reverse-phase (C-18) LC–MS/MS with
atmospheric pressure chemical ionization (APCI) and a
Sciex API3000 triple quadrupole mass detector operated
in the multiple reaction monitoring (MRM) mode.
Study sample concentrations were determined from a
weighted (1/x2) linear regression of peak area ratios
(analyte peak area/IS peak area) versus the theoretical
concentrations of the calibration standards. Pharmaco-
kinetic parameters were calculated by non-compartmen-
tal methods using WinNonLin (Pharsight Corporation,
Mountainview, CA).
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