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Antagonistas MCH-R1 como Potenciais Farmacos Anti-obesidade.
Estratégias de Design e Relagao Estrutura-atividade

Resumo: A obesidade é uma doenca cronica que é caracterizada por um acimulo de excesso
de tecido adiposo. Atualmente, existem alguns medicamentos seguros e eficazes para o
tratamento farmacoldgico da obesidade. Portanto, torna-se necessario o desenvolvimento de
novas drogas. Na ultima década, o alvo mais promissor para a obesidade foi o horménio
concentrador de melanina. Com isso, diversas industrias farmacéuticas desenvolveram
peptideos e pequenas moléculas como antagonistas MCH-R1, mas estes compostos
apresentaram problemas como afinidade para o canal hERG e perfil farmacocinético pobre.
Neste artigo, fizemos uma breve revisdo da concepc¢do da estratégia mais relevante e relages
da estrutura-atividade no desenvolvimento de carboxamida, ureias, quinolina e derivados
guinazolina como antagonistas MCH-R1.
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Abstract

Obesityisachronic disease thatis characterized by an accumulation of excess adipose tissue.
Actually, there are few safe and effective drugs for pharmacological treatment of obesity.
Therefore, it becomes necessary the development of new drugs. In the last decade, the most
promising target for obesity was melanin-concentrating hormone. Thereat, diverse
pharmaceutical companies developed peptides and small molecules as MCH-R1 antagonists,
but, these compounds had problems as affinity for hRERG channel and poor pharmacokinetic
profile. In this manuscript, we made a brief review of the most relevant strategy design and
structure-activity relationships in the development of carboxamide, ureas, quinoline, and
qguinazoline derivatives as MCH-R1 antagonists.
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1. Introduction

Obesity can be defined as a chronic
disease that is characterized by an excessive
accumulation of adipose tissue. Once adipose
tissue accumulates, a complex system of
overlapping neuro-endocrine responses
prevents it from diminishing." Obesity is
caused by an imbalance between energy
intake and expenditure, and is widely
recognized asthe largest and fastest growing
public health problem. Its prevalence was
first noted in adults, but this trend is also
affecting children and adolescents, and it is
predicted toincrease by 2025. Several factors

are responsible for overweight and obesity,
including genetic, metabolic, behavioral, and
environmental influence.??

Traditionally, adipose tissue was
consideredasaninertenergy depot, but now
evidence is clear that adipocytes have a
several different functions, closely controlled
by neural and hormonal mechanisms, so they
produce and release hormones and
mediators in an autocrine, paracrine and
endocrine manner.* Obesity constitutes a
pro-inflammatory state that eventually leads
to serious health consequences and it is
associated with an increased risk of
morbidity, death, accelerated agingand it has
been recently declared by the World Health
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Organization (WHO) as a global epidemy.”®
The major co-morbidities include type 2
diabetes, metabolicsyndrome, hypertension,
dyslipidemia, myocardial infarction, stroke,
some kinds of cancer, sleep apnea, and
osteoarthritis.” There is a strong relationship
between body mass index (BMI) and risk of
type 2 diabetes mellitus since both increase
insulin secretion andinsulin resistance result
from obesity.® Recent research has indicated
that many common cancers, such as those of
colon and kidney are also more prevalent
among overweight individuals. Additional
personal aspects like social acceptance,
quality of life, and career trajectories are all
compromised because of society
discrimination against the obesity.*®

1.1. Pharmacological approach

Since lifestyle changes in the form of
dieting and/or exercise per se do not
generally produce marked or sustainable
weight loss and long-term success rates in
the control of obesityinthe clinicare low, no
betterthan 10%, intervention treatments like
surgery and pharmacological are needed.™
Pharmacotherapy should be considered in
overweight and obese patients with a BMI
greater than 27 kg/m? particularly in the
presence of co-morbidities such as type 2
diabetes or hypertension or an increased
waist circumference, when conservative
measures such as behaviortherapy, diet, and
exercise have not resulted in the desired
weightloss.'* However, at the moment there
is not a single effective medication and the
ones that are currently used to promote
weight loss are recommended only in highly
selected patients on an individualized basis.

Amphetamine derivatives were the first
used as the earliest pharmacological agents
for weight loss. However, due to serious
adverse side effects they were discontinued.
Three drugs had been approved by the Food
and Drug Administration (FDA) for the
treatment of obesity: the dual serotonin-
norepinephrine reuptake inhibitor
sibutramine (Meridia® and Reductil®), lipase

Vo

inhibitor orlistat (Xenical® and Alli®) and
cannabinoid-1 (CB-1) receptor antagonist
rimonabant (Acomplia®). Furthermore,
recently sibutramine and rimonabant were
suspended from the market because of
cardiovascular side effects and psychiatric
problemsreported, respectively. Accordingly,
thereisa tremendous opportunity in the field
of drugdiscovery and development for drugs
in the treatment of obesity.

1.2. Drug targets for obesity

The hypothalamus, with its central
importance in the regulation of energy
homeostasis, has led to the discovery of
target neuropeptides and their receptors in
the search for weight loss therapies.”
Identified orexigenic molecules are: Agouti-
related peptide (AGRP), hypocretins, galanin,
noradrenaline, melanin-concentrating
hormone (MCH), neuropeptide Y (NPY). The
anorexigenicmolecules are the melanocortin,
tirotropin released hormone (TRH), cocaine-
and amphetamine-regulated transcript
(CART) and interleukin-1 beta, as well as
other molecules like oxytocin, urocortin,
glucagon-like peptide 1, serotonin, and
neurotensin. With all this, numerous other
targets for the development of anti-obesity
drugs had beenidentified within and outside
the central nervous system. Examplesinclude
the alpha melanocite stimulant receptor,
cannabinoid receptor (CB1); the 5-HT,C
receptor, and the receptor for melanin-
concentrating hormone (MCH-R1)."

2. Melanin-concentrating hormone
(MCH)

MCH is a nonadecapeptide, which was
characterized as a circular factor mediating
color change in teleost fish.”"° Initially, the
distribution of MCH in mammalian brains
suggested that it might be involved in
mediating "feeding behavior and energy
balance". These datawere confirmed wheniit
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was found that intracerebroventricular (ICV)
administration of 5 ug of MCH to rats led to a
rapid increase in chow consumption.'’ As an
orexigenicpeptide, MCH interacts with other
neuropeptides that influence feeding
behavioras NPY, neurotensin,among others.
Additional effects of MCH in vivo in mice are
stimulated waterintake independent of food
intake.™®"

MCH-R1 was identified simultaneously by
several groups, is a G-protein-coupled
receptor with 353 aminoacids.?*** MCH-R1 s
highly expressedinthe brain with a different
expressioninothertissues including muscle,
eye and adipose tissue.” To demonstrate the
importance of the receptor, MCH-R1 was
inactivated in mice by homologous
recombination.”**® Mice lacking functional
MCH-R1 and maintained on a regular chow
dietexhibited decreased fat mass, increased
activity and were surprisingly found to be
hyperphagic compared with their wildtype
(wt) littermates. When placed on a high-fat
diet, MCH-R1 deficient mice gained
significantly less weight, suggesting that
inactivation of MCH-R1 protected them from
diet-induced obesity (DIO). Similarly, specific
MCH-R1 antagonists produced comparable
effects.”®

Recently, results of Karlsson et al
supported an involvement of the MCH
systeminthe regulation of energy balance as
well as addiction-like behaviors such as
sucrose reward and seeking. Data show that
MCH-R1 antagonists decreased operant
responding forsucrose but not saccharin, and
reduced food intake more than sucrose,
suggesting that MCH system may play a
stronger role in caloric rather than reward
processes.”’

Additionally, a study showed that acute
central administration of the specific MCH-R1
antagonists TPl 1361-17 exerted potent
anxiolyticeffectsin two of the most common
and accepted anxiety behavioral. This
indicates thatits anxiolytic effects are caused
by blockade of MCH-R1 alone. These results
show that MCH-R1 is a viable target for the
development of novel anxiolytic drugs.”®
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On the other hand, MCH-R2 is 340
aminoacids long and its gene resides on the
long arm of chromosome 6.7°*° The overall
homology between the two MCH receptors is
quite low. They share only 38% identical
amino acids with the highest homologyinthe
transmembrane domains that form part of
the putative MCH-binding pocket. MCH-R2
does not appear to be present in many
species.’®  Whereby, the functional
importance of MCH-R2 is currently difficult to
assess without an appropriate animal model.

3. MCH-R1 Antagonists

3.1. Peptide derivatives

In the lastdecade, early reports regarding
the development of MCH-R1 antagonists
described peptidic compounds that
attenuated orexigeniceffects of the agonists.
In the beginning of the study of antagonist
peptides, Bednarek et al. determined
structural features of human MCH that are
crucial for interactions of this peptide
hormone with MCH receptors. On the other
hand, initially, Audinot et al. reported
peptide analogues of MCH with a K, of 0.1-
0.2 uM and later through a molecular study.
A potent and new MCH-R1 antagonist,
denominated S38151 with a K, of 4.3 nM was
described, which antagonizes food intake
wheninjected ICV in the rat.>*** Bednarek et
al. showed a peptide MCH-R1 antagonist with
a half maximal inhibitory concentration (1Csg)
of 14 nM and a K, of 0.9 nM.>* Nevertheless,
at the present time, efforts to research
peptide MCH-R1 antagonists are low.

3.2. Carboxamide derivatives

The first small molecule orally active and
selective MCH-R1 antagonist was
denominated T-226296 (Figure 1), which
presented an ICsy of 5.5 nM, for the human
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receptor. Oral administrationinratsata dose
of 30 mg/Kg of such compound produces a
complete suppression of food intake induced

o
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by the administration of MCH, which showed
a good passage through the blood-brain
barrier (BBB).*

T-226296

Figure 1. Compound T-226296, MCH-R1 antagonist

Initially, studies of molecular modeling of
first MCH-R1 antagonists T-226296 and
compounds of Argenta group, defined the
following characteristics as being essential to
MCH-R1 binding: positive nitrogen, hydrogen
acceptor group and the presence of one or
two hydrophobic subunits.>® Recently,
guantitative structure-activity relationship
(QSAR) information derived from
aproximately 300 benzamides compounds to
contruct pharmacophore models suggests
similar results of previous studies: a
hydrophobic and an aromatic moieties, a
hydrogen bond acceptor or donor and a
positive charged site.”’

On the other hand, a second small
molecule MCH-R1 antagonist was identified,

denominated SNAP-7941 (Figure 2), with a K,
of 0.3 nM. In early studies, Borowsky et al.
found that acute treatment with SNAP-7941
declined appetite in rats, and chronic
treatment caused a noticeable and
maintained reduction of weightin the same
model. Studies in vivo demonstrated that
SNAP-7941 was able to inhibit the effects of
the central administration of MCH and
showed effect on food intake. In DIO rats
SNAP-7941 produced an anorexigenic effect.
As a final point, SNAP-7941 produced chronic
blockade of MCH and a low initial reduction
of body weight that continued until the end
of treatment.*
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Figure 2. Compound SNAP-7941

Continued with the development of small
molecules as MCH-R1 antagonists, Witty et
al. discovered the compound SB-568849
(Figure 3) with a K; of 7.7 nM, which showed
good aqueous solubility, good BBB ratio and
a positive pharmacokinetic profile with high
oral bioavailability (80%) in rats.>® However,

analogous compound 1 (Figure 3) was
identified as a potent human ether-a-go-go-
related gene (hERG) K* channel blockerin an
in vitro patch-clamp study. This could be
explained by two common structural
elements: a positively charged group and at
least one distal aromatic/lipophilic region.
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Whereby Kasai et al. suggested five effective
methods for reducing the hERG K* channel
binding affinity: a) introduction of a bulky
and/or hydrophilic moiety near terminal
amine group; b) introduction of an sp* bond
on the assymetric carbon; c) removal of the
nitrogen atom from the quinoline core; d)
reversal of the amide bond from CONH to

Sh
F3C
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NHCO; e) replacement of the terminal
cyclopropylmethyl group with a bulkyl and
/or hydrophilic substituent. Following these
approaches, they found compound 2 (Figure
3), an orally bioavailable MCH-R1 antagonists
that showed excellent in vivo efficacy ina DIO
rat model while maintaining a safety profile
with respect to QTc prolongation.*
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Figure 3. Compounds SB-568849, 1 and 2, carboxamide derivatives as MCH-R1 antagonists

An alternative design strategy proposed
an incorporation of a thieno[3,2-d]pyrimidin-
4(3H)-one ring that served to lock the amide
conformation led to the discovery of
compound GW-3430 (Figure 4) with an ICs
of 9.3 nM. Structure-activity relationship
(SAR) showed that potency enhanced when
the para-biphenyl amide group was
substituted with para-

chlorophenylthienopyrimidinone. GW-3430is
a MCH-R1 antagonist orally active that
caused a significant and dose-dependent
weight loss of 13.3% in obese AKR mice over
a 12-day period at a dose of 3 mg/kg.
GlaxoSmithKline reported Phase | clinical
trials of thieno[3,2-d]pyrimidin-4(3H)-one
derivatives as MCH-R1 antagonist, but,
studies has been discontinued.*"*?

S N O/
e

GW-3430

Figure 4. Compound GW-3430, a MCH-R1 antagonist orally active

Following with SAR studies, Tavares et al.
established that the 4- and 6-position of the
thieno[3,2.d]pyrimidin moiety was potency
enhancing and suggested that analogues
must present basicsubstituentsand aneutral

hydroxyl on the heterocyclic subunit. Also,
they explored replacements of the quinoline
moiety for generating potent and selective
MCH-R1 antagonists. They found naphtalene
as well as other heterocyclic to be good
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substituents. These aromatic or heterocyclic
moieties require the same substituents (basic
nitrogen and hydroxyl group). One of the
bestiscompound 3 (Figure 5), which during a
21 day treatment of oral administration at 1,
3 and 10 mg/kg once daily caused a dose-
dependent weight loss of -1.1, -3.2 and -
11.8%, respectively. In the same study,
rimonabant caused -8.4% weight loss from
pre-treatment body weight values (48.6 £ 0.9
g, n= 33).* Recently, rimonabant was
discontinued from clinical use due increased
incidence of depression. However, studies
reported administration of rimonabant in

Cl 8
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combination with MCH-R1 antagonist SNAP-
94847. This combination produced a dose-
dependent reduction in food intake at the 2
and 24 h measurementintervals. In addition,
leads to a shift in markers of thermogenesis
in BAT and lipid metabolism in WAT in
directions consistent with reduced energy
expenditure and increased lipolysis;
produced a transient reduction in food
intake, significantly reduced the fat mass, and
adipocye cell size. Importantly, depression
caused by rimonabant was significantly
attenuated by MCH-R1 antagonist in the
forced swim test.*

Figure 5. Compound 3, a thieno[3,2.d]pyrimidine derivative as MCH-R1 antagonist

Later, a research group identified a new
class of thieno[3,2-d]pyrimidin-4(3H)-one
MCH-R1 antagonists with incorporation of
benzimidazole group on the
thienopyrimidinone ring (compound 4, Figure

6), and explored the SAR of these
compounds. Interestingly, results showed
how the regioisomeric substitution on the
benzimidazolering would affect both potency
and bioavailability.*
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Figure 6. Compound 4, a thieno[3,2.d]pyrimidine derivative

Initially, Huang et al. reported compounds
derived from aminoaryl substituted 3-
aminopyrrolidine as the central moiety and
biphenyl carboxamide group. One of the best

was compound 5 (Figure 7) with a K; of 2.3
nM, which had good oral bioavailability (32%)
and in vivo efficacyin rats (anorecticeffects).
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Figure 7. Compound 5, a substituted 3-aminopyrrolidine derivative

A serious problem from series of 3-
aminopyrrolidine derivatives was high
clearance in rats.*® Thus, modification of the
benzamide group in bicyclic derivatives
retaining a carbonyl group, was proposed as
an effective strategy for minimizing clearance
of the compounds.*” However, in the case of
the fused benzopyridazinones ring as
compound 6 (Figure 8), the improved
pharmacokinetics was also associated with
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some untoward partitioning of the
compound into tissues and very high brain
penetration.® Later, they showed a series of
substituted chromones (compound 7, Figure
8) with subnanomolar binding affinity and
66% oral bioavailability in rats. Interestingly,
they discovered that a methoxyl group at 4-
position on phenyl ring was apparently
responsible for the very rapid human liver
chromosome (HLM) clearance.”’

Figure 8. Compound 6 and 7, bicyclic derivatives with a carbonyl group

Schwarz et al. analyzed compound 8
(Figure 9), structurally similar to 3-
aminopyrrolidine,  differing only in
substitutions on the para position of the
phenyland pyrimidinonering with a chlorine
atom or a trifluoromethyl group with a K; of
7.3 +29nM and 1.1 £ 0.6 nM, respectively.
Interestingly, their abilities to inhibit Ca*
mobilization as a function of time were

FsC O

markedly influenced by the para-benzene
substitutions. Therefore, it was probable due
to the presence of either chlorine or
trifluromethyl introduces, both a steric bulk
substituent, as well as redistribution of
electron density. Results showed that steric
interference between the receptor and
substituted compounds was a key factor
influencing the inhibitory potential.®

Figure 9. Compound 8, a 3-aminopyrrolidine derivative
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Otherwise, Mendez-Andino et al.
discovered a novel class of potent MCH-R1
antagonists; their design was structure-based
on biphenyl carboxy group replacements
suggesting key pharmacophoric points (a
tertiary amine, anamide bond and a terminal
aromatic ring of the biphenyl group) for
biological activity.®” Compound 9 (Figure 10)
showed its potential as an effective orally
dosed MCH-R1 antagonist. Unfortunately,
compound 9 was compromised by its hERG
blockage activity, leading to an observed

Vo

dose-dependent increase in QT interval in
anesthetized dogs at serum concentrations
comparable to those obtained at efficacious
doses. Similar ketopiperazine derivative
(compound 10, Figure 10) did not promote
any weightlossinaDIO mouse study and the
researchers hypothesized that it had no in
vivo activity probably due to insufficient brain
exposure because the hydrophilic nature of
the compound could have contributed to its
inability to effectively cross the BBB.>

10

Figure 10. Compounds 9 and 10, ketopiperazine derivatives as MCH-R1 antagonists

Meyers et al. designed biphenyl
carboxamide derivatives with aminomethyl
tetrahydronaphthalene moiety as potent
MCH-R1 antagonists. Results showed that
compound 11 (Figure 11), with an ICs, of 1.8
UM, had potent hERG ion channel activity,
compromisingit.>’ Thus, its design is marked
by the introduction of nitrogen in the
terminal aromatic ring, what declined hERG
activity significantly. It was also incorporated

e

polarfunctionality proximalto tertiary amine
to reduce hERG binding.>® Unfortunately,
substitutions did not have as dramatic an
effect as in biphenyl substitutions, but
compounds did not bind to 5-HT, (related
with adverse effects as anxiety, mood and
others), suggesting that incorporation of
polar functionality proximal to the benzylic
tertiary amine helps to decrease 5-HT,c
activity.>

Figure 11. Compound 11, with aminomethyl tetrahydronaphthalene moiety

Later, Meyers et al. developed derivatives
of aminomethyl tetrahidronaphtphalene
ketopiperazine to discover compounds with
greater selectivity over hERG through
substitutions at the para-fluorophenyl and
benzylic tertiary amine. In addition, they
determined the relationship between amine

basicity and hERG activity and showed that
an imidazole analog was a more potent hERG
blockerdespite being less basic than tertiary
amine. Compound 12 (Figure 12) proved to
have the best profile, with MCH-R1 K; of 16
nM and hERG ICs, of 25 uM.55

Rev. VirtualQuim. |Vol 5| |No.6| |1156-1178|



LVa

Rivera, G. et al.

Figure 12. Compound 12, a tetrahidronaphtphalene ketopiperazine derivative

A research group disclosed the 5-
(pyridinin-1-yl)indazole (compound 13, Figure
13) as a potent MCH-R1 antagonist that
showed astatistically significant reduction in
body weight (2.8%) at 60 mg/Kg (qd) dose.
However, pharmacokinetic profile was
inconsistent. Therefore, they established as
design strategy to introduce a
conformacional constraint between the
indazole ring and the basic amine, finding
compound 13a (Figure 13) that showed a
highly significative reduction in body weight
(7.2%) at a once-daily 30 mg/Kg dose and
compound 13b (Figure 13) that induced a
slightly greater effect, producing a 9.1%
reduction in body weight after dosign at 30
mg/kg. Both resultsis favorably compared to

S
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compound 13.° A serious problem of MCH-
R1 antagonists is the cardiovascular risk.
Guzzo’s group continued with efforts on a
series of 5-(pyridinon-1-yl)indazoles as MCH-
R1 antagonists aiming a reduction in the
interaction with the hERG potassium channel.
They found that adjustments to a pendant
amine group could be used to attenuate
hERG binding. SAR studies indicated that
interaction with the hERG channel could be
reduced through the incorporation of a
hydroxyl group in a position B to the basic
amine (compound 13c, Figure 13).
Additionally, conversion of the hydroxyl
moiety to a methoxy group decreased or
eliminated the positive effect on hERG.”’
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Figure 13. Structure of 5-(pyridinin-1-yl)indazole derivatives as MCH-R1 antagonists

Kym et al. identified the MCH-R1
antagonists aminopiperidinecoumarin by
high throughput screening (HTS) with an ICs,

of 191 + 40 nM. SAR study rapidly identified
C6 substitution on coumarin as being critical
for improvement in MCH-R1 affinity and
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functional antagonism (efficient penetration
into the brain upon oral dosing at 10 mg/Kg).
Compound 14 (Figure 14) provided the best
combination of potent  functional
antagonism, metabolicstability and exposure
in the brain with an area under the curve
(AUC) of 4.17 pg.h/g with oral dosing at 10
mg/kg in DIO mice. The researchers also

Vo

observed cardiovascular toxicity at low
micromolar concentration in the
anesthetized dog assay raising significant
concern. Interestingly, the observed
cardiotoxicity was linked to the particular
structural chemotype and not to MCH-R1
activity.”®

A0

Cl N

(0]

14

Figure 14. Compound 14, shows cardiovascular toxicity

Further, optimization of coumarin
derivative led to the discovery of chromone-
2-carboxamide (compound 15, Figure 15)
which was orally efficacious in a DIO mouse
model, retaining a favorable cardiovascular
profile in rat and showing dramatic
improvement in effects on arterial pressure

in a dog cardiovascular model. In terms of
cardiovascular safety in rat, the chromone
amide has emerged as the best heterocycle
from a set of 4-aminopiperidines. However,
this analogue also led to prolongation of the
QT interval in dog.”

e
| H
° 15

Figure 15. Compound 15, a chromone-2-carboxamide derivative

Grey et al. discovered the compound 16
(Figure 16).°° SAR, showed that modifying the
biphenyl  carboxamide group, with
replacement of the phenyl ring with other
linkers, led to less potent analogs.
Introduction of a urea functional group to
replace the carboxamide group led to a
threefold drop in potency.®® Huang et al.
determined that ureas were a few folds less
potent than the similar amides; the
introduction of a thiophene replacement of
the phenyl ring produced the most potent
compounds. Notwithstanding, the same
group attempted to replace the phenyl ring
bondedtothe amide nitrogen with saturated

heterocycles, such as piperidine and
piperazine. The heterocyclic-substituted
derivatives resulted in very low or total loss
of receptor affinity. These results suggested
that the phenyl group is one of the key
interaction sites with MCH-R1, while the
arylcarboxamide could serve as a linker to
control the orientation of the phenyland as a
lipophilic site to interact with the receptor.
On the other side, a basic amine, was
required to give high potency, although
substitution on the basic amine was not
crucial for binding (compound 17, Figure
16).*° In addition, Grey et al. confirmed that
the stereochemistry of the pyrrolidine ring
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residing closer to the carboxamide group is
more critical for high affinity binding than the
analogous center. Forexample, compound 16
(Figure 16) showed functional activitywith an
ICso of 14 nM. Nevertheless, it was rapidly

FsC O
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metabolized in an in vitro HLM assay with an

intrinsic clearance of 50 mL/min/kg,

suggestingthatitwould be rapidly cleared in
. 60

vivo.

o N/CN\\{;\IQ/\/\@CI
|

17

Figure 16. Compounds 16 and 17

Previous urea derivatives MCH-R1
antagonists exhibited low metabolic stability
in an in vitro HLM assay and had only
moderate oral exposure in rat.*> Hudson et
al. identified two problems: significant
CYP2D6 inhibition and low  brain
penetration.”® Thus, Rowbotton et al.
explored particular changes around the
biarylcarboxamide moiety and showed

antagonists based on an N-methylated bis-
aminopyrrolidine urea, containing a5-phenyl-
2-thiophenecarboxamide group (compound
18, Figure 17) that display promising in vitro
metabolic stability profiles exhibiting good
stability in the HLM assay with no significant
inhibition of key CYP450 metabolizing
enzymes.*

\ ~
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Figure 17. Compound 18, a urea derivative

Palani et al. developed a series of urea
derivatives as MCH-R1 antagonists, through
screening identifying biaryl ureas as potent
antagonists forthe treatment of obesity. One
of its compounds was a potent MCH-R1
antagonist with a K; of 3.9 nM. SAR study
determined that N-methylation of the urea
resulted in a significant drop in affinity and
meta substitution at the distal ring of the
biaryl was preferred over the ortho and para
positions, and the cyano group was found to

be the best meta substituent. However, some
compounds exhibited potent 5-HT reuptake
transporter inhibition with a K; of 27+2 nM.
Since SAR studies of pyrrolidine analogues
resultedin the identification of compound 19
(Figure 18), which showed an excellent
profile in terms of MCH-R1 affinity and
selectivity over other neurotransmitter
receptorsinvolvedinfood intake with oral rat
plasma levels, including good brain levels
(579 ng/g) at 6 h.
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Figure 18. Compound 19, a urea derivative

Compound 19 showed excellent in vitro
and moderate in vivo activity, and was orally
efficacious when administered during 28 day
inrodentobesity model, showing a decrease
in food intake and weight gain beyond a
selectivedecreaseinfat massrelative to lean
mass. However, studies were discontinued
due to the presence of a highly mutagenic
Ames positive biarylaniline subunit.®

NC

Posteriorly, McBriar et al. explored
modification of the phenyl ring and
discovered a bicycloalkyl urea MCH-R1

antagonist (compound 20, Figure 19). They
mentioned that the trans isomer was much
more active than the cis isomer and
suggested a bycyclohexane moiety as a
successful aryl ring surrogate.®®

Figure 19. Compound 20, a urea derivative

Palani et al. reported adifferent approach
modifying the biaryl aniline moiety which
resultedinthe discovery of biaryl diamides as
potent MCH-R1 antagonists (compound 21,
Figure 20). It was proposed that the

considerable loss of activity with biaryl
methyleneseries could be due to changes in
the orientation of the biaryl as well as the
hydrogen binding interactions provided by
urea N-H with the receptor.®’
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Figure 20. Compound 21, a biaryl diamide as potent MCH-R1 antagonists

In  other study, Sasikumar et al
investigated the use of ureaisosteres, such as
aminobenzimidazoles, which share key
pharmacophores. They noted that all of the
new aminobenzimidazole compounds were
inactive in a similar MCH-R2 binding assay,
proposing high subtype selectivity. It was
made N-alkylation of benzimidazole nitrogen

and obtained substantially less active
compoundsindicating that the benzimidazole
N-H plays a key role in inhibitor binding to
the MCH-R1 receptor, and showed
compound 22 (Figure 21) with >80% receptor
occupancy in mouse at 6 h and some with
>50% receptor occupancy after 24 h.%®

CF3

Figure 21. Compound 22, a benzimidazole derivative

Ma et al. reported compounds derived
from biarylether as MCH-R1 antagonists.
Based on their results, several observations
were made: a tertiary amine was preferred
over a primary amine, the presence of a
tertiary amine is common to MCH-R1
antagonists and accounts for a key salt bridge
interaction with the receptor suggesting that

the urea N-H is involved in key hydrogen
bonding interaction with the MCH-R1
receptor. Ma et al discovered the
denominated AMGN-608450 (Figure 22),
which presentsan ICso 0f 1.0 nM, a half-life of
1.5 hours and a C, in the brain of 31.5
ng/g.69,70
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Figure 22. Compound AMGN-608450, a biarylether as MCH-R1 antagonists

Monge’s group made molecular modeling
and docking studies of two new urea
derivatives series of MCH-R1 antagonists.
Interestingly, they established the following
conclusions: a) the biphenylgroup bindsin an
aromatic cage formed by residues of
phenylalanine and tyrosine; b) the basic
amineisinvolvedinanionicinteraction with
Asp3.32; c) the flexibility of the chain joining
the two former scaffolds must be enough to
allow a good binding of both them; d) the
hydroxyl group and the urea hydrogen atom
present are predicted to bind residue
GIn5.42. In general, they suggest that the
presence of small polar group in the
antagonists capable of binding GIn5.42
and/or GIn6.55 appears to be important for
their activity as MCH-R1 antagonist.”*

A-224940

Vasudevan et al. discovered quinoline
scaffold for the development of MCH-R1
antagonists, they reported a compound
derived from 2-amino-8-alkoxy quinolines,
denominated A-224940 (Figure 23) with an
ICso of 91 nM. Their continuing efforts to
transform this compound into a potent and
orally active MCH-R1 antagonist suggest that
retainingthe basic nitrogen in the side chain
was found to have more efficient BBB
penetration and half-life parameters and
extending the aliphatic hydrophobic
substituent by one carbon tether is slightly
detrimental to MCH-R1 binding affinity.
Structural modulations of A-224940 allowed
them to obtain compound 23 (Figure 23),
that presented an ICs, 0f 3.0 nM and one AUC
in brain of 11 ng.hr/mL.”

Figure 23. Compounds A224940 and 23, 2-amino-8-alkoxy quinolones as MCH-R1 antagonists

Ulven et al. corroborated through docking
studies with potential ligands the need fora
hydrophobic side as observed in compound
T-226296. Studies suggested that Aspl23
interacts preferentially with the nitrogen of
the quinoline ring. They showed a 6-
acylamino-2-aminoquinoline (compound 24,
Figure 24) antagonist with an ICs,0f 1.9+ 0.4
nM, suggesting that the aromatic ring is

coplanar with the quinoline system. The
redundancy of the basic amine was also
noted by the Argenta Group, although they
found a piperidine analogue to be less
potent,”® corroborating the idea that the
electron donating property of the 2-amino
group is more important that any specific
direct interaction with the binding site.*’
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Figure 24. Compound 24, a 2-aminoquinoline derivative

Warshakoon et al. designedanovel series  was detrimental to activity. They also
of substituted quinoline analogs (compound  obtained potent MCH activity as well as
25, Figure 25) in disclosed MCH-R1 selectivity by placing polar, hydrogen bond
antagonists which contained a basic amine  acceptinggroups on the tertiary amine region
group and two aromatic groups joined by an  and if the hydrogen of the amide nitrogen
appropriate linker. In the aromatic region, was replaced with a methyl group, a
the biaryl compounds exhibited potent conformational restriction around amide
bindingtothe MCH-R1. Placinga heteroatom bond to interact with receptors in a
inthe innerbenzeneof the biaryl ringsystem  favourable fashion was obtained.”

\
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Figure 25. Compound 25, a quinolone derivative with carboxamide moiety on the left hand

Compounds derived from 2- for good activity, since the change to an
aminoquinolines were developed by Argenta  aliphatic group at the terminus produces a
Discovery. They showed compound 26 poorly active compound and a para
(Figure 26) with an ICsy of 55.0 nM. SAR  substituent in the terminal aromatic ring
studies showed that the methyl/ethyl switch  seems to be required for better potency.
at basic nitrogen did not significantly affect  Lipophilic substituents, such as a chlorine
activity and the methyl substitution in the  atom, seems to give better potency than the
linker of the amide had a detrimental effect.  more polar methoxy.**””

An aromaticgroup appeared to be necessary

26

Figure 26. Compound 26, a 2-aminoquinolines derivative
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A series of 4-(dimethylamino)quinazolines
was designed by Kanuma et al. as potent and
selectiveantagonists for MCH-R1 with an ICsq
of 100 nM. They identified compound AR-
129330 (Figure 27) by HTS of a G protein-
coupled receptor (GPCR)-directed library
using a functional assay with a constitutively
activated form of the receptor. Their results
indicated that both 4-amino-substitutions of
the quinazoline and the terminal phenyl
group are critical for MCH-R1 activity and
form two key parts of the MCH-R1

\N/

Vo

pharmacophore  with the trans-1,4-
cyclohexane serving as linker between the
two pharmacophoric groups. Changing the
relative orientation of the substituents across
the cyclohexyl ring of AR-129330 from trans
to cis provided a compound which resulted
with decreased activity. In addition, they
proposed that the length and
stereochemistry of the linker between the
phenyl ring and the quinoxaline group are
determining factors to affinity with MCH-
R1.”

CF;

~N
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O,

AR-129330

Figure 27. Compound AR-129330, a 4-(dimethylamino)quinazoline derivative

Kanuma et al, through a systematic
optimization of the linker, aromatic subunit
linked to the sulfonylamide of AR-129330,
identified compound ATC-0175 (Figure 28),
which displayed potent antagonist activity for
MCH-R1 with an ICso of 2.4 nM. Importantly,
the selectivity of ATC-0175 for the MCH-R1

over the Y5 and the a,s receptors
represented a significant improvement over
that of the initial AR-129330; it became clear
that sulfonamide derivatives, in general, had
a tendency to be less metabolically stable
than the amide and the amine derivatives in
rat and HLM assays.**

~, F
A o
H

ATC-0175

Figure 28. Compound ATC-0175, a quinazoline derivative

Later, efforts focused on finding the
optimal distance between the two regions of
the MCH-R1 pharmacophore in the cis-4-
aminomethylcyclohexyl amine derivatives,
suggesting that the distance of three atoms
was the optimal length from the cyclohexane
ring to the benzene ring. However,
enhancement of metabolic stability with

good MCH-R1 antagonist activity was only
possible by altering the position of the
nitrogen atom. This optimization led to the
discovery of compound ATC-0065 (Figure 29)
as a metabolically stable MCH-R1
antagonist.*?
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Figure 29. Compound ATC-0065, a quinazoline derivative

Recently, Sasmal et al., described a new
series of quinazoline derivated as MCH-R1
antagonists. Based in SAR studies they
reasoned that quinoline site could be
involved in the hERG interaction, that has
beenanissue forseveral chemotypes and by
modifying the basicity and introducing
additional nitrogen could improve hERG
liability as well as solubility by replacing the
quinoline with a quinazoline system.

0
OOQLN
H

FsC

However, some quinozalines derivatives
displayed considerably lower binding affinity
than the corresponding quinoline analog in
the SPA assay. In an extended SAR
exploration, they described compound 27
(Figure 30) with good metabolic stability and
reasonable stabilityin blood. Indeed, further
optimization are needed to optimized
compounds of this chemotype.”’

Figure 30. Compound 27, a new quinazoline derivative

Amgen utilizing a aequorin MCH-R1
cellular assay measuring the blockade of
intracellular Ca®* mobilization caused by
MCH, resulted in the identification of
compound 28 (Figure 31). Analog compound
29 (Figure 31) had the best potency with an
ICso of 0.5 nM in the MCH-R1 binding assay
and an ICsq of 6 nM in the MCH-R1 aequorin
assay. Pharmacokinetic profiles showed alow

clearance in humans. At 1 and 5 mg/kg of
compound 29, food intake was inhibited
almost completely. Additionally, animal
dosed with compound 29 showed no signs of
toxicity. In summary this compound has good
PK in several species and shows in vivo
efficacy in both MCH cannulated rat model
and the cynomologus monkey food
consumption model.”®
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Figure 31. Compounds 28 and 29, an indole derivatives

Efforts in recent years in development
MCH-R1 antagonists have been low, due to
insuitable PK profile and hERG binding
activity. Recently, new 2-aryl substituted
benzimidazoles derivatives, containing the
alkylpiperidinylphenyl acetamide group at
the 1-position, displayed highly potent
binding affinity to MCH-R1. Results of SAR
study determined that when the length of
the linker is increased from C3 to C4 and C5,
MCH-R1 binding affinity is decreased. In
addition, introduction of a chlorine atom at

Figure 32. Compound 30,

4. Conclusions

Obesity remains aserious health problem
all over the world, and at this time there are
no safe and efficient drugs for
pharmacological treatment. MCH antagonists
emerge as a promising alternative for obesity
treatment. However, results of diverse
research groups showed that MCH-R1
antagonists, described until now, can only
reach low concentrationsinbrainand plasma
inin vivo studies. Regarding receptor affinity,
aspects like stereochemistry, molecular
shape and basicity of the tertiary nitrogen all
seems to play important roles in the
molecular recognition by the receptor.®°

the para-aryl position and an acetanilide
group at meta-position leads to excellent
MCH-R1 binding (ICso= 1nM, compound 30,
Figure 32). Additionally, replacement of the
anilide group by small substituents such as
fluorine, methoxy and methyl resulted in a
drop in binding affinity. Theseresultsindicate
that the position and size of the anilide group
might be critical for binding to MCH-R1.
However, data concerning problems related
to hERG binding with this compound has not
been reported.”®

H
N\(
o)

a benzimidazole derivative

Additionally, important cardiovascular side
effects (binding to the hERG potassium
channel) have been recently observed in
some MCH-R1 antagonists. Furthermore,
designstrategiesstill need to circumvent the
hERG-binding, since this cause absorption,
distribution, metabolism, and excretion
limitations hindering the progression in the
research of these compounds. Currently, only
prodrug BMS-830216 has been tested in
randomized, double—bind, placebo controlled
trials.’” Therefore, some MCH-R1 antagonist
derivatives may be still a viable approach for
pharmacological treatment of obesity.
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