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Abstract—We have identified a novel series of potent MCH-R1 antagonists based on L-arginine. As predicted by computational
methods, there was an activity dependence on the m-electronic character of the aromatic systems corresponding to the amino-
terminus of these molecules. These results have enhanced our understanding of the MCH-R1 receptor and the potential for a

predictive homology model.
© 2006 Elsevier Ltd. All rights reserved.

Estimates suggest that over 30% of the US adult popu-
lation is overweight and that obesity-related health care
cost is in the range of $100 billion per year.! Obesity has
become a major health concern worldwide since many
countries are also experiencing increases in obese popu-
lation. These trends have led to an increased number of
drug discovery programs directed to find anti-obesity
therapies.?

The G-protein-coupled melanin-concentrating hormone
receptor 1 (MCH-R1) has received significant attention
in recent years as a potential target for effective anti-
obesity therapies.? It has been suggested that CNS-locat-
ed MCH-RI1 is involved in biological processes related
to mammal feeding behaviors and energy expenditure.*
Small molecule MCH-R1 antagonists are being heavily
pursued by many laboratories trying to find an effective
drug-molecule for the treatment of obesity.>

Aided by molecular modeling studies of various truncat-
ed analogs of the natural ligand peptide for human
MCH-R1, we identified arginine-based peptidomimetics
1 and 2 as potent MCH-R 1 antagonists in the early stag-
es of our research efforts.® Subsequently, SAR studies
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focused on variations at the amino-terminus, carboxy
terminus, and the guanidine group were performed to
identify the key pharmacophore contact points leading
to MCH-R1 antagonist activity. The work presented
herein focuses on the optimization of the amino-termi-
nus of these arginine-based MCH-R1 antagonists
(Fig. 1).7

Optimization of the amino-terminus requires an under-
standing of its role in MCH-R1 binding and function.”
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Figure 1. MCH-R1 antagonists based on an arginine scaffold.
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Simple structural changes around this region, as exem-
plified in compounds 3 and 4, led to a significant loss
in biological activity. We initially hypothesized that
the interaction was hydrophobic in nature, but our re-
sults did not support that assumption and demanded
an alternative explanation.

To help generate new hypotheses, further docking
experiments were performed in our homology model
of the MCH-R1 receptor. The model of the receptor
was built using the known human MCH-R1 receptor
amino acid sequence (SWISS_PROT Primary Accession
No. Q96S47) mapped onto the crystal structure of rho-
dopsin.® Details of the construction are presented else-
where.®®> The model was subsequently refined using
inhouse and published site-directed mutagenesis stud-
ies,!? as well as SAR data generated in our laboratories.
Individual ligands were then docked manually and ener-
gy minimized (SYBYL Version 6.7. Tripos: St. Louis,
MO, USA) within the putative binding site of the recep-
tor located between transmembrane helices (TMH) 3, 5,
6, and 7. At the bottom of this site lies Asp 123 (TMH3)
which has been shown to be essential for cationic ago-
nist and antagonist binding at homologous GPCRs.!!
For the antagonist-receptor complex, the charge-rein-
forced H-bond between the protonated nitrogen atom
of the ligand and the carboxyl of Asp 123 was a required
interaction for docked poses to be considered further.
Upon docking of the arginine-based compound 1
(Fig. 2), our model suggests that two arginine residues,
Argl97 (extra-cellular loop 2) and Arg284 (TMHO6),
are key components of the binding site where the aro-
matic groups putatively interact.

It has been suggested in the literature that the guanidine
unit of an arginine can engage in strong cation—m inter-
actions with electron-rich aromatic functionalities in
aqueous environments.!? It is worth pointing out that
our MCH-R1 model predicts that this interaction occurs
on the extra-cellular side of the receptor. This informa-
tion, along with careful analysis of our SAR data, led us

Figure 2. Bound conformation of compound 1 in the h-MCH-R1
model.

to hypothesize that the delocalized n-electron-rich xan-
thene and fluorene groups in 1 and 2 were key for
MCH-R1 antagonist activity and that they were partic-
ipating in cation—= interaction with arginine residues of
the receptor. Based on our model, the cation—= interac-
tion only occurs over one of the phenyl rings of the sym-
metric xanthene unit while the additional phenyl ring is
only necessary to achieve the required spatial arrange-
ment and electronic properties of the aromatic ring
system.

In order to test this hypothesis, we focused our efforts on
finding replacements for the xanthene and fluorene
groups based on cation—r interaction theory. Further-
more, we aimed at producing effective MCH-R1 antag-
onists with lower molecular weight and/or solubility
properties suitable for in vivo dosing. We therefore envi-
sioned that a heterocyclic electron-rich naphthalene
analog could mimic the electronic properties of the xan-
thene and fluorene rings while also reducing the molec-
ular weight and potentially improving aqueous
solubility.

The magnitude of the cation—r interaction depends on
distance, orientation, and is directly proportional to
the delocalization of = electrons (aromaticity).' The or-
der of aromaticity for heteroatomic naphthalene analogs
on the basis of the electronegativity of heteroatoms is as
follows: benzothiophene > indole > benzofuran.'* How-
ever, it is well known that indoles display great cation—
n-stacking capabilities in combination with the ability of
the NH bond to engage in additional H-bonding
interactions.!3¢-d

In order to understand, the activity dependence on the
n-electronic character of the aromatic systems, we iden-
tified a series of m-excessive and n-deficient naphthalene
analogs. Isoquinolines and quinolines are a common
example of m-deficient naphthalene analogs, while ben-
zofurans, benzothiophenes, and indoles represent m-aex-
cessive naphthalene analogs.'* Spatial arrangements
based on substitution patterns were part of our survey
as well. Based on these criteria, a series of compounds
containing naphthalene-analog units were prepared
(Table 1).

The compounds needed for our study were easily acces-
sible by a four-step synthetic route from readily avail-
able starting materials (Scheme 1).!> The synthesis
initiated with the coupling of the rL-arginine derivative
5 with 4-trifluoromethylbenzylamine followed by cleav-
age of the ¢-butylcarbamate protecting group. The
resulting primary amine was coupled to the correspond-
ing naphthoic acid analog followed by the deprotection
of the guanidine functionality to yield the desired com-
pounds 7.

As predicted, the 7 electron-excessive series produced the
more potent compounds, whereas, the n-deficient series
primarily led to less potent antagonists (Table 1).!° The
indole analog 7a was one of the most active compounds.
It was suggested by our model (Fig. 3) to form n—cation
interactions with both arginines in addition to forming a
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Table 1. SAR studies:'® examples of naphthalene analogs and electronic properties
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Scheme 1. Reagents and conditions: (a) 4-trifluoromethylbenzylamine, EDCI, HOBT, NMM, DMF; (b) TFA/CH,Cl, (1:1); (c) ArCOOH, EDCI,

HOBT, NMM, DMF; (d) 5% Pd/BaSO,4, H,, AcOH/MeOH (1:4).

hydrophobic interaction with F289. It is worth noting
that arginines are known to participate in m—cation inter-
action in two limiting geometries: T-shaped and paral-
lel.!3¢ Both of these geometries are illustrated with the
docked poses of compounds 1 and 7a (Fig. 3). The indole
compound 7a not only offers a good biological activity,
but it also has a lower molecular weight than the bench-
marks 2 and 3. Furthermore, its significantly improved
aqueous solubility (433 pg/mL) over both prior analogs
(7-14 pg/mL) made it readily formulable for subsequent
in vivo studies.

It is interesting to note that upon docking of compound
7r, the naphthyl ring positioned itself off-the-plane of
the limiting geometries to form optimal n—cation inter-
actions with the arginines, hence suggesting poor mimics
of either system 1 or 7a. The addition of a methylene
linker (as in 7n) satisfactorily positioned the ring system

to mimic compound 1. Synthesis and subsequent testing
of these compounds showed a 10-fold increase in func-
tional activity for 7n compared to 7r. Although there
was no improvement over compound 1, the correct pre-
diction of the relative functional activity of these two
compounds infers a certain degree of reliability of our
model.

We report here the design, modeling, and synthesis of
novel, effective MCH-R1 antagonists based on an argi-
nine scaffold. In these systems, the indole unit (7a)
proved to be an effective replacement for the xanthene
and fluorene groups displaying similar biological activi-
ty, but improved aqueous solubility over 1 and 2. This
work, which was led by m—cation interaction theory aid-
ed by docking experiments within a putative receptor
binding model, suggests that rational design employing
in silico approaches contributes to efficient optimization
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Figure 3. Bound conformation of 1 (magenta) and 7a (green) in the
MCH-R1 model.

of in vitro active series. Further optimization will be
pursued, including the addition of new contact residues
within the pharmacophore, the modeling of explicit sol-
vent on the extra-cellular side of the receptor and the
exploration of alternative binding orientation.
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