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ABSTRACT

Substituted 2-cyclohexyl-4-phenyl-1H-imidazole derivatives capable of modulating
NPYS5 receptor activity, are provided. Such compounds may be used to modulate NPY binding
to NPY'5 receptors in vivo or in vitro, and are particularly useful in the treatment of a variety of
disorders (e.g., eating disorders such as obesity or bulimia, psychiatric disorders, diabetes and
cardiovascular disorders such as hypertension) in humans, domesticated companion animals and
livestock animals. Pharmaceutical compositions and methods for treating such disorders are

provided, as are methods for using such compounds for detecting NPY5 receptors.
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CASE: PC 23254 NO1.2000P

Substituted 2-Cyclohexyl-4-Phenyi-1H-Imidazole Derivatives

Kield of the invention
This invention relates generally to substituted 2-cyclohexyl-4-phenyl-1H-1imidazole
derivatives that are modulators of mammalian neuropeptide Ys (NPYS) receptors, and to the
use of such compounds for treating a variety of physiological disorders associated with NPY5
receptor activation, such as feeding disorders, psychiatric disorders and cardiovascular
diseases. The invention further relates to the use such compounds as probes for the detection

and localization of NPYS receptors.

Background of the invention
Neuropeptide Y (NPY) is a 36 amino acid peptide that mediates a variety of physiological

effects in humans and other mammals. This peptide was first 1solated by Tatemoto et al.
(Nature (1982) 296:659) and subsequently found to be largely conserved across mammalian
species. It belongs to a large family of peptides that includes, among others, peptide YY
(PYY) and pancreatic peptide (PP). NPY is the most abundant peptide 1n the mammalian
brain, and is also present in sympathetic neurons. In addition, NPY-containing fibers have
been found in peripheral tissues, such as around the arteries in the heart, the respiratory tract,

the gastrointestinal tract and the genitourinary tract.

Central injection of NPY elicits a multitude of physiological responses, such as stimulation of
feeding, increase in fat storage, elevation of blood sugar and insulin, anxiolytic behaviors,
reduction in locomotor activity, hormone release, increase in blood pressure, reduction 1n
body temperature and catalepsy. In the cardiovascular system, NPY appears to be involved
in the regulation of coronary tone. These effects are selectively mediated by various NPY
receptors, which currently include the Y, Y3, Y3, Y4, Ys and Y¢ subtypes, as well as the

hypothetical Y. subtype (e.g., Wahlestedt and Reis (1993) Ann. Rev. Pharmacol. Toxicol.
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33:309; Gehlert and Hipskind (1995) Curr. Pharm. Design, 1:295; Michel et al. (1998)
Pharmacol. Rev. 50:143).

The Y5 receptor subtype (e.g., U.S. Patent No. 5,602,024) appears to be involved in appetite
regulation, including the modulation of food intake and energy expenditure. In addition,
studies of seizure-prone mice have suggested that the NPYs receptor may have an anti-
epileptic activity in the control of limbic seizures. NPYs-like receptors have also been
implicated in attenuation of morphine withdrawal symptoms, enhancement of diuresis and
natriuresis, lowering of blood glucose, inhibition of luteinizing hormone secretion, and
reduction of acetylcholine release in the ileum. See, for example, Hu et al.(1996) J. Biol.
Chem., 271:26315-19; Gerald et al.(1996) Nature, 382:168-71; Blomquist et al. (1997) TINS,
20: 294-98.

Selective peptide agonists and antagonists have been 1dentified for most of the NPY receptor
subtypes. Peptides, however, generally have serious shortcomings for therapeutic use
including, poor metabolic stability, low oral bioavailability and poor brain permeability. To
date, few non-peptide antagonists have been reported. WO 01/44201 describes certain
substituted imidazole NPY receptor antagonists, but additional antagonists with improved
properties are needed as therapeutic agents for the treatment of physiological disorders
associated with NPYS receptor activation, such as feeding disorders (e.g., obesity and
bulemia), psychiatric disorders, diabetes and cardiovascular diseases (such as hypertension).

The present invention fulfills this need, and provides further related advantages.

Summary of the Invention
The present invention provides NPYJ receptor modulators that inhibit or enhance NPY

binding to NPY5 receptor. Such modulators generally comprise a substituted 2-cyclohexyl-

4-phenyl-1H-imidazole derivative characterized by the formula:
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Formula |

or a pharmaceutically acceptable salt thereof. Within Formula I, R, represents (within certain
embodiments) hydrogen, C,-Cg alkyl, C,-Cg alkenyl, C;-Cg alkynyl, C;-Cg alkoxy, C;-Cg
alkylthio, halo(C,-Cg)alkyl, halo(C;-Cg)alkoxy, hydroxy(C;-Cg)alkyl, hydroxy(C,-Cs)alkoxy,
mono or di(C,;-Cg)alkyl amino, C;-Cg alkanoyl, C,-Cg alkoxycarbonyl, C,-Cg alkanoyloxy,
C,-Cg carbonate, C;-Cg carbamate, -COOH, —-SO,NH,, mono or dialkylsulfonamido,

~C(O)NH; or mono or di(C,-Cg)alkylcarboxamido; within other embodiments, R; is taken
together with an R, substituent (preferably in an ortho position) to represent a 5- to 7-member
carbocyclic or heterocyclic ring that ts fused to the phenyl and 1imidazole nngs of formula I.

R; 1s preferably hydrogen, C,-Cg alkyl or a group that, taken with R;, forms a six-membered

ring.

R, of Formula I represents 0 to 5 ring substitutents, each substituent independently selected
from hydrogen, halogen, hydroxyl, amino, cyano, nitro, C,-Cs alkyl, C,-Cg alkenyl, C,-Cg
alkynyl, C;-C¢ alkoxy, C,;-Cg alkylthio, halo(C,-Cg)alkyl, halo(C,-Cg)alkoxy, hydroxy(C;-
Cg)alkyl, hydroxy(C,;-Cg)alkoxy, mono or di(C;-Cg)alkyl amino, C,-Cg alkanoyl, C;-C;
alkanoyloxy, C,-Cg carbonate, C;-Cg carbamate, C,-Cs alkoxycarbonyl, -COOH, -SO,NH,,
mono and dialkylsulfonamido, -C(O)NH,, mono and di(C;-Cg)alkylcarboxamido, and
substituents that (taken together with R;) form a 5- to 7-member carbocyclic or heterocyclic

ring that 1s fused to the benzene and imidazole nngs of Formula I.

A represents —C(O)- or (CH;),—, wherein n is an integer ranging from 1 to 3. Within certain
preferred embodiments A 1s —C(O)— or -CHj-.
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Within Formula I, R; represents (i) hydrogen; (ii) C;-Cg alkyl, optionally substituted with
from 1 to 6 substituents that are independently selected from halogen, hydroxyl, carbocyclic
groups and heterocyclic groups, wherein each carbocyclic or heterocyclic group contains
from 3 to 10 ring members; or (iii) a bond to R4, forming a heterocyclic group having from 1
to 3 fused or pendant rings, each ring containing from 5 to 10 nng members, wherein each
ring is optionally substituted by from 1 to 5 substituents that are independently selected from
halogen, cyano, nitro, C;-Cg alkyl, C,-Cg alkenyl, C;-Cy alkynyl, C,-Cg alkoxy, C;-Cg
alkylthio, hydroxy, amino, mono or di(C,-Cg)alkyl amino, halo(C,-Cg)alkyl, halo(C;-
Cg)alkoxy, hydroxy(Cl-Cg)alkyl, hydroxy(C;-Cg)alkoxy  C,-Cg alkanoyl, C;-Cs
alkoxycarbonyl, -COOH, —-SO,NH,, mono or dialkylsulfonamido, ~C(O)NH; and mono and
di(C;-Csg)alkylcarboxamido. Within certain preferred embodiments, Rz 1s hydrogen, methyl,

ethyl or propyl.

X of formula I represents a bond, —S(QO),—, -C(O)— or -NHC(O)-.

Within Formula I, R4 (i) represents hydrogen; (ii) represents Cy-Cg alkyl, C,-Csg alkenyl, C;-
Cs alkynyl, C;-Cg alkoxy, C,-Cg alkanoyloxy, C;-Cg carbonate, halo(C;-Cg)alkyl, haio(C;-

- Cg)alkoxy, hydroxy(C;-Cg)alkyl, hydroxy(C,-Cg)alkoxy, C;-Cg alkanone or C;-Cg alkyl ether,

optionally substituted with from 1 to five substituents that are independently selected from
halogen, hydroxyl, carbocyclic groups and heterocyclic groups, wherein each carbocyclic or
heterocyclic group contains from 5 to 10 ring members; or (ii1) alone or taken together with
R,, X and the N to which R is bonded, represents a carbocyclic or heterocyclic group having
from 1 to 3 fused or pendant rings, each ring containing from 5 to 10 ring members, wherein
each ring is optionally substituted by from 1 to 5 substituents that are independently selected
from halogen, cyano, nitro, Cl-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl, C,-Cg alkoxy,-C,-Csg
alkanoyloxy, C;-Cg carbonate, C;-Cg carbamate, C;-Cg alkylthio, hydroxy, amino, mono or
di(C;-Cg)alkyl amino, halo(C;-Cg)alkyl, halo(C,-Cg)alkoxy, hydroxy(C;-Cg)alkyl,
hydroxy(C,-Cg)alkoxy C,-Cg alkanoyl, C,-Cg alkoxycarbonyl, -COOH, -SO,NH;, mono or
dialkylsulfonamido, -C(O)NH; and mono or di(C;-Cs)alkylcarboxamido. Within certain
preferred embodiments, R4 is (i) an aromatic group selected from phenyl, benzyl, phenoxyl,
benzoxyl, phenylethanonyl, pyrimidin-2-yl, tetrahydropyran-2-yl, 2-hydroxy-indan-1-yl,
tetrazolyl, pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl, pyridin-2-yl, pyridin-3-yl and
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pyndin-4-yl, wherein the group is optionally substituted by from 1 to 3 substituents
independently selected from hydroxyl, halogen and C,-Cg¢ alkyl; (11) a non-aromatic group
selected from hydrogen, C,-C¢ alkyl, C;-C¢ alkoxy, C,-Cs alkanoyloxy, C,-Cs carbonate,
halo(C,-Cg)alkyl, halo(C;-Cg)alkoxy, hydroxy(C,-Ce)alkyl, hydroxy(C;-C¢)alkoxy, C;-Cg
alkanone or C;-Cg¢ alkyl ether; or (111) taken with X, R3 and the N bonded to R3 to form a
heterocyclic group selected from tetrazolyl, morpholin-4-yl, pyrimidin-2-yl, pyridin-2-yl,
pyridin-3-yl and pyndin-4-yl, piperdin-1-yl, pyrrolidin-1-yl, each of which is optionally
substituted with from 1 to 3 rning substitutents that are independently selected from halogen,
C,-C¢ alkyl, C,-Cg¢ alkoxyl, hydroxyl, halo(C;-Cg¢)alky! and halo(C,-Cs)alkoxyl.

Within certain preferred embodiments, R; is a meta-substituted trifluoromethyl, halogen or
cyano. In other words, within such embodiments, the compound further satisfies Formula I,

and R, is trifluoromethyl, halogen or cyano.

Formula 11

Within certain preferred embodiments, X is SO,, R; 1s hydrogen and R, is a group selected
from phenyl, pyridyl and pyrimidyl, wherein the group 1s optionally substituted with from 1
to 3 substituents independently selected from hydroxyl, halogen and C;-Cs alkyl. Within
other preferred embodiments, A 1s ~CH,—, X i1s CO, Rj; is hydrogen and Ry 1s C;-C; alkyl, C;-
C¢ alkoxyl, halo(C;-C¢)alkyl or halo(C-C¢)alkoxyl. @ Within still further preferred
embodiments, A i1s CO, X i1s -NHC(O)-, R; 1s hydrogen and R4 1s C;-C¢ alkyl. Yet other
preferred embodiments include compounds in which A 1s CO, X 1s a bond, R3 i1s hydrogen or
C-Ce alkyl, and R4 1s C;-C¢ alkyl, halo(C,;-C¢)alkyl, hydroxy(C,-C¢)alkyl, or an aromatic
group selected from phenyl, pyrimidin-2-yl, indan-1-yl, wherein the group is optionally
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substituted with from 1 to 3 substituents independently selected from hydroxyl, halogen, C,-
Cs alkyl, hydroxy(C,-Ce)alkyl and C;-Cs alkanone.

Within certain embodiments, substituted 2-cyclohexyl-4-phenyl-1H-imidazole dernivatives
provided herein include: (a) 2-Chloro-N- {4-[4-(3-trifluoromethyl-phenyl)-1H-1midazol-2-yl]-
cyclohexanecarbonyl}-benzene sulfonamide; (b)  4-[4-(3-Trifluoromethyl-phenyl)-1H-
imidazol-2-yl]-cyclohexanecarboxylic acid(2-hydroxy-propyl)-methyl-amide; (c) 4-[4-(3-
Trifluoromethyl-phenyl)-1H-imidazol-2-yl}-cyclohexane carboxylic acid(2-o0xo-2-phenyl-
ethyl)-amide; (d) Pyridine-3-sulfonicacid {4-[4-(3-trifluoro-methyl-phenyl)-1H-1midazol-2-
yl]-cyclohexylmethyl}-amide; (e¢)  4-[4-(3-Tnfluoromethyl-phenyl)-1H-1midazol-2-yl]-
cyclohexanecarboxylic acid(2-hydroxy-2-phenyl-ethyl)-amide; () 1-{4-[4-(3-
Trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl} -1H-tetrazole; (g) N-{4-[4-(3-
Trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl} -benzenesulfonamide; (h) 4-
[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexanecarboxylic  acid(2-hydroxy-
indan-1-yl)-amide; (1) {4-[4-(3-Chloro-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl} -
carbamic acid ethyl ester; (j) Cyclopentyl-{4-[4-(3-trifluoromethyl-phenyl)-1H-1midazol-2-
yl}-cyclohexylmethyl}-amine; (k) N-{4-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl}-
cyclohexylmethyl}-2,2,2-trifluoro-acetamide; (1) N-{4-[4-(3-tnfluoromethyl-phenyl)-1H-
imidazol-2-yl]-cyclohexanecarbonyl}-benzene sulfonamide; (m) Pyrimidin-2-yl-{4-[4-(3-
trifluoromethyi-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl}-amine; (n) 4-[4-(3-Bromo-
phenyl)-1H-imidazol-2-yl]-cyclohexanecarboxylic acid N-acetyl-hydrazide; (o) ‘4,N-
Dimethyl-N- {4-[4-(3-trifluoromethyl-phenyl)- 1 H-imidazol-2-yl]-cyclohexanecarbonyl } -
benzene sulfonamide; (p)  N-{4-[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-2-yl]-
cyclohexylmethyl}-acetamide; (q) Benzenesulfinic acid {4-[4-(3-chloro-phenyl)-1H-
imidazol-2-yl}-cyclohexylmethyl}-amide; (r) 4-[4-(3-Trifluoromethyl-phenyl)-1H-1imidazol-
2-yl]-cyclohexanecarboxylic acid(2-hydroxy-1,1-dimethyl-ethyl)-amide; (s) 4-Hydroxy-N-
{4-[4-(3-trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl}-butyramide; (t) 4-
methyl-N- {4-[4-(3-trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexanecarbonyl} -
benzene sulfonamide; (u) N-{4-[4-(3-Bromo-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl} -
trifluoroacetamide; (V) 4-[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-2-yl]-
cyclohexanecarboxylic acid  (2-hydroxy-propyl)-amide; (w)  N-{4-[5-methyl-4-(3-
trifluoromethyl-phenyl)-1H-imidazol-2-yl}-cyclohexylmethyl} -acetamide; (x) 2,2,2-
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Trifluoro-N- {4-[4-(4-methoxy-phenyl)-1H-imidazol-2-yl}-cyclohexylmethyl} -acetamide; (y)
4-Chloro-N- {4-[4-(3-trifluoromethyl-phenyl)- 1 H-imidazol-2-yl}-cyclohexanecarbonyl } -

benzene sulfonamide; (z) N-[4-(8-Methoxy-4,5-dihydro-3H-naphtho[1,2-d]imidazol-2-yl)-
cyclohexylmethyl]-benzenesulfonamide; (aa) 4-[4-(3-Bromo-phenyl)-1H-imidazol-2-yl]-
cyclohexanecarboxylic acid pyrimidin-2-ylamide; (bb) N-Methyl-N- {4-[4-(3-trifluoromethyl-
phenyl)-1H-1imidazol-2-yl]-cyclohexylmethyl}-benzenesulfonamide; (cc) N-{4-[4-(3-Bromo-
phenyl)-1H-1imidazol-2-yl]-cyclohexylmethyl}-acetamide; (dd) S-Methyl-pyridine-2-sulfonic
actd {4-[4-(3-trifluoromethyl-phenyl)-1H-1imidazol-2-yl]-cyclohexanecarbonyl}-amide; (ee)
4-14-(3-Tnfluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexanecarboxylic acid (1-
hydroxymethyl-2-methyl-propyl)-amide; (ff) {4-[5-Methyl-4-(3-trifluoromethyl-phenyl)-1H-
imidazol-2-yl]-cyclohexylmethyl}-carbamic acid benzyl ester; (gg) [4-(8-Methoxy-4,5-
dihydro-3H-naphtho[ 1,2-d jimidazol-2-yl)-cyclohexylmethyl|-carbamic acid benzyl ester;
(hh) 4-[4-(3-Tnfluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexanecarboxylic acid N-
acetyl-hydrazide; (i1) 2,2,2-Trifluoro-N-[{4-(4-phenyi-1H-imidazol-2-yl]-cyclohexylmethyl]-
acetamide; and (q)) 2,2,2-Trfluoro-N-{4-[4-(3-trnfluoromethyl-phenyl)-1H-1midazol-2-yl]-

cyclohexylmethyl}-acetamide.

Within certain embodiments, substituted 2-cyclohexyl-4-phenyl-1H-imidazole dernivatives
provided herein exhibit a K; of 1 micromolar or less, 100 nanomolar or less, or 10 nanomolar
or less 1n an NPYS receptor ligand binding assay as providedin Example 11. The ligand (e.g.,
NPY or PYY) in such assays may be radiolabeled.

Within certain aspects, an NPY5 receptor modulator provided herein comprnses a 2-
cyclohexyl-4-phenyl-1H-imidazole derivative as described above associated with (i.e., linked

to or combined with) a targeting moiety or carrier.

Within further aspects, the present invention provides pharmaceutical compositions
comprising a compound or modulator as described above in combination with a
physiologically acceptable carrier or excipient. Within certain embodiments, a
pharmaceutical composition provided herein may further comprise one or more additional
active agents (i.e., drugs). Pharmaceutical compositions provided herein may be formulated,
for example, as an injectible fluid, an aerosol, a cream, a gel, a pill, a capsule, a syrup or a
transdermal patch.
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The present invention further provides, within other aspects, methods for treating a disease or
disorder associated with NPY$ receptor activation, comprising administering to a patient in
need of such treatment an effective amount of a compound or modulator as described above.
Such diseases and disorders include, for example, eating disorders (e.g., obesity and bulimia
nervosa), psychiatric disorders, cardiovascular disorders and diabetes. The compound or
modulator may be administered orally, or via another means such as intranasally,

intravenously or topically. Within certain embodiments, the patient 1s a human.

Within further aspects, the present invention provides compounds as described above,

wherein the compounds are radiolabeled.

Methods are provided, within other aspects, for determining the presence or absence of NPY'S
receptor in a sample, comprising the steps of: (a) contacting a sample with an agent
comprising a compound as described above under conditions that permit binding of the agent
to NPY5 receptor; and (b) detecting a level of agent bound to NPY5 receptor. Within certain
embodiments, the agent is a radiolabeled compound, and the step of detection comprises the
steps of: (i) separating unbound agent from bound agent; and (i1) detecting the presence or
absence of bound agent in the sample. Detection may be achieved, for example, using

autoradiography.

The present invention further provides, within other aspects, methods for modulating binding
of NPY to NPYS5 receptor. Certain such methods are performed ir vitro, and comprise
contacting NPY5 receptor with a compound or modulator as described above under
conditions and in an amount sufficient to detectably modulate NPY binding to NPY5
receptor. Other such methods may be performed in vivo, and comprise contacting cells
expressing NPY S receptor with a compound or modulator as described above in an amount
sufficient to detectably modulate NPY binding to cells expressing a cloned NPY)5 receptor in
vitro. Modulating of NPY binding may be determined, for example, using a ligand binding

assay as provided in Example 11.
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Methods are further provided for modulating binding of NPY to NPY5 receptor in a patient,
comprising administering to a patient (i.e., a human or non-human amimal) a compound or
modulator as described above. Patients may include, for example, companion animails such

as dogs.

Within certain embodiments of the above methods, the modulation 1s inhibition and/or the

NPY5 receptor i1s a human NPY5 receptor.

Within further aspects, the present invention provides methods for modulating the signal-
transducing activity of NPYS receptor, comprising contacting an NPYS5 receptor, either in

vivo or in vitro, with a sufficient amount of an NPY5 receptor modulator, under conditions

suitable for binding of NPY to NPYS receptor.

Also provided by the present invention are packaged pharmaceutical preparations,
comprising: (a) a pharmaceutical composition as described above in a container; and (b)
instructions for using the composition to treat a patient suffering from a disease or disorder
associated with NPY5 receptor activation. Such disorders include, for exampie, eating

disorders, psychiatric disorders, cardiovascular disorders (such as hypertension) and diabetes.

These and other aspects of the present invention will become apparent upon reference to the
following detailed description. All references disclosed herein are hereby incorporated by

reference in their entirety as if each was incorporated individually.

Detailed Description
As noted above, the present invention provides NPY5 receptor modulators comprising small

molecule NPYS receptor ligands that are 2-cyclohexyl-4-phenyl-1H-imidazole derivatives.
Such modulators may be used in vitro or in vivo, to inhibit or enhance NPY binding to NPY 5

receptor in a variety of contexts, discussed in further detail below.

DEFINITIONS
Prior to setting forth the invention in detail, it may be helpful to provide definitions of certain

terms to be used herein. Compounds of the present invention are generally described using
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standard nomenclature. For compounds having asymmetric centers, it should be understood
that all of the optical isomers and mixtures thereof are encompassed. In addition, compounds
with carbon-carbon double bonds may occur in Z- and E- forms, with all 1someric forms of
the compounds being included in the present invention. Where a compound exists in various
tautomeric forms, the invention is not limited to any one of the specific tautomers, but rather
includes all tautomeric forms. Certain compounds are described herein using a general
formula that includes variables. Unless otherwise specified, each vanable within such a

formula is defined independently of other variables.

As used herein, "C,-Cs alkyl" refers to straight or branched chain alkyl groups or cycloalkyl
eroups having 1-8 carbon atoms such as, for example, methyl, ethyl, propyl, i1sopropyl, n-
butyl, sec-butyl, tert-butyl, pentyl, 2-pentyl, 1sopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl, 3-
methylpentyl, cyclopropyl, cyclopropylmethyl, cyclopentyl, cyclohexyl, cycloheptyl and
norbornyl. A C,-Cg alkyl substituent may be bonded to an atom within a molecule of interest
via any chemically suitable portion of the C,-Cg alkyl group. Preterred alkyl groups are C;-
Ce alkyl groups, especially methyl, ethyl, propyl, butyl, cyclopropyl, cyclopropylmethyl,
cyclopentyl and cyclohexyl. Particularly preferred alkyl groups are methyl and ethyl.
Similarly, "C,-Cg alkenyl" refers to straight or branched chain alkene groups or cycloalkene
groups having 2 to 8 carbon atoms. Within an alkenyl group, one or more unsaturated
carbon-carbon double bonds are present, and may occur at any stable point along the chain
(e.g., ethenyl, allyl and isopropenyl). "C;-Cg alkynyl" refers to straight or branched chain
alkyne groups having 2 to 8 carbon atoms. Within such a group, one or more unsaturated
carbon-carbon triple bonds are present, and may occur at any stable point along the chain
(e.g., ethynyl and propargyl). A "stable point" is bond that, when unsaturated, results in a
chemically stable compound (i.e., a compound that can be isolated, characterized and tested

for biological activity).

By "C3-Cy cycloalkyl" is meant alkyl groups having 3-10 carbon atoms forming a mono-,

bi-, or polycyclic ring system, such as, for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and norbornyl. Cycloalky! groups having 3-8 ring atoms are also
encompassed by the term "C,;-Cg alkyl,” but the term "C;-C;o cycloalkyl" further

encompasses 9- and 10-membered rings. Similarly, “cycloalkenyl” or “C;-C,¢ cycloalkenyl”

10
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refers to hydrocarbon groups having 3-10 carbon atoms forming a mono-, bi, or polycyclic
ring system and containing one or more carbon-carbon double bonds which may occur at any

stable point 1n the ring (e.g., cyclopentenyl, cyclohexenyl or cycloheptenyl).

The term "(cycloalkyl)alkyl" or "(C;-C,¢)cycloalkyl(C,-Cg)alkyl" refers to a straight or
branched alkyl substituent having of 1 to 8 carbon atoms that 1s attached to a mono-, bi, or
polycyclic ring system having 3-10 carbon atoms (e.g., cyclopropylmethyl, cyclobutyimethyl,
cyclopentylmethyl, cyclohexylmethyl and cycloheptylmethyl).

"C,-Cy alkanoyl” refers to an acyl group with 2 to 8 carbon atoms in a lmnear, branched or
cycloalkyl arrangement, optionally substituted with 1 to 5 substituents independently selected
at each occurrence from halogens, cyano, nitro, C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl,
C,-Cs alkoxy, C;-Cg alkylthio, hydroxy, amino, mono or di(C;-Cg)alkyl amino, (Cs-
C;)eycloalkyl(Co-Cs)alkyl, halo(C,-Cg)alkyl, halo(C;-Cg)alkoxy, C,;-Cg alkanoyl, C;-Cg
alkoxycarbonyl, -COOH, -CONH,, mono- or di-(C,;-Cg)alkylcarboxamido, -SO,NH,, and

mono or di(C,;-Cg)alkylsulfonamido.

By "C,;-Cg alkoxy," in the present invention, 1s meant an alkyl group of 1 to 8 carbon atoms
attached via an oxygen bridge. C,-Cy alkoxy groups include, for example, methoxy, ethoxy,
propoxy, 1sopropoxy, n-butoxy, sec-butoxy, tert-butoxy, n-pentoxy, 2-pentoxy, 3-pentoxy,
isopentoxy, neopentoxy, hexoxy, 2-hexoxy, 3-hexoxy, and 3-methylpentoxy. C;-C¢ alkoxy
groups are generally preferred, with C;-C, alkoxy groups particularly preferred, especially
ethoxy and methoxy. Similarly, "C,-Cg alkylthio" refers to an alkyl group of 1 to 8 carbon

atoms attached via a sulfur bridge.
The term "C,-Cg alkoxycarbonyl" refers to an alkoxy group linked via a carbonyl. In other

words, an alkoxycarbonyl group has the general structure —C(=0)-O-alkyl. C,-Cs alkyl
groups are generally preferred, with C,-Cy4 alkyl groups particularly preferred.
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"C,-Csg alkanoyloxy," as used herein, refers to an alkanoyl group linked via an oxygen bridge.
In other words, an alkanoyloxy group has the general structure —-O—-C(=0)-alkyl. C;-Cs alkyl
groups are generally preferred, with C,-C, alkyl groups particularly preferred.

The term "C,;-Cg carbonate" refers to an alkoxycarbonyl group linked via an oxygen bridge.
In other words, a carbonate group has the general structure —O-C(=0)-O-alkyl. C;-Cs alkyl
groups are generally preferred, with C,-C4 alkyl groups particularly preferred.

"C,-Cg alkanone" refers to a ketone substituent with 2 to 8 carbon atoms in a linear, branched
or cyclic arrangement, optionally substituted with 1 to 5 substituents independently selected
at each occurrence from halogens, cyano, nitro, C-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl,
C,;-Cs alkoxy, C,-Cg alkylthio, hydroxy, amino, mono or di(C;-Cg)alkyl amino, (Cs-
Cy)cycloalkyl(Co-Cs)alkyl, halo(C;-Cg)alkyl, halo(C;-Csg)alkoxy, C;-Cg alkanoyl, C;-Cq
alkoxycarbonyl, -COOH, -CONH,, mono- or di-(C;-Cg)alkylcarboxamido, -SO,NH,, and

mono or di(C,-Cg)alkylsulfonamido.

Similarly, "C,-Cg alkyl ether" refers to an ether substituent with 2 to 8 carbon atoms,
optionally substituted with 1 to 5 substituents independently selected at each occurrence from
halogens, cyano, 'nitro, C,-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C;-Cg alkoxy, C;-Csg
alkylthio, hydroxy, amino, mono or di(C;-Cg)alkyl amino, (Cs-Cs)cycloalkyl(Co-Cs)alkyl,
halo(C;-Cg)alkyl, halo(C;-Cg)alkoxy, C;-Cg alkanoyl, C,-Cg alkoxycarbonyl, -COOH,

-CONH,;, mono- or di-(C,-Cg)alkylcarboxamido, -SO,NH;, and mono or di(C;-
Cg)alkylsulfonamido. Such a substituent is attached via a carbon atom on either side of the

ether linkage.

The term "halogen” includes ﬂudrine, chlorine, bromine and iodine. A "haloalkyl" may be a
branched or straight-chain saturated aliphatic hydrocarbon group, substituted with 1 or more
halogen atoms. "Halo(C;-Cg)alkyl" groups have 1 to 8 carbon atoms; "halo(C;-Ce)alkyl”
groups have 1 to 6 carbon atoms. Examples of haloalkyl groups include, but are not limited
to, mono-, di- or tri-fluoromethyl; mono-, di- or tri-chloromethyl; mono-, di-, tr-, tetra- or
penta-fluoroethyl; and mono-, di-, tri-, tetra- or penta-chloroethyl. Typical haloalkyl groups

are trifluoromethyl and difluoromethyl. Preferably not more than 5, and more preferably not
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more than 3, haloalkyl groups are present in compounds provided herein. The term
"haloalkoxy" refers to a haloalkyl group as defined above attached via an oxygen bridge.

"Halo(C,-Cg)alkoxy"” groups have 1 to 8 carbon atoms.

The term "hydroxy(C;-Cg)alkyl" (or "hydroxy(C,-Ce¢)alkyl") refers to aliphatic group having
from 1 to 8 (or 1 to 6) carbon atoms, and further compnsing at least one hydroxyl group on
the main carbon chain and/or on a side chain. Hydroxy(C,-Csg)alkyl groups include, for
example, 2-hydroxy-1,1-dimethyl-ethyl, 1-hydroxymethyl-2-methyl-propyl and 2-hydroxy-
propyl.

The term "C,-Cg carbamate," as used herein, refers to a group having the general structure —
N-C(=0)-O-alkyl. C;-C¢ alkyl groups are generally preferred, with C,-C4 alkyl groups

particularly preferred.
A "heteroatom," as used herein, is oxygen, sulfur or nitrogen.

A "carbocyclic group" is ring formed entirely by carbon-carbon bonds. Unless otherwise
specified, such a nng may be aromatic or non-aromatic. Representative examples of
carbocyclic groups are cycloalkyl groups (e.g., cyclopentane and cyclohexane), as well as
aromatic groups such as phenyl, benzyl, naphthyl, phenoxyl, benzoxyl and phenylethanonyl.
Carbon atoms present within a carbocyclic group may, of course, be further bonded.to a
variety of ring substituents, such as hydrogen, a halogen, cyano, nitro, C;-Cg alkyl, C;-Cg
alkenyl, C,-Cg alkynyl, C,-Cg alkoxy, C;-Cg alkylthio, hydroxy, amino, mono or di(C;-
Cg)alkyl amino, (C;3-C;)cycloalkyl(Co-Cs)alkyl, halo(C,-Cg)alkyl, halo(C,-Cs)alkoxy, C;-Cs
alkanoyl, C;-Cg alkoxycarbonyl, -COOH, -CONH;, mono- or di-(C;-Cg)alkylcarboxamido,
-SO,NH,, and mono or di(C.-Cg).alkylsulfonamido.

A "heterocyclic group" comprises a ring in which at least one nng atom is a heteroatom (i.e.,
N, O or S), and the remainder of the ring atoms are carbon. Preferably, a heterocyclic group
comprises 1-4 heteroatoms; within certain embodiments 1 or 2 heteroatoms is preferred. A
heterocyclic group generally has from 1 to 3 fused or pendant nngs, preferably one ring or

two fused rings. Typically, each ring contains from 5 to 10 ring members, and may be
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optionally substituted with from 1 to S substituents such as halogen, cyano, nitro, Cy-C;s alkyi,
C,-Cg alkenyl, C,-Cg alkynyl, C,-Cs alkoxy, C;-Csg alkylthio, hydroxy, amino, mono or di(C;-
Cg)alkyl amino, halo(C;-Cg)alkyl, halo(C;-Cg)alkoxy, hydroxy(C,-Cs)alkyl, hydroxy(C;-
Cglalkoxy C,-Cg alkanoyl, C;-Cg alkoxycarbonyl, -COOH, -SO;NH;, mono or
dialkylsulfonamido, C(O)NH;, or mono or di(C,-Cg)alkylcarboxamido. Unless otherwise
specified, a heterocyclic group may be aromatic or nonaromatic. As with a carbocyclic

group, atoms within a heterocyclic ring may be further linked to a vanety of ring substituents.

Examples of heterocyclic groups include, but are not limited to, acndinyl, azocinyl,
benzimidazolyl, benzofuranyl, benzothio-furanyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, benzotriazolyl, benoztetrazolyl, @ benzisoxazolyl, benzisothiazolyl,
benzimidazolinyl, carbazolyl, NH-carbazolyl, carbolinyl, chromanyl, chromenyl, cinnolinyl,
decahydroquinolinyl,  dithiazinyl, dihydrofurotetrahydrofuran, furanyl, furazanyl,
imidazolidinyl, imidazolinyl, imidazolyl, indazolyl, indolenyl, indolinyl, indolizinyl, indolyl,
isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, 1soquinolinyl,
isothiazolyl, isoxazolyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl,
oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthrnidinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, phenox'athiinyl, phenoxazinyl, phthalazinyl, piperazinyl,
piperidinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyi,
pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyndyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl, quinuclidinyl,
tetrahydrofuranyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, thiadiazinyl, thiadiazolyl,
thianthrenyl, thiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl,
triazinyl and xanthenyl. It will be apparent that any such heterocyclic groups may be

substituted with one or more substituents as described above.

Preferred heterocyclic groups include, for example, pyrimidinyl (e.g., pyrimidin-2-yl),
pyridinyl (pyridin-2-yl, pyridin-3-yl and pyridin-4-yl), morpholinyl (e.g., morpholin-4-yl),
piperidinyl (e.g., piperdin-1-yl), pyrrolidinyl (e.g., pyrrolidin-1-yl), tetrazolyl, triazinyl,
imidazolyl, oxazolyl, isoxazolyl, indolyl, pyrrolyl, pyrazolyl, quinolinyl, isoquinolinyl,
thiazolyl, benzothiadiazolyl, triazolyl, pyrazinyl, furanyl, thienyl, benzothienyl, benzofuranyl,
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tetrahydropyranyl, indanyl, and substituted derivatives of the foregoing such as methyl-
tetrahydropyran-2-yl and 2-hydroxy-indan-1-yl.

A "substituent," as used herein, refers to a molecular moiety that is covalently bonded to an
atom within a molecule of interest. For example, a "ring substituent" may be a moiety such
as a halogen, alkyl group, haloalkyl group or other group as discussed herein, that 1s
covalently bonded to an atom (preferably a carbon or nitrogen atom) that 1s a ring member.
The term "substitution" refers to replacing a hydrogen atom in a molecular structure with a
substituent as described above, such that the valence on the designated atom 1s not exceeded,
and such that a chemically stable compound (i.e., a compound that can be isolated,

characterized, and tested for biological activity) results from the substitution.

The term "NPY receptor" refers to a protein comprising any NPY receptor polypeptide
sequence, with mammalian and especially human and monkey sequences generally preferred.
"NPY5 receptor" refers to a protein comprising a NPY receptor subtype Y s sequence, such as
those described within U.S. Patent No. 5,602,024 and herein. An NPY or NPY5 receptor
may consist entirely of a naturally-occurring sequence, or may comprse additional
components (e.g., N-terminal leader sequence) that do not substantially inhibit the receptor's
ability to bind ligand (i.e., at least 50% of the binding affinity of the receptor for NPY and/or
PYY is retained). For example, a chimeric NPY5/NPY1 receptor, as described herein, is
considered to be an NPYS5 receptor. Similarly, truncated NPY receptor sequences, or
sequences containing amino acid deletions, substitutes, additions or modifications may be
used, provided that NPY receptor binding properties are not substantially diminished (i.e., at
least 50% of the endogenous ligand-binding affinity is retained). The binding affinity of a
candidate NPY receptor for ligand may be evaluated using a standard binding assay as

provided herein (see also J. Clin. Invest. (1998) 102:2136).

A "NPYS receptor modulator," also referred to herein as a "modulator,” is a compound that
modulates (i.e., increases or decreases) ligand binding to NPY5 receptor. In other words, a
modulator may be an NPY5 receptor antagonist or agonist. Modulators comprise a
compound that is a 2-cyclohexyl-4-phenyl-1H-imidazole derivative having NPYJ receptor

modulating activity. A modulator may consist entirely of such a compound, or may further
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comprise one or more additional moieties, provided that the modulating activity of the active
compound is not substantially diminished (i.e., the ability to increase or decrease ligand
binding to NPYS receptor, as determined using a binding assay provided herein, 1s not
diminished by more than 50%). Such additional moieties include, for example, targeting
moieties, other active agents and carriers, any of which may be linked to the active compound
via a variety of standard techniques including direct condensation, or by way of bi- or multi-
functional linkers. Alematively, such additional moieties may be combined with the active
compound, without covalent linking. A modulator binds “specifically” to NPY35 receptor if it
binds human NPY5 receptor (total binding minus nonspectfic binding) with a Ki that is 10-
fold, preferably 100-fold, and more preferably 1000-fold, less than the Ki measured for
modulator binding to other NPY receptors, such as NPY1. A modulator binds with “high
affinity” if the K; at an NPY receptor 1s less than 1 micromolar, preferably less than 100
nanomolar or 10 nanomolar. Binding assays for evaluating Ki may be performed, for
example, using the human in vitro NPYS binding assay provided herein. Ligand binding to
NPY'1 receptor may be inhibited within such assays using well known techniques, such as
through the use of Thomae compound, as described herein. It will be apparent that either

NPY or PYY may be used as the ligand within binding assays.

A "targeting moiety," as used herein is a substance (e.g., a compound or a cell) that increases
the local concentration of a modulator in the vicinity of a target site in a patient. There are a
wide variety of targeting moieties known in the art, including antibodies and fragments

thereof, receptors, ligands and other molecules that bind to cells of, or close to, a target tissue.

A "carrier," "carrier group" or "carrier molecule" is a substance that may be associated with
an active compound prior to administration to a patient, generally for thé purpose of
controlling stability or bioavailability of the compound. Carriers for use within such
formulations are generally biocompatible, and may also be biodegradable. Carriers include,
for example, monovalent or multivalent molecules such as serum albumin (e.g., human or
bovine), egg albumin, peptides, polylysine and polysaccharides such as aminodextran and
polyamidoamines. Carriers also include solid support matenals such as beads and
microparticles comprising, for example, polylactate polyglycolate, poly(lactide-co-glycolide),

polyacrylate, latex, starch, cellulose or dextran. A carrier may bear the compounds In a
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variety of ways, including covalent bonding either directly or via a linker group, noncovalent

interaction or admixture.

A moiety is "associated with" an active compound if the moiety is linked to (covalently or

noncovalently) or combined with the active compound.

A "linker," as used herein, is any molecule that does not comprise a compound that modulates
NPY binding to an NPY5 receptor, and that can be covalently linked to at least two chemical
moieties. Linkers may be used to link another moiety to a compound that modulates NPY
binding to an NPYS receptor. In general, a linker 1s bi-functional or multi-functional (e.g., a
branched structure). Numerous linkers are known in the art, and may be incorporated into an
NPY receptor modulator using any appropriate method, which will be apparent to those of

ordinary skill 1n the art.

A "prodrug" is a compound that does not fully satisfy the structural requirements of the
compounds provided herein, but is modified in vivo, following administration to a patient, to
produce an active compound of the present invention. For example, a prodrug may be an
acylated derivative of a compound as provided herein. Prodrugs include compounds wherein
hydroxy, amine or sulfhydryl groups are bonded to any group that, when administered to a
mammalian subject, cleaves to form a free hydroxyl, amino, or sulthydryl group,
respectively. Examples of prodrugs include, but are not limited to, acetate, formate and
benzoate derivatives of alcohol and amine functional groups within the compounds provided

herein.

A “patient" is any individual treated with a NPYS receptor modulator as provided herein.
Patients include humans, as well as other animals such as companion animals and livestock.
Patients may be afflicted with a condition associated with undesirable NPY5 receptor

activation, or may be free of such a condition (i.e., treatment may be prophylactic).

NPY S5 RECEPTOR MODULATORS
As noted above, the present invention provides neuropeptide Ys (NPY5) receptor modulators
(i.e., agents that detectably modulate both ligand binding to NPYS5 and NPY)J receptor-
mediated signal transduction). Such modulators may be specific for NPY5 (i.e., do not
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detectably modulate ligand binding to other NPY receptors), or may also inhibit or enhance
ligand binding to one or more additional NPY receptors, such as NPY1. NPYS5 receptor
modulators may be used to modulate NPY binding to NPYS5 in vivo, especially in the
treatment of feeding disorders (e.g., obesity and bulemia), psychiatric disorders, diabetes and
cardiovascular diseases in humans, domesticated companion animals and livestock animals.
Modulators may also be used within a variety of in vitro assays, such as assays for receptor
activity, as probes for detection and localization of NPY5 receptors and as standards in assays

of NPY binding and NPY-mediated cellular functions.

The NPYS receptor modulators provided herein comprise active compounds that are
substituted derivatives of 2-cyclohexyl-4-phenyl-1H-imidazole, which detectably modulate
the binding of NPY to NPY5 receptor at nanomolar concentrations, preferably at
subnanomolar concentrations. Certain active compounds bind specifically and/or with high

affinity to NPY'5 receptor. Active compounds may include receptor agonists and antagonists.

The present invention is based, in part, on the discovery that small molecules having the
general formula I (as well as pharmaceutically acceptable salts and prodrugs thereot)
modulate NPY binding to NPY5 receptor. Within the context of the present invention, it has
been found that the cyclohexyl group in Formula I provides enhanced activity, compared to a

heterocyclic ring.
R

|
R; N*O s
H ,L
.4///A P \x

N R,

Formula [

Within Formula 1, R, represents, within certain embodiments, a nonaromatic group such as
hydrogen, C,-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C,-Cg alkoxy, C,-Cg alkyithio, halo(C;-
Cg)alkyl, halo(C,-Cg)alkoxy, hydroxy(C,-Cg)alkyl, hydroxy(C;-Cg)alkoxy, mono or di(C,;-
Cs)alkyl amino, C,-Cs alkanoyl, C;-Cg alkoxycarbonyl, C;-Cg alkanoyloxy, C;-Cg carbonate,
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C,-Cg carbamate, -COOH, —-SO;NH,, mono or dialkylsulfonamido, —-C(O)NH; or mono or
di(C,-Cg)alkylcarboxamido. Alternatively, within other embodiments, R, is taken together
with R, to form a carbocyclic or heterocyclic ring that is fused to the phenyl and imidazole
rings of Formula I. The phrase "R, taken together with R,,” as used herein, is intended to
refer to a covalent attachment between R; and R,. It will be apparent to those of ordinary
skill in the art that a ring formed by such an attachment also includes two carbon atoms that
are members of the phenyl group, and two carbon atoms that are members of the imidazole
ring of Formula I. One such representative structure 1s shown in Formula III. A ring
generated by R, taken together with R, typically has from 5 to 7 ring members. Preferred R,
groups include hydrogen, C;-C¢ alkyl and groups that, when taken together with R;, form a

P

six-membered ring.

|

‘7 N
/// A/ \X N
R4

Formula 11]

R,, within Formula I, represents 0 to 5 ring substitutents (i.e., 0 or 1 substituent at each
carbon atom of the benzene ring), preferably 0 to 3 substituents, and more preferably O or 1
substituent. Each optional, independently selected substituent may be a nonaromatic group
such as hydrogen, halogen, hydroxyl, amino, cyano, nitro, C,-Cg alkyl, C,-Cs alkenyl, C;-Cg
alkynyl, C,-Cg alkoxy, C;-Cg alkanoyloxy, C;-Cg carbonate, C,-Cg carbamate, C,-Cg
alkylthio, halo(C,;-Cg)alkyl, halo(C,-Cg)alkoxy, hydroxy(C,-Cg)alkyl, hydroxy(C,-Cg)alkoxy,
mono or di(C;-Cg)alkyl amino, C;-Cg alkanoyl, C;-Cg alkoxycarbonyl, -COOH, -SO,NH;,
mono and dialkylsulfonamido, —C(O)NH;, mono and di(C;-Cg)alkylcarboxamdo.
Alternatively, an R, substituent may be taken together with R, to form a carbocychic or
heterocyclic ring that is fused to the phenyl and imidazole nngs of Formula I, such as that
shown in Formula II. As noted above, a ring so generated typically has from 5 to 7 ring

members. Preferred R, groups include meta-substituted trifluoromethyl, halogen or cyano
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groups, as well as groups that, when taken together with R,;, form a six-membered ring. It
will be apparent to those of ordinary skill in the art that one R, group may form a fused ring

with R;, while one or more other R, groups may be located elsewhere on the phenyl ring. It

will be further apparent that combinations of R, substituents are permissible only if such

combinations result 1n stable compounds. A stable compound or stable structure 1s meant to
imply a compound that is sufficiently robust to survive isolation, characterization and testing

for biological activity.

A, 1n Formula I, represents —C(O)— or {(CH;),— , wherein n 1s an integer ranging from 1 to 3,
and preferably 1s —C(O)- or —-CH>—.

R, within certain embodiments, represents hydrogen or C;-Cg alkyl. Such an alkyl group
may, but need not, be substituted with from 1 to 8 substituents that are independently selected
from halogen, hydroxyl, carbocyclic groups and heterocyclic groups, wherein each
carbocyclic or heterocyclic group contains from 3 to 10 ring members. Within other
embodiments, R3 is a bond to R4, forming a heterocyclic group that comprises Rj, the
nitrogen, X and R4. Such a heterocyclic group generally contains from 1 to 3 fused or
pendant rings, preferably a single ring or two fused nngs, and each ring generally contains
from 5 to 10 nng members. Each ring within such a heterocyclic group 1s optionally
substituted with from 1 to 5 substituents that are independently selected from halogen, cyano,
nitro, C,-Cg alkyl, C-Cg alkenyl, C,-Cg alkynyl, C,-Cg alkoxy, C;-Cg alkanoyldxy, C-Cg
carbonate, C;-Cg carbamate, C(-Cg alkylthio, hydroxy, amino, mono or di(C,-Cg)alkyl amino,
halb(Cl-Cg)alkyl, halo(C,;-Cg)alkoxy, hydroxy(C;-Cg)alkyl, hydroxy(C;-Cg)alkoxy C;-Cs
alkanoyl, C;-Cg alkoxycarbonyl, -COOH, —-SO,NH,, mono or dialkylsuifonamido, -C(O)NH;
and mono and di(C,-Cg)alkylcarboxamido. Rj is preferably hydrogen, methyl, ethyl or

propyl.

X, within Formula I, represents a bond, —S(O),—, —-C(0O)- or -NHC(O)-. If X 1s a bond, then
the nitrogen is directly (covalently) bonded to Ra. '

R4 represents, within certain embodiments, represents hydrogen, C;-Cg alkyl, C;-Cs alkenyl,
C,-Cs alkynyl, C;-Cg alkoxy, C;-Cg alkanoyloxy, C,-Cg carbonate, halo(C;-Cg)alkyl, halo(C;-
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Cs)alkoxy, hydroxy(C,-Cg)alkyl hydroxy(C,-Cg)alkoxy, C;-C8¢ alkanone or C;-Cg alkyl
ether. Any such group (except hydrogen) is optionally substituted with from 1 to 8
substituents that are independently selected from halogen, hydroxyl, carbocyclic groups and
heterocyclic groups. Any such carbocyclic or heterocyclic group contains from 5 to 10 ring
members, preferably 5 to 7 ring members. Within other embodiments, R; represents a
carbocyclic or heterocyclic group that contains from 1 to 3 fused or pendant nngs, preferably
a single ring or two fused rings, and each ring generally contains from 5 to 10 ring members.
Each ring within such a carbocyclic or heterocyclic group 1s optionally substituted with from
1 to 5 substituents that are independently selected from halogen, cyano, nitro, C,-Cg alkyl,
C,-Cg alkenyl, C,-Cg alkynyl, C,-Cg alkoxy, C,-Cg alkanoyloxy, C;-Cg carbonate, C;-Cg
carbamate, C;-Cg alkylthio, hydroxy, amino, mono or di(C;-Cg)alkyl amino, halo(C;-
Cg)alkyl, halo(C,-Cs)alkoxy, hydroxy(C;-Csg)alkyl, hydroxy(C,;-Cg)alkoxy C,-Cg alkanoyl,
C;-Cg alkoxycarbonyl, -COOH, -SO,NH;, mono or dialkylsulfonamido, —C(O)NH, and
mono or di(C;-Cg)alkylcarboxamido. Within still further embodiments, R4 1s taken together
with R3; and X to form a heterocyclic group that comprises Rj, the nitrogen, X and R4. The
phrase "taken together with R; and X" 1s intended to refer to embodiments in which Ry i1s
covalently bonded to Rj, forming at least one ring that comprises Rj3, the nitrogen, X and Rs.
The entire heterocyclic group generally contains from 1 to 3 fused or pendant rings,
preferably a single ring or two fused rings, and each ring generally contains from 5 to 10 ning
members. Each ring within such a heterocyclic group may, but need not, be substituted by
from 1 to 5 substituents that are independently selected from halogen, cyano, nitro, C;-Cg
alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C,-Cg alkoxy, Cy-Cg alkanoyloxy, C;-Cs carbonate, C;-
Cs carbamate, C;-C;g alkylthio, hydroxy, amino, mono or di(C;-Cg)alkyl amino, halo(C,-
Cg)alkyl, halo(C,-Cg)alkoxy, hydroxy(C;-Cg)alkyl, hydroxy(C,;-Csg)alkoxy C;-Cs alkanoyl,
C,-Cg alkoxycarbonyl, -COOH, -SO,NH;, mono or dialkylsulfonamido, -C(O)NH, and

mono or di(C,-Cg)alkylcarboxamido.

Preferred R4 groups include aromatic groups such as phenyl, benzyl, phenoxyl, benzoxyl,
phenylethanonyl, pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl, tetrahydropyran-2-yl, 2-
hydroxy-indan-1-yl, tetrazolyl, pyrimidin-2-yl, pyndin-2-yl, pyndin-3-yl and pyrdin-4-yl.
Any such groups may, but need not, be substituted by from 1 to 3 substituents independently
selected from hydroxyl, halogen and C;-Cg alkyl. Other preferred R4 groups are the non-
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aromatic groups hydrogen, C,-Cs alkyl, C,-C¢ alkoxyl, halo(C,-Ce)alkyl, halo(C;-C¢)alkoxyl,
hydroxy(C,;-Ce¢)alkyl, hydroxy(C,-Ce)alkoxyl, C;-C¢ alkanone and C;-C¢ alkyl ether. Still
further preferred R4 groups are those in which Ry is taken with X, R3 and the N bonded to R;
to form a heterocyclic group such as tetrazolyl, morpholin-4-yl, pyrimidin-2-yl, pyridin-2-yl,
pyridin-3-yl and pyridin-4-yl, piperdin-1-yl, pyrrolidin-1-yl and denvatives of the foregoing
in which from 1 to 3 ring members are substituted with a substitutent independently selected
from halogen, C;-Cg¢ alkyl, C,;-C¢ alkoxyl, hydroxyl, halo(C-Ce¢)alkyl and halo(C;-
Ce)alkoxyl.

Certain representative compounds provided herein satisfy one of the following critera:

(1) X 1s SOy, Rj 1s hydrogen and R4 1s a group selected from phenyl, pyridyl and
pyrimidyl, wherein the group is optionally substituted by from 1 to 3
substituents independently selected from hydroxyl, halogen and C,;-Cg alkyl,;

(11) A is —-CH,—, X 1s -C(O)—, R; is hydrogen and R4 1s C;-C¢ alkyl, C;-Cg alkoxyl,
halo(C;-Ce)alkyl or halo(C;-Cg)alkoxyl;

(ii1) A is -C(O)—, X 1s -NHC(O)—, Rj; is hydrogen and R4 1s C;-C; alkyl; or

(iv) A 1s—C(0O)-, X is a bond, R; 1s hydrogen or C,-C¢ alkyl, and R4 1s C,-Cg alkyl,
halo(C;-C¢)alkyl, hydroxy(C;-C¢)alkyl, or an aromatic group selected from
phenyl, pyrimidin-2-yl, indan-1-yl, wherein the group 1s optionally substituted
by from 1 to 3 substituents independently selected from hydroxyl, halogen,
C-Cg¢ alkyl, hydroxy(C;-Cs)alkyl and C,-Cg alkanone. |

Representative compounds provided herein include, but are not limited to, (a) 2-Chloro-N-{4-
[4-(3-trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexanecarbonyl}-benzene

sulfonamide; (b) 4-[4-(3-Trifluoromethyl-phenyl)-1H-1imidazol-2-yl]-cyclohexanecarboxylic
acid(2-hydr0xy-propyl)-methyl-—ainide; (¢c) 4-[4-(3-Trifluoromethyl-phenyl)-1H-1midazol-2-
yl}-cyclohexane carboxylic acid(2-oxo-2-phenyl-ethyl)-amide; (d) Pyridine-3-sulfonic
acid {4-[4-(3-trifluoro-methyl-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl} -amide; (e) 4-[4-
(3-Trifluoromethyl-phenyl)-1H-imidazol-2-yl}-cyclohexanecarboxylic acld(2-hydroxy-2-
phenyl-ethyl)-amide; (f) 1-{4-[4-(3-Trifluoromethyl-phenyl)-1H-1midazol-2-yl]-
cyclohexylmethyl}-1H-tetrazole; (g) N-{4-[4-(3-Trifluoromethyl-phenyl)-1H-1midazol-2-yl}-
cyclohexylmethyl}-benzenesulfonamide; (h) 4-[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-
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2-yl]-cyclohexanecarboxylic acid(2-hydroxy-indan-1-yl)-amide; (1) {4-[4-(3-Chloro-phenyl)-
1H-imidazol-2-yl]-cyclohexylmethyl}-carbamic acid ethyl ester; (j) Cyclopentyl-{4-[4-(3-
trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl}-amime; (k)  N-{4-[4-(4-
Bromo-phenyl)-1H-imidazol-2-yl]-cyclohexyl- methyl}-2,2 2-trifluoro-acetamide; (1) N-{4-
[4-(3-trifluoromethyl-phenyl)-1H-imidazol-2-yl}-cyclohexanecarbonyl} -benzene
sulfonamide; (m)  Pyrimidin-2-yl-{4-[4-(3-tnfluoromethyl-phenyl)-1H-1midazol-2-yl]-
cyclohexylmethyl}-amine; (n) 4-[4-(3-Bromo-phenyl)-1H-imidazol-2-yl]-
cyclohexanecarboxylic  acid  N-acetyl-hydrazide, (0) 4 N-Dimethyl-N-{4-[4-(3-
trifluoromethyl-phenyl)-1H-imidazol-2-yl}-cyclohexanecarbonyl} -benzene sulfonamide; (p)
N-{4-[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl} -acetamide;  (q)
Benzenesulfinic acid {4-[4-(3-chloro-phenyl)-1H-1midazol-2-yl]-cyclohexylmethyl}-amide;
(1) 4-[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-2-yl}-cyclohexanecarboxylic  acid(2-
hydroxy-1,1-dimethyl-ethyl)-amide; (s) 4-Hydroxy-N-{4-[4-(3-trifluoromethyl-phenyl)-1H-
imidazol-2-yl}-cyclohexylmethyl}-butyramide; (t) 4-methyl-N-{4-[4-(3-trifluoromethyl-
phenyl)-1H-imidazol-2-yl]-cyclohexanecarbonyl}-benzene sulfonamide; (u) N-{4-[4-(3-
Bromo-phenyl)-1H-imidazol-2-yl]-cyclohexylmethyl}-trifluoroacetamide; ~ (v)  4-[4-(3-
Trifluoromethyl-phenyl)-1H-imidazol-2-yl]-cyclohexanecarboxylic acid (2-hydroxy-propyl)-
amide; (W) N- {4-[5-methyl-4-(3-trifluoromethyl-phenyl)-1H-imidazol-2-yl]-
cyclohexylmethyl}-acetamide; (x) 2,2,2-Trifluoro-N- {4-[4-(4-methoxy-phenyl)-1H-1midazol-
2-yl]-cyclohexylmethyl}-acetamide; (y) 4-Chloro-N-{4-[4-(3-trifluoromethyl-phenyl)-1H-
imidazol-2-yl]-cyclohexanecarbonyl}-benzene sulfonamide; (z) N-[4-(8-Methoxy-4,5-
dihydro-3H-naphtho[1,2-d]imidazol-2-yl)-cyclohexylmethyl]-benzenesulfonamide; (aa) 4-[4-
(3-Bromo-phenyl)-1H-imidazol-2-yl}-cyclohexanecarboxylic acid pyrimidin-2-ylamide; (bb)
N-Methyl-N- {4-[4-(3-trifluoromethyl-phenyl)-1H-imidazol-2-yl}-cyclohexylmethyl} -
benzenesulfonamide; (cc) N-{4-[4-(3-Bromo-phenyl)-1H-imidazol-2-yl}-cyclohexylmethyl} -
acetamide; (dd) 5-Methyl-pyridine-Z-sulfonic acld {4-[4-(3-trnfluoromethyl-phenyl)-1H-
imidazol-2-yl]-cyclohexanecarbonyl}-amide; (ee)  4-[4-(3-Trifluoromethyl-phenyl)-1H-
imidazol-2-yl]-cyclohexanecarboxylic acid (1-hydroxymethyl-2-methyl-propyl)-amide; (ff)
{4-[5-Methyl-4-(3-trifluoromethyl-phenyl)-1 H-imidazol-2-yl] écyclohexylmethyl} ~carbamic
acld benzyl ester; (gg) [4-(8-Methoxy-4,5-dihydro-3H-naphtho[1,2-d]Jimidazol-2-yl)-
cyclohexylmethyl]-carbamic acid benzyl ester; (hh) 4-[4-(3-Trifluoromethyl-phenyl)-1H-
imidazol-2-yl]-cyclohexanecarboxylic acid N-acetyl-hydrazide; (ii) 2,2,2-Trifluoro-N-{4-(4-

23



10

CA 02403307 2002-10-16

phenyl-1H-imidazol-2-yl]-cyclohexylmethyl]-acetamide; and (jj) 2,2,2-Trifluoro-N-{4-[4-(3-
trifluoromethyl-phenyl)- 1 H-imidazol-2-yl}-cyclohexylmethyl} -acetamide.

Certain representative compounds encompassed by Formula I are illustrated in Table I.
Within Table I, reference 1s made to Formula IV, and the following abbreviations are used:
Ph i1s phenyl, Me is methyl, Et 1s ethyl, nPr or Pr 1s n-propyl, iPr is isopropyl, tBu is tert-
butyl, cPent 1s cyclopentyl, cHex 1s cyclohexyl.

3
4 Pl
B
R; N
H
.,,,/A/z
Formula IV
Table I
Compound | A R, | z
H ~  NH-CO,CH,Ph

NH-CO,CH,CH;

~ NH-SO,CH-

H - -NH,
s " -~ NH-SO,Ph
7 H - N (CH,) -SO,Ph |
h_ ——— A ————— A ——_— A —— N U — —

3 q NHC=0 (CH,) ]

- e I
| 9 H NHCH,CH, |
e —_—— —_ — — {
| 10 H NH-cyclopentyl

H ~  N- (CH,CH,CH.).,

L
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NHC=0 (CH3)
NHC=O ( CH3 )

ﬁﬁ-tetrahydropyran~4-yl

NHC=0 (CH;) ;0H

NHC=0CH,CH (OH) CH;

NH - CO,CH,Ph
~ NH-cyclopentyl
~ NHC=O(CHs;) |
NHC=O (CF3) |
S —_— — .
| NHC=0 (CF3;) ‘
~ 23 | c® | ® | 3-cFm | NHC=O(CFa) |
- _ _ S
24 CH, H H NHC=0 (CH;)
Im_. B - N AJ_T_.J_TT - ‘ TTwm‘
25 CH, H | 4-Br NHC=0 (CF;)
26 ca, | H | a-Br | ~ NHC=O(CHs;) i
A R P— S— — —
27 CH, H 3-CF; | NH-pyrimidin-2-yl
28 CH, I_ 'H | ® | NH-CH,CF; |
29 CH, | H | 4-Br | ] _NH, - |
ISRy S HS S —
30 CH, H 4 -Br NHCH, (tetrahydropyran-2-yl)
I S _ ﬁ _ -
31 |  CH, H 4 -Br morpholin-4-yl
EY | CH, H 3.CF, | _ NH-80,- (pyridin-3-yl) |
33 | CH, H H ~ NHC-O(pyridin-3-yl) : |
— . — R ___{
34 CH, H H NH-S0,- (pyridin-3-yl)

—— i ——emama oy —

W
'
9
p—

NHC=0 (pyrldln- 3 -Yl )

e e »
L)

{

®.

j—d

NH—SOz—prrfaiHF§~yl)

e e ey —

—_

NHNHC=0 (CH,)
T NHSO,- (4-CH,-phenyl)

. e~y p—. e

NHNHC=0 (CH,)

S S
NH-pyrimidin-2-yl

N- (CH,CH,CHa) 5

NHCH,CH (OH) CH;
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NHSO,- (2-Cl-phenyl)

"
47 C= 3-CF, NHSO,- (4-Cl-phenyl)
48 3 -CFs NHSO, - Ph
49 3-CF, NHSO, (5-CH;-pyridin-2-vy1)
50 3-CF, ' NHSO,CH,Ph
51 H 3-CF; |  NHSO,- (2-CHs;-phenyl)
52 C H 3-CF; | ~ (R) -NHCH,CH (OH) CH- |
53 C=0 H 3-CF3 |  (S)-NHCH,CH (OH) CH, |
54 c=0 | H W‘ T NH-SO2 (CH;).CHs ]
Tss | c=0 | H | 3-CF, | "NH-502 (CH,) ,CH; |
—5e co [ ® [ 3om | wasozomom,
57 j' C=0 H 3-CFs ~ NH-SO2CH,CF, -
58 | C=0 | H 3-CFs NCH;-SO,- (4-CHs;-phenyl)
59 | c=0o | ® [3-cR | NH (CH,) ,0H
60 | _=0Ll‘ H 3-CF, NHC(CH,;),CH,OH |
61 I c=0 H | 3-cF, | NHCH (CH;) CH,OH
62 | c=0 | H® | 3-cr, ~ NH(CH,);0H ]
%3 [ o | ® [ 3-cm | ~ NHCH,CH(OH)Ph |
%2 [ co | ® [ 3m r NH(CH2) ,CH(OH) CH; |
65 C=0 H 3-CF, T NHCH (CH,OH) CH (CH;) 5,
66 Cc=0 H 3-CF; ~ NHCH,CH (OH) CH,CH; —
C=0 3-CF, NH-1- (CH,OH) cyclopent-1-yl
“ Cc=0 H 3-CF, NH(1-OH-cyclohexyl) -methyl
69 C=0 H | 3-CF, NH- (2-OH-cyclohex-1-yl) |
~ 70 | c=0 H | 3-cF | NH (CH2) ,0CH; |
71 I c-0 H 3-CF, "NH (CH2) ,NH, -
72 C=0 H NH (CH2),N(CH;),
73 C=0 H mgrphoinin:4fyl_ -
i oo T @ i oyolohemyl
75 C=0 H 3-CF; NCH, - CH,CH (OH) CH; -
76 C=0 H
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- 3- (OH) -piperidin-1-yl

H 3-CF; 3- (OH) -pyrrolidin-1-yl
C=0 H- 3-CF, (1R,2S)NH (2-OH-indan-1-vy1)
8i | c=0 H | 3-CF, L— (1S, 2R)NH (2-OH-indan-1-vy1)
82 C=0 H 3_CF, ~4- (OH) -piperidin-1-y1
83 C=0 H 3-CF, 1 ~ NH-CH,CH (OH)C(CH;) 4
Y C=0 H | 3-CFs (S) -NH-CH (CH,OH) CH (CHs) ,
85 | C=0 H | 3-CF; |  (R)-NH-CH (CH,OH) CH (CH,) ,
| 86 C=0 H | 3-CF; I NH-CH,CH (OH) CF, :_l

It will be apparent to those of ordinary skill in the art that Table I provides only
representative examples of compounds provided herein, and is not intended to limit the scope
of the present invention. Further, as noted above, all compounds of the present invention

may be present as a free base or as a pharmaceutically acceptable acid addition salt.

Substituted denvatives of 2-cyclohexyl-4-phenyl-1H-imidazole provided herein detectably
alter (modulate) NPY binding to NPY 5 receptor, as determined using standard in vitro NPYS
receptor ligand binding assays and/or signal transduction assays. References herein to an
“NPYS receptor ligand binding assay” are intended to refer to the protocol provided in
Example 11. Brefly, a competition assay may be performed in which an NPYS receptor
preparation is incubated with labeled (e.g., '*’I) NPY and unlabeled test compound. Within
the assays provided herein, the NPYS receptor used is preferably a mammalian NPYS5
receptor, more preferably a human or monkey NPYS5 receptor. The receptor may be
recombinantly expressed or naturally expressed, and may comprise a native sequence or a
modified sequence (e.g., truncated and/or fused to a non-native N-terminal sequence). The
NPY5 receptor preparation may be, for example, a membrane preparation from S/9 cells or

Bowes Melanoma cells that recombinantly express human NPYS5 receptor or a human

chimeric NPYS5/NPY 1 receptor.

Incubation with a compound that detectably modulates NPY binding to NPYS receptor will

result in a decrease or increase in the amount of label bound to the NPYS5 receptor
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preparation, relative to the amount of label bound in the absence of the compound.
Preferably, such a compound will exhibit a K; at an NPY 5 receptor of less than 1 micromolar,
more preferably less than 500 nM, 100 nM, 20 nM or 10 nM, within an assay performed as
described 1in Example 11. Generally preferred compounds are NPYS receptor antagonists,
and decrease NPY5 receptor activity (as measured by calcium mobilization, as described in
Example 12) by at least 20%, preferably by at least 50%, and most preferably by at least
80%. For certain uses, preferred compounds also decrease food intake and weight gain in
one or more animal models, such as food deprivation models (as described, for example, in
published PCT application PCT/US00/26887) and the bovine pancreatic polypeptide

antagonism model, as described in Example 13.

If desired, compounds provided herein may be evaluated for certain pharmacological
properties including, but not limited to, oral bioavailability, serum protein binding and in
vitro and in vivo half-life. In addition, penetration of the blood brain barrier may be desirable
for compounds used to treat CNS disorders, while low brain levels of compounds used to
treat peripheral disorders may be preferred. Routine assays that are well known 1n the art
may be used to assess these properties, and 1dentify superior compounds for a particular use.
For example, assays used to predict bioavailability include transport across human intestinal
cell monolayers, including Caco-2 cell monolayers. Penetration of the blood brain barrier of
a compound in humans may be predicted from the brain levels of the compound 1n laboratory
animals given the compound intravenously. Serum protein binding may be predicted. from
albumin binding assays, as described, for example, in a review by Oravcova et al. (Journal of
Chromatography B (1996) 677:1-27). Compound half-life is inversely proportional to the
frequency of dosage of a compound. /n vitro half-lives of compounds may be predicted from
assays of microsomal half-life as described by Kuhnz and Gieschen (Drug Metabolism and
Disposition (1998) 26:1120-1 127). In view of the present disclosure, a person of ordinary
skill in the art could use such routine techniques to select a compound that displays optimal

properties for a particular purpose.
As noted above, NPY5 receptor modulators provided herein may comprise, in addition to an

active compound of formula I, one or more additional associated moieties. Such moieties

may be linked directly (i.e., via a bond) or by way of a linker, may be noncovalently linked or
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may be combined with the compound. Such additional moieties may be used, for example, to
facilitate delivery, targeting or detection of the compound. For example, compounds
provided herein may sufficiently target a desired site in vivo; however, it may be beneficial
for certain applications to include an additional targeting moiety to facilitate targeting to one
or more specific tissues. Preferred targeting moieties include those that target to brain

regions associated with NPY5 activity.

For certain embodiments, it may be beneficial to also, or alternatively, associate a drug with a
modulator. As used herein, the term "drug" refers to any bioactive agent intended for
administration to a mammal to prevent or treat a disease or other undesirable condition.
Drugs include hormones, growth factors, proteins, peptides and other compounds. For
example, modulators for treatment of eating disorders, particularly obesity and bulimia
nervosa, may comprise an agent such as sibutramine, dexenfluramine, leptin, a growth
hormone secretagogue, a melanocortin agonist, a beta-3 agonist, a SHT-2 agonist, an orexin
antagonist, a melanin concentrating hormone antagonist, a galanin antagonist, a CCK agonist,
a GLP-1 agonist, a corticotropin-releasing hormone agonist or a NPY antagonist. Moieties
that facilitate detection include radionuclides, luminescent groups, fluorescent groups and

enzymes, all of which may be associated with a compound via standard methods.

For detection purposes, as discussed in more detail below, compounds provided herein may
be isotopically-labeled or radiolabeled. Such compounds are identical to those recited in
Formula I, but for the fact that one or more atoms are replaced by an atom having an atomic
mass or mass number different from the atomic mass or mass number usually found 1n nature.
Examples of isotopes that can be incorporated into compounds provided herein include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine, such as
’H, °H, ''C, *C, **C, PN, "0, "0, ’'P, *P, S, "°F and *°Cl. In addition, substitution with
heavy isotopes such as deuterium (i.e., *H) can afford certain therapeutic advantages resulting
from greater metabolic stability, for example increased in vivo half-life or reduced dosage

requirements and, hence, may be preferred in some circumstances.

Other moieties that may be associated with an active compound include carriers. Such

substances may modulate bioavailability or stability of the compound. Representative
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carriers include, for example, molecules such as albumin, polylysine, polyamidoamines,
peptides, proteins, polystyrene, polyacrylamide, lipids, ceramide and biotin, solid support
materials such as beads and microparticles comprising, for example, polylactate

polyglycolate, poly(lactide-co-glycolide), polyacrylate, latex, starch, cellulose or dextran.

PREPARATION OF NPY S RECEPTOR MODULATORS

Substituted derivatives of 2-cyclohexyl-4-phenyl-1H-imidazole may generally be prepared
using standard synthetic methods, which are well known to those of ordinary skill in the art
of organic synthesis. Representative methods are described below, and within Examples 1-9.
Such methods may be combined with other known synthetic methods and variations thereon
(e.g., modification of starting materials) that will be apparent to those of ordinary skill in the

art, to generate all compounds provided herein.

By way of example, a synthetic route similar to those shown 1n any one of Schemes 1-3
(below) may be used. Within these Schemes, “coupling” refers to a suitable coupling reagent
such as, but not limited to BOP or EDCI. These coupling reactions can be carried out at
ambient or elevated temperatures using various solvents including, but not limited to,
methylene chloride, DMF and THF. Coupling reactions can be used to prepare the
compounds encompassed by general structures 1-C (Scheme 1) and 3-D (Scheme 3). In
Scheme 1, following coupling, compound 1-C may be converted directly to compound 1-E
(when R, is H). Alternatively, to generate compounds with R; groups that are not H,

synthesis may proceed via compound 1-D.

In Scheme 2, “deprotection” refers to the process of removal of benzyl carbamate group.
This deprotection can be carried out in a number of ways well known to those skilled 1n the
art of organic synthesis including, but not limited to, catalytic hydrogenation, acid hydrolysis
and base hydrolysis. Deprotection can be used to prepare the compounds encompassed 1n

general structure 2-B.

In Scheme 2, “reduction” refers to the process of synthetic transformation wherein an amide

moiety is converted to an amine. Such a transformation can be used to prepare compounds of
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general structure 2-D. Suitable reductive reagents include, but are not limited to, BHj,
L1AlH4 and LiBH3CN.

In Scheme 2, “reductive amination” refers to the process of synthetic transformation wherein
a primary amine 1s converted to a secondary amine by reaction with a suitable aldehyde or
ketone. Such a transformation can be carried out in a number of ways well known to those
skilled in the art of organic synthesis. Suitable reducing reagents include, but are not limited

to, BHj3, NaBHy4, NaiBH;CN and acid NaBH(OAc);. This reaction can be used to prepare the

compounds encompassed in general structure 2-E.

In Scheme 3, “hydrolysis™ refers to the synthetic transformation wherein an ester moiety is
converted to a carboxylic acid group. Such a transformation can be used to prepare
compounds of general structure 3-B. The reagents suitable for carrying out this

transformation are well known to those skilled in the art of organic synthesis and include, but

are not limited to, KOH, NaOH and HCI.

In Scheme 3, “oxidation” refers to the synthetic transformation wherein an alcohol moiety is
converted to a ketone group. Such a transformation can be used to prepare compounds of
general structure 3-E. Oxidation methods are well known to those skilled in the art of

organic synthesis and include, but are not limited to, Swern oxidation and Dess-Martin

oxidation.
Scheme 1
R2 O R2
+ HO coupling %
ks “R NJKO
O 3 A ’
O Ra
1-A 1-B 1-C
NH,OAc/HOAC
R, 2
R X/NaH R, O _ NH40Ac/HOAC N
NJ\O s
H NH
O K7 R
R4 !
1-D 1-E
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Scheme 2

N deprotection
~N «utlf
— )N
\ NHCbz

RgCOCI/TEA

N reduction
N ] L LN e
\ N7H < > L\l{ Rg

2-D 2-C

reductive amination

R,SO,CITEA
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Scheme 3

R2
N O hydrolys1s
)4 7-<:>—<
\ NH OMe
Ry
3-A
R4
HoN™ Y
5 O OH
2 coupling
Rg” S\ “NH Ro
Rs N O
EDCI/DMAP \ N“Y
R, H  OH
R, 3-D

N 0 Q.0 ox:dation
Nl >—Jk -S.
\ N Re 2

NH l
R1 R5
3-C Y‘O—U\ R4

In certain situations, the compounds of this invention may contain one or more asymmetric
carbon atoms, so that the compounds can exist in different stereoisomeric forms. These
compounds can be, for example, racemates or optically active forms. As noted above, all
stereoisomers are encompassed by the present invention. Nonetheless, it may be desirable to
obtain single enantiomers (i.e., optically active forms). Standard methods for preparing
single enantiomers include asymmetric synthesis and resolution of the racemates. Resolution
of the racemates can be accomplished, for example, by conventional methods such as

crystallization in the presence of a resolving agent, or chromatography using, for example a
chiral HPLC column.

As noted above, the present invention encompasses pharmaceutically acceptable salts of the
compounds described herein. As used herein, a "pharmaceutically acceptable salt" is an acid
or base salt that i1s generally considered in the art to be suitable for use in contact with the

tissues of human beings or animals without excessive toxicity, irritation, allergic response, or
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other problem or complication. Such salts include mineral and organic acid salts of basic
residues such as amines, as well as alkali or organic salts of acidic residues such as
carboxylic acids. Specific pharmaceutical salts include, but are not limited to, salts of acids
such as hydrochloric, phosphoric, hydrobromic, malic, glycolic, fumaric, sulfuric, sulfamic,
sulfanilic, formic, toluenesulfonic,  methanesulfonic, ethane  disulfonic, 2-
hydroxyethylsulfonic, nitric, benzoic, 2-acetoxybenzoic, citric, tartaric, lactic, stearic,
salicylic, glutamic, ascorbic, pamoic, succinic, fumaric, maleic, propionic, hydroxymaleic,
hydroiodic, phenylacetic, alkanoic such as acetic, HOOC-(CH;),-COOH where n 1s 0-4, and
the like. Similarly, pharmaceutically acceptable cations include, but are not limited to
sodium, potassium, calcium, aluminum, lithium and ammonium. Those of ordinary skill in
the art will recognize further pharmaceutically acceptable salts for the compounds provided
herein, including those listed by Remington's Pharmaceutical Sciences, 17th ed., Mack
Publishing Company, Easton, PA, p. 1418 (1985). Accordingly, the present disclosure
should be construed to include all pharmaceutically acceptable salts of the compounds

specifically recited.

A wide variety of synthetic procedures are available for the preparation of pharmaceutically
acceptable salts. In general, a phann'aceutically acceptable salt can be synthesized from a
parent compound that contains a basic or acidic moiety by any conventional chemical
method. Briefly, such salts can be prepared by reacting the free acid or base forms of these
compounds with a stoichiometric amount of the appropriate base or acid in water or in an
organic solvent, or in a mixture of the two; generally, nonaqueous media like ether, ethyl

acetate, ethanol, 1sopropanol, or acetonitrile are preferred.

The present invention also encompasses prodrugs of the compounds of Formula I, which may
be modified (either in routine manipulation or in vivo) to generate an active agent
encompassed by Formula I. Such prodrugs may be prepared by modifying functional groups
present in the compounds in such a way that the modifications are cleaved to the parent
compounds. Prodrugs include compounds wherein hydroxy, amine or sulfhydryl groups are
bonded to any group that, when administered to a mammalian subject, cleaves to form a free
hydroxyl, amino, or sulfhydryl group, respectively. Examples of prodrugs include, but are

not limited to, acetate, formate and benzoate derivatives of alcohol and amine functional
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groups within the compounds provided herein. Preferred prodrugs include acylated
denivatives. Those of ordinary skill in the art will recognize various synthetic methods that

may be employed to prepare prodrugs of the compounds provided herein.

Additional moieties may be associated with a compound using any suitable procedure.
Covalent linkage may generally be achieved using suitable functional groups (e.g., hydroxyl,
carboxyl, sulfhydryl or amino groups) on the compound and the moiety to be attached. For
example, a nucleophilic group, such as an amino or sulfhydryl group, on one may be capable
of reacting with a carbonyl-containing group, such as an anhydride or an acid halide, or with
an alkyl group containing a good leaving group (e.g., a halide) on the other. The use of
bifunctional, multifunctional and/or cleavable linkers may also be desirable for certain
applications. Such linkers are well known in the art. Compounds associated with carriers
may be covalently linked or, preferably, such association does not involve covalent

interaction and 1s achieved by mixing.

Compounds may be radiolabeled by carrying out their synthesis using precursors comprising
at least one atom that 1s a radioisotope (i.e., an isotopically labeled reagent is substituted for a
non-isotopically labeled reagent). Numerous radioisotopes are readily available, including
1sotopes of hydrogen, carbon, nitrogen, oxygen, pﬁosphorous, sulfur, 1odine, fluorine and
chlorine, such as '*C, °H, S or 'I. Synthesis of radiolabeled compounds may be
conveniently performed by a radioisotope supplier specializing in custom synthesis of
radiolabeled probe compounds, such as Amersham Corporation, Arlington Heights, IL;
Cambridge Isotope Laboratories, Inc. Andover, MA; SRI International, Menlo Park, CA;
Wizard Laboratories, West Sacramento, CA; ChemSyn Laboratories, Lexena, KS; Amercan
Radiolabeled Chemicals, Inc., St. Louis, MO; and Moravek Biochemicals Inc., Brea, CA.
Tritium labeled compounds are also conveniently prepared catalytically via platinum-
catalyzed exchange in tritiated acetic acid, acid-catalyzed exchange in tritiated trifluoroacetic
acid, or heterogeneous-catalyzed exchange with tritium gas. Such preparations may also be
performed as a custom radiolabeling by any of the suppliers listed above using the compound
as substrate. In addition, certain precursors may be subjected to tritium-halogen exchange
with tritium gas, tritium gas reduction of unsaturated bonds, or reduction using sodium

borotritide, as appropriate.
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PHARMACEUTICAL COMPOSITIONS
The present invention also provides pharmaceutical compositions comprising NPY5 receptor
modulators, together with at least one physiologically acceptable carrier or excipient. Such
compositions may comprise, for example, water, buffers (e.g., neutral buffered saline or
phosphate buffered saline), ethanol, mineral oil, vegetable oi1l, dimethylsulfoxide,
carbohydrates (e.g., glucose, mannose, sucrose or dextrans), mannitol, proteins, adjuvants,
polypeptides or amino acids such as glycine, antioxidants, chelating agents such as EDTA or
glutathione and/or preservatives. Preferred pharmaceutical compositions are formulated for

oral delivery to humans or other animals (e.g., companion animals such as dogs).

If desired, other active ingredients may also be included. For example, compositions
intended for the treatment of eating disorders, particularly obesity and bulimia nervosa, may
further comprise an agent such as sibutramine, dexenfluramine, leptin, a growth hormone
secretagogue, a melanocortin agonist, a beta-3 agonist, a SHT-2 agonist, an orexin antagonist,
a melanin concentrating hormone antagonist, a galanin antagomst, a CCK agomnist, a GLP-]

agonist and/or a corticotropin-releasing hormone agonist or a NPY, antagonist.

Pharmaceutical compositions may be formulated for any appropriate manner of
administration, including for example, topical, oral, nasal, rectal or parenteral admimstration.
The term parenteral as used herein includes subcutaneous 1njections, intradermal,
intravascular (e.g., intravenous), intramuscular, spinal, intracranial, intrathecal,
intraperitoneal injection or like injection or infusion techniques. In certain embodiments,
compositions in a form suitable for oral use are preferred. Such forms include, for example,
tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules,
emulsion, hard or soft capsules, or syrups or elixirs. Within yet other embodiments,

compositions of the present invention may be formulated as a lyophilizate.

Compositions intended for oral use may further contain one or more components such as
sweetening agents, flavoring agents, coloring agents and preserving agents in order to provide
appealing and palatable preparations. Tablets contain the active ingredient(s) in admixture
with physiologically acceptable excipients that are suitable for the manufacture of tablets.

Such excipients include, for example, inert diluents (e.g., calcium carbonate, sodium
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carbonate, lactose, calcium phbsphate or sodium phosphate), granulating and disintegrating
agents (e.g., corn starch or alginic acid), binding agents (e.g., starch, gelatin or acacia) and
lubricating agents (e.g., magnesium stearate, stearic acid or talc). The tablets may be
uncoated or they may be coated by known techniques to delay disintegration and absorption
in the gastrointestinal tract and thereby provide a sustained action over a longer period. For
example, a time delay material such as glyceryl monosterate or glyceryl distearate may be

employed.

Formulations for oral use may also be presented as hard gelatin capsules in which the active
ingredient is mixed with an inert solid diluent (e.g., calcium carbonate, calcium phosphate or
kaolin), or as soft gelatin capsules wherein the active ingredient 1s mixed with water or an oil

medium (e.g., peanut oil, liquid paraffin or olive o1l).

Aqueous suspensions contain the active materials in admixture with excipients suitable for
the manufacture of aqueous suspensions. Such excipients are suspending agents (e.g.,
sodium carboxymethylcellulose, methylcellulose, hydropropylmethylcellulose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia); and dispersing or wetting
agents (e.g., naturally-occurring phosphatides such as lecithin, condensation products of an
alkylene oxide with fatty acids such as polyoxyethylene stearate, condensation products of
ethylene oxide with long chain aliphatic alcohols such as heptadecaethyleneoxycetanol,
condensation products of ethylene oxide with partial esters derived from fatty acids and a
hexitol such as polyoxyethylene sorbitol monooleate, or condensation products of ethylene
oxide with partial esters derived from fatty acids and hexitol anhydrides such as polyethylene
sorbitan monooleate). Aqueous suspensions may also contain one or more preservatives, for
example ethyl, or n-propyl p-hydroxybenzoate, one or more coloring agents, one or more

flavoring agents, and/or one or more sweetening agents, such as sucrose or saccharn.

Oily suspensions may be formulated by suspending the active ingredients in a vegetable oil
(e.g., arachis oil, olive oil, sesame oil or coconut oil), or in a mineral o1l such as liquid
paraffin. The oily suspensions may also contain a thickening agent such as beeswax, hard

paraffin or cetyl alcohol. S;weetening agents, such as those set forth above, and/or flavoring
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agents may be added to provide palatable oral preparations. Such suspensions may be

preserved by the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation of an aqueous suspension by the
addition of water provide the active ingredient in admixture with a dispersing or wetting
agent, suspending agent and/or one or more preservatives. Suitable dispersing or wetting
agents and suspending agents are exemplified by those already mentioned above. Additional

excipients, such as sweetening, flavoring and/or coloring agents, may also be present.

Pharmaceutical compositions may also be in the form of oil-in-water emulsions. The oily
phase may be a vegetable oil (e.g., olive o1l or arachis oil), or a mineral oil (e.g., liquid
paraffin) or mixtures thereof. Suitable emulsifying agents may be naturally-occurring gums
(e.g., gum acacia or gum tragacanth), naturally-occurring phosphatides (e.g., soy bean,
lecithin and esters or partial esters derived from fatty acids and hexitol), anhydrides (e.g.,
sorbitan monoleate) and condensation products of partial esters derived from fatty acids and
hexitol with ethylene oxide (e.g., polyoxyethylene sorbitan monoleate). The emulsions may

also contain sweetening and/or flavoring agents.

Syrups and elixirs may be formulated with sweetening agents, such as glycerol, propylene
glycol, sorbitol or sucrose. Such formulations may also comprise one or more demulcents,

preservatives, flavoring agents and/or coloring agents.

A pharmaceutical composition may be prepared as a sterile injectable aqueous or oleaginous
suspension. The modulator, depending on the vehicle and concentration used, can either be
suspended or dissolved in the vehicle. Such a composition may be formulated according to
the known art using suitable dispersing, wetting agents and/or suspending agents, such as
those mentioned above. Among the acceptable vehicles and solvents that may be employed
are water, 1,3-butanediol, Ringer's solution and isotonic sodium chlornide solution. In
addition, sterile, fixed oils may be used as a solvent or suspending medium. For this purpose
any bland fixed oil may be employed, including synthetic mono- or diglycerides. In addition,

fatty acids such as oleic acid find use in the preparation of injectable compositions, and
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adjuvants such as local anesthetics, preservatives and/or buffering agents can also be

dissolved in the vehicle.

Modulators may also be prepared in the form of suppositories (e.g., for rectal administration).
Such compositions can be prepared by mixing the drug with a suitable non-irritating
excipient that is solid at ordinary temperatures but liquid at the rectal temperature and will
therefore melt 1n the rectum to release the drug. Suitable excipients include, for example,

cocoa butter and polyethylene glycols.

For administration to non-human animals, the composition may also be added to animal feed
or drinking water. It may be convenient to formulate animal feed and drinking water
compositions so that the animal takes in an appropriate quantity of the composition along
with 1ts diet. It may also be convenient to present the composition as a premix for addition to

feed or drinking water.

Pharmaceutical compositions may be formulated as sustained release formulations (i.e., a
formulation such as a capsule that effects a slow release of modulator following
administration). Such formulations may generally be prepared using well known technology
and administered by, for example, oral, rectal or subcutaneous implantation, or by
implantation at the desired target site. Carriers for use within such formulations are
biocompatible, and may also be biodegradable; preferably the formulation provides a
relatively constant level of modulator release. The amount of modulator contained within a
sustained release formulation depends upon the site of implantation, the rate and expected

duration of release and the nature of the condition to be treated or prevented.
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