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4-SUBSTITUTED-CYCLOHEXYLAMINO-4-PIPERIDINYL-
ACETAMIDE ANTAGONISTS OF CCR2

FIELD OF THE INVENTION

The invention is directed to 4-substituted-cyclohexylamino-4-piperidiyl-acetamide compounds,
which are antagonists to the chemoattractant cytokine receptor 2 (CCR2), pharmaceutical
compositions, and methods for use thereof. Compounds of the invention are useful for

preventing, treating or ameliorating a CCR2 mediated syndrome, disorder or discase.

BACKGROUND OF THE INVENTION

CCR2 is a member of the GPCR family of receptors, as are all known chemokine receptors, and
are expressed by monocytes and memory T-lymphocytes. The CCR2 signaling cascade involves
activation of phospholipases (PLC[2), protein kinases (PKC), and lipid kinases (P1-3 kinase).
Chemoattractant cytokines (i.e., chemokines) are relatively small proteins (8-10 kD), which
stimulate the migration of cells. The chemokine family is divided into four subfamilies based on
the number of amino acid residues between the first and second highly conserved cysteines.
Monocyte chemotactic protein-1 (MCP-1) is a member of the CC chemokine subfamily (wherein
CC represents the subfamily having adjacent first and second cysteines) and binds to the cell-
surface chemokine receptor 2 (CCR2). MCP-1 is a potent chemotactic factor, which, after
binding to CCR2, mediates monocyte and lymphocyte migration (i.e., chemotaxis) toward a site
of inflammation. MCP-1 is also expressed by cardiac muscle cells, blood vessel endothelial cells,
fibroblasts, chondrocytes, smooth muscle cells, mesangial cells, alveolar cells, T-lymphocytes,
marcophages, and the like.

After monocytes enter the inflammatory tissue and differentiate into macrophages, monocyte
differentiation provides a secondary source of several proinflammatory modulators, including
tumor necrosis factor-a (TNF-a), interleukin-1 (IL-1), IL-8 (a member of the CXC chemokine
subfamily, wherein CXC represents one amino acid residue between the first and second
cysteines), 1L-12, arachidonic acid metabolites (e.g., PGE; and LTB,), oxygen-derived free

radicals, matrix metalloproteinases, and complement components.
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Animal model studies of chronic inflammatory diseases have demonstrated that inhibition of
binding between MCP-1 and CCR2 by an antagonist suppresscs the inflammatory responsc. The
interaction between MCP-1 and CCR2 has been implicated (see Rollins B J, Monocyte
chemoattractant protein 1: a potential regulator of monocyte recruitment in inflammatory
disecase, Mol. Med. Today, 1996, 2, p. 198; and Dawson J, et al.,, Targeting monocyte
chemoattractant protein-1 signaling in disease, Expert Opin. Ther. Targets, 2003, 7 (1), pp. 35-
48) in inflammatory discase pathologies such as psoriasis, uveitis, atherosclerosis, rheumatoid
arthritis (RA), multiple sclerosis, Crohn's Disease, nephritis, organ allograft rejection, fibroid
lung, renal insufficiency, type 11 diabetes, diabetic complications, diabcetic nephropathy, diabctic
retinopathy, diabetic retinitis, diabetic microangiopathy, tuberculosis, sarcoidosis, invasive
staphylococcia, inflammation after cataract surgery, allergic rhinitis, allergic conjunctivitis,
chronic urticaria, Chronic Obstructive Pulmonary Disease (COPD), allergic asthma, periodontal
diseases, periodonitis, gingivitis, gum disease, diastolic cardiomyopathies, cardiac infarction,
myocarditis, chronic heart failure, angiostenosis, restenosis, reperfusion disorders,
glomerulonephritis, solid tumors and cancers, chronic lymphocytic leukemia, chronic myelocytic
leukemia, multiple myeloma, malignant myeloma, Hodgkin's disease, and carcinomas of the
bladder, breast, cervix, colon, lung, prostate, and stomach.

Monocyte migration is inhibited by MCP-1 antagonists (either antibodies or soluble, inactive
fragments of MCP-1), which have been shown to inhibit the development of arthritis, asthma,
and uveitis. Both MCP-1 and CCR2 knockout (KO) mice have demonstrated that monocyte
infiltration into inflammatory lcsions is significantly dccrcasced. In addition, such KO micc arc
resistant to the development of experimental allergic encephalomyelitis (EAE, a model of human
MS), cockroach allergen-induced asthma, atherosclerosis, and uveitis. Rheumatoid arthritis and
Crohn's Discase patients have improved during treatment with TNF-a antagonists (e.g.,
monoclonal antibodies and soluble receptors) at dose levels correlated with decreases in MCP-1
cxpression and the number of infiltrating macrophagcs.

MCP-1 has been implicated in the pathogenesis of seasonal and chronic allergic rhinitis, having
been found in the nasal mucosa of most patients with dust mite allergies. MCP-1 has also been
found to induce histamine release from basophils in vitro. During allergic conditions, both

allergens and histamines have been shown to trigger (i.e., to up-regulate) the expression of MCP-
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1 and other chemokines in the nasal mucosa of people with allergic rhinitis, suggesting the
presence of a positive feedback loop in such paticnts.

There remains a need for small molecule CCR2 antagonists for preventing, treating or
ameliorating a CCR2 mediated inflammatory syndrome, disorder or disease resulting from MCP-
1 induced monocyte and lymphocyte migration to a site of inflammation.

All documents cited herein are incorporated by reference.

SUMMARY OF THE INVENTION

The present invention compriscs compounds of Formula (I).

R']
X \ : O Y
N 2
R
5 LR
X

R*  Formula (I).

wherein:
wl \ wd, s, wl, N wl, wl
| |
Z N Z N N N Z N Z N N N
RliS H » H s H H s H s H ﬂ273-

dihydroindol-3-yl, indol-3-yl, pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, or pyrrolyl; whercin said pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, or pyrrolyl is optionally substituted with OCHs, CHs, OCF3, CFs, OCF3, -
CN, or C(O)CH3;

R?is H, Cl, CHs, OC_gjalkyl, or F;

R is H, F, Cl, CO:C1ajyalkyl, Ca.ayalkyl, OCq_ayalkyl, SCq_salkyl, OCFs, OCHCF3, -CN,
CO.H, C(0)C(iaalkyl, C(O)NH;, C(O)NHC,_gjalkyl, C(O)N(C¢,-4jalkyl),, or CF3;

R*is H, CHa, OC.4alkyl, or F; or R* may be taken together with R? and their attached phenyl to
form a bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-
dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][ 1,3 ]dioxole-5-yl, 2,2-dimethyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][1,4]dioxin-6-yl;

Xi1s H, OH, NH,, or F;
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Y iS OH, NHz, OC(O)C(1_4)alkyl, NHC(O)C(1_4)alky1, OC(1_4)alkyl, NHC(1_4)alky1, N(C(1_4)alkyl)z,
or NHOH;
Z is NH or -HC=CH-;

and tautomers, and pharmaceutically acceptable salts thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises compounds of Formula (1).

R’l
VA : O Y
N 2
R
| R
o ¢

R*  Formula (1)

wherein:
wdn, N adn, “dn, wty, N wln, wl,
N7~ _ AN N~ X X
Z N Z N NZ N ZN Z N N N
R'is H | H | H | H | H | H  23-

dihydroindol-3-yl, indol-3-yl, pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, or pyrrolyl; wherein said pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, or pyrrolyl is optionally substituted with OCH3, CHs, OCF;, CF;, OCFs;, -
CN, or C(O)CHs;

R?is H, Cl, CHs, OC-salkyl, or F;

R'is H, F, Cl, CO,C1palkyl, Caaalkyl, OCaalkyl, SCqaalkyl, OCF:, OCH,CFs, -CN,
CO,H, C(0)C(i-gpalkyl, C(O)NH,, C(O)NHC;_gyalkyl, C{O)N(C1.syalkyl),, or CFs;

R*is H, CHs, OC.ayalkyl, or F; or R may be taken together with R? and their attached phenyl to
form a bicyclic ring sclected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-
dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][1,3]dioxole-5-yl, 2,2-dimethyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][1,4]dioxin-6-yl;

X is H, OH, NH,, or F;

Y is OH, NH,, OC(0)C-salkyl, NHC(O)C1-salkyl, OCsalkyl, NHC.galkyl, N(C(i_syalkyl),,
or NHOH;
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Z is NH or -HC=CH-;

and tautomcrs, and pharmaccutically acceptable salts thercof.

In another embodiment of the invention:

7 I /

e il
NN T N
) " N Z>N SN TN
R is H | H | H | 2 3-dihydroindol-3-yl, indol-3-yl, pyridyl, pyrimidyl,

or pyridazyl; wherein said pyridyl, pyrimidyl, or pyridazyl is optionally substituted with OCHzs;
R?is H, Cl, CHs, OC(1-salkyl, or F;

R?is H, F, Cl, CO,Cyalkyl, Cqa.salkyl, OC(galkyl, SCqi.ayalkyl, OCF», or CF3;

R*is H, CHs, OC 4yalkyl, or F; or R may be taken together with R? and their attached phenyl to
form a bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-
dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][1,3]dioxole-5-yl, 2,2-dimethyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][1.4]dioxin-6-yl;

XisH,OH, or F;

Y is OH, NH,, OC(O)CH;, NHC(O)CHs, OC(;.salkyl, NHC(14alkyl, N(C(i4)alkyl),, or NHOH;
Z 18 NH or -HC=CH-—;

and tautomcrs, and pharmaccutically acceptable salts thercof.

Tn another embodiment of the invention:

7 ] /

i, N Y\, i,

Ty Oy Gy

) (& N Z N NZ N
R is H H | H , 2,3-dihydroindol-3-yl, indol-3-yl, or pyridyl; wherein

said pyridyl is optionally substituted with OCHj;

R’ is H, Cl, OCH, or F;

R’ is H, F, Cl, CO,C(1_palkyl, Ciaalkyl, OCHs, SC(14alkyl, OCF;, or CFs;

R*is H, OCHs, or F; or R* may be taken together with R? and their attached phenyl to form a
bicyclic ring sclected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-
dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][1,3]dioxole-5-yl, 2,2-dimethyl-
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benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][ 1,4 ]dioxin-6-yl;
XisHorF,

Y is OH, NH,, OC(;_salkyl, NHC_s)alkyl, N(C1_4)alkyl),, or NHOH;

Z is NH or -HC=CH-;

and tautomers and pharmaceutically acceptable salts thereof.

In another embodiment of the invention:

/ /

e Y iy
Cry Oy G0
L NF N Z N N7 N . . .
R is H H | H | 2,3-dihydroindol-3-yl, indol-3-yl, or 2-methoxy-
pyrld-s _yla;

R%*is H, Cl, or F;

R’ is H, F, Cl, CO,CH,CHs, CH;s, SCH3, OCFs, or CFs;

R*is O, or F; or R* may be taken together with R* and their attached phenyl to form a bicyclic
ring selected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-dihydrobenzofuran-5-
yl, 2,2-difluoro-benzo[d][ 1,3 ]dioxole-5-yl, 2,2-dimethyl-2,3-dihydrobenzofuran-5-yl, chroman-
6-yl, and 2,3-dihydrobenzo|b][ 1,4 ]dioxin-6-yl,

X is H;

Y is OH, NH;, OCH3;, NHCH3;, N(CHz),, or NHOH;

7 is NH or -HC=CH-;

and tautomers, and pharmaceutically acceptable salts thereof.

Another embodiment of the invention is a compound sclected from the group consisting of:

) //IOVO = I e O\O ” I
N N N ™
- 2 HC1 F F
0 0
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and tautomers, and pharmaceutically acceptable salts thereof.

Another embodiment of the invention is a pharmaceutical composition, comprising a

compound of Formula (T) and a pharmaceutically acceptable carrier.

Another embodiment of the invention is a pharmaceutical composition, made by mixing a

compound of Formula (I) and a pharmaceutically acceptable carrier.

Another embodiment of the invention is a process for making a pharmaceutical
composition comprising mixing a compound of Formula (I) and a pharmaceutically

acceptable carrier.

The present invention also provides a method for preventing, treating or ameliorating a
CCR2 mediated syndrome, disorder or disease comprising administering to a subject in
need thereof a therapeutically effective amount of a compound of Formula (I) or a form,
composition or medicament thereof. In one embodiment of the present invention, the
CCR2 mediated syndrome, disorder or discase is an inflammatory syndrome, disorder or

disease.

The present invention also provides a method for preventing, treating or ameliorating a
CCR2 mediated inflammatory syndrome, disorder or disease wherein the syndrome,
disorder or discase is associated with elevated MCP-1 expression or MCP-1
overexpression, or is an inflammatory condition that accompanies syndromes, disorders or
discascs associated with clevated MCP-1 cxpression or MCP-1 overcxpression comprising
administering to a subject in need thereof an effective amount of a compound of Formula

(1) or a form, composition or medicament thereof.
The present invention also provides a method of preventing, treating or ameliorating a
syndrome, disorder or disease, wherein said syndrome, disorder or disease is selected from

the group consisting of: Chronic Obstructive Pulmonary Disease (COPD), ophthalmic

12
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disorders, uveitis, atherosclerosis, theumatoid arthritis, psoriasis, psoriatic arthritis, atopic
dermatitis, multiple sclcrosis, Crohn's Discasc, ulccrative colitis, nephritis, organ allograft
rejection, fibroid lung, renal insufficiency, type-1 diabetes, type Il diabetes, diabetic
complications, diabetic nephropathy, diabetic retinopathy, diabetic retinitis, diabetic
microangiopathy, overweight, obesity, obesity-associated insulin resistance, metabolic
syndrome, tuberculosis, chronic obstructive pulmonary disease, sarcoidosis, invasive
staphyloccocia, inflammation after cataract surgery, allergic rhinitis, allergic conjunctivitis,
chronic urticaria, asthma, allergic asthma, periodontal diseases, periodonitis, gingivitis,
gum discasc, diastolic cardiomyopathics, cardiac infarction, myocarditis, chronic hcart
failure, angiostenosis, restenosis, reperfusion disorders, glomerulonephritis, solid tumors
and cancers, chronic lymphocytic leukemia, chronic myelocytic leukemia, multiple
myeloma, malignant myeloma, Hodgkin's discase, and carcinomas of the bladder, breast,
cervix, colon, lung, prostate, or stomach comprising administering to a subject in need
thereof an cffective amount of a compound of Formula (1) or a form, composition or

medicament thereof.

The present invention also provides a method of preventing, treating or ameliorating a
syndrome, disorder or disease, wherein said syndrome, disorder or disease is selected from
the group consisting of: type I diabetes, type 1I diabetes, diabetic complications, diabetic
nephropathy, diabetic retinopathy, diabetic retinitis, diabetic microangiopathy, obesity,
obesity-associated insulin resistance, metabolic syndrome, asthma, and allergic asthma,
comprising administering to a subject in need thereof a therapeutically effective amount of

a compound of Formula (I) or a form, composition or medicament thereof.

The present invention also provides a method of treating a disorder selected from the group
consisting of type II diabetes, obesity and asthma comprising administering to a subject in
need thereof a therapeutically effective amount of a compound of Formula (I) or a form,

composition or medicament thereof.

In another embodiment, the invention relates to a product made by the process of any of

Examples from Example 1 to Example 54.

13
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In anothcr cmbodiment, the invention rclates to a compound which is thc morc polar
isomer of any of Examples #1-54.

In another embodiment, the invention relates to a process for the preparation of a
compound of Formula (I) comprising reacting a compound of Formula (XII)

6
R\
N—R’

O
N—PG
H>N

2
(XN , where PG is a amine protecting group and R® and R’ are

independently H, OH, OC;_sjalkyl, NH,, NHC s)alkyl , or C(14)alkyl, or taken together

R
ao!
0O

form a 5-membered heterocyclic ring, with a compound of Formula (11) (1) , in the

presence of a reducing agent, where R' is

e N “n, A, A, N o, wdn,
Z N Z N N N Z =N 7\ NZ N

H | H | H | H | H H , 23-

dihydroindol-3-yl, indol-3-yl, pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, or pyrrolyl; wherein said pyridyl, pyrimidyl, pyridazyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, or pyrrolyl is optionally substituted with OCHs, CHj,
OCFs, CF3, OCF3, -CN, or C(O)CH3; and X is H, OH, NHy, or F. In another embodiment,

the invention relates to a product made by the above process.

In another embodiment, the invention relates to a process for the preparation of a

compound of Formula (I) comprising reacting a compound of Formula (XV)

5
R? R , where R’ is -N=C=0, -C=C-CO,H, or C(=0O)halide, with a compound of

14
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R1
N
Formula (XIV) NH , in the presence of a base such as TEA or DIEA,

and/or coupling reagent such as DCC or EDCI; where

S wly e iy
N™™ A X N B X
Z N Z N NZ N Z N Z N NZ N
H | H | H | H | H | H ,23-

dihydroindol-3-yl, indol-3-yl, pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl,

R'is

1soxazolyl, thiazolyl, or pyrrolyl; wherein said pyridyl, pyrimidyl, pyridazyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, or pyrrolyl is optionally substitutcd with OCHs, CHs,

OCF;3, CF3, OCF3, -CN, or C(O)CH3;

R*is H, Cl, CH;, OC(4yalkyl, or F;

R’ is H, F, Cl, CO,Cqi.palkyl, Ciaalkyl, OC(salkyl, SC(1salkyl, OCF3, OCH,CF3, -CN,
COzH, C(O)Cp.aalkyl, C(O)NH,, C(O)NHC(_syalkyl, C(O)N(Cq-ayalkyl)s, or CF3;

R*is H, CH;, OC(1.ayalkyl, or F; or R may be taken together with R* and their attached
phenyl to form a bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-
5-yl, 2,3-dihydrobcenzofuran-5-yl, 2,2-difluoro-benzo[d][ 1,3 [dioxolc-5-y1, 2,2-dimcthyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][1,4]dioxin-6-yl;

X is H, OH, NH,, or F; and

Y is OH, NH,, OC(0)C.4alkyl, NHC(O)C(i-ayalkyl, OCi_sjalkyl, NHC1-gjalkyl, N(C-
palkyl),, or NHOH. In another cmbodiment, the invention relates to a product made by the

above process.
In another embodiment, the invention relates to a compound as described in the Examples

or Formula (I) for use as a medicament, in particular, for use as a medicament for treating a

CCR2 mediated syndrome disorder or disease.

15
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In another embodiment, the invention relates to the use of a compound as described in the
Examples of Formula (I) for the preparation of a medicament for the trcatment of a discasc

associated with an elevated or inappropriate CCR2 activity.

Definitions

The term “alkyl” refers to both linear and branched chain radicals of up to 12 carbon
atoms, preferably up to 6 carbon atoms, unless otherwise indicated, and includes, but is not
limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, hexyl, isohexyl, heptyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl and
dodecyl.

The term “C,p)” (Where a and b are integers referring to a designated number of carbon
atoms) refers to an alkyl, alkenyl, alkynyl, alkoxy or cycloalkyl radical or to the alkyl
portion of a radical in which alkyl appcars as the prefix root containing from « to b carbon

atoms inclusive. For example, C(1.4) denotes a radical containing 1, 2, 3 or 4 carbon atoms.

The terms “halide” or “halogen” refer to an atom consisting of fluorine, chlorine, bromine,

or iodine.

For use in medicines, the salts of the compounds of this invention refer to non-toxic
“pharmaceutically acceptable salts.” FDA approved pharmaceutically acceptable salt
forms (Ref. International J. Pharm. 1986, 33, pp. 201-217; J. Pharm. Sci., 1977, 66(1), p.

1) include pharmaceutically acceptable acidic/anionic or basic/cationic salts.

Throughout this specification, compounds are described as being separated, usually by
silica gel column, although preporatory thin layer chromatography, or high or low pressure
liquid choromatography may also be used. It is generally accepted that when ecluting
compounds through a silica gel-type separation medium, that the least polar compounds
clute before the more polar compounds. Therefore, the term “less polar isomer”, or “less
polar diastercomer” refers to the compound that will elute first from a silica gel type

scparation medium.
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Abbreviations

Herein and throughout this application, the following abbreviations may be used.

Ar
Boc
Bn

Bu
Cbz
DAST
DBU
DCC
DCM
DIEA
DMF
EDCI1
Et
EtOAc
EtOH
Fmoc
Het
HOBt
HPLC
IPA
LCMS
LHMDS
Mc
Ms
OAc
PdCly(dppf)
PG
PPh;
1Pr
PyBrop
TEA
TFA
THF
TLC
TMS
Ts

aromatic or aryl group

tert-butyloxycarbonyl

benzyl

butyl

benzyloxycarbonyl

dicthylaminosulfur trifluoride
1,8-diazabicyclo[5.4.0Jundec-7-ene
dicyclohexylcarbodiimide

dicholomethane

diisopropylethylamine (a.k.a. - Hunig’s base)
dimethylformamide
1-ethyl-3-(3’-dimethylaminopropyl)carbodiimide
cthyl

cthyl acetate

cthanol

9-fluorenylmethoxycarbonyl

heteroaromatic group

hydroxybenzotriazole

high performance liquid chromatography
isopropyl alcohol

liquid chromatography- mass spectrometry
lithium hexamethyldisilazanc

mcthyl

mesylate

acetate
[1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(IT)
protecting group

triphenylphosphine

isopropyl
bromo-tris-pyrrolidinophosphonium hexafluorophosphate
triethylamine

trifluoroacetic acid

tetrahydrofuran

thin layer chromatography

trimethysilyl

tosylate
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Pharmaceutically acceptable acidic/anionic salts include, and are not limited to acetate,
benzencsulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium cdetate, camsylate,
carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate,
glyceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine,
hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate, lactobionate,
malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,
mucate,  napsylate, nitrate, pamoate, pantothenate,  phosphate/diphosphate,
polygalacturonate, salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate,
teoclate, tosylate and tricthiodide. Organic or inorganic acids also include, and arc not
limited to, hydriodic, perchloric, sulfuric, phosphoric, propionic, glycolic,
methanesulfonic, hydroxyethanesulfonic, oxalic, 2-naphthalenesulfonic, p-toluenesulfonic,

cyclohexanesulfamic, saccharinic or trifluoroacetic acid.

Pharmaccutically acceptable basic/cationic salts include, and arc not limited to aluminum,
2-amino-2-hydroxymethyl-propane-1,3-diol (also known as
tristhydroxymethyl)aminomethane, tromethane or “TRIS”), ammonia, benzathine,
t-butylamine, calcium, calcium gluconate, calcium hydroxide, chloroprocaine, choline,
choline bicarbonate, choline chloride, cyclohexylamine, diethanolamine, ethylenediamine,
lithium, LiOMe, L-lysine, magnesium, meglumine, NH3;, NH4,OH, N-methyl-D-glucamine,
piperidine, potassium, potassium-/-butoxide, potassium hydroxide (aqueous), procaine,
quinine, sodium, sodium carbonate, sodium-2-ethylhexanoate (SEH), sodium hydroxide,

triethanolamine, or zinc.
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Methods of Use

The present invention is directed to a method for preventing, treating or ameliorating a
CCR2 mediated syndrome, disorder or disease comprising administering to a subject in
need thereof an effective amount of a compound of Formula (I) or a form, composition or

medicament thereof.

Examples of a CCR2 mediated syndrome, disorder or disease for which the
compounds of Formula (1) are useful include chroni¢ obstructive pulmonary disorder
(COPD), ophthalmic disorders, uveitis, atherosclerosis, rheumatoid arthritis, psoriasis,
psoriatic arthritis, atopic dermatitis, multiple sclerosis, Crohn's Disease, ulcerative colitis,
nephritis, organ allograft rejection, fibroid lung, renal insufficiency, type-1 diabetes, type 11
diabetes, diabetic complications, diabetic nephropathy, diabetic retinopathy, diabetic
retinitis, diabetic microangiopathy, overweight, obesity, obesity-associated insulin
resistance, metabolic syndrome, tuberculosis, chronic obstructive pulmonary discasc,
sarcoidosis, invasive staphyloccocia, inflammation after cataract surgery, allergic rhinitis,
allergic conjunctivitis, chronic urticaria, asthma, allergic asthma, periodontal diseases,
periodonitis, gingivitis, gum disease, diastolic cardiomyopathies, cardiac infarction,
myocarditis, chronic heart failure, angiostenosis, restenosis, reperfusion disorders, aortic
abdominal aneurism, multiple sclerosis, glomerulonephritis, solid tumors and cancers,
chronic lymphocytic leukemia, chronic myelocytic leukemia, multiple myeloma, malignant
myeloma, Hodgkin's disease, carcinomas of the bladder, breast, cervix, colon, lung,
prostate, or stomach, and chronic neuroinflammatory disorders including, but not limited
to, Alzheimer’s disease, ischemic stroke, spinal cord injury, nerve crush injury and

traumatic brain injury.

The term "administering” with respect to the methods of the invention, means a method for
therapeutically or prophylactically preventing, treating or ameliorating a syndrome,
disorder or disease as described herein by using a compound of Formula (I) or a form,
composition or medicament thereof. Such methods include administering an effective

amount of said compound, compound form, composition or medicament at different times

19



WO 2012/075115 PCT/US2011/062593

during the course of a therapy or concurrently in a combination form. The methods of the

invention are to be understood as embracing all known therapeutic treatment regimens.

The term "subject" refers to a patient, who may be an animal, typically a mammal,
typically a human, which has been the object of treatment, observation or experiment. In
one aspect of the invention, the subject is at risk of (or susceptible to) developing a
syndrome, disorder or disease that is associated with elevated MCP-1 expression or MCP-1
overexpression, or a patient with an inflammatory condition that accompanies syndromes,
disorders or diseases associated with elevated MCP-1 expression or MCP-1

overexpression.

The term "therapeutically effective amount” means that amount of active compound or
pharmaceutical agent that elicits the biological or medicinal response in a tissue system,
animal or human, that is being sought by a researcher, veterinarian, medical doctor, or
other clinician, which includes preventing, treating or ameliorating the symptoms of a

syndrome, disorder or discasc being treated.

The term "uveitis" generically refers to any inflammatory disease involving the eye.
Uveitis can be divided into clinically distinct subtypes based on the part of the eye in
which the inflammation is present (percentages correspond to patients known to fit these
categories): anterior (51%), intermediate (13%), posterior (20%), or panuveitis (16%) and,
according to the course of the discase, as either acute (16%), recurring (26%), or chronic
(58%). Those with anterior uveitis eventually develop irreparable vision damage despite
aggressive treatment such as unilateral blindness (9%), bilateral blindness (2%), or
unilateral or bilateral vision impairment (8%). Most cases of uveitis are idiopathic, but
known causes include infection (e.g., toxoplasmosis, cytomegalovirus, and the like) or
development as a component of a systemic inflammatory and/or autoimmune disorder
(e.g., juvenile RA, HLA-B27 associated spondyloarthropathies, sarcoidosis, and the like).
(HLA-B27: Human Lcukocytc Antigen B*27- is a class I surface antigen cncoded by the B
locus in the major histocompatibility complex (MHC) on chromosome 6 and presents
micobial antigens to T cells. HLA-B27 is strongly associated with a certain set of

autoimmune diseases referred to as the seronegative spondyloarthropathies.)
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When cmployed as CCR2 inhibitors, the compounds of the invention may be administered
in a therapeutically effective amount within the dosage range of about 0.5 mg to about 10
g, preferably between about 0.5 mg to about 5 g, in single or divided daily doses. The
dosage administered will be affected by factors such as the route of administration, the
health, weight and age of the recipient, the frequency of the treatment and the presence of

concurrent and unrelated treatments.

It is also apparcnt to onc skilled in the art that the therapeutically cffective dosc for
compounds of the present invention or a pharmaceutical composition thereof will vary
according to the desired effect. Therefore, optimal dosages to be administered may be
readily determined by one skilled in the art and will vary with the particular compound
used, the mode of administration, the strength of the preparation, and the advancement of
the discasc condition. In addition, factors associatcd with the particular subjcct being
treated, including subject age, weight, diet and time of administration, will result in the
need to adjust the dose to an appropriate therapeutic level. The above dosages are thus
exemplary of the average case. There can, of course, be individual instances where higher

or lower dosage ranges are merited, and such are within the scope of this invention.

The compounds of Formula (1) may be formulated into pharmaceutical compositions
comprising any known pharmaceutically acceptable carriers. Exemplary carriers include,
but are not limited to, any suitable solvents, dispersion media, coatings, antibacterial and
antifungal agents and isotonic agents. Exemplary excipients that may also be components

of the formulation include fillers, binders, disintegrating agents and lubricants.

The pharmaceutically-acceptable salts of the compounds of Formula (I) include the
conventional non-toxic salts or the quaternary ammonium salts which are formed from
inorganic or organic acids or bases. Examples of such acid addition salts include acetate,
adipate, benzoate, benzenesulfonate, citrate, camphorate, dodecylsulfate, hydrochloride,
hydrobromide, lactate, maleate, methanesulfonate, nitrate, oxalate, pivalate, propionate,

succinatc, sulfatc and tartratc. Basc salts includc ammonium salts, alkali mctal salts such
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as sodium and potassium salts, alkaline earth metal salts such as calcium and magnesium
salts, salts with organic bascs such as dicyclohcxylamino salts and salts with amino acids
such as arginine. Also, the basic nitrogen-containing groups may be quaternized with, for

example, alkyl halides.

The pharmaceutical compositions of the invention may be administered by any means that
accomplish their intended purpose. Examples include administration by parenteral,
subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, buccal or ocular
routcs. Altcrnatively or concurrently, administration may be by the oral route. Suitable
formulations for parenteral administration include aqueous solutions of the active
compounds in water-soluble form, for example, water-soluble salts, acidic solutions,
alkaline solutions, dextrose-water solutions, isotonic carbohydrate solutions and

cyclodextrin inclusion complexes.

The present invention also encompasses a method of making a pharmaceutical composition
comprising mixing a pharmaceutically acceptable carrier with any of the compounds of the
present invention.  Additionally, the present invention includes pharmaceutical
compositions made by mixing a pharmaceutically acceptable carrier with any of the
compounds of the present invention. As used herein, the term “composition” is intended to
encompass a product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combinations of the specified

ingredients in the specified amounts.

Polvmorphs and Solvates

Furthcrmore, the compounds of the present invention may have onc or more polymorph or
amorphous crystalline forms and as such are intended to be included in the scope of the
invention. In addition, the compounds may form solvates, for example with water (i.e.,
hydrates) or common organic solvents. As used herein, the term "solvate" means a
physical association of the compounds of the present invention with one or more solvent
molecules. This physical association involves varying degrees of ionic and covalent

bonding, including hydrogen bonding. In certain instances the solvate will be capable of
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isolation, for example when one or more solvent molecules are incorporated in the crystal
lattice of the crystalline solid. The term "solvate" is intended to cncompass both solution-
phase and isolatable solvates. Non-limiting examples of suitable solvates include

ethanolates, methanolates, and the like.

It is intended that the present invention include within its scope polymorphs and solvates
of the compounds of the present invention. Thus, in the methods of treatment of the
present invention, the term “administering” shall encompass the means for treating,
amcliorating or prcventing a syndrome, disorder or discasc described hercin with the
compounds of the present invention or a polymorph or solvate thercof, which would

obviously be included within the scope of the invention albeit not specifically disclosed.

The present invention includes within its scope prodrugs of the compounds of this
invention.  In general, such prodrugs will be functional derivatives of the compounds
which are readily convertible iz vivo into the required compound. Thus, in the methods of
treatment of the present invention, the term “administering” shall encompass the treatment
of the various disorders described with the compound specifically disclosed or with a
compound which may not be specifically disclosed, but which converts to the specified
compound in vivo after administration to the patient. Conventional procedures for the
selection and preparation of suitable prodrug derivatives are described, for example, in

Design of Prodrugs, Ed. H. Bundgaard, Flsevier, 1985.

Where the compounds according to this invention have at least one chiral center, they may
accordingly exist as enantiomers. Where the compounds possess two or more chiral
centers, they may additionally cxist as diastercomers. It is to be understood that all such

isomers and mixtures thereof are encompassed within the scope of the present invention.

Where the processes for the preparation of the compounds according to the invention give
rise to mixture of stercoisomers, these isomers may be separated by conventional
techniques such as preparative chromatography. The compounds may be prepared in

racemic form, or individual enantiomers may be prepared cither by enantiospecific
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synthesis or by resolution. The compounds may, for example, be resolved into their
componcnt cnantiomers by standard tcchniques, such as the formation of diastercomeric
pairs by salt formation with an optically active acid, such as (-)-di-p-toluoyl-D-tartaric acid
and/or (+)-di-p-toluoyl-L-tartaric acid followed by fractional -crystallization and
regeneration of the free base. The compounds may also be resolved by formation of
diastereomeric esters or amides, followed by chromatographic separation and removal of
the chiral auxiliary. Alternatively, the compounds may be resolved using a chiral HPLC

column.

During any of the processes for preparation of the compounds of the present invention, it
may be necessary and/or desirable to protect sensitive or reactive groups on any of the
molecules concerned. This may be achieved by means of conventional protecting groups,

such as those described in Protective Groups in Organic Chemistry, ed. J.F.W. McOmie,

Plenum Press, 1973; and T.W. Greene & P.G.M. Wuts, Protective Groups in Organic

Synthesis, John Wiley & Sons, 1991. The protecting groups may be removed at a

convenient subsequent stage using methods known from the art.

GENERAL REACTION SCHEMES

Representative compounds of the present invention can be synthesized in accordance with
the general synthetic methods described below. Compounds of Formula (1) can be prepared
by methods known to those who are skilled in the art. The following reaction schemes are
only meant to represent examples of the invention and are in no way meant to be a limit of
the invention.

Compounds of Formula (1) may be prepared according to the processes outlined in Scheme

L.
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Scheme 1
Ry
Q Ha, HOAC XQ
0°/ Pd/C NH;
NaBH4 Ph
(n (IV)
]\:O 0 IG Deprotection
Et;N (V1)
Ry O Y
R O Y le_z_~f %
X hid N N
o L gR
N A N Z 2
H (VI R, e | S 5
P O /\/) 3
(VI Et;N () R4

wherein PG is a protecting group, such as Cbz, Fmoc, or Boc;
and LG is a leaving group, such as CI.

Scheme 1 illustrates a synthetic route leading to compounds of Formula (I). Substituted
cyclohexanone (II), prepared from commercially available reagents via procedures well
known in the art (such as those described in Publication Numbers WO 2005/060665; US
2005/026714; WO 2006/010094; WO 2007/145835; and Bioorg. Med. Chem. Lett., 2000,
14, pp. 3285-99), is trcated with benzylamine in the presence of a reducing reagent such as
NaBH4, NaBH(CN); or NaBH(OAc);, in an organic solvent such as methanol or
acetonitrile, giving secondary amine (III), which can be diastereotopically enriched by
trituration or recrystallization with organic solvents.

Secondary amine (III) is then benzyl-deprotected via hydrogenolysis over a suitable
catalyst such as palladium on carbon, platinum oxide and the like in the presence of an acid

such as HCl or HOAc, in an organic solvent such as methanol or ethanol, at a temperature
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in the range of about 20 °C to about 60 °C to afford the salt of primary aminc (IV). The
amine salt is converted to the free base with a suitable base such as NaOEt or NaOMeg, in
an organic solvent such as methanol or ethanol, at a temperature in the range of about -10
°C to about 25 °C. Treatment of the free base of (IV) with bromide (V) and an organic
base such as TEA or DIEA, in an organic solvent such as acetonitrile or dioxane, at a
tempceraturc in the range of about 50 °C to about 100 °C yiclds sccondary aminc (VI).

The Y group of (VI) can optionally be converted to another functional group, either here or
in the last step, by a standard mcthod such as saponification, hydrolysis, ammonolysis, or
amide formation. Deprotection of the piperidinyl group, can be removed either by
hydrogenolysis aver a metal catalyst such as palladium (where PG is Cbz), or treatment
with a suitable acid such as TFA or HCI (where PG is Boc or Fmoc), in an organic solvent
such as MeOH, DCM, or dioxane, at a temperature of about 0 °C to about 50 °C to give
piperidine (V).

Piperidine (VII) is then treated with a suitably substituted electrophile (VIII) such as an
acid chloride, isocyanate, or chloroformate, in the presence of an organic base such as TEA
or pyridine, in an organic solvent such as DCM or pyridine, at a temperature in the range
of about

-10 °C to about 25 °C to yicld thc final product (I).

The last step of Scheme 1 can also be conducted by the reaction of piperidine (V1) with a
substituted carboxylic acid in the presence of a coupling reagent such as EDCI/HOBt,
PyBrop, or DCC, in an organic solvent such as THF, dichloromethane, or 1,2-
dichlorocthanc, at a tcmpcraturce in the range of about -10 °C to about 25 °C giving final

product (1).

Alternatively, compounds of Formula (I) may be prepared according to the processes

outlined in Scheme 2.
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Scheme 2
CO.Me 1) LHMDS OMe OMe
2) TMSCI NaN3
“PG
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O OMe 0
H, NH, O Y R
- = —_— X 1]
10% paic H2N heat HoN an
N\PG N. NaBHy,,
Ti(iPrO)4
(XD (XII)
R1 RT
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H N H R
PG NH - O
(XV)
(XII) (XIV)

Where R® is -N=C=0, or -C=C-CO,H.

In Scheme 2, ester (1X) is converted first to the TMS enol ether by treating with a strong,

hindered organic base such as LHMDS and trapping with a silylating agent such as

TMSCI, and the intermediate enol is then reacted with an ¢lectrophile such as bromine

giving bromide (V). Conversion to azide (X) is accomplished by nucleophilic

displacement with an azido salt such as NaN,, and the product is then reduced via

hydrogenolysis over a suitable catalyst such as palladium on carbon, platinum oxide and

the like to give the primary aminc (XI). The cster of (XI) can then be converted to an

amide by reaction with a reagent such as NH; (or its hydrate or salt), NH,OH, or an

27



WO 2012/075115 PCT/US2011/062593

alkylamine in a solvent such as water, alcohol, or dioxane, at a temperature in the range of
about 20 °C to about 100 °C, to afford the aminoamide (XII).

Aminoamide (XI1) is reacted with a suitably substituted ketone (II), in the presence of a
reducing reagent such as NaBH,, NaBH(CN); or NaBH(OAc)3, and a Lewis acid such as
Ti(iPrO)s, with or without molecule sieves, in an organic solvent such as THF, TPA, or
EtOH, at a temperature in the range of -10 °C to about 50 °C, to yield the corresponding
cyclohexylamine (XIII).

The protecting group of cyclohexylamine (X111) is then removed by treatment with an acid
such as 1N HCI, IN H;S0O, or TFA, in an organic solvent such as diethyl ether, THF, or
dichloromethane, at a temperature in the range of about 0 °C to about 50 °C, to yield the
corresponding amine (XIV).

Amine (XIV) is reacted with electrophile (XV), where Z is as defined in Formula (I), and
R’ is -N=C=0, or -C=C-CO,;H. Where R’ is -C=C-CO,H, suitablc coupling rcagents
include EDCI/HOBt, PyBrop, or DCC, and a base such as TEA, Na,COs, or pyriding, in an
organic solvent such as THF, dichloromethane, or acetonitrile, at a temperature in the
range of about 0 °C to about 50 °C. When R’ is -N=C=0, then suitable reagents include a
base such as TEA, in an organic solvent such as THF, dichloromethane, or acetonitrile, at a

tempceraturc in the range of about 0 °C to about 50 °C.

Alternatively, aminoamide (XII) can be generated from azidoester (X) by the method of
Weinreb et al. [Tet. Lett., 1977, 48, pp. 4171-74], followed by hydrogenolysis, as described

above, giving aminoamide (XII), as shown in Scheme 3.

Scheme 3
CI)Me
MeO. N
N~ H2 EtOH °3N\
T e N 10%pdic 12N 1
PG
(XVI) (XII)

Compounds of Formula (I) may be derived from ketone (XIX). Preparation of (XIX) is

outlined in Scheme 4.
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Scheme 4
O
O=<:><o] R! acid, solvent =Y
R'Q+ n-Buli ><:>< ] — o o
(XVII)
(XVIL) (XIX)

Commercially available aryl-, alkyl-, or heteroaryl-halide R'Q, where R' is as defined in
Formula (I) and Q is any halogcn, is rcactecd with commercially available ketone (XVII) in
the presence of organometalic agent such as n-BuLi, i-PrMgBr, or i-PrMgCl, in an organic
solvent such as ether, THF, or dioxane, at a temperature in the range of about —78 °C to
about 0 °C, to yicld the corresponding ketal (XVII). Kctal (XVIII) is trcated with an acid
such asIN HCl or 1N H,S04 in an organic solvent such as acetone, acetonitrile, or THF, at
a temperature in the range of about 0 °C to about 50 °C, to yield the corresponding ketone

(XTX).

Compounds of Formula (I) may be derived from ketone (XXII). Preparation of (XXII) is

outlined in Scheme 5.

Scheme 5
R! O, dehydrating [H] R! acid
XX e e ) = XX =5 X O
HO 0 agent
(XVIII) (XX) (XXI) (XXID)

Ketal (XVIII) is treated with a dehydrating agent such as Burgess’ reagent, in an organic
solvent such as cther, THF, or dioxanc, at a tempcraturc in the range of about -10 °C to
about 25 °C, to yield the corresponding alkene (XX). Alkene (XX) is hydrogenated with a
reductant such as H; gas, catalyzed by a metal such as 10% Pd/C, in an organic solvent
such as methanol, at a temperature in the range of about 20 °C to about 60 °C, to yield the
corresponding alkane (XXT). Alkane (XXI) is treated with an acid such as 1IN HCl or IN
H,S04, in an organic solvent such as acetone, acetonitrile or THF, at a temperature in the

rangc of about 0 °C to about 50 °C, to yicld the corresponding ketone (XXII).
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Alternatively compound (XX) may be prepared according to the processes outlined in

Scheme 6.
Scheme 6
O catalyst
R'B(OH), + TfO—@( _O ]
(XXIID) © base solvent
(XXIV) (XX)
Q O catalyst 0
o TIO0 s «OX0
o O™ base, solvent o)
(XXV) (XX)

Commercially available aryl boronic acid (XXIII), wherein R' is as defined in Formula (I)
and Q is any halogen, is reacted with vinyl triflate (XXIV), prepared according to the
procedure of W. Pearson et. al., J. Org. Chem. 2004, 69, pp. 9109-9122, in the presence of
a catalyst such as Pd(Ph;P),, PACl,(PhsP), or PACl,(dppf), and a base such as 2N Na,CO;
or K,COs3, in an organic solvent such as toluene, dioxane or THF, at a temperature in the
range of about 80 °C to about 120 °C, to yield the corresponding alkene (XX).
Alternatively, commercially available aryl or heteroaryl halide R'Q is reacted with vinyl
boronic ester (XXV) prepared according to A.M. Birch ez. al.,, PCT Int. Appl. 2006, WO
2006064189, in the presence of a catalyst such as Pd(Phs;P)4, PAC1,(Ph;P); or PACl, (dppf),
and a base such as 2N Na,CO; or K,COs, in an organic solvent such as toluene, dioxane or
THEF, at a temperature in the range of about 80 °C to about 120 °C, to yield the
corresponding alkene (XX).

Compounds of Formula (I) may be derived from ketone (XXVII). Ketone (XXVII) may

be prepared according to the processes outlined in Scheme 7.

Scheme 7
SO0 OO0 = B
(XVIII) (XXVI) (XXVII)
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Ketal (XVIII) 1s treated with a fluorinating agent such as DAST or trifluorosulfonyl
fluoride, in an organic solvent such as dichloromethanc, THF, or dioxanc, at a tcmpcrature
in the range of about —78 °C to about 0 °C, to yield the corresponding fluoride (XXVI).
Fluoride (XXVI) is treated with an acid such as IN HCI or 1N H,;SOy, in an organic
solvent such as acctone, acctonitrile, or THF, at a temperaturc in the range of about 0 °C to

about 50 °C, to yicld the corrcsponding ketone (XXVII).
Compounds of Formula (I) may be derived from kctone (XXX). Kctone (XXX) may be

prepared according to the processes outlined in Scheme 8.

Scheme &

0 0 0
XS\NH . o:<:>< j coupling agent N:<:>< j
2 0 0=8, 0

(XVII) X (XXVIID)

1 . 1
R'MgBr Q R><:><Oj acid R o

(XXIX) (XXX)

Commercially available 2-methyl-propane-2-sulfinic acid amide is reacted with
commcrcially available 1,4-dioxa-spiro[4.5]dccan-8-onc (XVII) in the presence of a
coupling agent such as Ti(OEt)s or CuSQy, in an organic solvent such as dichloromethane,
THEF, or dioxane, at a temperature in the range of about 25 °C to about 80 °C, to yield
sulfinimide (XXVII). Sulfinimide (XXVIII) is treated with an organometalic agent such
as RlMgBr or R'Li, in an organic solvent such as ether, THF, or dioxane, at a temperature
in the range of about —78 °C to about 25 °C, to yield the corresponding sulfinamide
(XXIX). Sulfinamide (XXIX) is treated with an acid such as 1N HCI or 1N H,SOy, in an
organic solvent such as acetone, acetonitrile, or THF, at a temperature in the range of about

0 °C to about 25 °C, to yield the corresponding ketone (XXX).
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Compounds of Formula (I) where R' is linked with the cyclohexyl ring through N, such as
in pyrrolidine, may be derived from ketone (XXII). Kctone (XXII) may be preparcd

according to the process outlined in Scheme 9.

Scheme 9
base acid R
RH + ] ] H
(XXXT) (XXT) (XXII)

Commercially available heteroaryl R'H, where R' is as defined in Formula (I), is reacted
with tosylate, mesylate, or halide (XXXI) in the presence of inorganic base such as K,COs,
Cs,COs, or NaH, in an organic solvent such as DMF or THF, at a tcmperature in the range
of about 25 °C to about 80 °C, to yield the corresponding ketal (XXI), which can then be
treated with an acid such as 1N HCI1 or 1N H,SQy, in an organic solvent such as acetone,
acctonitrile, or THF, at a tcmpceraturc in the range of about 0 °C to about 50 °C, to yicld the

corresponding ketone (XXII).

Compounds of Formula (I) may be derived from ketone (XXII). Preparation of (XXII) is
outlined in Scheme 10.

Scheme 10

2@

@( ] [H] acid R
Ar@\/> ———— AfHet | ><:>< ] H><:>=O
N

N (XVvI N

(XXXII) (XXX111) (XXI) (XXII)
Commercially available aryl- or heteroaryl-fused pyrrole, such as indole or azaindole, is

reacted with commercially available ketone (XVII) in the presence of a base such as NaOH
or KOH, in an organic solvent such as MeOH, IPA, or dioxane, at a temperature in the
range of about 50 °C to about 100 °C, to yield the corresponding alkenylketal (XXXIII).
Alkenylketal (XXXIII) is then hydrogenated and treated with an acid as described in
Scheme 5 to yield the corresponding ketone (XXII), where R' is an aryl- or heteroaryl-
fused pyrrole.
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EXAMPLES

Representative compounds of the present invention can be synthesized in accordance with
the general synthetic methods described below. Compounds of Formula (I) can be prepared
by methods known to those who are skilled in the art. The following examples are only
meant to represent examples of the invention and are in no way meant to be a limit of the

invention.

Example 1: R,S-2-[4-(1H-Indol-3-v])-trans-cvclohexvlamino|-2-[1-(¢rans-3,5-

difluorocinnamovlpiperidin-4-vl]-acetamide dihvdrochloride

Step A: 3-(1,4-dioxaspirof4.3]dec-7-en-8-vi)-1 H-indole

)
HN-Z oj

To a 2-L three-neck round bottom flask equipped with an overhead stirrer, heating

mantel, temperature probe and reflux condenser was added indole (100.0 g, 0.836 mol),
1,4-cyclohexanedione monoethylene ketal (175.10 g, 1.09 mol, 1.3eq) and methanol (221
mL). To this stirred solution was added KOH pellets (31.5 g, 0.48 mol) all at once and the
reaction was heated to 70 °C for 4 hrs. The reaction was judged complete by HPLC. The
resulting suspension was filtered, washed with MeOH (150 mL), followed by washing the
solid with ethanol (2 x150 mL). The product was further dried in a vacuum oven at 60 °C
for 30 mins to remove residual solvent and obtain the title compound. 'H NMR (400MHz,
CHLOROFORM-d) 6: 7.97 - 8.16 (m, 1 H), 7.90 (d, J=8.1 Hz, 1 H), 7.35 (d, ] = 7.8 Hz,
1 H), 7.05 - 7.23 (m, 3 H), 6.05 - 6.22 (m, 1 H), 3.95 - 4.12 (m, 4 H), 2.72 (ddd, J = 1.6,
4.6, 8.4 Hz, 2 H), 2.45 - 2.61 (m, 2 H), 1.97 (t, J = 6.6 Hz, 2 H); mp: 190.7-193.1;
Elemental anal calc for C;sH;7NO,: C, 75.27; H, 6.71; N, 5.49; Found: C, 74.93; H, 6.73;
N, 5.37; KF: <0.1.

Step B: 3-(1,4-dioxaspiro[4.5]decan-8-vi)-1H-indole
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O

HN Oj
To a 2-L PAAR hydrogenation bottle was charged Pd/C (10%, 11.06 g) and part of THF
(1.11 L). Solid 3-(1,4-dioxaspiro[4.5]dcc-7-cn-8-yl)-1H-indole (as preparcd in the
previous step, 221.1 g) was added along with the rest of the THF. The bottle was
connccted to the PAAR shaker, cycled through vacuum/nitrogen (3x), vacuum/hydrogen
(3x) and the 45 psi hydrogen was applied with shaking. Over the course of 4 hrs, the
pressure dropped and was recharged until 45 psi was maintained. The reaction was
complete by LCMS. The catalyst was filtered using celite/galss fiber filter, and the reaction
was evaporated, but not to complete dryness. Denatured EtOH (250 mL) was added, the
rcaction conccentrated, but again not to dryncss. EtOH (1050 mL) was addcd, the contents
heated to boiling, which dissolved nearly all the material. The mixture was allowed to
come to ambient temperature with stirring and the product precipitated. After coming to
ambient temperature, the suspension was chilled in a refrigerator for 3 hrs, and the product
was filtered, and washed with ice-cold EtOH (250 mL) to obtain the title compound. 'H
NMR (400MHz ,CHLOROFORM-d) &: 7.79 - 8.04 (m, 1 H), 7.66 (d, /=73 Hz, 1 H),
7.36(d,/=8.1Hz, 1 H),7.18 (s, 1 H), 7.12 (d, /= 6.8 Hz, 1 H), 6.99 (d,/=2.2 Hz, 1 H),
4.00 (s, 4 H), 2.74 - 3.03 (m, 1 H), 2.09 (br. s., 2 H), 1.66 - 1.96 (m, 6 H). *C NMR
(101MHz, CHLOROFORM-d): 136.4, 126.8,121.9, 119.3, 111.1, 108.9, 77.2, 64.3, 35.1,
34.1,31.0.

Step C: 4-(1H-indol-3-vlcvclohexanone

HN

O
To a 3-L, four-neck round bottom flask equipped with an overhead stirrer, temperature
probe, addition funnel, was added 3-(1,4-dioxaspiro[4.5]decan-8-yl)-1H-indole (as
prepared in the previous step, 143.2 g, 0.56 mol) and DMF (190 mL). The suspension was
heated to 50 °C, and aqueous HCI (2M, 290 mL) was charged to the addition funnel and
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added dropwise and after about 5 mins, a precipitate formed. The reaction was stirred at 30
°C for 24 h. HPLC showcd there was <2% of the acctal remaining. The suspension was
chilled in an ice bath to 6 °C, water (1.2 L) was added, and the suspension stirred at
ambient temperature for 15 mins. The solid was filtered, washed with water (250 mL), and
dried in a vacuum oven at 50 °C overnight. 'H NMR (400MHz, CHLOROFORM-d) 3:
8.16 (br. s., 1 H), 7.65 (d, /= 7.6 Hz, 1 H), 7.35 (d, /= 8.1 Hz, 1 H), 7.15 - 7.26 (m, 1 H),
7.08 - 7.16 (m, 1 H), 6.95 (d,/=2.0 Hz, 1 H), 3.33 (tt, /= 3.3, 11.6 Hz, 1 H), 2.28 - 2.66
(m, 6 H), 1.88 - 2.06 (m, 2 H).

Step D: Methyl 2-Bromo-2-(1-tert-butoxycarbonyl-4-piperidinyl)-acetate

Oy OMe

Br
N‘Boc

Commercially available methyl 2-(1-tert-butoxycarbonyl-4-piperidinyl)-acetate (Astatech,
2.57 g, 10.0 mmol) was dissolved in anhydrous THF (20 mL) under argon, cooled to -78
°C, trcated dropwisc with a 1N solution of LHMDS in THF (20 mL), and stirred under
positive Ar pressure for 30 mins. Bromotrimethylsilane (2.10 mL, 15.9 mmol) was added
dropwise via dry syringe over 5 mins, then a solution of freshly recrystallized N-
bromosuccinimide (2.14 g, 12.0 mmol) in anhydrous THF (20 mL) was added in one
portion from an addition funnel. The reaction was kept at -78 °C for 2 hrs then warmed to
ambient temperature. The crude reaction was concentrated in vacuo then partitioned
between saturated aq. NaHCO; and ethyl acetate. The aqueous layer was extracted twice
with ethyl acetate, and the combined organic layers washed with brine, dried over Na;SOs,
filtered, and filtrate concentrated in vacuo giving 4.7 g of orange slurry. This was purified
by flash column chromatography on silica gel (0 to 10% EtOAc/DCM step gradient
clution), and the combined TLC-pure fractions were concentrated and dried in vacuo
giving the title compound as a viscous, pale yellow oil. 'H NMR (CHLOROFORM-d) &:
4.05 - 4.26 (m, 2H), 4.02 (d, ) = 8.8 Hz, 1H), 3.79 (s, 3H), 2.70 (br. s., 2H), 1.97 - 2.10 (m,
4H), 1.57 - 1.68 (m, 2H), 1.45 (s, 9H), 1.13 - 1.32 (m, 3H).

Step E: Methyl 2-Azido-2-(1-tert-butoxvcarbonyl-4-piperidinvi)-acetate
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The product of the preceding step (26.3 g, 782 mmol) was dissolved in N,N-
dimethylformamide (DMF, 100 mL), treated with sodium azide (26.2 g, 403 mmol), and
stirred at ambient temperature for 24 hrs. The reaction was filtered over a glass frit, the
insolubles washed once with DMF, and the filtratc concentrated in vacuo. The residuc was
dissolved in dichloromethane (DCM) and washed twice with water, the aqueous layers
extracted with DCM, and combined organic layers washed with brine, dried over
anhydrous sodium sulfate, and filtered. Concentration of the filtrate in vacuo gave the title
compound as a golden oil. Mass spectrum (LCMS, positive mode electrospray ionization
mass spectrometry (“ESI pos.”)) caled. for C;3HpaN4O4: 299 (M+H). Found: 298.7 (87%
pure). 'HNMR (400 MHz, CHLOROFORM-d) &: 3.81 (s, 3 H), 3.73 (d, J=6.8 Hz, 1 H),
2.59-2.78 (m, 2 H), 1.91 - 2.05 (m, 1 H), 1.62 - 1.72 (m, 1 H), 1.55 (ddd, J/=13.1, 2.6, 2.5
Hz, 1 H), 1.42 - 1.48 (m, 10 H), 1.25 - 1.42 (m, 2 H).

Step F: Methyl 2-Amino-2-(1-tert-butoxycarbonyl-4-piperidinyl)-acetate

Oa_OMe

HoN
N
The product of the preceding step (23.5 g, 78.2 mmol) was dissolved in methanol (100
mL), bubbled with argon for 10 mins, treated with 10% palladium(0) on carbon (2.3 g)
under argon, the reaction flask evacuated under house vacuum and backfilled with
hydrogen (5 times), and the reaction stirred vigorously under hydrogen balloon at ambient
temperature. The hydrogen balloon was refilled 3 times (with evacuation and backfilling)
over 24 hrs, then the hydrogen was removed, the reaction bubbled briefly with argon, and
filtered twice over Celite 521. The Celite was washed with methanol (under Ar) and the
combined filtrates were concentrated in vacuo giving the title compound as a golden oil.
Mass spectrum (LCMS, ESI pos.) caled. for C3Hy4N,04: 273 (M+H). Found: 272.8
(100% pure). 'HNMR (400 MHz, CHLOROFORM-d) 5: 4.15 (br. s., 2 H), 3.74 (s, 3 H),
3.48 (s, 1 H), 3.34 (d, J=5.6 Hz, 1 H), 2.67 (br. s., 2 H), 1.72 - 1.85 (m, 1 H), 1.64 (d,
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J=13.1 Hz, 1 H), 1.54 (d, J=12.9 Hz, 1 H), 1.42 - 1.49 (m, 10 H), 1.32 - 1.42 (m, 1 H), 1.22
-1.32 (m, 1 H).

Step G: 2-Amino-2-(1-tert-butoxycarbonvi-piperidin-4-vi)-acetamide
Os_NH,

HoN
N.<

The product of the preceding step (11.5 g, 42.2 mmol) was dissolved in 7N ammonia in
methanol (100 mL), transferred to a 150 mL plastic-coated glass pressure flask, tightly
capped with a PTFE screw-cap and Viton O-ring, and heated to 100 °C with stirring for 3
days. The reaction was then cooled in ice, transferred to a round-bottomed flask, and
concentrated in vacuo to an amber gum. This was treated with dry diethyl ether (100 mL),
sonicated at ambicnt temperaturc for 15 mins, and the filtered over a medium porosity
glass frit. The solids were washed with ether and dried in a vacuum dessicator at ambient
temperature overnight giving the title compound as a pale tan solid. Mass spectrum
(LCMS, ESI pos.) caled. for Ci2H;3N30;5: 258 (M+H). Found: 258.0. 'H NMR (400
MHz, DMSO-de) 8: 7.31 (br. s., 4 H), 6.99 (br. s., 4 H), 3.95 (d, /=11.6 Hz, 10 H), 2.95 (d,
J=5.8 Hz, 4 H), 2.62 (br. 5., 10 H), 1.50 - 1.67 (m, 9 H), 1.45 (d, /=13.1 Hz, 5 H), 1.38 (s,
44 H), 1.21 (ddd, /~=12.8,3.9 Hz, 1 H), 1.00 - 1.13 (m, 5 H).

Step H: 2-[4-(1H-Indol-3-vI)-cvclohexvliamino]-2-(1-Boc-piperidin-4-vl)-acetamide

HNQO\O NH;
N"Boc

The product of the preceding step (456 mg, 1.77 mmol) and the ketone from Ex 1, step C

(345 mg, 1.62 mmol) were treated under argon with anhydrous ethanol (30 mL) and
titanium(IV) isopropoxide (0.56 mL, 1.91 mmol). The reaction was stirred at ambient
temperature for 2 hrs, then treated under argon with powdered sodium borohydride (93 mg,
2.45 mmol), reaction vessel purged with argon, and stirred under septum at ambient

temperature for 3 days. The reaction was quenched with saturated aqueous Na,CO; (30
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mL), stirred for 30 mins at ambient temperature, filtered over a medium porosity frit, and
the solids washed with EtOAc. The filtratc was concentrated in vacuo to remove organic
solvents and the aqueous layer extracted twice each with EtOAc and DCM. The combined
organic layers were washed with brine, dried over sodium sulfate, filtered, and the
evaporated filtrate was purified on a 40 g silica gel AnaLogix column via ISCO
CombiFlash system (40-100% acetonitrile in DCM over 35 mins, 40 mL/min).
Concentration of the slowest-running product fractions in vacuo gave the title compound
as a white solid. HPLC showed this to be a 3:1 mixture of cyclohexyl diastereomers
(mostly morc polar onc). Mass spectrum (LCMS, ESI pos.) caled. for C;6H3sN4O5: 455
(M+H). Found: 455.1 (89% pure). 'HNMR (400 MHz, CHLOROFORM-d) & ppm 7.99
(br.s., 1 H), 7.62 (d, /=7.8 Hz, 1 H), 7.36 (d, /=8.1 Hz, 1 H), 7.30 (d, /=5.3 Hz, 1 H), 7.18
(td, J/=7.6, 1.3 Hz, 1 H), 7.07 - 7.13 (m, 1 H), 6.93 (d, J/=2.3 Hz, 1 H), 5.54 (d, J/=5.3 Hz, 1
H), 4.17 (br. s., 2 H), 3.12 (d, /=4.3 Hz, 1 H), 2.76 - 2.85 (m, 1 H), 2.59 - 2.76 (m, 3 H),
2.44 (tt, J~11.2, 3.7 Hz, 1 H), 2.17 (dd, /=6.8, 3.0 Hz, 1 H), 2.13 (dd, J=5.6, 1.8 Hz, 1 H),
2.06-2.12 (m, 1 H), 1.88 - 2.03 (m, 3 H), 1.77 - 1.86 (m, 1 H), 1.67 - 1.77 (m, 2 H), 1.59 -
1.67 (m, 5 H), 1.48 - 1.58 (m, 2 H), 1.46 (s, 9 H), 1.45 (d, /=1.8 Hz, 4 H), 1.40 (dd, /=12.9,
45Hz, 1 H),1.32-137 (m, 1 H), 1.17 - 1.32 (m, 3 H).

Step J: 2-[4-(1H-Indol-3-vl)-cvclohexylamino]-2-piperidin-4-yI-

HNQ@\O NH>
N
H NH

The product of the preceding step (0.423 g, 0.930 mmol) was dissolved in dichloromethane
(20 mL), treated with 4N HCI in dioxane (2.3 mL, 9.2 mmol), and heated to 50 °C under

acetamide dibvdrochloride

reflux condenser with stirring for 3 hrs. The reaction was diluted with DCM, cooled
briefly on ice, and filtered over a medium porosity frit. The solids were washed with DCM
and ether, and dried in a vacuum dessicator at ambient temperature overnight giving the
title compound as a white solid. HPLC showed this product to contain 77% of the more

polar diastereomer. Mass spectrum (LCMS, ESI pos.) caled. for C;;H3oN4O: 355 (M+H).
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Found: 355.3 (95% purc). 'H NMR (400 MHz, DMSO-ds) 3: 10.81 (s, 1 H), 9.21 (br. s.,
1 H), 9.03 (br. s., 1 H), 8.83 (br. s., 1 H), 8.67 (br. s., 1 H), 8.23 (br. s., 1 H), 7.93 (br. s., 1
H), 7.58 (d, /=8.1 Hz, 1 H), 7.33 (d, /=8.1 Hz, 1 H), 7.08 (d, /=1.8 Hz, 1 H), 7.05 (t, J=7.6
Hz, 1 H), 6.95 (t, J/=7.2 Hz, 1 H), 3.95 (br. s., 1 H), 3.57 (s, 1 H), 3.07 (br. s., 1 H), 2.64 -
2.94 (m, 3 H), 2.21 (d, /=10.4 Hz, 2 H), 1.98 - 2.17 (m, 4 H), 1.91 (d, J=12.1 Hz, 2 H),
1.71 (d, J/=14.9 Hz, 2 H), 1.59 - 1.65 (m, 1 H), 1.44 - 1.59 (m, 3 H).

Step Ko R.S-2-/4-(1 H-Indol-3-vi)-trans-cyvclohexviamino]-2-[1-(trans-3, 5-

difluorocinnamoyl)piperidin-4-vlJ-acetamide (Example 1a)

HN

//"QO NH, F
N
H

O
A mixture of commercially available trans-3,5-difluorocinnamic acid (320 mg, 1.74
mmol), HOBT hydrate (274 mg, 2.02 mmol), and EDCI hydrochloride (480 mg, 2.50
mmol) were dissolved in anhydrous DCM (30 mL) under Ar, stirred for 10 mins, and
treated with a solution of the product of the preceding step (0.70 g, 1.51 mmol) and TEA
(3.50 mL, 25.1 mmol) in a 2:1 mixture of anhydrous DCM and anhydrous DMF (18 mL).
After stirring at ambient temperature for 2 days, the reaction was washed with water and
saturated aq. NaHCQs, combined aqueous layer extracted with DCM, combined organics
washed with brine, dried over Na,SOa, and filtered. The evaporated filtrate was purified
by flash column chromatography (5% McOH/DCM) giving the titlc compound as a crude
mixture of diastercomers. Half of this product was purified twice by preparative thin layer
chromatography (3:1 then 2:1 acetonitrile/DCM) giving the title compound as a pale green
solid for the more polar product. Mass spectrum (LCMS, ESI pos.) calcd. for
CioH34F;N4O,: 521 (M+H). Found: 521.2 (100% pure). HPLC showed this to be 96%
more polar diastercomer. "H NMR (CHLOROFORM-d) &: 7.97 (br. s., 1H), 7.61 (d, J =
7.6 Hz, 1H), 7.54 (d, J = 154 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H), 7.27 - 7.32 (m, 1H), 7.18
(t,J=7.5Hz, 1H), 7.06 - 7.13 (m, 1H), 7.02 (d, J = 6.1 Hz, 2H), 6.93 (d, J = 2.0 Hz, 1H),
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6.88 (d, J = 15.4 Hz, 1H), 6.80 (tt, J = 8.7, 2.3 Hz, 1H), 5.52 (d, ] = 4.5 Hz, 1H), 4.81 (t,J
=13.9 Hz, 1H), 4.14 (br. s., 1H), 3.15 (br. s., 2H), 2.75 - 2.86 (m, 1H), 2.56 - 2.75 (m, 1H),
2.46 (t,J=10.9 Hz, 1H), 2.05 - 2.26 (m, 4H), 2.01 (br. s., 1H), 1.81 (br. s., 2H), 1.44 - 1.55
(m, 3H), 1.10 - 1.44 (m, 3H).

Step L: R,§-2-[4-(1H-Indol-3-vl)-trans-cyclohexylamino]-2-[1-(trans-3,5-

difluorocinnamoyl)-piperidin-4-vi]-acetamide dihyvdrochloride (Example 1h)

HN //"QO NH2 F
N
H

- 2 HCI F
O

The product of the preceding step (0.73 g, 1.40 mmol) was partially dissolved in hot
acetonitrile (80 mL), treated dropwise with 4N HCI in dioxane (0.36 mL, 1.44 mmol)
while swirling, and the resulting suspension was covered and left at ambient temperature
for 18 hrs. The product was filtered over a fine glass fritted funnel, solids washed twice
with acetonitrile, and dried in a vacuum dessicator for 24 hrs giving the title compound as
a white powder. Mass spectrum (LCMS, ESI pos.) calcd. for C3gH34F2N4O2: 521 (M+H).
Found: 521.2 (100% pure). HPLC showed this to be 96% more polar diastereomer.

Example 2: R* and S* enantiomers of 2-[4-(1H-Indol-3-vD)-frans-cyclohexvlamino]-2-

[1-(trans-3.5-difluorocinnamovlpiperidin-4-vl]-acetamide

HN

=1, 0) NH2
N
H

O
The product of Example 1, step H was diastereomerically and enantiomerically separated

by chiral HPLC (Chiraccl®-0OJ) and 20% cthanol/80% acctonitrilc as thc cluant and
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converted to the title compound (I) by the methods of Example 1, steps J & K, to give the
titlc compounds.

R* enantiomer (Example 2a); Mass spectrum (LCMS, ESI pos.) caled. for CsoH34F2N4O4:
521 (M+H). Found: 521.0 (92% pure). 'H NMR (CHLOROFORM-d) &: 8.01 (d, J = 9.1
Hz, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.55 (d, I = 15.4 Hz, 1H), 7.36 (d, ] = 8.3 Hz, 1H), 7.29
(d, J=4.5Hz, 1H), 7.18 (t,J = 7.2 Hz, 1H), 7.06 - 7.14 (m, 1H), 6.96 - 7.06 (m, 2H), 6.93
(d, J=2.0 Hz, 1H), 6.89 (d, J = 15.4 Hz, 1H), 6.80 (tt, ] = 8.7, 2.1 Hz, 1H), 5.54 (d, ] = 4.0
Hz, 1H), 4.81 (t, J=13.8 Hz, 1H), 4.14 (br. s., 1H), 3.02 - 3.24 (m, 2H), 2.80 (tt, J = 11.9,
3.0 Hz, 1H), 2.55 - 2.74 (m, 1H), 2.45 (tt, J = 10.9, 3.5 Hz, 1H), 2.04 - 2.23 (m, 4H), 1.99
(d, J=13.1 Hz, 1H), 1.80 (br. s., 2H), 1.13 - 1.58 (m, 7H).

S* enantiomer (Example 2b): Mass spectrum (LCMS, ESI pos.) calcd. for CsgH34F2N4O5:
521 (M+H). Found: 521.2 (100% purc). 'H NMR (CHLOROFORM-d) &: 7.94 - 8.07 (m,
1H), 7.61 (d, J = 7.8 Hz, 1H), 7.55 (d, J = 15.4 Hz, 1H), 7.36 (d, J = 8.1 Hz, 1H), 7.29 (d, J
=48 Hz, 1H), 7.18 (t, J= 7.1 Hz, 1H), 7.06 - 7.13 (m, 1H), 6.96 - 7.06 (m, 2H), 6.93 (d, J
= 1.8 Hz, 1H), 6.89 (d, J = 15.4 Hz, 1H), 6.80 (tt, J = 8.7, 2.3 Hz, 1H), 5.55 (d, J = 4.5 Hz,
1H), 4.81 (t, I = 13.6 Hz, 1H), 4.14 (br. 5., 1H), 3.05 - 3.23 (m, ] = 15.2 Hz, 2H), 2.80 (tt, ]
=11.9, 3.3 Hz, 1H), 2.56 - 2.74 (m, 1H), 2.45 (tt, J = 11.1, 3.6 Hz, 1H), 2.04 - 2.23 (m,
4H), 1.99 (d, J = 12.9 Hz, 1H), 1.79 (d, J = 12.4 Hz, 2H), 1.40 - 1.57 (m, 4H), 1.13 - 1.40
(m, 3H).

Example 3: 2-[4-(1H-Indol-3-v])-cis-cvclohexylamino]-2-[1-(trans-3,5-

difluorocinnamovl)-piperidin-4-vl]-acetamide

HN

I=

o
The title compound was separated as the less polar product from the chromatographic

separations in Example 1, step K, giving a solid that was mostly the less polar cyclohexyl
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diastereomer by LCMS. Mass spectrum (LCMS, ESI pos.) calcd. for CsgHsaFaN4O2: 521
(M+H). Found: 521

Example 4: 2-[4-(1H-Indol-3-v])-cvelohexyvlamino]-2-[V-(3.4-

dichlorophenvl)piperidine-1-carboxamid-4-vl]-acetamide

HN

Iz

The product of Example 1, step J (102 mg, 0.239 mmol) was dissolved in anhydrous DCM
(10 mL) under Ar, treated with TEA (0.20 mL, 1.43 mmol) via syringe, stirred for 10 mins,
treated with 3.,4-dichlorophenylisocyanate (53 mg, 0.282 mmol), and the reaction stirred at
ambient temperature under septum for 24 hrs. The reaction was diluted with DCM,
washed with water and saturated aq. NaHCOs, aqueous layers extracted with DCM and
EtOAc, combined organic layers washed with brine, dried over Na;SOa, and filtered. The
evaporated filtrate was purified twice by preparative TLC giving the separated cis (less
polar) and #rans (more polar) cyclohexyl diastereomers. Mass spectrum (LCMS, ESI pos.)
caled. for CysH33CLNsO,: 542 (M+H). Found: 542.2 (100% pure), for both isomers.

Cis diastere (Example 4a): "H NMR (CHLOROFORM-d) &: 8.84 (d, J = 1.0 Hz, 1H), 7.62
(d, J=8.1 Hz, 1H), 7.60 (d, J = 2.5 Hz, 1H), 7.37 (d, J = 8.1 Hz, 1H), 7.30 (d, J = 8.6 Hz,
1H), 7.20 - 7.27 (m, 1H), 7.12 - 7.20 (m, 1H), 7.07 (t, J = 7.5 Hz, 1H), 7.01 (s, 1H), 4.13
(br. s., 2H), 3.00 (d, J = 15.7 Hz, 3H), 2.78 - 2.90 (m, 2H), 2.74 (d, J = 3.8 Hz, 1H), 1.77 -
1.96 (m, 5H), 1.59 - 1.77 (m, 4H), 1.22 - 1.51 (m, 2H).

Trans diastere (Example 4b): 'H NMR (CHLOROFORM-d) &: 8.63 (br. s., 1H), 7.57 -
7.67 (m, 2H), 7.36 (d, J = 8.1 Hz, 1H), 7.33 (m, 1H), 7.21 - 7.29 (m, 1H), 7.16 (t, ] = 7.6
Hz, 1H), 7.03 - 7.13 (m, 1H), 6.94 (s, 1H), 4.16 (br. 5., 2H), 3.12 (d, J = 4.8 Hz, 1H), 2.81 -
2.92 (m, 3H), 2.35 - 2.53 (m, 1H), 2.05 - 2.24 (m, 3H), 1.99 (d, J = 8.1 Hz, 2H), 1.73 (d,J
=9.1 Hz, 2H), 1.18 - 1.62 (m, 6H).
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Example 5: 2-[4-(1H-Indol-3-vl)-cveclohexvlamino]-2-[1-(frans-3,4-

difluorocinnamovl)-piperidin-4-vl]-acetamide

HN

The title compound was prepared from the product of Example 1, step J (142 mg, 0.333
mmol), and trans-3,4-difluorocinnamic acid, by the method of Example 1, step K, giving a
ycllow solid for the morc polar chromatographic product, which was still a mixturc of
sterecoisomers by NMR and LCMS. Mass spectrum (LCMS, ESI pos.) calcd. for
C3oH34F,N4O,: 521 (M+H). Found: 521.2. 'H NMR (CHLOROFORM-d) &: 7.95 - 8.03
(m, 1H), 7.62 (dd, J = 7.7, 3.9 Hz, 1H), 7.55 (dd, J = 15.4, 6.8 Hz, 1H), 7.30 - 7.39 (m,
2H), 7.06 - 7.24 (m, 4H), 6.90 - 7.02 (m, 1H), 6.75 - 6.86 (m, J = 15.4, 6.1 Hz, 1H), 5.54
(d,J=3.5Hz, 1H), 4.69 - 4.90 (m, 1H), 4.14 (br. s., 1H), 3.02 - 3.22 (m, J = 15.4 Hz, 2H),
2.73 - 2.85 (m, 1H), 2.56 - 2.73 (m, 1H), 2.45 (tt, J=11.0, 3.4 Hz, 1H), 2.04 - 2.23 (m,
3H), 1.89 - 2.04 (m, 2H), 1.66 - 1.88 (m, 5H), 1.14 - 1.54 (m, 6H).

Example 6: 2-[4-(1H-Indol-3-v])-cvclohexvlamino]-2-[1-(¢rans-4-fluorocinnamovl)-

piperidin-4-yl]-acetamide

HN

The title compound was prepared from the product of Example 1, step J (0.50 mmol), and

trans-4-fluorocinnamic acid, by the method of Example 1, step K, giving the title
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compound as a white solid that was mostly the more polar cyclohexyl diastercomer by
LCMS. Mass spectrum (LCMS, ESI pos.) caled. for CigH3sFN4O;: 503 (M+H). Found:
503

Example 7: 2-[4-(1H-Indol-3-vl)-cvclohexvlamino]-2-[1-(¢rans-3-fluorocinnamovl)-

piperidin-4-vl]-acetamide

HN

Iz

The title compound was prepared from the product of Example 1, step J (0.50 mmol),
trans-3-fluorocinnamic acid, by the method of Example 1, step K, giving the title
compound as a white solid that was mostly the more polar cyclohexyl diastercomer by
LCMS. Mass spectrum (LCMS, ESI pos.) caled. for CiHisFN4Oz: 503 (M+H). Found:
503

Example 8: 2-[4-(1H-Indol-3-v])-cvelohexyvlamino]-2-[1-(frans-2-fluorocinnamovl)-

piperidin-4-yl]-acetamide

HN

Iz

ANGFAN
(0] F
The title compound was prepared from the product of Example 1, step J, and trans-2-
fluoro-cinnamic acid, by the method of Example 1, step K, giving a solid that was a
mixture of cyclohexyl diastercomers by LCMS. Mass spectrum (LCMS, ESI pos.) calcd.
for C3iH3sFN4O;: 502 (M+H). Found: 503
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Example 9: 2-[4-(1H-Indol-3-v])-cyclohexvlamino]-2-[V-(4-{trifluoromethvl}-

phenvDpiperidine-1-carboxamid-4-vl]-acetamide

HN

Iz

The title compound was prepared from the product of Example 1, step J (0.50 mmol), and
3-(cthoxycarbonyl)phenylisocyanate, by the method of Example 4, giving a solid that was
mostly the more polar cyclohexyl diastercomer by LCMS. Mass spectrum (LCMS, ESI
pos.) caled. for CyoH34F3NsQ;: 542 (M+H). Found: 542

Example 10: 2-[4-(1 H-Indol-3-v)-cvclohexvlamino]-2-[1-(trans-3-{trifluoromethvl}-

cinnamoyl)piperidin-4-vl]-acetamide

HN

Iz

CF;
0

The title compound was prepared from the product of Example 1, step J (142 mg, 0.333
mmol), and #rans-3-(trifluoromethyl)-cinnamic acid, by the method of Example 1, step K,
giving a gold solid that was mostly the more polar cyclohexyl diastereomer by LCMS.
Mass spectrum (LCMS, ESI pos.) caled. for C31H3sF3N4O,: 553 (M+H). Found: 553.2.

Example 11: 2-[4-(1H-Indol-3-v1)-cvclohexvlamino]-2-[V-(4-{trifluoromethoxv}-

henvDpiperidine-1-carboxamid-4-vl]-acetamide
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HN

Ir=

The title compound was prepared from the product of Example 1, step J (0.50 mmol), and
4-(trifluoromethoxy)phenylisocyanate, by the method of Example 4, giving a solid that
was a mixture of diastercomers by LCMS. Mass spectrum (LCMS, ESI pos.) calcd. for
C2oH34F3N503: 558 (M+H). Found: 558

Example 12: 2-[4-(1 H-Indol-3-vD)-cvclohexvlamino]-2-[1-(zrans-3-indan-5-viprop-2-

enovl)piperidin-4-vl]-acetamide

HN

Iz

The title compound was prepared from the product of Example 1, step J, and trans-3-
indan-5-ylprop-2-cnoic acid, by the mcthod of Examplc 1, step K, giving a solid that was
mostly the more polar cyclohexyl diastercomer by LCMS. Mass spectrum (LCMS, ESI
pos.) calcd. for C33H4oN4O,: 525 (M+H). Found: 525

Example 13: 2-[4-(1H-Indol-3-y])-cvclohexylamino]-2-[1-(trans-4-{trifluoromethyl}-

cinnamovDpiperidin-4-vl]-acetamide
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Iz

0
The title compound was prepared from the product of Example 1, step J, and trans-4-
(trifluoromethyl)-cinnamic acid, by the method of Example 1, step K, giving a solid that
was mostly the more polar cyclohexyl diastereomer by LCMS. Mass spectrum (LCMS,
ESI pos.) caled. for C31H3sF3N4O,: 553 (M+H). Found: 553

Example 14: 2-[4-(1H-Indol-3-vI)-cvclohexvlamino]-2-[1-(¢rans-4-chloro-

cinnamoyl)piperidin-4-vl|-acetamide

W@r

The title compound was prepared from the product of Example 1, step J, and trans-3-
chloro-cinnamic acid, by the method of Example 1, step K, giving a solid that was a
mixture of cyclohexyl diastercomers by LCMS. Mass spectrum (LCMS, ESI pos.) calcd.
for C30H3sCIN4Oz: 519 (M+H). Found: 519

Example 15: 2-[4-(1H-Indol-3-vI)-cyclohexvlamino]-2-[1-(¢rans-3-(2.3-

dihvdrobenzofuran-5-vDprop-2-enovl)piperidin-4-vl]-acetamide
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HN

I=z

)
The title compound was prepared from the product of Example 1, step J, and trans-3-(2,3-
dihydrobenzofuran-5-yl)prop-2-enoic acid, by the method of Example 1, step K, giving a
solid that was mostly the more polar cyclohexyl diastereomer by LCMS. Mass spectrum

(LCMS, ESI pos.) calcd. for C3;H3sN4Q3: 527 (M+H). Found: 527

Example 16: 2-[4-(1 H-Indol-3-vD)-cvclohexvlamino]-2-[V-(3-{trifluoromethyl}-

phenvl)piperidine-1-carboxamid-4-yl]-acetamide

The title compound was prepared from the product of Example 1, step J, and 3-
(trifluoromethyl)phenylisocyanate, by the method of Example 4, giving a solid that was
mostly the more polar cyclohexyl diastereomer by LCMS. Mass spectrum (LCMS, ESI
pos.) caled. for CyoH34F3NsQ,: 542 (M+H). Found: 542

Example 17: 2-[4-(1 H-Indol-3-vD)-cvclohexvlamino]-2-[1-(trans-3-(2,2-difluoro-1,3-

benzodioxol-5-vl)prop-2-enovl)piperidin-4-yl]-acetamide
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HN F
= OsNH, F
ok
0

Iz

o
The title compound was prepared from the product of Example 1, step J, and trans-3-(2,2-
difluoro-1,3-benzodioxol-5-yl)prop-2-enoic acid, by the method of Example 1, step K,
giving a solid that was mostly the more polar cyclohexyl diastercomer by LCMS. Mass
spectrum (LCMS, ESI pos.) caled. for C3;H34F;N4O4: 565 (M+H). Found: 563

Example 18: 2-[4-(1 H-Indol-3-vD)-cvelohexvlamino]-2-[1-(¢rans-cinnamovDpiperidin-

4-vl]-acetamide

HN

The title compound was prepared from the product of Example 1, step J, and trans-
cinnamic acid, by thc mcthod of Examplc 1, step K, giving a solid that was a mixturc of
cyclohexyl diastercomers by LCMS. Mass spectrum (LCMS, ESI pos.) calcd. for
C3oH36N405: 484 (M+H). Found: 484

Example 19: 2-[4-(1H-Indol-3-vl)-cvclohexvlamino]-2-[V-(3-{ethoxvcarbonyl}-

phenvDpiperidine-1-carboxamid-4-vl]-acetamide
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o,

The title compound was prepared from the product of Example 1, step J, and 3-

o’\

(ethoxycarbonyl)phenylisocyanate, by the method of Example 4, giving a solid that was
mostly the more polar cyclohexyl diastercomer by LCMS. Mass spectrum (LCMS, ESI
pos.) caled. for C3;H30N504: 546 (M+H). Found: 546

Example 20: 2-[4-(1H-Indol-3-vl)-cyclohexvlamino|-2-[/V-(3-Tluorophenyl)piperidine-

1-carboxamid-4-vl]-acetamide (I)

Iz

The title compound was prepared from the product of Example 1, step J, and 3-
fluorophenylisocyanate, by the method of Example 4, giving a solid that was a mixture of
cyclohexyl diastercomers by LCMS. Mass spectrum (LCMS, ESI pos.) calcd. for
C2sH34FN50O,: 492 (M+H). Found: 492

Example 21: 2-[4-(1 H-Indol-3-vI)-cvclohexvlamino]-2-[1-(¢rans-4-

(trifluoromethoxy)cinnamoyvl)piperidin-4-yl]-acetamide
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Iz
%:}
O

The title compound was prepared from the product of Example 1, step J, and trans-4-
(trifluoromethoxy)cinnamic acid, by the method of Example 1, step K, giving a solid that
was a mixture of cyclohexyl diastereomers by LCMS. Mass spectrum (LCMS, ESI pos.)
calcd. for C31HssF3N4Os: 569 (M+H). Found: 569

Example 22: 2-[4-(1 H-Indol-3-v1)-cvclohexvlamino]-2-[V-(4-{ethoxvcarbonyl}-

phenvDpiperidine-1-carboxamid-4-yl]-acetamide

HN

The title compound was prepared from the product of Example 1, step J, and 4-
(cthoxycarbonyl)phenylisocyanate, by the method of Example 4, giving a solid that was
mostly the more polar cyclohexyl diastercomer by LCMS. Mass spectrum (LCMS, ESI
pos.) caled. for C3;H3oNsQ4: 546 (M+H). Found: 546

Example 23: 2-[4-(1 H-Indol-3-vD)-cvclohexvlamino]-2-[1-(zrans-3-{2.3-dihvdro-1,4-

benzodioxin-7-vliprop-2-enoyDpiperidin-4-vl]-acetamide
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HN&O\O NH,
N
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The title compound was prepared from the product of Example 1, step J, and trans-3-(2,3-
dihydro-1,4-benzodioxin-7-yl)prop-2-enoic acid, by the method of Example 1, step K,
giving a solid that was mostly the more polar cyclohexyl diastereomers by LCMS. Mass

spectrum (LCMS, ESI pos.) caled. for C3;H3sN4O4: 543 (M+H). Found: 543

Example 24: Methyl 2-[4-(1 H-indol-3-y])-trans-cyvelohexvlamino]-2-[1-(#rans-3.5-

difluorocinnamovl)piperidin-4-vl]-acetate

Step A: Methvl 2-((4-(1H-indol-3-vi)cvclohexyl)amino)-2-(piperidin-4-vl)acetate

HN

= NP N

N
NH

The title compound was preparcd according to the procedure of Example 1, Steps H and 1,

using methyl 2-amino-2-(1-tert-butoxycarbonyl-4-piperidinyl)-acetate from Example 1,

Step F, in place of 2-amino-2-(1-tert-butoxycarbonyl-piperidin-4-yl)-acetamide.

Step B: Methyl 2-{4-(1H-indol-3-vl}-trans-cyclohexylamino/-2-[ I -(trans-3.5-

difluorocinnamovl)piperidin-4-vi]-acetate
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HN = "h, QO O\ F

N
@)

The title compound was prepared from methyl 2-((4-(1H-indol-3-yl)cyclohexyl)amino)-2-

(piperidin-4-yl)acetate (from Example 24, step A) and trans-3,5-difluorocinnamic acid, by

the method of Example 1, step K, giving a solid that was mostly the more polar cyclohexyl

diastereomer by LCMS. Mass spectrum (LCMS, APCI pos.) caled. for C3HasFaN3Os:
536 (M+H). Found: 536.3.

Example 25: 2-[4-(1 H-Indol-3-v1)- trans-evelohexylamino]-2-[1-(frans-3.5-

difluorocinnamovl)-piperidin-4-vl]-acetic acid hvdrochloride

HN

= Il,,’ O O H
St F
N

H

- HCI o

The product of Example 24 was dissolved in 3:1 v/v MeOH/THF (8 mL), treated with a
solution of powdered lithium hydroxide (36 mg, 1.50 mmol) in water (2 mL), and stirred at
ambient temperature for 4 days. The reaction was concentrated in vacuo to a slurry,
acidified to pH 4 with 1N aqueous HCI, filtered over a glass frit, solids washed once with
water, twice with anhydrous ether, and dried in vacuo giving the title compound as a white
amorphous solid. Mass spectrum (LCMS, APCI pos.) calcd. for CioHssFaN3Os: 522
(M+H). Found: 522.3.

Example 26: 2-[4-(1H-Indol-3-v])-cvclohexvlamino]-2-[1-(trans-3.4.5-

trifluorocinnamovl)-piperidin-4-ylj-acetic acid hvdrochloride
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HN
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The title compound was prepared from methyl 2-((4-(1H-indol-3-yl)cyclohexyl)amino)-2-
(piperidin-4-yl)acetate (from Example 24, step A) and trans-3.,4,5-trifluorocinnamic acid,

by the methods of Example 1, step K, and Example 25, giving a white powder. Mass
spectrum (LCMS, APCI pos.) calcd. for C5oHs,F3N30s3: 540 (M+H). Found: 540.

Example 27: 2-[4-(1 H-Indol-3-vD)-trans-cvelohexylamino]-2-[| V-(3.4-dichlorophenvl)-

piperidine-1-carboxamid-4-vl]-acetic acid hvdrochloride

HN /: O OH

N
TN N
o Cl

The title compound was prepared from methyl 2-((4-(1H-indol-3-yl)cyclohexyl)amino)-2-

(piperidin-4-ylacctate (from Example 24, stcp A) and 3,4-dichlorophenylisocyanate, by
the methods of Example 4 and Example 25, giving a white powder for the most polar
chromatographic product. Mass spectrum (LCMS, APCI pos.) caled. for CosHz,ClaN4Oa:
543 (M+H). Found: 543.3.

Example 28: 2-[4-(1H-Indol-3-v1)-cis-cvelohexvlamino]-2-[/V-(3.4-dichlorophenvl)-

piperidine-1-carboxamid-4-vl]-acetic acid hydrochloride (1)
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I=

N\"/H Cl
- HCL 5 \©i(n
The titlc compound was prepared from mcthyl 2-((4-(1H-indol-3-yl)cyclohexyl)amino)-2-
(piperidin-4-yDacetate (from Example 24, step A) and 3,4-dichlorophenylisocyanate, by
the methods of Example 1, step K, and Example 25, giving a white powder for the second

most polar chromatographic product. Mass spectrum (LCMS, APCI pos.) calcd. for
C28H32C12N4031 543 (M+H). FOLlIldI 543.3.

Example 29: 2-[4-(1H-Indol-3-v1)-cvclohexvlamino]-2-[/V-(4-fluorophenvl)piperidine-

1-carboxamid-4-vl]-acetamide

HN Os_NH

Iz

H
N\ng@\F

The title compound was preparcd from the product of Example 1, step J, and 4-
fluorophenylisocyanate, by the method of Example 4, giving the title compound as a solid
that was a mixture of cyclohexyl diastereomers by LCMS. Mass spectrum (LCMS, ESI
pos.) caled. for CogH34FNsO,: 492 (M+H). Found: 492

Example 30: 2-[4-(1 H-Indol-3-vD)-cvclohexvlamino]-2-[V-(3.5-

difluorophenvl)piperidine-1-carboxamid-4-vl|-acetamide
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The title compound was prepared from the product of Example 1, step J, and 3,5-
(difluorophenyl)isocyanate, by the method of Example 4, giving the title compound as a
solid that was a mixture of cyclohexyl diastereomers by LCMS. Mass spectrum (LCMS,
ESI pos.) caled. for CpgH33FN50,: 510 (M+H). Found: 510

Example 31: 2-[4-(1H-Indol-3-v1)-cvelohexvlamino]-2-[V-(3-{methysulfanvliphenvl)-

piperidine-1-carboxamid-4-vl]-acetamide

HN

Iz

The title compound was prepared from the product of Example 1, step J, and 3-
(methylsulfanyl)phenylisocyanate, by the method of Example 4, giving the title compound
as a solid that was a mixturc of cyclohcxyl diastcrcomers by LCMS. Mass spcctrum

(LCMS, ESI pos.) calcd. for Co0H37NsO,S: 520 (M+H). Found: 520

Example 32: 2-[4-(1 H-Indol-3-vD)-cvclohexvlamino]-2-[/V-(3.4-

difluorophenvlpiperidine-1-carboxamid-4-vl]-acetamide
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HN
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N\H/H F
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The title compound was prepared from the product of Example 1, step J, and 3.,4-
difluorophenylisocyanate, by the method of Example 4, giving the title compound as a

solid that was mostly the more polar cyclohexyl diastereomer by LCMS. Mass spectrum

(LCMS, ESI pos.) calcd. for CysH33F;NsO,: 510 (M+H). Found: 510

Example 33: 2-[4-(1H-indol-3-v])-cyelohexvlamino]-2-{1-[(2E)-3-(3.4-dihvdro-2H-

chromen-6-vl)prop-2-enovl]piperidin-4-vl}acetamide

HN

The title compound was prepared from the product of Example 1, step J, and (2£)-3-(3.4-
dihydro-2{1-chromen-6-yl)prop-2-enoic acid, by the method of Example 1, step K, giving a
yellow solid that was a mixture of cyclohexyl diastereomers by LCMS. Mass spectrum

(LCMS, ESI pos.) caled. for Ca3HqoN4O3: 541 (M+H). Found: 541

Example 34: 2-[4-(1H-indol-3-v])-cyelohexvlamino]-2-{1-[(2E)-3-(2.2-dimethyl-2,3-

dihvdro-1-benzofuran-5-vl)prop-2-enovyl|piperidin-4-yliacetamide
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HN

Iz
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The title compound was prepared from the product of Example 1, step J, and (2£)-3-(2,2-
dimethyl-2,3-dihydro-1-benzofuran-5-yl)prop-2-enoic acid, by the method of Example 1,
step K, giving a yellow solid that was a mixture of cyclohexyl diastereomers by LCMS.
Mass spectrum (LCMS, ESI pos.) caled. for Cs3H4oN4O3: 541 (M+H). Found: 541

Example 35: 2-[4-(1 H-Indol-3-vD)-cvelohexvlamino]-2-[1-(¢rans-3.4.5-

trifluorocinnamovl)-piperidin-4-vl]-acetamide

HN

Iz

F
O

The title compound was prepared from the product of Example 1, step J, and #rans-3,4,5-
trifluorocinnamic acid, by the method of Example 1, step K, giving a yellow solid that was
a mixture of cyclohexyl diastereomers by LCMS. Mass spectrum (LCMS, ESI pos.) calcd.
for C3gH33F3N40;: 539 (M+H). Found: 539

Example 36: R,S-2-[4-(1H-Indol-3-v])-trans-cyclohexvlamino]-2-[1-(trans-3.4.5-

trifluorocinnamovl)-piperidin-4-vl]-acetamide
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The product of Example 35 was purified by reverse-phase HPLC (C-18 stationary phase
and eluting with a gradient from 20 to 80% acetonitrile/water containing (0.05% TFA as an
additive in both solvents) giving the title compound as the more polar diastercomer

(shorter retention time). Mass spectrum (LCMS, ESI pos.) caled. for CsoHz3F3sN4O2: 539
(M+H). Found: 539.

Example 37: R,S-2-]4-(1 H-Indol-3-v1)-cis-cyclohexvlamino]-2-[1-(trans-3.4.5-

trifluorocinnamovl)-piperidin-4-vl]-acetamide

HN

Iz
l

O
The product of Example 35 was purified by flash chromatography (20% MeOH/EtOAc)
giving the title compound as the less polar diastercomer (longer retention time). Mass

spectrum (LCMS, ESI pos.) caled. for C3oHs3FsN4O,: 539 (M+H). Found: 539.

Example 38: R* and S* enantiomers of 2-14-(1H-Indol-3-v])-frans-cyvclohexvlamino|-

2-[1-(trans-3.4.5-trifluorocinnamovlpiperidin-4-vl]-acetamide hvdrochloride
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The product of Example 36 was enantiomerically separated by chiral, reverse-phase HPLC
to give the title compounds as tan solids.

R* enantiomer (Example 38a): Mass spectrum (LCMS, ESI pos.) calcd. for C3gH33F3N4O;:
539 (M+H). Found: 539.

S* enantiomer (Example 38b): Mass spectrum (LCMS, ESI pos.) calcd. for CsgH33F3N40;:
539 (M+H). Found: 539.

Example 39: 2-[4-(1H-pvrrolo[3.2-b]pvridin-3-vl)cvclohexvl]amino-2-[1-(¢#rans-3.4,5-

trifluorocinnamovl)-piperidin-4-vl]-acetamide

NH,

0]
The title compound was prepared from 4-(1/7-pyrrolo[3,2-b]pyridin-3-yl)cyclohexanone
(produced from 4-azaindole via the procedure of Example 1, steps A to C), the
aminoamidc from Examplc 1, step G, and trans-3,4,5-trifluorocinnamic acid, by the
methods of Example 1, steps H to K, giving a yellow solid.
This was separated by flash chromatography giving two diastereomers, yellow solid for the
more polar cyclohexyl diastercomer (zrans, Example 39a), yellow solid for the less polar
cyclohexyl diastereomer (cis, Example 39b). Mass spectrum (LCMS, ESI pos.) calcd. for
CroH3F3Ns50,: 540 (M+H). Found: 540 for both.
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Example 40: 2-[4-(1H-pvrrolo[3.2-c]pvridin-3-vDcyclohexvl]amino-2-[V-(3.4-

dichlorophenvl)piperidine-1-carboxamid-4-vl]-acetamide
=N
\_/

HN Os_NH,

I=

NYH c

The title compound was preparcd from 4-(1H-pyrrolo[3,2-¢]pyridin-3-yl)cyclohcxanonc
(produced from 5-azaindole via the procedure of Example 1, steps A to C), 2-amino-2-(1-
tert-butoxycarbonyl-piperidin-4-yl)-acetamide (from Example 1, step G), and 34-
dichlorophenylisocyanate, by the methods of Example 1, steps H and J, and Example 4,

giving a tan solid. Mass spectrum (LCMS, ESI pos.) caled. for C27Ha2ClNsO2: 543
(M+H). Found: 543.

Example 41: R,S-2-[trans-4-(1H-pvrrolo]3.2-c]pvridin-3-vl)cvelohexvl]amino-2-[1-

(trans-3.4,5-trifluorocinnamovl)-piperidin-4-vl|-acetamide

\
O
=z
I
N
n
N

The title compound was prepared from 5-azaindole, by the method of Example 39, giving
a yellow solid. Mass spectrum (LCMS, ESI pos.) calcd. for CpoH3,F3NsQ;: 540 (M+H).
Found: 540

Example 42: 2-[frans-4-(1 H-pvyrrolo|3.2-b]pvridin-3-vDcvelohexvl]amino-2-[/V-(3.4-

dichlorophenvl)piperidine-1-carboxamid-4-vl]-acetamide
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NH,

T
0 cl
The title compound was prepared from 4-azaindole, by the method of Example 40, giving

a colorless solid. Mass spectrum (LCMS, ESI pos.) caled. for Cr7H3CliNgO2: 543
(M+H). Found: 543.

Example 43: R,S-2-[trans-4-(1H-pvrrolo[3.2-b]pvyridin-3-yDevelohexyllJamino-2-[1-

(trans-cinnamovl)-piperidin-4-vl]-acetamide

\ N
HN .. O NH,
: Y
H N _
0

The title compound was prepared from 4-azaindole, by the method of Example 39, giving
a ycllow solid. Mass spectrum (LCMS, ESI pos.) caled. for C;oH3sNsO,: 486 (M+H).
Found: 486.

Example 44: 2-[4-(1 H-pvrrolo][2.3-b]pvridin-3-vl)cvclohexvl]amino-2-[1-(trans-3,4.5-

trifluorocinnamovl)-piperidin-4-yl]-acetamide

N\
N

HN Ox__NH,

Iz
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The title compound was prepared from 7-azaindole, by the method of Example 39, giving
a ycllow solid. Mass spectrum (LCMS, ESI pos.) calcd. for CpoH3,F3NsQO,: 540 (M+H).
Found: 540.

Example 45: R.S-2-[trans-4-(1H-pvrrolo[3.2-b]pvridin-3-vl)cyclohexvl]amino-2-[1-

(trans-3,5-difluorocinnamoyl)-piperidin-4-yl]-acetamide

~—
\ N

AN _- O«__NH,

Iz

O
The title compound was prepared from 4-azaindole, by the method of Example 39, giving
a yellow solid. Mass spectrum (LCMS, ESI pos.) calcd. for CaoH33F2NsOz: 522 (M+H).
Found: 522

Example 46: R,S-2-[4-(1H-pvrrolo]2,3-b]pvridin-3-vl)eyclohexvl]amino-2-[1-(frans-

3.5-difluorocinnamovl)-piperidin-4-vl]-acetamide

N\
W
HN OsNH;
F
N
H L
F
0

The title compound was prepared from 7-azaindole, by the method of Example 39, giving
a ycllow solid. Mass spectrum (LCMS, ESI pos.) caled. for CyoH33F:NsQ,: 522 (M+H).
Found: 522.

Example 47: 2-[4-(1H-pvrrolo[3.2-c|pvridin-3-vl)cvclohexvl]amino-2-[1-(trans-4-

fluorocinnamovl)-piperidin-4-vl]-acetamide
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=N
\_/
HN

Iz

0
The title compound was prepared from 5-azaindole, by the method of Example 39, giving
a tan solid for the more polar cyclohexyl diastercomer (trans, Example 47a), a yellow solid
for the less polar cyclohexyl diastereomer (cis, Example 47b). Mass spectrum (LCMS,
ESI pos.) caled. for CpoH34FNsQ,: 504 (M+H). Found: 504.

Example 48: 2-[4-(1 H-pvrrolo[3.2-b]pvridin-3-v)cyvclohexyllamino-2-[V-(3-

tolvD)piperidine-1-carboxamid-4-vl]-acetamide

\ N

AN Ox__NH,

I=z

The title compound was prepared from 4-azaindole, by the method of Example 40, giving
a tan solid as a mixture of cyclohexyl diasterecomers. Mass spectrum (LCMS, ESI pos.)

calcd. for CosHzsNeOa: 489 (M+H). Found: 489

Example 49: Methyl 2-[4-(1 H-indol-3-y])-trans-cyclohexvlamino|-2-|1-(¢rans-3.4.5-

trifluorocinnamovl)piperidin-4-vl]-acetate
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HN

Iz

The title compound was prepared from methyl 2-((4-(1H-indol-3-yl)cyclohexyl)amino)-2-
(piperidin-4-yl)acetate (from Example 24, step A) and trans-3.,4,5-trifluorocinnamic acid,
by the method of Example 1, step K, and the mixture of product diastercomers was
separated by flash chromatography giving a pale yellow solid for the more polar
cyclohexyl diastereomer (trans, Example 49a), a tan solid for the less polar cyclohexyl
diastereomer (cis, Example 49b). Mass spectrum (LCMS, APCI pos.) caled. for
C31H35F;N305: 536 (M+H). Found: 536.

Example 50: 2-[4-(6-methoxypyvridin-3-vl)cvelohexvl]amino-2-[1-(rrans-3.4,5-

trifluorocinnamovl)-piperidin-4-vl]-acetamide
O N

X O -NH,

N
H

@]
The title compound was prepared from 4-(6-methoxypyridin-3-yl)cyclohexanone (prepared
from commercially available 4-hydroxy-4-(6-methoxypyridin-3-yl)cyclohexanone
according to the general procedure shown in scheme 5), 2-amino-2-(1-tert-butoxycarbonyl-
piperidin-4-yl)-acetamide (from Example 1, step G), and trans-3,4,5-trifluorocinnamic
acid, by the methods of Example 1, steps H to K, giving a plae yellow solid as a mixture of
cyclohexyl diastereomers.
Utilizing the processes as set forth herein, the compounds of Examples 51 to 54 were also

prepared.
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Example 51: N-Hvdroxy-2-{[4-(1H-Indol-3-y])-cvclohexvlamino]-2-[1-(trans-3,4.5-

trifluorocinnamovl)-piperidin-4-vl]}-acetamide

HN

H
0 N\OH F
\ F
HI@'W@:
F
o)

Mass spectrum (LCMS, ESI pos.) caled. for CzgH33F3N405: 555 (M+H). Found: 555

3.4.5-trifluorocinnamovl-piperidin-4-vl]l-acetamide

AN, O NH,
L |
N F
H NL s
F
o)

Mass spectrum (LCMS, ESI pos.) caled. for C3gH3sF3N4O,: 541 (M+H). Found: 541

Example 53: /N-Methvl-2-{[4-(1 H-Indol-3-v])-cvclohexvlamino]-2-[1-(¢rans-3.4.5-

trifluorocinnamovl)-piperidin-4-vl]}-acetamide

HN H
= O N
9@\ ~ F
N F
N
\ F
@]

Mass spectrum (LCMS, ESI pos.) caled. for CaoHa3F3N4O5: 553 (M+H). Found: 553.

Example 54: N, N-Dimethvl-2-{[4-(1H-Indol-3-v])-cvclohexvlamino]-2-[1-(¢rans-3.4,5-

trifluorocinnamovl)-piperidin-4-vl]}-acetamide
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HN |

Iz

0
Mass spectrum (LCMS, ESI pos.) caled. for C3oH33F3N4O5: 567 (M+H). Found: 567.

Example 55: IN VITRO BIOLOGICAL DATA

Compounds of the invention were subjected to various representative biological tests. The
results of these tests are intended to illustrate the invention in a non-limiting fashion.
MCP-1 Receptor Binding Assay in THP-1 Cells Human monocytic cell line THP-1 cells
were obtained from American Type Culture Collection (Manassas, Va., USA). The THP-1
cells were grown in RPMI-1640 (RPMI: Roswell Park Memorial Institute Medium-cell
culturc growth media) supplemented with 10% fetal bovine scrum in a humidificd 5% CO,

atmosphere at 37 °C. The cell density was maintained between 0.5%10° cells/mL.

THP-1 (cells were incubated with 0.5 nM '»I labeled MCP-1 (Perkin-Elmer Life Sciences,
Inc. Boston, Mass.) in the presence of varying concentrations of either unlabeled MCP-1
(R & D Systems, Minneapolis, Minn.) or test compound for 2 hours at 30° C. in a 96 well
plate. Cells were then harvested onto a filter plate, dried, and 20 pL of Microscint 20 was
added to each well. Plates were counted in a TopCount NXT, Microplate Scintillation &
Luminescence Counter (Perkin-Elmer Life Sciences, Inc. Boston, Mass.). Blank values
(buffer only) were subtracted from all values and drug treated values were compared to

vehicle treated values. 1 pM cold MCP-1 was used for nonspecific binding.

Table 1 lists ICsy values for inhibition of MCP-1 binding to CCR2 obtained for test
compounds of the invention. Where an ICso value was not obtained for a particular
compound, the pereent inhibition is provided at a test concentration of 25 uM. Where
more than one ICsq value was available, the average of the two most similar values is

reported.
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Tuble 1: Inhibition of MCP-1 Binding ICs

Example | CCR2
Binding
(uM)
la 0.013
1b 0.014
2a 0.005
2b 0.187
3 0.740
4a 0.470
4b 0.008
5 0.021
6 0.019
7 0.023
8 0.270
9 0.130
10 0.075
11 0.264
12 0.120
13 0.136
14 0.130
15 0.149
16 0.150
17 0.177
18 0.190
19 0.058
20 0.370
21 0.492
22 0.553
23 0.602
24 0.390
25 0.220
26 0.020
27 0.230
28 0.320
29 0.669
30 0.708
31 0.710
32 0.807
33 0.960
34 1.098
35 0.025
36 0.008
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37 0.406
38a 0.005
38b 0.880
39a 0.025
39b 0.600
40 0.040
41 0.083
42 0.087
43 0.122
44 0.132
45 0.130
46 0.330
47a 0.405
47b 0.641
48 0.590
49a 0.410
49b 0.750
50 0.635
51 0.665
52 0.950
53 0.984
54 0.981

Example 56: Animals.

Mouse CCR2 knock-out / human CCR2 knock-in mice were generated using targeted
129Sv/Evbrd embryonic stem cell clones injected into C57BL/6 mice. Expression of the
hCCR?2 transcript was confirmed by quantitative reverse transcription-polymerase chain
reaction performed on spleen and blood total RNA from homozygous hCCR2 knock-in
mice. Backcrossing into C57BL/6 genctic background continucd to the cighth gencration.
Transgenic mice were housed in a specific-pathogen-free, temperature-controlled facility
that maintained a 12-hour light/12-hour dark cycle. Mice had free access to water and food.
Experimental procedures were carried out in accordance with institutional standards for

animal care and were approved by the institute's animal care and use committee.

Example 57: Murine In vivo Cell Migration Assay.

Animals are orally dosed with vehicle or CCR2 antagonists at 3, 10 and 30 mg/kg bid.

Animals undergo anesthesia and laparotomy. A distal loop of small bowel (5 cm in length)

69



WO 2012/075115 PCT/US2011/062593

is gently eventrated onto moist sterile gauze. Synthetic human MCP-1 (1 mg/100 ml
stcrile PBS) or PBS alonc is administered drop-wisc onto the scrosa of the cventrated loop.
A suture knot is placed into the mesentery to mark the terminus of the treated area.
Twenty-four hours later, the animal is sacrificed and the segment of bowel plus the
adjacent region is removed. The tissue is opened along the mesenteric border, pinned flat
and the mucosa removed. The remaining muscle layer is fixed briefly in 100% EtOH and
then stained using Hanker-Yates reagent to detect myeloperoxidase-containing immune
cells. At 10 mpk, P.O. bid, a compound is deemed efficacious if the inhibition of cell

migration rcachcs 30% comparcd with vchicle-trcated animals.

Example 58: Thiolycollate-Induced Peritonitis in Mice.

Animals are orally dosed with vehicle or CCR2 antagonists at 3, 10, 30 and 100 mg/kg
bid). One hour later, the animals are intraperiponeally injected with sterile thioglycollate
(25 mL/kg, ip, Sigma) for induction of peritonitis. Animals arc orally trcated twice daily
with vehicle or CCR2 antagonists. At the 72-hour time point, perinoteal cavities are
lavaged with 10 mL of sterile saline. Total cell counts in the peritoneal lavage fluid are
performed using a microscope and cell differentiation is performed using cytospin analysis
after Giemsa staining (Hema Tek 2000). Percent inhibition of the thioglycollate-induced
peritonitis is calculated by comparing the change in number of leukocytes of CCR2

antagonist treated mice to the vehicle-treated mice.

Example 59: MCP-1-Induced Monocyte Recruitment to Airway of Mice.

Animals are orally treated with vehicle or CCR2 antagonists at 3, 10, and 30 mg/kg po
bid). One hour later, the animals are intranasally dosed with 4 ug of MCP-1 in sterile
salinc. The animals arc orally trcatcd twice daily with vchicle or CCR2 antagonists. After
48 h, mice are cuthanized by intraperitoneal injection of anesthesia solution (Sleepaway-
Sodium pentobarbital). Whole bronchoalveolar lavage (BAL) is performed using 1.4 ml of
ice-cold PBS containing 3 mM EDTA. Total cell counts in the BAL lavage fluid are
performed using a microscope and cell differentiation is performed using cytospin analysis
after Giemsa staining (Hema Tek 2000). Percent inhibition is calculated by comparing the

change in number of total leukocyte counts (including monocytes/macrophages and
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lymphocytes) of compound-treated mice to the vehicle-treated mice. Compounds are

deemed cfficacious if pereent inhibition reaches 30%.

Example 60: High-fat Diet Induced Obesity and Insulin Resistance in Mice.

Obesity is induced by a high-fat diet that derived approximately 60% calories from lipids
(D-12492; Research Diets Inc.) in animals for 10- 24 weeks at age of 7 weeks. Prior to age
7 weeks, animals are fed a standard pellet diet, in which 5% of calories were provided as
fat. Obese animals are randomized by body weight and fat mass. The obese animals are
orally trcated with vchicle or CCR2 antagonists at 3, 10 and 30 mg/kg, po bid. Body
weight and food intake and fasting blood glucose levels are monitored. Body mass is
determined by a NMR analyzer (Burker MiniSpec). Insulin tolerance test is carried out in
animals that are fasted for 3 hours. After an intraperitoneal bolus injection of recombinant
human insulin (1.5 U/kg), blood glucose concentrations are measured using a Glucometer
before and 15, 30, 45, 60, 90 and 120 minutcs after injection. Glucosc tolcrance tests arc
performed after an overnight (17-hour) fast. Blood glucose concentrations are measured
before and after 15, 30, 60, 90, 120 minutes afier an oral dose of glucose dissolved in water
(1g/kg). Energy expenditure analysis is monitored by a complete laboratory animal
monitor system. After 40 days treatment with vehicle or CCR2 antagonists, the animals are
sacrificed by CO; asphyxiation. Percent of weight loss is calculated by comparing the body

weight changes of the compound-treated mice with the vehicle-treated mice.

Example 61: Mouse Model of Allergic Asthma.

Animals are sensitized by intraperitoneal injection of 10 ug chicken egg albumin (OVA)
absorbed to 1 mg Imject® in 100 pl phosphate-buffered saline (PBS) on days 0 and 5.
Control animals receive PBS ip. OVA-immunized animals are challenged by inhalation of
0.5% OVA aerosol for 10 minutes by an ultrasonic nebulizer on days 12, 16 and 20.
Control animals are challenged with PBS in similar fashion. The OV A-sensitized animals
receive vehicle (0.5% Methocel) or CCR2 antagonists orally at 3, 10, 30 mg/kg twice daily
from days 9-20 and once daily on day 21, 2 hours before sacrifice. Dexamethason (5
mg/kg) and Montelukast (1 mg/kg) are given orally once a day. On day 21, 2 hours post

the last dosc of CCR2 compounds, bronchial rcactivity to acrosolized mcthacholine is
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measured using a Buxco whole body plethysmograpgh. On day 21, the animals are
sacrificed. Bronchoalveolar lavage fluid is collected (1 mL) and total cells counted. The
numbers of eosinophils, lymphocytes, monocytes and neutrophils are determined using
cytospin analysis after Giemsa staining (Hema Tek 2000). Percent inhibition of total BAL
leukocyte count (and ecosinophil count) is calculated by comparing the compound-treated
mice with vehicle-treated mice. Compounds are deemed efficacious if the inhibition

reaches 30%.

Example 62: Formulation Example
Solid, Oral Dosage Form — Prophetic Example

As a specific embodiment of an oral composition, 100 mg of the compound of Example 1,
above, is formulated with sufficient finely divided lactose to provide a total amount of 580

to 590 mg to fill a size O hard gel capsule.

While the foregoing specification teaches the principles of the present invention, with
examples provided for the purpose of illustration, it will be understood that the practice of
the invention encompasses all of the usual variations, adaptations and/or modifications as

come within the scope of the following claims and their equivalents.
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We Claim:
1. A compound of Formula (I)

R'I
X) : (o] Y
N )
R
N\n/Z \/‘\|
o R
N

R*  Formula (I)

wherein:
o e wly, o e o
I |
| Z N Z N NZ N Z N Z N NZ N
R'is H | H | H | H | H | H ,23-

dihydroindol-3-yl, indol-3-yl, pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl,
1soxazolyl, thiazolyl, or pyrrolyl; wherein said pyridyl, pyrimidyl, pyridazyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, or pyrrolyl is optionally substituted with OCH3;, CH3,
OCF;3, CF3, OCF3, -CN, or C(O)CHj;

R%is H, Cl, CH;, OC galkyl, or F;

R’ is H, F, Cl, CO,C1.4palkyl, C1aalkyl, OCsalkyl, SC(1galkyl, OCF3, OCH,CF3, -CN,
CO:zH, C(0)C(14yalkyl, C(O)NH,, C(O)NHC;salkyl, C(O)N(C(1_4jalkyl),, or CF3;

R*is H, CH;, OC(1.ayalkyl, or F; or R may be taken together with R* and their attached
phenyl to form a bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-
3-yl, 2,3-dihydrobenzofuran-3-yl, 2,2-difluoro-benzo[d][ 1,3]dioxole-5-yl, 2,2-dimethyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][ 1,4 ]dioxin-6-yl,

X is H, OH, NH,, or F;

Y is OH, NH,;, OC(O)C(gjalkyl, NHC(O)C(1ayalkyl, OC_salkyl, NHCsalkyl, N(Ci-
salkyl),, or NHOH;

Z.1s NH or -HC=CH-;

and tautomers, and pharmaceutically acceptable salts thereof.

2. A compound of claim 1 wherein:
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il wh,
L \~ N Z N N N
R is H , H H , 2,3-dihydroindol-3-yl, indol-3-yl, pyridyl,

pyrimidyl, or pyridazyl; wherein said pyridyl, pyrimidyl, or pyridazyl is optionally
substituted with OCHj;

R*is H, Cl, CHs, OC14)alkyl, or F;

R*is H, F, Cl, CO,Csalkyl, Ci_ayalkyl, OC4alkyl, SC(_galkyl, OCF;, or CF3;

R*is H, CHs, OC(1.syalkyl, or F; or R may be taken together with R? and their attached
phenyl to form a bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-
5-yl, 2,3-dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][ 1,3 ]dioxole-5-y1, 2,2-dimethyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][ 1,4]dioxin-6-yl,

X isH, OH, or F;

Y is OH, NH,, OC(O)CH;, NHC(O)CH3;, OC(14jalkyl, NHC( _salkyl, N(Ci_sjalkyl),, or
NHOH; and

7 is NH or —-HC=CH-.

3. A compound of claim 2 wherein:

i ! /

Sl wly,
- " N Z N NZ N . . .
R'is H | H H |, 2,3-dihydroindol-3-yl, indol-3-yl, or pyridyl;

wherein said pyridyl is optionally substituted with OCH3;

R?is H, CI, OCH;, or F;

RYis H, F, Cl, CO,Cy aalkyl, C aalkyl, OCHs, SC( ajalkyl, OCFs, or CFs;

R'is H, OCHs, or F; or R? may be taken together with R? and their attached phenyl to form
a bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-
dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][ 1,3 ]dioxole-5-yl, 2,2-dimethyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][ 1,4 ]dioxin-6-yl,
XisHorF;

Y is OH, NH,, OCsalkyl, NHC_salkyl, N(Ci_ayalkyl),, or NHOH; and
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Z 1s NH or -HC=CH-.

4. A compound of claim 3 wherein:

wdy !

N""\m i,
Z N Z N NT

R'is H, H,
mcthoxy-pyrid-5-yL;
R”is H, Cl, or F;

PCT/US2011/062593

, 2,3-dihydroindol-3-yl, indol-3-yl, or 2-

R*is H, F, Cl, CO,CH,CHs, CHs, SCHi, OCFs, or CF3;

R is H, or F; or R" may be taken together with R and their attached phenyl to form a

bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-
dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][ 1,3 ]dioxole-5-yl, 2,2-dimethyl-2,3-

dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][1,4]dioxin-6-yl,

Xis H;

Y is OH, NH,, OCH;, NHCH;, N(CH3),, or NHOH; and

Z 18 NH or -HC=CH-.

5. A compound selected from the group consisting of:

Jie oW

N OxNH,
@8 |
N
H N .
F
0 ;

HN&O\O NH;
F
N
\ F
0 ;

HN
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LON
\' OsNH, . y
HN
= Os N
N A i N F
H
N
o ; x F
© ;
HN H
# Ox-N~oH F |
N . HN_ O N i
H
N s N F
F A 1
(o] R ™ F
0 ;
HN

Iz

I/,,‘ O N H2 F
L. :
N x
F
0 ;

and tautomers, and pharmaceutically acceptable salts thereof.

6. A pharmaceutical composition, comprising a compound of claim 1 and a pharmaceutically

acceptable carrier.

7. A pharmaceutical composition made by mixing a compound of claim 1 and a

pharmaceutically acceptable carrier.

8. A process for making a pharmaceutical composition comprising mixing a compound of claim

1 and a pharmaccutically acccptable carricr.

9. A process for the preparation of a compound of Formula (T) of claim 1, comprising reacting a

RG
\
N—R’
O
N=-PG
HsN

compound of Formula (XII) (XII) , where PG is a amine protecting group and R°
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and R’ are independently H, OH, OC1.sjalkyl, NH,, NHC(;_sjalkyl , or C(i_gjalkyl, or taken
R1

xlo%

together form a S5-membered heterocyclic ring, with a compound of Formula (II) (I ,In

. 1.
the presence of a reducing agent, where R is

wdy, N o, A, dy, N wdy, s
| I
Z N Z N N N Z N Z N NZ N ' _
H | H | H | H | H | H , 2,3-dihydroindol-3-yl,
indol-3-yl, pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, or pyrrolyl;
wherein said pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, or
pyrrolyl is optionally substituted with OCHa, CHs, OCF3, CF3, OCF3, -CN, or C(O)CHj3; and X
1s H, OH, NH,, or F.

10. A product made by the process of claim 9.

11. A process for the preparation of a compound of Formula (I) of claim 1, comprising reacting
R4
R3

5 .
a compound of Formula (XV) R? R , where R’ is -N=C=0, -C=C-CO;H, or

RI
N
C(=0)halide, with a compound of Formula (XIV) NH , in the presence of a

base such as TEA or DIEA, and/or coupling reagent such as DCC or EDCI; where

oty N ady, ady, wly, N wdy, aly,
I I
' Z N Z N NZ N Z N Z N NZ N
R iS H . H » H ’ H s H s H [ 2’3 -
dihydroindol-3-yl, indol-3-yl, pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, or pyrrolyl; wherein said pyridyl, pyrimidyl, pyridazyl, imidazolyl, oxazolyl,

isoxazolyl, thiazolyl, or pyrrolyl is optionally substituted with OCH3, CHs, OCF5, CF3, OCF5, -
CN, or C(O)CH3;
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R*is H, Cl, CHs, OC 4yalkyl, or F;

R’is H, F, Cl, CO,Calkyl, Copalkyl, OC_galkyl, SC.salkyl, OCFz, OCH,CF;3, -CN,
CO.H, C(O)C(1ajalkyl, C(O)NH,, C(O)NHCi_gyalkyl, C(O)N(Ci-4)alkyl),, or CF3;

R is H, CH;z, OC1salkyl, or F; or R* may be taken together with R* and their attached phenyl to
form a bicyclic ring selected from the group consisting of 2,3-dihydro-1H-inden-5-yl, 2,3-
dihydrobenzofuran-5-yl, 2,2-difluoro-benzo[d][ 1,3 ]dioxole-5-yl, 2,2-dimethyl-
benzo[d][1,3]dioxole-5-yl, 2,2-difluoro-2,3-dihydrobenzofuran-5-yl, 2,2-dimethyl-2,3-
dihydrobenzofuran-5-yl, chroman-6-yl, and 2,3-dihydrobenzo[b][1,4]dioxin-6-yl;

X is H, OH, NH;, or F; and

Y is OH, NH,, OC(0)C4alkyl, NHC(O)Ci_sjalkyl, OC(i_sjalkyl, NHCisyalkyl, N(C(i_syalkyl),,
or NHOH.

12. A product made by the process of claim 11.

13. A method for preventing, treating or ameliorating a CCR2 mediated syndrome, disorder or
disease comprising administering to a subject in need thereof a therapeutically effective amount

of a compound of claim 1.

14. The method of Claim 13, wherein the syndrome, disorder or disease is associated with
elevated MCP-1 expression or MCP-1 overexpression, or is an inflammatory condition that
accompanies syndromes, disorders or diseases associated with elevated MCP-1 expression or
MCP-1 overexpression comprising administering to a subject in need thereof an effective amount

of a compound of claim 1.

15. A method of preventing, treating or ameliorating a syndrome, disorder or discase, wherein
said syndrome, disorder or disease is selected from the group consisting of: Chronic Obstructive
Pulmonary Disease (COPD), ophthalmic disorders, uveitis, atherosclerosis, rheumatoid arthritis,
psoriasis, psoriatic arthritis, atopic dermatitis, multiple sclerosis, Crohn's Disease, ulcerative
colitis, nephritis, organ allograft rejection, fibroid lung, renal insufficiency, type-I diabetes, type
II diabetes, diabetic complications, diabetic nephropathy, diabetic retinopathy, diabetic retinitis,

diabctic microangiopathy, overweight, obesity, obcsity-associatcd insulin resistance, metabolic
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syndrome, tuberculosis, chronic obstructive pulmonary disease, sarcoidosis, invasive
staphyloccocia, inflammation after cataract surgery, allergic rhinitis, allergic conjunctivitis,
chronic urticaria, asthma, allergic asthma, periodontal diseases, periodonitis, gingivitis, gum
disease, diastolic cardiomyopathies, cardiac infarction, myocarditis, chronic heart failure,
angiostenosis, restenosis, reperfusion disorders, glomerulonephritis, solid tumors and cancers,
chronic lymphocytic leukemia, chronic myelocytic leukemia, multiple myeloma, malignant
myeloma, Hodgkin's disease, and carcinomas of the bladder, breast, cervix, colon, lung, prostate,
or stomach comprising administering to a subject in need thereof an effective amount of a

compound of claim 1.

16. A method of preventing, treating or ameliorating a syndrome, disorder or disease, wherein
said syndrome, disorder or disease is selected from the group consisting of: type I diabetes, type
11 diabetes, diabetic complications, diabetic nephropathy, diabetic retinopathy, diabetic retinitis,
diabctic microangiopathy, obcsity, obcesity-associated insulin resistance, mctabolic syndrome,
asthma, and allergic asthma, comprising administering to a subject in need thereof a

therapeutically effective amount of a compound of claim 1.
17. A method of treating a disorder selected from the group consisting of type Il diabetes, obesity

and asthma comprising administering to a subject in need thercof a therapeutically effective

amount of a compound of claim 1.
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