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ANTAGONISTS OF CHEMOKINE RECEPTORS

CROSS-REFERENCES TO RELATED APPLICATIONS
[6081] This application claims the benefit of priority to U.S. Application Serial Nos.
61/693,758, filed August 27, 2012, and 61/831,694, filed June 6, 2013, the disclosures of which

are incorporated herein by reference in their entirety.

STATEMENT ASTO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
{00627 NOTAPPLICABLE

REFERENCE TO A "SEQUENCE LISTING,” A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT BISK.
{00631 NOTAPPLICABLE

BACKGROUND OF THE INVENTION
{0004] The present invention provides compounds, pharmaceutical compositions containing
one or more of those compounds or their pharmaceutically acceptable salts, which are effective
in inhibiting the binding of various chemokines, such as MIP-1q, leukotactin, MPIF-1 and
RANTES, to the CCR1I receptor. As antagonists or modulators for the CCR1 receptor, the
compounds and compositions have utility in freating inflanmmatory and fmomune disorder

conditions and diseases,

{00651 Human health depends on the body’s ability to detect and destroy foreign pathogens
that might otherwise take valuable resources from the individual and/or induce iliness. The
immune syster, which comprises leukocytes (white blood cells (WBCs): T and B lymphocyies,
monocytes, macrophages granulocytes, NK cell, mast cells, dendritic cell, and immune derived
cells {for example, osteoclasts)}, lyruphoid tissues and lymphoid vessels, is the body’s defense
system. To combat infection, white blood cells circulate throughout the body to detect
pathogens. Once a pathogen is detected, innate immune cells and cytotoxic T cells in particular
are recruited fo the infection site to destroy the pathogen. Chemokines act as molecular beacons
for the recruitment and activation of immune cells, such as lymphocytes, monocytes and

granulocytes, identifving sites where pathogens exist.
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[0006] Despite the immune system's regulation of pathogens, certain inappropriate chemokine
signaling can develop and has been atiributed to triggering or sustaining inflammatory disorders,
such as rheumatoid arthritis, multiple sclerosis and others. For example, in theumatoid arthritis,
unregulated chemokine accumulation in bone joints atiracts and activates infilirating
macrophages and T-cells. The activities of these cells induce synovial cell proliferation that
leads, at least in part, to inflammation and eventual bone and cartilage loss (see, DeVries, MLE.,
et al., Semin Immunol 11(23:95-104 (1999)). A hallmark of some demyelinating diseases such as
rouliiple scierosis is the chemokine-mediated monocyte/macrophage and T cell recruitment to
the central nervous system (see, Kennedy, et al., /. Clin Immunol, 1¥{ER273-279 (1999)).
Chemokine recruitment of destructive WBCs to transplants has been implicated in their
subsequent rejection. See, DeVries, MLE., et al,, ibid Because chemokines play pivotal roles in
inflammation and fymphocyte development, the ability to specifically manipulate their activity
has enormous impact on ameliorating and halting diseases that currently have no satistactory
treatment. In addition, transplant rejection may be minimized without the generalized and

complicating effects of costly immunosuppressive pharmaceuticals.

{0807] Chemokines, a group of greater than 40 small peptides (7-10 kD), higate receptors
expressed primarily on WBCs or immune dervived cells, and signal through G-protein-coupled
signaling cascades to mediate their chemoatiractant and chemostimulant functions. Receptors
may bind more than one ligand; for example, the receptor CCR1 ligates RANTES (regulated on
activation normal T cell expressed), MIP-1a (macrophage inflammatory protein), MPIF-1/CKfS,
and Leukotactin chemokines (among others with lesser affinities). To date, 24 chemokine
receptors are known. The sheer number of chemokines, multiple ligand binding receptors, and
different receptor profiles on immune cells allow for tightly controlled and specific immune
responses. See, Rossi, et al., dnn. Rev. Dmmumnol. 38(1):217-242 (2000). Chemokine activity
can be controlled through the modulation of their corresponding receptors, ireating related

inflaramatory and immunological diseases and enabling organ and tissue transplants.

{8608] The receptor CCR1 and its chemokine ligands, including, for example MiP-1g, MPIF-
1/CK B8, leukotactin and RANTES, represent significant therapeutic targets (see Saeki, et al,,
Current Pharmacewtical Design 8:1201-1208 (2003)) since they have been implicated in

rheumatoid arthritis, transplant rejection (see, DeVries, MLE., et al,, ibid ), and multiple sclerosis
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(see, Fischer, et al., J Neuroimmunol. 110(1-2):195-208 (2000); Izikson, et al., J. Exp. Med.
192(7):1075-1080 (2000); and Rottman, et al., Eur. J. Immunol. 30(8):2372-2377 (2000). In
fact, function-blocking antibodies, modified chemokine receptor ligands and small organic
compounds have been discovered, some of which have been successfully demonstrated to
prevent or treat some chemokine-mediated diseases (reviewed in Rossi, et al., ibid.). Notably, in
an experimental model of theumatoid arthritis, disease development is diminished when a
signaling-blocking, modified-RANTES ligand is administered (see Plater-Zyberk, et al.,
Immunol Lett. 57(1-3):117-120 (1997)). While function-blocking antibody and small peptide
therapies are promising, they suffer from the perils of degradation, extremely short half-lives
once administered, and prohibitive expense to develop and manufacture, characteristic of most
proteins. Small organic compounds are preferable since they often have longer half lives in vivo,
require fewer doses to be effective, can often be administered orally, and are consequently less
expensive. Some organic antagonists of CCR1 have been previously described (see,
Hesselgesser, et al., J. Biol. Chem. 273(25):15687-15692 (1998); Ng, et al., J. Med. Chem.
42(22):4680-4694 (1999); Liang, et al., J. Biol. Chem. 275(25):19000-19008 (2000); and
Liang, et al., Eur. J. Pharmacol. 389(1):41-49 (2000)). In view of the effectiveness
demonstrated for treatment of disease in animal models (see, Liang, et al., J. Biol. Chem.
275(25):19000-19008 (2000)), the search has continued to identify additional compounds that

can be used in the treatment of diseases mediated by CCR1 signaling.

BRIEF SUMMARY

[0009] Described herein are compounds having the formula:

(/R1a)n
?\l R22 R2b
Al
N - Ar?
(@]
1b
R D

and salts, rotamers and optical isomers thereof, wherein the subscript n, and the substituents R",

R'®, R* R?, Ar' and Ar® have the meanings provided in the description and claims.
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[0009a] In a first aspect, there is provided a compound having a formula:

(/R1a)n
?\l R22 R2b
Al
NN/ Ar?
(@]
1b
R D

wherein
the subscript n is an integer of from 0 to 3;

each R'* and R'" is a member independently selected from the group consisting of H, C,galkyl,

C s haloalkyl, Cs. cycloalkyl, -COR?, -CO,R?, -CONRR®, -NR°R", -NR*COR", -OR?, -X'COR?,
-X'CO,R?, -X'CONR'R”, -X'NR*COR”, -X'NR’R", and -X'OR?, wherein X' is a member
selected from the group consisting of C_4 alkylene, and each R* and R” is independently selected
from the group consisting of hydrogen, C,_s alkyl, C;_ghaloalkyl, and C;_ cycloalkyl, and
optionally two R'® groups on adjacent carbon atoms are joined to form a 5-, 6- or 7-membered

carbocyclic or heterocyclic ring;

each of R* and R* is a member independently selected from the group consisting of H,
hydroxyl, C;salkyl, C;_g haloalkyl, C,g alkoxy, C;.4 alkoxy-C;4alkyl, C,_s hydroxyalkyl, C;4
alkoxy-C;4 alkoxy, Cs cycloalkyl, Cs.6 cycloalkyl-C, 4 alkyl, 3- to 7-membered
heterocycloalkyl, 3- to 7-membered heterocycloalkyl-C,4 alkyl, -X'CO,R?, -X'CONR*R®,
-X'NR?*COR®, -X'NR*R®, wherein X', R* and R" are defined above ;

Ar' is a member selected from the group consisting a six- or ten-membered monocyclic or fused
bicyclic aryl ring, and a five- to ten-membered monocyclic or fused bicyclic heteroaryl ring;
each of which is substituted with from one to five substituents, R>, R*®, R*®, R* and R** which are
independently selected from the group consisting of H, halogen, -OR, -OC(O)R¢, -NR°R?, -SR¢,
-R%, -CN, -NO,, -CO,R¢, -CONRRY, -C(O)R®, -OC(O)NRRY, -NR!C(O)R®, -NR'C(O),R®,
-NR®C(O)NRR?, -NH-C(NH,)=NH, -NR°C(NH,)=NH, -NH-C(NH,)=NR¢, -NH-
C(NHR®)=NH, -S(O)R", -S(O),R%, -NR°S(0),R", -S(0),NRRY, -N3, -X?0OR¢, -O-X’0OR¢,
“X?0C(O)R’, -X*NRRY, -0-X>NR°R?, -X?SR, -X*’CN, -X*NO,, -X*CO,R°, -O-X*CO,R,
-X*CONR‘RY, -O-X?’CONRRY, -X*C(O)R, -X*0OC(O)NRRY, -X*NRC(O)R®, -X*NR'C(0),R",
“X*NR°C(O)NRRY, -X*NH-C(NH,)=NH, -X*NR°C(NH,)=NH, -X*NH-C(NH,)=NR", -X*NH-

3a
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C(NHR®)=NH, -X*S(0O)R®, -X*S(0),R°®, -X’NR°S(O),R®, -X>S(0),NR°R?, -X*N3, -NRE-X20R®,
NREX2NRRY, -NRE-X2CO,R®, and -NRE-X?CONRCRY, wherein each X2 is a member
independently selected from the group consisting of C;4 alkylene, and each R® and R% is
independently selected from hydrogen, C;galkyl, Cy_g hydroxyalkyl, C;.g haloalkyl and Cj.
cycloalkyl, or optionally R® and R? when attached to the same nitro gen atom can be combined
with the nitrogen atom to form a five or six-membered ring having from 0 to 2 additional
heteroatoms as ring members; and each R°® is independently selected from the group consisting of

Cigalkyl, Cyg hydroxyalkyl, C;ghaloalkyl and C;_4 cycloalkyl;

Ar? is a member selected from the group consisting of pyrazolyl, imidazolyl, and triazolyl; each
of which is substituted with from one to threesubstituents, R>, R, and R, independently selected
from the group consisting of H, halogen, -ORf, -OC(O)Rf, -NRng, -SRf, -Rh, -CN, -NO,, -
CO,R’, -CONR'RE, -C(O)R’, -OC(O)NR'RE, -NREC(O)R, -NREC(0),R", -NR™-C(O)NR'RE,
“NH-C(NH,)=NH, -NR"C(NH,)=NH, -NH-C(NH,)=NR", -NH-C(NHR"=NH, -S(O)R", -
S(O)R", -NR'S(O),R", -S(0),NR'RE, -NR'S(0),NR'RE, -N3, -X’OR’, -X*0C(O)R’, -X’NR'R, -
X’SR’, -X’CN, -X*NO,, -X*CO,R", -X*CONR'RE, -X°>C(O)Rf, -X*0C(0)NR'RE, -X’*NREC(O)R”,
XPNREC(0),R", -X*NR-C(O)NR'RE, -X*NH-C(NH,)=NH, -X’NR"C(NH,)=NH, -X*NH-
C(NH,)=NR", -X’NH-C(NHR"=NH, -X’S(O)R", -X>S(0),R?, -X’NRS(O),R", -X’S(0),NR'RE,
-Y, -X*Y, -S(0),Y, -C(O)Y, -X°Ns, -O-X°0R, -0-X’NRRE, -0-X’CO,R, -0-X*CONRRS,
NRE-X’OR', -NREX’NR'RE, -NRE-X*CO,R’, and -NR&-X3CONR'RE, wherein Y is a five or six-
membered aryl, heteroaryl or heterocyclic ring, optionally substituted with from one to three
substitutents selected from the group consisting of halogen, -ORf, -OC(O)Rf, -NRng, -Rh, —SRf,
-CN, -NO,, -CO,R", -CONR'RE, -C(O)R’, -NREC(O)R’, -NREC(O),R", -S(O)R", -S(O),R", -
NR'S(0),R", -S(0),NRR¢, -X*0OR’, X*SRY, -X*CN, -X’NO,, -X’*CO,R’, -X*CONR'RE,
X’C(O)R, -X*OC(0)NR'RE, -X*NREC(O)R’, -X>NREC(O),R", -X*NR-C(O)NR'RE,
XPOC(O)R', -X*S(0)R", -X>S(0),R", -X°NR'RE, -X*NRS(0),R", -X*>S(0),NR'RE, -0-X*0OR",
-O-X°NR'RE, -0-X’CO,R’, -0-X*CONR'RE, -NRE&-X’OR!, -NRE&-X*NR'RE, -NR&-X3CO,R, and
-NRE-X’CONR'RE and wherein each X is independently selected from the group consisting of
Ci4alkylene, and each Rfand R®is independently selected from hydrogen, C;galkyl, Cy.3
hydroxyalkyl, Ci_ghaloalkyl and Cs.¢ cycloalkyl, or when attached to the same nitrogen atom can

3b



be combined with the nitrogen atom to form a five or six-membered ring having from 0 to 2
additional heteroatoms as ring members, and each R" is independently selected from the group

consisting of C.g alkyl, C,.g alkenyl, C,galkynyl, C;_g hydroxyalkyl, C;_¢haloalkyl and Cs.¢
cycloalkyl;

or a salt, rotamer or optical isomers thereof.

[0010] Selected groups of compounds are those of formulae Ia, Ial, Ia2, II, IIT and IV:

3¢
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[0011] In addition to the compounds provided herein, the present disclosure further provides
10  pharmaceutical compositions containing one or more of these compounds, as well as methods for

the use of these compounds in therapeutic methods, primarily to treat diseases associated with

CCRI1 signaling activity.

[0011a] In a second aspect, there is provided a pharmaceutical composition comprising a

pharmaceutically acceptable excipient or carrier and a compound as defined herein.

15 [0011b] In a third aspect, there is provided a composition as defined herein for use in treating an

inflammatory condition.

[0011c] In a fourth aspect, there is provided there is provided a composition as defined herein for

use in treating an immunoregulatory disorder.
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[0011d] In a fifth aspect, there is provided a composition as defined herein for use in treating a
disease or disorder selected from the group consisting of rheumatoid arthritis, multiple sclerosis,
transplant rejection, dermatitis, eczema, urticaria, vasculitis, inflammatory bowel disease, food
allergy, asthma, Alzheimer's disease, Parkinson's disease, psoriasis, lupus erythematosus,

osteoarthritis, stroke, restenosis, radiation-induced pulmonary disease and encephalomyelitis.

[0011e] In a sixth aspect, there is provided a composition as defined herein for use in treating

multiple myeloma.

[0011f] In a seventh aspect, there is provided a composition as defined herein for use in treating

0steoporosis.

[0011g] In an eighth aspect, there is provided a compound as defined herein for use in treating an

inflammatory condition.

[0011h] In a ninth aspect, there is provided a compound as defined herein for use in treating an

immunoregulatory disorder.

[0011i] In a tenth aspect, there is provided a compound as defined herein for use in treating a
disease or disorder selected from the group consisting of rheumatoid arthritis, multiple sclerosis,
transplant rejection, dermatitis, eczema, urticaria, vasculitis, inflammatory bowel disease, food
allergy, asthma, Alzheimer's disease, Parkinson's disease, psoriasis, lupus erythematosus,

osteoarthritis, stroke, restenosis, radiation-induced pulmonary disease and encephalomyelitis.
[0011j] In an eleventh aspect, there is provided a compound for use in treating multiple myeloma
[0011K] In a twelvth aspect, there is provided a compound for use in treating osteoporosis

[00111] In a thirtheenth aspect, there is provided use of a compound as defined herein in the
manufacture of a medicament for the treatment of a CCR1-mediated disease or condition
selected from the group consisting of rheumatoid arthritis, multiple sclerosis, transplant rejection,
dermatitis, eczema, urticaria, vasculitis, inflammatory bowel disease, food allergy, asthma,
Alzheimer's disease, Parkinson's disease, psoriasis, lupus erythematosus, osteoarthritis, stroke,

restenosis, radiation-induced pulmonary disease and encephalomyelitis.

4a



BRIEF DESCRIPTION OF THE DRAWINGS

[0012] NONE

DETAILED DESCRIPTION OF THE INVENTION

I. Abbreviation and Definitions

[0013] The term "alkyl", by itself or as part of another substituent, means, unless otherwise

stated, a straight or branched chain hydrocarbon radical, having the number of carbon atoms

4b
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designated (i.e. C,-3 means one {0 eight carbons). Examples of alkyl groups include methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, and the like. The term "alkenyl” refers fo an unsaturated alky! group having one or more
double bonds. Similarly, the term "alkynyl” refers to an unsaturated alkyl group having one or
more {riple bonds. Examples of such unsaturated alkyl groups welade vinyl, 2-propenyl, crotyl,
2-isopentenyl, 2-(butadienyl}, 2,4-pentadienyl, 3-(1,4-pentadienyly, ethynyl, I- and 3-propynyl,
3-butynyl, and the higher bomologs and isomers. The term "cycloalkyl” refers to hydrocarbon
rings having the indicated number of ring atoms (e.g., Cascycloalkyly and being fully saturated
or having no more than one double bond between ring vertices. "Cycloalkyl" is also meant to
refer to bicyelic and polyeyelic hydrocarbon rings such as, for example, bicyclof2 2.1 jheptane,
bicyelo[2.2 2joctane, ete. The term "heterocycloalkyl” refers to a cycloalkyl group that contain
from one to five heteroatoms selected from N, O, and 5, wherein the nitrogen and suifur atoms
are optionally oxidized, and the nitrogen atom(s) are optionally quaternized. The
heterocycloalkyl may be a monocyelic, a bicyclic or a polyeylic ring system. Non limiting
examples of heterocycloalkyl groups include pyrrolidine, piperidinyl, imidazolidine,
pyrazolidine, butyrolactam, valerolactam, imidazolidinone, hydantotn, dioxolane, phthalimide,
piperidine, 1,4-dioxane, morpholine, thiomorpholine, thiomorpholine-S-oxide, thiomorpholine-
S,S-oxide, piperazine, pyran, pyridone, 3-pyrroline, thiopyran, pyrone, telrahydrofuran,
tetrahydrothiophene, quinuclidine, and the like. A heterocycloalkyl group can be attached to the

remainder of the moelecule through a ring carbon or a heteroatom.

[6614] The term "alkylene" by itself or as part of another substituent means a divalent radical
derived from an alkane, as exemplified by -CH,CH,CHCH;-. Typically, an alkyl (or alkylene)
group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer carbon atoms
being preferred in the present invention. A "lower alkyl” or "lower alkylene™ is a shorter chain
alkyl or alkylene group, generally having four or fewer carbon atoms. Similarly, "alkenylene”
and "alkynylene" refer to the unsaturated forms of "alkylene” having double or triple bonds,

respectively.
{6015] The terms "alkoxy,” "alkylamino” and "alkylthio” (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl groups attached to the rematnder of the molecule via

an oxygen atom, an amino group, or a sulfur atom, respectively. Additionally, for dialkylamino
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groups, the alkyl portions can be the same or different and can also be combined to form a 3-7
membered ring with the nitrogen atom to which each is attached. Accordingly, a group
represented as -NRR” is meant to include piperidinyl, pyrrolidinyl, morpholinyl, azetidiny! and

the like.

{1816] The terms "halo"” or "halogen,” by themselves or as part of another substituent, mean,
unless otherwise stated, a fluorine, chlorine, bromine, or lodine atom. Additionally, terms such
as "haloalkyl,”" are meant to include monohaloalkyl and polyhaloalkyl. For example, the term
"C -4 haloalkyl" is mean to inchude trifluoromethyl, 2,2, 2-trifluoroethyl, 4-chlorobutyl, 3-

bromopropyl, and the like.

188171 Theterm "aryl” means, unless otherwise stated, a polyunsaturated, typically aromatic,
hydrocarbon group which can be a single ring or multiple vings (up to three rings) which are
fused together or linked covalently. The term "heteroaryl” refers to aryl groups (or rings) that
contain from one fo five heteroatoms selected from N, O, and S, wherein the nitrogen and sulfur
atoms are optionally oxidized, and the nitrogen atom(s) are optionally quaternized. A hetercaryl
group can be attached to the remainder of the molecule through a heteroatom. Non-limiting
examples of aryl groups include phenyl, naphthyl and biphenyl, while non-limiting examples of
heteroary! groups include pyridyl, pyridazinyl, pyrazinyl, pyrimindinyl, triazinyl, quinolinyl,
quinoxalinyl, quinazolinyl, cinmolinyl, phthalaziniyl, benzotriazinyl, purinyl, benzimidazolyl,
benzopyrazolyl, benzotriazolvl, benzisoxazolyl, isobenzofuryl, isoindolyl, indolizinyl,
benzotriazinyl, thienopyridinyl, thienopyrimidinyl, pyrazolopyrimidinyl, imidazopyridines,
benzothiaxolyl, benzofuranyl, benzothienyl, indolyl, quinolyl, isoquinolyl, isothiazolyl,
pyrazolyl, indazolyl, pteridinyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
thiadiazolyl, pyrrolyl, thiazolyl, furyl, thieny! and the like. Substituenis for each of the above
noted aryl and heteroaryl ving systems are selected from the group of acceptable substituents

described below.

[6818] For brevity, the term "aryl™ when used in combination with other terms {e.g., aryloxy,
arylthioxy, arvialkyl) includes both aryl and heteroaryl rings as defived above. Thus, the term
"arylallyl” is meant to include those radicals in which an aryl group is attached to an alkyl group

{e.z., benzyl, phenethyl, pyridylmethyl and the like).
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{08191  The above terms (e.g., "alkyL" "aryl" and "heteroaryl™), in some embodiments, will
include both substituted and unsubstituted forms of the indicated radical. Preferred substituents
for each type of radical are provided below. For brevity, the terrus aryl and heteroaryl will refer
to substituted or unsubstituted versions as provided below, while the term "alkyl" and related

aliphatic radicals is meant to refer to unsubstituted version, unless indicated to be substituted.

[6020] Substituents for the alkyl radicals (including those groups often referred {o as alkylene,
alkenyl, allkynyl and cycloalkyl) can be a variety of groups selected from: -halogen, -OR’, -
NR’R”, -8R, -SiR°R7R™, -OC(R’, -COR’, -COR’, -CONRR”, -QC{OINRR”, -
NRYC{OWR?, -NR-C{OWRR™, -NRC(ORR’, -NH-C{NHy)=NH, -NR C(NH,}=NH, -NH-
CONH =NR, -S(OHR, -S(OpR’, -S{OpNR’R”, -NR'S{O),R”, -CN and -NO; in a number
ranging from zero to (2 m’+13, where m’ is the total number of carbon atorms in such radical. R,
R and R each independently refer to hydrogen, unsubstituted Cy-3 alkyl, unsubstituted
heteroalkyl, unsubstituted aryl, aryl substituted with [-3 halogens, unsubstituted Ci~galkyl, Ci-g
alkoxy or Cy-g thivalkoxy groups, or unsubstituted aryi-Ci~; alkyl groups. When R’ and R” are
attached to the same nitrogen atom, they can be combined with the nitrogen atom to forro a 3-, 4-
, S, 6-, or T-membered ring. For example, -NR'R” is meant to inchade 1-pyrrolidiny! and 4-

morpholinyl.

[9021] Simtlarly, substituents for the ary] and hetercaryl groups are varied and are generally
selected from: -halogen, -OR’, -QCIOMR’, -NRR”, -SR’, -R7, -CN, -NO,, -C,R°, -CONRR”,
~C{OWR", -OC(OINIUR”, -NRPC{OWR’, -NR”C(O):R’, -NR-C(OINR"R™, ~-NH~-C(NH, y=NH, ~
NRZC(NH y=NH, -NH-C{INH =NR’, -S(OWR”, -5{0O )RR, -S{ORpNRPR”, -NR’S(O):R”, -N3,
perfluore{C,-Cyjalkoxy, and pertluoro(Ci-Cylalkyl, in a number ranging from zero to the {otal
number of open valences on the aromatic ring systern; and where R°, R” and R”” are
independently selected from hydrogen, Cy.p alkyl, Cas cycloalkyl, Cyxalkenyl, Cogalkynyl,
unsubstituted aryl and heteroaryl, (unsubstituted aryl)-Ci~g alkyl, and unsubstituted aryloxy-Ci~
atkyl. Other suitable substituents inchude each of the above aryl substituents attached to a ring
atom by an alkylene tether of from 1-4 carbon atoms.

180221  Two of the substituents on adiacent atoms of the aryl or heteroary! ring may optionally

be replaced with a substifuent of the formula -T-C(O}-(CHy)q-U-, wherein T and U are

independently -NH-, ~-O-, -CH,- or a single bond, and g is an integer of from 0 to 2.

~3
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Alternatively, two of the substituents on adjacent atoms of the aryl or heteroary! ring may
optionally be replaced with a substituent of the formula -A-(CH;)-B-, wherein A and B are
independently -CHy-, ~O-, -NH-, -8-, -S{0O)-, -S(O}-, -S{(O}NR’- or a single bond, and r is an
integer of from | to 3. Oue of the single bonds of the new ring so formed rmay optionally be
replaced with a double bond. Alternatively, two of the substituents on adjacent atorns of the aryl
or heteroaryl ring may optionally be replaced with a substituent of the formula -(CHy)-X~{CHa )~
, where s and t are independently integers of from 0 to 3, and X is -0+, -NR’-, -8-, -5(0}-, -
S{O%-, or -S{ORNR’-, The substituent R in -NR’- and -S{(O»NR’- is selected from hydrogen or

unsubstituted Cy~ alkyl.

{00231  As used herein, the term "heteroatom” is meant to include oxygen (), nitrogen (N),

sulfur {S) and sificon (Si}.

10024] The term "pharmaceutically acceptable salts” is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired base,
gither neat or in a suitable inert solvent. Examples of salts derived from pharmaceutically-
acceptable inorganic bases include aluminom, ammonium, calcium, copper, ferric, ferrous,
{ithium, magnesium, manganic, manganous, potassium, sodium, zine and the like. Salts derived
from pharmaceutically-acceptable organic bases include salts of primary, secondary and tertiary
amines, including substituted amines, cyclic amines, naturally-occuring amines and the like, such
as arginine, betaine, caffeine, choline, NN -dibenzylethylenediamine, diethylamine, 2-
diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-
ethylmorpholine, N-ethyipiperidine, glucamine, glucosamine, histidineg, hydrabamine,
isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperadine, polyamine resins,
procaine, purines, theobromine, triethylamine, trimethylamine, fripropylamine, fromethamine
and the like. When compounds of the present invention contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral form of such compounds with a
sufficient amount of the desired acid, either neat or in a suitable inert solvent. Examples of

pharmaceutically acceptable acid addition salts include those derived frow inorganic acids like
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hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonice, phosphoric,
monchydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts derived from relatively nontoxic organic acids
fike acetic, propionic, isobutyric, malonie, benzoic, succinic, suberic, fumaric, mandelic,
phihalic, benzenesulfonic, p-tolylsulfonic, citric, tartarie, methanesulfonic, and the like. Also
included are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, for exaraple, Berge, S.M., et al,
“Pharmaceutical Salts”, Jowrnal of Pharmacewtical Science, 1977, 66, 1-19). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow the

compounds to be converted into either base or acid addition salts.

{60257 The neutral forms of the compounds may be regenerated by contacting the salt with a
base or acid and isolating the parent compound in the conventional manner. The parent form of
the compound differs from the various salt forms in certain physical properties, such as solubility
in polar solvents, but otherwise the salts are equivalent to the parent form of the compound for

the purposes of the present invention,

[6826]  In addition to salt forms, the present invention provides compounds which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chewical changes under physiological conditions to provide the compounds of the
present invention. Additionally, prodrugs can be converted to the compounds of the present
tnvention by chemical or biochemical methods in an ex vive environment. For example,
prodrugs can be slowly converted to the compounds of the present invention when placed ina

transdermal patch reservoir with a suitable enzyme or chemical reagent.

{8027]  Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are intended to be encorpassed within the scope of the present invention.
Certain compounds of the present invention may exist in multiple erystaliine or amorphous
torms. In general, all physical forms are equivalent for the uses conternplated by the present

invention and are intended to be within the scope of the present invention.

{66281 Certain compounds of the present invention possess asymmetric carbon atoms {optical

centers) or double bonds; the racerates, diastereomers, geometric isomers, regioisomers and

9
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individual isomers {(e.g., separate enantiomers) are all intended to be encompassed within the
scope of the present invention. The compounds of the present invention may also contain
unpatural proportions of atomic isotopes at one or more of the atoms that constitute such
compounds. For example, the compounds may be radiolabeled with radicactive isotopes, such as
for example tritiam CH), iodine-125 ("°D) or carbon-14 (“C). Al isotopic variations of the
compounds of the present invention, whether radioactive or not, are infended to be encompassed

within the scope of the present invention.
11 8 General

{3029} The present invention derives from the discovery that compounds of formula I (as weil
as the subgeneric formulae la, {al, {a2, I, [l and V) act as potent antagonists of the CCR1
receptor. The compounds have in vive anti-inflammatory activity. Accordingly, the compounds
provided herein are useful in pharmaceutical compositions, methods for the treatment of CCRI-
mediated diseases, and as coutrols in assays for the identification of competifive CCR1

antagonists.

Hi.  Compounds

{6030]  In one aspect, the present invention provides compounds having the formula:

(R'),

o~

j/ N R'\za/sz

N )
Ar‘i___N \\\§7/ \\5{/\(\

a2
\ i i AF
N—'&Rm O

ey

and salts, rotamers and optical isomers thereof.

[8031] In forrula I, the subscript n is an integer of from 0 1o 3; each R' and R is a member
independently selected from the group consisting of H, Cygalkyl, C)ghaloalkyl, Cais cycloalkyl,
-COR?, -CO,R%, -CONRRP, -NRR”, -NR*COR?, -OR?, -X'COR?, -X'CO,R?, -X'CONR*R",
SUNRACOR”, -X'NRPR”, and -X'OR®, wherein X' is a member selected from the group
consisting of Cy.4 alkylene, and cach R* and R” is independently selected from the group
consisting of hydrogen, Cysalkyl, C, g haloalkyl, and Cis eycloalkyl, and optionally two r'®
groups on adjacent carbon atoms are joined to form a 8-, 6- or 7-membered carbocyclic or

. . ~ e o2 S . o
heteroeyelic ring; each of R* and R™ is a member independently selected from the group

10
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consisting of H, hydroxyl, C.galkyl, Ci.g haloalkyl, Cgalkoxy, Crqalkoxy-Ciaalkyl, Cra
hydroxyalkyl, Cy.4 alkoxy-C.q alkoxy, Cyg cycloalkyl, Cig cycloalkyl-Ciqalkyl, 3-to 7-
membered heterocycloalkyl, 3- to 7-membered heterocycloalkyl-Ciq alkyl, SXICO.RY,

XCONRRE, -X'NR*COR?, -X'NRR, wherein X', R® and R” are defined above,

(60321 The symbol Ar' represents a six- or ten-membered monocyelic or fused bicyelic aryl
ring, or a five- to ten-membered monocyclic or fused bicyelic heteroaryl ring; each of which is
substituted with from one to five substituents, RB, R’ & R*®, R* and R* which are independently
selected from the group consisting of H, halogen, ~OR’, -OC(ORS, -NR°RY, -8R¢, RS, -CN, -
NOz, -CO,RE, -CONRRY, -COR®, -OCUNNRRY, -NRIC(O)RS, -NRIC(ORRY, -NR -
COINRRY, NH-CONHL)=NH, -NREC(NH,)=NH, -NH-C(NH,)=NR®, NH-CNHR)=NH, -
S(OIRY, -S(0)RE, -NRS(ORR®, -S{ORNRRY, N3, -X*ORE, -0-X*0OR", -X*OC(OIRS, -
XONRRY, SO-XNRRY, -XPSRY, -XPON, XNy, -XPCORE, -0-X'CO-RS, -XPCONRRS,
O-XPCONRRY, CCOIRS, -XPOCOINRRE, SCNRICIOIR, -X2NRUC(OLR®,
SKONREC(OWNRRY, SCNH-CINH, J=NH, -XANROC(NH,)=NH, -XANH-C(NH,)=NR", -X*NH-
CONHR=NH, X S(OIRE, XPS(OLRS, -XANRES(ORRY, -3 2S(0)NRRY, ~X s, -NREXFORS,
NREXINRRY, -NREXACO,RS, and -NREXFCONRRY, wherein each X7 is a member
independently selected from the group consisting of Cr.4 alkylene, and each R® and R® is
independently selected from hydrogen, Cy g alkyl, C; ¢ hydroxyalkyl, Ci.g haloalkyl and Ci 4
cycloalkyl, or optionaily R and R’ when attached to the same nifrogen ator can be combined
with the nitrogen atom to form a five or six-membered ring having fror 0 to 2 additional
heteroatoms as ring members; and each R® is independently selected from the group consisting of

Cigalkyl, Cyghydroxyalkyl, Cy g haloalkyl and Cs4 cycloalkyl.

[6033] The svmbol Ar’ represents a six- or ten-membered monocyclic or fused bicyclic aryl
ring, or a five- to ten-membered monocyelic or fused bicyclic heteroaryl ring; each of which is
substituted with from one to five substituents, R”, RS R, R®and R, independently selected from
the group consisting of H, halogen, -OR’, -OC(OIR’, -WR'RE, -SRY, -R", -CN, -NOy, -COR,
-CONRR®, -C(OIRE -OC(OINRRE, -NREC(OIR', -NREC(O,LR", -NRECONRIRS,

NH-C(NH, =NH, NRPC(NH, 3=NH, -NH-CNFL)=NR", -NH-CNHR"=NH, -S(O)R", -
S(ORRY, -NRIS(O)R", -S(O)RNRRE, -NRIS(O),NRRE, -Ns, -XORE -X*0C(ORT, -X°NRIRE, -
KSR, SCCN, -XINO,, X CORE, -XPCONRRE, -XCOR!, X OCOINRRE, XCNREC(OIR],

i1
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SCNREC(ORRY, X NRLC(OINRRE, X NH-CNH=NH, SCNRCNHL)=NH, - NH-
CONH=NR®, SCNH-CONHRI=NH, SCSORY, -XPS(0RRE, -X NRIS(OLRY, X S(OLNRRE,
Y, X3V, -S(0)Y, -COVY, XN, -O0-XP0R!, -0-XNRIRE, -0-XCO.R", -O-33CONR'RE,
SNREKTOR, -NREICNRRE, NREICCOR', and -NREXCONRRE, wherein Y is a five or six-
membered aryl, hetercaryl or heterocyclic ring, optionally substituted with from one to three
substitutents selected from the group consisting of halogen, -OR, -0 ())Rf, NR'RE R LSRE
-CN, -NO3, -CO:R”, -CONRRE, -C(OR], -WREC(OHRY, -NREC(OLR", -S(O)R, -S(O)RR", -
NRS(ORR, -S(ORNRRE, -COR!, XSRE -XION, -XINO,, -XCOR!, XPCONRRE,
SXPCRE G OCIOINRRE, XCNRECIOIRY, -X NREC(ORLRY, X NR-C{ONRR,
KPOCORY, SCSORY, -XPSO0RRE, SCNRRE, -XONRS(ORRY, -X°8(0),NR'RE, -O-X'OR,
SO-CNRRE, -0-XCORY, -0-X*CONRRE, NREX'OR', -NRESCNRRE, NREXCORY, and
NREXPCONR'R® and wherein each XC is independently selected from the group consisting of
s alkylene, and each R' and R¥ is independently selected from hydrogen, Crgalkyl, Cig
hydroxyalkyl, Cis haloalkyl and Ci cycloalkyl, or when aftached to the sarse nitrogen atom can
be combined with the nitrogen atom to form a five or six-membered ring having from 0 to 2
additional hetercatoms as ring wembers, and each R is independently selected from the group
consisting of C;_g alkyl, Cogalkenyl, Cagalkynyl, Cshydroxyalkyl, C.shaloalkyl and Ci
cycloalkyl; or when two of R® R®, R7, R® and R, are atitached to adjacent ring vertices of Ar,
are optionally combined to form a five or six membered ring baving zero, one or two

heteroatoms selected from O and N as ring members.

[8034]  In some embodiments, the compounds of formula I are those in which Ar' is selected
from the group consisting of phenyl, naphthyl, pyridyl, pyrazioyl, pyridazinyl, pyrimidinyl,
triazinyl, quinolinyl, quinoxaliny] and purinyl, each of which is optionally substititued with R?,

r* r%® R* and R®

[8035]  In other embodiments, the compounds of formula I are those in which Ar' is selected
from the group consisting of phenyl, naphthyl and pyridyl, each of which is optionally

substititued with R®, R R*", R* and R*™

[8036]  In still other embodiments, the compounds of formula 1 are those in which Az is
selected from the group consisting of phenyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,

oxazolyl, isoxazolyl, oxadiazolyl, oxathiadiazolyl, pyrrolyl, thiazolyl, isothiazolyl,
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benzimidazolyl, benzoxazolyl, benzopyrazolyl, benzotriazolyl, pyrazolof3,4-bipyridine,
pyrazolo]3.4-d|pyrimidine, imidazo[4,5-5]pyridine, imidazo[1,5-alpyridine, and pyrrolof2,3-

bipyridine, each of which is optionally substituted with R®, R® and R,

{8037} In vet other embodiments, the compounds of formula 1 are those in which Afis
selected from the group consisting of pyrazolyl, imidazolyl and triazolyl, each of which is

substituted with R®, R® and R'.

10038]  In certain embodiments, the compounds of formula I are those in which Ar' is selected
from the group consisting of phenyl, naphthyi and pyridyl, each of which is substituted with
from one to five substituents, R, El’fa, R‘%, R* and R4a; and Ar” is selected from the group

consisting of pyrazolyl, imidazoly! and triazolyl, each of which is substitated with R, Réand R

[0039]  In selected erbodiments, the compounds of formula | are those in which Ar' is phenyl,
which is substituted with from one to five substituents, R3, Rg"‘, r? b, R* and R* and Artis
selected from the group counsisting of pyrazolyl, imidazolyl, benzimidazolvl, benzopyrazolyl,
pyrazolo]3,4-b]pyridine, pyrazolo[3,4-dlpyrimidine, imidazof4,5-b]pyridine, imidazo[1,5-
aipyridine, and pyrrolo]2,3-5]pyridine, each of which is optionally substituted with R°, R® and

i

R’
{80407 Stull other embodiments of the invention are the compounds of formulae Ia, fal, [a2, II,
fffand IV.

{0041} Accordingly, in some embodiments, the compounds are those of formula la:

=0 (o)
or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R® and R are
independently selected from the group consisting of H, halogen, -R®, -CN, and -8O,R"; and the
groups R'%, R™ and Ar” have the meanings provided with reference to formula I above, or the

other embodiments provided.
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. . - 2 . . .
{0042} In still other embodiments of formula T or fa, Ar” is a hetercaryl group; in other
erabodiments, Ar” is a heteroaryl group, optionally substituted and attached to the remainder of

the molecule through a nitrogen atom ring vertex; and in still other embodiments, Ar” has the

formula;
RS
S 5 | SN 5
"R b ‘SSS\N/L\/Ra or - N \}/’fR
A v PN
R? 'RS _,)h“ N R7

wherein B, R®, and R” are independently selected from the group consisting of H, halogen, R
ON, -SO,R™, -COR T, -CONRRE, and Y, wherein ~R", R', RE, and Y have the meanings

provided above with respect to formula L

{00431 Inone group of selected embodiments, the compounds have the formula:

‘\RB {// \YR 2
R \\ /\ N
“u::)\f‘% Y LA{Z
] . N
N o {Ia1)

ot a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R” is selected
from the group consisting of F and Cl; and the groups R'%, R%, R® and Ar” have the meanings

provided with reference to formula I or 1a above, or the other embodiments provided.

[G044] In another group of selected embodiments, the compounds have the formula:

- Raa
F\// '\“\\ /(\ N
N Y P

. .
N? o (1a2)
or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R7 is selected
¥ o4 ~ < ol 2
from the group consisting of H, halogen, Cy.galkyl, Ciz haloalkyl and Cyp alkoxy; R'™ and R™
are independently selected from the group consisting of H, Cgalkyl, O ¢ haloalkyl, C; g alkoxy
and Cyg hydroxyalkyl; and Ar® has the meaning provided with reference to formula I or fa above,

or the embodiments provided.

[0845] In vet another group of selected embodiments, the compounds have the formula:

14
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R (D
or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R and R* are
independently selected from the group consisting of H, Cigalkyl, €y haloalkyl, Cy; alkoxy and
.5 hydroxyalkyl; and B®, R®, and R’ are independently selected from the group consisting of H,
halogen, -R", -CN, -SO:R", -COR', -CONRRE, and V; wherein—R", R', R%, and ¥ have the

meanings provided above with respect to formulda L

{8046}  In still another group of selected embodiments, the compounds have the formula:

/ﬁ\/Rki
F ?\‘ E/ .i fj Rs
N‘( \‘:\‘ /I\\\\\(,/ e -
Vo TN Y \Tr N k\\5,,3?6
N= O =
R7 (1

or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R and R* are
independently selected from the group consisting of H, Crgalkyl, €5 haloalkyl, Cis alkoxy and
1.5 hydroxyalkyl; and R, RS, and R are independently selected from the group consisting of H,
halogen, -R", -CN, -SO,R”, -CO,R’, -CONR'RE, and Y; wherein—R", R, R%, and Y have the

meanings provided above with respect to formula 1

{80471 Inanother group of selected embodiments, the compounds have the formula:

3

or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R™ and R™ are
each independently selected from the group consisting of H, Cy.3 alkyl, C).5 haloalkyl, Cix
alkoxy, and Cyps hydroxyalkyl; and R® and R’ are each independently selected from the group
consisting of H, halogen, -R”, -CN, ~SO:R”, COLRE LCONRTRE, and Y wherein ~R", R, RE, and

Y have the meanings provided above with respect to formula L

i5
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{6048] For any of the embodiments above, when Y is present, selected embodiments are those
in which Y is selected from the group consisting of pyridyl, pyrimidinyl, imidazolyl, oxazolyl,

oxadiazolyl, triazolyl, thiazolyl, imidazolinyl and pyrazolyl.

[6049] Specific compounds of particular interest are those provided in Table 1, along with
their pharmaceutically acceptable salts, hydrates or N-oxides, rotamers, and sterecisomers

thereof,

Preparation of Compounds
16030} As provided in the examples below, the compounds and intermediates of the present

invention can be prepared by one of skill in the art in a component assembly mwanner.

IV.  Pharmaceutical Compositions

{06651]  In addition to the compounds provided above, compositions for modulating CCR1

activity in humans and animals will typically contain a pharmaceutical carvier or diluent.

[0652)  The term "composition” as used herein is intended o encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which resulis, directly
or indivectly, from combination of the specified ingredients in the specified amounts. By
"pharmaceutically acceptable” if is meant the carrier, diluent or excipient must be compatible

with the other ingredients of the formulation and not deleterious to the recipient thereof,

{6653] The pharmaceutical compositions for the admunistration of the compounds of this
invention may conveniently be presented in unit dosage form and may be prepared by any of the
methods well known in the art of pharmacy and drug delivery. All roethods include the step of
bringing the active ingredient into association with the carrier which constitutes one or more
accessory ingredients. In general, the pharmaceutical compositions are prepared by uniformly
and intimately bringing the active ingredient into association with a liquid carrier or a finely
divided solid carrier or both, and then, if necessary, shaping the product into the desired
formulation. In the pharmaceutical composition the active object compound is included in an

amount sufficient fo produce the desired effect upon the process or condition of diseases.

10054} The pharmaceutical compositions containing the active ingredient may be in a form

suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions,

16
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dispersible powders or granules, emulsions and self emulsifications as described in U.S. Patent
Application 2002-0012680, hard or soft capsules, syrups, elixirs, solutions, buccal patch, oral
gel, chewing gum, chewable tablets, effervescent powder and effervescent tablets, Compositions
intended for oral use may be prepared according to any method known to the art for the
manufacture of pharmaceutical compositions and such compositions may contain one or more
agents selected from the group consisting of sweetening agents, flavoring agents, coloring
ageuts, antioxidants and preserving agents in ovder to provide pharmaceutically elegant and
palatable preparations. Tablets contain the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipients which are suitable for the manufacture of tablets. These
excipients may be for example, inert diluents, such as cellulose, silicon dioxide, aluminum oxide,
calcium carbonate, sodium carbonate, glucose, mannitol, sorbitol, lactose, calcium phosphate or
sodium phosphate; granulating and disintegrating agents, for example, corn starch, or alginic
acid; binding agents, for example PVP, celiulose, PE(, starch, gelatin or acacia, and lubricating
agents, for example magnesium stearate, stearic acid or tale. The tablets may be uncoated or
they may be coated, enterically or otherwise, by known techniques to delay disintegration and
absorption in the gastrointestinal tract and thereby provide a sustained action over a longer
period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate
may be employed. They may also be coated by the techuiques described in the U.S. Pat. Nos.

4,256,108, 4,166,452; and 4,265,874 to form osmotic therapeutic tablets for control release.

[0855]  Formulations for oral use may also be presented as hard gelatin capsules wherein the
active ingredient is mixed with an inert solid diluent, for example, calcium carbouate, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water
or an oil medium, for example peanut oil, liguid paraffin, or olive oil. Additionally, emulsions
can be prepared with a non-water miscible ingredient such as oils and stabilized with surfactants

such as mono-diglycerides, PEG esters and the like.

[0056] Aqueous suspensions contain the active materials in admixture with excipients suitable
for the manufacture of aqueous suspensions. Such excipients are suspending agents, for example
sodium carboxymethylcellulose, methyleeliulose, hydroxy-propylmethyleeliulose, sodium
alginate, polyvinyl-pyrrolidone, gum tragacauth and gum acacia; dispersing or wetting agents

may be a naturaliy-occurring phosphatide, for example lecithin, or condensation products of an

17
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alkylene oxide with fatty acids, for example polyoxy-ethylene stearate, or condensation products
of ethylene oxide with long chain aliphatic alcchols, for example heptadecasthylensoxyeetanol,
or condensation producis of ethylene oxide with partial esters derived from fatty acidsand a
hexitol such as polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide
with partial esters derived from fatty acids and hexitol anhydrides, for example polyethylene
sorbitan monoocleate. The aqueous suspensions may also contain one or more preservatives, for
example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents, one or more

flavoring ageuts, and one or more sweetening agents, such as sucrose or saccharin.

[6857] Oily suspensions may be formmulated by suspending the active ingredient in a vegetable
otl, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oif such as liguid
paraffin, The oily suspensions may contain a thickening agent, for example beeswax, hard

paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring agents
may be added to provide a palatable oral preparation. These compositions may be preserved by

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

[B058] Dispersible pcwderé and granules suitable for preparation of an aquecus suspension by
the addition of water provide the active ingredient in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives. Suitable dispersing or wetting agents
and suspending agents are exemplified by those already mentioned above. Additional excipients,

tor example sweetening, flavoring and coloring agents, may also be present.

(008591 The pharmaceutical compositions of the invention may also be in the form of oil-in-
water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil, or a
mineral oil, for example Hquid paraffin or mixtures of these. Suitable emulsifying agents may be
naturally-occurring gums, for example gum acacia or gum tragacanth, naturally-occurring
phosphatides, for example soy bean, lecithin, and esters or partial esters derived from fatty acids
and hexitol anhydrides, for example sorbitan monooleate, and condensation products of the said
partial esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The

emulsions may also contain sweetening and flavoring agents.

(60687  Syrups and elixirs may be formulated with sweetening agents, for example glycerol,

propylene glycol, sorbitol or sucrose. Such formulations ray also contain a demuleent, a
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preservative and flavoring and coloring agents. Oral solutions can be prepared in combination

with, for example, cyclodextrin, PEG and surfactants.

[0861] The pharmaceutical compositions may be in the form of a sterile injectable aqueous or
oleagenous suspension. This suspension may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending agents which have been mentioned
above. The sterile injectable preparation may also be a sterile injectable solution or suspension
in a non-toxic parenterally-acceptable dilnent or solvent, for example as a solution in 1,3-butane
diol. Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose any bland fixed oil may be
emploved including synthetic mono- or diglycerides. In addition, fatty acids such as oleie acid

find use in the preparation of injectables.

[0062] The compounds of the present invention may also be administered in the form of
suppositories for recial adminisiration of the drug. These compositions can be prepared by
mixing the drug with a suilable non-irritating excipient which is solid at ordinary temaperatures
but liquid at the rectal teraperature and will therefore melt in the rectum to release the drug.

Such materials include cocoa butter and polyethylene glycols. Additionally, the compounds can
be administered via ocular delivery by means of solutions or ointments. Still further, transdermal
delivery of the subject compounds can be accomplished by means of iontophoretic patches and
the ke, For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the
compounds of the present invention are employed. As used herein, topical application is alse

meant to include the use of mouth washes and gargles.

(86631 The compounds of this invention may also be coupled to a carrier that is a suitable
polymers as targetable drug carriers. Such polymers can include polyvinylpyrrolidone, pyran
copolymer, polyhydroxy-propyl-methacrylamide-phenol, polyhydroxyethyl-aspartamide-phenol,
or polyethylencoxide-polylysine substituted with palmitoyl residues. Furthermore, the
compounds of the invention may be coupled to a carrier that is a class of biodegradable polymers
useful in achieving controlied release of a drug, for example polylactic acid, polyglyeolic acid,
copolymers of polylactic and polyglycolic acid, polyepsilon caprolactone, polvhydroxy butyrie

acid, polyorthoesters, polyacetals, polydihvdropyrans, polyeyanoacrylates and cross linked or
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amphipathic block copolymers of hydrogels. Polymers and semipermeable polymer matrices
may be formed into shaped articles, such as valves, stents, tubing, prostheses and the like. Inone
embodiment of the invention, the compound of the fnvention is coupled o a polymer or

semipermeable polymer matrix that is formed as a stent or stent-graft device.
V. Methods of Treating Diseases Meodulated by CCR1

{0064] In yet another aspect, the present invention provides methods of treating CCR1-
mediated conditions or discases by administering to a subject having such a disease or condition,
a therapeutically effective amount of a compound of formula I above. The “subject” is defined
herein to include animals such as ywamiuals, including, but not limited to, primates {e.g.,

humans}, cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice and the like.

{0065] CCRI provides a target for interfering with ot promoting specific aspects of immune
cell functions, or more generally, with functions associated with CCR1 expression on a wide
range of cell types in a mammal, such as a human. Compounds that inhibit CCR1, are
particularly useful for modulating monocyte, macrophage, lymphocyte, granulocyte, NK cell,
mast cells, dendritic cell, neutrophils, and certain immune derived cell (for example, osteoclasts)
function for therapeutic purposes. Accordingly, the present invention is directed to compounds
which are useful in the prevention and/or treatment of a wide variety of inflammatory and
immunoregulatory disorders and diseases (see Saeki, et al., Current Pharmaceutical Design

9:1201-1208 (2003},

[0866] For example, an instant compound that inhibits one or more functions of CCR1 may be
administered to inhibit (1.e., reduce or prevent} inflammation or cellular infiltration associated
with an immune disorder. As a result, one or more inflammatory processes, such as leukocyte
emigration or infiltration, chemotaxis, exocytosis {¢.g., of enzymes, histamine} or inflammatory
mediator release, can be inhibited. For example, monocyte infiltration to an inflammatory sile
(e.g., an affected joint in arthritis, or into the CNS in MS) can be inhibited according to the

present method.

{38677 Similarly, an instant compound that promotes one or more functions of CCR1 1s
administered to stimulate (induce or eshance) an inflammatory response, such as leukocyte

emigration, chemotaxis, exocytosis (e.g., of enzymes, histamine) or inflammatory mediator
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release, resulting in the beneficial stiroulation of inflamumatory processes. For example,

monocytes can be recruited to combat bacterial infections.

[0068] Diseases and conditions associated with inflammation, immune disorders and infection
can be treated using the method of the present invention. In a preferred embodiment, the disease
or condition is one in which the actions of immune cells such monocyte, macrophage,
lymphocyte, granulocyte, NK cell, mast cell, dendritic cell, or certain immune derived cell (for
example, osteoclasts) are 1o be inhibited or promoted, in order to modulate the mflammatory or

autoinymune response.

[8869] In one group of embodiments, diseases or conditions, including chronic diseases, of
humans or other species can treated with modulators of CCR1 function. These diseases or
conditions include: (1) allergic diseases such as systernie anaphylaxis or hypersensitivity
responses, drug allergies, insect sting allergies and food allergies, (2) inflammmatory bowel
diseases, such as Crohn's disease, ulcerative colitis, ileitis and enteritis, (3) vaginitis, (4} psoriasis
and inflanunatory dermatoses such as dermatitis, eczema, atopic dermatitis, allergic contact

dermatitis, urticaria and proritus, (5) vasculitis, (6} spondyloarthropathies, (7) scleroderma,

{8) asthma and respiratory allergic diseases such as allergic asthma, allergic rhimtis,

hypersensitivity lung diseases and the like, (9) autoimmune diseases, such as fibromyalagia,
scleroderma, ankylosing spondylitis, juvenile RA, Still’s disease, polyarticular juvenile RA,
pauciarticular juvenile RA, polymyalgia rheumatica, rheumatoid arthritis, psoriatic arthritis,
ostecarthritis, polyarticular arthritis, multiple sclevosis, systemic hupus erythematosus, type |
diabetes, type I diabetes, glomerulonephritis, and the like, (10) graft rejection (including
allograft rejection and graft-v-host disease), and (11) other diseases in which undesired
inflammatory responses or immune disorders are to be inlubited, such as cardiovascular disease
including atherosclerosis and restenosis, myositis, neurodegenerative diseases {e.g., Alzheimer's
disease), encephalitis, meningitis, hepatitis, nephritis, sepsis, sarcoidosis, allergic conjunctivitis,
otitis, chronic obstructive pulmonary disease, sinusitis, Beheet's syndroroe and gout, (12)
osteoporosis and other disorders of the bone (13) immune mediated food allergies such as Celiac
disease and (14) radiation-induced pulmonary disease (RIPD}). See eg Yang et al, Am J Respir

Cell Mol Biol. 45(13:127-35 (201 1).
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00781 In another group of embodiments, diseases or conditions can be treated with modulators
of CCR1 function. Exam}ﬁes of diseases 1o be treated with modulators of CCR1T function
include cancers such as multiple myeloma and related osteolytic bone disease, cardiovascular
diseases, diseases in which angiogenesis or neovascularization play a role {neoplastic diseases,
retinopathy and macular dégen@raﬁm}, infectious diseases (viral infections, e.g., HIV and RSV
infection, and bacterial infections) and immunosuppressive diseases such as organ fransplant
conditions and skin transplant conditions. The term "organ fransplant conditions” is meant fo
include bone marrow transplant conditions and solid organ (e.g, kidney, liver, lung, heart,

pancreas or combination thereof) transplant conditions.

[0071] The compounds of the present invention are accordingly useful in the prevention and

treatment of a wide variety of inflammatory and imrounoregulatory disorders and diseases.

[0072] Depending on the disease to be treated and the subject’s condition, the compounds of

§ e 1 i . . Syt PP Sy g o N

the present invention may be administered by oral, parenteral (e.g., intramuscular,
jntraperitoneal, intravenous, ICV, intracisternal injection or infusion, subcutaneous injection, or
implant}, by implantation (e.g., as when the compound is coupled fo a stent device), by
inhalation spray, nasal, vaginal, rectal, sublingual, or topical routes of administration and may be
formulated, alone or together, in suitable dosage unit formulations containing conventional non-
toxic pharmaceutically acceptable carriers, adiuvants and vehicles appropriate for each route of

administration

{0673] Inthe treatment or prevention of conditions which require chemokine receptor
modulation an appropriate dosage level will generally be about 0.001 to 100 mg per kg patient
body weight per day which can be administered in single or multiple doses. Preferably, the
dosage level will be about 0.01 to about 25 mg/kg per day; more preferably about 0.05 to about
10 mgp/kg per day. A suitable dosage level may be about 0.01 to 25 mg/kg per day, about 0.05 to
10 mg/kg per day, or about 0.1 to S mg/kg per day. Within this range the dosage may be 0.005
to 0.05, 0.05 t0 0.5 or 0.5 to 5.0 mg/kg per day. For oral administration, the compositions are
preferably provided in the form of tablets containing 1.0 to 1000 milligrams of the active
ingredient, particularly 1.0, 5.0, 10.0, 15.0, 20.0, 25.0, 50.0, 75.0, 100.0, 150.0, 200.0, 250.0,
300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900.0, and 1000.0 milligrams of the active ingredient



WO 2014/035967 PCT/US2013/056796

for the symptomatic adjustment of the dosage to the patient to be treated. The compounds may

be administered on a regimen of 1 to 4 imes per day, preferably once or twice per day.

(00747 It will be understood, however, that the specific dose level and frequency of dosage for
any particular patient may be varied and will depend upon a variety of factors including the

S5 activity of the specific compound eraployed, the ruetabolic stability and length of action of that
compound, the age, body weight, hereditary characteristics, general health, sex and diet of the
subject, as well as the mode and time of administration, rate of excretion, drug combination, and

the severity of the particular condition for the subject undergoing therapy.

{6875}  Diseases and conditions associated with inflammation, immune disorder, infection and

10 cancer can be freated or prevented with the present compounds, compositions, and methods,
i >

[6876] The compounds and compositions of the present invention can be combined with other
compounds and compositions having related vtilifies to prevent and treat the condition or disease
of interest, such as inflammatory or autoimmune disorders, conditions and diseases, including
inflammatory bowel disease, rheumatoid arthritis, ostecarthritis, psoriatic arthritis, polyarticular
15 arthritis, multiple sclerosis, allergic diseases, psoriasis, atopic dermatitis and asthma, and those

pathologies noted above,

{68771 For example, in the treatment or prevention of inflammation or autoiromunity or for
example arthritis associated bone loss, the present compounds and compositions may be used in
conjunction with an anti-inflammatory or analgesic agent such as an opiate agonist, a

20 lipoxygenase inhibitor, such as an inhibitor of S-lipoxygenase, a cyclooxygenase inhibitor, such
as a cyclooxygenase-2 inhibior, an inferleukin inhibitor, such as an interleukin-1 inhibitor, an
NMIIA antagonist, an inhibitor of nitric oxide or an inhibitor of the synthesis of nitric oxide, a
non steroidal anti-inflammatory agent, or a cytokine-suppressing anti-inflammatory agent, for
example with a compound such as acetaminophen, aspirin, codeine, fentanyl, tbuprofen,

25 indomethacin, ketorolac, morphine, naproxen, phenacetin, piroxicam, a steroidal analgesic,
sufentanyl, sunlindac, tenidap, and the like. Similarly, the instant compounds and compositions
may be administered with an analgesic listed above; a potentiator such as caffeine, an H2
antagonist {e.g., ranitidine), siethicone, aluminum or magnesium hydroxide; a decongestant
such as phenylephrine, phenylpropanolamine, pseudoephedrine, oxymetazoline, ephinephrine,

30 naphazoline, xylometazoline, propylhexedrine, or levo desoxy ephedrine; an antitussive such as

3
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codeine, hydrocodone, caramiphen, carbetapentane, or dextromethorphan; a diuretic; and a

sedating or non sedating antihistamine.

10878} Likewise, compounds and compositions of the present invention may be used in
combination with other drugs that are used in the treatment, prevention, suppression or
amelioration of the diseases or conditions for which compounds and compositions of the present
invention are usefid. Such other drugs may be administered, by a route and in an amount
commonly used therefor, contemporaneously or sequentially with a compound or composition of
the present invention. When a compound or composition of the present invention is used
contemporaneously with one or more other drugs, a pharmaceutical composition containing such
other drugs in addition to the compound or composition of the present invention is preferred.
Accordingly, the pharmaceutical compositions of the present invention include those that also
contain one or more other active ingredients or therapeutic agents, in addition fo a compound or
composition of the present invention. Examples of other therapeutic agents that may be
combined with a compound or composition of the present invention, either administered
separately or in the same pharmaceutical corupositions, include, but are not limited to:

{a) VLA-4 antagonists, (b) corticosteroids, such as beclomethasone, methylprednisolone,
betamethasone, prednisone, prenisolone, dexamethasone, fluticasone, hydrocortisone,
budesonide, triamcinolone, salmetercl, salmeterol, salbutamol, formeterol;

(¢} immunosuppressants such as cyclosporine (cyclosporine A, Sandimmume®, Neoral®),
tacrolirnus (FK-306, Prograf®), rapamycin (sirolimus, Rapamune®}) and other FK-506 type
immunosuppressants, and mycophenolate, e g., mycophenolate mofetil (CellCept®);

{d) antihistamines (H1-histamine antagonists) such as bromopheniramine, chlorpheniramine,
dexchloipheniramine, friprolidine, clemastine, diphenhydramine, diphenylpyraline,
iripelennamine, hydroxyzine, methdilazine, promethazine, trimeprazine, azatadine,
cyproheptadine, antazoline, pheniramine pyrilamine, astemizole, terfenadine, loratadine,
cetirizine, fexofenadine, descarboethoxyloratadine, and the like; (e} non steroidal anti asthmatics
{e.z., terbuialine, metaproterenol, fenoterol, isoetharine, albuterol, bitolterol and pirbuterol),
theophylline, cromolyn sodium, atropine, ipratropium bromide, leukotriene antagonists (e.g.,
zatmlukast, montelukast, praniukast, iralukast, pobilukast and SKB-106,203), leukotriene
biosynthesis inhibitors (zileuton, BAY-1003); (I} non steroidal anti-inflammatory agents

(NSAIDs) such as propionic acid derivatives {e.g., alminoprofen, benoxaprofen, bucloxic acid,
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carprofen, fenbufen, fenoprofen, fluprofen, flurbiprofen, ibuprofen, indoprofen, ketoprofen,
rpiroprofen, naproxen, oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid and
tioxaprofen), acetic acid derivatives {e.g., indomethacin, aceretacin, alclofenac, elidanac,
diclofenac, fenclofenac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepae, oxpinac,
sulindac, fiopinac, tolmetin, zidometacin and zomepirac), fenamic acid derivatives (e.g.,
flufenamic acid, meclofenamic acid, mefenamic acid, niflumic acid and folfenamic acid),
biphenylcarboxylic acid derivatives {e.g., diflunisal and flufenisal), oxicams (e.g., isoxicam,
piroxicam, sudoxicam and tenoxican), salicylates (e.g., acetyl salicylic acid and sulfasalazine)
and the pyrazolones {e.g., apazone, bezpiperylon, feprazone, mofebutazone, oxyphenbutazone
and phenylbutarone); (g) cyclooxygenase-2 (COX-2) inhibitors such as celecoxib (Celebrex®
and rofecoxib (Vioxx®); (h) inhibitors of phosphodiesterase type 1V (PDE 1V); (i) gold
compounds such as auranofin and aurothioglucose, (j) peptide and antibody modulators of
immune regulatory molecules such as etanercept (Enbrel®), infliximab (Remicade®},
adalimumab (Humira®), certolizumab pegol (Cimzia®), Abatacept (Orencia®), and golimumab
(Simpon®), (k) antibody therapies such as orthoclone (OK13), daclizumab (Zenapax®),
basiliximab (Simulect®) and infliximab (Remicade®j), (1) other antagonists of the chemokine
receptors, especially CCRS5, CXCR2, CXCR3, CCR2Z, CCR3, CCR4, CCR7, COGCRI and
CXCRS; (m) lnbricants or emollients such as petrolatum and lanolin, (n) keratolytic agents {e.g.,
tazarotenc), (o) vitamin D; derivatives, e.g., calcipotriene or caleipotriol (Dovenex®),

{(p) PUVA, (@) anthralin (Drithrocreme®), (1) etretinate {Tegison®) and isotretinoin and

{s) multiple sclerosis therapeutic agents such as interferon -1 (Betaseron®), interferon (B-1a
{Avonex®), azathioprine (Imuorek®, lmouran®j), glativamer acetate (Capoxone®), a
glucocorticoid {e.g., prednisolone) and cyclophosphamide (f) DMARDS such as methotrexate
{u} other compounds such as S-aminosalicylic acid and prodrugs thereof] hydroxychloroguine;
D-penicillamine; antimetabolites such as azathioprine, 6-mercaptopurine and methotrexate, DNA
synthesis inhibitors such as hydroxyurea and microtubule disrupters such as colchicine. The
weight ratio of the compound of the present invention fo the second active ingredient may be
varied and will depend upon the effective dose of each ingredient. Generally, an effective dose
of each will be used. Thus, for example, when a compound of the present invention is combined
with an NSAID the weight ratio of the compound of the present invention to the NSAID will

generally range from about 1000:1 to about 1:1000, preferably about 200:1 to about 1:200.
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Combinations of a compound of the present invention and other active ingredients will generally
also be within the aforementioned range, but in each case, an effective dose of each active

ingredient should be used.

VI EXAMPLES

{68791  The following examples are offered to illustrate, but not to Hmit the claimed invention.

[0080¢] Reagents and solvents used below can be obtained from commercial sources such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA). 'H-NMR spectra were recorded on a
Varian Mercury 400 MHz NMR spectrometer. Significant peaks are provided relative to TMS
and are tabulated in the order: multiplicity {s, singlet; d, doublet; {, triplet; g, quartet; m,
mudtiplet) and number of protons. Mass spectrometry resuits are reported as the ratio of mass
over charge, followed by the relative abundance of each ion (in parenthesis). In the examples, a
single m/e value is reported for the M+H (or, as noted, M-H)} ion containing the most common
atomic isotopes. Isotope patterns correspond to the expected formula in all cases. Electrospray
ionization (ESI) mass spectrometry analysis was conducted on a Hewlett-Packard MSD
electrospray mass spectrometer using the HP1100 HPLC for sample delivery. Normally the
analyte was dissolved in methanol at 0.1 mg/mL and 1 microlitre was infused with the delivery
solvent into the mass spectrometer, which scanned from 100 to 15300 daltons. Al compounds
could be analyzed in the positive ESI mode, using acetonitrile / water with 1% formic acid as the
delivery solvent. The compounds provided below could also be analyzed in the negative ESI

mode, using 2 mM NH4OAc in acetonitrile / water as delivery system.

[6981] Compounds within the scope of this invention can be synthesized as described below,
using a variety of reactions known to the skilled artisan. A sample of usetul routes to the
azaindazole derivatives and certain compounds of the invention are provided below or elsewhere
within the present application. In the deseriptions of the syntheses that follow, some of the
aryipiperazine and heteroaromatic subunit precursors were obtained from commercial sources.
These commercial sources include Aldrich Chemical Co., Acros Organics, Ryan Scientific
Incorporated, Oakwood Products Incorporated, Lancaster Chemicals, Sigma Chemical Co.,

Lancaster Chemical Co., TCI-America, Alfa Aesar, Davos Chemicals, and GFS Chemicals.
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Certain relevant arylpiperazine compounds can be commercially obtained. Others could be
prepared as described in U.S. Patent Application No. 11/008,774, the contents of which is hereby
incorporated in its entirety for all purposes. Also, standard chemistries have been employed to
tink the arylpiperazine and heteroaromatic subunits (whether commercially obtained or prepared
by the methods below) using a suitably optimized linker, such as the acetyl unit described in the

body of this invention.

[6682]  One skilled in the art will also recognize that alternative methods may be employed to
synthesize the target compounds of this invention, and that the approaches described within the
body of this document are not exhaustive, but do provide broadly applicable and practical routes

to compounds of interest.

[6883] Certain molecules claimed in this patent can exist in different enantiomeric and

diastereomeric forms and all such variants of these compounds are claimed,

[6684] Regioisomerisi is a common property in organic cheruistry, and is especiaily common
with regards to certain structural types provided herein. Those skilled in the art will recognize,
with respect to the compounds described herein, that the coupling reactions with the
heteroaromatic ring systerus can lead to either one of or a mixture of deiectable regioisomers.
[0885] The detailed description of the experimental procedures used to synthesize key
compounds in this text lead to molecules that are described by the physical data identifying them
as well as by the structural depictions associated with them.

{60867 Those skilled in the art will also recognize that during standard work up procedures in
organic chemisiry, acids and bases are frequenily used. Salts of the parent compounds are
sometimes produced, if they possess the necessary intrinsic acidity or basicity, during the

experimental procedures described within this patent.

Examples

[0087] General Method A: HATU Coupling. The desired amine (1.2 equiv) and carboxylic
acid were combined in THF (0.2 M) with E;N (1-2 equiv) followed by the addition of HATU

27
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(1.3 equiv) at room temwperature. Upon completion of the reaction, the mixture was diluted with
EtOAc, washed with saturated NaHCQ;5 solution and brine, dried over Na2S504, filtered, and

concentrated under reduced pressure.

5 J6088] (eneral Method B: Acid Chloride Formation and Coupling. The desired
carboxylic acid was diluted in CHCl; (0.25 M) with 2 drops of DMYF. Oxalyl chloride (1.2
equivy was added at room temperature, giving gas evolution from the mixture. After 20-30
minutes, the desired amine (1.2 equiv) was added followed by BN (2.5 equiv) or an equal
volume {to CHCl:) of saturated NaHCO; solution. Upon completion of the reaction, the mixture

10 was diluted with EtOAc, washed with NaHCO; and brine, dried over WNa280, filtered, and

concentrated under reduced pressure.

Example 1: Synthesis of 2-{4-amino-3-(1 H-imidazol-2-yhpyrazolo[3 4-dipyrimidin-L-yif-1-
[1-{4-fluorophenyl)-6,7-dihyvdro-SH-pyrazelo|4,3-bipyridin-4-vijethanone

i5
Kol 20% Pd{GH},/C
B T DMF, 120 °C N MeQH, Ha 55 psi
T Ll 68% Fe 3 | 82%
; AN . Voo > N
\v//f/{ “NH F d \E»// o \\'\\:. v N \7//
e - : - ,
oM ! = -
HCI NH, o Step a N Stepb
o N
HQ“‘J{/ N:/ N
A N’ ‘l\ s
N \f/.,NHz .y NN
PN { i | o \ b 7
PR NN N
S i Q- /2 . $ N
\(/ \‘L\ ) \\\r/‘NH Em\‘<\/ \\\\>‘N/ \/ \"“N\ \ b
TN HATU, EtsN, DMF = 7y N
N Mo N

Step ¢
[308%] a) To a S00-mkL round-bottomed flask was added 4-fluorophenythydrazine

hydrochloride (18.9 g, 116 mmol)}, 3-flucro-2-formylpyridine (14.2 g, 113 mmol), K,CO; 7.0
2, 340 nunol), and DMF (150 mL}). The shurry was heated 1o 120 °C in an ofl bath for 41 hours

20 at which point the reaction mixture was cooled and poured into 1.2 L of HyO. The tan precipitate
was collected via vacuum filtration and washed with 3 x HyO. The solid was dissolved in

CH,Cl and the resulting solution was washed with brine, dried over Na,80O,, filiered, and
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concentrated under reduced pressure to give a brown solid. The solid was triturated with 200 mL
of 9:1 hexanes:EtOAc and dried to provide 1-(4-fluorophenyl)-1 H-pyrazolo{4,3-bipyridine (16.3
g, 68%) as a tan powder. MS: (ES) m/z calculated for CioHoFN; IM + H]"214.1, found 214.1.

{68981  b) The heterocycle obtained above (16.3 g, 77 mimol) was dissolved in 380 mL of
methanol and treated with 20% PHOH),/C (10.7 g) in a 2-L Parr bottle. The system was purged
and filled with hydrogen (3 x) and then shaken under 56 pst hydrogen. An additional 8.0 g of
catalyst was added after | day. Once the starting material was consumed, the bottle was flushed
with nitrogen and the reaction mixture filtered through a pad of Celite, washing with several
portions of methanol. The filtrate was concentrated under reduced pressure to provide 1-(4-
fluorophenyi-4,5,6, 7-tetrahydro- | H-pyrazolo{4,3-blpyridine (13.7 g, 82%) as a light tan solid.
MS: (ES) m/z calculated for CipHsFNg [M -+ HI 218.1, found 218.1.

16891} <) The compound was prepared from 2-{(4-amino-3-{ L H-imidazol-2-yD-1H-
pyrazolo[3,4-dlpyrimidin-1-yhacetic acid and 1-(4-fluorophenyl)-4,5,6,7-tetrahydro-1 4~
pyrazolo{4,3-bipyridine above using General Method A. The product was purified by reverse
phase HPLC (C18 column, acetonitrile—H,0 with 0.1% TFA as eluent) to give the desired
product as a white solid (6.4 mg). 'H NMR (400 MHz, MeOH-dy) § 835 (s, 1 H), 8.15 (s, | H),
7.54 (m, 2H), 727 (m, 4 H), 570 (5,2 H), 4.00 (m, 2 H), 2.91 (1, /=62 Hz, 2 H), 2,18 (m, 2
H); MS: (ES) m/z caleulated for CyHaoFMN o0 [M + HI"459.18, found 459.1.

Synthesis of 2-(4-chloro-S-methyl-3-(triflucromethyl}- 1 -pyrazol-1-yhacetic acid

o
/i\ Br
G & LiOH 5
NeSF3 KoCOg, DME, 55 °C  EtO-—< N;\:}/CFS THFH0,80°C ol . _-CFs
HN | N o NN
>:—/\\CE step a >;::J\\CE step b \Ii:::,i\(l;

(60921  a) To a solution of 4-chloro-5-methyl-3-{trifhworomethylpyrazole (15 g, 1.3 numol) in
DMF (82 mL) was added ethyl 2-bromoacetate (13.6 g, 81.3 mmol) and potassium carbonate
{12.4 g, 89.4 muool). The mixture was heated at 55 °C for 10 hours with stirring. After conling

to room temperature, the reaction mixture was diluted with water (100 mi) and extracted with
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ethyl acetate (3 x 150 mL). The combined organic layers were washed with brine, dried
(Na;SQy), filiered, and concentrated in vacuo. The crude residue was purified by flash
chmmatography (Si0s, 0-30% ethyl acetate in hexanes) to afford the desired product (18.5 g,

68.4 mmol, 84%,).

{66931  b) To a solution of ethyl 2-{(4-chloro-3-methyl-3-(trifluoromethyl}- 1 H-pyrazol-1-
yhacetate (7.5 g, 27.7 mmol) in THF (100 mL) and water (50 mL) was added LiOHeH,0 (2.33
2, 55.4 mmol). The mixture was stirred at 60 °C for 5 hours. After cooling to room
temperature, the mixture was acidified with 1 N HCH (80 mL) and extracted with 1.2 IPA/CHCL
(2 x 150 mL). The combined organic layers were washed with brine, dried (NaxSOq), filtered,
and concentrated in vacuo to give the desired compound (6 g, 24.7 mmol, 89%). 'H NMR. (400
MHz, DMSO-ds) 8§ 4.98 (s, 2 HD), 2.21 (5, 3 H); MS: (ES) m/z calculated for C;HCIHF; N, O, [M
+ H1" 243.0, found 243.0.

Example 2: Synthesis of 2-[4-chloro-S-methyl-3-(trifluoromethylpyrazol-1-yi}-1-{1-(4-
fluorophenyl)-6,7-dihydro-3H-pyrazolel4,3-blpyridin-4-yilethanone

. (COCHy,, cat DMF,

O CHCH, ¢ 90 CF.
o eS8 i NaHCOsag) N e N e
] L > P o 1 TN
Py N N/ = \I’,/’ ~
7o ey ) : [

W AL NH
‘%/ ~~ 17

{0694] The compound was prepared from 2-{4~chloro-S-methyl-3-(triftluoromethyl)-1H-
pyrazol-1-yhacetic acid and 1-(4-fluorophenyi}-4,5,6,7-tetrahydro-1H-pyrazolo{4.3-5pyridine
using General Method B. The product mixture was washed with 2 x 1 MMNaHSOsand 2x 1.5 M
KOH and the organics were eluted through a silica plug. The resulting shurry was concentrated
to a white solid that was triturated with 1:1 hexanes:EtOAc¢ to give the title compound as a
crystalline white solid (75.9 mg). "H NMR (400 MHz, CDCly, mixture of rotamers) § 8.34 (s,
0.7HY, 7.57 (5,03 H), 7.44 (m, 2 H), 7.15 (m, 2 H), 5.24 (5,04 H), 5.13 (s, 1.0 H}, 3.92 {m, 0.5
H), 3.84 (m, LS H)L 287 (m, 2 H), 2.33 (5, 23 H), 2.32 (5, 0.7 Hﬁ‘), 212 {m, 1.5 H), 2.05 (m, 0.5
H); MS: (ES) m/z calculated for CjoHwCHNG [M -+ Hj |, found 442.0.
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Example 3: Synthesis of 2-{4-chlorophenyl)-1-[1-(4-fluorephenyl)-6,7-dihydro-5H-
pyrazolo[4,3-8pyridin-d-yljethanone

. I// \\E
F\/ B { §
o \ WA - NH P “ ~ G
HOW«'Q/ _____ . %/\ N ~ :I _ \\ ) _</’/ e
/ 2 gt X - \ /7 N,
N Y Ff NN Vg
N/ HATU, BN, THF N/ ‘N:’f—j oz

{80981 The compound was from prepared from 4-chlorophenylacetic acid and 1-(4-
fluorophenyl)-4,5,6,7-tetrahydro-1H-pyrazolof4,3-b]pyridine using General Method A. The
product mixture was crystallized from 4:1 CHyCN:H,0 to give the title compound as an off-
white crystalline solid (37.6 mg). 'H NMR (400 MHz, MeOD-d,, mixture of rotamers) § 8.18 (s,
0.9 H), 7.84 (5,0.1 H),7.56 (m, 2 H), 7.25-7.37 (m, 6 H), 4.02 (s, 0.2 H), 3.92 (s, 1.8 H}, 2.81 (4,
J=62Hz, 2H),2.49 (m, 2 H), 1.90 (m, 2 H); MS: (ES) m/z calenlated for CooHsCIFN: O [M +
H1"370.1, found 370.1.

Example 4: Synthesis of 1-{1-(d-chlore-3-methoxy-phenyl}-6,7-dihydro-3H-pyrazelo4,3-
blpyridin-4-y}}-2-{4-chloro-S-methyl-3-(triflusromethylipyrazol-1-yljethanone and 1-(2-(4-
chioro-3-methoxyphenyl)-6,7-dihydro-2H -pyrazolo{4,3-bipyridin-4(SH}-y})-2-(4-chloro-5-
methyl-3-(trifluoromethyl}-1H-pyrazol-1-yljethanone

a2
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3-Br-5-Cl-anisole
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j80%6]  a) 2-(4-Chioro-S-methyl-3-(irifluoromethyl}- 1 H-pyrazol-1-yhacetic acid (255 mg, 1.05
mamol) was diluted in § mL of CHCHE and 2 drops of DMF. Oxalyl chloride (105 pl, 1.2 nunol)
was added slowly giving gas evolution. After 30 minutes, 160 mg {1 mmol} 6 4,5,6,7-
tetrahydro-2H-pyrazolo[4,3-5pyridine«HCl was added followed by .75 mL of 3 M K,CO4,
After 30 minutes, 1 mb of 3 M KOH and 1 mL of MeOH were added to the reaction slurry and
the mixture was stirred for 90 minutes. The reaction slurry was washed with brine and the
organic layer was dried on MgS04, filtered, and concenirated to give the amide as a tan solid
{184 mg, 539} that was used without further purification. MS: (ES) m/z calculated for

CiaHClE NSO [M + Hi 348.1, found 348.0.

{8097 by The amide formed above {104 mg, 0.3 samol) was combined with 5-bromo-2-
chloroanisole (199 mg, (.9 mmol), 0.3 mL of dioxane, Cu(D {11.4 mg, 0.06 myuol, 20%), (£)-
trans-N N -dirnethyleyelohexane-1,2-diamine (21.3 rog, 0.15 mmeol, 50%), and K,CO; (82.9 mg,
0.6 mumol). The slurry was heated to 120 °C until reaction completion. The product was purified
by reverse phase HPLC (C18 column, acetonitrile—H O with 0.1% TFA as eluent) to provide two
regioisomers. First eluting, Compound A:  1-[1-(4-chloro-3-methoxy-phenyi)-6,7-dihydro-
SH-pyrazoloi4,3-61pyridin-4-yl}-2-{4-chloro-S-methyl-3-(trifluoromethypyrazol-1-yljethanone

was isolated as a white foam (8.1 mg). "H NMR (400 MHz, CDCly, mixture of rotamers) § 8.37
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(s, 0.7H), 7.60 (5,03 H), 741 (d, /=84 Hz, 1 ), 719(d, /=26 Hz, 1 H), 692 (dd, /=22,
8.4 Hz 1H)Y, 524 (5,05 H), 514 (s, L5 H), 3.97(s, 0.6 H},3.85 (5,24 H), 3.85 (m, 2 H), 2.92
{m, 2 H),2.34 (5, 2.6 H),2.33 (5, 0.4 H), 2.13 (m, 1.4 H), 2.05 (m, 0.6 H); MS: (ES) m/z

calculated for CogHyoFNsGy [M + HF 488.1, found 488.1. Second eluting, Compound B: |-

5 (2-{4-chloro-3-methoxyphenyh)-6,7-dihvdro-2H-pyrazolo[4,3-blpyridin-4(§ H)-y1)-2-(4-chloro-3-

methyl-3-(trifluoromethy -1 H-pyrazol-1-yDethanone was isolated as a white solid (26.8 mg),

‘H NMR {400 MHz, CDCL, mixture of rotamers) 8 8.57 (5, 1 H), 7.35 (d, /= 8.4 Hz, 1 H}, 7.26

(d,J=22Hz, 1L, 711 (dd, /=22,84 Hz, 1 H).L 5.22 (5, 0.2 H), 5.16 (5, 1.8 H), 3.95 (5, 2.5

HY, 3.86 (5, 0.5 H)3.84 (m, 2 H), 293 (t, /= 6.6 He, 2 H), 2.32 (5, 3 H), 2,19 (m, 2 Hj; MS: (ES)
10 m/z calculated for CopllyoFaNsOy [M + H}+488,1, found 488.0.

Example Sa: Synthesis of 1-{1-(4-chlorophenyi}-6,7-dibyvdre-8H-pyrazolo]4,3-blpyridin-4-
yii-2-{4-chlore-S-methyl-3-{trifluoremethyDpyrazol-1-yljethanone and 1-(2-(4-
chlovophenvi)-6,7-dibydre-2H-pyrazolo}d 3-lpyridin-4(5H)-y}-2-(4-chlore-5-methyl-3-
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10098) a) 4,5,6,7-Tetrahydro-2H-pyrazolo{4.3-b1pyridine<HCI (319 mg, 2 mmol} was
combined with Boc,O (480 mg, 2.2 mmol) and K;CO; (1.3 ml, 3 M aqueous, 2 equiv) in
CH.CL (10mL). After 15 hours, the starting amine was consumed (LCMS). The reaction shurry
was washed with brine and the organic layer was dried on MgSQy, filtered, and concentrated to
give a viscous yellow oil (446 mg, 96%) that was used without further purification. MS: (ES)

m/z calculated for CpiH N3Oy [M +HH 2241, found 224.2.

[00698] b) The Boc-amine formed above (112 mg, 0.5 vamol} was combined with 4-
chloroiodobenzene (239 mg, 1 mmol), 6 mL of dioxane, Co(DI (12 mg, 0.06 mumol, 10%), (&)
trans-N, N -dimethylcyclohexane-1,2-diamine (18.5 mg, 0.13 nunol, 25%), and K,CO; (138 mg,
t mmol}). The slurry was heated (o 110 °C overnight. Two regioisomers are obtained in roughly
equal quantities. The reaction slurry was diluted with 20 mL of EtOAc and washed with brine
and 2 x 1 M NaHSO,. The organic layer was dried over MgSQ,, filtered, and concentrated to an

orange oil that was used without further purification.

{81801 <) The regioisomer mixture obtained above (66 mg, approx 0.25 mmol total) was
combined with 2-(4-chloro-5-methyl-3-(trifluoromethyl)-1 H-pyrazol-1-yhacetic acid (67 g,
0.275 mmol), HATU (114 mg, 0.3 mmol), and E&N (52 pl, 0.38 mmol} in THF (I mL). After
90 minutes the reaction shurry was diluted with EtOA¢, washed with H O, and concentrated. The
residue was purified by reverse phase HPLC (C18 colunmn, acetonitrile—H, O with .1% TFA as
cluent) to provide two regioisomers. First eluting, Compound A:  1-{1-(4-chlorophenyl)-6,7-
dihydro-5H-pyrazolof4,3-blpyridin-4-yi}-2-[4-chloro-3-methyl-3-(trifluoromethy pyrazol-1-
yllethanone was isolated as a white solid (1.7 mg). 'H NMR (400 MHz, CDCL, mixture of
rotamers) S 8.36 (s, 0.8 H), 7.59 (5, 0.2 1), 7.43 (s, 4 H), 5.24 (s, 0.4 H), 5.13 (5, 1.6 H), 3.92 (m,
0.4 Hy, 3.85(m, 1.6 H),2.90 (m, 1.8 H), 2.77 (m, 0.2 H), 2.34 (s, 2.4 H),2.32 (s, 0.6 H}, 2.13 (m,
1.5 H), 2.05 (m, 0.5 H); MS: (BS) m/z calenlated for CisHpCLF N0 M + H]T458.1, found
458.0. Second eluting, Cempound B: 1-(2-{4-chloropheny)-6,7-dihydre-2 H-pyrazolo[4,3-
bipyridin-4(SH)-yH)-2-(4-chloro-S-methyi-3-{rifluoromethyi)- 1 H-pyrazol- 1-yl)ethanone was
isolated as a white solid (31.0 mg). HNMR {400 MiHz, CDCL) 6 8.56 (s, 1 H), 7.56 (m, 2 H),
736 (m, 2HL516(s,2H), 384 (5,2 H), 293 (1, /=66 Hz 2 H}, 232 (5,3 H), 2.19 {(m, 2 H};
MS: (ES) m/z caleulated for CioHppCLEFNO [M +H 17458.1, found 458.0.
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Example 8b: Synthesis of 1-[1-(d-fluorephenyl)-6,7-dihydro-5H-pyrazolo[4,3-bpyridin-4-
yij-2-pyrazole[3,4-b]pyridin-1-vi-ethanone

/CN ~ ,zﬁ
BRI
/ N O /'/\\\\ G ] . i .
( ;\E ! S o \L 3\!\,\ i, KaCO0s, THF, 80 °C
Sen 3 - ~y T TN TN Jee = i X .
P\ et <l P N /ST N Ha PO/C MeOH
e/ T KoCO4a0) =
N CHoCly, 88% tep b
Step a
\( \\\\‘ /‘€':j
- N~ -
F— \// \\ "/\\QW/ \\.._ N/N \\\.
N /TN i A
N M
st

{0161} a) To a flask containing 1-(4-fluorophenyl}-4,5,6,7-tetrahyydro-1 H-pyrazolo[4,3-
dlpyridine (0.869 g, 4 mmol) and 3 M K,COs{aq) (2.6 mL, 8 munol} in 10 mbL of CHyCl was
added chloroacetyl chloride (.35 mL, 4.4 mmol) dropwise. After 20 minutes, the slurry was
dituted with 5 mL of H,O and the layers were separated. The organic layer was washed with
brine and 2 x 1 M NaHSQ,, dried on MgS(y, filtered, and concentrated to a tan foamy solid

(1.05 g, 89%). MS: (ES) m/z caleulated for CiHCIFN;O [M A+ HiF 294.1, found 294.1.

{01021 b) The a-chloroacetamide obtained above (147 mg, (.5 mmol) was diluted in 1.5 mL
of THF and treated with K;COs (138 mg, 1 mmol) and 3-iedo-1H-pyrazolof3.4-5lpyridine (130
mg, 0.53 mmol). The slurry was heated to 75 °C. Upon completion, 4 ml. of methanol and 50
mg of 10% Pd/C were added to the vessel. The reaction mixture was then shaken on a Pary
apparatus under 50 pst of Hy overnight. The reaction mixture was filtered through Celite
washing with methanol and concentrated. The residue was purified by reverse phase HPLC
{C18 column, acetonitrile-H,O with 0.1% TFA as eluent) to provide 30.9 mg of product as a
white crystalline solid. 'H NMR {400 MHz, CDClL, mixture of rotamers) § 8.54 (dd, J= 1.5, 44
Hz, 1 H), 835, 0.8 H), 8.14 (s, 1 H), 811 (o, 1H), 7.75 (5, 0.2 H), 7.43-7.51 (0, 2 H), 7.12-
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721 (my 3H), 5.70 (s, 0.4 H), 5.59 (s, 1.6 H), 3.91 (m, 2 H), 2.87 (m, 2 H), 2.15 {m, 1.6 H),2.05
{(m, 0.4 H); MS: (ES) m/z calculated for CogHyoFNO [M + HYT 377.1, found 377.1.

Example 6: Synthesis of I-{1-(d-fluorophenyl}-6,7-dihydro-3H-pyrazolo[4,3-flpyridin-4-
vil-2-pyrazelo[3,4-Blpyridin-1-yi-ethanone
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0183} a) A sepﬁ)um—cappe&é vial with stirring bar was rinsed with dry THF and charged with
ethyl 4-chloro-3-methyl- 1 H-pyrazole-3-carboxylate (94 mg, 0.5 nuvol) and | mL of dry THE.
Under Ny, the reaction vessel was cooled in an ice bath before dropwise addition of 520 ul. of
MeMgBr (1.55 mmol, 3 M in E6O). After 40 minutes, an additional 150 pl, of MeMgBr (0.45
mmel} was added. Upon completion, the reaction mixture was freated with 3 mL of 1 M
NaH80, and extracted with 3 x EtOAc. The organic layers were combined, dried on MgSQy,
filtered, and concentrated fo provide a yellow-tan solid (69 mg, 79%}) that was used without

further purification. MS: (ES) m/z calculated for C7HCIN,O [M + HY 175.1, found 175.1.

{0104] b) The carbinol obtained above (69 mg, 0.4 romol) was diluted in 1.2 mb of THF and
500 uL of DMEF and treated with K;CO5 (111 mg, 0.8 mmol) and 2~chloro-1-(1-(4-
fluorophenyl}-6,7-dihydro-1 H-pyrazolof4,3-bipyridin-4(5H)}-yhethanone (118 mg, 0.4 mmol)}.
The slurry was heated to 75 °C. The reaction slurry was diluted with EtOAc and washed with
brine, dried on MgSl(y, filtered, and concentrated. The residue was purified by reverse phase
HPLC (C18 column, acetoritrile-H,0 with 0.1% TFA as eluent) to provide 69 mg of the desired
product (43%) as a white solid. "H NMR (400 MHz, CDCl, mixture of rotamers) § 8.37 (s, 0.8
H), 7.63 (s, 0.2 H), 7.42-746 (m, 2 H), 7.13-7.19 (10, 2 H), 5.14 (5, 0.4 H), 5.03 (5, 1.6 H), 3.90
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{m, 0.4 H), 3.87 (m, 1.0H),2.86(m, 2 H), 228 (s, 2.4 H),2.25 (5, 0.6 H}, 2.05-2.13 (m, 2 H},
1.62 (s, 6 H); MS: (E8) m/z caloulated for Cp HaCIFNSO, [M + HI 432.2, found 432.1.

Example 7: Synthesis of 2-(d-chlore-S-methyl-3-pyrimidin-2-yl-pyrazob-1-yi3-1-[1-(4-
flusrepbeny-6,7-dihydro-SH-pyrazolo]4,3-bipyridin-4-ylethanone triflusroacetic acid
salt and 2-(4-chloro-3-methyl-S-pyrimidin-2-yi-pyrazol-1-yh-1-{{-(d-fluorophenyl}-6,7-

dihydvo-3H-pyrazeole[4,3-blpyridin-d-yijethanene triflucreacetic acid salt

g N"f:\\‘\"
N ¢ o0 W
-N N - 1 N~ N W
HNN N el T et S NN
AI::\> 'J\ ..... // }- ‘\\ )‘ “N/ 5 b N /1
A~ N— s ‘W > e
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k\ ;‘\g //O KQ_CO:;, THF/DMF, .
VRN b TN 75 °C
N ] ~
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" 72\ ‘» N4 Ne”
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v N':/ /\/ ~ o
Second eluling iN'—"; \N
4& Y

yhethanone (118 mg, 0.4 mmol) was diluted in 1.2 mL of 2:1 THF:DMF and treated with K,CO;5
(111 mg, 0.8 nunol) and 2-(4-chloro-S-methyl- L H-pyrazol-3-yhpyrimidine (78 mg, 0.4 mamol}).
The slurry was heated to 75 °C and stirred overnight, Two isomers with the same MW were
present as assessed by LCMS. The reaction shurry was diluted with EtOAc and washed with
brine, dried on MgSQy, filiered, and concentrated. The residue was purified by reverse phase
HPLC (C18 column, acetonitrile-H,0 with 0.1% TFA as ehient) to provide two regio-isomers.
First eluting isomer: 2-(4-Chloro-5-methyl-3-pyrimidin-2-yl-pyrazol-1-y}-1-{1-(4-
fluoropheny!)-6,7-dihydro-S H-pyrazoloid, 3-5pyridin-4-ylethanone trifluoroacetic acid sali:
Obtained 25 mg of white needle~-shaped crystals. TH NMR (400 MHz, DMSO-ds) § 8.86 (4, J =
53 Hz, 2HL 813 (s, TH}L 759 (m, 2H), 744 (1, /= 4.8 Hz, 1 H), 7.34 (m, 2 H), 5.50 (5, 2 H),
3.84 (m, 2 H), 287 (4, /=62 Hz, 2 H}, 2.24 (s, 3 H), 2.02 (m, 2 H); MS: (ES) m/z calculated for
CanHaoCIFNLO [M + HT 452.1, found 452.1. Second eluting isomer: 2-(4-Chloro-3-methyl-5-
pyrimidin-2-yl-pyrazol-1-yl}-1-[ 1-{(4-fluoropheny)-6,7-dihydro-5 H-pyrazolo[4,3-5 | pyridin-4-
yljethanone triflucroacetic acid salt: Obtained 8.8 my of pale orange solid. "H NMR (400 MHz,

DMSO-ds, mixture of rotamers) § 8.87(d, /=51, 1.6 H}, 8.81 (d, J= 5.1 Hz, 0.4 H), 7.96 (s, 1
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H), 7.66 (m, 0.4 H), 7.56 (m, L6 H), 742 (1, /=4.8, L H}, 733 (m, 2 H), 5.72 (5, 2 H), 3.84 (m,
2H), 2.85 (1, J=62Hz, 2 H), 2.23 (s, 3 H}, 1.99 (m, 2 H); MS: {(ES) m/z calculated for

Example 8: Synthesis of 1-[1-(d-fluerophenyl}-6,7-dihydro-SH-pyrazolo{4,3-blpyridin-4-
vi-2-[S-methyl-3-(trifluoromethyDpyrazol-1-yijethanone

S s
¢ L0 KoCOa, THEDME, 76 °C oL CF
N b N — : G SR N
[oE 7 \b\ S ‘ \\ »»»»» ~ CF F Y \‘} ~N \_‘ N {
\\;t/ TN N “ HN N3 Nz / "N :ﬁ \/::—’;'

4444

(8106} 2-Chloro-1-(1 ~(4—ﬂu0mphenyl)«/6,%Lﬁhydmn 1 H-pyrazolo[4,3-bipyridin-4{(5 H)-
viiethanone {118 mg, 0.4 mmol} was diluted in 1.2 ml of 2:1 THF:DMI and treated with KoCO;
{111 mg, 0.8 mmol) and S-methyl-3-(triflucromethyl)-1 H-pyrazole (60 mg, 0.4 mmol). The
slurry was heated to 75 *C for 2 hours. The reaction slurry was purified by normal phase flash
chromatography (24 g column, eluting with 10-80% EtOAc in hexanes) to provide 109 mg
{67%) of the title compound as a white solid. "H NMR (400 MHz, CDChL) 8 8.36 (s, 0.8 ),
7.59 (s, 0.2 H), 7.42-7.47 {m, 2 H), 7.12-7.25 (o, 2 H), 5.25 (5, 0.4 H}, 5.14 (5, 1.6 H), 3.92 (m,
0.4, 3.86 (m, 16 H),2.86(t, /=062Hz 2H), 237 (s, 24 H), 236 (m, 0.6 H), 2.11 (m, 1.6
H), 2.04 (m, 0.4 H); MS: (B8) m/z caloulated for CoHigFaNsO [M + H]T 408.1, found 408.1.

Example 9: Synthesis of 2-[4-chloro-S-methyl-3-(friflucromethylypyrazok-1-yi}-1-{1-(4-
fluorophenyl)-6,7-dthydro-SH-pyrazele{4,3-3]pyridin-d-yljpropan-1-one
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{0187} a) Ethyl bromopropionate (1.448 g, 8 ramol}, 4-chloro-S-methyl-3-(trifluoromethyl)-
{H-pyrazole (1.476 g, 8 mmol), and K,CO3 (2.211 g, 16 mmol) were combined in 24 mL of 2:1
THF:DMF at 75 °C for 3 hours. The volatiles were evaporated and the residue slurried in 20 mL
of 4:1 hexanes: EtOAc and washed with 3 x HyO and 2 x brine. The organic layer was dried and
purified by flash chromatography (810,, 80 g column, eluting with 3-80% EtOAc in hexanes) o
provide 1.859 g (82%) of the title compound as a colorless oil. TH NMR (400 MHz, CDCl) §
495(q,J=T73Hz, 1 HL, 421 {q, /=73 Hz, 2H), 227 (5,3 H), 1.83(d, /=73 Hz, 3 H}, 1.81
(t,/=7.3 Hz, { H); MS: (ES) m/z calealated for CjoH;CIFNO, [M + HYT285.1, found 285.0.

{3168] b) The ester obtained above was shurried in 13 mb of THF and 6.5 mL of 2 M LiOH.
Upon completion of the reaction, the volatiles were evaporated and 9 mL of 2 M HCl was added
o precipitate the product. The precipiiate was washed with water (3 x 5 mL) and dried under
vacuum to constant weight. The title compound was obtained as a white solid (1.53 g, 82%).

MS: (ES) m/z caloulated for CeHeCIF N0y [M+ HT 257.0, found 257.0.

161091 ¢ The title compound was prepared from 2-{(4-chloro-5-methyl-3-{trifluoromethyl)~
1 H-pyrazol-1-yhpropanoic acid and 1-{4-fluorophenyi}-4,5,6,7-tetrahydro-1 H-pyrazolo[4,3-

blpyridine using General Method B. The product mixture was washed with 2 x 1 M NaHSO,.
The reaction slurry was purified by flash chromatography (510, 24 g column, eluting with 5-
50% Et0Ac in hexanes) to provide 137 mg (75%) of the title compound as a white foam. 'H

NMR (400 MHz, CDCh) 8 8.41 (s, 1 H), 7.43 (m, 2 1D, 7.15 (m, 2 H), 5.52 (g, J = 7.0 Hz, 1 H),
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375 (m, 1 H), 3.41 (m, T H), 2,81 (m, 2 H), 2.28 (s, 3 H), 1.85-1.99 (m, 2 1), 1.81 (d, /=7 Hz,
1 H); MS: (ES) m/z calenlated for CyoHioCIFNO [M + H] 456.1, found 456.1.

Example 18: Synthesis of 2-(d-chlorophenyl}-1-{1-(4-fluorophenyl}-6,7-dihydro-SH-
pyrazele{4,3-blpyridin-4-vijethanone

i, (COCI),, cat DMF,

CHCHy ) N - \I
HQ\H/A\ /‘/‘\\\\\./CFS I NahCOs(aa) . }-\‘\"//\ T‘?\\ i\\\ Ny CFy
o 1 =N T
. - N N:J O \\(/_//f
F-? i L\ NH
\:;/ N \7
N

[8110] The compound was prepared from 3-triflucromethylphenylacetic acid and 1-(4-
fluorophenyl-4,5,6, 7-tetrahydro- 1 F-pyrazolo[4,3-&lpyridine using General Method B. The
product mixture was washed with 2 x 1 M NaHS804. The reaction slurry was purilied by flash
chromatography (810, 24 g colurn, eluting with 5-50% EtOAc in hexanes) to provide 83 mg
{69%;} of the title compound as a white solid. 'H NMR (400 MHz, CDCL, mixture of rotamers)
SRA5 (s, 1 H),7.42-755 (m, 6 H), 7.14 (m, 2 H), 4.08 (3, 0.3 H), 3.95 (5, 1.7 H), 3.77 (m, 2 H),

404.1, found 404.1.

Example 11: Synthesis of 2-[4-chloro-S-methyl-3-{triflucromethylipyrazol-1-yli-1-[1-(4-
flusropheny-3-methyl-6,7-dihydro-SH-pyrazolo{d,3-bipyridin-4-yljethanone
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Fo S KoCOg, DMF, . 7 PA{OH)R/C, MaOH,
I ] + L _N 120°C, 84%  F/ VW AL N Hp 55 psi, 96%
LA FO N ekl
oy __ sepa = Step 5
HCL NHy S
/O o
Ho—{ N CFs
L s
- ..
- ://\\l b e g \ /\\g\g M,/}’Q ; CF4
Fa _\/ T‘\ /';\\\ _NH / Fe // \‘t\\% P \\_ N,, = 3
\\\ R —~—— N \\f \\ / N ~ N
== - i, {COCH,, CHC,, a— TN TN
Y= ~ / Cl
N cat DMF ,
!f Nchoa(aq‘)
41%
Step ¢
16111} 8) To a 100-mL roundbottomed flask was added 4-fluorophenylhydrazine
hydrochloride (3.33 g, 20.5 munol), KoCO3 (8.29 g, 60 mmol), and DMF (27 mL). To this sharry

was added 2.78 g (20 mmol} of 1-{3-fluoropyridin-2-yhethanone, giving a yellow suspension,
The mixture was heated to 120 °C for 24 hours at which point the starting matertals were
consumed. The slurry was cooled to room temperature and 70 ml of HzO was added to
precipitate the product. The solid was collected on a medium frit and washed with 3 x HO. The
solid was dried at 60 °C to provide the product as a tan solid (3.82 g, 84%). MS: (ES) m/z

calculated for CaH FNs M + H}‘é' 228.1, found 228.1.

{6112] b) Methano! (80 mL}, 20 % PAOH),/C (472 mg, approx 0.33 rumol), and 1-(4-
fluorophenyi}-3-methyl-1H-pyrazolof4,3-blpyridine {3.82 g, 16.8 mmol} were combined ina
Parr flask and purged with Hy. The flask was charged 1o 55 psi Hj and then the shurry was
shaken overnight. The mixture was filtered through Celite, washing with several portions of
methanol . The filirate was then concentrated to give 3.73 g (96% crude yield) of an orange oil

that solidified on standing. MS: (ES) m/z caleulated for Cp3H sFNs M -+ HI 232.1, found 232.1.

[6113] ¢ The title compound was prepared from 2-(4-chloro-S-rnethyl-3-(trifluoromethyl)-

1 H-pyrazol-1-yhacetic acid and 1-(4-fluorophenyl}-3-methyl-4,5,6,7-tetrahydro-1 H-
pyrazolol4,3-bipyridine using General Method B, The product mixture was washed with I M
NaHS8Q4. The reaction shurry was purified by flash chromatography (8i0,, 24 g column, eluting

with 5-50% EtOAc in hexanes) to provide 75 mg (41%) of the title compound as a white solid.
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"H NMR {400 MHz, CDCl, mixture of rotamers) 8 7.47 (m, 0.8 H), 7.40 (m, 1.2 H), 7.14 (m, 2
Hy 500 (s, 128D, 501 (5, 08 H), 3.81 (m, 2 H), 2.85 (m, 2 H), 2.29-2.40 (m, 6 H), 2.07 (im, 2
H);, MS: (ES) m/z calculated for CpH o CIFNO M+ HI"456.1, found 436.1.

5 Example 12: Synthesis of I-(1-(4-fluorephenyl}-6,7-dihydro-1 H-pyrazolof4,3-5]pyridin-
{53 y-y13-2-(2-(trifluoromethyl)phenyljethanone

i {COCH,, cat DMF,

?Fs CHCly N CF4
o i, NaHCOq(a Fe ! i
HG\? AN ;/ \\\\. - q) 3o \/ \‘\\L J s N\ d \\\//)\\\\
& {\ P . S| ;;17 T | }
- Fe /3 ; 1 N~ N
4 \\ - o N NH
S N ~ /T
N,‘:—"

10 [0114] The compound was prepared from 2-triflucromethylphenylacetic acid and 1-(4-
fluorophenyl)-4,5,6,7-tetrahydro-1 H-pyrazolof4,3-bjpyridine using General Method B, The
product mixture was washed with 1 M NaHS0y. The reaction slurry was purified by flash
chromatography (Si0,, 24 g column, eluting with 5-50% EtOAc in hexanes) to provide 72 mg
{59%) of the title compound as a white solid. "H NMR (400 MHz, CDCls, mixture of rotamers)

15 6846(s,0.8H),7.70(m, L H),7.55 (m, 1.2 H), 741-7.50 (m, 4 H), 715 (m, 2 H}, 4.19 (5, 0.3
H), 4.06 (s, 1.7 H), 3.95 (m, 0.3 H), 3.76 (m, 1.7 H), 2.82-2.88 {m, 2 H}, 2.03 (m, 2 H); MS: (ES)
m/z calculated for Gy HigFuNaO [M + HY 404.1, found 404.1.

Exampde 13: Synthesis of 1-(1-{4-fluerophenyl)-6,7-dihydro-1H-pyrazole{4,3-6lpyridin-
20 48Hyh-2-(d-(trifluoromethyDphenyllethanone.

L (COCH,, cat DMF,

CHCl; TN
HO o~ } o ]
\P/ N7 \\j . NaHCOs(aq) F \/ \ Aae N —
i i = \ R NN Tl
o LA AL A
< CFa ) //\\‘ ‘N:—-:J O l\ ////1\ .
F\\// I " CFs
Vo S
O /\N ~y
\NT';‘/

{6118] The compound was prepared frow 4-trifluoromethylphenylacetic acid and 1-(4-
25  fluorophenyl}-4,5,6,7-tetrahydro- 1 H-pyrazolo[4,3-bpyridine using General Method B, The

product mixture was washed with 1 M NaHSQOs. The reaction slurry was purified by flash
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chromatography (8i0s, 24 g column, eluting with 5-50% EtOAc in hexanes) to provide 77 mg
{64%) of the title compound as a white solid, "H NMR {400 MHz, CDCl, mixture of rotamers)
3845(s, 0.8 H),7.62(d, /=7 8Hz, 2H),7.55 (s, 02 H}, 740-749 (m, 4 H), 7.15 (m, 2 H),
4.08 (s, 0.3 H}, 3.96 (m, 2 H), 3.75 (m, 1.7 H), 2.80-2.86 (m, 2 H), 2.00 (m, 2 H); MS: (ES} b
caleulated for CyHisF N0 [M + HI 404.1, found 404.1.

Example 14: Synthesis of 2-(4-chloro-3-(trifluoromethyliphenyh-1-(1-(4-fluorophenyi)}-6,7-
dihydro-1#H-pyrazolo{4,3-5]pyridin-4(SH-yhethanone

i, (COCH,, cat DMF,

CHCla '
HO\H// \\E/{\\\\\E//CFS if NaHCOS(aQ) F \N// \L\ /:\\\\ ’].\ //\\ /A\\ /CF’J
;L — YT
¢ T v o L
F\\/ i\ L | o
! \\~ /NH
N

10116} The compound was prepared from 4-chloro-3-trifluoromethyiphenylacetic acid and 1-
{4-fluorophenyl)-4,S,6,7-tetrahydro-1 H-pyrazolo[4,3-blpyridine using General Method B. The
product mixture was washed with brine and 2 x 1 M NaHSO4. The reaction slurry was purified
by tlash chromatography (Si(0,, 24 g column, eluting with 5-50% EfOAc in hexanes) to provide
54 mg (41%) of the title compound as a white solid. "HNMR {400 MHz, CDCls, mixture of
rotamers) & 8.44 (5, 0.8 H), 7.59 (m, 1 H), 7.57 (s, 0.2 H), 7.41-7.51 {(m, 4 ), 7.17 (m, 2 H), 4.03
(s, 0.3 H), 3.95(m, 0.3 H), 3.91 (s, 1.7 H), 3.78 (mu, 1.7 H), 2.82-2.85 (m, 2 H), 2.05 (m, 2 H);
MS: (ES) m/z caleulated for Cy HCIF NGO [M -+ HT 4381, found 438.1.

Example 15: Synthesis of 2-(3-chlore-4-(triftucromethyphenyh-1-(1-(4-fluorophenyl}-6,7-
dibydro-1H-pyrazolo{4,3-bipyridin-4(8H)-yDethanone

i, (COCH,, cat DMF,

CHCH 7
HO N PSS /Ci o 3 72 j
l \{/ ey il NaHCOa{ag) F\“\/ NN ,315\ G
O \//}i\ > \‘11_/\ N H EE/ \:[
T CF3 N TN \N: - Q L:\ N
Fe/ \\\ ) i - CF,
W S N
TN
\N:;_[
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{31177  The compound was from prepared from 3-chloro-4-triflucromethyiphenylacetic acid
and 1-(4-fluorophenyi}-4,5,6,7-tetrahydro-1 H-pyrazolol4,3-b]pyridine using General Method B.
The product mixture was washed with brine and 2 x 1 M NaHSO;. The reaction slurry was
purified by flash chromatography (810, 24 ¢ column, eluting with 5-60% EtOA¢ in hexanes) to
provide 68 mg (52%) of the title compound as a white solid. "H NMR (400 MHz, CDCls,
mixture of rotamers) 8 8.45 (5, 0.8 H), 7.67 (m, 1 H), 7.55 (5, 0.2 H), 7.44-7.49 (m, 3 H}, 7.30
(m, 1 H), 714721 (m, 2 H), 4.04 (5,04 H),3.94 (m, 0.4 H), 3.92 (s, 1.6 H}, 3.77 (m, 1.6 H),
2.82-2.87 (m, 2 HD), 2.04 {m, 2 H); MS: (ES) m/z caleulated for Cy HipCIENO IM + HY 438.1,

a3

found 438.1,

Example 16: Synthesis of 2-[4-chloro-5-methyl-3-(trifluoromethyljpyrazel-1-yi}-1-{1-{4-
flnoropheny}-3-methyl6,7-dihydro-5H-pyrazole[4,3-5]pyridin-4-yliethanone

dd
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[6118] a) 2,6-Lutidine-u-2,3-diol (4.17 g, 30 mamol) was dissolved in 60 ml of CHCL and

treated with MnQ; (15.65 g, 180 mmol). The slurey was heated to 62 °C for 90 minutes at whic

5
and washed with several portions of CHCL,.
as a tan crystalline solid (3.24 ¢, 7
found 138.0.
10 [#119] b) The aldehvde obtained above was dissolved in CH,C

16.5 mmol).

dropwise over 3 minuies.

45

Ch (20 mL) and EizN

point the reaction was complete. The reaction mixture was filtered through a thin layer of Celite
The filtrate was concentrated to provide the product

9%, MS: (ES) m/z calculated for CoHgNG, M+ H}+ 138.0,

(2.3 ml.,

Triftuoromethanesulfonic anhydride (TH0O, 2.78 mL, 16.5 mmol) was added

Additional portions of EtsN (500 uLy and THO (200 pl) were added
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afier 30 minutes. After 75 minutes, the reaction mixiure was washed with 2 x HoO and 2 x
saturated NaHCO;. The organic layer was dried on MgSQOy, filtered, and coneentrated to provide

3.02 g (75%) of orange oil that was used directly in the next step.

10128} ¢ The triflate above (1.08 g, 4 mmol) was dissolved in 5§ mL of DMF in a septum-
capped vial. Potassium carbonaie (1.66 g, 12 mmol) and 4-fluorophenylhydrazine hydrochloride
(678 mg, 4.17 mumol} were added and the shurry was stirred at room temperature, beconiog a
deep orange-red. Within 3 hours, LCMS indicated that the starting material was consumed
providing the hydrazine intermediate (both with and without iriflate). To this reaction mixture
was added 400 mg (0.55 mmol) of PACL{dpp!) and 5 mL of PhCH;. The flask was placed in a
100 °C heating block overnight. The reaction mixture was poured into 100 mL of H0 and 80
ml of EtOAc. The mixture was filiered through a plug of Celite and the layers separated. The
organic layer was concentrated and the residue was purified by normal phase flash
chromatography (40 g column, eluting with 15-70% EtQAc in hexanes) to provide 160 mg
{18%) of the title compound as an orange oily solid. MS: (ES) m/z calculated for CiaHy i FNg [M
+H1" 228.1, found 228.1.

{61211 4 Methano! (3.5 mL), 20 9% Pd(OHY/C (200 mg, approx (.14 mmol), and 1-(4-
fluorophenyl)~-5-methyi-1 H-pyrazolof4,3-Flpyridine (160 mg, 0.7 mmol) were combined ina
Parr flask and purged 2 x Hp. The flask was charged to 53 psi Ho and then the slurry was shaken
for 2 days. The mixture was filtered through Celite washing with several portions of methanol .
The filtrate was concentrated to 103 mg (64% crude yield) of an orange oily solid. MS: (ES) m/z

caleulated for C3HFN; [M + HT 232.1, found 232.1.

{8122} ¢} The compound was from prepared from from 2-(4-chloro-S-methyl-3-
(trifluoromethyl)-1 H-pyrazol-1-yhacetic acid and 1-(4-fluorophenyl)-S-moethyl-4,5.6,7-
tetraliydra-1 H-pyrazolof4,3-6pyridine using General Method B. The product mixture was
washed with 2 x 1 M NaHSO,. The reaction slurry was purified by flash chromatography (810,
24 g column, ehuting with 5-50% EtQAc in hexanes) to provide 37 mg (37%) of the title
compound as a white foam. 'H NMR (400 MHz, CDClL, mixture of rotamers) 8 8.37 (s, 0.8 1),
7.58 (s, 0.2 H), 7.49 (o, 2 H), 7.17 (m, 2 H), 5.08-5.31 {m, 2 H), 4.5 (m, 1 H}, 2.78-2.99 (my, 2
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Hy, 234 (5,23 H),2.31 (5, 0.7 H), 1.97-2.09 (m, 2H), 1.36 (&, /=67 Hz, 24 H}, 1.15(d, J =
6.6 Hz, 0.6 H);, MS: (ES) »v/z calculated for CypoHpCHFNSO M+ HI 456.1, found 456.1.

General Scheme for Examples 17-20:

CF G . O
Koo, ™73 i P LIOH({(ag) b
N A_B /i OF. e gn o HO—X CF3
AN Etg” 0T EIO L X :/CFJ. FHE, 80°C \_N,X.\\\}/
/ e ——— Sas AN i =N
R AN
Base, Solvert CH Step b o
X =CH,1 i R
R = HMe Step a nDe "
confirmead
. {COC),, CHCL, . ™ .
cat DMF Fe? “\\\ /\ .
NN
i, NEHC(:}g{aQ) N - N:-"l C} )(;\:_{
T y
Fe?” N LN CF3
\\\:1\ \F\i \//
NT
Step o

Example 17: Synthesis of 1-(1-(4-fluorephenyl}-6,7-dihydre-1H-pyrazolo{4,3-blpyridin-
4(8H-yI-2-{4-(triftucromethyl}- 1 H-imidazol-1-yljethanone trifluoroacetic acid salt,

f//‘\\\
— {
F\</ N AN R
ST H '
=S4 N\ ~ i \h \ /N
N ¢ =
CF,

[0123] a) To avial was added 4-triffluoromethyl-1F-imidazole (953 mg, 7 mmol), 7 mL of
ethanol, and sodium ethoxide (524 mg, 7.7 mmeol). To this mixture was slowly added ethyl
bromoacetate (1.29 g, 7.7 mmol). After 18 hours, an additional 100 puL of ethyl bromoacetate
and approximately 100-200 mg of NaOFEt were added. After 90 minutes, the reaction was
guenched with NaHCO; and exiracted with 3 x EtOAc. The organic layer was concenirated and
the residue was purified by flash chromatography (5i0,, 80 g column, eluting with 15-90%
EtOAc in hexanes) to provide 746 mg (48%;) of the title compound as a crystalline solid. MS:

(ES) m/z calenlated for CeHioF N0, [M +HJ 223.1, found 223.1.
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{0124] b} The ester obtained above (746 mg, 3.35 mmol) was dissolved in 10 mi of THF and
treated with 3.5 mL of 2 M LiOH(ag). The wixture was heated in a 50 °C bath for 5 howrs. The
volatiles were evaporated and I mL of 6 N HCI {ag) and | ml. of 1 M NaHSOG4 were added. The
resulting precipitate was collected and washed with Hx(O, dissolved in EtOAc, and conecentrated
to white solid (200 mg). The aqueous washes were concentrated to half volume and a second
crop was collected (141 mg). 'H NMR (400 MHz, CD0D3 8 780 (s, 1 H), 7.64 (5, 1 H), 4.94
(s, 2 H); MS: (E8) m/z caleulated for CeHgFaNOs [M -+ HI™195.0, found 195.1 The
regiochemistry of the system was confirmed by nOe between the o-methylene and both

imidazole ring protons.

{3128] <) The title compound was prepared from 2-(4-(triflucromethyl)-1 A-imidazol-1-
yhacetic acid and 1-(4-fluorophenyl)- 4,5,6,7-tetrabydro-1H-pyrazolo{4,3-51pyridine using
General Method B. The product mixture was washed with 2 x brine. The reaction slurry was
purified by reverse phase HPLC (C18 column, acetonitrile-H,0O with 0.1% TFA as eluent) to
provide 29 mg of the title compound as a white solid. 'H NMR (400 MHz, CD;0D, mixture of
rotamers) 8 8.25 (5, 0.9 H), 7.85 (5, 0.1 H), 7.82 (5, 1 H), 7.65 (s, T H), 7.55 (m, 2 H), 7.27 (m, 2
H), 545 (5,02 H), 533 (s, 1.EH), 3.90 (m, 0.2 H), 387 (m, 1.8 H), 2.88 (1, J= 6.6 Hz, 2 H),
2.13 (m, 1.8 H), 2.03 (m, 0.2 H); MS: (ES) m/z caleulated for CyH;sFNO [M -+ H] 394.1,
found 394.1.

Example 18: Synthesis of 1-(1-(4-fluorophenyl}-6,7-dihydro- 1 -pyrazele{4,3-5]pyridin-
4(SHy-yB-2-(Z-methyd-(trifluoromethy-1H-imidazol-I-yhethanone trifluoreacetic acid
salt,

r it / \\Y\\\ J:\\ /.;‘\j ~ //\\ /,4
\:::/\\ NN ':;"/ r gt“j:::/N
A\
CFs

{0126] a) To a vial was added 2-methyl-4-(trifluoromethyly-1 H-imidazole (750 mg, 5 mmol),
5mLl of THF, 2.5 ol of DMF, and K,CO4 (2.07 g, 15 mmol). To this mixture was slowly added

ethyl bromoacetate (1.00 g, 6 mmol). Afier 2 hours, the slurry was diluted with EtOAc, filtered
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on Celite, and concentrated. The residue was purified by flash chromatography (S0, 80 g
column, eluting with 15-100% EtOAc in hexanes) to provide 476 mg (40%) of the title
compound as a colorless oil. 'H NMR (400 MHz, CDCL) 8 7.20 (s, 1 H), 4.61 (s, 2 H), 4.28 (q,
J=T.0Hz, 2 H), 1.63 (s, 3 H), 1.31 (1,J=7.0 Hz, 3 H); MS: (ES) m/z calculated for
CoHppFaNL Oy IM + HTT237.1, found 237.1. The regiochenistry of the system was confirmed by

nQOe between the o-methylene and both the imidazole ring and methyl protons.

{03277 b) The ester obtained above (476 mg, 2 mmol) was dissolved in &6 mL of THF and
treated with 2 mL of 2 M LiOH the resulting mixture was stirred at room temperature overnight.
The volatiles were then evaporated and 670 ul. of 6 N HCI (aq) was added. The resulting
precipitate was collected, washed with Hy O, and dried under vacuum to constant weight to
provide the title compound as a white powder (284 g, 68%). MS: (ES) m/z calculated for

CeHgF3N O M+ HI209.0, found 209.0.

10128] ¢) The title compound was prepared from from 2-(Z-methyl-4-(trifluoromethyl)-1 H-
imidazol-1-yhacetic acid and 1-(4-flucrophenyl}- 4,5,6,7-tetrahydro-1 H-pyrazolof4,3-b]pyridine
using General Method B. The product mixture was diluted with 1wl of CHC; and washed
with H,O. The organic layer was concentrated and the residue was purified by reverse phase
HPLC (C18 column, acetonitrile—H; O with 0.1% TFA as eluent) {o provide 31 mg of the title
compound as a white solid. 'H NMR (400 MHz, CD:0D, mixture of rotamers) 8 §.24 (s, 0.9 H),
788 (s, 0.1 H), 7.52-7.60 (m, 3 H}, 7.24-7.32 (m, 2 H}, 5.36 (5, 0.2 H},5.26 (5, 1.8 H}, 3.8% (m, 2

‘‘‘‘‘

caleulated for CroHisFaNsO [M + H{ 408.1, found 408.1,

Example 19: Synthesis of 1-{1-(4-fluorephenyl}-6,7-dihydro-1H-pyrazelo{4,3-blpyridin-
$(SH-v1-2-(3-(trifluoromethyl}-1H-1,2 d-triazol-I-vljethanone

PN
F\/ \‘\ Al N
‘:/X\'N\' TN Y
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[8128] a)} To avial was added 3-(trifluoromethyl}-1/4-1,2 4-triazole (358 mg, 2.6 mmol), 2.6
mL of ethanol, and sodium ethoxide (3534 mg, 5.2 mmol}. To this mixture was slowly added
ethyl bromoacetate (320 pl, 2.9 mmol). Afier 18 hours, the reaction mixture was concentrated
and acidified with | mi of 6 N HCI (ag). The slurry was diluted in EtOAc and H,0 and the
layers were separated. The organic layer was concentrated and the residue was purified by flash
chromatography (S102, 40 g colummn, eluting with 2-80% E1OAc in hexanes) to provide 423 mg
(73%) of the title compound as a crystalline solid. "H NMR (400 MHz, CDCL) 8 8.30 (s, 1 H),
5.05(s,2H),4.29(q, /=73 Hz, 2H), 1.32 (1, 7="T7.1 He, 3 H); MS: (ES) m/z caleulated for
CHoFsN, O M + HI 2241, found 224.1. The regiochemistry of the system was confirmed by

nQOe between the a-methylene and triazole ring protoun.

{0138} b) The ester obtained above (142 mg, 0.64 mmol} was dissolved in 2 mL of THF and
treated with 650 pk of 2 M LiOH (ag). The mixture was stirred at 50 °C for 75 minuies. The
volatiles were evaporated and 560 ub of 6 N HCI {ag) was added. The solution was extracted
with 2 x EtOAc, dried on MgS(y, filtered, and concenirated to provide the title compound as a
colorless oil (108 mg, 76%). MS: {(ES) »m/z calculated for CoHaF N3Oy [M - HY 194.1, found
194.1.

18131} ¢} The title compound was prepared from 2-(3-(trifluoromethyl)-1H-1,2 4-triazol-1-
yhacetic acid and 1-{4-fluorophenyl)-4,5,6,7-tetrahydro-1 H-pyrazolo{4,3-blpyridine using
General Method B. The product mixiure was washed with 2 x brine. The reaction slurry was
purified by reverse phase HPLC (C18 column, acetonitrile-H,O with 0.1% TFA as eluent) to
provide 33 mg of the title compound as a white solid. 'H NMR (400 MHz, CD:0D, mixture of
rotamers) 6 8.41 (5, T H), 8.35 (s, 0.75 H), 7.60 (s, 0.25 H}, 7.43-7.50 (m, 2 H), 7.15-723 (m, 2
H) 541 (s,05H),530(, 1.5H},394 (m, 0.5 H), 3.84 (m, 1.5 H), 2.89 (m, 2 H), 2.15(m, 1.5
), 2.07 (m, 0.5 H); MS: (B8) m/z caleulated for CpyHisFaNgO [M + HI395.1, found 395.1.

Example 20: Synthesis of 1-(3-(4-Buorophenyl}-6,7-dihydro-1H-pyrazole]4,3-5]pyridin-
45 H)-y-2-(S-methyl-3-(triffucromethyi}-17-1,2 4-triazel-1-vilethanone
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10132} ay To a flask was added 5-methyl-3-(triffuoromethyl -1 H-1,2,4-friazole (2.27 g, 1

mmol}), 15 mL of BIOH, and sodium ethoxide (2.04 g, 30 mmol). To this mixture was slowly
added ethyl bromoacetate (2.76 g, 16.5 mmol). After 5 hours, the reaction was guenched with 3
mL of 6 N HCl (aq) and adjusted to pH 7 with saturated NaHiCO;. The volume was reduced by
half and the shurry was diluted with 30 mL of EtOAc. The layers were separated and the organic
layer washed with H,O. The organic layer was concentrated and the residue was purified by
flash chromatography (Si0,, 80 g column, ejuting with 5-60% EtOAc in hexanes) to provide
2.00 g (56%) of the title compound as a pale vellow oil. 'H NMR (400 MHz, CDCL) 8 4.91 (5,2
H), 4.28 (q,/=7.0Hz, 2 H), 2.50 (s, 3 H), 1.31 (¢, /= 7.3 Hz, 3 H); MS: (BES) m/z caleulated for
CoH Fal O M+ HY 238.1, found 238.1. The regiochemistry of the system was confirmed by

ne between the o-methylene and both the triazole methyl protons.

{3133] b) The ester obtained above (2.00 g, 8.4 mmol) was dissolved in 10 ml. of THF and
treated with 8 mL of 2 M LIOH (aq). The mixture was stirred at 50 °C for 2 hours. The volatiles
were evaporated and 2.5 mL of 6 N HCI (aqg) was added. The slurry was exiracted with 20 mL
of EtOAc, dried on MgSQq, filtered, and concentrated to provide the title compound (1.59 g,
90%: as yellow oil that solidified on standing, MS3: (ES) s/z calculated for CoHsFaMN3G, M -
HY 208.0, found 208.1.

{6134] ¢} The title compound was prepared from 2-{5-methyl-3-(frifluoromethy-14-1,2.4-
triazol-1-yiacetic acid and 1-(4-fluoropheny!}-4,5,6,7-tetrahydro-1H-pyrazolo{4,3-blpyridine
using General Method B. The product mixture was diluted with 1 mL of CHCly and washed
with HyO. The organic layer was concentrated and the residue was purified by reverse phase
HPLC (C18 column, acetonitrile—H,0 with 0.1% TFA as eluent) to provide 37 mg of the title
compound as a white solid. 'H NMR (400 MHz, CDCl, mixture of rotamers) 8 8.34 (s, 0.8 H),
7.59 (s, 0.2 H}, 7.44-7.50 (m, 2 H), 7.14-7.27 {m, 2 H), 5.29 (5, 0.4 H), 5.18 (s, 1.6 H}, 3.93 {m,
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0.4 Hj, 3.86 (m, 1.6 H), 2.88 (i, 2 H), 2.56 (s, 2.4 F), 2.55 (m, 0.6 F), 2.14 (m, 1.6 1), 2.06 (m,

0.4 H);, MS: (BS) m/z calculated for CsH i FaNeO [M + H]T409.1, found 409.1.

Example 21: Synthesis of 2-{4-chloro-S-methyi-3-(trifluoromethy-1 #-pyrazol-1-yi)-1-(1-
{(S-fluoropyridin-2-yh-6,7-dihydro-1H-pyrazoleid 3-bipyridin-4(§fH)-yhethanone

N ™ ;/ \\j o~
oo W vy
AN N R e Sy TN NN
= o s N @ N0 ey
< ~ NHMe Ci

Cull, KzCO3
Dioxans, 120 °0C
{01358]  2-(4-Chloro-3-methyl-3-(irifluoromethyl}- 1 H-pyrazol-1-y1)-1-(6,7-dihydro~- 1 -

pyrazolo{4,3-blpyridin-4(5 #)-yijethanone {104 mg, 4.3 mmol}) was combined with 5-fluoro-2-
bromopvridine (106 mg, 0.6 mmol), 0.3 mb of dioxane, Cu(D (11.4 mg, 0.06 mmol, 20%), (&)-
frans-N N -dimethylcyclohexane-1,2-diamine (21.3 mg, 0.15 mmol, 50%), and K05 (83 mg,
(.6 mmol}. The slurry was heated to 120 °C until complete (approx 3 hours). The reaction
mixture was difuted in 4 mbL of EtOAc and washed with 2 x HbO. The organic layer was
conecentrated and the residue was purified by reverse phase HPLC {(C18 column, acetonitrile—
F,0 with 0.1% TFA as eluent) to provide the title compound as a white solid. 'H NMR (400
MHz, CDCly, mixture of rofamers) 6 8.91 (5, 0.8 H), 833 (d, /=27 Hz, 0.2 H}),828(d, 1=29
Hz, 0.8 H), 7.87-7.94 (m, 1 H), 7.68-7.77 (m, 1 H), 542 (s, 1.6 H), 541 (s, 04 H), 393 (5, 1.6
H), 388 (5,04 H),2.88(, /=04 Hz, 2H),229(s, 0.6 H), 228 (5,24 H),2.18 (m, 2 H); MS:
(ES) sz calenlated for € HisCIF NG [M + H{ 443.1, found 443.0.

Example 22: Synthesis of ethyl 2-(4-chloro-S-methyl-3-(triflusromethyl)-1 H-pyrazol-1-yh-
Z-methylpropanosate and ethyl 3-(d-chloro-S-methyl-3-(iriflusromethyl}- L H-pyrazeol-1-yl)-
Z-methylpropanoste

>
N2
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{8136} To d-chloro-5-methyl-3-(triftuoromethyl)-1 H-pyrazole (1.846 g, 2.22 mL, 10 mmol)
and cesium carbonate (6.516 g, 20 mmol) slurried in DMF (20 ml) was added cthyl o-
bromoisobutyrate (2.926 g, 15 mmol) in one portion. The flask was placed in an ofl bath and the
system heated to 50 °C. After 2 hours, an additional portion of ethyl a-bromoisobutyrate (1 mL)
was added and heating continued. Upon completion as determined by consumption of the
pyrazole, the slurry was diluted with EtOAc and filtered through Celite, washing with an
addtional 150 mL of EtOAc¢. The filirate was washed with 3 x brine (half saturated), dried on
MgSO,, filtered, and concenirated to a yellow oil. The product was purified by flash
chromatography (810,, 150 g colurn, eluting with 5-60% EtOAc in hexanes) to provide 1.24 g
{42%) of the geminal dimethyl compound and 434 mg (15%) of the a~methyl compound as
colorless oils. Ethyl 2-{4-chlore-S-methyl-3-({riftueromethyl}- 1 #-pyrazol-1-yi)-2-
methyipropanoate, 'H NMR (400 MHz, CDCL) 84.25(q, J=7.1 Hz, 2 H), 2.19 (5, 3 H}, 1.81
(5,6 H),1.27 (t,J= 7.1 Hz, 3 H); MS: (ES) m/z calculated for CpHsCIFNO, [M + H 299,11,
found 299.0. The regiochemistry of the system was confirmed by nOe¢ between the o-methyl
and pyrazole methyl protons. Ethyl 3-(d-chlore-S-methyl-3-(iriflusremethy}-1 H-pyrazoi-1-
yi-2-methylpropancate. 'H NMR (400 MHz, CDCL) § 4.35 (dd, J=8.2, 13.8 Hz, 1 H), 4.11
(q./=7.1Hz, 2H),4.02 (dd, /=65, 138 He, 1 H), 318 (m, T HL 230 (s, 3 H), 121 (4, /=70
Hz, 3 H), 1.21¢d, 7= 7.1 Hz, 3 H); MS: (ES) m/z caleulated for Cy HsCIFN,O, M+ HY
299.1, found 299.0. The regiochemistry of the systerm was confirmed by n{e between the

pyrazole methy! and neighboring protons.

Example 23: Synthesis of 2-[4-chlore-S-methyl-3-(trifluoremethyDpyrazel-1-vi-1-{1-(4-
{luorophenyl}-6,7-dihydro-SH-pyrazole[4,3-bipyridin-4-ylj-2-methyl-propan-1-one
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191371 &) To ethyl 2-{4-chloro-S-methyl-3-(trifluoromethyl)-1 H-pyrazol-1-y1)-2-
methylpropancate (1.24 g, 4.2 mmol) was added 12 ol of THF and 4.2 mL of 2 M LiOH (ag).
The sturry was heated at 50 °C for 80 min and then the volume reduced by half. The solution
was acidified with HCl to provide a white precipitate that was washed with 1 M NaHSO; and 2 x
HoO. Drying provided 1.06 g (94%) the title compound. MS: (ES) m/z caleulated for

CoHyp CIFaN, O, [M -+ HT 271.0, found 271.0.

16138] b) The title compound was from prepared from from 2-(4-chloro-5-methyl-3-
(trifluoromethyl)-1 H-pyrazol-1-y[)-2-methylpropanoic acid and 1-(4-fluorophenyl)- 4,5,6,7-
tetrahydro-1H-pyrazoelo[4,3-b1pyridine using General Method B. The product mixture was
washed with 2 x 1 M NaHSO,. The organic layer was concentrated and the residue was purified
by flash chromatography (8i0;, 24 g column, eluting with 5-50% EtOAc in hexanes) to provide
80 mg (68%) of the title compound as a white solid. 'H NMR (400 MHz, CD(Cl) § 8.44 (s, 1
HY, 744 (o, 2H), 716 (m, 2 H), 3.08 (m, 2 H), 2.74 (1, /= 6.6 Hz, 2 H}, 2.21 (5, 3 H), 1.91 (5,6
Hj, 1.76 (ddd, /= 5.8, 6.2, 10.5 Hz, 2 H}; MS: (ES) n/z calculated for CpHy CIFNO [M+ HYT
4701, found 470.1.

General Scheme for Examples 24 and 25:

(¥4
oo
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Example 24: Synthesis of 2-(d-chlovo-5-methyl-3-{tritflusromethyl)-1 H-pyrazol-1-yh-1-(1-
{(4-tflucrophenyl)-6,7-dihydro-1H-pyrazolo{4,3-bpyridin-4(5 H})-yl)butan-1-ene

N
-

r ST } \3 \‘
U G
e T

4%

{01391  a) Methyl bromobutyrate (996 mg, 5.5 mmol), 4-chloro-3-methyl-3-(rifluoromethyl)-
{ H-pyrazole (923 mg, 5 mmol), and KyCO; (1.382 g, 10 munol) were combined in 15 mL of 2:1
THF:DMF at 50 °C overnight. The solids were filtered off washing with EtOAc and the
volatiles were evaporated. The residue was diluted in EtOAc and washed with 3 x HyO and 2 x
10 brine. The organic layer was concentrated and the residue was purified by flash chromatography
{Si(), 40 g column, eluting with 2-50% EtOAc in hexanes) to provide 1.06 g (74%) of the
product as a colorless oil, 'H NMR (400 MHz, CDCL) 8427 (dd, 7= 6.7, 9.0 He, 1 H), 3.74 (5,
3H), 234 (m 2H),2.27 (s, 3 H), 0.89 (1,./= 6.5 He, 3 H); MS: (ES) m/z calculated for
CioHp3CIFaN, O [M + HT T 285.1, found 285.0. The regiochemistry of the system was confirmed
15 by nOe between the a-methine proton and pyrazole methyl protons {(and those of the ethyl

group).
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[8140] b) The ester obtained above (1.06 g, 3.72 mmol) was slurried in 10 mb THF and 3.7
ml of 2 M LiOH {ag) at 50 °C. After 70 minutes, the volatiles were evaporated and 1.25 L of
& M HCI (aq) was added. The shurry was extracted with 2 x CH,Cl; and the organic layer dried
on MgSQy, filtered, and concentrated to a pale yellow solid (0.844 mg, 84%). MS: (ES) m/z
calculated for CoHp CIFsNO; [M + PE}'%' 270.0, found 270.0.

i

10141] ¢} The title compound was prepared from 2-{4-chloro-5S-methyl-3-(friflucromethyi)-

1 H-pyrazol-1-ylbutanoic acid and 1-(4-fluorophenyl)-4,3.6,7-tetrahydro-1 H-pyrazolof4,3-
blpvridine using General Method B. The product mixture was washed with 2 x 1 M NaHSO,.
The reaction shurry was purified by flash chromatography (510, 24 g column, eluting with 5-
50% FEtOAc in hexanes) to provide 81 mg (69%) of the title compound as a white solid. 'H
NMR (400 MHz, CDCL)Y 8 8.43 (s, T H), 7.44 (m, 2 H), 7.16 (m, 2 H), 530 (dd, /= 6.7, 8.6 Hz,
PH), 3.81 (ddd, J=32,86,11.5Hz, 1 H), 3.50(ddd, J=3.1,7.4, 10.2 Hz, 1 H), 2.79 (dt, /=
2.8,63Hz 2H), 233 (m, 1 H),2.30 (5,3 H),2.22 (m, 1 H), 1.96 (m, 1 H), 1.86 (m, 1 H), 0.98
(t,J=7.0 Hz, 3 H) MS: (ES) m/z caleulated for CopH1sCIFNSO [M + HT 470.1, found 470.1.

Example 25: Synthesis of 2-[4-chloro-S-methyl-3-(trifluoromethyDpyrazol-1-yi-1-[1-(4-
fluorophenyl}-6,7-dihydro-3H-pyrazeie[4,3-blpyridin-4-yil-3-methyl-butan-1-one

Foi? \‘\\ ;\; I
e N YN N*}-»CF@
N:”I o /L:\“ﬁ / -
Ci

{0142] a) Ethyl 2-bromo-3-methylbutancate (836 mg, 4 mmol), 4-chloro-5-methyl-3-
(trifluoromethyi)-1 H-pyrazole (738 mg, 4 mmol), and K:CO5 (1.106 g, 8 ramel} were combined
in 12 mL of 2:1 THFE:DMF at 50 °C overnight. An additional 400 pL of allylator was added and
stirring continued overnight. The solids were filtered off washing with EtOAc and the volatiles
were evaporated. The residue was diluted in EtOAc and washed with 2 x brine (half-saturated).
The organic layer was concentrated and the residue purified by normal phase flash
chromatography (40 g column, eluting with 5% EtOAc in hexanes) to provide 870 mg (70%) of
the title compound as a colorless oil. ' NMR (400 MHz, CDCL3 64,42 (d, /=102 Hz, | H),
420(q, /=74 Hz, 2H), 2.83 (o, T H)L 231 (5,3 H), 124 (, /=74 Hz, 3 H}, 1.09(d, =67
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Hz, 3 H), 0.82 (d, /= 6.6 Hz, 3 H); MS: (ES) sz calculated for CpH 7 CHFRN, Oy (M + HIT
313.1, found 313.1. The regiochemistry of the system was confirmed by nOe between the o~

methine proton and pyrazole methyl protons (and those of the isopropyl group).

101431 b) The ester obtained above (870 mg, 2.8 nunol) was slurried in 8.3 mL THF and 2.8
ml of 2 M LiOH {aqg) at 50 °C. After 80 minutes, the volatiles were evaporated and T mL of 6
M HCI (ag) was added. The resulting precipitate was collected, washed with 3 x Hy O, and dried
to afford the title compound as a white solid (844 mg, 94%). MS: (ES) m/z calculated for
CioHCIF NG, [M + HY 285.1, found 285.0. |

{0144} «¢) The title compound was prepared from 2-(4~-chloro-S-methyl-3-(trifluoromethyl)-

V H-pyrazol-1-yD)-3-methylbutanoic acid and 1-(4-fluoropheny-4,5,6,7-tetrahydro-1 H-
pyrazolof4,3-]pyridine using General Method B. The product mixture was washed with 2 x |
M NaHS(Oy. The reaction slurry was purified by flash chromatography (5103, 24 g column,
eluting with 5-50% EtOAc in hexanes) to provide 89 mg (74%) of the title compound as a glassy
white solid. "H NMR (400 MHz, CDCL) § 8.44 (s, 1 H), 7.44 (m, 2 H), 7.16 (m, 2 H), 5.03 (d,
J=10.9 Hz, | H),3.89(ddd, /=27, 82,109 Hz,  H),3.78 (ddd, /=27, 7.4, 10.9 Hz, 1 H),
296 (m, T HY, 2.79 (o, 2 H), 237 (5, 3 H), 190 (o, 1 H)L, 182 (o, T H), 112 (d, /=63 Hz, 3
H), 0.79 (d,./ = 7.1 Hz, 3 H); MS: (ES) sz calculated for CopHpsCIFaNsO [M + HIT484.1, found
4841,

Example 26: Synthesis of 1-[1-{4-flusrophenyl}-6,7-dihydro-5H-pyrazole[43-8] pyridin-4-
yij-2-[3-(trifluoromethylipyrazolo[3,4-8]pyridin-1-yllethanone
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{9145] a) Ethyl bromoacetate (1.336 g, 8 mmol), 3-iodo-1H-pyrazelo]3,4-Flpyridine (1.953
mg, § mmol), and K,CO4 (2211 g, 16 mumol} were combined in 32 mb of 2:1 THF.DMF at 60
5 €. After 4 hours, the volatiles were removed, the residue diluted with 50 mb of EtOAc¢, and the

shurry washed with 3 x brine (half-saturated). The organic layer was concentrated and the
residue purified by flash chromatography (510, 80 g column, eluting with 5-20% EtOAc in
hexanes) to provide 2,172 g (82%) of the product as granular white solid. MS: (ES) m/z
calculated for CioH 1 INO; [M -+ HT 332.0, found 332.0.

10
{0146] b) Methyl fluorosulfonyldifluorcacetate (MFSDA, 1.25 mL, 10.5 nunol) was added
dropwise to a slurry of ethyl 2-(3-10do-1H-pyrazolo{3,4-bipyridin-1-yDacetate (994 mg, 3
mmol), Cul (571 mg, 3 mmel), and DMF (30 ml.). The mixture was heated fo 100 °C for 1 hour
and diluted in 50 mL of EtOAc. The reaction mixture was filtered through a pad of Celite,

i5  washing with additional EtOAc. The filtrate was concentrated to half volume and an equal

volume of brine was added resulting in the formation of a precipitate. The solid was collected
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and washed with H,O and dried at 60 °C to provide the title compound as a voluminous

crystaliine solid (1.366 g, 87%;).

{81471 ¢ The ester obtained above (546 mg, 2 myool) was slurried in 6 mL THF and 1.5 mL
of 2 M Li0OH (aq) at SO °C. After completion, the volatiles were evaporated and 3 mbL of I M
NaHSQy {(aq) was added. The resulting precipitate was collected, washed with 3 x H: 0, and
dried to afford the title compound as a white powder (415 mg, §5%). MS: {ES) m/z calculated
for CoHFN;O, [M + HIT 246.0, found 246.0.

{0148} d) The title compound was prepared from 2-(3-(rifluoromethyl)-1 H-pyrazolo[3.4-
Alpyridin-1-yhacetic acid and 1-(4-fluorophenyi)-4,5,6,7-tetrahydro-1 H-pyrazolof4,3-alpyridine
using General Method B. The reaction shurry was purified by flash chromatography (8102, 24 g
column, eluting with 5-70% EtOAc in hexanes) to provide 58 mg of the title compound as a
white solid. 'H NMR {400 MHz, CDCl, mixture of rotamers) 8 8.65 (dd, J=12.6, 4.7 Hz, 1 H),
832(s, 08 H), 8.24(d, J=82Hz, 1 H),7.72 (5, 0.2 H}, 7.44-7.52 (m, 2 H), 7.33 (dd, J=4.3,
82Hz, 1 H), 7.13-723 (m, 2H), 5.76 (5, 0.4 H), 5.65 (5, 1.6 H), 3.93 (m, 2 H), 2.89 (1, J = 6.3
Hz, 2 H), 2.17 (m, 1.6 H}, 2.06 (m, 0.4 H); MS: (ES) m/z calculated for CiH7FaNgO M+ HY”
445.1, found 445.1.

Example 27: Synthesis of 1-[1-{4-flusrophenyl}-6.7-dihydro-SH pyrazols|4,3-5]pyridin-4-
yii-2-[3-(trifluoromethyl}-4,5,6,7-tetrahydropyrazelo[3,4-6lpyvidin-1-yljethanone

_ N PO, N
e ] MeOH, Hy  F—” ) |
\\ 1 P NN m-%;u» \ WAL UNL N
SN YT Ny Ry R A
N:‘.‘f_l O e / N;:':J O ) L::Iﬂ /
N \ HN \
“\l 7 \ 2

i014%]  1-[1-(4-Fluorophenyl}-6,7-dihydro-5H-pyrazolof4,3-blpyridin-4-yi}-2-{3-
{(irifluoromethyipyrazolo[3,4-blpyridin-1-yljethanone (22.2 mg, (.05 mmol} prepared above
was dissolved in 1 mi of methanol and treated with ~20 mg of Pi0; in a septum-capped vial.
The vial was purged and filled with hydrogen gas twice and then placed under a hydrogen
atmosphere (balloon) and stirred overnight. The slurry was filiered and the filtrate purified by

reverse phase HPLC (CI8 column, acetonitrile—H,O with 0.1% TFA as eluent) 1o provide the
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title compound (solution was neutralized and extracted to provide the free base) as a white solid
{13 mg, 60%). HNMR (400 MHz, CDCls, mixture of rotamers) 8 8.36 (s, 0.85 H), 7.71 (5, 0.15
Hy, 7.43-7.49 (m, 2 HY, 7.14-7.19 (m, 2 H), 515 (5, 0.3 H), 5.00 (5, 1.7 H), 4.29 (brs, 1 H), 3.88-
393 (m, 2H), 329 (n, 2H), 285 (t, /=63 Hz, 2H), 2.63 (1, /=62 Hz, 2 H}, 2.09 (m, 2 H),
1.85 (m, 2 H); MS: (ES) mi/z caloulated for CyiHy FaNeO [M + H] 449.1, found 449.1.

Example 28: Syuthesis of 1-{1-{4-fluoropheny}-6,7-dihydro-SH-pyrazolel4,3-bipyridin-4-
yi-2-[3-{triflaoreomethyl)-5,6-dihydro-4H-pyranof3-clpyrazol-1-yljethanone

O .
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gy Ty . N 71%
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{01807 2y 3-(Trifluoromethyl}-1,4,5,6-tetrahydropyranof2,3-clpyrazole (96 mg, 0.5 mmol),
KuCO, (885 mg, 6.4 romol), and 8 mbL of 3:1 THF:DME were combined and treated with 71 pl.
(0.64 mmol) of ethyl bromoacetate, The slurry was stivred at 50 °C overnight and the volatiles
evaporated. The residue was diluted in EtOAc and H;O and the layers separated. The organic
layer was washed with brine and concentrated. The residue was purified by flash
chromatography (8102, 40 g column, eluting with 5-20% EtOAc in hexanes) to provide 70 mg
{39%) of the compound as a clear oil. H NMR (400 MHz, CDCL) 8§ 4.73 (s, 2 H), 431 (dd, J =
SL61Hz 2H),L,423(q, J=70Hz 2H), 265, /=67 Hz, 2 H),2.00 (m, 2 H), 1.28 (1, /=
7.0 Hz, 3 H); MS: (BS) m/z calculated for CiHaFaN0s [M + HI 279.1, found 279.1.

{#181] by The ester obtained above (70 mg, 0.25 mmol} was slurried in | mL THF and .5 mL

of 2 M LiOH (aq) at 50 °C. After 90 minutes, the volatiles were evaporated and 2 mL of 1 M
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NaHSO, (ag) was added. The mixture was extracted with 2 x EtOAc. The organic layer was
dried on NapSQy, filtered, and concentrated to a foamy white solid (45 mg, 71%0). MS: (ES) m/z

calculated for CoHoFN; O [M + H}Jr 251.1, found 251.1.

{0182} ¢) The title compound was prepared from 2-(3-(rifluoromethyl)-5,6-
dihydropyrano[2,3-clpyrazol-1{4H)-yhacetic acid and 1-(4-fluorophenyl}-4,5,6,7-tetrahydro-1 H-
pyrazolof4,3-61pyridine using General Method B. The reaction shurry was purified by reverse
phase HPLC (C18 column, acetonitrile~H,0 with 0.1% TFA as eluent) to provide 32 mg (70%;)
of the title compound as a white foam. 'H NMR (400 MHz, CDCL, mixture of rotamers) 8 §.40
(s, 0.8 H), 7.56 (5, 0.2 H), 7.43-748 (m, 2 H), 7.13-7.21 {m, 2 H}, 5.12 (5,04 H), 5.00 (s, 1.6 1),
434 (dd,J= 51,51 He, 2H), 391 (m, 0.4 H), 3.80 (m, LOH), 286 (1, /=62 Hz, L6 H),2.83
(t, J=62Hz, 0.4 H), 2.67 (1, /= 6.2 Hz, 2 H), 2.09 (m, 1.6 H), 2.00-2.05 {m, 2.4 H); MS: (ES)
mi/z caloulated for CoHpoF NGy M+ HY 450.1, found 450.1.

Exampie 29: Synthesis of 2-[4-chlore-S-methyl-3-(trifluoremethyDpyrazol-1-yij-1-{1-(2,4-
diftuorophenyl}-6,7-dihydre-3H-pyrazele[4,3-blpyridin-4-yljethanone

AN 20% PA(OH)/C
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[01583] a) Toa 100-mL round-bottomed flask was added 2,4-difluorophenylhydrazine
hydrochloride {1.48 g, 8.2 rumol), 3-fluore-2-formylpyridine (1.00g, 8 mamol), KoCO;3 (3.32 g, 24
mmol), and DMFE (10 mL). The slurey was heated to 120 °C in an oil bath for 16 hours at which

point the reaction mixture was cooled and poured into 25 mL of HhO. The brown precipitate was
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collected via filtration and washed with 3 x H,O. The solid was dissolved in CHoCl, washed
with brine, dried on NaySQy, filtered, and concentrated to a brown solid. This solid was
dissolved in EtOAc, eluted through a silica plug, and concentrated to a brown solid (1.58 g,

83%). MS: (ER) m/z calculated for CipHFyN; [M + HT 232.1, found 232.1.

{8154} b} The heterocycle obtained above (1.58 g, 6.8 mmol) was dissolved in 34 mL of
methanol and treated with 20% P3(OH)/C (1.00 g) in a 500-mL Parr bottle. The system was
purged and filled with hydrogen (3 x) and then shaken under 55 psi hydrogen until the starting
material was consumed. The bottle was flushed with nitrogen and the reaction mixture filtered
through a pad of Celite, washing with several portions of methanol. The filtrate was
concentrated to provide the product (1,10 g) as a light orange-brown oil. MS: (ES) m/z

caleulated for CiaHppFaNy [M + H]T236.1, found 236.1.

[01585] <) The compound was prepared 2-{4-chloro-5-methyl-3-(trifluoromethyl)-1 H-pyrazol-
f-vhacetic acid and 12 4-difluorophenyl}-4,5,6,7-tetrahydro-1 H-pyrazolof[4,3-&]pyridine using
General Method B. The product mixture was washed with 2 x | M NaHSO,. The organic layer
was concentrated and the residue was purified by reverse phase HPLC (C18 column,
acetonitrile~H, O with 0.1% TFA as eluent) to provide the title compound as a white foamy solid
(47 mg, 70%). 'H NMR (400 MHz, CDCL, mixture of rotamers) 8 8.39 (s, 0.8 H), 7.64 (5, 0.2
HY, 748 (m, 2H), 7.00 (m, 2H), 525 (5, 0.4 H), 5. 14 (5, LOH), 392 (m, 0.4 H), 3.85 (m, 1.6
H), 270 (m, 2H), 233 (s, 24 H),2.32 (5, 0.6 H}, 2.1 (m, 1.6 H), 2.03 (m, 0.4 H); MS: (ES)
mi/z calculated for CyoH CHFsNO [M + H]* 460.1, found 460.1.

Examples 39 and 31: Synthesis of (28}~ and (28)-2-{4-chlore-5-methyl-3-
{trifluorsmethyDpyrazei-1-vl}-1-[1-{d-flusrophenyl)-6,7-dihydro-SH-pyrazolo]4,3-
bipyridin-4-vijbutan-i-one.
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{0186] a) 2-(4-Chloro-5-methyl-3-(irifluoromethy -1 H-pyrazol-1-yhbutanoic acid (677 rug,
2.5 mumol) was dissolved in 10 mL of CHCL and 3 drops of DMF. Oxalyl chloride (262 gL, 3
mmaol) was added dropwise, causing gas evolution, After 30 minutes, (&)-phenylglycinol (377
5 mg, 2.75 mmol) was added followed by 8 mL of saturated NaHCO;. After 45 minutes, the
reaction mixture was washed with brine and puritied by flash chromatography (S8i(h, 40 ¢
column, eluting with 10-70% FtOAc in hexanes). First eluting diastereomer: 'H NMR (400
MHz, CDCL)Y 8 7.62 (d, /= 7.8 Hz, 1 H), 7.23-7.39 (m, 3 H), 7.08-7.11 (m, 2 H), 5.00-5.04 {m,
FH)YL 466 (/=74 He, T HL3.84(m, 2H), 231 (£, /=74 Hz, 3 H), 226 (5, 3 H), 091 (t, /=
10 7.0 Hz, 3 H); MS: (ES) m/z calculated for CiaHaoCIFNaOy [M + HY' 390.1, found 390.1,
Second eluting diasteromer: "H NMR (400 MHz, CDCLY 8 7.58 (d, /= 7.0 Hz, 1 H), 7.38 (m,
2H) 732 (m, T H), 7.23-7.25 (m, 2 H), 5,00 (dt, /= 5.1, 7.0 He, 1 H), 4.69(, /=78 Hz, 1 H,
375(t, J=55He, 2H), 232 (5,3 H}, 2.10-2.27 {m, 3 H}, 0.84 (t, J= 7.4 Hz, 3 H)}; MS: (ES)
m/z caleulated for CHaoCIFAN;O; [M + HTT 390.1, found 390.1.

[y
oy

{0187} b) The diastercomers obtained above were independently heated to 80 °Cin 025 M

dioxane with 15 equiv of 6 M H;SO,. The reaction slurries were concentrated to approx half

a3
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volume and extracted with 3 x EtOAc. The organic layer was dried on NapSQy, filtered, and

concentrated to provide the desired acid products in 82-89% yield.

{0138] ¢ (2K)-2-[4-Chioro-S-methyl-3-(trifluoromethyDpyrazol-1-yij-1-{1-(4-flucrophenyl)-
6,7-dihydro-5 H-pyrazolo{4,3-5]pyridin-4-vijbutan-1-one and (25}-2-[4-Chloro-5-methyl-3-
(trifluoromethylipyrazol-1-yi]-1-{1-(4-fluorophenyl)-6,7-dihydro-3 H-pyrazolof4,3-5 | pyridin-4-
vilbutan-1-one: The acid obtained from the first eluting diastereomer in step a was coupled with
1-{(4-fluorophenyl}-4,5,6,7-tetrahydro-1 H-pyrazolof[4,3-hlpyridine using General Method A. The
reaction sturry was purified by reverse phase HPLC (CI8 column, acetonitrile—H,O with 8.1%
TFHA as eluent) to provide 73 mg {62%) of the title corapound as a white solid. "H NMR (400
MHz, CDCI) 6 843 (5, 1 H), 744 (m, 2 H), 716 (m, 2 H), 5.29{dd, /= 6.7, 8.6 Hz, 1 H), 3.81
(ddd, J=2.7,7.4, 10.6 He, | H),3.50 (ddd, /=2.8,8.6, 11.8 Hg, 1 H),2.79 (dt, /= 2.7, 6.3 Hz,
2HY, 233 (o, T HL230(s,3H), 222 (m, 1 M), 196 (m, 1 H), 1.86 (o, L H)L, 098 (£, /=70
Hz, 3 H); MS: (BS) m/z calculated for Cy Hy CIFyNSO [M + HIT 470.1, found 470.1. The acid
obtained from the second eluting diastercomer in step a was coupled with 1-(4-fluorophenyl)-
4,5,6,7-tetrahydro-1H-pyrazolo[4,3-bipyridine using General Method A. The reaction sharry was
purified by reverse phase HPLC (C18 column, acetonitrile-H,0 with 0.1% TFA as eluent) to
provide 71 mg (60%) of the title compound as a white solid. "H NMR (400 MHz, CDCl) § 8.43
(s, 1 H), 744 (m, 2 H), 7.16 (m, 2 H), 529 (dd, /= 6.7, 8.6 Hz, 1 H), 3.81 (ddd, /=27, 7.4,
10.6 Hz, 1 H), 3.50 (ddd, /=2.8,86, 1 1.8 Hy, 1 H),2.79(dt, J =27, 6.3 Hz, 2H),2.33(m, 1
H), 230 (s, 3H), 222 (m, 1 H), 1.96 (m, 1 H), 1.86 (m, 1 H), 0.98 (t, /=70 Hz, 3 H); MS:
(ES)y m/z calculated for Co Hy CIFNO M+ H17470.1, found 470.1,

Example 32: Synthesis of 1-[1-{4-flucrophenyl)-6,7-dihydro-8f-pyrazele{4,3-Alpyridin-4-
yi-2-[ 1 -(trifluoromethylimidazof1,5-a]pyridin-3-ylethanone
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(81591  a) To ethyl 2-(imidazo[1,5-a]pyridin-3-ylacetate (131 mg, .64 mmol) in CH3;CN was
added 3,3-dimethyl-1-(trifluoromethy]}-1,2-benzicdoxole (212 mg, 0.64 mmol). The slurry was
heated to 80 °C for 95 minutes then cooled to room temperature. The reaction mixture was
purified by flash chromatography (5102, 40 g column, eluting with 15-75% EtOAc in hexanes)
to provide the product (46 mg, 26%) as an orange oil that solidifies on standing. MS: (ESy m/z
calculated for CraHaFaNLOy [M + HT 2731, found 273.0.

{0160} b) The ester obtained above (36 mg, 0.13 mmol) was shurried 10 1 mL THF and 0.125
mb of 2 M LiOH (ag} at 50 °C. Upon completion, the volatiles were evaporated and 500 uL of 1
M NaHSO4 (aq) and 4 mi, of EtOAc were added. The layers were separated and the organic
phase washed with brine. The organic layer was dried on Na,SQ,, filtered, and concentrated to a

tan solid (29 mg, 90%). MS: (ES) m/z calculated for CipHaFsN Oy [M + HY 245.1, found 245.0.

[9161] ¢ The title compound was prepared from 2-(1-(trifluoromethyl}imidazol |, 5-alpyridin-
3-yhacetic acid and 1-{(4-fluorophenyl)-4,5,6,7-tetrahydro-1 H-pyrazolo{4,3-b|pyridine using
General Method A. The reaction shurry was purified by reverse phase HPLC (C18 column,
acetonitrile—H, O with $.1% TFA as eluent) to provide 32 mg (72%) of the title compound as a
white solid. 'H NMR {400 MHz, CDClL;, mixture of rotamers) 8 8.36 (d, /= 6.6 Hz, 1 H), 8.35
{s, 0.9 H), 806 (s, 0.1 H), 7.63 (4, J=9.0 He, 1 H), 7.50 (m, 0.3 H}, 742 (m, 1.7 H), 7.12-7.22

v
i
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(m, 2H}), 7.0 (m, 1 H), 679 (1, /= 66Hz, 1 H), 451 (5,02 H), 438 (5, 1.8 1), 4.08 (m, 1.7 H},
3.0 (m, 0.3 H), 2.86 (t, /= 6.6 Hz, 0.3 H), 2.80 (1, /= 6.6 Hz, 1.7 H), 2.02 (m, 2 H); MS: (ES)
m/z calculated for CooH sFaNsO [M + HT 444.1, found 444.1.

Example 33; Synthesis of 1-{1-(4-flucrophenyl)-S-methyl-6,7-dihydro-5H-pyrazelo{4,3-
bdlpyridin-4-yH-2-|S-methyi-3-{triflueromethyDpyrazol-1-yljbutan-1-one

- HATU, BN N
HO. /[\ N THF _ F\\/;f‘\\\ . J
1:3 Lo/ i N SN YT N er,
A Fe 3 { | N O P /
\“ | \\\ /I\\\/, NH
‘A::\:J PN N\ \\/
NT;’Z-'

[8162] The title compound was prepared from 2-(S-rethyl-3-(irifluoromethyl)-1 #-pyrazol-1-
yvhbutanoic acid and 1-(4-fluorophenyl)-5-methyi-4,5,6,7-tetrahydro-1 H-pyrazolof[4,3-bipyridine
using General Method A. The reaction slurry was purified by reverse phase HPLC (C18 column,
acetonitrile~H, O with $.19 TFA as eluent) to provide 13 mg {(46%) of the title compound as a
white solid. 'H NMR (400 MHz, CDCL) 8 8.40 (s, 1 H3, 7.47 (m, 2 H), 7.16 (m, 2 H), 6.35 (s, |
H), 537 (dd,J=6.7,8.6 He, 1 H), 4.63 (m, 1 H), 2.86 (m, 1 H), 2.73(ddd, /= 1.9,5.1, 113 Hz,
PH), 237 (5,3 H), 227 (m, 2 H, 1.92-1.97 (m, 2H), 093 (1, /=65 He, 3 H)L 037 (1, J=6.7
Hz, 3 H); MS: (ES) sz caleulated for CopHauFNsO [M + HJ 450.2, found 450.2.

Example 34: Synthesis of I-[1-(4-flucrophenyl}-6,7-dihydro-5H-pyrazele4,3-b]pyridin-4-
¥i-2-{3-{L-hydroxy-1-methylethyD-S-methybpyrazol-1-yibutan-1-one
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[8163] a) Toa THF-rinsed 250-mL round-bottomed flask was added 80 mL of THF and 6.17
g {40 muool) of ethyl S-methyl-1H-pyrazole-3-carboxylate. The flask was fitted with an addition
funnel and cooled in an ice bath under MN;. Methyl magnesium bromide (3 Mo B0, 41 miL,
124 mmol} was added dropwise. After 70 minutes, an additional 4 mL of Grignard reagent was
added. At 2 hours, the reaction was quenched by the slow addition of 2 mL of 1 M NaHSO,.
The reaction slurry was acidified by the slow addition of 6 M HC1 (ag). The volatiles were
evaporated and the mixture extracted with 3 x Ett3Ac. The organic layer was dried on MgSU,,
filtered, and concentrated to provide a viscous yellow~-orange oil (6.0 g, quant) that solidified on

standing. MS: (ES) m/z caleulated for C;HpNO [M +HY 14101, found 141.1,

[0164] b) Methyl bromobutyrate (1.068 g, 5.9 mmol}, 2-(5-methyl-1H-pyrazol-3-yhpropan-2-
ol {752 mg, 5.36 mmol}, and KoC0; (1.520 ¢, 11 mmol) were combined in 16 mL of 2:1
THF:DMF at 70 °C overnight. The reaction mixture was cooled and the solids were filtered off
washing with EtOAc. The filtrate was washed with 2 ¥ HyO and brine. The organic layer was
concentrated and the residue purified by flash chromatography (810, 80 g column, eluting with

10-65% EtOAc in hexanes) to provide 114 mg (9%) of the title compound as a colorless oil. 'H
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NMR (400 MHz, CDCIYS 5.93 (s, 1 H), 4.62(dd, J=58,98 Hz, 1 H), 3.72 (5, 3 H), 2.95 (br s,
VH), 229 (m, 2 H), 224 (s, 3 H), 1.52 (s, 6 H), 0.85 (¢, /= 7.4, 3 H); MS: (ES) »/z calcnlated
for CioHa N,Os [M + HI 2412, found 241.2.

[#165] ¢) The ester obtained above (113 mg, 0.47 mmol) was slurried in T mL THF and 310
ul of 2 M LIOH at 50 °C. After 30 minutes, the volatiles were evaporated and 1 mL of | M
NaHS0; was added. The sturry was extracted with 3 X EtOAc and the organic layer dried on

NaySOq, filtered, and concenirated to give a clear oil (95 mg, 89%).

{8166] d) The title compound was prepared from 2-(3-(2-hydroxypropan-~2-y[)-5~-methyl- 174~
pyrazol-1-ylibutanoic acid and 1-(4-{luorophenyi)-4,3,6,7-tetrahydro-1 F-pyrazoloi4,3-
blpyridine using General Method A. The reaction shurry was purified by reverse phase HPLC
(Cl8 column, acetonitrile~-H,O with 0,1% TFA as eluent) to provide 3.7 mg of the tiile
compound as an off-white solid. 'H NMR (400 MHz, CDCEL) § 8.46 (s, 1 H), 7.44 (m, 2 H),
TA5(,J=86Hz, 2H), 5920, | H), 5317 (dd, /=74, 74 He, T HY, 3.73 (m, 1 H), 348 (m , 1
HY, 275 (m, 2H),, 233 (m, T HL 223 (5, 3 HL 217 (s, 1 H), 204 (m, T H), 1.87 (m, 1 H), 1.73
{m, 1 H), 1.52 (s, 6 H), 0.96 (1, J= 7.4 Hz, 3 H); MS: (ES) m/z calculated for CysHagFN:Oy [M +
HY 426.2, found 426.2.

Example 35: Synthesis of 1-[1-{4-fluorophenyl}-6,7-dihydro-5H-pyrazelo{4,3-blpyridis-4-
vil-2-(3-isopropenyl-S-methyl-pyrazol-1-yhbutan-1-one

r \\\. 7 e ~. P
AT ! | 3 P ] [
Ay L, e ey .
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b TN N, Lo s TN T NN
N et O /:\J/ AN N et 's) /:\\ 4 \

(1-bydroxy-1-methyl-ethyD-S-methyl-pyrazol-1-ylibutan-1-one was treated with 6 M HCI until
complete. The reaction shurry was purified by reverse phase HPLC (C18 column, acetoniirile—
H,0 with 0.1% TFA as eluent) to provide 12 mg of the title compound as an off-white solid. 'H
NMR (400 MHz, CDCL) S 847 (s, T H), 744 (m, 2H), 714, /=86 Hz, 2 H), 6.14 (5, | H),
542(brs, 1 H),5.22(dd, J=7.1,82Hz, 1 H},5.02 (brs, 1 H), 3.80 (ddd, /= 3.1, 7.8, 10.1 Hz,
FH), 3.47ddd, J=2.8,00, 121 Hz, 1 1), 2.74 (0, 2 H), 2.33 (o, 1 HD, 2.23 (5, 3 H), 2,15 (m,
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1H), 2.10 (5,3 FDLET7 (my, 1 H), 1.78 (m, 1 ), 0.98 (8, J= 7.4 Hz, 3 H); MS: (BS) m/z

calculated for CosH FNO [M + Hf*@{)&Z, found 408.2.

Example 36: Synthesis of 1-[1-(4d-fluorophenyl}-6,7-dihydro-8H-pyrazelo]d 3-bipyridin-4-
yi}-2~-IS-methyl-3-(irifluoromethyDpyrazol-1-yi]propan-1-one

o COEL
]
Br { LIOH, Hy0 \
N CO. LN, THF, MeOH L N cF
Hf\; \\17/,(::?-'3 Kif;:}& DMF Et{:}\v\)‘ \i\g‘ 7/(3?3 __________W;;»____k_)______)’_ HO \‘(\/ N \17/ CFB
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N7 N /\\ \
HATU, DIEA, DMF LN I N oFy
step ¢ SN TN e
b N/ N B I
A N

[0168] a) A mixture of potassium carbonate (922 mg, 6.67 mmol), 2-methyl-3-
(trifluoromethyl)-1 H-pyrazole (500 mg, 3.33 mmol) and ethyl 2-bromopropanocate (0.48 mL, 3.7
mamol} in divethylformamide: tetrahvdrofuran (3 mb: 6 ml}) was heated at 60 °C for 5 h with
stirring. After cooling to room temperature, most of tetrahydrofuran was removed by geutly
blowing nitrogen over the reaction mixture. Ethyl acetate and water were added and the layers
were separated. The aqueous layer was exiracted twice more with ethy! acetate. The combined
organic layers were dried (Na;SOy), filtered, and concentrated /i vacuo. The crude residue was
purified by flash chromatography (810, 10-20% ethyl acetate in hexanes} to afford the desired

product {735 mg, 2.94 romol, 88%).

{1169] b) Ethvl 2-[5-methyi-3-(trifluoromethylipyrazol-1-yl]propancate (734 mg, 2.94 mmol)
was dissolved in tetrahydrofuran (4 mL) at room temperature. Aqueous lithium hydroxide
solution (1.5 N, 2 wl, 3.0 mmol) was added followed by methanol (~ 2 mL)} to make a uniform
solution. After 2 h, most of tetrahydrofuran and methanol was removed by gently blowing

nitrogen over reaction mixture. Agueous hydrochloric acid (3 N, 0.6 mL, 3.0 mmol) was added

69



10

20

WO 2014/035967 PCT/US2013/056796

to the reaction mixture and the product was extracted with dichloromethane three times. The
combined organic layers were dried over anhydrous sodium sulfate and concenirated under
reduced pressure to give the crude produet (625 mg, 2.82 rameol, 96%) as a white solid which

was used without further purification.

{0176} <) Dimethylformamide (1 mL) was added to a mixture containing 2-{5-methyl-3-
(trifluoromethy]pyrazol-1-ylpropanoic acid (49.6 mg, 0.223 mmol) and HATU (89.1 mg, 0234
mmot). Diisopmpyiethyiarhine (98 k., 0.56 mmol) was added at room temperature and the
reaction mixture was stirred for | minute. 1-(4-Fluorophenyl)-4,5,6,7-tetrabhydropyrazolof4,3-
blipyridine (49.5 mg ,0.228 smmol) was added all at once and the reaction mixture was stirred at
room temperature overnight. Ethyl acetate and water were then added and the layers were
separated. The aqueous layer was extracted twice more with ethy! acetate. The combined
organic layers were dried (Nap80;), filtered, and concentrated in vacuo. The crude residue was
purified by flash chromatography (Si(},, 20-38% ethyl acetate in hexanes) to afford the desired
product as a white solid (83.5 mg, 0.198 mmol, 89%). 'H NMR. (400 MHz, CDCl;) & 8.45 (s, 1
Hy, 744 (ddd, J= 92,52,2.0Hz, 2H), 7.15(dt, /= 8.8, 2.0 Hz, 2 H), 631 (5, 1 H), 5.55 (g, 4=
T2Hz, T H), 3.73(ddd, J=13,7.6, 32 Hz, 1 H), 3.37 (ddd, J= 12, 8.8, 3.2Hz, 1 H), 2.72~
279 (m, 2H), 2.29 (s, 3 H), 1.86 - 1.97 (m, 1 H), 1.76 - L85 (m, 1 H}, 1.80(d, /= 7.2 Hz, 3H);
MS: (BES) m/z caleunlated for CoolloNsOF, [M + HI 422, found 422.

Example 37: Synthesis of 1-[1-(4-fluorophenyl)-6,7-dihydre-SH-pyraveio]4,3-b]pyridin-4-
vi}-2-[5-methyl-3-(triflaoromethyDpyrazol-1-vijbutan-1-one

70



(¥4

10

20

WO 2014/035967 PCT/US2013/056796

o COE
-y 4
Br ‘.../ LIOH, Hy0, -
g . \ T N \ ~
b CFg 2008 Eto\/\f\a’N*\ ~oFy LI MeOT HO- N 7/“3
_— DE [\ N/ step b ! Y/
//—’ Vi O , Vs G )/,
slep a
™
/_'_'_:‘.’\\ /\):::?Y/NH
F /7#?\5‘5\54:;J e ™ \\\\
R \> ' )\ NN CFs
HATU, DIEA, DMF . SN }/
P\ 7N ) o /77
step ¢ R N~

q...

[{#171] a) A mixture of potassium carbonate (924 mg, 6.69 mmol), 2-methyl-5-
(trifluoromethyl)-1 H-pyrazole (501 mg, 3.34 munol} and methyl 2-bromobutyrate (0.42 mL, 3.7
mmol) in dimethylformamide: tetrahydrofuran (3 mL: 6 mL) was heated at 60 °C for 5 hwith
stirring. Afier cooling to room temperature, most of tetrahydrofuran was removed by gently
blowing nitrogen over the reaction mixture. Ethyl acetate and water were added and the layers
were separated. The aqueous layer was extracted twice more with ethyl acetate. The combined
organic layers were dried (NazSQy), filtered, and concentrated in vacuo. The crude residue was
purified by flash chromatography (510, 12-17% ethyl acetate in hexanes) to afford the desired

product (704 mg, 2.81 mmol, 8§49%).

{#172] by Methyl 2-[5-methyl-3-(trifluoromethyDpyrazol-1-yljbutyrate (703 mg, 2.81 mmol)
was dissolved in tetrahydrofuran (4 mL) at room teroperature. Aqueous lithium hydroxide
solution (1.5 N, 2 ml, 3.0 mmol) was added followed by methanol {~ 2 mL} to make a uniform
solution. After 2 h, most of tetrahydrofuran and methanol was removed by gently blowing
nitrogen over reaction mixture. Agueous hydrochloric acid (5 N, 0.6 mL, 3.0 mmol} was added
to the reaction mixture and the mixture was extracted with dichloromethane three times. The
combined organic layers were dried over anhydrous sodium sulfate and concentraled under
reduced pressure which yielded the crude product (661 mg, 2.80 mmol, 100%) as a white solid

which was used withowut further purification.
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[8173] ¢ DimethyHormamide (0.7 mL) was added to a mixiure containing 2-[5-methyl-3-
(triftuoromethyDpyrazol-T-ylibutyric acid (50.5 mg, 0.214 mmol) and HATU (84.1 mg, 0.221
mmeol). Diisepropylethylamine (92 ul, 0.53 mmol} was added at room temperature and the
reaction mixture was stirred for 1 minute. 1-(4-Fluorophenyl}-4,3.6,7-tetrahydropyrazolo{4,3-
S blpyridine (44.1 mg ,0.203 mmol} was then added all at once and the reaction mixture was
stirred at room temperature overnight. Ethy! acetate and water were added and the layers were
separated. The aqueous layer was extracted twice more with ethyl acetate. The combined
organic layers were dried (NapSQy), filtered, and conceuntrated in vacuo. The crude residue was
purified by flash chromatography (810, 17-33% ethyl acetate in hexanes) to afford the desired
10 product as a white solid (80.9 mg, 0.186 mmol, 92%). 'H NMR (400 MHz, CDCL) § 8.44 (s, 1
H), 744 (ddd, /= 8.8,52, 2.0 Hz, 2H), 7.15(ddd, /=84, 8.4, 2.0 Hz, 2 H), 6.30 (5, 1 H), 5.32
(dd, J=284,6.8Hz, 1 H),3.78{(ddd, /= 12,7.2, 2.8 He, 1 H),3.47 (ddd, /=12, §.§,3.2Hz, 1
HY, 2.69-2.81 (m, 2H), 231 (5,3 H), 2.18—-238 (m, 2H), 1.88 - 1.97 (m, 1 H), 1.74 - 1.83
(m, TH), 0.98 (1, /= 7.2 Hz, 3H); MS: (ES) m/z caleulated for Car i NsOF, [M + HT" 436, found

15 436,
Example 38: Synthesis of 1-[{-(4-fluorophenyl}-6,7-dihydre-8H-pyrazoloe[4,3-#]pyridin-4-
yij-2-[2-methyl-4-(trifluoromethyl}imidazol-1-viipropan-1-one
\T,Cogat
Br \ LIOH, Hy0, \
4
‘ THF, M b
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P DM 5 )N o
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[B8174] a) A mixtore of potassium carbonate (832 rog, 6.02 mumol), 2-methyt-5-
{trifluoromethyl)-1 H-imidazole (450 mg, 3.00 romol) and ethyl 2-bromopropanoate (0.43 ml,

3.3 mmol) in dimethylformamide: tetrahydrofuran (2 mi: 4 mL) was heated at 50 °C for 7 h with

~3
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stirring and then at room temperature overnight. Most of the tetrahydrofuran was removed by
gently blowing nitrogen over the reaction muxture. Ethyl acetate and water were then added and
the layers were separated. The aqueous layer was exiracted twice more with ethyl acetate, The
combined organic layers were dried (NapySOy), filtered, and concentrated in vacuo. The crude
residue was purified by flash chromatography (8i0;, 17-50% ethyl acetate in hexanes) to afford

the desired product (697 mg, 2.7% mmol, 93%).

{0175] by Ethyl 2-[2-methyl-4-(trifluoromethylimidazol-1-yljpropancate (697 mg, 2.79
mmol) was dissolved in tetrahydrofuran (5 rol)) at room temperature. Aqueous lithium hydroxide
solution (1.5 N, 2.5 mL, 3.8 ramol} was added followed by methanol {(~ 2 mbL) to make a
uniform solution. After 2 h, most of tetrahydrofuran and methanol were removed by gently
blowing nitrogen over reaction mixture. Aqueous hydrochloric acid (SN, 0.75 mi, 3.8 mmol)
was added to the reaction mixture and the product was extracted with dichloromethane three
times. The combined organic layers were dried over anhydrous sodium suifate and concentrated
under reduced pressure which yielded the crude product (562 mg, 2.52 nunol, 91%) as white

toam which was used without further purification.

{61761 ¢ 2-[2-Methyl-d-(trifluoromethyimidazol-1-ylipropanoic acid (151 mg, 8.679 mmeol)
was dissolved in dichloromethane (2 mL) at room temperature. Oxalyl chioride (120 ul, 1.38
wmol} and a catalytic amount of dimethyformamide (I uLl) was added and the reaction was
stirred at room temperature for 2 h. Solvent was removed under reduced pressure and the acid
chloride was dried under vacuum. The crude acid chloride was dissolved in dichloromethane
(2.1 mL}. To a portion of this solution (0.7 mbL, 0.22 mmol} was added 1-(4-fluorophenyh-
4,5,6,7-tetrahydropyrazolof4,3-blpyridine (41.5 mg, (. 191 mmol) and pyridine (55 ul., 0.68
mmol) at room temperature and the reaction mixture was stirred for 2 h. Water was added and
the layers were separated. The aqueous layer was extracted twice rore with dichloromethane.
The combinad organic layers were dried (Na,SQOy4), filtered, and concentrated in vacuo, The
crude residue was purified by flash chromatography (8Os, 40-100% ethyl acetate in hexanes
with 0.1% aquecus ammonium hydroxide) to afford the desired product as a white solid (70.1
mg, 0.166 mumol, 87%). 'H NMR (400 MHz, CDCL) 8§ 8.44 (s, 1 H), 7.45 (ddd, J= 9.2, 4.8,
2.0Hz 2H), 717 (4, J=9.2, 2.0 Hz, 2 H), 5.21 (g, /=68 Hz, 1 H),3.75(ddd, /=12,7.2,3.2

~d
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He, | H), 3.51 (ddd, /= 12, 8.0,3.2Hz, 1 H), 2.84 (1, J= 6.6 Hz, 2 H), 2.47 (s, 3 H), 1.96 - 2.09
(m, 2D, 1.72 (d, J = 6.4 Hz, 3H); MS: (ES) m/z calculated for CooHsNsOF, [M + H]' 422,

found 422.

Example 39: Synthesis of 1-[1-(4-fluorephenyl)-6,7-dihydro-SH-pyrazolo[4,3-b]pyridin-4-
vi-2-[2-methyl-4-(trifluoromethylimidazol-1-yijbutan-1-one

o COgE
Br ¢/ LIOH, H,0, ¢
SO0 | ~ - } ‘
NN OFs O o SN0 TERIEOT o o Ty
- A fep b W e
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P 4 ‘
“ / N N \).’NH F\ P
(©OCH; L e = ) N
cat DMF Gl /N S~ CF3 ridine A N
......... e “‘\ )»T::Nj itd ~ ?\15 \—"‘ N\ _{//
DG O Y GHSCN Naxz/ /,/f" N\N_E_f‘\
O\
step ¢ step ¢ Ay TOF

{01771 &) A mixture of potassium carbonate (834 mg, 6.04 romol), Z-methyl-5-
(trifluoromethyl)-1 H-imidazole (449 mg, 2.99 mmol) and methyl 2-bromobutyrate (0.38 mL, 3.3
mmol} in dimethylformaride: tetrahydrofuran (2 mL: 4 mL) was heated at 50 °C for 7 h with
stirring and then at room temperature overnight. Most of the tetrahydrofuran was then removed
by gently blowing nifrogen over the reaction mixture. Ethyl acetate and water were added and
the layers were separated. The agueous layer was extracted twice more with ethyl acetate. The
combined organic layers were dried (Na;8Qy), filtered, and concentrated iz vacuo. The crude
residue was purified by flash chromatography (8i0,, 20-50% ethyl acetate in hexanes) to afford

the desired product (641 mg, 2.56 mmol, 86%).

{0178} b) Methyl 2-[2-methyl-4-(trifluoromethyimidazol-1-vl}butyrate (641 mg, 2.56 mmol)
was dissolved in tefrahydrofuran (5 mlL) at room temperature. Aqueous Hthiwm bydroxide
solution (1.3 N, 2.2 wL, 3.3 mmol) was added followed by methanol (~2 mbL) o make a
uniform solution. After 2 &, most of tetrahydrofuran and methanol was removed by gently

blowing nitrogen over the reaction mixture. Agueous hydrochloric acid (3 N, 0.66 mL, 3.3

74
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mmol) was added to the reaction mixture and the product was extracted with dichloromethane
three times. The combined organic layers were dried over anhydrous sodium sulfate and
concentrated under reduced pressure which vielded the crude product (497 mg, 2.11 mmol, §2%)

as a white foam which was used without further purification,

[#179] ¢ 2-[2-Methyl-4-(trifluoromethyDimidazol-1-yiibutyric acid (149 mg, 0.632 mmol}
was dissolved in dichloromethane (2 mL) at room temperature. Uxalyl chloride (110 ul, 1.26
mmol} and a catalytic amount of dimethylformamide {1 uL) was added and the reaction was
stirred at room temperature for 2 h. Solvent was removed under reduced pressure and the acid
chloride was dried under vacuum. The crude acid chioride was dissolved in acetonitrile (1.5
mb). To a portion of this solution (0.5 mL, $.21 mmol} was added 1~(4-fluoropheny{}-4,5,6,7-
tetrahydropyrazolo{4,3-blpyridine (38.7 mg ,0.178 mamol} and pyridine (55 pl, 0.68 mumol} at
room temperature and the reaction mixture was stivred for 2 h. Water and ethyl acetate were then
added and the layers were separated. The agueous layer was extracted twice more with ethyl
acetate. The combined organic layers were dried (Nap30y), filtered, and concentrated in vacuo.
The crude residue was purified by flash chromatography (Si();, S0~80% ethy! acetate in hexanes
with 0.1% aqueous ammonium hydroxide) to afford the desired product contaminated with some
2-{2-methyl-4-(triflucromethyliimidazol-1-ylibutyric acid. The product was dissolved in ethyl
acetate and washed once with IN agueous sodium hydroxide solution. Drying over anhydrous
sodium sulfate followed by filtration and removal of solvent under reduced pressure and drying
under vacuum afforded the desired product as a white solid (60.4 mg, 0.139 mmol, 78%). 'H
MNMR (400 MHz, CDCL) 8 8.20 (s, 1 H), 784 (d, /= 1.2 Hz, 1H),7.58 (ddd, /= 9.2,5.2,2.0
Hz, 2H), 7.35 (ddd, J=9.2, 8.4, 0.8 Hz, 2 H), 5.47(dd, /=92,56 Hz, 1 H), 3.81 =398 (m, 2
H, 284 (4, /=02Hz, 2H), 234 (5, 3 H), 203 -2.11 (my, 2 H), 1.96 - 2.01 (m, 2 H), 085 (1, J=
7.2 Hz, 3H); MS: (ES) mi/z calculated for C Hy DsOFs [M + H:E“L 4346, found 4346,

Example 46: Synthesis of 1-{1-(4-fluovophenyl)-6,7-dibydro-SH-pyrazolo{4,3-b] pyridin-4-
yvij-2-[d-(trifluoromethoxy)phenyljethanone

\\’\: R
,/'/‘\\\ oH El } {/_/ \l
//_- TN 1‘1_ ;\jH * \\f/// \OCFS /";H»T\\ '1\ N . . /\\\/ /./\\\\\\
F ‘*—{/’ \\ \\\\ e o F_»T 74 \\\ e \\.Y’ 2 el ‘ 1]
=0 _ PN ST )
N/ \N:;,I HATU, EtsN, DMF -/ \NL’;J O \\\?/ \QCF3

75



10

WO 2014/035967 PCT/US2013/056796

(61861 Vo a mixture of 1-{(4-fluorophenyi}-4,5,6,7-tetrahydro- 1 F-pyrazolo{4,3-5ipyridine
{(0.023 g, 0.10 mmol}, 4-(trifluoromethoxy)phenylacetic acid (0.025 g, 0.11 mmol) and BN
{0.060 mL, 0.43 mmol} in DMF (0.6 mL) was added HATU (0.060 g, 0.15 mmol}. The mixture
was stirred at rt for 30 min. It was then quenched with water. The mixture was partitioned
between EtOAc (50 mb) and sat. NaHCO; (30 mbL). The organic layer was separated, dried over
Nap 8y, concentrated in vacuo, and purified by reverse phase HPLC to afford the desired
product (0.040 g, 95%). 'H NMR {400 MHz, CDCI) 8 8.51 (5, 1 H), 7.43 (m, 2 H), 7.30 (m, 2
H), 7.18 (m, 4 H), 3.91 (s, 2 H), 3.76 (m, 2 H}, 2.79 (1, ./ = 6.4 Hz, 2 H), 2.00 (m, 2 H}; MS: (ES)
m/z caleulated for Gy HyFMN:Op [M + Hj}'* 420.1, found 420.1.

Example 41: Synthesis of 2-{4-chlore-3-({rifluoromethoxy)phenyi]-1-{1-{(4-flnorophenyl)-
8, 7-dihydro-SH-pyrazolo]4,3-bipyridin-4-ylethanone

O\\\\' o ’\\v//\\Q - oc F:ﬁ
| !

TN ! | e g
=. on L=l 0 - OCF3
i ~F SN A N T
; Nﬁ\// \\\}\N/L\\\T/NH Cl . F ‘\</ \\>\~N /L\>( ?/ ~ Ll 1
= N HATU, EtaN, DMF = e 00

{0181} To a mixiure of 1-{(4-fluorophenyl}-4,5,6,7-tetrahydro-1 F-pyrazolol4,3-bpyridine
(0.023 g, 0.10 mmol), 4-chloro-3-(triflucromethoxy)phenylacetic acid (0.025 g, 0.10 mmol) and
EisN (0.060 mL, 0.43 mmol) in DMF (0.6 ml} was added HATU {0.060 ¢, 0.15 mmol). The
mixture was stirred at ot for 30 min. It was then quenched with water and partitioned between
EtOAc (50 mL) and sat, NaHCO; (30 ml). The organic layer was separated, dried over NapSO,,
concentrated in vacue and purified by reverse phase HPLC to afford the desired produoct (0.039
g, 85%). 'H NMR (400 MHz, CDCL) 8 8.47 (5, 1 H), 7.44 (m, 3 H), 7.12 ~ 7.22 (m, 4 H), 3.90
(s, 2 H3, 3.76 (m, 2 H), 2.80 (¢, /= 6.2 Hz, 2 H), 2.02 (1, 2 H); MS: (ES) m/z caleulated for
CoiHiCIFN Oy [M + HI 4541, found 454.1.

Example 42: Syunthesis of 2-{4-chloro-3-(trifluoromethylphenylf-1-{1-(4-fluerophenyly-6,7-
dibydro-8H-pyrazole(4,3-b]pyridin-4-vi}-2-methyl-propan-l-ene

NS
N
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[0182] To amixture of 1-(4-fluorophenyi}-4,5,6,7-tetrahydro-1 H-pyrazolol4,3-bipyridine
{0.030 g, 0.11 mamol), 2-{4-chioro-3-(trifluoromethyphenyl-2-methyl-propancic acid (0.030 g
0.11 mmol) and NEt; (0.070 mi, 0.50 mmol) in DMF (0.6 ml.) was added HATU (0.060 g, (.15
mmol). The mixture was stirred at ot for 30 min. It was then quenched with water, and
partitioned between EtOAc (50 mL) and sat. NaHCO; (30 mL). The organic layer was
separated, dried over Na;SQy, concentrated in vacuo and purified by reverse phase HPLC to
afford the desired product (0.005 g, 10%). 'H NMR (400 MHz, CDCL) 8 8.50 (s, 1 H), 7.60 (d,
J=20Hze, 1 H),730~751 (m, 4 1), 714 (dd, J= 8.8, 84 Hz, 2H)},3.22 (in, 2H), 2.69 (, /=
6.4 Hz, 2 H), 1.64 (s, 6 Hy; 1.62 (m, 2 H); MS: (ES) m/z caleulated for CpaHpsCIFNLO [M + HJT
466.1, found 466.1,

Example 43: Synthesis of 2-{4-chlovopyrazol-1-yi)-1-{1-(4-fluorephenyl}-6,7-dihydro-5H-
pyrazolo[4,3-8]pyridin-4-yljethanone

Os,
T
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A= CH,Clp, NEts =l e 0 T
cl

{01831 A mixture of 2-[{(4-chioro-pyrazol-1-yl}]acetic acid (0.050 g, 0.31 mruol), (COC,
{0.060 voL., (.70 mumol) and DMF (1 drop) in CHCl; (1 mbL)y was stivred for 30 min at rt. | was
then evaporated to dryness on a high vacuum pump. The obtained oil was added to a mixture
containing 1-(4-fluorophenyl}-4,5,6,7-tetrahydro-1 H-pyrazolo[4,3-blpyridine (0.020 g, 0.092
mmol) and NEt; (0.070 mL, 0.50 mmol) in CHoCh (1 mL). The resulting mixture was then
stirred at vt for 30 min. It was then quenched with water and partitioned between EtOAc (50 ml)
and sat. NaHCO; (30 mL). The organic layer was separated, dried over Naz;8O4, concentrated in
vacye, and purified by reverse phase HPLC to afford the desired product (0.012 g, 36%).

NMR (400 MHz, CDCl) 8 8.41 (s, 1 H), 7.60 (s, 1 H), 7.51 (s, 1 H), 7.44 (dd, J= 8.8, 4.6 Hz, 2
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H), 7174¢dd, /=92,88Hz, 2 H), 5.16 (s, 2 H}, 3.82 (m, 2 H), 2.85 (1, /= 6.2 Hz, 2 H), 2.09

(m, 2 H}; MS: (ES) m/z calcalated for CoHsCHENSO M + H'f 36001, found 360.1.

Example 44: Synthesis of 2-[4-chlore-3-{diflucremethyl)-S-methyl-pyrazel-l-vi}-1-[1-(4-
fluerephenyl-6,7-dihydro-3H -pyrazele[4,3-bpyridin-d-yljethanone

O\\\\ N N
N N—cHF,
P 2o/ N
T G G RN
F"w\// \i\)\“N /L\\“T/Nﬁ O e P <// \Q>Q N \\\T/N\T( ;\E \>,/CHF 3
\om /| ‘N;—:j HATU, EtaN, DMF e "‘N =) o /"’L:?\/\
Ci

[8184] 7o a mixture of [-(4-fluoropheny!)-4,5,6,7-tetrahydro~1 H-pyrazolo[4,3-]pyridine
(0.023 g, 0.10 mmol), 2- (4-chloro-3-difluoromethyl-5-methyl-pyrazol-1-yacetic acid (0.023 g,
0.10 mmol) and NE#; (0.065 mL, 0.46 wmol) in DMF (0.6 L) was added HATU (0.060 g, 0.15
mmol). The mixture was stirred at 1t for 30 min. It was then quenched with water and
partitioned between FtOAc (50 mL) and sat. NaHCO5 (30 mb). The organic fayer was
separated, dried over Na;SO4, concentrated in vacuo and purified by reverse phase HPLC 1o
afford the desired product (0.032 g, 75%). 'H NMR (400 MHz, CDCl) 8 8.36 (s, 1 H), 7.44 (m,
2H),7.16(dd,J=8.8,84 He, 2H), 6.67 (4, /=54 Hz, L H), 5.11 (5,2 H), 3.83 (m, 2 H), 2.85
(t, /=62 Hz, 2 H), 2.30 (5, 3 H), 2.10 {m, 2 H}; MS: (ES) m/z caleulated for o, CIFNO [M
+ HJ 424.1, found 424.1,

Example 45: Synthesis of 2-[4-chlore-3-(trifluoromethylipyrazol-1-yil-1-[1-{4-
fluorophenyl}-6,7-dihvdre-8H-pyrazelo[d,3-s]pyridin-4-yijethanone

78
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[0185] &) A mixture of 3-(trifluoromethyl}pyrazole (1.58 g, 11.6 mmol and NCS (1.55 ¢, 11.6
mmol) in CHGON (20 mb) was beated at 80 'C for 3 hrs. It was then cooled to rt, evaporated in
vacuo, and purified by flash chromatography (5i0;) with a gradient elution of 0 to 15%

FtQAc/CH,Cls to afford 4-chiore-3-(irifluoromethyDpyrazole (1.52 g, 77%).

[0186] by A mixture of 4-chlore-3-(irifluoromethyDpyrazole (0.026 g, 0.15 mmol), 2-chloro-1-
[ 1-{4-fluorophenyh}-6,7-dihydro-5 H-pyrazolo4,3-5lpyridine-4-vliethanone (0.045 g, 0.15 mmoi)
and K2CO5 (0.043 g, 0.31 mmel) in THF (0.6 ml) and DMF (0.3 mL) was heated at 60 Cfor 1
hr. It was then cooled to rt. The mixture was partitioned between EtOAc (530 mL) and sat.
NaHCO; (30 mL). The organic layer was separated, dried over Na,SOy, concentrated in vacuo
and purified by flash chromatography on 8i0; with a gradient elution of 0~60% EtOCAc/hexanes
to afford the desired product (0.056 g, 87%). 'H NMR (400 MHz, CDCL) 8 8.37 (s, T H), 7.70
(s, 1 H),7.45(mp, 2 H), 716 (dd, J= 8.4, 84 Hz, 2H), 517 (s, 2H), 381 (m, 2H), 287 (1, J =
6.2 Hz, 2 H), 2.12 {m, 2 H); MS: (ES) m/z caleulated for CpHCHFNO [M A+ H:f 428.1, found
428.1.

Example 46: Synthesis of 1-{{-(4d-flucrophenyl)-6,7-dihydro-SH-pyrazole{4,3-8]pyridin-4-
vij-2-[3-{trifluoromethyl)pyrazel-1-yljethanone
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{0187 To a mixture of 1-{(4-fluorophenyl}-4,5,6,7-tetrahydro-1 H-pyrazolof4,3-dpyridine
(8.026 g, .12 mmol}, 2-(3-(triflucromethyl}-pyrazol-1-yhacetic acid (0.024 g, 0.12 romol) and
NEt; (0.060 mL, 0.43 muwol) in DMF (0.5 mL) was added HATU (0.060 g, 0.15 mmol). The
mixture was stitred at vt for 30 min. It was then quenched with water. The mixture was
partitioned between EtOAc (50 ml)} and sat. NaHCO; (30 mL). The organic layer was
separated, dried over Nap,S0y, concentrated in vacuo and purified by reverse phase HPLC to
afford the desired product (0.035 g, 74%). 'H NMR (400 MHz, CDCl) 5 8.38 (s, 1 H), 7.64 (m,
PHY, 743 (o, 2H), 7.15(dd, J=8.8,84 Hz, 2 H), 6.62 (4, /=24 Hz, 1 H), 523 (5,2 H),3.82
(m, 2H),2.84 (t,/=6.4 Hz, 2 H), 2.08 (m, 2 H); MS: (ES) m/z calculated for CigH,5FNsC [M
+HY 394.1, found 394.1.

Example 47; Synthesis of 2-{4-chloro-S-methyb-pyrazol-1-ylij-1-{1-{4-fluorophenyi}-6,7-
dihydro-8fH-pyrazole}d, 3-bipyridin-4-yljethanone

)
AN
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i v / ----------- i \ s //
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{0188] o) A mixture of 2-(S-methylpyrazol-1-yDacetic acid (0.700 g, 5 mamol) and NCS (0.668
g, 5 mmol) in CH;CN (10 mL) was heated at 80 'C for 1.5 hus. It was theu cooled to 1,
evaporated in vacuo, and purified by flash chromatography (810,, with a gradient elution of

0~20% MeOH/CH,CL) to afford 2-(4-chloro-S-methylpyrazol--yDacetic acid (0.870 g, 100%).

{6189] b} To a mixture of 1 -(4-fluorophenyl}-4,5,6,7-tetrahydro-1 H-pyrazolo[4,3-blpyridine
(0.026 g, 0.12 mmol), 3-(trifluoromethyl-pyrazol-1-yhacetic acid (0.024 g, 0.12 mmol) and

&0
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NEt; (0.060 mL, 6.43 mmol} in DMF (0.5 mL) was added HATU (0.060 g, 0.15 mmol). The
mixture was stirved at vt for 30 min, It was then quenched with water. The mixture was
partitioned between E1OAc (50 ml.) and sat. NaHCO4 (30 mL). The organic layer was
separated, dried over NapS(y, concentrated in vacuo and purified by reverse phase HPLC to
afford the desired product (0.025 g, 55%). "H NMR (400 MHz, CDCl) 8§ 8.40 (s, 1 H), 7.48 (s,
1H), 744 (dd, /= 838,46 Hz, 2 H), 7.16 (dd, /=84, 8.4 He, 2 H), 5.16 (5, 2 H}, 3.84 (1, 2 H),
2.84 (1, J=64Hz, 2 H),2.29 (s, 3 H), 2.10 {m, 2 H); MS: (ES) m/z calculated for CigH;CIFN;O
(M + HI 374.1, found 374.1.

Example 48: Synthesis of 1-{1-{4-fluorophenyi}-6,7-dihydro-SH-pyrazolo|4,3-5pyridin-4-
yH-2-[4-(riffuoromethyipyrazol-1-yljethanone

TOAN .
PN [ / TN
T l
V/amn 1 ;x P N 72N 1' i\: gy N
S \\‘\“NJ?\\\YI ~y G CFy o F( N N/i:\,_/ Y f‘g N
= Nl 0 K,CO3, THF, DMF =/ Nl 00 T
CFy

1019¢] A mixture of 4-{trifluoromethy!)-1 H-pyrazole {0.030 g, 0.22 mmol), 2-chloro-{-{1-(4-
fluorophenyi)-6,7-dihydro-3 H-pyrazolof4,3-bIpyriding-4-yliethanone (0.025 g, 0.085 mmol) and
KoCOs (8,060 g, 0.43 mmoly in THF (0.8 mL) and DMF (0.4 ml) was heated at 65 °C for { br.
it was then cooled to rt. The mixture was partitioned between EtOAc (50 mL) and sat. NaHCO,
(30 1wL). The organic layer was separated, dried over Nap; SOy, concentrated in vacuo and
purified by reverse phase HPLC to afford the desired product (0.038 g, 160%). 'H NMR (400
MHz, CDCI 0 840 (s, 1 H), 789 (s, 1 H), 7.77 (5, L H), 744 (dd, /=88, 4.6 Hz, 2 H), 7.16
(dd, /= 8.8, 8.4 Hz, 2 H), .20 (s, 2 H), 3.83 (m, 2H), 2.85(t, J=62Hz 2 H), 2.10 {m, 2 H};
MS: (ES) m/z caleulated for CHsFsNeO [M + HI 394.1, found 394.1.

Example 49: Synthesis of §-[1-(4-fluerophenyl)-6,7-dihydro-3H-pyrazolo[4,3-bipyridin-4-
vi}-2-P3-{{rifluoroemethyl}-6,7-dihydro-d H-pyranc{4,3-clpyrazol-1-yljethanone
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{31911 A mixture of 3-(trifluoromethyl)-1,4,6,7-tetrahydropyranol4,3-clpyrazole (0.050 g,
.26 mmol), 2-chloro-1-] 1-(4-fluorophenyl)-6,7-dihydro-S H-pyrazolo{4.3-5]pyridine-4-
yijethanone (0.050 g, 8.17 mmol) and K;CO; (0.130 g, .94 mumol) in THF (0.8 b} and DMF
(0.4 mL) was heated at 55 °C for | hr. It was then cooled to rt. The mixture was partitioned
hetween BtOAC (50 mL) and sat. NaHCO; (30 mL). The organic layer was separated, dried over
Naz SOy, concentrated /r vacuo, and purified by reverse phase HPLC to afford the desired
product (0.035 g, 55%). "H NMR (400 MHz, CDCL) 8 8.38 (5, 1 H), 7.44 (dd, J=8.8,4.6 Hz 2
H), 717 (dd, /= 8.8, 80 Hz, 2 H), 513 (5, 2 H), 4.75 (5, 2 H), 398 (t, /= 5.4 Hz, 2H}, 3.87 (m,
2H), 285t J=62Hz, 2 H),2.79(t,J=5.6Hz 2 H), 2.10 (m, 2 H}; MS: (ES) m/z calculated
for CaHoFaNsO2 [M + HIT450.1, found 450.1,

Example 50: Synthesis of 1-[1-{4-flusrophenyl}-6,7-dihydro-SH-pyrazolo{d,3-4ipyridin-4-
yii-2-{4-{1,2,4-oxadiazol-3-yljpyrazol-l-yliethanone
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81921 a) To amixture of 4-flucrophenyl}-4,5,6,7-tetrahvdro-1 H-pyrazolol4,3-Fipyridine
: A paeny 3 1 %

(0.400 g, 1.83 mmol), 2-(4-1odo-pyrazol-1-yhacetic acid (0.554 g, 2.2 mmol) and NE{; (0.642

mi., 4.59 mmol) in DMF (5 mL) was added HATU (0.836 g, 2.2 mmol). The mixture was

(V.3

stirred at 1t for 40 min. It was then gquenched with water. The mixture was partitioned beiween

EtOAc (100 mL) and sat. NaHCO; (80 mL). The organic layer was separated, dried over

Nap304, concentrated in vacuo, and purified by flash chromatography (5i0;, with a gradient

elution of 0~30% EtOAL/CH,Ch) to yield 1-[i-(4-fluorophenyl}-6,7-dihydro-5 H-pyrazolo[4,3-

blpyridin-4-yif-2~(4-iodopyrazol-1-yliethanone (0.82 g, 100%).

10

[6193]

by A mixture of 1-]-{4-fluorophenyl}-6,7-dihydro-5 H-pyrazoloi4, 3-bpyridin-4-yi}-2-

{4-iodopyrazol-t-yliethanone (0.388 g, 0.86 mmol), Zn{CN}, (0,151 g, 1.29 mmol), Pd:{dba);
{0.079 gz, 0.086 mmol) and dppf (0.072 g, .13 mmol) in DMF (10 mL) was heated at 90 'C for 1

hr. It was then cooled to i, The mixture was partitioned between EtOAc (10 mL) and sat.

15

NaHCG; (50 mL). The organic layer was separated, dried over Na;SO,y, concentrated in vacuo,

and purified by flash chromatography with a gradient elution of 0-100% EtOAc/CHCh, to afford

2~(4-cyanopyrazol-1-yh-1-{I-(4-flucrophenyl}-6,7-dihydro-S H-pyrazolof4,3-bipyridin-4-

yllethanone (0.205 g, 68%).
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61941 ¢} A mixture of 2-(4-cyanopyrazol-i-yi}-1-{1-(4-fluorophenyh)-6,7-dihydro-3H-
pyrazolo[4,3-bipyridin-4-yljethanone (0.175 g, 0.50 mmol), NHOH-HCLH (0.500 g, 7.2 nwool)
and NE1; (1.00 mL, 7.1 mmol) in BEtOH (3 mL) was heated at 90 °C for 5 hrs. It was then cooled
to rt. The mixture was partitioned between IPA/CHCE (1:2, 50 mL) and sat. NaHCO; (30 mL).
The organic layer was separated, dried over NapS(, and concentrated in vacuo to obtain 1-{2-{1-
{(4-fluorophenyl)-6,7-dihydro-5 H-pyrazolo(4,3-b]pyridin-4-y1]-2~oxo-ethyl]-N’~hydroxy-

pyrazole-4-carboxamidine {0.115 g, 60%).

[6195] &) A mixture of 1-{2-[1-(4-fluoropheny-6,7~dihydro-5 H-pyrazolo[4,3-blpyridin-4-yij-
Z-oxo-ethyl]-N*-hydroxy-pyrazole-4-carboxamidine (0.115 g, 0.30 vamol} and p-TsCH.HO
(0.030 g, 0.15 mmol) in HC(OMe); (3 mbL) was heated at 100 °C for 1.5 hrs. It was then cooled
to rt. The mixture was pariitioned between [PA/CHCE; (1:2, 50 mL) and sat. NaHCO; (30 mlL).
The organic laver was separated, dried over Na,SQ., concentrated in vacuo and purified by
reverse phase HPLC to afford the desired product (0.055 g, 21%). 'H NMR (400 MHz, CDCly)
6871 (s, 1 H),7.65 -850 (m, 3H), 744 (dd, /=84, 46 H, 2H),7.17(dd, /=9.2,76Hz, 2
H), 5.27 (m, 2 H), 3.85 (m, 2 H), 2.85 (m, 2 H), 2.14 (yu, 2 H); MS: (ES) m/z calculated for
C1sH s FN,O, M+ H]T394.1, found 394.1.

Example 51: Synthesis of 1-[1-(4-Huoropbenyl}-6,7-dthydro-3H-pyrazolo|4.3-hipyridin-4-
yij-2-[3-(1 H-imidazol-2-yDpyrazele{34-Slpyridin-1-yljethanone

N N—
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. ,( | ? P i N I
N // \‘\\ )\\ ) N \L // Foe //’ \\ /'\\\\ N\“. e N 7 N\\_ _ _J(/\ \\)\
F ¢ PR ) IT/ i N N
= HATU, EtzN, DMF =/ Ty 0 Nﬁﬂ\ H
W - é‘//

[0196] To amixture of 1-(4-fluorophenyi}-4,5,6,7-tetrahydro-1 H-pyrazolo]4,3-bpyridine
(0.050 g, 0.23 mmol), 2-[3-(1 H-imidazol-2-yDpyrazolo[3 4-blpyridine-1-yljacetic acid (0.050 g,
0.21 mmol) and EGN (0.15 mL, 1.07 mmol} in DMF (0.7 ml.) was added HATU (0.130 ¢, 0.33
mmol}. The mixture was stirred at 1t for 30 min. It was then quenched with water. The mixture

was partitioned between [PA/CHCE (1:2, 100 mL} and sat. NaHCOs (40 mi). The organic layer

&4
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was separated, dried over NagSQy, concentrated in vacuo, and purified by reverse phase HPLC to

afford the desired product (0.090 g, 96%). 'H NMR (TFA salt) (400 MHz, CD;0D) § .73 (dd,

J=48 1.6 Hz 1 H), 8.69(dd, J=8.0, 1.6 Hz, 1 H), 8.14 (s, 1 H), 7.72 (5, 2 H), 7.55 (m, 3 H),

7.28(dd,J=92,84Hz 2H),L58% (s, 2 H}, 4.06 (m, 2H), 292 (t, /=62 Hz, 2H), 220 (m, 2
Hy;, MS: (ES) s/ caleulated for CpsHisFINgO [M + HT 443.1, found 443.1.

Example 52: Synthesis of 1-{1-{4-fluorophenyl}-6,7-dihydro-3H -pyrazele{d,3-blpyridin-4-
yi-2-{3-{triffuoromethy])-4,5,6,7-tetrahydroindazel-1-yljethanone

O\\\//‘/\\ - N
h N Ny CFg

- OH =/ A
p < \‘ ‘/ \\

— ) 2 WS W I
F— N S \\“" w N N \fv/'N\F/ N CRy
— a | ' \;T" R ) : /\}‘:'H/
= HATU, NEts, DME =/ G ( ‘<\>

{61971  To a mixture of 1-(4-fluorophenyl}-4,5,6, 7-tetrahydro-1 Hepyrazolo[4,3-b]pyridine
(0.023 g, 0.11 ramol), 2-[3-(triflucromethyl)-4,5,6,7-tetrahydroindazol-1-yljacetic acid (0.027 g,
011 mmol) and NE4; (0.050 mL, 0.36 ramol) in DMF (0.6 mL)} was added HATU (0.050 g, 0.13
mmol}. The mixture was stirred at 1t for 30 min. It was then quenched with water. The mixture
was partitioned between IPA/CHCly (1:2, 50 ol and sat. NaHCO; (30 mL}). The orgauvic layer
was separated, dried over NaySOy, concentrated in vacuo, and purified by reverse phase HPLC to
afford the desired product (0.027 g, 55%). "H NMR (400 MHz, CDCl;) 8 8.43 (s, T H), 7.42 (dd,
J=88,44Hz, 2 H), 717 (dd, J=92,80Hz, 2H), 5155, 2H), 387 (m, 2 H), 282 ({,./=6.2
Hez, 2H), 261 (m, 4 H), 2.11 (m, 2 H), 1.87 (m, 2 H}, 1.79 (m, 2 H); MS: (ES) m/z calculated for
ConFi FaNsO [M + HT 448.1, found 448.1.

Example 53: Synthesis of 2-(1,3-benzoxazel-2-yl}-1-{1-(d-fluorophenyl}-6,7-dihydro-5H-
pyrazole(4,3-blpyridin-4~yljethanone

HO -2
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[0198] To a mixture of {-(4-fluorophenyl)-4,3,6,7-tetrahydro-1 H-pyrazoloi4,3-5]pyridine
{0.023 g, 0.11 mmol}, benzooxazol-2-y1- acetic acid (0.023 g, 0.13 mmol) and NEt; (0.060 mL,
0.43 nunol) in BMF (0.6 mL) was added HATU (0.050 g, 0.13 mmol). The mixture was stirred
at rt for 30 min. It was then quenched with water. The mixture was partitioned between
IPA/CHCL (1:2, 50 mb) and sat. NaHCO; (30 mL). The organic layer was separated, dried over
Na,SQy, concentrated irz vacuo, and purified by reverse phase HPLC 1o afford the desired
product (0.022 g, 53%). 'H NMR (400 MHz, CDCL) 8 846 (s, LH), 7.71 (m, T H), 7.53 (m, |
Hy, 7.45(dd,/=8.8,48Hz, 2H), 734 (m, 2H),7.15(dd, /= 8.8, 84 Hz, 2 H), 425 (5,2 H),
388 (m, 2H),2.83(t, /=64 Hz, 2 H), 2.08 {m, 2 H); MS: (ES) m/z caloulated for CoH PN,
M + H] 377.1, found 377.1,

Example 54: Synthesis of 2-{4-chloro-S-methyl-3-(friflusromethyDpyrazol-1-yij-1-[ 1-(4-
fluorepheny}-6,7-dihydro-SH-pyrazolo[4.3-bipyridin-4-yli-3-methoxy-propan-1-one

. o
e ~ s e
R O NaH, HCHO, N 0
F/ N AN TN oFy DMFIMeOH o TR L N~ NN cF,
N /')§ N i R v - N T i b/ N
s N g X o/ I o
Cl Ol

{6199] To a mixture of 2-{4-chloro-5-methyl-3-(irifluoromethypyrazol-L-yl}-1-{1-(4-
fluorophenyl -6, 7-dihydro-5 H-pyrazolof4,3-b]pyridin-4-yijethavone (0.045 g, 6.10 mmol) and
NaH (0.030 g, 0.75 mmol, 60% in mineral oil} in DMF (0.8 wol.) was added dry
paraformaldehyde (0.015 g, 0.50 mmol). The mixture was stirred at vt for 30 min. It was then
quenched with water. The mixture was partitioned between EtOAc {50 mb) and brine (30 mL).
The organic layer was separated, dried over NapSOy, concenirated in vacueo, and purified by
reverse phase HPLC to afford the desired product (0.006 g, 12%). "H NMR (400 Mz, CDCh)
8844 (s, 1 H),7.44(dd, J=88,46 Hz, 2 H), 716 (dd, /=84, 8.4 Hz, 2 H), 5.51 (dd, /= 8.0,
72 Hz, 1H),4.18(m, 1 H), 4.08 (m, T H}, 3.75 (m, 1 H), 3.37(s, 3H},3.35(m, 1 H),2.78 (m, 2
Hy, 2.33 (s, 3 H), 2.09 (m, 2 H); MS: (ES) m/z caleulated for CuHaoClF N0, [M + HY 486.1,
found 486.1.

Example 55: Synthesis of 2-[4-chloro-5-methyl-3-(irifluoromethylipyrazol-1-yi-1-{1-(4-
fluorophenyiy-6,7-dihydro-5H-pyrazelo[4,3-bipyridin-4-yi}-3-hydroxy-prepan-1-ene

86



15

5

20

WO 2014/035967 PCT/US2013/056796

N _OH
an LOA, HCHO R
e l ! ~ ! i /\ )\ 1 \ T - 3 -~
Fed N AN T No cr, THF A N I
¢ \\“‘N \\i( i L N )i 3 \\;\ J N ,!' it Lo/
=/ Nl o e =" 0 .
Ci bi

[6206] To a mixture of 2-[4-chloro-S-methyl-3-(iriflucromethylpyrazol-1-yl}-1-{ 1-(4-
fluoropheny)-6,7-dihydro-3 H-pyrazolo[4,3-blpyridin-4-yllethanone (0.100 g, 0.23 mmol) in
THF (3 ml) at -78 "C was added LDA (0.15 mL, 0.3 mmol, 2 M in THF). After stirred for 10
min at -78 "C, dry paraformaldehyde (0.020 g, 0.66 mmol, suspended in THF) was added. The
mixture was then warmed to 1t for 8 min, quenched with sat. NHyCL The mixture was
partitioned between EtOAc (50 mL) and brine (30 mL). The organic layer was separated, dried
over Na; SOy, concentrated in vacuo, and purified by reverse phase HPLC to yield the desired
product (0.060 g, 56%). "H NMR (400 MHz, CDCE) 8 8.45 (5,1 H), 7.43 (dd, /= 8.4, 4.6 Hz, 2
HY, 717 (dd, J=8.8,84 Hz, 2H), 540, /=54 Hz, L H), 4.90 (s, L H),4.30 (m, 1 H), 4.20
(o, TH)L, 370 (m, T H)L, 329 (m, T H), 2,79 (m, 2 H), 2.28 (s, 3 H), 1.95 (i, 2 H); MS: (ES) m/z
calculated for CooHisCIFNSO, [M + H] 472.1, found 472.1

Example 56: Synthesis of {-{{-(d-fluorophenyl}-6,7-dihydro-SH-pyraroclo{4,3-5]pyridin-4-
yi-3-hydroxy-2-[5-methyb3-(trifluoromethyl}pyrazol-1-vijpropan-1-one

= _OH
N LDA, HOHO SR N
N AHCHO, = | N AN
P Ny TN TR R W L s
N/ "N‘:.;:! O /\ ==/ he=/ \N:;j O ”) ==/

[6201] To a mixture of 1-{1-(4-fluorophenyl)-6,7-dihydro-3 H-pyrazolof4,3-bpyridin-d~y}-2-
[5-methyl-3-(irifluoromethyl ipyrazol-1-yljethanone (0.100 g, 0.25 mmol) in THF (3 mL) at -78
"C was added LA (0.15 mL, 0.3 mmol, 2 M in THF). After stirring for 10 min at -78 'C, dry
paraformaldehyde (0.025 g, 0.82 mmol, suspended in THEF) was added. The mixture was then
warined to rt for 8 min, followed by the addition of sat. NH4Cl. The mixture was partitioned
between FtOAc (50 mL) and brine (30 mL}. The organic laver was separated, dried over
NazSQ4, concentrated in vacuo, and purified by reverse phase HPLC to yield the desired product
(0.036 g, 55%). "H NMR (400 MHz, CDCI;) 5 8.50 (s, 1 H), 7.42 (m, 2 H), 7.18 (dd, /= 8.4, 8.4
Hz, 2H), 636 (s, L H), 541 (t,./=5.6Hz, 1 H), 436 (m, | H},4.20 (m, T H), 3.69 (m, 1 H),
326 (m, 1 H), 2.76 (m, 2 H), 231 (5, 3 H), 1.92 G, 2 H); MS: {ES) m/z calculated for
CooHipFNsOy [M +HIT438.1, found 438.1.
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Example 87: Synthesis of 1-[1-(4-fluorophenyl}-6,7-dihydro-SH-pyrazelo{4,3-5]pyridin-4-
yil-4-bydroxy-4-methyl-2-[S-methyl-3-(iriflusromethyDpyrazol-1-ylipentan-i-one
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{8202} &) To a mixture of §-{1-(4-fluorophenyl}-6,7-dihydro-5 H-pyrazolo{4,3-#]pyridin-4-yij-
2-{5-methyl-3-(irifluoromethyl)pyrazol-1-yljethanone (0.150 g, 0.37 mumol} in THF (4 wol) at -78
'C was added LDA (0.247 mL, 0.50 mmol, 2 M in THF). After stirring for 10 min at-78 'C,
ethyl bromoacetate (0.061 mi, 0.55 mmol) was added. The mixture was then warmed to 1t for 10
min and quenched with sat. NH4CL The mixture was partitioned between EtOAc (30 mL) and
brine {30 mL). The organic layer was separated, dried over NapSQ;, concentrated /7 vacuo and
purified by flash chromatography (Si(3; with a gradient elution of 0-60% EtOAc/hexanes) to
afford ethyl 4-[ 1-(4-fluorophenyl}-6,7-dihydro-S H-pyrazolof4,3-b]pyridin-4-y1]-3-[ 5-methyi-3-

(trifluoromethypyrazol-1-yl}-4-oxo-butancate (0.120 g, 83%).

{02037 b)Y A mixture of ethyl 4-f -{4-fhuorophenyl)-6, 7-dihydro-3 H-pyrazolo{4,3-bipyridin-4-
vi}-3-{S-methyl-3-{riflucromethyDpyrazol-1-yi}-4-oxo-butanoate (0,028 g, 0.10 mmol} and
MeMgCHO.100 mL, 0.30 mmel, 3 M in THF) in THF (1 mL) was stirred at rt for 10 min. It was
then quenched with sat. NHaCl and partitioned between EtOAc¢ (50 mL) and brine (30 mL). The
organic layer was separated, dried over Na,8Q,, concentrated in vacue and purified by reverse
phase HPLC to yield the desired product (0.005 g, 17%). 'H NMR (400 MHz, CDCL) § 8.45 (s,
TH), 743 (m, 2H), 7.16(dd, 7= 88,84 Mz, 2H), 631 (5,  H), 5.72(t, /=64 Hz, 1 H), 3.88
(m, 1 H),3.52 (my, 1 H), 275 (m, 3 H), 232 (5,3 H), 225 (m, 2 H), 1.96 (m, 1 H), 1.85 (m, I H),

1.34 (s, 3 F), 1.18 (s, 3 H); MS: (ES) sz caloulated for CosHasFaNsOy [M + HT 480.1, found
480.1.
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Example 58: Synthesis of 1-{1-(4-fluerophenyl}-6,7-dihyvdro-SH-pyrazole{4,3-blpyridin-4-
vi-2-[S-methyl-3-(trifluoromethyDpyrazol-1-yij-3-tetrahydrepyran-4-yi-propan-1-ene
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{3204] A mixture Gf - I-(4-fluorophenyh-6,7-dihydro-5 H-pyrazoloi4,3- f)jpvndm ~4-y1}-2-{5-
methyl-3-(riffluoromethy Dpyrazol-1-yljethanone (0.100 g, 0.25 myuol), 4-
{(iodomethyiyeirahydro-2 Hepyran (6.165 g, .75 mmeol) and NaH (0.030 g, 0.75 mumol, 60% in
mineral oil) in DMF (0.8 mL) was stirred at vt for 1.5 hrs. | was then quenched with sat. NH,CL
The mixture was partitioned between EtOAc (50 mL} and brine (30 mbL). The organic layer was
separated, dried over Nax SOy, concentrated in vacuoe, and purified by reverse phase HPLC to
afford the desired product (0.007 g, 6%). 'H NMR (400 MHz, CDCL) 8 8.44 (s, 1 H), 7.43 (dd,
J=88 48 Hz 2H),7.16(dd, /= 838,84 Hz, 2 H), 6.31 {5, | H), 5.54 {m, 1 H}, 3.95 (m, 2 H),
378 (m, 1 HD, 347 (m, T H}, 334 (m, 2 H), 2,75 (m, 2 H}, 2.30 (s, 3 H), 2.20 (m, 3 H), 1.88 (m,
IH, LAD (m, 3 H); MS: (ES) m/z caloulated for CasHyrFalNsO, IM + H]7506.2, found 506.2.

Example 59: Synthesis of 4-{1-(4-Huoropheny)-6,7-dihydro-SH-pyrazelo]4,3-5ipyridin-4-
yij-3-[5-methyl-3-(triflueromethylipyrazol-1-vlj-4-oxo-butanamide
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{2851  a) A mixture of ethyl 4-] 1-(4d-flucrophenyh-6,7-dthydro-5 H-pyrazolo[4,3-bpyridin-4-
yi}-3-[5~methyl-3-{trifluoromethyDpyrazol-1-yl}-4-oxo-butancate (0.030 g, 0.060 mmol},
LiOiti@iEigﬂ {(.020 g, 0.47 mmeol), THF (0.4 mL), MeOH (0.4 mL} and H,0 (0.2 wl.) was stirred
for 30 min at vt It was then acidified with 1 M aq. HC (2 mL) and extracted with IPA/CHCl
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{1:2, 50 mL). The organic layer was separated, dried over Na;SQ4, and concentrated in vacuo to
yield 4-{1-{4-fluorophenyl}-6,7-dihydro-5 H-pyrazolo{4,3-blpyridin-4-yi}-3-[5-methyi-3-
(trifhioromethyl)pyrazol- I-yl]-4-oxo-butanoic acid (0.029 g, 100%;).

{92661 b) To a mixture of 4-[1-(4d-flucrophenyl}-6,7-dihydro-5 H-pyrazolo]4.3-blpyridin-4-yl}-
3-[5-methyl-3-(rifluoromethyDpyrazol-1-yi]-4-oxo-butanoie acid (0,029 g, 0.08 mmol) and NH;
(0.3 ml, sat. in CHzCly) in DMF (0.6 mL) was added HATU (0.040 g, 0.10 mmol). The mixture
was stirred at rt for 30 min. It was then quenched with water. The wixture was partitioned
between IPA/CHCI; (1:2, 50 mbL) and sat. NaHCO; (30 mL). The organic layer was separaied,
dried over Na;80y, concentrated in vacuo, and purified by reverse phase HPLC to afford the
desired product (0.014 g, 37%). 'H NMR (400 MHz, CDCL) 8 8.44 (5, 1 H), 7.42 (dd, /= 9.2,
46Hz 2H),7.16(dd, /J=84,80Hz 2H), 653 (s, L H), 634 (5, 1 H), 632 (5, 1 H), 592 (m, 1
HY, 3.80 (m, 1 HD)L 340 G, THY, 333 (m, 1 H), 3.00 (m, 1 H), 276 (m, 2 H), 2.37 (s, 3 H), 1.98
(m, 1 H), 1.88 (m, 1 H); MS: (BS) m/ caleulated for Cy HaoFaNe(h [M + H] 465.1, found 465.1.

Example 68: Synthesis of methyl 4-{2-[4-chlore-S-methyl-3-(iriflusromethypyrazeol-1-
yHacetyl]-1-(4-fluorophenyl}-6,7-dihydro-SH-pyrazolo{4,3-5]pyridine-S-carboxylate
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[0267]

a) To a cooled solution of 1-(4-flucrophenyDpyrazolof4,3-bpyridine (1 g, 4.67 romol}

in CH,CL (50 mL) under nitrogen atmosphere was added mUPBA (75%, 1.2 ¢, 5.14 munol} in

one portion. The resulting solution was allowed to warm to roorn temperature and stirred for 12

h. The reaction mixture was then diluted with CH,Cly (100 mL) and washed with saturated

NaHCO; solution (100 mL). The agueous

combined organic layers were dried (MgS

layer was extracted with CHCl; (S0 mL). The

Qy), filtered and concentrated in vacuo. The crude

residue was purified by flash chromatography (510;, 20% MeOH in CHyCly) to afford the

desired product (1.1 g, 4.7 mmol, quantitative yield).

[0208]

b} To a solution of 1-{4-flucrophenyl)-4-oxido-pyrazolof4,3-bipyridin-4-ium (916 mg,

4 mmol} in CHON (10 mb) was added TMSCN (800 uL, 6 mmol} and Eg;N (556 ul., 4 mmol)

and stirred at 80 °C overnight. The reactio

n mixiure was then cooled to room temperature and

concentrated i vacue. The crude residue was purified by flash chromatography (810, 80%

EtQAc in hexanes) to give the desired product (857 mg, 3.6 mmol, 90%;).
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{6209] ) Water (10 mL) was added to 1-{(4-fluorophenylipyrazolo{4,3-bipyridine-S-
carbonitrile (600 myg, 2.52 mmol) and the mixture was cooled to § °C followed by the addition of
concentrated HySO4 (10 oL} slowly drop wise. The obtained yellowish clear solution was then
stirred at 110 °C for 12 h. The reaction mixture was cooled to § °C followed by the slow addition
of 10 N NaOH drop wise with stirring until reached pH 5 — 6. The resulting white solid was
filtered and washed with water (30 ml) and heptanes (S0 mL), and was then dried under high
vacuum 1o obtain the desired erude product (700 mg) which was used in the next step without

further purification.

{0218] d) To I-(4-fluorophenybhpyrazolo[4,3-blpyridine-S-carboxylic acid (650 mg, 2.5 mmol)
was added CH,Cly (40 mb) and MeOH (5 wl) followed by TMSCHN, (2 M in B0, 10 mi,
excess) drop wise. The resulting yellow suspension was stirred at room temperature for an hour.
The reaction mixture was then diluted with CH,Ch (40 ml.)}, washed with saturated NaHCO,
solution {50 ml.), dried (MgSO,) and concentrated in vacuo to obtain the desired crude product

{750 mg) which was used directly in the next step without further purification.

321311 ) MeOH (6 mL) and 12 N HCU (1 mL) were added fo methyl 1-(4-
fuorophenylipyrazolo{4,3-blpyridine-5-carboxylate {100 mg, 0.37 mmol) followed by 20%
PA({OH): on carbon (100 mg, excess) and the resulting mixture was stirred under Hy gas (55 psi)
on a Parr shalker at room temperature for 36 h. The reaction mixture was then filtered through a
small pad of celite, washed with MeOH (20 ml) and concentrated in vacuo. The obtained
residue was dissolved in EtOAc (50 mL) and washed with saturated NaHCO; solution (20 mL},
dried (MgSQy) and concentrated in vacuo to obiain the desired crude product (30 mg) which was

used as such in next step without further purification,

{62121 §) To a solution of 2-{4-chloro-3-methyi-3-(irifluoromethypyrazol-1-ylacetic acid (20
mg, 0.073 mmol) in DMF (2 mL) was added Et;N (30 ul., 0.219 mmol), HATU (55 mg, 0.145
mmol} followed by methy] 1-(4-fluoropheny!}-4.,5,6,7-tetrahvdropyrazolofd,3-bipyridine-5-
carboxylate (20 mg, 0.073 mol) at room temperature. The resulting solution was then stirred at
&0 °C for § h. The reaction mixture was then cooled to room temperature, HyO (10 mL) was
added and the mixture was extracted with EtOAc (2 x 15 mL}. The combined EtOAc¢ Iayers were
dried (MgSOy), filtered, concentrated in vacuo and the resulting crude product was purified by

reverse phase HPLC (C18 column, acetonitrile-H,( with $.1% TFA as eluent) to give the
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desired product as white powder {0.004 g, 0.008 mmol, 7%). 'H NMR (400 MHz, CD:,0D) 3
828 (s, 1H), 7.52 (3H, dd, /= 5,9 H2z), 726 (ZH, , 8.6, J=17.2 Hz), 5.3 (ZH, dd, J=17.2,69.2
Hz), 3.83 (s, 3H), 2.80-2.82 (m, 2H), 2.29 (s, 3H), 2.15-2.17 (m, 2H}; MS: (ES) m/z calculated
for CyHigCIF NGOy [M + H}+ 500.1, found 5060.1.

Example 61: Synthesis of 1-[1-{4-fluorophenyl}-6,7-dihydro-SH-pyrazolo (4, 3-bipyridin-4-
vi-2-{3-(trifluoromethyD-5,6-dihydro-4H-cyclopeniafcipyrazel-1-vijethanone

N AN N
,. ° /= a
e \\‘ / \ s i
. , F---_( A N N
e | g PN L PN
Fe T\ L NH X\/\‘N\ VD

\ ~N N S = . t‘(l
LR T AT, BN, DMF, 50°C ARV

N 7% o~

[8213} To a solution 2-[3-(irifluoromethyl}-5,6-dihydro-4 H-cyclopental elpyrazol-1-yilacetic
acid (83 mg, 0.35 mmol} in DMF (2 mbL) was added Et;N (75 pL, 0.525 mmob), HATU (160 mg,
0.42 mmol), followed by 1-{(4-fluorophenyl}-4,5,6,7-tetrahiydropyrazolol4,3-blpyridine (77 mg,
.35 mmol} at room temperature. The resulting solution was then stirred at 50 °C for 30 min.
The reaction mixture was then cooled to room temperature, HyO (10 mL) was added and the
mixiure was extracted with EtOAc (2 x 20 mL}. The combined EtOAc layers were dried
(MgSQy), filiered, and concentrated in vacuo. Purification by reverse phase HPLC (C18 column,
acetontirile—H,O with 0.1% TFA as eluent} to give the desired product as a white powder (0.011
g, 0.025 mmol, 7%). 'H NMR (400 MHz, DMSO-d;) 8 8.15 (s, 1H), 7.6 (m, 2H), 7.35 (1, 2H, J =
8.6,17.6 Hz), 5.38 (5,2H), 3.77 (m, 2H), 2.85 (1, 2H, J= 6.3, 12.5 Hz), 2.66 (m, 4H), 2.53 (m,
2H), 1.97 (m, 2H); MS: (ES) m/z calculated for Co HoF N<O [M + H] 434.2, found 434.1.

Example 62: Synthesis of 2-[4-chloro-3-(friflusremethyDphenyl}-1-{1-{4-flucrophenyl}-6,7-
dibydro-SH-pyrazels{4,3-blpyridin-4-vi]propan-i-one
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{0214] a) To asolution of 4-{(bromomethyli}-1-chlore-2-(triflucromethyhbenzene (3.94 g, 14.4
mmol} in BDMESO (29 mL) was added NaCN (1.06 g, 21.6 mumol). The mixture was heated at 50
°C for I h with stirring.  After cooling to room temperature, the reaction mixture was poured
into a 100 mi. beaker containing ice water (25 wl). The agueous layer was extracted with
dichloromethane (4 »x 10 mL), and the combined organic lavers were washed with brine and

dried (Na;SOy), filtered, and concentrated in vacuo 1o give the desired product (2.5 g, 79%).

{02157 b)Y Toamixture of 2-[4-chloro-3-(trifluoromethyhphenyllacetoniirile (2.0 g, 9.1
mmoi} and methyl iodide (1.29 g, 9.1 mmol) in toluene (20 mL) at 80 “C was slowly added
NaNH; (428 mg, 11 mmol). The mixture was stirred at 80 °C for 1 hour. After cooling to room
temperature, water (10 mL) was added. The mixture was extracted with ethyl acetate (2 x 15
mL). The combined organic layers were washed with brine and dried (Na;8Oy), filiered, and
concentrated in vacuo. The crude residue was purified by flash chromatography (810, 8-15%

ethyl acetate in hexanes) to afford the desired product (500 mg, 24%).

{1216] ¢) To a solution of 2-[4-chloro-3~(riflucromethyDphenylpropancuiirile (450 mg, 1.93
smmol) in dioxane (6 mbL) was added sulfurie acid (60%, 6 mL). The mixiure was heated at 110
“( for 14 hours. Afler cooling to room temperature, the reaction mixture was partitioned
between water and dichloromethane. The agqueous layer was exiracted with dichloromethane (2
% 10 mL), and the combined organic layers were washed with brine and dried (NaxSOy), filiered,

and concentrated in vacuo to give the desired product (350 mg, 72%).

04
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{02177 d) Toamixture of 2-[4-chloro-3-{triflucrornethyDphenyiipropancic acid (47 mg,
0.184 mmol) and 1-{4-flucrophenyl-4,5,6,7-tetrahydro-t H-pyrazolol4,3-bipyridine (40 mg,
(.184 mmol) in DMF (1 mL) was added Hunig’s base (§9 mg, 0.46 munol} and 2-(1H-7-
azabenzotriazol-1-y1)-1,1,3,3-tetramethyl uranium hexafluorophosphate methanaminium
(HATU) (77 mg, 0.2 mmol). The mixture was stirred at room temperature for 1 hour, and then
was partitioned between water (4 mL) and ethyl acetate (6 mL}. The organic layer was washed
with brine and dried (Na;SOy), filtered, concentrated in vacuo, and purified by reverse phase
HPLC (C18 column, acetonitrile~HyO with 0.1% TFA as eluent) o give the desired productas a
while solid (24 mg, 29%). 'H NMR (400 MHz, CDCL)Y 8 8.51 (s, 1 H), 7.62 (d, /= 2.0 Hz, 1 H},
748742 (m, 4 H), 7.16-7.11 (m, 2HD, 4.1 (m, VH), 3.76 im, T H), 3.52 (m, 1 H), 2.77 (30, 2
H), 1.96 (m, 1 H), 1.80 (m, T H), 1.55 (d, /= 7.2 Hz, 3 H); MS: (ES) m/z calculated for
Caat15CIF N, O [M + HT 452.1, found 452.1.

Example 63: Synthesis of 2-{2-chloro-4-(trifluoromethyljphenyl}-1-{1-(4-fluorophenyi}-6,7-
dihydroe-SH-pyrazelo(4,3-bpyridin-4-yljethanone

/,//f NN
2 ) —CFa Cl
R A N / e )
\/ \ HOC I ‘f'/ 4 e /\k\
/TN /}‘\\ "{NH Cl /TN \)\ /N\'\/‘( \\\‘\ \\
Sy i ' OE.
F—d N HATU, DIEA, DMF G N 1 b L TCF,
N N N NS

[0218] To a mixture of 2-[2-chlovo-d-(trifluoromethyliphenyvliacetic acid (59 mg, 0.23 mmol)
and 1-(4-fluoropheny}-4,3,6,7-tetrahydro~1 H-pyrazolo[4,3-blpyridine (30 rag, 0.23 mmol} in
DMF (1 mL) was added Hunig’s base (59 mg, 0.46 mmol) and 2-{1H-7-azabenzotriazol-1-ylj-
1,1,3,3-tetramethy! uranium hexafluorophosphate methanaminium (HATU) (96 mg, 8.2 mmol}.
The mixture was stirred at room temperatare for 1 hour, and then was partitioned between water
(4 mL) and ethyl acetate (6 mL). The organic layer was washed with brine and dried (NaxS0O4),
filtered, concentrated i vacue, and purified by reverse phase HPLC (C18 column, acefonitrile-
Ho O with .19 TFA as eluenat) to give the desired product as a white solid (25 mg, 25%). "
NMR (400 MHz, CDCH) 8 8.44 (s, 0.8 H), 7.70 (5, 1 H), 7.56-7.44 {m, 4 H), 7.38 (5, 0.2 H),
748-7-14 (m, 2 H), 4.14 (s, 2 H}, 3.82 {m, 2 H), 2.85 (m, 2 H), 2.08 (o, 2 H); ME: (ES) m/z
caleulated for Cy HisClFN3 O M+ H] 438, 1, found 438.1.
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Example 64: Synthesic of 2-[1 H-benzimidazo-2-yi}-1-[1-(4-Buovophenyl)-6,7-dihydro-5H-
pyrazolo]4,3-bipyridin-4-yijethanone

\ N
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/ /= ( e Ny o HN
F—4 7N N = =
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{82191 To a mixture of (1H-benzoimidazol-Zylacetic acid ( 41mg, 0.23 mmol) and 1-(4-
fluorophenyl}-4,5,6,7-tetrahydro-1 H-pyrazolofd,3-bpyridine (50 mg, 0.23 mmol} in DMF (1
mL) was added Hunig’s base (59 mg, 0.46 mmol) and 2-(1 H-7-azabenzotriazol-1-yl}-1,1,3,3-
tetramethy! uranium hexafluorophosphate methanaminium (HATU, 96 mg, 0.2 mmol). The

10 mixture was stirred at room temperature for 1 hour and then was partitioned between water (4
mL} and ethyl acetate (6 mL). The organic layer was washed with brine and dried (NaySO4),
filtered, concentrated in vacue, and purified by reverse phase HPLC (CI8 column, acetonitrife—
HoO with 0.1% TFA as eluent) to give the desired product as a white solid (0,020 g, 23%:). H
NMR (400 MHz, CDCL)Y S 838 (5, 0.8 H), 8.00 (s, 1 H), 785 (m, 1 H), 7.61 (5, 0.2 H), 7.52-

15 743 (m, 2 H), 7.36-7-29 (m, 3H), 7.23-7 14 {(m, 2 H), 518(s,2H),3.84 (m, 2 H),2.88 (m, 2
H)y, 2.13 (m, 2 H): MS: (ES) m/z caleulated for CyHi6CIF4N; O [M + HJ 376.1, found 376.1.

Example 65: Synthesis of 1-{1-(d-fluorophenyl)-6,7-dihydro-5H-pyrazeloi4,3-bipyridin-4-
yij-2-pyrrolofd,3-blpyridin-1-vi-ethanone

20
Q
K,CO5, DMF AL THF/HO( 4:1)
N K G 60 °C, 45% N © LIOH, 82%
[ ST B A ' ( T N\ e
o OEt  stepa SN step b
a0
3 .
VAR ,/‘%/N”
o P )N
i =l NT
N "
N oH EtzN, HATU, an NS
T AN CHaCly, 28% U s
H o //a oo {// \\)——N/ \“E Q //Lr:::\
\i'// had N \ 7/ ~ ,{,: N :\‘
step ¢ N/ N W/

96



(v

1

WO 2014/035967 PCT/US2013/056796

10228] ay A mixture of 1H-pyrrolo]2,3-5lpyridine (471.2 mg, 4.0 myuol), ethyl 2-
bromoacetate (530 pL, 4.8 munol) and potassium carbonate {(667.9 mg, 4.8 mmol} in DMF (5
mkb) was heated at 60 °C for 2 hours with stirring. After cooling to room temperature, the
reaction mixture was difuted with 20 ml of water, and extracted with EtOAc (2 x 30 mL). The
combined organic laver was then washed with water (2 x 20 ml), dried (Na,SOy), filtered, and
concentrated in vacuo. The crude residue was purified by flash chromatography (S10;, 40%

ethyl acetate in hexanes) to afford the desired product (371.5 mg, 1.8 mmol, 45%;),

{6223} b)Y A mixture of ethyl 2-pyrrolof2,3-blpyridin-1-ylacetate (371.5 mg, 1.8 munol), and
lithium hydroxide (87.9 mg, 3.6 mmol) in a mixture of THF (4 rob) and HyO (1 mL) was stirred
at room temperature overnight.  The reaction mixture was concentrated in vacuo, and acidified
to pH § with 3 N agueous hydrochloric acid. The resulting solid was filtered, and washed with

HoO (2 = 10 mL), and dried in vacuo to afford the desired product (200.2 mg, 1.1 mmol, 62%;).

182221 ¢ A mixture of 2-pyrrolof2,3-blpyridin-1-ylacetic acid(51.2 mg, 0.24 mmol), 1-(4-
fluorophenyl}-4,5,6,7-tetrahydropyrazolof4,3-b1pyridine (50.3 mg, 0.29 ramol}, triethy! amine
(200 pl, 1.4 mmol), and HATU (110.7 mg, 0.29 mmol) in DMF (1 mL) was stirred at room
temperature for 2 hours, The reaction mixture was then diluted with 10 mL of agueous saturated
sodium bicarbonate, and extracted with EtOAc (2 » 15 mL). The combined organic layers were
then washed with water (2 x 20 mL), dried (Na;80,), filiered, and conecentrated in vacuo. The
crude residue was purified by flash chromatography (510, 70% ethyl acetate in hexanes) to
afford the desired product (25.9 mg, .07 numnol, 28%). "HONMR (400 MHz, CDCly) 8 8.40 ¢,
0.8H),830(dd, /=48, 10Hz, 1 H),79 d, J=72,1.6Hz 1 H), 781 (5, 02H), 745 (m, 2
Hy, 736 {(d, /=36 Hz, 0.8 H), 731 (d,/=36Hz 02H), 718 (10, 2H), 709 (dd, /= 7.6, 4.8
Hz, 1 H),6.58(d, /=36 Hz, 1 H},5.44 (5, 0.2 H), 5.32 (5, 0.8 H}, 3.91 {m, 2H), 2.84 {m, 2H},
2.07 (m, 2H) ; MS: (ES) m/z calculated for Oy H sFNsO [M -+ HI 376.1, found 376.1.

Example 66: Synthesis of 1-{1-(4-fluovephenyi)-6,7-dihydro-SH-pyrazolo[4,3-blpyridin-4-
vi}-I-imidazo[4,5-]pyridin-3-yl-ethanone
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{02231 a) A mixture of 3H-imidazo[4,5-6]pyridine (852.7 mg, 8.0 mmol}, ethyi 2-
bromoacetate (1.0 mb, 9.6 mmol) and potassium carbonate (1.37 g, 9.6 mwnol) in DMF (10 b))
was heated at 60 °C for 2 hours with stirring. After cooling to room teraperature, the reaction
mixture was diluted with 20 mL of water, and extracted with EtOAc (2 x 30 mL). The combined
organic lavers were then washed with water (2 x 20 mL), dried (Na;SQy), filiered, and
concentrated in vacuo. The crude residue was purified by flash chromatography (8i0,, 100%

ethyl acetate to 10% MeOH in EtOAc) to afford the desired product (489.3 mg, 2.4 manol, 30%).

[6224] b)) A mixture of ethyl 2-imidazo{4,5~-blpyridin-3-ylacetate {(400.3 mg, 1.9 mumol), and
fithium hydroxide (96.7 mg, 4.0 mmol) in a mixture of THF (4 mL) and H,0 (3 mi) was stivred
at room temperature overnight. The reaction mixture was concentrated in vacuo, and acidified to
pH 5 with 3 N aqueous hydrochloric acid. The agueous solution was then dried in vacuo to
atford the crude product, which was used directly in the next step.

[8225] ¢ A mixture of 2-imidazold,5-F]pyridin-3-ylacetic acid (251.7 mg, excess), 1-(4-
fluorophenyl}-4,5,6,7-tetrahydropyrazolo[4,3-b]pyridine (42.7 mg, 0.23 mol), triethyl amine
(200 ul, 1.4 mmol), and HATU (87.9 mg, 0.23 mmol) in DMF (1 ml) was stirred at room
tempersture for 2 hours. The reaction mixture was diluted with 10 mL of aqueous saturated
sodiur bicarbonate, and extracted with EtOAc (2 X 15 ml). The combined organic layers were
then washed with water (2 % 20 mL), dried (Na;SOy), filtered, and concentrated in vacuo. The
crude residue was purified by flash chromatography (810;, 10% MeOH in EtOAc) to afford the

desired product (26.1 mg, 0.07 numol, 30%). 'H NMR (400 MHz, CDCLIS 838 (d, /=72 Hz

a8
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1 H), 8.50 (s, 0.8 H), 8.25 (s, 0.2 H), .12 (&, J = 5.6 Hz, 1 H), 7.45 (m, 2 H), 7.28 (m, [H), 7.15
(m, 2H), ), 5.46 (s, 0.2 H), 5.33 (s, 0.8 H), 3.95 (m, 2H]}, 2.88 (m, 2H), 2.15 (m, 2H); MS: (ES
mi/z calenlated for CooHpFNO [M + HT 377.1, found 377.1.

Example 67: Synthesis of 2-{4-chloro-S-methyl-3-(methylsulfonyDpyrazol-1-yH}-1-{1-(4-
flucrophenyl}-6,7-dihydro-SH-pyrazole[4,3-blpyridin-4-ylethanone
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10226] a) To a mixture of 1-(4-fluorophenyl)-4,5,6,7-tetrahydro-1 H-pyrazolo[4,3-b]pyridine
{303 mg, 1.40 mmol), 2-[4-chloro-5-methyl-3-(iriflucromethylypyrazol-1-yljacetic acid (420 mg,
1.40 mmol), and ~-PrNEt (1 mb, 7.0 mmeol) in DMF (5 mL) was added HATU (583 mg, 1.54
mmol}. The resulting solution was then stirred at room temperature overnight. The reaction
mixture was then diluted with EtOAc (50 mL) and washed with water (3 x 10 mL). The Et0Ac
layer was dried (NapS{y), filtered, and concentrated in vacuo. The crude product (480 mg, 70%)

was used directly in the next step.

[0227] b) A mixture of 2-{4-chloro-S-methyl-3-iodopyrazol-1-yh)- [ 1-(d-fluorophenyl)-6,7-
dihydro-SH-pyrazolo[4,3-blpyridin-4d-yljethanone (85 mg, 0.17 mumol), NaSO:Me (52 mg, 0.51
mmol), Cul (98 myg, 0.51 mmol) in DMSO (3 ml) was heated at 110 °C overnight. After
cooling to room temperature, the reaction mixture was diluted with EtOAe (580 mL) and washed
with water (3 x 10 mL). The EtOAc layer was dried (N2, SOy), filtered, concentrated in vacue
and purified by reverse phase HPLC (C18 column, acetonitrile-HoO with 0.1% TFA as eluent) to
give the desired product as white powder (42 mg, 55%;). "H NMR (400 MHz, DMSO-dy) 8 8.15
(s, 1 H), 7.60 (m, 2H), 7.38 (dd, /= 8.9, 8.1 Hz, 2 H), 5.58 (5, 2 H), 3.80 (m, 2 H}, 3.28 (s, 3H),
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2.83 (¢, J=5.7Hz, 2 1), 2.22 (5, 3 H), 2.00 (m, 2 H); MS: (ES) m/z calculated for
C1oFLnCIFNOsS [M + HI 452.1, found 452.0.

Example 68; Synthesis of 2-(4-chloro-S-methyl-3-cyanepyrazob-1-yi}-1-{1-(4-flusrophenyl)-
6,7-dihyvdro-SH-pyrazelo{4,3-blpyridin-d-yljethanone

Zn(CN);

o ey N Z dppf DMFIH0 .} N TN
______ 7/ \\} /2 i }::, A / \} P W ),t?:’
PR N % P/ ;,j o /g

[8228] A mixture of 2-{4-chloro-5-methyl-3-iodopyrazol-1-yl}-1-{ {-{(4-fluorophenyl}-6,
dihydro-5 H-pyrazolol4,3-5]pyridin-4-yliethanone (430 mg, 0.86 mmol), Zn(CN} (151 mg, 1.3
mmol), dppt (72 myg, §.14 mmeol}, and Pdy(dbak (79 mg, 0.09 mmol} in DMF (10 mL) and water
(0.5 mL) was heated at 90 °C overnight. After cooling to room temperature, the reaction mixture
was diluted with EtOAc (30 mL) and washed with water (3 #» 5 mL). The EtOAc layer was dried
{(Na,S(y), filtered, and concentrated in vacuo. The residue was triturated with 121
CH,CL/MeOH (3 x 5 mL) to give the desired product as white powder (250 mg, 72%). 'H NMR
(400 MHz, DMSO-dgy 8 8.15 (s, L H), 7.58 (m, 2H), 735 (dd, J=8.7, 8.1 He, 2 H), 5.58 (s, 2
H), 3.80 (i, 2H), 2.84 (1, /=54 Hz, 2 H), 2.25 (5, 3 H), 2.00 (m, 2 H); MS: (ES) m/z calculated
for CroHpCIFNO [M + HIT399.1, found 399.1,

Example 69: Synthesis of 2-[4-chlore-3-(4,5-dihydro-1 H-imidazol-2-y1)-5-methyl-pyrazol-
1~yij-1-{1-{4-fluorophenyl)-6,7-dihydro-3H-pyrazole[4,3-blpyridin-4d-yljethanone
trifluorcacetic acid salt

N /NHZ
e HoN™ ™ Ny
{ 4 N ~ / T
g~ ON i /
,,,,,,,, L NN Yy ACOH, EtOH \ LN SN )
N A= S e S & /
,,,,, / N | ; K 7N\ T W R
. N o /N el Ny \! = H
N\omeee / N/ i N ;-_—;_—;;/ \N§ G / Cl

62291 A mixture of 2-(4-chioro-5-methyl-3-cyanopyrazol-1-yh-1-{1-{(4-fluorophenyl}-6,7-
dihydro-5 H-pyrazolo{4,3-bpyridin-d-yHethanone {150 mg, .38 mmeol}, ethylene diamine (2
mkb) and acetic acid (0.3 mL) in ethanol (S ml) was heated at 100 °C for 2 hours. After cooling
to room temperature, the reaction mixture was diluted with CHzCly (50 mL) and washed with
water (3 % 10 mL). The organic layer was dried (Na;SOq), filtered, and concentrated in vacuo.

Purification by reverse phase HPLC (C18 column, acetonitrile-HoO with 0.1% TFA as eluent)

ioo
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gave 2-[d-chloro-3-(4,5-dihydro-1 A-imidazol-2-y1)-5-methyl-pyrazol-1-yt}-1-{1-(4-
fluoropheny!)-6,7-dihydro-5 H-pyrazolof4,3-bipyridin-4-yljethanone triffuorcacetic acid salt as
white powder (84 mg, 51%). "H NMR (400 MHz, DMSO-d5) 8 10.21 (s, 2H), &.15 (5, | H), 7.58
(m, 2 H},7.37¢dd, /= 8.7, 8.1 He, 2 1), 5.60 (s, 2 H), 3.92 (5, 4H), 3.82 (m, 2 H), 2.89 (, J =
4.9 Hz, 2 H), 2.29 (s, 3 H), 2.01(m, 2 H); MS: (ES) m/z caleulated for Co HpCIFN,O [M +HT
442.2, found 442.1.

Example 78: Synthesis of 2-[4-chlore-3-(1H-imidazol-2-y1)-5-methyl-pyrazob1-yi}-1-[1-{4-
fluorophenyl}-6,7-dihydro-SH-pyrazole]4,3-blpyridin-4-yliethanone

N Dess-Martin N N
i N X periodinans, S N Ja
VNN DMSO LA N A D
VRN he v/ N — N S Y v/
AN S~y ! \ — H AN / \! V=—={ i
P 7N o /0 Fg N c / N
g \N':”' ’ Ci N\ eeeee / N‘/ i

[6238] A mixtore of 2-[4-chloro-3-(4,5-dihydro- | H-imidazol-2-yl)-5-methyl-pyrazol-i-yl}-1-
[ 1-(4-fluorophenyl}-6,7-dihydro-5 H-pyrazolo4,3-51pyridin-4-yllethanone (45 mg, 0.1 mmol),
Dess-Martin periodinane (80 mg, 0.2 mamol) in BMSO (1 mL) was heated at 80 °C for 1 hour.
After cooling to room temperature, the reaction mixture was diluted with CHyCly (20 mL) and
washed with water (3 x 5 mL). The organic layer was dried (Na,SQO,), filtered, concentrated in
vacuo and purified by reverse phase HPLC (C18 column, acetonitrile—H;O with 0.1% TFA as
eluent) to give 2-[4-chloro-3-(1 H-imidazol-2-y1}-S-methyl-pyrazol-1-yi}-1-[ 1-{4-fluorophenyl)-
6,7-dihydro-5 H-pyrazolo[4,3-blpyridin-4-yljethanone as white powder (32 mg, 73%). "H NMR
{400 MHz, DMSO-d) 8 8.09 (s, 1 H), 7.60 (s, 2H), 7.52 (m, 2 H), 730 (dd, /= 8.8, 83 Hz, 2
Hy, 549 (s, 2H), 390 (m, 2H),2.82 (t, /=51 Hz, 2 H), 2.22 (5, 3 H), 1.95 (m, 2 H); M5 (ES)
m/z caleulated for CuyHaeCIFNO [M + HI 440.1, found 440.1.

Example 71: Synthesis of 28)-1-{1-(4-Huovophenyl)-6,7-dihydro-8H -pyrazolo]4,3-
bipyridin-4-yH-2-[2~-methyl4-(triflueromethylimidazol-1-ylipropan-1-one
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1) (COCH,, DMF, CH,Cly
2) NEty, CHyCly o~

! |
/T |
= F H<.\\\ //\ = N/ =Y I/ bl =
: =N (—_— \N == e ./::\ b N N s . CF
HQ\‘T SN % CFy & Jn My T;( .‘ : 3
i y N ] b

{8231] To asolution of (28)-2-[2-methyl-4-(triffluoromethylimidazole- 1 -yl]propanoic acid
{0.020 g, 0.09 mmol) in CH2Cl; (3 L) was added oxalyl chloride (0.040 ml, .46 mmol) and
DMF (1 drop). After 20 min at room temperature, the mixture was concentrated in vacuo and
the residue was added to another flask containing 1-(4-fluorophenyi)-4,5.6,7-
tetrahydropyrazolo[4,3-blpyridine (0.028 g, (.13 mmol) and NEt; (0.060 mL, 0.43 mmeol) in
CHoCh (3 mb). The resulting mixture was stirred at room temperature for 20 min, quenched
with saturated aqueous NaHCO; solution (30 mL), and extracted with ethyl acetate (50 mb).
The organic layer was dried over anhydrous sodium sul{ate, concentrated in vacuo, and purified
by flash chromatography (Si(s, 0 — 8% MeOH/EtQA¢) to afford the titled compound (0.030 g,
44%, TFA salf) as a white solid. "H NMR (TFA salt) (400 MHz, CDC1) 8 9.70 (5, 1 H), 8.43 (s,
FH),7.78(d, /=038 Hz, 1 H), 7.42 (dd, /=92, 88 Hz, 2 H), 7.20 (dd, /= 8.8, 8.4 Hz, 2 H),
560(q,/=T72Hz, 1H),3.80(m, 2H),2.84 (dd, /= 62,62 Hz, 2H),2.65(s, 3 H},2.15(m, 2
H), 1.84{d, /=72 Hz, 3 H); MS: (ES) m/z calculated for CyuoHioF4N:O [M + E-E]“} {(free form)
422.1, found 422.1; The titled compounds were analyzed by chiral normwal phase
chromatography (RegisPack, 25 cm x 4.6 mm, 5§ micron, cat#793104, 0. 1%DEA/MPA, 0.7

{minor) had a retention timwe of 6.2 min (isolated in 19:1 er).

Example 72: Synthesis of (28)-1-{1-{4-chlorophenyl)-6,7-dihydro-SH-pyrazeole{4,3-
Sipyridin-4-yi}-2-{2-methyi-4-(rifluoromethyllimidazel-1-yljproepan-1-one

1) (COCl), DMF, CH,Cly

2) NE?:},, CHzcgz (/\\\
_ ™ A NH .
~ CE ‘\\\ }"“-N/L\7/ \r'/ \‘l: -:
\L»;/ \N :;JI / :t\\ )\ E\i A~ /\\\\‘
e Ci—— oy N N-OF
S oy L
O /.,..‘:;tN T N~
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[6232] To a solution of (25)-2-[2-methyl-4-(irifluoromethyDimidazole-1-yllpropanoic acid
(0.020 g, (.09 numol} in CHLCl, (1.5 mL) was added oxalyl chloride (0.050 mL, 0.58 romol) and
DMPF (1 drop). After 20 min at room temperature, the mixture was concentrated in vacuo and
the residue was added to another flask containing 1-{4-chlorophenyi}-4,5,6,7-
tetrahydropyrazolof4,3-bipyridine (0.028 g, 0.13 mmol} and NEt; (0.050 L, .35 mmol) in
CH,Ch (1 mL). The resulting mixture was stirred at room ternperature for 20 min, quenched
with saturated aqueous NaHCO; solution (30 roll), and extracted with ethyl acetate (50 mlL).
The organic layer was dried over anhydrous sodium sulfate, concentrated in vacuo, and purified
by flash chromatography (Si(0s, 0 ~ 6% MeOH/EtOAc¢) to afford the titled compound (0.022 g,
32%, TFA salt) as a white solid. 'H NMR (free form) (400 MHz, CDCL) 8 8.46 (5, 1 H), 7.44
(m, 4 H), 742 (dd, /=92, 8.8 Hz, 2 H), 737 (d, J= 1.2 Hz, 1 H), 5.21 (q, J= 7.2 Hz, 1 H), 3.75
{m, L H), 3.53 (m, 1 H},2.86 (dd, J=6.4, 64 Hz, 2 H)}, 2.46 (5, 3 H), 1.72 {d, /= 6.8 Hz, 3 H);
MS: (BS) m/z caleulated for CyHioCIFNSO [M + HY (free form) 438.1, found 438.1; The titled
compounds were analyzed by chiral normal phase chromatography (RegisPack, 25 em x 4.6 mm,
5 micron, cat#793104, 0.1% DEA/IPA, 0.7 mL/min). The (§)-enantiomer {(major) had a
retention time of 8.4 min and the (R)-enantiomer (minor) had a retention time of 6.4 min

{(isolated in 18:1 er}.

Example 73: Synthesis of 1-[1-(d-fluorophenyl}-6,7-dibydro-SH-pyrazolo|d, 3-s]pyridin-4-
yil-2-[S-methyl-3-(trifluoromethyi}-1,2,d-triazol-1-yvlipropan-l-one

O CF3 \
N= KGO, \ N’N\\' CFs LIOH
=07 Sy N B0 TN N7
et ] * H;{g 7 i
ey 8 — I 5 o
& T THEHO - =N THF/H,0, 45 °C
step a step b
I
,,,,,, L NH —
SEN L ’ LN
4 — - l \
i /N - F: &\ V74 N . 3 - \\\I,/CFS
HG\\T{',/“\.N \\/ I,/CF 3 N/ ) ///; -y ,/\Q /N \‘ \/\i\g\-:i\;
o /7N HATU, DIEA, DME |\ /el O/
step ¢
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{32331 a) A solution of ethyl 2-bromopropionate (3.16 g, 17.5 ramol}, 5-methyl-3-
{(trifluoromethyl}-1H-1,2,4-triazole (2.20 g, 14.6 mmol), and K,CO; (4.00 ¢, 29.1 nunol) in
THE/H,0 (2:1, 30 mL) was stirred at room temperature for S h. The mixture was diluted in
EtOAc (50 mL). The organic layer was washed with water and brine, dried (MgSQy), filtered,
and concentrated in vacuo to give the desired product (4.0 g) as a colorless oil that was used in

the next step without further purification.

62341 by The erude material from step a in THF (40 mL) was treated with 2 N LiOH (15 mi,,
30 munol} at 45 °C for 1 h and concentrated. The residue was diluted with water (20 mL),
adjusted to pH 2 with 1 M H;80,, and extracted with EtQOAc (88 mL). The organic layer was
dried (MgS0y), filtered, and concentrated in vacuo to give the desired acid (2.56 g, 10.2 munol,

73 % over two steps) as a colorless solid.

{0235} < To a mixture of 2-{S-methyl-3-(trifluoromethyl}- 1,2, 4-triazol-1-ylpropanoic acid
{0.051 g, 0.23 mmol) and 1-(4-fluorophenyi}-4,5,6,7-tetrahydro-1 H-pyrazolo[4,3-blpyridine
(0.050 g, 4.23 mumol} in DMF (I mL) were added Hunig’s base (8.059 g, 0.46 mmol) and 2-(1 H-
7-azabenzotriazol-1-y1)-1,1,3, 3-tetramethyl uranium hexafluorophosphate methanaminium
(HATU) (0.096 g, 0.25 mmol}. The mixture was stirred at room temperature for 1 hour and then
partitioned between water (4 mL) and ethyl acetaie (6 wml). The organic layer was washed with
brine, dried (NapS(Qy), filtered, concentrated in vacuo, and purified by reverse phase HPLC (CI8
colummn, acetonitrile—1HL0 with (.1% TFA as eluent) to give the desired product as a whiie solid
(0.029 g, 0.069 mmol, 30%). "H NMR (400 MHz, CDCI3) § 8.42 (5, 1 H), 7.44 (ddd, J = 10.4,
52,28Hz, 2H), 721 =710 (m, ZH), 5.61 (g, /=71 Hz, | Hy; 3.77{ddd, /= 12.6, 7.5, 3.0 Hz,
1H), 352 (ddd, J=12.584,3.0Hz, 1 H),2.82 (td, J= 6.4, 2.4 Hz, 2 H}, 2.52 (s, 3H), 2.10 -

1.80 (m, S H); MS: (ES) m/z calenlated for CrotsCIFNg O[M + HT 4231, found 422.9.

Example 74: Synthesis of 1-[1-(4-chlorephenyi)-6,7-dihydro-8H-pyrazoln{4,3-blpyridin-4-
yij-2-[5-methyl-3-(trifluoromethyl}-1,2 4-triazel-1-yvljpropan-1-one

¢ i
\ .
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[8236] To a mixture of 2-[S-methyl-3-(rifluoromethyl)-1,2,4-triazol-1-vlipropansic acid
(0.048 g, 0.21 mmol) and 1-(4-chlorophenyi}-4,5,6,7-tetrahydro-1 H-pyrazolo{4,3-bpyridine
(0.050 g, 0.21 mamol) in DMF (1 mL) were added Hunig’s base (0.055 g, 0.42 wamol) and 2-(1.77-
T-azabenzotriazoi-1-y1)-1,1,3,3-tetramethyl uranivm hexafluorophosphate methanaminium
{(HATU} (0.090 g, 0.23 mmol). The mixture was stirred at room temperature for 1 hour, and then
partitioned between water (4 mL) and ethyl acetate (6 mL}. The organic layer was washed with
brine, dried (NaxSQy), filtered, concentrated in vacuo, and purified by reverse phase HPLC (C138
column, acetonitrile-H,0 with 0.1% TFA as eluent) fo give the desired product as a white solid
(0.028 g, 0.063 mumol, 30%). 'H NMR (400 MHz, CDCI3) 8 8.44 (s, 1 H), 7.43 (5, 4 H), 5.60 (q,
J=T71Hz, 1 H),3.77{ddd, J=12.6,7.5,3.0 Hz, 1 H}, 3.52 (ddd, 7= 12.3, 83, 3.0 Hz, | H),
2.84 (1, J=6.9,3.3 Hz, 2 H), 2.52 (5, 3H)}, 2.09 - 1.81 (m, 5 H}; MS: (ES) m/z caleulated for

C1sHisCIFsNg OM + HI 439.1, found 438.9.

Example 73
{8237} This example illusirates the the evaluation of the hiclogical activity associated with

compounds of interest {candidate compounds} of the invention.

MATERIALS AND METHODS
A. Cells

1. CCRI1 expressing cells

aj THE-I cells

[0238] THP-1 cells were obtained from ATCC (TIB-202) and cultured as a suspension in
RPMI-1640 medium supplemented with 2 mM L-glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/l
ghucose, 10 mM HEPES, 1 mM sodium pyruvate, 0.05% 2-mercaptoethane! and 10% FBS.

Cells were grown under 5% CO»/95% air, 100% humidity at 37°C and subcultured twice weekly
at 1:5 {cells were culiured at a density range of 2 x 10° to 2 x 10° cells/mL) and harvested at | x
10° cells/mL. THP-1 cells express CCR1 and can be used in CCR1 binding and functional

assays.
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B) Isolated human monocyies

{323%] Monocytes were isolated from human buffy coats using the Miltenyi bead isolation
system (Miltenyi, Auburn, CA). Briefly, following a Ficoll gradient separation to isolate
peripheral blood mononuclear cells, cells were washed with PBS and the red blood cells ysed
using standard procedures. Remaining cells were labeled with anti-CID 14 antibodies coupled to
magnetic beads (Miltenyi Biotech, Auburn, CA). Labeled cells were passed through AutoMACS
(Miltenyi, Auburn, CA) and positive fraction collected. Monocytes express CCR1 and can be

used in CCR1 binding and functional assays.

B. Assays

i Inhibition of CCRI ligand binding

{0248] CCRI expressing cells were cenirifuged and resuspended in assay buffer (20 mM
HEPES pH 7.1, 140 mM NaCl, | mM CaCly, 5 mM MgCly, and with $.2% bovine serum
albumin} to a concentration of 5 x 10° cells/mL for THP-1 cells and 5 x 10” for monocytes.
Binding assays were set up as follows. 0.1 mL of cells (5 x 10° THP-1 cells/well or 5 x 10°
monocytes) was added to the assay plates containing the compounds, giving a final concentration
of ~2-10 uM each compound for screening {(or part of a dose response for compound ICs
determinations). Then 0.1 mL of %1 labeled MIP-1a (obtained from Perkin Elmer Life
Sciences, Boston, MA) or 0.1 mL of 1 labeled CCL15/leukotactin (obtained as a custom
radiolabeling by Perkin Elmer Life Sciences, Boston, MA} diluted in assay buffer to a final
concentration of ~50 pM, vielding ~30,000 cpm per well, was added (using '*] labeled MIP-1a
with THPE-1 cells and ' labeled CCL15/leukotactin with monocyies), the plates sealed and
incubated for approximately 3 hours at 4°C on a shaker platform. Reactions were aspirated onto
GF/B glass filters pre-soaked in 0.3% polyethylencimine (PEI) solution, on a vacuum cell
harvester (Packard Instrurnents; Meriden, CT). Scintilation fluid (40 pl; Microscint 20, Packard
Instruments) was added to each well, the plates were sealed and radioactivity measured ina
Topeount scintillation counter (Packard Instruments). Control wells containing either diluent
only (for total counts) or excess MIP-Tg or MIP-1B (1 pg/mL, for non-specific binding) were

used to calculate the percent of total inhibition for corupound. The computer program Prism



WO 2014/035967 PCT/US2013/056796

from GraphPad, Inc. (San Diego, Ca) was used to caleulate 1Cso values. [Cso values are those
concentrations required to reduce the binding of labeled MIP-1a to the receptor by 50%. . (For
further descriptions of ligand binding and other functional assays, see Dairaght, et al., J Biol.
Chem. 274:21569-21574 (1999}, Penfold, et al, Proc. Natl, Acad. Sci. USA. 96:9839-9844
(1999, and Dairaghi, et al,. /. 8iol. Chem. 272:28206-28209 (1997}).

2. Calcivm mobilization

{0241} To detect the release of intracellular stores of caleium, cells (THP-1 or monocytes)
were incubated with 3 uM of INDO-1AM dye (Molecular Probes; Eugene, OR) in cell media for
45 minutes at room temperature and washed with phosphate buffered saline (PBS), After INDO-
1AM loading, the cells were resuspended in flux butfer (Hank’s balanced salt solution (HBSS)
and 1% FBS). Calcium mobilization was measured using a Photon Technology International
spectrophotometer (Photon Technology International; New Jersey) with excitation at 350 nm and
dual simultaneous recording of fluorescence emission at 400 nm and 490 nin. Relative
intracellular calcium levels were expressed as the 400 nm/490 nm emission ratio. Experiments
were performed at 37°C with constant mixing in cuvettes each contairung 10° cells in 2 mL of
flux buffer. The chemokine ligands may be used over a range from [ to 100 nM. The emission
ratio was plotted over time (typically 2-3 minutes). Candidate ligand blocking compounds (up to
10 uM) were added at 10 seconds, followed by chemokines at 60 seconds (i.e., MIP-1o; R&D
Systems; Minneapolis, MN} and control chemokine (e, SDF-1o; R&D Systems; Minneapolis,

MN) at 150 seconds.

3. Chemotaxis assays

[8242) Chemotaxis assays were performed using 5 pm pore polycarbonate,
polyvinylpyrrolidone-coated filters in 96-well chemotaxis chambers (Neuroprobe; Gaithersburg,
MD) using chemotaxis buffer (Hank’s balanced salt solution (HBSS) and 1% FBS). CCR!1
chemokine ligands (i.e., MiP-1a, CCL15/Leukotacting R&D Systems; Minneapolis, MIN) are use
to evaluate compound mediated inhibition of CCR1 mediated migration. Other chemokines (i.e.,
SDF-1g; R&D Systems; Minneapolis, MN) are used as specificity controls. The lower chamber

was loaded with 29 ul of chemokine (i.e., 0.1 oM CCL15/Leukotactin) and varying amounts of
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compound; the top chamber contained 100,000 THP-1 or monocyte cells in 20 pl. The chambers
were incubated 1-2 hours at 37°C, and the number of cells in the lower chamber quantified either
by direct cell counts in five high powered fields per well or by the CyQuant assay (Molecular
Probes), a fluorescent dye method that measures nucleic acid content, and by measuring with a
Spectrafluor Plus {Tecan). The computer program Prism from GraphPad, Inc. (San Diego, Ca)
was used to caleulate 1Cso values. 1Cs values are those compound concentrations required to

inhibit the number of cells responding to a CCR1 agonist by 50%.

4, in Vive Efficacy

a) Rabbit model of destructive joint inflammation

[0243] A rabbit LPS study was conducted essentially as described in Podolin, et al /.
Immunol, 169(11):6435-6444 (2002). Female New Zealand rabbits (approximately 2 kilograms)
were treated intra-articularly in both knees with LPS (10 ng). The compound of interest, for
example 1,016, (formulated in 1% methocel) or vehicle (1% methocel) was dosed orally ata §
mi/kg dose volume at two times (2 hours before the intra-articular LPS injection and 4 hours
after the intra-articular LPS injection). Sixteen hours after the LPS injection, knees were
lavaged and cells counts were performed. Beneficial effects of treatrnent were determined by
reduction in the number of inflammatory cells recruited to the inflamed synovial fluid of the
knee joints. Treatment with the compound of interest resulted in a significant reduction in

recruited inflammatory cells.

b} Evaluation of a compound of interest in a rat model of collagen induced

arthritis

10244] A 17 day developing type H collagen arthritis study is conducted {o evaluate the effects
of a compound of interest on arthritis induced clinical ankle swelling. Rat collagen arthritis is an
experimental model of polyarthritis that has been widely used for preclinical testing of numerous
anti-arthritic agents (see Trentham, et al., ./ Exp. Med. 146(3):857-868 (1977), Bendele, et al,,
Toxicologic Pathol. 27:134-142 (1999), Bendele, et al,, Arthwritis Rheum. 42:498-506 (1999)).

The hallmarks of this model are reliable onset and progression of robust, easily measurable

138



(4]

WO 2014/035967 PCT/US2013/056796

polyarticular inflammation, marked cartilage destruction in association with pannus formation

and mild to moderate bone resorption and periosteal bone proliferation.

[0245] Female Lewis rats (approximately 0.2 kilograms) are anesthetized with isoflurane and
injected with Freund’s Incomplete Adjuvant containing 2 mg/ml. bovine type I collagen at the
base of the tail and two sites on the back on days 0 and 6 of this 17 day study. A compound of
interest is dosed daily in a sub-cutaneous manner from day 0 till day 17 at a efficacious dose.

Caliper measurements of the ankle joint diameter are taken, and reduced joint swelling is taken

as a measure of efficacy.

Murine Model of Dermatological Discase

[8246] Compounds of the invention can be assessed in the murine model of dermal delayed
type hypersensitivity induced by oxazolone. Briefly, 8-10 week old BALB/c mice are sensitized
topically with a 1% solution of oxazolone dissolved in ethanol on their shaved abdomens on day
0. On day 6 post sensitization mice are dosed orally with either vehicle or increasing doses of a
compound of the invention immediately prior to and 4 hours following a topical challenge with a
0.5% solution of oxazolone in ethanol on the right ear. The following day (day 7), ear
thicknesses are measured using caliper measurements. Animals treated with compound have
significantly reduced ear swelling compared to vehicle treated controls indicating a compound

mediated decrease in oxazolone induced dermal hypersensitivity.
Murine Asthma Model

{02471 Compounds of the invention can be assessed in the murine model of allergic asthma.
Asthma is induced in 8 ~ 10 week old BALB/c mice by sensitizing mice with OVA in Alum
adjuvant on days 0 and 10. On day 20 mice are challenged with OV A in PBS intranasally to
elicit airway inflammation. Groups of mice are either treated with vehicle, or increasing doses of
a compound of the invention starting on day 20 and lasting until day 23. Animals are analyzed at
day 23 after the infranasal OV A challenge for cellular infiltrates in bronchoalveolar lavage
(BAL). A significant reduction in BAL leukocyte murnbers relative to vehicle treated mice

indicates the compound is effective in this model.
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Murine Model of Cancer

[6248] This example describes a procedure o evaluaie efﬁcacy of CCR1 antagonists for
freatment of malignancy. Normal mouse sirains can be transplanted with a variety of well-
characterized mouse tumor lines, including a mouse thymoma EL4 which has been transfected
with OV A to allow easy evaluation of tumor specific antigen responses following vaceination
with OV A. Three series of moouse groups from any of these tumor models are tested for CCR1
antagonist efficacy as follows: One series of mice additionally receives PBS and Tween 0.5%
i.p. soon after tumor transplant, and thereafter at varying dosing schedules, A second series
consists of groups of mice receiving different doses of the CCR1 antagonist given either intra-
peritoneally, intra-venously, sub-cutaneously, intramuseularly, orally, or via any other mode of
administration soon after tumor transplant, and thereafier at varying dosing schedules. A third
series of mice, serving as positive control, consists of groups treated with either anti-IL4
antibodies, anti-IFNg antibodies, 114, or TNF, given 1.p. soon after tumor transplant, and
thereafier at varving dosing schedules. Efficacy is roouttored via tumor growth versus
regression. In the case of the OV A<transfected FL4 thymoma maodel, cytolytic OV A-specific
responses can be measured by stimulating draining lymph node cells with OV A in vitro, and

measuring antigen-specific eytofoxieity at 72 hours,

Murine Model of Inflammatory Bowel Diseases

{8249} The MDR1a-knockout mice, which lack the P-glycoprotein gene, spontancously
develop colitis under specific pathogen-free condition. The pathology in these animals has been
characterized as Thi-type T cell-mediated inflaramation similar to ulcerative colitis in humans.
Disease normally begins to develop at around 8-10 weeks after birth. However the ages at which
disease emerges and the ultimate penetrance level ofien vary considerably among different
animal facilities. In a study using the MDR1a-knockout mice, a CCR1 antagonist can be
evaluated prophylacticly or therapeutically depending on time of administration. Female mice
(=34} are dosed with a compound of interest as appropriate o the compound eg daily in a sub-
cutaneous marmer at a efficacious dose. The study is evaluated for IBD associated growth
retardation and scoring of anal discharge and irritation. A compound which reduces anal
discharge and irritation or inhibits IBD associated growth retardation indicates efficacy of

compound in this indication.
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Murine Model of Solid Tumors

[6258] The mouse RENCA tumor model accurately mimics the progression of human adult
renal cell carcinoma specifically with reference to spontanecus metastasis to lungs and serves as
a model for solid tumors. Balb/c 6-8 week old female mice are inoculated with approximately
Se5 RENCA cells (mouse renal adenocarcinoma; ATCC cai#f CRL-2947} under the kidney
capsule and kidney tumor growth is observed over 22 days, with lung metastasis observed as
early as day 13. Animals are dosed with either vehicle or a compound of the invention eg daily
subecutaneously, from the time of tumor implantation to monttor effects on primary growth, or at
a later time {eg day 7) to monitor the compound effect on metastasis. Primary tumor areas are
mweasured twice a week using mechanical calipers. Tumor volumes are calculated by the formula
v = pab2/6, where a is the longest diameter and b is the next longest diameter perpendicular to a.
A reduction in tumor volume or incidence of metastasis indicates efficacy of compound in this

indication.

Murine Model of Radiation-Induced Pulmonary Disease (RIPD)

{02511 Various models can be used to assess the efficacy of a compound of the invention in
recovery from RIPD. For instance Tokuda et al describe a model of bleomycin induced lung
fibrosis (Tokuda et al, .J mmunol. 164(5%:2745-51 (2000)). Alternatively Yang et al describe a
model of direct radiation induced disease (Yang et al, Am J Respir Cell Mol Biol 45(1.127-35
{(2011}). Briefly, anesthetized compound treated or unireated mice aged 1012 weeks are
immobilized, all but the thoracic cavity lead shielded and animals irradiated with a single dose of
14.5 Gy from a cesium source at 1.65 Gy/min. At this dose, survival is sufficient to permit
adequate numbers of anirmals for long-term analyses. Efficacy of compound can be assessed by
many methods know in the art, inchuding lung mechanical assessment, lung hydroxyprolineg

levels and others.

102521 Inthe table below, structures and activity are provided for representative compounds
described herein, Activity is provided as follows for either the chemotaxis assay or binding
assay as described above: -+, ICs; > 12.5 uM; ++, 2500 nM <1Csp < 12.5 uM; +++, 1000 nM <
ICs0 < 2500 nM; and +H++, 1040 < 1000 nM.
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WHATIS CLAIMED IS:

i A compound having a formula:
(R,
Ar!\N\ ::\\/r/ \\H/’\<\Ar2
N=N O
Rt (1)
wherein

the subscript n is an integer of from 0 to 3;

each R'® and R'® is a member independently selected from the group consisting of H, Cy5
alkyl, C;.3 haloalkyl, Cag cycloalkyl, -COR®, -CO.R?, -CONRR®, -NR*R”,
NRPCOR?, -OR®, -X'COR?, -X'CORY, -X'CONR'R?, -X'NR*COR”, -X'NR'R", and
SXOR?, wherein X! is a member selected from the group consisting of Ty, alkylene,
and each R® and R” is independently selected from the group consisting of hydragen,
Cigalkyl, C; g haloalkyl, and Cy4 cyeloalkyl, and optionally two R groups on
adjacent carbon atoms are joined to form a 5~, 6- or 7-membered carbocyclic or
heterocyelic ring;

sach of R and R™ is a member independently selected from the group consisting of H,
hydroxyl, Cy.galkyl, Cyghaloalkyl, Cigalkoxy, Ci.qalkoxy-Cy 4 alkyl, Cig
hydroxyalkyl, Cy alkoxy-Ci.4 alkoxy, Cs.e cycloalkyl, Css eyeloalkyl-Cyaalkyl, 3- to
7-membered heterocycioalkyl, 3- to 7-membered heterocycloalkyl-Cy.4 alkyl,
K'CO.RE, CONRRY, -X'NRCOR?, -X'NRR®, wherein X', R® and R are
defined above ;

Ar' is a merber selected from the group consisting a six- or ten-membered monocyelic or
fused bicyclic arvl ring, and a five- to ten-membered monocyclic or fused bicyelic
heteroaryl ring; each of which is substituted with from one to five substituents, R,
rg* rR* R® and R* which are independently selected from the gronp consisting of H,
halogen, -OR®, -OC{OIRS, -NRRY, SR, <R, <CN, -NOy, ~-CO,RE, -CONRRY,
SCLOIRE, -OC{OMINRRY, -NRICIOIR, -NRIC{ORRS, -NRE-CLOINRRS,
ANH-CONH)=NH, -NRCNH, )=NH, -NH-C(NH,=NR", -NH-C(INHR =NH, -
S(OIRS, -S{OLRE, -NRS(ORRS, -S(ORNRRY, N3, -X*ORE, -0-X*0R",
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-X*0C(O)R’, -X’NRRY, -O-X’NRR’, -X*SR°, -X’CN, -X’NO,, -X’CO,R’,
-0-X*CO,R®, -X*CONR‘RY, -0-X*CONRCRY, -X*C(O)R®, -X*OC(O)NRRY, -
X*NRIC(O)RS, -X>NRIC(0),RS, -X*NRC(O)NRRY, -X*NH-C(NH,)=NH,
“X®NRCC(NH,)=NH, -X*NH-C(NH,)=NR®, -X*NH-C(NHR®)=NH, -X*S(O)RS, -
X2S(0),R®, -X°NR°S(0),RS, -X>S(0),NRRY, -X?N3, -NREX?0R®, -NRU-X?NRRY,
-NRLX2CO,RS, and -NRU-X*CONRR?, wherein each X? is a member independently
selected from the group consisting of C;4 alkylene, and each R® and R? is
independently selected from hydrogen, C;galkyl, C;_g hydroxyalkyl, C;.¢ haloalkyl
and Cs.6 cycloalkyl, or optionally R® and R® when attached to the same nitrogen atom
can be combined with the nitrogen atom to form a five or six-membered ring having
from 0 to 2 additional heteroatoms as ring members; and each R® is independently
selected from the group consisting of C.g alkyl, Cy.g hydroxyalkyl, C;_ghaloalkyl and
Cs. cycloalkyl; |

Ar” is a member selected from the group consisting of pyrazolyl, imidazolyl, and triazolyl;
each of which is substituted with from one to three substituents, R>, R®, and R,
independently selected from the group consisting of H, halogen, -OR’, -OC(O)R, -
NRRE, -SR', -R", -CN, -NO,, -CO,R’, -CONRRE, -C(O)R’, -OC(O)NR'RE, -
NREC(O)R', -NREC(0),R", -NR"-C(O)NR'RE, -NH-C(NH,)=NH, -NR"C(NH,)=NH, -
NH-C(NH,)=NR", -NH-C(NHR")=NH, -S(O)R", -S(0),R", -NRS(0),R",
-S(0),NR'RE, -NR'S(0),NR'RE, -N;, -X’ORf, -X*0C(O)Rf, -X*NRRE, -X*SR, -
X3CN, -X°NO,, -X’COR, -X*CONR'RE, -X*>C(O)R’, -X*OC(O)NR'RE, -
X*NREC(O)RY, -X’NREC(0),R", -X*NR-C(O)NR'RE, -X’NH-C(NH,)=NH,
-X*NR"C(NH,)=NH, -X’NH-C(NH,)=NR", -X*NH-C(NHR")=NH, -X*S(O)R", -
X3S(0),R, -X*NRS(0),R", -X*S(0),NR'RE, -Y, -X*Y, -S(0),Y, -C(O)Y, -X°N3,
-0-X’0R’, -O-X’NR'RE, -0-X’CO,R’, -O-X’CONR'RE, -NRE-XOR', -NRE-X°NR'RE,
-NRE&-X’CO,R’, and -NRE-X’CONR'RE, wherein Y is a five or six-membered aryl,
heteroaryl or heterocyclic ring, optionally substituted with from one to three
substitutents selected from the group consisting of halogen, -OR’, -OC(O)R’, -NR'R¢,
-R", -SRY, -CN, -NO,, -CO,R’, -CONR'RE, -C(O)R’, -NREC(O)R’, -NREC(O),R", -
S(O)R, -S(0),R", -NR'S(0O),R", -S(0),NR'RE, -X’0OR, X’SR’, -X’CN, -X*NO,, -

120



X3CO,R!, -X*CONRIRE, -X*C(0O)R', -X*OC(O)NR'RE, -X>NREC(O)R, -
X*NREC(O),R", -X*’NR-C(O)NR'RE, -X*OC(O)R, -X*S(O)R", -X>S(0),R", -
X3NRIRE, -X*NRS(0),R", -X>S(0),NR'RE, -0-X’OR, -O-X’NR'RE, -0-X*CO,R’,
-O-X’*CONR'RE, -NR&-X’OR!, -NR&EX3NRRE, -NR&-X*CO,R’, and
“NRE-X’CONRRE and wherein each X is independently selected from the group
consisting of C 4 alkylene, and each R and R¢ is independently selected from
hydrogen, C;galkyl, C;.g hydroxyalkyl, C;.ghaloalkyl and Cs.¢ cycloalkyl, or when
attached to the same nitrogen atom can be combined with the nitrogen atom to form a
five or six-membered ring having from 0 to 2 additional heteroatoms as ring
members, and each R" is independently selected from the group consisting of Cy.g
alkyl, C,_g alkenyl, C,.g alkynyl, C;.g hydroxyalkyl, C.g haloalkyl and C;.¢ cycloalkyl;

or a salt, rotamer or optical isomers thereof.

2. A compound of claim 1, wherein Ar' is selected from the group consisting
of phenyl, naphthyl, pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl, triazinyl, quinolinyl,
quinoxalinyl and purinyl, each of which is optionally substititued with R?, R**, R*® R* and R*.

3. A compound of any of claims 1-2, wherein Ar' is selected from the group
consisting of phenyl, naphthyl and pyridyl, each of which is substituted with from one to five
substituents, R, R*® R*® R* and R**.
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4. A compound of any of claims 1-3, wherein Ar' is phenyl, which is
substituted with from one to five substituents, R*, R*, R3b, R* and R*, and Ar is selected from
the group consisting of pyrazolyl, and imidazolyl, each of which is optionally substituted with

R, R®and R’

5. A compound of any of the preceding claims, wherein said compound has

the formula:

or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R® and R* are

independently selected from the group consisting of H, halogen, -R°, -CN, and -SO,R°.

6. A compound of any of the preceding claims, wherein said Ar® has the
formula:
RS
N 5 . _N
& D/R ;\NJX/RG o s N \7/R5
— =N =N

R” RS Y

R7
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or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R®, R®, and R’
are independently selected from the group consisting of H, halogen, -Rh, -CN, -SOth, -CO,R!,
-CONR'RE, and Y.

7. A compound of any of the preceding claims, having the formula:

1a

R2a

|
Ri_ 7/ N

N= o) (Ial)

or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R* is selected

from the group consisting of F and CI.

8. A compound of any of the preceding claims, wherein Y is selected from
the group consisting of pyridyl, pyrimidinyl, imidazolyl, oxazolyl, oxadiazolyl, triazolyl,
thiazolyl, imidazolinyl and pyrazolyl.

9. A compound of any of the preceding claims, having the formula:

R1a

IT3 RZa
F—7 "\ N
~ /N Ar?
N= o (Ia2)
or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R is selected
from the group consisting of H, halogen, C, s alkyl, C ;g haloalkyl and C, alkoxy; R'* and R*
are independently selected from the group consisting of H, Cy.g alkyl, C;_ghaloalkyl, C;_g alkoxy

and C;.g hydroxyalkyl.
10. A compound of claim 1, having the formula:
1a
R2a
F N
\Q\N\ A ﬁ")\N ’N\ R5
N= 0 7&2—/
R
R® (D
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or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R'* and R* are
independently selected from the group consisting of H, C,g alkyl, C;_g haloalkyl, C;_g alkoxy and
C1.s hydroxyalkyl; and R’, R®, and R are independently selected from the group consisting of H,
halogen, -R", -CN, -SO,R", -CO,R’, -CONR'RE, and Y.

11. A compound of claim 1, having the formula:

or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R'® and R*® are
independently selected from the group consisting of H, C_g alkyl, C,_g haloalkyl, C;_g alkoxy and
C1.g hydroxyalkyl; and R®, R®, and R are independently selected from the group consisting of H,
halogen, -R", -CN, -SO,R", -CO,R’, -CONR'RE, and Y.

12. A compound of claim 1, having the formula:

N

Iv)

or a pharmaceutically acceptable salt, rotamer or optical isomer thereof, wherein R'® and R* are
each independently selected from the group consisting of H, C.g alkyl, C;_g haloalkyl, C;g
alkoxy, and C ¢ hydroxyalkyl; and R’ and R” are each independently selected from the group
consisting of H, halogen, -Rh, -CN, —SOth, -COzRf, ~CONRng, and Y.

13. A compound of claim 1, selected from the group consisting of:
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14. A compound of claim 1, wherein said compound is selected from the

group consisting of
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N

, and

or a pharmaceutically acceptable salt thereof.
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15. A compound of claim 1, having the structure

"~ ? ﬁ:yca

or a pharmaceutically acceptable salt thereof.

16. A compound of claim 1, having the structure
CHs
Cl
\©~ \H/\N/»/CF3

or a pharmaceutically acceptable salt thereof.

17. A compound of claim 1, having the structure

F
©N§Nw@w“\ cr:
N= o )=
Cl

or a pharmaceutically acceptable salt thereof.

18. A pharmaceutical composition comprising a pharmaceutically acceptable

excipient or carrier and a compound of any of the preceding claims.

19. A pharmaceutical composition of claim 18, wherein said composition is

formed as a stent or stent-graft device.

20. A composition of claims 18 or 19 for use in treating an inflammatory

condition.
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21. A composition of claims 18 or 19 for use in treating an immunoregulatory

disorder.

22. A composition of claims 18 or 19 for use in treating a disease or disorder
selected from the group consisting of rheumatoid arthritis, multiple sclerosis, transplant rejection,
dermatitis, eczema, urticaria, vasculitis, inflammatory bowel disease, food allergy, asthma,
Alzheimer's disease, Parkinson's disease, psoriasis, lupus erythematosus, osteoarthritis, stroke,

restenosis, radiation-induced pulmonary disease and encephalomyelitis.

23. A composition of claims 18 or 19 for use in treating multiple myeloma.
24. A composition of claims 18 or 19 for use in treating osteoporosis.
25. A composition in accordance with any of claims 20-24, wherein

compound or composition is formulated for administration by oral, parenteral, rectal,

transdermal, sublingual, nasal or topical.

26. A composition in accordance with any of claims 20-24, wherein said
compound is formulated for administration in combination with an anti-inflammatory agent,
analgesic agent, an anti-proliferative agent, a metabolic inhibitor, a leukocyte migration inhibitor

or an immuno-modulator.

27. A compound of any of claims 1-17 for use in treating an inflammatory

condition.

28. A compound of any of claims 1-17 for use in treating an

immunoregulatory disorder.
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29. A compound of any of claims 1-17 for use in treating a disease or disorder
selected from the group consisting of rheumatoid arthritis, multiple sclerosis, transplant rejection,
dermatitis, eczema, urticaria, vasculitis, inflammatory bowel disease, food allergy, asthma,
Alzheimer's disease, Parkinson's disease, psoriasis, lupus erythematosus, osteoarthritis, stroke,

restenosis, radiation-induced pulmonary disease and encephalomyelitis.
30. A compound of any of claims 1-17 for use in treating multiple myeloma.
31. A compound of any of claims 1-17 for use in treating osteoporosis.

32.  Use of a compound in accordance with any of claims 1-17 in the
manufacture of a medicament for the treatment of a CCR1-mediated disease or condition
selected from the group consisting of rheumatoid arthritis, multiple sclerosis, transplant rejection,
dermatitis, eczema, urticaria, vasculitis, inflammatory bowel disease, food allergy, asthma,
Alzheimer's disease, Parkinson's disease, psoriasis, lupus erythematosus, osteoarthritis, stroke,

restenosis, radiation-induced pulmonary disease and encephalomyelitis.
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