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SUBSTITUTED PYRAZOLES AS N-TYPE CALCIUM CHANNEL BLOCKERS

CROSS-REFERENCE TO RELATED APPLICATIONS
5 This application clatms priority of the benefits of the filing of U.S. Provisional
Application Serial No. 61/683,774, filed August 16, 2012, The compicte disclosures of
the aforementioned related ULS. patent application i1s/are hereby incorporated herein by

reference for all purposes.

16 STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

The research and development of the invention described below was ot federally

sponsored.
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BACKGROUND OF THE INVENTION

Calcium ions play a fundamental role in the physiology and biochemistry of

organisms and of celis. The entry of calcium into cells through ion channels mediates a
varicty of cellular and physiological responses, fncluding gene cxpression, signal

20 transduction, neurotransmitter release, muscle contraction and hormone secretion. Ion
channels are classified by gating, or what opens and closes the channel to the flux of
ions. Voltage-gated ion chanuels open or close depending on the voltage gradicut
across the plasma membrane, whereas ligand-gated jon channels open or close
depending on the binding of Hgands to the channel. The classification of voltage-gated

25 calciom channels divides them into three groups: (i) high voltage-activated channels,

type channels; and (3i1) low voltage-activated T-type channels.

The N-type calcium channe] is disiributed mainly in contral and peripheral
30 neuvons, being locahized primanly to presynaptic nerve terminals. This channel
regulates the calcium fhax requived for depolarization-evoked release of

neuroiransmitters from synaptic endings. The transmission of pain signals from the
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periphery to the central nervous system (CNS) 1s mediated, inter alia, by N-type
calcium channels located in the spinal cord. inhibition of the N-type calciam channel
in the superficial dorsal bomn leads to a decrease in membrane excitability and
neurotransmitter release, resulting in pain relief. In addition, knock-out mice lacking
the N-type caleiim channel exhibit reduced nociceptive behaviors in animal models of

pain.

N-type calciom channels have been shown to mediate the development and
maintenance of the neuronal sensitization processes associated with neuropathic pain
and thercfore provide attractive targets for the development of analgesic drogs. Three
N-type calcium channel modulators are corrently approved for the treatment of pain:
w-conotoxin MVIIA {ziconotide), marketed as Prisht®, potenily and selectively blocks
the N-type calcium channel and is indicated for the management of severe chronic pain;
gabapentin, marketed as Neurontin®, and pregabalin, marketed as Lyrica®, bind with
high affinity to the 238 subunit of the N-type caleium channel and are indicated for the

treatment of fibromyalgia, diabetic nerve pain and/or post-herpetic neuralgia pain.

It is an object of the present invention to provide N-Type calcium channel
biockers. It is also an object of the invention to provide a method of treating,
amehorating or preventing pain by the administration of a compound of Formula (1),
And, it 1s an object of the invention to provide a pharmaceutical composition
comprising a compound of Formula (1), useful for treating, ameliorating or preventing

pain.

SUMMARY OF THE INVENTION

The present invention is directed to a compound of Formula (1)



WO 2014/028800

16

C{CHs)z, C{O), and a spirofused

Formula ()

whercin

PCT/US2013/055263

R’ is selected from the group consisting of C; ualkyl, Caatkoxy, di{C).

salkyhamino, chloro, rifluoromethoxy, wifluoromethyl, and cyano;

ring A is phenyl or a heteroaryl selected from the group consisting of pyridinyl,

thienyi, benzofuranyl, quinolinyl, and indolyi;

2. . .. . ~ ~ .
R is selected from the group consisting of Cyalkyl, Ciaalkoxy, Craalkylihio,

cyano, fluoro, chloro, hydroxy, and di(C) salkyDamino;

Gis Gl, G2, G3, or G4,

oy
E E >&
Et} gmg A

R 32 (3 G4

G1

wherein

() is selected from the group consisting of O, §, 80, N-R* CH,, CH(RY), CFy,

G-
.
@]

W is selected from the group consisting of O, S, CH(OH), C{O), S(0), 80, and

R’ and R" are each independently selected from the group consisting of 2,2.2-

dimethylisoxazol-4-yisulfonyl;

frifluorocthyl, di(CsalkyDaminocarbonyl, N-methoxy- N-methylaminocarbonyl,
phenylcarbonyl, C;aalkylcarbonyl, triftuoromethylcarbonyl, C)aatkoxycarbonyl, Cy.

salkylsulfonyl, Coscvcloalkylsubfonyl, trifluoromethylsulfonyl, and 3,3-

R’ is frifluoromethylcarbonylaming, amine, or Cialkoxycarbonylaming;
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and epanfiomers, diastereomers, solvates and pharmaceutically acceptable salts thereofl

The present invention also provides, infer alia. a pharmaceutical composition
comprising, consisting of and/or consisting essentially of a pharmaceutically acceptable
carrier, a pharmaceutically acceptable excipient, and/or a pharmaceutically acceptable
dilaent, and a compound of Formula (1), or a pharmaceutically acceptable salt form
thercof.

Also provided are processes for making a pharmaceutical composition
comprising, consisting of, and/or consisting essentially of admixing a compound of
Fornwla (1) and a pharmaccutically acceptable carrier, a pharmaceutically acceptable
excipient, and/or a pharmaceutically acceptable diluent.

The present invention further provides, inter alia, methods for treating or
amecliorating a2 N-Type calcium channel-modulated disorder in a subject, including
human or other mammal in which the discase, syndrome, or condition is affected by the
modulation of the N-Type calcium channel, such as pain and the diseases that lead to
such pain, using a compound of Formula (1}.

The present invention also provides, infer alia, methods for producing the

matant compounds and pharmaceutical compositions and medicaments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the antihyperalgesic effect of Compound 23 in a rat CFA radiant heat

model of inflammatory pain

DETAILED DESCRIPTION OF THE INVENTION

)

With reference to substituents, the term “independently” refers to the situation
where when more than one substituent is possible, the substituents may be the same or
different from each other.

The term “alkyl” whether used alone or as part of a substituent group, refers to
straight and branched carbon chains having | to 8 carbon atoms. Therefore, designated
numbers of carbon atoms {e.g. Ci.s) refer independently to the number of carbon atoms
in an alkyl moicty or to the alkyl portion of a larger alkyl-containing substituent. In

substituent groups with multiple alkyl groups such as (CresalkyDramino-, the Cealkyl
4
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groups of the dialkylamine may be the same or different.

The term “alkoxy” refers to an -O-alkyl group, wherein the torm “alkyl” is as
defined above,

The terms “alkeny!” and “alkynvyl” refer to straight and branched carbon chains
having 2 or more carbon atoms, wherein an alkenyl chain contains at least one double
bond and an alkynyl chain contaios at least one triple bond.

The term “cycloaltkyl” refers 1o saturated or partially saturated, monocyche or
polyevelic bydrocarbon rings of 3 to 14 carbon atoms. Examples of such rings include
cyclopropyl, cyclobutyi, cyclopentyl, cyclohexvil, cycloheptyl and adamantyl

The term “benzo-fused cycloalky!” vefers to a 5- 1o 8- membered monocyelic
cycloalkyl ring fused to a benzene ring. The carbon atom ring members that form the
cycloalkyl ring may be fully saturated or partially saturated.

The term “heterocyclyl” refers to a nonarematic monocyclic or bicyclic ring
system having 3 to 10 ring members and which contains carbon atoms and from 1 to 4
heteroatoms imdependently selected from the group consisting of N, O, and S, Incladed
within the term heterocyclyl is a nonaromatic cyclic ring of 5 o 7 members in which |
to 2 members are nitrogen, or a nonaromatic cyclic ring of 5 t¢ 7 members in which ,
| or 2 members are nitrogen and up to 2 members are oxygen or sulfur and at least one
member must be either nitrogen, oxygen or sulfor; wherein, optionally, the ring
contains zero to one unsaturated bonds, and, optionally, when the ring is of 6 or 7
members, it comtains up o 2 ursaturated bonds, The carbon atom ring members that
form a heterceycle ring may be fully saturated or partially satarated. The term
“heterocyelyl” also inchudes two 5§ membered monocyclic heterocycloalky! groups
bridged to form a bicyche ring. Such groups are not considered fo be fully aromatic
and are not referred to as heteroaryl groups. When a heterocycle is bicyclic, both rings
of the heterocyele are non-aromatic and at least one of the rings contains a heteroatom
ring member. Exampiles of heterocyele groups include, and are not limited to,
pyrrolinyl (including 2H-pyrrole, 2-pyrrolinyl or 3-pyrrolinyl), pyrrolidinyl,
imidazoliny, imidazohidinyl, pyrazolinyl, pyrazolidiny, piperidinyl, morpholinyl,
thiomorpholinyl, and piperazinyl. Unless otherwise noted, the heterocycle is attached
to its pendant group at any heteroatom or carbon atom that resulls in a stable structure.

The term “benzo-fused heterocyelyl” refers to a 5 to 7 membered monocyehe
heteroeycle ring fused to a benzene ring. The heterocycle ring contains carbon atoms

5



WO 2014/028800 PCT/US2013/055263

and from 1 to 4 heteroatoms independently sclected from the group consisting of N, O,
and 5. The carbon atom ring members that form the heterocycle ving may be fully
saturated or partially saturated. Unless otherwise noted, benzo-fused heterocyele ring
is attached to its pendant group a4t a carbon atom of the benzene ring.

S The term “aryl” refers to an unsatorated, aromatic monocyclic or bicychic ring of 6 to
10 carbon members. Examples of aryl rings include phenyl and naphthalenyl.

The term “heteroaryl” refers to an aromatic monocychic or bicyclic aromatic

ring system having 5 to 10 ring members and which contains carbon atoms and from |
to 4 heteroatoms independently selected from the group consisting of N, O, and 8.

10 Included within the term heteroary! are aromatic vings of 5 or & members wherein the

ring consists of carbon atoms and has at least one heteroatom member. Suitable

heterpatoms inclede nitrogen, oxygen, and sudfinr. In the case of § membered rings, the
hetercaryl ving preferably contains one member of nitrogen, oxygen or sulfur and, in
addition, up to 3 additional nitrogens. 1un the casc of 6 membered rings, the heteroary|

ring preferably contains from 1 to 3 nitrogen atoms. For the case wherein the 6

membered ring bas 3 nitrogens, at most 2 nitrogen atoms are adjacent. Examples of

heteroaryl groups include furyl, thienyl, pyrrolyl, exazolyl, thiazolyl, midazolyl,
pyrazolyl, isoxazolyl, 1sothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pynidinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, indolyl, isoindolyl, benzofinyl, benvothienyl,

20 indazolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, benzisoxazolyl,
benzothiadiazolyl, benzotriazolyl, quinolinyl, isoquinoliny! and quinazolinyl. Unless
otherwise noted, the heteroaryl is attached to its pendant group at any heteroatom or
carbon atom that results in a siable structure.

The term “halogen” or “halo™ refers to fluorine, chlorine, bromine and iodine.

The term “formyl” refers to the group ~C(=0}H.

o

The term “oxo” vefers to the group (=0}

Whenever the term “alkyl” or “aryl” or either of their prefix roots appearina
namc of a substituent {e.g., arylalkyl, alkviamino) the name is to be interpreted as
including those Hmitations given above for “alkyl” and “aryl.” Designated numbers of

30 carbon atoms (e.g., C-Cg) refer independently to the mumber of carbon atoms i an
alkyl moicty, an aryl moiety, or in the alkyi portion of g larger substitucnt in which
alkyl appears as its prefix root. For alky! and alkoxy substituents, the designated
number of carbon atoms inchudes all of the independent members inchuded within a

6
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given range specified.  For example Cy 4 alkyl would include methyl, ethyl, propyl,
butyl, pentyl and hexyl individoally as well as sub-combinations thereof {e.g., Ci, Cr.
% (‘,1,4, Cj..s) Cos, sz C4»6> Cs.g, 62,5, ?TC)

In general, under standard nomenclatore rules used throughout this disclosure,
the terminal portion of the designated side chain is described first followed by the
adiacent functionality toward the point of attachment. Thus, for example, a “Ci-Cs

alkylcarbonyl” substitucot refers o a group of the formula:

i
~§mcm—-—c e alicyl

ryoe

The term “R”" at & stercocenter designates that the stercocenter is purcly of the
R-configuration as defined in the art; Lkewise, the term “S” means that the stereocenter
is purely of the S-configuration. As used herein, the terms “*R” or “*57 at a
stereocenter arc used to designate that the stercocenter is of pure but vnknown
configuration.  As used herein, the term “RS” refers to a stercocenter that exists as a
mixture of the R- and S-configurations. Similarly, the terms “*RS8” or “*SR” refer to a
stereocenter that exists as a mixture of the 8- and S-configurations and is of unknown
configuration relative to ancther stereocenter within the molecule.

Compounds containing one stereocenter drawn without a stereo bond
designation are & mixture of 2 enantiomers. Compounds containing 2 stereocenters
both drawn without siereo bond designations are a mixture of 4 diastcrcomers.
Compounds with 2 stercocenters both labeled “RS” and drawn with sterco bond
designations are a 2-component mixture with relative stereochenstry as drawn.
Compounds with 2 stercocenters both labeled “*RS” and drawn with stereo bond
designations are a 2-component mixture with relative stereochemistry unknown,
Unlabeled stereocenters drawn without stereo bond designations are a mixtore of the R-
and S-configirations. For unlabeled stereocenters drawn with stereo bond designations,
the absoluic stercochemistry is as depicted.

Unless otherwise noted, it 1s tdended that the definition of any substituent or
variable at a particular location in a molecule be independent of s definitions
elsewhere in that molecule. 1t is understood that substituents and substitution patterns

on the compounds of Formula (1) can be sclected by one of ordinary skill inthe art to

-3
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provide compounds that are chemically stable and that can be readily synthesized by
techniques known in the art as well as those methods st forth hercin.

The term “subject” refers to an animal, preferably a mammal, most preferably a human,
who has been the object of treatment, observation or experiment.

5 The term “therapeutically effoctive amount” refers to an amoont of an active
compound or pharmaceutical agent, including a compound of the present invention,
which elicits the biclogical or medicinal respounse in a tissue system, animal or human
that is being sought by a researcher, veterinarian, medical doctor or other chinician,
which includes slleviation or partial alleviation of the symptoms of the discase,

10 syndrome, condition, or disorder being treated.

The term “composition” refers to a product that includes the specified
mgredients in therapeutically effective amounts, as well as any product that results,
directly, or indirectly, from combinations of the specified ingredients in the specified
anwounts.

The term “N-Type caleiim channel blocker” is intended to encompass 2
compound that interacts with the N-Type calciom channel o substantially reduce or
climinate its functional activity, thereby decreasing the flow of caleiom iouns through
the channvel and the rise of intracellular caleium concentrations.

The term “N-Type calciom chamel-modulated” is used to refer to the condition
20 of being affected by the modulation of the N-Type calciom channel, including the

condition of being affected by the inhibition of the N-Type calcium chanpel, such as,
for example, pain, the discases that lead to such pain and treatments that lead o the
reduction of such pain.

As used herein, unless otherwise noted, the term “affect” or “atfected” (when

o

referring to a disease, syndrome, condition or disorder that is affected by the inhibition
of N-Type calcium chanuel) shall inclode a reduction in the frequency and / or severity
of onc or more symptoms or manifestations of said disease, syndrome, condition or
disorder and / ot include the prevention of the development of one or more synptoms
or manifestations of said disease, syndrome, condition or disorder or the development
30 of the discase, condition, syndrome or disorder,

The compounds of Formmuda (1) arg useful in methods for treating, ameliorating
and/ or preventing a disease, a syndrome, a condition or a disorder that 1s affected by
the inhibition of N-Type caleivan channel. Such methods comprise, consist of and/or

8
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consist essentially of administering to a subject, including an animal, a mammal, and a
human i need of such treatment, amelioration and / or prevention, a therapeutically
effective amount of a compeund of Formula (1), or an enantiomer, diastereomer,
solvate or pharmaceutically acceptable salt form thereof.  In particular, the compounds
of Formula (I} are useful for treating, amelorating and / or preventing pain as well as
discases, syndromes, conditions or disorders causing such pain. More particularly, the
compounds of Formulba (1) are useful for treating, ameliorating and / or preventing acute
pain, inflammatory pain and / or neuropathic pain, comprising administering (o a
subicct in need thercof a therapeutically effective amount of a compound of Formula
(1}, as herein defined.

Acute pain, as used herein, refers to pain that comes on quickly, can be of
varying severity but is self-limiting and of relatively short duration. Examples of acute
pain inciude, but are not limited to, post-operative pain, post-surgical pain, toothache,
burn, sunburn, insect/animal bites and stings, headache snd/or any pain associated with
acute frauma or inpury.

Inflammatory pain refers to pain arising from an inflaromatory discase,
condition, syndrome or disorder, including but not limited to inflanuratory bowel
disease, nritable bowel sysdrome, visceral pain, migraine, post-operative pain,
ostevarthritis, rheomatoid arthritis, back pain, low back pain, joint pain, abdominal
pain, chest pain, labor pain, musculoskeletal diseascs, skin discases, toothache, pyresis,
burn, sunburn, snake bite, venomous snake bite, spider bite, jnscct sting, neurogenic ot
overactive bladder, interstitial cystitis, urinary tract infection, rhinitis, contact
dermatitis/hypersensitivity, iich, eczema, pharyngitis, muocositis, enteritis, irritable
bowel syndrome, cholecystitis, pancreatitis, post-mastectomy pain syndrome, menstrual
pain, endometriosis, pain duc to physical traoma, headache, sinus headache, tension
headache or arachnoiditis.

A further embodiment of the present invention is directed to a method for
treating, amchiorating and / or preventing neuropathic pain. Neurepathic pain refers to
a disease, syndrome, condition and/or disorder involving damage to the peripheral or
central nervous system, including cancer pain, neurclogical disorders, spine and
peripheral nerve surgevy, brain tumor, traumatic brain injury (TBI), chemotherapy-
mduced pain, pain chronification, radicular pain, H1V pain, spmal cord trauma, chronie
pain syndrome, fibromyalgia, chronic fatigue syndrome, lupus, sarcoidosis, peripheral

9
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nevropathy, bilateral peripheral neuropathy, diabetic neuropathy, central pain,
neuropathics associated with spinal cord injury, stroke, amyotrophic lateral sclerosis
(ALRS), Parkinson’s discase, multiple sclerosis, sciatic neuritis, mandibular joint
neuralgia, peripheral neuritis, polyneuritis, stump pain, phantom Hb pain, bony
S fractures, oral neuropathic pain, Charcot's pain, complex regional pain syndrome T and

I (CRPS Vi), radiculopathy, Guillain-Barre syndrome, meralgia parcsthetica, burning-
mouth syndrome, optic neuritis, postfebrile neuritis, migrating nouritis, segmental
neuritis, Gombault's nouritis, newronitis, cervicobrachial neuralgia, cramial neoralgia,
genicolate neoralgia, glossopharyngial neuralgia, migrainous neoralgia, idiopathic

10 neuralgia, ndercostals neuralgia, mammary neuralgia, Morton's neuralgia, nasociliary
neuralgia, occipital neuralgia, post-herpetic neuralgia, causalgia, red neuralgia, Sluder's
newralgia, splenopalatine neuralgia, supraorbital neoralgia, trigeminal neoralgia,

valvodynia, or vidian ncuralgia.

15 Embodiments of the present invention inclade a compound of Formula ()
Formula (I)
wherein
#) R'is selected from the group consisting of Cyqalkyl, Cjualkoxy, chloro,
20 friffuoromaethoxy, friflucromethyl, and cyano;

by R'is selected from the group consisting of Cyalkyl, C alkoxy, chloro, and
trifluoromethyl;
¢) R'is selected from the group consisting of methyl, ethyl, methoxy, and
wopropyloxy;
25 d) ring A is phenyl;

ring A is phenyl substituted at the 4-position;

(2]
N

]

R” is selected from the group consisting of €, 4alkoxy, cyano, and chloro;

151
N

R is selected from the group consisting of methoxy, cyane, and chioro;

hy GisGl, G2, G3, or G4,

e

i0
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Q f?i W O
GA1 R G2 G3 4

wherein
(0 is selected from the group consisting of O, S, SO, N-R CH,,
g O\‘i

e
CH{R"), CF,, C(CHay, C(0), and a spirofused 0",

wr

W is selected from the group consisting of O, §, CH{OH}, C{0), 3(0),
and SO;;

R* and R* are cach independently sclected from the group consisting of
10 2.2 2-tritluoroethyl, di{C, 4alkyDaminccarbonyl, N-methoxy-N-
methylaminocarbonyl, phenylearbonyl, Craalkvlearbonyl,
trifluoromethylcarbonyl, C;salkoxycarbouvl, Calkylsulfonyl, Ca
seycloalkyisulfonyl, wriflaoromethylsultfonyl, and 3,5-dimethylisoxazol-4-

ylsulfonyl;

R’ is rifluoromethylearbonylamine or Calkoxycarbonylamine;

and any combination of embodiments a) through hy above, provided that it is
understood that combinations in which different embodimenis of the same substitoent
20 would be combined are excluded;
and enantiomers, diastereomers, solvates and pharmaceutically acceptable salts

thereof

An embeoediment of the present invention is directed to a compound of Formula

25 (D

11
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Formula (1)

wherein
R' is selected from the group consisting of Calkyl, Ciualkoxy, chioro,

5 trifluoromethoxy, rifluoromethyl, and cyano;

ring A is phenyl or a heteroaryl sclected from the group consisting of pyridinyl

thienyi, benzofuranyl, quinolinyl, and indolyl;

10 R” is selected from the group consisting of C,4alkoxy, cyano, and chloro;

Gis Gi, GZ, 3, or G4

Q< LK
31 FiES G2 33 G4
wherein
15 (J 1s sclected from the group consisting of O, S, SOy, N—RL‘, CHy, CH(R™), CFs,
O

b}

C{CH3)y, C{O), and a spirofused -5
W is selected from the group consisting of O, S, CH(OH), C{O), S(0), and SOy

20 R* and R are cach independently selected from the group consisting of 2,2,2-
wrifluoroethyi, di{ Ciqalkyliaminocarbonyl, N-methoxy-N-methyiaminocarbonyl,
phenylearbouyl, C,salkylearbonyl, friffuoromethylcarbouyl, Chaalkoxyearbonyl, ).
salkvlsulfonyl, Cascycloalkylsulfonyl, triftuoromethyisulfonyl, and 3,5-

dimethyhsonazol-4-ylsalfonyl;
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R is #rifluoromethylcarbonylaming or C; salkoxycarbonylamino;
and enantiomers, diastereomers, solvates and pharmaceutically acceptable salts

thereof,

An embodiment of the present invention is directed to a compound of Formula

o~
Nt
S’

Formula (1)

10 wheremn
R' is selected from the group consisting of Cialkyl, Cialkoxy, chioro, and

trifluoromethyl;

ring A is phenyl;

is
R? is selocted from the group consisting of C,alkoxy, cvano, and chiero;
Gis Gi, G2, G3, or G4
(P8
| ! | =
E‘ij (\ﬂt’\’> AR
Q i‘ié WY 0O
G1 RS G2 33 34
26 wherein

(Q is sclected from the group consisting of G, 5, 3Gy, N-R* CHa, CH(RS), CF»,

)

C{CHs), C{O), and a spivotused o ;

W is selected from the group consisting of G, 5, CH(OH), C{0O), S(0O}, and SO

i

(a3
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R and R*are cach indopendently sclected from the group consisting o 2,2,2-
tritflaoroethyi, di{C, salkylaminocarbonyl, N-methoxy-N-methylaminocarbounyl,
phenylearbonyl, Ciaalkylearbonyl, friflueromethylcarbonyl, Craalkoxyearbonyl, Cr

S aalkvisulfonyl, Coocyeloalkylselfonyl, triftuoromethylsulfonyi, and 3,5-

dimecthyhisoxazol-4-yisulfonyl;
5. .y . ~ .
R is trifluoromethylcarbonylaming or Crsalkoxycarbonylamino;
16 and enanticrers, diastereomers, solvates and pharmaceutically acceptable salts

thereof,

An eraboediment of the present jnvention is directed to a compound of Formula

15 (D
Formula (I)
wherein
20 R’ is selected from the group consisting of methyl, ethyl, methoxy, and
wsopropyloxy;
ring A is phenyl substituted at the 4-position;
25 R” is selected from the group consisting of methoxy, eyano, and chioro:

(G is G, G2, G3, or G4

14
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(PN
! { e
CNL} %‘ffg e
N i‘{i W O
G1 B3 G2 G3 34
wherein

(Q is sclected from the group consisting of G, 5, 3Gy, N-RY CH,, CH(R", CFy,

C{CHa),, C{O), and a spirofused T o ;

wr

W is selected from the group consisting of G, 5, CH(OH), C{O), S(O), and SO;

R and R" are each independently selected from the group consisting of 2,2,2-
trifluorocthyl, di(CalkyDaminocarbonyl, N-methoxy-N-methylaminocarbonyl,
10 phenylearbonyl, Cpaalkylearbonyl, trifluoromethylearbony!, Csalkoxycarbonyl, €.
salkylsulfonyl, Caqeycloalkylsulfonyl, trifluoromethylsalfonyl, and 3,5-

dimethvlisoxazol-4-yisulfonyl;

R’ is triflucromethylcarbonylamino or C;alkoxycarbonylamine;

and enantiomers, diastercomers, solvates and pharmaceutically acceptable salts

thereof.

Further embodiments of the present invention are directed to a compound of

20 Forpuda (1)

g~0

Formula (1)

selected from the group consisting of
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tert-Butyl 4- {[S-(4-chlorophenyl)- 1-(2-methoxyphenyl)- 1 H-pyrazel-3-
viloxy piperiding- 1-carboxylate;
4-{15-(4-Chlorophenyl}-1-(Z-methoxyphenyli- 1 H-pyrazol-3-yiioxy cyeclohexanone;
I-Acetyl-4- {[ S-(4-chlorophenyl}-1-(Z-methoxyphenyl- 1 H-pyrazol-3-
5 yHoxy}piperidine;
4-{{5-(4-Chlorophenyi)- 1 -{2-methoxypheny - 1H-pyrazol-3-ylioxy -IN,N-
dimethylpiperidine- 1 -carboxamide;
4-{15-(4-Chloropheny)- T -(Z-methoxyphenyl- 1H-pyrazol-3-ylloxy i - 1-
{methylsulfonyDpiperidine;
160 5-+4-Chlorophenyl}-1-(2-methoxyphenyly-3-(tetrabydro-2H-pyran-4-yloxy)- 1H-
pyrazole;
5-{4-Chlorophenyl)- 1-(Z-methoxyphenyl}-3-(tetrahydro-2H-thiopyran-4-vloxy)- 1H-
pyraziole;
4-{15-(4-Chlorophenyl)- 1 -{2-methoxyphenyh- 1H-pyrazol-3-vlloxy}-1-(2,2,2-
trifluoreethylipiperidine;
4-{5-(4-Chlorophenyl}- I -(Z-methoxyphenyl - 1H-pyrazol-3-yljoxy - 1-
{(rifleoroacetypiperiding;
5-(4-ChlovophenyD-3-{{ 1, I-dioxidotetrahydro-2 H-thiopyran-4-y1)oxy - 1-{2-
methoryphenyl}-1H-pyrazole;
20 tert-Butyl {cis-4- {{5-{4-chlorophenyi}- | -(Z-methoxyphenyly- T H-pyrazol-3-
vljoxyicyclohexylicarbamate;
¢is-4-{{5-{4-Chlorophenyl)-1-(Z-methoxypheny B- 1 H-pyrazol-3-
viloxyfeyelohexanaming;
N-(cis-4- {{5-(4-Chlorophenyh-1-(2-methoxyphenyi}- 1 H-pyrazol-3-
25 vioxyieyclohexyh-2,2 2 -triflooroacetamide;
4-4{15-(4-Chlorophenyl)- 1 -{2-methoxyphenyh- 1H-pyrazol-3-ylloxy} - 1-
[(rifluoromethylsulfonyiipiperiding;
4-{5-(4-Chlorophenyt)- 1 -{2-methoxyphenyh- 1H-pyrazol-3-vlioxy}-1-
{cyclopropylsulfonylpiperidine;
30 5-{(4-Chlorophenyl}-3-[{4.4-diftuorceyclohenyBoxy - 1-(2-methoxyphenyly- 1H-
pyrazole;

5-(4-Chlorophenyi)-3-(1,4-dioxaspiro{4.51dec-8-yloxy)-1-(2-ethylphenyh- | H-pyrazole;
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tert-Butyl 4- {[S-(4-chloropheny!)-1-(Z-ethylphenyly- I H-pyrazol-3-vloxy | piperidine- 1
carboxylate;

4-{15-(4-Chlorophenyl}- I-(2-cthyiphenyh- 1H-pyrazol-3-vlloxyi-1-
{methylsulfonypiperiding;

S 4-{{5-(4-Chlorophenyl}-1-[2-(1-methylethoxyiphenyl]-1H-pyrazol-3-ytoxy)- |-

(methylsulfonyDpiperiding;

4-{15-(4-Chlorophenyt)- 1 -(2-methoxyphenyh- 1H-pyrazel-3-ylioxy-1-[(1-
methylethylsulfonylpiperidine;

tert-Butyl 3- {{§-(4-chlorophenyl)-1-(2-methoxyphenyl)- 1 H-pyrazol-3-

1G viloxytazetidine- 1 -carboxylate;

5-(4-Chlovophenyl)- 1-(Z2-methoxyphenyl)-3-[(2,2,6,6-tewvamethy hetrahydro-2 H-pyran-
4-yvBhoxyl-1H-pyrazole;

4-{11-{2-tert-Butoxyphenyl)-5-(4-chloropheny}- 1H-pyrazol-3-ylloxy - -

(methylsulfonyDpiperiding;

15 S5-{(4-Chlorophenyl}-1-(2-methoxyphenyl}-3-({ I-{{ T-methylethyDsulfonylazetidin-3-
viioxy)-1H-pyrazole;
5-(4-Chloropheny)-1-(2-methoxyphenyl)-3- {[ 1 -(methylsuifonyazetidin-3-vijoxy} -
IH-pyrazole;
5-{4-ChlorophenyD)- 1-(2-methoxyphenyl}-3- {{ T -(phenylcarbony Hazetidin-3-yloxy }-
20 IH-pyrazole;

4-({5-(4-Chlorophenyt)-1-[2-(1-methylethoxypheoyii-1H-pyrazol-3-yl oxy}-1-{(1-
methylethylsulfonylpiperidine;
3-{{5-{4-Chlorophenyi}- 1 -(Z-methoxyphenyl)- 1 H-pyrazol-3-yljoxy} -N-methoxy-N-
methylazetidine- 1 -carboxamide;
25 4-[(3-1[5-(4-Chlovopheny D- 1-(2-methoxyphenyl)- 1 H-pyrazol-3-yljoxy tazetidin-1-
yhsudfonyl]-3,5-dimethylisoxazole;
1-(Z2-Methoxyphenyhi-5-(4-methoxyphenyl}-3-{{2.2,6,6-tctramethy ftetrahy dro-2H-
pyran-4-yhoxy]-1H-pyrazole;
t-(2-Methoxyphenyl)-5-(4-methoxyphenyi)-3-{{2,2,6,6-tctramethyftetrahydro-2H-
30 thiopyran-4-yDoxy]- 1H-pyrazole;
1-(2-Methoxyphenyh)-5-(4-methoxyphenyl}-3-[(2,2,6.6-tctramethyi-1,1-

dioxidotetrabydro-2H-thiopyran-4-vhoxy]- 1 H-pyrazole;

[
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{11,4r3-4-({1-(2-methoxyphenyl)- S-(4-methoxyphenyly- IH-pyrazol-3-yljoxy)-2.2,6,6-
tetramethyltetrahydm_.ZH--thiopjy'ran 1-oxide;
(15,48)-4-{(1-Z-methoxyphenyl-5-{4-methoxypheny -t H-pyrazol-3-yloxy)-2,2,6,6-
tetramethyltetrahydro-2H-thiopyran {-oxide;
S 5-{4-Chlorophenyl)- 1-(2-methoxyphenyl)-3-[(2,2,6,6-tetramethy ltetrahy dro-2H-
thiopyran-4-yhoxyi-1H-pyrazele;
3-(4-Chlorophenyl)- 1-(Z-methoxyphenyl}-3-[(2,2,6,6-tetramethyl-1,1-
dioxidotetrabydro-2H-thiopyran-4-yljoxy}- 1 H-pyrazole;
{(11,4v3-4-({5-(4~chlorophenyh)- 1-{2-methoxyphenyl)-1H-pyrazol-3-yDoxy-2,2,6,6-
10 tetramethylietrahydro-2 H-thiopyran 1-oxide;
{1s,48)-4-{(5-(4-chlorophenyl}- 1-(2-methoxyphenvh)- 1 H-pyrazol-3-yhoxy)-2,2,6,6-
tetramethyltetrahy dro-2H-thiopyran i-oxide;
3-{4-Chlorophenyl)- 1-(Z-methoxypheny}-3-{(2,2,4,4 - tetramethyloxetan- 3-
yhmethoxyi-1H-pyrazole;
15 4-{{5-(4-Chloropheny}- 1-(Z-methoxyphenyl)- IH-pyrazol-3-yloxy}-2,2,6,6-
tetramethyleyclohexanone;
4-{15-(4-Chlorophenyl)-1-(2-methoxyphenyl}- 1 H-pyrazol-3-yljoxy}-2,2,6,6-
tetramethyleyclohexanol;
4-{1-(2-Methoxyphenyl)-3-[(2,2,6,6-tctramethy tetrahydro-2ZH-pyran-4-yhoxyi- 1H-
20 pyrazol-S-vibenzonitrile;
4-{1-(Z-Methoxyphenyl)-3-{(2,2,6,6-tetramethylictrahydro-2 H-thiopyran-4-yioxyi-
[H-pyrazol-5-y1} benzonitrile;
4- {1-{2-Mgethoxyphonyl}-3-[(2,2,6,6-tetramethyl- 1, 1 -dioxidotetrahydro- 2 H-thiopyran-
4-vhoxyl-1H-pyrazol-5-yi} benzonitrile;
25 4-[1-(2-MethoxyphenyD-3-{{{(18)-2,2,6,6-tctramethyl- | -oxidotetrahy dro-2 H-thiopyran-
4-yiloxy}-1H-pyrazol-5-ylibenzonitrile;

and pharmaceutically acceptable salt forms thereof.

For use in medicine, salts of compounds of Formula (1) refer to non-toxic
30 “pharmaccutically acceptable salts.” OGther salts may, however, be usefud in the
preparation of compounds of Formula (1) or of their pharmaceutically acceptable salis
thereof. Suitable pharmaceutically acceptable salts of compounds of Formula (T)
melude acid addition salts which can, for example, be formed by mixing a solotion of

18
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the compound with a solotion of a pharmaceutically acceptable acid such as
hydrochloric acid, sulfuric acid, fumaric acid, maleic acid, succinic acid, acetic acid,
benzoic acid, ciiric acid, tartaric acid, carbonic acid or phosphoric acid. Furthermore,
where the compounds of Formula (I) carry an acidic moicty, suitable pharmaceutically
S acceptable saits thereof may inclode alkali metal salts, sach as sodium or potassium
salts; alkaline carth metal salts, such as calcium or magnesium salts; and salts formed
with suitable organic ligands, such as quaternary ammonium salts. Thus, representative
pharmaceutically acceptable salts include acetate, benzencsulfonate, benzoate,
bicarbonate, bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate,
10 carbonate, chloride, clavulanate, citrate, dihyvdrochioride, edetate, edisylate, estolate,
esylate, fumarate, ghiceptate, gluconate, ghutamate, glycollylarsanilate,
hexylresoreinate, hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate,
iodide, isothionate, lactate, lactobionate, laurate, malate, maleaic, mandelate, mesylate,
methyfbromide, methylottrate, methylsulfate, mucate, napsylate, nitrate, N-
methyiglucamine ammonium salt, oleate, pamoate {embonate}, palmitate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stearate, sulfate, subacetate,
succinate, tannate, tartrate, teoclate, tosylate, triethiodide and valerate.

Representative acids and bases that may be used in the preparation of
pharmaceutically acceptable salts inchuide acids including acetic acid, 2,2-dichloroactic
20 acid, acylated aming acids, adipic acid, alginic acid, ascorbic acid, L-aspartic acid,

benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid, (+)-camphoric acid,

camphorsalfonie acid, (+)-(18)-camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, cthane-
1,2-disulfonic acid, ethanesulfonic acid, 2-hydroxy-cthanesulfonic acid, formic acid,

fumaric acid, galactaric acid, gentisic acid, glucoheptonic acid, D-glaconic acid, D-

o

glucoronic acid, L-glutamic acid, a-oxo-ghutaric acid, glycolic acid, hippuric acid,
hydrobromic acid, hydrochloric acid, {(+)-L-lactic acid, (+)-BL-lactic acid, lactobionic
actd, maleic acid, {-}-L-malic acid, malonic acid, (x}-DL-mandelic acid,
methancsulfonic acid, naphthalene-2-sulfonic acid, naphthalene-1,5-disulfonic acid, 1-
36 hydroxy-2-naphthoic acid, nicotinic acid, nitric acid, oleic acid, orotic acid, oxalic acid,
palmitic acid, pamoic acid, phosphoric acid, L-pyroglutamic acid, salicylic acid, 4-
aming-salicylic acid, sebaic acid, stearic acid, succinic acid, sulfuric acid, tannic acid,

{+)-L-tartaric acid, thiocyanic acid, p-toluenesulionic acid and undecylenic acid; and
19
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bases incloding anmmmonia, L-arginine, benethamine, benrathine, calcium hydroxide,
choline, deanol, diethanolamine, dicthylamine, 2-(dicthylamino)-cthanol, cthanolemine,
cthylenediamine, N-methyl-glicamine, hydrabamine, 1H-imidazole, L-lysine,
magnesiom hydroxide, 4-(2-hydroxyethyl}-morpholine, piperazine, potassium

S hydroxide, 1-(2-hydroxyethy)-pyrrolidine, sodium hydroxide, triethanclamine,
fromethamine and zinc hydroxide.

Fmbodiments of the present invention include prodrugs of compounds of

Formela (I). In general, such prodrugs will be functional derivatives of the compounds
that are readily convertible in vive into the required compound. Thus, in the methods

160 oftreating or preventing embodiments of the present invention, the torm
“administering” encompasses the treatment or prevention of the variouns diseascs,
conditions, syndromes and disorders described with the compound specifically
disclosed or with & compound that may not be specifically disclosed, but which
converts to the specified compound in vive after administration to a patient.

15 Conventional procedures for the selection and preparation of suitable prodrug
derivatives are described, for example, in “Design of Prodrugs”, ed. H. Bondgaard,
Elsevier, 1985,

Where the compounds according to embodiments of this invention have at [east
one chiral center, they may accordingly exist as epantiomers. Where the compounds

20 possess two or more chiral conters, they may additionally exist as diastereomers. [t is
to be understood that all such isomers and mixtures thereof are encompassed withio the
scope of the present invention. Furthermore, some of the crystalline forms for the
compounds may exist as polymorphs and as such are intended to be included in the

present tnvention. In addition, some of the compounds may form solvates with water

o

{i.e., hydrates) or conymon organic solvents, and such solvates are also intended to be
encompassed within the scope of this invention. The skilled artisan will umderstand
that the term compound as used herein, is meant to include solvated compounds of
Formula (1)

Where the processes for the preparation of the compounds according to certain
30 embodiments of the invention give rise to mixture of sterecisomers, these isomers may
be separated by conventional techniques such as preparative chromatography. The
compounds may be prepared in racemic form, or individual enantiomers may be
prepared either by enantiospecific synthesis or by resclotion. The compounds may, for
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example, be resolved into their component enantiomers by standard techniques, such as
the formation of diastereomeric pairs by salt formation with an optically active acid,
such as (-3-di-p-toluoyl-d-tartaric acid and/or {(+)-di-p-toluoyl-I-tartaric acid followed
by fractional crystallization and regencration of the free base. The compounds may
alse be resolved by formation of diastercomeric esters or amides, followed by
chromatographic separation and removal of the chiral auxiliary. Altcrnatively, the
compounds may be resolved using a chiral HPLC column,

One embodiment of the present invention is directed to a composition, including
a pharmaceutical composition, comprising, consisting of, and/or consisting essentially
of the {(+}-cnantiomer of a compound of Formula (1) wherein said composition is
substantially free from the (-)-isomer of said compound. In the present context,
substantially frec means less than about 235 %, preferably less than about 10 %, more
preferably less than about 5 %, even more preferably less than about 2 % and even

more preferably less than about 1 9% of the {-)-isomer calculated as,

{mass {(+} - enantiomer) 160

% {-) - cnantiomer = - - - - - - %
{mass {+} - enantiomer) + (mass(-) - enantiomer)

Another embodiment of the present invention is a composition, including a
pharmaceutical composition, comprising, consisting of, and consisting essentially of the
{-}-enantiomer of a compound of Forowla (1} wherein said composition is substantially
free from the (+)-isomer of said compound. In the present context, substantially free
from means less than about 25 %, preferably less than about 10 %, more preferably less
than about 5 %, cven more preferably less than about 2 % and oven more preferably
less tham about 1 % of the (+)-isomer calculated as
{mass {—) - cnantiomer)

% {-) - enantiomer =

x 100

{mass {+) - enantiomer) + (mass(-) - cnantiomer)

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

by means of conventional protecting groups, such as those described m Protective
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sroups in Organic Chemistry, Second Edition, J.F W, McOmie, Plenum Press, 1973;

T.W, Groene & P.G.M. Wuts, Profective Groups in Organic Synthesis, John Wiley &

Sons, 1991; and T.W. Greene & P.G.M. Wuls, Profective Groups in Organic Synthesis,

Third Edition, John Wiley & Sons, 1999, The protecting groups may be removed at a
S convenient subscguent stage using methods known from the art.

Even though the compounds of embediments of the present imvention {including
their pharmaceutically acceptable salts and pharmaceutically acceptable solvates) can
be administered alone, they will generally be administered in adminture with a
pharmaceutically acceptable casrier, a pharmaceutically acceptable excipient and/or a

160 pharmaceutically acceptable diluent selected with regard to the intended route of
administration and standard pharmaceutical or veterinary practice. Thus, particular
embodiments of the present invention are directed to pharmaceutical and veterinary
compositions comprising compownds of Formula (1) and at least one pharmaceuntically
acceptable carrier, pharmaceutically acceptable excipient, and/or pharmaceutically

15 acceptable diloent.

By way of example, in the pharmaceutical compositions of embodiments of the
present tnvention, the compounds of Formula (1) may be admixed with any suitable
binder(s}, lubricant(s}, suspending ageni(s), coating agent(s}, solubilizing agent(s), and
combinations thereof.

20 Solid oral dosage forms, such as tabiets or capsules, containing the compounds of the
present invention may be administered o at least one dosage form at a time, as
appropriate. It is also possible to administer the compounds in sustained release
formulations.

Additional oral forms in which the present inventive compounds may be

o

administered inchude elixirs, solations, syrups, and suspensions; each optionally
containing flavoring agents and coloring agents.

Alterpatively, compounds of Formula (I} can be administered by inhalation
{intratracheal or intranasal) or in the form of a suppository or pessary, or they may be
applied topically in the form of a lotion, solution, cream, ointment or dusting powder.
30 For example, they can be incorporated into a cream comprising, consisting of, and/or
consisting essentially of an aqucous cmulsion of polyethylene giycols or liquid paraffin.
They can also be incorporated, at a concentration of between about 1 % and about 10 %
by weight of the cream, into an ointment comprising, consisting of, and/or consisting
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essentially of a white wax or white soft paraffin base together with any stabilizers and
preservatives as may be required. An altornative means of administration inclodes
transdermal administration by using 2 skin or transdermal patch.

The pharmaceutical compositions of the present invention (as well as the
compounds of the present invention alone) can also be injected parenterally, for
cxample intracavernosally, intravenously, intranoscularly, subcutancously,
fotradermally or intrathecally. In this case, the compositions will also fnclude at least
one of a suitable carrier, a suitable excipient, and a suitable diluent.

For parenteral administration, the pharmaceutical compositions of the present
wvention arc best used in the form of a sterile agueous solution that may contain other
substances, for example, enough salts and monosacchanides to make the solution
isotonic with blood.

For buccal or sublingual administration, the pharmaceutical compositions of the
present invention may be administered fo the form of tablets or lozenges, which can be
formulated in a conventional manner.

By way of further example, pharmaceutical compositions comtaining at least one
of the compounds of Formula (1) as the active ingredient can be prepared by mixing the
compound{(s) with a pharmaceutically acceptable carrier, a8 pharmaceutically acceptable
diloent, and/or a pharmaceutically acceptable excipient according to conventional
pharmaceutical compounding technigues. The carrier, excipient, and diluent may take
a wide variety of forms depending upon the desired route of administration {c.g., oral,
parenteral, ete.). Thos for Lquid oral preparations, soch as suspensions, syrups, elixirs
and solutions, suitable carrigrs, excipients and diluents inchude water, glyeols, oils,
alcohols, flavoring agents, preservatives, stabilizers, coloring agents and the Ike; for
solid oral preparations, such as powders, capsules and tablets, suitable carriers,
excipients and dihients inchude starches, sugars, diluents, granulating agents, hibricants,
binders, disintegrating agents and the like. Solid oral preparations alsc may be
optionally coated with substances, such as, sugars, or be enterically-coated so as to
modulate the major site of absorption and disintegration. For parenteral administration,
the carrier, excipient and diloent will usually include sterile water, and other ingredients
may be added to increase solubility and prescrvation of the composition. Injectable
suspensions or solutions may also be prepared utilizing aqueous carriers along with

appropriate additives, such as solubilizers and preservatives.
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A therapeutically effective amoont of a compound of Formula Ty or a
pharmaceutical composition thereof tncludes a dose range from about (.1 mg to about
3000 mg, or any particular amount or range therein, in particular from about 1 mg to
about 1000 mg, or any particular amount or range therein; or, more particularly, from
about 10 mg to about 500 mg, or any particular amount or range therein, of active
mgredient in a regimen of about 1 to about 4 times per day for an average (70 kg)
human; although, it is apparent to one skilled in the art that the therapeutically effective
amount for 8 compound of Formuda (I} will vary as will the diseascs, syndromes,
conditions, and disorders being treated.

For oral administration, a pharmaceutical composition is preferably provided in
the form of tablets contaiming about 0.01, about 10, about 530, about 100, about 150,
about 200, about 250, and about 500 milligrams of a compound of Formulda (1),

Advantageously, a compound of Formula () may be administered in a single
daily dose, or the total datly dosage may be admirdstered in divided doses of two, three
and four times daily.

Optimal dosages of a compound of Formuia (1) to be administered may be
readily determined and will vary with the particular compound used, the mode of
administration, the strength of the preparation and the advancement of the disease,
syndrome, condition or disorder. In addition, factors associated with the particular
subject being treated, including subject gender, age, weight, dict and time of
administration, will result in the need to adjust the dose 1o achieve an appropriate
therapeutic level and desired therapeoutic effect. The above dosages are thus exemplary
of the average case. There can be, of course, individual instances wherein higher or
lower dosage ranges are merited, and such are within the scope of this invention.

Compounds of Formula (1) may be administered 1n any of the foregoing
compositions and dosage regimens or by means of those compositions and dosage
regimens established in the art whenever use of a compound of Formula (1) is required
for a subject in need thoreof.

As N-Type calcium channel blockers, the compounds of Formula (1) are useful
in methods for treating and/or preventing a8 disease, a syndrome, a condition ora
disorder in a subject, including an animal, a mammal and a human in which the discase,
the syndrome, the condition or the disorder is affected by the modulation of the N-Type
calciom channel. Such methods comprise, consist of and/or consist essentially of
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administering to a subject, including an animal, 2 mammal, and a human in need of
such treatment or prevention a therapeutically effective amouni of a compound, salt or
solvate of Fornula (). In particular, the compounds of Formula (1) are uscful for
preventing or treating pain, such as inflammatory pain or neuropathic pain, or discases,

S syndromes, conditions or disorders causing such pain.

GENERAL SYNTHETIC METHODS

Representative compounds of the present invention can be synthesized in

accordance with the general synthetic methods described below and #Hlustrated in the

10 schemes and examples that follow. Since the schemes are an illustration, the invention
should not be construed as being himited by the chemical reactions and conditions
described in the schemes. The various starting materials osed i the schemes and
cxamples are commercially available or may be prepared by methods well within the
skill of persons versed in the art. The variables are as defined herein,

is

Abbreviations used in the instant specification, particularly the schemes and
examples, are as follows:
ACN acetonitrile
AcOH glacial acetic acid

20 aq Aquosus
B or Bzl benzyl
Boe tert-butyloxycarbonyl
cong. concentrated
DCE 1,2-dichlorocthane

25 DCM dichloromethane
DIPEA or DIEA diisopropyl-ethyl amine
DMF N, N-dimethylformamide
DMSO dimethylsulfoxide
EA ethyl acetate

30 EGTA ethylene glyeol tetraacetic acid
ESE clectrospray ionization

FiQAc orEA
FtOH

cthyl acetate

ethanol

o]
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hr houar or hours
HEK human embryonic kidney
HEPES {4-(2-hydroxyethyl)-1-piperazinecthane

sulfonic acid

HPLC high performance liquid chromatography
mCPBA meta-chloroperoxybenzoic acid
MeOH methanol

MHz megahertz

min minuie or mines

MS 10488 specirometry

Ms methanesulfonyl

NMR nuclear magnetic resonance

RP reverse-phase

RT TO0ID fernperature

R retention Hme

Sec second or seconds

TEA or EtaN ricthylamine

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography
T™MS tetramethylsilanc

Scheme A ifustrates a route for the synthesis of certain G3 intermediates falling
within the scope of variable G of Formula (1), that arc useful toward the preparation of
compounds of the instant invention, wherein G is G3 and W is O, 3, 5(0}, or 3{0).

Scheme A

C ) - SOCH
! 7 o Katone ?h foslati % 3C2CH;
N ﬂ\ HO o HeS s iof : Mesylation A
ANy OaS _Reduction }L/\LY ________________________ N 7(
i —~ — -
N S w” W
At A2 A3 Ad

Useful intermediates of Formuila A2 are either commercially available or may be
prepared by methods known in the scientific literature, such as that described herein. A

compound of Foromla Al may undergo either acid- or base-catalyzed double Michael
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addition reactions with a nucleophile such as H»(, at a temperature of about 40-50°C,
for about four days, with excess 1-4 N aqueouns HCl, to afford a compound of Formula
AZ wherein W is O

Similarly, 2 compound of Formula AZ whercin W is 8 may be prepared, using

5 HyS as the nucleophile, in the presence of an inorganic base such as KOH, with or
without a catalytic amount of an organic amine such as piperidine, in a protic solvent
such as cthanol, under reflux conditions with continuous slow bubbling of H,S. One of
ordinary skill in the art will recognize that when W is §, the sulfur can be oxidized with
one or two equivalents of an appropriate oxidizing agent, such as m-chloroperbenzoic
10 acid, to obtain compounds wherein W is S{O) or S{O;), respectively,

The compound of Formula AZ may be reduced to its corresponding alcohol 1
the presence of a conventional reducing agent such as sodivim borohydride, inan
aprotic organic solvent such as THF, to afford a compound of Formula A3. The
compound of Formula A3 may be converted to its corresponding mesylate by the action

15 of methanesulfonyl chloride, in the presence of 2 non-nmucleophilic tertiary amine base
suach as pyridine, at an initial temperature of about § °C, to afford a compouvnd of
Formula Ad.

Scheme B illustrates a route for the synthesis of compounds of Formula (1)-B

wherein Ry, Ry, and ring A are as defined hercin and Gy is G1, G2, or G4,

20 Scheme B

Q g O/\\
Ro
- B2

Ry “’/

Ry is Glor Gy 4alkoxy

Nii
o‘f"'\
B1

B84

base, haat Formuda {{}-B
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Compounds of Formulae B and B2 are either commercially available or may be
prepared by methods known in the scientific literatore. A compound of Formula Bi
may be condensed and subsequently cyclized with 2 compound of Formula B2 in the
presence of an appropriate Lewis acid, such as phosphoras trichlonde, in an organic
solvent such as dichloromethane, while heating to a temperature between about room
teoperature and about 30 10 60°C, to form a compound of Formula B3,

Compounds of Formula B4 arc either coromercially available or may be
prepared by methods known in the scientific literanme. A compound of Formula B3
may be treated with a compound of Formula A4 or a compound of Formala B4,
wherein (g is G, G2, or G4 and LG is 3 suitable leaving group such as, but not hmited
to, bromide, iodide, mesylate, or tosylate. The reaction may be carried out in the
presence of an inorganic base such as cesium carbonate, in an aprotic organic solvent
such as tolucne and the like, at a temperature of about 115 °C, to afford a compound of
Formuda (I)-B.

Une of ordinary skill in the art will recognize that compounds of Formuia (1)-B
may possess certain substituenis that can be fimther derivatized to afford additional
compounds within the scope of the instant invention. For example, when substituent R»
is chioro, the corresponding phenylehloride or heteroaryichloride may be converted
using conventional chemistry, such as zinc metal in the presence of zine cyanide, a
transition metal catalyst, and suitable Hgands, 1o afford compounds of Formula (1)
wherein Ry 1s eyano. Alernatively, the phenylehloride or heteroarylchloride may
undergo a Buchwald-Hartwig amination reaction in the presence of a suitable amine to
atford an aryl- or heteroaryl- dialkylamine, wherein Ry is di(Csalkyhamino, of the

present invention.

Specific Examples

Example |
S-{¢-chlorophenyl)-1-Z-methoxyphenyi-3-((2,2,.6,6-tetramethyltetrahydre-2H-
pyras-4-yhoxy}-1 H-pyrazele (Cpd 23)

b
v.¢]
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a} N-(Z~-methoxyphenvhacetohydraride, 1a
PN
=7 O/
HN.,,

-

[»)
To a solution of (Z-methoxyphenyDhydrazine (7.40 g, $3.56 mmol) in 54 mL of toluene
at RT was slowly added acetic anhydride (5.57 mL, 53891 mmol} and the mixture left to
stand at RT for 1 br. The precipitate that formed was collected by filtration and washed
with toluene to give 7.78 g (80%) of an off-white solid as compound 1a. "H NMR
(CHLOROFORM-¢) §: 7.48 (br. s, 1H), 6.77 - 6.99 (1, 4H), 6.33 {br. 5., 1H), 3.8% and

3.88 (rotational isomers, s, 3H), 2.05 and 2.15 (rotational isomers, s, 3H).

By S-(4-chlorophenyl}-1-(Z-methoxyphenyD}-1H-pyrazel-3(2H}-one, 1b

%ﬁ

To a mixture of compound 1a (2.90 g, 16.09 mmol) and ethyl 3-(4-chlorvophenyl)-3-
oxgpropanoate {3.65 g, 16,09 mmel} in 18 mL of DCE was added dropwise phosphorus
trichloride {1.41 ml., 16.09 vunol). The mixture was heated to 50 °C and all solids
digsclved. After 2 hrs at 50 °C the moixture was cooled to RT and the procipitate was
collected by filtration. The precipitate was partitioned between water and EtOAc and
the organic phase was dried over sodivm sulfate, filtered, and concentrated fo give 2.50
g {49%) of compound 1B as a white solid. 'H NMR (BMSO-dg) 8: 7.29 - 7.42 (m, 4H),
7.15¢(d, T =83 Hz, 2H), 6.95 - 7.09 (m, 2H), 5.93 {5, 1H), 3.44 (s, 3H). Mass spectrum
(EST, mv/z}: Caled. for CisH iz CINGG,, 3011 (M+H), found 301.2.

¢y 2,2.66-tetramethyltetrabvdro-2H-pyran-4-ol, ¢

29



WO 2014/028800 PCT/US2013/055263

10

20

i

£

To a solution of 2,2,6,6-tetramethyldibydre-2H-pyran-4{3H}-one {(prepared according
o PCT Int. Appl, WOZ310021680) (2.30 g, 14.72 nunol) in 14 mL of THF and 5 mL
of ethanol was added sodium borohydride (0.56 g, 14.72 mmol) and the mixture stirred
at RT for & hrs. The mixture was diluted with 50 mL of EtOAc¢ and washed with 50
mL of 0.2 N HCl and 50 mL of brine. The agueous layer was again extracted with
EtGAc (3 x 50 mL} and the organic fractions combined, dried over sodivm sulfate and
concentrated to give 2.30 g (99%,) of compound ¢ as a white solid that was ased
without further purification. "H NMER {(CHLOROFORM-d) 8: 4.13 {11, J= 114,43
He, 1H), 1.94 (dd, F= 12.5, 4.2 Hz, 2H), 1.28 (s, 6H), 1.27 - 1.22 {m, &H}.

4y 2,2,6,6-tetramethyltetrabydre-2H-pyran-4-yl methanesulfonate, id

9
5

e
A
T

To a mixture of compound Te {1.44 g, .10 mumol) and pyridine (1.90 ml,, 13.65 mmol)

o%

in 23 mL of DCM at § °C was added methanesaifony] chloride (0.78 mi, 10.¢1 mmol)
and the mixture was allowed to str for 1 hr at RT. The mixture was diluted with 40 mL
of DCM, washed with 40 mL of NaH{U O3 and 40 mL of brine, dried over sodium
sulfate and concentrated to give 2.10 g (97%) of compound 14 as 3 while solid that was
used without further purification. 'H NMR (CHLOROFORM-d) 8: 5.05 ¢tt, 1= 11.4,
4.4 Hz, 1H), 2.96 (s, 3H), 2.02 (dd, 1 = 12.6, 4.5 Hz, 2H), 1.50 (1, J = 11.9 Hz, 2H),

1.23 (s, GH), 1.20 (s, 6H).

¢} S-{4-chlorophenyi}-1-{Z-methexyphenyl}-3-((2,2,6,6-tetramethyltetrahydro-
2H-pyran-4-yhoxy)-1H-pyrazele, Cpd 23
A flask was charged with compound 1h (0.70 g, 2.14 mmeol), compound 14 (0.61 g,
2.57 mmol}, cesiom carbonate {(1.39 g, 4.28 mmol} and toluene (7 mL) and heated at
115 °C for 12 b, The reaction was diluted with EtOAc (50 mlL) and washed with
saturated aqueous NaHCO; (2 x 530 mL) and brine (100 mL), and the organic layer

dried over Na,; S0, and evaporated. The crude product was purified by silica gel

30
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chromatography (Thomson Scientific 25-g cartridge, 4-40% EtOAc/heptane in 10
column vohumes) to give 0.4% g (519%) of compound 23 as a white solid. 'H NMR
{CHLOROFORM-d)8: 744 (dd, = 7.7, 1.6 Hz, 1H), 7.34 3, T = 7.9, 1.7 Hz, 1H),
T20-7.25 (o, 2H), 711 - 746 (m, 2H), 704 (1d, J =77, 1.2 Hz, 1H), 686 (dd, I =

5 B3, 1.0Hz 1H),5.95(s, 1H), S.06 (1, I = 109,42 Hz, 1H), 3.46 (s, 3H), 2.22 {(dd, i =
12,7, 44 Hz, 28y, 1.S4 (1, =117 Hz, 2H}, 1.34 (5, 6H), 1.31 (5, 6H). Mass spectram
(51, m/z): Caled. for CysHaoCINOs, 441.2 (M+H), foumd 441.1.

Example 2
16 5-{4-Chiorophenyl}-1-(C-methoxyphenyl)-3-{2,2,6,6-tetramethylietrahydro-2H-
thispyran-4-yiexyi-1H-pyrazole (Cpd 36)

o]

Compound 36 was prepared according to the procedure described in Example 1,
substituting 2,2,6,6-tetramethyldihydro-2H-thiopyran-4(3H}-one {prepared according
to US patent 20090105296) for 2,2,6,6-tetramethy Idihydro-2H-pyran-4(3H)-one i step
(c). "H NMR (CHLOROFORM-d) & 7.43 (dd, J=7.7, 1.3 Hz, 1H), 7.31 - 7.37 (m,
1H), 7.19 - 7.26 (m, 2H), 7.11 - 7.16 {m, 2H), 7.04 (¢, I = 7.6 Hz, 1H), 6.86 (4, J = 8.3
Hz, 1H), 5.95 (s, 1H), 5.02 (1, J=11.2, 3.3 Hz, 1H), 3.45 (s, 3H), 2.37 (dd, J = 12.6,
33 Hz, 2Hy, 172 (1, J =119 Hz, ZH), 1.54 (s, 6H), 1.35 (s, 6H}. Mass spectrom (ES1,
20 w/zy: Caled. for CostheCINGG,S, 457.2 (M+H), found 457.2.

Example 3
S-{4-Chlorophenyl)~1-(Z-methoxyphenyl3-3-{{2,2 6,6-tetramethyi-1,1-
diosxidotetrabydro-2H-thiopyran-d-yloxyl-1B-pyrazeole (Cpd 37}
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To a solution of compound 36 (50 mg, .11 mmol) in 0.5 mL of DCM was added
mCPBA (77%, 47 mg, 0.21 mmol} and the mixture was stirred at RT for 1 hr. The
solution was concentrated and purified by RP-HPLC on 2 CI8 column cluting with a
Hinear gradient of 40 — 60°% CH2CN in (.1% TFA over 15 min to give after
lyophilization 38 mg {74%) of compound 37 as a white solid. 'H NMR
(CHLOROFORM-d) 6: 7.32 - 7.41 {m, 2H}, 7.22 (4, F = 8.6 Hz, 2H), 7.08 - 7.14 {m,
2H), 703 (4, ] =74 Hz, 1H), 6.86 (¢, F=8.2 Hz, IH)}, 5.93 (s, 1H), 5.06 - 5.16 {m, 1H),
3.47 (s, 3H), 2.24 - 2.41 (m, 4H), 1.58 (5, 6H), 1.50 (s, 6H} . Mass spectnnm (ES],
m/zy: Calod, for CosHpoCINLOLS, 4891 (M+H), found 4881

Example 4
{Irdr4-((5-{4-chloropheny}-1-(2-methoxypheny~- 1 H-pyrazob-3-yhoxy}-2,2.6,6-

tetramethylietrabhydro-2H-thiepyran 1-oxide trifluoreacetate (Cpd 38)

&l X
-

.,
P
e

I ?\E\. lg}
TFA \
o r
T
.-y
i O
and

{15,48)-4-{{5-(4-chlorophenyl-1-{2-methoxyphenyl- 1 H-pyraze--3-yhoxy)-2,2,6,6-

tetramethyltetrahydro-2H-thiopyran T-oxide trifluoroacetate (Cpd 39

ol )
\{;;’W\’? .
A e

.
TFA y
O
N
—-—\:‘;'WD"
/

Compounds 38 and 3% were prepared according to the procedure described in
Example 3, using 1.5 oq of mCPBA, and were purified by RP-HPLC on a C18 column

cluting with a Hnear gradient of 40 — 60% CHyCN in 0.1% TFA over 1S min. The first
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compound to elute was arbitrarily assigned as compound 38 {cis) and the second as
compound 3% (trans).
Cpd 38 'H NMR (CHLOROFORM-d) 8: 7.39 (dd, ] = 7.8, 1.6 Hz, 1H), 7.31 -
737 (m, FH)Y, 719 - 7.23 (m, 2H), 7.08 - 713 (o, 2H), 7.02 (3d, 1 =7.6, 1.2 Hz, 1H),
5 685(dd,J=28.2, 1.2 Hz, 1H}, 5.93 (s, 1H), 4.86 - 5.03 (m, IH), 3.45 (s, 3H), 2.08 -
2.14 (m, 4H), 1,43 (s, 6H}, 1.42 (5, 6H). Mass spectrum (ESI, nvz): Caled. for
CasHooCINLO4S, 473.2 (M+H), found 473.2.

Cpd 39 'H NMR (CHLOROFORM-d) 3: 7.39 (dd, J = 7.6, 1.8 Hz, 1H), 7.32 -
16 737 (m, 1), 719 - 7.23 (m, 2H)}, 7.08 - 7.13 (m, 2F), 7.01 - 7.06 (m, 1H), 6.86 {dd, J
=872, V2Hz, 1H), 5.91 (s, 1H), 491 - 499 (m, 1H), 346 (5, 3H), 343 (d, =31, 1.6
Hz, 1H), 2.40 (dd, J = 14.5, 3.5 Hz, 4H), 1.43 {5, 6H), 1.34 (5, 6H). Mass spectrum
(B35, m/z): Caled. for CaeHpgCINGOLS, 473.2 (M+H), found 473.2,

15 Example 3
4-{1-{2-Methoxyphenyi}-3-1{2,2,6,6-tetramethylictrahydro-2H-thiopyran-4-
vhoxyl-1H-pyrazoel-S-yvi}benzouitrile (Cpd 44)

A microwave vial was charged with compound 36 (90,0 mg, 0.20 mumol}, zinc cyanide
200 (35.0mg, 0.30 mmol}, zinc (3.8 mg, 0.06 momol}, PA(-Bu )y (10.1 mg, 6.020 mmol),
and 0.8 mL of N N-dimethylacetamide and heated to 170 °C for 1 hr. The mixtore was
loaded directly onto a 12-g silica gel cartridge {Thomson Seientific) and eluted with a
linear gradient of 3-40% EtQAc/heptane in 10 column volumes to give 76 mg (86%) of
compound 44 as a white solid. 'H NMR (CHLOROFORM-4) 3: 7.53(d, I = 8.6 Hz,
2HY, 7.45(dd, J=7.8, 1.7 Hz, 1H), 735 (td, J =79, 1.7 Hz, 1H}, 7.28 (d, I = 8.6 Hz,
2HY, 7.01 - 700 (m, [H), 6.84 (d, I=76 Hz, 1H), 6.00 (s, 1H), 501 (11, J=11.2,3.3
Hz, 1H), 3.40 (s, 3H}, 2.35{dd, J = 12.8, 3.3 Hz, ZH), 1.70 (¢, J = 11.9 Hz, 2H), L.55 (s,

]
W

33
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6H)Y, 1.52 (5, 6H). Mass spectrum (EST, m/z): Caled. for CosHpoN3(3,5,448.2 (M+H),
found 44%.2.

Exammple 6
4-(1-(Z-methoxyphenyD-3-({({1r 4r}-2,2,6, 6-tetramethyl-1-oxidotetrabydro-2 H-
thispyran-4-yhoxy}-1 H-pyrazel-S-yijbenzonitrile {Cpd 46)

7
NC_ /
&
= N,
PN

&

Compound 46 was prepared from compound 44 according to the procedure described in
Example 4. The compound is pure but of unknown configuration and was arbitrarily
assigned as cis, 'H NMR (CHLOROFORM-d) 8: 7.53 (d, J = 8.6 Hz, 2H), 7.45 (dd, J
=77 16 Hz 1H), 7.36d, =79, 1.7 Hz, 1H}, 7.26 - 7.30 (m, 2H), 7.06 {td, ] = 7.6,
1.1 Hz, 1H), 6.84 (d, I =7.8 Hz, 1H), 6.00 (s, 1H), 4.96 (1, J = 11.1, 3.9 Hz, 1H), 3.40
{8, 3M), 2.09 - 2.17 (m, 2H), 2.01 - 2.07 (i, 2H), 140 (s, 6H}, 1.38 (s, 6H) . Mass
spectrum (EST, m/z): Caled. for CreHpoN3GS, 464.2 (M+H]), found 464.2,

Example 7
4-{1-2-MethoxyphenyD-3-1(2,2,6,6-tetramethyl-1,1-disxidotetrabydro-2 H-

thiopyran-4-yijoxyj-1H-pyrazol-8-yi} benzenitrile (Cpd 45)

N
i
4
&
Oy
3
é’/

Compound 45 was prepared from compound 44 according to the procedure described in
Example 3. 'H NMR (CHLOROFORM-d) 8: 7.53 (d, J = 8.3 Hz, 2H), 7.44 (dd, J =
7.7, 1.6 He, TH), 7.33 - 740 (m, 1H), 7.28 (d, J= 8.3 Hz, 2H), 7.07 (4, I = 7.7 Hz, 1H),

6.85 (4, =83 Hz, 1H), 6.00 (s, 1H), 5.15 (&1, F=10.2, 3.7 He, 1H)}, 3.41 (s, 3H), 2.34 -
34
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2.4% (m, 2H), 2.22 - 2.32 {m, ZH}, 1.59 (5, 6H), 1.50 (5, 6H). Mass spectrum (ESE
w/zy: Caled. for CogHaoN3O45, 480.1 (M+H), found 4K0.1.

Example §
S 4-{1-(2-Methoxyphenyl-3-{(2,2,6,6-tetramethylictrabhydro-2H-pyran-4-yhoxy}-
1H-pyrazel-S-yl} benzoniirile (Cpd 43)

Cormopound 43 was prepared from compound 23 according to the procedure described in
Example 5. "H NMR (CHLOROFORM-d) 8: 7.53 (4, F = 8.6 Hz, 2H), 746 (4, I = 6.3

0 Hz 1H), 7.35¢(br. s, 1H), 7.25-731 (m, 2H), 7.06 (1, I =72 Hz, 1H), 684 (d, J =78
He, 1H), 6.01 (s, 1H), 5.00 - 5.12 {m, 1H), 3.40 (s, 3H), 2.20 (dd, I = 12.1, 2.7 Hz, ZH),
151 (, F=11.5Hz, 2H), 1.32 (5, 6H), 1.29 {s, 6H). Mass spectrum (ESL, m/2): Caled.
for CagHaoNa0s, 432.2 (M+H), found 432.2,

15 Example 9
i-(2-Methoxyphenyl)-5-(4-methoxyphenyi}-3-{(2,2,6 6-tetramethyltetrahydre-2H-
thiopyran~-4-yhexyj-1H-pyrazole (Cpd 32)

o3

a) 1-(Z-Methoxyphenyi-S-(d-methoxypheny)-1H-~pyrazol-3(2H)}-one, 92

2
N0
"t

Y

26 O

{
LJ\’7¢ ,;\]
Y .fi |
|

(s
i
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Compound 8a was prepared according to the procedure described in Example 1, step
{b), substituting ethyl 3-(4-methoxypheny!)-3-oxopropanoate. ' H NMR (DMSO-dg) &:
7.35-7.43 (m, 1H}, 7.29(dd, } = 7.7, 1.6 Hz, 1H), 7.05 - 7.11 (m, 3H), 7.00 (td, I =
7.6, LO Hz, TH), 6.79 - 6.84 (m, ZH), 5.85 (s, 1H}, 3.70 (s, 3H}, 3.49 (5, 3H).

By 1-(2-Methoxyphenyl}-5-{4-methoxyphenyl}-3-{(2,2,6,6-
tetramethylietrahyvdro-2H-thiopyran-4-yhoxyl-1H-pyrazele, Cpd 32

Coropound 32 was prepared according to Example 1, substituting 2,2,6,6-
tetramethy ldihydro-2H-thiopyran-4(3H)-one {(prepared according to US patent

16 20090105296) for 2,2,6,6-tetramethyldihydro-2 H-pyran-4{3H)-one in step {¢); and
substituting compound 9a for compound 1b in step (¢). 'H NMR (CHLOROFORM-d)
8:7.35 - 746 (m, 1H}, 7.28 - 734 (m, 1H), 711 (4, J =86 Hz, 2H), 7.00 (t, F = 7.6 Hz,
1H), 6.85(d, T =83 Hz, 1H), 6.76 (d, I = 5.8 Hz, 2H), 5.85 {5, 1H), 4.92 - 5.02 (m,
TR, 3.77 (s, 3H), 3.46 (s, 3H), 2.36 (dd, T = 12.7, 3.2 Hz, ZH), 1.70 (¢, = 11.9 Hz,

15 2HH, 1.57 (s, 6H), L.52 (5, 6H) . Mass spectrum (ESE m/z): Caled. for TusHypNoGsS,
4537 (M+H), found 453.3.

Example 10
1-{2-Methoxyphenyh-5-(4-methoxyphenyl-3-{(2,2,6,6-tetramethyl-1,1-
20 dioxidotetrahydre-2H-thiopyran-4-yhexyl-1 H-pyrazole {Cpd 33}
£
S A \Y g/
ads

%

Compound 33 was prepared from compound 32 according to the procedure described in
Example 3. 'H NMR (CHLOROFORM-d) &: 7.30 - 7.39 {m, 2H), 7.10 (d, ] = 8.8 Hz,
ZH), 7.00 (1, J=77 Hz, 1H), 6.88(d, J =8.6 Hz, 1H), 6.76 (d, ] = 8.8 Hz, 2H), 5.89 (s,

25 1H)YL 5.02-512 (m, 1H), 3.77 (s, 3H), 3.50 (s, 3H), 2.23 - 2.43 (m, 4H), 1.58 (s, 6H),
1.50 (s, 6H} . Mass spectrum (ESL ovz): Caled. for CogHaaNR 065, 485.2 (M+H), found
485.2.
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Example 11
{Ir,dri-4-{(1-(Z-methoxyphenyh-5-{4-methoxyphenyh-1H-pyrazol-3-yhoxy)-
2,2,8,6-tetramethyletrahydre-2H-thiepyran i-oxide (Cpd 34}

/AN

O - ’.l'i
\Y/ ;! l*“"
K\\/\,N\ f}

o

and
{15, 48)-4-((1-(Z-methoxyphenyh-5-{4-methoxypheny-1H-pyrazol-3-yhioxy)-
2.2.6,6~tetramethyltetrahydro-2H-thiopyran I-oxide ({Cpd 38)

7B
e .
o Q
. IO

/
N

N

/

O\T/\t/

Compounds 34 and 358 were prepared from compound 32 according to the
10 procedure described in Example 4. The first compound to elote was arbitrarily

assigned as 34 (cis) and the second as 38 (trans).

Cpd 34: "HNMR (MeOD) 8: 7.42 (td, F = 7.9, 1.7 Hz, 1H), 7.35 (dd, 1 = 7.9,
1.6 Ha, 1H), 7.10 - 718 (m, 2H), 7.01 - 7.08 {m, 2H), 6.81 {d, ] = 8.8 Hz, ZH), 6.00 {5,
1S 1H), 3.76 (s, 3H), 3.56 (5, 3H), 2.40 (dd, T = 14.5, 3.3 Hz, 2H), .84 - 1.93 (m, 2H),
1.45 (5, 6H), 1.37 (5, 6H) . Mass spectrum (ESE, nv'z): Caled. for CosHaNy04S, 469.2
{M+H}, found 469.2.
Cpd 35: ‘HNMR (CHLOROFORM-d) 8 7.38 (dd, = 7.7, 1.6 Hz, 1H), 7.30 -
7.35 (m, tH), 7.10(d, J = 9.0 He, 2H), 7.00 (4, I = 3.2 Hz, 1H), 6.86 (s, 1H), 6.72 -
20 6.78 (m, 2H), S.88 (s, 1H}, 4.90 - 4.98 (m, 1), 3.76 (s, 3H), 3.46 (s, 3H), 2.01 - 218
{m, 4H), 1.41 (5, 6H), 1.38 (5, 6H). Mass spectrum (ESI, m/z): Caled. for
CosHaN2048, 469.2 (M+H), found 469.2.

~4

(ad
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Example 12
1-(2-Methoxyphenyl)-5-(4-methosyphenyi}-3-{{2,2.6,6-tetramethyftetrabydre-2 H-
pyran-4-yhoxy~1H-pyrazole (Cpd 31)

TF
s/

Coropound 31 was prepared according to the procedure described in Example 1, step
(e}, substituting compound 8a for compound 1h. 'H NMR (CHLOROFORM-d) d:
7.39 (dd, F=7.8, L8 Hz, 1H), 7.35 (td, I =79, 1.6 Hz, IH), 7.11 - 7.17 {m, ZH), 7.0
{id, F =76, 1.1 Hz, 1H), 6.88{dd, ] =8.3, L.O Hz, 1H), 676 - 6.81 (m, 2H), §.93 (s,

0 1H), 50006, 1=109, 44 Hz, 1H), 3.78 (s, 3H), 3.53 (5, 3H), 2.22 (dd, J = 129, 4.3
Hz, 2H), 1.56 (1, 1= 11.7 Hz, 2H), 1.34 (s, 6H), 1.371 (s, 6H); . Mass spectrum (ES],
w/zy: Caled. for CagHisaNaO4, 437.2 (M+H), found 4371,

Example 13
15 5-{4-Chloropheny - 1-(C-methoxyphenyD-3-(tetrabydro-2 H-pyran-d-yloxy)-1H-
pyrazele (Cpd 6)

Yy
N

Cormopound & was prepared according to the procedure in Example 1, substituting
commercially available tetrahydro-4H-pyran-4-ol for compound 1e.  'H NMR

20 (CHLOROFORM-d) 6: 7.39 (dd, J=7.7, 1.6 Hz, 1H}), 7.28 - 7.35 (m, 1H), 7.16 - 7.23
(m, 2H), 7.06 - 7.15 (m, 2H), 7.01 (td, J = 7.6, 1.3 Hz, 1H), 6.84 (dd, I = 8.3, 1.0 Hz,
TH), 5.95 (s, 1H), 4.85 (11, J = 8.2, 4.0 Hz, 1H), 3.92 - 4.05 (m, 2H}, 3.58 (ddd, J =117,
8.8, 3.0 Hz, 2H), 3.45 (s, 3H), 2.07 - 218 (m, 2H), L.78 - 1.953 (m, 2H) . Mass
spectrum (EST, vz} Caled. for CyHy CINGGs, 3851 (M-+H), found 385.1

(o)
v.¢]
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Example 14
S-(4-Chlorophenyl)-1-(2-methoxyphenyi}-3-{tetrabydro-2H-thicpyran-4-yloxy)-
1H-pyrazole (Cpd T)

&

)

N

o

Compound 7 was prepared according to Example 1, substituting commercially
available tetrahydro-4H-thiopyran-4-ol for compound 1e. 'H NMR (CHLOROFORM-
dy&: 741 (dd, T=728, 1.8 Hz, 1H), 7.32 - 739 (m, 1H), 7.23 (d,  =R8.6 Hz, 2H), 7.09 -
736 (m, 2H), 7.04 (1d, J=7.6, 1.1 Hz, 1H), 6.88 (d, I =83 Hz, 1H}, 5.97 (s, 1H}, 5.01
(quin, J =4.7 Hz, 1H), 3.74 - 3.93 (m, 3H), 3.60 - 3.70 (m, 1H), 3.49 (5, 3H}, 1.99 -
212 (m, 4Hy . Mass spectrum (ES], m/z): Caled. for CoHy CINGG,S, 401.0 (M+H),
found 401.0

C

Example 13
5-{4-Chlorophenyl-3-{(1,1-dioxidotetrahydro-2 H-thiapyran-4-yhoxyl-1-(2-
methoxyphenyi-1H-pyrazele {Cpd 18)

Oz
S
g

¢
To a solution of compound 7 (40.0 mg, 0. 10 mmol) in 2 mL of DCM at RT was added
mCPBA {60 mg, 57-80%) and the mixture stirred for 1 hr. The reaction was diloted
with EtOAc {50 mL) and washed with saturated aqueous NalHCO; (2 x 50 ml) and
brine (100 ml), and the organic layer dried over NapSOy4, filtered, and evaporated. The
crade prodact was purified by silica gel chromatography (Thomson Scientific 12-g
cartridge, 5-50% EtOAc/heptane in 10 columm volumes) to give SG mg (43%) of
compound 18 as a white solid. 'H NMR (CHLOROFORM-d) 8: 7.31 - 7.43 (m, 2H),
7234, J=86Hz 2H), 7.12(d, =86 Hz, 2H), 703 (¢, =76 Hz, 1H),6.87(d, I =

8.1 Hz, 1H), 5.97 (s, 1H), 4.99 - 5.07 (m, 1H), 3.49 (s, 3H), 3.39 - 3.47 (m, 2H), 2.92 -
39
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3.02 (m, 2H), 2.64 (dd, = 14.0, 3.4 Hz, 2H), 2.23 - 2.46 (m, 2H} . Mass spectrum
(EST, mv/z): Caled. for CpHp CINLO4S, 433.0 (M+H, found 433.0.

Example 16
S tert-Butyl 4-{{5-(4-chiorophenyl}-1-{Z-methoxyphenyl)-1H-pyrazel-3-
vijoxy}piperidine-1-carboxyiate (Cpd 41)

Coropound 41 was prepared according to the procedure described in Example 1, step
(e}, substituting 1-Boc-4-methanesulfonyloxypiperidine for compound 1d. "H NMR

10 (CHLOROFORM-d) 6: 7.40 (dd, 1 =77, 1.6 Hz, 1H), 7.29 - 7.35 (m, 1H), 7.16 - 7.23
(m, 2H), 7.06 - 7.14 (m, 2H), 7.01 (¢d, J = 7.6, 1.1 Hz, 1H), 6.82 - 6.86 (m, 1H)}, 5.94 (s,
1H), 4.78 - 4.87 (m, 1H), 3.75 {(br. 5., 2H), 3.46 (s, 3H), 3.25 - 3.35 {m, ZH}, 2.05 (s,
2HY, 175 - LR7 (m, 2H), 1.47 (s, 9H) . Mass spectrom (B8], wvz): Caled. for
CoaHapCINGOy, 483.2 (M+H), found 483.9.

is
i-Acetyb4-{5-{4-chiorophenyl}-1-(I-methosyphenyl-1H-pyrazei-3-
yviioxyipiperidine {Cpd 3)

o}

age

A

§
N

e~

20 a} 4-{(3-{4-chlorsphenyl-1-Z-methoxyphenyl-1H-pyrazol-3-

vioxyipiperidine frifluoroacetate, 17a

o) TFA

40
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To a solution of compound 41 in 12 mL of BCM was added 4 mL of TFA and the
mixture stirred at RT for T hr. The mixture was concentrated and the residue
erystallized from mothanol/water to give 380 myg (83%) of a white solid. 'H NMR
(CHLOROFORM-d) d: 8.14 (br. 5., 1H), 7.86 (br. 5., 1H)}, 7.44 - 7.52 {(m, 1H), 7.25 -

§  7.33(m, 3H), 7.16{d, J = 8.6 Hz, 2H), 6.93 - 7.04 {m, 2H), 6.19 (s, i), 4.91 (br. s,
1H), 3.64 (s, 3H), 3.34 - 3.58 {(m, 4H}, 2.22 - 2.38 (m, 4H). Mass spectrum (ESE,
m/7): Caled. for C21HzCINSG,, 3841 (M+H), 384.0.

By 1-Acetyb-4-{{5-(4-chlorophenyl}-1-{Z-methexypheny§)~-1H-pyrazel-3-
16 yvijoxyipiperidine, Cpd 3
To a solution of compound 17a (30 mg, 0.06 nmumel) and NEt (6.025 mL, 6.18 mmol)
i 0.25 mbL of DCM at RT was added acetyl chloride {0.009 mL) and the mixture
stirred for 8 hr. The mixture was concentrated and the residue purified by RP-HPLC
{C18}, cluting with a linear gradient of 40 — 100% CH3CUN in 0.1% TFA/HO over 18
1S min to give 20 mg of compound 3 as a white solid. 'H NMR (CHLOROFORM-d) &
738{dd, F=77 1.6 Hy, IH), 733 4d, J =79, 1.6 Hz, 1H), 7.19 - 7.23 (m, 2H), 7.07 -
7.13 (m, ZH), 7.01 (td, F=7.6, 1.3 Hz, 1H), 6.83 - 6.89 (m, 1H}, 5.95 (s, 1H), 491 (i, J
=6.6, 3.5 Hz, 1H), 3.61 - 3.87 {m, 3H), 3.39 - 3.50 (m, 4H), 2.16 (s, 3H}, 1.85 - 2.09
{m, 4H) . Mass spectrum (ESL, m/z): Caled. for CoataaCINLOs, 426.1 (M+H), 426.1.
20
Example 1¥
4-{15-(4-Chiorophenyl-1-C-methoxyphenyh-1 H-pyrazol-3-yiloxy}-N,N-
dimethylpiperidine-1-carboxamide (Cpd 4)

o

oy
/NE:’/N\’ P
25 To asolation of compound 17a (30 mg, 0.06 mmol) and NE4; (0.025 mL, 0.18 munol)
1 0.25 mL of DCM at RT was added N N-dimethylcarbamoy] chloride (0.008 mi,
0.09 mmol} and the mixture was stitred for 8 hr. The mixture was concentrated and the
residue purified by RP-HPLC (Ci8), clating with a lincar gradient of 40~ 100%
{CHLCN in 0.19% TFA/HO over 18 min to give 18 mg of compound 4 as a white solid.

41
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'H NMR {(McOH) 8: 7.40 - 746 (m, 1H), 7.38 (dd, J = 7.8, 1.5 Hz, 1H}, 7.25 - 7.29 (m,

2H), 748 - 7.23 {m, 2H), 7.02 - 7.09 {m, 2ZH)}, 6.12 (5, 1H), 4.68 - 4.75 (m, 1H), 3.59

3.52 (m, 3H), 3.13 - 3.22 (m, 2H), 2.87 {s, 6H), 2.01 - 2.14 {m, ZH), 1.73 - 1.93 (m, J =

12.8,8.4,4.1, 4.1 Hz, 2H) . Mass spectrum (ES], my/z): Caled. for CuHyCINGO,, 4552
5 (MAH), found 455.0.

4-{{5-(4-Chiorophenyi}-1-(Z-methoxyphenyl}-1H-pyrazol-3-vijoxy}-1-
{methylsulfonypiperidine (Cpd 5}

0
To a solution of compound 17a (30 mg, 0.06 mmol) and NEt; (0.025 mi, §.18 mmol}
i (.25 mL of DCM at RT was added methanesuifony] chloride (0.0606 mL, 0.08 vunol)
and the mixture was stirred for 8 hrs. The mixture was concentrated and the residue
purified by RP-HPLC (C18), cluting with a lincar gradient of 40 - 100% CH;CN in

15 0.1% TFA/H,O over 18 min to give 17 mg of compound 3 (50%) as 3 white solid. 'H
NMR (CHLOROFORM-d) &: 7.29 - 7.41 (m, 2H), 7.19 - 7.24 (m, 2H), 7.06 - 7.14 (m,
2HY 701 (td, F=7.6, 1.1 Hz, 1H), 6.86 (d, J =83 Hz, 1H), 5.96 (s, 1H), 4.83 (quin, J =
4.5 Hz, 1H), 3.49 (s, 3H), 3.26 - 3.45 {m, 4H), 2.80 (s, 3H), 2.03 - 2.15 (m, 4H) . Mass
spectrum (EST, nv/'z): Caled. for CppHpyCINGG4S, 462.1 (MA+H), found 462.1,

20

Example 20
4-4{3-{4-Chloropheny-1-{Z-methoxyphenyl-1H-pyrazol-3-yvloxy}-1-(2,2,2-
trifluoroethypiperidine {Cpd 8)

]
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To a solution of compound 17a (100 mg, .07 mmol) and NE6 (0.030 mL, .21 mmol)
i .5 mi of DCE was added 2,2, 2-triflporcethy! riffuoromethanesolfonate (16 mg,
0.07 mmol} and the mixture was heated at 80 °C for 8 hrs. The mixture was
concentrated and the residuc purified by RP-HPLC {C1¥), eluting with a lincar gradient
5 of40 - 100% CHaCUN in 0.19% TFA/H-0 over 18 min to give 12 mg of compound 8
(38%} as a white solid. 'H NMR (MeOH) 8: 7.32 (t, I = 7.8 Hz, 1H), 7.24 - 7.28 (m,
R, 714 - 788 (m, 2H), 7.05 - 711 (my, 2H), 6.91 - 6.97 (m, 2H), 6.02 (5, 1H)}, 4.60 -
4.68 (m, 1H), 3.74 {q, I =9.3 Hz, 2H), 3.42 {s, 3H), 3.25 - 3.35 {m, ZH), 3.05 - 3.14 (m,
ZHY, 197 - 2,17 (m, 4H). Mass spectrum (ESL mv/z): Caled. for CpsHoClFNGO,, 4661
16 (M+H), found 466.0.

4~ {{5-(4~-Chiorophenyh-1-(Z-methoxypheny~-1H~pyrazol-3-yvloxyi-1-

{triffuoroacetylipiperidine (Cpd 9}
avad

o

i
LN
L F G
F f)Y
A
A A
Q

To a sohution of compound $7a (100 mg, .20 mmol) and NEG (0.100 mL, 0.72 mmol}

[
W

im 1 mL of DCM was added trifluorcacetic anbydride (8.035 mi, .25 mmol} and the

mixture was stirred for | hr at RT. The mixture was loaded directly on to a i2-g silica

gel cartridge (Thomsoen Scientific) and eluted with 3-30% EtOAc/heptane in 10 colomn
20 velomes to give 65 mg (67%) of compound 9 as a white solid. "H NMR
{CHLOROFORM-d)8: 741 (dd, = 7.8, LB Hz, 1H), 7.32- 739 (m, 1H), 723 (4, i =
8.6 Hz 2H)Y, 7.09-7.16 (m, 2H), 7.04 (td, J=7.6, 1.1 Hz, 1H), 6.88(d, =83 Hz,
tH), 5.97 (s, 1H), S.01 (quin, F=4.7 Hz, 1H), 3.74 - 3.93 (m, 3H), 3.60 - 3.70 (m, 1H),
3.49 (s, 3H), 1.99 - 2,12 {m, 4H). Mass spectrum (ESL wv/z): Caled. for
CoaH CIFsNL Oy, 480.1 (M+H), found 480.1.

]
W

Example 22
4-$15-{4-Chilsrephenvl}-1-2-methoxypheny-1HB-pyrazel-3-vijoxyi-1-
iGriflusromethyDsulfonylpiperidine (Cpd 14)

4

(a3
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£ R
o g \0

To a solution of compound 17a (250 mg, 0.50 mmol) and NE& (0.21 mb, 151 mmol)
in 5 mb of DCE was added N-phenyl-bis-(trifluoromethanesulfonimide) (0.20 g, 8.56

mmol} and the mixture stirred for 1 hr at 80 °C. The reaction was diluted with EtOAc

A

{50 ol.) and washed with saturated aqueous NaHCO; (2 x 50 ml) and brine {100 ml),
and the organic layer dried over Napy304 and evaporated. The crude product was
purified by silica gel chromatography (Thomson Scientific 24-g cartridge, 5-40%
EtGAc/heptane in 10 column volumes) to give 190 mg (39%) of compound 14 as a
white solid. 'H NMR (CHLOROFORM-d) 5: 7.40 (dd, J = 7.7, 1.6 Hz, 1H), 7.35 (4, J
160 =1.5Hz H),7.20-725(m, 2H), 7.10- 715 (o, 2H), 7.03 (1d, J=7.6, 1.1 Hz, 1H),
6.85 - 6.90 (1, 1H), S.98 (s, IH), 4.97 (quin, ] =4.5 Hz, 1H), 3.56 - 3.78 (in, 4H), 3.49
(s, 3H), 2.03 - 2,18 (m, 4H). Mass spectrom (EST my/z): Caled. for CppHp CIFNSG4S,
516.1 {M~+H), found 516.0.

15 Example 23
4-{{5-{4-Chiorophenyh-1-{ Z-methexyphenyl-1H-pyrazol-3-yiloxyi-1-
{evclopropyisulfonylpiperidine (Cpd 15)

iN
"N
4]
% f.f'
s

To a solution of compound 17a (75 mg, mmol} and NE1 (6.063 ml, .45 numol) in 1
20 mL of DCM at 0 °C was added cyclopropylsulfonyl chloride (0.014 mL) and the

mixture stitved for | br at RT. The mixture was concentrated and the residue puritied

by RP-HPLC (C18) ehiting with a linear gradient of 40 — 100% CHzCN in 8.1%

TRA/HO over 18 min to give 58 mg (80%) of compound 15 as a white solid. 'H

NMR (CHLOROFORM-d) 5: 7.33 - 7.41 (m, 2H), 7.20 - 7.25 (m, 2H), 7.13 (4, I = §.6
25 Hz, 2H), 7.02 (td, J=7.7, V.3 Hz, 1H), 6.88(d, I =8.1 Hz, 1H), 598 (5, 1H), 4.79 -

44
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is

20

N2
wr

4.86 (m, [H), 3.49 - 3.58 (m, 5H}, 3.35 - 3.44 (m, 2H), 2.31 (4, J = 8.0, 4.8 Hz, 1H),
2.04 - 2,16 (o, 4H), 116 - 1.22 {m, ZH), 0.9¢ - 1.04 {m, ZH) . Mass spectrum (ESL
nv/z): Caled. for CosHosCINGOLS, 4881 (M+H), found 488.1.

Example 24
4-{}5-{4-Chiorophenyi}-1-(2-methoxyphenyi}-1 H-pyrazel-3-vioxy}-1-[(i-
methylethylsulfonylipiperidine (Cpd 21)

To a solution of compound 17a (.38 g, 0.76 mimol) and NEt; (0.43 mL, 3.05 mmeol) in
5 mi of DCM at { °C was added isopropylsulfonyi chloride (6.093 ml., 0.84 mmol)
and the mixture stirred for 1 hr at RT. The reaction was diluted with EtOAc (50 mL)
and washed with saturated aqueous NaHCO: (2 x 50 mL) and brine (100 mL), and the
organic layer dried over Na:SQy, filtered, and evaporated. The crade product was
purificd by sifica gel chromatography (Thomson Scientific 24-g cartridge, 12-100%
EtQAc/heptane in 10 column volumes) to give 360 mg (91%) of compound 21 as a
white solid. 'H NMR (CHLOROFORM-d) & 7.41 (dd, I = 7.7, 1.6 Hz, 1H), 7.35 (td, )
=7.9, 1.6 Hz, 1H), 7.20 - 7.25 {m, 2H), 7.10 - 7.15 (m, 2H), 7.03 (td, J = 7.6, 1.3 Hz,
IH), 6.87 (dd, } =83, 1.0 Hz, 1H), 5.96 (s, IH), 4.90 (1, ] = 6.4, 3.3 He, 1H), 3.61
(ddd, J = 12.6, 8.6, 3.5 Hz, 2H), 3.49 {5, 3H), 3.38 - 3.46 (m, 2H), 3.22 {(quin, 1H), 1.96
- 235 {m, 4H), 1.38{d, J = 6.8 Hz, 6H) . Mass spectrem (ESL m/z): Caled. for
CoaHpeCINGO48, 490,17 (M+H), found 490.1.

Example 23
4-{{5-{4-Chlorephenyl}-1-[2-({-methylethoxy)phenyil- 1 H-pyrazoel-3-yioxy)-1-{{i-
methylethyhsulionylipiperidine (Cpd 28)



WO 2014/028800 PCT/US2013/055263

W

16

a) 2-(S5-{4-chloropheny}-3-{{1-(methyvisuifonyiipiperidin-4-vhoxy}-1H~

pyrazol-i-yhphenol, 25a

0.

P
To a solution of compounnd 21 (0.36 g, .74 mmol) in 2 mL of BDCM ai -78 °C was
added a 1 M solution of boron tribromide in DCM (0,88 mL, (.88 mmol) and the
mixture stirred for 1 hr. The reaction was diluted with EtOAc {50 mbL) and washed
with saturated aqueous NaHCO; (2 x 50 mb) and brine (100 ml), and the organic layer
dried over Na30,, filtered, and evaporated. The crude product was purified by silica
gel chromatography (Thomson Scientific 40-g cartridge, 6-50% EtOAc/heptanc in 10

columm volumes) to give 200 mg (57%) of compound 252 as a white solid.

By 4-({5-(4-Chlorophenyl}-1-[2-{1-methyvicthoxyiphenyi]-1H-pyrazel-3-
vitoxyi-1-{(I-methylethyDsulfonyiipiperidine, Cpd 28

To a mixture of compound 25z (0.20 g, 0.42 vunol) and KoCOs (0,12 g, 0.54 mmol) in
2 mb of acetone at RT was added isopropyhiodide (8.042 mL., .42 mumol) and the
mixture stirred for § hr at 60 °C. The reaction was diloted with EtOAc {50 mL) and
washed with saturated aquecus NaHCGOs (2 x 50 ml) and brine (100 mL), and the
organic layer dried over Na;SQy, filtered, and evaporated. The crade product was
purificd by silica gel chromatography (Thomson Scientific 40-g cartridge, 3-40%
EtdAc/heptane in 10 column volumes) to give 110 mg (50%) of compound 28 as a
white sofid. 'H NMR (CHLOROQFORM-d) d: 7.45 (dd, J = 7.7, 1.6 Hz, 1H), 7.25 -
7.32 (m, TH), 7.16 - 7.22 (o, 2H), 7.09 - 7,15 (o, 2H), 7.00 (1d, J = 7.6, 1.3 Hz, 1H),
6581 (d, J=7.6Hz 1H), 593 (s, IH), 487 {11, ] =6.6,3.3 Hz, 1H), 425 {spt, f = 6.1

46
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16

is

Hez, 1H), 3.60 (ddd, J = 12.5, 8.5, 3.5 Flz, 2H), 3.35 - 3.43 {(m, 2H), 3.20 (spt, T = 6.9
Hz, 1H), 1.94 - 2,12 {(m, 4H), 1.35 (4, J = 6.8 Hxz, 6H), (.85 - 1.02 (m, 6H) Mass
spectrum (ESI, m/z): Caled. for CygHypCINSG,S, 518.2 (M+H), found 518.1.

Example 26
4-{{5-{(4-Chiorophenyl-1-(2-methoxyphenyii-1H-pyrazol-3-vijoxy] cyclohexanene
{(Cpéd B)

4} 3-(1,4-dioxaspivsi4.Sidecan-8-yloxy-S-(d-chlorophenyl}-1-(2-

methoxyphenyl-1H-pyrazole, 26a

N e
@@j -
N
{
O
O
"

Compound 26a was prepared according to the procedure described in Example 1,
substituting 4-hydroxycyclohexanone monoethylene ketal for 2.2,6,6-
tetramethyIdihydro-2H-pyran-4(3H}-one in step {¢). 'H NMR (CHLOROFORM-d) 8:
7.40 (dd, I=7.7, L6 Hz, 1H), 7.28 - 7.34 (m, 1H), 7.16 - 7.21 (m, 2H), 7.05 - 7.14 (m,
2H), 7.00 (td, J = 7.6, 1.3 Hz, 1H), 6.79 - 6.86 (m, 1H), 5.94 (s, 1H), 4.76 {guin, } = 5.1
Hz, 1H), 3.91 - 4.01 (m, 4H), 3.45 (s, 3H), 1.98 - 2.06 (m, 4H), 1.88 - 1.97 (m, 2H),
1.64 (dt, 2H).

B 4-[I5-(4-Chlorephenyi-1-(C-methoxyphenyl- 1 H-pyrazoi-3-
yvijoxyicvelohesanone, Cpd 2
To a sohution of compound 26a (50 mg, mmol) in 2 mL of acetone at RT was added 4
drops of 6N HCl and the mixture was stirred for 1 br at RT. The reaction was diluted
with E1OAc (50 ml) and washed with saturated aqueous NaHCOs (2 x 50 ml) and
brine {100 ml), and the organic layer dried over NapSQq, filtered, and evaporated. The
crade product was purified by silica gel chromatography (Thomson Scientific 12-g

4

~4
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20

cartridge, 3-30% EtOAc/heptane in 10 columm volumes) to give 28 mg (63%) of
compound 2 as a white solid. "H NMR (CHLOROFORM-d} 8: 740 (dd, J=7.8, 1.8
Hz, 1H), 7.33 (td, J = 8.0, 1.8 Hz, 1H}, 7.17 - 7.24 (m, 2H), 7.09 - 7.15 (m, 2H}, 7.02
(6, J=7.6, 1.3 Hz, I1H), 6.85(dd, I=8.3, 1.3 Hz, 1H), 598 (s, 1H), 5.02 - 5,11 {m,
tH), 3.47 (s, 3H), 2.66 - 2.79 (m, 2H), 2.31 - 2.44 (m, 4H), 2.08 - 2,19 {m, ZH). Mass
spectrum (EST, m/z): Caled. for CpHy CINGO,, 3971 (M-A+H), found 397.0.

Example 27

N
S
)
o i/’\Ya
LN
-~ W

The title compound was prepared from compound § of Example 19 using the
procedures described in Example 25, 'TH NMR (CHLOROFORM-d) & 7.44 (dd, § =
7.8, L8 He, HH), 7.29- 737 (m, 1H)}, 7.19 - 7.24 (m, ZH), 7.10 - 7.16 (m, 2H), 7.00 {14,
F=7.6,1.3 Hz, 1H), 6.82 (d, J=7.6 Hz, 1H}, 5.96 {5, 1H), 479 {quin, ] = 4.5 Hz, 1H},
4.29 (spt, J=6.1 Hz, 1H), 3.31 - 3.44 (yn, 4H}, 2.81 {5, 3H), 2.09 (q, 4H}, 0.98 (m, 6H).
Mass spectrurm (BSY, m/z): Caled, for CogHpsCING4S, 490.1 (M+H), found 490.1.

Example 28
4-11-(2-tert-Butoxyphenyi)-S-(4-chiorophenyl}-1 H-pyrazel-3-yijoxy}-1-
{methylsulfonylipiperidine (Cpd 24}

X
csf@ V"

i

a) 2-(5-(4-chloropheny-3-((0~(methyisullonypiperidin-d-yhoxy)-1H-~
pyrazoei-1-yhphenol, 28a
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Compound 28a was prepared according to the procedures described in Example 25,
stop (a), substituting compound § of Example 19 for compound for compound 21

by 4-{[1-(2-tert-Butoxyphenyl)-3-{4-chlorophenyly-1 H-pyrazel-3-yiloxy}-1-

{methylsuifenylpiperidine, Cpd 24

To a solution of compound 28a (50 mg, 0. 11 omol) in 0.5 ml of toluene was added of
NN dimethyHormamide di-tert-butyl acetal (.5 mL, mmol) and the mixtore heated to
80 °C for 30 min. The reaction was diluted with EtQOAc (25 mL.) and washed with
saturated aqueons NaHCO; (2 x 25 mL) and brine {50 mL), and the organic layer dried
over NaxSQ,, filtered, and evaporated. The crude product was purified by silica gel
chromatography (Thomson Scientific 12-g cartridge, 5-40% HtOAc/heptane in 10
cohumn vohumes) to give 50 mg {95%) of the title compound as a white solid. 'H
NMR (CHLOROFORM-d) 6: 7.56 (dd, 1 = 7.8, 1.8 Hz, 1H), 7.26 - 7.31 (m, 1H), 7.16 -
7.23 (m, 3H), 7.06 - 7.12 (my, 2H), 6.97 (dd, J = 8.2, 1.4 Hz, 1H), 5.95 (s, 1H), 4.87
{gquin, J =4.6 Hz, 1H), 3.33 - 345 (m, 4H), 2.82 (s, 3H), 2.10(d, 41}, 1.03 (s, 9H).
Mass spectrum (ESE nv/z): Caled. for CosHlaoCING4S, S04.2 (M+H), found 504.0.

tert-Butyl 4~{[5-(4-chlorophenyD)-1-C-ethylpheny-1H-pyrazol-3-
vioxyipiperidine-1-carboxylate (Cpd 18)

/\("’T-’{\:TG

ay N'-(2-ethylphenylacetohvdraride, 29a

49
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Compound 2%a was prepared according to the procedore in Example 1, step (1),

substituting (2-ethylphenybhhydrazine for (2-methoxyphenyDhydrazine. 'H NMR

(CHLOROFORM-d) 8: 7.25 (brs, 0.6 H), 7.14 - 7.23 (m, 2H), 6.85 - 7.00 (m, 2H),

0.82 (brs 0.4, ZH), 6.16 (br. 5., 0.6 H), 5.85 (brs, 0.4 H), 2.46 - 2.75 {(m, 2H}), 2.06 -
5 247 (m, 3H), 1.30 (4, 3H) (rotational isomers).

B} S-(4-Chiorophenyl}-1-2-ethyiphenyl)-1H-pyrazel-3(2H}-one, 29b

N i/\
AT

NH

Cl

Compound 29b was prepared according to the procedure in Example 1, step (b},

substitating compound 29a for compound 1a. 'H NMR (DMSO-dg) 5: 7.31 - 7.42 (m,
10 4K, 7.25(d, J=7.3, 2.0 Hz, 1H), 7.11 - 718 {m, 3H}, 6.02 (s, 1H), 4.03 (g, I = 7.1

Hz, 2H), 1.18 (t, J = 7.2 Hz, 3H.

¢} tert-Butyl 4-{[5-(4-chloropheny-1-(2-ethyiphenyi}- 1 H-pyrarzel-3-
vijoxyipiperidine~-1-carboxyiate, Cpd 18

Compound 18 was prepared from compound 29b and commercially available 1-Boc-4-
15 methancsulfonyloxypiperidine according to the procedure in Example 1, step (2). 'H

NMR (CHLOROFORM-d) 3: 7.29 - 7.39 (m, 2H), 7.12 - 7.25 (1, 4H), 7.04 - 7.10 (m,

2H), 599 (5, 1H), 485 (11, F =77, 3.8 Hz, 1H),3.77 (d, 1= 10.6 Hz, 2H), 3.25 - 3.35

(m,2H), 241 {q, J = 7.4 He, 2H), 1.98 - 2.09 {m, 2H), 1.73 - 1.88 {(m, ZH), 1.49 (s,

10HY, 1.07 (1, 3H). Mass spectrum (ESL, m/z): Caled. for CprHaCINGG, 481.2 (M+H]),
20 found 481.9.

Example 30
4-{15-(4-Chiorophenyl)-i-(Z-ethyiphenyii-1 H-pyrazol-3-yijoxy}-1-
{methylsulfonylipiperidine (Cpd %)

i
L
- o
Y r&/\j/
. /S\(\/
23 o
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a} 4-{(1-2-ethyiphenyh-3-(4-methoxyphenyl-1H-pyrazel-3-yvhoxy)piperidineg

trifituoroacetate, 30a

G l}'f’\\\\)
REDa
NN T

N

g FA

d
-
]

Q. \]

L o

To a solution of compound 18 (700 mg, 1.50 mmol} in § mL of DCM at RT was added

5 Smbk of TFA and the mixture stivred for | hr. The mixture was concentrated and used
without further purification, 'H NMR {(Me(OH) 8: 7.41 - 747 (m, IH), 7.36 - 7.40 (m,
TH), 7.21 - 733 (m, 4H), 7.15 - 7.21 {m, 2H), 6.24 (s, 1H), 4.83 - 4.89 (m, 1H), 3.44
(ddd, J =128, 9.0, 3.7 Hz, 2H), 3.20 - 3.30 (m, 2H), 2.36 {q, J = 7.6 Hz, 2H), 2.06 -
2.30 (m, 4H), 1.02 (t, 3H).

io
By 4-[I5-(4-Chiorophenyi}-1-(-ethyiphenyl-1H-pyrazol-3-vyHoxyi-1-

{(methylsulfonyhipiperidine, Cpd 19
To a solution of compound 38a (130 mg, (.26 mmol) and NE (0.091 mL, 0.66 mmol)
m 3 mb of DCM at 0 °C was added methanesulfonyl chioride (0.624 mL, 0.32 mmeol)
15 and the reaction was stirred for 2 hr at RT. The mixture was concentrated and the
residue purified by RP-HPLC (CI¥) cluting with a Hnear gradient of 46 — 100%
CHLCN in 0,19 TFA/H:0 over 18 min to give 70 mg (46%) of compound 18 as a
white solid, "H NMR (CHLOROFORM-d) 8: 7.25 - 7.31 (o, 1H), 7.21 - 7.25 (m, 1H),
7.06 - 7.16 (m, 4H), 6.98 {d, J = &.6 Hz, ZH), 5.91 {5, 1H), 4.79 (quin, J =4.7 Hz, 1H},
20 323-339(m, 4H),2.74 (s, 3H), 2.31 (g, I = 7.6 Hz, ZH), 1.96 - 2.05 (30, 4H}, 0.97 (4,
3H) . Mass spectrum (EST, mvz): Caled. for CusHpsCINLGaS, 460.0 (M-+H), found

Example 31
5-{4-Chlorophenyh-3-(1.4-dioxaspire(4.5idec-B-vioxy}-1-(-ethyiphenyh-1H-

N2
wr

pyrazele (Cpd 17)




WO 2014/028800 PCT/US2013/055263

16

20

Compound 17 was prepared from compound 29b of Example 29 and commercially
available 4-hydroxyeyclohexanone monoethylenc ketal according to the procedures in
Example L 'H NMR (CHLOROFORM-d) 0: 7.29 - 738 (m, 2H), 7.14 - 7.24 {m, 4H),
T.07(d, F=8.6Hz, 2H), 599 (s, 1H), 4.79 {quin, J = 5.2 Hz, 1H), 3.95 - 4.04 {m, 4H},
2424¢q, =76 Hz, 2H), 2.00 - 2.07 (m, 4H), 1.90- 1.99 (m, 2H), 1.66 (dt, F = 12.§, 6.1
Hz, 2H), 107 (4, 3H). Mass spectrum (ESL nyvz): Caled, for CpsHpyCINGOs, 4392
(M+H), found, 4389,

Example 32
tert-Butyl {cis-4-{[5-{4d-chiorephenyl)-1-{Z-methoxypheny)-1 H-pyrazol-3-
viioxyicvciohexyiicarbamate (Cpd 11}

a) (irans-4-((teri-butoxyearbonyljaminejcyclohexyl methanesulfonate, 32a

o)
\}\)
e
o]
% >
HN—
N/
o—\—

To a solution of commercially available tert-butyl (trans-4-hydroxyeyclohexyl)
carbamate (1.09 g, 5.06 nunol} and NEG (1.06 mL, 7.59 wmol) in 10 mL of DCM at 0
°C was added methanesulfonyl chloride (0.46 mi., 6.07 mmol) and the reaction was
stirred for 2 hr at RT. The reaction was diluted with EtOAc (50 ml.) and washed with
saturated aqueous NaHCO; (2 x 30 mL) and brine (S0 mb). The organic layer was
dried over Na; SO, filtered, and the filtrate concentrated under reduced pressure to give
1.40 g (94%:) of compound 11 as a white solid that was used in the next step without

further purification.

by tert-Butyl {cis-4-{{5-{d-chisrophenyD-1-{2-methoxypheny-1H-pyrazel-3-

vijoxyicyclohexylicarbamate, Cpd 11
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The title compound 1§ was prepared from compound 32a and compound 1b according
to the procedure in Exanple 1, step (o). "H NMR (CHLOROFORM-d) & 7.42 (dd, T =
7.7, L6 He, 1H), 7.30 - 7.36 (m, iH), 7.19 - 7.25 (m, ZH}, 7.09 - 7.16 (m, 2H}, 7.02 {14,
J=7.6,1.1 Hz, 1H}, 6.86 (dd, I =83, 1.0 Hz, 1H), 5.95 (s, 1H), 4.78 {(br. 5., 1H)}, 4.53
{br. s, 1H), 348 (5, 3H), 2.08 - 2.17 (1, 2H}, 1.61 - 1.84 (m, 6H), 1.47 (s, 9H). Mass
spectrum (EST, m/z): Caled. for CppH»CINAO,, 498.0 (M+H), found 498.0.

Example 33
¢is-d-{[5-{4-ChlorophenyD-1-2-methoxyphenyi}-i H-pyrazel-3-

viioxyjcyclohexanamine trifluersacetate (Upd 12)

= ci
Q“O’f i
N
N |
Y
O

i
HzN“"‘\/J TFA saif

To a solution of compound 11 (200 mg, 0.40 mumel) 1o 2 mL of DOM at RT was added
2 mL of TFA and the mixture stirred for 1 hr. The mixture was concentrated and the
restdue purified by RP-HPLC (CI8) eluting with a finear gradient of 46 - 100%
CH3ON in 0.1% TFA/HO over 18 minto give 150 mg (73%) compound 12 as & white
solid. "H NMR (CHLOROFORM-d) §: 10.49 (br. 5., [FD), 7.95 (br. s., 2F), 7.30 - 7.41
(m, 2H), 7.19 - 7.26 (m, 2H), 7.12(d, J = 8.6 Hz, 2H), 7.00 (1, = 7.6 Hz, 1H), 6.89 (d,
T=78Hz, 1H), 5.98 (s, 1H), 4.65 (br. 5., 1H), 3.52 (s, 3H), 3.14 (br. 5., [H), 2,19 (4, T
=13.6 Hz, 2H), 1.86 {br. 5., 4H), 1.55 (d, ZH). Mass spectrum {(ES], m/z}: Caled. for
CooHoaCINSOy, 3981 (M+H), found 398.1.

Example 34
MN-{cis-4-{{5-(4-Chlorophenyl}-1-2-methoxyphenyl)-1 H-pyrazol-3-
vioxyicyelehexyi-2,2,2-trifluoreacetamide (Cpd 13)
=y Ci

Q }\0 &
N<N g

’

W
FN 5“‘"\/’

5

(a3
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To a solution of compound 12 (25 mg, .05 mmol and pyridine (0.012 mL, 0.147
mmol} 1 mb of DCM at ¢ °C was added trifluoromethanesulfonic anhydride (0.010
ml, 0.063 mmol) and the reaction was stirred for 2 hr at RT. The reaction was dihited
with E1OAc (25 ml) and washed with saturated aqueous NaHCOs (2 x 25 ml) and

5 brine (25 mL). The organic laver was dried over NaxSQ;, filtered, and concentrated
under reduced pressure to give 22 mg (74%) of compound 13 as a white solid. 'H
NMR (CHLOROFORM-d) 6: 7.33 - 7.40 (m, 2H), 7.21 - 7.26 (m, 2H), 7.11 - 7.15 (m,
2H), 7.02(1d, =77, 1.3 Hz, 1H), 6.88(d. J = 8.3 Hz, 1H), 6.38(d, J=7.1 Hz, 1H),
SO8 (s, 1H), 4.76 - 4.81 {m, 1H), 3.91 - 4.03 (m, 1H), 3.52 (s, 3H), 2.22 {dd, I = 12.5,

10 33 Hz 2H), 1.67 - LSO (m, 6H). Mass spectrum (ESL, m/z): Caled. for

CoaHnCIFN: O, 494.0 (M+H), found 454.0.

Example 38
5-{4-Chierophenyl)-3-[{4,4-difluorecyclohexyDoxy]-1-2-methoxyphenyh-1H-
15 pyrazele (Upd 16}

o]

To a solution of compound 2 (20 mg,0.05 mmeol) (Example 26) and 0.0006 mL of
cthanel (0.2 eq) in 0.5 mL of DUM was added bis(Z-methoxyethyliaminosulfur
trifluoride (0.016 mi., 0.090 mmol} and the roixture was stirred overnight at RT.

20 Another portion of bis(2-methoxyethyDaminosultor trifluoride (0.016 mL, 0.090 ol
was added and the mixtore stirred for an additional & hr. The residoe was concentrated
and purified by RP-HPLC (C18), cluting with 8 linear gradient of 40 — 1060% CHaCN in
0.1% TFA/HO over 18 min to give 16 mg (60%) of the title compound 16 as a white
solid. "H NMR (CHLOROFORM-d} §: 7.24 - 7.32 {m, 2H), 7.10 - 7.17 (m, 2H), 7.00 -

25 0 707 (m, 2H), 6.93 (1d, =76, 1.3 Hz, 1H), 6.79 (d, ] =83 Hz, 1H), 5.90 (s, 1H), 4.75
~ 483 (m, 1H), 3.43 (s, 3H), 1.79 - 2.50 (m, 8H} . Mass spectram (ESL, ny/z):; Caled.
for CpoHy ClFaNG,, 419.0 (M+H), found 419.0.
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Example 36
5-{4-Chlerophenyli-1-(Z-methoxyphenyl-3-{(2,2 4 4-tetramethyloxetan-3-
yvhmethoxy]-1H-pyrazoele (Upd 48)

el

;/6
XX

5 a} 4~-Diaze-2,2,5,5-tetramethyl-dihydro-furan-3-one, 36a

C
~g

To asolation of 2,25, 5-tetramethyletrahydrofiran-3-one (0,32 mL, 2.08 mmol, T eq),

2.,4,6-triisopropylbenzenesulfonyl azide {1.79 g, 5.2 nunol, 2.5 ¢q), 18-crown-6 (55 mg,

0.21 mmol, 0.1 cg), and tetrabutylamomonium browide (335 mg, 1.04 mmol, 0.5 eq) in
10 benzene (30 mL) was added KOH (30 mL of 50% aqg solution). The solution was
warmed to 40 °C and stirred vigorously. After 5 hy, the reaction mixture was cooled,
diluted with water, and extracted with ether. The combined organic phases were dried
over MglQ,, filiered, and concentrated. Purification by chromatography (40 g), eluting
with 5 to 15% EA/heptanes, gave compound 362 (400 mg, 96%). 'H NMR
(CHLOROFORM-d) 6: 1.60 (s, 6H), 1.37 (5, 6H).

[
W

b} 2,2,4,4-Tetramethyl-oxetane-3-carboxylic acid methyl ester, 36b

O/

O

=0

A solution of compound 368 (400 mg, 2.38 mmol) in methanol (10 mL) under argon
20 was irradiated in a quartz flask with UV light overnight. The solution was concenirated
to give compound 36b (347
further purification. "H NMR {CHLOROFORM-d) 3: 3.69 (s, 3H), 3.31 (s, 1H), 1.48

(s, 12H).

mg, 85%) which was used in subsequent reactions without

25 ¢} 2,24 4-tetramethvl-oxetan-3-yii-methansl, 36¢
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G

To a sohution of compound 365 (347 mg, 2.01 mmel, 1 eq) in THF (8§ mL) at § °C was
added LiAIH: (1.0 mL of a 1 M solution in THF, 1.0 mumol, .5 eq), and the mixture

was stirvred for 8 hrat RT, To the reaction was added tartrate (1 mL) and the reaction

5 was then stirred for 20 min before being decanted. The decanted solution was washed
subsequently with DCM and 1 N HCL and the organic phase was dried over MgSQy,
filtered, and concentrated to give compound 36¢ (274 mg, 70% pure, 669%).

&3 {2,2,4,4-Tetramethyioxetan-3-yhmethy! 4-methyibenzenesulfonate, 364
Ts
0
- G
10

To a solution of compound 36¢ (274 mg, 1.33 sunel, 1 eq) in DOM (5 ml.) was added
p-toluenesulfonyl chloride (507 mg, 2.66 mmol, 2 eq) and pyridine (0.27 mL, 3.32
mmol, 2.5 eq), and the reaction was allowed to stir for 3 days at rt. Water and | N HCI
were added to the reaction mixture, which was then extracied with DCM. The
15 combined organic phases were dried over MgSQ,, filtered, and concentrated.
Purification by chromatography (12 g), eluting with 10 to 50% EtOAc/heptanes gave
the compound 364 (139 mg, 35%). 'H NMR (CHLOROFORM-d) §: 7.75 - 7.84 (m, J
=7 8 Mz, ZH), 7.31 - 741 {m, J= 8.1 ¥z, 2H), 421 (&, = Q.1 Hz, 28, 2.70 (1, ] = 7.9
Hz, 1H), 2.47 (s, 3H), 1.39 (s, 6H}, 1.22 (5, 6H).
¢} S5-{(4-Chlorophenyl-1-(2-methoxyphenyi)-3-[(2.2,4 A~ tetramethyiloxetan-3-
yiymethoxyl-1H-pyrazole, Cpd 48
To a suspension of compound 1h (50 mg, 0.17 mmol, 1 eq) intoluene (2 mi.) was
added compound 36d (60 mg, 0.2 mmol, 1.2 eq) and CspCO4 (108 mg, 0.33 mmel, 2
25 eq), and the suspension heated to 125 °C overnight. Water and 1 N HCl were
subsequently added and the mixture was extracied with DUM. The combined organic
extracis were dried over MgSQy, filtered, and concenirated. Purification by
chromatography (8 g), cluting with 20 to 40% Fi1OAc/heptanes, gave the title
56



WO 2014/028800 PCT/US2013/055263

16

20

compound 48. An additional purification was performed by HPLC, eluting with 30 to
9% ACN/HO, to give the title compound 48 (25.3 myg, 34%). 'H NMR
{CHLOROFORM-d}8: 742 {d, I=7.6 Hz, 1H), 7.29 - 7.36 (m, 1H), 715 - 7.23 (m, ]
=81 Hz 2H), 707 - 714 (m, J =83 Hz, ZH, 7.02 (1, F =77 Hz, 1H}, 6.85 (4, J =83
Hz, 1H), 5.94 (s, 1H), 442 (d, T =7.8 Hz, 2H), 3.47 (s, 3H), 2.88 (1, I = 7.8 Hz, 1H),
1.48 (s, 6H}, 1.38 (s, 6H) . ESI-MS {av/z}: Caled. for CpHp»CIND4: 427.2 (M+1);

found: 427.2.

Example 37
4-{{5-{(4-ChiorophenyD-1-(2-methoxyphenyi-iH-pyrazel-3-vijloxy}-2,2,6,6-

ietramethyicycishexaneone (Cpd 413

o
7N o//\

Ly

M
D

. o

=94
A solution of compound 2 (Example 26, 82 myg, 0.2 mmol), and iodomethane (0.1 mL,
1.65 mmol} in DMSO (0.2 mL) was added dropwise to a suspension of powdered KOH
{232 mg, 4 mmol) o DMSO (0.2 mb} at 55 °C. The resulting mixture was stirred for
50 min, cooled to room temperature and dituted with water. The aqueous solution was
extracted with EtQAc. The EtOAc fraction was washed with saturated NaCl, dried
over NayS0;4, filtered, and the filtrate was concentrated vnder reduced pressure. The
resultant residue was purified by silica column chromatography to give compound 41.
'H NMR (400 MHz, CHLOROFORM-d} § ppm 1.18 (s, 6 H3, 1.23 (s, 6 H), 1.96 (dd,
J=13.4,9.6 Hz, 2 H}, 2.34 (dd, 7=13.4, 4 8 Hz, 2 H), 3.45 (s, 3 H), 5.20 (dt, }=9.6, 4.8
Hz, T H), 587 -6.02 (m, 1 H), 6.79- 689 (m, | H), 7.03 (¢, =72 Hz, 1 H), 7.08 - 7.16
(m, 2 H), 7.16 - 7.24 (m, 2 H), 7.29 - 738 (o, 1 H}, 7.38 - 7.46 (o, 1 H). Mass
spectrum (EST myz): Caled. for CosHpeCINGGs, 453.2 (M+H), found, 453.2.

Example 38
4-{{5-{4-Chlorephenyl-1-(Z-methoxyphenyi-iH-pyrasel-3-yioxy}-2,2,6,6-
tetramethyleyelohexanel (Cpd 42)

“n
~1
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A solution of compound 41 (Example 37, 10 mg, 0.02 mmool) in MeOH was treated
with sodium borohydride (1 mg 0.02 mmol} and the mixture stivred for 18 h. The
reaction was quenched by adding a fow drops of water. MeOH was removed under
reduced pressure and the residue was taken in water and extracted with EtOAc. The
EtQAc fraction was washed with saturated NaCl, dried over Na; SOy, filtered, and the
filirate concentrated ander reduced pressure. The resultant residue was purified by
preparative silica TLC to give compound 42, 'H NMR (400 MHz, CHLOROFORM-d)
Sppm LO3 (s, 6 H), 1.04 - 1.07 (m, 6 H}, 1.43(d, }=12.1 Hz, 2 H), 2.13 {dd, J=12.4,
3.0Hz, 2H),3.12(br. s, 1 H), 3.39-3.48 (m, 3 H), 4.77 (ddd, }=11.3, 74,43 Hz, 1
H), 892 (s, 1 H), 6.63(d, J=83Hz, 1 H),7.02 (, J=7.6 Hz, | H), 711 (d, J=R3 Hz, 2
H), 7.20(d, J=8.1 Hz, 2 H), 7.28 - 7.35 (m, 1 H), 742 (d, I=7.8 Hz, 1 H). Mass
spectrum (ESI, myz): Caled. for TpeHy CINSOs, 455.2 (M+H), found 455.2,

Example 39
tert-Butyl 3-{{5-(4-chiorophenyl}-1-{Z-methexypheny)-1H-pyrazel-3-
vijoxyiazetidine-1-carboxylate (Cpd 22)

Sy

a} tert-bulyi 3-hydroxyazetidine-1-carboxylate, 3%

\C\N ?;:074\

To a solution of 3-hydroxyazetidine (5 g, 68.5 omol} in 20 mL of acctonitrile at RT
was added di-tert-butyl dicarbonate (11.54 g, 52.87 mmol) and tricthylamine (7.4 mL,

§3.09 mumol). The mixture was stivred for 18 hr at room temperature. The solvent was
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removed under reduced pressure and the residue was triturated with hexanes and the
hexanes decanted. The residual oil was dried vnder high vacuum to give 7.78 g (80%:)
of compound 393 as an off-white solid. H NMR ( CHLOROFORM-d) &: 143 (s, 9 H)
3.55-3.60 (o, 1 HY3.75-3.83 (m, 2H)4.07 - 4.18 (m, 2 H) 4.49 - 4.63 (;m, 1 H).

By tert-butyl 3-((methylsulfonyloxyazetidine-1-carboxylate, 3%b

9]
W
O‘:—-\

'\C\N\g&%\

A mixture of compound 3%a (1.0 g, 5.78 munol) and triethylamine (1.8 mL, 12.9 mmol)
inn 10 mL of DCE was cooled in an ice bath and treated with methanesulfonyl chloride
(0.72 mL., 9.30 romol). The mixture was stitred and allowed to warm up 1o room
temperature over 4 h. The reaction mixture was diluted with DCM and washed
sequentially with water and satarated NaCl. The organic layer was partitioned, dried
over Ma5Q,, filtered, and the filirate concentrated under reduced pressure. The crude

compound 39b was used without further purification.

¢} tert-butyb-3-{(5-(4-chlorophenyi)-1-(Z-methoxyvphenyl}-1 H-pyrazel-3-
yvioxyiazetidine-1-carboxyiate, Upd 22
A flask was charged with compound 1h (0.20 g, 0,67 mmol), compound 395 (0. 15 g,
0.73 mmol}, cesium carbonate (.26 g, 0.8 mmol} and DMF (3 mL) and heated at 80 °C
for 6 hand 70 °C for 18 h. DMF was removed under reduce pressure and the residue
was difoted with EtOAc and washed with water and saturated aqueous NaCl. The
organic layer was dried over NaySOQ, filtered, and the filtrate concentrated under
reduced pressure. The resultant vesidue was purified by silica gel preparative TLC to
give compound 22. 'H NMR (400 MHz, CHLOROFORM-4) 3 ppm 1.45 (s, 9 H), 3.44
(3,3H),4.02-4.09 {m, 2 H), 428 (dd, J=9.9, 6.6 Hz, 2 H), 5.19 (ddd, }=6.6,4.2,2.4
Hz, TH), 593 (s, 1 H), 6.84(d, J=83 Hz, 1 H), 6.98 - 7.06 {m, 1 H}, 7.07 - 7.14 (m, 2
H), 737 -7.24 (o, 2 H), 7.29 - 7.36 (m, 1 H), 7.38 (dd, J=7.7, 1.6 Hz, 1 H). Mass
spectrum (EST, myz): Caled, for CuHosCING Gy, 455.2 (M+H), found 455.2.
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Example 40
4-1(3-{{5-(4-Chlorephenyl}-1-(Z-methoxyphenvh-1H-pyrazol-3-vijoxy} azetidin-1-

viysulfonyli-3,5-dimethylisoxazele (Cpd 34}

a) 3-{azetidin-3-vioxy}-5-{4-chiorophenyii-i-(Z-methexyphenyl}-1H-pyrazole
bydrochioride, 40a

Gl
7 Iy
<, _\>___.O {§
=4

M=
Ny 3
HCH 4
N
Hd
A flask charged with compound 22 (example 39, g, 2.2 mmol) was treated with 4N
=] 9
HClin dioxane (10 mi). The mixwre was stirred for § h at room temperatuore.
Dioxane was removed under reduced pressure and the residue was evaporated from

tolacne twice. The resulting oil, compound 48a, was used without further purification.

by 4-[(3-{i5-(4-Chloropheny-1-(Z-methoxyphenyi)-1H-pyrazol-3-
yviloxy}azetidin-1-yDsulfonyl]-3,5-dimethylisoxazole, 46b

A flask was charged with compound 48a (33 mg, 0.0% mmol), TEA (0.052 mL, .37
mmol) and THF (3 mlL) was treated with 3,5-dimethylisoxazole-4-sulfonyi chloride (36
mg, 0.185 mmol}. The mixture was stivred for 18 b at room temperature. The reaction
mixture was concentrated under veduced pressure and the residue was diluted with
FtOAc and washed sequentially with 10% citric acid, water, and saturated NaCl The
EtQAc fraction was dried over anhydrous NapSQy, filtered, and the filivate concentrated
under reduced pressure. The residue was purified by silica column chromatography to
give 18.8 mg (39%) of compound 40b. 'H NMR (400 MHz, CHLOROFORM-d) 8
ppimn 2.44 (s, 3 H), 2.66 (s, 3H),3.44 (5,3 H), 3.96 {dd, }=9.3, 5.1 Hz, 2 H), 4.19 - 4.2¥
{ma, 2 H}, 5.16-5.29 (m, 1 H), 592 (5, 1 H), 6,82 - 6.87 {m, 1 H}, 7.02 (td, J=7.6, 1.1

60



WO 2014/028800 PCT/US2013/055263

Hz, 1T H), 7.08 (m, 2 H), 7.20 (m, 2 HY, 7.33 - 7.37 (m, 2 H). Mass spectrum {ES],
wy/zy: Caled. for CosHosCINGGSS, 5151 (M+H), found, 5151

Example 41
S 3-{{5-{4-Chilorophenyl}-1-{Z-methexypheny)-1H-pyrazoel-3-yvijoxyi-N-methoxy-N-

methylazetidine-1-carboxamide (Cpd 29)

The title compound 29 was prepared in by an adaptation of Example 40, using
compound 48a (33 mg, 0.0% mmol), TEA (0.052 mL, .37 mmol) and sebstituting

10 methoxy{methyhcarbamic chloride (23 mg, 0.185 mmol) for 3,5-dimethylisoxazole-4-
sulfonyl chloride. Purification by silica coluron chromatography gave 21.9 mg of title
compound 29, "H NMR (400 MHz, CHLOROFORM-d) S ppm 3.10 (s, 3 H), 345 (5, 3
H), 3.61 (s, 3 H), 418 - 4.23 (m, 2 H), 4.45 (dd, =107, 5.9 Hz, 2 H}, 5.25 (ddd, J=6.5,
4.1,25Hz, T HL 594 (5, 1 H),6.82-687{m, 1 H},7.00-705(m, 1 H),7.11 (m, 2

15 H), 721 (m, 2H), 7.31-736 (m, 1 H), 7.39 (dd, }=7.7, 1.6 Hz, 1 H) Mass spectrom
{EST, mvzy: Caled. for CopHpaCINGGy, 443.1 (MAH), found, 443.1.

Example 42
5-{4-Chrlorophenyh-1-(Z-methoxypheny)-3-{{1-{phenylearbonyhazetidin-3-
260 viloxyi-1H-pyrazole (Cpd 27)

A flask charged with compound 48a (20 mg, 0.05 mumol), TEA (6.035 i, 0.25 munoh
and THF (2 mL) was treated with benzoyl chloride (0.15 mmol). The mixture was

stirred for 18 h at room temperature. The reaction mixture was concentrated under
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reduced pressure and the residue was dilated with EtOAc and washed seqoentially with
saturated aqueous NaHCO,, IN HCY and saturaied aqueous NaCl. The EtOAc fraction
was dried over anhiydrous NaySQy, filtered, and the filirate concentrated under reduced
pressure. The residue was purified by silica preparative TLC followed by reverse phase
HPLC to give compound 27. 'H NMR (400 MHz, ACETONITRILE-d3) 8 ppm 3.36
(3,3H),4.04(d, J=8.8 Hz, 1 H}, 427 {(br.s,, 1 H),4.33 -4.44 (m, | H), 4.44 - 4.56 {m,
TH), 8120, J=6.6,4.0 Hz, 1 H), 5.96 (s, 1 H), 6.88(dd, J=8.5, 1.1 Hz, 1 H}, 6.94 (1d,
=76, 13Hz, 1 H), 7.08 (m, 2H), 718 (m, 2 H), 7.24 - 7.45 (m, S5 H), 7.53 - 750 (m, 2
H). Mass spectram (EST, m/z): Caled. for CogHpnpCINO,, 460.1 (M+H), found, 460.1,

Example 43
S5~{4-Chiovophenyl)-1~(Z-methoxyphenyi-3-{{I-Gmethylsulfonvhazetidin-3-vljoxy}-
18-pyrazele (Cpd 26}

< \>—o// \‘Cl

g Iy

_-C
\E-r‘N"J
- ‘i\)
[¢]

A flask charged with compound 48a (20 mg, 0.05 mmol}, TEA (0.035 mL, .25 mmol}
and THF (2 ml.} was treated with methanesulfonyl chloride (0.15 sunol). The vuxture
was stirred for 18 h at room temperature. The solvent was removed under reduced
pressure and the residue was diloted with EtOAc and washed sequentially with
saturated aqueous NaHCO;, IN HCI and saturated agueous NaCl The EtOAc fraction
was dried over anhvdrous Napy30,, filtered, and the filtrate concentrated under reduced
pressure. The residue was purified by silica preparative TLC 1o give compound 26. 'H
NMR (400 MHz, ACETONITRILE-d3) & ppm 2.84 (s, 3 H), 3.37 (s, 3 H), 3.91 (dd,
3=10.2, 4.7 Hz, 2 H), 4.15 (dd, J=10.4, 6.6 Hz, 2 H), 5.04 - 5.12 (m, 1 H), 5.97 (s, 1 ),
6.90 (dd, J=8.3, 1.3 Hz, 1 H), 6.93 - 6.99 (;m, 1 H), 7.09 (o, 2 H}, 7.19 (o, 2 H), 7.25 -
729 (m, § H), 7.29 - 7.35 (m, 1 H) Mass spectrum {(ESI, m/z): Caled. for

Example 44
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S-{¢-Chlorophenyl-1-Z-methoxyphenyD-3-({1-[{1-methylethysulfonyiazetidin-
3-vBeoxyi-1H-pyrazole (Upd 25}

g
AR

3
Y\\é

A flask charged with compound 482 (20 mg, 0.05 mmol), TEA (0.035 mL, 0.25 mmobh
and THF (2 ml.) was treated with isopropylsulfony! chiloride (0.15 mumol). The mixture
was stitred for 18 h at room temperature. The solvent was removed onder reduced
pressure and the residue was diluted with EtOAc and washed sequentially with
saturated aqueous NaHCO,, TN HCT and saturated aqueous NaCl. The EtOAc fraction
was dried over anhydrous NazSOQy, filteved, and the filtrate concentrated under reduced
pressure. The residue was purified by silica preparative TLC to give compound 28, 'H
NMR (400 MHz, ACETONITRILE-d3) 8§ ppm 1.20 (d, J=6.8 Hz, 6 H), 3.09 (quin,
J=6.8 Hz, T H), 3.37 (5,3 H), 3.91 - 3.98 {m, 2 H}, 4.13 {dd, J=9.9, 6.3 Hz, 2 H), 5.07
(t, 1=6.4,4.7 Hz, 1 H}, 5.97 (s, 1 H), 6,90 (dd, J=83, 1.0 Hz, 1 H), 693 -6.99 (m, |
H), 7.09 (m, 2 H), 719 (m, 2 H), 7.28(dd, J=7.7, 1.6 Hz, 1 H), 7.29 - 7.36 (m, 1 H).
Mass spectrum (EST, m/z): Caled. for CupHpaCINO4S, 462, 1 (M+H), found, 462.1.

The compounds of Table 1, exemplified hereinbelow, were prepared according
to the schemes and specific examples deseribed horein.
Table 1. Compounds of Formula (1)

Cpd No.

Structure

o
(a3
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Cpd Ne. Structure
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Biological Exanmles

In Vitro Assavs

Exanmple |

PCT/US2013/055263

Functional Assay: Antagonism of N-Type Caleivm Channel

A stabie cell line (HEK parent) co-expressing the oy (Cav2.2), Bs and and

16 subunits of the N-type calcium channel subunits was used. These cells were routinely

grown as monolayers in low ghicose-containing Dulbecco’s Modified Eagle Medium

supplemented with 10% FBS, 2 mM L-glatamine, 100 LU /mL penicillin, 100 pg/mL

streptomycin, 400 pg/ml G418 and 200 pg/mL Zeocin (split ratio = 1:5). Cells were

maintained in 5% €O, at 37 °C.

Coeropounds of Forowuda (1) were prepared as 10 mM

15 stocks in DMS0 from neat compound, it available. Gtherwise, the 5 or 10 mM DMSO

stock solutions provided in-hoose were used.

Calcivm mobilization responses to KCl depolarization were evaluated by

measuring the inteosity of calcium-mediated fluorescent signal in the presence of BD
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Calcium Assay Dye (BD Bigsciences, Franklin Lakes, NJ, U.S.A), utilizing a
Functional Drug Screening Systern (FDSS) by Hamamatsu Corporation {Bridgewater,
NI USAD

Twenty-four hr prior to assay, cells were seeded in clear-base poly-D-lysine-
coated 384-well plates (BD Biosciences) at a density of 5,000 cells per well in culture
medinm and grown overnight in 5% CO» at 37 °C. On the day of assay, growth media
were removed, and cells were loaded with BD calciom assay dve (BD Bioscicnces) for
35 min at 37°C under 5% CO; and then for 25 min at room temp. Utihizing the FDSS,
cells were exposed to representative compounds of Formula (1) at varying
concentrations, and intracetular calcium was measured for 5 min prior to the addition

of 30 mM KCI for an additional 3 mun of measurement.

Calculations and formulas

1Cs0 values for representative compounds of Formula (1) were determined from six-
point concentration-response experiments and represent the concentration of said
compound required to inhibit 50% of the maximal response. Maximal fluorescence
wntensity (F1) achieved upon addition of 50 mM K was exported from the FDSS
software and further analyzed using GraphPad Prism 3.02 (Graph Pad Software Inc.,
San Diego, CA, U.S5.A.) Data were normalized to the maximum average counts from
quadruplicate wells for each condition in the presence of 50 mM Kl and to the
minimum average counts in the presence of buffer. Theoretical curves were generated
using nonlinear regression curve-fitting analysis of either sigmoidal concentration-
response or sigmoidal concentration-response (variable slope), and the ICsy values with
the best-fit curve determined by GraphPad Prism were reported. Resuliant data are

shown 1n Table 2.

Table 2,
FDSS | %iInhibition
Compound | ICs {%o) at
Ng {Llv) $.33uM
i 0.03
2 0.028
3 0.026
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FDSS | %inhibition
Compound | ICs {%) at

Ng {Llv) $.33uM
4 0.014

5 0.015

) 0.015 95

7 $.028

8 (.031

3 (4.0314

16 (.03

1 (.062

12 (.4

13 G6.011

14 0.024

15 $4.009

16 $.041

17 (.081

18 (.08

19 0.0985

28 0.0215

21 $4.036 95
22 G.067 90
23 0.0076 96
24 57
25 $.036 92
26 (.031 91
27 (.085 87
28 G.007 96
29 0.014 94
3¢ (4.008 93
31 (.0094 97

~
(a3
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FDSS | %Inhibition

Compeound | ITse {%) atl

Ng {Llv) $.33uM

32 $.006 93

33 $.003 94

34 (3.0045 94

35 $.0076 91

36 (.0059 91

37 4.0019 93

38 G6.0027 9%

39 (.0015 9¢

44 (3.0031 95

41 (.0097 92

42 (.036 78

43 (4.0072 5

44 G6.012 &7

45 (.0024 9¢

46 (.014 5

Example 2

Automaied Electrophysiology Assay

A

Cells were grown in T178 flasks to 50%-90% confluence. At the time of use,
cells were enzymatically treated with Detachin (Genlantis, San Biego, CA USA),
centrifuged, rinsed, and resuspended in 293 SFM 1 media (Life Technologics, Grand
Island, NY U.S.A.) supplemented with 25 mM HEPES (Sigma-Aldrich, St Louis, MO

10 1.8.A) to aconcentration of 2-3 x 10° cells/mL. Cells were added to the agtomated
cell preparation station on the QPatch-HT (Sophion Biosciences, North Brunswick, NJ
U.S.AL), and following a 10~ t030-min recovery period with gentle stirring, the assay
protocol was initiated. During the astomated cell preparation, cells were collected,

centrifuged and resuspended in an extracelbular (EC) solution contaiming 132 mM
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Na('l, 1.8 mM CaCl,, 5.4 mM K1, 6.8 mM MgCl, 10 mM glucose, and 10 mM
HEPES (pH = 7.4}, adjusted with sucrose to approximately 315 mOsm. The (3Plate was
primed with an intracellular solution containing 135 oM CsCl, 10 mM EGTA, 4
MgATP, 0.3 NaGTP, and 20 mM HEPES (pH = 7.2}, adjusted to approximately 290
msm with deionized water and the EC sohstion. Cells were added to the prepared
{JPiatc wells by robotic pipettes of the QPatch-HT.

For cells determined to be 1 stable whole-cell pateh clarap, the BEC solution was
replaced with a bartum (Ba)/triethylammoniim (TEA) solution containing 140 mM
TEA-CL 10 mM BaCly, .8 mM MgCl, 10 mM glicose and 10 mM HEPES (pH =
7.4). High (40 mM) BaCl; concentrations were made with adjustmuents 1o TEA-CY (90
mM) to maintain the osmelarity. From a resting potential of -80 mV, a train of
depolarizing pulses (15 pulses at 5 Hz, +20 mV} was delivered to the cell once every 36
sec for cight trains (4 min total), and the resulting cwrrents were measured during a
control period (no compound). This protoco! was repeated for cach subsequent
addition of control buffer with or without compound (three peviods total, each with four
trains). The current generated in the 1™ and 5™ pulses of the last train of cach period
in the presence of each drug concentration was normalized to the current generated
during the control period at the respective pulses (representing low- and high-frequency
stimulation, respectively). Data from both the second and third drug application
periods were analyzed for cach cell. A final addition of Ba/TEA solution containing
60100 pM CdCh was made 1o block all N-type carrent and to ““zero™” the curvents for
cach cell. Al buffer/ comapound additions were made using a ““spitting”” feature of the
QPatch-HT, which added three repetitions of 5 uL sclution at the beginning of each
recording period.

To examine closed-state inactivation, cells were subjected to a channel-
activating 50-msec depolarizing step pulse from -80 to +10 mV, followed by a 5-sec
nonactivating step to voltages ranging from -130 to -60 mV in 10 mV merements and
then a 50-ms step from -80 to +10 mV to assess the remaining current. Currents from
the activating voltage pulse were normalized (o the peak value of the test puise
following the -130 mV step and {it to a Boltzman cquation to obtain the V.
Roscovitine (Sigma-Aldrich) was prepared as a 100 mM stock in dimethyl sulfoxide
and diluted to the indicated working concentrations. Tetrandrine (Sigma-Aldrich) was

prepared as a 4 mM stock in acidic water {pH = 2.0) and then dihuted to working
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w-Conotoxio MVIIA (Sigma-Aldrich) was

prepared as a 0.3 mg/mL stock sobution in water, with 0.1% bovine serum albumin V

{Lifc Technologics). Compounds of Formula (I} were diluted first into dimethyl

sulfoxide and then into 109 phronic F-127 in water (Life Technologies), sonicated for

! min and diluted nto EC buffer. Vehicle controls were ron in paralle! in all

experiments.

Unless otherwise indicated, statistics for comparing among clectrophysiological

results utilized a one-way analysis of varance with Fisher’s least squares determination

iest for pair-wise comparison. Resultant data are shown in Tables 3 and 4, below.

Table 3,

(Patch at Low Freguengy

Cpd
Mg, % Inhibition at 8.1 pM

15 25

28 24

21 15

23 i1

26 37

25 -24

38 30

31 28

Tabled,

3Patch at High Frequeney

{pd

Me, % Inhibitien at 8.1 uM

i5 55

28 37

21 23

23 37

26 40

28 i

3¢ 53

31 44
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In Vive dAssay
Example 3

Complete Freund’s adjuvant (CFA-induced hyperalgesia

The intraplantar fujection of conaplete Freund’s adjuvant (CFA) inrodents
5 results in a long-lasting inflammatory reaction, chavacterized by a pronounced

hypersensitivity to both thermal and mechanical stimuahi, which peaks between 24-72 hr
following injection and can last for several weeks. This test predicts the analgesic, anti-
allodynic and/or anti-hyperalgesic effect of numerous efficacious clinical agonts,
mchiding acetaminophen, NSAIDS, such as aspirin and ibuprofen, opioids, such as

10 morphine, and especially the N-type caleium channel blocker ziconotide, which is
marketed as Prialt® for the management of severe chronic pain, including several types

of neuropathic pain.

To assess whether test compounds of Formula (1) reverse established
hypersensitivity, a 100 ub. of CFA (suspended ina 1:1 emuision of saline and heat-
15 kalled Mycobacterium tuberculosis in maineral oil) was injected foto a single hind paw

of Sprague-Dawley rats (typically males ranging from 150-350 g).

Each rat was placed in a test chamber on a warm glass surface and allowed to
acclimate for approximately 10 min. A radiant theomal stimuhus (beam of light) was
then focused through the glass onto the plantar surface of each hind paw n tirn. The

20 thermal stimulus was automatically shut off by a photoclectric relay when the paw was
moved or when the cut-off time was reached (20 sec for radiant beat at ~5 Amps). An
initial (baseline) response latency to the thermal stimulus was recorded for each animal
prior to the injection of CFA. Twenty-four hr following intraplantar CFA injection, the

response latency of the animal to the thermal stimulos was then re-evalvated and

N2
wr

compared to the animal's baseline responsce time. Only rats that exhibited at least a
25% reduction in response latency (i.e., hyperalgesia) were included in further analysis.
Immediately following the post-CFA latency assessment, test compound or vehicle
{usually Solutol, hydroxypropyl methylceliulose, hydroxypropy! beta-cyclodextrin or
PEG-400) was administered 1.p. or p.o. to rats. Post-compound treatment withdrawal
30 latencics were assessed at fixed time intorvals, typically 30, 60 and 120 min. Resoliant

daia for Compound 23 of Formula (1} are shown in Figure 1.

~
~
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While the foregoing specification teaches the principles of the present
wvention, with exanples provided for the purpese of llustration, it will be understood
that the practice of the invention encompasscs all of the usual variations, adaptations

S andfor modifications as come within the scope of the following claims and their

equivalents.
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We claim:

L A compound of Formala (I)

G"O

Formula (I)
wherein
R’ is selected from the group consisting of Cpaalkyl, Cpialkoxy, di(Cy.

salkyDamino, ¢hiloro, trifluoromethoxy, trithuoromethyl, and cyano;

ring A is phenyl or a hetercaryl sclected from the group consisting of

pyridinyl, thienvl, benzoturanyl, quinolinyl, and indolyl;

R? is selected from the group consisting of Cralkyl Csalkoxy, €\

salkylthio, cyano, fluorg, chioro, hydroxy, and di{Cualkybamino;

Gis G, G2, G3, or G4

n
! { i .
?ﬁj g A
8] l‘g\i W )
G1 R® G2 G3 G
wherein

(3 is selected from the group consisting of O, 5, SOy, N--R/*') {CH,,
O

~3 ]
g i
iy /,,E

CH(R), CF,, C(CHs )y, C{O), and a spirofused o

W is selected from the group consisting of 0, 5, CH(OH), ({0), S(0),
SO, and N-RY
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R and R are cach independently selected from the group consisting of
2,2, 2-irifluorocthyl, di{CalkyDaminocarbonyl, N-methoxy-N-
methylaminocarbonyl, phenylcarbonyl, Csalkylearbonyl,
triflusromethylearbonyl, Cisalkoxycarbonyl, Crualkylsulfonyl, Ca.
reycloalkylsulfonyl, trifluoromethylsulfonyl, and 3,3-dimethylisoxazol-4-

yisulfony;

R is triflooromethylearbonylamine, amino, or Cy

salkoxycarbonylamine;
and enantiomers, diastereomers, and pharmaceutically acceptable salts thereof.

The compound of claim 1 wherein R is selected from the group consisting of

Caalicyl, Ciaatkoxy, chloro, rifluoromethoxy, trifluoromethyl, and cyano.

The compound of claim 2 wherein R’ is selected from the group consisting of

Caalkyl, C, 4alkoxy, chloro, and trifluoromethyl.

The compound of claim 3 wherein R’ is selected from the group consisting of

methyl, ethyl, methoxy, and isopropyloxy.
The compound of claim | wherein ring A is phenyl.
The compound of claim 5 wherein ring A is phenyl substituted at the 4-position.

. M . 2. . e .
The compound of claim 1 wherein R” is selected from the group consisting of

Cy4alkoxy, cyano, and chlorg.

The compound of claim 7 wherein R” 1s selected from the group consisting of

methory, cyano, and chloro.
The compound of claim 1 wherein G s G1, G2, G3, or G4;
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(PN
! { e
CNL} %‘ffg e
N i‘{i W O
G1 R G2 53 34
wherein

(J 15 sclected from the group consisting of O, §, SOy, N—RL‘, CHy, CH(R®), CFy,

~ ’<Oj

C{CHa), C(O), and a spivofused T ;
W is selected from the group consisting of O, S, CH(OH), C{O), S(0), and SOy

R* and R* are cach independently sclected from the group consisting of 2,2,2-
trifluoroethyl, di{CiaalkyDaminocarbonyl, M-methoxy-N-
methylaminocarbounyl, phenyicarbonyl, C)aalkylcarbonyl,
trifluoromethylearbonyl, € salkoxycarbonyl, Cy 4alkyisulfonyl, Ca
seycloatkylsulfonyl, trifluoromethylsultonyl, and 3, 5-dimethylisoxazol-
4-yisulfonyl; and

R’ is trifluoromethylcarbonylamine or Ciualkoxycarbonylaming.

0. The compound of Formula (I} as in claim 1
/
\\ Y/ A Ko
R} N

G0
Formula (D)

wherein

R' is selected from the group consisting of Cpalkyl, Crsalkoxy, chioro,

trifluoromethoxy, trifluoromethy!, and cyano;

ring A is phenyl or a beteroaryl selecied from the group consisting of pyridinyl,

thienyl, benzofuranyl, quinolinyl, and fndelyl;
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2. ~ s . oo
R is selected from the group consisting of € salkoxy, cvano, and chioro;

Gis G, G2, G3, or G4,

oy
% E >(C<
lfiji <)m§ A
31 RY G2 G3 G4
wherein
() is selected from the group consisting of O, §, SOy, NR4 CH,, CH(RS ), CFy,
O
~2 4
& ]

C{CH),, C(O), and a spivofused T o ;
W is selected from the group consisting of O, S, CH(OH), C{O), 5{03}, and SOy;

R and R* are cach independently selected from the group consisting ot 2,2.2-
trifluorocthyl, di(C satkvDaminocarbonyl, N-methoxy-N-
methylaminocarbonyl, phenylcarbonyl, Ciaalkylcarbonyl,
triflooromethylearbonyl, Csalkoxycarbonyl, C; salkyisuifonyl, Cs
reyvcloatkylsulfonyl, triflucromethylsulfonyl, and 3,3-dimethylisoxazol-

4-yisulfonyl;
R’ is triflocromethylcarbonylaming or C: salkoxycarbonylamino;
and enantiomers, diastercomers, and pharmaceutically acceptable salts thereof.
11, The compound of Formula (1) as in claim |

Z

A‘l« 7,
S

s
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Formela (D)
wherein
R’ is selected from the group consisting of Cyalkyl, Cpsalkoxy, chiore, and

trifluoromethyl;
ring A is phenyl;
R* is selected from the group consisting of C;alkoxy, cyano, and chioro;
G is G, G2, G3, or G4

[
i i E ><C<

tw}\j g GWNS
G R? G2 G3 G4

wherein

( 15 sclected from the group consisting of O, §, SOy, N~R4) CH,, CH(R”), CF,,

~ )<O]

C{CHL Y, C(O), and a spivafused T o ;
W is selected from the group consisting of O, S, CH(OH), C{0), 5(0), and 80y

R* and R* are each independently sclected from the group consisting of 2.2,2-
trifluorocthyl, di{Caalkyhaminocarbonyl, N-methoxy-N-
methylaminocarbonyl, phenylcarbonyl, C)salkylcarbonyl,
trifluoromethylearbonyl, O alkoxycarbonyl, Cygalkylselfonyl, Ca
seycloatkylsulfonyl, riftuoromethylsolfonyl, and 3,5-dimethylisoxazol-

4-yisulfonyl;
5. . . ~ .
R 1s trifluoromethylcarbonylaming or Cisalkoxycarbonylamino;

and enantiomers, diastereomers, and pharmaceutically acceptable salts thereof,

o]
(a3
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12, The compound of Formula (I} as in claim 1

G-

Formula (1)

wherein

R' s selected from the group consisting of methyl, ethyl, methoxy, and

isopropyloxy;

ring A is phenyl substituted at the 4-position;

R? is selected from the group consisting of methoxy, cyanoe, and chioro;

Gis G, G2, G3, or G4

Ry
i ] | L
C/N\f\lj % SN
Q i‘{! W O
G1 B3 G2 33 54
wherein

(Q is sclected from the group consisting of G, 8, 8G;, N-—R’{ CH,, CH(RS), CF,,

4 )<O]

-~
C{CHsh, C(0), and a spirofused o7
W is selected from the group consisting of G, 5, CH(OH), C{0O), S(O), and SO;;
R and R" are each independently selected from the group consisting of 2,2,2-
rifluoroethyl, dCi salkyhaminocarbonyl, N-methoxy-N-
methylaminocarbonyl, phenyicarbonyl, Craalkylcarbonyl,

triflioromethylcarbonyl, Cigalkoxycarbonyl, Cysalkylsulfonyl, Cs
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seycloatkylsulfonyl, triffuoromethylsulfonyl, and 3,5-dimethyvlisoxazol-
4-yisulfonyl;

R’ is triflucromethylcarbonylamine or Ciualkoxycarbonylamino;
and enantiomers, diastercomers, and pharmaceutically acceptable salts thereof

13, The compound of Formula (I} as in claim 1

Formula (D)

selected from the group consisting of
tert-Butyl 4-{[ 5-(4-chlorophenyl-1-(2-methoxyphenyl)- 1H-pyrazol-3-
viloxy}piperidine- 1-carboxylate;
4-{{5-(4-Chlorophenyl)- 1 «(2-methoxyphenyl)- HH-pyrazol-3-
ylloxy}eyclohexanone;
1-Acetyl-4-{[5-(4-chiorophenyl)-1-(2-methoxypheny - {H-pyrazol-3-
yloxy piperiding;
4-{{3-{4-Chloropheny - 1 -(Z-methoxyphenyl)- FH-pyrazol-3-ylioxy } -NN-
dimethylpiperidine- I -carboxamide;
4-{{5-{4-Chloropheoyh-1-(2-methoxyphenyh)- 1 H-pyrazol-3-viloxy}-1-
{methyisulfonyDpiperidine;
5-(4-Chloropheny - 1-(Z-methoxyphenyl}-3-(tetrahy dro-2H-pyran-4-yloxy)- 1 H-
pyrazoie;
S-(4-ChlorophenyD)- 1-(2-methoxyphenyl)-3-{tetrahydro-2H-thiopyran-4-yloxy)-
1H-pyrazole;
4-{{5-{4-Chlorophenyl)-1-(Z-methoxyphenyl}- IH-pyrazol-3-yHoxy} - 1-(2,2,2-
wrifluorocthyhpiperiding;
4-{{S-(4-ChlorophenyD)- i -(2-methoxyphenyl)- I H-pyrazol-3-yvloxy}-1-

{trifluoroacetylipiperidine;



WO 2014/028800 PCT/US2013/055263

S-(4-Chlorophenyl)-3-{( 1, I-disadotetrahydro-2H-thiopyran-4-yBoxy]- 1-(2-
methoxyphenyl)- 1 H-pyrazole;
tert-Butvl (cis-4- {{5-(4-chlorophenyl)- 1-(Z-methoxyphenyl-1 H-pyrazol-3-
vioxyicevelohexylicarbamate;
cis-d- {[5-(4-Chlorophenyl)-1-(2-methoxyphenyly- L H-pyrazol-3-
yloxy}eyclohexanaming;
N-{¢is-4- {[ 5-(4-Chlorophenyl)- 1-{Z-methoxyphenyly- 1 H-pyrazol-3-
vioxyteyelohexyh-2.2,2-triffaoroacetamide;
4-{{5-{4-Chlorophenyl}-1-(Z-methoxyphenyi}- 1 H-pyrazol-3-vijoxy}-1-
[(trifluoromethyDsulfonylipiperidine;
4-{{S-(4-ChlorophenyD)- i -(2-methoxyphenyl)- I H-pyrazol-3-yvloxy}-1-
{cyclopropylsulfonyvlipiperidine;
3-{4-Chloropheny)-3-{(4,4-difluorocycichexyhoxy - 1 2-methoxyphenyl)- 1 H-
pyrazele;
S-(4-Chlorophenyl)-3-(1,4-dioxaspiro[4.5]dec-&-yloxy)- 1-(2-ethyiphenyl)-1H-
pyrazole;
tert-Butyl 4-4[5-{(4-chlorophenyli-1-(2-ethyphenyly- 1 H-pyrazol-3-
v oxy }piperidine- -carboxylate;
4-{15-{(4-Chlorophenyl}- 1 (2-cthylphenyl}- 1 H-pyrazol-3-ylloxy}-1-
{methylsulfonyhpiperidine;
4-({5-(4-Chlorophenyi)-1-[2-(I-methylethoxyphenyl]- 1 H-pyrazol-3-vltoxy)-1-
{methylsulfonyhpiperidine;
4-{{3-{4-Chlorophenyi}-i-(Z-methoxyphenyl)- IH-pyrazol-3-vijoxy}-1-{(1-
methylethy Dsulfonylpiperiding;
tevt-Butyl 3-{[5-{4-chlorophenyl-1-(2-methoxyphenyl)- TH-pyrazol-3-
yHoxy }azetidine- 1-carboxylate;
3-{4-Chlorophenyl)-1-(Z-methoxyphenyl)-3-[(2,2,6,6-teiramethy Hetrahydro-2 H-
pyran-4-yhoxy]-H-pyrazole;
4- 111 -(2-tert-Butoxyphenyl)-5-(4-chloropheny - 1 H-pyrazol-3-yHoxy ;- 1-
{methylsulfonyhpiperidine;
5-(4-Chloropbenyl)- 1-(2-methoxyphenyl)-3-{ {1-[{ 1-

methylethy Hsulfonyl]azetidin-3-yl}oxy)- 1H-pyrazole;
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S-{(4-Chlorophenyly-1-(2-methoxyphenyly-3- {1 -(methylsulfonylazetidin-3-
viloxy}-1H-pyrazole;

5-{4-Chloropheny!l)-1-(2-methoxyphenyly-3- {1 -(phenylcarbonyljazetidin-3-
yvHoxy}-1H-pyrazole;

4-{{5-(4-Chlorophenyiy- 1-[2-(1-methylethoxyphenyl]-1H-pyrazol-3-y1} oxy - 1-
[(1-methylethyDsulfonyl]piperidine;

3-4[5-(4-Chlorophenyl}-1-(2-methoxyphenyl)- 1 H-pyrazol-3-ylioxy} -N-
methoxy-N-methylazetidine- L-carboxamide;

4-[(3-{[S-(4-Chlorophenyl)- 1-{2-methoxyphenyl)- 1 H-pyrazol-3-
viloxy}azetidin- 1-yUsulfonyl]-3,5-dimethylisoxazole;

[-(2-MethoxyphenyD-S-(4-methoxyphenyl)-3-[(2,2,6,6-tetramethyltetrahydro-
2H-pyran-d-yhoxy]-1H-pyrazole;

1-{2-Methoxyphenyh)-S-(4-methoxyphenyl)-3-[(2,2,6,6-tetramethyltetraby dro-
2H-thiopyran-4-yhoxy]- 1 H-pyrazole;

1-(2-Methoxyphenyh-3-(4-methoxyphenyl)-3-[(2,2,6,6-tctramethyl-1,1-
dioxidotetrahydro-2H-thiopyran-4-yoxy}-1H-pyrazole;

1 -(2-Methoxyphenyl)-3-(4-methoxyphenyl)-3-[(2,2,6,6-tetramethyl- 1
oxidotetrahydre-2H-thiopyran-4-yhoxy - 1 H-pyrazole;

I-(2-Methoxyphenyh-S-(4-methoxyphenyl)-3-{(2,2,6,6-tetramethyl- 1
oxidoteirahyvdre-2H-thiopyran-4-yDoxy -1 H-pyrazole;

5-{4-ChlorophenyD)- 1-(2-methoxyphenyh-3-[(2,2,6,6-tetramethyltetrahydro-ZH-
thiopyran-4-yhoay]- 1 H-pyrazole;

S-(4-Chlorophenyly-1-(2-methoxyphenyh)-3-[(2,2,6,6-tctramethyl-1,1-
dioxidotetrahydro-2 H-thiopyran-4-yDoxyl- 1H-pyrazole;

5-{4-Chlorophenyl)-1-(Z-methoxyphenyy-3- {{(15)-2,2,6 6-tetramethyl- 1-
oxidotetrabydre-2H-thiopyran-4-ylioxy } - iH-pyrazole;

5-{4-Chlorophenyl)-1-(Z-methoxyphenyh-3-{{{1£)-2,2,6,6-tetramethyl- 1 -
oxidotetrahydro-2 H-thiopyran-4-yliony - 1 H-pyrazole;

5-{4-Chlorophenyly- 1-(2~methoxyphenyh)-3-[(2,2,4,4-tetramethyloxetan-3-

yviymethoxyl-1H-pyrazole;

tetramethyicyclohexanone;

o]
~3
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4-{{3-{4-Chlorophenyl)-1-(Z-methoxyphenyl}- tH-pyrazol-3-vljoxy } -2,2,6,6-
tetramethyleyclohexancl;

4-{1-(2-MethoxyphenyD-3-[(2,2,6,6-tctramethyltetrahy dro-2 H-pyran-4-yhoxy -
1H-pyrazol-S-yitbenzonitrile;

4-{1-(2-Methoxyphenyl}-3-[(2,2,6,6-tetramethyltetrahy dro-2H-thiopyran-4-
yhoxy]-1H-pyrazol-5-yl} benzonitrile;

4-11-(2-Methoxyphenyl}-3-[(2,2,6,6-tctramethyl-1, I -dioxidotetrahydro-2H-
thiopyran-4-yhory]- 1 H-pyrazol-S-yt benzonitrile;

4-11-(2-Methoxyphenyl)-3- {{{1s)-2,2,6,6-tctramethyl-  -oxidotetrahydro-2H-
thiopyran-4-yljoxy - 1 H-pyrazol-5-yijbenzonitrile;

and pharmaceutically acceptable salt forms thereof.

14. A pharmaceutical composition comprising a compound of claim 1 or 13 and at
least one of a pharroaceutically acceptable carrier, a pharmaceutically

acceptable excipient and a pharmaceutically acceptable diloent.

15. A pharmaceutical composition of claim 14, wherein the composition is a solid
oral dosage form.

16. A pharmaceutical composition of claim 14, whercin the composition is a syrup,
an clixir or a suspension.

17. A method for reating inflammatory pain in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of a
compound of claim 1 or 13,

18.  The method of claim 17 wherein the mflammatory pain is due to inflammatory

bowel disease, irritable bowel syndrome, visceral pain, migraine, post-operative

pain, ostecarthritis, theumatoid arthritis, back pain, lower back pain, joint pain,

abdominal pain, chest pain, labor pain, muscuoloskeletal discases, skin diseases,

toothache, pyresis, burn, sunburn, snske bite, venomous snake bite, spider bitg,

msect sting, neurogenic/overactive bladder, interstitial cystitis, urinary tract

infection, rhinitis, contact dermatitis/hypersensitivity, itch, ecrema, pharyngitis,
88
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mucesitis, enteritis, irritable bowel syndrome, cholecystitis, pancreatitis,
postmastectomy pain syndrome, mensirual pain, endometriosis, pain, pain due
to physical frauma, headache, sinus headache, tension headache or

arachnoiditis.

A method for treating neuropathic pain in a subject in need thereof, comprising
adwmiuistering to the subject a therapeutically effective amount of a compound

of claim 1 or 13,

The method of claim 19 wherein the neurepathic pain is cancer pain,
neurological disorders, spine and peripheral nerve surgery, brain tumor,
trapmatic brain inpury (TBI), chemotherapy-induced pain, pain chronification,
radicular pain, HIV pain, spinal cord trauma, chronic pain syndrome,
fibroroyalgia, chrovic fatigue syndrome, lapus, sarcoidosis, peripheral
neuropathy, bilateral peripheral neuropathy, diabetic neuropathy, central pain,
neuropathies associated with spinal cord injury, stroke, amyotrophic lateral
scicrosis {ALS), Parkinson’s discase, multiple sclerosis, sciatic neuritis,
mandibular joint neuralgia, peripheral neurnitis, polyneuritis, stump pain,
phantom Hmb pain, bony fractures, oral neuropathic pain, Charcot's pain,
complex regional pain syndrome [ and H {CRPS Vi), radiculopathy, Guillain-
Barre syndrome, meralgia paresthetica, burning-mouth syndrome, optic neuritis,
postfebrile neuritis, migrating neuritis, segmental neuritis, Gombault's neuritis,
neuronitis, cervicobrachial neuralgia, cranial neuralgia, geniculate neuralgia,
glossepharyngial neuralgia, migrainous neuralgia, idiopathic neuralgia,
ntercostals neuralgia, mammary neuralgia, Morton's neuralgia, nasociliary
newralgia, occipital negralgia, postherpetic nevralgia, causalgia, red neuralgia,
Sinder's neuralgia, splenopalatine neuralgia, supraorbital neuralgia, trigeminal

neuralgia, vulvodynia, or vidian neuralgia.
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