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BIARYL ACYL-SULFONAMIDE COMPOUNDS AS SODIUM CHANNEL
INHIBITORS

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/885,372, filed on October 1, 2013, which specification is incorporated herein by reference in

its entirety.

FIELD OF THE INVENTION

[0002] The present invention provides compounds that are inhibitors of voltage-gated
sodium channels (Nav), in particular Nav 1.7, and are useful for the treatment of diseases
treatable by inhibition of sodium channels such as pain disorders. Also provided are

pharmaceutical compositions containing compounds of the present invention.

BACKGROUND OF THE INVENTION

[0003] A 2011 report of the institute of medicine estimates that 100 million adults in the
US, roughly 30 % of the population, suffer from chronic pain (C & E News, Bethany Halford,
“Changing the Channel”, published 3-24-14). Chronic pain by definition involves abnormal
electrical spiking of neurons in the pain pathways: peripheral sensory neurons, spinal cord
neurons, neurons in the pain matrix of the brain (e.g., somatosensory cortex, insular cortex,
anterior cingular cortex), and/or neurons in brainstem. Although firing of these neurons is
modulated and governed by many different receptors, enzymes, and growth factors, in most
neurons the fast upstroke of the electrical spike is produced by entry of sodium ions through
voltage-gated sodium channels (Hille B, Ion Channels of Excitable Membranes. Sinauer
Associates, Inc.: Sunderland MA, 3™ Ed. 2001). There are nine different isoforms of voltage-
gated sodium channel (Nav 1.1-Nav 1.9), and they have distinct expression patterns in tissues
including neurons and cardiac and skeletal muscle (Goldin, A. L, “Resurgence of sodium
channel research,” Ann Rev Physiol 63:871-894,2001; Wood, J. N. and, Boorman, J. “Voltage-
gated sodium channel blockers; target validation and therapeutic potential” Curr. Top Med.

Chem. 5:529-537, 2005).
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[0004] Navl.1 and Nav1.2 are highly expressed in the brain (Raymond, C.K., et al., J.
Biol.Chem. (2004) 279 (44) :46234-41) and are vital to normal brain function. Some loss of
function due to Nav 1.1 mutations in humans, have resulted in epilepsy, presumably as these
channels are expressed in inhibitory neurons (Yu, F.H., et al., Nat. Neuroscience (2006), 9 (9)
1142-1149). Navl.1 is also expressed in the peripheral nervous system and inhibition of
Navl1.1 in the periphery may provide relief of pain. Hence, while inhibiting Nav1.1 may
provide use fro treating pain, it may also be undesirable possibly leading to anxiety and over
excitability. Nav1.3 is expressed primarily in the fetal central nervous system, and expression
was found to be upregulated after nerve injury in rats (Hains, B.D., et al., J. Neuroscience
(2030) 23(26):8881-8892). Navl .4 is epressed primarily in skeletal muscle. Mutations of the
gene and its’ product have significant impact on muscle function, including paralysis (Tamaoka
A., Internal Medicine (2003), (9):769-770). Navl1.5 is expressed mainly in cardiac myocytes,
including atria, ventricles, the sino-atrial node, atrio-ventircular node and cardiac Purkinje
fibers. The rapid upstroke of the cardiac action potential and the rapid impulse condution
through cardiac tissue is due to the opening of the Nav1.5 channel. Mutations of the Nav1.5
channel have resulted in arrhythmic syndromes, including QTc¢ prolongation, Brugada
syndrome (BS), sudden unexpected nocturnal death sybdrome (SUNDS) and sudden infant
death syndrome (SIDS) (Liu, H., et al., Am. J. Pharmacogenomics (2003), 3(3):173-179).
Navl.6 is widely distributed voltage-gated sodium channel expressed throughout the central
and peripheral nervous system. Navl.8 is expressed primarily in sensory ganglia of the
peripheral nervous system, such as the dorsal root ganglia. There are no identified Nav1.8
mutations that produce varied pain responses in humans. Nav1.8 differs from most neuronal
Nav isotypes in that it is insensitive to inhibition by tetrodotoxin. Nav1.9, similar to Navl.§, is
also a tetrodotoxin insensitive sodium cahnngel expressed primarily in dorsal root ganglia
neurons (Dib-Hajj, S.D., et al., Proc. Natl. Acad. Sci. USA (1998), 95(15):8963-8968).
[0005] Recent evidence from several independent genetic studies has shown that the
tetrodotoxin-sensitive voltage-gated sodium ion channel Nav 1.7 (SCN9A) is required to sense
pain. Rare genetic forms of severe chronic pain, Primary Erythromelalgia and Paroxysmal
Extreme Pain Disorder, result from mutations that increase the activity of Nav 1.7 (Fertleman
C.R., Baker M. D., Parker K. A., Moffatt S, et al., “SCN9A mutations in paroxysmal extreme
pain disorder: allelic variants underlie distinct channel defects and phenotypes,” Neuron
52:767-774,2006; Yang Y., Wang Y, Li S, et al., “Mutations in SCN9A, encoding a sodium
channel alpha subunit, in patients with primary erythermalgia,” J. Med. Genet. 41:171-174,
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2004; Drenth J. P. H., te Morsche R. H. M., Guillet G., Taicb A., et al., “SCN9A mutations
define primary erythermalgia as a neuropathic disorder of voltage gated sodium channels,” .J
Invest Dermatol 124:1333-1338). Conversely, two separate clinical studies have determined
that the root cause of the genetic disorder Congenital Indifference to Pain (CIP) is a loss of
function of Nav 1.7 via mutations that truncate the protein and destroy function (Cox J.J.,
Reimann F, Nicholas A. K., et al. “An SCN9A channelopathy causes congenital inability to
experience pain,” Nature 444:894-898, 2006; Goldberg Y. P., MacFarlane J., MacDonald M.
L., Thompson J., et al. “Loss-of-function mutations in the Nav1.7 gene underlie congenital
indifference to pain in multiple human populations,” Clin Genet 71:311-319, 2007). The
disorder is inherited in Mendelian recessive manner with 100% penetrance. The phenotype
associated with CIP is extreme: affected individuals are reported to have experienced painless
burns, childbirth, appendicitis, and bone fractures, as well as to have insensitivity to clinical
measures of pain such as pinprick or tendon pressure. Yet sensory, motor, autonomic, and
other measured functions are normal, with the only reported abnormality being anosmia
(inability to smell). These studies indicate that among the many possible targets in the pain
pathway, Nav 1.7 governs one or more control points critical for pain perception.

[0006] Nonselective sodium channel inhibitors such as lidocaine, mexiletine, and
carbamazepine show clinical efficacy in chronic pain, including neuropathic pain, but they are
limited in dose and in use, likely due to effects on sodium channels outside the pain pathway.
Lidocaine is a local anesthetic doctors use for minor surgery. So is the dentists office staple
novocaine. But these compounds don’t distinguish between the various sodium channel
subtypes, making them unsuitable for use as systemic pain killers. “If you give a drug that
blocks Nav1.7 but also blocks Nav1.5, the patient will die of heart failure,” says Glenn F. King,
a professor at Australia’s University of Queensland who studies venoms that block ion
channels. “It will be a completely painless death, but the patient will die nonethe less.” Thus,
selectivity for Nav1.7 is desired, particularly over Nav1.5. Researchers have tailored their
efforts to find a molecule that inhibitors or block the activity of only Nav1.7. To compound
this problem, the identity, every location, every function and/or the tertiary structures of each
subtype of voltage gated sodium channel proteins are not known or completely understood.
[0007] Consequently, a number of researchers are attempting to identify small molecule
inhibitors of Nav1.7. For example, Chafeev et al disclose spiro-oxindole compound for the
treatment and/or prevention of sodium channel-mediated diseases, such as pain, in US patent

no. §,101,647. Thus, there is a need to identify Nav1.7 inhibitors selective over at least Nav1.5
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to treat pain. The present invention provides compounds that are selective inhibitors of Nav 1.7.

over at least Navl.5.

[0008] International Publications WO 2012/007868 and WO 2009/065406 disclose
sulfonamide derivatives which are different from the sulfonamide derivatives of the present
invention.

SUMMARY OF THE INVENTION
[0009] The present invention provides compounds, or pharmaceutically acceptable salts

thereof, of Formula (I):

R? Ar, x?
N T - \|( AN e 2
X! — N R
~N
Ny soz/
O @
wherein:
[0010] X!, X% X, and X? are independently N or CR", provided that only 0, 1 or 2 of
X!, X% X3, and X are N;
[0011] optionally, X'and X* may form a 5- to 6-membered carbocyclic or a 5- to 6-

membered heterocyclic monocyclic ring fused to the ring containing X', X*, X°, and X*;
wherein said monocyclic ring is independently substituted by 0, 1, 2, 3, or 4 R’ groups;

[0012] Ar is 5- to 10-membered aryl group, a 5- to 10-membered heteroaryl group, a 3-
to 6-membered cycloalkyl group, or a 3- to 10-membered heterocycloalkyl group, wherein the
heteroaryl or heterocycloalkyl group includes 1 to 3 heteroatoms independently selected from
O, N or S, and wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl group is
independently substituted by 0, 1, 2, 3, or 4 R’ groups;

[0013] T is absent, -O-, (C=0)-, -N(R%)-, (C=0)-N(R?)-, -(CR‘R?),.0-(CR‘R%),-,
-0-(CRRY), 0-(CR? RY),-, -O-(CRRY),-N(R%-, -N(RH)-(CR‘RY),,
N(RY-(CRR?),.0-(CRRY),-, -(C=0)NRU)(CRRY),-, S, S(=0), or S(=0),;

[0014] R'is Cealkyl or a 4-, 5- to 6-membered heterocyclyl or heteroaryl group having

from 1- to 3- heteroatoms independently selected from O, N or S, wherein each C; galkyl is
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independently substituted by 0, 1, 2, 3, or 4 R” groups; and cach said heterocyclyl or heteroaryl
group is independently substituted by 0, 1, 2, 3, or 4 Calkyl or R’ groups;

[0015] R’ is H or C_salkyl;

[0016] R’ is absent, Cy_galkyl, a 6- to 10-membered aryl group, a 5- to 10-membered
heteroaryl group, a 3- to 6-membered cycloalkyl group or a 3- to 10-membered
heterocycloalkyl group, wherein the heteroaryl or heterocycloalkyl group includes 1 to 3
heteroatoms independently selected from O, N or S, wherein each R’ Ciealkyl, aryl, heteroaryl,
cycloalkyl or heterocycloalkyl group is independently substituted by 0, 1, 2, 3, or 4 R®
substituents independently selected from an A group, halo, -CF3, -CF,H, -CFH,;, -OH, -OCFs;,
-OCHF,, -OCH,F, C,alkyl, -OC_salkyl, -CN, -(CH,),NRR®, -O(CR‘R%),0R¢, -N(R),,
“NRYCH,)u5- to 10-membered aryl, -NRYCH,)m5- to 10-membered heteroaryl,
-(CH,)nO(CH,)n6-membered aryl, -NRd(CHz)mORC, or oxo; and wherein each occurrence of
R® heteroaryl group includes 1 to 3 heteroatoms independently selected from O, N or S, and
each occurrence of R® C_salkyl, -OC _salkyl, aryl, or heteroaryl group is independently
substituted by 0, 1, 2, 3, or 4 R’ substituents independently selected from a B group, halo,
Cysalkyl, -CN, -CF3, -OH, -OCHF,, -OCH,F, -OCF, -OC; _salkyl, or -(CH,),NR‘R?;

[0017] R is H, halo, -CN, -OC_galkyl, C,alkyl, -CF3 -OH, -CF,H, -OCF;,

—~OCF,H, ~OCFH,, -O-CH,CF3, C\_salkyl-O-C_salkyl-, -O(CR°R),,OR’,

-(C=0)NRRY, -S(=0),NR‘RY, -S(=0),C,6alkyl, a B group, or a—O-B group; wherein each
occurrence of said R* Ciealkyl is independently substituted by 0, 1, 2, 3, or 4 halo, CN,
Cgalkyl, -OCgalkyl, -O(CR'RY),0R®, NH,, OH, or -C(=0)NH,;

[0018] each R’ is independently halo, -CN, -OC _¢alkyl, C,alkyl, -CF3, -OH,
-CF,H, -CFH,, -OCF3, -OCF,H, ~OCFH,, NR‘R?, or oxo;
[0019] cach R® is independently halo, haloC, salkyl, CN, OH, NO,, NH,, acetyl,

-C(O)NHCH3;, oxo, C;_ealkyl, C,salkenyl, C,alkynyl, C;¢cycloalkyl,

Cisalkylamino-, Cysdialkylamino-, -OC;.alkyl, -O-B group, -O(CH;),B group,
-(CH,),NR‘R?, -O(CR‘R%),0R", (C=0)NR‘R?, -S(=0),NR*, -N(R%),,

NRYC=0)NRR?, -NR‘S(=0),NR?, -S(=0),R?, -NRY(CH,)OR or -SC\.alkyl, wherein
each occurence of R° Cyiealkyl, C,salkenyl, C,salkynyl, or Csscycloalkyl

is independently substituted by 0, 1, 2, 3, 4, or 5 substituents independently selected from F, CI,
CN, NO,, NH;, OH, oxo, methyl, methoxy, ethyl, ethoxy, propyl, propoxy, isopropyl,
isopropoxy, cyclopropyl, cyclopropylmethoxy, butyl, butoxyl, isobutoxy, tert-butoxy,
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2-butynyloxy, isobutyl, sec-butyl, tert-butyl, C;_zalkylamino-, C;_3dialkylamino, C,_sthioalkoxyl
or oxetan-3-yl;

[0020] R’ is a B group, halo, -CN, or -Cy_salkyl-OC_salkyl;

[0021] an A group is a 5- to 6-membered aryl group, a 5- to 6-membered heteroaryl
group, a 3- to 6-membered cycloalkyl group, or a 3- to 6-membered heterocycloalkyl group,
wherein the heteroaryl or heterocycloalkyl group includes 1 to 3 heteroatoms independently
selected from O, N or S, and wherein the aryl, heteroaryl, cycloalkyl, or heterocycloalkyl group
is independently substituted by 0, 1, 2, 3, or 4 substituents independently selected from a B
group or RS;

[0022] a B group is a 5- to 6-membered aryl group, a 5- to 6-membered heteroaryl
group, a 3- to 6-membered cycloalkyl group or a 3- to 6-membered heterocycloalkyl group,
wherein the heteroaryl or heterocycloalkyl group includes 1 to 3 heteroatoms independently
selected from O, N or S, and wherein the aryl, heteroaryl, cycloalkyl, or heterocycloalkyl group
is independently substituted by 0, 1, 2, 3, or 4 substituents independently selected from R;
[0023] cach R is independently H or C,salkyl, and wherein the Cy_galkyl is
independently substituted by 0, 1, 2, 3, or 4 substituents independently selected from halo, -OH
or -CN;

[0024] ecach RY is independently H or C\_salkyl, and wherein the C\alkyl is
independently substituted by 0, 1, 2, 3, or 4 substituents independently selected from halo, -OH
or -CN;

[0025] cach m is independently 0, 1, 2 or 3;

[0026] cach n is independently 0, 1, 2 or 3; and

[0027] cach p is independently 1, 2, 3, or 4;

[0028] provided that the compound of Formula (I) is not: any one of the excluded

compounds as listed in the priority document of the present application, i.e., U.S. Provisional
Patent Application No: 61/885,372, pages 6 to 22, filed October 1, 2013.

[0029] In embodiment 2, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with embodiment 1 wherein:

[0030] X!, X% X, and X? are independently N or CR", provided that only 0 or 1 of x!,
X% X3, and X* are N;

[0031] Ar is 5- to 6-membered aryl group, or a 5- to 10-membered heteroaryl group;
[0032] T is absent, -O-, (CRR%),-O-(CR? R%Y),-, -N(R%)-, -N(RY)-(CR‘R*),-O-(CR*
Rd)p-, or S(=0),;
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[0033] R'is Cyalkyl;
[0034] R”is H or CH3;
[0035] R’ is Cyalkyl, a 6- to 10-membered aryl group, a 5- to 10-membered heteroaryl

group, a 3- to 6- membered cycloalkyl group, or a 3- to 10- membered heterocycloalkyl group,
wherein the heteroaryl or heterocycloalkyl group includes 1 to 3 heteroatoms independently
selected from O, N or S, wherein the aryl, heteroaryl, cycloalkyl, or heterocycloalkyl group is
independently substituted by 0, 1, 2, 3, or 4 R® substituents independently selected from an A
group, halo, -CF3, -OH, -OCF, C alkyl, -OC _salkyl, -CN, -(CH,),NR°R¢, -O(CR‘R?),OR,
N(R®),, -NRYCH,)m5- to 10-membered aryl, -NRYCH,)m5- to 10- membered heteroaryl, -
(CH2)mO(CH,)m6-membered aryl or -NRYCH,),OR, and heteroaryl group includes 1 to 3
heteroatoms independently selected from O, N or S, and the C,alkyl, -OC,6alkyl, aryl, or
heteroaryl group is independently substituted by 0, 1, 2, 3, or 4 R’ substituents independently
selected from a B group, halo, C,salkyl, -CN, -CF3, -OH, -OCHF,, -OCH;F, -OCF3,
-OCalkyl or -(CHz)nNRde; and

[0036] R is H, halo, -CN, C,galkyl, -OC,alkyl, -C(=0)OC salkyl, -OH, -OCF;,
—~OCF;H, ~OCFH,, -O(CR°R®),,OR", a B group selected from cyclopropyl, thienyl, thiazolyl,
thiadiazolyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, furanyl, dihydrofuranyl,
tetrahydrofuranyl, piperidinyl, phenyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl, or a —-O-B
group selected from oxetanyloxy, tetrahydrofuranyloxy, dihydropyranyloxy,
tetrahydropyranyloxy, pyridyloxy, or pyridazinyloxy; wherein each occurrence of said
Cy6alkyl, B group, and —O-B group is independently substituted by 0, 1, 2, 3, or 4 substituents
independently selected from halo, CN, Cyealkyl, -OC_salkyl, -O(CR*R?),OR¢, NH,, or OH.
[0037] In embodiment 3, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 or 2
wherein R* is H.

[0038] In embodiment 4, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 3
wherein Ar is 5- to 6-membered aryl group.

[0039] In embodiment 5, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 4
wherein R” is C)galkyl, a 6- to 10-membered aryl group, a 5- to 10-membered heteroaryl
group, a 3- to 6- membered cycloalkyl group, or a 3- to 10- membered heterocycloalkyl group,

wherein the heteroaryl or heterocycloalkyl group includes 1 to 3 heteroatoms independently

7
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selected from O, N or S, wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl group is
independently substituted by 0, 1, 2, or 3 R® substituents independently selected from halo,
-CF3, -OCF;3, Cysalkyl, -OC;salkyl, or CN; and the C;salkyl or -OC, salkyl R® group is
independently substituted by 0, 1, or 2 R’ substituents independently selected from a B group,
halo, Cealkyl, -CN, -CFs, -OH, -OCHF,, -OCH,F, -OCF3, -OC _salkyl or (CH,),NR‘R‘.
[0040] In embodiment 6, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 3,
or 5 wherein Ar is phenyl, naphthyl, pyrazolyl, pyridyl, triazolyl, thiazolyl, oxadiazolyl,
pirazinyl, indolyl, imidazolyl, benzimidazolyl, benzthiazolyl, benzodioxepinyl, or pyrazolo[3,4-
b]pyridinyl; wherein each Ar is substituted by 0, 1, or 2 R’ groups.

[0041] In embodiment 7, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 6
wherein each R’ is independently halo, -CN, -CF;, or -CF,H.

[0042] In embodiment 8, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 7
wherein X', X2, X?, and X* are independently CR”; and R is H, halo, Ciealkyl, -OCealkyl,
-OCF3;, —OCF;H, ~OCFH,, oxetanyloxy, or a ring selected from thiazolyl, pyrazolyl,
imidazolyl, triazolyl, furanyl, dihydrofuranyl, pyridyl or pyrimidyl.

[0043] In embodiment 9, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to §,
wherein R is CH; or CH,CHs.

[0044] In embodiment 10, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 9,
wherein R*is selected from phenyl, naphthyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl,
pyrazolyl, pyridazinyl, triazolyl, piperidinyl, piperazinyl, pyrrolidinyl or azetidinyl, wherein
ecach R” is independently substituted by 0, 1, 2, or 3 R® substituents independently selected from
halo, -CF3, -OCF3, Cyisalkyl, or -OC,_salkyl; and the C;alkyl or -OC, salkyl R® group is
independently substituted by 0, 1, or 2 R’ substituents independently selected from a B group,
halo, Cyealkyl, -CN, -CF3, -OH, -OCHF,, -OCH,F, -OCF, -OC _salkyl, or -(CH,),NR‘R".
[0045] In embodiment 11, the present invention provides compounds, or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 9,
wherein R” is C)_salkyl, phenyl, naphthyl, pyrrolidinyl, pyridyl, piperidinyl, morpholinyl,
thiomorpholinyl, quinolinyl, benzimidazolyl, oxetanyl, thiophenyl, thiazolyl, furanyl,

8



WO 2015/051043 PCT/US2014/058699

tetrahydrofuranyl, pyranyl, tetrahydropyranyl, benzothiazolyl, oxadiazolyl, azetidinyl,
azabicyclo[2.2.1]heptyl, azaspiro[3.3]heptyl, imidazo[ 1,2-a]pyridinyl, cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, wherein each R? is substituted by 0, 1, 2, or 3 R® substituents
independently selected from halo, -CF;, -OCF3, Cy_salkyl, or -OC,_salkyl.

[0046] In embodiment 12, the present invention provides compounds, or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 11,
wherein R’ is phenyl substituted by 2 R® substituents independently selected from halo, -CFs,
-OCF;, Cyalkyl, or -OC,_galkyl.

[0047] In embodiment 13, the present invention provides compounds, or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 9 or
11 to 12, wherein X', X% X7, and X” are independently CR”; and R” is H, halo,

Ciealkyl, -OC,6alkyl, -OCF;, —OCF,H, -OCFH,, oxetanyloxy, or a B group selected from
thiazolyl, pyrazolyl, imidazolyl, triazolyl, furanyl, dihydrofuranyl, pyridyl or pyrimidyl;

Ar is pyridyl substituted by 0, 1, or 2 R’ groups;

T is absent, -O-, or —(CRde)p-O-(CRde)p-;

R'is Calkyl;

R%is H;

R’ is a Cygalkyl, phenyl, naphthyl, pyrrolidinyl, or pyridyl ring, wherein the ring is
independently substituted by 0, 1, 2, or 3 R® substituents independently selected from halo, -
CF;, -OCF;, C;galkyl, or -OC,alkyl; and

R*is H, halo, CN, -OC, salkyl, -OCF3;, -OCF,H, —-OCFH,, oxctanyloxy or a ring
selected from thiazolyl, pyrazolyl, imidazolyl, triazolyl, furanyl, dihydrofuranyl, pyridyl,
pyrimidyl, pyrazinyl or pyridazinyl, wherein said ring is independently substituted by 0, 1, 2, or
3 halo, Calkyl, NH; or OH.

[0048] In embodiment 14, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 13
wherein T is —O-.

[0049] In embodiment 15, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 14,
wherein wherein R' is methyl.

[0050] In embodiment 16, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 15,

wherein R* is H, —O-methyl, -O-CF,H, oxetanyloxy, or imidazolyl.

9
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[0051] In embodiment 17, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 16,
wherein wherein R” is halo, CN, —CF3, or -CF,H; and T is -O-, -N(Rd)-, -(CRde)p-O-(CRd
RY),-, -O-(CR*R?),-O-(CRRY),-, -N(R?)(CRRY),-, -N(RH)(CR‘R?),-O-(CRRY),- or
-(CZO)N(Rd)-(CRde)p-; wherein R’ is ortho to T.

[0052] In embodiment 18, the present invention provides compounds of Formula (I), or
pharmaceutically acceptable salts thereof, in accordance with any one of embodiments 1 to 17,
wherein X' and X? form a 5- to 6-membered carbocyclic or heterocyclic monocyclic ring fused
to the ring containing X', X?, X°, and X"; and wherein said monocyclic ring is independently

substituted by 0, 1, 2, 3, or 4 R’ groups.

[0053] In embodiment 19, the invention provides a sub-set of compounds of formula
R4a
R2 Ar R*
\T s =
N /R1
R4 S0O3
R4C 8] (Ia)
[0054] wherein:
[0055] Ar is a pyridinyl ring substituted by 0, 1, 2, or 3 R’ groups;
[0056] T is absent, -N(R")-, (CR'R%),-0-(CR‘R?),-, -O-(CR‘R?),-O-(CR'RY),-,
N(RY-(CRRY),-, S, S(=0), or S(=0),;
[0057] R'is -NHR®, Calkyl, a 3- to 6-membered cycloalkyl group, a 4-, 5- to 6-

membered heterocyclyl group, or a 4-, 5- to 6-membered heteroaryl group, wherein each C,.
salkyl is independently substituted by 0, 1, 2, 3, or 4 R’ groups; and each said heterocyclyl or
heteroaryl group is independently substituted by 0, 1, 2, 3, or 4 Cygalkyl or R” groups;

[0058] R’ is H or C_salkyl;

[0059] R’ is C 1 alkyl, a (CR°R®)(6- to 10-membered aryl) group, a -(CR°R®)y(3- to
10-membered heteroaryl) group, a —(CR°R®)(3- to 8-membered cycloalkyl) group, or a
—(CR°R%)4(3- to 10-membered heterocycloalkyl) group;

[0060] wherein each R* C)_salkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl group
is independently substituted by 0, 1, 2, 3, or 4 R® substituents independently selected from an A
group, -O-A group, halo, -CF3, -CF,H, -CFH,, -OH, -OCF3, -OCHF,, -OCH;F, C,_salkyl,

10
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-OCy¢alkyl, -CN, -(CH,),NRR, -O(CRR?),0R®, -N(R®),, -NR*(CH,),n5- to 10-membered
aryl, -NRYCH,)n5- to 10-membered heteroaryl, -(CH,)mO(CH;)m6-membered aryl, -
NRY(CH,)OR¢, or ox0;

[0061] and each occurrence of R® Cy_galkyl, -OC,_galkyl, aryl, or heteroaryl group is
independently substituted by 0, 1, 2, 3, or 4 R’ substituents independently selected from a B
group, halo, Cyalkyl, -CN, -CF3, -OH, -OCHF,, -OCH,F, -OCF;, -OC,salky]l,

or -(CH,),.NR‘R¢,;

[0062] Each R*, R*™, R*, and R* is independently H, halo, -CN, -OC_galkyl, C,alkyl,
-CF;, CF;H, CFH,, -OCF;, -OCF,;H, -OCFH,, -O-CH;CF3, a B group, or an —-O-B group;
wherein each occurrence of said R*, R™, R*, and R* Calkyl group is independently
substituted by 0, 1, 2, 3, or 4 halo, CN, Cy_salkyl, -OC alkyl, -O(CR'R?),0R®, NH,, OH, or -
C(=O)NH;

[0063] each R’ is independently halo, -CN, -OCalkyl, C,alkyl, -CF3 -OH,

-CF;H, -CFH,, -OCF3, -OCF;H, or -OCFHj;

[0064] an A group is a 5- to 6-membered aryl group, a 5- to 6-membered heteroaryl
group, a 3- to 6-membered cycloalkyl group, or a 3- to 6-membered heterocycloalkyl group,
wherein the aryl, heteroaryl, cycloalkyl, or heterocycloalkyl group is independently substituted
by 0, 1, 2, 3, or 4 substituents independently selected from a B group or R;

[0065] a B group is a 5- to 6-membered aryl group, a 5- to 6-membered heteroaryl
group, a 3- to 6-membered cycloalkyl group or a 3- to 6-membered heterocycloalkyl group,
wherein the aryl, heteroaryl, cycloalkyl, or heterocycloalkyl group is independently substituted
by 0, 1, 2, 3, or 4 substituents independently selected from RS;

[0066] cach R® is independently halo, haloC, salkyl, CN, OH, NO,, NH,, acetyl,
-C(O)NHCH3, oxo, C;alkyl, C,6alkenyl, C,salkynyl, Csecycloalkyl,

Ciealkylamino-, C, ¢dialkylamino-, -OC, salkyl, -O-B group, -O(CH;),,B group,
-(CH,),NR‘R?, -O(CR‘R%),0R", (C=0)NR‘R?, -S(=0),NR*, -N(R%),,

“NRYC=0)NRR?, -NR!S(=0),NR?, -S(=0),R?, -NR*(CH,)ORC or -SCi.salkyl;

[0067] wherein each occurence of R Cisalkyl, Cyalkenyl, C,galkynyl, or Cs.
scycloalkyl is independently substituted by 0, 1, 2, 3, 4, or 5 substituents independently selected
from F, Cl, CN, NO;, NH;, OH, oxo, methyl, methoxy, ethyl, ethoxy, propyl, propoxy,
isopropyl, isopropoxy, cyclopropyl, cyclopropylmethoxy, butyl, butoxyl, isobutoxy, tert-
butoxy, 2-butynyloxy, isobutyl, sec-butyl, tert-butyl, C,_salkylamino-, C,_3dialkylamino, C;.

sthioalkoxyl or oxetan-3-yl;

11
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[0068] R’ is a B group, halo, -CN, or -C;_salkyl-OC _salkyl;

[0069] cach R and R" is independently H or C,galkyl, and wherein the C\galkyl is
independently substituted by 0, 1, 2, 3, or 4 substituents independently selected from halo, -OH
or -CN;

[0070] each R® is independently H, C;_galkyl or a 3- to 6-membered cycloalkyl group;
wherein each of the C;_galkyl and the 3- to 6-membered cycloalkyl group is independently
substituted by 0, 1, 2, 3, or 4 substituents independently selected from halo, —OH or -CN;
[0071] each R'is independently H or C,_salkyl, and wherein the C;_salkyl is
independently substituted by 0, 1, 2, 3, or 4 substituents independently selected from halo, -OH
or -CN;

[0072] or alternatively, R’ and R’ together with the nitrogen ators they atiach io may
form a four-membered, five-membered, or six-membered heterocycloalkyl or heteroaryl ring,
each ot which 1s independently substituted by 0, 1, 2, 3, or 4 substituents independently
selected from halo, -OH or —CN;

[0073] cach m is independently 0, 1, 2 or 3;

[0074] cach n is independently 0, 1, 2 or 3;

[0075] cach p is independently 1, 2, 3, or 4;

[0076] cach q is independently 0, 1, 2 or 3; and

[0077] each r is independently 0, 1, 2 or 3.

[0078] In embodiment 20, the invention provides a sub-set of compounds of formula

(Ia), or a pharmaceutically acceptable salt thereof, wherein Ar is:

0.7 00 12
A R T

substituted by 0, 1, 2, or 3 R’ groups.

; each of which is

[0079] In embodiment 21, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: T is absent, -(CR? R%),-O-(CR*
R%),-, -N(R)-, or S, whereinris 0, 1, or 2.

[0080] In embodiment 22, the invention provides a sub-set of compounds of formula

(Ib):
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1
~ R
Rée 0 (Ib);
wherein Rl, Rz, RS, R4a, R4b, R4°, and R4d, and R’are as defined in compounds of Formula (Ia)
above.
[0081] In embodiment 23, the invention provides a sub-set of compounds of formula

(Ia), or a pharmaceutically acceptable salt thereof, wherein: R? is H.

[0082] In embodiment 24, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: at least one of R*, R*, R*, and R*
is not H. In a sub-embodiment, cach R*, R4b, R*, and R* s independently H, F, CI, Br,
methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, cyclopropyl, CN, CF3, -OCF;H, -O-
oxetanyl, or -O-CF,H, wherein at least one of R*, R* R* and R*is not H.

[0083] In embodiment 25, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R* is H, Br, -O-CF,H, methoxy, or
oxetanyl.

[0084] In embodiment 26, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R* is H or F.

[0085] In embodiment 27, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R* is H or F.

[0086] In embodiment 28, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R* is H, F, Cl, methyl, isopropyl,
or methoxy.

[0087] In embodiment 29, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R’ is Cl, CN, CF3, CHF,, or
methyl.

[0088] In embodiment 30, the invention provides a sub-set of compounds of formula

(Ia), or a pharmaceutically acceptable salt thereof, wherein: R' is methyl, ethyl, propyl,
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cyclopropyl, cyclobutyl, -NH,, -NHCH3, -NHCH,CH3, -NHCH(CH3),, —NH-cyclopropy],
azetidinyl, or thiazolyl.

[0089] In embodiment 31, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: &' and R’ together with the
nitrogen atom they attach to form a four-membered or five-menbered heterocycloalkyl or
heteroaryl ring, cach of which is independently substituted by 0, 1, 2, 3, or 4 substituents
independently selected from halo, -OH or —CN.

[0090] In embodiment 32, the invention provides a sub-set of compounds of formula

(Ia), or a pharmaceutically acceptable salt thercof, wherein: Ar is:

RS R®
jﬁR5 CSS\@\ K F R® R®
[ s L=
N N N zZ
RS : RS : RS : .
S R
SN ! | S
m Y AN |
NS R or 3

R’ is independently Cl, F, methyl, -CN, -CF; or -CF,H. In a sub embodiment, Ar is

; and

R5
S |
N A f .
; and R” is independently Cl, F, -CN, -CF; or -CF,H.
[0091] In embodiment 30, the invention provides a sub-set of compounds of formula

(Ia), or a pharmaceutically acceptable salt thereof, wherein: R? is selected from:

(a) 1-ethylpropyl, 1,3-dimethylbutyl, isopentyl, or CF3,

(b) phenyl, naphthyl, or benzyl,

(¢) pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, pyrazolyl, pyridazinyl, triazolyl,
piperazinyl, quinolinyl, or benzothiazolyl,

(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, spiro[2.4]heptyl, spiro[3.3]heptyl,
-CH;-cyclobutyl, -CH,-CH;-cyclopentyl, dihydroindenyl, tetrahydronaphthyl or
bicyclo[2.2.1]heptyl,
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(e) piperidinyl, pyrrolidinyl, or azetidinyl,

wherein each R? is substituted by 0, 1, 2, or 3 R® substituents independently selected
from F, Cl, Br, methyl, ethyl, isopropyl, tert-butyl, CFs, methoxy, ethoxy, isopropoxy, -O-CF3,
-O-oxetanyl, or phenyl.
[0092] In embodiment 33, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R? is

(a) a—(CR°R®)q(6- to 10-membered aryl) group selected from phenyl, naphthyl, or
benzyl;

(b) a—(CR°R®)¢(5- to 10-membered heteroaryl) group selected from furanyl, thiophenyl,
thiazolyl, oxadiazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, pyrazolyl,
pyridazinyl, triazolyl, piperazinyl, quinolinyl, imidazo[1,2-a]pyridinyl,
benzimidazolyl, or benzothiazolyl;

(c) a—(CR°R®)¢(3- to 8-membered cycloalkyl) group selected from cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, spiro[2.4]heptyl, spiro[3.3]heptyl, -CH,-
cyclobutyl, -CH,-CH,-cyclopentyl, dihydroindenyl, tetrahydronaphthyl or
bicyclo[2.2.1]heptyl; or

(d) a—(CR°R®)¢(3- to 10-membered heterocycloalkyl) group selected from oxetanyl,
tetrahydrofuranyl, pyranyl, tetrahydropyranyl, morpholinyl, thiomorpholinyl,
piperidinyl, pyrrolidinyl, azetidinyl, azabicyclo[2.2.1]heptyl, azaspiro[3.3]heptyl,;

wherein each qis 0, 1, or 2; and

wherein each R? is substituted by 0,1,2,0r3 R® substituents.

[0093] In embodiment 34, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R? is phenyl or pyridyl substituted
by 1,2,0r3 R® substituents independently selected from F, Cl, Br, methyl, ethyl, isopropyl,
tert-butyl, CF;, methoxy, ethoxy, isopropoxy, -O-CF;, -O-oxetanyl, or phenyl.

[0094] In embodiment 35, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R” is CF3, methyl, or chloro.
[0095] In embodiment 36, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: T is -N(R")-, wherein R"is H or
methyl.

[0096] In embodiment 37, the invention provides a sub-set of compounds of formula

(Ia), or a pharmaceutically acceptable salt thereof, wherein: T is -C(R‘R*)OC(R‘R?),-, wherein
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R¢ is independently H, methyl, ethyl, propyl, or CF3, and wherein each r is independently 0, 1,
or 2.

[0097] In embodiment 38, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: T is —O-.

[0098] In embodiment 39, the invention provides a sub-set of compounds of formula
(Ia), or a pharmaceutically acceptable salt thereof, wherein: R' is methyl.

[0099] In embodiment 40, the invention provides a sub-set of compounds of formula
(I), (Ia), or (Ib), or a pharmaceutically acceptable salt thereof, wherein R’ is methyl or ethyl; R
is H; R” is phenyl, benzthiazolyl, cyclopropyl, cyclobutyl, or pyrrolidinyl; R* is H, methoxy, or
oxetanyloxy; R*is Hor F;:R*isHorF; R¥ s H, Cl, methyl, methoxy, or -O-CHF;; R’is Cl,
CN, CF;s, or -CHF;; T is absent, —O-, -O-CH;-; or -O-(CH)(CH3)-; and R®is H, F, Cl, methyl,
methoxy, CF3, or isopropyl.

[00100] In embodiment 41, the present invention provides compounds of Formula (1),
and sub-Formulas thereof, as defined above, or pharmaceutically acceptable salts thereof,
selected from any of of the compounds of Examples No.1 to No. 565 and Intermediate K, as
listed in the priority document of the present application, i.e., U.S. Provisional Patent
Application No: 61/885,372, pages 85 to 291, filed October 1, 2013.

[00101] In embodiment 42, the present invention provides compounds of Formula (1),
and sub-Formulas thereof, as defined above, or pharmaceutically acceptable salts thereof,
selected from: Examples No. 1-841 disclosed in the present application and priority document
thereof.

[00102] In embodiment 43, the present invention provides compounds of Formula (1),
and sub-Formulas thereof, as defined above, or pharmaceutically acceptable salts thereof,

selected from:

EX.NO. | NAME
576 4-(5-chloro-6-((4-chlorobenzyl)oxy)-3-pyridinyl)-3-methoxy-N-

(methylsulfonyl)benzamide

579 4-(5-chloro-6-(3-chloro-2-methylphenoxy)-3-pyridinyl)-3-methoxy-N-
(methylsulfonyl)benzamide
589 5-chloro-4-(5-chloro-6-(2,3,5-trifluorophenoxy)-3-pyridinyl)-2-fluoro-N-

(methylsulfonyl)benzamide
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EX.NO. | NAME

598 5-chloro-4-(5-chloro-6-(2,4-dichloro-6-methylphenoxy)-3-pyridinyl)-2-fluoro-
N-(methylsulfonyl)benzamide

623 4-(5-chloro-6-(3-fluoro-4-methylphenoxy)-3-pyridinyl)-2-fluoro-5-methyl-N-
(methylsulfonyl)benzamide

673 4-(5-chloro-6-((1R)-1-(2,5-dichlorophenyl)ethoxy)-3-pyridinyl)-2-fluoro-5-
methyl-N-(methylsulfonyl)benzamide

690 4-(6-(3-chloro-2-methylphenoxy)-5-cyano-3-pyridinyl)-3-methoxy-N-
(methylsulfonyl)benzamide

694 4-(5-cyano-6-(3,6-dichloro-2-methylphenoxy)-3-pyridinyl)-3-methoxy-N-
(methylsulfonyl)benzamide

702 4-(5-chloro-6-(cyclobutyloxy)-3-pyridinyl)-2-fluoro-5-methoxy-N-
(methylsulfonyl)benzamide

704 4-(5-chloro-6-(3-chloro-2-methylphenoxy)-3-pyridinyl)-2-fluoro-5-methoxy-N-
(methylsulfonyl)benzamide

705 4-(5-chloro-6-((1-methylcyclopropyl)methoxy)-3-pyridinyl)-2-fluoro-5-
methoxy-N-(methylsulfonyl)benzamide

706 4-(5-chloro-6-(2,5-difluorophenoxy)-3-pyridinyl)-2-fluoro-5-methoxy-N-
(methylsulfonyl)benzamide

709 4-(6-(1,3-benzothiazol-2-ylmethoxy)-5-chloro-3-pyridinyl)-2-fluoro-5-methoxy-
N-(methylsulfonyl)benzamide

734 4-(5-chloro-6-((1-(trifluoromethyl)cyclobutyl)oxy)-3-pyridinyl)-2-fluoro-5-
methoxy-N-(methylsulfonyl)benzamide

735 4-(5-chloro-6-((trans-3-methylcyclobutyl)oxy)-3-pyridinyl)-2-fluoro-5-methoxy-
N-(methylsulfonyl)benzamide

769 4-(5-chloro-6-((1R)-1-cyclobutylethoxy)-3-pyridinyl)-2-fluoro-5-methoxy-N-
(methylsulfonyl)benzamide

752 4-(5-chloro-6-(2-chloro-5-methylphenoxy)-3-pyridinyl)-2-fluoro-5-methoxy-N-
(methylsulfonyl)benzamide

777 3-chloro-4-(5-chloro-6-(3,5-dichlorophenoxy)-3-pyridinyl)-N-

(methylsulfonyl)benzamide
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EX.NO. | NAME
782 4-(5-chloro-6-(2,4-dichloro-6-methylphenoxy)-3-pyridinyl)-5-

(difluoromethoxy)-2-fluoro-N-(methylsulfonyl)benzamide
784 4-(5-chloro-6-(3,5-dichlorophenoxy)-3-pyridinyl)-5-(difluoromethoxy)-2-fluoro-

N-(methylsulfonyl)benzamide
791 4-(5-chloro-6-(2,3,6-trifluorophenoxy)-3-pyridinyl)-N-(ethylsulfonyl)-3-

methoxybenzamide

825 4-(6-(3,5-dichlorophenoxy)-5-(trifluoromethyl)-3-pyridinyl)-3-methoxy-N-
(methylsulfonyl)benzamide
826 4-(5-chloro-6-(3-chloro-4-methylphenoxy)-3-pyridinyl)-N-(methylsulfonyl)-3-

(3-oxetanyloxy)benzamide

827 4-(5-chloro-6-(3,5-dichlorophenoxy)-3-pyridinyl)-3-methoxy-N-

(methylsulfonyl)benzamide
828 4-(5-chloro-6-(2-chloro-5-methylphenoxy)-3-pyridinyl)-N-(methylsulfonyl)-3-

(3-oxetanyloxy)benzamide

829 4-(6-(3-chloro-4-methylphenoxy)-5-cyano-3-pyridinyl)-3-methoxy-N-
(methylsulfonyl)benzamide
830 4-(6-(3,5-dichlorophenoxy)-5-(difluoromethyl)-3-pyridinyl)-3-methoxy-N-

(methylsulfonyl)benzamide

831 4-(5-chloro-6-(2,3,6-trifluorophenoxy)-3-pyridinyl)-3-methoxy-N-
(methylsulfonyl)benzamide

832 4-(5-chloro-6-((3-chloro-2-methoxy-4-pyridinyl)oxy)-3-pyridinyl)-3-methoxy-
N-(methylsulfonyl)benzamide
833 4-(5-chloro-6-((2R)-2-(1-methylethyl)-1-pyrrolidinyl)-3-pyridinyl)-3-

(difluoromethoxy)-N-(methylsulfonyl)benzamide
833 4-(5-chloro-6-((2S)-2-(1-methylethyl)-1-pyrrolidinyl)-3-pyridinyl)-3-

(difluoromethoxy)-N-(methylsulfonyl)benzamide

[00103] In embodiment 44, the present invention provides pharmaceutical compositions
comprising a compound, or a pharmaceutically acceptable salt thereof, in accordance with any
one of embodiments 1 to 43, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable excipient.
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[00104] In embodiment 45, the present invention provides methods of treating pain, the
methods comprising administering to a patient in need thereof a therapeutically effective
amount of a compound, or a pharmaceutically acceptable salt thereof, in accordance with any
one of embodiments 1 to 43, or a pharmaceutically acceptable salt thereof.

[00105] In embodiment 46, the present invention provides methods of embodiment 45
wherein the treatment is for chronic pain, acute pain, neuropathic pain, pain associated with
rheumatoid arthritis, pain associated with osteoarthritis, pain associated with cancer or a cough
selected from the group consisting of post viral cough, viral cough, and acute viral cough.

See Nature Reviews Neuroscience | AOP, published online 12 December 2012;
doi:10.1038/nm3404.

[00106] In embodiment 47, the present invention provides methods of embodiment 45
wherein the treatment is for pain, cough, or itch, comprising administering to a patient in need
thereof a therapeutically effective amount of the compound in accordance with any of the
preceding claims, or a pharmaceutically acceptable salt thereof, wherein the pain is selected
from chronic pain, acute pain, neuropathic pain, pain associated with rheumatoid arthritis, pain
associated with osteoarthritis, or pain associated with cancer; wherein the cough is selected
from post viral cough, viral cough, or acute viral cough; and wherein the itch is selected from
a) psoriatic pruritis, itch due to hemodyalisis, aguagenic pruritis, and itching caused by skin
disorders (e.g., contact dermatitis), systemic disorders, neuropathy, psychogenic factors or a
mixture thereof; b) itch caused by allergic reactions, insect bites, hypersensitivity (e.g., dry
skin, acne, eczema, psoriasis), inflammatory conditions or injury; c¢) itch associated with vulvar
vestibulitis; d) skin irritation or inflammatory effect from administration of another therapeutic
selected from antibiotics, antivirals and antihistamines; or ¢) itch due to activation of PAR-2 G-
protein coupled receptors.

[00107] In embodiment 48, the invention provides each individual compound, or a
pharmaceutically acceptable salt thereof, or a sub-set of compounds, as described in the
examples herein.

[00108] In embodiment 49, the invention provides a method of preparing a compound of
Formula (Ia) as described above. In a sub embodiment, said method is as described in any of
Schemes A, Al, B, C, F, G, and H below.

[00109] In embodiment 50, the invention provides an intermediate compound used in the
method of preparing a compound of Formula (Ia) as described above. In a sub embodiment,

said intermediate compound is as described in any of Schemes A, Al, B, C, F, G, and H below.
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[00110] The present invention provides compounds of Formula (I), and sub-Formulas
thereof, as defined above, and pharmaceutically acceptable salts thereof. The present invention
also provides pharmaceutical compositions comprising a compound of Formula (1), or a sub-
Formula thereof, as a free base or a pharmaceutically acceptable salt thereof, and methods of
treating diseases and/or conditions, such as pain, cough, or itch, by using compounds of
Formula (I), or pharmaceutically acceptable salts thereof.

[00111] The term "alkyl" means a straight or branched chain hydrocarbon.
Representative examples of alkyl groups include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, sec-butyl, pentyl and hexyl. Typical alkyl groups are alkyl groups having
from 1 to 8 carbon atoms, which groups are commonly represented as C-galkyl.

[00112] The term "alkoxy" means an alkyl group bonded to an oxygen atom.
Representative examples of alkoxy groups include methoxy, ethoxy, tert-butoxy, propoxy and
isobutoxy. Common alkoxy groups are C,-galkoxy.

[00113] The term "halogen" or “halo” means chlorine, fluorine, bromine or iodine.
[00114] The term "alkenyl" means a branched or straight chain hydrocarbon having one
or more carbon-carbon double bonds. Representative examples alkenyl groups include ethenyl,
propenyl, allyl, butenyl and 4-methylbutenyl. Common alkenyl groups are C,-galkenyl.
[00115] The term "alkynyl" means a branched or straight chain hydrocarbon having one
or more carbon-carbon triple bonds. Representative examples of alkynyl groups include
ethynyl, propynyl (propargyl) and butynyl. Common alkynyl groups are C,-g alkynyl.
[00116] The term "cycloalkyl" means a cyclic, nonaromatic hydrocarbon. Examples of
cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
bicyclof2.2.1heptanyl, bicyclol4.4.01decanyl, spiro[2.2]pentyl, spiro[2.4]heptyl, and
spiro[2.5]octyl. A cycloalkyl group can contain one or more double bond. Examples of
cycloalkyl groups that contain double bonds include cyclopentenyl, cyclohexenyl,
cyclohexadienyl and cyclobutadienyl. Common cycloalkyl groups are Cs-g cycloalkyl groups.
[00117] The term "perfluoroalkyl" means an alkyl group in which all of the hydrogen
atoms have been replaced with fluorine atoms. Common perfluoroalkyl groups are C;-
sperfluoroalkyl. An example of a common perfluoroalkyl group is -CFs.

[00118] The term "acyl" means a group derived from an organic acid by removal of the
hydroxy group (-OH). For example, the acyl group CH3sC(=0)- is formed by the removal of the
hydroxy group from CH;C(=0)OH.
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[00119] The term "aryl" means a cyclic, aromatic hydrocarbon. Examples of aryl groups
include phenyl and naphthyl. Common aryl groups are six to thirteen membered rings.
[00120] The term "heteroatom" as used herein means an oxygen, nitrogen or sulfur atom.
[00121] The term "heteroaryl" means a cyclic, aromatic hydrocarbon in which one or
more carbon atoms of an aryl group have been replaced with a heteroatom independently
selected from O, N or S. If the heteroaryl group contains more than one heteroatom, the
heteroatoms may be the same or different. Examples of heteroaryl groups include pyridyl,
pyrimidinyl, imidazolyl, thienyl, furyl, pyrazinyl, pyrrolyl, indolyl, triazolyl, pyridazinyl,
indazolyl, purinyl, quinolizinyl, isoquinolyl, quinolyl, naphthyridinyl, quinoxalinyl, isothiazolyl
and benzo[b]thienyl. Common heteroaryl groups are five to thirteen membered rings that
contain from 1 to 4 heteroatoms. Heteroaryl groups that are five and six membered rings that
contain 1 to 3 heterotaoms are particularly common.

[00122] The term "heterocycloalkyl" means a cycloalkyl group in which one or more of
the carbon atoms has been replaced with a heteroatom. If the heterocycloalkyl group contains
more than one heteroatom, the heteroatoms may be the same or different. Examples of
heterocycloalkyl groups include tetrahydrofuryl, morpholinyl, piperazinyl, piperidinyl and
pyrrolidinyl. It is also possible for the heterocycloalkyl group to have one or more double
bonds, but is not aromatic. Examples of heterocycloalkyl groups containing double bonds
include dihydrofuran. Common heterocycloalkyl groups are three to ten membered rings
containing from 1 to 4 heteroatoms. Heterocycloalkyl groups that are five and six membered
rings that contain 1 to 2 heteroatoms are particularly common.

[00123] It is also noted that the cyclic ring groups, i.e., aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, can comprise more than one ring. For example, the naphthyl group is a fused
bicyclic ring system. It is also intended that the present invention include ring groups that have
bridging atoms, or ring groups that have a spiro orientation.

[00124] Representative examples of five to six membered aromatic rings, optionally
having one or two heteroatoms, are phenyl, furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, pyridinyl, pyridiazinyl, pyrimidinyl, and
pyrazinyl.

[00125] Representative examples of partially saturated, fully saturated or fully
unsaturated five to eight membered rings, optionally having one to three heteroatoms, are
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and phenyl. Further exemplary five membered
rings are furyl, thienyl, pyrrolyl, 2-pyrrolinyl, 3-pyrrolinyl, pyrrolidinyl, 1,3-dioxolanyl,
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oxazolyl, thiazolyl, imidazolyl, 2H-imidazolyl, 2-imidazolinyl, imidazolidinyl, pyrazolyl, 2-
pyrazolinyl, pyrazolidinyl, isoxazolyl, isothiazolyl, 1,2-dithiolyl, 1,3-dithiolyl, 3H-1,2-
oxathiolyl, 1,2,3-oxadizaolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4oxadiazolyl, 1,2,3-
triazolyl, 1,2,4-trizaolyl, 1,3,4-thiadiazolyl, 3H-1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-
dioxazolyl, 1,3,4-dioxazolyl, SH-1,2,5-oxathiazolyl, and 1,3-oxathiolyl.

[00126] Further exemplary six membered rings are 2H-pyranyl, 4H-pyranyl, pyridinyl,
piperidinyl, 1,2-dioxinyl, 1,3-dioxinyl, 1,4-dioxanyl, morpholinyl, 1,4-dithianyl,
thiomorpholinyl, pyndazinyl, pyrimidinyl, pyrazinyl, piperazinyl, 1,3,5-triazinyl, 1,2,4-
triazinyl, 1,2,3-triazinyl, 1,3,5-trithianyl, 4H-1,2-oxazinyl, 2H-1,3-oxazinyl, 6H-1,3-oxazinyl,
6H-1,2-oxazinyl, 1,4-oxazinyl, 2H-1,2-oxazinyl, 4H-1,4-oxazinyl, 1,2,5-oxathiazinyl, 1,4-
oxazinyl, o-isoxazinyl, p-isoxazinyl, 1,2,5-oxathiazinyl, 1,2,6-(3 oxathiazinyl, and 1,4,2-
oxadiazinyl.

[00127] Further exemplary seven membered rings are azepinyl, oxepinyl, thiepinyl and
1,2,4-triazepinyl.

[00128] Further exemplary eight membered rings are cyclooctyl, cyclooctenyl and
cyclooctadienyl.

[00129] Exemplary bicyclic rings consisting of two fused partially saturated, fully
saturated or fully unsaturated five and/or six membered rings, optionally having one to four
heteroatoms, are indolizinyl, indolyl, isoindolyl, indolinyl, cyclopenta(b)pyridinyl, pyrano(3,4-
b)pyrrolyl, benzofuryl, isobenzofuryl, benzo(b)thienyl, benzo(c)thienyl, 1H-indazolyl,
indoxazinyl, benzoxazolyl, anthranilyl, benzimidazolyl, benzthiazolyl, purinyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl,
pteridinyl, indenyl, isoindenyl, naphthyl, tetralinyl, decalinyl, 2H-1-benzopyranyl, pyrido(3,4-
b)pyridinyl, pyrido(3,2-b)pyridinyl, pyrido(4,3-b)-pyridinyl, 2H-1,3-benzoxazinyl, 2H-1,4-
benzoxazinyl, 1H-2,3-benzoxazinyl, 4H-3,1-benzoxazinyl, 2H-1,2-benzoxazinyl and 4H-1,4-
benzoxazinyl.

[00130] A cyclic ring group may be bonded to another group in more than one way. If no
particular bonding arrangement is specified, then all possible arrangements are intended. For
example, the term "pyridyl" includes 2-, 3-, or 4-pyridyl, and the term "thienyl" includes 2-, or
3-thienyl.

[00131] The term "hydroxyalkyl" means an"alkyl" group wherein one or more of the

carbon atoms are substituited with a hydroxyl (-OH) group. Similarlt, the term
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“dihydroxyalkyl” means an alkyl group in which two (2) hydrogen atoms have been replaced
by two (2) hydroxyl groups, ie., the alkyl has 2 hydroxyl substituents.

[00132] The term “substituted” means that a hydrogen atom on a molecule or group is
replaced with a group or atom. Typical substitutents include: halogen, C;-salkyl, hydroxyl, C;-
salkoxy, -NR*R¥, nitro, cyano, halo or perhaloC;-salkyl, C,-salkenyl, Cy-salkynyl, —SR*, —
S(=0),R*, -C(=0)OR*, -C(=0)R*, wherein each R* is independently hydrogen or C;-Cs alkyl.
It is noted that when the substituent is -NR*R, the R* groups may be joined together with the
nitrogen atom to form a ring.

[00133] The term “oxo0”, when used as a substituent, means the =O group, which is
typically attached to a carbon atom.

[00134] A group or atom that replaces a hydrogen atom is also called a substituent.
[00135] Any particular molecule or group can have one or more substituent depending
on the number of hydrogen atoms that can be replaced.

[00136] The symbol "-" represents a covalent bond and can also be used in a radical
group to indicate the point of attachment to another group. In chemical structures, the symbol
is commonly used to represent a methyl group in a molecule.

[00137] The term "therapeutically effective amount” means an amount of a compound
that ameliorates, attenuates or eliminates one or more symptom of a particular disease or
condition, or prevents or delays the onset of one of more symptom of a particular disease or
condition.

[00138] The term "patient” means animals, such as dogs, cats, cows, horses, sheep and
humans. Particular patients are mammals. The term patient includes males and females.
[00139] The term "pharmaceutically acceptable” means that the referenced substance,
such as a compound of the present invention or a formulation containing a compound of the
present invention, or a particular excipent, are suitable for administration to a patient.
[00140] The terms "treating", "treat" or "treatment" and the like include preventative
(e.g., prophylactic) and palliative treatment.

[00141] The term “patient in need thereof” means a patient who has or is at risk of
having a disease and/or condition that can be treated by inhibition of Nav 1.7, such as chronic
pain.

[00142] The term “excipient” means any pharmaceutically acceptable additive, carrier,
diluent, adjuvant, or other ingredient, other than the active pharmaceutical ingredient (API),

which is typically included for formulation and/or administration to a patient.
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[00143] The compounds of the present invention are administered to a patient in a
therapeutically effective amount. The compounds can be administered alone or as part of a
pharmaceutically acceptable composition or formulation. In addition, the compounds or
compositions can be administered all at once, as for example, by a bolus injection, multiple
times, such as by a series of tablets, or delivered substantially uniformly over a period of time,
as for example, using transdermal delivery. It is also noted that the dose of the compound can
be varied over time.

[00144] In addition, the compounds of the present invention can be administered alone,
in combination with other compounds of the present invention, or with other pharmaceutically
active compounds. The other pharmaceutically active compounds can be intended to treat the
same disease or condition as the compounds of the present invention or a different disease or
condition. If the patient is to receive or is receiving multiple pharmaceutically active
compounds, the compounds can be administered simultaneously, or sequentially. For example,
in the case of tablets, the active compounds may be found in one tablet or in separate tablets,
which can be administered at once or sequentially in any order. In addition, it should be
recognized that the compositions may be different forms. For example, one or more compound
may be delivered by a tablet, while another is administered by injection or orally as a syrup. All
combinations, delivery methods and administration sequences are contemplated.

[00145] The compounds of the present invention may be used in the manufacture of a
medicament for the treatment of a disease and/or condition mediated by Nav 1.7, such as pain,
chronic cough or itch.

[00146] Pain is typically divided into primary types: chronic and acute pain based on the
duration of the pain. Typically, chronic pain lasts for longer than 3 months. Examples of
chronic pain include pain associated with rheumatoid arthritis, osteoarthritis, lumbosacral
radiculopathy or cancer. Chronic pain also includes idiopathic pain, which is pain that has no
identified cause. An example of idiopathic pain is fibromyalgia.

[00147] Another type of pain is nociceptive pain. Nociceptive pain is caused by
stimulation of peripheral nerve fibers that respond to highly noxious events such as thermal,
mechanical or chemical stimuli.

[00148] Still another type of pain is neuropathic pain. Neuropathic pain is pain that is
caused by damage or disease affecting a part of the nervous system. Phantom limb pain is a

type of neuropathic pain. In phantom limb pain, the body detects pain from a part of a body
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that no longer exists. For example, a person who has had a leg amputated may feel leg pain
even though the leg no longer exists.

[00149] In one embodiment of the methods of treatment provided by the present
invention using the compounds of Formula I, or pharmaceutically acceptable salts thereof, the
disease is chronic pain. In another aspect, the chronic pain is associated with, but are not
limited to, post-herpetic neuralgia (shingles), rheumatoid arthritis, osteoarthritis, diabetic
neuropathy, complex regional pain syndrome (CRPS), cancer or chemotherapy-induced pain,
chronic back pain, phantom limb pain, trigeminal neuralgia, HIV-induced neuropathy, cluster
headache disorders, and migraine, primary erythromelalgia, and paroxysmal extreme pain
disorder. Other indications for Nav 1.7 inhibitors include, but are not limited to, depression
(Morinville et al., J Comp Neurol., 504:680-689 (2007)), bipolar and other CNS

disorders (Ettinger and Argoff, Neurotherapeutics, 4:75-83 (2007)), epilepsy: ibid., and
Gonzalez, Termin, Wilson, Methods and Principles in Medicinal Chemistry, 29:168-192
(2006)), multiple sclerosis (Waxman, Nature Neurosci. 7 :932-941 (2006)), Parkinson’s (Do
and Bean, Neuron 39 :109-120 (2003); Puopolo et al., J. Neurosci. 27 :645-656 (2007)),
restless legs syndrome, ataxia, tremor, muscle weakness, dystonia, tetanus (Hamann M., et. al.,
Exp. Neurol. 184(2):830-838, 2003), anxiety, depression: McKinney B. C, et. al., Genes Brain
Behav. 7(6):629-638, 2008), learning and memory, cognition (Woodruff-Pak D. S, et. al.,
Behav. Neurosci. 120(2):229-240, 2006), cardiac arrhythmia and fibrillation, contractility,
congestive heart failure, sick sinus syndrome (Haufe V., et. al., .J Mol. Cell Cardiol. 42(3):469-
4717, 2007), schizophrenia, neuroprotection after stroke, drug and alcohol abuse (Johannessen
L. C., CNS Drugs 22(1)27-47, 2008), Alzheimer’s (Kim D. Y., et. al., Nat. Cell. Biol. 9(7):755-
764, 2007), and cancer (Gillet L., et. al.,J Biol Chem 2009, Jan 28 (epub)).

[00150] Another aspect of the invention relates to a method of treating acute and/or
chronic inflammatory and neuropathic pain, dental pain, general headache, migraine, cluster
headache, mixed-vascular and non-vascular syndromes, tension headache, general
inflammation, arthritis, rheumatic diseases, rheumatoid arthritis, osteoarthritis, inflammatory
bowel disorders, inflammatory eye disorders, inflammatory or unstable bladder disorders,
psoriasis, skin complaints with inflammatory components, chronic inflammatory conditions,
inflammatory pain and associated hyperalgesia and allodynia, neuropathic pain and associated
hyperalgesia and allodynia, diabetic neuropathy pain, causalgia, sympathetically maintained
pain, deafferentation syndromes, asthma, epithelial tissue damage or dysfunction, herpes

simplex, disturbances of visceral motility at respiratory, genitourinary, gastrointestinal or
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vascular regions, wounds, burns, allergic skin reactions, pruritus, vitiligo, general
gastrointestinal disorders, gastric ulceration, duodenal ulcers, diarrhea, gastric lesions induced
by necrotising agents, hair growth, vasomotor or allergic rhinitis, bronchial disorders or bladder
disorders, comprising the step of administering a compound according to the present invention.
A preferred type of pain to be treated is chronic neuropathic pain. Another preferred type of
pain to be treated is chronic inflammatory pain.

[00151] In another aspect of the invention, the compounds of the present invention can
be used in combination with other compounds that are used to treat pain. Examples of such
other compounds include, but are not limited to aspirin, celecoxib, hydrocodone, oxycodone,
codeine, fentanyl, ibuprofen, ketoprofen, naproxen, acetaminophen, gabapentin and pregabalin.
Examples of classes of medicines that contain compounds that can be used in combination with
the compounds of the present invention include non-steroidal anti-inflammatory compounds
(NSAIDS), steroidal compounds, cycloxogenase inhibitors and opiod analgesics.

[00152] In another aspect of the invention, the compounds of the present invention can
be used in combination with other compounds that are used to treat itch. Pruritis, commonly
known as itch, is a common dermatological condition. There exist two broad categories of itch
based upon the etiology: inflammatory skin itch and neuropathic itch (Binder et al., Nature
Clinical Practice, 4:329-337, 2008). In the former case, inflammatory mediators activate
cutaneous pruriceptors, a subset of dermal afferent nerve fibers, primarily unmyelinated C
fibers. Treatments for this type of itch consist of either blocking receptors for the inflammatory
agents (such as anti-histamines) or blocking the ensuing electrical activity. Voltage-gated
sodium channels have a central role in the transmission of electrical activity in neurons and
modulation of voltage-gated sodium channels is a well established means of modulating this
signalling. Although the causes of neuropathic pruritis are complex and less well understood,
there is well established evidence of central sensitization and hypersensitivity of input from
sensory neuron C fibers in the dermis. As for inflammatory itch, sodium channels likely are
essential for propagating electrical signals from the skin to the CNS. Transmission of the itch
impulses results in the unpleasant sensation that elicits the desire or reflex to scratch.

[00153] Both inflammatory and neuropathic itch can be blocked by known voltage-gated
sodium channel blockers, most commonly lidocaine (Villamil et al., American Journal of
Medicine 118:1160-1163, 2005; Inan et al., Euorpean Journal of Pharmacology 616: 141-146,
2009; Fishman et al., American Journal of Medicine 102: 584-585, 1997; Ross et al., Neuron
65: 886-898, 2010). The doses of lidocaine needed to relieve itch are comparable to those
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effective in treating pain. Both sensory circuits share common mediators and related neuronal
pathways (Ikoma et al., Nature Reviews Neuroscience, 7:535-547, 2006). However, other
treatments for pain are ineffective against itch and can exacerbate pruritis rather than relieve it.
For example, opioids, in particular, are effective at relieving pain, yet can generate severe
pruritis. Thus, voltage-gated sodium channel block is a particularly promising therapy for both
pain and itch. See also Devigili, et. al., Pain (2014), 155(9), 1702-1707; and Lee Jun-Ho et. al.,
Cell (2014), 157(6), 1393-404.

[00154] Compounds of the present invention have been shown to have analgesic effects
in a number of animal models at oral doses ranging from 1 mg/Kg to 100 mg/Kg. The
compounds of the invention can also be useful for treating pruritis.

[00155] The types of itch or skin irritation, include, but are not limited to:

a) psoriatic pruritis, itch due to hemodyalisis, aguagenic pruritis, and itching caused by skin
disorders (e.g., contact dermatitis), systemic disorders, neuropathy, psychogenic factors or a
mixture thereof; b) itch caused by allergic reactions, insect bites, hypersensitivity (e.g., dry
skin, acne, eczema, psoriasis), inflammatory conditions or injury; c¢) itch associated with vulvar
vestibulitis; d) skin irritation or inflammatory effect from administration of another therapeutic
such as, for example, antibiotics, antivirals and antihistamines; and ¢) itch due to activation of
PAR-2 G-protein coupled receptors.

[00156] The compounds of the present invention may also be used to treat diabetes,
obesity and/or to facilitate weight loss.

[00157] The compounds of the present invention may be used in combination with other
pharmaceutically active compounds. It is noted that the term “pharmaceutically active
compounds” can include biologics, such as proteins, antibodies and peptibodies.

[00158] Since one aspect of the present invention contemplates the treatment of the
disease/conditions with a combination of pharmaceutically active compounds that may be
administered separately, the invention further relates to combining separate pharmaceutical
compositions in kit form. The kit comprises two separate pharmaceutical compositions: a
compound of the present invention, and a second pharmaceutical compound. The kit comprises
a container for containing the separate compositions such as a divided bottle or a divided foil
packet. Additional examples of containers include syringes, boxes and bags. Typically, the kit
comprises directions for the use of the separate components. The kit form is particularly
advantageous when the separate components are preferably administered in different dosage

forms (e.g., oral and parenteral), are administered at different dosage intervals, or when titration
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of the individual components of the combination is desired by the prescribing physician or
veterinarian.
[00159] An example of such a kit is a so-called blister pack. Blister packs are well
known in the packaging industry and are being widely used for the packaging of
pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs generally
consist of a sheet of relatively stiff material covered with a foil of a preferably transparent
plastic material. During the packaging process recesses are formed in the plastic foil. The
recesses have the size and shape of the tablets or capsules to be packed. Next, the tablets or
capsules are placed in the recesses and the sheet of relatively stiff material is sealed against the
plastic foil at the face of the foil which is opposite from the direction in which the recesses
were formed. As a result, the tablets or capsules are sealed in the recesses between the plastic
foil and the sheet. Preferably the strength of the sheet is such that the tablets or capsules can be
removed from the blister pack by manually applying pressure on the recesses whereby an
opening is formed in the sheet at the place of the recess. The tablet or capsule can then be
removed by said opening.
[00160] It may be desirable to provide a memory aid on the kit, e.g., in the form of
numbers next to the tablets or capsules whereby the numbers correspond with the days of the
regimen which the tablets or capsules so specified should be ingested. Another example of such
a memory aid is a calendar printed on the card, ¢.g., as follows "First Week, Monday, Tuesday,
.etc . .. Second Week, Monday, Tuesday, . . . " etc. Other variations of memory aids will be
readily apparent. A "daily dose" can be a single tablet or capsule or several pills or capsules to
be taken on a given day. Also, a daily dose of a compound of the present invention can consist
of one tablet or capsule, while a daily dose of the second compound can consist of several
tablets or capsules and vice versa. The memory aid should reflect this and aid in correct
administration of the active agents.
[00161] In another specific embodiment of the invention, a dispenser designed to
dispense the daily doses one at a time in the order of their intended use is provided. Preferably,
the dispenser is equipped with a memory-aid, so as to further facilitate compliance with the
regimen. An example of such a memory-aid is a mechanical counter which indicates the
number of daily doses that has been dispensed. Another example of such a memory-aid is a
battery-powered micro-chip memory coupled with a liquid crystal readout, or audible reminder
signal which, for example, reads out the date that the last daily dose has been taken and/or

reminds one when the next dose is to be taken.
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[00162] The compounds of the present invention and other pharmaceutically active
compounds, if desired, can be administered to a patient either orally, rectally, parenterally, (for
example, intravenously, intramuscularly, or subcutaneously) intracisternally, intravaginally,
intraperitoneally, intravesically, locally (for example, powders, ointments or drops), or as a
buccal or nasal spray. All methods that are used by those skilled in the art to administer a
pharmaceutically active agent are contemplated.

[00163] Compositions suitable for parenteral injection may comprise physiologically
acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions, or emulsions, and
sterile powders for reconstitution into sterile injectable solutions or dispersions. Examples of
suitable aqueous and nonaqueous carriers, diluents, solvents, or vehicles include water, ethanol,
polyols (propylene glycol, polyethylene glycol, glycerol, and the like), suitable mixtures
thereof, vegetable oils (such as olive oil) and injectable organic esters such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use of
surfactants.

[00164] These compositions may also contain adjuvants such as preserving, wetting,
emulsifying, and dispersing agents. Microorganism contamination can be prevented by adding
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, and the like. It may also be desirable to include isotonic agents, for example,
sugars, sodium chloride, and the like. Prolonged absorption of injectable pharmaceutical
compositions can be brought about by the use of agents delaying absorption, for example,
aluminum monostearate and gelatin.

[00165] Solid dosage forms for oral administration include capsules, tablets, powders,
and granules. In such solid dosage forms, the active compound is admixed with at least one
inert customary excipient (or carrier) such as sodium citrate or dicalcium phosphate or (a)
fillers or extenders, as for example, starches, lactose, sucrose, mannitol, and silicic acid; (b)
binders, as for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone,
sucrose, and acacia; (¢) humectants, as for example, glycerol; (d) disintegrating agents, as for
example, agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain complex
silicates, and sodium carbonate; (a) solution retarders, as for example, paraffin; (f) absorption
accelerators, as for example, quatemary ammonium compounds; wetting agents, as for
example, cetyl alcohol and glycerol monostearate; (h) adsorbents, as for example, kaolin and

bentonite; and (i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid
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polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the case of capsules, and
tablets, the dosage forms may also comprise buffering agents.

[00166] Solid compositions of a similar type may also be used as fillers in soft and hard
filled gelatin capsules using such excipients as lactose or milk sugar, as well as high molecular
weight polyethylene glycols, and the like.

[00167] Solid dosage forms such as tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells, such as enteric coatings and others well known in the art.
They may also contain opacifying agents, and can also be of such composition that they release
the active compound or compounds in a certain part of the intestinal tract in a delayed manner.
Examples of embedding compositions that can be used are polymeric substances and waxes.
The active compounds can also be in micro-encapsulated form, if appropriate, with one or more
of the above-mentioned excipients.

[00168] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, and elixirs. In addition to the active compounds, the
liquid dosage form may contain inert diluents commonly used in the art, such as water or other
solvents, solubilizing agents and emulsifiers, as for example, ethyl alcohol, isopropyl alcohol,
cthyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene
glycol, dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn germ oil,
olive oil, castor oil, and sesame seed oil, glycerol, tetrahydrofurfuryl alcohol, polyethylene
glycols and fatty acid esters of sorbitan, or mixtures of these substances, and the like.

[00169] Besides such inert diluents, the composition can also include adjuvants, such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming
agents. Suspensions, in addition to the active compound, may contain suspending agents, as for
example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, and tragacanth, or
mixtures of these substances, and the like.

[00170] Compositions for rectal administration are preferable suppositories, which can
be prepared by mixing the compounds of the present invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax, which are
solid at ordinary room temperature, but liquid at body temperature, and therefore, melt in the
rectum or vaginal cavity and release the active component.

[00171] Dosage forms for topical administration of a compound of the present invention

include ointments, powders, sprays and inhalants. The active compound or fit compounds are

30



WO 2015/051043 PCT/US2014/058699

admixed under sterile condition with a physiologically acceptable carrier, and any
preservatives, buffers, or propellants that may be required. Opthalmic formulations, eye
ointments, powders, and solutions are also contemplated as being within the scope of this
invention.

[00172] The compounds of the present invention can be administered to a patient at
dosage levels in the range of about 0.1 to about 3,000 mg per day. For a normal adult human
having a body weight of about 70 kg, a dosage in the range of about 0.01 to about 100 mg per
kilogram body weight is typically sufficient. The specific dosage and dosage range that can be
used depends on a number of factors, including the requirements of the patient, the severity of
the condition or disease being treated, and the pharmacological activity of the compound being
administered. The determination of dosage ranges and optimal dosages for a particular patient
is within the ordinary skill in the art.

[00173] The compounds of the present invention can be administered as
pharmaceutically acceptable salts, cocrystyals, esters, amides or prodrugs. The term "salts"
refers to inorganic and organic salts of compounds of the present invention. The salts can be
prepared in situ during the final isolation and purification of a compound, or by separately
reacting a purified compound in its free base or acid form with a suitable organic or inorganic
base or acid and isolating the salt thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, palmitiate, stearate, laurate, borate,
benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate,
naphthylate, mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts, and the like.
The salts may include cations based on the alkali and alkaline earth metals, such as sodium,
lithium, potassium, calcium, magnesium, and the like, as well as non-toxic ammonium,
quaternary ammonium, and amine cations including, but not limited to, ammonium,
tetramethylammonium, tetracthylammonium, methylamine, dimethylamine, trimethylamine,
triethylamine, ethylamine, and the like. See, for example, S. M. Berge, et al., "Pharmaceutical
Salts," J Pharm Sci, 66: 1-19 (1977).

[00174] Examples of pharmaceutically acceptable esters of the compounds of the present
invention include C;-Cs alkyl esters. Acceptable esters also include Cs-C; cycloalkyl esters, as
well as arylalkyl esters such as benzyl. C;-C, alkyl esters are commonly used. Esters of
compounds of the present invention may be prepared according to methods that are well known

in the art.
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[00175] Examples of pharmaceutically acceptable amides of the compounds of the
present invention include amides derived from ammonia, primary C;-Cs alkyl amines, and
secondary C;-Cs dialkyl amines. In the case of secondary amines, the amine may also be in the
form of a 5 or 6 membered heterocycloalkyl group containing at least one nitrogen atom.
Amides derived from ammonia, C;-Cs primary alkyl amines and C;-C; dialkyl secondary
amines are commonly used. Amides of the compounds of the present invention may be
prepared according to methods well known to those skilled in the art.

[00176] The term "prodrug” means compounds that are transformed in vivo to yield a
compound of the present invention. The transformation may occur by various mechanisms,
such as through hydrolysis in blood. A discussion of the use of prodrugs is provided by T.
Higuchi and W. Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche,
American Pharmaceutical Association and Pergamon Press, 1987.

[00177] To illustrate, if the compound of the invention contains a carboxylic acid
functional group, a prodrug can comprise an ester formed by the replacement of the hydrogen
atom of the acid group with a group such as (C,-Cs alkyl, (C,-C1;)alkanoyloxymethyl, 1-
(alkanoyloxy)ethyl having from 4 to 9 carbon atoms, 1-methyl-1-(alkanoyloxy)ethyl having
from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-
(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-(alkoxycarbonyl)aminomethyl
having from 3 to 9 carbon atoms, 1-(N-(alkoxycarbonyl)aminomethyl having from 4 to 10
carbon atoms, 3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C;-
C,)alkylamino(C,-Cs)alkyl (such as B-dimethylaminoethyl), carbamoyl-(C;-C;)alkyl, N,N-
di(C;-Cy)alkylcarbamoyl-(C;-Cy)alkyl and piperidino-, pyrrolidino- or morpholino(C;-3)alkyl.
[00178] Similarly, if a compound of the present invention comprises an alcohol
functional group, a prodrug can be formed by the replacement of the hydrogen atom of the
alcohol group with a group such as (C;-Cs)alkanoyloxymethyl, 1-((C;-Cs)alkanoyloxy)ethyl, 1-
methyl-1-((C;-Cs)alkanoyloxy)ethyl, (C;-Cg)alkoxycarbonyloxymethyl, N-(C;-
Ce)alkoxycarbonylaminomethyl, succinoyl, (C,-Cg)alkanoyl, a-amino(C,-Cy4)alkanoyl, arylacyl
and o-aminoacyl, or a-aminoacyl-a-aminoacyl, where each a-aminoacyl group is independently
selected from the naturally occurring L-amino acids, —P(O)(OH),, —P(O)(O(C,;-Cs)alkyl), or
glycosyl (the radical resulting from the removal of a hydroxyl group of the hemiacetal form of

a carbohydrate).
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[00179] In addition, if a compound of the present invention comprises a sulfonamide
moiety, a prodrug can be formed by replacement of the sulfonamide N(H) with a group such as

-CHzP(O)(O(Cl-C6)alkyl)2 or -CHzOC(O)(Cl-C6)alkyl.

[00180] The compounds of the present invention also include tautomeric forms of
prodrugs.
[00181] The compounds of the present invention may contain asymmetric or chiral

centers, and therefore, exist in different stereoisomeric forms. It is contemplated that all
stereoisomeric forms of the compounds as well as mixtures thereof, including racemic
mixtures, form part of the present invention. In addition, the present invention contemplates all
geometric and positional isomers. For example, if the compound contains a double bond, both
the cis and trans forms (designated as S and E, respectively), as well as mixtures, are
contemplated.

[00182] Mixture of stereoisomers, such as diastereomeric mixtures, can be separated into
their individual stereochemical components on the basis of their physical chemical differences
by known methods such as chromatography and/or fractional crystallization. Enantiomers can
can also be separated by converting the enantiomeric mixture into a diasteromeric mixture by
reaction with an appropriate optically active compound (e.g., an alcohol), separating the
diastercomers and converting (e.g., hydrolyzing) the individual diastercomers to the
corresponding pure enantiomers. Also, some compounds may be atropisomers (e.g., substituted
biaryls that are steoisomeric due to hindered rotation around a bond).

[00183] The compounds of the present invention may exist in unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water (hydrate), ethanol, and
the like. The present invention contemplates and encompasses both the solvated and unsolvated
forms.

[00184] Those skilled in the art will recognize that the compound names and structures
contained herein may be based on a particular tautomer of a compound. While the name or
structure for only a particular tautomer may be used, it is intended that all tautomers are
encompassed by the present invention, unless stated otherwise.

[00185] It is also intended that the present invention encompass compounds that are
synthesized in vitro using laboratory techniques, such as those well known to synthetic
chemists; or synthesized using in vivo techniques, such as through metabolism, fermentation,
digestion, and the like. It is also contemplated that the compounds of the present invention may

be synthesized using a combination of in vitro and in vivo techniques.
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[00186] The present invention also includes isotopically-labelled compounds, which are
identical to those recited herein, but for the fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the atomic mass or mass number usually
found in nature. Examples of isotopes that can be incorporated into compounds of the invention
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine,
such as 2H, SH, 13C, 14C, 15N, 16O, 17O, 31P, SZP, 35S, 18F, and *°Cl. In another aspect, the
compounds of the present invention contain one or more deuterium atoms (2H) in place of one
or more hydrogen atoms.

[00187] Compounds of the present invention that contain the aforementioned isotopes
and/or other isotopes of other atoms are within the scope of this invention. Certain isotopically-
labelled compounds of the present invention, for example those into which radioactive isotopes
such as *H and '*C are incorporated, are useful in drug and/or substrate tissue distribution
assays. Tritiated, i.e., SH, and carbon-14, i.e., 14C, isotopes are particularly preferred for their
case of preparation and detection. Further, substitution with heavier isotopes such as deuterium,
i.c., °H, can afford certain therapeutic advantages resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage requirements and, hence, may be
preferred in some circumstances. Isotopically labelled compounds of this invention can
generally be prepared by substituting a readily available isotopically labelled reagent for a non-
isotopically labelled reagent.

[00188] The compounds of the present invention may exist in various solid states
including crystalline states and as an amorphous state. The different crystalline states, also
called polymorphs, and the amorphous states of the present compounds are contemplated as
part of this invention.

[00189] In synthesizing compounds of the present invention, it may be desirable to use
certain leaving groups. The term “leaving groups” (“LG”) generally refer to groups that are
displaceable by a nucleophile. Such leaving groups are known in the art. Examples of leaving
groups include, but are not limited to, halides (e.g., I, Br, F, CI), sulfonates (e.g., mesylate,
tosylate), sulfides (e.g., SCH3), N-hydroxysuccinimide, N-hydroxybenzotriazole, and the like.
Examples of nucleophiles include, but are not limited to, amines, thiols, alcohols, Grignard
reagents, anionic species (e.g., alkoxides, amides, carbanions) and the like.

[00190] All patents and other publications recited herein are hereby incorporated by

reference in their entirety.

34



WO 2015/051043 PCT/US2014/058699

[00191] The examples presented below illustrate specific embodiments of the present
invention. These examples are meant to be representative and are not intended to limit the
scope of the claims in any manner.

[00192] It is noted that when a percent (%) is used with regard to a liquid, it is a percent
by volume with respect to the solution. When used with a solid, it is the percent with regard to
the solid composition. Materials obtained from commercial suppliers were typically used
without further purification. Reactions involving air or moisture sensitive reagents were
typically performed under a nitrogen or argon atmosphere. Purity was measured using high
per