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AROMATIC COMPOUNDS AND USES THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of U.S. Provisional Application No.
62/131,793, filed on March 11, 2015, and U. S. Provisional Application No. 62/131,809, filed

on March 11, 2015, each incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[002] This invention was in part funded by a grant from Cancer Prevention Research
Institute of Texas (Grant number R1009).
[003] An adequate supply of oxygen to tissues is essential in maintaining
mammalian cell function and physiology. A deficiency in oxygen supply to tissues is a
characteristic of a number of pathophysiologic conditions in which there is insufficient blood
flow to provide adequate oxygenation, for example, ischemic disorders, cancer, and
atherosclerosis. The hypoxic (low oxygen) environment of tissues activates a signaling
cascade that drives the induction or repression of the transcription of a multitude of genes
implicated in events such as angiogenesis (neo-vascularization), glucose metabolism, and cell
survival/death. A key to this hypoxic transcriptional response lies in the transcription factor,
the hypoxia-inducible factors (HIF). HIFs are overexpressed in a vast array of cancers
through hypoxia-dependent and independent mechanisms and expression is associated with
poor patient prognosis.
[004] HIFs consist of an oxygen-sensitive HIFa subunit and constitutively expressed
HIF subunit. When HIFs are activated, the HIFa and HIF( subunits assemble a functional
heterodimer (the o subunit heterodimerizes with the § subunit). Both HIFo and HIF have
two identical structural characteristics, a basic helix-loop-helix (P HLH) and PAS domains
(PAS is an acronym referring to the first proteins, PER, ARNT, SIM, in which this motif was
identified). There are three human HIFa subunits (HIF-1a, HIF-2a, and HIF-3a) that are
oxygen sensitive. Among the three subunits, HIF-1a is the most ubiquitously expressed and
induced by low oxygen concentrations in many cell types. HIF-2a is highly similar to HIF-1a
in both structure and function, but exhibits more restricted tissue-specific expression, and
might also be differentially regulated by nuclear translocation. HIF-3a also exhibits
conservation with HIF-la. and HIF-2a in the HLH and PAS domains. HIFp (also referred to as
ARNT - Aryl Hydrocarbon Receptor Nuclear Translocator), the dimerization partner of the

HIFa subunits, is constitutively expressed in all cell types and is not regulated by oxygen
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concentration.
SUMMARY OF THE INVENTION
[005] The present disclosure addresses a need in the art by providing HIF-2q,
inhibitors as described herein.
[006] In one aspect, the present invention provides a compound of Formula I'V:
R2
R“ZN)\/EFQ
xR
Formula IV

2

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CR® or N;

Y is CR® or N;

Zis 0, S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, acyl or
cyano;

R? is nitro, carboxaldehyde, carboxyl, ester, amido, cyano, halo, sulfonyl,
alkyl, alkenyl, alkynyl or heteroalkyl;

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino,
carboxaldehyde, carboxylic acid, oxime, ester, amido or acyl; or R? and R’ taken together
form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or
alkoxy,

wherein for a compound or salt of Formula IV, when Z is O, R' is alkyl,
heteroalkyl, cycloalkyl, or heterocycloalkyl.

[007] In one aspect, the present disclosure provides a compound of Formula I:
R2
I ﬁ R®
S R
Formula I
or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CR® or N;
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Y is CR® or N;

Zis S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, acyl or
cyano,

R? is nitro, carboxaldehyde, carboxyl, ester, amido, cyano, halo, sulfonyl,
alkyl, alkenyl, alkynyl or heteroalkyl;

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino,
carboxaldehyde, carboxylic acid, oxime, ester, amido or acyl; or R? and R’ taken together
form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or

alkoxy.
[008] In another aspect, the disclosure provides a compound of Formula I-A:
R2
Rg\(ﬁ/ z jl)\IR?’
| w7 RS,

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CR® or N;

Y is CR® or N;

Zis S, CHR’, NR® or absent;

R? is nitro, carboxaldehyde, carboxylic acid, ester, amido, cyano, halo,
sulfonyl or alkyl,

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino, oxime
or acyl; or R? and R” taken together form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl;

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or

alkoxy.
W'is N or CR";
R’ is cyano, halo, alkyl or alkoxy; and
R'? is hydrogen, cyano, halo, alkyl or alkoxy.
[009] In another aspect, the disclosure provides a compound of Formula I-B:
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"z L R®
X
S Re

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CR® or N;

Y is CR® or N;

Zis S, CHR’, NR® or absent;

R? is nitro, carboxaldehyde, carboxylic acid, ester, amido, cyano, halo,
sulfonyl or alkyl,

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino, oxime
or acyl; or R? and R” taken together form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl;

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or

alkoxy.

R® is hydrogen, cyano, halo, alkyl or alkoxy; and

n’is0, 1,2, 3 or 4.
[010] In yet another aspect, the invention provides a compound of Formula IV-C:

s
R1 z R
R*
Formula IV-C,

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis 0, S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;

R' is hydrogen, hydroxy, alkoxy or amino;

R'? is hydrogen, alkyl, alkenyl or alkynyl; or R'' and R'” in combination form
0XO Or OXime;

each of R is independently selected from the group consisting of hydrogen,
fluoro, chloro, hydroxy, alkyl and heteroalkyl; or two R"’s and the carbon atom(s) to which

they are attached form a 3- to 8-membered cycloalkyl or heterocycloalkyl moiety; and
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nis0, 1,2, 3 or4,
wherein for a compound or salt of Formula IV-C, when Z is O, R" is alkyl,

heteroalkyl, cycloalkyl or heterocycloalkyl.

[011] In yet another aspect, the disclosure provides a compound of Formula I-C:
Ry
R'I 2
R1 A R'I 1
R4

2

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R*is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;

R' is hydrogen, hydroxy, alkoxy or amino;

R'? is hydrogen, alkyl, alkenyl or alkynyl; or R'' and R'” in combination form
0XO Or OXime;

each of R is independently selected from the group consisting of hydrogen,
fluoro, chloro, hydroxy, alkyl and heteroalkyl; or two R"’s and the carbon atom(s) to which
they are attached form a 3- to 8-membered cycloalkyl or heterocycloalkyl moiety; and

nis 0, 1,2, 3 or 4.
[012] In some embodiments of compounds of Formula I-C or IV-C, R" is alkyl. In
some embodiments, R' is cycloalkyl or heterocycloalkyl, such as cyclobutyl or cyclohexyl. In
some embodiments, said cycloalkyl is selected from cyclobutyl, cyclopentyl, and cyclohexyl.
In some embodiments, R'is phenyl, monocyclic heteroaryl or bicyclic heteroaryl. In some
embodiments, R'is phenyl or pyridyl. In some embodiments, R' is substituted with at least
one substituent selected from the group consisting of halo, C,-C4 alkyl, C;-C, alkoxy and
cyano. In some embodiments, R' is substituted with at least one fluoro.
[013] In still other embodiments of compounds of Formula I-C or IV-C, R* is cyano,
fluoroalkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl. In other embodiments, R* is
fluoroalkyl or fluoroalkylsulfonyl. In some embodiments, R* is selected from the group
consisting of -CF3, -CN, -S(=0)CH3, -S(=0),CHj3, -S(=0),CH,F, -S(=0),CHF,, and -
S(=0),CFs. In some other embodiments, R'' is hydroxy or amino. In further embodiments,

R' is hydroxy. In yet other embodiments, R'* is hydrogen. In yet another embodiment, R" is
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fluoroandnis 1, 2 or 3.

[014] In some embodiments of compounds of Formula I-C or IV-C, R*is cyano,
fluoroalkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl; R" is hydroxy or amino; and
R"%is hydrogen. In still another embodiment, R*is fluoroalkyl; nis O, 1, 2 or 3; R'is
hydroxy; and R is hydrogen. In yet another embodiment, R* is sulfonyl or
fluoroalkylsulfonyl; nis 0, 1, 2 or 3; R'' is hydroxy; and R'? is hydrogen. In a further
embodiment, R' is phenyl, pyridyl, cycloalkyl or heterocycloalkyl. In some embodiments, R"?
is fluoro and n is 1, 2 or 3. In some embodiments, Z is O; R' is cycloalkyl or alkyl; R* is
sulfonyl, fluoroalkyl, halo, or cyano; R'is hydroxy; RYZis hydrogen; RYis fluoro; and nis 1,
2,0r3.

[015] In some other embodiments of compounds of Formula I-C or IV-C, Z is O. In
yet another embodiment, Z is S. In some embodiments, Z is NR®. In another embodiment, Z
is CHR’. In some embodiments, Z is absent.

[016] In still another aspect, the invention provides a compound of Formula IV-D,

IV-E, IV-F or IV-G:

F F E F F = F
2 R11 2 R11 Z R11 2 R11
R! R! R' R!
R4 R4 R4 R4
IV-D . . .

IV-E IV-F V-G

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis 0, S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;
and

R is hydrogen, hydroxy, alkoxy or amino,

wherein for a compound or salt of Formula IV-D, IV-E, IV-F or IV-G, when Z
is O, R' is alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl.
[017] In still another aspect, the disclosure provides a compound of Formula I-D, I-E,

I-F or I-G:
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F

R4 R4 R4 R4
I-D . I-E , I-F , -G

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;

and

R' is hydrogen, hydroxy, alkoxy or amino.
[018] In a further aspect, the invention provides a compound of Formula I'V-H, IV-I,
IV-J or IV-K:

F e F Fe T_F E F
e e e e
R* R* R* R*
IVH s V-1 s V-] s IVK

2

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis 0, S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;
and

R'" is hydroxy or amino,

wherein for a compound or salt of Formula IV-H, IV-I, IV-]J or IV-K, when Z
is O, R' is alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl.
[019] In a further aspect, the disclosure provides a compound of Formula I-H, I-1, I-J
or [-K:
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I-H

R4 R4 R4 R4

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;
R*is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,

sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and

and

[020]
[021]

of Formula II:

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;

R'" is hydroxy or amino.
In another aspect, the disclosure provides a compound of Formula II:

In one aspect, the present disclosure provides a compound having the structure

e (Rz)n
/O R3
R4 Ry
Rs
Re
Formula II,

or a pharmaceutically acceptable salt thereof, wherein:

nis 1, 2, 3 or 4;

R, is cycloalkyl, alkyl, heteroalkyl or heterocycloalkyl,

each of R; is hydrogen, alkyl, hydroxy, or halo; or two R;s and the atom(s) to

which they are attached form a 3-8 membered cycloalkyl or heterocycloalkyl moiety;

Rs is alkyl, hydrogen, or deuterium and Ry is hydroxy, fluoro, alkylamino,

alkoxy, amino, cyano, or amide; or R3 and R4 in combination form oxo or oxime;

Rs is sulfonyl, sulfonamidyl, sulfinyl, sulfoximinyl, nitro, amide, halo, cyano,

alkyl, or cycloalkyl; and Re1s hydrogen, halo, or alkyl.

[022]

In some embodiments of compounds of Formula II, R, is alkyl. In some

embodiments, said alkyl is substituted with at least one substituent selected from the group

consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In some embodiments, said alkyl

is substituted with at least one fluoro.
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[023] In some embodiments of compounds of Formula II, R; is cycloalkyl, such as
cyclobutyl, cyclopentyl or cyclohexyl. In some embodiments, said cyclobutyl, cyclopentyl or
cyclohexyl is substituted with at least one substituent selected from the group consisting of
halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In some embodiments, said cyclobutyl,
cyclopentyl or cyclohexyl is substituted with at least one fluoro.

[024] In some embodiments of compounds of Formula I, nis 1, 2, or 3. In some
embodiments, R, is fluoro. In some embodiments, R; is hydrogen. In some embodiments, R4
is hydroxy. In some embodiments, Rs is sulfonyl, alkyl, halo, or cyano. In some embodiments,
Rsis selected from the group consisting of —CF3, —CN, —S(=0)CH3, —S(=0),CH3, —
S(=0),CHyF, —S(=0),CHF,, and —S(=0),CF3. In some embodiments, R¢ 1s hydrogen.
[025] In some embodiments of compounds of Formula II, R, is cycloalkyl or alkyl; n
is 1, 2, or 3; R, is fluoro; Rj is hydrogen; Ry is hydroxy; Rs is sulfonyl, fluoroalkyl, halo, or
cyano; and Rg is hydrogen. In some embodiments, Rsis sulfonyl, such as —S(=0),CHj3. In

some embodiments, Rsis fluoroalkyl, such as —CF3.

[026] In another aspect, the disclosure provides a compound having one of the
formulae:
R TF F F F
Rj Rs R3 Rs
R, ~° Rs g,-© Re g0 Ry RO R4
Rs Rs Rs Rs
RG RG Re 5]
lla lb lic Iid

or a pharmaceutically acceptable salt thereof, wherein:

R, is cycloalkyl, alkyl, heteroalkyl or heterocycloalkyl;

Rs is alkyl, hydrogen, or deuterium and Ry is hydroxy, fluoro, alkylamino,
alkoxy, amino, cyano, or amide; or R3 and R4 in combination form oxo or oxime;

Rs is sulfonyl, sulfonamidyl, sulfinyl, sulfoximinyl, nitro, amide, halo, cyano,
alkyl, or cycloalkyl; and R is hydrogen, halo, or alkyl.
[027] In another aspect, the present disclosure provides a compound having one of

the formulae:
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Illa llib lllc lid

or a pharmaceutically acceptable salt thereof, wherein:

R, is cycloalkyl, alkyl, heteroalkyl or heterocycloalkyl;

R3 is hydrogen and Ry is hydroxy, alkylamino, alkoxy, amino, or fluoro; or Rs3
and R4 in combination form oxo or oxime; and

Rs is sulfonyl, sulfinyl, sulfonamidyl, sulfoximinyl, nitro, amide, halo, cyano,
alkyl, or cycloalkyl.
[028] In some embodiments of compounds of Formula Ila, IIb, Ilc, I1d, IlTa, IIIb,
IMIc or II1d, R, is cycloalkyl, such as cyclobutyl, cyclopentyl or cyclohexyl. In some
embodiments, said cyclobutyl, cyclopentyl or cyclohexyl is substituted with at least one
fluoro. In some embodiments, R; is hydrogen. In some embodiments, R4 is hydroxy. In some
embodiments, Rs is sulfonyl, fluoroalkyl, halo, or cyano. In some embodiments, R; is alkyl or
cycloalkyl; Rs is hydrogen; R is hydroxy; and Rs is sulfonyl, fluoroalkyl, halo, or cyano.
[029] In yet another aspect, the present disclosure provides a pharmaceutical
composition comprising a compound disclosed herein and a pharmaceutically acceptable
carrier.
[030] In still yet another aspect, the present disclosure provides a method for
inhibiting HIF-2a signaling output, comprising contacting HIF-2a with an effective amount
of a compound disclosed herein.
[031] In another aspect, the present disclosure provides a method for inhibiting HIF-
2a, comprising contacting HIF-2a with an effective amount of a compound disclosed herein,
wherein inhibition of HIF-2a is evidenced by a reduction of one or more biological effects
selected from the group consisting of heterodimerization of HIF-2a to ARNT, HIF-2a target
gene expression, VEGF gene expression, VEGF protein secretion, and the mRNA level of a
HIF-2a-regulated gene.
[032] In yet another aspect, the present disclosure provides a method for inhibiting
HIF-2a, comprising contacting HIF-2a with an effective amount of a compound disclosed
herein, thereby reducing the heterodimerization of HIF-2a to ARNT but not
heterodimerization of HIF-1a to ARNT.

-10 -
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[033] In practicing any of the methods described herein, the step of contacting may
further comprise contacting a cell that expresses HIF-2a.. In some other embodiments, the
method further comprises administering a second therapeutic agent to the cell. In other
embodiments, the contacting step of the method may take place in vivo. In another
embodiment, the contacting step of the method may take place in vitro.

[034] In some other aspects, the present disclosure provides a method for treating a
condition associated with HIF-2a, comprising administering to a subject in need thereof an
effective amount of a compound disclosed herein. In some embodiments, the present
disclosure provides a method for treating a neoplastic condition in a subject, comprising
administering to said subject a therapeutically effective amount of a pharmaceutical
composition of a compound disclosed herein. In some embodiments, a method for treating
renal cell carcinoma (RCC) in a subject, comprising administering to said subject a
therapeutically effective amount of a pharmaceutical composition of a compound disclosed
herein, is provided. In a further embodiment, said subject may be a human. In yet another
embodiment, said renal cell carcinoma may be clear cell renal cell carcinoma (¢ccRCC).
[035] In certain aspects, the present disclosure provides a method of treating von
Hippel-Lindau (VHL) disease, comprising administering to a subject in need thereof an
effective amount of a compound described herein.

[036] In still another aspect, the present disclosure provides a kit comprising a
pharmaceutical composition of a compound disclosed herein and instructions for using the

composition to treat a subject suffering from renal cell carcinoma.

INCORPORATION BY REFERENCE
[037] All publications, patents and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each individual
publication, patent or patent application was specifically and individually indicated to be

incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[038] Figure 1 shows treatment of renal cell carcinoma 786-O xenograft bearing
mice at 0 mg/kg (denoted as “Vehicle”) and 3 mg/kg of Compound 95 six times each at 12
hour intervals. Figure 1 shows that Compound 95 treatment of renal cell carcinoma 786-O

xenograft bearing mice reduced the mRNA levels of HIF-2a-regulated genes (PAIL, CCNDI,

-11 -
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VEGFA, and GLUT1) in tumor. Compound 95 had no significant effect on the mRNA level
of non-HIF-2a-regulated gene (PGK1).

[039] Figure 2 shows human VEGF plasma levels of 786-O xenograft bearing mice
after treating at O mg/kg (denoted as “Vehicle”) and 3 mg/kg of Compound 95 six times each
at 12 hour intervals. Figure 2 shows that Compound 95 treatment of 786-O xenograft
bearing mice reduced the plasma level of human VEGFA.

[040] Figure 3 shows treatment of 786-O xenograft bearing mice at 0 mg/kg
(denoted as “Vehicle”), 1 mg/kg, 3 mg/kg, and 10 mg/kg of Compound 95 QD (once a day)
for 28 days. Figure 3 shows that Compound 95 treatment of 786-0 xenograft bearing mice

as a single agent led to tumor growth inhibition and regression.

DETAILED DESCRIPTION OF THE INVENTION
[041] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the appended claims define the scope
of the invention and that methods and structures within the scope of these claims and their
equivalents be covered thereby.
[042] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as is commonly understood by one of skill in the art to which this
invention belongs. All patents and publications referred to herein are incorporated by
reference.
[043] As used in the specification and claims, the singular form “a”, “an” and “the”
includes plural references unless the context clearly dictates otherwise.
[044] As used herein, “agent” or “biologically active agent” refers to a biological,
pharmaceutical, or chemical compound or other moiety. Non-limiting examples include a
simple or complex organic or inorganic molecule, a peptide, a protein, an oligonucleotide, an
antibody, an antibody derivative, antibody fragment, a vitamin derivative, a carbohydrate, a
toxin, or a chemotherapeutic compound. Various compounds can be synthesized, for example,
small molecules and oligomers (e.g., oliopeptides and oligonucleotides), and synthetic
organic compounds based on various core structures. In addition, various natural sources can

provide compounds for screening, such as plant or animal extracts, and the like. A skilled
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artisan can readily recognize that there is no limit as to the structural nature of the agents of
the present disclosure.

[045] The terms “antagonist” and “inhibitor” are used interchangeably, and they
refer to a compound having the ability to inhibit a biological function of a target protein,
whether by inhibiting the activity or expression of the target protein. Accordingly, the terms
“antagonist” and “inhibitors” are defined in the context of the biological role of the target
protein. While preferred antagonists herein specifically interact with (e.g., bind to) the target,
compounds that inhibit a biological activity of the target protein by interacting with other
members of the signal transduction pathway of which the target protein is a member are also
specifically included within this definition. A preferred biological activity inhibited by an
antagonist is associated with the development, growth, or spread of a tumor, or an undesired
immune response as manifested in autoimmune disease.

[046] The term “cell proliferation” refers to a phenomenon by which the cell number
has changed as a result of division. This term also encompasses cell growth by which the cell
morphology has changed (e.g., increased in size) consistent with a proliferative signal.

2%

[047] The terms “co-administration,” “administered in combination with,” and their
grammatical equivalents, encompass administration of two or more agents to an animal so
that both agents and/or their metabolites are present in the animal at the same time. Co-
administration includes simultaneous administration in separate compositions, administration
at different times in separate compositions, or administration in a composition in which both
agents are present.

[048] The term "effective amount" or "therapeutically effective amount" refers to
that amount of a compound described herein that is sufficient to effect the intended
application including but not limited to disease treatment, as defined below. The
therapeutically effective amount may vary depending upon the intended application (in vifro
or in vivo), or the subject and disease condition being treated, e.g., the weight and age of the
subject, the severity of the disease condition, the manner of administration and the like,
which can readily be determined by one of ordinary skill in the art. The term also applies to a
dose that will induce a particular response in target cells, e.g., reduction of platelet adhesion
and/or cell migration. The specific dose will vary depending on the particular compounds
chosen, the dosing regimen to be followed, whether it is administered in combination with
other compounds, timing of administration, the tissue to which it is administered, and the
physical delivery system in which it is carried.

[049] As used herein, the terms “treatment”, “treating”, “palliating” and
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“ameliorating” are used interchangeably. These terms refer to an approach for obtaining
beneficial or desired results including, but are not limited to, therapeutic benefit and/or a
prophylactic benefit. By therapeutic benefit is meant eradication or amelioration of the
underlying disorder being treated. Also, a therapeutic benefit is achieved with the eradication
or amelioration of one or more of the physiological symptoms associated with the underlying
disorder such that an improvement is observed in the patient, notwithstanding that the patient
can still be afflicted with the underlying disorder. For prophylactic benefit, the
pharmaceutical compositions may be administered to a patient at risk of developing a
particular disease, or to a patient reporting one or more of the physiological symptoms of a
disease, even though a diagnosis of this disease may not have been made.

[050] A “therapeutic effect,” as used herein, encompasses a therapeutic benefit
and/or a prophylactic benefit as described above. A prophylactic effect includes delaying or
eliminating the appearance of a disease or condition, delaying or eliminating the onset of
symptoms of a disease or condition, slowing, halting, or reversing the progression of a
disease or condition, or any combination thereof.

[051] The term "pharmaceutically acceptable" means that a chemical entity, such as
a compound, a carrier, an additive or a salt, is acceptable for being administrated to a subject.
[052] The term "pharmaceutically acceptable salt" refers to salts derived from a
variety of organic and inorganic counter ions well known in the art. Pharmaceutically
acceptable acid addition salts can be formed with inorganic acids and organic acids. Inorganic
acids from which salts can be derived include, for example, hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Organic acids from which salts
can be derived include, for example, acetic acid, propionic acid, glycolic acid, pyruvic acid,
oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-
toluenesulfonic acid, salicylic acid, and the like. Pharmaceutically acceptable base addition
salts can be formed with inorganic and organic bases. Inorganic bases from which salts can
be derived include, for example, sodium, potassium, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum, and the like. Organic bases from
which salts can be derived include, for example, primary, secondary, and tertiary amines,
substituted amines including naturally occurring substituted amines, cyclic amines, basic ion
exchange resins, and the like, specifically such as isopropylamine, trimethylamine,
diethylamine, triethylamine, tripropylamine, and ethanolamine. In some embodiments, the
pharmaceutically acceptable base addition salt is chosen from ammonium, potassium, sodium,

-14 -



WO 2016/144825 PCT/US2016/021060

calcium, and magnesium salts.
[053] The term "pharmaceutically acceptable carrier" or “pharmaceutically
acceptable excipient” includes any and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying agents and the like. The use of such
media and agents for pharmaceutically active substances is well known in the art. Except
insofar as any conventional media or agent is incompatible with the active ingredient, its use
in the therapeutic compositions of the disclosure is contemplated. Supplementary active
ingredients can also be incorporated into the compositions.
[054] The term “selective inhibition”or “selectively inhibit” as applied to a
biologically active agent refers to the agent’s ability to selectively reduce the target signaling
activity as compared to off-target signaling activity, via direct or indirect interaction with the
target.
[055] The term “subject” includes, but is not limited to, humans of any age group,
e.g., a pediatric subject (e.g., infant, child or adolescent) or adult subject (e.g., young adult,
middle-aged adult or senior adult)) and/or other primates (e.g., cynomolgus monkeys or
rhesus monkeys); mammals, including commercially relevant mammals such as cattle, pigs,
horses, sheep, goats, cats, and/or dogs; and/or birds, including commercially relevant birds
such as chickens, ducks, geese, quail, and/or turkeys. The methods described herein can be
useful in both human therapeutics and veterinary applications. In some embodiments, the
patient is a mammal, and in some embodiments, the patient is human.
[056] “Radiation therapy” or “radiation treatment” means exposing a patient, using
routine methods and compositions known to the practitioner, to radiation emitters such as
alpha-particle emitting radionucleotides (e.g., actinium and thorium radionuclides), low linear
energy transfer (LET) radiation emitters (e.g., beta emitters), conversion electron emitters
(e.g., strontium-89 and samarium-153-EDTMP), or high-energy radiation, including without
limitation x-rays, gamma rays, and neutrons.
[057] “Prodrug” is meant to indicate a compound that may be converted under
physiological conditions or by solvolysis to a biologically active compound described herein.
Thus, the term “prodrug” refers to a precursor of a biologically active compound that is
pharmaceutically acceptable. A prodrug may be inactive when administered to a subject, but
is converted in vivo to an active compound, for example, by hydrolysis. The prodrug
compound often offers advantages of solubility, tissue compatibility or delayed release in a
mammalian organism (see, e.g., Bundgard, H., Design of Prodrugs (1985), pp. 7-9, 21-24
(Elsevier, Amsterdam). A discussion of prodrugs is provided in Higuchi, T., et al., "Pro-drugs
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as Novel Delivery Systems," A.C.S. Symposium Series, Vol. 14, and in Bioreversible
Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical Association and
Pergamon Press, 1987, both of which are incorporated in full by reference herein. The term
“prodrug” is also meant to include any covalently bonded carriers, which release the active
compound 7n vivo when such prodrug is administered to a mammalian subject. Prodrugs of an
active compound, as described herein, may be prepared by modifying functional groups
present in the active compound in such a way that the modifications are cleaved, either in
routine manipulation or in vivo, to the parent active compound. Prodrugs include compounds
wherein a hydroxy, amino or mercapto group is bonded to any group that, when the prodrug
of the active compound is administered to a mammalian subject, cleaves to form a free
hydroxy, free amino or free mercapto group, respectively. Examples of prodrugs include, but
are not limited to, acetate, formate and benzoate derivatives of an alcohol or acetamide,
formamide and benzamide derivatives of an amine functional group in the active compound
and the like.
[058] The term “in vivo” refers to an event that takes place in a subject’s body.
[059] The term “in vitro” refers to an event that takes place outside of a subject’s
body. For example, an in vifro assay encompasses any assay run outside of a subject’s body.
Invitro assays encompass cell-based assays in which cells alive or dead are employed. /n
vitro assays also encompass a cell-free assay in which no intact cells are employed.
[060] The term "HIF-2a" refers to a monomeric protein that contains several
conserved structured domains: basic helix-loop-helix (b HLH), and two Per-ARNT-Sim
(PAS) domains designated PAS-A and PAS-B, in addition to C-terminal regulatory regions.
"HIF-2a" 1s also alternatively known by several other names in the scientific literature,
including Endothelial PAS Domain Protein 1 (EPAST1), HIF-2A, PASD2, HIF-2-Alpha, HIF-
2-Alpha, HLF, Hypoxia-Inducible Factor 2-Alpha, HIF-1alpha-Like Factor, and MOP2. As a
member of the bHLH/PAS family of transcription factors, "HIF-2a" forms an active
heterodimeric transcription factor complex by binding to the ARNT (also known as HIF-1p3)
protein through non-covalent interactions. In some embodiments, “HIF-20” may refer to a
fragment of the native protein. In some further embodiments, the fragment may include
residues 239 to 348 of the native protein sequence.
[061] The term “scintillation proximity assay” (SPA) refers to a homogeneous assay
in which light is emitted when a radiolabeled ligand is brought into close proximity to a
radiosensitive bead. The assay typically contains a target protein that contains a tag (e.g., His
Tag, Glutathione S-transferase Tag). The tag on the protein is used to bind the target protein
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to the scintillation bead. Radio-labeled ligand (e.g., labeled with tritium) that binds to the
protein is now in close proximity to the bead, and when the radio-label (e.g., tritium) decays,
the high energy particle hits the bead resulting in the emission of light that is detected by a
detector, such as photomultiplier tube or CCD camera. When unlabeled ligands or
compounds that bind to the protein are used in the assay, they displace the radio-labeled
ligand, resulting in loss of signal. For a general reference describing the assay, see Park, et al.
Analytical Biochemistry 269: 94-104, 1999.
[062] “HIF-2q activity” as used herein has its ordinary meaning in the art. HIF-2a,
activity, for example, includes activation of gene transcription mediated by HIF-2a.
[063] The term “inhibiting HIF-2a activity”, as used herein, refers to slowing,
reducing, altering, as well as completely eliminating and/or preventing HIF-2a. activity.
[064] The term “alkyl” refers to a straight or branched hydrocarbon chain radical
comprising carbon and hydrogen atoms, containing no unsaturation, and having from one to
ten carbon atoms (e.g., C1-C)o alkyl). Whenever it appears herein, a numerical range such as
“1 to 10” refers to each integer in the given range; e.g., “1 to 10 carbon atoms” means that the
alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up to and
including 10 carbon atoms, although the present definition also covers the occurrence of the
term “alkyl” where no numerical range is designated. In some embodiments, it is a C;-Cs
alkyl group. Typical alkyl groups include, but are in no way limited to, methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl,
septyl, octyl, nonyl, decyl, and the like. The alkyl is attached to the rest of the molecule by a
single bond, for example, methyl (Me), ethyl (Et), n-propyl, 1-methylethyl, (iso-propyl), n-
butyl, n-pentyl, 1,1-dimethylethyl (#-butyl), 3-methylhexyl, 2-methylhexyl, and the like.
Unless stated otherwise specifically in the specification, an alkyl group is optionally
substituted by one or more of substituents which independently are: alkyl, heteroalkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo, trimethylsilanyl,
—OR? —SR*, —OC(=0)R?, —OC(=0)OR?, —OC(=O)N(R™),, —N(R?),, —C(=0)OR?, —
C(=O)R", —C(=O)N(R");, —N(R")C(=0)OR", —N(R")C(=O)N(R")2, —NR)C(NR)N(R");,
—NRY)C(=0)R?, —N(R*)S(=0)R? (where t is 1 or 2), —N(R")S(=0)N(R?), (where tis 1 or
2), —S(=O0)R? (where tis 1 or 2), —S(=0){N(R?), (where t is 1 or 2), —PO;(R?),, —
OPOs;WY (where W and Y are independently hydrogen, methyl, ethyl, alkyl, lithium, sodium
or potassium) or —OPQ;Z (where Z is calcium, magnesium or iron), wherein each R* is
independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
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heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.

[065] The term “fluoroalkyl” refers to an alkyl group substituted with one or more
fluorine atoms. In some embodiments, it is a C;-C4 alkyl group substituted with one or more
fluorine atoms. Typical fluoroalkyl groups include, but are in no way limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH,F, —CHFCHj; and —CF,CH3.

[066] The term “alkenyl” refers to a straight or branched hydrocarbon chain radical
group comprising carbon and hydrogen atoms, containing at least one double bond, and
having from two to ten carbon atoms (i.e., C,-C;g alkenyl). Whenever it appears herein, a
numerical range such as “2 to 10” refers to each integer in the given range; e.g., “2 to 10
carbon atoms” means that the alkenyl group may contain 2 carbon atoms, 3 carbon atoms,
etc., up to and including 10 carbon atoms. In certain embodiments, an alkenyl comprises two
to eight carbon atoms (i.e., C,-Cg alkenyl). In other embodiments, an alkenyl comprises two
to five carbon atoms (i.e., C,-Cs alkenyl). The alkenyl is attached to the rest of the molecule
by a single bond, for example, ethenyl (i.e., vinyl), prop-1-enyl, but-1-enyl, pent-1-enyl,
penta-1,4-dienyl, and the like. Unless stated otherwise specifically in the specification, an
alkenyl group is optionally substituted by one or more of the following substituents: alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo,
trimethylsilanyl, —OR?, —SR?, —OC(=0)R?, —OC(=0)OR?, —OC(=0)N(R?),, —N(RY),
—C(=0)OR? —C(=0)R?, —C(=0)N(R"),, —NR*C(=0)OR?, —N(R*)C(=O)N(R™),, —
NRHC(NRH)N(R?),, —NRHC(=0)R?, —N(R*)S(=0)R* (where t is 1 or 2), —
N(RYHS(=0)N(RY), (where tis 1 or 2), —S(=0)R* (where tis 1 or 2), —S(=0)N(R?), (where
tis 1 or 2), —PO3(R"),, —OPO;WY (where W and Y are independently hydrogen, methyl,
ethyl, alkyl, lithium, sodium or potassium) or —OPQO3;Z (where Z is calcium, magnesium or
iron), wherein each R® is independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.

[067] The term “alkynyl” refers to a straight or branched hydrocarbon chain radical
group comprising carbon and hydrogen atoms, containing at least one triple bond, and having
from two to ten carbon atoms (i.e., C,-C alkynyl). In some embodiments, an alkynyl group
may contain one or more double bonds. Whenever it appears herein, a numerical range such
as “2 to 10” refers to each integer in the given range; e.g., “2 to 10 carbon atoms” means that
the alkynyl group may contain 2 carbon atoms, 3 carbon atoms, etc., up to and including 10
carbon atoms. In certain embodiments, an alkynyl comprises two to eight carbon atoms (i.e.,
C,-Cg alkynyl). In other embodiments, an alkynyl has two to five carbon atoms (i.e., C,-Cs
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alkynyl). The alkynyl is attached to the rest of the molecule by a single bond, for example,
ethynyl, propynyl, butynyl, pentynyl, hexynyl, and the like. Unless stated otherwise
specifically in the specification, an alkynyl group is optionally substituted by one or more of
the following substituents: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl,
trifluoromethoxy, nitro, oxo, thioxo, trimethylsilanyl, —OR? —SR? —OC(=0)R?, —
OC(=0)0R?, —OC(=0)N(R?);, —N(R%),, —C(=0)OR?, —C(=0)R?, —C(=O)N(R™),, —
NRHC(=0)OR?, —NRHC(=O)N(R?),, —NRHC(NR)N(R?),, —N(R")C(=0)R?, —
NRYHS(=0)R? (where tis 1 or 2), —N(R*)S(=O)N(R?), (where tis 1 or 2), —S(=0)R?
(where tis 1 or 2), —S(=0)N(R?), (where t is 1 or 2), —PO;(R?),, —OPO;WY (where W
and Y are independently hydrogen, methyl, ethyl, alkyl, lithium, sodium or potassium) or —
OPO;Z (where Z is calcium, magnesium or iron), wherein each R? is independently hydrogen,
alkyl, fluoroalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, heterocycloalkylalkyl, aryl,
aralkyl, heteroaryl or heteroarylalkyl.
[068] The term “aromatic” or “aryl” refers to an aromatic radical with six to ten ring
atoms (i.e., C¢-Cyo aromatic or C¢-Cyp aryl) which has at least one ring having a conjugated pi
electron system which is carbocyclic (e.g., phenyl, fluorenyl, and naphthyl). Whenever it
appears herein, a numerical range such as “6 to 10” refers to each integer in the given range;
e.g., “6to 10 ring atoms” means that the aryl group may consist of 6 ring atoms, 7 ring atoms,
etc., up to and including 10 ring atoms. The term includes monocyclic or fused-ring
polycyclic (i.e., rings which share adjacent pairs of ring atoms) groups. Unless stated
otherwise specifically in the specification, an aryl moiety is optionally substituted by one or
more substituents which are independently: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano,
trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo, trimethylsilanyl, —OR?, —SR? —
OC(=0)R?, —OC(=0)0OR?, —OC(=0)N(R"),;, —N(R%),, —C(=0)OR?* —C(=0)R?, —
C(=O)N(RY),, —N(R*)C(=0)OR?, —N(R)C(=O)N(R?)2, —N(R*)C(NR*)N(R%),, —
NRYHC(E=O)R?, —NRHS(=0)R* (where tis 1 or 2), —N(R*)S(=0)N(R?), (where tis 1 or 2),
—S(=0)R* (where tis 1 or 2), —S(=O0)N(R?), (where tis 1 or 2), —PO3(R?),, —OPO;WY
(where W and Y are independently hydrogen, methyl, ethyl, alkyl, lithium, sodium or
potassium) or —OPQ;Z (where Z is calcium, magnesium or iron), wherein each R* is
independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.
[069] “Aralkyl” or “arylalkyl” refers to an (aryl)alkyl— radical wherein the
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arylalkyl moiety is attached via the alkyl portion of the moiety. Aryl and alkyl are as
disclosed herein and are optionally substituted by one or more of the substituents described as
suitable substituents for aryl and alkyl, respectively.

[070] The term “heteroaryl” or, alternatively, “heteroaromatic” refers to a 5- to 18-
membered aromatic radical (i.e., Cs-Cis heteroaryl) that includes one or more ring
heteroatoms selected from nitrogen, oxygen and sulfur, and which may be a monocyclic,
bicyclic, tricyclic or tetracyclic ring system. Whenever it appears herein, a numerical range
such as “5 to 18” refers to each integer in the given range; e.g., “5S to 18 ring atoms” means
that the heteroaryl group may consist of 5 ring atoms, 6 ring atoms, etc., up to and including
18 ring atoms. An N-containing “heteroaromatic” or “heteroaryl” moiety refers to an
aromatic group in which at least one of the skeletal atoms of the ring is a nitrogen atom. The
polycyclic heteroaryl group may be fused or non-fused. The heteroatom(s) in the heteroaryl
radical, e.g., nitrogen or sulfur, is optionally oxidized. One or more nitrogen atoms, if present,
are optionally quaternized. The heteroaryl is attached to the rest of the molecule through any
atom of the ring(s). Examples of heteroaryls include, but are not limited to, azepiny],
acridinyl, benzimidazolyl, benzindolyl, 1,3-benzodioxolyl, benzooxazolyl, benzo[d]thiazolyl,
benzothiadiazolyl, benzo[b][1,4]dioxepinyl, benzo[b][1,4]oxazinyl, 1,4-benzodioxanyl,
benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl, benzopyranyl,
benzopyranonyl, benzofuranyl, benzofuranonyl, benzofurazanyl, benzothiazolyl,
benzothienyl, benzothieno[3,2-d]|pyrimidinyl, benzotriazolyl, benzo[4,6]imidazo[1,2-
alpyridinyl, carbazolyl, cinnolinyl, cyclopental[d]pyrimidinyl, 6,7-dihydro-5H-
cyclopenta[4,5]thieno[2,3-d]pyrimidinyl, 5,6-dihydrobenzo[A]quinazolinyl, 5,6-
dihydrobenzo[/]cinnolinyl, 6,7-dihydro-5H-benzo[6,7]cyclohepta[ 1,2-c]pyridazinyl,
dibenzofuranyl, dibenzothiophenyl, furanyl, furazanyl, furanonyl, furo[3,2-c]pyridinyl,
5,6,7,8,9,10-hexahydrocycloocta[d]pyrimidinyl, 5,6,7,8,9,10-
hexahydrocycloocta[d]|pyridazinyl, 5,6,7,8,9,10-hexahydrocycloocta[d]pyridinyl, isothiazolyl,
imidazolyl, indazolyl, indolyl, indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinolyl,
indolizinyl, isoxazolyl, 5,8-methano-5,6,7,8-tetrahydroquinazolinyl, naphthyridinyl, 1,6-
7,8,9,10,10a-

27937

naphthyridinonyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl, 5,6,6a

octahydrobenzo[/]quinazolinyl, 1-phenyl-1H-pyrrolyl, phenazinyl, phenothiazinyl,

phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyranyl, pyrrolyl, pyrazolyl, pyrazolo[3,4-

dlpyrimidinyl, pyridinyl, pyrido[3,2-d]pyrimidinyl, pyrido[3,4-d]pyrimidinyl, pyrazinyl,

pyrimidinyl, pyridazinyl, pyrrolyl, quinazolinyl, quinoxalinyl, quinolinyl, isoquinolinyl,

tetrahydroquinolinyl, 5,6,7,8-tetrahydroquinazolinyl, 5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-
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d]pyrimidinyl, 6,7,8,9-tetrahydro-5H-cyclohepta[4,5]thieno[2,3-d]pyrimidinyl, 5,6,7,8-
tetrahydropyrido[4,5-c]pyridazinyl, thiazolyl, thiadiazolyl, thiapyranyl, triazolyl, tetrazolyl,
triazinyl, thieno[2,3-d|pyrimidinyl, thieno[3,2-d]|pyrimidinyl, thieno[2,3-c]pridinyl, and
thiophenyl (i.e. thienyl). Unless stated otherwise specifically in the specification, a heteroaryl
moiety is optionally substituted by one or more substituents which are independently alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo,
trimethylsilanyl, —OR?, —SR?, —OC(=0)R?, —OC(=0)OR?, —OC(=0)N(R?),, —N(RY),,
—C(=0)OR? —C(=0)R?, —C(=0)N(R"),, —NR*C(=0)OR?, —N(R*)C(=O)N(R™),, —
NRYHCINRH)N(R?),, —NRHC(=0)R?, —N(RHS(=0)R* (where tis 1 or 2), —
N(RYHS(=0)N(RY), (where tis 1 or 2), —S(=0)R* (where tis 1 or 2), —S(=0)N(R?), (where
tis 1 or 2), —PO;(R?),, —OPO;WY (where W and Y are independently hydrogen, methyl,
ethyl, alkyl, lithium, sodium or potassium) or —OPQO3;Z (where Z is calcium, magnesium or
iron), wherein each R® is independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl. Examples
of monocylic heteroaryls include, but are not limited to, imidazolyl, pyridinyl, pyrrolyl,
pyrazinyl, pyrimidinyl, thiazolyl, furanyl and thienyl.
[071] Substituted heteroaryl also includes ring systems substituted with one or more
oxide substituents, such as pyridinyl N-oxides.
[072] “Heteroarylalkyl” refers to a moiety having a heteroaryl moiety, as described
herein, connected to an alkyl moiety, as described herein, wherein the connection to the
remainder of the molecule is through the alkyl group. Heteroaryl and alkyl are as disclosed
herein and are optionally substituted by one or more of the substituents described as suitable
substituents for heteroaryl and alkyl, respectively.
[073] The term “acyl” refers to a —C(=O)R radical, wherein R is alkyl, cycloalkyl,
aryl, heteroaryl, heteroalkyl, or heterocycloalkyl, which are as described herein. The R group
is attached to the parent structure through the carbonyl functionality. In some embodiments, it
is a C;-Cyp acyl radical which refers to the total number of chain or ring atoms of the alkyl,
cycloalkyl, aryl, heteroalkyl, heteroaryl or heterocycloalkyl portion of the acyl group plus the
carbonyl carbon of acyl, i.e. ring or chain atoms plus carbonyl. If the R radical is heteroaryl
or heterocycloalkyl, the hetero ring or chain atoms contribute to the total number of chain or
ring atoms. Unless stated otherwise specifically in the specification, the “R” of an acyl group
is optionally substituted by one or more substituents which independently are: alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
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heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo,
trimethylsilanyl, —OR?, —SR?, —OC(=0)R?, —OC(=0)OR?, —OC(=0)N(R?),, —N(RY),
—C(=0)OR? —C(=0)R?, —C(=0)N(R"),, —NR*C(=0)OR?, —N(R*)C(=O)N(R™),, —
NRHC(NRH)N(R?),, —NRHC(=0)R?, —N(R*)S(=0)R* (where t is 1 or 2), —
N(RYHS(=0)N(RY), (where tis 1 or 2), —S(=0)R* (where tis 1 or 2), —S(=0)N(R?), (where
tis 1 or 2), —PO3(R"),, —OPO;WY (where W and Y are independently hydrogen, methyl,
ethyl, alkyl, lithium, sodium or potassium) or —OPQO3;Z (where Z is calcium, magnesium or
iron), wherein each R® is independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.
[074] The term “halo”, “halide”, or alternatively, “halogen” means fluoro, chloro,
bromo or iodo. The terms “haloalkyl,” “haloalkenyl,” “haloalkynyl” and “haloalkoxy”
include alkyl, alkenyl, alkynyl and alkoxy structures that are substituted with one or more
halo groups or with combinations thereof. For example, the terms “fluoroalkyl” and
“fluoroalkoxy” refer to haloalkyl and haloalkoxy groups, respectively, in which the halo is
fluoro. Examples of fluoroalkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —
CF,CH; —CH,CF3;, and —CF,CFs. The alkyl part of the haloalkyl radical may be optionally
substituted as defined above for an alkyl group.
[075] The term “cyano” refers to a —CN radical.
[076] The term “alkoxy” refers to an —O-alkyl radical, including from wherein
alkyl is as described herein and contains 1 to 10 carbon atoms (i.e., C;-Cy alkoxy) of a
straight, branched, or cyclic configuration and combinations thereof attached to the parent
structure through an oxygen. Examples include methoxy, ethoxy, propoxy, isopropoxy,
cyclopropyloxy, cyclohexyloxy and the like. Whenever it appears herein, a numerical range
such as “1 to 10” refers to each integer in the given range; e.g., “1 to 10 carbon atoms” means
that the alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up to
and including 10 carbon atoms. In some embodiments, it is a C,-C4 alkoxy group. Unless
stated otherwise specifically in the specification, an alkoxy moiety may be substituted by one
or more of the substituents described as suitable substituents for an alkyl radical.
[077] The term “sp’ hybridized carbon” refers to a carbon atom that is bonded to
four other atoms. sp> hybridization results from the combination of the s orbital and all three
p orbitals in the second energy level of carbon. It results in four equivalent orbitals and the
geometric arrangement of those four orbitals is tetrahedral.
[078] The term “sulfonyl” refers to a —S(=0),R* radical, wherein R is selected
from the group consisting of alkyl, amino, cycloalkyl, aryl, heteroalkyl, heteroaryl (bonded
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through a ring carbon) and heterocycloalkyl (bonded through a ring carbon). Unless stated
otherwise specifically in the specification, the R* group may be substituted by one or more of
the substituents described as suitable substituents for an alkyl, an aryl or a heteroaryl radical.
[079] The term “sulfoximinyl” refers to a —S(=0)(=NR?*R” radical, wherein R* is
selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, cyano, carbamoyl,
acyl, heteroaryl (bonded through a ring carbon) and heterocycloalkyl (bonded through a ring
carbon) and R® is independently selected from the group consisting of alkyl, cycloalkyl, aryl,
heteroalkyl, heteroaryl (bonded through a ring carbon) and heterocycloalkyl (bonded through
a ring carbon). Unless stated otherwise specifically in the specification, the R* and R® groups
may be substituted by one or more of the substituents described as suitable substituents for an
alkyl, an aryl or a heteroaryl radical.
[080] “Sulfonamide,” “sulfonamidyl” or “sulfonamido” refers to a —S(=0),N(R?),
radical, wherein each R is selected independently from the group consisting of hydrogen,
alkyl, heteroalkyl, cycloalkyl, aryl, heteroaryl and heterocycloalkyl. The R? groups in -N(R?),
of the —S(=0),-N(R"), radical may be taken together with the nitrogen to which it is attached
to form a 4-, 5-, 6-, or 7-membered ring. In some embodiments, it is a C;-C,o sulfonamido,
wherein each R? in sulfonamido contains 1 carbon, 2 carbons, 3 carbons or 4 carbons total. A
sulfonamido group is optionally substituted by one or more of the substituents described for
alkyl, cycloalkyl, aryl and heteroaryl, respectively.
[081] The term “fluoroalkylsulfonyl” refers to a —S(=0),R® radical, wherein R is
fluoroalkyl. In some embodiments, R is C;-Cy alkyl, substituted with one or more fluorines.
[082] The term “cycloalkyl” refers to a monocyclic or polycyclic non-aromatic
radical that contains carbon and hydrogen, and may be saturated, or partially unsaturated.
Cycloalkyl groups include groups having from 3 to 10 ring atoms (e.g., C3-Cy cycloalkyl).
Whenever it appears herein, a numerical range such as “3 to 10” refers to each integer in the
given range; e.g., “3 to 10 carbon atoms” means that the cycloalkyl group may consist of 3
carbon ring atoms, 4 carbon ring atoms, 5 carbon ring atoms, etc., up to and including 10
carbon ring atoms. In some embodiments, it is a C3-Cg cycloalkyl radical. In some
embodiments, it is a C5-Cs cycloalkyl radical. Illustrative examples of cycloalkyl groups
include, but are not limited to the following moieties: cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloseptyl, cyclooctyl, cyclononyl, cyclodecyl,
norbornyl, and the like. Unless stated otherwise specifically in the specification, a cycloalkyl
group is optionally substituted by one or more substituents which independently are: alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
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heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo,
trimethylsilanyl, —OR?, —SR?, —OC(=0)R?, —OC(=0)OR?, —OC(=0)N(R?),, —N(RY),
—C(=0)OR? —C(=0)R?, —C(=0)N(R"),, —NR*C(=0)OR?, —N(R*)C(=O)N(R™),, —
NRHC(NRH)N(R?),, —NRHC(=0)R?, —N(R*)S(=0)R* (where t is 1 or 2), —
N(RYHS(=0)N(RY), (where tis 1 or 2), —S(=0)R* (where tis 1 or 2), —S(=0)N(R?), (where
tis 1 or 2), —PO3(R"),, —OPO;WY (where W and Y are independently hydrogen, methyl,
ethyl, alkyl, lithium, sodium or potassium) or —OPQO3;Z (where Z is calcium, magnesium or
iron), wherein each R® is independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.
[083] The term “heterocyclyl” or “heterocycloalkyl” refers to a stable 3- to 18-
membered nonaromatic ring (e.g., C3-Cig heterocycloalkyl) radical that comprises two to
twelve ring carbon atoms and from one to six heteroatoms selected from nitrogen, oxygen
and sulfur. Whenever it appears herein, a numerical range such as “3 to 18” refers to each
integer in the given range; e.g., “3 to 18 ring atoms” means that the heterocycloalkyl group
may consist of 3 ring atoms, 4 ring atoms, etc., up to and including 18 ring atoms. In some
embodiments, it is a Cs-C,o heterocycloalkyl. In some embodiments, it is a C4-Cg
heterocycloalkyl. In some embodiments, it is a C3-Cyo heterocycloalkyl. Unless stated
otherwise specifically in the specification, the heterocycloalkyl radical may be a monocyclic,
bicyclic, tricyclic or tetracyclic ring system, which may include fused or bridged ring systems.
The heteroatoms in the heterocycloalkyl radical may be optionally oxidized. One or more
nitrogen atoms, if present, may optionally be quaternized. The heterocycloalkyl radical may
be partially or fully saturated. The heterocycloalkyl may be attached to the rest of the
molecule through any atom of the ring(s). Examples of such heterocycloalkyl radicals include,
but are not limited to, 6,7-dihydro-5SH-cyclopenta[b]pyridine, dioxolanyl,
thienyl[ 1,3]dithianyl, decahydroisoquinolyl, imidazolinyl, imidazolidinyl, isothiazolidinyl,
isoxazolidinyl, morpholinyl, octahydroindolyl, octahydroisoindolyl, 2-oxopiperazinyl, 2-
oxopiperidinyl, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl,
pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl, trithianyl,
tetrahydropyranyl, thiomorpholinyl, thiamorpholinyl, 1-oxo-thiomorpholinyl, and 1,1-dioxo-
thiomorpholinyl. Unless stated otherwise specifically in the specification, a heterocycloalkyl
moiety is optionally substituted by one or more substituents which independently are: alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo,
trimethylsilanyl, —OR?, —SR?, —OC(=0)R?, —OC(=0)OR?, —OC(=0)N(R?),, —N(RY),
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—C(=0)OR? —C(=0)R?, —C(=0)N(R"),, —NR*C(=0)OR?, —N(R*)C(=O)N(R™),, —
NRHC(NRH)N(R?),, —NRHC(=0)R?, —N(R*)S(=0)R* (where t is 1 or 2), —
N(RYHS(=0)N(RY), (where tis 1 or 2), —S(=0)R* (where tis 1 or 2), —S(=0)N(R?), (where
tis 1 or 2), —PO3(R"),, —OPOs;WY (where W and Y are independently hydrogen, methyl,
ethyl, alkyl, lithium, sodium or potassium) or —OPQO3;Z (where Z is calcium, magnesium or
iron), wherein each R® is independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.
[084] “Heterocycloalkyl” also includes bicyclic ring systems wherein one non-
aromatic ring, usually with 3 to 7 ring atoms, contains at least 2 carbon atoms in addition to
1-3 heteroatoms independently selected from oxygen, sulfur and nitrogen, as well as
combinations comprising at least one of the foregoing heteroatoms; the other ring, usually
with 3 to 7 ring atoms, optionally contains 1-3 heteroatoms independently selected form
oxygen, sulfur and nitrogen and is not aromatic.
[085] The terms “heteroalkyl”, “heteroalkenyl” and “heteroalkynyl” include
optionally substituted alkyl, alkenyl and alkynyl radicals, which respectively have one or
more skeletal chain atoms selected from an atom other than carbon, e.g., oxygen, nitrogen,
sulfur, phosphorus or combinations thereof. A numerical range, which refers to the chain
length in total, may be given. For example, C3-C4 heteroalkyl has a chain length of 3-4 atoms.
For example, a —CH,OCH,CHj radical is referred to as a “Cy4 heteroalkyl”, which includes
the heteroatom in the atom chain length description. Connection to the rest of the molecule
may be through either a heteroatom or a carbon in the heteroalkyl chain. A heteroalkyl may
be a substituted alkyl. The same definition applies to heteroalkenyl or heteroalkynyl. Unless
otherwise stated in the specification, a heteroalkyl group may be substituted with one or more
substituents which independently are: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano,
trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo, trimethylsilanyl, —OR?, —SR? —
OC(=0)R?, —OC(=0)0OR?, —OC(=0)N(R"),;, —N(R%),, —C(=0)OR?* —C(=0)R?, —
C(=O)N(RY),, —N(R*)C(=0)OR?, —N(R)C(=O)N(R?)2, —N(R*)C(NR*)N(R%),, —
NRYHC(E=O)R?, —NRHS(=0)R* (where tis 1 or 2), —N(R*)S(=0)N(R?), (where tis 1 or 2),
—S(=0)R? (where tis 1 or 2), —S(=O0)N(R?), (where tis 1 or 2), —PO;3(R"),, —OPO;WY
(where W and Y are independently hydrogen, methyl, ethyl, alkyl, lithium, sodium or
potassium) or —OPQ;Z (where Z is calcium, magnesium or iron), wherein each R* is
independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.
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[086] The term “amino” or “amine” refers to a —N(R?), radical group, where each
R? is independently hydrogen, alkyl, heteroalkyl, fluoroalkyl, cycloalkyl, aryl, aralkyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl, unless stated otherwise
specifically in the specification. When a —N(R"), group has two R? other than hydrogen,
they can be combined with the nitrogen atom to form a 3-, 4-, 5-, 6-, 7- or 8-membered ring.
For example, —N(R?), is meant to include, but not be limited to, 1-pyrrolidinyl and 4-
morpholinyl. Unless stated otherwise specifically in the specification, an amino group is
optionally substituted by one or more substituents which independently are: alkyl, heteroalkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo, trimethylsilanyl,
—OR? —SR*, —OC(=0)R?, —OC(=0)OR?, —OC(=O)N(R™),, —N(R?),, —C(=0)OR?, —
C(=O)R’, —C(=O)N(R");, —N(R")C(=0)OR", —N(R")C(=O)N(R"),, —N(R")C(NRI)NR"),,
—N(RYHC(=0)R?, —N(RHS(=0)R* (where tis 1 or 2), —N(R*)S(=0){N(R?), (where tis 1 or
2), —S(=O0)R? (where tis 1 or 2), —S(=0){N(R?), (where t is 1 or 2), —PO;(R?),, —
OPOs;WY (where W and Y are independently hydrogen, methyl, ethyl, alkyl, lithium, sodium
or potassium) or —OPQ;Z (where Z is calcium, magnesium or iron), wherein each R* is
independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.
[087] The term “substituted amino™ also refers to N-oxides of N(R?), as described
above. N-oxides can be prepared by treatment of the corresponding amino group with, for
example, hydrogen peroxide or m-chloroperoxybenzoic acid. The person skilled in the art is
familiar with reaction conditions for carrying out the N-oxidation.
[088] The term “acyloxy” refers to a RC(=0)O— radical wherein R is alkyl,
cycloalkyl, aryl, heteroalkyl, heteroaryl or heterocycloalkyl, which are as described herein. In
some embodiments, it is a C,-Cy4 acyloxy radical, which refers to the total number of chain or
ring atoms of the alkyl, cycloalkyl, aryl, heteroalkyl, heteroaryl or heterocycloalkyl portion of
the acyloxy group plus the carbonyl carbon of acyl, i.e., the other ring or chain atoms plus
carbonyl. If the R radical is heteroaryl or heterocycloalkyl, the hetero ring or chain atoms
contribute to the total number of chain or ring atoms. Unless stated otherwise specifically in
the specification, the “R” of an acyloxy group is optionally substituted by one or more of the
following substituents: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy,
nitro, oxo, thioxo, trimethylsilanyl, —OR? —SR? —OC(=0)R?, —OC(=0)OR?, —
OC(=O)N(R%),, —N(R?),, —C(=0)OR?, —C(=0)R?, —C(=O)N(R?),, —N(R*)C(=0)OR?, —
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NRYHC(=0)N(R?,, —NRHC(NRH)N(R?Y),, —N(R)C(=0)R?, —N(R*S(=0)R* (where t is 1
or 2), —NRHS(=0)N(R"), (where tis 1 or 2), —S(=0)R? (where tis 1 or 2), —
SEO)NR™, (where tis 1 or 2), —PO3(RY),, —OPO;WY (where W and Y are independently
hydrogen, methyl, ethyl, alkyl, lithium, sodium or potassium) or —OPOsZ (where Z is
calcium, magnesium or iron), wherein each R? is independently hydrogen, alkyl, fluoroalkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or
heteroarylalkyl.

[089] The term “amide” or “amido” refers to a chemical moiety with formula
—C(=0)N(R?), or —NR*C(=0)R?, wherein each of R is independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl (bonded through a ring
carbon) and heterocycloalkyl. Two R may optionally be taken together with the nitrogen to
which it is attached to form a 4-10 membered ring. In some embodiments, it is a C;-C4 amido
or amide radical, which includes the amide carbonyl in the total number of carbons in the
radical. Unless stated otherwise specifically in the specification, an amido group is optionally
substituted independently by one or more of the substituents as described herein for alkyl,
cycloalkyl, aryl, heteroaryl, or heterocycloalkyl. An amide may be an amino acid or a peptide
molecule attached to a compound having an amine or a carboxylic acid moiety, thereby
forming a prodrug. Any amine, hydroxy or carboxyl side chain on the compounds described
herein can be amidified. The procedures and specific groups to make such amides are known
to those of skilled in the art and can readily be found in reference sources such as Wuts,
Greene’s Protective Groups in Organic Synthesis, SMEd., Wiley, New York, N.Y., 2014,

which is incorporated herein by reference in its entirety.

[090] “Carboxaldehyde” refers to a —C(=0)H radical.
[091] “Carboxyl” refers to a —C(=0)OH radical.
[092] “Ester” refers to a chemical radical of formula —C(=0)OR, where R is

selected from the group consisting of alkyl, cycloalkyl, aryl, heteroaryl (bonded through a
ring carbon) and heterocycloalkyl (bonded through a ring carbon). Any amine, hydroxy, or
carboxyl side chain on the compounds described herein can be esterified. The procedures and
specific groups to make such esters are known to those skilled in the art and can readily be
found in reference sources such as Wuts, Greene’s Protective Groups in Organic Synthesis,
SMEd, Wiley, New York, N.Y., 2014, which is incorporated herein by reference in its
entirety. Unless stated otherwise specifically in the specification, an ester group is optionally
substituted by one or more substituents which independently are: alkyl, heteroalkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy,
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halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, oxo, thioxo, trimethylsilanyl, —OR?, —
SR?, —OC(=0)R?, —OC(=0)OR? —OC(=0)N(R"),, —N(R?),, —C(=0)OR* —C(=0)R?,
—C(=0)N(R?),;, —N(RHC(=0)OR? —N(RHC(=O)N(R?),;, —N(R)C(NRH)N(R?),, —
NRYHC(E=O)R?, —NRHS(=0)R* (where tis 1 or 2), —N(R*)S(=0)N(R?), (where tis 1 or 2),
—S(=0)R? (where tis 1 or 2), —S(=O0)N(R?), (where tis 1 or 2), —PO;3(R"),, —OPO;WY
(where W and Y are independently hydrogen, methyl, ethyl, alkyl, lithium, sodium or
potassium) or —OPQ;Z (where Z is calcium, magnesium or iron), wherein each R* is
independently hydrogen, alkyl, fluoroalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarylalkyl.

[093] “Imino” refers to a =N—R? radical, wherein R* is hydrogen, alkyl, heteroalkyl,
cycloalkyl, cyano, aryl, heterocycloalkyl or heteroaryl.

[094] “Isocyanato” refers to a —NCO radical.

[095] “Isothiocyanato” refers to a —NCS radical.

[096] “Mercaptyl” refers to an —S(alkyl) or —SH radical.

[097] “Methylene” refers to a =CH, radical.

[098] “Hydroxy” refers to a —OH radical.

[099] “Oxa” refers to a —O— radical.

[0100] “Ox0” refers to a =0 radical.

[0101] “Nitro” refers to a —NO; radical.

[0102] “Oxime” refers to a =N(-OR) radical, where R is hydrogen or alkyl.

[0103] “Sulfinyl” refers to a —S(=0O)R radical, where R is selected from the group

consisting of alkyl, cycloalkyl, aryl, heteroalkyl, heteroaryl (bonded through a ring carbon)
and heterocycloalkyl (bonded through a ring carbon). In some embodiments, R is fluoroalkyl.
[0104] “Sulfoxyl” refers to a —S(=0),0H radical.

[0105] “Sulfonate” refers to a —S(=0),0R radical, where R is selected from the
group consisting of alkyl, cycloalkyl, aryl, heteroalkyl, heteroaryl (bonded through a ring
carbon) and heteroalkyl (bonded through a ring carbon). The R group is optionally substituted
by one or more of the substituents described for alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, respectively.

[0106] “Thiocyanato” refers to a —CNS radical.
[0107] “Thioxo” refers to a =S radical.
[0108] “Moiety” refers to a specific segment or functional group of a molecule.

Chemical moieties are often recognized chemical entities embedded in or appended to a

molecule.
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[0109] “Substituted” means that the referenced group may be substituted with one or
more additional group(s) individually and independently selected from acyl, alkyl, alkylaryl,
heteroalkyl, cycloalkyl, aralkl, heterocycloalkyl, aryl, carbohydrate, carbonate, heteroaryl,
hydroxy, alkoxy, aryloxy, mercapto, alkylthio, arylthio, cyano, halo, carbonyl, ester,
thiocarbonyl, isocyanato, thiocyanato, isothiocyanato, nitro, oxo, perhaloalkyl, perfluoroalkyl,
phosphate, silyl, sulfinyl, sulfonyl, sulfonamide, sulfoxyl, sulfonate, urea, and amino,
including mono- and di-substituted amino groups and the protected derivatives thereof. The
substituents themselves may be substituted, for example, a cycloalkyl substituent may have a
halide substituted at one or more ring carbons, and the like. The protecting groups that may
form the protective derivatives of the above substituents are known to those of skill in the art
and may be found in references such as Wuts, Greene s Protective Groups in Organic
Synthesis, SMEd., Wiley, New York, N.Y., 2014,

[0110] The term “optional” or “optionally” means that the subsequently described
event or circumstance may or may not occur, and includes instances where the event or
circumstance occurs and instances in which it does not. For example, “alkyl optionally
substituted with” encompasses both “alkyl” and “alkyl” substituted with groups as defined
herein. It will be understood by those skilled in the art, with respect to any group containing
one or more substituents, that such groups are not intended to introduce any substitution or
substitution patterns which would be deemed unacceptable by one of ordinary skill in the art.
[0111] Compounds of the present disclosure also include crystalline and amorphous
forms of those compounds, pharmaceutically acceptable salts, and active metabolites of these
compounds having the same type of activity, including, for example, polymorphs,
pseudopolymorphs, solvates, hydrates, unsolvated polymorphs (including anhydrates),
conformational polymorphs, and amorphous forms of the compounds, as well as mixtures

29 CC

thereof. “Crystalline form,” “polymorph,” and “novel form” may be used interchangeably
herein, and are meant to include all crystalline and amorphous forms of the compound,
including, for example, polymorphs, pseudopolymorphs, solvates, hydrates, unsolvated
polymorphs (including anhydrates), conformational polymorphs, and amorphous forms, as
well as mixtures thereof, unless a particular crystalline or amorphous form is referred to.
[0112] The compounds described herein may exhibit their natural isotopic abundance,
or one or more of the atoms may be artificially enriched in a particular isotope having the
same atomic number, but an atomic mass or mass number different from the atomic mass or
mass number predominantly found in nature. All isotopic variations of the compounds of the

present disclosure, whether radioactive or not, are encompassed within the scope of the
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present disclosure. For example, hydrogen has three naturally occurring isotopes, denoted 'H
(protium), *H (deuterium), and *H (tritium). Protium is the most abundant isotope in nature.
Enriching for deuterium may afford certain therapeutic advantages, such as increased in vivo
half-life and/or exposure, or may provide a compound useful for investigating in vivo routes
of drug elimination and metabolism. Isotopically-enriched compounds may be prepared by
conventional techniques well known to those skilled in the art or by processes analogous to
those described in the Schemes and Examples herein using appropriate isotopically-enriched
reagents and/or intermediates. See Pleiss and Voger, Synthesis and Applications of
Isotopically Labeled Compounds, Vol. 7, Wiley, ISBN-10: 0471495018, published on March
14, 2001.

[0113] "Isomers" are different compounds that have the same molecular formula.
"Stereoisomers" are isomers that differ only in the way the atoms are arranged in space.
"Enantiomers" are a pair of stereoisomers that are non superimposable mirror images of each
other. A 1:1 mixture of a pair of enantiomers is a "racemic" mixture. The term "(+)" is used
to designate a racemic mixture where appropriate. "Diastereoisomers" or “diastereomers” are
stereoisomers that have at least two asymmetric atoms but are not mirror images of each
other. The absolute stereochemistry is specified according to the Cahn-Ingold-Prelog R-S
system. When a compound is a pure enantiomer, the stereochemistry at each chiral carbon
can be specified by either R or S. Resolved compounds whose absolute configuration is
unknown can be designated (+) or (-) depending on the direction (dextro- or levorotatory) in
which they rotate plane polarized light at the wavelength of the sodium D line. Certain
compounds described herein contain one or more asymmetric centers and can thus give rise
to enantiomers, diastereomers, and other stereoisomeric forms that can be defined, in terms of
absolute stereochemistry, as (R)- or (S)-. The present chemical entities, pharmaceutical
compositions and methods are meant to include all such possible isomers, including racemic
mixtures, optically pure forms, mixtures of diastereomers and intermediate mixtures.
Optically active (R)- and (S)- isomers can be prepared using chiral synthons or chiral
reagents, or resolved using conventional techniques. The optical activity of a compound can
be analyzed via any suitable method, including but not limited to chiral chromatography and
polarimetry, and the degree of predominance of one stereoisomer over the other isomer can
be determined.

[0114] Chemical entities having carbon-carbon double bonds or carbon-nitrogen
double bonds may exist in Z- or E- form (or cis- or frans- form). Furthermore, some chemical
entities may exist in various tautomeric forms. Unless otherwise specified, chemical entities
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described herein are intended to include all Z-, - and tautomeric forms as well.

[0115] The term "enantiomeric excess," as used herein, is the percent excess of one
enantiomer compared to that of the other enantiomer in a mixture, and can be calculated
using the following equation: enantiomeric excess = ((R-S) / (R+S)) x 100 = %(R*) - %(S*),
wherein R and S are the number of moles of each enantiomer in the mixture, and R* and S*
are the respective mole fractions of the enantiomers in the mixture. For example, for a
mixture with 87% R enantiomer and 13% S enantiomer, the enantiomeric excess is 74%.
[0116] “Tautomers” are structurally distinct isomers that interconvert by
tautomerization. "Tautomerization" is a form of isomerization and includes prototropic or
proton-shift tautomerization, which is considered a subset of acid-base chemistry.
"Prototropic tautomerization" or "proton-shift tautomerization" involves the migration of a
proton accompanied by changes in bond order, often the interchange of a single bond with an
adjacent double bond. Where tautomerization is possible (e.g., in solution), a chemical
equilibrium of tautomers can be reached. An example of tautomerization is keto-enol
tautomerization. A specific example of keto-enol tautomerization is the interconversion of
pentane-2,4-dione and 4-hydroxypent-3-en-2-one tautomers. Another example of
tautomerization is phenol-keto tautomerization. A specific example of phenol-keto
tautomerization is the interconversion of pyridin-4-ol and pyridin-4(1H)-one tautomers.
[0117] “Protecting group” has the meaning conventionally associated with it in
organic synthesis, i.e. a group that selectively blocks one or more reactive sites in a
multifunctional compound such that a chemical reaction can be carried out selectively on
another unprotected reactive site and such that the group can readily be removed after the
selective reaction is complete. A variety of protecting groups are disclosed, for example, in
Wuts, Greene’s Protective Groups in Organic Synthesis, 5t Ed., Wiley, New York, N.Y ,
2014. For example, a hydroxy protected form is where at least one of the hydroxy groups
present in a compound is protected with a hydroxy protecting group. Likewise, amines and
other reactive groups may similarly be protected.

[0118] “Solvate” refers to a compound in physical association with one or more
molecules of a pharmaceutically acceptable solvent. It will be understood that the present
chemical entities encompass the present chemical entities and solvates of the compound, as
well as mixtures thereof.

[0119] “Solvent,” “organic solvent,” and “inert solvent” each means a solvent inert
under the conditions of the reaction being described in conjunction therewith, including, for
example, benzene, toluene, acetonitrile, tetrahydrofuran (“THF”), dimethylformamide

-31 -



WO 2016/144825 PCT/US2016/021060

(“DMF”), chloroform, methylene chloride (or dichloromethane), diethyl ether, methanol, N-
methylpyrrolidone (“NMP”), pyridine and the like. Unless specified to the contrary, the
solvents used in the reactions described herein are inert organic solvents. Unless specified to
the contrary, for each gram of the limiting reagent, one cc (or mL) of solvent constitutes a
volume equivalent.

[0120] Isolation and purification of the chemical entities and intermediates described
herein can be effected, if desired, by any suitable separation or purification procedure such as,
for example, filtration, extraction, crystallization, column chromatography, thin-layer
chromatography or thick-layer chromatography, or a combination of these procedures.
Specific illustrations of suitable separation and isolation procedures can be had by reference
to the examples hereinbelow. However, other equivalent separation or isolation procedures
can also be used.

[0121] When desired, the (R)- and (S)-isomers of the compounds of the present
disclosure, if present, may be resolved by methods known to those skilled in the art, for
example by formation of diastereoisomeric salts or complexes which may be separated, for
example, by crystallization; via formation of diasteroisomeric derivatives which may be
separated, for example, by crstallization, gas-liquid or liquid chromatography; selective
reaction of one enantiomer with an enantiomer-specific reagent, for exmaple enzymatic
oxidation or reduction, followed by separation of the modified and unmodified enantiomers;
or gas-liquid or liquid chromatography in a chiral environment, for example on a chiral
support, such as silica with a bound chiral ligand or in the presence of a chiral solvent.
Alternatively, a specific enantiomer may be synthesized by asymmetric synthesis using
optically active reagents, substrates, catalysts or solvents, or by converting one enatiomer to
the other by asymmetric transformation.

[0122] The compounds described herein can be optionally contacted with a
pharmaceutically acceptable acid to form the corresponding acid addition salts.
Pharmaceutically acceptable forms of the compounds recited herein include pharmaceutically
acceptable salts, chelates, non-covalent complexes, prodrugs, and mixtures thereof. In certain
embodiments, the compounds described herein are in the form of pharmaceutically
acceptable salts. In addition, if the compound described herein is obtained as an acid addition
salt, the free base can be obtained by basifying a solution of the acid salt. Conversely, if the
product is a free base, an addition salt, particularly a pharmaceutically acceptable addition
salt, may be produced by dissolving the free base in a suitable organic solvent and treating
the solution with an acid, in accordance with conventional procedures for preparing acid
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addition salts from base compounds. Those skilled in the art will recognize various synthetic
methodologies that may be used to prepare non-toxic pharmaceutically acceptable addition
salts.

[0123] When ranges are used herein for physical properties, such as molecular weight,
or chemical properties, such as chemical formulae, all combinations and subcombinations of
ranges and specific embodiments therein are intended to be included. The term “about” when
referring to a number or a numerical range means that the number or numerical range referred
to 1s an approximation within experimental variability (or within statistical experimental
error), and thus the number or numerical range may vary from, for example, between 1% and
15% of the stated number or numerical range.

[0124] Abbreviations used herein have their conventional meaning within the

chemical and biological arts.

[0125] The following abbreviations and terms have the indicated meanings
throughout:

[0126] DAST = Diethylaminosulfur trifluoride

[0127] DCM = Dichloromethane

[0128] MTBE = Methy! t-butyl ether

[0129] HATU = O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophosphate

[0130] NBS = N-Bromosuccinimide

[0131] NMP = N-Methyl-2-pyrrolidone

[0132] e.e. or ee = Enantiomeric excess

[0133] PPTS = Pyridinium p-toluenesulfonate

[0134] TLC = Thin Layer Chromatography

[0135] DMAP = 4-Dimethylaminopyridine

[0136] DMF = N,N-Dimethylformamide

[0137] When stereochemistry is not specified, certain small molecules described

herein include, but are not limited to, when possible, their isomers, such as enantiomers and
diastereomers, mixtures of enantiomers, including racemates, mixtures of diastereomers, and
other mixtures thereof, to the extent they can be made by one of ordinary skill in the art by
routine experimentation. In those situations, the single enantiomers or diastereomers, i.e.,
optically active forms, can be obtained by asymmetric synthesis or by resolution of the
racemates or mixtures of diastereomers. Resolution of the racemates or mixtures of
diastereomers, if possible, can be accomplished, for example, by conventional methods such
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as crystallization in the presence of a resolving agent, or chromatography, using, for example,
a chiral high-pressure liquid chromatography (HPLC) column. Furthermore, a mixture of two
enantiomers enriched in one of the two can be purified to provide further optically enriched
form of the major enantiomer by recrystallization and/or trituration. In addition, such certain
small molecules include Z- and £- forms (or cis- and trans- forms) of certain small molecules
with carbon-carbon double bonds or carbon-nitrogen double bonds. Where certain small
molecules described herein exist in various tautomeric forms, the term “certain small

molecule” is intended to include all tautomeric forms of the certain small molecule.

N

[0138] When “ "~ is drawn across a bond, it denotes where a bond disconnection or

attachment occurs. For example, in the chemical structure shown below,

jos
F

2

R%is attached to the para position of a fluorophenyl ring through a single bond. When R?is

:: 2
A .

[0139] The waved line “ ™ ” means a bond with undefined stereochemistry. For

phenyl, it can also be drawn as “~*

example,

A C
B>='f

represents a mixture of

A C A
B and B C
[0140] When a bond is drawn across a ring, it means substitution at a non-specific

ring atom or position. For example, in the structure shown below,

2R
O
Ra
R® may be attached to any one of the -CH,— in the five-membered ring.
[0141] When a bold bond “#”” appears two or more times in the same chemical

structure, a mixture of the two cis isomers of the compound is described. For example,
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Ra
Rb
represents a mixture of the two isomers
R? R?
"le Rb
and
[0142] In one aspect, the present disclosure provides a compound of Formula I:
R2
.z R
Y\X/ R4
Formula I

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CR® or N;

Y is CR® or N;

Zis S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, acyl or
cyano;

R? is nitro, carboxaldehyde, carboxyl, ester, amido, cyano, halo, sulfonyl,
alkyl, alkenyl, alkynyl or heteroalkyl;

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino,
carboxaldehyde, carboxylic acid, oxime, ester, amido or acyl; or R? and R’ taken together
form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or
alkoxy.

[0143] In some embodiments, for a compound of Formula I, R' is further selected
from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl, heteroaryl, acyl and
cyano.

[0144] In some embodiments, R'is phenyl or monocyclic heteroaryl. In some further
embodiments, R'is phenyl or pyridyl, optionally substituted with one or more substituents

selected from the group consisting of halo, alkyl, alkoxy and cyano. In a further embodiment,
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the substituent(s) is selected from the group consisting of halo, C,-C4 alkyl, C;-C4 alkoxy and
cyano.

[0145] In some embodiments, R' is bicyclic heteroaryl. In a further embodiment, the
bicyclic heteroaryl is substituted with one or more substituents selected from the group
consisting of halo, C;-C, alkyl, C;-C4 alkoxy and cyano.

[0146] In some embodiments, R' is pyridyl N-oxide. In a further embodiment, the
pyridyl N-oxide is substituted with one or more substituents selected from the group
consisting of halo, C;-C, alkyl, C,-C4 alkoxy and cyano.

[0147] In some embodiments, R' is

wherein the aryl ring may optionally be substituted with one or more substituents selected

from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment, the

substituent(s) is selected from the group consisting of halo, C,-C4 alkyl, C;-C, alkoxy and

cyano.
[0148] In some embodiments, R' is
Rgﬁ/\\’\
wi

2

wherein W' is N or CR', R” is cyano, halo, alkyl or alkoxy, and R'® is hydrogen, cyano,
halo, alkyl or alkoxy. In a further embodiment, R’ is cyano, halo, C;-C, alkyl or C,-C,
alkoxy, and R'? is hydrogen, cyano, halo, C,-C; alkyl or C;-C4 alkoxy.

[0149] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents

v S N

2

described for aryl and heteroaryl. In a further embodiment, the substituent(s) is selected from
the group consisting of halo, C,;-C4 alkyl, C;-C, alkoxy and cyano.

[0150] In some embodiments, R' is selected from the group consisting of:

and the rings specified for R' may optionally be substituted with one or more substituents
described for cycloalkyl. In a further embodiment, the substituent(s) is selected from the
group consisting of halo, hydroxy, C;-C4 alkyl, C;-C4 alkoxy, cyano and oxo.
[0151] In some embodiments, R' is cycloalkyl. In other embodiments, R' is
heterocycloalkyl. In a further embodiment, R' is C3-Cs cycloalkyl or C3-Cg heterocycloalkyl.
In yet a further embodiment, R' is cyclobutyl. In some embodiments, said cycloalkyl,
cyclobutyl or heterocycloalkyl may optionally be substituted with one or more substituents
described for cycloalkyl or heterocycloalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C;-C4 alkyl, C,-C4 alkoxy and cyano. In another
further embodiment, the substituent(s) is at least one fluoro.
[0152] In some embodiments, R' is acyl or cyano. In a further embodiment, R" is
acetyl.
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[0153] In some embodiments, R' is alkyl. In a further embodiment, the alkyl is
substituted with at least one substituent(s) selected from the group consisting of halo, C,-C4
alkyl, C;-C4 alkoxy and cyano. In another further embodiment, the alkyl is substituted with at
least one fluoro. In some embodiments, R' is heteroalkyl.

[0154] In some embodiments, R' is selected from the group consisting of:

N, NS )\/ >~
' \\\/ - e

T U 0. O b

Ncy,"\, NC><'/\, 5 " No

-1 S
Q\. Q and (’)j,

wherein each of the members may optionally be substituted with one or more substituents
selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C,-C4 alkyl, C;-C4 alkoxy
and cyano.

[0155] In some embodiments, R” is cyano, halo or alkyl. In some embodiments, R” is
halo or alkyl. In some embodiments, R? is fluoro, chloro, bromo or iodo. In some
embodiments, R” is fluoroalkyl. In some further embodiments, R* is —CH,F, —CHF, or —
CF;. In another embodiment, R* is hydrogen. In some other embodiments, R? is heteroalkyl,
alkenyl or alkynyl.

[0156] In some embodiments, R’ is hydrogen, halo, cyano, alkyl, alkenyl, heteroalkyl
or acyl; or R* and R’ taken together form a cyclic moiety. In a further embodiment, R’ is halo,
cyano or alkyl. In yet a further embodiment, R’ is —(CH,),OH, wherein n is 1, 2 or 3. In still
a further embodiment, R® is —CH,OH.

[0157] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered carbocycle with at least one sp’ hybridized carbon.

Representative compounds with the carbocycle include, but are not limited to, the following:
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wherein the carbocycle formed by linking R? and R’ may be optionally substituted with
fluoro, chloro, hydroxy, alkyl or heteroalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C;-C4 alkyl, C,-C4 alkoxy and cyano. In yet other
embodiments, the substituent(s) is cycloalkyl or heterocycloalkyl and shares one or more ring
atoms with the carbocycle formed by linking R* and R’. In some embodiments, the
substituent(s) is C3-Cs cycloalkyl or C3-Cs heterocycloalkyl. In other embodiments, the
substituent is oxo.

[0158] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered heterocycle, including, but not limited to, a lactone or
lactol, wherein said heterocycle may be optionally substituted with fluoro, chloro, hydroxy,
alkyl or heteroalkyl. In a further embodiment, the substituent(s) is selected from the group
consisting of halo, C;-C, alkyl, C,-C4 alkoxy and cyano.

[0159] In some embodiments, R*is halo, cyano, fluoroalkyl, sulfinyl, sulfonamidyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In some embodiments, R* is cyano, fluoroalkyl,
sulfonamidyl, sulfinyl, sulfonyl or sulfoximinyl. In some embodiments, R* is fluoroalkyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In a further embodiment, R” is
fluoroalkyl. In yet another embodiment, R* is sulfonyl. In still another embodiment, R* is
fluoroalkylsulfonyl.

[0160] In some embodiments, R* is —S(=0),R*, wherein R*is alkyl or cycloalkyl. In
a further embodiment, R is C;-C4 alkyl, optionally substituted with one or more fluorines.
Suitable examples of fluorine-substituted C,-C,4 alkyl include, but are not limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH;F, —CHFCHj; and —CF,CHs;. In still a
further embodiment, R is methyl, optionally substituted with one or more fluorines.

[0161] In some embodiments, R* is —S(=0)(=NR")R?, wherein R®is alkyl or
cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R? is C1-C4 alkyl,
optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted

C;-Cy4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —CH,CF3;,—CH,CHF,,
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—CH,CH,F, —CHFCHj3; and —CF,CHj3.

[0162] In some embodiments, R* is —S(=0),N(R?),, wherein each R*is
independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one
R?is hydrogen. In a further embodiment, both R are hydrogen. In another further
embodiment, one R*is hydrogen and the other R* is C;-C4 alkyl.

[0163] In some embodiments, R* is selected from the group consisting of —CN, —
CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —
S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —S(=0)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF; and —S(=0)(=N-CN)CF;.

[0164] In some embodiments, R’ is hydrogen. In some other embodiments, R’is C-
C4 alkyl or C,-C,4 alkoxy. In a further embodiment, R’is methyl.

[0165] In some embodiments, R®is hydrogen. In some other embodiments, R®is C -
C, alkyl or C-C4 alkoxy. In a further embodiment, R®is methyl.

[0166] In some embodiments, R’ is hydrogen. In some other embodiments, R”is C -
C4 alkyl or C,-C,4 alkoxy. In a further embodiment, R’is methyl.

[0167] In some embodiments, R®is hydrogen. In some other embodiments, R®is C-
C, alkyl or C1-C4 alkoxy. In a further embodiment, R®is methyl.

[0168] In some embodiments, R® is hydrogen, R* is —S(=0),R? or —S(=0)(=NR")R",
wherein R? is fluoroalkyl, R” is hydrogen, cyano or alkyl and R€ is alkyl. In a further

embodiment, R' is selected from the group consisting of

\

O
w'  and

wherein W' is N or CR'®, R” is cyano, halo, alkyl or alkoxy, and R'? is hydrogen, cyano, halo,

2

alkyl or alkoxy; and

may optionally be substituted with one or more substituents selected from the group
consisting of cyano, halo, alkyl and alkoxy. In a further embodiment, the alkyl is C;-Cy4 alkyl.
In another further embodiment, the alkoxy is C;-C4 alkoxy.

[0169] In some embodiments, each of R* and R’ is independently alkyl and R* is

cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl.

[0170] In some embodiments, R’ is —CH,OH. In a further embodiment, R* is cyano,
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fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl and R is
hydrogen. In still a further embodiment, R” is cyano, halo or alkyl.
[0171] In some embodiments, R' is phenyl or monocyclic heteroaryl; R*is nitro, halo,
cyano or alkyl; R? is halo, cyano or alkyl; R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In a further embodiment, R* is selected from
the group consisting of —CN, —CF3;, —S(=0)CHj3, —S(=0),CH3, —S(=0),CHyF, —
S(=0),CHF,, —S(=0),CF3;, —S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —
S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3;, —
S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CFs. In still a further
embodiment, R’ is hydrogen.
[0172] In some embodiments, R'is bicyclic heteroaryl; R is nitro, halo, cyano or
alkyl; R’ is halo, cyano or alkyl; R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl,
sulfoximinyl or fluoroalkylsulfonyl; and R’ is hydrogen.
[0173] In some embodiments, R' is phenyl, monocyclic heteroaryl or bicyclic
heteroaryl; R*is halo, cyano or alkyl; R’ is halo, cyano or alkyl; R is cyano, fluoroalkyl,
sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and R’ is hydrogen.
[0174] In some embodiments, R* and R’ together with the atoms to which they are
attached form a 5- or 6-membered carbocycle with at least one sp’ hybridized carbon; R* is
cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and
R’ is hydrogen. In a further embodiment, R' is phenyl or monocyclic heteroaryl. In another
further embodiment, R' is bicyclic heteroaryl.
[0175] In some embodiments, X is N and Y is CR®. In other embodiments, X is CR’
and Y is N. In still other embodiments, X is N and Y is N. In yet other embodiments, X is
CR’ and Y is CR®.
[0176] In some embodiments, Z is S. In futher embodiments, Z is CHR'. In yet other
embodiments, Z is NR®. In some embodiments, Z is absent.
[0177] In another aspect, the disclosure provides a compound of Formula I-A:
R2
RA ZW)\IRS
| w7 RS,

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CR® or N;

Y is CR® or N;
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Zis S, CHR’, NR® or absent;

R? is nitro, carboxaldehyde, carboxylic acid, ester, amido, cyano, halo,
sulfonyl or alkyl,

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino, oxime
or acyl; or R? and R” taken together form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl;

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or

alkoxy;
W'is N or CR";
R’ is cyano, halo, alkyl or alkoxy; and
R'? is hydrogen, cyano, halo, alkyl or alkoxy.
[0178] In some embodiments, R” is cyano, halo or alkyl. In some embodiments, R” is

halo or alkyl. In some embodiments, R? is fluoro, chloro, bromo or iodo. In some
embodiments, R” is fluoroalkyl. In some further embodiments, R* is —CH,F, —CHF, or —
CF;.

[0179] In some embodiments, R’ is hydrogen, halo, cyano, alkyl, alkenyl, heteroalkyl
or acyl; or R* and R’ taken together form a cyclic moiety. In a further embodiment, R’ is halo,
cyano or alkyl. In yet a further embodiment, R’ is —(CH,),OH, wherein n is 1, 2 or 3. In still
a further embodiment, R® is —CH,OH.

[0180] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered carbocycle with at least one sp’ hybridized carbon.

Representative compounds with the carbocycle include, but are not limited to, the following:

9 9 9
P p/ < ~ ~ <
w! x R W x R4 w! Sy pe ,
9 9 9
CrEL. O, Oy
- = < Z < Z
wo X R W PR ag oW X R

wherein the carbocycle formed by linking R? and R’ may be optionally substituted with
fluoro, chloro, hydroxy, alkyl or heteroalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C,-C4 alkyl, C,-C, alkoxy and cyano. In yet other
embodiments, the substituent(s) is cycloalkyl or heterocycloalkyl and shares one or more ring

atoms with the carbocycle formed by linking R* and R’. In some embodiments, the
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substituent(s) is C3-Cs cycloalkyl or C3-Cs heterocycloalkyl. In other embodiments, the
substituent is oxo.

[0181] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered heterocycle, including, but not limited to, a lactone or
lactol, wherein said heterocycle may be optionally substituted with fluoro, chloro, hydroxy,
alkyl or heteroalkyl. In a further embodiment, the substituent(s) is selected from the group
consisting of halo, C;-C, alkyl, C;-C4 alkoxy and cyano.

[0182] In some embodiments, R* is halo, cyano, fluoroalkyl, sulfinyl, sulfonamidyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In some embodiments, R* is cyano, fluoroalkyl,
sulfonamidyl, sulfinyl, sulfonyl or sulfoximinyl. In some embodiments, R* is fluoroalkyl,
sulfonamidyl, sulfonyl or sulfoximinyl. In a further embodiment, R” is fluoroalkyl. In yet
another embodiment, R* is sulfonyl. In still another embodiment, R* is fluoroalkylsulfonyl.
[0183] In some embodiments, R* is —S(=0),R*, wherein R*is alkyl or cycloalkyl. In
a further embodiment, R is C;-C4 alkyl, optionally substituted with one or more fluorines.
Suitable examples of fluorine-substituted C,-C4 alkyl include, but are not limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH,F, —CHFCH; and —CF,CHj;. In still a
further embodiment, R is methyl, optionally substituted with one or more fluorines.

[0184] In some embodiments, R* is —S(=0)(=NR")R?, wherein R®is alkyl or
cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R is C1-Cy4 alkyl,
optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted
C,-C4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF;, —CH,CF;,—CH,CHF,,
—CH,CH,F, —CHFCHj3; and —CF,CHj3.

[0185] In some embodiments, R* is —S(=0),N(R?),, wherein each R*is
independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one
R?is hydrogen. In a further embodiment, both R are hydrogen. In another further
embodiment, one R*is hydrogen and the other R* is C;-C4 alkyl.

[0186] In some embodiments, R* is selected from the group consisting of —CN, —
CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —
S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —S(=0)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF; and —S(=0)(=N-CN)CF;.

[0187] In some embodiments, R’ is hydrogen. In some other embodiments, R’is C-
C4 alkyl or C,-C,4 alkoxy. In a further embodiment, R’is methyl.

[0188] In some embodiments, R®is hydrogen. In some other embodiments, R®is C -
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C, alkyl or C;-C4 alkoxy. In a further embodiment, R®is methyl.
[0189] In some embodiments, R’ is hydrogen. In some other embodiments, R”is C -
C, alkyl or C-C4 alkoxy. In a further embodiment, R’ is methyl.
[0190] In some embodiments, R®is hydrogen. In some other embodiments, R®is C-

C, alkyl or C1-C4 alkoxy. In a further embodiment, R®is methyl.

[0191] In some embodiments, R’ is cyano, halo, C;-Cy alkyl or C1-Cy4 alkoxy.

[0192] In some embodiments, R' is hydrogen, cyano, halo, C;-Cy alkyl or C,-Cy4
alkoxy.

[0193] In some embodiments, R* and R’ taken together with the atoms to which they

are attached form a 5- or 6-membered carbocycle with at least one sp> hybridized carbon and
R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl.
[0194] In some embodiments, R’ is —CH,OH and R*is cyano, fluoroalkyl,
sulfonamidyl, sulfonyl or sulfoximinyl. In a further embodiment, R’ is hydrogen. In still a
further embodiment, R” is cyano, halo or alkyl.

[0195] In some embodiments, R”is halo, cyano or alkyl; R is CH,OH; R* is cyano,
fluoroalkyl, sulfonamidyl, sulfonyl or sulfoximinyl. In a further embodiment, R" is selected
from the group consisting of —CN, —CF3;, —S(=0)CHj3, —S(=0),CHs, —S(=0),CH,F, —
S(=0),CHF,, —S(=0),CF3;, —S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —
S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3, —S(=0)(=N-CN)CHj3, —
S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CFs.

[0196] In some embodiments, X is N and Y is CR®. In other embodiments, X is CR’
and Y is N. In still other embodiments, X is N and Y is N. In yet other embodiments, X is
CR’ and Y is CR®.

[0197] In some embodiments, Z is S. In futher embodiments, Z is CHR'. In yet other
embodiments, Z is NR®. In some embodiments, Z is absent.

[0198] In another aspect, the disclosure provides a compound of Formula I-B:

Rz § RS
X
xR
or a pharmaceutically acceptable salt or prodrug thereof, wherein:
X is CR® or N;

Y is CR® or N;
Zis S, CHR’, NR® or absent;

2
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R? is nitro, carboxaldehyde, carboxylic acid, ester, amido, cyano, halo,
sulfonyl or alkyl,

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino, oxime
or acyl; or R? and R” taken together form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl;

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or

alkoxy;
R® is hydrogen, cyano, halo, alkyl or alkoxy; and
n’is0, 1,2, 3 or 4.
[0199] In some embodiments, R” is cyano, halo or alkyl. In some embodiments, R” is

halo or alkyl. In some embodiments, R? is fluoro, chloro, bromo or iodo. In some
embodiments, R* is fluoroalkyl. In some further embodiments, R* is —CH,F, —CHF, or —
CF;.
[0200] In some embodiments, R’ is hydrogen, halo, cyano, alkyl, alkenyl, heteroalkyl
or acyl; or R* and R’ taken together form a cyclic moiety. In a further embodiment, R’ is halo,
cyano or alkyl. In yet a further embodiment, R’ is —(CH,),OH, wherein n is 1, 2 or 3.
[0201] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered carbocycle with at least one sp’ hybridized carbon.
Representative compounds with the carbocycle include, but are not limited to, the following:
G YC/E ROy 7/? (RO @
Y~ Y~ Y~
Y\ Y\ Y\

wherein the carbocycle formed by linking R? and R’ may be optionally substituted with
fluoro, chloro, hydroxy, alkyl or heteroalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C,-C4 alkyl, C;-C, alkoxy and cyano. In yet other
embodiments, the substituent(s) is cycloalkyl or heterocycloalkyl and shares one or more ring
atoms with the carbocycle formed by linking R* and R’. In some embodiments, the
substituent(s) is C3-Cs cycloalkyl or C3-Cs heterocycloalkyl. In other embodiments, the
substituent is oxo.

[0202] In some embodiments, R* and R’ taken together with the atoms to which they

- 45 -



WO 2016/144825 PCT/US2016/021060

are attached form a 5- or 6-membered heterocycle, including, but not limited to, a lactone or
lactol, wherein said heterocycle may be optionally substituted with fluoro, chloro, hydroxy,
alkyl or heteroalkyl. In a further embodiment, the substituent(s) is selected from the group
consisting of halo, C;-C, alkyl, C,-C4 alkoxy and cyano.
[0203] In some embodiments, R’ is hydrogen, R* is is —S(=0),R? or —
S(=0)=NR")RY, wherein R*is fluoroalkyl, R® is hydrogen, cyano or alkyl and R? is alkyl.
[0204] In some embodiments, R*is halo, cyano, fluoroalkyl, sulfinyl, sulfonamidyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In some embodiments, R* is cyano, fluoroalkyl,
sulfonamidyl, sulfinyl, sulfonyl or sulfoximinyl. In some embodiments, R* is fluoroalkyl,
sulfonamidyl, sulfonyl or sulfoximinyl. In a further embodiment, R” is fluoroalkyl. In yet
another embodiment, R* is sulfonyl. In still another embodiment, R* is fluoroalkylsulfonyl.
[0205] In some embodiments, R* is —S(=0),R*, wherein R* is alkyl or cycloalkyl. In
a further embodiment, R is C;-C4 alkyl, optionally substituted with one or more fluorines.
Suitable examples of fluorine-substituted C,-C4 alkyl include, but are not limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH;F, —CHFCHj; and —CF,CHs;. In still a
further embodiment, R is methyl, optionally substituted with one or more fluorines.
[0206] In some embodiments, R* is —S(=0)(=NR")R?, wherein R®is alkyl or
cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R is C1-Cy4 alkyl,
optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted
C;-Cy4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —CH,CF3;,—CH,CHF,,
—CH,CH,F, —CHFCHj3; and —CF,CHj3.
[0207] In some embodiments, R* is —S(=0),-N(R?),, wherein each Ris
independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one
R?is hydrogen. In a further embodiment, both R are hydrogen. In another further
embodiment, one R*is hydrogen and the other R* is C;-C alkyl.
[0208] In some embodiments, R* is selected from the group consisting of —CN, —
CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —
S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —S(=O0)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF3;, —S(=0)(=N-CN)CHj3;, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF; and —S(=0)(=N-CN)CF;.
[0209] In some embodiments, R’ is hydrogen. In some other embodiments, R’is C-
C,4 alkyl or C;-C4 alkoxy. In a further embodiment, R’ is methyl.
[0210] In some embodiments, R®is hydrogen. In some other embodiments, R®is C-
C, alkyl or C;-C4 alkoxy. In a further embodiment, R®is methyl.
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[0211] In some embodiments, R’ is hydrogen. In some other embodiments, R”is C -
C, alkyl or C;-C4 alkoxy. In a further embodiment, R” is methyl.

[0212] In some embodiments, R®is hydrogen. In some other embodiments, R®is C-
C4 alkyl or C,-C,4 alkoxy. In a further embodiment, R%is methyl.

[0213] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered carbocycle with at least one sp> hybridized carbon and
R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl.
In a further embodiment, R* is selected from the group consisting of —CN —CF;, —
S(=0)CHj3;, —S(=0),CH3, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —S(=0),NH,, —
S(=0),NHCH3, —S(=0)(=NH)CHj3, —S(=0)(=NH)CH,F, —S(=0O)(=NH)CHF,, —
S(=0)(=NH)CF3, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF,
and —S(=0)(=N-CN)CF;3.

[0214] In some embodiments, R’ is —CH,OH and R*is fluoroalkyl, sulfonamidyl,
sulfonyl, sulfinyl or sulfoximinyl. In a further embodiment, R’ is hydrogen. In still a further
embodiment, R” is cyano, halo or alkyl.

[0215] In some embodiments, R”is halo, cyano or alkyl; R is CH,OH; R* is
fluoroalkyl, sulfonamidyl, sulfonyl, sulfinyl or sulfoximinyl. In a further embodiment, R” is
selected from the group consisting of —CF3;, —S(=0)CH3, —S(=0),CH3;, —S(=0),CH,F,
—S(=0),CHF,, —S(=0),CF;, —S(=0),NH,, —S(=0),NHCH3, —S(=0)(=NH)CH3;, —
S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3, —S(=0)(=N-CN)CHj3, —
S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CF3.

[0216] In some embodiments, X is N and Y is CR®. In other embodiments, X is CR’
and Y is N. In still other embodiments, X is N and Y is N. In yet other embodiments, X is
CR’ and Y is CR®.

[0217] In some embodiments, Z is S. In futher embodiments, Z is CHR'. In yet other
embodiments, Z is NR®. In some embodiments, Z is absent.
[0218] In some embodiments, R is cyano, halo, C1-C4 alkyl or C;-C4 alkoxy.
[0219] In yet another aspect, the disclosure provides a compound of Formula I-C:
R,
. . I5112
R4

2

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis S, CHR’, NR® or absent;
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R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R*is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;

R' is hydrogen, hydroxy, alkoxy or amino;

R'? is hydrogen, alkyl, alkenyl or alkynyl; or R'' and R'” in combination form
0XO Or OXime;

each of R is independently selected from the group consisting of hydrogen,
fluoro, chloro, hydroxy, alkyl and heteroalkyl; or two R"’s and the carbon atom(s) to which
they are attached form a 3- to 8-membered cycloalkyl or heterocycloalkyl moiety; and

nis 0, 1,2, 3 or 4.
[0220] In some embodiments, for a compound of Formula I-C, R' is further selected
from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl, and heteroaryl.
[0221] In some embodiments, R'is phenyl or monocyclic heteroaryl. In some further
embodiments, R'is phenyl or pyridyl, optionally substituted with one or more substituents
selected from the group consisting of halo, alkyl, alkoxy and cyano. In a further embodiment,
R'is
wherein the aryl ring is optionally substituted with one or more substituents selected from the
group consisting of cyano, halo, alkyl and alkoxy. In another further embodiment, R" is

R
wherein W' is N or CR', R” is cyano, halo, alkyl or alkoxy, and R'® is hydrogen, cyano,
halo, alkyl or alkoxy.
[0222] In some embodiments, R' is bicyclic heteroaryl.

[0223] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents

v S N

2

described for aryl and heteroaryl. In a further embodiment, the substituent(s) is selected from
the group consisting of halo, C,;-C4 alkyl, C;-C, alkoxy and cyano.

[0224] In some embodiments, R' is selected from the group consisting of:

and the rings specified for R' may optionally be substituted with one or more substituents
described for cycloalkyl. In a further embodiment, the substituent(s) is selected from the
group consisting of halo, hydroxy, C;-C4 alkyl, C;-C4 alkoxy, cyano and oxo.
[0225] In some embodiments, R' is cycloalkyl. In other embodiments, R' is
heterocycloalkyl. In a further embodiment, R' is C3-Cs cycloalkyl or C3-Cg heterocycloalkyl.
In yet a further embodiment, R' is cyclobutyl. In some embodiments, said cycloalkyl,
cyclobutyl or heterocycloalkyl may optionally be substituted with one or more substituents
described for cycloalkyl or heterocycloalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C;-C4 alkyl, C,-C4 alkoxy and cyano. In another
further embodiment, the substituent(s) is at least one fluoro.
[0226] In some embodiments, R' is acyl or cyano. In a further embodiment, R" is
acetyl.
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[0227] In some embodiments, R' is alkyl. In a further embodiment, the alkyl is
substituted with at least one substituent(s) selected from the group consisting of halo, C,-C4
alkyl, C;-C4 alkoxy and cyano. In another further embodiment, the alkyl is substituted with at
least one fluoro. In some embodiments, R' is heteroalkyl.

[0228] In some embodiments, R' is selected from the group consisting of:

) 7 : . )\/\ \\/
- - v
AY \/\ Pl \ N
’ Ny Ny ’

AN

N “

GRS,
y NCX, "o

C( & andﬂ

wherein each of the members may optionally be substituted with one or more substituents
selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C,-C4 alkyl, C;-C4 alkoxy
and cyano.

[0229] In some embodiments, R* is cyano, fluoroalkyl, sulfinyl, sulfonamidy],
sulfonyl or sulfoximinyl. In some embodiments, R*is fluoroalkyl, sulfonamidyl, sulfinyl,
sulfonyl or sulfoximinyl. In a further embodiment, R* is fluoroalkyl. In yet another
embodiment, R* is sulfonyl. In still another embodiment, R* is fluoroalkylsulfonyl.

[0230] In some embodiments, R* is —S(=0),R*, wherein R*is alkyl or cycloalkyl. In
a further embodiment, R is C,-C4 alkyl, optionally substituted with one or more fluorines.
Suitable examples of fluorine-substituted C,-C4 alkyl include, but are not limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH;F, —CHFCHj; and —CF,CHs;. In still a
further embodiment, R is methyl, optionally substituted with one or more fluorines.

[0231] In some embodiments, R* is —S(=0)(=NR")R?, wherein R®is alkyl or
cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R is C1-Cy4 alkyl,
optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted
C;-Cy4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —CH,CF3;,—CH,CHF,,
—CH,CH,F, —CHFCHj3; and —CF,CHj3.

[0232] In some embodiments, R* is —S(=0),N(R?),, wherein each R*is
independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one
R? is hydrogen. In another further embodiment, one R? is hydrogen and the other R is C1-C,4
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alkyl.
[0233] In some embodiments, R* is selected from the group consisting of —CN, —
CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —
S(=0),NH,, —S(=0),NHCH3;, —S(=0)(=NH)CHj3, —S(=0O)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CFs.
[0234] In some embodiments, R’ is hydrogen or alkyl. In some other embodiments,
R’is C1-C4 alkyl or C,-C, alkoxy. In a further embodiment, R’is methyl.
[0235] In some embodiments, R®is hydrogen or alkyl. In some other embodiments,
R%is C,-Cy alkyl or C-C4 alkoxy. In a further embodiment, R®is methyl.
[0236] In some embodiments, R"" is hydroxy or amino. In a further embodiment, R"'
is hydroxy. In another further embodiment, R'" is amino.
[0237] In some embodiments, R' is hydrogen. In some other embodiments, R is
alkyl or alkenyl.
[0238] In some embodiments, R" is fluoro. In a further embodiment, nis 1, 2 or 3. In
a further embodiment, two R"s in combination form oxo, oxime or methylene. In still futher
embodiments, two R"’s and the carbon atom(s) to which they are attached form a 3- to 8-
membered cycloalkyl or heterocycloalkyl moiety.
[0239] In some embodiments, R' is monocyclic aryl or monocyclic heteroaryl and R'!
is hydroxy or amino. In a further embodiment, R" is fluoro. In still a further embodiment, n
is 1,2 or 3.
[0240] In some embodiments, R' is phenyl or monocyclic heteroaryl, R"! is hydroxy
or amino, R" is fluoro, nis 1, 2 or 3, and R’ is hydrogen.
[0241] In some embodiments, R'is bicyclic heteroaryl and R" is hydroxy or amino.
In a further embodiment, R" is fluoro. In still a further embodiment, n is 1, 2 or 3.
[0242] In some embodiments, R' is bicyclic heteroaryl, R'" is hydroxy or amino, R"
is fluoro, nis 1, 2 or 3, and R’ is hydrogen.
[0243] In some embodiments, R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl, and R"' is hydroxy or amino. In a further
embodiment, R' is hydrogen. In another further embodiment, R" is fluoro. In still a further
embodiment, nis 1, 2 or 3.
[0244] In some embodiments, R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; R' is hydroxy or amino; R" is fluoro; nis 1, 2
or 3; and R’ is hydrogen. In a further embodiment, R'? is hydrogen.
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[0245] In some embodiments R" is hydroxy or amino and R*? is hydrogen. In a
further embodiment, R" is fluoro. In still a further embodiment, nis 1, 2 or 3.

[0246] In some embodiments R" is hydroxy or amino, R" is hydrogen, R" is fluoro,
nis 1,2 or 3, and R’ is hydrogen. In a further embodiment, R* is selected from the group
consisting of —CN, —CF3, —S(=0)CH3, —S(=0),CH3, —S(=0),CH,F, —S(=0),CHF,, —
S(=0),CF;, —S(=0),NH,, —S(=0),NHCH3, —S(=0)(=NH)CH3;, —S(=0)(=NH)CH,F,
—S(=0)(=NH)CHF;,, —S(=0)(=NH)CF3, —S(=0)(=N-CN)CH3, —S(=0)(=N-CN)CH,F,
—S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CFs.

[0247] In some embodiments, R* is fluoroalkyl; nis 0, 1, 2 or 3; R'! is hydroxy; and
R'? is hydrogen.
[0248] In some embodiments, R* is sulfonyl or fluoroalkylsulfonyl; nis 0, 1, 2 or 3;

R'" is hydroxy; and R" is hydrogen.

[0249] In some embodiments, Z is S. In futher embodiments, Z is CHR'. In yet other
embodiments, Z is NR®. In some embodiments, Z is absent.

[0250] In still another aspect, the disclosure provides a compound of Formula I-D, I-E,

I-F or I-G:

LF F R LF Fo
’Z R'I'I ’Z R'I'I ’Z R'I'I ’Z R'I'I
R! R! R! R!
R4 R4 R4 R4
I-D . I-E . I-F . I-G

2

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;
and

R' is hydrogen, hydroxy, alkoxy or amino.
[0251] In some embodiments, for a compound of Formula I-D, I-E, I-F, or I-G, R'is
further selected from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl, and
heteroaryl.
[0252] In some embodiments, R'is monocyclic aryl or monocyclic heteroaryl. In

some further embodiments, R'is phenyl or pyridyl, optionally substituted with one or more
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substituents selected from the group consisting of halo, alkyl, alkoxy and cyano. In a further

embodiment, R' is

AY
: \
2

wherein the aryl ring is optionally substituted with one or more substituents selected from the

group consisting of cyano, halo, alkyl and alkoxy. In another further embodiment, R" is

wherein W' is N or CR', R” is cyano, halo, alkyl or alkoxy, and R'® is hydrogen, cyano,
halo, alkyl or alkoxy.
[0253] In some embodiments, R' is bicyclic heteroaryl having at least one N atom.

[0254] In some embodiments, R' is selected from the group consisting of:

Cr J L L O

-

'@” Y
and N

and the rings specified for R' may optionally be substituted with one or more substituents

~ +
Iz /i/\ N
-

2

described for aryl and heteroaryl. In a further embodiment, the substituent(s) is selected from
the group consisting of halo, C,-C4 alkyl, C;-C,4 alkoxy and cyano.

[0255] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents
described for cycloalkyl. In a further embodiment, the substituent(s) is selected from the
group consisting of halo, hydroxy, C,-C4 alkyl, C,;-C,4 alkoxy, cyano and oxo.

[0256] In some embodiments, R' is cycloalkyl. In other embodiments, R' is
heterocycloalkyl. In a further embodiment, R' is C3-Cs cycloalkyl or C3-Cg heterocycloalkyl.
In yet a further embodiment, R' is cyclobutyl. In some embodiments, said cycloalkyl,
cyclobutyl or heterocycloalkyl may optionally be substituted with one or more substituents
described for cycloalkyl or heterocycloalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C;-C4 alkyl, C,-C4 alkoxy and cyano. In another

further embodiment, the substituent(s) is at least one fluoro.

[0257] In some embodiments, R' is acyl or cyano. In a further embodiment, R" is
acetyl.
[0258] In some embodiments, R' is alkyl. In a further embodiment, the alkyl is

substituted with at least one substituent(s) selected from the group consisting of halo, C,-C4
alkyl, C,-C, alkoxy and cyano. In another further embodiment, the alkyl is substituted with at
least one fluoro. In some embodiments, R' is heteroalkyl.

[0259] In some embodiments, R' is selected from the group consisting of:

A \ \ )\/\ \\/
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wherein each of the members may optionally be substituted with one or more substituents
selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C,-C4 alkyl, C;-C4 alkoxy
and cyano.

[0260] In some embodiments, R* is cyano, fluoroalkyl, sulfinyl, sulfonamidy],

sulfonyl or sulfoximinyl. In some embodiments, R*is fluoroalkyl, sulfonamidyl, sulfinyl,

-54 -



WO 2016/144825 PCT/US2016/021060

sulfonyl or sulfoximinyl. In a further embodiment, R* is fluoroalkyl. In yet another
embodiment, R* is sulfonyl. In still another embodiment, R* is fluoroalkylsulfonyl.

[0261] In some embodiments, R* is —S(=0),R*, wherein R*is alkyl or cycloalkyl. In
a further embodiment, R is C,-C4 alkyl, optionally substituted with one or more fluorines.
Suitable examples of fluorine-substituted C,-C4 alkyl include, but are not limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH,F, —CHFCHj; and —CF,CH3.

[0262] In some embodiments, R* is —S(=0)(=NR")R?, wherein R®is alkyl or
cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R? is C1-C4 alkyl,
optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted
C;-Cy4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —CH,CF3;,—CH,CHF,,
—CH,CH,F, —CHFCHj3; and —CF,CHj3.

[0263] In some embodiments, R* is —S(=0),N(R"),, wherein each R*is
independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one
R? is hydrogen. In another further embodiment, both R are hydrogen. In a further
embodiment, one R*is hydrogen and the other R* is C;-C4 alkyl.

[0264] In some embodiments, R* is selected from the group consisting of —CN, —
CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —
S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —S(=O0)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF; and —S(=0)(=N-CN)CF;.

[0265] In some embodiments, R’ is hydrogen or alkyl. In some other embodiments,
R’is C,-Cy alkyl or C-C4 alkoxy. In a further embodiment, R is methyl.

[0266] In some embodiments, R®is hydrogen or alkyl. In some other embodiments,

R%is C,-Cy alkyl or C-C4 alkoxy. In a further embodiment, R®is methyl.

[0267] In some embodiments, R'! is hydroxy. In another further embodiment, R"" is
amino.
[0268] In some embodiments, R' is phenyl or monocyclic heteroaryl and R* is

hydroxy or amino.
[0269] In some embodiments, R'is bicyclic heteroaryl and R" is hydroxy or amino.
[0270] In some embodiments R is bicyclic heteroaryl and R* is cyano, fluoroalkyl,
sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl. In another further embodiment, R* is
selected from the group consisting of —CN, —CF3, —S(=0)CHj3, —S(=0),CH3, —
S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —S(=0),NH,, —S(=0),NHCHj3;, —
S(=0)(=NH)CHj3;, —S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3;, —
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S(=0)(=N-CN)CHj3;, —S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF, and —S(=0)(=N-
CN)CF;3.

[0271] In some embodiments R' is bicyclic heteroaryl; R is cyano, fluoroalkyl,
sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl; and R"" is hydroxy or amino. In a further
embodiment, R'' is hydroxy. In another further embodiment, R* is selected from the group
consisting of —CN, —CF3, —S(=0)CH3, —S(=0),CH3, —S(=0),CH,F, —S(=0),CHF,, —
S(=0),CF;, —S(=0),NH,, —S(=0),NHCH3;, —S(=0)(=NH)CH3, —S(=0)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3;, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CFs.

[0272] In some embodiments R' is phenyl or monocyclic heteroaryl and R* is cyano,
fluoroalkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl. In another further embodiment,
R* is selected from the group consisting of —CN, —CF3, —S(=0)CHs, —S(=0),CH;, —
S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3;, —S(=0),NH,, —S(=0),NHCHj3;, —
S(=0)(=NH)CHj3;, —S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3;, —
S(=0)(=N-CN)CHj3;, —S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF, and —S(=0)(=N-
CN)CF;.

[0273] In some embodiments R' is phenyl or monocyclic heteroaryl; R* is cyano,
fluoroalkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl; and R"" is hydroxy or amino. In
a further embodiment, R" is hydroxy. In another further embodiment, R” is selected from the
group consisting of —CN, —CF3;, —S(=0)CH3;, —S(=0),CH3, —S(=0),CH,F, —
S(=0),CHF,, —S(=0),CF;, —S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —
S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3, —S(=0)(=N-CN)CHj3, —
S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF; and —S(=0)(=N-CN)CF3.

[0274] In some embodiments, Z is S. In futher embodiments, Z is CHR'. In yet other
embodiments, Z is NR®. In some embodiments, Z is absent.

[0275] In a further aspect, the disclosure provides a compound of Formula I-H, I-1, I-J
or [-K:

LF F FQ LF N
Z R11 Z R11 2 R11 2 R11
R? R! R R
R4 R4 R4 R4
I-H , I-1 , I-J , I-K

2

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis S, CHR’, NR® or absent;
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R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R*is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;
and

R'" is hydroxy or amino.
[0276] In some embodiments, for a compound of Formula I-H, I-I, I-J, or [-K, R'is
further selected from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl, and
heteroaryl.
[0277] In some embodiments, R'is monocyclic aryl or monocyclic heteroaryl. In
some further embodiments, R'is phenyl or pyridyl, optionally substituted with one or more
substituents selected from the group consisting of halo, alkyl, alkoxy and cyano. In a further

embodiment, R' is

wherein the aryl ring is optionally substituted with one or more substituents selected from the
group consisting of cyano, halo, alkyl and alkoxy. In another further embodiment, R" is

R
wherein W' is N or CR', R” is cyano, halo, alkyl or alkoxy, and R'® is hydrogen, cyano,
halo, alkyl or alkoxy.
[0278] In some embodiments, R' is bicyclic heteroaryl.

[0279] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents

v S N

2

described for aryl and heteroaryl. In a further embodiment, the substituent(s) is selected from
the group consisting of halo, C,;-C4 alkyl, C;-C, alkoxy and cyano.

[0280] In some embodiments, R' is selected from the group consisting of:

and the rings specified for R' may optionally be substituted with one or more substituents
described for cycloalkyl. In a further embodiment, the substituent(s) is selected from the
group consisting of halo, hydroxy, C;-C4 alkyl, C;-C4 alkoxy, cyano and oxo.
[0281] In some embodiments, R' is cycloalkyl. In other embodiments, R' is
heterocycloalkyl. In a further embodiment, R' is C3-Cs cycloalkyl or C3-Cg heterocycloalkyl.
In yet a further embodiment, R' is cyclobutyl. In some embodiments, said cycloalkyl,
cyclobutyl or heterocycloalkyl may optionally be substituted with one or more substituents
described for cycloalkyl or heterocycloalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C;-C4 alkyl, C,-C4 alkoxy and cyano. In another
further embodiment, the substituent(s) is at least one fluoro.
[0282] In some embodiments, R' is acyl or cyano. In a further embodiment, R" is
acetyl.
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[0283] In some embodiments, R' is alkyl. In a further embodiment, the alkyl is
substituted with at least one substituent(s) selected from the group consisting of halo, C,-C4
alkyl, C;-C4 alkoxy and cyano. In another further embodiment, the alkyl is substituted with at
least one fluoro. In some embodiments, R' is heteroalkyl.

[0284] In some embodiments, R' is alkyl. In a further embodiment, the alkyl is
substituted with at least one substituent(s) selected from the group consisting of halo, C,-C4
alkyl, C;-C4 alkoxy and cyano. In another further embodiment, the alkyl is substituted with at
least one fluoro. In some embodiments, R' is heteroalkyl.

[0285] In some embodiments, R' is selected from the group consisting of:

O[}U>
‘T@andoq

wherein each of the members may optionally be substituted with one or more substituents

A A \ v S<
/\/‘\ \’ \’ ‘/ | >—"»
) ’
o o
/ \
H
\
0]

selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C,-C4 alkyl, C;-C4 alkoxy
and cyano.

[0286] In some embodiments, R* is cyano, fluoroalkyl, sulfinyl, sulfonamidy],
sulfonyl or sulfoximinyl. In a further embodiment, R* is fluoroalkyl. In yet another
embodiment, R* is sulfonyl. In still another embodiment, R* is fluoroalkylsulfonyl.

[0287] In some embodiments, R* is —S(=0),R*, wherein R*is alkyl or cycloalkyl. In
a further embodiment, R is C;-C4 alkyl, optionally substituted with one or more fluorines.
Suitable examples of fluorine-substituted C,-C,4 alkyl include, but are not limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH;F, —CHFCHj; and —CF,CHs;. In still a
further embodiment, R is methyl, optionally substituted with one or more fluorines.

[0288] In some embodiments, R* is —S(=0)(=NR")R?, wherein R®is alkyl or
cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R? is C1-C4 alkyl,
optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted
C;-Cy4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —CH,CF3;,—CH,CHF,,
—CH,CH,F, —CHFCHj3; and —CF,CHj3.
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[0289] In some embodiments, R* is —S(=0),N(R?),, wherein each R*is
independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one
R? is hydrogen. In another further embodiment, both R are hydrogen. In a further
embodiment, one R*is hydrogen and the other R* is C;-C alkyl.

[0290] In some embodiments, R* is selected from the group consisting of —CN, —
CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —
S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —S(=O0)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF3;, —S(=0)(=N-CN)CHj3;, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF; and —S(=0)(=N-CN)CF;.

[0291] In some embodiments, R’ is hydrogen or alkyl. In some other embodiments,
R’is C;-C4 alkyl or C1-Cy alkoxy. In a further embodiment, R’ is methyl.

[0292] In some embodiments, R®is hydrogen or alkyl. In some other embodiments,

R%is C,-Cy alkyl or C-C4 alkoxy. In a further embodiment, R®is methyl.

[0293] In some embodiments, R'! is hydroxy. In another further embodiment, R"" is
amino.
[0294] In some embodiments, R' is phenyl or monocyclic heteroaryl and R* is

hydroxy or amino.

[0295] In some embodiments, R'is bicyclic heteroaryl and R" is hydroxy or amino.
[0296] In some embodiments R is bicyclic heteroaryl and R* is cyano, fluoroalkyl,
sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl. In another further embodiment, R* is
selected from the group consisting of —CN, —CF3;, —S(=0)CHj3, —S(=0),CH;, —
S(=0),CHyF, —S(=0),CHF,, —S(=0),CF;, —S(=0),NH,, —S(=0),NHCHj3, —
S(=0)(=NH)CHj3;, —S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3;, —
S(=0)(=N-CN)CHj3, —S(=0O)(=N-CN)CH,F, —S(=0)(=N-CN)CHF, and —S(=0O)(=N-
CN)CFs;.

[0297] In some embodiments R' is bicyclic heteroaryl; R is cyano, fluoroalkyl,
sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl; and R"" is hydroxy or amino. In a further
embodiment, R'' is hydroxy. In another further embodiment, R* is selected from the group
consisting of —CN, —CF3;, —S(=0)CH3;, —S(=0),CH3, —S(=0),CH,F, —S(=0),CHF,, —
S(=0),CF;, —S(=0),NH,, —S(=0),NHCH3, —S(=0)(=NH)CH3, —S(=O)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CH3, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CF5.

[0298] In some embodiments R' is phenyl or monocyclic heteroaryl and R* is cyano,
fluoroalkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl. In another further embodiment,
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R* is selected from the group consisting of —CN, —CF3, —S(=0)CH3, —S(=0),CH3, —
S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3;, —S(=0),NH,, —S(=0),NHCHj3;, —
S(=0)(=NH)CHj3;, —S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3;, —
S(=0)(=N-CN)CHj3;, —S(=0)(=N-CN)CH;F, —S(=0)(=N-CN)CHF, and —S(=0)(=N-
CN)CFs.

[0299] In some embodiments R' is phenyl or monocyclic heteroaryl; R* is cyano,
fluoroalkyl, sulfinyl, sulfonamidyl, sulfonyl or sulfoximinyl; and R"" is hydroxy or amino. In
a further embodiment, R" is hydroxy. In another further embodiment, R” is selected from the
group consisting of —CN, —CF3;, —S(=0)CH3;, —S(=0),CH3, —S(=0),CH,F, —
S(=0),CHF,, —S(=0),CF3;, —S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —
S(=0)(=NH)CH,F, —S(=0)(=NH)CHF,, —S(=0)(=NH)CF3, —S(=0)(=N-CN)CHj3, —
S(=0)(=N-CN)CH;F, —S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CFs.

[0300] In some embodiments, Z is S. In futher embodiments, Z is CHR'. In yet other
embodiments, Z is NR®. In some embodiments, Z is absent.

[0301] In some embodiments, a compound of any one of Formulae I-H-I-K may have
an enantiomeric excess of at least about 80%, at least about 81%, at least about 82%, at least
about 83%, at least about 84%, at least about 85%, at least about 86%, at least about 87%, at
least about 88%, at least about 89%, at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or even higher. In some embodiments, a compound of any
one of Formulae I-H-I-K may have an enantiomeric excess of about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98% or about 99%.

[0302] In one aspect, the present disclosure provides a compound having the structure

of Formula II:
(Ro)
= 2 n

or a pharmaceutically acceptable salt thereof, wherein:

nis 1, 2, 3 or 4;

R, is cycloalkyl, alkyl, heteroalkyl or heterocycloalkyl;
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each of R; is hydrogen, alkyl, hydroxy, or halo; or two R,s and the atom(s) to
which they are attached form a 3-8 membered cycloalkyl or heterocycloalkyl moiety;

Rj; is alkyl, hydrogen, or deuterium and Ry is hydroxy, fluoro, alkylamino, alkoxy,
amino, cyano, or amide; or R; and R4 in combination form oxo or oxime;

Rs is sulfonyl, sulfonamidyl, sulfinyl, sulfoximinyl, nitro, amide, halo, cyano,
alkyl, or cycloalkyl; and Re1s hydrogen, halo, or alkyl.
[0303] In some embodiments, for a compound of Formula II, R, is further selected
from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, and heterocycloalkyl.
[0304] In some embodiments, for a compound of Formula II, R; is alkyl. In a further
embodiment, the alkyl is substituted with at least one substituent selected from the group
consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In another further embodiment,
the alkyl is substituted with at least one fluoro.
[0305] In some embodiments, for a compound of Formula II, R, is cycloalkyl. In a
further embodiment, the cycloalkyl is cyclobutyl. In still a further embodiment, the
cyclobutyl is substituted with at least one substituent selected from the group consisting of
halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In still another further embodiment, the
cyclobutyl is substituted with at least one fluoro.
[0306] In some embodiments, for a compound of Formula II, R, is selected from the

group consisting of
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wherein each of the members may optionally be substituted with one or more substituents

\O/\’\‘f

0 s y

selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C1-C4 alkyl, C1-C4 alkoxy,
and cyano.

[0307] In some embodiments, for a compound of FormulaIl, nis 1,2, or 3. In a
further embodiment, R; is fluoro.

[0308] In some embodiments, for a compound of Formula II, R, is halo. In a further
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embodiment, R, is fluoro.

[0309] In some embodiments, for a compound of Formula II, R3 is hydrogen. In a
further embodiment, R4 is hydroxy.

[0310] In some embodiments, for a compound of Formula II, R4 is hydroxy. In a
further embodiment, Rgis hydrogen.

[0311] In some embodiments, for a compound of Formula II, R; and R4 in
combination form oxime.

[0312] In some embodiments, for a compound of Formula II, Rs is sulfonyl, alkyl,
halo, or cyano. In a further embodiment, Rs s selected from the group consisting of —CF3,
—CN,—S(=0)CH3, —S(=0),CH3, —S(=0),CH,F, —S(=0),CHF,, and —S(=0),CF3. In
still a further embodiment, Rsis —S(=0),CHs. In still another further embodiment, Rsis —
CFs.

[0313] In some embodiments, for a compound of Formula II, R¢ is hydrogen.

[0314] In some embodiments, for a compound of Formula II, R, is alkyl or cycloalkyl;
nis 1, 2, or 3; and R, is fluoro. In a further embodiment, R; is hydrogen. In still a further
embodiment, R4 is hydroxy.

[0315] In some embodiments, for a compound of Formula II, R, is alkyl or cycloalkyl;
nis 1, 2, or 3; Ry is fluoro; R; is hydrogen; Ry is hydroxy; and Re is hydrogen. In a further
embodiment, Rs is sulfonyl. In another further embodiment, Rs is fluoroalkyl.

[0316] In some embodiments, for a compound of Formula II, R, is alkyl or cycloalkyl;
nis 1, 2, or 3; Ry is fluoro; Rj is hydrogen; Ry is hydroxy; Rs is —S(=0),CH; and Rg is
hydrogen.

[0317] In some embodiments, for a compound of Formula II, R, is alkyl or cycloalkyl;
nis 1, 2, or 3; Ry is fluoro; R; is hydrogen; Ry is hydroxy; Rs is —CF3 and Rg 1s hydrogen.
[0318] In another aspect, the present disclosure provides a compound having one of

the formulae:

or a pharmaceutically acceptable salt thereof, wherein:

R, is cycloalkyl, alkyl, heteroalkyl or heterocycloalkyl;
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Rs is alkyl, hydrogen, or deuterium and Ry is hydroxy, fluoro, alkylamino, alkoxy,
amino, cyano, or amide; or R3 and R4 in combination form oxo or oxime;

Rs is sulfonyl, sulfonamidyl, sulfinyl, sulfoximinyl, nitro, amide, halo, cyano,
alkyl, or cycloalkyl; and R is hydrogen, halo, or alkyl.
[0319] In some embodiments, for a compound of Formula Ila, IIb, Ilc, or IId, R; is
further selected from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, and heterocycloalkyl.
[0320] In some embodiments, for a compound of Formula Ila, IIb, Ilc or IId, R; is
alkyl. In a further embodiment, the alkyl is substituted with at least one substituent selected
from the group consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In another further
embodiment, the alkyl is substituted with at least one fluoro.
[0321] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R; is
cycloalkyl. In a further embodiment, the cycloalkyl is cyclobutyl. In still a further
embodiment, the cyclobutyl is substituted with at least one substituent selected from the
group consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In still another further
embodiment, the cyclobutyl is substituted with at least one fluoro.
[0322] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R is

selected from the group consisting of:
/\/\\/, \,\(’ Pie ’ )\,\\/’ D_/"\
O S
’ ’ ‘ ~ \\/
NCY,’*, NC><", o, Yo

N - P4
@/, D and (I)j

wherein each of the members may optionally be substituted with one or more substituents
selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C1-C4 alkyl, C1-C4 alkoxy,
and cyano.

[0323] In some embodiments, for a compound of Formula Ila, IIb, Ilc or IId, R3 s
hydrogen. In a further embodiment, R4 is hydroxy.

[0324] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R4 is
hydroxy. In a further embodiment, R¢is hydrogen.

[0325] In some embodiments, for a compound of Formula Ila, IIb, II¢ or IId, R3 and
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R4 in combination form oxime.

[0326] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, Rs is
sulfonyl, alkyl, halo, or cyano. In a further embodiment, Rsis selected from the group
consisting of -CF3, -CN,-S(=0)CHjs;, -S(=0),CHs, -S(=0),CH,F, -S(=0),CHF,, and -
S(=0),CF;. In still a further embodiment, Rsis -S(=0),CHj3. In still another further

embodiment, Rsis -CF5.

[0327] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R¢ is
hydrogen.
[0328] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R; is

alkyl or cycloalkyl; nis 1, 2, or 3; and R is fluoro. In a further embodiment, R; is hydrogen.
In still a further embodiment, Ry is hydroxy.

[0329] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R, is
alkyl or cycloalkyl; nis 1, 2, or 3; R, is fluoro; R is hydrogen; Ry is hydroxy; and Re is
hydrogen. In a further embodiment, Rs is sulfonyl. In another further embodiment, Rs is
fluoroalkyl.

[0330] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R, is
alkyl or cycloalkyl; nis 1, 2, or 3; R, is fluoro; R is hydrogen; Ry is hydroxy; Rs is —
S(=0),CH;3 and R is hydrogen.

[0331] In some embodiments, for a compound of Formula Ila, IIb, IIc or IId, R; is
alkyl or cycloalkyl; nis 1, 2, or 3; R, is fluoro; Rj; is hydrogen; Ry is hydroxy; Rs is —CF;
and Rg 1s hydrogen.

[0332] In another aspect, the present disclosure provides a compound having one of

the formulae:

Illa lllb lllc lid

or a pharmaceutically acceptable salt thereof, wherein:

R, is cycloalkyl, alkyl, heteroalkyl or heterocycloalkyl;

Rj is hydrogen and Ry is hydroxy, alkylamino, alkoxy, amino, or fluoro; or R3 and
R4 in combination form oxo or oxime; and

Rs is sulfonyl, sulfinyl, sulfonamidyl, sulfoximinyl, nitro, amide, halo, cyano,
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alkyl, or cycloalkyl.

[0333] In some embodiments, for a compound of Formula IlIa, IIIb, Ill¢, or I1Id, R; is
further selected from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, and heterocycloalkyl.
[0334] In some embodiments, for a compound of Formula IlTa, IIIb, Ill¢ or IIId, R, is
alkyl. In a further embodiment, the alkyl is substituted with at least one substituent selected
from the group consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In another further
embodiment, the alkyl is substituted with at least one fluoro.

[0335] In some embodiments, for a compound of Formula Illa, IIIb, Ill¢ or IIId, R, is
cycloalkyl. In a further embodiment, the cycloalkyl is cyclobutyl. In still a further
embodiment, the cyclobutyl is substituted with at least one substituent selected from the
group consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and cyano. In still another further
embodiment, the cyclobutyl is substituted with at least one fluoro.

[0336] In some embodiments, for a compound of Formula IlTa, IIIb, IIl¢ or IIId, R, is

selected from the group consisting of’
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wherein each of the members may optionally be substituted with one or more substituents
selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C1-C4 alkyl, C1-C4 alkoxy,
and cyano.

[0337] In some embodiments, for a compound of Formula IlTa, IIIb, Ill¢ or IT1d, R is
hydrogen. In a further embodiment, R4 s hydroxy.

[0338] In some embodiments, for a compound of Formula IlTa, IIIb, IIl¢ or IT1d, R4is
hydroxy. In a further embodiment, R¢is hydrogen.

[0339] In some embodiments, for a compound of Formula IlIa, IIIb, IlIc or II1d, R;
and R4 in combination form oxime.

[0340] In some embodiments, for a compound of Formula Illa, IIIb, IIl¢ or IIId, Rs is

sulfonyl, alkyl, halo, or cyano. In a further embodiment, Rsis selected from the group
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consisting of —CF3;, —CN,—S(=0)CH3, —S(=0),CH3, —S(=0),CH,F, —S(=0),CHF,, and
—S(=0),CF;. In still a further embodiment, Rsis —S(=0),CHs. In still another further

embodiment, Rsis —CF;.

[0341] In some embodiments, for a compound of Formula Illa, IIIb, IIl¢ or IIId, Re is
hydrogen.
[0342] In some embodiments, for a compound of Formula Illa, IIIb, Ill¢ or IIId, R, is

alkyl or cycloalkyl; nis 1, 2, or 3; and R is fluoro. In a further embodiment, R; is hydrogen.
In still a further embodiment, Ry is hydroxy.

[0343] In some embodiments, for a compound of Formula Illa, IIIb, Ill¢ or IIId, R, is
alkyl or cycloalkyl; nis 1, 2, or 3; R, is fluoro; R is hydrogen; Ry is hydroxy; and Re is
hydrogen. In a further embodiment, Rs is sulfonyl. In another further embodiment, Rs is
fluoroalkyl.

[0344] In some embodiments, for a compound of Formula Illa, IIIb, Ill¢ or IIId, R, is
alkyl or cycloalkyl; nis 1, 2, or 3; R, is fluoro; R is hydrogen; Ry is hydroxy; Rs is —
S(=0),CH;3 and R is hydrogen.

[0345] In some embodiments, for a compound of Formula Illa, IIIb, Ill¢ or IIId, R, is
alkyl or cycloalkyl; nis 1, 2, or 3; R, is fluoro; Rj; is hydrogen; Ry is hydroxy; Rs is —CF;
and Re 1s hydrogen.

[0346] In some embodiments, a compound having any one of Formulae Illa-ITId has
enantiomeric excess of at least about 80%, at least about 81%, at least about 82%, at least
about 83%, at least about 84%, at least about 85%, at least about 86%, at least about 87%, at
least about 88%, at least about 89%, at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or even higher. In some embodiments, a compound of any
one of Formulae IIla-I1Id has enantiomeric excess of about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, or about 99%.

[0347] In one aspect, the present disclosure provides a compound of Formula I'V:

Formula IV
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or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CR® or N;

Y is CR® or N;

Z is -O-, -S-, -S(0)-, -S(0),-, -C(0)-, -C(HR')-, -N(R®)-, C,-C; alkylene, C-
Cs heteroalkylene, C;-C; alkenylene or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, acyl or
cyano;

R? is nitro, carboxaldehyde, carboxyl, ester, amido, cyano, halo, sulfonyl,
alkyl, alkenyl, alkynyl or heteroalkyl;

R’ is hydrogen, halo, cyano, alkyl, heteroalkyl, alkenyl, alkynyl, amino,
carboxaldehyde, carboxylic acid, oxime, ester, amido or acyl; or R? and R’ taken together
form a cyclic moiety;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and

R’, R® R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or
alkoxy,

wherein for a compound or salt of Formula IV, when Z is O, R' is alkyl,
heteroalkyl, cycloalkyl, or heterocycloalkyl.

[0348] In some embodiments, for a compound of Formula IV, R' is further selected
from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, and heterocycloalkyl.

[0349] In some embodiments, Z is O, S, CHR’, NR® or absent. In some embodiments,
R'is phenyl or monocyclic heteroaryl. In some further embodiments, R'is phenyl or pyridyl,
optionally substituted with one or more substituents selected from the group consisting of
halo, alkyl, alkoxy and cyano. In a further embodiment, the substituent(s) is selected from the
group consisting of halo, C;-C, alkyl, C,-C4 alkoxy and cyano.

[0350] In some embodiments, R' is bicyclic heteroaryl. In a further embodiment, the
bicyclic heteroaryl is substituted with one or more substituents selected from the group
consisting of halo, C;-C, alkyl, C;-C4 alkoxy and cyano.

[0351] In some embodiments, R' is pyridyl N-oxide. In a further embodiment, the
pyridyl N-oxide is substituted with one or more substituents selected from the group
consisting of halo, C;-C, alkyl, C;-C4 alkoxy and cyano.

[0352] In some embodiments, R' is
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wherein the aryl ring may optionally be substituted with one or more substituents selected

from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment, the

substituent(s) is selected from the group consisting of halo, C,-C4 alkyl, C;-C, alkoxy and

cyano.
[0353] In some embodiments, R' is
Rgﬁ\z
wi

2

wherein W' is N or CR', R” is cyano, halo, alkyl or alkoxy, and R'® is hydrogen, cyano,
halo, alkyl or alkoxy. In a further embodiment, R’ is cyano, halo, C;-C, alkyl or C,-C,
alkoxy, and R'? is hydrogen, cyano, halo, C,-C; alkyl or C;-C4 alkoxy.

[0354] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents

\\_/<

2

described for aryl and heteroaryl. In a further embodiment, the substituent(s) is selected from
the group consisting of halo, C,-C4 alkyl, C;-C,4 alkoxy and cyano.

[0355] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents
described for cycloalkyl. In a further embodiment, the substituent(s) is selected from the
group consisting of halo, hydroxy, C,-C4 alkyl, C,;-C,4 alkoxy, cyano and oxo.

[0356] In some embodiments, R' is cycloalkyl. In other embodiments, R' is
heterocycloalkyl. In a further embodiment, R' is C3-Cs cycloalkyl or C3-Cg heterocycloalkyl.
In yet a further embodiment, R' is cyclobutyl. In some embodiments, said cycloalkyl,
cyclobutyl or heterocycloalkyl may optionally be substituted with one or more substituents
described for cycloalkyl or heterocycloalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C;-C4 alkyl, C,-C4 alkoxy and cyano. In another

further embodiment, the substituent(s) is at least one fluoro.

[0357] In some embodiments, R' is acyl or cyano. In a further embodiment, R" is
acetyl.
[0358] In some embodiments, R' is alkyl. In a further embodiment, the alkyl is

substituted with at least one substituent(s) selected from the group consisting of halo, C,-C4
alkyl, C,-C, alkoxy and cyano. In another further embodiment, the alkyl is substituted with at
least one fluoro. In some embodiments, R' is heteroalkyl.

[0359] In some embodiments, R' is selected from the group consisting of:
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wherein each of the members may optionally be substituted with one or more substituents
selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C,-C4 alkyl, C;-C4 alkoxy
and cyano.

[0360] In some embodiments, R” is cyano, halo or alkyl. In some embodiments, R” is

halo or alkyl. In some embodiments, R? is fluoro, chloro, bromo or iodo. In some
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embodiments, R” is fluoroalkyl. In some further embodiments, R* is —CH,F, —CHF, or —
CF;. In another embodiment, R* is hydrogen. In some other embodiments, R? is heteroalkyl,
alkenyl or alkynyl.

[0361] In some embodiments, R’ is hydrogen, halo, cyano, alkyl, alkenyl, heteroalkyl
or acyl; or R* and R’ taken together form a cyclic moiety. In a further embodiment, R’ is halo,
cyano or alkyl. In yet a further embodiment, R’ is —(CH,),OH, wherein n is 1, 2 or 3. In still
a further embodiment, R® is —CH,OH.

[0362] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered carbocycle with at least one sp’ hybridized carbon.

Representative compounds with the carbocycle include, but are not limited to, the following:
Z L2 .z
= ~ ~
. Yo g Yoy pe
2z L2 .z
Y- = = ~
XTURY xR ad TXT R

wherein the carbocycle formed by linking R? and R’ may be optionally substituted with
fluoro, chloro, hydroxy, alkyl or heteroalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C,-C4 alkyl, C,-C, alkoxy and cyano. In yet other
embodiments, the substituent(s) is cycloalkyl or heterocycloalkyl and shares one or more ring
atoms with the carbocycle formed by linking R* and R’. In some embodiments, the
substituent(s) is C3-Cs cycloalkyl or C3-Cs heterocycloalkyl. In other embodiments, the
substituent is oxo.

[0363] In some embodiments, R* and R’ taken together with the atoms to which they
are attached form a 5- or 6-membered heterocycle, including, but not limited to, a lactone or
lactol, wherein said heterocycle may be optionally substituted with fluoro, chloro, hydroxy,
alkyl or heteroalkyl. In a further embodiment, the substituent(s) is selected from the group
consisting of halo, C;-C, alkyl, C;-C4 alkoxy and cyano.

[0364] In some embodiments, R* is halo, cyano, fluoroalkyl, sulfinyl, sulfonamidyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In some embodiments, R* is cyano, fluoroalkyl,
sulfonamidyl, sulfinyl, sulfonyl or sulfoximinyl. In some embodiments, R* is fluoroalkyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In a further embodiment, R” is

fluoroalkyl. In yet another embodiment, R* is sulfonyl. In still another embodiment, R* is
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fluoroalkylsulfonyl.

[0365] In some embodiments, R* is —S(=0),R*, wherein R*is alkyl or cycloalkyl. In
a further embodiment, R is C;-C4 alkyl, optionally substituted with one or more fluorines.
Suitable examples of fluorine-substituted C,-C,4 alkyl include, but are not limited to, —CH,F,
—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH;F, —CHFCHj; and —CF,CHs;. In still a
further embodiment, R is methyl, optionally substituted with one or more fluorines.

[0366] In some embodiments, R* is —S(=0)(=NR")R?, wherein R* is alkyl or
cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R? is C1-C4 alkyl,
optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted
C;-Cy4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —CH,CF3;,—CH,CHF,,
—CH,CH,F, —CHFCHj3; and —CF,CHj3.

[0367] In some embodiments, R* is —S(=0),N(R"),, wherein each R*is
independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one
R?is hydrogen. In a further embodiment, both R are hydrogen. In another further
embodiment, one R*is hydrogen and the other R* is C;-C4 alkyl.

[0368] In some embodiments, R* is selected from the group consisting of —CN, —
CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —
S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —S(=O0)(=NH)CH,F, —
S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —
S(=0)(=N-CN)CHF; and —S(=0)(=N-CN)CF;.

[0369] In some embodiments, R’ is hydrogen. In some other embodiments, R’ is C-
C, alkyl or C-C4 alkoxy. In a further embodiment, R’ is methyl.

[0370] In some embodiments, R®is hydrogen. In some other embodiments, R®is C -
C, alkyl or C;-C4 alkoxy. In a further embodiment, R®is methyl.

[0371] In some embodiments, R’ is hydrogen. In some other embodiments, R”is C-
C, alkyl or C;-C4 alkoxy. In a further embodiment, R” is methyl.

[0372] In some embodiments, R®is hydrogen. In some other embodiments, R®is C-
C, alkyl or C-C4 alkoxy. In a further embodiment, R®is methyl.

[0373] In some embodiments, R® is hydrogen, R* is —S(=0),R? or —S(=0)(=NR")R",
wherein R? is fluoroalkyl, R” is hydrogen, cyano or alkyl and R€ is alkyl. In a further

embodiment, R' is selected from the group consisting of
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wherein W' is N or CR'®, R” is cyano, halo, alkyl or alkoxy, and R'? is hydrogen, cyano, halo,
alkyl or alkoxy; and

may optionally be substituted with one or more substituents selected from the group
consisting of cyano, halo, alkyl and alkoxy. In a further embodiment, the alkyl is C;-Cy4 alkyl.
In another further embodiment, the alkoxy is C;-C4 alkoxy.

[0374] In some embodiments, each of R* and R’ is independently alkyl and R* is
cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl.
[0375] In some embodiments, R’ is —CH,OH. In a further embodiment, R* is cyano,
fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl and R is
hydrogen. In still a further embodiment, R” is cyano, halo or alkyl.

[0376] In some embodiments, Z is S, CHR’, NR® or absent; R' is phenyl or
monocyclic heteroaryl; R” is nitro, halo, cyano or alkyl; R’ is halo, cyano or alkyl; R* is
cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl. In a
further embodiment, R* is selected from the group consisting of —CN, —CF3, —S(=0)CHs,
—S(=0),CH;, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF;, —S(=0),NH,, —
S(=0),NHCH3, —S(=0)(=NH)CHj3, —S(=0)(=NH)CH,F, —S(=0O)(=NH)CHF,, —
S(=0)(=NH)CF3, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —S(=0)(=N-CN)CHF,
and —S(=0)(=N-CN)CFs. In still a further embodiment, R’ is hydrogen.

[0377] In some embodiments, Z is S, CHR’, NR® or absent; R'is bicyclic heteroaryl;
R%is nitro, halo, cyano or alkyl; R’ is halo, cyano or alkyl; R*is cyano, fluoroalkyl,
sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and R’ is hydrogen.
[0378] In some embodiments, Z is S, CHR’, NR® or absent; R'is phenyl, monocyclic
heteroaryl or bicyclic heteroaryl; R”is halo, cyano or alkyl; R’ is halo, cyano or alkyl; R* is
cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and
R’ is hydrogen.

[0379] In some embodiments, R* and R’ together with the atoms to which they are
attached form a 5- or 6-membered carbocycle with at least one sp’ hybridized carbon; R* is
cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; and
R’ is hydrogen. In a further embodiment, Z is S, CHR’, NR® or absent; and R is phenyl or
monocyclic heteroaryl. In another further embodiment, Z is S, CHR’, NR® or absent; and R'

is bicyclic heteroaryl.
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[0380] In some embodiments, X is N and Y is CR®. In other embodiments, X is CR’
and Y is N. In still other embodiments, X is N and Y is N. In yet other embodiments, X is
CR’ and Y is CR®.

[0381] In some embodiments, Z is O. In some embodiments, Z is S. In futher
embodiments, Z is CHR’. In yet other embodiments, Z is NR® In some embodiments, Z is
absent.

[0382] In some embodiments, for a compound of Formula IV, Z is O; X is CR”; Y is
CR® R'is alkyl or cycloalkyl; and R” is cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl,
sulfoximinyl or fluoroalkylsulfonyl. In some embodiments, Z is O; X is CH; Y is CH, R'is
alkyl or cycloalkyl; and R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl, sulfonyl,
sulfoximinyl or fluoroalkylsulfonyl. In some embodiments, Z is O; X is CH; Y is CH, R'is
alkyl or cycloalkyl; and R* is sulfonyl or fluoroalkyl, such as R* is —=S(=0),CH; or —CFs.

[0383] In yet another aspect, the disclosure provides a compound of Formula IV-C:
R™),
. . I5112
R*  (IV-0),

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis 0, S, CHR’, NR® or absent;

R' is alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl;

R* is nitro, halo, cyano, alkyl, cycloalkyl, heteroaryl, carboxyl, sulfinyl,
sulfonamidyl, sulfonyl, sulfoximinyl or fluoroalkylsulfonyl;

R’ and R® are independently hydrogen, halo, hydroxy, cyano, alkyl or alkoxy;

R' is hydrogen, hydroxy, alkoxy or amino;

R'? is hydrogen, alkyl, alkenyl or alkynyl; or R'' and R'” in combination form
0XO Or OXime;

each of R" is independently selected from the group consisting of hydrogen,
fluoro, chloro, hydroxy, alkyl and heteroalkyl; or two R"’s and the carbon atom(s) to which
they are attached form a 3- to 8-membered cycloalkyl or heterocycloalkyl moiety; and

nis0, 1,2, 3 or4,

wherein for a compound or salt of Formula IV-C, when Z is O, R" is alkyl,
heteroalkyl, cycloalkyl or heterocycloalkyl.
[0384] In some embodiments, for a compound of Formula IV-C, R' is further selected

from alkyl, heteroalkyl, cycloalkyl, cycloalkenyl, and heterocycloalkyl.

-74 -



WO 2016/144825 PCT/US2016/021060

[0385] In some embodiments, R'is phenyl or monocyclic heteroaryl. In some further
embodiments, R'is phenyl or pyridyl, optionally substituted with one or more substituents
selected from the group consisting of halo, alkyl, alkoxy and cyano. In a further embodiment,
R'is

wherein the aryl ring is optionally substituted with one or more substituents selected from the

group consisting of cyano, halo, alkyl and alkoxy. In another further embodiment, R" is

wherein W' is N or CR', R” is cyano, halo, alkyl or alkoxy, and R'® is hydrogen, cyano,
halo, alkyl or alkoxy.
[0386] In some embodiments, R' is bicyclic heteroaryl.

[0387] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents
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described for aryl and heteroaryl. In a further embodiment, the substituent(s) is selected from
the group consisting of halo, C,-C4 alkyl, C,;-C, alkoxy and cyano.

[0388] In some embodiments, R' is selected from the group consisting of:
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and the rings specified for R' may optionally be substituted with one or more substituents
described for cycloalkyl. In a further embodiment, the substituent(s) is selected from the
group consisting of halo, hydroxy, C,-C4 alkyl, C,;-C,4 alkoxy, cyano and oxo.

[0389] In some embodiments, R' is cycloalkyl. In other embodiments, R' is
heterocycloalkyl. In a further embodiment, R' is C3-Cs cycloalkyl or C3-Cg heterocycloalkyl.
In yet a further embodiment, R' is cyclobutyl. In some embodiments, said cycloalkyl,
cyclobutyl or heterocycloalkyl may optionally be substituted with one or more substituents
described for cycloalkyl or heterocycloalkyl. In a further embodiment, the substituent(s) is
selected from the group consisting of halo, C;-C4 alkyl, C,-C4 alkoxy and cyano. In another

further embodiment, the substituent(s) is at least one fluoro.

[0390] In some embodiments, R' is acyl or cyano. In a further embodiment, R" is
acetyl.
[0391] In some embodiments, R' is alkyl. In a further embodiment, the alkyl is

substituted with at least one substituent(s) selected from the group consisting of halo, C,-C4
alkyl, C,-C, alkoxy and cyano. In another further embodiment, the alkyl is substituted with at
least one fluoro. In some embodiments, R' is heteroalkyl.

[0392] In some embodiments, R' is selected from the group consisting of:
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wherein each of the members may optionally be substituted with one or more substituents
selected from the group consisting of cyano, halo, alkyl and alkoxy. In a further embodiment,
the substituent(s) is selected from the group consisting of fluoro, C,-C4 alkyl, C;-C4 alkoxy
and cyano.

[0393] In some embodiments, R* is cyano, fluoroalkyl, sulfinyl, sulfonamidy],

sulfonyl or sulfoximinyl. In some embodiments, R*is fluoroalkyl, sulfonamidyl, sulfinyl,
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sulfonyl or sulfoximinyl. In a further embodiment, R* is fluoroalkyl. In yet another

embodiment, R* is sulfonyl. In still another embodiment, R* is fluoroalkylsulfonyl.

[0394] In some embodiments, R* is —S(=0),R*, wherein R*is alkyl or cycloalkyl. In

a further embodiment, R is C,-C4 alkyl, optionally substituted with one or more fluorines.

Suitable examples of fluorine-substituted C,-C4 alkyl include, but are not limited to, —CH,F,

—CHF,, —CF;, —CH,CF;, —CH,CHF,, —CH,CH,F, —CHFCH3; and —CF,CHj3. In still a

further embodiment, R is methyl, optionally substituted with one or more fluorines.

[0395] In some embodiments, R* is —S(=0)(=NR")R?, wherein R* is alkyl or

cycloalkyl and R® is hydrogen, cyano or alkyl. In a further embodiment, R is C1-Cy4 alkyl,

optionally substituted with one or more fluorines. Suitable examples of fluorine-substituted

C;-Cy4 alkyl include, but are not limited to, —CH,F, —CHF,, —CF3;, —CH,CF3;,—CH,CHF,,

—CH,CH,F, —CHFCHj3; and —CF,CHj3.

[0396] In some embodiments, R* is —S(=0),N(R?),, wherein each R*is

independently hydrogen, alkyl, heteroalkyl, cycloalkyl or heterocycloalkyl, and at least one

R? is hydrogen. In another further embodiment, one R? is hydrogen and the other R is C1-C,4

alkyl.

[0397] In some embodiments, R* is selected from the group consisting of —CN, —

CF;, —S(=0)CH3s, —S(=0),CHs, —S(=0),CH,F, —S(=0),CHF,, —S(=0),CF3, —

S(=0),NH,, —S(=0),NHCHj3;, —S(=0)(=NH)CHj3;, —S(=O0)(=NH)CH,F, —

S(=0)(=NH)CHF,, —S(=0)(=NH)CF;, —S(=0)(=N-CN)CHj3, —S(=0)(=N-CN)CH,F, —

S(=0)(=N-CN)CHF, and —S(=0)(=N-CN)CF;.

[0398] In some embodiments, R’ is hydrogen or alkyl. In some other embodiments,

R’is C;-C4 alkyl or C1-Cy alkoxy. In a further embodiment, R’ is methyl.

[0399] In some embodiments, R®is hydrogen or alkyl. In some other embodiments,

R*is C1-C4 alkyl or C,-C, alkoxy. In a further embodiment, R%is methyl.

[0400] In some embodiments, R'! is hydroxy or amino. In a further embodiment, R"!

is hydroxy. In another further embodiment, R'" is amino.

[0401] In some embodiments, R' is hydrogen. In some other embodiments, R is

alkyl or alkenyl.

[0402] In some embodiments, R" is fluoro. In a further embodiment, nis 1, 2 or 3. In

a further embodiment, two R"s in combination form oxo, oxime or methylene. In still futher

embodiments, two R"’s and the carbon atom(s) to which they are attached form a 3- to 8-

membered cycloalkyl or heterocycloalkyl moiety.

[0403] In some embodiments, Z is S, CHR’, NR® or absent; R is monocyclic aryl or
-77 -



WO 2016/144825 PCT/US2016/021060

monocyclic heteroaryl; and R' is hydroxy or amino. In a further embodiment, R" is fluoro.

In still a further embodiment, nis 1, 2 or 3.

[0404] In some embodiments, Z is S, CHR’, NR® or absent; R' is phenyl or
monocyclic heteroaryl; R* is hydroxy or amino; R" is fluoro; nis 1, 2 or 3; and R’ is
hydrogen.

[0405] In some embodiments, Z is S, CHR’, NR® or absent; R'is bicyclic heteroaryl;

and R"' is hydroxy or amino. In a further embodiment, R" is fluoro. In still a further
embodiment, nis 1, 2 or 3.

[0406] In some embodiments, Z is S, CHR’, NR® or absent; R' is bicyclic heteroaryl;
R'is hydroxy or amino; R" is fluoro; nis 1, 2 or 3; and R’ is hydrogen.

[0407] In some embodiments, R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl, and R"' is hydroxy or amino. In a further
embodiment, R' is hydrogen. In another further embodiment, R" is fluoro. In still a further
embodiment, nis 1, 2 or 3.

[0408] In some embodiments, R* is cyano, fluoroalkyl, sulfonamidyl, sulfinyl,
sulfonyl, sulfoximinyl or fluoroalkylsulfonyl; R' is hydroxy or amino; R" is fluoro; nis 1, 2
or 3; and R’ is hydrogen. In a further embodiment, R'? is hyd