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BIARYL COMPOUNDS AND METHODS OF USE THEREOF
RELATED APPLICATIONS
10001] This application claims priority to U.S. provisional application no.
61/235,316, filed August 19, 2009. The disclosure of the above referenced
application 1s incorporated by reference herein 1n 1ts entirety.
FIELD
[0002] Provided herein are biaryl compounds. In certain embodiments, the
compounds are modulators of type III receptor tyrosine kinase family. In other
embodiments, the compounds are modulators of FLLT3 and/or CSF-1R kinases. Also
provided are compositions comprising the compounds and methods of use thereof.
The compounds provided are useful 1n the treatment, prevention, or amelioration of
diseases or disorders related to FL'T3 and/or CSF-1R kinase activity or one or more
symptoms associated with such diseases or disorders.
BACKGROUND
10003] Protein kinases (PKs) are enzymes that catalyze the phosphorylation of
hydroxy groups on tyrosine, serine and threonine residues of proteins. Receptor
tyrosine kinases (RTK's) are a sub-family of protein kinases that play a critical role 1n
cell signalling and are involved 1n a variety of cancer related processes including cell
proliferation, survival, angiogenesis, invasion and metastasis. A class of RTK known
as the type III receptor tyrosine kinase family, which includes the receptors
PDGFR o, PDGFR 3, FLT3, Kit, VEGFR and CSFIR, has been implicated in various
proliferative and mflammatory diseases.
10004] CSF-1R (also known as macrophage colony stimulating factor receptor
(M-CSFR) or fms) 1s a receptor for the macrophage colony stimulating factor (M-CSF
or CSF-1). Binding of the CSF-1 ligand to 1ts receptor results in dimerization and
auto-phosphorylation of the receptor and leads to activation of downstream signal
transduction pathways including the PI3K/Akt and the mitogen activating protein
kinase MAPK pathways. Activation of CSF-1R leads to the proliferation, survival,
motility and differentiation of cells of the monocyte/macrophage lincage and hence
plays a role 1n normal tissue development and immune defense. Activation of CSF-
IR also leads to the proliferation and differentiation of osteoclast precursors and

impacts the process of bone resorption.
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10005] Aberrant expression and activation of CSF-1R and/or its ligand have
been found 1n human myeloid leukaemia, prostate, breast, ovarian, endometrial and a
variety of other cancers. A number of studies have demonstrated that the
overexpression of CSF-1R 1s associated with poor prognosis 1n several of these
cancers. In addition, the CSF-1/CSF-1R signaling plays a key role 1n the regulation of
tumour-associated macrophage, which have been postulated to play a significant role
1n tumour angilogenesis, mvasion and progression (E. Sapi, Exp Biol Med, 2004,
229:1-11).

10006] Another member of the PDGFR family, Flt3 (also called Flk2), plays
an 1mportant role 1n the proliferation and differentiation of hematopoietic stem cells
and activating mutation or overexpression of this receptor 1s found in AML (See,
Heinrich Mini-Reviews 1in Medicinal Chemistry (2004) 4(3):255-271, Kiyo1 et al. Int
J Hematol (2005) 82:85-92). More than a dozen known FIt3 inhibitors are being
developed and some have shown promising clinical effects against AML (See Levis et
al. Int J Hematol. (2005) 82:100-107). The FIt3 receptor 1s also expressed 1n a large
portion of dendritic cell progenitors and stimulation of the receptor causes the
proliferation and differentiation of these progenitors into dendritic cells (DC). Since
dendritic cells are the main 1nitiators of the T-cell mediated immune response,
including the autoreactive immune response, Flt3 mhibition 1s a mechanism for
downregulating DC-mediated inflammatory and autoiommune responses. One study
shows the Flt3 mmhibtor CEP-701 to be effective in reducing myelin loss 1n
experimental autoimmune encephalomyelitis (EAE), a mouse model for multiple
sclerosis (See Whartenby ef al. PNAS (2005) 102: 16741-16746). A high level of the
F1t3 ligand 1s found 1n the serum of patients with Langerhans cell histiocytosis and
systemic lupus erythematosus, which further implicates Flt3 signaling 1n the
disregulation of dendritic cell progenitors 1n those autormmune diseases (See Rolland
et al. J Immunol. (2005) 174:3067-3071).

[0007] There continues to be a need for identification of small molecules that
inhibit CSF-1R and/or FLT-3 kinases, particularly compounds useful for the treatment
of CSF-1R and/or FLT-3 mediated discases.

SUMMARY

10008] Provided herem are compounds of formula (I) or pharmaceutically
acceptable salts, solvates, hydrates or clathrates thereof. In certain embodiment, the

compounds have activity as KIT, CSF-1R and/or FLT3 kinase modulators. The
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compounds are useful in medical treatments, pharmaceutical compositions and
methods for modulating the activity of KIT, CSF-1R and/or FLT3 kinases, mcluding
wildtype and/or mutated forms of KIT, CSF-1R and/or FLT3 kinases. In certain
embodiments, the compounds provided herein have activity as KIT, CSF-1R and/or
FLT3 kinase modulators. In one embodiment, the compounds for use 1n the
compositions and methods provided herein have formula (I).

[0009] In certain embodiments, provided herein are compounds of Formula I:

or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein:
R' is optionally substituted aryl, optionally substituted heteroaryl or optionally

substituted heterocyclyl; where the substituents when present are selected from one,
two or three R’ groups, wherein each R” is independently selected from halo, alkyl,
alkenyl, alkynyl, alkoxy, hydroxyl, haloalkoxy, cycloalkyl, cycloalkylalkyl,
hydroxyalkyl, haloalkyl, aryl, arylalkyl, heterocyclyl, heterocyclylalkyl, heteroaryl,
and heteroarylalkyl, where the alkyl, alkenyl, alkynyl, alkoxy, haloalkoxy, cycloalkyl,
cycloalkylalkyl, hydroxyalkyl, haloalkyl, aryl, heterocyclyl, and heteroaryl groups are
optionally substituted with 1 to 5 groups selected from halo, alkyl, alkenyl, alkynyl,
haloalkyl, alkoxyalkyl, aryl, hydroxy, alkoxy, cycloalkyl, cyano, -R"N(R”)(R"),
-R"S(O),R”, -R"C(O)OR™ and -R"OC(O)R”;

R” and R’ are each independently hydrogen, halo, haloalkyl, hydroxy,
alkyl, alkenyl, alkynyl, alkoxy or amino;

R*is O, S, N-CN, or N-NO»:

B' is N or CR*:;

B” is N or CR™;

R** and R are each independently hydrogen, halo, haloalkyl, hydroxy,
alkyl, alkenyl, alkynyl, alkoxy or amino;

R’ is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy, -R"N(R”)(R"), aryl,
heterocyclyl, or heteroaryl;
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R® is hydrogen, halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy,
hydroxyalkoxyalkyl, -R"N(R”)(R"), aryl, heterocyclyl, or heteroaryl;

B’ is O, NR’ or CR™R™;

R’ is hydrogen, alkyl, alkenyl or alkynyl;

each R™ is independently hydrogen, alkyl, alkenyl or alkynyl;

A and R® are selected as follows:

a) R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, -R"OR,
-R"N(R”)(R?), -R"S(O),N(R*}(R"), -R"S(O),R", heterocyclyl, aryl, or heteroaryl; and
A“is N, CH or CR'": or

b) A* is C; and R® together with A* forms a 5-7 membered substituted or
unsubstituted heterocycle, where the substituents when present are one, two or three Q
groups, each independently selected from oxo, halo, hydroxyl, alkoxy, alkyl, alkenyl,
alkynyl, cycloalkyl, -R"N(R”)(R"), -R"S(O),R”, aryl, heterocyclyl, heteroaryl,
hydroxyalkyl, haloalkyl and alkoxyalky];

R’ and R® are each optionally substituted with 1-6, 1-3, one, two or three
Q' groups, each independently selected from halo, hydroxyl, alkoxy, cycloalkyl,
alkyl, alkenyl, alkynyl, haloalkyl, -R"N(R*)}(R” ), -R"S(O),R”, aryl, heterocyclyl and
heteroaryl;

Q and Q' groups are each optionally substituted with 1-8, 1-6, 1-5, 1-3,
one, two or three Q2 oroups are each independently selected from halo, alkyl, alkenyl,
alkynyl, cycloalkyl, haloalkyl, aryl, amino, hydroxyl and alkoxy;

each R" is independently alkylene, alkenylene or alkynylene or a direct
bond;

each R” is independently hydrogen, haloalkyl, alkyl, alkenyl or alkynyl;

each R’ and R” is independently selected from (1) or (i1) below:

(i) R” and R” are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, alkoxyalkyl, or haloalkyl; or

(i1) R” and R”, together with the nitrogen atom to which they are
attached, form a heterocyclyl or heteroaryl, optionally substituted with one or more, 1n
one embodiment, one to six, in another embodiment, one, two, three, four or five halo,
haloalkyl, alkyl, alkenyl or alkynyl groups;

A'is N=CR’ NR™, S, O, CR™=CR™, CR™=N; or N=N;

A’is N, CH or CR";
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each R™ is independently hydrogen, halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino,
hydroxyl, aryl, -R"N(R”)(R"), -R"S(O),R" or alkoxy;

R' is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxyl, alkoxy, -R"N(R*}(R), -R"OR,
-R"OR™OR”, -C(O)N(R”)}(R"), -R"S(O),R", aryl, heterocyclyl, or heteroaryl;

R* and R" are each independently hydrogen, alkyl, alkenyl or alkynyl; or
R* and R, together with the nitrogen atom to which they are attached, form an
optionally substituted heterocyclyl or heteroaryl, wherein the substituents when
present are selected from halo, alkyl, hydroxy and haloalkyl;

each R™ is optionally substituted with 1-8, 1-6, 1-5, one, two or three Q'
groups, each independently selected from halo, hydroxyl, alkoxy, cycloalkyl, alkyl,
alkenyl, alkynyl, haloalkyl, aryl, heterocyclyl and heteroaryl;

each R" is optionally substituted with 1-8, 1-6, 1-5, one, two or three Q1
oroups, each independently selected from halo, hydroxyl, alkoxy, cycloalkyl, alkyl,
alkenyl, alkynyl or haloalkyl;

n1s 0-2;

m 1s 0-2; and

wherein the compound 1s selected such that:

a) when A” is N, B” is NH, R' is phenyl, A" is CH=CH and R® is H, then
R® is not amino;

b) when R' thienyl, B' is CH, A”is N, B’ is NH, A' is CH=CH and R® is
H, then R® is not amino; and

¢) when R' is pyrazol-3-yl; 1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl; or
pyridinyl, then B* is not CH, and

d) when R' is piperazinyl, then B' is not CH.

[0010] In certain embodiments, provided herein are compounds of Formula I:

or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein:
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R' is optionally substituted aryl, optionally substituted heteroaryl or optionally
substituted heterocyclyl; where the substituents when present are selected from one,
two or three R” groups, wherein each R’ is independently selected from halo, alkyl,
alkenyl, alkynyl, alkoxy, hydroxyl, haloalkoxy, cycloalkyl, cycloalkylalkyl,
hydroxyalkyl, haloalkyl, aryl, arylalkyl, heterocyclyl, heterocyclylalkyl, heteroaryl,
and heteroarylalkyl, where the alkyl, alkenyl, alkynyl, alkoxy, haloalkoxy, cycloalkyl,
cycloalkylalkyl, hydroxyalkyl, haloalkyl, aryl, heterocyclyl, and heteroaryl groups are
optionally substituted with 1 to 5 groups selected from halo, alkyl, alkenyl, alkynyl,
haloalkyl, alkoxyalkyl, aryl, hydroxy, alkoxy, cycloalkyl, cyano, -R"N(R”)}(R"),
-R"S(O),R”, -R"C(O)OR™ and -R"'OC(O)R”;

R” and R’ are each independently hydrogen, halo, haloalkyl, hydroxy,
alkyl, alkenyl, alkynyl, alkoxy or amino;

R%is O, S, N-CN, or N-NO,:

B' is N or CR™;

B* is N or CR’*

R** and R are each independently hydrogen, halo, haloalkyl, hydroxy,
alkyl, alkenyl, alkynyl, alkoxy or amino

R’ is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy, -R"N(R”)(R"), aryl,
heterocyclyl, or heteroaryl;

R® is hydrogen, halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy,
hydroxyalkoxyalkyl, -R"N(R”)(R"), aryl, heterocyclyl, or heteroaryl;

B’ is O, NR" or CR™R";

R’ is hydrogen, alkyl, alkenyl or alkynyl;

each R™ is independently hydrogen, alkyl, alkenyl or alkynyl;

A” and R® are selected as follows:

a) R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, -R"OR,
-R"N(R”)(R?), -R"S(O),N(R”)(R"), -R"S(O),R", heterocyclyl, aryl, or heteroaryl; and
A“is N, CH or CR": or

b) A* is C; and R® together with A* forms a 5-7 membered substituted or
unsubstituted heterocycle, where the substituents when present are one, two or three Q

eroups, each independently selected from oxo, halo, hydroxyl, alkoxy, alkyl, alkenyl,
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alkynyl, cycloalkyl, -R"N(R”)(R"), -R"S(O),R”, aryl, heterocyclyl, heteroaryl,
hydroxyalkyl, haloalkyl and alkoxyalky];

R’ and R® are each optionally substituted with 1-6, 1-3, one, two or three
Q' groups, each independently selected from halo, hydroxyl, alkoxy, cycloalkyl,
alkyl, alkenyl, alkynyl, haloalkyl, -R"N(R*)(R" ), -R"S(O),R”, aryl, heterocyclyl and
heteroaryl;

Q and Q1 ocroups are each optionally substituted with 1-8, 1-6, 1-3, 1-3,
one, two or three Q2 oroups cach independently selected from halo, alkyl, alkenyl,
alkynyl, cycloalkyl, haloalkyl, aryl, amino, hydroxyl and alkoxy;

each R" is independently alkylene, alkenylene or alkynylene or a direct
bond;

each R” is independently hydrogen, haloalkyl, alkyl, alkenyl or alkynyl;

each R’ and R” is independently selected from (1) or (i1) below:

(1) R” and R” are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, alkoxyalkyl, or haloalkyl; or

(i1) R” and R”, together with the nitrogen atom to which they are
attached, form a heterocyclyl or heteroaryl, optionally substituted with one or more, 1n
one embodiment, one to six, 1n another embodiment, one, two, three, four or five halo,
haloalkyl, alkyl, alkenyl or alkynyl groups;

A'is N=CR™ NR™, S, O, CR™=CR™, CR™=N; or N=N;

A’is N, CH or CR";

each R™ is independently hydrogen, halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino,
hydroxyl, aryl, -R"N(R”)(R"), -R"S(O),R” or alkoxy;

R' is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxyl, alkoxy, -R"N(R*}(R), -R"OR,
-R"OR™OR7, -C(ON(R”)(R"), -R"S(0),R", aryl, heterocyclyl, or non-azole heteroaryl;

R* and R" are each independently hydrogen, alkyl, alkenyl or alkynyl; or
R* and R", together with the nitrogen atom to which they are attached, form an
optionally substituted heterocyclyl or heteroaryl, wherein the substituents when
present are selected from halo, alkyl, hydroxy and haloalkyl;

R’ and R' are each optionally substituted with 1-8, 1-6, 1-5, one, two or
three Q' groups, each independently selected from halo, hydroxyl, alkoxy, cycloalkyl,
alkyl, alkenyl, alkynyl, haloalkyl, aryl, heterocyclyl and heteroaryl;
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n1s 0-2;

m 1s 0-2; and

wherein the compound 1s selected such that:

a) when A” is N, B” is NH, R' is phenyl, A" is CH=CH and R® is H, then
R® is not amino;

b) when R' thienyl, B' is CH, A”is N, B’ is NH, A' is CH=CH and R® is
H, then R® is not amino; and

¢) when R' is pyrazol-3-yl; 1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl; or
pyridinyl, then B is not CH, and

d) when R' is piperazinyl, then B' is not CH.
[0011] In one embodiment, the compound provided herein 1s a compound of
formula (I). In one embodiment, the compound provided herein 1s a pharmaceutically
acceptable salt of the compound of formula (I). In one embodiment, the compound
provided herein 1s a solvate of the compound of formula (I). In one embodiment, the
compound provided herein 1s a hydrate of compound of formula (I). In one
embodiment, the compound provided herein 1s a prodrug of the compound of formula
(I). In one embodiment, the compound provided herein 1s a clathrate of the compound
of formula (I).
[0012] Also provided are pharmaceutical compositions formulated for
administration by an appropriate route and means containing effective concentrations
of one or more of the compounds provided herein, or pharmaceutically acceptable
salts, solvates, hydrates and prodrugs thereof, and optionally comprising at least one
pharmaceutical carrier.
[0013] Such pharmaceutical compositions deliver amounts effective for the
treatment, prevention, or amelioration of diseases or disorders that are modulated or
otherwise affected by KIT, CSF-1R and/or FLT3 kinases, or one or more symptoms
or causes thereof. Such diseases or disorders include without limitation, cancers,
nonmalignant proliferation diseases, atherosclerosis, restenosis following vascular
angioplasty, fibroproliferative disorders, inflammatory diseases or disorders related to
immune dysfunction, infectious diseases, and/or diseases or disorders that can be
treated, prevented or managed by modulating the activity, binding or sub-cellular
distribution of kinases, wherein such methods comprise administering to a subject,

¢.g., a human, 1n need of such treatment, prevention or management a therapeutically
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and prophylactically effective amount of a compound provided herein. Such diseases
or disorders are further described herein.

[0014] Also provided herein are combination therapies using one or more
compounds or compositions provided herein, or pharmaceutically acceptable
derivatives thereof, in combination with other pharmaceutically active agents for the
treatment of the diseases and disorders described herein.

[0015] In one embodiment, such additional pharmaceutical agents include one
or more chemotherapeutic agents, anti-proliferative agents, anti-inflammatory agents,
immunomodulatory agents or immunosuppressive agents.

[0016] The compounds or compositions provided herein, or pharmaceutically
acceptable derivatives thercof, may be administered simultaneously with, prior to, or
after administration of one or more of the above agents. Pharmaceutical compositions
containing a compound provided herein and one or more of the above agents are also
provided.

[0017] In certain embodiments, provided herein are methods of treating,
preventing or ameliorating a disease or disorder that 1s modulated or otherwise
affected by KIT, CSF-1R and/or FLT3 kinase such as wild type and/or mutant KIT,
CSF-1R and/or FLT3 kinase, or one or more symptoms or causes thereof.

[0018] In practicing the methods, effective amounts of the compounds or
compositions containing therapeutically effective concentrations of the compounds,
which are formulated for systemic delivery, including parenteral, oral, or intravenous
delivery, or for local or topical application are administered to an individual
exhibiting the symptoms of the disease or disorder to be treated. The amounts are
cffective to ameliorate or eliminate one or more symptoms of the disease or disorder.
[0019] Further provided 1s a pharmaceutical pack or kit comprising one or
more containers filled with one or more of the ingredients of the pharmaceutical
compositions. Optionally associated with such container(s) can be a notice in the
form prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals or biological products, which notice reflects approval by the agency
of manufacture, use of sale for human administration. The pack or kit can be labeled
with information regarding mode of administration, sequence of drug administration
(e.g., separately, sequentially or concurrently), or the like.

10020] These and other aspects of the subject matter described herein will

become evident upon reference to the following detailed description.
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DETAILED DESCRIPTION
[0021] Provided herein are compounds of formula I that have activity as KIT,

CSF-1R and/or FLT3 kinase modulators. Further provided are methods of treating,
preventing or ameliorating diseases that are modulated by KIT, CSF-1R and/or FLT3
kinase, and pharmaceutical compositions and dosage forms useful for such methods.
The methods and compositions are described in detail 1n the sections below.

A. DEFINITIONS
[0022] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as 1s commonly understood by one of ordinary skill in the art.
All patents, applications, published applications and other publications are
incorporated by reference 1n their entirety. In the event that there are a plurality of
definitions for a term herein, those 1n this section prevail unless stated otherwise.
10023] “Alkyl” refers to a straight or branched hydrocarbon chain group
consisting solely of carbon and hydrogen atoms, containing no unsaturation, having
from one to ten, one to eight, one to six or one to four carbon atoms, and which 1s
attached to the rest of the molecule by a single bond, e.g., methyl, ethyl, n-propyl,
1-methylethyl (iso-propyl), n-butyl, n-pentyl, 1,1-dimethylethyl (z-butyl), and the like.
10024] The term "branched alkyl" refers to hydrocarbon chain containing at
least one forked carbon 1n the chain, with the smallest branched alkyl being an
1sopropyl group. Examples of branched alkyl groups include but 1s not limited to -
CH(CHj),, -C(CH3);, -CH(CH;3)(CH,CH3), -CH(CH,CH3),, -C(CH3)(CH,CHj3),, -
C(CH;3),(CH,CH3), -C(CH,CHj3)3, -C(CHj3),(CH(CHj3),) and -C(CHj3),(C(CH3) 3).
10025] “Alkenyl” refers to a straight or branched hydrocarbon chain group
consisting solely of carbon and hydrogen atoms, containing at least one double bond,
having from two to ten carbon atoms, and which 1s attached to the rest of the molecule
by a single bond or a double bond, e.g., ethenyl, prop-1-enyl, but-1-enyl, pent-1-enyl,
penta-1,4-dienyl, and the like.
10026] “Alkynyl” refers to a straight or branched hydrocarbon chain group
consisting solely of carbon and hydrogen atoms, containing at least one triple bond,
having from two to ten carbon atoms, and which 1s attached to the rest of the molecule
by a single bond or a triple bond, e.g., ethynyl, prop-1-ynyl, but-1-ynyl, pent-1-ynyl,
pent-3-ynyl and the like.
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10027] “Alkoxy” refers to the group having the formula -OR wherein R 1s
alkyl or haloalkyl. An “optionally substituted alkoxy” refers to the group having the
formula -OR wherein R 1s an optionally substituted alkyl as defined herein.

10028] “Amine” or “amino” refers to a group having the formula -NR’R”’
wherein R’ and R’ are each independently hydrogen, alkyl, haloalkyl, hydroxyalkyl
or alkoxyalkyl.

10029] “Aryl” refers to a group of carbocylic ring system, including
monocyclic, bicyclic, tricyclic, tetracyclic Cg-Cyg ring systems, wherein at least one of
the rings 1s aromatic. The aryl may be fully aromatic, examples of which are phenyl,
naphthyl, anthracenyl, acenaphthylenyl, azulenyl, fluorenyl, indenyl and pyrenyl. The
aryl may also contain an aromatic ring in combination with a non-aromatic ring,
examples of which are acenaphene, indene, and fluorene.

10030] “Cycloalkyl” refers to a stable monovalent monocyclic or bicyclic
hydrocarbon group consisting solely of carbon and hydrogen atoms, having from
three to ten carbon atoms, and which 1s saturated and attached to the rest of the
molecule by a single bond, e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
decalinyl, norbornane, norbornene, adamantyl, bicyclo[2.2.2]octane and the like.
10031] “Azolyl” refers to a S-membered heterocyclic or heteroaryl ring system
containing at least one nitrogen atom. Exemplary azolyl rings include pyrazole,
thiazole, oxazole, diathiazole, thiadiazole, diazole, and triazole.

[0032] “Alkylene” refers to a straight, branched or cyclic, 1in certain
embodiments straight or branched, divalent aliphatic hydrocarbon group, in one
embodiment having from 1 to about 20 carbon atoms, in another embodiment having
from 1 to 12 carbons. In a further embodiment alkylene includes lower alkylene.
There may be optionally inserted along the alkylene group one or more oxygen,
sulfur, including S(=0) and S(=0), groups, or substituted or unsubstituted nitrogen
atoms, including -NR- and -N"RR- groups, where the nitrogen substituent(s) is(are)
alkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, S(=0O),R"' or COR', where R’ 1s alkyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, -OY or -NYY’, where Y and Y’ are each
independently hydrogen, alkyl, aryl, heteroaryl, cycloalkyl or heterocyclyl. Alkylene
cgroups include, but are not limited to, methylene (-CH»-), ethylene (-CH,CH>-),
propylene (-(CH;)s3-), methylenedioxy (-O-CH,-0O-) and ethylenedioxy (-O-(CH;),-O-

). The term “lower alkylene” refers to alkylene groups having 1 to 6 carbons. In
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certain embodiments, alkylene groups are lower alkylene, including alkylene of 1 to 3
carbon atoms.

[0033] “Alkenylene” refers to a straight, branched or cyclic, 1n one
embodiment straight or branched, divalent aliphatic hydrocarbon group, 1n certain
embodiments having from 2 to about 20 carbon atoms and at least one double bond, in
other embodiments 1 to 12 carbons. In further embodiments, alkenylene groups
include lower alkenylene. There may be optionally nserted along the alkenylene
oroup one or more oxygen, sulfur or substituted or unsubstituted nitrogen atoms,
where the nitrogen substituent 1s alkyl. Alkenylene groups include, but are not
limited to, —CH=CH—CH=CH— and —CH=CH—CH»—. The term “lower
alkenylene” refers to alkenylene groups having 2 to 6 carbons. In certain
embodiments, alkenylene groups are lower alkenylene, including alkenylene of 3 to 4
carbon atoms.

[0034] “Alkynylene” refers to a straight, branched or cyclic, 1n certain
embodiments straight or branched, divalent aliphatic hydrocarbon group, in one
embodiment having from 2 to about 20 carbon atoms and at least one triple bond, 1n
another embodiment 1 to 12 carbons. In a further embodiment, alkynylene includes
lower alkynylene. There may be optionally inserted along the alkynylene group one
or more oxygen, sulfur or substituted or unsubstituted nitrogen atoms, where the
nitrogen substituent 1s alkyl. Alkynylene groups include, but are not limited to,
—C=C—C=C—, -C=C- and -C=C-CH;-. The term “lower alkynylene” refers to
alkynylene groups having 2 to 6 carbons. In certain embodiments, alkynylene groups
are lower alkynylene, including alkynylene of 3 to 4 carbon atoms.

[0035] “Halo, “halogen” or “halide” refers to F, Cl, Br or 1.

10036] “Haloalkyl” refers to an alkyl group, 1n certain embodiments, Ci.galkyl
egroup 1n which one or more of the hydrogen atoms are replaced by halogen. Such
groups include, but are not limited to, chloromethyl, trifluoromethyl
1-chloro-2-fluoroethyl, 2,2-difluorocthyl, 2-fluoropropyl, 2-fluoropropan-2-yl, 2,2,2-
trifluoroethyl, 1,1-difluoroethyl, 1,3-difluoro-2-methylpropyl, 2,2-
difluorocyclopropyl, (trifluoromethyl)cyclopropyl, 4,4-difluorocyclohexyl and 2,2,2-
trifluoro-1,1-dimethyl-ethyl.

10037] “Heterocyclyl” refers to a stable 3- to 15-membered non-aromatic ring

radical which consists of carbon atoms and from one to five heteroatoms selected
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from a group consisting of nitrogen, oxygen and sulfur. In one embodiment, the
heterocyclic ring system radical may be a monocyclic, bicyclic or tricyclic ring or
tetracyclic ring system, which may include fused or bridged ring systems; and the
nitrogen or sulfur atoms 1n the heterocyclic ring system radical may be optionally
oxidized; the nitrogen atom may be optionally quaternized; and the heterocyclyl
radical may be partially or fully saturated. The heterocyclic ring system may be
attached to the main structure at any heteroatom or carbon atom which results 1n the
creation of a stable compound. Exemplary heterocylic radicals include, morpholinyl,
piperidinyl, piperazinyl, pyranyl, pyrrolidinyl and others.

[0038] “Heteroaryl” refers to a heterocyclyl group as defined above which 1s
aromatic. The heteroaryl group may be attached to the main structure at any
heteroatom or carbon atom which results 1n the creation of a stable compound.
Examples of such heteroaryl groups include, but are not limited to: furanyl,
imidazolyl, oxazolyl, 1soxazolyl, pyrimidinyl, pyridinyl, thiazolyl, thienyl and others.
10039] “Heterocyclylalkyl” refers to a group of the formula —R,R, wherein R,
1s an alkyl group as defined above and R. 1s a heterocyclyl group as defined herein,
where the alkyl group R, may attach at either the carbon atom or the heteroatom of the
heterocyclyl group Re. The alkyl group and the heterocyclyl group may be optionally
substituted as defined herein.

[0040] As used herein, “substituted alkyl,” “substituted aryl,” “substituted
heteroaryl” and “substituted heterocyclyl” refer to alkyl, aryl, heteroaryl and
heterocyclyl groups, respectively, that are substituted with one or more substituents,
1n certain embodiments one to three or four substituents, where the substituents are as
defined herein, generally selected from Q'.

[0041] “ICs¢” refers to an amount, concentration or dosage of a particular test
compound that achieves a 50% 1nhibition of a maximal response, such as cell growth
or proliferation measured via any the in vitro or cell based assay described herein.
10042] “Ox0” refers to the group =0 attached to a carbon atom.

[0043] Pharmaceutically acceptable salts include, but are not limited to, amine
salts, such as but not limited to N, N'-dibenzylethylenediamine, chloroprocaine,
choline, ammonia, diethanolamine and other hydroxyalkylamines, ethylenediamine,
N-methylglucamine, procaine, N-benzylphenethylamine,
1-para-chlorobenzyl-2-pyrrolidin-1'-ylmethyl- benzimidazole, diethylamine and other

alkylamines, piperazine and tris(hydroxymethyl)aminomethane; alkali metal salts,
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such as but not limited to lithium, potassium and sodium; alkali earth metal salts, such
as but not limited to bartum, calcium and magnesium; transition metal salts, such as
but not limited to zinc; and other metal salts, such as but not limited to sodium
hydrogen phosphate and disodium phosphate; and also including, but not limited to,
salts of mineral acids, such as but not limited to hydrochlorides and sulfates; and salts
of organic acids, such as but not limited to acetates, lactates, malates, tartrates,
citrates, ascorbates, succinates, butyrates, valerates and fumarates.

[0044] As used herein and unless otherwise indicated, the term “hydrate”
means a compound provided herein or a salt thereof, that further includes a
stoichiometric or non-stoichiometeric amount of water bound by non-covalent
intermolecular forces.

[0045] As used herein and unless otherwise indicated, the term ““solvate”
means a solvate formed from the association of one or more solvent molecules to a
compound provided herein. The term “solvate” includes hydrates (e.g., mono-
hydrate, dihydrate, trihydrate, tetrahydrate and the like).

[0046] As used herein, “substantially pure” means sufficiently homogeneous
to appear free of readily detectable impurities as determined by standard methods of
analysis, such as thin layer chromatography (TLC), gel electrophoresis, high
performance liquid chromatography (HPLC) and mass spectrometry (MS), used by
those of skill 1n the art to assess such purity, or sufficiently pure such that further
purification would not detectably alter the physical and chemical properties, such as
enzymatic and biological activities, of the substance. Methods for purification of the
compounds to produce substantially chemically pure compounds are known to those
of skill 1n the art. A substantially chemically pure compound may, however, be a
mixture of stereoisomers. In such instances, further purification might increase the
specific activity of the compound.

[0047] Unless stated otherwise specifically described in the specification, 1t 1s
understood that the substitution can occur on any atom of the alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl group.

[0048] Unless specifically stated otherwise, where a compound may assume
alternative tautomeric, regioisomeric and/or stercoisomeric forms, all alternative
1somers are intended to be encompassed within the scope of the claimed subject
matter. For example, where a compound 1s described as having one of two tautomeric

forms, 1t 1s intended that the both tautomers be encompassed herein.
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[0049] Thus, the compounds provided herein may be enantiomerically pure,
or be stereoisomeric or diastereomeric mixtures.

10050] It 1s to be understood that the compounds provided herein may contain
chiral centers. Such chiral centers may be of either the (R) or (§) configuration, or
may be a mixture thereof. It 1s to be understood that the chiral centers of the
compounds provided herein may undergo epimerization in vivo. As such, one of skill
in the art will recognize that administration of a compound 1n 1ts (R) form 1s
cquivalent, for compounds that undergo epimerization in vivo, to administration of the
compound 1n its (S) form.

[0051] Optically active (+) and (-), (R)- and (5)-, or (D)- and (L)-1somers may
be prepared using chiral synthons or chiral reagents, or resolved using conventional
techniques, such as reverse phase HPLC.

[0052] As used herein, “i1sotopic composition” refers to the amount of each
1sotope present for a given atom, and “natural 1sotopic composition” refers to the
naturally occurring 1sotopic composition or abundance for a given atom. Atoms
containing their natural 1sotopic composition may also be referred to herein as “non-
enriched” atoms. Unless otherwise designated, the atoms of the compounds recited
herein are meant to represent any stable 1sotope of that atom. For example, unless
otherwise stated, when a position 1s designated specifically as “H” or “hydrogen™, the
position 1s understood to have hydrogen at 1ts natural 1sotopic composition.

[0053] As used herein, “1sotopically enriched” refers to an atom having an
1sotopic composition other than the natural 1sotopic composition of that atom.
“Isotopically enriched” may also refer to a compound containing at least one atom
having an 1sotopic composition other than the natural 1sotopic composition of that
atom.

[0054] As used herein, “1sotopic enrichment” refers to the percentage of
incorporation of an amount of a specific 1sotope at a given atom 1n a molecule 1n the
place of that atom’s natural 1sotopic abundance. For example, deuterium enrichment
of 1% at a given position means that 1% of the molecules 1n a given sample contain
deutertum at the specified position. Because the naturally occurring distribution of
deuterium 1s about 0.0156%, deuterium enrichment at any position 1n a compound
synthesized using non-enriched starting materials 1s about 0.0156%. The 1sotopic

enrichment of the compounds provided herein can be determined using conventional
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analytical methods known to one of ordinary skill in the art, including mass
spectrometry and nuclear magnetic resonance spectroscopy.
[0055] Where the number of any given substituent 1s not specified (e.g.,
haloalkyl), there may be one or more substituents present. For example, “haloalkyl”
may include one or more of the same or different halogens.
10056] In the description herein, if there 1s any discrepancy between a
chemical name and chemical structure, the structure preferably controls.
[0057] “Anti-cancer agents” refers to anti-metabolites (e.g., S-fluoro-uracil,
methotrexate, fludarabine), antimicrotubule agents (e.g., vinca alkaloids such as
vincristine, vinblastine; taxanes such as paclitaxel, docetaxel), alkylating agents (e.g.,
cyclophosphamide, melphalan, carmustine, nitrosoureas such as
bischloroethylnitrosurea and hydroxyurea), platinum agents (e.g. cisplatin,
carboplatin, oxaliplatin, JM-216 or satraplatin, CI-973), anthracyclines (e.g.,
doxrubicin, daunorubicin), antitumor antibiotics (€.g., mitomycin, 1idarubicin,
adriamycin, daunomycin), topoisomerase mhibitors (e.g., etoposide, camptothecins),
anti-angiogenesis agents (e.g. Sutent® and Bevacizumab) or any other cytotoxic
agents, (estramustine phosphate, prednimustine), hormones or hormone agonists,
antagonists, partial agonists or partial antagonists, kinase inhibitors, and radiation
treatment.
[0058] “Anti-inflammatory agents” refers to matrix metalloproteinase
inhibitors, inhibitors of pro-inflammatory cytokines (e.g., anti-TNF molecules, TNF
soluble receptors, and IL1) non-steroidal anti-inflammatory drugs (NSAIDs) such as
prostaglandin synthase inhibitors (e.g., choline magnesium salicylate, salicylsalicyclic
acid), COX-1 or COX-2 imhibitors), or glucocorticoid receptor agonists such as
corticosteroids, methylprednisone, prednisone, or cortisone.
[0059] As used herein, the abbreviations for any protective groups, amino
acids and other compounds, are, unless indicated otherwise, i accord with their
common usage, recognized abbreviations, or the [UPAC-IUB Commission on
Biochemical Nomenclature (see, Biochem. 1972, 11:942-944),

B. COMPOUNDS

[0060] In certain embodiments, provided herein are compounds of Formula I:
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or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein:
R' is optionally substituted aryl, optionally substituted heteroaryl or optionally
substituted heterocyclyl; where the substituents when present are selected from one,
two or three R’ groups, wherein each R” is independently selected from halo, alkyl,
alkenyl, alkynyl, alkoxy, hydroxyl, haloalkoxy, cycloalkyl, cycloalkylalkyl,
hydroxyalkyl, haloalkyl, aryl, arylalkyl, heterocyclyl, heterocyclylalkyl, heteroaryl,
and heteroarylalkyl, where the alkyl, alkenyl, alkynyl, alkoxy, haloalkoxy, cycloalkyl,
cycloalkylalkyl, hydroxyalkyl, haloalkyl, aryl, heterocyclyl, and heteroaryl groups are
cach optionally substituted with 1 to 5 groups selected from halo, hydroxy, alkoxy,
cycloalkyl, cyano, and -R"N(R”)(R");

R” and R’ are each independently hydrogen or alkyl;

R*is O, S, N-CN, or N-NO»;

B' and B~ are each independently selected from N and CH;

R’ is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy, -R"N(R”)(R"), aryl,
heterocyclyl, or heteroaryl;

R® is hydrogen, halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy,
hydroxyalkoxyalkyl, -R"N(R”)(R"), aryl, heterocyclyl, or heteroaryl;

B’ is O, NR" or CR™R";

R’ is hydrogen or alkyl;

each R’ is independently hydrogen or alkyl;

A” and R® are selected as follows:

a) R® is hydrogen, alkyl, cycloalkyl, -R"OR¥, -R"N(RY)(R?), heterocyclyl,
aryl, or heteroaryl; and A“is N, CH or CR'": or

b) A* is C; and R® together with A* forms a 5-7 membered substituted or
unsubstituted heterocycle, where the substituents when present are one, two or three Q

groups, each independently selected from oxo, halo, hydroxyl, alkoxy, alkyl, alkenyl,
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alkynyl, cycloalkyl, -R"N(R”)(R"), aryl, heterocyclyl, heteroaryl, hydroxyalkyl,
haloalkyl and alkoxyalkyl;

R’ and R® are optionally substituted with one, two or three Q' groups, each
independently selected from halo, hydroxyl, alkoxy, cycloalkyl, alkyl, alkenyl,
alkynyl, haloalkyl, heterocyclyl and heteroaryl;

Q and Q' groups are each optionally substituted with one, two or three Q°
groups each independently selected from halo, alkyl, alkenyl, alkynyl, cycloalkyl,
haloalkyl, hydroxyl and alkoxy;

cach R" 1s independently alkylene or a direct bond;

each R” is independently hydrogen or alkyl;

each R’ and R” is independently selected from (1) or (i1) below:

(i) R” and R” are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, alkoxyalkyl, or haloalkyl; or

(i1) R” and R”, together with the nitrogen atom to which they are
attached, form a heterocyclyl or heteroaryl, optionally substituted with one or more, 1n
one embodiment, one to six, in another embodiment, one, two, three, four or five alkyl
groups;

A'is N=CR™ NR™, S, O, CR™=CR™, CR™=N; or N=N;

A’is N, CH or CR";

each R™ is independently hydrogen, halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino,
hydroxyl, aryl, -R"N(R*)}(R"), or alkoxy;

R' is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxyl, alkoxy, -R"N(R”)(R"),
-C(O)N(R”)(R"), -R"S(O),R", aryl, heterocyclyl, or non-azole heteroaryl;

m 158 0-2; and

wherein the compound is selected with a proviso that when A” is N, B’ is
NH, R' is phenyl, A'is CH=CH and R® is H, then R°® is not amino.

[0061] In certain embodiments, provided herein are compounds of Formula I,
wherein R’ is optionally substituted aryl, optionally substituted heteroaryl or
optionally substituted heterocyclyl; where the substituents when present are selected
from one, two or three R’ groups, wherein each R” is independently selected from
halo, alkyl, alkenyl, alkynyl, alkoxy, hydroxyl, haloalkoxy, cycloalkyl,
cycloalkylalkyl, hydroxyalkyl, haloalkyl, aryl, arylalkyl, heterocyclyl,
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heterocyclylalkyl, heteroaryl, and heteroarylalkyl, where the alkyl, alkenyl, alkynyl,
alkoxy, haloalkoxy, cycloalkyl, cycloalkylalkyl, hydroxyalkyl, haloalkyl, aryl,
heterocyclyl, and heteroaryl groups are optionally substituted with 1 to 5 groups
selected from halo, alkyl, alkenyl, alkynyl, aryl, hydroxy, alkoxy, cycloalkyl, cyano,
-R"C(O)OR?, -R"N(R”)(R?) and -R"OC(O)R”;

R” and R’ are each independently hydrogen, halo, hydroxy, alkyl or amino;

R%is O, S, N-CN, or N-NO;:

B' is selected from N and CR*:

B is N or CR™:

R** and R’ are each independently hydrogen, alkyl or halo;

R’ is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy, -R"N(R”)(R"), aryl,
heterocyclyl, or heteroaryl;

R® is hydrogen, halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy,
hydroxyalkoxyalkyl, -R"N(R”)(R"), aryl, heterocyclyl, or heteroaryl;

B’ is O, NR’, CHy, or CR""R"%;

R’ is hydrogen or alkyl;

each R’ is independently hydrogen or alkyl;

A” and R® are selected as follows:

a) R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, -R"OR,
-R"N(R")(R%), -R"S(0),R*, heterocyclyl, aryl, or heteroaryl; and A* is N, CH or CR'";
or

b) A® is C; and R® together with A* forms a 5-7 membered substituted or
unsubstituted heterocycle, where the substituents when present are one, two or three Q
groups, cach independently selected from oxo, halo, hydroxyl, alkoxy, alkyl, alkenyl,
alkynyl, cycloalkyl, -R"N(R”)(R"), aryl, heterocyclyl, heteroaryl, hydroxyalkyl,
haloalkyl and alkoxyalkyl;

R’ and R® are each optionally substituted with one, two or three Q' groups,
cach independently selected from halo, hydroxyl, alkoxy, cycloalkyl, alkyl, alkenyl,
alkynyl, haloalkyl, heterocyclyl and heteroaryl;

Q and Q' groups are each optionally substituted with 1-6, 1-5, 1-3, one,
two or three Q” groups each independently selected from halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, amino, hydroxyl and alkoxy;
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each R" is independently alkylene, alkenylene or alkynylene or a direct
bond;

cach R™ is independently hydrogen, alkyl, alkenyl or alkynyl;

each R’ and R” is independently selected from (1) or (i1) below:

(i) R”and R” are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, alkoxyalkyl or haloalkyl; or

(i1) R”and R”, together with the nitrogen atom to which they are
attached, form a heterocyclyl or heteroaryl, optionally substituted with an alkyl;

A'is N=CR™, NR™, S, CR™=CR™, CR™*=N;

A’is N, CH or CR";

each R™ is independently hydrogen, halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino,
hydroxyl, aryl, -R"N(R”)(R"), or alkoxy;

R' is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxyl, alkoxy, -R"N(R”)(R"), -
R"S(O),R”, -C(ON(R’)(R"), aryl, heterocyclyl, or non-azole heteroaryl;

R’ and R" are each optionally substituted with 1-8, 1-6, 1-5, one, two or
three Q' groups, each independently selected from halo, hydroxyl, alkoxy, cycloalkyl,
alkyl, alkenyl, alkynyl, haloalkyl, aryl, heterocyclyl and heteroaryl;

n1s 0-2;

m 1s 0-2; and

wherein the compound 1s selected such that

a) when A” is N, B’ is NH, R' is phenyl, A" is CH=CH and R’ is H, then
R® is not amino;

b) when R' thienyl, B' is CH, A”is N, B’ is NH, A' is CH=CH and R® is
H, then R® is not amino; and

¢) when R' is pyrazol-3-yl; 1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl; or
pyridinyl, then B* is not CH, and

d) when R' is piperazinyl, then B' is not CH.

[0062] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein
R' is substituted aryl, substituted heteroaryl or substituted heterocyclyl; where the
substituents are selected from one, two or three R” groups, wherein at least one R” is a

branched alkyl, haloalkyl, heterocyclyl or cycloalkyl, and wherein the second and
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third optional R” groups is selected from halo, alkyl, haloalkyl, cycloalkyl and
cycloalkylalkyl, where the alkyl, branched alkyl, haloalkyl, cycloalkyl or
cycloalkylalkyl groups are each optionally substituted with 1 to 5 halo, alkyl,
cycloalkyl or -R"OC(O)R"groups;

R” and R’ are each independently hydrogen, halo, hydroxy, amino or alkyl;

R*is O, S, N-CN, or N-NO:

B' is selected from N and CR™:

B” is N or CR™;

R** and R’ are each independently hydrogen, halo, or alkyl;

R’ is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy, -R"N(R”)(R"), aryl,
heterocyclyl, or heteroaryl;

R® is hydrogen, halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy,
hydroxyalkoxyalkyl, -R"N(R”)(R"), aryl, heterocyclyl, or heteroaryl;

B’ is O, NR" or CR™R";

R’ is hydrogen or alkyl;

each R" is independently hydrogen or alkyl;

A” and R® are selected as follows:

a) R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, -R"OR,
-R"'N(R¥)(R?), -R"S(0),R*, heterocyclyl, aryl, or heteroaryl; and A* is N, CH or CR'’;
or

b) A* is C; and R® together with A forms a 5-7 membered substituted or
unsubstituted heterocycle, where the substituents when present are one, two or three Q
eroups, each independently selected from oxo, halo, hydroxyl, alkoxy, alkyl, alkenyl,
alkynyl, cycloalkyl, -R"N(R”)(R"), aryl, heterocyclyl, heteroaryl, hydroxyalkyl,
haloalkyl and alkoxyalkyl;

R’ and R® are optionally substituted with one, two or three Q' groups, each
independently selected from halo, hydroxyl, alkoxy, cycloalkyl, alkyl, alkenyl,
alkynyl, haloalkyl, heterocyclyl and heteroaryl;

Q and Q' groups are each optionally substituted with 1-6, 1-5, 1-3, one,
two or three Q° groups each independently selected from halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, amino, hydroxyl and alkoxy;

each R" is independently alkylene or a direct bond;
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each R™ is independently hydrogen or alkyl;

cach R’ and R” is independently selected from (1) or (i1) below:

(1) R’ and R” are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, alkoxyalkyl, or haloalkyl; or

(i1) R” and R”, together with the nitrogen atom to which they are attached,
form a heterocyclyl or heteroaryl, optionally substituted with one or more, 1n one
embodiment, one to six, i another embodiment, one, two, three, four or five alkyl
groups;

A'is N=CR™, NR™, S, O, CR™*=CR™, CR™=N or N=N;

A’is N, CH or CR";

each R™ is independently hydrogen, halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, cycloalkylalkyl, cyano, amino,
hydroxyl, aryl, -R"N(R”)(R"), or alkoxy;

R' is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxyl, alkoxy, -R"N(R*}(R), -R"OR,
-R"OR™OR?, -C(ON(R”)(R"), -R"S(0),R", aryl, heterocyclyl, or non-azole heteroaryl;

R™ and R'® are each optionally substituted with one, two or three Q'
groups, cach independently selected from halo, hydroxyl, alkoxy, alkyl, alkenyl,
alkynyl, or haloalkyl;

n1s 0-2; and

m 18 0-2.

[0063] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein:

R' is optionally substituted aryl, optionally substituted heteroaryl or optionally
substituted heterocyclyl; where the substituents when present are selected from one,
two or three R’ groups, wherein each R” is independently selected from halo, alkyl,
alkenyl, alkynyl, alkoxy, hydroxyl, haloalkoxy, cycloalkyl, cycloalkylalkyl,
hydroxyalkyl, haloalkyl, aryl, arylalkyl, heterocyclyl, heterocyclylalkyl, heteroaryl,
and heteroarylalkyl, where the alkyl, alkenyl, alkynyl, alkoxy, haloalkoxy, cycloalkyl,
cycloalkylalkyl, hydroxyalkyl, haloalkyl, aryl, heterocyclyl, and heteroaryl groups are
optionally substituted with 1 to 5 groups selected from halo, alkyl, alkenyl, alkynyl,
aryl, hydroxy, alkoxy, cycloalkyl, cyano, -R"N(R”)(R"), -R"S(0),R* -R"C(O)OR" and
-R"OC(O)R™;
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R” and R’ are each independently hydrogen, halo, alkyl, alkenyl, alkynyl or
haloalkyl;

R*is O, S, N-CN, or N-NO;

B' is selected from N and CR*:;

B is selected from N and CR™:

R** and R’ are each independently hydrogen, halo, alkyl, alkenyl, alkynyl or
haloalkyl;

R’ is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxy, alkoxy, -R"N(R*)}(R"), aryl,
heterocyclyl, or heteroaryl;

R® is hydrogen, halo or cyano;

B’ is O, NR’ or CR"R";

R’ is hydrogen, alkyl, alkenyl or alkynyl;

each R™ is independently hydrogen, alkyl, alkenyl or alkynyl;

A” and R® are selected as follows:

a) R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, -OR?,
-Cysalkylene-N(R”)(R?), -R"S(O),N(R”)(R"), -R"S(O),R", heterocyclyl, aryl, or
heteroaryl; and A“is N, CH or CR': or

b) A% is C; and R® together with A* form a 5-7 membered substituted or
unsubstituted heterocycle containing one additional heteroatom, where the
substituents when present are one, two or three Q groups, each independently selected
from oxo, halo, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl, cycloalkyl, -R"N(R”)(R"),
aryl, heterocyclyl, heteroaryl, hydroxyalkyl, haloalkyl and alkoxyalkyl;

R’ and R® are each optionally substituted with 1-6, 1-3, one, two or three Q'
groups, cach independently selected from halo, hydroxyl, alkoxy, cycloalkyl, alkyl,
alkenyl, alkynyl, haloalkyl, -R"N(R*)(R"), aryl, heterocyclyl and heteroaryl;

Q and Q' groups are each optionally substituted with 1-6, 1-5, 1-3, one, two or
three Q” groups each independently selected from halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, aryl, amino, hydroxyl and alkoxy;

cach R" is independently alkylene, alkenylene or alkynylene or a direct bond;

cach R is independently hydrogen, alkyl, alkenyl or alkynyl;

each R’ and R” is independently selected from (1) or (i1) below:

(1) R” and R” are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, alkoxyalkyl, or haloalkyl; or
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(i1) R” and R”, together with the nitrogen atom to which they are
attached, form a heterocyclyl or heteroaryl, optionally substituted with one or more, 1n
one embodiment, one to six, 1n another embodiment, one, two, three, four or five halo,
alkyl, haloalkyl, alkenyl or alkynyl groups;

A'is N=CR™, CR™=CR™ or CR™*=N;

A’is N, CH or CR";

each R™ is independently hydrogen, halo, alkyl or haloalkyl;

R' is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxyl, alkoxy, -R*"N(R*}(R), -R"OR*,
-R"'OR™OR", -C(O)N(R”)(R"), -R"S(O),R”, aryl, heterocyclyl, or non-azole
heteroaryl;

R* and R° are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, alkoxyalkyl, or haloalkyl;

R’ and R" are each optionally substituted with 1-8, 1-6, 1-5, one, two or three
Q' groups, each independently selected from halo, hydroxyl, alkoxy, cycloalkyl,
alkyl, alkenyl, alkynyl, haloalkyl, aryl, heterocyclyl and heteroaryl;

n s 0-2; and

m 1s 0-2.

[0064] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein
when R is phenyl, then B’-R® is not NH,. In certain embodiments, provided herein
arc compounds of Formula I or pharmaceutically acceptable salts, solvates, hydrates
or clathrates thereof, wherein when R' is phenyl, then R° is not NH,. In certain
embodiments, provided herein are compounds of Formula I or pharmaceutically
acceptable salts, solvates, hydrates or clathrates thereof, wherein when R' is phenyl,
then at least one of B’-R® and R® is not NH,.

[0065] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein
when R’ is phenyl, then -B'C(R")B-is not -CHC(O)N-.

[0066] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein
when R’ thienyl, A?is N, B’ is NH, A' is CH=CH and R® is H, then R® is not amino.
In certain embodiments, provided herein are compounds of Formula I or

pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein
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when R' is thienyl, then B’-R® is not NH,. In certain embodiments, provided herein
are compounds of Formula I or pharmaceutically acceptable salts, solvates, hydrates
or clathrates thereof, wherein when R is thienyl, then R® is not NH,. In certain
embodiments, provided herein are compounds of Formula I or pharmaceutically
acceptable salts, solvates, hydrates or clathrates thercof, wherein when R'is thienyl,
then at least one of B>-R® and R® is not NH,.

[0067] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein
when R' is thienyl, then -B'C(R*)B*-is not -CHC(O)N-.

[0068] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein
when R' is pyrazol-3-yl, then B* is not CH. In certain embodiments, provided herein
are compounds of Formula I or pharmaceutically acceptable salts, solvates, hydrates
or clathrates thereof, wherein when R’ is pyrazolyl, then B is not CH. In certain
embodiments, provided herein are compounds of Formula I or pharmaceutically
acceptable salts, solvates, hydrates or clathrates thercof, wherein when R'is
pyrazolyl, then -B'C(R*)B*- is not -NC(O)CH-.

[0069] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein
when R' is 1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl, then B* is not CH. In certain
embodiments, provided herein are compounds of Formula I or pharmaceutically
acceptable salts, solvates, hydrates or clathrates thereof, wherein when R'is 1.4,5,6-
tetrahydrocyclopenta[c]pyrazol-3-yl, then -B'C(R*)B*- is not -NC(O)CH-.

[0070] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein
when R' is pyridinyl, then B* is not CH. In certain embodiments, provided herein are
compounds of Formula I or pharmaceutically acceptable salts, solvates, hydrates or
clathrates thereof, wherein when R’ is pyridinyl, then -B'C(R*)B*- is not -NC(O)CH-.
[0071] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein
when R' is piperazinyl, then B' is not CH. In certain embodiments, provided herein
arc compounds of Formula I or pharmaceutically acceptable salts, solvates, hydrates

or clathrates thereof, wherein when R’ is piperazinyl, then -B'C(R*)B*- is not -

CHC(O)N-.
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[0072] In certain embodiments, provided herein are compounds of Formula I
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein
R' is substituted aryl, substituted heteroaryl or substituted heterocyclyl; where the
substituents are selected from one, two or three R” groups, wherein at least one R” is a
branched alkyl, cycloalkyl, haloalkyl or heterocyclyl, and wherein the second and
third optional R’ groups is selected from halo, alkyl, haloalkyl, cycloalkyl and
cycloalkylalkyl, where the alkyl, branched alkyl, haloalkyl, cycloalkyl or
cycloalkylalkyl groups are each optionally substituted with 1 to 5 groups selected
from halo, alkyl, cycloalkyl and -R"OC(O)R”.

[0073] In certain embodiments, provided herein are compounds of Formula I
wherein, when R’ is a branched alkyl, hydroxyalkyl, haloalkyl, heterocyclyl or
cycloalkyl, R” is selected from -CH(CHj3),, -C(CH3),CH,OH, -CF3, -C(CHj3)s,
-CF,(CHs3), -C(CH3)(CH,F),, -C(CH;),CF3, -C(CH;),CH,F, -CF(CH3),, cyclopropyl,

F
F
i F

D(CHzF
cyclobutyl, cyclopentyl, cyclohexyl, , TV .7V & ,

D¢ J DJ O
CHF, 1 F% (] o Ll
O v 3 Y

'P“{J ’ Dﬂ‘g\ , N\\N , JJ{J ! F N\\N , \ and

. In certain embodiments, provided herein are compounds of Formula I
wherein R' is substituted aryl or substituted heteroaryl. In certain embodiments,
provided herein are compounds of Formula I wherein R’ is substituted azolyl. In
certain embodiments, provided herein are compounds of Formula I, wherein R’ is

substituted phenyl or substituted 1soxazolyl. In certain embodiments, provided herein

are compounds of Formula I, wherein A' is N=CR” or CR™*=CR™ and A” and A’ are
each CH or CR'’. The compound of Formula I, wherein B’ is NH or CR"*R"*. In
certain embodiments, provided herein are compounds of Formula I, wherein B is
NH. In yet other certain embodiments, provided herein are compounds of Formula I
wherein R' is substituted aryl or substituted heteroaryl, A' is N=CR™®, S or CR”*=CR™
and A” and A’ are each CH or CR'’. In yet other embodiments, provided herein are

compounds of Formula I wherein R' is substituted aryl or substituted heteroaryl, A" is
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N=CR™ S or CR”=CR’ and A” and A’ are each CH or CR"’ and when R’ is a
branched alkyl, hydroxyalkyl, haloalkyl, heterocyclyl or cycloalkyl, R” is selected
from -CH(CHj3),, -C(CH3),CH,OH, -CF3, -C(CH3)3, -CF2(CH3), -C(CH3)(CH3F)s,
-C(CH;),CF;5, -C(CH5),CH,F, -CF(CHj3),, cyclopropyl, cyclobutyl, cyclopentyl,

LT Lo oo
9

cyclohexyl, I , , , \ ,
I:l_ 7l>( O
J_JJJ ELCF3 CF3
) J\f\‘\: J\’V\" Vvininnnan
AT , F Voo ‘" and |
10074] In yet other certain embodiments, provided herein are compounds of

Formula I wherein R' is substituted aryl or substituted heteroaryl, A'is N=CR™, S or
CR™=CR™ and A” and A’ are each CH or CR'” and when R” is a branched alkyl,
hydroxyalkyl, haloalkyl, heterocyclyl or cycloalkyl, R” is selected from -CH(CH3)s,
-C(CHj3),CH,OH, -CF;3, -C(CHj3)s, -CF2(CH3), -C(CH3)(CH,F),, -C(CHj3),CF;3,
-C(CH;3),CH,F, -CF(CHj3),, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

and | , and the optional second

or third R” is halo, alkyl, haloalkyl, alkoxy or haloalkoxy.

[0075] In certain embodiments, provided herein are compounds of Formula II:
H
A2 _N
3% N8
R A R
R* ‘/\ XX
R1\B1/lJ\Bz/ A1 R6
I |
R R? 11

or pharmaceutically acceptable salts, solvates, hydrates or clathrates thercof, wherein:

R' is optionally substituted aryl, optionally substituted heteroaryl or optionally

substituted heterocyclyl; where the substituents when present are selected from one,
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two or three R’ groups, wherein each R” is independently selected from halo, alkyl,
alkenyl, alkynyl, alkoxy, hydroxyl, haloalkoxy, heterocyclyl and cycloalkyl, where
the alkyl, alkenyl, alkynyl, alkoxy, haloalkoxy, heterocyclyl and cycloalkyl groups are
optionally substituted with 1 to 5 groups selected from halo, alkyl, haloalkyl,
alkoxyalkyl, hydroxy, alkoxy, cycloalkyl and -R"OC(O)R™;

R” and R’ are each independently hydrogen, halo, hydroxy, haloalkyl or
alkyl;

R*is O or S:

B' is selected from N and CR**:

B*is N or CR’*

R** and R’ are each independently hydrogen, halo, or alkyl;

A'is N=CR™, S or CR™=CR™,

R’ is halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, cycloalkylalkyl, cyano, amino, hydroxyl or alkoxy;

R® is hydrogen, halo, alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl, hydroxyalkoxyalkyl, heterocyclylalkyl, cycloalkylalkyl,

cyano, amino, hydroxyl or alkoxy;

A” and R® are selected as follows:

a) R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, -R"OR,
-R"'N(R¥)(R?), -R"S(0),R*, heterocyclyl, aryl, or heteroaryl; and A* is N, CH or CR'’;
or

b) A* is C; and R® together with A forms a 5-7 membered substituted or
unsubstituted heterocyclyl, where the substituents when present are one, two or three
Q groups, cach independently selected from oxo, halo, hydroxyl, alkoxy, alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, heteroaryl, hydroxyalkyl, haloalkyl and
alkoxyalkyl;

R® is optionally substituted with one, two or three Q' groups, each
independently selected from halo, hydroxyl, alkoxy, cycloalkyl, alkyl, alkenyl,
alkynyl, haloalkyl, heterocyclyl and heteroaryl;

Q and Q' groups are each optionally substituted with 1-6, 1-5, one, two or
three Q” groups each independently selected from halo, alkyl, alkenyl, alkynyl,
cycloalkyl, haloalkyl, amino, hydroxyl and alkoxy;

each R" is independently alkylene or a direct bond;
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each R™ is independently hydrogen or alkyl;
cach R’ and R” is independently selected from (1) or (i1) below:
(1) R” and R” are each independently hydrogen, alkyl, alkenyl, alkynyl,
or cycloalkyl; or
(i1) R” and R”, together with the nitrogen atom to which they are

attached, form a heterocyclyl or heteroaryl, optionally substituted with one or more, 1n
one embodiment, one to six, in another embodiment, one, two, three, four or five alkyl
groups;

A’is N, CH or CR";

R” is hydrogen, halo or alkyl;

cach R'’ is independently alkyl, hydroxyalkyl, cyano, -R"N(R*}(R"), -
R"S(O),R™ or -C(O)N(R”)(R");

n1s 0-2;

m 1s 0-2; and

wherein the compound is selected with a proviso that when A” is N, R' is
phenyl, A' is CH=CH and R® is H, then R® is not amino.
|0076]
[0077] In certain embodiments, provided herein are compounds of Formula 11,
or pharmaceutically acceptable salts, solvates, hydrates or clathrates thereof, wherein:

R' is substituted aryl, substituted heteroaryl or substituted heterocyclyl;
where the substituents are selected from one, two or three R” groups, wherein at least
one R’ is a branched alkyl, haloalkyl, heterocyclyl or cycloalkyl, and wherein the
second and third optional R” groups is selected from halo, alkyl, haloalkyl, cycloalkyl
and cycloalkylalkyl, where the alkyl, branched alkyl, haloalkyl, cycloalkyl or
cycloalkylalkyl groups are each optionally substituted with 1 to 5 groups selected
from halo, hydroxy, alkyl, cycloalkyl and -R"OC(O)R™;

R” and R’ are each independently hydrogen, halo, haloalkyl, hydroxy,
amino or alkyl;

R%is O, S, N-CN, or N-NO;;:

A'is N=CR™ NR™, S, O, CR™=CR™, CR™=N or N=N;

B' is N or CR™;

B” is N or CR™;

R** and R** are each independently hydrogen, halo, or alkyl;
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R’ is halo, alkyl,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>