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(57) ABSTRACT

The present invention provides novel compounds of For-
mula (I), and pharmaceutically acceptable salts, solvates,

hydrates, polymorphs, co-crystals, tautomers, stereoisomers,
isotopically labeled derivatives, prodrugs, and compositions
thereof. Also provided are methods and kits involving the
compounds of Formula (I) or (II), or compositions thereof,
for treating or preventing a wide range of diseases (e.g.,
proliferative diseases (e.g., cancers, benign neoplasms,
angiogenesis, inflammatory diseases, autoimmune diseases)
and metabolic diseases (e.g., diabetes (e.g., type 2 diabetes,
gestational diabetes)) in a subject. Treatment of a subject
with a disease using a compound of Formula (I) or (II), or
compositions thereof, may downregulate the expression
and/or inhibit the activity of a kinase (e.g., a tyrosine kinase,
such as a Tec kinase, in particular, bone marrow on X
chromosome kinase (BMX)), and therefore, suppress tyro-
sine kinase singling in the subject.
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BONE MARROW ON X CHROMOSOME
KINASE (BMX) INHIBITORS AND USES
THEREOF

RELATED APPLICATIONS

[0001] This application is a continuation of and claims
priority under 35 U.S.C. § 120 to U.S. patent application
U.S. Ser. No. 14/436,387, filed Apr. 16, 2015, which is a
national stage filing under 35 U.S.C. § 371 of international
PCT application, PCT/US2013/065689, filed Oct. 18, 2013,
which claims priority under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Applications, U.S. Ser. No. 61/716,273,
filed Oct. 19, 2012, and U.S. Ser. No. 61/717,345, filed Oct.
23, 2012, each of which is incorporated herein by reference.

GOVERNMENT SUPPORT

[0002] This invention was made with government support
under grant number W81XWH-09-1-0435 awarded by the
U.S. Department of the Army. The government has certain
rights in the invention.

BACKGROUND OF THE INVENTION

[0003] “Bone Marrow on X chromosome” kinase (BMX,
also termed ETK) is a non-receptor tyrosine kinase and is
activated downstream of phosphatidylinositol-3 kinase (PI-
3K) and v-src sarcoma (Schmidt-Ruppin A-2) viral onco-
gene homolog (SRC), but its substrates are unknown. Posi-
tional scanning peptide library screening revealed a marked
preference for a priming phosphotyrosine (pY) in the -1
position. Potential substrates include multiple tyrosine
kinases with kinase domain pYpY sites required for full
activity. BMX has been found to phosphorylate residue
Y577 of focal adhesion kinase (FAK) subsequent to Y576
phosphorylation by SRC. In addition, BMX loss by RNA
interference and mouse embryonic fibroblasts (MEFs) from
Bmx negative (Bmx™) mice displayed impaired FAK sig-
naling. Insulin receptor (IR) phosphorylation similarly was
decreased by BMX loss, as was hepatic IR phosphorylation
in Bmx~ mice. However, glucose tolerance was increased,
reflecting a marked compensatory decrease in the activity of
the AKT phosphatase PHLPP. These findings reveal a
mechanism through which BMX functions as a central
regulator of multiple kinase pathways.

[0004] Tec kinases, which include TEC, BTK, ITK, RLK/
TXK, and BMX, are non-receptor tyrosine kinases
expressed primarily in lymphoid and myeloid lineages. They
are related in structure to SRC in that they have an SH3
domain followed by an SH2 domain and tyrosine kinase
domain but lack the C-terminal tyrosine that negatively
regulates SRC kinases (Afar et al., Mol. Cell. Biol. 16,3465
(1996); Andreotti et al., Nature 385, 93 (1997); Nore et al.,
Biochim. Biophys. Acta 1645, 123 (2003); Park et al.,
Immunity 4, 515 (1996)). (Figure JA). The Tec kinases are
unique in having a pleckstrin homology (PH) domain that
mediates membrane targeting in response to PI-3K activa-
tion by binding to phosphatidylinositol 3,4,5-triphosphate
(PIP;) (Qiu et al., Oncogene 19, 5651 (2000)), which results
in SRC-mediated phosphorylation of a kinase domain tyro-
sine that activates the enzyme. Mutations in BTK, which is
restricted to B cells, cause X-linked agammaglobulinemia
(de Weers et al., Hum. Mol. Genet. 3,161 (1994)), while loss
of ITK expressed in T cells results in a variety of T cell
defects (Andreotti et al., Cold Spring Harb. Perspect. Biol.

Apr. 18,2019

2, 2002287 (2010)). BMX is broadly expressed by cell types
outside the lymphoid/myeloid lineage including arterial
endothelium and epithelial cells (Chott et al., Am. J. Pathol.
155, 1271 (1999); Rajantie et al., Mol. Cell Biol. 21, 4647
(2001); Robinson et al., Proc. Natl. Acad. Sci. U.S.A. 93,
5958 (1996); Tamagnone et al., Oncogene 9, 3683 (1994)).
While Bmx™ mice have only a modest defect in ischemia-
induced angiogenesis (Rajantie et al., Mol. Cell Biol. 21,
4647 (2001); He et al., J. Clin. Invest. 116, 2344 (2006);
Zhang et al., J. Biol. Chem. 278, 51267 (2003); Pan et al.,
Mol. Cell Biol. 22, 7512 (2002)), increasing evidence indi-
cates that BMX has diverse modulatory roles in multiple
cellular processes (Tu et al., Cancer Res. 68, 2861 (2008);
Jiang et al., J. Biol. Chem. 279, 50181 (2004); Kim et al., J.
Biol. Chem. 277, 30066 (2002); Bagheri-Yarmand et al., J.
Biol. Chem. 276, 29403 (2001); Chau et al., Oncogene 21,
8817 (2002); Semaan et al., J. Immunol. 180, 3485 (2008)).
However, the direct downstream targets of BMX remain
elusive, and substrate motifs for BMX and other Tec kinases
have not been identified.

SUMMARY OF THE INVENTION

[0005] The present invention is based, at least in part, on
the discovery that BMX functions to amplify tyrosine kinase
signaling by phosphorylation of kinase domain pYY sites.
The initial priming tyrosine phosphorylation may be medi-
ated by autophosphorylation in response to hormone binding
or by other kinases (such as SRC for FAK). BMX may be
recruited through its SH2 domain and mediate transphos-
phorylation to achieve full activation. While acute down-
regulation of BMX may suppress multiple signal transduc-
tion pathways, downstream signaling may be enhanced in
response to some stimuli. Therefore, BMX inhibitors may be
useful in treating and/or preventing a range of proliferative
diseases (e.g., cancers, benign neoplasms, angiogenesis,
inflammatory diseases, and autoimmune diseases) that are
associated with increased tyrosine kinase signaling. Con-
versely, chronic exposure to BMX inhibitors may also
enhance signaling downstream of some receptor tyrosine
kinases and may be efficacious in treating and/or preventing
diseases associated with insulin resistance (e.g., diabetes
(e.g., type 2 diabetes and gestational diabetes)). The present
invention provides BMX inhibitors, and pharmaceutical
compositions thereof, as well as methods of using and
preparing the inventive BMX inhibitors.

[0006] In one aspect, the present invention provides
inhibitors of BMX or other kinases (e.g., Tec kinases,
tyrosine kinases, non-receptor tyrosine kinases). In certain
embodiments, the present invention provides compounds of
Formula (I):

@
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and pharmaceutically acceptable salts, solvates, hydrates, -continued

polymorphs, co-crystals, tautomers, sterecoisomers, isotopi-

cally labeled derivatives, and prodrugs thereof.

[0007] Exemplary compounds of Formula (I) include, but (-11)
are not limited to:

a7

(1-12)

a-8)

(1-13)
19

(I-10) (-14)
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[0008] In another aspect, the present invention provides
pharmaceutical compositions comprising a compound of
Formula (I), or a pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer, iso-
topically labeled derivative, or prodrug thereof, and option-
ally a pharmaceutically acceptable excipient. In certain
embodiments, the pharmaceutical compositions described
herein include a therapeutically effective amount of a com-
pound of Formula (I), or a pharmaceutically acceptable salt,
solvate, hydrate, polymorph, co-crystal, tautomer, stereoi-
somer, isotopically labeled derivative, or prodrug thereof.

[0009] Compounds of Formula (I) or (I):

an

and compositions thereof, have been found to inhibit the
activity of a kinase. Compounds of Formula (II) are
described in U.S. Provisional Patent Application, U.S. Ser.
No. 61/622,828, filed Apr. 11, 2012, which is incorporated
in its entirety by reference. In certain embodiments, the
compounds of Formula (I) or (II) are inhibitors of one or
more kinases. In certain embodiments, the kinase is a
tyrosine kinase. In certain embodiments, the kinase is a
non-receptor tyrosine kinase. In certain embodiments, the
kinase is a Tec kinase. In certain embodiments, the Tec
kinase is Tec, BTK, Itk, RIk/TXK and/or Bmx. In certain
embodiments, the kinase is BMX. The present invention
further provides methods of using compounds of Formula (I)
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or (II), and compositions thereof, to study the inhibition of
BMX and as therapeutics for the prevention and/or treatment
of diseases associated with the overexpression, increased
activity, and/or aberrant activity of BMX, or insulin resis-
tance. In certain embodiments, compounds of Formula (I) or
(IT) are used for the prevention and/or treatment of a variety
of diseases (e.g. proliferative diseases (e.g., cancers, benign
neoplasms, angiogenesis, inflammatory diseases, autoim-
mune diseases) and metabolic diseases (e.g., diabetes (e.g.,
type 2 diabetes and gestational diabetes)) in a subject.

[0010] Exemplary compounds of Formula (II) include, but
are not limited to:

(11-3)

(I1-4)

(I1-5)

/

O,

NH

/

(;\NH

(6] NH

(e¥

-continued
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(11-23)

and pharmaceutically acceptable salts, solvates, hydrates,
polymorphs, co-crystals, tautomers, sterecoisomers, isotopi-
cally labeled derivatives, and prodrugs compositions
thereof.

[0011] In still another aspect, the present invention pro-
vides methods of downregulating the expression of a kinase
(e.g., a tyrosine kinase (e.g., a non-receptor tyrosine kinase,
such as a Tec kinase, e.g., TEC, BTK, ITK, RLK/TXK,
BMX) in a biological sample or subject.

[0012] Another aspect of the invention relates to methods
of inhibiting the activity of a kinase (e.g., a tyrosine kinase
(e.g., BMX)) in a biological sample or subject.

[0013] Also provided in the present invention are methods
of suppressing kinase signaling in a biological sample or
subject. In certain embodiments, the kinase signaling is
tyrosine kinase signaling.

[0014] In another aspect, the present invention provides
methods of enhancing downstream kinase singling in a
biological sample or subject. In certain embodiments, the
downstream kinase singling is downstream tyrosine kinase
singling.

[0015] In certain embodiments, the methods of the present
invention comprise administering to a biological sample or
subject a compound of Formula (I) or (II), or a pharmaceu-
tically acceptable salt, solvate, hydrate, polymorph, co-
crystal, tautomer, stereoisomer, isotopically labeled deriva-
tive, or prodrug thereof, or a pharmaceutical composition
thereof.

[0016] Another aspect of the invention relates to methods
of screening a library of compounds of Formula (I) or (II) to
identify one or more compounds that are useful in the
treatment and/or prevention of a disease (e.g., proliferative
disease (e.g., cancer, benign neoplasm, angiogenesis,
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inflammatory diseases, and autoimmune diseases) or diabe-
tes (e.g., type 2 diabetes and gestational diabetes)) in a
subject.

[0017] In yet another aspect, the present invention pro-
vides compounds of Formula (I) or (II), and pharmaceuti-
cally acceptable salts, solvates, hydrates, polymorphs, co-
crystals, tautomers, stereoisomers, isotopically labeled
derivatives, prodrugs, and compositions thereof, for use in
the treatment of a disease (e.g., proliferative disease (e.g.,
cancer, benign neoplasm, angiogenesis, inflammatory dis-
eases, and autoimmune diseases) or diabetes (e.g., type 2
diabetes and gestational diabetes)) in a subject.

[0018] Another aspect of the present invention relates to
kits comprising a container with a compound of Formula (1)
or (II), or a pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer, iso-
topically labeled derivative, or prodrug thereof, or a phar-
maceutical composition thereof. The kits of the invention
may include a single dose or multiple doses of a compound
of Formula (I) or (II), or a pharmaceutically acceptable salt,
solvate, hydrate, polymorph, co-crystal, tautomer, stereoi-
somer, isotopically labeled derivative, or prodrug thereof, or
a pharmaceutical composition thereof. The provided kits
may be useful for the treatment and/or prevention of a
proliferative disease (e.g., cancer (e.g., leukemia, mela-
noma, multiple myeloma), benign neoplasm, angiogenesis,
inflammatory diseases, and autoimmune diseases) in a sub-
ject. In certain embodiments, the kits described herein
further include instructions for administering the compound
of Formula (I) or (II), or the pharmaceutically acceptable
salt, solvate, hydrate, polymorph, co-crystal, tautomer, ste-
reoisomer, isotopically labeled derivative, or prodrug
thereof, or the pharmaceutical composition thereof.

[0019] The details of particular embodiments of the inven-
tion are set forth herein. Other features, objects, and advan-
tages of the invention will be apparent from the Detailed
Description, the Figures, the Examples, and the Claims.

Definitions

[0020] Definitions of specific functional groups and
chemical terms are described in more detail below. The
chemical elements are identified in accordance with the
Periodic Table of the Elements, CAS version, Handbook of
Chemistry and Physics, 75" Ed., inside cover, and specific
functional groups are generally defined as described therein.
Additionally, general principles of organic chemistry, as
well as specific functional moieties and reactivity, are
described in Thomas Sorrell, Organic Chemistry, University
Science Books, Sausalito, 1999; Smith and March, March’s
Advanced Organic Chemistry, 5™ Edition, John Wiley &
Sons, Inc., New York, 2001; Larock, Comprehensive
Organic Transformations, VCH Publishers, Inc., New York,
1989; and Carruthers, Some Modern Methods of Organic
Svnthesis, 3" Edition, Cambridge University Press, Cam-
bridge, 1987.

[0021] Compounds of Formula (I) or (II) can comprise one
or more asymmetric centers, and thus can exist in various
isomeric forms, e.g., enantiomers and/or diastereomers. For
example, the compounds of Formula (I) or (II) can be in the
form of an individual enantiomer, diastereomer or geometric
isomer, or can be in the form of a mixture of stereoisomers,
including racemic mixtures and mixtures enriched in one or
more stereoisomer. Isomers can be isolated from mixtures
by methods known to those skilled in the art, including
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chiral high pressure liquid chromatography (HPLC) and the
formation and crystallization of chiral salts; or preferred
isomers can be prepared by asymmetric syntheses. See, for
example, Jacques et al., Ernantiomers, Racemates and Reso-
lutions (Wiley Interscience, New York, 1981); Wilen et al.,
Tetrahedron 33:2725 (1977); Eliel, Stereochemistry of Car-
bon Compounds (McGraw-Hill, N Y, 1962); and Wilen,
Tables of Resolving Agents and Optical Resolutions p. 268
(E. L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame,
Ind. 1972). The invention additionally encompasses com-
pounds described herein as individual isomers substantially
free of other isomers, and alternatively, as mixtures of
various isomers.

[0022] When a range of values is listed, it is intended to
encompass each value and sub-range within the range. For
example “C,_” is intended to encompass, C,, C,, C;, C,,
Cs, Co, Cies Ciisy Cras Ciay Crn Cos Cosy Coy Gy,
Ci6: Causs Caas Cug Cyso and Co.

[0023] As used herein, a “hydrocarbon chain” refers to a
substituted or unsubstituted divalent alkyl, alkenyl, or alky-
nyl group. A hydrocarbon chain includes at least one chain,
each node (“carbon unit”) of which including at least one
carbon atom, between the two radicals of the hydrocarbon
chain. For example, hydrocarbon chain —C*H
(CPH,C“H,)— includes only one carbon unit C*. The term
“C, hydrocarbon chain,” wherein x is a positive integer,
refers to a hydrocarbon chain that includes x number of
carbon unit(s) between the two radicals of the hydrocarbon
chain. If there are more than one possibility of x, the smallest
possibility of x is used for the definition of the hydrocarbon
chain. For example, —CH(C,Hs)— is a C, hydrocarbon
chain, and

is a C; hydrocarbon chain. When a range of values is used,
e.g., a C, ¢ hydrocarbon chain, the meaning of the range is
as described herein. A hydrocarbon chain may be saturated
(e.g., —(CH,),—). A hydrocarbon chain may also be
unsaturated and include one or more C—C and/or C=C
bonds anywhere in the hydrocarbon chain. For instance,
—CH=—CH(CH,),—, —CH,—C=C—CH,—, —C=C—
CH—CH— are all examples of a unsubstituted and unsatu-
rated hydrocarbon chain. In certain embodiments, the hydro-
carbon chain is unsubstituted (e.g., —(CH,),—). In certain
embodiments, the hydrocarbon chain is substituted (e.g.,
—CH(C,Hs)— and —CF,—). Any two substituents on the
hydrocarbon chain may be joined to form an optionally
substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, or optionally substituted het-
eroaryl ring. For instance,

=z
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are all examples of hydrocarbon chains. In contrast,
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are not within the scope of the hydrocarbon chains described
herein. “Alkyl” refers to a radical of a straight-chain or
branched saturated hydrocarbon group having from 1 to 20
carbon atoms (“C,_,, alkyl”). In some embodiments, an
alkyl group has 1 to 10 carbon atoms (“C,_, alkyl”). In
some embodiments, an alkyl group has 1 to 9 carbon atoms
(“C, alkyl”). In some embodiments, an alkyl group has 1
to 8 carbon atoms (“C, g alkyl”). In some embodiments, an
alkyl group has 1 to 7 carbon atoms (“C, _, alkyl”). In some
embodiments, an alkyl group has 1 to 6 carbon atoms (“C, ¢
alkyl”). In some embodiments, an alkyl group has 1 to 5
carbon atoms (“C,_, alkyl”). In some embodiments, an alkyl
group has 1 to 4 carbon atoms (“C,_, alkyl”). In some
embodiments, an alkyl group has 1 to 3 carbon atoms (“C, 5
alkyl”). In some embodiments, an alkyl group has 1 to 2
carbon atoms (“C, _, alkyl”). In some embodiments, an alkyl
group has 1 carbon atom (“C,; alkyl”). In some embodi-
ments, an alkyl group has 2 to 6 carbon atoms (“C,_¢ alkyl”).
Examples of C, ¢ alkyl groups include methyl (C,), ethyl
(C,), n-propyl (C,), isopropyl (C;), n-butyl (C,), tert-butyl
(C,), sec-butyl (C,), iso-butyl (C,), n-pentyl (Cs), 3-penta-
nyl (Cs), amyl (Cy), neopentyl (Cs), 3-methyl-2-butanyl
(Cy), tertiary amyl (Cs), and n-hexyl (Cg). Additional
examples of alkyl groups include n-heptyl (C,), n-octyl (Cs)
and the like. Unless otherwise specified, each instance of an
alkyl group is independently optionally substituted, i.e.,
unsubstituted (an “unsubstituted alkyl”) or substituted (a
“substituted alkyl”) with one or more substituents. In certain
embodiments, the alkyl group is unsubstituted C,_,, alkyl
(e.g., —CH,;). In certain embodiments, the alkyl group is
substituted C,_,, alkyl.

[0024] “Alkenyl” refers to a radical of a straight-chain or
branched hydrocarbon group having from 2 to 20 carbon
atoms, one or more carbon-carbon double bonds, and no
triple bonds (“C,_,, alkenyl”). In some embodiments, an
alkenyl group has 2 to 10 carbon atoms (“C,_,, alkenyl”). In
some embodiments, an alkenyl group has 2 to 9 carbon
atoms (“C,_, alkenyl”). In some embodiments, an alkenyl
group has 2 to 8 carbon atoms (“C,_¢ alkenyl”). In some
embodiments, an alkenyl group has 2 to 7 carbon atoms
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(“C,_, alkenyl”). In some embodiments, an alkenyl group
has 2 to 6 carbon atoms (“C,_g alkenyl”). In some embodi-
ments, an alkenyl group has 2 to 5 carbon atoms (“C,
alkenyl”). In some embodiments, an alkenyl group has 2 to
4 carbon atoms (“C,_, alkenyl”). In some embodiments, an
alkenyl group has 2 to 3 carbon atoms (“C,_; alkenyl”). In
some embodiments, an alkenyl group has 2 carbon atoms
(“C, alkenyl”). The one or more carbon-carbon double
bonds can be internal (such as in 2-butenyl) or terminal
(such as in 1-butenyl). Examples of C,_, alkenyl groups
include ethenyl (C,), 1-propenyl (C,), 2-propenyl (C,),
1-butenyl (C,), 2-butenyl (C,), butadienyl (C,), and the like.
Examples of C,_; alkenyl groups include the aforementioned
C,_, alkenyl groups as well as pentenyl (Cs), pentadienyl
(Cs), hexenyl (Cy), and the like. Additional examples of
alkenyl include heptenyl (C,), octenyl (Cy), octatrienyl (Cy),
and the like. Unless otherwise specified, each instance of an
alkenyl group is independently optionally substituted, i.e.,
unsubstituted (an “unsubstituted alkenyl”) or substituted (a
“substituted alkenyl”) with one or more substituents. In
certain embodiments, the alkenyl group is unsubstituted
C,_ ;o alkenyl. In certain embodiments, the alkenyl group is
substituted C,_, , alkenyl.

[0025] “Alkynyl” refers to a radical of a straight-chain or
branched hydrocarbon group having from 2 to 20 carbon
atoms, one or more carbon-carbon triple bonds, and option-
ally one or more double bonds (“C,_,, alkynyl”). In some
embodiments, an alkynyl group has 2 to 10 carbon atoms
(“C,_;o alkynyl”). In some embodiments, an alkynyl group
has 2 to 9 carbon atoms (“C,_, alkynyl”). In some embodi-
ments, an alkynyl group has 2 to 8 carbon atoms (“C,_
alkynyl”). In some embodiments, an alkynyl group has 2 to
7 carbon atoms (“C,_, alkynyl”). In some embodiments, an
alkynyl group has 2 to 6 carbon atoms (“C,_g alkynyl”). In
some embodiments, an alkynyl group has 2 to 5 carbon
atoms (“C,_5 alkynyl”). In some embodiments, an alkynyl
group has 2 to 4 carbon atoms (“C,_, alkynyl”). In some
embodiments, an alkynyl group has 2 to 3 carbon atoms
(“C,_; alkynyl”). In some embodiments, an alkynyl group
has 2 carbon atoms (“C, alkynyl”). The one or more carbon-
carbon triple bonds can be internal (such as in 2-butynyl) or
terminal (such as in 1-butynyl). Examples of C,_, alkynyl
groups include, without limitation, ethynyl (C,), 1-propynyl
(C5), 2-propynyl (C,), 1-butynyl (C,), 2-butynyl (C,), and
the like. Examples of C,_4 alkenyl groups include the afore-
mentioned C,_, alkynyl groups as well as pentynyl (Cy),
hexynyl (Cy), and the like. Additional examples of alkynyl
include heptynyl (C,), octynyl (Cg), and the like. Unless
otherwise specified, each instance of an alkynyl group is
independently optionally substituted, i.e., unsubstituted (an
“unsubstituted alkynyl”) or substituted (a “substituted alky-
nyl”) with one or more substituents. In certain embodiments,
the alkynyl group is unsubstituted C,_,, alkynyl. In certain
embodiments, the alkynyl group is substituted C,_,, alkynyl.

[0026] “Carbocyclyl” or “carbocyclic” refers to a radical
of a non-aromatic cyclic hydrocarbon group having from 3
to 10 ring carbon atoms (“C;_;, carbocyclyl”) and zero
heteroatoms in the non-aromatic ring system. In some
embodiments, a carbocyclyl group has 3 to 8 ring carbon
atoms (“C;_4 carbocyclyl”). In some embodiments, a carbo-
cyclyl group has 3 to 6 ring carbon atoms (“C;_4 carbocy-
clyl”). In some embodiments, a carbocyclyl group has 3 to
6 ring carbon atoms (“C;_g carbocyclyl”). In some embodi-
ments, a carbocyclyl group has 5 to 10 ring carbon atoms
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(“Cs_,o carbocyclyl”). Exemplary C, 4 carbocyclyl groups
include, without limitation, cyclopropyl (Cs), cyclopropenyl
(C,), cyclobutyl (C,), cyclobutenyl (C,), cyclopentyl (Cs),
cyclopentenyl (Cs), cyclohexyl (Cy), cyclohexenyl (Cy),
cyclohexadienyl (Cy), and the like. Exemplary C;_¢ carbo-
cyclyl groups include, without limitation, the aforemen-
tioned C;_g carbocyclyl groups as well as cycloheptyl (C,),
cycloheptenyl (C,), cycloheptadienyl (C,), cycloheptatrie-
nyl (C,), cyclooctyl (Cy), cyclooctenyl (Cy), bicyclo[2.2.1]
heptanyl (C,), bicyclo[2.2.2]octanyl (Cg), and the like.
Exemplary C,_,, carbocyclyl groups include, without limi-
tation, the aforementioned C;_g carbocyclyl groups as well
as cyclononyl (C,), cyclononenyl (C,), cyclodecyl (C,),
cyclodecenyl (C,,), octahydro-1H-indenyl (C,), decahy-
dronaphthalenyl (C, ), spiro[4.5]decanyl (C,,), and the like.
As the foregoing examples illustrate, in certain embodi-
ments, the carbocyclyl group is either monocyclic (“mono-
cyclic carbocyclyl”) or contain a fused, bridged or spiro ring
system such as a bicyclic system (“bicyclic carbocyclyl”)
and can be saturated or can be partially unsaturated. “Car-
bocyclyl” also includes ring systems wherein the carbocy-
clic ring, as defined above, is fused with one or more aryl or
heteroaryl groups wherein the point of attachment is on the
carbocyclic ring, and in such instances, the number of
carbons continue to designate the number of carbons in the
carbocyclic ring system. Unless otherwise specified, each
instance of a carbocyclyl group is independently optionally
substituted, i.e., unsubstituted (an “unsubstituted carbocy-
clyl”) or substituted (a “substituted carbocyclyl”) with one
or more substituents. In certain embodiments, the carbocy-
clyl group is unsubstituted C;_, carbocyclyl. In certain
embodiments, the carbocyclyl group is a substituted C;_|,
carbocyclyl.

[0027] In some embodiments, “carbocyclyl” is a monocy-
clic, saturated carbocyclyl group having from 3 to 10 ring
carbon atoms (“C;_,, cycloalkyl”). In some embodiments, a
cycloalkyl group has 3 to 8 ring carbon atoms (“C;.q
cycloalkyl”). In some embodiments, a cycloalkyl group has
3 to 6 ring carbon atoms (“C, cycloalkyl”). In some
embodiments, a cycloalkyl group has 5 to 6 ring carbon
atoms (“C5 cycloalkyl”). In some embodiments, a
cycloalkyl group has 5 to 10 ring carbon atoms (“Cs_j,
cycloalkyl”). Examples of C,_ cycloalkyl groups include
cyclopentyl (Cs5) and cyclohexyl (Cs). Examples of C; ¢
cycloalkyl groups include the aforementioned Cs g
cycloalkyl groups as well as cyclopropyl (C;) and cyclobu-
tyl (C,). Examples of C,_g cycloalkyl groups include the
aforementioned C-cycloalkyl groups as well as cycloheptyl
(C,) and cyclooctyl (Cg). Unless otherwise specified, each
instance of a cycloalkyl group is independently unsubsti-
tuted (an “unsubstituted cycloalkyl”) or substituted (a “sub-
stituted cycloalkyl”) with one or more substituents. In cer-
tain embodiments, the cycloalkyl group is unsubstituted
C5_1o cycloalkyl. In certain embodiments, the cycloalkyl
group is substituted C;_,, cycloalkyl.

[0028] “Heterocyclyl” or “heterocyclic” refers to a radical
of a 3- to 10-membered non-aromatic ring system having
ring carbon atoms and 1 to 4 ring heteroatoms, wherein each
heteroatom is independently selected from nitrogen, oxygen,
sulfur, boron, phosphorus, and silicon (“3-10 membered
heterocyclyl”). In heterocyclyl groups that contain one or
more nitrogen atoms, the point of attachment can be a
carbon or nitrogen atom, as valency permits. A heterocyclyl
group can either be monocyclic (“monocyclic heterocyclyl”)
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or a fused, bridged or spiro ring system such as a bicyclic
system (“bicyclic heterocyclyl”), and can be saturated or can
be partially unsaturated. Heterocyclyl bicyclic ring systems
can include one or more heteroatoms in one or both rings.
“Heterocyclyl” also includes ring systems wherein the het-
erocyclic ring, as defined above, is fused with one or more
carbocyclyl groups wherein the point of attachment is either
on the carbocyclyl or heterocyclic ring, or ring systems
wherein the heterocyclic ring, as defined above, is fused
with one or more aryl or heteroaryl groups, wherein the
point of attachment is on the heterocyclic ring, and in such
instances, the number of ring members continue to designate
the number of ring members in the heterocyclic ring system.
Unless otherwise specified, each instance of heterocyclyl is
independently optionally substituted, i.e., unsubstituted (an
“unsubstituted heterocyclyl”) or substituted (a “substituted
heterocyclyl”) with one or more substituents. In certain
embodiments, the heterocyclyl group is unsubstituted 3-10
membered heterocyclyl. In certain embodiments, the het-
erocyclyl group is substituted 3-10 membered heterocyclyl.

[0029] In some embodiments, a heterocyclyl group is a
5-10 membered non-aromatic ring system having ring car-
bon atoms and 1-4 ring heteroatoms, wherein each heteroa-
tom is independently selected from nitrogen, oxygen, sulfur,
boron, phosphorus, and silicon (“5-10 membered heterocy-
clyl”). In some embodiments, a heterocyclyl group is a 5-8
membered non-aromatic ring system having ring carbon
atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, and sulfur
(“5-8 membered heterocyclyl”). In some embodiments, a
heterocyclyl group is a 5-6 membered non-aromatic ring
system having ring carbon atoms and 1-4 ring heteroatoms,
wherein each heteroatom is independently selected from
nitrogen, oxygen, and sulfur (“5-6 membered heterocy-
clyl”). In some embodiments, the 5-6 membered heterocy-
clyl has 1-3 ring heteroatoms selected from nitrogen, oxy-
gen, and sulfur. In some embodiments, the 5-6 membered
heterocyclyl has 1-2 ring heteroatoms selected from nitro-
gen, oxygen, and sulfur. In some embodiments, the 5-6
membered heterocyclyl has one ring heteroatom selected
from nitrogen, oxygen, and sulfur.

[0030] Exemplary 3-membered heterocyclyl groups con-
taining one heteroatom include, without limitation, azirdi-
nyl, oxiranyl, thiorenyl. Exemplary 4-membered heterocy-
clyl groups containing one heteroatom include, without
limitation, azetidinyl, oxetanyl and thietanyl. Exemplary
5-membered heterocyclyl groups containing one heteroatom
include, without limitation, tetrahydrofuranyl, dihydrofura-
nyl, tetrahydrothiophenyl, dihydrothiophenyl, pyrrolidinyl,
dihydropyrrolyl and pyrrolyl-2,5-dione. Exemplary 5-mem-
bered heterocyclyl groups containing two heteroatoms
include, without limitation, dioxolanyl, oxasulfuranyl, dis-
ulfuranyl, and oxazolidin-2-one. Exemplary S5-membered
heterocyclyl groups containing three heteroatoms include,
without limitation, triazolinyl, oxadiazolinyl, and thiadiaz-
olinyl. Exemplary 6-membered heterocyclyl groups contain-
ing one heteroatom include, without limitation, piperidinyl,
tetrahydropyranyl, dihydropyridinyl, and thianyl. Exem-
plary 6-membered heterocyclyl groups containing two het-
eroatoms include, without limitation, piperazinyl, morpholi-
nyl, dithianyl, dioxanyl. Exemplary 6-membered
heterocyclyl groups containing two heteroatoms include,
without limitation, triazinanyl. Exemplary 7-membered het-
erocyclyl groups containing one heteroatom include, with-



US 2019/0112305 Al

out limitation, azepanyl, oxepanyl and thiepanyl. Exemplary
8-membered heterocyclyl groups containing one heteroatom
include, without limitation, azocanyl, oxecanyl and thioca-
nyl. Exemplary 5-membered heterocyclyl groups fused to a
Cs aryl ring (also referred to herein as a 5,6-bicyclic het-
erocyclic ring) include, without limitation, indolinyl, isoin-
dolinyl, dihydrobenzotfuranyl, dihydrobenzothienyl, benzo-
xazolinonyl, and the like. Exemplary 6-membered
heterocyclyl groups fused to an aryl ring (also referred to
herein as a 6,6-bicyclic heterocyclic ring) include, without
limitation, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
and the like.

[0031] “Aryl” refers to a radical of a monocyclic or
polycyclic (e.g., bicyclic or tricyclic) 4n+2 aromatic ring
system (e.g., having 6, 10, or 14 p electrons shared in a
cyclic array) having 6-14 ring carbon atoms and zero
heteroatoms provided in the aromatic ring system (“Cg .
aryl”). In some embodiments, an aryl group has six ring
carbon atoms (“Cy aryl”; e.g., phenyl). In some embodi-
ments, an aryl group has ten ring carbon atoms (“C,, aryl”;
e.g., naphthyl such as 1-naphthyl and 2-naphthyl). In some
embodiments, an aryl group has fourteen ring carbon atoms
(“C, 4 aryl”; e.g., anthracyl). “Ary]l” also includes ring sys-
tems wherein the aryl ring, as defined above, is fused with
one or more carbocyclyl or heterocyclyl groups wherein the
radical or point of attachment is on the aryl ring, and in such
instances, the number of carbon atoms continue to designate
the number of carbon atoms in the aryl ring system. Unless
otherwise specified, each instance of an aryl group is inde-
pendently optionally substituted, i.e., unsubstituted (an
“unsubstituted aryl”) or substituted (a “substituted aryl”)
with one or more substituents. In certain embodiments, the
aryl group is unsubstituted C,_,, aryl. In certain embodi-
ments, the aryl group is substituted Cy_, aryl.

[0032] “Aralkyl” is a subset of alkyl and aryl, as defined
herein, and refers to an optionally substituted alkyl group
substituted by an optionally substituted aryl group. In certain
embodiments, the aralkyl is optionally substituted benzyl. In
certain embodiments, the aralkyl is benzyl. In certain
embodiments, the aralkyl is optionally substituted phen-
ethyl. In certain embodiments, the aralkyl is phenethyl.

[0033] “Heteroaryl” refers to a radical of a 5-10 membered
monocyclic or bicyclic 4n+2 aromatic ring system (e.g.,
having 6 or 10 p electrons shared in a cyclic array) having
ring carbon atoms and 1-4 ring heteroatoms provided in the
aromatic ring system, wherein each heteroatom is indepen-
dently selected from nitrogen, oxygen and sulfur (“5-10
membered heteroaryl”). In heteroaryl groups that contain
one or more nitrogen atoms, the point of attachment can be
a carbon or nitrogen atom, as valency permits. Heteroaryl
bicyclic ring systems can include one or more heteroatoms
in one or both rings. “Heteroaryl” includes ring systems
wherein the heteroaryl ring, as defined above, is fused with
one or more carbocyclyl or heterocyclyl groups wherein the
point of attachment is on the heteroaryl ring, and in such
instances, the number of ring members continue to designate
the number of ring members in the heteroaryl ring system.
“Heteroaryl” also includes ring systems wherein the het-
eroaryl ring, as defined above, is fused with one or more aryl
groups wherein the point of attachment is either on the aryl
or heteroaryl ring, and in such instances, the number of ring
members designates the number of ring members in the
fused (aryl/heteroaryl) ring system. Bicyclic heteroaryl
groups wherein one ring does not contain a heteroatom (e.g.,
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indolyl, quinolinyl, carbazolyl, and the like) the point of
attachment can be on either ring, i.e., either the ring bearing
a heteroatom (e.g., 2-indolyl) or the ring that does not
contain a heteroatom (e.g., S5-indolyl).

[0034] In some embodiments, a heteroaryl group is a 5-10
membered aromatic ring system having ring carbon atoms
and 1-4 ring heteroatoms provided in the aromatic ring
system, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur (“5-10 membered het-
eroaryl”). In some embodiments, a heteroaryl group is a 5-8
membered aromatic ring system having ring carbon atoms
and 1-4 ring heteroatoms provided in the aromatic ring
system, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur (“5-8 membered het-
eroaryl”). In some embodiments, a heteroaryl group is a 5-6
membered aromatic ring system having ring carbon atoms
and 1-4 ring heteroatoms provided in the aromatic ring
system, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur (“5-6 membered het-
eroaryl”). In some embodiments, the 5-6 membered het-
eroaryl has 1-3 ring heteroatoms selected from nitrogen,
oxygen, and sulfur. In some embodiments, the 5-6 mem-
bered heteroaryl has 1-2 ring heteroatoms selected from
nitrogen, oxygen, and sulfur. In some embodiments, the 5-6
membered heteroaryl has 1 ring heteroatom selected from
nitrogen, oxygen, and sulfur. Unless otherwise specified,
each instance of a heteroaryl group is independently option-
ally substituted, i.e., unsubstituted (an “unsubstituted het-
eroaryl”) or substituted (a “substituted heteroaryl”) with one
or more substituents. In certain embodiments, the heteroaryl
group is unsubstituted 5-14 membered heteroaryl. In certain
embodiments, the heteroaryl group is substituted 5-14 mem-
bered heteroaryl.

[0035] Exemplary S-membered heteroaryl groups contain-
ing one heteroatom include, without limitation, pyrrolyl,
furanyl and thiophenyl. Exemplary 5-membered heteroaryl
groups containing two heteroatoms include, without limita-
tion, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl,
and isothiazolyl. Exemplary S-membered heteroaryl groups
containing three heteroatoms include, without limitation,
triazolyl, oxadiazolyl, and thiadiazolyl. Exemplary 5-mem-
bered heteroaryl groups containing four heteroatoms
include, without limitation, tetrazolyl. Exemplary 6-mem-
bered heteroaryl groups containing one heteroatom include,
without limitation, pyridinyl. Exemplary 6-membered het-
eroaryl groups containing two heteroatoms include, without
limitation, pyridazinyl, pyrimidinyl, and pyrazinyl. Exem-
plary 6-membered heteroaryl groups containing three or four
heteroatoms include, without limitation, triazinyl and tet-
razinyl, respectively. Exemplary 7-membered heteroaryl
groups containing one heteroatom include, without limita-
tion, azepinyl, oxepinyl, and thiepinyl. Exemplary 5,6-
bicyclic heteroaryl groups include, without limitation, indo-
lyl, isoindolyl, indazolyl, benzotriazolyl, benzothiophenyl,
isobenzothiophenyl, benzofuranyl, benzoisofuranyl, benz-
imidazolyl, benzoxazolyl, benzisoxazolyl, benzoxadiazolyl,
benzthiazolyl, benzisothiazolyl, benzthiadiazolyl, indoliz-
inyl, and purinyl. Exemplary 6,6-bicyclic heteroaryl groups
include, without limitation, naphthyridinyl, pteridinyl, qui-
nolinyl, isoquinolinyl, cinnolinyl, quinoxalinyl, phthalazi-
nyl, and quinazolinyl.
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[0036] “Heteroaralkyl™ is a subset of alkyl and heteroaryl,
as defined herein, and refers to an optionally substituted
alkyl group substituted by an optionally substituted het-
eroaryl group.

[0037] “Partially unsaturated” refers to a group that
includes at least one double or triple bond. A “partially
unsaturated” ring system is further intended to encompass
rings having multiple sites of unsaturation, but is not
intended to include aromatic groups (e.g., aryl or heteroaryl
groups) as herein defined. Likewise, “saturated” refers to a
group that does not contain a double or triple bond, i.e.,
contains all single bonds.

[0038] Alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl groups, as defined herein, which are
divalent bridging groups are further referred to using the
suffix -ene, e.g., alkylene, alkenylene, alkynylene, carbocy-
clylene, heterocyclylene, arylene, and heteroarylene.
[0039] As used herein, the term “optionally substituted”
refers to substituted or unsubstituted.

[0040] Alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl groups, as defined herein, are optionally
substituted (e.g., “substituted” or “unsubstituted” alkyl,
“substituted” or “unsubstituted” alkenyl, “substituted” or
“unsubstituted” alkynyl, “substituted” or “unsubstituted”
carbocyclyl, “substituted” or “unsubstituted” heterocyclyl,
“substituted” or “unsubstituted” aryl or “substituted” or
“unsubstituted” heteroaryl group). In general, the term “sub-
stituted”, whether preceded by the term “optionally” or not,
means that at least one hydrogen present on a group (e.g., a
carbon or nitrogen atom) is replaced with a permissible
substituent, e.g., a substituent which upon substitution
results in a stable compound, e.g., a compound which does
not spontaneously undergo transformation such as by rear-
rangement, cyclization, elimination, or other reaction.
Unless otherwise indicated, a “substituted” group has a
substituent at one or more substitutable positions of the
group, and when more than one position in any given
structure is substituted, the substituent is either the same or
different at each position. The term “substituted” is contem-
plated to include substitution with all permissible substitu-
ents of organic compounds, any of the substituents described
herein that results in the formation of a stable compound.
The present invention contemplates any and all such com-
binations in order to arrive at a stable compound. For
purposes of this invention, heteroatoms such as nitrogen
may have hydrogen substituents and/or any suitable sub-
stituent as described herein which satisfy the valencies of the
heteroatoms and results in the formation of a stable moiety.
[0041] Exemplary carbon atom substituents include, but
are not limited to, halogen, —CN, —NO,, —N;, —SO,H,
—SO,H, —OH, —OR“, —ON(R"®),, —NR*),,
—N(R?), X", —N(OR“)R*”, —SH, —SR**, —SSR*,
—C(—=0)R**, —CO,H, —CHO, —C(OR*?),, —CO,R",
—OC(=0)R**, —OCO,R**, —C(=0)NR?*"),, —OC
(=0ON(R"®),, —NR”C(=0)R**, —NR””’CO,R*,
—NR?”?C(=0)N(R??),, —C(=NR?”)R**, —C(=NR?**)
OR*, —OC(=NR"*)R**, —OC(=NR"*)OR*,
—C(=NR"")N(R??),, —OC(=NR**)N(R?*?),, —NR”*’C
(=NR”*IN(R??),, —C(=0)NR?**’SO,R**, —NR*’SO,R*,
—SO,N(R??),, —SO,R**, —SO,0R“, —OSO,R“,
—S(=0)R*, —OS(—0O)R**, —Si(R*);, —OSi(R**),—C
(=S)N(R?),, —C(=0)SR*, —C(=S)SR**, —SC(=S)
SR%, —SC(—0)SR**, —OC(—0)SR**, —SC(—0)OR"**,
—SC(=0O)R*, —P(=0),R**, —OP(—0),R**, —P(=0)
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(R“),, —OP(—O)R"),, —OP(—O0)(OR™),, —P(—0),N
(R”),, —OP(—0),N(R""),, —P(—O)(NR""),, —OP(-0)
(NR”),, —NR”P(—0)(OR™),. —NR”P(—O)(NR™),,
—P(R),, —PR*),, —OPR*),, —OP(R*),, —B(R*),,
—B(OR"),, —BR*4(OR"), C,_,, alkyl, C,_,, perhaloalkyl,
C,.;o alkenyl, C,_,, alkynyl, C,_,, carbocyclyl, 3-14 mem-
bered heterocyclyl, C4 ,, aryl, and 5-14 membered het-
eroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substi-
tuted with 0, 1, 2, 3, 4, or 5 R* groups;

[0042] or two geminal hydrogens on a carbon atom are
replaced with the group —0, =S, —=NN(R?**),, —NNR”’C
(=0)R*, —=NNR?”’C(=0)OR**, —NNR’’S(=0),R*,
—NR??, or —NOR®";

[0043] each instance of R” is, independently, selected from
C,_10alkyl, C, ,, perhaloalkyl, C,_,, alkenyl, C,_,, alkynyl,
C,_,o carbocyclyl, 3-14 membered heterocyclyl, Cg ,, aryl,
and 5-14 membered heteroaryl, or two R** groups are joined
to form a 3-14 membered heterocyclyl or 5-14 membered
heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, car-
bocyeclyl, heterocyclyl, aryl, and heteroaryl is independently
substituted with 0, 1, 2, 3, 4, or 5 R“ groups;

[0044] each instance of R”? is, independently, selected
from hydrogen, —OH, —OR®*¢, —N(R*),, —CN,
—C(=0)R*, —C(—=0O)NR"),, —C,R*, —SO,R*,
—C(=NR*)OR**, —C(—=NR*)N(R*9),, —SO,N(R%),,
—SO0,R*”, —80,0%°, —SOR™, —C(=S)N(R%),,
—C(=0)SR*, —C(=S)SR*, —P(—0),R**, —P(=0)
(R%),, —P(=0),N(R),, —P(—O)NR®),, C,_,, alkyl,
C,_,o perhaloalkyl, C,_,, alkenyl, C,_,, alkynyl, C;_,, car-
bocyclyl, 3-14 membered heterocyclyl, C,_, aryl, and 5-14
membered heteroaryl, or two R?” groups are joined to form
a 3-14 membered heterocyclyl or 5-14 membered heteroaryl
ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substi-
tuted with 0, 1, 2, 3, 4, or 5 R% groups;

[0045] each instance of R is, independently, selected
from hydrogen, C,_,, alkyl, C,_,, perhaloalkyl, C,_,, alk-
enyl, C, |, alkynyl, C;_,, carbocyclyl, 3-14 membered het-
erocyclyl, Cq_,, aryl, and 5-14 membered heteroaryl, or two
R€ groups are joined to form a 3-14 membered heterocyclyl
or 5-14 membered heteroaryl ring, wherein each alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and het-
eroaryl is independently substituted with 0, 1, 2, 3, 4, or 5
R% groups;

[0046] each instance of R% is, independently, selected
from halogen, —CN, —NO,, —N;, —SO,H, —SO,H,
—OH, —OR*, —ON(R/),, —NRY, —NRH,*X",
—N(OR*)R?, —SH, —SR®, —SSR*, —C(—O0)R*,
—CO,H, —CO,R**, —OC(=0)R**, —OCO,R*,
—C(=0)NRY),, —OC(=0)N(RY),, —NRZC(=0)R*,
—NRZCO,R®?, —NRIC(=O)N(R?),, —C(=NRHOR*,
—OC(=NR/R**, —OC(=NR#OR®*, —C(=NRAHN(R)

»  —OC(=NRANR), ~ —NRIC(=NRN(R,,
—NR7SO,Re, —SO,NR?),, —SOR*, —SO,0R*,
—0SO,R*, —S(=O0)R*, —Si(R*),, —OSi(R*)s,

—C(=S)N(RY),, —C(=0)SR**, —C(=S)SR**, —SC
(=S)SR*, —P(=0),R*, —P(=0)(R*),, —OP(=0)
(R*®),, —OP(—O)(OR**),, C,  alkyl, C, ¢ perhaloalkyl,
C, ¢ alkenyl, C, , alkynyl, C;_,, carbocyclyl, 3-10 mem-
bered heterocyclyl, Cq_,, aryl, 5-10 membered heteroaryl,
wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocy-
clyl, aryl, and heteroaryl is independently substituted with O,
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1, 2,3, 4, or 5 R# groups, or two geminal R% substituents
can be joined to form —O or —S;

[0047] each instance of R* is, independently, selected
from C, ; alkyl, C,  perhaloalkyl, C,-6 alkenyl, C,_; alky-
nyl, C;_,, carbocyclyl, Cq_,, aryl, 3-10 membered heterocy-
clyl, and 3-10 membered heteroaryl, wherein each alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and het-
eroaryl is independently substituted with 0, 1, 2, 3, 4, or 5
R##8 groups;

[0048] each instance of R” is, independently, selected from
hydrogen, C, ¢ alkyl, C, ¢ perhaloalkyl, C, ¢ alkenyl, C, ¢
alkynyl, C,_,, carbocyclyl, 3-10 membered heterocyclyl,
Cq.10 aryl and 5-10 membered heteroaryl, or two R groups
are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R%% groups;
and

[0049] each instance of R%% is, independently, halogen,
—CN, —NO,, —N;, —SO,H, —SO;H, —OH, —OC, 4
alkyl, —ON(C, ¢ alkyl),, —N(C, ¢ alkyl),, —N(C, 4 alkyl)
37XT, —NH(C,, alkyl),*X~, —NH,(C, ¢ alky)*X",
—NH;*X", —N(OC, 4 alkyl)(C, ¢ alkyl), —N(OH)(C,
alkyl), —NH(OH), —SH, —SC, , alkyl, —SS(C, 4 alkyl),
—C(=0)(C, 4 alkyl), —CO,H, —CO,(C, 4 alkyl), —OC
(=0)(C, 4 alkyl), —OCO,(C, 4 alkyl), —C(—O)NH,,
—C(=O)N(C, ¢ alkyl),, —OC(—O)NH(C,, alkyl),
—NHC(—0)(C,.s alkyl)), —N(C s alkyhC(—O)(C,
alkyl), —NHCO,(C,_4 alkyl), —NHC(—O)N(C, ¢ alkyl),,
—NHC(—O)NH(C, ¢ alkyl), —NHC(—O)NH,,
—C(=NH)O(C, , alkyl), —OC(—NH)(C, 4 alkyl), —OC
(=NH)OC, ¢ alkyl, —C(—NH)N(C, ¢ alkyl),, —C(—NH)
NH(C, ¢ alkyl), —C(=NH)NH,, —OC(=NH)N(C,
alkyl),, —OC(NH)NH(C, ¢ alkyl), —OC(NH)NH,, —NHC
(NH)N(C, ¢ alkyl),, —NHC(—NH)NH,, —NHSO,(C, ¢
alkyl), —SO,N(C,, alkyl),, —SO,NH(C,, alkyl),
—SO,NH,, —SO,C, alkyl, —S0,0C,, alkyl,
—080,C, ¢ alkyl, —SOC, 4 alkyl, —Si(C, 5 alkyl),,
—OSi(C, ¢ alkyl);-C(=S)N(C, ¢ alkyl),, C(—=S)NH(C, ¢
alkyl), C(—S)NH,, —C(—0)S(C, 4 alkyl), —C(—S)SC, ¢
alkyl, —SC(=S)SC, alkyl, —P(=0),(C, alkyl),
—P(=0)(C, ¢ alkyl),, —OP(=0)(C, s alkyl),, —OP(=0)
(OC, 4 alkyl),, C, ¢ alkyl, C, ; perhaloalkyl, C, ; alkenyl,
C,_¢ alkynyl, C;_,, carbocyclyl, C4_, aryl, 3-10 membered
heterocyclyl, 5-10 membered heteroaryl; or two geminal R%%
substituents can be joined to form —O or —S; wherein X~
is a counterion.

[0050] A “counterion” or “anionic counterion” is a nega-
tively charged group associated with a cationic quaternary
amino group in order to maintain electronic neutrality.
Exemplary counterions include halide ions (e.g., F~, CI7,
Br~, I7), NO,~, ClO,~, OH", H,PO,~, HSO,, sulfonate ions
(e.g., methansulfonate, triffuoromethanesulfonate, p-tolu-
enesulfonate, benzenesulfonate, 10-camphor sulfonate,
naphthalene-2-sulfonate, naphthalene-1-sulfonic acid-5-sul-
fonate, ethan-1-sulfonic acid-2-sulfonate, and the like), and
carboxylate ions (e.g., acetate, ethanoate, propanoate, ben-
zoate, glycerate, lactate, tartrate, glycolate, and the like).
[0051] “Halo” or “halogen” refers to fluorine (fluoro,
—F), chlorine (chloro, —Cl), bromine (bromo, —Br), or
iodine (iodo, —I).

[0052] “Acyl” as used herein refers to a moiety selected
from the group consisting of —C(—O)R**, —CHO,
—CO,R*, —C(=0)N(R"®),, C(=NR?")R**, C(=NR?*)

Apr. 18,2019

OR*, —C(=NR”)NR’?),, —C(=0)NR*’SO,R*,
—C(=S)N(R?),, —C(=0)SR*, or —C(=S)SR“,
wherein R* and R?” are as defined herein.

[0053] Nitrogen atoms can be substituted or unsubstituted
as valency permits, and include primary, secondary, tertiary,
and quarternary nitrogen atoms. Exemplary nitrogen atom
substituents include, but are not limited to, hydrogen, —OH,
—OR*, —N(R“),, —CN, —C(—O0)R**, —C(—O)N(R")
5 —CO,R*™ SO, R*, —C(=NR”*)R*, —C(=NR*)
OR™, —C(=NR“)N(R™),, —SO,N(R*),, —SO,R*,
—S0,0R*?, —SOR*, —C(—S)N(R"),, —C(—0O)SR*,
—C(=8)SR™, —P(=0),R*™, —P(=0)(R*),, —P(=0)
SN(R),, —P(=0)NR),, C,_,, alkyl, C,_,, perhaloalkyl,
C,.;o alkenyl, C,_,, alkynyl, C,_,, carbocyclyl, 3-14 mem-
bered heterocyclyl, C4 ,, aryl, and 5-14 membered het-
eroaryl, or two R groups attached to a nitrogen atom are
joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R groups,
and wherein R”M, R??, R, and R are as defined above.
[0054] In certain embodiments, the substituent present on
a nitrogen atom is a nitrogen protecting group (also referred
to as an amino protecting group). Nitrogen protecting groups
include, but are not limited to, —OH, —OR*?; —N(R“),,
—C(=0)R*, —C(=O)N(R*),, —CO,R**, —SO,R*,
—C(=NR*)R*, —C(—=NR“)OR*, C(—=NR“)N(R),,
—SO,N(R),, —S0O,R*, —S0O,0R*, —SOR**, —C(=S)
N(R),, —C(—0)SR*°, —C(=—S)SR*°, C,_,, alkyl (e.g.,
aralkyl, heteroaralkyl), C,_,, alkenyl, C,_,, alkynyl, C;_,,
carbocyclyl, 3-14 membered heterocyclyl, C,,, aryl, and
5-14 membered heteroaryl groups, wherein each alkyl, alk-
enyl, alkynyl, carbocyclyl, heterocyclyl, aralkyl, aryl, and
heteroaryl is independently substituted with 0, 1, 2, 3, 4, or
5 R* groups, and wherein R*, R?”, R* and R* are as
defined herein. Nitrogen protecting groups are well known
in the art and include those described in detail in Protecting
Groups in Organic Synthesis, T. W. Greene and P. G. M.
Wauts, 3"/ edition, John Wiley & Sons, 1999, incorporated
herein by reference.

[0055] For example, nitrogen protecting groups such as
amide groups (e.g., —C(—O)R™) include, but are not
limited to, formamide, acetamide, chloroacetamide, trichlo-
roacetamide, trifluoroacetamide, phenylacetamide, 3-phe-
nylpropanamide, picolinamide, 3-pyridylcarboxamide,
N-benzoylphenylalanyl derivative, benzamide, p-phenyl-
benzamide, o-nitophenylacetamide, o-nitrophenoxyacet-
amide, acetoacetamide, (N'-dithiobenzyloxyacylamino)ac-
etamide, 3-(p-hydroxyphenyl)propanamide, 3-(o-
nitrophenyl)propanamide, 2-methyl-2-(o-nitrophenoxy)
propanamide, 2-methyl-2-(o-phenylazophenoxy)
propanamide, 4-chlorobutanamide, 3-methyl-3-
nitrobutanamide, o-nitrocinnamide, N-acetylmethionine
derivative, o-nitrobenzamide, and o-(benzoyloxymethyl)
benzamide.

[0056] Nitrogen protecting groups such as carbamate
groups (e.g., —C(=0)OR™) include, but are not limited to,
methyl carbamate, ethyl carbamante, 9-fluorenylmethyl car-
bamate (Fmoc), 9-(2-sulfo)fluorenylmethyl carbamate, 9-(2,
7-dibromo )fluoroenylmethyl carbamate, 2,7-di-t-butyl-[9-
(10,10-diox0-10,10,10,10-tetrahydrothioxanthyl) methyl
carbamate (DBD-Tmoc), 4-methoxyphenacyl carbamate
(Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-trimeth-
ylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate
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(hZ), 1-(1-adamantyl)-1-methylethyl carbamate (Adpoc),
1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-di-
bromoethyl carbamate (DB-t-BOC), 1,1-dimethyl-2,2,2-
trichloroethyl carbamate (TCBOC), 1-methyl-1-(4-bipheny-
IylDethyl carbamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-
methylethyl carbamate (t-Bumeoc), 2-(2'- and 4'-pyridyl)
ethyl carbamate (Pyoc), 2-(N,N-dicyclohexylcarboxamido)
ethyl carbamate, t-butyl carbamate (BOC), 1-adamantyl
carbamate (Adoc), vinyl carbamate (Voc), allyl carbamate
(Alloc), 1-isopropylallyl carbamate (Ipaoc), cinnamyl car-
bamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8-quinolyl
carbamate, N-hydroxypiperidinyl carbamate, alkyldithio
carbamate, benzyl carbamate (Cbz), p-methoxybenzyl car-
bamate (Moz), p-nitobenzyl carbamate, p-bromobenzyl car-
bamate, p-chlorobenzyl carbamate, 2,4-dichlorobenzyl car-
bamate,  4-methylsulfinylbenzyl carbamate  (Msz),
9-anthrylmethyl carbamate, diphenylmethyl carbamate,
2-methylthioethyl carbamate, 2-methylsulfonylethyl car-
bamate, 2-(p-toluenesulfonyl)ethyl carbamate, [2-(1,3-dithi-
anyl)|methyl carbamate (Dmoc), 4-methylthiophenyl car-
bamate (Mtpc), 2,4-dimethylthiophenyl carbamate (Bmpc),
2-phosphonioethyl carbamate (Peoc), 2-triphenylphospho-
nioisopropyl carbamate (Ppoc), 1,1-dimethyl-2-cyanoethyl
carbamate, m-chloro-p-acyloxybenzyl carbamate, p-(dihy-
droxyboryl)benzyl carbamate, 5-benzisoxazolylmethyl car-
bamate, 2-(trifluoromethyl)-6-chromonylmethyl carbamate
(Teroc), m-nitrophenyl carbamate, 3,5-dimethoxybenzyl
carbamate, o-nitrobenzyl carbamate, 3,4-dimethoxy-6-ni-
trobenzyl carbamate, phenyl(o-nitrophenyl)methyl carbam-
ate, t-amyl carbamate, S-benzyl thiocarbamate, p-cyanoben-
zyl carbamate, cyclobutyl carbamate, cyclohexyl carbamate,
cyclopentyl carbamate, cyclopropylmethyl carbamate, p-de-
cyloxybenzyl carbamate, 2,2-dimethoxyacylvinyl carbam-
ate, 0-(N,N-dimethylcarboxamido)benzyl carbamate, 1,1-
dimethyl-3-(N,N-dimethylcarboxamido)propyl carbamate,
1,1-dimethylpropynyl carbamate, di(2-pyridyl)methyl car-
bamate, 2-furanylmethyl carbamate, 2-iodoethyl carbamate,
isoborynl carbamate, isobutyl carbamate, isonicotinyl car-
bamate, p-(p'-methoxyphenylazo)benzyl carbamate,
1-methylcyclobutyl carbamate, 1-methylcyclohexyl car-
bamate, 1-methyl-1-cyclopropylmethyl carbamate,
1-methyl-1-(3,5-dimethoxyphenyl)ethyl carbamate,
1-methyl-1-(p-phenylazophenyl)ethyl carbamate, 1-methyl-
1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)ethyl car-
bamate, phenyl carbamate, p-(phenylazo)benzyl carbamate,
2,4,6-tri-t-butylphenyl carbamate, 4-(trimethylammonium)
benzyl carbamate, and 2,4,6-trimethylbenzyl carbamate.

[0057] Nitrogen protecting groups such as sulfonamide
groups (e.g., —S(=—0),R*) include, but are not limited to,
p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6.-
trimethyl-4-methoxybenzenesulfonamide ~ (Mtr), 2.,4,6-
trimethoxybenzenesulfonamide  (Mtb), 2,6-dimethyl-4-
methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl-4-
methoxybenzenesulfonamide (Mte),
4-methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylben-
zenesulfonamide (Mts), 2,6-dimethoxy-4-methylbenzene-
sulfonamide (iMds), 2,2,5,7,8-pentamethylchroman-6-sul-
fonamide (Pmc), methanesulfonamide (Ms),
p-trimethylsilylethanesulfonamide (SES), 9-anthracenesul-
fonamide, 4-(4',8'-dimethoxynaphthylmethyl)benzenesulfo-
namide (DNMBS), benzylsulfonamide, trifluoromethylsul-
fonamide, and phenacylsulfonamide.

[0058] Other nitrogen protecting groups include, but are
not limited to, phenothiazinyl-(10)-acyl derivative, N'-p-
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toluenesulfonylaminoacyl derivative, N'-phenylaminothioa-
cyl derivative, N-benzoylphenylalanyl derivative, N-acetyl-
methionine  derivative, 4,5-diphenyl-3-oxazolin-2-one,
N-phthalimide, N-dithiasuccinimide (Dts), N-2,3-diphenyl-
maleimide, N-2,5-dimethylpyrrole, N-1,1,4,4-tetramethyld-
isilylazacyclopentane adduct (STABASE), S5-substituted
1,3-dimethyl-1,3,5-triazacyclohexan-2-one,  5-substituted
1,3-dibenzyl-1,3,5-triazacyclohexan-2-one,  1-substituted
3,5-dinitro-4-pyridone, N-methylamine, N-allylamine,
N-[2-(trimethylsilyl)ethoxy|methylamine (SEM), N-3-ac-
etoxypropylamine, N-(1-isopropyl-4-nitro-2-0x0-3-py-
roolin-3-yl)amine, quaternary ammonium salts, N-ben-
zylamine,  N-di(4-methoxyphenyl)methylamine,  N-5-
dibenzosuberylamine, N-triphenylmethylamine (Tr), N-[(4-
methoxyphenyl)diphenylmethyl]amine ~ (MMTr), N-9-
phenylfluorenylamine (PhF), N-2,7-dichloro-9-
fluorenylmethyleneamine, N-ferrocenylmethylamino (Fem),
N-2-picolylamino N'-oxide, N-1,1-dimethylthiomethyl-
eneamine, N-benzylideneamine, N-p-methoxybenzylide-
neamine, N-diphenylmethyleneamine, N-[(2-pyridyl)mesi-

tyl|methyleneamine,  N-(N',N'-dimethylaminomethylene)
amine, N,N'-isopropylidenediamine, N-p-
nitrobenzylideneamine, N-salicylideneamine, N-5-

chlorosalicylideneamine, =~ N-(5-chloro-2-hydroxyphenyl)
phenylmethyleneamine, N-cyclohexylideneamine, N-(5,5-
dimethyl-3-0x0-1-cyclohexenyl)amine, N-borane
derivative, N-diphenylborinic acid derivative, N-[phenyl
(pentaacylchromium- or tungsten)acyllamine, N-copper
chelate, N-zinc chelate, N-nitroamine, N-nitrosoamine,
amine N-oxide, diphenylphosphinamide (Dpp), dimethylth-
iophosphinamide (Mpt), diphenylthiophosphinamide (Ppt),
dialkyl phosphoramidates, dibenzyl phosphoramidate,
diphenyl phosphoramidate, benzenesulfenamide, o-ni-
trobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfena-
mide, pentachlorobenzenesulfenamide, 2-nitro-4-methoxy-

benzenesulfenamide, triphenylmethylsulfenamide, and
3-nitropyridinesulfenamide (Npys).
[0059] In certain embodiments, the substituent present on

an oxygen atom is an oxygen protecting group (also referred
to as a hydroxyl protecting group). Oxygen protecting
groups include, but are not limited to, —R“*, —N(R”?),,
—C(=0)SR**, —C(=0)R**, —CO,R*, —C(—=O)N
(R?%),, —C(=NR*")R**, —C(=NR*”)OR**, C(=NR"**)N
R"),, —S(=OR™, —SO,R™, —Si(R™);, —PR™),,
—PR®), —P(—O),R*, —P(O)R™), —P(0)
(OR™),, —P(—O)LN(R’),. and —P(—O)NR™),,
wherein R, R”?, and R are as defined herein. Oxygen
protecting groups are well known in the art and include those
described in detail in Protecting Groups in Organic Synthe-
sis, T. W. Greene and P. G. M. Wuts, 3" edition, John Wiley
& Sons, 1999, incorporated herein by reference.

[0060] Exemplary oxygen protecting groups include, but
are not limited to, methyl, methoxylmethyl (MOM), meth-
ylthiomethyl (MTM), t-butylthiomethyl, (phenyldimethylsi-
lyDmethoxymethyl (SMOM), benzyloxymethyl (BOM),
p-methoxybenzyloxymethyl (PMBM), (4-methoxyphe-
noxy)methyl (p-AOM), guaiacolmethyl (GUM), t-butoxym-
ethyl, 4-pentenyloxymethyl (POM), siloxymethyl,
2-methoxyethoxymethyl (MEM), 2,2 2-trichloroethoxym-
ethyl, bis(2-chloroethoxy)methyl, 2-(trimethylsilyl)
ethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-bro-
motetrahydropyranyl, tetrahydrothiopyranyl,
1-methoxycyclohexyl, 4-methoxytetrahydropyranyl
(MTHP), 4-methoxytetrahydrothiopyranyl, 4-methoxytetra-
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hydrothiopyranyl S,S-dioxide, 1-[(2-chloro-4-methyl)phe-
nyl]-4-methoxypiperidin-4-yl (CTMP), 1,4-dioxan-2-yl, tet-
rahydrofuranyl, tetrahydrothiofuranyl, 2,3,3a,4,5,6,7,7a-
octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yl,
1-ethoxyethyl, 1-(2-chloroethoxy)ethyl, 1-methyl-1-
methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-ben-
zyloxy-2-fluoroethyl, 2,2,2-trichloroethyl, 2-trimethylsilyl-
ethyl, 2-(phenylselenyl)ethyl, t-butyl, allyl, p-chlorophenyl,
p-methoxyphenyl,  2.4-dinitrophenyl, benzyl (Bn),
p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl,
p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p-cya-
nobenzyl, p-phenylbenzyl, 2-picolyl, 4-picolyl, 3-methyl-2-
picolyl N-oxido, diphenylmethyl, p,p'-dinitrobenzhydryl,
5-dibenzosuberyl, triphenylmethyl, a-naphthyldiphenylm-
ethyl, p-methoxyphenyldiphenylmethyl, di(p-methoxyphe-
nyl)phenylmethyl, tri(p-methoxyphenyl)methyl, 4-(4'-bro-
mophenacyloxyphenyl)diphenylmethyl, 4,4' 4"-tris(4,5-
dichlorophthalimidophenyl)methyl, 4.4' 4" tris
(levulinoyloxyphenyl)methyl, 4.4' 4" tris
(benzoyloxyphenyl)methyl, 3-(imidazol-1-yl)bis(4',4"-
dimethoxyphenyl)methyl, 1,1-bis(4-methoxyphenyl)-1'-
pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-
phenyl-10-oxo)anthryl, 1,3-benzodisulfuran-2-yl,
benzisothiazolyl S,S-dioxido, trimethylsilyl (TMS), trieth-
ylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsi-
Iyl (IPDMS), diethylisopropylsilyl (DEIPS), dimethylthex-
ylsilyl, t-butyldimethylsilyl (TBDMS), t-butyldiphenylsilyl
(TBDPS), tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl
(TBMPS), formate, benzoylformate, acetate, chloroacetate,
dichloroacetate, trichloroacetate, trifluoroacetate, methoxy-
acetate, triphenylmethoxyacetate, phenoxyacetate, p-chloro-
phenoxyacetate, 3-phenylpropionate, 4-oxopentanoate (le-
vulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate,
4-methoxycrotonate, benzoate, p-phenylbenzoate, 2.4,6-
trimethylbenzoate (mesitoate), alkyl methyl carbonate,
9-fluorenylmethyl carbonate (Fmoc), alkyl ethyl carbonate,
alkyl 2,2,2-trichloroethyl carbonate (Troc), 2-(trimethylsi-
IyDethyl carbonate (TMSEC), 2-(phenylsulfonyl) ethyl car-
bonate (Psec), 2-(triphenylphosphonio) ethyl carbonate
(Peoc), alkyl isobutyl carbonate, alkyl vinyl carbonate alkyl
allyl carbonate, alkyl p-nitrophenyl carbonate, alkyl benzyl
carbonate, alkyl p-methoxybenzyl carbonate, alkyl 3,4-di-
methoxybenzyl carbonate, alkyl o-nitrobenzyl carbonate,
alkyl p-nitrobenzyl carbonate, alkyl S-benzyl thiocarbonate,
4-ethoxy-1-napththyl carbonate, methyl dithiocarbonate,
2-iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpentano-
ate, o-(dibromomethyl)benzoate, 2-formylbenzenesul-
fonate, 2-(methylthiomethoxy )ethyl, 4-(methylthio-
methoxy)butyrate, 2-(methylthiomethoxymethyl)benzoate,
2,6-dichloro-4-methylphenoxyacetate, 2,6-dichloro-4-(1,1,
3,3-tetramethylbutyl)phenoxyacetate, 2,4-bis(1,1-dimethyl-
propyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate,
monosuccinoate, (E)-2-methyl-2-butenoate, o-(methoxya-
cyl)benzoate, a-naphthoate, nitrate, alkyl N,N,N',N'-tetram-
ethylphosphorodiamidate, alkyl N-phenylcarbamate, borate,
dimethylphosphinothioyl, alkyl 2.,4-dinitrophenylsulfenate,
sulfate, methanesulfonate (mesylate), benzylsulfonate, and
tosylate (Ts).

[0061] In certain embodiments, the substituent present on
an sulfur atom is an sulfur protecting group (also referred to
as a thiol protecting group). Sulfur protecting groups
include, but are not limited to, —R**, —N(R"?),, —C(=0)
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SR“, —C(=0)R*, —CO,R* —C(=0)N(R?),,
—C(=NR”")R**, —C(=NR"*)OR**, C(=NR"**)N(R?*),,
—S(=0)R*, —SO,R*, —Si(R*);, —P(R™),, —P(R);,
—P(—O)R“ ~ —P(—O)R¥), —P(—O)ORY),
—P(=0),N(R"*),, and —P(=0)(NR"?),, wherein R,
R??, and R°® are as defined herein. Sulfur protecting groups
are well known in the art and include those described in
detail in Protecting Groups in Organic Synthesis, T. W.
Greene and P. G. M. Wuts, 3’ edition, John Wiley & Sons,
1999, incorporated herein by reference.

[0062] As used herein, the term “leaving group” is given
its ordinary meaning in the art of synthetic organic chemistry
and refers to an atom or a group capable of being displaced
by a nucleophile. Examples of suitable leaving groups
include, but are not limited to, halogen (such as F, C,, Br, or
1 (iodine)), alkoxycarbonyloxy, aryloxycarbonyloxy, alkane-
sulfonyloxy, arenesulfonyloxy, alkyl-carbonyloxy (e.g.,
acetoxy), arylcarbonyloxy, aryloxy, alkoxy, N,O-dimethyl-
hydroxylamino, pixyl, and haloformates. In certain embodi-
ments, the leaving group is —OS(=0),R"; wherein R is
selected from the group consisting of optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted carbocyclyl, optionally sub-
stituted heterocyclyl, optionally substituted aryl, and option-
ally substituted heteroaryl; and r is 1 or 2. In some cases, the
leaving group is a sulfonic acid ester, such as toluenesul-
fonate (tosylate, -OTs), methanesulfonate (mesylate, -OMs),
p-bromobenzenesulfonyloxy (brosylate, -OBs), or trifluo-
romethanesulfonate (triflate, -OTT). In some cases, the leav-
ing group is a brosylate, such asp-bromobenzenesulfony-
loxy. In some cases, the leaving group is a nosylate, such as
2-nitrobenzenesulfonyloxy. In some embodiments, the leav-
ing group is a sulfonate-containing group. In some embodi-
ments, the leaving group is a tosylate group. The leaving
group may also be a phosphineoxide (e.g., formed during a
Mitsunobu reaction) or an internal leaving group such as an
epoxide or cyclic sulfate. Other non-limiting examples of
leaving groups are water, ammonia, alcohols, ether moieties,
thioether moieties, zinc halides, magnesium moieties, diazo-
nium salts, and copper moieties.

[0063] These and other exemplary substituents are
described in more detail in the Detailed Description, Fig-
ures, Examples, and Claims. The invention is not intended to
be limited in any manner by the above exemplary listing of
substituents.

Other Definitions

[0064] The following definitions are more general terms
used throughout the present application:

[0065] As used herein, the term “pharmaceutically accept-
able salt” refers to those salts which are, within the scope of
sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity,
irritation, allergic response and the like, and are commen-
surate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example,
Berge et al., describe pharmaceutically acceptable salts in
detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incor-
porated herein by reference. Pharmaceutically acceptable
salts of the compounds of this invention include those
derived from suitable inorganic and organic acids and bases.
Examples of pharmaceutically acceptable, nontoxic acid
addition salts are salts of an amino group formed with
inorganic acids such as hydrochloric acid, hydrobromic acid,
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phosphoric acid, sulfuric acid, and perchloric acid or with
organic acids such as acetic acid, oxalic acid, maleic acid,
tartaric acid, citric acid, succinic acid, or malonic acid or by
using other methods known in the art such as ion exchange.
Other pharmaceutically acceptable salts include adipate,
alginate, ascorbate, aspartate, benzenesulfonate, benzoate,
bisulfate, borate, butyrate, camphorate, camphorsulfonate,
citrate, cyclopentanepropionate, digluconate, dodecylsul-
fate, ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lacto-
bionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nico-
tinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate,
propionate, stearate, succinate, sulfate, tartrate, thiocyanate,
p-toluenesulfonate, undecanoate, valerate salts, and the like.
Salts derived from appropriate bases include alkali metal,
alkaline earth metal, ammonium and N*(C, _, alkyl),” salts.
Representative alkali or alkaline earth metal salts include
sodium, lithium, potassium, calcium, magnesium, and the
like. Further pharmaceutically acceptable salts include,
when appropriate, nontoxic ammonium, quaternary ammo-
nium, and amine cations formed using counterions such as
halide, hydroxide, carboxylate, sulfate, phosphate, nitrate,
loweralkyl sulfonate, and aryl sulfonate.

[0066] The term “solvate” refers to forms of the com-
pound that are associated with a solvent, usually by a
solvolysis reaction. This physical association may include
hydrogen bonding. Conventional solvents include water,
methanol, ethanol, acetic acid, DMSO, THEF, diethyl ether,
and the like. The compounds of Formula (I) or (II) may be
prepared, e.g., in crystalline form, and may be solvated.
Suitable solvates include pharmaceutically acceptable sol-
vates and further include both stoichiometric solvates and
non-stoichiometric solvates. In certain instances, the solvate
will be capable of isolation, for example, when one or more
solvent molecules are incorporated in the crystal lattice of a
crystalline solid. “Solvate” encompasses both solution-
phase and isolable solvates. Representative solvates include
hydrates, ethanolates, and methanolates.

[0067] The term “hydrate” refers to a compound which is
associated with water. Typically, the number of the water
molecules contained in a hydrate of a compound is in a
definite ratio to the number of the compound molecules in
the hydrate. Therefore, a hydrate of a compound may be
represented, for example, by the general formula R.x H,O,
wherein R is the compound and wherein x is a number
greater than 0. A given compound may form more than one
type of hydrates, including, e.g., monohydrates (x is 1),
lower hydrates (x is a number greater than O and smaller than
1, e.g., hemihydrates (R.0.5 H,0)), and polyhydrates (x is a
number greater than 1, e.g., dihydrates (R.2 H,O) and
hexahydrates (R.6 H,0)).

[0068] The term “tautomers” refer to compounds that are
interchangeable forms of a particular compound structure,
and that vary in the displacement of hydrogen atoms and
electrons. Thus, two structures may be in equilibrium
through the movement of x electrons and an atom (usually
H). For example, enols and ketones are tautomers because
they are rapidly interconverted by treatment with either acid
or base. Another example of tautomerism is the aci- and
nitro-forms of phenylnitromethane, that are likewise formed
by treatment with acid or base. Tautomeric forms may be
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relevant to the attainment of the optimal chemical reactivity
and biological activity of a compound of interest.

[0069] It is also to be understood that compounds that
have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of
their atoms in space are termed “isomers.” Isomers that
differ in the arrangement of their atoms in space are termed
“stereoisomers”.

[0070] Stereoisomers that are not mirror images of one
another are termed “diastereomers” and those that are non-
superimposable mirror images of each other are termed
“enantiomers”. When a compound has an asymmetric cen-
ter, for example, it is bonded to four different groups, a pair
of enantiomers is possible. An enantiomer can be charac-
terized by the absolute configuration of its asymmetric
center and is described by the R- and S-sequencing rules of
Cahn and Prelog, or by the manner in which the molecule
rotates the plane of polarized light and designated as dex-
trorotatory or levorotatory (i.e., as (+) or (-)-isomers respec-
tively). A chiral compound can exist as either individual
enantiomer or as a mixture thereof. A mixture containing
equal proportions of the enantiomers is called a “racemic
mixture”.

[0071] The term “polymorphs” refers to a crystalline form
of a compound (or a salt, hydrate, or solvate thereof) in a
particular crystal packing arrangement. All polymorphs have
the same elemental composition. Different crystalline forms
usually have different X-ray diffraction patterns, infrared
spectra, melting points, density, hardness, crystal shape,
optical and electrical properties, stability, and solubility.
Recrystallization solvent, rate of crystallization, storage
temperature, and other factors may cause one crystal form to
dominate. Various polymorphs of a compound can be pre-
pared by crystallization under different conditions.

[0072] The term “prodrugs” refer to compounds, including
derivatives of the compounds of Formula (I) or (II), which
have cleavable groups and become by solvolysis or under
physiological conditions the compounds of Formula (I) or
(II), which are pharmaceutically active in vivo. Such
examples include, but are not limited to, choline ester
derivatives and the like, N-alkylmorpholine esters and the
like. Other derivatives of the compounds of this invention
have activity in both their acid and acid derivative forms, but
in the acid sensitive form often offers advantages of solu-
bility, tissue compatibility, or delayed release in the mam-
malian organism (see, Bundgard, H., Design of Prodrugs,
pp. 7-9, 21-24, Elsevier, Amsterdam 1985). Prodrugs
include acid derivatives well known to practitioners of the
art, such as, for example, esters prepared by reaction of the
parent acid with a suitable alcohol, or amides prepared by
reaction of the parent acid compound with a substituted or
unsubstituted amine, or acid anhydrides, or mixed anhy-
drides. Simple aliphatic or aromatic esters, amides and
anhydrides derived from acidic groups pendant on the
compounds of this invention are particular prodrugs. In
some cases it is desirable to prepare double ester type
prodrugs such as (acyloxy)alkyl esters or ((alkoxycarbonyl)
oxy)alkylesters. Particularly the C,-Cy alkyl, C,-C4 alkenyl,
C,-Cy alkynyl, aryl, C,-C,, substituted aryl, and C,-C,,
arylalkyl esters of the compounds of Formula (I).

[0073] A “subject” to which administration is contem-
plated includes, but is not limited to, humans (i.e., a male or
female of any age group, e.g., a pediatric subject (e.g.,
infant, child, adolescent) or adult subject (e.g., young adult,
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middle-aged adult, or senior adult)) and/or other non-human
animals, for example, mammals (e.g., primates (e.g., cyno-
molgus monkeys, rhesus monkeys); commercially relevant
mammals such as cattle, pigs, horses, sheep, goats, cats,
and/or dogs) and birds (e.g., commercially relevant birds
such as chickens, ducks, geese, and/or turkeys). In certain
embodiments, the animal is a mammal. The animal may be
a male or female and at any stage of development. A
non-human animal may be a transgenic animal.

[0074] The terms “administer,” “administering,” or
“administration,” as used herein refers to implanting,
absorbing, ingesting, injecting, or inhaling an inventive
compound, or a pharmaceutical composition thereof.
[0075] As used herein, the terms “treatment,” “treat,” and
“treating” refer to reversing, alleviating, delaying the onset
of, or inhibiting the progress of a “pathological condition”
(e.g., a disease, disorder, or condition, or one or more signs
or symptoms thereof) described herein. In some embodi-
ments, treatment may be administered after one or more
signs or symptoms have developed or have been observed.
In other embodiments, treatment may be administered in the
absence of signs or symptoms of the disease or condition.
For example, treatment may be administered to a susceptible
individual prior to the onset of symptoms (e.g., in light of a
history of symptoms and/or in light of genetic or other
susceptibility factors). Treatment may also be continued
after symptoms have resolved, for example, to delay or
prevent recurrence.

[0076] As used herein, the terms “condition,” “disease,”
and “disorder” are used interchangeably.

[0077] An “effective amount” of a compound of Formula
(D or (I) refers to an amount sufficient to elicit the desired
biological response, i.e., treating the condition. As will be
appreciated by those of ordinary skill in this art, the effective
amount of a compound of Formula (I) or (II) may vary
depending on such factors as the desired biological end-
point, the pharmacokinetics of the compound, the condition
being treated, the mode of administration, and the age and
health of the subject. An effective amount encompasses
therapeutic and prophylactic treatment. For example, in
treating cancer, an effective amount of an inventive com-
pound may reduce the tumor burden or stop the growth or
spread of a tumor.

[0078] A “therapeutically effective amount” of a com-
pound of Formula (I) or (II) is an amount sufficient to
provide a therapeutic benefit in the treatment of a condition
or to delay or minimize one or more symptoms associated
with the condition. A therapeutically effective amount of a
compound means an amount of therapeutic agent, alone or
in combination with other therapies, which provides a thera-
peutic benefit in the treatment of the condition. The term
“therapeutically effective amount” can encompass an
amount that improves overall therapy, reduces or avoids
symptoms or causes of the condition, or enhances the
therapeutic efficacy of another therapeutic agent.

[0079] A “prophylactically effective amount” of a com-
pound of Formula (I) or (H) is an amount sufficient to
prevent a condition, or one or more symptoms associated
with the condition or prevent its recurrence. A prophylacti-
cally effective amount of a compound means an amount of
a therapeutic agent, alone or in combination with other
agents, which provides a prophylactic benefit in the preven-
tion of the condition. The term “prophylactically effective
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amount” can encompass an amount that improves overall
prophylaxis or enhances the prophylactic efficacy of another
prophylactic agent.

[0080] A “proliferative disease” refers to a disease that
occurs due to abnormal growth or extension by the multi-
plication of cells (Walker, Cambridge Dictionary of Biology;
Cambridge University Press: Cambridge, UK, 1990). A
proliferative disease may be associated with: 1) the patho-
logical proliferation of normally quiescent cells; 2) the
pathological migration of cells from their normal location
(e.g., metastasis of neoplastic cells); 3) the pathological
expression of proteolytic enzymes such as the matrix met-
alloproteinases (e.g., collagenases, gelatinases, and
elastases); or 4) the pathological angiogenesis as in prolif-
erative retinopathy and tumor metastasis. Exemplary prolif-
erative diseases include cancers (i.e., “malignant neo-
plasms™), benign neoplasms, angiogenesis, inflammatory
diseases, and autoimmune diseases.

[0081] The terms “neoplasm” and “tumor” are used herein
interchangeably and refer to an abnormal mass of tissue
wherein the growth of the mass surpasses and is not coor-
dinated with the growth of a normal tissue. A neoplasm or
tumor may be “benign” or “malignant,” depending on the
following characteristics: degree of cellular differentiation
(including morphology and functionality), rate of growth,
local invasion, and metastasis. A “benign neoplasm” is
generally well differentiated, has characteristically slower
growth than a malignant neoplasm, and remains localized to
the site of origin. In addition, a benign neoplasm does not
have the capacity to infiltrate, invade, or metastasize to
distant sites. Exemplary benign neoplasms include, but are
not limited to, lipoma, chondroma, adenomas, acrochordon,
senile angiomas, seborrheic keratoses, lentigos, and seba-
ceous hyperplasias. In some cases, certain “benign” tumors
may later give rise to malignant neoplasms, which may
result from additional genetic changes in a subpopulation of
the tumor’s neoplastic cells, and these tumors are referred to
as “pre-malignant neoplasms.” An exemplary pre-malignant
neoplasm is a teratoma. In contrast, a “malignant neoplasm”
is generally poorly differentiated (anaplasia) and has char-
acteristically rapid growth accompanied by progressive
infiltration, invasion, and destruction of the surrounding
tissue. Furthermore, a malignant neoplasm generally has the
capacity to metastasize to distant sites.

[0082] The term “metastasis,” “metastatic,” or “metasta-
size” refers to the spread or migration of cancerous cells
from a primary or original tumor to another organ or tissue
and is typically identifiable by the presence of a “secondary
tumor” or “secondary cell mass™ of the tissue type of the
primary or original tumor and not of that of the organ or
tissue in which the secondary (metastatic) tumor is located.
For example, a prostate cancer that has migrated to bone is
said to be metastasized prostate cancer and includes cancer-
ous prostate cancer cells growing in bone tissue.

[0083] As used herein, the term “cancer” refers to a
malignant neoplasm (Stedman’s Medical Dictionary, 25th
ed.; Hensyl ed.; Williams & Wilkins: Philadelphia, 1990).
Exemplary cancers include, but are not limited to, acoustic
neuroma; adenocarcinoma; adrenal gland cancer; anal can-
cer; angiosarcoma (e.g., lymphangiosarcoma, lymphan-
gioendotheliosarcoma, hemangiosarcoma); appendix can-
cer; benign monoclonal gammopathy; biliary cancer (e.g.,
cholangiocarcinoma); bladder cancer; breast cancer (e.g.,
adenocarcinoma of the breast, papillary carcinoma of the
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breast, mammary cancer, medullary carcinoma of the
breast); brain cancer (e.g., meningioma, glioblastomas,
glioma (e.g., astrocytoma, oligodendroglioma), medullo-
blastoma); bronchus cancer; carcinoid tumor; cervical can-
cer (e.g., cervical adenocarcinoma); choriocarcinoma; chor-
doma; craniopharyngioma; colorectal cancer (e.g., colon
cancer, rectal cancer, colorectal adenocarcinoma); connec-
tive tissue cancer; epithelial carcinoma; ependymoma;
endotheliosarcoma (e.g., Kaposi’s sarcoma, multiple idio-
pathic hemorrhagic sarcoma); endometrial cancer (e.g., uter-
ine cancer, uterine sarcoma); esophageal cancer (e.g., adeno-
carcinoma of the esophagus, Barrett’s adenocarinoma);
Ewing’s sarcoma; eye cancer (e.g., intraocular melanoma,
retinoblastoma); familiar hypereosinophilia; gall bladder
cancer; gastric cancer (e.g., stomach adenocarcinoma); gas-
trointestinal stromal tumor (GIST); germ cell cancer; head
and neck cancer (e.g., head and neck squamous cell carci-
noma, oral cancer (e.g., oral squamous cell carcinoma),
throat cancer (e.g., laryngeal cancer, pharyngeal cancer,
nasopharyngeal cancer, oropharyngeal cancer)); hematopoi-
etic cancers (e.g., leukemia such as acute lymphocytic
leukemia (ALL) (e.g., B-cell ALL, T-cell ALL), acute
myelocytic leukemia (AML) (e.g., B-cell AML, T-cell
AML), chronic myelocytic leukemia (CML) (e.g., B-cell
CML, T-cell CML), and chronic lymphocytic leukemia
(CLL) (e.g., B-cell CLL, T-cell CLL)); lymphoma such as
Hodgkin lymphoma (HL) (e.g., B-cell HL,, T-cell HL) and
non-Hodgkin lymphoma (NHL) (e.g., B-cell NHL such as
diffuse large cell lymphoma (DLCL) (e.g., diffuse large
B-cell lymphoma), follicular lymphoma, chronic lympho-
cytic leukemia/small lymphocytic lymphoma (CLL/SLL),
mantle cell lymphoma (MCL), marginal zone B-cell lym-
phomas (e.g., mucosa-associated lymphoid tissue (MALT)
lymphomas, nodal marginal zone B-cell lymphoma, splenic
marginal zone B-cell lymphoma), primary mediastinal
B-cell lymphoma, Burkitt lymphoma, lymphoplasmacytic
lymphoma (i.e., Waldenstrom’s macroglobulinemia), hairy
cell leukemia (HCL), immunoblastic large cell lymphoma,
precursor B-lymphoblastic lymphoma and primary central
nervous system (CNS) lymphoma; and T-cell NHL such as
precursor T-lymphoblastic lymphoma/leukemia, peripheral
T-cell lymphoma (PTCL) (e.g., cutaneous T-cell lymphoma
(CTCL) (e.g., mycosis fungiodes, Sezary syndrome),
angioimmunoblastic T-cell lymphoma, extranodal natural
killer T-cell lymphoma, enteropathy type T-cell lymphoma,
subcutaneous panniculitis-like T-cell lymphoma, and ana-
plastic large cell lymphoma); a mixture of one or more
leukemia/lymphoma as described above; and multiple
myeloma (MM)), heavy chain disease (e.g., alpha chain
disease, gamma chain disease, mu chain disease); heman-
gioblastoma; hypopharynx cancer; inflammatory myofibro-
blastic tumors; immunocytic amyloidosis; kidney cancer
(e.g., nephroblastoma a.k.a. Wilms’ tumor, renal cell carci-
noma); liver cancer (e.g., hepatocellular cancer (HCC),
malignant hepatoma); lung cancer (e.g., bronchogenic car-
cinoma, small cell lung cancer (SCLC), non-small cell lung
cancer (NSCLC), adenocarcinoma of the lung); leiomyosar-
coma (LMS); mastocytosis (e.g., systemic mastocytosis);
muscle cancer; myelodysplastic syndrome (MDS); mesothe-
lioma; myeloproliferative disorder (MPD) (e.g., poly-
cythemia vera (PV), essential thrombocytosis (ET), agno-
genic myeloid metaplasia (AMM) ak.a. myelofibrosis
(MF), chronic idiopathic myelofibrosis, chronic myelocytic
leukemia (CML), chronic neutrophilic leukemia (CNL),
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hypereosinophilic syndrome (HES)); neuroblastoma; neuro-
fibroma (e.g., neurofibromatosis (NF) type 1 or type 2,
schwannomatosis); neuroendocrine cancer (e.g., gastroen-
teropancreatic neuroendoctrine tumor (GEP-NET), carci-
noid tumor); osteosarcoma (e.g., bone cancer); ovarian can-
cer (e.g., cystadenocarcinoma, ovarian embryonal
carcinoma, ovarian adenocarcinoma); papillary adenocarci-
noma; pancreatic cancer (e.g., pancreatic andenocarcinoma,
intraductal papillary mucinous neoplasm (IPMN), Islet cell
tumors); penile cancer (e.g., Paget’s disease of the penis and
scrotum); pinealoma; primitive neuroectodermal tumor
(PNT); plasma cell neoplasia; parancoplastic syndromes;
intraepithelial neoplasms; prostate cancer (e.g., prostate
adenocarcinoma); rectal cancer; rhabdomyosarcoma; sali-
vary gland cancer; skin cancer (e.g., squamous cell carci-
noma (SCC), keratoacanthoma (KA), melanoma, basal cell
carcinoma (BCC)); small bowel cancer (e.g., appendix can-
cer); soft tissue sarcoma (e.g., malignant fibrous histiocy-
toma (MFH), liposarcoma, malignant peripheral nerve
sheath tumor (MPNST), chondrosarcoma, fibrosarcoma,
myxosarcoma); sebaceous gland carcinoma; small intestine
cancer; sweat gland carcinoma; synovioma; testicular cancer
(e.g., seminoma, testicular embryonal carcinoma); thyroid
cancer (e.g., papillary carcinoma of the thyroid, papillary
thyroid carcinoma (PTC), medullary thyroid cancer); ure-
thral cancer; vaginal cancer; and vulvar cancer (e.g., Paget’s
disease of the vulva).

[0084] The term “angiogenesis” refers to the formation
and the growth of new blood vessels. Normal angiogenesis
occurs in the healthy body of a subject for healing wounds
and for restoring blood flow to tissues after injury. The
healthy body controls angiogenesis through a number of
means, e.g., angiogenesis-stimulating growth factors and
angiogenesis inhibitors. Many disease states, such as cancer,
diabetic blindness, age-related macular degeneration, rheu-
matoid arthritis, and psoriasis, are characterized by abnor-
mal (i.e., increased or excessive) angiogenesis. Abnormal
angiogenesis refers to angiogenesis greater than that in a
normal body, especially angiogenesis in an adult not related
to normal angiogenesis (e.g., menstruation or wound heal-
ing). Abnormal angiogenesis can provide new blood vessels
that feed diseased tissues and/or destroy normal tissues, and
in the case of cancer, the new vessels can allow tumor cells
to escape into the circulation and lodge in other organs
(tumor metastases).

[0085] As used herein, an “inflammatory disease” refers to
a disease caused by, resulting from, or resulting in inflam-
mation. The term “inflammatory disease” may also refer to
a dysregulated inflammatory reaction that causes an exag-
gerated response by macrophages, granulocytes, and/or
T-lymphocytes leading to abnormal tissue damage and/or
cell death. An inflammatory disease can be either an acute or
chronic inflammatory condition and can result from infec-
tions or non-infectious causes. Inflammatory diseases
include, without limitation, atherosclerosis, arteriosclerosis,
autoimmune disorders, multiple sclerosis, systemic lupus
erythematosus, polymyalgia rheumatica (PMR), gouty
arthritis, degenerative arthritis, tendonitis, bursitis, psoriasis,
cystic fibrosis, arthrosteitis, rheumatoid arthritis, inflamma-
tory arthritis, Sjogren’s syndrome, giant cell arteritis, pro-
gressive systemic sclerosis (scleroderma), ankylosing spon-
dylitis, polymyositis, dermatomyosifis, pemphigus,
pemphigoid, diabetes (e.g., Type 1), myasthenia gravis,
Hashimoto’s thyroditis, Graves’ disease, Goodpasture’s dis-
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ease, mixed connective tissue disease, sclerosing cholangi-
tis, inflammatory bowel disease, Crohn’s disease, ulcerative
colitis, pernicious anemia, inflammatory dermatoses, usual
interstitial pneumonitis (UIP), asbestosis, silicosis, bron-
chiectasis, berylliosis, talcosis, pneumoconiosis, sarcoido-
sis, desquamative interstitial pneumonia, lymphoid intersti-
tial pneumonia, giant cell interstitial pneumonia, cellular
interstitial pneumonia, extrinsic allergic alveolitis, Wegen-
er’s granulomatosis and related forms of angiitis (temporal
arteritis and polyarteritis nodosa), inflammatory dermatoses,
hepatitis, delayed-type hypersensitivity reactions (e.g., poi-
son ivy dermatitis), pneumonia, respiratory tract inflamma-
tion, Adult Respiratory Distress Syndrome (ARDS),
encephalitis, immediate hypersensitivity reactions, asthma,
hayfever, allergies, acute anaphylaxis, rheumatic fever,
glomerulonephritis, pyelonephritis, cellulitis, cystitis,
chronic cholecystitis, ischemia (ischemic injury), reperfu-
sion injury, allograft rejection, host-versus-graft rejection,
appendicitis, arteritis, blepharitis, bronchiolitis, bronchitis,
cervicitis, cholangitis, chorioamnionitis, conjunctivitis,
dacryoadenitis, dermatomyositis, endocarditis, endometritis,
enteritis, enterocolitis, epicondylitis, epididymitis, fasciitis,
fibrositis, gastritis, gastroenteritis, gingivitis, ileitis, iritis,
laryngitis, myelitis, myocarditis, nephritis, omphalitis,
oophoritis, orchitis, osteitis, otitis, pancreatitis, parotitis,
pericarditis, pharyngitis, pleuritis, phlebitis, pneumonitis,
proctitis, prostatitis, rhinitis, salpingitis, sinusitis, stomatitis,
synovitis, testitis, tonsillitis, urethritis, urocystitis, uveitis,
vaginitis, vasculitis, vulvitis, vulvovaginitis, angitis, chronic
bronchitis, osteomylitis, optic neuritis, temporal arteritis,
transverse myelitis, necrotizing fascilitis, and necrotizing
enterocolitis.

[0086] As used herein, an “autoimmune disease” refers to
a disease arising from an inappropriate immune response of
the body of a subject against substances and tissues normally
present in the body. In other words, the immune system
mistakes some part of the body as a pathogen and attacks its
own cells. This may be restricted to certain organs (e.g., in
autoimmune thyroiditis) or involve a particular tissue in
different places (e.g., Goodpasture’s disease which may
affect the basement membrane in both the lung and kidney).
The treatment of autoimmune diseases is typically with
immunosuppression, e.g., medications that decrease the
immune response. Exemplary autoimmune diseases include,
but are not limited to, glomerulonephritis, Goodspature’s
syndrome, necrotizing vasculitis, lymphadenitis, peri-arteri-
tis nodosa, systemic lupus erythematosis, rheumatoid, arthri-
tis, psoriatic arthritis, systemic lupus erythematosis, psoria-
sis, ulcerative colitis, systemic sclerosis, dermatomyositis/
polymyositis, anti-phospholipid antibody syndrome,
scleroderma, perphigus vulgaris, ANCA-associated vasculi-
tis (e.g., Wegener’s granulomatosis, microscopic polyangii-
tis), urveitis, Sjogren’s syndrome, Crohn’s disease, Reiter’s
syndrome, ankylosing spondylitis, Lyme arthritis, Guillain-
Barre syndrome, Hashimoto’s thyroiditis, and cardiomyo-
pathy.

[0087] As used herein, “diabetes,” or “diabetes mellitus,”
is a group of metabolic diseases in which a subject has high
blood sugar levels, either because the body of the subject
does not produce enough insulin, or because cells in the
body do not respond to the insulin that is produced by the
body. These high blood sugar levels produce the classical
symptoms of polyuria (frequent urination), polydipsia (in-
creased thirst), and polyphagia (increased hunger). There are
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three main types of diabetes. Type 1 diabetes results from the
body’s failure to produce insulin and presently requires the
subject to be administered insulin. Insulin resistance also
plays a role in the type 1 diabetes disease process. For
example, the onset of type 1 diabetes is often heralded by an
antecedent illness and/or the onset of puberty, both condi-
tions associated with insulin resistance. Type 2 diabetes
results from insulin resistance, a condition in which cells fail
to use insulin properly, sometimes combined with an abso-
Iute insulin deficiency. Some women develop gestational
diabetes, a third type of diabetes, in the middle to late stages
of pregnancy. Gestational diabetes is typically caused by the
hormones of pregnancy or a shortage of insulin. Decreased
maternal pregravid insulin sensitivity (insulin resistance)
coupled with an inadequate insulin response are the chief
pathophysiological mechanisms underlying the develop-
ment of gestational diabetes.

[0088] The term “biological sample” refers to any sample
including tissue samples (such as tissue sections and needle
biopsies of a tissue); cell samples (e.g., cytological smears
(such as Pap or blood smears) or samples of cells obtained
by microdissection); samples of whole organisms (such as
samples of yeasts or bacteria); or cell fractions, fragments or
organelles (such as obtained by lysing cells and separating
the components thereof by centrifugation or otherwise).
Other examples of biological samples include blood, serum,
urine, semen, fecal matter, cerebrospinal fluid, interstitial
fluid, mucous, tears, sweat, pus, biopsied tissue (e.g.,
obtained by a surgical biopsy or needle biopsy), nipple
aspirates, milk, vaginal fluid, saliva, swabs (such as buccal
swabs), or any material containing biomolecules that is
derived from a first biological sample. Biological samples
also include those non-human biological samples that are
transgenic, such as transgenic non-human oocyte, sperm
cell, blastocyst, embryo, fetus, donor cell, or cell nucleus.

[0089] A “protein” or “peptide” comprises a polymer of
amino acid residues linked together by peptide bonds. The
term, as used herein, refers to proteins, polypeptides, and
peptide of any size, structure, or function. Typically, a
protein will be at least three amino acids long. A protein may
refer to an individual protein or a collection of proteins.
Inventive proteins preferably contain only natural amino
acids, although non-natural amino acids (i.e., compounds
that do not occur in nature but that can be incorporated into
a polypeptide chain) and/or amino acid analogs as are
known in the art may alternatively be employed. Also, one
or more of the amino acids in an inventive protein may be
modified, for example, by the addition of a chemical entity
such as a carbohydrate group, a hydroxyl group, a phosphate
group, a farnesyl group, an isofarnesyl group, a fatty acid
group, a linker for conjugation or functionalization, or other
modification. A protein may also be a single molecule or
may be a multi-molecular complex. A protein may be just a
fragment of a naturally occurring protein or peptide. A
protein may be naturally occurring, recombinant, or syn-
thetic, or any combination of these.

[0090] As used herein “kinase” refers to a large class of
enzymes which catalyze the transfer of the y-phosphate from
ATP to the hydroxyl group on the side chain of Ser/Thr or
Tyr in proteins and peptides and are intimately involved in
the control of various important cell functions, perhaps most
notably: signal transduction, differentiation and prolifera-
tion. There are estimated to be about 2,000 distinct protein
kinases in the human body and although each of these



US 2019/0112305 Al

phosphorylate particular protein/peptide substrates, they all
bind the same second substrate ATP in a highly conserved
pocket. About 50% of the known oncogene products are
protein tyrosine kinases PTKs and their kinase activity has
been shown to lead to cell transformation.

[0091] Preferably the kinase is a tyrosine kinase. As used
herein “tyrosine kinase” refers to an enzyme that phospho-
rylates a tyrosine residue on a protein using ATP as a
substrate. In some embodiments, the tyrosine kinase is a
non-receptor tyrosine kinase. The mammalian nonreceptor
tyrosine kinases (NRTKs) are divided into ten families: Src,
Abl, Jak, Ack, Csk, Fak, Fes, Frk, Tec, and Syk. In addition
to their tyrosine kinase catalytic domains, they all contain
noncatalytic domains that are important in enzyme regula-
tion and substrate recognition. Like all eukaryotic protein
kinases, NRTK catalytic domains have an N-terminal lobe
(N-lobe) that contacts ATP, and a larger C-terminal lobe
(C-lobe). The activation state of the tyrosine kinases
depends on the orientation of an alpha helix (aC) located in
the N-lobe. In the active conformation, the aC helix projects
inward toward the ATP-binding site. The conformation of a
flexible segment in the C-lobe (the activation loop) also has
a key role in the regulation of the enzyme activity. The
regulatory importance of the phosphorylation of the activa-
tion loop varies in the different families of NRTKs.

[0092] The Tec kinases represent the second largest family
of mammalian non-receptor tyrosine kinases and are distin-
guished by the presence of distinct proline-rich regions and
pleckstrin homology domains that are required for proper
regualtion and activation. TEC kinases include five family
members: TEC, BTK, ITK (also known as TSK), RLK (also
known as TXK) and BMX.

[0093] Tec kinase participates as a signal transducer in
multiple downstream pathways, including regulation of the
actin cytoskekleton. It plays a redundant role to ITK in
regulation of the adaptive immune response. It also regulates
the development, function and differentiation of conven-
tional T-cells and nonconventional NKT-cells, and is
involved in both growth and differentiation mechanisms of
myeloid cells through activation by the granulocyte colony-
stimulating factor (GCSF)3. Tec is involved in G protein-
coupled receptor- and integrin-mediated signalings in blood
platelets, and also plays a role in hepatocyte proliferation
and liver regeneration.

[0094] Bruton’s tyrosine kinase (BTK) is a key signaling
enzyme expressed in all hematopoietic cells types except T
lymphocytes and natural killer cells. BTK plays an essential
role in the B cell signaling pathway linking cell surface B
cell receptor BCR stimulation to downstream intracellular
responses. BTK is a key regulator of B cell development
activation signaling and survival (Kurosaki, Curr Op Imm,
2000, 276-281; Schaeffer and Schwartzberg, Curr Op Imm,
2000, 282-288). In addition BTK plays a role in a number of
other hematopoietic cell signaling pathways, e.g., Toll like
receptor (TLR) and cytokine receptor-mediated TNF-a. pro-
duction in macrophages, IgE receptor (FcepsilonRI) signal-
ing in mast cells, inhibition of Fas/APO-1 apoptotic signal-
ing in B-lineage lymphoid cells, and collagen stimulated
platelet aggregation. See e.g., C. A. Jeffries, et al. (2003)
Journal of Biological Chemistry, 278:26258-26264; N. I.
Horwood, et al. (2003) The Journal of Experimental Medi-
cine 197:1603-1611; Iwaki et al. (2005) Joumal of Biologi-
cal Chemistry 280(48): 40261-40270; Vassilev et al. (1999)
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Journal ofBiological Chemistry 274(3): 1646-1656; and
Quek et al. (1998) Current Biology, 8 (20): 1137-1140.
[0095] Interleukin-2 tyrosine kinase (ITK) is expressed in
T mast cells and natural killer cells. It is activated in T cells
upon stimulation of the T cell receptor (TCR) and in mast
cells upon activation of the high affinity IgE receptor.
Following receptor stimulation in T cells, Lck, a src tyrosine
family member phosphorylates Y511 in the kinase domain
activation loop of Itk (S. D. Heyeck et al. (1997) J. Biol.
Chem. 272, 25401-25408). Activated Itk together with Zap-
70 is required for phosphorylation and activation of PLC-
gamma (S. C. Bunnell et al. (2000) J. Biol. Chem. 275:
2219-2230). PLC-gamma catalyzes the formation of inositol
1,4, S-triphosphate and diacylglycerol, leading to calcium
mobilization and PKC activation, respectively. These events
activate numerous downstream pathways and lead ulti-
mately degranulation (mast cells) and cytokine gene expres-
sion (T cells) (Y. Kawakami et al. (1999) J. Leukocyte Biol.,
65:286-290).

[0096] Resting lymphocyte kinase (Rlk) displays highly
cell type-specific expression largely restricted to T cells and
some mast cell and myeloid cell lines. Rlk has src homology
(SH), and SH3 domains and a nuclear localization signal
sequence but lacks a pleckstrin homology domain. The NH,
terminus of Rlk in humans possesses an unusual cysteine-
rich string, suggesting that Txk/RIk functions in a manner
that differs from the other pleckstrin homology domain-
containing Tec family kinases. Rlk is capable of phospho-
rylating CTL-associated antigen (CTLA)-4, suggesting that
RIk may participate in CTLA-4 function.

[0097] Bone Marrow X kinase (BMX) contains an NH,-
terminal pleckstrin homology domain, a Src homology 3
domain, a Src homology 2 domain, and a COOH-terminal
tyrosine kinase domain. BMX can be activated by several
extracellular stimuli, including growth factors, cytokines,
extracellular matrix and hormones. BMX protein is present
in cytoplasm with strong perinuclear staining in cells when
examined using immunofluorescence microscopy. BMX has
been shown to play a role in various cellular processes
including cell proliferation, transformation, differentiation,
and metastasis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0098] FIGS. 1A to 1G illustrate the identification of BMX
substrate motif and target candidates. FIG. 1A is a schematic
showing the structure of BMX. FIG. 1B shows biotinylated
peptide libraries that were phosphorylated using wild-type
Bmx (BmxWT, WT) or mutant kinase-dead Bmx (BmxKD,
KD), captured on membranes, and analyzed. Representative
images from one of three independent experiments are
shown. FIG. 1C shows the optimal BMX substrate motifs
based on either pY or I at -1 position. FIG. 1D, left panel,
depicts the immunoblotting results where 293 cells were
cotransfected with MET and BmxWT, BmxKD, or empty
vector control plasmids (Ctrl). Whole cell lysates or immu-
noprecipitated MET were then immunoblotted as indicated
with an antibody recognizing MET that has been phospho-
rylated at tyrosines 1234 and 1235 (pMET Y1234/1235).
FIG. 1D, right panel, depicts the immunoblotting results
where 293 cells were transfected with BmxWT, BmxKD, or
empty vector control plasmids (Ctrl), serum starved for 48
h (SFM) or then HGF stimulated for 10 min, and whole cell
lysates were then immunoblotted with antibodies against
FAK that has been phosphorylated at tyrosines 576 and 577
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(pFAK Y576/577), or antibodies against FAK that has just
been phosphorylated at tyrosine 576 (pFAK Y576) or tyro-
sine 577 (pFAK Y577). FIG. 1E, left panel, depicts the
immunoblotting results where 293 cells were cotransfected
with 3xFlag-FAK and BmxWT, BmxKD, or empty vector
control plasmids (Ctrl). Whole cell lysates or Flag-immu-
noprecipitated FAK were then immunoblotted with antibod-
ies against FAK that has been phosphorylated at tyrosines
576 and 577 (pFAK Y576/577), or antibodies against FAK
that has just been phosphorylated at tyrosine 576 (pFAK
Y576) or tyrosine 577 (pFAK Y577). FIG. 1E, right panel,
depicts the immunoblotting results where 293 cells were
transfected with BmxWT, BmxKD, or empty vector control
plasmids (Ctrl), serum starved for 48 h (SFM) or then serum
stimulated for 10 min (FBS), and whole cell lysates were
then immunoblotted. FIG. 1F depicts the immunoblotting
results where 293 cells were cotransfected with FGFR1 and
BmxWT, BmxKD, or empty vector control plasmids (Ctrl).
Whole cell lysates or immunoprecipitated FGFR1 then were
immunoblotted. FIG. 1G depicts the immunoblotting results
where 293 cells were cotransfected with Myc tagged ACK1
and BmxWT, BmxKD, or empty vector control plasmids
(Ctrl). Whole cell lysates or Myc-immunoprecipitated
ACK1 were then immunoblotted.

[0099] FIGS. 2A to 2D show that FAK is phosphorylated
by BMX at Y577. Recombinant SRC-phosphorylated FAK
was phosphorylated in vitro with recombinant BmxWT or
BmxKD and analyzed by mass spectrometry. Phosphopep-
tides detected in the BmxW'T sample are shown in FIG. 2A.
FIG. 2B is a mass spectrometry spectrum for pY576/Y577
dual phosphorylated peptide. FIG. 2C is a bar graph showing
the relative phosphorylated peptide signal levels in the
BmxWT vs. BmxKD samples quantified using isotope-free
LC/MS/MS method. Shown in FIG. 2D are immunoblotting
results where 293 cells were cotransfected with BmxKD or
BmxWT plasmids and wildtype or indicated mutant FAK
vectors, and whole cell lysates were immunoblotted with
pYS576/577 antibody (weak reactivity with Y576A and
Y577A mutants may reflect endogenous FAK). The results
of FIG. 2D establish the specificity of the pFAK Y576/577
antibody.

[0100] FIGS. 3A to 31 demonstrate that BMX regulates
FAK through phosphorylation of Y576/577 site. FIGS. 3A to
3B show the immunoblotting results where BMX (SiBMX)
or control siRNA (SiCtrl) transfected LNCaP cells (FIG. 3A)
or VCS2 cells (FIG. 3B) were serum starved for 72 h, serum
was stimulated for the indicated times, and the whole cell
lysates were immunoblotted. FIG. 3C shows the immuno-
blotting results where BMX (SiBMX) or control siRNA
(SiCtrl) transfected VCS2 cells were serum starved for 72 h,
trypsinized, and kept in suspension for 1 h followed by
plating onto fibronectin (FN)-coated dishes for the indicated
times. FIG. 3D shows the immunoblotting results where
widetype for Bmx (Bmx™) or BMX negative (Bmx~) MEFs
were suspended for 1 h (Ctrl) or then plated onto fibronectin-
coated dishes for 30 min (FN). FIG. 3E shows the immu-
nostaining results where BmxWT or BmxKD vectors were
transfected into 293 cells and immunostained for BMX and
FAK pY576/Y577. FIG. 3F shows the immunostaining
results where scratch wounds were introduced into BmxWT
or BmxKD transfected COS7 cells, and pictures of the
leading edge were taken after 3 h. FIG. 3G is a bar graph
showing the migrated distances where scratch wounds were
introduced into confluent heterozygous for Bmx (Bmx*'"),
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Bmx™*, or Bmx~ MEFs, and the leading edges were photo-
graphed at 0 and 9 h. The migrated distance was measured
and normalized to #1 Bmx~ group. Error bars depict stan-
dard error (SE) for three experiments (***: p<0.001). FIG.
3H is a bar graph showing the migrated distances where
scratch wounds were introduced into confluent Bmx~ MEFs
stably overexpressing BmxWT, BmxKD, or empty vector
(EV), and the leading edges were photographed at 0 and 9
h. The migrated distance was measured and normalized to
EV group. Error bar depict standard error (SE) for three
independent experiments (*: p<0.05). FIG. 31 is a bar graph
showing the migrated distances where Bmx~ MEF cells
stably overexpressing BmxWT were preincubated with FAK
inhibitor (PF562271) for 4 h. Scratch wounds were intro-
duced into the cells, and the leading edges were photo-
graphed at 0 and 9 h. The migrated distance was measured
and normalized to control group (Ctrl). Error bars depict
standard error (SE) for three experiments (***: p<0.001).

[0101] FIGS. 4A to 4H illustrate that BMX regulates
insulin receptor (IR) phosphorylation and signaling. FIG. 4A
shows the immunoblotting results where LNCaP cells trans-
fected with BMX (SiBmx) or nontargeting control siRNA
(SiCtrl) were serum starved for 12 h, stimulated with insulin
(100 nM) (Ins) for 0-30 minutes, and immunoblotted with IR
pY1189/Y1190 or pY1185 antibody. FIG. 4B shows the
immunoblotting results where Bmx* and Bmx~ MEFs were
serum starved for 48 h and stimulated with insulin for 10
min, and whole cell lysates were immunoblotted. FIG. 4C
shows the immunoblotting results where whole cell lysates
from independent Bmx* and Bmxr MEF cell lines or livers
were blotted. FIGS. 4D to 4G: following an overnight fast,
8-10 months old Bmx™ and Bmxr mice were injected intra-
peritoneally with 2 g/kg glucose. Liver was harvested after
15 min, and lysates were immunoblotted (FIG. 4D). GSK
pS9 and S6 pSer235,236 signals were quantified and nor-
malized to actin (FIG. 4E). Blood glucose (FIG. 4F) and
insulin levels (FIG. 4G) were measured at indicated times.
FIG. 4H: following 4 h fast, 8-10-month old Bmx* and
Bmx~ mice were injected with insulin (0.75 U/kg), and
blood glucose was measure at indicated times.

[0102] FIG. 5 shows in vitro kinase reactions on purified
3xFlag-BmxWT and 3xFlag-BmxKD proteins. Left panel:
Coomassie Briliant Blue staining. Right panel: anti-pTyr
blot after in vitro kinase assay showing autophosphorylation
by BmxWT.

[0103] FIG. 6 includes peptide array images on the
BmxWT group obtained from two additional independent
assays (WT2 and WT3).

[0104] FIG. 7 shows the results of an in vitro kinase assay
using Bmxtide 1 or 2 and BmxWT or BmxKD.

[0105] FIG. 8 is a bar graph showing the Bmx substrate
motif preference at the -2 position. Bmx substrate motif
peptide pool with A/D/E/S/T at the -2 position (and other
positions fixed as in Bmxtide 1) were phosphorylated using
BmxWT and subjected to mass spectrometry. The prefer-
ence toward each amino acid at the -2 position was quan-
tified as the level of peptide with the amino acid at the -2
position that was dually phosphorylated divided by the level
of peptide with the amino acid at the -2 position that was
mono- or dual-phosphorylated.

[0106] FIGS. 9A to 9B depict the mass spectrometry
results for FAK tyrosine phosphorylation. Shown are phos-
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phopeptide maps for SRC phosphoryated FAK after in vitro
kinase reactions with BmxWT (FIG. 9A) or BmxKD (FIG.
9B).

[0107] FIG. 10 shows the results of the genotyping of
MEFs from embryos derived from Bmx~ and Bmx*'~ breed-
ing. MEFs #5, #7, and #8 were wildtype, MEFs #1, #2, and
#3 were Bmx~/~, and MEFs #6 and #9 were Bmx™'"~.
[0108] FIG. 11 illustrates that Bmx~ MEFs display
decreased wound healing. Bmx*~ or Bmx~ MEFs were
grown to confluence, scratch wounds were introduced with
pipette tips, and pictures were taken over O to 9 h.

[0109] FIG. 12 shows that BMX knockdown impairs
wound healing in LNCaP cells. Scratch wounds were intro-
duced in LNCaP cells expressing BMX (SiBmx) or control
siRNA (SiCtrl), and pictures were taken at 0 and 24 h. The
migrated distance was measured and normalized to the
BMX knockdown group. Error bars depict the standard error
(SE) of three independent experiments.

[0110] FIG. 13 depicts an energy-minimized structure of a
complex of the BMX (published X-ray structure (Protein
Database: 3SXR)) with compound I-14, obtained by
molecular modeling.

[0111] FIG. 14 shows the sequences of fragments of
exemplary kinases that include cysteine residues to which
the compounds of Formula (I) or (II) may attach.

[0112] FIGS. 15A to 15B confirm that the potency of the
BMX inhibitors is due to covalent binding to cysteine 496.
FIG. 15A shows that compound I-14 inhibits autophospho-
rylation of wild-type (WT) BMX at 10-100 nM, but does not
inhibit the cysteine to serine mutant BMX (C496S) at up to
10,000 nM. FIG. 15B shows that the reversible analog
(compound 1-14R) does not inhibit BMX autophosphory-
lation at up to 10,000 nM.

[0113] FIGS. 16A to 16B show that compound I-14 more
potently inhibits growth of cells expressing the wild-type
BMX than the C496S mutant. FIG. 16A shows that treat-
ment of BMX wildype cells (versus C496S mutant BMX)
with compound 1-14 (versus compound I[-14R) most
potently reduces cell recovery. FIG. 16B shows that the
wild-type and mutant BMX are expressed at comparable
levels.

[0114] FIGS. 17A to 17B show that compound I-14 inhib-
its BMX mediated phosphorylation of pYpY site on FAK.
FIG. 17A shows that the BMX inhibitors decrease levels of
FAK that is dually phosphorylated at Y576 and Y577, based
on blotting with a Bmx substrate antibody (recognizing
pYpY) or an antibody recognizing the pYpY site specfically
in FAK (pFAKS576/577), in RV1 cells cotransfected witrh
BMX and FAK. FIG. 17B shows that the irreversible drug
(compound 1-14) is more potent at decreased BMX.

[0115] FIGS. 18A to 18E show that compound 1-14 can
inhibit the growth of RV1 cells and cause apoptosis. FIGS.
18A to 18B show the effects of compound 1-14 versus I-14R
(at 10 uM) on RV1 cell recovery. FIG. 18C shows that
compound I-14 at 10-20 uM causes apoptosis based on
increase cleaved caspase 3. FIGS. 18D to 18E show that
compound [-14 causes an increase in the number of apop-
totic cells based on cleaved caspase 3 staining.

[0116] FIG. 19 shows that RV1 xenograft growth over 2
weeks is decreased by in vivo treatment with an BMX
inhibitor (e.g., compound [-14).

[0117] FIGS. 20A to 20B show the synergistic combina-
tion study of I-14 (2.5 uM) with the Akt inhibitor MK2206
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(200 nM) (FIG. 20A) and the flow cytometry analysis of the
drug combination effect on apoptosis (FIG. 20B).

[0118] FIG. 21 shows the dose-response experiments at
various MK2206 concentrations with I-14 in RV-1 cells after
approximately 5-days of inhibitor treatment of RV-1 cells.
The cells were cultured in DMEM+1% FBS. 2500 nM of
1-14 was used with and without 25, 50, 100, 200 nM of
MK2206.

[0119] FIG. 22 show survival assessment by annexin
V/propidium iodide staining for CD19+B-cells isolated
from a patient and treated with 11-4.

[0120] FIG. 23 shows a normalized isobologram for 11-4
synergy with JH1-025 (an IRAK1/4 inhibitor).

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

[0121] The present invention provides compounds of For-
mula (I). These compounds have been found to be kinase
inhibitors. Also provided are methods of using kinase inhibi-
tors, such as compounds of Formula (I) or (II), to down-
regulate the expression and/or inhibit the activity of a kinase
in a subject or biological sample. In certain embodiments,
the kinase is a tyrosine kinase. In certain embodiments, the
kinase is a non-receptor tyrosine kinase. In certain embodi-
ments, the kinase is a Tec kinase. In certain embodiments,
the Tec kinase is TEC, BTK, ITK, RLK and/or BMX. In
certain embodiments, the kinase is “Bone Marrow on X
chromosome” kinase (BMX). The present invention further
provides methods of using compounds of Formula (I) or (II),
e.g., as biological probes to study the downrelegation of the
expression and/or inhibition of the activity of a kinase (e.g.,
a tyrosine kinase (e.g., BMX)), and as therapeutics, e.g., in
the treatment and/or prevention of diseases associated with
the overexpression and/or aberrant activity of the kinase
(e.g., a tyrosine kinase (e.g., BMX)). In certain embodi-
ments, the disease is a proliferative diseases. Exemplary
proliferative diseases include, but are not limited to, cancer,
benign neoplasm, angiogenesis, inflammatory diseases, and
autoimmune diseases. In certain embodiments, the disease is
diabetes (e.g., type 2 diabetes and gestational diabetes). The
disease being treated or prevented by a compound of For-
mula (I) or (II) may be associated with the overexpression,
increase activity, and/or aberrant activity of a kinase (e.g., a
tyrosine kinase (e.g., BMX)).

[0122]

[0123] Inone aspect of the present invention, provided are
compounds of Formula (I):

Compounds

@
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and pharmaceutically acceptable salts, solvates, hydrates,
polymorphs, co-crystals, tautomers, sterecoisomers, isotopi-
cally labeled derivatives, and prodrugs thereof;

wherein:

[0124] each instance of R* is independently selected from
the group consisting of hydrogen, halogen, optionally sub-
stituted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl, option-
ally substituted heterocyclyl, optionally substituted aryl,
optionally substituted heteroaryl, —OR#, —N(R4!),,
—SR*!, —CN, —C(=0)R*', —C(=0)OR*', —C(=0)
SR, —C(=0O)N{R*),, —C(=S)R*!, —C(=S)OR*,
—C(=S)SR*!, —C(=S)N(R¥),, —C(=NR*HR*,
—C(=NR*MNOR*', —C(=NR*HSR*', —C(=NR*H)N
(R*),, —NO,, —N,;, —N(R*H),*X~, wherein X~ is a
counterion, —N(OR*HR*!, —NR*'C(=0)R*!, —NR*'C
(=0)OR4!, —NR4'C(=0)SR*!, —NRC(=0O)N(R*),,
—NRHC(=S)R*!, —NR*C(=S)OR"", —NR*'C(=S)
SR,  —NRUC(=S)N(R*),, —NR*C(=NR4HR*,
—NR*'C(=NR*HOR"", —NR#'C(=NR*")SR*",
—NRHCEE=NRANRAY) ,, —NR!'S(=0),R*, —NR*'S
(=0),0R*, —NRAS(=0),SR*, —NR4S(=0),N
(R*),, —NR'S(=0)R*', —NR*'S(=0)OR*!, —NR*'S
(=0)SR*!, —NRYS(=O)N(R?),, —NR*P(=0),
—NR*'P(=0),, —NR*'"P(=0)(R*"),, —NR*'P(=0)R*
(OR*"), —NRA'P(=0)(OR*"), —OC(=0O)R*', —OC
(=0)OR*!, —OC(=0)SR*!, —OC(=O)N(R A),, —OC
(=NR*HR*, —OCE=NR*MHOR?*', —OC(=NR*")N
(R, —OC(=S)R*', —OC(=S)OR*', —OC(=S)SR*,
—OC(=S8)NR*",, —ONR*"),, —OS(=0)R*!, —0S
(=0)OR*!, —0OS(=0)SR*!, —OS(=0O)N(R*),, —OS
(=0),R*!, —0S(=0),0R*', —0S(=0),SR*', —0S
(—O0),NR"),, —OP(—0),, —OP(—O)R™"), —OP
(=O)R*'(OR*"), —OP(=0)(OR*"),, —OP(=0), —OP
(R*"),, OPR*(OR*"), —OP(OR*"),, —OSi(R*"),, —OSi
(R4H),0R4Y, —OSi(R*)(OR*Y),, —OSi(OR*h),,
—SSR*!, —S(=O)R*!, —S(=0)OR*', —S(—=O)N(R*")
25 *S(:O)zRAls *S(:O)zoRAls *S(:O)zN(RAl)zs
—SC(=0)R*, —SC(=0)OR*!, —SC(=0)SR*', —SC
(=O0)N(R*"),, —SC(=S)R¥!, —SC(=S)OR4!, —SC
(=S)SR*!, —SC(=S)NR*"),, —P(R*"),, —PR*'(OR*"),
—P(OR™),, —P(=0), —P(=0)(R™),, —P(—=0)(OR™")
2 —P(—OR*(OR™"), —P(—0),, —BR*),, —B(OR*")
5 —BRA(OR*), —Si(R*);, —Si(R*"),OR?!, —SiR*!
(OR*"),, and —Si(OR),, or two R groups are joined to
form an optionally substituted carbocyclic, optionally sub-
stituted heterocyclic, optionally substituted aryl, or option-
ally substituted heteroaryl ring; wherein each occurrence of
R*! is independently selected from the group consisting of
hydrogen, optionally substituted acyl, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted carbocyclyl, optionally sub-
stituted heterocyclyl, optionally substituted aryl, optionally
substituted heteroaryl, a nitrogen protecting group when
attached to a nitrogen atom, an oxygen protecting group
when attached to an oxygen atom, and a sulfur protecting
group when attached to a sulfur atom, or two R“! groups are
joined to form an optionally substituted heterocyclic ring;

[0125] kisO,1,2,3,4,o0r5,

[0126] M is a bond, —O—, —S—, —NR™| —NRMC
(=0)—, —C(=0O)NRM™—, —SC(—=0)—, —C(=0)S—,
—O0C(=0)—, —C(=0)0—, —NRMC(=S)—, —C(=S)
NRM_—, trans-CR¥—CR™—, cis-CR®—CRM—
—C=C—, —S8(=0),0—, —O0S(=0),—, —S(=0)
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SNRY™— or —NRMS(=—0),—, or an optionally substituted
C,_¢ hydrocarbon chain, optionally wherein one or more
carbon units of the hydrocarbon chain is replaced with

—0—, —S—, —NR*—, —NR*C(=0)—, —C(=0)
NRY—, —SC(=0)—, —C(=0)—, —O0C(=0)—,
—C(=0)0—, —NRMC(=S)—, —C(=S)NR*—, trans-
CRM—=CRY—, cis-CR™—CR™—, —C=C—, —S8(=0)
50—, —OS(=0),—, —S(=0),NR™—, or —NRM$(=0)
+— wherein R is hydrogen, halogen, optionally

substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl or a nitrogen protect-
ing group, or two R* groups are joined to form an optionally
substituted carbocyclic ring, an optionally substituted het-
erocyclic ring, optionally substituted aryl ring, optionally
substituted heteroaryl ring;

[0127] Ring C is an optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted
aryl, or optionally substituted heteroaryl ring;

[0128] each instance of R€ is independently selected from
the group consisting of hydrogen, halogen, optionally sub-
stituted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl, option-
ally substituted heterocyclyl, optionally substituted aryl,
optionally substituted heteroaryl, —OR', —N(R"),,
—SR¢!, —CN, —C(=0)R!, —C(=0)OR“?, —C(=0)
SR, —C(=O0)N(R"),, —C(=S)R®!, —C(=S)OR",
—C(=S)SR“!, —C(=S)NR"),, —C(E=NR“HR,
—C(=NR“HOR“!, —C(=NR“H)SR', —C(=NR)N
RY),, —NO,, —N,;, —NR"),*X", wherein X~ is a
counterion, —N(OR“H)R“!, —NR“'C(=0O)R“"*, —NR'C
(=0)OR!, —NR“'C(=0)SR®"!, —NR“'C(=O)N(R")
5 —NRE'C(=S)R', —NR'C(=S8)OR“!, —NR'C
(=S)SR", —NR“C(=S)N(R"),, —NR“'C(=NR)
R, —NR“'C(=NR“HOR", —NR“'C(=NR“H)SR",
—NRC(=NR“HNR),, —NRS(=0),R“?,
—NR'§(=0),0R“!, —NR'§(=0),SR", —NR'S
(=0),N(R"),, —NR“'S(=0)R!, —NR“'S(=0)OR?,
—NR'$(=0)SR“!, —NR“'S(=0O)NR"),, —NR“'P
(=0), —NR“'P(=0),, —NR“'P(=0)(R%),, —NR“'P
(=O0)R(OR“"), —NR“'P(=0)(OR"),, —OC(=0)R?,
—OC(=0)OR", —OC(=0)SR“", —OC(=0)N(R™"),,
—OC(=NR“)R“!, —OC(=NR“)OR!, —OC(=NR*)
NR™), —OC(=S)R", —OC(=8)OR“', —OC(=S)
SR, —OC(=S)N(R“"),, —ON(Rh),, —OS(=0)R?,
—OS(=0)OR", OS(=0)SRC, —OS(=0O)N(RM),,
—OS(=0),R“", —08(=0),0R“", —0OS(=0),SR",
—OS(=0),NR™M),, —OP(=0),, —OP(=O)(R™),,
—OP(=0O)R“'(OR®"), —OP(=0)(OR"),, —OP(=0),
—OP(R®"),, —OPR“'(OR“"), —OP(OR“"),, —OSi(R")
3 —OSiRM),0R!, —OSi(R“OR),, —OSi(OR");,
—SSR, S(=0)R“!, —S(=0)OR“?, —S(=0O)N(R"),,
—8(=0),R", —S§(=0),0R“", —S(=0),N(R"),, —SC
(=O)R“!, —SC(=0)OR®", —SC(=0)SR", —SC(=0)
NR"),, —SC(=S)R!, —SC(=S)OR“!, —SC(=S)
SR, —SC(=S)N(R"),, —PR"),, —PR“(ORM),
—P(OR),, —P(—0), —P(—O)R"),, —P(—O)(OR"")
» —P(=O)R'(OR"), —P(—0),, —BR"),, —B(OR")
5 —BREY(ORY), —Si(R*),, —Si(R“"),0R®, —SiR"
(OR“Y),, and —Si(OR"),, wherein each occurrence of R<!
is independently selected from the group consisting of
hydrogen, optionally substituted acyl, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted
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alkynyl, optionally substituted carbocyclyl, optionally sub-
stituted heterocyclyl, optionally substituted aryl, optionally
substituted heteroaryl, a nitrogen protecting group when
attached to a nitrogen atom, an oxygen protecting group
when attached to an oxygen atom, and a sulfur protecting
group when attached to a sulfur atom, or two R groups are
joined to form an optionally substituted heterocyclic ring or
optionally substituted heteroaryl ring;

[0129] nis O, 1, 2, 3, or 4;

[0130] L is a bond or an optionally substituted C,
hydrocarbon chain;

[0131] RZ is any one of Formulae (i-1)-(i-17):

Y. N
N RDs
RR2
A RD!
RD3
N

(i-1)

(i-2)

T

RS N0,

(i-3)

(i-4)

(i-5)

(i-6)

(-7)

-continued

RR2
j/j/E{Dl’
D3
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(i-8)

(i-9)

(i-10)

(i-11)

(i-12)

(i-13)

(i-14)

(i-15)

(i-16)
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-continued
(i-17)
(€]
RDZ
RD3 RDI
(6]
[0132] R”" is selected from the group consisting of hydro-

gen, halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, —CN, —NO,,
—OR”'™, _N@R”'%),, —SR”'“, —CH,0R”“, CH,N
(RDla)z, 4CH28RDIG, 4C(:O)RD1G, 4C(:O)ORD1G,
—C(=0)SR”"", —C(=ONR"'"),, —C(=S)R"",
—C(=S)ORP'%, C(=S)SR”**, —C(=S)N(R”'%),,
7C(:NRD1a)RD1a, fC(:NRDla)ORDla, fC(:NRDla)
SRP* and —C(=NR”'*)N(RP'%),, wherein each occur-
rence of R”'? is independently selected from the group
consisting of hydrogen, optionally substituted alkyl, option-
ally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aryl, and optionally sub-
stituted heteroaryl, or two R”*® groups are joined to form an
optionally substituted heterocyclic ring;

[0133] RP?is selected from the group consisting of hydro-
gen, halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, —CN, —NO,,
—OR”?*, N(R"”*%),, —SR™** __CH,0OR"**, —CH,N
(RD2a)2, 4CH28RD2G, 4C(:O)RD2G, 4C(:O)ORD2G,
—C(=0)SR”?**, _C(=ON(R™*"),, —C(=S)R"*,
—C(=S)ORP?*, __C(=S)SR???, —C(=S)N(R">9),
7C(:NRD2a)RD2a, 7C(:NRD2a)ORD2a, 7C(:NRD2a)
SRP?¢ and —C(=NR"?**)N(R??%),, wherein each occur-
rence of R”*? is independently selected from the group
consisting of hydrogen, optionally substituted alkyl, option-
ally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aryl, and optionally sub-
stituted heteroaryl, or two R”>? groups are joined to form an
optionally substituted heterocyclic ring;

[0134] R”® is selected from the group consisting of hydro-
gen, halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, —CN, —NO,,
—OR™**, —N@R™*%),, —SR™“ —CH,0R™* CH,N
(RD3a)2, CstRD3a, 4C(:O)RD3G, 4C(:O)ORD3G,
—C(=0)SR™**,  _C(=ON(R™*?),, —C(=S)R™,
—C(=S)ORP?*,  _C(=S8)SR?**, —C(=S)N(R?*%),,
7C(:NRD3a)RD3a, 7C(:NRD3a)ORD3a, 7C(:NRD3a)
SR?*¢ and —C(=NRP**)N(R?*%),, wherein each occur-
rence of R”*? is independently selected from the group
consisting of hydrogen, optionally substituted alkyl, option-
ally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted
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heterocyclyl, optionally substituted aryl, and optionally sub-
stituted heteroaryl, or two RP*“ groups are joined to form an
optionally substituted heterocyclic ring;

[0135] optionally R®* and R, or RP? and R™*, or R”*
and R?? are joined to form an optionally substituted carbo-
cyclic or optionally substituted heterocyclic ring;

[0136] R”*is a leaving group;

[0137] RP® is hydrogen, C, 4 alkyl, or a nitrogen protect-
ing group;

[0138] Yis O, S, or NR”S, wherein R”® is hydrogen, C, 4
alkyl, or a nitrogen protecting group;

[0139] ais 1 or2;

[0140] zis O, 1,2,3,4,5,or6; and

[0141] optionally R”® and one R€ are joined to form an

optionally substituted heterocyclic ring.

[0142] In certain embodiments, provided by the present
invention are compounds of Formula (I), and pharmaceuti-
cally acceptable salts thereof.

[0143] Compounds of Formula (I) include a phenyl ring A
optionally substituted with one or more R groups. In certain
embodiments, the phenyl ring A is unsubstituted, and thus k
is 0. In certain embodiments, k is 1. In certain embodiments,
the phenyl ring A is of the formula:

R4

B

In certain embodiments, the phenyl ring A is of the formula:

:

In certain embodiments, the phenyl ring A is of the formula:

3

R4

In certain embodiments, k is 2. In certain embodiments, the
phenyl ring A is of the formula:

R4

«
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In certain embodiments, the phenyl ring A is of the formula:

R4

3

R4

In certain embodiments, the phenyl ring A is of the formula:

R4

e’

R4

In certain embodiments, the phenyl ring A is of the formula:

R4

26

R4

In certain embodiments, the phenyl ring A is of the formula:

In certain embodiments, the phenyl ring A is of the formula:

g

R4

In certain embodiments, k is 3. In certain embodiments, k is
4. In certain embodiments, k is 5.

[0144] Incompounds of Formula (I), phenyl ring A may be
substituted with one or more R groups. In certain embodi-
ments, at least one R# is H. In certain embodiments, at least
one R# is halogen. In certain embodiments, at least one R+
is F. In certain embodiments, at least one R is CI. In certain
embodiments, at least one R is Br. In certain embodiments,
at least one R# is I (iodine). In certain embodiments, at least
one R is substituted acyl. In certain embodiments, at least
one R* is —C(—=O)N(R*'),. In certain embodiments, at
least one R* is —C(=0)NHR*!. In certain embodiments, at
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least one R* is —C(=0)NH(C,_, alkyl). In certain embodi-
ments, at least one R* is —C(=O)NHMe. In certain
embodiments, at least one R* is —C(=0)NH,. In certain
embodiments, at least one R is unsubstituted acyl. In certain
embodiments, at least one R is acetyl. In certain embodi-
ments, at least one R is substituted alkyl. In certain embodi-
ments, at least one R* is substituted methyl. In certain
embodiments, at least one R is

7S
(Cis alkyl_)—'
F o

In certain embodiments, at least one R¥ is
( Cgalkyl

In certain embodiments, at least one R¥ is

In certain embodiments, at least one R¥ is

In certain embodiments, at least one R is unsubstituted
alkyl. In certain embodiments, at least one R* is C,_ alkyl.
In certain embodiments, at least one R# is methyl. In certain
embodiments, at least one R* is ethyl. In certain embodi-
ments, at least one R# is propyl. In certain embodiments, at
least one R* is butyl. In certain embodiments, at least one R+
is substituted alkenyl. In certain embodiments, at least one
R* is unsubstituted alkenyl. In certain embodiments, at least
one R* is substituted alkynyl. In certain embodiments, at
least one R is unsubstituted alkynyl. In certain embodi-
ments, at least one R* is substituted carbocyclyl. In certain
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embodiments, at least one R is unsubstituted carbocyclyl.
In certain embodiments, at least one R¥ is substituted het-
erocyclyl. In certain embodiments, at least one R# is unsub-
stituted heterocyclyl. In certain embodiments, at least one
R* is substituted aryl. In certain embodiments, at least one
R is unsubstituted aryl. In certain embodiments, at least one
R is substituted phenyl. In certain embodiments, at least
one R is unsubstituted phenyl. In certain embodiments, at
least one R* is substituted heteroaryl. In certain embodi-
ments, at least one R is unsubstituted heteroaryl. In certain
embodiments, at least one R* is substituted pyridyl. In
certain embodiments, at least one R is unsubstituted
pyridyl. In certain embodiments, at least one R* is —OR*'.
In certain embodiments, at least one R* is —O(C,_¢ alkyl).
In certain embodiments, at least one R is —OMe. In certain
embodiments, at least one R is —OH. In certain embodi-
ments, at least one R* is —N(R“*'),. In certain embodiments,
at least one R is —N(C,_, alkyl),. In certain embodiments,
at least one R? is

(C ¢ alkyl)—N N

In certain embodiments, at least one R¥ is

—N N% .
\_/

In certain embodiments, at least one R¥ is

HN N%.
_/

In certain embodiments, at least one R¥ is —NMe,. In
certain embodiments, at least one R* is —NH,. In certain
embodiments, at least one R is —SR**. In certain embodi-
ments, at least one R is —SH. In certain embodiments, at
least one R* is —NR*'C(=0)N(R*"),. In certain embodi-
ments, at least one R? is —NHC(=0)N(R*"),. In certain
embodiments, at least one R* is —NHC(—O)NHR*'. In
certain embodiments, at least one R* is —NHC(=0)NH
(C,.s alkyl). In certain embodiments, at least one R* is
—NHC(=—O)NHMe. In certain embodiments, at least one
R* is —NHC(=O)NH,. In certain embodiments, at least
one R? is —NR#'C(=0O)NHR*'. In certain embodiments,
at least one R* is —NR*'C(=O)NH,. In certain embodi-
ments, at least one R* is —NR4'S(—0),R*!. In certain
embodiments, at least one R is —NHS(=0),R*'. In cer-
tain embodiments, at least one R* is —NHS(=0),(C, 4
alkyl). In certain embodiments, at least one R is —NHS
(=0),Me. In certain embodiments, at least one R* is
—S8(=0),N(R*"),. In certain embodiments, at least one R*
is —S(=0),N(R*"),. In certain embodiments, at least one
R# is —S(=0),N(C, ¢ alkyl),. In certain embodiments, at
least one R* is —S(=0),NH(C,_, alkyl). In certain embodi-
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ments, at least one R is —S(=0),NH(t-Bu). In certain
embodiments, at least one R* is —S(=0),NH,.

[0145] In certain embodiments, at least one R4 is H. In
certain embodiments, at least one R*! is substituted acyl. In
certain embodiments, at least one R*! is unsubstituted acyl.
In certain embodiments, at least one R is acetyl. In certain
embodiments, at least one R** is substituted alkyl. In certain
embodiments, at least one R*' is unsubstituted alkyl. In
certain embodiments, at least one R*' is C,_ alkyl. In certain
embodiments, at least one R*! is methyl. In certain embodi-
ments, at least one R*! is ethyl. In certain embodiments, at
least one R** is propyl. In certain embodiments, at least one
R4 is butyl. In certain embodiments, at least one R*' is
substituted alkenyl. In certain embodiments, at least one R!
is unsubstituted alkenyl. In certain embodiments, at least one
R#! is substituted alkynyl. In certain embodiments, at least
one R*! is unsubstituted alkynyl. In certain embodiments, at
least one R*! is substituted carbocyclyl. In certain embodi-
ments, at least one R*' is unsubstituted carbocyclyl. In
certain embodiments, at least one R*' is substituted hetero-
cyclyl. In certain embodiments, at least one R*! is unsub-
stituted heterocyclyl. In certain embodiments, at least one
R*! is substituted aryl. In certain embodiments, at least one
R#! is unsubstituted aryl. In certain embodiments, at least
one R*!' is substituted phenyl. In certain embodiments, at
least one R*' is unsubstituted phenyl. In certain embodi-
ments, at least one R*! is substituted heteroaryl. In certain
embodiments, at least one R*! is unsubstituted heteroaryl. In
certain embodiments, at least one R*! is substituted pyridyl.
In certain embodiments, at least one R4 is unsubstituted
pyridyl. In certain embodiments, at least one R¥! is a
nitrogen protecting group when attached to a nitrogen atom.
In certain embodiments, at least one R is Bn, BOC, Cbz,
Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when attached
to a nitrogen atom. In certain embodiments, R*' is an
oxygen protecting group when attached to an oxygen atom.
In certain embodiments, R*' is silyl, TBDPS, TBDMS,
TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl, acetyl,
pivaloyl, or benzoyl when attached to an oxygen atom. In
certain embodiments, R*! is a sulfur protecting group when
attached to a sulfur atom. In certain embodiments, R*' is
acetamidomethyl, t-Bu, 3-nitro-2-pyridine sulfenyl, 2-pyri-
dine-sulfenyl, or triphenylmethyl when attached to a sulfur
atom.

[0146] Incompounds of Formula (I), two R*! groups may
be joined to form an optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted
aryl, or optionally substituted heteroaryl ring. In certain
embodiments, two R¥! groups are joined to form a substi-
tuted carbocyclic ring. In certain embodiments, two R4
groups are joined to form an unsubstituted carbocyclic ring.
In certain embodiments, two R*! groups are joined to form

]
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In certain embodiments, two R*' groups are joined to form

Qe

In certain embodiments, two R*! groups are joined to form
a substituted heterocyclic ring. In certain embodiments, two
R#! groups are joined to form an unsubstituted heterocyclic
ring. In certain embodiments, two R“! groups are joined to
form

In certain embodiments, two R*' groups are joined to form

In certain embodiments, two R*! groups are joined to form

O
| :
(K
In certain embodiments, two R*' groups are joined to form
O.
94
In certain embodiments, two R*! groups are joined to form

Q4

In certain embodiments, two R*' groups are joined to form

Q4
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In certain embodiments, two R*!' groups are joined to form
a substituted aryl ring. In certain embodiments, two R*!
groups are joined to form an unsubstituted aryl ring. In
certain embodiments, two R*! groups are joined to form a
substituted phenyl ring. In certain embodiments, two R4!
groups are joined to form an unsubstituted phenyl ring. In
certain embodiments, two R*' groups are joined to form a
substituted heteroaryl ring. In certain embodiments, two R*!
groups are joined to form an unsubstituted heteroaryl ring.
In certain embodiments, two R*!' groups are joined to form
a substituted pyridyl ring. In certain embodiments, two R**
groups are joined to form an unsubstituted pyridyl ring.
[0147] In certain embodiments, R* is substituted C,_ ¢
alkyl; and k is 1. In certain embodiments, R is unsubstituted
C,.s alkyl; and k is 1. In certain embodiments, R* is methyl;
and k is 1. In certain embodiments, R is ethyl; and k is 1.
In certain embodiments, R is propyl; and k is 1. In certain
embodiments, R* is butyl; and k is 1.

[0148] In certain embodiments, R¥ is halogen; and k is 1.
In certain embodiments, R? is F; and k is 1. In certain
embodiments, R* is Cl; and k is 1. In certain embodiments,
R#is Br; and k is 1. In certain embodiments, R is I (iodine);
and k is 1.

[0149] In certain embodiments, R* is —C(=0)NR*'),;
and k is 1. In certain embodiments, R is —C(=O0)NH(C,
alkyl); and k is 1. In certain embodiments, R* is —C(=0)
NHMe; and k is 1. In certain embodiments, R is

O
(Cis alkyl)—l
 a o

and k is 1. In certain embodiments, R is

(C¢alkyl O

and k is 1. In certain embodiments, R is

and k is 1. In certain embodiments, R* is —N(R*'),; and k
is 1. In certain embodiments, R¥ is
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(C g alkyh)—N

and k is 1. In certain embodiments, R? is

and k is 1. In certain embodiments, R? is

N

and k is 1. In certain embodiments, R* is —NR*'C(=0)N
(R*"),; and k is 1. In certain embodiments, R* is —NHC
(=O)NH(C,_,alkyl); and k is 1. In certain embodiments, R*
is —NHC(—O)NHMe; and k is 1. In certain embodiments,
R* is —NR#'S(=0),R*!; and k is 1. In certain embodi-
ments, R*is —NHS(=0),(C,_¢ alkyl); and k is 1. In certain
embodiments, R* is —NHS(=0),Me; and k is 1. In certain
embodiments, R* is —S(=0),N(R*"),; and k is 1. In
certain embodiments, R* is —S(—0),NH(C,_, alkyl); and k
is 1. In certain embodiments, R* is —S(=0),NH(t-Bu); and
kis 1.

[0150] In certain embodiments, one instance of R is
—C(=0)N(R*"),; the other instance of R is halogen; and
k is 2. In certain embodiments, one instance of R? is
—C(=0)NH(C,_, alkyl), the other instance of R* is F; and
k is 2. In certain embodiments, two R*! groups are joined to
form

94,

and k is 2. In certain embodiments, two R¥! groups are
joined to form

94

and k is 2. In certain embodiments, two R*! groups are
joined to form
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and k is 2. In certain embodiments, two R¥' groups are
joined to form

O

and k is 2. In certain embodiments, two R¥' groups are
joined to form

O

and k is 2. In certain embodiments, two R¥' groups are
joined to form

and k is 2. In certain embodiments, two R*! groups are
joined to form

and k is 2. In certain embodiments, two R¥' groups are
joined to form

and k is 2. In certain embodiments, two R*! groups are
joined to form
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and k is 2. In certain embodiments, two R*! groups are
joined to form

and k is 2.

[0151] Incompounds of Formula (1), linker M is a divalent
linker moiety. In certain embodiments, M is a bond. In
certain embodiments, M is a single bond. In certain embodi-
ments, M is a substituted or unsubstituted, branched or
unbranched, saturated or unsaturated C, o hydrocarbon
chain. In certain embodiments, M is a C, hydrocarbon chain
substituted with one or more R* groups. In certain embodi-
ments, M is —C(R*),—. In certain embodiments, M is
—CH,—. In certain embodiments, M is a C, hydrocarbon
chain substituted with one or more R™ groups. In certain
embodiments, M is —CRM),—CR™),—. In certain
embodiments, M is —CHR»—CHR™—. In certain embodi-
ments, M is —(CH,),—. In certain embodiments, M is
trans-CR™—CR™ . In certain embodiments, M is trans-
CH—CH——. In certain embodiments, M is cis-CR¥*—CR*".
In certain embodiments, M is cis-CH—CH—. In certain
embodiments, M is —C=C—. In certain embodiments, M is
a C; hydrocarbon chain substituted with one or more R™
groups. In certain embodiments, M is —C(R*),—C(R™)
+—C(RM),—. In certain embodiments, M is —(CH,);—. In
certain embodiments, M is —C(R*)=—CR)—CR*),—,
wherein C—C is cis or trans. In certain embodiments, M is
—CRM),—CRM")=CR™)—, wherein C=C is cis or
trans. In certain embodiments, M is —C—C(R*),—. In
certain embodiments, M is —C(R*),—C=C—. In certain
embodiments, M is a C, hydrocarbon chain substituted with
one or more R™ groups. In certain embodiments, M is
—CRM),—CRM RM),—CRM),—CRM™)—. In certain
embodiments, M is —(CH,),—. In certain embodiments, M
is —CRM)=CR)—CR™),—C([R™),—, wherein C=C
is cis or trans. In certain embodiments, M is —C(R*),(R™)
—C(RM)—CRM),—, wherein C—C is cis or trans. In
certain embodiments, M is —C(R),—C(R™),—CR™)
—C(R*)—, wherein C—C is cis or trans. In certain embodi-
ments, M is —C=sC—CRM),—C[R),—. In certain
embodiments, M is C(R™),C=C—C(R*),-. In certain
embodiments, M is —C(R*),—C(R™),—C=C—. In certain
embodiments, M is —C(R)=C(R)—CR)=C(R™)—,
wherein each occurrence of C—C is independently cis or
trans. In certain embodiments, M is —C(R*)—=CR™)—
C=C—, wherein C—C is cis or trans. In certain embodi-
ments, M is —C=C—C(R*)—=C(R™)—, wherein the C—=C
is c¢is or trans. In certain embodiments, M is —C=C—
C=C—. In certain embodiments, M is a C5 hydrocarbon
chain substituted with one or more R* groups. In certain
embodiments, M is —C(R*),—C(RM),—C(R*)(R*) (R™)
,—. In certain embodiments, M is —(CH,)s;—. In certain
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embodiments, M is a C4 hydrocarbon chain substituted with
one or more R™ groups. In certain embodiments, M is
—CRM),—CRM),—CRM),—CRM),—CR),—CR™)
»— In certain embodiments, M is —(CH,)s—. In certain
embodiments, one or more carbon units of the hydrocarbon
chain is replaced with —O—, —S—, —NR*", —NRMC
(=0)—, —C(=O)NR™—, —SC(=0)—, —C(=0)S—,
—OC(=0)—, —C(=0)0—, —NRMC(=S)—, —C(=S)
NRM_—, trans-CR¥—CRM—, cis-CR™—CRM—
—C=C—, —S(=0),0—, —0S(=0),—, —S(=0)
MNRM— or —NRS(=0),—. In certain embodiments, M
is —NH—.

[0152] In certain embodiments, at least one R* is H. In
certain embodiments, at least one R* is halogen. In certain
embodiments, at least one R* is F. In certain embodiments,
at least one R* is Cl. In certain embodiments, at least one
R™ is Br. In certain embodiments, at least one R is I
(iodine). In certain embodiments, at least one R* is substi-
tuted alkyl. In certain embodiments, at least one R™ is
unsubstituted alkyl. In certain embodiments, at least one R*
is C,_4 alkyl. In certain embodiments, at least one R is
methyl. In certain embodiments, at least one R* is ethyl. In
certain embodiments, at least one R* is propyl. In certain
embodiments, at least one R* is butyl. In certain embodi-
ments, at least one R* is substituted alkenyl. In certain
embodiments, at least one R* is unsubstituted alkenyl. In
certain embodiments, at least one R* is vinyl. In certain
embodiments, at least one R™ is substituted alkynyl. In
certain embodiments, at least one R™ is unsubstituted alky-
nyl. In certain embodiments, at least one R* is ethynyl. In
certain embodiments, at least one R is substituted carbo-
cyclyl. In certain embodiments, at least one R* is unsubsti-
tuted carbocyclyl. In certain embodiments, at least one R*
is substituted heterocyclyl. In certain embodiments, at least
one R™ is unsubstituted heterocyclyl. In certain embodi-
ments, at least one R™ is substituted aryl. In certain embodi-
ments, at least one R™ is unsubstituted aryl. In certain
embodiments, at least one R* is substituted phenyl. In
certain embodiments, at least one R* is unsubstituted phe-
nyl. In certain embodiments, at least one R* is substituted
heteroaryl. In certain embodiments, at least one R™ is
unsubstituted heteroaryl. In certain embodiments, at least
one R* is substituted pyridyl. In certain embodiments, at
least one R* is unsubstituted pyridyl. In certain embodi-
ments, two R™ groups are joined to form a substituted
carbocyclic ring. In certain embodiments, two R* groups are
joined to form an unsubstituted carbocyclic ring. In certain
embodiments, two R* groups are joined to form a substi-
tuted heterocyclic ring. In certain embodiments, two R*
groups are joined to form an unsubstituted heterocyclic ring.
In certain embodiments, two R* groups are joined to form
a substituted aryl ring. In certain embodiments, two R
groups are joined to form an unsubstituted aryl ring. In
certain embodiments, two R* groups are joined to form a
substituted phenyl ring. In certain embodiments, two R™
groups are joined to form an unsubstituted phenyl ring. In
certain embodiments, two R* groups are joined to form a
substituted heteroaryl ring. In certain embodiments, two R™
groups are joined to form an unsubstituted heteroaryl ring.

[0153] Compounds of Formula (I) include an optionally
substituted carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl, or optionally substituted het-
eroaryl ring as Ring C. Ring C may be substituted with one
or more R groups. R may be a substituent on a carbon
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atom or heteroatom, as valency permits. In certain embodi-
ments, Ring C is a substituted carbocyclic ring. In certain
embodiments, Ring C is an unsubstituted carbocyclic ring.
In certain embodiments, Ring C is a saturated carbocyclic
ring. In certain embodiments, Ring C is an unsaturated
carbocyclic ring. In certain embodiments, Ring C is a
monocyclic carbocyclic ring. In certain embodiments, Ring
C is a bicyclic carbocyclic ring. In certain embodiments,
Ring C is an optionally substituted carbocyclic ring fused
with one or more optionally substituted carbocyclic, option-
ally substituted heterocyclic, optionally substituted aryl, or
optionally substituted heteroaryl groups wherein the point of
attachment is on the carbocyclic ring.

[0154] Ring C of Formula (I) may be an optionally sub-
stituted heterocyclic ring. In certain embodiments, Ring C is
a substituted heterocyclic ring. In certain embodiments,
Ring C is an unsubstituted heterocyclic ring. In certain
embodiments, Ring C is a saturated heterocyclic ring. In
certain embodiments, Ring C is an unsaturated heterocyclic
ring. In certain embodiments, Ring C is a monocyclic
heterocyclic ring. In certain embodiments, Ring C is a
bicyclic heterocyclic ring. In certain embodiments, Ring C
is an optionally substituted heterocyclic ring fused with one
or more optionally substituted carbocyclic, optionally sub-
stituted heterocyclic, optionally substituted aryl, or option-
ally substituted heteroaryl groups wherein the point of
attachment is on the heterocyclic ring.

[0155] Ring C of Formula (I) may be an optionally sub-
stituted aryl ring. In certain embodiments, Ring C is a
substituted aryl ring. In certain embodiments, Ring C is an
unsubstituted aryl ring. In certain embodiments, Ring C is a
monocyclic aryl ring. In certain embodiments, Ring C is
substituted phenyl. In certain embodiments, Ring C is
unsubstituted phenyl. In certain embodiments, Ring C is a
bicyclic aryl ring. In certain embodiments, Ring C is sub-
stituted naphthyl. In certain embodiments, Ring C is unsub-
stituted naphthyl. In certain embodiments, Ring C is a
tricyclic aryl ring. In certain embodiments, Ring C is sub-
stituted anthracenyl. In certain embodiments, Ring C is
unsubstituted anthracenyl. In certain embodiments, Ring C
is an optionally substituted aryl ring fused with one or more
optionally substituted carbocyclic, optionally substituted
heterocyclic, optionally substituted aryl, or optionally sub-
stituted heteroaryl groups wherein the point of attachment is
on the aryl ring.

[0156] In certain embodiments, the compound of Formula
(D is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.
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[0157] In certain embodiments, the compound of Formula
(D) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0158] In certain embodiments, the compound of Formula
(D) is of the formula:

RD

R/

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0159] Ring C of Formula (I) may also be an optionally
substituted heteroaryl ring. In certain embodiments, Ring C
is a substituted heteroaryl ring. In certain embodiments,
Ring C is an unsubstituted heteroaryl ring. In certain
embodiments, Ring C is a monocyclic heteroaryl ring. In
certain embodiments, Ring C is a 5S-membered monocyclic
heteroaryl ring. In certain embodiments, Ring C is a 5-mem-
bered monocyclic heteroaryl ring with one heteroatom
selected from the group consisting of S, N, and O. In certain
embodiments, Ring C is a 5-membered monocyclic het-
eroaryl ring with two heteroatoms selected from the group
consisting of S, N, and O. In certain embodiments, Ring C
is a 5-membered monocyclic heteroaryl ring with three
heteroatoms selected from the group consisting of S, N, and
O. In certain embodiments, Ring C is substituted pyrrolyl. In
certain embodiments, Ring C is unsubstituted pyrrolyl. In
certain embodiments, Ring C is substituted furanyl. In
certain embodiments, Ring C is unsubstituted furanyl. In
certain embodiments, Ring C is substituted thienyl. In
certain embodiments, Ring C is unsubstituted thienyl. In
certain embodiments, Ring C is substituted pyrazolyl. In
certain embodiments, Ring C is unsubstituted pyrazolyl. In
certain embodiments, Ring C is substituted imidazolyl. In
certain embodiments, Ring C is unsubstituted imidazolyl. In
certain embodiments, Ring C is substituted oxazolyl. In
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certain embodiments, Ring C is unsubstituted oxazolyl. In
certain embodiments, Ring C is substituted isoxazolyl. In
certain embodiments, Ring C is unsubstituted isoxazolyl. In
certain embodiments, Ring C is substituted thiazolyl. In
certain embodiments, Ring C is unsubstituted thiazolyl. In
certain embodiments, Ring C is substituted isothiazolyl. In
certain embodiments, Ring C is unsubstituted isothiazolyl.
In certain embodiments, Ring C is substituted triazolyl. In
certain embodiments, Ring C is unsubstituted triazolyl. In
certain embodiments, Ring C is substituted oxadiazolyl. In
certain embodiments, Ring C is unsubstituted oxadiazolyl.
In certain embodiments, Ring C is substituted thiadiazolyl.
In certain embodiments, Ring C is unsubstituted thiadiaz-
olyl. In certain embodiments, Ring C is a 6-membered
monocyclic heteroaryl ring. In certain embodiments, Ring C
is a 6-membered monocyclic heteroaryl ring with one het-
eroatom selected from the group consisting of S, N, and O.
In certain embodiments, Ring C is a 6-membered monocy-
clic heteroaryl ring with two heteroatoms selected from the
group consisting of S; N, and O. In certain embodiments,
Ring C is a 6-membered monocyclic heteroaryl ring with
three heteroatoms selected from the group consisting of S,
N, and O. In certain embodiments, Ring C is substituted
pyridyl. In certain embodiments, Ring C is unsubstituted
pyridyl. In certain embodiments, Ring C is substituted
pyridazinyl. In certain embodiments, Ring C is unsubsti-
tuted pyridazinyl. In certain embodiments, Ring C is sub-
stituted pyrimidinyl. In certain embodiments, Ring C is
unsubstituted pyrimidinyl. In certain embodiments, Ring C
is substituted pyrazinyl. In certain embodiments, Ring C is
unsubstituted pyrazinyl. In certain embodiments, Ring C is
substituted triazinyl. In certain embodiments, Ring C is
unsubstituted triazinyl. In certain embodiments, Ring C is an
optionally substituted heteroaryl ring fused with one or more
optionally substituted carbocyclic, optionally substituted
heterocyclic, optionally substituted aryl, or optionally sub-
stituted heteroaryl groups wherein the point of attachment is
on any one of the heteroaryl ring, or carbocyclic, heterocy-
clic, aryl, or heteroaryl groups, as valency permits. In certain
embodiments, Ring C is a bicyclic heteroaryl ring. In certain
embodiments, Ring C is an optionally substituted heteroaryl
ring fused with an optionally substituted phenyl ring. In
certain embodiments, Ring C is substituted indolyl. In
certain embodiments, Ring C is unsubstituted indolyl. In
certain embodiments, Ring C is substituted isoindolyl. In
certain embodiments, Ring C is unsubstituted isoindolyl. In
certain embodiments, Ring C is substituted indazolyl. In
certain embodiments, Ring C is unsubstituted indazolyl. In
certain embodiments, Ring C is substituted benzothienyl. In
certain embodiments, Ring C is unsubstituted benzothienyl.
In certain embodiments, Ring C is substituted isobenzoth-
ienyl. In certain embodiments, Ring C is unsubstituted
isobenzothienyl. In certain embodiments, Ring C is substi-
tuted benzofuranyl. In certain embodiments, Ring C is
unsubstituted benzofuranyl. In certain embodiments, Ring C
is substituted benzoisofuranyl. In certain embodiments,
Ring C is unsubstituted benzoisofuranyl. In certain embodi-
ments, Ring C is substituted benzimidazolyl. In certain
embodiments, Ring C is unsubstituted benzimidazolyl. In
certain embodiments, Ring C is substituted benzoxazolyl. In
certain embodiments, Ring C is unsubstituted benzoxazolyl.
In certain embodiments, Ring C is substituted benzisox-
azolyl. In certain embodiments, Ring C is unsubstituted
benzisoxazolyl. In certain embodiments, Ring C is substi-
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tuted benzothiazolyl. In certain embodiments, Ring C is
unsubstituted benzothiazolyl. In certain embodiments, Ring
C is substituted benzisothiazolyl. In certain embodiments,
Ring C is unsubstituted benzisothiazolyl. In certain embodi-
ments, Ring C is substituted benzotriazolyl. In certain
embodiments, Ring C is unsubstituted benzotriazolyl. In
certain embodiments, Ring C is substituted benzoxadiazolyl.
In certain embodiments, Ring C is unsubstituted benzoxadi-
azolyl. In certain embodiments, Ring C is substituted qui-
nolinyl. In certain embodiments, Ring C is unsubstituted
quinolinyl. In certain embodiments, Ring C is substituted
isoquinolinyl. In certain embodiments, Ring C is unsubsti-
tuted isoquinolinyl. In certain embodiments, Ring C is
substituted cinnolinyl. In certain embodiments, Ring C is
unsubstituted cinnolinyl. In certain embodiments, Ring C is
substituted quinoxalinyl. In certain embodiments, Ring C is
unsubstituted quinoxalinyl. In certain embodiments, Ring C
is substituted phthalazinyl. In certain embodiments, Ring C
is unsubstituted phthalazinyl. In certain embodiments, Ring
C is substituted quinazolinyl. In certain embodiments, Ring
C is unsubstituted quinazolinyl. In certain embodiments,
Ring C is a tricyclic heteroaryl ring.

[0160] In certain embodiments, the compound of Formula
(D) is of the formula:
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-continued

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0161] In certain embodiments, the compound of Formula
(D is of the formula:
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-continued

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0162] In certain embodiments, the compound of Formula
(D) is of the formula:

7
®RYy—
RO,
7
R
/

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0163] Ring C of Formula (I) may be unsubstituted or
substituted with one or more R groups. R may be attached
to a carbon atom or heteroatom, as valency permits. In
certain embodiments, Ring C is unsubstituted, and thus n is
0. In certain embodiments, n is 1. In certain embodiments,
the compound of Formula (I) is of the formula:

RD
i

RC

RY—

\
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®RY—
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®RYe—
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N
RD
L

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0164] In certain embodiments, the compound of Formula
(D is of the formula:

R

R

\
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-continued

I AN AN
RY—
F N/
RD
it
/@\ O
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M ,
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RY—
P N/
RD
v
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F N/

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0165] In certain embodiments, n is 2. In certain embodi-
ments, the compound of Formula (I) is of the formula:

RD
v
RS RE
0
N ,
M
I AN AN
(RA)k_I
P
N
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-continued
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®RY/

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0166] In certain embodiments, n is 3. In certain embodi-
ments, n is 4.
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[0167] In certain embodiments, at least one R< is H. In
certain embodiments, at least one R is halogen. In certain
embodiments, at least one R is F. In certain embodiments,
at least one R is Cl. In certain embodiments, at least one R¢
is Br. In certain embodiments, at least one R is I (iodine).
In certain embodiments, at least one R is substituted acyl.
In certain embodiments, at least one R¢ is unsubstituted
acyl. In certain embodiments, at least one R is acetyl. In
certain embodiments, at least one R is substituted alkyl. In
certain embodiments, at least one R€ is unsubstituted alkyl.
In certain embodiments, at least one R< is C, 4 alkyl. In
certain embodiments, at least one R€ is methyl. In certain
embodiments, at least one R is ethyl. In certain embodi-
ments, at least one R is propyl. In certain embodiments, at
least one R is butyl. In certain embodiments, at least one R¢
is substituted alkenyl. In certain embodiments, at least one
R€ is unsubstituted alkenyl. In certain embodiments, at least
one R€ is substituted alkynyl. In certain embodiments, at
least one R is unsubstituted alkynyl. In certain embodi-
ments, at least one R is substituted carbocyclyl. In certain
embodiments, at least one R is unsubstituted carbocyclyl.
In certain embodiments, at least one R is substituted
heterocyclyl. In certain embodiments, at least one R is
unsubstituted heterocyclyl. In certain embodiments, at least
one R€ is substituted aryl. In certain embodiments, at least
one R is unsubstituted aryl. In certain embodiments, at least
one R is substituted phenyl. In certain embodiments, at
least one R€ is unsubstituted phenyl. In certain embodi-
ments, at least one R is substituted heteroaryl. In certain
embodiments, at least one R is unsubstituted heteroaryl. In
certain embodiments, at least one R is substituted pyridyl.
In certain embodiments, at least one RS is unsubstituted
pyridyl. In certain embodiments, at least one R is —OR“".
In certain embodiments, at least one R is —OH. In certain
embodiments, at least one R is —N(R"),. In certain
embodiments, at least one R is —NH,. In certain embodi-
ments, at least one R is —SR". In certain embodiments, at
least one R is —SH.

[0168] In certain embodiments, when R is —OR!,
—N(R),, or —SR", at least one R is H. In certain
embodiments, at least one R! is substituted acyl. In certain
embodiments, at least one R<! is unsubstituted acyl. In
certain embodiments, at least one R<" is acetyl. In certain
embodiments, at least one R<* is substituted alkyl. In certain
embodiments, at least one R! is unsubstituted alkyl. In
certain embodiments, at least one R<? is C, 4 alkyl. In
certain embodiments, at least one R“* is methyl. In certain
embodiments, at least one R! is ethyl. In certain embodi-
ments, at least one R“" is propyl. In certain embodiments, at
least one R! is butyl. In certain embodiments, at least one
R is substituted alkenyl. In certain embodiments, at least
one R! is unsubstituted alkenyl. In certain embodiments, at
least one R<" is substituted alkynyl. In certain embodiments,
at least one R? is unsubstituted alkynyl. In certain embodi-
ments, at least one R“" is substituted carbocyclyl. In certain
embodiments, at least one R<* is unsubstituted carbocyclyl.
In certain embodiments, at least one RS' is substituted
heterocyclyl. In certain embodiments, at least one R<* is
unsubstituted heterocyclyl. In certain embodiments, at least
one R“! is substituted aryl. In certain embodiments, at least
one R¢' is unsubstituted aryl. In certain embodiments, at
least one R“" is substituted phenyl. In certain embodiments,
at least one R is unsubstituted phenyl. In certain embodi-
ments, at least one R" is substituted heteroaryl. In certain
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embodiments, at least one R“" is unsubstituted heteroaryl. In
certain embodiments, at least one R* is substituted pyridyl.
In certain embodiments, at least one R“* is unsubstituted
pyridyl. In certain embodiments, at least one R“' is a
nitrogen protecting group when attached to a nitrogen atom.
In certain embodiments, at least one R! is Bn, BOC, Cbz,
Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when attached
to a nitrogen atom. In certain embodiments, R“! is an
oxygen protecting group when attached to an oxygen atom.
In certain embodiments, R“? is silyl, TBDPS, TBDMS,
TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl, acetyl,
pivaloyl, or benzoyl when attached to an oxygen atom. In
certain embodiments, R<! is a sulfur protecting group when
attached to a sulfur atom. In certain embodiments, R“" is
acetamidomethyl, t-Bu, 3-nitro-2-pyridine sulfenyl, 2-pyri-
dine-sulfenyl, or triphenylmethyl when attached to a sulfur
atom. In certain embodiments, two R* groups are joined to
form a substituted heterocyclic ring. In certain embodi-
ments, two R groups are joined to form an unsubstituted
heterocyclic ring.

[0169] In certain embodiments, R is substituted C,_
alkyl; and n is 1. In certain embodiments, R is unsubstituted
C,.s alkyl; and n is 1. In certain embodiments, R is methyl;
and n is 1. In certain embodiments, R is ethyl; and n is 1.
In certain embodiments, R€ is propyl; and n is 1. In certain
embodiments, R is butyl; and n is 1. In certain embodi-
ments, R is halogen; and nis 1. In certain embodiments, R
is F; and n is 1. In certain embodiments, R€ is Cl; and n is
1. In certain embodiments, R€ is Br; and n is 1. In certain
embodiments, R is I (iodine); and n is 1.

[0170] In compounds of Formula (I), linker L is a divalent
linker moiety. L. may be a bond. In certain embodiments, L.
is a single bond. L. may also be a C, 4 hydrocarbon chain. L.
may be saturated or unsaturated. [. may be substituted or
unsubstituted. L may also be branched or unbranched. In
certain embodiments, L is a C, hydrocarbon chain substi-
tuted with one or more R” groups. In certain embodiments,
L is —C(R*),—. In certain embodiments, L is —CH,—. In
certain embodiments, L is a C, hydrocarbon chain substi-
tuted with one or more R” groups. In certain embodiments,
L is —CR"),—C(R*),—. In certain embodiments, L is
—CHR*—CHR*—. In certain embodiments, L is —(CH.,)
»— In certain embodiments, L is trans-CR*—=CR*—. In
certain embodiments, L is trans-CH—CH-—. In certain
embodiments, L is cis-CR*—CR*—. In certain embodi-
ments, L is cis-CH—CH—. In certain embodiments, L is
—C=C—. In certain embodiments, L is a C; hydrocarbon
chain substituted with one or more R” groups. In certain
embodiments, L is —C(RF),—C(R"),—CR"),—. In cer-
tain embodiments, [. is —(CH,);—. In certain embodi-
ments, L is —C(RFC(RH=C(R%),—, wherein C=C is cis
or trans. In certain embodiments, L is —C(R%),(RH)C
(RH)—, wherein C—C is cis or trans. In certain embodi-
ments, L is —C=C—C(R%),—. In certain embodiments, L is
—CRYH,—C=C—. In certain embodiments, L is a C,
hydrocarbon chain substituted with one or more R* groups.
In certain embodiments, L is —C(R%),—C(R*),—C(R"),—
C(RE),—C(R¥),—. In certain embodiments, L. is —(CH,)
,— In certain embodiments, L is —C(R*)=CRH—CR
(RE),—C(RY),—, wherein C=C is cis or trans. In certain
embodiments, L is —C(RF),—CRH=CRH—CR"),—,
wherein C—C is cis or trans. In certain embodiments, L is
—C(RE),C(RERE),—C(RFC(RF)—, wherein C—C is cis
or trans. In certain embodiments, L is —C=C—C(R*),—C

Apr. 18,2019

(RF),—. In certain embodiments, L is —C(R%),—C=C—C
(RF),—. In certain embodiments, L is —C(R%),—C(R%),—
C=C—. In certain embodiments, L is —C(R")=C(R»)—C
(RF)—, wherein each occurrence of C—C is independently
cis or trans. In certain embodiments, L is —C(RH)=C
(RFY—C=C—, wherein C=C is cis or trans. In certain
embodiments, L is —C=C—CRHCR")—, wherein the
C—C is cis or trans. In certain embodiments, L is —C=C—
C=C—. In certain embodiments, L is a C5 hydrocarbon
chain substituted with one or more R” groups. In certain
embodiments, L is —C(RF),—C(R"),—C(RF) (RF),—C
(RF),—. In certain embodiments, L is —(CH,)s—. In cer-
tain embodiments, L is a Cg hydrocarbon chain substituted
with one or more R* groups. In certain embodiments, L is
CRH,—CRH),—CRH,—CR"),—CRH),—. In certain
embodiments, L. is —(CH,),—. In certain embodiments, one
or more carbon units of the hydrocarbon chain is replaced
with —O—, —S—, —NR*—, —NR*C(=0)—, —C(=0)

NRf—, —SC(=0)—, —C(=0)S—, —OC(=—O0)—,
—C(=0)0—, —NR*C(=S)—, —C(=S)NR*—, trans-
CRFCR*—CRZ, cis-CR*—=CR*—, —C—=C—, —S(=0)

50—, —OS(=0),—, —S(=0),NR*—, or —NR*$(=0)
5

[0171] In certain embodiments, at least one R* is H. In
certain embodiments, at least one R” is halogen. In certain
embodiments, at least one R” is F. In certain embodiments,
at least one R” is Cl. In certain embodiments, at least one R”
is Br. In certain embodiments, at least one R” is I (iodine).
In certain embodiments, at least one R” is substituted alkyl.
In certain embodiments, at least one R” is unsubstituted
alkyl. In certain embodiments, at least one R” is C,_g alkyl.
In certain embodiments, at least one R” is methyl. In certain
embodiments, at least one R” is ethyl. In certain embodi-
ments, at least one R is propyl. In certain embodiments, at
least one R” is butyl. In certain embodiments, at least one R*
is substituted alkenyl. In certain embodiments, at least one
R” is unsubstituted alkenyl. In certain embodiments, at least
one R” is vinyl. In certain embodiments, at least one R” is
substituted alkynyl. In certain embodiments, at least one R”
is unsubstituted alkynyl. In certain embodiments, at least
one R” is ethynyl. In certain embodiments, at least one R” is
substituted carbocyclyl. In certain embodiments, at least one
R” is unsubstituted carbocyclyl. In certain embodiments, at
least one R” is substituted heterocyclyl. In certain embodi-
ments, at least one R* is unsubstituted heterocyclyl. In
certain embodiments, at least one R” is substituted aryl. In
certain embodiments, at least one R” is unsubstituted aryl. In
certain embodiments, at least one R” is substituted phenyl.
In certain embodiments, at least one R” is unsubstituted
phenyl. In certain embodiments, at least one R” is substi-
tuted heteroaryl. In certain embodiments, at least one R is
unsubstituted heteroaryl. In certain embodiments, at least
one R is substituted pyridyl. In certain embodiments, at
least one R” is unsubstituted pyridyl. In certain embodi-
ments, two R® groups are joined to form a substituted
carbocyclic ring. In certain embodiments, two R groups are
joined to form an unsubstituted carbocyclic ring. In certain
embodiments, two R” groups are joined to form a substituted
heterocyclic ring. In certain embodiments, two RZ groups
are joined to form an unsubstituted heterocyclic ring. In
certain embodiments, two RZ groups are joined to form a
substituted aryl ring. In certain embodiments, two R” groups
are joined to form an unsubstituted aryl ring. In certain
embodiments, two R groups are joined to form a substituted
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phenyl ring. In certain embodiments, two R” groups are
joined to form an unsubstituted phenyl ring. In certain
embodiments, two R groups are joined to form a substituted
heteroaryl ring. In certain embodiments, two R* groups are
joined to form an unsubstituted heteroaryl ring.

[0172] Incompounds of Formula (I), R” is a substituent on
Ring C through linker L. In certain embodiments, R®
comprises a Michael acceptor moiety. This Michael acceptor
moiety may react with a cysteine or other nucleophilic
residue of a kinase (e.g., bone marrow kinase on X chro-
mosome (BMX) or other Tec kinase) to allow covalent
attachment of the compound to the kinase. In certain
embodiments, the covalent attachment is irreversible. In
other embodiments, the covalent attachment is reversible. In
certain embodiments, R” is of Formula (i-1). In certain
embodiments, R” is of Formula (i-2). In certain embodi-
ments, R” is of Formula (i-3). In certain embodiments, R”
is of Formula (i-4). In certain embodiments, R” is of
Formula (i-5). In certain embodiments, R” is of Formula
(i-6). In certain embodiments, R” is of Formula (i-7). In
certain embodiments, R” is of Formula (i-8). In certain
embodiments, R” is of Formula (i-9). In certain embodi-
ments, R” is of Formula (i-10). In certain embodiments, R”
is of Formula (i-11). In certain embodiments, R” is of
Formula (i-12). In certain embodiments, R” is of Formula
(i-13). In certain embodiments, R” is of Formula (i-14). In
certain embodiments, R” is of Formula (i-15). In certain
embodiments, R” is of Formula (i-16). In certain embodi-
ments, R” is of Formula (i-17).

[0173] In compounds of Formula (I), R” may include a
substituent R In certain embodiments, R is H. In certain
embodiments, R®* is halogen. In certain embodiments, R
is F. In certain embodiments, R”" is Cl. In certain embodi-
ments, R”" is Br. In certain embodiments, R”" is I (iodine).
In certain embodiments, R”! is substituted acyl. In certain
embodiments, R”" is unsubstituted acyl. In certain embodi-
ments, R is acetyl. In certain embodiments, R”" is sub-
stituted alkyl. In certain embodiments, R”* is unsubstituted
alkyl. In certain embodiments, R” is C,_, alkyl. In certain
embodiments, R”" is methyl. In certain embodiments, R
is ethyl. In certain embodiments, R is propyl. In certain
embodiments, R”! is butyl. In certain embodiments, R”! is
substituted alkenyl. In certain embodiments, R”* is unsub-
stituted alkenyl. In certain embodiments, R”" is substituted
alkynyl. In certain embodiments, R”* is unsubstituted alky-
nyl. In certain embodiments, R”* is substituted carbocyclyl.
In certain embodiments, R™! is unsubstituted carbocyclyl. In
certain embodiments, R®! is substituted heterocyclyl. In
certain embodiments, R”" is unsubstituted heterocyclyl. In
certain embodiments, R?* is substituted aryl. In certain
embodiments, R”! is unsubstituted aryl. In certain embodi-
ments, R is substituted phenyl. In certain embodiments,
R”! is unsubstituted phenyl. In certain embodiments, R is
substituted heteroaryl. In certain embodiments, R”" is
unsubstituted heteroaryl. In certain embodiments, R”" is
substituted pyridyl. In certain embodiments, R is unsub-
stituted pyridyl. In certain embodiments, R”* is —CN. In
certain embodiments, R”' is —NO,. In certain embodi-
ments, RP?! is —ORP'. In certain embodiments, R is
—N(R"*a),. In certain embodiments, R”* is —SR?'?, In
certain embodiments, R” is —CH,OR”'“. In certain
embodiments, R?* is —CH,N(R”'a),. In certain embodi-
ments, R”* is —CH,SR”'“.
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[0174] In certain embodiments, at least one R”*“is H. In
certain embodiments, at least one R is substituted acyl. In
certain embodiments, at least one R”'# is unsubstituted acyl.
In certain embodiments, at least one R”'“ is acetyl. In
certain embodiments, at least one R”'“ is substituted alkyl.
In certain embodiments, at least one R”*¢ is unsubstituted
alkyl. In certain embodiments, at least one R is C,_, alkyl.
In certain embodiments, at least one R”** is methyl. In
certain embodiments, at least one R”'* is ethyl. In certain
embodiments, at least one R”* is propyl. In certain embodi-
ments, at least one R”' is butyl. In certain embodiments, at
least one R”'“ is substituted alkenyl. In certain embodi-
ments, at least one R”*“ is unsubstituted alkenyl. In certain
embodiments, at least one R”'# is substituted alkynyl. In
certain embodiments, at least one R”'® is unsubstituted
alkynyl. In certain embodiments, at least one R”'“ is sub-
stituted carbocyclyl. In certain embodiments, at least one
R”' is unsubstituted carbocyclyl. In certain embodiments,
at least one RP'? is substituted heterocyclyl. In certain
embodiments, at least one R”*® is unsubstituted heterocy-
clyl. In certain embodiments, at least one R”'“ is substituted
aryl. In certain embodiments, at least one R”'“ is unsubsti-
tuted aryl. In certain embodiments, at least one R”'® is
substituted phenyl. In certain embodiments, at least one
R”' is unsubstituted phenyl. In certain embodiments, at
least one R”'“ is substituted heteroaryl. In certain embodi-
ments, at least one R™”'® is unsubstituted heteroaryl. In
certain embodiments, at least one RP!% is substituted
pyridyl. In certain embodiments, at least one R”* is unsub-
stituted pyridyl. In certain embodiments, at least one R”** is
a nitrogen protecting group when attached to a nitrogen
atom. In certain embodiments, at least one R”' is Bn, BOC,
Cbz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when
attached to a nitrogen atom. In certain embodiments, R”'# is
an oxygen protecting group when attached to an oxygen
atom. In certain embodiments, R®'* is silyl, TBDPS,
TBDMS, TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl,
acetyl, pivaloyl, or benzoyl when attached to an oxygen
atom. In certain embodiments, R”'“ is a sulfur protecting
group when attached to a sulfur atom. In certain embodi-
ments, R”' is acetamidomethyl, t-Bu, 3-nitro-2-pyridine
sulfenyl, 2-pyridine-sulfenyl, or triphenylmethyl when
attached to a sulfur atom. In certain embodiments, two R”'¢
groups are joined to form a substituted heterocyclic ring. In
certain embodiments, two R”'“ groups are joined to form an
unsubstituted heterocyclic ring.

[0175] In compounds of Formula (I), R” may include a
substituent R”2. In certain embodiments, R is H. In certain
embodiments, R”? is halogen. In certain embodiments, R”>
is F. In certain embodiments, R”? is Cl. In certain embodi-
ments, R is Br. In certain embodiments, R is I (iodine).
In certain embodiments, R”? is substituted acyl. In certain
embodiments, R is unsubstituted acyl. In certain embodi-
ments, R is acetyl. In certain embodiments, R”* is sub-
stituted alkyl. In certain embodiments, R™? is unsubstituted
alkyl. In certain embodiments, R”? is C, 4 alkyl. In certain
embodiments, R is methyl. In certain embodiments, R”>
is ethyl. In certain embodiments, R®? is propyl. In certain
embodiments, R”? is butyl. In certain embodiments, R”> is
substituted alkenyl. In certain embodiments, R is unsub-
stituted alkenyl. In certain embodiments, R”? is substituted
alkynyl. In certain embodiments, R”? is unsubstituted alky-
nyl. In certain embodiments, R? is substituted carbocyclyl.
In certain embodiments, R™2 is unsubstituted carbocyclyl. In
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certain embodiments, RP? is substituted heterocyclyl. In
certain embodiments, R”? is unsubstituted heterocyclyl. In
certain embodiments, R”? is substituted aryl. In certain
embodiments, R?? is unsubstituted aryl. In certain embodi-
ments, R?? is substituted phenyl. In certain embodiments,
R?? is unsubstituted phenyl. In certain embodiments, R”? is
substituted heteroaryl. In certain embodiments, R”? is
unsubstituted heteroaryl. In certain embodiments, R?? is
substituted pyridyl. In certain embodiments, R is unsub-
stituted pyridyl. In certain embodiments, R”* is —CN. In
certain embodiments, R?? is —NO,. In certain embodi-
ments, R?? is —OR”?“. In certain embodiments, R”? is
—N(R??%),. In certain embodiments, R”* is —SR??%. In
certain embodiments, R™* is —CH,OR"?“. In certain
embodiments, R”? is —CH,N(R?>%),. In certain embodi-
ments, R?? is —CH,SR”?“.

[0176] In certain embodiments, at least one R”?% is H. In
certain embodiments, at least one R”> is substituted acyl. In
certain embodiments, at least one RP>“ is unsubstituted acyl.
In certain embodiments, at least one RP*® is acetyl. In
certain embodiments, at least one R”>“ is substituted alkyl.
In certain embodiments, at least one RP?% is unsubstituted
alkyl. In certain embodiments, at least one R”>is C, _ alkyl.
In certain embodiments, at least one R”?¢ is methyl. In
certain embodiments, at least one R is ethyl. In certain
embodiments, at least one R”>“ is propyl. In certain embodi-
ments, at least one R”> is butyl. In certain embodiments, at
least one R?* is substituted alkenyl. In certain embodi-
ments, at least one R is unsubstituted alkenyl. In certain
embodiments, at least one RP>“ is substituted alkynyl. In
certain embodiments, at least one R”?* is unsubstituted
alkynyl. In certain embodiments, at least one RP*“ is sub-
stituted carbocyclyl. In certain embodiments, at least one
RP? is unsubstituted carbocyclyl. In certain embodiments,
at least one RP?“ is substituted heterocyclyl. In certain
embodiments, at least one R”>“ is unsubstituted heterocy-
clyl. In certain embodiments, at least one R”> is substituted
aryl. In certain embodiments, at least one R is unsubsti-
tuted aryl. In certain embodiments, at least one RP*“ is
substituted phenyl. In certain embodiments, at least one
RP?? is unsubstituted phenyl. In certain embodiments, at
R is substituted heteroaryl. In certain embodi-
ments, at least one RP?% is unsubstituted heteroaryl. In
certain embodiments, at least one RP?? is substituted
pyridyl. In certain embodiments, at least one R”># is unsub-
stituted pyridyl. In certain embodiments, at least one R”>“ is
a nitrogen protecting group when attached to a nitrogen
atom. In certain embodiments, at least one R”>“ is Bn, BOC,
Cbz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when
attached to a nitrogen atom. In certain embodiments, R?>“ is
an oxygen protecting group when attached to an oxygen
atom. In certain embodiments, R”>¢ is silyl, TBDPS,
TBDMS, TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl,
acetyl, pivaloyl, or benzoyl when attached to an oxygen
atom. In certain embodiments, R”>“ is a sulfur protecting
group when attached to a sulfur atom. In certain embodi-
ments, RP?? is acetamidomethyl, t-Bu, 3-nitro-2-pyridine
sulfenyl, 2-pyridine-sulfenyl, or triphenylmethyl when
attached to a sulfur atom. In certain embodiments, two R?2%
groups are joined to form a substituted heterocyclic ring. In
certain embodiments, two R”>“ groups are joined to form an
unsubstituted heterocyclic ring.

[0177] In compounds of Formula (I), R may include a
substituent R™2. In certain embodiments, R is H. In certain

least one

Apr. 18,2019

embodiments, R™® is halogen. In certain embodiments, R?>
is F. In certain embodiments, R”? is Cl. In certain embodi-
ments, R?? is Br. In certain embodiments, R”* is I (iodine).
In certain embodiments, R™> is substituted acyl. In certain
embodiments, R™® is unsubstituted acyl. In certain embodi-
ments, R is acetyl. In certain embodiments, R”* is sub-
stituted alkyl. In certain embodiments, R is unsubstituted
alkyl. In certain embodiments, R?> is C,_4 alkyl. In certain
embodiments, R®® is methyl. In certain embodiments, R?
is ethyl. In certain embodiments, R®® is propyl. In certain
embodiments, R is butyl. In certain embodiments, R is
substituted alkenyl. In certain embodiments, R is unsub-
stituted alkenyl. In certain embodiments, R”? is substituted
alkynyl. In certain embodiments, R is unsubstituted alky-
nyl. In certain embodiments, R”? is substituted carbocyclyl.
In certain embodiments, R is unsubstituted carbocyclyl. In
certain embodiments, R?® is substituted heterocyclyl. In
certain embodiments, R”? is unsubstituted heterocyclyl. In
certain embodiments, R™* is substituted aryl. In certain
embodiments, R™ is unsubstituted aryl. In certain embodi-
ments, R is substituted phenyl. In certain embodiments,
R*?? is unsubstituted phenyl. In certain embodiments, R?? is
substituted heteroaryl. In certain embodiments, R™* is
unsubstituted heteroaryl. In certain embodiments, R”* is
substituted pyridyl. In certain embodiments, R is unsub-
stituted pyridyl. In certain embodiments, R”* is —CN. In
certain embodiments, R?* is —NO,. In certain embodi-
ments, RP? is —OR???, In certain embodiments, R is
—N(R?%),. In certain embodiments, R™ is —SR?*%. In
certain embodiments, R?® is CH,OR™>“. In certain embodi-
ments, R?? is —CH,N(R?>%),. In certain embodiments, R?>
is —CH,SR™*“,

[0178] In certain embodiments, at least one R”*“is H. In
certain embodiments, at least one R”> is substituted acyl. In
certain embodiments, at least one R”>“ is unsubstituted acyl.
In certain embodiments, at least one R™“ is acetyl. In
certain embodiments, at least one RP*“ is substituted alkyl.
In certain embodiments, at least one R3¢ is unsubstituted
alkyl. In certain embodiments, at least one R*? is C,_, alkyl.
In certain embodiments, at least one R”** is methyl. In
certain embodiments, at least one R”>“ is ethyl. In certain
embodiments, at least one R”*“ is propyl. In certain embodi-
ments, at least one R7> is butyl. In certain embodiments, at
least one R”** is substituted alkenyl. In certain embodi-
ments, at least one RP>“ is unsubstituted alkenyl. In certain
embodiments, at least one R”*“ is substituted alkynyl. In
certain embodiments, at least one RP3? is unsubstituted
alkynyl. In certain embodiments, at least one R”*“ is sub-
stituted carbocyclyl. In certain embodiments, at least one
RP3“ is unsubstituted carbocyclyl. In certain embodiments,
at least one R™*? is substituted heterocyclyl. In certain
embodiments, at least one R”>* is unsubstituted heterocy-
clyl. In certain embodiments, at least one R”>“ is substituted
aryl. In certain embodiments, at least one R”>“ is unsubsti-
tuted aryl. In certain embodiments, at least one R™*“ is
substituted phenyl. In certain embodiments, at least one
RP3 is unsubstituted phenyl. In certain embodiments, at
least one R™*“ is substituted heteroaryl. In certain embodi-
ments, at least one R™*? is unsubstituted heteroaryl. In
certain embodiments, at least one R”? is substituted
pyridyl. In certain embodiments, at least one R”>% is unsub-
stituted pyridyl. In certain embodiments, at least one R is
a nitrogen protecting group when attached to a nitrogen
atom. In certain embodiments, at least one R”3% is Bn, BOC,
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Cbz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when
attached to a nitrogen atom. In certain embodiments, R”># is
an oxygen protecting group when attached to an oxygen
atom. In certain embodiments, R*¢ is silyl, TBDPS,
TBDMS, TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl,
acetyl, pivaloyl, or benzoyl when attached to an oxygen
atom. In certain embodiments, R”*¢ is a sulfur protecting
group when attached to a sulfur atom. In certain embodi-
ments, RP>? is acetamidomethyl, t-Bu, 3-nitro-2-pyridine
sulfenyl, 2-pyridine-sulfenyl, or triphenylmethyl when
attached to a sulfur atom. In certain embodiments, two R?3¢
groups are joined to form a substituted heterocyclic ring. In
certain embodiments, two R”*# groups are joined to form an
unsubstituted heterocyclic ring.

[0179] In compounds of Formula (I), R” may include a
substituent R”*. In certain embodiments, R”* is a leaving
group. In certain embodiments, R”* is halogen. In certain
embodiments, R”* is F. In certain embodiments, R”* is Cl.
In certain embodiments, R”* is Br. In certain embodiments,
RP*is1 (iodine). In certain embodiments, R?* is —OS(=0)
WJRP%. In certain embodiments, w is 1. In certain embodi-
ments, w is 2. In certain embodiments, R”* is -OMs. In
certain embodiments, R”* is -OTf. In certain embodiments,
RP*is -OTs. In certain embodiments, R”* is -OBs. In certain
embodiments, R?* is 2-nitrobenzenesulfonyloxy. In certain
embodiments, RP* is —ORP**. In certain embodiments,
R?* is —OMe. In certain embodiments, R”* is —OCF,. In
certain embodiments, R?* is —OPh. In certain embodi-
ments, R?* is —OC(=0)RP*. In certain embodiments,
R™* is —OC(=0)Me. In certain embodiments, R”* is
—OC(=0)CF;. In certain embodiments, R?* is —OC
(=0)Ph. In certain embodiments, R”* is —OC(=0)Cl. In
certain embodiments, R®* is —OC(=—0)OR?**. In certain
embodiments, R?* is —OC(=0)OMe. In certain embodi-
ments, R?* is —OC(=0)O(t-Bu).

[0180] In certain embodiments, R”** is substituted alkyl.
In certain embodiments, R”* is unsubstituted alkyl. In
certain embodiments, R?** is C,_, alkyl. In certain embodi-
ments, RP* is methyl. In certain embodiments, R”** is
ethyl. In certain embodiments, R”** is propyl. In certain
embodiments, R”* is butyl. In certain embodiments, R”**
is substituted alkenyl. In certain embodiments, R”** is
unsubstituted alkenyl. In certain embodiments, R”** is
vinyl. In certain embodiments, R”** is substituted alkynyl.
In certain embodiments, R”** is unsubstituted alkynyl. In
certain embodiments, R”** is ethynyl. In certain embodi-
ments, RP** is substituted carbocyclyl. In certain embodi-
ments, RP* is unsubstituted carbocyclyl. In certain embodi-
ments, RP* is substituted heterocyclyl. In certain
embodiments, R”** is unsubstituted heterocyclyl. In certain
embodiments, RP* is substituted aryl. In certain embodi-
ments, RP* is unsubstituted aryl. In certain embodiments,
RP** is substituted phenyl. In certain embodiments, R”*“ is
unsubstituted phenyl. In certain embodiments, R”* is sub-
stituted heteroaryl. In certain embodiments, R”** is unsub-
stituted heteroaryl. In certain embodiments, R”** is substi-
tuted pyridyl. In certain embodiments, R”** is unsubstituted
pyridyl.

[0181] In compounds of Formula (I), R” may include a
substituent R”°. In certain embodiments, R”® is H. In certain
embodiments, R™® is substituted alkyl. In certain embodi-
ments, R™ is unsubstituted alkyl. In certain embodiments,
R?* is C,_¢ alkyl. In certain embodiments, R™® is methyl. In
certain embodiments, R”? is ethyl. In certain embodiments,
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R?? is propyl. In certain embodiments, R is butyl. In
certain embodiments, R”° is a nitrogen protecting group. In
certain embodiments, R”® is Bn, BOC, Cbz, Fmoc, trifluo-
roacetyl, triphenylmethyl, or Ts.

[0182] In certain embodiments, R®* and R”? are each
hydrogen. In certain embodiments, R”* and R™ are each
hydrogen. In certain embodiments, R®* and R”® are each
hydrogen. In certain embodiments, R”', R??, and R”? are
each hydrogen. In certain embodiments, R”*, R”?, and R®,
and R®’ are each hydrogen.

[0183] In certain embodiments, a is 1. In certain embodi-
ments, a is 2.
[0184] In certain embodiments, z is 0. In certain embodi-

ments, z is 1. In certain embodiments, z is 2. In certain
embodiments, z is 3. In certain embodiments, z is 4. In
certain embodiments, z is 5. In certain embodiments, z is 6.
[0185] In certain embodiments, Y is —O—. In certain
embodiments, Y is —O. In certain embodiments, Y is
—S—. In certain embodiments, Y is —S. In certain embodi-
ments, Y is —NRP°—, wherein R”° is hydrogen, C,_ alkyl,
or a nitrogen protecting group. In certain embodiments, Y is
—NH—. In certain embodiments, Y is —NCH;—. In cer-
tain embodiments, Y is —N(BOC)-. In certain embodi-
ments, Y is —N(Fmoc)-. In certain embodiments, Y is
—N(Cbz)-. In certain embodiments, Y is —N(Bn)-. In
certain embodiments, Y is —NR”®, wherein R”° is hydro-
gen, C, ¢ alkyl, or a nitrogen protecting group. In certain
embodiments, Y is —NH. In certain embodiments, Y is
—NCHj;. In certain embodiments, Y is =NTs. In certain
embodiments, Y is =NBn. In certain embodiments, Y is
—NCH(Ph),.

[0186] In certain embodiments, R” is of the formula:

O, N
SROS,
D2
R /
RD3

In certain embodiments R”* of the formula:

0 N
RO,
D2
RR 2

In certain embodiments, R” is of the formula:

T

0 N
RO,
7
RD3
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In certain embodiments, R” is of the formula

T

0 N
RO,
=

In certain embodiments, R? is of the formula:

O NH
n2 '
R \;/
RD3

In certain embodiments, R? is of the formula:

Ml\f[l\l\lv‘
o NH
RDZ\;/

In certain embodiments, R” is of the formula:

M\T\w
O, NH
;/ |
RD3

In certain embodiments, R” is of the formula:

j.

In certain embodiments, R” is of the formula:

T

HN
500,

s

40

Apr. 18,2019

In certain embodiments, R” is of the formula:

In certain embodiments, R” is of the formula:

T
|

O, N
RD!

RO,

In certain embodiments, R” is of the formula:

1

RS,

4{
Z
/

In certain embodiments, R” is of the formula:
OTNH

In certain embodiments, R” is of the formula:

T

O, NH

H
NZ

In certain embodiments, R” is of the formula:



US 2019/0112305 Al

In certain embodiments, R” is of the formula:

e

NH

<

In certain embodiments, R? is of the formula:

H

NH
\NV/ :

In certain embodiments, R” is of the formula:

e
A

In certain embodiments, R” is of the formula:

PN
R

In certain embodiments, R? is of the formula:

E_

In certain embodiments, R? is of the formula:

T

N
NS0,

/i\z

In certain embodiments, R” is of the formula:

T

HN\S%

/i\z

0.
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In certain embodiments, R” is of the formula:

In certain embodiments, R” is of the formula:

T

HN. O.
S
o

In certain embodiments, R” is of the formula:

J

In certain embodiments, R” is of the formula:

J

Cl

[0187] In certain embodiments, the compound of Formula
(D) is of Formula (I-1):

a1

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.
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[0188] In certain embodiments, the compound of Formula [0190] In certain embodiments, the compound of Formula
(D is of the formula: (D) is of the formula:
RD3
RDZ
o \ RDI

\

x
R

|
R
R

D 2 (RA)k_|
D

M
3 RD
F
1
RO or a pharmaceutically acceptable salt, solvate, hydrate, poly-
r05” N ’
M

(0]
F /( morph, co-crystal, tautomer, stereoisomer, isotopically
| labeled derivative, and prodrug thereof.

[0191] In certain embodiments, R”® and one R are joined
to form a substituted 6-membered heterocyclic ring. In
certain embodiments, R™ and one R are joined to form an
unsubstituted 6-membered heterocyclic ring. In certain
embodiments, the compound of Formula (I) is of the for-
mula:

x

|
4 1
RO

Z
or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0189] Incompounds of Formula (I), R”® and one R may
be joined to form a substituted heterocyclic ring. R and
one R may also be joined to form an unsubstituted hetero-
cyclic ring. In certain embodiments, R”® and one R are
joined to form an unsubstituted 5-membered heterocyclic
ring. In certain embodiments, the compound of Formula (I)
is of Formula (I-2):

a-2)

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.
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or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0192] In compounds of Formula (I), R”° and one R< may
be joined to form a substituted heteroaryl ring. R and one
R may also be joined to form an unsubstituted heteroaryl
ring. In certain embodiments, R”> and one R are joined to
form a substituted 7-membered heteroaryl ring. In certain
embodiments, R”® and one R are joined to form an unsub-
stituted 7-membered heteroaryl ring. In certain embodi-
ments, R™ and one R are joined to form a substituted
5-membered heteroaryl ring. In certain embodiments, R™°
and one R are joined to form an unsubstituted 5-membered
heteroaryl ring. In certain embodiments, the compound of
Formula (I) is of the formula:

Apr. 18,2019

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0193] In certain embodiments, the compound of Formula
(D) is of Formula (I-3):

-3)

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0194] In certain embodiments, the compound of Formula
(D) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0195] In certain embodiments, the compound of Formula
(D) is of Formula (I-4):

-4
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or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0196] In certain embodiments, the compound of Formula
(D is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0197] In certain embodiments, the compound of Formula
(D is of Formula (I-5):

a-5)
RD2

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0198] In certain embodiments, the compound of Formula
(D is of the formula:

i

RO, N

Apr. 18,2019

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0199] In certain embodiments, the compound of Formula
(D) is of Formula (I-6):

d-6)

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0200] In certain embodiments, the compound of Formula
(D) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0201] In certain embodiments, the compound of Formula
(D) is selected from the group consisting of:

a7

x
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-continued -continued
(I-8) (1-12)
9 (I-13)
F
F
F
(I-10) (-14)
F
F
F

(I-15)

11y
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-continued -continued

(1-20)

(-21)

(1-22)

(1-23)
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-continued

(1-24)

(1-25)

1-26)

1-27

(1-28)

\
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-continued
(1-28)
(@]
\/( O
N
H
N
N
vz |
A
N N

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.
[0202] The compounds of Formula (I) may bear multiple
binding motifs for binding to BMX or other kinases. Ring A
of the inventive compounds may be accommodated by a
hydrophobic pocket in the ATP-binding site of BMX. Func-
tionalities on Ring A and/or R” may bind to residues of
BMX, such as hinge residues Tyr491, 11e492, Leu543, and
Val403. Functional groups of R” may form one or more
hydrogen bonds with BMX. Moreover, the Michael acceptor
moiety of R® may react with a cysteine residue (e.g.,
Cys496) of BMX to allow covalent attachment of the
compound to BMX.
[0203] In certain embodiments, compounds of the present
invention include those which:
[0204] exhibit the ability to inhibit protein phosphory-
lation of specific targets exemplified, but not limited to
those shown in Table 2,

[0205] exhibit kinase inhibitory activity,

[0206] exhibit tyrosine kinase inhibitory activity,

[0207] exhibit non-receptor tyrosine kinase inhibitory
activity,

[0208] exhibit the ability to inhibit Tec kinases,

[0209] exhibit the ability to inhibit Tec, Btk, Itk, Rk,

and/or Bmx,

[0210] exhibit the ability to inhibit Bmx,

[0211] exhibit cytotoxic or growth inhibitory effect on
cancer cell lines maintained in vitro or in animal studies
using a scientifically acceptable cancer cell xenograft
model; and/or

[0212] exhibit a therapeutic profile (e.g., optimum
safety and curative effect) that is superior to existing
chemotherapeutic agents.

[0213] In certain embodiments, the compounds of For-
mula (I) and (II) are specific inhibitors of BMX. Thus, it is
desired that the compounds not be general inhibitors of
transcription, enzyme activity or translation but that they
have high specificity for the gene/enzyme target. The term
“high specificity” as used herein is understood to mean that
in contrast to many kinase inhibitors of the prior art, the
compounds do not act on a great number or on two or more
kinases having similar potency but act specifically i.e., only
on tyrosine kinases, more preferably act specifically i.e.,
only on non-receptor tyrosine kinases, even more preferably
act specifically i.e., only on Tec kinases, even more prefer-
ably act specifically i.e., only on Tec, Btk, Itk, R1k, and Bmx,
and even more preferably act specifically i.e., only on Bmx.
[0214] In certain embodiments of the invention, the speci-
ficity of the inhibitors is given by the IC, value. The IC,,
value is defined as the concentration of inhibitor required to
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inhibit 50% of the kinase activity. In certain embodiments,
the compounds of Formula (I) or (IT) may exhibit IC,, values
<100 pM. In certain other embodiments, the compounds
exhibit IC,, values <50 pM. In certain other embodiments,
the compounds exhibit ICs, values <40 pM. In certain other
embodiments, the compounds exhibit IC,, values <30 pM.
In certain other embodiments, the compounds exhibit IC,,
values <20 pM. In certain other embodiments, the com-
pounds exhibit IC,, values <10 uM. In certain other embodi-
ments, the compounds exhibit IC5, values <7.5 uM. In
certain embodiments, the compounds exhibit IC;,, values <5
uM. In certain other embodiments, the compounds exhibit
1C,, values <2.5 uM. In certain embodiments, the com-
pounds exhibit IC0 values <1 pM. In certain embodiments,
the compounds exhibit IC,, values <0.75 uM. In certain
embodiments, the compounds exhibit IC, values <0.5 pM.
In certain embodiments, the compounds exhibit IC,, values
<0.25 pM. In certain embodiments, the compounds exhibit
1Cs, values <0.1 uM. In certain other embodiments, the
compounds exhibit ICs, values <75 nM. In certain other
embodiments, the compounds exhibit IC;,, values <50 nM.
In certain other embodiments, the compounds exhibit IC,,
values <25 nM. In certain other embodiments, the com-
pounds exhibit IC;, values <10 nM. In other embodiments,
the compounds exhibit IC,, values <7.5 nM. In other
embodiments, the compounds exhibit ICs, values <5 nM.

[0215] Pharmaceutical Compositions, Kits, and Adminis-
tration
[0216] The present invention provides pharmaceutical

compositions comprising a compound Formula (I) or (II),
and pharmaceutically acceptable salts, solvates, hydrates,
polymorphs, co-crystals, tautomers, sterecoisomers, isotopi-
cally labeled derivatives, and prodrugs thereof, and option-
ally a pharmaceutically acceptable excipient.

[0217] Compounds of Formula (II) are of the formula:

an

and pharmaceutically acceptable salts, solvates, hydrates,
polymorphs, co-crystals, tautomers, sterecoisomers, isotopi-
cally labeled derivatives, and prodrugs thereof;

wherein:

[0218] Ring E is an optionally substituted heteroaryl ring;
[0219] each instance of R is independently selected from
the group consisting of hydrogen, halogen, optionally sub-
stituted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl, option-
ally substituted heterocyclyl, optionally substituted aryl,
optionally substituted heteroaryl, —OR®!, —N(RF!),,
—SR*!, —CN, —C(=0)R*', —C(=0)OR*', —C(=0)
SRF!, —C(=O)N(R*"),, —C(=S)R*', —C(=S)OR*",
—C(=S)SR*!, —C(=S)NRFH,, —C(=NRHRF,
—C(=NRFHOR"', —C(=NRFHSR"', —C(=NR*")N

Apr. 18,2019

(REY,, —NO,, —N,, —N(R"),*X", wherein X~ is a
counterion, —N(ORFHRF!, —NRZ!C(=0)RF', —NR*'C
(=0)OR*', —NR®'C(=0)SR”', —NRF'C(=0)N(R*")
+—NRFIC(=S)RF!, —NR*'C(=S)OR*, —NR*!C(=S)
SRF!,  —NRF'C(=S)N(R*'),, —NRF'C(=NR*)R*',
—NRE!C(=NRF)OR*!, —NREC(=NRF")SR*!,
—NRPIC(=NRFHN(RF),, —NRF'S(—=0),R*', —NR*'S
(=0),0R"!, —NRF'S(—=0),SR*!, —NRF'S(=0),N
(REY),, —NREIS(—=0O)RF!, —NRE!S(=0)ORF!, —NR*'S
(=0)SR"', —NRF'S(=O)NR""),, —NR*'P(=0),
—NREP(=),, —NREP(=0)RF"),, —NRF¥'P(=0)R*!
(OR"Y), —NRZ'P(—=0)(ORF"),, —OC(=0)R*', —OC
(=0)ORF!, —OC(=0)SR¥!, —OC(=O)N(R*!),, —OC
(=NRFHRF', —OC(=NRFHOR*!, OC(=NRF" )N(R*"),,
—OC(=8)R"', —OC(=S)OR*', —OC(=S)SR*', —OC
(=S)N(R*H),, —ON(RF),, —OS(=0)RF!, —0OS(=0)
OR”!, —OS(=0)SR”', —OS(=0)N(R""),, —OS(=0)
SREL, —0OS(=0),0RF!, —0OS(=0),SR¥!, —0OS(=0),N
®""),, —OP(=0),, —OP(—O)R""),—OP(—O)R"'
(OR"Y), —OP(=0)(OR""), —OP(=0), —OPR""),,
—OPRFY(OR*"), OP(OR*!),, —OSi(R*"),, OSi(R"")
LORPH OSi(RFH(ORFY),, —OSi(ORF');, —SSRF!,
—S(=0)R*!, —S(=0)OR~!, —S(=0)NR*"),,
—S(=0),R*!, —S(=0),0R*", —S(=0),N(R*"),, —SC
(=0)RE!, —SC(=0)OR"!, —SC(=0)SR*!, —SC(=0)
NRFY,, —SC(=S)R*!, —SC(=S)OR*!, —SC(=S)
SRF!,  —SC(=S)N(RF"H,, —P[R*"),, —PR®'(OR",
—P(OR™),, —P(=0), —P(=0)(R*"),, —P(=0)(OR*")
» —P(=O)R"/(OR?"), —P(—0),, —BR""),, —B(OR""),
—BRFY(OREY, —Si(RFY),, —Si(REHORF!, —SiR*!
(OREY),, and —Si(OR*!),, or two RE groups are joined to
form an optionally substituted carbocyclic, optionally sub-
stituted heterocyclic, optionally substituted aryl, or option-
ally substituted heteroaryl ring; wherein each occurrence of
R*! is independently selected from the group consisting of
hydrogen, optionally substituted acyl, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted carbocyclyl, optionally sub-
stituted heterocyclyl, optionally substituted aryl, optionally
substituted heteroaryl, a nitrogen protecting group when
attached to a nitrogen atom, an oxygen protecting group
when attached to an oxygen atom, and a sulfur protecting
group when attached to a sulfur atom, or two R=! groups are
joined to form an optionally substituted heterocyclic ring;

[0220] eis 0, 1,2,3,4,or5;

[0221] Ring F is an optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted
aryl, or optionally substituted heteroaryl ring;

[0222] each instance of RY is independently selected
from the group consisting of hydrogen, halogen,
optionally substituted alkyl, optionally substituted alk-
enyl, optionally substituted alkynyl, optionally substi-
tuted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, optionally substituted het-

eroaryl, —OR", —N®R™),, —SR’, —CN,
—C(=0O)R"', —C(=0)OR?, —C(=0)SR™,
C(=ONR™), ~ —C(=SR™, —C(=S)OR™,

—C(=S)SR™!, —C(=S)N(R™),, —C(=NRHR",
—C(=NRHOR™, —C(=NR"HSR™, —C(=NR"")
N(R),, —NO,, —N,, —N(R™"),*X~, wherein X~ is
a counterion, —N(OR™MR”!, —NR'C(=0O)R",
—NR'C(=0)OR"!, —NRF'C(=0)SR”"!, —NR”'C
(=O0)N(R™),, —NRF'IC(=S)R"!, —NRT'C(=S)
OR”!, —NR7'C(=S)SR™!, —NR"'C(=S)NR'™),,
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—NR'C(=NR"HR"", —NRF'C(=NR"HOR™,
—NRIIC(=NR)SR!, — NRF'C(=NRTH)N(R™),,
—NRF'S(=0),R"!, —NRF'S(=0),0R™", —NRF'S
(=0),SR!, —NR7'S(=0),N([R),, —NR'S(=0)
RFY, —NR7'S(=0)OR™, —NRF'S(=0)SR™",
—NRFIS(=0)N{R™),, —NRT'P(=0), —NR"'P
(=0),, —NRFIP(=0)R"),, —NR™P(=0O)R™
(ORFY), —NRF'P(=0)(OR™"),, —OC(=0)R"",
—OC(=0)OR"!, —OC(=0)SR"!, —OC(=O)N
R, —OC(=NRHRF!, —OC(=NR"HOR"",
—OC(=NRHNR™),, —OC(=S)R*?, —OC(=S)
OR”!, —OC(=S)SR"!, —OC(=S8)N(R""),, —ON
(RTh),, —OS(=0)R*?, —OS(=0)OR"*, —0OS(=0)
SRF!, —OS(=O0)N(R'™),, —OS(=0),R"", —O0S
(=0),0R™!, —08(—0),SR”", —OS(—0),NR™),,
—OP(=0),, —OP(=0)R),, —OP(=0)R"
(OR'), —OP(=0)(OR™"), —OP(=0), —OPR""),,
—OPRFY(OR""), —OP(OR™™),, —OSi(R’),, —OSi
RFH,ORT,  —OSiRFHOR™™),, —OSi(OR™),,
—SSRF!, —§(=0)R"", —S(=0)OR""!, —S(=O)N
®R”"),, —S(=0),R”", —§(=0),0R"", —S(—0).N
(R™"),, —SC(=0)R™", —SC(=0)OR™, —SC(=0)
SR, —SC(=O)N(R™"),, —SC(=S)R™!, —SC(=S)
OR"!, —SC(=S)SR™", —SC(=8)N(R'™),, —P(R™™)
5 —PRFY(ORY), —P(OR™),, —P(=0), —P(=0)
®™),,  —PO)OR™),, —P(—OR’OR™),
—P(=0),, —B(R""),. —B(OR™),, —BR"'(OR™"),
—Si(RfY);, —SiRFH,0RT, —SiRFY(OR™),, and
—Si(ORh),, wherein each occurrence of R” is inde-
pendently selected from the group consisting of hydro-
gen, optionally substituted acyl, optionally substituted
alkyl, optionally substituted alkenyl, optionally substi-
tuted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, a nitrogen
protecting group when attached to a nitrogen atom, an
oxygen protecting group when attached to an oxygen
atom, and a sulfur protecting group when attached to a
sulfur atom, or two R¥* groups are joined to form an
optionally substituted heterocyclic ring or optionally
substituted heteroaryl ring;

[0223] fis O, 1,2, 3, or 4;

[0224] V is a bond or an optionally substituted C, ¢

hydrocarbon chain;

[0225] R€ is of any one of Formulae (ii-1)-(ii-17):

-~

R 500,
RGZ
RGI

£

RG3

(ii-1)

(ii-2)
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(ii-3)

(ii-4)

(ii-5)

(ii-6)

(ii-7)

(ii-8)

(ii-9)

(ii-10)

(ii-11)
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-continued

(ii-12)

(ii-13)

(ii-14)

(ii-15)

S(O
- (O
(ii-16)
R@
f;cs
U RO3
(ii-17)
O
RE
RO3 RO
(@]

[0226] R is selected from the group consisting of hydro-
gen, halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, —CN, —NO,,
—OR“'", —N(R'%),, —SR“"*, —CH,OR“"*, —CH,N
(R'),, or —CH,SR“'*, —C(=0)R“'?, C(=0O)OR“'*,
C(=0)SR“"“, —C(=0O)N(R'),, —C(=S)R",
—C(=S)OR“%, —C(=S)SR*, —C(=S)N(R'%),,
7C(:NRG1a)RG1a C(:NRGla)ORGla, fC(:NRGla)
SR, and —C(=NR“**)N(R“'%),, wherein each occur-
rence of R'“ is independently selected from the group
consisting of hydrogen, optionally substituted alkyl, option-
ally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aryl, and optionally sub-
stituted heteroaryl, or two R%*® groups are joined to form an
optionally substituted heterocyclic ring;

[0227] R%?is selected from the group consisting of hydro-
gen, halogen, optionally substituted acyl, optionally substi-

Apr. 18,2019

tuted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, —CN, —NO,,
—OR%**, —N(R%%),, —SR“**, —CH,0R“**, —CH,N
(R9%9),, or —CH,SR“*?, —C(=0)R%?*, —C(=0)OR“**,
—C(=0)SR??*,  —C(=O)NR"),, —C(=S)R,
—C(=S)OR%**, —C(=S)SR7**, —C(=S)N(R%),,
4C(:NRG2G)RG2G, C(:NRGza)ORGza, 7c(:NRG2a)
SR%%¢, and —C(=NR“**)N(R%?%),, wherein each occur-
rence of R*“ is independently selected from the group
consisting of hydrogen, optionally substituted alkyl, option-
ally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aryl, and optionally sub-
stituted heteroaryl, or two R“*“ groups are joined to form an
optionally substituted heterocyclic ring;

[0228] R is selected from the group consisting of hydro-
gen, halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally sub-
stituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, —CN, —NO,,
—OR®*, —NR%),, —SR“’, —CH,0R“**, CH,N
(R, or —CH,SR7**, —C(=0)R*, C(=0)OR*,
C(=0)SR** —C(=0)N(R?),, C(=S)R?*, —C(=S)
ORP* C(=S)SR?*, —C(=S)N(R“*?),, —C(=NR%)
RG3a, 7c(:NRG3a)ORG3a, 7c(:NRG3a)SRG3a, and
—C(=NR“*)N(R?%),, wherein each occurrence of R%*¢
is independently selected from the group consisting of
hydrogen, optionally substituted alkyl, optionally substi-
tuted alkenyl, optionally substituted alkynyl, optionally sub-
stituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, and optionally substituted het-
eroaryl, or two R%>* groups are joined to form an optionally
substituted heterocyclic ring;

[0229] optionally R®* and R“?, or R9? and R?, or R?*
and R? are joined to form an optionally substituted carbo-
cyclic or optionally substituted heterocyclic ring;

[0230] R*is a leaving group;

[0231] R is hydrogen, C, 4 alkyl, or a nitrogen protect-
ing group;

[0232] Uis O, S, or NRYY, wherein R® is hydrogen, C,_,

alkyl, or a nitrogen protecting group;

[0233] bis1or?2;

[0234] tisO,1,2,3,4,5,o0r6; and

optionally R and one R” are joined to form an optionally
substituted heterocyclic ring.

[0235] In certain embodiments, the BMX inhibitor is a
compound of Formula (II), or a pharmaceutically acceptable
salt thereof.

[0236] Compounds of Formula (II) include a heteroaryl
ring as Ring E. Ring E may be substituted with one or more
substituents RE. The substituent R* may be attached to a
carbon atom or heteroatom of Ring E, as valency permits. In
certain embodiments, Ring E is a substituted heteroaryl ring.
In other embodiments, Ring E is an unsubstituted heteroaryl
ring. In certain embodiments, Ring E is a monocyclic
heteroaryl ring. In certain embodiments, Ring E is a 6-mem-
bered monocyclic heteroaryl ring. In certain embodiments,
Ring E is substituted pyridyl. In certain embodiments, Ring
E is unsubstituted pyridyl. In certain embodiments, Ring E
is of the formula:
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In certain embodiments, Ring E is of the formula:

In certain embodiments, Ring E is of the formula:

/

N\

T ®5..

In certain embodiments, Ring E is of the formula:

A

T ®5e

z—Z,

C

In certain embodiments, Ring E is of the formula:

Z
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In certain embodiments, Ring E is of the formula:

In certain embodiments, Ring E is of the formula:

Nj \jN

| T ®%

Z
N

[0237] Ring E of Formula (II) may also be a 5S-membered
monocyclic heteroaryl ring. In certain embodiments, Ring E
is a 5S-membered monocyclic heteroaryl ring wherein one of
the five ring carbon atoms is replaced by nitrogen, oxygen,
or sulfur. In certain embodiments, Ring E is of the formula:

RE)o ™ O
] {1
= (RE); Q

or

In certain embodiments, Ring E is of the formula:

RS S
4 ¢ |
= (RE); N
or .
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In certain embodiments, Ring E is of the formula:

RE
E
® )e/\//\N (
e (RE); P
[0238] In certain embodiments, Ring E is a S-membered

monocyclic heteroaryl ring wherein two of the five ring
carbon atoms are independently replaced by nitrogen, oxy-
gen, or sulfur. In certain embodiments, Ring E is of the
formula:

RE
\N N RE
~ / \N/
¢ £
®HN ®RENE ,
(RE), Ry e R
SESN SN
RE/N N
> / >
RE
(RE >e\,

J\;y |
or RE)

In certain embodiments, Ring E is of the formula:
RE
A
N
O
N\
RE .
In certain certain embodiments, Ring E is of the formula:

RE

\ RE
N
N\
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In certain embodiments, Ring E is of the formula:

RE

/

Z
W}\/Z

E

In certain embodiments, Ring E is of the formula:

%

In certain embodiments, Ring E is of the formula:

In certain embodiments, Ring is of the formula:

RE

a\?f

In certain embodiments, Ring E is of the formula:

RE

In certain embodiments, Ring E is of the formula:

7%?/5
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In certain embodiments, Ring E is of the formula:

In certain embodiments, Ring E is of the formula

N
Y l

®R5K &5
(R )eol\/§N (R )el\l//\o

= =

5 , or

® »z//\N

@)

In certain embodiments, Ring E is of the formula:

S\N

| ¢
RE); TR, ’
N (RE N
<RE>6<<\F

S
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-continued

<R e
(®RE), 4 )>§H \\

[0240] In certain embodiments, Ring E is of the formula:

/N\ S N S
¢ &
w5 RN ’
R5), ﬂ\ S

N: = Ny,

N ’ (RE), /

[ <Rf>e
(RE)K )>|; .

[0241] In certain embodiments, Ring E is of the formula:

[0239] In certain embodiments, Ring E is a S-membered
monocyclic heteroaryl ring wherein three of the five ring
carbon atoms are independently replaced by nitrogen, oxy-
gen, or sulfur. In certain embodiments, Ring E is of the

formula:

N\ N\
0 0
{ R
> N\ >
&5 T
RE o O
( >//<\o /N
N\ = S \
N L we o8 ’

RE RE
/ /
N~y N~y
Iy Ly
(RE)e/ ®RE);
RE R<
/
e/ N ~N
R \/ /N
N'\ P , Ng \ ’
N <Rf>e/\
X \ @5,
N—xn /N~/
e L) s
(RE)e/ N N
NN ==N
A s o\
®); % ®F); e
R,

=

\
Q\N/N (R 7\/ ?5

In certain embodiments, Ring E is a 5-membered monocy-
clic heteroaryl ring wherein four of the five ring carbon
atoms are independently replaced by nitrogen, oxygen, or
sulfur.

[0242] In certain embodiments, Ring E is a heteroaryl ring
fused with one or more carbocyclic, heterocyclic, aryl, or
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heteroaryl groups wherein the point of attachment is on the
heteroaryl ring. In certain embodiments, Ring E is a bicyclic
heteroaryl ring. In certain embodiments, Ring E is a mono-
cyclic heteroaryl ring fused with an aryl ring. In certain
embodiments, Ring E is a 6-membered monocyclic het-
eroaryl ring fused with an aryl ring. In certain embodiments,
Ring E is a 6-membered monocyclic heteroaryl ring fused
with a phenyl ring. In certain embodiments, Ring E is a
pyridyl ring fused with a phenyl ring. In certain embodi-
ments, Ring E is of the formula:

In certain embodiments, Ring E is of the formula:

In certain embodiments, Ring E is of the formula:

In certain embodiments, Ring E is of the formula:

/
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In certain embodiments, Ring E is of the formula:

(RF),.

[0243]
monocyclic heteroaryl ring fused with an aryl ring. In certain
embodiments, Ring E is a 5-membered monocyclic het-
eroaryl ring fused with a phenyl ring.

In certain embodiments, Ring E is a 5-membered

[0244] In certain embodiments, Ring E is a monocyclic
heteroaryl ring fused with another monocyclic heteroaryl
ring, and the point of attachment may be on any atom of the
two heteroaryl rings, as valency permits. In certain embodi-
ments, Ring E is a 6-membered monocyclic heteroaryl ring
fused with another 6-membered monocyclic heteroaryl ring.
In certain embodiments, Ring E is a 6-membered monocy-
clic heteroaryl ring fused with a 5-membered monocyclic
heteroaryl ring. In certain embodiments, Ring E is a 5-mem-
bered monocyclic heteroaryl ring fused with another
5-membered monocyclic heteroaryl ring.

[0245] In certain embodiments, Ring E is a tricyclic het-
eroaryl ring.
[0246] In compounds of Formula (II), Ring E may be

substituted with one or more R groups. In certain embodi-
ments, at least one R” is H. In certain embodiments, at least
one R¥ is halogen. In certain embodiments, at least one R*
is F. In certain embodiments, at least one R” is CI. In certain
embodiments, at least one R is Br. In certain embodiments,
at least one R” is I (iodine). In certain embodiments, at least
one R is substituted acyl. In certain embodiments, at least
one R” is unsubstituted acyl. In certain embodiments, at least
one RZ is acetyl. In certain embodiments, at least one R is
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substituted alkyl. In certain embodiments, at least one R is
unsubstituted alkyl. In certain embodiments, at least one R®
is C,_¢ alkyl. In certain embodiments, at least one R” is
methyl. In certain embodiments, at least one R” is ethyl. In
certain embodiments, at least one RZ is propyl. In certain
embodiments, at least one R is butyl. In certain embodi-
ments, at least one RE is substituted alkenyl. In certain
embodiments, at least one R” is unsubstituted alkenyl. In
certain embodiments, at least one R” is substituted alkynyl.
In certain embodiments, at least one RZ is unsubstituted
alkynyl. In certain embodiments, at least one R” is substi-
tuted carbocyclyl. In certain embodiments, at least one R is
unsubstituted carbocyclyl. In certain embodiments, at least
one R is substituted heterocyclyl. In certain embodiments,
at least one R is unsubstituted heterocyclyl. In certain
embodiments, at least one R” is substituted aryl. In certain
embodiments, at least one R is unsubstituted aryl. In certain
embodiments, at least one R is substituted phenyl. In
certain embodiments, at least one R” is unsubstituted phe-
nyl. In certain embodiments, at least one R” is substituted
heteroaryl. In certain embodiments, at least one R” is unsub-
stituted heteroaryl. In certain embodiments, at least one R”
is substituted pyridyl. In certain embodiments, at least one
R¥ is unsubstituted pyridyl. In certain embodiments, at least
one RZ is —ORZ!. In certain embodiments, at least one R
is —O(C,_¢ alkyl). In certain embodiments, at least one R®
is —OH. In certain embodiments, at least one RZ is
—N(R%Y),. In certain embodiments, at least one RZ is
—N(C,_¢ alkyl),. In certain embodiments, at least one R is
—NH,. In certain embodiments, at least one R is —SRZ!.
In certain embodiments, at least one R is —SH.

[0247] In compounds of Formula (II), two RZ groups may
be joined to form an optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted
aryl, or optionally substituted heteroaryl ring. In certain
embodiments, two R groups are joined to form a substituted
carbocyclic ring. In certain embodiments, two R” groups are
joined to form an unsubstituted carbocyclic ring. In certain
embodiments, two R groups are joined to form a substituted
heterocyclic ring. In certain embodiments, two RZ groups
are joined to form an unsubstituted heterocyclic ring. In
certain embodiments, two RZ groups are joined to form a
substituted aryl ring. In certain embodiments, two R” groups
are joined to form an unsubstituted aryl ring. In certain
embodiments, two R groups are joined to form a substituted
phenyl ring. In certain embodiments, two R” groups are
joined to form an unsubstituted phenyl ring. In certain
embodiments, two R groups are joined to form a substituted
heteroaryl ring. In certain embodiments, two RE groups are
joined to form an unsubstituted heteroaryl ring. In certain
embodiments, two R groups are joined to form a substituted
pyridyl ring. In certain embodiments, two R groups are
joined to form an unsubstituted pyridyl ring.

[0248] In certain embodiments, at least one RZ! is H. In
certain embodiments, at least one R** is substituted acyl. In
certain embodiments, at least one R”! is unsubstituted acyl.
In certain embodiments, at least one RZ" is acetyl. In certain
embodiments, at least one RZ" is substituted alkyl. In certain
embodiments, at least one R is perfluoronated alkyl. In
certain embodiments, at least one R*' is —CF,. In certain
embodiments, at least one RZ! is —C,Fs. In certain embodi-

Apr. 18,2019

ments, at least one R®' is unsubstituted alkyl. In certain
embodiments, at least one RE! is C, 4 alkyl. In certain
embodiments, at least one R** is methyl. In certain embodi-
ments, at least one R*! is ethyl. In certain embodiments, at
least one R** is propyl. In certain embodiments, at least one
R*#! is butyl. In certain embodiments, at least one R*' is
substituted alkenyl. In certain embodiments, at least one R*!
is unsubstituted alkenyl. In certain embodiments, at least one
R*! is substituted alkynyl. In certain embodiments, at least
one R*! is unsubstituted alkynyl. In certain embodiments, at
least one R** is substituted carbocyclyl. In certain embodi-
ments, at least one R”' is unsubstituted carbocyclyl. In
certain embodiments, at least one RZ! is substituted hetero-
cyclyl. In certain embodiments, at least one R*! is unsub-
stituted heterocyclyl. In certain embodiments, at least one
R*! is substituted aryl. In certain embodiments, at least one
R*! is unsubstituted aryl. In certain embodiments, at least
one R¥! is substituted phenyl. In certain embodiments, at
least one R¥! is unsubstituted phenyl. In certain embodi-
ments, at least one R¥! is substituted heteroaryl. In certain
embodiments, at least one R** is unsubstituted heteroaryl. In
certain embodiments, at least one R*" is substituted pyridyl.
In certain embodiments, at least one R is unsubstituted
pyridyl. In certain embodiments, at least one R*' is a
nitrogen protecting group when attached to a nitrogen atom.
In certain embodiments, at least one R*! is Bn, BOC, Cbz,
Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when attached
to a nitrogen atom. In certain embodiments, RZ! is an
oxygen protecting group when attached to an oxygen atom.
In certain embodiments, R is silyl, TBDPS, TBDMS,
TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl, acetyl,
pivaloyl, or benzoyl when attached to an oxygen atom. In
certain embodiments, R** is a sulfur protecting group when
attached to a sulfur atom. In certain embodiments, RZ! is
acetamidomethyl, t-Bu, 3-nitro-2-pyridine sulfenyl, 2-pyri-
dine-sulfenyl, or triphenylmethyl when attached to a sulfur
atom.

[0249] Incompounds of Formula (II), two RZ! groups may
be joined to form an optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted
aryl, or optionally substituted heteroaryl ring. In certain
embodiments, two RE! groups are joined to form a substi-
tuted carbocyclic ring. In certain embodiments, two RZ?
groups are joined to form an unsubstituted carbocyclic ring.
In certain embodiments, two R®' groups are joined to form
a substituted heterocyclic ring. In certain embodiments, two
R*! groups are joined to form an unsubstituted heterocyclic
ring. In certain embodiments, two RZ' groups are joined to
form a substituted aryl ring. In certain embodiments, two
R*! groups are joined to form an unsubstituted aryl ring. In
certain embodiments, two R*! groups are joined to form a
substituted phenyl ring. In certain embodiments, two RF!
groups are joined to form an unsubstituted phenyl ring. In
certain embodiments, two RZ' groups are joined to form a
substituted heteroaryl ring. In certain embodiments, two R*!
groups are joined to form an unsubstituted heteroaryl ring.
In certain embodiments, two R®' groups are joined to form
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a substituted pyridyl ring. In certain embodiments, two RZ*
groups are joined to form an unsubstituted pyridyl ring.
[0250] In certain embodiments, RZ is substituted C,_
alkyl; and e is 1. In certain embodiments, R* is —CF; and
e is 1. In certain embodiments, R” is unsubstituted C, 4
alkyl; and e is 1. In certain embodiments, R” is methyl; and
e is 1. In certain embodiments, R” is ethyl; and e is 1. In
certain embodiments, R” is propyl; and e is 1. In certain
embodiments, R” is butyl; and e is 1. In certain embodi-
ments, RZ is halogen; and e is 1. In certain embodiments, R*
is F; and e is 1. In certain embodiments, RZ is Cl; and e is
1. In certain embodiments, R” is Br; and e is 1. In certain
embodiments, R” is I (iodine); and e is 1. In certain embodi-
ments, R is —ORZ!; and e is 1. In certain embodiments, RZ
is —O(C,_¢ alkyl); and e s 1. In certain embodiments, RZ is
—OH; and e is 1. In certain embodiments, RZ is —N(R*),;
and e is 1. In certain embodiments, R” is —N(C, 4 alkyl),;
and e is 1. In certain embodiments, R is —NH,; and e is 1.
In certain embodiments, RZ is —SR”': and e is 1. In certain
embodiments, R” is —S(C,_4 alkyl); and e is 1. In certain
embodiments, RZ is —SH; and e is 1.

[0251] Compounds of Formula (II) include an optionally
substituted carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl, or optionally substituted het-
eroaryl ring as Ring F. Ring F may be substituted with one
or more substituents R”. R* may be a substituent on a carbon
atom or heteroatom as valency permits. In certain embodi-
ments, Ring F is a carbocyclic ring. In certain embodiments,
Ring F is a monocyclic carbocyclic ring. In certain embodi-
ments, Ring F is a bicyclic carbocyclic ring. In certain
embodiments, Ring F is a substituted carbocyclic ring. In
certain embodiments, Ring F is an unsubstituted carbocyclic
ring. In certain embodiments, Ring F is a saturated carbo-
cyclic ring. In certain embodiments, Ring F is an unsaturated
carbocyclic ring. In certain embodiments, Ring F is a
carbocyclic ring fused with one or more carbocyclic, het-
erocyclic, aryl, or heteroaryl groups wherein the point of
attachment is on the carbocyclic ring.

[0252] Ring F of Formula (II) may be a heterocyclic ring.
In certain embodiments, Ring F is a monocyclic heterocyclic
ring. In certain embodiments, Ring F is a bicyclic hetero-
cyclic ring. In certain embodiments, Ring F is a substituted
heterocyclic ring. In certain embodiments, Ring F is an
unsubstituted heterocyclic ring. In certain embodiments,
Ring F is a saturated heterocyclic ring. In certain embodi-
ments, Ring F is an unsaturated heterocyclic ring. In certain
embodiments, Ring F is a heterocyclic ring fused with one
or more carbocyclic, heterocyclic, aryl, or heteroaryl groups
wherein the point of attachment is on the heterocyclic ring.
[0253] Ring F of Formula (II) may be an aryl ring. In
certain embodiments, Ring F is a monocyclic aryl ring. In
certain embodiments, Ring F is a bicyclic aryl ring. In
certain embodiments, Ring F is a tricyclic aryl ring. In
certain embodiments, Ring F is a substituted aryl ring. In
certain embodiments, Ring F is an unsubstituted aryl ring. In
certain embodiments, Ring F is substituted phenyl. In certain
embodiments, Ring F is unsubstituted phenyl. In certain
embodiments, Ring F is an aryl ring fused with one or more
carbocyclic, heterocyclic, aryl, or heteroaryl groups wherein
the point of attachment is on the aryl ring. In certain
embodiments, Ring F is substituted naphthyl. In certain
embodiments, Ring F is unsubstituted naphthyl.
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[0254] In certain embodiments, the compound of Formula
(ID) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

[0255] In certain embodiments, the compound of Formula
(ID) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0256] In certain embodiments, the compound of Formula
(ID) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0257] Ring F of Formula (II) may also be an optionally
substituted heteroaryl ring. In certain embodiments, Ring F
is a substituted heteroaryl ring. In certain embodiments,
Ring F is an unsubstituted heteroaryl ring. In certain
embodiments, Ring F is a monocyclic heteroaryl ring. In
certain embodiments, Ring F is a 5-membered monocyclic
heteroaryl ring. In certain embodiments, Ring F is substi-
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tuted pyrrolyl. In certain embodiments, Ring F is unsubsti-
tuted pyrrolyl. In certain embodiments, Ring F is substituted
furanyl. In certain embodiments, Ring F is unsubstituted
furanyl. In certain embodiments, Ring F is substituted
thienyl. In certain embodiments, Ring F is unsubstituted
thienyl. In certain embodiments, Ring F is substituted pyra-
zolyl. In certain embodiments, Ring F is unsubstituted
pyrazolyl. In certain embodiments, Ring F is substituted
imidazolyl. In certain embodiments, Ring F is unsubstituted
imidazolyl. In certain embodiments, Ring F is substituted
oxazolyl. In certain embodiments, Ring F is unsubstituted
oxazolyl. In certain embodiments, Ring F is substituted
isoxazolyl. In certain embodiments, Ring F is unsubstituted
isoxazolyl. In certain embodiments, Ring F is substituted
thiazolyl. In certain embodiments, Ring F is unsubstituted
thiazolyl. In certain embodiments, Ring F is substituted
isothiazolyl. In certain embodiments, Ring F is unsubsti-
tuted isothiazolyl. In certain embodiments, Ring F is sub-
stituted triazolyl. In certain embodiments, Ring F is unsub-
stituted triazolyl. In certain embodiments, Ring F is
substituted oxadiazolyl. In certain embodiments, Ring F is
unsubstituted oxadiazolyl. In certain embodiments, Ring F
is substituted thiadiazolyl. In certain embodiments, Ring F is
unsubstituted thiadiazolyl. In certain embodiments, Ring F
is a 6-membered monocyclic heteroaryl ring. In certain
embodiments, Ring F is substituted pyridyl. In certain
embodiments, Ring F is unsubstituted pyridyl. In certain
embodiments, Ring F is substituted pyridazinyl. In certain
embodiments, Ring F is unsubstituted pyridazinyl. In certain
embodiments, Ring F is substituted pyrimidinyl. In certain
embodiments, Ring F is unsubstituted pyrimidinyl. In cer-
tain embodiments, Ring F is substituted pyrazinyl. In certain
embodiments, Ring F is unsubstituted pyrazinyl. In certain
embodiments, Ring F is substituted triazinyl. In certain
embodiments, Ring F is unsubstituted triazinyl. In certain
embodiments, Ring F is an optionally substituted heteroaryl
ring fused with one or more optionally substituted carbocy-
clic, optionally substituted heterocyclic, optionally substi-
tuted aryl, or optionally substituted heteroaryl groups
wherein the point of attachment is on any one of the
heteroaryl ring, or carbocyclic, heterocyclic, aryl, or het-
eroaryl groups, as valency permits. In certain embodiments,
Ring F is a bicyclic heteroaryl ring. In certain embodiments,
Ring F is an optionally substituted heteroaryl ring fused with
an optionally substituted phenyl ring. In certain embodi-
ments, Ring F is substituted indolyl. In certain embodi-
ments, Ring F is unsubstituted indolyl. In certain embodi-
ments, Ring F 1is substituted isoindolyl. In certain
embodiments, Ring F is unsubstituted isoindolyl. In certain
embodiments, Ring F is substituted indazolyl. In certain
embodiments, Ring F is unsubstituted indazolyl. In certain
embodiments, Ring F is substituted benzothienyl. In certain
embodiments, Ring F is unsubstituted benzothienyl. In cer-
tain embodiments, Ring F is substituted isobenzothienyl. In
certain embodiments, Ring F is unsubstituted isobenzothie-
nyl. In certain embodiments, Ring F is substituted benzo-
furanly. In certain embodiments, Ring F is unsubstituted
benzofuranly. In certain embodiments, Ring F is substituted
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benzoisofuranly. In certain embodiments, Ring F is unsub-
stituted benzoisofuranly. In certain embodiments, Ring F is
substituted benzimidazolyl. In certain embodiments, Ring F
is unsubstituted benzimidazolyl. In certain embodiments,
Ring F is substituted benzoxazolyl. In certain embodiments,
Ring F is unsubstituted benzoxazolyl. In certain embodi-
ments, Ring F is substituted benzisoxazolyl. In certain
embodiments, Ring F is unsubstituted benzisoxazolyl. In
certain embodiments, Ring F is substituted benzothiazolyl.
In certain embodiments, Ring F is unsubstituted benzothi-
azolyl. In certain embodiments, Ring F is substituted ben-
zisothiazolyl. In certain embodiments, Ring F is unsubsti-
tuted benzisothiazolyl. In certain embodiments, Ring F is
substituted benzotriazolyl. In certain embodiments, Ring F
is unsubstituted benzotriazolyl. In certain embodiments,
Ring F is substituted benzoxadiazolyl. In certain embodi-
ments, Ring F is unsubstituted benzoxadiazolyl. In certain
embodiments, Ring F is substituted quinolinyl. In certain
embodiments, Ring F is unsubstituted quinolinyl. In certain
embodiments, Ring F is substituted isoquinolinyl. In certain
embodiments, Ring F is unsubstituted isoquinolinyl. In
certain embodiments, Ring F is substituted cinnolinyl. In
certain embodiments, Ring F is unsubstituted cinnolinyl. In
certain embodiments, Ring F is substituted quinoxalinyl. In
certain embodiments, Ring F is unsubstituted quinoxalinyl.
In certain embodiments, Ring F is substituted phthalazinyl.
In certain embodiments, Ring F is unsubstituted phthalazi-
nyl. In certain embodiments, Ring F is substituted quinazoli-
nyl. In certain embodiments, Ring F is unsubstituted qui-
nazolinyl. In certain embodiments, Ring F is a tricyclic
heteroaryl ring.

[0258] Ring F of Formula (II) may be unsubstituted or
substituted with one or more R groups. R¥ may be attached
to a carbon atom or heteroatom, as valency permits. In
certain embodiments, Ring F is unsubstituted, and thus n is
0. In certain embodiments, n is 1. In certain embodiments,
the compound of Formula (II) is of the formula:
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-continued

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0259] In certain embodiments, f is 2. In certain embodi-
ments, the compound of Formula (II) is of the formula:

®5),
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-continued
RG

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0260] In certain embodiments, f is 3. In certain embodi-
ments, fis 4.

[0261] In certain embodiments, at least one R” is H. In
certain embodiments, at least one R” is halogen. In certain
embodiments, at least one R” is F. In certain embodiments,
at least one R¥ is Cl. In certain embodiments, at least one RY
is Br. In certain embodiments, at least one RY is I (iodine).
In certain embodiments, at least one R” is substituted acyl.
In certain embodiments, at least one R is unsubstituted acyl.
In certain embodiments, at least one R is acetyl. In certain
embodiments, at least one R” is substituted alkyl. In certain
embodiments, at least one RY is unsubstituted alkyl. In
certain embodiments, at least one R” is C, 4 alkyl. In certain
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embodiments, at least one R” is methyl. In certain embodi-
ments, at least one RY is ethyl. In certain embodiments, at
least one R” is propyl. In certain embodiments, at least one
R” is butyl. In certain embodiments, at least one R” is
substituted alkenyl. In certain embodiments, at least one RY
is unsubstituted alkenyl. In certain embodiments, at least one
R” is substituted alkynyl. In certain embodiments, at least
one RY is unsubstituted alkynyl. In certain embodiments, at
least one R” is substituted carbocyclyl. In certain embodi-
ments, at least one R is unsubstituted carbocyclyl. In certain
embodiments, at least one R is substituted heterocyclyl. In
certain embodiments, at least one R is unsubstituted het-
erocyclyl. In certain embodiments, at least one RY is sub-
stituted aryl. In certain embodiments, at least one R is
unsubstituted aryl. In certain embodiments, at least one R”
is substituted phenyl. In certain embodiments, at least one
R” is unsubstituted phenyl. In certain embodiments, at least
one RY is substituted heteroaryl. In certain embodiments, at
least one R” is unsubstituted heteroaryl. In certain embodi-
ments, at least one R’ is substituted pyridyl. In certain
embodiments, at least one RY is unsubstituted pyridyl. In
certain embodiments, at least one R” is —OR®". In certain
embodiments, at least one R is —OH. In certain embodi-
ments, at least one R” is —N(R’™),. In certain embodiments,
at least one R” is —NH,. In certain embodiments, at least
one R is —SR*™. In certain embodiments, at least one R
is —SH.

[0262] In certain embodiments, when R is —OR™,
—NR),, or —SR"", at least one R** is H. In certain
embodiments, at least one R is substituted acyl. In certain
embodiments, at least one R is unsubstituted acyl. In
certain embodiments, at least one R is acetyl. In certain
embodiments, at least one R is substituted alkyl. In certain
embodiments, at least one R’ is unsubstituted alkyl. In
certain embodiments, at least one R™ is C,_ alkyl. In certain
embodiments, at least one R”* is methyl. In certain embodi-
ments, at least one R** is ethyl. In certain embodiments, at
least one R** is propyl. In certain embodiments, at least one
R is butyl. In certain embodiments, at least one R*" is
substituted alkenyl. In certain embodiments, at least one R
is unsubstituted alkenyl. In certain embodiments, at least one
R*? is substituted alkynyl. In certain embodiments, at least
one R is unsubstituted alkynyl. In certain embodiments, at
least one R*™ is substituted carbocyclyl. In certain embodi-
ments, at least one R’ is unsubstituted carbocyclyl. In
certain embodiments, at least one R¥" is substituted hetero-
cyclyl. In certain embodiments, at least one R is unsub-
stituted heterocyclyl. In certain embodiments, at least one
R*? is substituted aryl. In certain embodiments, at least one
R*? is unsubstituted aryl. In certain embodiments, at least
one R¥? is substituted phenyl. In certain embodiments, at
least one R*? is unsubstituted phenyl. In certain embodi-
ments, at least one R*? is substituted heteroaryl. In certain
embodiments, at least one R”™ is unsubstituted heteroaryl. In
certain embodiments, at least one R*" is substituted pyridyl.
In certain embodiments, at least one Rf! is unsubstituted
pyridyl. In certain embodiments, at least one R is a
nitrogen protecting group when attached to a nitrogen atom.
In certain embodiments, at least one R** is Bn, BOC, Cbz,
Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when attached
to a nitrogen atom. In certain embodiments, R is an
oxygen protecting group when attached to an oxygen atom.
In certain embodiments, R** is silyl, TBDPS, TBDMS,
TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl, acetyl,
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pivaloyl, or benzoyl when attached to an oxygen atom. In
certain embodiments, R*" is a sulfur protecting group when
attached to a sulfur atom. In certain embodiments, R*" is
acetamidomethyl, t-Bu, 3-nitro-2-pyridine sulfenyl, 2-pyri-
dine-sulfenyl, or triphenylmethyl when attached to a sulfur
atom. In certain embodiments, two R*" groups are joined to
form a substituted heterocyclic ring. In certain embodi-
ments, two R*? groups are joined to form an unsubstituted
heterocyclic ring.

[0263] In certain embodiments, R is substituted C,_,
alkyl; and fis 1. In certain embodiments, R” is unsubstituted
C,.s alkyl; and f'is 1. In certain embodiments, R is methyl;
and fis 1. In certain embodiments, R is ethyl; and fis 1. In
certain embodiments, R” is propyl; and f is 1. In certain
embodiments, R” is butyl; and f is 1. In certain embodi-
ments, R” is halogen; and fis 1. In certain embodiments, R”
is F; and fis 1. In certain embodiments, R¥ is Cl; and fis 1.
In certain embodiments, R is Br; and f is 1. In certain
embodiments, RY is 1 (iodine); and fis 1.

[0264] In compounds of Formula (II), linker V is a diva-
lent linker moiety. V may be a bond. In certain embodi-
ments, V is a single bond. V may also be a C,_s hydrocarbon
chain. V may be saturated or unsaturated. V may be substi-
tuted or unsubstituted. V may also be branched or
unbranched. In certain embodiments, V is a C, hydrocarbon
chain substituted with one or more R” groups. In certain
embodiments, V is —C(R"),—. In certain embodiments, V
is —CH,—. In certain embodiments, V is a C, hydrocarbon
chain substituted with one or more R” groups. In certain
embodiments, V is —C(R"),—CR"),—. In certain
embodiments, V is —CHR"—CHR”—. In certain embodi-
ments, V is —(CH,),—. In certain embodiments, V is
trans-R—CR"—CR"—. In certain embodiments, V is trans-
CH—CH—. In certain embodiments, V is cis-
CR"—CR"— In certain embodiments, V 1is cis-
CH—CH—. In certain embodiments, V is —C=C—. In
certain embodiments, V is a C, hydrocarbon chain substi-
tuted with one or more R” groups. In certain embodiments,
V is —C(R"),—CR"),—CR"),—. In certain embodi-
ments, V is —(CH,);—. In certain embodiments, V is
—CRHN=CR")»—C(R"),—, wherein C—C is cis or trans.
In certain embodiments, V is —C(R"),—CR")—CR")—,
wherein C—C is cis or trans. In certain embodiments, V is
—C—C—C(R"),—. In certain embodiments, V is —C(R")
,—C=C—. In certain embodiments, V is a C, hydrocarbon
chain substituted with one or more R” groups. In certain
embodiments, V is —CR"),—CR"),—CR"),—CR")
»—. In certain embodiments, V is —(CH,),—. In certain
embodiments, V is —C(R")—=CR")—CR"),—CR"),—,
wherein C—C is cis or trans. In certain embodiments, V is
CR"),—CR"),—CR")—C(R"),—, wherein C=C is cis
or trans. In certain embodiments, V is —C(R"),—CR"),—
C(R")—C(R")—, wherein C—C is cis or trans. In certain
embodiments, V is —C=C—C(R"),—C(R"),—. In certain
embodiments, V is —C(R"),—C=C(R"),—. In certain
embodiments, V is —CR"),CR"),—C—. In certain
embodiments, V is —CR")=CR")—CR"H=CR")—,
wherein each occurrence of C—C is independently cis or
trans. In certain embodiments, V is —CR")=CR")—
C=C—, wherein C—C is cis or trans. In certain embodi-
ments, V is —C—C—C(R")=C(R")—, wherein the C=C
is cis or trans. In certain embodiments, V is —C=C—
C=C—. In certain embodiments, V is a C5 hydrocarbon
chain substituted with one or more R” groups. In certain
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embodiments, V is —CR"),—CR"),—CR"),—CR")
»—C(R"),—. In certain embodiments, V is —(CH,)s—. In
certain embodiments, V is a Cg hydrocarbon chain substi-
tuted with one or more R” groups. In certain embodiments,
V is —C(R"),—CR"),—CR"),—CR"),—CR"),—C
(R"),—. In certain embodiments, V is —(CH,)s—. In
certain embodiments, one or more carbon units of the

hydrocarbon chain is replaced with —O—, —S—
—NR"—, —NR"C(=0)—, —C(=0ONR"—, —SC
=0)—, —C=0)S—, —0OC(=0)—, —C(=0)0—,
—NR"C(=S)—, —C(=S)NR"—, trans-CR"—CR"", cis-

CR"—CR”—, —C=C—, —S(—0),0—, —0S(=0),—,
—S(=—0),NR”—, or —NR"S(=0), .

[0265] In certain embodiments, at least one R” is H. In
certain embodiments, at least one R” is halogen. In certain
embodiments, at least one R” is F. In certain embodiments,
at least one R” is Cl. In certain embodiments, at least one R”
is Br. In certain embodiments, at least one R” is I (iodine).
In certain embodiments, at least one R” is substituted alkyl.
In certain embodiments, at least one R” is unsubstituted
alkyl. In certain embodiments, at least one R” is C,_g alkyl.
In certain embodiments, at least one R” is methyl. In certain
embodiments, at least one R” is ethyl. In certain embodi-
ments, at least one R” is propyl. In certain embodiments, at
least one R” is butyl. In certain embodiments, at least one R”
is substituted alkenyl. In certain embodiments, at least one
R” is unsubstituted alkenyl. In certain embodiments, at least
one R” is vinyl. In certain embodiments, at least one R” is
substituted alkynyl. In certain embodiments, at least one R”
is unsubstituted alkynyl. In certain embodiments, at least
one R” is ethynyl. In certain embodiments, at least one R”
is substituted carbocyclyl. In certain embodiments, at least
one R” is unsubstituted carbocyclyl. In certain embodi-
ments, at least one R” is substituted heterocyclyl. In certain
embodiments, at least one R” is unsubstituted heterocyclyl.
In certain embodiments, at least one R” is substituted aryl.
In certain embodiments, at least one R” is unsubstituted aryl.
In certain embodiments, at least one R” is substituted phe-
nyl. In certain embodiments, at least one R” is unsubstituted
phenyl. In certain embodiments, at least one R” is substi-
tuted heteroaryl. In certain embodiments, at least one R” is
unsubstituted heteroaryl. In certain embodiments, at least
one R” is substituted pyridyl. In certain embodiments, at
least one R” is unsubstituted pyridyl. In certain embodi-
ments, two R” groups are joined to form a substituted
carbocyclic ring. In certain embodiments, two R” groups are
joined to form an unsubstituted carbocyclic ring. In certain
embodiments, two R” groups are joined to form a substituted
heterocyclic ring. In certain embodiments, two R” groups
are joined to form an unsubstituted heterocyclic ring. In
certain embodiments, two R” groups are joined to form a
substituted aryl ring. In certain embodiments, two R” groups
are joined to form an unsubstituted aryl ring. In certain
embodiments, two R” groups are joined to form a substituted
phenyl ring. In certain embodiments, two R” groups are
joined to form an unsubstituted phenyl ring. In certain
embodiments, two R” groups are joined to form a substituted
heteroaryl ring. In certain embodiments, two R” groups are
joined to form an unsubstituted heteroaryl ring.

[0266] In compounds of Formula (II), R€ is a substituent
on Ring F through linker V. In certain embodiments, R
comprises a Michael acceptor moiety. This Michael acceptor
moiety may react with a cysteine residue of a kinase (e.g.,
bone marrow kinase on X chromosome (BMX)) to allow
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covalent attachment of the compound to the kinase. In
certain embodiments, the covalent attachment is irrevers-
ible. In other embodiments, the covalent attachment is
reversible. In certain embodiments, R is of Formula (ii-1).
In certain embodiments, R is of Formula (ii-2). In certain
embodiments, R is of Formula (ii-3). In certain embodi-
ments, R is of Formula (ii-4). In certain embodiments, R
is of Formula (ii-5). In certain embodiments, R is of
Formula (ii-6). In certain embodiments, R is of Formula
(ii-7). In certain embodiments, R is of Formula (ii-8). In
certain embodiments, R is of Formula (ii-9). In certain
embodiments, R is of Formula (ii-10). In certain embodi-
ments, R is of Formula (ii-11). In certain embodiments, R
is of Formula (ii-12). In certain embodiments, R is of
Formula (ii-13). In certain embodiments, R is of Formula
(ii-14). In certain embodiments, R is of Formula (ii-15). In
certain embodiments, R is of Formula (ii-16). In certain
embodiments, R is of Formula (ii-17).

[0267] In compounds of Formula (II), R® may include a
substituent R°". In certain embodiments, R%" is H. In certain
embodiments, R°* is halogen. In certain embodiments, R%*
is F. In certain embodiments, RE! is Cl. In certain embodi-
ments, R is Br. In certain embodiments, R%" is I (iodine).
In certain embodiments, R is substituted acyl. In certain
embodiments, R* is unsubstituted acyl. In certain embodi-
ments, R is acetyl. In certain embodiments, R" is sub-
stituted alkyl. In certain embodiments, R" is unsubstituted
alkyl. In certain embodiments, R®" is C,_4 alkyl. In certain
embodiments, R* is methyl. In certain embodiments, R*
is ethyl. In certain embodiments, R°" is propyl. In certain
embodiments, R“* is butyl. In certain embodiments, R“* is
substituted alkenyl. In certain embodiments, R is unsub-
stituted alkenyl. In certain embodiments, R is substituted
alkynyl. In certain embodiments, R®" is unsubstituted alky-
nyl. In certain embodiments, R* is substituted carbocyclyl.
In certain embodiments, R?" is unsubstituted carbocyclyl. In
certain embodiments, R is substituted heterocyclyl. In
certain embodiments, R“* is unsubstituted heterocyclyl. In
certain embodiments, R°" is substituted aryl. In certain
embodiments, R“* is unsubstituted aryl. In certain embodi-
ments, R is substituted phenyl. In certain embodiments,
R is unsubstituted phenyl. In certain embodiments, R is
substituted heteroaryl. In certain embodiments, R is
unsubstituted heteroaryl. In certain embodiments, R%* is
substituted pyridyl. In certain embodiments, R%" is unsub-
stituted pyridyl. In certain embodiments, R%* is —CN. In
certain embodiments, R is —NO,. In certain embodi-
ments, R is —OR'“. In certain embodiments, R is
—N(R®'9),. In certain embodiments, R°" is —SR*%, In
certain embodiments, R“' is —CH,OR“!“ In certain
embodiments, R is —CH,N(R“'%),. In certain embodi-
ments, R is —CH,SR“!“.

[0268] In certain embodiments, at least one R“'¢ is H. In
certain embodiments, at least one R is substituted acyl. In
certain embodiments, at least one R“'# is unsubstituted acyl.
In certain embodiments, at least one R'“ is acetyl. In
certain embodiments, at least one R%'¢ is substituted alkyl.
In certain embodiments, at least one R'? is unsubstituted
alkyl. In certain embodiments, at least one R“'“is C,_, alkyl.
In certain embodiments, at least one R“'¢ is methyl. In
certain embodiments, at least one R“!“ is ethyl. In certain
embodiments, at least one R is propyl. In certain embodi-
ments, at least one R“'“ is butyl. In certain embodiments, at
least one R is substituted alkenyl. In certain embodi-
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ments, at least one R“'“ is unsubstituted alkenyl. In certain
embodiments, at least one R“'“ is substituted alkynyl. In
certain embodiments, at least one R'® is unsubstituted
alkynyl. In certain embodiments, at least one R“'“ is sub-
stituted carbocyclyl. In certain embodiments, at least one
R is unsubstituted carbocyclyl. In certain embodiments,
at least one R“'® is substituted heterocyclyl. In certain
embodiments, at least one R is unsubstituted heterocy-
clyl. In certain embodiments, at least one R“*“ is substituted
aryl. In certain embodiments, at least one R“*“ is unsubsti-
tuted aryl. In certain embodiments, at least one R°'* is
substituted phenyl. In certain embodiments, at least one
R is unsubstituted phenyl. In certain embodiments, at
least one R“'“ is substituted heteroaryl. In certain embodi-
ments, at least one R°'“ is unsubstituted heteroaryl. In
certain embodiments, at least one RS'? is substituted
pyridyl. In certain embodiments, at least one R“* is unsub-
stituted pyridyl. In certain embodiments, at least one R“'“ is
a nitrogen protecting group when attached to a nitrogen
atom. In certain embodiments, at least one R“' is Bn, BOC,
Cbz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when
attached to a nitrogen atom. In certain embodiments, R“'“ is
an oxygen protecting group when attached to an oxygen
atom. In certain embodiments, R“'“ is silyl, TBDPS,
TBDMS, TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl,
acetyl, pivaloyl, or benzoyl when attached to an oxygen
atom. In certain embodiments, R“! is a sulfur protecting
group when attached to a sulfur atom. In certain embodi-
ments, R%'“ is acetamidomethyl, t-Bu, 3-nitro-2-pyridine
sulfenyl, 2-pyridine-sulfenyl, or triphenylmethyl when
attached to a sulfur atom. In certain embodiments, two R“*¢
groups are joined to form a substituted heterocyclic ring. In
certain embodiments, two R%*# groups are joined to form an
unsubstituted heterocyclic ring.

[0269] In compounds of Formula (IT), R® may include a
substituent R, In certain embodiments, R°? is H. In certain
embodiments, R%? is halogen. In certain embodiments, R“>
is F. In certain embodiments, R is Cl. In certain embodi-
ments, R is Br. In certain embodiments, R%? is I (iodine).
In certain embodiments, R? is substituted acyl. In certain
embodiments, R? is unsubstituted acyl. In certain embodi-
ments, R is acetyl. In certain embodiments, R is sub-
stituted alkyl. In certain embodiments, R? is unsubstituted
alkyl. In certain embodiments, R< is C,_, alkyl. In certain
embodiments, R is methyl. In certain embodiments, R is
ethyl. In certain embodiments, R%? is propyl. In certain
embodiments, R is butyl. In certain embodiments, R is
substituted alkenyl. In certain embodiments, R®* is unsub-
stituted alkenyl. In certain embodiments, R%? is substituted
alkynyl. In certain embodiments, R is unsubstituted alky-
nyl. In certain embodiments, R%? is substituted carbocyclyl.
In certain embodiments, R is unsubstituted carbocyclyl. In
certain embodiments, R°* is substituted heterocyclyl. In
certain embodiments, R? is unsubstituted heterocyclyl. In
certain embodiments, R%? is substituted aryl. In certain
embodiments, R%? is unsubstituted aryl. In certain embodi-
ments, R is substituted phenyl. In certain embodiments, R
is unsubstituted phenyl. In certain embodiments, R is sub-
stituted heteroaryl. In certain embodiments, R? is unsub-
stituted heteroaryl. In certain embodiments, R is substi-
tuted pyridyl. In certain embodiments, R%? is unsubstituted
pyridyl. In certain embodiments, R®* is —CN. In certain
embodiments, R%* is —NO,. In certain embodiments, R“>
is —OR®?. In certain embodiments, R%* is —N(R“*%). In
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certain embodiments, R®* is —SR%?“. In certain embodi-
ments, R is —CH,OR“?“, In certain embodiments, R is

—CH,N(R“*9),. In certain embodiments, R%* is
—CH,SR%,
[0270] In certain embodiments, at least one R“%% is H. In

certain embodiments, at least one R*“ is substituted acyl. In
certain embodiments, at least one R“>* is unsubstituted acyl.
In certain embodiments, at least one R9*® is acetyl. In
certain embodiments, at least one R%*“ is substituted alkyl.
In certain embodiments, at least one R“?? is unsubstituted
alkyl. In certain embodiments, at least one R“*is C,_, alkyl.
In certain embodiments, at least one R“%“ is methyl. In
certain embodiments, at least one R9%“ is ethyl. In certain
embodiments, at least one R%** is propyl. In certain embodi-
ments, at least one R“% is butyl. In certain embodiments, at
least one R%%* is substituted alkenyl. In certain embodi-
ments, at least one R“*“ is unsubstituted alkenyl. In certain
embodiments, at least one R9*“ is substituted alkynyl. In
certain embodiments, at least one R%?* is unsubstituted
alkynyl. In certain embodiments, at least one R“** is sub-
stituted carbocyclyl. In certain embodiments, at least one
R?* is unsubstituted carbocyclyl. In certain embodiments,
at least one R*? is substituted heterocyclyl. In certain
embodiments, at least one R“* is unsubstituted heterocy-
clyl. In certain embodiments, at least one R“>“ is substituted
aryl. In certain embodiments, at least one R“%“ is unsubsti-
tuted aryl. In certain embodiments, at least one R“** is
substituted phenyl. In certain embodiments, at least one
R%?* is unsubstituted phenyl. In certain embodiments, at
least one R%?# is substituted heteroaryl. In certain embodi-
ments, at least one R“?? is unsubstituted heteroaryl. In
certain embodiments, at least one R“?? is substituted
pyridyl. In certain embodiments, at least one R“># is unsub-
stituted pyridyl. In certain embodiments, at least one R“** is
a nitrogen protecting group when attached to a nitrogen
atom. In certain embodiments, at least one R“%% is Bn, BOC,
Cbz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when
attached to a nitrogen atom. In certain embodiments, R>* is
an oxygen protecting group when attached to an oxygen
atom. In certain embodiments, R°* is silyl, TBDPS,
TBDMS, TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl,
acetyl, pivaloyl, or benzoyl when attached to an oxygen
atom. In certain embodiments, R“*“ is a sulfur protecting
group when attached to a sulfur atom. In certain embodi-
ments, R9%? is acetamidomethyl, t-Bu, 3-nitro-2-pyridine
sulfenyl, 2-pyridine-sulfenyl, or triphenylmethyl when
attached to a sulfur atom. In certain embodiments, two R“>*
groups are joined to form a substituted heterocyclic ring. In
certain embodiments, two R“>“ groups are joined to form an
unsubstituted heterocyclic ring.

[0271] In compounds of Formula (II), R® may include a
substituent R, In certain embodiments, R“ is H. In certain
embodiments, R is halogen. In certain embodiments, R
is F. In certain embodiments, R is Cl. In certain embodi-
ments, R is Br. In certain embodiments, R is I (iodine).
In certain embodiments, R is substituted acyl. In certain
embodiments, R is unsubstituted acyl. In certain embodi-
ments, R% is acetyl. In certain embodiments, R is sub-
stituted alkyl. In certain embodiments, R is unsubstituted
alkyl. In certain embodiments, R% is C,_, alkyl. In certain
embodiments, R is methyl. In certain embodiments, R
is ethyl. In certain embodiments, R is propyl. In certain
embodiments, R% is butyl. In certain embodiments, R is
substituted alkenyl. In certain embodiments, R® is unsub-
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stituted alkenyl. In certain embodiments, R is substituted
alkynyl. In certain embodiments, R“> is unsubstituted alky-
nyl. In certain embodiments, R is substituted carbocyclyl.
In certain embodiments, R is unsubstituted carbocyclyl. In
certain embodiments, R is substituted heterocyclyl. In
certain embodiments, R®® is unsubstituted heterocyclyl. In
certain embodiments, R%> is substituted aryl. In certain
embodiments, R is unsubstituted aryl. In certain embodi-
ments, R is substituted phenyl. In certain embodiments,
R is unsubstituted phenyl. In certain embodiments, R is
substituted heteroaryl. In certain embodiments, R is
unsubstituted heteroaryl. In certain embodiments, R is
substituted pyridyl. In certain embodiments, R%> is unsub-
stituted pyridyl. In certain embodiments, R is —CN. In
certain embodiments, R is —NO,. In certain embodi-
ments, R is —OR%??. In certain embodiments, R is
—N(R%9),. In certain embodiments, R“> is —SR“*%, In
certain embodiments, R“® is —CH,OR“*“ In certain
embodiments, R is —CH,N(R“*%),. In certain embodi-
ments, R® is —CH,SR%.

[0272] In certain embodiments, at least one R“*“ is H. In
certain embodiments, at least one R is substituted acyl. In
certain embodiments, at least one R“*“ is unsubstituted acyl.
In certain embodiments, at least one R9* is acetyl. In
certain embodiments, at least one R%*“ is substituted alkyl.
In certain embodiments, at least one R%>“ is unsubstituted
alkyl. In certain embodiments, at least one R is C,_ alkyl.
In certain embodiments, at least one R®*“ is methyl. In
certain embodiments, at least one R“* is ethyl. In certain
embodiments, at least one R“* is propyl. In certain embodi-
ments, at least one R is butyl. In certain embodiments, at
least one R%** is substituted alkenyl. In certain embodi-
ments, at least one R“>“ is unsubstituted alkenyl. In certain
embodiments, at least one R9*“ is substituted alkynyl. In
certain embodiments, at least one R“>? is unsubstituted
alkynyl. In certain embodiments, at least one R“*“ is sub-
stituted carbocyclyl. In certain embodiments, at least one
R is unsubstituted carbocyclyl. In certain embodiments,
at least one R“*? is substituted heterocyclyl. In certain
embodiments, at least one R®>* is unsubstituted heterocy-
clyl. In certain embodiments, at least one R“> is substituted
aryl. In certain embodiments, at least one R“>“ is unsubsti-
tuted aryl. In certain embodiments, at least one R%*“ is
substituted phenyl. In certain embodiments, at least one
R%“ is unsubstituted phenyl. In certain embodiments, at
least one R“*“ is substituted heteroaryl. In certain embodi-
ments, at least one R9*“ is unsubstituted heteroaryl. In
certain embodiments, at least one R“>* is substituted
pyridyl. In certain embodiments, at least one R“># is unsub-
stituted pyridyl. In certain embodiments, at least one R“*“ is
a nitrogen protecting group when attached to a nitrogen
atom. In certain embodiments, at least one R“>* is Bn, BOC,
Cbz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts when
attached to a nitrogen atom. In certain embodiments, R“*“ is
an oxygen protecting group when attached to an oxygen
atom. In certain embodiments, R“*® is silyl, TBDPS,
TBDMS, TIPS, TES, TMS, MOM, THP, t-Bu, Bn, allyl,
acetyl, pivaloyl, or benzoyl when attached to an oxygen
atom. In certain embodiments, R“*¢ is a sulfur protecting
group when attached to a sulfur atom. In certain embodi-
ments, R is acetamidomethyl, t-Bu, 3-nitro-2-pyridine
sulfenyl, 2-pyridine-sulfenyl, or triphenylmethyl when
attached to a sulfur atom. In certain embodiments, two R3¢
groups are joined to form a substituted heterocyclic ring. In
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certain embodiments, two R“*“ groups are joined to form an
unsubstituted heterocyclic ring.

[0273] In compounds of Formula (II), R® may include a
substituent R%*, In certain embodiments, R is a leaving
group. In certain embodiments, R“* is halogen. In certain
embodiments, R%* is F. In certain embodiments, R is Cl.
In certain embodiments, R“* is Br. In certain embodiments,
R%*is I (iodine). In certain embodiments, R“* is —OS(=0)
LR In certain embodiments, w is 1. In certain embodi-
ments, w is 2. In certain embodiments, R°* is -OMs. In
certain embodiments, R%* is -OTT. In certain embodiments,
R%*is -OTs. In certain embodiments, R“* is -OBs. In certain
embodiments, R“* is 2-nitrobenzenesulfonyloxy. In certain
embodiments, R is —OR%**. In certain embodiments,
R%* is —OMe. In certain embodiments, R is —OCF,. In
certain embodiments, R is —OPh. In certain embodi-
ments, R is —OC(=0)R“*. In certain embodiments,
R% is —OC(=0)Me. In certain embodiments, R* is
—OC(=0)CF;. In certain embodiments, R%* is —OC
(=0)Ph. In certain embodiments, R“* is —OC(=0)CL. In
certain embodiments, R%* is —OC(=—0)OR“**, In certain
embodiments, R is —OC(=0)OMe. In certain embodi-
ments, R is —OC(=0)O(t-Bu).

[0274] In certain embodiments, R** is substituted alkyl.
In certain embodiments, R°** is unsubstituted alkyl. In
certain embodiments, R%*“ is C,_, alkyl. In certain embodi-
ments, R is methyl. In certain embodiments, R°** is
ethyl. In certain embodiments, R“** is propyl. In certain
embodiments, R is butyl. In certain embodiments, R **
is substituted alkenyl. In certain embodiments, R®** is
unsubstituted alkenyl. In certain embodiments, R“** is
vinyl. In certain embodiments, R%** is substituted alkynyl.
In certain embodiments, R“* is unsubstituted alkynyl. In
certain embodiments, R“* is ethynyl. In certain embodi-
ments, R%** is substituted carbocyclyl. In certain embodi-
ments, R“* is unsubstituted carbocyclyl. In certain embodi-
ments, R* is substituted heterocyclyl. In certain
embodiments, R“** is unsubstituted heterocyclyl. In certain
embodiments, R°* is substituted aryl. In certain embodi-
ments, R%* is unsubstituted aryl. In certain embodiments,
R%* is substituted phenyl. In certain embodiments, R“** is
unsubstituted phenyl. In certain embodiments, R%** is sub-
stituted heteroaryl. In certain embodiments, R“* is unsub-
stituted heteroaryl. In certain embodiments, R“** is substi-
tuted pyridyl. In certain embodiments, R“** is unsubstituted
pyridyl.

[0275] In compounds of Formula (IT), R® may include a
substituent R%. In certain embodiments, R is H. In certain
embodiments, R is substituted alkyl. In certain embodi-
ments, R is unsubstituted alkyl. In certain embodiments,
R is C,_, alkyl. In certain embodiments, R is methyl. In
certain embodiments, R“* is ethyl. In certain embodiments,
R is propyl. In certain embodiments, R is butyl. In
certain embodiments, R is a nitrogen protecting group. In
certain embodiments, R is Bn, BOC, Cbz, Fmoc, trifluo-
roacetyl, triphenylmethyl, or Ts.

[0276] In certain embodiments, R and R%? are each
hydrogen. In certain embodiments, R®* and R’ are each
hydrogen. In certain embodiments, R®* and R are each
hydrogen. In certain embodiments, R%*, R, and R are
each hydrogen. In certain embodiments, R%*, R%?, and R,
and R are each hydrogen.

[0277] In certain embodiments, b is 1. In certain embodi-
ments, b is 2.
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[0278] In certain embodiments, t is 0. In certain embodi- In certain embodiments, R is of the formula:
ments, t is 1. In certain embodiments, t is 2. In certain

embodiments, t is 3. In certain embodiments, t is 4. In certain

embodiments, t is 5. In certain embodiments, t is 6.

[0279] In certain embodiments, U is —O—. In certain 0 NH
embodiments, U is —O. In certain embodiments, U is .
—S—. In certain embodiments, U is —S. In certain embodi- R _z

ments, U is —NR°-, wherein R°° is hydrogen, C,_ alkyl,

or a nitrogen protecting group. In certain embodiments, U is RO3

—NH—. In certain embodiments, U is —NCH;—. In

certain embodiments, U is —N(BOC)-. In certain embodi-

ments, U is —N(Fmoc)-. In certain embodiments, U is  Ip certain embodiments, R is of the formula:
—N(Cbz)-. In certain embodiments, U is —N(Bn)-. In ’

certain embodiments, U is —NR“®, wherein R is hydro-

gen, C, ¢ alkyl, or a nitrogen protecting group. In certain WWI"’""
embodiments, U is —NH. In certain embodiments, U is o -
—NCH;. In certain embodiments, U is =NTs. In certain ]
embodiments, U is =NBn. In certain embodiments, U is

—NCH(Ph),. R~

[0280] In certain embodiments, R is of the formula:

In certain embodiments, R is of the formula:

0 N
SRS, l‘
o 0 NH
RE_ o
G3
R 7
RG3

In certain embodiments, R is of the formula:

In certain embodiments, R is of the formula:

o) N
g6 JVV\TV\IV‘
R L 0O, NH .
T

In certain embodiments, R is of the formula:

T

O, N\ o5
R,
JV\/\TV\IV‘
HN\
7 S(0).
P

In certain embodiments, R is of the formula:

s

. . G- )
In certain embodiments, R is of the formula: In certain embodiments, R is of the formula:

N T

© AN HN 0.

R%.

/

F

s

\
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[0281] In certain embodiments, R€ is of the formula:

T
|

O, N
RO!

RO,

In certain embodiments, R is of the formula:

1

In certain embodiments, R is of the formula:

o

O, NH

Z

In certain embodiments, R is of the formula:

HN

Ny

In certain embodiments, R is of the formula:

NH

v

Apr. 18,2019
64

In certain embodiments, R is of the formula:

In certain embodiments, R is of the formula:

S

In certain embodiments, R is of the formula:

g

In certain embodiments, R is of the formula:

1

In certain embodiments, R is of the formula:
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In certain embodiments, R is of the formula:

e
T
S

In certain embodiments, R is of the formula:

o

HN O.

o

In certain embodiments, R is of the formula:

J

In certain embodiments, R is of the formula:

Cl

[0282] In certain embodiments, the compound of Formula
(I) is of Formula (II-1):

(I1-1)

RG3

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.
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[0283] In certain embodiments, the compound of Formula
(ID) is of the formula:
Z
RGS
>y o

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0284] In certain embodiments, the compound of Formula
(II) is of Formula (1I-2):

(11-2)
RG3

RGZ

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0285] In certain embodiments, the compound of Formula
(ID) is of the formula:
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or a pharmaceutically acceptable salt, solvate, hydrate, poly- [0288] In certain embodiments, the compound of Formula
morph, co-crystal, tautomer, stereoisomer, isotopically (ID) is of the formula:
labeled derivative, and prodrug thereof.

[0286] In certain embodiments, the compound of Formula
(I) is of the formula:

RG3

Gl
o R

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0289] In certain embodiments, the compound of Formula
(ID) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-

G3
morph, co-crystal, tautomer, stereoisomer, isotopically RO2 R
labeled derivative, and prodrug thereof. \
[0287] In certain embodiments, the compound of Formula o RE!
N

(I) is of the formula:
Q.

RGZ
@]
(RF) ) A~ / RPB or
N

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.

[0290] In certain embodiments, the compound of Formula
(ID) is of the formula:

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof.
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or a pharmaceutically acceptable salt, solvate, hydrate, poly- -continued
morph, co-crystal, tautomer, stereoisomer, isotopically

labeled derivative, and prodrug thereof. (I-7)

[0291] In certain embodiments, the compound of Formula AN
(II) is selected from the group consisting of:

(11-3)

(11-8)

(1I-4)

(11-9)

(I1-5) j\
9) NH

(11-6) (11-10)

\_7/
OV

NH

\ /
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-continued
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-continued

(I-11) (II-15)
(I1-12) 116
(I1-13)

(I1I-17)

H)N,

(I1-14)

(1I-18)
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-continued

(I1-19)

(I1-20)

(I1-21)

(I1-22)

69
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-continued

(11-23)

and pharmaceutically acceptable salts, solvates, hydrates,
polymorphs, co-crystals, tautomers, sterecoisomers, isotopi-
cally labeled derivatives, and prodrugs thereof.

[0292] The compounds of Formula (II) may bear multiple
binding motifs for binding to a kinase, such as a tyrosine
kinase (e.g., BMX). Ring E of the compounds of Formula
(II) may be accommodated by a hydrophobic pocket in the
ATP-binding site of BMX. Functionalities on Ring E and/or
R€ may bind to residues of BMX, such as hinge residues
Tyrd91, 11e492, Leus543, and Val403. Functional groups of
R€ may form one or more hydrogen bonds with BMX.
Moreover, the Michael acceptor moiety of R may react
with a cysteine residue (e.g., Cys496) of BMX to allow
covalent attachment of the compound to BMX.

[0293] In certain embodiments, the compound of Formula
(D) or (II), or a pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer, iso-
topically labeled derivative, or prodrug thereof, is provided
in an effective amount in the pharmaceutical composition. In
certain embodiments, the effective amount is a therapeuti-
cally effective amount. In certain embodiments, the effective
amount is a prophylactically effective amount. In certain
embodiments, the therapeutically and/or propylactically
effective amounts are amounts useful for the treatment
and/or prevention of diseases associated with the overex-
pression and/or aberrant activity of the kinase (e.g., a
tyrosine kinase (e.g., BMX)). In certain embodiments, the
disease is a proliferative disease, including, but are not
limited to, cancer, benign neoplasm, angiogenesis, inflam-
matory diseases, and autoimmune diseases. In certain
embodiments, the disease is a metabolic disease. In certain
embodiments, the disease is diabetes (e.g., type 2 diabetes
and gestational diabetes). An effective amount of a com-
pound may vary from about 0.001 mg/kg to about 1000
mg/kg in one or more dose administrations, for one or
several days (depending on the mode of administration). In
certain embodiments, the effective amount varies from about
0.001 mg/kg to about 1000 mg/kg, from about 0.01 mg/kg
to about 750 mg/kg, from about 0.1 mg/kg to about 500
mg/kg, from about 1.0 mg/kg to about 250 mg/kg, and from
about 10.0 mg/kg to about 150 mg/kg.

[0294] Pharmaceutical compositions described herein can
be prepared by any method known in the art of pharmacol-
ogy. In general, such preparatory methods include the steps
of bringing the compound of Formula (I) or (II) (the “active
ingredient™) into association with a carrier or excipient,
and/or one or more other accessory ingredients, and then, if
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necessary and/or desirable, shaping, and/or packaging the
product into a desired single- or multi-dose unit.

[0295] Pharmaceutical compositions can be prepared,
packaged, and/or sold in bulk, as a single unit dose, and/or
as a plurality of single unit doses. As used herein, a “unit
dose” is a discrete amount of the pharmaceutical composi-
tion comprising a predetermined amount of the active ingre-
dient. The amount of the active ingredient is generally equal
to the dosage of the active ingredient which would be
administered to a subject and/or a convenient fraction of
such a dosage such as, for example, one-half or one-third of
such a dosage.

[0296] Relative amounts of the active ingredient, the phar-
maceutically acceptable excipient, and/or any additional
ingredients in a pharmaceutical composition of the invention
will vary, depending upon the identity, size, and/or condition
of the subject treated and further depending upon the route
by which the composition is to be administered. By way of
example, the composition may comprise between 0.1% and
100% (w/w) active ingredient.

[0297] Pharmaceutically acceptable excipients used in the
manufacture of provided pharmaceutical compositions
include inert diluents, dispersing and/or granulating agents,
surface active agents and/or emulsifiers, disintegrating
agents, binding agents, preservatives, buffering agents,
lubricating agents, and/or oils. Excipients such as cocoa
butter and suppository waxes, coloring agents, coating
agents, sweetening, flavoring, and perfuming agents may
also be present in the composition.

[0298] Exemplary diluents include calcium carbonate,
sodium carbonate, calcium phosphate, dicalcium phosphate,
calcium sulfate, calcium hydrogen phosphate, sodium phos-
phate lactose, sucrose, cellulose, microcrystalline cellulose,
kaolin, mannitol, sorbitol, inositol, sodium chloride, dry
starch, cornstarch, powdered sugar, and mixtures thereof.
[0299] Exemplary granulating and/or dispersing agents
include potato starch, corn starch, tapioca starch, sodium
starch glycolate, clays, alginic acid, guar gum, citrus pulp,
agar, bentonite, cellulose, and wood products, natural
sponge, cation-exchange resins, calcium carbonate, silicates,
sodium carbonate, cross-linked poly(vinyl-pyrrolidone)
(crospovidone), sodium carboxymethyl starch (sodium
starch glycolate), carboxymethyl cellulose, cross-linked
sodium carboxymethyl cellulose (croscarmellose), methyl-
cellulose, pregelatinized starch (starch 1500), microcrystal-
line starch, water insoluble starch, calcium carboxymethyl
cellulose, magnesium aluminum silicate (Veegum), sodium
lauryl sulfate, quaternary ammonium compounds, and mix-
tures thereof.

[0300] Exemplary surface active agents and/or emulsifiers
include natural emulsifiers (e.g. acacia, agar, alginic acid,
sodium alginate, tragacanth, chondrux, cholesterol, xanthan,
pectin, gelatin, egg yolk, casein, wool fat, cholesterol, wax,
and lecithin), colloidal clays (e.g. bentonite (aluminum
silicate) and Veegum (magnesium aluminum silicate)), long
chain amino acid derivatives, high molecular weight alco-
hols (e.g. stearyl alcohol, cetyl alcohol, oleyl alcohol, tri-
acetin monostearate, ethylene glycol distearate, glyceryl
monostearate, and propylene glycol monostearate, polyvinyl
alcohol), carbomers (e.g. carboxy polymethylene, poly-
acrylic acid, acrylic acid polymer, and carboxyvinyl poly-
mer), carrageenan, cellulosic derivatives (e.g. carboxymeth-
ylcellulose sodium, powdered cellulose, hydroxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl-
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cellulose, methylcellulose), sorbitan fatty acid esters (e.g.
polyoxyethylene sorbitan monolaurate (Tween 20), poly-
oxyethylene sorbitan (Tween 60), polyoxyethylene sorbitan
monooleate (Tween 80), sorbitan monopalmitate (Span 40),
sorbitan monostearate (Span 60), sorbitan tristearate (Span
65), glyceryl monooleate, sorbitan monooleate (Span 80)),
polyoxyethylene esters (e.g. polyoxyethylene monostearate
(Myrj 45), polyoxyethylene hydrogenated castor oil, poly-
ethoxylated castor oil, polyoxymethylene stearate, and Solu-
tol), sucrose fatty acid esters, polyethylene glycol fatty acid
esters (e.g. Cremophor™), polyoxyethylene ethers, (e.g.
polyoxyethylene lauryl ether (Brij 30)), poly(vinyl-pyrroli-
done), diethylene glycol monolaurate, triethanolamine
oleate, sodium oleate, potassium oleate, ethyl oleate, oleic
acid, ethyl laurate, sodium lauryl sulfate, Pluronic F-68,
Poloxamer188, cetrimonium bromide, cetylpyridinium
chloride, benzalkonium chloride, docusate sodium, and/or
mixtures thereof.

[0301] Exemplary binding agents include starch (e.g.
cornstarch and starch paste), gelatin, sugars (e.g. sucrose,
glucose, dextrose, dextrin, molasses, lactose, lactitol, man-
nitol, etc.), natural and synthetic gums (e.g. acacia, sodium
alginate, extract of Irish moss, panwar gum, ghatti gum,
mucilage of isapol husks, carboxymethylcellulose, methyl-
cellulose, ethylcellulose, hydroxyethylcellulose, hydroxy-
propyl cellulose, hydroxypropyl methylcellulose, microc-
rystalline  cellulose, cellulose acetate, poly(vinyl-
pyrrolidone), magnesium aluminum silicate (Veegum), and
larch arabogalactan), alginates, polyethylene oxide, polyeth-
ylene glycol, inorganic calcium salts, silicic acid, polymeth-
acrylates, waxes, water, alcohol, and/or mixtures thereof.

[0302] Exemplary preservatives include antioxidants,
chelating agents, antimicrobial preservatives, antifungal pre-
servatives, alcohol preservatives, acidic preservatives, and
other preservatives.

[0303] Exemplary antioxidants include alpha tocopherol,
ascorbic acid, acorbyl palmitate, butylated hydroxyanisole,
butylated hydroxytoluene, monothioglycerol, potassium
metabisulfite, propionic acid, propyl gallate, sodium ascor-
bate, sodium bisulfite, sodium metabisulfite, and sodium
sulfite.

[0304] Exemplary chelating agents include ethylenedi-
aminetetraacetic acid (EDTA) and salts and hydrates thereof
(e.g., sodium edetate, disodium edetate, trisodium edetate,
calcium disodium edetate, dipotassium edetate, and the
like), citric acid and salts and hydrates thereof (e.g., citric
acid monohydrate), fumaric acid and salts and hydrates
thereof, malic acid and salts and hydrates thereof, phos-
phoric acid and salts and hydrates thereof, and tartaric acid
and salts and hydrates thereof. Exemplary antimicrobial
preservatives include benzalkonium chloride, benzethonium
chloride, benzyl alcohol, bronopol, cetrimide, cetylpyri-
dinium chloride, chlorhexidine, chlorobutanol, chlorocresol,
chloroxylenol, cresol, ethyl alcohol, glycerin, hexetidine,
imidurea, phenol, phenoxyethanol, phenylethyl alcohol,
phenylmercuric nitrate, propylene glycol, and thimerosal.

[0305] Exemplary antifungal preservatives include butyl
paraben, methyl paraben, ethyl paraben, propyl paraben,
benzoic acid, hydroxybenzoic acid, potassium benzoate,
potassium sorbate, sodium benzoate, sodium propionate,
and sorbic acid.
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[0306] Exemplary alcohol preservatives include ethanol,
polyethylene glycol, phenol, phenolic compounds, bisphe-
nol, chlorobutanol, hydroxybenzoate, and phenylethyl alco-
hol.

[0307] Exemplary acidic preservatives include vitamin A,
vitamin C, vitamin E, beta-carotene, citric acid, acetic acid,
dehydroacetic acid, ascorbic acid, sorbic acid, and phytic
acid.

[0308] Other preservatives include tocopherol, tocopherol
acetate, deteroxime mesylate, cetrimide, butylated hydroxy-
anisol (BHA), butylated hydroxytoluened (BHT), ethylene-
diamine, sodium lauryl sulfate (SLS), sodium lauryl ether
sulfate (SLES), sodium bisulfite, sodium metabisulfite,
potassium sulfite, potassium metabisulfite, Glydant Plus,
Phenonip, methylparaben, Germall 115, Germaben II,
Neolone, Kathon, and Euxyl. In certain embodiments, the
preservative is an anti-oxidant. In other embodiments, the
preservative is a chelating agent.

[0309] Exemplary buffering agents include citrate buffer
solutions, acetate buffer solutions, phosphate buffer solu-
tions, ammonium chloride, calcium carbonate, calcium chlo-
ride, calcium citrate, calcium glubionate, calcium glu-
ceptate, calcium gluconate, D-gluconic acid, calcium
glycerophosphate, calcium lactate, propanoic acid, calcium
levulinate, pentanoic acid, dibasic calcium phosphate, phos-
phoric acid, tribasic calcium phosphate, calcium hydroxide
phosphate, potassium acetate, potassium chloride, potas-
sium gluconate, potassium mixtures, dibasic potassium
phosphate, monobasic potassium phosphate, potassium
phosphate mixtures, sodium acetate, sodium bicarbonate,
sodium chloride, sodium citrate, sodium lactate, dibasic
sodium phosphate, monobasic sodium phosphate, sodium
phosphate mixtures, tromethamine, magnesium hydroxide,
aluminum hydroxide, alginic acid, pyrogen-free water, iso-
tonic saline, Ringer’s solution, ethyl alcohol, and mixtures
thereof.

[0310] Exemplary lubricating agents include magnesium
stearate, calcium stearate, stearic acid, silica, talc, malt,
glyceryl behanate, hydrogenated vegetable oils, polyethyl-
ene glycol, sodium benzoate, sodium acetate, sodium chlo-
ride, leucine, magnesium lauryl sulfate, sodium lauryl sul-
fate, and mixtures thereof.

[0311] Exemplary natural oils include almond, apricot
kernel, avocado, babassu, bergamot, black current seed,
borage, cade, camomile, canola, caraway, carnauba, castor,
cinnamon, cocoa butter, coconut, cod liver, coffee, corn,
cotton seed, emu, eucalyptus, evening primrose, fish, flax-
seed, geraniol, gourd, grape seed, hazel nut, hyssop, isopro-
pyl myristate, jojoba, kukui nut, lavandin, lavender, lemon,
litsea cubeba, macademia nut, mallow, mango seed, mead-
owfoam seed, mink, nutmeg, olive, orange, orange roughy,
palm, palm kernel, peach kernel, peanut, poppy seed, pump-
kin seed, rapeseed, rice bran, rosemary, safflower, sandal-
wood, sasquana, savoury, sea buckthorn, sesame, shea but-
ter, silicone, soybean, sunflower, tea tree, thistle, tsubaki,
vetiver, walnut, and wheat germ oils. Exemplary synthetic
oils include, but are not limited to, butyl stearate, caprylic
triglyceride, capric triglyceride, cyclomethicone, diethyl
sebacate, dimethicone 360, isopropyl myristate, mineral oil,
octyldodecanol, oleyl alcohol, silicone oil, and mixtures
thereof.

[0312] Liquid dosage forms for oral and parenteral admin-
istration include pharmaceutically acceptable emulsions,
microemulsions, solutions, suspensions, syrups and elixirs.
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In addition to the active ingredients, the liquid dosage forms
may comprise inert diluents commonly used in the art such
as, for example, water or other solvents, solubilizing agents
and emulsifiers such as ethyl alcohol, isopropyl alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl ben-
zoate, propylene glycol, 1,3-butylene glycol, dimethylfor-
mamide, oils (e.g., cottonseed, groundnut, corn, germ, olive,
castor, and sesame oils), glycerol, tetrahydrofurfuryl alco-
hol, polyethylene glycols and fatty acid esters of sorbitan,
and mixtures thereof. Besides inert diluents, the oral com-
positions can include adjuvants such as wetting agents,
emulsifying and suspending agents, sweetening, flavoring,
and perfuming agents. In certain embodiments for parenteral
administration, the conjugates of the invention are mixed
with solubilizing agents such as Cremophorm, alcohols, oils,
modified oils, glycols, polysorbates, cyclodextrins, poly-
mers, and mixtures thereof.

[0313] Injectable preparations, for example, sterile inject-
able aqueous or oleaginous suspensions can be formulated
according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable
preparation can be a sterile injectable solution, suspension or
emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among
the acceptable vehicles and solvents that can be employed
are water, Ringer’s solution, U.S.P. and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conven-
tionally employed as a solvent or suspending medium. For
this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such
as oleic acid are used in the preparation of injectables.
[0314] The injectable formulations can be sterilized, for
example, by filtration through a bacterial-retaining filter, or
by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile
water or other sterile injectable medium prior to use.
[0315] In order to prolong the effect of a drug, it is often
desirable to slow the absorption of the drug from subcuta-
neous or intramuscular injection. This can be accomplished
by the use of a liquid suspension of crystalline or amorphous
material with poor water solubility. The rate of absorption of
the drug then depends upon its rate of dissolution, which, in
turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally admin-
istered drug form may be accomplished by dissolving or
suspending the drug in an oil vehicle.

[0316] Compositions for rectal or vaginal administration
are typically suppositories which can be prepared by mixing
the conjugates of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene
glycol, or a suppository wax which are solid at ambient
temperature but liquid at body temperature and therefore
melt in the rectum or vaginal cavity and release the active
ingredient.

[0317] Solid dosage forms for oral administration include
capsules, tablets, pills, powders, and granules. In such solid
dosage forms, the active ingredient is mixed with at least one
inert, pharmaceutically acceptable excipient or carrier such
as sodium citrate or dicalcium phosphate and/or (a) fillers or
extenders such as starches, lactose, sucrose, glucose, man-
nitol, and silicic acid, (b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrro-
lidinone, sucrose, and acacia, (¢) humectants such as glyc-
erol, (d) disintegrating agents such as agar, calcium carbon-
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ate, potato or tapioca starch, alginic acid, certain silicates,
and sodium carbonate, (e) solution retarding agents such as
paraffin, (f) absorption accelerators such as quaternary
ammonium compounds, (g) wetting agents such as, for
example, cetyl alcohol and glycerol monostearate, (h) absor-
bents such as kaolin and bentonite clay, and (i) lubricants
such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures
thereof. In the case of capsules, tablets and pills, the dosage
form may comprise buffering agents.

[0318] Solid compositions of a similar type can be
employed as fillers in soft and hard-filled gelatin capsules
using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The
solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as
enteric coatings and other coatings well known in the
pharmaceutical formulating art. They may optionally com-
prise opacifying agents and can be of a composition that they
release the active ingredient(s) only, or preferentially, in a
certain part of the intestinal tract, optionally, in a delayed
manner. Examples of encapsulating compositions which can
be used include polymeric substances and waxes. Solid
compositions of a similar type can be employed as fillers in
soft and hard-filled gelatin capsules using such excipients as
lactose or milk sugar as well as high molecular weight
polethylene glycols and the like.

[0319] The active ingredient can be in micro-encapsulated
form with one or more excipients as noted above. The solid
dosage forms of tablets, dragees, capsules, pills, and gran-
ules can be prepared with coatings and shells such as enteric
coatings, release controlling coatings, and other coatings
well known in the pharmaceutical formulating art. In such
solid dosage forms the active ingredient can be admixed
with at least one inert diluent such as sucrose, lactose, or
starch. Such dosage forms may comprise, as is normal
practice, additional substances other than inert diluents, e.g.,
tableting lubricants and other tableting aids such a magne-
sium stearate and microcrystalline cellulose. In the case of
capsules, tablets and pills, the dosage forms may comprise
buffering agents. They may optionally comprise opacitying
agents and can be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part
of the intestinal tract, optionally, in a delayed manner.
Examples of encapsulating compositions which can be used
include polymeric substances and waxes.

[0320] Dosage forms for topical and/or transdermal
administration of a compound of this invention may include
ointments, pastes, creams, lotions, gels, powders, solutions,
sprays, inhalants and/or patches. Generally, the active ingre-
dient is admixed under sterile conditions with a pharmaceu-
tically acceptable carrier or excipient and/or any needed
preservatives and/or buffers as can be required. Additionally,
the present invention contemplates the use of transdermal
patches, which often have the added advantage of providing
controlled delivery of an active ingredient to the body. Such
dosage forms can be prepared, for example, by dissolving
and/or dispensing the active ingredient in the proper
medium. Alternatively or additionally, the rate can be con-
trolled by either providing a rate controlling membrane
and/or by dispersing the active ingredient in a polymer
matrix and/or gel.

[0321] Suitable devices for use in delivering intradermal
pharmaceutical compositions described herein include short
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needle devices such as those described in U.S. Pat. Nos.
4,886,499; 5,190,521; 5,328,483; 5,527,288; 4,270,537,
5,015,235; 5,141,496; and 5,417,662. Intradermal composi-
tions can be administered by devices which limit the effec-
tive penetration length of a needle into the skin, such as
those described in PCT publication WO 99/34850 and
functional equivalents thereof. Alternatively or additionally,
conventional syringes can be used in the classical mantoux
method of intradermal administration.

[0322] Formulations suitable for topical administration
include, but are not limited to, liquid and/or semi-liquid
preparations such as liniments, lotions, oil in water and/or
water in oil emulsions such as creams, ointments and/or
pastes, and/or solutions and/or suspensions. Topically
administrable formulations may, for example, comprise
from about 1% to about 10% (w/w) active ingredient,
although the concentration of the active ingredient can be as
high as the solubility limit of the active ingredient in the
solvent. Formulations for topical administration may further
comprise one or more of the additional ingredients described
herein.

[0323] A pharmaceutical composition of the invention can
be prepared, packaged, and/or sold in a formulation suitable
for pulmonary administration via the buccal cavity. Such a
formulation may comprise dry particles which comprise the
active ingredient and which have a diameter in the range
from about 0.5 to about 7 nanometers, or from about 1 to
about 6 nanometers. Such compositions are conveniently in
the form of dry powders for administration using a device
comprising a dry powder reservoir to which a stream of
propellant can be directed to disperse the powder and/or
using a self-propelling solvent/powder dispensing container
such as a device comprising the active ingredient dissolved
and/or suspended in a low-boiling propellant in a sealed
container. Such powders comprise particles wherein at least
98% of the particles by weight have a diameter greater than
0.5 nanometers and at least 95% of the particles by number
have a diameter less than 7 nanometers. Alternatively, at
least 95% of the particles by weight have a diameter greater
than 1 nanometer and at least 90% of the particles by number
have a diameter less than 6 nanometers. Dry powder com-
positions may include a solid fine powder diluent such as
sugar and are conveniently provided in a unit dose form.
[0324] Low boiling propellants generally include liquid
propellants having a boiling point of below 65° F. at
atmospheric pressure. Generally the propellant may consti-
tute 50 to 99.9% (w/w) of the composition, and the active
ingredient may constitute 0.1 to 20% (w/w) of the compo-
sition. The propellant may further comprise additional ingre-
dients such as a liquid non-ionic and/or solid anionic sur-
factant and/or a solid diluent (which may have a particle size
of the same order as particles comprising the active ingre-
dient).

[0325] Pharmaceutical compositions of the invention for-
mulated for pulmonary delivery may provide the active
ingredient in the form of droplets of a solution and/or
suspension. Such formulations can be prepared, packaged,
and/or sold as aqueous and/or dilute alcoholic solutions
and/or suspensions, optionally sterile, comprising the active
ingredient, and may conveniently be administered using any
nebulization and/or atomization device. Such formulations
may further comprise one or more additional ingredients
including, but not limited to, a flavoring agent such as
saccharin sodium, a volatile oil, a buffering agent, a surface
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active agent, and/or a preservative such as methylhydroxy-
benzoate. The droplets provided by this route of adminis-
tration may have an average diameter in the range from
about 0.1 to about 200 nanometers.

[0326] Formulations described herein as being useful for
pulmonary delivery are useful for intranasal delivery of a
pharmaceutical composition of the invention. Another for-
mulation suitable for intranasal administration is a coarse
powder comprising the active ingredient and having an
average particle from about 0.2 to 500 micrometers. Such a
formulation is administered by rapid inhalation through the
nasal passage from a container of the powder held close to
the nares.

[0327] Formulations for nasal administration may, for
example, comprise from about as little as 0.1% (w/w) and as
much as 100% (w/w) of the active ingredient, and may
comprise one or more of the additional ingredients described
herein. A pharmaceutical composition of the invention can
be prepared, packaged, and/or sold in a formulation for
buccal administration. Such formulations may, for example,
be in the form of tablets and/or lozenges made using
conventional methods, and may contain, for example, 0.1 to
20% (w/w) active ingredient, the balance comprising an
orally dissolvable and/or degradable composition and,
optionally, one or more of the additional ingredients
described herein. Alternately, formulations for buccal
administration may comprise a powder and/or an aero-
solized and/or atomized solution and/or suspension com-
prising the active ingredient. Such powdered, aerosolized,
and/or aerosolized formulations, when dispersed, may have
an average particle and/or droplet size in the range from
about 0.1 to about 200 nanometers, and may further com-
prise one or more of the additional ingredients described
herein.

[0328] A pharmaceutical composition of the invention can
be prepared, packaged, and/or sold in a formulation for
ophthalmic administration. Such formulations may, for
example, be in the form of eye drops including, for example,
a 0.1/1.0% (w/w) solution and/or suspension of the active
ingredient in an aqueous or oily liquid carrier or excipient.
Such drops may further comprise buffering agents, salts,
and/or one or more other of the additional ingredients
described herein. Other opthalmically-administrable formu-
lations which are useful include those which comprise the
active ingredient in microcrystalline form and/or in a lipo-
somal preparation. Ear drops and/or eye drops are contem-
plated as being within the scope of this invention.

[0329] Although the descriptions of pharmaceutical com-
positions provided herein are principally directed to phar-
maceutical compositions which are suitable for administra-
tion to humans, it will be understood by the skilled artisan
that such compositions are generally suitable for adminis-
tration to animals of all sorts. Modification of pharmaceu-
tical compositions suitable for administration to humans in
order to render the compositions suitable for administration
to various animals is well understood, and the ordinarily
skilled veterinary pharmacologist can design and/or perform
such modification with ordinary experimentation.

[0330] Compounds provided herein are typically formu-
lated in dosage unit form for ease of administration and
uniformity of dosage. It will be understood, however, that
the total daily usage of the compositions of the present
invention will be decided by the attending physician within
the scope of sound medical judgment. The specific thera-

Apr. 18,2019

peutically effective dose level for any particular subject or
organism will depend upon a variety of factors including the
disease being treated and the severity of the disorder; the
activity of the specific active ingredient employed; the
specific composition employed; the age, body weight, gen-
eral health, sex, and diet of the subject; the time of admin-
istration, route of administration, and rate of excretion of the
specific active ingredient employed; the duration of the
treatment; drugs used in combination or coincidental with
the specific active ingredient employed; and like factors well
known in the medical arts.

[0331] The compounds and compositions provided herein
can be administered by any route, including enteral (e.g.,
oral), parenteral, intravenous, intramuscular, intra-arterial,
intramedullary, intrathecal, subcutaneous, intraventricular,
transdermal, interdermal, rectal, intravaginal, intraperito-
neal, topical (as by powders, ointments, creams, and/or
drops), mucosal, nasal, bucal, sublingual; by intratracheal
instillation, bronchial instillation, and/or inhalation; and/or
as an oral spray, nasal spray, and/or aerosol. Specifically
contemplated routes are oral administration, intravenous
administration (e.g., systemic intravenous injection),
regional administration via blood and/or lymph supply,
and/or direct administration to an affected site. In general,
the most appropriate route of administration will depend
upon a variety of factors including the nature of the agent
(e.g., its stability in the environment of the gastrointestinal
tract), and/or the condition of the subject (e.g., whether the
subject is able to tolerate oral administration).

[0332] The exact amount of a compound required to
achieve an effective amount will vary from subject to
subject, depending, for example, on species, age, and gen-
eral condition of a subject, severity of the side effects or
disorder, identity of the particular compound, mode of
administration, and the like. The desired dosage can be
delivered three times a day, two times a day, once a day,
every other day, every third day, every week, every two
weeks, every three weeks, or every four weeks. In certain
embodiments, the desired dosage can be delivered using
multiple administrations (e.g., two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, or
more administrations).

[0333] In certain embodiments, an effective amount of a
compound for administration one or more times a day to a
70 kg adult human may comprise about 0.0001 mg to about
3000 mg, about 0.0001 mg to about 2000 mg, about 0.0001
mg to about 1000 mg, about 0.001 mg to about 1000 mg,
about 0.01 mg to about 1000 mg, about 0.1 mg to about 1000
mg, about 1 mg to about 1000 mg, about 1 mg to about 100
mg, about 10 mg to about 1000 mg, or about 100 mg to about
1000 mg, of a compound per unit dosage form.

[0334] In certain embodiments, the compounds of For-
mula (I) or (II) may be at dosage levels sufficient to deliver
from about 0.001 mg/kg to about 100 mg/kg, from about
0.01 mg/kg to about 50 mg/kg, preferably from about 0.1
mg/kg to about 40 mg/kg, preferably from about 0.5 mg/kg
to about 30 mg/kg, from about 0.01 mg/kg to about 10
mg/kg, from about 0.1 mg/kg to about 10 mg/kg, and more
preferably from about 1 mg/kg to about 25 mg/kg, of subject
body weight per day, one or more times a day, to obtain the
desired therapeutic effect.

[0335] It will be appreciated that dose ranges as described
herein provide guidance for the administration of provided
pharmaceutical compositions to an adult. The amount to be
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administered to, for example, a child or an adolescent can be
determined by a medical practitioner or person skilled in the
art and can be lower or the same as that administered to an
adult.

[0336] It will be also appreciated that a compound or
composition, as described herein, can be administered in
combination with one or more additional therapeutically
active agents. The compounds or compositions can be
administered in combination with additional therapeutically
active agents that improve their bioavailability, reduce and/
or modify their metabolism, inhibit their excretion, and/or
modify their distribution within the body. It will also be
appreciated that the therapy employed may achieve a desired
effect for the same disorder, and/or it may achieve different
effects.

[0337] The compound or composition can be administered
concurrently with, prior to, or subsequent to, one or more
additional therapeutically active agents. In general, each
agent will be administered at a dose and/or on a time
schedule determined for that agent. In will further be appre-
ciated that the additional therapeutically active agent utilized
in this combination can be administered together in a single
composition or administered separately in different compo-
sitions. The particular combination to employ in a regimen
will take into account compatibility of the inventive com-
pound with the additional therapeutically active agent and/or
the desired therapeutic effect to be achieved. In general, it is
expected that additional therapeutically active agents uti-
lized in combination be utilized at levels that do not exceed
the levels at which they are utilized individually. In some
embodiments, the levels utilized in combination will be
lower than those utilized individually.

[0338] Exemplary additional therapeutically active agents
include, but are not limited to, anti-proliferative agents,
anti-cancer agents, anti-diabetic agents, anti-inflammatory
agents, immunosuppressant agents, and pain-relieving
agents. Therapeutically active agents include small organic
molecules such as drug compounds (e.g., compounds
approved by the U.S. Food and Drug Administration as
provided in the Code of Federal Regulations (CFR)), pep-
tides, proteins, carbohydrates, monosaccharides, oligosac-
charides, polysaccharides, nucleoproteins, mucoproteins,
lipoproteins, synthetic polypeptides or proteins, small mol-
ecules linked to proteins, glycoproteins, steroids, nucleic
acids, DNAs, RNAs, nucleotides, nucleosides, oligonucle-
otides, antisense oligonucleotides, lipids, hormones, vita-
mins, and cells.

[0339] Also encompassed by the invention are kits (e.g.,
pharmaceutical packs). The kits provided may comprise an
inventive pharmaceutical composition or compound and a
container (e.g., a vial, ampule, bottle, syringe, and/or dis-
penser package, or other suitable container). In some
embodiments, provided kits may optionally further include
a second container comprising a pharmaceutical excipient
for dilution or suspension of an inventive pharmaceutical
composition or compound. In some embodiments, the
inventive pharmaceutical composition or compound pro-
vided in the first container and the second container are
combined to form one unit dosage form.

[0340] Thus, in one aspect, provided are kits including a
first container comprising a compound of Formula (I) or (II),
or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, and prodrug thereof, or a pharmaceutical
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composition thereof. In certain embodiments, the kits
described herein are useful in preventing and/or treating a
proliferative disease in a subject. In certain embodiments,
the kits further include instructions for administering the
compound, or a pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer, iso-
topically labeled derivative, and prodrug thereof, or a phar-
maceutical composition thereof, to a subject to prevent
and/or treat a proliferative disease. In certain embodiments,
the kits and instructions provide for treating a proliferative
disease.

[0341] In certain embodiments, the subject administered
the inventive compound, or composition as described here-
rin, is an animal. The animal may be of either sex and may
be of any stage of development. In certain embodiments, the
animal is a mammal. In certain embodiments, the subject is
a human. In certain embodiments, the subject is a domesti-
cated animal, such as a dog, cat, cow, pig, horse, sheep, or
goat. In certain embodiments, the subject is a companion
animal such as a dog or cat. In certain embodiments, the
subject is a livestock animal such as a cow, pig, horse, sheep,
or goat. In certain embodiments, the subject is a zoo animal.
In another embodiment, the subject is a research animal such
as a rodent (e.g., mouse, rat), dog, pig, or non-human
primate. In certain embodimennts, the animal is a geneti-
cally engineered animal. In certain embodiments, the animal
is a transgenic animal.

[0342] Methods of Treatment and Uses

[0343] Aspects of the invention encompass methods for
treating a variety of kinase-associated diseases in a subject.
A kinase-associated disease is any disease or disorder that is
directly or indirectly linked to the expression or activity of
a kinase, including overexpression, increased activity, and/
or aberrant activity of the kinase. The methods comprise
administering to a subject in need thereof a kinase inhibitor
in an amount effective to treat the disease.

[0344] In certain embodiments, the kinase is a tyrosine
kinase, and the inhibitor is a tyrosine kinase inhibitor. In
certain embodiments, the kinase is a non-receptor tyrosine
kinase. In certain embodiments, the kinase is a Tec kinase,
including but not limited to TEC, BTK, ITK, RLK/TXK
and/or BMX. In certain embodiments, the kinase is EGFR,
HER2, HER4, mTOR, Blk, Lkbl, TAK1, CLK1/2, JAK3,
PIK3CG, DYRKI1A, MKNK2, MEKS5, PIK3CA(I800L),
DYRK?2, IRAK3, CSNK2A2, FIT3(D835Y), YSK4, FLT3
(N841I), DYRKIB, JNK3, INKI1, PIK4CB, FLT3(ITD),
and/or PIPSK2C. In some embodiments, the kinase is BMX,
and the inhibitor is a BMX inhibitor. In some embodiments,
the BMX inhibitor is a compound of Formula (I) or (II). In
some embodiments, the BMX inhibitor is a compound of
Formula (I). In other embodiments, the BMX inhibitor is a
compound of Formula (II).

[0345] In some embodiments, the disease is characterized
by overexpression, increased activity, and/or aberrant activ-
ity of BMX. The methods comprise administering to a
subject in need thereof an inhibitor of BMX in an amount
effective to treat the disease.

[0346] Overexpression, increased activity, and/or aberrant
activity is understood to mean increased production of BMX
protein and/or increased kinase activity of BMX protein by
a cell as compared to a wild type cell. This can be triggered
by a variety of causes, including, but not limited to, muta-
tions, gene amplification of the BMX gene, increased sta-
bility or half-life of mRNA, increased translation of mRNA
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into protein, increased activity of the BMX protein,
increased stability of the BMX protein, or a combination of
any of these factors. Overexpression, increased activity,
and/or aberrant activity of BMX can be determined by
comparing the expression and/or activity levels of BMX in
normal, healthy tissue or cells with expression and/or activ-
ity levels in diseased tissue or cells.

[0347] Examples of diseases characterized by overexpres-
sion, increased activity, and/or aberrant activity of BMX
include, but are not limited to, proliferative diseases such as
cancers (i.e., “malignant neoplasms™), benign neoplasms,
angiogenesis, inflammatory diseases, and autoimmune dis-
eases, and diseases associated with insulin resistance.

[0348] Exemplary cancers that can be treated by the
methods of the invention include, but are not limited to,
acoustic neuroma; adenocarcinoma; adrenal gland cancer;
anal cancer; angiosarcoma (e.g., lymphangiosarcoma, lymp-
hangioendotheliosarcoma, hemangiosarcoma); appendix
cancer; benign monoclonal gammopathy; biliary cancer
(e.g., cholangiocarcinoma); bladder cancer; breast cancer
(e.g., adenocarcinoma of the breast, papillary carcinoma of
the breast, mammary cancer, medullary carcinoma of the
breast); brain cancer (e.g., meningioma, glioblastomas,
glioma (e.g., astrocytoma, oligodendroglioma), medullo-
blastoma); bronchus cancer; carcinoid tumor; cervical can-
cer (e.g., cervical adenocarcinoma); choriocarcinoma; chor-
doma; craniopharyngioma; colorectal cancer (e.g., colon
cancer, rectal cancer, colorectal adenocarcinoma); connec-
tive tissue cancer; epithelial carcinoma; ependymoma;
endotheliosarcoma (e.g., Kaposi’s sarcoma, multiple idio-
pathic hemorrhagic sarcoma); endometrial cancer (e.g., uter-
ine cancer, uterine sarcoma); esophageal cancer (e.g., adeno-
carcinoma of the esophagus, Barrett’s adenocarinoma);
Ewing’s sarcoma; eye cancer (e.g., intraocular melanoma,
retinoblastoma); familiar hypereosinophilia; gall bladder
cancer; gastric cancer (e.g., stomach adenocarcinoma); gas-
trointestinal stromal tumor (GIST); germ cell cancer; head
and neck cancer (e.g., head and neck squamous cell carci-
noma, oral cancer (e.g., oral squamous cell carcinoma),
throat cancer (e.g., laryngeal cancer, pharyngeal cancer,
nasopharyngeal cancer, oropharyngeal cancer)); hematopoi-
etic cancers (e.g., leukemia such as acute lymphocytic
leukemia (ALL) (e.g., B-cell ALL, T-cell ALL), acute
myelocytic leukemia (AML) (e.g., B-cell AML, T-cell
AML), chronic myelocytic leukemia (CML) (e.g., B-cell
CML, T-cell CML), and chronic lymphocytic leukemia
(CLL) (e.g., B-cell CLL, T-cell CLL)); lymphoma such as
Hodgkin lymphoma (HL) (e.g., B-cell HL,, T-cell HL) and
non-Hodgkin lymphoma (NHL) (e.g., B-cell NHL such as
diffuse large cell lymphoma (DLCL) (e.g., diffuse large
B-cell lymphoma), follicular lymphoma, chronic lympho-
cytic leukemia/small lymphocytic lymphoma (CLL/SLL),
mantle cell lymphoma (MCL), marginal zone B-cell lym-
phomas (e.g., mucosa-associated lymphoid tissue (MALT)
lymphomas, nodal marginal zone B-cell lymphoma, splenic
marginal zone B-cell lymphoma), primary mediastinal
B-cell lymphoma, Burkitt lymphoma, lymphoplasmacytic
lymphoma (i.e., Waldenstrom’s macroglobulinemia), hairy
cell leukemia (HCL), immunoblastic large cell lymphoma,
precursor B-lymphoblastic lymphoma and primary central
nervous system (CNS) lymphoma; and T-cell NHL such as
precursor T-lymphoblastic lymphoma/leukemia, peripheral
T-cell lymphoma (PTCL) (e.g., cutaneous T-cell lymphoma
(CTCL) (e.g., mycosis fungiodes, Sezary syndrome),
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angioimmunoblastic T-cell lymphoma, extranodal natural
killer T-cell lymphoma, enteropathy type T-cell lymphoma,
subcutaneous panniculitis-like T-cell lymphoma, and ana-
plastic large cell lymphoma); a mixture of one or more
leukemia/lymphoma as described above; and multiple
myeloma (MM)), heavy chain disease (e.g., alpha chain
disease, gamma chain disease, mu chain disease); heman-
gioblastoma; hypopharynx cancer; inflammatory myofibro-
blastic tumors; immunocytic amyloidosis; kidney cancer
(e.g., nephroblastoma a.k.a. Wilms’ tumor, renal cell carci-
noma); liver cancer (e.g., hepatocellular cancer (HCC),
malignant hepatoma); lung cancer (e.g., bronchogenic car-
cinoma, small cell lung cancer (SCLC), non-small cell lung
cancer (NSCLC), adenocarcinoma of the lung); leiomyosar-
coma (LMS); mastocytosis (e.g., systemic mastocytosis);
muscle cancer; myelodysplastic syndrome (MDS); mesothe-
lioma; myeloproliferative disorder (MPD) (e.g., poly-
cythemia vera (PV), essential thrombocytosis (ET), agno-
genic myeloid metaplasia (AMM) ak.a. myelofibrosis
(MF), chronic idiopathic myelofibrosis, chronic myelocytic
leukemia (CML), chronic neutrophilic leukemia (CNL),
hypereosinophilic syndrome (HES)); neuroblastoma; neuro-
fibroma (e.g., neurofibromatosis (NF) type 1 or type 2,
schwannomatosis); neuroendocrine cancer (e.g., gastroen-
teropancreatic neuroendoctrine tumor (GEP-NET), carci-
noid tumor); osteosarcoma (e.g., bone cancer); ovarian can-
cer (e.g., cystadenocarcinoma, ovarian embryonal
carcinoma, ovarian adenocarcinoma); papillary adenocarci-
noma; pancreatic cancer (e.g., pancreatic andenocarcinoma,
intraductal papillary mucinous neoplasm (IPMN), Islet cell
tumors); penile cancer (e.g., Paget’s disease of the penis and
scrotum); pinealoma; primitive neuroectodermal tumor
(PNT); plasma cell neoplasia; parancoplastic syndromes;
intraepithelial neoplasms; prostate cancer (e.g., prostate
adenocarcinoma); rectal cancer; rhabdomyosarcoma; sali-
vary gland cancer; skin cancer (e.g., squamous cell carci-
noma (SCC), keratoacanthoma (KA), melanoma, basal cell
carcinoma (BCC)); small bowel cancer (e.g., appendix can-
cer); soft tissue sarcoma (e.g., malignant fibrous histiocy-
toma (MFH), liposarcoma, malignant peripheral nerve
sheath tumor (MPNST), chondrosarcoma, fibrosarcoma,
myxosarcoma); sebaceous gland carcinoma; small intestine
cancer; sweat gland carcinoma; synovioma; testicular cancer
(e.g., seminoma, testicular embryonal carcinoma); thyroid
cancer (e.g., papillary carcinoma of the thyroid, papillary
thyroid carcinoma (PTC), medullary thyroid cancer); ure-
thral cancer; vaginal cancer; and vulvar cancer (e.g., Paget’s
disease of the vulva).

[0349] In certain embodiments, the cancer is selected from
the group consisting of prostate cancer, basal cell carcinoma,
biliary tract cancer, bladder cancer, bone cancer, brain
cancer, CNS cancer, breast cancer, cervical cancer, chorio-
carcinoma, colon cancer, rectum cancer, connective tissue
cancer, cancer of the digestive system, endometrial cancer,
esophageal cancer, eye cancer, cancer of the head and neck,
gastric cancer, intra-epithelial neoplasm, kidney cancer, lar-
ynx cancer, leukemia, liver cancer, lung cancer, lymphoma.
melanoma, myeloma, neuroblastoma, oral cavity cancer,
ovarian cancer, pancreatic cancer, retinoblastoma, rhab-
domyosarcoma, rectal cancer, renal cancer, cancer of the
respiratory system, sarcoma, skin cancer, stomach cancer,
testicular cancer, thyroid cancer, uterine cancer, and cancers
of the urinary system. In certain embodiments, the cancer is
prostate cancer.
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[0350] Exemplary benign neoplasms include, but are not
limited to, lipoma, chondroma, adenomas, acrochordon,
senile angiomas, seborrheic keratoses, lentigos, and seba-
ceous hyperplasias.

[0351] In one embodiment, the disease to be treated with
the compounds herein is Waldenstrom’s macroglobulinemia
(WM). WM is a distinct clinicopathological entity resulting
from the accumulation, predominantly in the bone marrow,
of clonally related lymphocytes, lymphoplasmacytic cells
and plasma cells, which secrete a monoclonal IgM protein.
This condition is considered to correspond to the lympho-
plasmacytic lymphoma (LPL) as defined by the World
Health Organization lymphoma classification system. A
highly recurrent somatic mutation (myeloid differentiation
factor 88 [MYDS88] L265P) in WM patients has been
described using whole genome sequencing (WGS), and its
presence subsequently confirmed by Sanger’s DNA
sequencing and allele-specific PCR. In total, 91% of
WM/LPL patients expressed MYD88 [.265P. By Sanger or
allele-specific PCR, MYD88 [.265P is detected in up to half
of patients with IgM monoclonal gammopathy of undeter-
mined significance, and its presence, as well as expression
level are associated with malignant progression. In addition,
MYDS88 L.265P has also been reported in ABC type DLBCL
(14-29%), primary central nervous system lymphoma
(33%), MALT lymphoma (9%), and chronic lymphocytic
leukemia (2.9%) by either whole-genome, whole-exome or
Sanger DNA sequencing. MYDS88 is an adaptor molecule
for Toll-like receptors (TLRs) with the exception of TLR-3
and interleukin-1 receptor (IL-1R) signaling. Following
TLR or IL-1R stimulation, MYDS88 is recruited to the
activated receptor complex as a homodimer which then
complexes with IRAK4 and activates IRAK1 and IRAK2.
Tumor necrosis factor receptor associated factor 6 (TRAF6)
is then activated by IRAK1 leading to NFkB activation via
IkBa phosphorylation. Studies have demonstrated that sur-
vival of ABC DLBCL cells was sustained by presence of the
MYDS88 L265P, but not wild-type MYD88. Additionally, the
studies showed that MYD88 L265P stimulated IRAKI1
phosphorylation and NFkB signaling. It has also been
reported that MYDS88 L265P signals through IRAK1 and
Bruton’s Tyrosine Kinase (BTK) to mediate the activation of
NF-kB independently. Moreover, it has been shown that
MYDS88 L265P promotes survival of WM through the
activation of NF-kB thereby providing a framework for the
therapeutic targeting of the MYDS88 signaling pathway in
WM.

[0352] An inflammatory disease can be either an acute or
chronic inflammatory condition and can result from infec-
tions or non-infectious causes. Inflammatory diseases that
can be prevented and/or treated by the methods of the
invention include, without limitation, atherosclerosis, arte-
riosclerosis, autoimmune disorders, multiple sclerosis, sys-
temic lupus erythematosus, polymyalgia rheumatica (PMR),
gouty arthritis, degenerative arthritis, tendonitis, bursitis,
psoriasis, cystic fibrosis, arthrosteitis, rheumatoid arthritis,
inflammatory arthritis, Sjogren’s syndrome, giant cell arteri-
tis, progressive systemic sclerosis (scleroderma), ankylosing
spondylitis, polymyositis, dermatomyosifis, pemphigus,
pemphigoid, diabetes (e.g., Type 1), myasthenia gravis,
Hashimoto’s thyroditis, Graves’ disease, Goodpasture’s dis-
ease, mixed connective tissue disease, sclerosing cholangi-
tis, inflammatory bowel disease, Crohn’s disease, ulcerative
colitis, pernicious anemia, inflammatory dermatoses, usual
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interstitial pneumonitis (UIP), asbestosis, silicosis, bron-
chiectasis, berylliosis, talcosis, pneumoconiosis, sarcoido-
sis, desquamative interstitial pneumonia, lymphoid intersti-
tial pneumonia, giant cell interstitial pneumonia, cellular
interstitial pneumonia, extrinsic allergic alveolitis, Wegen-
er’s granulomatosis and related forms of angiitis (temporal
arteritis and polyarteritis nodosa), inflammatory dermatoses,
hepatitis, delayed-type hypersensitivity reactions (e.g., poi-
son ivy dermatitis), pneumonia, respiratory tract inflamma-
tion, Adult Respiratory Distress Syndrome (ARDS),
encephalitis, immediate hypersensitivity reactions, asthma,
hayfever, allergies, acute anaphylaxis, rheumatic fever,
glomerulonephritis, pyelonephritis, cellulitis, cystitis,
chronic cholecystitis, ischemia (ischemic injury), reperfu-
sion injury, allograft rejection, host-versus-graft rejection,
appendicitis, arteritis, blepharitis, bronchiolitis, bronchitis,
cervicitis, cholangitis, chorioamnionitis, conjunctivitis,
dacryoadenitis, dermatomyositis, endocarditis, endometritis,
enteritis, enterocolitis, epicondylitis, epididymitis, fasciitis,
fibrositis, gastritis, gastroenteritis, gingivitis, ileitis, iritis,
laryngitis, myelitis, myocarditis, nephritis, omphalitis,
oophoritis, orchitis, osteitis, otitis, pancreatitis, parotitis,
pericarditis, pharyngitis, pleuritis, phlebitis, pneumonitis,
proctitis, prostatitis, rhinitis, salpingitis, sinusitis, stomatitis,
synovitis, testitis, tonsillitis, urethritis, urocystitis, uveitis,
vaginitis, vasculitis, vulvitis, vulvovaginitis, angitis, chronic
bronchitis, osteomylitis, optic neuritis, temporal arteritis,
transverse myelitis, necrotizing fascilitis, and necrotizing
enterocolitis.

[0353] Exemplary autoimmune diseases that can be pre-
vented and/or treated by the methods of the invention
include, but are not limited to, glomerulonephritis, Good-
spature’s syndrome, necrotizing vasculitis, lymphadenitis,
peri-arteritis nodosa, systemic lupus erythematosis, rheuma-
toid, arthritis, psoriatic arthritis, systemic lupus erythema-
tosis, psoriasis, ulcerative colitis, systemic sclerosis, der-
matomyositis/polymyositis, anti-phospholipid antibody
syndrome, scleroderma, perphigus vulgaris, ANCA-associ-
ated vasculitis (e.g., Wegener’s granulomatosis, microscopic
polyangiitis), urveitis, Sjogren’s syndrome, Crohn’s disease,
Reiter’s syndrome, ankylosing spondylitis, Lyme arthritis,
GuillainBarre syndrome, Hashimoto’s thyroiditis, and car-
diomyopathy.

[0354] Some aspects of the invention involve a method to
prevent and/or treat insulin resistance in a subject. The
method comprises administering to a subject in need thereof
an inhibitor of BMX in an amount effective to treat the
disease. Insulin resistance or glucose intolerance is a con-
dition characterized by the body’s inability to properly use
insulin or blood sugar. In this condition normal amounts of
insulin are inadequate to produce a normal insulin response
from fat muscle or liver cells. Insulin resistance in fat cells
results in hydrolysis of stored triglycerides which elevates
free fatty acids in the blood plasma. Insulin resistance in
muscle reduces glucose uptake whereas insulin resistance in
liver reduces glucose storage with both effects serving to
elevate blood glucose. High plasma levels of insulin and
glucose due to insulin resistance often lead to diabetes,
hyperglycemia, hyperinsulinemia, dyslipidemia, obesity,
polycystic ovarian disease, hypertension, and cardiovascular
disease. Accordingly, some embodiments of the invention
involve treating diseases associated with insulin resistance
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such as diabetes, hyperglycemia, hyperinsulinemia, dyslipi-
demia, obesity, polycystic ovarian disease, hypertension,
and cardiovascular disease.

[0355] A subject in need of treatment is a subject identified
as having a kinase-associated disease, i.e., the subject has
been diagnosed by a physician (e.g., using methods well
known in the art) as having a kinase-associated disease. In
some embodiments, the subject in need of treatment is a
subject suspected of having or developing a kinase-associ-
ated disease, such as a subject presenting one or more
symptoms indicative of a kinase-associated disease. For
example, a subject suspected of having a kinase-associated
disease, such as an autoimmune disease, may display abnor-
mal titres of autoantibodies. The subject having abnormal
titres of autoantibodies may have at least one other symptom
of autoimmune disease or may be without other symptoms
associated with autoimmune disease. The term “subject in
need of treatment” further includes people who once had a
kinase-associated disease but whose symptoms have ame-
liorated.

[0356] One or more additional pharmaceutical agents,
such as anti-cancer agents (e.g., chemotherapeutics), anti-
inflammatory agents, steroids, immunosuppressants, radia-
tion therapy, or other agents, can be used in combination
with the compounds of Formula (I) or (I) for treatment of
kinase-associated diseases. The one or more additional phar-
maceutical agents can be administered to the subject simul-
taneously or sequentially. Inhibition of one or more addi-
tional kinases may be wuseful in potentiating the
antiproliferative activities of one or more of the compounds
described herein. Additional kinase inhibitors that may be
useful as additional pharmaceutical agents include kinase
inhibitors such as inhibitors of mTOR (AZD8055, Torinl,
Torin2, and WYE125132), PI3K (GDC0941), EGFR and
Her2 (erlotinib, gefitinib, and lapatinib), and the allosteric
Akt inhibitor (MK2206). In one embodiment, the additional
pharmaceutical agent is MK2206. Other exemplary agents
that may be useful in combination with the compounds
described herein include bortezomib, ixazomib, carfilzomib,
oprozomib, bendamustine, cyclophosphamide, rituximab,
ofatumumab, chlorambucil, everolimus, ibrutinib, idelalisib,
plerixafor, and/or BMS-936564 CXCR4 antibody.

[0357] Exemplary chemotherapeutic agents include alky-
lating agents such as nitrogen mustards, ethylenimines,
methylmelamines, alkyl sulfonates, nitrosuoureas, and tri-
azenes; antimetabolites such as folic acid analogs, pyrimi-
dine analogs, in particular fluorouracil and cytosine arab-
inoside, and purine analogs; natural products such as vinca
alkaloids epi-podophyllotoxins, antibiotics, enzymes, and
biological response modifiers; and miscellaneous products
such as platinum coordination complexes, anthracenedione,
substituted urea such as hydroxyurea, methyl hydrazine
derivatives, and adrenocorticoid suppressant.

[0358] Exemplary chemotherapeutic agents also include
anthracycline antibiotics, actinomycin D, plicamycin, puro-
mycin, gramicidin D, paclitaxel, colchicine, cytochalasin B,
emetine, maytansine, amsacrine, cisplatin, carboplatin,
mitomycin, altretamine, cyclophosphamide, lomustine, and
carmustine.

[0359] An effective amount of a compound may vary from
about 0.001 mg/kg to about 1000 mg/kg in one or more dose
administrations, for one or several days (depending on the
mode of administration). In certain embodiments, the effec-
tive amount varies from about 0.001 mg/kg to about 1000
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mg/kg, from about 0.01 mg/kg to about 750 mg/kg, from
about 0.1 mg/kg to about 500 mg/kg, from about 1.0 mg/kg
to about 250 mg/kg, and from about 10.0 mg/kg to about 150
mg/kg.

[0360] In some embodiments, the inhibitor of BMX is
chronically administered to the subject in need of treatment
for a disease associated with insulin resistance. “Chronic” as
used herein refers to continuous, regular, long-term thera-
peutic administration, i.e., periodic administration without
substantial interruption, such as, for example, daily for a
time period of at least several days, weeks or to several years
for the purpose of treating a disease associated with insulin
resistance. In some embodiments, chronic administration of
an inhibitor of BMX comprises maintaining the BMX
inhibitor in the subject at chronic steady state plasma levels
between about 1 ng/ml and about 10 mg/ml. In some
embodiments, chronic administration of an inhibitor of
BMX comprises maintaining the BMX inhibitor in the
subject at chronic steady state plasma levels between about
5 ng/ml and about 5 pg/ml. In some embodiments, the
chronic administration is for a period of at least 2 weeks, at
least 4 weeks, at least 3 months, at least 6 months, at least
12 months, at least 18 months, or at least 24 months.

[0361] Another aspect of the invention relates to methods
of screening a library of compounds to identify one or more
compounds that are useful in the treatment of a disease. In
certain embodiments, the library of compounds is a library
of compounds of Formula (I) or (II). The methods of
screening a library include providing at least two different
compounds of Formula (I) or (II), or pharmaceutically
acceptable salts, solvates, hydrates, polymorphs, co-crystals,
tautomers, stereoisomers, isotopically labeled derivatives, or
prodrugs thereof, or pharmaceutical compositions thereof;
and performing at least one assay using the different com-
pounds of Formula (I) or (II), or pharmaceutically accept-
able salts, solvates, hydrates, polymorphs, co-crystals, tau-
tomers, stereoisomers, isotopically labeled derivatives, or
prodrugs thereof, or pharmaceutical compositions thereof, to
detect one or more characteristics associated with the dis-
ease. In certain embodiments, the methods of screening a
library include providing at least two different compounds of
Formula (I) or (II), or pharmaceutically acceptable salts
thereof, or pharmaceutical compositions thereof; and per-
forming at least one assay using the different compounds of
Formula (I) or (II), or pharmaceutically acceptable salts
thereof, or pharmaceutical compositions thereof, to detect
one or more characteristics associated with the disease. The
characteristic to be detected may be a desired characteristic
associated with the disease. In certain embodiments, the
characteristic is anti-proliferation. In certain embodiments,
the characteristic is anti-cancer. In certain embodiments, the
characteristic is anti-diabetic. In certain embodiments, the
characteristic is enhancing insulin sensitivity. In certain
embodiments, the characteristic is reducing insulin resis-
tance. In certain embodiments, the characteristic is inhibi-
tion of a kinase. In certain embodiments, the characteristic
is inhibition of a tyrosine kinase. In certain embodiments,
the characteristic is inhibition of BMX. In certain embodi-
ments, the characteristic is down-regulation of a kinase such
as a tyrosine kinase (e.g., BMX). In certain embodiments,
the characteristic is suppressing kinase signaling. In certain
embodiments, the characteristic is enhancing downstream
kinase signaling. The characteristic to be detected may also
be an undesired characteristic associated with the disease.
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[0362] The different compounds of Formula (I) or (II) may
be provided from natural sources (see, e.g., Sternberg et al.,
Proc. Nat. Acad. Sci. US4, (1995) 92:1609-1613) or gener-
ated by synthetic methods such as combinatorial chemistry
(see, e.g., Ecker et al., Bio/Technology, (1995) 13:351-360
and U.S. Pat. No. 5,571,902). In certain embodiments, the
different compounds are provided by liquid-phase or solu-
tion synthesis. In certain embodiments, the different com-
pounds are provided by solid-phase synthesis. In certain
embodiments, the different compounds are provided by a
high-throughput, parallel, or combinatorial synthesis. In
certain embodiments, the different compounds are provided
by a low-throughput synthesis. In certain embodiments, the
different compounds are provided by a one-pot synthesis.
The different compounds may be provided robotically or
manually. In certain embodiments, the step of providing at
least two different compounds of the present invention
include arraying into at least two vessels at least two
different compounds of the present invention wherein the
compounds are bound to solid supports, cleaving the com-
pounds from the solid supports, and dissolving the cleaved
compounds in a solvent. The solid supports include, but do
not limit to, beads (e.g., resin beads and magnetic beads),
hollow fibers, solid fibers, plates, dishes, flasks, meshes,
screens, and membranes. In certain embodiments, the solid
supports are beads. In certain embodiments, one solid sup-
port is capable of supporting at least 50 nmol of a compound.
In certain embodiments, one solid support is capable of
supporting at least 100 nmol of a compound. In certain
embodiments, one solid support is capable of supporting at
least 200 nmol of a compound. Each vessel may contain one
or more support-bound compounds of the present invention.
In certain embodiments, each vessel contains one support-
bound compounds of the present invention. The solid sup-
ports and/or the compounds may be labeled with one or
more labeling agents for the identification or detection of the
compounds. The vessels may be wells of a microtiter plate.
The solvent may be an inorganic solvent, organic solvent, or
a mixture thereof. The steps of arraying, cleaving, and
dissolving may be performed robotically or manually.

[0363] Typically, the methods of screening a library of
compounds involve at least one assay. In certain embodi-
ments, the assay is performed to detect one or more char-
acteristics associated with the disease described herein. The
assay may be an immunoassay, such as a sandwich-type
assay, competitive binding assay, one-step direct test, two-
step test, or blot assay. The step of performing at least one
assay may be performed robotically or manually. In certain
embodiments, the activity of a kinase is inhibited. In certain
embodiments, the activity of a tyrosine kinase is inhibited.
In certain embodiments, the activity of BMX is inhibited. In
certain embodiments, the expression of a kinase such as a
tyrosine kinase (e.g., BMX) is down-regulated. In certain
embodiments, kinase signaling is suppressed. In certain
embodiments, downstream kinase signaling is enhanced.

[0364] In yet another aspect, the present invention pro-
vides the compounds of Formula (I) or (II), and pharma-
ceutically acceptable salts, solvates, hydrates, polymorphs,
co-crystals, tautomers, stereoisomers, isotopically labeled
derivatives, prodrugs, and compositions thereof, for use in
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the treatment of a disease in a subject. In certain embodi-
ments, provided in the invention are the compounds of
Formula (I) or (II), and pharmaceutically acceptable salts
and compositions thereof, for use in the treatment of a
disease in a subject.

EXAMPLES

[0365] Inorder that the invention described herein may be
more fully understood, the following examples are set forth.
The synthetic and biological examples described in this
application are offered to illustrate the compounds, pharma-
ceutical compositions, and methods provided herein and are
not to be construed in any way as limiting their scope.

Example 1. Preparation of the Compounds

[0366] Preparation of Compound 3
Cl (€]
Cl
X OFt
n
F
N
1
NO,
1,4-dioxane, 80° C.
—_—
4h
NH,
2
NO,
H;C
NH (€]
Cl
\ OFt
Z
N
3
[0367] To a solution of 1 (540 mg, 2 mmol, 1 equiv.) in

1,4-dioxane (5 mL) at room temperature in a sealed tube was
added 2 (354 mg, 2 mmol, 1 equiv.). The resultant mixture
was heated to 80° C. for 4 h, cooled down to room
temperature, quenched with NaOH (1IN, 10 mL), and
extracted with EtOAc (50 mL.x3). The combined organic
layers were washed with brine (50 m[.x3) and dried over
Na,SO,. Volitiles were removed, and the residue was puri-
fied with silica gel flash chromatography (hexane:EtOAc=1:
3) to give compound 3 (530 mg, 75% yield). LC-MS m/z
(M+H): 385.10.
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[0368] Preparation of Compound 4
NO,
H;C
NH (€]
EtOH, NaBH,
Cl
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3
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N
4
[0369] To a solution of 3 (530 mg, 1.5 mmol, 1 equiv.) in

EtOH (50 mL) at room temperature was added NaBH,, (285
mg, 5 equiv.). The resultant suspension was stirred at room
temperature for 4 h and quenched with NaHCO,(saturated,
50 mL) carefully. Volitiles were removed, and the residue
was diluted with water, extracted with CH,Cl, (100 mLx2),
and dried over Na,SO,. After removal ofvolitiles, the resul-
tant residue was purified with silica gel flash chromatogra-
phy (CH,Cl,:MeOH=20:1) to give 4 (257 mg, 50% yield).
LC-MS m/z (M+H): 343.22.

[0370] Preparation of Compound 5
NO,
H;C
NH MnO,., CH,Cly, 1t
—_—
Cl
A OH
F
N
4
NO,
H;C
NH
Cl
A gl
Z
N
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[0371] To asolution of 4 (257 mg, 0.75 mmol, 1 equiv.) in
CH,Cl, (20 mL) at room temperature was added MnO,
(1.28 g, 5 equiv. (weight)). The reaction mixture was stirred
at room temperature for 1 h and filtered through Celite®.
Volitiles were removed, and the resultant crude product 5
was taken to next step without further purification. LC-MS
m/z (M+H): 341.10.

[0372] Preparation of Compound 6
NO,
H;C
EtO\ OEt
/P
NH E0” ||
(6] (6]
cl N, K,CO3, 100° C.
P
N
5
NO,
H;C
(€]
N
Cl
A
F
N
6
[0373] To a solution of 5 in EtOH (10 mL) at room

temperature in a sealed tube was added triethylphosphono-
acetate (450 pL, 2.25 mmol, 3 equiv.) and K,CO; (518 mg,
3.75 mmol, 5 equiv.). The resultant mixture was heated to
100° C. for 12 h, cooled down to room temperature, diluted
with water, and extracted with EtOAc. The combided
organic layers were dried over Na,SO,. After removal
ofvolitiles, the residue was purified by silica gel flash
chromatography (CH,Cl,:MeOH=20:1) to give 6 (146 mg,
53% yield). LC-MS m/z (M+H): 365.28.

[0374] Preparation of Compound 7
NO,
HyC
O
N SnCly, EtOAc, 4 h
_—
Cl
AN
F
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-continued
NH,
H,C
O
N
Cl
N

[0375] To a solution of 6 (146 mg, 0.4 mmol, 1 equiv.) in
EtOAc (10 mL) at room temperature was added SnCl,.2H,0O
(450 mg, 2 mmol, 5 equiv.). The reaction mixture was heated
to 70° C. for 4 h and cooled down to room temperature.
NaHCO;(saturated) solution was added, and the resultant
slurry was filtered through Celite® and washed with EtOAc.
The filtrate was dried over Na,SO, and concentrated under
reduced pressure. Silica gel flash chromatography (CH,Cl,:
MeOH=9:1) afforded 7 (67 mg, 50% yield). LC-MS m/z
(M+H): 335.11.

[0376] Preparation of Compound 8
NH,
H;C
(€]
(€]
N | Cl)v
Cl N EtsN, CH,Cly, 1t, 20 min
Z
N
7
(€]
HN)l\/
H,C
(€]
|
Cl
A
FZ
N
8
[0377] To a solution of 7 (67 mg, 0.2 mmol, 1 equiv.) in

CH,Cl, (10 mL) at room temperature was added Et;N (55
ul, 0.4 mmol, 2 equiv.) and acryloyl chloride (16 pl, 0.2
mmol, 1 equiv.). The resultant solution was stirred at room
temperature for 10 min, quenched with NaHCO;(saturated),
and extreacted with CH,Cl,. The organic layer was dried
with Na,SO, and concentrated under reduced pressure. The
resultant residue was purified by silica gel flash chromatog-
raphy (CH,Cl,:MeOH=9:1) to give 8 (62 mg, 80% yield).
LC-MS m/z (M+H): 389.11.

80
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[0378] Preparation of Compound I-14

HNJv
I
O

\Q I
OH

Na,CO3(aq.), Dioxane

t-Butyl-Xphos, PAdCl,(Phsp),

o _N
X

-~

[0379] To a solution of 8 (62 mg, 0.16 mmol, 1 equiv.) in
dioxane/H,O (3:1, 4 mL) at room temperature was added
(4-(methylsulfonamido)phenyl)boronic acid (68 mg, 0.32
mmol, 2 equiv.), Na,CO; (IN, 0.48 ml, 0.48 mmol, 3
equiv.), t-butyl-XPhos (7 mg, 0.016 mmol, 0.1 equiv.), and
PdC1,(Ph;P); (11 mg, 0.016 mmol, 0.1 equiv.). The resultant
mixture was heated at 80° C. for 4 h, cooled down to room
temperature, and extracted with CH,Cl,. The organic layer
was washed with brine and dried over Na,SO,. After
removal of volitiles, the residue was purified by silica gel
flash chromatography to give 1-14 (33 mg, 40% yield).
LC-MS m/z (M+H): 524.20.

Example 2. Biological Assays of the Compounds

[0380] Materials

[0381] Anti-pFAK (Y576/577), anti-pIGF-1R (Y1165/
1166)/Insulin Receptor (Y1189/1190), anti-pMET (Y 1234/
1235), anti-pACK1 (Y857/858), anti-pFGFR1 (Y653/654),
anti-pGSK(S9), anti-pS6  (S235/236), antipAKT(S473),
anti-pAKT (T308), anti-ppl30Cas (Y410), anti-Myc tag,
anti-MET and anti-IR were obtained from Cell Signaling
Technology (Danvers, Mass.). Anti-Flag M2, anti-FAK,
anti-pFAK (pY576), anti-pFAK (pY577), anti-PHLPP were
obtained from Abcam (Cambridge, Mass.). Anti-BMX and
anti-j3-actin were obtained from Santa Cruz Biotechnology
(Santa Cruz, Calif.). Anti-pTyr (4G10) and anti-tubulin were
obtained from Millipore (Billerica, Mass.). Bmxtides were
obtained from GenScript Corporation (Piscataway, N.J.).
BMX and control siRNA were obtained from Dharmacon
(Lafayette, Colo.). 3xFlag-FAK was produced by inserting
FAK (pCMV-SPORT6-FAK, Open Biosystems (Lafayette,
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Colo.)) into p3xFlag-CMV (Sigma-Aldrich, St. Louis, Mo.)
between HindIIl and BamH1 sites, and mutants were gen-
erated using QuikChange Site-Directed Mutagenesis Kit
(Stratagene, Santa Clara, Calif.). Myc-ACK1 plasmid was a
generous gift from Dr. Wannian Yang (Geisinger System
Services, Danville, Pa.). FGFR1 expression vector was a
generous gift from Dr. Michal K. Stachowiak (State Uni-
versity of New York at Buffalo). Purified FAK, phosphory-
lated in vitro by SRC, was obtained from Invitrogen (Carls-
bad, Calif.). Bmx™ mice were obtained from Dr. K. Alitaro
(University of Helsinki, Finland).

[0382] Cell Culture and Transfection

[0383] HEK293 and COS7 cells were cultured in DMEM/
10% FBS (Hyclone, Logan, Utah). LNCaP and VCS2 cells
were cultured in RPMI-1640/10% FBS. Primary MEFs were
isolated from E13.5 embryos from a Bmx*'~ female and a
Bmx™ male pair. The cells were trypsinized and cultured in
DMEM/10% FBS. The first generation was genotyped, and
cells under 5” generation were used. Transfections were
performed using Lipofectamine 2000 (Invitrogen, Carlsbad,
Calif)). For wound healing assays, cells were grown to
confluence, and pipette tips were used to injure the cell
surface. Fresh media was then added, and the injured areas
were photographed at time points indicated.

[0384] Immunological Methods

[0385] Cells were lysed with RIPA buffer (50 mM Tris-
HCI, pH 8.0, 150 mM NaCl, 1% NP-40, 0.5% deoxycholate,
0.1% SDS, 1 mM EDTA, 1 mM EGTA, 1 mM f-glycero-
phosphate, 1 mM pyrophosphate, 100 mM sodium fluoride,
1 mM Na,VO,, and protease inhibitors). Lysates were
sonicated for 10 s and centrifuged at 13,000 rpm at 4° C. for
15 min. For anti-3xFlag immunoprecipitation, equal
amounts of protein (1-5 mg) were mixed with 20-50 ul of
anti-3xFlag-conjugated (M2) agarose beads and incubated
at 4° C. overnight with continuous agitation. The beads were
washed extensively with RIPA buffer followed by TBS
buffer, and beads were eluted with 2x Laemmli sample
buffer. Samples were boiled for 5 min, and resolved on
4-12% NuPAGE gels (Invitrogen, Carlsbad, Calif.) followed
by membrane transfer. Membranes were blocked with 5%
milk (or 5% BSA for phosphospecific antibodies) in TBS/
0.1% Tween 20 (TBS/T) at room temperature for 1 h and
incubated with primary antibodies overnight at 4° C. Mem-
branes were then incubated with secondary antibodies at
room temperature for 1 h and developed by ECL. All blots
are representative of at least three experiments.

[0386] For immunofluorescence, cells grown on glass
coverslips were fixed with formaldehyde, incubated with
primary antibodies followed by secondary antibodies con-
jugated with Alexa (Invitrogen, Carlsbad, Calif.) and
Hoechst. All micrographs were taken at the same confocal
microscope setting. To assess effects of BMX on insulin
receptor (IR) in vivo, mice were fasted overnight, injected
intraperitoneally with 2 g/kg glucose, and sacrificed after 15
min. Tissues were rapidly removed, frozen in liquid nitro-
gen, and homogenates were immunoblotted.

[0387] In Vitro Activity Assays

[0388] The in vitro activity of compounds of Formula (I)
and (II) in inhibiting BMX and other kinases were obtained
using an Invitrogen Select Screening assay as known in the
art. The ICs, values determined from this assay are shown
below.
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[0389] In Vitro Kinase Assays

[0390] Purified BMX was mixed with substrate (FAK or
Bmxtides), kinase buffer (final 20 mM HEPES, pH 7.5, 10
mM MgCl,, 20 mM p-glycerophosphate, 1 mM dithiothre-
itol, 20 uM ATP, 5 mM Na,VO,) and 1 uCi of [y->*P]ATP
(omitted for cold in vitro kinase assays analyzed by mass
spectroscopy) for 30 min at 30° C. Reactions were stopped
with 10 mM EDTA and Laemmli sample buffer. Samples
were resolved by 4-12% NuPAGE gel, and visualized by
autoradiography. The positional scanning peptide library
assay was performed according to published methods (Hutti
et al., Nat. Methods 1, 27 (2004); Turk et al., Nat. Protoc. 1,
375 (2006)). Labelled peptide libraries were spotted onto
avidin-coated filter sheets (SAM2 Biotin Capture Mem-
brane, Promega, Madison, Wis.), which were washed, dried,
and exposed to a phosphoimager screen.

[0391] Tandem Mass Spectrometry (LC/MS/MS)

[0392] For all mass spectrometry (MS) experiments, FAK
protein was separated using SDS-PAGE, stained with Coo-
massie blue, and the FAK band was excised. Samples were
subjected to reduction with dithiothreitol, alkylation with
iodoacetamide, and in-gel digestion with trypsin or chy-
motrypsin overnight at pH 8.3, followed by reversed-phase
microcapillary/tandem mass spectrometry (LC/MS/MS).
LC/MS/MS was performed using an Easy-n[.C nanoflow
HPLC (Proxeon Biosystems, West Palm Beach, Fla.) with a
self-packed 75 um i.d.x15 cm Cis column coupled to a
LTQ-Orbitrap XL mass spectrometer (Thermo Scientific,
Waltham, Mass.) in the data-dependent acquisition and
positive ion mode at 300 nl./min. Peptide ions from BMX
predicted phosphorylation sites were also targeted in
MS/MS mode for quantitative analyses. MS/MS spectra
collected via collision induced dissociation in the ion trap
were searched against the concatenated target and decoy
(reversed) single entry FAK and full Swiss-Prot protein
databases using Sequest (Proteomics Browser Software,
Thermo Scientific, Waltham, Mass.) with differential modi-
fications for Ser/Thr/Tyr phosphorylation (+79.97) and the
sample processing artifacts Met oxidation (+15.99), deami-
dation of Asn and Gin (+0.984), and Cys alkylation (+57.
02). Phosphorylated and unphosphorylated peptide
sequences were identified if they initially passed the follow-
ing Sequest scoring thresholds against the target database:
1+ ions, Xcorr=2.0 Sf=0.4, P=5; 2+ ions, Xcorr=2.0, Sf=0.4,
P=5; 3+ ions, Xcorr=2.60, Sf=0.4, P=5, against the target
protein database. Passing MS/MS spectra were manually
inspected to be sure that all b- and y-fragment ions aligned
with the assigned sequence and modification sites. Deter-
mination of the exact sites of phosphorylation was aided
using Fuzzylons and GraphMod and phosphorylation site
maps were created using ProteinReport software (Proteom-
ics Browser Software suite, Thermo Scientific, Waltham,
Mass.). False discovery rates (FDR) of peptide hits (phos-
phorylated and unphosphorylated) were estimated below
1.5% based on reversed database hits (Breitkopf et al.,
Current Protocols in Molecular Biology 98:18.19.1-18.19.
27 (2012); Egan et al., Science 331, 456 (2011); Dibble et
al., Mol. Cell Biol. 29, 5657 (2009); Zheng et al., Mol. Cell
33, 237 (2009)).

[0393] Relative Quantification of Phosphorylation Sites
[0394] For relative quantification of phosphorylated pep-
tide signal levels, an isotope-free (label-free) method was
used by first integrating the total ion counts (TIC) for each
MS/MS sequencing event during a targeted ion MS/MS
(TIMM) experiment or a data-dependent acquisition. For
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each targeted phosphorylation site, a ratio of phosphorylated
peptide signal (TIC of phosphorylated form (TIC,,)) to the
total peptide signal (TIC of phosphorylated form+TIC of
non-phosphorylated form (TIC,_, »,4)) for each sample was
calculated according to the following equation:

TICppi/(TIC pou+TIC,,,.p0a)=Ratio of phosphopep-
tide signal(Rpp4)

[0395] For samples where TIC,,, was not above back-
ground, the background value was used. These ratios of
phosphopeptide signal were then compared to the same
phosphopeptide ratios from the BmxWT (stimulated) and
bmxKD (unstimulated) samples according to the following
equation:

[(Rpos Unstimulated/R p, Stimulated)—1]x100=%

change in phosphorylation

[0396] While a direct comparison of phosphopeptide sig-
nals between different experimental conditions is not accu-
rate due to differences in sample content, a comparison of
the relative ratios of the phosphorylated to nonphosphory-
lated peptide forms between samples is an accurate measure
of signal-level change since the total peptide signal (modi-
fied and unmodified) is measured. The above calculations
were performed manually using Microsoft Excel and with
automated in-house developed software named Protein
Modification Quantifier v1.0 (Beth Israel Deaconess Medi-
cal Center, Boston, Mass.) (Yuan et al., Structure 19, 1084
(2011); Yang et al., Cancer Res. 71, 5965 (2011); Jiang et al.,
J. Biol. Chem. 285, 14980 (2010); Asara et al., Proteomics
8, 994 (2008)).
[0397] Metabolic Assays
[0398] 8-10-month old mice were used for metabolic
assays. For glucose tolerance test (GTT), mice were fasted
for 16 h, blood was drawn, and the mice were injected
intraperitoneally with 2 g/kg dextrose. Blood glucose and
insulin measurement were obtained from tail vein using
OneTouch Ultra (Life Scan, Milpitas, Calif.) and Ultra
Sensitive Mouse Insulin ELISA Kits (Crystal Chem, Down-
ers Grove, Il1.) Tissues were collected 15 min after injection
and frozen in liquid nitrogen until analysis. For insulin
tolerance tests, mice were fasted 4 h and were given 0.75
units/kg body weight human recombinant insulin (Invitro-
gen, Carlsbad, Calif.) intraperitoneally. Blood glucose levels
were monitored at indicated time.
[0399] Statistical Analysis
[0400] Results are expressed as mean+SE. Statistical sig-
nificance was determined by a two-sided Student’s t-test,
with p<0.05 considered statistically significant.
[0401] Molecular Modeling
[0402] Molecular modeling was performed on a complex
of the BMX (published X-ray crystal structure (Protein
Database: 3SXR)) with a compound of Formula (1) or (II)
(e.g., 1-14). The total free energy of the complex was
minimized. An exemplary energy-minimized structure,
shown in FIG. 13, indicates that compounds of Formula (1)
or (I) (e.g., I-14) may bind to various residues of BMX,
such as hinge residues Tyr491, 11e492, Leu543, and Val403.
The modeling results also suggest that the Michael acceptor
moiety of compounds of Formula (I) or (II) is in close
proximity to and may react with a cysteine residue (e.g.,
Cys496) of BMX.
[0403] DiscoverX Binding Assays
[0404] DiscoverX binding assays were performed accord-
ing to published methods (Fabian et al., Nat. Biotechnol. 23,
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329-36 (2005); Davis et al., Nat. Biotechnol. 29, 1046-51
(2011)). Compounds that bind an active site of a protein
(e.g., a kinase, such as BMX, BLK, BTK, JAK3, EGFR
(T790M), ITK, TEC, mTOR, or mTORC 1) and directly
(sterically) or indirectly (allosterically) prevent protein bind-
ing to the immobilized ligand, will reduce the amount of
protein captured on a solid support. Conversely, compounds
that do not bind the protein have no effect on the amount of
protein captured on the solid support. Screening hits are
identified by measuring the amount of protein captured in
test versus control samples by using a quantitative, precise,
and ultra-sensitive QPCR method that detects the associated
DNA label. In a similar manner, dissociation constants
(K,’s) for compound-protein interactions are calculated by
measuring the amount of protein captured on the solid
support as a function of the test compound concentration.

[0405] General Procedure for Anti-Proliferation Assay for
Prostate Cancer Cells

[0406] Cell proliferation was determined after treatment
of 1-14 or 1-14R for either 48 hours or 5 days using
CellTiter-Glo luminescent assay from Promega (USA) and
measured using Envision plate reader (PerkinFlmer). Data
were normalized to control group (DMSO) and represented
by the mean of at least two independent measurement with
standard error <20%. GI50 were calculated using Prism 5.0
(GraphPad Software, San Diego, Calif.).

[0407] Prostate Cancer Cell Apoptosis Studies with
Inhibitor Compound

[0408] R”1 cells were cultured in 1% FBS/RPMI with
different doses of 1-14 for 3 days, and then immunostained
for cleaved caspase-3 (Cell signaling Technology, green
color) and Hoechst 33342 (blue color). Caspase-3 positive
cells were counted and normalized to total cell number
(N=5).

[0409] Cell Proliferation Analysis for Waldenstrom’s
Macroglobulinemia (WM) Cell Lines

[0410] CellTiter-Glo® Luminescent cell viability assay
(Promega) was used to assess cell survival following treat-
ment with an inhibitor compound of Formula (I) or (II) (e.g.,
1-14). Various cell lines were used including Waldenstrom’s
macroglobulinemia (WM) cell lines (BCWM.1, MWCL-1,
RPCI-WM1) and B-cell lymphoma cell lines (OCI-Ly3,
Ramos, OCI-Lyl9). Cells were seeded into 384 well plates
with the ELL406 Combination Washer Dispenser (BioTek
Instruments, Inc.) and inhibitor compounds were injected
into the cells culture media with the JANUS Automated
Workstation (PerkinElmer Inc.). Cells were treated with a
series diluted inhibitor compounds (20~0.04 puM) for 72
hours at 37° C. Luminescent measurement is performed
using the 2104 Envision® Multilabel Reader (PerkinElmer
Inc.).

[0411] Apoptosis Analysis for Primary Patient Bone Mar-
row Tumor Cells

[0412] Primary patient WM cells genotyped for MYDS88
L.265P, as well as MYD88 WT healthy donor CD19-selected
peripheral blood mononuclear cells (PBMCs) were treated
with and without inhibitor compounds. Cells were incubated
at 37° C. with 0.01~4 uM of an inhibitor compound of
Formula (I) or (H) (e.g., 1I-4). Apoptosis analysis was
performed using Annexin V-FITC/Propidium iodide staining
with the Apoptosis Detection Kit I (BD Pharmingen). 1x10%
well cells were treated in 24 well plates for ~24 hours with
inhibitor compounds or corresponding controls. A minimum
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01 10,000 events were acquired using a BD™ FACSCanto 11
flow cytometer and analyzed with BD FACS DIVA Soft-
ware.

[0413]

[0414] To gain insight into BMX targets, a modified
positional scanning peptide library approach was used to
determine whether it has an optimal substrate phosphory-
lation motif (Hutti et al., Nat. Methods 1, 27 (2004)). As a
source of enzymes used stably transfected LNCaP prostate
cancer cells and purified 3xFlag-BMX wild-type (BmxWT)
and 3xFlag-BMX kinase-dead harboring a K445M mutation
(BmxKD) (Jiang et al., J. Biol. Chem. 282, 32689 (2007))
(FIG. 5). The assay employed 198 biotinylated peptide
libraries, each containing a tyrosine fixed at the central
position and one additional position fixed to one of the 20
naturally occurring amino acids (FIG. 1B). All other posi-
tions contained a degenerate mixture of amino acids (ex-
cluding serine, threonine, and cysteine). Phosphothreonine

Results
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position. Data from three independent library screens (FIG.
1B and FIG. 6) were quantified to yield consensus optimal
substrates with either pY (matrix shown in Table 1) or
isoleucine at the -1 position (peptides 1 and 2, respectively,
FIG. 1C). In vitro kinase assays confirmed Bmx phospho-
rylation of the pY peptide (peptide 1), but a signal with the
IY peptide (peptide 2, FIG. 7) was not detected. As peptide
1 contained four tyrosines that were potential phosphory-
lation sites, in vitro phosphorylated peptide 1 was analyzed
using mass spectrometry. Importantly, in addition to non-
phosphorylated peptide and peptide phosphorylated at the
priming -1 tyrosine, the only peptide detected was tyrosine
phosphorylated at both the central and -1 positions (data not
shown). Finally, using mass spectrometry to assess the
effects of varying the -2 position in peptide 1, a preference
for acidic residues was confirmed, with a less marked
preference for threonine or serine (FIG. 8). Together these
results indicated that pYY was a core substrate motif for
BMX.

TABLE 1

BMX matrix for pTyr at -1 position ¢

A 1 1 0.7 1 0.7 0.8 03 0 14 0.7 0.5 06 1 1 1
R 1.2 1.2 1.2 1.7 0.7 0.4 05 0 03 1.1 1.3 14 12 12 1.2
N 1212 14 1.7 0.9 1.8 0.8 0 06 0.8 0.6 0.8 1.2 12 12
D 1.2 1.2 1.2 14 1 1.4 05 0 1 0.7 0.2 1 1.2 1.2 1.2
C 1 1 0.6 1.1 0.6 0.7 02 0 07 0.4 0.6 1.6 1 1 1
E 1.2 12 1 24 1.3 2.3 1.3 0 1.6 0.8 0.3 09 12 12 12
Q 1.2 1.2 1.6 1.6 0.8 1.3 09 0 1.7 1 1 0.8 1.2 12 12
G 12 12 11 1.9 1.5 1.6 05 0 1.3 0.7 1.5 1.6 1.2 1.2 1.2
H 1.2 12 1 1 0.4 0.6 0.8 0 08 0.8 1.8 131 1 1
I 1 1 1.4 1 0.5 0.8 27 0 1 1 1.1 09 1 1 1
L 1 1 0.7 1 0.6 0.8 1.6 0 08 0.8 1.2 1 1 1 1
K 1 1 0.8 1.1 0.5 0.4 04 0 06 0.8 0.6 1 1 1 1
M 1 1 1.2 1.3 1 0.7 1 0 1.7 0.8 1.7 121 1 1
F 1 1 0.5 1 1 0.5 0.8 0 08 1.1 1.8 1 1 1 1
P 1.2 1.2 08 1.5 0.9 1.7 05 0 04 0.9 0.7 1 1.2 1.2 1.2
S 1.2 1.2 09 1.3 1 1.4 04 0 1.7 1 0.8 1 1.2 1.2 1.2
T 1.2 12 1 1.7 1.2 1.4 1.2 0 1.8 1.3 1.1 1.2 12 12 1.2
w1 1 1 1.2 0.8 0.3 05 0 1.9 0.8 1.7 2 1 1 1
Y 1212 1.2 2.8 1.3 0.8 7.6 21 1.5 1.6 2.7 1.3 1.2 1.2 1.2
v 1 1 0.7 0.9 0.8 0.9 1.3 0 14 1.2 1.3 14 1 1 1
* 0.1 0.1 0.1 0.1 0.1 0.1 01 0 01 0.1 0.1 011 1 1
-5 -4 -3 -2 -1 +1 +2 +3 +4

2 The images from the positional peptide library assays were quantified. Each score represents the preference of BMX
toward the fixed peptide in each well.

and phosphotyrosine (pY) residues were included at the [0416] Using the PhosphoSite Plus database from Cell

fixed positions to facilitate identification of kinases requiring
priming phosphorylation events. To avoid effects due to
enzyme recruitment through SH2 or SH3 domains on a solid
surface, kinase assays were performed in solution using
v->?P-ATP with the active and kinase-dead BMX. Bioti-
nylated peptides then were captured with a streptavidin-
coated membrane, and the preference for each amino acid at
each position was determined by the relative level of radio-
label incorporation.

[0415] BMX exhibited strong sequence selectivity at posi-
tions surrounding the phosphorylation site (FIG. 1B, WT),
whereas BmxKD exhibited minimal activity (FIG. 1B, KD),
confirming that peptides were not being phosphorylated by
a contaminating kinase. BMX showed a dramatic preference
for a priming pY at position -1, with a less marked prefer-
ence for isoleucine at the -1 position. The kinase also
preferred substrates with acidic residues at position -2, and
showed a less marked preference for additional tyrosine
residues at —4, +2, and +3, and for tryptophan at the +1

Signaling Technology (www.phosphosite.org), proteins con-
taining pYpY were screened as potential BMX substrates.
Surprisingly, many receptor and nonreceptor tyrosine
kinases met the BMX substrate motif requirement (Table 2).
These sites are highly conserved and, in the receptor tyrosine
kinases, are located in kinase domains where they can
undergo autophosphorylation in response to hormone/
growth factor binding and are required for full kinase
activity (Calalb et al., Mol. Cell Biol. 15, 954 (1995);
Ciccimaro et al., Rapid Commun. Mass Spectrom. 20, 3681
(2006); avelyukis et al., Nat. Struct. Biol. 8, 1058 (2001);
Hubbard, Embo. J. 16, 5572 (1997); Bae et al., Cell 138, 514
(2009)). To validate the predicted substrate motif on intact
proteins, commercially available antibodies recognizing
pYpY were used in several tyrosine kinases. Immunoblot-
ting with an antibody recognizing the pYpY in MET
revealed increased reactivity when cells were cotransfected
with MET and BmxWT plasmids versus a BmxKD plasmid
(FIG. 1D, left panel). Cotranstection with BmxWT similarly
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increased reactivity when the cells in serum free medium
(SFM) were stimulated with hepatocyte growth factor
(HGF) (FIG. 1D, right panel). Cotranstfection of BMX with
FAK markedly increased pYpY levels (pY576/577) in the
FAK kinase domain (FIG. 1E, left panel). In contrast, the
SRC-mediated phosphorylation of Y576 was not markedly
increased, and there was no detectable Y577 monophospho-
rylation, consistent with BMX phosphorylation of Y577
only after a priming phosphorylation of Y576. Transfected
BMX also markedly increased pY576/577 on endogenous
FAK, without increasing pY576 (FIG. 1E, right panel).
Finally, it was found that BMX increased pYpY in FGFR1
(FIG. 1F) and in the non-receptor tyrosine kinase ACK1
(FIG. 1G). JAK?2 was also examined, as BMX was reported
recently to be required for STAT3 activation in glioblastoma
stem cells (Guryanova et al., Cancer Cell 19, 498, 2011)),
but a clear effect of transfected BmxWT on the pYpY site in
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TABLE 2-continued

List of proteins with dual tyrosine

(pYpY)

the JAK?2 kinase domain was not seen.

TABLE 2

List of proteins with dual tyrosine

(pYpY)

phosphorylation ¢. The sequences shown in
the “Sequence” column of this table, from
top to bottom, correspond to SEQ ID NOs: 1
to 31, respectively.
Name Site Domain Sequence
InsR InskR_ 1189, Kinase FGMTRDIYETDYYRKGGKGL
Family Human 1190 domain
IGF1R_ 1165, Kinase FGMTRDIYETDYYRKGGKGL
Human 1166 domain
FGFR FGFR1_ 653, Kinase RDIHHIDYYKKTTNG
Family Human 654 domain
FGFR2_ 656, Kinase RDINNIDYYKKTTNGR
Human 657 domain
FGFR3_ 647, Kinase RDVHNLDYYKKTTNGR
Human 648 domain
FGFR4_ 642, Kinase RGVHHIDYYKKTSNGR
Human 643 domain
Met Met_ 1234, Kinase FGLARDMYDKEYYSVHNKTG
Family Human 1235 domain
or RON_ 1238, Kinase RDILDREYYSVQQHRH
related Human 1239 domain
MER_ 753, Kinase FGLSKKIYSGDYYRQGRIAK
Human 754 domain
Ax1l 695, Kinase FGLSKKIYNGDYYRQGRIAK
Human 696 domain
Tyro3/ 685, Kinase FGLSRKIYSGDYYRQGCASK
SKY_ 686 domain
Human
Trk TrkA 680, Kinase FGMSRDIYSTDYYRVGGRT
Family Human 681 domain
or TrkB_ 706, Kinase FGMSRDVYSTDYYRVGGHT
related Human 707 domain
TrkC_ 709, Kinase FGMSRDVYSTDYYRLFNPS
Human 710 domain
MusSK_ 755, Kinase FGLSRNIYSADYYKANEND
Human 756 domain
DDR2_ 740, Kinase FGMSRNLYSGDYYRIQGRA
Human 741 domain
DDR1_ 796, Kinase FGMSRNLYAGDYYRVQGRAV
Human 797 domain
FAK, FAK 576, Kinase RYMEDSTYYKASKGK
Syk Human 577 domain
Family Pyk2 579, Kinase RYIEDEDYYKASVTRL
Human 580 domain
Syk_ 525, Kinase ALRADENYYKAQTHGK
Human 526 domain

phosphorylation ¢. The sequences shown in
the *“Sequence” column of this table, from
top to bottom, correspond to SEQ ID NOs: 1
to 31, regpectively.
Name Site Domain Sequence
ZAP70_ 429, Kinase ALGADDSYYTARSAGK
Human 493 domain
Jak Jakl_ 1034, Kinase AIETDKEYYTVKDDR
Family Human 1035 domain
or Jak2_ 1007, Kinase VLPQDKEYYKVKEPG
related Human 1008 domain
Jak3_ 980, Kinase LLPLDKDYYVVREPG
Human 981 domain
Tyk2_ 1054, Kinase AVPEGHEYYRVREDG
Human 1055 domain
Src Fgr_ 208, SH2 RKLDMGGYYITTRVQ
Family Human 209 domain
Fyn_ 213, SH2 RKLDNGGYYITTRAQF
Human 214 domain
Yes_ 221, SH2 RKLDNGGYYITTRAQF
Human 222 domain
Lyn 192, SH2 RSLDNGGYYISPRITF
Human 193 domain
Blk_ 187, SH2 RCLDEGGYYISPRITF
Human 188 domain
ACK Ack_ 859, KKVSSTHYYLLPERP
Human 860

¢ Data are based on mass spectrometry data in the PhosphoSite
é’]};)s.database from Cell Signaling Technology (www.phosphosite.
[0417] The BMX PH domain can interact with the FERM
domain of FAK, with subsequent membrane recruitment and
activation of BMX by FAK associated SRC (Chen et al.,
Nat. Cell Biol. 3, 439 (2001)). Therefore, what was next
focused on was to determine whether FAK was a physi-
ological BMX substrate. To confirm FAK Y576/577 phos-
phorylation, mass spectrometric analysis of FAK was per-
formed after in vitro kinase reactions with wild-type or
kinase-dead BMX. The substrate used was a commercial
recombinant FAK that was initially phosphorylated in vitro
by SRC. Tyrosine phosphorylated peptides identified in the
BmxWT sample are shown in FIG. 2A, although the analysis
was not comprehensive due to limited peptide coverage
(complete phosphorylation maps of FAK with BmxWT and
BmxKD are shown in FIGS. 9A to 9B). As expected,
tyrosine phosphorylation at Y576 alone was found, reflect-
ing the in vitro phosphorylation by SRC. Dual phosphory-
lation at Y576/Y577 was observed only with wild-type
BMX, and phosphorylation at Y577 alone was did not
detected, consistent with previous data showing Y576 is
phosphorylated prior to Y577 (Ciccimaro et al., Rapid
Commun. Mass Spectrom. 20, 3681 (2006)).

[0418] To generate more quantitative data, an isotope-free
targeted mass spectrometric approach was used to quantify
relative ratios of peptides phosphorylated at Y576, Y577, or
at both sites. Among all detected peptides containing Y576/
577 in the BmxWT treated sample, 81% were phosphory-
lated only at Y576, and 8.4% were dually phosphorylated at
Y576 and Y577 (spectra for dual phosphopeptide is shown
in FIG. 2B). In contrast, while 86% of Y576/577 containing
peptides in the BmxKD treated sample were phosphorylated
at Y576, there were no peaks above background (0.66%)
detected for the pY576/577 peptide, indicating an increase
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of at least 12-fold by wild-type BMX (FIG. 2C). Less
marked increases in phosphorylation also were found at two
other sites targeted for analysis, Y194 and Y441 (the latter
being an 1Y site) (FIG. 2C). Finally, cells cotransfected with
BmxWT or BmxKD and a series of mutant FAKs were
examined. Reactivity of wild-type FAK with the pY576/577
antibody again was increased by BmxWT, and this increase
was abrogated by the Y576 A and Y577 A mutations (but not
Y194A or Y441A mutations), supporting the specificity of
the antibody and further establishing that BMX can phos-
phorylate FAK Y577 in vivo subsequent to priming by
phosphorylation at Y576 (FIG. 2D).

[0419] BMX expression is increased in prostate cancer,
and transgenic BMX overexpression in mouse prostate
induces intraepithelial neoplasia (Dai et al., Cancer Res. 66,
8058 (2006)). Therefore, to analyze FAK phosphorylation
by endogenous BMX, siRNA was used to decrease BMX in
two human prostate cancer cell lines (VCS2 and LNCaP)
expressing relatively high levels of endogenous BMX.
LNCaP cells, which are PTEN deficient and subsequently
have PI-3K pathway activation, were transfected with BMX
or control siRNA and then serum starved for 72 hours,
followed by serum stimulation and immunoblotting for FAK
pY576/577. BMX knockdown did not prevent an increase at
5 minutes, but it markedly decreased the duration of the
response (FIG. 3A). In VCS2 cells (derived from a VCaP
xenograft that relapsed after castration) (Cai et al., Cancer
Cell 20, 457 (2011)), BMX siRNA decreased pY576/Y577
under serum starved conditions and also impaired the
response to serum stimulation (FIG. 3B). As FAK links both
growth factor and matrix/integrin stimulation to intracellular
signals that promote cell migration, matrix stimulated FAK
phosphorylation was also analyzed. BMX siRNA reduced
FAK pY576/577 under basal and fibronectin stimulated
conditions (FIG. 3C).

[0420] Bmx~ mice appear normal, but have a defect in
ischemia induced angiogenesis that could reflect decreased
FAK activity and migration of endothelial cells (He et al., J.
Clin. Invest. 116, 2344 (2006)). Therefore, mouse embry-
onic fibroblasts (MEFs) from Bmx~ mice were examined.
Male littermates that were wildtype for Bmx (Bmx™*) or Bmx
negative (Bmx™), or females that were heterozygous for
Bmx (Bmx*~) were identified by genotyping and used to
generate shortterm MEF lines (FIG. 10). Lower basal FAK
pY576/Y577 in Bmx~ compared to Bmx* MEFs was
detected, and pY576/Y577 in Bmx™ MEFs after fibronectin
stimulation was marked decreased (FIG. 3D). Phosphory-
lation of p130Cas, a direct downstream substrate of FAK,
also was markedly impaired, consistent with the requirement
for Y576/577 phosphorylation to fully activate FAK.

[0421] BMX stimulated FAK pY576/Y577 was most evi-
dent at lower cell density, consistent with a requirement for
a priming Y576 phosphorylation by SRC at the plasma
membrane. To test this hypothesis, immunofluorescence was
used to assess the cellular localization of transfected BMX
and endogenous FAK pY576/Y577. Cells transfected with
BmxWT, but not BmxKD, showed strong FAK pY576/577
staining that colocalized with BMX at the plasma membrane
(FIG. 3E). To further assess the localization of BMX and
pY576/Y577 FAK in response to a physiological FAK
stimulus, scratch wounds were introduced into COS7 cells
transfected with BmxWT or BmxKD. Immunostaining done
at about 3 hours showed co-localization of pY576/577 FAK
with BmxWT, but not BmxKD, in lamellipodia of migrating
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cells at the leading edge (FIG. 3F). Wound healing assays
were next performed to determine the influence of endog-
enous BMX on cell migration. Scratch wounds were intro-
duced on MEFs grown to confluency, and pictures of the
leading edge were taken at time points O and 9 hours (FIG.
11). Bmxr MEFs showed impaired wound healing compared
to Bmx* MEFs and Bmx*~ MEFs from female mice (FIG.
3G). BMX downregulation by siRNA similarly impaired
wound healing in LNCaP cells (FIG. 12). This defect in the
Bmx~ MEFs could be corrected by transfection with
BmxWT, but not BmxKD (FIG. 3H), and the stimulatory
effect of BmxWT could be blocked by a FAK antagonist
(PF562271) (FIG. 31). Together these findings show that
BMX activates FAK by phosphorylating Y577 subsequent
to a priming phosphorylation at Y576.

[0422] An additional candidate BMX substrate is insulin
receptor (IR), which in addition to pY1189/1190 in its kinase
domain undergoes phosphorylation at Y1185 to achieve full
activation (Table 2) (Hubbard, Embo. J. 16, 5572 (1997);
White et al., J. Biol. Chem. 263, 2969 (1988); zynski et al.,
Biochem. Biophys. Res. Commun. 279, 955 (2000); Baserga,
Exp. Cell Res. 253, 1 (1999)). Immunoblotting with pY1189/
1190 and pY 1185 IR antibodies showed that BMX down-
regulation by siRNA in LNCaP cells impaired insulin stimu-
lated IR activation (FIG. 4A). Interestingly, Y1185 is
preceded by an isoleucine, suggesting that it may be an IY
motif for BMX. Insulin stimulated IR phosphorylation simi-
larly was impaired in Bmx~ MEFs (FIG. 4B), despite higher
levels of total IR expression in Bmx~ versus Bmx* MEFs
(FIG. 4C). Insulin stimulated phosphorylation of AKT at
T308, which is mediated by PDK1 immediately downstream
of PI-3K, also was decreased in Bmx~ MEFs, as was
phosphorylation of AKT substrate GSK30 and downstream
S6 (FIG. 4B). In contrast, AKT phosphorylation at S473,
which is mediated by TOR? and generally correlates with
T308 phosphorylation, was not decreased (FIG. 4B). Con-
sistent with this result, expression of the phosphatase
PHLPP, which dephosphorylates AKT pS473 (Gao et al.,
Mol. Cell 18, 13 (2005)), was decreased in the Bmx~ MEFs
(FIG. 4C). Moreover, increased levels of total IR and
decreased PHLPP in vivo in liver from Bmx™ mice were also
observed (FIG. 4C), indicating that cells were adapting to
decreased IR signaling and PI-3K/AKT pathway activity.

[0423] To assess effects on insulin signaling in vivo, liver
from mice was examined that were sacrificed 15 minutes
after injection with glucose to stimulate insulin secretion. As
observed in the Bmx~ MEFs, phosphorylation of IR and of
AKT at T308 were reduced, while pAKT473 was increased
(FIG. 4D). Moreover, analysis of GSK3f and S6 phospho-
rylation in liver from a series of Bmx* versus Bmx™ mice
showed that signaling downstream of AKT was actually
enhanced in the Bmx™ mice (FIG. 4E). Consistent with the
increased AKT signaling in liver, glucose tolerance testing
showed lower peak serum glucose (FIG. 4F) and insulin
levels (FIG. 4G) in Bmx™ mice. Insulin tolerance testing
confirmed that Bmx~ mice had an increased response to
insulin (FIG. 4H). These findings demonstrate that chronic
loss of BMX leads to adaptations including downregulation
of PHLPP (which also dephosphorylates S6 kinase), which
may enhance responses to some stimuli.
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[0424] Compounds of Formula (I) or (II) show inhibitory
activity against BMX. Shown in Table 3 are exemplary in
vitro 1C,,, data of these compounds.

TABLE 3

In vitro IC5, values of exemplary compounds of Formula (I) or
(II) in inhibiting BMX

ICso ICso

Compound (M) Compound (M)
1-7 15.9 1I-3 8.16
1-8 40.6 1I-4 6.73
I-10 >10,000 1I-5 12.9
I-11 18.1 II-6 7.36
I-12 173 II-7 15.7
I-13 18.1 II-8 10.5
I-14 7.99 1I-9 19.7
I-15 >1,000 II-10 12.1
I-16 27.8 II-11 66.1
1-17 399 1I-12 5.62
I-18 13.3 II-13 133
1I-14 8.75

1I-16 18.5

1I-20 479
[0425] Compounds of Formula (I) or (II) may covalently

attach to BMX by reacting with a cysteine residue (e.g.,
Cys496) of BMX. The compounds of Formula (I) or (IT) may
also form covalent bonds to equivalently positioned cysteine
residues in other kinases, such as EGFR, Jak3, BLK, BTK,
TEC, Txk, and ITK. Shown in FIG. 14 are the sequences of
fragments of exemplary kinases that include cysteine resi-
dues to which the compounds of Formula (I) or (II) may
attach. An X-ray co-crystal structure of compound II-6 on
EGFR (T790M) is shown in U.S. provisional patent appli-
cation, U.S. Ser. No. 61/622,828.

[0426] The Michael receptor moiety (e.g., the group of
any one of Formulae (i-1H)-(i-17) and (ii-1)-(ii-17)) of a
compound of Formula (I) or (I) may be responsible for the
covalent attachment of the compound to a kinase. The
Michael receptor moiety is typically electrophilic and
capable of reacting with a nucleophile such as a cysteine
residue of the kinase (e.g., Cys496 of BMX). In contrast, a
compound (e.g., compound [-14R, shown below) that does
not include a Michael receptor moiety and is not be able to
form covalent attachment to a kinase is expected not to show
inhibitory activity against the kinase. Illustrated in FIGS.
15A to 15B is the result of an IP kinase assay of both wide
type BMX and BMXC496S with compound 1-14 or I-14R.
Shown in FIG. 16 A is the assaying result of compounds I-14
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and I-14R in stably transfected wide type BMX and
BMXC496S in R”-1 cancer cell line.

(I-14R)
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[0427] Compounds of Formula (I) or (I) (e.g., I-14 and

1I-6) may be active in inhibiting a variety of kinases, such as
BMX, BLK, BTK, JAK3, EGFR(T790M), ITK, TEC,
mTOR, and mTOR" (Table 4). Also shown in Table 4 are
percent control values of these compounds obtained from a
DiscoverX binding assay.

TABLE 4

IC-, and percent-control values of compounds I-14 and II-6

1-14 1I-6

Percent Control Percent Control

Kinase IC50 (nM) (%) IC50 (M) (%)
BMX 7.99 29 7.36 4.6
BLK 377 40 30.2 2.4
BTK 10.4 0.95 5.34 0.2
JAK3 175 20 38.1 0
EGFR(T790M) 4280 2.1 98.8 1.8
ITK 5250 52 29
TEC 653 27 6
mTOR 325 21.9 0
mTORC1 7400
CLK1/2 384/50 0.4/1.0
[0428] Compounds of Formula (I) or (II) (e.g., I-14) may

also be active in inhibiting the proliferation of a range of cell
lines, such as a panel of murine Ba/F3 cells that were
transformed with TEL fusion proteins (e.g., TEL-BMX,
TEL-JAK, TEL-JAK2, TEL-JAK3, TEL-JAK3 (+IL-3),
TYK2E957D, TEL-Abl, and TEL-BLK). Shown in Table 5
are Gl,, (i.e., concentration required to inhibit cell growth
by 50%) values of compound I-14 in inhibiting the growth
of those exemplary cell lines.

TABLE 5

Gls, values of compound I-14 in inhibiting the growth of exemplary cell lines

TEL-
WT- TEL- TEL- TEL- TEL- JAK3 TEL- TEL-
Cell line Ba/F3 BMX JAK1 JAK2 JAK3 (+IL-3) TYK2E957D Abl BLK
Glso (UM) >10  0.025 492 583 7098 7.77 6.09 >10  3.64
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[0429] The present study has revealed a unique substrate
motif for BMX and shown that BMX functions to amplify
tyrosine kinase signaling by phosphorylation of kinase
domain pYY sites. It is proposed that the initial priming
tyrosine phosphorylation is mediated by autophosphory-
lation in response to hormone binding or by other kinases
(such as SRC for FAK), and that BMX may be recruited
through its SH2 domain and mediate transphosphorylation
to achieve full activation. While acute downregulation of
BMX may suppress multiple signal transduction pathways,
chronic loss of BMX activity as occurs in Bmx™ mice leads
to adaptations, including decreased PHLPP, which may
actually enhance downstream signaling in response to some
stimuli. The central role of BMX in modulating tyrosine
kinase signal transduction pathways indicates that BMX
inhibitors may be efficacious in many proliferative diseases
(e.g., cancers, benign neoplasms, angiogenesis, inflamma-
tory diseases, and autoimmune diseases) that are character-
ized by increased tyrosine kinase signaling. Conversely,
chronic exposure to BMX inhibitors may enhance signaling
downstream of some receptor tyrosine kinases and could be
efficacious in some diseases including type 2 diabetes char-
acterized by insulin resistance.

[0430] Antiproliferative Activity of 1-14 Against Prostate
Cancer Cell Lines

[0431] The ability of I-14 to inhibit the proliferation of a
small panel of prostate cancer cell lines, including R"-1,
DU-145, PC-3, VACP, and C,_, was studied. Shown in Table
6 are Gl values of compound I-14 in inhibiting the growth
of those exemplary prostate cancer cell lines.

TABLE 6

Glsg values of compound I-14 in inhibiting the growth of
exemplary cell lines
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[0432] The effects of I-14 on R"-1 cells was further
studied. The proliferation of R”-1 cells following a 5 day
incubation with 1-14 was inhibited with an IC50 of 2.53 uM.
Treatment of R”-1 cells with a 1 uM concentration of 1-14
was sufficient to inhibit BMX autophosphorylation. Treat-
ment of R”-1 cells with a 5 uM concentration of 1-14
resulted in reduced cell numbers and induced apoptosis as
assessed by Caspase 3 staining. In contrast, the non-covalent
analogue, I-14R, did not possess antiproliferative effects
against R”-1 cells at concentrations below 10 uM. FIG. 18D
shows the foregoing results.

[0433] Further, treatment of R”-1 cells with I-14 affected
BMX protein levels using R*-1 cells stably transfected with
both wild-type and C496S mutant BMX. BMX protein
levels in R”-1 cells were significantly reduced by a 72 h
treatment of I-14 (5 uM) but not with I-14R. With blockage
of nascent protein synthesis using cyclohexamide, the level
of ectopically expressed BMX protein in R”-1 cells was
observed to decrease upon treatment with 1-14 as compared
to the control and treatment with I-14R. Moreover, the
depletion could be rescued upon stable overexpression of the
C496S mutant BMX. The results suggest that, in addition to
inhibiting BMX catalytic activity, I-14 can also decrease
BMX protein levels.

[0434] Combination Studies of 1-14 with MK2206 in
Prostate Cancer Cell Line

[0435] Dose-response experiments demonstrated with
concentrations as low as 25 nM of MK2206 could potentiate
the antiproliferative activity of I-14 against R”-1 cells.
Fluorescence activated cell sorting (FACS) using propidi-
umiodide (PI) staining demonstrated that the inhibitor com-
bination increased apoptosis as assessed by the percentage
of sub-G1 cells without exerting major effects on the cell
cycledistribution. FIGS. 20A, 20B, and 21 show results of
the I-14 and MK2206 combination studies.

Cell line ~ RV-1 DU-145 PC-3 VACP C4-2 [0436] Apoptosis Analysis of B-Cells by 11-4
Gy 554 438 517 2 46 10 [0437] In .CD19.+B-c.ells isolate.:d frpm a Walder.lstro.m.’s
uM) macroglobulinemia patient following six months of ibrutinib
treatment, [1-4 effectively killed ex vivo cells (see FIG. 22).
Similar results have been obtained for two other patients.
TABLE 7
IC5, values for various compounds with exemplary kinases.
Com BTK BMX mTOR BLK Tec TAK1 CLK1/2 JAK3
pound ICsq  ICs  ICsq ICs ICs, ICse ICs,  ICse
No. Structure (nM) (nM) M) M) @M) @M) @M) (@M)

25 16 210 250 — — — —
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TABLE 7-continued

IC5, values for various compounds with exemplary kinases.

Com- BTK BMX mTOR BLK Tec TAKI CLK1/2 JAK3
pound ICso ICsq ICso ICso ICso ICsq ICsq  ICso
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
1-8 (¢] 66 — — — — — — 4170
HN)]\/
e}
i &
e \”/ N
¢}
x
o
N
1-9 54 — — — — — — —
1-10 &\/ 1060 >10,000 — — — — — _
N
e}
F
O N
F
F
X
=z
N
11 18 536 — — — — —
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TABLE 7-continued
ICsq values for various compounds with exemplary kinases.
Com: BTK BMX mTOR BLK Tec TAKI1 CLK1/2 JAK3
pound IG5, ICs, ICs, 1Cs ICs, ICs, ICs, ICs,
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
I-12 — 173 — . —
I-13 37 28 — — — — — —
F.
F
F
I-14 (€] 49 8 325 377 653 >3300 — 175
)v
e}
-15 79 a1 — . —
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TABLE 7-continued
IC5, values for various compounds with exemplary kinases.

Com- BTK BMX mTOR BLK Tec TAKI1 CLK1/2 JAK3
pound ICs, ICs, ICs, ICs ICs, ICsq ICs,  ICso
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
I-16 105 28 — — — — — —

I-17 155 399 516 —  —  — 5580
I-18 16 13 642 — — — — —
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TABLE 7-continued
ICsq values for various compounds with exemplary kinases.

Com: BTK BMX mTOR BLK Tec TAKI1 CLK1/2 JAK3
pound IG5, ICs, ICs, 1Cs ICs, ICs, ICs, ICs,
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
1-20 — — — . —
I-21 — — — . —
1-22 — — — . —

1-23
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TABLE 7-continued

ICs, values for various compounds with exemplary kinases.

Com- BTK BMX mTOR BLK Tec TAK1 CLK1/2 JAK3
pound ICso ICsq ICso ICso ICso ICsq ICsq  ICso
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
1-24 — — — — — — — —

1-27
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TABLE 7-continued
ICs, values for various compounds with exemplary kinases.

Com: BTK BMX mTOR BLK Tec TAKI1 CLK1/2 JAK3
pound ICs,  ICso ICs, ICs, ICso ICsy ICs
No. Structure (nM) (nM) oM) M) (M) @M) (M)
1-28 — — — _— _ _ _
1-29 — — — _— _ _ _
1I-3 14 8 — — — _— _
11-4 7 7 366 195 >3300 — 5180
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TABLE 7-continued

ICsq values for various compounds with exemplary kinases.

Com- BTK BMX mTOR BLK Tec TAK1 CLK1/2 JAK3
pound 1Csq 1Csq ICs, ICs, ICsq IG5, IG5, ICs
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
1I-5 16 13 17 — — — — —
1I-6 5 7 22 30 — 717 384/50 38
-7 19 16 19 — — — — —
1I-8 18 11 41 — — — — —
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TABLE 7-continued
ICsq values for various compounds with exemplary kinases.

Com- BTK BMX mTOR BLK Tec TAKI1 CLK1/2 JAK3
pound IG5, ICs, ICs, 1Cs ICs, ICs, ICs, ICs,
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
1I-9 (€] 39 20 369 — — — — —
II-10 17 12 4790 — — — — 492
II-11 115 66 1 1950 — — — 1520
II-12 7 6 59 — — — — —
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TABLE 7-continued

1Csq values for various compounds with exemplary kinases.

Com- BTK BMX mTOR BLK Tec TAK1 CLK1/2 JAK3
pound ICso ICsq ICso ICso ICso ICsq ICsq  ICso
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
1I-13 6 13 98 300 27 — — 5640
1I-14 12 9 209 247 57 — — 2150
1I-15 337 — — — — — — —
25 19 32 — — — — —

II-16
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TABLE 7-continued
IC<,, values for various compounds with exemplary kinases.

Com: BTK BMX mTOR BLK Tec TAKI1 CLK1/2 JAK3
pound IG5, ICs, ICs, 1Cs ICs, ICs, ICs, ICs,
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
117 — — — . —
II-18 — — _— _— _— _ _ _
119 0 — — — . —
11-20 641 479 — . —
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TABLE 7-continued

ICsq values for various compounds with exemplary kinases.

Com- BTK BMX mTOR BLK Tec TAK1 CLK1/2 JAK3
pound ICso ICsq ICso ICso ICso ICsq ICsq  ICso
No. Structure (nM) (nM) M) M) @M) M) @M) (M)
1I-21 — — — — — — — —

LN

1I-22

1123 — — — . —
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TABLE 8

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECso ECsq EC50 ECsq EDs, ECso
Name No. Structure (M) (nM) (M) (nM) (nM) (nM

QL- -7 180 950 — 380 310 10

QL- I8
XII-

QL- 19
XII-
48

QL- I-10 2120 5750 — 3660 3770 290
XII-

50
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECsq ECsq EC50 ECsq EDso ECsq
Name No. Structure (M) (nM) (M) (nM) (nM) (nM

QL- L1

0
XII-
N P
N
)it 0 O

N\S//
>y :

QL- 112
XII-

QL- 113
XII-
58

QL- 114
XII-
61

1100 1390 — >20,000 >20,000 900

Z
\
iz
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TABLE 8-continued

EC350 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECsq ECsq EC50 ECsq EDso ECsq
Name No. Structure (M) (nM) (M) (nM) (nM) (nM

QL- 115
XII-
63

QL- I-16 490 1780 — 1120 420 80
XII-

66

QL- 17 490 1780 — 1120 420 80
XII-

91

QL- 118
XII-
115

e}
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECso ECsq EC50 ECsq EDs, ECso
Name No. Structure (M) (nM) (M) (nM) (nM) (nM
QL- I-19 — — — — — —
XII-
59
YKL- 1-20 1020 798 — 1100 602 >20000
02-
030
N

YKL- I-21 O 93 56 — 109 57 90
o3 )‘\/
039

HN Z

(€]

YKL- 1-22 O 203 117 — 180 91 51
02-

041
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TABLE 8-continued

Apr. 18,2019

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal
Mole-
cule

Name

Com-
pound
No.

Structure

BCWM.1
ECso
(M)

MWCL-
1
ECso
(nM)

RPCIWM-
1
EC30
(M)

OCI-
Ly3
ECso
@M)

uRamos
EDso
@M)

OCI-
Lyl9
ECso
(nM

YKL-
02-
057

YKL-

070

YKL-

157

YKL-

146

1-23

1-24

125

I-26

\

849

345

610

284

6820

663

1170

516

3340

653

355

3830

19

24

659
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECsq ECsq EC50 ECsq EDso ECsq
Name No. Structure (M) (nM) (M) (nM) (nM) (nM
YKL- 1-27 1350 9150 345 2590 6280 374
02-

147

YKL- 1-28 4440 7490 691 3590 3430 1050
02-

148

YKL- 1-29 2200 7290 528 3080 2570 390
02-

149

QL- 1I-3 — — — — — —
XII-

56
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECsq ECsq EC50 ECsq EDso ECsq
Name No. Structure (M) (nM) (M) (nM) (nM) (nM
QL- 1I-4 120 190 — 190 — 30
XII-
47

QL- 1I-5 643 1550 86 408 872 454
X-

134

QL- 1I-6 50 180 — 80 40 40
X-

138

QL- 1I-7 — — — — — —
X-

132
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECso ECsq EC50 ECsq EDs, ECso
Name No. Structure (M) (nM) (M) (nM) (nM) (nM
QL- 1I-8 — — — — — —
XI-

13

QL- 1I-9 — — — — — —
XI-

75

N
QL- II-10 O 410 2160 — 480 280 70
XI-
76 )J\/
QL- II-11 (6] 190 670 — 240 200 90
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECso ECsq EC50 ECsq EDs, ECso
Name No. Structure (M) (nM) (M) (nM) (nM) (nM

QL- I-12
XII-

a4

QL- 1I-13 770 2470 — 1670 1350 100
XII-

45

QL- 1I-14 O 320 650 — 500 360 160
XII-

QL- II-15
XII-
49

LN
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECso ECsq EC50 ECsq EDs, ECso
Name No. Structure (M) (nM) (M) (nM) (nM) (nM
QL- 1I-16 (€] — — — — — —

54
HN 7

QL- I-17 0 — — — — — —

QL- I-18 0 — — — — — —

QL- 1119
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECsq ECsq EC50 ECsq EDso ECsq
Name No. Structure (M) (nM) (M) (nM) (nM) (nM
QL- 1I-20 60 134 49 70 107 87
XII-

47-

AL

QL- 1I-21 — — — — — —
XII-

55

QL- I-22 — — — — — —
XII-

60
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TABLE 8-continued

ECS50 values for various compounds inexemplary WM and lymphoma cell lines.

Internal MWCL- RPCIWM-  OCI- OCI-
Mole- Com- BCWM.1 1 1 Ly3 uRamos Lyl9
cule pound ECso ECsq EC50 ECsq EDs, ECso
Name No. Structure (M) (nM) (M) (nM) (nM) (nM
YKL- 1I-23 643 1550 86 408 872 454

02-

134

TABLE 9

Percent inhibition for I-14 and II-6 for various exemplary Kinases.

I-14 II-6

Kinase Target (% inhibition at 1 uM) (% inhibition at 1 uM)
BTK 0.95 0.2
PIK3CG 2.8 4.2
JAK3 6.6 0
(THldomain-catalytic)
MTOR 45 0
DYRKIA 100 0.1
MKNK?2 100 0.15
MEKS5 100 0.3
TAK1 83 0.35
CLK1 95 0.4
PIK3CA(I800L) 46 0.45
DYRK2 100 0.6
IRAK3 73 0.7
CSNK2A2 100 1.2
FLT3(D835Y) 100 1.2
YSK4 100 1.2
EGFR(T790M) 11 14
CLK2 100 1.6
FLT3(N841T) 85 1.6
DYRKI1B 100 1.8
INK3 100 1.8
INK1 93 1.9
PIK4CB 79 2.3
BLK 40 2.4
FLT3(ITD) 99 2.4
PIPSK2C 5.6 2.7

EQUIVALENTS AND SCOPE

[0438] In the claims articles such as “a,” “an,” and “the”
may mean one or more than one unless indicated to the
contrary or otherwise evident from the context. Claims or
descriptions that include “or” between one or more members
of'a group are considered satisfied if one, more than one, or
all of the group members are present in, employed in, or
otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the
context. The invention includes embodiments in which
exactly one member of the group is present in, employed in,
or otherwise relevant to a given product or process. The

invention includes embodiments in which more than one, or
all of the group members are present in, employed in, or
otherwise relevant to a given product or process.

[0439] Furthermore, the invention encompasses all varia-
tions, combinations, and permutations in which one or more
limitations, elements, clauses, and descriptive terms from
one or more of the listed claims is introduced into another
claim. For example, any claim that is dependent on another
claim can be modified to include one or more limitations
found in any other claim that is dependent on the same base
claim. Where elements are presented as lists, e.g., in
Markush group format, each subgroup of the elements is
also disclosed, and any element(s) can be removed from the
group. It should it be understood that, in general, where the
invention, or aspects of the invention, is/are referred to as
comprising particular elements and/or features, certain
embodiments of the invention or aspects of the invention
consist, or consist essentially of, such elements and/or
features. For purposes of simplicity, those embodiments
have not been specifically set forth in haec verba herein. It
is also noted that the terms “comprising” and “containing”
are intended to be open and permits the inclusion of addi-
tional elements or steps. Where ranges are given, endpoints
are included. Furthermore, unless otherwise indicated or
otherwise evident from the context and understanding of one
of ordinary skill in the art, values that are expressed as
ranges can assume any specific value or sub-range within the
stated ranges in different embodiments of the invention, to
the tenth of the unit of the lower limit of the range, unless
the context clearly dictates otherwise.

[0440] This application refers to various issued patents,
published patent applications, journal articles, and other
publications, all of which are incorporated herein by refer-
ence. If there is a conflict between any of the incorporated
references and the instant specification, the specification
shall control. In addition, any particular embodiment of the
present invention that falls within the prior art may be
explicitly excluded from any one or more of the claims.
Because such embodiments are deemed to be known to one
of ordinary skill in the art, they may be excluded even if the
exclusion is not set forth explicitly herein. Any particular
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embodiment of the invention can be excluded from any
claim, for any reason, whether or not related to the existence
of prior art.

[0441] Those skilled in the art will recognize or be able to
ascertain using no more than routine experimentation many
equivalents to the specific embodiments described herein.

Apr. 18,2019

The scope of the present embodiments described herein is
not intended to be limited to the above Description, but
rather is as set forth in the appended claims. Those of
ordinary skill in the art will appreciate that various changes
and modifications to this description may be made without
departing from the spirit or scope of the present invention,
as defined in the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 66

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 1

Phe Gly Met Thr Arg Asp Ile Tyr Glu Thr Asp Tyr Tyr Arg Lys Gly

1 5 10

Gly Lys Gly Leu
20

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 2

15

Phe Gly Met Thr Arg Asp Ile Tyr Glu Thr Asp Tyr Tyr Arg Lys Gly

1 5 10

Gly Lys Gly Leu
20

<210> SEQ ID NO 3

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 3

15

Arg Asp Ile His His Ile Asp Tyr Tyr Lys Lys Thr Thr Asn Gly

1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 4

15

Arg Asp Ile Asn Asn Ile Asp Tyr Tyr Lys Lys Thr Thr Asn Gly Arg

1 5 10

<210> SEQ ID NO 5

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

15
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-continued

<400> SEQUENCE: 5

Arg Asp Val His Asn Leu Asp Tyr Tyr Lys Lys Thr Thr Asn Gly Arg
1 5 10 15

<210> SEQ ID NO 6

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 6

Arg Gly Val His His Ile Asp Tyr Tyr Lys Lys Thr Ser Asn Gly Arg
1 5 10 15

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 7

Phe Gly Leu Ala Arg Asp Met Tyr Asp Lys Glu Tyr Tyr Ser Val His
1 5 10 15

Asn Lys Thr Gly
20

<210> SEQ ID NO 8

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 8

Arg Asp Ile Leu Asp Arg Glu Tyr Tyr Ser Val Gln Gln His Arg His
1 5 10 15

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 9

Phe Gly Leu Ser Lys Lys Ile Tyr Ser Gly Asp Tyr Tyr Arg Gln Gly
1 5 10 15

Arg Ile Ala Lys
20

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 10

Phe Gly Leu Ser Lys Lys Ile Tyr Asn Gly Asp Tyr Tyr Arg Gln Gly
1 5 10 15
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-continued

Arg Ile Ala Lys
20

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 11

Phe Gly Leu Ser Arg Lys Ile Tyr Ser Gly Asp Tyr Tyr Arg Gln Gly
1 5 10 15

Cys Ala Ser Lys
20

<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 12

Phe Gly Met Ser Arg Asp Ile Tyr Ser Thr Asp Tyr Tyr Arg Val Gly
1 5 10 15

Gly Arg Thr

<210> SEQ ID NO 13

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 13

Phe Gly Met Ser Arg Asp Val Tyr Ser Thr Asp Tyr Tyr Arg Val Gly
1 5 10 15

Gly His Thr

<210> SEQ ID NO 14

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 14

Phe Gly Met Ser Arg Asp Val Tyr Ser Thr Asp Tyr Tyr Arg Leu Phe
1 5 10 15

Asn Pro Ser

<210> SEQ ID NO 15

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 15

Phe Gly Leu Ser Arg Asn Ile Tyr Ser Ala Asp Tyr Tyr Lys Ala Asn
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-continued

1 5 10 15

Glu Asn Asp

<210> SEQ ID NO 16

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 16

Phe Gly Met Ser Arg Asn Leu Tyr Ser Gly Asp Tyr Tyr Arg Ile Gln
1 5 10 15

Gly Arg Ala

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 17

Phe Gly Met Ser Arg Asn Leu Tyr Ala Gly Asp Tyr Tyr Arg Val Gln
1 5 10 15

Gly Arg Ala Val
20

<210> SEQ ID NO 18

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 18

Arg Tyr Met Glu Asp Ser Thr Tyr Tyr Lys Ala Ser Lys Gly Lys
1 5 10 15

<210> SEQ ID NO 19

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 19

Arg Tyr Ile Glu Asp Glu Asp Tyr Tyr Lys Ala Ser Val Thr Arg Leu
1 5 10 15

<210> SEQ ID NO 20

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 20
Ala Leu Arg Ala Asp Glu Asn Tyr Tyr Lys Ala Gln Thr His Gly Lys

1 5 10 15

<210> SEQ ID NO 21
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-continued

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 21

Ala Leu Gly Ala Asp Asp Ser Tyr Tyr Thr Ala Arg Ser Ala Gly Lys
1 5 10 15

<210> SEQ ID NO 22

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 22

Ala Ile Glu Thr Asp Lys Glu Tyr Tyr Thr Val Lys Asp Asp Arg
1 5 10 15

<210> SEQ ID NO 23

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 23

Val Leu Pro Gln Asp Lys Glu Tyr Tyr Lys Val Lys Glu Pro Gly
1 5 10 15

<210> SEQ ID NO 24

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 24

Leu Leu Pro Leu Asp Lys Asp Tyr Tyr Val Val Arg Glu Pro Gly
1 5 10 15

<210> SEQ ID NO 25

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 25

Ala Val Pro Glu Gly His Glu Tyr Tyr Arg Val Arg Glu Asp Gly
1 5 10 15

<210> SEQ ID NO 26

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 26

Arg Lys Leu Asp Met Gly Gly Tyr Tyr Ile Thr Thr Arg Val Gln
1 5 10 15
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<210> SEQ ID NO 27

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 27

Arg Lys Leu Asp Asn Gly Gly Tyr Tyr Ile Thr Thr Arg Ala Gln Phe
1 5 10 15

<210> SEQ ID NO 28

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 28

Arg Lys Leu Asp Asn Gly Gly Tyr Tyr Ile Thr Thr Arg Ala Gln Phe
1 5 10 15

<210> SEQ ID NO 29

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 29

Arg Ser Leu Asp Asn Gly Gly Tyr Tyr Ile Ser Pro Arg Ile Thr Phe
1 5 10 15

<210> SEQ ID NO 30

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 30

Arg Cys Leu Asp Glu Gly Gly Tyr Tyr Ile Ser Pro Arg Ile Thr Phe
1 5 10 15

<210> SEQ ID NO 31

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 31

Lys Lys Val Ser Ser Thr His Tyr Tyr Leu Leu Pro Glu Arg Pro
1 5 10 15

<210> SEQ ID NO 32

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa is any amino acid
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<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (4)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<400> SEQUENCE: 32
Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15
<210> SEQ ID NO 33
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
«<222> LOCATION: (3)..(3)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (5)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<400> SEQUENCE: 33
Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15
<210> SEQ ID NO 34
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(4)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,

<400> SEQUENCE: 34

Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys

Trp,

Trp,

Trp,

Trp,

Trp,

Trp,

Trp,

Trp,

Tyr

Tyr

Tyr

Tyr

Tyr

Tyr

Tyr

Tyr
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1 5 10 15
<210> SEQ ID NO 35
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(5)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (7)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<400> SEQUENCE: 35
Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15
<210> SEQ ID NO 36
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(6)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (7)..(7)
<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<400> SEQUENCE: 36
Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15
<210> SEQ ID NO 37
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa is any amino acid
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<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<400> SEQUENCE: 37
Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15
<210> SEQ ID NO 38
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(1l0
<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(9)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (11)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<400> SEQUENCE: 38
Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15
<210> SEQ ID NO 39
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(1l0
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (12)..(12)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,

<400> SEQUENCE: 39
Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15

<210> SEQ ID NO 40
<211> LENGTH: 16

Trp,
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Trp,
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<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(7)
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(11
<223> OTHER INFORMA-
TION: Xaa 1s any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Sec, Val,

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Xaa is any amino acid

<400> SEQUENCE: 40

Gly Ala Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Ala Gly Lys Lys
1 5 10 15

<210> SEQ ID NO 41

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa is pY

<400> SEQUENCE: 41

Gln Tyr Gly Glu Xaa Tyr Trp Tyr Tyr Trp
1 5 10

<210> SEQ ID NO 42

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 42

Gln Tyr Gly Glu Ile Tyr Trp Tyr Tyr Trp
1 5 10

<210> SEQ ID NO 43

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 43

Glu Lys Lys Ser Asn Tyr Glu Val Leu Glu
1 5 10

<210> SEQ ID NO 44

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 44

Trp,

Trp,

Tyr

Tyr
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Val His Gln Gly Ile Tyr Met Ser Pro Glu
1 5 10

<210> SEQ ID NO 45

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 45

Met Glu Asp Ser Thr Tyr Tyr Lys Ala Ser Tyr
1 5 10

<210> SEQ ID NO 46

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 46

Met Glu Asp Ser Thr Tyr Tyr Lys Ala Ser Tyr
1 5 10

<210> SEQ ID NO 47

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 47

Val Gln Ile Asn His Tyr Asp Val Ser Gly
1 5 10

<210> SEQ ID NO 48

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 48

Gly Asn Gln His Ile Tyr Ile Pro Val Gly
1 5 10

<210> SEQ ID NO 49

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 49

Ser Pro Ala Asp Ser Tyr Asn Glu Gly Val
1 5 10

<210> SEQ ID NO 50

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
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<400> SEQUENCE: 50

Ser Asn Asp Lys Val Tyr Glu Asn Val Ile
1 5 10

<210> SEQ ID NO 51

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 51

Lys Leu Ala Gln Gln Tyr Val Met Thr Ser Tyr
1 5 10

<210> SEQ ID NO 52

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Xaa is pY

<400> SEQUENCE: 52

Gly Ala Gln Tyr Gly Glu Xaa Tyr Trp Tyr Tyr Trp Ala Gly Lys Lys
1 5 10 15

<210> SEQ ID NO 53

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 53

Gly Ala Gln Tyr Gly Ala Ile Tyr Trp Tyr Tyr Trp Ala Gly Lys Lys
1 5 10 15

<210> SEQ ID NO 54

<211> LENGTH: 1052

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 54

Met Ala Ala Ala Tyr Leu Asp Pro Asn Leu Asn His Thr Pro Asn Ser
1 5 10 15

Ser Thr Lys Thr His Leu Gly Thr Gly Met Glu Arg Ser Pro Gly Ala
20 25 30

Met Glu Arg Val Leu Lys Val Phe His Tyr Phe Glu Ser Asn Ser Glu
35 40 45

Pro Thr Thr Trp Ala Ser Ile Ile Arg His Gly Asp Ala Thr Asp Val
50 55 60

Arg Gly Ile Ile Gln Lys Ile Val Asp Ser His Lys Val Lys His Val
65 70 75 80

Ala Cys Tyr Gly Phe Arg Leu Ser His Leu Arg Ser Glu Glu Val His
85 90 95
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Trp Leu His Val Asp Met Gly Val Ser Ser Val Arg Glu Lys Tyr Glu
100 105 110

Leu Ala His Pro Pro Glu Glu Trp Lys Tyr Glu Leu Arg Ile Arg Tyr
115 120 125

Leu Pro Lys Gly Phe Leu Asn Gln Phe Thr Glu Asp Lys Pro Thr Leu
130 135 140

Asn Phe Phe Tyr Gln Gln Val Lys Ser Asp Tyr Met Leu Glu Ile Ala
145 150 155 160

Asp Gln Val Asp Gln Glu Ile Ala Leu Lys Leu Gly Cys Leu Glu Ile
165 170 175

Arg Arg Ser Tyr Trp Glu Met Arg Gly Asn Ala Leu Glu Lys Lys Ser
180 185 190

Asn Tyr Glu Val Leu Glu Lys Asp Val Gly Leu Lys Arg Phe Phe Pro
195 200 205

Lys Ser Leu Leu Asp Ser Val Lys Ala Lys Thr Leu Arg Lys Leu Ile
210 215 220

Gln Gln Thr Phe Arg Gln Phe Ala Asn Leu Asn Arg Glu Glu Ser Ile
225 230 235 240

Leu Lys Phe Phe Glu Ile Leu Ser Pro Val Tyr Arg Phe Asp Lys Glu
245 250 255

Cys Phe Lys Cys Ala Leu Gly Ser Ser Trp Ile Ile Ser Val Glu Leu
260 265 270

Ala Ile Gly Pro Glu Glu Gly Ile Ser Tyr Leu Thr Asp Lys Gly Cys
275 280 285

Asn Pro Thr His Leu Ala Asp Phe Thr Gln Val Gln Thr Ile Gln Tyr
290 295 300

Ser Asn Ser Glu Asp Lys Asp Arg Lys Gly Met Leu Gln Leu Lys Ile
305 310 315 320

Ala Gly Ala Pro Glu Pro Leu Thr Val Thr Ala Pro Ser Leu Thr Ile
325 330 335

Ala Glu Asn Met Ala Asp Leu Ile Asp Gly Tyr Cys Arg Leu Val Asn
340 345 350

Gly Thr Ser Gln Ser Phe Ile Ile Arg Pro Gln Lys Glu Gly Glu Arg
355 360 365

Ala Leu Pro Ser Ile Pro Lys Leu Ala Asn Ser Glu Lys Gln Gly Met
370 375 380

Arg Thr His Ala Val Ser Val Ser Glu Thr Asp Asp Tyr Ala Glu Ile
385 390 395 400

Ile Asp Glu Glu Asp Thr Tyr Ile Met Pro Ser Thr Arg Asp Tyr Glu
405 410 415

Ile Gln Arg Glu Arg Ile Glu Leu Gly Arg Cys Ile Gly Glu Gly Gln
420 425 430

Phe Gly Asp Val His Gln Gly Ile Tyr Met Ser Pro Glu Asn Pro Ala
435 440 445

Leu Ala Val Ala Ile Lys Thr Cys Lys Asn Cys Thr Ser Asp Ser Val
450 455 460

Arg Glu Lys Phe Leu Gln Glu Ala Leu Thr Met Arg Gln Phe Asp His
465 470 475 480

Pro His Ile Val Lys Leu Ile Gly Val Ile Thr Glu Asn Pro Val Trp
485 490 495

Ile Ile Met Glu Leu Cys Thr Leu Gly Glu Leu Arg Ser Phe Leu Gln
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500 505 510

Val Arg Lys Tyr Ser Leu Asp Leu Ala Ser Leu Ile Leu Tyr Ala Tyr
515 520 525

Gln Leu Ser Thr Ala Leu Ala Tyr Leu Glu Ser Lys Arg Phe Val His
530 535 540

Arg Asp Ile Ala Ala Arg Asn Val Leu Val Ser Ser Asn Asp Cys Val
545 550 555 560

Lys Leu Gly Asp Phe Gly Leu Ser Arg Tyr Met Glu Asp Ser Thr Tyr
565 570 575

Tyr Lys Ala Ser Lys Gly Lys Leu Pro Ile Lys Trp Met Ala Pro Glu
580 585 590

Ser Ile Asn Phe Arg Arg Phe Thr Ser Ala Ser Asp Val Trp Met Phe
595 600 605

Gly Val Cys Met Trp Glu Ile Leu Met His Gly Val Lys Pro Phe Gln
610 615 620

Gly Val Lys Asn Asn Asp Val Ile Gly Arg Ile Glu Asn Gly Glu Arg
625 630 635 640

Leu Pro Met Pro Pro Asn Cys Pro Pro Thr Leu Tyr Ser Leu Met Ile
645 650 655

Lys Cys Trp Ala Tyr Asp Pro Ser Arg Arg Pro Arg Phe Thr Glu Leu
660 665 670

Lys Ala Gln Leu Ser Thr Ile Leu Glu Glu Glu Lys Ala Gln Gln Glu
675 680 685

Glu Arg Met Arg Met Glu Ser Arg Arg Gln Ala Thr Val Ser Trp Asp
690 695 700

Ser Gly Gly Ser Asp Glu Ala Pro Pro Lys Pro Ser Arg Pro Gly Tyr
705 710 715 720

Pro Ser Pro Arg Ser Ser Glu Gly Phe Tyr Pro Ser Pro Gln His Met
725 730 735

Val Gln Thr Asn His Tyr Gln Val Ser Gly Tyr Pro Gly Ser His Gly
740 745 750

Ile Thr Ala Met Ala Gly Ser Ile Tyr Pro Gly Gln Ala Ser Leu Leu
755 760 765

Asp Gln Thr Asp Ser Trp Asn His Arg Pro Gln Glu Ile Ala Met Trp
770 775 780

Gln Pro Asn Val Glu Asp Ser Thr Val Leu Asp Leu Arg Gly Ile Gly
785 790 795 800

Gln Val Leu Pro Thr His Leu Met Glu Glu Arg Leu Ile Arg Gln Gln
805 810 815

Gln Glu Met Glu Glu Asp Gln Arg Trp Leu Glu Lys Glu Glu Arg Phe
820 825 830

Leu Lys Pro Asp Val Arg Leu Ser Arg Gly Ser Ile Asp Arg Glu Asp
835 840 845

Gly Ser Leu Gln Gly Pro Ile Gly Asn Gln His Ile Tyr Gln Pro Val
850 855 860

Gly Lys Pro Asp Pro Ala Ala Pro Pro Lys Lys Pro Pro Arg Pro Gly
865 870 875 880

Ala Pro Gly His Leu Gly Ser Leu Ala Ser Leu Ser Ser Pro Ala Asp
885 890 895

Ser Tyr Asn Glu Gly Val Lys Leu Gln Pro Gln Glu Ile Ser Pro Pro
900 905 910
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Pro Thr Ala Asn Leu Asp Arg Ser Asn Asp Lys Val Tyr Glu Asn Val
915 920 925

Thr Gly Leu Val Lys Ala Val Ile Glu Met Ser Ser Lys Ile Gln Pro
930 935 940

Ala Pro Pro Glu Glu Tyr Val Pro Met Val Lys Glu Val Gly Leu Ala
945 950 955 960

Leu Arg Thr Leu Leu Ala Thr Val Asp Glu Thr Ile Pro Leu Leu Pro
965 970 975

Ala Ser Thr His Arg Glu Ile Glu Met Ala Gln Lys Leu Leu Asn Ser
980 985 990

Asp Leu Gly Glu Leu Ile Asn Lys Met Lys Leu Ala Gln Gln Tyr Val
995 1000 1005

Met Thr Ser Leu Gln Gln Glu Tyr Lys Lys Gln Met Leu Thr Ala
1010 1015 1020

Ala His Ala Leu Ala Val Asp Ala Lys Asn Leu Leu Asp Val Ile
1025 1030 1035

Asp Gln Ala Arg Leu Lys Met Leu Gly Gln Thr Arg Pro His
1040 1045 1050

<210> SEQ ID NO 55

<211> LENGTH: 1052

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (120)..(120)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 55

Met Ala Ala Ala Tyr Leu Asp Pro Asn Leu Asn His Thr Pro Asn Ser
1 5 10 15

Ser Thr Lys Thr His Leu Gly Thr Gly Met Glu Arg Ser Pro Gly Ala
20 25 30

Met Glu Arg Val Leu Lys Val Phe His Tyr Phe Glu Ser Asn Ser Glu
35 40 45

Pro Thr Thr Trp Ala Ser Ile Ile Arg His Gly Asp Ala Thr Asp Val
50 55 60

Arg Gly Ile Ile Gln Lys Ile Val Asp Ser His Lys Val Lys His Val

Ala Cys Tyr Gly Phe Arg Leu Ser His Leu Arg Ser Glu Glu Val His
85 90 95

Met Leu Asn Val Asp Met Gly Val Ser Ser Val Arg Glu Lys Tyr Glu
100 105 110

Leu Ala His Pro Pro Glu Glu Xaa Lys Tyr Glu Leu Arg Ile Arg Tyr
115 120 125

Leu Pro Lys Gly Phe Leu Asn Gln Phe Thr Glu Asp Lys Pro Thr Leu
130 135 140

Asn Phe Phe Tyr Gln Gln Val Lys Ser Asp Tyr Met Leu Glu Ile Ala
145 150 155 160

Asp Gln Val Asp Gln Glu Ile Ala Leu Lys Leu Gly Cys Leu Glu Ile
165 170 175

Arg Arg Ser Tyr Asn Glu Met Arg Gly Asn Ala Leu Glu Lys Lys Ser



US 2019/0112305 Al Apr. 18,2019
126

-continued

180 185 190

Asn Tyr Glu Val Leu Glu Lys Asp Val Gly Leu Lys Arg Phe Phe Pro
195 200 205

Lys Ser Leu Leu Asp Ser Val Lys Ala Lys Ile Leu Arg Lys Leu Ile
210 215 220

Gln Gln Thr Phe Arg Gln Phe Ala Asn Leu Asn Arg Glu Glu Ser Ile
225 230 235 240

Leu Lys Phe Phe Glu Ile Leu Ser Pro Val Tyr Arg Phe Asp Lys Glu
245 250 255

Cys Phe Lys Cys Ala Leu Gly Ser Ser Trp Ile Ile Ser Val Glu Leu
260 265 270

Ala Ile Gly Pro Glu Glu Gly Ile Ser Tyr Leu Thr Asp Lys Gly Cys
275 280 285

Asn Pro Thr His Leu Ala Asp Phe Thr Gln Val Gln Thr Ile Gln Tyr
290 295 300

Ser Asn Ser Glu Asp Lys Asp Arg Lys Gly Met Leu Gln Leu Lys Ile
305 310 315 320

Ala Gly Ala Pro Glu Pro Leu Thr Val Thr Ala Pro Ser Leu Thr Ile
325 330 335

Ala Glu Asn Met Ala Asp Leu Ile Asp Gly Tyr Cys Arg Leu Val Asn
340 345 350

Gly Thr Ser Gln Ser Phe Ile Ile Arg Pro Gln Lys Glu Gly Glu Arg
355 360 365

Ala Leu Pro Ser Ile Pro Lys Leu Ala Asn Ser Glu Lys Gln Gly Met
370 375 380

Arg Thr His Ala Val Ser Val Ser Glu Thr Asp Asp Tyr Ala Glu Ile
385 390 395 400

Ile Asp Glu Glu Asp Thr Tyr Thr Met Pro Ser Thr Arg Asp Tyr Glu
405 410 415

Ile Gln Arg Glu Arg Ile Glu Leu Gly Arg Cys Ile Gly Glu Gly Gln
420 425 430

Phe Gly Asp Val His Gln Gly Ile Tyr Met Ser Pro Glu Asn Pro Ala
435 440 445

Leu Ala Val Ala Ile Lys Thr Cys Lys Asn Cys Thr Ser Asp Ser Val
450 455 460

Arg Glu Lys Phe Leu Gln Glu Ala Leu Thr Met Arg Gln Phe Asp His
465 470 475 480

Pro His Ile Val Lys Leu Ile Gly Val Ile Thr Glu Asn Pro Val Trp
485 490 495

Ile Ile Met Glu Leu Cys Thr Leu Gly Glu Leu Arg Ser Phe Leu Gln
500 505 510

Val Arg Lys Tyr Ser Leu Asp Leu Ala Ser Leu Ile Leu Tyr Ala Tyr
515 520 525

Gln Leu Ser Thr Ala Leu Ala Tyr Leu Glu Ser Lys Arg Phe Val His
530 535 540

Arg Asp Ile Ala Ala Arg Asn Val Leu Val Ser Ser Asn Asp Cys Val
545 550 555 560

Lys Leu Gly Asp Phe Gly Leu Ser Arg Tyr Met Glu Asp Ser Thr Tyr
565 570 575

Tyr Lys Ala Ser Lys Gly Lys Leu Pro Ile Lys Trp Met Ala Pro Glu
580 585 590
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Ser Ile Asn Phe Arg Arg Phe Thr Ser Ala Ser Asp Val Trp Met Phe
595 600 605

Gly Val Cys Met Trp Glu Ile Leu Met His Gly Val Lys Pro Phe Gln
610 615 620

Gly Val Lys Asn Asn Asp Val Ile Gly Arg Ile Glu Asn Gly Glu Arg
625 630 635 640

Leu Pro Met Pro Pro Asn Cys Pro Pro Thr Leu Tyr Ser Leu Met Thr
645 650 655

Lys Cys Trp Ala Tyr Asp Pro Ser Arg Arg Pro Arg Phe Thr Glu Leu
660 665 670

Lys Ala Gln Leu Ser Thr Ile Leu Glu Glu Glu Lys Ala Gln Gln Glu
675 680 685

Glu Arg Met Arg Met Glu Ser Arg Arg Gln Ala Thr Val Ser Trp Asp
690 695 700

Ser Gly Gly Ser Asp Glu Ala Pro Pro Lys Pro Ser Arg Pro Gly Tyr
705 710 715 720

Pro Ser Pro Arg Ser Ser Glu Gly Phe Tyr Pro Ser Pro Gln His Met
725 730 735

Val Gln Thr Asn His Tyr Gln Val Ser Gly Tyr Pro Gly Ser His Gly
740 745 750

Ile Thr Ala Met Ala Gly Ser Ile Tyr Pro Gly Gln Ala Ser Leu Leu
755 760 765

Asp Gln Ile Asp Ser Trp Asn His Arg Pro Gln Glu Ile Ala Met Trp
770 775 780

Gln Phe Asn Val Glu Asp Ser Thr Val Leu Asp Leu Arg Gly Ile Gly
785 790 795 800

Gln Val Leu Pro Thr His Leu Met Glu Glu Arg Leu Ile Arg Gln Gln
805 810 815

Gln Glu Met Glu Glu Asp Gln Arg Trp Leu Glu Lys Glu Glu Arg Phe
820 825 830

Leu Lys Pro Asp Val Arg Leu Ser Arg Gly Ser Ile Asp Arg Glu Asp
835 840 845

Gly Ser Leu Gln Gly Pro Ile Gly Asn Gln His Ile Tyr Gln Pro Val
850 855 860

Gly Lys Pro Asp Pro Ala Ala Pro Pro Lys Lys Pro Pro Arg Pro Gly
865 870 875 880

Ala Pro Gly His Leu Gly Ser Leu Ala Ser Leu Ser Ser Pro Ala Asp
885 890 895

Ser Tyr Asn Glu Gly Val Lys Leu Gln Pro Gln Glu Ile Ser Pro Pro
900 905 910

Pro Thr Ala Asn Leu Asp Arg Ser Asn Asp Lys Val Tyr Glu Asn Val
915 920 925

Thr Gly Leu Val Lys Ala Val Ile Glu Met Ser Ser Lys Ile Gln Pro
930 935 940

Ala Pro Pro Glu Glu Tyr Val Pro Met Val Lys Glu Val Gly Leu Ala
945 950 955 960

Leu Arg Thr Leu Leu Ala Thr Val Asp Glu Thr Ile Pro Leu Leu Pro
965 970 975

Ala Ser Thr His Arg Glu Ile Glu Met Ala Gln Lys Leu Leu Asn Ser
980 985 990
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Asp Leu Gly Glu Leu Ile Asn Lys Met Lys Leu Ala Gln Gln Tyr Val
995 1000 1005

Met Thr Ser Leu Gln Gln Glu Tyr Lys Lys Gln Met Leu Thr Ala
1010 1015 1020

Ala His Ala Leu Ala Val Asp Ala Lys Asn Leu Leu Asp Val Ile
1025 1030 1035

Asp Gln Ala Arg Leu Lys Met Leu Gly Gln Thr Arg Pro Met
1040 1045 1050

<210> SEQ ID NO 56

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 56

Val Gln Leu Ile Thr Gln Leu Met Pro Phe Gly Cys Leu Leu Asp Tyr
1 5 10 15

Val Arg

<210> SEQ ID NO 57

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 57

Val Gln Leu Val Thr Gln Leu Met Pro Tyr Gly Cys Leu Leu Asp His
1 5 10 15

Val Arg

<210> SEQ ID NO 58

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 58

Ile Gln Leu Val Thr Gln Leu Met Pro His Gly Cys Leu Leu Glu Tyr
1 5 10 15

Val His

<210> SEQ ID NO 59

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 59

Leu Arg Leu Val Met Glu Tyr Leu Pro Ser Gly Cys Leu Arg Asp Phe
1 5 10 15

Leu Gln
<210> SEQ ID NO 60

<211> LENGTH: 18
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 60

Ile Tyr Ile Val Thr Glu Tyr Met Ala Arg Gly Cys Leu Leu Asp Phe
1 5 10 15

Leu Lys

<210> SEQ ID NO 61

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 61

Gln Lys Met Tyr Met Val Met Glu Tyr Cys Val Cys Gly Met Gln Glu
1 5 10 15

Met Leu

<210> SEQ ID NO 62

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 62

Ile Tyr Ile Val Thr Glu Tyr Ile Ser Asn Gly Cys Leu Leu Asn Tyr
1 5 10 15

Leu Arg

<210> SEQ ID NO 63

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 63

Ile Phe Ile Ile Thr Glu Tyr Met Ala Asn Gly Cys Leu Leu Asn Tyr
1 5 10 15

Leu Arg

<210> SEQ ID NO 64

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 64

Ile Tyr Ile Val Thr Glu Phe Met Glu Arg Gly Cys Leu Leu Asn Phe
1 5 10 15

Leu Arg

<210> SEQ ID NO 65

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 65

Leu Tyr Ile Val Thr Glu Phe Met Glu Asn Gly Cys Leu Leu Asn Tyr
1 5 10 15

Leu Arg

<210> SEQ ID NO 66

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 66

Ile Cys Leu Val Phe Glu Phe Met Glu His Gly Cys Leu Ser Asp Tyr
1 5 10 15

Leu Arg

What is claimed is: —NRA'S(=0),NR*),, —NRA!'S(=0)R*,
_NR'S(—O)OR*!, —NRA'S(—O0)SR*!, NR*'S
(—ON(RAY),, —NRUP(0), —NR*P(—0),,
_NRAP(—O)RA),,  —NRAPO)RA(OR™),

o —NR* P(—O)OR*1),, —OC(=O)R*!, —OC(—0)

OR™!, —OC(=0)SRY, —OC(—O)NRAY),, —OC

(—=NR*H)R*!, — OC(—NR“OR, —OC(—NR*))N

(R™Y),, —OC(=S)R*!, —OC(—S)OR*!, —OC(=S)

SRAL, —OC(=S)N(R*),, —ON(R™),, —OS(—O0)

R4, OS(—0)ORA!, —OS(—0)SR*!, —OS(—O)N

R*Y),, —OS(=0),R*, —0S(=0),0R*, —OS

(—0),SR4, —OS(—0),N(R*1),, —OP(—0),, —OP

(=0)R™),, —OP(=OR*(OR"), —OP(=0)

(OR'Y),, —OP(—0), —OPR"!),, —OPR*'(OR""),

__OP(OR*'),, —OSi(R*), —OSi(R*),0R4,

—_OSi(R*1)(OR*Y),, —OSi(OR*Y),, SSRAL, —S(—0)

R, —S(—0)OR"!, S(—O)N(R"Y), S(O),R"",

S(—0),0R*, —S(—0),NR*),, —SC(—OR*,

—SC(—0)OR*, —SC(—0)SR4!, —SC(—O)N(R*Y)

. ., —SC(—S)R™, —SC(—=S)OR*!, —SC(—S)SR*",

Wherein: —SCESNR™),,  —PR™),,  —PR™(OR™),

each instance of R is independently selected from the —P(OR*),, —P(=0), —P(=0)(R*"),, —P(=0)

1. A compound of Formula (I):

or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof;

group consisting of hydrogen, halogen, optionally sub-
stituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, —OR**,
—NR*),, —8R*!, —CN, —C(=0)R"!, —C(=0)
OR*!, —C(=0)SR*!, —C(=0O)NR*),, —C(=S)
R*!, —C(=S)OR*', —C(=S)SR*!, C(=S)N(R*"),,
—C(=NR*HR*', —C(=NR*HOR™', —C(=NR*")
SR, —C(=NR*")NR*'),, —NO,, —N;, —N(R)
4"X", wherein X~ is a counterion, —N(OR*")R*,
—NRAUC(=0)R¥, —NRC(=0)OR4!, —NR4'C
(=0)SR*!, —NR*'C(=O)N(R*"),, —NR*'C(=S)
R4,  —NRU“C(=S)OR*, —NR4C(=S)SR*,
—NR*'C(=S)N(R*"),, —NRHC(=NR*HR*",
—NRC(=NR*HOR*', —NR*'C(=NR*")SR*,
—NRAC(=NR"NR*),, —NR4'S(=0),R*,
—NR*'S(=0),0R*", —NR#'S(=0),SR*!,

(OR™),, —P(—O)R*'(OR""), —P(—0),, —BR""),,
—B(OR™),, —BR*(OR*"), Si(R*",, —Si(R*"
LOR*!, —SiR4'(OR*'),, and —Si(OR*!),, provided
that two R groups are joined to form an optionally
substituted carbocyclic, optionally substituted hetero-
cyclic, optionally substituted aryl, or optionally substi-
tuted heteroaryl ring; wherein each occurrence of R*4!
is independently selected from the group consisting of
hydrogen, optionally substituted acyl, optionally sub-
stituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, a nitrogen
protecting group when attached to a nitrogen atom, an
oxygen protecting group when attached to an oxygen
atom, and a sulfur protecting group when attached to a
sulfur atom, or two R*! groups are joined to form an
optionally substituted heterocyclic ring;
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kis 0,1, 2,3, 4, or 5;

M is a bond or an optionally substituted C,_s hydrocarbon
chain;

Ring C is an optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl, or
optionally substituted heteroaryl ring;

each instance of R is independently selected from the
group consisting of hydrogen, halogen, optionally sub-
stituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, —OR<",
—N(R"),, —SR", —CN, —C(=0)R“", —C(=0)
OR!, —C(=0)SR", —C(=0O)NRM),, —C(=S)
R, —C(=S)OR“?, —C(=S)SR!, —C(=S)N(R“")
2 —C(=NR“HR", —C(=NR“HOR",
—C(=NR“HSR', —C(=N"")NR),, —NO,,
—N,, —N(R“"),*X", wherein X~ is a counterion,
—N(OR“HR®!, —NR“'C(=0)R“!, —NR“'C(=0)
OR!, —NR®'C(=0)SR!, —NR“'C(=0O)N(R"),,
—NRE'C(=S)R“!, —NR'C(=S)OR®!, —NR“'C

(—=S)SR!, ~—NRC'C(=S)NRRY),,  —NRC'C
(=NRHR®!, —NR'C(=NRHOR', —NR'C
(—=NRH)SR<, — NRC'C(=NRHN(R),,
— NR®'S(—0),R", — NR'S(—0),0R""!, - NR®'S
(—0),SR, —NR'S(—0),NR), —NR'S
(=O)R®!, —NR'S(—0)OR®!, —NR'S(—0)
SR', —NR'S(—=O)N(R®Y),, —NR'P(=—0),

—NR“P(=0), —NR“'P(=0)R"),, —NR“'P
(=OROR"), —NR'P(=0)(OR"),, —OC
(=0)R?, —OC(=0)OR*, —OC(=0)SR?, —OC
(=ON(RM),, —OC(=NR“HR', —OC(=NR")
OR', —OC(=NR“HNR"),, —OC(=8)R", —OC
(=S)OR®', —OC(=S)SR®', —OC(=S)N(R"),,
—ON(R),, —OS(=0)R“", —OS(=0)OR*, —0S
(=0)SR“!, —OS(=O)N(R"),, —OS(=0),R",
—O0S(=0),0R", —0S(=0),SR", —OS(=0),N
(R"),, —OP(=0),, —OP(=O)R"),, —OP(=0)
RE(ORY), —OP(=0)(OR"),, —OP(=0), —OP
(R°),, —OPR“'(OR"), —OP(OR"),, —OSi(R");,
—OSi(R1),0R“?, —OSi(R“)(ORY),, —OSi
(OR“M),, —S8SR“!, —S(=0O)R“!, —S(=0)OR“",
—S(=O)NR),, —S(=0),R"", —S(=0),0R",
—S(=0),N(R"),, —8C(=0)R“", —SC(=0)OR",
—SC(=0)SR?, —SC(=0)N(R"),, —SC(=S)R“",
—SC(=S)OR", —SC(=S)SR“", —SC(=S)N(R")
» —PR),, —PR(OR"), —P(OR"),, —P(—0),
—P(=O)R),, —P(=O0)(OR™),, —P(=OR"
(OR"), —P(—=0),, —BR"),, —B(OR"),, —BR"
(OR“Y), —Si(R“Y,, —Si(R“HOR?, SiR“Y(ORM),,
and —Si(OR“"),, wherein each occurrence of R¢" is
independently selected from the group consisting of
hydrogen, optionally substituted acyl, optionally sub-
stituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, a nitrogen
protecting group when attached to a nitrogen atom, an
oxygen protecting group when attached to an oxygen
atom, and a sulfur protecting group when attached to a
sulfur atom, or two R groups are joined to form an
optionally substituted heterocyclic ring or optionally
substituted heteroaryl ring;
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nis 0,1, 2,3, or 4
L is a bond or an optionally substituted C,_s hydrocarbon

chain;

R? is any one of Formulae (i-1)-(i-17):

(-1

(i-2)

Y N
N RDs

RDZ

s RD!

RD3

N

v

R g0,

D
RD2
\Kk RD!
RD?

(i-3)

i-4)

(i-5)

(i-6)

(-7

Y RDS,
RDI RDZ
(i-8)
.rvvvrv\l\r
Yz N Y,
RDI o RDZ
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(i-9)

(i-10)

(i-11)

(i-12)

(i-13)

(i-14)

(i-15)

-S5O
(i-16)
RR2
fl\{[)l
Y RD3
(i-17)
(€]
RR2
RD3 RrO!
(6]
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R”! is selected from the group consisting of hydrogen,

halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, —CN,
7N02, 7ORD1a, 7N(RDla)2, 7SRD1a,
—CH,ORP"  —CH,NR"'%),, or —CH,SR”",
—C(=0)RP'*, —C(=0)OR"'?, —C(=0)SR”'?,
—C(=0)NR"'%),, —C(=S)R”"*, —C(=S)OR""*,
—C(=S)SR™'%, —C(=S)N(RP'%),, —C(=NR”'%)
RDla, 4C(:NRD1G)ORD1G, 4C(:NRD1G)SRDIG,
and —C(=NRP!*)N(R?'%),, wherein each occurrence
of RP'“ is independently selected from the group con-
sisting of hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl,
and optionally substituted heteroaryl, or two R”'¢
groups are joined to form an optionally substituted
heterocyclic ring;

R?? is selected from the group consisting of hydrogen,

halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, —CN,

7N02, 7ORD2a, 7N(RD2a)2, 7SRD2a,
~ CH,OR®*, — CH,N(R®?%),, or - CH,SRP>
C(=O)R™,  C(=0)OR™*, C(—0)SRP>,

—C(=0)N(R"?%),, —C(=S)RP?*, —C(=S)OR"*,
—C(=S)SR™**, —C(=S)N(R"*%),, —C(=NR"?>%)
RD2a, 4C(:NRD2G)ORD2G, 4C(:NRD2G)RD2G,
—C(=NR”*9OR™** _C(=NR”*%)SR™", and
—C(=NRP**N(R”?%),, wherein each occurrence of
R??% is independently selected from the group consist-
ing of hydrogen, optionally substituted alkyl, option-
ally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substi-
tuted heterocyclyl, optionally substituted aryl, and
optionally substituted heteroaryl, or two RP** groups
are joined to form an optionally substituted heterocy-
clic ring;

R?? is selected from the group consisting of hydrogen,

halogen, optionally substituted acyl, optionally substi-
tuted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substi-
tuted aryl, optionally substituted heteroaryl, —CN,
7N02, 7ORD3a, 7N(RD3a)2, 7SRD3a,
—CH,OR™**, —CH,N®R™%),, or —CH,SR?*,
—C(=0)RP**, —C(=0)OR™*, —C(=0)SR"**,
—C(=0)NR"*%), —C(=S)R?*?, —C(=S)OR*a
—C(=S)SR™**, —C(=S)N(R™*%),, —C(=NR"*%)
RD3a, 4C(:NRD3G)ORD3G, 4C(:NRD3G)SRD3G,
and —C(=NR?**)N(R?*%),, wherein each occurrence
of RP*“ is independently selected from the group con-
sisting of hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl,
and optionally substituted heteroaryl, or two R¥>“
groups are joined to form an optionally substituted
heterocyclic ring;
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optionally R?* and R, or R®? and R™*, or R”" and R??
are joined to form an optionally substituted carbocyclic
or optionally substituted heterocyclic ring;

RP* is a leaving group;

R™ is hydrogen, C, 4 alkyl, or a nitrogen protecting
group;

Y is O, S, or NR”®, wherein R”® is hydrogen, C,_, alkyl,
or a nitrogen protecting group;

ais 1 or2;

zis 0,1, 2,3,4,5, or 6; and

optionally R”® and one R are joined to form an option-
ally substituted heterocyclic or optionally substituted
heteroaryl ring.

2. The compound of claim 1, wherein R” is of Formula

(i-1):

(i-1)

Y. N
N RDs
RR2
A RD!
RD3

3. (canceled)

4. The compound of claim 1, wherein Ring C is an
optionally substituted phenyl ring.

5. The compound of claim 1, wherein L is a bond or
—CH,—.

6. (canceled)
7. The compound of claim 2, wherein Y is O.

8. The compound of claim 1, wherein the compound is of
Formula (I-1):

a1

or a pharmaceutically acceptable salt thereof.
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9. The compound of claim 1, wherein the compound is of
Formula (I-2):

a-2)

RDZ

or a pharmaceutically acceptable salt thereof.

10. The compound of claim 1, wherein M is a bond or an
optionally substituted C, hydrocarbon chain.

11. (canceled)

12. The compound of claim 10, wherein M is trans-
CH—CH—.

13. The compound of claim 1, wherein the compound is
of Formula (I-3):

-3)

or a pharmaceutically acceptable salt thereof.
14. The compound of claim 1, wherein the compound is
of Formula (I-4):

-4

or a pharmaceutically acceptable salt thereof.
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15. The compound of claim 1, wherein the compound is
of Formula (I-5):

a-5)

RDZ

or a pharmaceutically acceptable salt thereof.
16. The compound of claim 1, wherein the compound is
of Formula (I-6):

d-6)

or a pharmaceutically acceptable salt thereof.

17-28. (canceled)

29. The compound of claim 1, wherein:

R is C,_4 alkyl; and

nis 1.

30-35. (canceled)

36. The compound of claim 1, wherein the compound is
of the formula:

(1-18)
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or a pharmaceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

37. (canceled)

38. A pharmaceutical composition comprising a com-
pound of claim 1, or a pharmaceutically acceptable salt,
solvate, hydrate, polymorph, co-crystal, tautomer, stereoi-
somer, isotopically labeled derivative, or prodrug thereof,
and optionally a pharmaceutically acceptable excipient.

39-40. (canceled)
41. A kit comprising:

a container comprising a compound of claim 1, or a
pharmaceutically acceptable salt, solvate, hydrate,
polymorph, co-crystal, tautomer, stereoisomer, isotopi-
cally labeled derivative, or prodrug thereof; and

instructions for administering the compound, or the phar-
maceutically acceptable salt, solvate, hydrate, poly-
morph, co-crystal, tautomer, stereoisomer, isotopically
labeled derivative, or prodrug thereof.

42. A method for treating a disease characterized by
overexpression of bone marrow kinase on X chromosome
(BMX), the method comprising:

administering to a subject in need thereof a compound of
claim 1, or a pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer,
isotopically labeled derivative, or prodrug thereof, in an
amount effective to treat the disease.

43. A method for treating a disease associated with
aberrant activity of bone marrow kinase on X chromosome
(BMX), the method comprising:

administering to a subject in need thereof a compound of
claim 1, or a pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer,
isotopically labeled derivative, or prodrug thereof, in an
amount effective to treat the disease.

44-50. (canceled)

51. A method for treating a disease associated with insulin
resistance, the method comprising:

administering to a subject in need thereof a compound of
claim 1, or a pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer,
isotopically labeled derivative, or prodrug thereof, in an
amount effective to treat the disease.

52-55. (canceled)

56. A method of suppressing kinase signaling in a bio-
logical sample or subject, the method comprising:

administering to the biological sample or subject a com-
pound of claim 1, or a pharmaceutically acceptable salt,
solvate, hydrate, polymorph, co-crystal, tautomer, ste-
reoisomer, isotopically labeled derivative, or prodrug
thereof, in an amount effective to suppress the kinase
signaling.

57-81. (canceled)



