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KINASE INHIBITORS

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. § 1.119(e) of U.S. Application
No. 61/261,696, filed November 16, 2009, and U.S. Application No. 61/330,271, filed April

30, 2010, each of which is incorporated by reference in its entirety for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
[0002] This invention was made with government support under GM071434 awarded by

the National Institutes of Health. The Government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] The human genome contains at least 500 genes encoding protein kinases. In fact,
protein kinase genes constitute about 2% of all human genes. Protein kinases modify up to
30% of all human proteins and regulate the majority of cellular pathways, particularly those

pathways involved in signal transduction.

[0004] Because of the profound effects on cells, the activities of protein kinases are highly
regulated. Indeed, unregulated kinase activity frequently causes disease related to control of
cell growth, cell movement and cell death, particularly cancer. A large body of research 1s
currently being conducted to find drugs capable of inhibiting specific kinases to treat a
variety of diseases. Some such drugs are already 1n clinical use, including Gleevec (imatinib)
and Iressa (gefitinib). To increase potency and selectivity, irreversible electrophilic
inhibitors, which form a covalent bond with a cysteine in the kinase active site, have been
developed. Several of these 1rreversible kinase inhibitors are currently in clinical trials (e.g.,
neratinib, tovok). Inhibition of proteins through irreversible binding of an inhibitor to the
protein, however, often leads to toxicity and/or immunogenic problems when used to treat
diseases. Therefore, reversible kinase inhibitors are needed to inhibit kinases while
minimizing the risk of toxicity. The present invention addresses these and other needs in the

art.

BRIEF SUMMARY OF THE INVENTION

[0005] In a first aspect, kinase inhibitors are provided. In some embodiments, the kinase

inhibitor has the structure of Formula I:



CA 02781056 2012-05-15
WO 2011/060440 PCT/US2010/056890

CN ().

[0006] InFormula I, R'is substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

[0007] L'isbond, -C(O)-, -C(O)N(L’R?)-, -C(0)0O-, -S(O)y-, -O-, -N(L’R?)-,
P(O)(OL’R*O-, -SO,N(L’R?)-, -P(O)(NL’R*)N-, substituted or unsubstituted alkylene,
substituted or unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene,
substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or

substituted or unsubstituted heteroarylene. The symbolnis 0, 1 or 2.

[0008] L is a bond, -C(O)-, -C(ON(L**R*™)-, -C(0)O-, -S(O)¢, -O-, -N(L’*R**)-,
-P(O)(OL’*R*M0-, -SO,N(L**R**)-, -P(O)(NL’*R**)N-, substituted or unsubstituted
alkylene, substituted or unsubstituted heteroalkylene, substituted or unsubstituted
cycloalkylene, substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted

arylene, or substituted or unsubstituted heteroarylene. The symbol tis O, 1 or 2.

[0009] L° and L°* are independently a bond, substituted or unsubstituted alkylene,
substituted or unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene,
substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or

substituted or unsubstituted heteroarylene. The symbol wis 0, 1 or 2.

[0010] R* and R** are independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

[0011] E 1s an electron withdrawing group or together with L* forms an electron

withdrawing group.

[0012] In another aspect, methods of inhibiting protein kinases are provided. The methods
include contacting a protein kinase with an effective amount of a kinase inhibitor provided
herein. The kinase inhibitor may have the structure of Formula I or Formula II (or any of the

embodiments thereof described herein).
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[0013] In another aspect, a method of treating a disease associated with kinase activity in a
subj ect in need of such treatment. The method includes administering to the subject an
effective amount of a kinase inhibitor provided herein. The kinase inhibitor may have the

structure of Formula I or Formula II (or any of the embodiments thereof described herein).

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Fig. 1A and Fig. 1B provide mass spectrometric results following incubation of
DMSO or Cmpds 1-4 (Fig. 1A), and Cmpds 5-8 (Fig. 1B) with human RSK2 CTD for 1 hr at

room temperature.

[001S] Fig. 2 depicts recovery of kinase activity of RSK2 CTD after inhibition by a
selection of compounds disclosed herein and subsequent dialysis. Legend: Cmpd 6:

checked; Cmpd 7: open box; Cmpd 1: Black box; Cmpd 9: diagonal stripes.

[0016] Fig. 3 depicts cyanoacrylate or cyanoacrylamide (Cmpds 4-7) dissociation from
intact folded RSK2 CTD, as measured by competitive labeling with fluoromethylketone
Cmpd 9 (FMK). Upper left panel: time course of FMK labeling of empty RSK2 CTD.
Upper right panel: time course of dissociation of reversible covalent inhibits, Cmpds 4-7.
Lower panel: tabular presentation of dissociation half-time (min) for the indicated

compounds.

[0017] Fig. 4 depicts the formation and reversal of covalent bond formation between RSK?2
and Cmpd 7 by UV/Visible spectrophotometry. Upper panel: normalized absorbance (400
nm) attributed to Cmpd 7 after reaction with a) C436V RSK2; b) WT RSK2; ¢) WT RSK2
plus proteinase K; d) WT RSK2 plus SDS; and ¢) WT RSK2 plus guanidine HCl. Middle
panel: UV/Visible spectra for Cmpd 7, alone in buffer or in the presence of RSK2 or RSK2
plus Proteinase K (3 hr incubation). Lower panel: UV/Visible spectra for Cmpd 7, alone in
butfer or in the presence of RSK2 or RSK2 plus SDS (1 min incubation).

[0018] Fig. 5A depicts the mass spectrometric analysis of the incubation of Cmpd 7 with 3
M guanidine HCI. Fig. 5B depicts the mass spectrometric analysis of the incubation of

Cmpd 7 incubated with RSK2 CTD prior to addition of 3 M guanidine HCI.

[0019] Fig. 6 depicts the inhibition of autophosphorylation of Ser386 of RSK2 by Cmpds
5-7 and Cmpd 9 1n HEK-293 cells. Legend: FMK 9 (Cmpd 9): open box; Cmpd 7: black

box; Cmpd 6: grayed box; Cmpd 5: diagonal stripes. Lower panel: Western blot analysis
with phospho-Ser386 RSK2 and anti-HA antibodies, as described herein.
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[0020] Fig. 7 depicts modes of binding of Cmpds 6, 12 or 15 (top, middle, and lower
panels, respectively) to Cys-436 of RSK2, based on X-ray crystallographic structures

obtained as described herein.

[0021] Fig. 8 depicts modes of binding of Cmpd 40 (top panel) to Cys-436 of RSK?2, and
Cmpd 55 to Cys-345 of cSrc.

[0022] Fig. 9 depicts 'H NMR spectrum before and after dilution of reaction mixture.

[0023] Fig. 10 depicts cyanoacrylamide absorbance spectrum and graphical representation

of the absorbance values before and after dilution.

DETAILED DESCRIPTION OF THE INVENTION

I. Definitions

[0024] The abbreviations used herein have their conventional meaning within the chemical
and biological arts. The chemical structures and formulae set forth herein are constructed

according to the standard rules of chemical valency known in the chemical arts.

[0025] Where substituent groups are specified by their conventional chemical formulae,
written from left to right, they equally encompass the chemically identical substituents that

would result from writing the structure from right to left, e.g., -CH,O- 1s equivalent to

-OCH;-. j

[0026] The term “alkyl,” by 1itself or as part of another substituent, means, unless otherwise
stated, a straight (1.e. unbranched) or branched chain, or combination thereof, which may be
fully saturated, mono- or polyunsaturated and can include di- and multivalent radicals, having
the number of carbon atoms designated (i.e. C,-C;y means one to ten carbons). Examples of
saturated hydrocarbon radicals include, but are not limited to, groups such as methyl, ethyl, n-
propyl, 1sopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, (cyclohexyl)methyl, homologs and
isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated
alkyl group is one having one or more double bonds or triple bonds. Examples of unsaturated
alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-
(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and
the higher homologs and isomers. An alkoxy is an alkyl attached to the remainder of the

molecule via an oxygen linker (-O-).

[0027] The term “alkylene” by itself or as part of another substituent means a divalent

radical derived from an alkyl, as exemplified, but not limited, by -CH,CH,CH,CH,-, and

4
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further includes those groups described below as “heteroalkylene.” Typically, an alkyl (or
alkylene) group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer
carbon atoms being preferred in the present invention. A “lower alkyl” or “lower alkylene” is

a shorter chain alkyl or alkylene group, generally having eight or fewer carbon atoms.

[0028] The term “heteroalkyl,” by itself or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain, or cyclic hydrocarbon radical, or
combinations thereof, consisting of at least one carbon atoms and at least one heteroatom
selected from the group consisting of O, N, P, Si and S, and wherein the nitrogen and sulfur
atoms may optionally be oxidized and the nitrogen heteroatom may optionally be
quaternized. The heteroatom(s) O, N, P and S and Si may be placed at any interior position
of the heteroalkyl group or at the position at which the alkyl group 1s attached to the
remainder of the molecule. Examples include, but are not limited to, -CH,-CH,-O-CHs,
-CH,-CH,-NH-CHj;, -CH;,-CH,-N(CH3)-CH3;, -CH,-S-CH,-CHs, -CH,-CH,,-S(0O)-CHa, -
CH,-CH,-S(0),-CHs, -CH=CH-0-CHj3, -Si{CH3);, -CH-CH=N-OCHj;, ~-CH=CH-N(CH3)-
CHj;, O-CHj3, -O-CH,-CHj3. and —CN. Up to two heteroatoms may be consecutive, such as,
for example, -CH,-NH-OCHj;. Similarly, the term “heteroalkylene” by itself or as part of
another substituent means a divalent radical derived from heteroalkyl, as exemplified, but not
limited by, -CH;-CH;-S-CH;-CH;- and —CH,-S-CH;-CH,-NH-CH;-. For heteroalkylene
groups, heteroatoms can also occupy either or both of the chain termini (e.g., alkyleneoxy,
alkylenedioxy, alkyleneamino, alkylenediamino, and the hike). Still further, for alkylene and
heteroalkylene linking groups, no orientation of the linking group is implied by the direction
in which the formula of the linking group is written. For example, the formula —C(O),R’-
represents both —C(O),R’- and —R’C(0O),-. As described above, heteroalkyl groups, as used
herein, include those groups that are attached to the remainder of the molecule through a
heteroatom, such as -C(O)R’, -C(O)NR’, -NR’R , -OR’, -SR , and/or -SO,R’. Where
“heteroalkyl” is recited, followed by recitations of specific heteroalkyl groups, such as -
NR’R  or the like, it will be understood that the terms heteroalkyl and -NR’R’’ are not
redundant or mutually exclusive. Rather, the specific heteroalkyl groups are recited to add
clarity. Thus, the term “heteroalkyl” should not be interpreted herein as excluding specific

heteroalkyl groups, such as -NR'R " or the like.

[0029] The terms “cycloalkyl” and “heterocycloalkyl,” by themselves or in combination
with other terms, represent, unless otherwise stated, cyclic versions of “alkyl” and
“heteroalkyl”, respectively. Additionally, for heterocycloalkyl, a heteroatom can occupy the
position at which the heterocycle is attached to the remainder of the molecule. Examples of

S
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cycloalkyl include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. Examples of heterocycloalkyl
include, but are not limited to, 1 —(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-
piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl,
tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1 —piperazinyl, 2-piperazinyl, and the like. A
“cycloalkylene” and a “heterocycloalkylene,” alone or as part of another substituent means a

divalent radical derived from a cycloalkyl and heterocycloalkyl, respectively.

[0030) The terms “halo” or “halogen,” by themselves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as “haloalkyl,” are meant to include monohaloalkyl and polyhaloalkyl. For
example, the term “halo(C;-C4)alkyl” is meant to include, but not be limited to, fluoromethyl,
difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the
like.

[0031] The term “acyl” means —~C(O)R where R is a substituted or unsubstituted alkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl or substituted or

unsubstituted heteroaryl.

[0032] The term “aryl” means, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon substituent which can be a single ring or multiple rings (preferably from 1 to 3
rings) which are fused together (i.e. a fused ring aryl) or linked covalently. A fused ring aryl
refers to multiple rings fused together wherein at least one of the fused rings is an aryl ring.
The term “heteroaryl” refers to aryl groups (or rings) that contain from one to four
heteroatoms selected from N, O, and S, wherein the nitrogen and sulfur atoms are optionally
oxidized, and the nitrogen atom(s) are optionally quaternized. Thus, the term “heteroaryl”
includes fused ring heteroaryl groups (i.e. multiple rings fused together wherein at least one
of the fused rings is a heteroaromatic ring). A 5,6-fused ring heteroarylene refers to two rings
fused together, wherein one ring has 5 members and the other ring has 6 members, and
wherein at least one ring is a heteroaryl ring. Likewise, a 6,6-fused ring heteroarylene refers
to two rings fused together, wherein one ring has 6 members and the other ring has 6
members, and wherein at least one ring 1s a heteroaryl ring. And a 6,5-fused ring
heteroarylene refers to two rings fused together, wherein one ring has 6 members and the
other ring has 5 members, and wherein at least one ring 1s a heteroaryl ring. A heteroaryl
group can be attached to the remainder of the molecule through a carbon or heteroatom.

Non-limiting examples of aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl,
6
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4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, S-oxazolyl, 3-1soxazolyl, 4-
1soxazolyl, S-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl,
2-benzimidazolyl, 5-indolyl, 1-1soquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-
quinolyl, and 6-quinolyl. Substituents for each of the above noted aryl and heteroaryl ring
systems are selected from the group of acceptable substituents described below. An
“arylene” and a ‘“heteroarylene,” alone or as part of another substituent means a divalent

radical derived from an aryl and heteroaryl, respectively.

[0033] For brevity, the term “aryl” when used in combination with other terms (e. g.,
aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above.

Thus, the term “arylalkyl” is meant to include those radicals in which an aryl group 1s
attached to an alkyl group (e.g., benzyl, phenethyl, pyridylmethyl and the like) including
those alkyl groups in which a carbon atom (e.g., a methylene group) has been replaced by, for
example, an oxygen atom (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1-
naphthyloxy)propyl, and the like).

[0034] The term “ox0” as used herein means an oxygen that is double bonded to a carbon

atom.

[0035] The term “alkylsulfonyl” as used herein means a moiety having the formula -S(O,)-

R’, where R’ is an alkyl group as defined above. R’ may have a specified number of carbons

(e.g. “Cy-C4 alkylsulfonyl”).

[0036] Each of the above terms (e.g., “‘alkyl,” “heteroalkyl,” “aryl” and “heteroaryl™) are
meant to include both substituted and unsubstituted forms of the indicated radical. Preferred

substituents for each type of radical are provided below.

[0037] Substituents for the alkyl and heteroalkyl radicals (including those groups often
referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety ot
groups selected from, but not limited to: -OR’, =0, =NR’, =N-OR’, -NR’R”, -SR’, -halogen,
-SIR’R”R™’, -OC(O)R’, -C(O)R’, -CO,R’, -CONR’R”, -OC(O)NR’R”, -NR”C(O)R”’,
-NR’-C(O)NR”R”*, -NR”C(O);R’, -NR-C(NR’R”R’”)=NR””, -NR-C(NR’R”)=NR’”, -
S(O)R?, -S(O),R’, -S(O)LNR’R”, -NRSO,R’, -CN and —NO, in a number ranging from zero
to (2m’+1), where m’ 1s the total number of carbon atoms in such radical. R’, R”, R”* and

R each preferably independently refer to hydrogen, substituted or unsubstituted heteroalkyl,
7
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substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl (e.g., aryl substituted with 1-3 halogens), substituted or
unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl groups. When a compound of
the invention includes more than one R group, for example, each of the R groups is
independently selected as are each R’, R”, R’” and R”” groups when more than one of these
groups is present. When R’ and R” are attached to the same nitrogen atom, they can be
combined with the nitrogen atom to form a 4-, 5-, 6-, or 7-membered ring. For example,
-NR’R” 1s meant to include, but not be limited to, 1-pyrrolidinyl and 4-morpholinyl. From
the above discussion of substituents, one of skill in the art will understand that the term
“alkyl” 1s meant to include groups including carbon atoms bound to groups other than
hydrogen groups, such as haloalkyl (e.g., -CF; and —CH,CF,) and acyl (e.g., -C(O)CHs,
-C(O)CF3, -C(O)CH,0OCHs;, and the like).

[0038] Similar to the substituents described for the alkyl radical, substituents for the aryl
and heteroaryl groups are varied and are selected from, for example: halogen, -OR’, -NR’R”,
-SR’, -halogen, -SiIR’R”R”¢, -OC(O)R’, -C(O)R’, -CO,R’, -CONR’R”, -OC(O)NR’R”,
-NR”C(O)R’, -NR’-C(O)NR"R’”, -NR”C(O)R’, -NR-C(NR’R”R’”)=NR"”,
-NR-C(NR’R”=NR’”, -S(O)R’, -S(O),R’, -S(O),NR’R”, -NRSO,R’, -CN and —NO,, -R’, -
N3, -CH(Ph),, fluoro(C-Cy)alkoxy, and fluoro(C,-Cy)alkyl, in a number ranging from zero to
the total number of open valences on the aromatic ring system; and where R’, R”, R” and
R”” are preferably independently selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl and substituted or
unsubstituted heteroaryl. When a compound of the invention includes more than one R
group, for example, each of the R groups is independently selected as are each R’, R”, R*”

and R™ groups when more than one of these groups is present.

[0039] 'T'wo of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally form a ring of the formula -T-C(O)-(CRR”)-U-, wherein T and U are
independently —NR-, -O-; -CRR’- or a single bond, and q is an integer of from 0 to 3.
Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -A-(CH;),-B-, wherein A and B are
independently —CRR’-, -O-, -NR~, -S-, -S(0O)-, -S(O),-, ~S(O),NR’- or a single bond, and r is
an integer of from 1 to 4. One of the single bonds of the new ring so formed may optionally
be replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of
the aryl or heteroaryl ring may optionally be replaced with a substituent of the formula
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-(CRR’)s-X7-(C’R’7%)4-, where s and d are independently integers of from 0 to 3, and X’ is —
O-, -NR’-, -S-, -S(0O)-, -S(O);-, or =S(O),NR’-. The substituents R, R’, R” and R’” are
preferably independently selected from hydrogen, substituted or unsubstituted alkyl,

substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[0040] As used herein, the term “heteroatom” or “ring heteroatom” is meant to include

oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), and silicon (Si).

10041} A “substituent group,” as used herein, means a group selected from the following

moieties:

[0042] (A) -OH, -NH,, -SH, -CN, -CF3, -NO», oxo, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

unsubstituted aryl, unsubstituted heteroaryl, and

10043] (B) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,

substituted with at least one substituent selected from:

10044] (1) oxo, -OH, -NH, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

unsubstituted aryl, unsubstituted heteroaryl, and

[0045] (11) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,

substituted with at least one substituent selected from:

[0046] (a) oxo, -OH, -NH,, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

unsubstituted aryl, unsubstituted heteroaryl, and

[0047] (b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, substituted
with at least one substituent selected from oxo, -OH, -NH,, -SH, -CN, -CF;, -NO,, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted

heterocycloalkyl, unsubstituted aryl, and unsubstituted heteroaryl.

[0048] A “size-limited substituent” or “ size-limited substituent group,” as used herein
means a group selected from all of the substituents described above for a “substituent group,”
wherein each substituted or unsubstituted alkyl is a substituted or unsubstituted C;-Coq alkyl,
each substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20

membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or
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unsubstituted C4-Cg cycloalkyl, and each substituted or unsubstituted heterocycloalkyl 1s a

substituted or unsubstituted 4 to 8 membered heterocycloalkyl.

[0049] A “lower substituent” or “ lower substituent group,” as used herein means a group
selected from all of the substituents described above for a “substituent group,” wherein each
substituted or unsubstituted alkyl is a substituted or unsubstituted C;-Cg alkyl, each
substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 8 membered
heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or unsubstituted Cs-
C7 cycloalkyl, and each substituted or unsubstituted heterocycloalkyl 1s a substituted or

unsubstituted 5 to 7 membered heterocycloalkyl.

[0050] The term “pharmaceutically acceptable salts” 1s meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired
base, either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable base
addition salts include sodium, potassium, calcium, ammonium, organic amino, or magnesium
salt, or a similar salt. When compounds of the present invention contain relatively basic
functionalities, acid addition salts can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired acid, either neat or in a suitable inert
solvent. Examples of pharmaceutically acceptable acid addition salts include those derived
from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and the like, as well as the
salts derived from relatively nontoxic organic acids like acetic, propionic, isobutyric, maleic,
malonic, benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-
tolylsulfonic, citric, tartaric, oxalic, methanesulfonic, and the like. Also included are salts of
amino acids such as arginate and the like, and salts of organic acids like glucuronic or
galactunoric acids and the like (see, for example, Berge ef al., “Pharmaceutical Salts™,
Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific compounds of the
present invention contain both basic and acidic functionalities that allow the compounds to be

converted into either base or acid addition salts.

[0051] Thus, the compounds of the present invention may exist as salts, such as with
pharmaceutically acceptable acids. The present invention includes such salts. Examples of

such salts include hydrochlorides, hydrobromides, sulfates, methanesulfonates, nitrates,
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maleates, acetates, citrates, fumarates, tartrates (e.g., (+)-tartrates, (-)-tartrates or mixtures
thereof including racemic mixtures), succinates, benzoates and salts with amino acids such as

glutamic acid. These salts may be prepared by methods known to those skilled in the art.

[0052] The neutral forms of the compounds are preferably regenerated by contacting the
salt with a base or acid and 1solating the parent compound in the conventional manner. The
parent form of the compound differs from the various salt forms in certain physical

properties, such as solubility in polar solvents.

[0053] In addition to salt forms, the present invention provides compounds, which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present invention. Additionally, prodrugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vivo environment. For example,
prodrugs can be slowly converted to the compounds of the present invention when placed in a

transdermal patch reservoir with a suitable enzyme or chemical reagent.

[0054] Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are encompassed within the scope of the present invention. Certain
compounds of the present invention may exist in multiple crystalline or amorphous forms. In
general, all physical forms are equivalent for the uses contemplated by the present invention

and are intended to be within the scope of the present invention.

[005S] Certain compounds of the present invention possess asymmetric carbon atoms
(optical centers) or double bonds; the racemates, diastereomers, tautomers, geometric isomers
and individual isomers are encompassed within the scope of the present invention. The
compounds of the present invention do not include those which are known in the art to be too

unstable to synthesize and/or isolate.

[0056] The compounds of the present invention may also contain unnatural proportions of
atomic 1sotopes at one or more of the atoms that constitute such compounds. For example,
the compounds may be radiolabeled with radioactive isotopes, such as for example tritium
(CH), iodine-125 (**’I) or carbon-14 (1*C). All isotopic variations of the compounds of the
present mvention, whether radioactive or not, are encompassed within the scope of the

present invention.
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[0057] Where a substituent of a compound provided herein is “R-substituted” (e.g. R'-
substituted), it is meant that the substituent is substituted with one or more of the named R
groups (e.g. R') as appropriate. In some embodiments, the substituent is substituted with

only one of the named R groups.

[0058] The terms “treating” or “treatment” refers to any indicia of success 1n the treatment
or amelioration of an injury, pathology or condition, including any objective or subjective
parameter such as abatement; remission; diminishing of symptoms or making the injury,
pathology or condition more tolerable to the patient; slowing in the rate of degeneration or
decline; making the final point of degeneration less debilitating; improving a patient’s
physical or mental well-being. The treatment or amelioration of symptoms can be based on
objective or subjective parameters; including the results of a physical examination,
neuropsychiatric exams, and/or a psychiatric evaluation. For example, the certain methods
presented herein successfully treat cancer by decreasing the incidence of cancer, in inhibiting

its growth and or causing remission of cancer.

[0059] An “effective amount” is an amount of a kinase inhibitor sufficient to contribute to
the treatment, prevention, or reduction of a symptom or symptoms of a disease, or to inhibit
the activity or a protein kinase relative to the absence of the kinase inhibitor. Where recited
in reference to a disease treatment, an “effective amount” may also be referred to as a
“therapeutically effective amount.” A “reduction” of a symptom or symptoms (and
grammatical equiyalents of this phrase) means decreasing of the severity or frequency of the
symptom(s), or elimination of the symptom(s). A “prophylactically effective amount” of a
drug is an amount of a drug that, when administered to a subject, will have the intended
prophylactic effect, e.g., preventing or delaying the onset (or reoccurrence) a disease, or
reducing the likelihood of the onset (or reoccurrence) of a disease or its symptoms. The full
prophylactic effect does not necessarily occur by administration of one dose, and may occur
only after administration of a series of doses. Thus, a prophylactically effective amount may
be administered in one or more administrations. An “activity decreasing amount,” as used
herein, refers to an amount of antagonist required to decrease the activity of an enzyme
relative to the absence of the antagonist. A “function disrupting amount,” as used herein,
refers to the amount of antagonist required to disrupt the function of an osteoclast or

leukocyte relative to the absence of the antagonist.

[0060] The terms “kinase,” “protein kinase” and the like, refer to an enzyme that transfers a
phosphate group from a donor molecule (e.g. ATP) to a substrate. The process of transterring

a phosphate group from a donor to a substrat~ is conventionally known as phosphorylation.
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The term “substrate” in the context of protein phosphorylation refers to a compound (e.g.

protein) which accepts a phosphate group and 1s thus phosphorylated.

II. Kinase Inhibitors

[0061] In a first aspect, kinase inhibitors are provided. The kinase inhibitors are typically
reversible kinase inhibitors. In some embodiments, the kinase inhibitor has the structure of

Formula I:

R? L2
\U/\/ N

CN D).

[0062] InFormulal, R' is substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, of
-L'AR'. R'™ is substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl. L'-R' and/or R’
is/are generally designed to fit within a kinase ATP binding site and/or bind to amino acids

within the kinase ATP binding site (e.g. a kinase ATP binding site moiety).

[0063] L'isabond, -C(O)-, -C(O)N(L’R?)-, -C(0)O-, -S(0),-, -O-, -N(L’R?)-,
-P(O)(OL*RH0-, -SO,N(L’R?)-, -P(O)(NL’R*)N-, substituted or unsubstituted alkylene,
substituted or unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene,
substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or
substituted or unsubstituted heteroarylene. The symbol nis 0, 1 or 2. In some embodiments,
L'is abond. L'*is a bond, -C(O)-, -C(ON(L>R?)-, -C(0)O-, -S(0)y-, -O-, -N(L°R*)-,
-P(0)(O L’R*)O-, -SO,N(L’R?)-, -P(O)(N L’ R*)N-, substituted or unsubstituted alkylene,
substituted or unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene,
substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or

substituted or unsubstituted heteroarylene. The symboln'is 0, 1 or 2.

[0064] L°is a bond, -C(O)-, -C(O)N(L**R**)-, -C(0)O-, -S(O);-, -O-, -N(L’*R**)-,
-P(O)(OL**R*O-, -SO,N(L**R**)-, -P(O)(NL**R**)N-, substituted or unsubstituted

alkylene, substituted or unsubstituted heteroalkylene, substituted or unsubstituted
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cycloalkylene, substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted

arylene, or substituted or unsubstituted heteroarylene. The symboltis 0, 1 or 2.

[0065] L°, L° and L°* are independently a bond, substituted or unsubstituted alkylene,
substituted or unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene,
substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or

substituted or unsubstituted he'teroarylene. The symbol wis 0, 1 or 2.

[0066] RZ, R*and R** are independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or

unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

[0067] E 1s an electron withdrawing group or together with [? forms an electron
withdrawing group (e.g. ~L°-E may form an electron withdrawing group). In some
embodiments, E is ring A or R*, wherein R* and ring A are is as defined below. Thus, E may
be hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl or —L>*-R**. E may

23A 23A
R R4

also be hydrogen, -substituted or unsubstituted alkyl, -substituted or unsubstituted
heteroalkyl, R*”*-substituted or unsubstituted cycloalkyl, R“*-substituted or unsubstituted
heterocycloalkyl, R“*-substituted or unsubstituted aryl, or R**-substituted or unsubstituted
heteroaryl. In some embodiments, E is a substituted or unsubstituted heteroaryl (e.g. R>*-
substituted or unsubstituted heteroaryl) or substituted or unsubstituted heterocycloalkyl (e.g.

R*“-substituted or unsubstituted heterocycloalkyl).

[0068] In some embodiments, where —~L*-E is an electron withdrawing group, E may
simply be hydrogen. The term “electron withdrawing group” refers to a chemical substituent
that modifies the electrostatic forces acting on a nearby chemical reaction center by
withdrawing negative charge from that chemical reaction center. Thus, electron withdrawing
groups draw electrons away from a reaction center. As a result, the reaction center is
fractionally more positive than it would be in the absence of the electron-withdrawing group.
In some embodiments, the chemical reaction center is one of the two carbons forming the
carbon-carbon double bond (olefin). In some embodiments, the chemical reaction center is
the olefin carbon attached to -I.'-R'. The electron withdrawing group functions to draw
charge or electrons away from this olefin carbon thereby making the olefin carbon electron

deficient (relative to the absence of the electron withdrawing group). The electron deficient
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olefin carbon is thereby rendered more reactive toward electron rich chemical groups, such as

the sulthydryl of a kinase active site cysteine.

[0069] E and —L’-E are typically substituents that sufficiently withdraw electrons from the
reaction center olefin carbon to reversibly bind to the sulthydry! of a kinase active cite
cysteine (e.g. measurably reversibly binding when the kinase is fully denatured or partly
denatured). Methods of testing the reversibility of the bond between the reaction center
olefin carbon and the sulthydryl of a kinase active site cysteine (or a thiol compound proxy)

are provided in the Assays and Examples provided below.

[0070] In some embodiments, -L°-E is as set forth in one of the Formulae set forth below
For example, in Formula IT -L?-E is -C(O)X(L*-R*),(L’-R"), in Formula IIIc -L*-NR’R?, in
Formula IIc -L*-E is ~-WNR’R?, etc. Thus, -L*-E may be as set forth in the Formulae
provided herein and combined with the definitions and embodiments of ~L'-R" provided
herein. Likewise, -L'-R' may be as set forth in the Formulae provided herein (e.g. Formula
[1la to IIle wherein -L'-R' includes a pyrrolopyrimidinyl) and combined with the detfinitions

of -L*-E as provided herein.

[0071] Some non-limiting examples of groups capable of withdrawing electrons from a
reaction center include, but are not limited to, -NO,, -N(R5), -N(R3)", -N(H3)+, -SO3H, -~
SO;R’, -S(O,)R’ (sulfone), -S(O)R’ (sulfoxide), -S(O,)NH; (sulfonamide), -SO,NHR”’, -
SO,NR’,, -PO(OR),, -POsH,, -PONR?’,),, pyridinyl (2-, 3-, 4-), pyrazolyl, indazoly],
imidazolyl, thiazolyl, benzothiazolyl, oxazolyl, benzimidazolyl, benzoxazolyl, isoxazolyl,
benzisoxazolyl, triazolyl, benzotriazolyl, quinolinyl, isoquinolinyl, quinazolinyl, pyrimidinyl,
a 5 or 6-membered heteroaryl with a C-N double bond optionally fused to a 5 or 6 membered
heteroaryl, pyridinyl N-oxide, -C=N, -CX’3, -C(0)X’, -COOH, -COOR’, -C(O)R’,
-C(O)NH;, -C(O)NHR’, -C(O)NR’;, -C(O)H, -P(O)(OR’)OR”’ and X’, wherein X’ 1s
independently halogen (e.g. chloro of fluoro) and R, R’ and R’ are independently hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, or similar Substituents (e.g. a
substituent group, a size limited substituent group or a lower substituent group). The term
“electron withdrawing group” is distinguished from an “electron donating group” as known

in the art.

[0072] Thus, in some embodiments, the kinase inhibitors provided herein (e.g. compounds

of Formula I above or the Formulae provided below) are reversible kinase inhibitors, and
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may measurably dissociate from the protein kinase when the protein kinase 1s not denatured,
partially denatured, or fully denatured. In some embodiments, the covalent reversible kinase
inhibitor measurably dissociates from the protein kinase only when the protein kinase is fully
denatured or partially denatured, but does not measurably dissociate from the protein kinase
when the protein kinase is intact, or dissociates at least 10, 1x10°, 1x10°, 1x10%, 1x10°, 1x10°,
1x10°, 1x10°, 1x10°, 1x10"° fold slower when the protein kinase is intact relative to the
dissociation when the protein kinase is fully or partially denatured (referred to herein as a
“covalent reversible denatured kinase inhibitor”). In some embodiments, the protein kinase is
denatured or fully denatured (1.e. not intact) when placed in denaturing solution, such as 6 N
guanidine, 1% SDS, 50% MeCN, or similar protein denaturant, for seconds or minutes (e.g.
30 to 120 seconds, such as 60 seconds). In some embodiments, the reversible kinase
inhibitors described herein, after covalently binding to the kinase active site cysteine residue,
are capable of dissociating from the kinase within seconds or minutes after
denaturing/unfolding the kinase with 6 N guanidine, 1% SDS, 50% MeCN, or similar protein

denaturant.

[0073] In some embodiments of the kinase inhibitors provided herein, if L' is a bond and
R' is (3-(4-amino-53 -p-tolyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)propan-1-01)-6-yl, then —L.*-E is
not -C(O)NH;. In other embodiments, where L' is a bond and R is a substituted 4-amino
pyrrolopyrimidinyl, then —L*-E is not -C(O)NH,. In other embodiments , where L! is a bond
and R' is a substituted pyrrolopyrimidinyl, then —L*-E is not -C(O)NH,. In certain
embodiments, where L' is a bond and R' is a substituted or unsubstituted pyrrolopyrimidinyl,
then —L°-E is not -C(O)NH,. In other embodiments, where R is a substituted or

unsubstituted pyrrolopyrimidinyl, then —L*-E is not -C(O)NHa.

[0074] In other embodiments, —L*-E is not -C(O)NHo,. In other embodiments, —L*-E is not
-C(O)OH, or -C(O)OR”’, wherein R’ 1s an unsubstituted C;-Cy¢ alkyl (e.g. unsubstituted C;-
(s alkyl such as methyl). In some embodiments, —L*-E is not -C(O)N(CHj), or
-C(O)NH(CHj3)

[0075] In some embodiments of Formula I above or the Formulae provided below, R' and
R'* are independently R’-substituted or unsubstituted alkyl, R’-substituted or unsubstituted
heteroalkyl, R’-substituted or unsubstituted cycloalkyl, R’-substituted or unsubstituted
heterocycloalkyl, R’-substituted or unsubstituted aryl, or R’-substituted or unsubstituted

heteroaryl.
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[0076] R’is independently hydrogen, halogen, -CN, -OH, -NH;, -COOH, -CF;,
R®-substituted or unsubstituted alkyl, R-substituted or unsubstituted heteroalkyl,
R°®-substituted or unsubstituted cycloalkyl, R%-substituted or unsubstituted heterocycloalkyl,

R°-substituted or unsubstituted aryl, R®-substituted or unsubstituted hetero aryl, or -L°-R’*

L.%is -O-, -NH-, -C(O)-, -C(O)NH-, -S(O)y-, or -S(O),NH-, where m is 0, 1, or 2.

[0077] R’ is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF3,
R°-substituted or unsubstituted alkyl, R®-substituted or unsubstituted hetero alkyl,
R®-substituted or unsubstituted cycloalkyl, R®-substituted or unsubstituted heterocycloalkyl,
R®-substituted or unsubstituted aryl, or R®-substituted or unsubstituted heteroaryl. R®is
independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R’-substituted or
unsubstituted alkyl, R”-substituted or unsubstituted heteroalkyl, R”-substituted or
unsubstituted cycloalkyl, R”-substituted or unsubstituted heterocycloalkyl, R”-substituted or
unsubstituted aryl, R”-substituted or unsubstituted heteroaryl or —=L’-R°#. In some
embodiments, R® is independently -OH or unsubstituted alkyl. L’ is —O-, -NH-, -C(Q)-,
-C(O)NH-, -S(O)y-, or -S(O)p’NH-, where m” is 0, 1, or 2.

[0078] R is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;,
R'-substituted or unsubstituted alkyl, R'’-substituted or unsubstituted heteroalkyl,
R'“-substituted or unsubstituted cycloalkyl, R'%-substituted or unsubstituted heterocycloalkyl,
R'“-substituted or unsubstituted aryl, or R'’-substituted or unsubstituted heteroaryl. R”is
independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R'%-substituted or
unsubstituted alkyl, R'’-substituted or unsubstituted heteroalkyl, R'’-substituted or
unsubstituted cycloalkyl, R'’-substituted or unsubstituted heterocycloalkyl, R'’-substituted or
unsubstituted aryl, or R'’-substituted or unsubstituted heteroaryl. R' is independently
halogen, -CN, -OH, -NH,, -COOH, -CF3, unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, or unsubstituted

heteroaryl.

[0079] In some embodiments, R' and R'* are independently R’-substituted or unsubstituted
6,5 fused ring heteroaryl, R’-substituted or unsubstituted 5,6 fused ring heteroaryl, R’
substituted or unsubstituted 5,5 fused ring heteroaryl, R’-substituted or unsubstituted 0,6
fused ring heteroaryl, or R’-substituted or unsubstituted 5 or 6 membered heteroaryl having at
least 2 (e.g. 2 to 4) ring nitrogens. In certain embodiments, R' and R'* are independently
R’-substituted phenyl, R’-substituted piperidinyl, R’-substituted 6-membered
heterocycloalkyl, R'-substituted or unsubstituted 6,5 fused ring heteroaryl, R’-substituted or

unsubstituted 5,6 fused ring heteroaryl. R’ mavy be halogen, -CN, -OH, -NH,, -COOH,
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R®-substituted or unsubstituted alkyl, R®-substituted or unsubstituted heteroalkyl,
R°-substituted or unsubstituted cycloalkyl, R®-substituted or unsubstituted heterocycloalkyl,
R%-substituted or unsubstituted aryl, or R°-substituted or unsubstituted heteroaryl or —L°-R"*.
R’* may be R®-substituted or unsubstituted cycloalkyl, R®-substituted or unsubstituted
heterocycloalkyl, R®-substituted or unsubstituted aryl, or R®-substituted or unsubstituted
heteroaryl. L° may be —O-, -NH-, -C(O)-, -C(O)NH-, -S(O)m-, or -S(O)NH-. R® may be
-OH, or R’-substituted or unsubstituted alkyl. In some related embodiments, R’ is
independently R®-substituted or unsubstituted cycloalkyl, R®-substituted or unsubstituted
heterocycloalkyl, R3-substituted or unsubstituted aryl, R®-substituted or unsubstituted
heteroaryl, or _[5-R"%. In other related embodiments, R’ is R°-substituted or unsubstituted
heteroaryl, or —-L°-R’*. L° may be -C(O)-. R™ may be R®-substituted or unsubstituted

heteroaryl.

[0080] Insome embodiments, R' or R'* is a substituted or unsubstituted heteroaryl, such as
an R’-substituted or unsubstituted heteroaryl. The heteroaryl may be a substituted or
unsubstituted pyrrolopyrimidinyl, substituted or unsubstituted indolyl, substituted or
unsubstituted pyrazolyl, substituted or unsubstituted indazolyl, substituted or unsubstituted
imidazolyl, substituted or unsubstituted thiazolyl, substituted or unsubstituted benzothiazolyl,
substituted or unsubstituted oxazolyl, substituted or unsubstituted benzimidazolyl, substituted
or unsubstituted benzoxazolyl, substituted or unsubstituted isoxazolyl, substituted or
unsubstituted benzisoxazolyl, substituted or unsubstituted triazolyl, substituted or
unsubstituted benzotriazolyl, substituted or unsubstituted quinolinyl, substituted or
unsubstituted 1soquinolinyl, substituted or unsubstituted quinazolinyl, substituted or
unsubstituted pyrimidinyl, substituted or unsubstituted pyridinyl N-oxide, substituted or
unsubstituted furanyl, substituted or unsubstituted thiophenyl, substituted or unsubstituted
benzofuranyl, substituted or unsubstituted benzothiophenyl, substituted or unsubstituted
imidazo[1,2b]pyridazinyl. In some embodiments, R' or R'* is a substituted or unsubstituted
6,5 fused ring heteroaryl, a substituted or unsubstituted 5,6 fused ring heteroaryl, a
substituted or unsubstituted 5,5 fused ring heteroaryl, or a substituted or unsubstituted 6,6
fused ring heteroaryl. In other embodiments, R' or R'* is a substituted or unsubstituted 5 or 6
membered heteroaryl having at least 2 (e.g. 2 to 4) ring nitrogens. As discussed above any R’

substituent may be R’-substituted, including the substituents recited in this paragraph.

[0081] R’ and/or-L'-R'is/are generally designed to be a kinase ATP binding site moiety.
It has also been found herein that compounds of Formula I in which R' and/or -L'-R" is/are

attached to the remainder of the compound via an sp2 carbon, stability of the compound is
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improved. A “kinase ATP binding site moiety,” as used herein, is a moiety capable of fitting
within a kinase ATP binding site and/or binding to amino acids within the kinase ATP
binding site. Kinase ATP binding sites are well known for wide variety of kinases, and may
be easily determined from the primary amino acid structure of a kinase using computer
modeling techniques commonly employed in the art. In certain embodiments, -L'-R’ is a
kinase ATP binding site moiety and the electron deficient olefin carbon binds to a sulthydryl
of a kinase active site cysteine. Thus, in some embodiments the kinase inhibitors provided
herein bind to at least two points of the protein kinase: at least one residue within the ATP
binding site moiety and a sulthydryl of a kinase active site cysteine. In some embodiments,

-L'-R! does not have the formula:

Ho\/\/j‘i

In other embodiments, -L'-R" is not a phenyl substituted with hydroxyl. In some
embodiments, -L'-R' includes a substituted or unsubstituted heteroaryl or substituted or

unsubstituted heteroarylene group.

[0082] In some embodiments, L'-R' and/or R' is substituted or unsubstituted aryl or
substituted or unsubstituted heteroaryl. In other embodiments, L' is a bond and R is
substituted or unsubstituted aryl or substituted or unsubstituted heteroaryl. In other
embodiments, L' is a substituted or unsubstituted arylene or substituted or unsubstituted
heteroarylene and R' or R' is a substituted or unsubstituted aryl or substituted or
unsubstituted heteroaryl. For example, L' may be substituted or unsubstituted arylene and R'

or R'* may be substituted or unsubstituted heteroaryl. In related embodiments, L'* is -C(O)-,

-C(O)NH-, -C(0)0-, -S(0)-, -SO5-. =S-, -O-, -NH- or -SO,NH-.

[0083] In some embodiments, L' is a bond and R' is an R-substituted phenyl. In some
related embodiments, R is ~L.-R™ or R¥-substituted or unsubstituted heteroaryl, wherein
R is R®-substituted or unsubstituted heteroaryl. In some further related embodiments, L° is
a bond or -C(O)-. In other related embodiment, the R®-substituted or unsubstituted heteroaryl
is an R®-substituted or unsubstituted 6,5 fused ring heteroaryl or R®-substituted or

unsubstituted 5,6 fused ring.
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[0084] In other embodiments, L' is a bond and R' is an R’-substituted phenyl, R’-
substituted piperidinyl, R’-substituted piperizinyl, R’-substituted pyrrolidinyl, R’-substituted
piperidinyl, R'-substituted azepanyl, or R'-substituted azetidinyl. In some related
embodiments, R’ is _1.°-R"® or R8-substituted or unsubstituted heteroaryl, wherein R’ is R®-
substituted or unsubstituted heteroaryl. In some further related embodiments, L° is a bond or
-C(O)-. In other related embodiment, the R°-substituted or unsubstituted heteroaryl is an R°-
substituted or unsubstituted 6,5 fused ring heteroaryl or R®-substituted or unsubstituted 5,6

fused ring.

[0085] Insome embodiment, L' is a substituted or unsubstituted arylene (e.g. phenylene)
and R' or R'* is a substituted or unsubstituted heteroaryl (e.g. R’-subsituted). In other

embodiments, 1! is a substituted or unsubstituted heteroarylene.

[0086] In some embodiments of Formula I above or the Formulae provided below, L' is a
bond, -C(0)-, ~-C(O)N(L’R?)-, -C(0)O-, -S(O)y-, -O-, -S-, -N(L’R?)-, -P(O)(OL’R*O-,
-SO,N(L°R%)-, -P(O)(NL’R*)N-, R -substituted or unsubstituted alkylene, R''-substituted or
unsubstituted heteroalkylene, R''-substituted or unsubstituted cycloalkylene, R''-substituted
or unsubstituted heterocycloalkylene, R''-substituted or unsubstituted arylene, or
R'-substituted or unsubstituted heteroarylene. L'* may be a bond, -C(O)-, -C(O)N(L" R?)-,
-C(0)O-, -S(0)y-, -O-, -N(L’R*)-, -P(O)(O L’ R*)O-, -SO;N(L°’R*)-, -P(O)(N L’ R*)N-,
R''-substituted or unsubstituted alkylene, R''-substituted or unsubstituted heteroalkylene,
R'!-substituted or unsubstituted cycloalkylene, R''-substituted or unsubstituted
heterocycloalkylene, R '_substituted or unsubstituted arylene, or R''-substituted or

unsubstituted heteroarylene.

[0087] L'and L'* may also independently be a bond, R''-substituted or unsubstituted
alkylene, R''-substituted or unsubstituted heteroalkylene, R''-substituted or unsubstituted
cycloalkylene, R''-substituted or unsubstituted heterocycloalkylene, R''-substituted or

unsubstituted arylene, or R''-substituted or unsubstituted heteroarylene.

[0088] R''isindependently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;,
R'“-substituted or unsubstituted alkyl, R'*-substituted or unsubstituted heteroalkyl,

R '*-substituted or unsubstituted cycloalkyl, R'*-substituted or unsubstituted heterocycloalkyl,
R'*-substituted or unsubstituted aryl, or R'*-substituted or unsubstituted heteroaryl. R'*is
independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R"”-substituted or
unsubstituted alkyl, R'’-substituted or unsubstituted heteroalkyl, R">-substituted or
unsubstituted cycloalkyl, R -substituted or unsubstituted heterocycloalkyl, R'°-substituted or
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unsubstituted aryl, or R'*-substituted or unsubstituted heteroaryl. R is independently
hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF3, R _substituted or unsubstituted alkyl,
R'“-substituted or unsubstituted heteroalkyl, R'*-substituted or unsubstituted cycloalkyl,
R'“-substituted or unsubstituted heterocycloalkyl, R-substituted or unsubstituted aryl, or
R'“-substituted or unsubstituted heteroaryl. R' is independently halogen, -CN, -OH, -NH,,
-COOH, -CF3, unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl,

unsubstituted heterocycloalkyl, unsubstituted aryl, or unsubstituted heteroaryl.

[0089] L?may be a bond, -C(O)N(L*R**)-, -C(0)O-, -S(O)¢, -O-, -S-, -N(L**R**)-,
-C(0)--P(O)(OL’R?))-, -SO,N(L*R?)-, -P(O)(NL’R*)N-, R"-substituted or unsubstituted
alkylene, R -substituted or unsubstituted heteroalkylene, R'-substituted or unsubstituted
cycloalkylene, R'-substituted or unsubstituted heterocycloalkylene, R'”-substituted or

unsubstituted arylene, or R'”-substituted or unsubstituted heteroarylene.

[0090] R'" isindependently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;,
R*-substituted or unsubstituted alkyl, R*’-substituted or unsubstituted heteroalkyl,
R*-substituted or unsubstituted cycloalkyl, R*-substituted or unsubstituted heterocycloalkyl,
R*-substituted or unsubstituted aryl, or R*’-substituted or unsubstituted heteroaryl. R* is
independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -Ck3, R*!-substituted or
unsubstituted alkyl, R*!-substituted or unsubstituted heteroalkyl, R*!-substituted or
unsubstituted cycloalkyl, R*!-substituted or unsubstituted heterocycloalkyl, R*'-substituted or
unsubstituted aryl, or R*'-substituted or unsubstituted heteroaryl. R*' is independently
hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF3, R**-substituted or unsubstituted alkyl,
R*-substituted or unsubstituted heteroalkyl, R**-substituted or unsubstituted cycloalkyl,
R*:-substituted or unsubstituted heterocycloalkyl, R**-substituted or unsubstituted aryl, or
R*-substituted or unsubstituted heteroaryl. R** is independently halogen, -CN, -OH, -NHj,
-COOH, -CFj3, unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl,

unsubstituted heterocycloalkyl, unsubstituted aryl, or unsubstituted heteroaryl.

[0091] In some embodiments, L°, L°, and L°* are independently a bond, R*’-substituted or
unsubstituted alkylene, R*’-substituted or unsubstituted heteroalkylene, R*"-substituted or
unsubstituted cycloalkylene, R*'-substituted or unsubstituted heterocycloalkylene,
R*’-substituted or unsubstituted arylene, or R*’-substituted or unsubstituted heteroarylene.
R*’ is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R*®_substituted or
unsubstituted alkyl, R**-substituted or unsubstituted heteroalkyl, R**-substituted or
unsubstituted cycloalkyl, R**-substituted or unsubstituted heterocycloalkyl, R**-substituted or

unsubstituted aryl, or R**-substituted or unsubstituted heteroaryl. R*® is independently
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hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R¥-substituted or unsubstituted alkyl,
R*-substituted or unsubstituted heteroalkyl, R*-substituted or unsubstituted cycloalkyl,
R*”-substituted or unsubstituted heterocycloalkyl, R*’-substituted or unsubstituted aryl, or
R*”-substituted or unsubstituted heteroaryl. R* is independently hydrogen, halogen, -CN,
-OH, -NH,, -COOH, -CF;, R*“_substituted or unsubstituted alkyl, R*-substituted or
unsubstituted heteroalkyl, R’%-substituted or unsubstituted cycloalkyl, R>"-substituted or
unsubstituted heterocycloalkyl, R*°-substituted or unsubstituted aryl, or R*-substituted or
unsubstituted heteroaryl. R is independently halogen, -CN, -OH, -NH,, -COOH, -Ck3,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted

heterocycloalkyl, unsubstituted aryl, or unsubstituted heteroaryl.

[0092] In some embodiments, R”, Rzl, and R*® are independently hydrogen, R">-substituted
or unsubstituted alkyl, R°-substituted or unsubstituted heteroalkyl, R'>-substituted or
unsubstituted cycloalkyl, R-substituted or unsubstituted heterocycloalkyl, R'°-substituted or

unsubstituted aryl, or R'>-substituted or unsubstituted heteroaryl.

[0093] R is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CFs,
R'®-substituted or unsubstituted alkyl, R'®-substituted or unsubstituted heteroalkyl,

R '®-substituted or unsubstituted cycloalkyl, R'®-substituted or unsubstituted heterocycloalkyl,
R '°-substituted or unsubstituted aryl, R'®-substituted or unsubstituted heteroaryl, or ~L7-RPA
L’ is independently —O-, -C(O)-, -C(O)NH-, -S(0O),-, or -S(0),NH-, where y is 0, 1, or 2.
R4 is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R'®-substituted
or unsubstituted alkyl, R'®-substituted or unsubstituted heteroalkyl, R '°_substituted or
unsubstituted cycloalkyl, R'C-substituted or unsubstituted heterocycloalkyl, R '®-substituted or
unsubstituted aryl, R'°-substituted or unsubstituted heteroaryl. R'® is independently
hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R!-substituted or unsubstituted alkyl,
R'"_substituted or unsubstituted heteroalkyl, R!’.substituted or unsubstituted cycloalkyl,

R '"-substituted or unsubstituted heterocycloalkyl, R'’-substituted or unsubstituted aryl, or
R'"-substituted or unsubstituted heteroaryl. R'’ is independently hydrogen, halogen, -CN,
-OH, -NH,, -COOH, -CF;, R'®-substituted or unsubstituted alkyl, R'%.substituted or
unsubstituted heteroalkyl, R'®-substituted or unsubstituted cycloalkyl, R'®-substituted or
unsubstituted heterocycloalkyl, R'®-substituted or unsubstituted aryl, or R'-substituted or
unsubstituted heteroaryl. RS is independently halogen, -CN, -OH, -NH,, -COOH, -Ck3,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted

heterocycloalkyl, unsubstituted aryl, or unsubstituted heteroaryl.

[0094] In some embodiments, the kinase inhibitor has the structure of Formula II:
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[0095] Regarding Formula II, W is —C(O)- or —S(O);-, X1s O or N, and z1s O or 1,
provided, however, that if X 1s O, then z 1s 0. L' and R' are defined as disclosed above for

Formula I. In some embodiments, X 1s N. In other embodiments, X 1s O.

[0096] R’ is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

[0097] R* is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl or
AR, R* is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or I,insubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl. R
and R* may be joined together with X to form a substituted or unsubstituted heterocycloalky!
or substituted or unsubstituted heteroaryl. R’ and R** may be joined together with X to form

a substituted or unsubstituted heterocycloalkyl or substituted or unsubstituted heteroaryl.

(0098] L’ and L’ are independently a bond, -C(O)-, -C(O)N(L**R**)-, -C(0)O-, -S(O):-,
-0-, -N(L**R™)-, -P(O)(OL**R**0-, -SO,N(L**R*"-, -P(O)(NL’*R**)N-, substituted or
unsubstituted alkylene, substituted or unsubstituted heteroalkylene, substituted or
unsubstituted cycloalkylene, substituted or unsubstituted heterocycloalkylene, substituted or
unsubstituted arylene, or substituted or unsubstituted heteroarylene. A R** t are as defined
above. L is a bond, -C(O)-, -C(ON(L**R**)-, -C(0)0-, -S(0);-, -O-, -N(L’*R**)-,
-P(O)O L**R*)0-, -SO,N(L*AR*)-, -P(O)(NL*R**)N-, substituted or unsubstituted
alkylene, substituted or unsubstituted heteroalkylene, substituted or unsubstituted
cycloalkylene, substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted

arylene, or substituted or unsubstituted heteroarylene. The symbol t'1s 0, 1 or 2.
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[0099] R* is independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.
In some embodiments, R is independently hydrogen, R'>_substituted or unsubstituted alkyl,
R"°-substituted or unsubstituted heteroalkyl, R">-substituted or unsubstituted cycloalkyl,

R -substituted or unsubstituted heterocycloalkyl, R °-substituted or unsubstituted aryl, or

R"°-substituted or unsubstituted heteroaryl. R' is as defined above.

[0100] L°%is independently a bond, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or
unsubstituted heteroarylene. In some embodiments, L** is a bond, R*’-substituted or
unsubstituted alkylene, R*-substituted or unsubstituted heteroalkylene, R*'-substituted or
unsubstituted cycloalkylene, R*’-substituted or unsubstituted heterocycloalkylene,
R*’-substituted or unsubstituted arylene, or R*’-substituted or unsubstituted heteroarylene.

R*’ is as defined above.

[0101] In some embodiments, L* and L’ are independently a bond, ~C(O)-,
-C(ON(L**R*Y)-, -C(0)O-, -S(0)r-, -O-, -N(L**R*})-, -P(O)(OL**R**O-, -SO,N(L*R?Y)-,
-P(OYNL*R*N-, R"”-substituted or unsubstituted alkylene, R"-substituted or unsubstituted
heteroalkylene, R"-substituted or unsubstituted cycloalkylene, R'-substituted or
unsubstituted heterocycloalkylene, R’ -substituted or unsubstituted arylene, or R'”-substituted
or unsubstituted heteroarylene. In some embodiments, L°* is a bond, -C(O)-,
-C(ON(L**R*™)-, -C(0)O-, -S(0)¢-, ~O-, -N(L*AR*)-, -P(O)(0 L*AR*")O-,

«~-SOzN(L3 A'RZAi)“, -P(O)(N 5 A'Rz’ﬁ")N»-, R-substituted or unsubstituted alkylene,
R"”-substituted or unsubstituted heteroalkylene, R'”-substituted or unsubstituted
cycloalkylene, R'-substituted or unsubstituted heterocycloalkylene, R*°-substituted or

19

unsubstituted arylene, or R"”-substituted or unsubstituted heteroarylene. R' is as defined

above.

[0102] In some embodiments, at least one of L.°-R* or L*-R° includes a substituted or
unsubstituted heteroaryl or substituted or unsubstituted heteroarylene. In some embodiments,
one of L°-R” or L*-R” includes a substituted or unsubstituted heteroaryl or substituted or

unsubstituted heteroarylene. In some embodiments, one of L>-R”* or L*-R” is a hydrogen.
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[0103] In some embodiments, if L' is a bond and R' is (3-(4-amino-5-p-tolyl-7H-
pyrrolo[2,3-d]pyrimidin-7-yl)propan-1-o0l)-6-yl, then at least one of R’ and R* are not
hydrogen.

[0104] In some embodiments of Formula I or Formula 11, R! or R'* is R'-substituted or
unsubstituted heterocycloalkyl, R -substituted or unsubstituted aryl, or R’-substituted or

unsubstituted heteroaryl, wherein R’ is as described above.

[0105] In some embodiments, R’ is hydrogen, R*-substituted or unsubstituted alkyl,
R*-substituted or unsubstituted heteroalkyl, R*-substituted or unsubstituted cycloalkyl,
R*-substituted or unsubstituted heterocycloalkyl, R*-substituted or unsubstituted aryl, or

R*-substituted or unsubstituted heteroaryl.

[0106] R is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CFj,
R?*_substituted or unsubstituted alkyl, R**-substituted or unsubstituted heteroalkyl,
R**_substituted or unsubstituted cycloalkyl, R**-substituted or unsubstituted heterocycloalkyl,
R**_substituted or unsubstituted aryl, R**-substituted or unsubstituted heteroaryl, or ~L-R™A,
L is independently —O-, -C(O)-, -C(O)NH-, -S(0),-, or -S(0),NH-, wherein p is 0, 1, or 2.
R is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -Ck3, R**-substituted
-or unsubstituted alkyl, R**-substituted or unsubstituted heteroalkyl, R**-substituted or
unsubstituted cycloalkyl, R**-substituted or unsubstituted heterocycloalkyl, R**-substituted or
unsubstituted aryl, R**-substituted or unsubstituted heteroaryl. R** is independently
hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CFs3, R*°-substituted or unsubstituted alkyl,
R%-substituted or unsubstituted heteroalkyl, R*-substituted or unsubstituted cycloalkyl,
R%_substituted or unsubstituted heterocycloalkyl, R*-substituted or unsubstituted aryl, or
R%_substituted or unsubstituted heteroaryl. R* is independently hydrogen, halogen, -CN,
-OH, -NH,, -COOH, -CF;, R?°-substituted or unsubstituted alkyl, R*°-substituted or
unsubstituted heteroalkyl, R °.substituted or unsubstituted cycloalkyl, R*°-substituted or
unsubstituted heterocycloalkyl, R*S-substituted or unsubstituted aryl, or R*°-substituted or
unsubstituted heteroaryl. R*° is independently halogen, -CN, -OH, -NH,, -COOH, -CF;,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted

heterocycloalkyl, unsubstituted aryl, or unsubstituted heteroaryl.

[0107] In some embodiments, R’ and R* are joined together with X to form a substituted or
unsubstituted heteroaryl or substituted or unsubstituted heterocycloalkyl (e.g. R*-substituted
or unsubstituted heteroaryl or R“-substituted or unsubstituted heterocycloalkyl). In some

embodiments, R° and R” are joined together with X to form a 4 to 8 membered substituted or
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unsubstituted heterocycloalkyl or a 5 to 6 membered substituted or unsubstituted heteroaryl
(e.g. R*-substituted species thereof). In some embodiments, R’ and R? are joined together
with X to form a 4 to 7 membered substituted or unsubstituted heterocycloalkyl ora 5 to 6
membered substituted or unsubstituted heteroaryl (e.g. R*-substituted species thereof). In
some embodiments, R’ and R* are joined together with X to form a 5 to 7 membered
substituted or unsubstituted heterocycloalkyl or a 5 to 6 membered substituted or
unsubstituted heteroaryl (e.g. R*-substituted species thereof). In some embodiments, R’ and
R* are joined together with X to form a substituted or unsubstituted morpholino, substituted
or unsubstituted thiomorpholino (or oxidated ring thereot), substituted or unsubstituted
pyridinyl, substituted or unsubstituted pyrazyinyl, substituted or unsubstituted pyrrolidinyl,
substituted or unsubstituted piperidinyl, substituted or unsubstituted piperizinyl, substituted
or unsubstituted pyrrolidinyl, substituted or unsubstituted azepanyl, or substituted or

unsubstituted azetidiny! (e.g. R**-substituted substituents thereof).

[0108] In some embodiments relating to Formula II, R* and R* are hydrogen,

23A
R R23A

-substituted or unsubstituted alkyl, -substituted or unsubstituted heteroalkyl,

R**-substituted or unsubstituted cycloalkyl, R***-substituted or unsubstituted
heterocycloalkyl, R=*-substituted or unsubstituted aryl, or R***-substituted or unsubstituted

heteroaryl. In some embodiments, R* and R** are not hydrogen.

[0109] R*%is hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF3, R***-substituted or
unsubstituted alkyl, R**A_substituted or unsubstituted heteroalkyl, R**_substituted or
unsubstituted cycloalkyl, R**_substituted or unsubstituted heterocycloalkyl, R***-substituted

24A 248 L7A .

or unsubstituted aryl, R -substituted or unsubstituted heteroaryl, or LA 1S

independently —O-, -C(O)-, -C(O)NH-, -S(O)y-, or -S(O)yNH-, wherein y' is 0, 1, or 2. R**®
is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;, R***-substituted or
unsubstituted alkyl, R**A_substituted or unsubstituted heteroalkyl, R**A_substituted or

24
R24A

unsubstituted cycloalkyl, R***-substituted or unsubstituted heterocycloalkyl, -substituted

24A
R

or unsubstituted aryl, -substituted or unsubstituted heteroaryl. R*** is independently

hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF3, R*“-substituted or unsubstituted
alkyl, R** -substituted or unsubstituted heteroalkyl, R*** -substituted or unsubstituted
cycloalkyl, R*# -substituted or unsubstituted heterocycloalkyl, R*" -substituted or
unsubstituted aryl, or R** -substituted or unsubstituted heteroaryl. R*** is independently
hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF3, R***-substituted or unsubstituted
alkyl, R***-substituted or unsubstituted heteroalkyl, R***-substituted or unsubstituted

cycloalkyl, R*®*-substituted or unsubstituted heterocycloalkyl, R***-substituted or
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unsubstituted aryl, or R™"-substituted or unsubstituted heteroaryl. R4 is independently

halogen, -CN, -OH, -NH,, -COOH, -CF3, unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, or unsubstituted

heteroaryl.

[0110] In some embodiments, R* or R* is R**-substituted or unsubstituted alkyl. In some
embodiments, R° is substituted or unsubstituted pyridinyl (2-, 3-, 4-), substituted or
unsubstituted pyrazolyl, substituted or unsubstituted indazolyl, substituted or unsubstituted
imidazolyl, substituted or unsubstituted thiazolyl, substituted or unsubstituted benzothiazolyl,
substituted or unsubstituted oxazolyl, substituted or unsubstituted benzimidazolyl, substituted
or unsubstituted benzoxazolyl, substituted or unsubstituted isoxazolyl, substituted or
unsubstituted benzisoxazolyl, substituted or unsubstituted triazolyl, substituted or
unsubstituted benzotriazolyl, substituted or unsubstituted quinolinyl, substituted or
unsubstituted isoquinolinyl, substituted or unsubstituted quinazolinyl, substituted or
unsubstituted pyrimidinyl, substituted or unsubstituted pyridinyl N-oxide, or a substituted or
unsubstituted 5 or 6-membered heteroaryl with at least one ring nitrogen (e.g. a C-N double
bond), optionally fused to a 5 or 6 membered heteroaryl. In some embodiments where the

substituents in the preceding sentence are substituted, the substituent 1s R °-substituted.

[0111] Further regarding compounds with the structure of Formula II, in some
embodiments L', L* and L’ are independently a bond, and R' is R’-substituted or
unsubstituted heterocycloalkyl, R’-substituted or unsubstituted aryl, or R’-substituted or
unsubstituted heteroaryl. In some embodiments, R’ is independently -NH,, R°-substituted or
unsubstituted alkyl, R®-substituted or unsubstituted aryl, R®-substituted or unsubstituted
heteroaryl, or —-L°-R’%. L° may be -C(O)-. R7A may be R°-substituted or unsubstituted alkyl,
R®-substituted or unsubstituted aryl, R®-substituted or unsubstituted heteroaryl. R® may be
-OH or R’-substituted or unsubstituted alkyl. R* may be hydrogen or R "-substituted or
unsubstituted alkyl, and R’ may be hydrogen or R?.substituted or unsubstituted alkyl. R’
and R* may optionally be joined together with X to form a 4-7 membered (e.g. 5-7)

membered heterocycloalkyl (e.g. an R* substituted species thereof).

[0112] In some embodiments, R is R®-substituted or unsubstituted heteroaryl, or —L°-R’*.
L* may be -C(O)-, and R’# is R%-substituted or unsubstituted heteroaryl. R’ R® L° R are

as defined above.

[0113] In some embodiments, in the compound having the structure of Formula I or i, R

is R”-substituted phenyl. In some related embodiments, R’ is RS-substituted or unsubstituted
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heteroaryl or ~-L°-R"*. L° may be -C(0)-, and R"* may be R®-substituted or unsubstituted

heteroaryl. In further embodiments of Formula II, R’ and R* are hydrogen.

[0114] In some embodiments, R’ is R®-substituted or unsubstituted purinyl, R®-substituted
or unsubstituted pyrimidinyl, R®-substituted or unsubstituted imidazolyl, R®-substituted or
unsubstituted 1H-pyrrolo[2,3-b]pyridinyl, R®-substituted or unsubstituted pyrimidinyl, R®-
substituted or unsubstituted 1H-indazolyl, or R®-substituted or unsubstituted TH-pyrrolo[2,3-
d]pyrimidinyl. R’ may also be R°-substituted or unsubstituted pyrrolopyrimidinyl, R®-
substituted or unsubstituted indolyl, R®-substituted or unsubstituted pyrazolyl, R®-substituted
or unsubstituted indazolyl; R°-substituted or unsubstituted imidazolyl, R®-substituted or
unsubstituted thiazolyl, R®-substituted or unsubstituted benzothiazolyl, R®-substituted or
unsubstituted oxazolyl, R°-substituted or unsubstituted benzimidazolyl, R®-substituted or
unsubstituted benzoxazolyl, R®-substituted or unsubstituted isoxazolyl, R*-substituted or
unsubstituted benzisoxazolyl, R®-substituted or unsubstituted triazolyl, R®-substituted or
unsubstituted benzotriazolyl, R®-substituted or unsubstituted quinolinyl, R®-substituted or
unsubstituted isoquinolinyl, R®-substituted or unsubstituted quinazolinyl, R®-substituted or
unsubstituted pyrimidinyl, R®-substituted or unsubstituted pyridinyl N-oxide, R®-substituted
or unsubstituted furanyl, R%-substituted or unsubstituted thiophenyl, R®-substituted or
unsubstituted benzofuranyl, R®-substituted or unsubstituted benzothiophenyl, R®-substituted
or unsubstituted imidazo[1,2b]pyridazinyl. In some embodiments, R’ is R®-substituted or
unsubstituted 6,5 fused ring heteroaryl, R®-substituted or unsubstituted 5.6 fused ring
heteroaryl, R®-substituted or unsubstituted 5,5 fused ring heteroaryl, or R°%-substituted or
unsubstituted 6,6 fused ring heteroaryl. In other embodiments, R' is a R®-substituted or

unsubstituted 5 or 6 membered heteroaryl having at least 2 (e.g. 2 to 4) ring nitrogens.

[0115] In certain embodiments, R’ is —L*-R7 and R7* is R®-substituted or unsubstituted

1 H-pyrrolo|2,3-bjpyridinyl.

[0116] In certain embodiments, X is N, and R' is R’-substituted 6-membered
heterocycloalkyl. R’ may be R®-substituted or unsubstituted heteroaryl. R' may be
R’-substituted piperidinyl. R’ may be R®-substituted or unsubstituted purinyl, R®-substituted
or unsubstituted pyrimidinyl, R®-substituted or unsubstituted imidazolyl, R®-substituted or
unsubstituted 1H-pyrrolo[2,3-b]pyridinyl, R®-substituted or unsubstituted pyrimidinyl, R®-
substituted or unsubstituted 1H-indazolyl, or R®-substituted or unsubstituted TH-pyrrolo[2,3-

dJpyrimidinyl. In certain embodiments, R> and R? are hydrogen.
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[0117] In yet further embodiments, R’ is R’ -substituted or unsubstituted 6,5 fused ring
heteroaryl, or R’-substituted or unsubstituted 5,6 fused ring heteroaryl. R’ may be -NH,,
R°-substituted or unsubstituted alkyl, R®-substituted or unsubstituted aryl, and R® is
independently -OH or unsubstituted alkyl. In other embodiments, R' is R’-substituted or
unsubstituted indazolyl, or R’-substituted or unsubstituted TH-pyrrolo[2,3-d]pyrimidinyl. In

certain embodiments, R® and R” are hydrogen.

[0118] In certain embodiments of compounds having the structure of Formula I or IT, R' is
R’-substituted or unsubstituted indazole, or R -substituted or unsubstituted TH-pyrrolo[2,3-
d]pyrimidinyl, R’ is unsubstituted alkyl, and R* is hydrogen. In further embodiments, R® is
phenylmethyl, and R* is hydro gen. In some embodiments, R® and R* join with N to form a

R*-substituted or unsubstituted pyrrolidinyl.

[0119]  In certain embodiments contemplating compounds having structure of Formula I or
1, X is O, R is R”-substituted or unsubstituted 6,5 fused ring heteroaryl, or R’-substituted or
unsubstituted 5,6 fused ring heteroaryl. R’ may be -NH,, R®-substituted or unsubstituted
alkyl, or R®-substituted or unsubstituted aryl. R® may be -OH or unsubstituted alkyl, and R’
may be unsubstituted alkyl. In certain further embodiments, R’ is R’-substituted 7H-
pyrrolo[2,3-d]pyrimidine, and R’ is -NH,, R®-substituted or unsubstituted alkyl, or
R®-substituted or unsubstituted phenyl.

[0120] In some embodiments, the —~C(O)X(L*-R’)(L>-R*) substituent of Formula II is an
electron withdrawing group. Therefore, the —C(O)X(L*-R*)(L° RY is capable of
withdrawing negative charge from the olefin moiety to which it is attached. In some
embodiments, the -C(O)X(L*-R’),(L°-R") is capable of sufficiently withdrawing negative
charge from the olefin moiety to which it is attached to allow a thiol adduct to form between

an olefin carbon and the sulfhydryl of a kinase active site cysteine as discussed herein.

[0121] In certain embodiments of Formula I and Formula II, R is substituted or
unsubstituted heteroaryl. In other embodiments, R’ is substituted or unsubstituted
pyrazolopyrimidinyl (e.g. R’-substituted or unsubstituted pyrazolopyrimidinyl). In other
embodiments, R’ is substituted or unsubstituted pyrrolopyrimidinyl (e.g. R’-substituted or

unsubstituted pyrrolopyrimidinyl).

[0122] In some embodiments, the kinase inhibitor has the structure:
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N

X
\N/\N/ L1/\/L\E
H

CN

(I1a).

In Formula Illa, z 1s an integer from 1 to 4. L', 1 and R’ are as defined above. In some

embodiments, L' is a bond.

[0123] In some embodiments, the kinase inhibitor has the structure:

N

X
L2
\N/\ AT g N

(11Ib).

In Formula IIIb, z 1s an integer from 1 to 4. | S R’ R* and R’ are as defined above. In

some embodiments, L' is a bond.

[0124] In some embodiments, the kinase inhibitor has the structure:
<R-< z

X
\N/\ / L"/\/W\NR?’R“

N
H

N

CN

(I1lc).

In Formula ITlc, W is —C(O)- or —=S(O),-, z is an integer from 1to 4. L', R’, R* and R’ are as

defined above. In some embodiments, I.!is a bond.

[0125] In some embodiments, the kinase inhibitor has the structure:
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N

\
\N/ ~ X W\NRSR“

CN

(I11d).

In Formula I1Id, W is —C(O)- or —=S(O),-, z is an integer from 1 to 4. L', L*, R, R* and R’ are
as defined above. In some embodiments, L' is a bond. Ins some embodiments. In some

embodiment, the kinase inhibitor 1s compound 43, 44, 45, 46, 47, 48, 49 and 50.

[0126] In some embodiments, the kinase inhibitor has the structure:

NH, e W
N X \ W
Xy NRR
Z N
N \ CN
R (11le).

In Formula Ille, W 1s —=C(O)- or —S(O),-, w 1s an integer from 1 to 5 (e.g. 1). Ll, [° , R3, R4,

R’ and R® are as defined above.

[0127] In another embodiment of Formula I or Formula II, L' is substituted or

unsubstituted arylene. In some embodiments, L' is substituted or unsubstituted phenylene.

[0128] In some embodiments, the kinase inhibitor has the structure:

\/\\/\/ L2\E
\/\/ CN

(IVa).

In Formula IVa, R', L?, E and R' are as defined above. The symbol q 1s an integer from 1 to
4. In some embodiments R"' is hydrogen. In some embodiments, R! is substituted or
unsubstituted heteroaryl. In further embodiments, R’ is substituted or unsubstituted
pyrrolopyrimidine. In certain embodiments of Formula IVa, R’ is substituted or

unsubstituted heteroaryl, q is 0, and L' is substituted or unsubstituted phenylene.
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[0129] In some embodiments, the kinase inhibitor has the structure:

N

N
P

(IVD).

In Formula IVb, R’. L%, E and R'! are as defined above. The symbol g 1s an integer from O to

4. In some embodiments R'" is hydrogen. The symbol z is an integer from 1 to 4.

[0130] In some embodiments, the kinase inhibitor hés the structure:

/),

A
P,

N

N

P
N CN
(IVc).

In Formula IVc, R’, L, and E are as defined above. The symbol z 1s an integer from 1 to 4.

In further embodiments, E is -NR°R” (as defined above).

[0131] In some embodiments, the kinase inhibitor has the structure:

N \”'\S
T 2

\N/ N\/\/\/L\NRSR4
N

CN
(IVd).

In Formula IVd, R’, L?, R® and R* are as defined above. The symbol z is an integer from 1 to

4. In further embodiments, L is -C(O)-.

[0132] In some embodiments, the kinase inhibitor has the structure:
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R
O
L
N/ N\/\/\/W\NR3R4
l\/ .

( IVe).

In Formula IVe, W 1s —C(O)- or —S(O),-, R’. R’ and R* are as defined above. The symbol z
is an integer from 1 to 4. In some embodiments, R’ is independently -NHo, or substituted or

unsubstituted aryl. In some embodiments, one of R’ is -NH,, and another R’ is substituted

aryl.

[0133] In some embodiments, the kinase inhibitor has the structure:

NH; R7
~
NI \ \
NP

CN

N \/\/\/ W\ NRIR
\/

(IVY).

[0134] In Formula IVf, W is —C(O)- or —S(0),-, R’, R” and R” are as defined above. In
certain further embodiments, R’ and R* are independently hydrogen, unsubstituted or
substituted alkyl, or joined together to form a substituted or unsubstituted heteroalkyl. R’

may be substituted or unsubstituted phenyl. In some embodiments, the kinase inhibitor 1s

compound 51, 52, 53, 34, 55, 56, 57, 58, 59, 60 or 61.

[0135] In some embodiments, the kinase inhibitor has the structure:

R

\/\\/\/ Lz\E
@

(Va).

In Formula (Va), R', L* and E are as defined above. In certain embodiments, E is -NR’R” as

defined above). L° may be -C(O)-.

[0136] In some embodiments, the kinase inhibitor has the structure:
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R

W
/\/ \NR3R4

\/\\
/ CN
N (VD).

In Formula Vb, W is —C(O)- or —=S(O),-, R', R® and R* are as defined above. In certain
embodiments, R' is substituted alkyl.

[0137] In some embodiments, the kinase inhibitor has the structure:

— O

k / /\/\/\/ W\NR3R4
N

CN

(Ve).

In Formula Ve, W is —C(O)- or —=S(O),-, R’ and R* are as defined above. In certain

embodiments, the kinase inhibitor is compound 38 or 39.

[0138] In some embodiments, R' is substituted or unsubstituted indazolyl, and the kinase

inhibitor has the structure of Formula Vla following, wherein R’ is as defined herein.

[0139] In some embodiments, the kinase inhibitor has the formula:

(VIa).
In Formula VIa, L°, E and R are as defined above. The symbol z 1s an integer from 1 to 4.

[0140] In some embodiments, the kinase inhibitor has the formula:
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(VIb).

In Formula VIb, W is —C(O)- or —=S(O);-, R°, R* and R’ are as defined above. The symbol z is

an integer from 1 to 4.

[0141] In some embodiments, the kinase inhibitor has the formula:

TR?’R"'
w\ /CN
R?
\/\ \
N
oy

(Vic).

In Formula VIe, W is —C(O)- or —=S(O),-, R’, R* and R’ are as defined above. In some
embodiments, the kinase inhibitor is compound 37, 40, 41 or 42.

[0142] In another embodiment of Formula I, L' is substituted or unsubstituted
heterocycloalkylene, L* is -C(O)-. In further embodiments, R' is substituted or unsubstituted
heteroaryl, E is -NR’R*. In some embodiments, L' is piperidinyl. In further embodiments,

R! is purinyl.

[0143] In some embodiments, the kinase inhibitor has the formula:

N/ \ *N/ \ NR
N/ ./ \>_W/

3R4

(VID).

In Formula (VII), W is —=C(O)- or —=S(0),-, R’ and R* are as defined above. In some

embodiments, the kinase inhibitor is compound 36.
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[0144] The kinase inhibitor may be a reversible kinase inhibitor (as discussed herein). In
some embodiments, the kinase inhibitor is a reversible denatured kinase inhibitor (as
discussed herein). In some embodiments, the kinase inhibitor 1s a covalent reversible kinase
inhibitor (as discussed herein). In other embodiments, the kinase inhibitor 1s a covalent
reversible denatured kinase inhibitor (as discussed herein). And 1n certain embodiments, the

kinase inhibitor is a thiol covalent reversible denatured kinase inhibitor (as discussed herein).

[0145] In some embodiments, the compounds of the Formulae provided herein, and
embodiments thereof, are stable at pH 7.5 (e.g. in phosphate-buffered saline at 37°C). In
some embodiments, where the compound of Formula I or II, and embodiments thereof, are
stable at pH 7.5, the compound has a half life of greater than 6 hours, 12 hours, 24 hours, or
48 hours. In some embodiments, where the compounds of the Formulae provided herein, and
embodiments thereof, are stable at pH 7.5, the compound has a halt life of greater than 12
hours. In some embodiments, where the compounds of the Formulae provided herein, and
embodiments thereof, are stable at pH 7.5, the compound has a half life of greater than 24
hours. In some embodiments, where the compounds of the Formulae provided herein, and
embodiments thereof, are stable at pH 7.5, the compound has a half life of greater than 48
hours. In certain embodiments, the compounds of the Formulae provided herein, and
embodiments thereof, exhibit kinase inhibition within a cell. In some embodiments, the cell
1s a prokaryote or eukaryote. The cell may be a eukaryote (e.g. protozoan cell, fungal cell,
plant cell or an animal cell). In some embodiments, the cell 1s a mammalian cell such as a
human cell, cow cell, pig cell, horse cell, dog cell and cat cell, mouse cell, or rat cell. In
some embodiments, the cell is a human cell. The cell may form part of an organ or an

organism. In certain embodiments, the cell does not form part of an organ or an organism.

[0146] In some embodiments, each substituted group described above in the compounds of
the Formulae provided herein 1s substituted with at least one substituent group. More
specifically, in some embodiments, each substituted alkyl, substituted heteroalkyl, substituted
cycloalkyl, substituted heterocycloalkyl, substituted aryl, substituted heteroaryl, substituted
alkylene, substituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or
unsubstituted heteroarylene described above in the compounds of the Formulae provided
herein 1s substituted with at least one substituent group. In other embodiments, at least one or
all of these groups are substituted with at least one size-limited substituent group.
Alternatively, at least one or all of these groups are substituted with at least one lower

substituent group.
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[0147] In other embodiments of the compounds of the Formulae provided herein, each
substituted or unsubstituted alkyl 1s a substituted or unsubstituted C1-Cyo alkyl, each
substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20 membered
heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or unsubstituted Cs-
Cs cycloalkyl, each substituted or unsubstituted heterocycloalkyl is a substituted or
unsubstituted 4 to 8 membered heterocycloalkyl, each substituted or unsubstituted alkylene 1s
a substituted or unsubstituted C;-C,g alkylene, each substituted or unsubstituted
heteroalkylene is a substituted or unsubstituted 2 to 20 membered heteroalkylene, each
substituted or unsubstituted cycloalkylene substituted or unsubstituted C4-Cs cycloalkylene,
and each substituted or unsubstituted heterocycloalkylene is a substituted or unsubstituted 4

to 8 membered heterocycloalkylene.

[0148] Alternatively, each substituted or unsubstituted alkyl is a substituted or
unsubstituted C;-Cs alkyl, each substituted or unsubstituted heteroalkyl is a substituted or
unsubstituted 2 to 8 membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a
substituted or unsubstituted Cs-C7 cycloalkyl, each substituted or unsubstituted
heterocycloalkyl is a substituted or unsubstituted 5 to 7 membered heterocycloalkyl, each
substituted or unsubstituted alkylene is a substituted or unsubstituted C;-Cg alkylene, each
substituted or unsubstituted heteroalkylene is a substituted or unsubstituted 2 to 8 membered
heteroalkylene, each substituted or unsubstituted cycloalkylene substituted or unsubstituted
Cs-Cg cycloalkylene, and each substituted or unsubstituted heterocycloalkylene is a

substituted or unsubstituted 5 to 7 membered heterocycloalkylene.

[0149] In some embodiments, the compounds of the Formulae provided herein is one or
more of the compounds set forth in Table 1 and or Tables 2a-2¢e below. In other
embodiments, the compound is one or more of the following:

N\
\ 0O N

N 0O
/ NH,
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[0150] In some embodiments, the kinase inhibitor has the structure of Formula VI1II:

R‘I
N

CN
(VIID)

[0151] In Formula VIII and other Formulae provided herein, ring A is a substituted or
unsubstituted heteroaryl, such as an R3!-substituted or unsubstituted heteroaryl. R' and L' are

as defined above.

[0152] R>! is R** as defined above, or is hydrogen, halogen, -CN, -OH, -NH,;, -COOH, -
CF;, R>’-substituted or unsubstituted alkyl, R*3-substituted or unsubstituted heteroalkyl,
R -substituted or unsubstituted cycloalkyl, R>?-substituted or unsubstituted heterocycloalkyl,

R -substituted or unsubstituted aryl, or R*-substituted or unsubstituted heteroaryl.

[0153] R’ is independently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF3,
R3*_substituted or unsubstituted alkyl, R**-substituted or unsubstituted heteroalkyl,
R3**_substituted or unsubstituted cycloalkyl, R**-substituted or unsubstituted heterocycloalkyl,

R3*_substituted or unsubstituted aryl, or R>*-substituted or unsubstituted heteroaryl.

[0154] R isindependently hydrogen, halogen, -CN, -OH, -NH,, -COOH, -CF;,

R*-substituted or unsubstituted alkyl, R*-substituted or unsubstituted heteroalkyl,
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R*°-substituted or unsubstituted cycloalkyl, R”°-substituted or unsubstituted heterocycloalkyl,

R*_substituted or unsubstituted aryl, or R>>-substituted or unsubstituted heteroaryl.

[0155] R™ is independently halogen, -CN, -OH, -NH,, -COOH, -CF3, unsubstituted
alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

unsubstituted aryl, or unsubstituted heteroaryl.

[0156] In some embodiments, the kinase inhibitor has the structure of Formula IX:

R’ N
\U/y

CN

(1X)
[0157] In Formula IX, ring A is a substituted or unsubstituted heteroaryl, such as an R

substituted or unsubstituted heteroaryl as set fort above. R' and L' are as defined above.

[0158] In some embodiments of Formulae VIII and IX above, ring A 1s R>'-substituted or
unsubstituted heteroaryl. In some embodiments of Formulae VIII and IX above, ring A 1s

five-membered R>'-substituted or unsubstituted heteroaryl or six-membered R>'-substituted

or unsubstituted heteroaryl.

[0159] In some embodiments, the kinase inhibitor has the structure of Formula Xa:

Xs

V4

X
R1 X4 ) I
\Lﬂl/ﬁ/ X-""/:’XZ
3

CN

T~
1

(Xa)
[0160] In Formula Xa, X; is -C(R’'R*)-, -N(R’")-, -S- or —O- when X, is not the point of
attachment. When X 1s the point of attachment, then X 1s C(R3 1) or N. X5, X3, X4 and X5
are independently -C(R’")=or -N= when not the point of attachment. When Xj, X3, X4 or X5
is the point of attachment, then the X,, X3, X4 or X5 that is the point of attachment 1s C. At
least one of X, X», X3, X4 and X is not carbon (i.e. not -C(R>'R*%)-, CR’") or -C(R’")= as

appropriate). For example, in some embodiments at least one of X, X», X3, X4 and X5 1s
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nitrogen (i.e. -N(R*")- or -N= as appropriate). Typically, at least 2 of X;, X, X3, X4 and X5 is
a carbon (e.g. -C(R*'R*)-, CR™) or -C(R*))=).

10161] R°! is as defined above. R*? is hydrogen, halogen, -CN, -OH, -NH,, -COOH, -
CF5, R>-substituted or unsubstituted alkyl, R’>-substituted or unsubstituted heteroalkyl,
R>-substituted or unsubstituted cycloalkyl, R**-substituted or unsubstituted heterocycloalkyl,
R>-substituted or unsubstituted aryl, or R -substituted or unsubstituted heteroaryl. R™ is

defined as disclosed above.

[0162] In some embodiments, the kinase inhibitor has the structure of Formula Xb:

X, =" X, X4
R l /\X‘* , // \\Xs
\U X 1\xs R\U/sz\&/
CN Or CN .
(Xb') (Xb")

[0163] In Formula Xb', X; is C(R’") or N. X;, X3, X4 and X; are independently -C(R*")= or
-N=, provided, however, that at least one of X;, X5, X3, X4 and X5 is N. Typically, at least 2
of X1, X2, X3, X4 and X is a carbon. In Formula Xb", X, is C. X; is -C(R*'R*?)-, -N(R*})-,
-S- or —O-. X3, X4 and X are independently -C(R”")= or -N=, provided, however, that at least
one of X, X3, X4 and X;s is not carbon. L', R! and R*! are defined as disclosed above.

Typically, at least one of X, X3, X, and X5 is carbon.

[0164] In some embodiments, the kinase inhibitor has the structure of Formula Xc:

==
N
R\ N/
RGN X5
CN
(Xc)
[0165] In Formula Xc, X3 and X are independently --C(R3 Y=. L', R! and R*! are as defined

above.

[0166] In some embodiments, the kinase inhibitor has the structure of Formula Xd:
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"
4
R N
N K /\]/ ™~ X
CN
(Xd)

[0167] In Formula Xd, X3, X4 and X;s are independently -C(R’")=. L', R' and R’ are

defined as disclosed above.

[0168] In some embodiments, the kinase inhibitor has the structure of Formula Xe:

N/x4

- ){/ >\X5
\L,,/\I/ g
CN

(Xe)
[0169] In Formula Xe, X, and X;s are independently -C(R*)=. X*is C. L', R' and R*! are

as defined as disclosed above.

[0170] In some embodiments, the kinase inhibitor has the structure of Formula Xf:

CN

(X1)
[0171] In Formula Xf, X4 and X are independently -C(R’)=. L', R and R’! are defined as

disclosed above.

[0172] In some embodiments, the kinase inhibitor has the structure of Formula Xla:
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[0173] In Formula Xla, X, X7, Xs, Xo and X are independently -C(R>')=, -N=, or
+N

O-, provided, however, that at least one of X, X7, Xg, X9 and Xjois N or *N——0-,

Ll, R! and R°! are defined as disclosed above.

[0174] In some embodiments, the kinase inhibitor has the structure of Formula XIb:

X7

(XIb)
[0175] In Formula XIb, Xe, X7, Xo and X are independently -C(R’')=. Xgis N or
*N O-. Ll, R! and R’! are defined as disclosed above.

[0176] In some embodiments, the kinase inhibitor has the structure of Formula Xlc:

CN
(XIc)
[0177] In Formula XlIc, X¢, X3, X9 and X are independently -C(R3 1)=. X~ 1S N or

N O-. L', R'and R’! are defined as disclosed above.

[0178] In some embodiments of Formulae VIII and IX above, ring A 1s R*!-substituted or
unsubstituted furyl, R>'-substituted or unsubstituted thienyl, R>!-substituted or unsubstituted
pyrrolyl, R*'-substituted or unsubstituted imidazolyl, R*!-substituted or unsubstituted
pyrazolyl, R’'-substituted or unsubstituted oxazolyl, R’!-substituted or unsubstituted
isoxazolyl, R*'-substituted or unsubstituted thiazolyl, R’'-substituted or unsubstituted
isothiazolyl, R”'-substituted or unsubstituted triazolyl, R>!-substituted or unsubstituted
oxadiazolyl, R*'-substituted or unsubstituted pyridyl, R’'-substituted or unsubstituted
pyrimidyl, R’ -substituted or unsubstituted pyridazinyl, R*'-substituted or unsubstituted
pyrrolinyl, R’!-substituted or unsubstituted pyrazinyl, R’!-substituted or unsubstituted
tetrazolyl, R’'-substituted or unsubstituted furanyl, R’!-substituted or unsubstituted
dihydrothieno-pyrazolyl, R>!-substituted or unsubstituted thiana<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>