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WHAT IS CLAIMED IS:

1. A compound of Formula (I) having the structure:
La/Ar
NH,
N7 S
Ik A
v
Y-
~z Re
Re R7 Formula (I)
wherein:
L,is CH,, O,NH or §;

Ar is a substituted or unsubstituted aryl, or a substituted or unsubstituted ]}ge"’;eroaryl; and either

(i) Y is an optionally substituted group selected from among alkxléﬁc, heteroalkylene, arylene,

heteroarylene, alkylenearylene, alkylencheteroarylene, alkx,lérecycloalkylene and

alkyleneheterocycloalkylene; /

4

Z is C(=0), NHC(=0), NR*C(=0), NR*S(=0),, whercg{is 1 or 2, and R* is H, substituted or
/7
unsubstituted alkyl, substituted or unsubstituted cyg)ﬁaﬂcyl; and either

(a)

(b)

Ry and Ry are H; /

Rg is H, substituted or unsubstituted f@‘}f-C‘,alkyl, substituted or unsubstituted C,-
Cgheteroalkyl, C, -Csa&y]aminoaq§§i, C,-Cshydroxyalkylaminoalkyl, C;-
Cyalkoxyalkylaminoalkyl, subs;i{ued or unsubstituted C;-C¢cycloalkyl, substituted or
unsubstituted C,-CsalkylCs- Ciscycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted Cz-Cghelerof cloalkyl, substituted or unsubstituted heteroaryl, C;-
Cialkyl(aryl), C;-Cqalkyl(heteroaryl), C;-Csalkylethers, C,-Cgalkylamides, or C,-
Caalkyl(Cy-Csheterogycloalkyl);

R¢ and Rg are H;
R is H, substityfed or unsubstituted C,-Cjalkyl, substituted or unsubstituted C;-
Cabeteroalky¥, C,-Cgalkylaminoalkyl, C,;-Cshydroxyalkylaminoalkyl, C;-
Csalkoxyalkylaminoalkyl, substituted or unsubstituted C;-Cqcycloalkyl, substituted or
unsubstituted C,-CsalkylC;-Cecycloalkyl, substituted or unsubstituted aryl, substituted or
unsupstituted C,-Csheterocycloalkyl, substituted or unsubstituted heteroaryl, C;-
Cjalkyl(aryl), C;-Caalkyl(heteroaryl), C;-Csalkylethers, C)-Csalkylamides, or C,-
salkyl(C,-Csheterocycloalkyl); or

R; and Rs taken together form a bond;

Re is H, substituted or unsubstituted C,-Caalkyl, substituted or unsubstituted C,-
C.heteroalkyl, C,-Csalkylaminoalkyl, C;-Cshydroxyalkylaminoalkyl, C;-
Cgalkoxyalkylaminoalkyl, substituted or unsubstituted C;-Cqcycloalkyl, substituted or

" unsubstituted C;-CsalkylC;-Ceeycloalkyl, substituted or unsubstituted aryl, substituted or
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unsubstituted C,-Csheterocycloalkyl, substituted or unsubstituted heteroaryl, C,- /
Cjalkyl(aryl), C;-Calkyl(heteroaryl), C,-Cgalkylethers, C,-Csalkylamides, or C,- J
Calkyl(C,-Cgheterocycloalkyl); or ) ,
(i) Y is an optionally substituted group selected from cycloalkylene or heterocycloalkylene; ;f'{
5 7 is C(=0), NHC(=0), NR*C(=0), NR*S(=0),, where x is 1 or 2, and R" is H, substituteqe~6;
unsubstituted alkyl, substituted or unsubstituted cycloalkyl; and either ;"f
(a) R;and Rgare H; / /

R is substituted or unsubstituted C;-Csheteroalkyl, C ,-Cghydroxyalkylaf;linoalkyl, C;-
Cgalkoxyalkylaminoalkyl, substituted or unsubstituted C3-C6cyc10a!}{§l, substituted or

10 unsubstituted C;-CgalkylC,i-Ceeycloalkyl, substituted or unsubsti}xfied aryl, substituted or
unsubstituted C,-Cgheterocycloalkyl, substituted or unsubsting_;té;i heteroaryl, C;-

Calkyl(aryl), C;-Cqalkyl(heteroaryl), C;-Csalkylcthers, leégalky]amidcs, or C-
j.e“’

Caalkyl(C,-Csheterocycloalkyl); /f
(b) Rg¢and Rgare H;
15 R; is substituted or unsubstituted C,-C.heteroalky}, C,-Cshydroxyalkylaminoalkyl, C;-

Csalkoxyalkylaminoalkyl, substituted or unsubstituted C;-Cecycloalkyl, substituted or
unsubstituted C;-CgalkylC;-Cqcycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted C,-Csheterocycloalkyl, suhsltjituted or unsubstituted heteroaryl, C;-
Calkyl(aryl), C;-Caalkyl(heteroaryl), €;-Csalkylethers, C;-Csalkylamides, or C;-
20 Caalkyl(C,-Csheterocycloalkyl); or
(¢) R;and Rg taken together form %’gond;
R is substituted or unsubsti};ft’cd C-Caalkyl, substituted or unsubstituted C,-Csheteroalky]l,
C;-Cgalkylaminoalkyl, C kéghydroxyalkylaminoa]kyl, C,-Csalkoxyalkylaminoalkyl,
substituted or unsubstitited Ci-Cecycloalkyl, substituted or unsubstituted C,-CgalkylC;-
25 Cecycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted C,-
Csheterocycloalkfl, substituted or unsubstituted heteroaryl, C;-C,alkyl(aryl), C;-
Calkyl(hetergaryl), C,-Csalkylethers, C,-Csalkylamides, or C,-Csalkyl(Co-
CgheterocyCloalkyl); and

pharmaceutically actj¥e metabolites, or pharmaceutically acceptable solvates, pharmaceutically
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S. The compound of any of claims 1-4, wherein
Y is an optionally substituted group selected from among alkylene, heteroalkylene, arylene,
heteroarylene, alkylenearylene, alkyleneheteroarylene, alkylenecycloalkylene and
alkyleneheterocycloalkylene; .
5 Z is C(=0), NHC(=0), NR*C(=0), NR*S(=0),, where x is 1 or 2, and R*is H, substltuted or

unsubstituted alkyl, substituted or unsubstituted cycloalkyl; and either
(a) R;and Rgare H; j.«-

R is H, substituted or unsubstituted C,-Caalkyl, substituted or unsubsmuted C;-
Cjheteroalkyl, C;-Cgalkylaminoalkyl, C ,-Cghydroxyalky]amlnoalkg,l, Cl-

10 Csalkoxyalkylaminoalkyl, substituted or unsubstituted C3‘C6quldglkyl, substituted or
unsubstituted C;-CsalkylCs-Cecycloalkyl, substituted or unsqbg’;imted aryl, substituted or
unsubstituted C,-Cgheterocycloalkyl, substituted or unsubgtf;ltcd heteroaryl, Cy-
Caalkyl(aryl), C,-C;alkyl(heteroaryl), C I-Csalkylethersfé 1-Csalkylamides, or C;-
C.alkyl(G,-Csheterocycloalkyl); /

15 (b) Rgand Rg are H; /f' /

R; is H, substituted or unsubstituted C1~C4a1k¥1’fsubstituted or unsubstituted C,-
C;heteroalkyl, C,-Cgalkylaminoalkyl, C I-Cshydroxyalkylannnoalkyl C-
Csalkoxyalkylaminoalkyl, substituted oreunsubstltuwd C;-Cecycloalkyl, substituted or
unsubstituted C;-CsalkylC;- Cscycloajkyl substituted or unsubstituted aryl, substituted or

20 unsubstituted Cz-Cgheterocycloalkfl substituted or unsubstituted heteroaryl, C,-
Caalkyl(aryl), C 1-C4a1ky1(helcrpﬁryl) C,-Cgalkylethers, C,-Cgalkylamides, or C-
C4alky1(C2-Cshctcrocycloa}ky]) or

(c) R;and Rgtaken Iogethe;,ffonn a bond;
Re is H, substituted ?}»ﬁnsubstituted C,-Cyalkyl, substituted or unsubstituted C;-

25 Csheteroalkyl, C,-Cyalkylaminoalkyl, C,-Cshydroxyalkylaminoalkyl, C,-
Cgalkoxya]kyla moalkyl, substituted or unsubstituted C;-C¢cycloalkyl, substituted or
unsubsmuted/Cl-Csalkylcg, -Cecycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstityfed Co-Csheterocycloalkyl, substituted or unsubstituted heteroaryl, C;-

C4a1ky aryl), C,-Cjalkyl(heteroaryl), C,-Csalkylethers, C;-Cgalkylamides, or C;-
30 C4a,ﬂ'<yl(C2 -Csheterocycloalkyl).
6. The compou d/ f claim 5, wherein
R;an /I/Z are H; and
R¢ )'s/gl, substituted or unsubstituted C;-C,alkyl, substituted or unsubstituted C,-Csheteroalkyl, C;-
Q(g/alkylaminoalkyl, C,-Cshydroxyalkylaminoalkyl, C,-Cgalkoxyalkylaminoalkyl, substituted or
35 unsubstituted C;-Cecycloalkyl, substituted or unsubstituted C,-CsalkylC3-Cecycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted C,-Cgheterocycloalkyl, substituted or
unsubstituted heteroaryl, C,-Csalkyl(aryl), C;-Caalkyl(heteroaryl), C,-Csalkylethers, C;-
Csalkylamides, or C;-Caalkyl(C,-Csheterocycloalkyl).
7. The compound of claim 6, wherein Y is alkyleneheterocycloalkylene.
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8. The compound of claim 6, wherein: /

R is H, substituted or unsubstituted C,-Cjalkyl, C,-Cgalkylaminoalkyl, substituted or unsubstitg;céd
4

C,-CsalkylC,-Cyeycloalkyl, or C,-C,alkyl(C,-Cgheterocycloalkyl) /
9. The compound of claim 5, wherein f;
Rg and R; are H; and ;f

R; is H, substituted or unsubstituted C,-Cjalkyl, substituted or unsubstituted CI-C4hS¢téroalkyl, C-
Csalkylaminoalkyl, C,-Cshydroxyalkylaminoalkyl, C, —Cgalkoxyalkylaminoalkyl:Aﬁsfibstituted or
unsubstituted Cs-Cgcycloalkyl, substituted or unsubstituted Cl-Cgalkylcg-Cecygf;alkyl, substituted
or unsubstituted aryl, substituted or unsubstituted C,-Cgheterocycloalkyl, sqbéituted or
unsubstituted heteroaryl, C,-Cyalkyl(aryl), C;-C,alkyl(heteroaryl), Cl-ngﬁ;ylethers, Ci-
Csalkylamides, or C;-Cjalkyl(C,-Csheterocycloalkyl). /

10. The compound of claim 9, wherein Y is alkylencheterocycloalkylene. /

11. The compound of claim 9, wherein:
R; is H, substituted or unsubstituted C;-Cjalkyl, C 1-Csa1kyla;}1{;10alkyl, substituted or unsubstituted
C,-CsalkylC;-Cecycloalkyl, or C,-Caalkyl(C,-Csheterocyce e)’élkyl)

12. The compound of claim 5, wherein
R; and R taken together form a bond; and
R is H, substituted or unsubstituted C,-C,alkyl, sgf;stituted or unsubstituted C,-Cyheteroalkyl, C;-
Csalkylaminoalkyl, C,-CshydroxyalkylaminoalKyl, C;-Cgalkoxyalkylaminoalkyl, substituted or
unsubstituted C;-Cgcycloalkyl, substituted opunsubstituted C,-CsalkylCs-Cecycloalkyl, substituted

or unsubstituted aryl, substituted or unsubstituted C;-Csheterocycloalkyl, substituted or

unsubstituted heteroaryl, C-Cjalkyl(amyl), C,-Caalkyl(heteroaryl), C,-Cgalkylethers, C;-
Csalkylamides, or C;-Cjalkyl(C,-Cglicterocycloalkyl).
13. The compound of claim 12, wherein Y is alkyleneheterocycloalkylene.
14. The compound of claim 12, wherejh:
R is H, substituted or unsybstituted C;-C,alkyl, C;-Cgalkylaminoalkyl, substituted or unsubstituted
C,-CialkylC;-Ceeycloallyl, or C,-Caalkyl(C,-Csheterocycloalkyl)

15. The compound of any of ¢faims 1-4, wherein

Y is an optionally gubstituted group selected from cycloalkylene or heterocycloalkylene;
Z is C(=0), NHE(=0), NR*C(=0), NR*S(=0),, where x is 1 or 2, and R" is H, substituted or
unsubstiny/alkyl, substituted or unsubstituted cycloalkyl; and either
(a) R4 and R; are H;
R is substituted or unsubstituted C,-Csheteroalkyl, C,-Cghydroxyalkylaminoalkyl, C,-
Csalkoxyalkylaminoalkyl, substituted or unsubstituted C;-Cscycloalkyl, substituted or
unsubstituted C,-CsalkylC;-Cecycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted C,-Csheterocycloalkyl, substituted or unsubstituted heteroaryl, Ci-
Caalkyl(aryl), C;-C,alkyl(heteroaryl), C;-Csalkylethers, C,-Csalkylamides, or C;-
Cqalkyl(C,-Csheterocycloalkyl);
(b) Rgand Ry are H;
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R; is substituted or unsubstituted C,-C,heteroalkyl, C,-Cshydroxyalkylaminoalkyl, C;- !
Cialkoxyalkylaminoalkyl, substituted or unsubstituted C;-Cgcycloalkyl, substituted og-”f
unsubstituted C,-CzalkylC;-Cecycloalkyl, substituted or unsubstituted aryl, substitgtéd or
unsubstituted C,-Csheterocycloalkyl, substituted or unsubstituted heteroaryl, C 1-

5 Cjalkyl(aryl), C,-Cjalkyl(heteroaryl), C,-Csalkylethers, C;-Cgalkylamides, or, Cl-
Caalkyl(C,-Csheterocycloalkyl); or //
(¢) Ry and Ry taken together form a bond; :,/’

Rg is substituted or unsubstituted C,-C,alkyl, substituted or unsubsti{u{éd C,-C;heteroalkyl,
C;-Csalkylaminoalkyl, C,-Cghydroxyalkylaminoalkyl, Cl-CgalkO)gyglkylaminoalkyl,
10 substituted or unsubstituted C,-Cecycloalkyl, substituted or unguf;stituwd C,-CgalkylC;-
Cecycloalkyl, substituted or unsubstituted aryl, substituted q;fiinsubstitutcd Co-
Cgheterocycloalkyl, substituted or unsubstituted hctcroar;gfycl -Cjalkyl(aryl), C;-
Caalkyl(heteroaryl), C,-Csalkylethers, CrCsalkylamidgéf or C;-Cjalkyl(C,-
Csheterocycloalkyl). /
15 16. The compound of claim 15, wherein: '
R, and Ry are H; and
R is substituted or unsubstituted C,-C heteroalkyl, fQ’f—Cghydroxyalkylaminoalkyl C;-
Csalkoxyalkylaminoalkyl, substituted or unsubshuited C;-Cyeycloalkyl, substituted or unsubstituted
C,-CsalkylC;-Ceeycloalkyl, substituted or unsubsmuted aryl, substituted or unsubstituted C,-
20 Csheterocycloalkyl, substituted or unsubsmu‘fgd heteroaryl, C,-Caalkyl(aryl), C;-
Caalkyl(heteroaryl), C,-Cgalkylethers, C|~Csa1kyldm1des or C;-Caalkyl(C,-Cgheterocycloalkyl).
17. The compound of claim 16, wherein: /
Rg 1s substituted or unsubstituted C%Cgalkylcg-tscycloalkyl or C;-Cyalkyl(C,-Csheterocycloalkyl).
18, The compound of claim 15, wherein:
25 Re and R; are H; and

R; is substituted or unsubst

uted C,-Csheteroalkyl, C,-Cshydroxyalkylaminoalkyl, C,-
Cgalkoxyalkylammoalk)ﬂ/ substituted or unsubstituted Cs-Cecycloalkyl, substituted or unsubstituted
C;-CsalkylC;-Ceeycl lkyl substituted or unsubstituted aryl, substituted or unsubstituted C,-
Cgheterocycloalsz};”subsntuted or unsubstituted heteroaryl, C,-Cjalkyl(aryl), C;-

30 leky](hetcroz}yg}l), C,-Csalkylethers, C;-Csalkylamides, or C;-Caalkyl(C-Csheterocycloalkyl).

19. The compound ogfélaim 18, wherein:
R; is substituted or unsubstituted C,-CsalkylC;-Cecycloalkyl, or C,-Caalkyl(C,-Csheterocycloalkyl).
20, The compoynd of claim 15, wherein:
R, apﬁ/ Rj taken together form a bond; and
35 Ry/1s substituted or unsubstituted C;-Cjalkyl, substituted or unsubstituted C;-Csheteroalkyl, C;-
salkylaminoalkyl, C;-Cshydroxyalkylaminoalkyl, C;-Cgalkoxyalkylaminoalkyl, substitutcd or
unsubstituted C;-Cecycloalkyl, substituted or unsubstituted C,-CsalkylC;-Cecycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted C,-Csheterocycloalkyl, substituted or
unsubstituted heteroaryl, C;-Cjalkyl(aryl), C,-Cialkyl(heteroaryl), C;-Csalkylethers, C;-
40 / Csalkylamides, or C,-C,alky}(C,-Cgheterocycloalkyl).
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21. The compound of claim 16, wherein:
Ry is substituted or unsubstituted C,-Cjalkyl, C,-Csalkylaminoalkyl, substituted or unsubstituted C;- /
CialkylC,-Ceeycloalkyl, or C,-Cyalkyl(C,-Csheterocycloalkyl). ;/

j/’

22. A compound selected from among: )
(E)-4-(N-(2-hydroxyethyl)-N-methylamino)-1-(3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1- ;x”/
yl)piperidin-1-yl)but-2-en-1-one (Compound 3); (E)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1 H-pyramlg[‘?A-d—
Ipyrimidin-1-y1)-3-(1 H-imidazol-4-yl)prop-2-en-1-one (Compound 4); (E)-1-(3-(4-amino-3 —(4—ph§ng;<yphenyl)-
1H-pyrazolo[3,4-d]pyrimidin- 1 -yl)piperidin-1-yl)-4-morpholinobut-2-en-1-one (Compound 5);9(«}3‘5‘)-1-(4-(4—
amino-3-(4-phenoxyphenyl)- 1 H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)-4- (dimethylarxiilo)but- 2-en-1-one
(Compound 7); (E)-N-((1s,4s)-4-(4-amino-3-(4-phenoxyphenyl)-1 H-pyrazolo[3 4-d]pyum1dm- -yl)cyclohexyl)-
4-(dimethylamino)but-2-enamide (Compound 8); N-((17,4r)-4- (4-am1no-3-(4-phcnoxypﬁcnyl) 1H-pyrazolo[3,4-
d]pyrimidin-1-yl)cyclohexyl)acrylamide (Compound 10); (E)-1-((R)-2-((4-amino- 3,6(4-phcnoxyphcnyl) 1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)pyrolidin-1-y1)-4-(dimethylamino)but- Z»ezf 1-one (Compound 11); (E)-1-
((S)-2-((4-amino-3-(4-phenoxyphenyl)-1 H-pyrazolo[3,4-d]pyrimidin- 1 —yl)mgthyl)pyrohdm— -yl)-4-
(dimethylamino)but-2-en-1-one (Compound 12); 1-((R)-2-((4-am1no-3-(4;;5€enoxyphenyl)-1H-pyrazolo[3,4-
dlpyrimidin-1-yl)methyl)pyrrolidin- 1-yl)prop-2-en-1-one (Compoundilé;; 1-((S)-2-((4-amino-3-(4-
phenoxyphenyl)-1 H-pyrazolo[3,4-d]pyrimidin-1- yl)methyl)pyrrolidi»f{- 1-yl)prop-2-en-1-one (Compound 14);
1((R)-2-((4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4- d]pymr‘ﬁdm- 1-yl)methyl)pyrrolidin-1-yl)but-2-yn-1-
one (Compound 15); 1-((S)-2-((4-amino-3-(4- phenoxyphenyl)ﬁ’lH pyrazolo[3,4-d]pyrimidin-1-
yDmethyl)pyrrolidin- 1-yl)but-2-yn-1-one (Compound 16);;1 ((R) 3-(4-amino-3-(4-phenoxyphenyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)but-2- yn- P{me (Compound 17); (E)-N-((1,r,4r)-4-(4-amino-3-(4-
phenoxyphenyl)- | H-pyrazolo[3,4-d]pyrimidin-1 —yl)fyclohexyl -4-(dimethylamino)but-2-enamide (Compound
18); N-(2-(4-amino-3-(4-phenoxyphenyl)-1H-py 010[3 4-dlpyrimidin-1-yl)ethyl)-N-methylacrylamide
(Compound 19); (E)-1-(4-(4-amino-3-(4-phengxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1 -yl)-4-morpholinobut-2-
en-1-one (Compound 20); (E)-1-((S_-2-((4,4mino-3-(4-phenoxyphenyl)-1 H-pyrazolo[ 3,4-d]pyrimidin-1-
yl)methyl)pyrrolidin- 1-yl)-4-morpholingbut-2-en-1-one (Compound 21); N-((1s,4s)-4-(4-amino-3-(4-
phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)cyclohexyl)but-2-ynamide (Compound 22); N-(2-(4-amino-3-
4-dJpyrimidin-1-yl)ethyl)acrylamide (Compound 23); (E)-1-((R)-3-(4-amino-
3-(4-phenoxyphenyl)- 1H—pyraz(§lo[3 4-dlpyrimidin- 1-yl)piperidin-1-y1)-4-morpholinobut-2-en-1-one (Compound
24); (E)-N-((1s,4s)-4-(4- amyho -3-(4-phenoxyphenyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)cyclohexyl)-4-

(4-phenoxyphenyl)- 1 H-pyrazolo[

morphohnobut-z-enam;d{(Compound 25).
23. A pharmaceuﬁcal formulation comprising a therapeutically effective amount of a compound of any of
Claims 1-22, and aphdnnaccutlcally acceplable excipient.
24, The Qhﬁrmaceuucal formulation of claim 23 that is formulated for a route of administration selected
from orzwnistration, parenteral administration, buccal administration, nasal administration, topical
administration, or rectal administration.
25. / A method for treating an autoimmune disease or condition comprising administering to a patient in need
t}r/{harmaceutlcal formulation of claim 23.

6

26, The method of Claim 25, wherein the autoimmune disease is selected from rheumatoid arthritis or lupus.

/
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27, A method for treating a heteroimmune disease or condition comprising administering to a patient in need”’

the pharmaceutical formulation of claim 23.

e

28. A method for treating a cancer comprising administering to a patient in need the pharmaceutical /
formulation of claim 23. //"( "
29. The method of claim 28, wherein the cancer is a B-cell proliferative disorder. f

30. The method of claim 29, wherein the B-cell proliferative disorder is diffuse large B cell _}ymphoma,

&

follicular lymphoma or chronic lymphocytic leukemia. )
31. A method for treating mastocytosis comprising administering to a patient in need ghé pharmaceutical
formulation of claim 23. ' }

32, A method for treating osteoporosis or bone resorption disorders comprisingﬁaﬂ:ministering to a patient in

need the pharmaceutical formulation of claim 23.

7

33. A mcthod for trcating an inflammatory discasc or condition comprisigg administering to a paticnt in
need the pharmaceutical formulation of claim 23. K,.f’f
34. A method for treating lupus comprising administering to a subject in need thereof a composition

£

containing a therapeutically effective amount of a compound that forms a covalent bond with a cysteine sidechain
of a Bruton’s tyrosine kinase or a Bruton’s tyrosine kinase homol(gg’f!

35. A method for treating a heteroimmune disease or con@jt’"i;on comprising administering to a subject in
need thereof a composition containing a therapeutically effe!cﬁp;e amount of a compound that forms a covalent
bond with a cysteine sidechain of a Bruton’s tyrosine kingféé or a Bruton’s tyrosine kinase homolog.

36. A method for treating diffuse large B cell lyrpﬁioma, follicular lymphoma or chronic lymphocytic
leukemia comprising administering 10 a subject in pééd thereof a composition containing a therapeutically
effective amount of a compound that forms a cgyéient bond with a cysteine sidechain of a Bruton’s tyrosine
kinase or a Bruton’s tyrosine kinase homo]ogz‘f

37. A method for treating masmcyto/sig; comprising administering to a subject in need thereof a composition
containing a therapeutically effective agiount of a compound that forms a covalent bond with a cysteine sidechain
of a Bruton’s tyrosine kinase or a Izpfiion’s tyrosine kinase homolog.

38. A method for treating 9s{éoporosis or bone resorption disorders comprising administering to a subject in
need thereof a composition cgitaining a therapeutically effective amount of a compound that forms a covalent
bond with a cysteine sidec}e{a{in of a Bruton’s tyrosine kinase or a Bruton’s tyrosine kinase homolog.

39. A method for (;ating an inflammatory disease or condition comprising administering to a subject in
need thereof a compsition containing a therapeutically effective amount of a compound that forms a covalent
bond with a cysicine sidechain of a Bruton’s tyrosine kinase or a Bruton’s tyrosine kinase homolog.

40, A kinase inhibitor that selectively and irreversibly binds 10 a protein tyrosine kinase selected from Bk, a
Btk homolog, and a Btk kinase cysteine homolog, in which the kinase inhibitor reversibly and non-selectively
binds to, {multiplicity of protein tyrosine kinases, and further in which the plasma half life of the kinase inhibitor
is lc;s/ﬂ;an about 4 hours.

4)// The kinase inhibitor of claim 40 that selectively and irreversibly binds to at least one of Btk, Jak3, Blk,

£

/Bmx, Tec, and Itk.
42, The kinase inhibitor of claim 41 that selectively and irreversibly binds to Btk.
43. The kinase inhibitor of claim 41 that selectively and irreversibly binds to Jak3.
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44, The kinase inhibitor of claim 41 that selectively and irreversibly binds to Tec.

45, The kinase inhibitor of claim 41 that selectively and irreversibly binds to Btk and Tec. /
46. The kinase inhibitor of claim 41 that selectively and irreversibly binds to Blk. //"
47. The kinase inhibitor of claim 40 that reversibly and non-selectively binds to a multiplicity of src-family
protein kinase inhibitors. /

48. The kinase inhibitor of claim 40, in which the plasma half life of the kinase inhibitor is lessfﬁ"i;an about 3
hours. /’/

49. The kinase inhibitor of claim 40, having the structure of Formula (VII): j,’

wherein:

is a moiety that binds to the/Active site of a kinase, including a tyrosine kinase, further
including a Btk kinase cysteine homoldg;

Y is an optionally substituted group selgtted from among alkylene, heteroalkylene, arylene,
heteroarylene, heterocycloalkylede, cycloalkylene, alkylenearylene, alkyleneheteroarylene,
alkylenecycloalkylene, and alKyleneheterocycloalkylene;

Z is C(=0), OC(=0), NHC(=0), NCH;C(=0), C(=S), S(=0)x, OS(=0)x, NHS(=0),, where x is 1 or 2;

R; and Ry are independently gelected from among H, unsubstituted C,-C, alkyl, substituted C,-Caalkyl,
unsubstituted C;-C;hgferoalkyl, substituted C,;-Csheteroalkyl, unsubstituted C;-Cgcycloalkyl,
substituted Cs-Cgcycloalkyl, unsubstituted C,-Ceheterocycloalkyl, and substituted C,-

R and R taken tgigether form a bond;

R is H, substitdted or unsubstituted C;-C,alkyl, substituted or unsubstituted C;-Csheteroalkyl, C;-
Cealkoxgalkyl, C,-Csalkylaminoalkyl, C,-Cshydroxyalkylaminoalkyl, substituted or unsubstituted
Cs-Céeycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted C-
Cgheterocycloalkyl, substituted or unsubstituted heteroaryl, C;-Csalkyl(aryl), C;-

salkyl(heteroaryl), C,-Calkyl(Cs-Cycycloalkyl), or C;-Caalkyl(C,-Csheterocycloalkyl); and
armaceutically active metabolites, or pharmaceutically acceptable solvates, pharmaceutically

acceptable salts, or pharmaceutically acceptable prodrugs thereof.
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50.

from

51.

52,

53.

54.

55.

The kinase inhibitor of Claim 49, wherein

The kinase inhibitor of Claim 49, wherein: /

Z is C(=0), NHC(=0), NCH;C(=0), or 8(=0),.

The kinase inhibitor of Claim 49, whefrein:

each of R; and Rg is H; or

R; and Rg taken together form

The kinase inhibitor of Clai

Re is H, substituted or ungtbstituted C;-Cjalkyl, substituted or unsubstituted C;-Csheteroalkyl, C;-
Cealkoxyalkyl, C l-égalkylaminoalkyl, C;-Cghydroxyalkylaminoalkyl, C;-Cgalkoxyalkylaminoalkyl,
C\-Caialkyl(aryl, C,-Cialkyl(heteroaryl), C,-Cialkyl(C;-Cscycloalkyl), or C;-Cialkyl(Cs-
Csheterocycloalkyl).

49, wherein:

The kinase inlibitor of Claim 49, wherein:
Yisad- 5
Yisad
Y is #C)-C, alkylene, or 4-, 5-, 6-, or 7-membered heterocycloalkylene ring.

, 6-, or 7-membered cycloalkylene ring; or

5-, 6-, or 7-membered heterocycloalkylene ring; or

A pharmaceutical formulation comprising the kinase inhibitor of any of claims 40-54 and a

pharmac€utically acceptable excipient.
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56. The pharmaceutical formulation of claim 55 that is formulated for a route of administration selected
from oral administration, parenteral administration, buccal administration, nasal administration, topical

administration, or rectal administration.

57. The pharmaceutical formulation of claim 56 that is formulated for oral administration. //

5 58 A method for treating rheumatoid arthritis comprising administering to a subject the kinase it;Hibitor of
claim 41 that selectively and irreversibly binds to Btk and Tec. / |
59. A method for increasing the selectivity of a test protein tyrosine kinase inhibitor that h’{@ifersibly and

selectively binds to at least one protein kinase inhibitor selected from Btk, a Btk homolog, or wBtk kinase
cysteine homolog, in which the test protein tyrosine kinase inhibitor is chemically modiﬁcg];f; decrease the

10 plasma half life to less than about 4 hours. /‘f
60. The method of claim 59, in which the test protein tyrosine kinase mhibitor ig‘?ﬁcmically modified to
decrcasc the plasma half life to less than about 3 hours. / s
6l. The method of claim 59 or claim 60, in which the test protein tyrosine k{nase inhibitor has the structure

of Formula (VII):

15

wherein:

is a moiety/that binds to the active site of a kinase, including a tyrosine kinase, further
including a Btk kingée cysteine homolog;
Y is an optionally substituted group selected from among alkylene, heteroalkylene, arylene,
20 heteroarylene, Heterocycloalkylene, cycloalkylene, alkylenearylene, alkylencheteroarylene,
alkylenecygloalkylene, and alkyleneheterocycloalkylene;
Z is C(=0), OC(=0), NHC(=0), NCH;C(=0), C(=S), S(=0),, OS(=0),, NHS(=0),, where x is 1 or 2;
R and Rg e independently selected from among H, unsubstituted C,-C; alkyl, substituted C;-Cjalkyl,
unsybstituted C;-Csheteroalkyl, substituted C;-Csheteroalkyl, unsubstituted C;-Cecycloalkyl,
bstituted C;-Cecycloalkyl, unsubstituted C,-Cgheterocycloalkyl, and substituted Cs-
Csheterocycloalkyl; or
;7 and Rg taken together form a bond; and
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Re is H, substituted or unsubstituted C,-Caalkyl, substituted or unsubstituted C,-Csheteroalkyl, C;- ;
Cealkoxyalkyl, C,-Cgalkylaminoalkyl, C,-Cshydroxyalkylaminoalkyl, C, -Csalkoxyalkylaminoall;yij
substituted or unsubstituted C,-Cqcycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted C,-Cgheterocycloalkyl, substituted or unsubstituted heteroaryl, CI—C4alkyl(ar):{l): Ci-
Cialkyl(heteroaryl), C,;-Csalkyl(Ca-Cscycloalkyl), or C J-C4alkyl(Cz-Csheterocycloalkyl):,; g

62. The method of claim 59, in which the test protein tyrosine kinase inhibitor non-selectively, and reversibly
binds to a multiplicity of src-family protein tyrosine kinases.

63. A method for wreating a B-cell proliferative disorder or a mast cell proliferative diso;dér comprising
administering to a patient in need the pharmaceutical composition of claim 55.

64, A method for treating a rheumatoid arthritis or condition comprising adxninistgfﬁxg to a patient in need

the pharmaceutical composition of claim 55.

65. A mcthod for treating a discasc characterized by hyperactive B cells m{pﬂﬁsing administering to a
patient in need the pharmaceutical composition of claim 55.

66. A method for treating a disease characterized by hyperactive mast jélls comprising administering to a
patient in need the pharmaceutical composition of claim 55.

67. A method for treating a disease characterized by both hypepgéj;ive B cells and hyperactive mast cells
comprising adminisiering to a patient in need the pharmaceutical géglposition of claim 55.

68. The methods of any of claims 63 to 67, in which the Rl:fii‘macculica] composition is administered once a
day. ’{,«f"’(

69, A method of identifying an irreversible inhibito!rféf a kinase selected from Bik, a Btk homolog, or a Btk
kinase cysteine homolog comprising: ’/’f

(1) contacting a multiplicity of kinases sclgé{ed from Btk, a Btk homolog, or a Btk kinase cysteine
homolog with a compound that compri{sé'; a Michael acceptor moiety;
(2) contacting at least one non-kinagg’}nolccule having at least one accessible SH group with the
compound that comprises a Mict'}ja'éai acceptor moiety; and
(3) determining the covalent b;{ding of the compound that comprises a Michael acceptor with the
multiplicity of kinases and}hi at least one non-kinase molecule; and
repeating steps (1), (2), a;ri(d (3) for at least one other compound that comprises a Michael acceptor
moiety. /
70. The method of cl@j,ﬁ'; 69, further comprising
(4) comparing ?{é covalent binding of the compound that comprises a Michael acceptor with the
multiplicity of kinases and the at least one non-kinase molecule; and

Tepeating Steps (1), (2), (3) and (4) for at least one other compound that comprises a Michael acceptor

moiety/
71. 'lghfxécthod of claim 69, wherein the at least one non-kinase molecule having at least one accessible SH
group inc}ades glutathione and/or hemoglobin.
72.

relafive 1o other kinases, glutathione and hemoglobin.

The method of claim 71, wherein a desired irreversible inhibitor is selective for a particular kinase

The method of claim 69, further comprising contacting each kinase with an Activity Probe.
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74, The method of claim 69, wherein steps (1) and (2) are conducted in vivo and step (3) is conducted in
part using an Activity Probe.

75. The method of claim 69, wherein the determining step uses mass spectrometry. /
76. The method of claim 69, wherein the determining step uses fluorescence. ,(
5 7. The method of claim 70, wherein the compound further comprises an active site binding moiet)yfw

78. The method of claim 77, wherein the compound further comprises a linker moiety that 1ink§¢él€ Michael
acceptor moiety to the active site binding moiety. ,f"‘

79. The method of claim 69, wherein the at least one compound has the structure of Formy{% (VID:

/

10  wherein:

/

/

/

is a moiety that binds to the aféﬁve site of a kinase, including a tyrosine kinase, further
including a Btk kinase cysteine homo}éé;

Y is an optionally substituted group sel écd from among alkylene, heteroalkylene, arylene,
heteroarylene, heterocycloalkylefie, cycloalkylene, alkylenearylene, alkyleneheteroarylene,
15 alkylenecycloalkylene, and aJKyleneheterocycloalkylene;
Z is C(=0), OC(=0), NHC(=Qy, NCH;C(=0), C(=S), S(=0)x, OS(=0)x, NHS(=0),, where x is 1 or 2;
R; and R; are independently $elected from among H, unsubstituted C;-C, alkyl, substituted C,-Cjalkyl,

unsubstituted C,;-Cshgteroalkyl, substituted C;-Ciheteroalkyl, unsubstituted C;-Cgeycloalkyl,

substituted C;-Cqcycloalkyl, unsubstituted C,-Ceheterocycloalkyl, and substituted C;-

20 Csheterocycloalkyl; or

Cealkoxyalkyl, C;-Csalkylaminoalkyl, C,-Cshydroxyalkylaminoalkyl, C;-Csalkoxyalkylaminoalkyl,
substituted or unsubstituted C;-Cecycloalkyl, substituted or unsubstituted aryl, substituted or
25 upsubstituted C,-Cgheterocycloalkyl, substituted or unsubstituted heteroaryl, C,-Cjalkyl(aryl), C;-
Caalkyl(heteroaryl), C;-Caalkyl(Cs-Cycycloalkyl), or C,-Cialkyl(C,-Csheterocycloalkyl).
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80. The method of claim 78, further comprising analyzing the structure-function activity relationship
between the structure of the linker moiety and/or the Michael acceptor moiety of each compound, and the binding
and/or selectivity of each compound to at least one kinase.

81. The method of claim 79, further comprising analyzing the structure-function activity relationship

N o

between the structure of Y-Z and/or Re Ry

of each compound, and the binding and/or selectivity of
each compound to at least one kinase. :
82. The method of claim 80, wherein the structure of the active site binding moiptSf of cach compound is not

varied.

83, The method of claim 79, wherein the structure of of each compound is not varied.

84. An assay comprising the method of any of claims 70 to 83/
85, A system comprising the assay of claim 80 or any met};éa of claims 70 to 63.
86. An irreversible inhibitor of a kinase selected from Btk, a Btk homolog, and a Btk kinase cysteine

homolog, wherein the inhibitor is identified using any meth’(;d of claims 70 to 83, the assay of claim 84, or the
system of claim 85.

87. The irreversible inhibitor of claim 86, whe;eih the inhibitor is selective for one kinase selected from Btk,
a Btk homolog, and a Btk kinase cysteine homolog"ﬁover at least one other kinase selected from Btk, a Btk
homolog, and a Btk kinase cysteine homolog.

88, The irreversible inhibitor of claim;,87”, wherein the inhibitor is at least 5 times more selective for one
kinase selected from Btk, a Btk homolog;‘gnd a Btk kinase cysteine homolog over at least one other kinase
selected from Btk, a Btk homolog, ar{,d”g Btk kinase cysteine homolog.

89. The irreversible inhibitorﬁgffg claim 88, wherein the inhibitor is at least 50 times more selective for one
kinase selected from Bik, a Blkfhi;molog, and a Bik kinase cysteine homolog over at least one other kinase
selected from Btk, a Btk hox};@iﬁog, and a Btk kinase cysteine homolog.

90. The irreversible }ﬁiibitor of claim 86, wherein the inhibitor is selective for at least one kinase selected
from Btk, a Btk homo{gﬁi and a Btk kinase cysteine homolog over at Ieast one other non-kinase molecule having

an accessible SH grgf{p.

91, A pharrgxéi:eutical composition comprising the compound of any of claim 86, 87, or 88,

s .. .
92, A method for improving the kinase selectivity of an inhibitor comprising use of the methods of claims
701083, /

£

93. KA method for treating an autoimmune disease or condition comprising administering to a patient in need
£

a composition containing a therapeutically effective amount of a compound that forms a covalent bond with a

cysteine sidechain of a Blk or a Blk homolog.

4. The method of Claim 91, wherein the autoimmune disease is selected from rheumatoid arthritis or lupus.
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95. A method for treating a B-cell proliferative disorder comprising administering to a patient in need a f/ ’
composition containing a therapeutically effective amount of a compound that forms a covalent bond Wltha
cysteine sidechain of a Blk or a Blk homolog. f_ff

96. The method of claim 93, wherein the B-cell proliferative disorder is diffuse large B cell lyrﬂbhoma,
follicular lymphoma or chronic lymphocytic leukemia. .

97. A method for treating an inflammatory disease or condition comprising administf;riﬁ:g to a patient in
need a composition containing a therapeutically effective amount of a compound that f@rms a covalent bond with
a cysteine sidechain of a Blk or a Blk homolog. ,«}

98. A method for identifying biomarkers suitable for determining patient ;eﬁ%onse to a compound of
Formula (I) comprising administering to a test subject a composition contq=;mfﬁg an amount of compound of
Formula (I) sufficient to inhibit B cell receptor signaling and correlatiqgﬁ cell receptor signaling with apoptosis.
99. A mcthod for sclccting a patient for treatment for lymphorpa'f;)vith a compound of Formula (I)
comprising measuring pErk levels or Erk transcriptional target leVels in a patient sample, correlating a high level
of pERK or ERK transcriptional target levels with a positingfgsponse to the treatment, and selecting or excluding
the patient for treatment based on the pErk level or Erk ;Lréi;scﬁptional target levels.

100. A method for measuring a patient’s respon§6 “i; treatment comprising administering to the patient a
compound of Formula (I), measuring pErk leve}éyér; Erk transcriptional target levels in a patient sample,
correlating a reduced level of pERK or Erk By&ﬁsm’ipﬁonal targets with a positive response to the administration
of the compound of Formula (I), and comfguing or stopping treatment of the patient with the compound based on

the pErk levels or the Erk transcripti(mé target levels.

Py

/

/

/
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1.

A compound of Formula (A5) having the structure:

R3\ /R2
N R,

N)ﬁ/(
N

R4
Formula (AS),

wherein:

R; is H, Ly-(substituted or unsubstituted alkyl), L,-(substituted or unsubstituted
cycloalkyl), L,-(substituted or unsubstituted alkenyl), L,-(substituted or unsubstituted
cycloalkenyl), L,-(substituted or unsubstituted heterocycle), L,-(substituted or unsubstituted
heteroaryl), or L,-(substituted or unsubstituted aryl), where L, is a bond, O, S, -S(=0), -S(=0),,
C(=0), -(substituted or unsubstituted C;-Cs alkyl), or -(substituted or unsubstituted C,-C alkenyl);

R; and R; are independently selected from H, lower alkyl and substituted lower alkyl;

Ry is Ls-X-1L4-G, wherein,

L; is optional, and when present is a bond, optionally substituted or unsubstituted alkyl,
optionally substituted or unsubstituted cycloalkyl, optionally substituted or unsubstituted alkenyl,
optionally substituted or unsubstituted alkynyl;

X is optional, and when present is a bond, O, -C(=0), S, -S(=0), -S(=0),, -NH, -NRy, -
NHC(0), -C(O)NH, -NRyC(0O), -C(O)NRy, -S(=0),NH, -NHS(=0),, -S(=0),NRy-, -NRoS(=0),, -
OC(O)NH-, -NHC(0)O-, -OC(O)NRs-, -NRyC(0)O-, -CH=NO-, -ON=CH-, -NR;,C(O)NR (-,
heteroaryl, aryl, -NR;¢C(=NR;;)NR -, -NR;(C(=NR;)-, -C(=NR;;)NR¢-, -OC(=NR})-, or -
C(=NR;;)0O-;

L, is optional, and when present is a bond, substituted or unsubstituted alkyl, substituted
or unsubstituted cycloalkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted heterocycle;

or L3, X and L, taken together form a nitrogen containing heterocyclic ring;
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Sz = —P
= 7 e
;I/u\‘/k Ry )J\%\R LY Ry % \H\R7 Rzé \\)\ R7
Gis Re % , Re | Re  Lor Re
wherein,

Rs, R; and R are independently selected from among H, lower alkyl or substituted lower
alkyl, lower heteroalkyl or substituted lower heteroalkyl, substituted or unsubstituted lower
cycloalkyl, and substituted or unsubstituted lower heterocycloalkyl;

R; is H, halogen, -Lg-(substituted or unsubstituted C;-C; alkyl), -L¢-(substituted or
unsubstituted C,-C, alkenyl), -L¢-(substituted or unsubstituted heteroaryl), or —Lg-(substituted or
unsubstituted aryl), wherein Lg is a bond, O, S, -S(=0), S(=0),, NH, C(0), -

NHC(0)O, -OC(O)NH, -NHC(O), or -C(O)NH;

each Ry is independently selected from among H, substituted or unsubstituted lower alkyl,
and substituted or unsubstituted lower cycloalkyl;

each Ry is independently H, substituted or unsubstituted lower alkyl, or substituted or
unsubstituted lower cycloalkyl; or

two R, groups can together form a 5-, 6-, 7-, or 8-membered heterocyclic ring; or

Ry and Ry can together form a 5-, 6-, 7-, or 8-membered heterocyclic ring; or

each Ry, is independently selected from H, —S(=0),Rs, —S(=0),NH,, -C(O)Rs, -CN, -NO,,
heteroaryl, or heteroalkyl; or

pharmaceutically acceptable salts thereof.

The compound of claim 1, wherein R, and R; are H.
The compound of claim 2, wherein R; is L,-(substituted or unsubstituted heteroaryl), or L,-
(substituted or unsubstituted aryl).

The compound of claim 3 having the structure
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11.

12.
13.

14.

15.

wherein each R, is independently H, halogen, -CF;, -CN, -NO,, OH, NH,, -L.-(substituted or
unsubstituted alkyl), or -L,-(substituted or unsubstituted alkenyl), wherein L, is a bond, O, S, -
S(=0), -S(=0),, NH, C(0), CH,, -NHC(0)O, -NHC(O), or -C(O)NH.

The compound of claim 4, wherein Ls, X and L, taken together form a nitrogen containing
heterocyclic ring.

The compound of claim 5, wherein G is

0O  Rg

e

R
The compound of claim 6, wherein Rg, R5, and Ry are H.
The compound of claim 6, wherein
R, and Rg are H; and
Ry is selected from lower alkyl or substituted lower alkyl, lower heteroalkyl or
substituted lower heteroalkyl, substituted or unsubstituted lower cycloalkyl, and
substituted or unsubstituted lower heterocycloalkyl.
The compound of claim 8, wherein Rg is substituted lower alkyl.
The compound of claim 9, wherein lower alkyl is substituted with a disubstituted amino
group.
The compound of claim 6, wherein
R¢ and Rg are H; and
R; is selected from lower alkyl or substituted lower alkyl, lower heteroalkyl or
substituted lower heteroalkyl, substituted or unsubstituted lower cycloalkyl, and
substituted or unsubstituted lower heterocycloalkyl.
The compound of claim 11, wherein R; is substituted lower alkyl.
The compound of claim 12, wherein lower alkyl is substituted with a disubstituted amino
group.
The compound of claim 5, wherein G is

» N

The compound of claim 14, wherein Ry is H.

6
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16.

17.

18.

19.

20.

The compound of claim 14, wherein Ry is selected from lower alkyl or substituted lower alkyl,
lower heteroalkyl or substituted lower heteroalkyl, substituted or unsubstituted lower
cycloalkyl, and substituted or unsubstituted lower heterocycloalkyl.

The compound of claim 16, wherein Rg is substituted lower alkyl.

The compound of claim 17, wherein lower alkyl is substituted with a disubstituted amino
group.

A pharmaceutical composition comprising a therapeutically effective amount of a compound
of claim 1, and a pharmaceutically acceptable excipient.

The pharmaceutical composition of claim 19 that is formulated for a route of administration
selected from oral administration, parenteral administration, buccal administration, nasal

administration, topical administration, or rectal administration.
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