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INHIBITORS OF BRUTONS TYROSINE KINASE

RELATED APPLEICATIONS
[eoe1l This application claims benefit of U.S. Provisional Application No. 60/826,720 entitled “INHIBITORS
OF BRUTON’S TYROSINE KINASE” filed Septernber 22, 2006; and U.S. Provisional Application No. 60/828,590
entitled “INHIBITORS OF BRUTON'S TYROSINE XINASE” filed October 6, 2006, both of which are hercin

incorporated by reference,

FIELD OF THE INVERTION
[6602] Described herein are compounds, methods of making such compounds, pharmaceutical compositions
and medicaments containing such compounds, and methods of using such compounds and compositions to inhibit

the activity of tyrosine kinases.

BACKGROUND OF THE [NVENTION
[6663] Bruton’s fvrosine kinase {Btk), & member of the Tec family of non-receptor tyrosine kinases, 15 a key
signaling enzyme expressed in all hematopoietic cells types except T lymphocytes and natural killer celle. Btk plays
ap essential role in the B-cell signaling pathway linking cell surface B-cell receptor (BCR) stimulation to
downstream intraceliviar responses.
[0004] Btk is a key regulator of B-cell development, activation, signaling, and survival (Kurosald, Curr Op Imm,
2600, 276-281; Schaeffer and Schwartzberg, Curr Op Imm 2000, 282-288). In addision, Btk plays & role in & number
of other hematopoetic cell signaling pathways, e.g., Toll like receptor {TLR) and cywkine receptor-mediated TNF-a
production in macropbages, 1gE receptor (FoepsilonRI} signaling in Mast cells, inhibition of Fas/ APO-1 apoptotic
signaling in B-lineage tymphoid celis, and collagen-stimulated platelet aggregation. See, e.g., C. A. Jefiries, et al,
(2003}, Journal of Biclegical Chemistry 278:26258-26264; N. T, Horwood, et al., (2003}, The Journal of
Experimental Medicine 197:1603-1611; Twaki e g/, (2005), Jowrnal of Bivlogical Chemisizy 280(48):40261-40270;
Vassilev e al. (1999, Journal of Biclogical Chemistry 274{33:1646-1636, and Quek e al. (1998), Currens Biology
B(201:1137-1140,

SUMMARY OF THE B

[0003] Descrived herein are inhibitors of Bruton’s tyrosine kinase {Btlk). Also described herein are ireversible

FOMDISCLOSURE

inhibitors of Btk Further described are irreversible inhibitors of Bik that form & covalent bond with a cysteine
residue on Bt Further described herein are irreversible inhibitors of other tyrosing kinases, wherein the other
tyrosing kinases share homology with Bthk by having z cysteing residue (inclading a Cys 481 residue) that can form a
covalent band with the irreversible inhibitor (such tyrosine kinases, are referred herein as “Bik tyrosine kinase
cysieine homologs”}. Also described herein are methods for synthesizing such wreversible inhibitors, methods for
using such irreversible inhibitors in the ireatment of dissases (including disesses wherein frreversible inhibition of
Btk provides therapeutic benefit to a patient having the dissase). Purther described are pharmacsutical formutations
that include an trreversible inhibitor of Btk

[0G06) Compounds deseribed herein include those thet have & structure of any of Formula (A}, Formula (B},
Formula {C), or Formulz (D), and pharmacentically acceptable salts, soivates, esters, acids and prodrugs thersof. In
certain embodiments, tsomers and chemically protecied forins of compounds having a struciure represexnted by any

of Formula (A), Formula {B), Formula (C), or Formula {D), are also provided.



[063006a} In one aspect, there is provided a compound of Formula (D) having the structure:

LE/A(
NH,
T
/
L~ s
Y-
~z Rs
Rg Ry Formula (D)

wherein:

L,is CH,, O, NHor§;

Ar is a substituted or unsubstituted aryt, or a substituted or unsubstituted heteroaryl;

Y is an optionally substituted group selected from among alkyl, heteroalkyl, cycloalkyl,

_heterocycloalkyl, aryl, and heteroaryl;
Z is C(=0), OC(=0), NRC(=0}, C(=8), 8(=0),, OS(=0),, NRS(=0),, where x is 1 or 2;
R is H or C;-Cgatkyl; and

~ Ry and R are independently selected from among H, unsubstituted C;-C, alkyl, substituted C;-

Cualkyl, unsubstituted C,-Ciheteroalkyl, substituted C;-Cshetervalkyl, unsubstituted Cs-

_Cyeycloalkyl, substituted Cs-Cgeycloalkyl, unsubstituted Co-Cgheterocycloalkyl, and

substituted C;-Cgheterocycloalkyt; and

R, is H, substituted or unsubstituted C;-C,alkyl, substituted or unsubstituted C;-Cyhetercaikyl, Cy-

Csalkoxyalkyl, C;-Cyalkylaminoalkyl, substituted or unsubstituted Cs-Cyeyeloalkyl,

~ substituted or unsubstituted aryl, substituted or unsubstituted C;-Cgheterocycloalkyl,

substituted or unsubstituted heteroaryl, C;-Cialkyl(aryl), C;-Cjalkyl(heteroaryl), C,-
Caalkyl(Cs-Cyeycloalkyl), or C-Caalkyl(Ca-Ceheterocycloalkyl);

~ wherein Rg, Ry, and Ry are not all H;

or pharmaceutically acceptable saits thereof,

{0007 In one aspect, provided herein is a compound of Formula (D). Formula (DD} is as follows:

la
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symptoms of dicases, disorders or conditions that are modufated or otherwise affected by tyrosine kinase activity, or

in which tyrosine kinase activity is implicated, are provided. The effective amounis and concentrations are effective

for ameliorating any of the symptoms of any of the diseases, disorders or conditions disclosed herein.
[6018) In certain embodiments, provided herein is a pharmaceutical composition containing: i} a

physiologically acceptable carrier, diluent, and/or excipient; and i) one or more compounds provided herein.

[0018a)] In one aspect, there is provided a compound selected from among:

(E)-1-{3-{4-amino-3-{(4-phenoxyphenyl)-1 H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin- 1 -y1)-4-

{dimethylaminoibut-2-en-1-one; (E)-1-(3-(4-amino-3-(4-phenoxyphenyl}-1H-pyrazolo{3,4-d]pyrimidin-1-

ylpiperidin-1-yi}-4-methoxybut-2-en-1-one; (E}-1-(3-(4-amino-3-(4-phenoxyphenyl)- 1H-pyrazolo[3.4-

dipyrimidin-1-yl}piperidin-1-yl)but-2-en-1-one; (E)-N-({15,48)-4-(4-amino-3-(4-phenoxyphenyl)-1H-

pyrazolo[3,4-d]pyrimidin- I -vl)cyelohexyl}-4-(dimethylamino)but-2-enamide; (E)-N-((1s,4s)-4-(4-amino-3-

{4-phenoxyphenyl}-1H-pyrazolo{3,4-dlpyrimidin- 1-yl)eyclohexyl)-4-methoxybut-2-enamide; {E)-N-

{{1s,48)}-4-(4-amino-3-(4-phenoxyphenyl)- 1H-pyrazolo[ 3,4-d]pyrimidin-1-yl)cyclohexyl)but-2 -enamide;

.

(E)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-dJpyrimidin- 1 -yl)pyrrolidin-1-y1)-4-

(dimethylamino)but-2-en-1-one; (F)-1-(3-(4-amino-3-(4-phenoxyphenyl)- I H-pyrazolo[3.4-d]pyrimidin-1-

vhpyrrolidin-1-yl}-4-methoxybut-2-en-1 -one; (E)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3.4-

d)pyrimidin-1-yDpyrrolidin-1-ylybot-2-en-1-one; (E)-1-(4-(4-amino-3-(4-phenoxyphenyl)-1H-

pyrazolo[3,4-d]pyrimidin-1-yDpiperidin-1-y)-4-(dimethylamino)but-2-en-1-one; (E)- 1-(4-(4-amino-3-(4-

phenoxyphenyl)-1H-pyrazolo{3,4-dJpyrimidin-1-yl)piperidin- i -v1}-4-methoxybut-2-en-1-one; (E)-1-(4-(4-

amino-3-(4-phenoxyphenyt)- | H-pyrazolo[ 3 4-dJpyrimidin- 1 -yDpiperidin-1-yl)but-2-en-1-one; (E}-N-(2-(4-

amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3.4-d]pyrimidin-1-yDethyl)-4-{dimethylamino)}but-2-enamide;
{E)-N-(2-{4-amino-3-(4-phenoxyphenyl}-1H-pyrazolo[3,4-d]pyrimidin- 1 -y}Hethyl)-4-{ dimethylamino)-N-
methylbut-2-enamide; (E)-N-(2-{4-amino-3-(4-phenoxyphenyl}-1H-pyrazoio[ 3,4-d]}pyrimidin-1-yDethyl)-

4-methoxybut-2-enamide; (E)-N-(2~(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-

ylethyl}-4-methoxy-N-methylbut-2-enamide; (E)-N-(2-(4-amino-3-(4-phenoxyphenyl}-1H-pyrazolo[3,4-

dlpyrimidin-1-yDethyl)}-4-methoxy-N-methyibut-2-enamide; and (E)}-N~(2-(4-amino-3-(4-phenoxyphenyl)-

_1H-pyrazolo[3 A-dlpyrimidin-1-ylethyl)-N-methylbut-2-enamide.

{0018b] In one aspect, there is provided a composition for the freatment of an autoimmune disease,

wherein the compound has the following the structure:

L{Ar
NH,
N R
L o A~
N
Y.
~z Re
Rg R7 Formula (D)

wherein:

IoisCH;, O, NHor S,

Ar is a substituted or unsubstituted aryl, or a substituted or unsubstituted heteroaryl;
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Y is an optionally substituted group selected from among alkyl, heteroalkyl, cveloalkyl,

_heterocycloalkyl, aryl, and heteroaryl;
Z is C(=0)}, OC(=0)}, NRC(=0), C(=S), S(=0),, 05(=0),, NRS{=0),, where x is | or 2;
‘ R is H or C;-Cgalkyl; and
R; and Ry are independently selected from among H, unsubstituted C;-C, alkyl, substituted C;-

Caalioyl, unsubstituted C;-Ciheteroaliyl, substituted C;-C,heteroalkyl, unsubstituted Cs-

Csoveloalkyl, substituted Cy-Cyeveloalicyl, unsubstituted C,-Cgheterocycloalkyl, and

substituted C,-Ceheterocycloalkyl; and

R, is H, substituted or unsubstituted C;-Cialkyl, substituted or unsubstituted C,-Csheteroalleyl, C)-

Cealkoxyalkyl, C,-Cgalkylaminoalkyl, substituted or unsubstituted C;-C¢oycloalkyl,

substituied or unsubstituted aryl, substituted or unsubstituted C,-Cgheterocycloalkyl,

substitted or unsubstituted heteroaryl, C;-Cjalkyl{aryl), C,-Cqalkylthetercaryl), C;-
Chalkyl{C;-Coeyceloalkyl), or Ci-Cyalkyl{Cy-Ceheterocycloalkyl);

wherein Rg, R4, and Rg are not all H;

or pharmaceutically acceptable salts thereof.

[0019] In one aspect, provided herein are methods for treating a patient by administering a compound
provided herein. In some embodiments, provided herein is a method of inhibiting the activity of tyrsoine kinase(s),
such as Btk, or of treating a disease, disorder, or condition, which would benefit from inhibition of tyrosine
kinase(s), such as Bik, in a patient, which includes administering to the patient a therapeutically effective amount of
at least one of any of the componnds herein, or pharmaceutically acceptable salt, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically acceptable solvate.

[0020} In another aspect, provided herein is the use of a compound disclosed herein for inhibiting Bruton’s
tyrosine kinase (Btk) activity or for the treatment of a disease, disorder, or condition, which would benefit from

inhibition of Bruton’s tyrosine kinase (Btk) activity.

{0021} In some embodiments, compounds provided herein are administered to a human.
[6022] In some embodiments, compounds provided herein are orally administered.
[06023] In other embodiments, compounds provided herein are used for the formulation of a medicament for

the inhibition of tyrosine kinase activity. In some other embodiments, compounds provided herein are used for the
formulation of a medicament for the inhibition of Bruton’s tyrosine kinase (Btk) activity.

[0024] Articles of manufacture including packaging material, a compound or composition or pharmaceutically
acceptable derivative thereof provided herein, which is effective for inhibiting the activity of tyrosine kinase(s), such
as Btk, within the packaging material, and a label that indicates that the compound or composition, or
pharmaceutically acceptable salt, pharmaceutically active metabolite, pharmaceutically acceptable prodrug, or
pharmaceutically acceptable solvate thereof, is used for inhibiting the activity of tyrosine kinase(s), such as Bik, are

provided.

4a




[0025] In another aspect are inhibited tyrosine kinases comprising a Bruton’s tyrosine kinase, a Bruton’s

tyrosine kinase homolog, or a Btk tyrosine kinase cysteine homolog thereof covalently bound to an inhibitor having

the structure;

L;—Ar
NH,
N7
L A
N
Y.
\Z R
>. { Ry
Re oY wherein VYV indicates the point of attachment between the inhibitor and the

tyrosine kinase. In a further embodiment, the inibitor is covalently bound to a cysteine residue on the tyrosine
kinase.

[0026] In a further aspect, provided herein is a method for inhibiting Bruton’s tyrosine kinase in a subject in need
thereof by administering to the subject thereof a composition containing a therapeutically effective amount of at

least one compound having the structure of any of Formuia (A), Formula (B), Formula (C}, or Formula (D). In some
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