
WO 2007/087068PCT/ U S2006/049489 INHIBITORS OF TYROSINE
KINASES AND USES THEREOF RELATED APPLICATIONS 100011
This application claims benefit of U.S. Provisional Application No.
60/758,617 entitled "INHIBITORS OF TYROSINE KINASES" filed January
13, 2006, which is herein incorporated by reference; FIELD OF THE
INVENTION 100021 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 INVENTION 100031 Bruton's tyrosine lcinase (Btk), a member of
the Tec family of non-receptor tyrosine lcinases, is a key ." . .. ,. signaling
enzyme expressed in all hematopoietic cells types except T lymphocytes
and natural killer cells. Btic plays an essential role in the B-cell signaling'
platMtjay linking cell surface B-cell receptor (BCR) stimulation to
downstream intracellular responses. 100041 Mk is a key regulator of
B-cell development, activation, signaling, and survival (Kurosaki, Curr Op
hum, 2000, 276-281; Schaeffer and Schwartzberg, Curr Op Imm
2000,282-288). In addition, Btk plays a'role in a number of other
hematopoetic cell signaling pathways, e.g., Toll lac receptor (TLR) and
cytokine receptor-mediated l'NF-a production in macrophages, IgE
receptor (FcepsilonRI) signaling in Mast cells, inhibition of Fos/APO-1
apoptotic signaling in B-lineage lymphoid cells, and collagen-stimulated
platelet aggregation. See, e.g., C. A. Jeffries, et al., (2003), Journal of
Biological Chemistry 278:26258-26264;N. J. Harwood, et al, (2003), The
Journal of Experimental Medicine 197:1603-1611; Iwald et al. (2005),
Journal of Biological Chemistry 280(48):40261-40270; Vassilev et at
(1999), Journal of Biological Chemistry 274(3):1646-1656, and Quek et at
(1998), Current Biology 8(20):1137-1140. SUMMARY OF THE
INVENTION [0005) Compounds, compositions and methods for inhibiting
the activity of a subset of tyrosine kinases (such as Btk) are provided. In
one embodiment, compounds provided herein are used to inhibit Bruton's
tyrosine kirtase . (8th), and are thus inhibitors of Btk. Processes for the
preparation of compounds that inhibit the activity of certain tyrosine
Idnases, compositions that include thc compounds, as well as methods of
use thereof are provided. 100061 Compounds provided herein include
those that have a structure of Formula (la), Formula (lb), Formula (lc),
Formula (11), Formula (III), Formula (Ma), Formula (1IM), Formula (Mc),
Formula (IV), Formula (V), and/or Formula (VI), and phamiaceutically
acceptable salts, solvates, esters, acids and prodrugs thereof. In certain
embodiments, isomers and chemically protected forms of compounds
having a structure represented by Formula (Ia), Formula (Ib), Formula (Ic),
Formula (II), Formula (HI), Formula (Ma), Formula (Mb), Formula (Mc),
Formula (rv), Formula (V), and/or Formula (VI), are also provided. 100071
In one aspect, provided herein are compounds of Formula (III): R8Rb  W
M-L (i) In Formula (III)  WO 2007/087068PCT/US2006/049489 



2 wherein: le and le are each independently selected from among H,
halogen, CM, NO2, CI-Calkyl, and CI-ColkoxY; T is
1,6-dimethy1-9-oxo-8,9-dihydro-1H-imir16/0[4,5-h]isoquinolin-2,7-ylene, or
1,7-climethyl-9-oxo-8,9- dihydro-111-imidazo[4,5-h]isoquinolin-2,6-ylene;
L is -X2504-Y250- or -Y250-X2504-, wherein, X2504 is a substituted or
unsubstituted CI-C6alkyl, substituted or tmsubstituted C1-C6haloalkyl,
substituted or =substituted C3-C6cycloalkyl, substituted or unsubstituaed
C5-C8cycloalkenyl, substituted or unsubstituted C2-C6alkenyl, substituted
or unsubstituted C2-C6haloalkenyi, substituted or unsubstituted
C2-C6alicynyl, or substituted or unsubstituted CrC6haloalkynyl; Y25 is a
bond, -0-, -S(=0)-, -S(=0)2-, CO}, -NR45-, -NH-, 44HC(=0)-, -1.71e5C(-0)-,
-N11.45C(=0)Nles-, -C(=0)NH-, -C(=0)N12.42-, -0C(=0)-, -C(=0)0-,
-NHS0r, -NR45S02-, -SO2NH-, -S02NR.45-, -C(12.45)=N0-,-ON=CH-,
heteroaryl, aryl, -NHC(-0)0-, -04=0)NH-, -NR45C(=0)0-, Or -0C(=0)NR45-;
where each R45 is independently selected from among hydrogen,
substituted or =substituted Cr C6allcyl, substituted or =substituted
C3-C9cycloalkyl, substituted or unsubstituted C2-C6alkenyl, substituted or
unsubstituted C2-C6allcynyl; M is N or CH; RIMEwoo W is 414C-'NC ->ss
or E is oxygen or sulfur; RID is halogen, -OH, or an optionally substituted
group selected from among CI-C6alkyl, C2- C6alken.yl, C2-C6alkynYl,
phenyl, CI-C4aLkyl(phenyl), C3-C6cycloalkyl, CI-Calkyl(C3- Cgcycloalkyl),
C2-Csheterocycloalkyl, CI-C4alkyl(C2-Ctheterocycloalkyl), heteroaryl,
CIC4alkyl(beteroary1), CI-Calkoxy, C1-C6alkenylexy, CI-C6alkynyloxy, or
-NR 102aR1102b; RI24 and RI25 are independently hydrogen, or an
optionally substituted group selected from among            C2-C6alkenyl,
C2-C6alkynyl, aryl, stalky', heteromyl, heteroarallcyl, CrCacycloalkyl,
CI-C4alkyl(C3-Cscycloallcyl), C2-05heterocycloallcyl, and
CI-C4allcyl(C2-Csheterocycloalky0; R29 is an optionally substituted group
selected from among CrCleacyl, Crcsalkenyl, C2-C6alkYllY1,
C3-C6cycloalkyl, CI-C4alkyl(C3-C6cycloalkyl), aryl, heteroaryl,
bete:morality], CI-C6alicylsulfonyl, C2-C6alkenylsulfonyl, arylsulfonyl,
heteroarAsulfonyl, Cremallcoxycarbonyl, aminosulfonyl,
CIC6alkylamitto5ulfonyl, di(Ci-Colicypaminosulfonyl, and
C1-C6alkylsulfonylarnino; R350 is hydrogen, a substituted or
unsubstituted C1-C6allcyl, a substituted or unsubstituted C2-C6alkenyl, a
substituted or unsubstituted C2-C6alkyrtyl, a substituted or =substituted
C1-C6haloalkyl, a substituted or unsubstituted C2-C6haloalkenyl, or a
substituted or unsubstituted C2-C6haloalkynyl; oils 0, 1, or 2; and
pharmaceutically active metabolites, pharmaceutically acceptable
solvates, pharmaceutically acceptable salts, or pharmaceutically
acceptable prodrugs thereof. 100081 For any and all of the embodiments,
substituents can be selected from among from a subset of the listed
alternatives. For example, in some embodiments, T is
1,6-dimethy1-9-oxo-8,9-clihydro-111-imidazo(4,5- 



WO 20071087068PCT/US2006/049489 3 hlisoquinolin-2,7-ylene. In other
embodiments, T is
1,7-dimethyl-9-ozo-8,9-dihydro-IH-imidazot4,5-Nisoquinolin2,6-ylene.
100091 In some embodiments, T is
1,6-dimethyl-S-oxo-8,9-dihydro-111-imidazo[4,5-hjisoquinolin-2,7-ylene
rTh W substituted at the 2 position with350aand substituted at the 7
position with)  n 10010) In other embodiment, Y25 is a bond, -0-, -8(=0)-,
-S(=0)2-, -C(=0)-, -NH-, -NIIC(=-0)-, -N1lC(=0)NH-,            -OC(=O)-,
-C(---0)0-, -N11802-, -SO2NH-, -NHC(=0)0-, or -OC(0)NH-; E is 0; and
R35 is hydrogen, a substituted or unsubstituted C1-C6alkyl, or a
substituted or nnsubstituted CI-C6haloalkyl. 100111 In some
embodiments, H250' is hydrogen or a substituted or unsubstituted
CI-C6alkyl. In yet other embodiments, R3505 is hydrogen or a
CrC6a1ky1. In yet other embodiments, R350 is hydrogen. 100121 In
some other embodiments, X250 is a substituted or unsubstituted
CI-C6alkyl, substituted or unsubstituted C1-C6haloallcyl, substituted or
unsubstituted C2-C6alkenyl, substituted or unsubstituted
C2-C6haloalkenyl, substituted or unsubstituted C2-C6allcynyl, or
substituted or unsubstitated Cre6haloalkynyl; and n is 1. In other
embodiments. X2505 is a substituted or unsubstituted C1-C6alkyl, or a
substituted or unsubstituted C2-C6alkenyl. VW 131 In some
embodiments, compounds provided herein have a structure selected from
among:  bRaR 1/ 0 Rion \\F[MN-L-N \ Rams Formula (ma);Formula bRaR



(lIb); and R20{)-N N-L Rama Formula (Inc). 100141 In certain
embodiments, R' is halogen, or an optionally substituted group selected
from among Cr Coalkyl, C2-Cealkenyl, C2-C6allcynyl, phenyl,
CI-Calltyl(phenyl), C3-05cycloalkyl, CI-C4allcyl(C3-C2cycloallcy1), Cr
Cshetemcycloalkyl, CI-Callcyl(C2-C2heterocycloalkyl), heteroaryl, and
CI-C4alkyl(heteroary1); IC2 is an optionally substituted group selected
from among C2-Culacyl, C2-C6alkenyl, CrC6alkynyl, C3-C6eycloalkyl,
CrCallcyl(C3- C6cycloalkyl), aryl, hateroaryl, beteroarallryl,
Cresallcylsulfonyl, C2-C6alkenylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
CI-Coalkoxycarbonyl, aminosulfonyl, C1-C6alkylaminosulfonyl, and
di(CICoalkyl)aminosulfonyl. 100151 In some embodiments, R35 is
hydrogen; Y25 is a bond, -C(=-0)-, -NHC(=0)-, -C(=0)NH- [00161 In other
embodiments, L is selected from among: 00 CI-C4 alkyl,
.14--1\-)C7-'''.trrCN)CI '1/4(Ni0i, and 0  WO
2007/087068PCT/US20116/049489 4 H0 C1-C4 alky1,, andH . 100181 In
one embodiment, compounds provided herein have a structure of Formula
(Ilk). In other embodiments, compounds provided herein have a structure
of Formula (IlIa). In yet other embodiments, compounds provided herein
have a structure of Formula (III). 100191 In some embodiments, L is
C1-C4 alkyl or; and R20{1 is an optionally substituted group selected from
among C2-Cloacyl, aryl, heteroaryl, heteroarallcyl, C1-C6alkylsulfonyl,
C2-C6alkenylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
CI-Clealkoxycarbonyl, aminosulfonyl, CI-C6alkylaminosulfonyl, and
di(CICsalkypaminosulfonyl. 100201 In other embodiments, It' is an
optionally substituted group selected from among C2-Cleacyl, aryl,
heteroaryl, hetemaraLkyl, Carylsulfonyl, heteroarylsulfonyl.
CI-Clealkoxycarbonyl, aminosulfonyl, C1-C6alkylaminosulfonyl, and
di(CI-Csalicyl)aminosulfonyl. 0 0 100211 In one aspect, L is selected from
among CI-C4 alkyl,"It, and 



R.' is an optionally substituted group selected from among CI-C6alicyl,
C2-C6alkenyl, C2-C6alkYnyl, phenyl, C1- C4alkyl(phenyl),
Ca-Cacycloalicyl, C1-e4allcyl(C3-Cseycloalkyl), C2-05heterocycloalkyl,
CI-C4alkyl(Ca05heterocycloalkyl), heteroaryl, and CnC4alkyl(heteroary1);
11.25 is an optionally substituted group selected from among 02-C15acyl,
aryl, heteroaryl, heteroaralkyl, CI-C6alkylsulfonyl, arylsulfonyt,
heteroarylsulfonyl, C1- Cloalkoxycarbonyl, aminosulfonyl,
CI-Calkylaminosulfonyl, and di(CI-C6alkyl)aminosulfonyl. 100221 In some
embodiments, T is
1,7-dimethy1-9-oxo-8,9-dihydro-1H-imirlam[4,5-h]isoquinolin-2,6-ylene Rb
irTh W \() n substituted at the 2 position withR--"..a and substituted at the
6 position with 100231 In yet other embodiments, Y25 is a bond, -0-,
-Se-01-, -S(=0)2-, -CC-01-, -NH-, -NHC(=0)-, -NTIC(=0)N11-, -C(=0)NH-,
-0C(s40)-, -C(0)O-, -NHS02-, -SO2NH-, -NHC(s-0)0-, or -0C(=0)N1-1-; E
is 0; and R.350' is hydrogen, or a substituted or unsubstituted C1-C6alkyl.
100241 In certain embodiments, X250a is a substituted or unsubstituted
C1-C6alkyl, substituted or unsubstituted CiC6haloalkyl, substituted or
unsubstituted C2-C6alkenyl, substituted or unsubstituted
C2-C6haloallcenyl, substituted or unsubstituted C2-C6alkynyl, or
substituted or unsubstituted C2-C6baloalkynyl; and n is 1. 100251 In
some embodiments, R'" is halogen, or an optionally substituted group
selected from among CI-Coll.-A C2-C6alkenyl, C2-C6alkynyl, phenyl,
C1-C4alkyl(phenyl), C3-C8cycloalkyl, CI-C4alkyl(C3-C6cycloallcyl),
CaCsheterocycloalkyl, CeC4allcy1(02-Csheterocycloalkyl), heteroaryl,
and C1-Calkyl(heteroary1); 11200 is an optionally substituted group
selected from among C2-Cl0acyl, C2-Csalkenyl, C2-C6alkynyl,
C3-C6cycloalkyl, C1-Calkyl(C3- C6cycloalkyl), aryl, heteroatyl,
heteroarallcyl, CI-Csalltylsulfonyl. CT-C6allcenylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, C1-Ct0alkoxycarbonyl, aminosulfonyl,
C1-C6alkylaminosulfonyl, and di(CrCoalkyl)aminosulfonyl. . 100261 In
other embodiments, R350' is hydrogen; Y25 is -C(0)-; and X2' is a
substituted or misubstituted C C6allcyl.  WO
2007/087068PCTIUS2006/049489 5 cir 1 100271 In certain embodiments,
L is0 100281 In some embodiments, compounds provided herein have a
structure of Formula (Lifb). In other embodiments compounds provided
herein have a structure of Formula (Ma). In yet other embodiments,
compounds provided herein have a structure of Formula (Ilk). 100291 In
another embodiment, provided herein are compounds of Formula (IV): Rb
Y..  R35Da  



Formula (IV) wherein: ab and le are each independently selected from
among H, halogen, CN, NO2,Cr-C4haloalkYl, and CrCalkoxy; T Is
I,6-dimethy1-9-oxo-8,9-dihydro-1H-imidaeo[4,5-la]isoquinolin-2,7-ylene; R'
is -OH, or -NH-C(0)-IC; IC is H or Ci-Calkyl, halogen, or C1-C4haloalkyl;
IC is a substituted or unsubstituted group selected from among CI-C6
alkyl, aryl, or heteroaryl; and pharmaceutically active metabolites,
pharmaceutically acceptable solvates, pharmaceutically acceptable salts,
or pharmaceutically acceptable prodrugs thereof, 100301 In some
embodiments, T is
1,6-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,7-ylene,
Rb Rd. R350a substituted at the 2 position withand substituted at the 7
position with RC- 100311 In certain embodiments, le is H; and le is a
substituted or unsubstituted group selected from among aryl, and
heteroaryl. In yet other embodiments, le is a substituted or unsubstituted
group selected from among phenyl, and heteroaryl containing I or 2 N
atoms. 100321 In another embodiment, provided herein are compounds of
Formula (V):  L--N IRB-sR350a 0 Formula (V) wherein: IC and Rb are
each independently selected from among H, halogen, CN, NO2,
Cratalicyl, and C1-C4alkoxy; T is
1,6-dimethyl-9-oxo-8,9-dihydro-IH-imidazo[4,5-h]isoguinolin-2,7-ylene, or
1,7-dimethy1-9-oxo-8,9- dihydro-IH-irnidazo[4,5-hlisoquinolin-2,6-ylene; 



L is -XaSpa-Y25(1-X2505- or -X25ab-Y25D-X2S'-, wherein,  WO
2007/087068PCT/11S2006/1149489 6 x2505 is a bond, substituted or
=substituted C1-C6alkyl, substituted or =substituted CI-C6haloalkyl,
substituted or unsubstituted C3-05cycloalkyl, substituted or unsubstituted
Cs-Cacycloalkenyl, substituted or =substituted C2-C6alkenyl, substituted
or =substituted C2-05haloalkenyl, substituted or unsubstituted
C2-C6alkynyl, or substituted or unsubstituted C2-05haloa1kynyl; Y250 is a
bond, -0-, -S(=0)-, -S(=0)2-, -Ce=0)-, -NR45-, -NH-, -NHC(=0)-,
-NR45C(=0)-, -NR45C(=0)NR45-, -C(=-0)NH-, -C(=0)NR45-, -0C(=0)-,
-C(=0)0-, -NHS02-, -NR45S02-, -S02N11-, -SO2NR45-, -C(R45)=N0-,
-01=N0-, -ON=C11-, heteroaryl, aryl, -NHC(----0)0-,
-0Ce=0)N11-,or-OC(-0)NR45-; X2505 is a bond, substituted or
unsubstituted CI-C6allcyl, substituted or =substituted C1-C6laaloalkyl,
substituted or =substituted CrCBcycloalkyl, substituted or =substituted
Cs-Cricycloalkenyl, substituted or unsubstituted C2-C6alkenyl, substituted
or unsubstituted Ci-C6haloalkenyl, substituted or =substituted
C2-05alltynyl, or substituted or unsubstituted C2-C6haloalk3n3t where
each R45 is independently selected from among hydrogen, substituted or
=substituted CiCsalkyl, substituted or unsubstituted CrCacycloalkyl,
substituted or unsubstituted C2-C6alkenyl, substituted or unsubstituted
C2-C6alkynyl; R' is a substituted or =substituted group selected from
among CI-05 alkyl, aryl, or heteroaryl; Ram is hydrogen, a substituted or
=substituted CI-C6alkyl, a substituted or =substituted C2-C6alkenyl, a
substituted or =substituted C2-C4alk3nyl, a substituted Or unsubstituted
C1-C6haloalkyl, a substituted             or unsubstituted C2-C6haloalkenyl,
or a substituted or unsubstituted C2-Cchaloallcynyl; and pharmaceutically
active metabolites, pharmaceutically acceptable solvates,
pharmaceutically acceptable salts, or pharmaceutically acceptable
prodrugs thereof. 100331 In certain embodiments, T is
1,6-dimethy1-9-oxo-8,9-dihydro-III-irnidazo[4,5-11isoquinolin-2,7-ylene
RhaR    100341 In other embodiments, Y25 is a bond; and R350' is
hydrogen, a substituted or =substituted C1-C6alkyl, a substituted or
=substituted C1-C6haloalkyl. 100351 In one aspect, Xama is a bond; and
X225a is a bond. 100361 In another aspect, T is
1,7-dimethy1-9-oxo-8,9-dihydro-IH-imidazo[4,5-h]isoquinolin-2,7-ylene
substituted RyRbi 0  \ 



at the 2 position withRama and substituted at the 6 position with0 100371
In some embodiments, Xam is a bond, substituted or unsubstituted
CI-Cralkyl; Y25 is a bond, -0-, -C(=0)- ,-NR45C(=0)-,
-NHC(---0)N11-,-0C(=0)-,-NHC(=0)0-, or -0C(=0)NH-; and X250b is a
bond, substituted or unsubstituted CI-Cralkyl, or substituted or
unsubstituted CI- cshaloalkyl. 100381 In some embodiments, R3505 is
hydrogen, a substituted or unsubstituted CI-C6allcyl, a substituted or
unsubstituted CI-Crbaloalkyl. In some embodiments, Rm5 is hydrogen.
100391 In other embodiments, Y250 is a bond, -NIIC(-0)-, -C(0)NH-,
-000)-, or 1011401 In another aspect. provided herein are compounds of
Formula (VI):  7 Rb Rf TM 2 \ RgRasps Formula (VI) wherein. It" and Rb
are each independently selected from among H, halogen, ON,
NO2,C1-C4haloalkyl, and CrOalkoxY; is
1,6-dimethy1-9-oxo-8,9-dihydro-IH-imiciazo[eLd-hjisoquinolin-2,7-ylene, or
1,7-djmethyl'9-oxo-8,9- dihydro- I H-irrxidazo[4,5-Nisoquinclin-2,6-ylene; L
is abubstituted or unsubstituted OrCealkyl, substituted or unsubstituted
CI-Cohaloalkyl, substituted or unsubstituted C1-O6lieteroalkyl, substituted
or unsubstituted CI-C8cycloalkyl, substituted or 10unsubstituted
0,-Cguycloalkenyl, substituted or unsubstituted Cg-Cealkenyl, substituted
or 



unsubstituted C2-Cdheteroalkenyl, substituted or unsubstituted
Oric,haloalkenyl, substituted or unsubstituted C2-C6alk>tryl, or substituted
or unsubstituted C2-C6haloalkynyl; Rf is a substituted or unsubstituted
C,-Colkynyl;              R4 is H, or an optionally substituted group selected
from among OrCipacyl, Ot-C6alkyl, C2-Oolkenyl, C2" 15Coalksmyl,
O,-C6cycloalkyl, Cra4alkyl(C3-C6cycloalkyl), aryl, heteroaryl,
heteroaralkyl, Of- Colkylsulfonyl, OrCsalkenylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, CI-Cwalkoxycarbonyl, aminosulfonyi,
CpCsalkylamincsulfonyl, and di(CrO6alkyl)aminosulfonyl; R35' is
hydrogen, a substituted or unsubstituted CI-Cgalkyl, a substituted or
unsubstituted Orcalkenyl, a                  substituted or =substituted
C2-C6alkynyl, a substituted or unsubstituted C,-C6haloalkyl, a substituted
20or unsubstituted Cs-C6haloalkenyl, or a substituted or =substituted
Cs-C6haloalkynyi; and pharmaceutically active metabolites,
pharmaceutically acceptable solvates, pharmaceutically acceptable salts,
or pharmaceutically acceptable prodrugs thereof. [0041] In some
embodiments, T is
1,6-dimethy1-9-oxo-8,9-dihydro-11-1idazo[4,5-hiisoquinolin-2,7-yiene  R
;_< sRf \N-L substituted at the 2 position withR350and substituted at the 7
position with Rg 25f0042) In some embodiments, L is a substituted or
=substituted OrC6alkyl, substituted or unsubstituted Ci- Cohaloalityl,
substituted Or unsubstituted CI-05heteroalkyl, substituted or unsubstituted
Cs-Coalkenyl, or substituted or unsubstituteci CrO6heteroalkenylt and
R"t'a is hydrogen, a substituted or unsubstitutedIn other embodiments, L
is a substituted or unsubstituted C,-C6alleyl, substituted or unsubstituted
CI-Ceheteroalkyi, substituted or unsubstituted Ca-C6alkenyi, or
substituted or unsubstituted C2-C6heteroalkenyi. 30100431 In other
embodiments, R5 is H, or an optionally substituted group selected frOm
among C2-Cl0acyl, CI-         C;.-Oealkenyl, O.,-Cealkynyl,
CI-Cealicylsulfonyl, C2-C6alkenyisulfonyi, aryisulfonyi, heteroarylsulfonyl,
Or C oCloalkOXyCarbOrlyl, 100441 In some embodiments, L is a
substituted or =substituted CI-Coalkyl, or substituted or unsubstituted Cr
Cealkenyl; and Rt is H. or an optionally substituted CI-O6alkyl. [0045] In
some embodiments, L is selected from among a substituted or
unsubstitutedsubstituted or 



unsubstituted OI-C6haloalkyi, substituted or unsubstituted C2-C6alkeny/,
substituted or unsubstiturad C2-  WO 2007/087068PCT/US20061049489
8 Cebaloalicenyl, substituted or unsubstituted C2-C6alkyny1, or
substituted or unsubstituted C2-C6haloallcynyl, 0 ,Act,`11CNITI0 and
100461 In other embodiments, L is selected from among a substituted or
unsubstituted C1-C6alkyl, substituted or 0  ly1",roc"N   unsubstituted
C2-C6allwayl, '1/41-10N 0 and 100471 In yet other embodiments, IL is
selected from among a substituted or unsubstituted C1-C6alkyl,
substituted 00 Y-/N or unsubstituted C2-C6alkenyl,,, and 100481 Any
combination of the groups described above for the various variables is
contemplated herein. It is understood that substituents and substitution
patterns on the compounds provided herein can be selected by one of
ordinary skill in the art to provide compounds that are chemically stable
and that can be synthesized by techniques known in the art, as well as
those set forth herein. 100491 In one aspect, provided herein is a
compound selected from among:
2-(4-fluoro-2-methylphenylamino)-1,6-dimetlay1-743-(4-methy1-4-oxo-41?
Al,41azaphosphinan-1-y1)-propenyl]-1,8-
dihydro-imidazo[4,5-Nisoquinolin-9-one (Compound 1);
2-(2,6-dichloro-phenylamino)-1,6-dimethy1-743-(4-
methyl-4-oxo-4X5[1,4)azaphosphinan-l-y1)-propeny1)-1,8-dihydro-irnidaz
o[4,5-kisoquinolin-9-one (Compound 2);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-743-(4-oxo-4-phenyl-0.54
1,4]azaphosphinan-l-y1)-propeny11-1,8-
dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 3);
2-(3-fluom-6-methylphenylainino)-1,6-dimethyl-7-13-(4-
oxo-4-phenyl-4X541,4)azaphosphinan-1-y1)-propeny1]-1,8-dihydro-imidaz
o[4,5-11Jisoquinolin-9-one (Compound 4);
2-(2,6-dichlorophenylarnino)-1,6-dimethy1-743-(4-ozo-4-phenyl-0.5-[1,4Ja
zaphosphinan-1-y1)-propenyl]-1,8-
dihydro-imidazo[4,5-11]isoquinolin-9-one (Compound 5);
2-(2,4-dichkro-6-methylphenylamino)-1,6-dirnethy1-743-
(4-oxo-4-phenyl-4X5-[1,4]azaphosphinan-1-y1)-propenyl]-1.,8-dihydro-imi
dazo[4,54]isoquinolin-9-one (Compound 6);
2-(3-fluoro-6-methylphenylamino)-1,6-dimethy1-7-I2-K4-oxo-4-phenyl-4X5
-[1,41azaphosphinan-l-y1)-
carbonyljethenyl}-1,8-dihydro-irnidazo[4,5-h]isoquinolin-9-one (Compound
7); 2-(2,4-dichloro-6-
methylphenylamino)-1,6-dimethy1-743-(4-oxo-4-pheny1-4X41,4jazaphosp
hinan-l-y1)-propyl]-1,8-dihydroimidazo[4,5-h]isoquinohn-9-one (Compound
8); 2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-7.2-(4-oxo-4-
phenyl-41.41,41azaphosphinan-1-y1)-propyl)-1,8.dihydro-imidazo[4,5-hlis
oquinolin-9-one (Compound 9); 244-
fluoro-2-methylphenylainino)-1,6-dimethyl-7-[3-(4-oio-4-(4-fluoropheny0-4
X5-[11,4]azaphosphinan-1-y1)-
propenyI]-1,8-dihydro-imidazo[4,5-hlisoquinolin.9-one (Compound 10);
2-(3-fluoro-6-methylphenylarnino)-1,6-
dimethy1-743-(4-oxo-4-(4-methoxypheny1)-4X511,4]azaphosphinan-1-y1)
-propenyl]-1,8-dihydro-imidazo[4,5- ' b]isoquinolin-9-one (Compound 11);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{344-(4-
fluorophenylmethyl)-4-oxo-0.541,41azaphosphinan-1
-yll-propeny1}-1,8-dihydro-inaidazo[4,5-h]isoquinolin-9-one (Compound
12);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-7-4344-(cyclopropylmethy
l)-4-oxe-4X5-
[1,4]azaphosphinan-1-yli-propenyl)-1,8-dihydro.imidazo[4,5-hlisequinolin-9
-one (Compound 13); 2-(4-fluoro-2-
methylphenylamino)-1,6-dimethy1-7-(344-(cyclopropy1)-4-ozo-4X541,41a
zaphosphinan-1-yil-propeny11-1,8-
dihydre-imidazo[4,5-h]isoquinolin-9-one (Compound 14);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-7-{3- 



WO 2007/987968PCTJU S2006/049489 9
[(1-oxo-l-methy1-1X5-pliosplainan-4-y1)-uarbonylaminolmopeny1)-1,8-dih
Ydro-imidazo[4,5-hjisoquinolin-9-one (Compound 15);
2-(4-fluoro-2-methylphonylamino)-1,6-dimethy1-7-{31(1-oxo-1-mans-phen
yl-1X5-phosphinan4-y1)-earbonylamino]propeny11-1,8-dihydro-imidnzo[4,
5-h]isoquinolin-9-one (Compound 16); 2-(4-fluoro-2-
methyl-phen"ylamino)-1,6-dimethy1-743-[(1-oxo-1-ths-pheny1-17.5-phosp
hinan-4-yD-carbonylamino]propenyl)-1,8-
dihydro-imidazo[4,5-h]esoquinolin-9-one (Compound 17);
2-(2,6-dichlorophenylamino)-1,6-dimethy1-7-[3-(Nphenylpiperazin-1-y0-pr
openyl]-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 18);
2-(4-fluoro-2-
methylphenylamino)-1,6-dimothy1-743-(N-phenylpiperazin-l-y1)-propenyl]-
1,8-dihydro-imidam[4,5-h]isoquinolin9-one (Compound 19);
2-(4-f1uoro-2-methyIpheny1amino)-1,6-dimethy1-7-[3-(N-(4-ch1oropheny
1)-piperazin-1-yDpropeny1]-1,8-dihydro-imidazo(4,5-h)isoqui_no1in-9-one
(Compound 20); 2-(4-f1uoro-2-methy1pheny1amino)-14-
dimethy1-7-p-(N-methylcarbonylpiperazin-1-y1)-propenyl]-1,8-dihydro-imid
azo[4,5-hysoquinolin-9-one (Compound 21);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-743-(N-phenylcarbonylpipe
razin- 1 -y1)-propenyll1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one
(Compound 22); 2-(4-fluoro-2-motlaylphenylarnino)-1,6-dimethyl-7-
P-(N-(pyridin-4-y1)-piperazin-l-y1)-propeny11-1,8-dihydro-imidazo[4,5-h]is
oquinolin-9-one (Compound 23); 2-(4-
fluoro-2-methylphenylamino)-1,6-dimethy1-713-(N-methylsullonylpiperazin
-1-34)-Propeny11-1,8-dihydroimidazo[4,5-hlisoquinolin-9-one (Compound
24);
2-(3-f1uoro-2-methylphenylamino)-1,6-dimethy1-7-[3-(Nmethylsulfonylpipe
razin-1-y1)-mropeny1]-1,8-dihydro-imidazo[4,5-h]isoquino1in-9-one
(Compound 25);
2-(4-fluoro2-methylphenylamino)-1,6-dimethy1-743-(N-(pyridin-2-y1)-piper
azin-1-y1)-propeny1)-1,8-dihydro-imidazo[4,5- hlisoquinolin-9-one
(Compound 26);
2-(4-fluom-2-methylphenylamino)-1,6-dimethy1-743-(N-(pyrimidin-2-Y1)-
piperazin-l-y1)-propeny1)-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one
(Compound 27); 2-(4-fluoro-2-
methylphenylanaino)-1,6-dimethy1-7{3-(N-(2,6-dichlomphenylmethyl)-pipe
razin-1-y1)-propenyll-1,8-dihydroimidazo[4,5-0soquinolin-9-one
(Compound 28);
2-(4-fIuoro-2-methy1pheny1amino)-1,6-dimethy1-7-[3-(NphenyIsu1fonyIpi
pernzin-1-yI)-pmpeny1]-1,8-dihydro-imidazo[4,5-h]isoqumolin-9-one
(Compound 29);
2-(4-fluoro2-methylphenylamino)-1,6-dimethy1-743-(N-(4-fluoropheny1)-pi
perazin-l-y1)-propeny11-1,8-dihydro-imicia7o(4,5- h]isoquinolin-9-one
(Compound 30);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-743-(N-tertbutyloxycarbon
ylpiperazin-l-y0-propeny1)-1,8-dihydroanidazo[4,5-h]isoquinolin-9-one
(Compound 31); 2-(4-
fluom-2-methylphenylamino)-1,6-dimethyl-743-(N-(N,N-dimethylaminosulf
ony1)-piperazin-1-y1)-PMpenyl)-1,8-
dihydro-imidazo[4,5-11]isoquinolin-9-one (Compound 32);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-7-(3-(Nethylcathonylpiper
azin-1-y1)-propeny1)-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one
(Compound 33);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-7-[3-(N-(isopropylsulfonyly
piperazin-l-y1)-propeny11-1,8-dihydro-imidazo[4,54ijisoquinolin-9-one
(Compound 34);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-743-(N(ethylsulfony1)-pip
erazin-1-y1)-propeny1]-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one
(Compound 35); 244-
fluoro-2-methylphenylamino)-1,6-dimethy1-743-(N-isopropylcarbonylpiper
azin-l-y1)-propen91)-1,8-dihydroimidazo[4,5-h]isoquinolin-9-one
(Compound 36);
2-(2,6-dich1oropheny1amino)-1,6-dimet.b.y1-7-[2-(phnnylsu1fonyOetheny
1]-1,8-dihydro4rnidazo[4,5-h}isoquino1i'n-9-one (Compound 37);
2-(2,6-dichlosophenylamino)-1,6-dirnethyl7-(1-(plaenylcarbonyIoxy)-prop-
2-cnyl]-1,8-dihydro-imidazo[4,5-hlisoquinolin-9-one (Compound 38);
dichlorophenylamtho)-1,6-dimethyl-741-(phenylcarbonyloxy)-2,2-diflumob
utyny1)-1,8-dihydro-imidazo[4,5- h]isoquino1in-9-one (Compound 39);
2-(2,6-dich1oroplaeny1amino)-1,6-dimethy1-7-[2,2-dif1uoro-1-hydroxy-2-(
Npheny1mmhy1-[1,2,3]Mazo1-4-y1)-ethyl]-1,8-dihydro-imidazo(4,5-h]isoq
uino1in-9-one (Compound 40); 242,6-
dichlorophonylamino)-1,6-dimethyl-7-(1-hydroxy-3-phenylprop-2-yn-1
-y1)-1,8- dihydm-noidazo[4,541isoquinolin9-one (Compound 41);
2-(2,6-dichlorophenylamino)-1,6-dimethy1-743-(N-methy1-N-(prop-2-yny0
amino)P1oP-1- enyll-1,8-dihydro-imidazo[4,5-hlisoquinolin-9-one
(Compound 42); 2-(4-f1uoro-2-methy1phenylamino)-1,6-
dimethyl-743-(N-methvl-N-(prop-2-ynyl)amino)prop-1-enyl]-1,8-dihydro-imi
dazo[4,5-h]isoquinolin-9-one  WO 2007/087068PCT/US2006/049489 10
(Compound 43);
2-(2,6-dichlorophenylamino)-1,6-dimethyl-9-oxo-8,9-dihydro-IH-imidazo[4,
5-h]isoguinoline-7- carbaldeltyde oxime (Compound 44); benzoic acid
[2-(2,6-diehlorophenylamino)-1,6-dimethyl-9-oxo-8,9-dilaydroIH-imidazo[4,
5-lajisoquinolin-7-ylmethylene]-hydrazide (Compound 45);
4-(1V,N-dimethylarnino)-benzoic acid [2-
(2,6-dichlorophenylamino)-1,6-dimethy/-9-oxo-8,9-dihydro-1H-irradazo[4,5
-11}isoguinolin-7-ylmethylene}- hydrazide (Compound 46);
pyridine-2-carboxylic acid
[2-(2,6-diehlorophenylamino)-1,6-dimethy1-9-oxo-8,9-
dihydro-1H-imidazo[4,5-hpsoguinolin-7-ylmethylene]-hydrazide
(Compound 47); pyridine-3-carboxylic acid [2-
(2,6-diehlorophenylarnino)-1,6-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,
5-h]isoguinolin-7-ylrnetlaylene}- hydrazide (Compound 48);
2-methoxy-benzoic acid
[2-(2,6-diehlorophenylarnino)-1,6-dimethy1-9-oxo-8,9-dihydro1H-imidazo[
4,5-11lisoguinolin-7-ylmethylene]-hydrazide (Compound 49);
2-(4-fluoro-2-methylphenylamino)-1,7-
dimethy1-6-12-[4-(4-flouropheny1)-4-oxo-4?![1,4]azaphosphinan-1-y1}-2-o
xoethy11-1,8-dihydro-imidazo[4,5- h]isoguinolin-9-one (Compound 50);
and (S)-2-(4-fluoro-2-mcthylphenylamino)-1,7-dimethy1-6-(1441-
(phenyisulfonyl)laex-1-en-3-y11-amino-2-oxoethyl)-1,8-dihydro-imidazo[4,
5-h]isoguinolin-9-one (Compound 51). 100501 In a further aspect are
provided pharmaceutical compositions, which include a therapeutically
effective amount of at least one of any of the compounds herein, or a
pharmaceutically acceptable salt, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically acceptable
solvate. In certain embodiments, compositions provided herein further
include a pharmaceutically acceptable diluent, excipient and/or binder.
100511 Pharmaceutical compositions formulated for administration by an
appropriate mute and means containing effective concentrations of one or
more of the compounds provided herein, or pharmaceutically effective
derivatives thereof, that deliver amounts effective for the treatment,
prevention, or amelioration of one or more symptoms of dieases,
disorders or conditions that are modulated or otherwise affected by
tyrosine kinase activity, or in which tyrosine ltinase activity is implicated,
are provided. The effective amounts and concentrations are effective for
ameliorating any of the symptoms of any of the diseases, disorders or
conditions disclosed herein. 100521 In certain embodiments, provided
herein is a pharmaceutical composition containing: i) a physiologically
acceptable carrier, diluent, and/or excipient; and ii) one or more
compounds provided herein. [00531 In another aspect, provided herein is
a method for inhibiting Bruton's tyrosine lcinase or a homolog thereof in a
subject in need thereof by administering to the subject a composition.
containing a therapeutically effective amount of any of the
above-mentioned compounds. [0054] Articles of manufacture containing
packaging material, a compound or composition or pharmaceutically
acceptable derivative thereof provided herein, which is effective for
inhibiting the activity of certain tyrosine kinase(s), such as 8th, 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 Bit; are provided. [00551 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 reversible
inhibitor of Bile, including any of the above-mentioned compounds, which
are described herein. In some embodiments, the subject in need is
suffering from an autoimmune disease, e.g., inflanmlatorY bowel disease,
arthritis, lupus, rheumatoid arthritis, psoriatic arthritis, osteoarthritis, Still's
disease, juvenile arthritis, diabetes, myasthenia gravis, liashimoto's
thyroiditis, Ord's thyroiditis, Graves' disease SjOgren's syndrome, multiple
sclerosis, Guillain-Barre syndrome, acute disseminated encephalomyelitis,
Addison's disease, opsoclonusmyoclonus syndrome, ankylosing
spondylitisis, antiphospholipid antibody syndrome, aplastic anemia,
autoimmune  WO 2007/087068PC T/ U S2006/049489 hepatitis, coeliac
disease, Goodpastures syndrome, idiopathic thrombocytopenic purpura,
optic neuritis, sclerodenna, primary biliary cirrhosis, Reliefs syndrome,
Taka- yasu's arteritis, temporal arteritis, warm autoimmune hemolytic
anemia, Wegener's granulomatosis, psoriasis, alopecia universalis,
Beheet's disease, chronic fatigue, dysautonomia, endometriosis,
interstitial cystitis, neuromyotonia, selerodetma, or vulvodynia. 100561 In
other embodiments, the subject in need is suffering from a heteroimmune
condition or disease, e.g., graft versus host disease, transplantation,
transfusion, anaphylaxis, allergy, type I hypersensitivity, allergic
conjunctivitis, allergic rhinitis, or atopic dermatitis. 100571 In certain
embodiments, the subject in need is suffering from an inflammatory
disease, e.g., asthma, appendicitis, blepharitis, bronchiolitis, bronchitis,
bursitis, cervicitis, cholangitis, cholecystitis, colitis, conjunctivitis, cystitis,
dacryoadenitis, dermatitis, den-natomyositis, encephalitis, endocarditis,
endometritis, enteritis, enterocolitis, epicondylitis, epididymitis, fasciitis,
fibrositis, gastritis, gastroenteritis, hepatitis, hidradenitis suppurative,
laryngitis, mastitis, meningitis, myelitis myocarditis, myositis, nephritis,
oophoritis, orchitis, osteitis, otitis, pancreatitis, parotitis, pericarditis,
peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis, pneumonia,
proctitis, prostatilis, pyelonephritis, rhinitis, salpingitis, sinusitis, stomatitis,
synovitis, tendonitis, tonsillitis, uveitis, vagivitis, vasculitis, or vulvitis.
100581 In further embodiments, the subject in need is suffering from a
cancer. In one embodiment, the cancer is a B-cell proliferative disorder,
e.g., diffuse large B cell lymphoma, follicular lymphoma, chronic
lymphocytic lymphoma, chronic lymphocytic leukemia, B-cell
prolymphocytie leukemia, lymphoplasmacytk lyrnphorna/Waldenstrom
maeroglobulinemia, splenic marginal zone lymphoma, plasma cell
myeloma, plannacytoma, extranodal marginal zone B cell lymphoma,
nodal marginal zone B cell lymphoma, mantle cell lymphoma, mediastinal
(thymic) large B cell lymphoma, intravascular large B cell lymphoma,
primary effusion lymphoma, burkitt lymphoma/leukemia, or lymphomatoid
granulomatosis. In some embodiments, where the subject is suffering
from a cancer, an anti-cancer agent is administered to the subject in
addition to one of the above-mentioned compounds. In one embodiment,
the anti-cancer agent is an inhibitor of mitogen-activated protein ldnase
signaling, e.g., p0126, PD98059, PD184352, PD0325901, ARRY-142886,
3B239063, 8P600125, BAY 43-9006, wortmannin, or LY294002; Syk
inhibitors; PKC-beta inhibitors; PI3K inhibitors; mTOR inhibitors; or an
antibody effective for treating cancer (e.g., rituxan). 100591 In further
embodiments, the subject in need is suffering from a tbromboembolic
disorder, e.g., myocardial infarct, angina pectoris, reocclusion after
angioplasty, restenosis after angioplasty, reocclusion after aortocoronary
bypass, restenosis after aortocoronary bypass, smoke, transitory
ischemia, a peripheral arterial occlusive disorder, pulmonary embolism, or
deep venous thrombosis. 



100601 In a further aspect, provided herein is a method for treating an
autoirrunune disease by administering to a subject in need thereof a
composition containing a therapeutically effective amount of at least one
reversible inhibitor of Iftk, including any of the above-mentioned
compounds. In one embodiment, the autoinamune disease is arthritis. In
another embodiment, the autoimmune disease is lupus. In some
embodiments, the autoimmune disease is rheumatoid arthritis, psoriatic
arthritis, osteoarthritis, Still's disease, juvenile arthritis, lupus, diabetes,
myasthenia gravis, Hashimoto's thyroiditis, Ord's thyroiditis, Graves'
disease Sjogren's syndrome, multiple sclerosis, OuillainBand syndrome,
acute disseminated encephalomyelitis, Addison's disease,
opsoclonus-myoclonus syndrome, anIcylosing spondylitisis,
antiphospholipid antibody syndrome, aplastic anemia, autoimmune
hepatitis, coeliac disease, Goodpasture's syndrome, idiopathic
thrombocytopenic purpura, optic neuritis, scleroderma, primary biliary
cirrhosis, Reiter's syndrome, Talcayastes arteritis, temporal arthritis, warm
autoimmtme hemolytic anemia,  WO 2007/087068PCT/U S2006/049489
12 Wegener's granulomatosis, psoriasis, alopecia universalis, Beheet's
disease; chronic fatigue, dysautonomia, endometriosis, interstitial cystitis,
neuronryotonia, selerodenna, or vutvodynia. 100611 In a thither aspect,
provided herein is a method for treating a heteroimnume condition or
disease by administering to a subject in need thereof a composition
containing a therapeutically effective amount of at least one reversible
inhibitor of Bilc, including any of the above-mentioned compounds. In
some embodiments, the heteroirnmune conditioin or disease is graft
versus host disease, transplantation, transfusion, anaphylaxis, allergy,
type I hypersensitivity, allergic conjunctivitis, allergic rhinitis, or atopic
dermatitis. 100621 In a further aspect, provided herein is a method for
treating an inflammatory disease by administering to a subject in need
thereof a composition containing a therapeutically effective amount of at
least one reversible inhibitor of Bile, including any of the above-mentioned
compounds. In some embodiments, the inflammatory disease is asthma,
inflammatory bowel disease (including Crolut's disease and ulcerative
colitis), appendicitis, blepharitis, bronchiolitis, bronchitis, bursitis, cervicitis,
cholangitis, cholecystitis, colitis, conjunctivitis, cystitis, dacryoadenitis,
dermatitis, dermatornyositis, encephalitis, endocarclitis, emlometritis,
enteritis, enterocolitis, epicondylitis, epiclidymitis, fasciitis, fibrositis,
gastritis, gastroenteritis, hepatitis, hidradenitis suppurativa, laryngitis,
mastitis, meningitis, myelitis myocarditis, myositis, nephritis, oophoritis,
orchitis, osteitis, otitis, pancreatitis, parotitis, pericarditis, peritonitis,
pharyngitis, pleuritis, phlebitis, pneumonitis, pneumonia, proctitis,
prostatitis, pyelonephritis, rhinitis, salpingitis, sinusitis, stornatitis,
synovitis, tendonitis, tonsillitis, uveitis, vaginitis, vasculitis, or vulvitis.
100637 In yet another aspect, provided herein is a method for treating a
cancer by administering to a subject in need thereof a composition
containing a therapeutically effective amount of at least one reversible
inhibitor of Btic, including any of the above-mentioned compounds. In one
embodiment, the cancer is a B-cell proliferative disorder, e.g., diffuse large
B cell lymphoma, follicular lymphoma, chronic lymphoeytie lymphoma,
chronic lymphocytio leukemia, B-cell prolymphocytic leukemia,
lymphoplasmacytic lymphorna/Waldenstrom macroglobulinemia, splenic
marginal zone lymphoma, plasma cell myeloma, plasmacytoma,
extranodal marginal zone B cell lymphoma, nodal marginal zone B cell
lymphoma, mantle cell lymphoma, mediastinal (thymic) large B cell
lymphoma, intravascular large B cell lymphoma, primary effusion
lymphoma, burkitt lymphoma/leukemia, or lyrnphomatoid granulomatosis.
In some embodiments, where the subject is suffering from a cancer, an
anti-cancer agent is administered to the subject in addition to one of the
above-mentioned compounds. In one embodiment, the anticancer agent is
an inhibitor of mitogen-activated protein Marisa signaling, e.g., U0126,
PD98059, PD184352, P1)0325901, ARRY-142886, $13239063,
SP600125, BAY 43-9006, wortmannin, or LY294002. 100641 In another
aspect, provided herein is a method for treating a thromboembolic
disorder by administering to a subject in need thereof a composition
containing a therapeutically effective amount of at least one reversible
inhibitor of Btic, including any of the above-mentioned compounds. In
some embodiments, the thromboembolic disorder is myocardial infarct,
angina pectoris, reocclusion after angioplasty, restenosis after
angioplasty, reocclusion after aortocoronary bypass, restenosis after
aortocomnary bypass, stroke, transitory ischernia, a peripheral arterial
occlusive disorder, pulmonary embolism, or deep venous thrombosis.
100651 Any of the combinations of the groups described above for the
various variables is contemplated herein. [0066] The terms "inhibits,
inhibiting, or inhibitor" of a kinase, as used herein, refer to inhibition of
enzymatic phosphotransferase activity. 100671 Other objects, features
and advantages of the methods and compositions described herein will
become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific
examples, while indicating specific embodiments, are given by way of
illustration only, since various  13 changes and modifications within the
spirit and scope of the present disclosure will become apparent to those
skilled in the art from this detailed description. All references cited herein,
including patents, parent applications, and publications, are hereby
incorporated by reference in their entirety. INCORPORATION BY
REFERENCE 100681 All publications and patent applications mentioned
in this specification are herein incorporated by reference to the same
extent as if each individual publication Or patent application was
specifically and individually indicated to be Incorporated by reference
DETAILED DESCRIPTION OF THE INVENTION [00691 The appended
claims particularly point out features set forth herein. A better
understanding of the features 10and advantages of the present disclosure
will be obtained by reference to the following detailed description that sets
forth illustrative embodiments, in which the principles described herein are
utilized. 100701 Disclosed herein are compounds that inhibit the activity
the activity of a subset of tyrosine kinase(s), 



compositions that include the compounds, and methods of their use.
Compounds disclosed herein are inhibitors of certain tyrosine kinase(s)
(e.g., Btk), and are useful in the treatment of diseases, disorders, or
conditions that would 15benefit from the inhibition of these tyrosine
kinase(s). In some embodiments, compounds provided herein are used to
inhibit the activity of Bruton's tyrosine kinase (Btk). 10071] The ttmi
"Bruton's tyrosine kinase," as used herein, refers to Bruton's tyrosine
kinasc from Homo sapiens, as disclosed in, e.g., U.S. Patent No.
6,326,469 (GcnBank Accession No. NP 000052).       [0072] The term
"Bruton's tyrosine kinase homolog," as used herein, refers to orthologs of
Bruton's tyrosine 20kinase, e.g., the orthologs from mouse (GenBank
Acessi on No. AA847246), dog (GenBank Acession No. XP_549 139.). rat
(GenBank Acession No. NP 001007799), chicken (GenBank Acession No.
NP 989564), or zebra fish (GenBank Acession No. XP _693117), and
fusion proteins of any of the foregoing that exhibit kinase activity towards
one or more substrates of Bruton's tyrosine kinase (e.g. a peptide
substrate having the amino acid sequence "AVLESBEELYSSARQ").
75100731 Btk is involved in abnormal levels of cell proliferation,
apoptosis, cell migration and invasion, and angiogenesis associated with
tumor growth. Btk is a key regulator of 2-cell development, activation,
signaling, and survival, in addition. Btk plays a role in collagen-stimulated
platelet aggregation. Ettit'S function as both a regulator of apoptosis and
its involvement in a number of developmental processes makes Btk a
desirable target for anti-       cancer agents, anti-inflammatory agents, and
anti-viral agents, anti-thromboembolic agents, as well as for treating
30autoimmune disease and acute inflammatory reactions. [00741 BP<
may have a role in infectious and noninfectious inflammatory events and
autoimmune and other inflammatory diseases, These autoimmune and
inflammatory diseases, disorders, and syndromes include inflammatory
pelvic disease, urethritis, skin sunburn, sinusitis, pneumonitis,
encephalitis, meningitis, myocarditis,       nephritis, osteomyelitis, myosins,
hepatitis, gastritis, enteritis, dermatitis, gingivitis, appendictitis,
pancreatitis, 35cholocystitus, agammaglobulinemia- an immune deficiency
disease characterized by defects in B cell maturation and function,
psoriasis, allergy, Cronin's disease, irttiable bowel syndrome, ulcerative
colitis, Sjogren's disease, tissue graft rejection, hyperacute rejection of
transplanted organs, asthma, allergic rhinitis, chronic obstructive
pulmonary disease (CORD), autoimmune polyglandular disease (also
known as autoimmune polyglanOuiar      syndrome), autoirm-nune
alopecia, pernicious anemia, glomeruionephritis, derrnatomyositis,
multiple sclerosis, 40scierocierma, vasculitis, autoimmune hemolytic and
tnrombocytopenic states, Goodpasture's syndrome, atherosclerosis,
Addison's dicsease. Parkinson's disease, Alzheimer's disease, Type I
diabetes, septic shock,  WO 2007/087068PCDUS2006/049489 14
systemic lupus erythematosus (SLR), rheumatoid arthritis, psoriatic
arthritis, juvenile arthritis, osteoartbritft, chronic idiopathic
thrombocytopenic purpura, Waldenstrom macroglobulinemia, myasthenia
gravis, Hashimoto's thyroiditis, atopic dermatitis, degenerative joint
disease, vitiligo, autoimmune hypopituatarisna, GuiIlain-Barre syndrome,
Behcet's disease, scleracierma, mycosis fungoides, acute inflammatory
responses (such as acute respiratory distress syndrome and
ischemitheperfusion injury), and Graves disease. 100751 Btk-associated
lymphomas and include B-cell lymphoma, Hodgkin's and non-Hodgkin's
lymphoma, hairy cell leukemia, chronic and acute mylelogenous leukemia,
multiple myeloma, EBV lymphomia, acute lymphoblastic leukemia, and
chronic lymphocytic leukemia. 



100761 Accordingly, while not being bound by theory, it is believed that
inhibiting the activity of Btk is useful for treating any of the following
conditions. 100771 In some embodiments, the methods described herein
can be used to treat an antaimmune disease, which includes, but is not
limited to, rheumatoid arthritis, psoriatic arthritis, osteoarthritis, Still's
disease, juvenile arthritis, lupus, diabetes, myasthenia gravis, Ilashimoto's
thyroiditis, Ord's thyroiditis, Graves' disease Sjogren's syndrome, multiple
sclerosis, Guillain-Barre syndrome, acute disseminated encephalomyelitis,
Addison's disease, opsoclonnsmyoclonus syndrome, ankylosing
spondylitisis, antiphospholipid antibody syndrome, &plastic anemia,
autoimmune hepatitis, coeliac disease, Goodpasture's syndrome,
idiopathic thrombocytopenic purpura, optic neuritis, seleroderma, primary
binary cirrhosis, Reiter's syndrome, Takayasn's arteritis, temporal arteritis,
warm autoimmune hemolytic anemia, Wegener's granulomatosis,
psoriasis, alopecia universalis, Beheet's disease, chronic fatigue,
dysautonomia, endometriosis, interstitial cystitis, neuroanyotonia,
selerodemia, and vulvodynia. 100781 In some embodiments, the methods
described herein can be used to treat heteroinunune conditions or
diseases, which include, but are not limited to graft versus host disease,
transplantation, transfusion, anaphylaxis, allergies (e.g., allergies to plant
pollens, late; drugs, foods, insect poisons, animal hair, animal dander,
dust mites, or cockroach calyx), type 1 hypersensitivity, allergic
conjunctivitis, allergic rhinitis, and atopic dermatitis. 100791 In further
embodiments, the methods described herein can be used to treat an
inflammatory disease, which includes, but is not limited to asthma,
inflammatory bowel disease, appendicitis, blepharitis, bronchiolitis,
bronchitis, bursitis, cervicitis, cholangitis, cholecystitis, colitis,
conjunctivitis, cystitis, dacryoadenitis, dermatitis, dermatomyositis,
encephalitis, endocarditis, endometritis, enteritis, enterocolitis,
epicondylitis, epididymitis, fasciitis, fibrositis, gastritis, gastroenteritis,
hepatitis, hidradenitis suppurative, laryngitis, mastitis, meningitis, myelitis
myocarditis, myosins, nephritis, oophoritis, ordains, osteitis, otitis,
pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis,
phlebitis, pncumonitis, pneumonia, proctitis, prostatitis, pyelonephritis,
rhinitis, salpingitis, sinusitis, stomatitis, synovitis, tendonitis, tonsillitis,
uveitis, vaginitis, vasculitis, and vulvitis. 100801 In yet other embodiments,
the methods described herein can be used to teat a cancer, e.g., B-cell
proliferative disorders, which include, but are not limited to diffuse large B
cell lymphoma, follicular lymphoma, chronic lymphocytic lymphoma,
chronic lymphocytic leukemia, B-cell prolymphocytic leukemia,
lymphoplasmacytic lymphomanalaldenstrom macroglobulinemia, splenic
marginal zone lymphoma, plasma cell myeloma, plasmacytoma,
extranodal marginal zone B cell lymphoma, nodal marginal zone B cell
lymphoma, mantle cell lymphoma, mediastinal (thymic) large B cell
lymphoma, intravascular large B cell lymphoma, primary effusion
lymphoma, latuidtt lymphoma/leukemia, and lymphomatoid
granulomatosis. 10081] In further embodiments, the methods described
herein can be used to treatthroinboembolic disorders, which include, but
are not limited to myocardial infarct, angina pectoris (including unstable
angina), reocclusions or restenoses after angioplasty or aortocoronary
bypass, stroke, transitory ischemia, peripheral arterial occlusive disorders,
pulmonary embolisms, and deep venous thromboses.  WO
2007/087068PCT/US2006/049489 15 [0082] Symptoms, diagnostic tests,
and prognostic tests for each of the above-mentioned conditions are
blown in the art. See, e.g., Harrison 's Principles of Internal Medieine(c),"
16th ed., 2004, The McGraw-Hill Companies, Inc. Day at al. (2006),
Cytojournal 3(24), and the 'Revised European American Lymphoma"
(REAL) classification system (see, e.g., the website maintained by the
National Cancer Institute). [00831 A number of animal models of are
useful for establishing a range of therapeutically effective doses of the
compounds described herein for treating any of the foregoing diseases.
100841 For example, dosing of the compounds for treating an
autoimmune disease can be assessed in a mouse model of rheumatoid
arthitis. In this model, arthritis is induced in Balb/c mice by administering
anti-collagen antibodies and lipopolysaccharide. See Nandakumar et al.
(2003), Am. J. Pathol 163:1827-1837., L. Svensson, R. Holmdahl, Atn..1.
Pathol 2003, 163, 1827). [0085] In another example, dosing of the
compounds for the treatment of 13-cell proliferative disorders can be
examined in, e.g., a human-to-mouse xenografi model in which human
B-cell lymphoma cells (e.g.:Ramos cells) are implanted into
inarounodefficient mice (e.g., "nude" mice) as described in, e.g., Pagel
etal. (2005), Clin Cancer Res 11(13):4857-4866. [0086] Animal models for
treatment of thromboembolic disorders are also known. [0087] While not
wishing to be bound to theory, phosphatases can also play a role in a
"disease, disorder, or syndrome responsive to the inhibition of tyrosine
kinaSes" as cognates of tyrosine kinases; that is, tyrosine kinases
phosphorylate and phosphatases dephosphorylate, for example, protein
substrates. Therefore, compounds of the invention, while modulating
tyrosine kinase activity as described herein, may also modulate, either
directly or indirectly, phosphatase activity. This additional modulation, if
present, maybe synergistic (or not) to activity of compounds of the
invention toward a related or otherwise interdependent kinase or kinase
family. As previously stated, the compounds of the invention are useful for
treating diseases characterized in part by abnormal levels of cell
proliferation (i.e. tumor growth), progrmamed cell death (apoptosis), cell
migration and invasion, and angiogenesis associated with tumor growth.
[0088] The therapeutic efficacy of the compound for treating any of the
foregoing diseases can be optimized during a course of treatment. For
example, a subject being treated can undergo a diagnostic evaluation to
correlate the relief of disease symptoms or pathologies to inhibition of the
relevant tyrosine Manse in vivo by administering a given dose of any of
the compounds described herein. Cellular assays for determining in vivo
tyrosine kinase are available_ For example, since activated Btk is
phosphorylated at tyrosine 223 (1223) and tyrosine 551 (Y551),
phospho-specific immunocytoehemical staining of P-Y223 or
P-Y551-positive cells can be used to detect or quantify activation of
1111ct in a population of cells (e.g., by FACS analysis of stained vs
unstained cells). See, e.g., Nisitani et al. (1999), Proc. Natl. Acad. Sci,
USA 96:2221-2226. Thus, the amount of the compound that is
administered to a subject can be increased or decreased as needed so as
to maintain a level of inhibition of the target tyrosine kinase (e.g., Btk)
optimal for treating the subject's disease state. [0089] Generally, the
compounds used in the methods described herein are identified or
characterized in an in vitro assay, e.g., an acellular biochemical assay or a
cellular functional assay. Such assays are useful to determine an in vitro
1050 for a compound. [0090] For example, an acellular kinasc assay can
be used to determine, e.g., Btk activity after incubation of the kinase in the
absence or presence of a range of concentrations of a candidate tyrosine
kinase inhibitor compound. Many acellular kinase assays are available.
See, e.g., see Kuzmic at at. (2000) Anal Biochem, 286, 4540. 100911
Cellular functional assays for tyrosine kinase inhibition include measuring
one or more cellular endpoints in response to stimulating a signaling
pathway that is mediated by the tyrosine kinase (e.g., BCR activation in
WO 2007/087068P CT/ US2006/049489 16 Ramos cells)in the absence
or presence of a range of concentrations of a Candidate tyrosine inhibitor
compounds. For eXample, in the case of Brit useful endpoints include,
e.g., autophosphorylation of Bac, phosphorylation of a Btk target protein
(e.g., PLC-y), and cytoplasmic calcium flux, in response to BCR activation.



100921 High throughput assays for many acellular biochemical assays
(e.g., kinase assays) and cellular fivactional assays (e.g., calcium flux) are
available. In addition, high throughput screening systems arc
commercially available (see, e.g., Zymark Corp., Hopkinton, MA; Air
Technical Industries, Mentor, OH; Beckman Instruments, Inc. Fullerton,
CA; Precision Systems, Inc., Natick, MA, etc.). These systems typically
automate entire procedures including all sample and reagent pipetting,
Liquid dispensing, timed incubations, and final readings of the nricroplate
in detector(s) appropriate for the assay. Automated systems thereby allow
the identification and characterization of a large number of tyrosine
Icinase inhibitor compounds without undue effort. Certain Chemical
Terminology 10093] Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as is commonly understood by
one of slcill in the art to which the claimed subject matter belongs. All
patents, patent applications, published materials referred to throughout
the entire disclosure herein, unless noted otherwise, are incorporated by
reference in their entirety. In the event that there are a plurality of
definitions for terms herein, those in this section prevail. Where reference
is made to a URL or other such identifier or address, it is understood that
such identifiers can change and particular information on the internet can
come and go, but equivalent information can be found by searching the
intemet Reference thereto evidences the availability and public
dissemination of such information. [0094] It is to be understood that the
foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of any subject
matter claimed. In this application, the use of the singular includes the
plural unless specifically stated otherwise. It must be noted that, as used
in the specification and the appended claims, the singular forms "a," "an"
and "the" include plural referents unless the context clearly dictates
otherwise. In this application, the use of "or" means "ancllor" unless stated
otherwise. Furthermore, use of the terra "including" as well as other forms,
such as "include", "includes," and "included," is not limiting. 100951 The
section headings used herein am for organizational purposes only and are
not to be construed as limiting the subject matter described. All
documents, or portions of documents, cited in the application including,
but not limited to, patents, patent applications, articles, books, manuals,
and treatises are hereby expressly incorporated by reference in their
entirety for any purpose. [0096] Definition of standard chemistry terms
may be found in reference works, including Carey and Sundberg
"ADVANCED ORGANIC CHEMISTRY 47" ED." Vols. A (2000) and
3(2001)> Plenum Press, New York. Unless otherwise indicated,
conventional methods of mass spectroscopy, NMR, HPLC, protein
chemistry, biochemistry, recombinant DNA techniques and pharmacology,
within the skill of the art are employed. Unless specific definitions are
provided, the nomenclature employed in connection with, and the
laboratory procedures and techniques of, analytical chemistry, synthetic
organic chemistry, and medicinal and pharmaceutical chemistry described
herein are those known in the art. Standard techniques can be used for
chemical syntheses, chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment aperients. Standard techniques
can be used for recombinant DNA, oligonucleotide synthesis, and tissue
culture and transformation (e.g., electroporalion, lipofection). Reactions
and purification techniques can be performed e.g., using kits of
manufacturer's specifications or as commonly accomplished in the art or
as described herein. The foregoing techniques and procedures can be
generally performed of conventional methods well known in the art and as
described in various general and more specific references that are cited
and discussed throughout the present specification.  WO
2007/087068PCT/U S2006/049489 17 (00921 An "alkyl" group refers to
an aliphatic hydrocarbon group. The alkyl moiety may be a "saturated
alkyl" group, which means that it does not contain any alkene or alkyne
moieties. The alkyl moiety may also be an "unsaturated alkyl" moiety,
which means that it contains at least one alkene or allyne moiety. An
"alkene" moiety refers to a group that has at least one carbon-carbon
double bond, and an "alkyne" moiety refers to a group that has at least
one carbon-carbon triple bond. The alkyl moiety, whether saturated or
unsaturated, may be branched, straight chain, or cyclic. Depending on the
structure, an alkyl group can be a monoradical or a diradical (i.e., an
allcylene group). [0098p As used herein, C1-C,, includes C1-C2,C1-C3 . .
Cr-C, 100991 The "alkyl" moiety may have 1 to 10 carbon atoms
(whenever it appears herein, a numerical range such as "1 to 10" refers to
each integer in the given range; e.g., "1 to 10 carbon atoms" means that
the alkyl group may have 1 carbon atom, 2 carbon atoms, 3 carbon
atoms, etc., up to and including 10 carbon atoms, although the present
definition also covers the occurrence of the term "alkyl" where no
numerical range is designated). The alkyl group of the compounds
described herein may be designated as "Cr-C., allcyl" or similar
designations. By way of example only, "C1-C4 alkyl" indicates that there
are one to four carbon atoms in the alkyl chain, i.e., the alkyl chain is
selected from among methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, and t-butyl. Thus CrC4 alkyl includes CI-C2 alicyl and CrC3
alkyl. Alkyl groups can be substituted or unsubstituted. Typical alkyl
groups include, but are in no way limited to, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tertiary butyl, peaty!, hexyl, ethenyl, propenyl,
butenyl, cyclopropyl, cyclobutyl, cyclopcntyl, cyclohexyl, and the like.
101001 As used herein, the term "non-cyclic alkyl" refers to an alkyl that is
not cyclic (i.e., a straight or branched chain containing at least one carbon
atom). Non-cyclic alkyls can be fully saturated or can contain non-cyclic
alkenes and/or allcynes. Non-cyclic allcyls can be optionally substituted.
101011 The term "alkylamine" refers to the -N(alkyl)j-1, group, where x
and y are selected from among x=1, T=1 and x=2, y=0. When x=2, the
allcyl groups, taken together with the N atom to which they are attached,
can optionally form a cyclic ring system. 101021 The term "alkenyl" refers
to a type of alkyl group in which the first two atoms of the alkyl group form
a double bond that is not part of an aromatic group. That is, an alkenyl
group begins with the atoms -C(P)=C(R)-n; wherein R. refers to the
remaining portions of the alkenyl group, which may be the same or
different. The alkenyl moiety may be branched, straight chain, or cyclic (in
which case, it would also be known as a "cycloalkenyl" group). Depending
on the structure, an alkenyl group can be a monoradical or a diradical (i.e.,
an alkenylene group). Alkenyl groups can be optionally substituted.
Non-limiting examples of an alkenyl group include -CH=CH2, - C(C}13)H2,
-CH=CHCH3, -C(CH3)=CHCH3, -CH=CH-, -C(Cf13)=CH-, -CH=CHCH2-,
-C11=CHCH2C1Ir- and -C(CH3)=CHCI-12-. Alkenyl groups, unless
otherwise stated, may have 2 to 10 carbons. 10103] The term "alkynyl"
refers to a type of alkyl group in which the first two atoms of the alkyl
group form a triple bond. That is, an alicynyl group begins with the atoms
-C C-R, wherein R. refers to the remaining portions of the alkynyl group,
which may be the same or different. The "12" portion of the alkynyl moiety
may be branched, straight chain, or cyclic. Depending on the structure, an
alkynyl group can be a monoradical or a diradical (i.e., an allcynylene
group). Alkynyl groups can be optionally substituted. Non-limiting
examples of an alkynyl group include, but are not limited to, -C CR, -C
CCHs, --CCCH2C133, -Cand -C CCH2-. Allcynyl groups, unless
otherwise stated, may have 2 to 10 carbons. 101041 An "alkoxy" group
refers to a (alkyl)O- group, where alkyl is as defined herein. [0105]
"Hydroxyalkyl" refers to an alkyl radical, as defined herein; substituted with
at least one hydroxy group. Non-limiting examples of a hydroxvalkyl
include, but are not limited to. hydroxvmethvl. 2-hydroxyethyl, 2-  WO
2007/087068PCT/US2006/049489 18 



hydroxypropyl, 3-hydroxypropyl, 1-(hydioxymethy1)-2-rnethylpropyl,
2-hydroxybutyl, 3-hydroxybutyl, 4- hydroxybutyl, 2,3-dihydroxypropyl,
14hydroxyrnethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl
and 2-(hydroxyrnethyl)-3-hydroxypropyl, preferably 2-hydroxyethyl,
2,3-dihydroxypropyl, and 1-(hydroxyrnethyl)- ' 2-hyclroxyethyl. [01061
"Alkoxyallcyl" refers to an alkyl radical, as defined herein, substituted with
at least one alkoxy group, as defined herein. [0107] An "alkenyloxy" group
refers to a (alkeny1)0- group, where alkenyl is as defined herein. (01081
An "amide" is a chemical moiety with the formula -C(0)NHR or -NHC(0)R,
where R is selected from among alkyl, cycloalkyl, aryl, heteroaryl (bonded
through a ring carbon) and heteroalicyclic (bonded through a ring carbon).
An amide moiety may form a linkage between an amino acid or a peptide
molecule and a compound described herein, thereby forming a prodrug.
Any amine, or carboxyl side chain on the compounds described heroin
can be amidified. The procedures and specific groups to make such
amides are known to those of skill in the art and can readily be found in
reference sources such as Greene and Wuts, Protective Groups in
Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY, 1999,
which is incorporated herein by reference in its entirety. 101091 The term
"aromatic- refers to a planar ring having a delocalized n-electron system
containing 'In-4-2 it electrons, where n is an integer. Aromatic rings can be
formed by five, Si; seven, eight, nine, or more than nine atoms. Aromatics
can be optionally substituted. The term "aromatic" includes both
carbocyclic aryl (e.g., phenyl) and heterocyclic aryl (or "heteroaryl" or
"heteroaromatic") groups (e.g., pyridine). The term inCludes monocyclic or
fused-ring polycyclie (i.e., rings which share adjacent pairs of carbon
atoms) groups. 10110j As used herein, the term "aryl" refers to an
aromatic ring wherein each of the atoms forming the ring is a carbon
atom. Aryl rings can be formed by five, six, seven, eight, nine, or more
than nine carbon atoms. Aryl groups can be optionally substituted.
Examples of aryl groups include, but are not limited to phenyl,
naphthalenyl, phenanthrenyl, anthracenyl, fluorenyl, and indenyl.
Depending on the structure, an aryl group can be a monoradical or a
diradical (i.e., an arylene group). [0111] An "aryloxy" group refers to an
(aryl)O- group, where aryl is as defined herein.  101121 "Aralkyl" or
"arylalkyl" means an alkyl radical, as defined herein, substituted with an
aryl group. Non-limiting aralkyl groups include, benzyl, phenethyl, and the
like.  101131 "Aralkenyl" means an alkenyl radical, as defined herein,
substituted with at least one aryl group, as defined herein.  101141 The
term "bond" or "single bond" refers to a chemical bond between two
atoms, or two moieties when the atoms joined by the bond are considered
to be part of larger substructure. 1111151 The term "carbocychc" or
"carbocycle" refers to a compound which contains one or more eoyalently
closed ring structures, and that the atoms forming the backbone of the
ring are all carbon atoms. The term thus distinguishes carbocyelic from
heterocyclic, rings in which the ring backbone contains at least one atom
which is different from carbon. Carbocycles include cycloallcyls and aryls.
(01161 The term "eyeloalkyl" refers to a monocyclic or polycyclie radical
that contains only carbon and hydrogen, and may be saturated, partially
unsaturated, or fully unsaturated. Cycloalkyl groups include groups having
from 3 to 10 ring atoms. Illustrative examples of cycloalkyl groups include
the following moieties: EN LS co 03  WO
20074187068PCTA1S2006/049489 19 > o o 0 0 CO 0 0 ,and the like.
Depending on the structure, an cycloalkyl group can be a monoradical or
a diradical (e.g., an cycloalkylene group). 101171 "Cycloalkylallcyl" means
an allcyl radical, as defined herein, substituted with a cycloallcyl group.
Non-limiting cycloalkylalkyl groups include cyclopropylmethyl,
cyclobutylmethyl, cyclopentylethyl, cyclohexylmeihyl, and the like. 10118]
The term "ester" refers to a chemical moiety with formula -COOR, where
R is selected from among alkyl, cycloalkyl, aryl, heteroaryl (bonded
through a ring carbon) and heteroalicyclie (bonded through a ring carbon).
Any hydroxy, or carboxyl side chain on the compounds described herein
can be esterified. The procedures and specific groups to make such
esters are known to those of skill in the art and can readily be found in
reference sources such as Greene and Wuts, Protective Groups in
Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY, 1999,
which is incorporated herein by reference in its entirety. 101191 The term
"halo" or, alternatively, "halogen" or "halide" means fluoro, chloro, bromo
or iodo. 10120] The terms "haloalkyl," "haloalkenyl," "haloalkynyl" and
"haloalkoxy" include alkyl, alkenyl, alkynyl and alkoxy structures in which
at least one hydrogen is replaced with a halogen atom. In certain
embodiments in which two or more hydrogen atoms are replaced with
halogen atoms, the halogen atoms are all the same as one another. In
other embodiments in which two or more hydrogen atoms are teplaced
with halogen atoms, the halogen atoms are not all the same as one
another. The terms "fluoroallcyl" and "fluoroalcoxy" include haloalkyl and
haloalkoxy groups, respectively, in which the halo is fluorine. In certain
embodiments, haloallcyls are optionally substituted. 101211 As used
herein, the terms "heteroalkyl" "heteroalkenyl" and "heteroallcynyl" include
optionally substituted alkyl, alkenyl and alkynyl radicals in which one or
more skeletal chain atoms are selected from an atom other than carbon,
e.g., oxygen, nitrogen, sulfur, silicon, phosphorus or combinations thereof.



101221 The term "heteroatom" refers to an atom other than carbon or
hydrogen. lieteroatoms are typically independently selected from among
oxygen, sulfur, nitrogen, silicon and phosphorus, but are not limited to
these atoms. In embodiments in which two or more heteroatoms are
present, the two or more heteroatmns can all be the same as one another,
or some or all of the two or more heteroatoms can each be different from
the others. 101231 As used herein, the term "ring" refers to any covalently
closed structure. Rings include, for example, carbocycles (e.g., aryls and
cycloalicyls), heterocycles (e.g., heteroaryls and non-aromatic
heterocycles), aromatics (e.g. aryls and heteroaryls), and non-aromatics
(e.g., cycloalkyls and non-aromatic heterocycles). Rings can be optionally
substituted. Rings can be monocyclic or polycyclic. (0124] As used herein,
the term' ring system" refers to one, or more than one ring. 10125] The
term "fused" refers to structures in which two or more rings share one or
more bonds.  (0226) The terms "heteroaryl" or, alternatively,
"heteroaromatic" refers to an aryl group that includes one or more ring
heteroatoms selected from nitrogen, oxygen and sulfur. An N-containing
"heteroaromatic" or "hmeroaryl" moiety refers to an aromatic group in
which at least one of the skeletal atoms of the ring is a nitrogen atom. The
WO 2007/087068PCT/US2006/049489 20 polycyclic heteroaryl group
may be fused or non-fused. Illustrative examples of heteroaryl groups
include the following moieties: CH IINs, L"N N.C,H N  i %1 ,'I11 , C) CN tilt
, (8ii \ 29.,ySS ,  and the like. Depending on the structure, a heteroaryl
group can be a monoradical or a diradical (i.e., a heteroarylene group).
[0127) "Ileteroarylallcyl" or "heteroaralkyl" refers to an alkyl group, as
defined herein, substituted with a heteroaryl, as defined herein. 101281 As
used herein, the term non-aromatic heterocycle", "heterocycloalltyl" or
"heteroalicyclic" refers to a non-aromatic ring wherein one or more atoms
forming the ring is a heteroatom. A "non-aromatic heterocycle" or
"heterocycloalk-yl"graup refers to a cycloalkyl group that includes at least
one heteroatom selected from nitrogen, oxygen and sulfur. The radicals
may be fused with an aryl or heteroaryl. Heterocycloalkyl rings can be
formed by three, four, five, six, seven, eight, nine, or more than nine
atoms. Heterocycloalkyl rings can be optionally substituted. In certain
embodiments, non-aromatic heterocycles contain one or more carbonyl or
thiocarbonyl groups such as, for example, oxo- and thio-containing
groups. Examples of heterocycloalkyls include, but are not limited to,
lactams, lactones, cyclic imides, cyclic thioimides, cyclic carbamates,
tetrahydrothiopyran, 4H-pyran, tetrahyciropyran, piperidine, 1,3-dioxin,
1,3-dioxanc, 1,4-dioxin, 1,4-dioxane, piperazine, 1,3-oxathiane, 1,4-
oxathiin, 1,4-oxathiane, tetrahydro-1,4-thiazine, 2H-1,2-oxazine,
maleimide, succinimide, 1?arbituric acid, thiobarbituric acid,
dioxopiperazine, hydantoin, dihydrouracil, morpholine, trioxane,
hexahydro-1,3,5-triazine, tetrahydrothdophene, tetrahydrofuran, pyrroline,
pyrrolidine, pyrrolidone, pyrsolidione, pyrazoline, pylazolidine, imidazoline,
imidazolidine, 1,3-dioxole, 1,3-dioxolane, 1,3-dithiole, 1,3-dithiolane,
isoxazoline, isoxazolidine, oxazoline, oxazolidine, oxazolidinone,
thiazoline, thiazolidine, and 1,3-oxathiolane. Illustrative examples of
heterocycloalkyl groups, also referred to as non-aromatic heterocycles,
include:  0 



a s 60 0 NN CNi (0) NYco (S)NNI N HH  the like. The term heteroalicyclic
also includes all ring forms of the carbohydrates, including but not limited
to the monosaccharides, the disaccharides and the oligosaccharides.
Depending on the structure, a heterocycloalkyl group can be a
monoradical or a diradical (i.e., a heterocycloalkylene group).  WO
2007/087068P C T/ U S2006/049489 21 101291 "Heteroeyeloalkylallcyl"
refers to an alkyl group, as defined herein, substituted with a
heterocycloalkyl, as defined herein. 101301 The term "heterocycle" refers
to heteroaromatic and heteroalicyclic groups containing one to four
heteroatoms each selected from 0, S and N, wherein each heterocyclic
group has from 4 to 10 atoms in its ring system, and with the proviso that
the ring of said group does not contain two adjacent 0 or S atoms. Herein,
whenever the number of carbon atoms in a heterocycle is indicated (e.g.,
CI-Cs heterocycle), at least one other atom (the heteroatom) must be
present in the ring. Designations such as "C 1-C6 heterocycle" refer only
to the number of carbon atoms in the ring and do not refer to the total
number of atoms in the ring. It is understood that the heterocylic ring can
have additional heteroatoms in the ring. Designations such as "4-6
membered heterocycle" refer to the total number of atoms that are
contained in the ring (i.e., a four, five, or six membered ring, in which at
least one atom is a carbon atom, at least one atom is a heteroatom and
the remaining two to four atoms are either carbon atoms or heteroatorns).
In heterocycles that have two or more heteroatoms, those two or more
heteroatoms can be the same or different from one another. Heterocycles
can be optionally substituted. Binding to a heterocycle can be at a
heteroatom or via a carbon atom. Non-aromatic heterocyclic groups
include groups haying only 4 atoms in their ring system, but aromatic
heterocyclic groups must have at least 5 atoms in their ring system. The
heterocyclic groups include benzo-fused ring systems. An example of a
4-membered heterocyclic group is azetidinyl (derived from azetidine). An
example of a 5-membered heterocyclic group is thiazolyi. An example of a
6-membered heterocyclic group is pyridyl, and an example of a
10-membered heterocyclic group is quinolinyl. Examples of non-aromatic
heterocyclic groups are pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,
tenahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl,
piperidino, morpholino, thiomorpholino, thioxanyl, piperazinyl, azetidinyl,
oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 1,2,3,6-tetrahydropyridinyl, 2-pyrrolinyl,
3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, dithianyl, dithiolanyl, dthydropyranyl, dihydrothienyl,
dihydrofuranyl, pyrazolidinyl, imidazolinyl, imidnzolidiriyl,
3-azabicyclo[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl, 3H-indoly1 and
quinolizinyl. Examples of aromatic heterocyclic groups are pyridinyl,
imidazolyl, pyritnidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl,
thienyl, isoicazolyl, thiazolyl, mrazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolirtyl, indolyl, benzimicktvolyl, benzofmanyl, cinnolinyl, indazolyl,
ivadolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl,
oxadiazolyl, thiadiazolyl, furazanyl, benzofiirazanyl, benzothiophenyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl,
and furopyridinyl. The foregoing groups, as derived from -the groups listed
above, may be C-attached or N-attached where such is possible. For
instance, a group derived from pyrrole may be pyrrol-1-yl(N-attaehed) or
pyrrol-3-y1 (C-attached). Further, a group derived from imidazole may be
imidazol-1-y1 or imidazol-3-y1 (both N-attached) or imidazol-2-yl,
hnidazol-4-y1 or imidazol-5-yl (all C-attached). The heterocyclic groups
include benzo-fused ring systems and ring systems substituted with one
or two oxo (=0) moieties such as pyrrolidin-2-one. Depending on the
structure, a heterocycle group can be a monoradical or a diradical (i.e., a
heterocyclene group). Phosphorous-containing rings include, but are not
limited to, 1-oxophospholanyl, 1-methyl-l-oxo-phosphinan-4-yl,
1-pheny1-1-oxo-phosphinan-4-yl,
1-(cyclopropylmethyl)-1-oxophosphinan-4-yl,
4-methyl-4-oxo41,41azaphosphinan-l-yl,
4-phenyl-4-oxo-D,43azaphosphinan-l-yl, and 4-
(cyclopropylmethyl)-4-exo-[1,4jazaphosplinan-l-yl. 101311 As used herein,
-1,6-dimethy1-9-ox0-8,9-dihydro-latimidazo[4,5-h]isoquinolin-2,7-ylene"
refers to the following structure:  WO 20071087068PCT/ U S2006/049489
22 3 7 N 0 [01321 As used herein,
"1,7-dimethy1-9-oxo-8,9-dihydro-Ilitimidazo[4,5-h]isoquinolin-2,6-ylene"
refers to the following structure:  



101331 The term "membered ring" can embrace any cyclic structure. The
term "membered" is meant to denote the number of skeletal atoms that
constitute the ring. Thus, for example, cyclohexyl, pyridine, pyran and
thiopyran are 6-membered rings and eyelopentyl, pyrrole, furan, and
thdophene are 5-membered rings. [01341 An "isocyanato" group refers to
a -NCO group. 101351 An "isothiocyanato" group refers to a -NCS group.
101361 The term "moiety" refers to a specific segment or functional group
of a molecule. Chemical moieties are often recognized chemical entities
embedded in or appended to a molecule. 101371 A "sulfinyl" group refers
to a -8(-0)-R. 101381 A "sulfonyl" group refers to a -S(=0)z-R. 101391 A
"thioalkoxy" or "alkyttlaio" group refers to a --S-alkyl group. 101401 As
used herein, the tuna "0-carboxy" or "acyloxy" refers to a group of formula
RC(=0)0-. 101411 "Alkylcarbonyloxy" refers to a (alkyl)-C(-4))0- group.
[01421 As used herein, the term "alkoxycarbonyl" refers to a group of
formula -C(=0)0R. [01431 "Carboxy" means a -C(0)0H radical. 101441 As
used herein, the term "acetyl" refers to a group of forimla -C(=0)C113.
101451 "Myr refers to the group -C(0)R. 101461 As used herein, the term
"tribalomethanesulfonyl" refers to a group of formula X3CS(=0)2- where
Xis a halogen. 101471 As used herein, the term "cyano" refers to a group
of formula, -CN. 101481 "Cyanoalkyl" means an alkyl radical, as defined
herein, substituted with at least one eyano group. 101491 As used herein,
the term "alkylarninosulfonyl" refers to a group of formula
-8(=0)2NH(alkyl). [01501 As used herein, the term "diallcylarninosulfonyl"
refers to a group of formula -3(=-0)2N(alky1)2. 101511 As used herein,
the term "aminosulfonyl" refers to a group of formula -S(-0)2NN2. (01521
As used herein, the term "N-sulfonamido" or "sulfonylarnino" refers to a
group of formula RS(-=0)2NH-. [01531 As used herein, the semi
"0-carbamyr refers to a group of formula -0C(=C)NR2, 101541 As used
herein, the term "alkylaminocarbonyloxy" refers to a -0C(0)N11(allcyl)
group. 101551 As used herein, the term "dialkylaminocarbonyloxy" refers
to a -0C(0)N(alkyl)2 group. 101561 "Aminocarbonyloxy" refers to a
-0C(0)NFI2 group. [01571 As used herein the term "N-earbamyl" refers to
a group of formula ROC(=0)NI-I-. 101581 As used herein, the term
"0-thiocarbamyr refers to a group of formula -0C(=S)NRe.  WO
2007/087068PCT/US2006/049489 23 [0159] As used herein, the term
"N-thiocarbamyt" refers to a group of fdrmula ROC("S)NP1-. 10160] As
used herein, the term "C-amino" refers to a group of formula -CC=0)NR2.
[01611 As used herein, the term "alkylaminocarbonyl" refers to a group of
formula -C(=0)NH(alkyl). [0162] As used herein, the term
diallcylaminocarbonyl" refers to a group of formula -C(-.0)N(alky1)2.
[0163] "Annnocarbonyl" refers to a -CONH2 radical. [0164] As used
herein, the term "N-amido" refers to a group of formula RC(=0)NH-. 



[01651 "Alkylcarbonylamino" refers to (alkyl)C(0)NH-. [0166] As used
herein, the substituent "R" appearing by itself and without a number
designation refers to a substituent selected from among from alkyl,
cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) and
non-aromatic heterocycle (bonded through a ring carbon). [0167] The term
"optionally substituted" or "substituted" means that the referenced group
may be substituted with one or aware additional group(s) individually and
independently selected from alkyl, cycloalkyl, aryl, heteroaryl,
heteroalicyclic, hydroxy, alkoxy, aryloxy, alkylthio, arylthio, alkylsulfoxide,
arylsulfoxide, alleyisulfone, arylsulfone, cyano, halo, carbonyl, isocyanato,
thiocyanato, isothioeyanato, nitro, perhaloalkyl, fluoroalkyl, silyl, and
amino, including mono-and di-substituted amino groups, and the protected
derivatives thereof. By way of  example an optional substituents may be
Lan wherein each L, is independently selected from a bond, -0-, -C(=0)-,
-S-, -S(=0)-, -S(=0)2-, -NB-, -NHC(0)-, -C(0)NH-, S(0)2/4H-, -NHS(0)2,
-0C(0)NH-, -NHC(0)0-, - (substituted or unsubstituted CI-C6 alkyl), or
-(substituted or unsubstituted C2-05 alkenyl); and each 12, is
independently selected from 11, (substituted or unsubstituted Cr-Cialltyl),
(substituted or unsubstituted Cr CdcycloaLkyl), heteroaryl, or heteroalkyl.
The protecting groups that may form the protective derivatives of the
above substituents are known to those of skill in the art and may be found
in references such as Greene and Wuts, abbve. [0168] The compounds
presented herein may possess one or more stereocenters and each
center may exist in the R or S configuration. The compounds presented
herein include all diastereomeric, enantiorneric, and epimeric forms as
welt as the appropriate mixtures thereof. Stereolsomers may be obtained,
if desired, by methods known in the art as, for example, the separation of
stereoisomers by chiral chromatographic columns. [0169] The methods
and formulations described herein include the use of N-oxides, crystalline
forms (also known as polymorphs), or pharmaceutically acceptable salts
of compounds described herein, as well as active metabolites of these
compounds having the same type of activity. In some situations,
compounds may exist as tautomers. All tautomers are included within the
scope of the compounds presented herein. In addition, the compounds
described herein can exist in unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water, ethanol, and the like.
The solvated forms of the compounds presented herein are also
considered to be disclosed herein. [0170] Throughout the specification,
groups and substituents thereof can be chosen by one skilled in the field
to provide stable moieties and compounds. Compounds [0121]
Compounds that inhibit the activity of tyrosine kinase(s) can play a role in
restoring or promoting health. In certain embodiments, tyrosine kinase
inhibitor compounds provided herein are useful in treating any of a variety
of diseases, disorders or conditions. In certain embodiments, compounds
provided herein are Btk inhibitor compounds. [0172] Described herein are
compounds that inhibit the activity of tyrosine kinase(s), such as Btic. Also
described herein are pharmaceutically acceptable salts, pharmaceutically
acceptable solvates, pharmaceutically active metabolites, and
pharmaceutically acceptable prodrugs of such compounds.  WO
2007/087068PCDUS2006/049489 24 [0173] Pharmaceutical compositions
that include at least one such compound or a pharmaceutically acceptable
salt, pharmaceutically acceptable solvate, pharmaceutically active
metabolite or pharmaceutically. acceptable proclrug of such compound,
are provided. In some embodiments, when compounds disclosed herein
contain an oxidizable nitrogen atom, the nitrogen atom can be converted
to an N-oxide by methods well known in the art. 10174) Compounds
provided herein are inhibitors of tyrosine ldnase activity, such as 13fic. In
one embodiment, provided herein is a compound of Formula (Ia). Formula
an) is as follows:  R2I) H Formula (la) wherein: is -0-, -S-, or -NR3-; where
le is hydrogen, hydroxy, alkoxy, alkenyloxy, acyl, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
alkoxycarbonyl, aminocarbonyl, alkylaminoearbonyl, dialkylaminocarbonyl,
alkylsulfonyl, allcylaminosulfonyl, or diallcylarninosulfonyl; and where
alkyl, alkenyl, allcynyl, and alkylene, either alone Err as part of another
group within!, are independently optionally substituted with one, two,
three, four, or five halo; 6 is -NR"Rm, -OR", or -SR R" is hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted allcynyl, hydroxy, alkoxy, alkenyloxy, acyl, -C(0)N(k7)2,
-(A1)-C(0)NRaaR84, -502R6, -(A1)-802R6, -802N(R7)2,
-(A1).-S02N(R7)2, -C(0)0R6, -(A5-C(0)0R33, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl; where each R7 is independently
selected from among hydrogen, optionally substituted alkyl, optionally
substituted alkenyl optionally substituted alkynyl, cycloalkyl,
eyeloallyialkyl, heterocycloalkyl, and heterocycloalkylalkyl; AI is ethylene,
alkenylene, or alkynylene; 



R8' is substituted alkyl, substituted alicenyl, substituted allcynyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloallcylallcyl; R3b is
hydrogen or RE7i; R6 is optionally substituted alkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylallcyl; R33 is
substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl; and where alkyl,
alkenyl, alkynyl, and ethylene, either alone or as part of another group
within R", are independently optionally substituted with one, two, three,
four, or five halo; Rth is aryl, arallyl, cycloallcyl, cycloaficylalkyl, heteroaryl,
heteroaralkyl, heterocycloallcyl, or heterocycloalitylalkyl or -X16-YI-Xib-Q1
where X" is a bond, alkylene, alkenyiene, allynyiene, Cycloalkylene, or
heterocycloalkytene where the ethylene, alkenylene, and alkynylene are
optionally substituted with one, two, three, four, or five halo or one or two
hydroxy; In is a bond, -0-, -S(0)0- (where nl is 0, 1, or 2), -C(0)-, -NRI8-,
-Nle5C(0)-, -NlesC(0)NR13-, -NRI8C(=NRI5NRIE-, -C(0)NR"-, -0C(0)-,
-C(0)0-, -C(0)N(R")N=Cle-,  WO 2007/087068MT/U52006/049489 25
-Can)(t--NO)-, -C(R21)=NNILla-, -C(R27)=NNRI8C(0)-,
-C(R27)=NNR"C(0)NR18-, -NRI8C(0)0-, or -0C(0)NR-; where R" is
hydrogen, optionally substituted alkyl, optionally substituted ancenyl,
optionally substituted alkynyl, hydroxy, alkoxy, or alkenyloxy; R27 is
hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkYilYll and where alkyl, alkenyl, and allcynyl, either
alone or as part of another group within Y1, are independently optionally
substituted with one, two, three, four, or five halo; X" is a bond, allcylene,
alkenylene, alkynylene, cycloalkylene, or heterocycloalicylene where the
allcylene, alkenylene, and allcynylene are optionally substituted with one,
two, three, four, or five halo or one or two hydroxy; Q2 is Z where Z is
-P(=E)(Ythalt.6")(Y16bR6612), - ypLOaR6020-10bR60),
..p,(=E)(ylDeR6ftyz10-61,, ) or an optionally substituted ring system where
one ring member is -P(=E)(RI67)-; E is oxygen or sulfur; Ytha and YI" are
independently a single bond, -0-, -S-, or-NR- where R622 is hydrogen,
hydroxy, alkoxy, alkenyloxy, optionally substituted alkyl, optionally
substituted alkenyl, or optionally substituted alkynyl; R6" and R.6" are
independently hydrogen, optionally substituted alkyl, optionally substituted
allcenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl,
heteroarallcyl, cycloalkyl, cycloalicylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl when YI" or 1/4", respectively, is -0-, -S-, or -NR676-;
R6" and R602' are independently optionally substituted alkyl, optionally
substituted allcenyl, optionally 



substituted allcynyl, aryl, arallcyl, heteroaryl, heteroaralkyl, cycloalkyl,
eycloalkylalkyl,     heterocycloalkyl, or heterocycloalkylalkyl when 11102 or
YI", respectively, is a single bond; 171" is -0-, -5-, or -NR623-; Z10 is
alkylene, allcenylene, alkynylene, -0-, -S-, or -NR622-; R6` is hydrogen,
acyl, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted allcynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalicyl,
cycloalkylallcyl, heterocycloalkyl, or heterocycloalkylallcyl; or Ks' is
.p(=ExylOaR6OaxylDbit60); RUM is a single bond from the phosphorous
atom to X", or RI" is halo, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted
phenyl, optionally substituted phenylalkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalicyl, heterocycloallcylalkyl, heteroaryl, heteroaralkyl, -OR'", or
-NR.162617.162b; and where the alkyl, alkenyl, and alkynyl within R",
either alone or as part of another substituent, are independently optionally
substituted with one, two, three, four, or five halo; RI" is hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted allcynyl; 1216726 and R1622) are independently hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, aryl, aralkyl, beteroaryl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloallcyl, or heterocycloalkylallcyl; RI` and Rld are
-X"-Z where X" and Z are as defined above; le is hydrogen, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl,  WO 2007/087068PCT/US2006/049489 26 hydroxy, alicoxy,
alkenyloxy, optionally substituted phenyl, cyand, optionally substituted
phenyl, aR14b,126, _ heteroaryl, -NR`5"C(0)R13b, -(A4)-NR13C(0)RI3b,
-C(0)NRE4aRl4b, or -(A1)-0(0)NRitoRiab; and where alkyl, alkenyl,
alkynyl, and alkylene, either alone or as part of another group within R24,
are independently optionally substituted with one, two, three, four, or five
halo; Rua is substituted alkyl, substituted alicenyl, substituted alkynyl,
hydroxy, cyanoalkyl, alkoxy, or alkenyloxy; and 12.521' is hydrogen or
R124; Rics and lea are independently hydrogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, hydroxy,
cyanoalltyl, alkoxy, or alkenyloxy; 



RD is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alicynyl, hydroxy, eyanuallcyl, alkoxy, alkenyloxy,
cyeloalkyl, aryl, aralkyl, heteroaryl, or heteroaralley1 and Rim is optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
allcynyl, cyanoallcyl, alkoxy, alkenyloxy, or cycloalkyl; R2b is
-X24-Y2-X2b-Q2 where X24 is a bond, alkylene, alkenylene, or alkynylene
where the alkylene, alkertylene, and alkynylene are optionally substituted
with one, two, three, four, or Ewe halo or one or two hyclroxy; Y2 is a
bond, -0-, -S(0),,,- (where iii is 0, 1, or 2), -C(0)-, -NR45-, -NR45C(0)-,
-191e5C(0)NR45-, -NR45C(r-NR45)NR45-, -C(0)NR45-, -0C(0)-, -C(0)0-,
-cpThroe5pi_cR74_, jsmissor, _s02isTR45_, -qa74)(=No)-,
-c(R74)=NNR45-, - C(R74)-NNR45C(0)-, -C(R.74)=NNR45C(0)NR45-,
-NR45C(0)0-, or -0C(0)NR45-; where R45 is hydrogen, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
allcynyl, hydroxy, alkoxy, or alkeityloxy; R74 is hydrogen, optionally
substituted alkyl, optionally substituted alkenyl, or optionally substituted
allcynyl; and where alkyl, alkenyl, and alkynyl, either alone or as part of
another group within 12 are independently optionally substituted with one,
two, three, four, or five halo; X2b is a bond; and 02 is hydrogen, eyano,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted allcynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, cycloalkyl,
heterocycloallcyl, or heteroaryl; or R?' and Rib together form cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; and R? is hydrogen, halo, acyl,
acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl, cycloallcylallcyl,
heterocycloallcyl, heterocycloalkylallcyl, aryl, arallcyl, hetcroaryl,
heteroaralkyl, -(A5)-S(0)0.2R53, (A5)N(R54)2, -(A5)-0R55,
-(A5)-0C(0)R53, -(A5)-C(0)R53, -(A5)-C(0)0R55, -(A5)-C(0)N(R54)2,
-(A5)441254C(0)R53, -(A5)-S(0)2N(R54)2, -(A5)-NR54S(0)2R53,
-(A5)-0C(0)N(R54)2, -(A5)-NR54C(0)0R55, or -(A.5)-NR54C(0)N(R54)2;
A5 is a bond, alkylene, alkenylene, or alkynylene; R57 is optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, aryl, aralkyl, heteroaryl, heteroasallcyl, cycloallcyl,
cycloalkylalleylalkyl, heterocycloalkyl, or heterocycloalkylalkyl; R54 is
hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted allcynyl, hydroxy, alkoxy, alkenyloxy, aryl, aralkyl,
ayeloallcyl, cycloalkylalicyl, heterocycloallcyl, heterocycloalkylalkyl,
heteroaryl, or heteroaralkyl;  WO 2007/087068PCT/US2006/049489 27
R55 is hydrogen or R53; and where alkyl, alkenyl, allcynyl, alkylene,
alkenylene, and alksinylene, either alone or as part of another group
within R3, are independently optionally substituted with one, two, three,
four, or five halo; and pharmaceutically acceptable salts, pharmaceutically
acceptable solvates, pharmaceutically acceptable metabolites or
pharmaceutically acceptable prodrugs thereof 101751 In one
embodiment, provided herein are compounds of Formula (la), wherein R3
is hydrogen and J is -NR5- where R5 is hydrogen or an optionally
substituted alkyl. In another embodiment. I is -N(methyl)-. 101761 In
another embodiment, Q1 is an optionally substituted ring system where
one ring member is -P( ="E)(.Riouy" 



101771 In some embodiments, Rib is -3Cla-r-xlb
t,z In other embodiments, r is -NRIaRth where RI' is hydrogen, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, hydroxy, alkoxy, alkenyloxy, or acyl; and Rib is aryl, aralkyl,
cycloalkyl, cycloalkylallcyl, heteroaryl, heteroarallcyl, heterocycloalkyl, or
heterocycloalkylallcyl. In yet other embodiments, r is -NRIaltib where It" is
hydrogen and Rib is aryl. 101781 In another embodiment, provided herein
is a compound of Formula (lb). Formula (lb) is as follows: R2a-L- y/N Rah
Fi Formula (lb) wherein: J is -0-, -S-, or -NR5-; where R5 is hydrogen,
hydroxy, alkoxy, alkenyloxy, acyl, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, allcylsulfonyl,
allcylaminosulfonyl, or dialkylaminosulfonyl; and where alkyl, alkenyl,
alkynyl, and alkylene, either alone or as part of another group within I, are
independently optionally substituted with one, two, three, four, or five halo;
r is -Nay% -OR, or -SR Rla is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted allcynyl, hydroxy,
alltoxy, alkenyloxy, acyl, -C(0)N(17.7)2, -(A5-C(0)NR,Rab, -SO2R6,
-(A5-802R6, -SO2N(R7)2, -(A1)-802N(R7)2, -C(0)0R6, -(AI)-C(0)012.33,
cycloallcyl, cycloalicylalkyl, heterocycloallcyl, or heterocycloalkylallcyl;
where each R5 is independently selected from among hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, cycloallcyl, cycloallcylalkyl, heterocycloalkyl, and
heterocycloallcylalkyl; AI is allcylene, alkenylene, or alkynylene, R8' is
substituted alkyl, substituted alkenyl, substituted allynyl, cycloallcyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloallcylalkyk Rim is hydrogen
or R135; F(.0 is optionally substituted alkyl., cycloalkyl, cycloalkylalkyl,
hadcrocycloalkyl, or heterocycloalkylalkyl; R33 is substituted alkyl,
substituted alkenyl, substituted alkYnyl, cycloalkyl, cycloallcylalkyl,
haterocycloalkyl, or heterocycloalkylallcyl; and  WO 2007/087068PCT/ U
S2006/049,189 28 where alkyl, alkenyl, allcynYl, and alkylene, either
alone or aS part of another group within Rb, are independently optionally
substituted with one, two, three, four, or five halo; Rth is aryl, aralkyl,
cycloalkyl, cycloallcylallcyl, heteroaryl, heteroarallcyl, heterocycloalkyl, or
heterocycloalkylalkyl; or R" and R" together with the nitrogen to which they
are attached form heteroeyeloalkyl or heteroaryl; 



12" and Rid are independently hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, acyl, cycloalkyl, cycloallcylalkyl,
heterocycloallcyl, heterocycloallcylalkyl, ax-yl, aralkyl, heteroaryl,
heteroaralityl, or -(A")-C(0)NR52R555; A13 is alkylene, alkenylene, or
alkynylene; and R55' and list" are independently hydrogen, optionally
substituted alkyl, aryl, arallcyl, heteroaryl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl); and where alkyl,
alkenyl, and alkylene either alone or as part of another group within R",
Rib, R" and Rid, are independently optionally substituted with one, two,
three, four, or five halo; R25 is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted allcynyl, hydroxy,
alkoxy, alkenyloxy, optionally substituted phenyl, cyano, optionally
substituted phenyl, heteroaryl, -NR.14nR14bs (A1)..NRI2a,-.IC12b,
NR13C(0)R13b, -(A1)-NRI3t(0)R13b, -C(0)NR14aR141), or
-(A)-C(0)NR0leb; and where alkyl, alkenyl, alkynyl, and alkylene, either
alone or as part of another group within Rb, are independently optionally
substituted with one, two, three, four, or five halo; Rib is aubstituted alkyl,
substituted alkenyl substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or
alkenyloxy; and Rub is hydrogen or Rib; R1" and Rib are independently
hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, hydroxy, eyanoallcyl, alkoxy, or alkenyloxy;
Rnct is hydrogen, optionally substituted alkyl, optionally substituted
alkenyi, optionally substituted alkynyl, hydroxy, cyanoalkyl, alkoxy,
alkenyloxy, cycloallcyl, aryl, aralkyl, heteroaryl, or:heteroandicyl and R135
is optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, cyanoalkyl, alkoxy, alkenyloxy, or cycloalkyl; . R2b is
-Xb-Y2-X25-.Q1 where xb is a bond, alkylene, alkenylene, or alkynylene
where the alkylene, alkenylene, and alkynylene are optionally substituted
with one, two, three, four, or five halo or one or two hydroxy; is a bond,
-0-, -8(0)",- (where n1 is 0, 1, or 2), -gay.,-NR.45c(0)-, -NR.45go)NR45-,
NR45c(NR.4)NR45-, -qo)NR45-, -oc(o)-, -c(o)o., -c(o)N(R.45)N---cR14-, -
NR4sso,-, _s02NR45_, -=  -c(R75(=No)-, -C(R24),=NNR45-, -
-0C(0)NR45-; 



where R45 is hydrogen, optionally substituted alkyl, optionally substituted
all:any', optionally substituted alkynyl, hydroxy, allcoxy, or alkenyloxy; R24
is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, or
optionally substituted alkynyl; and where alkyl, alkenyl, and allcynyl, either
alone or as part of another group within 12, are independently optionally
substituted with one, two, three, four, or five halo; X2b is a bond, alkylene,
alkenylene, allcynylene, cycloallcylene, or heterocycloalkylene where
allcylene, alkenylene, and alkynylene are independently optionally
substituted with one, two, three, four, or five  WO
2097/087968PCT/US20061049489 29 halo or one or two hydroxY; and
Q3 is Z where Z is -P(---E)(Ymalt.)(Ymbet), -P(Ymale01(Ymbleb),
-P(=E)(YmeR6)(ZmR61), or an optionally substituted ring system where
one ring member is -P('E)(Rm)-; E is oxygen or sulfur; Yma and Ymb are
independently a single bond, -0-, -S-, or -NR62- where 12.62 is hydrogen,
hydroxy, alkoxy, aikenyloxy, optionally substituted alkyl, optionally
substituted alkenyl, or optionally substituted alkynyl; 12.60 and eb are
independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, cycloalkyl, cycloalkylallcyl, heterocycloalkyl, or
heterocycloallcylalkyl when Yma or Yiba respectively, is -0-, -8-, or
-NR.62-; R65' and R.b are independently optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, aryl, &alkyl,
heteroaryl, heteroaralkyl, cycloalkyl, cycloaLkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl when Ym' or Ylb, respectively, is a single bond; 14' is
-0-, -S-, OT -NR62a-; Z1 is alkylene, alkenylene, alkynylene, -0-, -8-, or
-NR6z'-; R." is hydrogen, acyl, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylallcyl; or R61 is ..p(r.E)cylOpeaRylObR601); RUM is a
single bond from the phosphorous atom to Xl, or Rm is halo, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
allrynyl, optionally substituted phenyl, optionally substituted phenylalkyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl, heteroaralkyl, - Rua% _NRiazaRioebi and where the alkyl,
alkenyl, and alkynyl within em, either alone or as part of another
substitnent, are independently optionally substituted with one, two, three,
four, or five halo; RP' is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, or optionally substituted alkynyl; 



R132 and Rmab are independently hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, aryl, arallcyl,
heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl; le is hydrogen, halo acyl, acylamino, acyloxy, alkyl,
alkenyl, allcynyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, atalkyl, heteroaryl, heteroaralkyl,
-(A5)-S(0)0.2R53, -(A5)- WR54)2, <A5)-0R55, -(A5)-0C(0)R55,
-(A5)-C(0)1e, -(A5)-C(0)0R55, -(A5)-C(0)N(1154)2, -(A5)-NR.940(0)R53,
-(A5)-S(0)214(R54)2, -(A5)-NR54S(0)2R53, -(A5)-0C(0)N(R512,
-(A5)-NR54C(0)0R55, or -(A5)-NR54C(0)1V(R51/2; A5 is a bond,
alkylene, alkenylene, or aLkynylene; R.53 is optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkylalkyl, heterocycloalkyl,
or heterocycloalkylalkyl; 12.54 is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, hydroxy,
alkoxy, alkenyloxy, aryl,,aralkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylallcyl, heteroaryl, or heteroaralkyl;  WO
2007/087068PCT/US2006/049489 30 R33 is hydrogen or R53; and where
alkyl, alkenyl, allcynyl, alkylene, alkenylene, and allcynylene, either alone
or as part of another group         within R3, are independently optionally
substituted with one, two, three, four; or five halo; and pharmaceutically
acceptable salts, pharmaceutically acceptable solvates, pharmaceutically
acceptable metabolites or pharmaceutically acceptable prodrugs thereof.
101791 In another embodiment, provided herein are compounds of
Formula (lb), wherein R3 is hydrogen and 'is -NRS- where Its is hydrogen
or an optionally substituted alkyl. In another embodiment, .3 is
-N(methyl)-. 101801 In some other embodiments, Y' is -NRI'bRib where
Rib is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted allc,ynyl, hydroxy, aikoxy, alkenyloxy, or acyl; and
Rib is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl,
heterocycloalkyl, or heterocycloalkylalkyl. In another embodiment, Y' is
-NRIaRib where Rth is hydrogen or alkyl and Rib is aryl or heteroaryl. In
some other embodiments, r is -1418.the where Ria is hydrogen and RIF' is
aryl. In yet some other embodiments, Y is -NH(ary1). In further
embodiments, r is 4-fluoro-2-methylphenylarnino or
2,6-diehlorophenylamino. 101811 In other embodiments, Q3 is an
optionally substituted ring system where one ring member is
-P(='E)(R103)-. 101821 In other embodiments, Rth is optionally
substituted alkyl. In some other embodiments, Rth is methyl; and Rsh is
.x2ax2......213_                    QZ where Xth is alkenylene. In yet other
embodiments, R2s is methyl; and R2h is -x2fLy.2..x21,-Q2 where Xth is
-C112CH=CH-. In some other embodiments, Y2 is a bond, -C(0)N11.45-,
or -C(0)NH-. In other embodiments, X2b is a bond, and Q2 is an optionally
substituted ring system where one ring member is -P(=E)(RIDDy. . In
some other embodiments, Rth is methyl; and Rth is -X2b-Y x. Q2 where
Xth is -0-12CH=CH-, Y2 is a bond, or -C(0)NH-; Xth is a bond, and Q2 is
an optionally substituted ring system where one ring member is
-P(=E)(It103)-. 101831 In some embodiments, Rth is located at the
6-position and R2b is located at the 7-position. lo 1 841 In some
embodiments, Y2 is a bond and Q2 is a saturated, monocyclie group of 6
ring atoms in which one of the ring atoms is nitrogen and another ring
member is -P(=0)(Rm5- and where the nitrogen is the point of attachment
to X2h. In other embodiments, Rms is alkyl, aryl, aralltyl, eyeloalkyl, or
cycloalkylalkyl. In further embodiments, Q2 is
4-methy1-4-oxo-4A541,41azaphosphinan-l-y1;
4-oxo-4-pheny142,541,4]azaphosphinan-1-y1; 4-
(4-fluoraphenylmethyl)-4-oxo-4X541,41azaphosphinan-1-y1;
4-(eyclopropylmethyl)-4-oxo-423-[1,4]azaphosphinan1-y1; or
4-(cyclopropy1)-4-oxo47.341,41azaphosphinan-1-yl. 101851 In some
other embodiments, y2 is -C(0)NH- and Q2 is a saturated monoeyelic
hydrocarbon radical of 6 ring atoms where one ring member is
-PC---0)(R105, In other embodiments, Pim is alkyl or aryl. In other
embodiments, Y2 is -C(0)NU- and Q2 is a saturated monocyclic
hydrocarbon radical of 6 ring atoms where one ring member is
-P(=0)(Riss)-; and K' is alkyl or aryl. In yet other embodiments, Q2 is
1-oxo- 1-methy1-12.3-phosphinan4-yl,
1-oxo-1-trans-phenyl-1X3-phosphinan-4-yl, or
1-oxo-1-cis-pheny1-123-phosphinan-4-yl. 101861 In another embodiment,
I is -14125-; where Rs is hydrogen; Rth is optionally substituted alkyl; R2
is hydrogen; Ya is -NR.the where Kt' is hydrogen or alkyl and K'5 is aryl or
heteroaryl; Rth is -X23 A Q3 where X2b is alkenylene, Y2 is a bond or
-C(0)NH-, X21' is a bond, and Q3 is an optionally substituted ring system
where one ring member is -11(=E)(11.13)- and E is oxygen and Km is
alkyl, aryl, aralkyl, cycloalkyl, or cycloalkylalkyl. 101871 In another
embodiment, Rth is optionally substituted alkyl; and Rth is
-Xth-Y2-X25-Q2 where Xzn is alkenylene, Y2 is a bond or -C(0)NR83-,
Xth is a bond, and Q2 is an optionally substituted ring system where one
ring member is -P(--E)(Ris3)-. [01881 In another embodiment, provided
herein is a compound of Formula (lc). Formula (Ic) is as follows:  



WO 2007/087068ITT/US2006/049489 31 R3 R2a-' R2b H Formula (JO
wherein: is -0-, -8-, or -Nits--; where R5 is hydrogen, hydroxy, allcoxy,
alkenyloxy, acyl, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, alkoxycarbonyl, arninocarbonyl,
alkylaminocarbonyl, diallcylaminocarbonyl, alkylsulfonyl,
alkylaminosulfonyl, or diallcylaminosulfonyl; and where alkyl, alkenyl,
alkynyl, and allcylene, either alone or as part of another group within 1,
are independently optionally substituted with one, two, three, four, or five
halo; Y6 is -NR1aRlb, -OW`, or -SR Rhydrogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, hydroxy,
alkoxy, alkenyloxy, acyl, -C(0)N(R7)2, -(A1)-C(0)NeRsb, -SO2R6,
-(A5)-S02R6, -802N(R7)2, -(k1)-80214(R5)2, -C(0)0126, -(A.1)-C(0)0R33,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl; where
each R7 is independently selected from among hydrogen, optionally
substituted alkyl, optionally substituted alicenyl, optionally substituted
alkynyl, cycloalkyl, cycloalkylalkyl, heterocycloallcyl, and
heterocycloalkylalkyl; A' is alkylene, allcenylene, or alkynylene; R is
substituted alkyl, substituted alkenyl, substituted alkymyl, cycloalityl,
cycloalkylalkyl, heterocycloallcyl, or heterocycloalkylalkyl; 12515 is
hydrogen or R5'; R6 is optionally substituted allcyl, cycloalkyl,
cycloallcylallcyl, heterocycloalkyl, or heterocycloalkylalkyl; R73 is
substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl,
cycloallcylalkyl, heterocycloallcyl, or heterocycloallcylallcyl; and where
alkyl, alkenyl, allcynyl, and alkylene, either alone or as part of another
group within R15, are independently optionally substituted with one, two,
three, four, or five halo; Rib is aryl, aralkyl, cycloalkyl, cycloalkylalkyl,
hcteroaryl, heteroaralkyl, heterocycloallcyl, or heterocycloalkylalkyl; or and
Rib together with the nitrogen to which they are attached form
heterocycloalkyl or heteroaryl; RI` and led are independently hydrogen,
optionally substituted alkyl, optionally substituted alicenyl, acyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, or -(A18)-C(0)NR566R56b; A's is alkylene,
allcenylene, or alkynylene; and 



R505 and R561' are independently hydrogen, optionally substituted alkyl,
aryl, arallcyl, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heteroeycloalkylalkyl); and and R, are 16h' where
alkyl, alkenyl, and alkylene either alone or as part of another group within
RI%R.  independently optionally substituted with one, two, three, four, or
five halo; R26 is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,  WO
2007/1187068PCTIUS2006/049489 32 hydroxy, allcoxy, alkenyloxy,
optionally substituted phenyl, cyane, optionally substituted phenyl,
heteronryl, -NR.naleb, -(A.1)4 leR12b, -NRI3'C(0)1223b,
-(A1)-NRI35c(o)R13b, _c(D)NR14aR14b, or -(A1)-C(0)NRI2a1112b; and
where alkyl, alkenyl, allcynyl, and allcylene, either alone or as part of
another group within R2', are independently optionally substituted with
one, two, three, four, or five halo; len is substituted alkyl, substituted
alkenyl, substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or alkenyloxy;
and Rnb is hydrogen or R12'; 11.243 and R1412 are independently
hydrogen, optionally substituted alkyl, optionally substituted aLkenyl,
optionally substituted alkynyl, hydroxy, cyanoalkyl, allcoxy, or alkenyloxy;
R13' is hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted allcynyl, hydroxy, cyanoalkyl, alkoxy,
alkenyloxy, cycloalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl and le is
optionally substituted alkyl, optionally substituted allcenyl, optionally
substituted alkynyl, cyanoalkyl, allcoxy, alkenyloxy, or cycloalkyl; R2b is
-X2a-Y2-X2b-Q2 where X2b is a bond, alkylene, alkmylene, or allcynylene
where the alkylene, alkenylene, and allcynylene are optionally substituted
with one, two, three, four, or five halo or one or two hydroxy; Y2 is a bond,
-0-, -S(0)a- (where n1 is 0, 1, or 2), -C(0)-,_No5ic(0)_, _NR.45c(0)NR45._,
_NR45cet"NR45pirt45_, _c(0)NR45_, _OC(0)-, -C(0)0-,
-C(0)N(12.45)N=CR24-, -NR45S02-, -S02b11143-,
_c(R74)_141.4R45c(0)_, _c(R7c.)_Nme3c(0)NR45_, -NR45C(0)0-, or
-0C(0)NR45-; where R.45 is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, hydroxy,
alkoxy, or alkenyloxy; 



R24 is hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, or optionally substituted alkynyl; and where allcyl, alkenyl, and
ancynyt, either alone or as part of another group within Y2, are
independently optionally substituted with one, two, three, four, or five halo-
X25 is a bond; and Q2 is hydrogen, cyan, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted         allcynyl,
haloalicyl, haloalkenyl, haloallcynyl, aryl, cycloallcyl, heterocycloalkyl, or
heteroaryl; R3 is -X33-Y3-X3b-Q4 where Xn is a bond, ethylene,
alkenylene, or alkynylene where alltylene, alkenylene, and allcynylene are
independently optionally substituted with one, two, three, four, or five halo
or one or two hydroxy, Y3 is -C(0)-, or -NR51- where R51 is hydrogen,
optionally substituted alkyl, optionally substituted enmity', optionally
substituted alkyrtyl, cycloallcyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl and where alkyl, alkenyl, and alltynyl, either alone or
as part of another group within Y3, are independently optionally
substituted with one, two, three, four, OT five halo. X311 is a bond,
alkylene, alkenylene, allcynylene, cycloalltylene, or heterocycloallcylene
where ethylene, alkenylene, and allcynylene are independently optionally
substituted with one, two, three,. four, or five halo or one or two hydroxy,
and Q4 is Z where Z is -pc--ExylaR611)(YwbR"b), -PCY1,a6a)(Y16R6b),
-13(=E)(YneRathlXVR51), or an optionally substituted ring system where
one ring member is -P(=E)(R152)-; E is oxygen or sulfur;  WO
20071087068PCT1I1S20061049489 33 y10a and ylOb are independently
a single bond, -0-, -S-, or -1412624- where R626 is hydrogen, lxydroxy,
alkoxy, alkenyloxy, optionally substituted alkyl, optionally substituted
alkcnyl, or optionally substituted allcynyl; R6116 and R601' are
independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, eyeloalkyl, cyeloalkylalkyl, heterocycloalkyl, or
heterocycloalkylallcyl when Y1th or Y1611, respectively, is -0-, -S-, or
-NR626.; R606 and R6611 are independently optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, aryl, atallcyl,
heteroaryl, heteroaralkyl, cycloallcyl, cycloallcylalkyl,     heterocycloallcyl,
or heterocycloallcylalicyl when Yll" or Y11", respectively, is a single bond;
Y11/6 is -0-, -S-, or -NR626-; Z1 is alkylene, alkenylene, alkynylene, -0-,
-8-, or R61 is hydrogen, acyl, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, cycloallcyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyk or Rst is _p&Exy1OaR6OaxylObR606); 



RIG is a single bond from the phosphorous atom to X", or Am is
halo,.optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted phenyl, optionally substituted
phenylalkyl, cycloalkyl, cycloallcylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, heteroarallcyl, -0R161, or -1
\TR1626R162b; and where the alkyl, alkenyl, and alkynyl within Kw, either
alone or as part of another substituent are independently optionally
substituted with one, two, three, four, or five halo; Iti1 is hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alicynyl; RI26 and RIO26 are independently hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, aryl, aralkyl, heteroaryl, heteroarallcyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl; and
iiharmaceutically acceptable salts, pharmaceutically acceptable solvates,
pharmaceutically acceptable metabolites or pharmaceutically acceptable
pro drugs thereof. 101891 In some embodiments, provided herein is a
compound of Formula go, wherein J is -NR?- where Rs is hydrogen or
optionally substituted alkyl. In other embodiments, I is -N(Inethyl), [0190]
In another embodiment, Y is -NR"Rth where R" is hydrogen, optionally
substituted allcyl, optionally substituted alkenyl, optionally substituted
allcynyl, hydroxy, alkoxy, alkenyloxy, or acyl; and Rib is aryl, aralkyl,
cycloallcyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloallcyl, or
heterocycloalkylalkyl. In other embodiments, ris -NRIalt" where It" is
hydrogen or alkyl; and Rth is aryl or heteroaryl. In other embodiments, r is
-1VH(ary1). In some other embodiments, r is
4-fluoro-2-methylphenylatnino or 2,6-dielilorophenylamitio. [0191] In
another embodiment Q4 is an optionally substituted ring system where
one ring member is -P(=E)(11.666)-  WO
2007/087068PCT/US2006/049489 34 hl 0 H Formula (I) wherein: R250' is
hydrogen, optionally substituted alkyl, optionally substituted alkenyl, or
optionally substituted alkynyl and where alkyl, alkenyl, and allcynyl, are
independently optionally substituted with one, two, three, four, or five halo;
R25& is -CH&NO11), -C(H)=N-NRC(0)-Q250, 4c250ex250.:+250b_ X Q2-
where X250' is allcylene, alkenylene, or allcynylene and where alkylene,
alkenylene, and alkynylene are independently optionally substituted with
one, two, three, four, or five halo or with one or two hydroxy; 



Y25 is a bond, -5-,-S(0)a-, -C(0)0-, or X2501' is a bond, alkylene,
allcenylene, or allcynylene and where alkylene, alkenyleue, and
allcynylene are independently optionally substituted with one, two, three,
four, or five halo or with one or two hydroxy; leo is    aryl or heteroaryl or
Q25 is heterocycloalkyl substituted with one or two groups selected from
aryl, acyl, hetcroaryl, alkylsulfonyl, alkenylsulfonyl, arylsulfonyl,
allcoxycarbonyl, allcylanainosulfonyl, dialkylaminosulfonyl,
allcylaminocarbonyl, dialkylaminocarbonyl, and -(alkylene)-R25 R25I is
phenyl substituted with one, two, or three groups seleaed from among
halo, hydroxy, alkoxy, cyano, alkylamino, dialkylamino, soy!, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
allcynyl, allcylsulfonyl, allcenyisulfonyl, alkoxycarbonyl, alkylaminosulfonyl,
dialkylaminosulfonyl, alkylaminocarbonyi, and dialkylaminocarbonyl; and
where alkylene, alkyl, alkenyl, and alkynyl, either alone or as part of
another group within R250, are independently optionally substituted with
one, two, three, four, or five halo; R350' is hydrogen, hydroxy, alkoxy,
optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted allcynyl and where alkyl, alkenyl, and allcynyl, are
independently optionally substituted with one, two, three, four, or five halo;
11352 is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, hetemaryl, heteroaralkyl,
heterocycloallcyl, or heterocycloalkylalkyl and where the alkyl in aralkyl,
cycloalkylalkyl, heteroarallcyl, or heterocycloalkylalkyl; Pm is hydrogen,
halo, acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylallcyl, heterocycloalkyl, heterocycloalkylancyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, allcylsulfonyl, alkenylsulfonyl, arylsulfonyl,
allcylamino, dialkylarnino, allcoxy, acyl, acyloxy, alkoxycarbonyl,
alkylaminocarbonyl, diallcylaminocarbonyl, alkylcarbonylamino,
arninosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonylamino, or Am is alkylene or alkenylene; and R301 is
hydrogen, halo, acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocycloallcyl, heterocycloalkylalkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, allcylsulfonyl, alkenylsulfonyl, arylsulfonyl,
allcylamino, dialkylamino, alkoxy, acyl, acyloxy, alkoxYcarhollY3  WO
2007108706RPCT/US2006/019489 35 alkylaminocarbonyl,
diallcylaminocarbonyl, alkylcarbonylatnino, aminosulfonyl,
alkylaminosulfonyl, dialkylatninosulfonyl, or alkylsulfonylamino; and where
alkyl, alkenyl, alkynyl, allcylene, alkenylene, and alkynylene either alone
or as part of another group within R300, are independently optionally
substituted with one, two, three, four, or five halo; and el is hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, hydroxy, or alkoxy and where alkyl, alkenyl, and
alkyrtyl, either alone or as part of another group within are independently
optionally substituted with one, two, three, four, or five halo; and
pharmaceutically acceptable salts, pharmaceutically acceptable solvates,
pharmaceutically acceptable metabolites or pharmaceutically acceptable
pro drugs thereof. 101931 In another embodiment, provided herein is a
compound of Formula (H), wherein; R 



300 If R250blit Formula (II) wherein 1225 is hydrogen, optionally
substituted alkyl, optionally substituted aLkenyl, or optionally substituted
alkynyl and where alkyl, alkenyl, and alkynyl, are independently optionally
substituted with one, two, three, four, or five halo; R250b is
-3/2521-Y25a-X25b-Q25 where X250 is alkylene, alkenylene, or
alkynylene and where alicylene, alkenylene, and allcynylene are
independently optionally substituted with one, two, three, four, or five halo
or with one or two hydroxy; Y25 is a bond, -S-, -S(0)-, -8(0)2-, -C(0)0-, or
-0C(0)-; X25 is a bond, alkylene, alkenylene, or alkynylene and where
alkylene, alkenylene, and allcynylene are independently optionally
substituted with one, two, three, four, or five halo or with one or two
hydroxy; Q25 is aryl or hetemaryl or Q25 is heterocycloalkyl substituted
with one or two groups selected from aryl, acyl, heteroaryl, alkylsulfonyl,
alkenylsulfonyl, arylsulfonyl, alkoxycarbonyl, alkylaminosulfonyl,
dialkylaminosulfonyl, alkylaminocarbonyl, and dialkylaminocarbonyl, and
where alkylene, alkyl, alkenyl, and allcynyl, either alone or as part of
another group within R25, are independently optionally substituted with
one, two, three, four, or five halo; R.350' is hydrogen, hydroxy, alkoxy,
optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alkynyl and where alkyl, alkenyl, and alkynyl, are
independently optionally substituted with one, two, three, four, or five halo;
R353 is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl,
heterocycloalkyl, or heterocycloalkylalkyl and where the alkyl in aralkyl,
cycloalkylalkyl, heteroarallcyl, or heterocycloalkylalkyl; few is hydrogen,
halo, acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocycloallcyl, heterocyclealkylalkyl, aryl, aralkyl,
heteroaryl, heteroarallcyl, alkylsulfonyl, alkenylsulfonyl, arylsulfonyl,
alkylamino, dialkylamino, Ataxy, acyl, acyloxy, alkoxycarhonyl,  WO
2007/087068PCT/1182006/049489 36 alkylaminocarbonyl,
dialkylaminocarbonyl, alkylearbonylarnino, inninosulfonyl,
alkylanairassulfonyl, dialkylaminosulfonyl, alkylsulfonylamino, or
-AIDD-12.301 (where A10 is alkylene or alkenylene and R301 is
hydrogen, halo, acyl, acylamino, acyloxy, alkyl, alIcenyl, alkynyl,
cycloalkyl, cycloalkYlalkyl, heterocycicalkyl, heterocycloalkylalkyl, aryl,
arallcyl, heteroaryl, heteroaralkyl, alkylsulfonyl, alkenylsulfonyl,
arylsulfonyl, alkylamino, dialkylarnino, alkoxy, acyl, acyloxy,
alkoxycasbonyl, alkylaminocarbonyl, diallcylaminocarbonyl,
alkylearbonylamind, aminosulfonyl, alicylaminosulfonyl,
dialkylarninosulfonyl, or alkylsulfonylamino) and where alkyl, alIcenyt,
alkynyl, alkylene, alkenylene, and allcynylene, either alone or as part of
another group within R300, are independently optionally substituted with
one, two, three, four, or five halo; and 12.40 is hydrogen, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, hydroxy, or alkoxy and where alkyl, alkenyl, and alkynyl, either
alone or as part of another group -within     R411, are independently
optionally substituted with one, two, three, four, or five halo; and
pharmaceutically acceptable salts, pharmaceutically acceptable solvates,
pharmaceutically acceptable metabolites or pharmaceutically acceptable
prodrugs thereof. 



101941 In another embodiment, R2505 is optionally substituted alkyl;
R25611 is -Cli(---N0f1), -C(H)-N-NliC(0)-Q250, or -X255-Y25-X2511-Q25
where X2-5D is allcylene, alkenylene, or alkynylene and where alkylene,
alkenylene, and allcynylene are independently optionally substituted with
one, two, three, four, or five halo or with one or two hydroxy; Y25 is a
bond, -9(0),-, or -C(0)0-; X250b is a bond; Q250 is aryl or heteroaryl or
Q250 is heterocycloalkyl substituted with aryl, acyl, heteroaryl,
alkylsulfonyl, arylsulfonyl, alkoxycarbonyl, dialkylaminosulfonyl,
alkylambiocarbonyl, or -(alkylene)-R251 (where R251 is phenyl
substituted with halo); 11.353 is hydrogen; R356 is aryl; R30 is hydrogen;
and Roo is optionally substituted alkyl. [0195] In some other
embodiments, R3505 is hydrogen and 11.355b is aryl. [01961 In yet some
other embodiments. R30 is hydrogen and R25' and R40 are optionally
substituted alkyl. [01971 In some other embodiments, R250D is R256b is
-X251-Y250-X25D-Q15 where X2505 is -CH2CHH-, Y25 is a bond, X250b
is a bond, and Q35 is heterocycloalkyl substituted with one or two groups
selected from aryl, acyl, heteroaryl, alkylsulfonyl, alkenylsulfonyl,
arylsulfonyl, alkoxycarbonyl, alkylarninosulfonyl, dialkylaminosulfonyl,
alkylaminocarbonyl, diallcylaminocarbonyl, and -(alkylette)-R251 (where
R251 is phenyl substituted with one, two, or three groups selected from
halo, hydroxy, alkoxy, cyano, alkylamino, dialkylarnino, acyl, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, alkylsulfonyl, alkenylsulfonyl, alkoxyearbonyl,- alkylarninosulfonyl,
dialkylaminosulfonyl, allcylaminoearbonyl, and dialkylaminocarbonyl) and
where alkylene, alkyl, allcenyl, and alkynyl, either alone or as part of
another group within R250, are independently optionally substituted with
one, two, three, four, or five halo; and R250b is located at the 7-position.
In yet Other embodiments, ',SS y is heterocycloalkyl substituted with one
or two groups selected from aryl, acyl, heteroaryl, allcylsulfonyl,
alkenylsulfonyl, arylsulfonyl, alkoxycarbonyl, alkylaminosulfonyl,
dialkylaminosuifonyl, and -(alkylene)-R251 (where R23' is phenyl
substituted with one, two, or three groups selected from halo, hydroxy,
alkoxy, cyano, alkylarnixio, dialkylamino,Iacyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, alkylsulfonyl,
alkenylsulfonyl, alkoxycarbonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylaminocarbonyl, and dialkylaininocarbony1).. 101981 In some other
embodiments, Q250 is piperazin-l-yl substituted at the 4-position of the
piperazin-l-y1 ring with one group selected from among aryl, acyl,
heteroaryl, alkylsulfonyl, arylsulfonyl, alkoxycarbonyl, allcylaminocarbonyl,
and alkylaminosulfonyl. In yet other embodiments, Q25 is piperazin-1-y1
substituted at the 4-  WO 2007/087068PC Ti U S2006/049489 37 position
of the piperazin-l-yl ring with one group selected front among aryl, acyl,
heteroaryl, alkylsulfonyl, arylsulfonyl, alkoxycarbonyl, and
alkylarnbaosulfonyl. [01991 In one aspect provided herein are compounds
of Formula (HI): rTh W M-L \ tei) R350a ) n Formula (III) wherein: R and
BY are each independently selected from among H, halogen, CN,
NO2,C1-C4haloallcyl, and C1-C4alkoxy; T is
1,6-dimethy1-9-oxo-8,9-clihydro-1H-imidazo[4,5-h]isoquirrolin-2,7-ylene,
or 1.,7-dimethy1-9-oxo-8,9-
dihydro-IH-imidazo[4,5-hlisoquinolin-2,6-ylene; L is -X25"-Y250- or
-Y25-X25'-, wherein, 



X25' is a substituted or unsubstituted C1-C6allcyl, substituted or
unsubstituted C1-C6haloalkyl, substituted or unsubstituted
C3-C3cycloallcyl, substituted or unsubstituted C3-C8cycloalkenyl,
substituted or unsubstituted C2-C6alkenyl, substituted or unsubstituted
C2-C6lialoalkenyl, substituted or unsubstituted C2-C6alkynyl, or
substituted or unsubstituted C2-Cehaloallsynyl; Y250 is a bond, -0-,
-S(0)-, -S(-0)2-, -C(0)-, -NW"-, -NH-, -NIFIC(=0)-, -NR45C(=0)-,
-NR45C(=0)NR45-, -C(=0)NH-, -C(=0)NR.45-, -0C(=0)-, -C(=0)0-,
-NII802-, -NR45S02-, -S02N11-, -SO2NR45-,                          r NO-,
-CH=NO-, -ON=CH-, heteroaryl, aryl, -NIIC(=0)0-,
-0C(=0)NEI-,.-NR45C(=0)0-, or -0C(=0)N1245-; where each R45 is
independently selected from among hydrogen, substituted or
unsubstituted C1-Corky!, substituted or unsubstituted C3-C3cycloalkyl,
substituted or unsubstituted C2-C6alkenyl, substituted or unsubstituted
C2-C6alkynyl; 14 is N or CH; R10Ewoo IOvIR.la W -F"`C rf#or E is oxygen
or sulfur; le is halogen, -OH, or an optionally substituted group selected
from among C1-C6alkyl, Cr C'alicenyl, C2-C6alkynyl, phenyl,
CI-Cialkyl(phenylt C3-Q3eyeloalkyl, CI-C4alkYl(C3- Cacycloalkyl),
C2-C3heterocycloallcyl, Cr-C4allcyl(C2-C8heteroeyeloalkyl), heteroaryl,
CrColkyl(heteroaryl), C1-Calkoxy, C,-C6alkenyloxy, C1-C6alkynyloxy, or
-NR102aR102b; Wu and RI26 are independently hydrogen, or an
optionally substituted group selected from among C1-C6alkyl,
C2-C6alkenyl, C2-C6alkynyl, aryl, aralkyl, heteroaryl, heteroarallcyl,
C3-C3cycloalkyl, C1-Colkyl(C3-C3cycloalk7l), C2-Calieterocycloalkyl, and
C1-C4alkyl(C2-CrheterocycloalkY1); 122 is an optionally substituted group
selected from among C2-C10acyl, C2-C6alkenyl, C2-C6alkynyl,
C3-C6cycloalkyl, CI-Cialkyl(C3-Cocycloalkyl), aryl, heteroaryl,
heteroaralkyl, C1-Ceallcylsulfonyli C2-C6alkenylsulfonyl, arylsulfonyl,
heteroaryLsulfonyl, C1-Cmalkoxycarbonyl, aminosulfonyl,
Colkylaminosulfonyl, di(CI-C6allcyl)aminosulfonyl, and
C1-C6alkylsulfonylamino;  WO 2007/087068PCT/US2006/049489 38
R250' is hydrogen, a substituted of unsubstituted CI-Collcyl, a substituted
or unsubstituted C2-C6alkenyl, a substituted or unsubstituted
C2-C6alkynyl, a substituted or unsubstituted C5-C6haloalkyl, a substituted
or unsubstituted C2-C6haloalkenyl, or a substituted or unsubstituted
C2-C6haloalkynyl; n is 0, 1, or 2; and pharmaceutically active metabolites,
pharmaceutically acceptable solvates, pharmaceutically acceptable salts,
or pharmaceutically acceptable prodrugs thereof. [02001 For any and all
of the embodiments, substituents can be selected from among from a
subset of the listed alternatives. For example, in some embodiments, T is
1,6-dimethy1-9-oxo-8,9-dihydro-111-imidazo[4,5- Nisoquinolin-2,7-ylene.
In other embodiments, T is
1,7-dimethy1-0-oxo-8,9-dihydro-IH-inuidazo[4,5-h]isoquinolin2,6-ylene.
[02011 In some embodiments, T is
1,6-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,7-ylene
ReRb -)/Th F-Ni-L-M W 



\()n substituted at the 2 position withR"02 and substituted at the 7 position
with 102021 In other embodiment, Y25 is a bond, -0-, -S(.--0)-,-Ce--0)..,
-NH-, -NHC(=0)-, -NEIC(r-O)N1-1-,             -0C(s-s0)-, -C(=0)0-,
-NHS02-,-18BC(c=0)0-, or -0C(=0)N1-1-; E is 0; and R.3502 is hydrogen,
a substituted or unsubstituted CI-Cs-alkyl, or a substituted or
unsubstituted C1-C6haloalkyl. [0203] In some embodiments, R3502 is
hydrogen or a substituted or unsubstituted CrC6alkyl. In yet other
embodiments, R350' is hydrogen or a CI-Calkyl. In yet other
embodiments, R550' is hydrogen.  [02041 In some other embodiments,
X2505 is a substituted or unsubstituted C1-C6allcyl, substituted or
unsubstituted CrCshaloalkyl, substituted or unsubstituted Cz-C6alkenyl,
substituted or unsubstituted CG-C6haloalkenyl, substituted or
unsubstituted C2-C6alkynyl, or substituted or unsubstituted
C2-05Italoallcynyl; and n is I. In other embodiments, X250' is a substituted
or unsubstituted C1-C6alkyl, or a substituted or unsubstituted
C2-C6alkenyl. [0205) In some embodiments, compounds provided herein
have a structure selected from among: RaRb 0  R100-p Formula (11a);
Rb Formula (IM); and  \ R200-N - N-L-N \ _n Ra"a Formula (Mc). 102061
In certain embodiments, I21 is halogen, or an optionally substituted group
selected from among C1C6alkyl, C2-05adkenyl, Cr-CsalkYnYI, phenyl,
CI-Cialkyl(phenyl), CG-Cacycloalkyl, CI-C4alkyl(C3-Cgcycloallcyl), C2-
Cslieterocycloalicyl, CI-Colkyl(C2-Calteterocycloalkyl), hetcroaryl, and
C1-C4alkyltheteroaryTh Itn is an optionally substituted group selected
from among C2-CloanYI, C2-05alkenyl, C2-C6alkynyl CG-CGcycloalkyl,
CI-C4alkyl(C3- C6cycloallcyl), aryl, heteroaryl, heteroaralkyl,
C1-E6alkylsulfonyl, CrCGalkenylsulfonyl, arylsulfonyl,  WO
2007/087068PCTi U S2006/049489 39 hetcroarylsulfonyl,
CrCwalkoxycarbonyl, aminosulfonyl, CI-C6allrylaminosulfonyl, and
cli(CiCsallcyl)aminosulfonyl. [0207] In some embodiments, R35' is
hydrogen; Y25 is a bond, -C(-0)-, -191-1C(=0)-, -C(c0)N11-. [0208] In
other embodiments, L is selected from among: 0 



CI-CI alkyl,0N,and 0 [0709] In yet other embodiments, L is selected from
among: 0 0 C1-C4 alkyl,1/2")C.1"er/, and '1/4 CILHN 102101 In one
embodiment, compounds provided herein have a structure of Formula
(Mc). In other embodiments, compounds provided herein have a structure
of Formula (Illa) In yet other embodiments, compounds provided herein
have a structure of Formula (11Ili). [02111 In some embodiments, L is
C1-C4 alkyl or; and R20 is an optionally substituted group selected from
among C2-C10acyl, aryl, heteroaryl, heteroarallcyl, CI-C6allcylsulfonyl,
C2-C6alIcenylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
CrCoalkoxycarbonyl, aminosulfonyl, CrCsalkylantinosulfonyl, and
di(CICsalicyDaminesulfonyl. [02121 In other embodiments, R20 is an
optionally substituted group selected from among C2-C10acyl, aryl,
heteroaryl, heteroaralkyl, CI-C6alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, CI-Cloalkoxycarbonyl, aminosulfonyl,
C1-Cealkylaminosulfonyl, and di(CI-C6a1lcyparninosulfonyl. 0 ',CAN
102131 In one aspect, L is selected from among C1-C4 alkyl,, and RE" is
an optionally substituted group selected from among CI-C6alkyl,
C2-C6alkenyl, C2-C6olloin34, phenyl, Cr C4alkyl(phenyl),
Cs-Cscycloalkyl, C1atalkyl(Cs-Cseyeloallcyl), C2-C2heterocycloalkyl,
Ci-C4alkYKC2- Caheterocycloalky0, heteroaryl, and CrCalkyl(heteroary0;
R20 is an optionally substituted group selected from among C2-C10acyl,
aryl, heteroaryl, heteroaralkyl, CrCsalkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, Cr Coalkoxycarbonyl, aminosulfonyl,
CI-C6allcylarninesulfcmyl, and di(CI-C6alkyl)amMosulfonyl. [0214] In
some embodiments, T is
1,7-dimethy1-9-oxo-8,9-dihydro-IH-imidazo[4,5-hiisoquinolin-2,6-ylene
RbaR    102151 In yet other embodiments, Y25 is a bond, -0-,
-S(--0)-,-C(-0)-, -NH-, -NHC(=0)-, -NHC(=0)NH-,-NHS02-, -S02NH-,
-NI-IQ-0)0-, or -OCC-0)N11-; E is 0; and R350' is hydrogen, or a
substituted or unsubstitated CI-C6allcyl. [0216] In certain embodiments,
X25' is a substituted or unsubstituted CI-C6alkyl, substituted or
unsubstituted C1- C6haloalkyl, substituted or =substituted C2-Csalkenyl,
substituted or unsubstituted C2-C6baloalkanyl, substituted or
unsubstituted Ce-CsalkYnYI, or substituted or unsubstituted
C2-C6haloalkynyl; and n is I. 



WO 2007/087068PCT/US2006/049489 40 102171 In some embodiments,
R!" is halogen, or an optionally substituted group selected from among
C1-C6alkyl, Cs-C6alkenyl, C2-C6alkynyl, phenyl, Cralalkyl(phenyl),
Cs-Cseycloalkyl, CI-C4alkyl(C3-C2cycloallcyl), CzCsheterocycloalRyl,
Cr-C4allcyl(C2-C2heterocycloalkyl), heteroaryl, and
C1-e4alkyl(heteroary1); V(r) is an optionally substituted group selected
from among C2-Cisacyl, Cs-Csalkenyl, C2-C6allcynyl, Cs-Cscycloallcyl,
CpC4alkyl(C3- C6cycloalkyl), aryl, hetcroaryl, heteroaralkyl,
C1-05alkylsulfonyl, C2-C6alkenylsulfony1, aryLsulfonyl,
heterearylsolfonyl, C1-Cioalkoxyearbony1, aminosulfonyl,
CI-Csalkylammosullonyl, and di(C1C6alkyl)aminosulfonyl. 102181 In other
embodiments, R3d(r) is hydrogen; 172" is -Q--01-; and X2505 is a
substituted or unsubstituted Cr Coallcyl. rsds 102191 In certain
embodiments, L is0 10220] In some embodiments, compounds provided
herein have a structure of Formula (Mb) In other embodiments
compounds provided herein have a structure of Formula (Ma). In yet other
embodiments, compounds provided herein have a structure of Formula
(Mc). 102211 In another embodiment, provided herein are compounds of
Formula (IV): Rd-N Rd'Ramie Formula (IV) wherein: V and Itb are each
independently selected from among H, halogen, CN, NO2, C1-C4alkyl,
C1-C4haloallcyl, and C1-C4alkonY; T is
1,6-dimethy1-9-oxo-8,9-dihydro-111-itnidazo[4,5-h]isoquinolin-2,7-ylene;
Rd is -OH, or -NH-C(0)-V; It` is H or CI-Calkyl, halogen, or
Cy-C4haloalkyl; 12` is a substituted or unsubstituted group selected from
among Ci-C6 alkyl, aryl, or heteroaryl; and leharmaceutically active
metabolites, pharmaceutically acceptable solvates, pharmaceutically
acceptable salts, or pharmaceutically acceptable prodrugs thereof.
102221 In some embodiments, T is
1,6-dimethy1-9-oxo-8,9-dihydro-111-imidazo[4,5-h]isoquinolin-2,7-ylene,
R ase \ Rs substituted at the 2 position withand substituted at the 7
position with 



102231 In certain embodiments, R! is H; and le is a substituted or
unsubstituted group selected from among aryl, and heteroaryi In other
embodiments, V is a substituted or unsubstituted group selected from
among phenyl, and beteroaryl containing 1 or 2 N atoms. 102241 In
another embodiment, provided herein are compounds of Formula (V):
WO 2007/087068PCTIUS2006/049489 41  Formula (V) wherein: r and Rb
are each independently selected from among 11, halogen, CN,
NO2,CI-Cataloalkyl, and CI-C4alkoxY; T is
46-dimethy1-0-oxo-8,9-dihydro-111-insidazo[4,5-h]isoguinolin-2,7-yleue,
or 1,7-dimethy1-9-oxo-8,9-
dihydro-11-Iinddazo[4,54a]isoquinolin-2,6-ylene; L is -X251-1"250-x250b_
or ..x25011..- Y -250. X25a-, wherein, X250 is a bond, substituted or
tmsubstituted CI-C6allcyl, substituted or =substituted C1-C6haloallcyl,
substituted or =substituted C3-C2cycloalkyl, substituted or unsubstituted
C5-05cycloalkenyl, substituted or unsubstituted C2-Coalkenyl, substituted
or =substituted C2-C6ha1oalkenyl, substituted or unsubstituted
C2-C6alk3nyl, or substituted or =substituted C2-C6haloalkynyl; Y25 is a
bond, -0-, -8(=0)-, -S(0)-, -Q=01-,-NHC(=0)-, -N1145C(--0)-,
-NR45C(=0)NR45-, -CL=0)NH-, -Ce=0)NR45-, -0C(=0)-, -q=0)0-,
-NHS02-, -NR45802-, -SO2N1-1-, -802NR45-, -C(R45)=N0-, -CH=NO-,
-ON=CH-, heterearyl, aryl, -NHC(---0)0-, -NR45C(=-0)0-, or
-0C(=0)NR45-; X250b is a bond, substituted or =substituted CI-C6alkyl,
substituted or =substituted CI-C6haloalkyl, substituted or unsubstituted
C3-05cycloalkyl, substituted or =substituted C6-C2cycIoalkenyl,
substituted or unsubstituted C2-C6allcenyt, substituted or unsubstituted
C2-C2haloallcenyL substituted or =substituted C2-Ccalicynyt, or
substituted or unsubstituted Cr.C6haloa1lcynyl; where each 1245 is
independently selected from among hydrogen, substituted or
unsubstituted CIC6alicyl, substituted or =substituted Cs-C2cycloalkyl,
substituted or unsubstituted C2-C6alkenyl, substituted or unsubstituted
C2-CcancVnYl; le is a substituted or tmsubstituted group selected from
among Cr-C6 alkyl, aryl, and heteroarY4 R.250 is hydrogen, a substituted
or unsubstitated C1-C6alkyl, a substituted or unsubstituted C2-C6alkenyl,
a substituted or =substituted C2-C6allcynyl, a substituted or =substituted
C1sC6haloalkyl, a substituted or unsubstituted C2-C6haloalkenyl, or a
substituted or unsubstituted C2-C6ha1oallrynyl; and 



pharmaceutically active metabolites, pharmaceutically acceptable solvates
pharmaceutically acceptable salts, or pharmaceutically acceptable
prodrugs thereof. [02251 In certain embodiments, T is
1,6-dimethyL9-oxo-8,9-dihydro-IH-irnidazo[4,5-bfisoquinolin-2,7-ylene
R8Rb 11 \ substituted at the 2 position withRa and substituted at The 7
position with0 [0226] In other embodiments, Y2-50 is a bond; and R350a
is hydrogen, a substituted or unsubstituted C,-C6alkyl, a substituted or
unsubstituted CI-C6baloalkyt 10227] In one aspect, X25112 is a bond;
and X2501 iS a bond.  WO 2007/087068PCTJUS2006/049489 42 [02281
In another aspect, T is
I,7-dimetily1-0-oxo-8,9-dihydro-III-imidaio[4,5-lilisoquinolin-2,7-ylene
substituted Rb Fe-9s---r L-1 at the 2 position withft"a and substituted at
the 6 position with 102291 In some embodiments, X25' is a bond,
substituted or unsubstituted C1-C6alkyl; Y25 is a bond, -0-, -C{.4))- , -NH-,
-NHC(-0)-, -NR45C(=0)-, -NHC(-0)N11-, -C(=0)NH-, -0C(=0)-, -C(=0)0-,
-NIIC(<))0-, or -0C(=0)N11-; and X25b is a bond, substituted or
unsubstituted CI-Colicyl, or substituted or unsubstituted CIC6baloalkyl.
10230] In some embodiments, 12` is a substituted or unsubstituted group
selected from among CI-C6 alkyl, phenyl, and heteromyl containing 1 or 2
N atoms. 10231] In some embodiments, R350' is hydrogen, a substituted
or unsubstituted CI-Calkyl, a substituted or unsubstituted C1-C6baloalkyl.
102321 In other embodiments, Y25 is a bond, -NHC(=0)-, -C(=-0)NH-,
-0C(--0)-, or -C('0)0-. 102331 In another aspect, provided herein are
compounds of Formula (VI): Rab -N RgR350a Formula (VI) where 



RY and le are each independently selected from among H, halogen, CN,
NO2, C1-Cialkyl, and CI-C4alkotY; T is
1,6-dirnethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-Wisoquinolin-2,7-ylene,
or 1,7-dimethy1-9-oxo-8,9-
dihydro-1H-imidazo[4,5-laysoquirtolin-2,6-ylene; L is a substituted or
unsubstituted CI-C6allcyl, substituted or unsubstituted C1-C6haloa]lcyl,
substituted or nnsubstituted CI-C6heteroallcyl, substituted or
unsubstituted C3-Crtcycloalkyl, substituted or unsubstituted
C5-Czcycloalkenyl, substituted or unsubstituted C2-05alkenyl, substituted
or unsubstituted C2-C6heteroalkenyl, substituted or unsubstituted
C2-C6haloalkenyl, substituted or unsubstitured C2-Calkynyl, or
substituted or unsubstituted C2-C6baloalleynyl; RI is a substituted or
unsubstituted CmC6alkynyl; Rg is H, or an optionally substituted group
selected from among C2-Cloacyl, CITCGaIICYI, C2-C6alkenyl,
CzC6allrynyl, C3-C6cycloalkyl, CI-C4alkyl(C3-C6cycloalkyl), aryl,
heteroaryl, heteroaralkyl, Cr Collcylsulfonyl, C2-C6alkenylsulfonyl,
arylsulfonyl, heteroarylsulfonYI, CrCloalkoxycarbonyl, aminosulfonyl,
C1-C6alkylaminosulfonyl, and di(C1-C6alkypantinosulfonyl; R350' is
hydrogen, a substituted or unsubstituted C1-C6alkyl, a substituted or
misubstituted C2-C6alkenyl, a substituted or unsubstituted C2-C6alkynyl,
a substituted or unsubstitated CI-Cehaloalkyl, a substituted             or
unsubstituted C2-C6haloalkenyl, or a substituted or unsubstituted
C2-C6haloalkynyl; and pharmaceutically active metabolites,
pharmaceutically acceptable solvates, pharmaceutically acceptable salts,
or pharmaceutically acceptable prodrugs thereof.  WO
2007/087068PCT[US2006/049489 43 [0234] In some embodiments, T is
1,6-dimethy1-9-oxo-8,9-dihydro-In-irnidazo(4,5-hlisoquinolin-2,7-ylene R9
substituted at the 2 position withR.353 and substituted at the 7 position
with R9  [02351 In some embodiments, L is a substituted or =substituted
CI-Colkyl, substituted or =substituted C2- C6haloalkyl, substituted or
unsubstituted C1-C6heteroallcyl, substituted or unsubstituted
C1-C6alkenyl, or substituted or =substituted C2-C6heteroalkenyl; and
It352 is hydrogen, a substituted or unsubstitutedIn other embodiments, L
is a substituted or unsubstitsted C1-C6allcyl, substituted or unsubstituted
CI-Csheteroalltyl, substituted or unsubstituted C2-Colkenyl, or substituted
or =substituted C2-C6heteroalkertyl. 102361 In other embodiments, R5 is
H, or an optionally substituted group selected from among C2-C10acyl, Cr
Colley', C2-C6alkenyl, CrC6alkynyl, CyC6alleylsulfonyl,
C2-Colleenyisulfonyl, arylsulfouyl, heteroarylsulfonyl, or
CI-Cisalkoxycarbonyl. [02311 In some embodiments, L is a substituted or
=substituted C1-C6alkyl, or substituted or unsubstituted C2- C6alkenyl;
and R5 is H, or an optionally substituted Cy:Colley'. 102381 in some
embodiments, L is selected from among a substituted or unsubstituted
C1-Colkyl, substituted or =substituted CI-C6haloalkyl, substituted or
unsubstituted CrC6alkenyl, substituted or unsubstituted C2- Cjialoalkenyl,
substituted or unsubstituted C2-C6allcynyl7 or substituted or =substituted
C2-C6haloalkyttyl, 00 jce_f_.v 0IHi 0, and 102391 in other embodiments,
L is selected from among a substituted or unsubstituted Ct-Colkyl,
substituted or 



0 =substituted C2-C6alkenyl,00 Prw---M1 and  102401 In yet other
embodiments, L is selected from among a substituted or =Substituted
C1-Colkyl, substituted 00 or unsubStituted C2-C6alkenyl, -0-1/4x- ----, and
N [02411 Any combination of the groups described above for the various
variables is contemplated herein. It is understood that substituents and
substitution patterns on the compounds provided herein can be selected
by one of ordinary skill in the art to provide compounds that are chemically
stable and that can be synthesized by techniques known in the art, as well
as those set forth herein. [0242] Further embodiments of compounds of
Formula (Ia), Formula (Iii), Formula (Ic), Formula (n), Formula (III),
Formula (Ilia), Formula (11I12), Formula (Ilk), Formula (IV), Formula (V),
and Formula (VI), include, but arc not limited to, compounds shown in
Tables 1-6.  WO 2007/087068PCT/US2006/049489 44 Table 1.  -Xb-Y-X3
ii 0 Cmpd. No. Q x b Y xa P. R  



-- bond bond -CH2CH=CH- 4-fluoro-2-methy1pheny1  C:,1M.5 --P
\...../N-Q bond bond -CH2CH=CH- - 2,6-dichlorophenyl 3 03P/M---i bond
bond -CH2CH=CH- 4-fluoro-2-methylphenyl 4 t bond 



bond -CH2CH=CH- 3-fluoro-6-methylphenyl  PN-1     5 4 'i:,N-I bond bond
-CH2CH=CH- 2,6-dichlorophenyl 6 4  bond bond -C1-12CH=CH-
2,4-dichloro-6-methylphenyl 7 rm 



410 PNA \/ bond -C(0)- -CH=C11- 3-fluoro-6-methylphenyl 8 441 bond
bond -0-12CH2C112- 2,4-dichloro-6-methylpheny/ 9 \ bond bond
-CH2C112012- 4-fluoro-2-methylphenyl  P    



10 4 'P bond bond -C111C11=CH- 4-fluoro-2-methylphenyl 11 mop 411/
bond bond - CH2CH=CH- 3-ftuoro-6-methylphenyl 12 o\ T77\2 \IIV-f bond 



bond -CHeCH=CH- 4-fluoro-2-metbylphenyl       13 'P.- bond bond
-CH2CH=CH- 4-fluoro-2-rnethylphenyl 14 r, S TM t"....--P\p-s bond bond
-CH2CH=CH- 4-fluoro-2-methylphenyl  



WO 2007/087068PCT/US2006/049489 45  Cmpd. No. Q  Y Xa Rb 15
bond -C(0)N11- -C112CH=CH- 4-fluor0-2-methylphenyl 16 01-0- bond
-C(0)NH- -CH2CH---C11- 4-fluoro-2-methylphenyl 17 01%/)"1 



\ bond -C(0)NH- -CH2CH=CH- 4-fluoro-2-methylphenyl  10243]
Compounds in Table 1 are named:
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(4-methy1-4-oxo-425[
1,4]azaphosphinan-1-y1)-propeny1]-1,8-
dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 1);
2-(2,6-dichloro-phenylamino)-1,6-dimethy1-7-[3-(4-methyl-4-oxo-42.5[1,4j
azaphosphinan-1-y1)-propenyl]-1,8-
dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 2);
244-fluoro-2-methylphenylamino)-1,6-dimethyl-743-(4-oxo-4-phenyl-4X54
1,4lazaphosphinan-Ny1)-propeny1)-1,8-
dihydro-imidazo[4,5-h]isoquiriolin-9-one (Compound 3)
2-(3-fluoro-6-methylphenylarnino)-1,6-dimethyl-743-(4-oxo-4-phenyl-42.5-[
1,4)azaphosphinan-1-y1)-propeay11-1,8-
dihydro-imidazo[4,5-h]isoquino1in-9-one (Compound 4);
2-(2,6-diehlorophenylamino)-1,6-dimethyl-7-P-(4-oxo-4-pheny1-42.541,4ja
zaphosphinan-l-y1)-propeny1)-1,8-
dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 5);
2-(2,4-diehloro-6-methylphenylamino)-1,6-dimethyl-743-(4-oxo-4-phenyl-4
3.5-41,4]azaphosphinan-1-y1)-propenyl]- 1,8-dihydro-imidazo[4;
5-hlisoquinolin-9-one (Compound 6);
2-(3-fluoro-6-methylphenylamino)-1,6-dimethy1-7-{2-[(4-oxo-4-pheny1-4
X541,4]azaphosphinan- 1 -y1)-
carbonyl]ethenyl}-1,8-dibydro-imidazo[4,5-h]isoquinolin-9-one (Compound
7);
2-(2,4-diehloro-6-methylphenylamino)-1,6-dirriethyl-743-(4-ono-4-phenyl-4
2.541,4]azaphosphinan-l-y1)-propy1J1,8-dihydro-imidazo[4,5-hlisoquinolin
-9-one (Compound 8);
2-(4-fluoro-2-mothylphenylamino)-1,6-dimethyl-7-(3-(4-oxo-4-phenyl-4X54
1,41azaphosphinan-1-y0-propyl]-1,8-
dihydm-imidazo[4,5-h]isoquino1in-9-one (Compound 9);
2-(4-fluoro-2-methylphenylatnino)-1,6-dimethy1-7-[3-(4-oxo-4-(4-fluoropho
ny1)-4k5-[1,4]azaphosphinan-1-y1)-
propenyl]-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 10);
2-(3-fluom-6-methyiphenylainino)-1,6-dimethyl-7-13-(4-oxo-4-(4-inethoxyp
heny1)-4A.541,4jazaphosphinan-1-y1)-
propenyl)-1,8-dihydro-imidazo[4,5-4soquino1in-9-one (Compound 11);
2-(4-fluoro-2-methylphenylainino)-1,6-dimethyl-7-{344-(4-fluorophenylmet
hy0-4-080-4X541,43azaphosplinan-ly1]-proPeny1}-1,8-dihydro-imidazo[4,
5-hlisoquinolm-9-one (Compound 12);
2-(4-fluoro-2-merhylphenylamino)-1,6-dimethy1-7-{344-(cyclopropylmethyl
)-4-oxo-4X41,4]azaphosphinan-1-ylipropeny1)-1,8-dihydro-imidazo[4,5-11]
isoquinolin-9-one (Compound 13);  WO 2007/087068PCT/ U
S2006/049489 46
2-(4-fluoro-2-niethylphenylamino)-1,6-dixnethy1-7-(3-[4-(cyclopropy1)-4-d
xo-4k5-R,4]azaphosphinan-l-y1]-
propenyfl-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 14);
2-(4-fluoro-2-rnetlaylphenylamino)-1,6-dimethyl-7-{3-[(1-oxo-1-methyl-1X5
-phosphinan-4-y1)- carbonylamino]propenyl)
-1,8-dihydro-imidazo[4,5-hjisoquinolin-9-one (Compound 15);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-7-{3-[(1-oxo-1-trans-phen
yl-171.5-phosphinan-4-y1)- carbonylamino)propenyl)
-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 16); and
2-(4-f1uoro-2-methyl-pheny1amino)-1,6-dimethy1-7-{3-(0-oxo- 1
-cis-pheny1-12.5-phosphinan-4-y1)- carbonylanuno]propenyll
-1,8-dihydro-irnidazo[4,5-h]isoquinolin-9-one (Compound 17). Table 2.
N 0 Xb-Y-xa H .7rnpd. go. Q X" Y X' 



le 18 N-phenylpiperazin-1-y1 bond bond -CH2CH=CH- 2,6-diehlorophenyl
19 N-phenylpiperazin- 1-y1 bond bond -0-12CH=CH-
4-fluoro-2-methyl-phenyl 20 N-(4-chlorophenyfl-pipera2in- 1-y1 bond bond
-CH2CI-1=CH- 4-fluoro-2-methyl-phenyl 21
N-(methylcarbonyfl-piperazin-1-y1 bond bond 



-C1-12C1-1=-CH- 4-fluoro-2-methyl-phenyl 22
N-(phenylcarbony1)-piperazin-1-y1 bond bond . -C112CH=CII-
4-fluoro-2-methyl-phenyi 23 N-(pyridin-4-y1)-piperazin-1-yi bond bond
-C1-12C1I=CH- 4-fluoro-2-methyl-phenyl 24
N-(methylsulfony1)-piperazin-1-y1 bond bond -CH2CH=CH-
4-fluoro-2-methyl-phenyl 25 N-(methylsulfony1)-piperazin-1-y1 bond 



bond -CH2CH=C11- 3-fluoro-2-methyl-phenyl 26
N-(pyridin-2-y1)-piperazin-1-y1 bond bond -CH2CH=CII-
4-fluoro2-methy1-pheny1 27 N-(pyrimidin-2-y1)-piperazin- 1-y1 bond bond
-C112CH=CH- 4-fluoro-2-methyl-phenyl 28 N-(2,6-diehloi phenyl
inethyl)-piperazin-lY1 bond bond -CH2CH-CH- 4-fluoro-2-methyl-phenyl
29 N-(phenylsulfony1)-piperazin-1-y1 



bond bond -CH2CH=CH- 4-fluoro-2-methyl-phenyl 30
N-(4-fluoropheny1)-piperazin-1-y1 bond bond -CT2C.H=CH-
4-fluoro-2-methyl-phenyl 31 N-(tert-butyloxycarbony1)-piperazin-1-y1
bond bond -CH2CH=CH- 4-fluoro-2-methyl-phenyl 32
N-(1NN-dimethylamin0sulf0nylkpiperazin1-y bond bond -0120-1=CH-
4-fluoro-2-methyl-phenyl 33 



N-(ethylcarbony1)-piperazin-1-y1 bond bond -CH2CH=CH-
4-fluoro-2-methyl-phenyl 34 N-Osopropylsulfony1)-piperazin-1-y1 bond
bond -CH2C1-1=CH- 4-fluoro-2-methyl-pheny1 35
N-(ethylsulfony1)-piperazin-1-y1 bond bond -CH2CH-CH-
4-fluoro-2-methyl-phenyl 36 N-(isopropylcarbony1)-piperazin-1-y1 bond
bond -CH2C1-1=CH- 4-fluoro-2-methyl-phenyl 



52 N-(nethylsulfony1)-piperazin-1-y1 bond bond -CH2CH=CH-
5-fluoro-2-methyl-phenyl  10244/ Compounds in Table 2 are named:
2-(2,6-dichlorophenylarnino)-1,6-dirnethy1-743-(N-phenylpiperazin-l-y1)-pr
openy1)-1,8-dihydro-imidazo[4,5- hlisoquinolin-9-one (Compound 18);
WO 2007/087068KT/1182006/049489 47
244-fluoro-2-methylphonylamino)-1,6-dimothyd-7-[3-(N-phonylpiperazin-i-
y1)-propcnyl]-1,8-dihydro4midazo[4,5- h]isoquinolin-9-one (Compound
19);
2-(4-fluoro..2-methylphenylamino)-1,6-dimethyl-713-(N-(4-chlorophenyO-p
iperazimhyppropenyl]-1,8-Mhydroimidazo[4,5-h]isoquinolin-9-one
(Compound 20);
2-(4-flumo-2-methylphenylamino)-1,6-dimethy1-713-(N-methylcarbonylpip
erazin-.1-y1)-propenylj-1,8-dihydroimida,o[4,5-h]isoquinolin-9-one
(Compound 21);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-743-(N-phenylcarbonylpip
erazin-1-y1)-propeny11-1,8-dihydroimidazo[4,5-11isoquinolin-9-one
(Compound 22);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-7-[3-(N-(pyridin4-y1)-piper
azin-1-y1)-propeny1]-1,8rdihydroimidazo(4,5-hlisoquinolim9-one
(Compound 23);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-743-(Ar-methylsulfonylpipe
r-1-y1)-propeny1]-1,8-dihydro- imidazo[4,5-hpsoquinolin-9-one
(Compound 24);
2-(3-11uoro-2-mothy1phenylamino)-1,6-dimethy1-743-(W-methylsulfonylpi
perazin-1-y1)-propenyll-1,8-dihydroinadazo[4,5-h]isoquinolin-9-one
(Compound 25);
2-(4-fluoro-2-methylphenylandno)-4,6-dimethy1-7-[3-(N-(pyridin-2-y1)-pipe
razin-1-y1)-propeny1]-1,8-dihydroimidazo(4,5-61isoquinolin-9-one
(Compound 26);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(pyrimidin.2-y1)-pip
erazin-l-y1)-propeny1]-1,8-dihydroimidazo[4:5-h]isoquinolin-9-one
(Compound 27);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-743-(N-(2,6-dichlorophenyl
methyl)-piperazin-1-y1)-propenyl]-1,8-
dihydro-imidazo[4,5-I]isoquinolim9-one (Compound 28);
2-(4-fluom-2-methylphenylamino)-1,6-dirnethy1-743-(N-phenylsulfonylpipe
razin-1-y1)-propenyli-1,8-dihydroimidazo[4,5-h]isoquinolin-9-one
(Compound 29);
244-iluoro-2-metliylphenylamino)-1,6-dimetliy1-7-[3-(N-(4-fluoropheny1)-pi
perazin-1-y1)-propenyl)-1,8-dthydroimidazo[4,5-h)isoquinolin-9-one
(Compound 30); 



2-(4-fluoro-2-methylphenyIamino)-1,6-dimethyl-7-[3-(N-tert-butyloxycarbon
ylpiperazin-1-yd-propeny1]4,8- dihydro4rnidazo[4,5-Nisoquinolim9-one
(Compound 31);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-743-(N-WN-dimethylamino
sulfony1)-piperazin-1-y1)-propeny11-
1,8-dihydro-imithwo[4,5-hjisoquinolin-9-one (Compound 32);
2-(4-flumo-2-naethylphenylamino)-1,6-dimethy1-743-(6/-ethylcarbonylpipe
razin-1-y1)-propenyli-1,8-dihydroimidazo[4,5-hjisoquinolin-9-one
(Compound 33);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-743-(N-(isopropylsulfonyly
piperazin-l-y1)-propeny11-1,8-dihydroimidayo[4,5-0soquinolin-9-one
(Compound 34);
2-(4-fluoro-2-mothylphenylamino)-1,6-dimethy1-7-[34N-(ethylsulfony1)-pip
erazin-1 -y1)-propeny1]-1,8-dihydroimidazo[4,54]isoquinolin-9-one
(Compound 35); and
2-(4-fluoro-2-methylphenylanaino)-1,6-dfinethyl-743-(Ndsopropylcarbonylp
iperaziml-y1)-propenyTh1,8-Mhydroirnidayo[4,5-h4isoquino1in-9-one
(Compound 36).  WO 2007/087068PCT/ U S2006/049489 48 Table 3. 14
N N0 0-Xb-Y-XaH Cmpri. No. Q xb Y   37 phenyl bond -8(0)2- 



-CId=CH- 2,6-dichlorophenyl 38 phenyl bond -C(0)0- prop-2-en-1,1-diy1
2,6-dichlorophenyl 39 phenyl bond -C(0)0- 2,2-difluorobutyn1,1-diy1
2,6-dichlorophenyl 40 N-phenylmethy1[l,2,31triazol-4- A bond bond
-CF2CH(OH)- 2,6-dichlorophenyl 41 phenyl bond 



bond -CCH(01-1)- 2,6-dichlorophenyl  [02451 Compounds in Table 3 are
named:
2-(2,6-dichlorophenylamino)-1,6-dimethy1-742-(phenylsulfony1)-etheny11
-1,8-dihydro-imidazo[4,5-hlisoquinolin-9- one (Compound 37);
2-(2,6-dichkrophenylamino)-1,6-dimethy1-741-(phenyloarbonyloxy)-prop-2
-enyl]-1,8-dihydro-imidazo[4,5- blisoquinolin-9-one (Compound 38);
2-(2,6-dichlorophenylamino)-1,6-dimethy1-7-[1-(phenylcarbonyloxy)-2,2-di
fluorobutyny1]-1,8-clihyclroimidazo[4,5-h]igoquinolin-9-one (Compound
39);
2-(2,6-dichlorophenylamino)-1,6-dirnerhyl-7-[2,2-difluoro-1-hydroxy-2-(N-p
henylmethyl-[1,2,3]triazol-4-y1)-ethyll1,8-dihydro-imidazo[4,5-Nisoquinolin
-9-one (Compound 40); 2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-(1
-hydroxy-3-phenylprop-2-yn-1-y1)-1,8-dllaydro-imiclazo[4,5- '
hjisoquinolin-9-one (Compound 41); Table 4. R \1 pi-LN S9 N t--NHRb  N \
0 Cmpd. No.  R L 



ith 42 prop-1-yn-3-y1 methyl -C1-12CH=CH- 2,6-dichlotophenyl 43
prop-1-yn-3-y1 methyl -CHzCH=CH- 4-fluoro-2-rnethylphenyl  102461
Compounds in Table 4 are named:
2-(2,6-dichlorophenylamino)-1,6-dimethy1-713-(N-methyl-N-(prop-2-ynypa
mino)prop-1-eny1)-1,8-dihydroimidazo[4,5-h]isoquinolin-9-one
(Compound 42); and
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-713-(N-methyl-N-(prop-2-
ynyl)arnino)prop-1-enyll-1,8-dihydroimidazo[4,5-0soquinolin-9-one
(Compound 43);  WO 2007/087068PCT/US2006/049489 49 Table 5. N
"---19HRb N I\ Re-4'16--N0 



H Curpd. No. Re Rb 44 -OH 2,6-dichlorophenyl 45 phenylamido
2,6-dichlarophenyl 46 4-(V,N-dimethylamino)-phenylamido
2,6-clichlorophenyl 47 (pyridin-2-yDamido 2,6-dichlorophenyl 48
(pyridin-3-y1)arnido 2,6-dichlorophenyl 49 2-methoxyphenylarnido
2,6-dichlorophenyl  



[02473 Compounds in Table 5 are named;
2-(2,6-dichlorophenylamino)-1,6-dimethyl-9-oxo-8,9-dihydro-IH-imidazo[4,
5-hlisoquinoline-7-carbaldehyde oxime (Compound 44); benzoic acid
[2-(2,6-dichlorophenylamino)-1,6-dimethyl-9-oxo-8,9-dihydro-IH-imidazo[4,
5-h]isoqu olin-7- ylmethylenel-hydrazide (Compound 45);
4-(1\CN-dimethylamino)-benzoic acid
[2-(2,6-dichlorophenylamino)-1,6-dimethy1-9-oxo-8,9-dihydro-1Himidazo[4
,5-h]isoquinolin-7-ylmethylcno]-hydrazide (Compound 46);
pyridine-2-carboxylic acid
[2-(2,6-dichlorophenylamino)-1,6-dimethyl-9-oxo-8,9-dihydro-lHimidazo[4,
5- 1-]isoquinolin-7-ylmethylenel-hydrazide (Compound 47);
pyridine-3-carboxylic acid [2-(2,6-dichlorophenylamino)-1,6-di
ethy1-9-oxo-8,9-dihydro-lHimidazo[4,5-
blisoquinolin-7-ylmethylene]-hydrazide (Compound 48); and
2-methoxy-benzoic acid
[2-(2,6-dichlorophenylamino)-1,6-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[
4,5- 13]isoquinolitt-7-ylmethylene3-hydrazide (Compound 49). Table 6.
Cmpd. No. Q Xb Y X' Rb 50 F  P bond -C(0)- -C112-
4-fluoro-2-methylphenyl 51 0 4-t 



a ),-rt .... butan-1,1-diy1 -N1-1C(0)- -CH2- 4-fluoro-2-methyl-phenyl
[02481 Compounds in Table 6 are named:
2-(4-fluoro-2-methylphenylamino)-1,7-dinaethy1-6-{2-[4-(4-flouropheny1)-
4-oxo-47,5[1,41azaphosphinan-1-3/1]-2 -
oxoethy11-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 50);
and  50 (S)-2-(4-fluoro-2-methylphenylamino) -1,7-dimethy1-6-
tN-1.1-(phenyisulfonyl)hex-1-en-3-y1J-amino-2-oxoethyll
1,8-clihydro-imidazop4,5-hl isoottinolin -9-one (Compound 51), [0249] In
one embodiment, provided herein is an optionally substituted ring system,
where one ring member is -R(=E)(Rm)-, of structure 34:    wherein; E is
oxygen; R10 is defined herein: and 10n is 1, 2, or 3. 102501 In another
embodiment, provided herein is an optionally substituted -P(tt-E)(R')-, of
structure 9, 0 HO rig system where one ring member is 



9 wherein E is oxygen; ftw is defined herein; and n is I, 2, or 3.         [0251)
In another embodiment, provided herein is a process of preparing a
compound of Formula (la), Formula 20(lb) or Formula (ic), which includes:
[02521 (a) reacting an optionally substituted ring system of structure 34:
P- loo 0 34 (a) with a carboxylic acid (or a salt thereof or an activated acid
derivative thereof) of structure I(i): R3 HO    wherein: I is -0-, -S-, or -NR5-;
where 125 is hydrogen,tydroxy, alkoxy, alkenyioxy, acyl, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, aikoxycarbonyi, arninocarbonyl, 30alkylaminocarbonyl,
dialkylarninocarbonyi, alkylsulfonyl, alkylaminosulfonyl, or
dialkylaminosulfonyl; and where alkyl, alkenyl, alkynyi, and alkylene, either
alonc or as part of another group within ), are independently optionally
substituted with one, two, three, four, or tiye halo; 



WO 2007/1187068PC111152006/049489 51 -Y6 is -bflelte, -OR", or -SR"
where R" is hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, hydroxy, aLkory, alkenyloxy, acyl,
-C(0)N(R7)2, -(g)-C(0)NeRsb,-(AI)-802R6, -502N(R7)2, 4.0.5-802MR7)2,
-C(0)0R6, -(A.1)-C(0)0R33, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl; where each 17.6 is independently selected from
among hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, and hcterocycloalkylalkyl; AI is alkylene, alkenylene, or
alkynylene; R8 is substituted alkyl, substituted alkenyl, substituted
allcynyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloallcylalkyl; Rab is hydrogen or R6n; R6 is optionally substituted
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl;
It is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloallcyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloallcylalkyl; and where alkyl,
allcenyl, alkynyl, and allcylene, either alone or as part of another group
within RI', are independently optionally substituted with one, two, three,
four, or five halo; RI6 is aryl, arallcyl, cycloallcyl, cycloalkylalkyl,
heteroaryl, heteroaralkyl, heterocycloalkyl, or heterocycloalkylalkyl; or RI
and Rib together with the nitrogen to which they are attached form
heterocycloalkyl or heteroaryl; R" and Rid are independently hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, acyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, hetcrocycloalkylallcyl, aryl, aralkyl,
heteroaryl, heteioaralkyl, or -(A18)-C(0)Nlealeb; A" is alkylene, alkenylene,
or allcynylene; and Rs" and Rs" are independently hydrogen, optionally
substituted alkyl, aryl, aralkyl, beteroaryl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloallcylalkyl); and where
alkyl, allcenyl, and alkylene either alone or as part of another group within
R",Ric and R", are independently optionally substituted with one, two,
three, four, or five halo; R26 is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, hydroxy,
alkoxy, alkenyloxy, optionally substituted phenyl, cyano, optionally
substituted phenyl, heteroaryl, -28Rb42RI4b, -(A1)-NR.I2aRI26,
-NRI3t(0)12,1", -(A1)-bllet(0)R13b, -Cm-NRI4aR14b, or
-(A1)-C(0)NleaRI2b; and where alkyl, alkenyl, alkynyl, and alkylene, either
alone or as part of another group within le, are 



independently optionally substituted with one, two, three, four, or five halo;
RI2' is substituted alkyl, substituted alkenyl, substituted allcy3iyl, hydroxY,
cyanoallcyl, alkoxy, or alkenyloxy; and Rub is hydrogen or R'26; RI" and
11.6" are independently hydrogen, optionally substituted allcyl, optionally
substituted alkenyl, optionally substituted allcynyl, hydroxy, cyanoallcyl,
alkoxy, or alkenyloxy; R'3' is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted allcynyl, hydroxy,
cyanoalkyl, alkoxy, alkenyloxy, cycloalkyl, aryl, aralkyl, lacteroaryl, or
heteroaralkyl and Rub is optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl,  WO
2007/087068PCT/US2006/049489 52 cyanoalkyl, allcoxy, alkenyloxy, or
cycloalkyl; R3 is hydrogen, halo, acyl, acylamino, acyloxy, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylallcyl, heterocycloallcyl, heterocycloalkylalkyl,
aryl, &alkyl, heteroaryl, heteroaralkyl, -(A5)-8(0)0.2Rs3, N(R54)2,
-(As)-ORss, -(A5)-0C(0)R53, -(A5)-C(0)R53, -(A5)-C(0)01255,
-(A5)-C(0)14(R34)24 -(A5)-NR54C(0)R53, -(A5)-S(C)2N(R54.)2,
-(A5)-NR548(0)2R53, -(A5)-0C(0)N(R54)2, -(A3)-NR54C(0)0R55, or
-(As)i-NRs4C(0)N(Rs4)2; As is a bond, alicylene, alkenylenc, or
alkynylene; 1253 is optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, aryl, arailtyl, heteroaryl,
heteroaralkyl, cycloalkyl, cycloalkylalkylalkyl, heterocycloallcyl, or
heterocycloalkylalkyl; Itss is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted allcynyl, hydroxy,
alkoxy, alkenyloxy, aryl, aralkyl, cycloallcyl, cycloallcylalkyl,
heterocycloallcyl, heterocycloalkylalkyl, heteroaryl, or heteroaralkyl; Rss is
hydrogen or Rs3; and where alkyl, alkenyl, alicynyl, allcylene, alkenylene,
and allcynylene, either alone or as part of another group within R3, are
independently optionally substituted with one, two, three, four, or five halo;
to give a compound of formula I('s):    



Or (b)art intermediate of formula I(h): R150b N 0 I(h) or a salt thereof,
where R' is a leaving group such as halo; is -0-, -S-, or -NR'-; where RS is
hydrogen, hydroxy, alkoxy, alkenyloxy, acyl, optionally substituted alkyl,
optionally substituted alionyl, optionally substituted alkynyl,
allcoxycarbonyl, aminocalbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylsulfonyl, alkylaminosulfonyl, or
diallcylatninosulfonyl; and where alkyl, alkenyl, allcynyl, and alkylene,
either alone or as part of another group within 1, are independently
optionally substituted with one, two, three, four, or five halo; "Y3 is
-NR"It3b, -ORk, or -SR ld where K" is hydrogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, hydroxy,
alkoxy, alkenyloxy, acyl, -C(0)N(1t7)2, -(A5-C(0)NeR8b, -302R6,
-(A5-502R6, -502NR7)2, 4/0)-802N(R7)2, -C(0)012.6, -(A1)-C(0)0R33,
cycloallryl,  WO 2007/087068PCT/U S 2006/049489 53 heterocycloalkyl,
or heterocycloalkylalkyl; where each 12.7 is independently selected from
among hydrogen, optionally substituted alkyl, optionally substituted
alkeuyl, optionally substituted allcynyl, cycloallcyl, cycloalkylalkyl,
heterocycloallcyl, and heterocycloalkylalley1; Al is alkylene, allonylene, or
alkynylene; R8' is substituted alkyl, substituted alkenyl, substituted
allcynyl, cycloalkyl, cycloallcylallcyl, heterocycloalkyl, or
heterocycloalkylalkyl; Reb is hydrogen or R."; R6 is optionally substituted
alkyl, cycloaficyl, cycloalkylalkyl, heterocycloalkyl, Or
heterocycloalkylalkyl; R33 is substituted alkyl, substituted alkenyl,
substituted allcynyl, cycloalkyl, cycloalkylalkyl, heterocycloallcyl, or
heterocycloalkylalkyl; and where alkyl, allcenyl, allcynyl, and alkylene,
either alone or as part of another group withinare independently optionally
substituted with one, two, three, four, or five halo; R" is aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloalkyl, or
heterocycloalkylalkyl; or Itla and Itth together with the nitrogen to which
they are attached form heterocycloalkyl or heteroaryl; RIG and Rid are
independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, acyl, cycloalkyl, cycloalkylalkyl, beterocycloalkyl,
beterocycloalkylalkyl, aryl, aralkyl, heteroaryl, 



hcteroaralkyl, or Als is alkylene, alkenylene, or alkynyiene; and Tee. and
el' are independently hydrogen, optionally substituted alkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, cycloallcyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalicylalkyl); and where alkyl, alkenyl, and alkylene either alone
or as part of another group within R", R", RthRid are independently
optionally substituted with one, two, three, four, or five halo; R150a is Ra
and Rua is Rab or R150' is R2b and Rob is R21; R.." is hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted allcynyl, hydroxy, alkoxy, alkenyloxy, optionally substituted
phenyl, cyan, optionally substituted phenyl, heteroaryl, -NRI4oR1412,
4A1)_NRIaaRl2b,  ROC(0)1("b, -(A!)-NRI"C(0)R13b, .cioaniuRntb, or
-(A1)-C(0)NRI2312.12b; and where alkyl, alkenyl, allcynyl, and alkylene,
either alone or as part of another group within R2a, are independently
optionally substituted with one, two, three, four, or five halo; R12 is
substituted alkyl, substituted alkenyl, substituted allrynyl, hydroxy,
cyanoalkyl, allcoxy, or alkenyloxy; and R121' is hydrogen or Rt2a; RI" and
R14b are independently hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, hydroxy, cyanoalkyl,
alkoxy, or alkenyloxy; RI" is hydrogen, optionally substituted alkyl,
optionally substituted alleenyl, optionally substituted alkynyl, hydroxy,
cyanoallcyl, alkoxy, alkenyloxy, cycloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl and Rish is optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted allcynyl, cyanoalkyl, alkoxy, alkenyloxy, or
cycloalkyl; Ka, is _x2a...y2.x2b-Q2 where  WO 2007/087068PCT/U
S2006/049489 54 X22 is a bond, alkylene, alkenylene, or alkynylene
where the alkylene, alkenylene, and alkynylene are optionally substituted
with one, two, three, four, or five halo or one or two hydroxy; Y2 is a bond,
-0-, -S(0)fir (where n1 is 0, 1, or 2), -C(0)-, -smci _NR45co0>7
_N-R45c(o)NR45., NR_. ,c(o)NR45,,,..c(o)N(R4s)Nr"acR74_, _NR4sson 



-NR45C(=NR45)45OC(0)-, -C(0)0-,-802NR45-,                     c(R)=NNitos_,
_cat74),__NNR4scopy, _c(tr4),NisRtsc(c)Nem _Nies -C(R74)(---NO)-,
-74C(0)0-, or -0C(0)N1245-; where It45 is hydrogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, hydroxy,
alkoxy, or alkenyloxy; R74 is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, or optionally substituted aRynyl; and where
alkyl, alkenyl, and alltynyl, either alone or as part of another group within
Y2, are independently optionally substituted with one, two, three, four, or
five halo; 1/214 is a bond; and Q2 is hydrogen, cyano, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alk-ynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, cycloalkyl,
heterocycloalkyl, or heteroaryl; to give a compound of Formula 1(e):  r-\,p
p-R100 N-fyn    R150b N 0 1(e); Or (b) reacting an intermediate of
Formula 9: 0 1-10 n 



0 9 or a salt thereof or an activated acid derivative thereof, where n is 1, 2
or 3 anti Rim is as defined in (a) with an intermediate of formula 1(g):  1(g)
or a salt thereof, where T is-a-, -5-, or -NR2-; where R5 is hydrogen,
hydroxy, alkoxy, alkenyloxy, acyl, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alk-ynyl, alkoxycarbonyl,
aminocarbonyl,  WO 200 7/08 7 068PCT/US2006/049489 55
alkylammocarbonyl, diallcylaminocarbonyl, alkylsulfonyl,
allcylaminosulfonyl, or dialkylarninosulfonyl; and where alkyl, alkenyl,
allcynyl, and alkylene, either alone or as part of another group within 3,
are independently optionally substituted with one, two, three, four, or five
halo; "I' is -NREaRb, -OR, or -Se/ where Rb is hydrogen, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, hydroxy, alkoxy, alkenyloxy, aeyl, -C(0)N(R7)2,
(A1)-C(0)N1R8aR88, -S02R8, -(A1)-502R8, -802N(R7)2,
-(A!)-SO1llg(R7)2, -C(0)0R8, -(g)-C(0)0R77, cycloallcyl, cycloalicylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl; where each R7 is independently
selected from among hydrogen, optionally stibstituted alkyl, optionally
substituted alkenyl, optionally substituted allcynyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, and heterocycloallofiallcyl; Al is alkylene,
alkenylene, or allcynylene; 12.8 is substituted alkyl, substituted alkenyl,
substituted alkynyl, cycloalkyl, eyeloalkylallcyl, heterocycloallcyl, or
heterocycloalkylalkyl; R85 is hydrogen or Itaa; R6 is optionally substituted
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalicylalkyl;
R77 is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl,
eyeloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl; and where alkyl,
alkenyl, alkynyl, and alkylene, either alone or as part of another group
within R.15, are independently optionally substituted with one, two, three,
four, or five halo; Rth is aryl, aralkyl, cycloalkyl, cycloallcylallcyl,
heteroaryl, hetetoaralkyl, heterocycloalkyl, or heterocycloallcylalkyl; or 



RI5 and Rib together with the nitrogen to which they are attached form
heterocycloalkyl or heteroaryl; RI` and Rid are independently hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, acyl, eyeloalkyl,
cycloalkylaficyl, heterocycloalkyl, heterocycloallcylallcyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, or -(A18)-C(0)Neleb; Al8 is alkylene alkenylene,
or allcynylene; and R50' and eh are independently hydrogen, optionally
substituted alkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, eyeloalkyl,
cycloalkylalicyl, heterocycloalkyl, or heterocycloalkylalkyfi; and    where
alkyl, alkenyl, and alkylene either alone or as part of another gimp within
Rb, gib, We and Rid, are independently optionally substituted with one,
two, three, four, or five halo; Rb is hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, hyciroxy,
alkoxy, alkenyloxy, optionally substituted phenyl, cyano, optionally
substituted phenyl, heteroaryl,KAI),NR12aR126, _NW3t(o)Rub, . tft1._
NR17C(0)R175, -C(0)NR .  -(Al)-C(0)NR.128R125; and where alkyl,
alkenyl, alkynyl, and allcylene, either alone or as part of another group
within Rb, are independently optionally substituted with one, two, three,
four, or five halo; R'28 is substituted alkyl, substituted alkenyl, substituted
alkynyl, hydroxy, cyanoalkyl, alkoxy, or alkenyloxy; and Rub is hydrogen
or Rib; Rlb and Ili4b are independently hydrogen, optionally substituted
alkyl, optionally substituted allcenyl, optionally substituted alkynyl,
hydroxy, cyanoalkyl, alkoxy, or alkenyloxy;  WO
20071087068PCT1US20061049489 56 R'3' is hydrogen, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
allcynyl, hydroxy, cyanoalkyl, allcoxy, alkenyloxy, cycloallcyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl and R.mb is optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted allcynyl, cyanoalkyl,
alkoxy, alkenyloxy, or cycloalkyl; R3 is -X"-Y3-X3'-Q4 where X3' is a bond,
alkylene, alkenylene, or allcynylene where alkylene, alkenylene, and
alkynylene are independently optionally substituted with one, two, three,
four, or five halo or one or two hydroxy, Y3 is -C(0)-, or -NR31- where IC3'
is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, cycloallcyl, cycloalkylalkyl, heterocycloalkyl,
or heterocycloallcylallcyl and where alkyl, alkenyl, and alkynyl, either
alone or as part of another group within Y3, are independently optionally
substituted with one, two, three, four, or five halo, X35 is a bond, alkylene,
alkenylene, alkynylene, cycloalkylene, or heterocycloalkylene where
allcylene, allcenylene, and alkynylene are independently optionally
substituted with one, two, three, four, or five halo or one or two hydroxy,
and Q4 is Z where Z is .1)(=ExylOaR6aaxylObR605,
_NylOaR6ONylObit60), _pe=pxyl0eR60axzIOR61), or an optionally
substituted ring system where one ring member is -P(---E)(Rm3)-; 



E is oxygen or sulfirr; ym and Ymb are independently a single bond, -0-,
-S-, or -NR614. where R62' is hydrogen, hydroxy, alkoxy, alkenyloxy,
optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alicynyl; R644 and Rmb are independently hydrogen,
optionally substituted alkyl, optionally substituted aLkenyl, optionally
substituted allcynyl, aryl, stalky], heteroaryl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl when Yma or
Ymb, respectively, is -0-, -S-, or -NR613-; R, and Rmb are independently
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl when Ym or
Ymb, respectively, is a single bond; YI3` is -0-, -S-, or Zm is alkylene,
alkenylene, all9mylene, -0-, -S-, or -14R634-; R6' is hydrogen, acyl,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted allcynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl,
cycloallcylalkyl, heterocycloalkyl, or heterocycloalkylallcyl; or  R5 is
-P(=E)(YmaR631)(Ymbeb); Rm3 is a single bond from the phosphorous
atom to XII', or Rim is halo, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted allcynyl, optionally substituted
phenyl, optionally substituted phenylallcyl, cyeloalkyl, cycloalkylalkyl,
heterocyeloalkyl, heterocycloalkylalkyl, hetemaryl,
heteroaralkyl,_NRiozaRiosa; and where the alkyl, alkenyl, and allkynyl
within Wm, either alone or as part of another substituent, are
independently optionally substituted with one, two, three, four, or five halo;
Km' is hydrogen, optionally substituted alkyl, optionally substituted alkonyl,
or optionally substituted alkynyl;' R.12' and Ri2b are independently
hydrogen, optionally substituted alkyl, optionally substituted allcenyl,
optionally substituted alkynyl, aryl, aralkyl heteroaryl, hetemaralkyl,
cycloalkyl,  WO 2007/087068PCT/US2006/049489 57 cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylallcyl; X2a is a bond, alkylene,
alkenylene, or alkynylene where the allcylene, alkenylene, and alkynylene
are optionally substituted with one, two, three, four, or five halo or one or
two hydroxy; and Y' is -OH, -NHRI 8, or -C(0)NOR22 where e and R22 are
independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted allcynyl, hydroxy, alkoxy, or alkenyloxy; to
give a compound of Formula I(f):  R100 0----P Y7---Xitka 



where Y" is -0-, NO-, or NR22-; and (a) optionally separating individual
isomers of the compounds; (b) optionally forming an acid addition salt of
the product formed in Step (a) or (b) above; (c) optionally forming a free
base of the product formed in Step .(a) or (b) above; (d) optionally
modifying any of the J, Y", and groups in the product formed in Step (a),
(b), (c), (d), or (e) above. Preparation of Compounds 102531 Compounds
provided herein, which inhibit the activity of tyrosine kinases, such as
Bruton's tyrosine kinase (Btk), may be synthesized using standard
synthetic techniques known to those of skill in the art or using methods
blown in the art in combination with methods described herein. As a
further guide the following synthetic methods may also be utilized. 102541
The reactions can be employed in a linear sequence to provide the
compounds described herein or they may be used to synthesize
fragments which are subsequently joined by the methods described herein
and/or known in the art. Use of Protecting Groups 11)2551 The term
"protecting group" refers to chemical moieties that block some or all
reactive moieties and prevent such groups from participating in chemical
reactions until the protective group is removed. It is preferred that each
protective group be removable by a different means. Protective groups
that are cleaved under totally disparate reaction conditions fulfill the
requirement of differential removal. Protective groups can be removed by
acid, base, and hydrogenolysis. Groups such as trityl, dimethoxytrityl,
acetal and t-butyldimethylsilyl are acid labile and may be used to protect
carboxy and hydroxy reactive moieties in the presence of amino groups
protected with Cbz groups, which are removable by hydrogenolysis, and
Fmoe groups, which are base labile. Carboxylic acid and hydroxy reactive
moieties may be blocked with base labile groups such aS, without
limitation, methyl, ethyl, and acetyl in the presence of amines blocked
With acid labile groups such as t-butyl carbamate or with carbamates that
are both acid and base stable but hydrolytically removable, 102561
Carboxylic acid and hydroxy reactive moieties may also be blocked with
hydrolytically removable protective groups such as the benzyl group, while
amine groups capable of hydrogen bonding with acids may be  WO
2007/087068PCT/ U 52006/049489 58 blocked with base labile groups
such as Fume. Carboxylic acid reactive moieties may be protected by
conversion to simple ester derivatives as exemplified herein, or they may
be blocked with oxidatively-removable protective groups such as
2,4-dimethoxybenzyl, while co-existing amino groups may be blocked with
fluoride labile shy! earbamates. In one embodiment, a compound
containing both a carboxylic acid reactive moiety and a hydroxy reactive
moiety may have one of the reactive moieties blocked while the other
reactive moiety is not blocked. [0257] Ally] blocking groups are useful in
then presence of acid- and base- protecting groups since the former are
stable and can be subsequently removed by metal or pi-acid catalysts. For
example, an allyl-blocked carboxylic acid can be deprotected with a
Ptcatalyzed reaction in the presence of acid labile t-butyl carbamate or
base-labile acetate amine protecting groups. Yet another form of
protecting group is a resin to which a compound or intermediate may be
attached. As long as the residue is attached to the resin, that functional
group is blocked and cannot react. Once released from the resin, the
functional group is available to react. [02581 Typically blocking/protecting
groups may be selected from: HzHz 0 H2 F.121-12C"" allytBnCbzallotMe  



(OH3)3C(Cal-J.9)3C- HaC"L 0H300 BoaPMBtritylacetyl Fmoc [0259]
Other protecting groups are described in Greene and Wuts, Protective
Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY,
1999, which is incorporated herein by reference in its eUtirety. Synthesis
of Compounds [02601 In certain embodiments, provided herein are
methods of ranking and methods of using tyrosine Icioase inhibitor
compounds described herein. In certain embodiments, compounds
described herein can be synthesized using the following synthetic
schemes. Compounds may be synthesized using methodologies
analogous to those described below by the use of appropriate alternative
starting materials. [02611 Described herein are compounds that inhibit the
activity of tyrosine kinase(s), such as Btk, and processes for their
preparation. Also described herein are pharmaceutically acceptable salts,
pharmaceutically acceptable solvates, pharmaceutically active metabolites
and pharmaceutically acceptable prodrugs of such compounds.
Pharmaceutical compositions that include at least one such compound or
a pharmaceutically acceptable salt, pharmaceutically acceptable solvate,
pharmaceutically active metabolite or pharmaceutically acceptable
prodrug of such compound, are provided. [02621 The starting material
used for the synthesis of the compounds described herein may be
synthesized or can be obtained from commercial sources, such as, but not
limited to, Aldrich Chemical Co. (Milwaukee, Wisconsin), 13achem
(Torrance, California), or Sigma Chemical Co. (St Louis, Mo.). The
compounds described herein, and other related compounds having
different substituents can be synthesized using techniques and materials
known to those of skill in the art such as described, for example, in March,
ADVANCED ORGANIC CHEMISTRY 40 Ed., (Wiley  WO
2007/087068PCT/U S2006/049489 59 1992); Carey and Sundberg,
ADVANCED ORGANIC CHEMISTRY 4th Ed., Vols. A and B (Plenum
2000,2001); Green and Wins, PROTECTIVE GROUPS IN ORGANIC
SYNTHESIS ri Ed., (Wiley 1999); Fieser and Fieser's Reagents for
Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); ROdd'S
Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals
(Elsevier Science Publishers, 1989); Organic Reactions, Volumes 1-40
(John Wiley and Sons, 1991); and Larock's Comprehensive Organic
Transformations (VCH Publishers Inc., 1989). (all of which are
incorporated by reference in their entirety). Other methods for the
synthesis of compounds described herein may be found in International
Patent Publication No. WO 01125238, U.S. Patent No. 6,506,769, U.S.
Patent No. 6,770, 639; Snow etal. Tetrahedron Letters, 43 (2002)
7553-7556; Goldberg et al. J. Med. Chem. 2003, 46, 1337-1349; Snow et
al. J: Med. Chem. 2002, 45, 3394-3405; and J. Heterocyclic Chem., 1970,
7, 615. General methods for the preparation of compound as disclosed
herein may be derived from known reactions in the field, and the reactions
may be modified by the use of appropriate reagents and conditions, as
would be recognized by the skilled person, for the introduction of the
various moieties found in the formulae as provided herein. As a guide the
following synthetic methods may be utilized. [0263] The products of the
reactions may he isolated and purified, if desired, using conventional
techniques, including, but not limited to, filtration, distillation,
crystallization, chromatography and the like. Such materials may be
characterized using conventional means, including obtaining physical
properties and spectral data. [0264] Compounds described herein may tie
prepared using the synthetic methods described herein as a single isomer
or a mixture of isomers. Scheme 1. Rico CIRiMgElrH100Rpm A-W:1r1_0
1,0/ A)1) (CH3)3SiEr 1,0/ P ' Et-PCOEt-78 C-r 1 



EIC-PCOEt 2) oxaIylchlonde, DMF CF-PCCI78 C  1234 WO 1,0 p-. Roo
1,0 P ' Pd/C, It, 20-60 psi  c'al} H 6  102651 Ring systems where one ring
member is a phosphine or phosphine oxide can be prepared by following
the procedure outlined in Scheme I. Treatment of a
halodialkoxyphosphine oxide, such as, for example,
chlorodiethoxyphosphine oxide (structure 1), with an alkyl metal salt, such
as for example, a grignard reagent, provide compounds of structure 2.
Treatment of phosphine oxides of structure 2 with brornotrimethylsilane,
followed by oxaly1 chloride, provides halo phosphine oxides of structure 3.
Compounds of structure 3 are also commercially available.  (02661
Compounds of structure 3 can also be prepared by reacting P(OR)2(011b)
where 11, is methyl or ethyl and Rb is hydrogen, methyl or ethyl, e.g.
trimethyl phosphite or diethyl phosphite, with R.IX, where X is halogen.
Where R' is an optionally substituted aryl or heteroaryl, the reaction is
carried out in the presence of a metal catalyst, such as, for example, a
palladium catalyst, such as, for example,
tetralds(triphenylphosphine)-palladium, in the presense of a base, such
as, for example, triethylarnine.  10267] Compounds of structure 3 are then
treated with a vinyl metal salt, such as, for example, vinylmagnesiurn
bromide, to give compounds of structure 4. Divinyl phosphine oxides of
structure 4 axe treated with a primary amine, such as, for example,
benzylamine or p-methoxybenzylamine, to provide the cyclic amines of
structure 5.  Removal of the protecting group on the nitrogen, such as, by
catalytic hydrogenation, provides cyclic amines of structure 6. R100 0- I
'11t glaRloc  iiI? i = l < 7"4.1," M i 



(I00 ,i  4P"--7       OH    00 a     5[0268) Scheme II depicts the synthesis of
cyclic phosphine oxides such as structre 9. Reacting divinyi phosphine
oxides of structure 4 with a malonate, such as, for example,
dibenzylmalonate, in the presence of a base, such as, for example,
potassium carbonate, provides hetorocycloalkyls of structure 7.
Compounds of structure 7 are then deprotected under reducing
conditions, such as, by treatment with hydrogen in the presence of a
catalyst, such as, for example, palladium on carbon in a suitable solvent
such as, for example, ethanol, to yield the dicarboxylic acids of
10structure 8. Decarboxylation of dicarboxylic acids of structure 8
provides carboxylic acids of structure 9. In one embodiment, S is
decarboxylated under microwave conditions, such as, for example, at a
temperature of over about 200 'C, In another embodiment, 8 is
decarboxyiated under acidic conditions, such as, for example, by heating
a solution of 8 in the presence of IN Ho. Other methods of decarboxylating
beta ketoacids are known in the art. Scheme 
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15192021 [0269] As shown in Scheme III, the synthesis of allylic acetates
of structure 21 begins by performing a selective SNAr reaction with
2,6-dichloro-3-nitrobenzonitrile (10), Reaction of 10 with an amine, such
as, for example, ammonia or an alkyiamine, such as, for example,
methylamine, provides structure 12: A subsequent SNAr reaction of
structure 12 with an alkyl acetoacetate derivative provides structure 14,
which contains the necessary number of 20atoms to form the isoduinoline
core. Reduction of the nitro moiety ratroaromatics of structure 14, is
followed by formation of the benzimidazole by reacting diarnines of
structure 15 with an isothiocyante, such as for example, an aryl
isothiocyanate, in the presence of mercuric oxide (Hg0) in refluxing TI-IF.
Alternatively, diamines of structure 15 are treated with a isothiocyante and
the intermediate thiourea is treated with an activating agent, such as, for
example, 1,2-dicyclohexylcarbodiimi de (DCC), to provide benzimiclazoies
of structure 17.  WO 2007/087068PCT/US2006/049489 61 102701 The
isequinolone moiety is then formed by treatment of benzimidazoles of
structure 17 with acid to polycycles of structure 18. The formation of
polycycles of structure 18 involves hydrolysis of the nitrite followed by
condensation with the ketone. Depending on the reaction conditions used,
isoquinolone formation may or may not involve decarboxylation of the
ester moiety. For example, under mild acidic reaction conditions, such as
in the treatment of benziraidazoles of structure 17 with sulfuric acid at
room temperature, 13 is obtained, where R2' is - C(0)0Et. In other
embodiments, treatment of benzirnidazoles of structure 17 with sulfuric
acid, water and acetic acid at 100 C, provides 18, which involves
hydrolysis of the nitrite, condenstaion with the ketone, and
decarboxylation of the ester moiety in one step. [02711 Treatment of
structure 18 with selenium dioxide in an ethereal solvent, such as, for
example, dioxanc, results in selective oxidation at the 0-7 methyl to
provide aldehydes of structure 19. Aldehydes of structure 19 are then
treated with a vinyl metal salt, such as, for example, vinylmagnesium
bromide to provide 20. Treatment of 20 with an activated carboxylic acid,
such as, for example, acetic anhydride, provides allyIlic acetates of
structure 21. Scheme 4.  2726 [02721 Scheme IV depicts the synthesis of
benzothiazoles. A Sar reaction of 2-chloro-5-nitrobenzonitrile (22) with an
alkyl acetoacetate derivative provides structure 23. Isoquinolones of
structure 24 are formed by treatment of structure 23 with acid. Reduction
of the nitro moiety of structure 24 is followed by treatment of amines of
structure 25 with an isothiocyante to provide a thiourea intermediate (26).
Reaction of the thiourea intermediate of structure 26 under cyclizing
conditions, such as in the presence of bromine in a suitable solvent, such
as, for example, chloroform, provides the benzotbiazole. Further
functionalization and manipulation of the benzothiazole is then carried out
as described herein or known in the art.  WO 20071087068PCT/ U
S2006/049489 62 Scheme V.    



28 1. hydrolysis 2. amine  29 [02731 Scheme V shows derivatization of
aldehydes of structure 19 using the Horner-Wadsworth-Emmons
olefination reaction. Treatment of aldehydes of structure 19 with trimethyl
phosphonoacetate in the presence of a base, such as, for example,
lithium hydroxide, provides a,3-unsaturated esters of structure 28.
Hydrolysis of structure 28 is then followed by reation with an amine in the
presence of a coupling agent, such as, for example,
benzotriazole-1-yloxydispyrtolidino-phosphonium hexafluorophosphate
(PyROP0), 0-benzotriazol-1-ylN,N,N;
Nctetramethyl-uroniumhexafluorophosphate (11BTU),
0-(7-azabenzotriazol-1-y0-1,1,3,3-tetramethyluranium
hexafluorophosphate (HATU),
1-(3-dimethylaminopropyl.)-3-ethylcarbodiimide hydrochloride (EDC), or
1,3-dicyclohexyl-carbodinnide (DCC), to provide amides of structure 29.
Scheme VI. 31 (02741 Scheme VI shows the synthesis of allyfic amines
through allylic transposition of allylic acetates of structure 21 with amine
nucleophiles. In some embodiments, allylic acetates of structure 21 are
treated with a nucleophile, such as, for example, an amine, in the
presence of a metal catalyst such as for example, a palladium catalyst, to
provide allylic amines of structure 30. Suitable palladium catalysts include,
but are not limited to, tris(dibenzylacetone)dipalladium (P42(dba)3),
palladium dichloride, bis(acetonittile)dichloropalladiurn, and
tetrakistriphenylphosphine palladium. Suitable Uganda for the palladium
catalyst include, but are not limited to triphenylphosplaine. 102751 In other
embodiments, allylic acetates of structure 21 are treated with azide, such
as, for example, sodium azide, in the presence of a metal catalyst, such
as for example, a palladium catalyst, followed by a Staudinger  WO
2007/1187068PCT/ U S2006/049489 63 reaction to provide allylamines of
structure 31. Allylamines of structure 31 can be coupled with a variety of
carboxylic acids to provide anaides. Sulfonamides and urea compounds
can also be prepared using allylamines of structure 31. 102761 In some
embodiments, the alkene portion of the allylic moiety may be
hydrogenated to provide the analogous alkyl compounds. Scheme VII.
3233 [02771 As shown in Scheme VII, amides of structure 33 can be
prepared by reacting intermediates of structure 32 with an amines of
structure 34. The reaction can be carried out in inert organic solvents such
as methylene chloride, acetonitrile, N,N-dimethylformarnide, ethereal
solvents such as tetrahyclrofuran, dioxane, and the like. The reaction is
typically carried out in the presence of a suitable coupling agent, e.g.,
benzotriazole-1-yloxytrispyrrolidino- phosphonium hexafiuorophosphate
(PyBOPD), 0-benzetriazol-1 -yl-N,N,1Wy1P-tetramethyl-uronium
hexafluorophosphate (HEM),
0-(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyl-uroniturt
hexafluorophosphate (HAM,
l-(3-ditnetItylaminopropy1)-3-ethylcarbodiimide hydrochloride (EDC), or
l,3-clicyclohexyl-carbodiimide gicq, and in the presence of a base
(typically 3 equivalents) such asiV"Ar-diisopropylethylarnine, triethylamine,
Nmethylmorphohne,.and the like, and optionally in the presence of
1-hydroxy-benzotriazole (MOB'!'). Scheme VIII 



Br NI-12 8181R5 ON 35  Br [02781 As shown in Scheme VIII, diamines of
structure 15 can be mated with with bromine in a suitable solvent, such
as, for example, chloroform at ambient temperature to provide brorno
diamines of structure 35. As described above, diamines of structure 35 is
then converted to the henzimidazoles of structure 36. Cross-coupling
chemistry can be used to introduce a variety of groups in the place of
bromine. In one embodiment, Stills reaction conditions are used, which
involves the reaction of bromo benzimidazoles of structure 36 with an alkyl
tributyltin compound, in the presence of a palladium catalyst, such as
(PPh3)2PdC12. Solvents such as I -methy1-2-pyrrolidinone (NM?) are
typically used in the Stine reaction. Alternatively, Sonagashira reaction
conditions can be used which involves the reaction of bromo bromo
benzimidazoles of structure 36 with a terminal alkyne in the presence of a
palladium catalyst, such as (PPh3)2PdC12, and Cut, and a suitable base,
such as triethylarnine in a solvent such as TI-IF. Other cross coupling
reactions involving aryl halides are known in the art, and involve, but are
not limited to, Heck  EA reactions, Suzuki reactions, Negishi reactions,
Bud-maid-Hartwig cross coupling reaction, Kumada reactions, and
Hiyama cross-coupling reactions. [02791 Alternatively, bromo
benzimidazole of structure 36 is treated with acid to form the isoquinolone
Gore. Treatment of structure 38 with an amine under an atmosphere of
carbon monoxide (CO) in the presence of a Opalladium catalyst,, such as,
for example. Pd(PEN, PdCle(Ph3P)2, or Pd(O.Ac)2 in the presence of
triphenylphosphinc, and a base, such as, tributylamine or
N.N-dlisopropylethyiamine, and optionally a suitable co-solvent such
N,N-dimethylactitamide (DMA), iv,/y-dimethylforrnamicie (DMF),
tetrahydrofuran (THF), or dioxane, provides compounds of structure 39,
Scheme IX, WOO    I031 [0280] Scheme IX shows a strategy for the
synthesis of amides of structure 40. Amides of structure 40 can be
prepared by reacting carboxylic acid of structure 9 with amine of structure
31. The reaction is performed in the presence of a coupling agent, such
as, for example, benzotriatole-i-yloxytrispyrrolidino-phosphonium 



hexafluorophosphate (EyBOP(r)),
Orbenzotriazol-1-yl-N,N,NI,NIrtetrarnethyl-uronium hexafluorophosphate
(HBTU), 0-(7-azabenzotriazoi-l-y1)71,1,3,3-tetramethyl-uronium
hexailuorophosphate (HATU),
1-(3-dimethylaminopropy0-3-ethylcarbodiimide hydrochloride (EDC), or
1,3-dicyclohexyl-carbodiimide (DCC), and in the presence of a base
(typically:3 equivalents) such as N,N-diisopropylethylamine, triethyiamine,
IVmethylmorphohne, and the like, and optionally in the presence of I
rhydroxy-benzotriazole (HOST). Alternatively, carboxylic acid of structure
9 is first convened to an acid chloride by treatment with thionyl chloride or
oxal yl 20chloride and then coupled with amine of structure 31. [0281]
Using the synthetic methods described herein, as well as those known in
the art, tyrosine kinase inhibitors as disclosed herein are obtained in good
yields and purity. The compounds prepared by the methods disclosed
herein are purified by conventional means known in the art, such as, for
example, filtration, recrystallization, chromatography, distillation, and
combinations thereof. 25102821 Any combination of the groups described
above for the various variables is contemplated herein. It is understood
that substituents and substitution patterns on the compounds provided
herein can be selected by one of ordinary skill in the art to provide
compounds that are chemically stable and that can be synthesized by
techniques known in the art, as well as those set forth herein.
Pharmaceutical Composition/Formulation 30[0283] Compounds disclosed
herein have, a structure selected from among Formula (Ia), Formula (lb),
Formula (Ic), Formula (II), Formula (110, Formula (ma), Formula (J11b),
Formula (Ilk), Formula (IV), Formula CV), and Formula (VI). It is
understood that when reference is made to compounds described herein,
it is meant to include compounds of Formula (Ia), FormulaFormula (lc),
Formula (10, Formulaformula (II la), Formula (l11b), Formula (IIIc),
Formula (IV), Formula (V), and Formula (VI), unless otherwise indicated.
35[02841 Pharmaceutical compositions may be formulated in a
conventional manner using one or more physiologically acceptable
carriers including excipients and auxiliaries which facilitate processing of
the active  WO 2007/087068PCDUS20061049489 65 compounds into
preparations which can be used pharmaceutically. proper formulation is
dependent upon the route of administration chosen. Any of the well-known
techniques, carriers, and excipients may be used as suitable and as
understood in the art A summary of pharmaceutical compositions
described herein may be found, for example, in Remington: The Science
and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack Publishing
Company, 1995); Hoover, John E., Remington is Pharmaceutical
Sciences, Mack Publishing Co., Easton, Pennsylvania 1975; Liberman,
H.A. and Lachman, L., Eds , Pharmaceutical Dosage Forms, Marcel
Decker, New York, N.Y., 1980; and Pharmaceutical Dosage Forms and
Drug Delivery Systems, Seventh Ed (Lippincott Williams & Wilkins 1999),
herein incorporated by reference in their entirety. 102851 Provided herein
are pharmaceutical compositions that include a compound described
herein arid a pharmaceutically acceptable diluent(s), excipient(s), or
carrier(s). In addition, the compounds described herein can be
administered as pharmaceutical compositions in which compounds
described herein are mixed with other active ingredients, as in
combination therapy. In some embodiments, the pharmaceutical
compositions may include other medicinal or pharmaceutical agents,
carriers, adjuvants, such as preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the osmotic pressure,
and/or buffers. In addition, the pharmaceutical compositions can also
contain other therapeutically valuable substances. [02861 In certain
embodiments, compositions may also include one or more pH adjusting
agents or buffering agents, including acids such as, but not limited to,
acetic, boric, citric, lactic, phosphoric and hydrochloric acids; bases such
as, but not limited to, sodium hydroxide; sodium phosphate, sodium
borate, sodium citrate, sodium acetate, sodium lactate and
tris-hydroxymethylaminomethane; and buffers such as, but not limited to,
citrate/dextrose, sodium bicarbonate and ammonium chloride. Such acids,
bases and buffers are included in an amount required to maintain pFI of
the composition in an acceptable range. 102871 In other embodiments,
compositions may also include one or more salts in an amount required to
bring osmolality of the composition into an acceptable range. Such salts
include those having sodium, potassium or ammonium cations and
chloride, citrate, ase,orbate, borate, phosphate, bicarbonate, sulfate,
tbiosulfate or bisulfite anions; suitable salts include sodium chloride,
potassium chloride, sodium thiosulfate, sodium bisulfite and ammonium
sulfate, 102881 The term "pharmaceutical combination" as used herein,
means a product that results from the mixing or combining of more than
one active ingredient and includes both fixed and non-fixed combinations
of the active ingredients. The term "fixed combination" means that the
active ingredients, e.g. a compound described herein and a co-agent, are
both administered to a patient simultaneously in the form of a single entity
or dosage. The term non-fixed combination" means that the active
ingredients, e.g. a compound described herein and a co-agent, are
administered to. a patient as separate entities either simultaneously,
concurrently or sequentially with no specific intervening time limits,
wherein such administrationprovides effective levels of the two
compounds in the body of the patient. The latter also applies to cocktail
therapy, e.g. the administration of three or more active ingredients.
102891 A pharmaceutical composition, as used herein, refers to a mixture
of a compound described herein with other chemical components, such as
carriers, stabilizers, diluents, dispersing agents, suspending agents,
thickening agents, and/or excipients. The pharmaceutical composition
facilitates administration of the compound to an organism. In practicing the
methods of treatment or use provided herein, therapeutically effective
amounts of compounds described herein are administered in a
pharmaceutical composition to a mammal having a disease, disorder, or
condition to be treated. Preferably, the mammal is a human. A
therapeutically effective amount can vary widely depending on the severity
of the disease, the age and relative health of the subject, the potency of
the  WO 2007/087068PCT/1JS2006/049489 



66 compound used and other factors. The compounds can be used singly
or in combination with one or more therapeutic agents as components of
mixtures. 102901The pharmaceutical formulations described herein can
be administered to a subject by multiple administration routes, including
but not limited to, oral, parenteral (e.g., intravenous, subcutaneous,
intramuscular), intranasal, buccal, topical, rectal, or transdennal
administration routes. The pharmaceutical formulations described herein
include, but are not limited to, aqueous liquid dispersions, self-emulsifying
dispersions, solid solutions, liposomal dispersions, aerosols, solid dosage
forms, powders, immediate release formulations, controlled release
formulations, fast melt formulations, tablets, capsules, pills, delayed
release formulations, extended release formulations, pulsatile release
formulations, multiparticulate formulations, and mixed immediate and
controlled release formulations. 102911 Pharmaceutical compositions
including a compound described herein may be manufactured in a
conventional manner, such as, by way of example only, by means of
conventional mixing, dissolving, granulating, dragee-malcing, levigating,
emulsifying, encapsulating, entrapping or compression processes. 102921
The pharmaceutical compositions will include at least one compound
described herein as an active ingredient in free-acid or free-base form, or
in a pharmaceutically acceptable salt form. In addition, the methods and
pharmaceutical compositions described herein include the use of
N-oxides, crystalline forms (also known as polymorphs), as well as active
metabolites of these compounds having the same type of activity. In some
situations, compounds may exist as tautomers. All tantorners are included
within the scope of the compounds presented herein. Additionally, the
compounds described herein can exist in unsolvated as well as solvated
forms with pharmaceutically acceptable solvents such as water, ethanol,
and the like. The solvated forms of the compounds presented herein are
also considered to be disclosed herein. Certain Pharmaceutical
Terminology 102931 The terms "treat," -treating" or "treatment," as used
herein, include alleviating, abating or ameliorating a disease or condition
symptoms, preventing additional symptoms, ameliorating or preventing
the underlying metabolic causes of symptoms, inhibiting the disease or
condition, e.g., arresting the development of the disease or condition,
relieving the disease or condition, causing regression of the disease or
condition, relieving a condition caused by the disease or condition, or
stopping the symptoms of the disease or condition either prophylactically
and/or therapeutically. 102941 The term "acceptable" with respect to a
formulation, composition or ingredient, as used herein, means having no
persistent detrimental effect on the general health of the subject being
treated. 102951 As used herein, the term selective inhibitor compound"
refers to a compound that selectively inhibits a specific function/activity of
one or more target proteins. 10296I As used herein, the term "selectively
inhibits" refers to the ability of a selective inhibitor compound to inhibit a
specific function/activity of a target protein (e.g., the phosphotransferase
activity of a ldnase) with greater potency than the activity of a non-target
protein. In certain embodiments, selectively inhibiting refers to inhibiting a
target protein activity with a selective inhibitor that has a ICsa that is at
least 10, 50, 100, 250, 500, 1000 or more times lower than for that of a
non-target protein activity. 102971 As used herein, amelioration of the
symptoms of a particular disease, disorder or condition by administration
of a particular compound or pharmaceutical composition refers to any
lessening of severity, delay in onset, slowing of progression, or shortening
of duration, whether permanent or temporary, lasting or transient that can
be attributed to or associated with administration of the compound or
composition.  WO 2007/087068PCT/US2006/049489 67 [02981 The term
"modulate,". as used herein, means to interact with a target either directly
or indirectly so as to alter the activity of the target, including, by way of
example only, to enhance the activity of the target, to inhibit the activity of
the target, to limit the activity of the target, or to extend the activity of the
target. [0299] As used herein, the term "modulator" refers to a compound
that alters an activity of a molecule. For example, a modulator can cause
an increase or decrease in the magnitude of a certain activity of a
molecule compared to the magnitude of the activity in the absence of the
modulator. In certain embodiments, a modulator is an inhibitor, which
decreases the magnitude of one or more activities of a molecule. In
certain embodiments, an inhibitor completely prevents one or more
activities of a molecule. In certain embodiments, a modulator is an
activator, which increases the magnitude of at least one activity of a
molecule. In certain embodiments the presence of a modulator results in
an activity that does not occur in the absence of the modulator. [0300] As
used herein, the term "selective modulator" refers to a compound that
selectively modulates a target activity. 103011 As used herein, the ICso
refers to an amount, concentration or dosage of a particular test
compound that achieves a 50% inhibition of a maximal response, such as
inhibition of tyrosine lcinase activity, such as, for example Btk activity, in
an assay that measures such response. [03021 As used herein, ECsa
refers to a dosage, concentration or amount of a particular test compound
that elicits a dose-dependent response at 50% of maximal expression of a
particular response that is induced, provoked or potentiated by the
particular test compound. 103031 The term "cantier," as used herein,
refers to relatively nontoxic chemical compounds or agents that facilitate
the incorporation of a compound into cells or tissues. 10304] The terms
"co-administration" or the like, as used herein, are meant to encompass
administration of the  selected therapeutic agents to a single patient, and
are intended to include treatment regimens in which the agents are
administered by the same or different route of administration or at the
same or different time. 103051 The terms "effective amount" or
"therapeutically effective amount," as used herein, refer to a sufficient
amount of an agent or a compound being administered which will relieve
to some extent one or more of the symptoms of the disease or condition
being treated. The result can be reduction and/or alleviation of the signs,
symptoms, or causes of a disease, or any other desired alteration of a
biological system. For example, an "effective amount" for therapeutic uses
is the amount of the composition including a compound as disclosed
herein required to provide a clinically significant decrease in disease
symptoms without undue adverse side effects. An appropriate "effective
amount" in any individual case may be determined using techniques, such
as a dose escalation study. The term "therapeutically effective amount"
includes, for example, a prophylactically effective amount. An "effective
amount" of a compound disclosed herein is an amount effective to achieve
a desired pharmacologic effect or therapeutic improvement without undue
adverse side effects. It is understood that "an effect amount" or "a
therapeutically effective amount" can vary from subject to subject, due to
variation in metabolism of the compound administered, age, weight,
general condition of the subject, the condition being treated, the severity
of the condition being treated, and the judgment of the prescribing
physician. 



[0306] The terms "enhance" or "enhancing," as used herein, means to
increase or prolong either in potency or duration a desired effect. Thus, in
regard to enhancing the effect of therapeutic agents, the term "enhancing"
refers to the ability to increase or prolong, either in potency or duration,
the effect of other therapeutic agents on a system. An
"enhancing-effective amount," as used herein, refers to an amount
adequate to enhance the effect of another therapeutic agent in a desired
system. [03071 The terms "kit" and "article of manufacture" are used as
synonyms.  WO 2007/087068PCT/U S2006/049489 68 [0308] A
"metabolite" of a compound disclosed herein is a derivative of that
compound that is formed when the compound is metabolized. The term
"active metabolite" refers to a biologically active derivative of a compound
that is formed when the compound is metabolized. The term
"metabolized," as used herein, refers to the sum of the processes
(including, but not limited to, hydrolysis reactions and reactions catalyzed
by enzymes, such as, oxidation reactions) by which a particular substance
is changed by an organism. Thus, enzymes may produce specific
structural alterations to a compound. For example, cytochrome P450
catalyzes a variety of oxidative and reductive reactions while uridine
diphosphate glucuronyl transferases catalyze the transfer of an activated
glucuronic-acid molecule to aromatic alcohols, aliphatic alcohols,
carboxylic acids, amines and free sulfhydryl groups. Further information
on metabolism may be obtained from The Pharmacological Basis of
Therapeutics, 9th Edition, McGraw-Hill (1996). Metabolites of the
compounds disclosed herein can be identified either by administration of
compounds to a host and analysis of tissue samples from the host, or by
incubation of compounds with hepatic cells in vitro and analysis of the
resulting compounds. Both methods are well known in the art. In some
embodimets, a compound is metabolized to pharmacologically active
metabolites. [0309] A "prodrug" refers to an agent that is converted into
the parent drug in vivo. Prodrugs are often useful because, in some
situations, they may be easier to administer than the parent drug. They
may, for instance, be bioavailable by oral administration whereas the
parent is not. The prodrug may also have improved solubility in
pharmaceutical compositions over the parent drug. An example, without
limitation, of a prodrug would be a compound described herein, which is
administered as an ester (the "prodrug") to facilitate transmittal across a
cell membrane where water solubility is detrimental to mobility but which
then is metabolically hydrolyzed to the carboxylic acid, the active entity,
once inside the cell where water-solubility is beneficial. A further example
of a prodrug might be a short peptide (polyaminoacid) bonded to an acid
group where the peptide is metabolized to reveal the active moiety. In
certain embodiments, upon in vivo administration, a prodnig is chemically
converted to the biologically, pharmaceutically or therapeutically more
active form of the compound. In certain embodiments, a prodrug is
enzymatically metabolized by one or more steps or processes to the
biologically, pharmaceutically or therapeutically active form of the
compound. To produce a prodrug, a pharmaceutically active compound is
modified such that the active compound will be regenerated upon in vivo
administration. The prodmg can be designed to alter the metabolic
stability or the transport characteristics of a drug, to mask side effects or
toxicity, to improve the flavor of a drug or to alter other characteristics or
properties of a drug. By virtue of knowledge of pharmacodynamic
processes and drug metabolism in vivo, those of skill in this art, once a
pharmaceutically active compound is known, can design prodrugs of the
compound. (see, for example, Nogrady (1985) Medicinal Chemistry A
Biochemical Approach, Oxford University Press, New York, pages
388-392; Sfiverman (1992), The Organic Chemistry of Drug Design and
Drug Action, Academic Press, Inc., San Diego, pages 352-401). [0310] By
"pharmaceutically acceptable," as used herein, refers to a material, such
as a carrier or diluent, which does not abrogate the biological activity or
properties of the compound, and is relatively nontoxic, i.e., the material
may be administered to an individual without causing undesirable
biological effects or interacting in a deleterious manner with any of the
components of the composition in which it is contained. [0311] The term
"pharmaceutically acceptable salt" refers to a fonnulation of a compound
that does not cause significant irritation to an organism to which it is
administered and does not abrogate the biological activity and properties
of the compound. Pharmaceutically acceptable salts may be obtained by
reacting a compound described herein, with acids such as: hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic
acid, pyrovic acid, lactic acid, malonic acid, suceinic acid, malie acid,
maleie acid, fumarie acid, tartaric acid, citric acid, benzoic acid, 3-(4-  WO
2007/087068PCT/US2006/049489 69 hydroxybenzoyObenzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
1,2- ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesultimic acid, 2-naphthalenesulfonic acid,
4-toluenesulfrinic acid, camphorsulfonic acid, glucobeptonic acid,
4,4'-methylenebis-(3- hydroxy-2-ene-l-carboxylic acid), 3-phenylpropionic
acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hyciroxynaphtboic acid, salicylic acid, atomic
acid, muconic acid, and the like. (0312] Pharmaceutically acceptable salts
also may be obtained by reacting a compound described herein with a
base to form a salt such as an ammonium salt, an alkali metal salt, such
as a sodium or a potassium salt, an alkaline earth metal salt, such as a
calcium or a magnesium salt, a salt of organic bases such as
dicyclohexylamine, Nmethyl-D-glucarnine,
tris(hydroxymethyDmethylamine, and salts with amino acids such as
arginine, lysine, and the like, or by other methods known in the art.
[0313]"Antifoaming agents" reduce foaming during processing which can
result in coagulation of aqueous dispersions, bubbles in the finished film,
or generally impair processing. Exemplary anti-foaming agents include
silicon emulsions or sorbitan sesquoleate. [0314]"Antioxidants" include, for
example, butylated hydroxytoluene (1111T), sodium ascorbate, ascorbic
acid, sodium metabisulfite and tocopherol. In certain embodiments,
antioxidants enhance chemical stability where required. [0315] In certain
embodiments, compositions provided herein may also include one or
more preservatives to inhibit microbial activity. Suitable preservatives
include mercury-containing substances such as marten and thiomersal;
stabilized chlorine dioxide; and quaternary ammonium compounds such
as benzalkonium chloride, cetyltrimethyiammonium bromide and
cetylpyridinium chloride. [0316] Formulations described herein may benefit
from antioxidants, metal chelating agents, thiol containing compounds and
other general stabilizing agents. Examples of such stabilizing agents,
include, but are not limited to: (a) about 0.5% to about 2% w/v glycerol, (b)
about 0.1% to about 1% w/v methionine, (e) about 0.1% to about 2% w/v
monothioglycerol, (d) about 1 mM to about 10 mM EDTA, (e) about 0.01%
to about 2% w/v ascorbic acid, (1) 0.003% to about 0.02% w/v polysorbate
80, (g) 0.001% to about 0.05% w/v. polysorbate 20, (11) arginine, (i)
heparin, (j) dextran sulfate, (lc) cyclodextrins, (1) pentosan polysulfate and
other heparinoids, (m) divalent cations such as magnesium and zinc; or
(n) combinations thereof. 103171"Binders" impart cohesive qualities and
include, e.g., alginic acid and salts thereof; cellulose derivatives such as
carboxymethyleellulose, methylcellulose (e.g., Methoeen,
hydroxypropylmethylcellulose, hydroxyethyleellulose,
hydroxypropylcellulose (e.g., Klncen, ethylcellulose (e.g., Ethocen, and
rnicrocrystalline cellulose (e.g., Avicen; microcrystalline dextrose;
amylose; magnesium aluminum silicate; polysaccharide acids; bentonites;
gelatin; polyvinylpyrrolidone/vinyl acetate copolymer; crosspovidone;
povidone; starch; pregelatinized starch; tragacanth, dextrin, a sugar, such
as sucrose (e.g., Dipac(r)), glucose, dextrose, molasses, mai-mita,
sorbitol, xylitol (e.g., Xylitab(r)), and lactose; a natural or synthetic gum
such as acacia, tragacanth, ghatti gum, mucilage of isapol husks,
polyvinylpyrrolidone (e.g., Polyvidone CL, Kollidoe CL, Polyplasdone(r)
XL-10), larch arabogalactan, Veegum(r), polyethylene glycol, waxes,
sodium alginate, and the like. [0318]"Bioavailability" refers to the
percentage of the weight of compounds disclosed herein dosed that 



is delivered into the general circulation of the animal or human being
studied. The total exposure (AUC0.,4) of a drug when administered
intravenously is usually defined as 100% bioavailable (7A), "Oral
bioavailability" refers to the extent to which compounds disclosed herein
are absorbed into the general circulation when the pharmaceutical
composition is taken orally as compared to intravenous injection.  WO
2007/087068PCT/US2006/049489 70 [0319]"Blood plasma concentration"
refers to the concentration of compounds provided herein in the plasma
component of blood of a subject. It is understood that the plasma
concentration of compounds provided herein may vary significantly
between subjects, due to variability with respect to metabolism and/or
possible interactions with other therapeutic agents. In accordance with
one embodiment disclosed herein, the blood plasma concentration of the
compounds provided herein may vary from subject to subject. Likewise,
values such as maximum plasma concentration (Cmax) or time to reach
maximum plasma concentration (T,,,,x), or total area under the plasma
concentration time curve (AUCes...) may vary from subject to subject. Due
to this variability, the amount necessary to constitute "a therapeutically
effective amount" of a compound provided herein may vary from subject to
subject. [0320]"Carrier materials" include any commonly used excipients
in pharmaceutics and should be selected on the basis of compatibility with
compounds disclosed herein and the release profile properties of the
desired dosage form. Exemplary carrier materials include, e.g., binders,
suspending agents, disintegration agents, filling agents, surfactants,
solubilizers, stabilizers, lubricants, wetting agents, diluents, and the like.
"Pharmaceutically compatible carrier materials" may include, but are not
limited to, acacia, gelatin, colloidal silicon dioxide, calcium
glycerophosphate, calcium lactate, maltodextrin, glycerine, magnesium
silicate, polyvinylpyrrollidone (PVP), cholesterol, cholesterol esters,
sodium caseinate, soy lecithin, taurocholic acid, phosphotidylcholine,
sodium chloride, tricalcium phosphate, dipotassium phosphate, cellulose
and cellulose conjugates, sugars sodium stearoyl lactylate, caa-rageenan,
monoglyceride, diglyceride, pregelatinized starch, and the like See, e.g.,
Remington: The Science and Practice orPharmacy, Nineteenth Ed
(Easton, Pa.: Mack Publishing Company, 1995); Hoover, John E.,
Remington 's Pharmaceutical Sciences, Mack Publishing Co., Easton,
Pennsylvania 1975; Liberman, HA. and Lachman, L., Eds.,
Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980;
and Pharmaceutical Dosage Forms and Drug Delivery Systems, Seventh
Ed. (Lippincott Williams & Wilkins1999). [0321]"Dispersing agents,' and/or
'viscosity modulating agents" include materials that control the diffusion
and homogeneity of a drug through liquid media or a granulation method
or blend method. In some embodiments, these agents also facilitate the
effectiveness of a coating or eroding matrix. Exemplary diffusion
facilitators/dispersing agents include, e.g., hydrophilic polymers,
electrolytes, Tween 9 60 or 80, PEG, polyvinylpyrrolidone (PVP;
commercially known as Plasdone9), and the carbohydrate-based
dispersing agents such as, for example, hydroxypropyl celluloses (e.g.,
HPC, HPC-SL, and 11PC-L), hydroxypropyl methylcelluloses (e.g.,
HIPMC 1(100, 1DPMC 1C4M, HPMC 1(15M, and HPMC KlOOM),
carboxyrnethylcellulose sodium, methylcellulose, hydroxyethylcellulose,
hydroxypropylcellulose, hydroxypropylmethylcellulose phthalate,
hydroxypropylmethylcellulose acetate stearate (HPMCAS), noncrystalline
cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol
(PVA), vinyl pyrrolidone/vinyl acetate copolymer (5630), 441,1,3,3-
tetramethylbuty1)-phenol polymer with ethylene oxide and formaldehyde
(also known as tyloxapol), poloxamers (e.g., Pluronics F689, F889, and
F1089, which are block copolymers of ethylene oxide and propylene
oxide); and poloxamines (e.g., Tetronic 9089, also known as Poloxamine
9089, which is a tefrafunctional block copolymer derived from sequential
addition of propylene oxide and ethylene oxide to ethylenediamine (BASF
Corporation, Parsippany, N.J.)), polyvinylpynrolidone 1(12,
polyvirtylpyrrolidone K17, polyvinylpyrrolidone 1(25, or
polyvinylpyrmlidone 1(30, polyvinylpyrrolidone/vinyl acetate copolymer
(5-630), polyethylene glycol, e.g., the polyethylene glycol can have a
molecular weight of about 300 to about 6000, or about 3350 to about
4000, or about 7000 to about 5400, sodium carboxymethylcellulose,
methylcellulose, polysorbate-80, sodium alginate, gums, such as, e.g.,
gum tragacanth and gum acacia, guar gum, xanthans, including xanthan
gum, sugars, cellulosics, such as,  WO 2071087068PCT/ U82006/049489
71 e.g., sodium carboxymethyleellulose, methylcellulose, sodium
carboxymethylcellulose, polysorbate-80, sodium alginate, polyethoxylated
sorbitan monolaurate, polyethoxylated sorbitan monolaurate, povidone,
carbomers, po1yviny.1 alcohol (PVA), alginates, chitosans and
combinations thereof Plasticizcers such as cellulose or triethyl cellulose
can also be used as dispersing agents. Dispersing agents particularly
useful in liposoenal dispersions and self-emulsifying dispersions are
dimyristoyl phosphatidyl choliue, natural phosphatidyl she'll= from eggs,
natural phosphatidyl glycerol from eggs, cholesterol and isopropyl
myristate. [0322]Combinations of one or more erosion facilitator with one
or more diffusion facilitator can also be used in the present compositions.
[0323) The term "diluent" refers to chemical compounds that are used to
dilute the compound of interest prior to delivery. Diluents can also be used
to stabilize compounds because they can provide a more stable
environment. Salts dissolved in buffered solutions (which also can provide
pH control or maintenance) are utilized as diluents in the art, including, but
not limited to a phosphate buffered saline solution. In certain
embodiments, diluents increase bulk of the composition to facilitate
compression or create sufficient bulk for homogenous blend for capsule
filling. Such compounds include e.g., lactose, starch, mannitol, sorbitol,
dextrose, mieroaystalline cellulose such as Avicer; dibasic calcium
phosphate, dicalciurn phosphate dihydrate; tricalcium phosphate, calcium
phosphate; anhydrous lactose, spray-dried lactose; pregelatinized starch,
compressible sugar, such as Di-Pae (Amstar); mannitol,
hydroxypropylmethylcellulose, hydroxypropylmethylcellulose acetate
stearate, sucrose-based diluents, confectioner's sugar; monobasic
calcium sulfate monohydrate, calcium sulfate dihydrate; calcium lactate
trihydrate, dextrates; hydrolyzed cereal solids, amylose; powdered
cellulose, calcium carbonate; glycine, kaolin; marmite!, sodium chloride;
inositol, bentonite, and the like. 103241The term "disintegrate" includes
both the dissolution and dispersion of the dosage form when contacted
with gastrointestinal fluid. "Disintegration agents or disintegrants" facilitate
the breakup or disintegration of a substance. Examples of disintegration
agents include a starch, e.g., a natural starch such as corn starch or
potato starch, a pregelatinized starch such as National 1551 or Amijer, or
sodium starch glycolate such as Promoger or Explotab, a cellulose such
as a wood product methylcrystalline cellulose, e.g., Airicel, Avicer PHI 01,
Avicer PHI 02, Avicel PH 105, Elcema(r) P100, ancocer, Vivacel(r), Ming
Tie, and Eolka-Floe, methyleellulose, croscannellose, or a cross-linked
cellulose, such as cross-linked sodium carboxymethylcellulose
(Ac-Di-Sor), cross-linked earboxymethylcellulose, or cross-linked
croscartnellose, a cross-linked starch such as sodium starch glycolate, a
cross-linked polymer such as crosspovidone, a cross-linked
polyvinylpyrrolidone, alginate such as alginic acid or a salt of alginic acid
such as sodium alginate, a clay such as Veegun? HV (magnesium
aluminum silicate), a gum such as agar, guar, locust bean, Karaya, pectin,
or tragacanth, sodium starch glycolate, bentonite, a natural sponge, a
surfactant, a resin such as a cation-exchange resin, citrus pulp, sodium
butyl sulfate, sodium lauryl sulfate in combination starch, and the like.
10325]"Drug absorption" or "absorption" typically refers to the process of
movement of drug from site of administration of a drug across a bather
into a blood vessel or the site of action, e.g., a drag moving from the
gastrointestinal tract into the portal vein or lymphatic system. 103261An
"enteric coating" is a substance that remains substantially intact in the
stomach but dissolves and releases the drug in the small intestine or
colon. Generally, the enteric coating comprises a polymeric material that
prevents release in the low pH environment tif the stomach but that
ionizes at a higher pH, typically a pH of 6 to 7, and thus dissolves
sufficiently in the small intestine or colon to release the active agent
therein. 
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include materials that control the erosion of a particular material in
gastrointestinal fluid. Erosion facilitators are generally known to those of
ordinary skill in the art. Exemplary erosion facilitators include, e.g.,
hydrophilic polymers, electrolytes, proteins, peptides, and amino acids.
[03281'Tilling agents" include compounds such as lactose, calcium
carbonate, calcium phosphate, dibasic calcium phosphate, calcium
sulfate, microcrystalline cellulose, cellulose powder, dextrose, dextrates,
dextran, starches, pregclatinired starch, sucrose, xylitol, Bethel, mannitol,
sorbitol, sodium chloride, polyethylene glycol, and the like.
103291"Flavoring agents" and/or "sweeteners" useful in the formulations
described herein, include, e.g., acacia syrup, acesulfame K, alitame,
anise, apple, aspartame, banana, Bavarian cream, berry, black currant,
butterscotch, calcium citrate, camphor, caramel, cherry, cherry cream,
chocolate, cinnamon, bubble gum, citrus, citrus punch, citrus cream,
cotton candy, cocoa, cola, cool cherry, cool citrus, cyclamate, cylamate,
dextrose, eucalyptus, eugenol, fructose, fruit punch, ginger,
glycyrrhetinate, glycyrrhiza (licorice) syrup, grape, grapefruit, honey,
isomalt, lemon, lime, lemon cream, rnonoammonium glyrrhizinate
(MagnaSweee), maltol, mannitol, maple, marshmallow, menthol, mint
cream, mixed berry, neohesperidine DC, neotame, orange, pear, peach,
peppermint, peppermint cream, Prosweee Powder', raspberry, root beer,
rum, saccharin, safrole, sorbitol, spearmint, spearmint cream, strawberry,
strawberry cream, stevia, sucralose, sucrose, sodium saccharin,
saccharin, aspartame, acesulfame potassium, marmitol, talin, sylitol,
sucralose, sorbitol, Swiss cream, tagatose, tangerine, rimuniatin, tutti
fruitti, vanilla, walnut, watermelon, wild cherry, wintergreen, xylitol, or any
combination of these flavoring ingredients, e.g., anise-menthol,
cherry-anise, cinnamon-orange, cherry-cinnamon, chocolate-mint,
honey-lemon, lemon-lime, lemon-mint, menthol-eucalyptus,
orange-cream, vanilla-mint, and mixtures thereof, 103301"Lubricants" and
"glidants" are compounds that prevent, reduce or inhibit adhesion or
friction of materials. Exemplary lubricants include, e.g., stearic acid,
calcium hydroxide, talc, sodium stearY1 fumerate, a hydrocarbon such as
mineral oil, or hydrogenated vegetable oil such as hydrogenated soybean
oil (Sterotex(r)), higher fatty acids and their alkali-metal and alkaline earth
metal salts, such as aluminum, calcium, magnesium, zinc, stearic acid,
sodium stearates, glycerol, talc, waxes, Stearowee, boric acid, sodium
benzoate, sodium acetate, sodium chloride, leucine, a polyethylene glycol
(e.g., PEG4000) or a methoxypolyethylene glycol such as CarbowaxTM;
sodium oleate, sodium benzoate, glyceryl behenate, polyethylene glycol,
magnesium or sodium lauxyl sulfate, colloidal silica such as Syloidni,
Cab-O-Sil(r), a starch such as corn starch, silicone oil, a surfactant, and
the like. (0331)A "measurable serum concentration" or "measurable
plasma concentration" describes the blood serum or blood plasma
concentration, typically measured in mg, jug, or ng of therapeutic agent
per ml, dl, or 1 of blood serum, absorbed into the bloodstream after
administration, As used herein, measurable plasma concentrations are
typically measured in ng/ml or ag/ml. (0332)"Plasticizers" are compounds
used to soften the microencapsulation material or film coatings to make
them less brittle. Suitable plasticizers include, e.g., polyethylene glycols
such as PEG 300, PEG 400, PEG 600, PEG 1450, PEG 3350, and PEG
800, stearic acid, propylene glycol, oleic acid, Methyl cellulose and
triacetin. In some embodiments, plasticizers can also function as
dispersing agents or wetting agents. 103331"Solubilizers" include
compounds such as triacetin, briethylcitratc, ethyl oleate, ethyl caprylate,
sodium lauryl sulfate, sodium doccusate, vitamin E TPGS,
dimethylacetamide, N-methylpyrrolidone, Nhydroxyethylpyrrolidone,
polyvinylpyrrolidone, hydroxypropylmethyl cellulose, hydroxypropyl
cyclodexttins, ethanol, n-butanol, isopropyl alcohol, cholesterol, bile salts,
polyethylene glycol 200-600, glyeofirrol, transcutol, propylene glycol, and
dimethyl isosorbide and the like.  WO 2007/087068PCT/US2006/049489
73 103341"Stabilizers" include copounds such as any antioxidation
agents, buffers, acids, preservatives and the like. P33351"Suspending
agents" include compounds such as polyvinylpyrrolidone, e.g.,
polyvinylpyrrolidone K12, polyvinylpyrrolidone 1(17, polyvinylpyrrolidone
1C25, or polyvinylpyrrolidone 1(30, vinyl pyrrolidoneivinyl acetate
copolymer (8630), polyethylene glycol, e.g., the polyethylene glycol can
have a molecular weight of about 300 to about 6000, or about 3350 to
about 4000, or about 7000 to about 5400, sodium carboxymethylcellulose,
methylcellnlose, hydroxypropylmethylcellulose, hydroxyrnethyleellulose
acetate stearate, polysorbate-80, hydroxyctlayleellulose, sodium alginate,
gums, such as, e.g., gum tragacanth and gum acacia, guar gum,
xanthans, including xantban gum, sugars, cellulosies, such as, e.g.,
sodium carboxymethylcellulose, methylcellulose, sodium
carboxymerhyleellulose, hydroxypropylmethylcellulose,
hydroxyethylcellulose, polysorbate-8O, sodium alginate, polyethoxylated
sorbitan monolaurate, polyethoxylated sorbitan monolaurate, povidone
and the like. 



[03361 "Surfactants" include compounds such as sodium lauryl sulfate,
sodium docusate, Tween 60 or 80, triacetin, vitamin E TPGS, sorbitan
monooleate, polyoxyethylene sorbitan monooleate, polysorbates,
polaxomers, bile salts, glyceryl monostearate, copolymers of ethylene
oxide and propylene oxide, e.g., Pluronica (BASF), aml the like. Some
other surfactants include polyoxyethylene fatty acid glycerides and
vegetable oils, e.g., polyoxycthylene (60) hydrogenated castor oil; and
polyoxyethylene allcylethers and alkylphenyl ethers, e.g., octoxynol 10,
octoxynol 40. In some embodiments, surfactants may be included to
enhance physical stability or for other purposes. 103371"Viscosity
enhancing agents" include, e.g., methyl cellulose, xantban gum,
carboxymethyl cellulose, hydroxypropyl cellulose, hydroxypropylmethyl
cellulose, hydroxypropylmethyl cellulose acetate stearate,
hydroxypropylmethyl cellulose phthalate, carbomer, polyvinyl alcohol,
alginates, acacia, chitosans and combinations thereof [0338]"Wetting
agents" include compounds such as oleic acid, glyceryl monostearate,
sorbitan monooleate, sorbitan monolaurate, triethanolamine oleate,
polyoxyethylene sorbitan monooleate, polyoryethylene sorbitan
monolanrate, sodium docusate, sodium oleate, sodium lauryl sulfate,
sodium doccusate, triacetin, Tween 80, vitamin E TPOS, ammonium salts
and the like. Dosage Forms [03391The compositions described herein
can be formulated for administration to a subject via any conventional
means including, but not limited to, oral, parenteral (e.g., intravenous,
subcutaneous, or intramuscular), buccal, intranasal, rectal or transdermal
administration routes. As used herein, the term "subject" is used to mean
an animal, preferably a mammal, including a human or non-human. The
terms patient and subject may be used interchangeably. 103401Moreover,
the pharmaceutical compositions described herein, which include a
compound provided herein, can be formulated into any suitable dosage
form, including but not limited to, aqueous oral dispersions, liquids, gels,
syrups, elixirs, slurries, suspensions and the like, for oral ingestion by a
patient to be treated, solid oral dosage forms, aerosols, controlled release
formulations, fast melt formulations, effervescent formulations,. lyophilized
formulations, tablets, powders, pills, dragees, capsules, delayed release
formulations, extended release formulations, pulsatile release
formulatiims, maltiparticulate formulations, and mixed immediate release
and controlled release formulations. (0341.1 Pharmaceutical preparations
for oral use can be obtained by mixing one or more solid excipient with
one or more of the compounds described herein, optionally grinding the
resulting mixture, and processing the mixture of granules, offer adding
suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable
excipients include,  WO 20071087068PCT/US2006/0494S9 74 for
example, fillers such as sugars, including lactose, sucrose, mannitol, or
sorbitol; cellulose preparations such as, for example, maize starch, wheat
starch, rice starch, potato starch, gelatin, gum tragacanth, methykellulose,
microcrystalline cellulose, hydroxypropylmethyleellutose, sodium
carboxymethylcellulose; or others such as: polyvinylpyrrolidone (PVP or
povidone) or calcium phosphate. If desired, disintegrating agents may be
added, such as the cross-linked croscarmellose sodium,
polyvinylpyrrolidone, agar, or alginic acid or a salt thereof such as sodium
alginate. [0342] Dragee cores are provided with suitable coatings. For this
purpose, concentrated sugar solutions may be used, which may optionally
contain gum arabic, talc, polyvinylpyrrolidone, ethanol gel, polyethylene
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize different
combinations of active compound doses. [0343] Pharmaceutical
preparations for oral administration include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer,
such as glycerol or sorbitol. The push-fit capsules can contain the active
ingredients in admixture with filler such as lactose, binders such as
starches, and/or lubricants such as talc or magnesium stearate and,
optionally, stabilizers. In soft capsules, the active compounds may be
dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycols. In addition, stabilizers may be
added. All formulations for oral administration should be in dosages
suitable for such administration. [0341In some embodiments, the solid
dosage forms disclosed herein may be in the form of a tablet, (including a
suspension tablet, a fast-melt tablet, a bite-disintegration tablet, a
rapid-disintegration tablet, an effervescent tablet, or a caplet), a pill, a
powder (including a sterile packaged powder, a dispensable powder, or an
effervescent powder) a capsule (including both soft or hard capsules, e.g.,
capsules made from animal-derived gelatin or plant-derived IIPMC, or
"sprinkle capsules"), solid dispersion, solid solution, bioerodible dosage
form, controlled release formulations, pulsatile release dosage forms,
multiparticnlate dosage forms, pellets, granules, or an aerosol. In other
embodiments, the pharmaceutical formulation is in the form of a powder.
In still other embodiments, the pharmaceutical formulation is in the form of
a tablet, including but not limited to, a fast-melt tablet Additionally,
pharmaceutical formulations of the present invention may be administered
as a single capsule or in multiple capsule dosage form. In some
embodiments, the pharmaceutical formulation is administered in two, or
three, or four, capsules or tablets. 103451In 'some embodiments, solid
dosage forms, e.g., tablets, effervescent tablets, and capsules, are
prepared by mixing particles of a compound provided herein, with one or
more pharmaceutical excipients to form a bulk blend composition. When
referring to these bulk blend compositions as homogeneous, it is meant
that the particles of the compoUnd provided herein; are dispersed evenly
throughout the composition so that the composition may be readily
subdivided into equally effective unit dosage forms, such as tablets, pills,
and capsules. The individual unit dosages may also include film coatings,
which disintegrate upon oral ingestion or upon contact with diluent, These
formulations can be manufactured by conventional pharmacological
techniques. [0346]Conventional pharmacological techniques include, e.g.,
one or a combination of methods: (1) dry 



mixing, (2) direct compression, (3) milling, (4) dry or non-aqueous
granulation, (5) wet granulation, or (6) fusion. See, e.g., Lachman et al.,
The Theory and Practice ofindustrial Pharmacy (1986). Other methods
include, e.g., spray drying, pan coating, melt granulation, granulation,
fluidized bed spray drying or coating (e.g., wurster coating), tangential
coating, top spraying, tableting, extruding and the like.  WO
20117/087068PCT/U S2006/049489 75 103471The pharmaceutical solid
dosage forms described herein can include a compound provided herein
and one or more pharmaceutically acceptable additives such as a
compatible carrier, binder, filling agent, suspending agent, flavoring agent,
sweetening agent, disintegrating agent, dispersing agent, surfactant,
lubricant, colorant, diluent, solubilizer, moistening agent, plasticizer,
stabilizer, penetration enhancer, wetting agent, anti-foaming agent,
antioxidant, preservative, or one or more combination thereof. In still other
aspects, using standard coating procedures, such as those described in
Remington's Pharmaceutical Sciences, 20th Edition (2000), a film coating
is provided around the formulation of the compound provided herein. In
one embodiment, some or all of the particles of the compound provided
herein are coated. In another embodiment, some or all of the particles of
the compound provided herein are microencapsulated. In still another
embodiment, the particles of the compound provided herein are not
microencapsulated and are uncoated. 103481Suitable carriers for use in
the solid dosage forms described herein include, but are not limited to,
acacia, gelatin, colloidal silicon dioxide, calcium glycerophosphate,
calcium lactate, maltodextrirt, glycerine, magnesium silicate, sodium
caseinate, soy lecithin, sodium chloride, tricalcium phosphate,
dipotassium phosphate, sodium stearoyl lactylate, carrageenan,
monoglyceride, diglyceride, pregelatinized starch,
hydroxypropylmethylcellulose, hydroxypropylmethyloellulose acetate
stearate, sucrose, microcrystalline cellulose, lactose, marmitel and the
like. 103491Suitable filling agents for use in the solid dosage forms
described herein include, but are not limited to, lactose, Calcium
carbonate, calcium phosphate, dibasic calcium phosphate, calcium
sulfate, microcrystalline cellulose, cellulose powder, dextrose, dextrates,
dextmn, starches, pregelatinized starch, hydroxypropylmethycellulose
(HPMC), hydroxypropylnaethycellulose phthalate,
hydroxypropylmethyleellulose acetate stearate (HPMCAS), sucrose,
xylitol, lactitol, rnannitol, sorbitol, sodium chloride, polyethylene glycol, and
the like. 103501In order to release the compound disclosed herein from a
solid dosage form matrix as efficiently as possible, disintegrants are often
used in the formulation, especially when the dosage forms are
compressed with binder. Disintegrants help rupturing the dosage form
matrix by swelling or capillary action when moisture is absorbed into the
dosage form. Suitable disintegrants for use in the solid dosage forms
described herein include, but are not limited to, natural starch such as
corn starch or potato starch, a pregelatinized starch such as National
1551 or Amijel(r), or sodium starch glycolate such as Promogel(r) or
Explotat, a cellulose such as a wood product, rnethylcrystalline cellulose,
e.g., Avicel(r), Avicel(r) P11101, Avicel(r) Phil 02, Avicel(r) PH 105,
Elcerna(r) P100, Erncocel(r), Vivacel(r), Ming Tia(r), and Solka-Floc(r),
methyleellulose, croscarmellose, or a cross-linked cellulose, such as
cross-linked sodium earboxymethylcellulose (Ac-Di-Sol(r)), cross-linked
carboxymethylcellulose, or cross-linked croscarmellose, a cross-linked
starch such as sodium starch glycolate, a cross-linked polymer such as
crospovidone, a cross-linked polyvinylpyrrolidone, alginate such as alginic
acid or a salt of alginic acid such as sodium alginate, a clay such as
Veegum(r) HV (magnesium aluminum silicate), a gum such as agar, guar,
locust bean, Karaya, pectin, or tragacanth, sodium starch glycolate,
bentonite, a natural sponge, a surfactant, a resin such as a
cation-exchange resin, citrus pulp, sodium lauryl sulfate, sodium lauryl
sulfate in combination starch, and the like. 103511Binders impart
cohesiveness to solid oral dosage form formulations: for powder filled
capsule formulation, they aid in plug formation that can be filled into soft or
hard shell capsules and for tablet formulation, they ensure the tablet
remaining intact after compression and help assure blend uniformity prior
to a compression or fill step. Materials suitable for use as binders in the
solid dosage forms described herein include, but are not limited to,
catboxymethylcellulose, mothyloellulose (e.g., Methooe),
hydroxypropylmathyloellulose (e.g. Hypromellose 'OSP Pharmacoat-603,
hydroxypropylrnethylcellulose acetate stearate (Actoate HS-LF and HS),
WO 2007/087068PCT/US2006/049489 76 hydroxyethylcellulese,
hydroxypropylcellulose (e.g., Klucen, ethyleellulose (e.g., Ethocer), and
mierocrystalline cellulose (e.g., AviceM, microcrystalline dextrose,
amylose, magnesium aluminum silicate, polysaccharide acids, bentonites,
gelatin, polyvinylpyrrolidone/vinyl acetate copolymer, crospovidone,
povidone, starch, pregelatinized starch, tragacanth, dextrin, a sugar, such
as sucrose (e.g., Dipac8), glucose, dextrose, molasses, mannitol, sorbitol,
xylitol (e g , Xylitali), lactose, a natural or synthetic gum such as acacia,
tragacanth, ghatti gum, mucilage of isapol husks, starch,
polyvinylpyrrolidone (e.g., Povidone(r) CL, CL, Polyplasdone XL-10, and
Povidones K- 12), larch arabogalactan, Veeguni(r), polyethylene glycol,
waxes, sodium alginate, and the like.- [03521In general, binder levels of
20-70% are used in powder-filled gelatin capsule formulations. Binder
usage level in tablet formulations varies whether direct compression, wet
granulation, roller compaction, or usage of other excipients such as fillers
which itself can act as moderate binder. Formulators skilled in art can
determine the binder level for the formulations, but binder usage level of
up to 70% in tablet formulations is common. [0353)Suitable lubricants or
glidants for use in the solid dosage forms described herein include, but
are not limited to, stearin acid, calcium hydroxide, talc, corn starch,
sodium stearyl fumerate, alkali-metal and alkaline earth metal salts, such
as aluminum, calcium, magnesium, zinc, stearic acid, sodium stearates,
magnesium stearate, zinc stearate, waxes, Stearowee, bone acid, sodium
benzoate, sodium acetate, sodium chloride, leucine, a 



polyethylene glycol or a methoxypolyethylene glycol such as
CarbowaxTM, PEG 4000, PEG 5000, PEG 6000, propylene glycol,
sodium oleate, glyceryl behenate, glyceryl palmitostearate, glyceryl
benzoate, magnesium or sodium lauryl sulfate, and the like.
[0354)Suitable diluents for use in the solid dosage forms described herein
include, but are not limited to, sugars (including lactose, sucrose, and
dextrose), polysaccharides (including dextrates and maltodextrio), polyols
(including mannitol, xylitol, and sorbitol), cyclodextrins and the like.
103551The term "non water-soluble diluent" represents compounds
typically used in the formulation of pharmaceuticals, such as calcium
phosphate, calcium sulfate, starches, modified starches and
microcrystalline cellulose, and mierocellulose (e.g., having a density of
about 0.45 War?, e.g. Avicel, powdered cellulose), and talc.
[0356)Suitable wetting agents for use in the solid dosage forms described
herein include, for example, oleic acid, glyceryl monostearate, sorbitan
monooleate, sorbitan monolaurate, triethanolamine oleam,
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan
monolaurate, quaternary ammonium compounds      Polyquat I 0ci),
sodium oleate, sodium lauryl sulfate, magnesium stearate, sodium
docusate, triacelin, vitamin E TPGS and the like. 103571Suitable
surfactants for use in the solid dosage forms described herein include, for
example, sodium lauryl sulfate, sorbitan monooleate, polyoxyethylene
sorbitan monooleate, polysorbates, polaxomers, bile salts, glyeeryl
monostearate, copolymers of ethylene oxide and propylene oxide, e.g.,
Pluronic(r) (BASF), and the like. [03581Suitable suspending agents for
use in the solid dosage forms described here include, but are not limited
to, polyvinylpynolidorte, e.g., polyvinylpyrrolidone K12,
polyvinylpyrrolidone 1C17, polyvinylpyrrolidone 1(25, or
polyvinylpyrrolidonel(30, polyethylene glycol, e.g., the polyethylene glycol
can have a molecular weight of about 300 to about 6000, or about 3350 to
about 4000, or about 7000 to about 5400, vinyl pyrrolidone/vinyl acetate
copolymer (8630), sodium carboxymethylcellulose, methyleellulose,
hydroxy-propylmethyleellulose, polysorbate-80, hydroxyethyleellulose,
sodium alginate, gums, such as, e.g., gum ixagacanth and gum acacia,
guar gum, xanthans, including xanthan gum, sugars, cellulosics, such as,
e.g., sodium carboxymethyleellulose, methyloellulose, sodium
carboxymethylcellulose, hydroxypropylmethyleellulose,
hydroxyethyleellulose,  WO 2007/087068PCT/US2006/049489 77
polysorbate-80, sodium alginate, polyethoxylated sorbitan monolaurate,
polyethoxylated sorbitan monolaurate, povidone and the like.
[03591Suitable antioxidants for use in the solid dosage forms described
herein include, for example, e.g., butylated hydroxytoluene (BHT), sodium
ascorbate, and tocopherol. 103601It should be appreciated that there is
considerable overlap between additives used in the solid dosage forms
described herein. Thus, the above-listed additives should be taken as
merely exemplary, and not limiting, of the types of additives that can be
included in solid dosage forms of the present invention. The amounts of
such additives can be readily determined by one skilled in the art,
according to the particular properties desired. [0361]In other
embodiments, one or more layers of the pharmaceutical formulation are
plasticized. Illustratively, a plasticizer is generally a high boiling point solid
or liquid. Suitable plasticizers can be added from about 0.01% to about
50% by weight (w/w) of the coating composition. Plasticizers include, but
are not limited to, diethyl phthalate, citrate esters, polyethylene glycol,
glycerol, acetylated glycerides, triacetin, polypropylene glycol,
polyethylene glycol, tniethyl citrate, dibutyl sebacate, stearic acid, stearol
stearate, and castor oil. (03621Compressed tablets are solid dosage
forms prepared by compacting the bulk blend of the formulations
described above. In various embodiments, compressed tablets which are
designed to dissolve in the mouth will include one or more flavoring
agents. In other embodiments, the compressed tablets will include a film
surrounding the final compressed tablet. In some embodiments, the film
coating can provide a delayed release of the compound disclosed herein
from the formulation. In other embodiments, the film coating aids inpatient
compliance (e.g., Opadry(r) coatings or sugar coating). Film coatings
including Opadry(r) typically range from about I% to about 3% of the tablet
weight. In other embodiments, the compressed tablets include one or
more excipients. [0363]A capsule may be prepared, for example, by
placing the bulk blend of the formulation of the 



compound described above, inside of a capsule. In some embodiments,
the formulations (non-aqueous suspensions and solutions) are placed in a
soft gelatin capsule. In other embodiments, the formulations are placed in
standard gelatin capsules or non-gelatin capsules such as capsules
comprising IIPMC. In other embodiments, the formulation is placed in a
sprinkle capsule, wherein the capsule may be swallowed whole or the
capsule may be opened and the contents sprinkled on food prior to eating.
In some embodiments, the therapeutic dose is split into multiple (e.g., two,
three, or four) capsules. In some embodiments, the entire dose of the
formulation is delivered in a capsule form. [03641In various embodiments,
the particles of the compound disclosed herein and one or more
excipients are dry blended and compressed into a mass, such as a tablet,
having a hardness sufficient to provide a pharmaceutical composition that
substantially disintegrates within less than about 30 minutes, less than
about 35 minutes, less than about 40 minutes, less than about 45
minutes, less than about 50 minutes, less than about 55 minutes, or less
than about 60 minutes, after oral administration, thereby releasing the
formulation into the gastrointestinal fluid. [03651In another aspect, dosage
forms may include microencapsulated formulations. In some
embodiments, one or more other compatible materials are present in the
mieroencapsulation material. Exemplary materials include, but are not
limited to, ()II modifiers, erosion facilitator's, anti-foaming agents,
antioxidants, flavoring agents, and carrier materials such as binders,
suspending agents, disintegration agents, filling agents, surfactants,
solubilizers, stabilizers, lubricants, wetting agents, and diluents.
10366]Materials useful for the naicroencapsulation described herein
include materials compatible with compounds disclosed herein, which
sufficiently isolate the compound disclosed herein from other
non-compatible excipients. Materials compatible with compounds
disclosed herein are those that delay the release of the compounds
disclosed herein in vivo.  WO 200/087068PCT/US2006/049489 78
[0367)Exemplary micmencapsulation materials useful for delaying the
release of the formulations including compounds disclosed herein,
include, but are not limited to, hythoxypropyl cellulose ethers (HPC) such
as Klucel or Nisso EPC, low-substituted hydroxypropyl cellulose ethers
(L-HPC), hydroxypropyl methyl cellulose ethers (IIPMC) such as
Seppifilm-LC, Pharmacoat, Metolose SR, Methocer-E, Opadry YS,
Prirnano, Beneeel /VIP824, and Benecel IVIP843, methylcellulose
polymers such as Methocel(r)-A, hydroxypropylmethylcellulose acetate
stearate Aqoat (HF-LS, HF-LG,HF-MS) and Metolose, Ethylcelluloses
(EC) and mixtures thereof such as E461, Ethocer, Aqualon(r)-EC,
Surelease(r), Polyvinyl alcohol (PVA) such as Opadry AMB,
hydroxyethyleelluloses such as Nat:rasa', carboxymethylcelluloses and
salts of carboxymethylcelluloses (CMC) such as Aqualon(r)-CMC,
polyvinyl alcohol and polyethylene glycol co-polymers such as Kollicoat
IR, monoglycerides (Myverol), triglycerides (KLX), polyethylene glycols,
modified food starch, acrylic polymers and mixtures of acrylic polymers
with cellulose ethers such as Eudragir EPO, Eudragit L30D-55, Eudragit
FS 30D Eudragit L100-55, Eudragit L100, Eudragit(r) 5100, Eudragit
RD100, Eudragir 100, Eudragir L12.5, Eudragit(r)' 512.5, Eudragit NE30D,
and &Waage NE 40D, cellulose acetate phthalate, sepifilms such as
mixtures of FIPMC and stearic acid, cyclodextrins, and mixtures of these
materials. [03681In still other embodiments, plasticizers such as
polyethylene glycols, e.g., PEG 300, PEG 400, PEG 600, PEG 1450, PEG
3350, and PEG 800, stearic acid, propylene glycol, oleic acid, and triacetin
are incorporated into the nnicroencapsulation material. In other
embodiments, the microencapsulating material useful for delaying the
release of the pharmaceutical compositions is from the LISP or the
National Formulary (NF). In yet other embodiments, the
mieroencapsulation material is Klucel. In still other embodiments, the
microeneapsulation material is metbocel. 103601Microencapsulated
compounds disclosed herein may be formulated by methods known by
one of ordinary skill in the art. Such known methods include, e.g., spray
drying processes, spinning disk-solvent processes, hot melt processes,
spray chilling methods, fluidized bed, electrostatic deposition, centrifugal
extrusion, rotational suspension separation, polymerization at liquid-gas or
solid-gas interface, pressure extrusion, or spraying solvent extraction
bath. In addition to these, several chemical techniques, e.g., complex
coacervation, solvent evaporation, polymer-polymer incompatibility,
interfacial polymerization in liquid media, in situ polymerization, in-liquid
drying, and desolvation in liquid media could also be used. Furthermore,
other methods such as roller compaction, extrusion/spheronization,
coacenration, or nanoparticle coating may also be used. [03701In one
embodiment, the particles of compounds disclosed herein are
microencapsulated prior to being formulated into one of the above forms.
In still another embodiment, some or most of the particles are coated prior
to being further formulated by using standard coating procedures, such as
those described in Remington 's Pharmaceutical Sciences, 20th Edition
(2000). 103711In other embodiments, the solid dosage formulations of the
compounds disclosed herein are plasticized (coated) with one or more
layers. Illustratively, a plasticizer is generally a high boiling point solid or
liquid. Suitable plasticizers can be added from about 0.01% to about 50%
by weight (w/w) of the coating composition. Plasticizers include, but are
not limited to diethyl phthalate, citrate esters, polyethylene glycol, glycerol,
acetylated glycerides, triacetin, polypropylene glycol, polyethylene glycol,
Methyl citrate, dibutyl sebacate, stearic acid, stearol, stearate, and castor
oil. [03721In other embodiments, a powder including the formulations with
a compound disclosed herein may be formulated to include one or more
pharmaceutical excipients and flavors. Such a powder may be prepared,
for example, by mixing the formulation and optional pharmaceutical
excipients to form a bulk blend composition.  
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include a suspending agent and/or a wetting agent This bulk blend is
uniformly subdivided into unit dosage packaging or multi-dosage
packaging units. [0373]In still other embodiments, effervescent powders
are also prepared in accordance with the present disclosure. Effervescent
salts have been used to disperse medicines in water for oral
administration. Effervescent salts are granules or coarse powders
containing a medicinal agent in a dry mixture, usually composed of
sodium bicarbonate, citric acid and/or tartaric acid. When salts of the
present invention are added to water, the acids and the base react to
liberate carbon dioxide gas, thereby causing "effervescence?' Examples
of effervescent salts include, e.g., the following ingredients: sodium
bicarbonate or a mixture of sodium bicarbonate and sodium carbonate,
citric acid and/or tartaric acid. Any acid-base combination that results in
the liberation of carbon dioxide can be used in place of the combination of
sodium bicarbonate and citric and tartaric acids, as long as the ingredients
were suitable for pharmaceutical use and result in a pH of about 6.0 or
higher. 103741In other embodiments, the formulations described herein,
which include a compound disclosed herein, are solid dispersions.
Methods of producing such solid dispersions are known in the art and
include, but are not limited to, for example, U.S. Pat. Nos. 4,343,789,
5,340,591, 5,456,923, 5,700,485, 5,723,269, and U.S. Pub. App!
200410013734, each of which is specifically incorporated by reference. In
still other embodiments, the formulations described herein are solid
solutions. Solid solutions incorporate a substance together with the active
agent and other excipients such that heating the mixture results in
dissolution of the drug and the resulting composition is then cooled to
provide a solid blend which can be further formulated or directly added to
a capsule or compressed into a tablet Methods of producing such solid
solutions are known in the art and include, but are not limited to, for
example, U.S. Pat Nos. 4,151,273, 5,281,420, and 6,083,518, each of
which is specifically incorporated by reference. 10375JThe
pharmaceutical solid oral dosage forms, which include a compound
disclosed herein, can be further formulated to provide a controlled release
of the compound disclosed herein. Controlled release refers to the release
of the compound disclosed herein from a dosage form in which it is
incorporated according to a desired profile over an extended period of
time. Controlled release profiles include, for example, sustained release,
prolonged release, pulsatile release, and delayed release profiles. In
contrast to immediate release compositions, controlled release
compositions allow delivery of an agent to a subject over an extended
period of time according to a predetermined profile. Such release rates
can provide therapeutically effective levels of agent for an extended period
of time and thereby provide a longer period of pharmacologic response
while minimizing side effects as compared to conventional rapid release
dosage forms. Such longer periods of response provide for many inherent
benefits that are not achieved with the corresponding short acting,
immediate release preparations. 10376!In some embodiments, the solid
dosage forms described herein can be formulated as enteric coated
delayed release oral dosage forms, i.e., as an oral dosage form of a
pharmaceutical composition as described herein which utilizes an enteric
coating to affect release in the small intestine of the gastrointestinal tract
The enteric coated dosage form may be a compressed or molded or
extruded tablet/mold (coated or uncoated) containing granules, powder,
pellets, beads or particles of the active ingredient and/or other
composition components, which are themselves coated or uncoated. The
enteric coated oral dosage form may also be a capsule (coated or
uncoated) containing pellets, beads or granules of the solid carrier or the
composition, which are themselves coated or uncoated. [0377]The term
'delayed release" as used herein refers to the delivery so that the release
can be accomplished at some generally predictable location in the
intestinal tract snore distal to that which would have been accomplished if
there had been no delayed release alterations. In some embodiments the
method for delay of release  WO 2007/087068PCTAJS2006/049489 80 is
coating. Any coatings should be applied to a sufficient thickness such that
the entire coating does not dissolve in the gastrointestinal fluids at pH
below about 5, but does dissolve at pH about 5 and above. It is expected
that any anionic polymer exhibiting a p11-dependent solubility profile can
be used as an enteric coating in the practice of the present invention to
achieve delivery to the lower gastrointestinal tract. In some embodiments
the polymers for use in the present invention are anionic carboxylic
polymers. In other embodiments, the polymers and compatible mixtures
thereof, and some of their properties, include, but are not limited to:
[03781Shellac, also called purified lac, a refined product obtained from the
resinous secretion of an insect. This coating dissolves in media of pH >7;
[03791Acrylic polymers. The performance of acrylic polymers (primarily
their solubility in biological fluids) can vary based on the degree and type
of substitution. Examples of suitable acrylic polymers include methacrylic
acid copolymers and ammonium methacrylate copolymers. The Eudragit
series E, L, S, RL, RS and NE (Rohm Pharma) are available as
solubilized in organic solvent, aqueous dispersion, or dry powders. The
Eudragit series RL, NE, and RS are Soluble in the gastrointestinal tract
but are permeable and are used primarily for colonic targeting. The
Eudragit series E dissolve in the stomach. The Eudragit series L, L-30D
and S are insoluble in stomach and dissolve in the intestine; 



[0380)Cellulose Derivatives. Examples of suitable cellulose derivatives
are: ethyl cellulose; reaction mixtures of partial acetate esters of cellulose
with phthalic anhydride. The performance can vary based on the degree
and type of substitution. Cellulose acetate phthalate (CAP) dissolves in pH
>6. Aquateric (FMC) is an aqueous based system and is a spray dried
CAT psuedolatex with particles <1 pin. Other components in Aquateric
can include pluronics, Tweens, and acetylated monoglycerides. Other
suitable cellulose derivatives include: cellulose acetate tranellitate
(Eastman); methylcellulose (Pharmacoat, Methecel); hydroxypropylmethyl
cellulose phthalate (FIPMCP); hydroxypropylmethyl cellulose succinate
(HPMCS); and hydroxypropylmethyleellulose acetate suceinate (e.g.,
AQOAT (Shin Etsu)). The performance can vary based on the degree and
type of substitution. For example, IIPMCP such as, HP-50, HP-55,
HP-55S, HP-55F grades are suitable. The performance can vary based on
the degree and type of substitution. For example, suitable grades of
hydroxypropylmethylcellulose acetate succinate include, but are not
limited to, AS-LO (LF), which dissolves at pH 5, AS-MG (MP), which
dissolves at pH 5.5, and AS-FIG (HP), which dissolves at higher pH.
These polymers are offered as granules, or as fine powders for aqueous
dispersions; 103811Poly Vinyl Acetate Phthalate (PVAP). PVAP dissolves
in pH >5, and it is much less permeable to water vapor and gastric fluids.
[03821In some embodiments, the coating can, and usually does, contain a
plasticizer and possibly other coating excipients such as colorants, talc,
and/or magnesium stearate, which are well known in the art. Suitable
plasticizers include triethyl citrate (Citrollex 2), triacetin (glyceryl
triacetate), acetyl triethyl citrate (Citroflec A2), Carbowax 400
(polyethylene glycol 400), diethyl phthalate, tibutyl citrate, acetylated
monoglycerides, glycerol, fatty acid esters, propylene glycol, and dibutyl
phthalate. In particular, anionic carboxylic acrylic polymers usually will
contain 10-25% by weight of a plasticizer, especially dibutyl phthalate,
polyethylene glycol, triethyl citrate and triacetin. Conventional coating
techniques such as spray or pan coating are employed to apply coatings.
The coating thickness must be sufficient to ensure that the oral dosage
form remains intact until the desired site of topical delivery in the intestinal
tract is reached. [0383]Colorants, detackifiers, surfactants, antifoarning
agents, lubricants (e.g., carnuba wax or PEG) may be added to the
coatings besides plasticizers to solubilize or disperse the coating material,
and to improve coating performance and the coated product.  WO
2007/087068PCT/U S2006/049489 81 103841In other embodiments, the
formulations described herein, which include a compound disclosed
herein, are delivered using a pulsatile dosage form. A pulsatile dosage
form is capable of providing one or more immediate release pulses at
predetermined time points after a controlled lag time or at specific sites.
Pulsatile dosage forms including the formulations described herein, which
include a compound disclosed herein, may be administered using a
variety of pulsatile formulations known in the art. For example, such
formulations include, but are not limited to, those described in U.S. Pat.
Nos. 5,011,692, 5,017,381, 5,229,135, and 5,840,329, each of which is
specifically incorporated by reference. Other pulsatile release dosage
forms suitable for use with the present formulations include, but are not
limited to, for example, U.S. Pat. Nos. 4,871,549, 5,260,068, 5,260,069,
5,508,040, 5,567,441 and 5,837,284, all of which are specifically
incorporated by reference. In one embodiment, the controlled release
dosage form is pulsatile release solid oral dosage form including at least
two groups of particles, (i.e. multiparticulate) each containing the
formulation described herein. The first group of particles provides a
substantially immediate dose of the compound disclosed herein upon
ingestion by a mammal. The first group of particles can be either uncoated
or include a coating and/ox sealant. The second group of particles
includes coated particles, which includes from about 2% to about 75%,
preferably from about 2.5% to about 70%, and more preferably from about
40% to about 70%, by weight of the total dose of the compound disclosed
herein in said formulation, in admixture with one or more binders. The
coating includes a pharmaceutically acceptable ingredient in an amount
sufficient to provide a delay of from about 2 hours to about 7 hours
following ingestion before release of the second dose. Suitable coatings
include one or more differentially degradable coatings such as, by way of
example only, pH sensitive coatings (enteric coatings) such as acrylic
resins (e g , Eudragit(r) EPO, Ethirage L30D55, Eudragit(r) FS 30a
Eudragit L100-55, Eudragit LEO, Eudragit 5100, Eudragit(r) 11D100,
Eudragit E100, Eudragit(r) L12.5, Eudragit 512.5, and Eudragit NE30D,
Eudragit(r)NE 400) either alone or blended with cellulose derivatives, e.g.,
ethylcellulose, or non-enteric coatings having variable thickness to provide
differential release of the formulation that includes a compound disclosed
herein. 103851Many other types of controlled release systems known to
those of ordinary skill in the art and are suitable for use with the
formulations described herein. Examples of such delivery systems
include, e.g., polymer-based systems, such as polylactic and polyglycolic
acid, plyanhydrides and polycaprolactone; porous matrices,
nonpolymcr-based systems that are lipids, including sterols, such as
cholesterol, cholesterol esters and fatty acids, or neutral fats, such as
mono-, di- and triglycerides; hydrogel release systems; silasfic systems;
peptide-based systems; wax coatings, bleerodible dosage forms,
compressed tablets using conventional binders and the like See, e.g.,
Liberman et al., Pharmaceutical Dosage Forms, 2 Ed., Vol. 1, pp. 209-214
(1990); Singh et aL, Encyclopedia of Pharmaceutical Technology, Td Ed.,
pp. 751-753 (2002); U.S. Pat. Nos. 4,327,725, 4,624,848, 4,968,509,
5,461,140, 5,456,923, 5,516,527, 5,622,721, 5,686,105, 5,700,410,
5,977,175, 6,465,014 and 6,932,983, each of which is specifically
incorporated by reference. 103861In some embodiments, pharmaceutical
formulations are provided that include particles of the compounds
disclosed herein and at least one dispersing agent or suspending agent
for oral administration to a subject. The formulations may be a powder
and/or granules for suspension, and upon admixture with water, a
substantially uniform suspension is obtained. [03871Liquid formulation
dosage forms for oral administration can be aqueous suspensions
selected from the group including, but not limited to, pharmaceutically
acceptable aqueous oral dispersions, emulsions, solutions, elixirs, gels,
and syrups. See, e.g., Singh et al, Encyclopedia of Pharmaceutical
Technology, 2fill Ed., pp. 754-757 (2002). In addition to the particles of
compound disclosed herein, the liquid dosage forms may include
additives, such as (a) disintegrating agents; (b) dispersing agents; (c)
wetting agents; (d) at least one preservative, (e) viscosity  WO
2007/087068PCT/ US2006/049489 82 



enhancing agents, (f) at least one sweetening agent, and (g) at least one
flavoring agent. In some embodiments, the aqueous dispersions can
further include a crystalline inhibitor. (0388)The aqueous suspensions and
dispersions described herein can remain in a homogenous state, as
defined in The US? Pharmacists' Pharmacopeia (2005 edition, chapter
905), for at least 4 hours. The homogeneity should be determined by a
sampling method consistent with regard to determining homogeneity of
the entire composition. In one embodiment, an aqueous suspension can
be re-suspended into a homogenous suspension by physical agitation
lasting less than 1 minute. In another embodiment, an aqueous
suspension can be re-suspended into a homogenous suspension by
physical agitation lasting less than 45 seconds. In yet another
embodiment, an aqueous suspension can be re-suspended into a
homogenous suspension by physical agitation lasting less than 30
seconds. In still another embodiment, no agitation is necessary to
maintain a homogeneous aqueous dispersion. H13891Examples of
disintegrating agents for use in the aqueous suspensions and dispersions
include, but are not limited to, a starch, e.g., a natural starch such as corn
starch or potato starch, a pregelatinized starch such as National 1551 or
Amber, or sodium starch glycolate such as Promogel or Explotabs; a
cellulose such as a wood product, methylcrystalline cellulose, e.g., Avicel,
Avicel PH101, AvicerPH102, Avicel P11105, Elcema P100, Emcocel,
Vivaeel, Ming Tie, and Solka-Floc, methylcellulose, croscarmellose, or a
cross-linked cellulose, such as cross-linked sodium
carboxyrnethyleellulose (Ac-Di-Sol), cross-linked earboxymethylcellulose,
or cross-linked erosearmellose; a cross-linked starch such as sodium
starch glycolate; a cross-linked polymer such as crospovidone; a
cross-linked polyvinylpyrrolidone; alginate such as alginic acid or a salt of
alginic acid such as sodium alginate; a clay such as Veegume 11V
(magnesium aluminum silicate); a gum such as agar, guar, locust bean,
Karaya, pectin, or tragacanth; sodium starch glycolate; bentonite; a
natural sponge; a surfactant; a resin such as a cation-exchange resin;
citrus pulp; sodium tansyl sulfate; sodium lauryl sulfate in combination
starch; and the like. 103901In some embodiments, the dispersing agents
suitable for the aqueous suspensions and dispersions described herein
are known in the art and include, for example, hydrophilic polymers,
electrolytes, Tween  60 or 80, PEG, polyvinylpyrrolidone (PVP;
commercially known as Plasdone), and the carbohydrate-based
dispersing agents such as, for example, hydroxypropylcellulose and
hydroxypropyl cellulose ethers (e.g., HPC, HPC-SL, and HPC-L),
hydroxypropyl methylcellulose and hydroxypropyl methylcellulose ethers
(e.g. HPMC 100, HPMC K4M, IIPMC KUM, and HPMC KlOOM),
carboxymethylcellulose sodium, methylcellulose, hydroxyethykellulose,
hydroxypropylmethyl-cellulose phthalate, hydroxypropylmethyl-cellulose
acetate stearate, noncrystalline cellulose, magnesium aluminum silicate,
triethanolataine, polyvinyl alcohol (PVA), polyvinylpyrrolidone/vinyl acetate
copolymer (Plasclone, e.g., 8-630), 4-(1,1,3,3-tetramethylbutyI)-phenol
polymer with ethylene oxide and formaldehyde (also known as tyloxapol),
poloxamers (e.g., Pluronics F68, F88, and F108, which are block
copolymers of ethylene oxide and propylene oxide); and poloxamines
(e.g.. Tetronic 908, also known as Poloxarnine 9080, which is a
tetrafunctional block copolymer derived from sequential addition of
propylene oxide and ethylene oxide to ethylertediamine (BASF
Corporation, Parsippany, Ni)). In other embodiments, the dispersing agent
is selected from a group not comprising one of the following agents:
hydrophilic polymers; electrolytes; Tween  60 or SO; PEG;
polyvinylpyrrolidone (PVP); hydroxypropyleellulose and hydroxypropyl
cellulose ethers (e.g., HPC, IIPC-SL, and HPC-L); hydroxypropyl
methyleellislose and hydroxypropyl methyleellulose ethers (e.g. HPFAC
K100, HPMC K4M, HPMC K15M, HPMC K100M, and Phannacoat USE'
2910 (Shin-Etsu)); carboxymethyleellulose sodium; methyleellulose;
hydroxyethylcellulose; hydroxypropylmethyl-cellulose phthalate;
hydroxypropylmethyl-cellulose acetate stearate; non-crystalline cellulose;
magnesium aluminum silicate; triethanolamine; polyvinyl alcohol (PVA);
4-(1,1,3,3-tetramethylbutyl)-phenol polymer with ethylene oxide and  WO
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Pluronics F68, E88, and F108, which are block copolymers of ethylene
oxide and propylene oxide); or poloxamines (e.g., Tetronie 90S(r), also
known as Poloxamine 908). [03911Wetting agents suitable for the
aqueous suspensions and dispersions described herein are known in the
art and include, but are not limited to, cetyl alcohol, glycerol monostearate,
polyoxyethylene sorbitan fatty acid esters (e.g., the commercially available
Tweens such as e.g., Tween 20(r) and Tween130 (ICI Specialty
Chemicals)), and polyethylene glycols (e.g., Carbowaxs 3350 and 14500,
and Carbopol 934 (Union Carbide)), oleic acid, glyeeryl monostearate,
sorbitan moneoleate, sorbitan monolaurate, triethanolamine oleate,
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan
monolaurate, sodium oleate, sodium lauryl sulfate, sodium docusate,
triacetin, vitamin E TPGS, sodium taurocholate, simethicone,
phosphotidylcholine and the like 103921Suitable preservatives for the
aqueous suspensions or dispersions described herein include, for
example, potassium sorbate, parabens (e.g., methylparaben and
propylparaben), benzoic acid and its salts, other esters of
parahydroxybenzoic acid such as butylparaben, alcohols such as ethyl
alcohol or benzyl alcohol, phenolic compounds such as phenol, or
quaternary compounds such as benzalkonium chloride. Preservatives, as
used herein, are incorporated into the dosage form at a concentration
sufficient to inhibit microbial growth. 103931Suitable viscosity enhancing
agents for the aqueous suspensions or dispersions described herein
include, but are not limited to, methyl cellulose, xarrthan gum,
carboxymethyl cellulose, hydroxypropyl cellulose, hydroxypropylmethyl
cellulose, Plasdon S-630, carbomer, polyvinyl alcohol; alginates, acacia,
chitosans and combinations thereof. The concentration of the viscosity
enhancing agent will depend upon the agent selected and the viscosity
desired. [03941Examples of sweetening agents suitable for the aqueous
suspensions or dispersions described herein include, for example, acacia
syrup, acesulfame IC, alitame, anise, apple, aspartame, banana, Bavarian
cream, berry, black currant, butterscotch, calcium citrate, camphor,
caramel, cherry, cherry cream, chocolate, cinnamon, bubble gain, citrus,
citrus punch, citrus cream, cotton candy, cocoa, cola, cool cherry, cool
citrus, cyclamate, cylamate, dextrose, eucalyptus, eugenol, fructose, fruit
punch, ginger, glycyrrhetinate, glycyrrhiza (licorice) syrup, grape,
grapefruit, honey, isornalt, lemon, lime, lemon cream, monoammonium
glyrrhizinate (MagnaSweer), maltol, marmite', maple, marshmallow,
menthol, mint cream, mixed berry, neohesperidine DC, neotame, orange,
pear, peach, peppermint, peppermint cream, Prosweet(r) Powder,
raspberry, root beer, rum, saccharin, safrole, sorbitol, spearmint,
spearmint cream, strawberry, strawberry cream, stevia, sucralose,
sucrose, sodium saccharin, saccharin, aspartame, acesulfame potassium,
mannitol, talin, sucralose, sorbitol, swiss cream, tagatose, tangerine,
thaumatin, tutti Matti, vanilla, walnut, watermelon, wild cherry,
wintergreen, xylitol, or any combination of these flavoring ingredients, e.g.,
anise-menthol, cherry-anise, cinnamon-orange, cherry-cinnamon,
chocolate-mint, honey-lemon, lemon-lime, lemon-mint,
menthol-eucalyptus, orange-cream, vanilla-mint, and mixtures thereof. In
one embodiment, the aqueous liquid dispersion can comprise a
sweetening agent or flavoring agent in a concentration ranging from about
0.001% to about 1.0% the volume of the aqueous dispersion. In another
embodiment, the aqueous liquid dispersion can comprise a sweetening
agent or flavoring agent in a concentration ranging from about 0.005% to
about 0.5% the volume of the aqueous dispersion. In yet another
embodiment, the aqueous liquid dispersion can comprise a sweetening
agent or flavoring agent in a concentration ranging from about 0.01% to
about 1.0% the volume of the aqueous dispersion. [0395]In addition to the
additives listed above, the liquid formulations can also include inert
diluents  commonly used in the art, such as water or other solvents,
solubilizing agents, and emulsifiers. Exemplary emulsifiers are ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propyleneglycol, 1,3-butyleneglycol, dimethylformamide,
sodium hairy' sulfate, sodium doccusate, cholesterol,  WO
20071087068PCT/US2006/049489 84 cholesterol esters, taurocholic acid,
phosphotidylcholine, oils, such as cottonseed oil, groundnut oil, corn germ
oil, olive oil, castor oil, and sesame oil, glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols, fatty acid esters of sorbitan, or mixtures of these
substances, and the like. 



[0396)In some embodiments, the pharmaceutical formulations described
herein can be self-emulsifying drug delivery systems (SEDDS). Emulsions
are dispersions of one immiscible phase in another, usually in the form of
droplets. Generally, emulsions are created by vigorous mechanical
dispersion. SEDDS, as opposed to emulsions or miaoemulsions,
spontaneously form emulsions when added to an excess of water without
any external mechanical dispersion or agitation. An advantage of SEDDS
is that only gentle mixing is required to distribute the droplets throughout
the solution. Additionally, water or the aqueous phase can be added just
prior to administration, which ensures stability of an unstable or
hydrophobic active ingredient. Thus, the SEDDS provides an effective
delivery system for oral and parenteral delivery of hydrophobic active
ingredients. SEDDS may provide improvements in the bioavailability of
hydrophobic active ingredients. Methods of producing self-emulsifying
dosage forms are known in the art and include, but are not limited to, for
example, U.S. Pat. Nos. 5,858,401, 6,667,048, and 6,960,563, each of
which is specifically incorporated by reference. [03971It is to be
appreciated that there is overlap between the above-listed additives used
in the aqueous dispersions or suspensions described herein, since a
given additive is often classified differently by different practitioners in the
field, or is commonly used for any of several different functions. Thus, the
above-listed additives should be taken as merely exemplary, and not
limiting, of the types of additives that can be included in formulations
described herein. The amounts of such additives can be readily
determined by one skilled in the art, according to the particular properties
desired. Intranasal Formulations [0398)Intranasal formulations are known
in the art and are described in, for example, U.S. Pat. Nos. 4,476,116,
5,116,817 and 6,391,452, each of which is specifically incorporated by
reference. Formulations that include a compound provided herein, which
are prepared according to these and other techniques well-known in the
art are prepared as solutions in saline, employing benzyl alcohol or other
suitable preservatives, fluorocarbons, and/or other solubilizing or
dispersing agents known in the art. See, for example, Ansel, H. C. et al.,
Pharmaceutical Dosage Forms and Drug Delivery Systems, Sixth Ed.
(1995). Preferably these compositions and formulations are prepared with
suitable nontoxic pharmaceutically acceptable ingredients. These
ingredients are known to those skilled in the preparation of nasal dosage
forms and some of these can be found in REMINGTON: THE SCIENCE
AND PRACTICE OF PHARMACY, 21st edition, 2005, a standard
reference in the field. The choice of suitable carriers is highly dependent
upon the exact nature of the nasal dosage form desired, e.g., solutions,
suspensions, ointments, or gels. Nasal dosage forms generally contain
large amounts of water in addition to the active ingredient. Minor amounts
of other ingredients such as pH adjusters, emulsifiers or dispersing
agents, preservatives, surfactants, gelling agents, or buffering and other
stabilizing and solubilizing agents may also be present. Preferably, the
nasal dosage form should be isotonic with nasal secretions. [0399] For
administration by inhalation, the compounds disclosed herein may be in a
form as an aerosol, a mist or a powder. Pharmaceutical compositions
described herein are conveniently delivered in the form of an aerosol
spray presentation from pressurized packs or a nebuliser, with the use of
a suitable propellant, e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other
suitable gas. In the case of a pressurized aerosol, the dosage unit may be
determined by providing a valve to deliver a metered amount. Capsules
and cartridges of, such as, by way of example only, gelatin for use in an
inhaler or insuffiator may  WO 2007/087068PCT/US2006/049489 85 be
formulated containing a powder mix of the compound described herein
and a suitable powder base such as lactose or starch. Buccal
Formulations 104001Buccal formulations that include compounds
disclosed herein may be administered using a variety of formulations
known in the art. For example, such formulations include, but are not
limited to, U.S. Pat Nos. 4,229,447, 4,596,795, 4,755,386, and 5,739,136,
each of which is specifically incorporated by reference. In addition, the
buccal dosage forms described herein can further include a bioerodible
(hydrolysable) polymeric carrier that also serves to adhere the dosage
form to the buccal mucosa. The buccal dosage form is fabricated so as to
erode gradually over a predetermined time period, wherein the delivery of
the compound disclosed herein is provided essentially throughout. Buccal
drug delivery, as will be appreciated by those skilled in the art, avoids the
disadvantages encountered with oral drug administration, e.g., slow
absorption, degradation of the active agent by fluids present in the
gastrointestinal tract and/or first-pass inactivation in the liver. With regard
to the bioexodible (hydrolysable) polymeric carrier, it will be appreciated
that virtually any such carrier can be used, so long as the desired drug
release profile is not compromised, and the carrier is compatible with the
compound disclosed herein, and any other components that may be
present in the buccal dosage unit. Generally, the polymeric carrier
comprises hydrophilic (water-soluble and water-swellable) polymers that
adhere to the wet surface of the buccal mucosa. Examples of polymeric
carriers useful herein include acrylic acid polymers and co, e.g., those
known as ncarbomers" (Carbopor which may be obtained from B.F.
Goodrich, is one such polymer). Other components may also be
incorporated into the buccal dosage forms described herein include, but
are not limited to, disintegrants, diluents, binders, lubricants, flavoring,
colorants, preservatives, and the like. For buccal or sublingual
administration, the compositions may take the form of tablets, lozenges, or
gels formulated in a conventional Mallret Transdermal Formulations
[0401jTnuisdermal formulations described herein may be administered
using a variety of devices which have been described in the art. For
example, such devices include, but are not limited to, U.S. Pat Nos.
3,598,122, 3,598,123, 3,710,795, 3,731,683, 3,742,951, 



3,814,097, 3,921,636, 3,972,995, 3,993,072, 3,993,073, 3,996,934,
4,031,894, 4,060,084, 4,069,307, 4,077,407, 4,201,211, 4,230,105,
4,292,299, 4,292,303, 5,336,168, 5,665,378, 5,837,280, 5,869,090,
6,923,983, 6,929,801 and 6,946,144, each of which is specifically
incorporated by reference  in its entirety. 104021The transdermal dosage
forms described herein may incorporate certain pharmaceutically
acceptable excipients which are conventional in the art. In one
embodiment, the transdermal formulations described herein include at
least three components: (1) a formulation of a compound disclosed herein;
(2) a penetration enhancer; and (3) an aqueous adjuvant. In addition;
transdermal formulations can include additional components such as, but
not limited to, gelling agents, creams and ointment bases, and the like. In
some embodiments, the transdermal formulation can further include a
woven or non-woven backing Material to enhance absorption and prevent
the removal of the transdermal formulation from the skin. In other
embodiments, the transdennal formulations described herein can maintain
a saturated or supersaturated state to promote diffusion into the skin.
[04031 Formulations suitable for transdermal administration of compounds
described herein may employ nansderxnal delivery devices and
transdermal delivery patches and can be lipophilic emulsions or buffered,
aqueous solutions, dissolved and/or dispersed in a polymer or an
adhesive. Such patches may be constructed for continuous, pulsatile, or
on demand delivery of pharmaceutical agents. Still further, transderrnal
delivery of the compounds described herein can be accomplished by
means of iontophoretic patches and the like. Additionally, transdemnal 
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controlled delivery of the compounds disclosed herein. The rate of
absorption can be slowed by using rate-controlling membranes or by
trapping the Compound within a polymer matrix or gel. Conversely,
absorption enhancers can be used to increase absorption. An absorption
enhancer or carrier can include absorbable pharmaceutically acceptable
solvents to assist passage through the skin. For example, transdennal
devices are in the form of a bandage comprising a backing member, a
reservoir containing the compound optionally with carriers, optionally a
rate controlling bather to deliver the compound to the skin of the host at a
controlled and predetermined rate over a prolonged period of time, and
means to secure the device to the skin. Injectable Formulations
[04041Formulations that include a compound disclosed herein, suitable
for intramuscular, subcutaneous, or intravenous injection may include
physiologically acceptable sterile aqueous or non-aqueous solutions,
dispersions, suspensions or emulsions, and sterile powders for
reconstitution into sterile injectable solutions or dispersions. Examples of
suitable aqueous and non-aqueous carriers, diluents, solvents, or vehicles
including water, ethanol, polyols (propyleneglycol, polyethylene-glycol,
glycerol, cremophor and the like), suitable mixtures thereof, vegetable oils
(such as olive oil) and injectable organic esters such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants. Formulations suitable
for subcutaneous injection may also contain additives such as preserving,
wetting, emulsifying, and dispensing agents. Prevention of the growth of
microorganisms can be ensured by various antibacterial and antifungal
agents, such as parabens, ehlorobutanol, phenol, sorbic acid, and the like.
It may also be desirable to include isotonic agents, such as sugars,
sodium chloride, and the like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaying
absorption, such as aluminum monostearate and gelatin. 1041051 For
intravenous injections, compounds described herein may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such
as Hank's solution, Ringer's solution, or physiological saline buffer. For
transmucosal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally
known in the art: For other parenteral injections, appropriate formulations
may include aqueous or nonaqueous solutions, preferably with
physiologically compatible buffers or excipients. Such excipients are
generally known in the art. [0406] Parenteral injections may involve bolus
injection or continuous infusion. Formulations for injection may be
presented in unit dosage form, cg., in ampoules or in multi-dose
containers, with an added preservative. The pharmaceutical composition
described herein may be in a form suitable for parenteral injection as a
sterile suspensions, solutions or emulsions in oily olaqueous vehicles, and
may contain formulatory agents such as suspending, stabilizing and/or
dispersing agents. Pharmaceutical formulations for parenteral
administration include aqueous solutions of the active compounds in
water-soluble fermi. Additionally, suspensions of the active compounds
may be prepared as appropriate oily injection suspensions. Suitable
lipophilic solvents or vehicles include fatty oils such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or triglycerides, or
liposomes. Aqueous injection suspensions may contain substances which
increase the viscosity of the suspension, such as sodium carboxymethyl
cellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents which increase the solubility of the
compounds to allow for the preparation of highly concentrated solutions.
Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g., sterile pyrogen-free water, before use.  WO
20071087068PCT/1J S2006/049489 87 Other Formulations  10407) In
certain embodiments, delivery systems for pharmaceutical conipounds
may be employed, such as, for example, Liposomes and emulsions. In
certain embodiments, compositions provided herein can also include an
mucoadhesive polymer, selected from among, for example,
carboxymethylcellulose, carbomer (acrylic acid polymer),
poly(methylmethacrylate), polyacrylamide, polycarbophil, acrylic acid/butyl
acrylate copolymer, sodium alginate and dextran. 104081 In some
embodiments, the compounds described herein may be administered
topically and can be formulated into a variety of topically administrable
compositions, such as solutions, suspensions, lotions, gels, pastes,
medicated sticks, balms, creams or ointments. Such pharmaceutical
compounds can contain solubilizers, stabilizers, tonicity enhancing agents,
buffers and preservatives. [0409] The compounds described herein may
also be formulated in rectal compositions such as enemas, rectal gels,
rectal foams, rectal aerosols, suppositories, jelly suppositories, or
retention enemas, containing conventional suppository bases such as
cocoa butter or other glycerides, as well as synthetic polymers such as
polyvinylpyrrolidone, PEG, and the like. In suppository forms of the
compositions, a low-melting wax such as, but not limited to, a mixture of
fatty acid glycerides, optionally in combination with cocoa butter is first
melted. Methods of Dosing and Treatment Regimens 104101 The
compounds described herein can be used in the preparation of
medicaments for the inhibition of tyrosine kinase activity, such as Blic
activity, or for the treatment of diseases or conditions that would benefit, at
least in part, from inhibition of Btk activity. In addition, a method for
treating any of the diseases or conditions described herein in a subject in
need of such treatment, involves administration of pharmaceutical
compositions containing at least one compound disclosed herein, or a
pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide,
pharmaceutically active metabolite, pharmaceutically acceptable prodrug,
or pharmaceutically acceptable solvate thereof, in therapeutically effective
amounts to said subject. [04111 The compositions containing the
compound(s) described herein can be administered for prophylactic
and/or therapeutic treatments. In therapeutic applications, the
compositions are administered to a patient already suffering from a
disease or condition, in an amount sufficient to cure or at least partially
arrest the symptoms of the disease or condition. Amounts effective for this
use will depend on the severity and course of the disease or condition,
previous therapy, the patient's health status, weight, and response to the
drugs, and the judgment of the treating physician. It is considered well
within the skill of the art for one to determine such therapeutically effective
amounts by routine - experimentation (including, but not limited to, a dose
escalation clinical trial). 104121 in prophylactic applications, compositions
containing the compounds described herein are administered to a patient
susceptible to or otherwise at risk of a particular disease, disorder or
condition. Such an amount is defined to be a "prophylactically effective
amount or dose." In this use, the precise amounts also depend on the
patient's state of health, weight and the like. It is considered well within the
skill of the art for one to determine such prophylactically effective amounts
by routine experimentation (e.g., a dose escalation clinical trial). When
used in a patient, effective amounts for this use will depend on the
severity and course of the disease, disorder or condition, previous
therapy, the patient's health status and response to the drugs, and the
judgment of the treating physician. [0413) In the case wherein the patient's
condition does not improve, upon the doctor's discretion the administration
of the compounds may be administered chronically, that is, for an
extended period of time, including throughout the duration of the patient's
life-in order to ameliorate or otherwise control or limit the symptoms of the
patient's disease or condition.  WO 2007/087068PCT/US2006/049489 88 



104141 In the case wherein the patient's status does improve, upon the
doctor's discretion the administration of the compounds may be given
continuously; alternatively, the dose of drug being administered may be
temporarily reduced or temporarily suspended for a certain length of time
(i e a "drug holiday"). The length of the drug holiday can vary between 2
days and I year, including by way of example only, 2 days, 3 days, 4 days,
5 days, 6 days, 7 days, 10 days, 12 days, 15 days, 20 days, 28 days, 35
days, 50 days, 70 days, 100 days, 120 days, 150 days, 180 days, 200
days, 250 days, 280 days, 300 days, 320 days, 350 days, or 365 days.
The dose reduction during a drug holiday may be from 10%400%,
including, by way of example only, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
100%. [0415] Once improvement of the patient's conditions has occurred,
a maintenance dose is administered if necessary. Subsequently, the
dosage or the frequency of administration, or both, can be reduced, as a
function of the symptoms, to a level at which the improved disease,
disorder or condition is retained. Patients can, however, require
intermittent treatment on a long-term basis upon any recurrence of
symptoms. [0416] The amount of a given agent that will correspond to
such an amount will vary depending upon factors such as the particular
compound, disease or condition and its severity, the identity (e.g., weight)
of the subject or host in need of treatment, but can nevertheless be
routinely determined in a manner known in the art according to the
particular circumstances surrounding the case, including, e.g., the specific
agent being administered, the route of administration, the condition being
treated, and the subject or host being treated. In general, however, doses
employed for adult human treatment will typically be in the range of
0.02-5000 mg per day, preferably 1-1500 mg per day. The desired dose
may conveniently be presented in a single dose or as divided doses
administered simultaneously (or over a short period of time) or at
appropriate intervals, for example as two, three, four or more sub-doses
per day. [0417] The pharmaceutical composition described herein may be
in unit dosage forms suitable for single administration of precise dosages.
In unit dosage form, the formulation is divided into unit doses containing
appropriate quantities of one or more compound. The unit dosage may be
in the form of a package containing discrete quantities of the formulation.
Non-limiting examples are packaged tablets or capsules, and powders in
vials or ampoules. Aqueous suspension compositions can be packaged in
single-dose non-reclosable containers. Alternatively, multiple-dose
reclosable containers can be used, in which case it is typical to include a
preservative in the composition. By way of example only, formulations for
parenteral injection may be presented in unit dosage form, which include,
but are not limited to ampoules, or in multi-dose containers, with an added
preservative. 104181 The daily dosages appropriate for the compounds
described herein described herein are from about 0.01 to 2.5 mg/kg per
body weight. An indicated daily dosage in the larger mammal, including,
but not limited to, humans, is in the range from about 0.5 mg to about 300
mg, conveniently administered in divided doses, including, but not limited
to, up to four times a day or in extended release form. Suitable unit
dosage forms for oral administration include from about 1 to 20D mg
active ingredient. The foregoing ranges are merely suggestive, as the
number of variables in regard to an individual treatment regime is large,
and considerable excursions from these recommended values are not
uncommon. Such dosages may be altered depending on a number of
variables, not limited to the activity of the compound used, the disease or
condition to be treated, the mode of administration, the requirements of
the individual subject, the severity of the disease or condition being
treated, and the judgment of the practitioner. 104191 Toxicity and
therapeutic efficacy of such therapeutic regimens can be determined by
standard pharmaceutical procedures in cell cultures or experimental
animals, including, but not limited to, the determine. tion. of the LD50 (the
dose lethal to 50% of the population) and the EDso (the dose
therapeutically effective in 50% of the population). The dose ratio between
the toxic and therapeutic effects is the therapeutic index and it can be
expressed  WO 20071087068PCl/US2006/049489 89 as the ratio
between LDso and ED. Compounds exhibiting high therapeutic indices
are preferred. The data obtained from cell culture assays and animal
studies can be used in formulating a range of dosage for use in human.
The dosage' of such compounds lies preferably within a range of
circulating concentrations that include the Elpso with minimal toxicity. The
dosage may vary within this range depending upon the dosage form
employed and the route of administration utilized. Combination
Treatments 104201 The tyrosine inhibitor compositions described herein
can also be used innombination with other well known therapeutic
reagents that are selected for their therapeutic value for the condition to
be treated. In general, the compositions described herein and, in
embodiments where combinational therapy is employed, other agents do
not have to be administered in the same pharmaceutical composition, and
may, because of different physical and chemical characteristics, have to
be administered by different routes. The determination of the mode of
administration and the advisability of administration, where possible, in the
same pharmaceutical composition, is well within the knowledge of the
skilled clinician. The initial administration can be made according to
established protocols known in the art, and then, based upon the
observed effectsethe dosage, modes of administration and times of
administration can be modified by the skilled clinician. 104211 In certain
instances, it may be appropriate to administer at least one tyrosine Idnase
inhibitor compound described herein in combination with another
therapeutic agent By way of example only, if one of the side effects
experienced by a patient upon receiving one of the tyrosine kinase
inhibitor compounds described herein is nausea, then it may be
appropriate to administer an anti-nausea agent in combination with the
initial therapeutic agent. Or, by way of example only, the therapeutic
effectiveness of one of the compounds described herein may be
enhanced by administration of an adjuvant (i.e., by itself the adjuvant may
have minimal therapeutic benefit, but in combination with another
therapeutic agent, the overall therapeutic benefit to the patient is
enhanced). Or, by way of example only, the benefit experienced by a
patient may be increased by administering one of the compounds
described herein with another therapeutic agent (which also includes a
therapeutic regimen) that also has therapeutic benefit. In any case,
regardless of the disease, disorder or condition being treated, the overall
benefit experienced by the patient may simply be additive of the two
therapeutic agents or the patient may experience a synergistic benefit
104221 The particular choice of compounds used will depend upon the
diagnosis of the attending physicians and their judgment of the condition
of the patient and the appropriate treatment protocol. The compounds
may be administered concurrently (e.g., simultaneously, essentially
simultaneously or within the same treatment protocol) or sequentially,
depending upon the nature of the disease, disorder, or condition, the
condition of the patient, and the actual choice of compounds used. The
determination of the order of administration, and the number of repetitions
of administration of each therapeutic agent during a treatment protocol, is
well within the knowledge of the skilled physician after evaluation of the
disease being treated and the condition of the patient, 104231 It is known
to those of skill in the art that therapeutically-effective dosages can vary
when the drugs are used in treatment combinations. Methods for
experimentally determining therapeutically-effective dosages of drugs and
other agents for use in combination treatment regimens are described in
the literature. For example, the use of metronomic dosing, i.e., providing
more frequent, lower doses in order to minimize toxic side effects, has
been described extensively in the literature Combination treatment farther
includes periodic treatments that start and stop at various times to assist
with the clinical management of the patient 104241 For combination
therapies described herein, dosages of the co-administered compounds
will of course vary depending on the type of co-drug employed, on the
specific drug employed, on the disease or condition being treated and so
forth. In addition, when co-administered with one or more biologically
active agents, the conipound provided  WO 2007/087068PCT/1J
S2006/049489 90 herein may be administered either simultaneously with
the biologically active agent(s), or sequentially. If administered
sequentially, the attending physician will decide on the appropriate
sequence of administering protein in combination with the biologically
active agent(s). 104251 In any case, the multiple therapeutic agents (one
of which is a compound of Formula Ica lb, ha, or described herein) may be
adnainistered in any order or even simultaneously. If simultaneously, the
multiple therapeutic agents may be provided in a single, unified form, or in
multiple forms (by way of example only, either as a single pill or as two
separate pills). One of the therapeutic agents ma Y be given in multiple
doses, or both may be given as multiple doses. If not simultaneous, the
timing between the multiple doses may vary from more than zero weeks to
less than four weeks. In addition, the combination methods, compositions
and formulations are not to be limited to the use of only two agents; the
use of multiple therapeutic combinations are also envisioned. [04261 It is
understood that the dosage regimen to neat, prevent, or ameliorate the
condition(s) for which relief is sought, can be modified in accordance with
a variety of factors. These factors include the disorder from which the
subject suffers, as well as the age, weight, sex, diet, and medical
condition of the subject. Thus, the dosage regimen actually employed can
vary widely and therefore can deviate from the dosage regimens set forth
herein. 



[0427] The pharmaceutical agents which make up the combination
therapy disclosed herein may be a combined dosage form or in separate
dosage forms intended for substantially simultaneous administration. The
pharmaceutical agents that make up the combination therapy may also be
administered sequentially, with either therapeutic compound being
administered by a regimen calling for two-step administration. The
two-step administration regimen may call for sequential administration of
the active agents or spaced-apart administration of the separate active
agents. The time period between the multiple administration steps may
range from, a few minutes to several hours, depending upon the
properties of each pharmaceutical agent, such as potency, solubility,
bioavailability, plasma half-life and kinetic profile of the pharmaceutical
agent. Circadian variation of the target molecule concentration may also
determine the optimal dose interval. 104281 In addition, the compounds
described herein also may be used in combination with procedures that
may. provide additional or synergistic benefit to the patient. By way of
example only, patients are expected to find therapeutic and/or
prophylactic benefit in the methods described herein, wherein
pharmaceutical composition of a compound dislcosed herein and /or
combinations with other therapeutics are combined with genetic testing to
determine whether that individual is a carrier of a mutant gene that is
known to be correlated with certain diseases or conditions. 104291 The
compounds described herein and combination therapies can be
administered before, during or after the occurrence of a disease or
condition, and the timing of administering the composition containing a
compound can vary. Thus, for example, the compounds can be used as a
prophylactic and can be administered continuously to subjects with a
propensity to develop conditions or diseases in order to prevent the
occurrence of the disease or condition. The compounds and compositions
can be administered to a subject during or as soon as possible after the
onset of the symptoms. The administration of the compounds can be
initiated within the first 48 hours of the onset of the symptoms, preferably
within the fast 48 hours of the onset of the symptoms, more preferably
within the first 6 hours of the onset of the symptoms, and most preferably
within 3 hours of the onset of the symptoms. The initial administration can
be via any route practical, such as, for example, an intravenous injection,
a bolus injection, infusion over 5 minutes to about 5 hours, a pill, a
capsule, transdermal patch, buccal delivery, and the like, or combination
thereof. A compound is preferably administered as soon as is practicable
after the onset of a disease or condition is detected or suspected, and for
a length of time necessary for the treatment of the disease, such as, for
example, from about 1 month to about 3 months. The length of treatment
can vary for each subject, and the length  WO
2007/087068PCT/US20061049489 91 can be determined using the
known criteria. Fox example, the compound or a formulation containing
the compound can be administered for at least 2 weeks, preferably about
1 month to about 5 years, and more preferably from about 1 month to
about 3 years. Kits/Articles of Manufacture [0430] For use in the
therapeutic applications described herein, kits and articles of manufacture
are also described herein. Such kits can include a carder, package, or
container that is compartmentalized to receive one or more containers
such as vials, tubes, and the like, each of the container(s) including one of
the separate elements to be used in a method described herein_ Suitable
containers include, for example, bottles, vials, syringes, and test tubes.
The containers can be formed from a variety of materials such as glass or
plastic. 104311 The articles of manufacture provided herein contain
packaging materials. Packaging materials for use in packaging
pharmaceutical products are well known to those of skill in the art. See,
e.g., U.S. Patent Nos. 5,323,907, 5,052,558 and 5,033,252. Examples of
pharmaceutical packaging materials include, but are not limited to, blister
packs, bottles, tubes, inhalers, pumps, bags, vials, containers, syringes,
bottles, and any packaging material suitable for a selected formulation and
intended mode of administration and treatment. A wide array of
formulations of the compounds and compositions provided herein are
contemplated as are a variety of treatments for any disease, disorder, or
condition that would benefit by inhibition of Brtuon's tyrosine kinase
activity or in which Bruton's tyrosine kinase activity is a mediator or
contributor to the symptoms or cause. 104321 For example, the
container(s) can include one or more compounds described herein,
optionally in a composition or in combination with another agent as
disclosed herein. The container(s) optionally have a sterile access port
(for example the container can be an intravenous solution bag or a vial
having a stopper piereeable by a hypodermic injection. needle). Such kits
optionally include an identifying description or label or instructions relating
to its use in the methods described herein. [0433] A kit may include one or
more additional containers, each with one or more of various materials
(such as reagents, optionally in concentrated form, and/or devices)
desirable from a commercial and user standpoint for use of a compound
described herein. Non-limiting examples of such materials include, but not
limited to, buffers, diluents, filters, needles, syringes; carrier, package,
container, vial and/or tube labels listing contents and/or instructions for
use, and package inserts with instructions for use. A set of instructions will
also typically be included. [0434] A label can be on or associated with the
container. A label can be on a container when letters, numbers or other
characters forming the label are attached, molded or etched into the
container itself; a label can be associated with a container when it is
present within a receptacle or carrier that also holds the container, e.g., as
a package insert. A label can be used to indicate that the contents are to
be used for a specific therapeutic application. The label can also indicate
directions for use of the contents, such as in the methods described
herein. (0435] In certain embodiments, the pharmaceutical compositions
can be presented in a pack Or dispenser device which can contain one or
more unit dosage forms containing a compound provided herein. The
pack can for example contain metal or plastic foil, such as a blister pack.
The pack or dispenser device can be accompanied by instructions for
administration. The pack or dispenser can also be accompanied with a
notice associated with the container in form prescribed by a governmental
agency regulating the manufacture, use, or sale of pharmaceuticals, which
notice is reflective of approval by the agency of the form of the drug for
human or veterinary administration. Such notice, for example, can be the
labeling approved by the U.S. Food and Drug Administration for
prescription drugs, or the approved product insert. Compositions
containing a compound provided herein formulated in a  WO
2007/087068PCT1US20061049489 92 compatible pharmaceutical carrier
can also be prepared, placed in an appropriate container, and labeled for
treatment of an indicated condition. Exemplary Therapeutic Agents for
Use in Combination with a Tyrosine Kinase Inhibitor Compound Agents for
Treating Autoimmune Diseases, Inflammatory Diseases, or Allergy
Diseases [0436j Where the subject is suffering from or at risk of suffering
from an autoinunune disease, an inflammatory disease, or an allergy
disease, an tyrosine kinase inhibitor compound can be used in with one or
more of the following therapeutic agents in any combination:
Unrnanosuppressants (e.g., tacrolimus, cyclosporin, rapamicin,
methotrexate, cyclophospharnide, azathioprine, mercaptopurine,
mycophenolate, or FT1720), glueocorticolds (e.g., prednisone, cortisone
acetate, prednisolone, methylprednisolone, dexametbasone,
betamethasone, triamcinolone, beclometasone, fludrocortisone acetate,
deoxycorticosterone acetate, aldosterone), non-steroidal anti-inflammatory
drugs (e.g., salicylates, arylalkanoic acids, 2-arylpropionic acids,
N-arylanthranilic acids, oxicams, emit*, or sulphonanilides), Cox-2-specife
inhibitors (e.g., valdecoxib, celecoxib, or rofecoxib), leflunornide, gold
thioglucose, gold thiomalate, aurofin, sulfasalazine, hydroxychloroquinine,
minocyctine, TNF-a binding proteins (e.g., infliximab, etanercept, or
adalimumab), abatacept, analcinra, interferon-J3, interferon-y,
irrterleukin-2, allergy vaccines, antihistamines, antileukotriertes,
beta-agonists, theophylline, or anticholinergics. Anti-Cancer Agents
104371 Where the subject is suffering from or at risk of suffering from a
B-eell proliferative disorder (e.g., plasma cell myeloma), the subjected can
be treated with a tyrosine kinase inhibitor compound in any combination
with one or more other anti-cancer agents. In preferred embodiments, one
or more of the anti-cancer agents are proapoptotio agents. Examples of
anti-cancer agents include, but are not limited to, any of the following:
gossyphol, genasense, polyphenol E, Chdorofusin, all trans-retinoie acid
(ATRA), bryostatin, tumor necrosis factor-related apoptosisinducing ligand
(TRAIL), 5-aza-2'-deoxycytidine, all trans refinoic acid, doxorubicin,
vincristine, etoposide, gemcitabine, imatinib (Gleevec(r)), geldanamycin,
17-N-Allylamino-17-Demethoxygeldanamycin (17-AAG), flavopixidol,
LY294002, bortezomib, trastuzumab, BAY 11-7082, PKC412, or
PDI84352, Taxorm, also referred to as "paclitaxel", which is an anti-cancer
drug which acts by enhancing and stabilizing microtubule formation, and
analogs of Taxollm, such as Taxoterem. Compounds that have the basic
taxane skeleton as a common structure feature, have also been shown to
have the ability to arrest cells in the 02-M phases due to stabilized
microtubules and may be useful for treating cancer in combination with the
compounds of the invention. 104381 Further examples of anti-cancer
agents for use in combination with a tyrosine (abase inhibitor compound
include inhibitors of rnitogen-activated protein kinase signaling, e.g.,
U0126, 1PD98059, PDI84352, PD0325901, ARRY-142886, S13239063,
SP600125, BAY 43-9006, wortmannin, or LY294002. 



104391 Other anti-cancer agents that can be employed in combination
with a tyrosine lcinase inhibitor compound include Adriamycin,
Dactinomyein, Bleomycin, Yinblastine, Cisplafin, acivicin; aclarubicin;
acodazole hydrochloride; acronine; adozelesin; aldesleukin; altretarnine;
ambomyein; ametantrone acetate; aminoglutethimide; amsacrine;
anastrozole; enthralment; asparaginase; asperlea; azacitidine; azetepa;
azotomycin; batimastat; benzodepa; bicalutarnide; bisantrene
hydrochloride; bisnafide dimesylate; bizelesin; bleomycin sulfate;
brequinar sodium; bropirimine; busulfan; cactinomycin; calusterone;
caracemide; carbetirner; carboplatin; carmustine; earubicin hydrochloride;
carzelesin; eedefingol; chlorambucil; cirolemyein; cladribine; crisnatol
mesylate; eyclophospharnide; cytarabine; dacarbazine; daunorubicin
hydrochloride; deeitabine; dexonnaplatin; dezaguanine; dezaguanine
mesylate; diaziquone; doxonabicin; doxombicin hydrochloride; droloxifene;
droloxifene citrate; droniostanolone propionate; duazomycin; edatrexate;
eflotnithine hydrochloride; elsamitrucin; enloplatin; enprornate;
epipropidine; epirublein hydrochloride; erbulozole; esorubiein
hydrochloride; estramustine; estranmstine  WO
2007/087068PCT/US2006/049489 93 phosphate sodium; etanidazole;
etoposide; etoposide phosphate; etoprine; fadrozole hydrochloride;
fazarabine; fenretinirle; floxuridine; fludarabine phosphate; fluorouracil;
flurocitabine; fosquidone; fostriecin sodium; gemcitabine; gemcitabine
hydrochloride; hydroxyurea; idambicin hydrochloride; ifosfarnide;
iimefosine; interleukin II (including recombinant iriterleukin II, or r1L2),
interferon alfa-2a; interferon alfa-2b; interferon aima-nl ; interferon alfa-n3;
interferon beta4 a; interferon gamma-1 b; iproplatin; irinotecan
hydrochloride; lanreotide acetate; letrozole; leuprolide acetate; liarozole
hydrochloride; lometrexol sodium; lomustine; losoxantrone hydrochloride;
masoprocol; maytansine; mechloretharnine hydrochloride; megestrol
acetate; melengestrol acetate; melphalan; menogaril; mercapiopurine;
methotrexate; methotrexate sodium; metoprine; meturedepa; tnitindomide;
mitocarcin; mitocromin; mitogillin; rnitomalein; mitomycin; mitosper;
mitotane; mitoxantrone hydrochloride; mycophenolic acid; nocodazoie;
nogalamycin; ormaplatin; oxisuran; pegaspargase; peliomycin;
pentamustine; peplomycin sulfate; perfosfamide; pipobroman; piposulfan;
piroxantrone hydrochloride; plicamycin; plomestane; porfimer sodium;
porfiromyein; prednirnustine; procarbazine hydrochloride; puromycin;
puromycha hydrochloride; pyrazofwrin; riboprine; rogletimide; safingol;
safingol hydrochloride; semustine; simtrazene; sparfosate sodium;
sparsomycin; spixogermanium hydrochloride; spiromustine; spiroplatin;
streptonigrin; streptozocin; sulofenur; talisomycin; tecogalan sodium;
tegafur; teloxantrone hydrochloride; temoporfin; teniposide; teroxirone;
testolactone; thiamiprine; thioguanine; thiotepa; tiazofin-in; tirapazatnine;
torernifene citrate; trestolone acetate; triciribine phosphate; trimetrexate;
trimetrexate glucuronate; triptorelin; tubulozole hydrochloride; uracil
mustard; uredepa; vapreotide; verteporfin; vinblastine sulfate; vincristine
sulfate; vindesine; vindesine sulfate; vinepidine sulfate; vittglycinate
sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate;
vinzolidine sulfate; vorozole; zeniplatin; zinostatin; zorobicin hydrochloride.
04401 Other anti-cancer agents that can be employed in combination with
a tyrosine kinase inhibitor compound include: 20-epi-1, 25
dihydroxyvitamin D3; 5-ethynyluracil; abiraterone; aclarabicin; acylfulvene;
adecypenol; adozelesin; aldesleulcin; ALL-TIC antagonists; altretamine;
ambamustine; amidox; amilostine; aminolevulinic acid; amrubicin;
arnsacrine; anagrelide; anastrozole; andrographolide; angiogenesis
inhibitors; antagonist ID; antagonist G; antarelix; anti-dorsatiaing
morphogenetic protein-1 ; antiandrogen, prostatic carcinoma;
antiestrogen; antineoplaston; antisense oligonucleotides; aphidicolin
glycinate; apoptosis gene modulators; apoptosis regulators; apurinic acid;
ara-CDP-DL-PTBA; arginine deaminase; asulacrine; atamestane;
atrimustine; axinastatin 1 ; axinastatin 2; axinastatin 3; azasetron;
azatoxin; azatyrosine; baccatin III derivatives; balanol; batimastat;
BCR/ABL antagonists; benzochlorins; benzoylstaurosporine; beta lacteal
derivatives; beta-alethine; betaciarnyein B; betulinic acid; 13FGE inhibitor;
bicalatamide; bisantrene; bisaziridinylspermine; bisnafide; bistratene A;
bizelesin; breflate; bropirirnine; budotitane; buthionine sulfoximine;
calcipotriol; calphostin C; camptothecin derivatives; canarypox IL-2;
capecitabine; carboxamide-amino-triazole; carboxyamidotriazole; CaRest
M3; CARN 700; cartilage derived inhibitor; carzelesin; casein kinase
inhibitors (ICOS); castanospermine; cecropin B; cetrorelix; chlorins;
chloroquinoxaline sulfonamide; eicaprost; eisporphyrin; cladribine;
clomifene analogues; clotrimazole; collismyein A; collismycin B;
combretastatin A4; combretastatin analogue; conagenin; crambescidin
816; crisnatol; cryptophycin 8; cryptophycin A derivatives; curacin A;
cyclopentanthraquinones; eyeloplatam; cypemycin; cytarabine ocfosfate;
cytolytic factor; cytostatin; dacliximab; decitabine; dehydrodidemnin B;
deslorelin; dexamethasone; dexifosfamtde; dexrazoxane; dexverapamil;
diaziquone; didemnin13; didox; diethylnorspermine; dihydro-5-azacytidine;
9- dioxamycin; diphenyl spiromustine; docosanol; dolasetron; doxifluridine;
droloxiferte; dronabinol; duocarmycin SA; ebselen; ecomustine;
edelfosine; edrecolomab; eflomithine; elemcne; emitefur; epirubicin;
epristeride; estramustine analogue; estrogen agonists; estrogen
antagonists; etanidazole; etoposide phosphate; exemestane; fadrozole;
fazarabine; fenretinide; filgrastim; finasteride; flavopiridol; flezelastine;
WO 20071087068P C T/ U S2006/049489 94 fluasterone; fludarabine;
fluorodatmoruniein hydrochloride; forfenirnex; formestane; fostriecine
fotemustine; gadolinium texaphyrin; gallium nitrate; galoeitabine; ganirelix;
gelatinase ingemcitabine; glutathione inhibitors; hepsulfam; heregulin;
hexamethylene bisacetatnide; hypericin; ibandronic acid; idarubicin;
idoxifene; ithamantone; ihnofosine; ilomastat; imidazoacridones;
imiquimod; immunostimulant peptides; insulin-like growth factor-1 receptor
inhibitor; interferon agonists; interferons; interleukins; iobenguane;
iododoxonthicin; ipomeanol, 4-; iroplact; irsogladine; isobengazole;
isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F; lamellarin-N
triacetate; lannotide; leinamycire lenograstim; lentinan sulfate; leptolstatin;
letrozole; leukemia inhibiting factor; leukocyte alpha interferon;
leuprolide+estrogen+progesterone; leuprorelin; levarnisole; liarozole;
linear polyamine analogue; lipopbilic disaccharide peptide; lipophilic
platinum compounds; lissoclinarnide 7; lobaplatin; lombricine; lorrietrexol;
lonidamine; losoxantrone; lovastatin; loxoribine; lurtotecan; lutetium
texaphyrin; lysofylline; lytic peptides; maitansine; mannostatin A;
marinaastat, masoprosok maspin; matrilysin inhibitors; matrix
mehlloproteinase inhibitors; menogaril; merbarone; meterelin;
methioninase; metoclopramide; MEE inhibitor; mifepristone; miltelosine;
rnirimostim; mismatched double stranded RNA; mitoguazone; mitolactol;
mitomycin analogues; mitonafide; mitotoxin fibroblast growth
factor-saporin; mitoxantrone; mofarotene; molgramostim; monoclonal
antibody, human ehorionic gonadotrophin; monophosphoryl lipid
Aa-myobacterium cell wall sk; mopidamok inultiple dreg resistance gene
inhibitor; multiple tumor suppressor 1 -based therapy; mustard anticancer
agent; mycaperoxide B; mycobacterial cell wall extract; myriaporone;
N-acetyldinaline; N-substituted benzamides; nafarelin; nagrestip;
naloxone+pentazocine; napavin; naphterpin; nartograstim; nedaplatin;
nemorubiein; neridronic acid; neutral endbpeptidase; nilutamide;
nisarnycin; nitric oxide modulators; nitroxide antioxidant; nimullyn;
06benzylguanine; octreotide; okicenone; oligonucleotides; onapristone;
ondansetrott; ondansetron; oracin; oral cytokine inducer; ormaplatin;
osaterone; oxaliplatirt; oxaunomycin; palauarnine; pahnitoyirldzoitin;
pamidronic acid; panaxytriol; panomifene; parabactba; pazelliptine;
pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin;
pentrozole; perflubron; perfosfarnide; perillyl alcohol; phenazinomycin;
phenylacetate; phosphatase inhibitors; picibanik pilocarpine hydrochloride;
pirarubicin; piritrexim; placetin A; placetin B; plasminogen activator
inhibitor; platinum complex; platinum compounds; platinum-triamine
complex; portimer sodium; porfiromycin; prednisone; propyl bis-aeridone;
prostaglandin 52; proteasome inhibitors, protein A-based immune
modulator; protein kinase C inhibitor; protein trines C inhibitors,
microalgal; protein tyrosine phosphatase inhibitors; purine nucleoside
phosphorylase inhibitors; pumurins; pyrazoloacridine; pyridoxylated
hemoglobin polyoxyethylerie conjugate; raf antagonists; raltitrexed;
ramosetron, ras famesyl protein transferase inhibitors; nu inhibitors;
res-GAP inhibitor; retelliptine demethylated; rhenium Re 186 etidronate;
rhizoxin; ribozymes; RII retinamide; rogletimide; rohitukine; romurtide;
roquinimex; mbiginoneB1 ; ruboxyl; safingol; saintopin; SarCNU;
sarcophytol A; sargrarnostim; Sdi 1 mimetics; sernustine; senescence
derived inhibitor 1; sense oligonueleotides; signal transduction inhibitors;
signal transduction modulators; single chain antigen-binding protein;
sizofuan; sobuzoicane; sodium borocaptate; sodium phenylacetate;
solverol; somatornedin binding protein; sonermin; sparfosie acid;
spicamycin D; spiromustine; splenopentin; spongistatin 1; squalamine;
stern cell inhibitor; stem-cell division inhibitors; stipiarnide; stromelysin
inhibitors; sulfinosine; superactiYe vasoactive intestinal peptide
antagonist; &eradiate; suramin; swainsonine; synthetic
glycosanainoglycans; tallimustine; tamoxifen methiodide; tauromustine;
tazarotene; tecogalan sodium; tegafur; tellurapyrylium; telomerase
inhibitors; temoporfug temozolomide; teniposide; tetrachlorodecaoxide;
tetrazomine; thaliblastine; thiocoraline; thrombopoietin; thrombopoietin
mimetic; thymalfasin; thynaopoietin receptor agonist; thyrnotrinan; thyroid
stimulating hormone; tin ethyl etiopurpurin; th-apazamine; titanocene
bic.hloricle; topsentin; toremifene; totipotent stem cell factor; translation
inhibitors; tretinoin; triacetyluridine; triciribine; frimetrexate; triptorelin;
tropisetrtm; turosteride; tyrosine kinase inhibitors;  WO
2007/087068PCT/US2006/049489 95 tyrphostins; UBC inhibitors;
ubenimex; urogenital sinus-derived growth inhibitory factor; uroldnase
receptor antagonists; vapreotide; vadolin B; vector system, erythrocyte
gene therapy; velaresol; veramine; verdins; verteporfin; vinorelbine;
vimcalti:ae; vitaxin; vorozole; zanoterone; zeniplatin; zilascorb; and
zinostatin stimalamer. 104411 Yet other anticancer agents that can be
employed in combination with a tyrosine lcinase inhibitor compound
include alkylating agents, antimetabolites, natural products, or hormones,
e.g., nitrogen mustards (e.g., mechloroethamine, cyclophosphamide,
chlorambucil, etc.), allcyl sulfonates (e.g., busulfan), nitrosoureas (e.g.,
carmustine, lomusime, ete.), or triazenes (deearbazine, etc.). Examples of
ardirnetabolites include but are not limited to folic add analog (e.g.,
methotrexate), or pyrimidine analogs (e.g., Cytarabine), purine analogs
(e.g.,  mercaptoparine, thioguanine, pentostatin). 104421 Examples of
natural products useful in combination with a tyrosine kinase inhibitor
compound include but are not limited to vinca alkaloids (e.g., vinblastin,
vincristine), epipodophyllotoxins (e.g., etoposide), antibiotics (e.g.,
dauttombicin, doxorubicin, bleomycin), enzymes (e.g., L-asparaginase), or
biological response modifiers (e.g., interferon alpha). 104431 Examples of
alkylating agents that can be employed in combination a tyrosine ldnase
inhibitor compound include, but are not limited to, nitrogen mustards (e.g.,
mechloroethamine, cyclophosphamide, chlorambucil, meiphalan, etc.),
ethylenimine and methylmelamines (e.g., hexamethlymelamine, thiotepa),
alkyl sulfonates (e.g., busulfan), nitrosoureas (e.g., carmustine, lomusitue,
semustine, streptozocin, etc.), or triazenes (decarbazine, eta.). Examples
of antimetabolites include, but are not limited to folic acid analog (e.g.,
m.ethotrexate), or pyrimidinc analogs (e.g., fluorouracil, floxouridine,
Cytarabine), marine analogs (e.g., mercaptopurine, thioguanine,
pentostatin. 10444] Examples of hormones and antagonists useful in
combination with a tyrosine kinase inhibitor compound include, but are not
limited to, adrenocorticosteroids (e.g., prednisone), progestins (e.g.,
hydroxyprogesterone caproate, megestrol acetate, medroxyprogesterone
acetate), estrogens (e.g., diethlystilbestrol, ethinyl estradiol), antiestrogen
(e.g., tamoxifen), androgens (e.g., testosterone propionate,
fluoxyrnesterone), antiandrogen (e.g., Butarnide), gonadotropin releasing
hormone analog (e.g., leuprolide). Other agents that can be used in the
methods and compositions of the invention for the treatment or prevention
of cancer include platinum coordination complexes (e.g., eisplatin,
carboblatin), anthracenedione (e.g., mitoxantrone), substituted urea (e.g.,
hydroxyurea), methyl hydrazine derivative (e.g., procarbazine),
adrenocortical suppressant (e.g., mitotane, amineglutethimitie). Examples
of and-cancer agents which act by arresting cells in the G2-M phases due
to stabilized microtubules and which can be used in combination with a
tyrosine kinase inhibitor compound include without limitation the following
marketed drugs and drugs in development: Erbulozole (also known as
R-55104), Dolastatin 10 (also known as DLS-10 and NSC-376128),
Mivobulin isethionate (also known as C1-980), Vincristine, NSC-639829,
Discodermolide (also known as N'VP-XX-A-296), ABT-751 (Abbott, also
known as E-7010), Altorhyrtins (such as Altorhyrtin A and Altorhyrtin C),
Spongistatins (such as Spongistatin 1, Spongistatin 2, Spongistatirt 3,
Spongistatin 4, Spongistatin 5, Spongistatin 6, Spongistatin 7,
Spongistatin 8, and Spongistatin 9), Cernadotin hydrochloride (also known
as LU-103793 and NSC-D-669356), Epothilones (such as Epothilone A,
Epothilone B, Epothilone C (also known as desoxyepothilone A or
dEpoA), Epothilone D (also referred to as KOS-862, dEpoB, and
desoxyepothilone B ), Epothilone E, Epothilone F, Epothilone 13 N-oxide,
Epothilone A N-oxide, 16-aza-epothilone 11, 21- aminoepothilone B (also
known as BMS-310705), 21-hydroxyepothilone D (also known as
Desoxyepothilone F and dEpoF), 26-fluoroepothilone), Auristatin PE (also
known as NSC-654663), Soblidotin (also known as TZT-1027), LS-4559-P
(Pharmacia, also known as LS-4577), LS-4578 (Pharmacia, also known
as LS-477-P), LS-4477 (Pharmacia), LS-4559 (Pharmacia), RPR-112378
(Aventis), Vincristine sulfate, DZ-3358 (Defied), FR-182877 (Fujisawa,
also known asWS-9885B), 08-164 (Takeda), 08-198 (Takeda), KAR-2
(Hungarian Academy of  WO 2007/087068PCT/US2006/049489 96
Sciences), BSF-223651 (BASF, also Imown as ILX-651 and LU-223651 ),
SAI-1-49960 (Lilly/Novartis), 501. 268970 (Lilly/Novartis), AM-97
(Armad/Kyowa Halcko), AM-132 (Armad), AM-138 (ArmacUKyowa
Ratko), ION-5005 (Indena), Cryptophycin 52 (also known as LY-355703),
AC-7739 (Ajinomoto, also known as AVE-8063A and CS-39.HCI),
AC-7700 (Ajinomoto, also known as AVE-8062, AVE-8062A,
CS-39-L-Ser.HC1, and RPR-258062A), Vitilevuanaide, Tubulysin A,
Canadensol, Centaureidin (also known as NSC-106969), T-138067
(Tularik, also known as T-67, TL-138067 and T1-138067), COBRA-1
(Parker Hughes Institute, also known as DDE-261 and WYE-II-261), H10
(Kansas State University), H16 (Kansas State University), OneoCidin Al
(also known as BTO-956 and DIME), DDE-313 (Parker Hughes Institute),
Fijianolide B, Laulimalide, SPA-2 (Parker Hughes Institute), SPA-1 (Parker
Hughes Institute, also known as SPECET-P), 3-1LAABU
(Cytoskeleton/Mt. Sinai School of Medicine, also known as MF-569),
Narcosine (also known as NSC-5366), Nascapine, 0-24851 (Asta
Medica), A-105971(Abbott), Herniasterlin, 3-BAADU (Cytoskeleton/Mt.
Sinai School of Medicine, also known as MP-191), TMPN (Arizona State
University), Vanadocene acetylacetonate, T-138026 (Tularik), Monsatrol,
lnanocine (also known as NSC698666), 3-IAABE (Cytoskeleton/Mt. Sinai
School of Medicine), A-204197 (Abbott), T-607 (Tuiarik, also known as
T-900607), RPR- 115781 (Aventis), Eleutherobins (such as
Desmethyleleutherobin, Desaetyleleutherobin, lsoeleutherobin A, and
Z-Eleutherobin), Canhaeoside, Caribaeolin, Halichondrin B, 0-64131 (Asta
Medica), D68144 (Asta Medica), Diazonarnide A: A-293620 (Abbott),
NH-2350 (Nereus), Taccalonolide A, TUB-245 (Aventis), A-259754
(Abbott), Diozostatin, (-)-Phenylahistin (also known as NSCL-96F037),
0-68838 (Asta Medica), 0-68836 (Asta Medici, Myoseverin B, 0-43411
(Zentaris, also known as 0-81862), A-289099 (Abbott), A-3183I5 (Abbott),
141-286 (also known as SPA-110, trifluoroacetate salt) (Wyeth), 0-82317
(Zentaris), 0-82318 (Zentaris), SC-12983 (NCI), Resverastatin phosphate
sodium, HPR-0Y-007 (National Health Research Institutes), and
SSR-250411 (Sawn). Agents for Treating Thromboembolie Disorders 



104451 Where the subject is suffering from or at risk of suffering from a
thromboembolic disorder (e.g., stroke), the subject can be treated with a
tyrosine kinase inhibitor compound in any combination with one or more
other antithromboembolic agents. Examples of anti-tlromboembolic agents
include, but are not limited any of the following: thrombolytic agents (e.g.,
alteplase anistreplase, streptokinase, urokinase, or tissue plasminogen
activator), heparin, tinzaparin, warfarin, dabigatran (e.g., dabigatran
etexilate), factor Xa inhibitors (e.g., fondaparinux, draparimnc,
rivaroxaban, DX-9065a, otamixaban, LY517717, or Y/v1150), ticlopidine,
clopidogrel, CS-747 (prasugrel, LY640315), ximelagatran, or BIER 1048.
104461 In some embodiments, compounds provided herein may be
administered in combination with one or more compound(s) selected from
azathloprine, plaquenil, prednisone, sulfasalazine, methotrexate, Arava,
Remicade, and Enbrel. 104471 hi other embodiments, compounds
provided herein may be administered in combination with one or more
compound(s) selected from an estrogen receptor modulator, an androgen
receptor modulator, retinoid receptor modulator, a cytotoxic agent, another
antiproliferative agent, a prenyl-protein transferase inhibitor, an HMG-CoA
reductase inhibitor, an EIV protease inhibitor, a reverse transcriptase
inhibitor, and an angiogenesis inhibitor. 104481 In yet other embodiments,
compounds provided herein may be administered in combination with one
or more chemotherapeutic compound(s) selected from among Tasto10,
Taxotereell, epothilone A, epothilone B, desoxyepothilone A,
desoxyepothilone B or their derivatives; epiderphyllotoxim procarbazine;
mitoxantrone; the mitomycins, discodermolide, podophyllotoxins,
doxonibiein, carminornyein, daunorubicin, arninopterin, methotrexate,
methopterin, dichloromethotrexate, mitomycin C, porfiromycin, Herceptine,
RituxaM:9, 5-fluorouracil, 6-mercaptoputine, gemcitabine, cytosine
arabinoside, colchicines, etoposide, etoposide phosphate,  WO
2007/087068PCT/US2006/049489 97 teniposide, melphalan, vinblastine,
vincristine, vinorelbeen, leurosidine, vindesine, leurosine, paelitaxel,
estramustine, cisplatin, carboplatin, cycloPhosphamide, bleomydin,
tamoxifen, ifosamide, melphalan, hexamethyl melamine, thiotepa,
cytarabin, idatrexate, trimetrexate, daearbazine, L-asparaginase,
camptothecin, CPT-11, topotecan, ara-C, bicalutamide, flutarnide,
leuprolide, pyridobenzoindole derivatives, interferons, interleukins,
capecitabine, and gefitinib. (0449] In yet other embodiments, compounds
provided herein may be administered in combination with a13-2
adrenoreceptor agonist, corticosteroid, leukotriene antagonist,
phosphodiesterase 4 inhibitor, and/or antihistamine. In further
embodiments, compounds provided herein may be administered in
combination with one or more compound(s) selected from salmeterol,
fluticasone, budesonide, montelukast, levalbuterol, and roflurnilest.
EXAMPLES (0450) The person skilled in the art may further appreciate
various aspects and advantages of the present disclosure upon review of
the following illustrative and non-limiting examples: Synthesis of
Compounds Intermediate 1: 4-Methy141,41azaphosphinane 4-oxide
hydrochloride  Step 1 104511 A solution of methylphosphonic dichloride
(9.92 g, 74.6 nano!) in THF (75 rriL) at -78C was treated with
vinylmagnesium bromide in MP (175.mL, 1.0M), which was added over 4
hours via an addition funnel. The solution was warmed to 0 C and
quenched with saturated. NH4C1. The solvents were evaporated under
reduced pressure and the residue was triturated with 1:1 THF/ethyl
acetate several times to extract the divinyl methyl phosphine oxide
product, which was used directly without further purification. Step 2
10452] A solution of methyl divinyl phosphine oxide (10.73 g, 92.4 mmol)
and benzylarnine (11.6 mL, 106.3 nunol) in 1:1 'THF/water (250 mL) was
heated at reflux for 16 hours. The solvents were removed under reduced
pressure. The residue was crystallized from CH2C12/ether to give
1-benzy1-4-methyl-H.,4lazaphosphinane 4-oxide as a white solid (13.24 g,
64%). H WM (400 MHz, DMSO) 6 7.13-3.37(511, in); 3.6 (211, s); 2.81
(211, m); 2.59 (211, in); 1.7-1.9(411, at); 1.42 (311, d, JH-C-P = 13.6 Hz).
31FNMR & 32 ppm Step 3 104531
1-Benzy1-4-methyl-[1,4]azaphosphinane 4-oxide was dissolved in ethanol
(100 ML). 1 M HO (100 mL) was added, along with palladium on carbon
(10%, 2.6 g). The mixture was hydrogenated on a Parr shaker for 4 hours
at 50 psi. The mixture was filtered through Celite and all solvents were
removed under reduced pressure. The product was triturated in hot
ethanol (50 mL) and cooled, and the solution was diluted with ether (300
mL). The white crystalline solid was filtered, washed with ether (2x50 mL),
hexane (2x50 mL), and dried in vacuo. 4-methyl[1,4]azaphosphinane
4-oxide hydrochloride was obtained as a white crystalline solid (9.46 g,
94%). '11 NMR (400 MHz, DMSO) 3.07 (in, 211); 2.68 (In, 211); 1.78 (m,
2H); 1.61 (in, 211), 1.39(3H, d, 1H-C-P = 13.6 Hz.); 3'1 NMR: 6 29 ppm;
ESMS (nr/z): (M+1). found, 134. Intermediate 2:
4-1Viethyl-11,41azaphosphinane 4-oxide 0A  



WO 20071087068PC TiUS2006/049489 98 Step 1  [0454] To a
scintillation vial was added 4-methyl-(1,4]azaphosphinane 4L'oxide
hydrochloride (0.2 g, 1.18 mmol), carbonate resin (1.0 g, MP-carbonate,
Argonaut, 2.5 - 3 trunolig, obtained from Argonaut Technologies, Inc., 220
Saginaw Drive, Redwood City, California 94063, USA), methanol (2 mL),
and THE (2 mL). The mixture was stirred at room temperature for 1 hour,
then filtered and concentrated in vacuo. Intermediate 3:
4-Pbeny141,4]azaphosphinane 4-oxide hydrochloride    Step 1  [0455] A
solution of phenylphosphonic dichloride (29 raL, 200 mmol) dissolved in
anhydrous THE (600 mL) was cooled to -78 C and mechanically stirred
under an atmosphere of dry nitrogen. Vinylmagnesiurn bromide (IM in
THF, 500 m1) was slowly added so that the temperature of the reaction
mixture never exceeded -70 C. The addition took 2 hours. After an
additional I hour of stirring at -78 C, the cold reaction mixture was poured
directly into cold, saturated NI-14C1 (IL). The mixture was extracted twice
with C1-12C12 and the combined organic phase was washed with I M
NaOH, brine, and then dried over Mg2SO4. Filtration and solvent
evaporation provided divinylphenyl-phosphine oxide (26 8 g 75%) as a
viscous yellow oil that solidified upon standing. 111NMR (400 MHz,
DM5046); 7.8-7.4 (n, 511), 6.7 (m, 211), 6.4-6.1 (n, 4H). sIP NMR
(DMSO-d6); 5 17.0 (s). Step 2  [0456] Divinyl-phenyl-phosphine oxide
(26.5 g, 149 mmol) and benzylamine (17.9 mL, 164 mmol) were dissolved
in 50% eq. TI-IF (400 rnL) and heated to reflux under nitrogen for 38
hours. The cooled reaction mixture was partitioned between saturated
aqueous Nal-1CO3 and CH2C12. The aqueous phase was washed once
more with CH2Cl2 and the combined organic phase was washed with
brine and dried over MgSO4. Filtration and solvent evaporation gave 29 g
of a yellow oil, which was purified by flash chromatography on silica gel,
eluting with 0-10% Me011 in Et0Ac.
1-Benzy1-4-phenyl-[1,4]azaphosphinane 4-oxide was obtained as a
yelloWsolid (25.5 g, 60%). NMR. (400 MHz, DMSO-d6); 6 7.8 (n, 211),
7.55 (n, 311), 7.3 (n, 511), 3.65 (s, 211), 2.8 (n, 411), 2.25 (n, 211), 1.9
(broad t, 2H). 31P NMR (DM80-d6); 5 27.0 (s). Step 3  [0457]
1-13enzy1-4-phenyl-{1,4)azaphosphinane 4-oxide (14 2 g, 49.8 mmoft
was dissolved in absolute DOH (65 mL) and 114 HC1 (50 ml.). Palladium
on carbon (10%, 2.0 g) was added and the mixture was hydrogenated on
a Parr shaker at 50 psi for 60 hours. After filtration through. Celite, the
filtrate was rotovapped and the residue was triturated with ether to give
4-phenyl41,4]azaphosphinane 4-oxide hydrochloride, as an off-white solid
(11.40 g, 99%). IHNIVIR (400 MHz, DM50-d6) 5 7.85 (n, 2H), 7.65 (n,
311), 3.5 (m, 414), 2.7 (in, 211), 2.2 (broad t, 211), 31P NNIR (DMSO-d6);
524.0 (s). [04581 The free base of 4-pheny141,4]azaphosphinane 4-oxide
hydrochloride was obtained using procedures similar to those described in
Intermediate 2 and Example 3, Step 6.  99 Intermediate 4;
4-(4-Fluorophetlylmethyl)-[1,4lazaphosphinane 4-oxide hydrochloride 0 P
,Step 1  10459) 4-fluorobenzyl bromide (25mL, 0.20 mol) was added to a
stirred solution of trimethyl phosphite (35.9 0.30 moll at ambient
temperature, under a nitrogen atmosphere. The resulting solution was
heated at 110 C for six hours, and then at 90C overnight. The reaction
mixture was allowed to cool to ambient temperature and then ethyl
acetate (350 niL) was added. The solution was washed with saturated
sodium bicarbonate (350 mL) and then with saturated brine (2 x 350 miL),
The organic phase was dried with magnesium sulfate, filtered, and
concentrated by rotatry evaporation. The resulting crude product was
purified by flash silica chrornatrography using 0-35% 10acetonitrile in ethyl
acetate as Scant to yield (4-fluoro-benzy1)-phosphortic acid dimethyl ester
(29,44 g, 135 mind, 



66% yield) as a colorless oil. LI-INMP. (400 MHz, DM80) 67.33-728 (m.
2H); 7.17-7.12 (dd, 2H); 161-3.58 (d, 6H); 3.31-3.24 (d, 2H); ESMS (rn/z).
(N/1-1)' found, 219. Step 2  10460] Bromotrimethylsilane (6.0 mL, 45.4
mmol) was added dropwise to (4-fluoro-benzy1)-phosphonic acid
15dimethyl ester (4.57g, 20.95 intro!) and stirred in a reaction flask chilled
to 0 C. The resulting solution was allowed to warm to ambient temperature
and stirred for an additional hour, then concentrated by rotary evaporation
to remove volatiles yielding crude (4-fluoro-benzyl) phosphonie acid
bis(trimethylsily1) ester which was used without further purification. Step 3
20[04611 To (4-fluoro-henzyl) phosphonic acid bis(trimethylsilyi) ester was
added 25 mL of dry methylene chloride, 12 drops of dry DMF, followed by
dropwise addition of 6 dad of oxalyl chloride (68.3 mmol). The resulting
solution was stirred overnight at ambient temperature as gas was
generated. The reaction was concentrated by rotary evaporation to yield
5.2 g of a yellow waxy solid that was purified by distillation at reduced
pressure to yield 1.71 g (37%) of 4-fluorobenzyl phosphonie dichloride as
a white solid. 1H NMR. (400 MHz, CDC13) 8 7.37-7.31 (rn,. 2H);
257.11-7.05 (m, 2H); 3.93-3.87 (d, 2H). Step 4  [0462] 4-Fluorobenzyl
phosphonic dichloride (1.71 g, 7.82 mmol) was dissolved in 10 mL of dry
TI-IF, under a nitrogen atmosphere, and chilled to -70 C, To this stirred
solution was added dropwisc vinyl magnesium bromide in THF (18.3 mU, I
M). The resulting solution was stirred for 30 minutes at -70C An aqueous
solution of 30ammonium chloride (100 m1-, 2M) was chilled to 0 C and
stirred rapidly while the cold reaction mixture was added. The product was
extracted into dichloromethane and washed with saturated aqueous
sodium bicarbonate, and then with water. The organic phase was dried
with sodium sulfate, filtered, and concentrated by rotary evaporation to
yield 1.375 g of (4-fluorophenyimethyl) divinyl phosphine oxide (6.55
mrnol, 84%) as a white solid, 'H NMR (400 MHz, CDC') 7.20-7.14 (m, 2H);
7.01-6.95 (m 2H); 6.29-6.08 (m, 6H); 3.20-3.15 (d, 2H); ESMS (m/2):
35(M-f. 1 )1- found, 211 Step 5  [114631
Dieinyl-(4-Fluorophenylmethyl)-phosphine oxide (0.719g, 3.42 mmoi) and
benzylamine (0.45 mL, 4.11 mmol) were dissolved in a mixture of Ti-IF (15
mL) and deionized water (15 mL). The reaction mixture was heated at
82C for 22 hours. The reaction was not complete and so an additional
0.04 mL of benzylamine was added and 40the reaction mixture was
heated for an additional six hours at 90 C. The reaction mixture was
concentrated by rotary evaporation and the product was extracted into
dichloromethane and washed with saturated brine The organic  WO
2007/087068PCT/ILIS2006/049489 100 phase was dried with sodium
sulfate, filtered, and concentrated by rotary evaporation. The crude
product was taken up in 1:1 ethyl acetate:dichloromethane and passed
through a plug of silica. The product was then elated from the silica with a
solution of 10% methanol in ethyl acetate. The solvents were removed by
rotary evaporation to yield 0.84 g of
1-benzy1-4-(4-fluorophenylmethy1).[1,41azaphosphinane 4-oxide (2.65
mmol, 77%). 11-1 NMR (400 MHz, CDCI3) 15 7.34-7.25 (in, 511);
7.25-7.20(m, 211); 7.04-6,98. (na, 211); 3.6 (s, 211); 3.17-3.12 (d, 211);
3.00-2.85 (in, 211); 2.81-2.66 (m, 211); 1.98-1.75 (in, 411). 



Step 6 104641 l-Ben2y1-4-(4-fluorophenylmethyl)-[1,41azaphosphinane
4-oxide was dissolved in ethanol (100 ml.). Aqueous ILO (5.2 inL, 1M) and
of water (20 ml,) were added. The solution was degassed with a stream of
nitrogen and then palladium on carbon (10%, 0.5 g) was added. The
mixture was hydrogenated on a Parr shaker overnight at 60 psi. The
mixture was filtered through Celite and all solvents were removed under
reduced pressure. The product was recrystallized from methanol/diethyl
ether to yield 0.659g (2.50 =not, 93%) of 4-(4-fluorophenylmethy1-
11,41azaphosphinane 4-oxide hydrochloride as a white crystalline solid.
IHNMR (400 MHz, HMSO) 8 7.38-7.32 (rn, 211); 7.23-7.18 (in, 211)
3.46-3.36 (m, 6H); 2.10-1.96 (m, 411); ESMS (m/z): (M+1)7 found, 228;
(M+23)7 found, 250. [04651 The free base of
4-(4-fluorophenylmethyl-[1,4]azaphosphiraane 4-oxide hydrochloride was
obtained using procedures similar to Intermediate 2 and Example 3, Step
6. Intermediate 5: 4-(cyclopropylmethyl)-11,4]azaphosphinane 4-oxide
hydrochloride nuditr Step 1  t04661 Bromomethyl-cyclopropane (26.00g,
0.193 mol) was added to triisopropyl phosphite (35.9 mL, 0.30 mol) at
ambient temperature, under a nitrogen atmosphere. The resulting solution
was stirred and heated at reflux (144 C bath temperature) overnight. The
reaction mixture was allowed to cool to ambient temperature and then
ethyl acetate (350 mL) was added. The solution was washed with
saturated sodium bicarbonate (350 mL) and then with saturated  brine (2 x
350 mL) The organic phase was dried with magnesitun sulfate, filtered,
and concentrated by rotary  evaporation and thcn under high vacuum to
yield 39.96 g of cyclopropylmothyl-phosphonie acid diisopropyl ester
(0A82 mol 94% yield) as a colorless oil. 111 NMR (400 MHz, HMSO)
4.63-4.54 (m, 211); 1.67-1.60 (d of d, 211) 1.27-1..24 (d of d, 1211);
0.85-0.75 (m, 111); 0.52-046 (it, 211); 0.21-0.16 (rn, 2H); ESMS (m/z):
(M+1)4 found, 221; (M+23)+ found, 243. Step 2  10467)
Eromotrimethylsilane (43 mL, 0.326 mol) was added dropwise to
cyclopropylmethyl-phosphonic acid diisopropyl ester (18.00 g, 81.8 mmol)
stirred in a reaction flask chilled to 5 C. The resulting solution was allowed
to warm to ambient temperature, stirred for three hours, and then
concentrated by rotary evaporation yielding crude
cyclopropylmethyl-phosphonic acid bis(tdmethylsily1) ester which was
used without further purification. Step 3  104681 To the
cyclopropylmethyl-phosphonic acid bis(trimethylsily1) ester from Step 2
was added dry methylene chloride (100 mL), dry DMF (2 ml), then
dropwise of oxaly1 chloride (23.3 mL, 267 mmol). The resulting solution
was stirred overnight at ambient temperature. The reaction was
concentrated by rotary evaporation to yield 16.03 g of a yellow waxy solid
that was purified by distillation at reduced pressure to yield 8.50 g of
eyclopropylmethylphosphonic dichloride (49.1 mmol, 60%) as white solid.
III NMR (400 MHz, HMSO) 6 1.57-1.45 (in, 211); 0.95- 0.75 (in, 111)
0.53-0.43 (m, 211); 0.24-0.12 (it, 211).  WO
2007/087068PCT/US2006/049489 101 Step 4  104691
Cyclopropylmethyl-phosphonic dichloride (8.43g, 48.7 inmol) was
dissolved in dry THE (70 inL), placed under a nitrogen atmosphere, and
chilled to -70 C. To this stirred solution was added dropwise vinyl
magnesium bromide in TETE (122 mL, 1M). The resulting solution was
stirred for 90 minutes at -70 C. An aqueous solution of ammonium
chloride (500 naL, 2M) was chilled to 0 C and stirred rapidly while the cold
reaction mixture was added. The product was extracted into
dichloromethane and washed with saturated aqueous sodium bicarbonate
and then with water. The organic phase was dried with sodium sulfate,
filtered, and concentrated by rotary evaporation to yield 3.56 g of
(cyclopropylmethyl)-divinyl-phosphine oxide (22.8 mmol, 4'1%) as a white
solid. Ili NMR (400 MHz, CDC's) 6.44-6.14(m, M); 1.84-1.78 (d of d, 2H)
0.98-0.86(m, 111); 0.66-0.60 (in, 2H); 0.25-0.19 (m, 2H); ESMS (adz):
(M+1)+ found, 157; (M-1y found, 155. Step 5  104701
Cyclopropylrnethylkdivinyl-phosphine oxide (3.56, 22.8 mmol) and
benzylamine (3.0 mL, 27.4 romol) were dissolved in a mixture of THE (100
naL) and deionized water (100 ml.). The reaction mixture was heated at
90 C for 24 hours. The reaction was not complete and so additional
benzylanaine (1.0 mL, 9.1 mmol) was added and the reaction mixture was
heated for an additional six hours at 90 C. The reaction mixture was
concentrated by rotary evaporation and the product was extracted into
dichloromethane and washed with saturated brine. The organic phase
was dried with sodium sulfate, filtered, and concentrated by rotary
evaporation. The crude product was taken up in ethyl acetate and passed
through a plug of silica. The product was then eluted from the silica with
ethanol. The solvents were removed by rotary evaporation to yield 4.835g
of 1-benzy1-4-(cyclopropylmethyl)- [1,4]azaphosphinane 4-oxide (18.38
mot 81%) as an off-white crystalline solid. 11-1 MIR. (400 MHz, DMSO)
7.38-7.30 (n, 411); 7.30-7.24n, 111); 3.59 (s, 211); 2.81-2.63 (m, 411);
1.94-1.83(m, 214); 1.82-1.71 (n, 211); 1.74- 1.68 (d of d, 211); 0.96-0.83
(m, III); 0.56-0.49 (in, 211); 0.22-0.14 (n, 2H); ESMS (m/z): (M I)* found,
264; (M4-23). found, 286: ,Step 6 [04711 The material from Step 5 was
dissolved' in ethanol (SO inL) and aqueous HCl (40 mL, 1M) was added.
The solution was degassed with a stream of nitrogen and palladium on
carbon (10%, 1.0 g) was added. The mixture was hydrogenated on a Parr
shaker overnight al20 psi. The reaction mixture was filtered through Celite
and the solvents were removed under reduced pressure. The product was
dissolved in methanol, and benzene was added. The solvents were
removed by rotary evaporation. The product was recrystallized from
ethanol/diethyl ether to yield 3.526g of
4..(cyclopropylmethyl-D,41azaphosphinane 4-oxide hydrochloride (16.83
mmol, 92%) as a white crystalline solid. 'H NMR (400 MHz, DNISO)
9.60-930 (d, 211); 3.42-3.29 On, 410; 2.32-2.21 (in, 214); 2.16-2.03 (m,
21); 1.91-1.85 (d of d, 211); 0.95-0,85 (m, Ill); 0.59-0.51 (n, 211);
0.26-0.20 (n, 211); ESMS (in/z): (M+1). found, 174; (M-I23)+ found, 196. 



10472) The free base of 4-(cyclopropylrnethy141,4]azaphosphinane
4-oxide hydrochloride was obtained using procedures similar to
Intermediate 2.  WO 2007/087068PCT/US2006/049489 102 Intermediate
6: 4-Cyclopropyl-11,41azaphosphinane 4-oxide HBF4 CI [>,--togur7, 0 Mg
Br 1) (C143)3SiBF cr- a P.; 2) CoCI  1) HCI, RFD, 2)1-113F4 0 7C) CP5 H
HBF4  Step 1  104731 To a 200 mL round-bottom flask equipped with a
magnetic stir-bar was added phosphoroehloridic acid diethyl ester (17.25
mL, 120 mrnole) and THF (200 mL). The mixture was cooled to -78C and
a solution of cyclopropylmagnesimn bromide (200 rnl, 0.5 M in THF, 100
mmol) was added dropwise over 30 minutes using an addition funnel. The
reaction was allowed to slowly warm to room temperature overnight. The
resulting clear reaction mixture was poured into saturated N1-14C1 (200
mL) and partitioned. The product was extracted from the aqueous layer
with diethyl ether (1 x 100 mL). The organic fractions were combined,
dried over sodium sulfate, and concentrated in vacua. The resulting yellow
oil was further purified by vacuum distillation (65-75 C at 500 mTorr) to
provide cycIopropylphosplionic acid diethyl ester (9.025g, 51%) as a
colorless oil. IHNMR. (400 MHz, CDCI3)8 4.11 -4.03 (m, 4H), 1.32- 1.29
(n, 61-1), 0.90 - 0.77 (n, 5H); I3C NMR. (100 MHz, CDCI3) 6 ppm 61.7 (d,
J ---- 5.3 . Hz), 16.4 (d, J = 6.1 Hz), 3.3196.3 Hz) 30 (d, J=4.6 Hz). Step 2
104741 To a 250 mL round bottom flask equipped with a stir-bar was
added cyclogropyl phosphonic acid diethyl ester (9_03 g, 51 mmol). The
neat solution was cooled to 4C by immersion in an ice-water bath To the
rapidly stirred solution was then added trimethylsilyl bromide (20.1 mL,
152 mmol) slowly via syringe. The addition was exothermic and the
reaction mixture gently auto-refluxed for several minutes. The ice bath
was allowed to warm to room temperature after the addition and the
reaction was stirred for an additional 1.5 hours. All volatile reaction
components were then removed in vacua to give the trimethylsilyl ester as
a light yellow oil which was used in the next step without further
purification. Step 3  



104751 Methylene chloride (75 mL) and DMF (200 RI) were added to the
product of step 2 (in the same flask). Oxalyl chloride (12.8 mL, 152 mmol)
was added dropwise to the stirring reaction mixture, which was vented to
air. Vigorous gas evolution was observed upon addition, which continued
for several hours. The vented reaction mixture was stirred overnight, and
then all volatile components were removed in vacua to produce a dark
brown syrup. The crude reaction mixture was further purified by
bulb-to-bulb distillation (115 C, 5.0 Tor) to give cyclopropyl phosphoxiic
dichloride (3.7g, 45%) as a light-yellow free flowing oil. 'H NMR (400 MHz,
CDCI3) 5 1.80- 1.65 (in, 11-1), 1.40 -1.08 (in, 411); I3C NIVIR. (100 MHz,
CDC13) 620.7 (d, J e- 151.8 Hz), 6.9 (cl, J- 5.3 Hz) Sten 4 104761 To a
250 mL round-bottom flask equipped with a magnetic stir-bar was added
cyclopropyl phosphonie dichloride (2.33g, 14.7 nanol) and THF (100 mL).
The solution was cooled to -78 C and vittYlmagnesium bromide (58.8
manol, 1.0 al solution in THE) was added dropwise over 15 minutes. The
solution was stirred at -78 C for 7 hours and then poured, while still cold,
into saturated aqueous NH4C1 (200 raL). The resulting solution was  WO
2007/087068PCT/US2006/049489 103 extracted with DCM (3 x 100 mL).
The organic layers were combined, washed with brine (2 x 100 ml), dried
over sodium sulfate and concentrated in vacua to provide
cyclopropyl-divinyl-phosphine oxide (0211g, 39%) as a light-brown
free-flowing oil which was used without further purification. HNMR. (400
MHz, CDC13) 5 6.40- 6.00 (in, 611), 0.98- 0.80 (n, 511); GC-CfMS (m/z):
(Mi-1r found, 142. StepS 104771 To a 100 rril round-bottom flask
equipped with a magnetic stir-bar was added cyclopropyl-divinylphosphine
oxide (0.81g, 5.7 rmnoft, TI-IF (20 mL), water (20 mL) and benyzlamine
(0.73g, 62 mmol). The flask was equipped with a reflux condenser and
heated to 85 C for 16 hours. The THE 'was removed in vacua and the
resulting cloudy aqueous solution was extracted with DCM. The organic
layers were collected, washed with brine, dried over sodium sulfate, and
concentrated to provide a yellow oil. The product was further purified by
column chromatography eluting with Me011/HCCI3 (0- 10%) to provide
1-benzy1-4-cyclopropy1-[1,4]azaphosphinane 4- oxide (0.77g, 54%) as a
light-yellow oil. 111NMR (400 MHz, CDC13) 5 7.37 - 7.26 (n, 511), 3.35
(s, 211), 212 - 2.73 (re, 411), 1.89 -1.73 (in, 411), 1.09 - 1.01 (in, 111),
0.83 -0.61 (in, 411); ESMS (m/z): found, 250. Step 6 [04781 To a 500 mL
Parr pressure flask was added
1-benzy1-4-cyclopropy141,41azaphosphinane 4-oxide (0.77g, 3.1 mmoft,
ethanol (50 inL), and IN aqueous 1-101 (50 mt.). To the solution was then
added palladium on carbon (10% wiw, 0.4 g), and the flask was
pressurized to 30 psi with shaking. After 48 hours, the catalyst was
removed by filtration and the reaction was concentrated in vacuo to
produce a waxy solid. The crude product was re-dissolved in a methanolic
113E4 solution (5% WO and allowed to crystallize over 24 hours by vapor
diffusion of diethyl ether. The resulting crystals were isolated by filtration
to provide 4-cyclopropy141,4Jazaphosphinane 4-oxide IIBE4 salt (0.12g,
16%) as white needles. 11-1NWIR (400 MHz, 4-DMS0) ppm 8.61 (s, 211),
3.46 -3.39 (m, 411), 2.10- 1.99 (in, 411), 1.26 - 1.18 (m, IH), 0.86 -0.70
(m, 41-1); ESMS (m/z): found, 160. [0479] The free base of
4-cyclopropyl-11,41azaphosphinane 4-oxide H2F4 salt was obtained
using procedures similar to Intermediate 2. Intermediate 7:
4-(4-Fluoropheny1)-41,41azaphosphinane 4-oxide hydrochloride  Step
[04801 4-Bromo-fluorobenzene (10.95 g, 62.57 rnmoft was added to
diethyl phosphite (8.86 rid-, 68.8 nunol) at ambient temperature, followed
by the addition of triethylamine (9.6 ml, 68.8 mmoft. The resulting solution
was degassed -with nitrogen followed by the addition of
tetrakis(triphenylphosphine)-palladium (3.0g, 2.6 mmol). The resulting
mixture was heated at 90 C overnight. The reaction mixture was allowed
to cool to ambient temperature and then ethyl acetate (350 mL) was
added. The solution was washed with saturated sodium bicarbonate (350
mL) and then with saturated brine (2 x 350 mL). The crude product was
purified by vacuum distillation (ca. 98 C, 0.6 Torr) to yield 8.956 g of
4-fluoropheny1-phosphonic acid diethyl ester (38.6 mmol, 94% yield) as a
colorless oil. 11-1 hT.O.AR (400 MHz, CDCI3) 7.88-7.80 (m, 211);
7.20-7.14 (mill); 4.22-4.04 (n, 411);(t, 611); ESMS (m/z): (M+1)+ found,
233. Step 2  [0481] aromotrimethylsilane (15.3 mL, 0.116 mol) was added
dropwise to 4-fluorophenyl-phosphonic acid diethyl ester (8.95 g, 38.58
mrool) stirred in a reaction flask chilled to 0 C. The resulting solution was
allowed to warm to ambient temperature and stirred for an additional hour.
The mixture Was then concentrated by rotary evaporation  WO
2007/087068PCT/ US2006/049489 104 yielding crude
4-fluorophenyl-phosphonic acid bis(trimethylsily1) ester which was used in
the next step without thither purification. 



Step 3  104821 To the 4-fluorophenyl-phosphothc acid bis(trimethylsily1)
ester from Step 2 was added dry methylene chloride (50 naL) and diy
DMF (1 mL), followed dropwise by oxalyl chloride (11.0 mL, 126 mmol).
The resulting solution was stirred overnight at ambient temperature. The
reaction was concentrated by rotary evaporation to yield 10.02 g of a
yellow waxy solid that was purified by distillation at reduced pressure to
yield 6.86 g of 4-fluorophenylphosphonic dichloride (32.2 nunol, 83%) as a
yellow oil. 11-1NM12. (400 MHz, CDC13) 6 8.08-7.98 (in, 2H); 7.35- 7.26
(m214). Step 4 [0483] 4-Fluorophenyl-phosphonic dichloride (6.86g, 32.2
nunol) was dissolved in dry THE (50 mL), placed under a nitrogen
atmosphere, and chilled to -70 C. To this stirred solution was added
dropwise a solution of vinyl magnesium bromide in THF (80.5 rriL, IM).
The resulting solution was stirred for 90 minutes at -70 C. An aqueous
solution of ammonium chloride (500 nil-, 2M) was chilled to 0 C and stirred
rapidly while the cold reaction mixture was added. The product was
extracted into dichloromethane and washed with saturated aqueous
sodium bicarbonate followed by water. The organic phase was dried with
sodium sulfate, filtered, and concentrated by rotary evaporation to yield
5.214 g of 4-fluoro-phenyl-divinyl-phosphine oxide (26.6 mmol, 83%) as a
white solid. In NMR (400 MHz, CDC's) 7.80-7.71 (n, 211); 7.25-7.18 (m
2H); 6.56-6.22 (m, 611); ESMS (m/s): (M+1)t found, 197. Step 5 104841
(4-Fluorophenyl) divinyl phosphine oxide (1.50g, 7.65 mmol) and
benzylamine (1.05 InL, 9.57 mrnol) were dissolved in a mixture of 100 nil.
of '11-1F and 100 niL of deionized water. The reaction mixture was heated
at 90 C overnight. The reaction mixture was concentrated by rotary
evaporation and the product was extracted into dichloromethane and
washed with saturated brine. The organic phase was dried with sodium
sulfate, filtered, and concentrated by rotary evaporation to yield 2.52 g of
crude product. Impurities were removed by passing a solution of the crude
product in ethyl acetate through a plug of silica. The product was then
eluted from the silica with 10% methanol in ethyl acetate. The solvents
were removed by rotary evaporation to yield 1.89 g (6.24 mmol, 82%) of
1- benzy1-4-(4-fluorophenyl)-[1,4]azaphosphinane 4-oxide as a colorless
oil. ESMS (riz/z): (M+1) found, 304. Step 6  104851
1-Benzy14-(4-fluoropheny1)41,41azaphosphinane 4-oxide (from Step 5)
was dissolved in ethanol (80 mL) and 40 rriL of IN aqueous 1-1C1 was
added. The solution was degassed with a stream of nitrogen and then
palladium on carbon (10%, 1.0 g) was added. The mixture was
hydrogenated on a Parr shaker overnight at 50 psi. The mixture was
filtered through Celite and washed with 2:1 ethanol: IN HCl and all
solvents were removed under reduced pressure. The product was
dissolved in ethanol and benzene was added, and the solvents were
removed by rotary evaporation. The product was recrystallized from
ethanol to yield 1.158 g (4.64 mmol, 61%) of
4-(4-fluorophenyl[1,4jazaphosphinane 4-oxide hydrochloride as a white
crystalline solid. 'H NMR (400 MHz, HMSO) 59.10-10.10 (d, 2H);
7.88-7.98 (m, 2H); 7.44-7.54 (in, 21-1); 3.38-3.57 (m, 4H), 2.65-2.80 (in,
214); 2.49-2.52 (m, 211); ESMS (n/s): (M+If found, 214. 104861 The free
base of 4-(4-fluoropheny111,41azaphosphinane 4-oxide hydrochloride
was obtained using procedures similar to those described in Intermediate
2 and Example 3, Step 6.  PCT/ U S2006/049489   Step 1  [0487j To a 1 L
round bottom flask equipped with a magnetic stir bar was added
divinyl-methyl-phosphine oxide (10 g, 86 mmol) 0, 0-dibenzylmalonate (27
g, 95 mmol), EMS (400 niL), and potassium carbonate (18 g, 130 mmol).
The heterogeneous mixture was headed to 75 C. After 22 hours, the
reaction was complete as determined by analytical IIPLC. The reaction
was cooled to room temperature, poured onto ice (500 ml) and extracted
into Et0Ac (3 x 100 mL). The organic fractions were collected, washed
with 1 N aqueous HCI (2 x 125 mL), saturated sodium bicarbonate (1 x
100 mL), then brine (3 x 125 mL). The organic layer was finally washed
briefly with an aqueous solution of citric acid (1 N, 50 mL), dried over
sodium sulfate, and concentrated to a light brown syrup. The crude
product was further purified by silica gel chromatography, eluting with
Me0H/Et0Ac (5% to 10%) to provide
1-methyl-l-oxo-1X5-phosphinane-4,4-dicarboicylic acid dibenzyl ester
(12g. 35%) as a clear amber colored syrup. '11NMR (400 MHz, CDC13) 6
ppm 7.33 - 7.29 (m, 611), 7.27- 7.22 (m, 4H), 5.13 - 5.11 (in, 211), 2.61 -
250 (in, 211), 2.33 - 2.23 (m, 211), 2 02 - 1.95 (in, 211), 1.92 - 1.73 (m,
21-1), 1.45 (d, J= 13 Hz, 311); ESMS m/z: found, 423 (M+Na). Step 2
[0488] To a 500 tnL Parr flask was added
1-methyl-1-oxo-1X5-phosphinane-4,4-dicarboxylic acid dibenzyl ester
(23.0 g, 59.7 mmol). The solid was fully dissolved in ethanol (200 mL). To
the solution was added palladium on carbon (10%, 1.15 g), and the flask
was charged with hydrogen gas (48 psi). The flask was agitated with a
mechanical shaker for 2.5 hours, after which time the starting material,
was completely consumed as determined by LC-MS. A large amount of
white precipitate was present in the reaction mixture. Water (100 niL) and
methanol (100 nth) was added to dissolve the precipitate, and the
palladium on carbon was removed by filtration through celite, washing with
water/methanol (1:1). The resulting filtrate was concentrated in vacua to
remove most of the methanol and ethanol. The remaining water was
removed by lyophilization to provide 1-methyl-l-oxo-1X5-
phosphinane-4,4-dicarboxylic acid (12.68 g, 96%) as a white free-flowing
powder. 11-1 NMR (400 MHz, 1)20) 8 2.40 - 2.20 (m, 4H), 1.95- 1.85 (m,
411), 1.49 (d, J= 13.3 Hz, 3H); ESMS nz/z: found, 423 (221 (M+1)t 441
(2M+1)+. Step 3, [0489] To a 50 mL microwave pressure flask equipped
with a stir-bar was added I-methyl- 1-oxo-1X5-
phosphinane-4,4-dicarboxylic acid (0.25 g, 5.7 mmol) and water (20 mL)
to give a suspension. The flask was sealed and heated to 215 C over 60
seconds, at which point a pressure spike was observed. The flask was
allowed to cool to room temperature then vented to release pressure from
dissolved CO2. The resulting clear and colorless solution was
concentrated by lyophilization to provide
1-methyl-1-oxo-1X5-phosphinane-4-carboxylic acid in quantitative yield as
a mixture of cis/trans isomers (-2:1; identity of the favored isomer not
determined). IIINMR (400 MHz, 1)20) 45 ppm 2.6 -2.4 (m, 111), 12 - 1.6
(in, 811), 1.48 (d, J= 12.9 Hz, minor isomer, 111), 1.44 (d, J= 13.7 Hz,
major isomer, 21(1); ESMS raiz: found, 177 (Mil)+, 353 (2M-cl)4.  WO
2007/087068PCTX 52006/049489 



106 Intermediate 9: 1-0xo-1-phenyl-1g-phosphinane-4,4-dicarboxylic acid
dibenzyl ester    Step 1  104901 To a 1 L round-bottom flask equipped
with a magnetic stir-bar was added divinyl-phenyl-phosphine oxide (8.34g,
46.8 mmol), DMSO (240 rnL), dibenzylmalonate (13.31 g, 46.8 mmol),
and 1C2CO3 (9.7 g, 70 nunol). The flask was sealed with a plastic stopper
and heated to 75 C for 2 hours, then cooled to 70 C and heated an
additional 14 hours. The reaction mixture was then cooled to room
temperature, poured into 1 N aqueous HC1 (300 mL) and extracted into
Et0Ac (3 x 100 mL) The organic layers were collected and washed with
brine (2 x 100 a), dried over sodium sulfate, and concentrated to a dark
brown syrup. The crude product was purified by flash chromatography,
eluting with Me011:DCM (0-20%) to give
1-oxo-1-pheny1-1X5-phosphinane4,4-dicarboxylic acid dibenzyl ester (8.5
g, 39%) as a light brown syrup. 111 NMR (400 MHz, CDC13)  7.48 - 7.43
(in, 311), 7.39.- 7.37 (mu, 2H), 7.28 - 7.19 (m, 1011), 5.12(s, 311), 5.09 (s,
311), 256 - 2.49 (in, 411), 1.97 1,90(m, 411); ESMS m/e: found, 464
(M+1). Step 2  [04911 To a 500 mL Parr flask was added
1-oxo-1-pheny1-1X5-phosphinane-4,4-dicarboxylic acid dibenzyl ester
(8.5 g, 18 nunol), ethanol (250 mL), and palladium on carbon (10%, 1.1 g).
The flask was charged with hydrogen (51 psi), and agitated on a
mechanical shaker. After 1 hour, the ballast was re-charged to 50 psi
(from 40 psi) and shaking continued overnight (14 hours). The reaction
mixture was filtered and the solvent removed in vacua, to provide
1-oxo-l-phenyl-1X5-phosphinane-4,4-dicarboxylic acid (1.8g, 35%) as a
white solid. 111 NN1R (400 MHz, ds-DMS0) 7.9 - 7.4 (m, 511), 2.6- 1.4
(m, 811); ESMS ink: found, 283 (M1-1)5. Step 3  104921 To a 250 itiL
round-bottom flask equipped with a magnetic stir-bar was added 1-oxo-
phosphinane-4,4-diearboxylic acid followed by 4 N Ha. (100 mL). The
flask was equipped with a condenser and heated to a vigorous reflux for
32 hours. The mixture was frozen and lyophilized to give an off white
solid, which was redissolved in 1:1 waterMeCN (100 rid..), filtered, and
lyophilized a second time to provide crude 1-oxo- 1-
pheny1-1X5-phosphinabe-4,4-carboxylic acid, which was used without
further purification. 111 NMR (400 MHz, 4- DMSO) b 7.9 - 7.4 (in, 5H), 2.6
- 1.4 (in, 911); ESMS nth: found, 239 (M+1)4. Intermediate 10:
2-(4-amino-2-cyano-3-methylarnino-pheny1)-2-methyl-3-ww-butyric acid
ethyl ester NH2 N Step 1  [04931 To a 1 L two-neck round bottom flask
was added 2,6-dichloro-3-nitrobenzonitrile (11.1 g, 51.1 =no]) followed by
ethyl acetate (102 mL). The flask was equipped with an internal
thermometer and magnetic stir bar and cooled to 5 C by immersion into an
ice bath. Methylantinc was added dropvvise to the cooled reaction mixture
as a 40% aqueous solution (8.9 mL, 115 mmol) with vigorous stirring. The
reaction mixture was stirred for an additional  WO 20071087068PCTI U
82006/049489 107 3 hours with cooling, after which more methylamine
(1.8 mL, 23 nunol) was added. The reaction vessel was removed from the
ice bath and stirred for an additional 1.5 hours. To the reaction mixture
was added water (30 ml,) followed immediately by hexane (45 mL) and
the resulting slurry was stirred for 15 minutes. The solid was recovered by
filtration and washed with water followed by methanol to provide
6-ohloro-2-methylamino-3-nitrobenzonitrile (10.49 g, 96%) as a bright
yellow solid, which was used directly without further purification. 11 NMR
(400 MHz, DMSO-d6) 5 8.55- 833 (m, 1H), 8.28 (d, 1H, J = 9.0 Hz), 6.95
(d, 111), J =9.0 Hz), 3.30 (d, 1H, J- 5.5 Hz). Step 2  



104941 To a 1 L two-neck round bottom flask equipped with a magnetic
stir bar and internal thermometer was added potassium tert-butoxide (5.0
g, 45 mmol) and dimethylsulfoxide (100 rnL). To the rapidly stirred
suspension was added 2-rnethylacetoacetate (7.13 g, 49.5 mmol)
dropwise over 5 minutes. After the addition was complete the mixture was
clear and slightly yellow. To the reaction mixture was then added
6-obloro-2-methy1amino-3-nitrobenzonitrile (8.6 g, 41 nunol) from Step 1
in portions over 15 minutes. The reaction mixture immediately became
deep red in color and the temperature rose to 40C. The reaction mixture
was stirred for 1.5 hours, then poured into a saturated solution of NH4C1
(100 ML). The mixture was extracted with Et0Ac (3 x 150 mL) The organic
layers were combined and washed with brine (3 x 100'mL). The organic
layer was dried over sodium sulfate, filtered, and concentrated under
vacuum to produce a deep red oil. Methanol (40 mL) was added and the
mixture was stirred for 1.5 hours with cooling over an ice bath. The
resulting precipitate was recovered by filtration and washed with cold
methanol to provide
242-cyano-3-inethy1amino4-nitro-pheny1)-2-methy1.3-ox0-butyric acid
ethyl ester (7.13 g, 40.6%) as a yellow solid, which was used without
further purification. NMR (400 MHz, D1VISO-d6) 5 8.23 (d, 1H, J = 9.0
Hz), 8.10 - 8.05 (m, 1H), 6.64 (d, 111, J = 9.0 Hz), 4.28 - 4.19 (m, 2H),
3.17 (el, 311, J= 5.5 Hz), 2.36 (s, 311), 1.81 (s, 311), 1.22 (t, 311,J= 7.0
Hz). Stela 3  [04951 To a 500 inL Parr pressure flask was added
242-cyano-3-methylarnino-4-nitro-pheny1)-2-mettrid-3-oxobutyric acid
ethyl ester (7.13g. 16.5 mmol) as a solution in Et0Ac (50 inL) followed by
10% palladium on carbon (1.0 g). The flask was purged under vacuum,
then charged with hydrogen gas (50 psi). The flask was agitated at room
temperature for while open to the ballast (caution: potential exotherm).
After S hours, TLC analysis indicated that all starting material has been
consumed. The reaction mixture was filtered through a pad of celite and
washed with Et0Ac. The resulting solution was concentrated to provide
2-(4-amino-2-eyano.3-methylamino-phenyI)-2- methyl-3-oxo-butyric acid
ethyl ester (5.11 g, 77%) as a gray solid, which was used without further
purification. III NMR (400 MHz, d6-DMSO)S 6.70 (d, J 8.2 Hz, 1H), 6.33
(d, J = 8.2 Hz, IH), 6.17 (s, 2H), 4.90 (q, = 5.1 Hz, Jz = 10.6 Hz, 111), 4.21
- 4.15 (m, 211), 2.95 (d, 1= 5.5 Hz, 2H), 2.22(s, 3H), 1.66 (s, 311), 1.2 (t,
J= 7.0 Hz, 311). Intermediate 11: Acetic acid
l-p-(2,6-dlchloro-pheny1amino)-1,6-dimethyI-9-oxo-8,9-d1hydro-1F/-
imidazo[4,5-h1isoquino/in-7-y1j-a11y1 ester CI NH CI NO Fl Step 1
[0496] 2,6-Dic1ilorophenyl isothioeyanate (3.46 g, 17.0 mmol), THE (100
ml,), and 244-amino-2-cyano-3-
methylamino-pheny1)-2-methy1-3-oxo-butyric acid ethyl ester (4.91 g,
17.0 nunol), were added to a 250 triL round  WO 2007/087068PCTiU
S2006/049489 108 bottom flask equipped with a magnetic stir bar and the
reaction was stirred at room temperature. After 2 hours, mercuric oxide
(4.04 g, 18.7 mmol) was added and the reaction stirred for an additional
14 h. The resultant brown slurry was filtered through celite and washed
with TILE. The filtrate was concentrated and the residue triturated with
diethyl ether to provide
2-[4-cyano-2-(2,6-diehloro-phenylamino)-3-methyl-3H-benzoimidazol-5-y1
]-2-methyl-3- oxo-butyric acid ethyl ester (4.2 g, 54%) as a gray solid,
which was used without further purification. Step 2  104971 A 25 mL
round bottom flask was charged with
244-cyano-2-(2,6-dielaloro-phenylamino)-3-methy1-3Hbenzoinaidazol-5-y
1]-2-methy1-3-oxo-butyric acid ethyl ester (0.258 g, 0.562 mrnol) and a
stir bar. Water (3 mL), glacial acetic acid (3 inL) and concentrated sulfuric
acid (3 mL) were combined and added to the round bottom flask while still
hot (60 C). The flask was sealed with a plastic stopper and heated in an
oil bath at 100C. After 2 hours, the flask was removed from the oil bath
and stirred at room temperature overnight. The clear solution was then
poured onto ice and neutralized with concentrated ammonium hydroxide.
The resulting precipitate was recovered by filtration, resuspended in
methanol and filtered. The resulting solid was washed with methanol until
the filtrate was colorless to provide
2-(2,6-clichloro-phenylamino)-1,6,7-trimethyl-1,8-dihydro-iftrUdazo[4,5-h]is
oquinolin-9-one (0,106g. 46%) as a light gray solid, which was used
without farther purification. 'H NMR (400 MHz, DMS0-4+ TEA)  11.47 (s,
1II), 7.78- 7.68 (in, 4H), 7.59 (t, 1H, J = 8.6 Hz), 4.28 (2, 311), 2.31 (s,
311), 2.22 (s, 311); ESMS (m/z): found, 387. Step 3  104981 To a 200 raL
round bottom flask equipped with a stir bar was added
2-(2,6-dichloro-phenylarnino)-1,6,7-
trimethyl-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (2.4 g, 6.2 nunol),
selenium dioxide (2 0 g 18 mmol) and dioxatte (150 inL). The flask was
fitted with a condenser and heated to reflux for 4.5 h. The reaction was
then removed from heat and allowed to cool to room temperature. The
slightly opaque solution was filtered through celite and washed with
dichloromethane:methanol (9:1). The solution was concentrated and the
resulting residue triturated with dichloromethane to produce
2-(2,6-dichloro-phenylamino)-1,6-dimethy1-9-oxo-8,9-dihydroAff-imidazo[4
,5- hjisoquinoline-7-carbaldehyde (1.8 g, 72%) as a brownish yellow solid,
which was used without further purification. 'I-1 MAR (400 MHz, DMSO-d6
+ TEA) 5 10.65 (s, 111), 10.24 (s, 1H), 7.96 (d, 1H, J = 8.6 Hz), 7.78 (d,
111,1=8.6 Hz), 7.70(d, 2II, J= 7.8 Hz) 7 49 (d, 211,1=7.5 Hz) 4 15 (s, 311),
2.70 (s, 3H); ESMS (mix): found, 401. Step 4  104991 To a 50 nil. round
bottom flask equipped with a stir bar was added
2-(2,6-dichloro-phenylamino)-1,6-
dimethy1-9-oxo-8,9-dihydro-IH-imiclazo[4,5-h]isoquinoline-7-earbaldehyde
(0.415 g, 1.03 mmol) and THE (12 mL). The reaction mixture was cooled
to -78 C. To the stirred suspension was added vinylmagnesium bromide
(5 niL, 1st in THE, 5 trunol) in one portion. The solution was allowed to
gradually warm to -30C over 1 h. Additional vinylmagnesium bromide (3
nil-, Im in THF, 3 mmol) was added and the reaction mixture was further
warmed to 0 t over 1.5 It The cold reaction mixture was poured into
saturated aqueous ammonium chloride (50 ml.,) and extracted with Et0Ac
(3 x 50 ml). The organic fractions were collected, washed with brine (3 x
25 mL) and concentrated. The resulting solid was further purified by flash
chromatography, eluting with Et0Ac:Hexane (0 - 100%) to give
2-(2,6-dichloro-phenylamino)-7-(1-hydroxy-ally1)-1,6-dimethyl-1,8-dihydro-
imidazo[4,5- Iflisoquinolin-9-one (0.175 g, 40%) as a light yellow solid. Ill
NMR (400 MHz, DMSO-d6 + TEA) 5 10.43 (s, 111), 7.77 - 7.75 (m, 4H),
7.59 (t, 111, J.= 8.6 Hz), 6.06 - 5.98 (rn, 1H) 5A2 (app d, 111, J 5.5 Hz),
5.32 (app d, 111,1= 37.2 liz), 5.16 (app d, 111, J= 10.2 Hz), 4.26 (s, 311),
2.27 (s, 311); ESMS (m/z): found, 429.  WO 20071087068PC T/ U
S2006/049489 109 Step 5 105001 To a 100 mL round bottom flaik
equiPped with a magnetic stir bar was added
2-(2,6-dichlorophenylamino)-7-(1-hydroxy-ally1)-1,6-dimethy1-1,8-dihydro-
imidazo[4,5-h]isoquinolin-9-one (0.175 g, 0.409 mmol), THE (5 mL),
triethylamine (60 pL, 0.43 mural) and acetic anhydride (I mL). To the
stirring suspension was then added Ndli-dimethylaminopyridine (2 rag,
0.016 mine!). The reaction mixture became clear in 1 minute, and TLC
analysis indicated that all starting material had been consumed. The
reaction mixture was concentrated in vacua and the residue was further
purified by silica gel chromatography, eluting with
methanohdichloromethane (0 - 10%) to provide acetic acid
142-(2,6-dichloro-phenylamino)-1,6-dimetlayl-9-oxo-8,9-dihydro-11/-irnida
zo[4,5- Nisoquinolin-7-yEl-ally1 ester (0.168 g, 87%) as a light yellow
solid. 11-1 NMR (400 MHz, DMSO-d6 + TEA) 5 11.42 (s, 1H), 7.80 - 7.76
(m, 41), 7.57 (t, IH, J = 8.2 Hz), 6.34 (d, 1H, J = 6.3 Hz), 6 21 - 6.13 (m,
1H), 5.41 (d, 1H, J = 17.2 Hz), 5.33 (d, 111, J = 10.2 Hz), 4.25 (s, 311),
233 (s, 3H), 2.12 (s, 311); ESMS (m/s): found, 471. 



Intermediate 12:
7-(3-Amino-propeny1)-2.-(4-11uoro-2-methyl-pheny)amino)-1,6-dimethyl-1
,8-dihydroimidizold,5-hilsoquinolin-9-orte    Step 1  105011 To a 50 mL
round bottom flask equipped with a magnetic stir bar was added
Ed2(dba)3 (38 mg, 42 gruel), triphenylphosphine (52 mg, 200 unaol) and
THE (6.6 mL). The resulting solution was stirred under nitrogen for 20
minutes followed by the addition of acetic acid I
-[2-(4-fluoro4-methyl-phenylarolno)-1,6-dimethyl-9-oxo-8,9-
dihydro-IH-imidazo[4,5-h]isoquinolin-7-y11-ally1 ester (0.288 mg, 0.664
mine!). The resulting red solution was stirred for 20 minutes, then sodium
azide (47 mg, 0.72 num') was added as a solution in water (0.6 mL). The
flask was sealed with a plastic cap and heated to 60 t for 3 hours. The
reaction mixture was cooled to room temperature and triphenylphosphine
(165 mg, 0.63 mmol) was added. After stirring at room temperature for 7
hours, ammonium hydroxide was added (0.7 mL) and the reaction was
stirred for 12 additional hours. The reaction mixture was diluted with ethyl
acetate (50 mL) and the solution dried over sodium sulfate, filtered, and
concentrated In vacuo. The crude product was purified by flash
chromatography, eluting with MeOH:HCCI3 (10 - 40%) to give
7-(3-aminopropeny1)-2-(4-fluoro-2-methyl-phenylamino)-1,6-dirnethy1-1,8
-dihydro-imidazo[4,5-blisoquinolin-9-one. NMR (400 MHz, d6-DMS0) 8
11.24 (s, Ill), 10.62 (s, IF), 8.1 - 8.0 (m, 211), 7.77 (d, .1- 9 Hz, 111), 7.71
(d, J-' 9 Hz, 1H), 7.6 - 7.5 (m, IF), 6.6 - 6A5 (m, 211), 4.18 (s, 3H), 3.75 -
3.65 (m, 2H), 2.36 (s, 3H), 2.30 (s, 3H); ESMS m/s: found, 392 (M+1)..
Example 1:
2-(4-Fluoro-2-methyl-phenylaminn)-1,6-dimethyl-7-p-(4-methy14-oxo-0.51
1,41azaphosphinan-1-
y1)-propenyl]-1,8-dihydro-imidazo[4,5-Misoquinolin-9-one (Compound 1)
WO 2007/087E168PCT/US2006/049489 110 Step 1  10502) To a glass
scintillation vial wis added
2-(4-amino-2-cyano-3-metItylamina-phenyl)-2-methyl-3-oxo-butyric acid
ethyl ester (0.247 g, 0.854 mmol), followed by THE (5 mL) and a magnetic
stir bar. To the resulting solution was added
4-fluoro-l-isothiocyanato-2-met11yl-benzene (0.191 g, 1.14 minol) and the
solution was stirred at room temperature for 48 Ix. To the solution was
then added mercuric oxide (0.222 g, 1.02 nunol), and stirring was
continued at room temperature for 24 h. The brown suspension was then
filtered through a 'A inch thick pad of silica, washed. with THF, and
concentrated to dryness. The resulting deep red solid was further purified
by silica gel chromatography, eluting with ethyl acetate:hexane (0% -
100%) to provide
244-cycino-2-(4-fluoro-2-methylphenylarnino)-3-methy1-311-benzoimidwol
-5-34]-2-methyl-3-oxo-butyric acid ethyl ester (0:204g. 56%) as a deep red
solid. ESMS (m./z); (M+1)+ found, 423. Step 2  [0503) To a glass
scintillation vial equipped with a magnetic stir bar was added
244-cyano-2-(4-fluoro-2-methy. 1-
phenylanaino)-3-methy1-3H-benzoitnidazol-5-A-2-methyl-3-oxo-butyrM
acid ethyl ester (0.204 g, 0.483 mmol). A freshly prepared mixture of H20
(3.3 mL), glacial acetic acid (3.3 mL), and concentrated sulfuric acid (3.3
mt.) at 60 C was added to the vial: The vial was sealed with a screw cap
and heated to 100C in a heating block. After 2.5 hours, the vial was
allowed to cool to room temperature and stirred for an additional 12 h. The
reaction mixture was then poured onto ice and neutralized by addition of
concentrated ammonimix hydroxide. The resulting precipitate was
recovered by filtration and further purified by trituration with methanol to
provide
2-(4-fluore-2-methylpheuylarnino)-1,6,7-trirnethy1-1,8.-dihydroanidazo[4,5
-k]isoquino1in-9-one (0.1188 g, 70 %) as a light gray solid. 111 NMR (400
MHz, DM80-4 + TEA) S 11.43 (br s, 111), 10.49 (br s, Ill), 7.70 - 7.65 (m,
211), 7.57 (dd, 1H, Ji =- 5.5 Hz, J2 8.6 Hz), 7.37 (dd, 18, 3, 3.1 Hz, J2" 9.8
Hz), 7.27 (td, 11-1, = 3.1 Hz, J"Hz), 4 23 (s, 311), 2.32 (app s, 611), 2.23
(s, 311); ESMS (m/z): found, 351. at.gp../  [05041 To a 200 mL
round-bottom flask equipped with a magnetic stir bar was added
2-(4-fluoro-2-methylphenylamino)-1,6,7-trimethyl-1,8-dihydro-imidazo[4,5-
hlisoquinolin-9-one (1.3 g, 3.7 namol) selenium dioxide (1.23 g, 11.0
mmol) and dioxane (100 rol). The flask was fitted with a reflux condenser
and heated to 100c in an oil bath for 5 h. The flask was then cooled to
room temperature and the mixture filtered through a plug of celite,
washing with 10% Me01-1JDCM. The filtrate was concentrated to dryness
and the resulting brown solid further purified by trituration with cold DCM
to give
2-(4-fluoro-2-methyl-phenylamino)-1,6-dimetlay1-9-oxo-8,9-dihydro1H-imi
dazo[4,5-h]iscquinoline-7-carbaldehyde (1.11 g, 82%) as a red-yellow
solid. '11 NIVIR (400 MHz, DMSO-d6  TEA) 8 10.80 (br s, 111), 10.70 (br
s, 1H), 10.25 (s, 111), 8.02 (d, 111, J = 8.8 Hz), 7.80 (d, 111,3= 8.8 Hz),
7.57 (dd, 111, .1,= 5.5 Hz, 32 = 8.6 Hz), 7.35 (dd, 111,1,7 3.1 Hz, J2 = 9.8
Hz), 7.26 (td, 111,11 = 3.1 Hz, Jz = 8.6 Hz), 4.14 (s, 311), 2.69 (s, 38),
2.31 (s, 311); ESMS On/0: found, 365. Step 4  [05051 To a 100 niL
round-bottom flask equipped with a magnetic stir bar was added give
2-(4-fluoro-2-methylphenylatnino)-1,6.dimethyl-9-oxo-8,9-dihydro-lH-imida
zo[4,5-1flisoquinoline-7-carbaldehyde (0.750 g, 2.06 namol) followed by
THE (20 mL). The suspension was cooled to -78 C, then vinylmagnesium
bromide (16.5 mmol, 1.0 M in THE) was added over 5 minutes. The
reaction mixture was allowed to warm to -10 C over 2.5 hours, after which
time all material was fully dissolved. The cold reaction mixture was poured
into saturate aqueous ammonium chloride (100 mL) and extracted with
ethyl acetate (3 x 30 mL). The organic fractions were collected, washed
with brine (1 x 50 mL), dried over sodium sulfate, and concentrated in
vacua to provide
2-(4-tinoro-2-methylphenylamino)-7-(1-hydroxy-ally1)-1,6-dimethy1-1,8-di
hydro-irnidazo[4,5-hlisoquinolin-9-one (0.680 g, 84%) as an  WO
2007/087068PCT/US2006/049489 



Ill orange-yellow solid, which was used without further purification. 11-1
NMR (400 MHz, DMSO-d6+ TEA) 5 10.52 (br s,1 H), 1038 (br s, 1H), 7.71
(app s, 2H), 7.55 (dd, 1H, Ji= 5.5 Hz, Js = 8.6 Hz), 7.35 (dd, 111,11-- 3.1
Hz, J2 =- 9.8 Hz), 7.24 (td, 1H, ./1 = 9.1 Hz, J2  11.7 Hz), 6.02 (ddd, 1H,
.11=-- 5.9 H Z  = 10.6 Hz, .13 = 17.2 Hz), 5.41 (app 4 19 (s, 31-1), 2.29 (s,
311), 2.26 (s, 311); ESMS (m/z): found, 393. Step 5 [0506] To a 25 naL.
round-bottom flask equipped with a magnetic stir bar was added
2-(4-fluoro-2-methyl-
phenylarnino)-7-0-hydroxy-ally1)-1,6-dimetly1-1,8-dihydro-imidazo[4,5-kis
oquinolin-9-one (0.65 g, 1.7 munol), THF (5 mL), triethylamine (0.52 g, 5.1
inmol) and acetic anhydride (0.22 g, 2.2 mmol). To the stirred suspension
was than added DMAP (0.002 g, 0.02 mmol). After 1 hour, all reation
components were fully dissolved and the reaction was complete as
determined by TLC analysis. To the reaction mixture was added saturated
aqueous ammonium chloride (20 mL) and the solution was extracted with
ethyl acetate (2 x 20 mL). The organic fractions were collected, washed
with brine (1 x 20 m.L), dried over sodium sulfate, and concentrated in
vacua. The crude product was further purified by silica gel
Chromatography, eluting with 2% methanol:DCM to provide acetic acid 1-
[2-(4-fluoro-2-methyl-phenylanaino)-1,6-dimethyl-9-oxo-8,9-dihydro-1H-imi
dazo[4,5-hlisoquinolin-7-ylkally1 ester (0.404g. 55%) as a yellow solid.
IHNMR (400 MHz, DMSO-d6 + TEA) 5 ppm 11.35 (br s, 1H), 10.55 (br s,
1H), 7.74 (d, 1H, = 9.0 Hz), 7 70 (d, 1H, J= 8.6 Hz), 7.56 (dd, 1H, = 5.5
Hz, J2 = 8.6 Hz), 7.37 - 7.34 (m, 3H), 7.25 .(td, 1H,J, 2.7 Hz, J2-- 8.2Hz),
6.34 (app d,J = 6.3 Hz), 6.17 (ddd, 11-1, "6,3 Hz, 12 = 102 Hz, J3 = 16.8
Hz), 5.41 (app d, 111, J = 172 Hz), 533 (app d,11-1, J = 10.2 Hz), 4.18 (s,
3H), 2.32 (s, 3H), 2.12 (s, 3H); ESMS (m/z): found, 435. Step 6  [0507] To
a glass scintillation vial was added 4-methyl41,43azaphosphinane 4-oxide
(100 mg, 0.75 mmol), To a separate glass vial was added
tris(dibenzylacetonc)dipalladium (28 mg, 0.031 rnmol), triphenylphosphine
(30 rug, 0.12 mmol), and THE (2.5 inL). The resulting solution was stirred
for 20 minutes, then acetic acid 142-(4-fluoro-2-
methyl-phenylamino)-1,6-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-hlis
oquinolim-7-111-ally1 ester (0.270 g, 0.621 mmol) was added as a
solution in THE (7.0 naL), followed by TEA (0.90 ml, 12.2 mmol). Of the
resulting solution, 2.4 mL (0.15 ramol total adlylic acetate) was transferred
to the vial containing 4-methyl[1,4]azaphosphinane 4-oxide. The solution
was stirred at room temperature for 20 h. The solvent was removed in
vacua and the resulting solid redissolved in MeCN (2 mL) and DMSO (2
mL). The solution was filtered, then purified directly by preperative
reverse-phase HPLC (0% to 100% MeCN:H20 + 0.1% formic acid) to give
244-
fluoro-2-methyl-phenylamino)-1,6-dirnethy1-7-[3-(4-methyl-4-oxo-4X5[1,4]
azaphosphinan- 1-y1)-propeny1]-1,8-
dihydro-imidazo[4,5-hlisoquinolin-9-one (32 mg, 42%) as a light yellow
solid. IH NMR (400 MHz, DMS0-16+- TEA) 611.33 (bra, 1H), 10.68 (bra,
1H), 7.79(d, 111, J= 8.6 Hz), 7.72 (d, 1H, J = 8.6 Hz), 7.56 (dd, 11-1,
J1=5.5 Hz, J2 -=8.6 Hz), 7.35 (dd, 1H, =3,9 Hz, J2 = 9.8 Hz), 7.25 (td,
111,../1= 3.1 Hz, J2 8.6 Hz), 7.19 - 7.15 (m, 2H), 6.54 - 6.48 (in, IH), 4.18
(s, 3H), 4.10 4.00 (br s, 2H), 3.80 - 3.30 (br m, 41I), 3.16 (s, 3H), 2.36 (s,
3H), 3.31 (s, 3H), 2.30 - 2.10 (br m, 411), 1.7 - 1.6 (br m, 3H); ESMS
(m/z): found, 508. Example 2:
2-(2,6-dichloro-phenylamino)-1,6-dImethyl-743-(4-oxo-4-Pheny/-4A6-[1,41
azaphosphinan-1-y1)-
propeny11-1,8-dihydro-imidazo[4,5-hlisoquinolin-9-one (Compound 5)
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2-(2,6-Dichloro-phenylaxnino)-1,6-dirnethy1-7-[3-(4-oxo-4-phenyl-4X-[1,4]
azaphosphinan-l-y1)-
propenyl]-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one was prepared
following the procedure of Example 1 form acetic acid
142-(2,6-dichloro-phenylamino)-1,6-dimethyl-9-oxo-8,9-dihydro-lH-innid-m
o[4,5-hjisoquinolin-7-yfially! ester and 4-phenyl-[1,4]azaphosphinane
4-oxide. `11 NMR (400 MHz, DMS0-4 + 'WA)  11.38 (br s, 111), 10.71 (br
s, 111), 7.90 - 7.60 (m, 911), 7.56(t, 111, J= 7.8 Hz), 7.22 (br d, 1H, J =
15.3 Hz), 7.70 - 6.40 (brm, 111), 4.23 (s, 311), 4.18 (hr m, 211), 4.00- 4.15
(br in, 41), 2.60 - 2.40 (hr n, 411), 2.39 (s, 1H); ESMS (m/2); found, 606
(M+1)t Example 3:
2-(4-FlUnro-2-methyl-pbenylamino)-1,6-dimethy1-7-[3-(4-oxo4-Pheny1-4)t
s-[1,41azaPhosphinan-ly1)-propenyli4,8-dihydro-imidazoI4,5-blisoquInolin
-9-one HCI (Compound 3) 



Step 1  [05091 To a 250 mL round-bottom flask was added
2-(4-amino-2-cyano-3-methylamino-pheny0-2-methy1-3-oxobutyric acid
ethyl ester (10.8 g, 37.4 unstop, DMA? (228 mg, 1.87 =note), and THE (80
ml...). The solution was stirred with gentle heating until all the material was
fully dissolved. The reaction mixture was then concentrated under vacuum
to achieve a final volume of approximately 20 nilL. After cooling to room
temperature, 4-fluoro-1- isothiocyanato-2-methyl-benzene (9.36 g, 56.0
mmole) was added in one portion, and stirring was continued at room
temperature for 12 hours after which time all the dial-nine had been
converted to the corresponding thiourea as determined by TLC analysis.
To the reaction mixture was then added mercuric oxide (12.15 g, 56
=note) and The resulting slurry stirred at room temperature. The slurry
rapidly became black, indicating the formation of mercuric sulfide. After 1
hour, the reaction was complete as determined by TLC analysis. Silica gel
was added to the mixture and the resulting Mick slurry was filtered through
a pad of celite, washing with several volumes of Et0Ac. The clear filtrate
was concentrated to produce a dark gray solid. To the solid was added
diethylether, and the insoluble material was isolated by filtration to provide
2,-[4-cyano-2-(4-fiuoro-2-methy1-phenylarnino)-34methy.l--3Hbenzoimida
zoI-5-y1]-2-methy1-3-oxo-butyric acid ethyl ester (8.25 g, 52%) as a white
solid. NMR (400 MHz, DMSO-dg) 8 8.71 (s, 111), 7.46 - 7.42 (in, 211),
7.14 (dd, 111, = 3.1 Hz, = 9.8 Hz), 7.06 (td,J[= 2.7 Hz, .12 = 8.6 Hz), 6.87
(d, 111, J.= 8.6 Hz), 4.28 -4.19 (n, 211), 195 (s, 311), 2.30 (s, 311), 2.22
(s, 311), 1.81 (s, 311), 123 (t, 311, J = 7.4 Hz); ESMS (m/z): 423 (M+1)4.
Step 2   106101 To a HD rut round-bottom flask equipped with a magnetic
stir-bar was added 244-eyano-2-(4-fluoro-2-
methyl-phenylamino)-3-methyl-311-benzoirnidazol-5-y1)-2-methyl-3-oxo-b
utyric acid ethyl ester (8.25 g, 1.95 mmole), followed by a freshly prepared
mixture of water (25 ml.), acetic acid (25 rat), and concentrated sulfuric
acid (25 rnL) at 60 C. The flask was fitted with a reflux condenser and
heated to a bath temperature of 100 C under a nitrogen atmosphere. After
5 hours, the reaction was allowed to cool to room temperature, and stirred
for an additional 14 hours. The mixture was then poured onto ice and
brought to a slightly basic pH by careful addition of concentrated
ammonium hydroxide, while maintaining a temperature of less than 15 C.
The resulting precipitate was isolated by filtration, and washed with
several volumes of water. The solid was then slurried in methanol for 1
hour, and filtered. The isolated solid was washed with cold methanol until
the filtrate was colorless, to provide 2-(4-
fhirirn-2-methvl-nhe.nvlamitm)-1_6,7-trimethvl-1.8-dihvdro-imidazof4.5-hlis
orminolin-9-one (6.11 g, 89%) as a  WO
2007/087068PCTiUS2006/049489 113 light gray solid. 111 NMR (400
MHz, DMSO-d6 + TEA) 6 11.43 (br s, 111), 10.49 (hr s, 111), 7.70 -7.65
(m, 211), 7.57 (dd, IH, = 5.5 I-1z, = 8.6 Hz), 7.37 (dd, 1H, J, = 3.1 Flz, =
9.8 Hz), 7.27 (td, = 3.1 Hz, Jz= 11.7 Hz), 4 23 (s, 311), 2.32 (app s, 611),
2.23. (s, 311); ESMS (m/z): 351 (M+1)+. Step 3  105111 To a 1 L
round-bottom flask equipped with a magnetic stir-bar was added dioxane
(500 mL) and water (16.5 mL). The solution was heated to 55 C, and
selenium dioxide (8.6 g, 77 mmole) was added. The mixture was stirred at
55C for one hour, over which time all the selenium dioxide had dissolved.
To the solution was then added
2-(4-fluoro-2-methyl-phenylarnino)-1,6,7-trimethyl-1,8-dihydrodmidazo[4,5
-hlisoquinolin-9-one. The flask was fitted with a reflux condenser and the
resulting slurry heated to a bath temperature of 115 C. After 18 hours,
additional selenium dioxide (4.0 g, 36 mrnole) was added and stirring
continued for 6 hours. The reaction mixture was dark red, with gray
Metallic selenium lining the sides of the flask. The reaction mixture was
cooled to room temperature then filtered through a pad of elite and
washed with 10% Mc011/DCM. The filtrate was concentrated in vacua to
produce a gummy red solid. Methanol (50 inL) was added, and the
mixture stirred over an ice bath, during which time a flocculent yellow
precipitate formed. The solid was isolated by filtration, and washed
sparingly with cold methanol to give
2-(4-fluoro-2-miethyl-phenylamitio)-1,6-dimethyl-9-oxo-8,9-dihydro-1H-imi
dazo[4,5- h]isoquinoline-7-carbaldehyde (3.90 g, 61%) as a bright yellow
solid. IFINMR (400 MHz, DMSO-d6+ TFA) 6 10.80 (hr s, 111), 10.70 (br s,
IH), 10.25 (s, 1H), 8.02 (d, 1H, J= 8.8 Hz), 7.80 (d, 1E, J= 8.8 Hz), 7.57
(dd, 111, = 5.5 Hz, J2 = 8.6 Hz), 7.35 (dd, 11I, J, 3.1 Hz, 12 = 9.8 Hz),
7.26 (td,= 3.1 Ilz,Jz = 8.6 Hz), 4.14 (s, 2.69 (s, H), 2.31 (s, 3H); ESMS
(m/z): 365 (M+1)4. Step 4  105121 To a I L 3-neck round-bottom flask
equipped with a magnetic stir-bar was added
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy1-9-oxo-8,9-dihydro-1H-imid
azo[4,5-h]isoquinoline-7-carbaldebyde (7.96g. 21.9 mmole) and THE (260
mL). The resulting slurry was cooled to -78 C, and vinylmagnesium
bromide (175 rnL, 1.0 M in THE) was added dropwise over 30 minutes.
The mixture was stirred at -78C for 2 hours, then warmed to -10C over 30
minutes and maintained at -10 "C for an additional 2 hours. The reaction
was then quenched by addition of saturated aqueous ammonium chloride
(200 mL), and extracted into Et0Ac (2 x 200 mL) The organic layers were
collected, washed with brine (2 x 100 mL), dried over sodium sulfate, and
concentrated in vacuo to provide 244-
fluoro-2-methyl-phenylamino)-7-(1-hydroxy-ally1)-1,6-dirnethyl-1,8-dihydro
dmidazo[4,5-h]isoquinolin-9-one (7.8 g, 91%) as an orange-yellow solid,
which was used without further purification. III NMR (400 MHz, DMSO-d6
TEA) 6 10.52 (hr s,1 H), 10.38 (br s, 1H), 7.71 (app s, 2H), 7.55 (dd, 1H, --
5.5 Hz, J2 = 8.6 Hz), 7.35 (dd, 111, =3.1 Hz, Jz = 9.8 Flz), 7.24 (td, 1H, J,
= 9.1 Hz, ..(2 = 11.7 Hz), 6.02 (ddd, 1H, = 5.9 Hz, J2 = 10.6 Hz, J3 = 17.2
Hz), 5.41 (app d, 111, .1= 5.5 Hz), 5.33 (dt, 1H, J, 1.6 Hz, Jz -= 17,2 Hz),
5.17 (dt,.1.11, = 1.2 Hz, 12 = 10.2 Hz), 4_19 (s, 311), 2.29 (s, 311), 2.26
(s, 31-1); ESMS (m/z): 393 (M+1)(". Step 5 (05131 To a 500 mL
round-bottom flask equipped with a magnetic stir-bar was added
2-(4-fluoro-2-methylphenylamino)-7-(1-hydroxy-ally0-1,6-dimethyl-1,8-dihy
dro-imidazo[4,5-111isoquinolin-9-one (7.8 g, 20 tamale), .DCM (100 pi),
TEA (3.0 g, 30 crimple), and DMA? (25 mg, 0.2 mmole). To the rapidly
stirred suspension at room temperature was added acetic anhydride (2.3
g, 23 mmole). The reaction was complete after 10 minutes as determined
by TLC analysis. The mixture was diluted with DCM (100 mL), and
washed with saturated aqueous ammonium chloride. The aqueous layer
was back-extracted with additional DCM (100 ml.). The combined organic
fractions were washed with brine (2 x 100 mL), dried over sodium sulfate,
and concentrated in vacua to give an amorphous orange solid. The crude
product was re-dissolved in 5% Me011/DCNI (65 mL). To the stirred
solution  WO 2007/087068PCT/US2006/049489 114 was added diethyl
ether (200 ml.), which resulted in the formation of a bright yellow
precipitate. The stirred suspension was cooled over a salt/ice bath to -.5
C, then filtered to recover the solids. The solids were washed sparingly
with diethyl ether and collected to provide acetic acid
14244-fluoro-2-methyl-phenylarnino)-1,6--
dirnethyl-9-oxo-8,9-dihydro-IH-imidazo[4,5-h]isoquinolin-7-yThally1 ester
(6.94 g, 80.4%) as a yellow powder. 111 NNW. (400 MHz, DM80-d6
-1-.TFA) 5 11.35 (hr s, 111), 10.55 (hr s, 111), 7.74 (d, lit, Jr 9.0 Hz), 7.70
(d, 1H, J 8.6 Hz), 7.56 (dd, 11-1,./1-- 5.5 Hz, J2 = 8.6 Hz), 737 - 734 (in,
3H), 7.25 (td, IH, J1= 2.7 Hz, J2= 8.2 Hz), 6.34 (app d, 1H, J = 6.3 Hz),
6.17 (ddd, 1H, Ji -- 6.3 Hz, J2 = 10.2 Hz, ./3= 16.8 Hz), 5.41 (app d, 1H, J
= 17.2 Hz), 5.33 (app d, 1H, J- 10.2 Hz), 4.18 (s, 311), 2.32 (s, 311), 2.12
(s, 3H1; ESMS (,n/a): 435 (M+1). Sten 6  



[0514I To a 500 mL round-bottom flask was added
4-phenyl-[1,4]azaphasphinane 4-oxide hydrochloride salt (5.91 g, 25.6
mmole), MP-carbonate resin (20 g, 2.9 mmole/g), and water (200 nil.).
The flask was sealed with a plastic stopper and placed on an orbital
shaker for 12 hours. The resin was then removed by filtration with though
a glass flit, and washed with water (40 triL) to provide
4-phenyl-(1,4]azaphosphinane 4-oxide free-base as an aqueous solution.
Step 7 105151 To a 500 mL 3-neck round-bottom flask equipped with a
magnetic stir-bar and internal thermometer was added Pd2(dba)3-HCC13
(0.476 g, 0.46 mmole), triphenylphosphine (0.381 g, 1.5 mtnoft, and TI-IF
(100 inL). The resulting wine-red solution was stirred under a nitrogen
atmosphere for 30 minutes. To the stirred solution was then added solid
acetic acid
1-12(4-fluoro-2-methyl-phenylarnino)-1,6-dimethyl-9-oxo-8,9-dihydro-1H-i
midazo[4,5- 4soquinolin-7-ylkally1 ester (4.0 g, 9.2 nimole) in a single
portion. An aqueous solution of 4-phenyl[1,4jazaphosphimane 4-oxide
free-base (200 mL, 0.106 m) was next added to the stirring solution over 3
minutes via an addition funnel. The temperature of the reaction
immediately rose from 24C to 29.5 C and maintained this temperature for
about 20 minutes. After 1 hour, the reaction mixture had cooled to room
temperature and a yellow precipitate had formed. The precipitate was
isolated by filtration and washed with water followed by diethyl ether. The
filter cake was re-dissolved in methanol (150 inL) and cooled over an ice
bath. To the chilled solution with rapid stirring was added anhydrous HCI
(10 raL, 1.25 si in methanol). The solution was then poured into a flask
containing diethyl ether (600 mL) with stirring. Pentane (100 triL) was
added, followed by additional anhydrous HO (20 mL, 1.25 M in methanol).
The resulting solution was decanted, leaving crude product as a gum on
the sides of the flask. This material was re-dissolved in methanol (100
mL). Into the stirred solution was poured diethyl ether, resulting in a yellow
flocculent precipitate. This was recovered by filtration and washed with
diethyl ether to give 2-
(4-fluoro-2-methyl-phenylamino)-1,6-dimethy1-743-(4-oxo-4-phenyl-4X5-(
1,4)azaphosphinan-l-y1)-proPenyl]-1,8-
dihydro-irnidazo[4,54]isoquinolin-9-one HCI salt (2.9 g, 52%). 111 NME1.
(400 MHz, CD30D) 5 7.96- 7.89 (m, 2H), 7.89 (d, IH, J= 9.0 Hz), 7.73 (d,
111, .1= 9.0 Hz), 7.71 - 7.65 (m, 111), 7.66 - 7.61 (mn, 211), 7.51 (dd, 1H,
J1 5.5 Hz, J2 = 8.6 Hz), 732 (d, 1H, J-= 15.7 Hz), 7.26 (dd, 111, = 11 Hz,
J2= 9.4 Hz), 7.16 (td, 111, J1= 3.1 Hz, J2 = 8.6 Hz), 6.56 - 6.48 (m, 111),
4.26(z, 311), 4.19 (d, 2H, J = 7.0 Hz), 4.2 - 3.8 (br rn, 2H), 3.8 - 3.6 (hr in,
211), 3.0 -2.9 (hr m, 211), 2.47 (s, 311), 2.37 (s, 311), 2.5 - 2.3 (hr in, 2H);
ESMS rrilz 569.7 (ME-I-).  WO 20071087068PCT1US2006/049489 115
Example 4:
2-(4-fluoro-2-naethyl-)henylamino)-1,6-dimethyl-7-(34444-fluorophenylmet
hyl)-4-oxo-411/45- fl
,41azaphosphinan-l-y11-propeny1)-1,8-dibydru-imidazo[4,5-hlisoquinolin-
9-one (Compound 12)  105161 Proceeding as above for Example 3,
2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethy1-7-{3-[444-
fluorophenylmetlay1)-4-oxo-4X541,41azaphosphinan-1-y11-propenyll-1,8-
dihydro-imidazo[4,5-h)isocuinolin-9-one was prepared by replacing
4-methyl41,4]azaphosphinane 4-oxide with 4-(4-fluorophenyltnethyl)-
[1,4]azaphosphinane 4-okide. 'HNMR (400 MHz, DMSO-d6 + 'IPA) 11.32
Or s, Ili), 10.62 (hr s, 1H), 7.79 (d, 1H, J = 9.2 Hz), 7.72 (d, 1H, J = 9.2
Hz), 7.56 (dd, 1H, = 6,0 1-1z, J, = 8.8 Hz), 7.37 - 7.28 (rn, 3H), 7.25 (dt,
111,     2.8 Hz, J2 = 8.8 Hz), 7.23 - 7.14 (rn, 311), 6.48 (dt, 1H, = 7.2
T3z,../2 = 14.8 Flz), 4.17 (s, 3H), 4.07 (d, 2H, J= 6.8 Hz), 3.8 - 3.6 (br m,
211), 3.6 - 3.4 (br m, 41-1), 2.36 (s, 311), 2,30 (s, 3H), 2.4 - 2.0 (br 411);
ESMS (m/c): found, 602.1 (IV1+1)+, Example 5:
2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethy1-743-[4-(eyclopropylmethy
l)-4-oxo4rR,41azaphosphinan-1-yll-propenyll-1,8-drhydro-imiclazo[4,5-hlis
oquinolin-9-one (Compound 13)  NT "--NH  [05171 Proceeding as above
for Example 3, 2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethy1-7-(344-
(cyclopropylmethy0-4-oxo-41.5-[1,41azaphosphinan-l-A-propeny11-1,8-di
hydro-imidazo[4,5-hlisoquiholin-9-one was prepared by replacing
4-methyl41,41azaphosphinane 4-oxide with
4-cyclopropylmethy1[1,41azaphosphinane 4- oxide. 11-1 NIV1R (400
MHz, DMSO-d6+ TFA) 6 11.08 (firs, III), 10.70 (s, 111), 7.79 (d, Hi, J= 8.8
Hz), 7.72 (d, IH, J 8.8 Hz), 7.55 (dd, 1H, Jt = 5.5 Hz, 12 = 8.6 Hz) 7 35
(dd, 1H,2.7 Hz, J2 = 9.8 Hz), 7.25 (td, 111, = 3.1 Hz, Jz = 8.6 Ilz), 7 30 -
7.10 (br m, III), 6.6-6.45 (firm, 111), 4.18 (s, 3H), 4.10 - 4.00 (br m, 2H),
3.80-3.65 (hr In, 211), 3,60 - 3.45 (hr in, Iii), 3.45 - 3.30 (hr in, 111), 2.36
(s, 31-0, 2.31 (s, 311), 2.50 - 1.70 (n, 6H), 1.0 - 0.70 (hr m, 111), 0.56 (d,
211, J= 7.4 Hz), 0.23 (s, 211); ESMS (n/z): found, 548 04+1r. Example 6:
2-(4-41noro-2-methyl-phenylamino)4,6-dimethy1-7-13-14-(cyclopropy1)-4-
oxo-4X5-
11,41azaphosphinan-l-yll-propeny11-1,8-dihydro-imidazo[4,5-blisoquinolin
-9-one (Compound 14) NN N 0  [05181 Proceeding as above for Example
3, 2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethyl-7-13-14-
(cyclopropyl)-4-oxo-0,541,43azaphosphinan-l-ylkpropeny1}-1,8-dihydro-r
midazo[4,5-123isoquinolin-9-one was prepared by replacing
4-methy1-11,41azaphosphinarte 4-oxide with
4-cyclopropyl-[1,4]Eizaphosplainane 4-oxide. 'H  WO
2007/087068PCTMS20061049489 



116 N11vflR (400 MHz, DMSO-d6 + TEA) 8 11.37 (hr s, 111), 10.63 (s,
111), 1(149 (hr s, ill), 7.80 (d, 111, J= 8.8 Hz), 7.72 (d,J= 8.8 Hz), 7.56
(ad, 111, f1 5.5 Hz, ../2 = 8.6 Hz), 7.36 (dd, IH, J1= 2.7 Hz, ..12 = 7.8 Hz),
7.26 (td, 111, = 2.7 Hz, J2 = 8.2 Hz), 7.18 (br d, 11-1, 15.3 Hz), 6.60 -
6.50 (br na, 1H), 4.18 (s, 31-1), 4.15 - 4.05 (br m, 211), 4.00 - 3A0 (br m,
411), 2.37 (s, 3H),230 (S, 3H), 2.50 - 2.10 (br'rn, 411), 1.50- 1.00 (br m,
111), 0.90 - 0.82 (br m, 211), 0.81 -0.70 (hr in, 211); ESMS (n/z): found,
534 (M-4-1)t Example 7:
2-(4-fluoro-2-methyl-pbenylamino)-743-(4-methauesulfonyl-piperazin-l-y1)
-propenyll-1,6- dimethy1-1,8-dihydro-imidazo14,5-hlisoquinolin-9-one
(Compound 24) 05191 Proceeding as above for Example 3,
2-(44luoro-2-methyl-phcny1amino)-7-[3-(4-methanesulf0nylpiperazin-l-y1)-
propeny11-1,6-dimethyl-1,8-dihydrodmidazo[4,5-hilsoquirtolin-9-one was
prepared by replacing 4- pheny141,4]azaphosplainane 4-oxide
hydrochloride with rnethansulfonylpiperazine.111 NMR (400 MHz,
DMS0-d6) (free base) 8 10.78 (11-1, s); 8A1 (1H,. in); 7.69 (d, 1H,9.0 Hz);
7.7-7.66(111, m); 7.5 (111,3= 9 Hz); 7.07 (111, in); 7.02 (1H, m); 6.82 (1H,
d); 6.5 (III, m)14.08 (311, s); 3.26 (211, in); 3.19 (411, in); 2.92 (31-1, s);
2.59 (411, en); 2.37 (311, s); 2.26 (311, s). ESMS nilz 539 (M11+).
Example S:
2-(4-Fluoro-2-methyl-phenylamino)-1,6-dimethy1-713-[(1-methyl-1-oxo-ph
osphinan4-yl)carbonylaminol-propeny1}-1,8-dihydro-inadazo[4,5-Misoquin
o9-one (Compound 15)  SthpI [05201 To scintillation vial with a magnetic
stir-bar was added
7-(3-amino-propeny1)-2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-1,8-
dihydro-imidazo[4,5-Misoquinolin-9-o11e (68 mg, 173 omol), followed by
dimethylformamide (DMF) (1.0 rriL) and triethylamine (TEA) (0.25 mL). To
a separate scintillation vial was added 1-methyl-l-oxo-D
?-phosphinane-4-carboxylic acid (130 mg, 0.74 nunol, mixture of cir/trans
isomers), HATU (300 mg, 0.79 xnmo1), and DMF (2.0 nil.), followed by
TEA (0.25 mL). The solution was sonicated until most of the solids were
dissolved. A solution of the activated ester (1.0 ital.., or roughly half) was
transferred to the solution of amine and stirred for 2.5 hours at room
temperature, after which time the starting material was completely
consumed as determined by LC-MS. The reaction mixture was quenched
by addition of water (0.5 mL), then acidified with TEA. The mixture was
filtered (syringe membrane filter) and purified directly by reverse-phase
HPLC to provide
2-(4-flnoro-2-methy)-phenylamino)-1,6-dimethyl-7-(3-[(1-methyl-l-oxo-phos
phinan-4-
ypcarbonylaminol-propenyll-1,8-dihydro-imidazo[4,5-kisoquinolin-9-one
(24.9 mg, 26%) as a mixture of cis/trans isomers. 'H NMR (400 MHz,
d6-DMS0) 5 11.12 (s, Ill), 10.55 (s, 111), 821 -8.17 (in, 111), 7.74 (d,8.6
Hz, 111), 7.69 (d, J-= 8.6 Hz, 111), 7.55 (dd, = 5.9 Hz, .f2= 9.0 Hz, IH),
7.27 (td, ..71+ 2.7= 8.6 Hz, Ill), 6.66 (d, = 15 Hz, IH), 6.55 - 6.49 (m, 1H),
4.18 (s, 3H),3.92 (m, 21-1), 2.31.(s, 3H),2.30 (s, 311), 235 - 2.30 (n, 1H),
2.08 - 1.90 (n, 611), 1.78- 1.65 (m, 211), 1.52- 1.47 (m, 31-0; ESMS ink:
found, 550 on-F1r.  WO 2007/087068PCT/US2006/049489 117 Example
9: 2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethy1-7-43-[Orans-1-
pheny1-1-oxo-phosphi
/Ian4-yl)carbonylaminol-Propeny11-1,8-dihydro-imidawl4,5-6
lismiuinolin-9-one (Compound 16) and
2-(4.11uoro2-methyl-phenylamino)-1,6-dimethyl-7-(3-1(cis-1-
pheny1-1-oxo-phosphinan-4-yl)earbonylaminol-propeny1)-
1,8-dihydro-imidazol4,5-hlisoquinoliu-9-one (Compound 17) 0 Compound
16Compound 17 10521) To a scintillation vial was added
7-(3-amino-propeny1)-2-(4-fluoro-2-metbyl-phenSflamino)-1,6-dimethyl1,8
-dihydro-imidazo[4,5-hjis04ui1iolin-9-0ne (70 mg, 180 gniol), DMF (2.0
mL), and TEA (110 mg, 1.1 nimol). To a separate vial was added crude
1-oxo-l-phenyl-lhs-phosphinane-4,4-carboxylic acid (64 mg, 270 gmol),
HATU (108 mg, 284 gruel), and DMF (2.0 mL). Once the solution of
activate ester had fully dissolved, the entire volume was transferred to the
solution of amine. The reaction mixture was stirred at room temperature
for 2 hours, then quenched by addition of saturated aqueous ammonium
chloride solution (10 noL). The mixture was extracted with Et0Ac (3 x 10
mL), washed with brine, dried over sodium sulfate, and concentrated in
vacua. 105221 The crude material was thither purified by flash
chromatography, eluting with MeOH:DCM (5 -25%) to provide
1-oxo-1-pheny1-Hi5-phosPhinane4-carb0xylic acid
(342-(4-fluoro-2-methyl-phenylamino)-1,6-dimethyl-9-
exo-8,9-dihydro-1H-imidazo[4,5-hlisoquinolin-7-yThally1)-amide as two
chromatographically distinct geometric isomers (12.7 mg of the first eluting
isomer and 10.5 mg of the second eluting isomer, 21% combined yield).
The first eluting isomer: 'HNMR (400 MHz, ers-DMSO-FTFA) 5 11.09 (s,
Ill), 1036 (s, 111), 8.21 (t, J - 6.3 Hz, Ill); 7.83 - 7.81 (m, 2H), 7.73 (d, J -
8.6 Hz, IH), 7.66 (d, J 8.6 Hz, 111), 7.61 -7.53 (m, 411), 7.36 7.33 (m,
111), 7.25 (td, ./1 =3.1 Hz,8.2 Hz, 111), 6.63(d, J 16 Hz, Ill), 6.47 (dt,J,=
5.1 Hz, ./:2 = 16 Hz, 111), 4.18 (s, 311), 



3.9 - 3.86 (in, 211), 2.30(s, 311), 2.28 (s, 3H), 2.7 - 1.9 (en, 711), 1.7-
1.6(211); ESMS in/z: found, 612 (N1-1-1).. The second eluting isomer: 'H
NMR (400 MHz, d6-DMSO+TFA) 8 11.16 (s, 11I), 10.57 (s, 111), 8.25 (t, J
5.8 Hz, 111), 7.87- 7.82 (m, IH), 7.77 (d, J --- 9 Hz, 111), 7.719 Hz, Hi),
7.62 - 7.5 (m, 411), 738 - 732 (in, 211), 7.28 (td,   = 3.1 Hz, = 8.6 Hz, 1H),
6.76 (d, J 16 Hz, 111), 6.6 - 6.5 (m,11-1), 420 (s, 3H), 4.0 - 3.9 (m, 211),
2.35(s, 311), 2.33 (s, 311), 2.37 - 2.29 (n, 111), 2.11 -2.00 (rn, 811);
ESMS m/z. found, 612 (M+1).. Example 10:
2-(4-Fluoro-2-methylphenylamino)-743-14-(4-fluorophenylypiperizin-1-yll-p
ropenyl}-1,6- dimethyl4,8-dihydro-imidazol4,5-hlisoquenolin-9-one
(Compound 30)  N 0 (05231
2-(4-Fluoro-2-methylphenylamino)-7-{344-(4-fluoropheny1)-piperazin-1-34
}-Propeny1)-1,6-dimethyl-1,8- dihydro-imidazo[4,5-h]isoquinolin-9-one
was prepared following the procedure in Example 3, but replacing 4-
phenyl-[1,4]azaphosphinane 4-oxide with 4-fluorophenylpiperazine. '11
NIVIR (400 MHz DMSO-d) (free base) ppm 10.78 (111, s); 8.4 (1K s);
7.67 (1 11, d); 7.58 (1H, dd); 7.45 (III, d); 7.07 (111, in); 7.02 (211, in);
6.95 (21I, m);  WO 2007/087068PCT/U S2006/049489 118 6.9 (111, d);
6.56 (111, td); 4.05 (311, s): 3.23 (211, d); 3.1 (4H, hr. s); 2.61 (40, br. s);
2.36 (311, s);. 2.23 (311, s). ESMS m/z 539 (MH+).555.2. Example 11:
Inhibitory Activity against Kinases: Enzyme Assays and Cellular Assays
[0524] Suitable in vitro assays for measuring kinase activity and the
inhibition thereof by compounds are known (e.g., see Kuzmic etal. Anal.
litiochem. 2000, 286, 45-50). [0525] The following protocol represents an
assay for determination of inhibition of kinases under physiological
conditions (pH 7.4). Kinase activity was determined using a time-resolved
fluorescence resonance energy transfer (TR-FRET) methodology.
Measurements were performed in a reaction volume of 50 AL using
96-well assay plates. Kinase enzyme, inhibitor, ATP (at the Ku, for the
kinase), and 1 AM peptide substrate (BiotinAVLESEEELYSSARQ-N112)
were incubated in a reaction buffer composed of 20 niM Tris, 50 iniM
NaCI, MgCl2 (5-25 mtvl depending on the Icinase), 1 mM DTT, 0.1 mM
EDTA, 0.01% bovine serum albumin, 0.005% Tween-20, and 10% DM50
at pH 7.4 for one hour. The reaction was quenched by the addition of 1.2
equivalents of EDTA (relative to Mc) in 25 pL of lx Lance buffer
(Perkin-Elmer). Streptavidin-APC (Perkin-Elmer) and Eu-labeled pTyr100
antibody (Perkin-Elmer) in lx Lance buffer were added in a 25 p1_, volume
to give final concentrations of 100 aM and 2.5 nlvl, respectively, and the
mixture was allowed to incubate for one hour. The TR-FRET signal was
measured on a multimode plate reader with an excitation wavelength of
330 urn and detection wavelengths of 615 run and 665 rem. Activity was
determined by the ratio of the fluorescence at 665 nm to that at 615 urn.
For each compound, enzyme activity was measured at various
concentrations of compound. Negative control reactions were performed
in the absence of inhibitor in replicates of six, and two no-enzyme controls
were used to determine baseline fluorescence levels. Inhibition constants
were obtained using the program BatchKi (Kuzmic et al. Anal Biochem,
2000, 286, 45-50). 1050s were obtained according to this equation: ICso =
{Kkapp)/(1+[ATP]/K,,,An)} + [E]101,,V2; for all kinases, [ATP] - K",ATP,-
0.5 nM and [Lck],"al = 6 n.M. [05261 Cellular calcium flux assays were
done according to manufacturer descriptions (Molecular Devices). In brief,
actively growing Ramos ft-cells (ATCC) in RPM1 medium supplemented
with 10% PBS (Invitrogen) were washed and re-plated in low serum
medium to approximately 5X105 cells per 100u1 per well in 96-well plate.
Compounds to be assayed were dissolved in DMSO, diluted to
appropriate concentrations in low serum medium (from 0 to 10 tad final
concentrations at a dilution factor of 0.3), added to each well (the final
DMSO concentration was 0.01% in each well) and incubated at 37 degree
in 5% CO2 incubator for 1 hour. I 00u1 calcium assay dye (Calcium 3
assay kit, Molecular Devices) was then added to each well and incubated
for an additional one hour. The compound treated cells were stimulated
with a goat anti-human IgM antibody (Song/m1; Jackson
ImrnunoResearch) and read in a Flexstation 11384 (Molecular Devices) at
Ex=485tun and Em=538nm for 200 seconds. The relative fluorescence
unit (RFU) and the fifty percent of inhibition (IC50%) were recorded and
analyzed using a built-in SoftMax program (Molecular devices). [0527] -
Data for both kinase and cellular calcium flux assays are shown in Table
7. All values are shown in p.M units.  WO
2007/087068PCT/1JS2006/049489 119 Table 7 Assay Data for
Representative Compounds Cmpd No. 



Btic-TRFRET (1(i) Cmpd No. 130c-TRFR_ET (1(.4     1 A 27 A 2 A 28 A 3
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5 A 31 A 6 A 32 A 7 B 33 A 8 B 34 A .9 B 35 A 10 A 36 



A 11 . A 37 A 12 A 40 C 13 A 41 B 14 A 42 A 15 A 43 A 16 A 



44 A 17 A 45 B 18 A 46 C 19 A 47 B 20 A 48 B 21 A 49 B 22 



A 50 B 23 A 51 B 24 A   26 A   Ar=c100n1VI; 8=>100n64 and <1000nM;
C=>1000Nm; n = not determine Example 12: Pharmaceutical
Compositions Example 12a: Parenteral Composition 105281 To prepare a
parenteral pharmaceutical composition suitable for administration by
injection, 100 mg of a water-soluble salt of a compound described herein
is dissolved in DM80 and then mixed with 10 mL of 0.9% sterile saline.
The mixture is incorporated into a dosage unit form suitable for
administration by injection. [05291 In another embodiment, the following
ingredients are mixed to form an injectable formulation: Ingredient.
Amount compound described herein1.2 g sodium acetate buffer
solution0.41S4 2.0 ml. 



1-ICI (IN) or NaOH (11\4)q.s. to suitable pH water (distilled, sterile)q.s.to
20 m1,  WO 2007/087068PCT/U S2006/049489 120 All of the above
ingredients, except water, are combined and heated to 60-70 C with
stirring. A sufficient quantity of water at 60 C is then added with vigorous
stirring to emulsify the ingredients, and water then added q.s. to 100 g.
Example 12b: Oral Composition 0530] To prepare a pharmaceutical
composition for oral delivery, 100 mg of a compound described herein is
mixed with 750 mg of starch. The mixture is incorporated into an oral
dosage unit for, such as a hard gelatin capsule, which is suitable for oral
administration.  [0531] In another embodiment, the following ingredients
are mixed intimately and pressed into single scored tablets:
IngredientQuantity per tablet, mg compound described herein400
cornstarch50 croscarmellose sodium25 Lactose120 magnesium stearate5
[05321 In yet another embodiment, the following ingredients are mixed
intimately and loaded into a hard-shell gelatin capsule. IngredientQuantity
per tablet, mg compound described herein200 lactose, spray-dried148
magnesium stearate7 105331 In some other embodiments, the following
ingredients are mixed to form a suspension for oral administration:
IngredientAmount 



compound described herein1.0 g fumaric acidOS g sodium chloride2.0 g
methyl paraben0.15 g propyl paraben0.05g granulated sugar25.5 g
sorbitol (70% solution)12.85 g Vee gum K (Vanderbilt Co.)1.0 g
Flavoring0.035 mL Colorings0.5 mg distilled waterq.s. to 100 mL Example
12c: Sublingual (Hard Lozenge) Composition 10534] To prepare a
pharmaceutical composition for buccal delivery, such as a hard lozenge,
mix 100 mg of a compound described herein, with 420 mg of powdered
sugar mixed, with 1.6 mL of light corn syrup, 2,4 nil.., distilled water, and
0.42 mL mint extract. The mixture is gently blended and poured into a
mold to form a lozenge suitable for buccal administration.  WO
2007/087068PCT/U S2006/049489 121 Example 12d: Inhalation
Composition [0535] To prepare a pharmaceutical composition for
inhalation delivery, 20 mg of a compound described herein is mixed with
50 mg of anhydrous citric acid and 100 mL 01 0.9% sodium chloride
solution. The mixture is incorporated into an inhalation delivery unit, such
as a nebulizer, which is suitable for inhalation administration. Example
12e: Rectal Gel Composition 105361 To prepare a pharmaceutical
composition for rectal delivery, 100 mg of a compound described herein is
mixed with 2.5 g of methylcelluose (1500 mPa), 100 mg of methylparapen,
5 g of glycerin and 100 mL of purified water. The resulting gel mixture is
then incorporated into rectal delivery units, such as syringes, which are
suitable for rectal administration. [0537] Suppository Formulation [0538] A
suppository of total weight 2.5 g is prepared by mixing a compound
described herein (500 mg) with 2000 mg of Witepsol(r) H-15 (triglycerides
of saturated vegetable fatty acid; Riches-Nelson, Inc., New York).
Example 12fi Topical Gel Composition 



105391 To prepare a pharmaceutical topical gel composition, 100 mg of a
compound described herein is mixed with 1.75 g of hydroxypropyl
celluose, 10 mL of propylene glycol, 10 ml of isopropyl myristate and 100
mL of purified alcohol USP. The resulting gel mixture is then incorporated
into containers, such as tubes, which are suitable for topical
administration. Example 12g: Ophthalmic Solution Composition [0540] To
prepare a pharmaceutical ophthalmic solution composition, 100 mg of a
compound described herein is mixed with 0.9 g of NaC1 in 100 mL of
purified water and filtered using a 0.2 micron filter. The resulting isotonic
solution is then incorporated into ophthalmic delivery units, such as eye
drop containers, winch are suitable for ophthalmic administration. [0541]
The examples and embodiments described herein are for illustrative
purposes only and various modifications or changes suggested to persons
skilled in the art are to be included within the spirit and purview of this
application and scope of the appended claims. All publications, patents,
and patent applications cited herein are hexeby incorporated by reference
for all purposes.  MCSLLP 122 1.A compound of Formula (III): / \ W M-L-N
n n\R350a wherein: Ra and Rb are each independently selected from
among H, halogen, CN, NO2, Cr Ci-C4haloalkyl, and Ci-C4alkoxy; T is
1,6-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-hlisoquinolin-2,7-ylene, or
1,7- dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-111isoquinolin-2,6-ylene;
L is -X25a-Y250- or 47250 ,y250a. , wherein, X254 is a substituted or
unsubstituted C1-C6alkyl, substituted or unsubstituted CI-Cohaloalkyl,
substituted or unsubstituted C3-C8cycloalkyl, substituted or unsubstituted
C5-C8cycloalkenyl, substituted or unsubstituted C2-C6alkenyl, substituted
or unsubstituted C2-C6haloalkenyl, substituted or unsubstituted
C2-C6alkynyl, or substituted or unsubstituted C2-C6haloalkynyl; y250 is a
bond, -0-, -S(=0)-, -S(=0)2-, -C(=0)-, -NR45-, -NH-, -NHC(=0)-,
-NR44C(=0)-, -NR45C(=0)NR45-, -C(=0)NH-, -C(=0)NR45-, -0C(=0)-,
-C(=0)0-, -NHS02-, -NR45S02-, -SO2NH-, -SO2NR45-, -C(R45)=NO-, -
CH=NO-, -ON=CH-, aryl, -NHC(=0)0-, -0C(=0)NH-, -NR45C(=0)0-, or
-0C(=0)NR45-; where each R45 is independently selected from among
hydrogen, substituted or unsubstituted CI-C6alkyl, substituted or
unsubstitutecl C3-C8cycloalkyl, substituted or unsubstituted C2-C6alkenyl,
substituted or unsubstituted C2- C6alkynyl; M is N or CH; Fl,RiooRzoo
IL"Rloo A 



or W is V 5?rcfr  E is oxygen or sulfur; lei is halogen, -OH, or an optionally
substituted group selected from among CIC6alkyl, C2-C6alkenyl,
C2-C6alkynyl, phenyl, CI-C4alkyl(phenyl), C3- C8cycloalkyl,
C1-Calkyl(C3-C8cycloalkyl), C2-C8heterocycloalkyl, C1-  MC S L LP 123
C4alkyl(C2-C8heterocycloalkyl), Ci-C6alkoxy, C1-C6alkenyloxy, C1- or
_NRio2aRto2b; C6alkynylo8Y, R102a and 1020 tcare independently
hydrogen, or an optionally substituted group selected from among
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl, aryl, aralkyl, C3-C8cycloalkyl,
C1-C4alkyl(C3-C8cycloalkyl), C2-C8heterocycloalkyl, and
C1-Calkyl(C2-C8heterocycloalkyl); R2oo Coalkylsulfonyl,
C2-C6alkenylsulfonyl, arylsulfonyl, CI-C1oalkoxycarbonyl, aminosulfonyl,
CI-C6alkylaminosulfonyl, and di(C1-C6alkyeaminosulfonyl; R350 is
hydrogen, a substituted or unsubstituted Ci-C6alkyl, a substituted or
unsubstituted C2-C6alkenyl, a substituted or unsubstituted C2-C6alkynyl,
a substituted or unsubstituted C1-C6haloalkyl, a substituted or
unsubstituted C2- Cohaloalkenyt, or a substituted or unsubstituted
C2-C6haloalkynyl; n is 1; or a pharmaceutically acceptable salt, or a
pharmaceutically acceptable prodrug thereof. 2.The compound of claim 1,
wherein: T is
1,6-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,7-ylene Ra
>ct-- Rb 



substituted at the 2 position with / \ 1-L-m w  R350a and substituted at the
7 position with  3. The compound of claim 2, wherein Y25 is a bond, -0-,
-S(=0)-, -S(=0)2-, -C(=-0)-, -NH-, -NHC(=0)-, -NHC(=0)NH-, -C(=-0)NH-,
-0C(=0)-, -C(=0)0-, -NHS02-, -SO2NH-, -NHC(=0)0-, or -0C(=0)NH-; E is
0; and R350' is hydrogen, a substituted or unsubstituted Ct-C6alkyl, or a
substituted or unsubstituted C1-C6haloalkyl. 4. The compound of claim 3,
wherein X25' is a substituted or unsubstituted Ct-C6alkyl, substituted or
unsubstituted C1-  LP 124 C6haloalkyl, substituted or unsubstituted
C2-C6alkenyl, substituted or unsubstituted C2-C6haloalkenyl, substituted
or unsubstituted C2-C6alkynyl, or substituted or unsubstituted
C2-C6haloalkynyl; and n is 1. 5.The compound of claim 4, wherein
compound has a structure selected from among: 0 R100_p  Rain-\\Rb 



-N \R350a  Formula (Ina); Rb Ra /-Th ').(-    Formula (IIIb); and RaRb
Formula (T11c). 6. The compound of claim 5, wherein: R10 is halogen, or
an optionally substituted group selected from among Ci-C6alkyl, C2'
C6alkenyl, C2-C6alkynyl, phenyl, Ci-Cialkyl(phenyl), C3-C8cycloalkyl, C1-
Calkyl(C3-C8cycloalkyl), C2-C8heterocycloalkyl, and CI-Calkyl(C2-
C8heterocycloalkyl); n200 K is an optionally substituted group selected
from among C2-C10acyl, aryl, C1- C6alkylsulfonyl, C2-C6alkenylsulfonyl,
arylsulfonyl, C1-C1oalkoxycarbonyl, aminosulfonyl,
CI-C6alkylaminosulfonyl, and di(Ci-C6alkyl)aminosulfonyl. 7. The
compound of claim 6, wherein: K350a is hydrogen; y250 is a bond,
-C(=0)-, -NHC(=0)-, -C(=0)NH-. 8. The compound of claim 7, wherein L is
selected from among:  



125 005s C1-C4alkyl,0N    9. The compound of claim 8, wherein the
compound has a structure of Formula (Ilk). 10. The compound of claim 9,
wherein: L is CI-C4alkyl or; and RN is an optionally substituted group
selected from among C2-Cloacyl, aryl, CI- Coalkylsulfonyl,
C2-C6alkenylsulfonyl, arylsulfonyl, Ci-Cioalkoxycarbonyl, aminosulfonyl,
CI-C6alkylaminosulfonyl, and di(Ci-C6alkyl)aminosulfonyl. 11. The
compound of claim 1, wherein: T is
1,7-dimethy1-9-oxo-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,6-ylene
Re,\ Rb substituted at the 2 position with /\ W n N \R350a and substituted
at the 6 position with  12. The compound of claim 11, wherein 



Y250 is a bond, -0-, -S(=0)-, -S(=0)2-, -C(=0)-, -NH-, -NHC(=0)-,
-NHC(=0)NI-1-, -C(=0)NH-, -0C(=0)-, -C(=0)0-, -NHS02-, -SO2NH-,
-NITC(=0)0-. or -0C(=0)NH-; E is 0; and R350a is hydrogen, or a
substituted or unsubstituted CL-Coalkyl. 13. The compound of claim 12,
wherein X25' is a substituted or unsubstituted CI-C6alkyl, substituted or
unsubstituted CICohaloalkyl, substituted or unsubstituted C2-C6alkenyl,
substituted or unsubstituted C2-C6haloalkenyl, substituted or
unsubstituted C2-C6alkynyl, or substituted or unsubstituted
C2-C6haloalkynyl; and n is 1. 14. The compound of claim 13, wherein
compound has a structure selected from  MCSLLP    among:    Formula
(IIIa);    Formula (Mb); and R200_ 



L ON \R350a \/ Formula (Mc). 15. The compound of claim 14, wherein:
Rim is halogen, or an optionally substituted group selected from among
C1-C6alkyl, C2- C6alkenyl, C2-C6alkynyl, phenyl, Ci-C4alkyl(phenye,
C3-C8cycloalkyl, C1- C4alkyl(C3-C8cycloalkyl), C2-C8heterocycloalkyl,
and Ci-Calkyl(C2- C8heterocycloalkyl); n200 K is an optionally substituted
group selected from among C2-C1oacyl, aryl, C1- C6alkylsulfonyl,
C2-C6alkenylsulfonyl, arylsulfonyl, C1-C1oalkoxycarbonyl, aminosulfonyl,
C1-C6alkylaminosulfonyl, and di(Ci-C6alkyl)aminosulfonyl. 16. The
compound of claim 15, wherein: R350 is hydrogen; Y25 is -C(=0)-; and
X250' is a substituted or unsubstituted Ci-C6alkyl. rirs 5555 17. The
compound of claim 16, wherein L is0 18. The compound of claim 17,
wherein the compound has a structure of Formula (111b). 19. A
pharmaceutical composition comprising a therapeutically effective amount
MCSLLP 127 of a compound of claim 1 and a pharmaceutically
acceptable excipient. 20.The pharmaceutical composition of claim 19,
wherein the composition is formulated for oral administration. 






