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60/758,617 entitled "INHIBITORS OF TYROSINE KINASES" filed January
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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 INVEWHON 68 BREIONS RifOsing memé&ﬂﬁmmember of
the Tec family of non-receptor tyrosme Icinases, is a key ." . .. ,. signaling
enzyme expressed in all henkRbpORtisERBICAIION®XCEpt T Iymphocytes
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downstream intracellular responses. 100041 Mk is a key regulator of
B-cell development, activatioOESR)O&|FHE BENEEGNal (Kurosaki, Curr Op
[oéva M D2E064 Rt 6n2B copivaalfastde Sakig srh esgp&inty; fhPriaa¢itical compositions and
medR0: 28 e BBe HimetaiiandBikiphaysiacialeny han torpaetaof-atldehositions to irhibit the
achgatopastie.esl signaling pathways, e.g., Toll lac receptor (TLR) and
cytokine receptor-mediated I'NF-a production in macrophages, IgE
receptor (FcepsilonRI) sipaakaRroUMasFoEs IvENitoN of Fos/APO-1
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ExpeapearatidmicbCOmposmel thaki etub{RaPe, dotivity/FEdeartal $/smogit80(48):40261-40270;
vignhases, (eIrpositions thaking Odeithe 06N otsidssasietk e el nds-od: Biology
g(upa tveraof are provided. 100061 Compounds provided herein include
those that have a structuresphingki Br(iaye moviadid), Formula (Ic),
ol Metaobdds, ERtrputtantiihh TG (MainERETIE LMo f0s PR ses (such as
BEEIHNR LY 1 QUL ), RREHARHRE HRsRLEM: A PRAAGEAHIER W osine kinase .
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{Ia), Formula (Ib), Formula (Ic), Formula (II), Formnla (III), Formula (Illa), Formula (IIIb), Formula (ITlc), Formula
{IV), Formula (V), and/or Formula (VI), are also provided.
[0007] In one aspect, provided herein are compounds of Formula (III):
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2 wherein: le and le are each independently selected from among H,
halogen, CM, NO2, CI-Calkyl, and CI-ColkoxY; T is
1,6-dimethy1-9-0x0-8,9-dihydro-1H-imir16/0[4,5-h]isoquinolin-2,7-ylene, or
1,7-climethyl-9-0x0-8,9- dihydro-111-imidazo[4,5-h]isoquinolin-2,6-ylene;
L iswg 3534sY0ep0- or -Y250-X2504-, wherein, X2504 is a subgtiteirehed/o49439
unsubstituted CI-C6alkyl, substituted oz tmsubstituted C1-C6haloalkyl,
substituted or =substituted C3-C6cycloalkyl, substituted or unsubstituaed
C5-C8cycloalkenyl, substituted or unsubstituted C2-C6alkenyl, substituted
Lo unsubstituted C2-C6haloalkenyi, substituted or unsubstituted

v ﬁ?"CGallcR{,nyl or substituted or unsubstituted CrC6haloalkynyl; Y25 is a
bond 2 R-gtesssh indsparsipaty eetsgted ypanssnonn iy e am YL 2 %%55‘(5{ viybaloalizl,
-N11. 49dcomlé‘§y: -C(=0)NH-, -C(=0)N12.42-, -0C(=0)-, -C(=0)0-,
-NH iy LSRG e 2x0- S8R ESOsRR 45 b isepiliasy - xige, @ N pithyl-9-0xo-8,9-
heteroastipydaryH-iiE e (45 0Hs 0 @rdnobi ey ledR45C(=0)0-, Or -0C(=0)NR45-;
whelgieath-REcosiitaphinaeatiy. selected from among hydrogen,
substitutet e ssubstdutedstedbaalioydsy stitsieddaos asulbsiitttedCghaloalkyl,
C3-COcyclealkylsubstitutederajrstiostittipaic o kamyl nfiaestitiied0&ny1,
unsubstitutgestadae-H alaymdidids ARG HulRIMEWARWsis dd 4CeNfeanzsa,
orEis oxygmlaﬁeéulf%uﬁ@tiﬁ b%%ﬁmyl Qi Qfntd mm&é@ﬂéﬁ%ﬂm
group S%b@qggqofw%.am Iy Salkan M leh SRR
phenyl, CI- %@; %ﬁl 1, Gl ik¥ g:g;b qg&ygloqwlgo
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optlonaITi}“’éﬁBa§i?iﬁxtéd“&?ﬁﬁﬂewéﬂ?étad%%a?ﬂ%H‘{j’”gg"’ s“bif‘g‘ SaIRBHgited O
C2-Coalky ey o HetbrB i ChErsraariicyibepedrryprbiged C- Calkenyl
Cl-C4alkyl(CBtitseye iaihefy-eo-Gafitekocycloallcyl, and

CI-CHaiith{ C2-Csheterocycloalky0; R29 is an optionally substituted group
selected fromﬂamo CrCIeacyIR@rcsaIkenyI C2-CéalkYIllY1,

C3-Cécyclog lkyl, C cleRalkyl(C3ic6cycloalkyl), aryl, heteroaryl,

betesnrafity] ef:r»Cesaﬁ:yls,ylmyE««tz -C6alkenylsulfonyl, arylsulfonyl,
heteroatﬁg,;[ OVl E.gxmallcoxycarbonyl aminosulfonyl,

- ClcCéeal l@m SUHWI dxgc'ngxgﬂcy\f%at{ﬁ@c?s%fos@% ’te%@romamongc -Cealkyl, Co-
C1-Céalkylsulfo e,
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substitufed 81 s ARSI E. BYSRATBMAR RPEBHY @:b1titpderogh plected from among
pharmaceuficadctwetfierddotitedophatmactbtdsigrartbyitapiekyl Cr-Caeycloalkyl,
solvates, plfafmbeltticatsiatebstabitcismyclotphad fatelulit{heterocycloaliyl);
acceptaBfé prodrtigsiithebet it B8 f!Ftnd fny anchafh-Gidd, SathdtimettSsalkynyl,
substituentseanytieBglantedikdm-amohgidiyd g, budceil Okthehiad, -Coalkylsulfonyl,
alternative s Fosrexampiey ) argeime@ Mpeaimentsy! JCiSC palkoxycarbonyl, aminosulfonyl, C;-
1,6-dim ethﬂa&ym&l&&ghﬁd@@%mmmhnd C-Cgalkylsulfonylamino;

R** is hydrogen, a substituted or unsubstituted C,-Cealkyl, a substituted or unsubstituted C,-Csalkenyl, a
substituted or unsubstituted C,-Cgalkynyl, a substituted or unsubstituted C,~-Cghaloalkyl, a substituted
or unsubstituted C,~-Cghaloalkenyl, or a substituted or unsubstituted C,-Cshaloalkynyl;

nis 0, I, or 2; and

pharmaceutically active metabolites, pharmaceutically acceptable solvates, pharmaceutically acceptable salts, or
pharmaceutically acceptable prodrugs thereof.
f0008] 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-dimethyl-9-0x0-8,9-dihydro-1H-imidazo(4,5-



WO 20071087068PCT/US2006/049489 3 hlisoquinolin-2,7-ylene. In other
embodiments, T is
1,7-dimethyl-9-0z0-8,9-dihydro-IH-imidazot4,5-Nisoquinolin2,6-ylene.
100091 In some embodiments, T is
1,6vdimethydsisooxo-8,9-dihydro-111-imidazo[4,5-hjisoquinoline2;iugtmngo49489
rTh W substituted at the 2 position wit#350aand substituted at the 7
position with) n 10010) In other embodiment, Y25 is a bond, -0-, -8(=0)-,
-S(=0)2-, -C( O)- -NH-, -NIIC(=-0)-, -N1IC(=0)NH-, -OC(=0)-,
-C(--=0)0-, H-,-N 0)0-,.or
R R T e o A
’éu’bstltuted or nnsubstituted Cl-Céhaloalkyl. 100111 In some
(0002, iR SRS R E0" 1§ Wy trsgah or A KU E SP A institiee ™27V e
Cl-C6alkyl. In yet othéf: fiments, R3505 is hydrogen or a
CrC6alkyl. In yet other odiments, R350 is hydrogen. 0012
some other embodimerits, X250 is a substituted or unsubs tuted ;TJ
subselnéabadkeyl psulstitited orRiftSubstituitechd 6 Tadeatieytisubstituted
[ooensStikatituiad ek satkenydng ubstiued S=unsubstifitedi-, -NHC(=0)-, -NHC(=0)NH-,
-c(oifzbhlpalkeaylosolosiitetsd 06 prs Ukt 6-(2-0Gatpuny k B0; and R¥ is
nyaR YRSl ed.Qh m&%&%@l.@!ﬁﬁm 3lolkuibaanehRside bR oatcy1.
ofnRodiments, ésoiz*& @@AR fiuted O HRIWP SR & & oAV O Bner
T e e S
[0012 In so ed or uns “ thited or unsubstituted
;-Cgt[a]ﬂoa ﬁubggtrﬁlg unslt%gntute R@@C;Ealkeny su{}’]tlhull%;%r@u%s%b l'F ég—r u oal?cl:x\)narl!:\?substimted
or unsubstituted Co-Cgalkynyl, or substituted or unsubstituted C,-Cghaloalkynyl; and n is 1. In other embodiments,
X25% s a substituted or unsubstituted C;-Csalkyl, or a substituted or unsubstituted C,-Cgalkenyl.

[0013] In some embodiments, compounds provided herein have a structure selected from among;:
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([IIb); and R3503 Formula (Ilic).

[0014] In cortain embodiments, R'® is halogen, or an optionally substituted group selected from among Cy~
Cealkyl, C;-Csalkenyl, Co-Cealkynyl, phenyl, C,-Caalkyl(phenyl), C3-Cgcycloalkyl, C~Caalkyl{(Cs-Cseycloalkyl), Cx-
Cgheterocycloalkyl, C,-C,alkyl(Cs-Csheterocycloalkyl), heteroaryl, and C,-Caalkyl(heteroaryl); R?® is an optionally
substituted group selected from among C,-Ceacyl, Co-Cealkenyl, Cy-Coalkynyl, C;-Cgeycloalkyl, C-Caalkyl(Cs-
Cgeycloalkyl), aryl, heteroaryl, heteroaralkyl, Ci-Cgalkylsulfonyl, C,-Cealkenylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, C;-Ccalkoxycarbonyl, aminosulfonyl, C;—C,;alkylaminosulfonﬂ, and di(C,-
Cealkylyaminosulfonyl.
[00615] In some embodiments, R*® js hydrogen; Y**° is a bond, -C(=0)-, -NHC(=0)-, ~C(=O)NH-.
[0016} In other embodiments, L is selected from among:
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[0017] In yet other embodiments, L is selected from among:



(lIlb); 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-C2cycloallcyl), Cr
Cshatemcyetoakyl, Cl-Callcyl(C2-C2heterocycloalkyl), hetercaryk s/ 049489
Cl-C4alkyl(heteroaryl); IC2 is an optiohally substituted group selected
from among C2-Culacyl, C2-C6alkenyl, CrC6alkynyl, C3-C6eycloalkyl,
CrCallcyl(C3- Cécycloalkyl), aryl, hateroaryl, beteroarallryl,
Cresallcylsulfonyl, C2-C6alkenylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
Cl- Coalkoxycarbo |, amines™ C6al13¥lhnn{@9ulf nyl, and

o, dilfiCaaRryHaminestiffonyl. 100851 In sopasterbddiments,.R35 is
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di(ClCsalkypaminosulfonyl. 100201 In other embodlme ts It' is an
o2 tianalysubstituled aroup.aeleeed, lem BMOARGE2:CISACY and,
leggg%% onlﬂ h%{gggl s&@t@)ﬁ'ﬁb&ﬁ%ﬂgﬁ Eegﬁl@rx@ég@c@wh C,-Cealkynyl, phenyl, C-
Pf‘é}é ?%rcl?qa% 'P: gl?ﬁ éh%‘]y clgxﬂtngJa E}f@&w}%&iﬂﬁ r&"d%’ﬂgl(cz-
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among Cz-gmacyl aryl, he roaryl heteroaralky] C,-Cgalkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, C;-

C,palkoxycarbonyl, aminosulfonyl, C ~Cealkylaminosulfonyl, and di(C;-CgalkyDaminosulfonyl.
[6022] In some embodiments, T is 1,7-dimethy}-9-0x0-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,6-ylene
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substituted at the 2 position with and substituted at the 6 position with

[0023] In yet other embodiments, Y**° is a bond, -O-, -8(=0)-, -8(=0);-, ~C(=0)-, -NH-, -NHC(=0)-,
NHC(=0)NH-, -C(=0)NH-, -OC(=0)-, -C(=0)0-, -NHSO,-, -SO,NH-, -NHC(=0)O-, or -OC(=0)NH-; E is O;
and R¥® s hydrogen, or a substituted or unsubstituted C,-Csalkyl.

[0024] In certain embodiments, X**** is a substituted or unsubstituted C;-Cgalkyl, substituted or unsubstituted C;-
Cghaloalkyl, substituted or unsubstituted C;-Cgalkenyl, substituted or unsubstituted C,-Cghaloalkenyl, substituted or
unsubstituted C,-Csalkynyl, or substituted or unsubstituted C,-Cghaloalkynyl; and n is 1.

{0025] In some embodiments, R'% is halogen, or an optionally substituted group selected from among C;-Cealkyl,
Co-Cgalkenyl, Cp-Cgalkynyl, phenyl, C;-Cialkyl(phenyl), Cs-Cyeycloalkyl, Ci-Caalkyl(C3-Cyeycloalkyl), Cp-
Csheterocycloalkyl, C-Cqalkyl(C,-Cgheterocycloalkyl), heteroary}, and Ci-Cialkyl(heteroaryl); R* is an optionally
substituted group selected from among C»-Cyeacyl, C;-Cealkenyl, C-Cealkynyl, C3-Cycycloalkyl, C;-Cyalkyl(Cs-
Cgcycloalkyl), aryl, heteroaryl, heteroaralkyl, C,-Cgalkylsulfonyl, C,-Cgalkenylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, C;-Cyealkoxycarbonyl, aminosulfonyl, C;-Cealkylaminosulfonyl, and di(Cy-
Cealkyl)aminosulfonyl. .

[0026] In other embodiments, R** is hydrogen; Y2 is -C(=0)-; and X** is a substituted or unsubstituted Cy-
Cealkyl.



R."is an optionally substituted group selected from among CI-C6alicyl,
C2-Cé6alkenyl, C2-C6alkYnyl, phenyl, C1- C4alkyl(phenyl),
Ca-Cacycloalicyl, C1-edallcyl(C3-Cseycloalkyl), C2-05heterocycloalkyl,
ClI-C4alkyl(Ca0O5heterocycloalkyl), heteroaryl, and CnC4alkyl(heteroaryl);
11.3oiseaneepionally substituted group selected from among QZ-GdaaGdsas9
aryl, heteroaryl, heteroaralkyl, CI-C6allylsulfonyl, arylsulfonyt,
heteroarylsulfonyl, C1- Cloalkoxycarbonyl, aminosulfonyl,
Cl-Calkylaminosulfonyl, and di(Cl-C6alkyl)aminosulfonyl. 100221 In some
embodiments, T is
1,7-dimethy1-9-0x0-8,9- I‘Irjyg,ro\y-l-lmirlamM ,5-h]isoquinolin-2,6-ylene Rb
t

[ooiéﬂ}an&n eggota%n&gegmat 2 position withR--"..a and substituted at the

posmon wit 100231 In yet other mbo |meS S Yez0 mmu - -
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proyidied- heiily ‘?—?"%Sm%“ﬁ%ﬁi’&&‘ﬂ“ B substituted or unsubstltuted C1-Céalkyl.
190309 b s30T B BBUIRIIAED Xotates el isentiEPor unsubstituted
C1-Cé6alkyl, substituted or unsubstituted Wlkyl substituted or
unsubstituted C2-C6alkenyl, substituted or §ns stituted
C2-Cé6haloallcenyl, substltd%e \ ru ted C2-C6alkynyl, or
substituted or unsubstituted G2-C6b Ikyﬁygasasnd nis 1. 100251 In
some embodiments, R™ is haloge tionally substituted group
selected from among CI-Coll.-A C %C%uaﬁ yl, C2-C6alkynyl, phenyl
whegsip: C4alkyl(phenyl), C3-C8cycloalkyl, CI-C4alkyl(C3-Céc cIoaIIc
CaC AL SR e Al BT P R LSRR Rerbaby oo
and C1a&lk§HtfetEroary1); 11200 is an optionally substituted group
seleEiedFdmtairorg-&2didradyl widrlakirglieng by,
C3-BbeyetbatifH-aD®EIKyI(C3- Cécycloalkyl), aryl, heteroatyl,
heterbaratoyhBIk@ Sallyds uiforgiha@ik@6allcenylsulfonyl, arylsulfonyl,
hetexba adsistiony b Gtk oxye snbeaytona amineStianikyl, aryl, or heteroaryl; and
C 1'%&’4&@%&%})@% plifearcaatiy ) arepnos wHionyl phaRekdtiikally acceptable
othes aMmPadinenisB3alr s BYHRgeBe25 is -C(0)-; and X2'is a
%biyEUL%MoEHéMP SI“nQ‘H@QlQ&IQﬁ-@lmlS MQ!droLIH-mmdazo [4,5-hlisoquinolin-2,7-ylene,
2007/087068PCTIUS2£O6/043A89 5 cir 1 100271 In certain embodiments,
L isO 100281 In some e Iments, compounds provided herein have a
structure of Formula ( |Mother embodiments compound%* rovided
herein have a structure Ok Fgg,rmula (Ma). In yet other embodi S,

subEEIHFI St TR PBTHNRIER hereln hava™ LbriRfed& B Fewiienaiik). 100291 In
[00EHothiereinBERIHREAE, Prisviced Rérarmaie ehimatiriudrru diliret e migee ook

andyheteiQBY Igyet other embodiments, R® is'a substituted or unsubstituted group selected from among phenyl,

and heteroaryl containing 1 or 2 N atoms.

[0032] In another embodiment, provided herein are compounds of Formula (V):
. ca b
\< '\/> '
|| / _—N

Re-S Rasoa

Foxmula V)
wherein:
R® and R® are each independently selected from among H, halogen, CN, NO,, C,-Cjalkyl, C,-Cshaloalkyl,
and C-Cjalkoxy;
T is 1,6-dimethyl-9-ox0-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,7-ylene, or 1,7-dimethyl-9-ox0-8,9-
dihydro-1H-imidazo[4,5-h]isoquinolin-2,6-ylene;

Lis .XEOE.YQSQ_XZSM’- or _XZSOb‘YﬁD_XMa_, wherein,



Formula (IV) wherein: ab and le are each independently selected from
among H, halogen, CN, NO2,Cr-C4haloalkYl, and CrCalkoxy; T Is
I,6-dimethy1-9-0x0-8,9-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 iwasuhadtigted or unsubstituted group selected from among £ e/049489
alkyl, aryl, or heteroaryl; and pharmaceutically active metabolites,
pharmaceutically acceptable solvates, pharmaceutically acceptable salts,
or pharmaceutically acceptable prodrugs thereof, 100301 In some
embodiments, Tis _ ) ‘
1,6-difetHy1 oo B YA myars S H a8, gtﬁ;ﬁ%‘&a ChRBHRE S 7 faime ol
Rb Rd. RV EHRstadReCr ysaltsrr Rt Bt Caf R opkemt
position wWHPFRISd OO EHFEErGH e T tpted fy fehplogkenyl
substitutesitotitad etystifestided fofo Butel te o brofried PR BEP il dffpPehatoalicynyl;
heteroaf{iis byt SHhe-embediPhe n-R-is& SubSiitEF oPLNBDSttted
group selecksttEomramatteppirenyl-adRTetaroat)t corraPHRYHEr2-NR “S02,
atoms. 10Q32isin-smattiter-embietivneat-poyidvddiciginars.compilifd ©f
Formula (\ecdotilRBrsB3648, 0-Formoper®.) wherein: IC and Rb are
each independentlsalediad -t aaeNe diialegataeNnNidduted C-Cohaloalkyl,
Crata_hcyl 75@[&&&?&36@1@%@%},&%@0]@1@1, substituted or unsubstituted Cs-Cgcycloalkenyl,
1,6-dimethyl-9-0x0:8,:alilvdses B imidazal4a:hlisaeuinaline &, cHeng i,
: L 7-di metQXb]é‘zi%;tg&( 8'-11811’5%;)59@9 EO-_ 1 _Imﬁ:,i sz S %ﬁ%&@ﬂ'&%ﬂ%@?&?dﬂ%ﬁkmﬁ,
where each R* is independently selected from among hydrogen, substituted or unsubstituted C;-
Cealkyl, substituted or unsubstituted Cs-Cgcycloalkyl, substituted or unsubstitnted Cp-Cgalkenyl,
substituted or unsubstituted C,-Cealkynyl;
R® is a substituted or unsubstituted group selected from among C;-Cs alkyl, aryl, or heteroaryl;
R% jg hydrogen, a substituted or unsubstituted C(-Csalkyl, 2 substituted or unsubstituted C;-Csalkenyl, a
substituted or unsubstituted C,-Cgalkynyl, a substituted or unsubstituted C;-Cghaloalkyl, a substituted
or unsubstituted C,-Cghaloalkenyl, or a substituted or unsubstituted C,-Cghaloalkynyl; and

pharmaceutically active metabolites, pharmaceutically acceptable solvates, pharmaceutically acceptable salts, or
pharmaceutically acceptable prodrugs thereof.
[0033] In certain embodiments, T is 1,6-dimethyl-9-ox0-8,9-dihydro-1H-imidazo{4,5-h]isoquinolin-2,7-ylene

a Rb
R
— o L
§—N RE Vs :
11
substituted at the 2 position with R0  ;nd-substimted at the 7 position with o

[0034] In other embodiments, Y259 is a bond; and R¥™ is hydrogen, a substituted or unsubstituted C,-Cgalkyl, 2
substituted or unsubstituted C;-Cshaloalkyl.
[0035] In one aspect, X2>™ is a bond; and X** is a bond.

j0036] In another aspect, T is 1,7-dimethyl-9-ox0-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,7-ylene substituted

R R°
Wy
é.__N Rg_ﬁs? J" L'—'%
\ 1]
R%02  and substituted at the 6 position with % .

at the 2 position with
[0637] In some embodiments, X2 is a bond, substituted or unsubstituted C,-Cealkyl; ¥** is a bond, -O-, -C(=0)-
, -NH-, -NHC(=0)-, -NR**C(=0)-, -NHC(=0)NH-, -C(=0)NH-, -OC(=0)}-, -C(=0)0-, -NHC(=0)0-, or
-OC(=0)NH-; and X% s a bond, substituted or unsubstituted C,-Cgalkyl, or substituted or unsubstituted C;-
Cghaloalkyl.

[0038] In some embodiments, R*** is hydrogen, a substituted or unsubstituted C,-Cealkyl, a substituted or
wnsubstituted C,-Cghaloatkyl. In some embodi;nents, R¥" is hydrogen.

[0039] In other embodiments, Y2 is a bond, -NHC(=0)-, -C(=O)NH-, -OC(=0)-, or -C(=0)0-.

{00401 In another aspect. nrovided herein are compounds of Formula (VI):
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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 CIl-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-Cé6alkynyl, or substituted or unsubstituted haloalkynyl; Y250 is a
bond, -0-, -S(=0)-, -S(=0)2- RiCe=0)-, -NR45-, }NH-, -NHC(=0)-,
-NR45C(=0)-, -NR4SC(:O)NRM5-—,L -C(=0)NR45-, -0C(=0)-,
-C(=0)0-, -NHS02-, -NR45382-, -S02NTII-, -S 45-, -C(R45)=N0-,
-01=NO-, -ON=C11-, heteroaryl, aryt, ;N &z5--0)0-,

«DGe=0)N11-,0r-OC(-0)NR45-; X2505 is a bond, substituted or
uns stlgtgg-:-d Cl- }(13 Czilllc:yl substituted or =substituted C1-C6laaloalkyl,

substitdted or =substi eeﬂ’tt\fFéﬁ%y&%ﬁ?ﬁﬂ“%ﬂH?ﬂﬁ%ﬂé@%r”%u%s‘ﬁm‘tédct Cihaloalicyl,

Cs-Cric§féGafkalforysubstituted or unsubstituted C2-C6alkenyl, substituted

or urfstbstitotsy Ci-@shatbalkenysustitatetormaubstited o 1 7-dimethyl-0-oxo-5.9-

C2-05aktyyyt; lor-iststittedeqninsubstitaied C2-C6haloalk3n3t where |

eaCkLR45ul§tiﬂQ@Qﬁlﬂtht%e %tg%f{r%tmgnlgup%gst ke SH k%%l: }iﬁ su%smuted or

=substi I t| nsub tituted CrCac
su bstltu%flagg %trg: Ll!jg:zé I%/tlfﬁfetrgﬂ?% %% “I{i % GBSttt e if/f‘?élﬁ‘béﬁ?ﬁﬁ%ﬁd or

c2-Cealkymyl B a%ﬁﬁ‘?&ﬁﬂ%&%f‘mﬁ%ﬁm&ﬂt@%&g‘é@lémédwwed or

among E?F"@%‘%R‘WZWF%‘?M@!&@&’MH@&WH‘SU@MQéﬂcamb@ﬁ&uteﬁtarwd or
=substititedCrCealkykasubstitited ormswbstisted GRrRalkenyl, a
substitatedeam=sibstitutedc2=Chalkanyl, a substituted Or unsubstituted
C1-Gehaloaliop sy PSIEES group seiefle tity h

or a subsfj §pp@rdjcn%lggg !tldle?; %Slgctr&;?&ﬁ”all%% ny Itgfil(r:l'&ac ﬁe%n(?écé/uﬁém yrent G
active mefaho |tes armatelftita écéey Stabf sérl\’}alfétg"’”y' el G
pharmaceu |ca ac%e TS ﬁybﬁﬁ?mhéﬁﬁfﬂ@aw fedeptalpfekoxycarbonyl,
prod rug‘*g‘fi‘?é‘t‘@?ﬁy 1@6%@@!?5“6@??&M%3ﬁﬂ§d(ﬂﬁn§nt3y JErignosulfonyl;
1,6-difiethyltog=oro:Br:dihydrostibirnicazng fi; 1 LisQaunal 2 yIeNe, C,aieny!, 2
RhaR s18034dotn-etbgrembodinants, th%@Iu%@op%g‘osﬁmgoﬁg alloalky |, a substituted

hydrogen,&,substitutedior.Faubstiivted C1-Céalk 'IF‘I% stiftite
pharHRSH ;eagﬂgl C(%? glécj)gl)kﬁ "i? : n%%]gc as ‘Y% 4 5‘%‘8?@ -4

phangesgl 2 on fféf n anofﬁf ryagﬁ‘ﬁ&&ifﬂ@-rsci vates, pharmaceutlcally acceptable salts, or
;,n? “dimt \hacie@a%‘eéir@rggﬂlh’i/mfo IH-imidazo[4,5-h]isoquinolin-2,7-ylene
mML]béTIf%&%Wb?W { is 1,6-dimethy}-9-0x0-8,9-dihydro- 1 H-imidazo[4,5- ~hJisoquinolin-2,7-ylene

R ;— R
W
i - Ry .
substituted at th ition wi Yeasos ] ’ T
stituted at the 2 position with R and substituted at the 7 position with R?

[0042] In some embodiments, L is a substituted or unsubstituted Ci-Coalkyl, substituted or unsubstituted C,-

Cshaloalkyl, substituted or unsubstituted C;-Csheteroalkyl, substituted or unsubstituted Cy-Cyalkenyl, or substituted

aor unsubstituted C,-Csheteroa) kenyl;_and R**™ is hydrogen, a substituted or unsubstituted Ci-Cgalkyl. In orher

embodiments, L is a substituted or unsubstituted C-Cealkyl, substituted or unsubstituted Ci-Ceheteroalkyl

substituted or unsubstituted C,-Cial kenyl, or substituted or unsubstituted Co-Ceheteroalkeny).

[0043] In other embodiments, RE is H, or an optionally substituted group selected from among C,-Cqacyl, C)-

Coalkyl, Cy-Cgalkenyl, Cs-Cealkynyl, Ci-Cealkylsulfonyl, Cp-Ceal kenylsulfonyl, ary]
C-Cypalkoxycarbonyl,

sulfonyl, heteroarylsulfonyl, or

[0044] In some embodiments, L is 2 substituted or unsubstituted Ci-Cealkyl, or substituted or unsubstituted Cs-

Coalkenyl; and R¥ is H, or an optionally substituted C;-Cyalkyl.
[0045] In some embodiments, L is selected from among a substituted or unsubstituted Cy-Csalkyl, substituted or

unsubstituted C-Cghaloalkyl, substituted or unsubstituted Cy-Corlkenyl, substituted or unsubstituted C,-



at the 2 position withRama and substituted at the 6 position withO 100371

In some embodiments, Xam is a bond, substituted or unsubstituted
Cl-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
bonglosudatituted or unsubstituted Cl-Cralkyl, or substituted oFcT/us2006/049489
unsubstituted CI- cshaloalkyl. 100381 #n some embodiments, R3505 is
hydrogen, a substituted or unsubstituted CI-Cé6allcyl, a substituted or
unsubstituted CI-Crbaloalkyl. In some embodiments Rmb5 is hydrogen.

zt?(%oeny stbgttibu?c %mltt?so Imu rclité X%EOI or su etat (I\(I)lrll(lzn uggntutecci(g)%lﬁﬂ k&’fyl

6r 1011401 In another'a brow ferein are com

FormulaﬂMMtny M2\ RgR m;_ﬁ'a r()%gawhgreln I)@n/d@\
“<arg eath m:dependen?J?éeﬁfed flom am%rng Hohalogen, QN,* N

IOONQ M&é%mam&y | LWIQ&E@Q&K%X@% substituted or unsubstituted C-Cgalkyl, substituted or
1,6-dimethy1-9-0x0-8,9- dlhy -IH-imiciazo[eLd-hjisoquinglin-2,7-ylgne, or

1,7-djmethyl'9-ox0-8 droyt Mftxidlazal4,5:Njs mﬁwﬁ-w&w;
e A uted‘DrCeaIkyI"substlt ted &t unsubstitute® .

Cl-@ohaloalkyl, substituted or unsubstituted C1-O6lieteroalkyl, substituted

0 ﬁdbs‘ff\uﬁéd Cl-C8cycloalkyl, substituted or 10unsubstituted

o cb -Cguycloalkenyl, substituted or unsubstituted Cg-Cealkenyl, substituted
[006’[11 1 yet other embodlments L is selected from among a substituted or unsubstituted C;-Cealkyl, substituted

=
or unsubstituted C,-Csalkenyl, %/\//,\\*“I . \g/\/\j . .1‘1{1]\/\; ,and %L/ll\y”\/”\‘e‘ .
[0048] 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.
[0049] In one aspect, provided herein is a compound selected from among;
2—{4—ﬂuoro—Z—methylphenylamino)—1,6—dimethyl—7~[3-(4—methy1—4-oxo~4?\.s[1,4]azaph65phinan-l-yl)-propenyl]—l,8—
. dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 1); 2-(2,6-dichloro-phenylamino)-1,6-dimethyl-7-[3-(4-
methyl-4-ox0-42° [1,4]azaphosphinan-1-yl)-propenyl}-1,8-dihydro-imidazo[4,5-A}isoquinolin-9-one (Compound 2);
2-(4~ﬂuorm2~methylphenylamino)—1,6-dimethy1—7~[3—(4-0x0—4~phenyl—47\.5-[1,4]azaphosphinan~l-yl)-propenyl]-l,S-
dihydro-imidazo[4,5-A}isoquinolin-9-one (Compound 3); 2-(3-fluoro-6-methylphenylamino)-1,6-dimethyl-7-[3-(4-
oxo-4-phenyl-4A3-[1,4]Jazaphosphinan-1 -yl)-propenyl]-1,8-dihydro-imidazof4,5-A]isoquinolin-9-one (Compound 4);
2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-[3-(4-oxo-4-phenyl-4A°-{ 1,4]Jazaphosphinan-1-y1) -propenyl]-1,8-
dihydro-imidazo[4,5-A]isoquinolin-9-one (Compound 5); 2-(2,4-dichloro-6-methylphenylamino)-1,6-dimethyl-7-[3-
(4—0xo#-phenyl—4 hs—[ 1,4]Jazaphosphinan-1-yl}-propenyl]-1,8-dihydro-imidazo[4,5-4}isoquinolin-9-one (Compound
6); 2-(3-fluoro-6-methylphenylamino)-1,6-dimethyl-7- {2-[(4—ox0-4—phcnyl—47\.5—[1,4}azaphosphinan-1-y])~
carbonyllethenyl}-1,8-dihydro-imidazo[4,5-A]isoquinolin-9-one (Compound 7); 2-(2,4-dichloro-6-
methylphenylamino)-1,6-dimethyl-7-[3-(4-0x0-4-phenyl-4A>-[1 ,4]azaphosphinan-1-yl)-propyl]-1,8-dihydro-
imidazo[4,5-h]isoquinolin-9-one (Compound 8); 2-(4-fluoro-2-methylphenylamino)~1,6-dimethy1—7—[3-(4-oxo—4-
phenyl-4A°-[1,4]azaphosphinan-1 -yl)-propyl]}-1,8-dihydro-imidazo[4,5-klisoquinolin-9-one (Compc;und 9); 2-(4-
fluoro-2-methylphenylamino)-1 ,6—dimethy1—7-[3-(4—o:Eo~4-(4-ﬂuorophenyl)~47»5-[l ,4lazaphosphinan-1-y1)-
pr«.:»pcnyl]«l,8~dihydro~imidazo[4,S-h]isoquinolin-Q-one {Compound 10); 2-(3-fluoro-6-methylphenylamino)-1,6-
dimethyl-7- [3-(4-oxo—4—(4-meﬂ10xyphenyl)-4ls-[I /4lazaphosphinan-1-yl)-propenyl]-1,8-dihydro-imidazo[4,5-
"’ hlisoquinolin-9-one (Compound 11); 2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{3-[4-(4-
fluorophenylmethyl)-4-oxo0-44°-[1,4]azaphosphinan-1-yl}-propeny1}-1,8-dihydro-imidazo[4,5-A]is oquinolin-Q»one
(Compound 12}; 2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{3-[4-(cyclopropylmethyl)-4-ox0-42°-
[1,4]azaphosphinan-1-y]}-propeny1}-1,8-dihydro-imidazo_[4,S-h]isoquinelin-Q-one (Compound 13); 2-(4-fluoro-2-
methylphenylamino)-1,6-dimethyl-7-{3-[4-(cyclopropyl)-4-ox0-42°-[ 1,4 ]azaphosphinan-1-yl]}-propenyl} -1,8-
dihydro-imidazo[4,5-k]isoquinolin-9-one (Compound 14); 2-(4-fluora-2-methylphenylamino)-1,6-dimethyl-7-{3-



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

frovamong@Cipacyl, Ot-C6alkyl, C2-Oolkenyl, C2" 15Coalksmy$2006/049489

O,-Cécycloalkyl, Cradalkyl(C3-C6cycldalkyl), aryl, heteroaryl,

heteroaralkyl, Of- Colkylsulfonyl, OrCsalkenylsulfonyl, arylsulfonyl,

heteroarylsulfonyl, ClI-Cwalkoxycarbonyl, aminosulfonyi,

C Csalkylarplncsulfon l, and di CrOGaIkyI)amlnosquonyI R35'is
m“ﬁ&?dr&’@@ﬂ A é’E}?fgh‘fﬁfe B PR eSS 3"%&%%?#&1?&838‘?“‘“"1“"9 one
(CogprsabstidtedOrCAiRehypbgnylamino)-1,6- dﬁ%ﬁtﬁiéﬂbﬁ’médﬁ@fwﬁf@& 12>-phosphinan-
4-yIS2es GadkymiopestibifitditydromidsebS tiisradCline GinafSatiphnd 'UBSfitlee-2-
metBDPhedylSuistitidtaiohBs-CohHloakkenypiena- BiipBiittied-ov-subystiutidlpropenyl} -1,8-
dinfas-mbhalaalkynyiiandophammaeeniioally active imetabeliese)-1,6-dimethyl-7-[3-(N-
sheRigsmasauiraly-Acceptable salvalas sphamatauticaly ageaat e e-@alisro-2-
meﬂxﬁ@xf}ﬁm%?k'ﬁﬁﬂﬂéﬁéﬁ?ﬁ&m@&f%%ﬁ 1h612Qk AR0dEL b aSOMRazol4,5-hisoquinolin-

9- m%rgg me rllg?'2-|Z4|%uoro—l—meﬂxylphenylanuno) 1,6-dimethyl-7-[3-(N-(4-chlorophenyl)-piperazin-1-yl)-
pro:ape’n\ylfj glth [§ 59h J %ggar Quil'J:o;fé é&'&[o% E'd SQM&J&Q %M]ﬁ%la&no)—l 6-
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imijigzg[4akthaviedin?-enss Gorseiend 2 c2-C Gatlevrstipistienieaion i<t td g V-
meG@ehataraatiyiybubetiiiec dihvisimbdieiict BactSke my (@upound 25); 2-(4-fluoro-
2-13tHyBlituy@chionQriststitlitde-@ 2 EioheteDadikeriyil -SD HOOASF T 1A-Ghbdsp-imidazo(4,5-
rliemnbhadinertCoRbisddenr-anieptionathyisubstitubted! grdumpuseeBted (f@nidin-2-yD)-
pip&RRANG, SR obdORAW  dhlrdro-imidezor Jemitcaiyd s cheeadieypyd 27); 2-(4-fluoro-2-
mefairaglicyispiienyl.f2-Goalkeryisuiopisanyisuiiapyi-Rateroapdsulionyydro-
imiBb 0 0RIK RV AREN b P OG Al ISUNELMBAIMSIMNS). L61GiBethyl-7-[3-(V-
ph%%ﬁawsgegam.%%ym %Qm%wm@arzaulgsﬂﬂaa@s!oﬂa HIISURSHIMIRE 5 2-(4-fruoro-
-me%% an)rorl%e%rt]dié%e"&fg {%Qﬁ?%ﬁo? H}:ﬁ;&%ﬁgz%? s W 1@8@&%@@4 5
h]1soH cbs i tu;z%;éoms I UIF 2?—? -%uoro-Z-memyfamnyla%lmcgq me 3 ~(N-tert- .

butyloxycarbonylpiperazin-1 «yl)—pmpenyl] -1,8-dihydro-imidazo[4,5-k]isoquinolin-9-one (Compound 31); 2-(4-
fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(N, N-dimethylaminosulfonyl)-piperazin-1 -yI)-propenyl]-1,8-
dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 32); 2~(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3~(N-
ethylcarbonylpiperazin-1-yl)-propenyl}-1,8-dihydro-imidaze[4,5-)isoquinolin-9-one (Compound 33); 2-(4-fluoro-
2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(isopropylsulfonyl)-piperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-#)isoquinolin-9-one (Compound 34); 2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(NV-
(ethylsulfonyl)-piperazin-1-yl)-propenyl]}-1,8-dihydro-imidazo{4,5-Alisoquinolin-9-one (Compound 35); 2-(4-
fluoro-2-methylphenylamino)- 1,6-dimethyl-7-[3-(N-isopropylcarbonylpiperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-4]isoquinolin-9-one {(Compound 36); 2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-[2-(phenylsulfonyl)-
ethenyl]-1,8-dihydro-imidazo[4,5-}isoquinolin-9-one (Compound 37); 2-(2,6-dichlorophenylamino)-1,6-dimethyl-
7-[1-(phenylcarbonyloxy)-prop-2-enyl]-1,8-dihydro-imidazo[4,5-hlisoquinolin-9-one (Compound 38); 2-(2,6-
dichlorophenylamino)-1,6-dimethyl-7-[1-(phenylcarbonyloxy)-2,2-difluorobutynyl}-1,8-dihydro-imidazo[4,5-
hlisoquinolin-9-one (Compound 39); 2—(2,G-dicmorophenylarrﬁno)-1,6-dimethyl-7-[2,2-diﬂu0ro—l-hydroxy—Z—(N-
phenylmethyl-[1,2,3]triazol-4-y1)-ethyl}-1,8-dihydro-imidazof4,5-h]isoquinolin-9-one (Compound 40); 2-(2,6-
dichlorophenylamino)-1,6-dimethyl-7-(1-hydroxy-3-phenylprop-2-yn-1-yl)-1,8-dihydro-imidazo{4,5-h]isoquinolin-
9-one (Compound 41); 2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-[3-(N-methyl-N-(prop-2-ynyl)amino)prop-1-
enyl}-1,8-dihydro-imidazo[4,5-]isoquinolin-9-one (Compound 42); 2-(4-fluoro-2-methylphenylamino)-1,6-
dimethyl-7-[3-(N-methyl-N-(prop-2-ynyl)amino)prop-1-enyl}-1,8-dihydro-imidazo[4,5-k]isoquinotin-9-one



unsubstituted Ol-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, 11CNITIO and

10G¥6 2oln/@tives embodiments, L is selected from among a swiastityted/aro4s89
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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
comyapindssisone embodiment, the autoinamune disease ispatthritigislnosse
another embodiment, the autoimmuneldisease is lupus. In some
embodiments, the autoimmune disease is rheumatoid arthritis, psoriatic
arthritis, osteoarthritis, Still's disease, juvenile arthritis, lupus, diabetes,
myasthenia gravis, Hashlmoto S thyr0|d|t|s Ord S thy 0|d|t|ts Graves'
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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
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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, cobdpounds provided herein are used to
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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

limiteol 4@ ni3ewsmatoid arthritis, psoriatic arthritis, osteoarthritiscstilks006/049489

disease, juvenile arthritis, lupus, diabetés, myasthenia gravis, llashimoto's
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sclerosis, Guillain-Barre syndrome, acute disseminated encephalomyelitis

Addison's disease, opsoclonnsmyoclonus syndrome, ankylosing
Syst@fféhw.ﬁg&er%eﬁ%bﬂég@n%m&%ﬁ%agz RORRIGFIE R Ay ea&?{@ﬁﬁfamﬂm’ chronie
ldweﬁa‘ﬂs.ﬁfﬁm&ﬁw@ﬁﬁﬁﬁ@“@o@ﬁ%ﬁ%a’éé'°@8b‘cfﬁ'a*§tm>@%h§%a?&ﬁléasmm°t° s thyroiditis,
atorig igsprartiie tAeeRTIHtRRTHEE: i A R SR IR R SR A oy ™
Behpritigfigeaitr brissisiofRei teressisyrngpismecTakdyasasyarerits, (ethporal aeitsy distess
syndgarrand itdrmid petinernioiys ahErmies, ddfegener's granulomatosis,
[003$ OB asIScciad eaiatuniverd alibdBeidtsptiiseadelckihronicnfaiiipdgkin’s lymphoma, hairy
cell (RySahiEO R BHiEsne BAG MR SISy d RIRESTL] alubyStitise el EBATTY@pOstSs, acute lymphoblastic
leulSSlerodemia: ARgnsuModyRia. 100781 In some embodiments, the methods
(005 SAIRREBE QI CANRE e[ 19 LBl PR EARIIL e BAREILONEAY of Btk is useful for
weaHl GRS IYRICH:RElHElE. Ut are not limited to graft versus hos_t disease,
w&%ﬂﬁ&%@é@&%ﬁ@@%@%%@Mﬁét&%mga@a (GeQar A RIgigR.10 DAL, which
incl &sqmtsislx?i:[qlnu{ légs fOOdiSo’xc‘ig%ln% gcl)go&sa ntlm osltcoarmhg nmﬁ ga Q? , juvenile arthritis,

lupususm YQ‘I;[GS aoslt’ gQC ragqaéc ot é dJJﬁ tsher(l)lsﬁﬂ: IVI%)? gedr %a?e ﬁgrens syndrome,
CC)n uncuvitus, a e IC fhln Ius, an

mulé1pﬁeb58 a rﬂ% h:‘t mfﬁle rﬁre ﬁ)‘% d%ma, acute %155 m nm-d enceé)h om esnsd sons sease, opsoclonus-
Y SHBHHATER) ARsUase WG TRl W?%%H%ea@ﬂﬁﬁfé‘”ma’ sutolmmune
hoppifia R G147 B0 HRERA S & B ATENTS IIEBYREYIERS R TRAGIRS Pt
sclysrénreh it B PEIRTY cEBRsib B eHePArgiti S bR TET IS ' ERIPRe, arteritis, warm autoimmune
herpabyije AnCtivALY cespatitsanieepystichepTins. dleppria e cerdipnRgltestin s &ttRs chronic fatigue,
dysenoephalitisrendos arditisalepdtmetritisobnte stisodnterodotitisdysia.
[ooeq)ichayiliispepaio mitisHas dutis ditrasitisn Jasldtis rgasitpanteritisynditions or
dishepaiitia, hidimoienitisnslipped atbe larynkishsaastiiisp Mefnin gitisfusbyeditishylaxis,
aldRyOEa difis 2183 YOS SpdNepkitis cRep ol isis i gaildss, astaitis;: Qtitity dander, dust mites,
or RANGISALLS), BALQUNR-RAHCRFJIS PSRRI PIRIYD Gl RIBURHR dermatitis.
oo9ale?at§m@pmmgu§ ROEHDRNR.REQELLS, I @SIRLHS BN SIONBRRHIS discase, which
mc{mgytblslf gg'op J dStb le%lux%laﬁltigamg; g%%)e?&’ &9 It!a%p&?&qgmﬂgham%muénolms
bro é/h?t;tli e ﬂgmltlsléx\{sa cC “tl%’sagq lﬁy%ol]hs con; uncuv}‘clestcg)lg & a't;rgy%g eltgtllseIAenhanns,
ﬂ‘] SCI‘I e(§ ereln C e used eat a ’ta}nceré B-
s AL S e GBS e
fasitip Wﬁ’ﬁ%ﬁ?&“‘?&l ﬁé“‘ﬁ‘f’aef“Wp‘ﬁB’ﬁﬁ*ﬁ ‘8?1‘?8%1‘6‘% S‘%ﬁ“p“ﬁac%yﬁ‘"‘é”f‘ﬁbﬁ‘m‘g eningitis,
(L1 (ond 2311910 0263740103 f&&%‘ﬁ\?ap'%“%ﬂfﬁ?‘afyﬁiﬁﬁb@%% HEGHeaTHioparotitis, pericarditis,
e ST AT T PR T SRS RE SO AT st hiitie,
salpingitifi TP SBnEIpPHET BReAp Mt dPiie| Srass prasitatireshin and valvits.
10085%kr dmpd alben emrgidmiert e Begollslfarspbrormasingul at wrdrgirral zone B-geft-col
prdyEnphotiasdmantiehdeitligrhphomalimediastins ityPnid) llangens, Galicular lymphoms,
chiyHa phRpRsaytd iFapase kablangRiB.cel unpho malprimapyoefi sigamia,
ydyRephams:d atuialtdymphamal eusamiamanch | yapb emmaiaicbne tymphoma, plasma cell
myBRRAURRALORIS,, LAARHL aaig{megnem@d}mm tbemathadsdeseribpghons,
mallf G GAMRE, USSH 0K BRHRSQINR ARG, iSOrders WhiGh. B CltdRndibtha, primary
i, noLimited,t tgm%%amhaukpn@rcta@y,gmmgggl%ﬁl inglyding unstable
[0% I?nafffngmeoc Y Oerx]xa Q. resthecggessecrsxbg EI;_ amn cH:nguse re%?uo?n%%e%ﬂ(ﬁg disorders,

ass str07<e transﬁory ISC gmlaatp F]era arterla disord
1o

Rebic ADing)- 1ebce)
MRS e SBBIEHE AR HECS Ve AR Ca g et S, Ehions

R B GRS BT AB L (B0 BT S B L g
i EF P BEY EtRL e fot "R SCR GT W *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
1iecafiil for actahlichina a ranne of tharanaiiticallyy effectinvie doceac nf the

&i? itis,




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
Teshnimat/adisstries, Mentor, OH; Beckman Instruments, IncpEuliB5iDB049489
CA,; Precision Systems, Inc., Natick, MA, etc.). These systems typically
automate entire procedures including all sample and reagent pipetting,
Liguid dispensing, timed incubations, and final readings of the nricroplate
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manufacturer's Specifications or as commonly accomp |n ' 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
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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, 3wdiydroxypgopyl, and 1-(hydroxyrnethyl)- ' 2-hyclroxyethyked®1Q6ibs/049489

"Alkoxyallcyl" refers to an alkyl radicalltas 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
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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
pregeiodesivg® or more heteroatmns can all be the same aspgiagietfiessso
or some or all of the two or more hetendatoms 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
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[0104] An “alkoxy” group refers to a (alkyl)O- group, where alkyl is as defined herein.
[0185] “Hydroxyalkyl” refers to an alkyl radical, as defined herein, substituied with at least one hydroxy group.
Non-limiting examvles of a hvdroxvalky! include, but are not limited to. hvdroxvmethyl, 2-hydroxyethyl, 2-



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

moR@asliced-aEsa diradical (i.e., a heterocycloalkylene group).pMf@s2006/049489

2007/087068P C T/ U S2006/049489 24 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
hydErRPBEt SMSTRaRIRL EEREtCREoD-S Ay RFowh &TeoRe R eteraEf R +-
hydgreiny had fiaricarrent AErAs TR ArghElrsteriy andrinrtheuplotfstinqrepybul
and théyrdry ot dich draupeiond pofubbitamideroctn]dctfibolarygamibrmd ety methyD-
* 2-byddoentyer the number of carbon atoms in a heterocycle is indicated (e.qg.,
[0166] - Csihateigt\tefe) (adnl dgiratiel,othiefiratdmethebiisterortormlpan ostaiexy group, as
defipgesid. in the ring. Designations such as "C 1-C6 heterocycle" refer only
(0149 the numpekeeapaaatonsin e sng, ancdaast sefectathadatal
[o16% ML et dRithentiRg WidswRdarstoes) el hatBroeylic ¥IRg-C804 from
mARYR RAHIARA! J;Jﬁtﬁm;gmﬁoutamg@gal%@%egmslga%ewm@ém@&dea through a ring
05 Mbsed heterocygle! ar?mgg%enugel;%am;}maﬁL&%@JQ&@&J@&I&%@acompmd

des r%eé%eredtlngrgg}? fgnnglél & bcﬁuigﬂr IV€‘ OOI; (S,zlr oxyl s mcp ¢ %n ol;llr;ll% In W Igsd s..nbed herein

can eeaa%mcggce g Omolése car One(n at eaSteOsgS:xatoc[ps are%nhetetr: ageoo %ﬂmthe art and
the remalnlngp WO OUI’ tom a e eltner carbon atoms or eteroa orns

1d
O GO SRR STRRVETIbF STE RE bR T OSPRi IP R S}"“““‘S 3B
Jobg Mﬁ%é‘%% 3t Dhee 9 adtish S ERBIE OB ETBTHE ™ ’Héi‘é%%ycles
1918% n Bie OPtiGracS sssa to At BiRE Ry e 2irletdirst friecEen ey ogtaining 4nt2 ©
eledreterdatoniser inaser-darbetic ditehiaNte ferard frvdtie, Metenowyridht grogpgore than nine
atonsClucieripoan’s: hptidind yonbytithed Crirgamt hemsiic)isystetritiratbenchisatit (¢.g., phenyl)
and1etesgeyehigI rolps S bhareraideast featonis dnpihgine)iMyesystarnddshnocyclic or
fusbR PAYSliGQroy s REiutabenRpe-fusedriag ayata grofi. example of a
[o1doMambarRcnalR ey Clin gtakiio smazatidin (derbved i ormazelidinaheA ring is a
carﬁ:?f@mp.l mfrég'é a&%@ﬂ%ﬁ@? g@py&kg Qéﬂtuﬁld§ $m§;91!%|n AR MHLQJ%@R@ groups
can%e%w Sﬁls ?ﬁ&g{ %Xﬁgfésg)w&ugy ﬂ&qy&e %QAQQO€MP @%)9&@1 naphthalenyl,
ph am.menni]a acenﬁtgﬁgrgthc 9[’ uxp II%CLUIIRO“%W E Ies 8] non aro %trlnconoradxcal
eﬁ ter 05: clic groups are pyrr0| |nyI tetrahydrofuranyl dlhydrofuranyl,
°”t "a rofhlen f t ra dropyranyl, dihydro nsyl trghgdrothlopyranyl
&gxerldln?f nYo?“hB w%‘q%/ ﬁ% %Ior%“é?fgx plperazmiﬂ azetidinyl,
b A TN I e S T
lln'dlﬁgzé”d‘fﬁﬂﬁ“’fﬁf‘d?‘éﬁﬁ)‘?lmi, Paep Rty 3y By ridiny1, 2-pyrrolinyl,
10133 h itk imeem i Dty s RERpVIERIN SORRETYTi 2B EH e RaY gToup, as defined
bergiprazolinyl, dithianyl, dithiolanyl, dthydropyranyl, dihydrothienyl,
[Qldfﬂ]y@hgmmhdby;m@m’: iefrd MW?%MﬁMEﬁFiW? atoms, or two moieties when the
atoBsddeddioy tkdjchd « 8] brexidend :Svazaiityelo Mbitrbiheptanyl, 3H-indolyl and
fo105}i NOlizisiy « Emxadyple srotsisamat el te Looypheng FaiiBS dlenpyddiftydre covalently
clobAaifazaldhuRy Hin idioyk Jymazehhs tiazokybnpyr ai iy ateinazobylatbdyy/ e term thus
disthiRRMs i88icaaR bt Rlarhdioniaae Whidsathiazeki dY Eralihs GO bMion which is
iS40 il 860 DERRIRV Y. Bgaggmanyl, cinnolinyl,indazoly
[01}/(5‘:]‘ d%ZIP Xn’ #Ehﬁﬂcyalzl }éx’spc}qqugﬂ%!: )!!lt: ij 9 }W&xﬁ?&ﬂg%ﬁ b&&%&d&ay Lﬁugl%lhydmgen,
ancg s Nt ng%%cy%zqn;f PEnZOUERNEI tving o 3
Rzoth |azo zoxazo %Jypazo |r1}1y A [ﬂL&n?)Sa In f“y F? thyrldlny,
%%BW nﬁexf‘ﬁ’gl ore 8|r?g g ool‘Jl ss a8 derived from e groups listed
abo , may be C-atta d or such Is possible. For
a\t{@p de ro Ie yrroI -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 1-0vnnhocenholanvl 1-meaethvl-l-ovo-nhoenhinan-A4-v/I|

CL



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
thdephensared-membered rings. [01341 An "isocyanato” greopusf@rsotodss
a -NCO group. 101351 An "isothiocyatato" 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" sulflnyl group refers

a -8(-0)-R. 101381 A " nyI ref ’y 101391 A
"TBbalk " or "alkyttlaio' yl dro 01401 As

used herein, the tuna "0-carboxy or acyloxy referst a group of formula
—O)O- 01A11 "Alk bonylgxy4refers tosa (alk%@) grQup.
erein; term " yGar" re a,gof

formula C( O)OR 01431 "Cg rbox " means a -C(0)OH radical. 101441 As
acet to a group of forimla -C(=0)C113.
186 ‘ p{ersto the o-o 0) Bua 12146 bpsuises e keiidutl) entgiBalkyl
Qmﬁm%ﬁuﬁmvk'd@wﬁ@gaagmgmw X3CS(=0)2- where
[011913 ad}amﬁ %ﬂéaégwﬁﬁ@wﬁmpﬁ,mmrmu&ym WEBIELR IR QRO DNon-
Ii Q-mg cycloa@ﬂalg 1] smgl%decc: rll)roo%ir th! W‘%?J‘ (ﬁ)lﬁﬁr@!ﬁ iE?QJ)SQJ!y%}Q%U&QQxyhnelhyl

T stituted with at Ieast one eyano group. 101491 As used herein

e term ! ‘alkylarninosulfo fers to.a gro f m
B e e e e i
BT 51U PR B R P YOS o AT R i on- A
Y O TSSO Ay e PR Ao P TR B S 00 SR DS 2 s
£rOARs (et IeheiTic i TR NESHIfS H%Hm&e?aﬁﬁ"%ﬁﬁw‘fi\}}%(ﬁﬁ g BrisfagegorTees such
as Greserprest Tormfure s Ceopiv QesftrSysthens Yidek IbrdiienfcS e York, NY, 1999,
whi@-sarpanmyted efensbiordegroup isfefgrehula -0C(=C)NR2, 101541 As used
[oihgreing the tern SaltytemieinCarbony o Xiplidefersitoiac-0 C{EiNardtalicido.
[01G0D UPhe 104554148 S adibatein,” thedarmy tiad KydtuaikaoC andveh yliotylieefe pdcynyl and
alidhar () Gatky b 2 gt %y&ﬁﬂ@@ﬂrébﬁmmﬁmw iefetsiten@odiments in which
woQGHON 3 Qs JkS kA itSad lIeiaim: the Haspen Nrearb anpd skefersatanother. In
ot HERLERE MR BACERINb o} Qa8 L AB S i GHEI UG8 alogen atoms are
not 81 me%%r p %M&EE? %@Qe@ngrﬁ&!;?oﬁgp E\MOQ)Q\(OX?’) 'MB:%B I'M\{ogkyl and haloalkoxy
gro?Tigs 73/59% %@851%1149 f§ 2hap 4914gr4n§91n2c§r[39r;"§%0%§xeﬂ§elglkﬁgﬁéQt Lb%otrgffpsubsnmted
‘OIZIEdAggfé?ﬁam tth rte SIS tO a agf;OUQh terogﬁ(enull'aan QhetC a}l%lm

0 y:}’ mlloélé 0] lmnzﬁli substituted
€ taergg s %lrln no?xe rre eoE'S e ta c { %{“gn elected from6 atom other than
’iy,&“dﬁh%"d'lhrereln m aiky amlnoca ARy refers 10 a group o
© 2RO RAETA fﬁ*fﬁzfvsgp’t%%afh%"%m e TaeA
‘“’cﬁzdllé%%\'ﬁ‘ﬁh SESBERY I Té?é“tb“’é‘@?ﬁﬁ%f"l’i? f’ﬁ’ﬁil?"i’(ﬁ‘?’“o?ﬁfg Ry typically
inqepPBEIRARTICABOTIE TEfTs 1074 EECHIH2 TeR TR TePLea] AY tisenyimited to these
atsy B Abldinterprie Nhigh e OF ReTe PevS AL T &6 B 5P T FRf DT JRIERER B jfptoms 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.

{0123] As used herein, the term “ring” refers to any covalently closed structure. Rings include, for example,
carbocycles (e.g., aryls and cycloalkyls), 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] Asused herein, the term “ring system” refers to one, or more than one ring.

[0125] The term “fused” refers to structures in which two or more rings share one or more bonds.

[0126] 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 “heteroammatic’_’ or “heteroaryl”

moiety refers to an aromatic group in which at least one of the skelctal atoms of the ring is a nitrogen atom. The



[01651 "Alkylcarbonylamino” refers to (alkyl)C(O)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
norwarewatscobeterocycle (bonded through a ring carbon). [0 267} URh®desmse
"optionally substituted" or "substituted2dmeans that the referenced group
may be substituted with one or aware additional group(s) individually and
independently selected from alkyl, cycloalkyl, aryl, heteroaryl,

heteroallc%g:llc hy rox;&lagkoxy, %on alk Ith|o s)éitln"no a?lﬁyls quggldgethe

.
Pl Bffevige BRIy R Gffone, ARSUTone. c“j?élncoex 5 car otyanato,

f"“‘i?ﬁ’é*’c&?&ﬁé‘?o |soth|oeyanato nitro, perhaloalkyl, fluoroalkyl, silyl, and

ﬁ;& ’i‘ug mdl-md @ GYqups, and the protected
d ive ,ﬁ’ﬁereof LANS an 5 piForal substituents may be

Lam, whereig each lc, is mdgaenden elect@d from@ bond, -0-, -C(=0)-,

b8 e B 8 '“m’“ S YO sz
YNH-—=RHC( tltute Br un tituted’ CI-C6 aIkyI) or
(sqpstltuteg, or un tltut alkenyl Nqnd ea(;h 12,is
WSH fro (s bsti utdd or| Ningt bsﬁtut |alltyll; I j
titute

r unsut Stltl]t r Cdcyeloal K, hetlrsarVl, o eteroalkyl
'Eheﬁprmte Chipgdginupis: Haainmay Hodadgh e:qnpoﬁemhvaxdemamg dfadival (ie., 2
abeMerathstitignts are known to those of skill in the art and may be found
[0137)rSIRLRRESRIBHCH astéaremne sk Wilsialhe, FAL6EH ThaComnpakmnemh a
het;;gg,.?gmggut}ggg,jgnmay possess one or more stereocenters and each
[01% ntﬁ! Jléé%ﬁaﬁ SLA rleﬁtl ean Q!mﬁa&@ﬂ%ﬂﬂ mheTJﬂﬁyQQEﬂ@@%ﬂ%t&BﬁWQefers toa
nonha?ci; I”cllcl pd%@z&'oge%ﬂ%%gﬂ}%%ﬁﬁxwlﬁf ‘?5‘&@5@0&9@%%@% cle” or
“hct 3 c %"ﬁ ap}.‘% c;[g cmP(tH(y?s the&eg 11;10 u& gtq one {xgteroQIXm & ng(iltmgen
faey Sireq., 15y njn me artlas}i tor example, t es aratl %rmedb
X élraéldofélgir“ners m wafc rc?'fgnévt1 mgaflaaﬁ ic col ﬁori}]qr’ls Lgf@% g TR mg d

mérfa“fo?ﬁ‘iﬁr%ﬁ% 8&%Cﬂ?}e R R R T R RV S RNERNG ég‘,mn(?:)r"a ° oﬁa“é
subfgpHd E&%B“?ﬁ@&?ﬁ‘ﬁ%mﬁd’riﬂﬁi?ffﬁ’i‘gfeﬁfﬁﬁﬁfﬁ?&‘é&ﬁ?&&’i |’§)°é"c‘2?éb[8{‘§b‘18bé%ﬁ§’°“ﬂ groups
such P SHTBETH S et iRt e Wt B s e tE AR aDbIte ptohu ge ot tmited to,
lacapnipteni SYHIRVIFE HeciatHe Bise OFACHTRIPARY ST SHCHBRS H-pyan,
tetrglphipormdieeridiyecbdstiadn ddtbmes LA tant drhdrsaneitrtdteet oitiitih e+
ox@gDphiakiiicompodndstiresen it Rerenine| maddito mcthénttsnpbitrie scid,
thidlesetibedd) eiriniganiexistindin sohmied-aswsibiae, stixatctbfonire- Withtriazine,
euparshapaticallyactepiableine) yeRisdsidgYasdai @rretlianohyand:ih eylikelidine,
imid 26189 wadedifeuns:aidhe. compaLngds: praseacs laerRima i:akS0ne, isoxazolidine,
oxﬁgﬂm%id%th& he:fisalese dubaisinmiOl8l. Thovghaulihe. speciticatianes of

hetg%%@cé p§gl;qs‘fm§dt13%£%9£ CaRRechIsRR DY AR skilled in the field
to Q;ow Ie m0|et|es and compoundg Compounds [0121]

o:pouﬁdasfcfhatl h|b|t the activitylof tyrgkine klnase(s) Can playarole in

r Sto or promoting h alt Inéei@r?em (o] me ts rogine kinase

(o] pou pro d he are usef’ul in ﬁeatlng any of a variety

of eas isord®ers or onditigns, In c aln compounds
@ %zr\g re tkl itohco po nd 72 D@}d herein are
compounds that inhibit the activity of tyrosme klna{\ée(s) syth as Btic. Also
described hergin are armaé:eutlcallyoacceptable salts, pharmaceutlcally

(3% m “j[ rmaPeuticalhdastive metabolltes o

Iﬁ acge a d@f}f su@ound @:)

2007/0847068F§CDU82006/049489 0173] Pharmace omposmons and

tetlird ineledenatleastiane SHaklicompeunchar adhsbrace) el Ancepiabled to the

moddiicRbamacanlicaliacceniable.aelvale. phrrmacaulicallihast@erocycloalkyl group
cadRCiaRRliieon madqg@cgpypcgﬂ;{ﬂgggm%mg giasirug of such compound,

are provided. In some embodiments en 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 Idnase activity, such as 13fic. In
one embodiment, provided herein is a compound of Formula (Ia). Formula

an) is as follows: R2l) H Formula (Ia) wherein: is -0-, -S-, or -NR3-; where
la ic hvvdrooen hvdrovwy, allkovys alikeanviinoyyy aecvl ontionallvy erihetitiited




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

substteehedopl, substituted alkenyl, substituted alkynyl, cycheeikyd2006/049489

cycloalkylalkyl, heterocycloalkyl, or hettrocycloalkylalkyl; 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,

ur,.or five |s aryl, arallyl, cycloall cloaficylal teroar

[01%19] teroeé‘?rgfﬁyqoa#%teroc% f)sg IcyT1 erogyc oalit %elalqu? tym?gli %%Bc%iml *
here X" is a bond, alkylene, alkenylene allyn |ene cloalkylene or
‘°1%°éte"f8 Wo&?ﬁyt‘é’ﬁlé v%y t‘ﬁ‘é‘%’fﬂ B RERiarEs SEsS BRY B8™
hﬁ*%WéﬂMﬁtMﬂﬁ%&W& c[‘}‘i’r‘é‘é‘“i‘lfﬁ 1°o%"ﬁ‘3émﬁ§r6" FOfeBPTRgs =
sys Rt vB Hat tornesfend srndte rit @W‘TWGP?)‘“‘E%))‘ S sfgmyglerein.
Wl e GYrbeNIERSPD RT3 hefRIBRES (= g RIE-C e BRmyele)(tipgy-one other atom
(the B{@PBomIDIG) R REIMEOHeTin kAT 2BBIPIO 8?@6@81‘7&1‘705‘2@%@4@48’9132‘5 the number of
carbGRAIDY(E- MNES Fing (R A9t g 1o+ pREE) oINS 8@ {({jng. It is understood that the
hetcﬁ(ﬁQ K)§ Nm#q@)NRMiueM(ﬁ})ﬂ&g.mes@ﬁ@NM et edibd®d heterocycle” refer
1o thy/@Bt0 gaeopiiana iy sestitiiadalietoptonaly subsatituiethanaeny)in which at least
ondRliPRAN-sIARsiuiac absy b, BYGERXYaRtkaXhe nalkerwew/ ol €4S are cither carbon
atolBY G RGN ARSI eNRMY SpRSiied. it AntaRal}AMDRIILIEC, Al Meroatoms can be
meQRHONAlY. SHRSHted Ak Il And Whete Ak SN AE YWl BIIREL can be

at at obnrga or;na(‘é a?‘ zr E:a?tf)on at(t));[rrx] %rmgrou hgepoc% ic f:n Q,@B@J}Q %Qélﬁ(a\%? m|¥om in their

Tin, s.t?:tlt Exet arc\>N Itnc ngrbévt\:l ree 0 2\,9 z';t ast %o sys ém ﬁrdcychc
%T’Ken ene afky e@/ end. ¢ ; ene or n%tergg em cYc ne whercta,ldmt?(denved
ORI URLR e"ﬁ<en mé”én alle xi“é’ne are'ontlona stittited with orte

ff"w&ﬂtﬁt@eﬁ*m?mer %ﬂﬁ@ﬁ%ﬁ&‘ﬁ%ﬂf&ﬁ%%‘%’“&j&% SRS e
hctepey@):(gnh%‘ﬁ xen)w f%ﬁg}gﬂﬁe ofﬁﬁﬁ—@merﬁﬁbftireﬁﬁg@joup is quinolinyl. Examplcs of non-
arongticHEt TP SRS Ty Y 70 PETTolidint. Srptiefemh Sipdnftre-rrighestErivhere
tetrghyeizpiryEp Pt P I RGP =y L iR dinoomesehlino e aipReive: thipganyL
pinignekyyk adeditlyl. axsimglabisond, b@nopBetidryNReparivl fdeREA D iezbpjeiotierpiny,
thikyslreXy,2alkeinhakpyniiopys-ppliunal irsubstit itediatk gH-optiohatypyranyl, dioxanyl,
1,3508stHes ey lditLaptinmaliyys dbstivgecha) kg dRae Y adig dbbragiepyrazolidinyl,
imlEQReNGentyiBydr egasi-Qiio nafhy-amdstiied @i opepiana by siubstisd @anolizinyl.
Ex@”ﬁﬁ!%a@ﬂtﬁ%%é}éﬁ%%?ge%%yﬁwl %Mlazgi@wmhﬁ;ﬁrwwl triazolyl, pyrazinyl,
eI %g@'tﬁttygygla%yh&y&mmd@tKytﬂttgte,tq%lgatwtta;] isoquinolinyl, indolyl,
bepzxex;[ncggc?p IQ%LKMLgylcmlell’xng&l;{z}ndJ&? ? H%%L\émkﬁ gntd yl,%a% Z«Qndolyl
tenggt punny@ 0 al ar.z%iyrl](éhe%leago ﬁnftu E t‘lq)nal Salélzgx?'}l% g%@&&ﬁ%lﬂypgggagijyolyl

bcnzoxazo] Lit quinazo. (tmﬁ Q Pny?' xy phthyridinyl, 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-attached) or pyrrol-3-yl (C-attached). Further, a group derived from imidazole may be
imidazol-1-yl or imidazol-3-yl (both N-attached) or imidazol-2-yl, imidazol-4-yl or midazol-5-y1 (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 hetexocycle group can be a monoradical or a
diradical (i.e., a heterocyclene group). Phosphorous-containing rings include, but are not limited to, 1-oxo-
phospholanyl, 1-methyl-1-oxo-phosphinan-4-yl, 1-phenyl-1-oxo-phosphinan-4-yl, 1-(cyclopropylmethyi)-1-oxo-
phosphinan-4-yl, 4-methyl-4-oxo-[1,4]azaphosphinan-1-yl, 4-phenyl-4-oxo-[1,4]azaphosphinan-1-yl, and 4-
(cyclopropylmethyl)-4-oxo-[1,4]azaphosphinan-1-yL

[0131] As used herein, *1,6-dimethyl-9-0x0-8,9-dihydro-1 H-imidazo[4,5-h]isoquinolin-2,7-ylene™ refers to the
following structure;



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,
acywopteangibgssubstituted alkyl, optionally substituted alkenytcoptionalivo4se
substituted allcynyl, aryl, aralkyl, hetearyl, heteroaralkyl, cycloalicyl,
cycloalkylallcyl, heterocycloalkyl, or heterocycloalkylallcyl; or Ks' is
.p(=ExylOaR60axyIDbit60); RUM is a single bond from the phosphorous
atom to X", or RI" is halo, optionally substityted alkyl, optionally
substituted alkenyl, optionally substituted nyl, optionally substituted

' ' ‘gkélkyl, cycloalkylalkyl,

-NR.162617. 162b and where the 3 k, alkenyl, and alkynyl Wlthln R",

either alone or as part of another su'Bstltuent are independently optionally
[0182]b tstessddarpith “biidintdio-freed doithydor firenkiado4 R Hl i doipdiiogétylene” refers to the
foloptigrakymsubstituted alkyl, optionally substituted alkenyl, or optionally

substituted allcynyl; 1216726 and R1622) are independently hydrogen,

optionally substituted alkyl, optional l‘(%e? alkenyl, optionally
téroaralkyl, cycloalkyl,

substituted alkynyl, aryl, aralkykd
cycloalkylalkyl, heterocycloallcyl, .k he erdcycloalkylallcyl RI" and RId are

-X"-Z where X" and Z are as definedja@bd¥e; le is hydrogen, optionally
[01%%:]<bslq;[u'[ed al%% '[lOI’],a > bsn%ﬂ%%% afl(%( en%@o%(%la:jllrosr}ljgrs tluljs:[ g’gant to denote the

allCox
a'i’ﬁ]r lff)l)?t;?l PO i’/“ssth Bttt P ﬁ%/F"éS?B’I"iﬁyfiﬁl‘féﬂ’aﬂ’{? Bt f‘éﬁ thiopyran are
"E?ﬁ@?f?fi TR PAD B e hRYEPlal  RIRIEREE) B 3PP AR R 13C(O)RIBb,
)R AR P . ey Q)N RRiab; and where alkyl, alkenyl,
i"léﬁlyﬁyl“ i eiapie neEoweithier lenE-Beragpart of another group within R24,
10136k TFirtegyerideiatty ot credbyciiststitert fwithosn erobwef, attiseylfothenorafimeioties are
ofttvatoosRierd ibestdsbtitiiedraidddedsubsiitutéd alioesiydyisubstituted alkynyl,
[othydrexyiiyanpatkidi-albsexy-or-alkenyloxy; and 12.521" is hydrogen or
[01B¥] 24 Riesangdolea-arednrdgpendently hydrogen, optionally substituted
34yl eplioRally subsiittedalkemd optionaliy.sybstituted alkynyl, hydroxy,
IOIQHﬁnQQJJLM Ihe"i)t”ﬂ(,)%y 1eth %%L&‘XXI “acyloxy” refers to a group of formula RC(=0)O-.
{0141] “Alkylcarbonyloxy” refers to a (alkyl)-C(=0Q)O- group.
[0142] As used herein, the term “alkoxycarbonyl” refers to a group of formula -C(=0)OR.
[0143] “Carboxy” means a -C{(O)OH radical.
[0144] As used herein, the term “acetyl” refers to a group of formula -C(=0)CH;.
[0145] *“Acyl” refers to the group -C(O)R.
[0146] Asused hérein, the term “trihalomethanesulfonyl” refers to a group of formula X;CS(=0),- where X is a

halogen.

[0147] Asused herein, the term “cyano” refers to a group of formula ~CN.

[6148] “Cyanoalkyl” means an alkyl radical, as defined herein, substituted with at least one cyano group.
[0149] As used herein, the term “alkylaminosulfonyl” refers to 2 group of formula -S(=0),NH(alkyl).
[0150] As used herein, the term “dialkylaminosulfonyl” refers to a group of formula ~S(=0),N(alkyl),.
[0151] As used herein, the term “aminosulfonyl” refers to a group of formula ~S(=0),NH;.

[0152] As used herein, the term “N-sulfonamido” or “sulfonylamino” refers to a group of formula RS(=0),NH-,
[0%53] As used herein, the term “O-carbamy!” refers to a group of formula -OC(=0)NR,.

[0154] As used hercin, the tenm “alkylaminocarbonyloxy” refers to a -OC(O)NH(alkyl) group.

[0155] As used herein, the tepm “dialkylaminocarbonyloxy” refers to a -OC(O)N(alkyl), group.

f0156] ‘“‘Aminocarbonyloxy” refers to a “-OC(O)NH, group. .

[0157] Asused herein, the term *“N-carbamy!” refers to a group of formula ROC(=0)NH-.

[0158] As used herein, the term “O-thjocarbamy}” refers to a group of formula -OC(=S)NR;.



RD is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alicynyl, hydroxy, eyanuallcyl, alkoxy, alkenyloxy,
cyeloalkyl, aryl, aralkyl, heteroaryl, or heteroaralleyl and Rim is optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alloyoylyoyansallcyl, alkoxy, alkenyloxy, or cycloalkyl; R2b iSpCT/US2006/049489
-X24-Y2-X2b-Q2 where X24 is a bon®3alkylene, 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- .- (Where ii is O, 1 or 2 45C(O)
e e S T o g’&z’(&ﬁﬁ‘ﬁ%ﬁ% SHE-CO)0-
1016 THirsE fe’EF%hﬁi“m s?nﬁ?‘s 3r ""f%‘ﬁ?é?‘ﬁif@ fo

1016 R‘?S R e ““E‘ (PR AR gyters é?(r%"?‘iﬁ SETOINEaAIS)-

[016R) R&sew}aemoﬁlcefe'(‘oﬁ‘ram@mwrfé?@’lﬁa%lfsthw?a@‘éfﬁ?f@p‘ﬂo%ﬂzﬂau%
[016dibStitvircerhpryl, wistionatiyP3lbsicded alkenyl, optionally substituted
[016d1cyAmysel retrax e soivo Sty amid ef] kedety lo x yroRy/af isthiyaRegenNBptionally

[01ssib skt atividnoptichaltly @upstitipdialkenyl, or optionally substituted
[o18dlcyaylsea nelen by ualityd pdkenytanctalaid eitheraliteratsgsapaltedks to a
subeieh evigrauR ity kertneyingapandenilhaption albsa bttt e duitio & eqd non-
arohi HLRSy Ot Qo ke Rl d a bond; and 02 is hydrogen, eyano,
[OIG'HU%QJ:%?[& %@b@&w&d O@“Qx@ﬂ&eﬁu pé&ﬂy&ﬁﬂt@ug%be&) Q‘Um%e substituted with
one M'?n%ytgéggog l‘é@}ﬁ&)%‘eﬁlﬂb Q@lgtﬁ ﬁ&‘é I)Jlgllxg@!i‘%{&ly L {nyc%ﬁJﬂaJ}Fylhetemaryl
hetr}oa icyi cpé/ ?Ty Fyalkg}'; %?o:%rary(ylt%ro Fgrylt%gda );Eu P %ﬁ E;]}?icp

eteroc [ qr etero ] and I
. T o
?oW&%ﬁlfﬁﬁoﬁ%‘feFS‘é%%aﬂ?éﬂéﬁ TR SeR T’eﬂe‘fmat fherect. By way o

GXW{§?6%WFube\%3n§ (}3%3 znde xﬁr_rﬁg]gcted ty om a bond, -O-, -C(=0)-,
S (H5P0 {053 RS CR)RES) Sﬂr FONRSHSOI0- -
(subgAityd 41 PEACHEFRE B (AE)- B (GyPiprs 2y pnaindyisd R4ty sl cach R is
indepABROCEINIREE)D, (IREFNREISEBIORES |- Brli, S} IREAC By N(RBARLT:-
CshA8oitkahbionehaalky bnecditkieThd enecor atikymylerey RET ths mptiomadkyivatives of the
abskd bsiittied atwhvopt onalbf silbstiictednaberd fopiionatynstslstitet Gebene and Wuts,
ab@dkynyl, aryl, aralkyl, heteroaryl, heteroasallcyl, cycloallcyl,
preyrloalkylalisvalkulehatermyel abls orhetanecyciRalid aliphaRofteiSnay exist in the
R Q%@EQS&%&PW@M&MMEU&%& %QA!::Q:QL!Q Q@&EX&L&%&U@%@L&%{W Iand epimeric forms
as Qgng%l %ﬁ&ﬁ%ﬂmé M&Y's@%%%é{s %u%@%él&%“i}’l%}éa EW Jnfﬁ{&’sl%mwn in the art
eloall Cs¥ ap go&dﬁbe?&!isbrg tg E) %M’)&ng}ﬂﬁo E%Ico %YIEJB? Ikylalkyl

as, Ter éxanmp
IE% er’ﬂlarl}'/‘ OI’ e&?ror?{ﬁ%oxy.s d scnﬁe ere 98/963F. 0%806/041%.%8%0% (also known

i
5IS % ogen or R W erea cu f<e Xsc ﬁL(l,S

az‘é‘ff?mﬁwés S RANd a ﬁ?(&?fﬁﬁ}?'ea ﬁceeptélf% Bralc oné"1 orméldss BaRS a er ¢ xrlci)ls 15;1: ]:Zbil;les
of Ritth Fﬁ’ﬁ%’”‘é“r&“ﬁtﬁeﬁb PR P OstioRal Loivatttiey w“?h ‘8?1‘“’ 0, tAree, e
=GRS B R A S B SRR ﬁfé‘@éﬂf?&%’l&‘}?&fé‘ﬁ‘i‘é‘bﬁ’é‘%éﬁ%ddﬁ}?&ﬁ‘ﬁaffi@%ﬂ?&%? fypecribed
hergincam s i wRistedesprTA A Ak EfiCams At FB Hrs TRt AtseRfrRls tfvents such as water,
ethakrhrviibelitc Bl s fean efronreRg et erseei B 478 319 5lrgensidered to be disclosed
beimbodiment, provided herein are compounds of Formula (la), wherein R3

10i30h ytroganuahesdeidicNRG srvbenal REstigdwohegeho barhoptignatiykilled in the field to
préitastititedialiiehd poapoitaer embodiment. | is -N(methyl)-. 101761 In

capRihgy embodiment, Q1 is an optionally substituted ring system where

[69/@? &9:9;:9&@&1‘@@ ﬁxﬁﬁ?tﬁc:z;mmygine kinase(s) can play a role in restoring or promoting health. In
certain embodiments, tyrosine kinase inhibitor éompounds provided berein 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 Btk. Also described

herein are pharmaceutically acceptable salts, pharmaceutically acceptable solvates, pharmaceutically active
metabolites, and pharmaceutically acceptable prodrugs of such compounds.



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,

cycioabeyt/syeialkylallcyl, heteroaryl, heteroarallcyl, heterocyctoaleghsono4gs

heterocycloalkylallcyl. In yet other emBbdiments, r is -NRlaltib where It" is

hydrogen and Rib is aryl. 101781 In another embodiment, provided herein

is a compound of Formula (Ib). Formula (Ib) is as follows: R2a-L- y/N Rah
mFgl qugamula Ib lWherelhn Jmst -0-, -S- 3 O - -NR5-; where R5 |s hy dro% " b1

fydro ‘“‘“éﬂéoxy‘,"’é’l%e‘ RS melfe sy ﬁ%‘n"é‘ﬁﬁ“é’u%é?ﬂ%‘?ed’ RSO Aty P e
““s’ﬁi‘ﬁ%’fﬁ‘ﬁt@&“ o R&%ka?ﬁf’ﬂésﬁ"aW§?"§B"6§‘tﬂ‘ﬁi‘f€’d"£ﬁfyﬁi}‘? ‘51128&5’}6‘3?6%’%5‘”” secptabl
PO AR S BT R B A R B e i sy Id‘%tﬂfft?éﬁﬁﬁﬁ}?f“am an
XA AHTABSUITG A MEPIRARYI AR RIGSRHTBIYE WY RPfPesheAs HképRyn in tho art.
10174k y Ryravidsatieyidnd crei ntsinifbines of tasspakistnttergroupivnitiang mbgdiment,
profidté perid entyrapticrrdRyseb Satedukith)dne feewsthree, four, or five halo;

ris -Nay% -OR, or -SR Rla is hydragfen, optionally substituted alkyl,

optionally substituted alkenyl, optio I?* Ubstited allcynyl, hydroxy,

alltoxy, alkenyloxy, acyl, C(O)I}Q -(Ab-C(0)NR,Rab, -SO2R6,

-(A5-802R6, -SO2N(R7)2, -(Al1)- 8;9:2 7)2 -C(0)OR®, -(Al)-C(0)012.33,

cycloallcyl, cycloalicylalkyl, heteﬁ?cyeloaﬂcyl or heterocycloalkylallcyl;

where each R5 is independently sekesteld @som among hydrogen,
whaphionally substituted alkyl, optionally substituted alkenyl, optionally

suhstitutedatgmynay efaalarbecy alaalic iyl etaes ¥el0 aPsyha@Ndostitted aliyl,

hetegpeycioaliculalodiAlis Allas DR« AARUARE « REGUXINEREnRBbESy1,

su bsatlﬂ L%@Ji?ﬂnﬁ%ﬁﬂ}ﬂlﬁ%@a”ﬁ@&k’ | a@%&f%ﬂ%ﬂn]%‘}l Os l&%lylannnosulfonyl

cycl KX!QL% hateracxeiealivd erbsterpsygioalicylalk yﬁ.ﬁmg QY QrRgE N

y

or Rl epbn (m IS oDt nal{xn%gé%stl ted Ikx;n,ec¥cloallﬁc cycloal lalkyl,
h T or e;e[]ocyc oa kyI ky’I R33 is’substituted alkyl

su bst ed al en’;ﬂr substituted aIkYnyI cycIoaIkyI cycloallcylalkyl,
hateRod BIORAIA °%“°ﬁaélf'esf’6’%h%tf’o§ﬁ€ rSRE 1%5' - (110 LA T U0 C‘f’f’?ﬁ“d alleyny,
$2006/ lf§°1‘8§”%yv€ﬁ°§?§l°§ﬂ< 1Y arkENV, aﬂc% YRR diky 18RE, -sithef o=
alone or%?é“ﬁ%\h SAATONG }j’rcﬁﬁﬁ)ﬂﬁth i REQRK @é}?é‘ﬁ’de%ﬁ?aﬁ‘ﬁ‘ﬁ%‘al ly
substitutetersgeiedrre cRrerndelidulylor five halo; Rth is aryl, aralkyl,
cyclodtkytadyR seifipratioyly frsttdirylahratcrcareopititele royciotikyl, tionally
heterocydivaticy itkyft, eriRiaigrrdbRittadtret. withatld ritfedehite.wikchytireikyl, and
are attashedfosaniateroeyeloalkyl or heteroaryl;
Al is alkylene, alkenylene, or alicynylene;
R® is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl;
R® is hydrogen or R™;
RS is optionally substituted alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl;
R* is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl; and
where alkyl, alkenyl, alkynyl, and alkylene, either alone or as part of another group within R'%, are
independently optionally substituted with one, two, three, four, or five halo;
R™ is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloalkyl, or
heterocycloalkylalkyl or -X'*-¥'-X'*-Q' where
X' is a bond, alkylene, alkenylene, alkynylene, éycloalkylene, or heterocycloalkylene where the alkylene,
alkenylene, and alkynylene are optionally substituted with one, two, three, four, or five halo or one or
two hydroxy;
Y' is a bond, -O-, -S(O),y- (where nl is 0, 1, or 2), ~C(O)-, -NR'®-, -NR'*C(0)-, -NR*C(O)NR -,
NR®C(=NR*)NR ., -C(O)NR -, -OC(O)-, -C(OQ)O-, -C(O)N(R *)N=CR" -, -NR'*SO,-, -SO,NR .,



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
alkywybemaysassd R55' and list” are independently hydrogen, optionsdhps/o49489
substituted alkyl, aryl, arallcyl, hetero@¥I, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl); and where alkyl,
alkenyl, and aIkerne either anne or as part of another group within R",

Rib, R" 70%@1@ S U: e, 8 g
three %Mgr? o R25 |s h rogen op%or%%é%%tﬁ%&%c?ﬂalkﬁw OO ox

optloneffE/(%h Stituted alkenyl option aII substltut d allcynyl, hyd
alkoxy?" %ﬂﬁéﬁ?ﬁﬁr"é R S ISR N S<'§fns(51¥102/tlof%;1 IE phénally

subst|tuteﬁbﬁ1*fé‘ﬁ§/r“ﬁé‘fé?°6&‘&’/‘w %ﬁylafr?ﬁéTziﬁéy(Al) NRI2a,-.IC12b,

NR 13&{Dratsen sptipnaiy shet et al5yh e 1P oA pjlepy optionally sbstired
-(A)-C(0)NRoIzndnd where alkyl, alkenyl, alkynyl, and alkylene, either

alone shasiattaiémictdefgrishnithir Rbs recirteirerderitiibio pticrrdifgependently
substitutesbusitinpsdstmied Hikess fourther.five. kafos Rib is aubstituted alkyl,
substitutadna) kenivhes didatjieie duiatiyny] cfrydnoepe. oy anaadkabalsiicox yhar the alkylene,
alkenylaxyyiaRoRulisRydiegpmamRin;drda ant oRibver eisdependenthfo or one or
hydroggn npRiignally substituted alkyl, optionally substituted alkenyl,
09“8%@9)@1%&9%@&%1@% YR PYGEOK Vo @YBrORI O3 8 QX OF-RHEDIRONNor an

Rnct s he/omﬁgs,ﬁguqném@ ly-aHRatituisdalkyl. aptiopallyeubstituted
alkenyi optlonally q%tr)stltuted aIkynyI hydroxy, cyanoalkyl, alkoxy,

alkenylgxy, Gycloalley) 3 A/, Detergary, Qraeietaandion, AREEL urox

IS optlonal subsﬁute':a'e t| nally bstituted alken tloqal _
substituted &Iy yf“%m’é’ho%%/ﬁ %oxy, ik H‘EY ;,’fbxyfhgrléﬁyc it éﬁc oyl epbprionally

-Xb-Y2-X 782 eﬂ\ﬂﬁ‘é’?@’&b is a bond, alkylene, alkenylene, or alk n Iene
where fhe aigiens s eydé??d“aﬁwgﬁ‘éb%% 3l %fﬁ“maldbsu)éfh?tﬁ afkzny,
with one, wweereiFeEbstistipd alorv Fai et b REBF Bl SIS, %Iﬁ%ﬁlnﬂdm}mmﬂ
-0-, -8(0)" hefewirereatilisrhetropieioylsighy! whiR B €(0)-  INRCASYoINRAS=, or NR™
NRA5CHSRMNTRAB indaqe)iiRa Seticnt{o)bstinte) alky Lo abyRusderamL, aptionally
NR4ss0,-, susQRNRAGmyL- aryhe RS (eitods] B ER2AKANNRAS, cycloalkylalkyl,

‘ -OC(O) N R415te.}ocycloalky!, or heterocycloalkylalkyl when Y% or Y% respectively, is a single bond;
| ¥'% is -O-, -§-, or -NR*;

Z'° is alkcylene, alkenylene, alkynylene, -O-, -S-, or -NR%;

R®! is hydrogen, acyl, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalk;}l; or

RS is -P(=E)(Y R (Y PR,

R!® is a single bond from the phosphorous atom to X'®, or R'® is halo, optionally substituted alkyl,
optionally substituted alkeny!, optionally substituted alkynyl, optionally substituted phenyl,
optionally substituted phenylalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, heteroaralkyl, - R, or NR02R1020. 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 balo;

R'® is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alkynyl;

R!92 and R'? gre independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloaltkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl;

R!® and R are -X'*-Z where X!* and Z are as defined above;

R? is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,



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
alon@as@spesd of another group within 12, are independently@ptiswedlyi94s9
substituted with one, two, three, four, & 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 . . .
209 PIUBTSBEPCH TISTHORTORMABE IS RERSSF FRE qP R0 MyeioxY” BIES,
Q3 e THePRZ s PELERY Ratt Ry iseD), :PiYiale0 PP mblelye = or
P(=EPERBBSTRZRB 1), or an optionally substituted ring system where
orvers gy rplsertbakEy PR iRipe: ofthes Al gt ot UMy FREP AR 4 e
indeppraéntly @tsiniiceitded @ith e, typ, hRePuvehEYRMI: 62 is hydrogen,
hy d IR ys sabkidys alkeb ayt ssitytedpitioriadiyssutes ntotet] aikgty optiorkthelkoxy, or
substitutedyabse md RSP Bptivsel yrribstituted alkynyl; 12.60 and eb are
indepengdantiy.bydipgaayopitanal\ssishsiituieanatkyinopiionallyssulstituigehyl,
alkenylogigtionaliysubstitiochalkynydyasyiaratsy, Heteonky],
hetegeayalyh ey ciaalisn, sysiarliansl cylchatareaweiaalielyiptonally substituted aliynyl,
h etero%glgégélg% mg\‘/iﬁ(%{&,gmx U}@o@%&& qslil\é@ibﬂ%égfoafﬁf o%tcroaralkyl and R"®
a1

@l
-NR.62:; R nd R.b are independently. optionall ' .
optional °P§aﬁsﬁtﬁ§§%r“%i%§: oé%té%ﬁ:aﬁ%%%éatﬁ?g%/%%@%%gg%tlg, e

hezgeroafk 2°F11§¥léfoa}r§§1ﬁy{ﬁ yf:%al , aE:yc:loakaIaIkyI, heterocycloalkyl, or
h%te‘srg)ic(;yclé)élk Ié‘ﬁ‘iffwhen Ym' or Ylb, respectively, is a single b%n X 1?' is
0-, 355 PPN Y an G Y SRR e kY SR S0 B2 e =
-NR6z"-crfenlly Aeiala mihes, SpibiafysBuina s akyr Bpteiaty
subsXitisesdikenyH Qptiorrarnr sisBstitiBd SRR aryA Ry e e ORI
heteroat@A=-tRABERy QBB PSION, RERR D CHIBHIKYN TR NR*50,, -SO,NR™-,
heterocyreiShtyalcgREHRBER fs -GRFENRFCHEARGIGHR BT TRURI s R C(0)O-, or
single bordfrxitthe phosphorous atom to Xl, or Rm is halo, optionally
substituiad-atkyi LoptignApscuinstltetelken yhrioptionatnsdb sttt @ptionally
allrynyl, optigaalys stbshifuiedphaky, @pitenalky;substituted phenylalkyl,
cycloalkyh; cxgloalkvatkvi hetskevcloalkohalameanaiaaliosalkylptionally substitted
heteroaryl,ah(% rgaalkyl, - Rua% _NRiazaRioebi and where the alkyl,
alke ”Y' ’w%grg a%ly 4 QXLA’%'}QAE‘ aﬁ!ﬁx’yﬁﬁﬁgf aﬁ)lr%%? aQ B%OPQEEQI 3&8@1%11 Y?, are independently
- substitnent, afc jdependenty gptonglisubstiuied with one, two, inree,

four, gr five halo, RP" is ﬁyavr‘ogeri, optionally substitutéd alkyl, optionally

X li aaonﬂ;(and . . )
substijuted alkenyl, or o_ptlonalll}/ _substltl{ted alk n%h . . ,
@’ is hydrogen, cyano, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted

alkynyt, haloalkyl, haloalkenyl, haloalkynyl, aryl, cycloalkyl, heterocycloalkyl, or heteroaryl; or
R* and R together form cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; and
R? is hydrogen, halo, acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,

heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, (A%)-8(0)o2R”, (A%)-

N(R), -(A%)-ORZ, -(A%)-OC(O)R®, (A%)-C(O)R%, -(A%)-C(O)OR, -(A%)-C(O)NR™),,

(A NR¥C(O)R®, -(A%)-S(0):N(R™), (A%)-NR*S(0),R”, -(A%)-OC(O)N(R™);, -(A%)-NR*C(O)OR”,
or -(A%)-NR*C(OYN(R*),; :

A% is abond, alkylene, alkenylene, or alkynylene;

R* is optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl;

R** is hydrogen, optionally substituted alkyl, optionally substituted alkeny), optionally substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, or heteroaralkyl;



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,
alkevtyboadlegmoss, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, pcT/us2006/049489
heterocycloalkylalkyl, aryl, atalkyl, het&toaryl, heteroaralkyl,
-(A5)-S(0)0.2R53, -(A5)- WR54)2, <A5)-0R55, -(A5)-0C(0)R55,
-(A5)-C(0)1e, -(A5)-C(0)OR55, -(A5)-C(0)N(1154)2, -(A5)-NR.940(0)R53,
-(A5)-5(0)214(R54)2, -(A5)-NR54S(0)2R53, -(A5)-0C(0)N(R512,
-(ASF-NPEUPOTOR REsudy -(A5)-NR54C(0)1V(R51/2; A5 is a bond,
alkyrée, a&meﬁwh éWbtWﬁViéﬁéﬂyR%ﬂé%ﬁﬁéﬁéi mﬂe’eﬁatéwarw&rmfhw group
optionattifis b stiaitéwaficehyipeptibratitabsibonsd e fant: Ayl aod
hébtareamjitaicteroalia i, Byoiosditdalbycterbikip syl Ridrrhretorcdly ehomikil:
ondndttireoyslealkylaliayl; i@ ibliplopoies genrefoptionally substituted alkyl,
[0109ti onalbyshidstil edvakatadinaptionaiiyd bbstituie (g yeyl Ryiehaygen and T is -NR’-
whaloynalkenyloxypansyauiat. cyeloalkabicy ehpabalkyk -Nmethy)-.
o1hgteroayei alihibaiconayaloriinialieylbrieroam Rt ReI SO aALMG B R'™)-
2007/087068PCT/US2006/049489 30 R33 is hydrogen or R53; and where
m%yhh@lﬁ%@xboamw mqlkyiege all GXL%Q%@QMJL@WH?@ﬁv%‘“@é@k@ﬂﬁ hydrogen,
optlonqu 'g cc?' q{O opgtglaﬂy Pubstltutha cny o%h%r?lylglggtﬁ\gpéj a?kyn}/l %E)Jrgxya;“}(oxy
supsttute nf&k Al{g lj'[l 1 9}[{: (I)\a/ q h%grogg%c@%grg% CﬁaetXITc cloalkyl,

alken 0}% al balcg salts gce O va armac

°‘566%’5?5’61f3 n%‘é}a%eﬁtoeseroefn armaCeulf’ca y acce etabI’e é: PGS thefd
'01@1'}9?5"1??85%}1??@?38}1?6%’61% 8?1?“‘;5?8@?&8&“%?%‘%"5‘?8 e 6‘6‘&‘?’1‘3@”& as follows:
Formula (Ib), wherein R3 is hydrogeﬁ\ d i -NRS- where lIts is hydrogen
or an optionally substituted alkyl. In not er‘?&mbodlment 3is
-N(methyl)-. 101801 In some ofher’emiso iments, Y' is -NRI'bRib where
Rib is hydrogen, optionally substltﬁr{ kyl, optionally substituted alkenyl,
optionally substituted allc,ynyl, ﬁydrb’xy, aikoxy, alkenyloxy, or acyl; and
Rib is aryl, aralkyl, cycloalkyl, cycloBH#sa&IE), heteroaryl, heteroaralkyl,
whegeterocycloalkyl, or heterocycloalkylalkyl. In another embodiment, Y' is
-NRIQRI® whtiFs-RikerisRhipdsdgenm.dyatkyl dneyRikeisgiany ko netteriasybstnted alkyl,
somepathay embodinments, diprd4 1ddhetiengRidoishapdiggernantdiE' is
aryl. dryyetsontenat kanemhedneRisiydaohit (anyhinboufrIeE dialkylaminosulfonyl;
embadineRiSyy, Ifidn i aEGd; PR tylpReMbAKRHRQQE part of another group within J, are
2,6-dighlorephepsdamyaes A8k ohe e bRdinents. 3 is an
optignallyzsubstitytedying, system where one ring member is

-P tituted a
Sugsﬁguﬁﬁeégg ? Gar l&(%& 3@?9&&!&%{3@»@%&9&9{3 Wany m%;,) t d alkynyl,

$2ax?. oxy a eny oxy gﬁz_‘ e}%iﬁz‘q@t ¥ i Ck
e A R Sl e et
_C112CHEERe °fH"%’6’ﬁ%“§%?ﬁ¥§’ °§lﬁ¥88<d ments, Y2 is a bond, -C(Q)N11,45-
or -C(0)NiEE St HePmmdsainsifcs e ??%‘%‘Hﬁﬂg%tn‘tf‘@’?‘% s&?f'tﬁ'ﬁ’iﬂﬁlfa’ P“"“““y
subsmuted%@ﬂ&kﬂ*&?ﬁhﬂ?@?@ﬁ%ﬁ%h@%ﬁ%f¥§1°1ﬂtﬂ~r:°y(mt‘5w fgterocycloalkyl,
some otherehtssefirrieritdaiRth is methyl; and Rth is -X2b-Y x. Q2 where
Xth is -0 13 @pie@HikeyRis, ar Bsymiless -C(0)NH-; Xth is a bond, and Q2 is
an optioralkyswseiirstitalet vibgitsys teinmwiséseronakinglmehmiet, igcloalkylalkyl,
-P(=E)(I1t108)erot 2 1:3M8sk, ki imemeyasakadiments, Rth is located at the
6-positiat anglaR2h dsgBcated at the 7-position. 1o 1 841 In some
embodiRenNisiictdi3.8:R0R8-890 Lrifa spitiRE,MaBeeKiadraup of 6
ring atoms jg,Wwhich.epeigi;the ring atoms is nitrogen and another ring
membergs s AR lmguwgsga&w niragenisibepoimaf Jliashment
to X2h. In qther er?)q%{ ments dcygmﬁk'ﬁaﬁ%ylnfryl aralltyl, eyeloalkyl, or

rt

cycloalkylalkyl. in &r embodiments, Q2 1s
4-methyl-4-0x0-4A541,41azaphosphinan-I-y1;
4-0x0-4-pheny142,541,4lazaphosphinan-1-y1; 4-
(4-fluoraphenylmethyl)-4-ox0-4X541,41azaphosphinan-1-y1;
4-(eyclopropylmethyl)-4-ox0-423-[1,4]azaphosphinanl-y1; or
4-(cyclopropyl)-4-ox047.341,41azaphosphinan-1-yl. 101851 In some

Nnther embndimente v?2 ic _.C(ONNIH- and O?2 ic a ecatirirated mononevelie




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,
alkyannoeaoeonyl, diallcylaminocarbonyl, alkylsulfonyl, PCT/US2006/049489
alkylaminosulfonyl, or diallcylaminosuB®nyl; 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, optlonally substituted

alkyl, optEHAKy i ‘aﬁk‘éﬂ’\}‘{“’ﬁ‘bﬁ‘{)‘ﬁ’é‘f?""%u’b SRR Eﬁrrﬁqu%w‘émgxy,
alkoxy, alKEHIBYY BEyi> Y YRR 7y “(ﬂf)‘t‘(ﬁ‘jﬁe R &
-(ASY-STR 6 lah S¥eRRY: cxfietiogdi Aprsin %ﬁ%,hem?iy)d@(b&’oﬁss,
cycloalksitreydrotialiaiksil, heterocycloalkyl, or heterocycloalkylalkyl; where
each'R¥dB Treeperde tithrisetectewhich fhearrotierisy drotisrrapiohl i beteroaryl;
substituter ahieyhdenstional y Sudsst vpied bl ioetivedplicratignsiirobitifted alikenyl, acyl,
alkynylceyeion) kydjcengloalk yiakatchoter oayolgeatidid eyt ary, aralkyl, heteroaryl,
heteroayeieatmnbsyiaBy-tcscmilgffad®, allcenylene, or alkynylene; R is
substityjed alkydasubstitied alkanivhe stabstituted alkymyl, cycloalityl,
Cyoloa”ﬁy‘im}&sdﬂ %ﬁﬁ&%ﬁ&@ﬂﬂﬁ%x%&%&%ﬁ%ﬁ@%@%l 1@53-15]1@1 heteroaryl,
hydrogen %Etgémlgﬁ J:§c ”%U%MWE@ %Lﬂ&ygmgylycloalkylalkyl) and
cycloalleylalio h?t%dowége Ui SLDEIEI QRGN BERS o e ana

substltutgd aI stubstlﬁute e}L %Q;X su gvtlt%g Imynr\%vqygloal yl,
eIX ef’erocsy‘cslo or eh(,aroc %lla}

IoaIIc
a}}% if hé’tﬁ%egn‘fll it 3}%’( Sff’b ahd-a ﬁ%‘f{én%mm HErs (t)uﬁee or a é‘?ng{l]}ésﬁ%s e sty
g roJB‘\ﬁ?ﬁhlﬂkﬁ‘i’Sa %Pé TR A SRS sﬁ“ﬁ"sqaf“f’“a Wit ore ‘i ea
threée‘TﬁﬁWIOPﬁv& halg® |sRary1N€ '$ (R cycidamtl, CaRalkGISIR liI
hcteﬁa)rﬂ%el%‘afréﬂ?yl heterocycloallcyl or heterocycloalkylalkyl; or and
Rib tyestriodwitrthalnitroagensisuhichesioyearasarm et el grup within R, are
heterocipétoalicpiinrrietdhoabylinRE wfdie drarémdependesntichydrogen,
opticfalyssuivstitutied aibsilreptionallyustbstiteisad/hlivemyl caoyhlioyeloadkyt,
cycloallkatadiaykyheterGay elasbeplodréterocycloalkylalkyl, aryl, aralkyl,
h etewaﬁy(l,lﬁ‘ewﬁﬂ&'ﬂll@éhtg hy{ i) SGEHNRAEREONA Sinmilpdenyted alkenyl,
allcenylggnmgmz@{r m%@%ﬁ%&oxy, cyanoalkyl, alkoxy, or alkenyloxy;

R™" is hydroger, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,

hydroxy, cyanoalkyl, alkoxy, alkenyloxy, cycloalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl and R 1*®
is optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
cyanoalkyl, alkoxy, alkenyloxy, or cycloalkyl;
LR is XY X-Q° where
X2 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, -O-, -S(O)a1- (where n1 is 0, 1, or 2), -C(O)-, -NR*-, -NR*C(0)-, -NR*C(O)NR*.,
NRH¥C(=NR*¥NR?-, -C(O)NR*-, -OC(O)-, -C(O)O-, ~-C(O)NR*IN=CR ™, -NR¥SO,-, -SO,NR"-,
-C(R™)(=NO}-, -C(R™)=NNR*-, -C(R"=NNR¥C(0)-, -C(R™)=NNR*C(O)NR*-, -NR*C(0)O-, or
-OC(O)NR*;
where R¥ is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, hydroxy, alkoxy, or alkenyloxy;
* is hydrogen, optionally substituted alkyl, optionally substituted alkenyl or optionally substituted
alkynyl; and
where alkyl, alkenyl, and alkynyl, either alone or as part of another group within Y2, are independently
optionally substituted with one, two, three, four, or five halo;
X? is a bond, alkylene, alkenylene, alkynylene, cycloalkylene, or heterocycloalkylene where alkylene
alkenyle_ne, and alkynylene are independently optionally substituted with one, two, three, four, or five



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
R1%®. 2domiapendently optionally substituted with one, two, theea, 006049489
five halo; R26 is hydrogen, optionally 8ubstituted alkyl, optionally

substituted alkenyl, optionally substituted alkynyl, WO
2007/1187068PCTIUS2006/049489 32 hydroxy, allcoxy, alkenyloxy,

optionally substituted phenyl cyane, optionally substituted phenyl,
heteror\‘?%jli‘“ﬂl‘ﬁ%gféﬁy AP IeR12b, -NRIZ'C o G%b23b .

(AR RRSEB)IRIGE Y| G?NM AR B ofBISATR TSR BanlcPr =
where awkwa‘é}iwéﬁw%ﬂmfyftW%em@ﬁémenwéfsa%ﬁé%%s part of

anotheE growpewitliiiR2', are independently optionally substituted with

one, two' " thneé T indspdiverhal ontiriadsibs ety iae BStikalpgen, hydroxy,
alkenyl, sulistiuisgensibaynydtidaytir esopitayanod) kylioaikoxystonea emylexyptionally
and Rnb isibydsegaryayR12"; 11.243 and R1412 are independently

hydrogem: Qptonaly.sebsiitatadalkad, patianallysukstitiicshakkgnybstated atkenyl,
optionally spstititeclalknidy By diexyaicy aBealk nabeexXiy Otalkany ¥ty latiy,
R13'is hyqipaen.antoally. subsiiyies,ali, eptiopaily. SUBSIIIED. 5., or NR™.;
alkenyl ;apfignady sy (%téﬁ%ﬁ‘t@ L?%Q)dsﬂ%ﬂﬁ?@é%u&y anealyl.alkaxy alkenyl optionally
alkenyloxy, | Eé"%u%%%j}w eter?%e\(eltogrglhqt§§8%@yk¥y§cggcyglfcyl

optionally substityt ion slitu ré/s ) 1sa ale bond;
substituted AR ﬁ T( Ty ?c xy, "a enyloxy, or cycfo f<y1 IB

-X2a- Yf be w‘ﬁere X2b is a bond, alkylene,, 2alkmylene, or allcynylene
where tﬁe‘%ﬁﬁ&y Bt RS e P AMecTrdidie are optionally substituted

with on8, fiPa@etbirioriveas-tribiesty %%%W’%ﬂ?ls%%mub“md
-0-, -S(0)a* kAt hatergprgh) heferparplkyhgysipalioy oye iRt Opgreapsloalioyt, or

_ NR45cet'NRasphkalkylcf0)NR45_,  OC(0)-, -C(0)0-,
-C(0)NE2iBINE IR NRABS02-, -S02b11143-,

_c(R74R" &1 4R4BE(0Fom tof RBehodimedc@XIRAS™ is NRAGE(G)D spotituted alkyl,
-0C(0)NR 4B tiomhesardrudal iscbyd pgenhoptionadasuys bittitasdiatingdituted phenyl,
optionally sufastititaskatkanytaantianativ.auh sitdieshatiy Rk dayasony,

al koxy, or ﬁ!ﬁ@&ymyc‘ylalkyl, heteroaryl, heteroaralkyl, <OR™!, or -NR'**R""%; 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;

R js hydrogen, optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alkynyl; .

R and R 9% are independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl;

R? is hydrogen, halo, acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, -(A*)-S(O)0..R*, -(A)-
N(R™)a, -(A%)-0R¥, -(A%)-OC(0)RP, -(A%)-C(O)R, -(A%)-C(O)OR, -(A%)-C(OYNR™),,
-(A%)-NR*C(O)R?, -(A%)-S(0)2N(R*);, -(A%)-NR¥S(0),R™, -(A%)-OC(O)N(R*),, (A%)-NR¥C(O)OR,
or -(A%)-NR¥C(O)NR);;

A® is a bond, alkylene, alkenylene, or alkynylene;

R is optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl, aryl,
aralky}, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl;

R** is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, hetercaryl, or heteroaralkyl;



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-
X25vis adyamdisand Q2 is hydrogen, cyan, optionally substitutedialisybps/o49489
optionally substituted alkenyl, optional¥ substituted allcynyl,
haloalicyl, haloalkenyl, haloallcynyl, aryl, cycloallcyl, heterocycloalkyl, or
heteroaryl; R3 is -X33-Y3-X3b-Q4 where Xn is a bond, ethylene,
alkq{;yleay &,.or all%mél%ne where aIIterne alkenylene and allcynylene are
inde ere aent Xk thf](a”%hJ{blStltU en eIIEh " ?ehghgl%%f Jlorlilrb Ors fla\{'teo anoother group
ln T\Iia-? ere R51 Is ny CT
tlona‘T'IS‘I“?LYbszﬁfd’f%& eﬁ?ﬁmfy i |on T“bs ettt ngrpe otional ﬁ alo; and
ﬁgﬁfa&gﬁ‘%umm“&;s%a’rf&w%% éﬁfyTBW 5?11" *es “’t%fa 1“‘6““?*3"‘6
It TR RS TR A B RR A e PEIR s SIRERfy 1, and aIItynyI either alone or
10174 dam@ﬁ%%‘!h@@@?dﬁb"\ﬂﬂ@ﬁﬁ’i"‘}‘smé?@qﬂﬂé%ﬁ%ﬁwx@pﬂb‘ﬁ%ﬂ? is hydrogen a’““ s
NRStigstit R ohyditizoneantepgottiberubsiured eXpiilpadatiig oRRdimdnt.d bdFppethyD--
ro1wkylemeatkemmn@eaﬁcynymﬁ@x‘eymmmmer,ommww@maﬂ@y|éné, optionally
subihetagthy) enenalkenylenre Jang] aljdynyl ekexakindepandehtiydddtionallyralkyl,
cycﬁ)dﬁﬁtiibﬁﬁdl&ﬂﬁhyﬂ AQe:barg, Ehﬁﬁﬁxaﬁ%ﬁd&ﬁﬁ’dﬁm@j&ﬂfemﬂﬁmmymytber
emt¥AGh QNS LHNQFEuLelS Rp%nﬁxygal%ﬁaxﬂg(%w'ﬂ!ta)ylﬁ fe¥ba)(6HORGD),
embdkmie) ReRAtKMRo k) 050 ARtANaHY Substiutedring: systamwhere
E&gq ﬂ%@!@&%&%ﬁﬂé&&@m&mﬁﬂEwmhIW@cnylmo
101840% rem %51299%9‘&% &%séﬁtéé%%g E%%[@&immg@%@ ).
Dlgﬁilrﬁgo eﬁg n 11 hts 229 1s o %ﬁonaﬁy subsnw g rﬁ: R? s@rrlg e:(rj QO c{] h Xxdi{g)gymethyi, and
enyloxy gptlona sy bstltute % % Ptﬁ%ﬁ‘ﬁﬂ 'iqb;r}étgﬁtﬁs YR
e kcp or o tlona s@%‘sﬁu’fec}“efﬁf:a nyl; RET16 353 are
wheFfdr ‘én% gtg%ﬁ°t5?5ﬁ5‘ﬁé]|’|’“c§ubstl ut‘éoadalf%(? %R tioRally substoted_ .
“’m“a‘lﬂ’éﬁw Bptirhang ﬁiﬂ‘l‘é’ﬂ“ﬁ?ﬂ%ﬂ"s’&md &PéﬂXf}F“h‘é‘E%rfc?&?ﬂ“g member is -P(=E)R)-
- Topsese eSher ATRR S R Ry Pl ensiRy SR eYer B CYRIG ATy -O=CH=CH- ¥*is a bond, or
-CORBErOEY o dtiglattQl inimemivtly sbsibed tingesjsactispriginguender P (E)R™)-
101334R 626mREDGimets RE G dcaiee drioieenitiarriy B tideraly 8 todtinstéat-alky |,
jo18gtionaty: subsiituiedyd ke bydd oPHd iral kutsalod titoried titkerrpl ot yihzateieipl which one
of thetngaand ihateronkadliskneypipakoyd; ¢ yrlaalikVinhallwherdwptareeycioteyint of
atRhhaterseyelealcdaliad-where ¥ ior X brakespentivel: isdaingleyboitekiher
emXo;lillAanss ngs' 4 §eth9f 4! %ﬁ%g@aﬁ@mnﬁyladkﬁmlﬁﬁﬁylawﬂyj sgnnan-l -yl; 4~
4 ﬂ% top£en @me %g&ﬂ [lqlc_aé 9& 'Qﬁk%'bly?*‘d }&E%gyﬂléyx'yl)gzp&g%uﬁ ,4]azaphosphinan-
su dijtute il 4{%‘ %%t ?g ally 1?0 stltu¥e alkynyl, aryl, aralkyl, heteroaryl,
myllieferf)écram cloalle iﬁ& : 8;1eter§1(r:;/c(%oalkyI OF . drocarbon radical of
nnﬁi@xﬁﬂénﬁk mg is Ps(fé))(&) In other ézédxme)é)c/s dl;%rﬂxs P‘HQ or aryl. In other
embodiments, Y* is ~C(OYNH- and Q? is a saturated monocyclic hydrocarbon radical of 6 ring atoms where one ring
member is -P(=O)(R'®)-; and R'® is alkyl or aryl. In yet other embodiments, Q? is 1-ox0-1-methyl-12"-phosphinan-
4-yl, 1-oxo-1-trans-phenyl-1A*-phosphinan-4-yl, or 1-oxo-1-cis-phenyl-12°-phosphinan-4-yl.
{0186] In another embodiment, J is -NR’-; where R® is hydrogen; R* is optionally substituted alkyl; R%is
hydrogen; Y* is -NR'*R'® where R' is hydrogen or alkyl and R"" is aryl or heteroaryl; R is -X*-Y?-X%-Q® where
X is alkenylene, Y? is a bond or -C(O)NH-, X? is a bond, and Q® is an optionally substituted ring system where
one ring member is -P(=E)(R'®)- and E is oxygen and R'% s alkyl, aryl, aralkyl, cycloalkyl, or cycloalkylalkyl.
[0187] In another embodiment, R* is optionally substituted alkyl; and R is -X*-Y%-X®-Q where X* is
alkenylene, Y? is a bond or -C(O)NR*-, X*" is 2 bond, and Q” is an optionally substituted ring system where one
ring member is -P(=E)R'®)-.

[0188] In another embodiment, provided herein is a compound of Formula (Ic). Formula (Ic) is as follows:



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,

heteroeyclogldaglalkyl, heteroaryl, heteroarallcyl, -OR161, or -1PCT/US2006/049489
\TR1626R162b; and where the alkyl, &lkenyl, and alkynyl within Kw, either
alone or as part of another substituent are independently optionally
substituted with one, two, three, four, or five halo; Itil is hydrogen,

optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alicynyl; RI26 and RIOfB\ e ipdependently hydrogen,

optionally substituted alkyl, optionally sy sthtut¥d alkenyl, optionally
“substituted alkynyl, aryl, aralkyiz ter aryrJ heteroarallcyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl cycloalkylalkyl; and
iiharmaceutically acceptable s giharmaceutlcally acceptable solvates,
pharmaceutically acceptable metaboitas & pharmaceutically acceptable

whest¥ drugs thereof. 101891 In some embodiments, provided herein is a

JorBothndoNR o IHIREG & hydRera: AV dresy. K7, piierioREdy. [y Eregenstiuted alkyl,
optiortisiyligwiistivted efkail Priivathierbafise dirohtdkdxisahdiricthipbea[orrgo|

In anbtherirermbodindaliyiavis cbRIR Hikyvidibrey Riligdnjpesotfen), optdnddymosulfonyl;
substiutetk alkgy hlioptioniaky subsiitisiechigikelypk optienaliynstibyetitutedhin J, are
allcynydsehestig syt atng xybsalkervita xye, Groahyde, e dRilvdsaaryl, aralkyl,
cycloatiowd cyioalkylalkylebeteroaryl, heteroaralkyl, heterocycloallcyl, or
hetegegyiglaaliy/aliylalnaihar 2R dIMERtS stissh baltn iy BRIty lSbstituted alkynyl,
hly\j LO(@ %vgfaaﬁmc@@&&wa@gﬁﬂabm%m dpiiarersbadine, ks

- ar 0 3] 33

4- fluorohg% )Irget;S o y?g:zc?o &yﬂg}é ldgllg%)poﬁen§/}l'cal?ﬁ?f£ | Slfsui 1?%@1

another Epc cg | tlo(p |l Suo?lgslt tgggn”cf‘ I?y subst tu@e% aqkyl optionally

1s
one rlng memper IS -

2007/0870B8BEFH IR, Bﬂaé‘ﬁ SR PRSI el sk ergloalor
hydrogen, gtersmrtibdtitited alkyl, optionally substituted alkenyl, or
optlonamﬂ%,éﬂbﬁélﬁﬁﬂﬁé’éfﬂéiﬁ‘i?nWﬁﬁWWﬁere alkyl, alkenyl, and allcynyl, are
indeperfientipiptidniiy seistrdteryithisitactolenthredosbrlr cxsiorlrdaialo;
R25& is -CHENGyLO( B NNRE@YG 250, 4c250ex250.:+250b X Q2-
where X250hidradtoypteRie, alkenylene, or allcynylene and where alkylene,
alkenylene, canshditkybyienrease indeiendentineptionatissubstiyted with
one, two, theeecfoupsfie halo or with one or two hydroxy;

R* is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl, cycloalkylalkyl,

heterocycloalkyl, or heterocycloalkylalkyl; and '
where alkyl, alkenyl, alkyny!, and alkylene, either alone or as part of another group within R, are

independently optionally substituted with one, two, three, four, or five halo;
R'® is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloalkyl, or
heterocycloalkylalkyl; or
R'* and R together with the nitrogen to which they are attached form heterocycloalkyl or heteroaryl;
R'®and R'? are independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl, acyl,
cycloalkyl, cycloalkylalkyl, heterocyclealkyl, heterocycloalkylalkyl, aryl, aralkyl, hetercaryl,
heteroaralkyl, or -(A'®)-C(O)NR R,
A'®is alkylene, alkenylene, or alkynylene; and
R** and R*® are independently hydrogen, optionally substituted alkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl); and
where alkyl, alkenyl, and alkylene either alone or as part of another group within R', R'>, R'* and R', are
independently optionally substituted with one, two, three, four, or five halo;
R is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,



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
Q2w is2hetenmeycloalkyl substituted with one or two groups s@leTiestdvem9489
aryl, acyl, hetcroaryl, alkylsulfonyl, alk&nylsulfonyl, arylsulfonyl,
allcoxycarbonyl, allcylanainosulfonyl, dialkylaminosulfonyl,
allcylaminocarbonyl, dialkylaminocarbonyl, and -(alkylene)- R25 R25l is

phenyl substltuted Wlth one, two or three roups seleae amaqgn
oxy ox o bstitnted p ano o non su S tuted ?cnyl
hald? AYdrdx Lﬁy rplno |on

subkeiFesY ﬁ& Roytlfﬁlh stittted’ gfﬁeny Bﬁﬁon WQ Ifrgd K%, or
allcyiy: SR Ufronstd aIIcenylsquonyI alkoxycarbonyl, alkylamlnosulfonyl
dialKyRarAlRstire kAl pad MU s DO AL aner BHEARPEROHD EaBarYin Bngee

where &ieprefretatieiprallk erpyliuadaidtiepryiycettirer fattb ot talsspart of

anoRTB s grbstip iyl RES: wrdkimpepbrickdtoptibriathy. sttt

one, twakethtes; oLk, i fivdeolale;RR350' is hydrogen, hydroxy, alkoxy,

optiaifadhs rithat iniednatkyy, watienalycubsitdtiettalkenybierabphitmalya alkenyl,
substitutedhalicynyranchiaer ayalay, ikemyl, archaleyrhiase
indepengdgpathapsiaoally substitytedviibang siweu it menfO b RRMechaled atynyl,
11352 ig.abyl, aralisyicuelonlidnmyglaloviaikvh etemnadheteraataliiilyt ana k'

hetefO9&/9&3&%}#@&!&%@&&%&9@1&)@@M@E&m&ﬁr@pmﬁa@ms%@@myx
cycloalkyagl g{teroq@ ég(y’or hqte gycloalkylalkyl Pm is hydrogen,

Or CYClO:

Lo, ¢V, mno acy OXY, aIkyI fkenyl, alkynyl, cycloalkyl,
A S mn e

cyco heteroc cloalkyl, heterocycloalkylancyl, ary|, aralk
heteroaryf’c’ﬁéf’er% %/ TFcy?¥ ef‘e“f& ‘)‘Gﬁ'{] o ar%lsu?fon %Jkynylm o
aucy|arﬁﬁtranaa¥afrmm WHEAMESYS, “g&w’%fc kﬁ/h“é‘fslé’é BB .
alkylarimbse (OdtiafrE i SchBohyF QAR SN g R CONR
arninosaFoRTNRIGHET tnﬁ%“ﬁyfoﬁfﬁky%%éﬁ%ﬁﬁ *JN=CR™-, NR"SOx-, ‘SOzNR“
alkylsuHE@; HriRlo,-BRAITRLTI RS BREKEI) et ArRINRSODIIRY-, NRPC(0)0-, or
hydrogedCIoa® “acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkytaba/f inateseey oloallty kuheterd epcloatiopatikydbsarytd aliatyloptionally
heteroaryl shwigressrikyl, Biexisuliaryd: alkenytsulfonyl, arylsulfonyl,
allcylaning,idialkyvlaminanptianyi-a i apulaxy; satsoxycarhol ¥ MVily substituted
20071087QaRPCIAUS2006/019489 35 alkylaminocarbonyl,
dia”w'@m&&%@r Q%%Ll %KXIW o]nVirzh{aTiafa émm%%ﬁgﬁﬂoup within Y?, are independently
alkytaminogylion, digliAtiies wieaxl. a6 alkyisulignyiamino: and where
alkyg(zalkeg l%/]ny aIIcerne alkenylene and alkynylelne either alone
or as part anot er group withi are.in ently.optiona
subs?%ltut{‘ 3% i? ugnt ree ur c%’l ive. n% T} Xulhgé %pﬂ%%ny S“b: tited
gtlonaﬁ B s??ulf%’d é'i‘fﬁqu@btlo W%Uabr%tlfﬂ‘i ?Jjgik%tner 176p |o’ﬁl’% Sleross
bettu g’d}&l Kyri¥ifiydroxy, or alkoxy and where alkyl, alkenyl, and B

alkyPRyTisaibreh HRsices okas Ses o amUtRR T 56 Bl IR enkear s ded slnedsmey=e
optionalfifesesstilti eatoNHh sBrEv kA F R s e ™Mb e PRy &° FATdalg AEPne or two hydroxy,
pharfice(RicalyREcaptee sarsoashapiracbitiesiyehabeptetsie iEhpagatsd alkenyl,
pharmageigtidaltybaticepitivelmekabivliod olphbrhiaceatidallylacdestedyiéealkylalkyl
pro drugsitkiereakyl k31 4 ahoihetiemibockment;: provitke grhereihiisya are
compoundefidemtyaptinlt) sivdaetai iithone, two, three, four, or five halo,

X is a bond, alkylene, alkenylene, alkynylene, cycloalkylene, or heterocycloalkylene where alkylene,

alkenylene, and alkynylene are independently optionally substituted with one, two, three, four, or five
halo or one or two hydroxy, and

Q* is Z where Z is -P(EE)(Y'*R*)(Y'"R*®), -P(Y ‘°=R5°“)(Y'°"R°°b) p(—E)(Y'°=R‘°“)(z‘°R6‘) oran
optionally substituted ring system where one ring member is -P(=E)(R'*")-;
E is oxygen or sulfur;



300 If R250blit Formula (1) 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
-3/2824007A8meX 25b-Q25 where X250 is alkylene, alkenylenep@r/us2006/049489
alkynylene and where alicylene, alkerdflene, 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 ban ene, alken Iene or al Iene g where

alkylen 2 e?wﬁenedd dl< é’“’"l%ne e ndesen e%ly Shtionall fhogen, by,
su bstltuteﬁuﬁﬂﬂha&‘ﬁ Pt'h"f?&y %bﬁ?t“E?? PR RRTS B télﬁeéI Bt opiematy
hydroxyé Q‘?%‘T%:e&l“)ﬂ%‘?"l’]etemaryl or Q25 is heterocycloalkyl substltuted

with orfe GPa%0 grotipEedratduirrsm SprResoHisted sl rranegtuaifsripred alkeayl
aIkenylsuIPB'PWP“e(W@HW?IWOW@&T%FM“&W}M&%WWHM cycloalkylalkyl,
dialkylamikmsedfelralivhteicerircesibioiylvemd Jian faniprstapng dhar NR™
where BIRwERE alkipeatkémyt, cariebil eytrdytel thier. attpmibrseistiprat @¥fenyl, optionally
another gravyanwthimyR2 anareaidseendekbeoptitmhtyisiiodt tystedkyially,

one, two, RteaytauiloQbiiveRalasdt,dmnol imbydrogant hygdeawyyaliaxgle bond;
optionady: substisltgdralkeyl, optionally substituted alkenyl, or optionally
substityted alpyLandwhere a4k, alkenyl are-alkynyl, are
'ndepe'admt;wg%oa@ﬁ! Iy SRR WA ANG bWy MR dPMeN, BHERN Qubstituted

R353 is ary], aralkyl, cycloalkyl loal K r oallyl. or
heterocycloa ?arg{rlp?%%g gggﬁ@l%%(%@r%d%\lﬁﬁgg %%%Pﬁ%%%@%%@é e

cycloalkyla Ey é d (% l,,bor heterocycloalkylalkyl; few is hydrogen
halo, a S/r'Ea)ﬁlno a{g/loxy alkyl, alkené/ 5(egﬁlkyny(,l, c%/cloalk
cycloal heytHEbap égﬁﬁgﬁlf’éﬂ‘}f‘ﬂﬁ’éctesr%%m 9&and1BlkyT AR Pa naﬁéﬂﬁ"bmmted il
heteroaryl ﬁ@f@%é‘f‘éﬁﬂ‘&ﬁdﬁmtﬂ?ﬂm lyziﬁ?@’i‘iff’gﬁmi B %‘WBWW“"G phenyl,
alkylaminorévatiky rbsitscdabarialatymyielnd, 6y catkeide: él’fﬁfﬁﬁ}?}’d%}‘@‘
2007/087068PaT 1820061049 Bo 3G ariAhriR OcarBBYR ; and
dialkylamindem ot aliepibard etyzimitio RiShiitbsalfong as part of another substituent, are
alkylanairassusfepeykiedialéyierinodeifonista thogl sudf dnyd fpoine fige halo;
-AlDD-12. 301 i{wiaexenfdbds sl kleneonaikenylenessiacdR 30 keis!], or optionally
hydrogen, halgsagytaagylgmino, acyloxy, alkyl, allcenyl, alkynyl,
cycloalkyl, pyelpatk¥ialkylaheteracysicalybohataracysiorliatal kstioady substitted
‘arallcyl hete rQ@SX)Li Qﬁﬁﬁ@’@%ﬁ@mﬁé& KME;’%WQW&%?H&%E@ @yderoarallcyl, cycloalkyl,
arylsulfonyl, alkylaming., Sialkylagaing,, alméxc@mkﬁﬁwpéyd
a'k°>%%ﬁafsb i, S yiapungcarbon oL A BIUROGAD0 Whruncceudcaty sccsprane
alky earbony amln c@m nﬁl fhangé |noésu fonyl,
dlalkly arnanSLﬁ’an% ora on amiRo { akn)r/ %Ilc%&y SRS i
R AR E Ak &HyIe erﬁ‘ﬁas afic (}F °“Tene el §rone SHHS DAt oF
"y‘ﬁ?ﬁﬁﬂ?é?p 8 Wfﬁfﬁ“ﬁ%bﬁ Iﬁ?fg‘fﬁdﬁb" gt’ésn{l 3 |on<ya substituted with
e b M L e RO BB opioml
substifyedellee- SREpPaBY RSP SO ET i Ea <5 RERD BHTHEMA IS eabattdtel e araliol,
cyediizrhyty dipdindatin L dre iatkasydy halrrdopplrey BeistRgleiedngA heipver veiRs e el Frestber
embédivensr Wss PaRt"BI” ametit ighodipeendthaikyl; R R Y 15 aarkoiheterprayidie atlgr embodiments, Y*
is DEeAyscubstitt ket witineNe, {woydhirestfophedive hed@: ddrophenylamino.
ppharacatticalyaceaptablosalia)phamaceytisaly encepiablesolvate®=E)®R'™)-
. pharmaceutically acceptable metabolites or pharmaceutically acceptable
I()ﬁﬁ?dﬂjﬂé JRS‘JSQEm, provided herein is a compound that has a structure of Formula (II). Formula (II} is as

follows:



101941 In another embodiment, R2505 is optionally substituted alkyl;

R25611 is -Cli(---NOf1), -C(H)-N-NIiC(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

onayonmtiwmes four, or five halo or with one or two hydroxy; M2BUs@6/049489

bond, -9(0),-, or -C(0)0-; X250b is a bé&hd; Q250 is aryl or heteroaryl or

Q250 is heterocycloalkyl substituted with aryl, acyl, heteroaryl,

alkylsulfonyl, arylsulfonyl, alkoxycarbonyl, dialkylaminosulfonyl,

alkylambiocarbonyl, or -(alkyleng):R251 (where R251 is phenyl

substituted with halo); 11.353 i<Pydrogen: R356 is aryl R30 is hydrogen;

and Roo is optionally substituted é D1guriiesdMe other

embodiments, R3505 is Irfehagen nd B355b is aryl. [01961 In yet some

other embodiments. R30 |s£yb dregetoand R25' and R40 are optionally

substituted alkyl. [01971 In somé‘other embodiments, R250D is R256b is

-X251-Y250-X25D-Q15 where X2505 18~ CH2CHH-, Y25 is a bond, X250b
whSEI% hond, and Q35 is heterocycloalkyl substituted W|th one or two groups

FT6 i BRSBTSy PSRRI ST ke 1 gLy substiuted allyny!

ary| sty abikayrar sraiyaiiarrapATPRadTs Aol RSAEiHiFio et Rsp I o: three, four,

alkyafivfrielearbonyl, diallcylaminocarbonyl, and -(alkylette)-R251 (where

RYB 1s iSKS 0. sOBBHNGT @Y The, - R0 YOr-iiTe @ Grebips selected from

hal oy eoxiena lieyleey andikalitydenn nose iitidgher siroiae)dndfitoyiaidare

substituted alaty eptianalhsithstitutedativenieoptio nathe Babatititee or two

alkynylnadisylsulfonyl, alkenylsulfonyl, alkoxyearbonyl,- alkylarninosulfonyl,

dialkylamipgsulionyleon!leytamiprsarkpme@nd dialkylaminocarbonyl) and

whegeaalkylgRe. @#%Y.L allesnyb, andalomvhaeiiber.aline SEafRah@fnynylens ar

anotheﬁng MR o;qo%%§9ubaf&émpggc1@@tb{,& QN SHRSHIRI A

one, twi ree our, or five halo; and R250b is located at the 7- posmon
In yegsgﬁ)her embodlment§So SSyis heteroc,:%/clo I&X\‘substltuted wit one. .
or tWo giatpE SATeERE {trom > bt NIV eroary% SIS fioups selected from 2yl
alkeny STHGASE fé‘t?ﬂf&ﬁgﬂy‘a?%iggﬁe‘é{%rwsaﬁi?%ﬁﬁ%ﬁ L
dialky|afitRGEHrSHY it Sy RIS RRiTerE R ;Sﬁ%yﬁ R
SUbSTLitatemR PR AREAED retiyeegrsn g es ieetsd ‘?Pamnﬁ%a‘ﬁyam alkoxy, cyano,
alkoxy, adigdarenoafiafalarig acihtieitariiriehtbiei dptionadhplubstitied efsiiyloptionally
optionaihpsssisstitiated dlveniindpticmadhfeubstitureabalily pit alikgtsiitfohyl,
alkenylsultorylpaikbxyicdkbanipcafiopidrmindsulienihediakigrlaminosulfonyl,
alkylamibacarppmy ke dicdiatkyla imneC aitho Al or 1ObA8 1 ahiatso preothiein R™, are
embodimepisieLdr Skds.pReraziRd Wins stisuted atdhe: dvpasition of the .
PPeTaZ|Rrbpéd, KUag-W/ QR CoptalR $RIREIEL NI RTAARGBRMNACHkenyl, or optionally
hetespaivteAlyispdianye 2R U iRV Al KR¥YABHD RV e AEY JFRIRAGARAMM win
and &5%%9%&Ho£¥be|ﬁh%et other embodiments, Q25 is piperazin-1-y1
shsiifite ,afqtbsyg}cal}zvl L AINIRIPRARG T2 @’94§&§8c,§&yp9§'t'0n
of thx%t&é’er ﬁ(l( Qrﬁ‘dgw‘ﬁ{é}e 0”%9 cegltoea %Q%Q&%r ylyacyl
heteroar ysu onyI aryfls].u nyl oxf/'car

alkyl&Hna B At [01991 In one as ect prowded hereln are compounds

of FortRehity o PP gy WU L (S GRS
B dreench T Selob t O ARIOT e St
NOZEryEAfaayb antsylfoar cr ioiagias Higkyjmyg alkoxy, acyl, acyloxy, alkoxycarbonyl,
1,6-divlethnctadaoxiodd]Betiinpdnbo i -dinidalroiaBilyisoierirtotin- 2k7 lypdeeifonyl,
or 1 dzudilnetbsyteBynxiByByPenylamino, or -A'"*-R*;
dihydi§ituiridaz aldmsrdatisaguinolin-2,6-ylene; L is -X25"-Y250- or
-YZ&X‘ZBMAWM,I’QQ, acyl, acylamino, acyloxy, alkyl, alkenyl, atkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, alkylsulfonyl,
alkenylsulfonyl, arylsulfonyl, alkylamino, dialkylamino, alkoxy, acyl, acyloxy, alkoxycarbonyl,

alkylannnosulfonyl



X25' is a substituted or unsubstituted C1-Cé6allcyl, substituted or

unsubstituted C1-C6haloalkyl, substituted or unsubstituted

C3-C3cycloallcyl, substituted or unsubstituted C3-C8cycloalkenyl,

substituted or unsubstituted C2-C6alkenyl, substituted or unsubstituted

C2x0bhalvedkenyl, substituted or unsubstituted C2-C6alkynylpor/us2006/049489

substituted or unsubstituted C2-Cehalallsynyl; 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-,

CHN T SRR PR s, oo i) s,

-OC(zoﬁ‘ﬁ]@ﬂf@ﬂﬂi’%@t’f@?&%&ﬁ&f’éﬁﬁfff24'5-; where each R45 is

indePeratsarbatemr sl sinh oM s By el BIBE ihte @'t or as part of another group

unsubsHtbRR G Tecrrspd-atnerirady Bhstired EhaTte e Se Sty B N pios a0d

Ribérmvteeroreivstilystibsing iyt euitelyubstityisd aiteiowriitrelibahititied 2oy

C2-88aikyprdlkdey fd\Wesre@hiy L REGEWobalGwiRelfioylof 0y it piEnhengepervitin

or seiftirrdeniephaloge mtd@ity absmeplignalyteubstiited g fvejritelatted
phafr@Ravaengng: kb 6akk yhafhdsiadite RytkpEile Gbatksy phydmphretiyally acceptable metabolites or
phafalzGiatky(phenyit Lan3ayelaalkyl, Cl-C4alkYI(C3- Cacycloalkyl),
[01632-E3beker anyriasiC . Lakdndalicyl((erpt8hatesaayaioatud}heteroaryl,

CrColkyl(heteroaryl), C1-Calkoxyo€,-C6alkenyloxy, C1-C6alkynyloxy, or

-NR102aR102b; Wu and RI126 argXi S ndently hydrogen, or an

optionally substituted group sel ngpbl-C6aIkyI,

C2-C6alkenyl, C2-C6alkyn ,’"@’/I, ralkyl, heteroaryl, heteroarallcyl,

C3-C3cycloalkyl, C1-Colkyje:s C{,}Scy@loalkﬂ), C2-Calieterocycloalkyl, and

C1-C4alkyl(C2-CrheterocycloalkY 1), 12¢ igyan optionally substituted group
nSelected from among C2-C10acyl, C2-C6a|?<enyl, C2-C6alkynyl,

q{%°9136§y£ﬁ(<g)ea' Ik og:all-lsg IE{)'S’ l( %ﬁ(c};rc,)g n%lrpaﬂ Ik Ds’h%liycl’c D(gl[}%rgra Ayt;bnally substituted alkynyl

neteroargli Sl Sealcyiuionyt 2 Coakenvisulon aniSulionYlu, uue, s

hetefoalyLsu hylf, foulory oxycarbonyl, annosul onﬁ, R

ColkS/IAMABSuIfony!, di(CI-Céallcyl)aminosulfonyl, and

- O Afky ’EulrdhymiRBT=W0 2007/087068PCT/US2006/049489 38

R258" 1S ihsaretetiarian or el o ersthssiiseeclkensnes red Lamuteted

or unsubdtisrtiselCRiCBEN@PHiM e SiBstHtUTed e st pstitebelg or with one or two

C2-Coalidmat; a substituted or unsubstituted C5-C6haloalkyl, a substituted

or unglibstiterie s C2(CBhefdalke@yh-or a0sBstituted or unsubstituted

C2-Gftralaalianytylanis dedyl @k, 3; andphasmaceutitakyeattivgametabdlitosne ae

pharmageticallyyastapiablessohatas phaanres thical e e ptattecsadtswo

or pharmaetically acceptable prodrugs thereof. [02001 For any and all

of thg:emhodinmantarsHRSHHENLSCRING SRIGRIRE KATLAPRR G HRMcRcted from aryl,

SUbS?t A ihedisted Qsﬁﬁmﬁ,ﬁy@ék&%x%@ﬁmﬁmlﬁ&ﬁ ’Qﬁ%@aﬁgwm&?%d&ifmﬂ,

1, 6-dim Qll‘xl ;a}l%iggﬁ‘?f’oﬁy% 'a‘ﬂ%ﬂfx%ér%&;‘;ﬂﬂ%ﬁﬂ%@in’ﬂ é§89ﬁ9ﬁ18}&’1&gaz aﬁlﬁgﬁ, alkyl,

In other ﬁ{%‘ly QQJmﬁ%Sr ;%I\Sr alone or as part,of another within R**°, are independently optionally
G T darat SRR

1,7-dimét xl-o-oxo 9 I‘O-lH-InfUI azo soquinolin2,6-ylene.
ubstituted with pne ‘:’,T.Xxt e, four, or five halo;
(02011 i Some ‘embodiments: T.18

y 11 .
16-dithetry Sse e Gomriras it Sl ofer SoHREBt AHREINCD 7 Rer e oponaTly
Re Rﬁlb_at}?ﬁqﬂm_:f_l_ﬂ'w {Krere alkyl, alkenyl, and alkynyl, are independently optionally substituted with

otie, two, three, four, or five halo;

R is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloalkyl, or
heterocycloalkylatkyl and where the alkyl in aralkyl, cycloalkylalkyl, heteroaralkyl, or
heterocycloalkylalkyl;

R** is hydrogen, halo, acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, beterocycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, alkylsulfonyl,
alkenylsulfonyl, arylsulfonyl, alkylamino, dialkylamino, alkoxy, acyl, acyloxy, alkoxycarbonyl,



\()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 swiostiturtestoss unsubstituted CI-Cs-alkyl, or a substituted orPCT/US2006/049489
unsubstituted C1-C6haloalkyl. [0203] # 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 R55Ql(1i aIdero en. 02041 In some other é!"
Ao

mmosdlfonyl

X2508 1 B Sibatit e’ oF Uit sﬁ’u I RBARC ,,osflﬁ "éonﬁ
unstiystitaB R AkICEIR P B futed rﬁnsu"bstltute RC" Ay)
SUbBHEGEE Bl i AR e B TREr B RRel e g o i
unshsseriretc 2T TP s apk i dherordusEtteida s alkylsulfonyl,
C2-O5asitrsgrpisafaavh tdolepivatHatdimbodiieh sy xeroTs R ayetitted

or uaisidsstiterrbeh s RidiGhaikiphcabad bistindtett lonih auisstited alkylaminosulfonyl,
C2-GoalkenyhnioR05) indoieybmbodinheirs tgmxowhdiprd siddaddreiyiene, and
haveiamsienctiie sele ctadpfiosnaanmengiviReith 8 RiODdpiaemyibatchdlly)substituted
Rb Farwid)avilM)sanek, bR200:hy mdN-L-N \ _n Ra"a Formula (Mc). 102061
|pregriginembadime Bissteddsihalgasnpnanepiionally substijsiediaeo uRynyl,
53'%&39&1@%‘3@@8@@1%&2 aQ@ﬁ@ﬁ?ﬁM &&r&&@ ks\gaXJ)f leﬁg})étoup within
Cl-Gladkyl(ph %Q&é'én&gpu%%ﬁygl%uﬁééh Sk SeAalloy ke -facualoalley BadC2-

g“ete”’c HoRlovl G QlvCAialielerotydoalky D SICIOR ) e
(Fiid (ﬂm eteroaré/ [’h Vi Is. i{gn 0 tlor]{li/ §ubstltuted group selected

ahyl, C2 iyl SG-CGe
‘“lﬁjsoéﬁai% °Ef'€?:’§/c allls bg 8 rtcoar’%'? ﬁ(ef}é r%ar (q;b%)g) Xtilcio,
or 1 Foa sBIfo?‘&FI'eCY,erﬁé ]ETWB’HW FRRBtEsg W@e alkylone, alkenylene, and
s/l A 6?@&9‘&89’@9’%‘?6?0%1 g bao o with one o o

by ARG ATKOAGREE P AR e ROy 2 eee Ball SARH AR5 EERTOR §T Qanly heterocycloalil
subsfi(ECSEiesH yarh irmtssaridmy ooy ' sdfrsleirodiitari di Ragripgsulfonyl,
alljiyeirocretpnit 25-(slalro R - Gp0) R 2 19 hehel (ulyjimte® (i 0)NIpE RO 208 rpgen; R7 is aryl;
R*bifenegnb odiriBntsptloisigelecteddfisyh among: 0

[0195] In some other embodiments, R*** is hydrogen and R**® is aryl.

[0196] In yet some other embodiments, R*™ is hydrogen and R*® and R* are optionally substituted alkyl.

[0197] In some other embodiments, R*** is R¥® jg -X*0y?%0.x*_ (% where X*** is -CH,CH=CH-, Y*isa
bond, X**® is a bond, and Q*° is heterocycloalky! substituted with one or two groups selected from aryl, acyl,

I?éene and R3!

1=K

heteroaryl, alkylsulfonyl, alkenylsulfonyl, arylsulfonyl, alkoxycarbonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, and ~(alkylene)-R**! (where R**' is pheny] substituted with one, two, or
three groﬁps selected from halo, hydroxy, alkoxy, cyano, alkylamino, dialkylamino, acyl, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, alkylsulfonyl, alkenylsulfonyl, alkoxycarbonyl,
alkylaminosulfonyl, dialkylaminosulfonyl, alkylaminocarbonyl, and dialkylaminocarbonyl) and where alkylene,
atkyl, alkenyl, and alkymyl, either alone or as part of another group within R3® are independently optionalty
substituted with one, two, three, four, or five halo; and R*® is located at the 7-position. In yet other embodiments,
Q° is heterocycloalkyl substituted with one or two groups selected from aryl, acyl, heteroaryl, alkylsulfonyl,
alkenylsulfonyl, arylsulfonyl, alkoxycarbonyl, alkylaminosulfonyl, dialkylaminosulfonyl, and ~(alkylene)-R*!
(where R**! is phenyl substituted with one, two, or three groups selected from halo, hydroxy, alkoxy, cyano,
alkylamino, dialkylamino,'acyl, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, alkylsulfonyl, alkenylsulfonyl, alkoxycarbonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylaminocarbonyl, and dialkylaminocarbonyl). . ‘

[0198] In some other embodiments, Q**° is piperazin-1-yl substituted at the 4-position of the piperazin-1-yl ring
with one group selected from among aryl, acyl, heteroaryl, alkylsulfonyl, arylsulfonyl, alkoxycarbonyl,
alkylaminocarbonyl, and alkylaminosulfonyl. In yet other embodiments, Q**° is piperazin-1-yl substituted at the 4-



CI-Cl alkyl,ON,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 Foorawzoéitay In yet other embodiments, compounds providet/ beosimn49489
have a structure of Formula (111li). [02711 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- C6a||cen Isuh}gng L aryk sulfonyl he roa TkxXISUIfODchl

Posiion bR e‘?:arb(gng/na T Ao Tes oféntlnosuifgﬁef/oaglnamylsulfonyl
aryl?ii‘?fﬁf‘?’é%ﬁ’@ﬁ/ﬁb"n |hesuf¥5n"f“f5§ff%’i In other embodiments, R20 is an
lmg3bt|¥5‘t?ﬁﬂ¢%‘lﬁb%’ﬁfﬂﬁ%’d“ﬁ?8ﬁff et srEMTEIERG c2-Cc10acyl, aryl,
heteroaryl, heteroaralkyl, CI- C6a|ky|su|fon)$a\a&yr§ul?onyl
heteroarylsulfonyl, CI-Cloalkoxycarbonyl, amirasulfonyl,
C1-Cealkylaminosulfony|,andygli(GL- @ parninosulfonyl. 0 ',CAN
102131 In one aspect, L is-sgfpcted fro Amongetd -C4 alkyl,, and RE" is
an optionally substituted group Selected from among CI-C6alkyl,
C2-C6alkenyl, C2-C6olloin34, pheh§F¢x&Xalkyl(phenyl),
whegtiCscycloalkyl, Clatalkyl(Cs-Cseyeloallcyl), C2-C2heterocycloalkyl,
Ci- cmaﬁ?ka@@ac@amwmwmmy@whm@ar\*}rb&ﬁd@é&kﬂ(ﬁ@?@i‘a@vrwﬂwﬂcﬂ
R20 is axi Gptietedly substituted group selected from among C2-C10acyl,
aryl Thet@raiaeyylvetersardibky-CrGsadkyisutinydingliyi 3 iy lor 1,7-dimethyl-9-0x0-8,9-
heteroanylatidfonylidb @ oalkespeairanaykmaminosulfonyl,
Cl-GoallgytayringswuHenrrt, amekati(Cl-C6alkyl)amMosulfonyl. [0214] In
some eﬁ‘@d&mﬁmﬁmi ofinsubstituted C,-Csalkyl, substituted or unsubstituted C,-Cghaloalkyl,
1,7-dimethy3:9:0x%Q: 8adnlibvdi e; [ H-\migdrzold enis a0pinakinm: 6; e oatkenyl,
RbaR 10gkalg &%asgmﬂu@mp.eqm%ntgxbm&mmm ¢, Caloatheny,
-S(--O) Zggntutm orﬁ Nbsn 2~C orl'\L"Lth&'B'%mu%Q@E‘ %Ghaloa]kynyl
-NI-1Q- CgC é§ rﬁ% rb ON&sci=0)-,
substitufed 5 ynéu%’stg ted (S: Ballcy F@ %m%g@erﬁﬁso
X25'is a sﬂét‘f&t@%r Upé@s i Uteﬁ |tu Raor > ik

unsubstitutSAXE: EBAFigatkiF. %Lﬁ%tltﬁ’ﬁeg%r nﬁ?é&%b“ésﬁi?é%*?’“
substituted ¥FTREGbsHRTST - C?Bt%%&m‘%yi substituted or

unsubstiftsteer @ & Csiaflencndeptly Feltilse freranvp e, fithidted or upsubstituted Cr-
C2-C6 halo@{ﬂ%W‘:@jﬁ@qq e unsubstituted Cs-Ceeycloalkyl, substituted or unsubstituted Cy-Cgalkenyl,

substituted or unsubstituted C,-Csalkynyl;

M is N or CH;
R100 RZOO

| E R100 - \
P\ L~/\ ~ N
wis & ¥ W W

E is oxygen or sulfur;

R js halogen, -OH, or an optionally substituted group selected from among C,-Cealkyl, Cp-
Csalkenyl, Co-Cealkynyl, phenyl, Ci-Cialkyl(phenyl), Cs-Cyoycloalkyl, Ci-Caalkyl(Cs-
Cseycloalkyl), C,-Csheterocycloalkyl, C,-C,alkyl(C,-Csheterocycloalkyl), heteroaryl, Cy-
Cjalkyl(heteroaryl), C;-Cealkoxy, C;-Cealkenyloxy, C;-Cealkynyloxy, or -NR'**R'%;

R¥2 45d R'% are independently hydrogen, or an optionally substituted group selected from among
C,-Cealkyl, C-Cealkenyl, C,-Cgalkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, Cs-Cyoycloalkyl,
C-Caalkyl(Cs-Cyeycloalkyl), Co-Cgheterocycloalkyl, and C;-Calky}(C,-Cgheterocycloalkyl);

R?® js an optionally substituted group selected from among C,-Cigacyl, C;-Cealkenyl, Co-Caalkynyl,
Cs-Ceeyeloalkyl, C\-Caalkyl(Cs-Cecycloalkyl), aryl, heteroaryl, heteroaralkyl, Ci-Cealkylsulfonyl,
C,-Cealkenylsulfonyl, arylsulfonyl, heteroaryisulfonyl, C;-Cjcalkoxycarbonyl, aminosulfonyl, C;-
Cgalkylaminosulfonyl, di(C,-Cealkyl)aminosulfonyl, and C;-Csalkylsulfonylamino;



WO 2007/087068PCT/US2006/049489 40 102171 In some embodiments,
R!" is halogen, or an optionally substituted group selected from among
C1-Cé6alkyl, Cs-C6alkenyl, C2-C6alkynyl, phenyl, Cralalkyl(phenyl),
Cs-Cseycloalkyl, CI-C4alkyl(C3-C2cycloallcyl), CzCsheterocycloalRyl,
Cr-®@dalieyl@@aaC2heterocycloalkyl), heteroaryl, and PCT/US2006/049489
C1-edalkyl(heteroaryl); V(r) is an optiéhally substituted group selected
from among C2-Cisacyl, Cs-Csalkenyl, C2-C6allcynyl, Cs-Cscycloallcyl,
CpC4alkyl(C3- Cé6cycloalkyl), aryl, hetcroaryl, heteroaralkyl,
C1-853lisyistitonyls BGRB8 atikenyisulid 0y Lyl sulfoinydd or unsubstituted Cr-Cealkenyl, a
hetereanpisotiary hnGilstGiodtkaxyeashanrytkiiaminossifetiytkd C-Cshaloalkyl, a substituted
Cl-Csalisylansmasabpoyicnd gl & 1 Gbaltd)aminastdfenyl-d.02%8nin other
embgodonents; RBd(r) is hydrogen; 172" is -Q--01-; and X2505 is a
phaﬁ%&&ﬁ%&(fé&g&%ﬁ@g%ﬁ&r&@&&ﬁu GM!eJﬁﬁ@ slﬁaés%d&%&{éuﬂy acceptable salts, or
ph&mggggm@%&ig,g,;gggmrmfsome embodiments, compounds provided
[025@ I‘G‘Pl az@vagdaal‘?g%t%rggo@trﬁg! QLHL%Q\@LULQLQ@&&@QQ%@% a subset of the listed
auemaﬂ oLnds, Q,r?"%g?oml‘eené&ﬁ}r?e%‘é %té% [ﬁﬁf 5804I Ma), ln.yelather
Empodimients; compounds provided erein fiave 3 structure of Fdazrggﬁ I
]’S@\‘}]“ )e e S S S el prov?’é et Are Compoands of
Z5pffula (IV): Rd-N Rd’Ramie Formula (I:é) wherein: V and Itb are each
ety SBrEEd foraoR eI Rafoyh, I Ry et ™

C1-C4haloallcyl, and C&€ RonY; Tis
1,6-dimethy1-9-oxo-8§:ﬁ‘ro 111-itnidazol[4,5- h]|soqum0£|n -2,7- Mlﬁﬂe
Rd is -OH, or -NH-C( \It is H or CI-Calkyl, halogen, or

substifafeddd aloafeyikioch2itds a SEStitutadsarstiinsu DSt uteaigroum selecteé flom.
[028FNORG ek Elb kbt Ayl isarbefetoasypand a2y eepUHGAl WAICHG)-, -NHC(=0)NH-,
c@staholies.dhaspaesutigady. asssptahlacabiates. -pbatnaceticalifa R¥ is
hycﬁG&ﬁFﬁtﬁﬁL%ééH& Atpharceutically ActeRiable RIodilas ereafag.

%@Q@Jx[l %&%WE%&&asabmmted or unsubstituted C,-Csalkyl. In yet other

emé 1men ya]iS% gro en ragll ka{sglll’cyl ]Ix}}ctl%gl'%%gLﬂimegll%wLQ Hxlging ylene

[9204asg?1 someS %l?lztrjg tI£U§ at % 18 :P su I uon witha bSéllt_B su s‘ntuted or unsubstituted

C;-C(,haloalkyl substtmtcd or unsubstituted C,-Cgalkenyl, substituted or unsubstituted C,-Cghaloalkenyl, substituted
or unsubstituted C,-Cealkynyl, or substituted or unsubstituted C,-Cghaloalkynyl; and n is 1. In other embodiments,
X259 j¢ a substituted or unsubstituted C,-Cgalkyl, or a substituted or unsubstituted C,-Csalkenyl.

iments, stifuted or unsu stltuted

§0205] In some embodiments, compounds provided herein have a structure selected from among;:

Ra\,——\ /R'-"

Y (D c

N
R3503
R ;— R

Y
B

R3503

Formula (Illa);

100_.. i p—p

Formula (I1Ib); and

R2 \/——\ /R

RZOO._.N —-NSJ
RSSOa Formula (IIlc).

" [6206] In certain embodiments, R is halogen, or an optionally substituted gronp selected from among C;-
Cealkyl, C-Cgalkenyl, Cp-Cgalkynyl, phenyl, C;'-C4alky}(phcnyl), C3-Cgeycloalkyl, C-Cqalkyl(Cs-Ceeycloalkyl), Cp- -
Csheterocycloalkyl, Ci~Cqalkyl(C,-Csheterocycloalkyl), heteroaryl, and C-Cqalkyl(heteroaryl); R* is an optionally
substituted group selected from among Cp-Cieacyl, Cp-Cealkenyl, Cp-Caalkynyl, C3-Cgoycloalkyl, Ci-Caalkyl(Cs-
Cecycloalkyl), aryl, heteroaryl, heteroaralkyl, C-Csalkylsulfonyl, C,-Csalkenylsulfonyl, arylsulfonyl,



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
anathenemposiment, provided herein are compounds of Formgta§¥is/o49489
WO 2007/087068PCTIUS2006/04948% 41 Formula (V) wherein: r and Rb
are each independently selected from among 11, halogen, CN,
NO2,CI-Cataloalkyl, and Cl-C4alkoxY; T is

46-dimeth 1-0-oxo-8,9-dih}/dr(_)-111-insidazo 4,5-h]isoguinolin-2,7-yleue,

hﬂc&imi'l,sﬂm})éﬂﬁ'ﬁ@@(-WB?g?@i » aminosulfonyl, C;-Csalkylaminosulfonyl, and di(C;-

Cefhraistfonrddazol4,54a)isoquinolin-2,6-ylene; L is -X251-1"250-x250b_ -

0205} , B3 gerpbedmantoR RIS Bydroghre PE s X 2B, 16 G0 N SaBtHERINBF-

[0248h sIxrsit sreeb B1e@6 & e filesebitinmedor =substituted C1-C6haloallcyl,
substituted or =sybstituted C3-G2cycloalkyl,ubstituteff or unsubstituted
C5-05cyetaztkenyl, ubstitu{ed{My s‘tigf?eﬁ’t?—é‘bamﬁxbstguted

Cr*Ehbstituted C2-Céhaloalkenyl, substituted or urisubstituted  ***

/ﬁz-/@li?;nyl, or substituted or =substituted C2-C6haloalkynyl; Y25 is a

“Théhd, -0-,"{8(20)-, -S(0)-, -Q=01-,-NHC(=0)-, -N1145C(--0)-,

0200 RASG GONR AR G L=0)Nkze $GEZQINRAS-, -0C(=0)-, -G=0)0-,

-NHS02-, -NR45802-, -SO2N1g1-, -802NR45-, -G(R45)=N0-, -CH=NO-,
-ON=CH-, heterearyi, a1y, -Nt-ltj@%\;-NRzlé,@(ﬁ;Qg\/oﬁ\g

CreDDAOINRAGFXIE0B s ¥ bond Ssubstituteshor =stibstituted. Cl-Céalkyl,

oz sy b slituteaonimsipstipieds Grbwiehrlen ok sihstittéerbaruNBNSiibiHe @mbodiments,

corfpanASEpcl@alkybisubstited O FaURE LR th G o dGHEHIANKRE ¥bmpounds provided

nerSiRstttad QL bnsuhstithigd C2-C6allcenyt, substituted or unsubstituted
C2-C2haloallcenyL substituted or :syt@gi@ﬂg C2-Ccalicynyt, or

(028U bsiitutedrantinsub stitted ryG6haloallcy Ryl awiréles eaahid2isstituted group

seldaidiapencently.salesiedyy brarampRe: laydioy EnC ol BltRCIRIC salkenylsulfonyl,

aryldiBHASilQe GlGRAliCYt, subskifthah ammstdc il et Ligydaysiaalkyad di(c:-

coalstititedgn unsubstituted C2-C6alkenyl, substituted or unsubstituted

(02527~ GGRAREMRL S kidnlS eSS UPAIRH:PLIRRIMASIELS S G AL HRSRIGEIRA QM ary,

ne:ARINEGLCEAIY e 2k AR NSRRI AR 2Ry d e g suURsiiuted

m%gs%%upét'-@% d,C1-CE %L?[l a gt@gsl%%d orolgﬁ%g}g_stltuted C2-Co6alkenyl,
a substituted or =substitu e’dAn C2-Céa cyna)r/]i‘,ma substituted or =substityjed
C1sCé6haloalkyl, a substituted or unsubstituted C2-C6hgloalkenyl, or & _ . _-

asybshituteshes, unsubsbiulad LS aieal YT and, m’a\}\e“, SR e

R'% is an optionally substituted group selected from among C;-Csalkyl, C,-Cgalkenyl, C,-Csallynyl, phenyl, C-

Caalkyl(phenyl), C;-Cgeycloalkyl, C,-C,alkyl(C;-Cgeycloalkyl), C,-Cgheterocycloalkyl, C,-C,alkyl(C,-

Cgheterocycloalkyl), heteroaryl, and C,-C,alkyl(heteroaryl); R is an optionally substituted group selected from

among Cz—C,oacyi, aryl, heteroaryl, heteroaralkyl, C,-Cealkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, C;-

Coalkoxycarbonyl, aminosulfonyl, C,-Cealkylaminosulfonyl, and di(C,-Csalkyl)aminosulfonyl.

[0214] In some embodiments, T is 1,7-dimethyl-9-ox0-8,9-dihydro-1H-imidazo[4,5-h}lisoquinolin-2,6-ylene

d

\

— /N
§—N\ §~———L——n€ w
substituted at the 2 position with R 2nd substituted at the 6 position with no
[0215] Tnyet other embodiments, Y** is a bond, -O-, -S(=0)-, -S(=0),-, ~-C(=0)-, -NH-, -NHC(=0)-,
~-NHC(=0)NH-, -C(=0)NH-, -OC(=0)-, -C(=0)0-, -NHSO,-, -SO,NH-~, -NHC(=0)O-, or -OC(=0)NH-; E is O;
and R*® is hydrogen, or a substituted or unsubstituted C,-Csalkyl.
[0216] In certain embodiments, X*** is a substituted or unsubstituted C, -Cqalkyl, substituted or unsubstituted C,-
Cshaloalkyl, substituted or unsubstituted Cz-Csalkenyl, substituted or unsubstituted C,-Cghaloalkenyl, substituted or

unsubstituted C,-Cgalkynyl, or substituted or unsubstituted C,-Cshaloalkynyl; and n is 1.



pharmaceutically active metabolites, pharmaceutically acceptable solvates

pharmaceutically acceptable salts, or pharmaceutically acceptable

prodrugs thereof. [02251 In certain embodiments, T is

1,6-dimethyL9-0x0-8,9-dihydro-IH-irnidazo[4,5-bfisoquinolin-2,7-ylene

R8Rb 1dbV@udstituted at the 2 position withRa and substitutegda@tddedo194s9

position withO [0226] In other embodirtents, 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
1023 s 6?H3§Ielat§6§1&1’nsrlfs is halogen, or an optionally substituted group selected from among C,-Cealkyl,
Cr@srlamidtiGelorakarersh dinate ithmit Sisieshmsoduinalivie 7yekeioD. G
Cabeferpastiteiisg RECPEIE=Golietgroqraprakgphsisioaniaithft S-allndstrrsnitR Y itan optionally
subgtifeted powitarredife @28 THE sovh EePrbionihfertiglngb GsGelrdnlyl Ci-Caalkyl(Cs-
Cscgiipititlted bramnstistiviethC CCeaKyH2B s Galvondiylonyl, @fldfonyLNH-,
heterDh}EI(HOYyl, INBABL{=OP N k(e iyl G, -ChkOiNesuiB@L-a) 44Ci(=0)0-,
Ceatihisoongll -OC(=0)N11-; and X25b is a bond, substituted or
o218 Suhsiituad Ld-Goleyh il shstittad or-unsuhstituted GlGobalpalkkttuted C -
cai230] In some embodiments, 12° is a substituted or unsubstituted group

selected from among Cl-g;ﬁ alkyl, phenyl, and heteromyl containing 1 or 2

N atoms. 10231] In some empodifnents, R350' is hydrogen, a substituted
[o201 unsuhshitaied e allsyl, aubstituted or unsubstituted C1-C6baloalkyl.
102302 B2:b k0 oihetempbadipaen $roVidd isranand, sthlbd Co(57@brpmiia (@Hb)) Midiher
emﬁggﬂéﬁg)fon%ﬁgé'%deh(ﬂzr&g 1l Anathenasnesi @ieyided hereivatients, compounds
proRRRQLNES Qf EQEmU Y@l -N RgR350a Formula (V1) where

{0221} In another embodiment, prbvided herein are compounds of Formula (IV):

R
RI-N =
3 —N
(O
R35(Ja

Formula (IV)
wherein:
R? and R? are cach independently selected from among H, halogen, CN, NO,, C-Calkyl, C\-C,haloalkyl,
and C-Cgalkoxy;
T is 1,6-dimethyl-9-ox0-8,9-dihydro-1H-imidazo[4,5-h)isoquinolin-2,7-ylene;
R* is -OH, or -NH-C(O)-R";
R’ is H or C,-Cjalkyl, halogen, or C,~-C,;haloalkyl;
R’ is a substituted or unsubstituted group selected from among C,~Cs alkyl, aryl, or heteroaryl; and
‘pharmaceutically active metabolites, pharmacentically acceptable solvates, pharmaceutically acceptable
salts, or pharmaceutically acceptable prodrugs thereof.
[0222] In some embodiments, T is 1,6-dimethyl-9-ox0-8,9-dihydro-1H-imidazo[4,5-h}isoquinolin-2,7-ylene,

R
J— Rd\
- I
\Rssoa RO .

substituted at the 2 position with and substituted at the 7 position with

[0223] In certain embodiments, R® is H; and R° is a substituted or unsubstituted group selected from among aryl,
and heteroaryl. In other embodiments, R® is a substituted or unsubstituted group selected from among phenyl, and
heteroaryl containing 1 or 2 N atoms.

[0224] In another embodiment, provided herein are compounds of Formula (V):



RY and le are each independently selected from among H, halogen, CN,
NO2, C1-Cialkyl, and CI-C4alkotY; T is
1,6-dirnethy1-9-ox0-8,9-dihydro-1H-imidazo[4,5-Wisoquinolin-2,7-ylene,
or 1,7-dimethy1-9-o0xo0-8,9-
dihwdresdtsmmiglazo[4,5-laysoquirtolin-2,6-ylene; L is a substipatedses06/049489
unsubstituted CI-Cé6allcyl, substituted Br unsubstituted C1-C6haloa]lcyl,
substituted or nnsubstituted CI-C6heteroallcyl, substituted or
unsubstituted C3-Crtcycloalkyl, substituted or unsubstituted
C5-Czcycloalkenyl, substituted or unsubstituted C2-0palkenyl, substituted
or unsubstituted C2-C6heteroalkenyl, substituged ar unsubstituted
C2-C6haloalkenyl, substituted or unsubsti -Calkynyl, or
substituted or unsubstltuteq)c s @ W, Rl is a substituted or
unsubstituted CmC6aIk§]’ﬁyf3 g is H, or an optigetélity substituted group
selected from among C2-Cfdacyl, CITCGallCYI, C2-Céalkenyl,
CzCeallrynyl, C3-C6cycloalkyl, Cl-®za¢NTC3-C6cycloalkyl), aryl,
whelwgteroaryl, heteroaralkyl, Cr Collcylsulfonyl, C2-C6alkenylsulfonyl,
aryIstifo Ry ket ieipyeelfiynddstdd fotoatoxiic brlomny FNaN(n G5 GHdny|Ci-Cihaloalkyl,
C1l-Coadylaminesylfonyl, and di(C1-C6alkypantinosulfonyl; R350' is
hydfagepamshipstiiied. anyrsubstitied Sixchald2a-sulstit uednefhyl-9-ox0-8,9-
misubsifiied e gafafalkenilo@isslstigyiad; or unsubstituted C2-C6alkynyl,
a sybstiged.oransybsiiates Cehalgalkyl, a substituted or
unsub ted d 8 9%@%9@ k:%ﬂé@m%@a%‘ Rsiityiad, QraHsY RRUINEH ¢ -coratoatiyl,
C2-Céha (g an ﬁjtgcl%c%ij CPL%‘?‘%W%&E@B@Q%UE?%@ C5-Cgcycloaﬂccnyl
pharmaceut'ca 1l Accepial el Ialss, phiarmacenticall acaep et salip
rodru

or unsy
ereo

or pharmaceuhc y accepia

' 2007/087(BEEE SR ﬁfﬁ‘ j“'“é%‘r?fe“"é‘%'ﬁ St ‘Fncépf?‘"ﬁ"‘é"y‘
1,6- dm?éth?i‘@“ﬁxg‘e'% Sy areneit é\z 5-AitSor NEVIENE RY
substituted™& 1HEDBositGAMHR- S5INR SOGSTR ﬁ)ﬁle%g’sﬁ% SOz,
with RO [0888F TSR e i amhiemSHING e QiF ety =Stlu Sttty ©-
CI-Colkyl, StssBited ¥ ot CONBEHaloalkyl, substituted or .
unsubstitiited BidGahdtmdaliowbssitird tfufedkyy ubstioirdtonysepstituted Ci-Cehaloalkyl,
C1-C6alkenyintsubstifbied-oCrsipatilkth chHEEE6 aterbailieng:Gangloalkenyl,
[t352 is hydegend & eubstitutad orarsubstitutee br othetiemboginantsdyl,
is a substitteeheu unsuhstiste d,ChiGhallewhsuhslittadeiuasabstifitadny;
Cl-CsheigroalliissyRstiuiechpiunsubstimian fydd=alkanh.ef sulstiuied c -
or S”““@Qﬂ,ﬁs@b&@@@@%@&éﬂ%d 0230141, RPN AINEAER Y talkenyl,
H, or an optlb Qg e\é &%Q&EEHE@Q&@ cted from among C2-C10acyl, Cr

CO” Czb% nger6 |ké/ g&%@!'ﬁlﬂ% ayal’kyl aryl, and heteroaryt;
een ISU Oul){as titn cF 508%% I’Dé ituch or unsubstltuted CZ-CGaIkenyl a

CI- |salko 1Bon 'tn some embo |5nen S a?ﬁ% or o

=substiftit&t rs’u%‘s%‘f'“ Yo Rl Y DS St g 0 ds
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phagasexelly, astrp st redress S8i9pistituted Cl-C6haloalkyl, substituted or

[023fis Ubstititet i CHBEHIKE Ml S Sutyshifteth Py tiositimdt=ol 2 Tt iRntiaryt ylene
substituted or unsubstlw%dﬂpﬁhCGallcynyW or substituted or =substituted
C2-Cé6haloalkyttyl, 00 jc OIHi 0, and 102391 in other emb dlments
L is selected from amengja substituted or unsubstituted Ct- (,;Ql

\
subngt%Hgtltﬁdlggsmon with R30%  and substituted at the 7 position with
[0226) In other embodiments, Y*° is a bond; and R*® js hydrogen, a substituted or unsubstituted C;-Csalkyl, a

substituted or unsubstituted C;-Cghaloalkyl.
[0227] In one aspect, X% is a bond; and X*® is a bond.



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
vanablasisscastemplated herein. It is understood that substiteentszneo494s9
substitution patterns on the compound?d 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 WeII
as those set forth herein. [0242] Further embodiments of compounds of
102385 a?aﬂﬁéjspﬁ%rﬁm { iy, POt (e i TGRS PRl -Yiene substiruted
Formula (llia),FF * £ (11112), Formula (llk), Formula (1V), Formula (V),
and Formula (VI lude, but arc not limited to, compgunds §h§wn in
Tables 1-6. \3\7‘@'\2007/087068PCT/USZOOG/O49489&Q4&:I’%_~ -Xb-Y-X3
at tik @ fogpOwitdo. Q RHY xadudRituted at the 6 position with O
{0229] In some embodiments, X*% is a bond, substituted or unsubstituted C;-Cgalkyl; Y250 is a bond, -O-, -C(=0)-
, -NH-, -NHC(=0)-, -NR**C(=0)-, -NHC(=0)NH-, -C(=0)NH-, -OC(=0)-, -C(=0)O-, -NHC(=0)O-, or
-OC(=0)NH-; and X*® is a bond, substituted or unsubstituted Cy-Csalkyl, or substituted or unsubstituted Cy-
Cghaloalky!.
{0230] In some embodiments, R is a substituted or unsubstituted group selected from among C,-Cs alkyl, phenyl,
and heteroaryl containing 1 or 2 N atoms.
{0231] In some embodiments, R*** is hydrogen, a substituted or unsubstituted C;-Cgalkyl, a substituted or
unsubstituted Cy-Cghaloalkyl.
{0232] In other embodiments, Y>*° is a bond, -NHC(=0)-, -C(=0)NH-, -OC(=0)-, or -C(=0)O-.
[0233] In another aspect, provided herein are compounds of Formula (VI):

b
R R

v
Rasoa
Formula (VI)
wherein:

R® and R” are each independently selected from among H, halogen, CN, NO,, C;-Csalkyl, C;-Cshaloalkyl,
and C-C,alkoxy;

T is 1,6-dimethyl-9-0x0-8,9-dihydro-1H-imidazo[4,5-hlisoquinolin-2,7-ylene, or 1,7-dimethyl-9-0x0-8,9-
dihydro-1H-imidazo[4,5-hlisoquinolin-2,6-ylene;

L is a substituted or unsubstituted C,;-Cgalkyl, substituted or unsubstituted C,-Cghaloalky], substituted or
unsubstituted C,~Cgheteroalkyl, substituted or unsubstituted Cs-Cyeycloalkyl, substituted or
unsubstituted Cs-Cgeycloalkenyl, substituted or unsubstituted C,-Csalkenyl, substituted or
unsubstituted C,-Cgheteroalkenyl, substituted or unsubstimtegi C,-Cghaloalkenyl, substituted or
unsubstituted Cy-Cgalkynyl, or substituted or unsubstituted C,-Cghaloalkynyl;

R is a substituted or unsubstituted Co-Cealkynyl;

RS is H, or an optionally substituted group selected from among C,-Cjoacyl, C-Cgalkyl, Cp-Cealkenyl, Co-
Cgalkynyl, C;-Cseycloalkyl, C-Caalkyl(Cs-Coeycloalkyl), aryl, heteroaryl, .heteroaralkyl, Ci-
Cgalkylsulfonyl, C,-Cgalkenylsulfonyl, arylsulfonyl, heteroarylsulfonyl, C,-Cjsalkoxycarbonyl,
aminosulfonyl, C;—Csalkylamin(;sulfony], and di(C,-Cealkyl)aminosulfonyl;

R*% is hydrogen, a substituted or unsubstituted C,-Cgalkyl, a substituted or unsubstituted C,-Cgalkenyl, a
substituted or unsubstituted C,-Cgalkynyl, a substituted or unsubstituted C~Cghaloalkyl, a substituted
or unsubstituted C,-Cghaloalkenyl, or a substituted or unsubstituted C,-Cghaloalkynyl; and

pharmaceutically active metabolites, pharmaceutically acceptable solvates, pharmaceutically acceptable salts, or
pharmaceutically accept'able prodrugs thereof.



-- bond bond -CH2CH=CH- 4-fluoro-2-methylphenyl 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
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[0234] In some embodiments, T is 1,6-dimethyl-9-0x0-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,7-ylene

- Re Py Rb
\</ ()
substituted at the 2 position with R¥™%  and substituted at the 7 position with RS

[0235] In some embodiments, L is a substituted or unsubstituted C,-Csalkyl, substituted or unsubstituted Ci-
Cghaloalkyl, substituted or unsubstituted C,-Cgheteroalkyl, substituted or unsubstituted C,-Cealkenyl, or substituted
or unsubstituted C,-Cgheteroalkenyl; and R**% is hydrogen, a substituted or unsubstituted C,-Cqalkyl. In other
embodiments, L is a substituted or unsubstituted C;~Cgalkyl, substituted or unsubstituted C,-Cgheteroalkyl,
substituted or unsubstituted C,-Cgalkenyl, or substituted or unsubstituted C,-Cgheteroalkenyl.

[0236} In other embodiments, RE is H, or an optionally substituted group selected from among Cp-Cjeacyl, Ci-
Cealkyl, C,-Cgalkenyl, C,-Cealkynyl, C-Cealkylsulfonyl, C,-Csalkenylsulfonyl, arylsulfonyl, heteroarylsulfonyl, or
C-Cypalkoxycarbonyl.

[0237] Insome embodiinents, L is a substituted or unsubstituted C,~Csalkyl, or substituted or unsubstituted C,-
Cealkenyl; and R8 is H, or an optionally substituted C,-C;alkyl. |

[0238] Insome embodiments, L is selected from among a substituted or unsubstituted C,-Csalkyl, substituted or
unsubstituted C;-Cghaloalkyl, substituted or unsubstituted C,-Cgalkenyl, substituted or unsubstituted C,-
Cgéhaloalkenyl, substituted or unsubstituted C,-Cgalkynyl, or substituted or unsubstituted C,~Cghaloatkynyl,

o o) H o) ,
e B e e A B ' e
[0239] In other embodiments, L is selected from among a substituted or unsubstituted C-Cqalkyl, substituted or
o< > o T R o
: PR (i B PN S N D
unsubstituted C,-Cealkenyl, ™= ¥, o , R $, N ., © ,
(o}
&LL)LN/’\/\‘;’
and H .
[0240] In yet other embodiments, L is selected from among a substituted or unsubstituted C,-Cgalkyl, substituted
X > % It

PR (i A PN NN
or unsubstituted C,-Cgalkenyl, T ¥ , @ R T ¥ ,and H .
[0241] Any combination of the groups described above for the various variables is contemplated herein. It is .
understood that substituents and substitution patterns o.n 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), Forrmula (Ib), Formula (Ic), Formula (I1), Formula

{110), Formula (I1Xa), Formula (I1Ib), Formula (IIlc), Formula (IV), Formula (V), and Formula (VI), include, but are
not limited to, compounds shown in Tables 1-6.



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
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Table 1.
N
N b
Pbnat
K
N
Q-Xe—Y—) H
Cmpd. No. Q X* Y X R’
1 V2N _
—p N——§ bond bond -CH,CH=CH- 4-fluoro-2-methylphenyl
A Ve ] .
—K N3 bond bond -CH,CH=CH- 2,6-dichlorophenyl
-
Q™ _
3 B N—% bond bond -CH,CH=CH- 4-fluoro-2-methylphenyl
A/ = ’
4 R N—§ bond bond -CH,CH=CH- 3-fluoro-6-methylphenyl
A/ _ )
5 H N—% bond bond -CH,;CH=CH- 2,6-dichlorophenyl
Q™ _ .
6 E N—$ bond bond -CH,CH=CH- 2 4-dichloro-6-methylphenyl
7 B ON—f bond -C(0)- -CH=CH- 3-fluoro-6-methylphenyl
3 Q /™ .
B N—% bond bond -CH,CH,CH,-~ 2,4-dichloro-6-methylphenyl
9 B ON—% bond bond -CH,CH,CH,- 4-fluoro-2-methylphenyl
10 RV =
£ K N—% bond bond -CH,CH=CH- 4-fluoro-2-methylphenyl
0\ 7 \
11 MeO K N—} | bond bond - CH,CH=CH- 3-fluoro-6-methylphenyl
0,
\VZER\
12 ] G ¥ N~} |bond |bond -CH,CH=CH- | 4-fluoro-2-methylphenyl
RVanN
13 ¥ Nt bond | bond CH;CH=CH- | 4-fluoro-2-methylphenyl
D>— N/
14 H N—% bond bond ~CH,CH=CH- 4-fluoro-2-methylphenyl




410 PNA V 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
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N
D—NHR?
N
| \
7 N O
Q-xt—y—x3__H
Cmpd. No. Q : x° Y x* R’
Q,
15 [=K ) bond | -C(O)NH- |-CH,CH=CH- | 4-fluoro-2-methylphenyl
Q
16 Q---pC>—§ bond | -C(O)NH- | -CH,CH=CH- | 4-fluoro-2-methylphenyl
0, .
17 Q,.tp: Vo bond | -C(O)NH- |-CH,CH=CH- | 4-fluoro-2-methylphenyl

[0243] Compounds in Table 1 are named:

2-(4-fluoro-2-methylphenylamino)- 1,6-dimethyl-7-[3-(4-methyl-4-ox0-4A°[ 1,4]azaphosphinan-1-y1)-propenyl]-1,8-
dihydro-imidazo[4,5-A]isoquinolin-9-one (Compound 1); '
2—(2,5—dichloro—pheny1amino)—1 ,6-dimethyl-7-f3-(4-methyl-4-oxo-4A° [1,4}Jazaphosphinan-1-yl)-propenyl}-1,8-
dihydro-imidazo[4,5-4]isoquinolin-9-one (Compound 2);
2—(4-ﬂuoro-2-methylphenylamino)—1,6-dimethyl—7—[3-(4—oxo-;-1-phenyl-47»5-[1,4}azaphosphinan~1-yl)-propeny]]—l,8—
dihydro-imidazo{4,5-4]isoquinolin-9-one (Compound 3);
2-(3-fluoro-6-methylphenylaming)-1,6-dimethyl-7-[3-(4-oxo-4-phenyl-4A°-[ 1,4 Jazaphosphinan-1-y1)-propenyl]-1,8-
dihydro-imidazo[4,5-4]isoquinolin-9-one (Compound 4);
2-(2,6-dichlorophenylaminio)-1,6-dimethyl-7-[3-(4-ox0-4-phenyl-4A>-[ 1,4)azaphosphinan-1-yl)-propenyl]-1,8-
dihydro-imidazo[4,5-/]isoquinolin-8-one (Compound 5);
2+(2,4-dichloro-6-methylphenylamino)-1,6-dimethyl-7-[3-(4-ox0-4-phenyl-41’-[ 1,4 Jazaphosphinan-1-yl)-propenyl]-
1,8-dihydro-imidazo[4,5-A]isoquinolin-9-one (Compound 6);
2-(3-fluoro-6-methylphenylamino)-1,6-dimethyl-7-{2-[(4-oxo-4-phenyl-47*-[1,4]azaphosphinan-1-yl)-
carbonyl]ethenyl}-1 ,8~dihydro-imidazo[4,5—h]isoquinolin—Q-one (Compound 7);
2-(2,4-dichloro-6-methylphenylamino)-1,6-dimethyl-7-[3-(4-oxo-4-phenyl-4A°-[ 1,4 ]azaphosphinan-1-y1)-propyl]-
1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 8);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(4-ox0-4-phenyl-4A°-[ 1 4 ]Jazaphosphinan-1-yt)-propyl}-1,8-
dihydro-imidazo[4,5-/]isoquinolin-9-one (Compound 9);

2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[ 3-(4-0x0-4-(4-fluorophenyl)-42.°-[ 1,4 Jazaphosphinan-1 -y1)-
propenyl]-1,8-dihydro-imidazo[4,5-4}isoquinolin-9-one (Compound 10);
2-(3-fluoro-6-methylphenylamino)-1,6-dimethyl-7-{3-(4-0x0-4~(4-methoxyphenyl)-4A>~[ 1,4 Jazaphosphinan-1-yl)-
propenyl}-1,8-dihydro-imidazo[4,5-4]isoquinolin-9-one (Compound 11); '
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{3-[4-(4-fluorophenylmethyl)-4-oxo-4A°-[ 1,4]azaphosphinan-1-
yl]-propenyl}-1,8-dihydro-imidazo[4,5-#]isoquinolin-9-one (Compound 12);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{3-[4-(cyclopropylmethyl)-4-oxo-4A>-[ 1,4 Jazaphosphinan-1-yl]-
propenyl}-1,8-dihydro-imidazo[4,5-k]isoquinolin-9-one (Compound 13);



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 \lIV-f bond
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2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7- {3-[4~(cyclopropyl)-4—6xo-47»5~{l,4] azaphospbipan-1-yl}-
propexyl}-1,8-dihydro-imidazo[4,5-Alisoquinolin-9-one (Compound 14); ’

2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{3-[(1-oxo-1-methyl-1A°-phosphinan-4-y1)-

carbonylaminolpropenyl}-1,8-dihydro-imidazo[4,5-A}isoquinclin-9-one (Compound 15);

2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{3-[(1-oxo-1-#rans-phenyl-1 R.S-phosphinan—4~y1)-
carbonylamino]propenyl} -1,8-dihydro-imidazo[4,5-#}isoquinolin-9-one (Compound 16); and

2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethyl-7-{3-[( 1-oxo- 1-cis-phenyl-1A°-phosphinan-4-yl)-

carbonylamino]propenyl} -1,8-dihydro-imidazo[4,5-A]isoquinolin-9-one (Compound 17).

Table 2.
N
H—NHR®
1 N
Q- XP—y-—x2 N ©
pd. Q | v X R®
18 N-phenylpiperazin-1-y1 bond | bond | -CH,CH=CH- 2,6-dichlorophenyl
19 N-phenylpiperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
20 N-(4-chlorophenyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
21 N-(methylcarbonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
22 | N-(phenylcarbonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
23 N-(pyridin-4-yl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
24 N-(methylsulfonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
25 N-(methylsulfonyl)-piperazin-1-yt bond | bond | -CH,CH=CH- 3-fluoro-2-methyl-phenyl
26 N-(pyridin-2-yl)-piperazin-1-yl ' bond | bond | -CH,CH=CH- 4-fiuoro-2-methyl-phenyl
27 N-(pyrimidin-2-yl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
28 3;_(2 ,6-dichlorophenylmethyl)-piperazin-1- bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
29 N-(phenylsulfonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
30 N-(4-fluorophenyl)-piperazin-1-yi bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
31 N-(tert-butyloxycarbonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
32 11"}5{‘”" ~dimethylaminosulfonyl)-piperazin- | ;04 | pond | -CH,CH=CH- | 4-fluoro-2-methyl-phenyl
33 N-(ethylcarbonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
34 N-(isopropylsulfonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
35 N-(ethylsulfonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
36 N-(isopropylecarbonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 4-fluoro-2-methyl-phenyl
52 | N-(methylsulfonyl)-piperazin-1-yl bond | bond | -CH,CH=CH- 5-fluoro-2-methyl-phenyl
[0244] Compounds in Table 2 are named:

2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-[3-(NV-phenylpiperazin-1-yl)-propenyl]-1,8-dihydro-imidazo [4,5;
hlisoquinolin-9-one (Compound 18); A



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
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2-(4-fluoro-2-methylphenylamine)-1,6-dimethyl-7- [}-(N-phcnylpipcrazixi—l.~y1)~propenyl]o1,8—dihydro-imidazo[4,5-
hlisoquinolin-9-one (Compound 19);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(V-(4-chlorophenyl)-piperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-h}isoquinolin-9-one (Compound 20);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-methylcarbonylpiperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-k]isoquinolin-9-one (Compound 21);
2~(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-phenylcarbonylpiperazin-1-yl)-propenyi}-1,8-dihydro-
imidazo[4,5-A]isoquinolin-9-one (Compound 22);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N~(pyridin-4-yl)-piperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-A}isoquinolin-9-one (Compound 23);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{3-(N-methylsulfonylpiperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-#])isoquinolin-9-one (Compound 24);
2-(3-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-methylsulfonylpiperazin-1-yl)-propenyt]-1,8-dihydro-
imidazo[4,5-A]isoquinolin-9-one {Compound 25); :
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(pyridin-2-y1)-piperazin-1-yl}-propenyl}-1,8-dihydro-
imidazo{4,5-Alisoquinolin-9-one (Compound 26);
2-(4-ﬂuoro-2-rnathylphenylaminn)-i,6-dimethy1-7-{3-(N—(pyrimidin—Z-y!)-piperazin-l <y1)-propenyl}-1,8-dihydro-
imidazo[4,5-k}isoquinolin-9-one (Compound 27);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(V-(2,6-dichlorophenylmethyl)-piperazin-1-yl)-propenyl}-1,8-
dihydro-imidazo[4,5-hJisoquinelin-9-one (Compound 28);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethy}-7-[3-(M-phenylsulfonylpiperazin-1-y1)-propenyl]-1,8-dihydro-
imidazo[4,5-A)isoquinolin-9-one (Compound 29);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(4-fluorophenyl)-piperazin-1-yl)-propenyl}-1,8-dihydro-
imidazo[4,5-h}isoquinolin-8-one (Compound 30);

2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-{ 3-(N-tert-butyloxycarbonylpiperazin-1-yl)-propenyl]-1,8-
dihydro-imidazo[4,5-A]}isoguinolin-9-one (Compound 31); .
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(V, N-dimethylaminosulfonyl)-piperazin-1-yl)-propenyl]-
1,8-dihydro-imidazo[4,5-#}isoquinolin-9-one (Compound 32);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-ethylcarbonylpiperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-A}isoquinolin-9-one (Compound 33);
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(isopropylisulfonyl)-piperazin-1-yl)-propenyl}-1,8-dihydro-
imidazo[4,5-A]isoquinolin-9-one (Compound 34);
2~(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-(ethylsulfonyl)-piperazin-1-yl)-propenyl]-1,8-dihydro-
imidazo[4,5-A}isoquinolin-9-one {(Compound 35); and
2-{4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-isopropylcarbonylpiperazin-1-yl)-propenyl}-1,8-dihydro-~
imidazo[4,5-A]isoquinolin-9-one (Compound 36).
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bond -C(0)N11- -C112CH=CH- 4-fluor0-2-methylphenyl 16 01-0- bond
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Table 3.
N
H—NHRP
N
| \
N
a-x—y—xi N °
Crpd. b a b
No. Q X Y ‘X. R
37 phenyl bond (o)™ ~CH=CH- 2,6-dichlorophenyl
38 phenyl bond -C(0)O- | prop-2-en-1,1-diyl 2,6-dichlorophenyl
39 | phenyl bond | -C(0)O- ?’igﬁf"r"b"m‘ 2,6-dichlorophenyl
40 ﬁ"’h"“yh“e‘hyl‘[l933““"“’ bond | bond -CF,CH(OH)- 2,6-dichlorophenyl
41 phenyl bond bond ~-C=CCH(OH)- 2,6-dichlorophenyl

[0245] Compounds in Table 3 are named: ‘
2-(2,6-dichlorophenylamino}-1,6-dimethyl-7-[2-(phenylsulfonyl)-ethenyl]-1,8-dibydro-imidazo[4,5-Alisoquinolin-9-
one {Compound 37);
2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-[1-(phenylcarbonyloxy)-prop-2-enyl}-1,8-dihydro-imidazo[4,5-
hlisoquinolin-9-one (Compound 38);
2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-[1-(phenylcarbonyloxy)-2,2-difluorobutynyl]-1,8-dikydro-
imidazo[4,5-h]isoquinolin-2-one (Compound 39);
2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-[2,2-difluoro-1-hydroxy-2-(N-phenylmethyl-[ 1,2, 3]triazol-4-yl)-ethyl}-
1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one (Compound 40);
2-(2,6-dichlorophenylamino)-1,6-dimethyl-7-(1-hydroxy-3-phenylprop-2-yn-1-yl)-1,8-dihydro-imidazo[4,5-

' h)isoquinolin-9-one (Compound 41);

Table 4.
N
D—NHRP
N
R | A
N—L- O
RS L
Crupd. £ g b
No. R R L R
42 prop-1-yn-3-yl methyl -CH,CH=CH- 2,6-dichlorophenyl
43 prop-1-yn-3-yl methyl ~CH,CH=CH- 4-fluoro~2-methylphenyl

[0246] Compounds in Table 4 are named:
2~(2,6-dichlorophenylamino)-1,6-dimethyl-7-[3-(N-methy}-N-(prop-2-ynyl)amino)prop-1-enyl}-1,8-dihydro-
imidazo[4,5-]isoquinolin-9-one (Compound 42); and
2-(4-fluoro-2-methylphenylamino)-1,6-dimethyl-7-[3-(N-methyl-N-(prop-2-ynyl)amino)prop-1 -eﬁyl] -1,8-dihydro-
imidazo[4,5-k]isoquinolin-9-one (Compound 43);



\ 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-methy1-4-0x0-425]
1,4]azaphosphinan-1-y1)-propeny1]-1,8-
dihyayasimigams[4,5-h]isoquinolin-9-one (Compound 1); PCT/US2006/049489
2-(2,6-dichloro-phenylamino)-1,6-dimekfhy1-7-[3-(4-methyl-4-0x0-42.5[1,4]
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
Tablg Hazaphosphinan-Ny1)-propeny1)-1,8-

dihydro-imidazo[4,5- h]|soqumoI|n -9-0 mRoq)nd 3)
2-(3-fluoro-6-methylphenylarnino yl-%s-(4-oxo-4-phenyl-42.5-[
1,4)azaphosphinan-1-y1)- propeytl 118 \

dihydro-imidazo[4,5-h ISO(]UInolln 9-tine (annnund 4);
0_(2,6-digfiatephenylamino)-1,6-dimethyl-7-P-(4-0xo-4-pheRy1-42.541 4ja
zaphosphian-+-y1)-propgny1)-1.8- 2,6-dichlorophenyl
dihydro-imidazo[4,5-hlisoquinolin-9-one (Compound 5);
2-(2,4-diehtoro-6-methdphgmgdamino)-1,6-dimethyl-743-(4-{h@%sransii
3541 4Ja;@pnospn|n k(NMunngmngro IMid320f4ichiorophenyl
-1||IDUL{UIIA IIII :7 Ul A -y 2 G-dichlorophenyl
2, eyl

(dlchlorophenyl
Combnoll n

arbonyllethenyl}-1 8- 1&3@%%?%%‘?%’% hlisoquinolin-9-
[024%); Compounds in Table 5 are named:
2-(Zo{Zfiotighioradnettiehenybacrina)hlis- dirsiatayd 4 4 8li(deonod-pPhenidd de
oximeddfiddga@iosphinan-I-y1)-propy1J1,8-dihydro-imidazo[4,5-hlisoquinolin
benzgupdgﬁ &9%%&)&)1}'1&@1‘10) 1,6-dimethyl-9-oxo-8,9-dihydro-1H-imidazo[4,5-h}isoquinolin-7-
ngalg}emf%@mgﬁp@g}y}lgmwjammo) -1,6-dimethyl-7-(3-(4-0xo0-4-phenyl-4X54

'Dn%% na&c]ac}lcp[p&)&) X Jhil)rgphenylammo) 1,6-dimethyl-9-0x0-8,9-dihydro-1H-

|1£g| 1am mé'f godyn.- -ene m:?ound 9);
e il;},gt,o hﬁfet 1 et g%lm R e oronhe
m“ﬁ?&‘ﬁ‘@ﬁ‘)ﬂ]}' ) h%d'f?ﬁ“%ﬁ%'[‘ﬁ“gnﬂﬁs)Oqumolm 9-ohe (Compoun
mzm%em& %ﬁéﬁ%%ﬁ?ﬁ?&%‘%"&ﬁﬁ&tﬁyﬁh’? Y5 %%yﬂ"(i’fﬁ&ﬁ >5y
hlideauinplp-Z-A Ay apel e Ep i trnd ) and
2-pfopehyiiol S4d Ryefotitiiierkodasiaddquiins til-ooshe X dipotiaidagi.s-
n}iRqnflacgk ittty iptrerigddbomert 62dimethyl-7-{344-(4-fluorophenylmet
hy0-4-080-4X541,43azaphosplinan-lyl]-proPenyl1}-1,8-dihydro-imidazo[4,
Talgflisoquinolm-9-one (Compound 12);

2-(4-fluoro-2-merhylphenylamino)-1,6-d| yl -7-{344-(cyclopropylmethyl
)-4-0x0-4X41,4)azaphosphigage-dvidiar 21‘@*8‘ihydro -imidazo[4,5-11]
isoquinolin-9-one (Compound 13); W 07/087068PCT/ U
S2006/049489 46 N °

cmpd 4-fluoro-2-nigghylphenylgmino)-l, 6-dixrnethy1,7-(3-[4-(gyclopropyl)-4xd
Neo-4k5-R.4]lazaphosphinanil-y1]-

rop=nyf| eduqydro |m|dazo4 5-h]isoqujnolin-9-one (Compp on
-(4-f|uo -rﬁeﬂa@'ﬂﬁhwyl am[Fno) 1,6-di 1eth'§l(- -{3-|(1- o%%o j-krlr?e °4f)%é&” tpheny!

-pho >p|||||d.|| yl carbonytaminoipropernyt)
5i,8-di dazo[4,5-hjisequinglingO-ohef8ompound it s);| 4-flucro-2-methyl-phenyl
2-(4-fluoro- 2°metthDhenvI mino)-1.6-dimethy1-7-{3-](1-0x0-1-trans-phen

[03sil 7dohpphiasphinas d-smkineaarbonylamino) propenyl)
—(Ma%%@ymg%%)ﬁ mﬁ%@ﬁﬂ%ﬁm@iﬁiﬂﬁ%hosphMm—l -yl}-2-
oxb T AUIR; £ IREHIVAR S G ANIRAL e Gotipsilagby sis-(0-0xO-

-Cis- phenyf 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'
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15

20

25

30

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-phgnyl 21

N-ﬁmethylcarbonyfl-rpiper\azin-,l-yl bond bond
(8)-2-{4-fluoro=2-methylptienylamino)- |, 7-diméthyl-6- {N-[ 1-(phenylsulfonyl )hex- 1 -en-3-yl}-amino-2-oxoethyl}-

1,8-dihydro-imidazo[4,5-4]isoquinolin-9-one (Compound 51).
[0249]  In one embodiment, provided herein is an optionally substituted ring system, where one ring member i
-P(=E}R'®)-, of structure 34: '

HN
( %W\Rmo
O
34
wherein;
E is oxygen,
R'% is defined herein; and
nis 1,2, 003

[0250]  In another embodiment, provided herein is an optionally substituted ring system where one ring member is
-P(=B)}R'™)-, of structure 9
' O

HO
( nﬁ~R1oo
o

9
wherein
E is oxygen;
R'® i5 defined herein;
andnis 1, 2, or 3.
[025%] In apother embodiment, provided herein is a process of preparing a compound of Formula (la), Formula
(Ib) or Formula (I¢), which includes:

[0252] (a) reacting an optionally substituted ting system of structure 34:

HN
(L};?ER‘IOO

O
34
(a) witha carboxylic acid (or a salt thereof or an activated acid derivative thereof) of structure I(i):
RB
NN
N a
HO P J% v
|
0
R N7 0
H
1)
wherein:

Ji5 -O-, -S-, or -NR’-; where R’ is hydrogen, hydroxy, alkexy, alkenyloxy, acyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, alkoxycarboﬁyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylsulfonyl, alkylaminosulfonyl, ot dialkylaminosulfonyl;
and where alkyl, alkenyl, alkynyl, and alkylene, either ajone or as part of another group within J, are

independently optionally substituted with one, two, th.ree, four, or five halo;



-C1-12C1-1=-CH- 4-fluoro-2-methyl-phenyl 22
N-(phenylcarbonyl)-piperazin-1-y1 bond bond . -C112CH=CII-
4-fluoro-2-methyl-phenyi 23 N-(pyridin-4-y1)-piperazin-1-yi bond bond
-C1-12C11=CH- 4-fluoro-2-methyl-phenyl 24

N-(methwylsistfassy 1)-piperazin-1-y1 bond bond -CH2CH=CH- pcT/U$2006/049489
4-fluoro-2-methyl-phenyl 25 N-(methyISulfony1)-piperazin-1-y1 bond

Y?is -NR¥R®, -OR', or -SR'? where
R'™ is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, acyl, -C(O)N(R),, (A")-C(O)NR¥R®®, .SO,R?, -(A')-SO,RS,
-SONR), (AH)-SO,N(R),, -C(O)YORS, -(A")-C(0)OR, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl;
where each R is independently selected from among hydrogen, optionally substituted alkyl, opﬁonaily
substituted alkenyl, optionally substituted alkynyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
and heterocycloalkylalkyl;
Alis alkylene, alkenylene, or alkynylene;
R™ is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl;
R® is hydrogen or R,
R® is optionally substituted alkyl, cycloalkyl, cycloalkylalkyl, heterocyeloalkyl, or
heterocycloalkylalkyl
? is substituted alkyl, substituted alkeny], substituted alkynyl cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl; and
where alkyl, alkenyl, alkynyl, and alkylene, either alone or as part of another group within R'*, are
independently optionally substituted with one, two, three, four, or five halo;
R'®is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloalkyl, or
heterocycloalkylalkyl; or
R apnd R™ together with the nitrogen to which they are attached form heterocycloalkyl or heteroaryl;
R'*and RM are independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl, acyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl,
hetefoaralkyl, or -(A'%).C(O)NR:R®,
' is alkylene, alkenylene, or alkynylene; and
R*® and R*® are independently hydrogen, optionally substituted alkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloallkylalkyl); and
where alky}, alkenyl, and alkylene either alone or as part of another group within R'%, R™®, R*® and R, are
independently optionally substituted with one, two, three, four, or five halo;
R®is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, optionally substituted phenyl, cyano, optionally substituted phenyl,
heteroaryl, _NRIMRM):’ < A‘)-NRmRub, -NRB'C(O)R'%, - Al)—N'RmC(O)Rm, _C(O)NRM:\RMb’ or
(AN-C(O)NRZR; and
where alkyl, alkenyl, alkynyl, and alkylene, either alone or as part of another group within R, are
independently optionally substituted with one, two, three, four, or five halo;

R is substituted alkyl, substituted alkenyl, substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or
alkenyloxy; and R™ is hydrogen or R'*;

R'** and R'* are independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or alkenyloxy;

R is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted allynyl,
hydroxy, cyanoalkyl, alkoxy, alkenyloxy, cycloalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl and R'?®
is optionally substituted alkyt, optionally substituted alkenyl, optionally substituted alkyny},



bond -CH2CH=C11- 3-fluoro-2-methyl-phenyl 26
N-(pyridin-2-y1)-piperazin-1-y1 bond bond -CH2CH=ClI-
4-fluoro2-methyl-phenyl 27 N-(pyrimidin-2-y1)-piperazin- 1-y1 bond bond
-C112CH=CH- 4-fluoro-2-methyl-phenyl 28 N-(2,6-diehloi phenyl
inethgoonpsraan-1Y1 bond bond -CH2CH-CH- 4-fluoro-2-methyiAphresyd49489
29 N-(phenylsulfonyl)-piperazin-1-y1 52

cyanoalkyl, alkoxy, alkenyloxy, or cycloalkyl;

R’ is hydrogen, halo, acyl, acylamino, acyloxy, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, -(A®)-S(0)p..R*, -(A%)-
N(R*)z, -(A%)-OR¥, -(A*)-OC(O)R, «(4°)-C(O)R, -(A%)-C(O)OR”, (A’)-C(OINR™),,

(A NR¥MC(O)R, (A°)-S(0):N(R*), -(A%)-NR**S(0),R”, A%)-OC(OMN(R*);, (A’)-NR*C(O)OR™,

or ~(A%)-NR*C(O)N(R*),;

A% is a bond, alkylene, alkenylene, or alkynylene;

R is optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl;

R is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, ary], aralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, or heteroaralkyl;

R is hydrogen or R*; and

where alkyl, alkenyl, alkynyl, alkylene, alkenylene, and alkynylene, either alone or as part of
another group within R?, are independently optionally substituted with one, two, three, four,
or five halo;

to give a compound of formula X(b):

R3
R1 So /\'\\I ‘\\ N\>___Ya
N
Orea™~N"0
H
I(d);

or

(b) with an intermediate of formula I(h):
Rl

N
R150a J\>—Y3

1505 N7 X0
R R
I(h)

or a salt thereof, where R’ is a leaving group such as halo; ;
Jis -O-, -S-, or -NR®-; where R® is hydrogen, hydroxy, alkoxy, alkenyloxy, acyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkyisulfonyl, alkylaminosulfonyl, or dialkylaminosulfonyl;
and where alkyl, alkenyl, alkynyl, and alkylene, either alone or as part of another group within J, aré
independently optionally substituted with one, two, three, four, or five halo;
Y?is -NR"R'®, -OR'®, or -SR' where
R' is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, acyl, <C(O)N(R), -(A")-C(O}NRSR®, -SO,R’, -(A')-SO.R®,
-SON(R");, -(AH-SO,N(R )2, ~-C(O)ORS, -(A")-C(O)OR™, cycloalkyl, cycloalkylalkyl,



bond bond -CH2CH=CH- 4-fluoro-2-methyl-phenyl 30
N-(4-fluorophenyl)-piperazin-1-y1 bond bond -CT2C.H=CH-
4-fluoro-2-methyl-phenyl 31 N-(tert-butyloxycarbonyl)-piperazin-1-y1
bond bond -CH2CH=CH- 4-fluoro-2-methyl-phenyl 32

N-(ShdNoeimetaylaminOsulfOnylkpiperazinl-y bond bond -012@&76skns/049489
4-fluoro-2-methyl-phenyl 33 53

heterocycloalkyl, or heterocycloalkylalkyl;

where each R’ is independently selected from among hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, cycloalkyl, cycloalkylaltkyl, heterocycloalkyl,
and heterocycloalkylatkyl;

Alis alkylene, alkenylene, or alkynylene;

R™ is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalicyl;

R® is hydrogen or R,

RS is optionally substituted alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl;

R™ is substituted alkyl, substituted alkenyl, substituted alkynyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl; and

where alkyl, alkenyl, alkynyl, and alkylene, either alone or as part of another group within R'" are
independently optionally substituted with one, two, three, four, or five halo;

R™is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloalkyl, or
heterocycloalkylalkyl; or

R and R'" together with the nitrogen to which they are attached form heterocycloalkyl or heteroaryl;

R'® and R are independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl, acyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, beterocycloalkylatkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, or -(A'®)-C{O)NR¥*R?®;

A" is alkylene, alkenylene, or alkynylene; and
R** and R*® are independently hydrogen, optionally substituted alkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl); and
where alkyl, alkenyl, and alkylene either alone or as part of another group within R', R'™, R and R" are
independently optionally substituted with one, two, three, four, or five halo;

RIS% js R and R'5% js R?;

or R¥™ js R and RP% js R*; )

R* is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, optionally substituted phenyl, cyano, optionally substituted phenyl,
heteroaryl, -NR'*R™, -(A")-NR™R'®, .NR"*C(O)R"P, -(A)-NR'*C(O)R ', -C(O)NR'"*R™®, or
«(AN-C(O)NR'R'®; and

where alkyl, alkenyl, alkynyl, and alkylene, either alone or as part of another group within R® are
independently optionally substituted with one, two, three, four, or five halo;

R is substituted alkyl, substituted alkenyl, substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or
alkenyloxy; and R'® is hydrogen or R'®;

R and RM® are independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or alkenyloxy;

R is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
hydroxy, cyanoalkyl, alkexy, alkenyloxy, cycloalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl and R™**
is optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
cyanoalkyl, alkoxy, alkenyloxy, or cycloalkyl;

R is -X*.y2X?.Q? where



N-(ethylcarbonyl)-piperazin-1-y1 bond bond -CH2CH=CH-
4-fluoro-2-methyl-phenyl 34 N-Osopropylsulfonyl)-piperazin-1-y1 bond
bond -CH2C1-1=CH- 4-fluoro-2-methyl-phenyl 35
N-(ethylsulfonyl)-piperazin-1-y1 bond bond -CH2CH-CH-
4-fly@sQod7m3ebby!-phenyl 36 N-(isopropylcarbonyl)-piperazin-Jdcy - 8000480
bond -CH2C1-1=CH- 4-fluoro-2-methyi4phenyl

X? 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, ~O-, -S(O)n1- (where nl is 0, 1, or 2), -C(O)-, -NR*-, -NR*C(0)-, -NR*C(O)NR*-,
NR¥PC(=NR*)NR¥-, -C(O)NR**-, -OC(0)-, ~C(O)0-~, -C(O)N(R*)N=CR"™-, -NR**S0,-, -SO,NR*-,
~CR™Y=NO)-, -C(R™)=NNR*-, -CR7)=NNR*C(0)-, -C(R™)=NNR*C(O)NR"-, -NR*C(0)O0-, or
-OC(O)NR¥-~;
where R** is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, hydroxy, alkoxy, or alkenyloxy;
R’ is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, or optionally substituted
alkynyl; and .
where alkyl, alkenyl, and alkynyl, either alone or as part of another group within Y?, are independently
optionally substituted with one, two, three, four, or five halo;
X is a bond; and
Q? is hydrogen, cyano, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, cycloalkyl, heterocycloalkyl, or heteroaryl;

to give a compound of Formula I{e):

O
o Fp’i.Rmo
n
N
R150a J\>*\’a
I
1506 ~N”7 SO
R H
I(e);
or
(b) reacting an intermediate of Formula 9:
O ;
HO
( nh~R100
9

or a salt thereof or an activated acid derivative thereof, where nis 1, 2 or 3 and R'® is as defined in (a) with an

intermediate of formmula I(g):

R3
N —N
A\ a
L J)—v
R2a_'_.
%
v—x&§ ©
I(g)

or a salt thereof,
where
J is -Q-, -S-, or -NR’-; where R® is hydrogen, hydroxy, alkoxy, alkenyloxy, acyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, alkoxycarbonyl, aminocarbonyl,



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
openyl)-1,8-dihydro-imidazo[4,5- hlisoquinolin-9-one (Compound 18);
WGy300r7086668KT/1182006/049489 47 PCT/US2006/049489
244-fluoro-2-methylphonylamino)-1,6-&imothyd-7-[3-(N-phonylpiperazin-i-
y1)-propcnyl]-1,8-dihydro4midazol[4,5- hlisoquinolin-9-one (Compound

19);

2-(4-fluoro..2- methylphenylamlno) 1,6-dimethyl-713- (N“é{ -chlorophenyO-p
iperS TGRS AT eonsrai itz bfers HCEe T ?ﬁ!@"éf’fé“‘ylmmw‘f"“ﬂ
(Co?ﬁﬁwbﬁwam -alkenyl, alkynyl, and alkylene, either alone or as part of another group within J, are
2-(4demerdendyrretieptPhesigitv méh-des telpaterteyfour eafitRisvethylcarbonylpip

SfHiz iR TR1)qR'6 periil- ¥18=dihydroimida,o[4,5-h]isoquinolin-9-one

(Condpie iratgoRéh) optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
2-(4-fluny@ozy ashyl pkemylanino clob-aineth)lciSrMthempfcaternmiip
erazin-lsyNagmgrenydd.Ngd dibygorimidgzashort iraguinaiacdigneyl,

(CO m pgytﬂ‘dc?f&)alkyl or heterocycloalkylalkyl;

2-(4-flugre-2-mathylphenvaninlds Gdimehylalsts: (L}Aa(,qmwménmﬂe)rm@et;pmnany

azin-1- yl) J&&Rﬁm’&i&ryﬁ Egﬂﬂ)(ﬂ%ﬂk‘&i@%&’ﬂﬂ&ﬁﬁ l@agnllﬂﬂocl:w&kayl heterocycloalkyl,

(Compound gl?e)(émcycl alkylatkyl;

2-(4- fluoqo 8 n} 1,6-dimethyl-743-(Ar-methylsulfonylpipe
15 &, enea,

o R %5‘% L AT

2-(3- 11uor5€t§’W6ﬁ?ﬂbﬁ%tﬁﬁf§%‘i’ﬁ83‘yf%yb|methy1 743-(W-methylsulfonylpi

perazin®l -5 Pypreneniii1,8-dihydroinadazo[4,5-h]isoquinolin-9-one

(Compéﬁ ﬁd:ngyally substxtutcd alkyl, eycloalkyl, cycloalkylalkyl, heterocycloalkyl, or

2-(4-fluororetmetHepsielytandno)-4,6-dimethy1-7-[3-(N-(pyridin-2-y1)-pipe

razin-18/1 s properg bldl, 8-uliknytelt alirmivl csnb(dl B 6isod oD wrenlkylalkyl,
(Compounse26)ycloalkyl, or heterocycloalkylalkyl; and
2-(4-flusker2:methydphanylainn) e timathyke ] -HN: (pyinmickin.g-yilijiih, aro
erazin-l-y1ljzprepenyldplal:aihydreinidarald S liseouinin.Q e

(COTHPQQB@' g’Zl)cyI cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocycloalkyl, or
2-(4-flugra- gcmggﬁgyiggg,@gylammo) -1,6-dimethyl-743-(N-(2,6-dichlorophenyl
metl?éd)aﬁ'ger%élﬂe}vx&)d@ E%EQMQ \J}!@h th are attached form heterocycloalkyl or heteroaryl;
dlhy%rp m{ are 1[%6;14115%9?4 I&O“ ?gn%l.(y gntgutetp 3 }é :511 nally ubs jtuted alkenyl, acyl,

- 2-(4- uom-2-met ulronylpi
razin-1- fd%r% é"X[E) g%?%;gp o Ik% flt% ??Sq 1}18? ngXm %lxrgag'g

(Compotifit

244- ”u(#gl ’?aﬁ%‘iﬁﬁllﬂ}‘@mﬁﬁ%’jﬁe@eoﬁ?ﬂetllyl 7-[3-(N-(4-fluoropheny1)-pi

perazin® YR Brope PR risetR PSR asE sty tibarlanihd hetcrouy,

(C ompou naes:(ﬁu’alky] cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl); and
where alkyl, alkenyl, and alkylene either alone or as part of another group within R*, R'®, R' and R, are

independently optionally substituted with one, two, three, four, or five halo;
R is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionalty substituted alkynyl,
hydroxy, alkoxy, alkenyloxy, optionally substituted phenyl, cyano, optionally substituted phenyl,
heteroaryl, -NR'“*RM®, -(A1).NR'*R'®, -NR'“'C(O)R"*?, -(A")-NR"**C(O)R"?, -C(O)NR'*R'®, or
«(A")-C(O)NR'*R'®; and
where alkyl, alkenyl, alkynyl, and alkylene, either alone or as part of another group within R”, are
independently optionally substitnted with one, two, three, four, or five halo;

R'% is substituted alkyl, substituted alkenyl, substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or
alkenyloxy; and R'% is hydrogen or R

R'*® and R™® are independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, hydroxy, cyanoalkyl, alkoxy, or alkenyloxy;



2-(4-fluoro-2-methylphenylamino)-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
sulteyhi-Ripesazin-1-y1)-propenyll- PCT/US2006/049489
1,8-dihydro-imithwo[4,5-hjisoquinolin-8sone (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-(4HUésrRognm thvpiphibrptannind Ky lGeetionath b T sed Rikaot Sroprpl afbntiglyd alkynyl,
piperaziriy pprogienylkbxt, Skdiviyescimveliyiofd 1 SrEEwkstvmkn.Pudreroaralkyl and R'**
(Comp6upieh3dy;substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
2-(4-flugeaexmatidyip Araylam) soddebrgimethy1-7-[34N-(ethylsulfony1)-pip
amzirdyysb-prapesyl]-1,8-dihydroimidazo[4,54]isoquinolin-9-one

(COWQHBSLS; 51)1)@95! alkenylene, or alkynylene where alkylene, alkenylene, and alkynylene are

2-(4- ﬂUQE%%&%@%MQl})é‘ﬁ&ﬁmﬁlvih:@ndfmgtmée7f3§ %QQBQPMLG@F BRIWYRoxy,

I pe I‘QZ l@&é%) Brg&@ﬂ%{g;@r M %y(fl S&Jﬂ% '§cp %ﬂa%{?&@tlmted alkenyl,
(Compgﬁl)({n a;%f()ubs\é\{u? g Qkyn/P 1 cyc Sﬁr Cl% terocyc or erocyc}oalkylalkyl
an where alkyl, a{pegr IQI\X either alo e or a part op anot ;roup within Y?, are

independently optionally substituted with one, two, three, four, or five halo,

X* is a bond, alkylene, alkenylene, alkynylene, cycloalkylene, or heterocycloalkylene where alkylene,
alkenylene, and alkynylene are independently optionally substituted with one, two, three, four, or five
halo or one or two hydroxy, and

Q*is Z where Z is -P(=E)(Y'R©)(Y1PR®), .p(Y9*RE®2)(yPRP), p(=E)(Y'R®")(Z'R), or an
optionally substituted ring system where one ring member is -P(=E)}(R'®")-;

E is oxygen or sulfur;

Y'® and Y'® are independently a single bond, ~O-, -S-, or -NR**- where R** is hydrogen, hydroxy,
alkoxy, alkenyloxy, optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alkynyl;

R* and R% are independently hydrogen, optionally substituted alkyl, optionally substituted afkenyl,
optionally substituted alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl when Y'™® or ¥'%, respectively, is -O-, -S-, or -NR*%-;

% and RS are independently optionally substituted alkyl, optionally substituted alkeny!, optionally
substituted alkynyl, aryl, fxralky], heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl when Y'® or Y'®, respectively, is a single bond;

Y'® is -O-, -S-, or -NR™;

10 is alkylene, alkenylene, alkynylene, -O-, -S-, or -NR%..;
R®' is hydrogen, acyl, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl; or
R is -P(=E)(Y @R (Y PRy, ‘
R'® js a single bond from the phosphorous atom to X', or R'® is halo, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted phenyl,
optionally substituted phenylalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalicyl,
heterocycloalkylalkyl, heteroaryl, heteroaralkyl, -OR'®!, or -NR'**R"®; 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;

R'! is hydrogen, optionally substituted alky!, optionally substituted alkenyl, or optionally
substituted alkynyl;

R and R 41 independently hydrogen, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl,



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

WO 2007/087068 PCT/US2006/049489
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cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl;

X is a bond, alkylene, alkenyléna, or alkynylene where the alkylene, alkenylene, and alkynylene
are optionally substituted with one, two, three, four, or five halo or one or two hydroxy;

and Y’ is -OH, -NHR"®, or -C(O)NHR?* where R'® and R? are independently hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, hydroxy, alkoxy, or alkenyloxy;

to give a compound of Formula I(f):

R3
X
R100 | N—ya
\ A~
Oﬁp RZa..L.
%
n "
vzl ©
O
I(f)
where Y” is -O-, NR -, or NR*;
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 (&)

above.
Preparation of Compounds
[0253] 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
known in the art in combination with methods described herein. As a further guide the following synthetic methods
may also t;e utilized. '
{0254] 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

[0255] 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-butyldimethylsiiyl 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 Fmoc 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,

[0256] 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



bond -CCH(01-1)- 2,6-dichlorophenyl [02451 Compounds in Table 3 are
named:

2-(2,6-dichlorophenylamino)-1,6-dimethy1-742-(phenylsulfonyl)-etheny11
-1,8-dihydro-imidazo[4,5-hlisoquinolin-9- one (Compound 37);

2-(3vor sighdgephenylamino)-1,6-dimethy1-741-(phenyloarbonyd@xyd:Bonase
-enyl]-1,8-dihydro-imidazo[4,5- blisogu#olin-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); )
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In ona}w@p@myx@m?)}p#eﬁuw 1);231&:%39@@47”@% 4?3 a hydroxy reactive moiety
may hijisoauINGHr-@tioneo(@orhipduheid fie Tablecat iR YRipk BRPSTHeEL-NHRD N \

{0251 CAnfdiobkhg FRobps 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 Pd-catalyzed 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.

[0258] Typically blocking/protecting groups may be selected from:
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[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 entirety.
Synthesis of Compounds
[0260] In certain embodiments, provided herein are methods of making and methods of using tyrosine kinase
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.
[0261] 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.
[0262] 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),
Bachem (Torance, 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 4" Ed., (Wiley



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
MingPIaP k-e&y1)-1,8-dinydroimidazo[4,5-h]isoquinolin-9-0ngct/us2006/049489
(Compound 42); and 59
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/USZOO6/O49489 49 Table 5. N
1992); 4 %ﬂgﬁ Wﬂbﬂé .ﬁ»rﬁuq%()mmxc CHEMISTRY 4% Ed., Vols. A and B (Plenum 2000, 2001); Green

and Wats, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS 3™ 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
Sonbs, 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 01/25238, U.S. Patent No. 6,506,769, U.S. Patent No. 6,770, 639;
Snow et al. 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 be 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 be prepared using the synthetic methods described herein as a single
isomer or a mixture of isomers.
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[0265] 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 bromotrimethylsilane,
followed by oxalyl chiloride, provides halo phosphine oxides of structure 3. Compounds of structure 3 are also
commercially available. .

{0266] Compounds of structure 3 can also be prepared by reacting P(OR*),(OR") where R® is methyl or ethyl and
R" is hydrogen, methyl or ethyl, e.g. trimethyl phosphite or diethyl phosphite, with R'®X, 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, tetrakis(triphenylphosphine)-palladium, in
the presense of a base, such as, for example, triethylamine.

[0267]. Compounds of sttucture 3 are then treated with a vinyl metal salt, such as, for example, vinylmagnesium
bromide, to give compounds of structure 4. Diviny! phosphine oxides of structure 4 are treated with a primary

amine, such as, for example, benzylamine or p-methoxybenzylamine, to provide the cyclic amines of structure 5.



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 60

Removal of the protecting group on the nitrogen, such as, by catalytic hydrogenation, provides cyelic amines of

structure é.

Scheme-11.
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S [0268] Scheme II depicts the synthesis of cyclic phosphine oxides such as structre §. Reacting divinyl phosphine
oxides of structure 4 with a malonate, such as, for example, dibenzylmalonate, in the presence of a basc, such as, for
example, potassium carbonate, provides heterocycloalkyls 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 vield the dicarboxylic acids of

10 structure 8, Decarboxylation of dicarboxylic acids of structure 8 provides carboxylic acids of structure 9. In one
embodiment, 8 {s decarboxylated under microwave conditions, such as, for example, at a temperature of over about
200 °C. In another embodiment, 8 is decarboxylated under acidic conditions, such as, for example, by heating a

solution of 8 in the presence of 1N HCL. Other methods of decarboxylating beta ketoacids are known in the art.
Scheme (1],
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[0269] As shown in Scheme III, the synthesis of allylic acetates of structure 21 begins by performing a selective

SwAr reaction with 2,6-dichloro-2-nitrobenzonitrile (10). Reaction of 10 with an amine, such as, for example,

ammonia or an alkylaminc, such as, for example, methylamine, provides structure 12. A subsequent SyAr reaction
of structure 12 with an alky! acetoacetate derivative provides structure 14, which contains the necessary number of

20 atoms to form the isoquinoline core. Reduction of the nitro moiety nitroaromatics of structure 14, is followed by

formation of the benzimidazole by reacting diamines of structure 15 with an isothiocyante, such as for cxample, an

aryl isothiocyanate, in the presence of mercuric oxide (HgO) in refluxing THF. Alterpatively, diamines of structure

- 15 are treated with a isothiocyante and the intermediate thiourea is treated with an activating agent, such as, for

example, 1,3-dicyclohexylcarbodiimide (DCC), to provide benzimidazoles of structure 17.



[02473 Compounds in Table 5 are named,;
2-(2,6-dichlorophenylamino)-1,6-dimethyl-9-ox0-8,9-dihydro-IH-imidazo[4,
5-hlisoquinoline-7-carbaldehyde oxime (Compound 44); benzoic acid
[2-(2,6-dichlorophenylamino)-1,6-dimethyl-9-o0x0-8,9-dihydro-IH-imidazo[4,
S-hiigpsid-Aliasds Yimethylenel-hydrazide (Compound 45);
4-(1\CN-dimethylamino)-benzoic acid 61
[2-(2,6-dichlorophenylamino)-1,6-dimethy1-9-0x0-8,9-dihydro-1Himidazo[4
,5-h]isoquinolin-7-ylmethylcno]-hydrazide (Compound 46);
pyridine-2-carboxylic acid
[02@- (21B-haiiiotop ety &nhin G=de b ivaeiiyl -G tonoaBialiind e ténicean ofd, o
polyﬁycleﬂ iSeeuHne|1s- Thy laethyd enelihhydkasidedGompound K}y@élysis of the nitrile followed by
coniyEbaierB: @Ry Sepaith {2 A l-aich csaphanainiogindifedbrmation may or may not
mv&*@&&agd@%ﬁtﬁ%@y%&%wm%é;mdm mild acidic reaction conditions, such as in the
ueaM@QMQ@MBZEMLQ@E@_M!@ﬂ% e E@lﬂg@aéﬁqm%%émre,a{wh obtained, where R* is —
C((fd?eﬂhogtﬂ Q&gm&t@'qguncnt of benzimidazoles of structure 17 with sulfuric acid, water and acetic
aci at

galcll %%@P&‘%EXL%EU&R@ RIS L:9:0%0:8,:dihydra: 1 midazol
|so |noI|tt- - methglene -hydrazide (Compound 49). Table 6.

P bond -C O --C112-

027 Tic: c 18 elen oxide in a cal solvent, such as, for example, dioxane,
: 4”f|uorr(a) ’5 metsh 'T%f Gap e o " examp
results in selective oxidafion at the C—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

PCT/US2006/049489

dec: ox

with an activated carboxylic acid, such as, for example, acetic anhydride, provides allyllic acetates of structure 21.
Scheme 4.
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[0272] Scheme IV depicts the synthesis of benzothiazoles. A SyAr reaction of 2-chloro-5-nitrobenzonitrile (22)
with an alky] 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 structire
26 under cyclizing conditions, such as in the presence of bromine in a suitable solvent, such as, for example,
chloroform, provides the benzothiazole. Further functionalization and manipulation of the benzothiazole is then

carried out as described herein or known in the art.



a),-rt.... butan-1,1-diyl -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-flourophenyl)-
4-0x0-47,5[1,41azaphosphinan-1-3/1]-2 -
oxoethyibist;8selihydro-imidazo[4,5-h]isoquinolin-9-one (Compouash&id)y49489
and 50 (S)-2-(4-fluoro-2-methylpheny$amino) -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
sme?nne embodiment, provided herein is an optionally substituted ring system,
ﬁere one rlng member IS R( E)(Rm)-, of structure 34: , wherein; E is

5 q\g&mer

1. hydrolysis
2. amine
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(02;13] Scheme V shows derivatization of aldehydes of structure 19 using the Homer-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 ¢,8-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-yloxytrispyrrolidino-phosphonium hexafluorophosphate (PyBOP®), O-benzotriazol-1-yl-
N,N,N".N’-tetramethyl-uronium hexafluorophosphate (HBTU), O-(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyl~
uronium hexafluorophosphate (HATU), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC), or
1,3-dicyclohexyl-carbodiimide (DCC), to provide amides of structure 29.
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[0274] Scheme VI shows the synthesis of allylic amines through allylic transposition of allylic acetates of structure
21 with amine nucleophiles. In some embodiments, allylic acetates of structure 21 are treated with 2 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 (Pd,(dba)s), palladium dichloride, bis(acetonitrile)dichloropalladium, and
tetrakistriphenylphosphine palladium. Suitable ligands for the palladium catalyst include, but are not limited to
triphenylphosphine.
{0275} 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 2 Staudinger



9 wherein E is oxygen; ftw is defined herein; and nis 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- oo f@dhgaksvith a carboxylic acid (or a salt thereof or an aativatechaeishss
derivative thereof) of structure I(i): R3®¥IO wherein: | is -0-, -S-, or -NR5-;
where 125 is hydrogen,tydroxy, alkoxy, alkenyioxy, acyl, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, aikox carbon | arnlnocarbonyl 30al %éamlnocarbonyl

reac&f)éxltg}ﬂm?h%%le( Fﬂ%ﬁﬁ c» y‘? Ibe (ioupled with a variety of
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strughshtt or as part of another group within ), are independently optionally
[02°¢) b &tiverre eewAtisHe ’tlw\péc,eﬂq F@éi,"?dﬁ ﬁxe@}lﬂy‘e'qqgm may be hydrogenated to provide the

analogous alkyl compounds.
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{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-dimethylformamide, ethereal solvents such as tetrahydrofuran, dioxane, and the like, The reaction '
is typically carried out in the presence of a suitable coupling agent, e.g., benzotriazole-1-yloxytrispyrrolidino-
phosphonium hexafluorophosphate (PyBOP®), O-benzotriazol-1-yl-N,N,N*,N -tetramethyl-uronium
hexafluorophosphate (HBTU), O-(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyl-uronium hexafluorophosphate
(HATU), 1-(3-dimethylaminopropyl)-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, triethylamine, N-
methylmorpholine, and the like, and optionally in the presence of 1-hydroxy-benzotriazole (HOBT).

Scheme VIIL.
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[0278] Asshown in Scheme VIII, diamines of structure 15 can be reated with with bromine in a suitable solvent,
such as, for example, chloroform at ambient temperature to provide bromo diamines of structure 35. As described
above, diamines of structure 35 is then converted to the benzimidazoles of structure 36. Cross-coupling chemistry
can be used to introduce a variety of groups in the place of bromine. In one embodiment, Stille 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 (PPh;),PdC1,. Solvents such as 1-methyl-2-pyrrolidinone (NMP) are
typically used in the Stille 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 (PPh;),PdC1,, and Cul, and a suitable base, such as triethylamine in a solvent such as THF. Other

cross coupling reactions involving aryl halides are known in the art, and involve, but are not limited to, Heck
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[028)] Using the synthetic methods described herein, as well as those known in the art, tyrosine kinase inhibitors
as disclosed herein are obtained in good vields and purity. The compounds prepared by the methods disclosed hercin
are purified by conventional means known in the art, such as, for example, ﬁltratwn recrystallization,
chromatography, distillation, and combinations thereof.

[0282]  Any combination of the groups described above for tﬁe 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 10 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

[0283] Compounds disclosed herein have a structure selected from among Formula (a), Formula (Ib), Formula
(ic), Formula (I1), Formuia (111), Formula (IM1a), Formula (11Ib), Formula (I1lc), Formula (IV), Formula (V), and
Formula (VI). It is understood that when reference is made to compounds described herejn, it is meant to include
compounds of Formula (1a), Formu}a (Ib), Formula (I¢), Formula (I1), Formula (1)), Formula (Illa), Formula (11Ib),
Formula (1lIc), Formula (IV), Fotmula (V), and Formula (VI), unless otherwise indicated.

[0284]  Pharmaceurtical compositions may be formulated in a conventional manner using one or more

physiologically acceptable carriers inciuding excipients and auxiliaries which facilitate processing of the active
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amount required to maintain pH of the composition in an acceptable range.

[0287] 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, potassiurn or
ammonium cations and chloride, citrate, ascorbate, borate, phosphate, bicarbonate, sulfate, thiosulfate or bisulfite
anions; suitable salts include sodivm chloride, potassium chloride, sodium thiosulfate, sodium bisulfite and
armmonium sulfate,

§0288] 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 sirmultaneously, concurrently or sequentially with no specific
intervening time limits, wherein such administration provides 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.
{0289] A pharmaceutical composition, as used herein, refers to a mixture of 2 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 a2 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
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[ud@ﬁte@é?bé@@al%yJ,aﬂﬂéLﬁﬁg%r a&@d‘ﬁdﬂh %I%EQ@{&L@, 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.
[6294] 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 trc;atcd.
[0295] 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.
[0296] 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 phosphoiransferase activity of a kinase) 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 ICs, that is at least 10, 50, 100, 250, 500, 1000 or more
times lower than for that of a non-target protein activity.
{0297] 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.
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facilitate the incorporation of a compound into cells or tissues.
[0304] 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.
[0305] 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 compc;und 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.

[6307] The terms “kit” and “article of manufacture” are used as synonyms.
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readtOEL &8¢0k fardiChlar 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 Pharmacolog.ical 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 apalysis 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 vive. 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 exanople 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 iz vivo administration, a prodrug 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 prodrug can be
- designed to alter the metabolic stability or the transport characteristics of a drug, to mask side effects or toxicity, to
irmprove 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; Silverman (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 formulation 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, pyruvic acid, lactic acid, malonic

acid, succinic acid, malic acid, maleijc acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-



0 9 or a salt thereof or an activated acid derivative thereof, where nis 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

substitbéethedkanyl, optionally substituted alk-ynyl, alkoxycarQ@misioos/049489

aminocarbonyl, WO 200 7/08 7 068P&T/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
by RS  SIT A S st st BT R ath e
cthappgfepl fopipecidrR frdopsye %ﬁ%ﬂgﬁmsgwé?@%fq@%yﬁrﬁg@ﬂ%ﬁmlfw acid,
2-naghtydtitestdigngd Ry Gstispratiosia batiterroehatkisen 2o Rty itrsith fué gmethylenebis-(3-
hyd]amw?hymwi,cammlaﬂy@rmy gca@yﬁ’rn.@é@):]ﬁ'(ﬁmgcrﬁary butylacetic acid, lauryl
sulfi@édlapi@ (INTRBERB BB SRS =X 1pBURREId - 8O ) 2tearic acid, muconic acid, and the
like-(A!)-SO1lIg(R7)2, -C(0)0R8, -(g)-C(0)0R77, cycloallcyl, cycloalicylalkyl,
o3ngteipsyciaatiy eefiateracrioalivadkilhavberaceach-tpdsmindepaadesitlyvith a
pasSBIRELRASHQRB:AM RGRYIEOgR AL oRtioRallsiibiskitytadikkyh ptianallit, an alkaline
cariRHRETIHIED AlkenMbapsianalsuhstitutes allcyd vayciaalidicyciohexytamine, N-
metﬁ%{%-ﬁbyr@%a%%&%&m& Bhaqm heteiROVHQANIRBNC KAk 15 2HYIBRRe, and the
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reqyithin R.15, are independently optionally substituted with one, two, three,
(0318 r Irorefinte e pdiniuls, @Wﬁmmymm,a@y@éaﬁmqaﬁtyhm preservatives to
inhheieicodilxdiete Daralkylshettredydidatetorhrtaianybicaltsylabey ngfen and
thiomersal; stabilized chlorine dioxide; and quatérnary ammonium compounds such as benzalkonium chloride,
cetylirimethylammonium 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:
(2) about 0.5% to about 2% w/v glycerol, (b) about 0.1% to about 1% w/v methionine, (c) 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, (f)
0.003% to about 0.02% w/v polysorbate 80, (g) 0.001% to about 0.05% w/v. polysorbate 20, (h) arginine, (i)
heparin, (j) dextran sulfate, (k) cyclodextrins, (I} pentosan polysulfate and other heparinoids, (m) divalent cations
such as magnesium and zinc; or (n) combinations thereof.
[0317] “Binders” impart cohesive qualities and include, e.g., alginic acid and salts thereof; cellulose
derivatives such as carboxymethylcellulose, methylcellulose (e.g., Methocel®), hydroxypropylmethylcellulose,
hydroxyethylceliulose, hydroxypropylceliulose (e.g., Klucel®), ethylcellulose (e.g., Ethocel®), and microcrystalline
cellulose (e.g., Avicel®); microcrystalline dextrose; amylose; ma_gnesium 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®), glucose, dextmse:, molasses, mannitol, sorbitol,
xylitol (e.g., Xylitab®), and lactose; a natural or synthetic gum such as acacia, tragacanth, ghatti gum, mucilage of
isapol husks, polyvinylpyrrolidone (e.g., Polyvidone® CL, Kollidon® CL, Polyplasdone® XL-10), larch
arabogalactan, Veegum®, 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 generz-xl circulation of the animal or human being studied. The total exposure (AUC.o5) of a
drug when administered intravenously is usually defined as 100% bioavailable (F%). *“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.



RIS 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,

hetgreasyiobrigroaralkyl, or -(A18)-C(0)Neleb; Al8 is alkylengalkgiRiesso

or allcynylene; and R50' and eh are ingependently 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
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hydroxypropylmethylcellulose acetate stearate (HPMCAS), noncrystalline cellulose, magnesium aluminum silicate,

triethanolamine, polyvinyl alcohol (PVA), vinyl pyrrolidone/vinyl acetate copolymer (8630), 4-(1,1,3,3-
tetramethylbutyl}-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 Poloxamine 908%, which is a tetrafunctional block copolymer
derived from sequential addition of propylene oxide and ethylene oxide to ethylenediamine (BASF Corporation,
Parsippany, N.J.)), polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K25, or
polyvinylpyrrolidone K30, polyvinylpyrrolidone/vinyl acetate copolymer (S-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 carboxymethylcelulose, 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,
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PHT02, Avicel® PH103, Elcema® P100, Emc 1%, Vivacel®, Ming Tia®, nnd Solka Floc®, methylcellulose,

croscarmellose, or a cross-linked cellulose, such as cross-linked sodium carboxymethylceliulose (Ac-Di-Sol®),
cross-linked carboxymethylcellnlose, or cross-linked croscarmellose, 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 Veegum® 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. '

{0325]) "Drug absorption" or “absorption” typically refers to the prc_ylcess of movement of drug from site of
administration of a drug across a barrier into a blood vessel or the site of action, e.g., 2 drug moving from the
gastrointestinal tract into the portal vein or lymphatic system. )
[6326] An “enteric coating” is 2 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 of 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 io release the active agent therein.



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

mowidying eeysef the J, Y, and groups in the product formed paStemian194s0

(b), (c), (d), or (e) above. Preparation &® 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
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(OH3)3C(Cal-J.9)3C- HaC"L OH300 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 Gampowsdsgd02601 In certain embodiments, provided hereirare006/049489

methods of ranking and methods of ughg 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
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chlorodiethoxyphosphine oxide (structdre 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 oxalyl chloride, provides halo phosphlne oxides of structure 3.
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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 suifable for such
administration.

[0344) In some embodiments, the solid 'dosagc forms disclosed herein may be in the form of a tablet,
(including a suspension tablet, a fast-melt tablet, a bite-disintegration tablet, a xapid-disintegration tablet, an
effervescent tablet, or a caplet), a pill, a powder (inclnding 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 HPMC, or “sprinkle capsules™), solid dispersion, solid solution, bioerodible dosage form,
controlled release formulations, pulsatile release dosage forms, multiparticulate 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.

[0345] In 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 compotnd provided herein, are dispersed evenly throughout the composition so that the composition
may be readily subdivided into eqhally 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 uput'x contact with
diluent. These formulations can be manufactured by conventional pharmacological techniques.

[0346] Conventional pharmacological techniques include, ¢.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 of Industrial Pharmacy (1986). Other methods include, e.g.,
spray drying, pan coating, melt granulation, granulation, fluidized bed spray drying or coating (e.g., wuxster
coating), tangential coating, top spraying, tableting, extruding and the like. |



(100 ,i 4P"--7 OH O00a 5[0268) Scheme Il 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,
potagsidmyasionate, provides hetorocycloalkyls of structure poT/us2006/049489
Compounds of structure 7 are then defrotected 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
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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 compou-nd
provided herein are not microencapsulated and are uncoated.

[0348] Suitable 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, maltodextrin, glycerine,
magnesium silicate, sodium caseinate, soy lecithin, sodium chloride, tricalcium phosphate, dipotassium phosphate,
sodium stearoyl lactylate, carrageenan, monoglyceride, diglyceride, pregelatinized starch,
hydroxypropylmethylcellulose, hydroxypropylmethylcellulose acetate stearate, sucrose, microcrysté.lline cellulose,
lactose, mannitol and the like.

[0349] Suitable filling agents for use in the solid dosage forms described herein include, but are not
limited to, lactose, ¢alcium carbonate, calcium phosphate, dibasic calcium phosphate, calcium sulfate,
micracrystalline cellulose, cellulose powder, dextrose, dextrates, dextran, starches, pregelatinized starch,
hydroxypropylmethycellulose (HPMC), hydroxypropylmethycellulose phthalate, hydroxypropylmethylcellulose
acetate stearate (HPMCAS), sucrose, xylitol, lactitol, mannitol, sorbitol, sod{um chloride, polyethylene glycol, and
the like.

[0350] In 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 snch as National 1551 or
Amijel®, or sodium starch glycolate such as Promogel® or Explotab®, a cellulose such as a wood product,
methylcrystalline cellulose, e.g., Avicel®, Avicel® PH101, Avicel® PH102, Avicel® PH105, Elcema® P100,
Emcocel®, Vivacel®, Ming Tia®, and Solka-Floc®, methylcellulose, croscarmellose, or a cross-linked cellulose, such
as cross-linked sodium carboxymethylcellulose (Ac-Di-Sol®), cross-linked ca\rboxymethylcellulose, 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® HV (magnesium aluminum silicate), a gum such as agar, guar, locnst 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.

[0351] Binders 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, carboxymethylcellulose, methylcellulose (e.g., Methocel®), hydroxypropylmethylcellulose (¢.g. Hypromellose
USP Pharmacoat-603, hydroxypropylmethylcellulose acetate stearate (Aqoate HS-LF and HS),



0 ,NH2R1551CS (16), 0 Et02->p-I-P-HNHRS5EWOIi"...N\gi-R5 R2;

,NHR1h 2 IL log0 R2V 0.510N 0 1517 isi-NHRIP 9102
R211115(5 p-Mgar NHNHRIb // zZIRRC/CI-LIN 5
[TNHRIO Ae20 NF1Re_aNI>.--Re NEIRIb OAc
WO 2007/087068 PCT/US2006/049489
76

hyd'roxyetpylcelhﬂose, hydroxypmpylceilulose (e.g., Klucel®), ethylceltulose (e.g., Ethocel®), and microcrystalline
cellulose (e.g., Avicel®), 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., Dipac®), glucose, dextrose, molasses, mannitol, sorbitol,
xylitol (e.g., Xylitab®), lactose, z;namral or synthetic gum such as acacia, tragacanth, ghatti gum, mucilage of isapol
husks, starch, polyvinylpyrrolidone (e.g., Povidone® CL, Kollidon® CL, Polyplasdone® XL-10, and Povidone® K-
12), larch arabogalactan, Veegum®, polyethylene glycol, waxes, sodium alginate, and the like.

{0352 In 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, stearic 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, Stearowet®, bori¢ acid, sodium benzoate, sodium acetate, sodium chloride, leucine, a
polyethylene glycol or a methoxypolyethylene glycol such as Carbowax™, 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 maltedextrin), polyols
(including mannitol, x3.r1itol, and sorbitol), cyclodextrins and the like.

[#355] The term "non water-soluble diluent” represents compounds typically used in the formulation of
pharmacenticals, such as calcium phosphate, calcium sulfate, starcﬂes, modified starches and microcrystaliine
cellulose, and microcellulose (e.g., having a density of about 0.45 g/cnt’, e.g. Avicel, powdered cellulose), and tale.
[0356] Suitable wetting agents for use in the solid dosage forms described herein include, for example,
oleic acid, glyceryl monostearate, sorbitan monooleate, sorbitan monolaurate, tricthanolamine oleate,
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan monolaurate, quaternary ammonium compounds
{e.g., Polyquat 10®), sodium oleate, sodium lauryl sulfate, magnesium stearate, sodiumn docusate, triacetin, vitamin E
TPGS and the like.

[0357] Suitable 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, glyceryl monostearate, copolymers of ethylene oxide and propylene oxide, e.g., Pluronic® (BASF), and the
like,

[0358] Suitable suspending agents for use in the solid dosage forms described here include, but are not
limited to, polyvinylpyrrolidons, e.g., polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone
K25, or polyvinylpyrrolidone K30, polyethylene glycol, ¢.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 (S630), sodium carboxymethylcellulose, methyleellulose, hydroxy-propylmethylcellulose,
polysorbate-80, hydroxyethylcellulose, sodium alginate, gums, such as, e.g., gum tragacanth and gum acacia, guar
gum, xanthans, including xanthan gum, sugars, cellulosics, such as, e.g., sodium carboxymethylcellulose,
methylcellulose, sodium carboxymethylcellulose, hydroxypropylmethylcellulose, hydroxyethylcellulose,



15192021 [0269] As shown in Scheme llI, 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,

methglasipeopgovides structure 12: A subsequent SNAr reagi@@boos/ 049489

structure 12 with an alkyl acetoacetateZterivative 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
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[0355006/04 94886 S H0 Y forms may include microencapsulated formulations. In some
embodiments, one or more other compatible materials are present in the microencapsulation material. Exemplary
materials include, but are not limited to, pH modifiers, erosion facilitators, 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. '

j0366] Materials useful for the microencapsulation 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,



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,

lithimonbwydroside, provides a,3-unsaturated esters of structurec2@s2006/049489

Hydrolysis of structure 28 is then follo#fed by reation with an amine in the

presence of a coupling agent, such as, for example,

benzotriazole-1-yloxydispyrtolidino-phosphonium hexafluorophosphate

PyROPogg-benzqtriazol-l-y_lN,N,N_; . .
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[0372] In other embodiments, a powder including the formulations with a compound disclosed berein

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 pharmacentical excipients to form a bulk blend composition.



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
thewcoswegwesto the henzimidazoles of structure 36. Cross-eouplidgs/049489
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

GOIR h sence of aIIadLum catalyst, such as
:f?fiw%fflgugl }2%%%%%%55 E?E:ﬁl e atrf?/ Ef UV t3S/rF’oaﬁ hone (’Nf 1Y & giformly

ically used in “the Fmgofenéuc |0‘Flsa‘%ﬁl?%°rl‘r?5f’ $&F-Sonagashira reaction

ndltlons &an Be E"L’i§ecf’ WRTER RO Ry Jen i o1 SIBTERH B iuRse with the present
s °e"‘ﬁ’§|%ﬁfa‘5?8f6‘ss%‘f eV RE e S it et fifie) AN &R eh adp i fiese Bferroscent
salt 3 SETtHT Qe oY fEhe e EA 3PP 12 rHn g Qe st bliebhesodium
bicu PRt SR M Bt C kb NV saiticl therPhaf InB e s odidowpiinthe acids and the
baspaegetio Hecipt otthirngtiaridelseti hestarevkno iviiemetraca tEantién volraydstthes®s include,
e-2nbt fiintde: fogrpdizn Bivrdaetions: G unikivedctions hidlegithi #aacti@hrbonate, citric
aciBdonmaitit-aitwigy eriosssecufllingaeattian;Kimata a6t ianss &bede can be used in _
p1a¢e| fatve0boBSet olHoling bRABHARSNIQATShALRFRALME W 1K ingredients were suitable

for pRAZIPAIEAT de-af Stueiuri36.isdreated:with acid to form the isoquinolone

[036‘9 re. Tream%%m '@e@Mthom@@il&g ﬁéggsgvﬂ& ﬁ&ﬁng Sap b)%%ug disclosed
nerGRROMIMARRNLE. (A dD e RIERSNGS 20 A:Ralladium catalyst . Sla(%r%clu %, butare
not@&@&%&'@mﬂﬂﬁptﬁé\lpf ‘i@%?ﬁ%@% 396 K " %% %5@%8@@ T3 05, Snd US. Pub.
Ap { %@95}){'999 %Qc In&i}hxch 1S § e éﬂ mc:o fegl) Lrle}[er nee. In stlllo (r\t;léhetngﬁ%lﬁients, the

I|§ leth lamin uitabfe co-s
forrnul io %%!Xxerc axe sol

actitamide R}i“ 7' i e?ﬁs Y ROTRSE TP YEIRApether with the active
st e ﬁ@x?éw&&wmw&mmmwng
°°“§°iq“°“ &5 S Prl’é‘éi“[t?é‘éb‘]“s‘éﬁé“ﬁ%ﬂ% SHb Laratied epdireivided to a capsule or
°°“®?ﬁf?fb‘§i%adfbé%m%f°§ﬁﬁa@tﬂ?é e splihieledont sefpettria Batandtinslude, but are not
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10388, for exaFhpibaresronlsatidlerildloartiispy Wikt ind-@hespRORILIE: losed 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 herem from a dosage form in which it is incorporated according to a desired
profile over an extended period of ume 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.

{0376] 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.

[6377] 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 more 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



hexafluorophosphate (EyBOP(r)),
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1-(3rdimethgdaminopropy0-3-ethylcarbodiimide hydrochloridep(EiRE&0em 49489
1,3-dicyclohexyl-carbodiimide (DCC),#nd 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 |
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COUBEPEFSHRAFGTRHES, StiitPRE 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,
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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. 102901 The pharmaceutical formulations described herein can

be administered to a subject by multiple administration routes, including

butwotdimigedsto, oral, parenteral (e.g., intravenous, subcutape®$2006/049489

intramuscular), intranasal, buccal, top#gal, 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
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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
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[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,
theweffeat;nkalser therapeutic agents on a system. An PCT/US2006/049489
"enhancing-effective amount," as use@Zerein, 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
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processes and drug metabolism in vivo, those of skill in thls 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

"~harmacaiiticallyy accentahlae " ac 1ieead hearain rafare to 2 matearial <irich




is delivered into the general circulation of the animal or human being
studied. The total exposure (AUCO.,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
arevedsorhedogato the general circulation when the pharmacepgigals200s/049489
composition is taken orally as comparé# 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 Itis understood that the plasma
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tetramethylbutyl1)-phenol polymer with ethylene oxide and formaldehyde
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F1089, which are block copolymers of ethylene oxide and propylene
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WO 2007/087068PCP/U82006/049489 72 103271"Erosion facilitators"

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.qg.,

hydsaphiigieabgners, electrolytes, proteins, peptides, and amige,a€i6ls049480

[03281'Tilling agents” include compousids 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,
cholsgiprst 1 So @R LiaRrsiteeb PR e Uy eeh A neieREiad; groundnut oil, cor germ oil,
olivg 0B 285t b et ey et ebearidionticivéeterielshelgwhvdthrltres fopin Blatiowesters of
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Mitheudikent{ 033t} Agrdeas siallo B edpir € GG R HORsp At inQas IpedddB atives, surfactants,
el IMASEAA: GO Bkl ianRthaaselibes e Rinnshs e DIRRY jasBeferably, the nasal
dose R IeRNLHALION: fyRIcHREASKIGLN My, jug, or ng of therapeutic agent
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o SMRRHAIORAS NS Neen, TGSt U L R
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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

velodevitine ethanol n-bhiitannl iennronvl aleahnl cholectarnl hile ealte



[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

oXigpaneh psapylene oxide, e.g., Pluronica (BASF), aml the lilge Q506049489

other surfactants include polyoxyethyl&he 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
be BRRLHESPIHFLTE A PSLARI Y riforosmsardstarpbedier ity 7 suipde ptyr base such as
lactet§ BT agents” include, e.g., methyl cellulose, xantban gum,
BugsaYBepmutagthy/| cellulose, hydroxypropyl cellulose, hydroxypropylmethyl
[ede@llulose, PBydraiypriywyistethiydice ltolovendciteltesStemiatay be administered using a variety
“of thiydhiiasoyip kopyiirnatbiyt. Cetleiose phith flatecashoher bpetyviniphade 6hUl$. Pat. Nos.
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riQiylatiensiasianelt formulations, effervescent formulations,. lyophilized
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|na ra ee cores are provi ea Ult e coatln
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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,
crich ace alhieernl or earhitnl The niich-fit canciilee fcan cantain the activve

30"‘-

red, aqueous



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.qg., spray drying, pan coating, melt granulation, granulation,

fluiskoedobeshe@ray drying or coating (e.g., wurster coating), taogegiiak/o494s0

coating, top spraying, tableting, extrudifig 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
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polyethylene glycol or a methoxypolyethylene glycol such as
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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
corworiBingdiRRIC. In other embodiments, the formulation is plec®d2ins49489
sprinkle capsule, wherein the capsule®hay 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,
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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

arevalsnpr@pased in accordance with the present disclosure. keffarvmsoentsy

salts have been used to disperse meditines in water for oral

administration. Effervescent salts are granules or coarse powders

containing a medicinal agent in a dry mixture, usually composed of
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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
'Aalaved releaace" ac 11ead harain rafare to the dalivveryvy en that the releace



[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 WAuatesdE-MC) is an aqueous based system and is a SGEE/heed/049489
CAT psuedolatex with particles <1 pir’®Other components in Aquateric

can include pluronics, Tweens, and acetylated monoglycerides. Other
suitable cellulose derivatives include: cellulose acetate tranellitate
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éanpsage orm is pu'tsat iIe reléase so o‘?al dosage orm i éllruealng at least
two groups of particles, (i.e. multlpartlculate) 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
inchidec coated narticlae which inchiidacec from ahoniit 204 t0o abniit 7504




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
defimeddsv/ddresk)S? Pharmacists' Pharmacopeia (2005 editiorcechapiesios94so
905), for at least 4 hours. The homogéeity 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 suspensmn b ag’h sical agitation
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Corporation, Par3|ppany, 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); hydroxypropy!

methyleellislose and hydroxypropyl methyleellulose ethers (e.g. HPFAC
K100 HPMC KAM HDMC K1EM HPMC K100M and Phannacaat | IQE!

11 Jlso typically be




[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
disperaidn o8B DS, as opposed to emulsions or miaoemulsi@as;/Us2006/049489
spontaneously form emulsions when #dded 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
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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
Eormiitlatinne 104001 Riicecal faormiilatinne that inchiide comnoiinde

of 4n ingdicat

Dc




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
incorpovateghdwy reference in its entirety. 104021 The transdepaaismsags4s9
forms described herein may incorpordté certain pharmaceutically
acceptable excipients which are conventional in the art. In one
embodiment the transdermal formulations described herein include at
L g componedte, () 2 eimulalion.of &.compaund. disclosed hereln;
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thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene 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; vinglycinate
sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate; vorozole; zeniplatin;
zinostatin; zorubicin hydrochloride.

[0440] 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; aclarubicin; acylfulvene; adecypenol;
adozelesin; aldesleukin; ALL-TK antagonists; altretamine; ambamustine; amidox; amifostine; aminolevulinic acid;
amrubicin; amsacrine; anagrelide; anastrozole; andrographolide; angiogenesis inhibitors; antagonist D; antagonist G;
antarelix; anti-dorsalizing 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 IIT derivatives; balanol; batimastat; BCR/ABL
antagonists; benzochlorins; benzoylstaurosporine; beta lactam derivatives; beta-alethine; betaclamycin B; betulinic
acid; bFGF .inhibitor; bicalutamide; bisantrene; bisaziridinylspermine; bisnafide; bistratene A; bizelesin; breflate;
bropirimine; 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; chlorlns;
chloroquinoxaline sulfonamide; cicaprost; cis-porphyrin; cladribine; clomifene analogues; clotrimazole; collismycin
A; collismycin B; combretastatin A4; combretastatin analogue; conagenin; crambescidin 816; crisnatol;
cryptophycin 8; cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; cypemycin;
cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab; decitabine; dehydrodidermin B; deslorelin;
dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone; didemnin B; didox; diethylnorspermine;
dihydro-5-azacytidine; 9~ dioxamycin; dipheny! spiromustine; docosanol; dolasetron; doxifluridine; droloxifene;
dronabinol; duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine; elemene; emitefur;
epirubicin; epristeride; estramustide analogue; estrogen agonists; estrogen antagonists; etanidazole; etoposide

phosphate;' exemestane; fadrozole; fazarabine; fenretinide; filgrastim; finasteride; flavopiridol; flezelastine;
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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,

absegxienoeaancers can be used to increase absorption. Ar@hssPEOMm489

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
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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.
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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
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variables, not limited to the activity of the compound used, the disease or
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therapeutic efficacy of such therapeutic regimens can be determined by
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[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
admioisteredosequentially, with either therapeutic compound beings2006/049489
administered by a regimen calling for #vo-step administration. The

two-step administration regimen may call for sequential administration of
the active agents or spaced apart administration of the separate active
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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
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104391 Other anti-cancer agents that can be employed in combination

with a tyrosine Icinase inhibitor compound include Adriamycin,
Dactinomyein, Bleomycin, Yinblastine, Cisplafin, acivicin; aclarubicin;
acodazole hydrochloride; acronine; adozelesin; aldesleukin; altretarnine;
ambonyeigresmetantrone acetate; aminoglutethimide; amsa®dneys2006/049489
anastrozole; enthralment; asparagina8é; asperlea; azacitidine; azetepa,
azotomycin; batimastat; benzodepa; bicalutarnide; bisantrene
hydrochloride; bisnafide dimesylate; bizelesin; bleomycin sulfate;
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etoposide; etoposide phosphate; eippiviesfgdrozole hydrochloride;
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interferon beta4 a; interferon gam_m ; iproplatin; mnotecan

_ hydrochloride; lanreotide acetate; Ie't@; le;t&uprolide acetate; liarozole

sediydrochloride; lometrexol sodium; lomustine; losoxantrone hydrochloride;

[0&?351@5919&1 ’om}ﬁm%ggdmc ﬂ'or ggnlr}g g‘ %mr ]ﬁ[llidgﬁ xrrIl gte-; ig I‘;C was treated with
vm@fl;na g?hm ?tl)renp(g Cf‘?xt'raxge Q 1%1 asa o ear'“ \Eg%n d g n
Solmgg hotrexate: @@é atedso ﬁ% |ne etureadpar i fﬁﬂg’ﬁﬂ‘e&é{]’e
mitocarcin, mRoCIom o Bgvﬂflrllsarmm"iﬁﬁhg frh: ﬂﬁﬁ? El?‘l"’rﬁﬁfﬁf?&éﬁd uader reduced
PreRito tAn e %?ﬂ?&&%%‘ﬁ%%%&ﬁ%@hmﬁrféﬁaftmawwé&aamémeﬂwl
ph??B‘b%ﬂSWBT?F“&N’{&&&ﬁﬁ“%‘ki’éﬁi?%“"&ét}égﬁ’é?@‘ﬁ%mﬁél|omyC|n
Stegdntamustine; peplomycin sulfate; perfosfamide; pipobroman; piposulfan;
l“ﬁﬁo@ﬁ%ﬁ%ﬂﬂﬂ@ﬁdﬁéﬁﬁh@am%m?-b‘:ian?ésvamel) pOifemagrrsiociLing mL, 106.3
mpdrfir b hiyETmziprédhinhLsties tpl aseftbeizine Hoydroshiorite wetd rerayei Rider reduced
preguTo iy chidvh yay ookidlitee frpy G zofyerie:; wibopribazypgietinidersafioghliane 4-oxide as
a vgafingo(1Ryd soitorit edse mmstRE Isistiazans;spatfasate Gatia%] (21, m); 2.59 (2H,
m)SPAISAHY SN Spixagermanss bydioehiamidesspigomustine; spiroplatin;
stepteptonigrin; streptozocin; sulofenur; talisomycin; tecogalan sodium;
r4egaiustslaxaniyonabydrochionde 1amaperin, JeNiR0sIde oSl PG e 100 my)
waiSaiolagiongs Piama . ioduaning; HIoteRd: UaZRln . HARaEalIng, 1.
hC"Ig ?Eagﬁ r"l%e%@i}% ngg grgﬂﬁmugl?@ % c!iCI b {Jrerhg hOS zﬁ%tvee mrgre rgr?i)éedtpressure The

etrexate glucurgnate ore In; tu u ozo drochior e; ura

P;szél ums%as E:lefeegg %,&g/:% H\éﬁftﬁ“ a\Jllerc'f’é’r SSrA: wﬁ%‘fﬁ%’hﬁ? PSR TG ERpAEL)- The
iy e: mo’lesme CTRuSaRS ¥ifrass 9ﬁ%ﬁfdrﬁé"%‘ﬁlf§@%@%‘§té‘f‘“0 4-methyl-
[ gazl?ﬁ’f OSPRITATE, (i SO RO PRI A PR ST BRTRIA & 46 eftis®)- 'H NMR (400
M7, PO A & Y RPN AR REDy B ST BED: 2iPloedh; L8t BBl ek oCRIOHeE >
NME 4 B9 PERHESME D REEh” dopedtd3that can be employed in combination with
Intgrnprindtrie Wifrdine- inkiisioroesmmpeoundiiaclude: 20-epi-1, 25

dihydroxyvitamin D3; 5-ethynyluraci®, z;wi;lterone aclarabicin; acylfulvene;

adecypenol; adozelesin; aldesleulcif; ALL-TIC antagonists; altretamine;

ambamustine; amidox; amilostine; an%mo‘]‘é\?ullnlc 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;

Aara-CDP-DI - PTRA" arainine deaminace: acrilacrine: atamectane:




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-tromboembolic agents
inchwdepbutsara not limited any of the following: thrombolytic agented@./gi94s9
alteplase anistreplase, streptokinase, #rokinase, or tissue plasminogen
activator), heparin, tinzaparin, warfarin, dabigatran (e.g., dabigatran
etexilate), factor Xa inhibitors (e.g., fondaparinux, draparimnc,

stefiyaroxaban, DX-9065a, otamixaban, LY517717, or Y/v1150), ticlopidine,

[0494 pﬁ%%{ﬁb&%i‘&?vfa@r%éé@{ ClidsY B aéélgfép)ﬁﬁnelﬁ gatan OTEJI%R%)].ZO 218 o,

Mg embodiments, compo provid eﬁomA

|n combingtion wit “one oF mé’re compoun &8t 7I‘ec BHE &I 22

re

S2g énfat op rlr?ew‘m drﬁ'énlflff)'?édgr?%ﬁghe AUTEE GRS ARt i Thigre wes
atmoén eempéfﬁ SR 9 Pl bR AR dfﬁé?"é??fﬁf?d%‘é’ﬁ‘t% compounds

I“‘ﬁfﬁ?ﬂ'ﬁ?& ﬁ%ﬁ%ﬂ%@ﬁdﬂfﬁ%ﬁéﬂ%éﬁ%lﬂ%n with one or more

compound(s) selected from an estroge receptor modu ndrogen
receptor mo [ rgtl \)91: ag t, another
antiproliferati ént a prenyl enﬁ)transfera kl’intor an HMG-CoA
reductase |nh|b|to|r an protease inhibitor, a reverse transcriptase
inhibitor, and Wogiﬁ nhibitor. 104481 In yet other embodiments,
compounds prasiged herein beradministered in combination with one
steph More chemotherapeutic compound(s) selected from among Tastol10,

[od_ﬁxﬁtﬁﬁﬁﬂlp o@%@%ﬂ%ﬁx@ﬂ%ﬂﬁ@!@9&dﬁﬁ%¥w x;[sl:l) %Q in axih droys THF (600 ml) was

desoxyepothilo r iheir derivatives; e lotoxim procarbazine;
“mitoxantrone: th 3"??17tom cins, disco erdilﬂdéwﬁlc%d’émh‘}Pd magmesium bromide (1M in

T GoXORIBIEA Evéﬁﬁ‘llﬁ%lrsn" L e SRS Bft‘*mé??‘fﬁfdﬁf’é?ﬁf R FRSEFESL, °C- The
addiiontoglo RS- d‘i@ﬁo‘rb‘iﬂe‘tmsﬂré%fé S T8 AR S ACC SO MOy Pl e Frea piirRd directly
intorfidheaAR T SHIGHTS & BRsE PiBLHseTRsptofitstinice intElahme freytoding organic phase was
waghed ithoSiERis b bt cimdgheatdpd side)eRih ddideiphosphabtesvapdrion provided divinyl-
phe2()OHIABHEO G8RCFALSE00 610484898 tenipasideimelphaladyyinhiastiaey Mz,
DMAOEHB tNe; Mine) stheeryempsidinamyimlesinsmHenrosing); pastiaxel,
stegstramustine, cisplatin, carboplatin, cycloPhosphamide, bleomydin,

[o4%8Mm Wfﬁ)ﬂpﬁmwgﬁnmgimm MWESHXL%!MQ&V mei%mmol) were
dts&mrﬁtaﬂ% J‘g aﬂﬁ%@d@n&j %ﬁ‘i{%@n@ 'reﬁlﬁ‘?@}f %%%bt!‘fo@é?é&g‘g I'H‘Ae codled reaction mixture
was%mmmg&n%tgd]uqhggg%&%3 ang'(% (9 'Cﬁ%' galgp Itgsep’hysléjtarnldsﬁl’ed once more with

r enz ndole derivatr Sa. |nter
CHZ%P Qgglégg?m ngr amcfc’h 944:(.15 da \t{ee? ot er (fe"rﬁ%oac m %3'6?%“ m}\s g'em

efi
vevagorpn 85&%&?%‘% el Wmlnls |n COSTASTS r?\ﬁﬂ?ﬁ"éfﬁ“?gg cluting with 0-10%

carbona e rcsm §§

rovi

renor‘bécce1 '?)nr?'}él\'4 rl%leéf'l Eo ﬂaéc?gfé‘?ﬁd"eleﬁ%?r‘ivéﬁ‘ébté‘ﬁ‘fa@so“rﬁﬂ"w solid (25.5 g, 60%). 'H

085 2 D A PO AP 1, ARAG = 40, 225 m 20, 19
(b“’éflrfb?(?&nfe[ﬁ”@ @FBoiIhAL R EVided herein may be administered in
Steedmbination with one or more compound(s) selected from salmeterol,
104%({ktid Bsonrt 4 phradddriiekephvrohitete kasile v al s olnalnesdftsmnitsstibsolute EIOH (65
mL XM PCES (8450 fihe persbm sleictbip theattdnaymiurihercapprgtigitated on a Parr
shakea pIGQ psafopetisuansiaduaniagesel theiesrntdisclosiigdpandaviem: ofs
wintedelinuwiagoiivsiatiime a1 HRolRling SXAMPIES IS RESIS B hit solid (1140 ¢,
9994)OMpRRds Wiermestialg 7.4 Mey 141 ¢1asaphasRbNane. 4285188 (broad «, 211), *p
NMRYENRSHIRSIG8 4 Bt gp 1104511 A solutlon of methylphosphonlc dichloride
[04&9{ 9%9&%%3@3%@9 );Jﬁ EIIH:Fzg hos:érlu’ilé ox: c%oc %tevgsvg{)tta using procedures
sfAPUBABRSSIIT, PLOMICE, N 1. Fml Was added B7er
es

hours via an addition junnel. olution ?r‘\’/as warmed to0 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 _-bhan7v1-A-maethvl-H Ala7zanhnenhinanea A-ovide ac a white enlid (12 24 A
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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, obtaine?gfrom Argonaut Technologies, Inc., 220
Saginaw Drive, Redwood City, California 94063, USA), methanol (2 mL),
Inter@fRdisbE4(2-Miorop@yiBidiy IR VS Slitsei Ridoosmide mpaiatuador 1 hour,
then filtered and concentrated in vacuo; Intermediate 3:
4-Pbeny141,4]azaphosphinar:g@ﬁﬁ hydrochloride Step 1 [0455] A
solution of phenylphosphonicrdickforide @8#at!, 200 mmol) dissolved in
step@nhydrous THE (600 mL) was cooled to -78 C and mechanically stirred
045 ”Q%u%b%%%% .9 d%/h W&?ﬁ%@ a%W@@&%%M&PB@M@;QMoUBMe (35.9 mL,

0.30 m|_| at amb:em te V\é?'a%ursek?x\’/xw r_?a Bd deg(ngS saéwtrg 3 ref gratgjor‘gmgi tha?h"egg g tqn °C for six
mixture never xceede he addition too ours er an

hours, ARfiifsA AT 1 hD A B Lirt Rt °‘?§“(‘f§“€hwaé8lawrﬁéé%f‘?§’ht?rﬁ%’uﬂé RS PG e et
acergfifdetipintascafel. Satarhiten -T2 {Iith) sTPFee FriBeirer it e dtt et tircaen with
saturiit @it <1 2 G2 entihthezgombiredsorganithphase wes washietdyitld $dventated by
rotath @Qkdrbsinenandithendf ineiQrerMg 204 rriltkalio thandSeM@ntsing 0-35%

acet&x@@w@&mo%@evaggmwmtﬁ)@w om;%mﬁ@p%@%c(z@,ﬁew D) @54z, (35 mmol,

., VIS llow ail t u a 1 4

mﬁxmﬁg § ? LP% jgﬁg B%éc% %93“9 g;]Yn %M?S%Q%%ch%) 3.61.3.58 (4,

6H); (ﬁ\/lé%ﬁ (8’6253)551?174%)(’(@ ep 501@514%1@] Divinyl-phenyl-phosphine oxide

Step(26.5 g, 149 mmol) and benzylamine (17.9 mL, 164 mmol) were dissolved

{0460 5BYmegmdlFIH0rRL) andrhebted idirefiurunrderitkogenor@8sphonic acid

dimdAQUES e [NE £ 00IBIhFRAGHR RV e MWRG PRIttiaRe betwegRSatky ai6bn was allowed

fo wmqggruéem@ 9&&?;@m&tb%g;;zadmm%sr%Qaf'a@&m%%w@é@%% AR o

re ve.v al !:gh cc:x!uzeafr\j\&he c%m Inesd 00[;1 camg!{)% S%{XVP% ng's%er?v lChW sed without
" Pine and dried over MySOX B lpa?l n'and solvent vvap ation aveaﬁé

furthg %’%ﬁBW oil, which was purified by flash chromatography on S|I|ca gel,

Stengduting with 0-10% Me011 in EtOAcC.

[0461} Ben@yl:dspheny bidstHaraphiosphimnaneidpxidemagdedtainedras aethylene chloride,

12 dY@U@W%MF(Z@F&V% @QV@QWMH{%Q@GMUZE @MSQOQ@(@ zfgn'ﬁﬂ) &Jejrgwltmg solution

wag Znﬁ@d meﬁvj%ﬂ't)at Zn% g@v téx:]'p]e att%eGag éé v%g' Qﬂeg&tgd(ﬁlhér%;}mg \gg g&cé\l\%‘)&’d Jf)y Totary

31P NMR (DM8

e T R AT RS A e A0S Bifighe ¢ 1
<37°<7\)£§“d“§§8k7é?d M‘%SB'?BI&?&%?% T@S”Fh‘ﬁ)méﬁdﬂ%w t@%rﬁf’ﬁlﬁéﬂé&h}h( m, 2H);

T Vorve&rbdh: (1% 3200 PP was added and the mixture was hydrogenated on
steptParr shaker at 50 psi for 60 hours. After filtration through. Celite, the
[o4diitratevasseiovapnacanddhe residue swas tjtuadecvdthnather to GIVeIF, under 2
nmﬂgaQm%ée%zl@ﬂﬁ?@p;Q%%%hﬁmgmsdfammm&@d a%pmgvrnwmg S romice
n i Ry i sl R R
am%f'zkv'b f@)*”fe&@% RDfraebiet ot £ Wé%ipﬂjﬁab%%mwﬁ%aﬁmww%m

adddsy dre ehelyridassrasoidtain edhissimgtipro setivrsd it lantostrosedesgrib eidzipomate, and
therl Riermediaie Zzanthxarmpie:3 »Htegicn SedatermeadiaieAentrated by rotary evaporation

1o yfr§4-Fiospphetimatbylslb, &mm@&mimmmﬁ hydrochlaride @ Ry nvr
w00 R1EP dpd0459).4:fluorghenzyl hromide (zamk . O &Q}g&)&mz affedtaa

stirred s |ution of trimethyl phosphite (35.9 0.3 t ambient
(MM found. 217,
mpera ure, under a nitrogen atmosphere. The resulting solution was
Stemdated at 110 C for six hours, and then at 90C overnight. The reaction
[0443iix tirenvir&sFalbowiedy toegodi o mhmisierd st @mifer atdrenanicth emethnthe (045 mL, 4.1]

mmagetaMai{3Dadml)was.adues (|The saldion waswaghed with satiatedure was heated
at smw@zmmb@p@a@n@@& %zm@tmpswm&ﬁwgm BRNG Y2 %13R 0% MULdced ang

the reac? w\ ure dp =65 e S dl’ xona legl%i S%HJJP '? e!fr%:ggti fr'x"é:?xl;c?udré v%argq:oncentrated by
Concentrate rotatr eva oratlon e resultln cru roduct wa

A THSEY TSR B CHGPRRTOGPA ANy USTR DSaB9% TORCEb AR g o

acetate as Scant to yield (4- quoro benzyl) 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-benzyl)-phosphonic acid
15diygethybester (4.57g, 20.95 intro!) and stirred in a reactionpflagls slol)edaso
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

prbiS(H m@mlﬁUy&aneﬁiﬁccwn@&w&ﬁc%%@é&@Pkigm%&}é.ﬁfﬁ%%% e R5GRvas taken
up%Q{Q%Q}l]a;ggte(ﬂnjﬂ%%rgemgﬂ%XJ!)stQ%%Q:QQg%IC qCIdtb II?G(;[ ”Hl‘eeth)('s ;1% exf e t om the
sxh@ggﬁn a g%umm o?fl g}a\énn&l%hy eyl%t!lela%nd I’Os ws rg rem %‘h OWE*,‘ tzo to yield
éirOB“i’ lee a}-tp 5'9 phenyenr: Zﬁ%\éﬂ ch OI’I Qé-ox Q 01 77% R(400 MHz,
il t
ac

SR e T

%81 Lk %ﬁ%}w Wa’xv B that was purified by distillation at reduced
Stepdssure to yield 1.71 g (37%) of 4-fluorobenzyl phosphonie dichloride as
104640 hitBesiid- 4Ltz M l=epheninyage #8745 v39 dipyplye@Hf) ethanol (100 mL).
Aqepps FLIT5E5 M M &, 93e8(Wrld 7214 a8 tePhd sJBdkG a4 drduserDiognzytiam of nitrogen
anptgsphonio dickion d8%105k)gya¢ SE&aThohiwas dissolvehtal 1P 8htbsvemight at
60D$ilFreumider asnithegen-aish 0sih er€s BaRalitled tonovd Gddl edhtiss $HEERE. The product
was Qitifieiliwasaddecharapnysandiy | Brogees b brasnide) or Tdm{dS Riethy1-
[1 Mz iRsulling Baldtionsr@s siivied Jot3thminutesair (A M, 3AHRYYS 387,32
SEHOR-oi SAaRNNIRILEY chlekide 16106 il %Q%Q%rgﬂﬁ%{?o&&%] A+23)" found,
,sgtirred rapidly while the cold reaction mixture was added. The product was
{Oﬁgfraﬁmérﬂgge Q}QMPEQ ﬂ@%ﬂ%&i{l%"!ﬁ%ﬁosp tanéS g E)l:gc?‘ tl?%roac%y 96 was optained using

an concentrated b rotary evaporation to
g f‘&%? SRS S % Aot o BEFIS e (6.55
mrnol, 84%) as a white SO|Id 'H MHz, CDC') 7.20-7.14 (m, 2H);
7.01-6.95 (m 2H); 6.29-6.08 (m, BH); Szpb&zta (d, 2H); ESMS (m/2):
stepa(M-f. 1)1- found, 211 Step 5 [114631

[odégim:(4zRHIRoRNeNIME LYY 6’1’9@%@' Q?s 9389 Ralh29 l%h%sz hrlrtl do .30 mol)
at mwgﬂpéﬁﬁxrgoﬁﬁérm}ﬁk%s]ﬁ]ihmo@% e)' V\{[%re sul?so V ? n aa'sr;.’:clljr)% and ea d tr ﬂux (144 °C
bam%l}‘maeg eelonlzggwatert()lx?m& € v-vrasg E%ggtlon rrt]cl))g:murgn\t,\{gg e e en ethyl aceta
(3%6%’]: 0 resS The reaction was no comdfe? RS anpaa%iuf"onat‘l m et} acetate
f‘ebenz AMING Was & EYédsamatefd%’“’rr’é’g%ib8‘??tﬁ{?>?ﬂff’é)\ﬁ§§he“ with saturated
Pt cf‘%or T TS TS G P 00 P Bt 7 G by oty
e"”é’ﬁﬁ&%}ﬁ}‘é‘é&a BT Oty Bvasb it Ateriie roauer hrasesmtertand Ateppropyl ester
©- 42 Adrdftietrdie Lenbrtirasitet Wivh CORAPAECOMEIM A et St GrafitD: WD 160 (@ of d, 21)
12266#68%6@@1*7&?8290@%&9?489610@%&%&%&@@%3% @B (VT1)" found, 221;
Msgiatendiitéded, and concentrated by rotary evaporation. The crude
Steprpduct was taken up in 1:1 ethyl acetate:dichloromethane and passed
[04dtio Gywerphegybfisitica nkhepsea)ctaas thesrelato dyiiem i eeailicaMptng acid
diisptofijontaf 10temnethana) inedhyh acaialesst Bensoly s RESTNEERESEOMBSh RYs allowed
to VREARY zﬁ\ﬁﬁﬂﬁ&ﬁﬂ&ﬁhﬁ@ vield B340 thxrs, and then concentrated by rotary evaporation yielding crude

cyelo;he@zxem “A-fuasornanvimethvhl b4l azaphosrRhingne 4 ﬁ.&&?
ol, 77%). 11-1 NMR (400 MHz, CDCI3) 15 7.34-7.25 (in, 511

[04Z 5’I‘Z 1@9@(%;;2“)1% zhethol 9?0 acidzb l%r{ssl sgr f%-r% I % % \%a ad methylene
chlon € (1%0 , (Sg m8[§ t% 9: wise oil xailirl chloride (23.3 ml, 267 mmol). The resumng 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 vield 8.50 g of cyclopropylmethyl-
phosphonic dichloride (49.1 mmol, 60%) as white solid. 'H NMR (400 MHz, DPMSO) 8 1.57-1.45 (m, 2H); 0.95-
0.75 (m, 1H) 0.53-0.43 (m, 2H); 0.24-0.12 (m, 2F).



Step 6 104641 |-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
mixiwreowasfoygirogenated on a Parr shaker overnight at 60 p&iT/Ub®06/049489
mixture was filtered through Celite an®&ll solvents were removed under
reduced pressure. The product was recrystallized from methanol/diethyl
ether to yield 0.659¢g (2.50 =not, 93%) of 4-(4-fluorophenylmethy1-
11,41azaphosphinane 4- OXIde hydrochlorlde as a white crystalline solid.

Stegd\ MR (400 MH so 7 32 (mn. 11 7 18 (in, 2
(046§] 4 ()C)gloo%o I)hlm u) c 0 ‘Sng?M 13 %jold % 7&;&3 %QéﬁO mlL), placed
undtm -F?S%?“ﬂﬁ‘ﬂ?fﬂh"f@b“ gg T %@‘é"ﬁ%{%‘é’ sclutxo s added dropwise vinyl magnesium
bromgiceferiLiBT SR ety R K 78501510 SpHiEah B 2 SR RIE HYard ChbH R AL on of
amrpgtstutlpis Y PrbcRBRSERdifar {6 I arRmd ity YR a‘ﬁ%m@%m%ﬁw
addg!. Frearndodtistecsragstpe SpMoprtem ot vaskehy E RS farRes 4ogikmpyRicarbonate and.
therhyidy oetetoFid e erndivh Steps iritd 486 L Brombmethiyrbyedoprspeand b26B0gyporation
to y31d 936 ot fonasrapltechid-tiisoioaylislesip it (B81041H),20230imodal NMR (400
MR/ UbiE)) btemBaratule)LNer 3 [@ittgsn athosphene); Tive-¢e8 0t Y SBleion (m, 2H);
ESMEG:Aliied aradaeate datyrefini (944 C bath temperature) overnight. The
step@ACtion mixture was allowed to cool to ambient temperature and then
4NV RESIBIRL3RM Md WaS SAEEd: L (s OIEI O ASIWASHSEINYIED mL, 27.4 mmo
wer% %&E%%%QQMQ% Q“f’ﬁﬁt{%%ﬁ) @5 Qemﬁz%@wget'q% MB%@I&&@L@%MQ%@&&M at 90
°c B 9; ML e 0 “gsah@a%gm\i\g@ewés %Mﬂm&g@m T %ql@t@l fltBrRs added and

and.conc nI’]'[I’Zilt %frotaray nﬂp §h|0n n UQC §I’ mx evvga%légnrcrzégtgated by

the reaﬁtém’ﬁ"é loprop ﬂ onie acH diisopropyl est .

%ﬁ\‘gﬁ"rm’f‘@%& y% 1S %{”(% fless oﬁgf §' T\'i) tgéﬁ% . rine. The oriamc

Pl B AT i ) KT A o?&eztfmdfyz?aiy S TNSR Dt v en

up . %W‘GWE“iﬁ‘i‘d ITi"f‘ AR RE PR BRI TSI SRI5 SR P yi ethanol. The

solypfs VyF ferarad 2oplapMs e Siordn Mgl 2430 esid P 2 d4e 7 °Pf°Py1th‘)"

(1. Emphospiivret Arbsiis -84 3mel. BB 26 med s atidlise Sd’t‘épﬂ/?%ﬁé‘m MHz, DMSO0) 8

. 738y SomEcEYMEHTK Ohd S c1i6. 380 2l st op yHeSt84- [ 88 (@02): 8 BB Tirfip [§H): 1.74-

1.681ireEd, AR Foa0H0 (fl 8k Citilield to, 5HE 0THE- re6utigESYE o \Was! Hifowb d64;

otaawasmafesambient temperature, stirred for three hours, and then

_s_@_gncentrated by rotary evaporation yielding crude

104%/}0'@9& QB%LGQ@DM'SQB9%@&%%@&@%@;@4&%@&5?&&%Iﬁb, V¥&Swas added. The

sol%%%yy H&Q&A&JWEH@M&MHG@@% :ﬁl@ﬁﬂlﬁdﬁ:@%@%&ﬁ ﬁhﬁ 1.0 g) was added. The mixture was

hy&xg&wﬁm MLk @&%ﬁﬁ&%'ﬁ) GlehRIRUIMEIIRIVD RSB S5Pa% the solvents

wer removegunderwdwe p ”ﬁQ § IQJ%‘[ %991&@&%%@%& Q%JQ&QZ&Q%S added. The

sol vgx(l) WE%OO\% r%rot eva ) % roduct was rép Ol)a'l e res"f{llltmc%&e%nult %er to yield
S e OVG Fl %m kllgsn[u_n eOQl cu }[;e rs? mc% 92%) as a white

3OS o yield ellow waxy soli
e 500 L o,
%@;@faaaowm Rl i i e
foup, N THMRFY fmag, ' BMSO) 6 1.57-1.45 (in, 211); 0.95- 0.75 (m 111)
10412 3@3433(?\'\53@11}“3@1@42@'19% [gi}zﬁapwgnnane 4-oxide hydrochloride was obtained using
prRODFG8ABEBPEBTIBRA06/049489 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 agueous solution of ammonium

chloride (500 naL, 2M) was chilled to O 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):
(INM4+=1YX+ forind 187 (M21Av fonind 1B <ten 5 104701




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 §)Sed4epdeiBF cr- a P.; 2) CoCl 1) HCI, RFD, 2)1-113F40/&shdeRdike
HBF4 Step 1 104731 To a 200 mL reund-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
SN SLevclopranyImadnesimi, bromide, (200 ml, 0.5 M in THF, 100
mmoﬁ was added 3ropW|se over sgminutes using an addition funnel. The
reaction was §llewed fo-slgwly warmdo roghtetensigerature verniohsThe
resulting CIear r@action mixture wag poured into saturated NT®I4C1 (200
mL) and partitioned. The product was extréqbf:édr%m the aqueous layer
with diethyl ether (1 x 100 mL). Ege organic fraltions were combined,

dried over odiu@uﬁateﬂ and c@peentrated in vag@ga. The resulting yellow
oil was fuptjaer ptriied by macu{m]iistﬂmi@mgGS-i <€ at 500 mTorr) to
- provide ffyqopropylphosplionic aﬁ:‘id otethil ester (9.025g, 51%) as a
) 13C

colorless oil. IHNMR. (400 “CDCI3)8 4.11 -4.03+m, 4H), 1.32- 1.29

(n, 61-1), 0.90 - 0.77 (n, 5H NMR. (100 MHz, CDCI3) 6 ppm 61.7 (d,
Stepl _5.3.Hz), 16.4 (d, J = 6.1 Hz), 3.3196.3 Hz) 30 (d, J=4.6 Hz). Step 2
1047814 721 268 B3GR RS ek SEYRIAT Hiskregurisretbaithsaddet thawphpreshloridic acid
diegpicheicr 0 gfe pYR THTOSHITS ATE 4290 b (Rl raistar Y85 ©Siey, 1675 fam! ) Fihon of
cyqreapgioheticimybsredoled td-AG T apSmmaD e agkasrabeiish atty Torimges using an
add@pidiyrstiligdegsolution Was-thesratdedrdtrimethytsibrdseonidienf2thdramling clear
realimd wRNG] el purkydiidoSyringe Nl jue (amditip mivasiexed B piciaundabit@tacted from the
aql@actien abdisng gently audonefluxed:ior seyhalerRb8sed Bt deRebatium sulfate, and
contkB.edONRELIOTHALAR, RN SR arallie.alle b IR AAHLER RGNS °C at 500 mTom)
to SRAGLORAS RIS fRr 2R ACEIQRAb bR NOUES.ANRIALIR reaaliR Yoo Maz, cper) 5
4150MPORERS, Were thepremavid ByyacuaiegiNaha JmeBXISIM S8l A% /-5
5 Iy RIOWRN whieh was usediip e nexstep without further

st ép%rificatlon. Step 3

[0474] To a 250 mL round bottom flask equipped with a stir-bar was added cyclopropyl phosphonic acid diethyl
ester (9.03 g, 51 mmol). The neat solution was cooled to 4 °C by immersion in an ice-water bath. To the rapidly
stirred solution was then added trimethylsilyl bromide (20.1 mL, 152 mmoal) sldwly 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 vacuo to give the trimethylsilyl ester as a light yellow oil which was used in the
next step without further purification.

Step 3

[0475] Methylene chloride (75 mL) and DMF (200 pl) 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 vacuo to produce a dark brown syrup. The
crude reaction mixture was further purified by bulb-to-bulb distillation (115 °C, 5.0 Torr) to give cyclopropyl
phosphonic dichloride (3.7g, 45%) as a light-yellow free flowing oil. 'H NMR (400 MHz, CDCls) & 1.80 — 1.65 (m,
1H), 1.40 — 1.08 (m, 4H); *C NMR (100 MHz, CDCL;) 8 20.7 (d, J = 151.8 Hz), 6.9 (d, J = 5.3 Hz).

Step 4

[0476] To a 250 mL round-bottom flask equipped with a magnetic stir-bar was added cyclopropyl phosphonic
dichloride (2.33g, 14.7 mmol) and TEF (100 mL). The solution was cooled. to -78 °C and vinylmagnesium bromide
(58.8 mmol, 1,0 M solution in THF) 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 NH,Cl (200 mL). The resulting solution was



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 gevenalobagss. The vented reaction mixture was stirred ovegnighto@adosso
then all volatile components were remé¥ed 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 ojl. 'H NMR (400 MHz,
e CISPE™T @0- 1085 i T, FAB VU ;?%%S‘Rﬁ‘i?ﬁﬁ 5 j’:‘!z‘}""
sodn@ IS YPPIERT B 151 BRI PRS- VR aIeY Y HoRASEPEY 2 e
brow@BGerfl v AR T RIS Bt e witFitiomn: QM Ba R A64Ra 500 ¢
6H).O\Blo POyl FhoSEEMRBHRIiRef 2834 14.7 nanol) and THF (100 mL).
StepBhe solution was cooled to -78 C and vittYlmagnesium bromide (58.8
[parmaneh 1Liinbheokition:in @kt yiypatvatld edstroptinder vaerdds fyiaprey-dryl-
phoSOMRRMES §TeehaD, Tid Qe e (Soad thbrmpduniad (WBHE titingd|dhe flask
was Di@ppatiukatiachaouease NGk RE6 Kab) 1d hesesuling eskitioreduas:ch/@d the
resutPAABZQGRRGTILIS 2006049438 363 axiraeied Myl Ja(E Midwa, Mathantjn brine,
aried DG WHADIGHAYETS WRISLATBIREG Y HHIR VIR PnR: (29606 paklicdBPeblumn
chro?n\;li g%&glg%ni%tgtﬁem3%nq@£?g %M%H@cl;gymgyédf%opyb[1,4]azaphosphinane 4.
oxic‘%y&7%$r949/%légé\{§£%l' 10SPNIRG ORISR b 39%0). 85 RGN0 (5, o1, 2.82 -
ree fowing oll. vy 'g Vé%g _Ug&d W'F%;?U.’s! W&%‘?fﬁ%ﬂ%&@gﬁz&\'&iﬁﬁ, 4400
273 e T A 8 48> 660 (in, §11) 6.:68- 080 (0. B11); GC-CIMS (m/z):
itg*%I@’Ii-lr found, 142. StepS 104771 To a 100 rril round-bottom flask 4ooxide (0.77
(0478 RSSO o TR DR e B e R e B B By R e TR S PR &
3.1 gxiele ErB GO BT OGRS Walss 26 mi T AebisAy2iatne: oo
(10Yu78 3 AGR trehiftsIfiaskiestRaskTraS R PRkt BTAR BT FEBR Ege romeved by
filtrhea bed tho 1S5 TON s L PrORRSS ThesTPEOPTIAES A& RRYE: TS atdsaTaies trfgre-dissolved in
a me@suitirngeTicuidyea (fieovssolltich mastaitracte vtk DR Tiasopgafirthyl ether.
Thd ayESMSERICOHEe ciededvashe dowii Brbiiirg;csriatcoxdt. Sedipriuifa teoadsdIBF; salt
(0.eeheenikaing te-pravitenmryeioveeik, DVEQr et was faithas pitified 49, 2.10 - 1.99
(m, GO gn;@mtmr@mmmwmmwmmm- 10%) to provide
adsPeng ¥l 40y RRyapydsiiifinzanhosphinantdroxice (3s 64ginaide) g adures
soight-yellow.qil, 11INMR (400 MHz, CDC13) 5 7.37 - 7.26 (n, 511),-3.35
5 -2_ i b7r§ St splti e.- X¥ ‘ori 01 (in, 111),
I“"é'.’g‘%’%g.%i}unf%ﬁl ;‘Eﬁgﬁé}%ﬁ,ﬁ%ﬁ %’rﬁ , %%0{31%%%&%4%1 To a 500 mL
Parr pressure flask was added Q
1-benzyl-4-cyclopropyl41,41azaphos ﬁﬁang 4-oxide (0.77g, 3.1 mmoft,
ethanol (50 inL), and IN agueous 1-10@680’%8. To the solution was then
steadded palladium on carbon (10% wiw, 0.4 g), and the flask was
[0480p S5 Bri@C tor3Bnpsieitly sh akigmafter@ded rdsthirbaphlip St Hfag-> 68-8 mmol) at
amb@ evpedy-fifuatienband itise attichylaeisccdhodn it ethil)- Vac o ligng solution was
de QA UGE A MaxEaNid 1 he aritde Produgivesyishdisaelvethiia (hetanatie). The
rcsliqiggEAxggé WioR-{RYa W@ anshatlowrekiaiar ystallize:nueke4oR6u IS dapiviapiperature
andliffSHQN 05 ARIBY LRIRGE . diE TeSIiing GhySalsduarRsnlaiesiy Sitatiar (350 mL)
m%%ége}{ﬁ%éﬁgx%g ?ngfahfmz %@gg&n@a@fmmimﬁzﬁﬁ agfﬁ °c, 0.5
g S G Shengl-ptoshhoRic U i - BV PR, G i g
el i @%?5’?%0-’]” i mMi%%Zﬁ& 2l LR 8, s
UM ERThS? (i ind. 160 (04 9% he Tre R

ree base of

NA I IBBropyl-11,41azaphosphinane 4-oxide H2F4 salt was obtained
Stepding procedures similar to Intermediate 2. Intermediate 7: o
(04834 Tohmsveppryiryed s & Pz QP HORPHIASHESS S0etes MRS CRBFRflr g g e acid disthy!
e FO4B0 5, 43BFarmoDitiord Benssiee (1t 98y, 182 57T rotivg s boriur) fred to warm o
anthiettighprosphitet{@:88 rid 24688 ol P o EhB e terprerattite Mgl itRagporation

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 cecolirtion wacec wached with catiirated ecoditim hicarbonate (REN



Step 3 104821 To the 4-fluorophenyl-phosphothc acid bis(trimethylsily1)
ester from Step 2 was added dry methylene chloride (50 nalL) 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
reasigonovag@encentrated by rotary evaporation to yield 10.02-§/642806/049489
yellow waxy solid that was purified byléiistillation 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- honic dichlori .86Q, 32.
s R B S FE BOa  re aetk eft BeB8 8 R
frthen BREA®e, and chilled to -70 C. To this stirred solution was added
Stendropwise a solution of vinyl magnesium bromide in THF (80.5 rriL, IM).
[0487h e dsiing shivtohomaisaritbisiob il ees Som07e K Uddepgty
chlogids| (RfonT-Dina A3 (e e Soei-by2rr il idifidd -0 ¥ BredsTiraguiine
solutiapidystividl evvizivetdmbantiorr b ot erltrdoF IR OtiUe R sgporation to yicld
10.0exBCia i gichicromethaine: andsilasired wittrSereratedy il g g o1 4-fluorophenyl-
phossRsliy B-RicaoNatmEn Bewed Hynuatar ' KR (grnitip Kash) W S St fsdmy2HH); 7.35-
72630k sulfate, filtered, and concentrated by rotary- evaporation to yield
steny214 g of 4-fluoro-phenyl-divinyl-phosphine oxide (26.6 mmol, 83%) as a
[04&91_' iterRQligh R NIMEBHAQQ: N7 (6l862.Sb. £ B8 ok dRsoBdd i dry2Br (ABuliy) placed
undc:2 a 2&'1%@,%116 5%(?5%&12@,’@9&%&15%% %Mltsgwggwgs%Zde@mvﬁs;Qm% of vinyl
maggeléxliny Q";?xgc‘g?n %g%lg X!lé; . qgﬁ':rll'ee uﬂ?@%ﬁ%@%@«gs s@%ﬁ mm&ﬁggat ~70 °C. An aqueous
‘enzily A ki delzr@b'() i ?ZI\r/H rv's‘)a.(s) lihx\ﬂ\{eec{ ‘% 9 L%Sa%!lvs%lgrcly X‘%i@_)!')\(ﬂ%ee th(gfcg‘lgpea[luon mixture
sologen P12 EARG niL of déionized water. The reaction mixture was he
was 25 BRI GRE ST RE Fe ACHOn. rik uré‘ev{a/]‘éldswélér’?cc‘a"'rll‘ttr?t?ét rotary
Follexpd BB Pt K e B £ S A ETe frito RSO é“%’%‘ﬁ‘g and
evaypERSPRIE Yl St E et BrBmEcYHY BYG RIS R0S arnsh RithesdaitiRset M
NMB (A MHAHERSH) BT O Fecttrddt by fBeihy SHtr SR SSIEI 4S50 g ifound. 197
stegfude product. Impurities were removed by passing a solution of the crude
[04produEinosttny)) Adexteitendinioughid (3168p.Gfositirel FhibpraoétWels tef 57 mmol)
were @6 @ Hhensibeoouih it 0%F methandbinathylideatathe Fagieohieytgvas heated at
90 WWQIEHEM PN 6 Gl QMR pakatiaRd Gyl 1vH0-gi¢h ddtmpaahc-BRfigxaicted into
gicksrhenzyd sdr (defluoraphenylr blid] araphas phinane #r@xidesasua a0i0¢) @B&ed, and
conQJlmﬁﬁMﬁo(ﬂ%&lbéMﬂ}onH@ Q;S@Qﬂf c%@@r@iulpﬂ'ﬁiﬁ&nes were rernoved by passing a solution
of e BENYMI(4- inRronhemuhit 1 4ha2aRN0SRIHRARE s iGN B RIS with 10%
mcfyy a dlét? Oll\alc%gté%éqaggllts(gvgerpelﬁ)maeggyégarrp LV%IOLNI(@)qHQQU§é-;6;4%L 82%) of 1~
e e sOljlon i dcdacsed Wi 2 Sitearm OLRIORSR @A AR, 301
) palladium ] afﬁ) h

a
aqueous sodiim bicarbonate

n carbon (10%, 1.0 g) was added. The mixture was

*Rvdrogenated on a Parr shaker overnight at,50 psi. The mixture w.
e S A G ST R DI S ot ot
S WshEte OV e el Fogiied Piaaia i Brstic Thag 2ne menpeliaum
on eiiden 1R i ERaTorehdPpETFERHE tAd IR "R BT SEIOE s 8 oi The mixture
war ey Py Folbingra vagier afibA: FREDrOtRICt kAl relkprs cair gR g dor reduced
pregtha bt podpes ks dibE8/ ¢l Mg@qnmm,exgg_x%\y@fadded, and the solvents were removed by rotary
evidofdifiLtiopb@mikt 4jazaphasphintmneldo pixlde 199 o oh lorides i) affkritBuorophenyl-
[1, Dy staline-selidxidd idvichiha0.M i VG Bye581d bV {ah, 128E) DMSO) 6 9.10-10.10
@, 1884984, 27)7 4244 22Kz 2435, (3, 38525580, (Al1)1) 22 852280 AH); ESMS
(L B+ 248, 224(M, 211); ESMS (n/s): (M+If found, 214. 104861 The free
dasertf dddfupropheny il azaphesniinansid: yddedyel Qe uakiaa using

5. QUBISE HSING pIRSSCen AimlaLioase feapiibed in Intermediate
2 and Example 3, Step 6. PCT/ U S2006/049489 Step 1 [0487jToall

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 EtOAc (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 hrine (R v 125 ml Y The nraanic |avver wace finallvy wached



106 Intermediate 9: 1-0xo0-1-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),

andvbG263633069.7 g, 70 nunol). The flask was sealed with a phesiiassiannResss

and heated to 75 C for 2 hours, then débled 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

t0 3 X Lorganic layers were collected and washed with

Totg gt i%%ggﬁﬂ driec qévégr) So%%g Salare s hd concentrated to a dark

rne

brown syrup. The crude product wak |f|ed by flash c&romatography,
elutlng_\ ith (daid. (0120%) 4 [g}
1-oxo- 1-¢heﬁy}-%%hes-phl el 4- |ca boxsgga zyl este

g, 39f7fas a light brown syru 1 NMR 0 MHz, COCH3) 7.48 +d

(in, 311), 7.39.- 7.37 (mu, 2H) 28 - 7. 19 m, 1011), 5.12(s, 311), 5.09 (s,
L 1), 256 - 2.49 (in, 411), 1.97 1,90(m, 411); ESMS m/e: found, 464

10467 1. Sebppesient {2 grsg Tk PSSR B At fvinyt methyl phosphino oxide

(10e.dR 1Pt A rREHRSH AT af e - REAID S ML b and eiBshz el (18 & 130

mig)oThe legaReRes)s BbuA R 2B0eAie J7 dh o fraRadoum tayaesityorr| 10%ctd 29 defprmined

by TihbtiadiPhia S icheagjed i tadipdde ogertcitpsiy, mrddagitate (§QOmmB) and extracted into

EtPae ChanicalL3iTak ealfidtirc ooy thteball astivdasthd-ghargeditd B@ 13SimL), saturated

sodiir@mcdBofst B thehakneh 6out(R uerh olermig hip{lid iheis fildlg weactigarly with an

aqibixd iensas filtered @andsther selvart sasioveiiney adidadaRMidRight brown syrup. The

cmllc%ﬁ'c'pn@ %&%ﬁxﬁﬂ&%ﬂﬂlﬁ %Q%ﬁf‘mﬁagw m&%@@@)/% %) to provide

1- A%Bgﬁl&ggq XS%M&B—/-‘(ﬁ anmcqubg}) gtxg ('IZ g‘k&@%} é ll-amlz.n@ﬁe;]—cglored syrup.
40 Mscink piainsh 2853 £M%ré)§zv’5t%z% 1049215 19 8 @w ik 61 - 250 (m,

0 t Yol i r dded O foun
;}g%p o e 215 8 s fount, 23
las

was equipped with a condenser and heated to a vigorous reflux for
hours. The mixture was frozen and lyo blllzed to give an off white

(048] W WA BB i ‘TTY&\}a?é?Mé mgmw ?‘“ﬁﬁ?&’f&ﬁ 2 fbenay! ester
(ZZI}Q(fpf.m?zréraog gé%%aﬁmwodﬁ%mag &tmé(io% 1‘0 the solution was added palladium on
caSppl0Ph. - 365n g Shstilprh e ghareed B Ry fresse res (Thieh Radaskswer opittiestirith a
mefihertingl shkeifiontid houts] Aftpy WHR N OO Hirting nBIRIZ @)styorulletely, doipmdsiay ddegnined by

- LC-MS A hare© AduEE MSemtbriftrineas288{hhilld 4at ite mirekafé d(§100 mL) and methanol

(1 @-fdyarni Adicd 1 fand-3bmetkiptarnn o deipeiydiamebbyv-3- oo d by idraiglthrough
celthylaRteri ieMnStem K1 j0493 festinng flitatbwes Becktoredd ottasiciiackmnost of the
metabaddlahibreichlatad-nitreherzenidulafdhik oo oo ] Hellovwadny:-
pr6dih-ACRIRIR.(AQZimk) The Hlagkyvas aavirRed WitR ARINERAAR (400 Mz, D,0) 5 2.40
- ;tla@(mﬁ?ﬁthgg angk magneticostr Ran 3nd 6aRIBE 0.7 Gl lﬁﬂmﬁﬁmmtﬂa{mm
5@&3 bath. Methylantinc was added dropvwse to the cooled reaction mixture

[Oﬁ]a’fl %OQ&U% r%\swgg {)Lfgég)n 1 wltm a tlr .'¥rv %&p ¥ I’I’In ;l;
ph 13 %F'[IO 4'1‘3““ < V\(}%SCS I{Jg QT? I’ an mmo| é} |ona F]gé %?ji(;sgus )¥ ask was sealed
5 6%7 F‘IOUYS Ith caoolin aafte W ore ﬁéml

T8 é% nﬁ‘F‘fB R R R et T R R F&mov%akf‘”“ a”ﬂ%"e“ to cool

e fS%"B%{fﬁeé%ﬁ’é“ SreE F"éﬁ“&ﬁ@fﬁiﬁﬁéf‘i“s“ﬁﬁﬂi’@ R The FeltsH R aperiess solution
WW§°&H@@6%HP@F‘{‘S¥5‘%?‘3PfﬁYl‘é?/\}e‘ﬂeﬂ‘?ihﬁ@Eﬂ?a]tél‘th%%f‘réamyﬁﬂ?ﬁﬁd“anmm
vigH s rraiiriis gisfefrispairamestitrad fnetdts ofhndressedtises olitivrmireRoleRdl ¥y MH:z,
Dfiltperton?-and-tias FOdwith - et sEiolieie d Hy2mBevanal tomprovitié-44 (d, /= 13.7 Hz,
mdpoidoro- 2 Rsig amineB nittebenzohigie1{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), 3 =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)
dropwis@mgessd® minutes. After the addition was complete thepgu) s snasiso
clear and slightly yellow. To the reactith mixture was then added
6-obloro-2-methylamino-3-nitrobenzonitrile (8.6 g, 41 nunol) from Step 1
in portions over 15 minutes. The reaction mixture immediately became
dee in_color e femperatur to 40C. The reaction mixture

Tatcrmehath w?ed or gqﬁngutlr%_% 05??'6‘3'&@ ‘io a “ﬁj’%ﬂgﬁl snzﬁmon of NH4C1

(200 ML). The mixture was extracted@ﬂ

EtOAc (3 x 15 ) The org
layers were co blned and washed watl) brine (3 x 100’ m@?he organi
layer Wgs drie qu\@ulfate iltefed, an%conce d under ~°
vac 0|I ( dedant t}‘%g
mlxt_/e was stlrred for 1.5 hour [ ver an |c bath. The Lo~0
resulting precipitate was recove y filtr and washed with cold
stegniethanol to provide '
(0484} 2 2O rnif 65 HyHL arR R QAo P D RRpALYc 2t Ay a3daxG-Ryltykiayagidsphine oxide
. RS esiahy HIBIRAOBI AR ANRIAW @95 & WHICHWR SSEHOVIAIY0 mumoD. The
ﬂaswgg §Jaﬂ&1&!ﬂf§§‘919§?m NM;B:‘ Qﬂ@ﬂ%MH& ﬁﬂé\éji%@ogr@)ﬂér&%ﬁ:t{% 7:bh’b alld'hgxtgi an additional
14 llx_lm)s %]S Qzacnorp r§x:£me JVQ )(heg 9 %légto;gvlil tgm e?a&bégméd%ﬁo 14‘7 ;816({&: }%,H%.!OO mL) and
%cg’fé el %A 9 1%05 )fhgo§6 §la 18 lier]é cO. e(:%e’ lc;]'t)vhs;lﬁegz £ 31%‘9‘(’2]}; 130 ), dried

?’at 04951 Ia(t)e to arlllg TO L!;I;E ear% aS a Clcgb ﬂas

R ’%I?/éuno% me?ﬁ armino-4- nltro ey'g/p?i? SHh ‘i’s é’ boxvlic acid
R A O'ézs(,)q SRS RS PW i i
B SR L S G
(m’tﬁ%Wd%arbqufwﬂt?de?dgéWg%%QGSGPBs?)i‘Gr‘r?e“ﬂé[%K‘ a’sgégﬁtﬁf’éﬂ"éf{?o‘“iﬁ]ﬁs m/z:
foupdAPAPAtdYe for while open to the ballast (caution: potential exotherm).
SteAfter S hours, TLC analysis indicated that all starting material has been
[0408iN Stern 809 AT Rarr dastion adibd ineonabdilterdalitvrbnglh-aphabigld it dalignzy! ester
(8.5yashasldy|thmtDAas mibeate sulitgnsalttion (Mas COBCER MRt d4cipradiaeh hydrogen
(51244 zaim fRered wsanond-ma et yta mikor phe Ay bl dmel 1y Breaae 30 Bl (G @CHd psi) and

shaBHM-RSIQH Redlo B 4A%)ATR BEaseSAlCWRIChWASUSRI Wthoutdhekcuo 1o
pmpfasliLfa%l@JahéAhNMBl&éﬁQaMle .06 IIMB IR Bs Q) od Bwitel %1k FEl 1R 3400 Mutz,

( 29487 0.6 Hz, 111), 4.21
dsﬂ‘ g‘}?ﬁiﬁﬁ@%@% f“ 851;'521;?2 2H), gg’é’l(’g%ﬁ)ﬁl )616 (s, 311), 1.2 (t,

[04 2] %Ooa Legn egaq;te 11 AC ic.acid etlc stir-bar was &1 ?1 -o:xo -1-phenyl- -
: hé) : r% 1can %)%g“n(? f‘g%qn% %a% 1q ?wx a condenser and
| £Vl cﬁ guino/in ster F ﬁich
h"T@%‘%‘]"%°ﬁf8.‘inf“ SRRV SIS é‘ﬁ%‘i‘@zfé 7B ‘g&"l’%“rﬁﬁ%‘é"])ﬂ?% gy, which
Waﬁlifcﬁlssﬁﬁbd % 41 aﬁ!ﬁﬁ e?l% ?]6113, ﬁltered and lyophilized a second time to provide crude 1-oxo-1-
PRy REATRNE PR ArEhoRY R atidy Thishaies Rstyieout detheTmyt Gratiop. (B YR (400 MHz, d-
DMSPRP AT, (et -ddced B DSBSHE e AR PBD7/087068PCTiU :
Int§2006/019 280108 Bottomn3fagkybaqinpechithne thybdnetibustifcacd ethel ekter
reaction was stirred at room tempergture_AfteiNPthours, mercuric oxide
(4.04 g, 18.7 mmol) was adde}Qnd he 'on;tirred for an additional
14 h. The resultant brown slurry lftered th'ﬁbugh celite and washed
with TILE. The filtrate was concentratétari the residue triturated with
Stadiethyl ether to provide
[0423sj4-CyanD o2 6-chieh torphan yianine »sdnabhyt-sh-banaoinidaz el B-yhmol)
foliozemmy}t SceR¥Q1 bty Cracidsethy le@ﬁﬁ@d’d (i g 44 R Srdngk @\ S Ghignetic stir bar and
coc\Aéla %B W,’aa? Hﬁ@c@u\% tﬁ@gﬁ ﬂéﬁgk}ﬁ fh&%tf&%ﬁ&é%s &ﬁ@ gopl&é %7tﬂe @aa@ FeMction mixture as a
40&9}&3@@9&%?@5 Kﬂ‘!}’@fs %‘%@x W.gtbous stirring, The reaction mixture was stirred for an additional
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 <tirred at room temneratiire nvverniaht The claar eoliitinn wace than




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
Ed2doad3(38sng, 42 gruel), triphenylphosphine (52 mg, 20Gppa_bhéidess9
THE (6.6 mL). The resulting solution we¥s stirred under nitrogen for 20
minutes followed by the addition of acetic acid |
-[2-(4-fluoro4-methyl-phenylarolno)-1,6-dimethyl-9-ox0-8,9-
dihydro-IH-imidazo[4,5-h]isoquinolin-7-y11-allyl ester (O 288 mg, 0.664
3 housiridtogtine PRIy TE UMW STl 28 MiRUEYS iy
remoged dfen{ 47 nagatd PP sHh rimadditeld - éé%f%am%f‘faﬁﬁ‘%ﬂé%‘”esﬁﬁ‘ﬁﬁd THe (30 ml)
folloftes kot tsie Aicthatit anglaaticheapding ea et treD oS HGh s THe was
recov@aUHONmAN ere waske cdb ledet dofiowen temvpersittonosidel St eipredyipHdsphmenite-
benzbhBen gy DeAB M Mo lristasciddetid,Altieh stirning dtrbortshfstrapumaciteny H NMR
@oohaw Hrasomenisn-rydrexide, was@dded-@o Ha kb pa@di the/ reattanwa, 1H, J=5.5
Hz).Stirred for 12 additional hours. The reaction mixture was diluted with ethyl
stepdcetate (50 mL) and the solution dried over sodium sulfate, filtered, and
r0as5P S H%ﬁﬁm@o%&?ﬁ%ﬁggﬁiﬁﬁyﬁﬁWQMI thermometer was
adde% %ssi%xtr? SARMNaE % ¥ fn ik Lgx oxade (1 tﬂ)@fé/ﬁpldly stirred suspension
ég;l mtlarﬂll a eot«?ac txck‘lfl % 4111%0"0 %droepmyl J?/erejnm@ r]Q‘)ellth@ aquﬂﬁlnfyg'c&n&ete the
ro-| tﬁ,}g % ’{) IS Ino In -9 Qne %9(9%%61‘99~me¥$9)m§ 3-nitro-
m""ﬁ ‘Z?i” “’“lﬁ? 5 °T‘i:§qé“i'“§ o (m, ‘_’Q ‘?e 3 1
R G 46 2 °%%°m P51 @ it ‘)"h"zi“’f ey oeeme
dee%ff@&lﬁﬂ°’2‘ﬁ‘)‘h2‘%’i’§‘“@4‘j“2°§8 &%ia%@rﬁ%%/‘”a%S‘me Sé e“ R poursdino

a sa@gﬁﬁfﬁl@%} of NH,C1 (100 mL). The mixture was extracted with EtOAc (3 x 150 mL). The orgamc layers

wer@arbikiord Zhvd i bRy AP e e e R i e e+
con@mwpmpm tppprgduce a deep red oil. Methanol (40 mL) was added and the mixture was stirred for
1.5 yekijs priopestipd-dve ad iy ohta - Tirvi et pitisoairetineGdopEieiompo e i cold
metdM0) BERFHBSTENGBRP G E2006/040489yDL0Btep3loxd-B80R)Tid cthg katss(7-13 &
40.86 adill tion sdial, whsiadEaekd without further purification. "H NMR (400 MHz, DMSO-4;) 6 8.23 (4,
115,244 -Aminor2-eyana: Janettylamioa-phenyd)sR -methyl-Smo7iutymic asitHz), 2.36 s,
3H)emyl(se§;§r1(92 24 D7834ymmol), followed by THE (5 mL) and a magnetic

gr bar. To the resulting solution was added

e L
bu c aci cri‘!la\}lxg’sst Sg?rgg ?& g OOle tem El%%ureﬁggg 4@0' %(nLSI- llttn%dségj "llélp Bai’x\!:ﬁﬁm on carbon
; g

FCufic oxide uno and ir W, tated a
L0 % S ey %r‘%*& Al éwn : %@E" nﬁ%ﬁi@i -

rooR EIPREPIFGRIGA-E R A e S SNeaWas
thetliEBine RIS B R FRSE G “s‘i‘ji‘ﬁ?i’é‘ ’&}@‘E‘b"'l%aa Uisirg LR IRALY BUreg ™"
with Qe ARG SRS FRHOB PAD Y It RtH Bt SRt R aRE" e n -
mc@ﬂ@@%@m\yrﬁbﬂhyl ester (5.11 g, 77%) as a gray solid, which was used without further purification. 'H
NMBAA0R Yol DMSHF 302 ethy R SRy fathith o =34l 3 (s8R Adferivo P! 2
J, =36 34j=2-methil-B16 Xo- BTN Hs Goidh 64 881t 1D(R 04y 1 8600}l & Belepy £ 3H)-
IntebidideS M Scéne. 48} (M4 jdiknlonepit2 B Btop15-{0608)-T-oxer{atigydro-1H-
imSeiofillakinsquiadinauinpes with a magnetic stir bar was added
244-cyano-2-(4-fluoro-2-methy. 1-
phenylanaino)-3-methy1-3H-benzoitni
acid ethyl ester (0.204 g, 0.483
(3.3 mL), glacial acetic acid (3. concentrated sulfuric acid (3.3
mt.) at 60 C was added to thegyi THe vial was sealed with a screw cap
) d heated to 100C in a heating block. After 2.5 hours, the vial was

waP e ool o o epsrs ard e Gh A s A o The.

n mixture oure onto ice [ f

M KPR AR AT ?1)73?0%8 % ?ﬁseerre@sr%?l n%yéreugltate %%% MRt s
recovered by filtration and further purlfled by trituration with methanol to
provide
2-(4-fluore-2-methylpheuylarnino)-1,6,7-trirnethy1-1,8.-dihydroanidazo[4,5
-k]isoquinolin-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, lll), 7.70 - 7.65 (m,
711\ 7E7(Add 1H Ti=—-EEH> 129RAH> 727 (dd 19 2 21 H> 19o"0 Q

was a

?5 -methyl-3-oxo-butyrM

@§HT§/ pfepared mixture of H20




Il 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,
11we @ bbides= 10.6 Hz, .13 = 17.2 Hz), 5.41 (app 4 19 (s, ILaPs20@D{sis9
311), 2.26 (s, 311); ESMS (m/z): fount¥$393. Step 5 [0506] To a 25 naL.
round-bottom flask equipped with a magnetic stir bar was added
2-(4-fluoro-2-methyl-

vorlBREAMIRENRRI s gk ax Al Ll -dinsiIvs J:B: AN OmINRZO 4 R Kis urs,
mch&l’fé' QQHQ(I?GQ E § 8(9 @oﬁ wls Zd@&‘ﬁﬁlﬁxetﬁﬁl@s@eg ’fcy Igtl:%llﬁmﬁlﬁ LO'I%E, rghlém:l' brown
shafY DRLADN ACE CQQQQQ%Q&@V% '95[;2 f nemqe)wl Qthe stirke da%‘ SRS ated with

dt\ﬁ/q\manade MAP( ;Atr mura reafion
o cor?]pe'orrtf’e r?g were %11133 50 vlé%&aﬁcf the rez R ol R Y 2-methyl-3-

ction was comple

R RACH Ry T & a%afys)ls R R (Y B AR U R AR e R e
*%i ueous ammonium chloride (20 mL) and the solution was extracted with

104thy f Z e s R0 it Vi srg St frheior-Grérd-borrata e s o thyl-34-
bengaRidsrttE -Til- % pabmr e covide Skt &2 fod AP piredred ntited Weter (3 ml),
glagjg] aggiic Thé(Erddeop roderttetndesifurtheld Gurifiers yosibtioed gl added to the round bottom flask
whiglatidl ima (6 @pTIY fedkitimgsealithv29G pireth angl: DENete prouidtbat etioecich fer 2 hours,
the [Ree{dwhit ron@~2d Meiim o e yha sateog: todmclinge iyt OvaxianB iy dear biividihen
poutkaizald i-RlisecinediRmg wicalhileesteioffld Odehah YeasaaiePrviba@lifas recovered by
filae M Mo {AHA0 Mz SQ £l6rct. TheAdsRRP 1 drad AARESwibt s Qe Pidlietntrate was
colgr!égs tz J&ﬁ@akﬁ:&&ﬁ&@@;&&%@%&m& @ Myd?o%@xﬁggmwjxsoqiéohn 9-one
0.198 2. 1895 & B1lgE )l Sfict \Zhﬁﬂf@uéﬁ)ﬂﬂo& Iﬁrﬂclngzx?lﬂéwﬂ 40@1»&42‘ MSO-d, +

TF§)§41(§‘3p ) G, 778 37'3'{?&%%77@%@ 1Bl )| 2% &231%5 ﬁ?—x) ESMS

{app d, 111, J = 172'Hz) 5’33 (app d,11-1;J=10.
SJH) 232 (s, 3H), 2.12 (s, 3H); ESMS (m/z): found, 435 Step 6 [0507] To
lass scintillation vial was added 4- meth)éﬂ4l 43aza§hosph|nane 4-oxide

“’"E’Ei[ e
ringe E-‘(hh?e%%ﬂ‘ad@f&ﬁ SefiHirgtiReti-t2B 5+t ® @@T‘?ﬂh‘ﬁﬁ“‘ﬂ‘f}o‘ﬁ@ﬁ‘ﬁ?lﬁk?o%%’m@n and
dioyas (17§ 781 Soprilab FysoHiad P congenstr pod brested Uiy feotdtoFbevers tistirverghen
renfeyedfomhtetted alwer scretidoaeid: Tf@e(@ufh GresBhtly opaque solution was filtered through celite
andrpestiv ivith dinlarmrielrien 61h ) 110w kge8 PditneinouddHaidmicl apofidgDedilis triturated
withdjchivolimibiat blpradlyd 2081e (B thenyQiBrd-nuanl)tyas add@diagia-1 H-imidazo[4,5-
hlissQlitiiti-MNcdibhide(dd Malk) 77 esueeh s o (K, Rlliclk 2o WGBS purification.
'H 108Y tingvaeiLiiaso 2,4 1h)((hd.6si@me), 1ol @diyie ac@iaie) Was itaRsteE e, s =6
1210 Hogayinl, eonteinings4 eyl ia7anbaspiinan e AaxidtsThe)Seltion;.

stefy@s stirred at room temperature for 20 h. The solvent was removed in

[04y§0% M%&ﬁﬁl&ﬁﬂﬂ%&%ﬁu gb%‘&l‘é‘%@r MrMas acueg% @lﬁ)dl% oro en;?mgmo -1,6-
dlmrq}ul 9@%%9%’%9 er[ggi hen ﬁ%&%ﬁ}%y f&; r(%tlve 1) and THF (12

erse ase HP /0 tO 1 IC ac 0 ive
e reaction mixture was co e to - To e stxrred suspension was addc vmylmagnesmm bromide (5

’“Lﬂh"é‘;’r‘bTE‘Fm S SR ARG 1B aT Tsﬁ ST G300 SR A dtitons!
Vmgglg %szgﬂe (i %) ?5?66 x]mlog was a ded and the reaction mixture was further warmed to 0
°C Ty BT GG BPAtioR A it ey B (32 eARguee s ERp i gHerAe NEA L) and
extugestig| with WMRQAGQ)WF@CDM&@@@*WSTVEA):@&#@MB@ Wit prid I H82flmk), and
congqufyatgd7Dereshilitg JidBves Figther prifiZiethylilekh 3imoBarphy, £IbG£ ciakh EOA¢:Hexane (0 —
10038 tbef A7 2. I Ricki B Bphta)aidD-(dithikirbx AR H B, ad e myB18: kiR 8- 25dkt[4, 5-
Wlisbdinolld-8-Bd (125 2 BiPakia)ght vARw folld MR 106174 HVAES-Gn: i) #1383 s, 1m),
7.74S, 73| i) AsOR, (B B b3 8 = S98Qd 6 1)y 3. 16 (S 30238 (kSp o, 11, s =

17.8Hb), 313%afp a3MH) s 280 13, 1OdRr M), 434, 3uf; AR (N Mol hESMS
(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)-
propenyl11-1,8-dihydro-imidazo[4,5-hlisoquinolin-9-one (Compound 5)
WO 2007/087068PCT/US2006/049489 112 105081
2-(2,6-Dichloro-phenylaxnino)-1,6-dirnethy1-7-[3-(4-ox0-4-phenyl-4X-[1,4]
azaphosphinan-l-y1)-
propenyl]-1,8-dihydro-imidazo[4,5-h]isoquinolin-9-one was prepared
followina the nrocediire of Evamnle 1 form acetic acid

3-me



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
fullyydisgplvedssl he reaction mixture was then concentrated unges4a644162s9
to achieve a final volume of approximaiely 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
Ste

verted to the correspondlng thiourea as determined %/TLC analysis.

050 1 tAXLHbA R IEWES SRR AR a TREAE B tddsorGe-gighloro-
pheolatEysAE THE TR A SREP Sttt dtorBofe bttty & 0409
oy T betariee iR ffieat it trerbsrhaasbneee it €urb) stilfdatiAfeopspension was
thep agied iR &- AEBRERGP RSN Rte 44 SdetebnTirruer thip i @ues had bl ic hingmite, and
TL{y e zdbdiedicttr ¢ et ai es andod baddsel timguividd KTstuerstivvasfiltereckthe ot i
vagqyad tof eddite pavAshingufith tseitsakotumesahl; Ac Tiereleasfiiaifmehane (0
- WasCendeniatedita -prodlutalardsite giaiaaljddhemthe salidaasadtedudazos,s-
nigigiyiethar.andstheonaaluihie matrnidkiwas iselaiedhyiiationie e vides) 5 1142
&d@-ayaﬂ@s%ﬂllﬁiuﬂf@@111‘1meifm?%w'@[niﬂ(}%%'ﬁﬁtwa"'gWﬁﬁi@iﬁ'i‘d, 1H,J =
172@zp3y58l 2 MMebyd 230 Pab Uikl acideiyleste raﬁg 2{ Qtﬁ gyhite
Inég“ghMB '{-@QM:H 51'(13&4@9 g)ugrf? 7x;lfe£§}"l |)y7lammo)-1 6 ﬁ Qg c}éhéa 7ro-

umzl'z&zll“gq g‘quin_h;l‘; J‘onez =9.8 Z) 7.06 (td ‘][p 2=8. 6
3] 8.6 Hz), 4.28 -4.19 (n, 211), 195 (s, 31:!._,) 2.30 (s, 311) 2 22

(s 311) 1.81 (s, 311) 123 (t, 311, J = 7.4 Hz); S (m/z): 423 (M+1)4.

Step 2 106101 To a HD rut round-bottag fLa ipped with a magnetic
stir-bar.was added 244-eyano-2-(4-{l -@ - —NH

methyl-phenylamino)-3- meth;,d-s -n|rn}dazol 5-y1)-2-methyl-3- oxo b

utyric acid ethyl ester (8.25 g, 1.95 mmolec3 followed by a freshly prepared
Stamixture of water (25 ml.), acetic acid (25 rat), and concentrated sulfuric
0581 d 7255k e @ort heflaskpaneititiedndth arreflux esradenesr)aBting, 42 pmol),
tighoatsidsthise Kthdenerat e 106 L. umnklatamitoueash atyvaspher: Afte for 20
miuBONE ¢R ByrhagtipRiyes il e 1qcnetdo-rem- femneialilics. andhsisrad s o-
dih@EﬁW&dﬂH&ﬁ@%M@-?Tﬂﬂﬁlmiw @.m%g}@%@%@dﬂggdﬁiﬁgﬂyjmluhon was
sudO OIS A5 ightlyRasiade v car e thasdiion Qf.cORGRRIAS er o. 6 L), The flask
waAIDERPRI M YEroxida while, BaRuaining A48l &@%ﬁ.&%&%&@% b3 Fémperature
and Q&%&&Bﬁn@@%%ﬁ&%% ffwiegsgie@xft"t@ﬂonmaw Vy%? e *} hoyes, ammonium
hY<§-(‘JX1 ere‘vasy imﬁ% 9\%/ a&%{ cact? 1? % s %{\rlr%§ f%l;lelg Sc{J rglg% ours (ﬁ;&a rg'nt?on xtur was diluted

els so was washe hcol anorungil

as CO I‘| e‘éss(’ txon e averzso jum sulfate, filtered, and concentrated irn vacuo. The crude

ki “"”’a“ T FREthi- naﬁe°n°1mr‘ﬁ%f?ﬁ‘3yf“6“‘ﬁ TR Sl ot O a2 514 - Beis
prog rrrlﬁli)nz ﬂgogr?ént%h{llp % )alszélnwhyl -1,8-dihydro-imidazo[4,5-4]isoquinolin-9-one. '"H NMR
(4026817"‘/68’?%%@@2 6‘/@)%&8@1&8—1@%@@% Z3RE. 112 NaIED. (3004, /=9 Hz,
1HN 167 TS G106 6 PENRG L 413 (P, 1.151) 350 WO2fhr B3614 BFD2-F0(s BIBSESMS ru/z:
fouidh 32IM+17°57 (dd, IH, = 5.5 I-1z, = 8.6 Hz), 7.37 (dd, 1H, J, = 3.1 Flz, =
Ex@n@ipiz R-A-Fludter2-m8liHpimndemidd)-7.dtaheth A 3-(5(Bibd)yR432 (). &2 B:d Agsphinan-1-
yD-RrBpn(d)- G- Ay MG 4oz 3-rfikch (il prond t€pnspodi} 11 TOa 1 L

round-bottom flask equipped with a magnetic stir-barswas added dioxane

(500 mL) and water (16.5 mL). The solution was ed to 55 C, and

selenium dioxide (8.6 g, 77 mmole) was mlxture was stirred at
55C for one hour, over wm e al |uWi' d|0X|de had dissolved.
To the solution was then a :

2-(4-fluoro-2-methyl-phenylarnino)- 1 6 Titrlmethyl 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
nrodiice a adairmimmy red eolid Methanol (BO inl Y\ wace added and the

wit eM}{lI cetate



[0514] 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
shakenéerdk2obours. The resin was then removed by filtrationpwitlyshosighse
a glass flit, and washed with water (4®#riL) 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

Stendn 476 g, 0.46 mmole), triphe hosphine (O 381 1.5 mtnoft, and TI-IF
1050%h Gty Frﬁ?"j“*f‘f‘n@‘r‘é%‘ﬁlt?ﬁ Wl?‘fige%oe AR RS T R LT FRgay>-oxo-bubyric

acid g BB A foP-8T F’f‘ffﬁﬂté‘%’“‘ﬁﬁ‘ mé‘lﬁlﬁé&%ﬂmw%ﬂﬁ%aﬁ Sd‘B‘é‘d%‘Sﬁ%is“‘““"“
was gidedfefhioie} 1 -isothiocyanato-2-methyl-benzene (0.191 g, 1.14 mmol) and the solution was stirred at room
temprah @ Aof S0y FRhmretitrophehsiatif By 1er dfife(hi2e: o8 a9l iRy HFG e f2f
contiticlazoph bmfsagts ol 17 Tl sesterio@v@sghed Hippdibieieht % bifighick pad of
silicd) GEEIRA WAKNTRIL LR WS Gattata i 6fydeqs BR ydfllithadapvd spidimafiehd= pxifial by silica gel
chrofiRErRRSCe R0 with By QG M) sABS (I Xh @tk cptovilte Sitsing SaHtion Dvet:3-
phedPURMISS VMidsgD:additionfunnehiThademperatuaiofdhene agtiqnnos g, 56%) as adeep
red SRANEARIGY)r a5e: F Q@463 10 29.5 C and maintained this temperature for
ste3POUt 20 minutes. After 1 hour, the reaction mixture had cooled to room
[0 So'g?mg rqtgsrs? atzo EL %%Q{?&&ﬁ%@a&%gcfs‘?&%‘?% G&ﬂ%@@l\tﬂ;@—w BRor0-2 methyI
pesoitedby Shle o Glous SN il e
AR WA To- cflss olve 2?

i mefhan 2 A Cooi% 391 2L A0IEES o)
ey P T ER S G LB O ﬁ %v ?é%l S g \Was ad o rous HCT .~
60 s agidedorbe &ih TS 7 hE Q8 RTRS aré fhaR 5‘61ure to DR At
boug Shraitliniey BlletRferrbio oD FRE SRt Lty B é‘?’ﬁ% et df’)}'trﬁ_’f Trgaon mixture was
thergpdeierto o lRS RS Ry HerdiBOM AT A e TR EniHR B8 o TP fﬁ%&ﬁ&ﬁbﬂj‘l’m
was Tdqevees bitfiep ol erfbhrva sudSehytaaraeatit ertiena! frautidt 2&- g oy
phethiengidles ot tes Haisks-Thydrermidariclt Mralks reudtdsdtved dn RS et A A py1 Beht sray solid.
'H MMER) (dbutsotiacosticed sOlution Wwadpolipdodiethrd. 8thar7de 3Ghing 2H.a -yeligwH, /i =
5.5 figoouentiprecipitates Thiss was reeoversd by@iration andavashediwiti.23 (s, 31),
2 38iephykaherntQ, 8iyeradms (nsk): found, 351,

_@L 4-fluoro-2-methyl-phenylamino)-1,6-dimethy1-743-(4-oxo-4-phenyl-4X5-(
4%@%9&%@@%&:&&@5’%}!&]“&& magnetic stir bar was added 2-(4-fluoro-2-methyl-
g Xxmo frp'}qzng& 1%‘9—@9 Qﬂ@z&4@r}ﬁ1 §ﬂ-lt9(gng(93 ?%%ﬂm%lewgkwmde

phe

(1.2 40?1 lCaI\'_TX?’ n (Zﬂ g'&g i(arﬁd was 1tted thh(g ieﬁjnt r%ondgnj%xjm h]efiZd";to(iOé °Cinan
oil ljafx gorg lhl Thﬁ ﬂas ag ‘I_lle o.?§ 6ﬂ_t|e era mgxmu.r e thmug p g of celite,

Ty TP ot A 4‘=’8 ot
Purﬁﬂgérimgxfg;:l Zl_ﬂL)gctla bﬁl}f tﬁ gl_Vf=7264|-_fil%j)roa2-;2net‘§y]g> ry am.lﬁﬂ)_| Géixgw o 9 dihydm
L gyt G S eP A D e (LI R 79 7 TS SIS r"%M’z“ﬁ MSO-ds

+ TES RIS #A &?‘56191)7 MEGey: WO“Z@GP?!L‘@S%@&SF’&?@%’%%PM@KQ’ TH8 H), 7.57

(ddEKED RS 422, J; = 8.6 Hz), 7.35 (dd, TH, J; = 3.1 Hz, J, = 9.8 Hz), 7.26 (td, 1H, J, = 3.1 Hz, J; = 8.6 Hz),

412 AHIUDIO (2-ATBRIAY [s) AR ERMSitved)- Toendliphdthyl- 7-(34444-fluorophenylmet
stepyl)-4-0x0-411/45- fl
[oso4il azapho sphinanseyddd spropepyd)wlit-thitayeit kintid az0fdiS-FlisoGuinolre-methyl-
pheyARE SRR o2 s108HGL Pioseeding Ak abaveforExampte @,750 g, 2.06 mmol)
fou&&%ﬁm (& FIE@S'[WL m&m&p&%ﬂd@ wm@th%g-ir&'}{lgﬂ{ﬁ%n bromide (16.5 mmol, 1.0 M
in 'H!IJIS (9:19 hgany UQEL?U %'qut)teésl ﬂ?&%%&%xﬂ%%&%‘?&%ﬁéﬂﬂ@@&@% B ¥ Bk, Sner which
tirm ah ma qnwa t11\) %] lé“crc]) reac on%x}%a%vps o%gl&qgqu&gglﬁc&%gs ammonium

h ? Irlhari]e 0)9 % Vx\ém}.. 4'}& ﬂuorgpcgoenrgx/ere ctcrl‘lg&ed washed with

[T ﬁ]? azap o2 mé_:ﬁee STV (4 %

F ﬁ? ? f su.}f%a(la c?ﬂ_fn afe néni_'uo)to_?r?wd g 4- ﬂum:Ai Hﬂgﬂl%i4ty) .
PWW ih&ydi‘ilﬁy‘ﬂ g £ Ly 'E‘é"e}*n B’rﬁ““} % % B
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

N_-A-avodArR A1a7anhoenhinan-1-vil-nronenvl-1 Q-Arhvdro-imiclazolad B_hlic



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 ¢hnnasi), 4.18 (s, 31-1), 4.15 - 4.05 (br m, 211), 4.00 p@Alkfmsrno4s9
411), 2.37 (s, 3H),230 (S, 3H), 2.50 - 210 (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-mgtha I- raz )
oranggsyelion; Mg B IS T2 P B Pﬁnﬁﬁ%"c‘g il H@ﬁ?@%}( hol |n%990ﬁ:lvldl‘%j‘5 1o- 512
(Br sECBrpBUACH B 51 PSSR 2N b 5ve i X Amife 57> (00 18 Ji=3.1 Hz, /2=
9.8 ER)( 24 itdr SER et h e phcriy 1 AR SY- Pz tEh hmfﬁ&ﬁeémf@ﬁﬁﬁ Ber oty §? err
4, 1IPLopENYD1s 3364 itHethy -8 - dimdrdBrmit HZS 4 8- hirsbitrtb iR Sk tas: 3
2,29/ SpAED By piarin gn4): plrediyd¥ 1,4]azaphosplainane 4-oxide
step¥ydrochloride with rnethansulfonylpiperazine.111: NMR (400 MHz,
10508 MEQ- a6 iraeabasa) BaskQqbch il Sy b (dtdar i, addG02{@; TubioQ.-Oddm);
phenidifadd 9 bRy aliyD-{ 16 dhad s 120 yiQdodikideb 4115110 Blnbhirk-509 (G682, (trhmo),
Tﬂfd(b 19.? tguhman% @%ié ]511 x§)no§ 121@ iﬁzgolaniﬂ)lnae 1(92%112 H‘)l):pl?. 98ﬂ(3shr&d Sx)spensmn
was %\cn ac{d%g' E’L’E\@)QO%O% @éélmrﬁgl) Z‘\gé' (3&31;’; ﬁ)rewm%mxg\ﬂﬂl} ?h);solved and the

reacE com ete as detcrmmed by TLC analysis. To the reaction mixture was added saturated aqueous

uo o hen%amlno)m B ﬁj 'lglemﬁ%czt;gd(}zmg{p%&gmcmmm
OC

o 1Y0) “Fﬂﬁ Car ony AMINol-pr dro-inadazol4,5-Miso .
S A s N Gl M

N t&\ﬂ rogige acétic acid 1-
pmcg.ﬁf »ﬁéﬁ%ﬁgpgg&gay sxhca gel chromatography eluting wi methano. op
[2- (+f(@raﬁwjﬁmmlzokl(ﬁdfm% S59h8% gt?lg %yfr’aﬂﬁl]lldr%fj[‘%lf' é]aoﬁﬁlm?}m—? ylé -allyl ester
S e R W e
774 IS O PrHANTIER DRI Ly 16T HA ety fafné TFEAG s mmram 725
(14, a1 @paratézseinlations Hidwas Hatiet? Ha 6tHyHib }id-fy= 6.3 Hz, /= 10211z, 5= 168
Hzy?sphosphinane-12earb oA icacid 11.30 1670, 748 {uAB); 1ddut)ot B raRsESMS
mAsamers)sHATU (300 mg, 0.79 xnmo1l), and DMF (2.0 nil.), followed by
steg £A (0.25 mL). The solution was sonicated until most of the solids were
seipselueiAsaition ol ihe.acivaledeteftd i or saughiy half)m/asoe). Toa
sepgrgtg glfagl g@a@v@% LB@BC?QJH&QMLM@)@:@Q@L&U (m-r@b 335rhﬁﬂf Sxﬁfad’x@@ﬂdsphme (30 mg,
0.155MRE A fr FELY! Wﬁ@r&@%&@cﬁu&ﬁ@h@ material was.comnpletrhkid 1-[2-(4-fluoro-2-
me [1?1 Wt\armno d(ue Elmc oYSLQC(;ka G- EP%&%H?Q EMLHS&W% gHﬁQQh@Q?O g,
g(fa oy Water l(b C fled melgngﬁ WeRe resulting
0 ﬁﬁgg?éd rane fi te ﬁ/

as added as a so.
YJ yrm o mlet tal allylic acetate vavgsdir nl§| elrfxl‘e evxa con aJuen\é t}BhaSG
otal allylic ace
g, e PR o

[1,4)a T Oh sqlyent was removed in
vagh(g;mﬁﬁmﬁgsi?éﬁi (fo?i)a:nd DM ega?;xcx{n)r('fhm;?ﬁoi Ivas fi tcrelim en
pusirdaitorhyreRTeREIT sperhaEeS TR e oo MRS SR A Sdeh A g R aive (-
lugRA2 Sl RO reisoR hikeen® OT Brdhresiy OIS HARARMRT AL o openyil-L.5-
ditlG-BMBO)4S HlisdRifelintProde( 3B 5¢si2¥d 192 Bt v@lowadid, @IMRT“?%N(HZSWSO -
TRps (153 )prs B8 d.8848s61HZ7. 19H) 1 FF. B5 K687 75 D11, £28.OHFL01(49, 1H, /1 = 5.5
2l 27 s(80kiz), 733 (2a.70.846- Bla b)Y, 6 66k, 72 51@IHR, JH)3.6 657, S84FHENT. PHY]. 15 (m, 2H),
5.54434@@%%9@(4%@41&; R0BEAS 2811230 {5 (5311 )HR 3B6-(2 B0, 435 14BED, 331 G5,
9§3 3.RQu, Gl b A 78 (3 B5s R Ik DB, 405.(M, 31-0; ESMS ink:
Exam r?edZ QQPGQ(P c\l:glro 8[&%92/9§%9@%P9T[4={$%&%{943@\9{1 1]ZzEﬁ§ﬁ§BQlﬁn—l—yl)—
ﬁ?'l %/ Léq{;%ro me ‘4 ?quumo&pn Q-onb (&%%“MJSF -43- [Orans 1-

/lan4- yI)carbonyIamlnoI Propeny11-1,8-dihydro- ﬁ‘m@4 5-6
lismiuinolin-9-one (Compoun 16) and S—nNH ©l
2-(4.11uoro2-methyl- ph@ﬁ%}l{; -1,6-dfmathyf7-(3-1(cis-1-
phenyl-1-oxo-phosphinan-4-yl)gartonylaminél-propenyl)-
1,8-dihydro-imidazol4,5-hlisoquinoliu-9-one (Compound 17) 0 Compound
16Compound 17 10521) To a scintillation vial was added
7-(3-amino-propenyl)-2-(4-fluoro-2-metbyl-phenSflamino)-1,6-dimethyl1,8
-dihydro-imidazo[4,5-hjisO4uiliolin-9-One (70 mg, 180 gniol), DMF (2.0
mL), and TEA (110 mg, 1.1 nimol). To a separate vial was added crude

1-.0vnl-nhenvi-lhe-nhnenhinana-A4 A-carbhovyvlie acid (RA ma 270 amol)



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, 111), 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),
7.6%6 0w fisvoekll), 738 - 732 (in, 211), 7.28 (td, = 3.1 Hz, =p@:Hudz0d bip4se
6.76 (d, J 16 Hz, 111), 6.6 - 6.5 (m,1118), 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-methylph }/Iamlno) -743-14-(4- quoroQ)pe f ethZnI_ln 11
Y e
pmp(’@@irhﬁéﬁ‘ﬁ‘& dafqzola é@%’imohn -9-onc was prepared fol]owmg thc pmccdurc of Example 1 form
acetip 4l AP 6= emmﬂ@ﬁv@ﬁame@{%%mﬁ YO HERPIR SIS REEsR 7
allylefRropbhyt)ul-BAHrARdiinas.Adikide rH MR £26 E5- RSt AR G-Gré Cr s 1),
10.\ésspYapared TEHOWRTY. thes firéBetufé HNEX thokk BL Hat Péplatiyg 4640 (br m, 1H),
4.23gheny k[ dazaphoSp hih tiherd=ciid 8. 60ith-40 fluor Siih & RApiFOr &2 k(1) found, 606
o=NVIR (400 MHz DMSO-d) (free base) ppm 10.78 (111, s); 8.4 (1K s);
Exahfid 3t 2-Uln6hso 2 2R thiFpneiardidd- (Jdlaiehkind 07 1§14 d-dydd)p e R4g2 114 1aB)phosphinan-1-
-G B R H iy W RROB OB TARBRGTALRIAAGEAB48 H18 6.9 (111, d);

6.56 (111, td); 4.05 (311, s): 3.23 (211, d); 3.1 (4H, hr.ss); 2.61 (40, br. s);

2.36 (311, s);. 2.23 (311, s). ESMS m/z 539 (MH+ 2. Example 11:

Inhibitory Activity against Klnases Enzyme-A ys d Cellular Assays

[0524] Suitable in vitro zZssa R | activity and the

inhibition thereof by cormpe 3 4 g segoKuzmlc etal. Anal.

litiochem. 2000, 286, 45-50). [0525] The following protocol represents an
stemssay for determination of inhibition of kinases under physiological
[0sEMNitiITS {phbihdottin Asd aotivilyl Arisruiatetmimmed-msimdamitimbord s ivesyl-3-oxo-
butflizQresEenee1ase gaIceeb gy xR ISiony, T R7ERE)) avetHd (F0hob)y The solution was
stirMSAGIERND eRLENETE DR DR WEs Bull@ aieti0R /Dl Fetoh bk wisifigh concentrated
md%@éé@lh%%%ﬁ%@@@ﬁ w&&ﬂ@%@aﬁﬁ&ﬂﬂl&lﬂ Ab I A IR td Reddmpekdihe 4-fluoro-1-
150&%@)0 @ngﬁ;lyl%m @I%m@) @@B&%&EQ&S&A&%M@M at
room em tl:rqup %;%ghcgn'g £§QQHQCQ Mfﬁlrt&q:{%§ﬁ£h QéeggomMeltﬁhgch}gﬁMndmg thiourea as
det Ii}b C'?J[ %sm%elrga% o%nngx;cn e%st!ﬁgn Ia%cp @%%)cu%e%&&qs gﬁme)h and the

elg }& 0. ovine serum alpumin, V\L n% (g
ms‘ﬁftnﬁl-}“?yf RNV RRATER: reactsg)]n W, s u%cﬁné edc %1 e ad | onof12 =
su*%dau%éﬁe&o?*ﬁfjﬁ“ﬂngs;%f%’ ﬁwefem"ﬁ%‘ BY IO e 2o frd s added 1o the mixture
and R g losy bR 4% ﬂ&?’f"l‘:‘hﬁé*)’“&r‘l”dﬂr—_‘ T5he ‘1é’ apty 3TYrE0G The cte
filugig s e PE IR f—')am&%ﬁelé* et re sdde i gen 51 OO BRIy
matgsigdites fiplatbEbEHiTattarRy S {Wwéﬁhflz@ﬁme%%’é@t%f?) S -
veixlidretiaS-Aivied-rrittbatadond aeeH8 s, S He TR BhiE Tijg HAMRE00 MHz,
DMARAsBIRT GnEMaRingdd éxptale readen With—=i! ExcltatihBpal/éefdih o= 2.7 He, /2
= 330 e aE0 Hete siomwiadsel eng ths285, 8 05 (utHAAA 66 B He A2 Ac Bty - Sy s 3H), 1.23
@, stetesminegl byvbhekxtinaihn*fluorescence at 665 nm to that at 615 urn.
st5@r each compound, enzyme activity was measured at various
(030N CRNEBtIANS.Af:aRmRoUAt. NEEatME LRRUML reAcLQRS Wele-PasiHN R finoro-2-
melRyIE-ARS6058. Al dnhipiarin repligales. Of.si ARG RAE A MEL AIHERIS o5
nmvn\)/g{ Zfo'r!%?% £ deter m'rtg%g%glim&ﬁ%%%?62}(9%%%2&&3/%% %‘}'?% %%ég&m@summc
actﬁ%én% ?9 ?%){I %O P ttecgwxa{n UX ¢ mlil a(%!’] l(x: %:dafh TE tems%ga mfloo C under

S were obtaine d accord this e uatlogs m:scpforan
&bt R"[‘ﬁﬁfﬂé h°,31'rfr§:° TP T2 6T 3R na%mé'él I” VATP.

ad nﬁfﬁﬁaﬂﬁs [Feagogre g Rﬂpfﬁ‘:‘i%’f“(‘féﬁmé?"égi& AT S S% % addition o
coRgE RS ESTRING Riorin T R eBE A SRR BT BRP Bebi °S\‘“"%ﬁff?°‘?”“‘=
wap iseipistl by TANAY TRBHES vt Y TR TN R TR e estisL e S SRR fagpanc! for 1
howithd 96 P BS ifthedrobemswetedyablseld ademd i tbufimee W serelfs t© provide 2-(4-
et approximately BXn0S 8dikydpeinides- peisweldin06ni/Sil pratd %) a2

Compounds to be assayed were dissolved in DMSO, diluted to

appropriate concentrations in low serum medium (from O 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. | 00ul calcium assay dye (Calcium 3
accav kit Moleciilar Devicec) wace then added to each well and inciihatad

e OITDEQ no TRETCUTIC
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light gray solid. "H NMR (400 MHz, DMSO-d; + TFA) § 11.43 (brs, 1H), 10.49 (br s, 1H), 7.70 — 7.65 (m, 2H),
7.57 (dd, 1H, J; =5.5 Hz, J, = 8.6 Hz), 7.37 (d4, 1H, J, = 3.1 Hz, J; = 9.8 Hz), 7.27 (td, 1H, Jy = 3.1 Hz, J; = 11.7
Hz), 4.23 (s, 3H), 2.32 (app s, 6H), 2.23 (s, 3H); ESMS (m/z): 351 (M+1)".

Step3 ‘

[0511] Toa 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 55°C for one hour, over which time all the selenium dioxide had dissolved. To the solution was then added
2-(4-fluoro-2-methyl-phenylamino)-1,6,7-trimethyl-1,8-dihydro-imidazo[4,5-k]isoquinolin-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 mmole) 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 celite and washed with 10% MeOH/DCM. The filtrate was concentrated
in vacuo to produce a gummy red solid. Methanol (50 mL)) 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-methyl-phenylamino)-1,6-dimethyl-9-oxo-8,9-dihydro-1H-imidazo[4,5-
Hlisoquinoline-7-carbaldehyde (3.90 g, 61%) as a bright yellow solid. 'H NMR (400 MHz, DMSO0-ds+ TFA) 8
10.80 (br s, 1H), 10.70 (br s, 1H), 10.25 (s, 1H), 8.02 (4, 1H, J = 8.8 Hz), 7.80 (d, 1H, J = 8.8 Hz), 7.57 (dd, 1H, J,
=5.5 Hz, J, = 8.6 Hz), 7.35 (dd, 1H, J, = 3.1 Hz, J, = 9.8 Hz), 7.26 (td, 1H, J, =3.1 Hz, J, = 8.6 Hz), 4.14 (s, 3H),
2.69 (s, 3H), 2.31 (s, 3H); ESMS (m/z): 365 (M+1)". :

Step 4

{0512] Toa 1L 3-neck round-bottom flask equipped with a magnetic stir-bar was added 2-(4-fluoro-2-methyl~
'phenylamino)-l,G—dimethyl-9~oxo-8,Q-dihydro-lH-inﬁdazo[4,S-h}isoquixmline-?—carbaldchydc (7.96 g, 21.9 mmole)
and THF (260 mL). The resulting slurry was cooled to -78 °C, and vinylmagnesinm bromide (175 mL, 1.0 M in
THF) was added dropwise over 30 minutes. The mixture was stirred at -78 °C for 2 hours, then warmed to -10 °C
over 30 minutes and maintained at -10 °C for an additional 2 hours. The reaction was then quenched by addition of
saturated aqueons ammonium chloride (200 mL), and extracted into EtOAc (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 2-(4-

" fluoro-2-methyl-phenylamino)-7-( i-hydroxy-allyl)-1,6-dimethyl-1,8-dihydro-imidazo[4,5-4]isoquinolin-9-one (7.8
g, 91%) as an orange-yellow solid, which was used without further purification. TH NMR (400 MHz, DMSO-d; +
TFA) 6 10.52 (br s,1 H), 10.38 (br s, 1H), 7.71 (app s, 2H), 7.55 (dd, 1H, J; = 5.5 Hz, J, = 8.6 Hz), 7.35 (dd, 1H, Jy
=3.1 Hz, J,=9.8 Hz), 7.24 (14, 1H, J, = 9.1 Hz, , = 11.7 Hz), 6.02 (ddd, 1H, J;, =59 Hz, /= 10.6 Hz, J, = 17.2
Hz), 5.41 (app 4, 1H, J = 5.5 Hz), 5.33 (dt, 1H, J; = 1.6 Hz, J, = 17.2 Hz), 5.17 (at, 1H, J; = 1.2 Hz, J; = 10.2 Hz),
4.19 (s, 3H), 2.29 (s, 3H), 2.26 (s, 3H); ESMS (m/z): 393 M-+1)"

Step 5

{0513] To a 500 mL round-bottom flask equipped with a magnetic stir-bar was added 2-(4-fluoro-2-methyl-
phenylamino)-7-(1-hydroxy-allyl)-1,6-dimethyl-1,8-dihydro-imidazo[4,5-k]isoquinolin-9-one (7.8 g, 20 mmole),
‘DCM (100 mL), TEA (3.0 g, 30 mmole), and DMAP (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 vacuo to give an

amorphous orange solid. The crude product was re-dissolved in 5% MeOH/DCM (65 mL). To the stirred solution
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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 1-[2-(4-fluoro-2-methyl-phenylamino)-1,6-
dimethyl-9-0x0-8,9-dihydro-1 H-imidazo[4,5-A}isoquinolin-7-yl]-allyl ester (6.94 g, 80.4%) as a yellow powder. 'H
NMR. (400 MEz, DMSO-d; + TFA) 6 11.35 (br s, 1H), 10.55 (b7 s, 1H), 7.74 (4, 1H, J=9.0 Hz), 7.70 (4, 1H, /=
8.6 Hz), 7.56 (dd, 1H, J, = 5.5 Hz, J, = 8.6 Hz), 7.37 — 7.34 (m, 3H), 7.25 (td, 1H, J, =2.7 Hz, J, = 8.2 Hz), 6.34
(app 4, 1H, J= 6.3 Hz), 6.17 (ddd, 1H, J, = 6.3 Hz, J,=10.2 Hz, J; = 16.8 Hz), 5.41 (app 4, 1H, J= 17.2 Hz), 5.33
(app d, 1H, J = 10.2 Hz), 4.18 (s, 3H), 2.32 (s, 3H), 2.12 (s, 3H); ESMS (m/2): 435 (M+1)".

Step 6 '

[0514] To a 500 mL round-bottom flask was added 4-phenyl—[1,4]azaphdsphinane 4-oxide hydrochloride salt (5.91
g, 25.6 mmole), MP-carbonate resin (20 g, 2.9 mmole/g), and water (200 mL). 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
frit, and washed with water (40 mL) to provide 4-phenyl-[1,4]azaphosphinane 4-oxide free-base as an aqueous
solution.

Step 7

[0515] To a 500 mL 3-veck round-bottom flask equipped with a magnetic stir-bar and internal thermometer was
added Pd,(dba);*HCCY; (0.476 g, 0.46 mmole), triphenylphosphine (0.383 g, 1.5 mmol), and THF (100 mL). 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—[2-(4—ﬂu0r0-2-methyl-plienylanﬁno)—1,6-dimcthyl-9-oxo-8,9—dihydro—1H—imidazo[4,5—
Alisoquinolin-7-yl}-allyl ester (4.0 g, 9.2 mmole) in a single portion. An aqueous solution of 4-phenyl-
[1,4]azaphosphinane 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 24 °C 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 mL) and cooled over an ice bath. To the chilled solution with
rapid stirring was added anhydrous HCI (10 mL, 1.25 M in methanol). The solution was then poured into a flask
contairﬁng dicthyl ether (600 mL) with stirring. Pentane (100 mL) was added, followed by additional anhydrous HCl -
(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-dimethyl-7-[3-(4-oxo-4-phenyl-4N’-[1,4]azaphosphinan-1-yl)-propenyl]-1,8-
dihydro-imidazo[4,5-k]isoquinolin-9-one HCI salt (2.9 g, 52%). 'H NMR (400 MHz, CD;0D) § 7.96—7.89 (m,
2H), 7.89 (d, 1H, J= 9.0 Hz), 7.73 (d, 1H, J = 9.0 Hz), 7.71 — 7.65 (m, 1H), 7.66 — 7.61 (m, 2H), 7.51 (dd, 1H, J, =
5.5 Hz, J, = 8.6 Hz), 7.32 (d, 1H, J = 15.7 ¥lz), 7.26 (dd, ;H, Jy=3.1Hz, J,=94 Hz), 7.16 (td, 1H, /; =3.1 Hz, J;
= 8.6 Hz), 6.56 — 6.48 (m, 1H), 4.26 (s, 3H), 4.19 (d, 2H, /= 7.0 Hz), 4.2 - 3.8 (br m, 2H), 3.8 ~-3.6 (br m, 2H), 3.0
— 2.9 (brm, 2H), 2.47 (s, 3H), 2.37 (s, 3H), 2.5 — 2.3 (br m, 2H); ESMS m/z 569.7 (MH+).
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Example 4: 2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethyl-7-{3-[4-(4-fluorophenylmethyl)-4-0x0-4\>-
[1,4]azaphosphinan-1-yl]-propenyl}-1,8-dihydro-imidazo[4,5-A]isoguinolin-9-one (Compound 12)
F
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[0516] Proceeding as above for Example 3, 2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethyl-7-{3-[4-(4-
ﬂuorophenylmethyl)ll—oxo-t‘)\5-[1,4]azaphosphinan-l -yl}-propenyl}-1,8-dihydro-imidazo[4,5-A)isoquinolin-9-one
was prepared by replacing 4-methyl-{1,4]Jazaphosphinane 4-oxide with 4-(4-fluorophenylmethyl)-
[1,4]azaphosphinane 4-okide. 'H NMR (400 MEz, DMSO-ds + TFA) 8 11.32 (brs, 1H), 10.62 (brs, 1H), 7.79 (4,
1H, J=9.2 Hz), 7.72 (d, 1H, J=9.2 Hz), 7.56 (dd, 1H, J, = 6.0 Hz, J, = 8.8 Hz), 7.37 — 7.28 (m, 3H), 7.25 (dt, 1H,
Jy=28Hz, J,= 88 Hz), 7.23 - 7.14 (m, 3H), 6.48 (dt, 1H, J; =7.2 Hz, J, = 14.8 Hz), 4.17 (s, 3H), 4.07 (4, 2H, J=
6.8 Hz), 3.8 — 3.6 (br m, 2H), 3.6 — 3.4 (br m, 4H), 2.36 (5, 3H), 2.30 (s, 3H), 2.4 — 2.0 (br m, 4H); ESMS (m/z):
found, 602.1 (M+1)".
Example 5: 2-(4-ﬂuoro»Z-methyl-phenylamino)-—l,6-dimethyl-7—{3-[4-(cyc]opropylmethyl)~4-oxo—4)\5-
[1,4]azaphosphinan-1-yl}-propenyl}-1,8-dihydro-imidazo[4,5-k]isoquinolin-9-one (Compound 13)

F

N
0 S—NH
o
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[0517] Proceeding as above for Example 3, 2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethyl-7-{3-[4-
(cyclopropylmethyl)-4-0x0-4N\*-[1,4]azaphosphinan-1-yl}-propenyl} - 1,8-dihydro-imidazo[4,5-k}isoquinolin-9-one
was prepared by replacing 4-methyl-[1,4]azaphosphinane 4-oxide with 4-cyclopropylmethyl-[1,4]azaphosphinane 4-
oxide. 'H NMR (400 MHz, DMSO-ds+ TFA) é 11.08 (brs, 1H), 10.70 (s, 1H), 7.79 (d, 1H, J= 8.8 Hz), 7.72 (4,
1H, J= 8.8 Hz), 7.55 (dd, 1H, J, =5.5 Hz, J> = 8.6 Hz), 7.35 (dd, 1H, J; = 2.7 Hz, J. = 9.8 Hz), 7.25 (td, 1H, J; =
3.1 Hz, J, = 8.6 Hz), 7.30 — 7.10 (br m, 1H), 6.6 — 6.45 (br m, 1H), 4.18 (s, 3H), 4.10 — 4.00 (b» m, 2H), 3.80 - 3.65
(br m, 2H), 3.60 — 3.45 (br m, 1H), 3.45 - 3.30 (br m, 1H), 2.36 (s, 3H), 2.31 (s, 3H), 2.50 -~ 1.70 (m, 6H), 1.0—
0.70 (br m, 1H), 0.56 (d, 2H, J = 7.4 Hz), 0.23 (s, 2H); ESMS (m/z): found, 548 (M+1)".
Example 6: 2-(4-fluoro-2-methyl-phenylamino)-1 ,6~dimethyl-7-{3-[4-(cyclopropyl)-4-oxo-4X°~
[1,4]Jazaphosphinan-1-yl}j-prepenyl}-1,8-dihyd ro—imiduzo[4,5—h]isoguinolin—9—one (Compound 14)
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[0518] Proceeding as above for Example 3, 2-(4-fluoro-2-methyl-phenylamino)-1,6-dimethyl-7-{3-[4-
(cyclopropyl)-4-0x0-4N'-[ 1,4]azaphosphinan-1-yI]-propenyl}-1,8-dihydro-imidazo[4,5-4]isoquinolin-9-one was
prepared by replacing 4-methyl-[1,4]azaphosphinane 4-oxide with 4-cyclopropyl-[1,4]azaphosphinane 4-oxide. 'H
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NMR. (400 MHz, DMSO-ds+ TFA) & 11.37 (br s, 1H), 10.63 (s, 1H), 10.49 (brs, 1H), 7.80 (4, 1H, /= 8.8 Hz),
7.72 (4, 1H, J= 8.8 Hz), 7.56 (dd, 1H, J; = 5.5 Hz, J, = 8.6 Hz), 7.36 (dd, 18, J; =2.7 Hz, J; = 7.8 Hz), 7.26 (1,
1H,J, = 2.7 Hz, J, = 8.2 Hz), 7.18 (br d, 1H, 15.3 Hz), 6.60 — 6.50 (br m, 1H), 4.18 (8, 3H), 4.15 — 4.05 (br m, 2H),
4.00 ~ 3.40 (Br m, 4H), 2.37 (s, 3H), 2.30 (s, 3H), 2.50 — 2.10 (br'm, 4H), 1.50 ~ 1.00 (br m, 1H), 0.90 — 0.82 (br m,
2H), 0.81 — 0,70 (br m, 2H); ESMS (m/z): found, 534 (M-+1)"

Example 7: 2-(4-fluoro-2-methyl-phenylamino)-7- [3-(4-methanesulfonyl»pipcrazin-l—yl)-propenyl]—l,6—
dimethyl-1,8-dihydro-imidazo[4,5-h}isoquinolin-9-one (Compound 24)
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[0519] Proceeding as abhove for Example 3, 2-(4- ﬂuoro-2~mcthyl~phenylamino)~7~[3—(4-meﬂ1anesu1fonyl~
piperazin-1-yl}-propenyl]-1,6-dimethyl-1,8- dihydro-imidazo[4,5-h)isoquinolin-9-one was prepared by replacing 4-
phenyl-[1,4]azaphosphinane 4-oxide hydrochloride with methansulfonylpiperazine. "H NMR (400 MHz, DMSO- d%
(free base) & 10.78 (1H, s); 8.41 (1H, m), 7.69 (d, 1H, J=9.0 Hz); 7.7-7.66 (1H, m); 7.5 (1H,J =9 Hz); 7.07 (1H,
m); 7.02 (1H, m); 6.82 (1H, d); 6.5 (IH m)l 4.08 (3H, s); 3.26 (2H, m); 3.19 (4H, m); 2.92 (3H, s); 2.59 (4H, m);
2.37 (3H, 5); 2.26 (3H, s). ESMS m/z 539 (MH+).

Example 8: 2-(4-Fluoro-2-—methyl—phenylamino)—i,G-dimethyl—7-{3-[(1—methyl-1~0xo-phosphinan—
4-yl)carbnnylamiqo}~propenyl}-l,S—dihydro-imidazo[4,5—11]isoquinolin—9-one (Compound 15)
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Step 1

[0520] To scintillation vial with a magnetic stir-bar was added 7-(3-amino-propenyl)-2-(4-fluoro-2-methyl-
phenylanﬁno)-l,G-dimethy1~1,S-dihydro‘imidazo[4,5»h]isoquinolin—-%ona (68 mg, 173 pmol), followed by
dimethylformamide (DMF) (1.0 mL) and triethylamine (TEA) (0.25 mL). To a separate scintillation vial was added
l-methyl—l—oxo—l)\S-phosphinane~4-carboxylic acid (130 mg, 0.74 mmol, mixture of cis/trans isomers), HATU (300,
mg, 0.79 omol), and DMF (2.0 mL), 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 mL, 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 TFA. The mixture was filtered (syringe membrane filter) and purified directly by reverse-phase HPLC
to provide 2-(4-flunoro-2-methyl-phenylamino)-1 ,6-dimethyl-7-{3-[(1-methy!-1-oxo-phosphinan-4-
yDcarbonylamino]-propenyl}-1,8-dihydro-imidazo[4,5-A)isoquinolin-8-one (24.9 mg, 26%) as a mixture of cis/trans
isomers. "H NMR (400 MHz, ds-DMSO) & 11.12 (s, 1H), 10.55 (s, 1H), 8.21 - 8.17 (m, 1H), 7.74 (d, /= 8.6 Hz,
1H), 7.69 (d, J = 8.6 Hz, 1H), 7.55 (dd, J, = 5.9 Hz, J, = 9.0 Hz, 1H), 7.27 (id, J; = 2.7 Hz, J; = 8.6 Hz, 1H), 6.66 (d,
J =15 Hz, 1H), 6.55 — 6.49 (m, 1H), 4.18 (s, 3H), 3.92 (m, 2H), 2.31 (s, 3H), 2.30 (s, 3H), 2.35—2.30 (m, 1H), 2.08
~1.90 (m, 6H), 1.78 — 1.65 (m, 2H), 1.52— 1.47 (m, 3H); ESMS m/z: found, 550 (M+1)".
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Compositions Example 12a: Parenteral Composition 105281 To prepare a

pa_lren_teral pharmaceutical composition suitable for administration by

injertieny1B6wag of a water-soluble salt of a compound describedsereimss

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

admlnistration by ‘injection. [05291 In another embodiment, the following
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4-yl)%wmymahgap26}m1§dnhydro-xnndazn[4,5-h 1sogquinolin- ompound 16) and 2-(4-fluore-
2-methyl-phenylamino)-1,6-dimethyl-7-{3-[(cis-1- phenyl-1 -oxo-phosphinan-4-yl)carbonylamino]-propenyl}-

-Gne

1,8-dihydro-imidazo[4,5-A}isoquinolin-5-one (Compound 17)
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[0521) To a scintillation vial was added 7-(3-amino-propenyl)-z»(4-ﬂuoro—2—-mefhyl»phen}fla;nino)-1,6—dimethy1—
1,8—dihydro—imidazo[4,5-h]isoqui.nolin—9-one (70 mg, 180 pmol), DMF (2.0 mL), and TEA. (110 mg, 1.1 mmol). To
a separate vial was added crude 1-ox0-1-phenyl-1N-phosphinane-4,4-carboxylic acid (64 mg, 270 pmol), HATU
(108 mg, 284 pmol), 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 mL). The mixture was extracted with
EtOAc (3 x 10 mL), washed with brine, dried over sodium sulfate, and concentrated in vacuo.
[0522] The crude material was further purified by flash chromatography, ehiting with MeOH:DCM (5 ~ 25%) to
provide 1-oxo-1-phenyl-1 N-phosphinane-4-carboxylic acid {3~[2—(4—ﬂuoro-2-methyl—phenylarrﬁno)-1,é-dimethyl—g-
oxo~8,9—dihydro-1H—imidazo[4,5—h]isoquinolin~7~y1]-allyl} -amide as two chromatdgraphically 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: 'H NMR (400 MHz, d-DMSO+TFA) 6 11.09 (s, 1H), 10.56 (s, 1H), 8.21 (1, J=6.3Hz, 1H),
7.83 - 7.81 (m, 2H), 7.73 (d, J=8.6 Hz, 1H), 7.66 (d, J = 8.6 Hz, 1H), 7.61 —7.53 (m, 4H), 7.36 ~ 7.33 (m, 1H),
7.25 (td, Jy = 3.1 Hz, J, = 8.2 Hz, 1H), 6.63 (d, J= 16 Hz, 1H), 6.47 (dt, J; = 5.1 Hz, J, = 16 Hz, 1H), 4.18 (s, 3H),
3.9 - 3.86 (m, 2H), 2.30 (s, 3H), 2.28 (s, 3H), 2.7 - 1.9 (m, 7H), 1.7 — 1.6 (2H); ESMS m/z: found, 612 Qvi+1)*. The
second eluting isomer: "1 NMR (400 MHz, de-DMSO+TFA) & 11.16 (s, 1H), 10.57 (s, 1H), 8.25 (t, J= 5.8 Hz, 1H),
7.87~7.82 (m, 1H), 7.77 (d, J =9 Hz, 1H), 7.71 (d,J =9 Hz, 1H), 7.62 — 7.5 (m, 4H), 7.38 - 7.32 (m, 2H), 7.28 (td,
J,=3.1 Hz, J,=8.6 Hz, 1H),6.76 (d, /=16 Hz, 1H), 6.6 — 6.5 (m, 1H), 4.20 (s, 3H), 4.0 - 3.9 (m, 2H), 2.35 (s,
3H), 2.33 (s, 3H), 2.37 — 2.29 (m, 1H), 2.11 - 2.00 (m, 8H); ESMS m/z: found, 612 (MA+1)"
Example 10: z-(4-Fluoro—2~methylphenylamino)—7-{3—[4-(4~ﬂuorophenyl)—piperézin—l-yl]-propenyl}—1,6-
dimethyl-1,5-dibydro-imidazo [4,5-hlisoquinolin-9-one (Compound 30)

E
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[0523] 2-(4-FIuoro-2-methylphenylarnino)-?-{3-[4—(4—ﬂuoropheny1}~piperazin—1—yl]—propenyl}-—l,6—dimethy1—l,8-
dihydro-imidazo[4,5-h]isoquinolin-O-one was prepared following the procedure in Example 3, but replacing 4-
phenyl-[1,4]azaphosphinane 4-oxide with 4-fluorophenylpiperazine. 'H NMR (400 MHz DMSO-d%) (free base) &
ppm 10.78 (1H, s); 8.4 (1H, s); 7.67 (1H, d); 7.58 (14, dd); 7.45 (1H, d); 7.07 (1H, m); 7.02 (2H, m); 6.95 (2H, m);
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ingredients, except water, are combined and heated to 60-70 C with

st?rr@ng. A sufficient quantity of water at 60 C is then added with vigorous

Eampls 125; Oral Composition 05301 prepare a pharmaceical "

pharmaceutical
composition for oral delivery, 100 mg of a compound described herein is
:jnixed with 7f50 mg of starch. The mixture is incorporated into an oral
osage unit for, such as a hard gelatin capsule, which i itable for or
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KinalDHEE BISHALE KAiXe 40 QR SusepRal onNOeaal admiaisteation:
AVLMW%% were incubated in a reaction buffer composed of 20 mM Tris, 50 mM NaCl, MgCl,
(5-25 mM depending on the kinase), 1 mM DTT, 0.1 mM EDTA, 0.01% bovine serum albumin, 0.005% Tween-20,
and 10% DMSO at pH 7.4 for one hour. The reaction was quenched by the addition of 1.2 equivalents of EDTA
(relative to Mg?") in 25 pL of 1x Lance buffer (Perkin-Elmer). Streptavidin-APC (Perkin-Elmer) and Eu-labeled p-
Tyr100 antibody (Perkin-Elmer) in 1x Lance buffer were added in a 25 pL volume to give final concentrations of
100 nM and 2.5 nM, 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 nm and detection wavelengths of 615
nm and 665 nm. Activity was determined by the ratio of the fluorescence at 665 nm to that at 615 nm. 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). ICs¢s were obtained according to this equation: ICso = {Ki(app)/(1+[ATPVK*TF)} +
[Eliowt'2; for all kinases, [ATP] =Ky, [Btk]ow = 0.5 nM and [Lek]ow = 6 nM.
[0526] Cellular calcium flux assays were done acc&rding to manufacturer descriptions (Molecular Devices}. In
brief, actively growing Ramos B-cells (ATCC) in RPM1 medium supplemented with 10% FBS (Invitrogen) were
washed and re-plated in low serum medium to approximately 5X10° cells per 100ul 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 pM final concentrations ata 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% CO; incubator for 1 hour. 100ul 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 (80ug/ml; Jackson ImmunoResearch)
and read in a Flexstation 11384 (Molecular Devices) at Ex=485nm and Em=538am 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 pM

units.



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
126y &bfahingead (Hard Lozenge) Composition 10534] To prepedees2006/049489
pharmaceutical composition for buccdltlelivery, 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 lozengg s @LQLefofpﬁ gﬁgg‘g@mﬁg@gg)n WO
2007/087068PCT/U S2006/049489 121 Example 12d: Inhalation

Crmi@omposition 8535 KB pFepare a|pharfERERical compositiort i kot &D

mhalatign delivery, 20 mg of a compound#escribed herein is mixed4with

50 Mg gf-annydrous£itric acid angl 2700 mes01 0.9% sodium chloride*

sotutionThe MiXture 1S incorporajed into am inhalatjon delivery umt,Asuch'

titizer;-which is-suitabteforntratagpradministration. Example

L2e-Reptal-Cel-Composition-105361 Foprgparea pharmaceuticat x

— composition for rectal-delivery-106

=y 1221% ) ufgzuu:uﬁGL Ad-desecribed hcAcill IS
' ith 2.5 g of methylcelluose (1500 mPa),-104-mg-ef-methylparape
g 3 ot |y|puAupU|I,
gofal

ycerin and 180 mL of puri IPd watpr Thp resulting gel mlyfur}% is
then incorporated int® rectal delivery units>6uch as yringes, which are

suitable ffor rectal adkinistration. [p537] Sdppository Formulation [0338] A

sappository of total weight 2.5 g is preparé by mixipg a compound 4

describgd herein (508 mg) with 2000 mg afAWitepso)(r) H-15 (triglyce¥ides

ghsaturgted vegetable fatty acid; Riches-Nelson, In¢., New York). €

qg\alllpic 12 TUpidea‘Gei Compos'tion 41

B
14 A 42 A
15 A 43 A
16 A 44 A
17 A 45 B
i8 A 46 C
19 A 47 B
20 A 48 B
271 A 49 B
37 A 50 B
23 A S1 B
24 A
26 A

A=<100nM; B=>100nM and <1000nM; C=>1000Nm; nd=not determined

Example 12: Pharmaceutical Compositions

Example 12a: Parenteral Composition

[0528] To prepare a parenteral pharmacentical composition suitable for administration by injection, 100 mg of a
water-soluble salt of a compound described herein is dissolved in DMSO and then mixed with 10 mL of 0.9% sterile
saling, The mixture is incorporated into a dosage unit form suitable for administration by inj ection.

[0529] In another embodiment, the following ingredients are mixed to form an injectable formulation:

Ingredient . Amount
compound described herein 12¢g

sodium acetate buffer solution 0.4 M 2.0 mL
HCI (1 N) or NaOH (1 M) q.s. to suitable pH

water (distilled, sterile) q.s.to 20 mL




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

intongppi@ineiss such as tubes, which are suitable for topical pcT/us2006/049489

administration. Example 12g: Ophthali#fic 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 .
All of iR PO It NEETRIOTRTE ATt TR bipti e Rertetie FOZR TS stistitsh A ipient quantty
of wAlt O 00 At versidwinth igeose itatie tfomoliftfalrdedEih s ratsm oS g o 1008
Exanijle1examaplesandiembodiments described herein are for illustrative
[053PUIrPOSese paRgaasidtsprgdificatiohedroh iger it ygestetitepieddomnia is
mixeakill@ blsthuthier aitcArentonbeuinis eleshaithine thespirkgndiponsenaof gikgelatin
caps@PRligationand scopeefitie.appended claims. All publications, patents,
10533 LRABR! ARPEGRHORS GHAH-D G Ae.hexehyneAIp aidtadshyire iigncered

wbnidQr all purposes. MCSLLP 122 1.A compound of Formula (1l1): /\ W M-L-N

n n\ u.---.-..‘z Ro-are-eacihingene 5> i
among H-halogen ‘h 02, CrC _A-_',_ A—are-Ci-C4alkexy—F is
1,6-dimeITPL R S58%6 MRS dro-1H-imidB2o[4, 5-hlisoquinolin-2, 7-ylene, or

1,7- dimé‘tht‘i’-‘@-oxo-&9-dihydro-lH-imia%zo[4,5-111isoquinolin-2,6-ylene;
L is -X252r25elopr 9950 y250a. , whérein, X254 is a substituted or
unsubstitatese C1-C6alkyl, substituted or'tthsubstituted Cl-Cohaloalkyl,
substituteezasumstslstituted C3-C8cycloalkyl, substituted or unsubstituted
osSap GOSYEIRRIERYL SUPSITE AL LpSURSIINGL G ArimalaRyduubsiuiastsen
gel%é g%%l[lebstltuted C2-C6_ha|oa|kenyl, sub_stltuted or unsubstituted
bond, -7 -S(=0)2- _-C(=0)- -NRAE. R R0y,
-NR44CtrppudRaed BRIR45-, -C(=0fRH-, -C(=0)NR45-, -0C(=0)-,
-C(=0)0Jaaipip SO2-INRA5S02-, -SO2NHE -SO2NR45-, -C(R45)=NO-, -
CH=NO=eg@jurC4aratgryl, -NHC(=0)0-, -OC(=0)NH-, -NR45C(=0)0-, or
s33C G ONRAR - Wbare.ca6D Rrbwils paRsodentik selectetipmiamesg:
. m%ggogg:n, substituted or unsubstltuteql Cl-Cé6alkyl, sub.stltuted or

unsu Yogrediont > 5 %mount substittited-€2-€6alkenyl,
substityte€f oI linsubstituted C2- Cahalkynyl- M is N.or CH-ELRIoeRZ00 -

: Oisa

IL"Rloo A)mpound described herein 10g
fumaric acid 05g
_sodium chloride 20g
methyl paraben 0.15g

- propyl paraben 005g

granulated sugar 255¢g
sorbitol (70% solution) 1285g
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 mL
Colorings 0.5 mg
distilled water g.s. to 100 mL

Example 12¢: Sublingual (Hard Lozenge) Composition

[0534] 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 mL
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.



or Wis V 5?rcfr E is oxygen or sulfur; lei is halogen, -OH, or an optionally
substituted group selected from among CIC6alkyl, C2-C6alkenyl,
C2-Cé6alkynyl, phenyl, CI-C4alkyl(phenyl), C3- C8cycloalkyl,
C1-Calkyl(C3-C8cycloalkyl), C2-C8heterocycloalkyl, C1- MC SL LP 123
Caalkybhezos8seterocycloalkyl), Ci-C6alkoxy, C1-C6alkenylokyr@dz008/049489
_NRio2aRto2b; C6alkynylo8Y, R102atzind 1020 tcare independently
hydrogen or an optionally substituted group selected from among
C1-Céealkyl, C2-C6alkenyl, C2-C6alkynyl, aryl, aralkyl, C3-C8cycloalkyl,
C1-C4alkyl(C3-C8cycloalkyl), C2-C8heterocycloalkyl, and
Exa@dle@lidpfesie Slieradidfcloalkyl); R200 Coalkylsulfonyl,
105352 TBeshecrwibuiferylicalsprentsivy foCationneb g ANTBTRfi2 SHFmEEURsHYI: herein =
mixE W@GHl kgl efmimaisuif citrid acdeh il (C LB tod it O SEfOINER T msture is
incolfypelaien anisulbstitdtecmnuin substitntbdi®i- @8dl ioiabiUbsiiteltion @dministration.
ExadipRub&titetaddei:Ggatiteny|, a substituted or unsubstituted C2-C6alkynyl,
[osRSulsiipiied MansuRstituipesGl-Gahanatioly,a ®uhsiitutedend described herein is
mixHNSHDSIIER 2 ol 2l 9a) keay 1o ka BulasiisiieshOs Weshstbuiadoo mL of purified
wat&%hgggﬁtEQQQéme iSkn %@pﬂ!&@ﬁ'ﬁf’%@@&ﬂﬂ ﬁél%@gﬁﬁ%h g @@kge@ I\WRich are snitable
cor RHE rrynqlg‘eutucally acceptable prodrug thereof. 2.The compound of claim 1,
[05%;] & emosxT 1> F rmul t1 L
t-- osy of tot v?m%hg @ydlg%rg'ptlm §d§§% 4d ?mlr] Iosugxg Helrpc%l:lgd_ gérZzi-ry l%‘?nﬁ %’ii‘h
2000 mg of Witepsol® H-15 (triglycerides of saturated vegetable fatty acid; Riches-Nelson, Inc., New York).
Example 12f: Topical Gel Composition
[0539] 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
pﬁriﬁed 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 NaCl 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, which 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
hereby incorporated by reference for all purposes.



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 -OC(=0)NH-; Eis MCSLLP
0; and R350' is hydrogen, a substitutexp or unsubstituted Ct-C6alkyl, or a
substitut(;,gor unsubstityted C -Cflfaloalkyl. 4. The compound of claim 3,
wherein §9?B°§B§§#Ef§% dhdlibstituted Ct-Coalkyl, substituted or
unsubstituted C1- LP 124 C6haloalkyl, substifated qr wasubstituted
C2-Co6alkenyl, substituted or unsubstituted C2- alkenyl, substituted
or unsubstituted C2-C6alkynyh~or substituted or bstituted
C2-Cé6haloalkynyl; and n i$\. 5 Nthelcompdupd 8f claim 4, wherein
compound has a structureﬁ%ﬁ{:}%d from among:b:\F%CfOO_p Rain-\\Rb

wherein:

R?* and R® are each independently selected from among H, halogen, CN, NO,, C;-

Caalkyl, C-Cshaloalkyl, and C;-Cgalkoxy;

T is 1,6-dimethyl-9-0x0-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,7-ylene, or 1,7-
dimethyl-9-o0x0-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,6-ylene;

L is -X?0y20_ or -y X% \wherein,

X?°% s a substituted or unsubstituted C-Csalkyl, substituted or unsubstituted
Ci-Cghaloalkyl, substituted or unsubstituted C3-Cgcycloalkyl, substituted or
unsubstituted Cs-Cgeycloalkenyl, substituted or unsubstituted C,-Cgalkenyl,
substituted or unsubstituted C,-Cghaloalkenyl, substituted or unsubstituted
C,-Cealkynyl, or substituted or unsubstituted C,-Cghaloalkynyl;

Y*Yis a bond, -O-, -S(=0)-, -S(=0),-, -C(=0)-, -NR*-, -NH-, -NHC(=0)-,
-NR*C(=0)-, -NR¥C(=0)NR*’-, -C(=0)NH-, -C(=0)NR*-, -OC(=0)-,
-C(=0)0-, -NHSO,-, -NR*S0,-, -SO,NH-, -SO,NR*-, -C(R*)=NO-, -
CH=NO-, -ON=CH-, aryl, -NHC(=0)O-, -OC(=0)NH-, -NR*C(=0)0-, or
-OC(=0)NR*-;

where each R* is independently selected from among hydrogen, substituted or
unsubstituted C;-Cealkyl, substituted or unsubstituted C;-Cgcycloalkyl,
substituted or unsubstituted C,-Cgalkenyl, substituted or unsubstituted C,-
Cealkynyl;

M is N or CH;
Zmo u/RwO EZOO
Wisbl?”'/\"g,%f \*j orbLLL/ \P’ry;

E is oxygen or sulfur;

R'% is halogen, -OH, or an optionally substituted group selected from among C;-
Csalkyl, Co-Cealkenyl, C,-Coalkynyl, phenyl, C;-Cgalkyl(phenyl), Cs-
Cgeycloalkyl, C;-Caalkyl(Cs-Cgeycloalkyl), C,-Cgheterocycloalkyl, C-



-N \R350a Formula (Ina); Rb Ra/-Th").(- Formula (lllb); and RaRb

Formula (T11c). 6. The compound of claim 5, wherein: R10 is halogen, or MCSLLP
an optionally substituted group selected from among Ci-C6alkyl, C2'

C6alkenyl, C2-C6alkynyl, phenyl, Ci-Cialkyl(phenyl), C3-C8cycloalkyl, C1-
Calkyl(C3-C8cycloalkyl), C2-C8hetenggycloalkyl, and CI-Calkyl(C2-

C8heterocycloalkyl); n200 K is an optionally substituted group selected
from amo%@i%ﬁ tﬁéWP’@Fl?@'baI@%éﬁW@Z ARSI
arylsulfongla0d-51ealkexysaiBtryt>aminosulfonyl,

Cl-C6aJkylamingssifonyl, and dj(Ci-C6alkyl)aminosulfonyl. 7. The .
compauind BP¢tim éf%?@?&?ﬂ%%b&%éﬁ%%@éﬁ?%@%@53hﬂ3tuted group

-C(=0)-, -MHS{eDronCL{ROMHE, -8.dlkel comperlRehof, daim,dikwhdreiy il dsalkyl,
selected f&%gacryrflc ggl:kyl, C1-Caalkyl(C3-Cseycloalkyl), Co-Cgheterocycloalkyl, and
C,-Caalkyl(C,-Cgheterocycloalkyl);

R*isan optionally substituted group selected from among C,-Cigacyl, aryl, C;-
Cealkylsulfonyl, C,-Cgalkenylsulfonyl, arylsulfonyl, C;-Cjjalkoxycarbonyl,
aminosulfonyl, C;-Csalkylaminosulfonyl, and di(C;-Cgsalkyl)aminosulfonyl;

R ig hydrogen, a substituted or unsubstituted C;-Cgalkyl, a substituted or
unsubstituted C,-Cgalkenyl, a substituted or unsubstituted C,-Cgalkynyl, a
substituted or unsubstituted C;-Cghaloalkyl, a substituted or unsubstituted C,-
Cshaloalkenyl, or a substituted or unsubstituted C,-Cghaloalkynyl;

nisl;ora

pharmaceutically acceptable salt, or a pharmaceutically acceptable prodrug thereof.

The compound of claim 1, wherein:
T is 1,6-dimethyl-9-o0x0-8,9-dihydro-1H-imidazo[4,5-h}isoquinolin-2,7-ylene
Ra i Rb

KX

-e

\R35()a

substituted at the 2 position with and substituted at the 7 position with

§———L-—~—M/-\W

(vt

n

The compound of claim 2, wherein
Y**is a bond, -O-, -S(=0)-, -S(=0),-, -C(=0)-, -NH-, -NHC(=0)-, -NHC(=O)NH-,
-C(=O)NH-, -OC(=0)-, -C(=0)0O-, -NHSO,-, -SO,NH-, -NHC(=0)O-, or
-OC(=O)NH-;
E is O; and
R*% is hydrogen, a substituted or unsubstituted C 1-Cealkyl, or a substituted or
unsubstituted C,-Cghaloalkyl.
The compound of claim 3, wherein

X?%% {5 a substituted or unsubstituted C;-Cealkyl, substituted or unsubstituted C-



5.

8.

125 005s C1-C4alkyl,ON 9. The compound of claim 8, wherein the

compound has a structure of Formula (llk). 10. The compound of claim 9,
wherein: L is CI-C4alkyl or; and RN is an optionally substituted group MCSLLP
selected from among C2-Cloacyl, aryl, Cl- Coalkylsulfonyl,
C2-Co6alkenylsulfonyl, arylsulfonyl, Gi#zioalkoxycarbonyl, aminosulfonyl,
Cl-C6alkylaminosulfonyl, and di(Ci_—C6aIIC</yI)aminosulfonyl..11. The )
Corggm@#ﬁghﬁlig%gmubqgtuted »-Cealkenyl, substituted or unsubstituted
1, 7edimathy A=A -BiSsitnsdrer Lhkimidazeldca-tlisegHinobnsakiere or

Re,\ Rb substituted at the 2 position with A W n N \R350a and substituted

at WSO HILsr-witshao e oMBound of claim 11, wherein

nis 1.

The compound of claim 4, wherein compound has a structure selected from among:
R? RP
Y
0 —
\
R10—R L——@—N
\

R350a
Formula (I1la);
R 73 RP
1008\!3/_\N—L‘®—N B
N/ \R35Oa
Formula (IIIb); and
Ra® RP
R2°°~—N/_\N-L —N
N \Rssoa
Formula (IIlc).

The compound of claim 5, wherein:

R'% is halogen, or an optionally substituted group selected from among C;-Cgalkyl, C,-
Cealkenyl, C,-Cgalkynyl, phenyl, C;-Cjalkyl(phenyl), C5-Cgcycloalkyl, C;-
Caalkyl(C;-Cgeycloalkyl), C,-Cgheterocycloalkyl, and C;-Csalkyl(C,-
Csheterocycloalkyl);

R?® is an optionally substituted group selected from among C,-Cgacyl, aryl, C;-
Cealkylsulfonyl, C,-Cealkenylsulfonyl, arylsulfonyl, C;-Cjoalkoxycarbonyl,
aminosulfonyl, C;-Cgalkylaminosulfonyl, and di(C;-Cgalkyl)aminosulfonyl.

The compound of claim 6, wherein:
R*% is hydrogen;
Y* is a bond, -C(=0)-, -NHC(=0)-, -C(=0)NH-.

The compound of claim 7, wherein L is selected from among:



10.

11.

12.

13.

14.

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 -OC(=0)NH-; E is 0; and R350a is hydrogen, or a MCSLLP
substituted or unsubstituted CL-Coalkyl. 13. The compound of claim 12,

wherein X25' is a substituted or unsupstituted CI-C6alkyl, substituted or

unsubstituted ClCohaloalkyl, substituted or unsubstituted C2-C6alkenyl,
substituted or unsubstituted C2- ﬁpallMstit e:dérv\
unsubstituted-€2-66atkynyl or substitut 6pst ut 7 s
©Xedkdioa ynyl; and-n is1. 14. The @(?Fﬁpound f elaint13, wherein
compoeund has a structure sejected from MCSLLP among: Formula

(e N Frofmufa tub); anqﬁglzoNo/_\/\;

o , and

The compound of claim 8, wherein the compound has a structure of Formula (IIlc).

The compound of claim 9, wherein:

L is C;-Cqalkyl or %"—/\/\; ; and
R*™ s an optionally substituted group selected from among C,-Cgacyl, aryl, C;-
Cealkylsulfonyl, C,-Cgalkenylsulfonyl, arylsulfonyl, C,-Coalkoxycarbonyl,
aminosulfonyl, C;-Csalkylaminosulfonyl, and di(C,-Csalkyl)aminosulfonyl.
The compound of claim 1, wherein:
T is 1,7-dimethyl-9-0x0-8,9-dihydro-1H-imidazo[4,5-h]isoquinolin-2,6-ylene

Ra\\,,-—-\y RP
/

\

=

\R3503

substituted at the 2 position with and substituted at the 6 position with

§—L——M/_\W

ot

n

The compound of claim 11, wherein

Y**is a bond, -O-, -S(=0)-, -S(=0),-, -C(=0)-, -NH-, -NHC(=0)-, -NHC(=O)NH-,
-C(=O)NH-, -OC(=0)-, -C(=0)0O-, -NHSO,-, -SO,NH-, -NHC(=0)O-, or
-OC(=O)NH-;

E is O; and

R*% ig hydrogen, or a substituted or unsubstituted C,-Cgalkyl.

The compound of claim 12, wherein

X?%% {5 a substituted or unsubstituted C,-Cealkyl, substituted or unsubstituted C;-
Cshaloalkyl, substituted or unsubstituted C,-Csalkenyl, substituted or unsubstituted
C,-Cghaloalkenyl, substituted or unsubstituted C,-Cgalkynyl, or substituted or
unsubstituted C,-Cghaloalkynyl; and

nis 1.

The compound of claim 13, wherein compound has a structure selected from



L ON \R350a V Formula (Mc). 15. The compound of claim 14, wherein:
Rim is halogen, or an optionally substituted group selected from among
C1-Céealkyl, C2- C6alkenyl, C2-C6alkynyl, phenyl, Ci-C4alkyl(phenye,
C3-C8cycloalkyl, C1- C4alkyl(C3-C8cycloalkyl), C2-C8heterocycloalkyl, =~ MCSLLP
and Ci-Calkyl(C2- C8heterocycloalkyl2:; n200 K is an optionally substituted
group selected from among C2-Cloat¥f, aryl, C1- C6alkylsulfonyl,
C2-ghatgenylsulfonyl, arylsulfonyl, C1-Cloalkoxycarbonyl, aminosulfonyl,
C1-Cé6alkylaminosulfonyl, and di(Ci-C6alkyl)aminosulfonyl. 16. The
compound of claim 15, wherein: R350 is hydrogeﬁ?\Y\/z‘S‘\/\isB&(:O)-; and
X250' is a substituted or unsupstituted Ci-C6alkyl. rif\’z_%?\?SS 17. The
compound of claim 16, whereiy/ 130 18. Th podind of claim 17,
wherein the compound h3s a 5@2@‘&35@—(?&11b . 19. A
pharmaceutical composition comprising a therapeutic&ﬁq effective amount
MCSLLP 127 of a compound of claip1and g pharmaceutically
acceptable excipient. 20.The pharmaceutical composition of claim 19,
wherein the composition is formulated for oral adrﬁ?n/\i/sf@\,tiﬁﬁ.

(@) —
RWO—\\P N—L—@——N
s \

R35()a

Formula (IIIb); and

R2 ,—~be

Rl
/ \ —
RZ0—N  N—L —N

f— R3503

Formula (IIlc).
15. The compound of claim 14, wherein:

R s halogen, or an optionally substituted group selected from among C;-Cgalkyl, C,-
Csalkenyl, C,-Cgalkynyl, phenyl, C;-Csalkyl(phenyl), C;-Cscycloalkyl, C;-
Caalkyl(C3-Cgeycloalkyl), C,-Cgheterocycloalkyl, and C;-Cqalkyl(C,-
Csheterocycloalkyl);

R* is an optionally substituted group selected from among C»-Cjoacyl, aryl, C;-
Cealkylsulfonyl, C;-Cgalkenylsulfonyl, arylsulfonyl, C;-Cjalkoxycarbonyl,
aminosulfonyl, C;-Cgalkylaminosulfonyl, and di(C;-Cgalkyl)aminosulfonyl.

16. The compound of claim 15, wherein:
R** is hydrogen;
Y20 s -C(=0)-; and
X*% {5 a substituted or unsubstituted C;-Cealkyl.

o
\”/\ ‘:é
17.  The compound of claim 16, wherein L is o .

18. The compound of claim 17, wherein the compound has a structure of
Formula (ITIb).

19. A pharmaceutical composition comprising a therapeutically effective amount



20.

MCSLLP

127

- of a compound of claim 1 and a pharmaceutically acceptable excipient.

The pharmaceutical composition of claim 19, wherein the composition is

formulated for oral administration.





