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CROSS- REFERENCES TO RELATED APPLI CATI ONS [0001] This application clains the
benefit of U S. Provisional Patent Application No. 60/591,778, filed July
27, 2004, U. S. Provisional Patent Application No. 60/591,886, filed July
27, 2004, and UwS 2008441251 onal Patent Application No. 60/ 680p@Bts2009/d2684 VaY
11, 2005, each of which is incorporated herein by reference in its entirety
for all purposes. BACKGROUND OF THE | NVENTI ON [ 0002] Manmmalian protei n

ki nases are i mpor t anepl RINTS AU TR DENACL B RINASE, MOBTALATO

dysfunctions in protei nase activity have en associated wt several

di seases and disorders, @‘R@%LREFE]!&E&@ESqr(ﬁREEAQ‘EDSAIBFIEICWI\IOI\@eVe| oprent .
[0003] The tyrosine kinase receptor, FMs-1i tyrosine kinase 3 (FLT3), is

inplicated in [GMALeThis applicatian n@lm%fbkbmeﬁt OEUﬁhPE@!lS&u@l Reatert dpplicatioa Neeni a

(AML), acute | L

e ars or o PTRERToF Bl 5000 Rl Mobial P HEASREBRENE Yot et
constitutive aghlyeaf2008, £ (.8ePlsvisRas! Pt Appiatioe 01 603630681 Alkd PadyMAZE0s5,

Al t hough in nornal hurrans FLT3 is expressed mainly by nornmal nyeloid and

| ynphoi d pr oge§aehaf whigh is incpypprptedhessip by safergnqerin itp entPEyenalbrwreses of 70- 80%
of patients with AML and ALL. Inhibitors that target FLT3 have been reported
to be toxic to leukemic cells BAﬂKéﬂHDWDr@HEHEMW’HON

constitutively- FL hus, .there is a_ need.to otent FLT3
o bi tor s ¢ hod0upey Basmien ateindsRssen e uBal ot 8o P, BRFol

| eukeni a. [ 0004ecallae dy¥pelcaomk la%otélﬁckﬁﬁs@scubw RijeMRekhsiadifted GithiRbverd] Aiscases
i nvolved in signal transduction, via phosphorylation of its substrate

proteins. In t laed disorders prpisin Ignases 4re dargdiefondms deﬁdol?}wlﬁpl asm and nucl eus,
and its activity is normally tightly requ Ia ed thro er .of dlverse
nmechani sms. Abla/ b dbefyrosing Kpasesereplontitds ﬁwweﬁna@? é\ﬂfﬁlﬁf 3apigplicatrgd n

i ntegrin’ si gnalgngre ehliing X&ik‘érmi?n]wh b Sl Bl P ANV e AR Bltic

apopt osi s, ceII eS| on, - cytos etal structure, and response '
damage and oxi dla:ﬂcemm (Mﬂ@wd n@s@ﬁﬁlﬂplism Mbbnqsqmm ommhmadmﬁAMiﬁmatnmtsmt ely

1150 : SH3
2 an Sp dordeF Fiaty prptridRR G de costifhefe Mn i e ERGelaT s hein
sequence, a DN&ghhlﬂ@p&&vﬁ?MAﬂho@ﬁ%mhﬂMlmm eRPraBsed maiflP BPAdmiahr oni ¢

myel ogenous | eukem a (CM.) isassociated with the Philadel phia chronmosonal

transi ocat i on, melopbend lympbeio seeesity cghy FhE3 IW?Sqqddﬁ@ed@ﬂieméﬁ\“&é AETLB®S
an aberrant fugiphiRRIWEEAME GG, 96RBitBRd: BEsH 9753 FREOlA Jertrtal o be tBfc

resultant Bcr

to leukemic cells expressing mutated and/or constitutively-active FLT3. Thus, thereisa
need to develop potent FLT3 inhibitors that may be used to treat diseases and disorders such
as leukemia.

f [0004] The Abelson non-receptor tyrosine kinase (c-Abl) is involved in signal
transduction, via phosphorylation of its substrate proteins. In the cell, c-Abl shuttles
between the cytoplasm and nucleus, and its activity is normally tightly regulated through a
number of diverse mechanisms. Abl has been implicated in the control of growth-factor and
integrin signaling cell cycle, cell differentiation and neurogenesis, apoptosis, cell adhesion,

cytoskeletal structure, and response to DNA damage and oxidative stress.

[0005] The c-Abl protein cohtains approximately 1150 amino-acid residues, organized

into a N-terminal cap region, an SH3 and an SH2 domain, a tyrosine kinase domain, a

nucleér localization sequence, a DNA-binding domain, and an dctin-binding domain,
[0006] Chronic myelogenous leukemia (CML) is associated with the Philadelphia
chromosomal translocation, between chromosomes 9 and 22. This translocation generates
an aberrant fusion between the ber gene and the gene encoding c-Abl. The resultant Ber-
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| WD 2006/ 015120 PCITUSZO S L2002 Abl fusion protein has constitutively
active tyrosine-kinase activity.-The el evated kinase activity is reported
to be the primary causative factor of CM., and is responsible for «cellular
transformation, |oss of grow h-factor dependence, and cell proliferation.

[ 0007] _The 2-phenyl am nopyrim di ne conpotnd inmatinib T(al so referred to as
STI - 57%0 20‘&@5913?148, or d eevec) has been identifi eRFHESOMBREEfi c and

- potent jnhjibitor, of Bcr-Abl, as, well as two other tyrosine kinases, c-kit

and pfhl sien prrtein fiascapsEiTely agive tyrperekinage activifynt Thei aleveted kinase he

tyrosje-ki VI . L R8¢ | i n reported to
be ané%]f%%tgg%}?@@@&é ng%%?@%mgggﬁs?u?{)rﬁgttﬁtgﬁ?%g@ rfielgtr QBP&%lg?ogt ages of CM..
Howe v esiluldr lrensfompation tlyssef gratth-datter dspérndendy amicet] psslifgation. bl ast crisis CM
suffer a rel apse despite continued imatinib therapy, due to the devel opnent

of T emjoBTRNTRe Q-‘i&h&ﬁiﬂ‘an%%k%ginﬁ&ﬁ@ :d&ﬂ?é%d imb{A8h g@éo%wn%a 1RASEFLAr this )

resistance is the energ e of imatini-b-resistant variants o the kinase
domai GGBfS7B48,-onklleevad) dasioeen identifredibsya spesific untipeteténliiyitorgpf Bot-Abdl,asi d

bstjtutions include 255Lys, Thr315L1 e, .Tyr Phe, and Met 351Thr. [0008]}
VET Wi 75 Pothel dprine Kipases cg%f %@?tﬁ%ﬁﬁiweﬁévéggﬁ%{a@ﬁ@& ( TPR- MET) [i n a]
humanmeainaosasea ire-Kind3@ adthiaty o 8dsdsetids! Gahadh Waddeehrd@itbyio N - ni tro-
ni t rosoguani di ne (Cooper et al. 1984). The MET receptor tyrosine kinase

(al sobkHbuRifpcHYe thespaitisagent fofrtbovireatmgritof pll segespf ML HBPRevavtheor c- Met) and

its | [ ¥ Y F 5., bi ol ogi cal
Lo, bR BOARLACNAE ULl L dpte, AR Al b o] 001 o2
di f f econtinuat inmtinibriberapy, phopeheddvslopmeatrafiresimanice uthe darge Fraquentty,! notility

and i pvasive ow h. Pat hol ogi.cal |y, NMET has been i.nplicated jn the growth,
s AL s i ren s Bt oA pRED S TR Bl ng K dney
CanC efinadelddfhairC BRI Ab] OYRY tnddt cﬁﬁﬁﬁﬁ/lg oblsérved ukRAGRE affith-Rigast cancer.
Somatic, activating nutations in T have been found in hunman carci nona

met assubstivtionsdneludeslyp 3dive, Bupb¥les TwidePPhesanddpi3f 1 Hiry renal cel | carci nona.

The evidence is growing that MET is one of the |ong-sought oncogenes

cont rmlobs]nglvm’lbgdd aefsi identified aeh &sﬁmnﬁnh ' @DNAtﬂgamfgemﬁnte(TPanmirﬂh? esting

target. In addition to cancer there is . eyidence that MET inhibition may
have. BEPAROSIRSHFRIE flldiedunt hod beriesisd WiV MeAPGALBRC | Udi ng: Listeria |
| NV as}iaeoofBHAAL YCicheAS P08 AHWNIDT FebStbPlyostne KIBASE QI knbRhati a i nfection, f
di abeitui cso et nopgt hc?)gs, psori)asi s, and gét hr' i ts‘i se: [Ooggg? The tyrosine kinasef
RON i kepatoeyte gooph dactdraeceptos, HGER B e cMethandaits liggng hepagicpte gromithbel ongs to

t he T famldy.0f. receptor.tyrosine.ldnases Like.NET,. is inplicated in

gr owt Rof m@ﬁa"ﬁmﬁg{%%{o@@%ﬁ S‘I['}w%%‘?é?ciﬁl #‘Fé‘?rgﬁtm?lgﬁ%}rls of cancer |

i ncl ugtonBrARE! fureival, differentiation and morphogenesis, branching tubulogenesis, cell ‘
motility and invasive growth. Pathologically, MET has been implicated in the growth,

invasion and metastasis of many different forms of cancer including kidney cancer, lung
cancer, ovarian cancer, liver cancer and breast cancer, Somatic, activating mutations in
MET have been found in human carcinoma metastases and in sporadic cancers such as
papillary renal cell carcinoma. The evidence is growing that MET is one of the long-sought
oncogenes controlling progression to metastasis and therefore a very interesting target. In
addition to cancer there is evidence that MET inhibition may have value in the treatment of
various indications including: Listeria invasion, Osteolysis associated with multiple “

g
myeloma, Malaria infection, diabetic retinopathies, psoriasis, and arthritis.

[0009] The tyrosine kinase RON is the receptor for the macrophage stimulating protein
and belongs to the MET family of receptor tyrosine kinases. Like MET, RON is implicated
in growth, invasion and metastasis of several different forms of cancer including gastric

cancer and bladder cancer.




cancer and. bl adder cancer. 2 WD 2006/ 015124 PCTl US2005/ 026794 [0010] The
Aurora famly of serine/theronine kinases is essential for mtotic
progression. Expression and activity of the Arurora kinases are tightly
regul ated during the cell cycle. A variety of proteins having roles in cell
di vi si on havewkrmos/odent i fi ed as Aurora ki nase substrat espcBasmos/agrdhe
known function of the Aurora kinases, inhibition of their activity is
believed to [c)bm]uprrhet)&@m@aeﬂahulwcbeemmr&ﬂimlﬁnmmsiemnaalifmma«t'cb frbgression e
tumor cell viabiljty Harrington et al Nat ur
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(PDK1) is a 3ekfyl pﬁ&&ﬁé ﬁé%[@%?célﬂﬁﬁsmﬁﬁﬁv ﬁl?cféﬁﬁﬂé@%s%&eﬂ @ekevate a

nunber of Ki nases [ | nase super I ncl udi ng Akt / PKB,
‘protein ki nas;ﬂ?st@t@(spm)sqdcm«tﬁekmvm hdctianuﬁl@Aﬂﬂ@FMﬂn@nsj inbibdon ofihieir activisy s onal

e ot b S B RS PSRt SR MR S e

‘have found aHatihgion bEMEWNalie MeltichRl 8 aidell publicatibRbAleeq2O0AENt age (30-60% of
‘common tunor types, including nmelanoma and breast, |ung, “gastric, prostate,

‘hemat ol ogi c d S us
represents Zﬂrqomtr f’l‘gsx?gg]flgf&get endegﬂgn e(? a%k?ﬁhpgrra?eﬁ ﬂw?%c EP

1 ngl bitors tdmtphmp‘hoxbﬁwgftf Mﬁvatéla hﬁlﬁbé}r%gk&iégmhn tﬁe AQ0 karase dﬁpbxcﬁmRﬁgMet %%lt oo
JB Papers in Pres I she as Ma Cri 1367
10012] Becau® ugind TR B nie aﬁ@ﬁ%’&“ Criftiriae WRkd L EREz) b
condi tions, UHHEomAKEIGEE(SEKTENA sbrtinPardgBbobSifAN 2L APt BN AR IS GRS, ETHe
protein kinase inhibitors that can be used for treatnent. The present

i nvention f ufirst MBrglﬂeﬂé’%ﬂamsmmmmemmwgmhmr Numggouhsfudips haye foundra

protein kin [ C L1y namne Lesent | nvention i s not
limted to a}flgth it 1t°(§|a§ﬁev# ‘/ﬁg { af%eé)see(?ngﬁﬁgjb ?% %f% t?lﬁmhtyﬁ 5§ scope,

i nhibitors Oﬁ’lclflelhl hethnpmatasd breaéf,l 108 gssme,rpqiosmalﬂammu@m artiasvati gcHnGers.
proteins. BRIEF DESCRI PTI ON OF. THE DRAW NGS [ 0013] ,Figure 1 shows the

wi | d-type ABtheRDSHAkhgjsnabng pathiay thys ppresexts an Piaractlvemﬁ foUbrAsve! Qnme%ﬁ
(I NVENTI ON [%ﬂm‘!)lgﬂﬁéﬁ?jﬁ?tﬁﬁ £ht S %%%@&ultlﬂ?ﬂﬂe treatthéeMt ogbzﬂﬂ&y eldiRa %t 51[
;heterocycle compounds o ate

, pre ent I nventl on nay use to nod
ki nase act i vitdpyrsamBress Published dn Maahels, 2@0Si atMahuseript M043672801 i vity. These
novel fused ring heterocycle kinase nodul ators are described in fi detail

3?[5 ngOS Ie 3 ﬁg?g%zgo NBedatidel kidsel Bavé Ben\inbliGfedh nhftleRfub Qe SR BALALSItISAE such

: as cancer, there is a need to develop new and potent protein kinase inhibitors that can be
used for treatment. The present invention fulfills these and other needs in the art. Although
certain protein kinases are specifically named herein, the present invention is not limited to
inhibitors of these kinases, and, includes, within its scope, inhibitors of related protein

kinases, and inhibitors of homologous proteins.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figure 1 shows the wild-type ABL numbering according to ABL exon Ia.

BRIEF SUMMARY OF THE INVENTION
[0014] It has been discovered that, surprisingly, fused ring heterocycle compounds of the
present invention may be used to modulate kinase activity and to treat diseases mediated by
kinase activity. These novel fused ring heterocycle kinase modulators are described in

detail below. In addition, inhibitory activities of selected compounds are disclosed herein.

[0015} In one aspect, the present invention provides a fused ring heterocycle kinase

modulator having the formula:



[ 0015] In one aspect, the present—invention provides a fused ring :
het erocycl e kinase nodul ator having the fornula: a 3 1 WD 2006/ 015124
PCT/ 15S20051026794 N HN R2 2/ N I / L'-R T. 100161 In Formula (1), L'

and | Z are independently a bond, -S(O, -, -0-, -NH, ' unsubstituted
-5 aI"K?Iz@ﬁ/@Plg* unsubstituted 2 to 5 menbered het ACTAIRYWSORGI4 The synbol
nis an integer from0O to 2. Rl and are i ndependently substituted or
unsubstituted cycloal kyl, substNg¢utded or unsubstituted heterocycl oal kyl
substituted or unsubstituted roagyl, or substituted or unsubstituted
aryl. In some enbodi nent sRR, #substituted or unsubstituted pyrrolyl.

In other enbodiments, LI is Mot unsu sti,tuted 2 to 5 nmenbered
het er oal kyl ene when R and R2 are both Rinsubsti t ut ed phenyl. In -her
senbodi ments, L' is not -S(0)2- where,R2 is unsubstituted piperazinyl.

[ 0017110046hn & Remulas@h &{ and hzarp indspendenthiabandorS(@ovOded s, f used ri ng
het ero K | at L I r | S "conpound of the
present | h%letﬁﬂ[e@(;&?{i‘)s aﬁ%\geﬁiﬁ,gor@ﬁsetfb tgr%dn&ﬁégﬁs &Ht.}ﬁ%g 1%5' ?Iihle) . [0018] In
For rmul ayrbdi hi,is 4 intdg@r; fién 0 tand RRAndiReas intiehemientipiubesiuied ot hesubititatedsi on of
Formula (1). .[0019] |n anot her aspect,. the present. invention provides a
fused FY &S@gﬁ@ﬁql 8"H}Sﬁwte‘ﬁ@%?%w&(}%ISEIE?“F‘E?‘%?Ir"é‘au‘:tSBmFF@r ein as a
" 0 PO HEEroRiyl, lo ButREi RS Hr uhSiteiute@Rryl. HPAREMHIRAImERY, Rlidot Hibshitiba R L2 11 NY
- or unsubstituted pyrrolyl. In other embodiments, L' is not unsubstituted 2 to 5 membered

heteroalkylene when R! and R* are both unsubstituted phenyl. In other embodiments, L' is

not -S(0),- where R? is unsubstituted piperazinyl.

[0017] In another aspect, the present invention provides a fused ring heterocycle kinase

modulator (also referred to herein as a "compound of the present invention") having the

formula:
H
N\ N
RZ. /[ P
L2 "N .
L-R! | (.

[0018] In Formula (IT), L, L% R!, and R? are as defined above in the discussion of
Formula (T). ' '

[0019] In another aspect, the present invention provides a fused ring heterocycle kinase

modulator (also referred to herein as a "compound of the present invention™) having the

formula:
. H
N\ N\
RZ, [ I/(N
2" °N
L-R? ().
[0020] InFormula (IIf), L', L% R}, and R* are as defined above in the discussion of
) Formula (I). ! .

[0021] In another aspect, the present invention provides methods of modulating protein i
kinase activity using the fused ring heterocycle kinase modulators of the present invention. E




i ———— .
-R (I'll). [00201 In Formula (I111), L', L2, R, and R2 are as defined

above in the discussion of kormula (1). ' [0021] In another aspect, the

present invention provides nethods of nodulating protein Kkinase activity

using the fused ring heterocycle kinase nodul ators of the present invention.

4 WD 2006/ 01512w0RMkI&G2005/ 026794 The met hod i ncl udes cont@etigaahsiobdos

protein kinase with a fused ring heterocycle kinase nodulator. [0022] In

anot her aspectThe ifghddriBSRds chit¥@niteprofeaViiaas wittd st rifg Hetep@dytledimuseli sease

medi at ed by ki nase activity (kinase-nedi ated di sease or disorder) in a

subj ect (e.g. maoduiptell s, such as humans) in need of such treatnment. The

met hod i ncl udes adm ni steri ng to the subject a therapeutically effective

anmount of a f {ieed]r iIngndt&r%pmyme@rksienmveenﬁnnmdvaie@meﬂfods bitrqatieg e disease

i nvention. [00 not her . aspect, th sent ow es a

phar maceut i calmevfllﬂﬁgg%y%%?ﬁ a"t}vﬁ%{l(]ﬁ&f‘sf‘?d“%f??tgég‘a H’c%/%l @rgase

npdul ator in L Qnﬁn a et

DETAI LED DESCRI PTI 8N % N@/E%%l'lg%il&%ﬁé@r? P%i?néng%%(%eg%d%@gfége I ati sg%rén used

herei n have t hethe sukunct@nharmtlca&b@ﬁﬁeﬁgfe\mndmmﬁmsqdmlmwocyah&rb%I ogi cal

arts. [0025] Wh ﬁt \l;a?ﬁ{ tue c ?uIF)s are specified by their conventional

chem cal formfﬂo g ato 't to right, they equally enconpass the

chem cally identical substltuents that would result fromwijiting the
structure fro rwcnsb htln gepthespspect thy. presemzmnps pwmwambﬁmaewhc@@mpompemz 6]

The term "al kyl, gaexll,ﬁﬁ | ess
ot herwi se state d"gg/ P&al g &?eﬁé’. ranchﬂggolil g@gﬁ%&gﬁaﬁ;}gﬁﬁ@aﬁm&;l I C
hydr ocar bon raawptableexonplent)nbl natlon thereof Whl ch may be fully saturated,
nmono- or pol yunsaturated and can include di- and nultival ent radicals,

havi ng the nunber of car bonpANEDATER CIRreON(OF THE IGVENIGONEans one to ten
carbons). Exanpl es of saturated hydrocarbon radicals include, but are not
limted to, gRefipiiossich as nethyl, ethyl, n-propyl, isopropyl, n-butyl,
t-butyl, iso

cycl opr opyl ne??]ﬁq‘éﬁ Eb%‘fﬁv?a%i{é usg&%%xje&'lﬁw 'the%r(c%%%nﬂgl? e}aﬁﬁéw

n- heptyl, n- oehd(bx,olc@tuiliﬂne | i ke. An unsaturated

pen f:},wn:rl\lf:%lexyl ,
[0025] Where substituent groups are specified by their conventional chemical formulae,
written from left to right, they equally encompass the chemically identical substituents that
would result from writing the structure from right to lefi, e.g., -CH,O- is equivalent to

-OCH,-.

[0026] The term "alkyl" by itself or as part of another substituent, means, unless

otherwise stated, a straight (i.e. unbranched) or branched chain, or cyclic hydrocarbon
, radical, or combination thereof, which may be fully saturated, mono- or polyunsaturated and
@ can include di- and multivalént radicals, having the number of carbon atoms designated (i.e.
| Ci-Cio means one to ten carbons). Examples of saturated hydrocarbon radicals include, but
are not limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs and
isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated
alkyl group is one having one or more double bonds or triple bonds. Examples of
unsaturated alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-
isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-( 1,4—pen€adienyl), ethynyl, 1- and 3-
propynyl, 3-butynyl, and the higher homologs and isomers, Alkyl groups which are limited

to hydrocarbon groups are termed "homoalkyl".




al kyl group is one having one o nore doubl e bonds or triple bonds. Exanples
of unsaturated al kyl groups include, but are not limted to, vinyl,
2-propenyl, crotyl, 2 j | isopentenyl, 2-(butadienyl), 2,4-pentadienyl,

3-(1, 4-pentadienyl), ethynyl, 1- and 3- propynyl, 3- butynyl and the higher
honol ogs and isoners. Al kyl groups which are I|n1ted to drocarbon groups
are te\Vﬁé@%r‘Ohiiﬁbal kyI | "5 r WD 20061015124 PCT/ L%%@%?ﬂ?%‘%%ﬁ [0027] The
term"al k yl ene” itself or as part of @go%ger substituent. neans a

di val &7l ra‘aﬁéeam ali&mev@'bbwssl%c’é RaTiQfano %t%wmeé%ﬁa@}m eRfot |inmited, by
- CH2 C%—lig%(-ﬁ 3@-@‘9— CI-lZCI—lZCI—B) CH2- .
Typi %%%?%edﬁiow or al hﬁ group w f?’%gave rom 1 to 24 carbon

at ons ;CHiGH=CHOHg-, gCH@M(DHyJ -G:BIZCHECE@H}CH;@HB)GHZat 'Dypicdm@; #ig preferred in
t he pr Sﬁ{lt i nvention. "l oner alﬁy or "lower alkylene" is a shorter
chai na§V GF alliylea«r)@m@n‘élﬂdqa&%ﬁ?mgletﬁ f &RTbon glomsn itk those gr@iﬂpsf kaying ]cQar bon

at ons oy fe@)@?@irb&pﬁoﬁ?f)éﬂl Px%?e?{ee \[}\)AreseﬁWn\;etnﬁﬁll fAG’fovs}e ROFRL ARLILON ‘M th

anot her term neans, ess ot se state a sta e stral gh r ‘branched
chai nalkmlen@yshlsbortwdhamaﬂcpkm aﬂaﬁnegtqupogenemdigﬁmag exghtsortfbxeexmafbonconsi sting
of at tIeast one carbon atons and at | east one heteroatom selected fromthe
group 20%BHsi st i ng of 0, NN P, Si and S, and wherein the nitrogen, sulfur,

and phosghorus at onms na ptlonal | y be oxidized and the nitrogen het er oat om
bnahe¢ {enpehefawelkyh| beitself pren m@nﬁmm’(@}w@m termmeand, S and Si may

e o oo lerBY salelt ELEAE (03 ot Bl Do I SROA S calloB bR G 1D

position at |sa
Exanpbmbmatmlnud&reolﬁ,wonastmgnﬂht lleastrbhechrb@ ateﬁ-&:ﬁﬂlea@t—oxﬁ%teroa@ﬁ CH2- NH- CH3,

Gro_ e ey e GGG\ - § st R s ERBI Ul

N( CH3 dnd pis gﬂérﬁ‘ﬁoms Rin{rbistidrbity b@&gdrzg\hmﬂﬁe hﬁro"g%é?éroit% Cl—lret eroat oms may

consecutive, such as, for exanple, - and O Si (CH3) 3.
Sl m | apthnallyh@quatt@nmd theéwematqm@ ey Nb? and §end Slomasabe plagved apanyanot her

substt uen n dic et er oal as
exerp iR GO B By Bt Dar 4 5Bins rdpLEC BRI Iafl R lthinea
CH2- Stocﬁxeréﬁtd&d‘dl—bﬁﬂamoldaare B tu@plesinchide it Elfeﬁidpﬁmltﬁﬁfo?f@lﬁ-gﬂ&@an al so
occupy_either _or both of the chain termn ég %ﬂq qkyl eneoxo,

2--ahd

?I kylh tCHzaqu?TéheCa‘Hz §512'N(§I}kl7p§ﬁe§ﬂ§rﬁ HeeCH4,4869)- st | f
he 1 ( ng rougdagefﬂnéﬂlﬁb%ﬁky%mg% @ﬁzrﬁﬂ{ﬁ 3f h CHRCl Sntation O

the lin ’on“in whic e formula of the
N(CH;)-CHj3, O- CH3, -O- CHz-CH3 and —CN. Up to two or three heteroatoms may be

consecutive, such as, for example, -CH,-NH-OCHj; and —~CH,-O-Si(CH3);. Similarly, the
term "heteroalkylene" by itself or as part of another substituent means a divalent radical
derived from heteroalkyl, as exemplified, but not limited by, -CH,~-CH,-S-CH,-CH,- and — ‘
CH,-S-CH,-CH,-NH-CH,-. For heteroalkylene groups, heteroatoms can also occupy either

or both of the chain termini (e.g., alkyleneoxo, alkylenedioxo, alkyleneamino,

alkylenediamino, and the like). Still further, for alkylene and heteroalkylene linking groups,

no orientation of the linking group is implied by the direction in which the formula of the

linking group is written. For example, the formula —C(O)OR'- represents both -C(O)OR'-,

and —-R'OC(0)-. As described above, heteroalkyl groups, as used herein, include those

groups that are attached to the remainder of the molecule through a heteroatom, such as -

C(O)R, -C(O)NR', -NRR', -OR!, -SR, and/or -SO,R". Where "heteroalkyl" is recited,

followed by recitations of specific heteroalkeyl groups, such as -NRR ' or the like, it will be ‘
understood that the terms heteroalkyl and -NR'R" z;re not redundant or mutually exclusive.

Rather, the specific heteroalkyl groups are recited to add clarity. Thus, the term




linking group is witten. For exanple, the fornula-C(O OR - represents both

-C(OOR-. and -ROC(O-. As described above, heteroal kyl groups, as used

herein, include those groups that are attached to the renmi nder of the

nol ecul e through a heteroatom such as - C(OR, -C(ONR, -NRR, -OR,

-SR, and/or - S@RRoos/Mbeue "heteroal kyl" is recited, foll OV\ﬁéiT[byz()ﬁ%k'ig@t i ons
~ 4

of specific heteroal kyl groups, such as -NRR' or the like, it wll be
under st ood t h’&fa&&%ﬂ@é}ﬁﬁldﬁﬂ B¢ Ritdrinkded BB MRxHudiag @ﬁ)d&(ﬁc HeRaA6HNEA Rtou, such
mut ual Iy exclusive. 7ih her, the specific heteroal kyl groups are recited

to add clarit3s. N‘Rmféorthehbkq erm 6 WD 2006/ 015124 PCTI US2005/ 026794
"heteroal kyl" should not be interpreted herein as excluding specific

het eroal kyl gioo2gys, TEeefins ‘&5cioNkiY" ad "He’fbﬂodyblé&lky["ﬂW&bmﬂ'é]@estoe im@&mbination
“cycl oal kyl" and "heterocycl oal kyl " therrsgd: es or .in conmbination wth
other terns, Vdpplseisms, mﬂr%sggt'mlﬁsépwewsgftats YR varsiens ol aikgh ang + g kyl "

and t "hetergg ei%ﬁ‘nc 1" t&%g&‘% ;;V%dﬁmoﬁ\ﬂﬂlmﬁdrtﬁ@t%% 1o£1ﬂg1 Qﬁ&r@{ %)&Péa%%g%ﬂgetg ‘o

het er oat om can occu itiron at ch t heterocycl e 1s at
t he remai nderpozsﬁxohhéwmmhnmecro@xhnph@shqﬂto tlwmtn@aidlzyd»f thenmbledele. Byamplesofnot

LIy(r:nI gﬁgpt 3 I C‘g}'ﬁ{?aﬁﬁﬁgmﬂ%g Ohe{%‘gft#c’h‘éﬁcl@ e@@%ﬁ?‘@?vl ?%&% E“g‘xeﬂﬁ" are not
limted to, lcyc(ohe;&n§1 éyctl&&ebéylwﬁlﬂ%mdedwx Fﬂ%s Bf eerblicalkyl BrcRidedut syt |
3- pi peridi nyl, yl, 3- hol i ny -tetrahydrofuran 2-yl

t et r ahydr of urlaﬁlt@l ip} 1 o1 —61&$,éﬁ«;twhmrnpm¢yﬁ, lwp;pend@vk AtjRRridinyi, Srpigeridinyl 4-
- | d
pLperazt R RRER o e Sl p Vot e B e 20

het er ocycl oal ﬂydetrahyﬁs(nmeﬁﬂvﬁj V-pip Q3O 2-piperaki@ylyand dhalhhe Dlie tehm ogen, by

t hensel ves or as r not her |t|pe | ess ot

stated, a flug¥fif %eterra%ﬁaagw FTefks i e el Q?XH&PY?S&anql?ﬁkylt er s
such as "hal og{dlﬁé{ y%gu&p%g%e& QetyNCl ude monohal oal kyl and pol yhal oal kyl .
For exanple, the term "hal o }lal kyl' is rrean to incl ude but not be

limted to, orreth,l tr;, oro » 4- '
3- brormpropylﬁ)b%\élduﬁ?]e mﬁxal Bbé?ng%e "H}S“‘ (fr'asr?@gﬂt ‘é’éh%lfﬂervm se
stated, a polmmaﬂugsait@sﬂwlsamfmta ﬂuoriﬁychmmm@mﬁd,lbﬁbmw&n Whddifloradly, be a
single ring or nultiple rings (preferabl){ froml to whi ch are

L

et t byathiergs such hacBulaaloL ] Simepnt tpesludeimnobido Sicdand PoRRORRE. for ar
groups (or T aihd [ReGOHRE, EDRI P Rmkh b Aiudich AR AHEinkd B, each

separate ring in the

inﬂuoromethyl 2 2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the like.

[0031] The term "aryl" means, unless otherwise stated, a polyunsaturated, aromatic,
hydfocarbon substituent which can be a single ring or multiple rings (preferably from 1 to 3
rings) which are fused together or linked covalently. The term "heteroaryl” refers to aryl
groups (or rings) that contain from one to four heteroatoms (in each separate ring in the case
of multiple rings) selected from N, O, and S, wherein the nitrogen and sulfur atoms are
optionally oxidized, and the nitrogen atom(s) are optionally quaternized. A heteroaryl
group can be attached to the remainder of the molecule through a carbon or heteroatom.
Non-limiting examples of aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-
naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-
imidaiolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-
isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-fury},
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-
quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for each of above




of multiple-rings) selected fromN, 0, and S, wherein the nitrogen and

sul fur atons are optionally oxidized, and the nitrogen aton(s) are
optionally quaternized. A heteroaryl group can be attached to the renainder
of the nolecule through a carbon or heteroatom Non-limting exanples of
aryl arYdOR@s@8tad2dk yl groups include phenyl, 1-napht hycr/omapivhyl ,

4- bi phenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imdazolyl,
4- i mnotad etyy hnd Interaanyhsthg systems aredelected 4ropxthe @ropp,of 2cqsheblglsubstitieatsol vyl |

5- oxazol y. 3- isgxazolyl), 4-i,soxazolyl. . 5-isoxazolyl, 2-thiazolyl,

2 i Bsibgd below THS i e AGK Melerfaryigne” S R e lyiebisito Rt

2- pyrh@}’hﬂdl@&t&lﬁr&ﬁi‘éﬁpa&ﬁ@%ﬂ dyl, 2-pyrimdyl, 4-pyrimdyl, 5-

benzot hi azol yl, purinyl, 2-benzim dazolyl, 5-indolyl, 1-isoquinolyl,

5-i sogh5P! Vi - ., OJUbl b J. D - qui-noxal i -guinolyl., and 6-quinolyl.
Subst 100320, §°‘f%‘§v‘8g?%&§‘fx“?a%g‘vg“h? uRpeSt ‘“%%’5‘?[@%@3}8&%5(5@05/ 026794 not ed
aryl antbxopirgitinaxy, larylalkgl) Sy hidesisotiamg] sl Ietéroatyf vinpwat Gefigdabpverf! accept abl e
subst hue%s described bel ow.. T{]ﬁ ]t;heqrns "aryl ene” and "heteroaryl ene" refer
to th@ B e termt "ardalicyly ig mggut toinciude theseadicals ap yhichap epd g19upds y. [ 0032] For

brevi t¥achtd'® dn o L(f/g%#ﬁﬁ&dh@%iggﬂ%%@%fﬂg?é}rd’ﬂé% gkﬂtlm&dlﬁ rms (e.g.,

aryl oxo, aryl thioxo, I ncl U eteroaryl rings as
def i néwsadlbylegroupt uwhichtaecatbon atomafeyd. d thgthylens groep)tas been replaceichyt hose

dical s in which | i ttached .t | ky] 9.,
bonzy ForSStERE Ry BBy AP e e PP ReBY AR AP SR My 1 hose ai byl gr oups
I N Whingdhtlsy 1680 R0py1 2drdthd Bke). Howvera@] thy teemehaloayh) adiased Reem i plchaged by, for

exanpl e, an oxygen atom (e.g., phenoxynethyl, 2-pyridyl oxymethyl, 3-(1-
napht RYYeH Ry sFdpsHbstitited Witheoneiok mpre halogsper | the term "hal oaryl," as used
herein is meant to cover only aryls substituted with one or nore hal ogens.
[ 0033J003BEr &Vlerdiehateroalkily hetetoeyadsatioptodrdatekoaryl imviudes hapesifionumbee bfides a
specific_ nunber, of _ nmenber e.g. »31to nbered"),, the term "nenber"”

r ef er FgpDersde-g. '34p gﬁeﬁer?@},@e&g?%ﬁemﬁggge@%@a{ }?ﬂ“'OGSS“em&EO%s ed herein
means an oxygen that is double bonded to a carbon atom (00351 Each of
above [@08¢hs Tgetegm,"oxw gsysed hertie mepwsernioxlygen thais dewtikhended toch carbon

" hetero%ycl oal kyl", ™aryl,"” "heteroaryl” as well as their dival ent radical
deri v&P] ves) are neant to include both substituted and unsubstituted forns
of the indicated radical. Preferrﬁg substituents for each type of radical

are plW3PheHasicoiRove istmasie eauplkylt heterealindr "ayclapikylvgder oal kyl, cycl oal kyl ,
het er agyglarldsyrmenpvet eioaffitas well as their divalent radical derivatives) are

meant to include both substituted and unsubstituted forms of the indicated radical.
Preferred substituents for each type of radical are provided below.

[0036] Substituents for alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl monovalent and
divalent derivative radicals (including those groups often referred to as alkylene, alkenyl,
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, hetérocycloalkyl, cycloalkenyl, and
heterocycloalkenyl) can be one or more of a variety of groups selected from, but not limited
to: -OR', =0, =NR', =N-OR', -NRR", -SR/, -halogen, -SiR'R"R", -OC(O)R', -C(O)R',
-CO,R',-C(O)NRR", -OC(O)NRR", -NR"C(O)R!, -NR'-C(O)NR"R", -NR"C(O)OR,
-NR-C(NRR")=NR", -S(O)R, -S(O);R", -S(0);NRR", -NRSO;R', -CN and -NO; in a

number ranging from zero to (2m'+1), where m' is the total number of carbon atoms in such

radical. R', R", R" and R" each preferably independently refer to hydrogen, substituted or
unsubstituted heteréa]kyl,«substituted or unsubstituted cycloalkyl, substituted'or -

unsubstituted heterocycloalkyl, substituted or unsubstituted aryl (e.g., aryl substituted with E
1-3 halogens), substituted or unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl |

groups. When a compound of the invention includes more than one R group, for example,

8




di val ent -derivative_radicals (including those groups often referred to as

al kyl ene, al kenyl, heteroal kyl ene, heteroal kenyl, al kynyl, cycloal kyl,

het er ocycl oal kyl , cycl oal kenyl, and heterocycl oal kenyl) can be one or nore
of a variety of groups selected from but not limted to: -OR, =0, NR,
=N-OR', - NRR'wo fiR/15tal ogen, -SiRR'R'", -OC(O R, -C(O Rperus2005/026794
-C2R ,-C(O NRR', -0OC(O NRR', -NRC(OR -NR - C(O)NRRll -NR'C(O XK',

-NR-C(NR R’ )eaal\l&'the Rg%t@s% mdep%ﬁ@r@l?select&i £ 2bEacR R, R\NRSRR R aRfledNO2 i 1

a nunber ranging fromzZero to where ni is the total number of

car bon at onsmore thaneine of thdsecabupSFRS preRmt When RhendR ™" are aﬁavhpci torthe sapgynitrogen

I ndependent | It ut t ug

et o oal ky! . 2hbE arbedbShOER NI Blroket € Rt ot P Fiheapersd ros
‘unsubst i t ut etbr hﬁmﬁpﬂe Gmbmals kehnt t6 iHeSide] biit@ot wmmmub sI-pmlﬁﬁhyaaﬂd 4{e.
-aryl substituted 1- 3 hal o%ens) substi tuted or unsubstit uted al kyI

‘al koxy or tHP%@h‘RlBWi/ Bewbe abaye diseyssionief subspignfs<onew gl an A Tl of the
sinvention ingl

PCT/ U82005/ 02 &@ﬁﬁ {eHay(E: efu{jﬁ; ‘%%%EQPS “?ﬁﬁg’g‘gy@em‘i@ seloéga)% as are
‘each R, ,grRips oﬂwdﬂﬁh'h’ydrggmgreupshmh arbalealkylde go AEFind tHiEEEFgrand psyli s
‘present. \When tt the, sa |trogen atom they can be
‘conbi ned w t(ﬁgt’hg@&}"’%gz{f%ﬁaorﬁ@géﬁé@ dﬁl or 7-nmenbered ring.
For exanple, -NR R’ is meant to include, but not be Ilmted to,

1-pyrrolidi r{903'7dncslmﬂal‘rﬁ9ﬂ]!ﬁ"ﬂblb$tﬁ9¢nts dasenhedfer Al vadienlsaboveesemplary
subst i t uent Ssub&ﬁl?e&% foxs And h@te J&g)(l%&ugg( 6%) wef‘ll 9@15‘? EM%E}E @e@fva{l éxgr o cfi Lkyl”

is meant to 1T nc PS 1 ncC pSO
t han hydr Og&lﬁd@fmlbﬁtedfmﬁhfafbxblﬁbbalbdio’gen,(-@m, NRJICFé’SIHMan CS%R)R'MQI ar yI

5 ﬁegshbstltugﬁ_‘i%@%ie%b)%e@qz Oé(m&énd R Lﬁ"‘é@hﬁow] @gﬁls"ﬁ"thgnts

f | d np | 1N— ' ' t
vari e and e P el o (LR Roa 2R, SRS Ve
- hal ogen, - SBEORNRR", Nmﬂ RCN an@-8(8, -R' -N@RH(PI*)E;(@NRCRCA)M @)’NR' R’

I-\lg'R' _C(S(O)O)RR. ﬂuogi(gjcggahlc% ugz(x wﬁlﬁﬁggﬁ%ﬁot %ﬁgﬁw o’f\I opgn valeg s on RR )

- CH(Ph) 2, flaena takadovhard /!, RP') RO e R fedprabdeatly mdep@damytserectreangl ng
fromzero to the total nunber of open val ences Qn aromatic ring system and

where R, Rfronghydrgges, sibptithted gF angybetituted piky ,Flm&eﬁyéqédwmbs%@@é@@tpalkwhom
 hydrogen, S%ﬁ&h@%{;&n@ﬁﬁu su%‘“* eduiak @Yé&or%ﬂ%%&ﬁﬁhféﬁ E&rcy{;im St'tut ed

- het eroal kyl 'tuted cycloa ute
sunsubst i t ut edbstetted cmyxsilhxahitgd aryl and substituted or unsubstltuted heteroaryl. When a

compound of the invention includes more than one R group, for example, each of the R
groups is independently selected as are each R', R", R™ and R"" groups when more than one

of these groups is present.

[0038] Two of the substituents on adjacent atoms of aryl or heteroaryl ring may optionally
form a ring of the formula -T-C(O)-(CRR")q-U-, wherein T and U are independently ~NR-, -
O-, -CRR'- or a single bond, and q is an integer of from 0 to 3. Alternatively, two of the
substituents on adjacent atoms of é.ryl or heteroaryl ring may optionally be replaced with a
substituent of the formula -A-~(CH),-B-, wherein A and B are independently -CRR'-, -O-, -
NR-, -S-, -8(0)-~, -S(0),-, -S(0);NR - or a single bond, and r is an integer of from 1 to 4.
One of the single bonds of the new ring so formed may optionally be replaced with a double
bond. Alternatively, two of the substituents on adjacent atoms of aryl or heterodryl ring
may optionally be replaced with a substituent of the formula -(CRR")s-X"-(C'R")4-, Where s
and d are independently integers of from 0 to 3, and X' is —O-, -NR'-, -S-~, -S(0)-, -S(O),-, or
—~S(0O),NR'-. The substituents R, R', R" and R" are preferably independently selected from
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substitureqg or unsu sti tuted arilland éubsti tuted or unsubstituted

het eroaryl. When a conpound of the invention includes nore than one R
group, for exanple, each of the R groups is independently selected as are
each R, R', R'"" and R'" groups when nore than one of these groups is
prese ({0 2 Two of the substituents on adjacent atons _of aryl or
hetergii?%/ 9/?1% } may optionally forma ring of thePf:ESmOg/oz“%

-T- -(CRR)Yy--U, wherein T and. U.a independently -NR-, - 0-, -CRR - or
oo el o ohupLbapd kgl ruogh i s PO B RE et 1 ver . two of the
subsgiipkkiaftd or &ﬁkuﬁ@ﬁtﬁ‘t‘é@ﬁ&tel%?d@ll%ﬁ, sabitituted oF@isabPrityd aryl, A8d My optionally be
replaced with a substituent of the fornula -A-(CHZ),-B—, wherein A and B
are fubgidipied 9epndupstitgpiRheteroayl.. - NR-, -S-, -S(O-, -S(02-2 -S(O2NR - or a
single bond, and r is an integer of from1l to 4. One of the single bonds of
t he [0839Y | Agusad Hetrinyric: t3AY "leaddrbaoml’ by g herpdabeatiswhdaht 1@ iskdudd e bond.
Alternatively, & of the substituents on _adjacent atons of aryl or

het e?’@@??k/o»mﬁ’@geﬂ@s%@F@aPh%?P}E%“Sr@bla&ééﬁwwfsﬂ)-a substituent of the
formula - (CRR-X -(CR'')d-, where s and d are independently integers of

f ronf0046lo An "amohoxkyl" as usdd hereliRtefers toSn, amifsg Goup cevddhtly boundto an- S( O) 2NR' - .

The stityents R R, R'.and, R are.preferably independent sel ected fror
5 B BtraR s it pios STRs PR g e e SRBERT SHIREH TR umsubst | t ut e
al kyhydrgéaSdubbtith8 oPfinsdPSHRSd Ayt SihsGoifed @R bitstbstitued Befetdalklyed or
unsubstituted heterocycl oal kyl,  substituted or unsubstituted aryl, and

substubstifuisd oppusybsiified yaleadieylirabsitged on unspiptigued iteroeystpaiehei n, the term
n h t 1 n H 1 H X . . 0 , . t
(ny, EEE Ay QbR 51 B AR 5Bl e 20" (1) o0 170

used herein refers to an amng group coval ently bound to_an .al kylene ,
| i nki9041iThe a‘th%‘e'&rgawsi@wﬁqf@%"%mméigiﬂp‘wse‘éﬁfag onythe followying| | y sel ect ed
fromyofydsogen, substituted or unsubstituted alkyl, substituted or ‘
unsubstituted heteroal kyl, substituted or unsubstituted cycl oal kyl,

subsg i t it or st LUt t cycl oal kyl , uhst i d or unsubstituteq
aryl fdogﬁ 2835(9?1{;'( 2’6$ﬁu'r¥‘§\gt3§??’?ﬁ@éc?xﬂgfa&%%%s&bsﬁg’ﬁfﬁ#ﬁy’ "substit uent ﬁ
group, " as usQﬁs&@ﬁ@kda,hemgy{immmﬁﬁgm&gl,hﬁmmthedfoIIovvi ng noieties;]
[0042] (A) -OH, -NH2, -SH, -CN, -CF3, - . 0x0, hal ogen, unsubstituted ,
al kyl,  unsubditerepyelaalicsh snsyhstityted aivhsmrbsiipipdditesgaylomdky |, unsubsti t ut ed
het erocycl oal kyl , unsubstituted aryl, unsubstituted heteroaryl, and [0043]

(B) Wo43] ,(Bhetatiogdieleydalkyd yaytloalkil hetetveydoailcylcdrpl bkd/heteraaryl,, and heteroaryl,

substituted with at least one substituent selected from:

-

[0044] @)  oxo,-OH, -NH,, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, and

[0045] Gi)  alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
substituted with at least one substituent selected from:

[0046] () 0xo0, -OH, -NH;, -SH, -CN, -CF3, -NO,, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted
cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl,
unsubstituted heteroaryl, and

[oo47] - (b)  alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or
) heteroaryl, substituted with at least one substituent selected
from oxo, ~-OH, -NHj3, -SH, -CN, -CF3, -NO,, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted
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substituted with at | east one substituent selected from [0044] (i) oxo,
-OH, -NH2, -SH, -CN, -CF3, -NO2, hal ogen, unsubstituted al kyl, '
unsubstituted heteroal kyl, unsubstituted cycl oal kyl, unsubstituted

het er ocycl oalyhgaoslppgypstituted aryl, unsubstituted heter 045]
(i) alkyl, het ero}gﬁy{ cycl oal kyl, heterocycl oal kyl, ar wx}easﬁ(ﬁlgﬁ&7£e4?oaryl ,

‘substituted with at |east one Sé%ﬁ)tgp(gy%gub&ﬁ[n%g gtqucg(?g%lkgﬁgé@sﬁmgd 0

-OH, -NH2, -SH, -CN, -CF3, -NOZ, dgen, unsubstit

~unsubstituted heteroal kyl, unsulgtintubisttiiteddygteramaylkyl , unsubstitut ed
' het erocycl oal kyl, unsubstituted aryl, wunsubstituted heteroaryl, and [0047]

(b) alkyl 1[2%1%9@%2%&13%{%&2?&{1&%4 or "R QNG BRIAt grolﬁﬁ,)’ las ud herein

het er oar yl , titut east one substituent Selected from oxo,

-OH, -NH2, Stps 3 @Npp sébieded F0iDR]1 ofi dlesylatifuentsiissrnibed abavedor 'leybstituent
~unsubstituted heteroal kyl, bstitute 0 2006/ 015124 PCT/ US20051026794
gycroal Iky:J %?-H?Sb FEue SHE%S%%‘F’%‘&?SEW%@ %ﬁg&%‘gﬂbﬁﬁléﬁ OF FHY Slﬂ%&tﬁ‘gél

unsubsti t ut etl, ARYICERR kistitut &0 HnsuibstiditedPreletdilitye & sSubsHithed 8 msubdtituted 2 to

“size-limted substituent group,” as used herein neans a group selected from

call of the SQmeenherpdheter roaplesnbstisied of Busubstityten syslealleris a grbdlifpted ofher ei n

~each substi : < ' | okt i1 ut ed
620 al ke RS el bl et A Pl ddPRURS

. subst i t ut ed sabstittnaldramiubstitactd2 tb @ méfibareitieterec)clvatkyt.oal kyl , each substituted
~or unsubstituted cycloal kyl is a substituted or wunsubstituted C4-Cs

cycl oal kyl e ' ' of o h ; '
Subst 1 t Ut ed Lt o e s B,

"| ower substselectedfromal! of tHeswbstitgantmdestribed abayedoms "substituent grohp,! sihereitecels a
group sel ect,

"subst it uent™ B{E{f@%ﬁuﬁ%g@g ysbsﬁtfhét’?&%fs){a%‘%i Srﬁ:‘j‘ﬂggggp?%feggcgﬁkyl is a

~subst it ut ed sghstitieddrSinbibdtiRebd Hetetsalia)] kd subSitted obukdabitinitt®d tf meémberegt i t ut ed

heteroal kyl is a substituted or unsubstituted 2 to 8 nenbered heteroal kyl,

each subst i thateeaglkyl, eachswbstitpted prensubsiteed iploaliyl is asybsfituted prepsphstituted Cs-

unsubsti t ut - ) . . ' gn?.; . ' ed
~het erocycl oa 7k°% o?lgﬁaﬁigaéggr?%ﬁ%x%%ﬁ%?uﬁ%ﬁ%l@g‘?lﬁ%thx{og%ﬁ 31#‘9%%6 e{re gg}
- het er ocycl oainkybktitufed 3507 mdmsbecalptauodsloalkyl he present invention may exist as
"salts. The present invention

[0050] The compounds of the present invention may exist as salts. The present invention
includes such salts. Examples of applicable salt forms include hydrochlorides,
hydrobromides, sulfates, methanesulfonates, nitrates, maleates, acetates, citrates, fumarates,
tartrates (eg (+)-tartrates, (-)-tartrates or mixtures thereof including racemic mixtures,
succinates, benzoates and salts with amino acids such as glutamic acid. These salts may be
prepared by methods known to those skilled in art. Also included are base addition salts
such as sodium, potassium, calcium, ammonium, organic amino, or magnesium salt, or a
similar salt. When compounds of the present invention contain relatively basic
functionalities, acid addition salts can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired acid, either neat or in a suitable inert
solvent. Examples of acceptable acid addition salts include those derived from inorganic
acids like hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydr'ogensulﬁn'ic,
hydriodic, or phosphorous acids and the like, as well as the salts derived orgdnic acids like
acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric, lactic,

mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, and

11



- o s e D S

EXérrpI es of applicable salt forns include

salts.

I NCl uaes suc

““hydrochl ori des, hydrobrom des, sulfates, nethanesul fonates, nitrates,

mal eat es, acetates, citrates, fumarates, tartrates (eg (+)-tartrates,
(-)-tartrates or mxtures thereof including racem c m xtures, succinates,
benzoawmgggllt; 2qlts Wi th am no acids such as glutam c_acid. These salts may
be prépafe °§ met hods known to those skilled in aPfT/URREYOI6AH uded are
base addition salts such as sodium potassium calcium anmonium organic
am nothedikenddsodsacludadsad salts of aminosicids kuch as atginataMielthe bhgp endhsidtsof t he present
I nvention. contajn rel at.i vel asic functionalities, acid additipn salts can
be. obPiEaRisaoRy KOHbSpR 5T EHect e gttt Rk 1 Bfe oGt et e w e o

suf fi gf &@Eﬁ@éﬁ? itenfdn dddGuitB&th bedc a6 A&idi€ finPEdnali@a th@fallow the SUi t abl e i nert
sol vent . anpl es of acceptable acid addition salts include those derived
fraom pmp@mﬁ% begonvistefl inte eilya baserirgeidaddiipn sdisr omic, nitric, carbonic,
nonohydr ogencar boni ¢, phosphoric, nonohydropenphosphoric,

di hyd[oosenpmas phiaral forms of fhe compoutids aleypasfoRBRTUEdnsrated by dopmetiptthe, or
phosphqrous acids and the like, as well as the salts_derived organic acids
|i ke Saltwith a bassopasid apdisolaipgthepareat compopnd in the cerventionsbmaice. Thgcci ni c,

suber | f ' |G, | 4 ' $.0ni c, '
p-tol ??’5’& @%ﬁpgﬁegé’tﬁﬁd@a dt‘fgér;?gr?ﬁct%‘gYrem{tbﬂg%s%ﬁ%ﬁ‘?%@gﬁgyﬁﬁ | VD 2006/ 015124
PCT/ Uppefits) 26ck0at solnh#ity ingwlar Ablyents.ncl uded are salts of amino acids such as
arginate and the like, and salts of organic acids |like glucuronic or

gal ac!omr | CeAfih dSmPAthdl BEthk pkent GRfchBbilcanRAE fnl vnsSINRRA (AR as RE1IL he present
i nvention contain both basic and acidic functionalities that allow the

conpoaheidvates foans ineluingdydratedofonns. Nargenerglethgsolyated fordisiare ¢quivabeat ts. F

[ 0051] Th eutr al rns. of th n ar referabl v regener.ated by |
cont aé ngvgﬁgtfoégﬁst&wﬂteﬁngo a"lgsgedg’g[@gﬁqugor? O?ggelpé?sle @gi[%‘goﬂ'aﬁgﬁ?nconpound ing
t he cemigdiindosfthe PREME inverdiivh mPAEEd tin ﬁnﬁfﬁpldﬁryﬁﬂﬁn@mlﬁﬁblﬁ ifdrb@rs fromthe |}

various salt fornms in certain, physical properties, such as solubility in

pol ar InsgAngrshiall physgs Sqrmesre euiyaleahiss theasessontomplaiediaethe DreS#nt i on can exi st
| N UNRkNAIEAd R HRondt Bb ithBPnS Aap P el sBR inteRibidi g hydrated forms. In

general, the solvated forns are equrval en to unsolvated fornms and are

enco d w thin the scope of the present inventian. rtain conpounds of
the. phUb33h; Ceitain sprBoings ot B psert imyellion BSEess PYSERFT FASO0R &8M0 phous f or ms.

| N gephiedl or dhital BEtErk X dotible BEnd@t the@AattbReANFackhted, MRastésRtesONt enpl at ed by
the présent invention and are intended to be within the scope of the

pr esetrutanars BEoTOiTic {SOUSH) steepisemneirie &rps il snayiedplngds isterms efnvent i on possess k
asy Mgt bohfte SEEMmB™Rs (R)-or (S)- o, as (D)- or (L)- for amino acids, and individual

isomers are encompassed within the scope of the present invention. The compounds of the

present invention do not include those which are known in art to be too unstable to
synthesize and/or isolate. The present invention is meant to include compounds in racemic
and optically pure forms. Optically active (R)- and (S)-, or (D)- and (L)-isomers may be
prepared using chiral synthons or chiral reagents, or resolved using conventional techniques.
When the compounds described herein contain olefinic bonds or other centers of geometric
asymmetry, and unless specified otherwise, it is intended that the compounds include both B

and Z geometric isomers.

[0054] The term "tautomer," as used herein, refers to one of two or more structural
isomers which exist in equilibrium and which are readily converted from one isomeric form

L]

fo another. .

[0055] It will be apparent to one skilled in the art that certain compounds of this invention
may exist in tautomeric forms, all such tautomeric forms of the compounds being within the

scope of the invention.
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(optical or chiral centers) or double bonds; the enantioners, racemates,
di astereoners, tautoners, geonetric isoners, stereoisonetric forms that may
be defined, in terns of absolute stereochemstry, as (R)-or (S)-

(D)- or (L) Pfd{ﬂﬁ«ﬁ/tﬁ?]zﬁo acids, and individual isoners arﬁcwégégz@gﬁ?e]d W|th| n

the scope o e present invention. The conpounds of th vention
do not in t \m: G K ¢ erlifan

synt hesi zg[bg%g/ 01?19?%0 a ege ?Tiﬁ%db#@g@fﬁsw\ggﬁ?%gﬁﬁf%ﬂﬁ%gﬁf% %glnl rlllc?a
conpounds sitesrecrchemimhbfon:amdf th@stnmairb,yl eptireR fumt Sreonfigutations foy eadntasmétﬁ): and

(S)-, or ( rrers repared using chiral t hons. or
it 7t estgbise et fort-inaie oo s ISP o5 DL o SRR e CHRi e
conpounds ﬂﬁ%ﬁéé&%ﬁ%ﬁl‘é&%’c&n@&%&é dbe QAR thé ScoPOBEe AveRidier centers of
geonetrict asymmetry, and unl ess specified otherwise, it is intended that

Uaut onbr 005" SRR Re SpisfoabufiS SREN e BT o e el ol * Mo

whi ch exi sdonipoumis Wﬁlékbdlffﬁfmﬂ?ﬂl mbgfeﬁm@é ef rstinkore GsotdpRalE ehrfchedatems. | soneri ¢
form to another. [0055] It will be apparent to one skilled in the art that

certain c&%@m@e,&pnmﬁwsds.hﬁmaﬂlecmesemeﬁyru@w@xqqm fonthegeplacemenifits, all such

t aut oneri s of. 14 ntion.
12"\0 200aMHETR Y pe SR BERHDHS of e R R g e R OO Degue

st ruct ur escathepiacd weithih ¢hiecdcopeasfahialitsentieant to i ncl ude all stereocheni cal
forms of the structure; i.e., the Rand S configurations for each asymetric

center. TS Orfhe Dhplufils DY HeGRERAThERAoA ARYEISS c@ﬁtm%hhatl“ L tﬂd’&bﬁ@* i c and

diastereoneri¢ mxtures of the present conpounds are Wt scope of
the i nventatQmIC 1qmsptqnqloegmrmﬂvé¢ma that ognsttt@td such qompourdss Foeptaniplel theer ei n

are al so =t ds wh e res e of
one or m)re 8‘5‘% %qrgﬁgkﬁﬁﬁgﬁﬂﬁ%o&g ve1|§% eéx%ﬁgﬁ%%rgﬁ%é}pgﬁn ) ’ng the
present stlbﬂmé-mwé”gmemﬂaoﬁqn ¥op Anwowpmﬁau@is of theoepe@aR dfyhedrebentt er i um
or tritium or the replacenent of a carbon 13C or 14C-enriched carbon
are wi t hi iOYWEORHisEhepradiqartive qx@ehﬁecﬁacomwmm thesaprsu{diic msesethe present

i nvention ARytigh SO contain unnatural proportions of atomc isotopes at one
or nore of atons that constitute such conmpounds. For exarrpl e, the conpounds

b b h d | trit
(. % G s ettelofh oo Rintiaht Yepales i SalicRrutult B ReSe of the
o rrpou nds dbﬁprﬂlﬁiswkﬁ&ﬁzﬁé prepRA68 RithQBlativNPAGHR6xiE ARG BabdedREndiit on E ©

enconpassed within the scope of the present
particular substituent moieties found on the compounds described herein. When

,_
i:

compounds of the present invention contain relatively acidic functionalities, base addition
salts can be obtained by contacting the neutral form of such compounds with a sufficient
amount of the desired base, either neat or in a suitable inert solvent. Examples of
pharmaceutically acceptable base addition salts include sodium, potassium, calcium,
ammonium, organic amino, or magnesium salt, or 2 similar salt. When compounds of the
present invention contain relatively basic functionalities, acid addition salts can be obtained -
by contacting the neutral form of such compounds with a sufficient amount of the desired
acid, either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable
acid addition salts include those derived from inorganic acids like hydrochloric,
hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, r'nonohydrogensulﬁ.lric,
hydriodic, or phosphorous acids and the like, as well as the salts detived from relatively

nontoxic organic acids like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic,

suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfomc citric, tartaric,

zl'
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invention. [0059] The term "pharmaceutically acceptable salts” is nmeant to
i nclude salts of active conpounds which are prepared with relatively
nont oxi ¢ aci ds or bases, depending on the particular substituent noieties
found on the conpounds described herein. Wen conmpounds of the present

i nventi orwoauodeaitsi2¥ el atively acidic functionalities, basguadsihitp salts
can be obtained by contacting the neutral form of such conpounds with a
suf fici epthanssimenic, £fd thdBrde8kd El@luG@dSﬁe sﬁtstmﬁnﬂlﬁ&‘ids%cﬁ 4k aAcifibte ball e i nert
sol vent. Exanpl es of pharmaceutical | y acceptabl e base addition salts

i ncl ude thedikeusnd sebis efserpams acids like gouroina g origenidsond thalece (ere, Faagnesi um
sal t | nds_ of res n contain
rel atlve¥§n@éfgﬁlé5 eutr‘lzzt |P(%1n ;{%Eut&%@%éél mé’(ﬁ'& ﬁghﬁ" s%cfef‘sa}éa’glﬁzg%c% i%‘f}gl ned by

cont act sagl-19e Gmumrspéclﬁ@émmm&smhh@mmuﬁﬂenﬁmntdamamsmli baziced anount of
the desired 'acid, either neat or in'a suitable jnert saqlvent. Exanpl es oft

- phar mac é@?icéwqt?n%@éﬂ"taéﬂi%" thg epapeigs £q Riconxered ipleithardasnissidier i ved f rom
i nor gani,g4iaGk | i ke hydrochloric, hydrobromc, nitric, carbonic,
nnnohydrogenca oni c, phosphorlc nnnohydrogenphosphorlc

di hydro S urlc nmonohydr ggensul.furi c, 0

phos pho?@@gr jl?ﬁ‘gé\%totsﬁé qring.gthe presel Ve%tgmtﬂﬁ%“g%ﬂ Cpglpalér}qughl ?@{wm atively
nont oXi GroAhebAolE. Pfddﬂ.ﬁgb slof kR caﬁlgsmfds dBdcABEPREréin ateBOpbund¥Bhfi €. Mal oni c,
benzoi c, succinic suberic, famaric, lactic, nmandelic, phthalic,

benzenetaadilyrndergqehestispl ehangesrinder phivsiplogical eonglitions to pmwmhz @G@P@mﬂi 24
PCT/ usZQP %11%?622 %Zilnveﬂg&paﬁ ﬁ'cj)rfaﬂg,' p(}?%ﬁgﬁd a&ﬁ)% chfn%?t‘ed #lﬂéé\ﬁlg r e salts of

am no acl suc as ‘arg |na e an 5C| ds like

gl ucur Oﬁi‘e@erﬁlim@ﬁﬂl(ﬁﬁﬁmﬁml&l alcbldsleﬁ]ﬁnil trietholis itean(ez @R eﬁﬁﬁrom@h@.ﬂmre, Ber ge et
al ., "Pharmaceutjcal Salts", Journ of Pharma e tical Scjence, 1977, 66,

1-19). exFRple.pr qap be glgmboaRyert Oﬁlwewswe |ﬂ|“F\I§FﬁePb‘ﬁV%‘?Péﬁfﬁnboth

basi c ?‘Pﬂcecﬁﬁ'aCHaﬁscféﬁBSltﬂaﬂiﬁ%&deﬂoﬁ%@@&mﬁbie‘%ﬂ%}lﬁ@o ggdnf, be converted
into either base or acid addition salts 60 naddltlonto salt forns,

the pre ention prov des. gonpoun re in a form,

Pr odrugi(ﬁ]§1tl ﬂ'é E%Wf)o?inaaél ooés%@? %e$g$§l%¥ég?8n%eﬁ §§°@8%ﬁlﬁ)ﬁﬁ€1 readily
under goh@f@ﬁ”ﬁﬁﬁi atdERNGRS Fo eimpdd) Yhieft H@ngRn€ rdbdtin@edwith "af'tmynﬂ 61' t he
conpounds of the present inventjon, Addltlonallé prodrugs can be converted

to the eohpbusmpoypd twﬂ%ﬁﬂb@@?ﬂﬂmt?ﬂ/\@ﬁb Polgashgng aeé/pr #hrleast eravsmh cal
t hod w
Conver ; Midye el ol SR witPin R SHARRICE, sliaRGdY SfiReatale O Y

t r ansdea'&R -sydatimkedr"e $\drevsod moistyt is Rasubstittiatl) the morgyis sobsuuitezmvnhi bt legshgent .
one R substituent and each R substituent is optionally different.

[0062] Description of compounds of the present invention are limited by principles of
chemical bonding known to those skilled in the art. Accordingly, where a group may be
substituted by one or more of a number of substituents, such substitutions are selected so as
to comply with principles of chemical bonding and to give compounds which are not
inherently unstable and/or would be known to one of ordinary skill in the art as likely to be
unstable under ambient conditions, such as aqueous, neutral, and several known
physiological conditions. For example, a heterocycloalkyl or heteroaryl is attached to the
remainder of the molecule via a ring heteroatom in compliance with principles of chemical

bonding known to those skilled in the art thereby avoiding inherently unstable compounds.

! [0063] The terms "treating" or "treatment" in reference to a particular disease includes )

prevention of the disease.

[0064] The symbol ~ denotes the point of attachment of a moiety to the remainder of

the molecule.
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—~ [0061] The terns "a," "an," or "a(n)", when used in reference to a group of

substituents herei

i s substit YRaHO1H24

n, nean at | east one. For exanple,
substituted with "an" al kyl or aryl, the conmpound is optionally substituted
with at least one aIkyI and/ or at Ieast one aryl. Nbre?&?hmz

erre

an R substituent, the g

roup may be re

where a conpound i s

d@%%ma noi ety
as

"R-substituf ed. i ed, the noiety is substituted
with at | eaufs',t o%lgeikg%ag‘?nﬁ g&te ﬁn%@%@@lb{{ E%Jbstl tuent is optionally

different. [0062] Description of conpounds of the present

invention are

limted by[q@6sncilpbmsaspéct, thdypusentinvemionipagyidesavinsed eingteteeocykle kinask i n t he
art. Accordingl where a

ituted by one

of a

may be "

nurber of  SWESEIoE (R Tstene anet g A1 SRR o e R G ABIEED )a}éamf&)tgﬁonpl y

wi th principles.of chemical bonding and«to give conpounds which are not

i nherently uns1ab|e and/ or would be known to one of ordinary skill in the

art as likely to be wunstable under ambignt conditions, such as aqueous,

neutral, and several known phy5|o M conditions. For exanple, a
.ch;

het erocycl oal kyl or heteroaryl , N to the remainder of the nol ecule
via a ring heteroatomin corrpﬂ principles of chem cal bonding
known to those skilled in the art t her eby 1@40| di ng i nherently unstab{na
conmpounds. [0063] The terms “"treating" or “treatnment" in reference 0 a
ol

Genot e ¢ ndSUSBF i Bisa 1 Rl E372° incRneyty b as S0fe oK subgiiit
nol ecul e. 3AundGhatdRed @%@}Klﬂyl':e)ﬁg /oyﬁﬁ%f&%@ﬁﬁﬁlbstﬁute@&@e ni¥nii@rddet er ocycl e

Ki nase Mbdul ators [ 006 I n” one asp ec tI? present invention provides a
fused ri nghetemoelkalml JélShmﬁ&@éOdlmmtﬂ Ia arsiadensndentlyd hoad h8(@Whn-Gs a

LRM (edEe R RBR G R b PB4 s R Aot B, Fhe 1

-S(O " @ymbol s an Etdest fromi0a 2. @r‘ abd RY s tindepéreidntGLsubStitated i mbstnﬁted
substltuted Qr unsubstlt ted 2 to 5 menber ed heteroalkylene In sone
enbodi ment §Y¢ @aﬂcﬂnﬂ sizuted gr unsubstinerthatergeysloglioyl substiputgd onunsubstituted N

unsubsti tuf1 gi_’s@dsmﬁlt&r@unﬁfbsﬁ'tﬂ&ﬁgﬁl! tuted 2 to 5 rrenbered
het er oal ky ene

[0067] Insome embodiments, R! is not substituted or unsubstituted pyrrolyl. In other
embodiments, L' is not unsubstituted 2 to 5 membered heteroalkylene when R! and R? are
both unsubstituted phenyl. In other embodiments, L is not -S(O),- where R%is
unsubstituted piperazinyl.

[0068] Insome embodiments, R! is not substituted or unsubstituted 5-membered
heteroaryl. In other embodiments R is substituted or unsubstituted 6-membered heteroaryl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl. R! may also be a substituted or unsubstituted 6-
membered heteroaryl, or substituted or unsubstituted aryl.

[0069] In other embodiments, L' is not unsubstituted 2 to 5 membered heteroalkylene
when R' and R? are both unsubstituted aryl. In other embodiments, L' is not unsubstituted 2
to 5 membered heteroalkylene when R' and R? are both substituted or unsubstituted phenyl.
In other embodiments, L' is selected from a bond, -S(O)y-, -O-, -NH-, and unsubstituted C;-

! Cs alkylene. In other embodiments, nis O or 1. In other embodiments, L! is selected from a
bond, -O-, -NH-, and unsubstituted C;-Cs alkylene.
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synbol nis an integer fromO to 2. R and R2 are independently substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycl oal kyl,
substituted or unsubstituted heteroaryl, or substituted or unsubstituted
aryl. [0067] In some enbodinments, Rl is not substituted or

unsubsti tyihegerified ! - I n other enbodinents, L' is nelcrinseRpiddated 2 to 5
nmenber ed het eroal kyl ene when R and R2 are both unsubstituted phenyl. In

o TR M LB RR R b Sy ™

5- nenber gigerabiayie 1o athet embcmlmbﬁt@ml eﬁmdsompt\ﬂle’fé R1 B uasbsitutedt ed or
unsubstituted 6-nenbered heteroar | ,. substituted or, unsubsti t ut ed

het er ocyketerarygjealkyd. Bratherembadisrentsnk uis sot 'tsl(l@bdwh?fle ipgubstifuisdior t ut ed or
bst t tuted 6-
oot RGNy NSRRI b RN 1 20

enbodi meh’mnot_-S(O)‘a whérellﬁsslbbctndt uted 2 to 5 menmbered heteroal kyl ene when Rt
and R2 are both unsubstituted aryl. In other errbodl ments, L' i's not

unsubsti tU(W?]d n sohf® emUBRIRGHES &1 Ifh’fﬁo? Eﬁ’ﬁﬁéﬁﬁé l')"‘élﬁ%‘l kd%@;r&%/cﬁ'éﬁcgpm h

substituted or unsubstltuted enyl I ments IS sel ected
from a bbnather-eBbGliments; B? is nol\b-lsqbsaimtbdumsmmbstltunad éenémiberéb al kyl ene. | n ot her

nbodi nept | ected. f bond,
00 2 N BecEaripasllol, B eterebtborinl. B Rprisne s WesthBetosibnpied T © "
PCT/ USZOQ&&@Z@Y st GlunkibsaRR ﬁﬂ%ﬂér@@ﬂét&oc}elodﬂ?yl NQbstite@b2- Where R2 is

substituted or unsubstitutcd piperazinyl. |n_other enbodi ments, LI is not

-S(0) 2- vfbgitwed pryl, @n%MtltutthOéanﬁJbﬁwt@éyqu@ﬂmyR may alsotbersubstibiell ment s, LI
t t | oal kyl .
15 008 SISl e USG5 B SRS SHAGHRREYC] 02K

wher e LZ2héteroaryhonsubs{ififdf uhsubstitnied aryhodi ments, R2 is not an unsubstituted

6- menber ed heterocycloal kyl. In other enbodinents, R2 is not a substitujt ed
or unsubglorbut aikofneERiHeRlGs, REISIDGtftiGRIeY b BtiRiel Hox AN RBs R2 1S
sel ected from substituted or "unsubstitut het eroaryl, substitute or

unsubst i mlwbﬂltlﬂempyﬂ@md Ixh@herembpdirmw 1S o Bubstlttllted@d unsubsmtntydbst ituted

Ubst i CUPERoB] Ve doatt RREH “cer da BT ERRRRON & SRRl 1

subst i t Ufpgdbsituted EYREDIV. Unefher REbBHIARAN| R' 18 hoSadPsiiisitifed @lso@ﬁzoqms gbstituted

aryl. [0072] In sonme enbodinments, R is not substituted,or unsubstituted

i soxazol gtheigyehodiments, & isnota 5- yl-isoxazolyl. In other embodiments, R' is not a 4-
subsituted-5-yl-isoxazolyl. In other embodiments, R! is not an isoxazolyl substituted with a

fluoro-substituted aryl.

[0073] L'and I may independently be a bond, -S(O),-, -O-, -NH-, or unsubstituted Ci-
C;s alkylene. In some embodiments, L' and L? are a bond. In other embodiments, L' or L2

is a bond.

[0074] R'may be a substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted 5- or 6-membered heteroaryl, or substituted or
unsubstituted aryl. R' may also be a substituted or unsubstituted 6-membered heteroaryl, or
substituted or unsubstituted aryl.

[0075] In other embodiments, R! is (1) unsubstituted C3-C7 cycloalkyl; (2) unsubstituted 3
to 7 membered heterocycloalkyl; (3) unsubstituted heteroaryl; (4) unsubstituted aryl; (5)

* substituted C3-C; cycloalkyl; (6) substi'tuted 3 to 7 membered heterocycloalkyl; (7) .
substituted aryl; or (8) substituted heterbaryl. In some related embodiments, (5) and (6) are |
substituted with an oxo, -OH, -CF;, -COOH, cyano, halogen, R'"-substituted or
unsubstituted C;-Ci alkyl, R'!-substituted or unsubstituted 2 to 10 membered heteroalkyl,
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unsubstituted pyridinyl. I'n other enbodinments, R is not substituted or
unsubstituted isoxazolyl where L' is a bond or -CH2-. In other enbodi nents,
R is not substituted or wunsubstituted isoxazolyl. In other enbodinents, R
is not a 4-subsituted isoxazolyl. In other enbodi nents,

5-yl - i soxazJRANIN2Et her enbodi rrents RLis not a 4 p&iusstoslitinet

subsituted-5;yl -isoxazolyl. In oth enho nﬁnt IS not .an soxazolyl
subst i t ut ed vFybstiiedror gasubstinied 93 60"&}‘34 b*f‘@}t"‘iﬁr sHbstibut

i ndependen %éfn&?ed%e%%&%cloaﬁ&pk 2 $ubst1tgfed Sr Hﬁ'ubst te %@P RS k&b‘éﬁtﬁfédg} &S

al kyl ene. In sone e are a her enbodi nent s,

L' or L2 |uas1ﬂ>sﬂuutedhet[eﬁiﬁyl,] Lﬁ{lC@élyke-Ia -QR@S{DUI NR&(R 2Qlor tId%—SE@Xan t}é1

cycl oal kyl , stituted or 11 het ycl o ted or
unsubst it ut éd @ r%l?ﬁS@P i{ {) ar’ sofluPﬂ‘{l’é%t”@fi%JEf\ i tuted
aryl . R mgl §db§ﬁ’tu%éﬁ o ufdBSithicdad 19516%%#&9%&%&11{9!’ ROL-sEhetadrhet eroaryl

or substituted or unsubstituted aryl [0075] "I n Other enbodinents, R is

(1) unsubs mnsubsEutedEs€H cyglolsyl Ry Fsubgtityted anwrisubstituied3d) tog7 membearedrenber ed

het er ocycl a te [.O |, 44 b l; (5)
substi t ut egl @é&b@%t oafsﬁgﬁﬁtmt%‘g?r &lﬁgbs%l te{faéﬁl }fi )Slfysﬁg& g '%1 Sgtu?edy

het er ocycl datetoaryl. RP) is iidhspien brREckubstithed cﬁﬁm(lﬁ)ttltﬁwbﬂll(llblh]ﬁgl f’lQﬂ'e@?xﬁMlyﬂl I'n
sone rel ated enbodi nents, (5) and (6) are substituted with an oxo, -

_CF3, - COO atipisa®r, TomPdydn, R'-substituted or unsubstituted d-do aI kyl ,

R' -substituted or unsubstituted 2 to 10 nmenbered heteroal kyl, 16 WO
2006/ 0151240(76T/ UisehesrcbaslzgebodRidnts (Hsind (8) tasrbubstituted ub&taint-OHe €CIG3- C7

cycl oal | yl substl ut ed_qr bsti t ut,e t fed ..

hgt er ocy>cll 085@1 cyaf-‘%fzh Qf58 t&Pgsg%‘gfeg?fﬂ?ﬁ%bﬁg@e@t@daﬁFgﬁmﬁ‘ﬂ’%@@iqut ed or
unsubst i t utBshbeeiuRE Qa6 YO mezﬂbél?ed%?é} grl R L uifRBited-dr idsuNE IR T5-@F

-L12- 5(0) nR10. X1 i =S, =0, or =N wherein R15 is H, - 1,

R11- subst i cy¢ledkdy Rﬁwgb%\ttpd or wgutzstitutyd ok membered h@@mgquqa!&%d@m

insubst i ¢ uarofusteor M BRIARIE R SUORER or BRI AT 11 COORY -
nmenber ed hé%-@R&cyBLME?‘RVl or -IRfZS(S])JQR‘(OJ u?tledbomd unsublstittriet] @ € ﬂkylbne or

R12-substituted. or unsubstijtuted et eroa R151 i s hydrogen of
R11- subst i & S‘étﬁleég’é H@ﬁﬁyi %@‘P@Iax"a Il‘“#"i"l?;‘\“’%yrrbol m is an integer

fromO to 2. 007@ In other_related enbodi ments, (7) and {8) are
subst i t ut ed0&d7 h Rins hydepgenr3-substiGmapr wmbtutddaﬂhe@m ralkyRK -subisgtuiedwr ed or

oot e B0 S1b el RN i B o 0 10
cycloalkyl, R!!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R*-
substituted or unsubstituted aryl, R'*-substituted or unsubstituted heteroaryl, -OR",

NR™R™, R" R™, and R” are independently hydrogen, R!!-substituted or unsubstituted
C-Cyp alkyl, R''-substituted or unsubstituted 2 to 10 membered heteroalkyl, R!'-substituted
or unsubstituted C;-C; cycloalkyl, R!'-substituted or unsubstituted 3 to 7 membered

heterocycloalkyl, R!Z-substituted or unsubstituted aryl, or R'2-substituted or unsubstituted
heteroaryl. R’ and R are optionally joined with the nitrogen to which they are attached to
form an R'!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, or R'*-
substituted or unsubstituted heteroaryl.

[0078] R3 R’ and R* are independently hydrogen, -CF3, R!!-substituted or unsubstituted
C1-Cio alkyl, R"'-substituted or unsubstituted 2 to 10 membered heteroalkyl, R''-substituted
or unsubstituted C3-C; cycloalkyl, R"'_substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, R'2-substituted or unsubstituted aryl, R'2-substituted or unsubstituted
heteroaryl, -C(X®)R?, or -S(0)wR®!. X%is=S, =0, or =NR'6, R'6 is R!'-substituted or

B
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cycl oal kyl , Rl11l-substituted or unsubstituted 3 to 7 nenbered o
het erocycl oal kyl, R12- substituted or unsubstituted aryl, Rl2-substituted or
unsubstituted heteroaryl, -L12-C(XI)R7, - L12-0OR8, -L12-NRO1R92, or
-L12-S(O,,,R10. L12 is a bond, unsubstituted C-C o al kyl ene, or

unsubst i twbedmloesm‘.r oal kyl ene. X1 and m are as defi ned rl1ay005i086¥84] R7 is
hydr ogen, R1'-substituted or unsubstituted Cl1-C 0 al kyl, Rl1l1l-substituted or

unsubst'&rﬂ Fﬁ‘f&ﬁf F SehsBRt A BRhlitbrinEh 11540 it S heRodtgubst 1 t ut ed

C3-C7 cyc ubstitute unsubstitu
het er ocyr!! @albdnydtcd Rhsubstitusdd G3hlﬂﬁ@ch)aucgrh§aﬁbatbsmmtedd>r angubsuﬁbaaaubst ituted or
unsubsti t ut ed (ﬂeteroaryl NR72R(3. R7 wa 73 are

i ndependBFinbgre %?IB%IP*‘HWMB sa‘gksfw%%am stitfted gt o aubSEtjut oral kyl ,

R11-sub b o dFare NehLRP
R -sub?%%%%%@%ﬁet&ﬁglugﬁsﬂﬁ% ﬁC7 %ycl oa?%ﬁ%hﬁmed% suzl;ésf%l tuted or

unsubst i aptibealyjoined ﬂnﬁmhd:mtregbn th ewhmhdhwg aftdchéd toRban suBStsubstitetdd or ,
unsubst i tute stlt unsubst tut ed _heteroaryl. R72 and
R73 are B gﬂ%ﬂ%ﬁ"ﬁﬁ“ﬁ‘@%ﬁiﬁ% &1 f‘g’é\ﬁ"} redypr PRsbsUiptEd i + ached to

form an ﬂ%ie}:o bstituted or unsubstl t ut ed 3 to 7 menbered heterocycl oal kyl,
or substituted or unsubstituted heteroaryl. (0078] R8, R91 and e are

;P‘Eefe”ﬁﬁ*d;ub@?‘?{ R ken T et R A G CURIPR ltbfisediar ! ©
R11- subsinstibstiaded Do 10nBethissréd heterdallG; R -saystinaed krylhzsulﬁﬁmtailogsa, t ut ed or
unsubstitu

d | | kyl R12- subs d
unsubstiqya@é@ﬁwSu%m@te 3{5&% 5{@53§¥Ca%§w&§¥eﬁéﬁmsa @L@ﬁﬁf{?w o - C( X2) R81,

or - S(O)gubBiutedér ﬁxﬁuﬁsﬁtutetpargpRIEMBQtﬁuteﬁz%puﬁsﬁbﬂtutEd BBDhdy, W GURPIREA 7 VO
2006/ 015124 PCTI US2005/ 026 unsubstituted CI-Cl0 al kyl’, Rif- substl tuted

unsu ut.edh 1210 nber.e et eroal yI sub o)
unsubst ﬁﬁ{)ﬁ@d @ ycﬁr%g]‘laﬁwdw%frlh L&’fﬁ?‘fﬁ%d'é‘% o7
nenber eciihg! Y eatiheed &xinsuﬂaﬁ&teamstmtm&mrﬁrhewf&mmtR‘t‘lgh@sﬂmﬁéwbn or
R12-substituted or unsubstityted heteroaryl. The symbol wi$ an integer

from 0 tupsgbstifebed Gy R@E’aﬂﬁb’bR opitbsitadioy upgbptitated 3tip 7 mrmberadr ogen t o V\/m ch
th 2‘
rrerert%e?rea] ﬂe&%c&ﬁ ﬁ%‘:’ SR;I %ﬁﬁgaﬁ%téﬁgaﬂgfﬁnsu Esiioli. %%le%t&tﬁet eroaryl .

[ 0079] R&teroasylh)lﬂ agéR® Rﬂelopﬁ;lumﬂtyl joinbé with themisogesito Whioacth@mé;mahkqu

R11- Subdpirh G4 oA ERL T tisE s T 7 BgEneal RO RIR SRR Fut e or

unsubstlﬁygmegoﬁﬁﬁbm@gomp erocycl oal kyl, R12- substituted or
unsubstituted aryl, R12-substituted or unsubstituted het eroaryl, or

-NR811 R8[6381] In some embodiments, R®! and R'® are optionally joined with the atoms to which
they are attached to from a substituted or unsubstituted heterocycloalkyl or substituted or
unsubstituted heteroaryl. In other embodiments, R¥! and RS are optionally joined with the

atoms to which they are attached to from a substituted or unsubstituted heterocycloalkyl or
substituted or unsubstituted heteroaryl. In other embodiments, R®' and R* are optionally
joined with the atoms to which they are attached to from a substituted or unsubstituted
heterocycloalkyl or substituted or unsubstituted heteroaryl. In other embodiments, R®!! and
R*? are optionally joined with the atoms to which they are attached to from a substituted or
unsubstituted heterocycloalkyl or substituted or unsubstituted heteroaryl.

[0082] R'" is hydrogen, R'!-substituted or unsubstituted C;-C1 alkyl, R''-substituted or
‘ . unsubstituted 2 to 10 membered heteroalkyl, R'“-subs:ciﬁlted or unsubstituted Cs;-C; )
cycloalkyl, R!'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R'Z
substituted or unsubstituted aryl, R'2-substituted or unsubstituted heteroaryl, or -NR''R'%2,
R and R'? are independently hydrogen, R!''substituted or unsubstituted C;-Co alkyl,
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~ [0080] R811 and 8812 are independently hydrogen, R'-substituted or -
unsubstituted C1-Cl al kyl, Rll-substituted or unsubstituted 2 to 10
menber ed heteroal kyl, Rll-substituted or unsubstituted C3-C7 cycl oal kyl ,
R11- substlt < nsubstltut ed 3 to 7 nenbered heterocycl oalk
R12- substi tu%’ezgw%ﬁ 1gnsubstl tuted aryl, or Rl12-substitut epocyrg g‘ﬂgﬂ tuted
heteroaryl. R811 and 8512 are optlonally joined with the nltrogen to which
they are R ¥ acbstithted ar uhaubstimtedrito- lQumnbetqdﬂettrQalk}dl,r&luthShtlm@U 3to7

menber ed het a tltut ubstituted heteroaryl.
[0081] In %‘ﬁ??i%ﬁglo‘gﬁ hie%/?'tcg’ H‘I’%%l ﬁ‘ﬁ’s dgf Ensé'%ftﬁlﬂtt’?‘i?%? nbemr%l('fﬁwth t he at oms
to which Hehgycysloglkat, R&FCHMEkithRA of GRBuBstutES Ayl Bt Réip-ﬁlbstitﬂt%ﬂl bftristibitiaded
het er ocycl oal kyl or. subs htuted or unsubstituted heteroaryl. In ofher

embodi menthefergm@yls Rah ankRS ™ areconsienalbrisingd Wit theaitrogentio phich thayswe attasheshi ch y
h | oal kyl
St tut b B SR St o S O o Y mBRHBE R eallEh 8 /Y DR KL ©F

are opti or@bétyutedmmdbmﬁdtéﬂﬁdﬂﬁoaypns to which they are attached to froma
substituted or unsubstituted heterocycloal kyl or substituted or

unsubsti t hege VAl ed e 38%? 13 Gptionally
j oi ned w m%jﬂee%t E)s‘r)r@girof OOI\{/\hla:cd?I?th grégﬂ%aptégt:a 5 %g%{a tigdt uted or
unsubst i t wisubstibte Hioyld mehbeydd ajkylsRlBsubstlmtexhoramsubsstnMZ ﬂodtOenbmwredr oaryl .

R11- subst 1T A aReaibte] S rap g G SRS KishBratgr ) R

1-substit uh@ﬁbsﬁfutear@ﬂétv&heﬁlberadh&&n@hoawIwéblmstltutéalohﬁmtﬁmfeﬂ L gRr

unsubstituted 3 to 7 nenbered heterocycloal kyl, R12- substitute or
unsubstltuRe@ulwﬁwted@]:@SW%@ithhﬁtWﬁr unsubstituted heteroaryl, or
-NR1mMR102 R101 and R102 are independently hydrogen, Rl11-substituted or
unsubst i t ui0esk] Cl R'€iD-OH, kgOOH], 3miho/\Eala g6 /CFL 5-IORAF PO, B2 66l Ra 1 4
R'-substituted . or unsubstitute 10, nenbered hetero
R1' - subst i ¥sERs™uRd 2 1 JB%f{ﬂ?eE‘iﬁd AR “eybsitiedon psth stﬂﬁétedg?ufesl@inem@aedor

unsubst i ttﬁe?éiioa?akﬁ R 7_shREES unB@&sﬁfumL@Pé Wbtk By R -SibBhieligt ed or
unsubstituted aryl, or Rl2-substituted or psubs tuted heteroaryl. R101 and
R 02 are aplsubmmtadw fodi merdbered hetereychnatkyb die rrsubstittddoiy unsubytituted anfitached to
forman R's8U ed 0 ituted 3 to 7 nenbered het erocycl oal kyl , or
R12- subst?‘ lﬂtﬂ%éﬁug ?Iﬁl?ulg)gﬁ?lfétq’@tﬂwleroaryl [0083] R11 is oxo, -OH, -COO\I,
-CF3, -OCF3, -CN,.,am no, hal ogen, R13-substituted or unsubstituted 2 to 10
rerber ed o0, 15 o bt L Lcpminn balsseh ko O8RS N ORI Cio

het er oal kyelu&ytl Rééuﬁsﬂﬁﬁéd 7 18t 19 QhbetaPitRsb Ak ! GRlubsindtda €).8) RNy,

R13- substitut®e
unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, unsubstituted

heteroaryl.

[0086] R!is-OH, -COOH, amino, halogen, -CF3, -OCF, -CN, unsubstituted C;-Cyo
alkyl, unsubstituted 2 to 10 membered heteroalkyl, unsubstituted C3-C; cycloalkyl,
unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl.

[0087] In some embodiments, R' is (1), (2), (4), (5,) (6), or (7) (i.e. unsubstituted C3-C;
cycloalkyl, unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, substituted
C5-C; cycloalkyl, substituted 3 to 7 membered heterocycloalkyl, or substituted aryl,
respectively). In some embodiments, where R i§ (3), or (8), then the heteroaryl is a 6-

L Iy

membered heteroaryl.

[0088] Where R is (7) or (8) (i.e. substituted aryl or substituted heteroaryl), (7) and (8)
may be substituted with an -OH, -CF3, -OCF3, halogen, unsubstituted C;-Cy alkyl,
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unsubstituted 3 to 7 nenmhered heterocycl oal kyl, Rl14-substituted or
unsubstituted aryl, or Rl4-substituted or unsubstituted heteroaryl. [0084]
R12 is -OH, -COOH, am no, hal ogen, -CF3, -QOCF3, -CN, R13-substituted or
unsubstituted 2 to 10 nmenbered al kyl, R13-substituted or unsubstituted 2 to
10 nmenberwo 200sign2oal kyl, R13-substituted or unsubsti traeos208/0@d79¢ycl oal kyl ,
R13-substituted or unsubstituted 3 to 7 nmenbered heterocycloal kyl,

et o oarisbitifed o BIHAT oo, yusistinld noé?ﬁﬁc?&aﬂégﬁ%?@gﬂﬁé&%' tuted

unsubst .to Ttreehi@reddeferomycloglkyl, unsibhtittiet lat}é,dmﬁu‘tisoml@l mmdmyledr Asterdal kyl

b d b d
het griz%ﬁgéﬁﬁggm%%{éﬂ% |tlﬁ¥£8ndar1§}|° theg 7 %ﬁ?%ﬁg‘@ﬁﬂs r(&aéﬁ?(g}‘}?ﬁyb‘t 0086] R14

is -OH gy d #1%h 3R -Q0A}, Q0em,, -CHE3ICE;, (8, CHMaldges W eidibptbpflokst - C10
al kyl, unsu sfltut ed 2 t%) lg@?renbﬁgred%eteroa kfl unsu%stltuit;ig ‘C3-C7

| oal bst ted.3.t bstituted
cy o2 ibor, HHRERE KB e GBS L R SR ©
2 4 bstituted
(29 by é?é%‘;‘ﬁ*%?"'wﬂwunéhﬁf??.ﬁﬁ%‘i‘é‘%w%ﬁﬁiﬂeﬂﬁé‘ﬁ“é "

cycl oal leyrloaliyk &Q)isubstiareds3 tag/ membm@h@gronml@quaw sbstitpred agyl; enBt i t ut ed

I I th th
het er oarJpATEH Kt doyt 1 sSAUF AP RRLS, (ST [hre sibsfifihed Pftn o) {100 £ NC
(i.e. swhsf-QHIt-EH;,aCOOH) byemob]szﬂogeulR%-shbmmnaholydnﬁubsﬁﬁﬁe(b@dqo&)kyl R} be
substi tut ed w gns bStI uted Cl- %‘g al kyl ,

“OH, -CF3, -
19 WO 2@6@%8@?4%&@@%70@/ Wé%%fe%%ﬁﬁgfﬂt Rt &y 521“11 %“IWE‘PPS@
het er oaldyt, cydlbaikys RPLiibeStufed oEinsay@lteRl t% 7 niéibeRA el cGlodikyl R?2. menmber ed

heterocycloal kyI unsubstituted aryl, unsubstituted heteroary or -L12-COR8.
In a re|sabs§m1tedrmu1smmuted_aml PR A-stibstituted or upsthstitutes! hetesorrglaHS&H nent s, (7)

and (8) ¥ 5Bt | but-ed, i &N rQCH2CH3,
hal ogen, d@ )licjyg'l og opyl BN@ R %EI)’Q] Sﬁﬁg% Cr%l)gt?ﬁsﬁgzt’wlﬁ{%%}{cés C7
cycl oal kyl-OR(2)RUnsbsbisitéd MtldebEtlﬁltbdtln&Ia‘aklyE(R -Subbstituted )t nasubktithted ¢3)
unsubst i tut ed het eroaryl;

b d 5 b d C3-C7
cycl oal K99 meg) egeg@g{erqaggyéa{ 35';{5?1#1 M@a ﬁ@ﬁ&lfgf)é’fﬂg;]lk;t | EUE (73)
substit ‘éhﬁ’éi‘mﬁ%&’ é)r urﬁﬁl:iiied §Mbﬁhb&%r€@h§%§§c?@aﬁ]§)l RZB—@u&QHRdeg &' at ed

enbodi nent s are substituted wt X CFS -COO—L
cyano, habuhgtitutedreyls ssilystituted] ayrunsrbsttutdiheterandyl CR! C0Har RY-

substituted or unsubstituted C;-Cyo alkyl. The symbol q is an integer from 0 to 2.

[0090] In other related embodiments, (7) and (8) are substituted with an -OH, -CFs, -
COOH, cyano, halogen, R?!-substituted or unsubstituted C;-Cyo alkyl, R*'-substituted or
unsubstituted 2 to 10 membered heteroalkyl, R?'_substituted or unsubstituted C3-C5
cycloalkyl, R?!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R*-
substituted or unsubstituted aryl, R*-substituted or unsubstituted heteroaryl, -L?2-C(X*)R?, -
L?2.0R?, -L2-NR*'R%, or -L™-8(0);R®. L% is a bond, unsubstituted C;-C alkylene or

unsubstituted heteroalkylene. X> and q are as defined above.

[0091] R?is hydrogen, R?'-substituted or unsubstituted C;-Ch alkyl, R*'-substituted or

unsubstituted 2 to 10 membered heteroalkyl, R*!-substituted or unsubstituted C3-C;

cycloalkyl, R*-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R%-

substituted or unsubstituted aryl, R?%substituted or unsubstituted hetero aryl, -OR™*, or A

NR*R*. R* and R® are optionally joine& with the nitrogen to which they are attached to
.form an R*'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, or R

substituted or unsubstituted heteroaryl.
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substituted or unsubstituted—2 to 10 nenbered heteroal kyl, R21-substituted
or unsubstituted C3-C7 cycloal kyl, R21-substituted or unsubstituted 3 to 7
menber ed heterocycl oal kyl, R22- substituted or unsubstituted aryl, or

R22- substityte r_unsubstituted heteroaryl, -L22- C(X3)R3, -L22-0R4,

- L22- NR51R5§7, 2???69"-1?2&- S(OgR6. X3 is =S, =O or =NRL7, WHVERPORIG%s R,
-OR171, R21-substituted or unsubstituted Cl1-Cl0 al kyl, R21-substituted or
unsubst i t u0esz]2 RY R andeRTH eredniiependentphydrdgen R -subsiuted ont wiulstituted C,-

unsubsti t ut,ed -G cl oal kyl 1- bstituted.or unsu 1tuted to 7
ronber ed. HoPEHTETL L BHRYIE okSnbRlier 27 dhmsibe BRI ot el o

R22- subst i inshiBgtinded OREYBFeldalil, & el sEiu@l of hinsuBbtithteld S thi7@enbéled SUbsti t ut ed
or unsubstituted Cl-ClQ alkyl.  The symbol q is ap,integer fromO0 to 2.

[0090] | n lsteresycloalier, & -arbsiitodern ugsubgtityted Ayl (08 R~ asubstitutsd o tmgubstitwed h , an
- OH, 'CFB’he'ter , cyano, hal ogen, R21-substituted or unsubstituted C, -Cl0
al kyl, R21-substituted or wunsubstituted 2 to 10 nenbered heteroal kyl ,-

R21-substituted oy ynsubstituted C3-C7 cycl oal kyl,, 1-substituted or
unsubst i t U08BI3 RoR7 wmdiepredndrperdently bydsagary 1CF B >-subshigded orpmgppsgfuted

unsubsti t uge R2AR23- td : J 1 :

- L22- [ X3) %3',@‘°?J%2- %Sﬁw 2%]%‘?16% fied 2o ?%én%ﬂf%?gﬁ%%%?i swbsjituted
unsubst i t ueraths@stitited G Bydyelvalkyt, R*Lsubstitated oo tusubstisuted 3 46 RyiestberedX3 and q ar e
as define bove 0 ] R3.is .hydrogen, R21-spbstit. or ynsubpstituted

3 - Cro ar Eofsioalgh 4;-%%@@8»:" %ﬁg@ﬁ&f&&e{i& Aol S ordhmibpited

het er oal kyh 1, SORSIRY, Wr Unrtihsd REUreEptledallyjoifed Gritathk yi

R21- substi telﬁrgaa%’or unéubsti%tl?t";e%j 3,to 7 nenbglitedaﬁgjtoéroc;cl oal I?;? ?ntIgZZ-

subst i t ut ewhish theysrantterhedite rayap R pbstigiadarivpsubsiituted 3ta Junemberest ed

het eroaryl,, .- F . tionally joined with the
nitrogen t%etﬁ#apﬁgyrg@é@%ﬂ?ﬁ@%@“&%&nﬁ%ﬁ%l- substituted or
unsubstitu 3 1. 7 _menber et erocygs oal,kyl, .or R22- substituted or
unsubst i tui‘)@g"]hege)’rso:é? » OIJT 8 ‘Q%@Fé%lf%j 'é@?ﬁ‘%ﬁ@@ﬁ?@%@g@dcﬂﬁ‘g@?] R31,
R32, and R3RyIR¥-d RIRRENSIEHBHRNE DAL mER cratRRbAISRY Qbstiaubst | tuted O

: b
Clo al kyl, 1-substituted or unsubstituted 2 to 10 nmenbered heteroal kyl,
R2' - subst i mstbsiitwed CuscisdaalkylitRe o-satstimredoy ahowbbtitpted 3ro 7-neemiherddt ut ed or

unsubsti t ut 7 red, heter | oal kyl ., SB22+substit ute [

nsubst | ¢ (raodel L R Rsd ERR B TR A e B e R sk HhBsiet (o003,
R4, R51 angkidtbayhrkheisptibsionidanidiygehidmamere. - CF3, R21-substituted or
unsubstituted Cl-C o alkyl, R21-substituted or unsubstituted 2 to 10

Ro1- subst] (0 gd. Sr e oy e or RN Elf i, % bt 67! 11
unsubstituted 2 to 10 membered heteroalkyl, R*'-substituted or unsubstituted C3-C; '
cycloalkyl, R*'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R?-
substituted or unsubstituted aryl, R*-substituted or unsubstituted heteroaryl, or -NR*!R*2,
R*"! and R*? are independently selected from hydrogen, R*!-substituted or unsubstituted
Ci-Cp alkyl, R?'-substituted or unsubstituted 2 to 10 membered heteroalkyl, R?'_substituted
or unsubstituted C;-C5 cycloalkyl, R*'-substituted or unsubstituted 3 to 7 mémbered

heterocycloalkyl, R?2-substituted or unsubstituted aryl, or R*-substituted or unsubstituted

heteroaryl. R*!! and R*? are optionally joined with the nitrogen to which they are attached
to form an R*'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, or R*-

substituted or unsubstituted heteroaryl.

. [0096] In some embodiments, R and R'® gre optionally joined with the atoms to which
they are attached to from a substituted or unsubstituted heterocycloalkyl or substituted or
unsubstituted heteroaryl. In other embodiments, R*'! and R'® are optionally joined with the
atoms to which they are attached to from a substituted or unsubstituted heterocycloalkyl or
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het er ocycl oal kyl , R22-substituted or unsubstituted aryl, R22-substituted or
unsubstituted heteroaryl, -C(X4)R41, or -S(0)"R41l. R51 and R52 are
optionally joined with the nitrogen to which they are attached to form an
R21-substituted or unsubstituted 3 to 7 nenbered heterocycloal kyl, or

R22- subst maitmaomn24unsubsti t ut ed heteroaryl. [0094] X4 pcs/usBosmedsroor =NR',
wherein R 8 is R21-substituted or unsubstituted Cl-Cl0 alkyl,

R21- subskishiRel SHunisHRSd Hettkly]2 I SthdQeribytinaéms Rieifroa hllexdpmnauy
R21-substituted or unsubstituted C3-C7 cycl oal kg/ R21- substit ut ed or
unsubst i ﬂQ}t’l@HWBhﬂ'@ apmEehdiddhenee éﬂ@@%t%@i&pmwsn mads%@ﬁwhsmuw

unsubst i b hel er gan The :
synbol vth?%%g lc%lo? @%ﬁt&%&%ﬁk@%lﬁ%&@g Fc&%ﬂ thy ?‘gué)g "R sé{%%tltut ed
or unsub®® mﬂbpdor@lly (dinedalitlythe atszis-ts suhsdhi theyt arel a@dcheded)Sﬁ:tbﬁ hlsﬁ‘tu;hﬁlﬂec?ort o 10
menber ed het eroal ky R21-substituyted or unsybstituted C3-C7'° cycl oal kyl ,
R21- subsPp%qbﬁ@ateéﬂl%mdg%lkﬂﬂé'ebset%iorunwé@ﬂle&hq et dcycl oal kyl, R22-

substituted or unsubstltut ed aryl, R22-substituted or unsubstitut ed
het er oar y0097pr RéNRuskitepenR? -sathmmuam cln@@pn«yuaﬂ-sgbsﬁmteamed from

hyd 1 tityted -Clo al bstituted
Cheuose rereer Sy o hEsara Rl b e g o
unsubst i zym@ajkﬁSR@suBse%te@J)ﬁﬂﬂsubsR&lecﬁyiaSﬁ mbMb&ed @éte:@@ﬁﬂm&yl tpited 3 to 7

menbered het erocycl oal kyl 2;substituted or unsubstitut ed aryl . or

R22- subs sWhstituged @mnMUWMm%é ~substitwtecherrupsubstigrer hetrioaruly or AR BBt i onal | y

j oi ned 0, 1 0p 10

R21- subs |taqttdte1§2(%{r Hdlnsgas’t#zt%@gﬁ?td%w&ﬁﬁ& rtﬁ%?lkﬁlbléylc Wﬁflo or R22-
subst i t uteshbstituted 2utb 30 nfentbertd hetervatiat, )RZl-sﬁtﬁﬂﬂlﬁe]d dr mnsbsgtuedi@di;ment s, R41 and
R18 Ore opt.i | |ned Wlthth tons to whi t he tachedtofrom
a substi Pﬁil%aglgﬁr Mngg‘ F‘Wﬁ%’du'ﬁ@ ?&%%‘P?ﬁ‘fﬂ%? SXMYSL}%%d or

unsubst i Tswsﬁéuéaﬁér%%smutedlany1octrhelsmﬁﬁ@edm%mbstﬁﬁéea 1neRFbaRASREY £aqPt i onal |y

joined wwth the atons to which they are attached to from™a_substituted or
unsubst i exsteptionailydpined with shdayitrogsn to Whichtheyoasatrhadto fearan R cubstiveed 94
substitute di.. 41 and R52
are opt1 Sranbs ey R/ bitrered B at-BRu s B €1 S Ra R B o o
substi t uhedroarylunsubstituted heterocycl oal kyl or substi tuted or

J)

unsubst i tut ed heteroaryl. In other enbodi nents, R411 and R52 are optionally
joineld RLREE b @.ﬂe@m BN dhof ti.tuted or
unsubstl h Kt eﬁoocy%a?g flhor Su st3i’tut ge%stfr%uts Rg?liedtreroaryl.

[ 00971 Renmsthyt&dage ) nReetbersd lakkyl, Rit-arbstitutedros ubsbsitutedd (610 Gbmbatedy | |

o1 stibsereiselyn 5 oifEteR o b ufitide b Ly SRBIRI R A GE &Y

unsubstituted 3 to 7 membered heterocycloalkyl, R? 4_substituted or unsubstituted aryl, or

R*-substituted or unsubstituted heteroaryl.

[0099] RZ is-OH, -COOH, amino, halogen, ~CFs3, -OCFs, -CN, R*-substituted or
unsubstituted 2 to 10 membered alkyl, R?-substituted or unsubstituted 2 to 10 membered
heteroalkyl, R®-substituted or unsubstituted C3-C; cycloalkyl, R?-substituted or
unsubstituted 3 to 7 membered heterocycloalkyl, R?*-substituted or unsubstituted aryl, or
R substituted or unsubstituted heteroaryl.

[0100] R is oxo, -OH, -COOH, amino, halogen, -CF3, -OCFs, -CN, unsubstituted C;-Co

alkyl, unsubstituted 2 to 10 membered heteroalkyl, unsubstituted C;-C; cycloalkyl,
unsubstituted 3 to 7 membeted heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl. ' o

[0101] R*is-OH, -COOH, amino, halogen, ~CFs, -OCF;, -CN, unsubstituted C;-Cjo
alkyl, unsubstituted 2 to 10 membered heteroalkyl, unsubstituted C3-C; cycloalkyl,
22



- cycloal kyl, R21-substituted or unstUbstituted 3 to 7 nenbered heterocycl o
al kyl, R22- substituted or unsubstituted aryl, R22-substituted or.
unsubstituted heteroaryl, or -NR61R62. R61 and R62 are hydrogen,

R21-substit ofisMpsubstituted C1-Cl9 al kyl, R21-subst -
unsubstitute toalg menber ed heteroal kyl, R21-substit #éﬂﬁﬁg%%rﬁg%sti tuted

C3-C7 cycloal kyl, R21-substituted or unsubstltut ed 3 to 7 menbered
heterocycl‘@élltk%1 tedin. 7 mamberrd betergeysioaliid sihstititedardy yasubsgiuted 2~ subst i t ut ed
unsubsty Ev\;’ﬁglhhet eroaryl. R61 and R62 are optionally joined with the

nltrogen to t hey are attached to forman R21-substituted or

unsubsti ¢ UL’ Hoersampeirioinon) kD1 Db ) (9l o EHGE DehEads oy

ahi no, hal 0g&RI0afReB uﬁéﬂ?ﬁﬁt‘lﬁeﬁ%@ﬂro‘i’gﬂ ﬁ@%&ﬁﬁftédtdﬁleﬁlbgnﬁlfédtq G’I;Pc%’l@ﬂﬁﬁ al kyl, 1

R23- substi t ut ed of ‘unsubsti t ut ed nbered heteroal ky
R23- subst i substiuted B tmﬁmdnéleredlheemc@goﬂkylcsubbmateldwyl dR28bstititbed hettftm@'aﬂ or

unsubst E”ﬁeiv%ctiw@ﬁ R %34%53{@{@? k@a&rﬁﬁ@w“ ST OGRS
R22 is - , am no, _hal ogen, RZ3- substltut ed or

unsubst i tLﬁOéQﬁlz Ingomg eﬁ’é’ﬁé‘@ﬁé&ﬁhﬂ?l{ ﬂ:ﬁi‘hﬂ@t@bﬁh@dgb@ddg) yasisitteduted 2 to

10 nenber eg tez syhs sedy ar was 2 13U zz(éa(gs: scycl oal kyl,
R23- substl tu grg or jgsdbs ut’letd ng? %er%@i@ﬁ ?ef{))rggc ‘%I

R24- substl unsu Jtute b ATyl 567 3R24 ubsti t e,d QI‘ substl tuted
het er oar yl L {’ olgl]sowgn:} QAITE ﬁ %‘ (ﬁg}'o q’ - CN,

unsubst i t Ut 52 - R ghay Bk Ko Rﬂ@%lﬁ“quﬁnﬁ He N;Q‘ﬂl}gr?bered heteroal kyI
unsubstituted C3-C7 cycl oa k unsubst i t ut ed 3 to 7 menbered

o
het er ocycl yl u ar ter 011 R24
e Son S B o b Swhaféﬂ s (PO, ) op b R b inhet o

al kyl , unswiis i {QHCFZ, -CQ)OEQ affitid) flegen) ehsubathicd D to UNehibtreld Uétedalkgt, C7

cycl oaI kyl , 22 WO 2006/ 015124 PCT/ US2005/ 026794 unsubstituted 3 to 7

menber ed HE¥ S(S‘E‘?‘%Q %CRW"I“HW&@B%‘%"F‘E‘HECQ(? ta /\prembered hetsroqygloatyl, het er oar yi .
0102] | )22 3 = 7 8 i
[ ] In &R S5 9%7 Cycfutﬁﬁ%? Yodyl, of DR ﬂnﬁr@l ol 7). or (8) (i.

unsubsti t ut e urisubstitut’ed hetefoaryl, unsll6stitut ed
o il T el St e
unsubstituted C;-C5 cycloa]kyl unsubstituted 3 to 7 membered heterocycloalkyl,
unsubstituted aryl, unsubstituted heteroaryl, or -NR*R*. R*? and R** may independently
be hydrogen, R*!-substituted or unsubstituted C;-Cy alkyl, R*!-substituted or unsubstituted
2 to 10 membered heteroalkyl, R*-substituted or unsubstituted C-C; cycloalkyl, R*'-
substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R?-substituted or

. unsubstituted aryl, or R?*-substituted or unsubstituted heteroaryl. R* and R* are optionally
joined with the nitrogen to which they are attached to form an R?!-substituted or
unsubstituted 3 to 7 membered heterocycloalkyl, or R?-substituted or unsubstituted
heteroaryl.

[0107] In another embodiment where R? is (7) or (8), then (7) and (8) may be substituted
with unsubstituted 2 to 10 membered heteroalkyl, or -L2-C(O)R®. L?* may be a bond. R
may be -NR**R**. R* and R* may independently be hydrogen, R*!-substituted or
' unsubstituted C;-Cy alkyl, R2'-substituted or unsubstitilted 2 to 10 membered heteroalkyl,
R2'-substituted or unsubstituted C5-C; cycloalkyl, R?'-substituted or unsubstituted 3 to 7
membered heterocycloalkyl, R?-substituted or unsubstituted aryl, or R*%-substituted or
unsubstituted heteroaryl. R** and R* are optionally joined with the nitrogen to which they
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respectively). R2 may also be (3), (4), (7), or (8). In other enbodi nents,
R2 is (7) or (8). [0103] In sone enbodi nents, where R2 is (7) and (8), then
(7) and (8) are substituted wth an -L22-C(X3)R3, -L22-0R4, L22 NR51R52,
L22_C(NH) - NRO 2R33 or -L2Z-S(OgR6. [01041 In sone enbodinents, R3 is

- NR32R33. wxoomnistze =0 or =NR17. R6 maybe NR61R62. RAPEEYSI05/626(9D) R41 or
-S(OVR41l. R4' may be -NR41R412 [0105] In other enbodinents where R2 is (7)
and (8), athemcked)o &rm(#) R "Ryhensedas unfubisgtited S tol7 Aembabd hetéehSicloa®@DH, ani no,
hal ogen, un$,ubst|tut ed 2 to 10 nenbered heteroal kyl, wunsubstituted C3-C7
cycl oal | 9F R*cibstisuter oruesybstituted heteradibr ed het er ocycl oal kyl, unsubsti t ut ed
aryl, unsubstituted heteroaryl, or -L22-C(X3)R3. X3 naybe —0. [01061 R3
maybe ungeios] i futene Eabddificnts, R lis a substifosdior uhedsiuted fised nnghm exl

et o ooy SXESHIH O naphstitst use e BEHoaT i 5 oihen PRCAIS Br ambitiutgd
- NR32R33 ¢ f334b %&e@ﬁo@%ubéﬁ‘ﬁﬁ&%%@ﬁﬂsﬁmtéﬂ%uﬂ%ﬁh?ﬂQf‘subﬁgt&feagpst it Ut ed or

unsubstltut ed d-C10 al'k 1-substituted unsubstitute 2 to 10
rre rrbe r ed uhssbstitotetl Poymzodmmlyb uli'smity b esibstituted on bssubstituted figed g eyt boal kyl |

R22- szggglithshﬁligld% %ﬁ@ﬁggtdls[egtEd hgﬁﬂ%ryqog‘e%g%ggﬁg b“.ajt e % O%ﬁéﬁﬁstl t ut ed

het er oar ydolyR3@baitteRasuratibstiapéd @ibadlinyl, of QibdeRlted or indubetitiielr ogen to which
they are attached to forman R21-substituted or wunsubstituted 3 to 7

menber ed bAEodiogelyk| oal kyl, or R22-substituted or unsubstituted heteroaryl.
[0107] In anot her enbodl ment where R2 is (7) or (8), then (7) and (8) maybe
subst i t ufes®9) WRt and RS niayundcpmﬁdntbl hecn shbstitetet or enkubﬂitﬂted)hydayltom)o,r

o on damsptor b red ol s o PR AR B R OB ey

R21- substhdukiftted trickagpbsbiituied dr anshsstﬁ&e &chiéﬁ e sudatidaed or
R21-substituted or unsubstituted -C7 cycl oal 1-substituted or

unsubst i Bpgubstiteted éetrrhydratisayb @ubﬁ;@tl@dd&yl@ﬁl&étlwwd temd@ﬂb@heﬂﬂt ed or
bst het | . R32 d
s e A B A RSB BYERT, Gbau T UPRIGRMRG: Moo 020X B2 21

PCT/ USZOWaB;?:ﬁa’mfbpymmyl allﬁsﬁmtﬁdd)rhnsdostltMedpyﬁﬁlidlﬁjdbﬁﬂ)hﬁtuteédr ﬁnsubsnftubd;t i tuted
3 to 7 nmenbered ero cIoaI k Qr 2 sugstltgted or bstituted

het er oar Ji°™P ?) Hﬁt‘fﬁié’dfeé" 1y, substifute B%‘EI}SP]EFPEH yr bstituted
fused ri BghsAfydd di‘ﬁms&@@t%%édtfhﬂaﬁﬁ QbstBed B lhdubitRited Hﬁﬁgzdiﬁ%baﬁﬁt%ﬂ%r yl. In

other enbodinents, R2 is substituted or unsubstituted indolyl, substituted
or unsubungubstiteigd @ﬁgxmllylrgubstlmicd el isubstititestoxadiazolyl, substituted or

unsubstituted oxazolyl, substituted or unsubstituted pyridyl, substituted or unsubstituted

pyrazyl, substituted or unsubstituted pyrimidyl, substituted or unsubstituted pyridazinyl,
substituted or unsubstituted thiazolyl, substituted or unsubstituted isothioazolyl, substituted
or unsubstituted triazolyl, substituted or unsubstituted thienyl, substituted or unsubstituted
triazinyl, substituted or unsubstituted thiadiazolyl, or substituted or unsubstituted tetrazolyl.

[0110] In another embodiment, the compound of the present invention is any one of the
compounds of Tables 1-18 or 20, and/or of the methods 2-61 in the Examples section

below.

[0111] In another aspect, the present invention provides a fused ring heterocycle kinase

modulator (also referred to herein as a "compound of the present invention") having the

€
« «

formula: ¢
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unsubsti tuted benzodi oxolyl. R2 maybe a substituted or tnsubstituted fused
ring aryl or substituted or unsubstituted fused ring heteroaryl. RL nay be
a substituted or unsubstituted indolyl, substituted or unsubstituted

qui nolinyl, or substituted or unsubstituted benzodioxolyl. [0109] Rl and R2
may indepeﬁﬁ@ﬁ@?@kﬂﬁ‘a substituted or unsubstituted hydg%Fﬂphyﬁ@z 94
substituted or unsubstituted di oxol anyl, substituted or unsubstituted

di oxanyl, substituted or unsubsti ted}trioxanyl, substituted or
unsubstituted tetrahydrothienyl, Fuﬁétit ted or unsubstituted

t et rahydr of uranyl , substitutaaég u tituted tetrahydrothiophenyl,
substituted or unsubstituted téfrafdropyranyl, substituted or unsubstituted
t et rahydr ot hi opyranyl, substituted or u Rist i t ut ed pyrrolidinyl,
substituted or unsubstituted _norpholino, substituted or unsubstituted

pi peri di nyl0112jublstFormuledily L' dfsRhsind R weds dyfiredabyve in thedisdussion efd or
unsubsti tut ed [ anyl , substituted or unsubstituted i mdazolyl, substituted
or unsub qqﬂﬂagb'isoxazolyl, substituted or unsubstituted oxadi azolyl,
substituted or wunsubstituted oxazolyl, substituted or unsubstituted

pyridyl, SObEi tlntasetheraspersihepricsant yentipppaowdes adussdiringhetetooyele dngsist i t ut ed
pyrimdyl, i bsti t, ricdazinyl ., . it ut or

unsubst i tu%@?jﬁ?@: (tgltzéé?e&?l?édsﬁ@é i %staeggﬁﬂo%?ﬁsoggge tqr?%fltéav?ngi%ﬁ ﬂihggl%lgﬁ-ﬁ ,
substi t ut efdrmela; unsubstituted triazolyl, substituted or unsubstituted
thienyl, substituted or unsubstituted triazinyl, substituted or
unsubstituted thiadiazolyl, or subﬁti tHted or unsubstituted tetrazolyl.
[0110] In anot her enbodi nent, the’c Bund of the present .invention is
anyone of the conpounds of hkabl gs 1 13Nbr 20, and/or of the nethods 2-61 in
t he Exanpl es section below Tl | "\anot her aspect, the present invention
provides a fused ring heterocycl e ki nagé-rnodul at or (al so referred\sl\l}p, herein
as a "conpound of the present invention") having the formula: 24 WWO
2006/ 0151 / (aTaL) 79412 N H, f2R2 2 : : n Formul a
(1), Lt,%é%?ﬁgjyggnd Rgﬁg?%éé”g%fined %%g%%géﬁﬁ%ﬁékg%g%&%%%%ﬁhg For nul a
(1). [O0113FormmlagBot her aspect, the present invention provides a fused ring
het er ocycl e ki nase

[0115] In some embodiments, each substituted group described above in the compounds

of Formulae (I)-(II) is substituted with at least one substituent group. More specifically, in
some embodiments, each substituted alkyl, substituted heteroalkyl, substituted cycloalkyl,
substituted heterocycloalkyl, substituted aryl, substituted heteroaryl, substituted alkylene,
and/or substituted heteroalkylene, described above in the compounds of Formulae (I)-(ITI)
are substituted with at least one substituent group. In other embodiments, at least one or all
of these groups are substituted with at least one size-limited substituent group.

| Alternatively, at least one or all of these groups are substituted with at least one lower

substituent group.

[0116] In other embodiments of the compounds of Formulae (I)-(III), each substituted or
unsubstituted alkyl is a substituted or unsubstituted C;-Cy alkyl, each substituted or
unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20 membered heteroalkyl,
each substituted or unsubstituted cycloalkyl is a substituted or unsubstituted C4-Cg
cycloalkyl, each substi:cuted or unsubstituted heterocycloalkyl is a substituted or ‘
unsubstituted 4 to 8 membered heterocycloalkyl, each substituted or unsubstituted alkyfene
is a substituted or unsubstituted C;-C,y alkylene, and/or each substituted or unsubstituted
heteroalkylene is a substituted or unsubstituted 2 to 20 membered heteroalkylene.
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nmodul ator (also referred to herein as a "conmpound of the present invention")
having the formula: NH N R2 L2N) ,N L1-R1L (IIl). [0114] In Fornula
(rrr)y, L', L2, R, and R2 areas defined above in the discussion of Fornula
(I'). [0115] In sone enbodi ments, each substituted group descri bed above in

t he conmpowdsoso@fizformulae (1)-(111) is substituted wRET/E82005626M94 one
substituent group. More specifically, in sone enbodi nents, each substituted

al kyl I stitut ed
het er ocytf{?lslt7:l k% l&%ﬁﬁgﬁi ‘?d%b %S%tru; t?ﬁt‘ﬂl%st|€t1('aﬁ'ntﬁ eg&ﬁgtag%{l i(J)s<'§1rtut?&|5)subst ituted
al kyl ene ,unsubatituted (Sﬁ(bﬁatlhtl;ﬁaddsdb@tﬁtﬁfed&lr hj;(dubst&utedhstefoamgmsalmwﬁltutéd bhe
corrpounds of Forrml ae % are supstituted with at | east one

subst i t udBEubgigRd 2 tod IB?’WE‘?W ealdrragh substifutedqr ugspbsiifuted cyclogkylisase
groups arggh$uisd 61I1Hfs@§§umtédkcsa€7 ég’léﬁ:%%(]yp REcHShub&ithiedbl GdubdiRgtd t uent group.

Al ternatively, at |east one or t hese groups are substituted wth at
| east onélelemwcloalkulbsasmhmmedgm augbstitdted §)to 7rmentiesed ketdroayicivelkyk eadh t he

conmpounds_of. Fo lae (J)-(LIL), .eac ub titut d..o ubsti tut al kyl is
a subst i CHTH t%c{ ﬁﬁé‘ﬁ)ﬁ%ﬂﬁb@@n&lsﬁ% éﬁu %\J@ﬁmg{?ﬂgj Qfﬁﬁ‘é’if‘ Hndfor

unsubst i tebdtefibiahel ephkibstintedhdistbskylent i@q sasstmném&ahs&&hﬁﬁedz‘z focs 20 member ed
het eroal kyl, each substituted or unsubstituted cycloal kyl is a substituted
or unsubﬁthﬂ@dlemoﬁkylel@ycl oal kyl , each substituted or unsubstituted

het er ocycl oal kyl is a substituted or unsubstituted 4 to 8 nenbered

het er ocy @xemipiatly Syaditsessubst i t ut ed or unsubstituted al kylene is a
substituted or unsubstituted Cl-C20 al kyl ene, and/or each substituted or

unsubsti eteroal iS a substi unsubstituted 2 ta 20

o eo UBE, JREioheRumtY bR 53 s Birshetisad pim BUBPEAS et bipeson

Al t er nat igygdrilly \eém:iancmb@hﬂfeﬁé fetheds. ure%uﬁqﬁéstdé&ﬁﬂmesbﬁmbsmﬁ% fheTHRDbidddt ed or

unsubstltut ed Cl- al kéltrp each substituted or unsubstitufted heteroal kyl is
&

a substi toof ﬂ@dnmntlom ars o th readibyapparentang aeasasifele éxthnse af skidll iR fhe relssian art.
subst it uigd {b%‘i}% ﬁ%g@%d?é’ (hh%?altéﬂéw Ilﬁgﬂﬁ:l?fébt%t a.ﬁ:ﬁ&c?&s 9 pynsubstitut ed

C5- C7 cycloa unsu ute erocycl oal kyl is a
substi t utceﬂpa[nds n&uﬁed uiridet thit fvention antetotpventttdile b cataie bHthk Kiterseeach

bsti tut t d al ' b t bstituted
A - KT ET S AR I N TR E T A

discussion is not intended to define or limit the scope of reactions or reaction sequences that

are useful in preparing the cofnpounds of the present invention. The compounds of this
invention may be made by the procedures and techniques disclosed in the Examples section
below, as well as by known organic synthesis techniques. In Schemes 1,2 and 3, L', R!, 12,

and R? are as defined above.

[0119] The key intermediates for the synthesis of 3,5-disubstituted 1H-pyrazolo[3,4-
blpyridine derivatives are 5-bromo-1H-pyrazolo[3,4-b]pyridine and 5-bromo-3-iodo-1H-
pyrazolo[3,4-b]pyridine. The iodine and/or bromine substituents on spz-hybridizéd,
aromatic carbon atoms present in these building blocks offer numerous synthetic
possibilities for functionalization of either position. A great variety of such synthetic
methods exists and these procedures are generally well known and familiar to someone with
skill in the art and include, by means of example and not limitation: transition metal
catalyzed processes, most notably processes utilizing palladium, iron, nickel or copper
catalysts, as well as metal-halogen exchar’xge reactions, most notably such procedures
introducing 1ithium$or magnesium, and subsequent reaction of the transient or isolated
organometallic derivative with an electrophile of suitable reactivity either directly or via

transmetallation to fine tune the reactivity of the organometallic species.
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each substituted or unsubstituted heteroal kyl ene i~s-a substituted or
unsubstituted 2 to 8 nenbered heteroal kyl ene. Exenplary Syntheses [0118]
The conpounds of the invention are synthesized by an appropriate conbi nation
of generalgx¥ﬁ@h;_ﬁ%omn synt heti c nethods. Techni ques useful in

synt hesi zi n ddtpounds” of the invention are both re2dt/P3209B68nt and
accessible to those of skill in the relevant art. The discussion belowis
offered to illustrate how, HWmYprinciple, to gai nfacgess to the conpounds

cl ai med under this inventigR n rtain of the diverse
met hods avail abl e for useli ounds of the invention.
However, the discussion or limt the scope of
reactions or reaction sequehces that are useful [in preparing the conpounds
of the present imvention. The conpounds of this Binvention may be made by

t he proced a hAni que | b h I t] l Qw, as
wel 1 "as. by EBunCrb Sichdn bR, SR AaRRr i PR 85" b Sp i
R, |I], aotthRRHaeazak[3jehipieidineleoréean bOdckSnphiktedbginttoducihgedhaess for the
synt hesis of 3,5-disubstituted 1H pyrazol o[ 3,4- b]pyridine derivatives are

5- br omp- | HUbgttaens phihg Snositiey sieding droam e brema- b ymzplolih4-pipyridine and
e of 8728 ParaeTs b .
B b ybrt oS heiteBriod WpichilyIuaRtinh pBLAR 36¢ M IMPRURINE AT 1o

of f er nuneblpusdisy cdrb &t ¢mablephsssclvf thetaf@remémiontdimethodialinzatucoaottier ei t her
position. A, qgreat ri.ety of such synpthetic nethads | sts. .an hese
procedur essugg%t”‘aﬁ Hﬁa}ﬂlﬁ%mt POWQ?H&?W%}PH qofrﬁror}?l.}? Ig%ﬁ%%r?é‘ﬂ%e& ﬁ£°V§k! Il in
the art anglay BELtileRd td3]PEIES fidlctihaBPS-Broxisl3 Aedo- 1 HpFadbloB4-s TpyAdisk bi ON

metal catalyzed processes, nost notably processes utilizing palladium

i ron, ni ck@ie3dqositiep pEseledtivelyirgasting wifh thieipdo substitensioverdhe bomosubstiinene

reactions, B QG ' g I . |t Bi nesi um

and subs qulE ggv r&%&lg@@% {wlg g%m@?ﬁ Flﬁcgl r gagg(lg goﬁ?eoggwitgg}@[lggw %{’ gigﬁ%bn%{et i C

deri vat i vepallatlinmesatadysescire Ripdwil andatadslyiavailabie dreacdssible twhich witlexhibitrhégtiet v or

via transnetallatiop to fine i t he reactiv%&g of the o&gaqgﬂetallic

speci es. 263HENIHEEVHE BORAtiBEO Ait5 28 pomparpqfo arompgic kromd sybstituenly  pr Br
and such catalysts may be utilized under suitable conditions to effect selective iodine

substitution.

[0121] 5-bromo-1H-pyrazolo[3,4-b]pyridine or a derivative containing an appropriate
protecting group may also be functionalized at the 3-position via various electrophilic
aromatic substitution reactions that are generally well known and familiar to someone with

gkill in the art, such as FRIEDEL-CRAFTS-acylation.

[0122] The substituents introduced on either position in such fashion may either represent
fully elaborated compounds, such as those claimed under this invention, or they may \
contain functional groups, such as, for example and without limitation, amines, carboxylic
acids or esters, nitriles, olefins or halogens, either free or bearing suitable protecting groups,
which in turn may be utilized as starting material in generally well known synthetic

transformations to synthesize compounds that are claimed under this invention.

[0123] Suitably functionalized pyrazolo[3,4-b]pyridine derivatives, particularly 5-bromo-
1 H-pyrazolo[3,4-b]pyridine and 5-bromo-3-iodo-1H-pyrazolo[3,4-b]pyridine, useful in
synthesizing compodnds of the present invention can be prepared as outlined in Scheme 1
from commercially available 5-bromo-2-fluoropyridine. 5-Bromo-2-fluoropyridine can be

selectively functionalized at the 3-position by the generally well known selective
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[ 0120] Using such nethods, introduction_of different substituents on the 3-
and 5-position of the 1H pyrazol o[ 3, 4-b] pyridine core can be acconplished
by introducing a chosen substituent at the 5-position starting from

5- brono-| H pyrazol o[ 3, 4-b] pyri di ne and subsequent hal ogenation, especially
I odi nat i owmQ 2@b/0pasé tion 3 of the | H pyrazol o] 3, 4- Db] pwordisagseed7es t 0 enabl e
the use of the aforementioned nethods to introduce another substituent of
choi ce at t i.tion. .Alternativel he t hods, out | i ned above
rmybe. ueieiAa0 BOF-GupRiri Gaeh A aoberotierDEE oSterd Hedibds A8Rbel

5- br oo -RBhioQ@s M HopyddaRkic3 it SPliyisi TidNed. atviley V2003 tlapienbl, sel ectively
reacting with the iodo substituent over the brono substituent. It is
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electrophilic aromatic substitution are, by means of example and not limitation, FRIEDEL-

CRAFTS-acylation using functionalized acyl halides such as, for example, bromoacetyl
chloride, acryloyl chloride or frichloroacetyl chloride in the presence of aluminum
trichloride in dichloromethane at ambient temperature or below. As will be appreciated by
the skilled artisan, the products of such reactions may be utilized as starting materials for

the synthesis of certain heterocyclic compounds.

[0125] Alternatively, the metallated intermediate derived from deprotonation of 5-bromo-
2-fluoropyridine can be transmetallated under suitable conditions to form an organocuprate
reagent (c.f Lipshutz, B., Organometallics in Synthesis, 2nd. ed., Wiley-VCH, 2002).
Reaction of the cuprate generated in such fashion with an a(‘:yl halide gives access to
ketones of the general structure 5, which can be cyclized by reactidpn with hydrazine or a
soluble organic or inorganic salt derived from hydrazine (e.g. hydrazine hydrochloride) to
afford the corresponding 3-substituted S-bromo-1H-pyrazolo[3,4-b]pyridines of the general
structure 6.
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(2001) 57, 4059-4090. Thus, netallation nmay be acconplished by treatnment --
with a suitable, non-nucleophilic strong base (e.g. lithium

di -i so-propylanm de or lithium?2,2,6,6- tertranethylpiperidide) in an aprotic
sol vent (e-QW)IH505?ﬁxa”es1 ether or mxtures thereof) at |ow tenperature,
typically -78C of bellow. [0124] The unpurified metal | at e8CTHSMIHPEMt e can
be converted to the correspondi ng 3- carbal dehyde 2 by treatnent with a
fornmyl ati ng reagent such as DWF, N-f8clgmeN- net hyl aniline,

N-f or nyl mor phol i ne, N-fornyl pi peridine or ethyl formate. Reaction of the

car bal dehyde wi th hydrazine of a suitable hydrazine derivatjve (e.g.

hydr azi ne-tert- |butyl carbazatg, orH a sol ubl eMbrgani ¢ or inoyganic salt

derived from zi ne suchy 8razi ne Ql oghl ori de) f directly or
upon protecti of ttre—at dellyde| usi ng—a™swijtfable protect|ing jgroup (e.g.
acetal) will p I de access 5-brono-| H ol o[ 3, 4- b] di ne.

I ntroduction of la suitable gr up At the 3-posgitien for furtBer «| aboration
can be acconplished via methods generally w8l | known in th& art, such as an
el ectrophilic ajqomatic substitution (e.g, brom nation or iodination). Thus,
the iodide 4 is|accessible from3 by treatnmgnt with suitable reagents, such
as N-iodosucci niim de, iodine nonochl oride or jiodine, under conditions
facilitating sugh transformati on. Ot her exanples of functionalization via

el ectrophilic ajomatic substitution are, by nmeans of exanple and not
limtation, FRrDEL- CRAFTS-a@yl ation usin§¥TRnctionalized acyl halides such
as, for exanple, bronopac | Achl ori de, ' chloride or trichloroacetyl
chloride in the lresenc al niﬁuﬁ+>tr|ch oride i n di chl oronet hane at

anbi ent tenperature or w. As will be reciated by the skilled
artisan, the products of [such reactions be utilized as starting
materials for the synthésis of certain heéferofyclic conpounds. [0125]
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Synthesis, Wiley-VCH, 1998; Tsuji, J., Palladium Reagents and Catalysts, Wiley-VCH, 1%,

& 2™ eds., 1995, 2004; Fuerstner, A., et al., J. Am.Chem.Soc. (2002) 124, 13856; and Bolm,

C., etal.,, Chem.Rev. (2004) 104, 6217. Other useful methods involve the conversion of a

<

bromine or iodine substituent into a metal or metalloid substituent (e; g. organoboron,
organolithium, organotin, organosilicon, organozinc, organocopper or organomagnesium
compound) using generally well known methods (e.g. metal halogen exchange and, as
appropriate or required, subsequent transmetallation using soluble and reactive compounds
of boron, magnesium, zinc, tin, silicon or copper; for representative examples of such
methodology see: Schlosser, M., Organometallics in Synthesis, 2nd. ed., Wiley-VCH,
2002.). Organometallic derivatives obtained in such fashion may itself be of use in
transition metal catalyzed coupling reactions with aromatic or olefinic halides or triflates,
or, if sufficiently reactive, be reacted directly with suitable electrophiles, such as, for
example, certain organic halides, MICHAEL-acceptors, oxiranes, aziridines, aldehydes, acyl

halides, or nitriles.

29



FHNNHN-N NCHON 1 _I'r NN Br Br 2 Br SBr 41 FO0HNN LY NVVL N
\'1 1 I R R Br BSr 610126] El aboration of halides 3, 4 or 6 can be
readi |y acconplished by generally well known nethods, such as those
outlined in Scheme 2 below For example, netal catalyzed cross coupling
react i ons wagooversempl oyed usi ng various known transiti earshdsesapounds
(e.g. conpounds derived from palladium iron or nickel). Exanples of such
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or ganocopper_or anomagnesi um mpoun usin neral ly we
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subseque fetHdda Ry aRERo! aa&drﬂphsﬁ%wgrﬁ@foﬁ’ﬁmn@ru; theSiARdrb Qe ORE YT of bor on,
magnesi um zi nc, tin, l'i'con or copper; for representative exanples of such

met hodol Gpfhodeutilizéh ths@r@mplmomﬂeg@tmdmu@ as| ferexampBysontedwranic ek ored.
Wl ey-V no II| ned_i suchfashlonma
y- CE'lelr gps%hgt I%me ?lgc%r [Et% ent onialrﬂn%‘e 0? Q %ﬁa%??nn\altﬂdé‘%\&nlg ons with y

itsel f beofusey ransitron cou

aromat i ¢ sybstitiestt onthat ﬂaprleseileaemratlwsl dflcaﬁtzﬁﬁ hetembyclicfsysteﬁ:i)l atientdaineact i ve, be
reacted directly with suitable, el ectyophiles, such as, for exanpl e, certain
organi ¢ REMOHY stipenfsagerhode dehostnscarban homflaray reguireiths weof highbeasiiies. acyl

hal i des, Qliadftirh Edthi§sts (s&éh as those mentioned in Vilar, R., Christman, U. — Angew. Chem.
(2005) 117, 370; Littke, A.F., Fu, G. — Angew. Chem. (2002) 114, 4350.) and more forcing
conditions, such as higher temperatures and/or longer reaction times. Such conditions may
not be conducive to achieving appreciable selectivities in reactions of 5-bromo-3-iodo-1H-
pyrazolo[3,4-b]pyridine. Hence, in such cases, it may be advantageous to avoid selectivity
issues altogether by sequéntial substitution of bromine in 5-bromo-1H- pyrazolo[3,4-
blpyridine, iodination at the 3-position and subsequent introduction of the second
substituent at position 3 utilizing the methods detailed above. Generally, when substitution
of the halogen atom at either position require conditions that involve highly reactive
catalysts or reagents under conditions that generally do not favor high levels of selectivity
between the two halogen atoms present in 5-bromo-3-iodo-1H- pyrazolo[3,4-b]pyridine, it

may be advantageous to resort to this sequential approach.

[0128] Tt will also be appreciated that protection of reactive groups within L!, L2 R!
and/or R® as well as the pyrazolo[3,4—bjpyridine scaffold, (e.g. the proton at position 1),
with a suitable protecting group may be advantageous or required. For example it was
found to be advantageous in some cross-coupling reactions to protect the nitrogen at
position 1 of the 1H-pyrazolo[3,4-b]pyridine scaffold by introduction of either a (2-
trimethylsilylethoxy)-methyl or (2-methoxy-ethoxy)methyl group at that position.
Introduction and removal of these protecting groups could be conveniently accomplished by
methods well known in the chemical literature. The compounds obtained by any of the
aforementioned methods may contain functional groups, either free or protected, that can be

further elaborated by generally well known methods.
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WO 2006/ 015124 PCT/ US2005/ 026794 [0127] Sel ective functionalization at
either the 3- or 5-position may require different strategies depending on
the nature of the transformations utilized to introduce functionalities at
ei ther positi ony especially the sequence of functional E»(—:%}dﬁﬂﬁs/@émﬁi t her
posi tion. 6 24 may be advant ageous or necessary to achieve
functionalization it the 3-position prior to functionalization of the
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ot her casgs,, de di ng _on £ he. nat ur -1 he .spegjfl 4 t Q.
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i nherent Xehegtlested frof bithet Lifitédiodsalegeh) bozede adi@br essampiflacrobome saact ant s,
such as for exanple some boronic acigds or their esters that arge el ectron
def i ci ent OgANAHIAZERTHIR] (TSHIVEIGOr REFAEOM). cWith Sespagt o he aptradyction pfddiyidustt s or
that reprgsfnls SR YRINMESOf 1 aRFdRbRRCLERARK bboes YRl Rk ARdfLr contain
one or nore substituents ortho to the boron-carbon’ bond may require the use
of hi ghl ystagiardimlogealckasHcoupling methpdolegiesuch as t hose nentioned in Vilar, it,
Christman, U. - Angew. Chem (2005)117, 370; Littke, A F., Fu, G - Angew.
Chem (2002) 114, 4350.) and nore f qchéf@z conditions, such as higher
tenperatures and/or |onger reaction tines. Such conditions nay not be
conduci ve to achi eving appreci abl e sel ecti vi tIJ'Ges in reactions of

5- br ono- 3p¢ odo- 1 H pyrazol BFﬁ,_ﬁ- b] pyridine. Hehg®, in such cases, it may be
advant ageou‘S*\o avoi d sel ectjvNtys issues altogdethker! by sequerﬂ"iy\ Lt
substitut| Xbr oni ne i nnB: onps | H pyraz , 4-R'b] pyri diNTeYl ogjtnation
at the 3-positi on amd—ubs nt intToduction t he Second tituent at
position 3 ilizing the nethods detail ed abovegz _fenerally, wh

substituti e of the hal ogenxat om at either posi i on require cbmefiti ons that
i nvol ve highly reactive catalysts or reagents ufider conditions that
generally do not favor high levels of selectivit bet ween the two hal ogen
atons present in 5-brono-3-iodo-1H pyrazolo[3,4-b]lpyridine, it my be
advant ageous, f\p resort foythis se tial appr by [0128] It will also be
appr eci atedﬁNﬁ\Pt proteghi n of reg'wtei’% 1groups%ﬂt i nxiLl, L2, R1L and/or R2
as well asNt p_)Lr_a_zoN,ol\ e.g. the proton at
position 1N~ wth a } be advant ageous or
required. Fgp exanple ift eous in sone

cross-coupl i'hg reacti onsREo protect’RRhe nitrogen ® position 1 of the

1H pyrazol o] 3, 4-b] pyri dine scaffold by introduction of either a (2-

trinmethyl gihyl € - - Vet et byl at .t hat
posi tion. ﬁj IILS% r gg‘?ﬁé#é?@%%@%&%@%@%&gg%?%@et i nér’ggg@ggmg%’tlﬁ d be
conveni entehgentcsuolipd barbnaid adiys andidohwdses vergdnokoranes, orgatdseanndiesiotgdnoting er at ur e.

The conpounds ohtai ned by any of the aforenentioped nethqds y contain
f Unct | onaPOTRRYARS OTEERemagneR Rl compORds: s T tarpinal lkynes geither purchased or

obtained via generally well known protocols) can be carried out in the presence of a suitable

transition metal catalyst (e.g. palladium compounds). The coupling may optionally be
performed in the presence of ligands such as phosphines, diphosphines, Arduengo-type
heterocyclic carbenes or arsines. Organic or inorganic bases (e.g. tertiary or secondary
amines, alkaline carbonates, bicarbonates or phosphate) and/or other well known additives
(e.g. lithium chloride, copper halides or silver salts) may be utilized to assist or accelerate

such transformations.

[0131] These cross coupling reactions may be carried out in suitable solvents such as

THF, dioxane, dimethoxyethafne, diglyme, dichloromethane, dichloroethane, acetonitrilf;, N
DMEF, N-methylpyrrolidone, water, or mixtures of thereof at temperatures ranging from 25

°C t0 200 °C using. The temperature may optionally be maintained with heating,

conventional heating or microwave irradiation. In the case of the 3-iodo-5-bromo-1H-
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further el aborated by generally well known nethods. 30 WD 2006/ 015124
PCT1US2005/ 026794 [0129] Anpre detail ed description of the utilization of
cross-coupling procedures in the synthesis of the conmpounds cl ai ned under
this invention is illustrated in Scheme 2: X1 and X2 are selected from but
not | i mi tyegl2d08m1aad ogen, boronic acid or ester, trifl pemdiseesnzs7salt,

or ganomagnesi um organozi nc, or organotin. Wth respect to the introduction

of. i ndi vi_dua rresi dues -L1-Rl.or -L2-R2.such.fransformati ons. as outlined
Chove. dhiERtor IR, ik eikivdor pithiltisd BibortbBLSE B AR imat o oyt oe

Scheme 20\ReHRGrdh MNaBGitubhthh posiibldNmder ézneral’ﬁy Nstoré\ih% EondiVichs, stiéh alowér R2 2 R2
i HN-N HN-NHNN'" PGNN NNNXL XI | ~ X2 L%2 L2 R2 Lz R2 101301

Coupl i ngfsmperaiufeandsheraserstiPhimes biingit siebleduneition metal setalystpBeleptjvewi t h
sui t abl eg, [EAGENLS, SHGHL o@%nQ&Eaﬁ’cggpeﬁ c&g\g&ﬁndé Bg R LRUES o hIAT 8#@&% es,
(0] cormpoun npou ,

or ganostannanes', or ganozi nc , Or ganonmagnesi um co ol efins
or ter m trasfoamktyons are(vesll frecedpnted inthe chedmical dindratinee ske\forexgamty Kl 1l \et wel | known

protocol §) can {3 carrie ut_ in Lge presence of a suitable _transition

et al et SR U Bah b ohirrde GO S5O RGN Bt |y be
per f or megbgMedoR (go@%gg,cmgf | i gands such as phosphi nes, di phosphi nes,
Arduengo-type heterocyclic carbenes or arsines. Organic or inorganic bases

(e.g. t Lar y--0r _secqndar m nes | kal.i ne car bonat es, . bi car bonat es or
phosphaf@§5§ndT18F“‘8?%@&0%%&%?18@%“"&83? VEQIPOL .Oél.or%PP’P'ﬁ?rB?ﬁ‘ﬁ?FF ri de, copper
hal i des xﬁfclq%bﬂzﬂegl(e.%aeﬂdoﬁbls,rmibldgpﬁmw drzebnlifryanimes) thef mageRicdemy €  such
transformations. [0131] These cross coupling reactions maybe carried out in

sui t abl econtAiyapipble prrisetiag gpoups afgtcohgisothigleor amines: Hseples of suchdreppy e,

1o SR 9GS GRS P 1 Cone
Wiley & Sons, 1999. Exemplary methods of protection are described in Ley, S., et al.,
Angew.Chem. (2003) 115, 5558; Wolfe, J., et al., Acc. Chem.Res. (1998) 31, 805; Hartwig,
Aec.Chem.Res. (1998) 31, 852; Navarro, O., et al.,J.Org.Chem. (2004) 69, 3173, Ji, J., et al.,
Org.Lett (2003) 5, 4611. The compounds obtained by such methods can be further

elaborated by well known methods to obtain other compounds of the present invention.

[0133] Insome cases it may be advantageous to achieve cross-couplings to carbon or non-
carbon atoms by first converting the respective halogen derivative into the corresponding
organometallic derivative (e.g., a boroﬁic acid or ester, trifluoroborate salt,
organomagnesium, organozinc or organotin compound). Such compounds are accessible by
means of substituting the halide moiety with an appropriate metal or metalloid. Any
functional groups present (e.g. the ring nitrogen in position 1 of the pyrazolo[3,4-
b]pyridine), may need to be protected by a suitable protecting group ("PG"). See Greene, et
al, 1999.

[0134] Introduction of such metals or metalloids can be achieved by generally well-
known methods, such as metallation using metals or a metal-halogen exchange reaction.
Useful metals for metallation include alkaline or alkaline earth metals or activated forms of
such metals. Suitable reagents for use in metal-halogen exchange reactions include
organolithium o organomagnesium conpounds (e.g. #-butyllithium, tert-butyllityium or
iso-propylmagnesium c;hloride or bromide). Subsequent transmetalation reactions of the
organometallic intermediate may be performed as needed with a suitable soluble and

reactive metal compound such as magnesium chloride, magnesium bromide, tri-n-butyltin
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C to 200 C using. The tenperature nmay optionally be mairntai ned with heating,
conventional heating or mcrowave irradiation. In the case of the
3-i0do-5-brono-1H 31 WO 2006/ 015124 PCT/ US20051026794

pyaazol o[ 3, 4g idj,ne, the selective or preferential substitution of the

| odo substi &Q%@X/B%\ﬁér t he brono substituent is possibl el W@é?ooa%‘?g"al |y

| ess forci condj tions, .such as | ower temperature and shorfer, reaction
e s rierde et G Fare i oarets, GHOLry Cpretecf Bewrop) boratel S8
functi onal ﬂrimfategﬂamefchg ‘ae.orntrsaﬁoaeﬂmg&lla?&qgag?méd §1 dér BRARScoRTeridn@ySi ti on

netal catalyze transtormations are we p lented in the chem cCal
| i t er at ur eachswed byreaetimrtind kaldgen ddrivative dikctly voOtlgbib@iracgl2ioptihorsn in4Bd 1; Bach,

T., et al., J.O 2)..67, 89, . A .et.al.. .Tetrahed
(2003) 59, raieaes ShbRigp TSt iaienaRra oD g iRk or at i on
of non-carfar ] taked $n & , DMB| M ARdrivar y or
secondary g%nﬂggiﬁﬁg?]g{%ﬁa@@?ﬁaﬁnafﬁ@tscﬁﬁt géiqlgmssl?itabl e protrlact i %g gr oups of

al cohol s, mpthylpyrrolidanriahtesperEzgsphrgingfrom 88H 6§ Gu Sonventionddettngd i n G eene,
T., et al.,.Protective. Groups in.Organic.Synthesis, .3rd ed. . John Wley &
Sons. | 100 EREHEIIY BT B Dd e raA P atuBnt et PP o'

al ., AngeNfefafigeprecai2RR0f sidifar tahdfSimaibhd, 8ce I&higalﬁi, T ot al. AC Org. QIRHRED95Y 1998)
31, 805; Hartw Ace. Chem Res. (1998) 31, 852; Navarro, 0., et

al.,J.Org.@aéﬁQSgi-zooq 69, 3173, Ji, J., et al., Og.Lett (2003) 5, 4611.
The conpounds obtai ned by such nethods can be further elaborated by well
known net hj@d35]t oMethods for oddversionafilios brdenio dcid pmag] estendbtainedit thismmethddd1331 | n

sone cases, it be adv ageous tq achi eve cross-couplings to carbon or
mon- car boouRBHRLORAS KL IBAAS SHSP G COHBIG teL{5e PSS B BPFoBRRATAA ve i nt o
the correspeoeidnflly WalDIaRIE 1! Willbe ABpdr4aité MR skifled artissh, BRhQREMmoRGtalicOr ester,
trifluoroborate salt, organomagnesium organozi nc or organotin conpound).

Such conpodanivetives snaydbeatilizad in ctogs-conpling resttionsisimilar to thogp deseritied labeis inoi et y

wi th an apprapri net al . or talloid. An nctional &rou resent (e.g.
the i ng- nit Pasah iERBnefing Felpt 2t g ololp PR SR SPRes i neca”
to be protgpcdfhdtedntibiziay biitble@oflip@Rtthéls, sOCl0Marémims, hetede®niicbaltles6f  al ,
1999. [01341 Introduction of such netals or netal]oids can be achi eved by

gener al | y 9lefimic reagepinundst pragditions idepticad onevidgntly simglar ard/ergelaiedde theor a
net al - hal %@tﬂrgﬁ%@&ﬁﬂﬁaﬁcﬁ%ﬁ ion. Useful netals for netallation include
al'l

al kaline or a ne earth nmetals or activated forns of such netals.
Suitable r nts.for use in t al - hal ggen exchan .eactians include
or ganol 1t hi0blor OBieE RS MR CorTRRRaE of Begnonieli it veRHFe prperated

t ert - but yl fréthaléePEontaining derivatives of pyrazolo[3,4-b]pyridine by any of the methods

described above. For example, derivatives containing alkaline or alkaline earth metals (e.g.

organolithium, organomagnesium or organozinc compounds) may be employed in direct
couplings to a range of other electrophilic coupling partners such as, for example, activated
olefins (MICHAEL-acceptors), aldehydes, nitriles, aromatic nitro compounds, carboxylic acid
derivatives, oxiranes, aziridines, organic disulfides or organic halides. Such transformations
are generally well known in the art (for reactions with aromatic nitro compounds, see for
example Sapountzis, L, et al., J. Am. Chem. Soc. (2002) 124, 9390.).

[0137] The synthetic strategies utilized to access 3,5-disubstituted 1H-pyrrolo[2,3-
blpyrazine derivatives are closely related to the strategies described above for 1H-
pyrazolo[3,4-b]pyridipe derivatives, with the main difference relating to the synthesis of the
1 H-pyrrolo [2,3-b]pyrézine scaffold itself. The key intermediates utilized are 3-substituted
5-iodo-1H-pyrrolo[2,3-blpyrazine derivatives and 5-bromo-1H-pyrrolo[2,3-b]pyrazine
itself.
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i so- propyhnagnesi um chl ori de or brom de). Subsequent transnetal ation
reactions of the organonetallic internmediate may be perforned as needed
with a suitable soluble and reactive netal conpound such as nmagnhesi um

chl oride, magnesium brom de, tri-n-butyltin 32 WD 2006/ 015124

PCT/ US20GQphH 9aie/68sd24 chl oride, trimethyltin chloride, tmRATAISYIS/OREP4L €,
triethyl borate, tri-/so-propyl borate, zinc triflate or zinc chloride.
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heat i ng ve |r nt ai n e appropriate
RN L A e e e L R R S

| shi yamb]p%dlneﬂe@Gulvés fr@ﬁgrbr@ﬁemf{ AE2R%[3, 4@][.)yri7diﬁb‘3ou)tlmeh(lb&5e] wﬂﬁﬂsﬁpds for
conversion of the boronic. acid pinacol ester_obtained by this nethod into
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skill ed artr'san, or ganonet a erlv I'ves zed 1n
cr oss- colipivevay, h_he axatc't onslitgingifdratherwise klmilar dedctmcbbttbnafmnamns mdyhvericase of

can’be SeHbEcatye LA Rl o YRR e St R SR pacing B 1 0

heteroarm&ml@aﬂlm%n@rbergimﬂm Cc reagents under condl tions identical or
evidently simlar and/or related to the methods described above. [0136]

Q her Ldl??jfoﬁa 4 'Hﬁﬁr&l{}@prﬂﬁ b syac éss18fe%4‘%gf‘or%€1& v derivatives

generate ogen ton errvatives o azol o[ 3, 4- b] pyri di ne by
any of tEeNmmtsthScow}hﬁgbfbmm:ﬁm;&dzbrd?m-pmmmh teeethyhilyMasylee k& ni ng

| kal | kal th | h
o S anon ) ASEES Nin B e ﬁﬁf@égaﬂ.mzﬁ TR ardog, Ao sHBE g A Cange of
ot her el gehib ADRAIsING -84 @@ﬁoﬁ%tﬂas e&aemfo@&n@f&%ﬂ% lea@Ctdevat ed

ol ef i ns CHAEL- aCcept al dehydes, nitril aronatic nitro conpounds,
car boxyl M&Zﬂ@#&ﬂ)ﬁ&i@ﬁ@aﬂtmm frcmxccmngsl,allmzvmlahleriie&mnoﬁg@dibmmb-suI fides or

organic hallde Suc_ tra sfscls i areageperal %1 0e! h&?ﬁ’ﬁg wn in the art
(for reaBWI%}ﬂ% TPROAF y& © qagb & 18BNt zi s,
I, et alith timethdilsil 1er§qﬁthe(p2&9&)e ol’%%all&ﬁﬁﬁchtaly[s@élﬁsﬁ]as'rhe synt hetic

strategies utilized to access 3, 5-di substl tuted 1H-§yrrol o[ 2, 3- Db] pyrazine

der i vatutﬁéfalﬂaﬁuéphspﬂﬁhwhxle)pﬂm@ ek ARl HRQE GE4 CONPBRGP-eAAVE for 1H-

such as copper(1)-iodide in a mixture of DMF and a basic tertiary organic amine, such as

triethylamine at elevated temperatures. Acetylation with acetyl chloride in pyridine at 20-
60 °C gives access to N-(5-bromo-3-trimethylsilanylethynyl-pyrazin-2-yl)-acetamide and
subsequent cyclization with tetra-n-butylammonium fluoride in THF under reflux affords 5-

bromo-1H-pyrrolo[2,3-b]pyrazine.

[0140] Introduction of a suitable group at the 3-position for further elaboration can be
accomplished via methods generally well known in the art, such as an electrophilic aromatic
substitution (e.g. bromination or iodination). Thus, 5-bromo—3-iodo-lH-pyrrolo[2,3-k
blpyrazine is accessible from 5-bromo-1H-pyrrolo[2,3-b]pyrazine by treatment with
suitable reagents, such as N-iodosuccinimide, iodine monochloride or iodine, under

L]

conditiohs facilitating such transformation. .

[0141] Other examples of functionalization via electrophilic aromatic substitution are, by
means of example and not limitation, FRIEDEL-CRAFTS-acylation using functionalized acyl

halides such as, for example, bromoacetyl chloride, acryloyl chloride or trichloroacetyl
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pyrazol o[ 3,4-Db] pyridi pe derivatives, with the marn difference relating to
the synthesis of the 1H pyrrolo[2, 3-b]pyrazine scaffold itself. The key
intermediates utili zed are 3-substituted 5-iodo-IH pyrrolo[2,3-b]pyrazine
derivatives no- | H pyrrol o[ 2, 3-b] pyrazine itself. 33 WD 2006/015124
PCT/ USZOOS/B@%%@ HN IN ~Y R Br [0138] The general KGHUR85(926781 1 at egi es
to access 3,5-di subst Ituted 1H pyrazol o[ 3,4- b]pyridine derivatives from
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DMVF and a Mefgi-entalpaed @ov-@ﬂ.glmg ReagtionseWils I“&sl998,rBfé16hNaWrawnan el evat ed

t t AL i d 60 C gi
nccess 1o Rerpilaonkstl Pl RRSRV L, FUBrThOF o Dot BoGaefls g am g and
subsequentCaxylsis, Naiqeyovcm 11‘1*1 & e‘tdreas p}%stzdoammmum& etcdl.| delmi. ChehtBocunder
reflux affords 5- ono- | Hpyrro oJFﬁ L&ngam ne. [0140] Introduction
of a sui taﬂgp@)d%’dés%ﬁ a{l‘ﬁgo@n&s?ttal eF’bRe“Flﬁ 0416355 r Tas gsRe@hn be

acconpl i Sr}ﬁ hddsanBh ROMS cﬂ@@célﬁt hf o Brlefife Wit skiff e

el ectrophilic aromatic Itution rom nation or 1odi ng‘?lon). Thus,
5- br onp- 3-dssmitially-he yamenethddBas tht}spyleﬂ;nbetbabose forcisiddr ot #lefiticain

- 5-bromo- T HE pyrrol of 2 SpRl Py _"i‘,%,}ago 0F3y4.};]rp ALTERL WL G,

[0143] Aswas discussed for 1H-pyrazolo[3,4-b]pyridines the skilléd artisan will

appreciate that selective functionalization at either the 3- or 5-position may require different

. strategies depending on the nature of the transformations utilized to introduce functionalities
at either position, especially the sequence of functionalization at either position. Thus, it
may be advantageous or necessary to achieve functionalization at the 3-position prior to
functionalization of the 5-position in some cases while the opposite approach may be
required in other cases, depending on the nature of the specific groups to be introduced, the
methods required to accqmplish Ekmh transfonnaﬁons, or the inherent selectivity of the

methods utilized.

[0144] Inthe case of the 3-iod§ﬁi‘omo—1H—15yr,rolo[2,3-b]pyrazine, the selective or
preferential substitution of the iodo substituent over the bromo substituent is possible under
generally less forcmg conditions, such as lower temperature and shorter reacuon times using
a suitable transition metal catalyst. Selective functionalizations of di- or ohgohalo gen

compounds by means of transition metal catalyzed transformations are well precedented in
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sui tabl e reagents, such as N-iodosuccinimde, iodine nonochloride or iodine—
under conditions facilitating such transformation. [0141] Oher exanpl es of
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exanpl e and not limtation, FRUEDEL-CRAFTS-acyl ation using functionalized
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Cross-coupling Reactjo Wl ey-VCH .1998; Beller, M, Transition Mtals
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J. Am Chem Soc. _(2002) 124, 13856; .and Bohn, et al.., Chem Rev. (2004)
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utilized to introduce functionalities at either position, especially the
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prior to position in sonme cases while the
opposite apgroach nmpy be required jn other cases, depending on_the nature

of the sHddpki & erriguych Gansormationseltiswy be phemiageeysad squagdidaoduseacconpl i sh
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such as, for example, the hydrogen atoms attached to nitrogen or oxygen, as needed, and in

7P

particular the hydrogen atom in position 1 of the 1H-pyrrolo[2,3-b]pyrazine scaffold, by
methods well known in the chemical literature (cf. T.W.Greene, P.G.M.Wuts — Protective
Groups in Organic Synthesis, 31d ed., John Wiley & Sons, 1999).

[0147] The cross-coupling methodology described above may be extended to the
incorporation of non-carbon based nucleophiles (e.g. alcohols, thiols, primary or secondary
amines) that may 6ptionally contain suitable protecting groups of alcohols, thiols or amines.
Examples of such groups can be found in Greene, T., et al., Protective Groups in Organic
Synthesis, 3rd ed., John Wiley & Sons, 1999. Exemplary methods of protection are
described in Ley, S., et al., Angew.Chem. (2003) 115, 5558; Wolfe, J., et al., Acc. Chem.Res.
(1998) 31, 805; Hartwig, Acc.Chem.Res. (1998) 31, 852; Navarro, O., et al.,J.Org.Chen.
(2004) 89, 3173, 11, 1., et al,, Org.Lett (2003) 5,4611. The compc;unds obtained by such
methods can be further elaborated by well known methods to obtain other compounds of the

present invention. In some cases, direct substitution of the 5-iodo or 5-bromo substituent in
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[0144] In the case of the 3=i0d6=5-brono-|H pyrrol o[ 2, 3-b] pyrazine, the
selective or preferential substitution of the iodo substituent over the
brono substituent is possible under generally less forcing conditions, such
as | ower teuRy{a%g @ and shorter reaction tines using a_suitable tranS|t|on
netal catal yst ¢tive functionalizations of di- or of§HENAIYEN

conpounds by neans of transition netal catalyzed transformations are well

pr ecedent dd{pmaﬁ[zm]@pﬂﬁmemzn afTE, ASal) 5t Odd Beey betshecessfhialiyi caI literature;
see for exa ett (2003) 611: Bach et al.

3 or g, creraaRised s inbishbef SaiF ey Bt Tk préssise Pt Gks JsBa 50,

8129. [0148{ e:daﬂlpléﬂsceﬁeﬁeidocﬁr a"’s&bhgifhoﬁlnﬁéi@oﬁﬁhc Habe, Qéleds, b3 ekdthpleRbaiags nay

involve the conversion of a brom ne or iodine substituent into a metal or

met al | oi d hydtide ¢itheintneatangne, alsobelmsBEplbrespestiyelior i witeble ppratiosalyent, |
or ganosi liggn r e anomagnesi um conpound) usi ng
general ly i ?S %ﬁg&rgﬁﬁ’m f'ff %ﬁérrtg’t §|39?{‘%‘P§{glgn exchange and, as

appropriate or required, subsequent transnetallation using sol ubl e and
reactive conmpounds of boron, magnesi S#M&Hc, tin, silicon or copper:; for
representative exanples of such nethodology see: Schlosser, M,

Organonetal lics in,gynthesis, 2nd le,d TWi ey-VCH, 2002). Organonetallic
derivatives obtai ne%/u;p such N iNHs el s.lje of use in transition
netal catalyzed c Ub ic or olefinic halides or

triflates, or, if sa¥ficient! rweactlve e reacted directly with suitable
el ect rophi les, sucteras, for gxanple, ce\r\f@ n organi c hal i des,

M CHAEL- acceptors, oxiranes, aziridines, & dehydes, acyl halides, or
nitriles. Again, the general nethods known in the chemical literature are

essentially the sanm \s t hose gdRsgcri bed abgue for S|nllam r identical
transformati ons util Pzi ng 1H-pé~z~olo[34\ Lr1|d|ned ives. [01461 In
certain such transfonmtions, uirfed to

y—be’a&lxg tageO'U'S_Ur | -

i ntroduce one or re suitabl Brotectlng oups, in o%ﬁ?r to tenmporarily
substitute acidic psrotons, as, for enﬁngﬂ&vlthe hyd¥pgen at ons
attached to nitrogen or\ Qxyg n, as needé particul ar the hydrogen
atomin position 1 of the I Hpyrrol o[ 2, 3-b] pyrazi ne scaffold, by nethods
wel |l known in the chemcal literature (cf. T.WGeene, PP.GMWts -
Protective Goups in Organic Synthesis, 3rd e L John Wley & Sons, 1999).

[01471 The cross-coupling me Hd¥iol ogy descump é‘tbove maybe extended to the
i ncorporation of non-carbory h nucl eop, (e.g. alcohols, thiols,

A
primary or secondary anlndegNthat may odﬁnﬁpalhy contain SU|tabIe

protecting groups of al cohol thiols or anfings Exanpl es of such groups
can be found in Geene, T., et at, Protectilve G oups in Oganic

[0148] An alternative method for the synthesis of 3,5-disubstituted 1 H-pyrrolo[2,3-
b]pyrazine derivatives was developed, starting from methyl 2-amino-3-pyrazinecarboxylate,
incorporation of an iodine atom on the 5-position to give methyl 2-amino-5-iodo-3-
pyrazinecarboxylate can be achieved by various known methods, such as reaction with N-
iodosuccinimide in ethanol at reflux. , The halogenated ester obtained by such means may
then be hydrolized by standard methods. For example, treatment with lithium hydroxide in

THF-water mixtures at ambient temperature affords the corresponding acid.
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Synthesis, 3rd ed., John Wley & Sons, 1999. Exenpl ary nethods of protection
are described in Ley, S., et al., Angew. Chem (2003) 115, 5558; Wl fe, J.,
et al., Ace. Chem Res. (;998) 31, 805; Hartw g, Acc.Chem Res. (1998) 31,
852; Navarro, 0., et al.jOg. Chem (2004) 69, 3173, Ji, J., et al.,

Org. Lett (wOQ8)6/B5124611. The conpounds obt ai ned by suchecmesdhesigs®an be
further el aborated by well known nethods to obtain other conpounds of the

present i ayest i Hhihdsl o2 KBRS SRS meGialc TS Lanytehichad B gQPe %Hae 5-iodo or
5-bronp substituent in 36 WD 2006/ 015124 PCTI US2005/ 026794

1H pyrr ol Qqnzszsxndl]nawgwﬁ@awclem Ehamimorfeiodedprsrive-2otarharybe agidipeexy-
successf Ulln%éﬁ 1%@”33 d%s%%%cﬂl‘im&é‘baﬁtf\g §(u1t%i>1§‘6%‘ga%9m{et%ﬂi%%@€cgé¥ for ekz{hlsél

presence O Suc ace rong,

non- nucl amﬂ;dnlc@gdmaﬁﬁgn@umhomgaﬂoqxthlmaafﬁp@ndsg&ex Flegdfttdasebftmer i n neat
am ne, al cqgho

or thiol, respectively or in a suit otic solvent,

such as, MehoxxNmpsthylamides BNB@%S)GF keforg Q}Wﬂ’feﬁlﬁ,l sge S @Eﬁ%r@’@v eigreb) NHZ
2SS o e PO B bt AR ™
R‘ / N R‘ Bethyll-antide (A) is accessible by condensation of the parent acid with N, O-

dimethylhydroxylamine using standard methods for amide-formation, either by prior

activation of the acid or in situ or via direct condensation. Methods and reagents for both

transformations are described in the chemical literature and well known to someone skilled

in the art, such as in the case of direct methods using suitable coupling reagents such as, but

not limited to, PyBOP, HBTU or HATU.

[0150] The organometallic reagents required for the introduction of a ketone residue L'R
in B can be obtained either commercially or synthesized by various methods described in
the literature, such as, but not limited to the GRIGNARD-reaction of organic chlorides,
bromides, or iodides, with magnesium (cf. J. March — Advanced Organic Chemistry, 3rd
ed., John Wiley & Sons, 1992), metal-halogen exchange reactions of organic bromides or
iodides using suitable organolithium or organomagnesium compounds such as, but not
limited to, #-butyllithium, ferz-butyllithium or iso-propylmagnesium chloride or bromide
(e.g. J.Clayden — Organolithiums: Selectivity for Synthesis, Pergamon, 2002; A.Boudier,
L.O.Bromm, M.Lotz, P.Knochel- Angew. Chem. Int. Ed. (2000) 39, 4414.) or deprotonation
of sufficiently acidic compounds, such as for example pyrimidines, pyrazines, 2-chloro- or
2-fluoropyridines using a suitable base, such as for example lithium N, N-diisopropylamide
or lithium 2,2,6,6-tetramethylpiperidide (c¢f. J.Clayden — Organolithiums: Selectivity for
Synthesis, Pergamon, 2002; A.Turck, N.P1¢, F.Mongin, G.Quéguiner — Tetrahedron (2001)
57,4489; F.Mongin, G.Quéguiner - Tetrahedron (2001) 57,4059). In certain such
transformations, it may be advantageous or required to introduce one or more suitable
protecting groups, in order to temporarily substitute acidic pfotons (e.g. the hydrogen atoms
attached to nitrogen or oxygen) as needed, by methods well known in the chemical literature
(¢f. T.W:Greene, P.G.M.Wuts — Protective Groups in Organic Synthesis, 31d ed., John
Wiley & Sons, 1999). )

[0151] Conversion of the ketone intermediate B to the methoxyvinyl derivative C can be

achieved by several known methods but is most conveniently carried out via a WITTIG-
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l'i t er at ur @cRNFifBlomeRAYRMIHRic 2HRP RETRKdabétRtheid i shitdl@ddlventyeB. AEF N the
case of direct methods using suitable coupling reagents such as, but not

limted tdlioxpyp@dizthylether, dimatoryethpmre) gy, di adirhleroedanpart s required
for the in [ o t sid ' Qbt ai n ei t her
commer ci al® f%%?ﬁ%’%a?%é%letgaé%&’b@ %@g‘{rl @bﬁrsﬁﬁen#%s%%r&a@%@re 1%%‘%891?%5 rgrigﬁneg ﬁ&fler ature,
such as, aC e 060°Cl M divdlat clingiofRhdBSRBdcEBEL byoSakaino® dal| Betehdbidsdes,
brom des, or iodides, with magnesium (cf. J. March -Advanced Organic

Cheni st ry (1320 346@), 237914 Fhere fheguthonsdesaripthe copversionpd Layer3ddchange

. P . SO 4 . . Chi
or ganonagrt LR AR B E BirchlporlRlfo 3L it & R BBl UT '
tert - but ylwastréponsd trbe achiepedopy b Sagnesoupting bf theidceromb ahalogrivith tributyl-2-

ethoxyvinylstannane.

[0153] The utility of 3-substituted 1H—5-iodo-pyrrolo[2,3-b]pyrazines in the synthesis of
compounds claimed under this invention will be obvious to someone skilled in the art based
on the methods described above. One of skill will immediately understand that the
synthetic methods described herein, including the Examples section below, may be used

and/or elaborated to obtain the compounds of Formulae (I), (IQ and/or (I1I).

A. Protecting Groups

[0154] The term "protecting group” refers to chemical moieties that block some or all
reacﬁve moieties of a compound and prevent such moieties from participating in chemical
reactions until the protective group is removed, for example, those moieties listed and
described in T.W. Greene, P.G.M. Wuts, Protective Groups in Organic Synthesis, 3rd ed.
John Wiley &'Sons (1999). It may be advantageous, where different prc:tecting groups are
employed, that each {different) protective group be removable by a different means.
Protective groups that are cleaved under totally disparate reaction conditions allow
differential removal of such protecting groups. For example, protective grbups can be

removed by acid, base, and hydrogenolysis. Groups such as trityl, dimethoxytrityl, acetal
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(e.g. J.Cayden - Oganolithiunms: Selectivity for Synthesis, Perganon, 2002; _
A Boudier, L.OBromm MLotz, P.Knochel- Angew. Chem Int. Ed. (2000) 39,
4414.) or deprotonation of sufficiently acidic conpounds, such as for
exanpl e pyri m di nes, pyrazines, 2-chloro- or 2-fluoropyridines using a

sui t abl e W8es03818h as for exanple lithium N, N-dii soprepytUsoesdes7oor |ithium
2,2,6,6-tetranet hyl pi peridide (cf. J.C ayden - O ganolithiuns:

Sel ectivity hesis, P 200 N.,P1
S Grou S PRI o 3L BT A008% Wiy gohe B MBORT ahearon
(2001) rézotﬂz@weuebmm@bieaélﬁew@lhmotgi@msgﬁﬁés@éd WIS Cb2 broips, whechagy ant ageous or

required to introduce one or nore suita in order to

t t
t enpor demoyatie by hydrogeaokysisand Farast gseips  whigh aﬂ%&gsqa;@hgghﬁ)rog;ﬁwld and ached to
t h |
o SRy R L 280 BE plofiled TN RAE |MEL proSBOURRAL dilBENET o2

Synt heslhmtatfbmim@@lyl, ethohand wetyeyn the pRsacnce bQ&ﬁJ)nes bl@&l&ﬁ]m@om@ra‘aﬂ@n of the

ketone internediate B to the nethoxyvinyl derivative C can achi eved by
sever aIng‘FR?vﬁ%C}h%stfﬁ’éﬂPs‘tY%G@Ib?@atﬁﬁs’f‘“tbGﬁf\l?érﬁf‘téﬁ@%f%h?thlaéﬂ a@dtbaw stable W TTI G 38

V\DZOO 026794 t f. B.E Ma ff, AB. Reitz -
Cheri . ?ﬁ%g@?%@%@%@é) usi ng ;ﬁagl : gn g(;gnerat ed fig%ngom"rerci al F;/ ’
il t I t h h hl orid d itable b :
for eiifniﬁf CRPUE At Bationy PR S A Re BRe  such, as. bt
not | igydi@gtidaty t@nmsmwb&% Ridups s@ncag%e%ﬁiw%& h@hilé hblind Froup@di um or

potassium salt of bis(trinmethylsilyl)am ne Subsequent cyclization
of the dapshle of yiregeabording withiaeids sabi bp blogked mﬂeblasp bile gFaips sysB asE- or Z-form

or 3 M} o Bhoh eS8 ROL IS 6 Res SANPROACA AT HRIEN-BRRREY a1 O

cat al ysi ions

1H 5-i qﬁotewxrergbxq{szuar is]mdfmtmberﬁyb White térexistingpamind izrdupz fag be ong

i norgaﬂq ni 3 ﬁgl ds, -such as sulfuric acid, perchloric acid,

hydr oc 16?1‘3‘33‘”1 gride fabyle Sl GRBRRAR% s ul fonic acid or trifluoroacetic acid in
suitabl e solvents (e.g. THF, dioxane, diethyl ether, dinethoxyethane,

di gl yma[OliﬁlchAByldxMh@rgoupmaUIﬂSGﬁd)etmap@Smce of ridrantl base- pdecting net hanol , or
et hanol ures ther a ures ran qm 0C.to 160C. A
ot 1 arer sk e Findr R B bl b BRBI-BY TR eh RS BY et S pbid Oy e
(1992), caé‘ael&slSZ )Eor 2afh184n aljleBlockch @abukyieragidtas 6k dagotebied samwer si on of
2-nitro- 2- et hoxyV| nyl )pyridine to theHiplarent pyrrol o[ 2, 3§b] pyri di ne.

For mat mﬂHa Yepd 1896 therreseaproehiasid leljlajdusd krbgmatonr
STILL E‘lﬁﬂ’i&%f’alc%ﬁ% m& PBftedRl SIRpENRE ARt Rt SripPatbtng Frodplib @ ¥ed (Y| st annane.

, 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.

[0157] Typical blocking/protecting groups include, but are not limited to the following

moieties:
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[0153] The utility of 3-Substituted 1H 5-iodo-pyrrol o2, 3-b]pyrazines in the
synthesis of conpounds cl ai ned under this invention will be obvious to
someone skilled in the art based on the nmethods described above. One of

skill will W@Jﬁ Ly understand that the synthetic net cribed

herei n, including tﬁe Exanpl es section bel ow, nmay be useg‘%}ﬁm%z P68t abor at ed
to obtain the conmpounds of Forrmulae (1), ( and/or (lI11). A Protecting

G oups [0154] The term "pr@tecting gn—@upO refers to chem cal noieties that
bl ock sone ory al | rea@v ~Hoi e orrpour% @od event such noi eti es
from partigedateng in m cal 3 t| Shs unt iH.Ct eﬁpr tectif@ group is
removed, for ex#mle, those noieties |isted and descrPbed in T. W G eene,
P.GM Wts, RiigtectiveBGroups in O &nic Synthesiaipe 3rd' ed. MeJohn Wley &
sSons (1999). It maybe advantageous, where different protecting grioups are
enpl oyed, that each (different) protective group be renovable by a different
nobans. Protective groups tChat Lare cl eaved ynder totally disparate reaction
conditions allow dlffere'fl& Permoval ‘o $ch pr ot g§cti ng gr oups For

exanpl e, prot(éaﬁ)scve grc(ﬂdq%Ccah\be r enovechiy asi se, (Chiglc” \“/o

hydr ogenol ysis. Groups such as trityl, dimethoxytrityl, acetal 39 WO

2006/ 015124 PGHUYS2005/ 026BBMS and tert - but yl di met hyl si lyl are_acid labile
and may be used to protect carboxy and hydroxy reactive noieti &5 in the
presence of am no groups protected with Cbz groups, which are renovable by
hydr ogenol ysi s, q_]Frmc groups, which are base |abilje. Carboxylic acid and

hydr oxy reactiv Qtl es may be bl oc&ed with bage- Dabl | e groups such as,

without [|im hgecethyl acet the presence of am nes

bl ocked vv|£| S Iablle groups s'ﬂa@ s terarbamate or with

car bamat es"t4fat are both acid and base stabl e bu drolytically renovabl e.

[0155] Car boxy!fM8 aci d and™lydroxy A®Httive m)l ies may al so be bl ocked

with hydrol yt| cally renovabl e protective group "5’ ch as the benzyl group,

whi l e am WEodsCoqﬁﬂpi'bft %fKilﬂX.'&_L ogen bondi ng with acids may be bl ocked
“abi as

W th base groups SUCh Carboxylic acid reactive noieties may
be bl ocked with oxidativel y-renovabl e protective groups such as

2. 4-di et [i@b68be iz whathestaspest, the-peosesttinvegtionprovidgs meﬂmdﬂmybeduléﬁng@kcﬁdnvm th
fluoride ile sil t.es 015 cki sare useful in
{heChr acekitBrgeiy heing o R HEE hrtbrbRcl Kigase oSS P the eR o oy o
stabl e andpng @éﬁnbﬁloﬁutaﬁﬁgldﬁ@gela)étl\FlméQQecpHerHﬁtlﬂéang 'Ehapthe%%ﬁty &Qﬁ@%ﬂéﬁﬂns For

exanpl e, an al|yl-blocked car boxyl ic acid can be deprotected wt
kinase is increased or decreased when contacted with a fused ring heterocycle kinase

modulator of the present invention relative to the activity in the absence of the fused ring
heterocycle kinase modulator. Therefore, the present invention provides a method of
modulating protein kinase activity by contacting the protein kinase with a fused ring
heterocycle kinase modulator of the present invention (e.g. the compounds of any one of
Formulae (I)-(IIT)).

[0159] In an exemplary embodiment, the fused ring heterocycle kinase modulator inhibits
kinase activity. The term "inhibit," as used herein in reference to kinase activity, means that
the kinase activity is decreased when contacted with a fused ring heterocycle kinase
modulator relative to the activity in the absence of the fused ring heterocycle kinase
modulator. Therefore, the present invention further provides a method of inhibiting protein
kinase activity by contacting the proteip kinase with a fused ring heterocycle kinase '

modulator of the present invention.

[0160] In certain embodiments, the protein kinase is a protein tyrosine kinase. A protein
tyrosine kinase, as used herein, refers to an enzyme that catalyzes the phosphorylation of
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pal | adi un(0) - catal yzed reaction in the presence of acid labile t-butyl
carbamate or base- | abile acetate am ne protecting groups. Yet another form
of protecting group is a resinto which a conpound or internedi ate may be
attached. As long as the residue is attached to the resin, that functional
group i s Womobsdsead cannot react. Once rel eased from PEHUSMEI/026794t he
functional group is available to react. [01571 Typi cal bl ocking/protecting

roups incl. : b im |1 ow LatLes: 1 40 WO
J006: 0180 apEer S pdtalR il  Fhb e b IRee £ e Rl digor, . 4D,
ot Hg?%a%%M) P&ge' |°$E‘E)ﬁ/i§a§$. Boo O aral|3(12¢’{M5)Bmﬁt}(erc o.l it ( CBH5) 3C
CH3) 3C ' t - but eoc Boo O . g o] ~ ;
I(-BQ'{ ; (Hs8) (Eich‘tArbrlﬁ‘ﬁ/ -4bBy Kpn yepertor Wosﬁm%ﬁoﬁghmtchwoki nases [ 01581
| n anot : i Br )| ' t1ds WA t @f snpdul atin

pr ot ei nhﬁ‘&lslﬁgg%%aegt(ih\??{? ﬁ‘??%e %}ﬁ%sﬁbu%%eﬂ%Tﬁg§.é.[‘%éy {jsz" %‘F\l?s?e modul gt ors
of the pyresieekinases éng.ilpn CSKJhandtp2d ractivatetlikinase g RAKY)s ELEBauwarky, " as used

her ei n, means_t.hat, t. acti.vit t.he protein, kjinase, . S<h+ncreased or
decr eas MR varpoit Rabng disks PBute SR Re i PRRE (AT Eroau at or of
the pregE1dnd\CVR $)08cfghidy te¥ed grote Irle\kitayesi (8.t Iyh 18R%:8)) ¢B/cBhent e fused
ring heterocycle | dnase nodul ator. Therefore, the present invention
provi desyrthess sdfGSK") (e.g. GSK3a and GSK3p), lymphocyte protein tyrosine kinases

("Lck"), ribosomal S6 kinases (e.g. Rsk1, Rsk2, and Rsk3), sperm tyrosine kinases (e.g.

Yes), and subtypes and homologs thereof exhibiting tyrosine kinase activity. In certain

embodiments, the protein tyrosine kinase is Abl, RON, MET, PAK, or FLT3. In other

embodiments, the protein tyrosine kinase is a FLT3 or Abl family member.

[0161] In some embodiments, the kinase is selected from Abelson tyrosine kinase, Ron
receptor tyrosine kinase, Met receptor tyrosine kinase, Fms-like tyrosine kinase-3, Aurora

kinases, p21-activated kinase-4, and 3-phosphoinositide-dependent kinase-1.

[0162] In another embodiment, the kinase is a mutant kinase, such as a mutant Ber-Abl
kinase, FLT3 kinase or au:ofa kinases. Useful mutant Ber-Abl kinases include those having
at least one of the following clinically isolated mutations: M244V, 1248V, G250E, G250A,
Q252H, Q252R, Y253F, Y253H, E255K, E255V, D276G, F311L, T3151, T315N, T315A,
F317V, F317L, M343T, M3351T, E355G, F359A, F359V, V3791, F382L, L387M, H396P,
H396R, S417Y, E459K and F486S. In some embodiments, the mutant Abl kinase has a
T315I mutation. The numbering system denoting the position of the amino acid mutation
above the well known wild-type ABL numbering according to ABL exon Ia. See
Deininger, M., et al., Blood 105(7), 2640 (2005). The numbering system is reproduced in
Figure 1. In some embodiments, the mutant Ber-Abl kinase includes at least one of the
mutations listed above and has at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to the sequence of Figure 1. In some embodiments, the mutant Ber-
Abl kinase includes at least one of the mutations listed above, has a sequence identity to
Figure 1 as discussed above, and includes at least 50, 100, 150, 200, 250, 300, 350, 400,
450. 500, '550, 660, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, c;r 1100 amino acids.

[0163] Insome embodiments, the kinase is homologous to a known kinase (also referred

to herein as a "homologous kinase"). Compounds and compositions useful for inhibiting
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nmodul ati ng protein kinase activity by contacting the protein kinase with a
fused ring heterocycle kinase nodul ator of the present invention (e.g. the
conpounds of any one of Formulae (1)-(lI11)). [01591 In an exenpl ary

enbodi nment , ] ring heterocycl e ki nase nodul ator [nhibi i nase
activity. Tﬁ%ﬁﬁgéﬁgﬁgnhibit," as used herein in referencggpggﬁ$%%§ém

activity, neans that _the kinase activity is decreased when contacted with a
fused ri ngthsdicdpgied) aptivity of hemologens kinases hay bg mitially screensd.afer example. ith t he

absence of f | I L . [T e

D osent | nodfie a3l bRl SARIS GmbliflAR oy Bl Kdtonce LR fenglt °
activity bthatisnt kedtiSOts, ttieasp 6@ it teakti 1086 at lendt 180%, bt dehst 9094 identical taciie! e

ki nase nodu| at or, of the ent i nvention. 6 In certain enbodi nents,
the- pr ot or ARD AR Gsepuends ol ety B e on 00, Shey SO homalooR ite ki nase,
as used heggivh kihREGEfve Pnihse Ro¥Wody iy Kl uiilg, PPOsRPY, ¥/pai i on of

41 WD 2006/ 015124 PCT/ US2005/ 026794 ~"tyrosi ne residues in pr@t éins with a
phosphat e BbASTsegreh,guchnasybutineblimited tfotihat dhseribediionltschwlyetial. a¥ucAHPYls RBe.ot ei n

tyrosi ne kin | , for exanpl.e elison tyrosine ki " Abl "

()é. g. c- m?ﬁi@%%h%%“ﬁ@&é&%@?@g% lﬁaépﬁé ﬁa%%tﬂ@stm‘iﬁﬁ%g rece|)ot or
tyrosine kidyaes i allddd in this@Balldik €Othef ©81sT6r ferfoRas the' dghment(if@lade, B T3) |
src-famly tyrosine kinases CSK), and p2l-activated kinase-4

.g. . lyn,
("PAK"), Fexeaipledbiustalang, £§é’gi}e)t, gyhie}a%yd?edlss@mmr@te@mﬁ@é%cﬁw Birion of
Cycl | deDeRYR A 350 Brdm K cdat Ryllie AT RANIICTM 10 3¢ onlTdul e 2t

protein tyrosi hases I'nase), glycogen ~synt’has€ Ki nases

(" GSK") ( ealy.Bidipdmazasd1S=RIS3Q8 (109N Hdarydlogpmay, fomexayipleshave aBIWSEE- (" Lck"),
ri bosomal S kinasesg(e. Rsk2,..an 3), ermtyrosing_kipases
(e.g. Yes)'*ﬁu%?lfgla§ E@t §¥ﬁ§gt lﬁﬁlih%m%ﬁgldf th]r‘gg':ﬁ %ﬁhiﬁ&ch‘ﬁﬁé/’ﬂr&@s?ﬁéﬁ nase
activity. hop Qeotyalith FETH MR BhdtherkA8wR kBfald, Or i RfdtRAaldoRRSEA L TAD! . RON,
MET, PAK, or FLT3. In other = enbodi ments, the protein tyrosine kinase is a
FLT3 or AbAb} grinopherknown king®161] I n sone enmbodi nents, the kinase is

sel ected from Abel son tyrosine kinase, Ron receptor tyrosine kinase, Met
receptor ty0164] n&oltohasenayrdlsd-teidéRrhined by Bempdriigske ativaAsitesiadink pouksEas, -
p21l-activated ki nase-4, and 3- %hosphoi nositti de- dependent ki nase-1. [0162] In

anot her enBwd@nrang with the actiyesis binding negkelsef akneyadkinasg. Horgxample, iant  Ber - Abl

ki nase, FLchboDsisendfm@Uiaid: D95 7045 884! o9thpsk mBihindlikick bpdises i ncl ude

t hose having east one of the followng clinically 1solated nmutations:

M244V, L248MecERS0komGipg Baye an(Ré 243 stQRBER, covRlidies of 25aindEHKTabEdB Sive

276G F3 1tolthé ld-ll;%sleS oina};? gt avc-er g 11050'%‘1nean square deviation of the alpha carbon atoms of up

to about 1.5A, about 1.25A, about 1A, about 0.75A, about 0.5A, and or about 0.25A.

[0165] The compounds and compositions of the present invention are useful for inl_libiting
kinase activity and also for inhibiting other enzymes that bind ATP. They are thus useful
for the treatment of diseases and disorders that may be alleviated by inhibiting such ATP-
bihding enzyme activity. Methods of determining such ATP binding enzymes include those
known to those of skill in the art, those discussed herein relating to selecting homologous
enzymes, and by the use of the database PROSITE, where enzymes containing signatures,

sequence patterns, motifs, or profiles of protein families or domains may be identified.

[0166] The compounds of the present invention, and their derivatives, may also be used as
kinase-hinding agents. As binding agents, such compounds and dgrivatives may be bound
to a stable resin as a tethered substrate for affinity chromatography applications. The

compounds of this invention, and their derivatives, may also be modified (e.g., radiolabelled
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F317V, F317L, MB43T, M51T, E355G FE359A, F359V, V3791, F382L, L387M H396P,
H396R, $S417Y, EA459K and F486S. In sone enbodi nents, the nmutant Abl kinase
has a T3151 nutation. The nunbering system denoting the position of the
amno acid nutation above the well known w | d-type ABL nunbering according
to ABL exwo2b@o018ee Deininger, M, et al., Blood 105(FT/US260602672905). The
nunbering system i s reproduced in Figure 1. In sone enbodi ments, the nutant

Bcr - Abl k| Se | de .at_J o) t| Q i sted above and has
at | east SHHHERY 8“%5 15%;9(?&3%&}&12%@3 %g{}m@gﬁ/ﬁa or © i 6 Sequence identity
to the spupe @lfaraEieﬁgﬁtﬁn,lsmbm@@ﬁaoﬁmhawments t he mutant Bcr- Abl kinase
i ncludes at |least one of the nutations |listed above, has a sequence identity

to Fi i 0, 200,
220 |38gbf%7éo%fgz?%ﬂﬁt%‘g&“?‘%gm?%gﬂg%%%@g&m%& % 3%861%%3%&1%900 950,
10‘00 1Qﬁ€25ennnvéhhﬁﬁ isnkingseadilpitor. I @hE3mbodimens teritinde inhititor haswm ki nase is
honol k | f to he " honol .
ki nas e L paRARE Copirt ol i mEehttter IR ke IRier B0 2006/ 015124
PCT/ USZQ&%Q%M%r hhd¥h 101, P4 QaHiBTRbn @Gﬂs’taﬂ (1&) 6f 1R BMRrdeidiAS e MRy be

initially screened, for exanple, in binding assays. Honol ogous enzynes
conpris @natheamlmiuamtdths &ipasariokibiiér hah en EGsmer Ke@fdtﬂs thanhidt micgonaglar. dast 50% at

I 0 9 % 1 d I h
amno_ acbgbeuEARaey o iitbsq ERB e iR A x Btk S8k Aok bR 5 k00

honol ogyanbhet éiﬂbodﬁﬁawpmk kinasEinkibitortfas 40 1Y, BSK; 6¥1633!tgys00a¥ndBoldetIar m ned
using, for exanple, a PSI. BLAST search such as but not linmted to that

descri beother smbegithent, the kingse inhikjter hagan Keso pekK: of loss thandld). renemol@agb\ 7). In
certain a?lmgﬂéIHWrﬁFntaﬁw % mﬁ&(&r 1@5 at?ﬁCJo SRR of105tRdn 1t ]h fpguence 1S

aligned 1n thrs analysis her erformng t gnrrent i ncl ude,
for nd ESPrl pt whi ch may be used to generate t he
PostScr?lEf3 ve\agDﬂ?‘ E’J‘%fref‘ “&I i gnnment. See Thonpson et al., Nucleic Acids
Research, 28:2919-26, -2000; Couet, et al., Bioinformatics, 15:305-08
(1999). [bb(fﬂ}' OB SnbMYs ashedt, th mvaﬁib@paoM%ﬂEodsw&wmgfa dise¥sel 0- 6 over at
| east 100 amino acids (Altschul et al . Nuclejc Acids Res., 25:3389- 402
(1997) vinediated trpkinagsactivity Gingsrmedirisd discase 9n disordsp) imagubtiesh (e8-onal domai n of
FLT3, 5 helm 6 ..lw y erm ned
by corrp'g?%ﬂr]\%lglt ’n%gg%tl veﬁgf\t%ey |ﬂr%?§gd{ﬁ%§k§% 0 a%g&g%g crlriegéa\?\n& Eﬁ%e%gtt active
site bi rﬁseaysmwk&hﬁh@saas«mmphnnm@e aﬂewatedbyrmlmbltmgﬂunmmaohmgous enzynes,
at | east SO(V %, . 70% qfe@?r 90‘V of the amn ds alf} ecule or
ool og (BvEBSIRIRGIEF F BYS U SRR o P RO B S GPIobh Bhsore in

si ze disease process). By "diseases" is meant diseases, or disease symptoms. The method

includes administering to the subject an effective amount of a fused ring hetercycle kinase

modulator of the present invention (e.g. the compounds of any one of Formulae (I)-(1IL)).

[0169] Examples of kinase associated diseases include cancer (e.g. leukemia, tumors, and
metaétases), allergy, asthma, obesity, inflammation (e.g. inflammatory diseases guch as
inflammatory airways disease), hematological disorders, obstructive airways disease,
asthma, autoimmune diseases, metabolic diseases, infection (e.g. bacterial, viral, yeast,
fungal), CNS diseases, brain tumors, degenerative neural diseases, cardiovascular diseases,
and diseases associated with angiogenesis, neovascularization, and vasculogenesis. In an
exemplary embodiment, the compounds are useful for treating cancer, including leukemia,
and other diseases or disorders involving abnormal cel'l proliferation, such as

myeloproliferative disorders.

[0170] More specific examples of cancers treated with the compounds of the present

invention include breast cancer, lung cancer, melanoma, colorectal cancer, bladder cancer,
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to the kinase domain that have a root nean square deviation of the al pha
carbon atons of up to about 1.5A, about 1.25A about 1A, about 0.75A, about
0.5A, and or about 0.25A. 10165] The conpounds and conpositions of the
present i nveyd b@Roa e useful for inhibiting kinase actiyity and also for

i nhi biting other enzymes that bind ATP. They are thus ung#iésmlﬂﬂ?mf%e
treatment of .di seases %gtd di sordeis t hat may be_ al |l evi a Ptg%l i nhi biting
such ATP- BPHHH FICEnRFPHEC SRIG0 TR CAUEeTnaRamBps ‘Ef_élt"é?‘fﬁ“rﬁ‘r‘?gf‘% fe ATP bi ndi ng
enzymes i fheteficlcaRse, KpagwRalcemb NASBpRmytidnid, ahdlehRenia(d.g. hyresi@, di scussed
herein relating to sel ecting honol ogous ‘enzymes, and by the use of the

dat abase MROBicTEYyelojetcttedmrphebiast i kygpbojesticuedgkinssag pdlifEe patt er ns,
notifs, or il i ilies or donains may be identified.

[0166]" Thée@%%%&ﬁgg%?tg{og{ec%%ég t inventien, and their derivatives, may

al so be u S i nase-m ndi ng agents. As bi nding agents, such conpounds
and deri vigfvis QFE?’SBEMB‘E)E’F?@Pl‘EScPf 1sgsgh precligqadsrs, fog svhuch trqafent §Y $spst rat e for

affinity SRR i I R LSl i.on, and
t heir der iccegi?i ves?fma oéq‘ﬁfsbgg Bgﬂaﬁnhg{é???dﬁ ?‘és.‘eg‘g, ragﬁgﬁ;fgreﬁae,ﬁmgg\ﬁ%de’

2006/ 015124t @ETHLUIBADGEOARE6 Dt rejectiah {fonexample kidney, livet, hedrt, lumgpistbé celtsp
utilize themin the investigation.of en or . pol ypeptide

char act eripfﬁ‘frFﬁnéo@f?ﬁf&%rc : eﬁﬁ%go’f"g"né%{? qyﬁl%f%gqgﬁa%@gygw ary

embodi mentirankfightd) UG vE. oS (&, & ¥sakArikd, Pieshthattidl ittt m@fti[?_lel”h@lercrﬁs,es ent

invention is a kinase inhibitor. In some enbodi nents, the kinase inhibitor
has an | @Stetss, digheieratinopatleys irflamapatembpwek diseasss(ferrpyamplen{rohgladisasse, | n
anot her e ' o & i b-nhi. b { L ohi hition constant
(k) of 1 RCHRE R B odrRARE LA Ko R Tabiotly R BRIl

i nhi bi t or rhystheria gfavis, psorilfsis,alerrth @R, dchana, $€bonthes, Adphedmer'sl diseasenot her

enbodi ment; t.he Kkinase inhi bLtor has . an IgSO tgr K, of I es% than | |

mi cr ool arb Ao qi5eder St BEHipITtion dHmee FAQIICTRRi BV Y SCRELO%0T SKCBY or K;

of less t imOfor RABRFBAIr-allbLeneRHBhE FarrGF MR piRMtion! SR g, | nhi bi tor has
an -1 G50 or K of lessthan 10 nanonolar. In another enmbodi nent, the kinase
i nhi bi t or rhtinopathics (60 exampde, myculapdegendration] diabetisrreticopathy) and othsr hods  of

Treatment [0168]. 1N another aspect. th resent invention. proyi des net hods
of “troati g papish oBRo Uiedd B8k oma RN R Y e BB B o o e a cense
or di sor defupgal)nhéarisdidehes including, butmethmited tostestendiss. humans) . By

"ki nase- nedi at ed" or "kinase-associ ated” diseases is neant diseases in

whi ch t he IQj.seq,&Ea)gr synptom can be alleviated by inhibiting kinase activity
(e.g. where the ki‘nase is involved in signaling, nediation, nodulation, or
regul ation of the disease process). By "di seases" is neant di seases, or

di sease s\ipt2pnsTheTompoendsod the present invention may be easily assayed to determine their :

ability to modulate protein kinases, bind protein kinases, and/or prevent cell growth or

proliferation. Some examples of useful assays are presented below.

A. Kinase Inhibition and Binding Assays

[0173] Inhibition of various kinases is measured by methods known to those of ordinary
skill in the art, such as the various methods presented herein, and those discussed in the

Upstate KinaseProfiler Assay Protocols June 2003 publication.

[0174] For example, where in vitro assays are performed, the kinase is typically diluted to

the appropriate concentration to form a kinase solution. A kinase substrate and phosphate

donor, such as ATP, is added to the kinase solution. Th'e kinase is allowed to transfer a

phosphate to the kinase substrate to form a phosphorylated substrate. The formation of a

phosphorylated substrate may be detected directly by any appropriate means, such as

radioactivity (e.g. [y->2P-ATPY]), or the use of detectable secondary antibodies (e.g. ELISA).
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I ncl udes adm nistering to the subject an effective anmount of a fused ring
het ercycl e ki nase nodul ator of the present invention (e.g. the conpounds of
any one of Fornmulae (1)-(111)). [0169] Exanples of kinase associ ated

di seases include cancer (e.g. |leukem a, tunors, and netastases), allergy,
ast hma, o0P@2WENIs12Nfl ammation (e.g. inflammatory di seagaAISIB/2¢64

i nfl ammat ory ai rways di sease), henatol ogi cal disorders, obstructive airways

di sease a t Ol ' abol i.¢c_di . i_nfection (e.qg.
bact er i‘éfallt?m%s/[wrg g?fhe?g satutqunfl’¥J g%@?&?@@ Sg?Ss 5%3%@%4‘%%%%5%%%? degenerative
neur al ppsepaisrsechbRfue] AURSCHE détedtion @8 2TP, concsnthafiirs@ASKnass Ge® adsegd Wi t h
angi ogenesi s, neovascul ari zation, and vascul ogenesis. In an_ exenplary

enmbodi rsem (PHEnegahp Siirge mbihitorpes identifind Ry detactipgythe dprmstion phz | udi ng
S . . . . 3
br of 1 1 gsnRae Bifurle SEAS Bkstiico S8 MR IEL A iR RS TABRRE | (e €1 ¢

exanpl esctofn tedowers treated with the conpounds of the present invention
include breast cancer, lung cancer, mel anoma, colorectal cancer, bl adder
cancer o178} WA2RA6{ 828t 24mPSHIUSARG! DRA724n  QUIRRILFISE BOERyedUsB! At ©
cancer, renal cancer, squanous cell cancer, glioblastoma, pancreatic
cancer ,m¢thpdssielskroaman e, arimHor expimplengellemtainingla kimascanaybg @ntpctedy el oi d,

chronic_nyvel oid...acute /| hobl ast i.c roni.c . obl ast.ic, Ho i ns, and
crher YRt ELR SR e 8 S Bh ot RO ey PR R e Gl R  Brarm o
of di sdagaslltlar glicsplicigaed b@stritd iferhed e ter®Bsdncdynd the pres@ivp ofiihe SesO "
conpositions of the _ inventjon are useful for treatment or_prevention

i ncl udesompgprd Bay bedetermingd bydysiae the spldsand detecinsthe prssence hosphanyted ki dney,
liver, - i sl ne r smal |

bowel , %E%Rea?}{ %&P{@hg% %Jggﬁ'gf ?@s% d%eﬁi)@gg??g’%tg gpg%s‘?%&%daft vs. host
di seaseubastemradided irt fhs prastreavhtheitest eomyound isdecraasedirglhtvesto ks asowmt

di abetes, ,di abetic reti t hy, i nflammt ary., bowel. di se for .exanpl e,
G on il Bahe Shseia o Rt ¥omp i B T RER Y BndeaEf ke Baificnn

di seasex)gRFifXdeAssa§e HeidiscROrH thé BRiSples RS tugw.a gravis, psoriasis,
dernmatitis, eczemm, seborrhea, Alzheiner's disease, Parkinson's disease,

St em oSbldi" OfEELAL AU ELAG 0SB BELARY s Kihed L PrSRLERROAN S br1 VO

purgin ogous or l"'ogene one narro ans atiron, ocul ar
di seaseardinagtskilbipalidiremay bousedx Roqpdxamphne tdsekit shendasurad bpDiscdvaket i ¢
reti nopathy, and other retj n}%%at hies), corneal disease, _dl

i nf ect i B4l kBnpPeomeEne NoHT, Bpryge Binding Assay Kyt (seed rFatentdhse,
i ncl udi 5:'@43,%‘45 mg9i)e Lidd GHhst Qctiv'it??ﬁe@na?s%' be aséayed SSHY/S. Patent 6,589,950,
issued July 8, 2003. '

[0177] Suitable kinase inhibitors may be selected from the compounds of the invention
through protein crystallographic screening, as disclosed in, for example Antonysamy, et al.,
PCT Publicatio\n No. WO03087816A1, which is incorporate herein by reference in its
entirety for all purposes.

[0178] The compounds of the present invention may be computationally screened to assay
and visualize their ability to bind to and/or inhibit various kinases. The structure may be
computationally screened with a plurality of compounds of the present invention to
determine their ability to bind to a kinase at various sites. Such compounds can be used as
_ targets or leads in medicinal chemistry efforts to identify, for example, inhibitors of

. potential therapeutic importance (Travis, Science, 262:1374, 1993). The three dimensional
structures of such compounds may be superimposed on a three dimensional representation
of kinases or an active site or binding pocket thereof to assess whether the compound fits

spatially into the representation and hence the protein. In this screening, the quality of fit of
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[0172] The conpounds of the present invention nmaybe easily assayed to
determne their ability to nodul ate protein kinases, bind protein kinases,
and/ or prevent cell growth or proliferation. Some exanples of useful assays

are present ef2 l{lg@lﬁl\évtsAkl Ki nase | nhibition and Bindi ng @%ﬁmm{sﬂ#ﬁj

| nhi biti on8f° nases is rreasured by nethods known to those of

ordi nary in the art arl hqds, pr.esent ed herein,

and those 15’ fBﬁ%‘?é’Hc?lﬁp‘?%gé t%}ﬁgpﬁf’a’g g??'}d@Fé @?5999? 8Y ocol s June 2003
publ i cat i esmplbMdtddty6Pby @@tﬁﬁﬂ@éﬁnte%ﬁé&elﬁrgy M&g2ETRYS nfp. PREAOT Med, the
kinase is ty |caII diluted to the appropriate concentration to forma

ki nase soilirﬁg%ﬁ“ 14 ?()f nase substrate and phosphate donor, such as ATP, is
added to the kinase solution. The kinase is allowed to transfer a phosphat e
to the ki [(158] sUhssdreshingtod componmis phihs presént imdvieatiomsthbiindtoeand/bhmofialateat i on ‘of

a phosphoryl ated substrate may be detected direct|y by any. appropriate
‘means, %ﬁla%?é G & Ainbyhex achiy ety km@%@ aqequdmgip g pventicy gepsrally gxolyes det ect abl e

SecondGWc&{é{deBﬁQﬁS efa&orsE!FkrﬁAlhecé} 8‘\1@& aﬁQé&%ﬁ% ?gte Ng 026794

Al ternati the formation o pho ted's ybe detected
usi ng any stnmppalbmssmmg,emhm melen&wm‘rnoas:ovﬂmtt}avﬂmkmms oForAeIBnpbncent ration

Gemt i 11 Bl Rl AerPRe Ay S Heer b ot SRR tspsee B Pl e b E e | n ¢ he

presence pmlana bﬁ&ﬂs&zaw‘nt Roledtlar HERARmpoRght BX HERERSiatice 61 kiRitePRIBW) -
[0175] The ability of the conpound to inhibit a kinase in a cell may al so be

assayed uﬂnewgmpmdn@@@dwdrog@nbmnga IQ%ID@TQCUOF%W%Q%IW%S agé| | s cont ai ni ng
a ki nase h
factor) tﬁg(# é{% &%{{e&%ﬁﬁﬁ S%&nlgs%gc Bé%ﬁtrﬁdl?b@?o%'{o e{sr acet hzﬁﬁ&w
phosphor ybrad @ibntatibs in ratador ar thre dindingtpoeket iba atiewaitdo adsecme&aﬁnmmf t he test
conpound be det.er m ned | ysing .t | s_and .detecting the presence
phosphor yﬁ%@tﬁl cefiyfe ppHioas B&E\ﬁ%}“&?}g‘%‘ﬂﬁ P&%C{%reﬁ%ﬁf%aﬂ?@e 1 this assejatioRper e t he
anmount  of wﬁ’tﬁqmrﬂib&tﬂ%gnon%Wsﬁﬁﬁﬁhﬁﬁé&ﬁ@@&’eﬂlﬂc&ﬂ&nﬁh@ﬁ 8PS nlechfae test

conpound is decreased reiativé to the anount produced in the absence of the
t est conpewhaay kdveasignifidahbimpacion potanpyli Cenfemnativhal gequincaiehts dnclusleltheul ar

T

ordi nary 5d{atioh to Bll bhepcaﬁén ofdie bmdmg@dckel:mr tispagihgbet@edrefhetionbl greupdf act ur ed
by Discoverx (Frenont, CA), ED- Staurosporine NSIPm Enzynme Bi nding Assay Kit
(see U. S. obasqampoung compyissngsseyeral chepicahgroppsdthat dgepihy wtegect withiinagesy  al so be
assayed as in U S. Patent 6,589, 950,

[0180] Docking programs described herein, such as, for example, DOCK, or GOLD, are

used to identify compounds that bind to the active site and/or binding pocket. Compounds
may be screened against more than one binding pocket of the protein structure, or more than
one set of coordinates for the same protein, taking into account different molecular dynamic
conformations of the protein. Consensus scoring may then be used to identify the
compounds that are the best fit for the protein (Charifson, P.S. et al., J. Med. Chem. 42.
5100-9 (1999)). Data obtained from more than one protein molecule structure may also be
scored according to the methods described in Klingler et al., U.S. Utility Application, filed
May 3, 2002, entitled "Computer Systems and Methods for Virtual Screening of
Compounds." Compounds having the best fit are then obtained from the producer of the

chemical library, or synthesized, and used in binding assays and bioassays.

[0181] Computer modeling techniques may be used o assess the potential modulating or -

binding effect of a chemical compound on kinases. If computer modeling indicates a strong
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I ssued July 8, 2003. [0177] Suitable kinase inhibitors naybe sel ected from
t he conpounds of the invention through protein crystall ographic screening,
as disclosed in, for exanple Antonysany, et al., PCT Publication No.
W03087816A1, which is incorporate herein by reference inits, entirety for
al | purposwe.20060i78% The conpounds of the present i nventemOSABY02604
conputationally screened to assay and visualize their ability to bind to

and/ or |n nas The ru t.atj qnal |
screened * efaﬁ l%n edpéjl]??”?e sy ‘alegrl?p&?hﬁ%mga %gsﬁ\é‘géﬁﬁbqﬁ(/ﬂ@m@%hwey

det erm neanalagfbdst(ajainnﬂbﬁtmgt@abmmngptsaac{qvlmﬁse at various sites. Such conpounds
can be used as targets or leads in rred|C| nal chemi stry efforts to identify,

for exa avi s,

Sci encenp@gy] 1 h@dlﬁtﬁ%&ﬁﬁ Baﬁlg%&h P HEnRSI ong%eh g r uc ﬁf‘forgaﬁ uch
conpoundsvaRyted by mpmofmmambfampam ohiele clekimieal grampabr fregmaﬁmb adreehied of

ki nases or _.an active e. or .bi ndi ng . pocket, t here 0 assess mhether t he
conpound ddselects %’F ﬂ&FI iljthpseeiate W %léﬂd%lrp%li P@%@@ OF AbeLFBASei n. I n

this scregfidiges. TR r%&&ké ﬁ1¥¥9éggﬂb§vf§l§al‘ﬁﬁ é’é!ﬁoﬁ%@%ﬁeé%&@feé in%lhﬁ%g? 026794

such entities or comnpounds bi nd |n pocket er by

shape c Ghptemmrdrarictry based by theddnases codrdinatesr Selettodh fregmengy of diemical et aI J.
Conmp. Chem 13:505-24,1992)..]10179 screenin f compounds..of..

o obent B A R POSIARed 5 AP ! AEGF0S O EPRed oS Re 4 R ¢ o

activat e ihdiBSFSckettT kiatks(B1dnBy, TN Sanld DYiR6Y, TS FeespRédlel h DARIDNESery

consideration of two factors. First, the conpound nust be capable of

physi cal lapddiegignst:3 Qe 893 Mangaldoekiag mey. eémonmhslaedmméﬁpftya@rsuch as
non- CovallﬁQ%lJ%t zg&sc%glr SAPBR o'i% h@mma?éé{ &fhg (%ﬂ&@@ﬁﬁ&t [fedfBY be

i nport ant hg ITr \/ers sul cl a pr ot ei n.
Non- coval@rdbemaﬁamb anndSiYﬂaéfrIa(fm-ipos;sInm n$10Ldnas1t1V[®n199ﬂ): fal%mdl‘tg{anefgyof ki nases

with the conpound include hydrogen bagn ni.c interact ons an der
Maal's. | RSO ARRE moiken DY A g me R e Jable to
assune asﬁé]f‘MHRRl\m (BAJMs, QF hEM EbinpChe. aqlsalzwmgsg) WMBER’(Wé%&er?CKEt
that allows it to assom ate with Ki nases, g@M certain portions of the

conpound ki Y1dmdthedi Sec 0§ 768184 t98dhend CFMFS@@@' oacilenForgg Fielki nases,
those por 008]921 g@ﬁ’D% bl(IJAj[ q}/ﬂ)féea fo?natt&fedo%ﬁﬁ%%{ag%%%? r}g%ﬁ%cﬁb} IPSIH h_e mol ecul e

and may have Brcan ui renents
i ncl ude tm@grm@yaroalals DOGIGﬁ{ﬁhtﬂ‘anﬁl am'dbl Biol. uDﬁMG@ 858001981?{, t[)ﬁ(tlatis onilgdle t he

chem cal group.or compound.in relation to all ortign of the binding
ocket - o Hispsis g bermikam Feesrond):, LIGBICR (Bodselld Blscn,

Proteins: Structure, Function, and Genetics 8:195-202, 1990; AUTODOCK is available

from Scripps Research Ihsﬁtute, La Jolla, CA); GOLD (Cambridge Crystallographic Diga.. -
Centre (CCDC); Jomes et al., J. Mol. Biol. 245:43-53, 1995); and FLEXX (Tripos, St. Louis;
MO; Rarey, M., et al., J. Mol. Biol. 261:470-89, 1996). Other appropriate programs are

described in, for example, Halperin, et al.

[0183] During selection of compounds by the above methods, the efficiency with which
that compound may bind to kinases may be tested and optimized by computational
evaluation. For example, a compound that has been designed or selected to function as a
kinases inhibitor may occupy a volume not overlapping the volume occupied by the active
site residues when the native substrate is bound, however, those of ordinary skill in the art
will recognize that there is some flexibility, allowing for rearrangement of the main chains
and the side chains. In addition, (;ne of ¢rdinary skill may design compounds that could ' *
exploit protein rearrangement upon binding, such as, for example, resulting in an induced

fit. An effective kinase inhibitor may demonstrate a relatively small difference in energy

between its bound and free states (i.e., it must have a small deformation energy of binding
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of a conmpound conprising several chem cal groups that directly interact with
ki nases. [0180] Docking prograns described herein, such as, for exanple,
DOCK, or GOLD, are wused to identify compounds that bind to the active site
and/ or bindi t. Compounds may be screened again one
g@;ﬁm@&%ﬁ ?&T/ﬁgfotﬁy% 7

bi ndi ng po e protein structure, or nore than one se ‘

coordi nates,far the.sa tein, taking into.,acco di ff.erent . nol ecul ar
dynani ¢ E%?TgPWﬁPP%HE%PQ{ %WBP%?P’EW%%‘&Q’G?%E%FW& ]ﬂ’é%?ef tobsfa used to
identify thid (f&réﬂﬂﬁﬁl‘ésbetd@l?nél{ Rith blaefeﬁﬁatﬁohleheﬁgybfbih&ingroph&l gledtdeaimi f son,
P.S. et al., J. Med. Chem 42: 5100-9 (1999)). Data obtained from more than

one pr ot eil hkeabimed ok greateridam 7 &catimolaos arepisr thgw § keal/raelconnst agatenthemd et hods
descri bed, ] i pgler. -al . X il ] l. § i i 3, 2002,
entitled kl&%/rfdétllj't gglag{/ls %ﬁ’él}sél}ﬂqﬂgfaﬁ%%{stﬂ P%?ﬁr@?@t%%%}éégghe%%e: Jr?gﬂ)(g?l npounds. "

Conpounds tHagigisingildr reovaedl bihdihg afiedg. NAnha3btaies) eke dofarmatibe epsrgdoftandiag t he
chemi cal library, or synthesized, and used in binding assays and bi oassays.

[0181] Cokfaifeario hotheidifikjence brTeguiths cpergl ot the dipe compeud2ad theaveidgent i al

dul at i L gl : L eak:Com ' oI f t
R P s R i e
i nt ti h I t hen be, 1 i zed and, tested it bilit
to bind t HUBthaSeEThCRRIT STV HES DAY i G50 QELPVLOPRGY ts activity.
[0182] Mbdeforhdtiofl eférgp bitbéledtiodftio thidriRAY BsmPles 1 p s GBYARA forsuch
conmput ati onal | evaluated by means of a series of steps in which chem cal

groups or uges t Saysstanidy eevisian C dirigcls Kjauesiany Ico Piishurgh, BAi ©1999)it o

associ at e \w t.he.: i neliqs - ndi: . . ar of kinases.
This pr océ&sﬁﬁ%’y@g%%ﬁ (%éﬁ@%t}%lwéﬁ pefgalﬁ}ggﬁ%fa?éq’n?}rgg%%ﬁb@g@%he active site
on the cQUANEA/CGGIARMM esellys)inct,ban Bicyps €4, ©1893) hailghsll/Tiebeat ed fragnents

dockoa,  witsiebensa PiesdaCA. G ARNgeBAsealor, Knserbicn Shad B and”

Di xon, J. $nq ARRIGIP@GHiVeras drMiRhaiBraP QEAUEE CherREly PRVKEA BxdhiaRBel IndhaR3) -

Manual docking nay be acconplished using software such as Insight 11
( Accel r ys Uniasrsitp). ebhese wopramsmnsydieampleaientednforiinstagcecnsinga computer Mont r eal ,

Quebec, Canada).. and_SYBYL (Tr.i pos nc. t . S, 992 f.al | oned by
ener gy mwﬁﬁ(r‘?fa)?g?’i% ACan %}owg%eﬁﬂaﬁor 3%3@16’&&% Ss(lf\%]idqlélpav O%%sfaélgﬁ‘l ar
mechani cs Ol B&rdivaRl s§stems antCddfigardFabkidvs (Bl bokfowratb titdse skilled iaahaart. Chem
4:187-217, 1983), AMBER (Weiner, et al., J. Am Chem Soc. 106: 765-84,

€

1984) and 1l ar : AVE 9@6}1 CA) .
More auto ﬁ?gmg%%ﬁg%a%@ %ﬁycglgﬁag%@%égf géyﬂﬁ%ﬁeﬁg&&%ru glégerfﬁrfg{a g uch as DOCK
(Kunt z et irathe art,Jand Kid metBodd disclaséd h@6if- 8¢ ndtd@2nd BOEKed lsnase ablyattides

described herein may be chemically synthesized in whole or part using techniques that are

well known in the art (see, e.g., Creighton, Proteins: Structures and Molecular Principles, -
W.H. Freeman & Co., NY, 1983).

[0186] Gene expression systems may be used for the synthesis of native and mutated
polypeptides. Expression vectors containing the native or mutated polypeptide coding
sequence and appropriate transcriptional/translational control signals, that are known to
those skilled in the art may be constructed. These methods include in vitro recombinant
DNA techniques, synthetic techniques and in vivo recombination/genetic recombination.
See, for example, the techniques described in Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor, Laboratory, NY, 2001, and Ausubel et al., Current .

Protocols in Molecular Biology, Greene Publishing Associates and Wiley Interscience, NY,
1989.
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from University of _California, San Francisco, CA); AUTODOCK (Goodsell &

O sen, Proteins: Structure, Function, and Cenetics 8:195-202, 1990;
AUTODOCK is available from Scripps Research Institute, La Jolla, CA); GOLD
(Canbridge Crystallographic D;. Centre (CCDC); Jones et al., J. M. Biol.
245: 43- 53wal#8&)1512and FLEXX (Tripos, St. Lo, MO RarepCT/NB008e26a84. , J. Mol .
Biol. 261:470-89, 1996). O her appropriate prograns are described in, for

exanpl e, pef ”}?fﬁ 0 he above
met hods,lowe 2??%?-’8?{ Ir'”:scs?/d nvﬁe%ﬁ)}\%él C Af)ﬁgetusg&ﬁ)p%%g Eﬂnaéé éé’lga (l?eyngl{sles maybe
t est ed amcnapiniitadzedniosoocgunisuis atchosdlactety ahnsédrined wﬂiﬁoécomiﬁ;mt e, a conpound
t hat has been des ed_or (gﬁheﬁ\gged to function as a kinases inhibitor may

occupy %@Pﬁﬁ#@gﬁ 2o\pdas oQemiddPN Asxprossion gty cananiagtheve  site
resid Uesco\ﬂﬁhg 'E%e(.’ltféﬁcéq §Eds’t’§a1§!€3?§l%ﬁ 3418 rdcdnd gyea?ﬂ%‘%i’e@éﬁ?rf %&?@?f(ﬁftajﬁh i nary

skill in thé art wll recognize that t els ex Ity, allow ng
for rearth%ttr@erl&ﬂmu@ice‘tlh@cmlmyﬁM$ mﬁectezdmzith Teeorsbidantofras expression aeletosi on, one

¢ ear  angeRRE IR TIaRiT e heGRRRE Ene Bon iRl 7B BRRIHgI oni nduced

fit. An redongfiidny Girkd XpESsibmédairs QU rwhﬂwmﬁésa@t\ma CAaL ﬂoHQJcM smal |
di fference |n _ener between its gbound and free states (| ., It must have

a sral | TORPEHRE AEipamed with rergmbinaniplowuid cansssion Vaipr 6005/ 026794
and’ or | loltFihyd @8bainl OB RS on e phdig TS L] €1 o

ki nase in tors ould exahpl e, et i on
ener gy oakplte:ssmd |1m13\1mﬁn gant ﬂ@prwsystemhamcludiﬁg Ifmedxlanmple expddssigp dripesteintan 7

kcal / mol , not reater ﬁ)% kcal / r’rRJ ... 0f not greater than kcal [ mol .

< nase. i4HEPERHEY Bl T ltVH’é‘aLPb&oeqx reSH A Bleincied faoppRetic

conf or majrbies. ’Ith@k rbsﬁslo'?x'dléﬂléﬁs L&Y VP thélr §RSEEYand lsPedifli@&. cases, the
def or mat'i on energy of binding is ta en to be t he di fference between the

f
observed il SrsERARTRR A AR AR SR Eing ST bbb A Gt o
sof t war ebattgrisyedst atbaeterin-ahingal aems A appiptiately cvasmetsdtxprtedi®d vertdrahyener gy

and el ectrostati c, lnter cti,on anpl es of prograns. desi gned for such uses
i ncl ude:CORIAIRS AR sguoL TERKFREeN,for @t?m%’éﬁep liggfiprsindgst cells Ofie o Oy gh PA.

(01995) ;gelcAl E%axyé%g %'mtea nufﬂﬁgtl BRI M&h&@é&é&?ﬁm@&t R(‘St@:ﬁ ?orqﬁ

Franci sco, 02); QUANTA/ CHARW (‘Accel ﬁ‘@ ,
(c) 1995)copy nmngm arld| a!cﬁwepmmters (Lprosioterds defimed as SQNADmgmce mat d'(rcgts1995)

o o S B vk CEnea DR SRS ARRERY. o B SR B Ve

progr ankaiiiky mRNA$P| RIRiftked at High freqighance, usu ng a conputer

[0189] The expression vector may also comprise various elements that affect transcription
and translation, including, for example, constitutive and inducible promoters. These
elements are often host and/or vector dependent. For example, when cloning in bacterial
systems, inducible promoters such as the T7 promoter, pL of bacteriophage A, plac, ptrp, -
ptac (ptrp-lac hybrid profnoter) and the like may be used; when cloning in insect cell
systems, pfomoters such as the baculovirus polyhedrin promoter may be used; when cloning
in plant cell systems, promoters derived from the genome of plant cells (e.g., heat shock
promoters; the promoter for the small subunit of RUBISCO; the promoter for the
chlorophyll a/b binding protein) or from plant viruses (e.g., the 35S RNA promoter of
CaMV; the coat protein promoter of TMV) may be used; when cloning in mammalian cell
systems, mammalian prom'oters (¢.g., metallothionein promoter) or mammalian Viral' h

promoters, (e.g., adenovirus late promoter; vaccinia virus 7.5K promoter; SV40 promoter;

bovine papilloma virus promoter; and Epstein-Barr virus promoter) may be used.
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wor kstation, as are wetT known in the art, for exanple, a L™X; SA or Sun
wor kstation. Oher hardware systens and software packages wll be known to
those skilled in the art. [0185] Those of ordinary skill in the art may
express Ki Qtei n using nethods known in the art, hods

di scl osed @@Pﬁﬁbi{zﬁe native and nut ated ki nase pol ypep?&d{ei!g%&zoezg@%i bed

herein may_ be chem cally synthesized in whole or part usi t echni ques t hat
are wel I[XR%MVWP“F I‘Té’ﬂ%’fiﬁ may g%}ls g introdpes; the vegtpr “F*Pé‘?%ti"ﬁﬁs.? fogiexemaplgr es and

Mol ecul ar hAE A e H s A, 186 ne expression
syst ens r%%%fgﬂtﬁgg;g’ f§%nr8fet 5};‘%?%52?} gt%gget nfg?l%eang%%g&n?ﬁ%ég ]Tgl)lgeypept i des.
Expr essi capressitrovestaranntainmgoglls fre cloanily propagamdtaad andiividtatiyepslyzke toodi ng
sequence daFd appr,opriate transcriptional /translatipnal cgengirol i gnal s, that
are knowt%Ge CUGH BRIt hods

|
St ReeEes ey pragicts e ARPraprate pY AR IS MATiget
i ncl ude  iificludihg Fof GEAMRY, BabioticbsthRe NBhFKESed SYEREY h6stceliWiaues and in

vi vo recanbi nati on/ genet i.c reconbi nation. See, for exanple, the techniques
descr i bedephirmsfarmea K dsatifieationpf plyneptideyxpressige hest celhplonestmazybedonally, Col d

Spring !%P r: - 3 I . al 'l%ﬂ 1y Prot ocol s
i n Mol ecHﬁsIEgér}glél 0 g’glgé,h?@%té#e\ﬁol:’%%ﬁ%%ﬁi]ngl@%glgglarte gcttswgkgn ' {éyﬁﬁé\ste ersci ence,
NY,  198%ntid&did arDIBE pfEdéntd 4f RET cdUSRROG4teP TRy, [ 0187] Host - expressi on
vector systens may be used to express ki nase. These include, but are not

limted tporyi %\ﬁ%sgil%ﬂio% NAUELY A% RSBl dsiit 1 baF B8 dWMel BydiggRMDI nant

bact eri ophagé ol asm d DNA"or cosm d DNA expression vectors containi ng
the codimgNdediyothetc mprEs cantbeffidientlygthnsliater in varionb celkfiee systents, expr essi on

vectors cont ai nj N di.ng, sequence; insect cell systens.infected with
r econbi nalﬂ?quépg h@g%’;[(B?’gtg(i&’o‘ﬂhﬁ{%%?%‘reé‘ga‘?%Qg]feg%'g%ﬁeo?ﬁtﬁaég’)asé‘@rl}taéi ni ng the
codi ng seafficans;tranklatet it &dll-bBydiyems| tladingbuthbilimit« i crsihjbctionlibtd
expression vectors (e.g., cauliflower nosaic virus, CaM; tobacco npsaic
virus, TMBE WeYEP-ansforned wi th reconbi nant plasmi d expression vectors
(e.g., Ti plasmd) containing the coding sequence; or animal cell systens.
The pr ot §0192layTadaeanie the PNAssguence(shthatgneldreoeinidh avels pf sotivitgasd/or ncl udi ng,

for exampl e, . expr i t he protein t augpent .t he anoun th otein in
i § ol vy G e DA BEBR 8 GonsBur B S et Setpledarbotisfl

expr essi QDA §WRdrs mfcoa&ﬁw%ém&h@mmiaybédﬁ optifiided For tROHSSR célDB which
specificities. 101881 Specifically designed vectors allow the shuttling of

DNA bet wetbeicRY 4t willheenprgased hHesteellharg srarstonmed peth the tRANAnelgsuleseand he An
appropri .81%\%1 oﬁ&ﬁﬁ%ﬂ@ﬁﬁ/&@&%ﬁﬂeﬁﬂe&éﬁ&ﬁpr may contain: an origin of
e

replication tor autononous pl'ication in host cells, one or nore

{0193} Levels of kinase protein in host cells are quantitated by a variety of methods such
as immunoaffinity and/or ligand affinity techniques, kinase-specific affinity beads or
specific antibodies are used to isolate >>S-methionine labeled or unlabeled protein. Labeled
or unlabeled protein is analyzed by SDS-PAGE. Unlabeled protein is detected by Western
blotting, ELISA or RIA employing specific antibodies.

[0194] Following expression of kinase in a recombinant host cell, polypeptides may be
recovered to provide the protein in active form. Several purification procedures are
available and suitable for use. Recombinant kinase may be purified from cell lysates or
from conditioned culture media, by various combinations of, or individual application of,

fractionatioﬁ, or chromatography steps that are known in the art.

t

[0195] In addition, recombina.;lt kinase can be separated from other cellular proteins by )
use of an immuno-affinity column made with monoclonal or polyclonal antibodies specific

for full length nascent protein or polypeptide fragments thereof. Other affinity based
pﬁriﬁcation techniques known in the art may also be used.
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sel ectable markers, a limted nunber of useful restriction enzyne sites, a
potential for high copy nunber, and active pronpt&rs. A pronoter is defined
as a DNA sequence that directs RNA polynerase to bind to DNA and initiate
RNA synthesis. A strong pronoter is one that causes nRNAs to be initiated
at high fwene 4[ 0189] The expression vector may al ' vari ous

el emegts t hat %?gé% tra]nscri pti gn and transl ati o%, i?\g}‘/ﬁgiﬁ%@ﬁf%r exanpl e,
constitutive and inducible pronoters. These elenents are often host and/or

vect or d®S6hdeHtematiyely cthenglyrertidpremay boreconsredniresa g hesticall in anunfelded, i nduci bl e

pr onot e uc s the T7 r f.b er | 2 c trp, ptac
(ptrp-1 g?:acﬁ‘fﬁofrbflg’ B 'Oﬁ%?é?@ﬁsgér@%%ﬁdé ogllﬁ%gel?‘?a rétg%g%g?g\%lgnthlg &J())%Il 1‘rl{lga;;l I n insect
cell systelubilizel @ify £dedatatidl) eads, dubsidbash hpttbéHisridephndthel tefolsdinmi/r nay be
used; when cloning in plant cell systens, pronoters_derived fromthe genone
of pl anfC@s fpun pangmethedyknosmde thosp slgHed wthe ar,isachsdigvdy for the snal |
subunit of RUBI SCO the pronoter for the chlorophyll alb binding protein)
or fromplant viruses (e.g., the 35S RNA pronoter of CaMW, the coat protein
pronot er of BiW) CedyBrovdbeédgsayshen cl oning in mammal i an cell systens,

manmal i an pronoters (k.g., netallothionein pronoter) or manmalian viral

pr onot e8197] e Avarichdefivell igravgh lasshes are knovein the art andara usdfulis idenbKigg onot er ;

SV40 praqnoter; ., bovine papill.opa yirus promgter; .and.Epst.ei p-Barr virus
ot oot et eshaE bR SR OBse e b Ban) st et Bib100) var ous
et hods rdgyiRg) skieFowd dndlof PRdli&Ratidae vector into host cells, for exanple,
transformati on, transfection, infection, protoplast fusion, and '

el ectr opoyaat | i - I Al l). 1y

or opagataPhnd o RIS SRRET o SR BlowA G HENRE B EE LB By BB X e the

appr opr izad/er grolifepatiohi Thsabiltgrof such seelldc grosninitke preskmce of iebtuwdinpgund or

exanple, antibiotic resistance, may be used to identify host cells that have
been t r YOG EREsFCd PR FRATRATCAIP thierg It%g’ﬁ?qcﬂéf g;sﬁ?ségépp@mﬁ&qre‘qym | cl ones

may be ?&éﬂﬁf)@ry%mé RPN FIRARDropeRtfcs e iR AR bmpiind! 0L b&EnoR By 0gi cal
reactivity wWth anti- kinase” antibodies, and the presence of host

cel | - as $asfyat sdoantapure the degiog ofiincarppration pHiabelf suciDpgritiated shyawidine, ipter f or med
using i it-ro produced, synt het.i . . Synthetj.c nRNA can be efficiently
tr ang) afieP ARy RAGHE Sels AN Gy fhiRon Bf R IR RN KR sRBE Bt o wheat
ger m exyeRahidingihe ol imetdbokyddtivity bf eulls svithassunebdte Arkeefhat edrMtésywithi ansl at ed
in cell-based systenms, including, but not limted, to mcroinjection into
frog oo€SH Bambery F@léfim%b%?aé?wﬂ%am&abebm%@amepgefemﬁa%d senegLiopt i mal

level's §fe 884 ChbMbbdnd2RAAKE cells metabolize the metabolic indicator thereby forming a

detectable metabolic product. Where detectable metabolic product levels are decreased in

-

o

the presence of the test compound relative to the absence of the test compound, inhibition of
cell growth and/or proliferation is indicated. Exemplary metabolic indicators include, for

example tetrazolium salts and AlamorBlue® (see Examples section below).

V. Pharmaceuntical Compositions and Administration

[0199] In another aspect, the present invention provides a pharmaceutical composition
including a fused ring heterocycle kinase modulator in admixture with a pharmaceutically
acceptable excipient. One of skill in the art will recognize that the pharmaceutical
compositions include the pharmaceutically acceptable salts of the fused ring heterocycle

kinase modulators described above.
t t

[0200] In therapeutic and/or diagnostic applications, the compounds of the invention can
be formulated for a variety of modes of administration, including systemic and topical or

localized administration. Techniques and formulations generally may be found in
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protein, nodified CDNA nol ecul es are constructed. A non-+imting exanple of
a nodified eDNA is where the codon usage in the cDNA has been optim zed for
the host cell in which the cDNA will be expressed. Host cells are

t ransf or ned \W)EJMBQS ,DNA nol ecul es and the |levels of kinase RNA and/or
protein are nmeasured. [01931 Levels of kinase protein inPhEYB2EILP4ar e
quantitated by a variety of methods such as immunoaffinity and/or |igand
affinity Reotimgtodde SkiencesandPpastics oL Plaihagyi @9™ bk pHippincott, SPdleanis & anti bodi es
are used | sozﬁb@ 35S- et hi oni ne | abel ed or unl abel ed protein. Labeled or
unl abel edtvg'rnfifl% s anal yzed by SDS-PAGE. Unl abel ed protein is detected by
Western Dblottin ELI SA or RI A enploying specific antibodies. [01941

Fol | owi ng [03081 e % sampounds acperlingitoghe myentionmemetidstve oves p Widgdssgsaprsed es
maybe t I rification
procedureggg%ag&%?gﬁl @a?ﬁ\éé&gﬁggﬁd&t& H%[ﬁ!é&f %cpsa %ﬁL 8@8@9@%5 I??’nknaggté’rmy be

purified f100mgg:ﬁbin 1 tpSatms periday,fand foaoiehi 40 mglget datlatd sxempiee bBdoshges\imati ous
combi nati ons _of, i ndi wépg{ application of, fracti onat i on, @
chr omat ogr2ayh¢ “§?dep‘§ mostireisrabladosigs is 0 wrasperqamﬂmexeﬁ sAge M1 n

reconbi na I £ cﬁﬁ:ﬂﬁ: use of
an i m"runo[ag é&ﬁ%%ﬂgg&ggﬁf&ﬁgg{s%ﬁ ﬁrrlt%goc dpﬁlk Hr{nécﬁqn‘&é’ ant;c odi es
specific tﬁaﬂubj‘euﬂtbblemgbdh thealssly rvecight of élcmuluactp@bcypmﬁ ard the arpference anfler eof .
QO her affinity ba uri ficati.on techni ques known in the art nmay al so be
used. 51 \?\B’ez% *ﬂf? @%%/026794 [0196] Alternatively, the

pol ypeptldes maybe recovered froma host cell in_an unfolded, inactive
form e.gl0 Mcwlc aky #reeptalle sltsiercgcapially weH dpewn to thesenfordisaryn thi s

form may | um

hydr ochl orilag F"‘gﬂ Hhen rg@ula ?%%g%gﬂgg?ﬁogi étrgér%&pdggéﬁ%é ‘met hods known to
t hose ski Ibblméneslultbﬂrmze bedylats belzoate, bit:abgmtes b1tﬁrtral@glbﬂonﬁﬂe@¢ilb1u&%lat¢& [0197] A
variety of cell qu'nh assays ,are iﬁ are useful in
{Gent i 1y1 fEroygedationmls, RERbedeye: ShoUp as e, Hitadte, ehimitinds)
capabl e of ldcﬂﬁ‘dt@'gtldtﬁkﬁaté E‘glﬁ:ollyl&%%iﬁité‘Q}xﬁ%kércﬁlﬁt@%ﬂ:&wﬁlﬁﬂér hitlr&brbifdeat i on.

[ 0198] For exanple, a varlet |'s "are known to require speci fi ¢ ki nases
for grow lhydrephkioade, bV@DXYD@P ¢a§¢1 lodrdm isgthiigniatey lagtates lactobipnate] alets, grow i n t he

presence of te ssed red the gromh in
the absend® e%f F%éd?cies’t %:IS teoﬂrﬁ‘r?\%atf H‘éﬁ%@ﬁe mtaa ngfn "g a%ae ti-proliferative
propert i epatbthehdte, twsiph@wmmumate@aygmmanmtsmww stehﬂﬁte?sﬂ)ﬁmatb s to

nmeasure the de(t:jree of incorporation of |abel, such as_tritiated thymdine,
i nt o succinate, sulfate, tannate, tartrate, or teoclate. Other pharmaceutically acceptable salts may

be found in, for example, Remington: The Science and Practice of Pharmacy (20™ ed.)
Lippincott, Williams & Wilkins (2000). Preferred pharmaceutically acceptable salts
include, for example, acetate, benzoate, bromide, carbonate, citrate, gluconate,
hydrobromide, hydrochloride, maleate, mesylate, napsylate, pamoate (embonate),

phosphate, salicylate, succinate, sulfate, or tartrate.

[0203] Depending on the specific conditions being treated, such agents may be formulated
into liquid or solid dosage forms and administered systemically or locally. The agents may
be delivered, for example, in a timed- or sustained- low release form as is known to those
skilled in the art. Techniques for formulation and administration may be found in
Remington: The Science and Practice of Pharmacy (20" ed.) Lippincott, Williams &
Wilkins (2000). Suitable routes may include oral, buccal, by inhalation spray, suhlingual,
rectal, transdermal, vaginal, tr;nsmucosal, nasal or intestinal administration; parenteral '
delivery, including intramuscular, subcutaneous, intramedullary injections, as well as

intrathecal, direct intraventricular, intravenous, intra-articullar, intra —sternal, intra-synovial,
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the DNA of dividing cells. Alternatively, inhibition of cell proliferation
may be assayed by determning the total netabolic activity of cells with a
surrogate marker that correlates with cell nunmber. Cells nay be treated
with a nmetabolic indicator in the presence and absence of the test
conmpound. wi2adsloesieel | s nmet abol i ze the netabolic indi carcwusdoevebi4f orm ng a
det ect abl e net abolic product. Where detectable netabolic product |evels are

decreased in__the presence of the.test conpaund relative to the.absence of
the t estiteepalinpPIRRARE fiiebAl mEpr GRETaRT a7 B Rt ER® o

i ndi cat edothExmoMsadTMelivRiy@bol i ¢ i ndicators include, for exanple tetrazolium
salts and Al arnorBlue(r) (see Exanples section below). V. Pharmaceuti cal
Conposi gd)ﬂﬂf %giﬁbg:%ﬁ”tﬁé %%Bﬂs%?ﬂleq C%]ZiOlll H‘xa?@gtf&ﬁﬂlla?e%lpﬁ f[dilu{eﬁ%% present

i nvention p ovides a phar maceut i"cal’” conpost t'I on Jncluding a used ring

het er ocygheduk solatsens nandiuhsin@hysiologidatiyé dutietivletonffars phier avetamitts isclatiom,

acceptabl.e excipient. One of skill in the art will recognize that the

phar mac seeaﬁolﬁ%qaqﬁb&hﬁsw&ﬂ%wf%%B\#fl?rhﬁorﬁﬁgh FSBeT NSRS abl e salts

of the GuS&GnksiaBEropRitEINEY Bhfier (itRFRANCIRNUKALLH tn A8 FSHIAAnaGRKE. [0200] In

t herapeuti1 ¢ and/or diagnostic applications, the conpounds of the invention
can be pbustranisateegenemlly Enovar inghyardf nodes of admini stration, including
system ¢ and topical or |ocalized adm nistration. Techni ques and

formul affozu3p dRBRF BhdriadBaMicdls dcedpbsbld e Sar¥ils 260 @bl B4 chifgdildd2 0051026794

Rem ngton:  The Science and Practice of Pharmacy (20tt' ed.) Lippincott,

W | | i anmbermin digqlesed for thamragtice ph thg ipvertien imsinsagrs suitablofos yremie t he i nventi on
are eff ' ] : | eat ment of
adul ¢ hasmintaBUEls Buuh B SO 3q i AeBen. WA RBhs dftalf abd 2% TOT 1
50 ng peuitdbde/mamdfathirmgpractice thdcampopitionsiefthapeseak axvpdtes, of paticsifeyes t hat
maybe used. A t, preferable dosage.is 10 tgo 3 er, day. The exact
dosage. Jes? RIS amuomnEey B SEg Sefrr el St SNaTFHR N whi ch t he
conpounghjbdiond The béthsiuls cantREomMited fealiily @eﬁndgﬂﬁﬁh@éutiéahl? ab@gwbpwei ght of the
subj ect to be treated, and the preference and experience of "the attendi ng
physi ci garriefsogdiinopindn thecsiiniodigsages suitablstfanoral administraiion. udeeartiery wel | known

to those r.di BLE N ’ Lacl - of exanpl e
put  not ol e bifSuts B e aleBida 5 bR A UGN Eupeliy IBUIE,

bi car bogalk esyrips] shirties) sespelsionziaté thediklecfor Grabibgestion by agatidit yd B¢ geatedlar bonat e,
citrate, edetate, edisylate, estolate, esylate, fumarate, gl uceptate,

ﬁl/gfggg %oggl WoR b Por ifHaYARh l¥hidss I ARKR of BRI hASPIE) AR Be Nydr abami ne,

formulated by methods known to those of skill in the art, and may include, for example, but
not limited to, examples of solubilizing, diluting, or dispersing substances such as, saline,

- preservatives, such as benzyl alcohol, absorption promoters, and fluorocarbons.

[0207] Pharmaceutical compositions suitable for use in the present invention include
compositions wherein the active ingredients are contained in an effective amount to achieve
its intended purpose. Determination of the effective amounts is well within the capability of

those skilled in the art, especially in light of the detailed disclosure provided herein.

[0208] In addition to the active ingredients, these pharmaceutical compositions may
contain suitable pharmaceutically acceptable carriers comprising excipients and auxiliaries
which facilitate processing of the active compounds into preparations which can be used
pharmaceutically. The preparations formulated for oral administration may be in the form of

LS

tablets, dragees, Gapsules, or solutions.

[0209] Pharmaceutical preparations for oral use can be obtained by combining the active

compounds with solid excipients, optionally grinding a resulting mixture, and processing
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hydrochl ori de,” hydr oxynapht hoate, iodide, isethionate, |actate,

| act obi onate, nal ate, nualeate, mandel ate, nesylate, nucate, napsyl ate,
nitrate, panpate (embonate), pantothenate, phosphate/di phosphate,

pol ygal act u HMoBoissal 1 cyl ate, stearate, subacetate, sucginate, sulfa

t annat e, tarwl?at o ?)zr?1 teocl ate. Qt her phar maceutical |y aBEQH%?Bﬁ’@G%"éI ts may
be found in, for e arrole ci ence, and, Pract.i Phar macy
(20t h ed. e e AL BRRucwfes i gsgta\ﬁ R @neae‘@%?)mqaroe?fwﬁle% or

phar WCGU%&%E bt @ RERMIE B Epial kS, m'pﬁﬁfcﬂﬂﬂﬁllfe&rsu@li(i’srgﬁ b&s, iBAEkAL Rctobgnzoat e,
brom de onate, citrate, gluconate, Rydrobrom de, hydrochToride,

mal eat e, megyaieatr@mnmps)ﬁbmtel cqzlhxhsapmpélatmmﬁtr@)ﬂmnplprmamlmrdl vkl cyl at e,

succi nat e, | £ rtra 02 e n e specific conditions
bei ng tredl aé‘%‘ ?f"g@é)ﬁﬁ b’o%dg% @ﬁl}‘g %ag qg’rﬂ‘%h?%] h OP sol i d dosage
fornms and h@rdlrakyprspﬁfr@dlywaxm Galiiuh csafbdx%aﬂaweeuﬁmem SnbRy be

del i vered, for exa in a tined- or sustalned- |lowrelease formas is

known to tPﬁb’é’él 111@& (PPt pavidone). Ifdesined, disidegraingragenisimay bopdded.puch

B Y AR o

may i ncl udedlmnailgmd:telccal by inhal ation spray, sulllingual, rectal,
transdernal, vaginal, transrmcosal nasal or intestinal adm nistrati on;

par ent er aljga gl iyg éémofé@%é‘ﬁbﬂged itk ATUBRURingsS POCMITRBRNS condthiagR AUl | ary
i nj ectlons as welT as intrathecal, direct 1ntraventricul ar, intravenous,
intra-art |sugﬁrlsaln1tlonsnn¢>abet§pérw’ra¢h mamptmnslion@wm guis 2rabio, Y6/ 015124

/ / h b |
it aper i PONGAD PSP Baracel IR b ne AR RR P bR ABR Higkidhues o

delivery. 1&@3&%b1uﬁ@ﬁs G aﬁﬁabﬁ@rgahh%oﬁgﬁabﬁsment h@myenyé-@tnfﬁrwﬁigméﬂﬁ mul at ed
and diluted in aqueous sol utions, such as in f&agm ol ogl cally conpati bl e

buf fers sueay bedigd e the tabletsior gragee wefigsfoxidewifipetiemor t chayspsiaizsidbiferentl sal i ne
buffer. F%gl%ﬂﬁﬁoﬁsro?@&m%%ﬁ@mﬂﬂfﬂ Qi stration, penetrants appropriate to the
|

barrier to be perneated are“us n the forrrul ation. Such penetrants are
general ly the a 8{)@5 051 h ceutical ly.acceptable inert
carriers tlﬁiﬁfmf’ée‘ﬁ @'{ 5t g"LaJ? T‘?é‘r%@'ﬁ ‘g‘?’g@ CPBﬁhny“tl"Fép%ﬁ Madee of
the i nventdf?élaﬂlﬂta@w‘énﬁ.@% s@il'éd@?ét@esfn@ide%ifgéleﬂm Gnd agfébﬁkh@érrsﬁ&li 8 plyceroM t hin
the scope o the i nvention. Wth proper choice of carrier and suitable

manuf act uror feybiselathe push-fit kapselsapasioniabribe a¢tivietingrpdienfe iy admixtare wighfillern
particul arg ch &sﬁ?&ﬁsef b%@éfé Sﬁcfiqs AR ﬁﬁd/é)rriﬁbr%cgﬁ% SQ%%%L o & ﬁ{c?gﬂrcnan be

par ent er aI avenous
f or mul at ectteraﬁmhddyopxﬁ)nmlgy plasilizers. eIﬂsoﬁ&hj:suI@pme p&tﬁdeloempounds may be

dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid

polyethylene glycols (PEGs). In addition, stabilizers may be added.

[0212] Depending upon the particular condition, or disease state, to be treated or
prevented, additional therapeutic agents, which are normally administered to treat or prevent
that condition, may be administered together with the inhibitors of this invention. For
example, chemotherapeutic agents or other anti-proliferative agents may be combined with
the inhibitors of this invention to treat proliferative diseases and cancer. Examples of
known chemotherapeutic agents include, but are not limited to, adriamycin, dexamethasone,
vincristine, cyclophosphamide, fluorouracil, topotecan, taxol, interferons, and platinum

derivatives. '

* <

[0213] Other examples of agents the inhibitors of this invention may also be combined
with include, without limitation, anti-inflammatory agents such as corticosteroids, TNF

blockers, IL-1 RA, azathioprine, cyclophosphamide, and sulfasalazine; immunomodulatory
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carriers well known in the art into dosages suitable for oral

adm ni stration. Such carriers enable the conpounds of the invention to be
formul ated as tablets, pills, capsules, liquids, gels, syrups, slurries,
suspensions and the like, for oral ingestion by a patient to be treated.

[ 0206] Foawonewmhsies i nhal ation delivery, the agents ofPQImEs2005026794 on nay

al so be fornulated by nethods known to those of skill in the art, and may
i nclude, for example, .but not. limted to, exanples of .solubilizing,

i ut§ ngnd G SRk AeeEE o b LGRS o R, EaRr B ORI BRI Sch s
benzyl ah&eiiointerABGHR] ¢ViriiRteRiQIOfcRiphoplmeldé, labahiopiid) andsul faldriie;

Phar maceuti cal_.caonpositions suitable for use in the present invention

i ncl ude DCRGHPPHF facks sugh ap agehyiehelineparaspdnhibitors MARBubjtersABIHEINSd i n an

ef f ect i vg, aRHAtantsO; i e ' i § 1. i of the
ef fecti égu%rmurll%ag{si ?ﬁ&g?n\él\?\nol?%kﬁs’ ?ﬁ%&gg%gbﬁﬂﬁi ty of ngﬁhgésﬂgg’g %r{tﬁofe})a in the
art, espmeatigg caydiovastulgidisease subleadistabloeibrd A mbibiterspdiasetide chittetgsei n. [ 02081
In addition tq th ctive ingredients, these pharnmaceutjcal conpositions may
cont ai n_c's‘]_ﬁl% aengr@? é@_ﬁiisggl’?;fg%%@ﬁfr&%l Sﬂhﬁeé‘tsgs‘{?_ #pri si ng excipients
and auxichibliEidids\EHoRRtyf b idreitEroR, Q@RI-itkl aberkSeéif! fof BoMBEAMIIS | Nt O

d ITy. e preparaftions

preparations whi ch can’be use pharmaceut i ca
f or mul atdédrdeny such a$ caticnsteraids; anti-teukemig agents,and prowitl factons; agemibfost s, dr agees,

capsul e or | utions. .10209] Pharnmaceuti.cal preparatj.ons f.or oral use can
be- obt aradafelinsi g teRe Bl P aOg e Bl R bR i

opt i onalahy ixgaliMsEnsigizérs; MA dpdnits B FeatingiBmuaddefilcacedisorders siich A4QaR@06/ 015124
PCT/ US2005/ 026794 the m xture of granules, after adding suitable

auxi | i agledglini f desired, to obtain tablets or dragee cores. Suitable
excipients are, in particular, fillers such as sugars, including |actose,
sucr ose,[02idhniThes additionalrdgentohiay be biminigered seppatehy, aopat of omubtipdnpl e, mai ze

starch, wheat .starch, .ri.ce .Starch, .potato .star elatin, qumtragacanth,
et gl GBFER Fesd SRp I sPRDiAH Eo BB g e et kia§ O™

car bOX}"BGngM lof & §inblé| dasdpe CEM Inix NG sdiker v thY InAibitY il £dih Ee BempdAMBn. povi done) .
I f desired, disintegrating agents maybe added, such as the cross- |inked
pol yvin ety . . r i Rj g of such as

Co um A 58hac e PSR Hfion BipoBlstelnindth e 42 R bmbIBEE DL CVC0a1  ngs.
For t hi smbodipeas, whithesnihteadeddis iusgations off sinpleaspasB o ke ingation Whidedd, may

optionally contai.n gum arabic,. talc, . .polyvinylpyrro]idone, carbopol gel,
pol yet hyFefe rﬁ?‘ﬁb?ﬁtmﬁjﬁg‘? myFogn pddi ‘%P@%W&R&Hé?doﬂqr‘&@dﬂgpem%t i ons, and
sui tabl %p?%&ﬁ b ﬁlo§&illéb%igt skilPh (ROAY BB M8 Fordpoft dekdptioh UShch 1R6aiREHTROT S  May

be adde the tablets or dragee coatings for i1dentification or to
char act ard intendéd todelbwithin the scope of the invention. Moreover, any one or more features

of any embodiment of the invention may be combined with any one or more other features
of any other embodiment of the invention, without departing from the scope of the
invention. For example, the fused ring heterocycle kinase modulators described in the
Fused ring heterocycle kinase modulators section are equally applicable to the methods of
treatment and methods of inhibiting kinases described herein. References cited throughout
this application are examples of the level of skill in the art and are hereby incorporated by
reference herein in their entirety for all purposes, whether previously specifically .

incorporated or not.
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conbi nati ons of active Tonpound doses. [0211] Pharnaceutical preparations
that can be used orally include push-fit capsules nade of gelatin, as well
as soft, seal ed capsul es nade of gelatin, and a plasticizer, such as
glycerol o i .~ The push-fit capsules can contain i
ingredients%viaggk¥g%ure with filler, such as |actose, B%ﬂ@%ﬁégg%@ﬁ as
starches, and/or lubricants such as talc or nmagnesium stearate and,
optional ly, stabilizers. In soft capBYA8ELESe active conpounds nay be

di ssol ved S -0 syl t abl iegUl ds h tey-.qils. Liquid
paraffin, g‘rh]l%;]lqw gqa%c‘)‘?"g%%’ y jelér%ea?eg‘%)f}t;%g#%l{l% bl%I%r?]; godg?ﬁ[t?ignc:fmrg%%bi lizers
may be addéavenfi@i 1THe pgrgraedtidh g embadimetits opthe piresert dnventdordis ideswpibedin the sease
state, to he treated or revented, additional therapeutic ents, which are
normal |y adq¥7ies s’fagw?ffsp Pi‘r’a&f%_ nwg@ﬁﬁ{l thetaﬁtéYl_hd’BH?{FtFP‘i)Fi{at (B ghageical

adm ni st er ‘?gacﬁ@&%ﬁ@hﬂsﬁs%étﬁﬁds:ﬂmi@édtlﬂﬁ}g?éﬁ?o&iﬁbdsto' ey of thE oth&X NPl €,

chenot herapeutic agents or other anti-pr erativ gents may be conbi ned
with the icampbirdso§thefprastntsnientiemt Wheretcompowsis opthe Iprdsentanventionfhaveases and

cancer. EX | es of. own chenot her.apeut i ents.inclyde, but are not

T ted o O mR R e oL RRRLD ht AP GEh it ok e By ey

f 1 uor our acibk prépaRa by @difyingsPhthedidtethb & Rented Aereid aid HiBingdShinkss i ves.

[0213] Ot her exanples of agents the inhibitors of this invention may al so be

conbi ned Wﬁ@hﬂ$ﬁ@¢%@§¥hﬁﬂghout linmitation, anti-inflammatory agents such as

corticosteroids, TNF blockers, 1L-1 RA, azathioprine, cyclophospham de, and

sul f asal aziSyathesisrofithe campduatiory 55 WO 2006/ 015124 PCT/ US2005/ 026794 and

i nmunosuppressi ve agents such as cyclosporin, tacrolinus, rapanycin,

nycophenoléﬁgﬁgﬁgfetil, interferons, corticosteroids, cyclophopham de,

azat hi oprine,_ and sul fasal azi ne; neungﬁ[ophic factors SucﬂNgﬁ :

acetyl chol i ngst erase i nhi it%;%i Nﬁo i nhi '?2 i nterferon \k

anti-convul s, jon c aockers, , nt < i nsoni an

agents; agepts fgféELLe C cﬂlar digeasgﬂgﬁghlu eta-b | ockers,

ACE i nhibitong diuretic3¥nitrates, ca umpgdpannel bl ocRérs, and statins;

agents for tmgating |iverpggi sease such aspg, corticosteroids,Brchol estyram ne,

interferons, and anti-viral agents; agents for treating blood disorders

such as corticosteroids, anti-|eukem c agents, and growth factors; agents

for treating diabetBR-Buch as in8EMin. insulin apgy esQ al pha gl ucosi dase
d

inhibitors, bj ugnid . >~and Lngul in Segsitlizers; for treating
i munodef i ci_éig.py_.di orgers S '.g?.tEE)ﬁLi N ese additi onal

agents maybe adm ni ed separatelly, _as part of
Br Br Br
/
SEMNN Q.
Step7 NS Step 8
— e ——

B,
o0

% OH O

Step 1: Synthesis of 5-bromo-2-fluoro-pyridine-3-carbaldehyde.
[0217] A solution of lithium di-iso-propylamine (5 mL, 35 mmol) in anhydrous THF (40
mL) was cooled to —78 °C under nitrogen and n-butyl lithium (2.5 M in hexanes, 12 mL, 30
mmol) was added. The mixture was then stirred at —78 °C for 15 min before 5-bromo-2- .
fluoro-pyridine (5 g, 28 mmol) was added. The resulting mixture was then stirred at —78 °C
for 90 min. N-formylpiperidine (4 mL, 36 mmol) was added very rapidly to the suspension

at =78 °C and the mixture stirred vigorously for 60 sec. The reaction was immediately
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dosage reginen, fromthe inhibitor-=containing conposition. Alternatively,._
these agents may be part of a single dosage form m xed together with the
inhibitor in a single conpositien. [0215] The present invention is not to
be limted in scope by the exenplified enbodinents, which are intended as
I 11 ust rat wor®o@ilseidngl e aspects of the invention. | ndeRdl/Us2085/626194

nodi fications of the invention in addition to those described herein wll

become @ﬂ&%@@%ﬂ@ aﬁhh%ﬁ oNRY0 B(wH dgliedi sBiﬁﬁo@éf cifric@Bidt e hakRsokag
description. Suc fications arelntene o fall within the scope of

t he i nvertamed tmp@dmperawdﬁ@mtmeewwaw@@d d@hlommetbmoa‘»hﬁe nt of the

I nventio onbl the Ay ot her
enbodi ner%flueoiﬁ ?ﬁe P’Vr?\slgﬁ 6e\f¥tﬂljge?ﬁ%u?ﬂgg3§]lqr?rﬂe romt eoq'é péh ?SW

i nvent i orombived citidler sotiug Sulfardfitdredadiciontaturtie d@smﬁnﬁiﬂdﬂﬂhabﬁfds
described in the Fused rl‘;\éqheterocycl e kinase nmodul ators section are

equal | y @ppsturthiom evelehaxpre sfiarawifsbomo-2-flaeromyrdingridcaska debyde @B i bi t i ng

ki nases f pee : p ation are
excanp! o >afc THES A 4l e PR B0b NEg goBisol S S0P REIE e °by

ref er ences. fogde] 1M)| 8.55 (&, 1 HRMS 1764 236,238 AIMNIYrI0a 5206, [MING] 17e] 178 @ifous| y

speci fical l i I ncorporated or not. 56 WO 2006/ 015124 PCI/ US2005/ 026794
EXAI\/PLES 16] The foll owi ng exanples are offered to illustrate, but not to
limt the claimed invention. The preparation of enbodi nents of the present

i nvention iStepe%and Belynthesihef S-buinke i myrazaleiplddslpyfiliee of ordinary skill

in the ar understand t hat the.c ] eactions and. synt S

net hods r!b dédb Zzé ?FB&’W&@&%{&I%P%E%Z&%‘Q§§ gé bf 0 élOlk%ﬁég’unds of
t he presemto mmyvpahd &»a-t%@ﬁ@ulf@ﬂ@w@dﬁm@ﬁyd&dl@(lpsmg,@rw mﬂwgmdr@ﬂa&a\&ﬁ not
been exenplified, those of ordinary skill in the art will recognize that

these comptaskeaipaey Witha BEASTARC- Wdﬁ’?ﬁf 34 digfobipA imetvdronebengere (Pesent ed

Comound > pibe Bl VRS IERAPGH B bt R i BRSO

St ep 3 Nchdat andBhe Rmating3volume was approximately 200 ml. The mixture was d11uted with

ethyl acetate (300 mL) and washed with a saturated aqueous solution of sodium bicarbonate
and brine, then dried over sodium sulfate, filtered and concentrated. The resulting residue
was dissolved in a mixture of ethanol (400 mL) and di-iso-propyl-ethyl-amine (25 mL).
Anhydrous hydrazine (15 ml, 0.48 mol) was then added and the resulting mixture was
stirred under reflux conditions for 4 h. The mixture was then concentrated to dryness and
the resulting residue was distributed between water and toluene. The organic phase was
washed with brine twice, dried over sodium sulfate, filtered and concentrated. The residue
was dissolved in anhydrous ether (700 mL) and hydrogen chloride in anhydrous ether (2M,
70 mL) was added slowly to the vigorously stirred solution. The precipitate was filtered off,
washed with ether and hexane and then dried in vacuum. 'H-NMR (500 MHz, de-DMSO) &
10.31 (s,br, 1H), 8.86 (s, 1H), 8.37 (d, 1H), 7.88 (d, 1H), 6.08 (s, 1H), 3.56 (s,br), 1.27 (s,
6H), 1.19 (s, 6H). MS: m/z 198, 200 [MH'].

[0219] The above solid was dissolved in a mixture of water (500 mL), ethanol (200 mL)
and conpentrated aqueous hydrochloric acid (50 mL) at 50-65 °C. The mixture was then
stirred at room temperature for 16 h before being nf:utralized to pH = 8 with sodium
‘bicarbonate. The resulting precipitate was filtered off and the aqueous phase extracted three
times with ethyl acetate. The combined organic phases are washed with brine, dried over
sodium sulfate, filtered and concentrated. The resulting residue and the precipitate obtained
are crystallized from ethanol to afford 5-bromo-1H-pyrazolo[3,4-b]pyridine (6.615 g, 50%
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i i SRR

HNIN SEMN-N SEMAN Step 4 N Step 5 NI Step 6N | / I Br Br Br ~/ NHN
SEMN-N N\ 1/ Step 7 NStep 8 O O-B ONOHO Step 1: Synthesis of

5- br ono- 2-f |l uor o- pyri di ne- 3- car bal dehyde. [0217] A solution of lithium

di -iso- propw am neg(%S m., 35 mol) in anhydrous THE (40 rrL% vva?ﬂ%co led to
-78 C under W84 and n-butyl lithium (2.5 Min hexan®s/U56P30  mol )
was added. The mi xture was then stirred at -78 C for 15 mn before 5-brono-2
f | uor o- pyr yidldyes § rystallid8 baige to paledlivadnies. solit.e! H-DBMR (5000MHE M DMSORS t hen

stirred at _: C r 9 1n. N-fQ | peri di 4 m, 36 was added
very rapi dﬂ%rgfg;’ llﬁi%s@s(ge%’ 814 (‘ixtl%{)@&a%?ﬁﬂgwéﬁ'ﬂ/ﬁﬁ?% @Pﬁﬂtﬁ vi gorously
for 60 sec. The reaction was i medi ately 57 WD 2006/ 015124 PCT/ US2005/ 026794
quenched by tStep &d¥jinthesis off5-kro®-3dode/1H-pycpzelv|34-bipyridive. of citric acid.

The m xt ur r e 0ro er.at an ISt ri but.ed bet ween. wat er
and di chl of A0 h%??ﬁ?mﬁ'ﬂéﬁ%%fﬁ&g%%%é@%§o &xfﬁ-g_&l‘é‘iﬂ B e RRaE

di chl or onet3e0e 18MAnkBH WArdaiBiotyeR RASRSdMRE BichoPsHaRE BL00GHI e drie ¥&hItHgdi um
sulfate, filtered qnd concentrated. Crystallization of the crude product

fr om cycl obdstaigavasfstigediveries refiny senditims for b, ppeled taweod- tempdraturtemd diuied. 993 g,

52% vyi el d irge~f | aky.. s, 1H 0 d6- DVBQ),. 510. 07
(s, {11) , )Wgﬁ?%@(@g%%ﬁo Ti‘%%%‘“%gé"%@"ﬂ as %yg@ﬁéigﬁm%éqﬁ ,S‘%tb%‘, 206
[M 3+4], 176f sodlitin {hidsulf&E0¢100 nBL)esnd brinénben3driedyRrtnasdnesiti sulfate, filtered and

5- brono-| H pyrazol o[ 3, 4- b&pyri di ne. [0218] )

5- br ono- 2- FensERtEAte,  Theirpadus wastiguptad e Ich migurepf dishlosgmethanepnd ghaacol

8.75 g, : M C1 gk mor . 250 g, 7.89
ol er o4 BefBRerb R BANA KAl HIAARM) et SRR Blalidesl O,
di ssol ved blpyziding (3. 2sg, Fotryeld) {st0iigertinpwn Foléd. HBAMRe(S00 MHE 2 BIMSO) 8 ef | ux

andsof vent, g 5 S0 T T 3555

Step 5: Synthesis of 5-bromo-3-iodo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-

pyrazolo[3,4-b]pyridine.
[0221] Under nitrogen 5-bromo-3-iodo-1H-pyrazolo[3,4-b]pyridine (2.68 g, 8.27 mmol)
was dissolved in anhydrous DMF (40 mL). The solution was cooled to 0-5 °C and an
excess of dry sodium hydride added until further addition does not result in hydrogen
formation. To the resulting suspension was added 2—trimethylsilanyl-ethoxyméthylchloride
(2.5 ml, 14 mmol) drop wise at 0-5 °C. The resulting mixture was stirred at 0 °C for 1 h and
thereafter quenched by addition of methanol and subsequently of a saturated aqueous
solution of ammonium chloride. The mixture was then concentrated to dryness at 50 °C
under reduced pressure. The resulting residue was distributed between water, brine and
dichloromethane. The aqueous phase was then extracted with dichloromethane and the
combined organic phases were dried over sodium sulfate, filtered and concentrated. The
crude product was purified by flash silica gel chromatography using a gradient of ethyl
acetate in hexanes to afford 5-bromo-~3-iodo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
pyrazolo[3,4-b]pyridine (2.929 g, 78% yield) as a beige to brown solid. 'H-NMR (500
MHz, d@-DMSO) 68.85 (d, 1H), 8.40 (d, 1H), 5.85 (s, 2H), 3.69 (t, 2H), 0.92 (t, 2H), 0.11
(s, 9H). , '
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.. clear and the remaining volune was approximately 200 m . The m xture was _
diluted with ethyl acetate (300 nL) and washed wth a saturated agueous
solution of sodium bicarbonate and brine, then dried over sodium sulfate,
filtered and concentrated. The resulting residue was dissolved in a m xture
of et hanowq 20001512 and di -i so- propyl - et hyl -am ne (25 pty/us20édrgehyous
hydrazine (15 m, 0.48 nol) was then added and the resulting m xture was
stirred u I . [t i ’ R n concentrated
to dr yness%(z %%f §3H§‘£3§?§C£gl%rf’ﬁ§%é?{§&@xgé’é‘gmﬂ%ﬁ?‘?&'@%‘tﬁ‘ggn wat er and
t ol uene. EhHmxynednilslBipseoledd4-blpgtiddewi th brine tw ce, dried over sodium

| f at It d d s Th id i d i hyd
cther (HBG2h 3 T Gr-BaI- L0 | et Y GO I 70 L) was
added Sféﬁ%&o[@@ﬂggﬁd&haﬁfm% Y53 i Zﬁﬁé%ﬂy%he?%lgﬁrﬁﬁ@ﬁéi@Kiﬁtrﬁg,was

fi'lltered of f, ed wth éfher and fekane and dried i'n vauum 1H NVR'
(500 M£.78 dudvBE)ofS,1-b(dpheiglphesphini)ferrece8epallediumy)-dichi@de(d, |H), 7.88 (d,

1H), 6.08 br)o-o1. 27 611),.,1..19 6H) . : 198,
200 [ MHPPHORBTEE agict DS 8 R pectsB e BD dnh AP ot inaler (500
), et Grneh c4&BOhtdM, saL) wa\ieRE ih EscAAHA QLS5 FY Bra0bInshl Thétci d (50 nL) at
50-65 C. The m xture was then stirred at roomtenperature for 16 h before

bei ng neestliing mixiretvers phen-digribitechbefwenmsaturited aqusonsetodutiomeé sediwml| t i ng

preci pi{.at s_fill.ered off he u S S Xt kact three tines

Wi th etfﬁ&??r’g%‘\é'\% ad ditiE el ?%E%gh%?aguae%?scp%% CoRIBEF L GG | N o7, ne, dried
over s@idhleronsdihdnal Ehe Ednhbisddestz@ficipleRewat deatdover SStumh e At | fll@rddesi due and
the precipitate obtained are crystallized fromethanol to afford

5- br omoend-eopgeniatsdoThe aruds Brodedivrae Pratied by flashstivg gel opymaossariysmg
PCT/ US2 | ls| 4} hei D liige-green solid.
1H NMVR %g%g%ﬁﬁé&%d‘%}{ﬁﬁé%in I Rarths 4% (%rg,S Bfﬁ)%f’ @32%@6‘%%“‘)%%‘9 12, (d, 1H),
8. 16 ( strinmthyldildnyl-diixyniettyl)11F8 py1aodlofdi4-bipBtidipe 4.008ym) 66 &6 yield) f2s an off-
5- br ono- 3-i odor razaql qf 3, 4- ridine. [0
5- br orr[)‘-"’l:'%‘q'-iE ‘b‘gr gM@QW&%thyé§d”888’g1}b&§%§h’Hﬁ%l"ﬂ6%@@1@’8&@5 ucci ni m de
(3.60 g ' I 1 l¢8ds i r'eG e 100 m.). The
resul ti dga’qnﬁ%i?g? éa%\a@’Z'lfbr@g‘?f lg-ﬁa%?f‘gsg?%g 'gg:){ﬁ’d#?i %Eghgglﬁmg%,(g’cool ed to
room t e Fanong 9ENAMBi mixtdSd, 458 [MNATHE (300 nl). The resul ting solution was
washed with a saturated aqueous solution of sodiumthiosulfate (100 nL) and
brine, th J [ ¢ RE } 13 ] concentrated. The
resi due vva%gelﬁt ré@é o&?ﬁ%@ﬁé&#&?—%ﬁ%&ﬁ%ﬁ@gfﬁ,gitgtﬁflgfgﬁgt hane and ether and
t hen et helll,82]dipxabveolag-2elyl)-dd2-trimethylsilanylecthxXymedhyl)-1H-pyrazolo[3,4-
5- brono- 3-i 0do-.| H pyrazol o[ 3,4- b]pyridine (3.795 g, 77%yield) as a
bei ge- br oRPEHIG "V 1L NVR (500 MHz, d6-DVBO) S

[0223] Bis(pinacolato)diboron (1.20 g, 4.73 mmol), 1,1'-

bis(diphenylphosphjno)ferrocenepalladium(n)—dichloride dichlormethane adduct (100 mg,

0.122 mmol) and anhydrous sodium acetate (625 mg, 7.62 mmol) w§re placed in'a nitrogen
flushed vial. To this was added a solution of 5-bromo—3;(itfﬁéthbxy-phenyl)-l -(2-
trimethylsilanyl-ethoxymethyl)-1H-pyrazolo[3,4-b]pyridine (1.002 g, 2.307 mmol) in
anhydrous DMF (15 mL). The resulting mixture was irradiated in a Personal Chemistry
Optimizer at 130 °C for 60 min and then concentrated at 50 °C under reduced pressure. The
resulting residue was distributed between ether and brine and the aqueous phase was
extracted with ether. The organic phases were combined, dried over sodium sulfate, filtered
and concentrated. The crude product was then purified by flash silica gel chromatography
using a gradient of ethyl acetate in hexanes to afford 3-(2-methoxy-phenyl)-5-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
pyrazolo[3,4-blpyridine (1.370 g, 123 % yield) as a pale olive-green solid. "H-NMR (500
MHz, ds-DMSO0) §8.76 (d, 1H), 8.40 (d, 1H), 7.59 (dd, 1H), 7.51 (ddd, 1H), 7.25 (m, 1H),
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14.31 (s, 1H), 8.65 (d, 1H), 8.20 (d, 1H-- MS: nmlz 323, 325 [MEll. Step 5:
Synt hesi s of 5-brono-3-iodo-I|-(2-trimethylsilanyl-ethoxynethyl)-1H
pyrazol o[ 3, 4-b] pyri di ne. [0221] Under nitrogen

5- br ono- 3-i odo- | H pyrazol o[ 3, 4-b] pyridine (2.68 g, 8.27 mol) was dissol ved
|n anhydr oo RMEO(484 mL) . The sol uti on was cool ed to 0- PCTEHAWSHHexcess of
dry sodi um hydri de added until further addition does not result in hydrogen

A L e A G [ R

C. The res&gltlng m xture was stirred at 0 Cfor 1 h and thereafter guenched
by addition of nmethanol and subsequently of a saturated agueous sol ution of

h t 50 C
andor. 1 cautan % syaditfs Bt PVGolR 0-LERaRRTIAM U fiatllRE" O 20,
wat er, bri nb]pgmmn-&ylpj)mgl}ahmelm'ﬂhﬁ metham:fe phase was then extracted wth

di chl oro hane, and t he  conbj ned organi ¢ phases ed over, sqdi um
Sul fate. R34 or s isee ctfér@émqua%ywen%»r G A rieamattt %Az@oaabqrfﬂraaa by 1 ash

silica gefy. gy %@ﬁ&&ﬁ?ﬂeﬂ&yﬂﬁt@hﬂ 5093‘4-8}&?)&/{ g )@%&21%&&”65 to

af ford 5-"brono- 3-1 éth
pyr azol o[(3~bﬂ9m<]>12yhyﬂmmy@h(awlmgrp@plu?-s%l-yne@hmpna@éang(@L?tjlenmm) ndii'-sol i d.

(T g aiphb ot S ot p sty d iR oG dhdin sloddRel B 0L 036994

Step 6: bnvh ryq{,jjy | anyl eth
oxy net h??ﬂ)% lgﬁﬁcgt;rﬁg?glg?% 4- 36?*%3‘?%?%2@0222 Lﬁgﬁaﬁg%o s

5- br omo- Jrradidiod m@ﬂ'wnah@hmhtw DatigizeeatH3 5y Gefbotid inl 1Fhe crude reaction
pyr 220l oL 34 PLRYLE Sl e 1 (3 000t 5 TR  sriblT LAY sy o o e
1,1'-bi S(s@ﬂﬂﬁ?ﬁ]b!&r’@&&%o hnh@%ﬁe%ﬁg m@mgmeﬁ@mmédl wdalemb%e%ne gicdak onnet hane

adduct (145 ng, O. in acetonitrile (8 nL) aqueous sol ution of

sodi um cmob@md@rgwpmswrm@@dﬂm sOéum‘n ﬁﬂ@tee fibered am‘l egncentrag®. Theor 100

m n. The aqueous
sol ution 5‘!l espoﬁcﬁtﬁpn%agahgg#%%} gfﬂaglgmg ell Ciru% Fq%ra%gg' ng g %%%éﬁ%tﬁ phase
ext r act edicttateds héxalffeﬁo\affofn {Mﬁﬁmﬂ[@(%@@&\oxﬂb&n@gm{zweﬂfy@iﬂmﬁ- phases
were dried over sqdi um sul filtered and _concentrated. The crude product

was puri fq%ywthﬁ/i %quldé %p%ﬁérﬁél B*gema]&rfgzomgv liy4-yimgthaaensd8S of et hy|
acetate | i qﬁ[ﬁ
trimet hylﬂéjlgl an &&?%)h%xg%%?%gf@ Iﬁ yraz(gﬁogg‘fzhg%?pyrl énéeGﬁQ%szg 65 %
yi el d) as(daerVJ‘64 (dd, 1H), 7.62 (dd, 1H), 7.54 (d, 1H), 7.49 (ddd, 1H), 7.24 (d,br, 1H), 7.11

(ddd, 1H), 7.00 (d, 1H), 5.84 (s, 2H), 3.84 (s, 3H), 3.69 (1, 2H), 3.7-3.2 (m, 8H), 0.86 (t,

2H), —0.08 (s, 9H). MS: m/z 583 [MNa'], 561 [MH'], 443 [MH-(Me3Si(CH,),0)]

[0225] A solution of {2-hydroxy-5-[3-(2-methoxy-phenyl)-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-pyrazolo[3,4-blpyridin-5-yl]-phenyl}-morpholin-4-yl-methanone (34
mg, 61 pumol) in dichloromethane (15 mL) was cooled to 0-5 °C and boron trifluoride
diethyl etherate (100 pl, 0.8 mmol) was added. The mixture was then stirred at 0-5 °C for
40 min before 10 ml of a 10 % (w/v) solution of potassium hydroxide was added. The
mixture was further stirred at room temperature for 1 h. The pH was then adjusted to
approximately 3-4 by addition of citric acid and the aqueous phase saturated with sodium
sulfate. The resulting mixture was extracted dichloromethane (3x). The organic phases
were combined, washed with a saturated aqueous solution of sodiuxp bicarbonate, dried over
sodium s&lfate and evaporated to afford {2-hydroxy-5-[3-(2-methoxy-phenyl)-1H-
pyrazolo[3,4-blpyridin-5-yl]-phenyl}-morpholin-4-yl-methanone (11.5 mg, 44% yield) as a
colorless solid. "H-NMR (500 MHz, ds-DMSO) §13.76 (s, 1H), 10.06 (s, 1H), 8.78 (d,
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white oil. 'TERMRT (D00 Miz, d6-DMSO 58.70 (d, 1H), 8.40 (d, 1H), 7.61 (d,
1H), 7.50 (ddd, 1H), 7.23 {dd, 1H), 7.10 (ddd, 1H), 5.81 (s, 2H)+ 3.85 (s,
3H), 3.66 (t, 2H), 0.84 (t, 2H), -0.10 (s, 9H) . Ms: mz 456, 458 [MNa'].
Step 7: Synthesis of 3-(2-nethoxy-phenyl)-5-(4,4,5,5-tetranethyl [1,3,2]

di oxabqr )-1-(2-trinmethylsilanyl-ethoxynet hyl razol o [3, 4-

b] pyr i gvﬁé{? f’&fé%@] Bi s(pi nacol at 0) di boron (1.20 g, A?C)'T@S[ng?/ 6794 1

bi s(di phenyl phosphi no) f errocenepal | adi un(11)-di chl ori de di chI or met hane
-adduct 1X{)18@3 dy, 1 H)07.62 pidytHd), 7.68rdd, dihydp b(ds 1By di.46ntdad, et 227 6RIH)Y, 7.62

(r)r][m|5) bﬁ% @b?gsgé"{lﬁéﬁy%%ngﬁ%;ﬁmeﬁv n/;rg31tﬁi{§+]ms added a sol ution

trimet hyl sil anyl - et hoxynet hyl ) - 1H pyrazol o[ 3, 4-b] pyri dine (1.002 g, 2.307
mmol) in anhydrous DVMF (15 nlL). The resulting m xture was irradiated in a
Personal Chemistry Optimzer at 130 C for 60 min and then concentrated at
50 C uogzg] rethec Jﬂﬁﬁ&ﬁﬂ@@ﬂﬁﬂhﬂ%ﬂh@&@]ting residue was distributed between
et her and brine an he aqueous phase was extracted with ether. The organic
phases were conbi ned, dried over § msulfate, filtered and concentrated.
The crude product was then purifie y flash silica gel chromatography

using a gradient of ethyl CerargPthHSane o afford
3- (2- ngt hoxy- phenyl )-5-(4,4, 5, 5- nethyl 1,3, 2]
di oxabor ol an- 2-yl ) - 1- ( 2- t rirmethyt b/l Fanyt=ethoxynet hyl ) - 1H
pyrazol o[ 3, 4-b] pyridine (1.370 g, 0123 %yield] as a pale olive-green solid.
"H- NWR (500 WMHz, d6-DMBSO ' 1H), 8.40 (d, 1H, 7.59 (dd, IH), 7.51
(ddd, 1H), 7.25 (m 11-1), A2 015124 PCT/ 11S20051026794 7.12 (ddd,
1H), 5.84 (s, 2H), 3.82 (¢,|3 .o/ (t, 2H)| 1.33 (s, 12H), 0.84 (t, 2H
-0.10 (s, 9H). Step 8. Sy i
{2- hydr oxy-5-[ 3- (2- met hoxy enyl) 1H pyrazol ¢[ 3, 4-

b] pyri di n-5-yl]-phenyl } - npr: 0 |nH4 yl - met hanpne. [0224] A m xture of
3- (2- nmet hoxy- phenyl ) -5- (4,4 LRtramethyl -[ |1, 3, 2] di oxaborol an-2- yl)-|

-(2-trimethylsilanyl-ethoxymgt hyl ) - 1H—pyrazo|o[3 4-Db] pyridine (100 ng, 0.21
mrol ), (5-brono- 2- hydr oxy- pRENYA ) - nor phol i n- #-yl - met hanone (66 ngy (0.23
‘mmol) and 1,1'- bis(di phenyl phosphino)ferrocenpepal | adi un(il)-dichloride

di chl ormet hane adduct (9 gy %&Q3ﬁﬁ@k¥ n ace1onitri|e (2 mL) and aqueous
sol ution of sodrun1carbondte rradi ated in a Persona

Chem stry Optimzer at 135 CTftor 20 mn. rne crude reaction mxture was
distrig%ﬂ%%gzbetmeen di chl oronet hane and a sat urated aqueous sol ution of

ethod 2: .

»N
HI i
HN-N
N ~
1\5 Step1 _Step2_ _Step3

Step 1: Synthesis of morpholin-4-yl-[3-(1H-pyrazole[3,4-b]pyridin-5-yl)-phenyl]-

&)

methanone.
[0227] A mixture of 5-bromo-1H-pyrazolo[3,4-b]pyridine (1.50 g, 7.57 mmol), 3-
(morpholin-4-carbonyl)phenylboronic acid (2.136 g, 9.09 mmol) and
. tetrakis(triphenylphosphine)palladium(0) (455 mL;0.376 mmol) in dimethoxyethane (8

mL) and saturated aqueous solution of sodivm bicarbonate (8 mL) was irradiated in a

Personal Chemistry Optimizer at 175 °C for 60 min. The crude reaction mixture was

distributed between dichloromethane and a saturated aqueous solution of sodium
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" trifluoride

sodi um bi carbonate. The agueous phase was then extracted with
di chl oronet hane and the conbi ned organi ¢ phases were dried over sodium
sulfate, filtered and concentrated. The crude product was then purified by
flash silica gel chromatography using a gradient of ethyl acetate in
hexanes to aiomvas/di&t2ydr oxy- 5- [ 3- (2- net hoxy- phenyl ) - 1- (ZPéf/hmﬁshﬁkﬁU anyl -
et hoxynet hyl ) - 1H pyrazol o[ 3, 4-b] pyri di n-5-yl ] - phenyl } - nor phol i n- - met hano
ne (35 ng,.3Q0 %yield)as a colorless solid., '"HN O) 88 86
(d, 1H), 8bicarbopgfe. The aqupowlxaardwaspsswn extigoted yith dis oromeﬁgan% aid 'gﬂ}

: g dg 2 : ( i—l' é)‘ﬁ)ce,tZt% %%lldg \(h?tc@fns fl_%%)@ga%lz ?ﬂtgses (v?x@%e& Ner 83%1% s(xﬁ"ate%%%ere@a_%4oss,( g :

9H). MB: meendsBBatbd/Neaffdrd a ek gfdbquammms(;/(mﬁ@phma-ms}(lmzzs] A

k Z?lhlcj);iy?rgt ﬁfwg 2‘1@%{/8@85’&%}4 PBTI @P‘%@%ﬂp #a %@n&y}el%i%ﬁéf’/?ﬂ} anl - met hano

- ne (34 nggft gi?hasphﬁle@kﬁ@'Q{MWMQ%MS!@%S%(S@QH)% &7 @, §irpnd boron

et herate (100 "I The M xture was

then stir r6c54e(t1 IH)5821f(d;r11-I)A’D8Sr(nm 165§ D7 2 (@ OLH), 768 (i 1Hy) 7% ((w, W31).sol uti on of
- pot assi um hydroxi de was added. The mi xture was further stirred at room

tenperature fgyep?: BynfitSisRE] o&&lﬁﬁ-ﬁﬁaﬂ%ﬁ%ﬁﬁ ridRR5NLIMRLGhY 3-4 by
. addition of C|tr| c acid and the aqueous phase sa urate Wi t h” Sodi um
 sul fate. The wmerpholinyyhingthaneneras extracted di chl oromet hane (3x). The

; [ h LUt | f
 Sodium b ¢ 1B ARBHFRER L R AR PG S ARS8 0 ©
{2- hydr oxy854% i3u1(62~6mhfwyapdphﬁ’nydic)suddﬂum1de (2.50 g, 11.1 mmol) were dissolved in ,
presest o Bl R D TR (e T,
10. 06 (s, Thbled & rb8m(tEmp&itndn Qiﬁ e@%@é%ﬁch?ﬂ{n%%@%ﬁ%él?ﬁén wlé‘l)vashﬁdZ?’ (d,
111), 7.64 (da, TR, 7 82 (dd, 1H - 7.8T (d. 111 7 46 (ddd. 7.22 (d,

1H), 7.10 v(ith, satiiefted Sjueous(sdjutiokipf so@imtm@splf@@ (hx) agd theg with(armtu&fgd MS: i nk
é?’ ]I-H\I! m 022%%\)% her C%g%%uﬁ%ﬁ.ﬁf over%ogb uf%ate filtere a(f)ang 1 Structure
concentrated. The resulting residue was washed with ether (80 mL) and dried to afford [3-
(3-i0do-1H-pyrazolo[3,4-b]pyridin-5-yl)-phenyl]-morpholin-4-yl-methanone as a beige
powder (2.881 g, 88% yield over two steps). "H-NMR (500 MHz, ds-DMSO) 614.19 (s,
1H), 8.92 (d, 1H), 8.14 (d, 1H), 7.91 (m, 1H), 7.83 (m, 1H), 7.59 (ddd, 1H), 7.44 (dt, 1H),
3.75-3.35 (m, 8H).

Step 3: Synthesis of morpholin-4-yl-{3-[3-(1H-pyrazol-4-yl)-1H-pyrazolo[3,4-

b]pyridin-5-yl}-phenyl}-methanone.
[0229] A mixture of [3-(3-iodo-1H-pyrazolo[3,4-b]pyridin-5-yl)-phenyl]-morpholin-4-yl-
methanone (25 mg, 58 pmol), 1,1"-bis(diphenylphosphino)ferrocenepalladium(i)-dichloride
dichlormethane adduct (5 mg, 6 pmol) and 1H-pyrazol-4-ylboronic acid (11 mg, 98 pmol)
in acetonitrile (2 mL) and 2 M solution of sodium carbonate (1 mL) was irradiated in a
Personal Chemistry Optimizer at 175 °C for 30 min. The crude reaction mixture was
diluted with water (1 mL) and ethyl acetate (3 mL) and the organic phase separated, filtered
and concentrated. The resulting crude mixture was then purified by rhass-triggered reverse
phase HPLC using a gradient of acetonitrile in water containing 0.1 % of formic acid to
afford morpholin-4-yl-{3-[3-( 1H-pyra201—4-yl)-1H—pyrazolo[3,4-b]pyridin—5-yl]-phenyl}-
methanone (6.2 mg, 29% yield) of as a colorless powder. 'H-NMR (500 MHz, ds-DMSO) §
13.59 (s, 1H), 13.17 (s, 1H), 8.87 (d, 1H), 8.73 (d, 1H), 8.60 (s, br, 1H), 8.17 (s, br, 1H),

’
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Method 2: HN-N HN-N HN-=N NH HN1 NN -N N | ro

N,,) OO Step 1. Synthesis of

nmor phol i n-4-yl -[ 3- (1H pyrazol o[ 3, 4- b] pyri di n-5-yl ) - phenyl ] - net hanone.

[0227] A m xture of 5-brono-I1H pyrazol o[ 3,4-b]pyridine (1.50 g, 7.57 mmuol),

3- (nowghwbdéers4car bonyl ) phenyl boronic acid (2. 136 BCT/OSBOS/A4xGHH) and

tetraki s(tri phenyl phosphi ne) pal | adi un{0) (435 nL,-0.376 nmmol ) in

di met ROfyédd)aAy, 18 (t,1H), @rid)sada(tal By 7ad édd)dH3,A.80-5.66 (mf SEpdviBm bi car bonat e

(8 mL a a. Personal Chemistry Optimzer at 175 C for 60 f
mw ?é?%fﬁ%ﬁm xture was distributed between dichl oronet hane and

a sat ur at ed aqueous sol ution of sodium 62 WO 2006/ 015124 PCT/ US2005/ 026794

bi car H1236} e Othtneompormdsipreparad by Meghadi®en extracted with di chl or omet hane, and

then ethyl acetate and the conbi ned organic phases were dried qQver sodium

sulfate, filtered and concentratmlgp afford a pale green foam contai ni ng

80 % of norpholin-4-yl-[3-(1H

N Step | Step-2 Step 3 Br

pyragol o[ 3, $phataye ! di N- SHYT Y - Phgirhdule Met hanpne (2. §Pu&urdU 70 Y1 eI d) and 20
% of | triphenyl phosphi nej oxi de. 1H NMR (500 WHz, d6-DWVBO) 1513,75 (s, 1H),
8. 87| (0, 1T~ @/ 8. 54 THy, 8. 2T (d, III), 7.85 (m _LHI) 777 (m iH),
7.58] (t 7.41 (in,{11-1 ‘ 2: Synthesi s, of

[ 3- (B- DY azol o[ 3 5:yl) - phe rf{-

mor phay-A et hanone

Nbrle [ -[3- (1H pyf b] pyri din -yI) phenyl ] - met hanone (2. 30
g, T -6 mmol ) pndyof N-i odosucci ni A2.50 g, 11.1 mpl) were

di ssol i chl or oet hanse (180 The stl rred under reflux
cond h, then roomte diluted with

di ch The sol utre : shed w aqueous| sol ution of
sodi um thi gsul fate (Ix) gnd thgn with a saturated ‘aqueous sol utfon of

sodi um brom de(2x), dried over sodiumsulfate, fil Pered and concentr at ed.
The fesulting residue V"aFMSa%DzePlW+ ther (80 nmL) and dried tof afford [ 3-

MS: m/z 415 (M+H)

MS: m/z 424 (M+H"

MS: m/z 433 (M+H")

MS: m/z 447 (M+H)

HN-N s
\
N o
L
o)
(

MS: m/z 405 (M+H")
MS: m/z 429 (M+H")

o Et

MS: m/z 429 (M+HY
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(3-1iodo- 1Ftpyrazo|o[3 4- b]pyrldln 5 yI phenyl |- norphol'Tn-2-yi-mnet hanone as
a beige powder (2.881 g, 88%yield over two steps). 1H NVR (500 MHz,
dé-DVsO) S 14.19 (s, 111), 8.92 (d, 1H), 8.14 (d, iii), 7.91 (m iN), 7.83
(m iH, 7.59 (ddd, 1H), 7.44 (dt, 1H), 3.75-3.35 (m 811). Step 3:

Synt hesi s of wobs@beisity 4-yl -{3-[3-(1H pyrazol -4-yl)-1H pyy

b] pyridi n-5-yl ]-phenyl }-nmet hanone. [0229] A m xture of PR Rls Moo ros

[ 3-(3-i odo- |H-pyrazol o[ 3, 4-b] pyri di n-5-yl)-phenyl ] -morphol i n-4-yl - met hanone
(25 ng, 58

1,1' - bi s(di phenyl phosphl no)ferrocenepal | adi un(n)-di chloride dichlornethane
adduct (5 mg, 6 nmol) and 1H pyrazol -4-ylboronic acid (11 ng, 98 nol) in
acetonitrile (2 n) and 2 M sghytion of sodium carbonat (1 m) was
irradiated in ayuHersonal Chem stNyy Optim zer at . or 30 mn. The crude
reaction mixtute di luted er (1 nm) fyTNacetate (3 nL) and

)
(o

t he organi c phgse sedarat ed, fi and conc fhe resulting crude
m xture was then uriflgie,by na ri ggerstdprevers phase HPLC using a
gradient of acetfonitril®& Th Wate containing 0.1 % of formc acid to afford
mor phol i n-4-yl _£3:[ 3- pyr az yl )@@ pyr azq ] ®yridin-5-yl]-pheny
| }- met hanone 2P% yi el f a col orl er. 'H NWR (500 MHz,

d6-DMBO) S 13. g A, 13,17 (s 8.87 (d, if), 8.73 (d, 110, 8.60
(s, br, 1H), 8.17 (&, br, 1H), 63 \/\@2006/015124 PCTH0S2005/ 026794 7. 95

(ddd, 1H), 7.89 (t, 1H), (t, 1H), 7.59 (t, 1H), 7.43 (ddd, 1H), 3.80-3.35
(m 8H). |t/ MStep L smmm[{mna-lpdo-s X&t{lmeltl]ylsﬂa@zmmm%hyla\:dﬂpou nds

PR S Y, VR R T A PR PR S el T

+ M5 iz Af023(MHED asolufiolE [3H(B dodbHH-phelztio [3,4-BXpyfidid-5-yl)-phenyl]-morpholin-4-
yl-methanone (2.12 g, 4.88 mmol) in anhydrous DMF (30 mL) was added sodium hydride
(60% in mineral oil, 750 mg, 30 mmol) at 0-5 °C. The mixture was stirred for a few
minutes before trimethylsilylethoxymethyl chloride (2.0 ml, 11 mmol) was added drop wise
at the same temperature. The mixture was stirred at 0 °C to room temperature for 4 hours
and then cooled to 0-5 °C and quenched by an addition of methanol. The resulting
suspension was then distributed between water, saturated aqueous ammonium chloride
solution and ether. The aqueous phase was extracted three times with ether and the
combined organic phases were dried over sodium sulfate, filtered and concentrated. The
crude product was then purified by silica gel chromatography using a gradient of ethyl
acetate in hexanes to afford {3-[3-iodo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
pyrazolo[3,4-blpyridin-5-yi]-phenyl}-morpholin-4-yl-methanone as a beige-brown foam
(1.806 g, 66 % by "H-NMR, side product identified as morpholin-4-yl- {3-[2-(2‘- |
trimethylsilanyl-ethoxymethyl)-2H-pyrazolo[3,4-b]pyridin-5-yl]-phenyl} -methanone). 'B-
NMR (500 MHz, de-DMSO) 69.08 (d, 1H), 8.29 (d, 1H), 8.01 (m, 1H), 7.95 (&, br, 1H],
7.69 (t, 1H), 7.55 (4, br, 1H), 5.88 (s, 2H), 3.71 (t, 2H), 3.85-3.45 (m, 8H), 0.94 (t, 2H),
—0.2 (s, 9H). MS: m/z 565 [MNa'], 537 [MH'], 447 [MH"-(Me;Si(CH),0)].

Step 2: Synthesis of {3-[3-(2-methoxy-pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-5-
yl]-phenyl}-morpholin-4-yl-methanone !
[0232] A mixture of {3-[3-iodo-1-(2-trimethylsilanyl-ethoxymethyl)- 1H—pyrazolo[3 4-
b]pyridin-5-yl]-phenyl} -morpholin-4-yl-methanone (33 mg, 66 % pure, 38 pmol), 1,1'-
bis(diphenylphosphino)ferrocenepalladium(i)-dichloride dichlormethane adduct (5 mg, 6
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\/N\\/N N}OrOrOQoI\LJ\I\LJO
7 413 (MrH+ ME: n12 433 (MtH) MS: mz=447 (MrH) 00 O HN' N 8 HN\-
I NV\N/ N\ /I , r'yr,0 OO0 op M5 mz 405 ~MtH ) Ms: niz 42
MS: nmlz 429 (MHH ) 64 WD 20061015124 PCTI US2005/ 026794 Method 3: HN-N

M
SEM N- N 2N I N~~N~~\N I I i i i Step 1l N N O~/
O O St ep‘vﬁtzug@ﬁ?lﬁ%m s of {3-[3-1o0do-1-(2-trinmethyl si Ipaﬂylljszg‘?%?(@f‘ret hyl ) - 1H
pyrazol o[ 3, 4- b] pyri di n-5-yl ] -phenyl } - nor phol i n-4-yl - met hanone. [02311 To a
soI ut i qrmcd) angi-(rﬁldoudnﬁth)ﬂplpylylbzmlnim[a’did«m}rpy% gloiol)5n yéeterptndan(@ thEhardphol i n- 4-

2 88 d dded di
by 0l M oageT of siiflin irbesafe Tl pia irs Mttt bastonbl Ghegbph GO o v |
sti rrechtfl%o@f&ezwm egﬁ& a%dbf'efa&;&uﬁfquﬁwmtwmﬁQ&ﬁf@ﬁfa&a@oughl oride (2.0

m, 11 mmol) was a drop wW se e sanme tenperature. The m xture was
st i r r edsobition of sodpuimn brmnmdeﬁpah)aandredlyﬂ acetate (ﬂauL)sancblhdotgamn pbmel ed to 0-5 C and,

quenched b n.ad resul sus ension was then
di st ri FEREYC % geﬁlt%g‘f %‘ﬁ ﬁ?‘iﬁy gﬁ%‘é&ﬂ?@ BAOEIE?
gradient of ethyl acetate in hexanes to afford {3-[3- (2-methoxy-pyndm- -yl)-1-(2-

OMs: iz
N HN- - N— \
9 (M

trimethylsilanyl-ethoxymethyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-phenyl} -morpholin-4-yl-
methanone (24 mg, 116 % yield) as an off-white residue. MS: m/z 568 [MNa'], 546 [MH"],
428 [MH"-(Me3Si(CH,),0)]

[0233] This residue was dissolved in THF (2 ml) and activated 4 A molecular sieves were
added to the mixture. Tetra-n-butylammonium fluoride in THF (1 M solution, 0.5 mi, 0.5
mmol) was added and the mixture stirred at 70 °C for 26 h. The mixture was cooled to
room temperature and 1 ml of cation exchange resin (Amberlyst, Na'*-form) added and the
mixture was shaken for 40 min. The resin and sieves were then filtered off, washing with
dichloromethane and methanol and the filtrate obtained was concentrated. The residue was
dissolved in ethyl acetate and purified by flash chromatography on silica gel using a
gradient of ethyl acetate containing 15 % (v/v) of methanol in ethyl acetate. The product
fractions was combined, concentrated and purified by mass-triggered reverse phase HPLC
using a gradient of acetonitrile in water containing 0.1 % of formic acid to afford {3-[3-(2-
methoxy—pyridin—3—yl)-lH-pyrazolo[3,4-b]pyridin-5-yl]-phenyl}-morpholin-4—y1—methanone
(3.2 mg, 20% yield).as a colorless solid. "H-NMR (500 MHz, dg-DMSOQ) 6 14.01 (s, 1H),
8.91(d, 1H), 8.51 (d, 1H), 8.31 (dd, 1H], 8.11 (dd, 1H), 7.87 (ddd, 1), 7.80 (¢, 1H), 7.59 (t, |
1H), 7.43 (dt, 1H), 7.18 (dd, 1H), 3.97 (s, 3H), 3.70-3.35 (m, 8H). MS: m/z 416 [MH"].

[0234] Other compounds prepared by Method 3:

66




solution and et her T E e Rpgse was extract ed three tines with ether
and the conbined or ganl C phases WET odi um suI fate, filtered
and concentrated. The crude product was then puri ca gel

chromat ography using a gradient of ethyl acetate in hexanes to afford
{3-[3-iodo-I-(2- tr| net hyl si | anyl - et hoxynet hyl ) - 14

pyrazol o[ 3, 4-b] p Plzﬂﬂmlﬁwl] phenyl } - nor phol i n- 4-yl - met hanone as a

bei ge- br owss f@a ;,,(1 80m g 66 % by 'H NVMR, side product identified as

nmor phol i n- L4 y ?]% i A PCT/US2005/026794
trinmethylsilanyl - et h6xyrret hyI ) - 2H pyr aggheg 3. 4- b] pyri di n-5-yl ] - phenyl } - net ha
none). 'H NWR (500 MHz, d6-DMSO) 59.08 (d, 1H), 8.29 (d, 1H), 8.01 (m 1H),
795 (t WP THISerufuf¥ (T, THSerufi® (0D TF) | SruBReks, 2, 73 71 (1,
2H), 3.8543.45 (m 8H), 0.94 (t, 2H), -0.2 (s, 9H. Ms: nmlz 565 [MNa|, 537
[ MH], 44 [iNJ.I T AMB3SI(CHZY Z0) T~ Step 27 Synthesis of
{3-[3-(2-ret hoxy Pyri di n-3-yl -IH-pyr zol o 3, 4- b] :)yrl_!Nlen
nor phol i n- 4-KN- one [0232] ur e of
{3-[3-i0do- gt hyl si | ahyl « et hyl ) - 1HE p
b] pyri di n- - phenyl } - nor pholy y gt hanone
1,1' - bis(dipghenyl phosphi no) f erlf ocenepal | adi un(n) ¢

5\_yI1-pheny|}:

5, 66 %pure, 38 nol),
| ori de di chl or net hane

adduct (5 WO 2006/ 0151%4 PCTI US2005/ 026794 nol )

3-trifluof henyl boroni ¢ ag , 92 pnyl a@wltrile 2 m)
and 2 M 3o sodi um car ) was | rradhy n a Perspnal
Chem stry at 175 Cif The cruge rea ion mxture has

di l uted wijth sat urat ed aqueous i on of sodium brom de (1 nlL) andj et hyl
acetate (4 _nL) and the organi ¢ phase separated, adsor bed onto_silical and
purified hMS: I”é(§H5%(M‘|" gel d:g/lr _tht%;)usi ng| MS: gVatl MR et hy
acetate in hexanes to afford | -ﬁoyt/ﬁ&?@? y pyr din-3-yl)-I1-(2-

t ri met hyl siamH—ethoxyrethy—iH-pyrazel-ef3—4—bipy+ri-di-a—5—y—phermy} - nor ph
ol i n-4-yl 4

met h&@@e (24 ny, 116 %yield) as an off-white pegidue. M5 niz

568 [ MNa+], S 428 [ MHt - (Me3Si (CFR) 20) ] esi due Was

- di ssol ved]i 2 ) and ag¢t ik pl ecul ar pi-evesywgre added to
the m xt un - but yl ampnj FTogr i/de n THE P-s€ 'on, 0.5 m,
0.5 nmol added and the pijxtufe stitred at 7pNC 5—H. The m kture

was cooled tg roomtenperatute~gd 1 m of catiop exehange resin

(Amber | yst, -f 0 added and ture was shaken for 40 min. The
resin and then filt , Grvashi ng Wi #A i onet hang and

nmet hanol and t he f||trate obt ai'‘rRed\all ncent r at £d he pesidue was

di ssol ved{in ettR/I acetate ang puriflied by flash chromafjography on silica
; O

gel usingfa 0

MS: m/z 469 (M+H")

MS: m/z 438 (M+H")

MS: m/z 436 (M+H)

Method 4:
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gradi ent of ethyl acetate containing 15 % (v/v) of methanol in ethyl
acetate. The product fractions was combined, concentrated and purified by
mass-triggered reverse phase HPLC using a gradi ent of acetonitrile in water
containing 0.1 %of formc acid to afford {3-[3-(2-

et hoxy-wordogbigisd4 y!l ) - 1H pyrazol o[ 3,4-b]pyridin-5-yl]j; ol
- nor phol i n- 4 yl -met hanone (3.2 ng, 20%yvyield), as a %‘Pﬁﬁ%w@gm&él id. | HNWR
(500 MHz

iy, 5124 ot o Pt s bttipfinb blg: 5 23 (60

IH, 7. 1E{tl(lﬂdthylsﬂ)yl)etﬁ0195713n(eﬂlyl)Sl'H-,pyBazB%[&4ﬂﬁpfﬂidm&ljﬂ)benwﬁimdd z 416 W.
(0234] O her corrpoung @repar 66. WO 2006/ 015124
pCT/ UsHBE8I 02ertaure phi- -18d°39T((?c(tﬂméthslﬂlﬂlftﬂaﬂxéf)fsﬁth}&ﬁrm@% FF HVNC

0 I\I( I\%L)yhm"% Pt 8}1511&1? WHOIIho)gééggnﬁ% Pk pe i, o 2 0% (NMl:lH) "> orldN,Z_)
OO0 Nﬁlmaﬂxxlc%@m@mphe)lylbﬁommmdé(%n(gwﬁmﬁ Miolpg1'436 (M-H)  Met hod 4:
Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) complex with dichloromethane (3.6
mg, 0.0045 mmol) and sodium carbonate (2M aqueous solution, 0.134 mL, 0.267 mmol) in
acetonitrile (1 mL) was heated in a Personal microwave at 90 °C for 30 min. The resulting
mixture was diluted with water and extracted with ethyl acetate. The organic layers were
combined, dried over sodium sulfate, filtered and concentrated to dryness. Silica gel
chromatography purification of the crude product afford N,N-dimethyl-3-(5-(3-
(morpholine—4-carbonyl)phenyl)—1-((2-(11'imethylsilyl)ethoxy)methyl)—lH-pyrazolo [3,4-
b]pyridin-3-yl)benzamide as a clear oil. MS: m/z 586.2 [M+H'].

Step 2: Synthesis of N,N-dimethyl-3-(5-(3-(morpholine-4-carbonyl)phenyl)-1H-

pyrazolo[3,4-b]pyridin-3-y)benzamide.
[0236] A solution of N,N-dimethyl-3-(5-(3-(morpholine-4-carbonyl)phenyl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-b]pyridin-3-yl)benzamide in 5% of
perchloric acid in acetic acid (1 mL) was stirred for 1h at room temperature. Saturated
sodium bicarbonate solution was then added to the solution slowly until pH ~ 8 and the
mixture was stirred for 24 hours at room temperature. Ethyl acetate was then used for
extraction and the organic layers were combined, dried over éodium sulfate, filtered and
concentrated to dryness. Mass triggered reverse phase HPLC purification afforded N,N-
dimethyl-3-(5-(3-(morpholine-4-carbonyl)phenyl)-1H-pyrazolo[3,4-bIpyridin-3-
yl)benzamide (7.4 mg, 18% yield over two steps) as light yellow solids. 'H NMR (500
MHz, CDCl3) 8 2.99 (s, 3H), 3.10 (s, 3H), 3.46 (br, 2H), 3.61 (br, 2H), 3.76 (br, 4H), 7.40
(d, =7.0 Hz, 1H), 7.47 (d, ] = 8.0 Hz, 1H), 7.52 (m, 2H), 7.64 (d, = 7.5 Hz, 1H), 7.68 (s,
1H), 7.98 (m, 2H), 8.62 (s, 1H), 8.85 (br, 1H). MS: m/z 456.1 (M+H).

[0237} Other compounds prepared by Method 4:

[0238] The conditions in step 2 may vary for the compounds in the following table.

Sometimes sodium carbonate may be needed instead of sodium bicarbonate and the reaction

time varies from 30 minutes to 24 hours.
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p O/
2006/ 015124 PCT/ US2005/ 026794 Step 1: Synthesis of

N, N- di et hyl

-3-(5-(3-(norpholine-4-carbonyl)phenyl)-1-((2-

N SEM SEMN/ NN'NNHMN NNN Stop 1_ Step2 OO0 O 67 WD

(trinmethylsilyl)ethoxy)nethyl)-1H pyrazolo [3, 4-b]pyridin-3-yl)benzam de.
[ 0235] A m wooes/a15124
(3-(3-iodo-1-((2-(trinmethylsilyl)ethoxy)nethyl)-IlH pyrazolo[3, 4-

PCT/US2005/026794

yel | ow solii

1H (500
eVs;

MS: m/z 421.1 (M+H

MS: m/z 419.1 (M+H")

MS: m/z 449 (M+H)

69

b] pyri di n-5-yl)phenyl) (nor phol i no) met hjJ Q@ (50 ng, 0.089 mmol), 3-

(di met hyl car barmyl )phenyl boronic acid (34 ng, 0.177 mml) [1,1-

Bi s(di phenqytphos errocenerditti tadiom(IT) cogp

di chl or ongt hane ??ﬂgﬂﬁrrg 0. 0045 nmo ?hgﬁgésodl um car bonat e&ii& aqueous

sol ution, (61340267 mol)—tn—acetonirtrite i) —was heated a
Personal m cidvwave at, 90 C fof 30 min, -The resultjng mxture was dilfuted
Wi th wat er xt¢ adted with \e ) ¥ers were ‘
conbi ned, |dfief oveT sodiums gd to drypness. .
Silica gel At omdt ogr aphy puti afford

N, N- di et hyl -3-(5-(3-

(ror phol i neF4-x n;d)phenyl‘-l ((2 (trlrrethyIS| erthoxy met hyl ) - 4H pyr az
ol o[ 3, 4- D] d| -3yl ) benzal 86. 2 [ MFHF] .
Step 2: Synthesils of N, N-di nef onyl ) phenyl ) - 1H
pyrazolo[34b]Q)yridin3yI)p i

N, N- di et hyl - 3- (5- ( 3- ( ot phol s ) - 1(@2-

(trimethyl M$ yﬁ&é@ﬂqbﬁ\ﬂﬂf@t hyl ) - 1H pyr azol o[ 3, 4- b] S, di.ng 3 y@_ﬁﬁgzam de in
5% of penchloric acid in acetic acid (1 nl), was rf”ézd“folr room
tenperatufe. Saturated sodi ufVB:our HHHBQMETEOI ut i on was then added td the
solution slowy until pH - 8 and the mxture wasistirred for 24 hourls at
roomtenperature.REt hyl acetate was then used for ext rad(i on and t he |
organic | a &=oonbi ned, {dried d¥er sodi um s 5

concent r af S. Mass ] ifon

af forded IN} yl -3-(5-( zol o

[ 3, 4-b] pyni -3- yl) benzanudy | i ght



Mz, CDC13) 8 2.99 (s, 3H),_.3.10 (s, 3H). 3.46 ( ,
3.76 (br, 4H), 7.40 (d, J = 7.0 Hz, 111), 7.47 (d. J 8.0 Hz, 111) 7.52 (m
211), 7.64 (d J=17.5H, 1H), 7.68 (s, 111), 7.98 (in, 21-1), 8.62 (s,
1H), 8.85 1H). ME: na/z 456.1 (MrH ). [0237) O her conpounds prepared
by Met hod f??Q’QB")‘Z-'The conditions in step 2 may vary for the conpounds in

t he “f.olfl-owi. mgat«ablme Sonet i mes sodi um carbonate nay be Poeagedshnsiead of
sodi u bicarbonate :\nr{ the.-reaction._ti om30 mnutes to 24
hours. | 68 WO FEBERIR5124 PCT/ US208ERERET94 T;]bl e 4 StFYdeRgre Structure
Structre—HN-N""_p N HN-NNHN_ NI11 E _(Cl ) ro I\IR m .z 405 (MtH) 0 O
VS: n12\?_|17 1 (MHBN MB: nfz 449.0 (MeH) F O- HN-NOD~ HNEN-NNL L

HN N D O NS 416 (M{H+) MS:
mz 43 HN-N

MS: m/z 433(M+H")

COOCHS;

MS: m/z 437.0 (M+H")

MS: m/z 415.1 (M+H")

MS: m/z 427.1 (M+H’)'
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HN—N-CIHN—N\\/HN- : NJ I rONI NI OO O
M5: mz 421.1 (M+H) NE: n12 449(|\/H—|) MS: mz 419.1 (M

2006/ 015124 1t., R.. a~"::.u .W.,. ,, ... PCT/US2005/ 026794 Structure .
Structure Structure CNO HN-N- HN-N HNAN _ N\ \/ N\V\/ NI Ff30 U
NJ] OO O M ‘@ﬁ&ﬁf{f%“ (MtH ) Ms: mz 399.1 (MtH+) Ms: m z 433(M+H) 0"1
COOCH3 HN-N-- COOCH3 NNHNN1T ONIL1I, NI N)Péf’mﬁzo’o\y/azs&

Structure Structure Structure

o-Et

MS: m/z 428.0 (M+H") MS: m/z 433.1 (M+H).

MS: m/z 453.0 (M+H)
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0 MSs—miz 447.1 (MtH) MS: rn/z 443.1 (MtH) _MS: ink 473.1 (MtH) O HN-N - O
NHNOHHNN_ FN11 N\ / 11 OON _) rOrO OO0 M mz 437.0 (MH)
MS: ink 415.1 (MtH) Ms: n:/z 427.1 (MH4) 70 WO 2006/ 015124

PCT/ US2005/ 026794 Structure Structure Structure ()-Et HN-N CN of N H\-N
HN-N F NWQ2006/0F5120 ~| NJ ~I NJ O O MS: ink 447.1 ( Medr/ogoosmteod28. 0 ( M+H)
MB: rWe 433.1(MtH). d HNN N Zz~ " \\ / d 0 M nlz 453.0 (MtH) 71 WO
2006/ 044244 PCT/ US2005/ 026794 Method 5: HN-N HN N SEM N-N

N HN-N SEM N
HN-N X p
N Step 1 Step 2 2 steps L _J  stepa
/ ————— ———— Y ) ————
Br O o OH
0 i i
SEM,

Step 1: Synthesis of methyl 3-(1H-pyrazolo[3,4-b]pyridin-5-yl)benzoate.

[0239] A mixture of 5-bromo-1H-pyrazolo[3,4-b]pyridine (2.00 g, 10.10 mmol), 3-
(methoxycarbonyl)phenylboronic acid (2.20 g, 12.12 mmol), sodium bicarbonate (2.2 g,
6.00 mmol) , and tetrakis(triphenylphosphine)palladium(0) (0.250 g, 0.202 mmol) in

- dioxane/water (40 mL/10 mL) was stirred at 110 °C for 15 hours. The mixture was then
poured into ice water and extracted with ethyl acetate (3X). The organic layers were
combined, dried over sodium sulfate, filtered and concentrated to dryness. Silica gel ‘
chromatography of the crude product afforded methyl 3-(1H—pyrazolo[3,4—b]pyridi’n—5-
yDbenzoate (8) (1.65 g, 65% vield) as yellow solids. MS: m/z 254.0 (M+H").

Step 2: Synthesis of methyl 3-(3-iodo-1H-pyrazolo(3,4-b]pyridin-5-yl)benzoate
[0240] To a solution of methyl 3-(1H-pyrazolo[3,4-b]pyridin-5-yl)benzoate (1.65 g, 6.52
mmol) in dichloroethane (40 mL) was added NIS (1.81 g, 8.04 mmol) and the mixture was

stirred at 70 °C for 6 hours. The solvent was removed by reduced pressure and the crude

product was purified by silica gel chromatography to afforded methyl 3-(3-iodo-1H-
pyrazolo[8,4-b]pyridin-5-yl)benzoate (9) (988 mg, 40% yield). MS:m/z 379.9 (M+H").
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HN-NNNII_NI N Step | Step 2 Step 3 Step 4 Br-O\ O- OH OO0 O SEMN,
SEM NON O/ 0" HN-N N Step 5 NStop 6 N" \ F I IJN K' IF~1 / I
JNIN,/ V' I N~/N 00 O Step 1: Synthesis of nethyl
3-(1H pyrazol o[ 3, 4-b] pyri di n-5-yl ) benzoate. [0239] A m xture of
5- br ono- | H pwozaeioa$124 4- b] pyridine (2.00 g, 10.10 mmol ), B-T/US2005/026794
(met hoxycar bonyl ) phenyl boronic acid (2.20 g, 12.12 mmol ), sodi um bi carbonate
(2.2 g, 6.00StEps: )Syntirsid o’fSI(B-aédiBi(-(('Zl-(nhmbylslilpbﬁhomhmﬁiﬁl)elﬂurT( 0) (0.250 g,
0.202 mml) in dioxane/water (40 ni/10 rrL) was stirred at 110 C for 15
hours. The mi RYiFRIOlEAbinyeidin-fryllbereaiedddi ce water and extracted with ethyl
acetate (3 h | fate,
Ab2411Ner P GRof Jr e gfry‘fnessﬁ'do ﬁ%pﬂagﬁg 3 4:15 SHaiRYsy1) ﬁeﬂapﬁd@w

filtered and concentrated to |cag F onat ogr t he
crude produog, Qaﬁlfmmdbah Diyihwyhs ﬂdédwquyn hz@idw[(@Q%m)maldmlnSZﬁmg,l BdBnzoat e

8 1.65 A) d | | | i 2:

| (Syzlt gesi s g laﬁéb%é %@gpﬁégrelﬂsvﬁ?}g gﬂr é??lﬁutfﬁ WFgﬁRA@’Ygﬂ} %J’eﬁ?é:!to e

[ 0240] To élnﬁei) Wak Q&Heﬁf T@%&Mﬂxoxﬁw&s%&r&bé& ?Jﬁbﬁi@mﬂer?&ﬁé’ﬁd%@n&e&’ lgenzoat e
(1.65 g, mol ) in dichloroethane (40 nL) was added NIS (1.81 g, 8.04

mrol ) and tm@hamk watevagicetit agid ads then ﬂ@edcto fadgnstahmpfdi ts4-5THbe nnttumrwaswas

el e onsc BT AR R G Bl Ry SR i Rl 2
pyr azol o[ 3,s8diajidsaithid] filtered/dndenZRahed (&algﬁ&-SBSmaa AQ%oﬂa@dgqla hy/Brificdtioh Z
379.9 (M+H+) 72 WD 2006/ 015124 PCT/ US2005/ 026794 Step )Snt hesi s of

3- (3- i odo- I thexequlting redpnraducy aiferdeh3{3-ideHy(@3- (mfeﬂxylsﬂyl)ethox methyl)-1H-
pyrazolo[3,4-b]pyridin-5-yl)benzoic acid (200 mg, 15% yield) as solids. MS: m/z 517.9

(MHNa").

Step 4: Synthésis of (4-(2-(dimethylamino)ethyl)piperazin-1-yl)(3-(3-iodo-1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo{3,4-b]pyridin-5-yl)phenyl)methanone.
[0242] A mixture of crude 3-(3 -iodo-1-((2-(trimethylsilyl)ethoxy)methyl);1H—
pyrazolo[3,4-b]pyridin-5-yl)benzoic acid (200 mg, 0.404 mmol), N,N-dimethyl-2-
(piperazin-1-yl)ethanamine (76 mg, 0.485 mmol), O-(7-azabenzotriazol-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate (185 mg, 0.485 mmol), triethyl amine (0.700 ml,
0.485 mmol) and in DMF (2 ml) was stirred at 90 °C in Personal Microwave for 1 hour.
Water was then added to the mixture and extracted with ethyl acetate (3x). The organic
layers were combined, dried over sodium sulfate, filtered and concentrated to dryness.
Silica gel chromatography of the crude product afforded (4-(2-
(dimethylamino)ethyl)piperazin-1-y1)(3-(3-iodo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazblo[3 ,4-blpyridin-5-yl)phenyl)methanone (110 mg, 43% yield) as off-white solids.
MS: m/z 635.1 (M+H).

Step 5: Synthesis of (4-(2—(dimethylamino)ethyl)piperazih-l-yl)(3-(3-(5-ﬂuoro-2-
methoxyphenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo [3;4-b] pyridin-5-
yDphenyl)methanone.
[0243] A mixture of (4-(2-(dimethylamino)ethyl)piperazin-1-y1)(3-(3-iodo-1-((2-
(trimethylsilid)ethoxy)methyl)-1H-pyrazolo[3,4—b]pyridin—5—yl)phenyl.)methemone (50 mg,
0.079 mmol), 5-fluoro-2-methoxyphenylboronic acid (20 mg, 0.118 mmol), {1,1-
Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) complex with dichloromethane (7.9
mg, 0.10 mmol) and sodium carbonate (2M aqueous solution, 0.119 mL, 0.237 mmol) in
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pyrazol o[ 3, 4- b] pyri di n-5—y| ) benzoic acid. [02411 To a solution of nethyl
-=3- (3-i odo- 1H pyrazol o[ 3, 4-b] pyri di n-5=yl ) benzoate (988 ngy, 2.61 nmmol) in —
DMF was added sodi um hydride (60%in mneral oil, 525 ng, 13.03 mol) at
-40 C. The m xture was stirred for 60 mnutes before SEMCI (920 |, 5.22

mmol ) was added. The reaction was warned to roomten‘ger at ure and quenched
with mXRHEEN ézr‘fd wat er. Acetic acid was then used ST/é’afW?“?%e pH to 4-5.

The m xture was then extracted with ethyl acetate (3x) and the organic
layer s ageipritide fbinhewas beatetin@Rersonalguictomage hif %t €, for 30 mér. ekheappltingncent r at ed

L0 YO, Ly SRR SO LA O By L1 7V

Pr}/r aé glfefnﬁmf\lm thrtazﬁ;olveh JodfmyslfaeNanéred &k &néé&ﬁ@teﬁﬂo ddndesyis@icd)elas solids. Ms:
Z
(4-( 2- (@@W#@M%ﬁé&@l#&%ﬁl@ﬂ@d@t yfiford $4-(3- i odo- 1 - (( 2-

(tri rret Rt )
[ 3, 4-Db] %l 3"%‘1"% p%ﬁ)epg&%?xyniemé (g"@)ﬁu% Oggﬂ Oﬁy%enygrle«of crude
3-(3-i c(dnndths(li@d)@thloxymldﬁwll)s1HI-}pb'I)aed)lbMb]pgﬁ&imlé)—yl);bhenyl)mcthanone as a light
razolo b | Ypenzoi c acid (200 , 0.404 mmol ),
RIyN- di r?@l‘iwl"ﬂQw /dé}%agﬂ% | ) et hanami nt(a (76ngrrg 0. 485 mml))
0- (7-azabenzotri azoI -l-yl)- N N, N, N - tetramethyl uroni um hexaf| uorophosphat e

(185 ny, Step®s Symthesis of (4 él-(d}meﬁn‘lmn(%tmlpmﬁrazmﬂ-ﬂHS-(%lﬂ)loana- in DMVF (2

m) was stifre hour. Water was then
adZtJed to f":fié‘ ﬁf?&l?ed‘?’ @%{ﬁg&rugﬁé@?—@ﬁlmﬂ ﬁ‘sﬁiﬁﬁ\%nggﬁ%g 'EJ%X). The organic
to dryness, -8 m‘*mﬁ“ (““““““’m“@m‘“"““m)""“*fﬁi‘hﬁ;ﬂ’“”“‘fﬁ‘?ﬁz‘?m;‘f forded (4 (2-
- [

zrazo )fl))?hér%@)gﬂe yrils di n&gsifl% phesfl/tl g/ﬂ %tkllanonemllo o,&%L) ‘gll?sesltlg)ed
of f - vxh|fme455minutes at rolvs: temporat®ids . Sod{uuki/droxide eqiutEn (Mmﬂm addled to

et hoxyHETP Ny SHALH B0 ROPARAUAS wd bt g e P g 4. o)

pyri di Nayers \yér): R&EBXb] B é‘tﬁ;ﬂ&ﬂﬁted[t@ &"yﬁ]:ssAvlﬁbK ik ehefifredissolved in methanol
(4-(2-(di n'ethglamno et hyl perazm 1-yl)(3-(3-iodo-I

(tri met(hylgiand podium saeppmate (AML) L ml). pTheqmisiuse was stTadyat rwn(qteawxamﬁéqm ) met hano

m (50 ‘F%oﬁxsge%zg?ﬂg%hﬂme‘fwﬁosp a&g%%%r océﬁ@]%gﬁh E%r o at’l a%?urg%ﬁf;rgco?rpllé?(

Wi t h dlley&a)wmbﬂnhmed (di‘Le@ overg;pdﬂm]@lfmﬁnﬁl}erafﬂdsmdcmﬁaﬁdld)@ﬁs& (2M aqueous
sol utl c}\zass%'lglg%rged%vers% phase IEH’TE& )punﬁ'ca¥mn afforded (4-(2-
(dimethylamino)ethyl)piperazin-1-yD(3-(3-(5-fluoro-2-methoxyphenyl)-1H-pyrazolo(3,4-
‘blpyridin-5-yl)phenyl)methanone (25.6 mg, 64% yield from 12) as white solids. 'H NMR
(500 MHz, CD;0D) 6 2.42 (s, 6H), 2.49 (br, 2H), 2.59 (m, 4H), 2.69 (m, 2H), 3.54 (br, 2H),
3.81 (br, 2H), 3.85 (s, 3H), 7.17 (m, 2H), 7.40 (dd, J = 3.0, 9.5 Hz, 1H), 7.44 (d, br, T =7.5
Hz, 1H), 7.59 (t, ] = 7.5 Hz, 1H), 7.72 (br, 1H), 7.77 (d, J = 8.5 Hz, 1H), 8.39 (d, J = 1.5 Hz,
1H), 8.80 (d, J = 2.5 Hz, 1H). MS: m/z 503.2 (M+H").

Method 6:

SEM,
N-N




WO 2006/ 015124 PCT/ US2005/ 026794 acetonitrile (1 nL) was heated in a
Personal mcrowave at 90 C for 30 mn.. The resulting mxture was dil uted
with water and extracted with ethyl acetate. The organic | ayers were

conbi ned, dried over sodiumsulfate, filtered and concentrated to dryness.
Silica gel wdhnosetstegr aphy purification of the crude proBO/USAbS/@eT4(4- ( 2-
(di met hyl am no) et hyl ) pi perazi n-1-yl ) (3-(3-(5-fl uoro-2-net hoxyphenyl)-1-((2-
(trimethylsilyl)ethoxy)nmet hyI )-1H pyrazol o[ 3, 4-b] pyridi n-5-yl)phenyl) nmet hano
ne as a light yellowoil. M5 rx/z 633.3 (MtH ). Step 6: Synthesis of

(4- (2- (di met BYapakii Smtkasinal (D ertimethoyypbeeyly3<(5- £ | uor o- 2-

nmet hoxyphenyk A{ ?_] *’% ))'?3? ?@ﬂ 2, [ 0244] A
sol ution of % &h?d‘iﬂéﬁ%ﬂﬁﬁtﬁ% 1?%{/’ %&oé,% W@m’ h 83?%I uor o-2-
met hoxypheny[dlm‘etl(y(lﬂnijm)atmmyémzmwl y@mmyomt hyl)-1 H pyr azolo [

3, 4- b] pyr'i fro erchloric acid in
met hanol @h%_) ‘\Az\é%‘?‘ 4 t g““ﬂ‘\‘??ﬁ‘&gplﬁ ra?%drﬂlk(é' ‘é‘?‘g‘ftf Sodi um

hydr oxi de %&h&lﬁ@lﬁ%y}ﬁ?&hﬂﬁ?ﬂ ggf&é@ﬂ» Mb]ptyhamssw%ﬁeﬁ?l)ﬁletﬂmﬁe vsvﬂnlg pH - 8.

Et hyl acetate was t used for |on and the“organic layers Wwere
conbi ned dhe7%Tomebnl,f-dlimethexyplienylimsenic amdmmaé) klﬁemnﬂb,dl ssol ved in net hanol

(1 m) an L ho xtu s..stirred a oom
t enper at u?teé%?(&pf X@WF@%&%@%&%I °Dﬁm dé?ma?'f‘f RS {Zﬁt ed with
et hyl acetamjueodsuiutiorn vl 19mPa M. 237 thiay B ﬁrSad&&ihﬁnEQMlD&ﬁhs heite@th DPe@gonslodi um
sulfate, filtered and concentrated to dryness. Mass triggered reverse phase

HPLC pur i fRECERYaYR ah#%ﬁoreﬂ Qi 3 e(rawmmxaﬁ? wa§ eiuwsd WHh paterands- |

-yl) (3-(3-

b]ypill(‘l dl( n- &5<§r§ %ﬁﬁetﬁ)? anone%?%@c e, %7% yi [gégflc;ned OV?[I S)Odmms fate

sol i ds. I—ﬁlerM ar(d%ﬂcelwktpd OB idss. Ssmcﬂgel(ch:onﬁkd)graphyzpﬁnﬁmtmnzﬁﬂh,e cﬂ1d59 (m
4H), 2.69 17

2t|)|), 7.40 g@%gpfdfd%‘g*(éggméw"i’%ﬁﬂyﬁ &2 (‘%7&‘6%8‘133”9380&3813% I% (m

t, J = 7. (27 d J =
V5 by, Rl Obinyidhes bbb s Oldhdet fanioyei i wﬁ%&aﬁm b, 3
SEM N, N %mql@amoxb/MSNm@cS +W)Step 21 ~~N/ 00 N~ / rNrN~ N

Step 2: Synthesis of (3-(3-(2,6-dimethoxyphenyl)-1H-pyrazolo[3,4-b]pyridin-5-
yl)phenyl)(4—(2-(dimethylamino)éthy1)piperazin~1-yl)methanone. .

[0246] A solution of (3-(3-(2,6-dimethoxyphenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-pyrazolo[3,4-b]pyridin-5-yl)phenyl)(4-(2-(dimethylamino)ethyl)piperazin-1-
yl)methanone in 5% of perchloric acid in acetic acid (1 mL) was stirred for 45 minutes at
room temperature. Sodium hydroxide solution (2M) was then added to the solution slowly
until pH ~ 8. Ethyl acetate was then used for extraction and the organic layers were
combined and concentrated to dryness, which was then redissolved in methanol (1 mL) and
sodium carbonate (2M, 1 mL). The mixture was stirred at room temperature for 15 hours |
before being diluted with water and extracted with ethyl acetate (3x). The organic layers
were combined, dried over sodium sulfate, filtered and concentrated to dryness. Mass
triggered reverse phase HPLC purification afforded (3-(3~(2,6-dimethoxyphenyl)-1H-
pyrazolo[3,4-b]pyridin-5-yl)phenyl)(4-(2-(dimethylamino)ethyl)piperazin-1-yl)methanone
(22.70 mg, 56% yield for two steps) as white solids. "H NMR (500 MHz, CD;0D) 6 2.48
(br, 2H), 2.52 (s, 6H), 2.60 (m, 4H), 2.69 (m, 2H), 3.51 (br, 2H), 3.74 (s, 6H), 3.80 (br,
2H), 6.80&(d, J=28.5 Hz, 2H), 7.43 (m, 2H), 7.56 (t, J = 8.0 Hz, IH): 7.69 (s, 1H),7.75(d, J
= 8.0 Hz, 1H), 8.09 (d, J =2 Hz, 1H), 8.81 (d, ] =2 Hz, 1H). MS: m/z 515.2 (M+H").

[0247] Other compounds prepared by Method 6:
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NI NI NO O~/ 0 74 WO 2006/ 015124 PCTI US20051 026794 Step 1: Synthesis of
(3-(3-(2, 6-di met hoxyphenyl)-1-((2- (trinmethylsilyl)ethoxy)nethyl)-1

H pyrazol o [ 3, 4-b] pyri di n-5-yl) phenyl) (4-(2-

(di met hyl am no) et hyl ) pi perazi n- 1-yl ) net hanone. [0245] A m xture of

(4- (2- (dwves0elidnri no) et hyl ) pi perazi n-1 -yl ) (3-(3-i odo- PET/U2005/026794
(trimethylsilyl)ethoxy)nethyl)-1H pyrazol o[ 3, 4-b] pyri di n-5-yl ) phenyl ) nmet hano
ne (50 n@p4s] O:18¢ Sortitink in ate;g ag%a%mla%aﬂl S\ﬁfd@ﬁnﬁlea@n@wﬁ @by, 0.118

mmol ), tetral ds(t ri phenyl phosphi ne) pal |l adi u (9 ny, 10 mmol ) and
sodi um Samsdmes Wwdupnrarbenateonay konagdedoinstesl af 59 mm bl@ﬂzsmtemmdrtl)e Tepetion

acet oni I heat a Personal mcrowave at 120 C for 30 mn.
The I‘eSlE:I‘H ivﬁaés]n?&%ég)\e%ﬁ%tgs%%ﬁq\&gf with water and extracted with ethyl
acetate. The organic |ayers were conmbined, dried over sodium sulfate,
filtered and concentrated to drynesr%a lb|ica gel chromatography purificat'ion
of the crude product_afford

(3-(3-(2, 6- di FEURWKG pheny| S!l!"@("ze(trl met hyl si | Strpetmexy) met hyl ) - | H
pyrazol o[ 3, 4-b] l’)VLLdI n-5-yl)phenyl ) (4- (2-(di met hyl am no) et hyl ) pi pefazi n-1-yl
)rret hamone asoa clear oil| Ms: rﬂz 645. 3 (MHH) . Synt hesi s| of

yI)phe y bne. [ 0R46] A

sol uti

(3-(3-(2>e~di (bt hoxyphenyl } - 2.; rimethyl si et hoxy) met hyl ) -

H-pyrazol g[ 3, 4-b] pyri di n- 5{ yNAhenyl ) (4- (2- (di et hyl am no) et hyl) pi perazi n-1 -
yl) met e | of perc ic acid in acetlcd ) was stjrred for
45 m nuyit'as ‘8t _Nca mterrper? iig&mhydrox Ql (2M wap then
added to the lsol ution sl ow ]t LN - 8. Ethyl actate was t henj used for

extraction af¥ the organic|iayerd were conbinpd and®oncentrated to
dryness$, which was then redgissol ¥ed in methano (1 nmL) and sodium carbonate
(2M 1| ®k9. A iy Mivfliihe was stirred at room t enpEs: aa4 1. M+HY hours before
being ¢iluted with water anm§x,{/5mt1e@4mt)h ethyl acetate (3x). The organic
| ayers| were conbined, dried over sodiumsulfate, filtered and congentrated
to drymess. Mass triggerefl reverge phase HPLQ purification afforded
(3-(3- 2,;@«&“ meyhaxyphenyl m, yr azQl| o[ 3, 4- b} pyri di n-5-yl ) phenyl %

y -yl) mef hanone (22.70 ng, 6% yield

(4-(2-(di no) et hyl } pi g m

for twp l‘{;tb as/whit e sol iIND NVR (500 MHz,. CD30OD) 6 2.48 (br, 2H),
2.52 ($,\6 .60 (m 4H)| R.89 €m 2H), 3.51| (br, 2H), 3.74 (s, pH), 3.80
(br,

Kk Rk

MS: m/z 447.1 (M+H") MS: m/z 453.0 (M+H")

* Step 1 Suzuki coupling conditions: 150 °C, 1h, puw.

**Step 1 Suzuki coupling conditions: 120 °C, 1h, pw.

*#* Step 1 Suzuki coupling conditions: Pdy(dba)s, K3POs, and
dicyclohexylphenylphosphine, CH;CN, 150 °C, 4h, pw.

i
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o
..211), 6.80 (d, J = 8.5 Hz, 211), 7.43.(m 2H), 7.56 (t, J = 8.0 Hz, 111),
7.69 (s, 1H, 7.75 (d, J = 8.0 Hz, 111), 8.09 (d, J = 2 Hz, 1H), 8.81 (d, J
=2 Hz, 1H. M5 mz 515.2 (MtH). [0247] O her conpounds prepared by Method
6: 75 WD 2006/ 015124 PCT/ US2005/ 026794 102481 The conditions instep 2 may
vary for thewoaepsowigs in the follow ng table. Soneti nmePcyaseeswzdasdonat e
may be needed instead of sodium bicarbonate and the reaction tinme varies
from 30 m nut@egto 24 hours. Table 5 Structure Structure Structure O HNIN O
HNN HNN"NCOVN\V\NY/ NI , FOO O Ms: nz 449.1 (MtH) Ms: niz 413.1
(M+H4) MS: mfz 433.1 (M+H+) Et O CiogiN-N - HN-- NNMeo\ / N\ \ /[ | g/l / C
~p EREEOMS niz 447.1 (CRM )
coupl i ng cog J,\p MR 150 C 1hrw
C Jh w t zklcuping
di cyclohexyl Yeyl

Step 1: Synthesis of 5-[3-(2-methoxy-phenyl)-1- (2-trlmethyls1lanyl-ethoxymethyl)-

1H-pyrazolo[3,4-b]pyridin-5-yl]-nicotinic acid ethyl ester.
[0249] A mixture of 3-ethoxycarbonyl-5-pyridylboronic acid (529 mg, 1.91 mmol), 1,1'-
bis(diphenylphosphino)ferrocenepalladium(ir)-dichloride dichlormethane adduct (66 mg,
0.09 mmol) and 5-bromo-3-iodo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-pyrazolo[3,4-
b]pyridine (780 mg, 1.80 mmol) acetonitrile (5 mL) and 2 M aqueous solution of sodium
carbonate (5 mL) were added and the mixture was irradiated in a Personal Chemistry
Optimizer to 90 °C for 30 minutes. The crude reaction mixture .was distributed between
ethyl acetate and water. The aqueous phase was extracted three times with ethyl acetate and
the combined organic phases were dried over sodium sulfate, filtered and concentrated. The
crude product was purified by flash silica gel chromatography using a gradient of ethyl
acetate in hexanes to afford 5-[3-(2-methoxy-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-
1H-pyrazolo[3,4-b]pyridin-5-ylj-nicotinic acid ethyl ester (552 mg, 61% yield) as a yellow
oil. 'H-NMR (500 MHz, d-DMSO) §9.24 (d, 1H), 9.12 (d, 1H), 9.03 (d, 1H), 8.60 (t, 1H),
8.56 (d, 1H), 7.66 (dd, 1H), 7.51 (ddd, 1H), 7.25 (dd, 1H), 7.12 (dt, 1H), 5.88 (s, 2H), 4.40
(g, 2H), 3.87 (s, 3H), 3.71 (1, 2H), 1.37 (t, 3H), 0.87 (t, 2H), -0.073 (t, 9H). MS: m/z 505
[MH'].

Step 2: Synthesis of 5-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-
nicotinic aéid.
[0250] To a solution of 5-[3-(2-methoxy-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-
1H-pyrazolo[3,4-b]pyridin-5-yl]-nicotinic acid ethyl ester (494 mg, 0.98 mmol) in THF (20
' . ml) was added tetra-n-butylammonijum fluoride in THF SlM, 10 ml, 10 mmol) and
activated 4 A molecular sieves. The resulting mixture was stirred at 70 °C for 7h. The
sieves were filtered off, washing with ethyl acetate and the resulting filtrate concentrated.

The residue was distributed between dichloromethane and water. The aqueous phase was
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WO 2006/ 015124 PCTI US20051026794 Method 7: o" SEMN-N MeO HNEN MOO HNNN
SEMN-N MO NNN N Step 1 Step 2 Step 3INN | ~Br N/ ONOOROH O Step
1. Synthesis of 5-[3-(2-nethoxy-phenyl)-1-(2-trinethylsilanyl-ethoxynethyl)-
| H pyrazol o[ 3, 4-b] pyridin-5-yl]-nicotinic acid ethyl ester. [0249] A m xture
of 3-etwmzoecarsddoinyl - 5- pyri dyl boroni ¢ acid (529 ng, PCIUSAMWSNI6794 1' -

bi s(di phenyl phosphi no) ferrocenepal | adi un(il)-dichl oride dichl ornethane
adductextiabedrthree tm@Switindichlommntbthane and the organic phases combined, dried over

T o e St el il e Mol oy S eIy B e aue. sol ut i on
f _ : . i oy S L Us So
0 so%wﬁ&aﬁqhﬂﬁif{& q%Ey_l]%&oW& d;%@%ﬁ%ggrag Oﬁﬁtwws%g% 1988, {iefggdi ated in a

Per sonal em sltr ti'mzer to 3 nutes.” The crudé reaction
m xt urlgowasoldl. sHFNBIR 00 bfzeeDMEONS 3.6 ¢4 2} 89 dwi)pB.95 ThaHhgueous phase

s o S0 TEh ook 6 ueh il o e s T Bl "oty T e o1 uae

pr oductinege iy i .iNgg: ¥ 3k ey, sivideg gel chromat ography using a gradi ent of
et hyl I:'I;I)cet agleéeJ |H§1 hexanes S%éag)ﬁ}l\%?pdla

5-[3-(2- get -phenylo).z 15 (L-t i met hyl si | | - et.h t hyl.) -

1H! pyg az e&%%ﬁ%ﬁ%?’i@ -'ﬁefl!W'cp epxl:)-éﬁlgé &Z%IP%‘?/'EEQ? @3'5%]2 ng, 61%

yi el d) apyddiedyDyreitidin-15 M 4dne. MHz, d6- DMSO) 59.24 (d, 1H), 9.12 (d,
1H), 9.0g (d, 111), 8.60 (t, 151), 8,56 (d, 1H), 7.66 (dd, 1H), 7.51 (ddd,
1H), 702%)( o-[3{Rjmethoxyphepyl)-1 Hipyrazgloghd-pipyrigme§-yl]picptinicagid G 3. 87 (s,
311), L . : - Y/ { M5: mz 505

(] )St ergig,zé é&:\ﬁ{eﬁg%?s chﬂwg dissided i arﬁlzldlcotus ngh;zZOmB) fﬂ 5%—6(0 °C fgllg)the v

?6[2gb](SZﬂTuﬁbhhﬂ%l)écfﬁlbrmwo?m1éﬂanibfﬁt&1%0imh3’s4l-10]3m€@fmﬂ%‘g@aw Techhdlegibd)ni ¢ aci d.

0 a solution o

5- [ 3- (OSramebxy loadansy P20 2. 198 mrmahs DAGAR (32w 028 meePamdERGL (375 me,

T ] L : g, 0.98
oty 45 oD SirP b HnPnstetidl FElchil ool nf IS TERAATL B T
10 m , was(iltenal 9ff, arashing sititinees ed DM Frant echsbquently thveestimaswith ethed dnidng mi xt ure
nas Stdnrezl.e q‘heagesZnoan% (g-?g—(Zm%thol)r)—%henyl)-1H—pyrazolo[3,4-b]pyridin—5-y1]-nicotinate)

(460 mg, theoretical loading 105 pmol) were suspended in anhydrous DMF (3 mL)

containing pyrrolidine (110 pl, 1.3 mmol) and shaken for 22 h. The resin is filtered off,
washiﬁg with dichloromethane, ether and DMF. The filtrate and washings were combined
and concentrated. The resulting residue is purified by mass-triggered reverse phase HPLC
using a gradient of acetonitrile in water containing 0.1 % of formic acid to afford {5-[3-(2-
methoxy-phenyl)-1H-pyrazolo(3,4-b]pyridin-5-yl}-pyridin-3-yl} -pyrrolidin-1-yl-methanone
(2.4 mg, 6 pumol, 6 % yield) as a light brown solid. "H-NMR (500 MHz, ds-MeOH) 58.98
(d, 1H), 8.87 (d, 1H), 8.74 (d, 1H), 8.50 (d, 1H), 8.31 (t, 1H), 7.67 (dd, 1H), 7.48 (ddd, 1H),
7.21 (d, 1H), 7.11 (dt, 1H), 3.89 (s, 3H), 3.65 (t, 2H), 3.58 (t, 2H), 2.02 (m, 2H), 1.96 (m,
2H). MS: m/z 400 [MH'].

[0252] Other compounds prepared by Method 7:
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sieves were filtered off,
filtrate concentrat ed.

and wat er .
extracted
dried over

washAing with ethyl

The aqueous phase was 77 WD 2006/ 015124 PCT/ US2005/ 026794

tWoRodd19B3

sodl um sul f at e,

acetate and the resulting
The residue was distributed between dichl or onet hane

wi t h di chl oronet haue and t he or ganpcr/psmeszre®oONbI ned,
filtered and concentrated to afford of

5-[3-(2- net hoxy- phenyl )-1H pyrazol o[ 3, 4-b] pyridi n-5-yl]- nlcotlnlc acid (654
my, 62 %purity, 405 ng, 119 %yi el d) Fabla 6 brown solid.

"H NVR (500 MHz,

d6- DMSO (513 %Lls 111) - 8 99 (d_1H), 895 (s, 111) 8 88 (d__1H),
8.43 (t, IH), éﬁlr‘{caﬂl‘ell—i) 7./67 (dd Stmmn)re 7.47 ddd QFHCWI‘QS (d iH),
7.10 (dt,. 1ku‘ 3.86 (s, 3H).| M5 rn/z 345 (96% hAth, Step 3: Synfhesis
of {5-[3-([2- nethg«y-i*enyI)-IH+pyrazqhs“374-b]pyr|'

pyridin-3-lyl}-p - 1- yl -{ret hanphe? 0251] )
(5-[3-(2- net hox hen ) - 1H pylrazol o b¥pyri di n Inic acid .(350
ng, 62 % pure, 0.]63 nnnol) was di ssol ved i n anhydr 50-60 C
and the sl utighwa ol ed tlo roonftenpérature V '

( Argonaut [Technd --;é (0. 9 |mol g-N~Tedding, 2.%0 g, M : ), DVAP (32
ng, 0.26 nmnol) and €DCl (375 ng, 1.95 wnol) wereladded. The nlxture Nas
shaken at froomtenperature for|] 16 h. The resi was flltered of washi ng
six tinmes it z 4hf equent MS: iz 42 s wijth M l\'ﬂaﬁhed The
resin and

(5-[ 3- (2- et hoxy - 1H pyir azol o] pyri di n-5-yl ]+ Nco nate) |(460
ng, theoretical 105 pnpl) ended wn anh (3 ﬁL)
cont ai ni ng| pyrroki4di ne’(110 1, 1.3 ) a'd shaken for . The resin is
filtered aLf, Lt hing with dlchloro/;thane et hel and The filtrate and
washi ngs re cof -(nqp and cdncent rfat { d& The resylting Tebidud is putified
by nass-trlggereo X e phage HPL U?Ihg a graglent 0 efonitrile in
wat er contalnlng 0. Y % of foran acid t8 afford {F [3-(2-

met hoxy- phenyl [3,14-b ] p)rld

-pyrrolidipn- 11%/I Bﬁgﬁ\gﬁkelo ]’w@"éﬂw“ %ylel gﬁ?‘ﬁﬁ”gﬁ? br pwn
solid. 'HNWR 6= wet 874y, 1H),
8.50 (d,. 1 111), 7. '7.21 (dy 111),
7.11 (dt, 3FDN+W- 02 (m 2#1),
1.96 (m mz 400 [ ] prepare by t hod
7: 78 WD us24 @ o

MS: m/z 473 [MH']
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Hi —N
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=
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\v sk
MS: m/z 385 [MH]

MS: m/z 416 [MH']

MS: m/z 472 [MH']

MS: m/z 525 [MH']

Me

HN-N

R

NJTG

MS: m/z 541 [MH']
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Structure Structure-Structure -NMe M M HHN' " HMI NN NI NN O
M5: mz 417 [MN MS: rn/z 402 [Mff ] M5 mlz 443 [MII H-NM " M HM N
N~NNM: mz 386 [ME] Ms: mz 374 [MNN M5: mz 414 [ME] Me Me M HN

HN-NH 4/~INtiN~/~N~IN-NM: mz 486 [MEI'] M5: mz 473 ml| MS: mz 526

[ VE] HWOWQ‘QMIRFNE H-NM MS mz 542 [VWH ] MS: m(TZUS86B/0R¢M] M5 nlz

416 [NH}] H'N M Me HNN Me ~0. NNo M5: mz 472 [ME ] M5: mz 525 W MS:

mz 54T TVE §tm&ﬂreV\O 20081015124 RfetddS2005/ 026794 sgtuchplur € Struct ur

Structjure Me Me HNA-NHY HEN1T 1~ 1 N~ NRM: ink 399 [MH ] (M5

413 [ NIrW . FNN M QUMeqANE N ANENT T 7 H Wk 77 YII|* /| S
HN~ HN‘I\{

MS: m/z 379 [MH+] MS: m/z 421 [MH+]

MS: m/z 405 [MH+]

* gynthesized starting from 3-{3-(2-methoxy-phenyl)-1H-pyrazelo[3,4-b]pyridin-5-yl]-
benzoic acid and purified by flash chromatography on silica gel using a gradient of 20% v/v
methanol in ethyl acetate in hexanes

** synthesized starting from3-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl}-

‘benzoic acid
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M5: ink 443 W OO M. mz 379 [MH] M. mz 421 [MFI+] & rHN-N NS N O
MS: mz 405 [M+] * synthesized starting from

3-[ 3-(2- net hoxy- phenyl ) - 1H pyrazol o[ 3, 4- b] pyri di n-5-yl]- benzoic acid and
purified by flash chromat ography on silica gel using a gradient of 20%v/v
met hanol i nWE1996/015824t at e i n hexanes " synthesi zed st ar P¢HES2005/026794
fronB-[ 3-(2-nmet hoxy- phenyl)-1H pyrazol o[ 3, 4-b] pyridin-5-yl]- benzoic acid 1
, 80 VWO 20RfidB5124 PCT/ US2005/ 026794 Method 8. MeO MeO HN~N _ HN N N N
Stop I OH OO Step 1: Synthesis of

[ 4- (2- di met yla/'$R
phenyl) - 1H pyr a =], 4- bj pyri‘t - phenyl } - net hanone. [0253]

[OX ' ) - | H- pyagge bj pyri di n-5-yl]-benzoic acid (338
mg, 0.79 npol) and™~0 (7-azahenzptriazdl -1-yl)-NN, N, N -tetrangt hyl uroni um
hexaf | uor ophpsphate (3 779 mol ) ver g di ssolved in a mxture of 20 ml
of acetonitadle and 10 nl of thangl. 131 N1 (0.83 mmol) of -

1- (2-di net m'n&gthyl)- pi p in¢}]\ added and the mixture stirred at
anbient te At for 6 h. TheweNu ¥ing mxture was distributed between
di chl oronet hanegand a 2 M aqueous !sol uti on of sodium carbonate. The phases
wer e separated and the aqueous Ia)per extracted three tinmes with

Step 1: Synthesis of [4-(2-dimethylamino-ethyl)-piperazin-1-yl}- {3-[3-(2-methoxy-

phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-phenyl}-methanone.
[0253] 3-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-benzoic acid (338 mg,
0.79 mmo!l) and O-(7-azabenzotriazol-1-y1)-N,N,N’ N'-tetramethyluronium
hexafluorophosphate (300 mg, 0.79 mmol) were dissolved in a mixture of 20 ml of
acetonitrile and 10 ml of methanol. 131 mg (0.83 mmol) of 1-(2-dimethylaminoethyl)-
piperazine was added and the mixture stirred at ambienf temperature for 6 h. The resulting
mixture was distributed‘between dichloromethane and a 2 M aqueous solution of sodium
carbonate. The phases were separated and the aqueous layer extracted three times with
dichloromethane. The combined organic layers were combined, washed with a saturated
aqueous solution of sodium bromide, dried over sodium sulfate, and evaporated. The crude
material Was purified by flash chromatography on silica gel using a stepped gradient of
~ethyl acetate and a 4:4:1 solvent mixture of ethyl acstate, dichloromethane and methanol
containing 2 % v/v of 35 %wt ammonia in water to afford [4-(2-dimethylamino-ethyl)-

. piperazin-1-ylI]-{3-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-phenyl}-
methanone (160 mg, 42 %)as an oil. 1H-NMR (ds-CDCls) &: 8.87 (d) [1H], 8.36 (d) [1H],
7.75 (dd) [1H], 7.68 (t) [1H], 7.67 (m) [1H], 7.53 (m) [1H], 7.46 (mt) [1H], 7.42 (nd) [1H],
7.13 (dt) [1H], 7.10 (d) [1H], 3.89 (s) [3H], 3.81-3.86 (m) [2H], 3.48-3.55 (m) [2H], 2.58-
2.64 (m) [2H], 2.56 (m) [2H], 2.50 (m) [2H], 2.44-2.52 (m) [2H]. MS: m/z 485 (M+H").
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di chl oronet kane. The conbi ned organic | ayers were.conbi ned, washed with a
saturated aqueous solution of sodium brom de, dried over SOdI um sul fate,

and evaporated. The crude naterial was purified by flash chronat ography on
silica gel using a stepped gradient of ethyl acetate and a 4:4:1 solvent

m xt ur eWeX20¢H§124 acet at e, di chl or onmet hane and net hanBCT/USWFR6TH NG 2 % v/ Vv
of 35 %Wt ammonia in water to afford [4-(2-dinethylam no-ethyl)-

pi per azjigindd ! 1 - {3-[ 3- (2- net hoxy- phenyl ) - 1H pyrazol o[ 3, 4-b] pyri di n-5-yl ] - phe
nyl }- nethanone (160 ngy, 42 %as an oil. 'H NWR (d6-CDC13) (5-.8. 87 (d)
[1H, 8.36 (d) [1H], 7.75 (dd) [111], 7,68 (t) [1H, 7.6 OTH, 7.53
(m [1H, 7.46 (rat) [1H], 7.

3.89 (a)HN3 m [2H],
2.56 ( H. 81 WO
2006/ 01512 P MINEN MWNN N N

| STEP 1
1: Synthegis of 5 brom)BS i odo- | - (2- met hoxy- et hoxynet hy
b] pyri di ne. [0254] To a 'sol ution of  Br

5- br ono- 3-i odo- |H-pyrazolo,3 4-b] pyridine (470 ng, 1.45 D 60% sodi um
hydride in m neral HRFN (14 nyg, 4.35 mmol) and tetra-n- butﬁammnl um i odi de
(134 ng, 0.36 nmol )i ~-DMRY( 10 nL) was added met hoxyet hoxymethyl chloride
(248 |, 2.13 mol @n

(EP 4 N, N O Step
| H pyrazol of 3, 4-
OH ~

enperature and the m xture was stirred for 4 h
at the sa,lﬂfﬁéhpe pdr e and subsequently quenched by addition of methanol.

| ayer dried over £0ogi u Nfate, filtered and concentrated. The crude
product was purifi by N{I{ash silica gel chromatography using a gradient of
et hyl acetate in hexangs afford 5-

Step 1: Synthesis of 5-bromo-3-iodo-1-(2-methoxy-ethoxymethyl)-1H-pyrazolo[3,4-
b]pyridine. |
.[0254] To a solution of 5-bromo-3-iodo-1H-pyrazolo[3,4-blpyridine (470 mg, 1.45
mmol), 60% sodium hydride in mineral oil (104 mg, 4.35 mmol) and tetra-n-
“butylammonium iodide (134 mg, 0.36 mmol) in DMF (10 mL) was added
methoxyethoxymethyl chloride (248 pl, 2.18 mmol) at room temperafure and the mixture
was stirred for 4 h at the same temperature and subsequently quenched by addition of
methanol. The mixture was then distributed between ether and brine and the organic layer
dried over sodium sulfate, filtered and concentrated. The crude product was purified by
flash silica gel chromatography using a gradient of ethyl acetate in hexanes to afford 5-
bromo-3-iodo-1-(2-methoxy-ethoxymethyl)- 1 H-pyrazolo[3,4-b]pyridine (254 mg, 0.69
mmol, 74 % yield) as a colorless solid (1:1 mixture with regioisomer 5-bromo-3-iodo-2-(2-
methoxy-ethoxymethyl)- 1H—pyi'azolo [3,4-b]pyridine). "H-NMR (500 MHz, ds-DMSO)
isomer A (50%) 68.75 (d, 1H), 8.29 (d, 1H), 5.78 (s, 1H), 3.61-3.63 (m, 2H), 3.37-3.39 (m,
2H), 3.17 (s, 3H); isomer B (50%) & 8.74 (d, 1H), 8.28 (d, 1H), 5.77 (s, 1H), 3.61-3.63 (m,
2H), 3.37-3.39 (m,'2H), 3.16 (s, 3H).

< *
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R —
br omp-3-i odo- | - (2- net hoxy- et hoxynet hyl ) - I+pyrazol o[ 3, 4-b] pyri di ne (254 ng,
0.69 mmol, 74 %yield) as a colorless solid (1:1 mxture with regi oi soner
5- brono- 3-i odo- 2- (2- net hoxy- et hoxynet hyl ) - 1H pyrazol o 3, 4-b] pyri di ne)
"H-N--MR (500 MHz, d6-DWVBSO) isoner A (50% S 8.75 (d, 1!{?71" %”352‘13&’94
5.78 (s, 1HNVOZ0@M58463 (m 2H), 3.37-3.39 (m 211), 3.497¥ i somer
(50% 58.74 (d, 1H), 8.28 (d, 1H), 5.77 (s, 1H), 3.61-3.63 (in, 211)

3.37-3.39 (m sgdp)2: Syntlesissof SPHomoSE (IRAHRHLd 3-(SaRamkeqményi)- St ep
2: Synthesis o?dﬂ)S b%orm I§ (2- ma;nhom(/ etehogrret hyl) - 311}?); -(rrft hoxy- gﬁegﬁl))

1H pyr azol o [&-pyrayolpipA-bipRedinego55] A mixture of

5-b 3- | oxXyAEL | 180
,rSmA)A rm@? ] A%‘uﬂ? %g Brﬁfélpl?l(%ﬁgslp farllgwgproc nep dpg%?%ﬂ)s-%dpghl(orl de
di chl or npt Hdpmchnhj(twﬁ wg] 8. AAgmal 1 n'mwpmmpaeaphmh)fm@wcgmmm(n)c acid (82

car bgngtlem@ ctjoide feiepmietian 'afcw% v B b B gBo PRSP SRR e
e ext rﬁﬁf’é}% B P S o S RP e e

dri ed over iaadealed wial Watstirred ad 6(b°rCefd>r amd The eare htisthscwasidisribwedibgweas t hen

urified by flash silic el chromat ogr aphy usin radi ent of ethyl
gcet ate i ?P%@)@&ﬁ%@ apd,)b 1%*6? ofg aqueous pha%e WFE)IS gxtracted%vﬂh ethyl acetate (3x) and A

gyP;ggFol[ 3, 4 pyri %ﬁnﬁg E %%@&Qd&eﬁ qumig g -xgulagasédgkce% e'c()lec})llel
"H NWVR ( 5006rudd—1zas thé: mivisej b58!a§10s1kim gelb])rpmStogﬁphyjusmg—a grameﬁQof(edIyl alaty , 7.49

5683, 70 (‘th%’éft!é"gt%jfgléd§b7 SR g iR Sy o SR L (et )

Step 3: Synphesids, be]ﬁ)yndme (80 mg, 02mmol 46%yleld)asayellow oil. 1HNMR(500

3-[3-(2-net oxy phenyl) - 1H pyrazol o[ 3 %I’Idl n-5 13 benzoi c aci d.

[0256] A mMﬁ-I;;éslaMSO) 58 70 (d, 1H), 8.40 (d IH) 76 (dd, 1H), 7.49 (ddd, 1H), 7.22 (d, IH),

5 br ono- 3- / t b e (560
mg, 1.36 rm@ﬁg(d%’l ugéﬁﬁgér% ?%ﬁﬁ%?%ib@?ﬁiﬁﬁﬁe%gf i EREAE “(217

ng, 1.4 nmoMB: and16, 318 : ‘

1, 1' - bi s(di phenyl phosph[i no)]f errocenepal | adi un(n)-di chl oride dichl ornethane

S0t um car bongt® o AT pra B MR E RS 7

The crude pr benmoic avdd t hen di stributed between ethyl acetate and vvater. The

aqueous ph extra te nd t |ne anlc
phases wer gﬁ%@aeﬁ ‘btlr%eﬁ@ g%'/ 1088(:1?%&@?1 é‘@@? ‘?kﬂé)fl)a TRYHZg and
concent r at eglp{9diad {560 thed1 .86 aifRollmixtar@BY RBioisomers), 2-methoxyphenylboronic acid

(217 mg, 1.4 mmol) and 1,1%bis(diphenylphosphino)ferrocenepalladium(t)-dichloride

dichlormethane adduct (50 mg, 68 pmol) in acetonitrile (4 mL) and 2 M aqueous solution of
sodium carbonate (2 mL) was stirred in a sealed vial at 70 °C for 105 min. The crude
product was then distributed between ethyl acetate and water. The aqueous phase was
extracted ethyl acetate (3x) and the combined organic phases were washed with brine, dried
over sodium sulfate, filtered and concentrated to afford 5-bromo-1-(2-methoxy-
ethoxymethyl)-3-(2-methoxy-phenyl)-1 H-pyrazolo[3,4-blpyridine (780 mg, 75 % pure,

1.12 mmol, 82 % yield) as a crude dark oil. "H-NMR (500 MHz, de-DMS0) §8.70 (d, 1H),
8.40 (d, 1H), 7.62 (dd, 1H), 7.49 (ddd, 1H), 7.22 (d, 1H), 7.09 (dt, 1H), 5.85 (s, 2H), 3.85 (s,
3H), 3.68-3.70 (m, 2H), 3.39-3.41 (m, 2H), 3.18 (s, 3H). M%: m/z 316,318 [MH']. '

[0257] * A mixture of the above crude oil (1.12 mmol), 3-carboxyphenylboronic acid (259
mg (1.56 mmol) and 1,1'-bis(diphenylphosphino)ferrocenepalladium(ti)-dichloride
dichlormethane adduct (54 mg, 75 umol) in acetonitrile (5 mL) and 2 M aqueous solution of
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et hoxynet hyl ) - 3-X 2- net hoxy- phenyl ) - 1H pyr azol o[ 3, 4-b] pyridine (780 ng, 75

%ure, 1.12 mmol, 82 %yield)=as a crude dark oil. 'H NVR (500 WMHz,—
dé-DMSO) 58.70 (d, 113), 8.40 (d, 1H), 7.62 (dd 1H) 7.49 (ddd, 1H), 7.22
(d, 1H, 7.09 (dt, 1H), 5.85 (s, 2H), 3.85 (s, 368370(m 2H) ,

3.39-3.41 (in, 2H), 3.18 (s, 3H. M5 mz 316, 318 [ MR 257l A mxture
of the a¥Oe®ewtiIde oil (1.12 mmmol), 3-carboxyphenyl bd’Fa}H 0&@? 1259 ny

(1.56 Mol ) and |, 1" -bis(di phenyl phosphi no)ferrocenepal | adi un{u) -di chl ori de

di chl or g bALGAEGImL PhadiBradidied WPA PerkdhaPCREMBIrY Optifideb atlsl candr 20 M aqueous
solution of 83 WO 2006/ 015124 PCT/ US2005/ 026794 sodi um carbonate (5 nL) was

i rradi amitd The oaudamr@dmhwambm%wma@mmez@d the orggde phaspwaggeparsied. The crude

r oduct and t s, separ at ed
e conionénalf-8 Tt hliaRE St B SR B BB G e P T Mt e
(10% W/ML),ln‘fasheﬂ_V)/Lth vihgheedtad (BX) 2t Miitered GiRoagtece]ifx ) Tirrfiltrite Wagtedl t hr ough  +
celite. fiI rate was, then acidified to pH 3-4 by addition of
concent?""é‘l1 cpiiegﬁiymdéﬂmwfeqncenta&d&qaﬁmwthwéroclﬁp%?Crsiiﬁ%ﬁ@ewas col | ect ed.

Di chl Or@%wgg 8&@:&1&? NG Snt Bad\FasthGE ddd%& ﬁ:ttﬁop{f@fpxtht@?tﬂé HRb gt eri al

filter ITtrate concentrate
3- [ 1- ( 2matetifidiiereitdfbandntbe fittafe concentrated to afford 3-[1-(2-methoxy-ethoxymethyl)-

o be R e B S Rl B ik Priieie S CRE T DS Bty %63. 08
E d, 1H) 57 &, ﬁ@ld)(éi a dul) sohdg’ I%%JMR ésddﬂmﬁdﬁgﬁn/f%) 5819\51{% 1171)7%&2(<?t 1H)1 7 '5?8 .

( s 2H)8 26 (t8TH), § 02:{<111)H) 3. 98:{dta 11, 7(&& (A1), 784 4318),45 1 ((did, 21) 7. 253 21 (s,

ai ¢ or SrBhZi2 EndPbS s ensy © R Gotiatr> Sachlop 46 o0 o 2 Fbi g 1,12

9, 1.7 @neEn. MSngtz 432 fMapr.oacetic acid (6 mM) were added. The resulting
m xture was gently stirred at 50 Cfor 8.5 h. The resin was filtered off

and was rates were
concenttﬁgse]d ;g%}dg d}ﬁ 91%&%@5‘%%%@3@@?&%?@ dgﬂ{s‘]igi Sﬂ@lﬂj U:Ao sodi um
bi car bopagensattecheldloples)r (drritarng’, 1The 1avqumu)%axmhﬁﬂeomuwaﬁhemﬂjﬁr ee tines
wi th di chl oronet hane and then acidified to pH 3-4 bé addi ti on of

S

concent Vereaddady dhgaesubimganizreiwasigeatly stigd 4t 8§ *Co®dbis Thp s Wass ext r act ed

thr e tRss et QLI ARCHALSemIECOINITR! Il RERtighe, wpllases ver e

washed fine I ed over sodium sul concentrated to

af ford échnkéhifatdrmd disxibupddchey den latdatnyateaizsolutior of sdafiyay bicdibondte whd - benzoi ¢ aci d
(117 ng 0.34 nnnol, 40 %vyield, 25 %over three s&l%@ﬁ) as a yell ow solid.

1H NMVR {isieromshangs Thesgepuspbats v asvasherthr romgthsme gnd  1H) | 8. 02
(dt, 1Hhen dcidBed Q)tpH %'ﬂ)by gdd%n%@goncentrated hydrochlonc acid. The resulting

aqueous phase was extracted three times with ethyl acetate. The combined ethyl acetate

phases were washed with brine, dried over sodium sulfate, filtered and concentrated to
afford 3-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl}-benzoic acid (117 mg,
0.34 mmol, 40 % yield, 25 % over three steps) as a yellow solid. 'H-NMR (500 MHz, ds-
DMSO) 68.87 (d, 1H), 8.37 (d, 1H), 8.24 (t, 1H), 8.02 (dt, 1H), 7.98 (dt, 1H), 7.68 (dd,
1H), 7.64 (t, 1H), 7.47 (ddd, 1H), 7.23 (d, 1H), 7.11 (dt, 1H), 3.86 (s, 3H). MS: m/z 346
[MH".

Step 4: Synthesis of {3-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-
phenyl}-(4-methyl-piperazin-1-yl)-methanone.
[0259] To a solution of 3-[3-(2-methoxy-phenyl)-1H-pyrazolo[3 4-blpyridin-S-y1]- :
- benzoic acid (25 mg, 72 pmol) in anhydrous DMF (1.5*mL) was added PS-DCC resin | |
(Argonaut Technologies) (180 mg, 0.22 mmol, 1.21 mmol-g ™) and N-methylpiperazine (9.6
ul, 86 pmol). The resulting mixture was stirred at 60 °C for 16 h. The resin was filtered
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~111), 7.64 (t, 1H), 7.47 (ddd, 111),=#23 (d, IH, 7.11 (dt, 1H), 3.86 (s,
3H). M5 mz 346 [MM Step 4: Synthesis of

{3-[3-(2- et hoxy- phenyl)-1H pyrazol o[ 3, 4-b] pyridin-5-yl]-

phenyl } - (4- net hyl - pi perazin-I-yl)-nmethanone. [0259] To a sol ution

3-[ 3- (2- et NOX Y0P ) - 1H- pyr azol of 3, 4-b] pyri din-5-yl]- SEW?H%"?!"ZSZ:%“d (25
ng, 72 nol) in anhydrous DMF (1.5 nmi) was added PS-DCC resin (Argonaut

Technol ogi e, wabBiAg With dohZetoiBMbne shd 2dhef B @e Htradd\ebnberiRicdy ITRE pRIGAEwas (9. 6
pl, 86 nol). “The resulting mxture was stirred at 60 C for 16 h. The resin

was filter edisselyesn digleyometppg amirsatstpits: BS Arounineesin (AzgoRftg wi t h
di chi or O”Etﬁe%gﬁolﬁglgsl) gﬁ@}%ﬁﬁfﬁé r'é%ﬁv);al'é géaﬁx?{e%m%g@ﬁfgg @B&Qnd wilfed Rthdue was

di ssolved in ne an ed wt risamne resin (Argonaut
Technol ogi edi}hl¢dthetighe ankhethere The filkerse wgadoncentmaird edd thy résultinganidepradudt washed

with dichl oromethane and efher. The fil \was cpncentrat ed and the
resul ting c‘wwnépg Vi EFVErsGRBasE imasy- F@@%ﬁi@%@ pEadignt @i@get?qg j @r%adeerLg:
using a gr r [ mc aci
T e L L e s

b] pyri di n- aa]pmdmﬁaﬂypﬁenyk} (makyl-gmqnmmhym)-memh:)onaﬂ happhé mriol76 Y0, 4 0
mol, 6 % vyi.eld),.

o2 (1. Py szgm (500 M5, s SO GE5T (170, $3560 1y 424 ( iDs b2l 1),
7.47 1- 1 4
w1 ek okt lﬁﬂggéz%% 10 Eed & pen v (qdt, 9, 0% @, MR A0

ie H N a386(sMH:I) MS 738344 PMHI]. Met hod 10: MEMN- N ONH—N O HN-N O MEM\- N
N\ I \' NSTEP 1 STEP 2 STEP 3 1>

[

tre

N N N\
[0260] Other compounds prepared by Method 9:

Table 7

Structure

Method 10:
e
MEMN-N ?
N™
L STEP 1

Br
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Br O~~ O~ \ I NJ 0 O O 85 mo 20061015124 PCTIU82005/026794 Step 1:

Synt hesi s of 3-[1-(2-nmethoxy- et hoxynet hyl) - 3-(2-nmet hoxy- phenyh)=1. -

pyrazol o[ 3, 4- bi pyri din-5-yl]-benzoic acid nethyl ester. [0261] A m xture of
5- br ono- 1- ( 2- net hoxy- et hoxynet hyl ) - 3- ( 2- met hoxy- phenyl ) - 1H

pyr azol - I dine (535 ngr 1.36 mmol), 3-netho n enyl boroni c
acid (Zéﬁézﬁmﬂ¥ﬂ%g mmol ) and PERIARADE

1,1 bls(dlphen phosphi_no) f err ocene aIIadlungII) di chl ori de di chl or met hane
adduct ( 58teRg %@th@!s)"fli"’r[l’e@'él“ﬂhﬁyr? axymethy-3{AumethgrsapenslisiEol uti on of

sodi um cakg%%ﬁm ew%%vg?gs lﬁGicatfcﬁpmleu'yf‘e & sonal Chemistry Optim zer at

90 C for tlng m Xt was distributed between ethyl
acet at 0261 V\mrrﬂxturerfé-bramuele@smptha;s;eethmmmhyim-(kmethmy@hm}ﬂhIH-t hyl acetate

dth h d wiith dried di
Ul  at @Y BRSSO B R 30 e D el ARasy PP oree £ FASReh si || ca
gel chrxﬁgqtmlﬁuamanm|1n&sﬁl;gfeaﬁpﬁd&bmﬁs)f@r}dwepanﬁﬁﬁﬁ% dieganes to afford
3-[ 1- (2- et hoxy- ét hoxymet -3- (2- net’hoxy- phenyl ) pyrazol o[ 3, 4-b] pyridin

-5- vyl ]diﬁémmmﬂmna@ddmctr(éﬂmg 6&9111@&) if @d2omigile (7.185) andd M ad@Dduysolitdndyf as a

|1 I 1 - O 58.96 (d, . 8.43 8.28 (t,
Ty 5 sodum rbonle (7 g gvep iedistsd imya Ppsopel gty oty erai%%c(fa@ F R
d, 11 1
g . 3]%1? % ?he{_&&ulnﬂglﬁxtuév%gdﬂsﬁ-&b%?ehjgetwe%n%@lyf &%at?% w%?ﬁ 7133%, > [ Step
2:  Syntaqeedus pbdse 3vas Sxttatadﬁwmwﬂpﬂhybﬂhétatﬁ Ianqbghe&zmbm[e& orgabiciphased were- yI ]-

b . t
3eF§-OI( 3 %ﬁ‘f’ g@%@#ﬁ %{%ﬁ ‘?“% Sg“f“ 1 i Ogﬁmpg'ati%The crude was
pyr aZ0'@h§e&b9hﬂéﬂﬁlﬁha}eﬁcﬁ‘bﬁ1ﬁb&@ﬁl@ ﬁsnggd dgfaaﬁeﬁtmfle PhRfatd a'i%%emes 10 28 mml )

in dichl oronet hane was cool to 0 C and boron trifluoride

et her at?éf0€®3-$1-ﬁ@-meth@XYkemmethﬂiﬁa@mhowﬁleml)cﬂﬁrwmb[%HMW}?Idmﬁmd to

90 PRIt 9 L o DOVELAY BLSELBL LA S o1 0 v

AH pyra(zo@m&.,as-bmo)i&ﬂ.% &, YH),-843n(@pi1), 88 dt, WH),I8d7 @& tier), 1.99@Qd,my (0. 29
mol ; % yield) H-NI\/R@éSOO Mz, 6’ DVEO 58.88%4(:;( 111& 8.39 (d, 111),
8. 27 (tIH)m)5 7£§9del, PHY 7.511(3gd, 1¥D9527 (dd 1E 412 (@t, 65D, 5. 95(s( 2D, 3905, 7. 48 (ddd,

[1%% _ @33 9 %@?67373 13 oh B} 3.43.3.43 @0 245, 32136 3m3MET nhiP372 i ME: M X 360

Eﬁé %3 | § 2- pgﬁpgy‘ {]syﬁf)_;ré;(]% é%%ﬁéxo l—ﬁ[enyﬁ-Iﬁ-gyrazgioﬂi,?—b¥p)Jridjn-5-yl]-

benzoic acld methyl ester.
[0262] A solution of 3-[1-(2-methoxy-ethoxymethyl)-3-(2-methoxy-phenyl)-1H-

pyrazolo[3,4-b]pyridin-5-yl]-benzoic acid methyl ester (573 mg, 1.28 mmol) in
dichloromethane (25 mL) was cooled down to 0-5 °C and boron trifluoride etherate (0.8 ml,
6.4 mmol) was added. The mixture was slowly warmed to room temperature and stirred for
16 h. A yellow precipitate was formed was filtered off to afford 3—[3—(2—r_nethoxy—phenyl)—
1H-pyrazolo[3,4-b]pyridin-5-yl]-benzoic acid methyl ester (110 mg (0.29 mmol; 23 %
yield). 'H-NMR (500 MHz, de-DMSO) 5 8.88 (d, 1H), 8.39 (d, 1H), 8.27 (t, 1H), 8.06 (td,
1H), 7.99 (td, 1H), 7.65-7.68 (m, 2H), 7.48 (ddd, 1H), 7.23 (d, 1H), 7.11 (dt, 1H), 3.90 (s,
3H), 3.87 (s, 3H). MS: m/z 360 [MH"].

Step 3: Synthesis of {3-[3—(2-methoxy—phenyl)-lH—pyrazolo[3,4-b]pyridin-S-yl]é
phenyl}-pyrrolidin-1-yl-methanone.
[0263] 3-[3-(2-methoxy—phenyl)-lH;pyraiolo[3,4-b]py1'idjn-5—yl]—benzoic acid methyl
ester (30 mg, 83 umol) was dissolved in pyrrolidine (0.35 ml, 4.15 mmol) and the mixture

was stirred at 90 °C for 16 h. The mixture was then concentrated and the crude product
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[0263] 3-[3-(2-nethoxy-phenyl)-IH pyrazolef3, 4-b] pyri di n-5-yl]-benzoic acid
nmet hyl ester (30 ng, 83 pnol) was dissolved in pyrrolidine (0.35 m, 4.15
mmol ) and the mxture was stirred at 90 C for 16 h. The m xture was then
concentrated and the crude product 86 WO 2006/ 015124 PCT, 6794
purified byWOReSHIHR4 i ca gel chromat ography using a gra&dg#g%go%élﬁgg% v/ v of
nmet hanol in ethyl acetate to afford

{3-] 3- ( 3_— n@rﬂ‘iﬁTd/b}pilmﬁhyim:a gél-cﬂ];(m@quﬂ@,uéiln_@]éﬂgyizdédit of 50 Y4 /v Fﬁmagmﬁ?l in 0
rrolidin-|-yl- anonge. .a el | ow sol | , nol ,. 00,V )
DY IR ¢ 506w et 16 aaet 5 BB Shtr Hiany) 4 HoriahtoLd dybIdim S AL SRR ¥ 70
td, 1H) . - . T 1H) |
L (52, h?@h‘%ggsﬂ S, %3131&5&3’.73615@%(5%’ H&%‘#ﬁg 5§*@%W2’ﬁ%® 230?211%%7(.(5 szH),H)
1.92 (m, 2NHz,MpMeOH) 3282 W, .1H), 8.39Me iy 7/83:(t, SENN. T @, IHWN6EYdd, NN STEP |

B,OI Col NN OHOQ Step 1: Synthesis of
{ 2- hydr oxy 79583} (’Zﬂsr%}()ﬂﬁ@(@ﬁeﬂ‘i} § 2039 az bl Git.3 1, 3.88 (s, 3H), 3.63 (¢, 2H),

b] pyri di n- 3-gpl r4 & O I HRz - ne. [0264] 122 ng (0.25
mol ) of 35(%(1%%0%@5@?%% 119%8’?% y%”&??%ﬁremﬁml [ 1,3,2]
dioxaborolzg-ﬁ-ﬂh)-l-(Z-trinethylsiIanyI-ethoxynethyl)-lkkpyrazolo

[ 3, 4-Db] pyr& —~==150 ng (0.52 mmol) of

(5-brono-2-fluoro-pyridin-3-yl)- hol i n- 4-yl - net han , and 15 ng (18
mol ) of 1,1 -bis(di phenySpiigsiphi ;;f n?ﬁf-dichloride

Yoed a Smth vial, of acetonitrile, 1
' sodi um bi car bonat e
ersonal Chem stry
Qptim zer at 100 C for 30 i n. The resuttimg residue was distributed

bet ween di chl or onet hane apd ® sat urated aqueoy® Hol uyT o0 of sodium

bi carbonate. The phases wgie?gﬁparated and thga@a Q/ﬁhase was extracted
twice wth dichloronethane. [ The organi ¢ phases

e conbi ned, dried over
sodiumsulfate, filtered and concentrated. TheP®dr&de product was then
purified by flash silica gel chromatography using a gradient of ethyl
acetate containing 15 % v/v of methanol and

Step 1: Synthesis of {2-hydroxy-5-[3-(2-methoxy-pheny))-1H-pyrazolo{3,4-

b]pyridin-5-yl}-pyridin-3-yl}-morpholin-4-yl-methanone.
[0264] 122 mg (0.25 mmol) of 3-(2-methoxy-phenyl)-5-(4,4,5,5-tetramethyl-
(1,3,2]dioxaborolan-2-yl)-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-pyrazolo[3,4-b]pyridine,
150 mg (0.52 mmol) of (5-bromo-2-fluoro-pyridin-3-yl)-morpholin-4-yl-methanone, and 15
mg (18 pmol) of 1,1'-bis(diphenylphosphino)ferrocenepalladium(ir)-dichloride
dichlormethane adduct were placed in a Smith vial. 2 mL of acetonitrile, 1 ml of water and
1 ml of a saturated aqueous solution of sodium bicarbonate were added and the resultirig
mixture irradiated in a Personal Chemistry Optimizer at 100 °C for 30 min. The resulting
residue was distributed between dichloromethane and a saturated aqueous solution of
sodium bicarbonate. The phases were separated and the aqueous phase was extracted twice
with dichloromethane. The organic phases were combined, dried over sodium sulfate, |
filtered and concentrated. The crude product was then purified by flash silica gel
chromatography using a gradient of ethyl acetate containing 15 % v/v of methanol and
hexanes to afford 137 mg of a beige oil.

+

[0265] tThe: oil was dissolved in 24 mL of a 1:1 mixture of dimethoxyethane and
concentrated aqueous hydrochloric acid. The mixture was heated to 55 °C for 1 h and then

neutralized by addition of sodium bicarbonate. The resulting mixture was distributed
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hexanes to afford 137 ng of a beige oil. [0265) The oil was dissolved in 24

m. of a 1:1 m xturé~of di methoxyethane and concentrated agueous
hydrochl oric acid. The m xture was heated to 55 C for 1 h and then
neutralized by addition of sodium bicarbonate. The resulting m xture was

distri bug@pﬁ 2006/015124 PCT/ US2005/ 026794 bet etate and
wat er an ggaégeous phase was extracted three ti m‘g@%ﬂpﬁfor&%]m ﬁ acet at e.
over s

The conbi.,ned o S washed with brine [

sul 1 at o St bR GEEHE ol ] B dOTREE RIS MR Bt B reme P 8L Thase
MBSS- t I h@HRE, %Mmdﬁr@@u@p}ﬁ&@%@@wagfedaﬁ&tmbtdﬂeh%vb:nsou@h%ulﬁfmt ai ni ng
0.1 % of formc acid to afford 12. (28 mol, 11 %yield) of

{ 2- hydr aadevspprgted? The rride pmtmehwspuyﬁséw 56158 plsasmﬁswggatedmm

T e

e7a Z Zs Eg ((jZdSLl'ﬂhol. 81 nglglg) c(ﬁI {a)riyﬁ&ym[a(() g r?(éji(ljlgﬁ})-pheﬁyﬁllﬂ plyraddid[3,4%b] gn%lﬂg 31 %1%
8H). MB>" Mrayrui)w %HBH‘H mehanape aéranrqféwfl% @hémpmn é/O’Blrépat@no HNUO NeR

ON,, f
(2- Am) n(1) é\h%ﬁ@ooqv%&hyﬁ? m)P%lsjfrjlﬁgn((%1 12rr%§t Y H%i877 (8’216—918F6 (¢ 15-13 8 nmL screw

cap Vi aB.00gd,adried (G-1H),onhe ($1&,t HH)e7 4&@@; iHy 7(12 (BDIH)g7 09 (&RESIHWB) :
anhydrous THE (5 nlL), _and nor phol i ne (101 ng, 1.16 mmol ). The vial was

seal ed (adtD.pradedmh3H). NSi/pd -60 C for 1.5 h after which it was
concentrated under vacuum The crude product was triturated with

Et 20 hejitiest 120 afford 111 ng (94 %9 of (2-Am no-

5- br ono- phenyl ) - nor phol i n-4-yl - met hanone as a tan s/ol id. mlz 285/287 [ MEl4].
Step 2: Synthesis of o
{2- Am no- 5- [ 3- ( 2- met hoxy- phenyl ) - 1H pyr azol o 3N4 b)
5-yl]-phagyl } - nor phol i n- 4-yl - net hanone. (0%
Chemi stry| mi crowave reactifon vial were addgd

ridin-
5 nL Per sonal

met hoxy{jphgnyl )-5-(4 4 t et thyl-[ 1,73

di oxaboKg )-,‘e | y|8i|§ir 2

et hoxynet hyl J- 1H pyrrol ‘ ‘p{fi di ne ( 0.8 g(BQlOS nmol ),
(2- Am nd‘-"“&«"b ono- NH2 O N\)

NH2 O

Step 1: Synthesis of (2-Amino-5-bromo-phenyl)-morpholin-4-yl-methanone.
[0266] Into an 8 mL screw cap vial were added 5-bromoisatoic anhydride (0.200 g, 0.826
mmol), anhydrous THF (5 mL), and morpholine (101 mg, 1.16 mmol). The vial was sealed
and placed in a heat block at 60 °C for 1.5 h after which it was concentrated under vacuum.
‘The crude product was triturated with Et,O/hexanes to afford 111 mg (94 %) of (2-Amino-
5-bromo-phenyl)-morpholin-4-yl-methanone as a tan solid. m/z 285/287 MH'].

Step 2: Synthesis of {2-Amino-5-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-

5-yl]-phenyl}-morpholin-4-yl-methanone.
[0267] Into a 5 mL Personal Chemistry microwave reaction vial were added 3-(2-
methoxy-phenyl)-5-(4,4,5,5-tetramethyl-[1,3,2 ]dioxaborolan-2-y1)- 1 (2 tnmethylsﬂanyl-
ethoxymethyl)-1H-pyrrolo[2,3-b]pyridine (0.0498 g, 0.103 mmo]), (2 Amino-5-bromo-
phenyl)-morpholin-4-yl-methanone (0.0378 g, 0.132 mmol), 1,1'- *
bis(diphenylphosphino)ferrocenepalladium(ir)-dichloride dichloromethane adduct (13.4 mg,
0.017 mmol), acetonitrile (1 mL) and saturated aqueous NaHCO; (1 mL). The vial was

*

sealed, purged with N, and irradiated in a Personal Chemistry Optimizer at 90 °C for
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phenyl) rmrphol i n-4- yI rrethanone (0 0378 g, 0.132 mmol), 1,1"- ...

bi s(di phenyl phosphi no) f errocenepal | adi um(n) -di chl ori de di chI or onet hane
adduct (13.4 ng, 0.017 mol), acetonitrile (1 nL) and saturated agueous
NaHCO3 (1 nmL). The vial was sealed, purged with N2, and irradiated in a

Per sonal Chaye 20691503t i m zer at 90 C for 88 WO 2006/ 0151PETRCRN0$)BBTI5/ 026794
5 mn. The |l ayers were separated, and the aqueous phase was extracted 3X

wi t h Et OAc.5 mhiie The€landrs Wtk sepgased,anp Iﬂws@ﬁm phisR @fae dxttdckdd IN vt BtOAt.€The
(Na2sO4) , flltered and concentrat ed e crude product was dissolved in 5
m. of a solcQEbERd CEEIRICHIATeVasteated Hith hqez,d@eém@zgoo/.\@éyreéﬁad oqncgirated. gl aci al

acet. % acife AN StRCSH s%éds%eé{"ﬁxss ! Jrfa§ gluﬁBn {sﬂﬁzgegf f‘%arfrgélié \‘,9&%%,' on

m xture was concentrate er vacuum an neu
saturat ed MEE)ARd 20 phitogledallaygetioocid) aﬁhﬂi@@ﬂuﬁﬁfmammd lat fwreSalmt’Iihemamlon ure

was partitioned between Et and wat er, | aye e se and the
aqueous phé’%’ét‘%g’a%‘if’flf’?i’&a gﬁ uBder i Va?‘W“EtaEﬁBeu ﬁﬁeél te@%ﬁ'{ %ﬁé %ﬁ‘@%se was

treated W thdddss: sofd NeHCOYeRRQencHell ré@h G mBittte %R0 pAH hb@éd%twéDH'Et(f)AG ation
by mass- tr:mgered LC (p05|t|ve node, ESI) through a reverse- (ghase

col umm ( Thane shateribe lapiere wre&ﬁpar@@&andﬂmue@s ;phm was mtr@t@ﬁﬂx withit@4c. at 20

| | d
0100 s or Rl bleafi bR Nofida Bich Bind dhies ofiesBly, AllehERET (O TN
upon Iysomwmemhtb@ Tmﬁpﬁmrb@dna%sua%g&fdd\m? Positioemotd, ESDBrdgha C-29 9 .

S

1H NMR (500 MHz, d6-DWVSO) 513.71 , 8.74 (d, J=2.0 Hz, 1
8.16(d, J= ze‘@rqquha&erq)olunm@iealsomkrﬁtr@nﬁm C%@Pﬁ)AiO%(im, 50 203 sum,@ltingy |

I 7.45 7 -1 7.08(t,
)5 1 “080 hbmplt eomdR BoBpund e oGk mnd ol Rt gt 0501
H, 3. 49( mfodnic Wid) ivia: 596% g3derlt afidided khe dtﬁ%ﬁ&boﬁdbefmcﬁwwlyesp}ﬁmﬁﬁaﬂi ed- by

Met hod 12: Table 8 Structure Structure | HN-N V. NNHXx I}quI\/B
388 [ VHO| NBpeangdsas abaowy WSWSM(%@W%&%%@ WM@Q@BMSO) 3.71

(br. s, 1H), 8.74 (d, J=2.0 Hz, 1H), 8.16(d, J=2.0 Hz, 1H), 7.62(d, J=7.5 Hz, 1H), 7.49(dd,
1=2.5, 8.0 Hz, 1H), 7.45(m, 1H), 7.37(d, J=2.0 Hz, 1H), 7. 20 (d, J= 8.0 Hz, 1H), 7.08(t,
J=8.5 Hz, 1H), 6.81(d, J=8.0 Hz, 1H), 5.37(s, 2H), 3.83 (s, 3H), 3.60 (m, 4 H), 3.49(m, 4
H); MS: m/z 430.1 [MH"].

[0268] Other examples prepared by Method 12:

Table 8
Structure Structure
NH, ©O
MS: m/z 388 [MH'] MS: m/z 414 [MH"]
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Method 13: O N-SEM NNOHN NSTEP I OB, ONS OH.0O Step 1: Synthesis of
2- [ 3- (2- Met hoxy- phenyl') - 1H pyrazol o[ 3, 4- b] pyri di n-5-yl ] -

t hi azol e-5-carboxylic acid. [0269] Into a 20 nL Personal Chem stry nicrowave
reaction vial were added 3-(2- Methoxy-phenyl)-5-(4,4,5,5-tetranethyl -[

1, 3, 2] dM&MPBENE124n- 2-yl ) - 1- (2-tri net hyl si | anyl - PCT/US2005/026794

et hoxynet hyl ) - 1H pyrrol o[ 2, 3-b] pyridine (0.4992 g, 1.038 mol),

2- Br omMettitdalBol e- 5- carboxylic acid nmethyl ester (0.2592 g, 1.167 nmol),

1,1' - bi s(diph phenyl phosphi no)ferrocenepal | adi un{ii)-dichloride

di chl or, t haneAdduct (95.4 ng, f? mol ), acetonitrile (5 nL) and 2M
aqueousﬁﬁfﬁm ?5 m.). The vi v'" cal ed, purged with N2, and irradiated
in a Persgna i} stry Optim 2 Cfor 30 mn. The reaction mxture
was di | QAgrapq acjd h acetic acid tq pH 5. The layers
were se and the—agweols”phase was extracted 5X With Et GAc. The

conbi ned [organi c phase was trgated with brine, dried (Na2SO), filtered and
concentraBed. The crude produéiswas dissolved in 10 nL of a sol ution

consi sti of 1 part HC1OQ4 (7 ACS) and 20 parts glacial acetic acid, and
the sol f\oxy was stirred at rt fogrrQH h. The reaction mxture was :

concentrated under vacuum and neutralized to pH 7 wth saturated NaHCO3
followed by solid NaHCO3. The quenched reaction m xture was partitioned
between Et OAc and water, the layers were separated, and the aqueous phase

was extr . , _w%g ~ Pid fied to pH 4
Wwith acefsﬁécﬁgcggn%%%%r ztlgc%t@%y Fﬁﬂgti : Qllﬁ@%c% ylnlngiél5 r]ganl c extracts
was treattbt#zvlﬁiﬂacmtboxl&,c adid. ed (Na2SO4), filtered and concentrated.

Tritur ffo d the t.itle conmpound .as a |.sh- br own
pomder?(%zéeg g{t A)yfsg?fﬁ% PHURRRCPEESC ngnond@al %3%%&73 (br. s, 1H),
9.16 (Meﬂloicbl)phex&l)zﬂ(cm S;EH)strarBetHﬁ([S,Es Z!I&ibxab?)r(ﬁ&( SJ-,yl)J1=(32,-Qm!r£€hy1s’klﬁ‘hyl-7 48(t,

J=8.0 Hz, 24(d H§ =7.5 Hz 1H), 3.87(s, 3H);
NE: rnP@OW@YIIWW“ {ché?éqlpmdmsr(oé %%@1&38@1@99; rwmm -13: 90

carboxylic acid methyl ester (0.2592 g, 1.167 mmol), 1,1'-
bis(diphenylphosphino)ferrocenepalladium(t)-dichloride dichloromethane adduct (95.4 mg,
0.117 mmol), acetonitrile (5 mL) and 2M aqueous Na,COs (5 mL). The vial was sealed,
purged with N, and irradiated in a Personal Chemistry Optimizer at 130 °C for 30 min. The

reaction mixture was diluted with EtOAc and acidified with acetic acid to pH 5. The layers
were separated, and the aqueous phase was extracted 5X with EtOAc. The combined
organic phase was treated with brine, dried (Na,SO,), filtered and concentrated. The crude
product was dissolved in 10 mL of a solution consisting of 1 part HClO4 (70%, ACS) é.nd
20 parts glacial acetic acid, and the solution was stirred at rt for 4 h. The reaction mixture
was concentrated under vacuum, and neutralized to pH 7 with saturated NaHCO; followed
by solid NaHCO;. The quenched reaction mixture was partitioned between EtOAc and
water, the layers were separated, and the aqueous phase was extracted 2X with EtOAc. The
aqueous phase was then acidified to pH 4 with acetic acid and extracted 5X with EtOAc.
The combined organic extracts was treated with brine, dried (N2,S0Oy), filtered and
concentrated. Trituration with Et,O afforded the title compound as a greenish-brown
powder (0.296 g, 81 % yield). "H-NMR (500 MHz, ds-DMSO) & 13.73 (br. s, IH) 9.16 (s,
1H), 8.71(s, 1H), 8. 40(s 1H); 7.68(d, J=8.0 Hz, 1H), 7.48(t, J=8.0 Hz, 2H), 7. 24(d J=8:0
Hz, 1H), 7. 10 (t, J=7.5 Hz 1H), 3.87(s, 3H); MS: m/z 353.1 [MH].

[0270] Other examples prepared by Method 13:
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PCT/ US2005/ 026794 _ WD 2006/ 015124 Table 9 Structure Structure Structure 0 O
+ rKN HHENTIfINNN-1T p N o N~ ON HM: mlz 374 MH] MS: mz 386[ MHt ]
MB: ink 416{]Mf ] OO HNNp NNHNNNNN NOHNNOH NH2 OHO O 0 Ms:
mz 362.1 [MH7. M5 mz 347.1 (M+ H. MS: mlz 347 [ Mgtlruseo0s0m794HN \  HN- - N
O INN IN wozodshisida NHN, Hh | p OV NH2 O Ms: nilz 392 [Mfl MS: miz 422
[MH] Ms: nr/z 501 [MHL'] o0 0/ o NN-NHNNHWNN M*I N~ N NH2 O V2,
NH2 p NHS OMS: miz 401 [ME] M5 mz BfiflePMIO MS: miz 415 [MHQ 91 WO
2006/ 015124 PCT/ US2005/ 026794 Structure Structure Structure

Structure Structure Struecture

0“/\

0

MS: m/z 386[MH'] MS: m/z 416]MH"]

/
HN-N
\
NT
I Z
i X
N~
NH2 O Ho o
MS: m/z 362.1 [MH']. MS: ma 3471 (M4, | MSime34T [MEH']
7
] /
HN""{ HN—"( 0
N N
7 Z
7 N s
#NH \::yN/’_\o
© \> 7
MS: m/z 392 [MH'] MS: m/z 422 [MH'] MS: m/z 501 [MH']

MS: m/z 401 [MH'] MS: m/z 389 [MH'] MS: m/z 415 [MHE']
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0O O O HN--M-HN-N HN-N N N\ \ / N |

mz 431 NI1-11] MS: mz 444 [Mii ] 74 [MH] / rHNN HNN O HNN
| N~~+/ ///g Np OLN M:mMz380{M ] z 416 [M MS: miz 429 [M 4]
O HN-N- NI / / N-"/ NN O\-00 M5 nlz 529.2 (M
Br Br N WOpe®/A15124 | STEP 2 C] N o PCT/US2005/026794
Structure Structure

Q

O‘\

MS: m/z 429 [MH']

MS: m/z 380 [MH']

MS: m/z 529.2 (M+H")

Method 14:
Br Br
, STEP1
§,Cl *
Ol O

l STEP 2
s>
(')‘ @]

92

NNN NHO NH2 p 0 Ms:

Method 14: O HN-N
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[02711 Into a 20 nL scintillation
chloride (0.301g, 1.179 nmol) and

3- Br onp- NNdi net hyl - benzenesul f onam de.
vial were added 3-Bronobenzenesul f onyl

tep 1. Synthesis of

anhydrous pyridine (5 n-iL). A 2Msolution of dinethylamne in THE (1.0 ni,
2.0 mol ) wasvazideoisdrsopwi se, and the reaction m xture wagcsikooSehentty it
under N2 for 5 h after which it was concentrated under vacuum The crude
~residue was partitioned between Et OAc and 1Mcitric acid. The |ayers were

. Separ at ed, and the organic phase was washed 3X with 1IMcitric acid, then

~treated with éaﬁF’SﬁIHeﬁgofW%)N hﬁﬁﬁ&%ﬁq’mmﬁﬂ%‘ﬁﬁ“ ated. Trituration

~with Et20 provi Bromo- N, N- di net

nzenesul fonam de as a white

povvder (0. 292%1] 9%5%9 2 20MBL smntillagd. \@tﬂm dded/ByBroBpbmzenes@fonyheldorideof

i rrgt nil MBt@%’X% Wéﬁ%ﬂé&%&)%{*‘%@é‘

reaction viBHF\(E0eI3dda8md whs addid

baépréﬂn% gé( Fg%‘hl’dt '\}tﬁ%’ﬁ% BRInSBc  owave o

Imdﬂwl&h any th)s réuctidh thixure wae btirpemrdt iy | - [

132d|oxaborolan2 I trimethylsil
] aﬂéfémh@h 4

~ et hoxynet hyynde

3- Brono- N, e I
bi s(di phen%a%uosp | no) erroce%lgpy?ﬂg%

ti]wrcpmmeat(s@ u@&/@ saguump Thezrydegesidue was

(ﬁ}qu% grregéaf‘% Woroné%a#ane

~adduct (13. Iﬂmagﬂgwas@adh&&BIXth)LMam&tmidtthenltﬁea(eiﬂwﬂh)brmﬂcklr&ﬂt(htajﬂm)j fiigtedous
NaHCO3 (1 nlL),. The_ vi was . sea ur g nd irfradiated in a
Per sonal G?é'zﬁlicgtl?e? qn‘?ti‘@hoﬁt”l@&q@gwldfg3mrﬂm°%é“ﬁ@9‘é‘y wer e separat ed,
and the aquRAbseRIRBEMIRSS SWtéﬁB@@er%ﬁZWs%%‘%B% m/z 28$.92850I[RAH Or gani c

phase was treated with brine, dried

[tered and concentrated

FCi0a (70%  AClP HSI9BHREF) -lfgt-fzﬁe.ﬂiqx?&h%?r@@%ﬁ}a'z@ﬁﬁ PRI AR

stirred at rtdimmﬂ-mnzeﬁ%ﬂfdmaéon m Xture was concentrated under vacuum
and neutralized t saturated NaHCO3 fo] |l owed by solid NaHCO3. The
quenched r d8273lo nI“Fﬁ "k? H‘rLeP W&%nal Ghemistry su@awaes fracdion plabsereaddeddd(®r | t he

L yers er AR AREYN 200 § S AHIRN PRGBSI S IO RN M O,
and concent etmmatﬁi)FIH-ppmlo@;B-b]pyndws (00499 e 0403 tnBrol)) BBroineeV, Vethaethis| )
t58r )dugh a e%l&ZSeI{eSe oaggldengaglf%ti% nnglSJr{sqn I nst rument Co. ODS-A 100A, 5 ,
bis(diphenylphosphmo)ferrocenepa]ladlum(II)-dwhloride dichloromethane adduct (13.9 mg,
0.017 mimol), acetonitrile (1 mL) and saturated aqueous NaHCO; (1 mL). The vial was

sealed, purged with N;, and irradiated in a Personal Chemistry Optimizer at 90 °C for

15 min. The layers were separated, and the aqueous phase was extracted 3X with EtOAc.

The combined organic phase was treated with brine, dried (Na,SO,), filtered and

concentrated. The crude product was dissolved in 5 mL of a solution consisting of 1 part
HC104 (70%, ACS) and 20 parts glacial acetic acid, and the solution was stirred at rt for 1 h.

The reaction mixture was concentrated under vacuum, and neutralized to pH 7 with

saturated NaHCO; followed by solid NaHCO;. The quenched reaction mixture was

partitioned between EtOAc and water, the layers were separated, and the aqueous phase was
extracted 2X with EtOAc. The combined organic phase was treated with brine, dried
(NazS0y), filtered and concentrated. Purification by mass-triggered LC (positive mode, EST)
through a C-18 reverse-phase column (Thomson Instrument Co. ODS-A 1004, 5 p, 50 x

«  21.3 mm, eluting at 20 mL/min with acetonitrile'(containing 0.1% formic acid) and water

(containing 0.1% formic acid) in a 5-95% gradient afforded the title compound, which
upon lysophilization appeared as a light yellow powder (10.4 mg, 25 %). "H-NMR (500
MHz, d¢-DMSO) &= 13.91 (br. s, 1H), 8.92 (d, J=2.0 Hz, 1H), 8.44(d, ]=2.0 Hz, 1H),
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22-3 mm eluting at 20 nL/mn with acetwonitrile (containing 0.1 %formc -
acid) and water (containing 0.1%form ¢ acid) in a 5-95% gradi ent afforded
the title conmpound, which wupon |ysophilization appeared as a |light yellow
powder (10.4 mg, 25 % . "H NMR (500 MHz, de-DMSO 8= 13.91 (br. s, 1H),
8.92 (dwozam/sel, 1H), 8.44(d, J=2.0 Hz, 1H), 93 WPQOURNGLBIP4

PCT/ US20051026794 8.12(m 1H), 8.01(br.s, 1H), 7.76(m 2H), 7.67(dd, J 2.0,
7.5 Hz £401 , ( 2

Z 85(831 1H§ séﬁb an i-xl'zgz 7&#2&?757%&@{326*275111591}8 7%(& 114);3 Q%poun

pr epar &.& J\H‘Dh?}@ M-Sﬁa}& M3 3§t($,t36t),LRé68t ﬂdi);MS en/sﬂmll:{MHi] 000 HN\N
HN-N HN-N 110 r~lo I I 011 1 Iggggy O OH 00 NU Ms: niz 421 W Ms: mlz 409
[ MH+]  (d373] otk borhpduniis plepQe@by Mithold 1N-N _ HN-N 1~~N\ ~~N\ 0 1 .0 O N,
0=5"| A OMs mz 451 W MS. miz 464 [M - T] MS: nmlz 421 [Mt] 000 HEN
HN-N HN-N N N Co ~' 11 NANN O 19“@10rﬂz 485 [Mi+] M5: mz 409 [M3+] Ms:
mz 435 [ MHH]

Structure Structure Structure
o/
HN—N
N
' %

o=[7\NH
o

MS: m/z 421 [MH']

o/ /
HN-'b{ HN——"{
NS 9 i Q

e Ve
0==$ Ve O—S\ :

™ I -

\ ; Q | MS: m/z 485 [MH']

MS: m/z 409 [MH'] MS: m/z 435 [MH)

] L 4
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HN- N NN- N

M 14

HN-N O HN-N SEM NrN O/ N N STEP |
Synt hesi s of 3-[3-(2-Methoxy-phenyl)-1H pyrazol o[ 3, 4-b] pyridin-5-yl]-

STEP 2 IN N N

94 WD 2006/ 015124 RPCT/ US2005/ 026794 Structure Structure Structure
0 a'll\Oo M5: nlz 464 [MH] MS: mz 451 [ MHH]
OCHNOO Step 1:

Br

/ 0/ O

Met hod 15:

benzoi c aci WO 200@0%)24To a sol ution of PCT/US2005/026794

5- br ono- 3- ( 2- met hoxy- phenyl) 1(2tr|rrethyIS|IanyI

ethoxynethy-l—j——ﬂ-%éggr zoto- S 4r b pyrtdine (997 g, 230 mol ) —dn—acetonitril e
(15 nl) pnd sat %tgae aqueous NaH nm) inlja mecr g’iﬁ%‘"\?l al was added
3- car boxyphenyt ug/l onic—actt,pinacol—ester—(625 ||H, 2 52— )—and—{1, 1' -

bi s(di phenyl phpsphi no)ferrocene]Hgl@hIropal | adium (11), conplex with

di chl ororTJethn 1) (94 nmg, 0O m| ). The vilal was capped, flushed with
N2, evacuatiedyundery/vacuum jard #in a micrlowave at 90 C for 1500
seconds. (T acetonitril'e was poved via. rotarly evaporatioh. Ethyl
acetate was hdded and then separjated fromthe agueous |ayer. The organic

| ayer was brown and LC/ NS pwed t hat the prjoduct remained in this

| ayer. Conceptrated down to & dagk brown oil and redissolved in a 5%

perchl oricoagi d~N.n acetic acj §\O|)=LL\I on (10 nmL).| The reaction solutiion was
stirred 4/ 5 !hoﬁ'i(; at anbi ent ure. The pegrchloric acid was re¢noved
via rotarly evap ati on and then et acet ate and H20 were added. Sodi um

bi car bona ' ganic 95

tﬁspmy\df& [Nﬁ?] added

k! 2 Tndry The or

Method 15:

Br

Step 1: Synthesis of 3-[3-(2-Methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yi]-

benzoic acid.
[0274]

To a solution of 5-bromo-3-(2-methoxy-phenyl)-1-(2-trimethylsilanyl-

ethoxymethyl)-1H-pyrazolo[3,4-b]pyridine (997 mg, 2.30 mmol) in acetonitrile (15 mL)

and saturated aqueous NaHCO; (10 mL) in a microwave vial was added 3-

carboxyphenylboi‘onic acid, pinacol ester (625 mg, 2.52 mmol) and [1,1°-

bis(diphenylphosphino)ferrocene]dichloropalladium (I), complex with dichloromethane

(1:1) (94 mg, 0.12 mmol). The vial was capped, flushed with N, evacuated under vacuum,

and heated in a microwave at 90 °C for 1500 seconds. The acetonitrile was removed via .

rotary evaporation. Ethyl acetate was added and then separated from the aqueous layer.

The organic layer was dark brown and LC/MS showed that the product remained in this

layer. Concentrated down to a dark brown oil and redissolved in a 5% perchloric ac1d m +

acetic acid solution (10 mL). The reaction solution was stirred 4.5 hours at ambient

temperature. The perchloric acid was removed via rotary evaporation and then ethyl acetate

and H;O were added. - Sodium bicarbonate powder was added until pH = 3. The organic
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WO 2006/015124 PCT/ US2005/ 026794 | ayer was separated, dried over Na2SO4,
and concentrated under vacuumto afford a brown povvder (580 ng, 62%yvyield).
"H NW\R (500 MHz, d6-DVsO) 6 13.81 (br s, 111), 8.81 (d, J = 2.5 Hz, 1H),
8.31 (d, J= 2.5 Hz, 111), 8.18 (s, 1H), 7.95 (d J=7.5 Hz, 1H), 7.90 (d, J=

7.5 H m 2M), 7.41 (1, J=7.0 bz, Hz, 1H),
7.04 (t%ﬁmﬂﬁ%ﬂ ( H) 3. 80 (g 3H). M rn/e 346Z$}/ZJ§/¥&5/%]6794 Qp 2 K

SKQEDF et E«sngév‘everﬁ%%ﬁhe“ﬁ cAn GG B B 34 SREOUB sl Ut on of
[3 (g%ﬁ&}m}in@%%’%&éhhdﬂ-@mg 00 - §ogs @3§xgdrls 1%32%1@% d (18

was added and
1 (2- p’y’lZlSTﬁIZJ)UH))pB Petdad |=r2r.=§ HZ,llHDL8 18 (O 8HITAS) (d, Jl'hé’ 5BadH)oh96 @, Ut on was

ot 1 act 8t A TS 2 e AR o aTRL T U G r8R B ES BER o er s

dried gyermnNaas@la |Mseyn¢é1346a1n agsqrbed onto silica gel. Purification by
flash chrorr)at oggagpHs a gra%kf[e%'?gof et hyl acetate (cont ai ni ng 10% MeOH)

3 inceil 3)6 Xa'ﬁ%ﬂxﬁz@f‘gg%dﬁwiﬁ l%é%‘@stﬁ%gégﬁ iyt lgs Rpi e s 00 290
grheﬁﬂ} (4]-py14nﬁd1h|zzf-y12ﬂﬁ1era2m813y()dnetﬂan(ﬁleHZ 1|‘|) 7.79 (S 1H), 7.64 (m

11];-‘ {%’ (t,.J=8 Hz, 111), 6.64
(t RE l 761 oaf tiomo [3c mgthomhengl)ééi zgazoléﬁw-blswgbnéwll s, 413), 3.60

(br S, Ma:(16 BiZ0.69 frrdorf A DMK ( daet ifd}@i by Method
b%ﬁ%ma ét uréz St rfjct ure %Pr%%é?e © mm%ﬂ ﬁl 1/ N
N - - - andNI- (Zzﬂﬁﬁnlki&l)mpme (B:ulyD 98 48fol). NFhd readiddn solbionbwas §tivted)for 10V5: nT ;
?458 9 VWO 20 5124 PCT S2005/ 026794 Str%uc:1 .ure Structure Structure a O
o) Qs at IQRP- erayir e crude product was extracted into ethyl acetate and
Washed with HyO. The organic layer was dried over Na,SOy, filtered, and adsorbed onto
silica gel. Purification by flash chromatography with a gradient of ethyl acetate (containing
10% MeOH) and hexanes afforded the title compound as a white powder (7.2 mg, 28%
yield). "H NMR (500 MHz, CD;0D) & 8.85 (d, J=2 Hz, 1H), 8.42 (d, /=2 Hz, 1H), 8.35
(d,J=4.5 Hz, 2H), 7.83 (d, /= 8 Hz, 1H), 7.79 (s, 1H), 7.64 (m, 2H), 7.50 (m, 2H), 7.20"
(d, J=8.5Hz, 1H), 7.11 (t, J= 8 Hz, 1H), 6.64 (t, /= 4.5 Hz, 1H), 3.96 (br s, 2H), 3.89 (s,

3H), 3.86 (br s, 4H), 3.60 (br s, 2H). MS: m/z 492.1 (M + H").
[0276] Other compounds made by Method 15:

Table 11

Structure Structure Structure

0 | o
MS: m/z 499 [MH']. MS: m/z 513 [MH"].

MS: m/7 458 [MH'].
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~Nti"~/ 1 rNIT L rNNI~JNN OOO M: nfz 527=FM+—NMS_ink 505
[Mi']. M5: mz 491 min. O O HNN HN-N HN-NN M-\ / N |/ HNO \
“N~ NJ Tti O~Co7 NOO MS : miz 457 [Mt-100], O MS: mz 470 [MIt] 557
[M. M. nfz 486 [Mt]. . Q O HNNHNNQ HNN NNN H~i N2, QN
\' I N\ O Owd 20001519z 457 [M1']. M5 mz 499 [MH. OMS: mlz 527 [MH].
97 WO 2006/ 015124 PCTI US2005/ 026794 Method 16: 0 HN-N SEGA/US00526T%  N- N
HN-N N STEP_1 N STEP 2

Structure Structure Structure

(0] 0]
MS: m/z 457 [MH']. MS: m/z 499 [MH'].

MS: m/z 527 [MH"].
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—sror O N H Step 1: Synthesis of
5- brono- 3- ( 2- met hoxy- phenyl ) - 1H pyr azol ofS, 4- b] pyridine [02771 To a solution -
of 5-brono-3-(2-nmet hoxy-phenyl)-1-(2-trimethyl silanyl -
et hoxymet hyl ) - 1H pyrazol o[ 3, 4-b] pyri dine (260 ng, 0.60 mol) in THE (3 nl)
was added tetrabutyl ammoni um fluoride (6 nL of 1 Min TH%E ?Z _z?l on, 6.00
mol ) anWORYME24r * sieves. The sol ution was heated YOHERPRRPTY (70 © for
4 hours without stirring. The solution was cooled to anbient tenperature
and aci Mefliodd6t o pH = 5 by adding dropwise a dilute solution of acetic acid
in MOH. The solution was filtered and the filtrate was ,concentrated via
rotary evaporation. The nmaterial was extracted into Et @(c and washed 3 x
H20. The organic | ayer was dried over Na2SO4 and Pﬁcen ated down to afford

5- br omogeg- ‘hoxy- phenyl ) - 1H pg{azol o[ 3, 4- b] p3 @
(177 my, 9% MS: i gn3A3 305.9 [M+ylf"]. Ih€ material was used
he tep 2: Synthesis of

directly i i t hout fur
4-PIERAZ | di n} 5- yl]-N et hyl - benzam de

5- br ono- 3- { 2- met hoxy- phenyl ) - H-pyrazol o[ 3, 4- b] Pyt
in acetoniPrile (1 nL) and saitfur at ed aqueous NaHC3 (1nl) in a mcrowave
vial was added 4- (N net hyl am nocar bonyl ) phenyl bggonj¢ acid (17 ng, 0.094
mol ) and [ 1, 1' - bi s(di phenyl phosphi no)ferrocene?di ¢hl oropal | adi um (11),

copped { LSRR BrS-b et Blech Ry D P RO IS 1 o1 owave
at 130 @2 188 8oleRePetSbrokess- gmbmbi%ﬁbhmg - 1oyt frinsehifAkilay10 Et OAc and the

organi c | ayer was dried over mat eri al was adsorbed onto Si Q2

and pur@&@@@eﬂwl}lféﬁwa@ﬁbwbgﬂ@pnﬁﬁomla Oc0apaol) (e SHE AP mlngvasedded OH) and

cvapor ot Ao SHGR ¢ HEcd LTy TRESoRABA e AR MBat R T 500,

y| eI d) . sidsds. TRMRSq(lEtimn vk&dzh,eat@ﬂ)ﬁﬁﬁ) reBuk (BB Q)for 4 hl)urs @ithAdut(sHrringHThe 7. 94 (d, J=

A ot B s ey ]

7. 11 (1t gilutd solftidh dfcetitlebld in 3RS (Bhe éﬂlﬂnongvaggﬁh@fed a%h'lhe fiYPateWag 359.1 [M +
H+]. [02791 Ot her conpounds pr e%?r ed by Method
concenfrated via rotary evaporation. The material was extracted into EtOAc and washed 3 x

H,0. The organic layer was dried over Na,SO4 and concentrated down to afford 5-bromo-
3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridine as an orangé solid (177 mg, 97% yield).
MS: m/z 303.9, 305.9 [M + H"). The material was used directly in step 2 without further

purification.

Step 2: Synthesis of 4-[3-(2-Methoxy-phenyl)-1 H-pyrazolo{3,4-5]pyridin-5-yl}-/V-

methyl-benzamide '
[0278] To a solution of 5-bromo-3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridine (26
mg, 0.085 mmol) in acetonitrile (1 mL) and saturated aqueous NaHCOs (1 mL) in a
microwave vial was added 4-(N-methylaminocarbonyl)phenylboronic acid (17 mg, 0.094
mmol) and [1,1’-bis(diphenylphosphino)ferrocene]dichloropalladium (I, complex with
dichloromethane (1:1) (3.5 mg, 0.004 mmol). The vml was capped, flushed with N,
evacuated under vacuum, and heated in a microwave at 130 °C for 1800 seconds. The

matenal was extracted into EtOAc and the organic layer was dned over Na,SO,. The

materlal was adsorbed onto SiO, and purified by flash chromato graplty in a EtOAc
(containing 10% MeOH) and hexane gradient. The clean fractions were concentrated via
rotary evaporation to afford the title compound as a white powder (5.9 mg, 20% vield). 'H
NMR (500 MHz, CD;0D) & 8.85 (s, 1H), 8.41 (s, 1H), 7.94 (d, J=8.5 Hz, 2H), 7.78 (4, J =
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385 [ MH ].
[MH].

N\ 1/
3- ( 2- Met hox

Table 12 Structure=Structure Structure O- O QO
H- p NLD O Ms: mz 415 [ MHF]. [ MH

M5: mz 401

HN-N HN-N HN-N NN Lb NLb ON- ONON '~

M5: mz 387

N' Ms:

[0279]

[ MHH] .
VB: nIVO 0@01512 P . .
PCT/ US2005/ 026794 Structure Structure Structure

0] HN-N HN-N H
VE:

Other compounds prepared by Method 16:

Table 12

HH
NN 0O H VB 413
99 WO 20%7’6&28&5?&6794

O- OHN-NHN-N OO0 H~\/
i nlssauzaz[[mﬂgn(cnvfsﬂrﬂﬂzm T.4846] 7.0 Bt KR 727 :(d SEM 8\5 HzZMED, AN g, MeO N

oxg =i Stk 315915 2 P, T WSS R IR0 LA L 11

nt/z 413 [ MEL']

HN-
VS:
MS:

m z
mz 373 [M}]
HO

Structure

MS: m/z 373 [MH'].

MS: m/z 413 [MH"].

,

MS: m/z 413 [MH'].

o ol
HN*I\\I HN—N
s at Ay N
| |
) l
OI\O 0N 07NN
H

H p
MS: m/z 416 [MEL'].

N H¥N HN-N N N
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= pyrazol o [3, 4-b] pyridine. [0280] Te<a sol ution of
3-[3-(2- Met hoxy- phenyl)-1-(2-trinmethyl silanyl - et hoxynet hyl) -
1H pyrazol o[ 3, 4-b] pyri di n-5-yl ] -benzal dehyde (23ng, 0.050nmol) and
Pyrrolidine (5ul, 0.082mml) in 1.Sml dichl oet hane was added 3ul of AcOH.
The mi xtWPa00p8L513t i rred at roomtenperature for 30niReI/USaeNd/02dTeN tO t he
m xture was added sodi um tri oxyacetyl borohydride (22ng, 0.1 Omvol) in one

portidn. The giaaeirton was [conti nu&fhcaike §OOM fenper atgipRpfHOr another 2hrs

t he nuvre—was—then—econed tvatand t o Al d ot hd SEM prnrhmj’ whi-chl{was

AT UOTC™ VWAoo LIICITT,UIIL: ITK.IOlI.CU'T yIUTUl l.l‘l, L ===

treated with agsol ution off 5% percplorate in acetic acid (2nL) at room
t enperjatiiNeNf or\_lhr. Sol ventkN v?‘- evaporated,| the residue was nedtralized

wi th qodi bonat e po en purlfled by flash silica]gel

chr ongt pgr aphy“-ugf ng et hyl| @ en a mxture of Et OAc/ DCM MpOH NHACH

(47 4111/ 0585) to afford 3- (2=t hoxy- phenyl)-5%-(3-pyrrolidin-

1- yhnét - phenyl ) - 1H pyrazoljo[ 3, 4- b] pyri di ne|(8.50ny, 44% vyield] as a

white|s IH NMR (500 N ‘ S1.89 (d, J= 3 Hz, 411), 2.Y6 (d, J

=1.5 Hz , 3.89 (s, 2H), 9 (s, 2H), 7.11{(t, J '--1 Hz, 1H),.17.22 (d,

J= 8 hz , 7.42 (t 100 2006/015124 PCT(US2005/ 026794 J= 7|Hz, 111),
1 7.

Az, 111), 51 (d, J=2.5 Hzj{ 1H), 7.65

2.5 Hz, 1H), 8.83 (d, J=2 Hz,
r

If

7.47 15 Hz .
(1, Jgd%. %/ 72 &, AH . 889 (d I
1H. N& m 5 V\ﬁr] [Ozﬁ\%%ngéq? ounds

: pr epar ed by Met hod 17: Table
13 Strqqguﬁ@@g}mﬁyre Str 'O HO HeN-N 'NON N®N N{N ~/ ~i NMe2
N S ifz—adr2fM—F - MS—i-rk—489-Mo—m-2 403 Mt }—H-OHO H O
e N N "N N'NN N N ocr NMe2

Method 17:

SEM, MeO MeO

HN-N
N N O
STEP 1 L

CHO

- Step 1: Synthesis of 3-(2-Methoxy-phenyl)-5-(3-pyrrolidin-1-ylmethyl-phenyl)-1H-
pyrazolo[3,4-b]pyridine.

[0280] To a solution of 3-[3-(2-Methoxy-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-
1H-pyrazolo[3,4-b]pyridin-5-yl]-benzaldehyde (23mg, 0.050mmol) and Pyrrolidine (5ul,
0.082mmol) in 1.5ml dichloethane was added 3ul of AcOH. The mixture was stirred at
room temperature for 30mins, and then to the mixture was added sodium
trioxyacetylborohydride (22mg, 0.10mmol) in one portion. The reaction was continued at
room temperature for another 2hrs the mixture was then concentrated to yield the SEM
product which was treated with a solution of 5% perchlorate in acetic acid (2mL) at room
temperature for 1hr. Solvents were evaporated, the residue was n;eutralized with sodium
bicarbonate powder and then purified by flash silica gel chromatography using ethyl acetate
then a mixture of EtOAc/DCM/MeOH/NH40H (4/4/ i /0.05)to afford 3-(2-Methoxy-
phenyl)-5-(3-pyrrolidin-1-ylmethyl-phenyl)-1H-pyrazolo[3,4-b]pyridine (8.50mg, 44%
yield ) as a white solid. 'H NMR (500 MHz, CD;0D) 6 1.89 (d, /= 3 Hz, 4H),2.76 (d, J
=1.5 Hz, 4H), 3.89 (s, 2H), 3.2 (s, 2H), 7.11 (t, /=1 Hz, 1H), 7.22 (d, /= 8 Hz, 1H), 7.42 (,
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=~ No mz 386 [MH]. M. ink 471 [M&k]. S ink 385 [3viBt]. M 101 WO =
2006/ 015124 PCT/ US2005/ 026794 Method 180 O NN NHZ ~NH SimHN ™ HI Br -
11 i STEP 1 1 N STEP N STEP 3 4rN STEP 5 Br i HN Ts-N Ts-NO HNONN N
| STEP 6 N\\ STEP 7 NNSTEP 8 | N I I /NNTrN IBBr Br / I \ CHN O O
Step 1: Sywoemse158#4 5- Bronp- 3-tri net hyl sil anyl et hynyl - B¢TABRNS/926984ani ne.
[0282] To a solution of 3,5-Di bronp-pyrazin-2-ylamne (3.00 g, 11.86 nmol)
in DVF (35 nHE) IR $.4added t 5iERt Ty, guigne, LX6H7] )H), 1.PBQ, J=2.5 Hz, 1H), 7.65
tetraldstriphenylﬁhine aIIadiungég?d}685 ng, 0.59 mmol ) and cgﬁper(l)

i odi de (274 Jef-7AH2A b3 (snbHl 883d8d/ 58 §Udh L §.88 (dri itz 1H). MS: m/z
trinethylgggﬁhﬁﬁﬁtylene (2.0 M, 14.3 mmol) was added dropw se. The reaction
m xture was™ “stirred at 120 C for 30 minutes and then directly adsorbed onto
silica gel . Purifjcation b flash chronmat ography on silica gel with a

gradi ent 4928 %EPFQP@F%@%@N@déﬂﬁéﬁﬁ%ﬁl?he title conmpound (2.30g, 71%
yield) as yellowoil. MS: nfz 270.0/272.0 [MHJ. Step 2: Synthesis of

N- (5- Brono- 3-trinet hyl si | anyl et hynyl -apleal8i n- 2-yl ) - acetanilde. [02831 To a

solution of 5-Bronmp-3-trinethylsilanylethynyl-pyrazin-2-ylamne (2.30 g, 8
mrol ) i njanhydr ouStraekiire (35m ) gnd pyri @itmetufel . 62ml, |20. OmrSiictuses added
acetyl i 29 6ot )—The njxturewasjstirred Ft—room

t enper at yr Hover nigtht, and thgn
renmoved ifn vBCElum aad t he resuljtinb

)

&Nhgure. Sol vent s jwere

MS: m/z 386 [MH']. MS: m/z 471 [MH']. MS: m/z 385 [MH'].
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residue was purified by sildca gel chromatogrpahy wth a gradi ent—of et hyl
acetate/ hexane to afford the title conpound (474 ngy, 1.52 mmol) as |ight
yell ow as off white solid. Ms: In/fz 311.9/313.9 [MM]. 4- Step 3: Synthesis
of 2-Brono-5H pyrrol o[ 2, 3-b] pyrazine. [0284] To a solution of

N- ( 5- Brwoods/a1si2aet hyl si | anyl et hynyl - pyrazi n- 2-yl ) - aB€t/ER100%0267474 ng, 1.52
mmol) in THE (4 mM) was added dropwise a 1 Msolution of tetra-n-butyl 102
WO 2008didadli®4 PCT/ US2005/ 026794 ammoni um fluoride in THE (3.3 m, 3.3
mrol ). After stirring at reflux for 15 hours, the reaction mxture was
concentr at ed hi vacuum and wat gr added. The aqueous |ayer was extracted

three ti W th di t han Hand Buﬁe comimi-red extrH were directly
adsorb@l pl CH Purlflﬁ silj el chr\, hy with a
gradi e éﬁwﬁ» et STEP Bexdn af diit he BTEP1e |ic 130rrg 43%
y|eld) ayeIIow olid. "H (500 VHz, -DMSO) (912. 38(5 br, 1H),

.38 (s, Ble) 7.95 E(rd 3.5Hz, 1K), 6.61 (d, B8.5Hz, 1HPB MS: niz 197..9/199. 9
[M—It] Step 4: Synthesis of 2-Bronp-7-iodo-5H pyrrol 0l. 2. 3- bdPyrazi ne. [0285]
To a sol ution of 2-Bronmo-5H pyrrol o] 23=p] pY ¥ azi ne ( 1.3 mol) in

acet one'st Vi) was &d N- Podosucci ni 4 ny, ) in one
portiony II’SQQ‘;CgIO e _STERs? S | (SOBR3, t I’efOf’ 45

m nutesy The resulti re itate Nfiltered off, hed wi thnva mninal
anmount okh/acetone an ried in vacuumto give the

g}J{?pound as a

i ght brdmn solid H NeR (500 MHz, d6 O C312.81 ( ), 8.40 (s,
1H), 8.19 (d, 3.0Hz, 1H). Ms. nlz 323 5. Synt hesi s of
2-Brono-7-iodo-5-(to|uene-4-su|fonyl)-SkayrroI0[2 3- b]pyrazine. [ 0286] To
a suspension of 2-Brono-7-iodo-5H pyrrol o[ 2, 3-b] pyrazine (290 ng, 0.895
mmol) in THE (5 mM) was added NaH (60% 43 ng, 1.08 mmol) in one portion at
O T. The resulting m xture was stirred for 20. ninutes before a' sol uti on of

par a- t ol URRSFUK MK orcslb%ms&ﬁﬁé iPsildhytn iR pyradin-2¥ahie) was added.

The reacti on m Xture was then sti rred at roomt nper at'ur e feor 3 hours.
Sol vent283kr dorsaivtien obh o-Dibremoepymizin-2¢ylatain (3.00 vid. &Gemmdl)m DdvBhed with

el o) Ca e BBl BuflglistekisBinbe R ERRIS o) B >

11. 5Hz¢.5% Irﬁmoﬂalﬂﬂcoﬁaﬁer(llﬂodﬂdz(ﬂl?l!dk, 1.42 fathof)dwerd aBiea, se@idhtlalgl thaﬂ? 311). Me

mz 477,8/479. 8
trimethylsilylacetylene (2.0 ml, 14.3 mmol) was added dropwise. The reaction mixture was

stirred at 120 °C for 30 minutes and then directly adsorbed onto silica gel. Purification by
flash chromatography on silica gel with a gradient of ethyl acetate/hexane afforded the title
compound (2.30g, 71% yield) as yellow oil. MS: m/z 270.0/272.0 [MH"].

Step 2: Synthesis of N-(5-Bromo-3-trimethylsilanylethynyl-pyrazin-2-yl)-

acetamide.
[0283] To a solution of 5-Bromo-3 trnnethylsﬂanylethynyl—pyrazm-z-ylamme (230¢g,8
mmol) in anhydrous THF (35ml) and pyridine (1.62ml, 20.0mmol) was added acetyl
chloride (682 pl, 9.6 mmol). The mixture was stirred at room temperature overnight, and
then stirred at 60 °C for 5 hours. Solvents were removed in vacuum and the resulting brown
residue was purified by silica gel chromatogrpahy with a gradient of ethyl acetate/hexane to
afford the title compound (474 mg, 1.52 mmol) as light yellow as off white solid. MS: m/z
311.9/313.9 [MH].

Step 3: Synthesis of 2-Bromo-5H-pyrrolo [2:3-b]pyrazine.
{0284] To a solution of N-(5-Bromo-3-trimethylsilanylethynyl-pyrazin-2-yl)-acetamide
(474 mg, 1.52 mmol) in THF (4 ml) was added dropwise a 1 M solution of tetra-n-butyl
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[M]. Step 6: Synthesis of e e
2- Brono- 7- ( 2- met hoxy- phenyl ) - 5- (t ol uene- 4- sul fonyl ) - 5H

pyrrol o(2, 3-b] pyrazine. [0287] A 50-m round bottom flask was charged with
2- Brono- 7-i odo- 5- (t ol uene-4- sul fonyl)-5H pyrrol o[ 2, 3-b] pyrazi ne (423 ny,
0. 885 mmol ) WORNENIFIBkyphenyl boronic acid | A (148 ng (0. B&/BURMRSR6Ahd

di chl orobi s(tri phenyl phosphi no)pal | adiunm(]]) (31 ng, 0.04 wmmol). To this

m xt ure waamashi@gn Aa@iderih MHH ©.3(A03 Sinmel). After 2titdingquadiug fadlstousnthef  sodi um
bi carbonate (5 nmL). The reaction m xture was stirred at 40 C for 1 hour,
then 55 10ZC0EPmIHEIG 48 sonqgontratedsn Yoo uppaonateraddet. Tha aquesks 14¥eWasThe crude

reaction mexbpge das tiﬂi§§ %ﬂh%@hﬁﬂgﬁ&mﬁ%ﬂ;}?ﬁ%mﬁ%ﬁteﬁ&ﬁct@&&ef?ﬁre%%ﬁi ur at ed
aqueous sol ution of sodium bicarbonate. The aqueous phase was en extracted
with ethyl adsogiedton sdivd gth uxification bylsiticygehichroplatogesphywiith agradient of ethylsodi um,

Tiash o 11 e RoERPUNERGG) GpHS Sionge LG SR BoRIokeatar b i n

hexanes to ron -

(tol uene-4-su gf)oril)y - 5‘&-”%%%%3@%39@%%2%&’ %)35'9%(,1’ 33‘51{ Z%H)_/I?’g [6&)(d’as a

| i ght yel | G\§Hzs ti). MS:tre 197 94 8@ MEDp pr oduct _

2, 7- Bi s- (2- et hoxy- phenyl ) -5-(tol uene-4-sul fonyl)-5H pyrrol o[ 2, 3-Db] pyrazi ne
213 , 50%¢bghd ; X imed . sMS o ! .0 MH]; MS: iz

(213,10, SO%uthplady e R0P BB, Uy lofs SBBARE: O (V11 V5

PRI utabucsip e i otemiy e st e riiioricind Rl

pyrrol of 2, §c_:a[§¢ﬁ§3$ gg}) nas %d%lﬁﬁz\%-io o%gﬁ%yx{e ()3245 m(g, Pl mmol.fllin. one po. ton: The

3-(4, 4, 5, Sroaofiermiilig wab dtirdedldt 6ok RRDEANRE fot-453hihules TAS résufab dréchplta®y, 0. 23

mmol ) and di chl orobi s(triphenyl phosphi no) pal | adi un(n) (5.4 ng, 0,008 mmol)
i n acet oni tWap [itered offi Washed Wil saninimal mgunted aestongeand Gricdan beswamdo gieithe ni)

crude  readlfsrofede e SR ATl H R bolabR oo SRR L T
sat ur at ed @mggqg);sg)lgj(d,gmHzpiHﬁm;mm:;t_:@lgmg\mf]ﬁhe aqueous phase was
then extracted wi th dichloronmethane and the conbi ned organi c phases were

br oun real duc b, SYRIRYS st erb oA FRRARD KGR EROADl® T oS
added. The mbjpyrazineas then stirred at 40 C for 2 hours before the solvents
e OO e TS d Somnt Gy Bl SIS R YRS e o 885 O (2
mmol) in THF (5 ml) was added NaH (60%, 43 mg, 1.08 mmol) in one portion at 0 °C.
The resulting mixture was stirred for 20 minutes before a’solution of para-toluenesulfonyl

chloride (188mg, 0.98 mmol) in THF (2 mL) was added. The reaction mixture was then

stirred at room temperature for 3 hours. Solvents were removed and the resulting dark
brown residue washed with aqueous KOH, water and dried to afford fhe title compound
(423 mg, 99% yield) as a light brown solid. 'H-NMR (500 MHz, ds-DMSO) §8.60 (d,
11.5Hz, 1H), 7.99 (d, 11.5Hz, 2H), 7.44 (d, 7.5Hz, 2H), 2.34 (s, 3H). MS: m/z 477.8/479.8

[MH'].

Step 6: Synthesis of 2-Bromo-7-(2-methoxy-phenyl)-5-(toluene-4-suifonyl)-SH-
pyrrolo[2,3-b]pyrazine.
[0287] A 50-ml round bottom flask was charged with 2-Bromo-7-iodo-5-(toluene-4-
e sulfonyl)-SH-pyrrolo[2,3-b]pyrazine (423 mg, 0.885 mmol), 2-methoxyphenylboronic acid
(148 mg (0.973 mmol) and dichlorobis(triphenylph&phino)palladium(n) (31 mg, 0.04
mmol). To this mixture was added acetonittile (10 mL) and M aqueous solution of

sodium bicarbonate (5 mL). The reaction mixture was stirred at 40 °C for 1 hour, then 55
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then dried to afford.,the crude acid

3-[7-(2- Met hoxy- phenyl ) - 5H pyrr ol of 2, 3- b] pyra2| n-2- yl]- benzoi ¢ acid, which
was used directly in Step 8. Ms: n,/z 346.0 [Mi3]. Step 8: Synthe5|s of

[ 4- (2- Di met hyl am no- et hyl ) - pi perazi n-1-yl]-{3-[7-(2-nmet hoxy-

phenyl )Jvﬁbhqhyforsotn[ 2, 3-b] pyrazi n-2-yl]-phenyl } - ret hamomrass20060299] To a

m xture of 3-[7-(2-Methoxy-phenyl)-SH pyrrol o[ 2, 3-b] pyrazi n-2-yl]-benzoic
acid (3& fHEano@wiLhm}Dfﬁe crE(Pgea((tlZ)K nﬁgtruré)wék(hl ltéd bdtwddd étﬁyl%céfgte aflg @1 mmol)
and diisopropylethylam ne , - 1. In DV (1?711L) was added 2-

(di met hyﬂumﬁwdm)lequsysbkunpmoﬁsodmlr( Elsarhonama ﬂWmh@ous"ﬁhaerWastthan@meﬂstl rred at
70 C far. ours before t olvents were r ved he yel | ow oi |
was vvasvﬂg’detbﬁtaﬁete\tlﬁ ‘i&efelﬁlgmfﬁ %%Sfﬁyeﬁ n%@ﬁﬁo@ﬁb’%s}gé% h*t?g%l ved in
DVBO angdd Bb!r[deﬁﬁraﬁtéh Orherc‘?x‘{&rp?@dxﬁhﬁﬁ@thbi?ﬁ&ﬁéd b@fﬂaem @ihwgeﬂchfo!r@t ?und (8.6
nmg, 12% over st elp £ yel | ow solid nm z 91] O her
conpoungnggrasgshens af ¢ ylr?é@’fh'@dn m@(anesrrg@ffgrd1?4Brcg@q~ﬁ1§2m@hox®¢phppyl) &N ) 0 M

:\I%g 43%%%11@-%5\&@1}-%@?%‘310&’? 3-b%yraz|fln'¥ (-{§9 Mg'\%é} % eld) as 4 hght %él’ olgv Lo NN Br

3- ( 7- ( 2ol ttheobiy- a@dlﬁ&ybxbd&t#zpymsc(!z@ﬁ&h&y@ﬁuﬂﬁ&m&n&mmﬁoﬁﬂ) 5H-
di met hyl - benzam de. [0292] A m xtu

2- Br on®YmolopL dnbimesained @ Ehine) 307 Me%ﬂ)d@ﬁélsanbme@nm g57.9/460.0
[MH']; MS: m/z 486.1 [MH*] (bis-addition product).

Step 7: Synthesis of 3-[7-(2-Methoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl}-

benzoic acid.
[0288] A mixture of 2-Bromo-7-(2-methoxy—pheriy1)—5-(toluene—4—su1fonyl)-5H-
pyrrolo[2,3-b]pyrazine (70mg, 0.15mmol), 3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-
yl)-benzoic acid (57 mg, 0.23 mmol) and dichlorobis(triphenylphosphino)palladium(m) (5.4
mg, 0.008 mmol) in acetonitrile (2 mL) and aqueous solution of sodium carbonate (2M, 2
mL) was irradiated in a Personal Chemistry Optimizer at 95 °C for 20 minutes. The crude
reaction mixture was distributed between dichloromethane and a saturated aqueous solution
of sodium bicarbonate. The aqueous phase was then extracted with dichloromethane and

the combined organic phases were dried over sodium sulfate, filtered and concentrated. |

[0289] The crude brown residue was then dissolved in MeOH (2 mL) and SN XOH (150
uL) was added. The mixture was then stirred at 40 °C for 2 hours before the solvents were
removed. The resulting yellow residue was washed with diluted HC1 (2 ml), water, and
then dried to afford the crude acid 3'-[7-(2-Methoxy-phenyl)-SH—pyrrolo[2,3-b]pyrazin-2-
yl1]-benzoic acid, which was used directly in Step 8. MS: m/z 346.0 [MH].

Step 8: Synthesis of [4-(2-Dimethylamino-ethyl)-piperazin-1-y1)-{3-[7-(2-methoxy-
phenyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl}-methanone.
[0290] To a mixture of 3-[7-(2-Methoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzoic
acid (35 mg, 0.1 mmol), EDCI (77 mg, 0.40 mmol),;“_ﬁ TU (3.8 mg, 0.01 mmol) and
diisopropylethylamine (175 wl, 1.0 mmol) in DMF (1) was added 2- .
(dimethylamino)ethylpiperzine (55 ul: 0.3 mmol). The mixture was stirred at 70 °C for 5

hours before the solvents were removed. The resulting yellow oil was washed with water,
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——pyrrol o[ 2, 3-b] pyrazine (30 ng, 0.065=mmol), 3-di nethyl am nocarbonyl phenyl
boronic acid (25.3 ng, 0.130 mmol) and

di chl orobi s(tri phenyl phosphi no) pal I adiun(I1) (2.5 ng, 0.003 nmol) in
acetonitrile (1 nL) and aqueous sol ution pf sodium bi carbonate (2M 1 i)
was i rradi MOe06/¢1584 Per sonal Chenmistry Optimzer at 90 ETB3200826M9%ut es.
The crude reaction mxture was distributed between dichl oronet hane and a
saturat ed @gdsBRMdsn HMSD bedp Lﬁ{ﬁed%@%\lbi’@e?h%rfmr@ioeaffo—f@ﬁleaﬁl@%&ﬂf;omé(s6 was
then extracted wi th dichl oronethane and the 105 WD 2006/ 015124

PCT/ US2005mg2B2%0 aver 2aiapshasdyel oy aplid Mﬁa@éﬁﬁér@ﬂﬂﬂl ed over sodium sul fate,
filtered and concentrated. The crude brown residue was then dissolved in
MeOH (5 nL)o298N &bdr ¢Efipdunds: E@pirb@byﬂibmbdm&: was stirred at nomtenperature
for, 75 minutes. Renoval of t solvents resulted in a yellow residue, which
was t hen purified by flash silica gelcﬁ;ﬂgj),gmtogral y using a gradient of
ethyl acetate in hexanes, then 10%wk In EtOAc to afford 3-[7-(2-Met hoxy-
phenyl ) -5H pyrrol of 2, 3- b] pyr gzrm=2=yt§= Fdimethyt}- benzam de (13.0 ng, 54 %
yield) as a pale yellow solijd. ' H NVR (500 Mz, 30D) 88.89 (m 1H), 8. 80
(m 1H), 8.40 (in, 1H), 8.2 (m 2H) /7.62(m 111)|, 7.50 (m 1H), 7.25 (m

1H), 7.10 (m 2H), 3.97 (m 3Huy ?(m 3H), 3.40 (m 3H). M5 mz 373.1
[ MVH1]. [0293] O her conpoundq prjep Met hod 19 Table 15 Structure
t]

OL HN~ NNN O Ms mz 399.X thod 20: [Ts, 0/ O N HN NN Nz~ 1
N STEP 1 N Step 1: Synthesis [oR__N
2, 7- Bi s- (2- met hoxy- phenyl ) - 5H pyjrr ol o[ 2, 3- b] pyr azi ne.

O/\

0]
MS: m/z 442.2 [MH'].

Method 19:

/
HN 3
Tomn o [ A
) I

N/\Q\@ STEP 1 N
ka

Br NMe2

0

Step 1: Synthesis of 3-[7-(2-Methoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-N,N-
dimethyl-benzamide.
[0292] A mixture of 2-Bromo-7-(2-methoxy-phenyl)-5-(toluene-4-sulfonyl)-5H-
pyrrolo[2,3-b]pyrazine (30 mg, 0.065 mmol), 3-dimethylaminocarbonylphenyl boronic acid
(25.3 mg, 0.130 mmol) and dichlorobis(triphenylphosphino)palladium(l) (2.5 mg, 0.003
v mniol) in acetonitrile (1 mL) and aqueous solution pf sodium bicarbonate (2M, 1 mL) was
‘irradiated in a Personal Chemistry Optimizer at 90 °C for ‘15 minutes. The crude reaction
mixture was distributed between dichloromethane and a saturated aqueous solution of

sodium bicarbonate, The aqueous phase was then extracted with dichloromethane and the
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[0294] To a solution of —

2, 7- Bi s- (2- net hoxy- phenyl ) -5-(tol uene-4-sul fonyl)-5H pyrrol o[ 2, 3-Db] pyrazi ne
(200 ng, 0.412 mol) in MeOH (5 nL) was added a solution of 106 | WO

2006/ 015124 PCTI US2005/ 026794 NaOH (66 ng, 1.65 nmol) in water (200 L). The
m Xt ur ay¥ascRidey €d at roomtenperature for 3.5 howc/uméwsnes®he sol vents
were renoved. The resulting yellow residue was then purified by flash

si | i cacqiRlinéd broivhé plisaPRdre EEEveR setiddl iseihte Afltefldil cBE@h@i8d.i Thdhrexanes to
afford 2, 7- Bi s-(2- net ahoxy- phenyl ) -5H pyrrol o] 2, 3- bj pyrazi ne (43ng, 32%

yi el d) crade bropalresiduesvasshensiiispived i MROR (©500), MK OXTIOROD).) and1lke 21 (s br, 1H),

8.80 (dd, 6.OHz, 1,75Hz,. 1H). 8.69 (s, 111). 7.76(dd, 6.0OHz, 1.75Hz, 1H),
7.43 E’&'P‘,“’f?.v%aﬁf?“id. adppm t"ﬂH?,}d ?5‘697(551‘[%"?'%1) ?‘emel‘.’%@f ?‘ﬁ\”‘ﬁ‘i’%ﬂ?es?l%‘?ﬁl4(t, 7, ;DHz,
111), % O¢lloWresitie, whicBHas thedllirifidby Mhsh sﬁi’cﬁiﬁél &Mﬁito%rh%im% . NHz O NH22
NHzZ ONO- STEP | { INQSTEP 2 \OH STEP 3 N -~ NH2 D NF2 NS OV 4N z

NSTEP gradignt-ofstybagstate i hexages, then 10%6MeON in EtQAst» dfaxd 3-[V-(2-Mstlxy?7 N N |/

Owve 1. t i S .0fn 33 4M:NO- 63 | - DV ine-2- o] i id
met hyl 3@6@‘5@1'P){fb@é%ﬁb@éiﬂ%ﬁ%ﬁkmb@&- A RS A il PR A" 5

il on et f I ; : o
SVED()l%gﬂﬁz)&ﬂdgﬁd tEthri xt u((rggO vvas\’cg)ﬁi rrgjggt 70m&)8ﬁ§n%gHZ’?dr s u’lnge?nay rou

ni t r ogtl), &t23dep RE).&.62(hel ), 1650w, Wik 7t23dm, Hd| 7Teld (o 2,659 (rerddBr at ure and a

sat ur agueo | Wt of i R;Fi—»gl osul fate (400 nL) was added. The

suspeﬁ%‘?gﬁm@’gggi?%‘a?%%qﬂg'rm/fgqrgﬁlﬁu es, concentrated under vacuum and
[0293]) Other corupounds prepared by Method 19:

Table 15
Structure
H O/
N
N
I =N

MS: m/z 399.1 [MH'].

Method 20:
Ts, O/ . N O/
N \
N N
' N STEP 1 ' =N
/O /O

v *

Step 1: Synthesis of 2,7-Bis-(2-methoxy-phenyD)-SH-pyrrolo[2,3-b]pyrazine.
[0294] To a solution of 2,7-Bis-(2-methoxy-phenyl)-5-(toluene-4-sulfonyl)-5H-
pyrrolo[2,3-b]pyrazine (200 mg, 0.412 mmol) in MeOH (5 mL) was added a solution of
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di spersed in water. <Fhe crude pm duct was filtered off ane-washed wth cold
et hanol. The, residue was crystallized from ethanol, using decol orizing
charcoal to afford 3-am no-6- iodo-pyrazine-2-carboxylic acid nmethyl ester
(11.2 g, 61 %yield) as orange needles. 1H NWR (d6-DVSO) S: 8.57 [1H] s,
7.59 [2H sWH200601684[ 3H] s. MS: miz 280 [ MH]. 107 WO 2BOBPSP85 024794

PCT/ US2005/ 026794 Step 2: Synthesis of 3-am no-6-iodo-pyrazi ne-2-carboxylic
aci d. [ 029aYaOH ¢66img)-1665 mtho}) piy watkr (390 2.9 aThomttnre wae istredtithyom esiperat(rdS 0,
161 mml) was _dissolved in 750 m of THF. 90 m__of water and 40 ml of a 4 M
sol uti on offor3-3 hewsbefprpdhesalvats wergagreavedaSharsadng yellowesidug wasthen st i rred

at roomte r : i |y s asel i ne

mat eri al . @@f}?‘ﬁ?’i{ %%Silgpm%ég:m i r%l&(}:grgfgﬁrt c‘j S%nﬁ-g t(gémo\}/{vaéﬂs] laagggwg%j&u@t t he pH

to about 3-afifordl2)@-Bis-2methoxyaphahyl SR plyrvalo[B,3dh pinazine (M8 2% yée)d) dslagaler gani ¢
hase was separat ed.,._ The agueous | ayer s exijracted three tines with

i cht or onetRBHe seli ERVEGBD S YIRS Favals s ot dbnes 89 (466 QU 1238 um

sul fate an r . i i i f 0

(100 ot D YBTRLPR 9.7 6 85, £¥GINRE, oty VISR S uD) 1,96 200 O,

yel | ow powdel3.(m, BENVEA( 8 3ESIIY), 3.9214, 3H), B85(sy8&R, MSB: 44z B3] [MHT 50 [2H]

s,br. Ms: nmfz 266 [MH . Step 3: Synthesis of

3- ami no- 6- iM&RsdY-azi ne- 2- car boxyl i c aci d net hoxy-nethyl - am de. [0297]
27.50 g (0. 104 nol') of 3-am no-6-iodo-pyrazi ne-2-carboxylic acid, 63.0 g

(0.125 nol) &YBOP (1-benzot ntgZdl yl oxy-tris(pyrg & i di no) phosphoni um

hexaf | uor oph hate) and 18. 70 . 193 nol ) of A i met hyl hydr oxyl am ne

hydr ochl ori o1 agﬁgh n “nirt rogjerstebpashe f lask Gh@temen di ssol ved in
~LNO of—afhydr o md—277m XN

a mxture okﬁ BDVF a —_—

of N, N-di -i so=>propyl et hyl ami ne. The m xture was heated to 80 C for. 16 hours.
The solvent was evaporated at 50-60 C under reduted pressure to afford a
dark oil. The oil was extracted three to four tines with 300 m of toluene.
The tol uene p“ﬁ? S were conbi ned anlgHey)apor ated. The resultipgeoi | was

purified via tography on silica gl using a gradiféhtflof ethyl acetate
® cagboxyl it—a'm—d-’netkh\%

i n hexanes r Q8. 40sges 29. 7R
i odo- pyr azi i i »as ‘ .

) 8.28 [IH s, 6.Y8 [2H s, 3.66 [Bﬁ]trg, 5 [3H s. Me:
mz 309 [MH].! Step 4: Synthesis of |
(3-am no-6-i odo- pyrazin-2-yl)-phenyl - met hanone. [0298) d. 00 g (25.97 mol)
of 3-am no- 6-i odo- pyrazi ne-2-carboxylic acid msiRoxy- _net hyl -am de was

di ssol ved in 100 m of ygpkydrous THE under nit} w-@ sol ution was
N
] |
STEP 6 N? | STEP 7 N
KrN ‘
| OMe ‘
OMe .

' H NVR (d6-

Step 1: Synthesis of 3-amino-6-iodo-pyrazine-2-carboxylic acid methyl ester.
[0295] Methyl 3-amino-2-pyrazinecarboxylate (10 g, 65.3 mmol) and N-iodosuccinimide
(24' g, 106.7 mmol) were dissolved in anhydrous DMF (150 mL) and the mixture was
stirred at 70 °C for 15 hours under a nitrogen atmosphere. The mixture was then cooled to
room temperature and a saturated aqueous solution of sodium thiosulfate (400 mL) was
added. The suspension was sonicated for 15 minutes, concentrated under vacuum and
dispersed in water. The ctude product was filtered off and washed with cold ethanol. The,
residue was crystallized from ethanol, using decolorizing charcoal to afford 3-amino-6-
iodo-pyrazine-2-carboxylic acid methyl ester (11.2 g, 61 % yield) as orange needles. 1H-
NMR (d6-DMSO) & 8.57 [1H] s, 7.59 [2H] s,br, 3.93 [3H] s. MS: m/z 280 [MH]. |
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cooled to 56-C and 27 ml of a 3 Msolution of phenyl magnesi um brom de in
ether was added. The mixture was allowed to warmto 10 C and a sol ution of
10 %citric acid in water was added. The m xture was diluted with

di chl oronet hane and the phases were separated. The aqueous phase was

ext ract edVORPBO1IIRNes with dichl oronet hane and the caordi/vsdhsmeeani c phases
were dried over sodiumsul fate and evaporated. The resulting solid was
crystall i zep 2y SymtkésivdrB-arhinoad-fodbpypazine-Y-catbox§fic seral ; 68 % of (3-am no-6
108 WO 20061015124 PCT/ US2005/ 026794 _|odo pyrazi n- 2- yI% phenyl - net hanone as
yel | ow HP28Ake 3apiaq-giiedo-pyaging2caoxylisarid snetgyl@zte[mg,é 1mn9>431vm s, br,
7.85 [2 p 5: Synthesis
of 5-i0 Sscgve(dzmﬁé?hé Fmpégﬁél&\%%‘id%ﬁ%gﬁ@@%lﬁmth&f?ﬁfggg] 2.52 g
(12. 6 nhpdrpxidé 1rpmtaxswasmhdbd smammhyvhssthydd)amoaietem@gradns&mIZ\kmdrsldr 150 m
of anhydr 3. 80

met hoxy HE ﬁﬁ@(ﬂ‘?}%ﬁs@?ﬂﬁ‘ﬁ)ﬁ}% FﬁehPﬁ ‘E‘Pﬁeﬁglr cf% %&bé’ clilg aedn WAl ure stirred

at 1 00My,} ﬁ‘dﬂé&’t@&djﬁﬁ tHefH o bR 3-4.T9hd ﬁ‘ﬁ(tur%wsfdil{iﬁd Withdidford@emagded 2. 50 g
(7.69 mol ) of (3- am no-6-iodo-pyrazin-2-yl)-phenyl -nethanone and the

r eact i oAndrihg prgavic\pheseswasrsepatatad. Thﬁﬁqueqwdu@r maﬂcmrak:’@d trettimes wikhe resul ting

f f I h
mxt ur o gl e il o hansS Wbk Boo ot SR, oo

agqueous eEPbiitdd0 IThe fresidiEOMs difled tH Wichal® afford\ar.elg (mmmﬂfou Lol %yﬁ!ld)%(fgl um
sul fate. The solvent was evaporated and the res#d urlfled)eg/
i n hexanes

chr onat 8@ingghipdepysazineckacaseoxylie prg aha yellosupasyder.ofH (d=DMSQ
t ff 0 | ved E- and
%% oot etk AT R M R ) A58 TS o

|d_ 1H NVR_ (. d6- DVSO) | somer. A 8. 12%’} S, 7.33-7.26 [4H] in, 7.20
H]
H]

|

in, tew3: Fgmtﬁlesss ofe3- wnp#ﬂodg-pwaz"se- arbpxylic acid meghexy-methybo [ 1H] s,
27 [2H] ?tlm 17 [1H t, 7.11 [211] d, 6.98 [1H s, 6.24 [21fl s, br,.3.76
S. z 354 [MH]. Step 6: Synt hesis of
i odo- f2ORENYT.50 @-(Q)HM niot)[o:f Banﬁilqwd«aki-mazi{l@wﬁlpom aciyl, 63.0 g (0.125

r5n ;1? S?e%%%ﬁgé&sl% di 1&?#@% %gﬂﬂ’?[’ﬂ%@ nl?ﬂxg"g‘foéc"ﬁ?@&%l oric acid

i N wat egnd {SRPE Q$193imel) Mm&nﬁtﬁw&%oxyﬂiﬁnﬁﬁrwﬁoﬂ&%&@ Ia@éii ke reflux for
2 hours. Ice was added to the resulting suspension and t recipitate

filter editogen fleshad flaskpnd ggendssolved i aomixige of loﬁﬂﬂhmtp\dﬂ) 2] pyr azi ne
| t f di
2 2 oot Rs BN ECL bhe AR HBAE R € BY oA A of sod! um

ext r act solwent &vaslevapdratadest 56.80i°Cnindetirédiced preskuestapdibat edhrk feThesil due was

extracted three to four times with 300 ml of toluene. The toluene phases were combined

so
[1
7.

[3
5-

and evaporated. The resulting oil was purified via chromatography on silica gel using a
gradient of ethyl acetate in hexanes to afford 18.40 g (59.72 mmol; 58 %) of 3-amino-6-
iodo-pyrazine-2-carboxylic acid methoxy-methyl-amide as a yellow solid. "H-NMR (d6-
DMSO) & 8.28 [1H] s, 6.78 [2H] s, 3.66 [3H] s, 3.25 [3H] s. MS: m/z 309 [MH+].

Step 4: Synthesis of (3-amino-6-iodo-pyrazin-2-yl)-phenyl-methanone.

[0298] 8.00 g (25.97 mmol) of 3-amino-6-iodo-pyrazine-2-carboxylic acid methoxy-

methyl-amide was dissolved in 100 ml of anhydrous THF under nitrogen. The solution was

cooled to 55 °C and 27 ml of a 3 M solution of phenylmagnesium bromide in ether was

added. The mixture was allowed to warm to 10 °C and a solution of 10 % citric acid in

water was addc;d. The mixture was diluted with dichloromethane and the: phases were
 separated. The aqueous phase was extracted three times with dichloromethane and the

combined organic phases were dried over sodium sulfate and evaporated. The resulting

solid was crystallized from ethanol to afford 5.74 g (17.66 mmol; 68 %) of (3-amino-6-
108




crystallized fremethanol to afford 76 ng of pe—

5-i odo- 3- phenyl - | H-pyrrol o[ 2, 3-b] pyrazine as green-brown crystalline
needl es for a conbined yield of 556 ng (78 9. 'H- NWR (d6- DMBO) S: 12.56
[1H s,br, 853 [1H s, 8.46 [1H d, 8.14 [2H d, 7.45 [2H dd, 7.25 [1H
dd. Ms: m zVWEPZOO§MRSEA. Step 7: Synt hesis of PCT/US2005/026794

5- (3, 4-di net boxy- phenyl ) - 3- phenyl - | H pyrrol o] 2, 3-b] pyrazine. [0301) 50 ng

(0. 16 mmol jodef yﬁahgug})?pheﬂmewdthdnbh@wyenbw{oszgebh@wlsaiﬂma:@(aswso &0 mol)
of 3, 4- dlﬂEthOﬁ% henyl boroni ¢ acid and 109 006/ 015124

0

PCT/ US20058626 7&#&%711]3&,%7 §§i2ﬂlﬂa€r§}l[bﬂ s%ﬁﬂr{éf)lbmeﬁdn@ﬁ@ﬂ re placed
inavial and 1 ml of acetonitrile and | nil of a 2 M aqueous sol ution of
a) di u n}[ ca E borsaées v8ymeheaibce G-laMSI(h-%xdthogtyurép?eﬂ)ﬂ-lv&q'ﬂ)apﬁﬂzlhm-ﬂaMes onal

em stry r) m ro ve reactor to 165 or 00 The esultin
m xt ur e walsmé?l)st 2158 446 pepelberpotassigm hﬁ(ﬁan%ﬂﬂ}yweaw 91V§<i)}mﬁodﬂl %
sodi um bi I The organi c phase was
dried oversgﬁ?%hggﬁlpggg%%ﬁgvggg é?feg%ﬁr )gglfér ude was purified via flash
chr omat ogr amtlyoxymethylltmphanydplhosplmrmgn chlogdavasatkledfindtbe hrixtote stirred at room

di chl dug | at ed hot . et hanol
o fora 14 Hgoprp s 1Hosh 53 plezruingmisice, a SloRt o5 175D BRA 82D hony! -1 1
pyrrol of 2, &nﬁﬂomqoaai g&zﬁﬁz -91)- pﬁémeemwﬁkeand AT ARBnHIRMPE stif¥ed hProdth [ | Hl

s, 8.92 [1H] 8.35 [2H] d, 7.80 [1 7.79 [111] d(m),
7.46 [211] temerawgﬁar[llhqm B@t(r@;ulnng reaction Hpixgre wasd@:%eéﬁqreﬂux frdh g s, ME:

Structur o PFesenpg e Rl »ECHRRU it BEBR R R RARRe Sl a B 5 :
]2-8%0 E) MH+] . adBousSolution o8 dmoidi] chlorde il Whtdr Mldl driedrbver ¢ddium khifa€d. THe~N N N °

solvent was evaporated and the residue purified by chromatography on silica gel using a
gradient of ethyl acetate in hexanes to afford 1.942 g (5.50 mmol; 72 %) of partially
resolved E- and Z-5-iodo-3-(2-methoxy-1-phenyl-vinyl)-pyrazin-2-ylamine as a pale yellow
solid. "H-NMR (d6-DMSO) &: isomer A 8.12 [1H] s, 7.33-7.26 [4H] m, 7.20 [1H] m, 6.66
[1H] s, 6.00 [2H] s,br, 3.81 [3H] s; isomer B 8.09 [1H] s, 7.27 [2H] t, 7.17 [1H] t, 7.11 [2H]
d, 6.98 [1H] s, 6.24 [2H] s,br, 3.76 [3H] s. MS: m/z 354 [MH'T.

Step 6: Synthesis of 5-iodo-3-phenyl-1H-pyrrolo[2,3-b]pyrazine.
[0300] 780 mg of 5-iodo-3-(2-methoxy-1-phenyl-vinyl)-pyrazin-2-ylamine (E-, Z-form or
mixture) was dispersed in 40 ml of a 1:1 mixture of dilute hydrochloric acid in water
(approx. 1-2 N) and ethanol. The mixture was heated to reflux for 2 hours. Ice was added

'to the resulting suspension and the precipitate filtered off to afford 480 mg of 5-iodo-3-
phenyl-1H-pyrrolo[2,3-blpyrazine as a pale yellow powder. The filtrate was made basic by
addition of sodium bicarbonate and extracted three times with dichloromethane. The
combined extracts were dried over sodium sulfate and evaporated. The residue was
crystallized from ethanol to afford 76 mg of 5-iodo-3-phenyl-1H-pyrrolo[2,3-b]pyrazine as
green-brown crystalline needles for a combined yield of 556 mg (78 %). 1I'{-NMR (d6-
DMSO) & 12.56 [1H] s,br, 8.53 [1H] s, 8.46 [1H] d, 8.14 [2H] d, 7.45 [2H] dd, 7.25 [1H]
dd. MS: m/z 322 [MHH].

Step 7: Synthesis of 5-(3,4-dimethoxy-phenyl)-3-phenyl-1H-pyrrolo[2,3-b]pyrdzine;
[0301] 50 mg (0.16 mmol) of 5-iodo-3-phenyl-1H-pyrrolo[2,3-b]pyrazine, 38 mg (0.20
mmol) of 3,4-dimethoxyphenylboronic acid and 6 mg (5 mol %) of
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MS: mz 303 [MH]. HNO MS: miz 341 [MH+]. 4S: mz 415 [M+]. 110 |. WO
20051015124 PCTI US2005/ 026794 O N-O N=["Q OH M5! ink 318 [MHd]. Method
22: HNI HN N N STEP I N Cod Step 1: Synthesis of

5- (norphol i n-4-yl)-3-phenyl -1 Hpyrrol o(2, 3-b] pyrazine. [0303] 25 ng (80
nol ) of ﬁolz&géaﬁ?phenyl -1 Hpyrrol o[ 2, 3- b] pyr azi ne m%ﬁ{@@d&)ﬁg&ﬂ n 1 m of

nor phol i né of glacial acetic acid was added an ure heated in
a Pers I mstry(r).,.mcr ve reactor tp 250 .C for 2400-480Q sec. The
o e vaeRors bR RO PR DR B Cin 2 ot e ot RPBLe o s or

wor kup hdll NGl 6F a0 RikiqBdusQblutieh BYdodRmeEAbshate Wit $dASnd thedhikx@irdl 13 ny (46

mol, 58 %yield) of 2-norpholin-4-yl-7- phenyl-|Hpyrrolo[2,3-b]pyrazine as
a bei geiradiated in 4 PRl Chempive®)® sicrowaa rpacqr te 165 & oy 120¢§ecs The. 18 [ 2H] d,

& w 1ieyemtutt el Shoitigldia fobaba e dsn iR eoBi ure i
| HN N-bibdirfonaté dnd/75!mINf dichloromethane. The organic phase was dried over sodium

sulfate and evaporated. The crude was purified via flash chromatography on silica gel using

a gradient of methanol in dichloromethane. The product isolated was crystallized from hot

ethanol to afford 14 mg (43 umol, 27 % yield) of 5-(3,4-dimethoxy-phenyl)-3-phenyl-1H-

kpynolo[2,3-b]pyrazine as an orange powder. 'H-NMR (d6-DMSO) &: 12.30 [1H] s, 8.92

[1H] s, 8.43 [1H] s, 8.35 [2H] d, 7.80 [1H] (m), 7.79 [1H] d(m), 7.46 [2H] dd, 7.25 [1H]

dd(d), 7.13 [1H] d, 3.92 [3H] s, 3.84 [3H] s. MS: m/z 332 [MH']. '

[0302] Other compounds prepared by Method 21:

Table 16

Structure Structure Structure
H, H, 7

H
N '\ N \ . A (o]
£O e :«}«3
N LN NS
2N
OH :
HN l/ " OH

MS: m/z 311 [MH']. S:m/z318 [MH+]-.

/ /
H 0/ H (o) o]

i\ A\ A\
N N N7
! '/N N

HN=2

AL !
”
MS: m/z 303 [MHE']. 0

. MS: m/z 341 [MH']. MS: m/z 415 [MH'].

X

o
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NHN ~/\ OH MS: nfz.269 [ MF3+]
STEP2CH

STEP 11

INTY OH I \

ni/z 294 [M
OH Step 1: Synthesis of

VE:

I p~

4- (5-i odo- 1H pyrrol o[ 2, 3-b] pyrazi n-3-yl) - phenol .

pyrazi n- 2- ywenvasisas di spersed in 70 m
hydr ochl ori c aci d.

Met hanol

_+j

[0304] 680 ng of
5-i0do- 3-{2-nmet hoxy-| -[4-(tetrahydro-pyran-2-yl oxy)-phenyl]-vinyl}-

of dilute (1-2 P/ sges026394

Met hgd 23: HN 4NL1OTHP

was added to dissolve the starting materi al

(10-20 %VIV) 10 apforad a crgar sotation. 0.5 mof concemrated
hydrochl qril% aci dOwas added and the mixture was heated to reflux fof 7
hours. The ur s cooled to roomtenperatur¢ and allowed to stif for 16
hours. THen ur s neutrglized by addition of sodium bi carbonate|a nd
wat er addef} a n ed to kegp salts in solutionj The resulting nmxtlre was
extracted for tinmes with difchl oromet hane and t he conbi ned organi ¢ phases
were, driledJquer sodium'sulfate and evaporated {o afford 428 ng (1.27 mol,
85 % vyielld 4- (5-iodo-1 Hpyrrol o[ 2, 3- b]pyrazin-3-yl)-phenol as aph orange
solid of |s hént purity (385 %, whi ch could be recrystallized ffom

di chl or oret e-ethyl acetate¢ to afford 195 ng ($78 nol, 39 %yield)| of
pure 4-(3-1o0do- IH-pyrroIo[2,$-b]pyrazin-3-y|)-pheno| as yel | ow orangg
crystals. Mﬁm,t);llgﬁeggM&*pIVBO) % 12.37 [1H (d), 9]43 [111] s, 8.49 [1H s,
8.26 [1HLd 7 92 [2H"d_8]85 [oH] d MS miz B3R [M1+] 112 WO

2006/ 015124 PCT/ 1382005/ 026794 St ep 2: Synthesis of |

4-{5-[3-

[0305] 84

120 ny

5- tetrarrethy - 1,3, 2] di oxaborol
di chl or obi gt Ty
of acetQnitri

ni |

vsjé%—f‘z

pl ) of 2-[3-

ly pal| adi

(e,

e

5 ng (8
1)
N 2

®

nol

% of

were placed in a vial
queous solutlon of

Step 1: Synthesis of 5-(morpholin—4-yl)-3-phenyl—IH-pyrrolo[2,3-b]pyrazine.

[0303] 25 mg (80 umol) of 5-iodo-3-phenyl-1H-pyrrolo[2,3-b]pyrazine was dissolved in

1 ml of morpholine. 200 pl of glacial acetic acid was added and the mixture heatéd in a

Personal Chemistry® microwave reactor to 250 °C for 2400-4800 sec. The crude was

purified by flash chromatography on silica gel without prior workup using a gradient of

ethyl acetate in hexanes to afford 13 mg (46 pmol, 58 % yieldj of 2-morpholin-4-yl-7-

phenyl-1H-pyrrolo[2,3-b]pyrazine as a beige solid. 1H-NMR (d6-DMSO) &: 11.89 [1H] s,

hydr oat yphenyl ] - 1H pyrrol of 2, 3- b] pyraSi n- 3-yl }-phenol .
mml ) of 4-(5-iodo-|H pyrrol o[ 2, 3-b] pyrazi n-3-yl)-phenol,
- 4- (4- et hoxy- benzyl oxy) phenyl]-4,4,5;

and 1.5

8.19 [1H] s, 8.18 [2H] d, 7.39 [2H] dd, 7.17 [1H] dd, 3.80 [4H] t, 3.52 [4H] t. MS, m/z: 281

[MH+].
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=-50di um carbonate were added. The m xture was irradiated in a Personal o
Chem stryg mcrowave reactor to 165 C for 1200 sec. The resulting m xture
was distributed between dichloronethane and a saturated aqueous sol ution of
sodi um bi carbonate. The aqueous |ayer was extracted twice with
di chl or on&ohiass@1312¢l t he conbi ned organi c phases were ®ri/estoeswes79$0di um
sul fate and evaporated. The crude was purified by flash chromatography on
silica gel using a gradient of ethyppicetate in hexanes. The resulting
i nternedi ate was di ssolved in 120 rri of di chl oronet hane and 1.5 g (2.12

mol ) PSSty | IIUI —(Argonaut motogies) was added. To this was added
2 m of triflu% Jacetic acild andt Pﬁrture stirred at roomtenperature

for 1 HOWN e resin was f{i IHnergd of f and washed with dichl oronethane. The
filtratie yk ed with afsa gueous sol ution of sodium

bi car bd ases werné\ and thefaqueous | ayer extracted tw ce '
w t-h et|h Al'l orgaqil pha were conbi ned, dried over sodium

sul fat g and evaporat ed. The rlesidue was heated up with acetonitrile, cooled
down tqQ raogm tenperature and ernat ant Wwas renoved. The residue was
dried iin[vaduo to afford 1d)m 18 % |yield) of

4-{5-] 3- oxy- 4hydr oxyphenys .4 besp Mp]l o[ 2, 3{b] pyrazi n-3-yl }-phenol as a
bei ge gowder. 1H NWR (d6-DVSO S: 12.06 T1H d) 9.35 [1H s, 9.30 [1H s,
8.83 [1H s, 8.20 [1H d, |8:12 [2H d(m, 77’p[1|—|] d, 7.65 [1H dd, 6.93
[1H d, MSBE/Z[ZQHI m, 3.91 [311] s. M5, mz] 334 Method 24 SEMO O MO
IN-- N HNNHNNNANIN-STER—-STERP-2—+DO) OCN Ove" N NH NH 113 WO
20061015124 PCT/ US20051026794 Stepl: Synthesis of nethyl .

3- (3-(2-net hoxyphenyl ) - 1H pyrazol o[ 3, 4-b] pyri din-5- yl)benzim date. [0306]
HCl gas magsod2hbl ed t hrough a suspension of 3-[3-(2-Met hoxy-phenyl)-1-(2-
trinet hyl'siTanyl - et hoxymet hyl ) - 1H pyrazol p[ 3, 4-b] pyri di n-5-yl]-benzonitrile

(40 nmg, 0 088 nmmol) in 2.5ml of anhydrous MeCH for 3H utes at 0 C. After
stirring f 23 hours at N
N
' ~N OH

_STEP1_ 7 _STEP2_
OTHP \

g4

l O/

OH

Step 1: Synthesis of 4-(5-iodo-1H-pyrrolo[2,3-b]pyrazin-3-yl)-phenol.

[0304] 680 mg of 5-iodo-3-{2-methoxy-1-[4-(tetrahydro-pyran-2-yloxy)-phenyl]-vinyl}-
pyrazin-2-ylamine was dispersed in 70 ml of dilute (1-2 N) aqueous hydrochloric acid.
Methanol was added to dissolve the starting material (10-20 % v/v) to afford a clear
solution. 0.5 ml of concentrated hydrochloric acid was added and the mixture was heated to
reflux for 7 hours. The mixture was cooled to room temperature and alloWed to stir for 16
hours. The mixture was neutralized by addition of sodium bicarbonate ahd water added as
needed to keep salts in solution. The resulting mixture was extracted four times with
d.ichl_oromethane and the combined organic phases were, dried over sodium sulfate and
evaporated to afford 428 mg (1.27 mmol, 85 % yield) of 4-(5-iodo-1H-pyrrolo[2,3-
b]pyrazin-3-yl)-phenol as an orange solid of sufficient purity (>85 %), which could be

' recrystallized from d1chloromethane-ethyl acetate to afford 195 mg (578 pmol, 39 % yield)
of pure 4-(5-iodo-1H-pyrrolo[2,3-b]pyrazin-3 -yl)-phenol as yellow-orange crystals. 'H-
NMR (d6-DMSO) &: 12.37 [1H] (d), 9.43 [1H] s, 8.49 [1H] s, 8.26 [1H] d, 7.92 [2H] 4,
8.85 [2H] d. MS: m/z 338 [MH"].
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L]
room-tenperature, ether (10 nL) was added and precipitation occurred. The
solid was collected after filtration and dried to afford nethyl
3- (3-(2-net hoxyphenyl )-1H pyrazol o[ 3, 4-b] pyri di n-5-yl)benzim date as a
yell ow solid. Step 2: Synthesis of
C {3-[ 3- (2- NE@AYLY1¥Meny| ) - | H-pyrazol o 3, 4- b] pyri di n- 5- ylPLT/US2005/026794
phenyl } - G- nor phol i n-4-yl - net hyl eneam ne. [03071 A solution of nethyl

3 (3 (2 et Doy Istdf A543 et o} eitylpd BE16RL 3T gk i+ om St e
in MeCH (1.0 rrL) \?jay?kgec?c?e ﬂﬁoﬁphlﬁnﬁﬂ%’%ﬁg@pﬁﬁwﬁﬂyﬁr & H@ ' P

triethyl ani n%’yl}wi‘% 0.88 mmol ), the nixture was stlrred at room

pur 1 11 od- 00, S mE RN mb A (50, M ghORD 3 SFHEh- 56 gl 12414 PT 0!
C- (3. [ 3 2058 nimody o Bk ek pmaib-Sents o ity 43,55 ety O

TP R SHBTLRS Bl 1B oL S LSRR S o o

(br s, 1H)wer§ Q@ecilma vidand 13 n@l@)f (a&etoﬂh‘ﬁé'gnd Ll of a 70 ﬁcﬁueoﬁs s%'ﬁlﬁmn%w 7.66
(dd, 1.8z, 113), 7.63 (m 1H), 7.49 (m  111), 7.21 (d, 8Hz, 1H),

7 12 (dt, sgémm carlgmteme addG@STl(lermmH; waé irggligted mali)ersoaalzﬁhe(mqtry@-l) 3.78 (m

Vet hod 24 el renbBt e C e t20p3. eyl e i ERELSE pPyRRES ) ™

[ MHT . 11d4ch10r\$ﬂeﬂ1@ﬁk6£rﬂ%%tﬂ3&‘ub&%@@ﬁh@ﬂ SF%mef@a@swa THBE&us Ki nase
assays known to those of skill in the art rrg%/be used to assay the inhibitory

activi ti eda¥sr Wapextrasted vis ithlichiosamsthang Bddhggombired rgania phases e i on.
Kinase as ﬁ ovér%hlﬂgﬁu I’ﬁx@éﬁdg@ﬂied' 'T'Tiktcﬁﬁe% gfn}iﬁedf t& A4 m%i%%FQBh 5

[0310] Al't ugh t he se exanpl es use nase onmain o
mut ant f oromsdica gel using a gradlent of ethyl acetate in hexanes. The resulting intermediate was

dissolved in 120 ml of dichloromethane and 1.5 g (2.12 mmol) of PS-thiophenol (Argonaut
Technologies) was added. To this was added 2 ml of trifluoroacetic acid and the mixture
stirred at room temperature for 1 hour. The resin was filtered off and washed with
dichloromethane. The filtrate was washed with a saturated aqueous solution of sodium
bicarbonate. The phases were separated and the aqueous layer extracted twice with ethyl
acetate. All organic phases were combined, dried over sodium sulfate and evaporated. The
residue was heated up with acetonitrile, cooled down to room temperature and the
supernatant was removed. The residue was dried in vacuo to afford 15 mg (45 pmol, 18 %
yield) of 4-{5-[3-methoxy-4hydroxyphenyl]-1H-pyrrolo[2,3-b]pyrazin-3-yl}-phenol as a
beige powder. 'H-NMR (d6-DMSO) & 12.06 [1H] d, 9.35 [1H] s, 9.30 [1H] s, 8.83 [1H] s,
8.20 [1H] d, 8:12 [2H] d(m), 7.75 [1H] d, 7.65 {1H] dd, 6.93 [1H] d, 6.85 {2H] d(m), 3.91
[3H] s. MS, m/z: 334 [MH').

Method 24
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Abl T3151 ("Abl T3151 KD'), the kinase assays may use various forns of___
mutant and wild type enzynes, including, for exanple, the entire protein,
t he ki nase domain, or a portion thereof (e.g. Abl Y393F). The ki nases used
in the assays may al so be of varying phosphorylation states. In the c-Abl
exanpl e, WhiMPEMB12i nase at a zero phosphoryl ation stac®Uszes/sed. c- Abl
Pyruvat e Ki nase/ Lactate Dehydrogenase Coupl ed Enzyne Assay [0311l] In the

c- Abl  Pyr uggda : lSynatfesis 0Pkt isa oL@1(2-nh By SipR IR $H- s REdlo [GUppsHiafingay the
protein kinase dependant phosphorylation of a substrate peptide was coupl ed
to the oxiybhenzbmidgte.NADH. The oxi dati on of NADH to NAD+ was det ected by

noni tori i G 34 | ., Abi

subst r at @g?)@pt ﬁg‘le:éf;savﬁl@ﬁﬁgiw %—7%%1%&1 (S)lglégfl- é?ﬁ%ﬁ;"x%ﬁég@lﬂ !fi% [ 3NADH

(Si gma GaitniéhthyBsi2AYy1- 78 the)); | FR/ivesTa[3;4-HIb iR BS, pbérzenitrilp k0 mg50.088
Phosphoenol pyr yvat e égl?g,P) (Si gbma Cat #P- 7002, . FW234) ; . Lact at e dehydr ogenase
(LDH) ( ViBEORi 1A graH osrulwdiays MaORfargommgtes atd), (G At sirtingder 2hhgus & gna |
Cat #P- 9 X ﬁ%ﬁ | @qﬂ%—, e i 38ds vl star

pl at e; ﬁ’g)ﬂ&arrnl il ede?g%cgipﬂunp os%ﬁ%g?ﬂ eglt%g&%tf%& %lbc:ﬂﬁ&cli'ngg% gr?aﬁgx [ 0313]

St ock Sotaliected sfter EimaoNaDi d(i7d @R ffogd methiyh3-(-(2-Qeboxypeoid)-iHesh daily; 10 nM

Abl substrat ide.(13. 4mg/m . jn m|j OH2 stored at -20C;, 100 nmM HEPES
buf fer, w?@gﬁ%ﬁmdé-ﬁyw%w%sﬁiyfh%*ﬁ? 20); 100mMM MyCl2 (5 m 2M
MgC12 + 95 nml dH20O); 100mM PEP (23.4ng/m in dH20) stored at -20C, | OnM ATP
(5.51ng/mM in dH20O stored at -20C (diluted 50 I into total of 10 ml

1 ash. 1 ror SRR dSp et CRETRAMRURES rheby! 15 and i bh BB 80 (L g
vari es w t phehyl}-C-inbfstolinrdoylemethylbpearhinglii d N2 and stored at -80C. 115 WO
2006/ 015124 PCT/ US2005/ 026794 0314 Sﬁlan agg Assay S E)ijp for_384-well

f or mat (é@mr g&éﬂ%ﬂ‘)‘? @e'gxh ,-mg@%mfp W@%I -Pirquﬂh%&% Prsidiond- Pk 60U/ nd
LDH,  2000RRbin3aRs frbRitedB MIdO18 (1.8 i) w8 SlidedTREMBRHAL (5. Il 16 mafym  Abl

ki nase donai n; 10M ATPR; “100mM HEPES buffer.  Posi tllvg conttol s” cont’ai ned
DVBCowi t dndridethplemined A ogn0.88 Nugel), ithesmixture wes stiroadrat 20ome tenperature for®. 5M EDTA

(30 R e PSP M o P e B =
i nitiated afford Ci {FE34(ZMdNoxytsheadHl Hipitazdio[ A-Blpyridin-5-yl]-phenyl }-C-
morpholin-4-yl-methyleneamine (3.7 mg, 10% yield two steps) as a white solid. 'H-NMR
(500 Mz, CD30D) 58.86 (d, 2Hz, 1H), 8.45 (d, 2Hz, 1H), 8.37 (br s, 1H), 8.02 (m, 1H),
7.96 (t, 1.8Hz, 1H), 7.76 (t, 7.8Hz, 1H), 7.66 (dd, 1.8Hz, 7.8Hz, 1H), 7.63 (m, 1H), 7.49 (m,
1H), 7.21 (4, 8Hz, 1H), 7.12 (dt, 1Hz, 7.8Hz, 1H), 3.95 (m, 2H), 3.88 (s, 3H), 3.82 (m, 2H)
' 3.78 (m, 2H), 3.59 (m, 2H). MS: m/z 414.1 [MH']. ‘

[0308] Other compounds prepared by Method 24:

Table 18

Structure

MS: m/z 412.1 [ME'].
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[
={0315] Activity was neasured by fol Lawi ng the tine-dependent | oss of NADH_by

absor bance spectroscopy at 340nm The |inear portion of the resulting
progress curve was then analyzed by linear regression to get the activity
i n absorbance units/tinme, reported as the slope of that best fit line

(ol es/ uni t WQ 86/@iate4be cal cul ated from usi ng nol ar exti pctysmos/eesifi ci ent
for NADH at 340nm 6250MIcnmi'). [0316] Data was eval uated using the
equation: Z' =1-[3*(a++a )/j+-[t_j] (Zhang, et at, 1999 J Bionobl Screening
4(2) 67-73), where denotes the nmeanand or the standard deviation. The
subscript designates positive or negative controls. The Z' score for a
robust scBieasspyly assay shoul d be ? 0.50. The typical threshold = p. -3*a+.

Doge. respdia, Rk 505 BN RSP Al 18R LB oy td iG]

Dose response "was anar

nlin)/(1' Idcﬁ%éMfﬁbMMl}npduﬁ@é afiabpekito® of thepredent inbaion eRiriasd dskdls SI ope,

max=t he sl.ope.in the absence of inhibitor, mn=the slope at infinite

i nhi bi t or , D¢IAde, P peydimiteditpdhe fllaFBIGFIRIPEt  corresponds to % the total
observed arrpl itude (Anplitude--max-mn). [0318] To neasure nodul ati on,
activatiorf034)] iAlthidogh therfirstfof Alidse amplestusext the kinpseidothaivesf 2 madstdotoof he assay

t f ‘ t ] | nhi bi t hibit Abl KD activjty, at
Fos0 1 SrataiSegBLERSIRIR, i S Brvian gatous forme of mufhanddld ' ¢ h
subnanond! @pe enzHMEE inchiliid, ERRRAmleNAS Bnids HAYen, hﬂ@&ﬁlseldlamaﬂldblta%&g&@ the

c- Abl PK/LDH coupl ed assay (above), hompgeneous | um nescence-
i nhi bi tor tBereeldaigngbly lgneséwseéye epeseycmaylso METE varging,, and  PDK1

k E p!
soay (KRR o?%%g*ae% DRy RoR A R T P Co g pROIPRRKHER. o' ki e

activity. sthhewasdsedse-d oTM format uses a thernostable luciferase to
generate |um nescent signal from 116 WO 2006/015124 PCT/US2005/ 026794 ATP
remaini ng JdRyFllrifatORink Q12D L2TRubRAEhL e AddG | um nescent signal
is inversely cor rael ated wth tﬁe}tzgo unt o%lﬁkl nas}gﬁ'eactl Sl ty. cAbl

Luni nes ceri@éllliasladhdzmayhﬁymsﬁamas@QM)/lwaﬁa@deiydmgMﬂse ELDE) Cartpdedpdssay de =

P 1) FEpRRY i Pl oR o of gﬁ@ﬁsg%gﬁét%eq@gf%@%@ﬁf92423420)

MyCl2, St adidid%ﬁlﬁﬁ)beA]iHStTl%Rix@dHﬁ@ﬁ%fNIAD}HommD+Gw‘s1ﬂ8@&€@b)lhﬁhtom&yaI e Costar
384-well flat -bottom plate (VAR Cat #29444- 088), Abl
decrease in absorbance at 340nm.

[0312] Materials: Abl substrate peptide = EATY AAPFAKKK-OH (Biopeptide, San
Diego, CA); BNADH (Sigma Cat#N-8129, FW=709.4); 2M MgCl,; 1M HEPES buffer, pH
7.5; Phosphoenolpyruvate (PEP) (Sigma Cat#P-7002, FW=234); Lactate dehydrogenase
(LDH) (Worthington Biochemical Cat#2756); Pyruvate Kinase (PK) (Sigma Cat#P-9136);
ATP (Sigma Cat#A-3377, FW=551); Greiner 384-well UV star plate; and purified and
unphosphorylated T3151 Abl kinase domain.

[0313] Stock Solutions: 10mM NADH (7.09 mg/ml in miliQH,0) made fresh daily; 10
mM Abl substrate peptide (13.4mg/m] in miliQH,0) stored at -20°C; 100 mM HEPES
buffer, pH 7.5 (5 ml 1M stock + 45 ml miliQH,0); 100rnM MgCl; (5 ml 2M MgCl; + 95
ml] dH,0); 100mM PEP (23.4mg/ml in dH,0) stored at -20°C; 10mM ATP (5.51mg/ml in
dH,O0) stored at -20°C (diluted 50 pl into total of 10 ml miliQH,0 daily =50uM ATP
) . working stock); 1000U/m1 PK (U/mg varies with fot) ﬂagh—frozen under liquid N, and
stored at -80°C; and 1000U/ml LDH (U/mg varies with lot) flash-frozen under liquid N; and
stored at -80°C. R '
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ki nase (see below), Kinase-d oTM (Pronega Cat#V6712). [0321] Stack

Sol utions: 10nM Abl substrate peptide (13.4nmg/m in mliQH20 stored at -
20C, 100mM HEPES buffer, pH 7.5 (5 nil 1M stock + 45mL mli QH20O); 10mM ATP
(5.51ng/mM in dH20O) stored at -20C (diluted 50 | into total of 10 m

m | i QH20WIR200§/015880M ATP wor ki ng stock); 1% BSA (1 g BenuUseoiB79v 0.1 M
HEPES, pH 7.5, stored at -20C), 100mM MgCl 2i 200M St aur osporine, 2X

Ki nase- [@304]M SeadeadiAsiayesbenl bests-well fgmar @dubkactid@CB00MIRLDHS annar d Assay
Setup for 384-well format (20 | kinase reaction, 40 | detection reaction):

10mM M¥eL’):; 200% DA, 48Uimelt tﬁﬁUﬁ@k%DHeZOQDtM%B@hstrale peptidsy2.gidripsbund (i n

cont 1 of SRR RAMERBOHAE T isss foA DG TR MR AT P Cont ai nod

10M st pakiipRRQhirsI8 conthiBeKDNATEwWIR A6 tdsObmpiRh® Nobkivat&ardd cdntdiiedts0, by the
addition of ATP. Kinase reactions were incubated at 21C for 30 mn, then 20

| of Ki nplsef-0GM BT A & in the assap)l dect dephcsphcbrylmteﬂlfommoﬁhe oAbl MB&SKi nase

reaction and initiat he, | uni_.nescence After a 20..min incubation
o1 cPpfaRt vt B B b O Ot ERRG SRS [ LBde feRean S BHREGAbL or . NET

Lum nesg@Bey Begedddingysearssay [0323] Materials: Poly G u-Tyr (4:1)
substrate (Sigma Cat# P-0275), ATP (Sigma Cat#A- 3377, FWe551), HEPES

buf f 7 Cl2,
S;J aurGlros or| negfgﬁ%%%oﬁ%%%gkaéwﬁ&gaﬁﬁ%ﬁ H\}g %Q (3505'\/1%J ar 384-wel |
flat - balisbfbmupd speErdsdApR 2Ca4GHAN 4HHE- 1038) portidvEdT the RRadEng progréset Ve was

Ki nase-d oTM - Prorfe ga Cat #V6712) 117 WD, 2006/ 015124 PCTI U82005/ 026794
[0324] BepaRal g byilgFa reeressignie 8¢ dhsAcvilY mabspthangsupits/time giepertesdas 20C,  100mM

HEPES 'c'fsf gé of fht l?est5f t(lﬁxe?ﬁaoljegﬁuﬁltt [k cin focdituldttd fr&?g%g?% n#fiﬂi\éxﬁl 5. 51nmg/ mi

in dH20 red at - | ut ed 50 Into total O daily
=50M AT@bQﬁthlﬂgNADH]@) 340r08, @ngg) BSA in 100 m 0.1M HEPES, pH 7.5,
stored at -20C), 100mM MgCl 2; 300M Staurosporine, 2X Kinase-GLoTM r eagent

(made f{o@m ODaﬁtv@cfs%dalﬁited@s@@the EQseioh: ﬁéamﬂcﬁﬂ 1)%211 Epéz 384-wel |

format (20 1 kinase reaction, 40 [ detection reac MjCl 2; 0.3
mg/ m pb9%9 J(Bmm'ﬁ!/Sqre@nﬂg}ﬁ(B)SW -73), where stdepotepthe mba(lam cMﬂﬂ)ndaﬁl 4g/ M MET

Ki nase; 1 EPES, buf f. Positive c tai ne d DI\/BO with
o't est ATESBL e SRS PUTRR AP SR ThedseSRapt Hpbst
screening assay should be > 0.50. The typical threshold = py-3*c,. Any value that falls
below the threshold was designated a "hit".

[0317] Dose response was analyzed using the equation: y=min+{(max-
min)/(1+10lcomeoumdleglC30yy "swhere y is the observed initial slope, max=the slope in the
absenbe of inhibitor, min=the slope at infinite inhibitor, and the ICs is the [compound] that
corresponds to ¥ the total observed amplitude (Amplitude=max-min).

[0318] To measure modulation, activation, or inhibition of Abl KD, a test compound was
added to the assay at a range of concentrations. Inhibitors may inhibit Abl KD activity at an
ICso in the micromolar range, the nanomolar range, or, for example, in the subnanomolar

range.
Additional Kinase Assays

[0319] In addition to the c-Abl PK/LDH coupled assay (above), homogeneous

luminescence-based inhibitor screem'né assays were developed for c-Abl, MET, AurA, and .
PDK1 kinases (among others). Each of these assays made use of an ATP depletion assay
(Kinase-Glo™, Promega Corporation, Madison, WI) to quantitate kinase activity. The

Kinase-Glo™ format uses a thermostable luciferase to generate luminescent signal from
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The ki nase reactions were=tnitiated at tinme t=0 by the additiorrof ATP.

Ki nase reactions were incubated at 21C for 60 mn, then 20 | of

Ki nase- GLoTM reagent were added to each well to quench the kinase reaction
and initiate the | um nescence reaction. After a 20 mn at 21C,
the | um ne¥OXP15E detected in a plate-reading | uni nog%’[{}@#ﬂ?@s}&z@@t

Lum nescence- based Enzyne Assay [0326] Materials: Kenptide peptide substrate
= LRRASLGAIE spaping s solation folletying thplinase sgaptiprs; Hhpduminesgenssigmal isWs551) |

HEPES buf ﬁrﬁferse%oﬁeﬁtedjvg%) e brlno‘fig of ﬁ%%;(eggg% OCat #203728), MyCl2,

St aur ospor i1 ne t rept onyces sp IM5), white Costar 384-well

flat botto Cat #29444- 088) Aut ophosphoryl ated Aur A ki nase (see
bel ow) , g‘hﬁt ‘be;T\ﬂ“\('{\RPBWE YA 2) . (0327] Stock Sol utions: 10 mM

Kenpti de peptl de (7.72mg/ M in water), stored at -20C, 100mM HEPES buffer +
0. 015% Br |[t}32915 Moaterial 6 A(thuHstrat&/pbﬂEiﬁES BAYAKARF AKKK-QBYBRipeptide3San 45 ni

mI|Q—|20) T 51 tore (diJuted 50 | into
total of n&/l g&%?ﬁ#ﬂkﬁﬁ/&%%@ .*bg‘&ﬁ 0197% @B 200M
St aur os ommﬁnn | (Ra&R 934 I490), aaseInt -20C

(0328] RurA AthSAck?s horyl at i onF Reactglsc?g\ 'SI'II131\EK§31@{E,Ja Cﬁés\%f&eiglgdded tZ)
Sl it - AR TV Ray hitecstan B nmiet st otiomrrite QUWROGRAPOVGLBBR BVl y. The
aut ophosp PR 21C for 2-3 h. The reaction
was stoppggfa%%/é%ﬁe)&%v@dg?&%%%& W%E'BBF%%? Q/%i na?l concentration of 50mM and
sanpl es guid N2'and stored at -80C 118 E WD

2006/ 015%3#&%5@%38%%%& %hﬂ?@iﬁ%ﬁ BERde Gl 3ragiiml muniliQHL) stoged afie | |

format (2@pdc.Ki t + ngM Mgf12; 0.2nM
Kenpt i de p(e)ptl 80&3{%@?3&1&%0 ﬁ‘gusl(g |%ﬁg\/g%) 45&8%ﬁ(?§%0)A3t op osphor yl at ed
Aur A Ki nag®s1mgMi ATEIA)Gtrdd HEHES (diltied 366 idta fotal bﬂfO‘ @l mili¢ieO ddilye control s
contai ned DVMSO with no test co ound. sggati ve controls contained 5 M

st aur ospoirP MM AR wriksngsooky A% BSAL1 \eBSA imiq0imk & MAHEPESepH 24, igred Al

of ki nase - CrbTRPRALGREE 5@0%2*’@ el B RO it Bk el e

reaction mﬂedlgﬂuoo@)e the |um nescence reaction. After a 20 mn incubation
at 21C, the | um nescence was detected in a plate-reading | um nonmeter. PDK1

Lum nesce WZPa%?a%dg'ﬁng% é%&pa%r 384-well format (20 pl kinase réaction,_40 ul detection
reaction): 10mM MgClp; 100uM Abl substrate peptide; 0.1% BSA; 1 pl test comipound (in
DMSO); 0.4pg/ml Abl kinase domain; 10uM ATP; 100mM HEPES buffer, Positive

.J

controls contained DMSQ with no test compound. Negative controls contained 10puM
staurosporine. The kinase reactions were initiated at time t=0 by the addition of ATP.
Kinase reactions were incubated at 21°C for 30 min, then 20 pl of Kinase-Glo™ reagent
were added to each well to quench the kinase reaction and initiate the luminescence
reaction. After a 20 min incubation at 21°C, the luminescence was detected in a plate-

reading luminometer.
MET Luminescence-based Enzyme Assay

[0323] Materials: Poly Glu-Tyr (4:1) substrate (Sigma Cat# P-0275), ATP (Sigma CatHA-
3377, FW=551), HEPES buffer, pH 7.5, Bovine serum albumin (BSA) (Roche 92423420),
MgCl,, Staurosporine (Streptomyces sp. Sigma Cat#85660-1MG), white Costar 384-well

. flat —bottom plate (V WR‘Ca!#29444.-088). ‘MET kinase (see below), Kinase-Glo™ )
(Promega CathV6712). |
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[ 03301 Materials: RDKtide peptide substrate =

KTFCGTPEYLAPEVRREPRI LSEEEQEMFRDFDYI ADWC ( Upst at e Cat #12- 401) ATP (Sigma
Cat #A- 3377, FWe551), HEPES buffer, pH 7.5, 10%Brij 35 (Cal bi ochem

Cat #203728), MyCl2, Staurosporine (Streptonyces sp. Signa Cat#85660- 1M3) ,
white COYp6/@8rdnel| flat -bottom plate (VR Cat #29BdHUSRBY)26POK1L ki nase
(see below), Kinase-GlLoTM (Pronega Cat#V6712). [03311 Stock Sol utions: 1nM

PDKt i d 09 StStasleSdltions; l(ﬁn &@boly@u R WAk, Wre@ﬁ?IZ@P@)LOOH&H@IEﬁE at -20C
100nm buffer, pH 7. 1M HEPES st ock + 45 ni mil QH20) ; 10mM ATP

( 5I 51mjwﬁfer, iphl ‘461 om 1§1~/bs‘t@<dt 4a45 mizm@QH:@)uﬂ@aMz:STP 3. ﬁlmg/tr@gradeﬁ) sted] |
> s'c?“%o&ﬂ:éi%w%éﬁ ifolabod o LSO SROEM AThahekng SoHOOReSt or ed

200 BoRpedpRwaRdandudRAYIRES i of (BRI C) S0l IiBEL Mokhase

reaction detection reactl iomv My
conpourBtayrospoBMGQX KihadggGid™ rdagksit (lnadefesh oBMotb‘ﬂl%,t -200eM MgCl 2i. 100nM HEPES +
0.01%Brij buffer. Positive controls contained DMSO with no test conpound.

Negat i V[@ ”tStQﬁ&r&QgsLag'S@ﬁ érgjgg WP Oft?% T%ﬂﬁnas@'?é‘acﬁbﬂ‘%?l [&8GIdnONS wer e

initiated t tinme t ition Kinase reactions were
i ncubatresttiah): 2G:EM MgCél«gommg/nil pely GI0-Tigt; 01% WSAgdq:l GEsoddvhpomadeint wer e added
to eaph well to uench t he ki hase reaction and initiate the |um nescence

react i dAMS QB{Q}W mp IR kinpsec LM AT AQ0mNATER R bulfer; Resitivaroatralis detected in

o Py soplaiRd PMSO SRR Shmpdind, YRa R 3oRtq Baneifidd HEAESRLRRR e

CO- exprEfekimie maaﬁdﬂsdveﬂaﬁmrawm tithe =eBlbypthe fadiitione f ATP ORBhke Aactapen- r eadi ng
frame for Aurora kinase was ;Eﬂfled froma Hon:o sapiens (human) Hep&

cDNA | i Weraingubaiaion 288 So@Q)mip,therhd) ploifkipasesdothngent waretadded toRAM)  usi ng

or 1 mor oAt B e PO Sl R e SRR RO WA g e 7Y 27

expect gfijubaticn g1°Quhé fuitbsesmicsd whd detectedina pRftEreapingGutiino@ter.puri fi ed by
el ectrophoresis on a |% agarose gel in TAE buffer and the appropriate size

it T e e By Ut es at room {emperatare with |
topois 0[856? eMaterials: Kemptide peptide substrate = LRRASLG (Biopeptide, San Diego, CA),
ATP (Sigma Cat#A-3377, FW=551), HEPES buffer, pH 7.5, 10% Brij 35 (Calbiochem
Cat#203728), MgCl,, Staurosporine (Streptomyces sp. Sigma Cat#85660-1MG), white
Costar 384-well flat~bottom plate (VWR Cat#29444-088), Autophosphorylated AurA
kinase (see below), Kinase-Glo™ (Promega Cat#V6712).

[0327] Stock Solutions: 10 mM Kemptide peptide (7.72mg/ml in water), stored at -20°C;
100mM HEPES buffer + 0.015% Brij 35, pH 7.5 (5 ml 1M HEPES stock + 75 pL 10% Brij
35 + 45 ml miiQH,0); 10mM ATP (5.51mg/ml in dH,O) stored at -20°C (diluted 50 ul
into total of 10 ml miliQH,O daily =50uM ATP working stock); 100mM MgCl,; 200uM

~ Staurosporine, 2X Kinase-Glo™ reagent (made fresh or stored at -20°C).

[0328] AurA Autophosphorylation Reaction: ATP and MgCl, were added to 1-5mg/ml
AurA at final concentrations of 10mM and 100mM, respectively. The autophosphorylation
reaction was incubated at 21°C for 2-3 h. The reaction was stopped by the addition of

EDTA to a final concentration of 50mM, and samples were flash frozen with liquid Ny'and .
stored at -80°C.
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into pSBZ-"FCPO. The vector pSB2-TOPO is a topoi Sonerase-activated, nodified
version of pET26b (Novagen, Madison, W) wherein the follow ng sequence has
been inserted into the Ndel site: CATAATGGEGCCATCATCATCATCATCACGGT

GGTCATATGT O Joos/@f3that he fol | owi ng sequence inserted intga Hi‘l?zo@%? boly SI te
AAGGGGGATCCTAAACTGCAGAGATCC. The sequence of the resulting p asmg

(he S e g Segpence ool (e or ol MAEL 1 o A BBSLEP 1

AAGGOGOAT CEPARRET RNk ope o Kot et TR BULE RPN Lect o

has 14 am m3ugeil dstopteptotytutddieuri kigdss] 10484 ATP; 100mM HEPES + 0.015% Brij
(Metd yHi sHi sHi sHi sHi sH s@ yd yH sMet Ser Leu) and four anino acids added to

the G terbﬁffmsP(zS@\{?Gog}i@lyse}tameq@wa 80 fbepgpebed Negatiss pandiols on pl asni d

was then c

bacteri ophégg%sq%gtsw ﬁ%ﬁgts]t%m% &gg;%n Peor%g ?@%e%ﬁ gte{i a%%?{)&ﬁ'gﬂﬁ’? Bi ophys.
Res. ComnuadmoaQ@MPZ%naYs%ea%ﬁaas wébﬁm@ﬂm&pmw%r ge&enm 2%&1{&@@ usi ng
PCR from te]n%&at e | anbda bacteriophage DNA (H nDI || est w Engl and

Bi ol abs) us retageltﬁa@m %dﬂﬁdl@ arh yel trfusoch the kpnasma@lonraad initiate thei mer

(PPfor): I%Eﬁ_(léi E%GAGATGCGC] Rgv?%r se
7 AC.

~primer (PPr
120 F WO 2&@6{&&5}1@41@@6%005/ 026794 [0337] The PCR product (744 base
pairs expect ed) was geI purified. The purified DNA and non-co-expression

pl asm d (fq%éés? dﬁ@ g\%gl and Xhol restriction enzynes. Both
t he digeste pI asm u {& re then gel purified and |igated
t oget her f ( . ase and transforned into Top 10 cells
usi ng é%‘ﬁd%f?@éﬁ&&n tl& %Jsk,’ 8 of the phosphatase gene in the

CO- expr e S SK‘PFCGTPEYLQPEWEPMLSEEEQEWMW@ (Uﬁﬁﬁteﬁaﬁﬁlﬁafo@?] nopecul ar
bi ol ogy protocols foll oned here, see , the techni ques

descri bed S mﬁﬁ#&&ﬂ&ﬂﬁrﬁ1)@%@%&#&@}@%15@0%% BaKealbiveom Manual , Col d
Spring Har { rot ocol s
i Ir[: %?eculgﬁﬁiS%?%gﬂg@geeM% & ngn@sg? SC%#]dSWey(%?%V egsm ence,

NY, Costar 384-well flat —bottom plate (VWR Cat#29444- 088), PDXK1 kinase (see below),
Kinase-Glo™ (Promega Cat#V6712).

[0331] Stock Solutions: 1mM PDKtide substrate (1 mg in 200pl, as supplied by Upstate),
stored at -20°C; 100mM HEPES buffer, pH 7.5 (5 ml 1M HEPES stock + 45 m] miliQH,0);
10mM ATP (5.51mg/nﬂ in dH,0) stored at -20°C (diluted 25 pl into total of 10 ml |
miliQH;0 daily =25uM ATP working stock); 100 mM MgCl,; 10% Brij 35 stored et 2-8°C;
200uM Staurosporine, 2X Kinase-Glo™ reagent (made fresh or stored at -20°C).

[0332] Standard Assay Setup for 384-well format (20 1l kinase reaction, 40 ul detection
reaction): 10mM Mngz; 0.01mM PDKtide; 1 pl test compound (in DMSQO); 0.1pg/ml
PDK1 kinase; 5uM ATP; 10mM MgCl,; 100mM HEPES + 0.01% Brij buffer. Positive
controls contained DMSO with no test compound. Negative controls contained 10puM
staurosporine. The kinase reactions were initiated at time t=0 by the addition of ATP.
Kinase reactions were incubated at 21°C for 40 min, then 20 pl of Kinase-Glo™ reagent
were added to each well to quench the kinase reaction and initiate th luminescence
reaction. After a 20 min incubation at 21°C, the luminescence was detected in a plate-

reading luminometer.
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-2989. (0338] This co-expression plasmsgd contains both the Aurora kinase and__
| anbda phosphat ase genes under control of the lac pronoter, each with its
own ribosone binding site. By cloning the phosphatase into the m ddle of
the multiple cloning site, downstream of the target gene, convenient
restri ctWor0&yxigid4 are avail abl e for subcl oni ng t he phecptswesareiont o ot her
pl asm ds. These sites include Sacl, Sall and EcoRlI between the kinase and
phosphaPzperativa dfiGobixpressidmdPlasmlidXnol downstream of the phosphatase. Protein
Ki nase essi.o 0339], An open-r eadi frame for c-Abl _was anplified from
a Mus n@%{ll uglmsgbémc@?ﬁ??ﬂ?nﬁpagﬂéiﬂﬁﬁWﬂﬁ?%‘@g@@vﬁarvested nmouse
liver using a commercially available kit (Invitrogen) by PCR using the
f ol | owi 19341 i Aropen-Feading frdmerfomdwrorabAGAs SEOSOPIAMIGRAGE Hdrevsapies pr i ner :

CCOCTCRE LECCREACLT O G401 ARECRRESUEL, L340, BaS RalLs Srpag o0) vas

The purﬁsiﬂgaﬁemlewwgspﬁxhga;t ed for 5 mnutes at roomtenperature with
t opoi sonerase i nto pSGX3- TOPO. The vector pSGX3-TOPO is a

t opoi somer aseﬁ%&ﬁq)%%%tf gp%jﬁg/%%gé@ﬂ(ﬁﬁ ’F'PPG( Novagen, Madi son,

W sconsin) wherern ence has been inserted into the Ndel
site: CATATGI ®eérke paimer:t OEGAATTTIUCKGBEATEGAeGG.Nnserted into the BanH site:

AA CATCACCAT CTGATCC. The sequence of the resulting plasmd, from
t heeShi ﬂié-?'%m %&@Hﬁ% base BEGEPRCU S g6l Rusitisf s folowBaThy PCRite is as
f ol | ows, IW o f@m TCACCACTGATCC.
The c- rIOdexpre sed@ygggﬁﬁggﬁ:ﬁx%%%%h ee am %&?2%% 2006/ 015124
PCT/ US24p@Eipbiae s8¢ band ivds excitgd dromothe gel and ehutadi using a(standarSegel tamaytiand 8 ami no
acids ad to i -termn d.u Hi sHi sH sHi sHi sHi.s) . [0341] A

c- Abl / ?ﬁggﬁﬁa“?‘ﬁ%‘iﬁ%’g ‘3%‘5%%6;&&85; 811%“?‘?%/&& r%tsefr}?gﬁuﬁ &tﬁé@%i?[‘?ﬂ%ﬁl oni ng the
phos phain&sESEXDOPOhThéwE6EpSB2-EOPO §55i0pbisfharass-attivhteEradatial verdiod 0 t he
above plasm d. Both the Aurora co-expression plasmd and the Abl

non- co- &8s (Mevagem Madisope Vd) Whergie dhefgllawing soquepee hasdeen isrisd intpzy mes

EcoRl Eglggpls T LA RS fAckd q;(?@ e@@zﬁat ase gene

from tﬁtgg ur orltg' gﬁgsm cﬁ(\ﬁ/\gg@?‘l gatl\éﬁ&rg&?ﬁbﬁyg%ﬁgt e AFIN}XSF’I?pI asmd for 8 h

at 16C anddhd¢ follnwingrsegubnceineeriedpntd GheclBdrh I siffhe presence of the
AAGGGGGATCCTAAACTGCAGAGATCC. The sequence of the resulting plasmid,

from the Shine-Dalgamo sequence through the "original" Ndel site, the stop site and the

"original" BamHI site is as follows:
AAGGAGGAGATATACATAATGGGCCATCATCATCATCATCACGGTGGTCATATG
TCCCTT [ORF] AAGGGGGATCCTAAACTGCAGAGATCC. The Aurora kinase |
exi)ressed using this vector has 14 amino acids added to the N-terminus .
(MetGlyHisHisHisHisHisHisGlyGlyHisMetSerLeu) and four amino acids added to the C-
terminus (GluGlyGlySer).

[0336] The phosphatase co-expression plasmid was then created by inserting the
phosphatase gene from lambda bacteriophage into the above plasmid (Matsui T, et al.,
Biochem. Biophys. Res. Commun., 2001, 284:798-807). The phosphatase gene was
amplified using PCR from template lambda bacteriophage DNA (HinDIII digest, New

England Biolabs) using the following oligonucleotide primers:

) . Forward primer (PPfor): GCAGAGATCCGAATTCGAGCTC
CGTCGACGGATGgéGTGAAAGAGATGCGC
Reverse primer (PPrev): GGTGGTGGTGCTCGAGTGCGGCCGCAA
GCTTTCATCATGCGCCTTCTCCCTGTAC.

120




phosphat ase gene in the resulting construcf.was confirmed by restriction

di gestion analysis. [0342] This plasnid codes for c-Abl and | anbda
phosphat ase co expression. It has the additional advantage of two uni que
restriction sites, Xbal and Ndel, upstreamof the target gene that can be
used for sub0 2eb/0Fi2#f ot her target proteins into this peospRsibses’ao-
expressing plasmd. [0343] The plasm d for Abl T3151 was prepared by

modi fyi ng [03871ALThP@R FiddubtS7M0bdsH Paird dkpetted Rl 81 PR TRS piEifled DNA _
(Stratagene) with the manufacturer®s suggested procedure. and the follow ng
ol i gonuc! e®idingaso-WrTEsSEPRIgmig DN Acothmotigestedwriticiact epSKoreetncionAT GGG 3

From the pAAYBRGCas el et MO BRRATII AR il e O

non- co- exptogethérdor h asi°d wikksT4 DHASH gaserRd trankforméEintoCEdp19 cellygpéigent

BL21( DE3) COdWI L (Stratagene) cells and the to-expression plasnid was

t r ansf or metANdAR RIOIYTEE DY PrgEsAeq ofhe phasphaiass eppi ePsssiop pRshifk i ¢ genes
of | anbda RReQRAAAE B 0 | ' nan JE
Ot 3 Baot Ry PR by Saencidl ot SBRE Do R O ol R IR forc e

cont ai ni ngals® fereramplies the keahvzigyeasidescribsd iraS amtbreakngg kb, MoleowlaeCloningr & gr own t o

md-1og p e _and.stor t..-80C i.n LB contalni 5% ql ycerol ., This

gl ycer ol gf%"c?ﬁeﬁﬁ%ﬁuf‘ggﬁ@épmg(@?%?b%@%magﬂﬁ@%gﬁg@eﬂe%a 4retngl e
col ony waspidssedls it BMoldaRtBallézyl Bréthe PUblisHIB Asdcidtdd and tWilkImemtednbe, ad
chl or anpheni col, which was incubated at 30C overnight with shaking. This
culture wat’8sed to inoculate a 2 L flask containi ng 500 M of LB wth

kanamyci n and chl oranpheni col, which was grown to md- |og phase at 37C and
i nduced by[08B8] athis to-expredsionPldsntidcdhttindbdth thel Auvramdkénase atd lambdaAf t er

i nduction flasks were incubate 1 Cfor 18 .h with shaking. 122 WD
2006/ 0161 BHOBBEASS AU5S S SeBHO| PR G4 PRAEORE, ABSE AL O PRIHE S8 el n) vis
purified agtefl Wy 9Wn ﬁébho%gh\ﬁééé int6 hd RddRb e A fe'cﬁdﬂ%di@!‘dov&n%ﬁ&ﬂn bf
di luted cracking bufter (50nmM Tris HCl, pH 7.5, 00mMv KCI, " 0.1 % Tween 20,
20MM | ni dathe tasget\gene, conyanieaftregncticarsitecan nydiiablgder subclpring the phesthiptagisipto s.  The
soluble fr | S | f1.ed e n 1t h nickel
(Phar naci a&ﬁ%ﬁg% V@S %ecfééﬁi l,ncgl\rélagg(f%tﬁéed(\j%gn%gwna gé}g&ggﬁl&g\éﬁngns with a
gradi ent ophodplinidse tod HOOTY] Nofil ded Xhel downShesd dff thé phgsphiatéhe. 500mMM NaCl, 10mM
met hi oni ne, 10% gl ycerol. The protein was then further purified by gel
filtratio L0 G 75 preparative grade colum equilibrated in G5
buf f er (1?@%@%@@%%’?&%{0m '

[0339] An open-reading frame for c-Abl was amplified from a Mus musculus (mouse)

¢DNA library prepared from freshly harvested mouse liver using a commercially available

kit (Invitrogen) by PCR using the following primers:

Forward primer: GACAAGTGGGAAATGGAGC

Reverse primer: CGCCTCGTTTCCCCAGCTC.
[0340] The PCR product (846 base pairs expected) was purified from the PCR reaction
mixture using a PCR cleanup kit (Qiagen). The purified DNA was ligated for 5 minutes at
room temperature with topoisomerase into pSGX3-TOPO. The vector pSGX3-TOPO is a
topoisomerase-activated, modified version of pET26b (Novagen, Madison, Wisconsin)
wherein the following sequence has been inserted into the Ndel site: CATATGTCCCTT
and the following sequence inserted into the BamHI site:
AAGGGCATCATCACCATCACCACTGATCC. The sequence of the resultiﬁg plasmid,
from the*Shine-Dalgamo sequence through the stop site and the BamHI, site is as follows:
AAGGAGGA GATATACATATGTC CCTT[ORFIAAGGGCATCAT
CACCATCACCACTGATCC. The c-Abl expressed using this vector had three amino
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met hi oni ne, 500nMM NaCl, 5mM DT-.and 10% gl ycerol ). Fractions contai.ning the
purified c-Abl T3151 KD ki nase domai n were pool ed. The protein obtained was
98% pure as judged by el ectrophoresis on SDS pol yacryl am de gels. Mass
spectroscopi c analysis of the purified protein showed that it was

pr edom nwWex2096/E5¥2gl y phosphoryl ated. The protein wasPCheseooEhmsphoryl at ed
with Shrinp Al kaline Phosphatase (MBI Fernentas, Burlington, Canada) under
t he f ol dcisiad@edotoidiN-tedimsius (A SeBeiymdAl datihd BedPhidsd haitec edrmmel  c- Abl

T3151 KD, 100mM . MyCl2, .and 250nM additi onal NaC . The reaction was run

over ni gilu@lyHissHesisHsElisigk ei n was deternined to be unphosphoryl ated by Mass
spectroscopic analysis. Any precipitate was spun out and the sol uble

fracti ofi34ds Aephblghesphitaseiva epodssion plabyidgeds thdn dreatat byosubclehing tiee Super dex 75

i I ilibrat i 4 buff 0 HEPES H7. 5,
P o TS S B AR B LS LIRS E by SpovsiplismRdal | on ot
Met: [ @&ﬁheT&ﬁpfaﬂloLeﬁc@%séi_Sﬁ laBthiadie @ Amql%hlwlekkgési& Plasohid ¥ke | nsect cel |

cul ture_expressing the kinase domai n of human t were resuspended in a

buf f er dgestedirtira grithoestictionsnyyoies PeoRaryd Mot PlsoRNiANza@mentsrwexe gell ume  of

appr oxi nai.el r..1 L of. orjiginal lture. .On . et. of Roche
Conpl et@ﬁéﬁﬁ(f&lre geo%?‘ fpeefepe iﬁﬁﬁﬁ th?{ngb bé lgivf’as(héﬁﬁee% wl@%%é‘@?“ % added
per 1 LAWifpledi@)for@lh f4UbCIaR] trahbPrBedpe el celds Feipiéseicefdthel hour at 4C.
Debris was .  renoved by centrifugation for, 30 m nutes at, 39,800 x gat 4C. The
super naRbeprhalpse gengde Hisresplimg consrushiwasgonfanedby wstiction digestipn sualysis-urry of
Q agen Ni - NTA Agarose (Cat# 30250) that had been pre-equilibrated in 50mM
Tri s- HJO342) 7Tlds pl&mid dddé for d-004 ard nmbdaophospl@atdek coexiaezssion, Iidhnd the OVl

Met hi oni re added. and stirred.for, 3 i nu at 4C. e sanpl e was

t hen poﬁaﬁﬁn\ﬁﬁ%a@a@r&ﬁw 2 BPJﬂHWCa‘PCE%thE?ﬁg&?r&E ﬁ’é‘iﬂﬁaﬂt FPsirﬁaIE(?-F[H’rﬁarg ol umes of
50MM Tr epe tifat cddtbefisSd for GBS othled Urfdt pEsREiRS intd EXEHbsPHERZOLL, and | OM
Met hi oni ne. The protein was eluted using a step gradient with two colum
vol uneseXpeseing piestaide sane buffer containing 50mM 200mM and 500mM

| m dazol e, sequentially. 123 WO 2006/015124 PCT1US2005/026794 The 6X

Hi st i di joa43]agTiveysiastdié dorekbl G3é finwgsiprepased by Modifiing the Abl pladmidnsingabe

(I'nvitrogen t# 10127017) per 1 .of protein while dialyzing in 50
Tris- HCé'%ﬁIHC ange MHHPRFRANE §“a&a6%%g‘3}tgé]ﬂ anu ey ﬁﬁ“&&?&a“é’,m BHe10mv

Met hi onjagh&olifving Uhgofuclddtigds: di ne tag was renoved by passing the sanple
over a Pharnaci a f | MAC colum (Cat# 17-0409-01) charged with N ckel and

i caz B SSOR AG G h e AT A R GT AR e T

MmO05582dA4 5'-CCCATAGGTCATGAACTCAATGATTATGTAGAATGGTGG-3".

[0344] Protein from the phosphatase co-expression plasmids was purified as follows. The

non-co-expression plasmid was transformed into chemically competent
BL21(DE3)Codon+RIL (Stratagene) cells and the co-expression plasmid was transformed
into BL21(DE3) pSA0145 (a strain that expresses the lytic genes of lambda phage and lyses
upon freezing and thawing (Crabtree S, Cronan JE Jr. J Bacteriol 1984 Apr;158(1):354-6))
and plated onto petri dishes containing LB agar with kanamycin. Isolated single colonies
were grown to mid-log phase and stored at -80°C in LB containing 15% glycerol. This
glycerol stock was streaked on LB agar plates with kanamycin and a single colony was used
to inoculate 10 ml cultures of LB with kanamycin and chloramphenicol, which was

' incubated at 30°C overnight with shaking. This culture was used to inoculate a 2 L flask '
containing 500 ml of LB with kanamycin and chloramphenicol, which was grown to mid-
log phase at 37°C and induced by the addition of IPTG to 0.5mM final concentration. After
induction flasks were incubated at 21°C for 18 h with shaking,
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]
Ni cke&f—colum at a low affinity and was elFtted with a step gradient. The

step gradient was run with 15% and then 80% of the B-side (A-side = 50nM
Tris-HCl pH 7.8, 500mM NaCl, 10% d ycerol, 10mM hm dazol e, and 10mM

Met hi oni ne; B-side = 50mM Tris-HCI pH 7.8, 500mM NaCl, % , 500nmM
| m dazol e, ‘35&%%%’ et hi oni ne) for 4 colum vol unes ea%](%/ﬁ%&é%%?‘l protein
eluted in first (15% ., .whereas the non-cleayved Met. and the cl eaved
Hi sti di ne {0355%@%3?]3{)%%&@ p1ase demypkvasmigiied of rofllawei GRS YRFe pool ed

af ter SDS- Effche@By caduysion, gf_i;nrd@iﬁfédmada Bﬁﬁé}f‘(golﬂfvl ?ﬂi@ﬁt’:ﬁ%}ﬂ\‘%,; further

purification was done Dby gel” filtration chfomatography on an Amersham
Bi osci ence§00HN &L, 0.6%chvee8 202 talM IrtdrzplecpitlysauitatioCand caitrifigédtodéove

equilibrated jn.5 Tris-HC. pH 8.5 150mM . L0% cerol and 5 nM
o e e ol e bl %R Bl pasiod sROLRAMERS ok S hah BB, o T 1,
cent ri f ugaipherindctd, BPpsAlE, S@Bdéd),tanad e kedihdetOfAtiacIMMEEns Gettar dridighitbf 2drhirer uni t
(Cat# UFC901024). Purification of AurA: {)03471‘ The Sf9 insect cell pellets

(-18 g) priohCmy ipidegole in SOMM Fris. pEES, SEVMM NaGy temsMygethioningnlBar or a- 2 wer e
resuspendeg.in 5 . e unH 8. 0] -109 I ol ,

0. 2%- oct ygl- %%91&?%@3%@ B’aaggguﬁ T Eﬁi‘f?eéir@ %ﬂ%ﬂ%‘@%\@%‘%@ﬁ%@{%@%ﬁ@ (BME).
1873580) and 85 0ol LS Benzonase.( Novagen Cat#70746.3))  wer ¢ afded per 1 L

and_ u onas Vi - wer.e, added per

of origina e@lﬂ”ﬂ?r&b“é@ﬁ%ﬁé"%ﬁr’ @3@‘8&%@@3 T APOPDXINRBE {150 M per 1
L of origi patfiedel ABIrE3 BIADEheselddfin @&Eg&ﬁé&drlﬁrbrbt‘éﬁl Widifled W3 9395 flre S€C
bursts (100% duty cgl e). Debris was renbved by ‘centrifugation and the

super nat anas judgsdpasisetiontiorasisgm SDpdyssnyleyideggle. Mass spectescopie aimdysisof | oaded

onto a 5 Ni 2+ Hi Trap.col Phar maci a) ... .The u hed with 6
ool vol eeutGed Rl AReE Ot IR i SRS bRS Bne B8y Bhetlord B SR Bltssh "0y
BVE. The waothen dephbsphotylktabiwiils Shdmp A&M&Phﬁpﬁﬁh@m&rﬁ&t@B&lﬁg{oﬁ?r

cont ai ni ng_500mMM I m dazol e. The el uant (24, was ¢l eaved overni ght at 4C
o e bt 1 o g (i LGRS FRIIBRBS SRS A SO R M g ARy Cor of

3nM BME an StaM b i1 t ya : ein

was passed?%)l\];g?&gqgeqonlg{g%izg’:%g\ésgw \r{%ﬁlg&%gﬂﬁgnﬁ 1?263{9%35%%%‘81%%?% |

PCT/ US20052326 Thé prodein sves deternevedsto de enpphidsphdrylated by Masg bpearescopit buadyséd. The

cl eaved protein fractions were omi ne nd concentrated using ,spi

Comantr ot B bl bl Bk God 68 ANAE Sadiid 5SS hoR it /el

chr omat ogr gRRaYoPHksiE a1 eﬁde&imQJré‘ﬁafdﬁw%EaP?&ﬁﬁMl ithated W GF4 batferd1GhMm 250nM
uf f er,

NaCl , 1nM EDTA, 0. 1nmM AVP- PNP or ATP and 5nM DIT. The cl eanest
HEPES, pH7.5, 10mM methionine, 150mM NaCl, 5mM DTT, and 10% glycerol).

Purification of Met:

[0346]) The cell pellets produced from half of a 12 L Sf9 insect cell culture expressing the
kinase domain of human Met were resuspended in a buffer containing 50mM Tris-HC] pH
7.7 and 250mM NaCl, in a volume of approximately 40 ml per 1 L of original culture. One
tablet of Roche Complete, EDTA-free protease inhibitor cocktail (Cat# 1873580) was added
per 1 L of original culture. The suspension was stirred for 1 hour at 4°C. Debris was
removed by centrifugation for 30 minutes at 39,800 x g at 4°C. The supernatant was
decanted into a 500 ml beaker and 10 ml of 50% slurry of Qiagen Ni-NTA Agarose (Cat#
30250) that had been pre-equilibrated in 50mM Tris-HCl pH 7.8, 50mM NaCl, 10%
Glycerol, 10mM Imidazole, and 10mM Methionine, were added and stirred for 30 minutes
at'4°C. The sample was then poured into a drip column at 48C and washed with 10 column
volumes of 50mM Tris-HC] pH 7.8, 500mM NaCl, 10% Glycerol, 10mM Imidazole, and
10mM Methionine. The protein was eluted using a step gradient with two column volumes
each of the same buffer containing 50mM, 200mM, and 500mM Imidazole, sequentially.
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fractions were conbi ned aad concentrated to approximately 8-1lng/nl, and
were either flash frozen in liquid nitrogen in 120 | aliquots and stored at
-80C, or stored at 4C. Purification of PDKl: [0348] Cell pellets produced
from6 L of Sig insect cells expressing human PDKI were resuspended in a
buf f er cWx2Pe1AR450MM Tris-HCL pH 7.7 and 250nM NaClPEHUS200%02G7d  of
approximately 40 nL per 1 L of original culture. One tablet of Roche

Conpl et The GDMAdfne & Wisall@nedov et pitivsig mamkéaﬁTEV[ @ﬁt&sé&ﬁ&&%@én end 85 units
Benzonase (7Novagen Cat #70746- 3) ).. wer e added E L_of original culture The
suspenst v 7{48 P8t | mzef projein phils dinlyzane in COmBE Brip- &I%E T+&mo0Ed

centri fv@%taw&r&omn%q Imb(gﬂékﬁsarﬂtl Oiﬁ’n"-{fhué?ﬁe 9{;4 eEtz%na;tﬂxg fagwagt was

decanted int© aker an 0% sI urr Ni - NTA
Agar os ere@@t:dtbﬁﬁ&sm)g tlndsamphad/ebeéhﬁrplaelaéqnﬂl IMAC atleohni(Ga#ATN400iH) HCI pH 7. 8,

T s o T e A g

col um @gcéﬁl anthv waRRde, Whd Mok mhﬁmwmmvmpé@m\ﬂoma%o {Hel pH 7.8,
- 500MM Na 10% d ycerol, 10nmM hm dazol e, and 10mM Met hi oni ne. The protein

was el uNy&reLp@ﬂmmdaslpwf@nmnémas em‘tqdnmmstemmmemw&h@m geali¢ntofast he sane
Cag ves U Bl dae A 0 88 a8 LS B RO 2.8, YoombNat o ot
10127017()% [@lycetotpl M Imidazble, andi 10 Methishing B-5idSrsiinM Teis B pEPH8/. 8, 500V
st di SO Ao 10% ROFEE AP OBEL S S50 AN EMBAAIRE) Mk SReT 5 i | NAC
col um {Latg, éaého‘fﬂgl\@ m\}rofegaélglo iy %M‘so&F%i Gzh@ﬂyé fhe %Pﬁ-fcﬁg%wgpmw

Tris-HCl pH 7 ycer I'm dazo
Met hi onamdthe @’hevedlfhatuhnb tagahtedlmtlml&@%ﬁaqmn& h’HnefIIS&&\ﬁ'acttmaghre modedeas t he

uncl eave L Aan Hi s ta emal ned Ni - oI um. The
cl eaved? %qr%{llﬁﬁA&ﬁ §ls\ﬁ/8? ?Wgﬁnﬁﬁﬁf ?%?HS@X‘{ ?zﬁ“@bﬂ ﬁﬁl 8pin
concent a¢ @dne- byfpel filk@fiorPéHrorhhte Slap®oVas AfRBark Bidkelenéds Hil 84d P8I60

chr omat ogreﬁé)hy on an Anersham Bi osci ences Hi Load 16/ 60 Slgerdex 200 prep.

gr ade ( Sxnepdex 209 pemp-grade (Catfuli7r 106901 aquikibratedip S0 TgstHELPH 85, 150mM Nadl
d 5 . d t
Sy i M A, fop Rt and S T ey BRI B SRR CC ¥ £ uga

filter umﬁcer(tf%ﬁdbtoHE@gﬂL’gﬁﬁmy ceﬂ&ifugamﬂﬁﬂzﬁimﬂl&bﬁMMS llEBQO((DBhMWBDl Cel |
Assays: 1034 V4 - l I I S were maintained in Iscove's Mdified

Purification of AurA:

X

[0347) The S insect cell pellets (~ 18 g) produced from 6 L of cultured cells expressing
human Aurora-2 were resuspended in 50mM Na Phosphate pH 8.0, 500mM NaCl, 10%
glycerol, 0.2%n-octyl-B-D-glucopyranoside (BOG) and 3mM B-Mercaptoethanol (BME).
One tablet of Roche Cbmplete, EDTA-free proteaSe inhibitor cocktail (Cat# 1873580) and
85 units Benzonase (Novageﬁ Cat#70746-3)) were added per 1 L of original culture. Pellets
were resuspended in approximately 50 ml per 1 L of original culture and were then
sonicated on ice with two 30-45 sec bursts (100% duty cycle). Debris was removed by
centrifugation and the supernatant was passed through a 0.8 pm syringe filter before being
loaded onto a 5 ml Ni** HiTrap column (Pharmacia). The column was washed with 6
column volumes of 50mM Na Phosphate pH 8.0, 500mM NaCl, 10% glycerol, 3mM BME.
The protein was eluted using a linear g'radient of the same buffer containing 500mM .
Tmidazole. The eluant (24 ml) was cleaved overnightk at 4°C in a buffer containing 50mM

Na Phosphate pH 8.0, S00mM NaCl, 10% glycerol, 3mM BME and 10,000 units of TEV

(Invitrogen Cat# 10127-017). The protein was passed over a second nickel affinity column
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suppl enented with 10% f et a7 bovi ne serum (FBS) and penicillin/stTeptonycin,
Ba/F3 cells were naintained in RPM 1640 suppl enented with 10% FBS,

penicillin/streptonycin and 5ng/m reconbinant nouse IL-3. Cell Survival
Assays [ 03 oypds were tested in the follow ng as 5= | cate.
[ 0351] 96-\/\527h2 1lggsay: Cells were grown in growth nedia c%ﬁ%ayab?&r?%g

various congentratjons, of, coppounds i,cates) on a 96-wel |l plate for 72
hours at 3%25&’8‘;%’88 aécgvgl; {fﬁeﬁ]é’wétg?qugﬂﬁvﬁgé&r%g- %6 FQWQQI%QPI@C%‘&FQ’%‘TI and
vol une wascohffindd anfilcohdeatr@ied ughg §piconbentfhlsts. FidfHePplrifAtiot-RaddorR by el

| abel ing m xture (50:1 solution of sodium3'-[1-

(pheny! ani filaten depgptpgaphy ore B3y sring 69lumngdn é&mMaNh Bkespbate (nH 8)), B&Ambhe
| f oni ' | - ' : |
i bensopyr et IMNEERTA, BNEATE R GO bl SRIEM DT RS e arcer

an addi ti ofradtiods Wele@otnbinetl ahdconbaritiatsd tabpitdkimatdlng- 1algmilbaiceere eakbrng at
405nm wi t h_background correction_at 650nm was neasured with a

spect r ophofleshetozen iy lsmebnitragen ind 29 nhalighals Bpd stored #hB0°Gprstorest at 42

suspensi on were plated onto each well of a 384-well plate preprinted with
0.5 | of cPuxificutibniof PDWO or DMSO only. The starting cell nunber was 4000
cells per well. After a 72-hour incubation, 10 | of Al amarBlue solution

(440 M respaugy) nCElpRRprd@iced KOs LBFSH ihQeFAAN eXitdsing huldf PRRG fere AT t €1

an addi tional "2-hour incubation at 37C, fluoresce S neasure ng a
TECAN pl atesuspetidil iya bufirconteingg S0mtM Teixd GlaH 67 and 2588MNa(1dn e mdlesieon at

- eagent s+ HAPPIRPERRy A0 e Py (1S bk RituatOne Bl Sthne TRmpidle A
assay. Tabfree prBteadRGithibifdr doblasiD L3 7B3AR -2l I8SAhitI Beliz6Adse Bea@gat Li st

Description Vendor Cat al Iog # RPM 1640 Invit rce_)lggn 11875-135  10% Fet al
Bovi ne Ser Gaf7TQAMR 3 5werp 2dded peg b drof originpLadiuren dbe spspsasion, wessdined Aunl Pl asne,

PCT! Us2000 SR BY s S rheyRR B B SR or o micfle A0 RRPE 04
The supernatant was decanted into a 500 mL beaker and 10 ml of a 50% slurry of Qiagen
Ni-NTA Agarose (Cat# 30250) that had been pre-equilibrated in 50mM Tris-HCI pH 7.8,
500mM NaCl, 10% Glycerol, 10mM Imidazole, and 10mM Methionine, were added and
stirred for 30 minutes at 4°C. The sample was then poured into a drip column at 4°C and
washed with 10 column volumes of 50mM Tris-HCI pH 7.8, 500mM NaCl, 10% Glycerol,
10mM Imidazole, and 10mM Methionine. The protein was eluted using a step gradient

with two column volumes each of the same buffer containing 50mM, and 5S00mM
Imidazole, sequentially. The 6x Histidine tag was cleaved overnight using 40 units of TEV
protease (Invitrogen Cat# 10127017) per 1mg of protein while dialyzing in 50mM Tris-HCl
pH 7.8, 500mM NaCl, 10% Glycerol, 10mM Imidazole, and 10mM Methionine at 4°C.
The 6x Histidine tag was removed by passing the sample over a Pharmacia 5 ml IMAC
column (Cat# 17-0409-01) charged with Nickel and equilibrated in 50mM Tris-HCI pH 7.8,
500mM NaCl, 10% Glycerol, 10mM Imidazole, and 10mM Methionine. The cleaved
protein eluted in the flow-through, whereas the uncleaved protein and the His-tag remained
bound to the Ni-column. The cleaved protein fractions were combined and concentrated
using spin concentrators. Further purification was done by gel filtration chromatography on
. an Amersham Biosciences HiLoad 16/60 Superdex 200 prep. grade (Cat# 17-1069-01) ‘ .
equilibrated in 25mM Tris-HCI pH 7.5, 150mM NaCl, and 5SmM DTT. The cleanest
fractions were combined and concentrated to ~15mg/ml by centrifugation in an Amicon
Ultra-15 10,000 Da MWCO centrifugal filter unit (Cat# UFC901024).
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c- Abl (Ab-3) nonqcl onal antibody VAR 80001-286 Reconhinant Mouse

I nterl euhin- Chem con IL015 3 Adhesive Plate Seals 96wel| PP 3251 round
bott om Thonpson 932465 plate w |id TC Instrument Co 96wel | Nunc Maxi sorp
plate (for Fisher Scientific 12-565-136 <colorinmetric assay) 96well white

fl at - bot swomopb/ease24(for Matri x 4923 | um nescent assaypCEys2®s/msifier
conponents Tris-d pH7.4 (20mMV) NP 40 (1% EDTA (5mM) Sodi um pyrophosphat e
(NaPP; GupMssiNaF (5mV) Nadl (150r’r1\/9 Protease Inhibitor Cocktail Sigma P2714
PMSF ( FFFQ SO%I um vanadat e (lNaVO4 2mM)  PBS, fee cold Antl-Phosphotyrosine
( 4GlOTIVﬂ0 49bs DAY &11 grd THP el s)we@zllamtm:d E’dﬁ?QYg aModified Indlberco's MaddmBoat

15- 320 i, 1O e oy A SRR} pIERRRSHEN ST Rl ST S (0. 1
Na- car bered @ainfaied ISRPMAS S20 s@planwnted\o&mhldwFBs;peémﬂﬁﬂﬁw&h{j%hnd St op

Solution (2N sul furi'c acid
nfgr,/ml recombmant mouse Il), 3.

Cell Survival Assays

[0350) Compounds were tested in the following assays in duplicate.

[0351] 96-well XTT assay: Cells were grown in growth media containing various
concentrations of compounds (duplicates) on a 96-well plate for 72 hours at 37°C. The
starting cell number was 5000-8000 cells per well and volume was 120 pl. At the end of the
72-hour incubation, 40 pl of XTT labeling mixture (50:1- solution of sodium 3'-[1-
(phenylamino-carbonyl)-3,4-tetrazolium]-bis (4-methoxy-6-nitro) benzene sulfonic acid
hydrate and Electron-coupling reagent: PMS (N-methyl dibenzopyrazine methyl sulfate)
were added to each well of the plate. After an additional 2-6 hours of incubation at 37°C,
the absorbance reading at 405nm with background correction at 650nm was measured with

a spectrophotometer.

[0352] 384-well AlamarBlue assay: 90 pl of cell suspension were plated onto each well
of a 384-well plate preprinted with 0.5 pl of compound in DMSO or DMSO only. The

starting cell number was 4000 cells per well. After a 72-hour incubation, 10 pl of

AlamarBlue solution (440 pM resazurin in PBS) were then added to each well of the plate.

After an additional 2-hour incubation at 37°C, fluorescence was measured using a TECAN

plate reading fluorometer with excitation at 535nm and emission at 591nm.

BCR-ABL Phospho-ELISA Assay
[0353] The following table shows the reagents that were typically used in the BCR-ABL
phospho-ELISA ("P-ELISA") assay. ‘

Table 19. BCR-ABL phospho-ELISA(p-ELISA) Typical Reagent List

Description Vendor Catalog # '

RPMI 1640 Tnvitrogen 11875-135 *
10% Fetal Bovine Serum, VWR 16777-014

characterized, heat inactivated

Human Plasma, Bioreclamation HMPLEDTA
Anticoagulant=EDTA Inc.
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used)

Upstate

12-349

re washed

BD OptEIA Reagent Set B

BD Biosciences

550534

Coating Buffer (0.1M Na-carbonate,
pH9.5)

Assay Diluent

Wasgh buffer (.05%Tween/PBS)

Stop Solution (2N sulfuric acid)

Substrate Reagents A&B

SuperSignal ELISA Pico
Chemiluminescent Substrate

(may be used instead of Substrate
Reagents A&B)

Pierce

37070

Cells (Ba/F; cells transfected with WT BCR-ABL, other kinases, or T315I,

Y253F, or other mutant forms of BCR-ABL) were grown in the absence of IL-3 at least %

week before the assay. The day before assay, the cells were fed with fresh media so that at

the time of assay the cells were in log phase. Ba/F3 cells that had been grown in the

absence of IL-3 for at least % week were resuspended in RPMI 1640 so that each well of a

96-well plate would contain approximately 200,000 cells. Cells were distributed in a 96-

well plate containing serially diluted concentrations of test compounds. Cells were typically
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four tinmes.wth 200 Al of wash buffer per well..[0357] If necessary, (i.e.
for unconjugated anti-pTyr antibody) secondary anti body (goat anti-rabbit
HRP) was diluted 1:3000 in assay diluent (3.33 .sl per 10 m diluent) and
added at 10 ml of diluted antibody per plate. Excess secondary anti body was
renoved Wo@Rwths124ELI SA pl ate, and the pl ate was wash@dTiusewosniares with 200
Al per well of wash buffer. [0358] Substrate Reagent A and Substrate
Reagent ifkubile®nith oCatithditAdd cOupRings Bra0- 126H1idMeLatGoEheardcumrhgescent
Substrate) were added i medi ately before use ( resul tant sol ution pet

10 n
pl at e) . inqydatgn veasperforned with er widpad ofher adgétivies suphyas d0%diCSiori0Kuhemamnd

chem | urg c 5y RASYT ] | unl nie - -

e P BBl R AR, SRR Sl e A RS e a0

resul t s minoteycheriysdte whé QéargdbyeanAifufAionVET PDKI 3151 Cells] 1C50 1CSO  or
Bai F3 T3151 Abl T3151 Abl _Y393F proliferation OP IC50 IC50 (XTT) O HN-N

Br C C B339 Nohhatd¥ LIS plad: MnthbiCiaffy Svaitdte ANABYT Gnfibdies(h.gHAS. N
3, Calbiochem OP20) were prepared at a concentration of 0.125ug/ml in coating buffer
(0.1M Na-carbonate, pH 9.5), and plated at 10 ml per plate (12.5 ul 100ug/ml Ab/10ml). In
a high binding multi-well plate, 100 ul Ab in coating buffer were added to each well, and

—
S

each plate was covered with a plate seal and incubated overnight at 4°C.

[0356] Excess antibody was removed and the ELISA plate was washed 3-4 times with
200 pl of wash buffer (0.05%Tween in PBS, pH 7.4). 150 pl of lysate (see above) were
transferred to the ELISA plate. Plates were sealed and incubated 2 hours at room
temperature. The detection antibody (e.g. HRP conjugated anti-pTyr or unconjugated o-p-Y
4G10, Upstate) was prepared in assay diluent. The antibody was diluted 1:1000
(stock=2pug/ul, 200 pg in 100pl; f.c.=2ug/ml) in assay diluent and 10 m! of diluted antibody
per plate were added. The lysate was removed from the ELISA plates, and wells were
washed four times with 200 ul of wash buffer per well. 100 pl of detection antibody was
added to each well; the plate was covered, and incubated 1hr at room temperature (21°C).
Excess detection antibody was removed from the ELISA plates, and the wells were washed

four times with 200 ul of wash buffer per well.

[0357] If necessary, (i.e. for unconjugated anti-pTyr antibody) secondary antibody (goat
anti-rabbit HRP) was diluted 1:3000 in assay diluent (3.33 pl per 10 ml diluent) and added
at 10 ml of diluted antibody per plate. Excess secondary antibody was removed from the
ELISA plate, and the plate was washed four times with 200 pl per well of wash buffer.

[0358] Substrate Reagent A and Substrate Reagent B (Pierce Cat#37070 SuperSignal
ELISA Pico Chemiluminescent Substrate) were added immediately before use (10 ml
resultant solution per plate). 100 ul substrate were added per well, mixed for 1 minute, and

chemiluminescent signal was measured with a luminometer.

] ¥
* -
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~~1 N \ \ NCC 129 WO 2006/ 015124 PCT/ US2005/ 026794 corpound P_ELI SA (T
Aur A [ C50 WET PDK1 3151 Cells] 1C50 1 C50 or Ba/F3 T3151 Abf T3151  Abf
Y393F proliferation OP 1C50 1C50 (XTT) HNEN \ / / O v /NN CCC OHNN

oHOCC C‘WOQOWIHMNI \'/ 1 10N OCCB 0 H\N-N ~NpdMudoosid2639£ B 130

Table 20. Selected assay results:

compound P_ELISA_|T | AurAIC50 MET PDK1
3151_Celis] IC50 IC50
or Ba/F3
T3151
' AbI_T315I_ | AbI_Y393F'| proliferation
0P IC50 IC50 (XTT)
o/
HN—N
\
N7
| =
Br C C B
HN—N
A-C
I -
HN / C c B
HN—N
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WD 2006/ 015124 PCT[ US2005/ 026794
M6l Cel | e]

| C50 |1 C50

OP IC50 1 C50 (XTT) O HN'N NI

HN-N N NI

PCKI

VN7 O NomMm 0CCB 0/ HAN N I\N NJ OCCCt
131 wo 2090820681332 PCT/ US2005/ 026794 conpound P_ELI SROIIUSAmsA247660 NMET
compound P_ELISA_[T | AurAIC50 MET PDI
315l_Cells] IC50 IC50
or BalF3
T315l
Abl_T3151_ | Abl_Y393F | proliferation
0P IC50 IC50 (XTT)
C C C
C C C
C C B
C C B

\i

; conpound P_ELISA [f AurA I C50 MET PDK1
or BJF T3151 Abl1l T315l Abl _Y393F proliferation
/1 O CCB o HNN NI

NY 0O CCB
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o= T

3151 Calls) I1C50 1C50 or Bal F3 T3151 Abl _T3151  Abl _Y393F proliferation
OP1C50 IC50 (XTT) eNNO CCC HNNN F ~ICCB OHNNF N ~ON OC
CC HN-NNI s NJ abc 1, o CC 132 1 WO 2006/ 015124 PCT/ US2005/ 026794
conpound P VAD R@A0{sT24Aur A | C50 MET PDK1 3151 Cel | s] | Co@CIUSE005/6367Bal F3
T3151 Abl _T3151  Abl _Y393F proliferation OP IC50 1C50 (XTT) 10 HN-N

compound P_ELISA [T | AurAIC50 MET PDIKA

315l_Celis] IC50 IC50
or Ba/F3
T3151

Abl_T3151_ | Abl_Y393F | proliferation

OP IC50 IC50 (XTT)

T 1

c c B

Cc Cc B

Cc Cc B

C C c
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\' N 0,0 0CCC NHNN N 10OQo0cCC HNNN N oke 0CCBOC HNN
Nl N dCr JO N\/ CB 133 WO 2006/ 015124 PCTI US2005/ 026794 conpound

P_ELISA g AurA, 1C50 | YIET PDKI 3151 Cells] 1C50 IC50 or BalF3 T3151 Abl
T3151_ Ab1Y393F proliferation OP I1C50 IC50 (XTT) O HN- NN \ 1/ \ I No

0 C C Gyo Bosio15124 PCT/US2005/026794
compound , ~ P_ELISA [T | AurAlIC50 | MET PDKi1
3151_Celis) IC50 IC50
or BalF3
T3151
Abl_T315l_ | Abl_Y393F | proliferation
0P IC50 ICc50 (XTT)
[}
C C C
C C B
C C C
C C C
[} * .
*
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H-NOCCB rN, OCCT o H+N N \ O HJ-NCCB 132 W
2006/ 015124 PCT[ US2005/ 026794 conpound P_ELISA [T AurA I C50 MET POKI 3151
Celle] 1C50 IC50 or Ba/F3 T3151 Abl_T3151 Abl Y393F proliferation OP

'IA\C/SOBI C50 (&(8'1'3068151)/44~11 I~0 CCC HNNNN-~CCCC PQTMOS/BGVN G CC

compound P_ELISA [T | AurA(C50 MET PDIK1
3151_Cells] IC50 IC50
or BalF3
T3151
Abl_T315l_ | Abl_Y393F | proliferation
0P IC50 | 1C50 (XTT)
T ) —
Cc C Cc
Cc ] ]
c c B
Cc Cc B
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I
T
B

SA [T AurA_LC50 MET PDM 3151 _Cel | s]

NONF NIN 0 CCC 135 WO 2006/ 015124 PCT/ US2005/ 026794

conpound

| C50 I G50 -6+ Ea/ F3 T3151

3151 Abl _Y393F proliferation “OP 1 C50 1C50 (XTT) HNB N ~N ~-OOCHCC
HA-NON OONCCCHNNB N/ GHCCBB Or OO
WO 2006/015124 PCT/US2005/026794
compound P_ELISA_[T [ AurAICS50 MET PDI1
3151_Cells] IC50 IC50
or BalF3
T3151
Abl_T315l_ | Abl_Y393F | proliferation
OP IC50 IC50 (XTT)
C C C
B
Cc c B
c lc c
. ¢
- *
C C B
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C B 136 We=20061015124 PCT/ US2005/ 026794

PI]Kl 3151 Cells] 1C50 |C50
proliferation

or

OP 1C50 IC50 (XTT) B HNN O NL~
N~ O CCA For Table 21 above,

conpewnd P ELISA [T AurA | CSO MET

Ba/ F3 T3151 Abl _T3151_ Abl Y393F
vVOCCB 0 H\- N 11 g

the activity synbols represent an | C50 as

fol l ows: AMO2MM0EIIL 10 M C<1 M 137 What is clai med PET/US20040283¢h0und

i ndepende
unsubsti t
to 2, and
cycl oal ky

having the formula: NH ~ N\ R2L 1R wherein L' and L2 are
ntlycempond, -S(O, -, -0-, -NH | RUBSISASH { dwedlicon. CHET ky| PRIE]
uted 2 to 5 menbered het ¢roal kyl grddsl_Ggistein n is anl¢56t egplC50r g
R and R2 are {ndependently substgyﬁgFEd ol unsubstit ut ed
, Substituted %&blﬂ?&%ﬁsﬂ IALITY%%F proliferation
OP IC50 IC50 (XTT)
C o]
Cc Cc
C
c A
B
o] Cc .
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[
het erocycl oal kyl, substituted or unsubstituted heteroaryl, or substituted or

“=tnsubstituted aryl,

W t

unsubstituted pyrrolyl,

h the
and t hat

provi s&that R

Ll

is not substituted or
is not unsubstituted 2 to 5 nenbered

het er oal kyl ene when R1 and R2 are both unsubstituted phenyl, and that L' is
not -S(0O)2- when_ R2 is unsubstituted piperazinyl, and IS, not
subst i t ut 3@ 8PUibst i t ut ed i soxazol yl when R2 is ungéﬂghoﬁ%?zgﬁupyri di nyl .
2. The e¢ommpound—oef—ctaimi—wheretn—td awﬂglgéﬂ%f iﬁdﬁﬁﬂhde.&'¥ a—hend;
-S(O , |-0- compeund 5. insubstitdted O - q;sé?l%/ﬁ%na. il Gk EUEL oun oo claim
1, wherein LI and L2 arje a bond.| 4. The|gogipeynd jof claimi{l,” wheriern L} or
L2 is ajbond. 5. The canpound off claim 1] tyfaerein |Rl is subptituted or
unsubst # tuted cycloal Kylbl_T34HISt (i ABItYBY3FO[ preliferdbivhi t ut ed het erocyclioal kyl ,
substituted or unsubsti|tetesh 5 gricso nenmbepad) heteroaryl, of subst|ituteg or
unsubst rt 6 The (.wunpounuk fctarm i —wererm R—TS
substit ijftuted 6 |nmenbered|heteroaryl, or substituteésor
unsubst § The compdund of claim 1, wherein R |s (1)
unsubst i d y¢l oal kyl; |(2) unsupstituted 3 to 7 nenbered
heterocycloal unsubsti tijuted heteroaryl; (}4) unsubstituted arylj (5)
substit%ted 3~ C7 cycloal kyl; () substituted 3 tg 7 nenberpgd
het er ocycl o | ;  (7) |{substitutled aryl;jor (8) substituted] hetergaryl;
wherein (6) are substityted with}an oxo, -jOH -CF3,|-C0O0H,| cyanp,
hal ogen] Rl1"sgpstituted or unsubstituted C -Cto al kyl, R11} substijtuted]or
unsubstituted 2 to 10 n ered het eroal kyk, Rl -sjubstituted or
“unsubst ituted C3-C7 cygloalkyl 1Rl "substituted or unsubstituted 3 to 7
menbered heterefycl oalikyl, R12-lsubstitufed or unsubstituted aryl, B
R12- subs unsybst i t ut ed heteroaftyl, -L'2-| (X )R7,| L' 2-0R8,
-L' 2-NRD1R 2-S(O MR, (1) and (8) are subsjtituted wth an -OH, {CF3,
-COOH, ¢yh R11- substfituted of unsubstiituted C +C, 0 allkyl,
R'-substi unsubstituted 2 to 10 penbered het eroal ky{,
R '-subs unsybstituted C3-C7 cycloal kyl,| R'-substituted or
unsubst | d 3 to 7 mgnbered )

c c C

B
Cc C B
B
C B
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t
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menber ed
R12- subst
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re attached to f
erocycl oal kyl, @
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ger fron10 to 2, and (|||) Rs'
unsubstituted C1-C O aIkyI
menber ed het er oal kyl ,

VL R12-su
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itute

R11- substituted or
R'-substituted or unsubstituted C3-C7 cycl oal kyl ,
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ek YC50 ﬁ]f%ﬂ&!v@ > 0OYNEIB2T-10
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i s hydrogen,

(ii) w

substltuted or

unsubstituted 2 to 10

R'-substituted or unsubstituted 3 to 7 nmenbered heterocycl oal kyl ,
R12- substituted or unsubstituted aryl,
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R12- substituted or unsubstituted heteroaryl, or -NRs1lRs'2, wherein 8811 and
8812 are independently hydrogen, R1" -substl tuted or unsubstituted Cl -C,

al kyl, Rl1l-substituted or unsubstituted 2 to 10 nenbered heteroal kyl,
R"-substi tuted or unsubstituted C3-C7 cycloal kyl, R'-substituted or
unsubstituted 3 to 7 nenbered heteroccl oal kyl, R12-substituted or
unsubstituted aryl, or Rl2-substituted or unsubstituted heteroaryl, wherein
R81 1 and R8 12 are optionally joined with the nitrogen to which they are
at t achedyhg if olaimahisR' - substituted or unsubstituted 3 to 7 menbered

het er ocycl oal kyl , or Rl12-substituted or unsubstituted heteroaryl; (e) R10
is hydrogen, R 1-substituted or unsubstituted C -C, alkyl, R 1-substituted
or unsubstituted 2 to 10 nenbered heteroal kyl, R '-substituted or

unsubsti tutled C3-C7 cycl oal kyl , A ddmpsufashaving thelfamulaasubstituted 3 to 7
menber ed heterocycl oal kyl; R12-substi ed 4 unsubstituted aryl,

R12- substituted or unsubstituted het , or -NR101R102, wherein 140
(1)R101 and R102 are |ndependently '-substituted or unsubstituted
C -Co alkyl, R'-substituted B~ d 2 to 10 nenbered heteroal kyl
R 1- substltut ed or unsubstituted’ C3-C7 cycloal kyl, R' -substituted or
unsubstituted 3 to 7 nenbered heterocycl oal k))‘I'\FRl,Z substituted or
unsubstituted aryl, or Rl2-substituted or unsubstituted heteroaryl, wherein
R101 awkrd®l02 are optionally joined with the nitrogen to which they are
attached to forman Rl1l-substituted or unsubstituted 3 to 7 nenbered

het er ocycl ddlakd L? amerindepEndenklytaibond,e 8(@),-, O LKNHEL, ivnsibat tutel € Oaalkylene( &) L12 is
a bondinsubssitiatd folst embdreheterdaklidyliene Swhepéin wris abintdgeti froth (wtX andl kyl ene; (g)
R11 is oxo, -OH -COOH, -CF3, -OCF3, -CN, am no, halogen, R13-substituted or
unsubst i t utktdind R? tare ihf@epEnddalyatibstititgd or RkBbstiniied &yicldatich] Qsubstiteteld ot hristubstichtel t O
10 nmerderesycloalkel, eebskijited ¥hmstbEtinited heitebaryl) br substitasedi dr WnabsEitddargywitlomeky|
R13- syh&disd hberl' 19 ho%sﬁﬁiddtdﬁﬁﬁxbsumdbyﬂs )Qh& thab Bt B MAduBHEHEH 2 to 5

R14- syBshbdred ﬁéderemkﬂeﬁymsﬁ RULEHRAK bothQinsibsfitutsisHeh Ll bsdimat LUQ%H@S((‘))E U

het er g X hneub ePazifylTh and HAPR! i 90t RbstiRA LA Risub Syl whith R?
R13- syfs 115 nslggfzjb};ﬁr substhtnut ed 21to 10s menbereduz; kdelSng su‘gstltultsed or
ute

unsubst ] merrbered het er oal kyl , R13-substituted or

unsubstituted C3-C7 cyc unB:l) ﬁHP%t\Jv%é%&ﬁi‘%d ”%&%&égﬁlﬂ&eﬁﬂﬁb&%

menber ) I unsubsti tut ary
R14- su%g?rtu égﬁgf oggléu ss%llmttut &d ﬁet%r oaryl; (i) R13 is oxo, -0OH -COOH,

am no, hal ogen, %{g‘fm Sid o Qﬁ}@?tﬁ%&%@i‘% lt(%]ldz unsubsftituted
cyc ,

2tol0 ne ered hetero unsu stltute unsubsti t ut ed

3to 7 nenpbered hetero &%#%I S d ubstit uted
het er oar yl nZ)and (i) R14?Mg!: d@%ﬁ{m?ﬂ%&%&hﬁéc’gg?}sa& 3, -OCF3, -CN,

unsubstituted Cl-C o al #yd compfizdREta ﬂtleah&eﬁ%1%95mm£&Lmemm?édky'
unsub S(E i!ig\:%f u%e&é/ i)éfr;fli d H& I&Il a f‘| ggﬂﬁé 5 o;6membered
het er Ao KY L b stiiipad %E‘}gsgalt%rf(f, uns stl tute eteroary
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8. The compound of claim7, wherein RL is substituted or unsubstituted

6- menbered heteroaryl, or substituted or unsubstituted aryl. 9. The conpound
of claim8, wherein L' is a bond. 10. The conpound of claim7, wherein RL is
(7) or (8), wherein (7) and (8) are substituted with an -OH, -CF3, hal ogen,
unsubstituted C1-Cl10 al kyl, unsubstituted 2 to 10 nenbered heteroal kyl,
unsubstituted C3-C7, cycloal kyl, unsubstituted 3 to 7 nenbered

het er ocycl oal kyl , unsubstituted aryl, unsubstituted heteroaryl, or
-L12-0Rs, wherein L12 is a bond. 11. The conpound of claim 10, wherein R8 is
CF3. 12. The conpound of claim 7, wherein RL is (7) or (8), wherein (7) and
(8) are substituted with an -OCH3, -OCF3, -CH3, -CF3, -OCH2CH3, hal ogen, or
cycl opropyl oxy. 141 13. The conpound of claim?7, wherein LI and L2 are a
bond. 14. The conpound of one of clains 1, 7, or 13, wherein R2 is (1)
unsubstituted C3-C7 cycloal kyl; (2) unsubstituted 3 to 7 nmenbered

het erocycl oal kyl; (3) unsubstituted heteroaryl; (4) unsubstituted aryl; (5)
substituted C3-C7 cycl gal kyl: (6 bsti tuted 3110 .7 .. ered , ..

net er goycl Sal ol %‘3&7%} B’é ollof U1, Wg’?"“f ?ﬁB%ﬁ‘ﬂg‘ﬁg?%rd‘“ﬁ%‘?%‘P{%%dryl;
wher ePrigmRYered Hpteraaryl, prsubsiuated,arupspbsptned eyl o o - cF3, - CcOON, cyano,

hal ogen, 1-substitut or__uns .tuted C - o al kyl, R21-substituted or

unsubstituted 2 to 10 ﬁiﬁﬁgwgau#;@ﬁ%‘&ﬁkﬁ‘?mﬁgﬂssubsti tut ed orunsubstituted
C3-C7 cycl oal kyl 1-substjtuted or unsubstituted 3 to 7 nmenbered

het er ocycl g@l \?%}f“bSt%Ed @ﬁ'ﬁf?"flﬁ?lgﬂ’or unsubstituted aryl, or R22-substituted
or unsubsti.ut ed te ryl L22- C( X3 -122-0OR4, -L22-NR51R52 or

_L22- S(o)gﬁté,W%?S%§W§?%¥me@b§&§§%f??§y§ﬁﬁw h an -OH, -CF3, -COOH, cyano,

hal ogen, - Subst.i d or -unsubstituted C -C 0 al kyl, R21-substituted or
unsubst i ttﬁdﬁé}uﬁ%ﬁﬁtg& ﬁ%ﬁ%&?’é’d het er oal kyl, R21-substituted or

unsubsti t ut ad yal kyl, R21-substituted or unsubstituted 3 to 7
menber ed K@t‘éﬁ%ﬁ%‘l‘%aﬂ@ R22- substituted or unsubstituted aryl,

R22- subst i fut i h |, -L22-C(X3)R3, -L22-COR4,
_-L22-SKIRE1:?@051%?‘8%??2%@#7?&&%%&&,2&g;[ ﬁr?g;yXS is S, Cf) Z)r =NR17, Wherein R17
s H - ORLE, o Bedrufd b 7 HERE08 ndll3ER s it €d C -C o

(7) substituted aryl; or

(8) substituted heteroaryl;

wherein

(5) and (6) are substituted with an oxo, -OH, -CF3, -COOH, cyano, halogen, R'"substituted or
unsubstituted C;-Co alkyl, R'"substituted or unsubstituted 2 to 10 membered heteroalkyl,
R!""substituted or unsubstituted C;-C; cycloalkyl, R'"“substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, R'2-substituted or unsubstituted aryl, R'>substituted or unsubstituted heteroaryl, -L'2-
C(XHR’, -L'%-OR?, -L'2-NR'R%, or -L'%-S(0).R',

(7) and (8) are substituted with an -OH, -CF3, -COOH, cyano, halogen, R"-substituted or
unsubstituted C;-Cyo alkyl, R"-substituted or unsubstituted 2 to 10 membered heteroalkyl,
R!'_substituted or unsubstituted Cs-C; cycloalkyl, R!!-substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, R**-substituted or unsubstituted aryl, R'2-substituted or unsubstituted heteroaryl,
-L'2CXHR?, -L'2-0R?, -L'*-NR*'R%, or L'’S(0),R'?, wherein

(@) X' is =S, =0, or =NR'?, wherein R'’ is H, -OR!*!, R!!-substituted or unsubstituted C;-Cg
alkyl, R!'_substituted or unsubstitutecl 2 to 10 membered heteroalkyl, R!!-substituted or unsubstituted
Cs-C7 cycloalkyl, R'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R'-substituted or
unsubstituted aryl, or R'%-substituted or unsubstituted heteroaryl, wherein R s hydrogen or
R'!-substituted or unsubstituted C;-Cio alkyl,

(b) m is an integer from 0 to 2;
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al kyl, R 1-substituted or unsubstituted 2 to 10 nenbered heteroal kyl,
R21-substituted or unsubstituted C3-C7 cycloalkyl, R21-substituted or
unsubstituted 3 to 7 nmenbered heterocycl oal kyl, R22-substituted or
unsubstituted aryl, or R22-substituted or unsubstituted heteroaryl, wherein
R171 is H or R21-substituted or unsubstituted C -C o alkyl; (b) g is an
integer fromO to 2; 142 (c) R3 is hydrogen, R21-substituted or
unsubstituted Cl-Cl O al kyl, R21-substituted or unsubstituted 2 to 10
menbered heteroal kyl, R21-substituted or unsubstituted C3-C7 cycl oal kyl
R21-substituted or unsubstituted 3 to 7 nmenbered heterocycl oal kyl,
R22-substituted or unsubstituted aryl, R22-substituted or wunsubstituted
het eroaryl, -OR31, or -NR32R33, wherein (i) R31, R32, and R33 are

i ndependent |y hydrogen, R27-substituted or unsubstituted Cl-Cl O al kyl,
R21-substituted or unsubstituted 2 to 10 nenbered heteroal kyl,

R21- substituted or unsubstituted C3-C7 cycloal kyl, R21- substituted or

unsubsti t yt ere t erocyc oa I bsti u “u ]
unsuh titK g@{q %l J(}:geﬁﬁé & b?{eg]km[&’&% egb\ﬁ‘utgiegi

R 2 t r8 R
att adit@ab m R eméi ,gipgiiyloii cﬁiig isuted or nsybsitytsd eyl Re rssfuted or
het er FIEPé teroewl F@E— sabR TR h%ﬁmtﬁqs&)stan@ Bt e Hidependgntly hydregenp
R51 dhi -snmna yngubstiftiedhl- ora,lafo%eﬁubsh@ited om@uwwtdl tet Kymembered
uns ubstdrealkyd R sub?.tmlte@ibk subgtitited Gir€h icyalealkyloR  tsmbsiiveted prensybstitated 3 ¢ 7
menbenmemdbéred heterabyoldalkyR2R - 2subgtituted: behsobstioneddrst, ot B euibstdgteCor uysmbstimntkd | |
R21- shebesbddryl wherenr R frapd B3t art optichaBy jainéd withthe mittbgden tewhichcheyadrk yitached to
R22- sfohn b Rit-abstmutedon sndibsiittsdScto FrmémbdretiZheerbsyicldalktyt,cbr R *-sutstitusddi drut ed
het erarubstitutedheteddpay, or -S(O, R41l, wherein R51 and R52 are optionally
joined with the nitro%en to which they are attached to form an
R21- subst i(?pahd?bandn stdmtégentatlyhytfogdn, rxenpet‘éma&mwdaﬁymbmhiawd (o1 1
R22- satpdf Rt Lshibdlinged bnensabdtinited 2 ¢o DeinemBared heteraiiyR iR)'-6ibstittfed ¢ ubsubs@tutedr
—NR SC;-OhgycRalkyR ' isebsitked rasdsibsttRel Do Tmembered hoteRR &ﬂ@tqtétdﬁxénmted or
S&hﬁﬁétlhh'é PR‘Uﬂﬁﬂi‘ﬁédtdﬂhﬁﬂlbgtlﬁl&d%@tefﬂ%mefc‘i‘ﬁz)lket Cﬁ‘% ! wherem R*! and
-S

ﬁgus e'dﬂt'i ﬁmﬁur%a%ii he 18%?2 10 Bt iRl &
unsubst |l§ut e ar y?m t‘e‘]io?]&?féélcor unsu‘bst I't ut edﬁfr%&et eroar ;!/{yl Y ere)l!l

s an |nteger O_, ' )

unsu t1| i,g[\%ﬂ lgs E 6&;t ?( %xﬁm itu ]or%ﬂgﬁ;s G@ -6/ kyl

R21 s{}gfi }?i %DE{L Emb'%g b% Eﬁﬂ c?(%!&%l oa %t@&‘

R22- sUB Sl? Tt %}Yg 'S éttlm 8nsu|!>§,tﬁuted &0stituted or unsubstitut ecl

het eroaryl, or r 1 and R412 are independently selected
from hydr ogen, %‘E{ﬂ&c%er g‘(g!rorbu%s%bst I tut ed Cl-C O al kyl,

R31-substitute r 8u sré}éf Lﬁl@ﬁ(%% ﬁ %’?lﬂ\(‘y—lsu sti tedor
R21- Sllljn%lsll:t)stltcutieée rlftre]%. ere tlcjet['o% ~subs¥ &te%aoru sdbs ?‘ed 3= 7t é)}ci"oa %;'Jl

R'!-substituted or unsubstituted 3 to 7 membered heterocycloalky] R -substltuted or unsubstituted aryl,
R'%-substituted or unsubstituted heteroaryl, or -NR®*''R¥'4, wherein R®'! and R%'? are independently
hydrogen, R1 Y _substituted or unsubstituted Cy-Cyo alkyl, R"-substltuted or unsubstituted 2 to 10
membered heteroalkyl, R''-substituted or unsubstltuted C;-C; cycloalkyl, R'!-substituted or
unsubstituted 3 to 7 membered heteroc ?cloalkyl R'%substituted or unsubstituted aryl, or R'?-substituted
or unsubstituted heteroaryl wherein R®'' and R®'? are optionally joined with the nitrogen to which they
are attached to form an R''-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, or
R'%substituted or unsubstituted heteroaryl;

(¢) R' is hydrogen, R'!-substituted or unsubstituted C;-C)o alkyl, R''-substituted or
unsubstituted 2 to 10 membered heteroalkyl, R'!-substituted or unsubstltuted Cs3-C; cycloalkyl,
R'!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R'-substituted or unsubstituted aryl,
R!2-substituted or unsubstituted heteroaryl, or - -NR'"'R'? wherein
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unsubstituted 3 to 7 nenbered heteroclcl oal kyl, R2Z-substituted or
unsubstituted aryl, or R22-substituted or unsubstituted heteroaryl, wherein
R 1 and R412 are optionally joined with the nitrogen to which they are
attached to forman R21-substituted or unsubstituted 3 to 7 nenbered

het er ocycl oal kyl , or R22-substituted or unsubstituted heteroaryl; (e) R6 is
hydr ogen, R21-substituted or unsubstituted C-Cl O al kyl, R21-substituted or
unsubstituted 2 to 10 nenbered heteroal kyl, R21-substituted or
unsubstituted C3-C7, cycloal kyl, R21-substituted or unsubstituted 3 to 7
menber ed heterocycl oal kyl, R22-substituted or unsubstituted aryl,
R22-substituted or wunsubstituted heteroaryl, or -NR61R62, wherein 143 (i)
R61 and R62 are hydrogen, R2'-substituted or unsubstituted Cl-d o al kyl,
R21-substituted or unsubstituted 2 to 10 nenbered heteroal kyl ,
R21-substituted or unsubstituted C3-C7 cycloal kyl, R21-substituted or
unsubstituted 3 to 7 nenbered heterocycloalkyl R22-substituted or

unsubstl tut ed )ﬁlpl AR 1522&; afy eh'@'“@ﬁﬂét&&i I (&g&ybf vvherei n
R1 bé% 6t‘e&’8 }ib&t%t lgnefn Eredgﬂ 09. ﬁi‘} Biuted

at tachich | 5t 255 i g&% f*ﬁ o

het er %: I o W e‘igrz is
a bonEP 't gd §? %} ‘E"i‘j‘?‘ a%}i )
RR1 i¥ W%b f"lﬁ ed or
unsub@FT“PEfF‘éHeter?cY PBEF“&FT&‘P”“%“% "“trﬁ*l‘@ or unsubstituted 2 to

10 rrenbere et er oal k ted or ubstitute C7 cycl oal kyl ,
R23- subst i ebs ‘b?or\Qn ?t}t?tﬁa gg’ (}3 l?net’rﬁﬁib‘égf“ ﬁ‘q’\‘@é b?@Wﬂ‘P’g‘Fkyl

R24- substl ﬁ&ﬁd or u b@th“t r u stl 1t;esg Qr u gru%%tﬂl)sthyutteedd
het er oar 3'
R23- st E%fef%a b%‘tbﬁ't‘ S&r zn%sm&@daﬁﬁg fr&aﬂbgmé;}}eter 1sRbstbsiited) or

unsub%r;lms vhsginted ¢1Cr eyciRalinds d‘sH gfhoripsubspoedsy t9st membergd Jeterocycloalkyl,
unsubBt rsubstitetedar @ﬁub%m%my lor 81b§tEIB‘§€‘ oF wasubstifpted hetgrestyli uted 3 to 7
menber ed het egocycl oal k R24-substituted or unsybstituted aryl, or

R24- subst i & §t pipeelplogene(dar{ACH: (10N, R 3 sybstifed or. U@ﬂletl@mQ to

am nolO mgmbeyed : alkyt;;[Rg -SUb@mI@d or @rsubgtifted 2t tp tlgmmm@eddmerazﬂkyu R"-syhstiteted Pt ut ed

2 to tm}ummtted €atCn eY@}oadbylka -substsutb@ or ensubsatitudad o %ymmbareldyietermsbblkﬂ, tuted

3 to R'“-substiveteédr msubstwyathnyhlokﬁl 4_substituted or tnsubstitated hetermsylbst i t ut ed

het er oaryl ; and (j) R4 is -OH -COOH, am no, halogen, -CF3, -0OCF3, -CN,

unsubst i t uGER" 3 oxo1 EOHY 1GOOH, mmulizadqaeu,t€&‘32Q®31@M@ﬂbélsbwdde(&e€maﬂdyyI

uns ubstsubstiteted T8 Tymembered hkterqalkyh smihistituteddCh-G; ¢ysloalkyhpmbehrstithted 3 to 7

het er megbered hitgtocycloalkiyls tmsubstirated ayl, unsubstitntetdiHeteremtylhetder oaryl . 15, The

compound of claim 14, wherein L2 is a bond. 16. The conmpound of claim 14,

wher ei n R2(j) R*(i8)0H,(-COOH, Aminarhalc@pn, -CF3, -OTHg -Ediypmsmbstitofed €, 0 9alkSl, wher ei n

R2 i sufsapstinited 3o 10 membered heteroalkyl, unsubstituted C3-C; cycloalkyl, unsubstituted 3 to 7
membered heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl.

8. The compound of claim 7, wherein R! is substituted or unsubstituted
6-membered heteroaryl, or substituted or unsubstituted aryl.

9. The compound of claim 8, wherein L! is a bond.

10. The compound of claim 7, wherein R' is (7) or (8), wherein (7) and (8) are

substituted with an -OH, -CF;, halogen, unsubstituted C;-C¢ alkyl, unsubstituted 2 to 10 membered
heteroalkyl, unsubstituted C;-C;, cycloalkyl, unsubstituted 3 to 7 membered heterocycloalkyl,
unsubstituted aryl, unsubstituted heteroaryl, or -L'2-OR®, wherein L'? is a bond.

11. The compound of claim 10, wherein R¥is CFs.

12. - The compound of claim 7, wherein R’ is (7) or (8), wherein (7) and (8) are
substituted with an -OCHs, -OCF3, -CHj3, -CF3, -OCH,CHj, halogen, or cyclopropyloxy.
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18. The conpound of claim 17, wherein (7) and (8) are substituted with an
L22- C(X3) R3 -L22-0OR4, -L22-NR5IR52_L?2 _CO I D NR32R33, or -L22-S(OgR6. 19
The conpound of claim 18, wherein R3 is -NR322R33; X3 is =0 or =NR17; 144
R6 is -NR61R62; RS is -C(OR41 or -S(O.,RL. 20, The conpound of claim 19,
wherein R4l is -NR41l' R412. 21. The conpound of claim15, wherein R2 is (7)
or (8), wherein (7) and (8) are substituted with -OH, -CF3, -COOH, am no,
hal ogen, unsubstituted 2 to 10 nenbered heteroal kyl, unsubstituted C3-C7
cycl oal kyl, unsubstituted 3 to 7 nenbered heterocycl oal kyl, unsubstituted
aryl, unsubstituted heteroaryl, or -L22-C(X3)R3, wherein X3 is = R3 is
unsubstituted Cl-Cl10 al kyl, unsubstituted 2 to 10 nenbered heteroal kyl,
unsubstituted C3-C7 cycloal kyl, unsubstituted 3 to 7 mepbered

het er ocycl oal kyl, unsubstituted aryl, unsubstituted heteroaryl, or
-NR32R33, wherein R32 and R33 are independently hydrogen, R21-substituted or

unsubstityjed O -0 o ghkybmpolRakietaaY! bHbRE: OTandNSURSI bisat ed 2 to 10
menber ed heteroal kyl, "R21-suUbstituted or unsubstituted C3-C7 cycloal kyl,

R21-substjguted or UnTybSbibolidathsdnt B dafRIDOT G DahecroNT0al Kyl ,

R22-substituted or wunsubstituted aryl, or R22-substituted or unsubstituted

het er oar y{1)\a&ibstitedIL-@NdciBdkypr € optionally joined with the nitrogen to
which they are attached to forman 01-substituted or unsubstituted 3 to 7

nenber ed RFLALBENIGLAR! th Y mefiberfPReatsiabrlddiyied or unsubstituted heteroaryl .
22. The conpound of claim 15, wherein R2 i's (7) or (8), wherein (7) and (8)

are substi)bidttitedheteisasist i tuted 2 to 10 nenbered heteroal kyl, or
-L22-C(O R3, wherein L22 is"a bond; and R3 is -NR32R33, wherein R32 and R33

ar e i ndepgfydagivsituttddiagen, R21-substituted or unsubstituted C-Cl O al kyl,
R21-substituted or unsubstituted 2 to 10 nenbered heteroal kyl,

R21- subst (3)dhdiaRed Opeybadiodipiied C3-C7, cycloal kyl, R21-substituted or
unsubstituted 3 to 7 nmenbered heterocycl oal kyl, R22-substituted or

unsubst i %g)@gbsﬁhyéd3w7 Rembered hbletdély@dalkyl; unsubstituted heteroaryl, wherein
R 2 and 3 are optionally joined with the nitrogen to which they are
attached (p shsstifat@darlR dr substituted or unsubstituted 3 to 7 nenbered
het er ocycl oal kyl , or R22-substituted or unsubstituted heteroaryl.

(8) substituted heteroaryl;
wherein

(5) and (6) are substituted with an oxo, -OH, -CF3, -COOH, cyano, halogen, R*'-substituted or
unsubstituted C,-C,, alkyl, R2'-substituted or unsubstituted 2 to 10 membered heteroalkyl,
R*'-substituted or unsubstituted Cs-C; cycloalkyl, R*'-substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, R-substituted or unsubstituted aryl, or R*-substituted or unsubstituted heteroaryl,
L2CXHRY, -L2-0R?, -L2-NR'R®, or -L%-S(O)R®,

(7) and (8) are substituted with an -OH, -CF3, -COOH, cyano, halogen, R?'-substituted or
unsubstituted C;-C;g alkyl, R?!-substituted or unsubstituted 2 to 10 membered heteroalkyl,
R?'_substituted or unsubstituted C;-C; cycloalkyl, R?'-substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, R?*2-substituted or unsubstituted aryl, R?2-substituted or unsubstituted heteroaryl,
L2 CXAR?, -L2-0R?, -L2-NR’'R%, or -L*-S(0)qR®, wherein

a) X3 is S, =0, or =NR'’, wherein R'” is H, -OR!”!, R -substituted or unsubstituted C;-Cjo
alkyl, R?!-substituted or unsubstituted 2 to 10 membered heteroalkyl, R*'-substituted or unsubstituted
Cs-C7 cycloalkyl, R*'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R**-substituted or
unsubstituted aryl, or R?’-substituted or unsubstituted heteroaryl, wherein R'"! is H or R*'-substituted or
unsubstituted C;-C,g alkyl;

(b) q is an integer from 0 to 2;
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23. The compound of claim1l, wherein Rl is a substituted or unsubstituted
fused ring aryl or substituted or unsubstituted fused ring heteroaryl. 145
24. The conpound of claim1l, wherein R2 is substituted or unsubstituted

i ndolyl, substituted or unsubstituted quinolinyl, or substituted or
unsubsti tuted benzodi oxolyl. 25. The conmpound of claim1l, wherein R is a
substituted or unsubstituted fused ring aryl or substituted or
unsubstituted fused ring heteroaryl. 26. The conpound of claim1, wherein R2
I's substituted or unsubstituted indolyl, substituted or unsubstituted

qui nolinyl, or substituted or unsubstituted benzodi oxolyl. 27. The conpound
of claim14, wherein RL and R2 are independently substituted or -
unsubstituted hydantoinyl, substituted or unsubstituted di oxol anyl,
substituted or unsubstituted dioxanyl, substituted or unsubstituted

ti oxanyl, substituted or unsubstituted tetrahydrothienyl substituted or

unsubst i t t) d.tet a%dﬁﬂf n Subst nEte,l hSt ututed
L S

unsu Bgt“l et erQ q’s “ s’E‘F‘Elﬁ{‘B‘éFdrﬂSY 1 8“‘“@‘1 or
subst‘Pﬁ‘\?ng&teélhe etﬂ?a}bé?ﬂ t’tﬁreHRpleer’“‘ihGTeHyl subst ituted or unsubst i tuted
pyrazol yl,. substituted or nsu tut ed f substituted o

unsubst i t Gt Bm’ G‘é% RI\pre i Ellfs‘ ?’it thygdragen, ‘é{s}‘t"t“’tﬂ‘gdmﬁ uhstited é‘l‘clo alkyl,
SUbs FEAvEy tipuisyl or ypgibstivted 2 ted O dpemehersddicl roalieyl &1 op byrgefed or _yneubssisited Gr-6ol
oxaz @vglpalkréulsstspbsttt\g?d oF unsybstisuted 8 te émeptbﬁteéyteterocyelsg ¥yl B egibstituted or

uns ubpsubstifuted apglr ar R T-substibred @nmle@bsatutqﬂd@tﬂy@qryls wtlel@l o8 iandl &1 are eptinnally ut ed
or ujsingkwith theaitrogonto whichiihey are attached totforin an REwsubbtituied or eulsubmtau_sd Byto 7
subs membtesd hoterenysloblklyl, tou Redsubstituted oa smdubstituted beteroantlied or unsubstitut ed
triazolyl, substltuted or unsubstituted thienyl, substituted or

unsubst i tléd)dtf R aad iRAY dre indeplstentlyhpdiogean, «CRLRY tsubstitetdd phiesdbstitated C; -Coy

s ubs talkiyl tRe b subsstitutesiLdy smiubisti ek dt 22tor [@anémyBeredtterdalley lcRHpmbistituted or inssubstidyted
wher @4 C;RYcloalttylRR*'asubsiitackdioe neeidbtitited Bhs Vinidnitetediieterodieloatidyll, tRF-substituydd. or 29.
The oasmpetimetdatylcRBisibdfutedbeisubstititedhdeBaryR-e(X JREpansey, kY, shdshiR* Ul or
unsulpst irelep@éhallh) §oiied wilh theltio ﬁwwm még &t afdthedio fORRRARA'-Ribsitiekdi32 are

each u%klﬁ‘y%ﬁﬂutddtﬁg TRh&hAdered Rkero sWstifubed JPuRSibsieddQieferd 42, wherein
substituents are sel ected fronthalo en, Cl1-C3 unsubstituted al kyl,

- (=0 NRY @1'533(3 is 8,0, A RUR'NRHERIR R'S:hé@“ substituted or unsubstituted C;-C alkyl,
R2'-subst1tuted or unsubstituted 2 to 10 membered heteroalkyl, R?'-substituted or unsubstituted C3-C;
cycloalkyl, R?!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R*-substituted or
unsubstituted aryl, or R*?-substituted or unsubstituted heteroaryl,

(i) v is an integer from O to 2;

@iii) R* is hydrogen, R?'-substituted or unsubstituted C;-Ciq alkyl, R*'-substituted or
unsubstituted 2 to 10 membered heteroalkyl, R*'-substituted or unsubstltuted C3-C7 cycloalkyl,
R2'—subst1tuted or unsubstituted 3 to 7 membered heteroczfcloalkyl R*%-substituted or unsubstituted aryl,

R*-substituted or unsubstttutecl heteroaryl, or -NR*'R**, wherein R*!! and R*? are independently
selected from hydrogen, R?!-substituted or unsubstituted C1 Cio alkyl, R? -substltuted or unsubstituted 2
to 10 membered heteroalkyl, R*'-substituted or unsubstituted Ca-C; cycloalkyl, R*'-substituted or
unsubstituted 3 to 7 membered heteroc )/cloalkyl R*2-substituted or unsubstituted aryl, or R?-substituted
or unsubstituted heteroaryl wherein R*!! and R*"? are optionaily joined with the nitrogen to which they
are attached to form an R*!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, or
RZ-substituted or unsubstituted heteroaryl;

(e) Réis hydrogen, R*!-substituted or unsubstituted C;-Ci alkyl, R2'-subst1tuted or unsubstituted
2 to 10 membered heteroalkyl, R*!-substituted or unsubstituted C3-C;, cycloalkyl, R? -substltuted or
unsubstituted 3 to 7 membered heterocycloalkyl, R*-substituted or unsubstituted aryl, R*?-substituted or
unsubstituted heteroaryl, or -NR®'R®?, wherein
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(HR® and R®? are hydrogen, R?!-substituted or unsubstituted C;-C;q alkyl, R?!-substituted or
unsubstituted 2 to 10 membered heteroalkyl, R?'-substituted or unsubstltuted C;3-C; cycloalkyl,
R*'-substituted or unsubstituted 3 to 7 membered heteroc 6vcloalkyl R*2-substituted or unsubstituted aryl,
or R*_substituted or unsubstituted heteroaryl, wherein R®! and R are optionally joined with the
nitrogen to which they are attached to form an R*'-substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, or R*'-substituted or unsubstituted heteroaryl;

(f) L* is a bond, unsubstituted C;-Cy, alkylene or unsubstituted heteroalkylene;

(® R% is oxo, -OH, -COOH, -CF3, -OCF3, -CN, amino, halogen, R?%*-substituted or unsubstituted
2 to 10 membered alkyl, R23-subst1tuted or unsubstituted 2 to 10 membered heteroalkyl, R*-substituted
or unsubstituted C3-C; cycloalkyl, R*-substituted or unsubstituted 3 to 7 membered heterocycloalkyl,
R?-substituted or unsubstituted aryl, or R**-substituted or unsubstituted heteroaryl;

(h) R? is -OH, -COOH, amino, halogen, -CF3, -OCFs, -CN, R substituted or unsubstituted 2 to
10 membered alkyl, R>-substituted or unsubstituted 2 to 10 membered heteroalkyl, R*-substituted or
unsubstituted C;-C; cycloalkyl, R”-subshtuted or unsubstituted 3 to 7 membered heterocycloalkyl,
R2-substituted or unsubstituted aryl, or R?*-substituted or unsubstituted heteroaryl;

(i) R? is oxo, -OH, -COOH, amino, halogen, -CF3, -OCFs, -CN, unsubstituted C;-C; alkyl,
unsubstituted 2 to 10 membered heteroalkyl, unsubstituted C;-C; cycloalkyl, unsubstituted 3 to 7
membered heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl; and

(j) R?* is -OH, -COOH, amino, halogen, -CF3, -OCFs, -CN, unsubstituted C,-C alkyl,
unsubstituted 2 to 10 membered heteroalkyl, unsubstituted C;-C; cycloalkyl, unsubstituted 3 to 7
membered heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl.

15. The compound of claim 14, wherein L? is a bond.
16. The compound of claim 14, wherein R%is (3), (4), (7), or (8).
17. The compound of claim 15, wherein R? is (7) or (8).

18. The compound of claim 17, wherein (7) and (8) are substituted with an
12.COAR?, -L2-0RY, -L2-NRPIR®, -L2.C(NH) NR¥R®, or L2 S(O)R".

19. The compound of claim 18, wherein
R’ is -NR*R%,

X3 is =0 or =NR”;
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R®is -NR*'R%;
R is -C(O)R" or -S(O)R*.
20. The compound of claim 19, wherein R*! is -NR*''R*'2,

21. ) The compound of claim 15, wherein R? is (7) or (8), wherein (7) and (8) are
substituted with -OH, -CF3, -COOH, amino, halogen, unsubstituted 2 to 10 membered heteroalkyl,
unsubstituted C;-C; cycloalkyl, unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl,
unsubstituted heteroaryl, or -L*2-C(X*)R?, wherein

X3 is =0;

R’ is unsubstituted C;-Cio alkyl, unsubstituted 2 to 10 membered heteroalkyl, unsubstituted
Ci-C; cycloalkyl, unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl, or -NR32R33, wherein

R*? and R* are independently hydrogen, R*'-substituted or unsubstituted C;-Ci alkyl,
R%'-substituted or unsubstituted 2 to 10 membered heteroalkyl, R?!-substituted or unsubstituted C3-C,
cycloalkyl, R?'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R?-substituted or
unsubstituted aryl, or R*2-substituted or unsubstituted heteroaryl, wherein R>? and R* are optionally
joined with the nitrogen to which they are attached to form an R*!-substituted or unsubstituted 3 to 7
membered heterocycloalkyl, or R*-substituted or unsubstituted heteroaryl.

22, _ The compound of claim 15, wherein R? is (7) or (8), wherein (7) and (8) are
substituted with unsubstituted 2 to 10 membered heteroalkyl, or -LZ-C(O)R?, wherein

L% is a bond; and
R is -NR*R*®, wherein

R% and R* are independently hydrogen, R*'-substituted or unsubstituted C;-Cio alkyl,
R -substituted or unsubstituted 2 to 10 membered heteroalkyl, R?'-substituted or unsubstituted Cs-Cs,
cycloalkyl, R*!-substituted or unsubstituted 3 to 7 membered heterocycloalk}yl, R?*_substituted or
unsubstituted ary], or R*>-substituted or unsubstituted heteroaryl, wherein R*% and R are optionally
joined with the nitrogen to which they are attached to form an R*'-substituted or unsubstituted 3 to 7
membered heterocycloalkyl, or R?%substituted or unsubstituted heteroaryl.

23. ~ The compound of claim 1, wherein R’ is a substituted or unsubstituted fused
ring aryl or substituted or unsubstituted fused ring heteroaryl.
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24. ' The compound of claim 1, wherein R® is substituted or unsubstituted indolyl,
substituted or unsubstituted quinolinyl, or substituted or unsubstituted benzodioxolyl.

25. ' The compound of claim 1, wherein R? is a substituted or unsubstituted fused
ring aryl or substituted or unsubstituted fused ring heteroaryl.

26. The compound of claim 1, wherein R? is substituted or unsubstituted indolyl,
substituted or unsubstituted quinolinyl, or substituted or unsubstituted benzodioxolyl.

27. _ The compound of claim 14, wherein R' and R? are independently substituted
or unsubstituted hydantoinyl, substituted or unsubstituted dioxolanyl, substituted or unsubstituted
dioxanyl, substituted or unsubstituted trioxanyl, substituted or unsubstituted tetrahydrothienyl,
substituted or unsubstituted tetrahydrofuranyl, substituted or unsubstituted tetrahydrothiophenyl,
substituted or unsubstituted tetrahydropyranyl, substituted or unsubstituted tetrahydrothiopyranyl,
substituted or unsubstituted pyrrolidinyl, substituted or unsubstituted morpholino, substituted or
unsubstituted piperidinyl, substituted or unsubstituted pyrazolyl, substituted or unsubstituted furanyl,
substituted or unsubstituted imidazolyl, substituted or unsubstituted isoxazolyl, substituted or
unsubstituted oxadiazolyl, substituted or unsubstituted oxazolyl, substituted or unsubstituted pyridyl,
substituted. or unsubstituted pyrazyl, substituted or unsubstituted pyrimidyl, substituted or unsubstituted
pyridazinyl, substituted or unsubstituted thiazolyl, substituted or unsubstituted isothioazolyl, substituted
or unsubstituted triazolyl, substituted or unsubstituted thienyl, substituted or unsubstituted triazinyl,
substituted or unsubstituted thiadiazolyl, or substituted or unsubstituted tetrazolyl.

28. The compound of claim 3, wherein R' and R? are independently substituted or
unsubstituted aryl.

29. The compound of claim 28, wherein R and R? are independently substituted or
unsubstituted phenyl.

30. The compound of claim 29, wherein R' and R? are each substituted phenyl.

31

The compound of claim 30, wherein the substituents are selected from halogen,
C1-C; unsubstituted alkyl, -C(=0)NR"’R”, -OR® and -NR?'R*,
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