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CROSS- REFERENCES TO RELATED APPLI CATI ONS [0001] This application clains the
benefit oWoWo@/o1Previ sional Patent Application No. 60/ peT/udZ@sobébed Jul y
27, 2004, U. S. Provisional Patent Application No. 60/591,886, filed July
27, 2004, and U.S. Provisional Patent Application No. 60/680,091, filed My
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entirety for all purposes. BACKGROUND OF THE | NVENTI ON [ 0002] Manmal i an

protein kinases areCRUBSE-REFERBMUESTORELDATER APPRICATIONS ons.  Because
dysfunctions in protein kinase activity have been associated with several
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| ynphoi d progeni tor cell sBAGKIGROZ/NIX FEEHEINVENTEON eukem ¢ cel | s of
70-80% of gati ents with AM. and ALL. Inhibitaors that target FLT3 have been
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i bi ¢ op i REI B Phere M esc PR AR ol AL WA P Ba P Al

| eukem aand di6§¥4drs, freteAblahswen arvanrgesdepdrag develoghned. ki nase (c-Abl) is
involved in signal transduction, via phosphorylation of its substrate

pr ot ei ns[0003] t Abe tbdine kinAds resdphony FMS-likeetyvasins kinase 3y(FbABRdmmpigateddh eus,

dit tivity i .y tight] lated t.h nb f. di
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apoptosis, cell adhesion, cytoskeletal structure, and response to DNA
damage akaredilildanpiptions thatdsad fogoogjtutitractivatim ¢frthe kingscaid tream
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[ 0006] Chronic myel ogenous | eukem a (CIVL2 Is_associated with the .

Phi | adel ma&en@ml&&gﬂmd Abbndnisbitars Biet tapest Kb dA hane besishwdeddobgdodio. Thi s

t ransl ocatii n i QF - o e ngd the
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need to develop potent FLT3 inhibitors that may be used to treat diseases and disorders such

as leukemia.

[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 contains approximately 1150 amino-acid residues, organized
into a N-terminal cap region, an SH3 and an SH2 domain, a tyrosine kinase domain, a

nuclear localization sequence, a DNA-binding domain, and an actin-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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1 WD 2006/ 015124 PCT/ US2005/ 026794 Abl fusion protein has constitutively
active tyrosine-kinase activity. The el evated kinase activity is reported
to be t hewpnbeenyizeausati ve factor of CM., and is respomsirhiseossors79cel | ul ar
transformation, |oss of grow h-factor dependence, and cell proliferation.
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breast cancer. Somatic, activating nutations in MET have been found in
human cal0908lo myIEk was fizss édentified ana Bpesferdiing DA tearrasganend STPIRAMET) ray r enal

cell carcinoma. The evi ce.l Wi at. .MET i e .0f the | ong-sought
pncogenegmﬁ%h?sii%qsﬁcﬂgmﬁg@@%g‘_sa%%{?egnﬁé?% A s’%ﬁgyltglﬁélﬁl Pore a very

i nt er est hiRPsdgakbidine (DBopa @il 1984)t The MIEE FedepRF Brosin€NingeRNaRo idhahn MET

i nhibition may have value in the treatnent of various indications

i ncl udi nggpatdcsieerpwth facias rasppto st @R AWES et andis ligand happtocpieerovipel ona,

Mal ari a knf ecti o, .di i 1 I . | S .arthritis. [0009]
The tyr o%’f’ tﬁéﬁg(ﬁgg eh%ﬁ%%ﬁ%lér%{’l %gloiog%ga%%%irv ?egrlgéﬁélngz%er%lﬁﬁg%é&sﬁqwI ating
prot ei n prafitr®IngB@sivan difieedailioh and morsHogeesapbonchifg apulgeckésigses. Li ke

MET, RON is  inplicated in growh, invasion and netastasis of several
di f f er enfoofibyyrand davashis e Wibn dlathelegicadlys ME Tchas 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

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.
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i nvent i aRepfod tied@sens. Thspasent iy ehiedrefuditwtheseeindagleer 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 Ja.

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:
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R2 N11 L2 L1-RL M [0016] In Forrmula (1), L' and L2 are independently a
bond, - S(¥preegs/018r24 - NH-, unsubstituted Cl-C5 al kyl enepcorusansobsbs t ut ed 2
to 5 nmenbered heteroal kyl ene. The synbol nis an integer fromO to 2. Rl
and R2 are independently substitutyed om unsubstituted cycloallcyl,
substituted or unsubstituted hetgrotyclvoal kyl, substituted or unsubstituted
het eroaryl, or substituted Qe u uQs ituted aryl. In sone enbodi nents, Rl
is not substituted or unsubstl?tutéd pyrrolyl. In other embodiments, LI is
not unsubstituted 2 to 5 menbered het dr'oml kyl ene when R1 and R2 ar éDbot h
unsubstituted phenyl. In other enbodinents, LI is not -S(0)2- where R2 is
unsubst ifpsilepd RIFGHAR! @Y ! A PPLAL depaiRhll9h bRSBESIO),L,he-preBent i nvention
provi des a fused ring heterocycle kinase nodul ator (also referred to

her ei n assubstittmipOube allfylenher pnegshitutadd ont mgabyredhetereplicfene. fldienul a: N H
N R2 L i N L1- I . 0 I EFor . 12, ;
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aspect, cbHBalRyEsEuttitdtEy eNidsObstivitey hetewcgelbalsgdsubstithtdipdrameahstihredi nase

modul ator (also referred to herein as a "conpound of the,present .
i nvent i dwteyoagy prgbstiatediasuasibatituied aginn sppie gmbpdinggnts, R 1s 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(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
R2. Ji ;\/\%
L2” °N
L1-R? (1.

[0018] In Formula (II), L, 12 R!, and R? are as defined above in the discussion of
Formula (). ‘

[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\
R2. JI J/\(N
L2” °N
L-R? (1.

[0020] In Formula (III), L)L 1% R!, and R? are as defined above in the discussion of
Formula ().

[0021] In another aspect, the present invention provides methods of modulating protein

kinase activity using the fused ring heterocycle kinase modulators of the present invention.



L1-R1 (I1l). [0020] In Forrmula (I111), L1, L2, R, and R2 are as defined
above in the discussion of Formula (1). [0021] In another aspect, the
present iwoeands/as2pr ovi des nmet hods of nodul ati ng protei RCTRISD@S@2@04 1 Vity
using the fused ring heterocycle kinase nodul ators of the present

i nvent i Qe mAhdOneRAS Hhbtddg BETrbisROALARAGTO fusdhengbethmdyéladinades
contacting the protein kinase with a fused ring heterocycl e kinase

modul at 8kodulad®@22] | n anot her aspect, the present invention provides nethods
of treating a disease nediated by kinase activity (Kkinase-nedi ated di sease
or di sofeE) iA aBofbispedt, the peesentriavemtion providds methddsmeitsptingia dseaseof such
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i nvention provides a rmaceutical conposition including a fused ring

het er ocyetle sibjeasethepgubtanty effactactramdunt of afised vngheterpaydakingss | y

accept abl e, exci pfj ent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Definitions
[0024] AmMludaiorefitBaRres b VEBE¥ N have their conventional meaning within the
chemi cal and biological arts. [0025] Were substituent groups are

speci fi ¢6023] tlneinothenspestt thopa¢sentienéntimn provides apharmogautied FOMPEFHIPRI t t O

ight, they.. | | t.h hem cal |.y _i,d i ca ' t hat
woul d 1 SRR A B AR GO e P TR B gt PEHbiera h Sppabisbfftily, o
equi val GREepkle eXifint [0026] The term "alkyl,"” by itself or as part of
anot her substituent, neans, unless otherwi se stated, a straight (i.e.

unbranched) or branc bR, Igﬁﬁl i Gﬁfﬁ:ﬁw ical, or
conbi nati on t hereof, %?Eéﬁfﬁn]gyﬁc ul Ilgﬁsg?(ura ed, rrg%ld?)ﬁdor pol yunsat ur at ed

and camdfetisgde di - and nul tival ent radicals, having the nunber of carbon
atons designated (i.e. Cl-Clo, means gne to ten car bon}sX) _Etga | es of
sat ur at éaoz%)l drbbieniehonsaee Betsin have Hepir copyentiopabmaying pithingge chemigal yns

such as ”ﬁ%ﬂﬁ&ic %Q¥|’ n- propyl, isopropyl, n-butyl, t-butyl, isobutyl,
sec- butyl; cyctohexyl, (cyclohexyl)nethyl, cyclopropyl nethyl, honol ogs and

isomers of . for exanple, n-pentyl, n-hexyl, n-heptyl, n-octyl,. and the
li ke, AN0035] ot Wihgreopybstituent g?oups%re’ specified by 'their S8R onal 25 o

written from left to right, they equally encompass the chemically identical substituents that
would result from writing the structure from right to left, e.g., -CH;0- is equivalent to

-OCHs-.

[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 multivalent radicals, having the number of carbon atoms designated (i.e.
C;-Co 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-pentadienyl), 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 or nore double bonds or triple bonds.

Exanpl es of unsaturated al kyl groups include, but are not limted to,

vinyl, 2-woaep@mikizacrotyl, 2- isopentenyl, 2-(butadi enylprr/id2ebspesoadi enyl ,

3-(1, 4-pentadienyl), ethynyl, 1- and 3- propynyl, 3-butynyl, and the higher
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anot her atemsy neans, unless ot hervvl se stated, a stable stral ght or
branched chain, or cyclic hydr ocarbon radical, or conbinations thereof,

consi stijng28f ahe t@RShe@RR rvlg eroat om

sel ecte fr%]m t h% groug conlg}?st gtéag@n%l &)ﬁlﬂ) %&10@ J%@?ertee%@ *WHErgi n the

ni t r ogerbnlesglotherwise aﬁtbdphee‘p}@cstraghacrdrmnam;l chyihj @r@bhcyhiaﬁowfbﬁi #@ftapoe t he
erni zed. . The heteroat on( s) 0, N,

ni trogen, h tler,a%at pﬁnonfa be qual?
P and S &h H%@‘eﬁe PIoRe eGP a&ﬁ%/?st Mt BF Q?ratffa%?l@d Yrieast onglestereniomval ky!
group Orsewcteﬁhibrﬂﬂfd dro@Ncdtsisviih QPOaNkPl SitHnd\y) aht? %Efeﬁ?ﬁ@%tr&g%zéﬁ%em' nder

of the nol ecul e. Exanples include, but are nét
- CHe- CHANRhosghorusarpmERRy NpapBYLybedxidigdang- i @itoes) het@idatofHay S(O) - CH3,
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Simlarly, the  term "heteroal Ir%ilene by itsel'f or as anot
subst i t JBHe wagHslepokthe mclepule: daiagales ldelmi@r dut fremot hmnted tog F b~ cmso-

(Call)flgngl- ICI?ZIQ ot Rl—i%ang CE%? eElet er 6%1&&9%3’ %% Eﬁlzgrlgr @b%zc%@)al o)

occupy e HeCH,-GHER(0),-OH,} Jc&{ﬂﬁrmomr rslmﬂg()ge ~QH,- @{ANJcﬁmp H=CH-
neam_no, _al kyl enedi ami no, and the liké). Still

? L lr(%l lhgP%j@f99}§yby¢§3aaf=?ﬁcﬁcﬁko%dkﬁl‘énb7pltp ) ﬁgthgfrqitﬁp@oatom? neyi bent a]E i OR of
he | t
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bot h - Ct@nCRieteroalkylene” 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(O)-. 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', -NR'R', -OR!, -SR), and/or -SO,R". Where "heteroalkyl" is recited,
followed by recitations of specific heteroalkyl groups, such as -NR'R" or the like, it will be
understood that the terms heteroalkyl and -NR'R" are not redundant or mutually exclusive.

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



and -R OC(O)-. As described above, heteroal kyl groups, as used herein,
i nclude those groups that are attached to the renai nder of the nolecul e
t hrough awbebevmstzam such as - C(OR, -C(ONR, -NR RpCTASR050288 and/ or
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understood that the terns heteroal kyl and -NR R' are not redundant or
nmut ual | )aSeNBIstQr\ﬂée likRat her, the specific heteroal kyl groups are recited to
add clarity. Thus, the term 6 WD 2006/ 015124 PCT/ US2005/ 026794

"het er ogboxy| "T}&h{@ﬁhﬁ"d’y@bab@l i ande'hpericedoliky®] by demeslebuati ingompimtibil c

heteroal Kyl groups, such as -NR R' .or th Ii e. 0029%] i,,

" cycl oalijll othgrferms, sensessat dnlssd WP"WB%?MF t VEs'oBt o #Ponth atl on with
other te ! I WY BteRIcE 1B iy L U Plotef Y&ﬁ%hﬁ’ﬂ@c theal kyl ™
and he{lgeﬁrglgaapﬁlﬁ) ?%Egéetlsvg ctllg(\?}(g il di(gﬂlrtl gna? ® ?, eetoear ocycl oal ugfy

het er oatpositioaat whmhplye héterocpds 1statta¢:hedtto Wi nemamder hﬁthe mniwlllfe E}@nafﬂ‘tse&fhed to

t he remai nder of e .nol ecu | oal ude ut are not
i 1 o0 Sypioatky g e vt BHER . o opdy REsiefant Lo e B, 2y

cycl Ohe%&&oge)?e'ﬁ‘?l waohéﬂfﬁ @I ke SELImMEs Gfmaﬁ@bmééwl ihd1644)88s arbubt ar e
not 5, 6- tetrahydropyrid erldlnyl

2- pi per ilohitad to, B, béﬁrtdiraiﬂdrop@ndm),r bpxplendyn[y 23[;1pmcgmj1 B-tpgpendmyl 4-

t et r ahydr of tetr
et 1 anydroPhT BTy Db R ST R b farplfhene, o
"cycl 03'%%/tle§§}?ydr&tﬁfén-§3?lt ?L%))éﬁdzﬂ@l &v;blga@zmypfaﬁd tHedikeh@hditatatsent deri vatives

of cycl and heterocycl oal res ectlvely [0030]. The_ terns "hal 0"

or "hal d'gwl@ﬂlkblym"@adé'@bt@wycipal&x%ép%{'rllefe@ﬁO thestivadent dgBeatives aheycloalipdn,

unl ess o t af.I rine, chlorine, bromne, or iodine atom
Addi ti or?é?g%\? roc[ygfﬁ@(yg Eﬁ?egéveh%ﬂal oal kyI " are neant to include

nonohal oal k and pol yha oal For r’rP .the term "hal o(Cl-C4) al kyI
i s nmean [0830] ncThm@Hnbuhal@ler "Bélogmn b)éﬁl% ves Pf 39 Righ AP hgY substituent,
2,2,2-trifluorqet I (0} e 031]
The ter fhsag: Wﬂ%?sncgg%rgws% s?%tuec? %ﬁélﬁﬁhgogﬁget gﬂtﬁﬁgﬂepﬂr 10(1?1%&1&12,[ lédat e éxa[l9

ar omat i GermdWidh as etk HEE ircbiend mmﬂudehnmmhahmlkad mnmgjlghaloaﬂgylo Formul ti pl e

ri ngs referably from1l to 3 ngs ther or |inked
covgl eﬁlltoqxﬁmpilﬂn@%é‘fnﬁ'hﬂ%ﬁcer%éﬁJ%ﬂ" 15?*@%3&@ 11’9?3 ‘gerf?}lt n‘ﬁ e?&? rings) that
contain thhﬁ&r}? g%‘?hjloz 59 FINGLoRE Moéfﬁo&bﬁkgﬁéo&oﬁl%ﬁﬁfp?l %n& tiken the case of

mul tiple i el écte rom , and wherein fhe nitrogen and sul fur
atons are optlonally ldized, and the.nitro opt.i onal |'y
quat er ni (P83 Aﬂ%"e@é‘?‘loéﬂﬁl megSo et AP BRIsS 351‘?9913(?0 %‘é‘)a eg Pf%é? of the
mol ecul %ﬁ?&c‘aﬂﬂﬁ RLSALAR R HRIR M A ing 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-
imidazolyl, 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-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, S-isoquinolyl, 2-

quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for each of above



Non-limting exanples of aryl and heteroaryl groups include phenyl,

1- napht hyl, 2- naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl,
3- pyrazolwyb,20@7d1m2dazol yl , 4- imdazolyl, pyrazinyl, 2-exaaskeis26794
4-oxazol yl, 2-phenyl -4-oxazolyl, 5-oxazolyl, 3- isoxazolyl, 4-isoxazolyl,

5-i sox azh@{ewaryl?a:nﬂ heRzdryl mng“gyfsﬂ&trﬁaw selectdat ﬁrdsmalzel)gmhp o? adc}ﬂptyibl,e sBbdtimanits
2-thienyl, 3-thienyl, 2-pyridyl, 3 yridyl

4-pyri mdﬁ%nbeébelbéhz'ﬂt@ﬁﬁﬁlzﬁ)'fay}’len Wteroﬁry%"é}?pyr ’dgéztb? %val%gt Iiaﬁ’&éis)ﬂf

1- |squ| qui_no 2- qU|noxaI|nyI 5- qui noxal i nyl, 3-quinolyl,
and 6-qui no?{hpeég)@fr@tretsﬁeé#\%%l for each of above 7 WO 2006/015124

PCT/ US2005/ 026794 noted aryl and heterparyl .rin te are selected f rom
the grodP0Pd Hwdpevdin tedema(qyliaviea us m \%@? gsﬁrete?’ésr%ﬁ* aryl ene"
and "hety %?ﬁf ﬁk}gg@%o %@5]%}%1211{0%695 |l tant %gfei:@alrﬁ fgs a@ﬁé’ﬁnéﬂ%ob@t eroaryl,

respecti vit e term "aryl " when used in conbination
wi t h ot s tthe tesm("erydalkyl"as lylleantcbq irmhydetthdsexadicals i which lah ar}dgrmmes both aryl

d het def h h L al k t
o i nol diedtshoe & Ak B e 5" Gneah Pt Patlm e pd ke dndiag 31 kyr
group ( §n&he allfBfops iPREREL B bonRYdTh @y}fr n@hmylamgrbﬁ@ Ha*s Issén TepRkeEbylg

t hose al kyl groups in which a carbon om (e. net hyl ene group) has

been r epbacadhpbs; an okygerestanyik.g,, phquméryl,e&@mct}éovmeﬂ@ﬂe%ky met hy |,

L e ot hE ST, Bl BBt nefifid s vl Bl BIRER o, o

Wi th Oneco%r §r Bagnted wills® or\Wise aghet er oal kyl heterocycloal kyl, or
het er oar yl |nc es a specific nunber of nenbers (e.g. "3 to 7 nenbered"),

the ter m
Sbﬁﬁd"bﬁfé%e Fh RS O SERARR, BF ndK BRI cs sefe mblon

atom [ GRsmberFash "afto ahautabdred TEhE Rrg. "merrﬂiekyﬂeferrermwecfaﬂadd@tlh,e‘teroatom
"cycl oal kyl, and  "heterocycl oal kyl", "aryl, heteroaryl as well as their

oo G, Pl Ao Rk R ERR b s BB SURB L Lty an

each typgoaf radical are provided bel ow. [0036] Substltuents for al kyl,
het er oal kyl, cycl oal kyl, heterocycl oal kyl nonoval ent and dival ent

deri vat Wg%sgadE%@]] (if alqu{;g{eﬁﬂg {%t NASA "IhauRAIIL e clalignred to as al kyl ene,

al kenyl ter ene oal Kenyl', al kynyl , cycIoaIkyI
het er ocymbteedclyylloalkgva'am] 'k'émgdroara]ﬁ ds wholita KMy@WdamMediyal)denaaﬂ‘t@@) ¥Ae or nore

SESEN R K ER I TR NI R

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, heterocycloalkyl, cycloalkenyl, and
heterocycloalkenyl) can be one or more of a variety of groups selected from, but not limited
to: -OR', =0, =NR', =N-OR', -NR'R", -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);NR'R", -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 heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl (e.g., aryl substituted with
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,
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-C2R ,-C(ONRR', -OC(ONRR', -NRCOR, -NR-CCONR'R, -NR'C(OCR,
-NR-C(NR R') NR, -S(OR, -S(O2R, -S(O2NR R', -NRS2R, -CN and N2 in
a nunberwoangimgi2irom zero to (2m +1), where m is thepcotsboosopdres of
carbon atonms in such radical. R, R', R'' and R'" each preferably

i ndependgit dpthé Rf@busqs depadertly &l&s&d dsuireenchrR', RihAiband Rt gdugseviesroal kyl |

substituted or unsubstituted cycloal kyl, substjtuted_ or lilnSUbStl t ut ed

het er ocgamrgmamme oﬁth@sq gqoupw p@sesenhs %1% Rianddtf’ & pitaqhed o thegatpe ndgeet; ¢ ut ed
wth 1- ak kyl ,~-al 4

t hi oal kXY éc)}g S[)e S e%i‘%]ll%ﬁﬁg defr?y%le%o goéndorg&t&ﬁgeﬁen\?gnti on

i ncl Ude?oﬂ'@ia&nﬁlham@lslﬁi@mmnclfude mﬁaqcﬂedmﬁed/@, BQQﬁbEdﬁy]Zamd 4-

PCT/ US2005/ 026794  each of the R gro?gﬁﬁl ) mdq{{)d)% le{‘gl} y, selected as are
each R mqepholipyl Biem tReabgyedisaissie g HEepReOHeH S heds W, @ﬁt‘oups i's
present H%@ﬁn&ha@ﬂg t&¥m E’nglaﬁstlﬁ%ﬁ to fn@lurdg %roi?ﬁhc‘l\idlﬁ%&ﬁﬁon AbBbohhA® can

be conbine € nitrogen atomto forma 7- menber ed
r ing. Resupsxdnptian hylilRgR gtaupnpsanh at baloalkylude,, -6b1 anbtCHeCT4) pid aeylt o,

pyrrolidin r.ph ve di scussi on of
substltﬁéﬁb é«@ﬁggoﬁxgﬁgfb eﬂﬁﬂﬁécgﬁﬁbﬁPéﬁlI@ﬁgerstand that the term

"al kyl" is meant to include groups including carbon atonms bound to groups
ot her tnamsmycﬁinghntoghoaqmnt@uts eagritied|foraalkyliradiealy abome@@naﬂ@m CH2CF3) and

gfml | ar SP%“(“I"F@“%%}%? %%t?)oa@igqu&?“? 99—% 7T aél ca h{’&g‘)e irgg%ééd lary

subst i t ygRts: fefict@MYdm qefieykh@mﬂé %ﬂd%enQ!OIUpéNKRB,SSE@Llhala@nt kBaRrR"@l"\/al ent
derivatives) are varied are se

ted f f | . -OR,
“NR R', -OSRO)R’; HAO)BerCO:R; f@(Q)NR'R",-eéﬁ(GQ)W[ﬁm &%&@}ﬁ%ﬁs@&)@ ;’ NR R,

- O N n " " -

e c% N@ﬁc@ﬂﬁ&qﬁ W%? )%‘@ NR/Ni C %Rﬁ 3@%‘ SOy g R,

- NRSO2R _g( %de -NREB,R"; RN antN3NO»f 'PN)32 CH(PUJpI ﬁﬁ@méwahlkoxm andnd

fl uoro( Cl- I'kyl, in a nunmber ran |ngfromzer tothetotal nunber of

open valfmee(€1d)allayl g nuamber sapeings fremzerg thiofal npmbeppf opgavaleheesgn: oy o
preferabl y indepe egn b shéddilisfdelected
unsubst W%?%t(’f“l&) %?e%s’d%‘ © e[C%dﬁo’r:[iu(r%{snlljEst| t dragglbler oﬁa I kyl ﬁeseﬁbestl tuted
or unsulbysdrh hyti@des ¥ebwiahty bx umbstttuﬁedtaﬂdl csnbammdbet umwwctuﬂeré&letenmyl@ﬂ,oal kyl ,
substituted or unsubstituted ar

IY and su ti tut]ﬁs(dSt subst g 5
het er oarsybstityigd r ansubgipisd syclgp %’hé“t?sr%‘g PIOFPSHRRANTE ]'P?‘} f’one R
group, f%&mﬂﬁ%ﬁ% ﬁns&ﬁ%&ﬁteﬁf %1 % b REPSr ﬁrﬁubd%ﬁ@t@@ﬁé’t@f&akﬂ seh&csd ed as are

each R en nore than one of these grou s IS
present . condabd offthe mfennme 1mhh1§ts ntouetitas ooe Regipas dot cxamphs cath alfthe

heteroaryl ring may optionall "m
groups is ?ndepgndegtly se ecte(%/ 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')¢-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 aryl 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-, -S(0)-, -S(0)2-, -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 heteroaryl ring
may optionally be replaced with a substituent of the formula -(CRR")s-X'-(C'"R")¢-, where s
and d are independently integers of from 0 to 3, and X' is —O-, -NR'-, -S-, -S(0)-, -S(O);-, or
—S(0);NR'-. The substituents R, R, R" and R" are preferably independently selected from
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forma ring of the formula -T-C(O-(CRR )g-U-, wherein T and U are

i ndependently NR-, - 0-, -CRR - or a single bond, and g is an integer of
fromO towB.2o0ddisrnati vely, two of the substituents onratjme@si2edons of
aryl or heteroaryl ring may optionally be replaced with a substituent of
the for myh@gehsiKddR)iEd Br unstb&lteica alygrRdbdBived of muwpstidedichyloaldRR -, -0-, -
NR-, -S-, -_§(O-,.-S(O)2-, -S(O 2NR - or a single bond, and_ r is an integer
of fromsubstigitad or wsebsiftuteth betsfasytlealk i sbstfuted @ wnsvbstitred ayl.@Bd med may
optional].y._. | aced. w ble bond. Alternatively, two of the
substi tﬁléynsttlglﬁgén&g‘gjls %Sglﬁeép%tr%rrso “aryl or heteroaryl ring may optionally
be replaced with a substituent of the fornul a CRR X wher e

- X -(C'R'")a-,
s and d0039% idviesse hawsit.(Re ﬁeﬁﬁéb%t?@a@m"fqr%é h?%f%ﬁ,toné'ﬁ’& n?&a%lt t-OdD?lzlgw -,

are’ prororam O g A0n Bt S UNBSEEB o0 0

PCT/ US2005/ 026794 hydrogen, substituted or unsubstituted alkyl
Subst i t U004 orAw, amintalkyhies sl PRI ale T fo a1 AR SRR SO VIeTINASHat 14 & ed

heter oc };‘P&' . lj Fﬁ% NRRUDGH e dnd Ry fhall$ Yh1sdibd Hbed or
unsubst ?é{ﬂ t egli%e?ref%}a%?dﬁlw 0058% I{{A{S(Rﬂ’sed rher ei lr} t ﬁée t@gr r% ?het eroat om' or
"ring hétyérogat,cnbstitstedrenmsubstitited lalkyd substigted of Bsubstittiied deterqalyyl, sul f ur

(S), phosphoru P),. an ili.c (Si,),. 040] An.."am noal kyl." used

oy oi b SRPSRed o soghite? srosbaRal Tk ama Pt abe SR Rl | Trker
The am pELGHQ@EPot Snsubittied aMer 8ubstitite@BEuiBubaitetell Ypietakyly sel ected from
hydr ogen, substituted or unsubstituted al kyl, substituted or unsubstituted

het er oal ybsti.tuted or,uns ttut I it . ar
msubst 1001 RERERGLETEaR, ¥ Tl riehat ot s T I A SEE,
substi t yisekigr unsubstituted heteroaryl. [0041] A "substituent group," as
used herein, neans a group selected fromthe following noieties: [0042]
(A) - OHna 2 SH C - GR3, I [ I ' al kyl,
unsubst i[?(l)fpid(%%t gp(%%l v, %ﬁsﬂﬁgﬁﬁum’ 85%1%%%%13}1%5%5@%}%? ?{kg{’jed

het er ocycl oal kyl , uasshsbiaitéd ht@dalayly nsubsistutediciytlobike], nesubstated , and [ 0043]
(B) al kyl, heteroal kyl, cycl oal kyl, heterocycloal kyl.,, aryl, and heteroaryl,
substituted with deteFesysioaliyb uasihstimuedaryl %@é@@&dﬁe&ﬁw%b%ﬁ] (i) oxo,
-OH, -NH2, -SH, -CN, -CF3, -NO2, hal ogen, unsubstituted al kyl,

unsubst i[0043¢d (Bet eilod|Heydroalkyls cjadedlkyls lederogyel@dit ) ydryl, and bétstoatylt ed

het er ocycl oal kyl, unsubstituted aryl, unsubstityt het eroaryl, and [0045]
(ii) alkyl, heter SHPypied &y |a6gqaﬁ ne SHE%“@‘F‘&??“&?%%‘?&%“; aryl, and

het er oaryl , .

[0044] (1) oxo, -OH, -NH,, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, and

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

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

[0047] (b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl, substituted with at least one substituent selected
from oxo, -OH, -NH,, -SH, -CN, -CF3, -NO,, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted
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substituted with at | east one substituent selected from [0046] (a) oxo,
-OH, -NH2, -SH, -CN, -CF3, -N®2, halogen, unsubstituted al kyl,

unsubst i twoedodmasenoal kyl , unsubstituted cycloal kyl, umrswhstessoeds

het erocycl oal kyl , unsubstituted aryl, unsubstituted heteroaryl, and [0047]
(b) alkyl, heteroallyl, cyclgalosilyl, uhetbetimeyddictabaycloalia yinsulmtitutbdemyt,oar yl |,
substituted with at Ieast one substituent selected fromoxo, -OH -NH2,
-SH, -CN, -CF3, -N®2, hal ogetd unﬁ%ﬂ%?&%ﬁréﬂy | kyl, unsubstituted

het er oal kyl , unsubstituted 10 WD 2006/ 015124 PCT/ US2005/ 026794 cycl oal kyl,
unsubst ijdodsd Adties-tieyrlcabltiphent'lors mﬁm—ﬁmﬁeéwbaﬁmlent grang)" essgddieraint ed

het eroaryl. [0048] A "SI ze-1j m ted stituent i zer

subst i t JBFADS §BEAHR, selegts Lf%‘é’él @ﬁg}eﬁu #’3 S es@‘?lbedlpabé’@g u‘?ﬁ%‘?ﬁngl I of t he

substi t g&&&,ﬁn QAeSEhd % eci 24 un%u beviahed hikyeita suBétRRd or \ﬁﬁ!s%@dtﬁteﬁ
e stit ut e

substit uns is a subStituted or unsubstitute CI -
C20 al kyIy akgt leachubstittitetlea uosuhshstmdsheitetrmlbﬂ 1p e sebstititey br unsubstduipd £ite ut ed
or unsu t|tu

(nsubat AR EHDE PRy B Bopetetrt Lt sp s Sabetod f Lt S

cycl oal I%lsubsﬁﬂﬁe@@mg sYIS4IkYIVERTeaRn sutitied oif wisaBsthebe heeprlclohikylisias a
substituted or unsubstituted 4 to 8 nenbered heterocycloal kyl. [0049] A

"| ower subsitited enunsubstitutel dvie 8 memberpd hetptocysloalky as used herein means a
group selected fromall of the substituents described above for a

"substi tjge4y] OAOWRver sibkEIent @aC lowes vhitstintent gdup) abnsadisdréih uicads aglopb is a
substltut ed or unsubstituted Cl-C8 al kyl each substituted or

unsubst isel¢eied fost &l @%‘Ihﬁwbﬁtléue@t%‘@ﬁ%lﬁqd@béﬁe o 2 ﬁ%‘lfBWE goup" YWhegisesdnber ed
het | k h bstituted
or - unsurdprinEEE ER BRI LA o SR o thal ALY AR o1 102 | 1t e

het er oc yebaahied br uﬁsuast&ut@atnetaﬁ Akl 09 a subsstist drtunkalsktifuted? To &Bmtrmemd
heterocycl oal kyl . [0050] or‘rBoun s of @Exln pr esent gventl exi st

as sal t seterpadk ﬁr%&‘& ﬁtlbﬁtwéqi]m stHeled ggdo S & gppstitutpd, griypsalst pred 5
appl i cahh %y%ﬁol ké/ %.'[13%2{6%'1)9%03'3@ﬁﬁﬁmsﬁtru'téa%teroé}%ﬂ{aﬁaﬂ‘?sné gﬁﬁ’mtuﬁé&' Jrat es,

met hanesul Ponat S, nitrates, nml eates, acetates,” citrates, funarates,
tartrat ams(ﬂﬂyu(tddStoa’VhrembesadI(ete)red:)&ictaﬂ@ﬂes or m xtures thereof including
racem ¢ m xtures, succinates, benzoates and salts with am no aci ds such as

0 095, T o R gy e S 162 i
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, monohydrogensulfuric,
hydriodic, or phosphorous acids and the like, as well as the salts derived organic acids like
acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric, lactic,

mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, and
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such as sodium potassium calcium ammonium organic am no, Or nmagnesi um
salt, or a simlar salt. Wen conpounds of the present invention contain
rel ati velwohkasimsi2fiunctionalities, acid addition salts eamusecsheawned by
contacting the neutral formof such conmpounds with a sufficient anpunt of

he desi i | f
Eicgep'ta Z'ﬁfngig ,éfisgd%!rlﬂ]grar%%aﬁﬁss i ncl{l})u% %@25 der }\?etra%idftfﬁg%?%ggsw :il gs

l'i ke hydpeshit adii€lik dg’lddilﬁbﬁl@lﬁ@alaﬁwtldjﬂl@am@sadrﬂqm tike. nOatdiy dpceiftnaaijoondc,
phosphoric, nonohydrogenphasphoric, dihydrogenphosphoric, sulfuric,
rmonohy drafgemelighent iventiomgatalp AP, basic a3 asid Ifo‘ﬁ%ﬁﬁéonéb{) gsthatfloPhile| i ke, as
e e olboRtd ® BV ShBUE: SE 8 adit KEaBE BlsC:, PrOPY on' €, |
|sobutyr|81 : benzo C, eric, furrarlc Iactlc,
mandel i c, ht hal i c, benzenesul f oni c & toI yI suI fon| c, citric,

met haned03Hni €he Bwiral forypg0 b tsaonpyinds perraimsplys e by ‘I‘f@tarC?lR% eAI S0

| el uded AL RPRbIR oPheif @%o%ﬁg%héyﬁ&t%an@wﬁ@&ttﬁe 86t chfind bitneranghesal t s
of organic acl ucuro gal actunoric acids and the lik

Certain ;&pﬁﬁlféﬂnﬁoﬁ!hﬂpﬁmpdmd d)ffextsrfearpt}ms\anbus salteform®oin cotatmaphysiset h baS| c and
acidic functionalities ﬁ)t]at al | ow e corrpounds to be converted into
ei t her BASRCTHES, seghpssatiot it}Sh“E%{F‘E ®E051] The neutral forns of the
compounds are preferably regenerat ed by contacting the salt with a base or
aci d and0D32]l aCenan cheppardsmif tlmprpmnhmvmnﬂmh@n@@memnsgl’vatedrfamﬁe&s wethe

parent formof the conpound d ffer.s fromthe wvari certain
physi ca|assg1 Py néi‘ifmﬁg lé}é ‘856‘2}?115 &9‘%?1?16%10%&50 Vafe ?thﬂ?’%s arf(ﬁ@%lﬁ?e rtain
compounds ol ted RiES Rl atd WRBb A€ IMNBXHhS bedpd of fiEprégtnethvbatids @&tane! |

as solvated forns, including hydrated forns. I'n general, the solvated forns

are equicomi@unds Qfdhei pEstntanetibo may existiinansltiolcuyialdisear smetphaus eemscope of

i st | rorRiPERE PRyt sy SERE Ao e S AR RTRSEy RRAPY TY

forms ar@vefiibnal afd infedtied tbeomﬂﬁlnﬁmicﬁp@bﬁﬂle@résynttlheenwoﬁsent i nvention
and are intended to be within the scope of the present invention. [0053]

Certain ou t n atons
Copt 1 cal (8PS EnCF o alpPEr St pr e B s ORRES B AN chlon BT, 2.
di ast er e@@EES or chiddl lcomerisy or gRdiEbdrids; the enatidomesd, moeﬁiate@,mﬁastéreoﬂleﬂsns t hat

may be defined, in terns of absqglute stereochemstr a(f (R - or,

as (D)- @lﬂto(rLe,fSa gf’@ﬂ“&ﬁﬂﬁ‘i’@%@}|SEF§301WW1%84W56]&?5FHE‘Y|@ gd,dp r’(Zf"ﬁé’érrpassed

Wi thint vEnid RSN sent

i nventi o% Igl%r)l% e?%hghhﬁépaﬁ@n&vﬁ? (ﬁ %ﬁ fog art ?%d%%nati gl?wdﬁ%a?abl eto
synt hesi zemarndioéncomphate w1fﬁ|1teth|erse<mf thmpmesmt orvenSomeRnt cangpoundd efdtbe

conmpounds in racem
P present Enventlon do not include those which are known in art to be too unstable to

st

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 E

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

to 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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and optically pure fornms. Optically active (R - and (S)-, or (D)- and
(L)-isoners may be prepared using chiral synthons or chiral reagents, or
resol ved wei2ngy/masryent i onal techni ques. Wen the conpoeodasdesoedbed
herein contain olefinic bonds or other centers of geonetric asymetry, and
unl ess @& f iedeatdirwisatatéd, sirsctinet depletdd hmin 4rhelsoomppotiedsclideillide bot h
E and Z geonetric isoners. [0054] The term"tautoner f as used her.ein,
refers SiTORBoBIcal MBI HgEUSTRYbEu PRI 1S AEh o0 fhegl APt i bri um
and whi GOy@f SHERATE! o AORYRILALLEHAMBARLE ol SRITGS bifarkiBli¥tio b sk 0055]
It will "be apparent’ one skilled in the art that certain conpounds of
this i nueiRturerof thayresstit sbmpourdautowihinchd snops of thelimemgbnt aut oneric forns of
t he conpounds being within the scope of the invention. 12 WO 2006/ 015124
PCT/ US2 39@732631%% JHARHde HNEESTuQHRS U¥hisRA SbRiLSe afbiisntioaacldepi ct ed
herein dre also neant to include all stereochem cal fornms of the

st r uct urcempburels, whible di¥feandlySn dlorpressucaof aresorfrogre dsptopiesdlyramsichedatoent er .

Therefore, single stereqocheni cal iso s as well as ' i G.and

di ast er g@ﬁéﬁ“&fge’rﬁoﬂﬂﬁ’ﬁl@& 164"”?31@6 BFeég%mr% GO S6 RS ?cgrtgggéﬁ;léhc?%%ﬂ]og %Scope of
the i nveRkiBn bl A0BEkr bR Q8 HBhhEr he SlakbieROL] Sdakbiat by EC-depictmithbér ei n
are also"neant to include conpounds which differ only in the presence of
one or rerteniasowdhingh¢ ksopeof ihByeritadns. For exanpl e, conpounds having the
present structures except for the replacenent of a hydrogen by a deuterium
or tritifpeas)or TR @nifRithaseNmBe bre3éntanCALibe mayulsbIGntai udrbGrelpropdrtidns afar bon
are wthin the scope of this invention. [0058] The conpounds of the present
i nvent i GOMRYISCAORES at o @i oTEi atamsthatsoppyite YRl CQ?PPO‘H’Ldé'n? o PPlH Y at one
or nore of ato h [ > anpl 3
compoundg Ry e wERIRIA ) RUEAGRRIRADES suhls GLOTRT, wlif (1D,
exanpl e ibdiné125(¢3 s carbadi 44 AR AN idbjc wriatiandofithd dorppe@ds ohitie fressnbpi c -
vari ati ons of the conpounds of the present 4nvlelnt 'bon, wh %her radi oactive
or not, iayetignceksibadadionttiveion neh arcRsyEPared WEhpythe seapeioh hee SRt [ 0059]
The ter q}l{;&%{lrraceuti cally acceptable salts” is nmeant to include salts of
active conpounds which are prepared with relatively nontoxic acids or
bases, depending on the partjcuylar supstituyent noieties. found:on the
conpounddbsiils cFieistn efemceunally SiesraB aLs g merl (radl AR OLAVEn
contain dg’oglﬁhhe(sedvbﬁcﬁ‘%g Epdrb Fith S8RVl BSntoRiR98ida S bhdeSMepsiiSoctd be

obt ai ne contacting the neutral formof such conpounds with a sufficient
particular substituent moieties found on the compounds described herein. When

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 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 pharmaceutically acceptable
acid addition salts include those derived from inorganic acids like hydrochloric,
hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric,
hydriodic, or phosphorous acids and the like, as well as the salts derived from relatively
nontoxic organic acids like acetic, propionic, isobutyric, maleic, malonic, benzoic, suceinic,

suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric,
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amount of the desired base, either neat or in a suitable inert solvent.
Exanpl es of pharmaceutically acceptabl e base addition salts include

sodi um peDase/um24cal ci um  anmoni um organi ¢ am no, OPCEAZd@S/peTvsal t, or
a simlar salt. Wien conpounds of the present invention contain relatively
basi ¢ f ypgtdneaadointd, esd thadikd. ads tlabded aktssltcainkiao atitasuvbds ahymateandct i ng
the neutral formof such compounds with a sufficient anmou th f the desired
aci d, etherlgve, prehsaltsof preagicsgids AkE @lUCHEMIC QpgalacHinoTIERgHH PRET 311“6 (see, Tor

phar maceut i cal accept, ' htion j i ved from
nor gan Fanee P EERR ) BRisfap Qi SAEL oI or ERa pELHRR! SOORE, PO

nonohy disggrNgRr &t spdeifiesigiouads offithe pregeit dgenfibos@tigniboth basic and

di hydr ogenphosphoric, sulfuric, nonohydrogensul fqui C, . h%gri odi ¢, or
phosphoreidss fapstinalifies thaiealiomibe campowids t%ge poRy cegd 180 githar Pase sl

relativgly. noptoxi ¢ organic acids |ike acetic, propionic, isobutyric,

h d 1|‘t10n S. . g ) I . ’
mal ei ¢, nmaloni ¢, benzoic, succinic, suberic, fumaric, lactic, mandelic,
pht hal i ¢, benzenesu] f oni ¢

| “to]ylsulfonic, citric., tartaric...13 WO
D006/ 0184060] paT/AdesI0nds 6k EGnS: | Pfrs?g‘?{’é%%ef%tiﬁ’?chf"r"lﬁf‘?ﬁ C?Iﬁém?‘}rdlﬁﬂg"."m&ﬁ &) uded
are sal tpﬁo&g ﬂfnr{g%@iug@ oPﬁ‘xféQoﬁ%o@ﬁc&idé@érﬂ)eé!&@reiﬁQ@tlhdsk@omﬁﬂ@lml%&hits of

acl % I Ké glu

organi c uronic or galactunoric acids and the like (see, for
exanpl e redélygmdetgoahemichRimngesomder plaisiodegiea condibensiaprayidethg compestsi cal

Sci ence, 1977, 66, 1-19). rtain specific co

i nvent i & ﬂé?dﬁ?%nhmﬁfﬂtw&a%‘?ﬁu :gly, %fgg’a’igé “# %‘%@’8’%@?‘?&0?&&65 E@ﬁ%&n@? I%?)%/Ivlet he
conmpounds. &0 Nt RRE dhelidaNbopistHdRREal DRgRodRIin a6 ef viva@avitdmiersakbs. [ 0060]
In addition to salt fornms, the present invention praovides conpounds, which

are in @xappledpodrigsican besloghueanverted toethe sempeils of s dressBHIMENEMIVRETe
th nds  th i d i i ol ogi cal
Cond 1 e proprE At gL aR IEIIC By BARAREmItAE R ity o1 of 001 €2

Additional |y, prodrugs can be converted to. the conpounds of t he, %ﬁr esent .
i nvent i dA0@R cResicons "o} "a5 cu a6 ayhepaisehingeforensa (4 AW OF spRSIWHent . For
exanpl e, prodrugs can be ] A adNgiprgsent

i nventi JWP%éﬂe tg%ag%oqeh%lé)?%%nr@g,gylﬁ%% gggt @ﬂﬁﬁggﬁggﬁ?%ﬁtﬁ a sui?abl e

enzyne QylchRmospoufi®Rapibnallyld6dituEhevitieatigast ane'alkyrnd/oont ez ope aryhhen
used in reference to a group of, substitug{lt .herejin, nean a% I%ast one.
For exarfbeovenaheres metwhois sebstisuted pehiap pstifuen, the;grou gy O FeTeied 0t he
conpound. i,S Qpt.: |l [ it b I ; A05hak 1kt | east
one aryla.S ﬁﬁ)uﬁ%%{g\(l)/l{e%?; mge?%ﬂéf"% %’%%‘%ﬁgﬁ ds’tt?flzlg)lee f\;%viStaﬂk)lsﬁ]}'gl!rllteRaylsijl/l}}bsti tuent,
t he gr oupmemayut3tdtueaf sidraach RoubsiudmRiseoimnaliydiddrent\Where a noiety is
R-substituted, the noiety is substituted wwth at |east one R substituent

and eac h[0636ﬁu bHLLdAEBR of SorfPSunds 8t ih¥ préseheih@8ttion 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 ~w denotes the point of attachment of a moiety to the remainder of

the molecule.
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[ 0062] Description of conpounds of the present invention are limted by
principles of chem cal bonding known to those skilled in the art.

Accor di ngivg,200dmase24a group nmay be substituted by one orcmwseosinz@nunber
of substituents, such substitutions are selected so as to conply with
princi pl ek of Fhewl Rilg HetachicygedtiaatadVipiduatenpounds whi ch are not

i nherently unstable and/or would be known to one of ordinary skill in the

t [i t,0 b bl d nbi ent diti, , h as ,
nout ral IR B aRE o P LS Ve S FOHSE hrisroCls kIES
het er ocy edddal ot (aRb rétel&d RHeYdin b§ aaéérﬁll?cnﬁq otfﬁqe.té}ﬁsenf GivBAt 21 hﬁr;in%{j:l% .

ce w 0 en cal

nol ecul e via a ring heteroatomin conplian principles

bondi ng kerewdet o t hose skilled in the art t her eby avoi ding inherently
unst abl e conpounds. [0063] The ternms "treating” or "treatnent" in
reference to a particul ar di sease Qpclg$es prevention of the disease.

[ 0064] The synbol . denotes the I v attachnment of a noiety to the
remai nder of the nolecule. A4 2006/ QN5124 PCT/ US2005/ 026794 1. Fused
Ri ng Heterocycl e Ki nase Mdul atér sNSY006%] | n one aspect, the present

i nvention provides a fused ring heterocydtr! ki nase nodul ator (al so D).
referred to herein as a "conpound of the present invention") having the
fornul a: [0d6l] N FofRRulk2DN. P M 1 (Lo ke re
independgnth a_bond, @% ékﬁﬁil%%fm#ﬁﬁfgh%%gggﬁ%ﬂgggn’é?’ﬁﬁ?ﬁ%@ﬁﬁ é?gd
Cl- C5 al RiymsHbstiteied Eutstalleyliensd onsubstittddsir iunsitbetitued Dto5s memiberedd

het er oal 0 e di.nments;; LI..and L2 are independently a bond,
-S( O nﬁé%r%gﬁ{ykllﬂa ,ngoﬁ%eu%n??‘f 'a%‘faffm- _ aﬂr%%_%lél?mf‘é{ GH?Y %E%gsﬁq)m g2 to 5
nenber ed-Nigt, anaisK it @INe,-CT Hikylesy, 02 @hsubstifuta i ﬁgﬁl'belfeﬂ‘?i%}egjoatl@lgne. Ryeand R2
are independently substituted or pnsub% , Substituted or

tituted cycloalky
unsubst | DFRRY nHe e pbedre Itert &iA 2. Bupad Rt aredetlependentliy isshstituiedor ursebsitaad v |

or substj 0 ; ' Iyl Q067 n nbodi nents, Rl i s not
subst i tu%}tecicf? “or l’usﬁllg %@?Eélﬁt% HA %%}bggt}l %g?hﬁqéﬁyﬁﬁ@llwgrgugsgﬁﬁ%gPﬁ%‘i‘ﬁ stitfifed; 5 ot
unsubst i hei¢redry?, dreuistieeder @tubgiteedatkyl ene when Rl and R2 are both
unsubsti tuted phenyl. In other enbodinents, LI is not -S(0)2- where R2 is

[0067] In some 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(0),- where R? is

unsubstituted piperazinyl.

[0068] In some 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(0),~, -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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unsubstituted piperazinyl. [0068] In sonme enbodi nents, Rl is not
substituted or unsubstituted 5-nenbered heteroaryl. In other enbodi nents
Rl i s subwoi2oasimsizear unsubstituted 6-nmenbered het er oar ylpcT/USndsedas ed or
unsubstituted heterocycl oal kyl, substituted or unsubstituted aryl, or
substitu r het er.par 2 al d or
unsubst i !‘ﬁﬁé’g gﬂgénlgﬁ%%lpg&ﬁh%g%sergogrlgﬁ Sl(bl)z I%bstl tﬁstst%al Stgrﬁtegﬁzgﬁéﬁjﬁﬂ&% gd aryl .
[ 0069] | pipetdzeryl.ebabi¢menticsliménts, ils innot -SRybwhért Radudsubstititedenber ed

het | kyl d bot h t ut | th
erbod mehHEroeyPoF S i oS G AR s b SORmATOA. FRABFERRAYT one when
Rl and Ranﬁﬂﬁtltk&%hle&&'&%klotaﬂéy?dhlocgthéi’b%‘r'f%ﬁiﬂléﬂfé %qs @Q)? '1}’ it otﬂef' eﬁ’ﬁ)gﬁfnents

enbodi nents, LI is selécted froma bon
unsubst i LulsetthS(O)ﬁBNIMrkiaFa?eboﬂdn ot her errbodl rrents n |s 0 or 1. In other

enbodi nents, LI is selected froma bond, -0-, -NH, and unsubstituted
Cl-C5 al ro{mpe m@.&nM\QnBQ@iﬁ{eQﬂﬁ{% ndehh u%@%&amémbk&awer&@cmr@
enbodi nents, L1 is not -S(O) 2 where R2 is substituted or unstbstituted

pi pe[) azi Iry@thell @nbﬂdh@pnt@,r&dldmn’em@stmrted@um@mbstl Bt Gmenrherasl R2 i s
' L1 . 2-
Unsubst, bR OEHRT L SRRl R L IR iR b P

enbodi nmeR¢isroayl] sibftithfed br uhsubetifiesd LARABEREMeferocybloalls],Rabstittedo2- Where L2
is a bond. L#@0071] In sone_enbodi nents, R2 is not an pnsubstit ut ed

6- menber Basubsiicd @yl B epstituteror gpsubstiwradsyrivaliyl  RRmay glsabe subssigtied i t ut ed
or unsub §1§ ﬁﬁsﬁ%&ﬂ%‘égl apﬁgﬁgsmﬂﬁ{u ﬂféfc%x?}% OA%YI%YEIE,tsluBstﬂﬁg for %Hb u%dél?ni? Qit s, R2 s

sel ected fromsu unsu eroar perituted or
unsubst i hetewdrd; oranbgitedd betesubstitatedal Ryl , substi t ut ed or unsubsti t ut ed
aryl, and substituted or unsubstituted cycloal kyl. R2 may al so be

substi t Uitﬁﬁzwﬁn Yoty Esbbditte g.fé ﬁefs'mls‘!f%}lmt&y&g%fbaﬁ&ﬁﬂe&g%%z%gx %%?é K¥is:

substitu unsu stltute teroary stitute nsubstit ut ed
aryl . [Oﬁﬂ@lbsmtutedquﬂdmybohm atkartemboRimérss, BOtis satisabitituted dr onsubstitutedt i t ut ed

i soxazol 8. ynsybst ] ridj | n_ot her enbodi pent s,
i s not si%%%oﬁzﬂt"@lﬁ’r ’Gﬁil%"étoﬁ éde[n P%&Qf‘h?‘i}l}mﬁﬁé{glsﬂ?t F%bsﬁuﬁ?fﬂ% or
- OH2- . | B Qb TRAAESTBNR otiR} elndofilenfURS ﬁdt'tasgab Kitutbd 5 BRsAoih Y

i soxazolyl. Tn other enbodiments, Rl is not a 4- S|tute I soxXazo yI In
ot her enbthei embedimerts, Rsismot a 4- ﬁlwxazdmkdnothek embndiotenés, R imdiadent s Rl is

t 4- di
S oxazol SRS T QAP h e g i fe i Rraoly! substituted With £

fluoro-substituted aryl.

[0073] L'and I> may independently be a bond, -S(O),-, -O-, -NH-, or unsubstituted C;-
Cs 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-C; cycloalkyl; (2) unsubstituted 3
to 7 membered heterocycloalkyl; (3) unsubstituted heteroaryl; (4) unsubstituted aryl; (5)
substituted Cs-C; cycloalkyl; (6) substituted 3 to 7 membered heterocycloalkyl; (7)
substituted aryl; or (8) substituted heteroaryl. In some related embodiments, (5) and (6) are
substituted with an oxo, -OH, -CF3, -COOH, cyano, halogen, R!-substituted or
unsubstituted C;-C alkyl, R''-substituted or unsubstituted 2 to 10 membered heteroalkyl,
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[0073] L' and L2 may independently be a bond, -S(O"-, -0-, -NH, or
unsubstituted Cl- C5 al kylene. In sonme enbodi nents, L1 and L2 are a bond.
I n ot her wohkoai/orenzus, L' or L2 is a bond. [0074] Rl naychasacosobsbi t ut ed
or unsubstituted cycloal kyl, substituted or unsubstituted

hét er ocy Rl oalbktitutedssbibistives Ol- Clylﬂﬁdll&ﬁ Igl'lltl'?ﬁl%ﬂbﬁrtu@ﬂ of unFmbeRd shgtrer oaryl,

or substituted or unsubstltultled ary may al so be 8 substituted or

unsubst i W@Gr®h¢@w@@ﬂ%}t%rﬁa@mm%ﬂ u@ubﬁtﬁﬂtﬁdlﬂ@dt Ry-substitised pt ut ed aryl .

0075 r nt 073 W boalikyl ; (2

ansubst | PEREa el PR HE SO ok o D S or eIy g
het er oar ¥8; =0 4r 4N1$115,b®h¢rbimtlelé 1saHy10R‘€BR11 mﬁmt&wms@tlﬁle@&pb%mw ( 6)
substituted 3 to 7 nenbered heterocycl oalqli% ybstituted ary r (8)

substit uBedSWI?étﬂ@Feé&FWSUbISWu&S‘n%tOr]& mewhers @faroraﬂm sR (ssbstléwad 06) ar e

substl tu 1CE I 1 substituted
unsu%lgs'?ﬁbt ut%{eég;{\j1 @@cloa%lfi F?}bsmf%ésjﬁ ?uteé]grtfgub %m‘tg ed 2 to 10
nenber edhétertoeyc;ledlkyll RlZlﬁbb‘@u%aaﬁhﬁmmwa@?ﬂu&m%hea&ﬁ&é or Rndubstitasdi t ut ed
unsubﬁtl t ut -C7 cycloal kyl, R 1-substituted or unsubstituted 3 to 7
rrenber ed$tE08TY c?‘cl bgalllmgenli‘?ﬁ{ ﬁwlFWéPéHn%‘ibSWHEeG%tQm@i@é} Bhg/symbol m

R12- subs{qi t Ut &6e 9 ngybstituted heteroaryl, -L12-C(Xl)R7, -Lt2-0OR8,
-L12 NROTRIZ. gr 9 g%?O)ano X1 is —s =0, or =NR15, wherein RI5 is H,

bst t bstijt C10. al k R11- btttd
unsubst 1 178h B p gff%?%ﬁmu@imﬁa{s bR bt e oy o0 %"
unsubst i ICOOH, 653mé:;h4 aé‘énoﬁp Kattbstitiled- (ﬁﬁiﬁﬁﬂsﬁfﬂ‘e%cb 0F UimsH bR YL B\H&Rﬁlﬁe@ of0 7

menber ed heteroc clo , R12- substltut ed or unsubstltute
R12- substnsubstiuted 12 tohg lmmbetﬁz(t lederohlisyle RO asupistituRals s unsuﬁsyldrcng@ﬁC@ r

R11- subst n stituted Th n i nteger
Rrom ottt R bt bisp sl d B srnead nditesiafleg RiZ0 ' M 9
subst i t ugedtittddor afsutfstituteddrsl, R'>-&8stibut@RRsutR Bt RdERbterBarl ISEbs(E{ I}ﬁbd or
unsubstit ted C -C o, al kyl il su tltzuted or unsubstitut’ed 2

rrenber edL éi)]ér,oTa]I °'R o I8 U5EQ)RI eTeI % 2 bersly besubstituted G3CG2lkybgne) Qlal kyl ,

subst uns t|t 1ed .3t ed heterocycl oal kyl, R12-
substl t ut e Ei‘Hg;tﬁgtﬁgrl:éa aﬂiy? s arayfimﬁffsgnﬁg‘?{fac Q¥&d or unsubstit ut ed
het er oar L12- C(Xl) R7, L12-0OR8, -L12-NRO91R92, or -L]@ S(O,,,Rlo. L12

is a bo nﬁ)l 077 s Rbés idiessa, BY - -qubgtitaferdypr éﬁ@bswtedlﬂ‘ls@b@tlkyﬂ (R edubssitetedar kyl ene.
B L e T
nmenber edcyidagicyd; af{lks,shbstm&d stissubstittiied 3a6 7uﬂeﬂl§r&éd hett@dydBalG, R'-

substituted or unsubstituted aryl, R'2-substituted or unsubstituted heteroaryl, -OR”!, or

NRR”. R™, R and R” are independently hydrogen, R!!-substituted or unsubstituted

C1-Cyp alkyl, R!'-substituted or unsubstituted 2 to 10 membered heteroalkyl, RM"-substituted

or unsubstituted C;-C; cycloalkyl, R''-substituted or unsubstituted 3 to 7 membered

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

heteroaryl. R’ and R”* are optionally joined with the nitro gen to which they are attached to

form an R'!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, or R'*-

substituted or unsubstituted heteroaryl.

[0078] R® R’ and R** are independently hydrogen, -CFs, R''-substituted or unsubstituted
C1-Cyp alkyl, R!''-substituted or unsubstituted 2 to 10 membered heteroalkyl, RM-substituted
or unsubstituted Cs-C; cycloalkyl, R''-substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, R?-substituted or unsubstituted aryl, R"-substituted or unsubstituted
heteroaryl, -C(X>R¥, or -S(0),R®'. X?is =S, =0, or =NR'®. R!¢is R!!-substituted or
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cycloal kyl, R1'-substituted or unsubstituted 3 to 7 nenbered

het erocycl oal kyl, R12- substituted or unsubstituted aryl, Rl2-substituted
or unsubswotwdedsizet eroaryl, -OR71, or -NR72R73. R71, R¢Z/Uusaod/oR784 ar e

i ndependent |y hydr ogen Rll substituted or unsubstituted Cl-Cd o alkyl,

R11- subs ty I '
R11- subs‘%d %‘H{tﬁ%e&)bﬂ féﬁ t%@g%%%& é%lgcycppﬁ{fd Ohﬁ%@% llbéﬂthletteﬁ%aéc}i 1or
unsubst i RUt@Hstﬁuﬁed of ujmb‘stﬁumd Cshet arebaiiol,ddll -Isylbstltlfﬁécﬂesmﬂmbstttuméd toff
unsubstltuted ary or. R12- sqpstltuted or sub teroaryl. R72
and RYSIQW@ @ﬁ@h@ﬁ&WVQDF%Vhéh SasHiuggreor sy BBH“{ gh'f sY Tat t ached
to for t & 4

het eroc ﬁﬂtﬁ&ﬁ@t@fda} qﬂe%?@ﬁ?@%%&%%%gwgét edmﬁg(ggr oaryl [ 00781
R8, R91 mnbnmﬁjoamﬁ witld thpeniitiegenty whydr tbgeare ait@fd tRidnsabRt i substesdted or
unsubsti t ut ed R11-su unsubstitu to 10
menber e&%é@%ﬁﬁtﬁéﬁﬂ ? Wkgeéiﬁo]%?t?rtoﬂcg%aﬂﬁr o, s&B‘%ﬁ“ﬁWﬁ&@H“@"?fg“éch oal kyl ,
R11- substdityi,ef or unsubstituted 3 to 7 menbered heterocycl oal kyl,
R12-substitut d or unsubstituted aryl, R12-substituted or unsubstltuted

het |- CLX X2 O
net o7 020 Mot 52k Bl S N B BB 0 RS e
Cl-C10 a&ﬁsﬁbsmﬁ%&z%l tp@ bl dntesll 1terbAIRWDRE I Subb@tted dr @ndbstiiiered,
heteroal kyl, ~Rll-substituted or unsubstituted C3-C7 cycl oal kiﬁ( I

y

R'- subst ¢ytcmaé1@/1,d?< ' snbsiiaed pnw@bsﬂtﬂ@d 3 to fendrabaer h@@@ﬁﬂd?@kﬂa
R12- subst r r siwbsi it ut ed
het er oar i}ll Lljtﬁlﬁ Or un r?ﬂ%yt% glh eg ét;ut ) %ﬁé&{mg&f %Séfggrﬁ d ﬁ@lgﬁa?ﬁgﬁ

the nitrogen to which,they are attached to form an

(F)e?tll- gﬂglsllxﬂ%s{!f ef@ rﬂﬁIi tﬁﬁlsz asinferendentty hysrogeneRh B thisd oF B@g}@ﬁ%@rqéﬁr or

Rt subedlty e&u%%ﬂtﬁ%?ﬁﬁbhtb%ﬁ%dé“ﬁﬁdﬁ%ﬁéffd hilfredlio TS oggeagen
unsubst i insubdit@ted ¢:-10 dyelﬁsbkkym{ heitatinaddon unsrRﬂsmaﬁetbs to 7 tﬁeﬂd)eﬁerd
unsubstituted C3-C7 _gycl R11- substi t ut ed,or unsugstl tu

I
menber edhdiegperdeafeyloB WPStltP?fé of Wi GERESEY of" 1 SHBRYRES PEIPEpYHY fuied °
R12- subs EétérHSS@ dRm ! Rbs Ellehd);) dlrgﬂalgﬁtoﬁfe@%ﬁﬂ e tro; Jvﬁfai%he e[rQ Q8%hefr811

and R812 are endent |y 1-substituted o uns bstituted
c1 Cl10 il fkﬂ;th ,aani smbmltadtammduhstltumkm bsT membenedmetanocz;@lqaﬂqmear&d

het er oal k 1-substituted or nsubsti tuted C3-C7 cycl oal kyl,

R11- subsi‘ﬁ%ﬁ%tiu %r‘mﬂ'ﬁ’éﬂ%"ﬂ elfftf%%ryg to 7 nenbered heterocycl oal kyI,

R12- substituted or unsubstituted aryl or R12-substituted or unsubstituted
het er oar [0081]R8 I scamalerRBamants, lbptandtﬁ?a(f hry 0pb0mﬂé]d'wmﬁ<ﬂlwnlﬂléh¢m®mSGQWthh whi ch

they are h%t}é%%?ag ngg |f{g§rg a sﬁq,stl%%l c?ruu%ssitﬂlns';u"éuté:aéj hec%erocycﬁoaﬁl%[rll c;[r st l‘)as%tl%e& or

menber edt
unsubstituted heteroaryl. In other embodiments, R and R'® are optionally joined with the

7

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;-Cjo 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, R*2-substituted or unsubstituted heteroaryl, or -NR!VR192,

R'"" and R'%? are independently hydrogen, R!'-substituted or unsubstituted C;-Cq alkyl,
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substituted or unsubstituted heteroaryl. [0081] In some enbodi nents, R81
and R16 are optionally joined wwth the atons to which they are attached to
froma suetndeatierk4or unsubstituted heterocycl oal kyl or pewhstecsoreds or
unsubstituted heteroaryl. In other enbodinents, R811 and R16 are optionally

j oi ned th t t ons [ o bstituted or
unsubst:,ﬁ‘luls%]&snﬁg?cg?]bwgf)g’:ﬁ%@?q%w? f dﬁﬁeﬁte@giﬂﬁgl gns% gﬁut?egﬁ) gd het er oaryl .
I n ot herygriaeiterol-&, cmaaldeﬁgalbaﬂi@team uaaMstiyted Diorenembetedt he atons to
which they are attached to froma substituted or unsubs‘tacitut ed

het er ocwm@m;ﬂalky& & iswstituted ar wrsubsiud eniurddl REISREEE 91 UnsyRstgHAG,
ebodi MY Soqrle RoRNh & PG R0 0B Wil L RES {vhilf nRhyoFBatRnui ch

they are rom a Unsub | tute terocycl oal kyl

or substthtrprresh RF -dubstitsior ubabstigtedr dryinembOR8s Il]steRik@c]oalldyy or Bdfen,

R11-substituted or unsubstituted Cl1-Cl0 al kyl, R11l-substituted or

unsubst i Substéuted of Bnsuhstiateddeteaomsk er oal kyl , R11-substituted or

unsubstituted C3-C7 cycloal kyl, R11- substituted or unsubstituted 3 to 7

nmenber eqobgd]er RE)is bog)- @H,,CB!IZLH €HbsOOFu,t 6N, eminm dialogen, tRIT-sebstitutéd or

R12- substituted or unsubs t; Rl | 01 nd 02 are

i ndependBsbsfited? &Ryt meppe h§ Sé’fgs“(ﬁte% ﬁ%%ﬁ&yﬂfﬂ}@é%&i , 18

WO 2006/1%@ 3 U & ] {,ut ed 2 to 10

rrerrber e g’%rﬁ}(’)lggv %ﬁg&%%i%%gﬁs?ﬁﬁ é3o?$&}:ﬁlds%1%gt?t ué;&g%&tﬁct% 87 cycl oal kyl,
-su bsmsuhmadecbs tcuﬁ srmdmiiemdjtewo@ycﬂ@lk?yl;ﬁ Tsebsiduted ot wnsubsithisd ARyl or

R12 subst j;t uéé unsu stltgthgd aryl, or Rl12-substituted or unsubst i t ut ed

het er oar®y| ¢ ’(51{‘6 RGUsYasituled hgisrqa aI ly joined with the nitrogen to which

they are attached to forman R '-substituted or unsqﬁstlt.uted 3to7
menber ed0h84]er BCyis FOH) +GPOHo pmip2 halogss t ¥t @EFp-Cia RubsuibstietasicPrhet er oar yl .

R1s. subctrebRuio © R R B T pb iRy B Pihasd ¢ g

or unsubgddrbak@dre- §1ibst14ﬂtdﬂ[&ﬁiﬁﬁ§1ﬂﬁtltu|twt@§ gabwéalkﬁm”mbatmﬁeubed or
unsubstituted C3-C7 cycl oal k R13-substit,uted or unsubstituted 3 to 7

member edmsebséw@%rt@amqmber W@Q%ﬂqﬂﬂlﬂﬁléﬁ sEbifiuted ot peswbaduigh pryl.
R14- sub 14t uéﬁﬁu‘ze(&ﬁ Q&ﬁ@g&gthg% J]a%leroaryl_ [0084] R12 is -OH - COOH,

am no, 3-substi t ut ed or unsubstituted 2 to 10

menber ed aI k |, .R13-substituted or unsubstituted to._10 nmenbere
het er oal 8085] RE\E%3 18 QBRit- pﬁjt@@Qﬁ AHEYhelagen-6F 3’C§)C@Z QE’IW&FWWG‘%’CVCW

R13- subs u kyl ,

. ént(ﬁ Ik 1”6%?% LA GRS ﬂ@h y
R14- subs%lﬁlu@gsgbﬁ{mtﬁﬁgj st |tﬂlt1 u eggha}:rl;eﬁrga ?f -su s'ftlt:3t u?% unsubst ituted
het er oarydsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, unsubstltuted ,

heteroaryl.

[0086] R'*is -OH, -COOH, amino, halogen, -CF3, -OCF3, -CN, unsubstituted C;-C1o
alkyl, unsubstituted 2 to 10 membered heteroalkyl, unsubstituted Cs-C; cycloalkyl,
unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, unsubstituted

heteroaryl.

[0087] In some embodiments, Rlis (1), (2), (4), (5,) (6), or (7) (i.e. unsubstituted C3-C;
cycloalkyl, unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, substituted
C3-C7 cycloalkyl, substituted 3 to 7 membered heterocycloalkyl, or substituted aryl,
respectively). In some embodiments, where R! is (3), or (8), then the heteroaryl is a 6-

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;-Cyp alkyl,
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[0085] R13 is oxo, -OH, -COOH, am no, halogen, -CF3, -OCF3, -CN,
unsubstituted Cl-C o alkyl, unsubstituted 2 to 10 nenbered heteroal kyl
unsubst i twoedos@3s5G4 cycl oal kyl, unsubstituted 3 to 7 meciarseehs/026794

het erocycloal kyI unsubstituted aryl, unsubstituted heteroaryl. [0086] R14

0 SRl B0 e SeEne i R . bR Sl Gl d,
cycl oal th,merﬂmetbﬁétmuy@@h@n msﬁbmmee aed, mummwhamtolawl oruné%mgh t ut ed

aryl, unsubstituted  heteroar [0087] In sone enbodl 1is
(2), (4)nageptedembogimqup)L (s vebonﬂnslu@&qr tieted e@bo@mena @may be

b t
Subst t GrBoes vl oy TRIEF GERR SCRL PEHG, SRR, BB %ﬁw"ﬁwy
h | oal k b d | |
wher ¢ RIOYDI( 3. ingy %e ) Sebitied Ui BRI Q) bRt e ed HONGTEary| -
0088 bt
het or oar s oo3p RS wtib il hofroel B by D [ SRR
hal ogen,cyuioalklys (6} sbstituted-3Gb & mérhbd:r;:d h&tekOydoaBY1) !I.BBQHS'EF?QIE& WS20838D26794
bstituted to 10 I’Tb d t - Cr. | oal kyl ,
nsubst i BRtGCS heiam mpare el BrDayEicat () He AL BEET PG
unsubstidMt gskrheiper Wdﬂ{’cﬁho ~Halden; KR substl tﬁ‘teaof ﬁﬁs%b@tﬂu%@ch} Wy, 11—23-2 is a

bond. In other’ related enbodi ments, (7) and npy b substltut ed with an
- OCH3, -sOoRByted OHBnsubgitated 200D OHBNbded bej emal ,Pcyeuhspﬂwwmubsufmeg] R2

b 1 t 7 2 1t t
Tenber ed - Het I SasRg e r ﬁ%sgh%%%‘ﬁ&ﬁaﬁ B SR G R Bos: ¢ ut e
ﬁ; %/Lr Of: %(l:l}aﬁglle?%a ok uﬁ@@stﬁatggtlu lc?ﬁggé%h&ﬂtute& 6) ulfsubgtt%ﬂgghiﬁaglﬁ eL?Zeprg rrt)elr edI
u I Tu n
some r e%l(é@éﬁ{ rﬂao@(ﬂcre rilfz g-NR%ﬁgi T—?zrﬁg(@n y §g§l§t—|ss TPefl W a/here@kBﬁ 1g’0—|

-CF3, - 18y al kyl ,
S5 o T P30 BSSD RS B PR bl Sl el

R21- SUb&bllbuﬁ@ﬂb@éd hmsmbm/l RAt-ebstifaBedt Lmymisnaitwc3-ose2§telsm1@1g Ri“ut ed or
unsubstituted 3 to 7 nenbered heteroc&cl oal kyl , R22-, substituted or

unsubst i substitted oy pnsuptiiped 3dgysnembere h@)tﬁr%‘rﬁ%le%ﬁ’]i RuratshetedBaryl , - L22-

C( X3) R3, %: ﬁﬁéﬁ i78 or =NR17,
wherein Uﬁf#gsglt L, 52%7 sucgrsutn#gstag%éﬁ&%gsagsti tbst_}ggr]él C o al kyl,
R21- subsdubttittied op insibstitnsdid LCgAIR]1. The &nted niie ne thtéget Goord k2.,
R21-substituted or unsubstituted C3-C7 cycloal kyl, R21- substituted or

unsubst i [bHé(ﬁd fh dtferre IRIARS R A REKE (PPt (@?hljé)é{lbstﬁ%gd ks -oif, edror
COOH, cyano, halogen, R*!_substituted or unsubstituted C;-Cyo alkyl, R*'-substituted or
unsubstituted 2 to 10 membered heteroalkyl, R2!gubstituted or unsubstituted Cs-C-
cycloalkyl, R*!-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R
substituted or unsubstituted aryl, R*-substituted or unsubstituted heteroaryl, L2 CXR?, -
L2.0R?, -L-NR*'R*, or -L*-S(O){R®. L** is a bond, unsubstituted C;-Cio alkylene or

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

[0091] R’ is hydrogen, R*!-substituted or unsubstituted C;-Co alkyl, R*!-substituted or

unsubstituted 2 to 10 membered heteroalkyl, R%'-substituted or unsubstituted C5-C7

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

substituted or unsubstituted aryl, R**-substituted or unsubstituted heteroaryl, -OR*!, or

NR*?R*. 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.
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unsubstituted aryl, or R22-substituted or unsubstituted heteroaryl. R171 is
H or R21- substituted or unsubstituted C-Cl0 al kyl. The synmbol q is an

i nt eger fwormé/disi22. [ 0090] In other rel ated enbodi nent ecT(UAooands708) are
substituted with an -O—I -CF3, - COO—I cyano, hal ogen, R21-substituted or

unsubst i 3l - 21 &
menbereo[bﬁéﬁeroar 1 agca@%%? %*&rﬁ% 9] st%@gt egetd dr%%sét)}lcéaoéall kyl ,
R21- substj, tauayq:dazbsumauas@ﬂ mumltaea 0 t7 1 orereheeesd Heedreallyly Bf emibktjtutedRR2_
substituted or unsubstltut ed any R22-substi tyted or ,}msu%stltut ed

het er oardpsubsiituted Sg-<3 cregdoa <Y1|L52 @b&tl‘fuiq_?zuﬂﬂ?fm@éed spbeed) gre. L22 s
a bond, %@H&gﬁd@%ﬁ@a%I\S/s?tﬁf@éé%}s%&%ﬂtﬁfed a Sdf@@g-'sﬁl’ﬁtﬁge&‘ ElsQpdtykgne. X3

and gq are as rogen R21-substituted or
unsubst itetdreatyCl- C 0 al kyl, R21-substituted or unsubstituted 2 to 10
menbered heteroal kyl, R21 "substituted or unsubstituted C3-C7 cycl oal kyl,

R21- subjpb%ﬂt e qis! YneRDsEL gﬂ%ﬁ%d%mt&ghydr EtﬁﬁdRh’eéxﬁJ"seﬁyézﬂ SahkstitueR-

substi t dnsu stitute 2-subsfitufed or unsubst tuted
het er oar@i-C,-40R8,1R* snbstitiNR3 2REBsURSRuERI D tRSB naanebapexd h@ﬁ@hlkyl,jl?m -sawtititech t he

ni t t h hed .t f d
nsubst [T SEPR e G e RERPEY e P BEYEIAUar BB o0 LbRet cd or
unsubst i gt ¢k NRTIA, W%hbu%%&@ M@étﬂ&é& 41 RCFLWSAA0RA 02 rlfibstith@92] R31,
R32, and R33 “are |ndegen ent | Y hy 5rlo gen 1-substituted or unsubstituted

Cl- O o lheftérgaryl, RIGX 3R Bsoi SORB orR\nsd Bt are gp@@aﬂ}'ﬂ@inmwﬁr‘hﬁb@m@@gen to
het | R21- d t ted |
Ro1 substheh £ s o Sinaba s PRBh L By S0 SR

R22- substdidrgé byl iR shibstivited oinsubstdtite®Beeidbat i t ut ed or UI’ISUbSt ituted
het er oaryl . [0093] R4, R51 and R52 are independently hydrogen, -

R21- subs te n Lt o b

unsubstlli)bwg| % %Jrflér%}berﬁﬁ]edqﬂletregﬂ{gal 1%}? %iﬂ{%% ﬁﬂﬁﬁlgét%ﬁ{&?@ @10
unsubst latlwlepl”%b&ﬁu@n@k QﬁédbyﬂlmthZthoSllﬂ)hﬁémbété@Heteﬂoalhyﬁﬂﬁ%uﬁsﬂh&eﬂ & to 7
menber ed heterocycl oal kyl, R22-substituted or unsupstitut

R22- substnsubgtiete Esﬂnwﬁ@@lkyhﬁedsuhsatu&ddgwﬁubs 1ttty By meg”tdbefeé( 0)VR41. R51
and R52 i Go0Rid AR 1¥-ohBLfiEa ¥ hilbiRuRlLEASRR Qubditiid of RRMbAfifReA! t ached

to forman stitute nsubstitute
het er ocylcététahﬂyylTh@s“yrrP&szthshitégefﬁdnmmLﬂasubst|tut ed heteroaryl. [0094] X4
is =S, =0, or =NR18, wherein R18 is R21-substituted or unsubstituted Cl-Clo

I L B e R S A e T o

unsubsti mmuwltﬁletﬂ 0 td 1 Oreredresad heteroalkyl, R?!_substituted or unsubstituted C5-C;
cycloalkyl, R*'_substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R*
substituted or unsubstituted aryl, R*2-substituted or unsubstituted heteroaryl, or NR*R2,
R*! and R*'? are independently selected from hydrogen, R*'-substituted or unsubstituted
C;-Cyp alkyl, R?!-substituted or unsubstituted 2 to 10 membered heteroalkyl, R*'_substituted
or unsubstituted Cs-C5 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.

[0096] 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 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, or R22-substituted
or unsubstituted heteroaryl. The synbol v is an integer fromO to 2.

[ 0095] RAoi2s0dmsineagen, R21-substituted or unsubstitut esdcClusehosoad7hyl ,
R21-substituted or unsubstituted 2 to 10 nenbered heteroal kyl,

R21- subsdihlithRd @ insibzsRedd He%gr&ﬁ?ip:in Gfher %Mﬁ)beﬁzhéflyd R*Ral-rotbat dpttﬂéhg@y or

unsubstituted 3 to 7 nmenbered heterocycl oal ky R22- substituted or
unsubst ijoinedavitlr the atoREo sYlet Thew ta@catf@chaglrtgtftm as@hs@altmrémabwutefbr

-NR411R R41 I ndepe sel ec fro 1

o1 sobdiete al R oheupuRie iRl e dEnE Bt b{ AR ALEE " ana
unsubst gy ta@ﬁoﬁuﬁﬁl@-fhﬁ@"@ﬁlﬁ 1 Jditheroahikl |they'32é—at$déﬁ§d fot iR d subtituted or
unsubsti t ut ed - C7 cycl oal k1>|:/m R21-substituted or unsubstituted 3 to 7

menber edlnSh’@Ettlélﬂf@@il@ﬂemb’Myalky 2ubgitbeed prersybgituigd bgtssrarylut ed aryl, or
R22-substituted or unsubstituted heteroaryl. R411 and R412 are optionally

j oi ned wobbIt hR® ¥ iydesn, RY-sobitihtet lﬁﬁuns'tlbetlt&teﬂé@[l-’(eﬁ alktyQ) RPOsabstiuted or
R21-substituted or unsubstituted 3 to 7,nmenbered heteroc%lcl oal kyl, or R22-
subst i tutl@ab%ktute%a«bwmm@&dﬁ@t%e%ﬂyR s[ll@@t@e]e 1o uasbstiadderent s, R41

and R18 i HONE;, &q%, aRe_ attached to
froma gotaﬁ&mﬁm%ﬂ)%ﬁdgg%% '{tﬂ‘é&ﬁet erocyc é(g% t%lja ¥('Ilsu Stituted or
unsubzI t lstubﬁtﬁd%eheiranmﬂfsyiuiedl anylolﬁ??&d#beunﬁmdl dmnmﬂ)ﬁnﬁdéﬂmmdarmar dgk Sigfti o gal |y
j oi ned wi t atons to ich they are attac o] stituted or
nsubst | R ped Roats PyEtpgeRdt kwbsmutﬁows %gﬁéﬁa ?’E‘ﬂ"f B oSO

subst i t%rﬁﬁ‘ﬁ?ﬁut@&@"ﬂ@? %Mea&%b%iﬂed{}ﬁ&e%a 1yk21 Au%s@&l&%ror%ﬁmgﬁﬂ%at .cR41 and R52

are optiona e ato which they are attac edtofroma
subst it myenbamyl Lmzéublssmtmtad eﬂunsnbsmmedgctb Gahdmberet haterosydloalkddR B

nsubstituted hetero n ot hey, epbod nts R52
oot ol AP S it e Ao R s Rp e S P e habrosn 4C
substi t ubed, 96na11?'j‘§1‘ﬂ@§ W1ﬂ1%@ﬂitﬂ@$ér€tro%hﬁ6ﬂl ﬂfék/iﬁ.‘/é at@lch &R Stbirh dh RE'- bestltuted
unsubstituted hef éroar g{zp R21-substituted or

unsubst i arumedbsGiutal 3 tal mmbe@ﬂwmmtciqalkyé,cbr sehsitibed onunselbtituted 10
menber e hetergal kyl, R21-substituted or unsubstituted C3-C7  cycl oal kyl ,

R21- subsiS' BP0 or unsubstituted 3 to 7 nembered heterocycl oal kyl, R22-

substituted or ynsubstituted aryl R22-substituted or unsybstituted
het er oar PP98lor RZ'NeexRe DHR6COMNE -E62 &C@zhﬁﬂ g, Iroees b stpbditeed of

unsubsti t ut St | e t

menber ed‘“ﬁgfsg}“gs? %5? 18%&56%?9??% ed m%%su %HB?&B §e§ Cﬁ lggné%@eg Foal kyl ,
R21- subshdtérohiRel, RF-substitisdd druinsbsButed @3 @'eei&ﬂdsaeldy1hn%3esuagymﬂeeat kyl, R22-
substituted or unsubstituted aryl, or ituted or unsubstltut ed

het er oaryisubsiguted Ado Repembgred %@quﬂyﬂ; Barﬁé‘BSt%Pf{eﬁ of HesuRplitElsg @Yl & whi ch
they. ar eyt AGNEHls P b A ARITREHSt 1 Ut ed

[0099] 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 C3-C7 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, -OCF3, -CN, unsubstituted C;-Cig
alkyl, unsubstituted 2 to 10 membered heteroalkyl, unsubstituted Cs-C; cycloalkyl,
unsubstituted 3 to 7 membered heterocycloalkyl, unsubstituted aryl, unsubstituted

heteroaryl.
[0101] R*is -OH, -COOH, amino, halogen, -CFs, -OCF3, -CN, unsubstituted C;-Cig
alkyl, unsubstituted 2 to 10 membered heteroalkyl, unsubstituted Cs-C; cycloalkyl,
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or unsubstituted 3 to 7 nenbered heterocycl oal kyl, or R22-substituted or
unsubstituted heteroaryl. [0098] R21 is oxo, -OH, -COOH, -CF3, -OCF3, -CN,
am no, havogess/01R23- substituted or unsubstituted 2 to POTIOSDUSHEsIal Kyl ,
R23-substituted or unsubstituted 2 to 10 nmenbered heteroalkyl,

e e R R T R s o o

unsubst ikettk@blylar yl, or R24- substltut ed or unsubstltut ed heteroaryl. [0099]

R22 is -O—I -COOH, am no, hal ogen, - -CN, R23-substituted or
bsti 2 t d 2t
10" memp A B bis RS R G (0 &3&5%8@2@ e e iR e 2 fo

cycl oal iG’7| GycBZB(-yii lmbsﬁbstluit&ﬁhemerroaryn swhidistitutgdenty3 sthstifitede@p €y eycloalkyl,
het er ocycl oal k R24-substjtuted or %H%gstl tuted a

R24- sub§tlb&twwéé 3dp 7umanbried beieraaydiealey itutadFre pr iiéétﬂ?l?d&?t?foar& - COON,
am no, T %Bay Q%fé}r %%,C(%I% (Ao Pgi)t i Hf}ﬁge@goﬁtféntsakkié'(gor (8).

unsubst i t&t ed ‘t'ef oa unsubstituted cycl oal kyl ,

unsubst i er ed et eroc I tute

unsubst il bﬂé:ﬁd 1:;)’hs@ mer[ b7 %2 y(‘}isar?dd'@ th?ﬁ@l im)r%e Sﬁ&ﬁ&é&n - CF3,
1Y Ppat gd2 @ \aPipt 1 A 8l of -1 B8-SO REnber ed

het eroal\gﬁlf y&s%?tﬁu?ed%%? E&cﬁfal Iﬁyr@@%}NV\(R)a%Z%Og/%lSl%BE

Egﬁggtzﬂgﬁé 36 Q%Af?me??ﬁstéq%grgﬁt?h?éﬁlﬁgﬁg mlaygfoﬁdtgf nygci){?}gIl g%rao’odl ments,
R2 is (LNRSGBY. R4 mayDe - C‘g(l)%R“é ) -S(05,REB R inag be UNRADRT'Ft ut ed C3- C7
e

cycl oal kyl, unsubstit ut eteroaryl, unsubstituted aryl, substituted C3-C7
cycl oal rﬁ{zq e I
aryl, or i?ﬁ;st fntcfsffl %grg%%?\&vﬁ r eggﬁgtn ?gée)l’ 9‘%8)(?2%5%3?3 g‘ég%h%@%‘d (4),
(7), or %) an lOHOICWY @(D@Hdhrﬁtmt ﬁalogal 'uﬁsubit)tum’d Z(tB)IO méfAida] héterostiayb
enbodi ments, where R2 g é are is%ltz)st it ut ed
with an USPOEGHSGERS cyelgzmwmsubﬁtﬁﬂfemﬁstfﬂe?embﬂe beteracpglopd
_L22_ Y( el HS N %F@L X3 may be =0 or
=NR17. %’%‘%ﬁ’b“tw&‘roﬁﬁeé’fﬂgﬁﬁ% B%Jé’ﬂ%%(%zg% %r 7500, "RA1. R41 maybe
-NR411R412. [0105] In ot d d (7)
R ! 88k eSS EPECL T, St S A e hIE,
unsubst i REdndBLENLRAIFW!7 meMBEuBBEetdel S8 alfet, C7
cycl oal k@#hﬁﬁlﬁéﬁﬁgﬁl ?@g&’l 15,t on7 nmenber ed hrg'?er o%ycl 0g k et

unsubstituted aryl, unsubstituted heteroaryl, or -NR*R*. R*and R may 1ndependently

be hydrogen, R?!_substituted or unsubstituted C;-Cy alkyl, R* !_substituted or unsubstituted

2 to 10 membered heteroalkyl, R*'-substituted or unsubstituted C;-C5 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*2_gubstituted 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 -L?2-C(O)R®. L** may be a bond. R’
may be NR3*R*, R* and R* may independently be hydrogen, R*!'-substituted or
unsubstituted C;-Cyq 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. R*? and R* are optionally joined with the nitrogen to which they
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unsubstituted aryl, unsubstituted heteroaryl, or -L22-C(X3)R3. X3 may be
=0. [0106] R3 maybe unsubstituted Cl-C o al kyl, unsubstituted 2 to 10
menber ed wetzesspabieyl , unsubstituted C3-C7 cycl oal kyl, woswssdostoed7ed 3 to 7
menber ed heterocycl oal kyl, unsubstituted aryl, unsubstituted heteroaryl,

or - NR3233tadk?d 1@ MslnREsSRPayibitieenen detbkivtutdd® BYdheassted B&éro%gagﬁlkgpt ed or
unsubstitutged Cl-d o al kyl, R21-substituted or unsubstituted to 10

menber edothRt ebstitiiel or Resubstiivtedibeteresdylor unsubstituted C3-C7 cycl oal kyl ,
R21- substituted or unsubstituted 3 to 7 nenbered heterocycl oal kyl

R22- subs[0108} e Sme binbedisichisUR B sapbtituiel oREBsubsistddtiudeddinglariinszubst i t ut ed
heteroaryl. R32 and R33 are optionally joined with the nitrogen to which
they ar eSubstitader vnaulistiwedfismbringhaseoptylt Buother emphpslimpents.tRitie sulgtitugeds

menber ed I - Lt ut.ed. or. ti-futed heteroaryl.
[ 0107] |%ﬁg}ﬁﬁﬁ?@r"géﬁﬁdé’wh%lr‘??&tﬁﬁér%éﬁﬁé‘%%‘!éthké?)qq‘g%"h(‘%??’y?%é{r%{“?ei‘?"rand (8) maybe
subst i t utredbstitivel bemsdixsdol i URE thay bea stibstiteieh F adsubetit@icdahéed ringQiryl or

-L22-C(Q R3. L22 maybe a bond. R3 may be -NR32R33. R32 and R33 may
i ndependBiReiifitedeor mpsbstried Rsad dagphsterogivt dRomay bs @sgbsittaed ar msubstiitsiky | |

R21 -su j Ellgs% ' 2 1011 |,
F\’21-sublsjlt?L P?%ggﬁgé?ﬁtaﬁgﬁ stﬁj%t&#{eeg%oggylég% ogﬁtﬁgﬁﬁfbr@&%ﬁ@g@t uted or
unsubst i banizedio8olyb 7 nenbered het erocycl oal kyl, R22-substituted or
unsubstituted aryl, or R22-substituted or unsubstituted heteroaryl. R32

and R33 DRl GRAKP Yo Qi i i i 23 WO
006/ 515 SRRR) %%%okoé}dé’g% ?ina@élpg bgtrd e ggéﬁfet%@?g@%@%@%&%@%ﬁ%@ﬂ’t uted or

unsubst i subsiatited or enFubsti ivbest &dxdenydrwubstitiied ok yhsubsiiutddlioxsnl sutistitited ar

unsubsti t ut ed. hetergaryl . 8] In so e inments, RL s a substituted
or unsub Sl”ﬁ%it'étﬁa ?%?‘@Bylr F‘l’#ﬁgé‘?ﬁ OI&WSLﬁésﬁﬁﬁ?ﬁ%ﬁg%gﬁafﬁﬂ%&&@Wﬁ% fused
ring het@isapdtithted kdtraBi Mo rure OMibER e or Rﬁsdb‘étit@%%ﬂr&l%ﬁﬁhioﬁﬁeﬂ?}ﬂsUbSt ituted
i ndol yl, substituted or unsubstituted quinolinyl, or substitufed or

unsubst i fubstéttadeon nosibsiiitsd tetraydrapyrane], subsiitsted pumeubsituedsubst i t ut ed fused

ring ary). or . substitu r unsubsti tuted fused ring heteroaryl. . y be
a subst i etﬁ% NG r%tﬁlo &rsaunlg% g}%sﬁttué[?fpoﬁ ‘H’&Bﬁ’@#‘}te 8%@?%@(19%1%8 ¢ s%ﬁ?%llfbfgﬂﬁ‘ﬁ{m

qui nol i myibsphling Wabitithted @ﬁlu@ubst_nﬁﬂe@gjeﬁuh@ﬂ subgitzied oPrupbtituled pORLoRL and
R2 may i ndependently be a substituted or unsubstituted hydantoi nyl,

subst i t utibgtiBiedpn supbstitiedeyranyb xehstifyed osutsybstituied émiszalils swstinted erd

nsubst PRSPl et SRR R b on E Rl 8

t et r ahy dursfibytimimgd ox s} substitettder unsubstitstddtpyiids, sestiahydsoiiuepheasy| .
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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substit
unsubst

pyrrol i diwgl2possuubreti t ut ed or unsubstituted norpholino, pewhstecsoreds or

unsubst
substit

i m dazol yl, substituted or unsups

unsubst
substi t

uted or unsubstituted tetrahydropyranyl, substituted or
ituted tetrahydrothiopyranyl, substituted or unsubstituted

ituted piperidinyl, substituted or unsubstituted pyrazolyl,
uted or unsubstituted furanyl, gubstituted or unsubstituted
ntobled i soxazolyl, substituted or
r unsubstituted oxazol yl,
ubstituted or unsubstituted

i tuted oxadi azolyl, spbstlituted
uted or unsubstitutedyyri ,

pyrazyl, substituted or unsubstituted gyrgm dyl, substituted or (10).
unsubstituted pyridazinyl, substituted or unsubstituted thiazolyl,
substitu r Jupsubst iUt ed 2i sot hi ' . stituted
et azol vl 30 FORBAUDE Lt Bttt G0 deahtp BsHh RS g P
unsubst i Feteda (19.r i azi nyl, substituted or unsubstituted thiadiazolyl, or
substituted or unsubstituted tetrazolyl. [0110] In another enbodi nent,

1778 or 9313E nf BIE Mpdob RS ARIERS R M FORRSRIG LRl

[0111]

het erocycl e kinase nodulator (also referred to herein as a "conpound of

| modalaton €lsafardd, to hbeipases toimponwd of the presemhindasioafhasag the ng

the pres®ifavention”) having the fornula: 24 WD 2006/ 015124

PCT/ US2005/ 026794 N H N R2 i L2 NL1-RL (I1). [0112] In Fornula (11),

L1, L2,
[0113]

het erocycl e ki nase nodul atg¥
the present invention") having th¥

(111).

S

erred to herein as a "conmpound of

t he

Rl, and R2 are as definedN bokk in the discussion of Fornula (1).
I n anot her aspect, the p esejt Npvention provides a fused ring
fo
L

[0114] In Formula (III), L', L% R, and R? are as defined above in the discussion of
Formula (I).

[0115] In some embodiments, each substituted group described above in the compounds
of Formulae (I)-(III) 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)-(III)
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)-(IIL), 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-Cs
cycloalkyl, each substituted or unsubstituted heterocycloalkyl is a substituted or
unsubstituted 4 to 8 membered heterocycloalkyl, each substituted or unsubstituted alkylene
is a substituted or unsubstituted C;-Cyo alkylene, and/or each substituted or unsubstituted

heteroalkylene is a substituted or unsubstituted 2 to 20 membered heteroalkylene.
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[0114] In Formula (I111), L', L2, R, and R2 are as defined above in the
di scussion of Fornmula (1). [0115] In sonme enbodi nents, each substituted
group deswoi2b@bisizeve i n t he conmpounds of Forrul ae (1) PCIClUSpoos®26794
substituted with at | east one substituent group. More specifically, in

sonme enbogj Pnt 5 - [, & Lk thiuted het.eroal kyl,
substit u?géil dln@y clfltt)eérlﬁﬁﬂé,l % légﬁltbgsl%ﬁﬁ%g g)lr ﬁé%ué’ P %@?@l a{o I%Sy:f‘ Suq’s?hﬁlgf(f Tuted aryl,
substitu ﬂlesillis‘etueerdo@r-@!g alksl badhi subtérdted lok yheibetitutedt@idsalsy Rs A bivstigfked or

het er oal kyl en escrjbed, abqye in the conpounds of Fornulae (1)-(11l1) are
substit uPﬁﬂl%\%ﬁ?‘ﬁe%aftq %@?@b?ﬁaﬁgﬁi&aﬂkxlwﬁh sefstitiped erinsubssitutedrbsdoalieritisa  at

| east oneguisstitaed I td i t,.l east one
size-lim tedmgu b(s)rt ﬂsﬁgﬁtﬁ%‘? g&?%‘i&lﬁ%‘lgﬁg?@f&" %ﬁtﬁ%fi V(S{:r Eeﬁ(}:ssut%S%trk’}ge(’aor all of

t hese gr befgepcaeloalépibistei substisatedot tmsabstite@d s toMantmb@ed hebldsydl6AIRAL cAHOUD.
0116] | : mbodj ts of th f F | 1)-(111), h
Subst  urui e GERRLTERGE b ai e RERG i Dokt Cobsdisyene sdr
Cl- C20 akieyl bk .| '
abdchl subgatied D¢ BAubEHLREA HeferoRAMRST 'atsgﬁﬁfg%tg(? é§%FMt8g2ﬁ8 8

substituted or unsubstituted 2 to 20 nenbere

subst i t umebsredhetarpalkylena.ed cycl oal kyl is a substituted or unsubstituted
C4-C8 cycloal kyl, each substituted or unsubstituted heterocycloal kyl is a
substi t uERempIary $yadistd tuted 4 to 8 menbered heterocycl oal kyl, each :
substituted or unsubstituted alkylene is a substituted or unsubstituted

Cl- C20 ab)tliryllﬁng@ and/ or each substituted or unsubstituted heteroalkylene
is a subbtiBlit ddesPmpauidsfitheinsentpnias: Sothesivod by dn bptrepak kymbimatioRbf WO

2006/ 015 ﬁgﬁ,{,tfﬁ%%4 7 t.ernat i vel ach. substituted or

unsubst i %ut ed al yl 1's %@ﬁgﬁ e{dg%dédhg? 1@%633 ﬁ‘ﬁ%f}/lﬁn{fltygﬁle%fl-nag&a?mq 3ch

subst i t uokitic trventieusthiotiuteadilyeiparepalikydccessitie SiMBSEd dAAMQRe rdRSHPSE T t ut ed
each substituted or unsubstituted cycl oal kyl

2 to 8 rrﬁgb&r ed .heéef oal kyl , ¢ Jted o _

is a sub%% g Orloghs obistdiio dliustrets how, éy pringipleytio, saimnastsessubshe t ut ed or
unsubst i ¢dHhsndd QLYRIePR k¥l ed .t or_unsubstituted 5 to 7
nenber ed he@r ocsﬂgﬁ%al kyIe?alcllaé;%keﬂ@tl}%ggil‘!%g{"lgdlg%aﬁg81?15(58 aé?f’?ﬁ’teé{t-ﬁveé?%yl ene is a
subst i t unedhods avaigbledor tsetiedssethbliBy tekyphpoandseofdhOmvedas Behsier g ed or
unsubst i ut ed heteroatl k&/ldeng is a substituted or unsubstituted Z to 8
menber ed RETEPB A 1f IuFRdedgEg Efb‘?eaqfﬂlf@;‘; HieriseRsoff rgactwps Phcastinysanensenthat he

vent | aite GEEPHTSHg o QiR nAPEr APPIALA IS ARLATTH OB Bloy ASBERAL | ¥ wel
known synthetic nethods. Techni ques useful in synthesrzi e conpounds

of the ilAvVerongnalabembds by the pideturap pat Eohniqume distessd ibihe BxamphasectRfn ski | |
in the rbeello%\v/,aarétweehr eEs'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-
b]pyridine 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 sp>-hybridized,
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 exchaﬁge reactions, most notably such procedures
introducing lithium 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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The di scussion belowis offered to illustrate how, in principle, to gain
access to the conpounds cl ai med under this invention and to give details on
certai n ovothes/dsreer se net hods avail abl e for use in aseemiseoug/oedras
conpounds of the invention. However, the discussion is not intended to
define or limt the scopempiNreactlons or reactjpnysequences that are
useful in preparing the c unds of the present/ i Nvention. The conpounds
of this invention may R e by the procedur d fechnlques di scl osed
in the Exanpl es section|l below, as well as by |kno organi ¢ synthesis
techni ques. In Schenes 1 and 3, LI, R1, L2, Znd Rz are as defined
above. [0119] The key int¢rmediates for the syntihesis of 3, 5-disubstituted
1H pyrazol of 3, 4- b]pyrldlne derivatives are

5- br ono-[0D12M)y raziak ehch whethpy intchidneti@nef dif;fbnennmb@titiuemts oh ke 3- and 5-position

pyrazolo[3 4- b] pyri di ne. The_ iodine a d/or e .sub tltueais on
sp2- hy brafdie, Hdpyrazplntad i idpuidingeera e %ﬁ“@%’@ f“i YIREQIGRE 3 hBE bl ocks

offer n t f L ei t her
posi 11 oy BT S R dsfion B Dl & B L R 03 P RO P e
pr ocedursasseqnmtgﬁhgeaiﬂoyl, w@bblaky\mdmaannl, dt gositipmB of mesldﬁpmolm{i #H skill in

the art .and.i.ncl ude, ans o e and.not l.imt t|on ansition
net al @PW@E%EPIEF%E@@% e UsD thﬁa Og%fl?’t‘ﬁ%%g? SEﬁ]i QW’FganB % adi um

iron, niGKelnglof ORASE at tﬁatp%lsm%s Al@aWelly, RendBitRd m@ﬁio@g BalRXE Ree
reactlons nost notably such procedures |ntrodu0|ng l'ithi umor nmagnesium
and subseauenttilizeddo sdectoklytfectionahizs %hl:orm-fi tiedn-atlayrazotajddonpyading at

derivative with a ctrophil e i t.a ctiVi r ly or
Ve o dhSaeseay SRt bV At R funu d s oL Eu-ORED! S oS amBRa | o

speci es It %%eﬂ@aﬂﬂ%l%%nﬁ@hﬂﬁgmﬁg QAth sﬂdﬁ&mthE\laﬂt thi¥ Nrdrietst ofBr Br

[ 0120] Usi ng such nethods, introduction of different substjtuents. on the 3-
and 5- pq:aillaq'im;m catdlysthere kopyread seadils a:qalbqun agperaibisovick aill sEhiBE déghst i shed
by |ntrod a chosen substitu Q

5- br ono- rle gﬁtf%% ) °p&9§ ubsgpuen as Co}% greggi{nlom 18%%%‘% %Igt%t al(rais}%]eci ally
i odi nat i g, su@ﬁ czﬂ@l@kt’éhﬁ?&lﬂlfllzédl@n(ﬂel"rSIﬁVJb&and{t&né’co &qey sdlebtive iedine t o enabl e
the use of the aforenenti oned methods to introduce another substituent of
choi ce aubstHutionposition. Alternatively, some of the methods outlined above

[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

skill 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 compounds 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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may be utilized to selectively functionalize

5-brono- 3-i odo- | H pyrazol o[ 3, 4-b] pyridine at the 3-position by selectively
reacti ng wiot2bhogrderzsodo substituent over the bronp subst PCwarskoos/obd794 s
generally well known and fam liar to soneone with skill in the art, that a

vari ety of al | adi um cat al.yst.s are known .and readi |y avail abl e, or

accessi a?%ta\}ﬁwew?&wﬁﬂwra&m%ﬁs e ghEPe *%%@PWGP%LE%WOhd?F Bi?r%(} Y'c i odo
subst i t URRI3sASVCATRANER B RiR BPh&isODRIRAS WRiddy- Ve 0802; aldydeuch, cat al yst s
may be utilized undér suitable conditions to effect sel ective iodine

subst i t UPigonolifGmnt Selsctirityfor HitipyisaBotapen.200 pand Mpngin 6t ala Tgerieden ve

cont ai ni opri.at protectin r oup may: .al.sQ ronal-i zed at
t he 3- po@&%ﬁ& rza %‘/)(?é?%@rq o] Seﬁngt&ﬁ?'tbo free é:?%jﬁéftlleg % utgés%p{l%{ﬁﬁ lglnﬁﬁéﬂgé i ons
that ar eigaanRldbhitic Webhe KARWE. g aldivnadi-dsb ?-cgi ideepithivh2ie,66ki Il in the

art, such as FRI EDEL- CRAFTS-acyl ation. [ The substituents intraoduced
on ei t heertposiityipinetidide)io hnraesitic splvashy(esi THEr hexapes SRSt or mixtyps BISE9Sr at ed

conmpound such as thopse cl ai er this invention, or they nay contain
funct i or?iilovﬁfem@m’éeugﬁl @?7‘75%318% We and without |initation, am nes,
carboxylic acids or esters, nitriles, olefins or hal ogens, either free or
bear i ng [124]abTke poridictingialiptestiptermedipieshn ba comerted iy thssorresnopgdiag 3as

startin ial ,in.generall. |l kn t tions to
Syt hes AR A BY AR ot A S P ds o AORHRUERS "8 C ot
functi onakth ﬁgﬂm,rzaz@ln?ﬂ&oﬂpmlmwmﬁirﬁ@lpipéﬂdiﬁé orveaByl foandte.CREatioy obtHer onmo-
1H pyrazol o] 3, 4-b] pyri di ne and 5-brono- 3-i odo-| H pyrazol o[ 3, 4- b] pyri di ne,
useful i Q‘ifbj@éﬁwﬂ@mtéihﬁémém@ﬁ%a@? hydsezipe deybrative zﬁréﬁ’cyﬂﬁﬁuﬁdﬁr the prepar ed
as outlin i h r > ercl all i .

5 br omo- SR Borub el e TRl sk BN A pydrazinesuches )
funct i onaldrzat Bidrédhtordtep eishdriddvctbyortupen pestestivml of thehldeliyde wsing el saitiblye 27
WO 2006/ 015124 PCT/ US2005/ 026794 netallation of 2-fl uoro%ri ines in a
manner rIESERBIS HYUPEnSrasriahetiHguevideaceidad-rrmoskiipyegalol3.frb pyridine.

Or ganoni j i | g, y . " - ; yden, J.,

Or ganol |@h?%¢d§ﬁﬁ§g?g§%{%?g§h ?(%F %}?rﬁoﬁglsofnsw ersg%%\?&g%%nq;ﬁd Mongi n et
al ., Tetacabaglished v{@2@6thp8Y get@Blly40a0knoThuis, thevat autlats anelactydpbilecranptid shed

L

aprotic t‘?&ltrﬁ&ﬂtwiﬁ?sﬁabfgwg%%ﬁ@(?d&ﬁsas NetoB&SucOniids! BHRS mdiRtELflle offodieW
tenperature, typically -7 or below. [0124] The unpurified netall ated

i nt er mediraieecaitide faslineng edthttomsfoensiopn: d3thonakianyl@-ofdandimhdihtide vz by
treat rrenetlecyt\gotpgil% afrgr{lggcl sﬁlﬁjlst? tion gl%? }tfmsegr?shof%ian%’ anlc\ll_nfo?fin@(tlaﬁé\rlf, FRIEDEL-

CRAFTS-acylation using functionalized acyl halides such as, for example, bromoacetyl

chloride, acryloyl chloride or trichloroacetyl 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 acyl halide gives access to
ketones of the general structure 5, which can be cyclized by reaction with hydrazine or a
soluble organic or inorganic salt derived from hydrazine (e.g. hydrazine hydrochloride) to
afford the corresponding 3-substituted 5-bromo-1H-pyrazolo[3,4-b]pyridines of the general
structure 6.
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met hyl ani | i ne, N-fornyl norpholine, N-fornyl piperidine or ethyl formate.
Reaction of the carbal dehyde with hydrazine or a suitable hydrazine
deri vat i weo(2eoep1stzydr azi ne-tert- butyl carbazate, or a secwhiseoosngani c or
i norganic salt derived from hydrazine such as hydrazine hydrochl oride)
either directly or upon protectionggé ﬁ@ﬁ al dehyde using a suitable
protecting group (e.g. acetal) wll FOVide access to

5-brono-| H pyrazol o[ 3, 4-b] pyridine. Introduction of a suitable group at
the 3-position for further el aboration can ge-n acconpli sh a net hods
generally wel J_ known in thelartgssuch as anjel il '
substitution” (& g. brom nafion or iodipati
accessible flrom 3 by “treatngnt with suitabl
N-i odosucci niyh de, iodine nochl ori de or
facilitating such transfor i od. O her exa
el ectrophilic aromatic substitution are, by neans of exanple and not
limtation, FRIEDEL- CRAFTS-acyl ation using functionalized acyl halides
such as, for exanple, bronoacetyl chloride, acryloyl chloride or
trichloroacetyl chloride in the presence of yalumnum trichloride in

di chl oronet hape at anbient tenperature or below. As will be appreciated by
the skilled aftisan, thg products of such rgactions may be utilized as
starting matefials for |thg]synthesis of c£eRNfain heterocyclic conpounds.
[0125] Alternatively, allated ing diate derived from

depr ot onati on mo- | 2-fl.uoropyri di ne |can ®Be transnetal | at ed under
suitable conditions t rm dh organocu e reagent (c.f. Lipshutz, B.
Organoinetallics in Synthesis, 2nd. ed., WIeg-VCH 2002). Reaction of the
cuprate generated in suth.fashion with a&racyl hal i de gi ves access to

ket ones | (fe) NEIBFREIEH o Haliled Hdrs celfteGBadiigolitmibi By golralteneli on wi th
hydra2|Le of a soluble organic or inorganic salt derived from hydrazi ne

(e.g. hydowa intehdigduok b$ thoseleytlined insfdhemg 2thetovs oF prexpBiRis, Mgta caigh2ed t ut ed

5-b -l H I ,4-Db i di f. the. L
20061 015123 CpstEsssOaFueY s et ont RNk A g B e |
4 Br B"(e.%. é%ﬁnﬂ%ﬁngs §riY \rokd palladium, iron or nickel). Examples of such transformations

can be found in the following references: Diederich, F., Stang, P.J. — Metal-catalyzed Cross-

coupling Reactions, Wiley-VCH, 1998; Beller, M., Transition Metals for Organic
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., et al., 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 Synthess, 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 sujtable electrophiles, such as, for
example, certain organic halides, MICHAEL-acceptors, oxiranes, aziridines, aldehydes, acyl

halides, or nitriles.
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Nl i NN\'1 R R Br 5 Br 6 [0126] El aboration of halides 3, 4 or 6 can
be readily acconplished by generally well known nethods, such as those
out | i ned wo 28@nare42 bel ow. For exanpl e, netal catal yze#dcTasess/oecropl i ng
reactions may be enpl oyed using various known transition nmetal conpounds

(e.g. c nds .derived from pal |l ad] if QN Or i ) of such
t r ansf oﬁﬁgﬂdon elecliys ff)récu%%hz(ﬁglg%af%gl%w&eﬁo% ﬁé’o?lg%)glrﬁgdlﬁgg%: D eélge?lt ch, F.,
Stang, Rudtegies MBpeddinpadothy aetlrS086 trandomhatiogs Meldetito imroduéd fyeli@hd]itie98;
Beller, M, "Transition Metals for Organic, nt hesis, WIley-VCH 1998;

Tsuji, Xt eitmsinositipnraspeciajbrine sevgnese Hpyetionalngtion gt Gier ppgpon. g Ihus, § ogs . |

1995, 2004, F stner, A, 8 2 )24 6; and
Bol m C'fl?y l_%? éj(g{a?taga%fé M %c\;:géa(r gb%%hfelv’g‘fhn Cg%ﬁgié&%%éﬁggﬁojﬂ%ﬁg{%ggg i nvol ve
t he convap&icaligdtion of EHeB¥haitic ini sodicvaseswiisilel theiepyositatpraadchenay ber

metal | oi d substituent (e.g. Qrganagboron, rganglithiu organotin,

or ganositEiwitd, inethes aesgs.epensiyhon s dlgare Bff&‘ﬁrs@‘?fhé‘frﬁrﬁﬁﬁ% Ot PFB%'&SETFB? usi ng
gener al lr}{?tﬂ@(llg required to qgw}gs@ﬁsh(sﬁc}gtraﬂgféﬂaﬁhﬁg, Q)Pﬁﬁ iﬁ%&%@.gﬁcfi‘ﬂ%’ ofithe
appropriaie or required, sequent transnetal [ation using scl uble and
react i venetogoutiidsd. Bér dxanpis, somgnestants, suwhras fortdxampdd dongororamic eggdper ; f or
representative exanples of suych t hodo) ogy see: Schl osse M.

Or ganoneter PHEs tha) a5 4eqfeos dse%m?ﬁﬁ{é?ge&or,nawq Vek'loa s ae%?}lz‘.’v}t_{ldr@i”%onpt allic
deri vatiyg itﬁ%?bﬂ‘ﬁ ﬂeﬁre§éiﬁ RefifaRcO D1 BBkl Ai@bEydiR sPdteMSParidlor coh@iiSdde ON
metal catalyzed couplinhg reactions with aromati'c or ol efinic halides or
trifl at esmomerybstituents dr/wi torthd ororaethondondmay semtirsdheliseeafthighlypetives ui t abl e

el ectrophiles, such as, for_. exanple, .certai ani ¢ i des

M G%EL-%@églﬁ%?@Y%&fsP%%%ﬁhoﬁezﬁnP d &F‘am,‘ﬁmﬁl&aﬁ ‘fﬂ’éﬁ%wdg Moy

nitril e2065) MO, R0 84> W28, FETEUSARAG). @969 000 PLRI U358 8i6d ik forcing

functional i Zation at either the 3- or 5-position may require different
st r at egi @adidepsrsdiings wghartemperatires anfl/or henger wactiay imes. ovrshgepdifipagmay

i ntroduce functionalities . at eit.her L t.J.on i e e of
funct i orf’aqtitb?éff’?%ﬁwftto aFiRgEpe 63%5‘3?1?@3 .Sggglttﬁvé{,lesi i rgascrrgl§1§E‘Jb(g11 éa_égloan %gg%ﬁgﬁgr
necessaryyrh£163 M-E]}S?ri&fliﬁac Heptakd arhicagesait niaf®e dpagidebantopvionit seletivity

functiondlization of the 5-position in sone cases while the opsosi te
appr oac hisswey aliegetlras hyise@untial sybsiiptiemelyomingia ddiragood1mEazeieldde of the

R T REN TG e R
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] It will also be appreciated that protection of reactive groups within L', L% R
and/or R* as well as the pyrazolo[3,4-b]pyridine 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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nmet hods utilized. For exanple, sone reactants, such as for exanple sone
boronic acids or their esters that are electron deficient (e.g. contain
one or nowe 2edeasren Wit hdrawi ng substituents or that Pepss®@sn26794
derivatives of certain heterocyclic systens) and/or contain one or nore
substi t ugjbe; O - car nd ma ui t he uge of ghly
cetive. Ear har et et QebA A B AR o e ind o e n dhe
ghr i st WHFNntMSWOfAh@e%MBfﬁng?glmf(@ﬁ%d iﬂﬂﬂﬂl%velﬂﬂﬁ is l—lllis’érktgd glﬁ@ﬁleme@ ,}%1%11&

ngew. nd, nore forcing conditions, such as

hi gher %ﬁﬁ@%ﬁ%&ésﬁ%ﬂ&%ﬁmﬁ I&Hé%‘f toy Balpgste horonteeasid e Rstercisifigptoborate My not
be condugj r S C cti
S br o- 3 oL e VLB AR AR e R Fened e WA oty e
advant agessidues 4. aRzomrdLééd @l tvansgonnlaasmse as altlingeitiee, dav beaanieRd @k
substltquqg¥$I bromne in 5-bro ﬂf pyrazol o[ 3, 4- b] pyridine, iodination
at the HEE] PAIRSEhGOSELR BERENOAPIosifSet i on of the second substituent at
position 3 utilizing the nethods detail ed above. Generally, when
substitution of the hal ogen at om atSchetlee position require conditions
t hat involve highly reactive catal ysts or reagents under conditions that
generally do not favor | evel s of sel ectlyéty bet ween the two hal ogen
at ons pr%ﬁs";e in 5- brom) i"edp- 1H  pyrazol o] 3,'4-%] pyri di ne, i _ny be
advant ageo s\tggresort to t s) guential app[oac E0128] It %ﬁih aliso be

appr eci ag rotecti o of reBttive group W|th| R'L', L2, and4ior R2
as well &s _the pyrazol o[ 3, pyri di ne scaffoldZ (e.g. tﬁe pr at
position 1 with a suitablye protecting group mRry be advantage@us or

required. *or exanple it was found to be advantggeous in sone L% g2
cross-coupling reactions to protect the nitrogenfat position 1 of the

1H pyrazol o 3, 4-b] pyridine scaffold by introductijon of either a (2-
trimethylsilylethoxy)-nmethyl or (2-nethoxy-ethoxy)nethyl group at that

posi tion. yN-M roducti ¢n-and rennveh_pf t hese pP@ﬁ@gﬁlng groups coul d be
convenlent cconplls ed by nethpd 'l known [I n"M-tRe chem ca
Ilteratur nds obtaindd Yy any of .t R SAf orenenti oned net hods
may conta unctlona Ar oups, ei cted, that can be
further el aborated by neral ly LI known net hods. 30 WD 2006/ 015124

PCT/ US2005/°026794 [012%F A nore derail ed descri ptron of the utilization of
cross-coupling procedures in the synthesis of the conpounds cl ai ned under

this in on ceme2 X e.sel.ected from
but "ot TP agb ek P et hobRait BERI R os 1Said0 B, X -t noribsiabls salt
or ganomagaEesisisnvh a¥ lgAnNZIands at bebEABQkBnoWfkes, 9RRSarAndNErdhASRAUCt i 0N
of i ndi vi dual residues -L' -Rl or -L2-R2 such transf or mat | ons, as outlined

above, CORPRRnds, ATZapgagsiegium compounds, olefins or terminal alkynes (either 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, dimethoxyethane, diglyme, dichloromethane, dichloroethane, acetonitrile,
DMF, N-methylpyrrolidone, water, or mixtures of thereof at temperatures ranging from 25
°C to 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-1F-

31



standard hal ogen cross-coupling nethodol ogi es. Schene 2 PG PGA PG NN NN
I NNLLHNNNXNRLNRLNY L1 1 ~ 1/ 1/ 1 R 2212 R L2- R2 HFWN
HN-N HN- Nvo 264l NN N X N X X2 L2 R2 L? R2 L.. ReT[u31®B8j263upl i ngs
of the correspondi ng brorri de or i odi de (Xl X2 =Br, 1) with suitable
reagents S and bor or anobo anes,

orggnost nane@4gﬁ) 151% 858 %[Hﬁo(ﬁr? ere ﬁ@éﬂ%ﬁﬁ@%@ﬁf SR sBRIENt of ef i ns
or termn owdr tled Wﬁl@ssu()ﬁitﬁéiﬁ lis FUSEIBRATRIEY Qéneré?@ztlé’ésr}@f&ﬁ’ &nﬁg{&‘ﬁﬁ Akl adRller knOWN
protocols) can be carried out in the presenCe of a sui transition

net al calCEIPgERUTE @ng shaster r@dilmﬁlmﬁp@u&d@)utabﬁfeansdmml 1hetgl wmlysbpSekaaa\}el y be

f e o ands such hos phi_nes,
R(ra(rjug:lgoglpw()ﬁaﬂﬁat 3?%2%058 ! O HaRgsa o %JPO%J?@%%@EW%O&&HWU%}I%FWE%%MW bases
(e.qg. temansﬁomaoonme W@ﬂé}ﬁ%edaﬁb@ﬁﬁthe @h&ﬁichlrlﬁeﬁaﬁm@@hﬁsexa mbﬁ:aJF bonates or
phosphatérggnd/or ot her well known additives or’i de,

copper (2903)59,1404; Baghy T), ehaly JudraChdn ¢ 2) @7 ég §9 sAdanmczak,dﬂl etrzdt e

such tra These cross coupling reactions may be carried
out in sgﬁﬁ%ﬁ%%sgjlmg)n%%%:si%%h as THF, dioxane, dinmethoxyethane, diglyne,

di chloro .dic r oet hane, acetonltrlle DMF, N-net hyl pyrrolidone,
wat er 113?1 EP’@%“%F Y8ty ‘a% e’fté‘i*ﬁ?ért&fh?rlé@f?%mgpmgf RQIPAT @n%/ edo 200 C

usi ng. ThRidBAne @ULBoNBRY, thiBls @H&L i th, heat |
conventi onal %heatl@tr% ocr)ﬁgr%%lcrg pr ({}Bhﬁ;&%uggﬁﬁe té%@’ X ]fon%j
3-i odo- Mt@mlﬂablle@]row@l@@ﬁhmﬁﬂﬂdolﬁm HiER 0P axh 26,7 Bdamples of such groups
pyr azol preferential substitution of the

th t
i odo sub‘%‘?1 Lfb‘]r'ff in 8?“613 ﬁe g?]o%ogeﬁ’liﬂ‘\é/’fﬁ?‘lr}@ﬁf” PegaréeSimphasisypfead..deher al | y
| ess forwieg &eomdi 199391%( y%%tﬁéﬁé@ffpr&t%ﬁra% s ?éelﬂc P%;'kg e, ieaction

times using a suitable transition metal catal yst
funct i onditgerathand2¥i) di 5, 5568pWolfehbl dgkndan Chemiitis. (1998)EAN S0 Hartvaigsi t i on

I t t he chem cal ‘
"t or at di 8 CREERe RRL IR R, B/l PO it a0vh 8853 Uy Nabastal ach,
T., et abrgLek (2003).5, Goem TROHpuAds 863Rhed ’BSJéﬁfglzﬁ%t’ho% cdilbePurther

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 boronic 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 or organomagnesium compounds (e.g. n-butyllithium, ferz-butyllithium or
iso-propylmagnesium chloride 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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Tetrahedron (2003) 59, 8129. [0132] This nethodol ogy maybe extended to the
i ncor poration of non-carbon based nucleophiles (e.g. alcohols, thiols,
primary owoeeonsesy am nes) that may optionally cont aPoTas2éabkeroq
protecting groups of alcohols, thiols or am nes. Exanples of such groups
can be El‘PMHﬁ 'tﬂm@&@/ﬁﬁﬁom&ide ftm@hyl, boPite! teiethyVBoreptPSoiplofl deniis zBynt hesi s,
3rd ed. r & Sons, 1999. Exenplary nethods of protection are
descr i beiflite ot =iy C}Sond@t hl&tbductloArOé @horagiepgid pireod)ester san %@B‘V"*W@% J., et

852 NadHFBA By ronintape oRF e eRE Srshy i dSBip AR iBan 85, ST
Org. Let hrdsgQQr dﬁahlé}@[hll -stJQ@iEBéﬁmﬂwaﬁlﬁn J@é@ddeﬁgpblyadmm) and Batiblcsede

further el aborated nown met ho to _obtain other compounds of the

present (4. g\mhassmm or S[OOQQB?CGIaﬁe)smﬁ@lVé% uch as Iy Op & 8e8us to achieve
t b b t b th
Feapect FUETETELfnGa RrReRbE Mo g AL s BT G n ok s RS TP, e

deri vat id€rofve macﬁad%&ﬂay e &fpI8y& totfkififain thelapbrd @tb %rﬂqbaaﬁﬁd (for
or ganomagnesi um organozi'nc or organotin conpound Such co ounds ar.e

accessi biteratoye provealast fosnmluarsttansf@mm@ortsmeeﬂmww f‘étaif Qg he’édélg%@rl ate

nmetal or ”ﬁslo%l | oid. Any functional groups present (e.g. the ring nitrogen
in posi 6 Jof the pyr azol 0[3 4 b] pyri di ne), nay need to be prot ected by
a suitable protecting group ( . See G eene, 3% é

| nt r odud@135h J¥lethadniorseryession OE@?QPIO@M%C%HW% eéfélh? ¢oad By thia e

wel | - known hod ogen
exchang®P Othier ?981ﬁ>n§d a@i&@g V%ﬁv ﬁtl.l@il %@B&r%ﬁ;{c(%% dé,?ﬁ)ﬁﬁ%sz loﬁg*l Itcra] gﬁjgr

al kal i ngreeadefallyaidl nown. a&iwﬁhlbeaabﬁamnnm e skidlad hrtive, aueh o@ammtihlélcr eagent s
for use in netal - hal g&en exchange reactions |nclludeh anc1iD %%un or

or ganormdgrExVeReehs Higed inereps-aoupling yepeHans sHpilar &p fhosg, ?ﬁcp thi

i so-pro C g, r SRS ®IupliAkd Qi
reacti oﬁ%ﬁl %%%ﬁﬁélggér &hgarﬁ%?gflgﬁ%a@l&g?bﬂ%dz Ogt&[g&rr%ﬂgﬁg%n%ergf or med g% needed
W th a sdicffableé uﬁhkm@ lsmtﬁmjcouphagpammrmudi amwp@ﬁmdiewwmoraatlﬂmjldesonJm

chl ori de, magnesi um brom tri n_32. 6/ 0

PCT/ US2Gtsmotrgents BlPﬂeéFPl?fgtml%S lfi‘?i’é’ccﬁtjj‘i“y Viflegty SHRis &Pf %ﬁ% O h8y at e,
triethyl Qﬂ&gt scrl{?'dabéx% propyl borate, zinc triflate or zinc chloride.

I ntroduétion o oronic acid plnacol ester can be conveniently achieved

P Ker eg?é‘gﬂ;ﬁgt h@ 1%? lm%ﬁloﬁs %%Q'u}’lﬁ e r(ejallctu(\afl §f|o¥ oygaﬁgme aﬁ&%eﬁgﬁgjegégﬂe%tgg ron i n

di chl or ?[o]m barobiséditRhRB eRPARRE bPE)heslBee ARl aint a¢iadfof the medodwi t abl e

bases g. potassiumor sodium acetate) in solvents such as DVSO, DV,

DVA or Nescribed 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 1/-pyrrolo[2,3-
b]pyrazine derivatives are closely related to the strategies described above for 1H-
pyrazolo[3,4-b]pyridine derivatives, with the main difference relating to the synthesis of the
1H-pyrrolo[2,3-b]pyrazine scaffold itself. The key intermediates utilized are 3-substituted
5-iodo-1H-pyrrolo[2,3-b]pyrazine derivatives and 5-bromo-1H-pyrrolo[2,3-b]pyrazine
itself.
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met hyl pyrrol i done at tenperatures ranging from 80-160 C. Conventi onal
heating or mcrowave irradiation may be enployed to maintain the
appropri ave o@nperzat ure (for literature precedent of siPOICEBR005/026794
transformations, see Ishiyama, T., et al., I Og. Chem (1995) 60, 7508.).
[0135] Methods for conversion af—the boronic acid pinacol ester obtained by
this nethod into other boronig¢ agsid derivatiWes, such as boronic acids,
boronates, or trifluoroboratel’safts are falhy well known. As will be
apparent to the skilled arti Nsuch organopetaltic derivatives may be
utilized in cross-coupling rea¢tions simlgr to those descri bed above in:

t he case of hal ogen contai ni ngBderi vatives iof pyrazol o[ 3, 4-b] pyridi ne. Such

i tl iz, i tahl e.caupl i t h
ot | o380 THE AL ACOREHY Skl oGt b LB REol A ¢ one
i dent i cablpgridiaviddsinitives Siomi b-dForadE0SyriRNEE b h9riliAg oIRILEe IS5 AS S Red

above. [0136] Orher nmethods may utili'ze the reactivity of organonetallic

deri vat | RERI} A EsEE 3 Ordmbstirgeliopmolalh3hipdezing dériwatisesoffom 5-bromo-

pyr azol of g..4~ Ri g ) e. et ho de i,bed abpve. For
exanple,[ggép§gﬁ?€égb@%%?§3ﬁ?§ﬁﬁéﬁﬁgFgEgo%?géhﬁﬁﬁﬁﬁ2;£§@Yﬁ“H§F@P%MF@?Q.

or ganol i Hhivaver, ihe gan nagdidsnd o otberaitg SA0RT apid@@tmwa@lssfanﬂmn?ﬁlag @Bﬂfyed I n
direct couplings to a range of other electrophilic coupling par s such
as, for %&’iﬁﬁ ﬁ&?ﬁr%tf?fv Yol 3 ibdryresindpblativescanst aptis)izatmndiehgriisg on

nitriIesgwg&gﬂﬁ@hﬁﬁi&fﬂéyg@gﬁgy&ps, carboxylic acid derivatives, oxiranes,
aziridines, organic disulfides or organic halides. Such transformations

are gene y | Kk in rt (for reactions with aromatic nitro
corrpound@?kés]eeg\%f?mog%%ﬁ’frgogg@ g51ae 1sjaccesgiplegyia regjoselggtivichem  Soc.
(2002) 18No @38k -col 3 o~ t eqi-gs Ut il jzed to access

3, 5-di substci) tuted iﬁ%}%é%f%@fli?%{%@dﬁzP%ﬂé@lég%1@}%%@1%@2%8§%6§8ﬁ?6

rel at ed dénmparakdds at dgr derrdesivon (663l 8e29.nV-ad¥latip, agdhidlsdquénd] pyr i di ne
derivati W th. the i.n difference relating to the synthesis of the
1H pyrr oci\élg?zza,t@y BT lﬁlﬁ'ﬁ%qlﬁgargﬁ’é?ﬁug} ﬁuqr{@é‘fqr_prqq? ey thip resetiemiplaeseseat i | i zed
are 3- sSUWSRHWOBLR 743%2) OSendik By i i r4 ¥at yes and
5-brono-| H pyrrol of 2, 3-b] purk%z?ﬁ%ecgh%%glg?ﬂlg%faﬁ %%Bgﬁoiig%%%ﬁ%%

PCT/ US2 01532005 7 S9ompip3 -1 WsifanylettynyRpyrazin-2-ylamine can be obtained by reaction

with trimethylsilylacetylene in the presence of a palladium catalyst, such as

tetrakis(triphenylphosphino)palladium(0) and a catalytic amount of a copper co-catalyst,
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-blpyrazine.

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

conditions 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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~N ~N Br [0138] The general synthetic strategies to access

3,5-di substituted 1H pyrazol o[ 3,4- b] pyridine derivatives from

5- br ono- IWwepyecmsiz2a[ 3, 4- b] pyri di ne outlined above w || a&csws2@sne@dn to
accessing 3,5-disubstituted 1H pyrrol o[ 2, 3-b] pyrazi ne derivatives from

5-brono- | H.pyrrol o[ 2, 3-b razine. and 3-substituted -

5~ 1 odo- oBy Y ssis s P eRords i derorugie at aphisn pmperature
condi ti QPR ANEI W S$Hr&idtbd BY 1 skild@niGa) tht pRiEsER ofBldhoRactTRY ciesy
wel | be different for I'Hpyrrolo[2, 3-b] pyrazine derivatives and

opt i ni zaepresentiepeypmindg clenmed weles dus ﬁ]@bl@thmcir!mazyellp l-ﬁiﬂ'sze@ @s Paing %?ﬁql-‘e 139]
AP BB SR AP ARES b sPEPBR I Pl P ppbaR! v

trinmethylsilylacetyl ene (see A_darn:z%zk, M, et al. - Tetrahedron (2003) 59,
8129.), M43y | BurthehelaberatienpSealidedd (X'cjRel 1) sawiel 9s selpsitye-saaustioh anmoni um

fluoride {for.precgedent. of thi {4 4 .

st arti ng PO BHIEIE Mo fp SOURpGiPE 4 Bk S350 PRy S Brisnd eai

5- br on-p3rk4diRRlcEythSlisha y ethataly wol kagwi nidthodanduok as dor denpbd, acquedtidy
reaction wth trinethylsi|lylacetylene in the presence of a palladium

cat al ystmetalpetplyged crass Palmlg](gtrﬁ%%lﬁéﬁﬂ%I’Qé%ﬂ?i%@?b‘é@géﬁpﬂ?ﬂﬁo 051008+ al.yt i ¢
anount of cQ- () LOGH i ! re of
VP and HeifERIRALL R Bbphlas dolel iR pRRRRGR! doa bOHKER), Bt d ot e
t enper atsuclefansfaratayibas carbedotihd actht fdllostihgrdfetendes: Piadedemd . dtar@OP.J60 C

gi ves access to

N- ( 5- br dHeiaBcatelyrrg Grasstouplipediaqgiigns: WilexY (o lSA8) Bsllen M Hensitigr

subsequ j I A b | i hhser R Ll E under
reflux a %tggggg}l g@?%%%%sﬁwﬁngZ}%%B?@?gi% [ 0140 el ntaz;g{ducti on of

a sui t ablCealyrmiilay-VIGHE, 13- st eilonl 9965 2G04t Fhesstnet, Aot at.i bamc@renbioc.
acconpl i shed vi a etho eney al | | 1 _kno N th tv. such as an

el ect rorfﬁp@ﬁcuér]pagg?i @ ‘gﬁb -1 Qoo qERg @ﬁ%& lr{}élt g%ﬁf ofhs %)eaf’l}?gti on).
Thus,  5-hEQR 13ihAdR thd EHRYEER 1:@drAus anld] RMEIRR i) SorhSond GEABSKIID iretht hAe
5-brono-1 H pyrrol o[ 2, 3-b] pyrazine by treatnment with suitable reagents,

such as dssdntididg thechmic matkodsiag dihase dassmidbed hervieder similiapel identiaghder condi ti ons

facilitatin ch transfarnmation. 1]..&x her. I f
funlct: o?fé?}rqsg)gglgtb‘?{ls\ﬂt Zﬁllgglcé{%X%H&P[%Qéfpé#&mec&gﬁ%g‘%g{)ute ?o(r)\ are, by neans of

exanpl e and not |imtation, FRIEDEL-CRAFTS-acylation using functionalized
acyl ha0ildls Aswhs discussed fanddhpyazolpiBetrblnyadipes te skilledartisseWilloyl chl ori de

or tric ha'mp%%e%?a & %hyil se?edéti\x/f\éoflgn%%gﬁgijzg&gé at%%é}%ﬁggggll 9—%95718611 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 such transformations, or the inherent selectivity of the

methods utilized.

[0144] In the case of the 3-iodo-5-bromo-1H-pyrrolo[2,3-b]pyrazine, the selective or
preferential substitution of the iodo substituent over the bromo substituent is possible under
generally less forcing conditions, such as lower temperature and shorter reaction times using
a suitable transition metal catalyst. Selective functionalizations of di- or oligohalogen

compounds by means of transition metal catalyzed transformations are well precedented in
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chloride in the presence of alumnumtrichloride in dichloromathane at

anbi ent tenperature or below. As will be appreciated by the skilled
artisan, wbeomroasizats of such reactions either represercTaso@sOnE94 cl ai med
under this invention or may be utilized as starting nmaterials for the

synt hesi : u t .nptably. certai clic ounds.
[o1az] Fhe el RIS R 6o L B Re Bel kb
sequent i ADrg glhbmt(2002)ic0NS 789, Pakinca, RUQR A8 URSIIMEMSAT @00 59, 8129,

5- br oi no- 3-i odo- | H pyrrol o[ 2, 3-b] pyrazi ne can be readil’y acconpli shed by

gener al | ppyuej | K c for anpl e, sequentigl netal
cat al yzep(? ch?]o.ss @g\ggf‘{%ﬂggga@gngrﬁz?}hﬁre“% o ARs ags; V{’)?i? ﬂﬁ’us known
transi t | @mversenalf adoopmendsodiae gubstnBROHRASMERI bx\/ﬁé‘caﬂéi@l%pﬁitﬁéﬂéégl iron or
ni ckel ). Exanples of such transformations can be found in the fol'l owi ng

r ef er encB§BORFe PTERROIIHUM, Stgapefin, prepnosilises, grgapagiat.yrgahocpupss ocoupl i ng

React i onggady 2 ' . T LLi tals for ani c

Synt hesi s,gaﬁ\f\’vh:li@?-e é\gg—lﬁ coiirg%g?dﬁgmgie%enﬁ%ly Héalrl lﬁ{i%:w{r}nxﬁ %Ielgl\{gse tgsme?%(y ha thl yst s,

W | ey- VOHchaige a@d 2ascipprtpriatel@3&qui2dDshibsdauentsi Mg metalatiorlisidd soluble and

J. Am Chem St,oc. B]&ZOO(? 4, 13856, .and Bolm C., et al., Chem Rev. (2004)
104, 62172 FRECTEARIE O Do h SHE RHBMT IR tinhdlietneth conrper for sppresentatiand

fam | i arexagnkQE 1 i i i gl t he ne, net hods
et hose o pona EbBaRbL) tec SBSeEM. Bhfne iR AL A kT .

uti i zi nYIleHVEHL2A92b [ @rgrnbingtatlictienimatiiesiobttinedea sudtOhdidpn Aywasif 8k sE€ussed

for 1H pyr | of.3. 4-b ri.dines the skilled.artisan will  appreciate that

sel ecti %e g ﬁﬁ%l?s{ltgdr?a F%g{’(altﬁ}ﬁze CoBP I EeteAtpms nthgromalic er elefinic balideseui r e

di f f er entiflast o} i€ gifELiclelp RN beRedcA BREMY Rl sulthSle H-BASHRITRLLR 13 h
y the

utilized to introduce functionalities at elther position, especla
sequenc DX CRHHAIT gai¢ balidgs, MiCHABE-apespidrs, emirafiésy sziridines, mhiehpdes,

advant a : rv.to achi eve functionalization at the 3-position

ori or ¢ aoHnkts, BEERARS ¥ehfh, A M8 8 mEBRN G hnhtedeud imirEathe

0pposi t essepfinidptte samy e those deicriBel AHbvetheimaas8SdeiRRERdisRES oﬂ(ishe nature
o

of the specjfic _groups to be introduced, the nethods require
acconpl il@ﬁlzg’&éﬁf?ﬁéﬁ%lp%ﬁﬁﬂnmﬁme dsrivatieesi nher ent sel ectivity of the

met hods utilized. [0144] In the case of the

3- i odo- §0b¥6dmoknl cektpiprsuch opRsfEnblipyy, sziiebe dhanSEtARIr Yo uded tPIRlanaNt i al
substitution of the jodo substituent over the bronp substituent is possible
under  FBREF HOFSSYERle Drglesting ereBpidin propisto temporatly subsiintetasidiepmtanse and

shorter ghapsd i ol ' [ t iti.on netal catal yst..
Sel ect i \fg fur’lg}irég%ﬂg@;g#isd ns gg?a%&ﬂs agllra&%cﬁté%%g%gtg}dg’ﬁOX%%?HD%?JWS%%@“%&M of
t r ansi t iperticorar die lnalttedenztan in powsticar e the N&gyrevlvel3-b PHReRRepifEsidi By 35 WO

2006/ 015124 PCT/ US2005/ 026794 ., .
me%hocfs) well known 1n(%1§e chemical literature (cf: T.W.Greene, P.G.M.Wuts — Protective

Groups in Organic Synthesis, 3rd 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 optionally 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, 0., et al.,J.Org.Chem.
(2004) 69, 3173, Ji, I, 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. In some cases, direct substitution of the 5-iodo or 5-bromo substituent in
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the chemcal literature: see for exanple Ji, j., et al. Og.Lett (2003) 5,
4611; Bach, T., et al., .1 Og. Chem (2002) 67, 5789, Adantzyk, M et.al.,
Tetr ahedrwo 20@00Q812459, 8129. [0145] In the case of hali #eTDseMR0zBo4 1)
ot her useful nethods may involve the conversion of a brom ne or iodine

ubst 1 YNt 0 BrStaln SlipREALLE! e SHRSE ISy Lenloessiigancbor on,

organ0| anosilitcon, or ganozi or ganocopper or

or ganonpgegildREARMIA or vetaed mmﬁﬂey nvmb Iprésamwmf nmalq adiss,(seclgas, et al
hal ogen exchange and, as appropriate or required, seguen

trans nef@l%mpt@ma‘tﬁallcrt‘glds@I %lﬁir(elgaﬂ‘dl‘n?@a‘ﬁtm% 4@8@6@?\% OF a@@i%ﬁ(’dlﬂ@gnesi um
zi nc, e r S,

Bt o do?‘lg%l}(? X eltgt%f) %10 af gﬁg@ almﬂo?g{h?& Fegﬁ%:%ﬁ Il \56?|H}1 Qéi;ﬂﬁ{BLeeag)r&ic e t, .

Wl ey- V@hmt%Oﬂﬁkxmﬁﬁ@aDQﬁneUaPJDEﬁﬂanuaﬁomaﬂeobta|ned in such fashion may
itself be of wuse in transition netal catalyzed coupling reactions with
aromatic or olefmc halides or tri§ I?etnlfles if sufficiently reactive, be
reacted directly with suitable el ectrophi :?e such as, for exanple,
certain organic halides, M CHAEL- accept@rs oxiranes aziridines,

al dehydes, acylrhalides oqﬁpltrgkes’/k%aln i be general met hods known in

the chem cal Ii Rire are ntially f'he/ ame as those described above
for simlar or Iide tltal—than for—n“at-ron >yt H—zimg 1H pyrazol o
[3,4-b]pyridineldérlvatlves ~2N0146] In Nain such transformations, it may

be advant ageous dJ¥ required g0 introduce ,one or nore suitable prot ecti ng
groups, in order to tenporarily substitute acidic protons, such as, for
exanpl e, the hydrogen atons attached to nitrogen or oxygen, as needed, and

in particular tha-hydrogen a |n p05|tH 1 of the HNT
1H pyrrol o[ 2, 3- azine sc 5 wel | krmaé«%h‘ t he cheni cal
literature (cf. G eene, ths - IPr, teBtive C byps Rh Organic

Synt hesis, 3rd e , John W e & Sons, 19 ) 0147] Thel cross-coupling
met hodol ogy descr ﬁfbed above n&#ybe exteyzded’(t%X B¢ i ncorlperation of

non- car bon based nucl . coholis,” thiols, primary or secondary
am nes) that nmay optionally contai n sui tablle protecting groups of al cohols,
thiols or am nes. Exanples of such groups can be found in Geene, T., et
al., Protective Goups in Organic Synthesis, d ed., John Wley & Sons,
1999. Exenpl ary nethods of "ﬁ'ﬂ ection areNHg SCri bed in Ley, S., et al.
Angew. Chem (2003) 115, 5§ lfe, J., ég(ifu, Acc. Chem Res. (1998) 31,
805; Hartw g, Acc.Chem Reéﬁ/ 1998) 31, 8&2(}(N arro, 0., et al.,J.Og.Chem
(2004) 69, 3173, Ji, J., ak., Og.Lett J(2Q03) 5, 4611. The conpounds
obt ai ned by such nethods clan be further €l aborated by well known net hods
to obtain other conpounds of the present invention. In sone cases, direct
substitution of the 5-iodo pr 5-bromp substituent in 36

NH NH,
: ] COOH NH
NS ’ )\(COZMG
] N ‘\r
I A

[0148] An alternative method for the synthesis of 3,5-disubstituted 1H-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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WO 2006/ 015124 PCT/ US2005/ 026794 1H-pyrrol o[ 2, 3-b] pyrazine with an am ne,
al cohol or thiol may be successfully acconplished at anmbi ent or el evated
t enper at weoeemisize presence of weak acids, such as, fecrasamploes79acetic
acid, or a strong, non-nucleophilic base, such as, for exanple, sodium

hydr i de [@mﬁéjerswh&%faa@tm,ln@hﬁ@dl% Béantty a‘éhlevé%\zﬁ@ﬁtiﬂgﬁhy or in a

suitabl e aprotic solvent, such as, for exa NVP, DWMVSO, or
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] YCOOH lemgzan@gﬁflﬁ)magﬁesﬁiﬂor‘or dnoflithurh cOinpovhdl ObASfantylesdfithe nsidf\e met hod

for the synthesis of 3, dlsubstltuted 1H pyrrol o[ 2, 3- b] pyrazine
der i vat i ethoxiad- ra@thﬁla@p@@ (Weeimreb |A4@1dﬁ$)owkﬁ@n¢n9ynthesw see S.Nai, S.M.Weinreb

2 ari n0- 3y Rgl AL ROKY AR s | NGRLROEALAPN, 12D LOinRC LA ARl e

5-positionto giv razi necar yI ate can "be

achi evednbiyMahides) i@ru@wssm bpd@deﬁsmbn asthe@asdnt acid whithhV)$- i odosucci ni m de
i n ethangl at reflux. The hal ogenated ester obtajined by such neans nma

then be %w?hryihyzlwywﬂ@@ aﬁaaﬁ@nﬂ%ém@ s ey angiggripimeationy @ERCHBRPTION t h |?/t hi um
hydr oxi da%t {on A?'%%éﬂ@él& br 7 S55Mr 8% @lecBRIdBRLatibR TRANR A R d Aokt Fortddtn

corr espon I nNg ac
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, n-butyllithium, terz-butyllithium or iso-propylmagnesium chloride or bromide
(e.g. I.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 (cf. 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
(cf. T.W.Greene, P.G.M.Wuts — Protective Groups in Organic Synthesis, 3rd 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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37 WD 2006/ 015124 PCT/ US2005/ 026794 [0149] Synthesis of a ketone

internmedi ate B can be achieved by treating the correspondi ng VEI NREB-am de
A (3- am nwokescmdsr2pyr azi ne- 2- car boxyli ¢ acid net hoxy- mechyis2@siodey4 or its
hydrochl ori de salt with a suitable organonetallic species, for exanple,

usi ng an orga si um_or, grganol it hi C u f i?P;FIRil es of the
use of ﬁaeth%}%%Mﬂ?ﬂgﬁﬁﬁizﬂ/@%ﬁg@‘%@%@s{%‘g’jlggg)k‘%%négﬁe synt hesi s, see
S. Nam S M-M&l Rb@Ronmdelhalifhed8Rk hethbxymdBiitriphénBBASsphonium chloride and

3- Am no- 6-1 odo- pyr azi ne-2-car boxylic acid nmet hoxy- nethyl -am . de £A2 i S
accessi bbatdbie brspdenewnipe buf netHemiked tona staangpraiiomatglliphase such as, but not

di met hy|.hydr oxyl am ne, usi. standar d t . ] k@R, either by
oror  HEYEY 5t FaPgreiEn L R BTy TR, sy R e S B,

Met hodspRRAnl-8AUERt)amiR, both transformations are described in the
chemcal literature and well known to soneone skilled in the art, such as

in the of, di r ect th | Ui i ; s, but
ot 1 QA ¢ S Pisaaes SRRARCE of Bt R QMR AR b RARAR B G e
requi r eg- Hep-fbide o Niiadicifithze Obtlafokas, @ar be ediieed undRigenieral Beid gatalysis
obt ai ned either comercially or synthesiz y,.vari,ous ho escribed in
the | it epuditions to sfferd Hsubshfited by -HOH?’PéﬁoﬁgzﬁﬁelPB@éfl@ﬁAFﬁ’Lé%ﬁgﬁ?dgﬁwgf

organi c oL - 011 - QF: 4k Q8| b | @f hvddecHich -
Ay anc ol L GIsHE Tagrg P! SfEeqbidy AR S iR ERTRIHE L ydtoc

met al - hatidgeifluerczialngesulfmid acdder wifluorapaeticcachd rauitelsle selvents ¢¢-gelisi ng

sui tabl e organol ithi um or organonmagnesi um.c ounds such.as,..but not

i mi t eddiexane digiextiefhet, rﬁﬂaﬁﬁ%og)éerﬂt@%@&% 4% ﬂ}cﬁm%@?wﬁ%&%% @f%‘if PHBIIYi um
chlorid ' nixErEPiReteb ) tiipersiated edrigitid Forhor

Synt hes?gggggﬁlg;wn%%’ H%glgg?l’ %\r gg%c?g},mmﬁra Br gnPn tl\ﬁﬁfpcftr z, P Kr%%:ghecl)- Angew.

Chem | 0tC t&860°C2Q08)miRS cyedikdtion hawbede desstibediby Sakanadto ek, i Fdtentidjesaci di.c
conmpounds, such as for exanpl e pyrim dines,  pyrazines -¢chl gro- or

2-f | uor 6B AR, 2XOrRS- aﬂla"ﬁ‘? ﬁl&tﬁ‘l}f‘@oﬁ% ?r%%%t@ﬁ carvergen 8&%’%‘%’%@1 hi um

N, N-di i ' nd pAhr 06 Spliedina R phREHNiAR dof

J.d ayd%%%%g%gﬁ%@l}%?&%hel ct icai iylﬁ%)%?dl Synt hesi s, Pe.rgg%ogﬁ, p2002;

A. Tur ck war&oeted Fo Moadiieved GidueguLBeouplingetf theretromm gRdeeyith §7ouyigh:

F. Mongi n, G QJeIgui ner - Tetrahedron (2001) 57,4059). In certain such
transfoﬁWWﬁ&S’taP{la%y be advantageous or required to introduce one or
more suitable protecting groups, in order to tenporarily substitute acidic
pr ot ons [0153). TheeuthigylpDrevbstitused | Het-todopodrotad2. At tlpigeineoin th sxahpsispf

needed, by nethods |l . known in.the.chemcal liter fa. T, ene,
oo M bR i A RO R AL AT R &l RebReBhgiEned i ndart bGPTE. o
Sons, 199%he 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), (II), and/or (III).

A. Protecting Groups

[0154] The term "protecting group" refers to chemical moieties that block some or all
reactive 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). Tt may be advantageous, where different protecting groups are
employed, that each (different) protective group be removable by a different means.
Protective groups that are cleaved under totally disparate reaction conditiops allow
differential removal of such protecting groups. For example, protective groups can be

removed by acid, base, and hydrogenolysis. Groups such as trityl, dimethoxytrityl, acetal
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[ 0151] Conversion of the ketone internediate B to the nethoxyvinyl
derivative C can be achieved by several known nethods but is nost

conveni enwbyowansized out via a WTTI G 38 WD 2006/ 015124 pPC/sbin2 0060926794
reaction (cf. B.E Maryanoff, A B.Reitz - Craeni. Rev. (1989) 89, 863) using

an ylid e d f.,rom conmerciall vail abl

net %ox yarrrlg? ”3‘?’5‘ gﬁ%ﬁ@hﬁ)’%ﬂgﬁ g%ﬁgﬁﬁﬁﬁﬁhec%‘%??}ﬁ{%e ‘ésr?g to profeft cabryy pukydrest

exanpl eeadiivt nivdétidsiifteqledeBoe 6 HHiNOREPE BAAGRL RithCb-RAsHsSWERNAR but not
limted to, a non-nucleophilic_am de such as the |lithi'um sodium or

pot assi'tPEdhle bphydmeenolysisenhimer igyaupaniviieh afedeselabBeadsaheiic acidendzat i on

of the ﬁ;;lt' : £ i.ch .can . utilLi,zed in ei.ther.the E- or
Z-for mh(rg’r8 a r#é}tgll‘frgé? 06‘% HitS %éaé)é%bbg?%{eﬁ 3’?@&“%2%%?%&%%% Trhaeyt general acid
cat al ydinsitatwanaiethiyD Rehyl,amdfat € tin3h & plSdrick WF &flines blocked with acid labile
1H 5-i odo- pyr rolg’gg 2,3-b] pyrazines. Such nmethods may utilize strong
Gl

i nor garfQURSSUeh gsricbudiq@bematreor with eabsmates thatirg bofeacah kst base aeble,

hydr och,pfd i i or omet hanesul fonic acid or trifluoroacetic acid

in sui tagpﬂé&ggﬁgé‘e@{rgh{o@g& THF, di oxane, diethyl ether, dinethoxyethane,

di gl yrgﬁ](ﬁﬂi C 2Ilr ror‘{et hape, dichl oroet hane or chloroform water, nethanol,
AR

or eth Grast ey taactive mpdetins ihavlsabrblegkedwith 0C to 160C.
Fp R . S |
(1500) "RroySalig shn SianlioRERTE, BR6! pitds e LoRARTROM, S min  BRERPCY! 0
2- ni t r ¢apabieof Igtdnegen\bionsting it atiidremapb¢ bleclpaireiti baseratsleafrdu@:-dabpyg i di ne.

For mat i f t i nyl ! ) ted tqQ h hi eved Vi

ST! LLEL R Gt M BB e e ity B MACER MO SIS eBE By abiAy| st annane.
[ 0153] pidictitlel drbipé sBéh %ﬁ,u%h:eﬂly&mn%ﬁt @hﬂ@é&eﬁ!ﬁ%&;\fﬁn@&ﬁsﬁxﬁgﬁones in

the synthesis of = conpounds clained under this In bvious to
soneon&lagked wétd flueridp dabalesilleasdthmates. t he net hods descri bed above. One of

skill w Il inmrediately understand that the synthetic nethods described
her ei n [01536}! udlilyldiddkengExaaR £6 ushl inQhe Hrebdive ofMBMdPfdUSRSH praeh
el aborated to obtain the conpounds of Fornulae (1), (I1), "and/or (l111). A

Pr ot ec 8IS esa s fponegAre stbleraad gar he stbsequendy mamasd byahealsortpd-acideni cal

noi et i t I eactiye mmieties of a conmpound and
pr event% gtgbjg% nFIJ%l1r g)fa&éil&][ﬁr% oa%b'girotc %wc(l{ 4 ?Xﬁ/éc iag}accﬁ]éhfeggﬁ’mte}%egc‘?’}abﬁs until the
pr ot ecpeNalign)paialyzee feaeeen if e pessaitel F acidnasik 1Rt At dafisard diS bieshs@nd
described in TW Geene, P.GM Wits, Protective Goups in Organic
Synt he&3bile agpiaieagnine piokseting BEdpps. 5o mgotheopom of protpgtingmmosplisartsigéous, where
di fferepnt j : : fferen rotective
O T o BhictPk Ol O AL fhay BURLOARE: ALNAg RARD St EEERRda B

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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Protective groups that are cleaved under totally disparate reaction
conditions allow differential renoval of such protecting groups. For
exanpl e, woav@ntisiee groups can be renoved by acid, basecTarsdoos/026794

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

2006/ 015124 PCT/ US2005/ 026794 and tertpbutyldinmethylsilyl are acid |abile
and nay be used to prqte car boxy hd dr oxy }qeactlve noi eties in the

presence ofd amino gr prot ec upse —renovabl e by
hydr ogengM/CS|E§,/nand c gr oupss ' |ch are bg'g"rg | ot | Ca?%%xyl ic acid and
hydr oxy reactr’-ve noi eh@es may be bI 8cked W th bas | abi | e gﬁ@ups such as,

wi thout |irf'ation, thyl, ethyl, &hd acetyl ?Qne prese % of anines

bl ocked with acid |abile groups such as tent- butyI carbanmate or with
carbamates that are both acid and base stable but hydrolytically

removabl e. [0155] Car boxy, d;l cC@Bm d and d(r?))axy reactd ve noi eties nay al so be
bl ocked with qﬁ//drol yti cal I¢f renovabl e tecti ven%Lnups such benzyl
group, whi 118G ne grt Eﬁ)%c c\pabl e of érbgeﬁ\bo g witHeldei d may be

bl ocked with base | abile groups such as Fnoc. Carboxylic acid reactive

moi eti es mayB¥ bl ocked i %{"'ﬁ‘ oxi dativel y-rer@yabl e protectiveggy oups such
as 2, 4-di net hoxybenzyl, while co-existing am no groups nmay be blocked with
fluoride labile silyl carbamates. [0156] Allyl bl ockpng groups are useful

in the presence o‘f| aci d- and base- protecting grou since the fornmer are
stabl e and can b &ubsequently removeed by netalH,0r pi-acid catalysts. For

exanpl e, an | - bl ockegh;gerboxyl i gll\am d cashe\deprotected with a
pal | adi u al yzed reaction ithCt heé presé cid labile t-butyl

car bamat €° base- labile acetate amne protectin roups. Yet another form
of protecting?foup is atr'f'ygsi nto a‘g?}’YFch a conpgypd or intermediate may be
attached. As long as the residue is attached to the resin, that functional
group ig blo Once reI eased fromthe resin, the

functi onal %&goﬁg&a@j E\Fiﬁgge ?% rseact [ 0157] Typi cal bl ocki ng/ protecting
groups i ncl ude but are not limted to the follow n noi eties: 40 WO

2006/ 0150158] P@[/ahﬁﬁ@ﬂ&b@ﬁﬁﬂ’lepresbﬂ ihvention prrdvidas)methods of modulating protein

kinase activity using the fused ring heterocycle kinase modulators of the present invention.

The term "modulating kinase activity," as used herein, means that the activity of the protein
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)-(1IL)).

[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 protein 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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HCCC HC H2, ( HBG 2 H2 Oally) Bn Cbz alloc M H3CQ ,CH3\ / O
(H3C)3CG (H3C)3C.Si Si O(CH3)3C'~O IT O t-butyl TBDMS Teoc Boc 0 O LI
H2 ~ C__ woHB&/01§68H5) 3C- H3Cll~, O b H3CO\ pM tritylpcaastyosobsmoe |1.
Met hods of Inhibiting Kinases [0158] In another aspect, the present

fused r PR REleaPERs HRORIR 0l TRUPRNG Pl 4 F e BBRT S ibKiablo e "

term " npgihl RATR). KirbeBeyRsine\Kitades malsldusmﬂe)tmlﬂé mben@amﬁmﬁlhanqﬂab@ activity
of the E)rotel n kinase is increased or decreased when contacted with a

fused r{Hplhdesr oéyhd ped kil Rongerspicatosias kingeesdrROBIT, M@tmﬂpmn rel ative
to the @ﬁ‘&ﬁﬁ}f{ﬁﬁa e #Lﬁﬁ?@bﬁ&@qﬁmq ogfﬂg kg gsd("ﬁi'ﬁ'g (ageﬁf{“ l_)%n(llgllp,nase

nodul at erefo resen |nven i on pro

nmodul at tymgslm loiheden (&g gs CSC), iand pm-bymxawaltlaﬁatsemq"mg"p rPQHal Burstanase with a
fused rjn het er ocycl e ki nase dul ator of the present i nventi on (e.g. the
conpoun aﬁﬁs= Brlymgh@d gyr 03113%?’{%9?%& BIy), €Y¢1}I9‘§1epe{1@)‘31$ §mapes QRDEX (RS ar y

enbodi ed..r b i nase
et vi 1y DN E TR el ol Al B bR R o2 PO B Yl ol

acti vi tyynﬂnmaﬂtmasésa(t'GSKh)a(ekg KEREES ceeidi GBS K Y5)i Isfm‘jﬁmbﬁa@ﬁdmm?ﬂmmeﬂtir&@ésed with

f d. i Kk nodul t | at i to the activity in th
Absencel SEROnEbIRaRISH S Hde & Bbio Skt ST ORIy SIneEHed (5, (e
present vy e &dfydel! ﬁﬁd"ﬁémplr gé’ iR BxITBEAR V\Xl%%mé RiHabd 5 tlr\lf?cx.g ﬁ.\ﬁgﬁ‘[aﬁ"n ki nase

activity By contacting the protein kinase use eterocycle
ki nase embodilnenisy thefprathia tproeme kinasaiseditl BON, MEBMAK porddr Thi In agiwdrodi ment s,

th t Ki N ) ;
i nave_BROSsRR e afordinfionsie Mgt i oy he B Srily ey ¢ po O

phosphor{yl ation of _ . . o
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 aurora kinases. Useful mutant Ber-Abl kinases include those having
at least one of the following clinically isolated mutations: M244V, 1.248V, G250E, G250A,
Q252H, Q252R, Y253F, Y253H, E255K, E255V, D276G, F311L, T3151, T315N, T315A,
F317V,F317L, M343T, M351T, 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, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, or 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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41 WD 2006/ 015124 PCT/ US2005/ 026794 tyrosine residues in proteins with a
phosphat e donors (e.g. a nucl eotide phosphate donor such as ATP). Protein
t yr osi ne wonasaasi2acl ude, for exanple, Abel son tyrosi nePkirm/ozc(TénAbl ")
(e.g. c-Abl and v-Abl), Ron receptor tyrosine kinases ("RON'), Met receptor

tyrosing 1&)1'8?0}? ] QCW ‘IFhof¥s; {'lé(ElnF%% %égﬁ% 1hi-tfa3§g‘§§reéneﬁl-f5r)ex£rﬁplg inFLT3) ,

src-fam osI ne Ki nases p21-activated ki nase-4
(" PAK") ,bikdid@assays. dﬂanollogamzyma} ¢qm;prta@|ad aﬁyn@sdldeequen%dsthé YaBhdlepgth

S?Sl ci n ey b et Eb%é@gas& 0. gt aeidsiot B0 i Jibidbendlnnied *

. G5KY) ahﬁn aci® gfﬁﬁ*f@n HkndeﬂTPﬂﬂQé‘eY5197(53%98(%,%rt90b/9ﬁbrﬁ810§y RS
"Lek"), osorra I nases Rsk Rsk2, Rsk3), spermtyrosine

k| nases klj]ewg kma‘x{es¢t;veaiuuinasmﬂotl§m&elogyldlahdvmdb®g$1rteﬂelsmgf foexkanmplei Sk yr osi ne

Aol - RO LA sl ul o5 Dighot G R FA: SH AT H R e By S AP E RS  ne
ki nase i, 3338?@1%2 99%@' n{@éﬂalyerﬁwﬂ%entsml&%ﬂ 5090, SRsiModbi@at s, the

ki nase is se ecte from Abel son tyrosine kinase, Ron receptor tyrosine
ki nase, skiptence segdigoed trytlhasamab/sml ﬁhls@tOCﬁsrﬁarlpek@rmmgdhﬁ degnrientinelgle, faur or a

1. " oxozramaie Bhel e an g i o BN el ot ORGP 2270

nut ant  Bgg akimenti BaSEhoripsba ckhiNIBRINE A8idl Resedkt) 282919061000, Gauantt
Bcr- Abl ki nases i nclude those havin at |east one of the foll ow ng

cl i ni caldly Bianpenetdcsyl:303-65 61998k 4 Hemalogsgyay, dpsepmpin baye a BEASIH- (»52R,

Y253F, Y253H.,..E2 T, V,
Fa7L, WRIAOT Rl TovEa i 19 ERiho peltplpnsgla ol DRt AP R SR
H396R, SWR1{YooB4ARAKFENS, AM86:Snother asven Rifasd oremyt Sinctidial dormaintof AT3Ki nase
has a T315I mut ati on. The nunbering systemdenoting the position of the
am no achll, pianethes known&iase-he wel | known wi | d- type ABL nunbering according
to ABL exon la. See Deininger, M, et al., Blood 105(7), 2640 (2005). The
nunmber i MO164]st Hoirodo gyepa;oﬁsmwdétmniﬁé@w eoriparing tho awivestie tindery mckethd :
mut ant Bcr- Abl ki pase incl udes 5 alst one of the Semég ati on l.i sted above
9

and has the ename wihdhe astyg sigo 1@ siop! kapvidesg e’fﬁmp %$3B% sequence
| dent it yhOtn‘POlB%kﬁl Q}lfiﬁ&c R8st 5ogy 5@%%0%”8@%”& R0 LinEBRiSo adiEofMé ant Ber -

Abl ki nase 1 n es af '[east "oné of 'the’ mutations |isted above, has a
sequencembieuit ot Homologfiage amind aasl slmbm@szedr@MQSeof agpeinain c¢mpl@9blatln pigast

50, 100, 150,. 200, 250, 300, 350, 400 600,. 65 » 750,
800, 85070 taplinasslomaip Hist %5*’60%1?1‘3%’1%%? it R R alphycaihon hiferd b
enbodi Megtsoud NSA KITAAS €25 &, ARIPLRIMERt D.ISA, KR, 5K, BAS 6r 4us0.254f er r ed

[0165] The compounds and compositions of the present invention are useful for inhibiting
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-
binding 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-binding agents. As binding agents, such compounds and derivatives 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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to herein as a "honol ogous ki nase"). Conpounds and conpositions useful for
inhibiting 42 WD 2006/ 015124 PCT/ US2005/ 026794 the biol ogical activity of
honol ogowsoknisaaer4nmay be initially screened, for exanplper/uspooshrerdi ng
assays. Honol ogous enzynes conprise an am no acid sequence of the sane

| ength that .j t_least. 50% .at .l.east 60% .at l.east 70% at |east 80% or
at |east™ %f%l#y (Ealn?l?%gﬁ;?)tlé} oﬁ% o W:l%%ﬁ%‘i“a@é&&%ﬁﬁ&@%offee}?m? 8hgt h known
ki nase, potypéffic &Q%ctezaBRYshoralcogY/60RhBRn, kNown ki nase active domi ns.
Honol ogy may be determ ned using, for exanple, a PSI BLAST search, such

as, but limte rjbed.in A tschul, .ef. al. C. i ds Rec.
52! 330038 (@&é‘fg‘?@%& gé‘?%ﬁﬁl%%@bedﬁ“ﬁ%%%% Reffropyel n%%’fo}ém‘g‘lﬂatgﬁ st Tou
of the pseqnieincention iah kiRedinhiditohi B AR shicdlim&Xthehe LiaRleSnhidltoPRisfar m ng
the ali anrent, i.nclude, for exanple, DbClustal and ESPript, which may be
used t o ‘gerfdiBibitiogLopart Kpioblesy gragi lgnicspmolan elnnpthenembodiseat, ronpson et

al ., Nu 1.C s AGL: ch, : . - ; et t. al.
Bi oi nf oﬁr’g‘{f? 8@?‘51%? PR RTRES ?i’é‘é@ﬁlg&%@%‘%ﬁ%égﬁg@legﬁgﬁ o0 migramolas, I o B asT
E- val uenctherembddiméniptherkiadse ifdlitor LA 2810 or ¢ bfisss Akt $6 fbroslold! In

Nucl ei ¢ Acids Res., 25:3389- 402 _%997) with FLT3, Abl, or another known
ki nase, 2Bethgsm i g Kippsenvbit has 3BICs apK; oblessthan harciomelar. i nase.
[0164] Hg m C af § ive site binding
bocket o ehin el B sl SEbi AP IC S BRSO B A Gt So

ki nase. afotheresminati|ent, the kivoase irdndjsites hanay I@s or Kt of legstharlb 00mare@¥61ar7 G 80%

or 90% of the am no acj.ds.of the . | ecul e or_hopol og have am no acid
struct Utaﬁ?&lﬁro%’f‘a%‘?ﬁ@f’%s!‘htﬁﬁ(ugsﬁ lwgg@ﬁ%}éb PEX; ﬂtrrlg$sztgan { Bay9seolRy. nase donmi n
that have a root nean square deviation of the al pha carbon atons of up to

about 1IHA, 2Methodd oDEBrcatmiontit 1A, about 0. 75A, about 0.5A, and or about
0. 25A. [0165] The conpounds and conpositions of the present invention are

useful f i nhi bi { i n ki.nase acti.vity. and also for inhibiting. other
enzynes Iﬁ?ash ll;Ilh % Otk‘?%Sp%e egfeééli‘tﬁﬂ%e%%f’mv_l e_fsd?etﬁcl’fg‘ O?ttrgﬁtﬂ%?lgl_s‘é’fs_edi seases
and di saiedited b kinagettiby edihR¥inidededYistAb P ufsbfagr)slﬂﬁ@uﬁjl&(e.?! nding enzyme
activity. Methods of determ ning such ATP binding enzymes include those
known t &HBale syeh axhymansy Blekinpse-mediaisd" e ‘Sanaseessoniatad’ discadeats mgartto

sel ect i ng&%m &Hﬁzﬂﬁhe (%an)élggli %g@f)&éﬂ %Q%llg\ﬁgtgg %g%ll{}gl?lg@fg %}%asl?efe :fcg{w 3:, TE,

wher e enzynes containing s sequenc

prof i | ege.gfwinretieikindsats invelsedin dgntingsmedijtifie nddtioh] @degulbkb§ithd he
conpounds of the present invention, and their derivatives, may al so be used
as ki n45e2%ivencRy- Aenissascasispngral digeasge ot diseasq SHmpBiiso (igsnethed

der i vat iy ega&ngﬁstg%fa thé Suflect b BhECtly ShfbuftPorh ASS S ReSHPSE kS f OF

affinity chromatogr app at1ons.
modulator of the present invention (e.g. the compounds of any one of Formulae (I)-(III)).
[0169] Examples of kinase associated diseases include cancer (e.g. leukemia, tumors, and
metastases), allergy, asthma, obesity, inflammation (e.g. inflammatory diseases such 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 cell 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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angi ogenesi s, neovascul ari zati on, and vascul ogenesis. In an exenplary
enbodi m;&t the corrpounds are useful for treating cancer, including

| euke a Sher di seases or disorders invol vi ng abnormal cell
proliferation, such as nyeloproliferative disorders. [0170] Mre specific
exanpl egopf2]cangesompouads etthaiptdscithinventiopoayds cafilyt dseaysrde defermine 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. The 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. [1->2P-ATPY)), or the use of detectable secondary antibodies (e.g. ELISA).
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such as
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 Publication 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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pot ent i & %CHEIPS\&%CL QP shpptay st ehqmieal\graups Saat difeetly méact vith kingeg) . The

t hree di nensional structures of such conpounds may be superinposed on a
three dilfES$Hi obedkingprogsenstdeserired 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 to assess the potential modulating or

binding effect of a chemical compound on kinases. If computer modeling indicates a strong

47



of kinases or an active site or binding pocket thereof to assess whet her
the conmpound fits spatially into the representation and hence the protein.
In this swoeewmngi24t he quality of fit of 46 WO 2006/ 015224/US2005/026794

PCT/ US2005/ 026794 such entities or conpounds to the binding pocket nay be

j udged elther by, shape ., co nt arlt Qr t Lion energy
(Meng, @&fteggetion Xh cul twﬁe %hef f@‘g%ftea %%dlﬁxﬁg Eg‘%cc ARG i
conpoun%dgffe&r(gygﬂﬁﬁg of &vlegﬁﬂg)qtstaaﬁwp nd to and/or nodul ate Ki nases
(e.g. inhrbit or” activate kinases) according to this invention generally

of  phy <ALl “YRE ke o iRy EELBhfuck sf Eareb AR DS ey "o copebl €

non- covakgnbded bYnidnkbNaseRes oFsepexanmitie chen@leaaagrems or mtagﬁﬁntslawﬁ:rmvd be
important for designing irreversible or suicide inhibitors of a protein.

Non- covaihé neleetod Ewiheir abiliyde astoctts Wit individuphbindias peslsds et otber %?askl nases
wth d include der
Waal's, - BOERar ISR AR R R b Aion' ol kb AEARE bR kel HOr
assunme ah&esthltemicte@n bagydchnOthe &itasdsi o@ardlmatéselmdcwd ﬂafgnidnes dai cmelmngl pocket ,
that allows it to associate with Kkinases. Nthgéjtggc(g gﬁn portlgajof the
conpound@reRnsimainher be pesifigned 4 aivaripytod oigntaiens, ke Witin apindivigidiases,

t hose p rad | i nDIecuIe
ona. ey SiEE BodiBY oflinides IBUEIRR, drd e 1. e L e e e &

i ncl ude dnlz’la)esigchellﬂbﬂ ItQI@B)eemnmﬂmlsclungknaytbewctmn}dlshadjumng softadre suchods t he

chem cal 0 or conmpound in __relati to al] or .a rt| f the. bindin
pocket , $1g1[1‘H£ (%%Wﬁggaﬁalﬁ%ercﬁm@% @ﬁ’ﬁi‘m‘i‘f?éﬁﬁ’?u 1B$ 3%3}4 risi ng
sever al 0 tih, k 0

Docki ng ogr ‘ans %@é%ﬁ%‘i’%@% @n[[pgg suc LSﬁl@cﬂ;c/)[rONI egﬁagr%pfdg@%ab ebgr%%G]O_D are

used t o rhith@niziafiyn mmmunoﬂdwlaﬂmmmmsmmbstam@rémlemlas inteehamies forcelfiotdi n g

i pr otwRArSt FRVPEBIBFktt € thaantoni s 2 Hoarsnar ek MR L

protei n, it akinachdh FRCERNE5 QU is%m?e Btd CONBEEF AVlcRYMBlculaCRetEOFIvR; | ons of
the protein. Consensus scoring hen be used to identify the conpounds

t hat ar eAtdebyhdsn Diego, ). tMerepmtmmtq:ﬂ @c@&km thaybe aqeompligheddty using  Med.

Chem 42 5100- a @gl

mol ecul é’rggﬁaﬁlétsﬂaeéﬁﬁéaﬁ) g%l%gzee”gcgr]gn £ % ?g} 2§§ {Eﬁ?ﬁ B%IEGSO E[\%elg%lrl bed

' n Kl i nod&h 18livétity of&adifordid, ISah FradeRts,COA); QIUT(DDD@Q( ((B»@c)ds@ll 82002y, entitl ed
"Conput er Systens "and_Met hods for Virtual Screenin

Conpoundiroteas: fguethes, Bewtion andaﬁ&eletme& 18528209305 A %r’ﬁ@@%rlé&%@bl%f t he
chem cal cl)rln lgc f!s R&%eard riltlsrt!f%&tle A48T olﬁpeAy,séngCﬁMﬁﬁ'dQQ c@?&ﬁ%@@ﬂf& pHigassays.

Centre (CCDC); Jones 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, one of ordinary 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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there is some flexibility, allow n%for rearrangenent. of the nmain chains
described herein may be chemlcally 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 inciude in vitro recombinant
DNA techniques, synthetic techniques and in vivo recombination/genetic recombination.
See, for example, the techniques described in Sambrook ef 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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pr ogr anmsiodas ivgng d'NIV) os trefsfornsdswitinekoidbinafigplasnidrexPressioevedsadte. &, TFri sch,

Gaussian, Ing., Pittsburgh, PA. (01995), _AMBER, version 7, (Koll man,
Uni ver sP 513 COURIRS ﬁ‘?é’%glﬁlgéa‘ﬁlep?%l‘?& P%‘EB‘I C%\{E?)GE?ZI)S Theopaatemy eppgismbe
(Accelr in heash & 1 ; i ' : rys,
o, Soppe in i P aBnty sl M Rking 1 ABiplo SRS RAEThe plcAR
(01995) augnaerd th\B@unt Bk iheeprsieinyineh iMividegotiap okfreantnengiivenddsthenp&rtiogr am

Exchange, . l.ndiana__University). .These prograns be i.npl ement.ed, for
ot ancBrotgil; R BB dineiibp KORR WaRga ek e PROERGeR ¢ 1 or
exanple, a LINUX, SG@ or Sun workstation. Qher hardware systens and
sof t war €138t k apeaifigplly dasigrid sogiors@llowdbeshitiling off DNA betevean hosts i18h88] Those

of ordipary.skill] i,n the art nmay express ki.nase protejn usi.n t hods known
" the DRt el shal T RBaSHSP NS SrBRRIH SetEHaT vERAF Bk nace
pol ypeptémigis: adesigld &eé%ﬂi@ﬁeh forR3onBoa eIplieal dnyinhe 288 A8 ér hibrevhol e or
part using techniques that are well known in the art (see, e

Cr ei ght stiectarlomarless, adimiled npneber ghaseli [resiction @rymeisiese ¢ potenfigl forkighnman &
Co., NY [ 01.86] r i ed for,th nt hesi s
of nati \9990]}’3?1%%%%1 ag‘tjdea 11"%@?’%’2%? [ %&Z{JI%E&%%/SZ%@%% ggg@ﬁ# ge qlc(?lrlﬁeatlh%tl (ﬁrge%%éhe
native BNApblgimeehspd yipdpd DA eadlinitthte REGUSMTRSRNA SAREqR6inateeis one that
transcriptional/translational control signals, that are known to those

ski | | edfusey mENg tofagyinibiated shBigh ftaquencyThese met hods include in vitro
reconbi nant DNA techni ques, synthetic techniques and in vivo

reconbi [HBODN/Therepicssioe eandy mat alsncomprise 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 promoter) and the like may be used; when cloning in insect cell
systems, promoters 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 promoters (e.g., metallothionein promoter) or mammalian viral
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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See, for exanple, the techni ques described in Sanbrook et al., Mblecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, NY, 2001, and
Ausubel ewoabos/01812arent Protocols in Ml ecul ar Bi ol ogy pc@&usesvs/oBirbd i shi ng
Associ ates and Wl ey Interscience, NY, 1989. 49 WO 2006/ 015124

PCT/ Uszﬂﬁ%gzﬁ/?a%us bR AL Fﬂg%te WREPISRRL AR BT R orS tlﬁgisceﬁgyfop&aﬂaﬁg to

express kin These 1 nc but are not limte m cr oor gani sns such
as bact gansioriwationf tanstadtion, tiferthon phitoplatt futiac teed elephageatid, Thel asni d DNA or
cosm d DNA expression vector

conta t he sequenc east
Cr ans oPRET TroB OB TR o1 S tlonl B eRiEs o FBE RN BT ARG O ¢ he
codi ng §&e4SnE %eth@ﬁﬁfe& p’f&iuke B 61? f AR ddst Mﬁﬁ@%&fbﬂtmé&hédgs

expression vectors (e-g., aculov cont ai ni ng the codi ng sequence;
pl ant ciicluding fasrexainpiee @mtéﬂotw tebistanes ardyi earsed to idegifehpstests tat iect or s

L1 anst ob -t RN ke GOl Aealeh BF BelFPer e Besy Bn NP aebrorptgy b e 2o a)

cont ai Nieigra] hfeah)) dhdlediSE BHaIME BmiRl t&thiBholeglhl réy&mwnhﬂiﬁl Rit&i N may
al so be expressed in human gene therapy systems, including, for exanple,

expr essffgodits, gnddhepresense o4 gﬁ‘i@ﬁ]tlﬂsf’@élaéﬂd[ﬂsmvltbf the protein in an
individual, or to express an engi neered therapeutic protein. The

express [a;lmpl EXPrdssion bf tDNEAEMSY 8156 BB p¥idsnddusiddh itk proaaédd syfthetic
specificities. 0188] Specifically de5|qned vectors allow the shuttling of

DNA bet WHEWA hSynthetig; carpbg-¢fEieicatly fantlated itheastons rell-fep Axgtere®l | s. An
appr Opr{n%i Ixr%l%lﬁﬁ”?l%t iGbEth Gk gl Cagﬁrac?sc&n‘a ﬁ@focgf OnLALA: as%eﬁ’&é 9' n of

replication raut onomous rep ron1n h S, oné or

sel ect abffeicmdy kansated in ceﬂ-bazdd pystdiay, imdfludisg fut notdihitéd; ta mﬁbremjeptmn fitbes, a
potentigl for high copy nunber, and active pronoters. A pronoter is
def i ned'98 °8°}¥HA sequence t hat directs RNA pol ynmerase to bind to DNA and
initiate RNA synthesis. A strong pronoter is one that causes nRNAs to be

initiat@doal Hoghtdmerpubn cPNA Shdejceld) ehat yipldssgition] lvelsf antiwityedsidorconpr i se
various el ement fect transcri and_transl ati i ncl ng, for
exanpl epm&%ﬁstflf"?g?&g]él\@h@of WG g1 nﬁF‘{?ﬁ%{]eAr‘E i e’@F‘B’?@ﬂ{ Figdl '? en
host  angdhRia M&@ps iHdeBENIRALe if Bk cmméseoeewasﬁm%a o Ge hBstRRA S Whith

systens, inducible pronoters such as the T7 pronoter, pL of bacteriophage
X, pl acthepﬂ)th w1bfoa®qu@ssep Hast WBarﬂrm&mémthath@ICDNé\ inplesulsagndheused;

when cl nin t C st ens noters such as the bacul ovirus
pol yhedtS In%rfk ﬁﬁ%ﬁ}“@g%?g “S\H’eeﬁSL@F ning in plant cell systens,
pronoters derived fromthe genome of plant cells (e.g heat shock

pr onot ef®93}1 hd-cpels pbkimase mpteihia hoghedlls srmansntitagsd hazusvas@ty of methpdopshsher for

the 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,

fractionation, or chromatography steps that are known in the art.

[0195] In addition, recombinant 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

purification techniques known in the art may also be used.
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chl orophyll a/b binding protein) or fromplant viruses (e.g., the 35S RNA
pronoter of CaMV; the coat protein promoter of TW) nmay be used; when

cl oni ng iworrassnmakizan cel | systens, manmalian pronoters PCE/UF2005/026794

nmet al | ot hi onein pronoter) or manmalian viral pronoters, (e.g., adenovirus

| ate pronoter; in i 7. 5K : . i
papt 1 | o061 r G ot vafiertiste el maerosreL oA g e S M ea. 5o
WO 2006{n9@lﬁ%ﬂﬁg%.y§ggﬁﬁﬂg§@ﬂ gédielg QA0 erMa - Sdins TBoReda i dR_MSegy t 0

i ntroduce or into host cells, for exanple, transfornation,
t r ansf eb¢ satubilized esing odenaprattops.agtarfidisivenhydnchletids ard psp aefokisd intaan

expressi on vector.-containing cells are. cl.onall [0 and i ndi vi dual |
anal yzet#'s fO@éP@PW}?@‘%&ﬁ&“ﬁ%‘P %% h@f?e ?}?B‘?Jdlf@gﬁ? ?‘i’i’ Sﬁﬁ%g%%rg{yg]?e pol ypepti des. Y
Various sel ection nethods, including, for exanple, antibiotic resistance,
may be used to identify host cells that have been transforned.

| dentificatiBn ofCadbGygeghk Agh@yexpressing host cell clones may be done by
several neans, including but not limted to immnol ogical reactivity with
anti- k[0185p Aamaridspdf esd] gramth asseysprelsenweinghe pgend g ysefld Fbideaii g

activity. [019 Expressi on of cDNA al sq ke f Of. . HS] invitro
produceé‘sgéﬁlpﬁi‘%’ﬁeﬁocg’mmpg . SHE 6es%p% ﬁs @é:ag%?? @tflgﬁ%ftﬁ@%hy ated in
vari ous &Rbinsf EQPzoWeH SiBor proffelaidang but not limted to wheat germ

extracts and reticul ocyte extracts, as well as efficiently translated in

cell -ba yst ens, i.ncl udi L | } (Nl i into f
cocyt oo TTBLY 3107 TRerppeh 14eEPos s adobin T eEync B KRN T6 a1, © 100
Lg\r/]elt S a{ld/gﬁpﬂgﬁfetrmclap dyterability of aio:h,a deildb fgted ircibblpresohemiladest apmpound
struct ed. non-limting exanple qof a nodifie CDNA i s wh th d

usﬁlg;ebl maythe aserpedrad comwared e ihe eyt gthe hl?egeﬁ“c?s(?fﬂ&%?eﬁt ‘i"lﬁg%’fp hleer?h%’g g(E))Nzn
W e.expressed. Host..cel. | t S&NAG I d
the 1oy BRBRE B el EL SRRl RERCALTE Ot O Fo R = f"

ki nase Iﬂ’ﬁ@? lofis tonmbasgﬁe thelﬂégeabﬁinqmmntaitibabéthbby sachweartiigdtyd tfymidinhodt such
as immunoaffinity and/or ligand affinjty.techniqu i z i fi

isn‘ L i Ini Ej yheblahldlso 1T1d§k$é‘@ilﬁi Altgrmetivd gl Eﬂﬁwé‘ %§%%{°§&?f§ﬁélgﬁ“§$§§%§eﬁ%lﬁ?drﬁ%ni ne
abel e . 1 ook : hicdriel AsR db
a0 el ADB A PROLGIIT ackolipbEcbiyaligkILatakedn ol Bhraalanal imed by
enpl oyi rgll apebif i CelBmhdybediased Wil 0 4jetsbolic dndicrjoran pheprssenae afid disgaeseofi n a

recombi nant host cell . polypeptides. be . recovered to praovi he protein
:c n acti Ve ‘ieétrcr?ﬁl_lPQéQ‘ér Xia%&%\%F %&%Oﬁﬁgﬁ%&‘_&%ﬂfﬁ]@s‘n‘iﬁg‘m : e%egyg%#{e{ﬁ%hd sui tabl e
or use.q.ReCBMhAARHIPERE Mkrd@etitiiié hRehbblioproaatl levals ak@gcretsed in
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. Pharmaceutical 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.

[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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fromconditioned culture nmedia, by various conbinations of, or individual
application of, fractionation, or chromatography steps that are known in
the art. WwOLO&joisrz4addi ti on, reconbi nant ki nase can be geparsatsa2467vom ot her
cellular proteins by wuse of an imuno-affinity colum made w th nonocl onal

or polyclonal antifodies ecific..for full. h . in or

pol ype &?Iﬂlé‘g?oﬂlagf’r% Eg@nqwﬁglg?qtlcaoiq B{“ar&?aﬂ’ rg% G y&@%@gﬂ@%@f\ﬂl}l%?% n

t echni qwgg}dggmln the art may al so be used. 51 WO 2006/ 015124

PCT/ US2005/ 0 6793 [0196] Alternatively, the pol ypeptides nmay be recovered

froma cell in an .unfol inacti. 0] . : i aly

bodi es @%fdac?h‘? FOPQpgs 8?%%(%?%}:00615 r @‘%nlhéﬁfl{? i egff%%fem&n%§W1géémg% Eg‘fﬂlg?z ed

usi ng aFHeRRkPIeaR the Sre8tmengbPdtiutti Huinsis, Mogages filoat 0.0& fo 80l mpemométoteded i nt o
an active formusing nmethods known to those skjlled in tlhe a’%t sych as
di al ysi §)0 Bg, foun|1 @5g\mglpﬁ§]§ﬁy@d[mgﬁ]toﬂo\%%w§t Y §Fe S3mplesod W%%g’ﬁys are
known in the art an Lo tahfyd I wipcycl e
corrpourmgy ?}l%ed' .@rené%g 9@%%@3%@%*?%&%2&32 r%‘# H%ndﬁ}’g?@éljen%b?g)sggé reduci ng)
cel | graupehd apsi Ok rputobf fd@naistation,[thd S8 iRovhigxtmpbepoendianieinistofedcel | s

are known to require specific kinases for .gr h nd/ o roliferation. The
abi | i t ythefuljaeitio fe diepted.tthe B?Wﬁﬁﬁ& ?Qh‘b F‘é@%ﬁw’%ﬁ’feﬁeg é&‘ﬁ ﬂ%d%%{ﬁl&e a’ﬁéﬁy be
assessed a 0 agrowh in the absence of the test conpound

t her ebyeXpleﬂgrh%i%g‘fk}?&fe}lgﬁ?&%ﬁ?bl iferative properties of the test

conpound. One_conmon pethod of . . this type is to asur : of

i ncor pokl3f?hbn Pg?mFaéB‘étic,ah}é aegspiable ﬁahf P‘a‘?t%ﬂertaﬁ}/' megﬂ(ﬁlg‘,sx’%i tﬁ tt}%)oggf) ﬁg%y of

di Vi di g6 1% arf bl PEARbcNRleY by bl Db bkinalle Bl e limipiioh dostant | on mmy be
assayed by etermning the total netabolic activity of cells with a

sur r ogabenzemeskHondté dtesydatey naoate, bigarbonates bitattigispjomide | cpleiym gdeiates r eat ed

with a netabolic indjcator in the .presence e st
conpoun%ﬁmi}’:f%fﬁl C@ﬂ?%‘la{esCl&?@{ea%cgqt"’ft?eedﬁxga??@F tgba%{]%gﬂ?%ﬁ#ﬁgga{ %%’ %hlal%ﬁteatlt)% formng a
det ect agl 801{5%,%ﬂ%&lﬁtepgls}&ugﬂlmsM@fe?héi@ﬂxe@draihhﬁ, neiraieling hydabuahidecvel s are
decr eas In ‘the presence of the test conpound relative to the absence of
the t eshydrochdouda hyirehyiviphiheateofodideeisethipnain Fackw AXtopenats. flalei on i s

i ndi cat ed enpl.ary netahol ic_ indi el f l e tetrazolium

salts aﬁ@leﬁﬁgﬁgg%%ﬁ%( ?fsy?gs%g’é[n%(aéeﬁ% Fésgﬁés?ééc ﬂ%r%%’ e o%@ﬁ\t}f)ﬁ%ﬁg? maceut i cal

Conposi hiRpmerNs phdsphateidipRésphare] fblPRlachnonnetshibeylais peatate tsubaqetass ent

i nventi on prOV|des a pharmaceutical conposition includin fu ?d ring

het er ocywiceaks, saléae.riornafatastate rordeenlae. %‘GW}taﬁm_éceﬂJlﬂﬁ?lf?h%cﬁgqt&&lSIs? may

gﬁg?ﬁ;gg%??@éﬁh,pfo? Q}Eamp%,eke%ing%h! Thd Scibte A0 Pridikt of PRREIALY @(ﬁhhﬂt) t he
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 n
Remington: The Science and Practice of Pharmacy (20™ ed.) Lippincott, Williams &
Wilkins (2000). Suitable routes may include oral, buccal, by inhalation spray, sublingual,
rectal, transdermal, vaginal, transmucosal, 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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conpositions include the pharmaceutically acceptable salts of the fused
ring heterocycle kinase nodul ators descri bed above. [0200] In therapeutic
and/ or diwgnrostdisizappl i cati ons, the conpounds of the ineemuseso26794 be
formul ated for a variety of nodes of adm nistration, including systemc and

t opi cal | 0 aI d.ad stration. Techniques and fornul ati.ons.generally
my be frBT?n]&eHa %tr% %@éﬁ%ﬁ%‘fﬂl PERPEIEOBES/ CEB‘%“F@ » OB RS A eqilS Sci ence
and Pr ag;b@l@r@t)dggt@dgg%f (20th ed.) Lippincott, Wlliams & WIkins (2000).
[ 0201] The conpounds accor di ng to the invention are effective over a w de

d F t t ment _of. ad It h dosages from
0 01t oG gt BhiriiRote St b B8 iy R B Ry b god g I Re ona °F  om o
to 40 ”Ecruﬂ!@ﬁs sauu@tses@mm gt@smtogi@ﬁgg&ingamte bu@ﬁi’sbs%ch' 8€Hanis §Mion,

preferable dosage is 10 to er day. The exact dosage w || dépend
upon t h&ingsys &0 @tiora@ﬁphysgqlﬁeml@ﬁhnq brefTeroff on suph whnsomicpsrd admipeitation; s

adm ni s to reat ed the b f t subject to
be trea%glg??rq &E)F%gﬁpr e gteebr?(%gg[ %e PEX %eal'; eaﬁ%gse flxgtheefogtl?lgﬁ%‘%cghysi ci an.
[0202] Paastraarewd barldlly kaocanh al £t sal ts are generally well known to those

of ordi nary ski IT in the art, and may include, by way of exanple but not
lim tat Qfe At Qﬁp onat e,
bi tartr br om %ggha ca éc}lﬁﬁﬁtﬁ J:Je {éﬁ%qn%lgrg%%sﬁyﬁ t§ Lo ca%tggﬁtea Ongjo%g{igrjat e,

edet at eheredi diydladed foretht praaties omy irveatior intmdesages sgitaiﬁe péradystemi@l uconat e,
glutamat g, . gl ycol Lyl arsani |l ate, _hexyl resor ate, hydrabam ne,

hydr obr aﬁegst%ﬁm}ﬁ%@lﬁpgtq 3ape Al SXsAREph ﬁ\é RIOPFTSAPHE Of FaBehishat e,

| act at egy;l /& ﬁ%ﬂﬁ@ﬁﬁn r}g@eﬁeethe BRIpB&tiEns SBAL eﬁérft' inVERA¥), 3h GartiTHEAL €.

napsyl ate, nitrate, ate (enbonate) pant enat e,
phosph athekel fqlhméqmbasesplmmhsg gwiyalmst a,dnmna;teeed sakntenpllgt saph 8¢ bpimtaeenmmwbacet at e,
succi nat e, .sul rtr or.teoclate. O heigp}phar maceutical |y

te
accept aByeetion; ¢ ﬁ@?pg‘%iatc%hﬁ qi?fir regdilyhiing p 1581 39¢eP@Rlfence and
Pract i cgufibrsRial iReh 10408 &t 8o )iosa'gb@&ht%}%tﬁr ol édrhlﬁﬁ?raé‘olw $1!ﬁfhrt§,fl{&900)

Preferred pharmaceutically acceptable salts include, for exanple, acetate,
benzoat enaby thmcctmpomismﬁ ﬁmmventtomrtabe forglulatedhas tebletshyils atapeutesiiquids,

hydr ochl rlde | at e syl ate e (e ).,

phosphabd- ey IR SulrESbnans mE TREPRS Sy pRRRA S ASTREDBF tsgistngi g on
t he speC|f| c conditions being treated, such agents may be fornulated into
li qui d H1208b| iF@r aesshefenhdptinn datiyentl ﬁherﬂggntéroédiespm@nnmaﬂ ajsare | ocal ly. The

agent s E}}ﬁulaqu lgl}ﬂnl éx%ﬁ? anivtrﬁ) {oht?lxér’g}l skitt mrthe aljt nggnayotttcluclfe f‘é‘rI enx%mple %ut

rel ease

not 11m1ted 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

tablets, dragees, capsules, 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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skilled in the art. Techniques for fornulation and adm nistration may be
found in Rem ngton: The Science and Practice of Pharnmacy (20th ed.)

Li ppi ncotwo 20Wdidiseas & W kins (2000). Suitabl e routespomyseosionsies or al ,
buccal, by inhal ation spray, sublingual, rectal, transdermal, vaginal,

1 ansMuges Ak IaSahn ks, bR AThaizhAe, itRsiaRemtenaiblodet i very,
i ncludi ng 1 ntramuscul ar, subcutaneous, intranmedullary injectio as wel |

S,
as i ntdrapgdeemats, Suitstde exdipientawesninpasitdar, fllems sucietroligars; lﬁﬁlﬂlgl-ngﬂ%qt%%ﬂ | ar,

infra -sternal, i.ntra-synoyi 53 WO / . / 94

intra- h%‘ﬁ‘é&ste’c‘,nal?lﬁ‘ioﬁ’aqrég%étﬁgIc,gﬁ‘iuﬂ%erpggl?aé%|ogﬁg’, f%?’ﬁ%’%fg%gﬁé%ﬁégﬂ ?’ ?ﬁi@d}anas al, or
i ntraocyh@n ridy @ath YPosato Slarchl BastipdesSrapacaeh, invehyl ce[l0ld8d] For injection,
the agents of the invention nay be formulated and diluted in aqueous

sol ut i oglroxypeopydmethyl-peioss) sgiwra crporanglyreslalasa (s QN as Hank's

solution, .Ringer..s so .an, - [: 0,08 i . h
trans wB‘é}wy@gﬁPhﬁ%r{er@ﬁ OR?Vld%ﬁaeagl?ﬁgéﬁ%g ’ glps)ﬁpl?é&ﬁ%?!g%@?tgﬂﬁxgeﬁggﬁ’ S?élfo be
per meat gdha R skiStket PolyRenyipirlidaid, apar, Stalbinipaiebr asdlistherce!f gehesal |y known
inthe art. [0205] Use of pharnaceutically acceptable inert carriers to

f or mul aswliwthelgt@edpounds herein disclosed for the practice of the invention
into dosages suitable for systemic admnistration is wthin the scope of

t he i nvEiopn Dr¥iidelvopdsapeproviet sethofuitelble chatmgan Hor this prapess, eraseteatedur i ng
practice, the conpositions o{, éhe prﬁseqty i nyenti on bi.nt articular, those
f or mul aguggr %F%‘_éﬂst}{l@b]?%‘}seéra‘y 1iGR M APHPEGL B O EWHAERAP | @C such as by
| ntr o poly¥in *ﬂ%ﬁhbl&n car-gggol(‘g‘émﬂglii@ﬂﬁde@l@l%llﬁ%l {raran bid/eckitbsiagi diyxids] ng

uti call’y

phar mac accept abl carricers we nown in the art into dosages
sui t abl &achesr sohtibngdnd suithicerigaric sGuertts onsalvent suixtwresh RyersEfcampeumis of

the invention to, be fo | ated as tablets,, pill Sl 1L QLA gel s,
syr ups, Dy heedded toéﬂ%ﬁéi%? U a%ﬁ‘?ﬁof‘tmgs&%)&lél,eg?tﬁﬁaﬁgg?§?%l cgléagayelnghﬁ yquntpati ent
to be t :ond Ebpdddbse@r i nhal ation delivery, the agents of the
i nventi gﬁﬁfr)rglgu%l}ss%%g@eforpwl at e%l by met hods known to those of skill in the

, i ncl ude, .f m LWt ade
o by 1 TG hercehc arerARLRas Letih sl 8ha el bt busf iR H s Hhad

preservag %é’lﬁt%, a8 Wl BSoRENRENH capsul dhade i golatii ad alasioizer, sucteasglycerol
fl uorocarbons. [0207] Pharmaceuti cal conposit,ions, suiitable for ﬁﬁﬁg' n the

pr esent of swbitoli Ghe pwdt-fickapsengsasoniabribe apibrednaredisatsip pipatinsgrityildt s are

contained.in an effective .amo 0 j LS ol mﬁq’“ LROSE-

Det er mi A%HH eﬁr}a(g?sef ﬁ]éﬁgrrsfsggl% Svsgﬁg}ﬁégu%@@i lgm\‘/?\?e fs s\?‘i/ldt1 E%% t he %:)g;lgabi lity of
those skjchta@dadd) o%ﬂitﬁlaﬂ { staiBResi |lsoft capsuldsgitic aofive trenptends ey bdi scl osur e
provi ded herein. [0208] In addition to_the act.'iv?' i.g regi%'.ent % t hese
phar macdigsplyad ot;smp@gieflin@, ﬁlgtﬂﬁqumds, such as fatty oils, liqui %ara in, or Tiquid

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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contain suitabl e pharmaceutically acceptable carriers conprising excipients
and auxiliaries which facilitate processing of the active conpounds into
pr epar at iwooedisizacan be used pharnaceutically. The preparsatosons4

formul ated for oral adninistration may be in the formof tablets, dragees,

capsul es, .or sol utions. Wg; E’ nqceutl cal ugar ations for fr aI use can
be. obt aRSA BRSNS eb o) C bRy B R AR G R eophemae

opt i onalphofedl, iélifEond coRbittlonB, (Yckdphofhandias, REMERTMENHA Dt MR 2R06/ 015124
PCT/ US2005/ 026794 the mi xture of granul es, after addi ng suitable

auxi | i afeBeptroppicfaeprsstch %ScﬁC@MCéﬁpthsé%ﬂ@tlghlbltorSdWéﬂmmg intgifenoad)| e

fill. di
gﬁ glr g'sg%lﬁ c%ﬁ&tﬂs%rﬂs 2(?1{ éﬂorﬁﬁél%ﬁ cker's f 6?18?%1}{: gp aarrglg?%ﬁin ég%%k S5 n ogCt (r)r:uez N

starch, twhead cardloatehlar diseosher @sfbetapﬁlo@ké}s SA GE Gdhibiesh Qﬁl!lr@hcé;l Hﬂ}a&ésag acant h,
met hyl cel] | ul ose, _ hydroxypropyl net hyl - cel | ‘ul ose, sodium

car boxy KaICHYR claamel plgeglery, eMbytating deems fop dlegiingWyesyliseastci suemas ( PVP:

Cross. TPHeEdeRTy R BoRl ARG AP 5l AR oL P4 A e cot

such as dmmhmmcalaglcnaicestel{o&&;ﬁﬂu Rukger agem@mrgeom%ttdﬁd afféritdfosui t abl e
coatings. For pose, _.cqoncentrat ed gar sol utions may be used,

whi ch miFadng %Eﬁ?% %PC mré}lhn Jushligaapiogues; alp a glugesidase ipfibijars.dligwaivss,
car bopolyyg ﬁlsulxﬂ@éﬂéﬁﬁ%ﬁ’s %ﬂ? LGBt tr hﬁuﬁﬁgﬁ cidde &?ﬁgo dL oy ag?%mnjaacquer

solutions, and suitable ani c so% %ts or s ven ures -stuffs or
pi gnent globrmhy be added to the tablets or dragee coatings for identification
or to characterize different conbinations of active corrpound doses. [0211]

Phar WCWﬂ4?a|T}&%@Q@Jlﬁ$ﬂa@Q§enttﬂ%E¥B@erﬁﬁnéﬂ&%&is‘g% gy gﬁu 1S maggrf't

capsul es made gelatin, as we as soft,

gel at i ndosagd rwlmea,sﬁwm|ﬂz¢emﬂllb$tm}h0mt31ng1gwomp@lsltlonrAktcmhnnted)jr thébhegaitsmayi t
capsul eg_can contain,the active i di ents.in.adm xture th flIJer such
as | act §§ ﬂ@?ﬁ(ﬁ’é’% ¢ dqsase @gns?lg?egﬁg%%l ﬁ’oqleluﬁ’gl? Fglfé%flél $PROstighe or
magnesi um st earate and, optionally, stabilizers. In soft capsules, the
active ¢G#Sbunkhs mesenbiaveniiongsnytetd b@rlmytﬂsipemrm bYrth%@lxemaﬂif@dl i qui ds, such

as fatt I eth col s (PE I n
Sadi 11 onmoyifentd, Whh REhRdel ae Aluslrudih G BRI S FvERBOD D
condi t i @Bowymodiseasss of &Ie&nvdn@oﬂ@h LdBRded thbse deg@maheﬂ:m asldbédogneal
therapeutic agents, which are normally adm nistered to treat or prevent

that coRPRAFHAC thasy hivang sl in Searcliom degeforegoing dascrintioni fhichimaskficaipns hi s
i nventi ch: P{: Bﬁed {%Xﬁff% in ﬁl@%%&%@%&?&%@? n\?ﬁ\?ﬁ}egveor,r an%;[ cpneeror more features

anti-proliterative agen
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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the inhibitors of this invention to treat proliferative di seases and
cancer. Exanples of known chenot herapeutic agents include, but are not
limted two 2aavdiisazyci n, dexanet hasone, vincristine, cyecopsesshastode,

fluorouracil, topotecan, taxol, interferons, and platinum derivatives.
[0213] O her exanples of agents thE Efsors of this invention may al so
be conbined wth include, wthout ion, anti-inflamuatory agents

such as [@a1é] COE¢ &lwdsg eﬂé&iﬁaledﬂrecﬁéfea to ilhxstraﬂaﬁbutamatdilmn thendaimed

cycl ophospham de, and sulfasa 2|ne |nnunonndulator 55 WO 2&06/015124
PCT/ US2005p5087 Jhe pagnaratiomh s30ppinssts ofdhapssmn IyERHO S desibgd poten
tacroli 0§,

corti cosPhp g?%@%“i%gﬁ‘é%ﬁ‘iﬁﬁ%%’a%g WL Sttt b S A0 e chomical

neur ot r opeh¢tionk and syrshaisahethsdametidked hmlylbeemmm prqiurdaniany sf thielather

inhibitors, interferons anti.-convul sants, i.on.channel r|quoIe
and anti Cqﬁan%n %e{ﬁﬁaﬁreae&ﬁwnuaae herg B‘fmp%né%l?f%ﬁ pEeéP‘&lIBW’g]@BE’ﬁY ¢ Hfilsease
such as gﬁéf@d ESeniZY thiath&s confpdhisdsUihy
channel oc% ngxgggf?ﬁgﬂﬁagég s]¥%#9%§§§t§%% 1 ver df?ggge such as
corti coshepepasd bszkrmidefsmgrsanihaas nietitodls pesemisd hernih, amt by wingbyndlggsist s; agent s
for treati n% bJ&l,ﬁ sorders such as corticosteroids, anti-|eukenc

agents, ?6?3 agents for treating di abetes such as insulin
insulin analogues alpha gluc05|dase i nhi bitors, biguanides, and insulin

sensiti zey a1ef thy a8 treating |nnunodef|0|ency di sorders such as
ganmma Hlul in. [0214] These additional agents may be adm ni stered
separ at *part of a nultiple dosage reginmen, fromthe

i nhi bi tor- contalnlng conposi tion. Al Hemnatively, t hese agepty nay be part
of a singlg dosage formf nlxed together_ t ’?ye inhibitor;jinya single

215] ven not gt e Nf ed in scope by
f eué)—%ibo { nents, M e tended—as@i—f'fu

ions of single

aspects o he i nventi O Indeed variots npgyfications of the invention
in additiopg.to those deggri bed herein wig] becone apparemsr to those having
skill in the art fromthe foregoing description. Such nodifications are

intended to fall within the scope of the invention. Mreqyver, any one or
nore features of gRyNembodi mentsedf. the inventi beQcombi ned with any

one or nore other feat s _ of any he{ nventi on,
wi t hout de®8R4ngNTr n1tﬁe§EE5be ypl e, the fused
{pase nodul atord degscribed in t e/ Fused”ri ng heterocycl e

ring heterocycle
ki nase nodul ators slection are equalYy applicable t9 the nethods of

treat nent and met hds of inhibitingeki nases descriBed herein. References
cited throughout
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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 »-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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this application are exanples of the level of skill in the art and are
hereby incorporated by reference herein in their entirety for all

pur poses,wotreddnasi2pr evi ousl y specifically incorporat edpor/usesos/oxyoiND
2006/ 015124 PCT/ US2005/ 026794 EXAMPLES [ 0216] The fol |l owi ng exanpl es are

of-fered thﬂch«%d’lZ& n{)}%&ﬁditigﬂtof'ﬂqb %gw}ari) gigﬁeow@oﬁhaﬁ BB trid aaéf MOt Svas

preparation o Iments of th ent 1nvention 1s described in the
f ol | ow nyaerahiplresm tdnpsmtuné awt dsmanied beiwdeniwatertaad aidhlomdmkthanel €flst and t hat

t he chem cal reactions and nt hesi s. met hods ovi ded, nay he dified to
orepar e FRHRUSPIER S el BB dGvigh dichibrompEhainand {beonerth phes re

conpoundgoghinbdl&irlRH &8 K odiY lglgﬁ?dtéz fﬁlﬂa?éaeana%hmé?ﬁﬁ&de@mm&atﬁﬁ,ofttﬁ@afgg@f

ordinary skill in the art w recogni ze that these conpounds nay
pr epar edpiyduetdiith gielghsine htfeidsd AdrdrodL - Puasqrytidiherecabadeladd (B9oigj ng

synthesi g - methods known in the art, Synthesi f th Q S thod 1:
F F H2N, RV gy 3§ pale beigasfl %Yﬁg]%%lﬁi\é[ﬁ <§3@®%‘f@¢‘éﬁ\§§§9ﬁéﬁwéﬁ, &), Br Br
0 H\-N S ] S I 2t Br, ~ Bry ~Br o
NN SEVREN B D5 TR APRERS s 10 258 R 0% RN 1 7€ TR TR

5- br ono- €F1.uor o- pyri di ne- 3- car bal dehyde. [0217] A solution of [ithium

di -i so-propylamne (5 nL, 35 mmol) in anhydrous THE (40

Steps 2 and 3: Synthesis of 5-bromo-1H-pyrazolo[3,4-b]pyridine.
[0218] 5-bromo-2-fluoro-pyridine-3-carbaldehyde (13.66 g, 66.96 mmol), pinacol (8.75 g,
74.0 mmol) and para-toluenesulfonic acid monohydrate (1.50 g, 7.89 mmol) were placed in
a flask equipped with a DEAN-STARK-condenser and dissolved in anhydrous benzene (400
mL). The mixture was heated to reflux and solvent distilled off until the distillate remains
clear and the remaining volume was approximately 200 ml. The mixture was diluted 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, d¢-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 concentrated aqueous hydrochloric acid (50 mL) at 50-65 °C. The mixture was then
stirred at room temperature for 16 h before being neutralized 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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m.) was cooled to -78 C under nitrogen and n-butyl lithium (2.5 Min

hexanes, 12 nL, 30 mmol) was added. The m xture was then stirred at -78 C
for 15 mwohedss12s- br ono- 2- fluoro-pyridine (5 g, 28 nwolnuseas/oactded. The
resulting m xture was then stirred at -78 C for 90 mn. N-fornylpiperidine

4 m., rapLdly to..th | t o C.and the
grixt ur e%g?li re%c%%gﬁggg%\{gg%{hgg%s g%%nfﬁ%a'r%mgg%@ﬁzm%ﬁ’%@? 57 WO
2006/ 01518291 BCIH),)S810(!, DEIR BBY: (de) L) Briesi(sPyr, 1 HE: MEdinkzi 198, 260 B0, % (W v)
aqueous solution of citric acid. The m xture was warnmed to room
t enper at ur j ke ' A t hane. The aqueous
phgge vvag §>t< rdcgtyéﬁﬁ%%?%%ﬁ?{&ng%\g@mgg%&%@#a%?%rlr%%ﬁﬁhﬁr 'ONG the or gani c ghases
v(\:r/er e lczl(iﬁﬂlﬁi_ed5-mef i edfbpﬂagcﬂm[di%hjhgyﬁﬂihfai(ﬁaoo fi L’lu.@ Erﬁdolalﬁﬁﬁ ?};QB@?agcfiﬁﬁxﬁde

sta ti of the cruyde oduct from cycl ohexane afforde )
5- )l;r om-éf@lgﬂgg&wgﬂ He H@-S‘bléig‘{r‘éll Bﬂ'g}i%lés dishigeepthane (E¥bmiy).ehg regultipal e
bei ge fl , " = (dd,
Thy e, 2B e e pired pndE RS AT o PSR Db P ooyl [
CO+] . Stwips TRLFAAB0 81L)Syiie hessitmgeblubiob maisovdshkedoyith 2 ahtofaBsdadak oy sotlition.

0218] 5- -2-f1 - i di ng- 3- bal dehyd 13. 66 66. 96 1),
i nacol G0ty fiasulfis ML ahfbdhe Ben oGl AStmb@is Bmuti i Rong ane o
(1. 50 g, cohcdtrafBaD | TheWesi SudhA&C@dratdd with bl aSkigadi R 10MbE Akflg'%e anrglL ther

DEAN- STARK- condenser and di ssol ved i n anhydrous benzene 3 The
m xt ur e dRashirethadefase peink dricd Advasoimdnaifdidsi-bionew3 66do-Ubthyrazohg3 di sti | | at e

moxtur o WBTARS G B4 g 7R TEkDgn @ e Hem o6 hErSCUE A GoND) o

sat ur at ed AAYERHS 858 (! 112)) 890 (&pﬁ&qui;ﬁ@@b@f@tse[TMﬁﬂd brine, then dried

over sodiumsulfate, filtered and concentrated. The resulting residue was

di ssol ved | Jaxture of. et hangl. (4 i -isq-propyl -ethyl-am ne
(25 nL). iﬂﬁ?f/sd rrgéﬂj‘&hﬁifdﬁéiﬁ?é“‘(2%@'?%‘%“%@?‘?&9&%‘%%&"%&@&5 id t he
resul ting pypdzdlof3 4agpysillinel ed under reflux conditions for 4 h. The mxture
was then concentrated to dryness and the resulting residue was distributed

bet ween [0&41dr Hnderimiregsnd-brpme-Liagani/Epptaaslel uéd Ipywiitted@. 68 8, B. 25 mmel)t wi ce,

dri ed dj .sul.f at i Lt trated. . T i
G seol vets ARIATT BibRlds DV LB B e SORGGR bhSHoHi B C SRy ir ous
et her (Ztess 68 dilgodnas h?&ﬂ%dﬁé&%t% ﬂldﬁhérrhﬁdﬂfoﬁ(?i'b@éjﬁédeﬁﬁti ih 5?&0%% ution. The

precipitate was filtered off, washed with ether and hexane and then dried
i n VacudpimatiqnNiR the opulig suspenidvedps 8ddet@-Bimgthylbitanylpthox gnéBylchlorided)
? . ,37 6(H)d @5 1458300 ﬂfo?gg?sf Rﬁg;??c( Srhe FEdting macttr was stirrad at 0 {Cfor 1 hmd - 12

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)-14-
pyrazolo[3,4-b]pyridine (2.929 g, 78% yield) as a beige to brown solid. "H-NMR (500
MHz, ds-DMSO) 6 8.85 (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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[0219] The above solid was dissolved in a mxture of water (500 nL),

et hanol (200 nL) and concentrated aqueous hydrochloric acid (50 nL) at
50- 65 C. wbeoswoisizae was then stirred at roomtenper at ece/usesosbee7bs bef or e
being neutralized to pH = 8 with sodi um bi carbonate. The resulting

Prect pi L akg 8% nith bRl G BldmA0e z-trﬂ&ha%ﬁgx;yw'ﬂf&éﬁn@ﬂ@tﬁ@@ﬂﬁﬁﬂl hree tines

wth ethy e conbl ned organic ses are washed with brine,
dried oveemoxpﬂjemyl);mlil@trezolbii% 4—b}mduﬁﬂd concentrated. The resulting

d dth tat tal d.f t hanol t
£ T or d 185 BHlond mbigs PhS BROTE SAoBy Ay rEnEn S e b S EsHAE D Doos/ 015124
PCT/ US N i d.
v %’8?@%8@%@ 6@@,%3%97{ b Q%d?&aygﬂlehﬂ Whﬁc%id"(@‘/?h%eg H)so l

8.16 (.79mmal}ind cMS:,1'Ms(dﬂ:ﬁﬂlyl}ﬂﬁﬁplﬂlhb)ﬂ:rr&eﬁgpaﬂadlﬁylﬁﬂ]ﬁélshbﬂdé
" br oG e RBs e A g {47 %894%%%8&%&%&%@9m 4 gegeous solution of
N-i od b

i odogy Bg%%ée}bg%é% 22&1/5 m%)]wja@ s8R 2 cINEII& 428 89 P €8k 100 AN YIHOUS

di chl oro e resulting mxture was stirred under refl ux
condi t irengdtifi@mitute, w@dhbmdistxbuteddmtxﬁmmesaamte@ aquedusisdlutiadof saidium THE (300
The resul ti n(g(asol uti on was shed Wi h atur ed .aqueoys sol ution

of)'sodlll}harrb?ﬂ%%%ﬂ F]elm(of@ﬁﬁhar‘i‘E)ang i BUENE P @Feg 59 PR esi um
sul fat Ealcx{w IFEglr caNfle c&%ﬁe@bfg%fc%halé&eyéreahwsvéeeédm satdiwienh a 101

m xt ure onet hane and ether and then ether before being dried in
vacuum dnd whéemtmiteﬂ- Bihe woud8-pradict Wi pyniféedobyofl@h4ilids ey clirdinatog(phy Ising, 77%

I d bei d. 0 d6- 31 1H),
3 G5 1 ot Saipnt of Syl eette iy nesies 050 5 amh e P oA Bhe ) B hes & of
5-bro mrﬁxe't}%ﬁiﬁtahyﬁ-@th&iﬁﬁ@fi}h)’h%ﬂ}&ﬁ%lo[@m@]?ﬁ)yﬂ@ﬁlbﬂ weﬁg%mrﬁae} & dncff- b]

pyridi ne Under” nitrogen 5-brono-3-1odo-| H pyrazol o[ 3, 4- b] pyri di ne
(2.68 gwhl&mmmm(wm@domﬁo)maﬁmwﬁbm 4mw; 1(PB>07:6L)(<1 rme7 | ution

Far  hor RO, 2@%%3%‘30??%@@“ A, ré(’%vyl& %I&%%%@lﬂi)?r dh %ﬂtﬁéﬂ te!s{rﬂ ti ng

- 2.5 14
%@P?”?%‘?ﬁ?égﬁﬁo@@& Hﬁ‘edd ?‘W ho ?ntx?ﬁﬂmwaid&. ?i'edeat(P C for 1
At ur ot o0 SR EOUPAN Thd-CHGH s g I EEb ORGSO PR 1 ur ¢ wad 1 hen

concent r af pq. 3 fodkNSRR-AHHL szM suaﬁsiu&ﬁQxﬁﬁaﬁwm—p;h@zoms ulting

resi due strl brine and di chl or onet hane. The
aqueous phipeidias. then extract ed vvlth di chl oronet hane and the conbi ned

_cl)_Lgani C[Oggﬂseﬁlg%anaco gtgﬁ%ocg(\)/re& %)g,w;g sul 1)‘3,“1?1"- filtered and concentrat ed.

bis(diphenylphosphino)ferrocenepalladium(ir)-dichloride dichlormethane adduct (100 mg,
0.122 mmol) and anhydrous sodium acetate (625 mg, 7.62 mmol) were placed in a nitrogen
flushed vial. To this was added a solution of 5-bromo-3-(2-methoxy-phenyl)-1-(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-y1)-1-(2-trimethylsilanyl-ethoxymethyl)- 1. H-
pyrazolo[3,4-b]pyridine (1.370 g, 123 % yield) as a pale olive-green solid. 'H-NMR (500
MHz, d¢-DMSO) §8.76 (d, 1H), 8.40 (d, 1H), 7.59 (dd, 1H), 7.51 (ddd, 1H), 7.25 (m, 1H),
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crude product was purified by flash silica gel chromatography using a
gradient of ethyl acetate in hexanes to afford

5- br ono- 3wo@d@/dis(22- t ri met hyl si | anyl - et hoxynet hyl ) - 1H  PCT/US2005/026794
pyrazol o[ 3, 4-b] pyridine (2.929 g, 78%yield) as a beige to brown solid.

N M) 10,088 198,204 o S0 s Sl

Step 6:9rfynt hesi s of 5-brono-3-(2-nethoxy-phenyl)-1-(2-trinet hyI si |l anyl -
et hoxynmet'hyl ) - 1H pyrazol o[ 3, 4- bl pyri dine. [0222] A mxture of

gylr);gglo o?§{e?d% é@'}‘&*‘zﬁt ! q?‘i‘yéb‘%l‘ylg l@%"qﬁﬂ%fneﬁg l—‘f‘iég%i‘@lﬁﬁé'iyl - bor oni ¢

aci d (575p[BridiR-SCA]-PhRhyL-MpAblin-4-yl-meth
1,1 -bis dp%,henyl p osph|9rlo)ferroéléne)g)allneaglnglrlr?I ')-dichloride

di chl orlA4land raitéiue of H(2methpxyephed@l)irigl4) 5,5 feteamestioyl 1 )3, 2] diokBoarblnand

viar ad B EhigRa g RSt e B hbWedtrBebeq
bet wee qsar@ﬁbmw@@;ﬁﬂa&agﬁg%gh@m -1 et BARBLY (86 1‘1&%‘(@2@%@61?;1@&‘? 1

di chl or onet hane and t S phase extracted three tinmes wt

di chl orbé)%émh@néphom@n@lfmm@mﬂﬁ@@m(ﬂ) @ﬁh@e@e dishoraetheue adduct Godgulh

| | d. d fied b
Flaon dmdikls SRR OISO S 08 of haifnibtintl 8 2 Rhhues i Y
hexanesh@a@f fi@h PeRoMi @H%n%iﬁy%?ﬂﬁiz@PM?@hmgk%%%é e crudi; iga&s%n g, 65 %

trimethylsilanyl -ethoxynethyl’)-1H pyrazol o[ 3 I ne
yi el d) maistuae wa flistrithitadeetivéen mwlmqme aia saﬂiﬁz{{d\m):oﬁ&ol’tﬁm@d;f 1H), 8.40

d, 1 7. 50 7.23 ddd, 1 5.81
ES 2||:?)sbd1§ng%1 :%rgbn%?_b Th%a%lgo?stp azzwas eg Extr{tctédd ‘2"‘%‘ %]%rg_@et%gé the H) in/z

456, 4%8mbiNatlrgani} sgs w§¥@l"r1|36%kf§r Qbium sulfate, filtered and concentrated. The
3- (2- net hoxy- henyl 5-(4,4,5,5-tetranet hyl 1,3, 2]

di oxabeFusieaoguoy Was ﬂlw(l@urlﬁﬁqlrby ﬂyﬂs&hemgdl chronmtygreptyyisingld-brpdieazaf a8, 4-

o1 o1 i SRERSIREERR RTRE) Tanahdl T Lo Ae b ahes R BPBREMSY hane

adduct e(HbQQm%ﬂmyl) 05 b3z O15P3, 4- by LB Wl - ﬁl‘rﬁlyﬁ}oﬂbl_?ﬁﬁbﬁﬁﬂllﬁhﬁetﬁ%eggs 7.62

mmol) were placed in a nitro en flushed vial hi s was added a sol ution
of 5- bmegr303% yixldes hoxtprlpdsenld.) .HMQR (500 MHz, de-DMSO) 6 8.86 (d, 1H), 8.27

ol 1 gt GE P neor 1t . T S AESeT 8 ! PGt e i o
E’gr sé 0 Bﬁéé%c?lggdﬁ 22 gd 1691 5.02 (seQHﬁ,t&ééﬁ@, 8115,965@, 2R 32nd ABERHHONSERL rated at
pressure e
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-pyrazolo3,4-b]pyridin-5-yl]-phenyl} -morpholin-4-yl-methanone (34
mg, 61 umol) in dichloromethane (15 m1.) 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 sodium bicarbonate, dried over
sodium sulfate and evaporated to afford {2-hydroxy-5-[3-(2-methoxy-phenyl)-1H-
pyrazolo[3,4-b]pyridin-5-yl]-phenyl}-morpholin-4-yl-methanone (11.5 mg, 44% yield) as a
colorless solid. "H-NMR (500 MHz, ds-DMSO) 513.76 (s, 1H), 10.06 (s, 1H), 8.78 (d,
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resulting residue was distributed between ether and brine and the aqueous
phase was extracted with ether. The organi c phases were conbi ned, dried
over sodiwonsedldiai2ze, filtered and concentrated. The cr ede/yseadoed7onas t hen
purified by flash silica gel chromatography using a gradient of ethyl
acetate tREXY ; F t hyl -
173 2] oi DDuBor aranh A G By i AR LY SRE) pac bl T R 1A

pyr azol o7.30 4; b]]{p)érfbgjddl;leHﬁ B.SVQ, i), 3233 %(m, 8HYl)M8sm& @al[ﬁ/ﬂﬂ]l ve-green solid.

'H NMR (500 Mz, d6-DMBO) 88.76 (d,

(ddd, 1H), 7.25 (n1 1H),
1H), 5 84 (s, ZFD 3.82 (s,
-0.10

{2-hydro

pyri di n-5-yl ] -phenyl }-nor phol

1H), 8.40 (d,

3.67 (t, 2H), 1.

i n-4-yl - met hanone. [

1H), 7.59 (dd, 1H), 7.51

60 WO 2006/ 015124 PCT/ US2005/ 026794 7.12 (ddd,
3H),

Wzé Qt}(aé CE’%‘PH’(‘)@(‘Q}M hes?ﬂst}yobfﬁ-hﬁgr lazol o[ 3, 4- b]

33 (s, 12H), 0.84 (t, 2H),

0224] A m xture of

3- (2- net hoxy- phenyl ) -5-(4, 4,5, 5-tetrdablehly| -[ 1, 3, 2] di oxabor ol an- 2-

yl)-1-(2-trinmethylsilanyl

- et hoxynet hyl ) - 1H pyrazol o[ 3, 4-b] pyri di ne (100 ng,

0.21 mml ), (5-brono-2-hydr
(0.23 mol) and 1,1'-

DXY - pheSytactuner phol i n

-4-yl - met hanone (66 ny

bi s(di phenyl phosphi no) f erroct
adduct (9 ng, 11 nol) in acs
sodi um car bonate (2M 2 nlL)

Optim zer at 135 C for 20 m

bet ween di chl or onet hane and 3
bi car bonat e. The aqueous phas
the conbi ned organi c phases
concentrated. The crude prog
chromat ography using a gradi ¢
{2- hydr oxy-5-[ 3- ( 2- net hoxy- pl
et hoxyi net hyl ) - 1H pyrazol o[ 3
none (35 ng,

30 %yield)as a colorless solid.

=nepal I ad/l um( n) - di chl

ot 2 m) and
Na Tated in a
lN reaction

)| fsythen purifie
) oMyl acetat e
nen -(2-trimethyl

4- | i di n-5-yl]-ph

1H

ori de di chl or met hane
aqueous sol ution of
Personal Chemi stry
m xture was di stributed

ol uti on of sodi um

wi t h di chl or onet hane and
iumsul fate, filtered and
d by flash silica gel

in hexanes to afford

si | anyl -

enyl } - nor phol i n- 4-yl - met ha
F NVR (500 MHz, d6- DMSO)

88.86 (d, 1H), 8.27 (d, IH
7.49 (ddd, 1H), 7.24 (d, br,

MS:64z 6asiQMEH)) 7.62 (dd, 1H), 7.54 (d, 1H),
1H, 7.11 (ddd, 1H),| 7.00 (d, 1H), 5.84 (s,
2H), 3.84 (s, 3H), 3.69 (t, 2H), 3.7-3.2 (m 8H), 0.86 (t, 2H, -0.08 (s,
OH). MS:_mlz 583 [MNa ], 561 [MH+], 443 [ MH-(Me3Si (CH2)20)] [0225] A
solutio - hydr oxy- 5-[ 3- ( 2- met hoxy- phenyl )-1-(2-tri met hyl si |l anyl -

et hoxynet hyl ) - _
AN

1H-pyrazol of 3, 4-b] pyri dipp5-yl ] - phenyl } -

61 nol) indinchl oronet hane) (15 nl) was
trifluorid iethyl R ate (100 I,
then stinN atsfpa Clf or Step 2
| =
O
Br
N
O
Step 1: Synthesis of morpholin-4-yl-[3-(1H-pyrazolo[3,4-b]pyridin-5-yI)-phenyl]-
methanone.
[0227] A mixture of 5-bromo-1H-pyrazolo[3,4-blpyridine (1.50 g, 7.57 mmol), 3-

(morpholin-4-carbonyl)phenylboronic acid (2.136 g, 9.09 mmol) and
tetrakis(triphenylphosphine)palladium(0) (435 mL, 0.376 mmol) in dimethoxyethane (8
mL) and saturated aqueous solution of sodium 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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40 min before 10 nl of a 10 % (wv) solution of potassium hydroxide was
added. The mxture was further stirred at roomtenperature for 1 h. The pH
was then wojuevoasizio approxi mately 3-4 by addition of ectriseoraoreroand t he
aqueous phase saturated with sodium sulfate. The resulting m xture was

extracted dichl th 3 Th i C. '
Wih s Saebparied Lagaes0ss BRI TG LRar BT e Ete P S S 0ot
sul fate, g ¢ gl)%:clgla‘l%ﬂle?%r% @%@sé%v&%‘ﬁ&@dbvé*s[o@nﬁﬁzsxﬂﬁ&&@It‘ﬁrddfh(ﬁdy|) 1H

pyrazol ) enyl } - nor phol i n- 4-yl - net hanone g, 44%
yi el d) asncantraied ar dfeed agmld greer ﬂaamman (eb00g RP1Y, ofimomistip-4ay143-(38- (s, lH)

17 ietahs DfSeibes R LA LIRS o 7.2
43 1| M_Hrfp eﬁ%lgg%%fﬁi&e%@& (et i) ¢ gSO@ l\ﬁﬁz Q%Dl@ﬂﬂb) 8'3137753(521I(Un8 H, 1H/}$ in/z

hér conpounds prepared Method 1: Table 1 Structure
O HN- N 8.5M (H, 1H)8.20HdO BB7. 8rSa(hz 18757. (’I\/(EHDIH)VEtSde 120), T fHNEN  HN-N N NH
HN-N NN-N N Step 1 Step 2 Step 3 11 OO0 O Step 1: Synthesis of

mor phol i n-geX b [l &iPoi 3% 9 i 1A= RIraYs1b i, AbFoptid Ipet hanone.
[0227] A m X ureS%ch))gt g%ro[rrg lH— pyral;z%]ol 0[39; ﬁ%’f“u&fﬁag Ii]k%}é!rg 7.57 mol ),
3- morpholin-4-yl-methanone.

[0228] Morpholin-4-yl-[3-(LH-pyrazolo[3,4-b]pyridin-5-yl)-phenyl]-methanone (230 g,

80 % pure, ~6 mmol) and of N-iodosuccinimide (2.50 g, 11.1 mmol) were dissolved in

dichloroethane (180 mL). The mixture was stirred under reflux conditions for 5 h, then
cooled to room temperature and diluted with dichloromethane. The solution was washed
with saturated aqueous solution of sodium thiosulfate (1x) and then with a saturated
aqueous solution of sodium bromide(2x), dried over sodium sulfate, filtered and
concentrated. The resulting residue was washed with ether (80 mL) and dried to afford [3-
3 -iodo-1H—pyrazolo[3,4—b]pyridin—5-yl)-phenyl]—morpho1in—4-y1—methanone as a beige
powder (2.881 g, 88% yield over two steps). "H-NMR (500 MHz, de-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 pumol), 1,1'-bis(diphenylphosphino)ferrocenepalladium(ir)-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 mass-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-pyrazol-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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(mor phol i n- 4- car bonyl ) phenyl boronic acid (2.136 g, 9.09 mnol) and

tetraki s(tri phenyl phosphi ne) pal | adi un{0) (435 nL, 0.376 nmmol) in

di met hoxywohaew 16824 nl) and saturated aqueous sol uti on eCrTasdisdoec7o4

bi carbonate (8 nmL) was irradiated in a Personal Chem stry Optimzer at 175
C for 607.95 ddJhE), ar&gd(e magt 119)) 7089k UMD, Was (ddt, 34 Ded-ed skt w&%nms

di chl or onet hane an sat ur at ed agueous sol ution of sodium 6
2006/015@?@9ﬁéﬁﬂ98h@5§ﬁ 194  bicarbonate. The aqueous phase was then
extracted with dichloronethane, and then ethyl acetate and the conbi ned

or gani c [p23¢esOder eodpoeds preparagiagi Methsahf ate, filtered and concentrated
to afford a pale green foam containing 80 % of norpholin-4-yl-[3-(1H

pyrazol o[ 3, 4-b] pyri di n-5-yl) - phenyl]EEF ?pnone (2.30 g, 80 %yield) and 20
% of trlphenylphosphlne oxi de. "HN % 00 NPE d6- DNBC» 813. 75 (s, 1H)

8. 87 (C_I-H)—mig J.I'If 8721t l%%cf%l) . \IT; J.H)Structure\ll; H U/ 7.58

(t, 1H)|, 7.41 Step|(2: Syn

[ 3-(3- |5d0—&#kp%£34uuvlo A=ppyrt+ca-—5—ytr—phenyH q

nmor phol(i n- 4-yl - ifet hanone. [ 0228] N

Mor pholji nHY —\1H- pyr azol offs; ™ y i di n-5-y|l ) Hyh@nyl }=ret hanone | (2. 30
g, 80|% : phol ) and N ] imi m de| | D¢ " mol ) [were
di ssol veq or oet hane he m xt urg ed under |refl ux

condi tijons?for 5 h, then copoted to r oom t emperjatyp® and diluted with

di chl orjonet hane. The sol uti on was washed with slatufated aqueous solﬁtion
of sodiju 'iosﬁr? e (1x) ‘ en ™ t® a sat urjat#o 0 sol ution of
sodi um|bkani'de dried ove dian§hIfate fli | nd /| concentiated.
The regul ting reS|due was washed w th ether (80 nL)"ang dried to afford [3-
(3-i oda- 1H pyPazol of 3, 4- b] pyri di n-&-yl ) - phenyl ] -|i or phobi n- 4- yl - met hanone as
a beige powder (2.881 g, SBg%yleld over two steps). 'H NWR (500 MHz,

d6- DVSQ , 8 o7 ATHVHEL L4 (d, 7 91 1H), | 7. 83
(m 1H)M§J’§/9Z]4?335M%FD ha (gt 17ﬁ)|§ 3. 75(3 é\%% 11}%{%%: §

Synt hEil s—of —rmorphott+A=4-—y+{3 ﬁs-ul—bp,raz&' 4

pyri di none. [0 29] A nlxtur

[3-(3-i 0] PN | ) - pheny,

met hang N

1,1 -bi [ r rocenepal’l adi ungi

di chl on 7ol ) and 1H pyr az 11 ny,
98 nol) and 2 M sol utiorn (1 n)

was irr al m stryo Optim zg The
crude 1 Zi:)
0]
MS: m/z 433 (M+H") MS: m/z 447 (M+H")
o Et
HN-N S
>
N N
L

MS: m/z 405 (M+H") MS: m 429 (MAHET)

MS: m/z 429 (M+H")
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diluted with water (1 nL) and ethyl acetate (3 nL) and the organi c phase
separated, filtered and concentrated. The resulting crude mxture was then
purified Wy wwmsastni ggered reverse phase HPLC using a gcadisesus/ood794
acetonitrile in water containing 0.1 %of formc acid to afford

mor phol i n-4-yl -{3-[3-(1H pyrazol -4-yl)-1H- pyrazol o[ 3, 4-b] pyri di n-5-yl ] - phen
yl}- nme (6.2 ng, 29%vyield) of as a colorless powder. 1H NVR (500
MHz, d6-DMSO) 8 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), 63 WO 2006/ 015124 PCT/ US2005/ 026794
7.95 (ddd, 1H), 7.89 (t, 1§§M 1H), 7.59 (Wlmlhl) 6/43 (ddd, 1H),

3.80-3.35 (my-RH . M5 mz MNa ], 375 [ [\ [0230] Ot her conpounds
prepared by ﬁi 2: Tabl cture Stru udture O H N UN
HN-N - HN-N Nr,0r NJ 0l0 0 Ms: niz in/z 417 (MtH) (
MS: mz 42 H+ Et stdgd F -1 HN- Step 2HN\- N-N NNNN rONf N

) N-) N, O0J0 0 Ms——m—’413(M+H+N)@ n Z 433(M+H)KMS mz 447 (MrH+) O

0O Et HN-N N-N(HI}B-N-

Step 1: Synthesis of {3-[3-Iodo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-

pyrazolo[3,4-b]pyridin-5-yl]-phenyl}-morpholin-4-yl-methanone.
[0231] To a solution of [3-(3-iodo-1H-pyrazolo[3,4-b]pyridin-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)-15-
pyrazolo[3,4-b]pyridin-5-y1]-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-
trimethylsila:nyl-ethoxymethyl)-2H—pyrazolo[3,4-b]pyridin-5-y1]-phenyl}—methanone). 'H-
NMR (500 MHz, dg-DMSO) §9.08 (d, 1H), 8.29 (d, 1H), 8.01 (m, 1H), 7.95 (t, br, 1H],
7.69 (t, 1H), 7.55 (d, 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"-(Me3Si(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-i0odo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-pyrazolo[3,4-
b]pyridin-5-yl]-phenyl} -morpholin-4-yl-methanone (33 mg, 66 % pure, 38 umol), 1,1'-
bis(diphenylphosphino)ferrocenepalladium(in)-dichloride dichlormethane adduct (5 mg, 6
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0 Ms: nmz 405 (MtH) MS: mz 429 (MtH+) MS: nfz 429 (MHHt) 64 WO

2006/ 015124 PCT/ US2005/ 026794 Method 3: HN-N SEMNNHNNO N\ I NI N
Step 1 Stwp2806/01892MJ NJ O O O Step 1: Synthesis of PCT/US2005/026794
{3-[3-10do-1-(2-trinmethyl silanyl -ethoxymet hyl)-1H pyrazol o

L2 0 Bl Pt oB R o ROBl i o ANO0 i odcPRRHe 3P & i on
yl - met hangrelutidn d2sdtiuf cgﬁ)oﬁlﬂf@ Q nﬂr) vo i i 8 iDMPersSfal RS @titeides odi um

hydride (60%in mneral oil mg, 30 innmol) at 0-5 C. The m xture was
stl rred aft ¢75 &C ffen0 mmﬂlwscrb@&mﬁfélomrmmuhwas dilyled wrtxsprrsetag PIueRDr i de (2.0

t t
St r 1 ed Hn & Sefbadne Pl A g Yol SRR OF mTARG HR ke B b 0.5 O
and que%@pﬁgte@yad@&b@&i@hﬁol Pcaind pREi N8 BY flasih@liéLs8l chioRthto h%%tﬂ@ﬂi@ﬁig% was then

di stri buted between water, saturated agueous ammoni um chl oride solution
and et h@radlﬁrt’@faﬁwématpHah@iam@stoéﬂbrda -Bd(2-methexyipyading-vh-le@her and t he

concent rdred i hoaa b A e R R 4R B R ek B B pl -0
chromat Qﬁétﬁﬂ{bhelémﬂ@ a1 @vagerRNbhs &f oftsihile remea; NS dnfy 5‘6@{3/11@5 tm@vﬁo]d

{3-[3-iodo-1-(2-tri met h | si l'anyl - et hoxymet hyl) - 1H pyrazol o
[ 3, 4- b] rﬁ&&[ﬂﬂé} G\AWS}(Cﬂ‘hé@ﬂ} mor phol i n- 4-yl - met hanone as a bei ge- brown foam

(1.806 g, 66 % by 'H NVR side product identified as
nor phol i[0238]yl Tl{uB*reEdeL(eavastdla;sﬂ'B/teﬂylh THFa2yh1) endactivartbyA mdésubyr sikxed were

3, 4-b di n-5-yl | th 89. 08
Ed 1H§ p%arjg@{yn% o 1’36%??3{” %my%gﬁ?g%oﬁée 1%%1@\% %%@Q mly ) 7.55

570 by Ao Rl 5 o ol 7

Step 2: rSMﬁttﬁxﬁﬁbr&tL@é and 1 ml of cation exchange resin (Amberlyst, Na" —form) added and the
3-[3-(2- et hox ridin-3-yl)-1H pyrazo] o[ 3, 4-b ridin
§/| ] - : ph(er;wx}urﬁﬂ\faé ﬁgﬁ/ ken-for 40 mﬁ%%&% and swvés were t e%yﬁltered off, washing with

dichloromethane and methanol and the filtrate obtained was concentrated. The residue was

29

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)-1H-pyrazolo[3,4-b]pyridin-5-yl]-phenyl}-morpholin-4-yl-methanone
(3.2 mg, 20% yield). as a colorless solid. 'H-NMR (500 MHz, ds-DMSO) 6 14.01 (s, 1H),
8.91 (d, 1H), 8.51 (d, 1H), 8.31 (dd, 1H], 8.11 (dd, 1H), 7.87 (ddd, 1H), 7.80 (t, 1H), 7.59 (&,
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:
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[0232] A m xture of

{3-[3-1o0do-I|-(2-trinethylsilanyl-ethoxynethyl)-1H pyrazol o[ 3, 4-

b] pyri di rwb-29é¢jo1pizenyl } - mor phol i n- 4-yl - met hanone (33 ngpcéfs¥osoee9+ 38
nmol), 1,1'- bis(diphenyl phOSphI no) f errocenepal | adi un(ii)-dichloride
di-ctil. othetAkné Bmddtct (5 ny, ,? l\){i@ 2006/ 015124 PCT/ US2005/ 026794 nol )
and 3-trifluoronet hyl phenyl bor on 3 acid (14 ng

m.) and 2 Msol ution of sodi

m.) and the organic phg‘ﬁeN adsor bed
by flasBlsilica gel |chrpnma}-ed ‘ [

mtenperature and 1
Na+-forn) added and the mxture

O%LIFI t.or efh @ffT mashi

al ned was concen

) +ef<’h;hange resin
as>d ak%n@or 40 mn| The

(A nerlyst -
resin a t he
é’d T?.w ¥

e filtrate

: di ent of e hyI
lacet a%]%?.bﬁ'

i0234gJ
/026784 Table 3

MS: m/z 469 (MFE)

T/ US2005
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Structure Structure F F3C C HNN~\ 1 HNNH-NNNI NNI I (Do JO

JO NJ NJ OOOM:mz421(MrH) MS: rral/z 453 (MrH 1\4S: mlz 420 (M+H F3CO
Nf \ HN-WO 2btd7adsH-N N N\ NV V' I N~-OOO °~ ~ NJ P€T/11$d00@02(§39«0 VE:

WOZ\I 469 (M+ ) ME: rr{z 438 (MtH}) My; mlz 436 (Mk-a+) Met h ON N HN-N SEM
SkeN Igtepsi:" @yﬁihesis M,N‘-H%Mh}@&%-@-@-éﬂorpholine-él«-carbonyl)phenyl)—1-((2-

(trimethylsilyDethoxy)methyl)-1H-pyrazelo [3,4-b]pyridin-3-yDbenzamide.
[0235] A mixture of (3-(3—i0do-1—((2—(trimethylsilyl)ethoxy)methyl)—1H—pyrazolo[3,4-
bJpyridin-5-yl)phenyl)(morpholino)methanone (50 mg, 0.089 mmol), 3-
(dimethylcarbamoyl)phenylboronic acid (34 mg, 0.177 mmol), [1,1*
Bis(diphenylphosphino)ferrocene]dichloropalladiumi(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-(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-
blpyridin-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-
(tn'methylsilyl)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 sodium 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-b]pyridin—3-
yl)benzamide (7.4 mg, 18% yield over two steps) as light yellow solids. '"H NMR (500
MHz, CDCL3) & 2.99 (s, 3H), 3.10 (s, 3H), 3.46 (br, 2H), 3.61 (br, 2H), 3.76 (br, 4H), 7.40
(d, T ="7.0 Hz, 1H), 7.47 (d, T = 8.0 Hz, 1H), 7.52 (m, 2H), 7.64 (d, T =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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WD 2006/ 015124 PCT/ US2005/ 026794 Step 1: Synthesis of

1 ~T,1

" ~T-di et hyl
(trimet hyweizbgdgiet2aoxy) met hyl ) -

[ 0235] A m xture of

(3-(3-iodo-1-((2-(trimethylsilyl)eth

-3-(5-(3-(norpholine-4-carbonyl ) phenyl)-1-((2-
1 Hpyrazolo [3,4-

b] pyr ipdirres3eoglordrenz

t hyl ) - 1H pyrazol o[ 3, 4-

am de.

b] pyri di n-5- yI )phenyl )(m)r phol i no) met hanone (50 ng, 0. 089 mml), 3-

(di met hytcarba hrenytboronmic = 4y, O 77 1Mo T

Bi s(di ppenyl ph%sp RIU6) f er r odene] di ﬁ‘#o%ﬁ% adi u[n(11) ?f‘)"r}r‘ﬁk“er% with

di chl or prrethane—(3-—6—ng,—0- 10045 mmolb—and——sodium—ecarbonate(2M-aguedgus
sol utiop, H-N34 0.267 mol ) in @;;etonltrlle eated in a
Per sona ' Sat 90 C flor 30, ,nm%,. The resul e was diluted
with wat € ¥e7 act ed wi t|h B ate. The 2rs were
conbi ned, ed ‘over sodi um|sytia tered angNco at’ed to dryness.

Silica gel chromatography pull)catlon &f the crudesprdduct afford

N, N- di mpt s

(ror phol i (rmbgnyl ) phenyl :{(/f\l‘l met hyl si |3 agret hyl ) - IH pyra
zol o[ 3, #- 3-yl ) berjz§ a%lear oil. z 586.2 [MrHH].
Step 2:| Synthesis of NJ

N, N- di net hyl - 3- (5- ( 3- (nor phql i ne- 4gcar bonyl ) phenyl ) - 1HO pyrazol o [ 3, 4- b]
pyri di nt 8t /b 4@N0E e [0436] A solution of

N, N- di ngt hyl - 3- (5- ( 3- (nor phdl i ne- 4- car bonyl ) phenyMS: 1/ ¢37.1 (M+H")
(trimethylsilyl)ethoxy) met hylyis| M/qulgaoz@,}{q{l@ 4- b] pyri din-3-yl)benzami|de in
5% of perchloric acid in adetic acid (1 nL) was|stirred for | h at rogom
tenperafure. Saturated sodijum bicarbonate solutjon was ghen added tqg the
solutiop ¢ieM y wakil pH - § and they " m xture was $iN-N edyEer 24 hourls at
room t eppeyat pe - hyl acetjat gnwils theQ used for ¢ Y and t he
organi c conbi ned, dti ed ;@ sodi um s N4 ered and
concentf gd to dryness. I\/assNtr\rgger reverse phease HPLC purificatijon

af forded N/N- di nethyl - 3-(5-|( S<&ror phol ihe-4-carb I)phenyl) 1H pyrazol o
[3,4-b]p ) benzamide (7.4 ng, 18%yield eps) as |l ight
yel |l ow 5 : ﬁl\/R(SOO 4;}05299(5, \'140%(3 3H),| 3. 46
(br, 2H), 3761 76 7. 40 7 , 1H), 7.}47 (d,
J = 8.0|Hz, 1K), 7.52 (m 2H), .5 Hz, 1H)o768(s 1H),
7.98 (m 2H) 8.62 (s, 1H), (8. 85 (br, 1H. Ms: rn/z 456.1 (MrH+). [0237]

Q her cp Met hod 4. [0238] The|conditions in step 2 may
vary fof ﬁ%ﬂg&ﬁﬁ%ﬁ?n tHe fol l owing. table. ShHEw/FEd6 &ddHum car Honat e
may be peeded instead of SOdIMﬁ'I BizbBpoMat e )and the reaction tinme varies
from 30-mnutes to 24 hours-

MS: m/z 421.1 (M+H")

MS: m/z 419.1 (M+H")

MS: m/z 449 (M+H")
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WO 2006/ 015124 PCT/ US2005/ 026794 Table 4 Structure Structure Structure
HN-NS O HN-N NHN-NNV\NJNVY Y/ I F I' A NDo/ ro Ol NN M
m z 405. WwlObdeNsQR4NVS: Mz 417.1 (MrH+)  MS: niz 449. 0 eEERER0S/083794 HN- N O~
HN-N - N N”[HN—NN\\rNF roro NJ/ I rONI ONO 0 MsS n2l1lz 403.1

( M) M5 Tz 4767 (M : Y F O r@trm:tnr@l HN-NJ N~ L

~ HNHN N Gtriignreo 0 O

CN

+
MS: m/z 437.0 M+H) MS: m/z 415.1 (MAH) MS: m/z 427.1 (UFHD),

70



MS: mz 419.1 (MH+) 69 WD 2006/ 015124 PCT/ US2005/ 026794 Structure
Structure Structure O OCNHN-NHN-NN NNNNF OJN ~N NO 0O
M5: mz A88(Mdd15124V5: mz 410.1 (MrH+) Ms: in/z 399.1 @EERER00S0262O0OCH3
CM:HBNrNHN‘N-NNHN~~NN NNI/ ~ I NJW,) O 00 M 1111z
4471 (WH™+ M5 1.1 M) MB:—- shoetue G 0 [HN-N -
HN- N £~ OH FNsluetude N NI N}Stywuﬁeo NB: |sn/z 437.0 (MrH) N&:| ml z
415. 1| (MtH+) Ms: n2/z 427 : AD—20061 071 1P US2005/ 026794

MS: m/z 433.1 (M+H).

MS: m/z 453.0 (M)
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Structure OEt CN o | HN, NHN~-NHN NNNFF 1, 00ro OOO WM. rn/z
447.1 (MrH+) MS: rn/z 428.0 (MtH) MS: m(z 433.1 (M+H}). d d UN 0 Ms:
m z 453. OwObidinsizd WO 2006/ 015124 PCT/ US2005/ 026794 MetChars2&s/0kd89N HN- N
SEMNN HN-NNNI I N Step 1 Step 2 Step 3 Step 4 N Br O 00 OH OOO
SEMSEM£g]'!08/5, , NN N NNN HN-N N Step 5 NStep 6 NI \N FN FN N~/ | 7

N~ N 000
N SEM
HN-N X
! o O L O

N _step 1 Step 2 2 steps U steps

/ > _— — —_—
Br * O

~ (N OH
0 X I

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]pyridin-5-
yDbenzoate (8) (1.65 g, 65% yield) as yellow solids. MS: m/z 254.0 (M+HH.

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[3,4-b]pyridin-5-yl)benzoate (9) (988 mg, 40% yield). MS: m/z 379.9 (M+H").
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Step 1: Synthesis of nethyl 3-(1H pyrazol o[ 3, 4-Db] pyridi n-5-yl)benzoate.
[0239] A m xture of 5-brono-|H pyrazol o[ 3, 4-b]pyridine (2.00 g, 10.10

mmol ), 3-wiOmeiadmzpear bonyl ) phenyl boronic acid (2.20 g, PeTAR2e0sn24794 sodi um
bi carbonate (2.2 g, 6.00 mvol) , and

tetrakis(tsicp m%mm@mﬁ mlolquqmﬁ:@ahyﬁ&ngé@;ogy)xﬁeﬁ%-ﬂmmI) in

di oxane/ wat er nm./ 10 nL) was stirred at for 15" hours. The m xture
was t hen pmﬂel@[%ﬁ{bbpywhnvﬁaylébexmw aidoracted with ethyl acetate (3X). The

i | fat | t
concent 1RHE T B gt Lo B B By o e (9P bauct
af f or deghg] tdthmBi)(lﬂUWWaﬁé@d&{é%dﬂmbhgdﬂdeC{BMSn niherRPSiE G5 e, 88.061- 65 g,
65% vyi el dj as yellow solids. Ms: nmlz 2 0 (M-H+ Step 2. Synthesis of

met hyl 308D pbd6-"CH Ty maixbiro[vas tinddofor 60 nnmsegﬂbgtb@r%%@(%{oqﬂm]zz To a

sol ution of. nmeth 1 razol o ridin-5-yl)b nzoa 65 g, 6.52
mol ) i AP ma&%%etdhé[&‘@ Omas\?&f?hﬁ‘dge%%ﬂh tgmpiragifl fguqn& and the
i Xt ur e nYeiSanoS idd W&er. aAceré doid Wis t@elhaéerd&o adjust tRE H%M Seppd ﬁmwl%%%y
reduced pressure and the crude product was puriftied by silica gel

chr omat dipneagphipcted wathfetryd eeetate t(Br)l and tigorigario 1dyleks were combined, dried over

pyrazol g 4- b in nz 9 ield

Y670 it LB BRYEE &SP SRR A deBish SisT et cheglogteDhy ppREstong
3-(3-i od@tﬂerédﬂm{gt émd@pﬂanhalalfﬁokdeatjlg,Zm)dbJIE({(thdrﬁnelllTrylsﬂynethoxy)methylg -1H-
pyrazol o[ 3, 4 E ridin-5 benzoic acid sol ution of nethyl
3-(3-i oByazeio b{/ OGBS 4. lb]ewrl@ e (0my Hlde pisgld ag sglids. MP: 727 617.8mol ) i n
DIVF wasggg_ d&sodlun1hydr|de (60%in mneral oil, 525 ny, 13.03 nmol) at
-40 C e m%ture was stirred for 60 mnutes before SEM (920 I, 5.22
nunol ) was_added, The reaction was r oom t enperat ure and guenched

with = met h3§BIA: Avathesisal (4ﬂ%éﬂl%ethzhamlun§)§thmw(n§@a -1y E(3niodotlé2pH t o

4-5. Th gﬁltj’i

or gani cel g(;er S %X@ﬁ)&t}%&w c??lﬁggg'd%‘/\ie&rmg’ g%&%ﬁ(shﬁ%%fpeh(eﬂ@ﬂ%er ed and
concent f@242§l tAondxiyreesiEruds 3-(Hadgel-((2Hronethyigil v ptyox ypuethfT)eldi-i on  of the
BB S RISt SRS it me g, Nty 2

pyraz ?7 1§61421911py1?étﬂéﬂln§n%{7)6%§% f%’,{;iﬁ lgﬁig% &@Oazayenzaélézm-?'ydm aENEQLIds. ME:
(4-(2-( mtrmtdtiwmcmmn) h@daﬁuétq@pbmpazneml&s i) Q.38% Buiady eri¢thyl(a@aine (0.700 ml,

trimet | h d 0. ‘ .
L 5" 4”5 DhAeS e B S MM bt eGB! ST E sainPorannlMisravare & ddwur
3-(3-i OWatler Whstheh édd@ﬁ%‘ WeSrhdx¥thrk @hé @%M)c’f@t\bﬁ'ﬂ éﬁlﬂ‘ﬂlcetate (3x) The)a organic

pyrazol o[ 3, 4-b] pyri di n-5-yl ) benzoic acid
N, N- di misyieyd were combined, dried over sodium sulfate, 11tered and concentrated o dryness

Silica gel chromatography of the crude product afforded (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 (110 mg, 43% yield) as off-white solids.
MS: m/z 635.1 (M+H).

Step 5: Synthesis of (4-(2-(dimethylamino)ethyl)piperazin-1-yl)(3-(3-(5-fluoro-2-
methoxyphenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazolo[3,4-b]pyridin-5-
yl)phenyl)methanone.
[0243] A mixture 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 (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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(pi perazin-1-yl)ethanainine (76 ng, 0.485 nmol),

O (7-azabenzotriazol-1-yl)-N, N N ,N - tetranethyl uroni um

hexaf | uorwphoephat2e (185 ng, 0.485 nmol), triethyl am nect@sz@B.om794 0. 485
mmol) and in DM (2 mM) was stirred at 90 Cin Personal Mcrowave for 1

hour . V@ée%mff@é(étrﬁﬁpwagﬁgﬂe& ad ﬂsle?sdﬂaﬁgl&%wﬂv% +OVCAGE §6!mith ¢ 'b?%egmlungc etate

(3x). The organi | ayers were conbi ne dried over sodium su
filt er edmartdrecoasakiutadayidld water dng meswted vdHih sthal getate Hilmnapage by vadre t he
crude prod ff.orded

et

(di met hyf SPRS PY i %giﬂgﬂf sulfaje, JiltFred and cppesgirpted to dryness. Silica gel

2-(t
pglgaZ(()I Lb}gsﬁlm%?ypwg?‘ﬁﬁgﬁy&gdﬁﬁ%h?é ﬁg%t&f]fgr &4 82_ ng, 43%yield) as

of f - whi t edimethy. mmO)myl)mra@BE1-y1)(3v(+3-(+5}ﬂu<sbé4@nﬁthosypﬂdng§+1s((2>f

et hoxy pyBRSIY SEpESOEORGL S Rl rblel byt B anege os st o

pyri di n- Gellawt diPNRIRY 1418833 goerg), [ 02431 A mi xture of
(4-(2-(di rrethyl am no) et hyl ) pi perazin-1-yl) (3-(3-iodo-I|-((2-

e (50" S SRR RSB Bl oD st AR 1
0.118 ol )‘“et[‘axbaphen?')sl(flﬂpm’ﬂ%l’dIthﬁP?tnamyyl)m@ﬁmhdehghb@g opal | adi urr( H)

conpl ex wi_th dichl oroneth | ) and sodi um carbonate (2M

aqueous KBk i drsolwionif (f1r1£2 (@WIWP)GWWPWTWQ@dﬁﬁdiﬁi:ﬂﬂmm -2-

PCT/ US20 I

200 o FtegaRtALE iyl nan IR SR LEIRAR " oo
extract eyﬂ)phehyl)mbmyhomcfedratseep Thes%dpachloliayeiksSn \rﬁtlﬁnotgrfhwﬁds stilfdded over
sodi um s filtered and conc %ratedto dr ness S|I|c

chr omat ogar 4%@% proeBy tEgRCIgure- h§ W &M Was ﬂeezxadded to

( d' met hya ﬂﬂ))lil ?ltomfy Qu?{ l'éﬁ'{ €787 51 L dthte vEa? thdrdusel ?or ijtlldt%& and the organic

nethoxyp eny
( t ri met hipyss el edrhiloing) anet dfqnlcmtﬂatbqixarchyrmsg [v&hidh Whpthen dedissbivet Jipmetighglnmet han

| L] ( M+-H+ S 6: S h f
CA (5% iR dhbs St i LB, ESimheb i b of
met hoxy pi‘?ﬂéﬁhl bfofd Mﬁ@&‘ﬂh@d [ 4odadr alﬁH ik ShdePaith LBRE Q&’éta)t@?xlj a@ﬁg e{jgahfﬁ 44] A

solution of (4-(2-(dinmethylam no)ethyl)piperazin-1- ro-2-
met hoxy plagery Werd eqniliinéd, dirigd g soid]uyn Judfabe tajtpredtansgt Ic))ndcnifﬂaqg;i tadiyness.

[3,4-b] pyridin-5- .yl e anane fro in 5% of perchloric acid
in net ha&%llS t(’fgﬁrfﬁl}l?/\‘ég @@%?‘%ggiefpwﬁﬁ@%%%@p(éf@r oom t enperat ure. Sodi um
hydr oxi d@hrﬁ@ﬂhb‘lahﬁﬁb)ét%?@)pl\ﬁéﬁzﬁp 1)@31@? ﬂ@oroizh&eﬁﬁk%ﬁﬂeﬁﬂ)ﬁ'fpﬁ‘ﬂ/r)izdlﬂl_%'4 pH ,
8. Ethyl acetate was then used or extraction and t'he organic
b]pyridin-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 (4, br, T = 7.5
Hz, 1H), 7.59 (t,J = 7.5 Hz, 1H), 7.72 (br, 1H), 7.77 (d, T = 8.5 Hz, 1H), 8.39 (d, ] = 1.5 Hz,

1H), 8.80 (d, T =2.5 Hz, 1H). MS: m/z 503.2 (M+HD.

Method 6:
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| ayers were conbi ned and concentrated to dryness, which was then

redi ssolved in nethanol (1 nlL) and sodi um carbonate (2M 1 nlL). The

m xt ure wae 28d4d/rse2d at room tenperature for 15 hours betCwores2@siongodi | ut ed
with water and extracted with ethyl acetate (3x). The organic |ayers were
conbi ned, dried over sodiumsulfate, filtered and concentrated to dryness.
Mass triggered reverse phase HPLC purification afforded (4-(2-

(di met hyl a¥tendy stymghesisi gfdB-434(h0- dime?hgx@@hex(yﬂ)—l&(ﬁf—l uor o- 2- met hoxyphenyl ) - 1

H | di n-5- | d f
o8 e v ey el i b R ol CEp R i i PR g (O™
2H) 3 ig (@mmeﬁlylamﬁomhﬂzplp8iﬂ)zm-$-y5)<1néthﬁno$H) . 3. &731451 bE 2H) ? §57(§

Hz, " 1H) 10274%59 Petmxtyre:of7(452+€é1meih3)1amm07¢hx1}mperam 1- yﬂ)(37(3(1@|do—3 ((£ 8.5 Hz. 1H),

8 g Mo P e A Bl )

N _,J 04979106087, @ﬂﬁﬂ&ﬁoﬂ@ﬁéhﬁﬂ&@ﬁiﬁ@&& m&e 8imdYnt hesi s of
(3- (3-(2,6- dlnethoxyphe yl)
(trimet FFﬂagls ?@Wﬁﬁ)@ﬁl}h’@@ﬁ madnm(%ﬁ 474 §-1039mopand sodium carbonate (2M

Pyt i adticthd BAGAM W0t 684 THLIY AEBBintY b R REcR it iRl hanone-

(4- ( 2- ( chicretayt aini208Cebh§0 hpn pEhardsnkihg yhix{ude 3s dibuted tvith(veater and

bhe. (20T oty Jstare. BRI R RprBBI e e R e, 11p
mol ), glieldiaki SbhdchRAeaYd BRAsRNisgdRAl l:lﬁ@hfé{ggpz)phg/g)uﬁﬁwlonoofjtﬂe smpl) and

sodi um carbonate (2M aqueouds sol ution, O.
acet oni praduet {ffordi3- (3hé256-ldaaethdxypheayll¥1ér(éb(tamethyils;t}y@ﬁ&maymeth}ﬂ)}1H—f or 30

mn. The resulji m Xt ) t and extr e vmth et hyl
acet at epyff"ﬁ%log 6%%?351‘1?15 'é’(r?)? 9@1@4 ég @Wg&harﬂ% YU er%’ﬂl‘ltlipaf ehhgnep

filtereds 3RRaF@NCRRY: 174 645 3 pvideypess. Silica gel chromatography
purlflcatlon of the crude product afford

éir ((;;0'( (Zﬁ P 2 %&BF X%Eﬂéﬁiﬁz) p?iu1 e%lim& h?né'b( SI l%y? ? Q?%’Mﬂ t It%llpl) pélr_;m n-1-y

| ) met haRDPBenyl)(4-(2-(dimethylamino)ethyl)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 = 8.5 Hz, 2H), 7.43 (m, 2H), 7.56 (t, ] = 8.0 Hz, 1H), 7.69 (s, 1H), 7.75 (d,J
= 8.0 Hz, 1H), 8.09 (d, ] =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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as a clear oil.

M5: mz 645.3 (MrH). Step 2: Synthesis of

(3-(3-(2, 6-di net hoxyphenyl) - 1H pyrazol o[ 3, 4-b] pyri di n-5- yl)phenyl)
(4- (2- (diwethgtiamano) ethyl)p ip erazin-1-yl)met hanone. pCOA%KBI0sA2&94 Ut i On
of (3-(3-(2,6-di met hoxyphenyl)-1-((2-(trinethylsilyl)ethoxy)nethyl)-

H- pyrazo

er azi n-

k@‘*bb?’ e *8%

anone 1 n

RULL R s?eg;;gﬂg};y gg&géﬂ{

th@ %b

oric

o

1
hyl
TRRSITERTE Y ) s

stirred Somethhessodiltne sarbbnate aambearpdyddhitesl ofSodiunnbioptonate ded melreetcnon (2M

was t hen added t th sol ution EI oWy wuntil pH- 8. Ethyl acetate was then
used for UBLVAEES TR SRIBOUHE (L BATE | ayers were combined and concentrat ed
to dryness, which was then redissolved in nethanol (1 nlL) and sodium

carbonate (2M 1 nL). The m xture waSdablé $red at roomtenperature for 15
hours before being diluted with water and extracted with ethyl acetate
(3x). The orgaBStraichayers werSstra&ipé ned, dried oySeruzagdieum sul f at e,
filtered and concentrated td dryness. Mass triggered reverse phase HPLC
purification afferded (3-(3-[(2,6-di net hoxyphenyl

pyr azol 3[?,.1,\44\13] p Ldi n-5-yl)phenyl ) (# (2- (di net hy vl ) pi perazji n-1-y
| ) met hapong ngy, 56%]|yi gNeNf or 0 Steps) ids. 1H|NWR
(500 MHz N"CBR 2.48 (br|, 20 ) s, 6H), , 2.69 (jm
2H), 3.5 3.74 (s, br, 2H) = 8.5 Hy, 2H),
7.43 (m 7.56 (t, J = 8.8 7.69 (s, , J =8.0 Hz,
1H), 8.D9 Hz, | H)|, = 2 Hz, /z 515. 2
(MeH) | O hler conpounds by Meth 006/ 015124
PCT/ US2p0 5' [02431 The s in ste for the
conmpoungds in td1e foll owi ng tlab 3 I mes sodi um car ttg)nate nay be needed
i nst ead| of sodi um bi car bonat|e and ohe reaction {ime varies from 30 ninutes
to 24 hpurs. Table 5 Structure Structure Structu 0 NN N/
HEN O | MS oz 498 VEETND N Ras:/z21 01 )

é OO0 N
MS: m/z 433.1 (M+H")

MS: m/z 447.1 (M+H")

Heosksk

MS: m/z 453.0 (M+H")

* Step 1 Suzuki coupling conditions: 150 °C, 1h, pw.

**Step 1 Suzuki coupling conditions: 120 °C, 1h, uw.
*#% Step 1 Suzuki coupling conditions: Pdy(dba)s, KsPOj, and
dicyclohexylphenylphosphine, CH;CN, 150 °C, 4h, uw.
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OMs: mz 449.1 (MrH+) Ms: mz 413.1 (1\4+H+) MS: niz 433.1 (MtH+) EtO Cl
HN-N- HNN- NV YN/ NV YN/ FCQ NJN_) O* O*** NS nlz 447.1
(MtH+) MBvormhas/A5R40 (MrH+)  * Step 1 Suzuki coupling cegditse@s®267350 C,
lh, w **Step 1 Suzuki coupling conditions: 120 C, lh, w *** Step 1
Suzuki couplyrg conditions: Pd2(dba)3, K3P04, and

di cycl ohexytphnenyl phosphi ne, CH3CN, 150 C, 4h, w. 76 WD 2006/ 015124

PCT/ US2005/ 026794 Met hod 7: I\/EOMQ() MeO HN- N SEML}bN HNN  MeO SE AN N NN

¢t hyl—£st er . 0*29]
h&f_&ﬁi_c ¥ci d (52%?_,1 04

5- br onp- 3-i8do- 1 - (2-tri rreth 2

b] pyri dine (780 ng, 1.80 nmol)

of sodi um

Step 1: Synthesis of 5-[3-(2-methoxy-phenyl)-1-(2-trimethylsilanyl-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(1r)-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-yl]-nicotinic acid ethyl ester (552 mg, 61% yield) as a yellow
oil. '"H-NMR (500 MHz, ds-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 (t, 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 acid.
[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-butylammonium fluoride in THF (1M, 10 ml, 10 mmol) and
activated 4 A molecular sieves. The resulting mixture was stirred at 70 °C for 7 h. 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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carbonate (5 nL) were added and the m xture was irradiated in a Personal
Chem stry Optimzer to 90 C for 30 mnutes. The crude reaction m xture was
di stributwo 2beiosea et hyl acetate and water. The aqueoRsTHISa®6/ 00694
extracted three times with ethyl acetate and the conbi ned organi c phases

ver e dri egraewdrtheedimedwatt disllsonidthdn@lad na &R0 pRANES 8diBkined NBied G HDE
product was pur| fied by flash silica gel chromatography using a gradi ent of

ethyl  atsiunsulfpefdieapband @negmteied to afford of 5-[3-(2-methoxy-phenyl)-1H-

?Ji;ﬁi@%{%ﬁfﬂ%ﬁﬁly@% SUoRPAY VR PR TBe Pl 1 980visk) spos

1 d)  alsrommysolit R d 12 Ld
{514 syl o oy oo g

1H) 7. 2588 G, TH)HG 43 11, 1121) (&HO (?1&61) BOBEIA( $H), TH7, (ddd A0H), (33 (@HH), 3.187d( s,
]3 7I’IH%t32g62(I-I) es.é}af'i‘*g’@ﬁ’%)(’f@ﬁft 2H), -0.073 (t, 9H). Ms: in/z 505

[ -(2-net hoxg ghenyl %/razol o[ 3, 4-b] i)yrl di n-5-yl]- nicotinic acid.
[0250] To Step Py Sypthesis of {5-13-(2 methoxy-pheny) -1H-pyrazolo[3,4-b]pyridin-5-yl]-

5-13-(2- I | -eth t hyl
1H! py§ azgfg)?gfﬂin-gwﬁ{)w%f&d&g S?%%Wl rs1: Caggl deet g;lyrrgst gr) (494 ngy, 0.98
mol ) i n[0Z5g (2B[3-(Anethazy-picied)-1 Btpyaazoid) 8] p?ﬁiﬂiﬂlsuﬂ]]riﬂc@ﬁﬁic%m @s0HE (1M

10 M, 10 mmol) and activated 4 A nolecul ar sieve he resulting m xture

was st i rP&dZats prge.G-Gommpvasdigsolver ay ashydeous BMFH(@6 ed.)at 5- Gﬁa’ﬂandghw t h

t hyl t d

Gi ot ri butog B m%ghﬁ. SEh Wi RE RO el doehiesis T vo
2006/ 0150mbeT£US3adias 0REY 941 . SnMbi h
and theE(organl c/gphaseséco%?ne%gﬁﬁé?ggﬁgﬁggggléjpﬁ sul fa&?gmﬂ??ﬂﬁg 223

concent raf2Emq)) weresddedf The maxtyz-westshalsep-3b haomy tempbkature for 16 h. The resin

DY 6% y P ik o il SR YR A8 des ey By %%er(agg‘“’m’
8.99 (d,dried) Th8 r&8n 61&1 (51[13)(,2 m&h&gy ﬁ)ﬁienyl)L'QH fgrﬁaloﬁ 4- b[}%rpndlﬁséﬁ ﬁfiouﬂd‘&)

(dd, 1H), 7.47 (ddd, 1H), 7.23
Mz 345 (080, Ehquh}:al lsecb@g 805 ssﬂnt)hfe%ﬁ suS@fsnded in anhydrous DMF (3 mL)

é? r |[ gl gz@”ﬁ1¥0%§}n$€lf$ %ﬁf e‘} é@,lpy%&g M%aﬁ% gég g? Ihn T5he resin is filtered off, :
(350 I, s o P e AR BBl
50-60 C @d@onmtratﬁdl iIihﬁ mulmlg rcsodﬂead pUnﬁcd)bymiasm@@gaztedrreveM@haE’eSHPDBt resin
%\r ggnglélt }ﬂggchrg 1%18 to?ugry nﬁﬁva er %or:lltaml TgA) of2 form1c ac1ciL to afford {5- )[3 (DNAP (32

methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl1]-pyridin-3-y1}-pyrrolidin-1 -yl-methanone

(2.4 mg, 6 pmol, 6 % yield) as a light brown solid. "H-NMR (500 MHz, ds-MeOH) 68.98

(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"].

U-||—|

[0252] Other compounds prepared by Method 7:

78



1.95 nmmol ) were added. The m xture was shaken at room tenperature for 16 h.
The resin was filtered off, washing six tinmes with DVMF and subsequently
three ti rwe 2mahsether and dried. The resin and PCT/US2005/026794
(5-[3-(2-net hoxy-phenyl) -1 H pyrazol o] 3, 4-b] pyridin-5-yl]-nicotinate) (460
ng, theoretical |oading 105 rml) we:n?%u.i gended i n anhydrous DMF (3 nl)
cont ai ni ng pyrroI|d| ne (110 I, stﬁe nd shaken for 22 h. The resin is
filteredoff blmlg with iCh'rO' thane—ether and DMF. _The filtrate
and vashi ngs WS c&‘brr?bl ned jand con g@ﬁ?‘“r“&?ed The resul tStHEtEESs| due i
puri fi eg—by—rass— e eeer ed— er Se—DhQEF‘ HPLC using a gr adl ent of

acetonitrile i cont ai *Rord {5-[3f(2-
nmet hoxyt pheny azol of

- pyrrol [ di n-| &¢¥- metthanone ght br own
solid. 1H NWR 500 M—Iz/, d6- IVEG—l) 88 98 8.74 ((d,
1H), 8.50 (d, | H8M1 (t, T 7.21 (d,
1H), 7.ll(dt,\1 89(s 2.02 (m 2H),

1.96 (m H) I\/S3 n12 400 [|MH]. [02%] Ocher c;)ﬁpounds repared by |Met hod

7: 78 / US2005/ 26794 Table 6|Structure Structure

St ruct uf HN- N HNSYES: 72/2)40 INV] N MSu/a@43 [MNS] 1 NJ O O
O VE: 2402 MYz 443 [ MH+] e Mo HN-N HNN Me
HN-N  H N Op O H Me

MS: m/z 472 [MH") MS: m/z 525 [MH"] MS: m/z 541 [MH"]
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MS: mz 386 [MH] MS: miz 374 [MH] MS: mfz 414 [M#] HN -N MeO HN -N MeO
MO HN-N NI NINNVIN-/ 1 INS\ip~/ I ~NNJIJ N IN'"NJ-,f OOOMS: niz
486 [ MH+]wbBoam1z12473 [ MH] MS: nfz 526 [ MH] Me Me  HNPRTNS20080067BIN- N N~
NINp HNNH M nmiz 542 [MH] MS: miz 385 [ MH+] MB: rrlz416[M—I+] Me0

Me H- N HNHNN N NTO= J. N JNINT T 472 [ VRH] ME:
mz 525 [ MH+] %E“C Are 541 [ NH+ §t%f‘é‘%6/015124 PCT/%%B 6‘%?026794

Struct -e——l‘vb—l’vb—l‘vﬁ HNEINHNE NN NN N J
O O O NE: :rrlz4 L M) VB! n12442H N NM @ /
HN-N HN-N N M5 miz 4437‘ ALMXNOO M MH] MS| mz

421 [ NH+]

o) sk

MS: m/z 442 [MH']

0
HN-N
\

MS: m/z 443 [MH']

MS: m/z 379 [MH+] MS: m/z 421 [MH+]

MS: m/z 405 [MH+]

* synthesized starting from 3-[3-(2-methoxy-phenyl)-1H-pyrazolo|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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QO VNNO M nlz 405 [ MH] * synthesized starting from

3-[3-(2-net hoxy- phenyl)-1H pyrazol o[ 3, 4-b] pyri di n-5-yl]- benzoic acid and
purifi ed Wy 2bécarbi2ahr omat ography on silica gel using a gradisess/ood7920% v/ v
met hanol in ethyl acetate in hexanes ** synthesized starting

fronB- [ Jy{BodBt hoxy- phenyl ) - 1H- pyrazol o[ 3, 4-b] pyri di n-5-yl]- benzoic acid

80 WD 2006/ 015124 PCT/ US2005/ 026794 Method 8: HN-N MeO HN-N MeO i i M N
Step 1 NN\ OO N O O Step 1: Sypidesis of

[4-(2-din’é‘ﬁ|a -ethyl)-leh‘J 1-yl]-{3-[3-(2-met hoxy-

phenyl ) -y [ 3, 4-b] pyr e yl] -phenyl}-nmeth anone. [0253]
3-[3-(2- enyl ) - 1H-'pyr 4 74-b] pyridin-5-yl]-benzoic acid (338
ng, 0.79 DI ) and Gtdp/t azabhenzotri azol -1-yl)-N, N, N, N -tetranet hyl uroni um
hexaf | uor gphosphat e (300 gy, |0. 79 mi nol re dissolved in a m xture of 20

f np’fha ~"181 ng (0.83 mmol) of
pazipe s added and the m xture stirred at

helfresulting mxture was distributed between

Phhoet hyl )- p

anbi ent tenpe ature for 6 h.

di chl or omet hale and a 2 M aqueow8 sol ution of sodium carbonate. The phases

it chi or ometifrs Sthod AEHA S me B rm s BV Hera S ralnEas e « n
sat ur at ed a?‘qg@pyg lgqlagmbpm_g]‘pysgﬂﬁgnylpbﬁ@gﬂ‘fam&ﬁi,ﬁq,eover sodi um sul fate,

and evapor The crude erial was gurl fl ash chromat ography on

silica d@53sihbp- é?-meﬂmsmhgmﬁhil@rﬁyrmb[ ﬂH%ﬂpyIa‘imtSaylérbam@mamd @38 mg| vent
m xtureoof9]g @?’?lan"a(\(ﬂ(?ra?be o%q @W&Zﬁn%tnet&yg . containing 2 %v/v

of 35 o “amr 8%t hyl ) -
hexafluorophosphate (300 mg, 0 79 mmol) were dissolved in a mlxture 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 ambient 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 acetate, dichloromethane and methanol
containing 2 % v/v of 35 %wt ammonia in water to afford [4-(2-dimethylamino-ethyl)-
piperazin-1-yl]-{3-[3-(2-methoxy-phenyl)-1 H-pyrazolo[3,4-b]pyridin-5-y1]-phenyl } -
methanone (160 mg, 42 %)as an oil. 'H-NMR (ds-CDCls) &: 8.87 (d) [1H], 8.36 (d) [1H],
7.75 (dd) [1H], 7.68 (1) [1H], 7.67 (m) [1H], 7.53 (m) [1H], 7.46 (mt) [1H], 7.42 (md) [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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pi perazin-1-yl]-

{3-[3-(2-net hoxy- phenyl)-1H pyrazol o[ 3, 4- b] pyri di n-5-yl ] - phenyl } -

met hanonew(266s/0mg12442 % as an oil. 1H NVR (d6-CDCl1l3) S @c@sgebs/opdrad], 8. 36
(d) [1H, 7.75 (dd) [1H, 7.68 (t) [1H, 7.67 (m [1H], 7.53 (m [1H

7.46 (ntggh%qﬁ? 7.42 (md) [1H], 7.13 (dt) [1H], 7.10 (d) [1H], 3.89 (s)
[3H], 3.8T3. (m [2H, 3.48-3.55 (m) [2H, 2.58- 2.64 (m [2H, 2.56 (mM
[2H], 2.50 (m) [2H], 2.44-2.52 (m) [2H. MS: rn/z 485 (M+H+). 81 -

2006/ 015124 PCT/ US2005/ 026794 Method 9: O HN-N HN-N MEMN- KNVE N N

| STEP 1 N SWER 2 N STERghBN Br Br OH L NNO 0 O'N STEP 4 Step
1: Synt hesi p- brono-3-ji o -II-(2-m<a'¥1 0 nmet h Ig- g 3, 4-
b] pyri di n&. T0254lrEFa aNSORNti onSTHP2 N STEP Z

5- br onp- 3N pyraz , 4-b] pyri di 470 1.45 mmol), 60% sodi um

hydride in mneral oil (104 ng, 4.35 nmmol} and tetra-n- butfl gmoni um

i odi de (13#™y, 0.36 mmol Prin DMF (10 nl)Brwas added net hoxyethoxpaet hyl
chloride (248 |, 2.18 mmol) at roomtenperature and the m xture
stirred for 4 h at t@ﬁ/ anme Oenperature and subsequently quenché&d by
addition of nethanol.
brine and the organig
concentrat edsTEPe crudg] pro
chr omat ogr aphy usi ng @
br ono- 3-i odo- 1 - ( 2- net
0.69 mml, 74 %yi 4

ried over sodiumsulfate, filtered and

was purified by flash silica gel

gradient of ethyl acetate in hexanes to afford 5-
hoxy- et hoxynet hyl ) - 1H pyrazol o[ 3, 4- b] pyri di ne (254 ny,
as [a lorless solid (1:1 mxture with regioi soner
5- br onp- 3-i odo- 2- ( 2-xpethoky- et hoxynet hyl ) - 1H pyrazol o[ 3, 4- b] pyri di ne) .

1H NWVR (500 MHz, d6-DMSO)l isonmer A (50% 88.75 (d, 1H), 8.29 (d, 1H), 5.78
(s, 1H), 3.61-3.63 (m 219, 3.37-3.39 (m

oLy

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-b]pyridine (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 temperature 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-pyrazolo[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%) 58.74 (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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2H), 3.17 (s, 3H); isonmer B (50% 88.74 (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). 82 WD 2006/ 015124
PCT/ US20080Q8@/A4124St ep 2: Synt hesi s of PCT/US2005/026794
5- bronno-1I - (2-met hoxy- et hozynet hyl ) - 3 (2- met hoxy- phenyl)- 1H
e of

Bz oL, S o DR e B ShhasymesspSzmetbpsyphenstt ( 160

nmgy, O.44 nnnH)pyrizolo[spi_Bijrlrmi@@yl phosphi no) ferrocenepal | adi un(ii) -
di chl ori ?&%‘] c?Aor met hane adduct (18 ng, 25 nol) and 2- met hoxyphenyl boroni c
acid (82 B X R O -promige 3+ 11(24rr@ﬂ(®ymﬂ}oxa’mﬂ2sfl)vlﬂq1ywmh)[3é+ ution of

sodi um C%{]ﬁ%ﬁ@lﬂ{e&tlé@ b44'nffm§1)sﬁ ~blgi(rc]hphg,e)ﬁ[ ,gg%%p faldc for 2 h. The

crude m xture was di stribute he aqueous

phase wadichidridactichibrwietiane bddict eiceha! £ ﬁlﬁéﬂ) aﬁﬂ'd Iﬁaﬁoxyﬁﬁ’l@mlﬂﬁgnﬁ Ciigﬁ‘ﬁ;(ﬁﬁ

phases were dried over sodiumsulfate, filtered and centrate

crude wa®& Rerd e i acetoyirile Gmlg and 23/1 gpleogshwodutimogsagingn easbangtea3gilrdi ent

f ethyl
5" br oy i SRl s BR8P 64 1 Ror 20 e e mpstptrenign gistippted between
| obthyHade , |
1 G Ry A 5, 90 e P o) el L
7.49 (ddaomlzlﬂyd orgapig phases ¥rgre drigd oeer Godipmishilfhte, filt&sd (aﬁd c&fd)antr:&ec85Tl(l§, 3H),

1 1
?ME-S&] St nggvaggg egg% %8?1%814 Sics lg;gl Chromagoéraphy li_si)lng a gradw% gf e?t)hygsl acgtat8e

[ 0[2 ge ]( 2Anemaxtanqs tp iaﬁ‘m;df) -bidthPY {220 RE:S-4h S yRydth )-8 R-idthox RHaG) G FACT d-
m X
5- br ono- BYI’%‘HB[?&‘? -bloypidinst (B mge, B2rosephdt iy ieldis pyretewl ol 3HANME (Gp0i di ne

(500,125, sk Bt ], ARSI o, TS G RSB0 SRy o1 ¢
bi s79 f l |
d chi or et heng. SGuct (5010 65 Lmer ) ThHee br o e ft Bt B n

aqueous Yo dts 3, éﬁg[Mgﬁﬂum carbonate (2 mL) was stirred in a seal ed vial
at 70 C for 105 mn. The crude product was then distributed between et hyl

acet at e ancswps:eSynm@asaqnq@qs-mémsgy-m@nylﬁmtﬁﬁtaﬁaogms ﬁﬁﬁﬁ%tﬁg)(?m) and

t he conbi ned or.ganjc phases were washed with brine, dri e over di um
sul fate, fiPePEYEacdnd concentrated to afford 5-brono- 1- (2 met hoxy-

pur e, 1 3 ol SRS ad B SBR ShVrd R sbh e DVRO)
( 58. 70 (hﬂpyﬂdﬁ)l@‘ (5. g, 1(35 mbhdl, mik 62 of ﬁ@amédﬂhersﬂ 248eth heﬂs”l"))oroﬁm%gld( d, 1H)
(7m092|(_|;jt ('Zé;/l'% (15 o ) ;j,él_? ﬁsﬁdlgﬁgl(ylrglpgp 1M)£qrr0§:2n§;)al712dlum(n) ggzhlonde 1

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 S-bromo-1-(2-methoxy-

ethoxymethyl)-3-(2-methoxy-phenyl)-1H—pyrazolo[3,4-b]py1idine (780 mg, 75 % pure,

1.12 mmol, 82 % yield) as a crude dark oil. "H-NMR (500 MHz, ds-DMSO) 68.70 (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). MS: 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(i)-dichloride

dichlormethane adduct (54 mg, 75 pmol) in acetonitrile (5 mL) and 2 M aqueous solution of
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[0257] A m xture of the above crude oil (1.12 mmol), 3-carboxyphenyl boronic
acid (259 ng (1.56 nmmmol ) and

1, 1" - bi s(wopbemibsrhosphi no) ferrocenepal | adi un(ii)-di chl @Cras2005/026794

di chl or met hane adduct (54 nmg, 75 nol) in acetonitrile (5 nm.) and 2 M

(30wt ot ml PR IRadl i} g Briremi Fepuate Qnimi 1o Loy 380

lated 1 n’a Persona

m n. Themé utiee gudepeiiuvasastiil Mdaﬁlltl’{\’aéel?mﬁﬁﬁé O e 'o%ﬁanﬁ!%a&@%a@é%%‘té& phase

was separated and concentrated. The residue was dissol'ved in potassium
hydr oxi d&q spngaiteated: 1w rgpidue was dlﬁfi_o)lved\na@h@damltydmm@d inaveasera(l 8%(v8x) 15nd
filtered r i trat t he Ci dto H34by

addi t i onm% ‘g%gggdeﬁﬁiae:t@é agagtg(gé)!s) aﬁ?f&ﬁtgv%% a4 Hﬁslﬂa gh g’@Ppl tate was

col | ect eatidifid h pﬁidn@bhaﬂkﬁumsf&diﬁ&ltﬁa@éiﬂdlu%@ustﬁwrwhﬁﬁioodckﬁhﬁl ththe insoluble
material filtered off and the filtrate concentrated to afford
3- [ 1- ( 2- PHEPREE Ve 158N eatedt: yichloromethane was then added to the precipitate, the insoluble

S (2 L s O A O LRSS

(d, 1H), 3-82-mﬂ(octy—pbleb1yl) 181 ﬁﬁaﬁdlo[B;lél-b]pyﬁdiQZS gxqrbenﬂ,ﬂ acid.- 5@@ ﬁlgt@ séhﬁmol? 68
(dd, 1H),. 7. 64 i %qu;( , 7.25 .91
(s, 2H),>R%greldias adark sokd. 75{ % (é ﬂq) d6-@1\‘iﬁﬁ)35 395 (dy TEDHR 423{d,21]H), ( s

3H) MS: g z Y i n

di chl or orr%? ta%lg)” §n%g_ 1@? {égﬁz I:'B] e7]§ 89@#3{}%1? %@ﬁh&?@m?gé?éﬁ% e;7d2

mol - g- 1(d118),g,121(d7, 1§#Hp5.9) (arm{);?f BT tsusﬂpms g5, dH§,8.49-3 45\8r egnadded. The
resultlg(gﬁ %e@gg% ently stirred at 50 C for 8.5 h. The resin was
filtere )- 2 th di chl or onet hane and ether. The conbi ned
filtrates were concentrated and distributed between a saturated sol ution
of sodi Ufi2H8icalhoreatitingsalid dis tissol esieh ashéorohisthans eDPS-HbaERoNas washed

three tines wit i chl oronet hane and then aC|d|f|edtop 3-4 by addition
of concéggg%a@8¥?§@PQ§msb§¥%%1d Tﬁé,rlésranloﬂhgn tiflvenasetphavid (Gl

phases wers e ottt R PRl BimdbR sORCbr e Thareilirea ana

concent ritliteeetl 6 an@fvastied with dichloromethane and ether The combined filtrates were
3-[3-(2-net hox%/dphenyl ).- 1H-8yr azol o[ 3, 4- i n-5-yl]-benzoic acid (117
e

my, O. 3“@“?%91 coddhsjiilrted bétween @)%‘ﬂrateﬁrséglt@n@ i sQdine lacaﬂedﬂatmnslol i d

1H NI\/R 3 8.02
it an ol {%@@f Be il s ydieaRiss Gt ity deniSipmadang aidly 723
(d, 1H) thﬂ_h a‘b1d1ﬁddl to (JHiB-4 By 8&dificn ofddhcerMBtedHydrcthforic At ]Theg%ﬁﬂtnfg Synt hesi s
of &(Wétphhoxy phenyl ) -lH- yrazol o[ 3, 4-b] pyridin-5-yl]-

phenyl } ahe 3e-WasFairasten I@eej Nenwithg hacetate.” The combined ethyl acetate
phases were washed with brine, dried over sodium sulfate, filtered and concentrated to

afford 3-[3-(2-methoxy-phenyl)- 1 H-pyrazolo[3,4-b]pyridin-5-y1]-benzoic acid (117 mg,
0.34 mmol, 40 % yield, 25 % over three steps) as a yellow solid. "H-NMR (500 MHz, ds-
DMSO0) 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-y]]-
phenyl}-(4-methyl-piperazin-1-yl)-methanone.
[0259] To a solution of 3-[3-(2-methoxy-phenyl)-1 H-pyrazolo[3,4-b]pyridin-5-yl]-
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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[ 0259] To a sol ution of

3-[3-(2-net hoxy- phenyl ) -1H pyrazol o[ 3, 4-b] pyri din-5-yl]- benzoic acid (25
ng, 72 now wes/asizgdrous DVF (1.5 nl) was added PS-DCC pesius2006heqgonaut
Technol ogi es) (180 ng, 0.22 mol, 1.21 mmol g-1) and N-net hyl pi perazine (9.6

s, e BRGNSl SBpi Bl M
di chi or odistdiestkinaiichl@ohrihaasdnd heatéd With AFS-GRAGARIER Ellrgofil® T €Si due was

di ssol ve{[i n gﬂchl orret hane and treated with a PS-trisam ne resin
( Ar gonaut €chpg eﬁﬁ)NaS’FE@nF@E@WdMSﬁQQWmaMwhe@WMM filtration

and was h@i@h]%&lﬂethgie%g%mEﬁ@ﬁﬁra@%a?&&% ntr%g'cgzgpi s/ r&e?sil opr}((): L rat ed

and the resulting cru urir

mass-tri Vggeplﬁdiddmﬁeu&smghae g{aasitr%g%rddfmalc@ﬁl@mgta gﬁécﬁeﬂt df ﬂ@ét&ﬁtnl@ aMNvaleni NY
0.1 %of formc acj o afford {3-[3-(2-nmethoxy-phe )-1H pyrazol o[ 3, 4-
b] pyri di {RUENE Oah@rﬂf[ formig agid; tp pffopd b’e%@-mﬁmwﬁ)hmlhbﬁméazplo[sf 4ry, 4.0

o 2 (R gy e e PR (ymidp sttt Tl

7. 47 ( dddeld).HH-NMR3I5¢6MHAY,-DMIS) 58187 (HH) 83:579(§ f @i‘&(t ) B% (T2 346

[ MH] . 10260] O her conpounds prepared abl e Struc dre Me
HNN H NAD, @-9%edt, 5, @gg(qdvﬂrﬁ]) Wgﬁhlﬂ) 167 (qnauaw 23 (GHEY, 7 IHKHtNlH) MEMN- N
NNN \3 56& BH/) Nis! ”//2546%/3_* P1STEP 2 STEP 3 Br \ | O\ | NO

[0260] Other compounds prepared by Method 9:

Table 7

Structure

Method 10;
~
MEMN/I\\I Q
N~
| STEP 1

Br
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O O O 85 WD 2006/015124 PCT/ US2005/ 026794 Step 1: Synthesis of
3-[1- (2- net hoxy- et hoxynet hyl ) - 3- ( 2- net hoxy- phenyl ) - 1H
pyr azol o[Wo2edsjmynrisdi n- 5-yl ] - benzoi c acid nethyl ester. pL@AB2josM26Toxt ur e of
5- brono- 1| - ( 2- net hoxy- et hoxynet hyl ) - 3- ( 2- met hoxy- phenyl ) -1 H

razol o[ 3,4 el 39 ) eth b h | bor oni ¢
g%:/i d (2 5[8 S?T%(plﬁgggﬂfﬁ%g |0§" 8 jlg é%etﬁo%ﬁ efﬂ&ifﬂmth%ﬂ)@kfﬂﬁﬁ&&pﬁﬂéﬂy@hﬁgy
1, 1" - bi s( dipyhsmyd[pHcis|phiidd)-Eei)-baenipadid acithyt(estey- di chl ori de

aqucous BRTE| Aoafize 6T UAREAr SomEHBX( PR MG+ S G R PP PRt sonal
Chem st L%(yr%%[?—' @ﬁ]ﬁyﬁ&mg G545 ﬁlgrl i@mrﬁ'@l?}’% gr%{hogggarﬁ&%ﬁéng}g)o%rﬁé K& (%8S

distrib eth acetate and ) aqueous phase was

extr act eagf Wi enrmal) ncet hybls(alqéteaylph@aphlrtobukrromnbpaibdmm@azﬁumlth@s es were
washed with brine, drie ver od| msulfate, filter and concent.r at

The cr udéchigemethis qdﬂ@ﬁ%@m& 48 wmgl) inagetgaitr 1&({7 8#&@83&&\6%“99&1? ﬁ@luamgPﬁd. ent

of et hyI

O [T (B sl BRSPS NGR o i Lok Personal Chemisry Optimizer at00oC e 10 1
n- 5- yl | migie0 I Theaedultingahhyhre ik @istiiled B@weén afylnaelate A0y ety i Bled) as a
yellow oil. 1HNWVR (500 M4z, d6-DMSO) 88.96 (d, 1H), 8.43 (d, 1H), 8.28
(t, 1H),aqeous phage waggxiraptedgwigegvith @hyl awtaewanri thgc‘elﬁbmzqiprgam@awdbere 1H)
7.25 (d.

3. 73-3. 7?% “é%%r%dﬂ%e‘%wﬁ (?dl%fﬁffatesh%‘?fe‘? a‘?@%ﬁmﬁﬁw Ti %@éf’ "Step

2: Synt h@:&[ﬁeddﬁfy ﬁash@ﬂ{cagﬁmmma‘tﬂgh@hy hding Iai-gpamem of eth$] abetzfoyrd lixands- tyl ]-
benzoic acid nmethyl ester, A sol ution

3-[ 1- ( 2- HEAHSR- @rlﬁ@tia%aéﬂhwynethw %@rme&wbﬁ@m)/ﬂ)ﬂfmyrazolo [3.,4-b]pyridin-5-
pyr azol o -’b%nﬂ;l X&fiﬂ‘l( Qg}%n@m} (Mis %é) 1C36a 1 18h h/ggleﬁﬁtag'éa/gﬁ%@ o 'aiNKR ol )

in dICh romet hane cdo[ed oron trifluoride
et her at e(500.MHz] d6-DMs4))rﬂm96 (dNaH),a&Id}acH 1Hbe8 m @t Uig Ws(tcglmm V.99tdred t o

roomte erature and stirre premgo tate was fornmed was
1] orcalB1i7 617 oy 1B TS (@an@i)hazﬂwgﬁymz (@111, 392 &, 2, 300 6,

ot 255 3%7383%@?7%&{’ féo PN Bt ag e TR M AR Ty

Ty, 753 (ép Zpyniicti o@at“% anpliotbgredih gyt hahisin s, 00

[ MH]. Ste
{3-[3-(2- n@teﬁ(z)?(l?ég enyh§'lll-l- pyrazol o[ 3, 4- b] pyri di n-5-yl ] -

phenyl } - [eRDb! iAdsatutionyd -3t Ramethory-e{h02@BEthyl)-3-(2- methoxy—phenyl)-_lH— _
3-13-(2 g}?rtago )é%g APEfpn d?n—% Hi]qyrngozlglagl % Z%h}a]ep‘}/er (5d7|3 mg, P’ﬁé beo?)zi%l ¢ acid methyl

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-methoxy-phenyl)-
1H-pyrazolo[3,4-b]pyridin-5-yl]-benzoic acid methyl ester (110 mg (0.29 mmol; 23 %
yield). "H-NMR (500 MHz, ds-DMSO) & 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)-1H-pyrazolo[3,4-b]pyridin-5-yl]-
phenyl}-pyrrolidin-1-yl-methanone.
[0263] 3-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-benzoic acid methyl
ester (30 mg, 83 pmol) 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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ester (30 ng, 83 nol) 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
concent r avedo@ndsizhe crude product 86 WO 2006/ 015124 PCPLCUSRO@GS5/00267 94
purified by flash silica gel chromatography using a gradient of 10 % v/v of

(5[50 (2 PUip@by Mot ob BBl it asipay srotien 18311 pRgRgel in

pyrrol i diefwi agdtat«pr’@é zgfﬁT\r/gr{é [ag(garéc}zthdzygephleﬁ 1)i16H- g%&zﬂgp %]@?3%1]%%&@}(17 .
0 )

% {_l(-j!\IN?H) %%O%%Iﬂdﬂ'miwnoneﬁs geyellogaolig 2211@1;,, 557umel 6ada yieldy H-N® (660 1H),

I' é% Eglt M%@d%l)% éﬁ?f% 833@0 If\‘iiﬁ% @e Iﬁﬁ:?gfl(f %BNK&R(@ ﬂ)@ Mz‘éﬁo(%ﬂv I, ZSTEP |

0" B, (? OSSNb\Q(mQﬂm%e(ad& ﬁ@?gbﬁilﬁgy 11 gdt %H) 3.88 (s, 3H), 3.63 (t, 2H),
oXY- phenyl) - -
E)] py%/l di ﬁ%?y (m[lﬁ)p%,w Gpnzﬁiﬂl‘?}lﬁmﬂﬁioM&Jm/sz fethan one. [0264] 122 ny
(0 25 mmol ) of 3-(2-nmethoxy-phenyl)-5-(4,4,5,5-tetranethyl |
1, 3, 2] di Metlwt bl:an-2-yl ) -|
(2 trimet hyl sil anyl - et hoxynet hyl ) 1H pyrazol o[ 3, 4-b] pyridine, 150 ny
(0.52 mol ) of (5- broméE%”\}‘ |NJOI’O@pyI’I di n- 3- yI) mN'phod)(n 4-yl - met hanone,
and 15 ng (18 nol) of _
1, 1" - bi s(di phenyl phosphirG nepal | adi ug pori de
di chl or net hane adduct wd ed”in a Smithivia L of acetonitrile, 1
m of water and 1 ml of & saturated 3thRbus S¢ utlon of sodi um bi car bonat e
wer e added and the resul tB m xture irradiats LE.\Perso_nal Chemi stry
Optimzer at 100 C for n. The resulting ei\ﬁs di stri but ed
bet ween di chl or onet hane sat ur at ed aquebdls n of sodium
bi carbonate. The phases re separated and the gageous phase was extracted
twice wth dichloronmethane. The organic phaseg & e conbined, dried over
sodiumsulfate, filtered and concentrated. The crude product was then
purified by flash silica chr omat ogr aphy using a gradi ent of ethyl
acet ate co i}l GFIS/QK/V%thﬁrO%ﬁHér@’rm GXY-l?hmyl%éH-pylaﬂzbb[&M-B? ][Tg of a
bei ge oil. &S, 16l 4.nmL of a 1:1 mxture o
di et hoxyet hiALs and?ﬂ [8’1‘ dlﬁ\’%syﬁj rﬁnﬁ'?)ll%ﬁﬁu ﬂt%ethanone
[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 - -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(i)-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 resulting
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] The 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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concentrat ed aqueous hydrochloric acid. The m xture was heated to 55 C for
1 h and then neutralized by addition of sodium bicarbonate. The resulting
m xt ure wae 2docatisizbut ed 87 WO 2006/ 015124 PCT/ US2005/ 02@¢9As2istoveren et hyl
acetate and water and the aqueous phase was extracted three tines with

et hyl %%@éneethﬁ%eﬁ%m%&.ﬁﬁ@w £quRH @SR S eMBRAGhME il R iftesth@lr | ed
over sodium sul fate and evaporated. The crude material was purified by

reverse gshiabe Timnnbm@gagadc piRses Wi \ﬁ@shad gmfadm@mdrmd @eesuhimsplfae n

t t f d 11 %
3’?;8) O Bt o o Rlac S T S B (R bk s A Bl

5-y1 ] - pyisih Hgddiht ofienatildindvadrcoblaiano0e % sf &t AcitMd 4foraaliTmgpon
| yophi li zat1ion. 1H NWVR (500 MHz, d6-DMSO 813.79 (s, 1H), 12.25 (s, 1H),
8.77 (d,(28Hpolsl D& Yidld) ofif2-hydorp5((a;2-megthoxy-phenyh; L Hpyrazqloppd-biryridine) |

oy - N> AR st B es B gttt pod gl 5 Mo

NH2 O N ‘@1 NN2R( S@W{zld P Oesis.794s, lH) 12.25 (s, 1H), 8.77 (d 1H? 8.26 (d, lH)
(2- AmnoSbrorm phenyl -rmr ol i n- | Zet hanone. [ 026 nto an 8

screw cap0¥igIlHyer.84 éﬂdéﬂ %@(@d}ﬂﬁéﬁl% tslddn bt 7 23e(d( R 0% dd,. 19D63. 8ﬁ1m| ),
anhydr ou E._( d r phol Ol ng, 1.16 mmol). The vial was

seal ed n@l3£é?'% @Bh ’@fzélékrﬂ&jt}%o Cfor 1.5 h after which it was
concentrated under vacuum The crude product was triturated with

Et 20/ hexidiet®dtl@: af ford 111 ng (94 % of (2- Am no-

5- br ono- phenyl ) - nor phol i n- 4-yl - met hanone as a tan sol)d m z 285/ 287 [ MH] .
Step 2: Synthesis of

{ 2- Ami no- 5- [ 3- (2- met hoxy- phenyl ) - 1H- pyr azol of BNaN

5-yl]-phemyl } - mor phol i n-4-yl - met hanone. [026(}p
Chemi stry |m crowave reacti®n vial were added

Ldi n-
nL Per sonal

nmet hoxy- yl)-5-(4,4,5,5 yl-[ 1,

di oxabor 2-(yl $TEP {5 ¢ gm: ar$fEP 2t hg -

1H pyrrol - b] pyri di ne™0."84 0.103 1 l - Afd no- 5- br ono-
phenyl ) - @I i n-4-yl - met jgaene (0. 0378 g, ’ , 1,1 -

bi s(di phenyg)phosphl no) f errocenepal | adi un(li)-d chI ori de di chl or onet hane
adduct (13 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 a5 mL Personal Chemistry microwave reaction vial were added 3-(2-
methoxy-phenyl)-5-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-pyrrolo[2,3-b]pyridine (0.0498 g, 0.103 mmol), (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 NaHCO3 (1 mL). The vial was
sealed, purged with Ny, and irradiated in a Personal Chemistry Optimizer at 90 °C for
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0.017 mmol ), acetonitrile (1 nm) and saturated aqueous NaHCO3 (1 nli). The
vial was sealed, purged wwth N2, and irradiated in a Personal Chem stry
Opti m zerwetzo@®182or 88 WO 2006/ 015124 PCT/ US2005/ 0267 @¢TRSDI0S/02670€ | ayer s
wer e separated, and the agueous phase was extracted 3X with Et OAc. The

conbi neds gi9 a]fHeQafb?@ﬁ@re%ﬁmEtre@a&ﬁ@h%&dbo’@i %)Kh%e wak bﬁ%&éﬂaﬁ@% EtOAd ehed and

concentrated. The crude product was di sso a solution
consi st mgnblhedl_orgamc phl@@@AaS(tﬁe(aW wiiO8)jneadded (N. apSOa)s ﬁigrbl@dlaaﬁ can@mr@teém d,

and the sol uti,on [ t rt for 8 _h. The react

concent rilﬁee%r”ﬁ‘ﬁ ljﬁﬁ S{ﬁaﬂﬁé 8{ ?ioéﬁlqnocoﬁ‘ﬂs%n%\?# ﬁp%mé‘f @E) NaHCCB
foll OwedAtmo)Aﬁﬁd b éﬁleshg@é%al atBig SHENBN KL AR Wi Siilrell Ut € fY¥eSh PRid lehdtioned

bet ween Et and water, the layers were separated, and the aqueous phase

was ext rlmxtem v9ax opheantiatedander vralqeumom negttabaegéon pH bk saiweaied NaHESH wi t h

bri ne, 2 tered an centr ted. P

msect v B el bp SARENari T e SARRANARIE S DRGSRt O |
( Thons onaddnwhtet) may&@wem%p&aﬂéaoﬁad fhe aqduX pRabe ik tredted PR GvitieBt(2 . L/ mi n
with acetonitrile (containing 0.1 %formc acid) and water (containing 0.1

% f or ni Ehaednabyingdhorgamc ghasegyasdraatnd with btiﬂéredn@dn@\hzﬁma filgrgs8Ad, whi ch upon

(500" it Sk Bl PRBEBH 0 im RO Bl nghe s Busgis 5 ]

J=2.0 HZrevéil‘Q-’ the%ﬁﬁ*nn Y)Irﬁoiﬂlnstrlﬂ’ﬁent To 40D 109425 p, 5Bx Q1 Bzum] Efiting . 45(m
1H) . 7.37(d. 3=2.0 Hz, 7. 20 (d, J= 8.0 Hz, 1H)  7.08(t, 3=8.5 H,
1H), 6. sat(?@ muén&ncmhzacemmles(cgrrt@mmw% forgiy acil) aggvates (Gutgining . 1% ,

et hod 15midgdEh 3 o firadeneithasd MERH, o GhBGRa ARRBR BRI o e
% tZ h3281£3d\6é§ﬂedu§a devan él%éods it 2.988g VWO 20061 -8B 250(PAHA 3200850261941

(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,

J=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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NNNSTEP 1 N OILB_ONS OH O Step 1: Synthesis of

2-[3-(2- Met hoxy- phenyl ) - 1H pyrazol o[ 3, 4-b] pyridi n-5-yl]-

t hi azol e-wocasdmzhi ¢ acid. [0269] Into a 20 nlL Per sonalpCChrspeosionero4
m crowave reaction vial were added 3-(2-

I\/Ethoxy-% %)_3 5-(4,4,5,5-tetranethyl -[ 1, 3, 2]

di oxabor -2-yl)-1- (2 trimethylsilanyl-

et hoxynet h&l) 1H pyrrol o[ 2, 3-b] pyri di ne/(O 4992 g, 1.038 mmol),

2- Br ono- R e-8- carboxylic agidNEethyl ester (0.2592 g, 1.167 mmol),
1,1 - bis(difpl shosphi no) f er r odenppal Tadi urm( Ti ) - di chl ori de

di chl or ongifig t (954ngN pol ), acetonitrile (5 inL) and 2M
0} i BEPA al 18’ seal ed, purged with N2, and irradiated

in a Persona Chem stry Optim zer|at 130 C for 30 mn. The reaction

m xture wasgdiluted with Et OAc gmhacidified with acetic acid to pH 5. The

| ayers e%epar ated, and the eous phase was extracted 5X with Et OAc.
The conbin organi c phase was tregtegy with brine, dried (Na2SO4),
filtered an oncentrated. The cru product was dissolved in 10 nL of a

solution consisting of 1 part HCl (70% ACS) and 20 parts glacial acetic
acid, and the solution was stirred at rt for 4 h The reaction mxture was
concentrated under vacuum and neutralized to t h sat urat ed NaHCGC3

fol l owed Bfembi Synthesicos 2-[F+e- M%ﬁé}’r@&ew&éﬁ-waﬁmﬁ:ﬂ@lmérédlaaﬁ-ﬂh| oned
bet ween Et%@ g@% %’i@bg{'l ihg 1 ayers were separated, and the aqueous phase

was extract The aqueous phase was then acidified to pH 4
W t h acefo269pciltto arzg thPamUCEémmry Irmﬁb@ﬁae reattien ciehWereedded 42+

concent ; MEdy RREE- i s s Lo Ao etparener i Gorpe e la
gr eeni ShetﬁB@’l\ﬂe W?‘Tgle%m{?o[%gﬁb%yngﬂieg@ Yos) g)l Oﬂéﬁm Q@‘Qrﬂ%laz@@ M50 8

13.73 (br 40(s 1H) 7.68(d, J=8.0
Hz, 1H), catbei8(lic ac1]i=rﬁetﬁy]l—dzster2(l)-])25927g,24(63’ mﬂmg @1' Hz, 7. 10 (t, J=7.5 Hz

1103 oot ebeh s BEOh A RATR 1 .

St ruct ur g 117 mmol), acetonitrile (5 mL) and 2M aqueous Na,CO; (5 mL). The v1a1 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 HC1O4 (70%, ACS) and
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 (Na;SO,), 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, de-DMSO) & 13.73 (br. s, 1H), 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:

90



Structure HNVNO OO NMNNHVMN Nr\ " dN NNN ONONON H3

MS: miz 374 MH+ [ ] MS: mz 386[MH] MS: to/z 416[ MH] O- HNN HNN O 0/
HN-NO N Woizo@idi2l OH NH2 0 HO 0 0 MS: miz 362.1 [ MH+pCTASMBS/0Rg724 347 +
MS: mz 347.1 (M+ H), [MH] 00 H\V; 0O HVNNHVN NLSNS--~/

0 N_J Table 0

Stru
cture Structuye Structure

HO™ ™0 (o)
MS: m/z 362.1 [MH"]. _
L ] MS: m/z347.1 (M + HY. MS: m/z 347 [MH"]
O/
HN—N o/
\ HN—N
N7 \
P A
o
N7 s
L:%» N7 Ng
NH \:g/' I\ /
N [o] N
° W> A \
LMS: m/z 392 MH+] MS: m/z 422 [MH*] MS: m/z 501 [MH+]

NHy o \v

B{S: m/z 401 [MH"] N MS: m/z 389 [MH"] MS: m/z 415 [MH*

L
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H /0O NN~N~ O NHZ O MS: nmlz 392 [MH] MS: mz 422 [MH#] Ms: nfz 501
[MH] HN-; HNNO HNANNO NV NNHNN NHZ OM N NH0 NH20 Ms: nfz 401
[ MH] MS:wol2e06389128 MH] MS: niz 415 [MMH] 91 WO 2006/ 0261A2%2005/026794
PCT/U82005/026794 Structure Structure Structure 0 0 O HN-\ HN-\ HN-\ N

N N O NH Ni\n- muwn 00 MB JJ.[IVI-r' |Vb [ VHF]VE:
*6‘/" ‘\rm‘&‘ S N O @E&“ﬁ

mz 374 [M#] O rHN-N HNN H
MS: m z3 QGL NHJ‘J /IVL) it 29

mz 416 [ MH+]

0/ O/
HN—N HN—N
N7 N
| |
=z N7 s
Nao l — /
N
\
o N/\ (o]
N MS: m/z 380 [MH']

MS: m/z 429 [MH']

MS: m/z 529.2 (M+H")

Method 14:
Br Br
@\ STEP 1 | STEP 2
——— - N ———
_Cl N
ﬁ\\o ﬁ\O
O
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N O\-00 Ms: mz 529.2 (M+rH+) Method 14: 0 HN-NBr Br N STEP 1 | |
STEP 2 1 N O O 92 WO 2006/015124 PCT/US2005/ 026794 Step 1: Synthesis of
3- Br ono- NNOi2nwsihyiz4benzenesul fonami de. [0271] Into a 20Ppoir/useeosiedrbat i on
vial were added 3-Bronpbenzenesul fonyl chloride (0.301g, 1.179 mmol) and
anhydrous pyridine (5 nL). A 2Msolution of dinethylamne in THE (1.0 nL
2.0 mmol ) was added dropw se, and the reaction m xture was stirred at rt 1

under N2 fgp,9. Q?fﬁ{hf‘e% oME B nd- VYRimes bkhAeshtndatidv.acuum  The crude
residue was " partitioned between EtQAc and 1Mcitric acjd. The |ayers were

tsepa[ ag £ 71andntotre2 omgeninillaipirasiel wers addshedronongrzanceplfenyl chloridei d, t hen
reate ri-ne I e 2SO .. fil d ] Tri- i
i oh Bt 8953178 SRSt v C ShER o A So BN SRt lamlh L 801 ON
powder Wﬁ?@m@Q%mmwﬁiwdﬂadd&f)&og{u?s@?arﬂi thdktektioBingpuR: wBystitled st & of

3-[3-(2- Met hoxy-phenyl )-1H pyrazol o[ 3, 4-b 1 din-5-yl]-N, N
di met hy inbe 5 b AT ahichet. %p@mpr[ltmﬁ%u] %rvlaﬁylugbr%%vd@?@ml%w@

m crowave .reactj ' 2d. 3- (2- ; ) :

T <t angeneas b4 S0P B Ted AR ER Sy frasic ©

et hoxy mph iyl was vk4shey BRGbig] BviZitelcpiid, dienareatdd 0viftbrine, BridDNax8Ok)) filtered

3- Bronmo- N, N-di net hal - benzenesul f gnam de %0. 0417 0.143 mol ), 1,1'-

gld 3 l(J g It plﬁligygm@p‘ﬁ n8yitustticiceite piO ravidad i T%LOBNO@M%’@?W@Y}. chl or omet hane
s Mg RS TRlopo R i (s Aot ey s

El:nggﬁal Chem'stre \C/qlo?im'ze SS e | , and irradiated in a

and the aqhteeds STRESBIMS- By erMetian-pkeny brl FEpezo b i BuRa SR G

phase was G eatephWikRedifolfmidl i €d (Na2S04), filtered and
[0272] Into a5 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-trimethylsilanyl-
ethoxymethyl)-1H-pyrrolo[2,3-b]pyridine (0.0496 g, 0.103 mmol), 3-Bromo-N, N-dimethyl-
benzenesulfonamide (0.0417 g, 0.143 mmol), 1,1'-
bis(diphenylphosphino)ferrocenepalladium(II)-dichloride dichloromethane adduct (13.9 mg,
0.017 mmol), acetonitrile (1 mL) and saturated aqueous NaHCO3 (1 mL). The vial was
sealed, purged with Ny, 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 orgar}ic phase was treated with brine, dried (Na;SOy), filtered and
concentrated. The crude product was dissolved in 5 mL of a solution consisting of 1 part
HCIO, (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 NaHCOs. 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
(N2,S0y), filtered and concentrated. Purification by mass-triggered LC (positive mode, ESI)
through a C-18 reverse-phase column (Thomson Instrument Co. ODS-A 100A, 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) ina 5-95% gradient afforded the title compound, which
upon lysophilization appeared as a light yellow powder (10.4 mg, 25 %). "H-NMR (500
MHz, de-DMSO) 6= 13.91 (br. s, 1H), 8.92 (d, J=2.0 Hz, 1H), 8.44(d, ]=2.0 Hz, 1H),
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concentrated. The crude product was dissolved in 5 nL of a solution
consisting of 1 part HCIO4 (70% ACS) and 20 parts glacial acetic acid,
and t he swbuvesnsmas stirred at rt for 1 h. The reacti eqTuszasnes79as
concentrat ed under vacuum and neutralized to pH 7 vvith saturat ed NaHCGO3

f ol | owed T t FtHbhan
bet ween %?%&?5 blﬂ:ggrggnphb%s j%ﬁéﬁagpﬁa@g{e g the szt@hase
was  extJ=8 Hd, EaK) wiookt, Et8IElLz, mﬂg 3633(d) BAR.D. 66 g;aBH¢ Mﬁasze: 40831 [tMHé]t ed with
brine, dried (Na2804) filtered and concentrated. Purification by

nmass-tri d tough a C 18 reverse-phase col um
(Thorrson@?%sfrgrr&%ﬁ%&%gb%% %d%doﬁhwdg g21 3 mm eluting gt 20

mL/rein with acetonitrile (containi n%go 1 %formc acid) and water
(containing 0.1%formc acid) in a 51 c‘/Bradl ent afforded the title

conpound,—whi-ch—upon—lysophilization appeared-as—aight vellow powder
(10. 4 ng, 25 oftruchrg\R (500 Mz, BUGHWSO) 8=13| 91 (br Sticture) 8 93 (d,
J=2.0 , 1I—h 8 AA(d ]1=2.0 Hz, 1I—h 93 WD 2006/ 015124 PCT/UUS2005/ 026794

8.12(m| 1H), 8401(br.s, 1H),| 7.76(ng’ 2H), 7.67(df, J=2.0/7.5 Hz, 1H),| 7. 45

(m1H), | 7%24(d,)<J=8.0 Hz, 1 , J=8.0 Hz 5(s, 3H), 2.66
(s, 6H)| s 09.1 [ME P O her conpeunds ared by Mgt hod
14: Tab cture Strud cture o 0 pl N HN-N S gso O
\HO 1 N OVM nz 421 M—I+] MS: mlz 409 M5: nmlz 435 [M#+] 0 O
0 HN\ \HN A\ 0iO0 $ [IT-NO\ 00 NO A M mz 451 [ MH]
MS: mz #0

AOI\/B m z %\éetlj

0/
HN—N
50
I /
ozﬁ\NH

@)

MS: m/z 421 [MH']

o/ /

HN——N\ HN"N\
v v o 9

S A
o=S§ e 0==8._

o ]

o | O MS: m/z 485 [MH']
MS: m/z 409 [MH"] MS: m/z 435 [MH']
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000 HNNHNNHNNNY TNV T VT NN-\NOS~-/ OSONN Il 0O~10
MS: miz 485 [M-1+] NMS: miz 409 [M+] MB: mliz 435 [MH+] 94 WO 2006/ 015124
PCT/ US20080Q8@/A4124St ruct ure Structure Structure o HN RCEHNSROS/0R6790S/ 0 N
|S:EM0 %ONI\/[I\SI nz 464 [MH] M5 nfz 451 [MH+] Method 15: O O HNIN H\-N
N—N- SHEP+—STEP NN OHNG O —Step 1
Synt hesi s of §t’f"3ct'(“? Met hoxy - phenyssr f\‘ﬂ Pyr azol a[ 3, 4- b] p%'éélt h-5-yI 1t

benzoi ¢—aci-d r927/1] To—=a

I I
a—Sprutt+on

f=Y

5- br onp- 3'»§— - hoxy- phenyl ) - 1- (2-t Ri met hyl si | anyl -
et hoxyret ~pyr azol of 3} 4- 0 pyr yehne (997 ng, 2.30 nmol) in

acet oWthn' ) and shat eous NaHCO3 (10 nL) in a mcropwave
vi al s lagh car boxyphpnylBoronic acid, pirnacol ester (625 ng, 2.52
mmol ) and |[ 1 bi s(di phenyl phosphi no) f erroceneg] di chl oropal | adi um (1),

conpl e di chl or onet hang
T T
\\/N\ \\/o
MS: m/z 464 [MH'] MS: m/z 451 [MH']
Method 15:
HN-N O/
/ \
SEM
EM O NS O
\
=
N7 STEP 1 STEP 2 |
L
Br O OH

Step 1: Synthesis of 3-[3-(2-Methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-

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 NaHCOs (10 mL) in a microwave vial was added 3-
carboxyphenylboronic acid, pinacol ester (625 mg, 2.52 mmol) and [1,1°-
bis(diphenylphosphino)ferrocene]dichloropailadium (II), 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 acid in
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,0 were added. Sodium bicarbonate powder was added until pH = 3. The organic
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(1:1) (94 mg, 0.12 mmol ). The vial was capped, flushed with N2, evacuated
under vacuum and heated in a mcrowave at 90 C for 1500 seconds. The
acet oni t rwbeosaasrenoved via rotary evaporation. Ethyl pazatsados/ovess added
and then separated fromthe aqueous |ayer. The organic Iayer was dar k

brown and LG/ : t FQﬁg} tola®%RL 2 b
Concent ,l%}{ éga%/g\ﬁ%pa?%qng é\kergﬁlf\?ﬁ OQ#P |sde %H}l% gaS/o %rrgmnorl C
aci d i npodeiet (580 aed, d2%0}ielid). otH NMR (500 Mmedg DAL D) 1361 (i s;mH\)\msscd gr ed
4.5 hours at ambient tenperature. The perchloric_acid was renmpved via

rotary evapdizal Hpr.-Hnd, ¢ ﬁe°n5 E@hW) §e]§t(ﬁi 15H) arf?é (fpbvdeladdBed7-286eiLim
bi b | / 124
pct UsoOoseoRtsd sy aRES! har P 11 744007 B iy oA gE Y25

concentr}pthg[)upg@(s umgt;geazﬁ,éo(ld{aﬂb}om powder (580 rrg, 62%y| el d) 1H
NIVR(SOOM-lz d6- %61381(brs 1H, 8.81 (d, J =2 , 31

d, J_ 2.5 0 J
o 1ry . 7SER % St {5 Qs Bcyn - 5@“’%‘%’9 ﬁwlljy_ﬁ%ﬁ‘osfmg
; 04h(t ‘?&yg} (ﬂynﬁhﬂm-ﬁyBﬁmﬁBaZI?H}yl) hﬁ'thi[ﬂ(mle346 1 (M+ sz St epI 2

nt - 4- =5

p%enyF}SI[sﬁoﬁiyETWB‘i’lﬁt@n9 -&-ﬁ-g}eﬁ%ﬁ)@% 15)){%1:1? q Og 4[8’%%” sgl Ltl on

f 3-[3 d
(18 . U5TAE RIS R bt BYDRAOLD %%gvaﬂk@lﬁﬁ'}g‘%mw“%mm@ an
1- (2 py raindi 162ty ypinpidyBiberaziha (1 )., M0DBmmip| The rEhtionsalitionwvas stired &1 las
oxt 1 act ATl Gy o e THR G FEHu Wt R R e BHGSAAE Plver was
dried over hH@%%Q‘HZd 'Tﬁe%gﬁnc Pa@zér @stamézﬁ%emtagsms Filtbea, A adsBlbEd bhwat i on by

flash chromat ography wth a gradient of ethyl acetate (cont aining  10%
MeOH)  arsilidacgelnRurififation Updlaﬂhdlromtatogratpbmﬁlrﬂjgra@eat aftethyd apeieigdeontainingny,

2 ) U R R Sty bl gl (4 92

7 64 = /8. 1
(m&ég‘% %Nﬁﬁ{gfmo M@z#&éﬁgg(gdssr(h J 2.5|_1|;I’Z|ZIH) 304(2 d. Jiéz(Hz 3 628%5;? N

4H) 3. G, [ 5. 5Hz2H)), 7098:(dnd Z 8492 1H)( WS (s H),[ &6}, M)héﬁo&mé@HMd%O made by
Method 15, _T8PLE frh, FHTUE YA Srzt THS ol oL HSY, G X o8 (or, i N N

HN- N
3H), 3.86 (br s, 4H), 3.60 (br s, 2H). MS: m/z 492.1 (M + HH.
[0276] Other compounds made by Method 15:

Table 11

Structure Structure Structure

MS: m/z 499 [MH"]. MS: m/z 513 [MH'].

MS: m/z 458 [MH'].
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NNN rNN,, - r N-,,iOH NI NJNJDOOO M mz 499 [MH]. Ms: mlz 513
[MH+]. MS: miz 458 [MH+]. 96 WD 2006/ 015124 PCT/ US2005/ 026794 Structure
Struct ur ewBtnasotisrze HN-N O HNF-N HN-N N/ N N\ \ ~ | i pCTiusbbosio2679N~i N~ i
| ON/ ~NNJIN NJ,/ O0OO Ms mz 527 [M#]. M5 miz 505 [ MH+]. MB:
m z' 491" [ M NN HNNNN G aate H N ND 0 N J| O MB:
mz 4A9Btmetat0], 0 0 557 [ MWEUCUNE: 12z 486 [Nr(ﬁ%c M. miz 470 [M#]| O

HN-N HN-N O HD,LN N-N-N—Harm—F—N—NH2N~===F-NN Yz
—N
HN \

557 [MH").

MS: m/z 499 [MH'].

O
+
MS: m/z 457 [MEC] MS: m/z 527 [MH').
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NJ UN ONJIJN O OMs: mz 457 [MH]. MS: mz 499 [MH]. 0 Ms: nlz 527

[ MH]. 97 WD 2006/ 015124 PCT/ US2005/ 026794 Method 16: O rHN-N SEM O 0/
N N HN- ~WMoldodd15r24------------- STEP 1 N STEP 2Br r O Rdr&tse@sb2678ynt hesi s
of 5-brono- 3-(2-nmet hoxy-phenyl)-1H pyrazol o[ 3, 4-b] pyridine [0277] To a

solutio - Br ol no- 3- (2- met hoxy- phenyl ) - 1- (2-triinethyl silanyl -
et hoxy - pyrazol o[ 3, 4-b] pyridine (260 ng, 0.60 mml) in THE (3 nlL)
was added tetrabutylanmonium fluoride (6 nL of 1 Mi n THE/sol ution, 6.00

| nnol) and nol ecul ar sieves. The sol uti on was heat dr reflux (70 O
for 4 hours wthout stirring. The sol,uti on was coo i ent
(D o

t enper at 8N, a

concentr at ef

3- (2- met hoxgi- phenyl ) - 1H- pyr azolgp[ 3, 4- b] pyri di ne asSNan orange solid (177 ny,
terlal was used

97%yield). M 772/z 303.9, 305.9 [M+ H+]. The g
directly in step 2 without further purification. OStepg 2: Synthesis of
4-[ 3- (2- Met hoxy- phenyl ) - 1H pyr azol o[ 3, 4- b] pyri di n- 5- y‘ﬂ] N- net hyl - benzam de

[0278] To Btepol:USythedi$ of 5-bromo-3-(2- g -
5- br ono- 3- ( 2- et h%x ? hgngtmmo (nglgtolmgflf he“%‘])p}ﬁ rz}]zglo([%A b]%ndl(gle085
mol ) i A0AEAt ohe auselluémq of pribyoragrd- 8/ anﬁh@tmm@quele(@etrmmalml -m) in a

T ool AR ol AT A0 22 PR MBS P B oSl
[1 1" - bltsﬁﬂiupjlﬁﬂﬂiommﬂhbﬂiﬁéJG%L@E@MIIQTHF'S@M@JBQ'6@@!11!1&63 hdd mofefat €x Wi th

di chl oronet hane (1:1) g\g 0. 004 rrrmr) The vial was® capped, flushed
with N2, SleVé@/a"é%%(&‘éﬁQ]h‘Mé?h wnder rafux (LI ot Aheursindthowessisring. T30 C f or

1800 s ecsBﬂﬂ%n wal€ooled to ambient temperature and acidified to pH = 5 by adding dropwise a
dilute solution of acetic acid in MeOH. The solution was filtered and the filtrate was
concentrated 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 orange 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)-1H-pyrazolo[3,4-b]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 NaHCO; (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 (II), complex with
dichloromethane (1:1) (3.5 mg, 0.004 mmol). The vial was capped, flushed with N,
evacuated under vacuum, and heated in a microwave at 130 °C for 1800 seconds. The
material was extracted into EtOAc and the organic layer was dried over Na,SO4. The
material was adsorbed onto SiO, and purified by flash chromatography 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% yield). 'H
NMR (500 MHz, CD;0D) 6 8.85 (s, 1H), 8.41 (s, 1H), 7.94 (d, J= 8.5 Hz, 2H), 7.78 (d, J =
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material was extracted into Et OAc and the organic |ayer was dried over
Na2SO4. The material was adsorbed onto Si02 and purified by flash

chr omat ogwephgs/disiza Et OAc  (contai ni ng 10% MeCH) and heremarsgioadeeni . The
clean fractions were concentrated via rotary evaporation to afford the
title cogrpeundmasy. ( 0 i 1H 0
AFES SSTE HF)l @ngdﬂjwpmdm) 75489(7@@}1% ?’H}’ﬁlcklsiJ 8%%?1@% 91 A
98 WO 2066ﬂdl§&2ﬁﬂ9@39&52®@52926§§ED ad$:$2359&mmlv£€y (d, J= 7.5 Hz,
7.48 (t, 7.0 Hz, 1H), 7. 21(d J =85H, 14, 7.11 (t, J=7.0 Hz, 1m
3.89 (s,[0amD), thl%c()ﬁlpo&lﬂ)s réffar gzl\/[%ﬁx%d]ld'\/' + H+]. [0279] Qther conpounds
prepared by Method 16: Table 12 tructure Structure Structure O- O~ O
HN-N HN-N H-N NNN OON OOH 'lnﬁé 415 [MH]. MS: niz 401 [ MH].

VB mz 399 [M#]. O- 0O HV-NH Pl NON-ONON | HH M mz
373 [ MHF—MvE: SE&L 385 O —0—6f—HN-N-HN-N-KN-N N

[V . IVU pa '[IVII J.
N N OBLONO Y Me: niz 413 [mﬁfme ni/lz 416 [ MEPPUre vs: 4 413
C|

J_

[ MH+]. |99 WO 20Q67 015124 PCJ/ US2005/ Q26794 o
HN—N HN-N HN—N
\ \ \
SH Y av.
e L
07N N 07N
5 H/\(
MS: m/z 415 [MH']. MS: m/z 401 [MH']. MS: m/z 399 [MH].
v
HN-N
\
N

H
MS: m/z 413 [MH']. MS: m/z 416 [MH'].

MS: m/z 413 [MH"].
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Structure Structure Structure O HNNHN-N N/ NON-~O0 H~/ ~N- M
7n/z 428 [MH#]. Ms: mz 430 [MH#]. Method 17: SEM MeO MO N, N HN-N STEP
1 CHO Stwp 2b06/03y12thesi s of PCT/US2005/026794
3- (2- Met hoxy- phenyl) 5- (3 pyrrolidin-1-yl et hyl - phenyl)-1H pyrazol o
3,4-b rdi 02801 Tg a sof f

E’-, [ 3- (]2-$hoxv n%tg%]vl\-!l (2-tri mn'r%v silanyl - oxynet hS\ pture

1H pyrazol of 3, 4C59’]pyr| di n- 5-y|] benz%i/dehyde (23rrg, 0. 050mm|) and
Pyrrolildi pR— (\15u1 0. 082mmol|) N, 5 1L di chl oet hane was added 3ul of |AcCOH.
The m xturg w ature for| 30mns, and then to |the
m xt ur el i d godiumtri of ohydride| (22ng, 0.1 Omol) in one
portion. \IThe reaction was contj room tenperature for another |2hrs
the m xture was then concentjratljed to yield the SEM product which wag
treated wth a solution of § erchlorate in acefic acid (2nL) at rogm
t enper at for I'hr. Sol vent e evaporated, the residue was neutralized
wi th sodi tym bi car bonate powd and then purified by flash silica gel
chromat|o usi ng et hyl acetiat then_a m xtufe of EtQAc/ DCM MeOH/|NHAOH
(4/4/1/0.05)N)/\afford 3- (2]t h M'ﬁ

phenyl )} 5-( Nr\olldln 1- ylimet hyl - phen I) 1H pyrazol o[ 3, 4-b] pyri di ng
(8.50rrg 4A) %ﬁl%] +As a vthS m[z|4|3ﬂ[MH—I]NI\/R (5p0 MHz, CD3OD) 5 1.89 (d,
J= 3 iy M HWZ 5 Hz, 4H). 3.89 (s.|2H), 3.9 (s. 2H). 7.]11 (t,
J=1 Hz, , 71.22 (d, J— 8 Hz, 1H), 7.42 (t, 100 WD 2006/ 015124
PCT/U82005/026794 J=7 Hz, 1H), 7.47 (d, J= 1.5 Hz, 1H), 7.48 (d, J=2 Hz,
1H), 7.5Methedld=> 5 1 1H), 7.65 (t, J=6.75 Hz, 1H), 7.72 (s, 1H), 8.39
(d, J= 2.5 Hz, 1H), 8.83 (d, J=2 Hz, 1H. M5 mz 385 [MH]. [0281] O her
conpounds prepared by Method 17:

SEM, MeQ MeO
N-N HN/Q
Sav
STEP 1 |

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 (Sul,
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 néutralized with sodium
bicarbonate powder and then purified by flash silica gel chromatography using ethyl acetate
then a mixture of EtOAc/DCM/MeOH/NH4OH (4/4/1/0.05) 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, J = 3 Hz, 4H), 2.76 (d, J
=1.5 Hz, 4H), 3.89 (s, 2H), 3.9 (s, 2H), 7.11 (t, =1 Hz, 1H), 7.22 (d, J= 8 Hz, 1H), 7.42 (t,
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Table 13 Structure Structure Structure H HO/ HO NON'NN'eN N N /
N~-~NMe2 ~NMe2 ~NJ No E S : nmlz 47272 [MH#] . F F M. mz 489 [ MH]. MS:
mz 403 [Wbpos/dtspsaH O HO N-N'NN eN NN~ N ~ No JriBusows/03@&64 [ MH+] .
MS: rn/z 471 [MH]. S in/z 385 [ MHH] 101 WD 2006/ 015124

PCT/ US20 d TER.1 N |
N sren & TR L, T AR B33 Zsﬁg%g\ﬁ PREEONR TN, ue S MRSt )
HN\  TSLN=T678Hz, THN N2 (4 HHSEED @, K- 23THR, NISBEB (8, N- 21Hz, [1H). MSY At Nei

Br 385 [MEF+].

[0281] Other compounds prepared by Method 17:

Table 13

Structure Structure

MS: m/z 472 [MH"].

MS: m/z 386 [MH"]. MS: m/z 471 [MH']. MS: m/z 385 [MH].
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OH O O Step 1: Synthesis of

5-Brono-3-trinmethyl silanyl et hynyl - pyrazin-2-ylam ne. [0282] To a sol ution
of 3, 5- Diwoaomw/qyrazi n-2-ylamne (3.00 g, 11.86 nmol) i rCDVS20056826704 ) was
added triethylamne (16 m), then tetrakistriphenyl phine palladium (0) (685
mg, O. S@emaal1g; and copper(s) iodide (271 ng, 1.42 mmol) were added
sequentially. Finally trinethylsilylacetylene (2.0 mi, 14.3 mmol) was
added dropwi se. The reactiop m xtflure was, stirred at 120 C for 30 minutes
and then diHgectly ads zbe Pt o/élr [

hijca 1’ Pur jpf-cat i on flash
chromato,g on Siy “gel with Q_ di ént of@yl ace exane
af f orded(it hg tP¥Rd- coRpousiterE2. g)T 71%TgR &) dlfN setrl QW oill . BEP S 7
2

270. 0/ 2720 [M—I+] Step 2: Synt hes¥s' of
N- ( 5- Br o 3- t ri met hy#'si | anyl et hyngd - pyr azi n- I)- acetansrde. [0283] To a
sol ution of 5-Bronmp-3-trinethylsilanylethynyl-pyrazin-2-ylamng~(2.30 g, 8

mmol ) in anhydrous THE (35ndl) and pyri di (1. 6Znl, 20. ) s added
acetyl @hheki de (682 15,9 6 mfol). The M Y ura was stiy om
t enper atur{%e( Q‘ré’;h& N Sidplr 43 faep p howy s. | vents were

renoved iy vacuumnrane iMg DT oW fue was p rlfled by sillica
gel chro rpahy wt Ngrathient of ethyl Ford™t he
title conpgund (474 ng,B;LSZ mol ) as | Fght yellow as o '\e)solld. VB:

mz 311.9/313.9 [MH]. Step 3: Synthes

2- Brono- SH-pyrrol o] 2, 3-b] pyrazi ne. [0284] T a solution of ©

N- (5- Brono- 3-tri net hyl si |l anyl et hynyl - pyrazi n-2-yl )-acetam de (474 ng, 1.52
mmol) in THE (4 mM) was added dropwise a 1 Msolution of tetra-n-butyl 102
WO 2006/ 015124 PCT/ US2005/ 026794 ammonium fluoride in THE (3.3 m, 3.3
mol ) . Aftgr sfirring . at_reflux for 15 hours, the_ reaction m xture was

concentrat 8B 1 Yyt %%%’é”@r %H’éﬂlylsﬂ?@)’k&ﬁj@w irPyragjer-ylaminesxt r act ed
three ti 0B$2] W Té"a‘éblﬁﬂ{)ﬁ%f)ﬁt gﬁt % @(ﬁ%tlrlas%t rSPMJGCt |y
icatl Ica ge

adsor bed on S|I|ca e Pur i hromat ogr'aphy with a
gr adi ent(3ﬁ)fmlkW|a§/hdded¢1e¢thylefnhtm<(aﬁ@ﬂ),&hémﬁedeldsﬁibheﬁylﬁlhﬁe p&lﬁﬁﬁmnﬂ@b)((&@)ﬂig, 43%

i el d K lid, . 1H 500 Mz,  d6- DVSQ), 812.38 (s br, 1
5. S6. (s oy 6l ERperd) indide G i 167 oD erapked sequenielly Jisally

197. 97 198nRiH 1acet§le%9 (fO n%m @?ﬁh&) Qfas added dropwise. The reaction mixture was
2-Brono-7-i0 o- yrrol o[ 2 b] pyr azi ne.

stirred at 120 °C for 30 mmutes 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-trimethylsilanylethynyl-pyrazin-2-ylamine (2.30 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 a1 M solution of tetra-n-butyl
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[ 0285] To a solution of 2-Brono-5H pyrrol o2, 3-b]pyrazine (258 ng, 1.3
nmmol) in acetone (5 m) was added N-iodosuccinimde (324 ng, 1.44 mmol) in
one portiwo.2006masi2zaeacti on m xture was stirred at room remusc@soees or 45
m nutes. The resulting precipitate was filtered off, washed with a m ni nal
amunt ofma®s X T Me Ui ' | i as a

I i ght brown g%@?%“ﬁ%ﬁg%g%?’ W%%%[%R/%%%r\sé%{%%tféﬂ@r&m ’gtﬂ 30 (s,
1H), 8. 1@a¢ithn 1Bixde, wakldpncduBatediiz va82BnBAGinGatsr 4ddiit] TheStgapous:laysy mtakesi s of

2-B -7- -5-(t.ol -4-sul f |)-5 l. ,3- b ine. [0286] T
= SuspenSiRG e HRSNY: fipHBtosteapk att BB e o8RG, 0. 808
Mol ) i Nadkblbel dnMtilicaWRs PReigiestioNady (R bl 4i-ofBitoglaflS WP bradnPHERAr tion at

O T. The resulting mxture was stirred for 20 mnutes béfore a'solution of
par a- t ol anstrse/bexanesafforded theitifle compevnyl (16088, MfblyjeldrasEiEllos solijl. Wis added.

Sof vent S0 U HEled BRSO 3T o PP AR TSNS @t e HasRed W+

aqueous KoH, ¥ 8is-apd 1@17]9?@@9'gg)[%ﬂfﬁ ord the title conmpound (423 ng, 99%
yield) as a 1ight brown solid: H-I\]II\/R (500 MHz, d6-DMSO) 88.60 (d, 11.5Hz,

477 8/ 479, §en fiisftissota Biggan pasgasirbyrrolol2 s Bipvkaiie, °0 - M 2

2- Br omD- 268} mMabhosYriReTYL Brofrd STl ER R %35 hiamib Y258 Hn e PYS hihdl) 2. 3-b ]
pyrazine. [0287] A 50-nl round bottom fl ask 'was charged ™ w th

2- Br ono- FeetangdS 5} wes added-Miodogidcorimide-(B24 me I gk oo ibdppy/patiomelhed23 ng,
0. 885 mpl| 2- met hox enyl boronic acjd 8 | 973 ) an

i oni or oRPei TR SAREGRY SR FadRtite Sty i Ba iRe e ety 1 i o
m xture wasfinededripeatidiwiti 4 mmikiddl shpurdof acetendVardBEQLE VaShith t® giv@fthe
sodi um bi carbonate (5 nL). The re%m xture was stirred at 40 C for 1

hour, t higile g8np@ed\weaiEhsbIHIRld 308 M B DOMEDN) ar 1280 er 1Hour . The

crude re i.0 ' r LSt lbut yl acetate and a

sat ur at egﬁé&%géﬂ;ﬁ%ﬁgé}’@%ﬂm%ﬁu W(ﬁe%3(?§$ﬁﬁﬂbﬂﬁfThe aqueous phase was

then extracted wth ethyl acetate and the conbi ned organi c phases were

dri ed over Sdepibubynthiesistod 2-Bromey-dedo-iithleencetsulienyddSHIpwrelo[® pr oduct
was t hen pg{li friaeg eby flash silica gel chronmatography using a gradient of
et hyl acet BV} Sexanes to afford 2- Br ono- 7- (2- met hoxy- phenyl ) - 5-

(tol uenepp2seu! fTonyduspdmstopyor L aB1hd- BiddoPSH-23iroR[ 2,3 3py1Bzind @ Horys,@.8)5 as a

light yellow  solid; the bis-addition product ] ) .
2, 7- Bi s- o SR (5 ey oy addedNaH, €10&0,43908. lodf mmadHn 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 the 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-sulfonyl)-5H-
pyrrolo[2,3-b]pyrazine.
[0287] A 50-ml round bottom flask was charged with 2-Bromo-7-iodo-5-(toluene-4-
sulfonyl)-5H-pyrrolo[2,3-b]pyrazine (423 mg, 0.885 mmol), 2-methoxyphenylboronic acid
(148 mg (0.973 mmol) and dichlorobis(triphenylphosphino)palladium(1r) (31 mg, 0.04
mmol). To this mixture was added acetonittile (10 mL) and a 2 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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pyrrol o[ 2, 3-b] pyrazine (213 ng, 50%vyield) was al so obtained. M5 in/z
457.9/460.0 [MH]; MS: nz/z 486.1 [ MH] (bis-addition product). Step 7:
Synt hesi swof20®@-/(13124 2- Met hoxy- phenyl ) - 5H pyrrol o[ 2, 3- b] ppcaaiseed/yd7p4
benzoic acid. [0288] A m xture of

2- Br omo-of {2 - ARh e PRENHde éa&tfo‘ﬁllﬁﬁ‘(ﬂﬁe 6va§ Bistrvdd bedlken eth lacetate and a
pyrrol o[ 2, 3- b]pyra2|ne (70ng nmol ), 3-(4 455Tetrame¥

1, 3, 2] di mxahied efEaru@ solyiign @ﬁmzlmm ba:arbdn@ta 7Thy aq@oﬁsplmam Iwas almh extracted

di chl or obi ri phenyl h | | adi 5.4 0.,008

Coct on ViR S LRGN RO%2 R RRER BB G SR PR Bt %ﬂ%%?/ﬂtireﬁm
was i rragidalofeknitftcd. ARk AR prédiREWas then PatikiBd B Hadd sifda fel CRfondflodFhHit €S

The crude reaction m xture was distributed between di chl or onet hane and a

sat ur at esbinggedisnsel aftyl enetatsfin Soxingsridoiffad Bdiratr@ 7= mempwmlsnyibrése was

th t d d
o R DS T R i AR A O S SR B i
brown r eéi)'lﬂuﬁxe\b@ssadd'i\t%h slogsabyesid @ ﬁ(@t%k}( g:héﬂyl) ﬁ(tdldéhéh@d%ﬂﬁ@sm) was

added. The mixture was then stirred a hours before the sol vents

wer e removde2, Wmsml(ﬁlﬁglgyé@%owld)e\yaW@ Qtﬁgm@@s]h@d mfg #37.940%Ped HO (2
o_af d d -
3 [7 (2- M{hﬁ&& 6’%2?19?? g,ﬁpr%p&&ngr% p ;;z?na(z:l yl ]-benzoi c acid, which

was used directly in Ste . Step 8: Synthes|s of
[ 4- (2- Di mettSR % Wé)fhé@lﬁyF $- [&(%@ﬁgbpﬁy-phymyjl)-%g_ l)yp‘rglp{},%h}gy in-2-yl]-

phenyl) -5 Xf‘{}'%@d[z’ 3-b] pyrazi n-2-yl]-phenyl } - net hanone. [0290] To a
m xture of "3-17/-(2- Met hoxy- phenyl ) - 5H pyrrol o[ 2, 3-b] pyrazi n-2-yl ] -benzoi c
acid (35[0288] OAlmixmat of 2836mof 7-(2-mgthody4enyipb(toliAEd - élﬂfo&yt)gﬁH-O 01 mmol)

and diisopropylethylampe (17 ed 2-
(di et hymaﬁﬁlﬁ@)%?]maamsé?%ae f@smpﬁ &(@4%%%%%5]1;&"@) gap ored at
70 C for 4l ow
o1 v VAR RIPEIANE 0 22 g AT Balei) 5@@%@5@%&?&%@@?{2m ved
|( n DVBO mgd0.p08 nﬂncﬂ)jmameuoﬁun}es(é m[ih)aemd aliRta@s tsolutibh of sbditme chrbohae (2vMpdund
8.6 ny, 12%over steps) as ow solid Jnlz 485.2 ]. [0291]
Ot her combOHRASTHH ‘r“eadlp Fﬁ@mwirg Optrp%?r@N?z Cé?]f%.%m%%[ %wwge
reaction mixture was dlstnbuted 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 KOH (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-
yl]-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-yl]-{3-[7-(2-methoxy-
phenyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl}-methanone.
[0290] To a mixture of 3-[7-(2-Methoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-benzoic
acid (35 mg, 0.1 mmol), EDCI (77 mg, 0.40 mmol), HBTU (3.8 mg, 0.01 mmol) and
diisopropylethylamine (175 pl, 1.0 mmol) in DMF (1 mL) was added 2-
(dimethylamino)ethylpiperzine (55 pl, 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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NNN { OMS: mz 442.2 [MH#]. Method 190 HN Ts-NON\ STEP N Nr N

Br NMe2 0 Step 1: Synthesis of

3-[ 7- ( 2- MeDhoosyr1pizenyl ) - 5SH- pyrrol of 2, 3- b] pyrazi n- 2-yl | - RCIRUS2005/026794

di et hyl -benzarri de. [0292] A m xture of

2- Br ono-

pyrrol o[ F‘?xg/raz?ongh ?%ﬁheéoé)}eg% € ﬁ‘as%‘[-@L(f gi]%ﬂé%rﬁ%%bn%oén rtl)lg% EIgphenyl

boroni c rag,l 1(2% 625 . 23teys) aOyd RO solidl Mz 485 2 [MH ].

di chl orobi s(tri phenyl phOSphI no)pal ladiunm(li) (2.5 nmg, 0.003 nmol) in

acetonlt ( R f sodi um bi carbonate (2M 1 ni)
|rrg%élgt e(gﬂﬁ;)s% ersoh5 Cﬁ?r?l‘lﬂg%ﬁrlg&lgtl m zer at 90 C for 15 m nutes.

The crude reaction mxture was di St}'ﬁﬁbg i‘gd bet ween di chl or onet hane and a

saturated aqueous sol ution of sodi f tarbonate. The aqueous phase was

then extracted wi th di chl or prethanre—anrd—+he—365-A5 2006/ 015124

PCT/ US2005/ 026794 conbi ned organl C %ﬂ‘&g’é‘% were drjed over sodiumsulfate,

filtered and concentrated. [fhe—crude -brown residuge was then dissolved in

MeOH (5 L), 5N KOH (50 L) i Xxture was st|jrred at roomtenperature

for 75 m nutes. Renoval of resul ted n a yell ow residue,

whi ch was then purified by gel chromaf ography using a

gradi ent of ethyl acetate i hen 10%ve0OH in EtOAc to afford

3-[7-(2-Met hoxy-

phenyl ) - SH pyrrol o[ 2, 3- b] py

%yield) as a pale yellow

>hll(]\- di net hy| - benzam de (13.0 ng, 54
g&@k( 00 Mz, | CD30D) 88.89 (m
1H),8.80 (m 1H), 8.40 (in, N25-(m 2H), 7.p2(m 1H), 7.50 (m 1H),
7.25 (m IH, 7.10 (m 2H),]|3. 3H), 3.17 (nm 3H), 3.10 (m 3H. Ms:
infz 373.1 [MH#]. [0293] O per conmpounds prepared py Method 19:

MS: m/z 442.2 [MH'].

Method 19:
/
HN ]
Tomy o [ \
3 N
N% STEP 1 _N
‘ =N
Br NMe2
o

Step 1: Synthesis of 3-[7-(2-Methoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-2-yI]-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(ir) (2.5 mg, 0.003
mmol) in acetonitrile (1 mL) and aqueous solution of 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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Table 15 Structure O HNNfO OMS in/fz 399.1 [M#]. Method 20: Ts. N
O O HN NA11 NSTEP 1 N 1-10 1 1-10 1 Step 1: Synthesis of

2, 7- Bi s- (Wormsddmzp4phenyl ) - 5H pyrrol o] 2, 3- b] pyrazi ne. [p02aApooso2&960! uti on
of 2,7-Bis-(2-methoxy-phenyl)-5-(tol uene-4-sul fonyl)-5H

pyr 1 ol of ZyrBbinkPyreamicphaded Hréicovhd oA shlfhie, MRGH G Earbceff@a%e@dglged

sol uti on of 106 WD 2006/ 015124 PCT/ US2005/ 026794 NaCH mol )

i n wat er cTudgbromwn residie waxthep dispplyed in Meodl GtmEp SN Ké)iﬁi)éOa.tlL)raﬂd tieor 3.5

hours be re reno The re uItlng el | qw resi due was

t hen ‘tn%{ dp Sﬁ?lj eM% rogrquglgeﬁﬁfr \écl‘fr orftElsa ‘?%h%tscﬁ}’% @hglieds et hyl
acet at e inr y@mm@d’a@ wlﬂé}f Rbdthen purified by flash sili 1 hr

2, 7- Bi s-(2- et hoxy- phenyl ) -5H yrpr%II%[ZyS?sb]%;Craagzel ﬁeo goi%aphézéwn% eld) as a

pal e yeSPiRnte] gty amawmh@m@,m 0@@@@@1{ h5AO A To Gk 3- [’Zl:(—l)—Ma‘thB@f (dd,

7.5Hz. PHERgg: 5}11@019?:&8% p(rﬁ%‘zé‘ﬁl)z Rl I;Tﬁ% PRty ‘ilﬁnzal?“%zﬁzg 0 nﬂ’éﬁz/o ) asg, 92
.3 18 1 d O N/ N
5 e 8 P DU S W
fi) 524 (o 5D, 7.62(m, 1H), 7.50 (m, 1H), 7.25 (m, 1H), 7.10 (m, 2H), 3.97 (m, 3H),

3.17 (m, 3H), 3.10 (m, 3H). MS: m/z 373.1 [MH"].

[0293] Other compounds prepared by Method 19:

Table 15
Structure
HN O/
\
N™X
l ~N

MS: m/z 399.1 [MH'].

Method 20:
Ts, O/ O/
N
\ HNT
N™ ™~ N7~
' N STEP 1 , N
O O

Step 1: Synthesis of 2,7-Bis-(2-methoxy-phenyl)-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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NH2 O NH2 ONH2 O N NSTEP 4 NI \ STEP5 NNNN | I I HN _ HN N-
STEP 6 NSTEP 7 N N Ow OWw Step 1. Synthesis of

3- am no- 6WoQd@/(qayrazi ne- 2- car boxyl i ¢ acid met hyl ester. pCrAR2s/obézbhy|
3-ami no- 2- pyrazi necar boxyl ate (10 g, 65.3 nmmol) and N-iodosuccinimde (24
g, 106. 7\g, 6k e r s ( re
was sti rrggpg H% Cfor %}4‘%@5&@2%@%? nﬁ%ﬁﬁ %{1%% ﬁ{aggtgﬁﬁgaﬁ%tr%ture

was t henfadd kshrt beforeahesdleame hatdmemosned Bhe@buitiag 9d1@qt@mms v8Qlthini on of
sodi um t hi gsu] f ed., The suspension was sonicated for 15

nm nut es, P afltlaépéﬁlcdrg@ ?m\é\%;@%pgﬁé}“n&a%@%@ PWYWEW‘C inhexanssige

duct f Led
(F:;Ss'tj;l I ?@0} ijr %%rgdﬁanorﬂgum n)sgﬁgjé)gq IZi Agy‘%% nIlg’t B% %ﬁﬁhggsgﬁaﬁo 6-
i Odgl pyr ya?Lllljr_meT\lcﬂrdc?I;IM (Oiooavz{Hd @BBOSDI) ﬁgtmr(sQ)i,ﬂ}E gso@dd %301%%1%5'_}? or ﬁ/gge
needl es. - br S.
i n/z 2801HM3449 (s; H‘?) M6®£é/%%if§thﬁ)ﬂ§?@d97’Gm4 758ze bR 728/ RERI s of

3-ani no- Oyl 9

. 1 3.
3- am no- 2 Bg%b p ra2| hz%ﬁéaﬁg’gig%/¢ %)é‘l%dg%grsé?gﬁ] ﬁ%%t”é/%qf’%r% %{H 1‘61 mmol ) was
di ssol veg i.n 750 mM of THF. 90 m of water and 40 nl of a 4 M solution of
[ithium kde in water was added The m xture was stirred at room

tenperature for 2 hours or u ofLC anal ysis Slt}ﬁ"‘@j only baseline
material . WHsQf uti on of 10% ci 'T‘?i aC|d in water added to adjust the
pH to abouf 3J4. The m Xxturey vvlthd t hane and the
organi ¢ phage wds sePEERt ed. | Th aque extrac,S §H3t,hree tines
with di onet hane and theKFonbl ned organi c ases were dried over

sodi um sul fate and evaporated, The residue was ¢dried in vacuo to afford
37.0 g (140 mmol ; 87 %yield) of 3- am no-6-iodo-pyrazine-2-carboxylic acid
as a yellow powder. 1H NMR (d6- DVSO)

NH> o NH2
e
N N~ _STEP4 N l _STEP5 _ N/
<N \ N
| |
HN
\
P | STEP 7 N7
_STEPE_ NTY _STEP7 QN
K(N
|
OMe
OMe

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 crude 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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11.70 s, weak, 8.44 [1H s, 7.50 [2H] s,br. MS: mz 266 [MH+]. Step 3:
Synt hesi s of 3-am no-6-i odo-pyrazine-2-carboxylic acid nethoxy-methyl -
ani de. [OR02pocdiis0 g (0.104 nol) of 3-am no-6-i odo- pyr @zirs2@s5026700xyl i ¢
?(il g 63.0 g (lo 125 nol) of PyBOP

enzot r4.az ol ¥ R@h}éslgbi‘@(ams;b%tmab yRhrsphapbetmiexaf.l uor ophosphate) and
18.70 g (O t% rr% of N, O di net hyl %@droxyl am n%whydrochl ori 8e vvgre pl) aced
in a ni029%pen- etmm{ffewdmma@mﬁ%}caﬂbewlm asgbingdy] psicr4pigx A BmeD) W80 M of

neat od_ Absaltet o kol < 90lat el FufbO AT PAIAPLEE Jpﬂ%@]ggugeugg;

reduced h?&r%ﬁﬁl@ € wafer &k QHGe® Ty ix@irk wad BErr@d At rods terapérimed fod 2thouseort o f our
times with 300 mMl of toluene. The tol uenedghases were comnbi ned and

evapor avetdl THG @nf:lﬁs']gx slnqwﬁgi iny besglinpuaieripb dA vplatien PO RRESHFERMY BT | ca gel
usin a n
9 gvag/()ag(gerdetg ag]rcl)flis%t he o & 8uta{/§ a;ﬂfﬁ %n?étﬁ&e\ﬁ%st &lllﬁé&c \gftﬂ dgs;ﬁloz%gmgthgéeg 72

mol ; car

et hOXYaﬂ@ﬂfé)Grga?iffé s@Sva@ sYSdratedy s aqﬂteoﬂd'}aWsz(ka&traM@reéLﬁmBs ®Bh[ 1H s,
6.78 [2H s, 3.66 ;I%l( , 3.25 [3H].s.. M50 mz 309 [ MH] 4: SyntheS|s
of (3- audiqh&pr@npﬁba@e the |Cﬁmbﬂs¢ﬂprgﬁﬁ@rﬁha5??é¥?¥ﬁﬁ8ﬁ OVTfG?é@}n gl 58’ #d( 25, 97

nmmol ) of 3-a - d
nae i Seihag b T e RS AELOGT AER PRI o AL OTRRAR T TRAMIET e
cool ed %&1&56%@3@ 3Zine2-@fibexyBe Mbid ak atyow pbwidae M- Nk éd6-DM SO0 de i n

et her was added he m xture was allowed to warmto 10 C and a sol ution of

10 % ci tlii70 savieak, i8t4 [WaK or 79862 Bberd MS1a/z 08N Inas di | ut ed wit h

di chl oronet hane and the phases were separated. The aqueous phase was

extracted §Rpee SyhiRsiswfBraminohd-dormirhzine-2anutbbidic addrietieskyomgtirylc phases
were dried over sodi um sul fate and evaporated. The resulting solid was
crystal |l i zaides om et hanol to afford 5.74 g (17.66 mmol ; 68 9% of (3-am no- 6

(1-128y\e/\lol i@%]{] gﬁ%}gg(g g 5&! 6&%8@3%&?%-10%%% 'aE}ﬂeazz-bﬁngﬁ c)acﬂf' %E‘X) f ({0551'[2@3203?

gygtS hgaglhg& 1ofdf g? P ([1%%%1 gbur:;tiolg]f;({/-ﬂrﬂ(pynolfd_ﬁnol)ﬁﬁaspﬁdﬁ az }ﬂucsogp)sghate)[ 0299]

iSEng (angd 18. 7,%00)19éfm<f}a>95@5@@%@?}@1@?&0@1@@@@%%#&%&@? gﬁ& bl ved in
ma%?%ﬂt tish eny% Hlﬂlgélss%!\leﬁ%g@ﬁuxﬁr@pf 00(iledanfHBlohs PMF and 27

met hoxy nium chl ori de was added and the m xture
stirred Ak ofNDA- 1tse4pspnq:1yé&th|ylemirmr Themuwture Wos hénted o °G fay 1 orhgwrar ebevas added

'[2 h g 0 r gaésgivggt an;%\%@pgrfa\t,éggat éf)‘ rgﬂn’gl %g%ro ;%ggc%rper%slsgrezto )éh%rdo ep G I011maTthh 3f]pg and

extracted three to four times with 300 ml of toluene. The toluene phases were combined

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] 5. 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 added. 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-
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tenperature for 1 hour. The resulting reaction m xture was heated to refl ux
for 20 hours. After cooling the mxture was diluted with dichl oronet hane

and washeatowbddnisi2gat ur at ed aqueous sol uti on of amoni rorast@siodeos n wat er
and dried over sodiumsulfate. The solvent was evaporated and the residue

i hexanet PPy AR gn §ping o Rl ol gl ROE (R LG8 E ™ ©

and Z- 5-8. 315 s( 29n¢zﬂipswn18;5r[eﬁyu YIBZI{IIH}tpVJSQﬁH}Q -MBamiz 8264815 pal e
yellow solid. 1H NVR (d6-DMSO J. isonmer A 8.12 [1H s, 7.33-7.26 [4H in,

7.20 [1 ! 10 - B 809 1
s 7. [27H][ ) t56 S?Ig_t[h]t{sfsﬂ_ffsmdﬁ? F‘{Hﬂf{? lgl?he i'n[yi)gﬁra%n 3. Bﬁﬁi'h[ 2|e_3|] S by, [ |'|]
3.76 | 3I-[ﬂ)299] NB52 (2. BMnb]l)/blﬁ-i)otaﬁﬁmp b&(triﬁ;aﬂﬂ}hﬂbﬂ)mmde was dissolved in 150 ml

5-iod | -1 H | 300] 780 f

5- : gdg Kl @Qh}‘% B?{lrné%éﬁ%?ge&‘r ngé ]2 I !atm ne Er% 0 Z-form or

m xt ur e)mé’{’ﬁéxﬂﬁéﬂﬁflﬁﬁl@n&l?h&%h%mﬂfch%rgde]wam a?&HéH fndOthe diikisteshydrashimr i c

acid in water” (approx and et hanol. The m xture was heated to
reflux ftemp@&atwefes.l Hove ﬁas;haidsiébhlg mixtiteevasexlded 2.60 g(iSPemspDféhd t he
pr eci pltate filtered of#e{bo af f.ord, 480

phenyl| - AR OF QP51 r%?#éng@aﬁonﬁz}gg%eﬁeﬁ%wnﬁBWF wapRired 409 was

mide basbepdhtur@ B tARR Phe RRGIHHA RIS Retaiewatkardlt6 ashadot DO Beurkl Nes
h di chl I(gromst hane. The conbi ned extracts were dried over sodiumsul fate

and evap‘bﬁa’tcedhng'm miggirewes didsted grthstichlpiomethane end weshedorith dsapmisdd 76 ny

f 5-iodo- 3- | talli
need! es HroR BEMSPRLATYIE SRoBag b AL el o 8 SRR Sl ke 7 ) £8
[ 1H] S, Riolvedt 5/§s @ }at&i, and- tﬂ@re[sfﬂllébuﬂﬁecﬁb}léhlbﬁiaﬂogfhph? oAsilicatde] tdng 7. 25 [ 1H|
. M5 mz 322 | . Step 7: Synthesis

5 (3, 4- oarn@pw;pﬂpﬁewmng @mmqoﬁﬁqrcby%%géf 20 mpglyye a(z)m@amaﬂlbjsol] 50 ng

oty or ey e A3 BT MAGH DY hALR i AR Bhin i T BhiG BB
2006/ 01524 P@MM@Z 5H0REY B isodet Al snwpm](st r/13ph7e1ty[4@ﬂaﬁpmmpmah J&dbun(11)

were placed in a vi aI and m of acetonitrile and a ous

sol ut i or[16¥] ss@80 (A Labh 384 3Hhesrieonactde 8.0 hHHL e -FA B@H]l’f,e7 17 Elrlﬂdl Eﬂé&lﬂﬂn
Per sonal ry r t C for 1200 sec. The
resul ti n‘b%tmlgﬁé évgé %’i’r‘iﬁ‘?ﬁ gﬂ?igﬁget&%gngﬁ#ﬂﬁ ‘a saturated agqueous
sol ution of sodium bicarbonate and 75 m of dichloronethane. The organic

phase was &téret: Syathesisof Sripdedinhenel- Hpyavalaber3bBYTrazife crude was purified

2ot o ST PO 0Bl B gl B o
mixture) was dispersed in 40 ml of a 1:1 mixture of dilute hydrochlonc 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-b]pyrazine 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.-I-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 [MH+].

Step 7: Synthesis of 5-(3,4-dimethoxy-phenyl)-3-phenyl-1H-pyrrolo[2,3-b]pyrazine.
[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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ethanol to afford 14 ng (43 nmol, 27 %yield) of

5- (3, 4-di net hoxy- phenyl ) - 3-phenyl -l H pyrrol o[ 2, 3-b] pyrazi ne as an orange
powder . Mhvolbe/(sB4DVSO) & 12.30 [1H] s, 8.92 [1H] s, ®cddspdosfozaros 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, ScB8rdbiihi BssphdblpafiadiMB(IT %€ b Mt ka1 bABP A1 0PabRS ﬁﬁéfpounds
pr epar ed 8 fve hog%n}?kp Tgbl g}plaGaSltrl(Jc)tﬁﬁﬁrréﬁ%%sucturiaa Struct lj)re HnI%N

H'N O Nand (m) O'Na 201 hqueous pplntipMNoRsddim CribeiNte wekHadiB] and the28BtroAy . I\/B
mz 311 H O H O H N N I
NN T N o Beofg G Reataly i o iOr o s9ue piAR0 s The 415
[ ] 1AQuMEY M@&M@m&%ﬁlﬂ%@%&ﬁh@ 21@170% saftlratédl hqdous §dthtda: off B3 18
[ MH#]. Method 22: HNI HN NI STEP | iN O

bicarbonate and 75 ml of dichloromethane. The orgamc 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-

pyrrolo[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,
N \ N
© %
1 ~N . N N ~
OH

MS: m/z 288 [MH'].
MS: m/z 311 [ME]. MS: m/z 318 [MH'].

/
H‘ 0/ H 0/ H (o)
N N N
\
N ~N
I/N /N N

\
o

SN N

MS: m/z 303 [MH'].
MS: m/z 341 [MH']. MS: m/z 415 [MH"].
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Step 1: Synthesis of 5-(norpholin-4-yl)-3-phenyl-1H pyrrol o[ 2, 3-b] pyrazi ne.
[0303] 25 ng (80 nol) of 5-iodo-3-phenyl-IH pyrrol o2, 3-b] pyrazi ne was
di ssol vedwonoosloimz240f norpholine. 200 | of glacial acetipcTasceswaeoadded

and the m xture heated in a Personal

Chem stry(r) mcrowave reactor to 250

C for 00-2800 SEC. The cryde was  purified Dy [fiasi chromatograpinyjon
silica |get, vmtht prior wotkup using a gradient| of ethyl acetate in
hexanes RETR .3 ng (46inmol, 58 %yield) of [2-norpholin-4-yl-

phenyl -|1k ! 2) 3- b] pyrazine as a beige solijd. 1H NWVR (d6-DVBO 4.
11.89 [|1t 9 [1H s, |8.18 [2H d, 7.39 [2H dd, 7.17 [1H dd, |3.80
[4H t, M5, infz: 281 [MH]. 111 2006/ 015124

PCT/ US2005( 026794 Table 17|Structure Structure | HN HN N N CN HNV\OHi MS:
mz 269 MS: mz 294 [ MH+#] Method 23: HN N H STEP 1 HN I STEP 2
NOH N NOTHP ~ NOH | i | 01 OH Step 1: [Synthesis of

4- (5-iqgdo- H-Byrrol o[ 2, 3-b] pyrazi n-3-yl ) -phenol .| [ 0304] 680 ngy of

5-i odo-|3- {%H met hoxy- | -[ 4- (t etrahydro-pyran-2-yl oxy) - phenyl ] -vinyl }-

pyrazi N-gxy,amkewMas di spetsed in 70 nl of dilute (1-2 N) aqueous
hydrochl oric _aci t hanoll was added to dissollve the starting material
(10-20 % v/v) to afford a clear solution. 0.5 m of concentrated
hydrochl orlc acid was added and the mixture was heated to reflux for 7

hours. TH&thed22ire was cooled to roomtenperature and allowed to stir for
16 HN—]
N
_STEP1 \\ N

%

EJ

Step 1: Synthesis of 5-(morpholin-4-yl)-3-phenyl-1H-pyrrolo[2,3-b]pyrazine.

[0303]

25 mg (80 pmol) 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 heated 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 % yield) 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,
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+].

111



hours. The m xture was neutralized by addition of sodium bi carbonate and
wat er added as needed to keep salts in solution. The resulting m xture was
ext ract edwbaues/tisres Wit h di chl oromet hane and t he conbipoedsesigani7es phases
were, dried over sodiumsulfate and evaporated to afford 428 ng (1.27
mol, 85 %yield) of 4-(5-iodo-IH pygi@l Pf 2, 3- b] pyrazin-3-yl)-phenol as an
orange solid of suffi cient purity (>85 %, which could be recrystallized

95 ng (578 nol, 39 %yield)

| )|- phenol as yel | ow or ange

from diehi oro.mcngt hare—ethyH—aeetate %o af-f

of pure 4-(5-i 8§V pyrrol o[ 2, 3- b]

crystal{sy NVR(d6- DVBO) | SpNIEZE=87 [IH (d), 9.43 [1H] s, 8.49 [1H s,
8.26 [1H] .92 [2H d, B8.85 M5: mz 338[M—|+]. 112 WO

2006/ 0134 005/ 02679~ 7. ~pynt hesi § of

4-{5- 3- Wi dr oxyphe pyrrol of 2,3-b] pyrazin- 3-yl}-phenol.
[0305] |84 g (0.25 nmol ) of

4-(5-icdo,JJH-pyrroI o[ 2, 3- b] pypRzZi -yl)-phenol,| 120 ng (0.33 mmol ) of

2- [ 3-i nethoXy- 4- (4- met hoxy- benzytoxy henyl]-4,|4,5, 5-tetranet hyl -

[1, 3, 2]|d bor ol ane and 15 (8 1\(@1( f
di chl orjobi's(tri phenyl phosph %'é’gfgg%[u fl) were placed in a vial and 1.5

m of gcetonitrile and 1.5 M of a 2 M aqueous solution of sodium

car bonatggWwereoa qg,ﬁ@] The mxture was irradiated in a Personal Chem stry(r)
m crowgve reactor to 165 C for 1200 sec. The resulting m xture was

di stributed between dichloronmethane and a saturated aqueous sol ution of
sodi um bi carbonate. The aqueous |ayer was extracted twice with

di chl or(w[”e h and the conbi ned organi ¢ phases were dried over sodium
sulfate ﬁ@i@gporat ed. The crude was purified by flash chromatography on
silica gel using a gradient of ethyl acetate in hexanesHdN-FQye resulting
internmedi ate was dissolved in 120 m of dichloronethang apd-tx, g (2.12
mmol ) of P - \hi ophenol (Argonaut HNFeq noI ogi es) was ad’{j ) S was
added 2 =g uor oagetp ¢ aci i i

t enper at yr e If or ur —The Tasith wh
di chloro ne. TheffiPtrate wass

of sodium | bi carbonate. The phases were separat ed and { aqueous | ayer
extracted twice with et hyl acetatle. Al organic phases wer@ conbi ned,
dried over sodium sulfate and evaporated. The residue Wit heated up with
acetonitrile, cool ed down to roomtenperature and the supernatant was

0,
)r/ierer}) \é)e dbf Theeprles ynt esis of 9 (é ?gdol- ypay%yo of203-%]( fy?'ra%lm!?;s-yf)%h(ed'sl ml, 18 %

3e|{ Se[ gol\fﬁsgbznoxascﬁ%%?@w@& Dlvfé%l-ﬂieﬁabkﬁi'gﬂ%eﬂ{aﬁy@rofﬂgM@%'lﬁ/ﬁpﬁérgﬂpﬁﬁ?q1 as a

8. 83 [ 1Hiyrsgin-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
dichloromethane 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 dichloromethane-ethyl acetate to afford 195 mg (578 pmol, 39 % yield)
of pure 4-(5-iodo-1H-pyrrolo[2,3-b]pyrazin—3-y1)-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] d,
8.85 [2H] d. MS: m/z 338 [MH"].
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8.20 [1H d, 8.12 [211] d(in), 7.75 [1H d, 7.65 [1H dd, 6.93 [1H d, 6.85
.[ZH] dim, 3.91 [3H s. M5, mz: 334 [MH]. Method 24 SEM O O- - H\-N MeO
N - N HN=koNodd/aMs126TEP 1 STEP 2 Ove N, _ CN NH NH 113 VYWOrageesoidied
g’CE’éU(SZOOS/ 026794 Stepl: Synthesis of nethyl

2- MRRHOXY RO of it B3 330k Okyiafly MoRY s B YirkdlO3-Blahein- [ 0306
HCO gas vvasébn %? %roouéﬁ){a suspeygsiﬂ%n Oo%lf) 3- Zplé;lét ho% pﬂé}gﬂyli1 [1 (2-]
t ri met hyl Siylpplkbn@t hoxymet hyl ) - 1H- pyr azol o[ 3, 4- b] pyrl di n-5-yl]-benzonitrile

Sti g BTG HroDRBererenmar A arae R hey At TR B8 g
preci pi @? 'ﬁ%@%ﬁué [[?%etﬁ@?@z -£0- methmybeﬁ%lld»ggipﬁenﬁj-uags 54téttalhﬁithﬂn and dried

to affo 2- met hoxyphenyl

pyr azol [d[ B2 Kidxapyrolaticand 1§ m@maeliioy af @cbl@rc@l%(@mhw 131%9 sphino)patipdivm(1D)

Shony |y EseRASEHGR 1% g Lt sR e nand T O 3F LA R dadbold Btell g P v11-
3-(3-( st@ﬁrﬁ QX%BHE%@W&G AddenY T alithite Wadilpyiatadi 1ﬁ~c13"ers,bhhlb(élmml§ﬂrjd®t e f rom

Step in MeOH (1.0 nL) was added norphiline (15.3 , 0.176 mmal) and
tri et hyinairowaes e8¢onty, 163. @8501’1'1@(5 sect fge h@siékt’éillgén%e ¥es AisEPugd GebueRn

t emper a uﬁﬁr&gégg%ee day ggur%llst %?ueoﬁ:p Ec%h\r[\\@tﬁi d&%ﬁlu&?ﬂ%ﬁﬁ%gnéﬂg drhbgqfbide product

purifie

C{3-[3 Q\W%Wtﬁhﬁ[&kﬂﬂﬂdﬁ, foamh s hinkdnoranit ph y
mor phol |a§1/ p 4-yl - et heyl iAo 1191?5 Ale3n lim]qiwﬂl inkdner§anit phypeewgte - C

sol i d. dipduvier spdipm gulipte w)orﬁed ”%h? 0% SEIP‘g gg) by ﬁ%"%(‘%fi as"f—@gr% , 8.37
E 3& S 1 %E%ﬂloal g%l@ r{Ela’_élj_Qiu?nt (\Zf) ?ﬁ{l Qéei_ﬁtt]: 11§hgxané§'|) Theﬁ*eiﬁtn%é mtez-m%ﬁiége H\izk;i) 1H)7 66

7. 12 ( dHissditrld in7128Hial oﬂdTl)hloanféﬁla(laandZH)S g (3 19811(1191) @ IHﬁ thg)pbgnc(l i(ArgomRpt ~ 3. 78

(m 2H), 3.59 2 NG: 414,
by Met h{fgc}guplog(le Wals_Dadded To thlZS was adgie& B/H-'i of tﬁt?uorg cetic Qéal(ri and HRMGHe Pr €Par ed

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) 6. 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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Table 18 Structure MeOVN NH M rralz 412.1 [M+H#] 114 WD 2006/ 015124
PCT/ US2005/ 026794 Bi oassays: [0309] Ki nase assays known to those of skill
in the arwormegs/dasizased to assay the inhibitory activitires/ustoosshes7eonpounds
and conpositions of the present invention. Kinase assays include, but are

ewarpl s oeiehT; Rufhes ot R LAPRh Rk B AL e IR %2?2?
oS e f o oxaTRL o Lleog?ltr(r)rem; or el the ki nace dormin, o
o oor s SAR0 e beis b heobelks SusTREsis s s sy R hsBye. ay
al so be t1$1fn %?[ﬂlbﬂﬁ-etﬂ?ﬁ%%ﬁﬁ?ﬁ hﬂy? oﬂ[%ﬁ?\ﬂgyﬁ&n%hﬁ]—ﬁel%htﬁmﬁ@ln?g oPggut ant

ki nase a ero phos st at used ruva
Ki nase/ haabhtie2BDatiypd anig&ehmé\/lélaHrfoeBi nEnatgsret 03 a&ﬂ{:mml}g fon 28 heurs-at\b|

Pyruvat e Kinase (PK)/ te enase (LDH) Coupl ed S the protein
ki nase d%?féﬁﬁ&?ﬁrg ]31 {“%ﬁglﬁ)ﬁ{d% g ngcﬁpéﬁggglbgﬁ‘i?fgg \}g‘s S dpRd !to o the
oxi dat i afyQfic -ﬁ1t¥£t§‘on%d<1ﬁfet1% aﬁ?)rd%ltﬁ&%gﬂﬁeﬂ@§ Imi by moni toring

a decrease I n absorbance at 340nm erials: substrate pepti de
= EAl YAAREAKKI3 @ [p BidpSpyl)eezingdate a@aergldpw sAid. [3NADH (Si gma Cat #N- 8129,
FW£709.4); 2M Myd 2; 1M HEPES buffer, pH 7.5; Phosphoenol pyruvate (PEP)
(Sigma Cat #P- 7002, FW234); Lactate dehydrogenase (LDH) (Worthington

Bi ochem cal Cat#2756); Pyruvate Kinase (PK) ma Cat #P-9136); ATP (Sig

Cat #A- 3377Std§vze5smthem ef GeB-[362-Methoxyrphenh- lﬁgnwzobe}B%ﬂleﬂd@uSﬁHd

unphosphor T315] domal.n [0313] Stock Sol utions: 10mMV NADH
(7.09 nog/ nﬁ‘ ﬂlq %l%(ﬂ: ?ggﬁn%?eﬁ"lny 10 nM Abl substrate peptide

(13. 4nmg/| U’.v,o*gn K‘sblu@dﬁ@fnﬁeﬁgﬂ 8d3qR-metB&yp mé&mmmwaﬁsm[butﬁ]pyndmw 7.5 (5 m
1M stock + 20); 100mM MyCl12 ( I\/q 95 ni_ dH20);
1001V Pbe)b(e%nu@pg¢ ﬁfpm epl FDIAP Okt Gr%@IéWaSZQ@dfﬂ! mél%ﬁwﬁdﬂr@lm@ﬁ

and triethylamine (90 mg, 0.88 mmol), the mixture was stirred at room temperature for 3
days. The solvent was then removed and the crude product purified by reverse phase HPLC
to afford C-{3-[3-(2-Methoxy-phenyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-phenyl}-C-
morpholin-4-yl-methyleneamine (3.7 mg, 10% yield two steps) as a white solid. '"H-NMR
(500 MHz, CD30D) 6 8.86 (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 (d, 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 [MH'].
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dH20) stored at -20C (diluted 50 1 into total of 10 M mli Q40 daily =50M
ATP working stock); 1000U/mM PK (U ng varies with lot) flash-frozen under
i quid N2wendos/asreed at -80C, and 1000U/ m LDH (U ng vacras2eusiobs7bot )
flash-frozen under liquid N2 and stored at -80C. 115 WD 2006/ 015124

PCT/ US2005/ 026794 [0314] Standard Assay Setup for 384-well format (50l
reaction): 300M NADH, 10nM Myd 2; 2 nmM PEP; 45U m PK; 60U/ m LDH 200M
Abl substrate peptide; 2.5 test conmpound (in DVBO; 2g/nl Abl ki nase
domai n; BigikAEP; 100nM HEPES buffer Positive controls contained DMSO with

d. Ne
he. ass K0T THGTissHROGpADYA AR Bitod o5 SHbR (bhar v vPad &) S h PR AR <0

in the i OIKin@s akdaivk | at ed at
e 1 =0 o B B O o e o ol Lo ng

the ti rrﬁacﬂiﬁia:emtelmnd>tdi33it@ftol\th@lfolﬂxw1ngbxm1biamce spectroscopy at 340nun. The
| i near portion of the resulting progress curve was then analyzed by linear

regres S;Icmhl ?%@ﬁﬁs{ i th¥sel XaMPREUBANEE kAl EJridifef 2 hepmi fath 65 the
sl ope o t est 1 ne (noles/unit time can_be cal cul ated from using

mol ar  exAtil B Sb(ﬁAbbTSéI&MGD’é)ntthEF lanammyamasmﬁ HRrigEEomRY @ﬂ‘i‘l@ﬁm 6[17@13’11@1 Dat a

| uat ed t
\gﬁs eva 5 G%ZE%SI ; luég?%gﬁua h??%)tg%eflt%é?ro thg méeno néats“gﬂtcﬁf mean and 6

the st arﬂﬁ’&é&t(e %eXbﬁYB@SF Tihe Kedsbeust@in meassgpatrﬁy a]:SOSbletdfweryMg negative
controls. The Z' score for a robust screening assay shoyld be >,  0.50. The

typi cal pﬂmhmndatwnstateaa*lmhe aypl %mée,tafﬂatltaﬂhkln?e %SéIZEW &PhoRyladel d was
desi gnatﬁg . [0317] Dose response was anal yzed using the equation:
y=mi n+{ ¢ ?wasn]i‘ 7 (1+10[ COnpAt ta] -1 ogl C50)}, where y is the observed

initial slope, max=the slope in the abs nce g{?ﬁl nhi bitor, m n=the slope at
i nfinit e-AbHRBRYaR Klfbﬁﬁﬁllﬁ?fételmd}%e?ﬁé WELWSY corresponds to 9@

el ot s> B o AR PN thKzﬁﬁ]pWDéﬂz&ogeh%]@b TR A Ray

nodul at |va ion, |n I D, a test conpound was added
to the amspteh kﬂmﬂ@dtﬂjﬁndﬁnt phdmpdamtyﬂeaton@tﬂs subsuﬂatemetpudsmayoumm tblthe Abl KD

exanpl ¢ osdripne! SngHBra A iPAAGIA DK NHoHA S Tate Ry ieey in
addi ti O”dercféaégﬁﬁ B3 HBInRKt B goupl ed assay (above), honpgeneous

[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 T315I 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,O) stored at -20°C; 100 mM HEPES
buffer, pH 7.5 (5 ml 1M stock + 45 ml miliQH,0); 100mM MgCl; (5 ml 2M MgCl, + 95

ml dH,0); 100mM PEP (23.4mg/ml in dH,O) stored at -20°C; 10mM ATP (5.51mg/ml in
dH,0) stored at -20°C (diluted 50 pl into total of 10 ml miliQH,0 daily =50pM ATP
working stock); 1000U/m] PK (U/mg varies with lot) flash-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.
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| um nescence- based i nhi bitor screening assays were devel oped for c-Abl,

MET, AurA, and PDK1 ki nases (anobng others). Each of these assays nade use
of an ATRvOepéeatisa assay (Kinase-GlLoTM Pronmega Cor poratriusegosibaivson, W)
to quantitate kinase activity. The Kinase-G oTM fornmat uses a thernostable

| uci fer 3%%43867%&%@%54%&@%9 8R4- u%nl%ﬁhatf(smmrééeﬁoﬂpﬁ@w 0ADHEA 0mM

PCT/ US2 94 ATP remaining in solution following the kinase reacti on.
The | umMgSkehinM PHRak5UAnl R el Y.DE)1206[1is¢ &bl smb*stt‘ate beptalepifipl w6t ki nase
activity. cAbl Lum nescence based Enz rre Assa @032}(} MVat erial s: Abl
subst r atcempepid de DMBR); Paspradddiki u}se( HepPi gyl dEBPEShyfetaTp

S A- 3377, FWES51 ff '
(BSh) ( RaEhaea0hbs SRR RO Euile fefsprRufas ek Suidl Bl i "
Cat #85660+FVEM EMTA 6508 tiAhe3R The BéfHosp Mlb@&f&n@bﬁhé%l T3151
Cat #29444-088), Abl kinase (see el ow), Kinase-Q oTM (Pronega Cat #V6712).

[0321] Stwekt vBoiused orthe biOhiwiab] sceesitg assayspape kihasq Eactimgyad injtiated 4ti QH20)

stored 20C buffer, pH 7.5 (5 m 1M stock + 45nl

il | QHz%fﬂ tréﬂ%%%‘r W%ngg@ in dH20) stored at -20C (diluted 50 | into
total of 10 mM mliQH20 daily =50M ATP working stock); 1% BSA (1 g BSA in
100 m  d0AISY HEFBGLY e mezgmeétter@HO\@[tn&th@@le dependvniviges of NABGIDY

St X 0.
C0350] - A shes RekRG rn b TS ByrbORA i s ine BB Bl
| det ectth@analyeéd ﬂ)y(lméar r&@&s‘hmlg%t thla(lGM/v@}bin @Hdﬁ%hﬁcﬁtl,ﬁaltp’ﬁmd, ebportéd 496 BSA; 1

| test conpound 9 ki nase_domai n; | g M ATP; . 100mM
HEPES buh¢ &lppe a&b%ﬁfclm(rr&l%s Wfrm ﬁ%@vdbqu@#;@lm Fomgismgsolap eingHan

Negat i V%agﬁw“{n%& ggi‘ﬁd}@?ﬁ“ﬁoﬁ%ﬁ tﬁégd#i sporine. The kinase reactions were

initiate ATP. Kinase reactions were
i ncubated at 21 C for 30 mn, then 20 1 of Ki asgyﬁﬁl I\ﬂziagent wer e
added t d03Hdh QéﬂaIW%S(PVﬁlHéTﬁéHSlPﬂ@l%%ag@l Peakctd 6% AT YT

| um nescepeq pit GaPLL oM ALboE, 3220l IBGHRAKL Bk:Rlndh (G ohilfck U nescence

was det |ng I'um h um nescence- based Enzyne

Assay [ QRZrliolBI8E kdssriptRie 1%1’1 $hpdsytive( ot nkpatbiedhtrals € TaSZOsoRré Ry # réb 32 75) |
ATP (Si gma Cat #A- 3377, FWe551), HEPES buffer, pH 7.5, Bovine serum al bum n

(BSA) ( Romskeing24234a0)ld bem@ Tis: picekiesheld 7 St3ipt ohpeealusihat Bilgm
Cat#856q) ll\/[Q Whlll § Cost ar_ 384- él
low tHe'threshold was es1gna eda’

[0317] Dose response was analyzed using the equation: y=min-+{(max-
min)/(1+10lcompound-oelC30y 'ywhere y is the observed initial slope, max=the slope in the
absence 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 screening assays were developed for c-Abl, MET, AurA, and
PDK 1 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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flat -bottom plate (VAR Cat #29444-088). MET ki nase (see bel ow),

Ki nase- GLoTM ( Pronega Cat #V6712). 117 WD 2006/ 015124 PCT/ US2005/ 026794
[ 0324] Stwoko@alist2sons: | 0ng/ M poly A u-Tyr in water, ®eCorusdoan2s7a3PC,
100nmM HEPES buffer, pH 7.5 (5 M 1Mstock + 45 M mili Q0O ; 10mM ATP
(5. 51ny/ ATPirBmEN2(Q) insbRiie i i OThe julil o 9f ;10

mili Q20 dai | it ATP et ?ﬁ%ﬁ%? %clﬁf)%sleli%%% q%’%AT!Zeilugh@?k&ir"%ygfgglsm 0. 1M
HEPES, pRVvysely coriglatad with the@g)ount 0bsinaskgClidty. 200M St aur ospori ne, 2X

Ki nase-d oTM reagent (nade fresh or stored at -20C). [0325] Standard Assay

Set up focABﬂgumerce‘n@éJm&edﬁﬂzﬁm&A@@age reaction, 40 | detection reaction):
1I0omvMMd 2; 0.3 ng/m poly Qu-Tyr; 0.1%BSA;, 1 | test conpound (in DVSO ;

0.4g/m Ki : 100 HE u ifjve controls

cont ai ne@s&)soﬂ/\?\nﬁ%hal%g\ lgﬁashg%rﬁ?gtﬁdfwaﬁ REﬁPﬁl P> 10M

st aur os poTegneCATHETIK(Sigme CeRCBBPNFWes 1) HEPESbafeabit 7 5ERdvi: R¥uhhe
addi ti on of ATP. Kinase reactions were incubated at 21C for 60 mn, then

20 | of RPHE Lo ROFRe SR 843D r Mekdd Sthurasperrs(Strgpiomites gu8ignin t he ki nase

reactio jgoLin : 1438 S h i.on. i, hcubat i on
G e AR LA S RSheifle F R aBoP ke BF Al A
Luni nes cénzse-(baxsetbvbn Kymmee- M2y (Pr6x326] CMkveriy| s: Kenptide peptide
substrate = LRRASLG (Bi opeptide, San Diego, CA), ATP (Signma Cat#A- 3377,

FW=551) , ES KBt ol % Br. i & Calbj : 3728), . Myd 2,
St aur obpor e ¢ ok Sofutonts10mh A ltale sipubER A ATRT M OB ORI G RN
384- wel 120°Caf 0k BEPPS atiffex, WHVRS Caint 28844c10885m] Al QBhOS Albany | atred Aur A

ki nase (see bel ow) . Kinase-d oTM él?roma a Cat#V6712). [0327] Stock
Sol ut i orfe I/ mndiisDistacd e de(dimterhbgilintoi tatalaf H in] mikiQHeQ datly - 20C:

100nM HER ffer +.0.015% Brijo 35, 7. 5 | HEPES stock + 75 L 10%
(B(rj I tsg“ Sgiﬁ?%‘ngpﬁ‘ﬁﬂ? %‘éﬁ%ﬁ?‘{ @%@ﬁ 1%5551%‘9&mlﬁ'hwﬂggﬁgsf’%ﬁeﬁéwed ?ock)

i luteds a - Y. r st ock) ;
100mv Mgd 2;)’ 12%OOM S gtuz’r o%(g{)l\gi ne, SB%K%’%%e-I%Qéo%Teﬁgg%é%gFTXﬁ%d%éspr%ésh or
st ored astore@@iGR0°¢)0328] Aur A Aut ophosphoryl ati on Reaction: ATP and Myd 2

were added to 1-5nmg/ M AurA at final concentrations of 10mM and 100mM

respecti ) t lhakl i § a t 21C for
A i L S
concent rreddtion): dnBA MACIZNDOaRNAbESIbsREE pEhtaRN0fPOBSA; Wiyl best bt AinbRinand

stored at -80C. ) )
DMSO); 0.4ug/ml Abl kinase domain; 10uM ATP; 100mM HEPES 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 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 Cat#A-
3377, FW=551), HEPES buffer, pH 7.5, Bovine serum albumin (BSA) (Roche 92423420),
MgCly, Staurosporine (Streptomyces sp. Sigma Cat#85660-1MG), white Costar 384-well
flat —bottom plate (VWR Cat#29444-088). MET kinase (see below), Kinase-Glo™
(Promega Cat#V6712).
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118 WD 2006/ 015124 PCT/ US2005/ 026794 [0329] Standard Assay Setup for
384-wel|l format (20 | kinase reaction, 40 | detection reaction): |1OMM
MyCl2; O.\Roithicanpizsde peptide; 1l test conpound (in DVE@CT/U3285/024794

Aut ophosphoryl ated Aur A ki nase; 10M ATP; 100mM HEPES + 0.015% Brij buffer.

Posi LV LNt I9bdk SARLALSomPARToN G120 heSict ARAUR Dot galVeHEPRS T O S

contaln aur ospori ne nase’ reacti ons were initiate [ tI e
t=0 by bhffer, PHCU $(®m1 oM AbEk -+ Kb mAgeilIQERCY)] DREVWATE (5. ﬁmgamed dh]tzO)Zaiﬁra‘dor 45
mn, then 20

of Kinase- GloTM reagent were added to each qluench
the ki nat@07€4dilutehSQpdintafatalef 0 nﬂémh%hﬂfbélder?@él\/ﬁ é&é’twqmmgﬁrq@ 620 min

it nomiie (' oBRE im0 i CUITIERECGat 23, YRSl T el Pl 2000

PDKt i de g Pa%%%ggﬁné WS KBk & o™ RS RRadeARSsN BRERBR A apEReCr MFRDFDYI ADWC
(Upstate Cat#12-401), ATP (Signa Cat#A-3377, FW551), HEPES buffer, pH

(5t opt T LSEperGAgg %aqp#f@%%%z e
(Promeg o Cap Ay ﬁ%@eﬁ@%@cﬂgl G Er P P heput 0807 T

2001, apMEPP 0.80/bY MIFE kidtasd;,10 MATTBQI(HIHMZQE’ES‘: bXDeiV HdsftieS contidler, pH 7.5

(5 M 1M HEPES stock + 45 m ni |QHzlc\>L)§ | OM ATP (5., 51mép in dH20)
stored abntap@ECIMBOuvighing gest canmayng oNgkatbfe cpotrads cainfaingfid OrNbstayrospPEIEATP

Ki 100 mv 00/ 35,5t 9 . 200M..
St aur oo JOFMTESE SRORG TSGR Pulthe o Thi S TRaRT ATFS ipad ooy o)
[0332] I R0HR(GEP SN ° §%1Ud?0 o, ﬂ?e%ovd\ﬁldmlﬁésmlofﬁ@eake&i\ﬁ@@ 8ddedasthan, 40 |
detection reaction): mM PDKtide; 1 ' test conpound (in

DVBO) ; @ve:lbbnjuend%l](& kklawsaactlcﬁll\anATﬁatlatbohMm@@ﬂSZpnde()@atﬂWOHIEPEQ a2@mi % Br i |
buffer. | tive ¢ I s. cont ai ned st co nd. Negative
control s}n ﬁ’i‘%ﬁ Hed QOT&}‘F %?CSEﬁoW?Wp@ﬁénﬁpﬁ%{géearde n%'étgre initiated
at time t=0 by the addition of ATP. Kinase reactions vvere i ncubated at 21C

for 40 mMurA Linmin@0encediased Fagpme€lAsTAY r eagent were added to each well to
quench the kinase reaction and initiate the |um nescence reaction. After a

Fgmmngn:a??;d} a&lkl/_[@fénﬁls Rifaptiibpetidaistinsaae ERRAS AR (BiopasideNS#n Diegd sCAY,eadi ng
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 uL 10% Brij
35 + 45 ml miliQH,0); 10mM ATP (5.51mg/ml in dH,0) stored at -20°C (diluted 50 pl
into total of 10 ml miliQH,0 daily =50uM ATP working stock); 100mM MgCl,; 200puM

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 N; and
stored at -80°C.
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WO 2006/ 015124 PCT/ US2005/ 026794 Preparati on of Co-expres2ion Plasmd

[ 0333] A | anbda phosphat ase co-expression plasm d was constructed as

fol | ows. wpQB@AjisAn open-reading franme for Aurora ki nasecmas2@spbé7bied from
a Horno sapiens (human) HepG&2 cDNA |ibrary (ATCC HB-8065) by the

|
et reah AR R s R0 S CORIBMPRL BRI CRRNL o
[0335] 18t RHRI GhRONGC1; ?S%Mqéﬁnmﬁlerp%pﬁwqr:a 26 congouge (inmrisD)ed as

| ows. The 'PCR product was purified b ectrophoresis on a | % agarose
gel i n UARghnlf Aetopbosghodyiatedappriokinas, éO;stz@TBa}Qﬂ)mMsH%B&S $&P15VoBri he gel

d el d d
For & nbRdeedoative coprTleApEABELPEIP P BhsrompPIeE SrEe sl ern  The
vect or 9&%@%@8 ?NI §R%?'Sots€ﬂ%ll ! tlﬁﬁa%? ?ﬁtc’u&i’stxﬁ&e iRHef LeGm¥ eLEhPhe Of PET26b

(Novagen, oW ng sequence has been inserted

into tbedileebf AlTPe KibkAEANEEEROCATEGATBARIAT CRTTROESM i GEREATATIGTBLCHKE-  and
the foll owi ng sequence inserted into the BanH site

MG@GG&WMW@@W@MW@%@@@M@%MWW%@W adgitigiedBei d,  from
the Shi Te 13?? ﬁ%enli%aae ?6‘ grﬁh'%u%%%ﬁ a(f)f\%'sl%,rfﬁ‘é lmrhggslceﬁ:detv@as cfe{’é%téatlﬂp site

and the eisas
AAGGAGGA TA}'&@A{@%MW&TCATCATCATCATCACGGT GGTCATATG TCCCTT [ ORF]
AAGGGGGATCCTAAACTGCAGAGATCC. The Aurora ki nase expressed using this vector

h . .. .
(ﬁ/Zt gy%ﬂ]?—fsﬁ sﬂ‘g Eﬂ&ﬁﬁaséa%%ﬂ&ﬁ%@epﬁzm and four am no acids added to

the G term nus Ser 0336 The phosphat ase co-expression
pl asni d [0F30] ¢ H@ﬁteﬁﬁ]éa?égué?/p?%@&sﬁ’% $he phosphatase gene from | ambda

bact er i @pPRASETI
%%gl S RISER SomﬂrheﬁmIAbW@(@sme cikozrhem, ABipophys.

Res. Commun. phosphat ase géne was anplified using

PCR f ror@Sﬁgmmﬂla#A-%dﬁblﬂW%ab)t HHP@SHBJ@@I DEA7 SHL IR 3§i(Gebiochriaw  Engl and

(PPi or) Cokbebiriaclrrtesmaere: (bRt B EiRi AR PETC, <.

primer (RRIE%4-weRHHPLGHH P ERAGTIRGCKHPISNA - (3SY, PISIAT ARSI BISTT;,CCTGTAC.
Kinase-Glo™ (Promega Cat#V6712).

[0331] Stock Solutions: ImM PDKtide substrate (1 mg in 200ul, as supplied by Upstate),
stored at -20°C; 100mM HEPES buffer, pH 7.5 (5 ml 1M HEPES stock + 45 ml miliQH,0);
10mM ATP (5.51mg/ml in dH,0) stored at -20°C (diluted 25 pl into total of 10 ml
miliQH,O daily =25uM ATP working stock); 100 mM MgCly; 10% Brij 35 stored at 2-8°C;
200pM Staurosporine, 2X Kinase-Glo™ reagent (made fresh or stored at -20°C).

[0332] Standard Assay Setup for 384-well format (20 pl kinase reaction, 40 pl detection
reaction): 10mM MgCI;; 0.01mM PDKtide; 1 pl test compound (in DMSO); 0.1pg/ml
PDK1 kinase; 5uM ATP; 10mM MgCly; 100mM HEPES + 0.01% Brij buffer. Positive
controls contained DMSO with no test compound. Negative controls contained 10pM
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 the luminescence

reaction. After a 20 min incubation at 21°C, the luminescence was detected in a plate-

reading luminometer.
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120 WD 2006/ 015124 PCT/ US2005/ 026794 [0337] The PCR product (744 base
pairs expected) was gel purified. The purified DNA and non-co-expression
pl asm d DBMO 2eemvoast2hen di gested with Sacl and Xhol restriPCiiusRoos@pzyMNES.
Both the digested plasm d and PCR product were then gel purified and

|'i gat ed prcpapithRr off ©8-eBpiesdbn Pofeitit h T4 DNA [igase and transforned into
Top 10 cells using standard procedures. The presence of the phosphatase
gene i n [0A33]coAdupbéspliasnhgshsevrakpression pasmid wesicanstruelgd antollewys. For
standard nol ecul ar bi ol ogy protocols foll owed here, see also, for exanple,
t he techoBsyjesAdeped-r&Rthd Mare 1 Q0Era8dinaak was MilpEGsd &bni BB Gapibns
Laboratory Manual, Cold Spring Harbor Laboratory, NY, 2001, ar]dpAusubeI et
al ., Cur(hemen) PerfsDeBN libranp(AekClf &B-BY®)) dyyhe mlpagmseehain sactien @EFOci at es
and W1 ey.. i . . 1989. [0338] This co-expression plasmd

cont ai ng}gbdéqhggﬁiékﬁﬁgﬁygle gi'nase and | anbda phosphatase genes under contr ol
of the lac pronoter, each with its own ribosone bi ndi% site. By cloning

t he phosphat aseFqries precri Hap A AALAGAGRIEAGHIGEEELINTNG site, downstream of
the target geneg,

I en et i avai l abl e for subcl oning
t he phosphat ase ?n?%\ﬁg%%éic%@g%m?@%g%%%%gﬁ ncl ude Sacl, Sall and
EcoRl bef03ssin ThePERaséuca (1D5 ko patadx@saed)ntastieh phifified ddabllowndTBCR
downst ream_ of the phosphatase. Protein Kinase pression [ 0339] An
open-r eazap%ctwaaﬁﬁngecf gx%ﬁromesw% Ao BFIN ML PG &Paéﬁe( mouse)
cDNA [ f i i :
b@g@&f&ﬁ,ﬁ% f@g v&%retxt{sieé fbin the geg%ﬁg gﬂuéawr@g b 5t4Rdartl $ENGtdction

conmmer ci aval nvi trog PCR using the follow ng
pri mer s:kiEoFeeldtep DN was GagkAET: tdRepazatyre Wwith frpoisomerase

CCCCTCGITT . [.0340] T P rroduct . (846 base jrs expected) was
Sor T 1 ot R LR et a2 Qe i s b bish e epac t R eh i R e e
The puri {480 ehl mﬁ%anWLP @héf&iﬁ%eeﬁ)uewag &%@éﬁq@ MRS b&dnUh&:riel tikto

t opoi sonerase into p GX3- TOPG, he vector pSGX3-TOPO is a

t opoi sonthe 2&lel sitt CARANTGSaCE AT ATKIATCATOA TEENO6H | MoV &g e A TWRECS I,

W sconsin ei.n the fol.l ow S nce.has been inserted into the Ndel
site: CAanbeﬁ' g%{%&elﬂ(ﬁe‘n?e\ﬁea%%fﬁ%u}g@aﬁgﬁ?ee inserted into the BarHI
site:  AAFEEAGCATACEAL BAKACAGALELT CThahs sapRAE€oOthe @l Pldshiiag

plasmd, fromthe Shine-Dal garno sequence through the stop site and the
BanHl , sfrem thesSkisesilgasnes sequapgetinonsah theT aAraoall ctGErTfloRsIaREECATCAT

"original" BamHI site is as follows:
AAGGAGGAGATATACATAATGGGCCATCATCATCATCATCACGGTGGTCATATG
TCCCTT [ORF] AAGGGGGATCCTAAACTGCAGAGATCC. The Aurora kinase

expressed 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
CGTCGACGGATGGAGTGAAAGAGATGCGC

Reverse primer (PPrev): GGTGGTGGTGCTCGAGTGCGGCCGCAA
GCTTTCATCATGCGCCTTCTCCCTGTAC.
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CACCATCACCACTGATCC. The c- Abl expressed using this vector had three am no
121 WO 2006/ 015124 PCT/ US2005/ 026794 acids added to its N-term nus (Mt
Ser Leu) wodo&/mam2a0 acids added to its C-termnus PCT/US2005/026794

(A ud yHi sHi sHi sHi sHi sHi s). [0341] A c-Abl/phosphatase co expression

pl asmid U hgR mwaﬁo@qctgzmgmlp@ﬁs Bepdcha) wab eaphatias e The pamii iEDAU or a

co-expression plasmd le 1 into the above plasmd. Both the Aurora

co- expr esd nmcwlemsabmpidsmlld@m Were ﬂilﬁzﬂ(ﬂdg@ﬁtﬁﬂé@ﬁl el pn@é@warwaon di gest ed

3 hrs with res cLion e £ re gel
puri fi eaRESt t}bﬁ’ﬁ Féé’gesﬁjé% (ﬁ’g ﬂ%bkﬁv%ertglgrb gl%ggg&]?gga ed with
the di ggsdeRdr for $Wht W@ SAITS DN@hEas%tan&‘ﬁ@nﬂﬁﬁlédl’lﬁbeT d}ﬂ@&ﬁlls tding Top 10
cells. The presence of the phosphatase gene in the resulting construct was

confir rre@nda;dlpmedlilr@s i Bhe pliesrnse o6 theabarghsiase geregB Al COFPﬁﬁgeﬁﬁlwsénéodes for

vant agE PR R Sk fe AR ERRLE AR el O p ool WM PATE oep 1

target aﬁ@%r%i@;ﬁﬁpl@atﬁe hehuigaek deatritsedas ISembrpkal ahf Melectiar Gidning: erl ns into
this phosg at ase co- ﬁbSeSSI n | asmi d. [0343%0The plasmd fo T315I

was prepal @Hﬂt%yMﬁ@@ﬂ]ﬁ fo oplahenaterudiyn g0p hend dnseRel ehahde™ Aitrent

e AR P S 3 i

5' - CCACGAHET. CT ACATAATCATTGAGTITCATGACCTATGGG 3" MrD5582dA4
5' - CCCATAGGTCATGAACTCAATGATTATGTAGAATGGT GG 3! [0344] Protein fromthe

phosphagsgy ConGx pessLAR-NAS oA Y it 8o iRk LAt Ranple

non- co- exXpressi on p s transtforned into chemcally conpetent
BL21( DEphGtatmsRidne Shalatcagtecmle)f teelat pramater, hachowitlekpows sibosome bisding was

f d BL21 SA 1 h
Genes. oFTEaRBATBHEGE PAPTRGSSES (aian St Brarg Rls Sone s ceraBrPes,
Cronan Jf Jf elﬁa%rﬁfehf%ht 1369@@‘[1819 Gitek 2B 39211361 180 SubcidfthgRh@pestppithse Bt I i

di shes cont %et% agar wth kananycin. |solated si naﬁl e colonies were
gr own t@thinrqbldsngdqorﬂ&@ee sited 1mluﬂee‘bh0ét8aﬂw¢ﬂcnRLBetWGﬁm therkiinage #8456 gl ycer ol .

This glycerol sto aga kananmycin and a
singl e %P%}?W%&nﬁﬁm ﬁfofﬁ?ﬁgﬁﬂ&ﬁg Wﬁﬁ% FosPﬂ%tta%B W t h kanamycin
and chl oranpheni col, which was incubated at 30C overnight w th shaking.
Thi s cuIRmtcﬁn\IﬁnausE@l‘EtSleocul ate a 2 L flask containing 500 nl of LB

37C ana PiilccAngyet RatuareRohT srAb e s R BT kR llslano BRORTE s

cDNA 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-TOPOis 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 resulting plasmid,
from the Shine-Dalgarno sequence through the stop site and the BamHI, site is as follows:
AAGGAGGA GATATACATATGTC CCTT[ORFJAAGGGCATCAT
CACCATCACCACTGATCC. The c-Abl expressed using this vector had three amino
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i nduction flasks were incubated at 21C for 18 h with shaking. 122 WO

2006/ 015124 PCT/ US2005/ 026794 [0345] The c- Abl T3151 KD (ki nase donai n)
was puri fwedoawisnkl ows. Cells were collected by centripCugsteosnzebysed in
di luted cracking buffer (50nmM Tris HCl, pH 7.5, 500nmM KCl, 0.1% Tween 20,
20mM | mdaggliged M/!iism-%éiﬂﬁﬁ?st(ﬂ\/fé? SeADEL) GRARIAiHI 8 al f1dRTOUE C-.Rhinugebris.
The soluble fraction was purified ovér an | MAC col um charged w th nickel

( Phar madGayGlyppdardisHskEddis)., and el uted under native conditions with a
gradient of 20nmM to 500mM i m dazole in 50MM Tris, pH7.8, 500mM NaCl, 10mM
net hi onifng41)1046c-Ab PhatasERE eRprRiSdNpMBRidtIaNhEMEERSE b WibddRes B gel
filtration using a Superdex 75 preparative grade colum equilibrated in
GF5 buf folesgheGst/IPERES AUupeia.c8-expsHPn plasini mpge O i Keecibove piesIdr,  and
10% gl yger, .y Fractions containi.n urified c-Abl T315! KD ki nase
dormi n” VGV R s faireB SOt GPafis it 18 G shigli80n sl ER by

el ect r ophedsRai 3shi WitRSsthieli el zy RS ISR DaldSNothETEe BPRC fhgae@pheragdal ysi s of
the purified protein showed that it was predonm nantly sin

|
0hos phoryedand teehoprieEIss cempBom KenAtshBIBHTISHy s 25Ed Witk Tt digestsda kal i ne

Phosphat ase E n , i u foell ow ng

condi ti 6%6;1 :pl%gg%ﬁgﬁ]ﬁﬁntpf%?kag&i&]ﬁlé&gﬁ%%& 1ta?t a eﬁ Cn%h%f {l@eﬁkg%&%q‘ﬁ@le KD, 100nmM
Md 2, gndspth@rdeaddintthorehltihg Chnstribew isaeiirtad v sestrithion detesti@hinatdsis. 23C.
The protein was determ ned to be unphosphoryl ated by Mass spectroscopic

anal ysi ny; Mol } @ﬁh I Act § S

separ at 8312j0n;r l‘rﬁég?tsgllrlé g&gef/ gel R %| id'? ?l%?l 0 J&E?ar%%é%%lﬂ(gg%%gﬁ ]‘;gqspirﬁ%par ative
grade coaldditionelpdivhnthgas Bitko unigeedetitiéfiar sifed, Al ahiERES], upsfread ofltBakdrget

met hi oni ne, 150mMl NaCl_, 5 DTT, and 10% gl ycerol). . .Purifjcation of Met:
[0346] T858C BBf parpq ysed donubglaring of o dt pigicigs o thisplpsphiicoge |
culture &ﬁ&rsﬁﬁgh&gmwe ki nase domai n of human Met were resuspended in a
buffer contarnrhg 50nM Tris-HC1 pH 7.7 and 250mM NaCl, in a vol une of

appr oxi y 40 er. 1 riginal culture.. .On bl et .of .Roche
ol ot dOSEY Al s foB ABL Eo il obibaccbhe b firyica fae AR RISHUS 108 Brace
per 1 L @ficloChahddahutapbdesiskit ($8tagstp ShitROmWASaStliter's cted prdeedireat 4C.
Debris was renoved by centrifugatron for 30 mnutes at 39,800 x g at 4C.
The supemdabeafollowing olizonaeleeidlasnt o a 500 ml beaker and 10 ml of 50%slurry
of Q agen Ni -NTA Agarose (Cat# 30250) that had been pre-equilibrated in
50nM Tr i Mnid€3s s 475' §:C AOTMTNETAC ADKA TEATEGAGT TEAMGATICTZDGEG-3ind  10nM
Met hi oni ne, were added and stirred for 30 mnutes at 4C The sanple was

t hen pouMaW5p NSRS (P CEAIHUFHCAT GA\GREASHA T MG A@AAJIGECG

[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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vol umes of 50mMM Tris-HCl pH 7.8, 500nM NaCl, 10% d ycerol, 10mM | m dazol e,
and 10nmM Met hi onine. The protein was eluted using a step gradient with two
col um volomess/oiseeh of the same buffer containi ng 50nmVipc2aBpdds/o267d4 500V

| m dazol e, sequentially. 123 WO 2006/ 015124 PCT/ US2005/ 026794 The 6x

Hi stidi n@345]9 Tasc-Abeaees me(magmom@hmaﬂﬂmﬁyfdta% oW E\C IR gase
(I'nvitrogen Cat# 10127017) per ngt ein while dialyzing in 50nv

Tri s- HO coblerted By ceUTfigaipic] lysedm%l@e@ eecking bafanSOmM dzisIHCL aHd . 3.0nv
over o pRonl it o 1P TRERERE Gl SpldifaltTSing TR B BRGELE biErPERE: ©

and eqUIddllbfeahﬁdl"hd\scﬁ&h‘mﬂffﬁéﬂuﬁﬂlv@% ttfied. ofer A0OINCNRGImn dREedGvite afckEl, 10MM
| m dazol e, and,  10nM Met hi oni ne e cleaved protein bound to the Nickel

col urm aFharmasis, Hppsaia.tSyvedsn), wad clafedragdenpatine sordidonsgyislin eradieniaf2Gmdd

gr adi ent | 50mM
Tt s- v e MBI o it 0PRSS0 NG TpE Factiip B E e Tomu
Met hi oni glgcerd: Sihd @rotemOndd then ﬁn’lﬂ@ﬂptﬂl‘ﬂieﬁlﬁf gel H0Ehvh Nafdlg, 2 Siipedek yrser ol , 500V
| m dazol e, and 10nM Met hi oni ne) for col utm vol unes each. The Met protein

el ut ed iBicRa@Iegrade %ﬂ@ﬁneq@@@ratm@ésbq fes (MM EBE S HARS, 1088 t he
cl eaved A@%ﬂhﬂ%&%@&@% @ana 1‘1!“%11&398/4“41% ddlfnﬁractwfs cortdidi & lons were

pool ed ter SDS- si’s confi he presence o eaved Met;
further mmiﬁeﬂlca‘hlbll 631151\/]1@9 knimsed&mylalyeﬁreré pbdledit Thepwiein nbtaowd apk YIOhman

Aner sham Bi Load 1 0 _Superdex 200 _pre rade
7 1060- 51y TP IS OB SR PRIy %ﬁegg s Bufioerents anain o8 ycer o
and 5 ”“ﬁlpﬁifrlﬁéﬁ‘ﬁrof‘ehﬁﬁib%e’d tﬁétéi%vhé)ﬂ%déﬁ’ﬁfnﬁn%ﬁ@%l?%g %g@ O}S%QHD; hE Eﬁ)ttéiﬂ to

-10. 4ng/ m "by centrifugation in an Anm con ,
cent ri f ugad thén dezpénosphwylai(ed:am&l SJ’E(Z@]@A@M)E Pl@oﬂphaﬁasa@ﬂBhFafmeMaspBu][ﬁ@gwﬁ] The

Sf9 t : f 6..L t d I

oxpr st CpsanndR teoaris sopdtioBE L E et RS uARP heSoRBSB RS pible. o
500mM NaﬁstI k3901 00m¥E 811, 8d 2H0mBE haditidrdi Ra0l UTROMLARASHAEub B higd: 3nmM
(13- Mer capt oet hanol (BME). One tablet of Roche Conplete, EDTA-free prot ease

i nhi bi t 043 Go&hparqtelp@asﬁemmogv bewgphogphayyiated bBé\fizssrﬁas@rc(smagmiyms

Cat #7074 dded |
oS e poruPes PG B R B o ghe Rl Wby Sikebbe o i reis Pt e o
then soffii:eaéeesifnNa Bagerdét N5 f)f«@@ar&ﬁvéjr%ra&@601th%hﬁll1Gﬂ£foﬁmF¥b@ﬁfé‘r| (&dmMDebri s

was renoved by centrifugation and the supernatant was passed through a 0.8
m syr i ng@EPESREF7- pelilsrd methiegine) bilel NatiloSmaMsDATT, pacl0%ighyegiplol urm
(Pharmacia). The columm was washed with 6

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-HCI 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-HC1 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 4°C and washed with 10 column
volumes of 50mM Tris-HCI1 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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col um vol unes of 50nmM Na Phosphate pH 8.0, 500mM NaCl, 10% gl ycerol, 3nmM
BME. The protein was eluted using a linear gradient of the sanme buffer
cont ai ni nyO20enys12km dazol e. The eluant (24 m) was cl eacedisessnni7ght at 4C
in a buffer containing 50MM Na Phosphate pH 8.0, 500nM NaCl, 10% gl ycerol,

32‘“/ ﬁﬁfgmééfigfgﬁ‘;z%ﬁ% ﬂ?%%@‘;ﬁ#%hﬁ P%i&fé?%%ﬁ%%%%ﬂ%ﬂﬁ o
PCT/ US2 inbelilcadielyeingti 1Y31 7 82800Vl d. Th
cl eaved o/o ing’f&rr atg e;gctlem;e e aggg; and cons tlpg? dII_lusi,n fﬁlﬁ The
concent r@[ 6&%’06}:—% Mﬁ?@ﬁ%é’?‘?g Hyrrng gt %ﬁn Iﬁqext ]éflii%‘g tag was

chr omat GgRRREYbPPasBing fRe Sinfl1DFv&Ql RERnb&a 5MYWVNeC R R 1ol §o- 250mMv
NaCl , 1mM EDTA,:@g?.llm AVP- PNP ‘(I)r ATP Euf?er, and SW%@ag#T%EUé%g?est

fract i orshaygsd evidoNiskeledquilibmtedtmt S0mMd rissHEbpd 6)8, 580mM/ N8C1, 10¢¢ i , and

were either l.as rozen in liqui Ltrogen.in 120, 1 al.iguot d stored

< socOgpersh 4PR HRGEe! g oA A hiongR A Hesemafeie b i ie: <

pr oducedNick&lBofurkn &fa ISWLHRPEEAd WY &lfite@XREIES Sb Gral iR NTIR ffnt was
o

resuspended in a buffer containing 50nmM Tris- pH 7.7 and 250nmM NaCl in a

vol une 186 vdiipk % iengitheh p0%oofithe Besidel (A-sigf =oYOngVinkris-IHO1 pHr7e8, S00mM AalCht  of

55, oni ¢ S B R Gieade ARSI AR T Mt e SO o opbl T PR Pl

cul t ur e.500REVI SHENETT Tlydkasl, SE0niVEkhifiolel and 0 NVEMeffioni OO § c¥Rsm enoved
by centrifugation for 30 m nutes at 39, 800 x at 4C. The supernatant was

decant ed’olnes eacho@hedVehpratein chyierl inghedirsften ( ghgreay thefnog-clepyied Met- NTA

e O iR Rt A el M e BR R b AP GRS Bl D e
added anfter SDISLP RAEf @l adlysi duuifiemed thedfesehbeeo Saeiobe Masfutthenpyificagién i nto a

drip colum_at 4C and washed with 10 col um vol unes of 50nM Tris-HC pH
7.8, 500WM deseby gebiltrafign ghrgmatographynam a5 Mmstshan BipssiqneesiWilad 1669 ne. The

protein S| ) 1di AT P T htgrgs each of

t he sam%%?%%?bggﬁ%baérﬁ%nga%mlggggig%#f\ﬁ%t%gr# dazo e,%qdﬁgn 1ally. The 6x
Hi stidi nsOnad Nwid, 1% &tectra\ead Bight DU Mihe4Banest fractidns Teeve cqnbined awd
(I'nvitrogen Cat# 10127017 er 1ny of protejn. while dialyzi i mv

Tri s- HOConpgtEates toa%éﬁma@é@y C%%J@a%@ H,A@mﬂlwﬁ-aéi& Orfgqﬂaﬂ’iégm

Met hi oni NGBt ﬁ%lte;l-ﬂﬁtf@(atm%il@ﬁ).t ag was renoved by passing the sanple
over a Phar ma%i ab5n IMAC colum’(Cat# 17-0409-01) charged with N ckel

and equilibrated in 50mMM Tris-HO pH 7.8, 500mM NaCl, 10% d ycerol, 10nM
| mi dazolJeHritieafr Wit'hi oni ne. The cl eaved

[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 NacCl, 10%
glycerol, 0.2%n-octyl-B-D-glucopyranoside (BOG) and 3mM [-Mercaptoethanol (BME).
One tablet of Roche Complete, EDTA-free protease inhibitor cocktail (Cat# 1873580) and
85 units Benzonase (Novageh 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 gradient of the same buffer containing 500mM
Imidazole. The eluant (24 ml) was cleaved overnight at 4°C in a buffer containing 50mM
Na Phosphate pH 8.0, 500mM 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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protein eluted in the flowthrough, whereas the uncl eaved protein and the
Hi s-tag remained bound to the N -colum. The cleaved protein fractions
wer e conbwoedosansizeoncentrated using spin concentrat or PCTRISR405AR6794
purification was done by gel filtration chromatography on an Amersham

Bi osci e%&@sdﬂuee@goae@&@ﬂmq%maé)gom%& mee%vé&%n%ﬂa&%%%}é
equilibrated in 25MM Tris-HO pH 7.5, 150nmM NaCl, and 5mM DIT. The cl eanest
fract i oreomienes andrdoneendrataddsgrspertanasrgrhtere. Faingy/putifibationemasrdohadatgebn i n

an Am co, U tra-15 10, 000 centrifugal . fi r ynit #
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M4- 11 ansCIT HAM BDTA, WeTEMBMHIL BNRQE ATP bt VadSniidb - egndulehggeo’ s Medi um
suppl emented with 10% fetal bovine serum (FBS) and penicillin/streptonycin,

Ba/ F3 ceiractionswers qemibines anddoneenipier ta eugoxinmiels Selinegiiant wedd/ciRBs,

enicillin{streptomcin.and .5 r econbi nant | L-3. .Cell  Survival
Rssays [%ggﬁozggﬁgl%%yt%%q %@&lﬁqﬁo“f’ 8 F@qu&rﬂ?@%a%%ﬁ}’?diaﬁ‘l&pl i cate.
[ 0351] 96-wel|l XTT assay: Cells were grown in growth nedia containing

vari ous PuwrificsionreftBIIRE: of conpounds (duplicates) on a 96-wel|l plate for 72
hours at 37C. The starting cell nunber was 5000-8000 cells per well and

vol une Was4s]20CkH péileté prodeasd fdm 6ITeof JB-1HRUS cdlld eupdi hurkth BDRA wekd

| abeling m xture (50:1 solution of sodium3'-

| -
( pheny| dgsuspendse oA Prifercoptaiving 306M drp-HloH £1-7rp@dr2é91yﬂszﬂCl o) vajumeene

sul foni c e W 8‘1[% e - LN nt-n P N- et

di benzo poyf?tgéll%r)% gplérl%e hy fmgﬁg{; g{“ e@oli@glrag Q%igl&%d@fl (5) ?ag%eg r?%&@ Fli%sgémP%ge’ Eﬂ% .

Af ter anfredstolchseniahibeBcdeitailgCatt 1876 58Gtana185aiits Benzonhf(Nvggibance readi ng
at 405nm w th background correction at 650nm was neasured with a

spect r ot Biigbed) Wersaulted peal lnef priginakmmterau e hesyaension Was stirred far 1 _
SUspens ;4P Pk B osacl Mok PR s LSROR FRLDE o0 ich,
cel | s pefhemabématbht wis decdtel ito aiS00 uilabéater a1 mbbdf a 20%shrBl afeQiagdit i on
G addi VGNAR EBt ok IT0) Bt Gt SPPepre PO aLEaNe SOWRb THERChEB i ng &
IEC gt 1 U M A RSP R0 g o7
r eagent sstitted oy mirtuygsi at 4PCy Ths eainple wab theB@RudBlinto 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 500mM

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-HC1

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-HCl1 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 Hil.oad 16/60 Superdex 200 prep grade (Cat# 17-1069-01)

equilibrated in 25mM Tris-HC1 pH 7.5, 150mM NaCl, and 5mM 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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phospho- ELI SA (" P-ELI SA") assay. Table 19. BCR- ABL phospho- ELI SA( p- ELI SA)

Typi cal Reagent List Description Vendor Catalog # RPM 1640 | nvitrogen

11875- 135w0208&Het2al Bovi ne Serum VR 16777-014 char aeceriszed/o2dreat

i nactivated Human Pl asnma, Bioreclamati on HVPLEDTA Anti coagul ant =EDTA | nc.

126 WO 2009/Qdrl24 PCT/ US2005/ 026794 Description Vendor Catal og # c-Abl
Ab- 3) nonoctonal anti body VWR 80001-286 Reconbi nant Mouse | nterl eukin-

Cheni con[0B#%) 1B1\3}H-1AdinkTHPeccRE atees Beiataincdbndicov@PMRATdd Dulbeevd'stidédiom

Th 932465, .pl.at d TC Instr t Co 9 1 Nu Vh | at
(ForP e Cnap eyl ook Setslytinegatemins [T o PRpic O A 5o ooyt Doaeald
f1 at - botyemplidhRed irPRPMitl%% n@%ﬁ&neﬂtm;{ﬁq@ws@sp%ﬁmhh)séﬁg@o&%ﬁl%d
conponents Tris-d NP-40 (1%

pyr ophosingémbre(:mbmantrﬁmlkbﬂz (5mV) NaCl(150m\M) Protease |Inhibitor
Cocktail Sigma P2714 PMSF (1mM) Sodi um vanadate (NavOo4d ;2nM)  PBS, ice

cold 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 Invitrogen 11875-135
10% Fetal Bovine Serum, VWR 16777-014
characterized, heat inactivated

Human Plasma, Bioreclamation HMPLEDTA
Anticoagulant=EDTA Inc.
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Protease Inhibitor Cocktail

Sigma

P2714

PMSF (1ImM)

Sodium vanadate (NaVOy, ;2mM)

PBS, ice cold

Anti-Phosphotyrosine (4G10™),
HRP conjugate or unconjugated

Upstate

16-105 or 05-321

Goat Anti-Mouse IgG, HRP
conjugate (if unconjugated 4G10 is
used)

Upstate

12-349

BD OptEIA Reagent Set B

BD Biosciences

550534

Coating Buffer (0.1M Na-carbonate,
pH 9.5)

Assay Diluent

Wash 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 T315],

Y?253F, or other mutant forms of BCR-ABL) were grown in the absence of IL-3 at least 2

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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each plate was covered with a plate seal and incubated overnight at 4C

[ 0356] Excess anti body was renoved and the ELI SA pl ate was washed 3-4 tines
with 200wél2o@fo1seesh buffer (0.05%ween in PBS, pH 7.4) pcTAG205/006794 ysat e
(see above) were transferred to the ELISA plate. Plates were seal ed and

i ncubat egcihahAunish 8f witROPies BHREHBIY 6 60T D ﬁﬁiﬁé&tdt 90,c&h bpedypte. 9. HRP
conjugated anti-pTyr or unconjugated a-p-Y 4GL0, Upstat@) was prepared in

assay diihcéntion Fae parfoiniesidyitihaiswithdwitodeer addlﬁ@e}s su(:h 1o t0s I/ or, 5020 0ukgn i n

10011; f.c.=2 m n.ass dilu di l,uted ant.i bod er
ol ate wel G repb i gebripaut o Rners wfs efledent SRR 2 1Y Dol 1 o
wer e vvqgﬁﬁggsf@lgq datd s Mbdrbd B Berdlifun %gmyygsh buffer per well. 100 Al of
detection anti bo y was added to each well; the plate was covered, and

i ncubat t 1C det i 0

onoved D35 ¢ b iR e FTRALEhH, forhBht gy FEGGEF AR ARL et Gk GROtAYSY
200 Al o, Cuatsibcteuf bPBOP\%re\fs@éﬂared[a@aiaﬂlcdnfraﬂ@‘)@ﬁ@@Img/rﬁl inGoafifl bikfgon] ugat ed
ant i -pTyr anti body) secondary anti bod}olO oat anti-rabbit HR was di | ut ed

1: 3000 i(R-124 Stycadhbqnaten pH(B)33nd plpied at H0 il par Plater(i -5 athd ORuifed Ab4kOnal) W of
di | ut ed aaigigh Bgﬁﬁ( %"xﬁ[emﬁvg{ glatﬁﬁﬁfﬁﬁgﬁ g@ﬂ&rg%u%fé} lwRed a@d%%g, %%H%ﬁdaﬁc{ om t he

ELI SA pla our “t1imes wt

wash bufdaeh platd Wa3S&Ivefndositis abRuitdiRapaidtinduband Siehs ghtat e°dReagent B (Pi erce
Cat #37070 Super Signal ELI SA Pico Chem | um nescent Substrat e) wer e added

| medi at [255’6 beforRs ?oo(i}‘%valfﬁem&?e% ahd E%ﬁ&hia?é;wﬁ’%é%&‘% éso&ltﬁ"

substr at re a m xe for um nescent
si gnal V¥ mmgms]eﬁufﬁmt(b B % Tween e BSr pH1728. \MI)?Aﬂ)Gﬁlly@dtsls’bé above) were

A | CIBRIEReRE? b SIS Suilgle B esoUr e (g bk AR oA T315(
ADI —Y393cEmBEﬁ{dr£.eTﬁé 8&Bctidnntibod (@ AP dobjudhted Dl Nt br Bhednjlgald orp-v
4G10, Upstate) was prepared in assay diluent. The antibody was diluted 1:1000
(stock=2pg/pul, 200 pg in 100ul; f.c.=2pug/ml) in assay diluent and 10 ml 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 ul 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] Ifnecessary, (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 pl substrate were added per well, mixed for 1 minute, and

chemiluminescent signal was measured with a luminometer.
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NN OCCC 131 WD 2006/ 015124 PCT/ US2005/ 026794 (r)np(r)und P ELISA [T

AurA 1 C50 --9 -ET P(r)tZ1 3151 Cella] 1C50 1C50 or Bal F3 T3151 Abl T3151 _
Abl _1f 393Fopn@ldisaation OP IC50 1C50 (XTT) HN-N o NJ ec@uS20s/0bddoN N F O
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OP IC50 IC50 (XTT)
c c B
C c B
c c B
c c c
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proliferfati opompdliddS0 TCO0 (XTT)T cN O C16 G B NiNacs0 Tmer— Trpics
3151_Cells] IC50 IC50
or BalF3
T3151
Abl_T315l_ | Abl_Y393F | proliferation
OP IC50 IC50 (XTT)
C C C
C C B
C C C
] C C
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NN ONCCB OHNN ONHCCC OKN HNO HNNNCCB 134 WO

2006/ 015124 PCT/ US2005/ 026794 conpound P_ELISA [T AurA I G50 MET P(r) 131
3151- Cel I'wD 2b€85Q512€50 or Be/ F3 T3151 Abl _T3151_ Abl _Y®@3Rispeosiond7es at i on
OPIC50 ICB0 (XTT) O HNNN 0,4 ONCCC OHNN N N-"\- N O
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CCCC OHNN NCOOM NOCCA/ B HNNONs F NN OCCC 135 WO

2006/ 015124 PCT/ US2005/ 026794 conpound P_ELI SA JT AurA | C50 MET PDKJ
3151- Cel Iwb 20@50512€50 or Bal F3 T3151 Abl _T3151_ AN Y3@8Fyseasiob@vat i on

OP 1C50 IC50 (ACTT)_ %%INN B NN 'OCHCCCB OHNN

compound P_ELISA |T | AurA IC50 MET PDIK1
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NONNO, CCCHNWNB NI , --OOHCCBB OHNN NN OCB 136 W

2006/ 015124 PCT/ US2005/ 026794 conpound P_ELISA [T AurA |1 C50 MET PDM 3151
| G80 2b€8AAs5120r Ba/ F3 T3151 Abl _T3151_ Abl ~ f 393Fppmralsedosnadveon OP

Cel | s]
IC50 1C50 (XTT) B OHNN NONOCCB OHNN Q..
compound_ P_ELISA [T | AurA ICS50 MET PDIKA
3151_Cells] IC50 IC50
or BalF3
’ T315I1
Abl_T3151_ | Abl_Y393F | proliferation
OP IC50 IC50 (XTT)
C C
C C
C
C A
B
C C
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0O C C A For Table 21 above,

follows: A>10 M B=1-10 M I
VHAT | S Guéal2Msd1584 1 1. A conpound having the fornul a: pctusbboslioddrolR2 L2 N

2 L1-R1

3 wherein 4 L'

and L2 are independently a bond,

_8(0)11_

the activity synbols represent an |1 C50 as
M 137 WD 2006/ 015124 PCT/ US2005/ 026794
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3 unsubstituted aryl.

unsubstituted C3-C7 cycl oal kyl;

unsubst i twoedoch15247 nenbered heterocycl oal | cyl;

heteroaryl; 5 (4) unsubstituted aryl;

1 7. The conpound of claim1, wherein Rl is

2
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31 (¢) R7 is hydrogen, Rll-substituted or unsubstituted Cl1-Cd o al kyl, RU
32 substituted or unsubstituted 2 to 10 nenbered heteroal kyl, Rl11- 33
subst i t utwo 2006/upRubst i t ut ed C3- C7 cycl oal kyl, R'-subst ipCutusdoosn2édds
unsubstituted 3 to 7 nenbered heterocycl oal kyl, R12-substituted or 35
unsubst i £ 19101 ATNREB-18Ubst i tut ed or unsubstituted heteroaryl, -OR71, or
36 -NR72R73, wherein 139 WD 2006/ 015124 PCT/ US2005/ 026794 37 R71, R72, and
R73 are independently hydrogen, Rl'-substituted or 38 unsubstituted C, -Cl10
al kyll R11-substitlted dévcammupdhaving e 2rmgal0 39 nenbered heteroal kyl,
R1' -substituted or unsubstituted C3-C7 40 gycloal kyl, Rll-substituted or
unsubstituted 3 to 7 nenbered 41 he ol oal kyl, R12-substituted or
unsubstituted aryl, or Rl2- 42 sybst |tut d v unsubstituted heteroaryl, 43
wherein R72 and R73 are optionalR%Yy, j40i th the nitrogen to which they
44 arg attached to forman Rl '-substitute 1gh1unsubstituted 3to 7 45
menber ed heterocycl oal kyl, or Rl2-substituted or unsubstituted 46

het erbaryl ; 4Wh¢gin R8, R91 and R92 are independently hydrogen, -CF3,

R11-substituted or,148, unsubstituted C, -Cl10 kyl -subsytit ut or
Unsubstituted 2 tolitityl T Pﬁ%&eﬂﬂl’émﬁ‘%’@@%m‘?:f st WSy %ﬁutsg%l‘cs
unsulsst i dluylede, 68 ubsubsiititedied toy3 memdBreRhetercaliBadet Whedih is%‘ﬁﬂ%%@@ﬂ ﬁéﬁl%ch3 to

7 menbered heterocycl oal kyl, R12- 51 substituted or unsubstitited ary
R12- Subs#iddt ed or unsubstituted 52 heteroaryl, -C(X2)R81, or -S(0O) WR81,

they are attached FoltoRmisiiipridaas? SR ligp felbeipiifeas To 7
nenbed edsubetiteday eneedskitited ItsterBdyloaliby] ssubsiitifed toé dn@ibstitiedttdrddty e dr
heteroaryl , wherein 56 (i) X2 is =S, =0, or NR16, wherein R16 i5S

R11- substubstifisd osunsbstifdedayl t uted C - C10 al kyl, R1'-substituted or
tituted 2 t : a. ' itut
inoubt i tut ed 3. Y BdebtoPBIRE RSyt STRBLIN or By BIEE S P afltnas o 7

menbidr edL' i§Gohedsabsiityet Aab KythemiRt2d hetbshikylthe tvhen RingarStid yed aryl, or

812-. 61 substjtuted or unsubstituted heteroaryl;
12" unsubstitute pgeny , ang thati1 1s not -S(O),- when R‘yis unsubstituted piperazinyl, and

13 that R' is not substituted or unsubstituted isoxazolyl when R? is unsubstituted pyridinyl.

1 2. The compound of claim 1, wherein L! and 1.? are independently a
2 bond, -S(O)y-, -O-, -NH-, or unsubstituted C;-Cs alkylene.

1 3. The compound of claim 1, wherein L! and L? are a bond.

1 4. The compound of claim 1, wherein L' or L? is a bond.

1 5. The compound of claim 1, wherein

2 R' is substituted or unsubstituted cycloalkyl, substituted or unsubstituted

3 heterocycloalkyl, substituted or unsubstituted 5 or 6 membered heteroaryl, or substituted or
4 unsubstituted aryl.

1 6. The compound of claim 1, wherein

2 R! is substituted or unsubstituted 6 membered heteroaryl, or substituted or

3 unsubstituted aryl.

1 7. The compound of claim 1, wherein R' is

2 (1) unsubstituted Cs-C; cycloalkyl;
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62 (ii) wis an integer fromO to 2, and 63 (iii) R81 is hydrogen,
R11-substituted or unsubstituted Cl1-Cl0 al kyl, R11- 64 substituted or
unsubst i twoedosd152410 nenber ed het eroal kyl, R11_ 65 subgCirtusted/ o794
unsubstituted C3-C7 cycloal kyl, Rll-substituted or 66 unsubstituted 3 to 7
menber ed heterocycl.pal kyl - Subst | ubstituted aryl,

R12- Substit ut ed orezgﬁgﬂ%éﬁu%}t%etgu}ﬁ%%%{r’%g?gftgfogyéz%lgpgNR811R812 69 wherein

R811 4and R812 are&g@mgﬂg@lm@yﬁy@gen, Rl1-substituted or 70
unsubstituted Cl- al kyl, Rl'-substituted or unsubstituted 2 to 140 WO

2006/5015124 PCT/ USZDossubgéipted aryll 10 nenbered heteroal kyl, R1'-substituted

or unsubstituted C3;C7 .. 9 RL '-substituted or unsubstituted 3
to 7 nbered 73 h Pé‘r‘bc?&a/l(%?cggf E%I%?&%%%Yléubsti tuted or unsubstituted aryl,

or RE2- 74 substi t () echsbituteds ub? nichmbeed Hestrecyobmalidyl; wherein R811 and R812
are 75 optionally(jt)oi ned with the nitrogen to which they are attached to
76 fd& m an R11- sub& sebptidiedaryli®ubstituted 3 to 7 nembered 77

het erocycl oal kyl , B},% i d or unsubstituted heteroaryl; 78 (e)
R10 i%s hydr ogen, R@é-ssu %‘?[?(?E‘Lftg%wr’ unsubstituted C -Cl0 al kyl, R11 79

subsfg tuted or unswhsfeld uted 2 to 10 nenbered heteroal kyl, R11- 80

substituted or unsubstituted C3-C7 cycl oal kyl L&Su futed or

unsubstituted 3 to(5 aﬁ%ﬁ@e@tr‘éﬂlbﬁ‘@f“é?do‘é%la%% yp,ﬁ?%&lii’éﬁégﬁ’ Céf?réod?'%lf) gé}éZ

unsupst i put b i ¢ htbd beandassaneanytb 10or 83

- NR1G1R12, '%%(Sat?%?é% Oéﬁﬁ%ll-b?ﬁ%mlélagg)dd}?%’ Iglfguﬁ\%ggendent | y hygdrogen,

R1' - substichiberd heter@BkyinR Ubsibitituted r GusubsiftutediGatCr mlaa@%ét{ i tsubsiguted or

unsubstituted 2 to 10 86, nenber ed heter.oghk Rl'-s i1

unsubst | Bagubsfitelyd 3o g ety %tﬁO,CYQ alleqélugs t'%ﬁ?tgéedoorr Lﬁ%?l@tf%ﬁ%ﬁ%%d 3to7

menbey el B REh R LAk ARl ndRkasUIBVIOX A, a2 oRybstiNRIRY, aryl , or
S r

R12 su Ituted or unsubstituted heteroaryl, wherein RL01 and R102 are
90 opé i orfiSyO)R'Aed with the nitrogen to which they are attached to form

oL oy LSOt LUt kSR e G (R0 chigscl ool o
18  R''-substituted or unsubstituted C;-Cyg alkyl, R!'-substituted or unsubstituted 2 to 10
19  membered heteroalkyl, R!''-substituted or unsubstituted C;-C; cycloalkyl, R'!-substituted or
20  unsubstituted 3 to 7 membered heterocycloalkyl, R'2-substituted or unsubstituted aryl,
21  R'Z-substituted or unsubstituted heteroaryl, LPCxXHR, 1L'2.0R, -L'2NRP'R?, or
22 -L'2-8(0)xR°, wherein

23 @ X! is =S, =0, or =NR", wherein RYisH, -OR'!, R''-substituted or

24 unsubstituted C;-Cg alkyl, R!'-substituted or unsubstituted 2 to 10

25 membered heteroalkyl, R''-substituted or unsubstituted Cs-C; cycloalkyl,
26 R''-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R
27 substituted or unsubstituted aryl, or R'2-substituted or unsubstituted

28 heteroaryl, wherein

29 R¥lis hydrogen or R!'-substitued or unsubstituted C;-Cyo alkyl,

30 (b) m is an integer from 0 to 2;

31 (c) R” is hydrogen, R!!-substituted or unsubstituted C;-Cyo alkyl, R

32 substituted or unsubstituted 2 to 10 membered heteroalkyl, RY-

33 substituted or unsubstituted Cs-C7 cycloalkyl, R''_substituted or

34 unsubstituted 3 to 7 membered heterocycloalkyl, R'2-substituted or

35 unsubstituted aryl, R'2_substituted or unsubstituted heteroaryl, -OR"", or
36 NR"R”, wherein
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93 (f) L12 is a bond, unsubstituted C, -Cl0 al kyl ene, or unsubstituted 94
het er oal kyl ene; 95 (g) R11 is oxo, -OH, -COOH, -CF3, -OCF3, -CN, am no,
hal ogen, Wb20&f1s12bstituted or unsubstituted 2 to 10 newberssdooalokerbs
R13-substituted or 97 unsubstituted 2 to 10 nenbered heteroal kyl,

R13- g@bstituted or unsu ut 11 tituted or
unsu thl tuted 3 to 78% R h%%adr%d ég;[11g§%eg§8ﬁ§ﬁﬂrﬁ?+é%£4%;u§ 1:Zt'td%%tautred or
unsubdtituted aryl, or Iaﬂmhbsﬂﬁlﬁ‘bdmta@tolaﬂkm@“&ubmmacﬂ)stuﬁmbﬁduﬂ’edtzetbaaryI

101 ) RI2 is -OH, -COOH, .am gen,
R13-3$Ubstituted 102 or ntﬁ‘i%hfﬁ%ﬂfeﬁ‘?}f’a&ﬁylzﬁtl S‘T@“Wé‘?ﬁlh’éﬁ’éﬁlbﬂlwdcs -C7

R13-gybstituted or UnSU'@%lh&lH%leﬁ“ -2ritttdiQr hlsiFe %‘e{(deﬂtohﬁfilgfngg{)%y'

R13- substituted or unsubStitu C3- C 104 cycl oal Sstituted or
unsubbktituted 3 to 7 nehb@rce:&clmalkyll\ﬁ Elﬂﬁﬁﬁlldiﬂsﬁmnﬁiﬁﬁtmﬁat)ﬂ‘&l 028794 105

het e%fcycl oal kyl, R14- su ut ed or, un t| t ut ed aryI or R14-substituted
106 unsubst i t ut ed hets Vior%g 1it1}te geroaryly o JOH, - COOH, ami no,

hal ogren, - CF3, - OCF3, 70 ed 2
to 1‘g§msrrber ed heter ovglllﬁék;?/llnRL %%%Rf;ggﬁ%s%ﬁag?J&@%%%%é&%#rggﬁé%m {Hégl

unsubbtituted 3 to 7 nent@at@dheﬁﬁcfbmchymbemuwﬂlo;ruumﬂmb’sntedwtoe’ﬂ aryl,

dh I 1 I
S oo, O, uneub BT A s b EPHER e o 10

menbgg ed het er oal kyl , ungt@pﬁ}}nt uted C3- 113 C7 cycl oal kyl, unsubstituted 3

to 7 nenbered het eroc cI g)lal Ky 114 unsubstituted ar l{nsubstltut ed
hetefbaryl. 1 S. THD B‘p(ﬁ]ﬂldd{ ﬂrecllléf?mnd’entwi\?é’ﬂmgnn FB,sstbb$t1tutaded or

unsupstituted 2 6- eroar ubs i;tuted.o n sfjtuted
ar ylgggl 9. The conpoun S?qltg(ﬁj (3 l\%% titufeél 05“8%‘}‘&’&{““? d%%) IEIdn
conpgund of claim 7, mhab@bdh&eroakyf, R“@ﬁbsh&)ted Mlﬁfs@bd’t‘ﬁﬁt@di’%@ cydlohityl, ar e
substl tuted with an -Qd, -CF3, hal ogen, unsubstituted Cl-Cl yl,

unsubStituted 2 3 to H&SH@%@@@W@%&H@WW 7amhmdh¢j@r@dycdmlkyl R

cycl gal kyl, unsubstit r 12 f cl oal
unsu%latl tuted aryl, uslr[%ﬁg It%fitog%lz%gﬁmiefl 0 ly]ié S%ﬁ tﬁ%ﬁ u%tg};eéil n L12 is a
5 bosil. 1 11. The corpeusaybiCElrth dﬂS(@mﬁbmef@n RS! ﬁﬁf‘l{” are optionally

53 joined with the nitrogen to which they are attached to form an R'!-

54 substituted or unsubstituted 3 to 7 membered heterocycloalkyl, or R'*-
55 | substituted or unsubstituted heteroaryl, wherein

56 (i) X*is =S, =0, or =NR'®, wherein R'® is R!!-substituted or

57 unsubstituted C,-Cyg alkyl, R-substituted or unsubstituted 2 to 10
58 membered heteroalkyl, R''-substituted or unsubstituted Cs-C

59 cycloalkyl, R''-substituted or unsubstituted 3 to 7 membered

60 heterocycloalkyl, R'>-substituted or unsubstituted aryl, or R'%

61 substituted or unsubstituted heteroaryl,

62 (i1) w is an integer from 0 to 2, and

63 (iii) R® is hydrogen, R!!-substituted or unsubstituted C;-Cyg alkyl, R*-
64 substituted or unsubstituted 2 to 10 membered heteroalkyl, R''-

65 substituted or unsubstituted Cs-Cy cycloalkyl, R!!-substituted or

66 unsubstituted 3 to 7 membered heterocycloalkyl, R**-substituted or
67 unsubstituted aryl, R'-substituted or unsubstituted heteroaryl, or
63 NREUREZ,

69 wherein R®'! and R®"? are independently hydrogen, R'!-substituted or
70 unsubstituted C;-Cg alkyl, R''-substituted or unsubstituted 2 to
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1 12. The conpound of claim?7, wherein RLis (7) or (8), wherein (7) and 2
(8) are substituted with an -OCH3, -OCF3, -CH3, -CF3, -0OCH2CH3, hal ogen, or
3 cycl oprwpybeisi2d 13. The conpound of claim 7, wherei mcitAysasvd/obéoare a
bond. 1 14. The compound of one of clainms 1, 7, or 13, wherein R2 is 2

1 substituted C3-C7 cy u

ge% elr?gcycl oal kyl; 4 (3) ugds glﬁilgl'tegthgtc?gﬂlt{%pﬁda%%f)wtgge?%%%ugagtg@%'f‘%d

aryl 726 (5) substituted CSe}@YoadiwiIlblé4sklydt1,mteddﬂuﬁwo£ﬁ®lﬁ6015]ZZﬂembered

PCT/ 1JS2005/ 026794 7 (6 tit ered heter | Kyl ;
(7) gﬁbstltut ed aryl; ( ) ?ﬁ%s I%‘ka?g‘ﬁlf% é&gﬁ&‘%ﬁ%mwsﬂﬂ 3@9@ 11 ¢ (5)

and ¢f) are substitut ed V"‘§d‘l’bst"i‘t’ﬂte@b‘?uns@"bltut%ero%hef‘e)fﬁﬁ@ gﬁ@h{@]@eﬁb 12
R21-substituted or unsubstituted Cl-d o al kyl, R21-3Substitute

unsuBstituted 2 to 10 13 neptlvepkyljdmesdevitiatheyitrogeRlo stibdt theydredittached to

ns tituted C3-C7 cycl oa tute substit ted3to7
u b ged het er ocycl oal>/kyl %O%fmﬁﬁl?#lﬁ'ﬁ% orolr‘nsﬁhéﬁlﬁg‘%?tt%? dJ or
R22 substituted or unsubsthét%@m&@&ﬁr&qwlsubsﬂaﬁad &(a&?shﬁi%nute&%@te%
-L22- NR51R52, or -L22- 16 S(OqRe, 17 (7) and (8) are substituted wui

-OH, 78 CF3, -COOH, €9dhois lh’béiilr@g}@nR 'RRDstitnigd subesubstituted GrCunubR T+ ut ed

Cl1- al kyl, R21-sub |tu d_or t d2to (0]

het &%al kyl, R21- subst' tgm%le obpnﬂﬁgﬁtgge?ijtt&g) %g,tg{ogg%ﬁﬁ )

R21- gubstituted or 2051ib§§tuﬁﬂtdrhﬁ§1ﬂ>dtlt&tdd®37Cmmﬂl%d neiapanved eal Kyl ,
R22-substituted or unsubstituted aryl, R22- 21 substltuéed or unsubstltut ed

het eBbaryl, -L22- C( X3)Rubstityted 3 (R4 memtppedriarazrloaliyl, R ZzubstitgedpyR6,

whergin 23 (a) X3 is =NR1 i YRS -OR171
R21- giubsti tuted or 2%1%31?1%18 te?&iy{ilt\fgd Z@is%%%&gﬁl{;ﬁ?St]ﬁff&lsl%tggotafyguqred or
unsupstituted 2 to 1&1\26101@%Qhaainhet eroal kyl, R21-substituted or

unsubstituted C3-C7 g&( ﬁﬁll}% w0y 26 R21-substituted gr unsubstituted 3 to 7
memb®t ed het erocycl o B arp independently bydogen s usshstitwieder aryl , or

R22- §5’b5t ituted or uns Ul?lﬁgdbtsfﬁtu?eq Ci1-Cyp alkyl, R''-substituted or unsubstituted 2 to 10

86 membered heteroalkyl, R'!-substituted or unsubstituted Cs-Cy

87 cycloalkyl, R''-substituted or unsubstituted 3 to 7 membered

88 heterocycloalkyl, R'*-substituted or unsubstituted aryl, or R

89 substituted or unsubstituted heteroaryl, wherein R'%! and R' are

90 optionally joined with the nitrogen to which they are attached to form

91 an R''-substituted or unsubstituted 3 to 7 membered

92 heterocycloalkyl, or R'-substituted or unsubstituted heteroaryl,

93 (f) L' is a bond, unsubstituted C;-Cig alkylene, or unsubstituted

94 heteroalkylene;

95 (2) R'is oxo, -OH, -COOH, -CF3, -OCF3, -CN, amino, halogen, RE.-

96 substituted or unsubstituted 2 to 10 membered alkyl, R'>-substituted or

97 unsubstituted 2 to 10 membered heteroalkyl, R"*-substituted or

98 unsubstituted C;-C; cycloalkyl, R"®-substituted or unsubstituted 3 to 7

99 membered heterocycloalkyl, R*-substituted or unsubstituted aryl, or R!*-
100 substituted or unsubstituted heteroaryl;
101 (h) R' is -OH, -COOH, amino, halogen, -CFs, -OCFs, -CN, R*-substituted
102 or unsubstituted 2 to 10 membered alkyl, R"*-substituted or unsubstituted
103 2 to 10 membered heteroalkyl, R -éubstituted or unsubstituted C;-C
104 cycloalkyl, R'*-substituted or unsubstituted 3 to 7 membered
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28 heteroaryl, wherein 29 R171 is H or R21-substituted or unsubstituted
Cl-Co alkyl; 30 (b) gis an integer fromO to 2; 31 (c¢c) R3 is hydrogen,
R21- substwoub@ebhisr4unsubstituted Cl1-C10 al kyl, R21- 32 eghaisedostoectoor
unsubstituted 2 to 10 nmenbered heteroal kyl, R21- 33 substituted or

ﬁQi@SS“ tuted C3-C7 %ﬁ%@%?k@%léu Lo hstddt dtaguiRtitutdfary D op RSt dubetitetkd3 to 7

red heterocycl oa stituted or 35 unsubstituted aryl,
R22rgubsti t ut ed or upsubsibktituteddetesdagylparyl, - OR31, or 36 - NR32R33,

wherein 37 (i) R31, R32, and R33 i ndependent | y.h
ROTE DS t Ut bd or(8 shatbsORs (EORCEHPEFD APRYH LB TOaR Nout ed or

unsystituted 2 to 10nsiRufifahered Mgl aiRabdinlied K21 16 ublbetddintrarllyl,
unsubstituted C3-C7 cycl oal kyl, 1-substituted or unsubstituted 3 to 7

menfer ed 143 WO 2006h0i5iadeRGICUSROOSI0267oustitued Ade dmarykarethl kyl |
R22-substituted or unsubstijuted aryl, or, 822 42 sL i

unsl¥sti t ut ed heter oﬁﬁqcyﬁj?éﬁgﬂﬁn ﬁ%lﬁedi Q%ZIBulé%ug?tﬁ?e%i&e%%ﬁagy]?%m} oi ned with
theh@i trogen to wh{jgﬁmti@@cm?r@o@t{t %ﬁ%@hélg%efﬂ?tws,"@(lﬁﬂ -BR] usdubstitutediGel or
uns cyc

stituted 3 to menber ed 45_hetero oal kyl , or R22-substitufed or
unsulpsti t uted het er oaly hikyl, a8subalitured, 2 RS merabasd heteroaikybaimewhsbmied, Cs-

hydr ogen, -CF3, R21-substjtyted or, .4 ] - yl,
R211Eubstituted or u 7ﬂgioﬁﬁﬂﬁéﬁs‘?sflgzﬁ%gp ﬁnltee{frr%)gltre ggle%?cg% %3?{2'% ,
R211%Hb$titUted or ungulskikdied 891, GRsubkieue adrkathl. 49 R21-substituted or
unsubstituted 3 to 7 nenbered heterocycl oal kyl, R22- 50 substituted or

unsubstituted aryl, R22-substituted or unsubstituted 51 heteroaryl
-C(X4) RA1, or - S(OBVR41Thorempeyndms tlamd, risre B t?pﬂt“%’%tﬁaﬁeﬁw u%szl%}!tb@??éd with

the nitrogen to ich they are. an R21 53 substituted or
unsubst | %?%Hh%ﬂfﬁﬂ?”ﬁ%ﬂﬁ%ﬁ%@ﬁﬁ@%%?%@%gP%gWﬁgPghor R22- 54 substituted or
unsubstituted heteroaryl, wherein 55 (i) X4 is =S, =0, or NR18, wherein R18

i s R2l-substitutedgor 5@hyBsmpsird aftcbxm®] whteimlkisabddi- substituted or
unsubstituted 2 to 10 57 nmenbered heteroal kyl, R21-substituted or

unsubsti tuted C3-C7 58 qycl 01 KMl of G Weket RE% @5 ol B RRELITPERS 1o 7
(8) are substituted with an -OH, -CF3, halogen, unsubstituted C;-C1o alkyl, unsubstituted 2

2

3 to 10 membered heteroalkyl, unsubstituted C3-C; cycloalkyl, unsubstituted 3 to 7 membered
4  heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, or 1'>-0R®, wherein L' is a
5

bond.
1 11. The compound of claim 10, wherein R% is CFs.

1 12.  The compound of claim 7, wherein R!is (7) or (8), wherein (7) and
2 (8) are substituted with an -OCHj, -OCF4, -CHj, -CF3, -OCH,CH3, halogen, or
3 cyclopropyloxy.

1 13.  The compound of claim 7, wherein L' and L? are a bond.

14. The compound of one of claims 1, 7, or 13, wherein R? is
(1) unsubstituted C3-Cy cycloalkyl;

(2) unsubstituted 3 to 7 membered heterocycloalkyl;

(3) unsubstituted heteroaryl;

(4) unsubstituted aryl;

(5) substituted Cs-C7 cycloalkyl;

AN R W e
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59 heterocycl oal kyl, R22-substituted or unsubstituted aryl, or R22- 60
substituted or unsubstituted heteroaryl; 61 (ii) v is an integer fromO to
2; 62 (iiwp2lo1sR4hydrogen, R21 -substituted or unsubstrruiseehsGis7€i o

al kyl, R21- 63 substituted or unsubstituted 2 to 10 nenbered heteroal kyl,
R21 64 substituted td = ., R21-substituted or 65
unsubzti tuted 3 to @Hrerr%%?e?dj ﬁg@grgggrgﬁég ﬁ%&%@iﬁsubsti tuted or 66
unsub$tituted aryl ,(7Rabssubstarylibed or unsubstituted heteroaryl, or 67
-NR4118412 68 wherein R411 d R412 are independently selected from

hydr oéen, Ro1- 69 JBbRPSTHSetOR RS ubst | tuted CL.CLO al kyl ,

R21- gpgbstituted or yfraipsubstituted 2 to 10 nenbered heteroal kyl ,
R21-substituted or 71 unsubstituted C3-C7 cycloal kyl, R21-substituted or
unsuBstituted 3 7Z5t andAGprerczebsiduled wdthamyadop DK yICF; REDGHDSanb Uishear

i . | . R22- ' _ bstituted h B
wher 4 R Tbsited e e SRiaried Cortno v B Rt RS AL Sl ¢ o’ vihi ch
t hey 13r € méAkerMh QO8I RER 4 REH1AISAANRIREAA I C, -2 891%65?1& ef>L bgt??tlﬁxg%dao?or

R21-substituted or unsubstituted 3 to 7 76 nmenbered heterobcyclo
R22- $thbs tinpufsétntest 3 ok msiberedtheterocygloakkyt RSasybstindad ¢m)ns@bstitsted yot,agen,

R21- substy2b unsubsti t.u Cl- A b- 19 Sy Lty ed
uns u%gt i tRut'g‘(Sib esgtu?%d 1o nﬁ%bt?r%lélft‘é%ﬁ‘%g’iogle aﬁﬁy#bﬂﬁg‘t%SdDéu 5]; i %18('515, et - 2.
unsubétiEMDQpr3-C7 cycl oal kyl, R21-substituted or 81 unsubstituted 3 to 7

menber ed heterocycl oal kyl , R22-substituted or 82 unsubstituted aryl
R22- &libstituted or (Orandd8} sresulesiitited withanyOH, ofFs, SB00NREYRER haloker, ®2h 84

[ 1 - ssubstituted or unsuhstituted Cl-C10 85
G kgt IR B SR8 G TR by Bted Ll deudied s
R21- $91bs histertiatic)] R wobattsttd bituetbEauied (5T c@@ﬂol&ﬂ'{klé RRZdassuiatd duted or 87

to 7 menbered heterocycl oal kyl, 2-substituted or 88

unsuggti tut@gﬁ LK _ , )
unsub$t i PRTEGIREH3 tog mpmbetsd hsteracyeloalkyh Rinduhss tuted eratshkstiariedaryl, R’89
wher & N BdsAReh BomsR&inARd hAPRlatyY, J1o.0gekMb Liat g nf orgganst g whi ch
22 S(0){R®, wherein ‘
23 (a) X3 is =8, =0, or =NR", wherein R is H, -OR!"', R?'-substituted or

24 unsubstituted C;-Cyq alkyl, R _substituted or unsubstituted 2 to 10

25 membered heteroalkyl, R*-substituted or unsubstituted C3-C; cycloalkyl,
26 R*'-substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R
27 substituted or unsubstituted aryl, or R**-substituted or unsubstituted

28 heteroaryl, wherein

29 R'! is H or R*'-substituted or unsubstituted C;-Cyg alkyl;

30 (b) q is an integer from 0 to 2;

31 (c) R? is hydrogen, R?'-substituted or unsubstituted C;-Cy alkyl, R*-

32 substituted or unsubstituted 2 to 10 membered heteroalkyl, R*'-

33 substituted or unsubstituted C3-C; cycloalkyl, R*!-substituted or

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

35 unsubstituted aryl, R**-substituted or unsubstituted heteroaryl, -OR*!, or
36 NR? 2R33, wherein

37 (i) R*, R*, and R® are independently hydrogen, R*!-substituted or

38 unsubstituted C;-Cy alkyl, R*'_substituted or unsubstituted 2 to 10
39 membered heteroalkyl, R*!-substituted or unsubstituted Cs-C,

40 cycloalkyl, R*!-substituted or unsubstituted 3 to 7 membered
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90 they are attached to forman R21-substituted or unsubstituted 3 to 7 91
menber ed het erocycl oal kyl, or R22-substituted or unsubstituted 92

het er oar yWo 20@/015124L22 i s a bond, unsubstituted Cl-Cl0 aChyisens/oos7o4
unsubstituted 94 heteroal kylene; 95 (g) R21 is oxo, -OH, -COCH, 5 CF310
OCF3; -CN, amno, halo b 22 to

menb‘glr ed al kyl, R23- subgl??{ou%%ao?l %7%%25%%??%’[% gR br%.toﬁgnbe ed

het e#dal kyl , R23- subst i subtstitiited ogsubsintsd hetatonry] GBAEANRE had RRY dre

3- bstituted or unsubs ted 3.t0.7 99 nenbered heterocycl oal ky
zﬁbstl tuted or unsul?B{I?l%aElﬁ’éﬂmﬁﬁi yith the niggogen ‘Pophich Biyiare ftigh @ﬁfto foml

insust Lut ed het er oar vl ROy &Pk nubBbied P meitoRa, hal ogen, - CF3,
-OCF3, -CN, R23-substituted 102 or unsubstitute to 10 nenbered al kyl,
R23 4ubstituted or unsubsteiacytlealkyl] 08RZ- -gubstitedeminasubdtituddeietabiryl;,

bstituted or stitued C3-C7 | oal k ubstituted or
uns u%é;tl t:Jt gd 3 to(éiykﬁﬁb1 16’56 lng?pgpé%élgﬁﬁyﬁrqup, %jlgzz}{g lﬂ‘.’}gﬁ Yitge @8 or
UnSUJD}StI tuted aryl, omnsﬁ%rt@ycbepdly&lﬁ?l Rlﬂéilb@ﬁmwa%f%édﬂsﬂiﬁéh i‘%tﬂf Oary'
107 (i) R23 is oxo, -OH, -COOH, am no,__hal ogen, -
unsubbtituted Cl-O o memkyered heterrisBol.tRY substituted Qlt)mbmhsmmtedi ((jlaéiﬂxyo]ah]kyl,,
145 F WO 2006/ 01512 [ US2005/ 02 9 _unsupst te
cycl odal kyl , unsubsti tlﬁztleq)r jtJ?% 28 Hgg}%étﬁd%qﬁ TiRpRbE ‘i/ﬁ‘% alkyl R22

unsusti tuted aryl, wmssthﬁﬁedbﬁhﬁﬁb@ﬁh@ﬁ%@}ﬁlykn~®8§ht&t%& oéhhsu%@ﬂm
- COOH, am no, hal ogen, ,_ungubstituted 01- 112 ClO aI kyl ,

unsu%]stl tuted 2 to 1@%%&# e@gﬁqglﬂ éfads@)v wdetsit RY nd R f:arflobhﬁnzﬂjiy
| oal kyl , b t t eroc
houbat i Tuted aryr . danSfutede LyVRar SRS MR RM Vs a R o o1 ai m

14, Stherein L2 is a bmb@htuﬂed bﬁunsfﬁh@htﬁtémqu Tdnehb&t@hefeitycWNRYELIRRZ 1S
(3) %4) (7), or (8). he conpound of claim 15, wherein R2 is (7)

1 18. The corﬁﬁbﬂﬁﬂteém B‘Ilsé‘fof'ﬁt!’& d hgfeeqasylnwhereiand (8) are substitut ed
L2 A 58(2 O)ag - L22- C{X3){33¢* 15 L32=8R4, —nggwﬁgégrﬁ%@ is RE. @fsfilfior NR32R33,  or
56 . unsubstituted C;-Cyg alkyl, R?!-substituted or unsubstituted 2 to 10

57 membered heteroalkyl, R*'_substituted or unsubstituted Cs-C

58 cycloalkyl, R*!-substituted or unsubstituted 3 to 7 membered

59 heterocycloalkyl, R**-substituted or unsubstituted aryl, or R*-

60 substituted or unsubstituted heteroaryl;

61 (ii) v is an integer from O to 2;

62 (iif) R*' is hydrogen, R*'-substituted or unsubstituted C;-Cyo alkyl, R?\-
63 substituted or unsubstituted 2 to 10 membered heteroalkyl, R*!-

64 substituted or unsubstituted C3-C; cycloalkyl, R*!-substituted or

65 unsubstituted 3 to 7 membered heterocycloalkyl, R**>-substituted or
66 unsubstituted aryl, R**-substituted or unsubstituted heteroaryl, or

67 NRRY2

68 wherein R*'" and R*'? are independently selected from hydrogen, R*!-
69 substituted or unsubstituted C;-Ciq alkyl, R*'_substituted or

70 unsubstituted 2 to 10 membered heteroalkyl, R*-substituted or
71 unsubstituted C3-C; cycloalkyl, R*!-substituted or unsubstituted 3
72 to 7 membered heterocycloalkyl, R*-substituted or unsubstituted
73 aryl, or R*-substituted or unsubstituted heteroaryl, wherein R*!!
74 and R*? are optionally joined with the nitrogen to which they are
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1 19. The conpound of claim 18, wherein 2 R3 is -NR32R33; 3 X3 is =0 or
=NR'; 4 R6 is -NR61R62; 5 R51 is -C(O R4l or -S(O,,R41. 1 20. The
conpound w0 2066211M219, wherein R4l is -NR4L11IR412 1 21. TheTasopswncioof claim
15, wherein R2 is (7) or (8), wherein (7) and 2 (8) are substituted with
-OH, 75 CF3, - COOH, ami no, halRR&Io e b REIGubkefted drandthsBuRIDey £d

het eroal kyl , unsubstituted C3-C7 cycl oal kyl , unsubstltut ed 3 to 7 nenbered
4 heffrocycl oal kyl , unsubsmﬁmbcledhauegdcyclumlkubgr Rf usubsttitoteder oasubistituged

-L22:C( X) R3, V\herei n ?7(13)1@‘?‘} ) is unsubstituted d-C o al kyl,
unsubStituted 2 to 10 ne @Blﬁkteroalkyl 7 unsubstituted C3-C7

cycl gal kyl, UnSUngé tR%@ﬂy@rogéh Z{Zhﬁf&ﬁfu%ﬁ&ﬁ%&h%é’@tfl@ J%‘lk RAsubsti tuted
aryl, unsubstituted heteroaryl, or -NR32R33, wherein R‘(% and R33 are
|ndeﬂ%ndently hydrogeﬁmsmunbdgmbsﬂﬂ$MMnﬁddel@ﬂgﬂbb@ﬁdhcmuwﬁkvl 1~ do alkyl,

R21- substituted or un ut ed 0 het

ro1. Sbeti tutod of unilﬁ%%‘%le&?was t&t/e%‘q?fnﬁ%éfci ylf e %%@5006/015124
PCT/ 852005/ 026794  13usubsithibd 8 €67 Qien%&ﬁé&’ﬁdtérbé&c@dhﬂ%zlt Rzz%uﬁﬁm@ﬂ ofl

het er ocycl oal kyl , R22- 14 substituted or unsubstituted aryl,

R22-8Ubstituted or urigsBettitetad agyl, RY Sﬁ@ﬁ@t@ﬁh@mﬂsu@ﬁﬂﬁﬁéh@fﬁwamrand R33 are
optigpally joined thalnﬁezn#,B%g]?l nto which they 17 are attached to form
an 1-substituted or unsubs ed 3 to 7 18 nenbered heterocycloalkyl or
R22-substituted or ur(sm‘gtana lRt%aire hgz&o@eﬁ ezzbambslmutad 2unsibgitgedpe@ig o

cIa|m15 wherein R2 is ﬁ@l wher ei n 2 (8) are substltuted
wi t h8Unsubstituted 2 to? hltmrmab lwted%ﬂo 1@ ppmbergdteraliier ei n

4 L22.is a bond; and 5 %%&Sﬁ@@a@%ﬂw ﬁ{t&i @?Jg%tg?t uéf}fgﬂ, R33BLtGuted or

i ndependent |y hydr ogen, stitute uns
87 unsubstituted 3 to 7 membered heterocycloalkyl, R*-substituted or
88 unsubstituted aryl, or R*_substituted or unsubstituted heteroaryl,
89 wherein R and R% are optionally joined with the nitrogen to which
90 they are attached to form an R*-substituted or unsubstituted 3 to 7
91 membered heterocycloalkyl, or R**-substituted or unsubstituted
92 heteroaryl;
93 (f) L* is a bond, unsubstituted C;-C, alkylene or unsubstituted
94 heteroalkylene;
95 (g) R* is oxo, -OH, -COOH, -CF3, -OCF3, -CN, amino, halogen, R%-
96 substituted or unsubstituted 2 to 10 membered alkyl, R*-substituted or
97 unsubstituted 2 to 10 membered heteroalkyl, R*-substituted or
98 unsubstituted Cs;-C; cycloalkyl, R?%-substituted or unsubstituted 3 to 7
99 membered heterocycloalkyl, R**-substituted or unsubstituted aryl, or R*-
100 substituted or unsubstituted heteroaryl,
101 (h) R* is -OH, -COOH, amino, halogen, -CFs, -OCF3, -CN, R*-substituted
102 or unsubstituted 2 to 10 membered alkyl, R**-substituted or unsubstituted
103 2 to 10 membered heteroalkyl, R*®-substituted or unsubstituted Cs-Cy
104 cycloalkyl, R®-substituted or unsubstituted 3 to 7 membered
105 heterocycloalkyl, R*-substituted or unsubstituted aryl, or R**-substituted
106 or unsubstituted heteroaryl,
107 (i) R* is oxo, -OH, -COOH, amino, halogen, -CFs, -OCF;, -CN,
108 unsubstituted C;-Cyo alkyl, unsubstituted 2 to 10 membered heteroalkyl,
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7 Cl1-C10 al kyl, R21-substituted or unsubstituted 2 to 10 nenbered 8

het eroal kyl, R21-substituted or unsubstituted C3-C7 cycloal kyl, R21- 9
substi t utwo 2006/upR4bst i tuted 3 to 7 menbered het er ocycl ealtkyskoosB2294 10
substituted or unsubstituted aryl, or R22-substituted or unsubstituted 11
het.groaryl, 12 wher ej R33 t"'ﬂ%@% d 9ked, Michgt he nitrogen
to ich they 13 argﬂsélt acﬁeggj3'|§7 }%EO%J@% 1- Elhﬁgti tuted or unsubstituted
3 11907 14 nenber ed hattercegylohlasl, kdubstituteR2Pyl suisabstituted deteroanylsadsst i t ut ed
15 heteroaryl. 1 23. ;Jhe conpound of, claim 1, erej is bstif uted
or @lunsubstit ut ed)fRisétr QLG AP apinoshakegent ‘Lﬁgd'cg@% %b‘é’fsi%t’%#\étﬁé f:fk's ed
ringsheteroaryl. 1 2 QBOHRL 910 G b FhdTere MRREBE Iy RAnkibshtaRatEL ut ed
orqﬁl%substi tuted 2 ?ﬁ%%?%f& su%s'?fét ut 83 or uns%bsti t ut gd qui nol i nyl3, or
subggi t ut ed or unsubsyicyelbaity3 uhsibzitidieddabyl memhb&sd haterocydoplbMiad of cl ai m
1, wherein R2 is a substituted or 2 unsu ifuted fused ring aryl or
subdti t ut ed or unsubdf§ a@@&rsdf%leanﬁuﬁﬁ&uﬁﬁ SRR . 147 WD 2008/ 015124
PCT/ US2005/ 026794 1 26. The conpound of claim 1, wherein Rl is substituted
or upsubstituted g i ndphd/dompiRg ol EMingd4 oRhetBinulss hbbkd@d qui nolinyl, or
substituted or unsubstituted 3 benzodioxolyl. 1 27. The conmpound of claim
14, wherein Rl and R2 are independently 2 substituted or unsubstituted
hydant oi nyl , substi6 ut eBharonppsnof g 4, wharaBady(3), Qoedidded 3 or
unsubstituted di oxanyl, substituted or unsubstituted trioxanyl, substituted
or 4 unsubstituted tetr [ ' ot i b L - stituted

t et ra](hydrof ur anyl ,17ts‘ubsf}it]%/utngéd)rﬁhg%g‘lflaﬁlﬁ]gg’;‘g%l%r?%?gégg@wggﬁtdrot hi ophenyl ,
substituted or unsubstituted tetrahydropyranyl, 6 substituted or
unsulystit ut ed t et r ghydrBdammyouad i clagn b3 whertiad 7pandi(83 atestubstiivied with

pyrrolidin 7, SUbst. e r Hbshi phol i.ng, gtituted or
unsuBst i #irt E%C@@ﬁgai‘&iynéﬁa "gﬁzo yl&ﬁt’é]? 'Cg&%ﬁﬂﬂﬁ?[ﬁbsf’f fﬁté@g‘ azol yl ,
substituted or unsubstituted furanyl, substituted or unsubstituted 9

i m dgzol yl, substiigit edrQde alortiaRdsl wRB#o! yl , substituted or
unsubstituted oxadi azolyl 10 substituted or unsubstituted oxazolyl,
subst2i tuted or unsnﬁsbbﬁﬁﬁé& pyridyl, substituted or 11 unsubstituted
pyrazyl, substitutge. or . unsuhstituted pyrimdyl, substituted or
unsublstituted 12 pir5da2PhyN™ substituted or unsubstituted thiazol yl,
substj tuted or unspbat NRItE®. i sot hi oazol yl,

5 R’ is -C(O)R" or -S(O)R™.
1 20.  The compound of claim 19, wherein R* is -NR*'R*2,
1 21.  The compound of claim 15, wherein R? is (7) or (8), wherein (7) and
2 (8) are substituted with -OH, -CF3, -COOH, amino, halogen, unsubstituted 2 to 10
3 membered heteroalkyl, unsubstituted C;-C5 cycloalkyl, unsubstituted 3 to 7 membered
4  ‘heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, or -L22-C(X3)R3, wherein
5 X’ is =0;
6 R? is unsubstituted C;-C;p alkyl, unsubstituted 2 to 10 membered heteroalkyl,
7 unsubstituted C3-C5 cycloalkyl, unsubstituted 3 to 7 membered
8 heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, or
9 NR¥R¥ , wWherein
10 R3? and R* are independently hydrogen, R*'-substituted or unsubstitated
11 Cy-Cyo alkyl, R? 1-sﬁbs‘cituted or unsubstituted 2 to 10 membered
12 heteroalkyl, R*!-substituted or unsubstituted C3-C; cycloalkyl, R
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13 substituted or unsubstituted triazolyl, substituted or unsubstituted
thienyl, substituted or 14 unsubstituted triazinyl, substituted or

unsubst i twoedosithsedi azol yl , or substituted or 15 unsubgCirtust@d/ocevs azol yl .
1 28. A compound having the formula: NHN R2Li LN2L1_ RL (Il), 3
wherein 4 L1 and L2 are | - - 0- . - ) 22
unsu%gtituted Cl-C5 5 & Egﬁ@%%ggg$%éﬂ§5%§?ﬁ?Zf@%&%%?%hga%gw%%yg@;R )

het eoal kyl ene, wher ei n sabstisutad of nisdpeituted aml OrtRF-stbstituted o whsRBstimndd R2 ar e
i ndependently substituted or unsubstituted cycloal kyl, 8 substituted or
unsubstitut ed heterocyc&@?ﬂ%?ﬂ? substituted or unsubstituted heteroaryl, or

143 4 20061 018124 POH UEI00S Bakyotr REGT D EEEP SRR (i il

3 whéfein 4 L' and L2 are ithdegbtodent lhy Ra'-bdstiutedSr@usubstitfed 3 tNH- |,

unsubstituted C1-C5 5 al kylene, or unsypstituted 2. to 5 nenbered
het e? al kyl ene, wher ei nwng@r%ﬁh?tﬁp%cg?ﬁ%lo?ﬁ% wgbstigutsd opppsubstigiedng R2 are
i ndependent |y substit ut gdicffartinsubstituted cycl oal kyl, 8 substituted or
unsubstituted heterocycl oal kyl, substituted or unsubstituted heteroaryl, or
9 substituted or unsubstituted aryl. 1 30. A nmethod of nodul ating the
activity of a prot@en kiThasempovist o&ilaigq 1R vderaimBe inG) sa(&), whatie (7) &idase
el C2onay bRl iR bGPt Thats g7 mOhdea neteidne ) TEL AR RS, 11 E21 1 N
3 wherein

4 L* is a bond; and

5 R?is -NR*’R*, wherein

6 R* and R*® are independently hydrogen, R*!-substituted or unsubstituted

7 Ci-Cyp alkyl, R*'-substituted or unsubstituted 2 to 10 membered

8 heteroalkyl, R*!-substituted or unsubstituted C5-C; cycloalkyl, R*!-

9 substituted or unsubstituted 3 to 7 membered heterocycloalkyl, R*-
10 substituted or unsubstituted aryl, or R*-substituted or unsubstituted
11 heteroaryl,

12 wherein R** and R* are optionally joined with the nitrogen to which they
13 are attached to form an R*'-substituted or unsubstituted 3 to 7
14 membered heterocycloalkyl, or R*-substituted or unsubstituted
15 heteroaryl.
1 23.  The compound of claim 1, wherein R' is a substituted or

2 unsubstituted fused ring aryl or substituted or unsubstituted fused ring heteroaryl.

1 24, The compound of claim 1, wherein R? is substituted or unsubstituted
2 indolyl, substituted or unsubstituted quinolinyl, or substituted or unsubstituted

3 benzodioxolyl.

1 25.  The compound of claim 1, wherein R® is a substituted or

2 unsubstituted fused ring aryl or substituted or unsubstituted fused ring heteroaryl.
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2 obstructive airway di sease, autoi nmune di seases, netabolic disease,
infection, CNS 3 disease, brain tunor, obesity, asthna, henatol ogical
di sorder ,woegamaseti ve neural disease, 4 cardiovascul aPCuitse@s®26794
di sease associ ated with angi ogenesi s, neovascul arization, or 5

vascul ogenesis in a subject in need of such treatnent, said nethod

conpi si ng adni ni siger i mehe BripBuhd6f SERl EGhh@eihEriapstitead dnumhdeieiky e
amount of a conpound of one of clains 1, 28, or 7 29. 1 32. A nethod of
nmodubat iindplylheubattuited aryunefibstitypedqanolikil rasebsiwtpd psimgbstitutednt act i ng sai d
protein _kinase wi.th a conmpound having the formula: H NNN R21~ L2 3
L1- R? @W@%q\ﬁ% L' and L2 are independently a bond, -S(On-, -0-, -NH,
unsubstituted d-C5 6 al kylene, or unsubstituted 2 to 5 nenbered

het efoal kyl ene, wher ei mH dofnpaind Bf @@Ri 14, rvaeréin RO and R aréindefenBantBind R2 are
i ndependent |y substituted or unsubstituted cycloal kyl, 9 substituted or
unsuBst isubstiateher wrsbstiisd higamtoiayh sebstintediorgmsubssitited fionplaaylhatbstipdsd) | or

bst i d.. bst i )
17533 7i8 ey e OB Pl sl g b b By SPLAPR b A L2000 don 2

tyrogi nepkhthiaaged BeahyReRRgL, stibstiogeder kisneseytedtrahedefiraiyl ybsiiited
ki nase, Fns-like 3 tyrosine kinase-3, Aurora Kkinases, p2l-activated

ki nade- &1 uppubstiprrsiseianidadhopaandeybyitaisd or unsupsiuted fetrahydiopyieRil, et hod of
claim3 i i Ln ki i - ARl ' i

raP o s MBS OBl by (RS Gk iy SeuB S o vl HEER BN
G2504, Rbgnte@BbARUbNMAGRE, moAbAHo, EshititedERamYbsBAREPipEi3dinyl, sukBtitiigd
T315N, 4 T315A F317V, F317L, M43T, NB517,. E355G F359A, F359V, . V3791,
F3828, Loswmbst@tqdmwlﬂe@@ﬁiﬂu@ﬁwls%?féﬂ@ff@daﬁw é%‘%s.%l%‘ite%?. “@HB“}F\!}F%M of

clai g 34, WB81#1 Ao Rhdd BF Rh&bRitkicdasKati$1, dubbh@dd or unsubstituted oxadiazolyl,
10  substituted or unsubstituted oxazolyl, substituted or unsubstituted pyridyl, substituted or
11  unsubstituted pyrazyl, substituted or unsubstituted pyrimidyl, substituted or unsubstituted
12 pyridazinyl, substituted or unsubstituted thiazolyl, substituted or unsubstituted isothioazolyl,
13 substituted or unsubstituted triazolyl, substituted or unsubstituted thienyl, substituted or
14  unsubstituted triazinyl, substituted or unsubstituted thiadiazolyl, or substituted or

15  unsubstituted tetrazolyl.

1 28. A compound having the formula:
H

N\ N
RZ. L2£ Nj/\%
L'-R! (I,
wherein
L' and L? are independently a bond, -S(0),-, -O-, -NH-, unsubstituted C;-Cs
alkylene, or unsubstituted 2 to 5 membered heteroalkylene, wherein n is an integer from 0 to
2, and
R' and R? are independently substituted or unsubstituted cycloalkyl,

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted heteroaryl, or

O 00 3 O i b~ W

substituted or unsubstituted aryl.

1 29. A compound having the formula:
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2 mutation. 1 36. A nethod for treating cancer, allergy, asthns,

i nfl ammation, 2 obstructive airway di sease, autoi mmune di seases, netabolic
di sease, woheatdisrzg CNS 3 di sease, brain tunor, obesitypcaaishova 26794
hemat ol ogi cal disorder, degenerative neural disease, 4 cardiovascular

di sease, or disease associated w Nh ampi ogenesi s, neovascul arization, or 5

vascul ogenesis in a subject i n \such treatnent, said nethod
conprising admnistering &2o ubj®ct a therapeutl cally effective
anount of a conpound havi ng th% olrrru H NN L2 N7 L1-R1L 8 wherein

9 L' 2and L2 are independently a bond, LS(F{D) n-, -0- -NH-, unsubsti tied
Cl-C5 10 al kylene, or unsubstituted 2 to 5 rrenbered heteroal kyl ene,
wheréin n is ¥8SEHt eger fromO0 to 11 2, and 12 RL and R2 are independent!y

substj tuted or unsEb%;dtuglrg unsgglbon&Bng)bstot uigd, Sugérjtﬁﬁ't?ﬁﬁl@st ed

het er ocycl oal kyl strtut e st1tuted Retéroary

subst3 t uslkglene, aumasibstifutadt 2t famy:inbeflad&aerdﬁﬂqumt threufn[slaanmeg&; fremértei n
sai d can er is selected from 2 | eukemi a or nyeloproliferative disorder.
150 WD 15124 PCT/ US2005/ 026794 1 38. A pharmaceutical conposition
conpri 5| ng a pharmaceutically 2 acceptabl e excipient and a conpound of one

of clainms 1, 28, OR!Z8 ROkrean&PIRAHNY shBMItREd osuﬁshsstfr@t%w&@oalklﬂ NN R2 L2
N4 L1-RlL 5 wherein 6 L1 and L2 are’i ndependently a bond, -S(O"-, -0-,
- NH , 8 unsubistitutedareads@stitied heterocycloalkyl, substituted or unsubstituted heteroaryl, or

9  substituted or unsubstituted aryl.

1 30. A method of modulating the activity of a protein kinase comprising

2 contacting said protein kinase with a compound of one of claims 1, 28, or 29.

31. A method for treating cancer, allergy, asthma, inflammation,
obstructive airway disease, autoimmune diseases, metabolic disease, infection, CNS
disease, brain tumor, obesity, asthma, hematological disorder, degenerative neural disease,
cardiovascular disease, or disease associated with angiogenesis, neovascularization, or
vasculogenesis in a subject in need of such treatment, said method comprising administering
to the subject a therapeutically effective amount of a compound of one of claims 1, 28, or

29.

~l N W W

—

32. A method of modulating the activity of a protein kinase comprising

2 contacting said protein kinase with a compound having the formula:

L1-R1
wherein
L' and 1% are independently a bond, -S(O),-, -O-, -NH-, unsubstituted C;-Cs
alkylene, or unsubstituted 2 to 5 membered heteroalkylene, wherein n is an integer from 0 to
2, and
R! and R? are independently substituted or unsubstituted cycloalkyl,

O 0 NN N n =W

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted heteroaryl, or
10  substituted or unsubstituted aryl.
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7 alkylene, or unsubstituted 2 to 5 menbered heteroal kyl ene, wherein n is
an 8 integer fromO to 2, and 9 Rl and R2 are independently substituted or
unsubst i twoedosoysizeal kyl , substituted 10 or unsubsti t ured/us2005/026794
het er ocycl oal kyl, substituted or unsubstituted heteroaryl, or 11
substituted or unsubstituted aryl. 151

1 33.  The method of claim 32, wherein said protein kinase is an Abelson

2 tyrosine kinase, Ron receptor tyrosine kinase, Met receptor tyrosine kinase, Fms-like
3 tyrosine kinase-3, Aurora kinases, p21-activated kinase-4, or 3-phosphoinositide-dependent
4

kinase-1.

34.  The method of claim 32, wherein said protein kinase is a Ber-Abl
kinase having a mutation selected from the group consisting of M244V, 1.248V, G250E,
G250A, Q252H, Q252R, Y253F, Y253H, E255K, E255V, D276G, F31 1L, T3151, T315N,
T315A, F317V, F317L, M343T, M351T, E355G, F359A, F359V, V3791, F382L, L387M,
H396P, H396R, S417Y, E459K and F486S.

D R WD

—_

35. The method of claim 34, wherein said protein kinase has a T3151

2 mutation.

1 36. A method for treating cancer, allergy, asthma, inflammation,

2 obstructive airway disease, autoimmune diseases, metabolic disease, infection, CNS

3 disease, brain tumor, obesity, asthma, hematological disorder, degenerative neural disease,

4 cardiovascular disease, or disease associated with angiogenesis, neovascularization, or

5 vasculogenesis in a subject in need of such treatment, said method comprising administering

6  to the subjecta therapeutically effective amount of a compound having the formula:

N H\
o« LT
L1-R1

8 wherein

9 L' and L? are independently a bond, -S(O)y-, -O-, -NH-, unsubstituted C;-Cs
10 alkylene, or unsubstituted 2 to 5 membered heteroalkylene, wherein n is an integer from 0 to
11 2, and
12 R! and R? are independently substituted or unsubstituted cycloalkyl,

13 substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted heteroaryl, or

14 substituted or unsubstituted aryl.

1 37. The method of claim 36, wherein said cancer is selected from

2 leukemia or myeloproliferative disorder.
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38. A pharmaceutical composition comprising a pharmaceutically

acceptable excipient and a compound of one of claims 1, 28, or 29, or a compound having

the formula:
H
s
N
R& 2~
L1_R‘l
wherein

L' and L? are independently a bond, -S(O)g-, ~O-, -NH-, unsubstituted C;-Cs
alkylene, or unsubstituted 2 to 5 membered heteroalkylene, wherein n is an
integer from 0 to 2, and

R! and R? are independently substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted heteroaryl, or

substituted or unsubstituted aryl.
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