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CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit oloWod/i1Previ si onal Patent Application No. 60/ pet88&s0bibed July
27, 2004, U. S. Provisional Patent Application No. 60/591,887, filed July
27, 2004, and U.S. Provisional Patent Application No. 60/683,510, filed My
19, 2005, each of which is incorporated herein by reference in its
entirety for all PYRREISO-PAREBINIDIINASE, MIDUIATIORS2] Manmal i an
protein kinases are inportant regulators of cellular functions. Because
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constitutl Ive tyrosine-kinasé activity. The el evated ki nase
act i vi tpyotent 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-Abl

fusion protein has constitutively active tyrosine-kinase activity. The elevated kinase activity
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Ccancer . 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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PCT/ Uszfgp ?rée%%%ﬁt? 2Fhe present invention fulfills these and other needs in the art. Although
certain protein kinases are specifically named herein, the present invention is not limited to
modulators of these kinases, and, includes, within its scope, modulators of related protein

kinases, and modulators of homologous proteins.

BRIEF SUMMARY OF THE INVENTION
[0013] It has been discovered that, surprisingly, pyrrolo-pyridine compounds of the present
invention may be used to modulate kinase activity and to treat diseases mediated by kinase
activity. These novel pyrrolo-pyridine kinase modulators are described in detail below. In

addition, inhibitory activities of selected compounds are disclosed herein.

'[0014] In one aspect, the present invention provides a pyrrolo-pyridine kinase modulator

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



N NHA2 L2 L1 Al (lI) [0015] In Formula (1), L1 and L2 are independently a
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DESCRI R?lﬂsﬁhbtﬁfted‘ hEeﬂéprN@ﬁ sﬁhsgtn’uﬂi drwlhuivmmtbrbam Iodsml;speltﬂBor nunberl ng
accordin (% é exon l.a. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Def i ni t‘l‘ HRstH62 b5 IF evi at i ons used herein have their conventional

meaning wthin the chemcal and biological arts. [0021] Were substituent
groups HO&7ls pér,quﬂ@d aﬁgﬁct, i presenh yantiorriovideemietwds pbmpediladng piptdint en from

| ef hey i d
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present invention.

[0018] In another aspect, the present invention provides methods of treating a disease
mediated by kinase activity (kinase-mediated disease or disorder) in a subject (e.g. mammals,
such as humans) in need of such treatment. The method includes administering to the subject

an effective amount of a pyrrolo-pyridine kinase modulator of the present invention.

[0019] In another aspect, the present invention provides a pharmaceutical composition
including a pyrrolo-pyridine kinase modulator in admixture with a pharmaceutically

acceptable excipient.

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

DETAILED DESCRIPTION OF THE INVENTION
Definitions
[0020] Abbreviations used herein have their conventional meaning within the chemical and

biological arts.

[0021] Where substituent groups are specified by their conventional chemical formulae,
written from left to right, they equally encompass the chemically identical substituents that
would result from writing the structure from right to left, e.g., -CH,O- is equivalent to
-OCH;-.



[0022] The term"alkyl," by itself or as part of another substituent,
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pl aced -aiH,&i-CHCHg{ +@H2¢)59@CHE-Q FPCHICHJCH (G aibkYtHgr Qlypm@ny,aﬂh aﬂl&w (or
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CH3, O-aQH3rter halHAk(HA allayiehe-gtblip, \dpndrally havinyg eiphir dehet crinat Aoms.may be
consecutive, such as, for exanple, -CH2-NH OCH3 and -CH2- O Si ( CH3) 3.
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exenpl idthewisctstated; etstablendtiagght by brancidd-cBkid; & Glelle Byrocahdn re@rdzﬂ Sr
combinations thereof, consisting of at least one carbon atoms and at least one heteroatom
selected from the group consisting of O, N, P, Si and S, and wherein the nitrogen,
phosphorus, and sulfur atoms may optionally be oxidized and the nitrogen heteroatom may
optionally be quaternized. The heteroatom(s) O, N, P and S and Si may be placed at any
interior position of the heteroalkyl group or at the position at which alkyl group is attached to
the remainder of the molecule. Examples include, but are not limited to, -CH,-CH,-O-CHj,
-CH,-CH,-NH-CH3, -CH,-CH,-N(CH3)-CHj, ~-CH,-S-CH,-CHj, -CH,-CH),-S(0)-CHs,
-CH,-CH,-5(0),-CHj3, -CH=CH-0-CHj, -Si(CH3)s, -CH,-CH=N-OCHj3;, -CH=CH-N(CHa)-
CH;, O-CHj, -O-CH;-CH3, and —-CN. Up to two or three heteroatoms may be consecutive,
such as, for example, -CH,-NH-OCHj; and —CH,-O-Si(CHj);. Similarly, the term
"heteroalkylene" by itself or as part of another substituent means a divalent radical derived

from heteroalkyl, as exemplified, but not limited by, -CH,-CH,-S-CH,-CH,- and —CH,-S-
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deri vat "1%?6?9£f<¥16yr%§%@£15éw ﬁggltloﬁgﬁ "k e‘t\’érQ@}lc@ﬁllk raeﬁeﬂ bt %}a% -ock gL The

terns "halo Ves or’ as art o anot er substituent,
nmean, updsitse alt\ﬁlﬁdﬂwhséle&t@iyeké is aattsfched)rd the renadihddriofi ﬂle tholecilaeExanpleodf ne
atom Additio aII terns suc

monohal SEHANY 4 %PW&P B2l lpzweda 'i@o?yc T Oﬁ% C:é(dol“ geﬁﬁ%h%g@? %' e

- C4) al kicioHeg el cidhehtIt laHE he 1 E?{%’Enp% of h@i‘el;cﬁ:‘}clbglkyl fabulih Uk ey |
2,2, 2-trifluoroethyl, 4-¢hlorobutyl, 3-bromopropyl, anhd the 11ke. [0027]

The t er limited j‘,d 1 —@arﬁsé-tqlmhwspmd}é} \I\kmmrshlaﬂ,eaplpanfjmlyy Gﬂspmdqwle@-
aromati c, dro arbo sti tuent. whiC b iple
rings (PPEHQ § liny Ot thy f%?%i\ﬁr%% BY% g’ﬁ 3%3 }ﬁ’g{?%l?mljl Hked
coval enfe'trﬁhyd-mﬁlénej 0, "1 N RERRN | 3-plpefa8iny, tadd Md/like. The terms "cycloalkylene"

and "heterocycloalkylene" refer to the divalent derivatives of cycloalkyl and

heterocycloalkyl, respectively.

[0026] The terms "halo" or "halogen," by themselves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as "haloalkyl," are meant to include monohaloalkyl and polyhaloalkyl. For
example, the term "halo(C;-Cy)alkyl" is mean to include, but not be limited to,

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

[0027] The term "aryl" means, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon substituent which can be a single ring or multiple rings (preferably from 1 to 3
rings) which are fused together or linked covalently. The term "heteroaryl" refers to aryl

groups (or rings) that contain from one to four heteroatoms (in each separate ring in the case



groups (or rings) that contain fromone to four heteroatons (in each
separate ring in the case 6 WO 2006/ 015123 PCT/ US2005/ 026792 of nmultiple
ri ngs) sewech@mifrzem N, 0, and S, wherein the nitrogen aod/tspdosSwes782 o ar e
optional | y oxi di zed, and the nitrogen aton(s) are optionally quaternized. A

het erogwy ?rou can be attached to the remainder of the nol ecule through
a car bo?f Tenllinkerenes htedgptedNsem N,@namﬁﬁgwmranpﬂhe@ltmgearayd salfig abemeaear vl

groups na hth 4- bi phen rol yl,
9 ovre A BB ot IBL Y o PRI Dby BB LB L
pyrazi nydnbezttoxtadab We redraiidaz 6f tik moZeclﬁtb&ﬁbGugHaQ,&ﬂ)bﬁbY hcte&a@d&ﬁz Sloy! ,
3-isoxazolyl, 4- jsoxazolyl, 5-isoxazolyl, 2-thiazolyl, thlazolyl

5-t hi aZgpyng exampleypf aryl pigh Weroztywl BTosRg nclugle pbmsénypapmhqdylmghthyls%yr i dyl ,

g EZL'Z?J#%e Hyé}&aggj%/ &’8“4[ FM Mé/l 1 3%3;9%%}%5??@@%%& }‘Hl&%xc?/u’ noxal i nyl ,

5- qui nopyahdinmgl] 2-oRazodydj mwio,lylamthaa}qw-mm}zmlyl S5Sadagdliv, G%b&zblyﬂ 4each of above

noted ar etero ryI rin stem; are sel ected fromthe group of
nccept aBPEabsTReTEAD wd@éa;zp?m FRRoBil S POl 6T g

"het er X r e S c

respec'(tjtiﬂg/e\él:yIeer dgf g or Br :R)?!t Y, tiﬂe %@?Imgﬂiﬁ?ﬁhyl\%segﬁn%ds}gﬁ%%@ E@ hat i on
with othbenzumrdazolyb 5gndolyhrlydbm<molylc §'4i$dqiumod)>{1 Zacqyihlakédjﬂy) 5- thovdﬂmybét h aryl
and heter.o n ned a o e. meant
Fo’i nol ot aab bRl SSbsie R S atPoR puff ret ol hdited e an' ol ky)
group (&s@ms BEIed ﬂ?&ﬁmﬁé @y)hp oPXédeHMbl@%hﬁéi i dsBighdd Befdw | TR #eh 9O

t hose al’kyl groups in carbon atom (e.g., a nethylene group) has
been r ejgrdera] apg "h¢t@t10aryéemﬁp¢fen todhe dixglgniradicalmof eryd) and bétersexynet hyl |

2- pyr| %I OXﬁmE‘It hyl, 3-(1- naphthyl oxy)propyl, and the li ke). However, t he
term "harox as used herein is neant to cover only aryls substituted
wi th one or nore hal oc};ens ¥0029 Where a heteroal kyl, heterocycl oal kyl, or

het er 0al028]i nEpiisesity tapisan ' py ] uheseusedin copabipetion yish gther rme (2. menber ed” ) ,
t he t eraﬂ&lo%g}%ﬁﬁhl Oﬁfﬂﬁéél%@ il Qudbs %%{h q‘Rlaa(t?lrd H%?eégirgﬁglg)%]oaﬁ él(%gg%gzlboyge term

"ox0" as-uset an oxy car bon

at om [DRB]lihe Eﬁﬁh“e@?la&bb'\/ie ne@fit® 11(1(&1.1@: thoseajaﬁl‘jthls in whﬁih@h(aajllkgtbup is
"cycl oal kyl , and _"heter ocycl oal heteroaryl” as we|ll as their

di va |b erdtiaFhgd togn alier Eveipi (¢8s) eawé nbéaﬁhyl Pbﬂ‘ibﬂ’élleﬁ’dba%fthﬁ ligghweluvdiiged and

t f f
cnch 'ty LRt SRR iR whidih LB AbE iR AiBlviond BoBDT R beBRpldcbHED By T o
het er oadxeyiple, ay ok pgenkyydm (hgl, ehemyymetiyk \2-pyrdytoryiretityl 2l -

naphthyloxy)propyl, and the like). However, the term "haloaryl," as used herein is meant to

cover only aryls substituted with one or more halogens.

[0029] Where a heteroalkyl, heterocycloalkyl, or heteroaryl includes a specific number of

members (e.g. "3 to 7 membered"), the term "member" referrers to a carbon or heteroatom.

[0030] The term "oxo" as used herein means an oxygen that is double bonded to a carbon

atom.

[0031] Each of above terms (e.g., "alkyl," "heteroalkyl," "cycloalkyl, and
"heterocycloalkyl", "aryl," "heteroaryl" as well as their divalent radical derivatives) are meant
to include both substituted and unsubstituted forms of the indicated radical. Preferred

substituents for each type of radical are provided below.

[0032] 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



di val ent derivative radicals (including those groups often referred to as
al kyl ene, al kenyl, heteroal kyl ene, heteroal kenyl, al kynyl, cycloal kyl,

het er ocycwoabésyl1s128ycl oal kenyl , and 7 WD 2006/ 015123 PCPCUSR06S/0026 92

het er ocycl oal kenyl) can be one or nore of a variety of groups sel ected
from but not limted to: -OR, =0 =NR, =NOR, -NRR', -SR, -hal ogen,
- Si R R peterocyatpglkynmD), canbeopror mogpeiR varghoyRowps selaggddyaar tRt not livgitel O) R |
-NRl-C( A 'R'=I — R"__ A \ mn IN C(_ ')__ \n 'msg R Rly
-S(O)ZNQ' %ﬂRS%Qé@ %ﬁ-’@’iwﬁnhﬁg Rr an@@%’r ggn%’ro to

(2m +1) ;COREFE(OIINR'R", - D€ (OINRR "NNIRET(OOR', R BOO NI, LNRSO@ORdi cal . R,
R', R" o.fach preferabl y i ndependent|y refer to hydrogen,

subst i tﬂ\?g‘g:(gg{RS"ﬁ sf&ijec}S@QPEf@é@)@WRsumﬁb eeNgnd PR t ut ed

cycl oal fthper$aidshd frithnesbrdf hird f kit ed or
unsubst i tpteéd ar y% r(e. r oa@wgisjﬁsti %ngse%lg\?éttah -3 %g};;ﬁg}éé%%@iﬁﬁéh%%ﬁ“ tuted
or unsutadical IR'eR", &R 'kyhd Ra éack praferablyiinddpendentiyrrefep sy hyairogeny Sublskitpkedgsroups.
When a co und.of the.invention includes nore than one R group, for
exanpl el}nsgggﬁutgg h?tﬁ@aﬁ‘yl’gﬁugﬁﬁgtegyil ﬁtétﬂﬁgﬁ@’?]?a‘i%fé‘élisé‘ﬂﬂ%md%@méﬁ@ﬁe@ ,

R', R hA8dciRioalBf O4s @b R st £9€e. o0 arjINGE&i10CA R 1-5 hRIESENT - When
R and R a(rﬂ,e% ?ﬁl?}rachedlto tﬁe sar?é nitrglg(gr%q;{%m tlhey can e ggﬁg?hed

wi t h t heubsiitutedgennsithstitutes 4lloylnalioxy or thioalkexy gorups.-arenylelkgbignoipyy. When a
example, -NR.R..is neant .tq includ but not be. limted t - pyrrolidinyl
ond - nsPBIRRe e TRPERen dudi e Breo e & G e piSteuser & HBke of skl |
in the aohpdtslihdegbstRnal aadctbad arbRecH RY R, RabKyYR™ bipup®Rhbn hdrd Meh HAS
groups 1ncluding carbon atons bound to groups other than hydrogen groups,

such asofthpsgaareyps i pregent. Ve Ringd REapcrBichedhie the samg ritiggen atgnoyhey@an

-C(O CR3, .- Cf. .and the |like), ,[Q033] Simlar to.the substituents
descri b@%c%r%l%qgﬁég%r_%gltrcgcﬁnsat%%gg/é?méz?(é'ngf’%?yors%‘l]%lgﬁ% aAtS: %PBFX%IR}F’ and
het er oaNR'RYiOMPat @fchrle] bidsot Belimited wall Piroliginyy aid A-asorpllRyl aFrogd and
are selected from, for exanple: halogen, -OR, -NRR', -SR, -halogen,

- Si R R reaboveggpaupson of subsidprats, enef gkill in tagrivmilRunder @N}:ﬁlﬁ'tqml

-NR'C( Q) " - TR = NR' € = TR ) SNR

e of e gl roup e difig oo Bl e, g nep,
- R, - Niydregan(drbyp, suchus halotlky¥) gl Ki¥% and a0H,CFi)uad a¢dle.g4)@(GWH;, i n a
nunber r 1.hg ro.to the total nunber of open valences on aromatic
ring sy‘éﬁ@%ﬁhﬁé{%@(&%a@%@ €).and R'" are preferably independent!y
selected from hydrogen, substituted or unsubstituted al kyl, substituted or

unsubst j0083]ed Sheilarto dickspbstitusnibhdesctibededr alkylrdidaktabbut, edermplahyosubktytuents
substit%uted or ﬁ subsﬁjitute het ero C{fﬁal
A

cnsubst 1 GRAGRARSIEoARY ekilbS L ot el as B REUBLCPEUEE St Shos i aromen
selected from, for example: halogen, -OR', -NR'R", -SR, -halogen, -SiR'R"R"', -OC(O)R/, -
C(O)R/, -CO;R', -C(O)NRR", -OC(O)NR'R", -NR"C(O)R', -NR'-C(O)NR"R"",
-NR"C(O)OR', -NR-C(NRR"R")=NR"", -NR-C(NR'R")=NR", -S(O)R', -S(O),R’, »
-S(0);NR'R", -NRSO;R', -CN and —-NO,, -R', -N3, -CH(Ph),, fluoro(C;-Cs)alkoxo, and
fluoro(C;-Cy)alkyl, in a number ranging from zero to the total number of open valences on
aromatic ring system; and where R', R", R™ and R"" are preferably independently selected
from hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl and substituted or unsubstituted heteroaryl. When a
compound of the invention includes more than one R group, for example, each of the R
groups is independently selected as are each R', R", R" and R"" groups when more than one

of these groups is present.



conmpound of the invention includes nore than one R group, for exanple, each
of the R groups is independently selected as are each R, R', R''" and R'"
groups whwo 20mweast2Ban one of these groups is present. @CWDS260864635123

PCT/ US2005/ 026792 [0034] Two of the substituents on adjacent atons of aryl

or heteroar r|n may optionally forma ring of the formula
-T-c(o 100 wg thefdseugnty OaﬁdlaGﬁléla@ernf@p)dmémerq&rylmg may OptjonalRR - or

i ngl ffr Al t.ernativel y vvoof
? hZ ] g{H ?dtq‘it}l ?fgﬂ%ﬁodgg}aggegm)e oms ar yifel%iF aﬁét e?rSdP@‘?PePﬁﬁwgly
opti onatDJr yCB.&'—rceraI sigelbonid, ndg 1s5aibﬁﬁtdgélu@ﬂﬁorﬁf0 tb Be Alermadvely; fvd 6HRRr B-,

wh A dependent | y - NR-, -5, -5(0)- -5(0)2-
e O NS5 08 laren BIHRS Of el o hiarogey ringar oo i he heplased wilie h
th n | gced vvlt
L Goubl SeRUEGRSE ¥ fohfiea AN CH)S SRR ol o BRSO e o
aryl orNRet-8t,63(C)t, -5(Mg-, H&@)zNht |ooaainlg1eﬁmd;zﬁﬂhaceﬁhmegdﬁoﬁﬁﬁﬂb5td4 uehé of

the f ere s and are i1 ndependently

i nte egg:éﬁg‘? S‘flélgﬁoﬁast %txg g‘%\‘ﬁ @nﬁ 'S0 f%rfnv% may NF@OMHY Be replaé?@@)"-‘ adgujetondgr -
S(O) 2N pendent |y
s<(al 2act gzéh?r?%imh%ly‘ﬁ 3‘9 ? gg gﬁﬁ%ﬂgﬁltﬁr}tﬁ% %ﬁaceﬁpﬁtﬁ}sﬁa tc)) g tgllr }? Sgﬁﬁ&%ﬁﬁﬁ :n)ﬁg IEEE?j)gt ituted or
unsubstantignaldy htsn@plﬂatd(with a sybgiuént of the formula sERR' )SDG{(éJdRﬁ)at avieey chabd Kyl ,

bstit bstit t tituted
pot or et TeBG Y ARttt D3, REx SRR N e Fatupl oo O+ iy N
het ! "
e STt e e Al )

refers }tYéI%naﬁﬁb%u@ﬂ@@ﬁnwmu@@tauyﬁb@bﬁmuted oz insustitptedraycloalkiygr . The ani no

f hyd
Qumst s P ENEeor B R HaRoce RIS YRRt BB eblincon

het er oadulsstituted stibsdubbtithd heterédglubst i tut ed cycl oal kyl, substituted or
unsubsti tuted heterocycl oal kyl substi tuted or unsubstituted aryl, or

substlt o] tHt el he | Mbstit roup, as
used hepbﬁ %%g%?%%frlotg% se ec‘(t%k)?i1 om H]Plg%%oelr?o%%inlsmean? cf nggl [0038]
(A C]«i;xyg«bﬂl—@) nifildgen OV, sulGk3S), PNCEhhoesqP), hat egietn (Simsubstl tuted alkyl,
unsubstituted heteroal kyl, unsubstituted cycl oal kyl, unsubstituted

het er oqygigal KM"'&mHﬂﬁH@P’tdstu%c?ﬁier@ﬁﬂB rﬁ@%ﬁgﬁﬁﬁﬁ gtltoﬁg cB%l@ﬂt gtﬁ [ 0039
(B) alkyl, "heteroal kyl; cycl oal eterocyc ary an et eroaryl,
subst i talitsdehedinkhr. aThd aaino gooup is bﬂNRtR"t wherteiskR and tR'chré ‘r}(plmally selected from
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

[0037] A "substituent group," as used herein, means a group selected from the following

moieties;

[0038] (A) -OH,-NH,, -SH, -CN, -CF3, -NO,, oxo, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted

heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, and

[0039] (B) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,

substituted with at least one substituent selected from:

[0040] 1) oxo, -OH, -NH;, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, and



[0040] (i) oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2, hal ogen, unsubstituted

al kyl , unsubstituted heteroal kyl, unsubstituted cycl oal kyl, unsubstituted
het er ocycwoabésyl1s12ansubstituted aryl, unsubstituted het ecoarsgdosioaérez 9 WO
2006/ 015123 PCT/ US2005/ 026792 [0041] (ii) alkyl, heteroal kyl, cycl oal kyl,

het er ocpoplppl kyl , ar Yl ajain th at ast one
substit uen%)]asel ec ngd farlogrlt Hftgl%%gw%é/}%alk‘olf ﬂg%téc&&kagywagllt and(qu? ]g

hal ogen, unsubsti t ut edsubstituydd, witinsilibst bhaisubetitaetteeraled om:unsubst i t ut ed
cycl oal kyl, unsubstituted heterocycl oal kyl, unsubstituted aryl,

unsubstjobaged het er oar ), a&gtt@ﬁ@{mtbmaldw' DENRE ORI ﬁgﬁ%'%t@'

het erocycl oal kyl, aryl, or héterodary substitu
substituent selected from &Ky, unsObititutietordaifyl 1@NbstiGHRad cydRkyipal ogen,

unsubstituted al kyl, unsubsti t t er oal k uns bstltuted cycl oal kyl ,
unsubstituted het er ocycl oal ¥ H“ W@ﬁEQFFFMQQékaV?mlsQHﬁT|ﬁ$§ubst|tuted

het er oaryl . [0044] A "size- ﬁﬂsﬁbgtﬁﬂeéﬁagfda}ﬂeﬁ{d" or " size-limted
substituent group,” as used herein neans "a group selected fromall of the

substi t 1S descri be bov sti.t rou in each
SUbStIJHteJ unsubsti utegk%Péﬁ]Dagygc ﬂB@F?#B%Z ggoﬂKQCBg“ﬁFuted Cl- C20
al kyl, each substl t ut ed orhamswggtsutsmmétibtﬁh%t Radtkank shisstifucay R3tdidit ed or
unsubstltuted 2 to 20 nenbered heteroa | , each substituted or

unsubstituted cycl oal kyl i sfem&EssQ , SH, -GN Bt VO, ddlogen,C3
cycl oal kyl , and each substi ter ycI is a
substituted or unsubstitut e"[c-ingﬁmuﬂéd Mﬂ% %}ggta&fg}lggey%ar I‘lgSt%tGQfS] A
"l ower substituent" or " | aweloakyhsitbsenitedticdstpeycl Jﬂsﬁﬂuﬁﬁftﬁbd‘a@ans a
group selected fromall of the substituents described above for a

"substituent group,” wher eidRddagypstigiigkhatergeml or unsubstituted alkyl is a
substituted or unsubstituted Cl1-C8 al kyl, each substituted or
uns ubst[OQ‘lﬁ] edAHeizetionted phbstisuent 'sarti stzet lihited arbstinsntsdig, Uneased Hesi® Menber ed

het er o I each su t ut ubstituted cycloal kyl is a substituted
or unsu P EGTSH S égcggﬂi%9ﬁﬁ8£ﬁffP&§ﬁWﬁn% f1 V¢ iR 8d sehstigneatigorp{ ut ed
het er om@r@ﬁb&;ﬂ subgmateau)b&hsdbuﬁﬁ%doﬂk 140 kthﬁﬁtutéat&qméuﬁsﬂtu?ed@ aeigyléxI ot

het er ocycl oal 0046] The conpounds of the present i nvent i o
as sal teach Slttbétl%teésfé rnsybsiiited lteroaligl in desbsiibd salttssbstitxtadplte QO of

appl | C%pe!n?oe%@d Ittetcfzrggtlﬁ@l, eac% sugsetlt ‘éég o2 %IQSU tltutee% cycloalkyl is a substituted or
unsubstituted C4-Cs cycloalkyl, and each substituted or unsubstituted heterocycloalkyl is a

substituted or unsubstituted 4 to 8 membered heterocycloalkyl.

[0045] A "lower substituent" or " lower substituent group," as used herein means a group
selected from all of the substituents described above for a "substituent group," wherein 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 8 membered
heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or unsubstituted Cs-
C7 cycloalkyl, and each substituted or unsubstituted heterocycloalkyl is a substituted or

unsubstituted 5 to 7 membered heterocycloalkyl.

[0046] The compounds of the present invention may exist as salts. The present invention
includes such salts. Examples of applicable salt forms include hydrochlorides,
hydrobromides, sulfates, methanesulfonates, nitrates, maleates, acetates, citrates, fumarates,
tartrates (eg (*)-tartrates, (-)-tartrates or mixtures thereof including racemic mixtures,
succinates, benzoates and salts with amino acids such as glutamic acid. These salts may be

prepared by methods known to those skilled in art. Also included are base addition salts such

10



hydr obr om des, sul fates, nethanesul fonates, nitrates, naleates, acetates,
citrates, funmarates, tartrates (eg (+)-tartrates, (-)-tartrates or

m xt ur es wbeoenfisi2acl udi ng racem ¢ m xtures, succi nat epCcThBsd@EARES2 and
salts with am no acids such as glutam c acid. These salts nay be prepared
by methods known to those skilled in art. Also included are base addition
sal ts saferdiom,\Wotasgiosy calsirg aREPhSR054H0 aNoR, onwagnsdiunmsalip ot asisiilam

calciu a i um._ organ am nQ,. or..magnesi um sal.t, or.a sim.lar salt.
When colounia GrnatRdEotBe Ries il invinrah SRt ey het SRyBaBIES. ackd

functi omitidd R%s cacbgobtaided by 6ehtsdinkIhe MURE fRRL FHsiedcdipa@at d6thiang t he
neutral form of such conmpounds with a sufficient anount of the desired

aci d, ejuff@entisaunbef thy desicpdiacigh pighar mestior 4 p yeifable inge spivert. dixamples@ft abl e
acid adgj.ti it S qdncl j [ i NOk gank C1aGl| i ke

v ogn seriabte SAsRgliBE stifinthiRe NP Uit M BHCAMCATEoch R,

phos phdiyideebroiy) aityicagemnid) asmbbydrogerdfbpdicpgienphasphori c, sul furic,
nonohydr ogensul furic,. hydriaqdic, or phosphorous acids and the |like, as

vel | asmepRhydrngeapkaspherity dBygEgepPhospigic, R ETicapepplydrogensilfnics

i sobut Wj4¢; i i € i i,Qi E G, Tar -6, lactic,
mngel | EidlEEL b A0S ARMEClEe, s WER R REREN BordfPhq s 1k |

nmet hanexeatié,punomionianidotivtiyric, madikec, Mdlenic) mlzoid eshcaimee, subletis, fifnaaie] lactigci ds such

as arginate..and the ]ike, d .salts .of organi.c acids |like ucuroni.c or
gal actg JH?.)‘?‘% Cﬁ_ﬂ&‘azlca#ﬂi@%aﬂ?lﬁ&p' _%f%l(gﬁae&rt%a%f?&&@%%ﬂ 16 fd ther esent
invent iR GRS fHcMide@hit asbfadd Rfdsish ié%{}gﬁlh&%h'éﬁé 3 Eﬁ@éalt@'o# t%};}éahF:SOM]

conpounds to be converted into either base or acid addition sa
The neuwtctdsl lieglmsirafic phegaladwpoicredilsand ther lgfee rGdstain spegidicepatpedndsyofdnt act i ng

the salt with a.base or i,d .and. isqlati the parent c ound in the
convent BT IHaRT Cor e b PERan o e e RSBt R, B ErPrHhit hE

var i ouscongbited Bfd@itheNb&R ok 3kl aBBYidh Galks. Properties, such as solubility in
pol ar solvents. [0048] Certain conpounds of the present invention can exi st

in uns ed [ | l..as. sol vated f iLncl udi hyvdr at formns.
i gendltF L RS hdRuERort®ias o i B ar ShPBh g Bt O BB dna o o
enconpasieddting bieor tabid apa datidlk théparpiitedaipouhd LMt comMenfisidl dddnec OTRROUNIS
of the present invention nay exist in nmultiple crystalline or anorphous

f or ms. Raentdempphihe campo figes framp theasvagions siformp encerpdy Physalises

conte -] td and are intended to be within the
scopengérgﬁﬁ{ele%}ré%%hg%ts&{%\?ggﬁgﬂgle{b%%gﬁ' Certai n conmpounds of the present

i nventi on possess asymretyic_carbon atons (optical or_chiral centers) or
doubl ¢ DGR | Certangntne € PrERah i ERon eSS BupsP Y ated: areeaerel o

ggggﬁbgég@v&&%ﬁh&,maﬁ&hg AL SR Dints. TR g erhl) Ale FWAtREOHRE IR&Guivhldnt &7 M8 Of
unsolvated forms and are encompassed within the scope of the present invention. Certain

compounds of the present invention may exist in multiple crystalline or amorphous forms. In
general, all physical forms are equivalent for the uses contemplated by the present invention

and are intended to be within the scope of the present invention.

[0049] Certain compounds of the present invention possess asymmetric carbon atoms
(optical or chiral centers) or double bonds; the enantiomers, racemates, diastereomers,
tautomers, geometric isomers, stereoisometric forms that may be defined, in terms of absolute
stereochemistry, as (R)-or (S)- or, as (D)- or (L)- for amino acids, and individual isomers are
encompassed within the scope of the present invention. The compounds of the present
invention do not include those which are known in art to be too unstable to synthesize and/or
isolate. The present invention is meant to include compounds in racemic and optically pure

forms. Optically active (R)- and (S)-, or (D)- and (L)-isomers may be prepared using chiral
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stereochem stry, as (R-or (S)- or, as (D)- or (L)- for amno acids, and

i ndi vidual isoners are enconpassed within the scope of the present

i nvent i oowoBh@/asrgpounds of the present invention do necTiusedmsdesdhose

whi ch are known in art to be too unstable to synthesize and/or isolate.
The present invention is nmeant to include conpounds in racemc and

opt i cal FXrthame ar chigyl seagends: eraasolyedasingeny ationakidc@yues. §hephe campgbunds
(L)-iso V| il al 2006/.015123

b7 U005 daaad BERRAGhILBbR & ahleP b e plF g S ey gnless
convent §penidied béehwisglies. intdhés thixahe osmpsiids indl@RUHIDEAnNET RomeaRNt ai n

ol efinic bonds or other centers of geonetric asymmetry, and unl ess

speci f i 84™6herwi se, it is intended that the conpounds include both E and Z
geonetric isoners. [0050] The term"tautomer,"” as used herein, refers to
one of [0@80Jor Theteemstauteher ' ads ussbhaeis, refdrs chomxo Rivol ot neste sridiidali¥omags Whi ch
are readhlﬁ co .vertq%.from o\g@ ]iésomer'.c formto,  another. _[0051} It will be
appar ent 8 SYReINSA oIy m gpdywhich pre regily qopyerigdiTom ope irEsTis fohios i nvent i on

may exXidgothep tautoneric forms, all such tautonmeric fornms of the conpounds
being within the scope of the invention. [0052] Unless otherw se stated,

struct denpi herein are so. neant .to9 include all t.er eochem cal
Form. APBPHCRotih B sPghehla3he sRUBQinRE o b sl apawmsed b fvnion
asymetmagexisint@tomterogho) 41 sush Rk SiESOARS BE: %aﬂnpbmeﬁn%%ﬂgﬁ e @s
enantioneric_and diastereoneric mxtures of the preSent conpounds are

Wi t hi n cARe _itBpEIvERtiehe i nvention. [0053] Unl ess ot herwi se stat ed,
structures depicted herein are also neant to include conpounds which

di ffer [0053] | Unleheothewsangated strat@radidepRoted Hebddh 0 4 t¥ar® i inch@e apt ons.  For
exanpl e, corrpoucgj/j% havi ng the present structures except for the replacenent
of a hyXEYFERMIG famy &t stugtuss: 1en the Riand §configurpiensdereashasynmstrsar bon by

13C  orechd-BREdSRed, SR LD f this.invention. [0054]
The corﬁ()aounds off&]t% heIl r%esiségér%)t(;ﬁ‘?lﬁ{/cgns{ng%ﬁﬁg&% gfaggﬁg%%%r@ a%ﬁiﬁléatsﬁe%menc

pr opor thixhgendf thapmsent cospdopburatvithinghescopelof tief inedmied. t hat constitute
such conpounds. For exanple, the conpounds may be radiol abeled with

radi oaqhosy | SRkePSRervaCRatES sﬁﬁétuf‘e)éﬂg{ﬁlcfedthréf ih H0af 3 heant tPRLRRe 125 (1251)
or carbon-14 (14C). Al isotopic variations of the conpounds of the present

i nvent icompowhds wikich deftir oabt invike presanot of anecorencreryassieddlyvinriched dtbesseepe  of
the pr esgl?%le;, E%ﬁﬂ%l‘él%g anflég g?:S;%Es}?lgséltu%{u%s &Qgprtr%g &%trclap azilclellﬁlen‘ist gfc ae ﬁ}tfd%g ée% salts

i s nmeant.
by a deuterium or tritium, or the replacement of a carbon by '*C- or *C-enriched carbon are

within the scope of this invention.

[0054] The compounds of the present invention may also contain unnatural proportions of
atomic isotopes at one or more of atoms that constitute such compounds. For example, the
compounds may be radiolabeled with radioactive isotopes, such as for example tritium (CH),
1odine-125 (1251) or carbon-14 (**C). All isotopic variations of the compounds of the present
invention, whether radioactive or not, are encompassed within the scope of the present

invention.

[0055] The term "pharmaceutically acceptable salts" is meant to include salts of active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
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
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conpounds which are prepared with relatively nontoxic acids or bases,
depending on the particular substituent noieties found on the conpounds
descri bedwben@i/nsi2¥hen conpounds of the present inventipom/UsSE®ARETI2
relatively acidic functionalities, base addition salts can be obtained by
contacting the neutral form of such conpounds with a sufficient amount of
t he de%qcmtdblbéag@e additidnemaltn pwiudesodinma petasdiah) @ldimey ammohinen orgadnicanpl es of
phar macgrﬁtl cally 12. WO 2006/ Q015123 E%USZOOSIO 67 accept abl e base
addition sal ?rm TS0 0F 21 sh el fi CUBPWIGRHP é’ﬁ]% W‘H’F’é’&nl c

an no, @ntdBeISicbER) functinafltisd, 'ﬁl:ﬂ%ﬁdl%@htsaltsvy&ﬁ%e%@mﬁ%dr}ﬂﬁcog acﬁﬂ%tﬁ%r esent
invention contain relatively basic functionalities, acid ad salts

can be ¥Bial fose qfﬁsu@quamumdgwuth@ suffesient amOilmroﬁtbé dssucth acidngithendsatwi ith a

ff f the d d t b t
S0l vent* \EBRIHER shery BxRERIE BFoieaflcbn tesPE B A o ois Bede "

i ncl udethomermlezeaiﬁronmdrgfanmrmcmaqn@ gﬂfbcﬁlféhdsh}ldkdﬂﬁom/cﬁhﬁﬁmc%fHo&‘ﬁc hydr obr om c,
nitric, carbonic, ponohydrogencarbonic, phosphoric,

monohy dREREHHFRESEEBPITC, PaPsRIeFsganpydptesaphosphasis, flthyirogenphosphoric,
h d the | |
mono yd{u‘?ﬁ eslﬂlantédrf{y\'c/lgoéeﬁﬁgﬁnﬁhr gl?ﬁignoafc B Elgd’rgﬁlssac?cfs' and {50 Ch §Seiw| b P gbas we

as the ively XI'C ‘organi c a eti c,

pr opi omahs demm:ldlﬂmn relatively mértoxic magaﬁm abldsbﬂzlazi@btﬁ; pﬁi@@«ﬁh@h@bu’@kﬂi@efﬂaléac
fumaric, lactjc, mandelic, phthalic, benzenesul foni ¢ - tolylsulfonic,

citric,PelgpiKcs ‘?D@C’mnﬂ’tcﬁ]é‘ﬁfééﬁl?%n atign otif angndglic, PN@E%‘W@ZW@&%@ Psalts of
am no @ ﬁ?foﬁiécfitﬁ’cs taq{agl,'cnlﬁgﬁaﬁ%ﬂlfgﬁig, aHdl:\tﬁ? }1@% %%gg{lcﬁlfu?ed atd %ﬁg'o% ar%%lé ?Sel Iere

gl ucuroni’c or gala ctunoric s an or ‘exanp
al ., " Risadsracleat argaateSamidithe like] and salts offorgaRivercidzdustgheairoric beg’al@cmri&W 66,

1- 19 f ot t t contain both
basi 2: aaf‘f&{ Iflgl?ebﬁ)lfelfjﬁ%'?{r%g}g‘ﬁ’reegeﬁ%ﬁ 1 IIgWr e‘?sq??gmé I nmdéobgm Ik Lonverted
into e'PﬁlﬁﬁzaQ@lﬁz@aPScz%kdlﬁdeﬁ '10@)5@6}@111 V\ﬁﬁ@koﬁl ookt %r§a| t forns,

t he present invention Erow des conpounds, ich a eina ug form
Pr odr ug@V@ﬁlothenT@thl e dabmdlbémcnendltns trag alidwo dee ctompmundujts Hehat readily

undergo che s und oglcal conditions to provide the
conpounds nveljfﬂndtlﬁé’ e@?@@%ﬁfx Pﬂ@@ﬂ&té’ﬁsa ddi tional |y, prodrugs can be
converted to the conpounds of the present invention by chem cal or

bi ochert082@] nbtasdiionita Sdﬁf@msmv@r@pmunmﬁenpmvms cexpnpids, Whmh@m:mgps can

'n o USRI Pk P BRBIR R ap PR RE ons o ey

r eagentm1d[s@65mﬁ]:miﬂal?cﬁaﬁgé§5undar phys&ﬂoglczﬂrconcﬁﬁﬂﬂs to pibEae ee@nipduid®f giehnce to a
group of substituents _herein, nmean at |east one. For exanple, where a
conpou rryeseat iwyeton; Jyddifiopatly, prawugapwre enverigd o the epmpangds ofidheipsesent

opti ongh{ehiisHBS chitticGloMibdheticdl SRR A ar AV o BN ARt F or%%lm%f' e aryl.
prodrugs can be slowly converted to the compounds of the present invention when placed in a

transdermal patch reservoir with a suitable enzyme or chemical reagent.

[0057] The terms "a," "an," or "a(n)", when used in reference to a group of substituents
herein, mean at least one. For example, where a compound is substituted with "an" alkyl or
aryl, the compound is optionally substituted with at least one alkyl and/or at least one aryl.
Moreover, where a moiety is substituted with an R substituent, the group may be referred to
as "R-substituted." Where a moiety is R-substituted, the moiety is substituted with at least

one R substituent and each R substituent is optionally different.

[0058] Description of compounds of the present invention are limited by principles of
chemical bonding known to those skilled in the art. Accordingly, where a group may be

substituted by one or more of a number of substituents, such substitutions are selected so as
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Moreover, where a noiety is substituted with an R substituent, the group
may be referred to as "R-substituted.” Were a noiety is R-substituted,

t he noi etwoisocaubesi tuted with at | east one R substitueat/mpebseasrnz R
substituent is optionally different. [0058] Description of conpounds of the
present invention are limted by principles of chem cal bonding known to

t hose st qonudy mathiprieciples.of Aberoicdl rgiding anddo give cgmpopndsayhible aresnobst i t ut ed by

s 13 v ooty shERkal e G5 Ro0H5 80 e Bt GBI b AR TlFRaS B o
chemi catnsodeiii: &ﬁiﬁieh@ccﬁid‘i’tﬁnﬁ,%ﬁé@HQQ@J&:%&,%@u@il?aﬂ@eve&ﬂmﬂ%io%ﬁéa@b| e

and/ or would be_known to one of ordinary skill 1n the art as Ti'kely to be
unst abl @ndiipas. Habirample ahgliarewsipalkyl ehheeroanylisaiteshadda theaiemainddr ekther al

known p 1.01.Qgl itians. EoOr ex l.e,. a heterocycl oal kyl or
het ero allril%l4 Fec?lg Q%A[ %ghﬁ 3 %8{1%{0% gn C?Oén rpé}aﬁﬁeewﬁggnpﬁlg fes r‘?ﬁ Flgecpﬂlllc %lct{?flgl%){?’lowa to
het er oathosa skillebifphd abderebiytaojdidgiah@brsy Gistaiesdmgdungondi ng known to
those skilled in the art thereby avoiding i nherently unstabl e conmpounds.

[ 0059] (bigsott © ik @Al gdn (Ofiq, 1 ol .particul ar
di seas e[ i n?:]l uggg tentf)l% ef\?&edrtli{ﬁ%o8pc}¥ea%rﬁ§ﬁd?§ﬂe%gesrgﬂc@[t{?)g%’gl]&l%%gd}ssgas (:I)IFC%&eéenot es
t he poimevatioatof #ehtiwmate.of a noiety to the remai nder of the nolecule.

Pyrrol o-Pyridine Kinase Mdul ators [0061] In one aspect, the present
I nventi [‘006(g]r Oh 8l §finBo1 XS H&oPeshiE g&ihﬂ@f Aﬂa@ﬁﬁ&l’t@% &tQ'to tféeﬁrleeﬁlgil{d%f fed to

herein as "conpound of the present i1nvention” avrng ornmul’a: N 3NH
A2 L2 Lmolaculey [0062] In Fornmula (1), LI and L2 are independently a bond,
-S(O"-, -0-, -NH, substituted or unsubstituted Cl1-C5 al kyl ene, or

subst i tPf1egl00Py iR MShhdcVBduiatéd S nenbered heteroal kyl ene. The synbol n
represents an integer from0O to 2. [0063] Al and A2 are independently

substituted or unsubstituted cycloal kyl, substituted or unsubstituted
het er oc§@PHal kyone aspepdthe present anvention brvides radrratoypyridine kinhsstrnoditlatdr or

 naoperididr TSt A p oyttt GO RRENTER) By @ P8 ene, or

unsubstituted 2 to 5 nenbered heteroal\lkyl ene. In other enbodinents LI
and/or L2 is a bond. H
]

e
L
@.

[0062] In Formula (I), L' and L? are independently a bond, -S(O),-, -O-, -NH-, substituted
or unsubstituted C;-Cs alkylene, or substituted or unsubstituted 2 to 5 membered

heteroalkylene. The symbol n represents an integer from 0 to 2.

[0063] A'and A% are independently substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

[0064] In some embodiments, L' and L2 are independently a bond, -S(O)y-, -O-, -NH-,
unsubstituted C;-Cs alkylene, or unsubstituted 2 to 5 membered heteroalkylene. In other

embodiments L' and/or 1.2 is a bond.

[0065] A'and A? may independently be substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. A' and A? may also independently be substituted or unsubstituted

aryl, or 6-membered substituted or unsubstituted heteroaryl.
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[0065] Al and A2 may i ndependently be substituted or unsubstituted aryl, or
substituted or wunsubstituted heteroaryl. A" and A2 may al so i ndependently
be subst iwot2eeb/ms12ansubstituted aryl, or 6-nenbered sulpstiuspeosd2672
unsubstituted heteroaryl. 14 WD 2006/ 015123 PCT/ US2005/ 026792 [0066] In
sone egﬁ)gdi ments, A is a substituted or unsubstituted aryl (e.g. a

6- menbel¥860] sihiome enkedigentand ulsetsubsiitetdd ar yhsubstithted srylifegyd §-memtGretenber ed

substit 1 Ut teroaryl. A | SO.. ubsti t ut ed, phenyl
o o meiepeul o NBHBRMN £ su OB AR or o SoEbiadlibuae ot thsupadiica

subst i theterdargt. Ahmiabatsb butsebktipliedyhenysobs tichibefdl bstitAH BStelda1edn

pyri di n%/olpiﬁ%%l)bstl tuted or unsubstituted pyrimdinyl, substitutied or

unsubst odyreRtS o dix SPRALITuted prsinsubatisded phanyt whkttitnted eduisehsgtiuicdxany | |

substi L RiGh T ' - L. | vl ...0r, substituted or

unsubsti tu%11 d’siuﬁ gﬁ??%P]g%lggt“m%g%@l%@g%bﬁggﬁﬂ?lrtlgﬁu%ﬁ& te‘gr substituted
het er odrepzodidxplglosmbsttitmidirmatlstitd] beizodiosalys subsiitedd pRembstitgtedst i t ut ed
t hi ope |2' sgbsﬁilt ut e ridinyl, substituted pyrrolyl, substituted

tri azolrlzjlefl,mél Fotyly Qpsubsthyied o whswpstitvediadalylut ed pyrazi nyl, or substituted
i m dazol gl i W‘RQOGB] In sonme enbodi nents, A and A2 are independently

sel ect d806Hon\s miey bietaustibstitated agyh subdisiitutddettiqpbany | In ssuleshitiodireshtQIA? is

bstj t ut.ed i nyl. st tyt stjtuted dioxal anyl,
cubst; AL BTGRP BRhebhea e Ryiel Datovh euhattef pTRooT | § ut ed
di oxanyhbstitelelsidzbll adbaflADYREHAhL ﬁﬂ)_sﬁtruitééiz}ﬂg%(ﬂin 1§&%B£thtf€e8§mﬁfazolyl.

unsubstituted tetrahydrothienyl, substitut nsubstitute

tetrah ur ituted or, unsubstitute etr dr of hi ophenyl ,
subst i %tg?ée% o];i%élrllfse ue%%%%imu?ngsd A 4h T pgﬁwt?y %ﬁlﬁlﬁf?i?qaﬁ éHPs&mted or
unsubs tuntutiseithtédptieabl dilsstiitePyr @iMbstinge@Ry dantHiffl, @ibstfidt: ihbubsathte
pyrrolidinyl, substituted or unsubstituted nnrphollno, substituted or

unsubs tH¥xHayL supditated Ay pnsubsiifuter benzodiozelylumbsibutel o uesibglitptedalioxapyl,

bst i ' vl bst.i t.ut bstj t ut ed
Fur any <o EE ot ARMARILAL LS RYE BRKed SURSHPREE bRy PR, ©
unsubs tsibstiteted bsmsabstityted tetehibdiofirkig ubEtituRdWp shidbdtigedoxadi azol yl ,

substi tuted_ or .u]ir)}fublsti t ut ed oxazol yl, substituted or unsubstituted
pyri dy/tetrabydothiophenl, spbstieeder ynsybsiuted teiahydropyrpayl; subse@tedrorunsubst i t ut ed

L) . o > , tuted of
nsubs i A AR Blop YRR S A AL ARENBY by SRRl S By
subst i osuhdtintedumenpbsting, stledituted azwaisybstitsiad pipetidingt] sobstitwtedobst i t ut ed

t hi I ituted .or bstjtuted triazinyl, bstituted or
unsubaEPETE R TipGar B PG st N PO s BUS IR Ganewshtned y1
0069 ' NP t i ok i : 9 ,
[ ] flAn P08 seRRAt RN Sstinfed hﬁd%&&}ﬁ, Iu%‘ogﬁtﬁf%d%hgé@%u%@%%%%g@gﬁl group

wherei n eac R19 group is optiona erent.
i ndepensukstituted erxunsybstiduted oxadiedobidesupstituted or unsubstituted oxazolyl, substituted or

unsubstituted pyridyl, substituted or unsubstituted pyrazyl, substituted or unsubstituted

pyrimidyl, substituted or unsubstituted pyridazinyl, substituted or unsubstituted thiazolyl,
substituted or unsubstituted isothioazolyl, substituted or unsubstituted triazolyl, substituted or
unsubstituted thienyl, substituted or unsubstituted triazinyl, substituted or unsubstituted

thiadiazolyl, or substituted or unsubstituted tetrazolyl.

[0069] In some embodiments, A’ is substituted with at least one R*® group, wherein each
RY group is optionally different. Each R'° may be independently selected from halogen,
-OR’, -NR°R7, -C(Z)Rg, -S(O)WR9 , -CN, -NO,, -CF3, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl. In some embodiments, at least two R'” groups are combined to
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-ORS, -NR6R7, -C(Z2)R8, -S(OWR9, -CN, -NO2, -CF3, substituted or
unsubstituted al kyl, substituted or unsubstituted heteroal kyl, substituted
or unsubswotudeadseycl oal kyl, substituted or unsubstit utPred/us2005/026792

het er ocycl oal kyl, substituted or unsubstituted aryl, or substituted or
unsubstjtuted heteroaryl. In sone enbodinents, at |east two R19 groups are
conbi ne substiyried 00 BRYbSLRBIPTE WSRO0 5 BR6BOPhick themase sitiobdd. tAS @@dor

bst; i ngwith the atoms.to which th attached. As used
nor of n, e PO i Bk B BB @ Bkl Ty s P e arovestaed

subst i teychallol, subsitisd ot whRBstiteia hertdeybloakYP Shbdiut i tuted
hetero:i%‘(é:l oal kyl, substituted or unsudg)syt i’o'flu éd hlettg(??)lgﬁrinspﬁﬁf(g@%éubsti tuted

or unsulFEPHEYL QBSHhsiiuted o wshhstitwebar]. nlartilssr eRbOdingerits) Repisrindspehdentlpal ogen
.g. f ' l.ar.i WY , 5 bstituted.or bstituted
kgt e Mudledt kel XRE o0y Shadifeior bt ftiteatlpdac: one Roo

group r one Rl group, wherein each R20 group is optionally different.
RL anda[@%ﬁ R%osoﬁﬁ;ﬁﬁﬁ@difﬁﬁ%e%déﬁlﬂbsytut@b‘fvébtabk@astp@ hioge apd/eCRS, R- NR6R7,

-C(z 0 of - [t wied bstituted al kyl,
substi (478 ‘or incibat | £ut b RRFERL PR Bt Bt i icidfsbheci !
cycl oalselerted SivbshilogangdORT, -NRSRHsC(Z)RE o8 (ORREr @y, el R, subiiGtdatgst ed or
unsubst ]t yt ed acwﬂég or .substituted or unsubstituted heteroaryl. In sone
enbodi MERFE UL sTUDSTRIIERs WS ehshiest hetgroalieyly suhseitwtad eprunspbstitesed onbi ned
; , . . o . “ch th
to for myelosPB kilsuhRel S uddiSHRSLA B&%gyélbﬂg%l%&bguglgﬁ cﬁ;u%ﬂn%sgglé%&m arlyﬁl% R7?y

are attached. In sone enbodi nents, I's 1hdepen
- OR5,  sBbstisiipd o1 wnsubsiteied befstdasyli fiuseme ahlydimehB0A 1kasZtwERM a6 sor &ni S

N(R23) p28 1 nd w represents an integer fromO to 2. R23 is hydrogen,
subst | tut &8 & Oﬁgﬁﬁsctombdg OE&E’}F‘ subshifeeq ernsHbsituted sns sithithe atgms to

~ het er oalthkoH they siehstaiiiddt &6 se UASHBSTdt URE s G¥fe tkot edHRs
unsubstityted heterocycl oal gijlyﬂe substsf t ut ggyok&?ﬁéﬁ%g%l?g%{?e ;i%yld(?ﬁdr
te

subst i ChPEEiBIed ordmsRhstituied roaryl. In some enbodinents, R23 is
hydr ogen, substituted or unsubstituted al kyl, or substituted or

unsubs{0a7l] e hptesemalzky N(RR23, 8D, ahE®R rBsrc Y S08IboeP i 1 or
unsubs}l%y%ut ed C1-C5 al kyl(l.{ﬁlgn sone enbg i r?ents, Rgbéeigoﬁ;‘g[r%gge%wgf

unsubs YRGBy Sepstigsed prynisubstyeied plkgh sibstitwied peurdobstityteh heiemgiiay], - CF3,

subst i 4.1 tituted. or,.unsubstituted
het er ogl?gksg ﬁt&gﬁﬂgﬁ?ﬁ%%%&%ﬁq%ﬁéﬁ%gﬁbﬁ tﬁ%é& ! 3%@8%“%91 Ifet%r?fB@habWﬁ’ed or
unsubs sulistituéet] dratmenistipttdalyk v sutstibséd 6Mrﬁdb§bi&utb@ﬁé«t@§>h%ﬂ.u Wesn Y1, or

substitubeéi or g@sugs ituted heteroaryl. [0073] R6 and R7 are
i ndepeGERETF iy tr gt ardroses, eppstibiied ey uyspetituted allsst, ior substituged orunsubst i t ut ed

al kyl , usdibstithicd hefrQk N REDHLY hidb 86 HPRLELL AL Kitlstin RUPS k81 9% C;1-Cs

unsubsti t ut ed _ ,
alkyl. In some embodiments, R* is hydrogen or unsubstituted C;-Cs alkyl.
[0072] R’is independently hydrogen, -CFs, substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or

unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

[0073] R®and R are independently hydrogen, -C(O)R'°, -S(0),R", substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted

cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl.

[0074] R and R are independently hydrogen, -NR'?R", substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl,
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cycl oal kyl, substituted or unsubstituted heterocycl oal kyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl. [0074] R10
and R11 awe 2oswiapeadent |y hydrogen, -NR12R13, substitut edTws2e08804782 i t ut ed
al kyl, substituted or unsubstituted heteroal kyl, substituted or

unsubst substimtedoyramewtiskiyited HdberdE 2B OstibizidteRCT iRt di26vID 3r substistddt ut ed
or unsubstituted h teroc¥cloalkyl, substituted or unsubstituted aryl, or
subst i t O WFubiutghbefsoarflut ed heteroaryl. [0075] R12 and R13 are

i ndependent|y hydrogen, substituted or unsubstituted al kyl, substituted or
unsubst [@0FFked RH%W]&QIakwihldqmnﬂsml}t hytdeskeny subsistutedtar insebdtityeal dkaylkyl ,

bstit bstituted het icl oal kyl , substituted ,
nsubst HeareErLp R roaRuG st o et nelealod: gostivisdrs) re
i's i ndepangdantded nb9aRIkyt, MHtRked or (FUEsiirfbd sty i Rskti@leppS UbSt i t Ut ed

al kyl, substituted of unsubstituted heteroal kyl, 'substituted or
unsubst rsybsiuieg beistdakyll , substituted or unsubstituted heterocycl oal kyl,
substituted or unsubstituted aryl, or substituted or unsubstituted

het er oajope] [ QGYJﬁldaéEﬁdelﬁlkﬂgdﬁ?‘%nFl‘@lléRé, iowe prnstantedor DMSIRERM alkyl,
al ky

substituted or unsubstitute substituted or unsubstituted

het er oasubylitutes g5 ampubstiaieddicternaliipls sutistitued erymsehstikaped cyslindieyls wbstatutsd or
bst ] | . i . bst. t.ut |,
cubst: ¢ IR hELR AR Lhed AR bt BEa MOt SRR e T o s

and Rl5umubstitoigdé petecbangl] y substituted or unsubstituted alkyl, substituted
or unsubstituted heteroal kyl, or are conbined with the nitrogen to which

t hey ar t agheg 11 n ; i | i ol or
Subst o e SRTGR T nd R RS b bidth B bdE AR SRLBG A O, O
pyr r ol i glibstytutedan uasibstifutad letbroalkyly ndstistdd artumdubstitpédd ehunlkyll fsubstiteted or

enbodi nent s, . R14_and/ or 5 are substituted with a.group having the

f or mul a2 %EFZ‘)“FSHP&W@P&‘ H]es‘ékiﬁﬂﬂ’é?ds‘?r %b‘i’sé%‘é\?é %rygr‘?rﬂ"hs&}g?‘??rr om0 to 10.

In  songnGplRcaBBtRaryl. Fepresents an integer from0 to 6. R21 and R22 are
i ndependently' hydrogen, substituted or unsubstituted al kyl, substituted

or unsu Lt uted heteroal kyl ,_jssubstituted or, upsuhst.ituted cycl oal kyl,
aubst 1 IDEH of R HErRETELs B php BeyiPostRytachiy suiini Scprgibsatied
unsubst ikt aghsBfuYdd or@sbslstéd h@t_&‘éal‘k?l, e aleRphibinei ek aliasey ko whithsome
enbodi nents, R2' and R22 are optionally conbined with the nitrogen to which

they ariey aretaiiepied to formpsubsttusadhartunsuhstititest pineridingh on wbetifutedtosr ocycl oal kyl ,
or su bsﬁﬂshﬁ'étﬁgteg %ipe&%?n%sshbgt%t%g or5 ﬁ%@%ﬁﬁ%ﬁ p?ller%ﬁcﬁi%%r, Xll‘ Substituted or

unsubstituted morpholino. In some embodiments, R'* and/or R' are substituted with a group
having the formula -(CH,)-NR*'R*. The symbol t represents an integer from 0 to 10. In
some embodiments, t represents an integer from 0 to 6. R*' and R** are independently
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl. In some
embodiments, R*' and R* are optionally combined with the nitro gen to which they are
attached to form a substituted or unsubstituted heterocycloalkyl, or substituted or

unsubstituted 5-membered heteroaryl.

[0079] In some embodiments, R*! and R? are combined with the nitro gen to which they are
attached to form a substituted or unsubstituted piperazinyl. In other embodiments, R*' and
R* are independently hydrogen, substituted or unsubstituted alkyl, or substituted or

unsubstituted aminoalkyl.
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[0079] In sone enbodi ments, R21 and R22 are conbined with the nitrogen to
which they are attached to forma substituted or unsubstituted

pi per azi nyb.200eém1st2Ber enbodi nents, R21 and R22 are i ndepgnsesusioys7bydr ogen,
substituted or unsubstituted al kyl, or substituted or wunsubstituted

am noal kyl . 17 V\D 20067 015123 PCT/ US2005/ 026792 - -- - =------

[ 0080] (09891 Rn@apémmﬂﬂ)y Hyddrgegesupstitutedtorr umlﬁ;dtmtedwﬂsylbémbstﬁtutead)ral kyl ,

b bstituted bstituted
cyer oal s Blist PRB R b FiuB o Pibaiiuicn gy Spuly s kind amsRSELIRCd. or

ns bsthewb 1611, suBk a@a einif
\l/Jv | g St he%d:R9 Rrill}}'aysuo pt%tbonZ)fr :!ﬂ;éi%ggt}lfﬁ'd di'%l&bs?ﬁohﬁfg\%ﬁ%ﬁl @ggﬁgﬁﬁgeteﬂé@f

i ndependlsiemyif wig2ogemR mwilpmlb'cbeoﬁ\ﬂlur%ubstl tuted al kyl, substituted or
unsubstituted heteroal kyl, substituted or unsubstituted cycloalkyl

subst i t[0081 oR'7 awdRibstel lhaepeﬂdéaﬂtyelrya@g@h Qabiithted Db BedubbithRd B

unsubstituted aryl, or substituted or unsubsti t ut ed heteroaryl [0082] In

sone e @HBEH%H% ungbstifyted drpterqailoyl aswstingsd qRyASIéasﬁtuRﬁ&ycmH% Euaﬁﬁum dr R18
they are
gi?ache ?ﬂgﬂﬁaéﬁgg?&?gﬁégﬂmﬁﬁﬂﬁg%bsPuqéa%ﬁ#?f 8%V8¥n§f or

substi tunlselﬁktmrtedm&ubaﬁyﬂ.t uted 5- nenbered heteroaryl [ 0083] In sorre
enbodi nents, RR R R6, R7, Ra RO, R1I0 R', R12 R13 R14 Rs R16 R17 R1S,

R19, R2[9082§21Ins'3%%ém!{% R R 1 IRERG aci@mﬁwsﬁﬁauf Weflol R OTLBX0E ggen.

substi tut unsubstituté ) b unstu stl Uted 2
to 20 reddpendahtlye nerydeljkinked Wlthuhsmtﬂo(geled) which tisayles¢ hitachedltoGdre8 cycl oal kyl ,

substitu unsubst i ed 3to nber ed et erocycl oal kyl , substituted
o uns deTtvEH et aPratds e pRafiall oo Pt en waveUHE! STommbaSd |

ot her apkpgirgents, Rl, R W R7, Rs RO R10 R11 R12 R13 R14 RI's R16 R17
R18R19 R20, R21, R22 and/or R23 are independently selected from hydrogen,

substi t unsu stttute 0, al ley whstitut.ed or BS pstituted 2
to 20 r{gé@grg@sﬁ é’fl futs ‘fg‘:%g Bté%gﬁlg 51%1 lgelgdr (% %claoal kyl ,
subst i RIf @d’ & RFS qt?%tma/ult RY a3 in@e}tﬁsnrd@ HHRes R ted 8lR 'h?&ﬁb‘gle@%hﬁéf tutef gpst i t ut ed
or unsubstituted ar or substituted or unsubstitufed heteroaryl. [0084]

Wher e pansydstifutegzC (Rékylmubsm&edmznm@tlmeﬂ RS20 ReBbeed hRe®alkyd, R20. R21,

Cyol oaofitiEE ok ndubieB oy ¥ el AISE R ARS8 gasfos iR i ey
i ndepe ﬂﬂemdyyloaﬁdyg csnmltﬁte@ m ﬁmdus §tittnléti aﬁ!yl &subdiFetes bi tmg\lg stitofee mﬂé{ero aryl.
St R Orbaante, R Hs°Rs WAROLY BV 1SR LS Uheq Of wnsyhsk 'th ed
R*, R*, R? and/or R® are independently selected from hydrogen, substituted or
unsubstituted C;-Cyp alkyl, substituted or unsubstituted 2 to 20 membered heteroalkyl,
substituted or unsubstituted Cs-Cs cycloalkyl, substituted or unsubstituted 3 to 6 membered

heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

[0084] Where RY, R®, RS, R, R, R%, R, R', R'2, R, R™ RS RS RY7, R!® R R®, R2!,
R* and/or R® is a ring or are joined together to form a ring (e.g. cycloalkyl,

heterocycloalkyl, aryl, or heteroaryl), the ring may be independently selected from substituted
or unsubstituted phenyl, substituted or unsubstituted hydantoinyl, substituted or unsubstituted
dioxolanyl, substituted or unsubstituted benzodioxolyl, substituted or unsubstituted dioxanyl,
substituted or unsubstituted trioxanyl, substituted or unsubstituted tetrahydrothienyl,
substituted or unsubstituted tetrahydrofuranyl, substituted or unsubstituted
tetrahydrothiophenyl, substituted or unsubstituted tetrahydropyranyl, substituted or
unsubstituted tetrahydrothiopyranyl, substituted or unsubstituted pyrrolidinyl, substituted or

unsubstituted morpholino, substituted or unsubstituted piperidinyl, substituted or
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di oxol anyl, substituted or unsubstituted benzodi oxol yl, substituted or
unsubstituted di oxanyl, substituted or unsubstituted trioxanyl,
subst i t utwod 2006/upREbst i t ut ed tetrahydrot hi enyl, substit eCedisesos026792
unsubstituted tetrahydrofuranyl, substituted or unsubstituted

t et rahydr ot hi ophenyl , substituted or unsubstituted tetrahydropyranyl,
subst i tunsebstigeted nipstazatyl tsubstdutce br edeybistatited pprazalyy, lsubsitisd bf wisabstiited
unsubstiill ubsti tut ed_ por phol.i no,

t ed ) i di . ti t ; [
oot e EREs b hbsirti St vt s b sgoet o insuetgniod BowgoRdo) 015123
PCT/ US2005410¢6 69 ansdbﬁﬁtﬂtbﬁtdxta@l}[agﬂﬂ? spRtiagedw unsﬁ?%%%&%&%ﬁ{?%s&ﬂ%rﬁﬂ@ﬁ bituted

pyrazolyl, substituted or unsubstituted furanyl, substit

unsubstinsuestidutpdpadd) spbstitgied or unsubstdtutad pyreayh substititedior sxbt gt |

substit r ituted.oxadi azplyl . substituted or.unguhstituted
oxazolJﬁ&ﬁgﬁggﬁﬁgﬁﬁg%f%?HEqﬁ?ﬁ%@f??ﬁﬁ%%wbﬁpP%€W?égﬁnggﬁﬁF @ﬂawmb¢
unsubstsubstitedd py naabkttufeddsdthiobi@dl, QibstisaRst tuntwls@fhitedyinb S0 ¥ibstia st  t ut ed
or unsubstituted pyridazinyl, substituted or unsubstituted’thiazolyl, :

subst i tupseRstigred hicnyd spbsitteiad ps wastbssiutef yiazinylmbstituted ot onsubssutzst | t ut ed

triazol : ' . ' d .t hienyl bstituted or

unsubs ttl)ﬂtaﬂlt%g@g troilr g‘ﬁsﬁ%@ SUbs Wﬁt% Pe%rr%zoul s u(g%%?qsgfﬁg‘gﬁi feﬁ?%?eafglﬁﬁ P, or
subst i tnenedl mileswiisuleaty ipple dThetioas oihcte twa@odds &K jdikedVobéthéas@oni ze t hat
the nor nal rulﬁf of val ency a . Therefore, where two groups are joi ned

I
t oget heHToFEHO FMigh @F}S@r&rﬁﬁﬁﬁbqﬂﬁg S nEpe.dhering tak hadcally begrawbstitaicdgr t he
ring ‘MdHISUESﬂMt%MMTOPfle%%@gf%ééefh%?eﬂg?tﬁégﬂ-bst' tuted heterocycl oal kyl or

5 nmenbered heteroary _ the art will imediately
recogni hat, t he .c unds .of. the.present . invention may_include nore
t han o008 Fongof wall Dyt v fyimiedshihy secRemiz Rt e oRpPUeERIBPIeRET. | Ro1,
R22 andhednibd idlfiadinde YOR! SalBEERE RENRONS, 1R85 RG'LI?, 108, R ROR TR, gL,

R12, Rl 4, , R16, Ri/, RI8’R1Y, 'R0, 'R27, and/ or’ R23 gtoup is
pr esentlgg,éia%émz a?ﬁaé?amr RRr®e. AVbeRMoR2nRE R RS R'5RRTE, RI7RRI8R19 R20

R21 R22,1a 14R23 grsoyp |, ,0pLiconal Ly diffepent. [0086] In s 6

enmbodi ﬁierf!t]g/}qg\l ’?s’ ub ti’j[{ut%d’%vi ?ﬁ akhaﬂngjé’éﬁ gr%,gs HFS%ﬁﬁ%ﬁﬁtgé Cl-

C o al R R’,IRI%,SOMER EnRBAR HERESR AR R ISRIBSRI REe > Wil a® bRASYs one - ORS.

In some related enbodiments, R5 is independentiy hydrogen; substituted or

unsubstaptigeadly diffRignt. substituted or unsubstituted heteroal kyl, substituted
or unsubstituted cycloal kyl, substituted or unsubstituted

het er oqgesapal Inysbmessmtwidirhetitg h'ds swbRa st withh Bdlogén, -ORE! orSiBsstituided, -or
unsubstituted heteroaryl. In gther related enbodinents, RS is hydrogen or

unsubstGie k¥l lesomemhiokiments Ay is mybsiititedswitls f least ete viWRh In@omieaylatelo087] I n
sone e RASuIRRH:S ROALindSpeidBRty A §Sn il @ted GAREuRNRutsd AR IEANR: o' N
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.
In other related embodiments, R’ is hydrogen or unsubstituted C;-Co alkyl (e.g. A is

substituted with -O-CHj3).

[0087] Insome embodiments, A? is substituted with at least one -C(Z)R® group. In some
related embodiments, Z is O and R® is -NR“R"’. In some related embodiments, R and R"
are independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, or are joined together to form a substituted or unsubstituted heterocycloalkyl or
5-membered heteroaryl (e.g. piperidinyl or piperazinyl). In some embodiments, R'* and/or
R'? are substituted with a group having the formula -(CH,)-NR*'R*. The symbol t, R*' and

2 .
R* are as described above.

[0088] In some embodiments, A’ has the formula:
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rel ated enbodinents, Zis 0 and R8 is -NR14R15. In sone rel ated

enbodi nents, R14 and R 5 are independently hydrogen, substituted or
unsubst i twoedosalikypB, substituted or unsubstituted het epoalusydosioos7onr e
joined together to forma substituted or unsubstituted heterocycl oal kyl or
5-nmenbered heteroaryl (e.g. piperidinyl or piperazinyl). In sonme

enbodi nents, R14 and/or R15 are,substuN uted with a group having the
formula -(CH2)t-NR21R22. The synbol\{ ,27 1 and R22 are as descri bed above.
[0088] In sone enbodi nents, A has t formula: 19 WD 2006/ 015123

PCT/ US2005/ 026792 3 0 4 \1 2/ 1 ( (R®) RI9)x Il . [0089] In For méia
('), x is an integer from1l to 5. [0090] As descri bed above, each )9 i's
i ndepen@é89] y IhEdragén(Il), ORSen mbdgeRfom-1Gob4. R8, -S(O, R9, -CN, -NQ®2, -CF3,
substituted or unsubstituted al kyl, substituted or unsubstituted

hetero , I r bsi Yl S 4bsddt L or
unSUbS'?!IO'[b %dt)]edgﬁgté %adrn%g?/c o‘%l’ E%/épsﬁls Estblggﬁeﬁgglg%’glra O?ﬁ}é’ult%}?t f ?ﬁlt% éid’ alt?(gﬁR or
subst i tS(@¥F0r -ANs Bt Gyt aubstieter @amylbstituted sbyieswbatioetideninsubstinged?19

groups are aptional.] onbined to forma substituted or  unsubstituted ring
with th}éﬁ%rgﬁ(ﬁg?ﬁln?%ts t‘%ﬂc%rﬂmtgﬁ tedovqaliopegbstnted g ungepstipged and R9 are as

def i nedheaomRI1daky1NGbStitEREDS ARt & s(u'&titu{eggaﬁa %%ﬁdb@tiﬁ?éaﬁg}]eg%@éa}gi. ment s,

R19 is attached at positi oqgl and/or position 2 at't
posi t i ot semeembedineenibitwe R Wgtonpsiare Rpdomt tyaohdihedtto fasi & swbstititédorf or m a

substi t ut r. unsubstituted ring.(fused to A). | 2 gbodi gents, an
R19 att%@ﬁ%&ﬁgfa&jnﬂ%gfil 't%'ﬁcafg?%g t8%fpé‘?}h€‘8y9\ﬁeﬁﬁé&ﬁ?dt?£= gtﬁgcﬁe&ngtR F55#% i on 3
to for naefinsd BSdvietitl LR SussibN SPPSIidtgd ring (fused to A). Exanpl es of
rings fornmed by the conbination of two RL9 groups are di scussed above. In

sonme e jment t [ 4 fagwed .1 s, a subst.ituted or .unsuybstifuted
heterogﬁ/ag?iic]al Ely moeréﬁgoqug[t&lg?t&tq{edlso%t{aﬁ]ﬁes%zgf)f’lbﬂ? 2&“3/& 8?%5?%?’. 3‘Pd‘if)QZ] In sone
embodi reatlsed at pbsitidn &mehyBeonshigdd g eI R atPeisdd dt §BsiBon Do BSrhed _
enbodi nepts, x is 1 andt R19 is attached at position 1. Alternatively, x is

an i nt eyBriitied o puyugstitgtedimedfused isd Dorie spmo embodimentsh e Rat atfsekedtaton 1. In
ot her g;{?gﬂgh%g Eémbfﬁeg Svifh hn! P %&%he& EP&S%ior} P t05foﬁﬂ CA sﬁ%stlt&t%g tor one RI9 is

attach at position
unsubstituted ring (fused to A'). Examples of rings formed by the combination of two R®

groups are discussed above. In some embodiments, the ring formed is a substituted or

unsubstituted heterocycloalkyl or substituted or unsubstituted heteroaryl.

[0092] In some embodiments, x is 1 and R'® is attached at position 2. In other
embodiments, x is 1 and R" is attached at position 1. Alternatively, x is an integer from 2 to
5 and at least one R'? is attached at position 1. In other embodiments, x is an integer from 2

to 5 and at least one R'? is attached at position 2.

[0093] Examples of R>, R, and R’ groups are discussed above. In some embodiments, if
R"is -OR’, or -NR°R’, then R’ R®, and R7 are independently hydrogen, substituted or
unsubstituted alkyl, or substituted or unsubstituted heteroaryl. In other embodiments, R®, RS,
and R’ are hydro gen or substituted or unsubstituted C;-Cs alkyl. In other embodiments, R°,
R®, and R’ are hydrogen or unsubstituted C;-Cs alkyl.

[0094] In some embodiments, A' has the formula:

R! (IID).



[ 0093] Exanples of R5, R6, and R7 groups are discussed above. In sone
enbodi nents, if R19 is -OR 5, or -NR6R7, then R5, R6, and R7 are
i ndependewdl2godmasiregen, substituted or unsubstituted alPkylus2amsosarbstit ut ed

or unsubstituted het eroaryl In other enbodinents, R5, R6, and R7 are
hydroge tit t or, unsublstltut d C-CS Ik | . I'n other enbaqdi nents,
el0085° b e ﬁwagelﬁ GRS QR DR X, = CNED-iSkyar -OF OB, AS Some

e”b()d' NRibsHuted or btsﬁﬁlt&{ Iy L s tl(l%tﬁl)l‘ ugét thgegbﬁ%?oc%o / 01512?

PCT/ US2005/ 026792 1 0095 ) (R3) -
-N=, - NuRéhituted- @unstd]‘sti‘euﬁbd. arSﬂh ussubéﬁtutesl orsuuhlﬂistmmﬂcﬂiﬂlb@tﬂtuteﬂ%&%drﬂu tled

cycl oal tltut or subs t erocycl oal kyl, substituted or
unsubst ﬁ/rf}’tué"ﬁ&ﬁ? N her% ésu‘H§P ﬁtﬁ‘t‘tééi ngrtsgl Sirepipher B%ﬁ (f@der oar yl .

I'n  Formdrégdn).! ]ln)FoﬂMﬁ%f GIRDi‘gwﬂe?e A’Z‘%ﬁgﬁtﬁféﬁeﬁl 1s'%'ub§fﬂ*§te@9/ Iﬁ%l%)gﬁﬁv\%nts in

substi tuents ot er th ydrogen). In orrrula ere A2 is
substi t&ﬁdettbntARl(sgswbbtontutmdrwR% rgr@gis)stl tuents in addition to Rl (e.qg.
with one or nore R20 groups). [0096] In sone enbodi nents, A2 is substituted

or unsufpsbé Uhﬁ%nﬂ&@ﬂb/ddméﬁtbsﬁ isléhﬁéﬂxt&éd orhMBSHthid bRshyl, hiuBRAMEH or
substitute unsubstitute ridinyl, substituted or “unsubstituted

pyrrol ywnsubsm@t@d thiersatyb ﬁubﬁﬁgu ol lmw l‘autﬁﬁl ayadipyl, suhshsted ertumgulsstituted

unsubst d I b tlt d or. ubst it d razj.nyl, or
subst 1 1R s st R by o R iy B s

- NR6R7, sub§i{td)eB&r unsbeditdR, pyrdziyl; d‘ﬂ@bstrtﬁﬁ@ or BheABtithiet eshidzolyUnsubsti t ut ed
al kyl, substituted or unsubstituted heteroal kyl, substituted or

unsub_st ede ‘Esykféll LKHRS j@ﬁq{n t 8’0§ nﬁub@\f tN'E)edCli-'F S%E’&%tt%éoal kyl ,

substit unsu tituté aryf, f”ltu ed or 2unsg

het er oamhbsti[t@@@ SﬂcyREut&ndltE{BoﬁurﬁubsnﬂlﬁB@hetemblkyl Rylektigred or thiadubgttited - ORS,
- NR6R ituted or unsubstituted

al kyl , %%@Y? &Peﬁltﬁﬂéa ehglaﬁ&é'ftittli?fiélater@e/@%liwkWbstmgefbglt wnsypgHutsd aryl, or

unsubstgubgﬁtggdqﬁt%%gﬁtmed@Hg?ggtr uted or unsubstituted heterocycloal kyl,
substituted or unsubstituted aré; or substituted or unsubstituted

e e e SR 085 R o e R A S ot
or unsulgy,i N@ze@FS sbdthiedlor ufsifb3tifubddt £l AubstitDRH R Lhiubs8Bited heteroalk v,

het er ocycl “oal kyI substl tuted or unsubstituted aryl, or substitut ed or
unsubstdubstiteigd [@gu@ﬂ@a&ltwed cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

[0099] R*is hydrogen, -C(O)R®, -S(0),R", substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

[0100] RS, R6, R7, R8, R9, R! 1, Z, and w are as described above in the discussion of Formula
®.

[0101] Thus, in some embodiments, the compound of the present invention has the

formula:

N
A2 sz
R? av).
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i bed above in the

R7, R8, R9, Rl1l, Z, and w are as descrl_

E:I?ggg]ss:qgn 51?1 Formula (1). [0101] Thus, in sonme enbodi nent s,@tghgd;;rrpoggd
of the prweends/iismenti on has the formula: H N N A2 LPCXiys2d8%/ o

Formula (1V), R, A2, and X1
WD 2006/ 015123 PCT/ US2005/ 026792 [ 0102] alng i gn}j’)Al are as described

ore s 0emmr besbahon @ T THA L o0 L2 (3, and A afe e descr
e el S8 T RS S ene o
ensubhdi s GhEL R S103] L Sore Sedlile A NS K48 formi 0.

edesalr i i O is as described above in
i t i bed above in Formula (I11). R2 \
Fﬁel Zi ?gussiglgl of Formula (I1). [0105] As described above, each R20 is

Wlﬁjg ) OR - - - CF3
i - NR6R7, -C(Z)R8, -S(OWR9, -CN, -NCZ, :
I nggltoi6t ut e&l )glrlgulngg%@i)ﬁjﬁﬁ“gaﬁlhﬁlthef {iii)tut ed or unsubstitut edd
su © _ r
het eroal kyl, substituted or unsubstituted cycl oal kyl, substituted o

unsubstituted heterocycloal kyl, qmp®tituted or unsubstituted aryl, or

i 0

substituted or unsubstituted hetergar¥l. In sone enbodlngntsz tmajfﬁ he

groups are conbined to forma suu ed or uz;ugjstlttjte on:al go L
. . <
ich they are attached n°ot her enmbodi ments, or

;?rebogin{)ion\émd to for)r/n a substi th ed or unsubstituted ring with the carbons

i f R5, R6, and R7 gro(yp are
which they are attached. [0106] Exanples of , , ¢ e
fjioscus[é)éﬁ“]abév@ﬂnuia S0NEy Brinddiep@rticin 0ith 4. R2Qs éssdegggr?ed Bhve NRBRY, | then

R6, af’@ﬂfﬁ{”"}? as! @e%glfllbee%da%ggclz %1 t@el ((ji{s(c):gsesindn oslfli?gfrgllﬂtau(})(.a
[0105] As described above, each R% is independently halogen, -OR’, NRR’, -C(Z)R?,
-S(0)R’, -CN, -NO,, -CF3, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.
In some embodiments, two R groups are combined to form a substituted or unsubstituted
ring with the carbons to which they are attached. In other embodiments, one R*° and R! are

combined to form a substituted or unsubstituted ring with the carbons to which they are
attached.

[0106] Examples of R°, RS, and R’ groups are discussed above. In some embodiments, if
R¥ is -OR’, or -NRR, then R® ,R® and R are independently hydrogen, substituted or
unsubstituted alkyl, or substituted or unsubstituted heteroaryl. In other embodiments, R’ , R6,

and R’ are hydrogen or substituted or unsubstituted C1-Cs alkyl. In other embodiments, R,
R® and R are hydrogen or unsubstituted C1-Cs alkyl.

[0107] As also described above, R’ R®, and R’ may independently be hydrogen, or
substituted or unsubstituted alkyl. R°, RS, and R” may also independently be hydro gen, or
substituted or unsubstituted C1-Cyp alkyl. RS, R6, and R’ may also be independently
hydrogen, or unsubstituted C1-Cyo alkyl.

[0108] Insome embodiments, y is 1 and R% is attached at position 3'. In other
embodiments, y is 2, and R® is attached at position 3' and position 4'. In other embodiments,

an R* attached at position 3' is combined with an R? attached at position 4' to form a
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unsubstituted al kyl, or substituted or unsubstituted heteroaryl. In other
enbodi nents, R5, R6, and R7 are hydrogen or substituted or unsubstituted
C, -C5 al kyb.20dem1st2Ber enbodi nents, R5, R6, and R7 are pgausg@s/ 006792
unsubstituted C1-C5 al kyl. [0107] As al so descri bed above, R5, R6, and R7
may i ndependent!|y. be hydrogen his W et Qktadira Wb pbditiart Eds al kyl . RS,
R6, éH‘éFtWegrﬁ u%%@ﬁ)tltllﬁgélﬁlghgréﬂtthfg{/elgg&ﬁgl rogen, or substituted or

unsuhshiiidiafack: 20l danbstitifed oRGnsubstituiRd ringy al so be i ndependent |y
hydr ogen, or unsubstituted Cl-C20 al kyl. [0108] In sone enbodinents, y is 1

and R20 i s attached at i g2  forthMlaOt her  enbodi nents, y is 2, and R20
i's at[pg@r]edﬁa‘?tﬁﬁoe q%ol%gﬁgrgi %n@gﬁ%sﬁoti ora11 4' . I n other enbodinents, an R20
attached at position 3' is conbin

with an R20 attached at position 4' to
forma 22 WO 2006/ 015123 PCT/ US4

026792 substituted or unsubstituted
ring. In other enbodi nents, an atitached at position 3' is conbined
with RL to forma substituted ' bstituted ring. [0109] In other
enbodi ments, A2 has the formula>~R20) NI Y 2' R (V). [Ollo&ln
Formula (VI), y is an integer g'romO0 to 3. Rl is as descri bed abdVd: i n

Formula (Il1l1). R2 is as described ahove in.the.dis i on: la (1).
| n so[ed1ejrbaaFommtls (VO is FRADtCaRIfI ¢ OéPg' 3{}?? 8?1%‘?5%8%%3 oggggﬁ?rgrﬁg%?m a( :
subst it uted,.or ynsubstitute i } Sm ) OSolne embodimértgynar e

at t acH8. ngt)nls&’tS H%Srmg?fi)%bcﬂvﬁg&%,& \%&%%F gr oggﬁagr e .(())pti onal Ly . combined to
for m gasyhsil 44 begoillywpmbhetit firedh substtutsdidy unpdstErEbHe VEL WA ch they are

attached. [0111] In sonme enbodi nents, IS R2Q. i ?{C“&ﬂ at

pOSi t cahof to Whick thegrare atashefl- nB/HRer egﬁ%%ng& ﬁg(gﬁed& 8%11§Sp%§1:bh%/onﬂ§' is
combined with Rl to for joti {1 with AsLdasticnk tid edichithey arf0112] I n
sone éﬂﬁgmeh’éﬁﬁ)@& Sl{b%%ﬁtegﬁ'gggﬁgigmg%&gggnmtae (ry-(wv), LlI and/ Er L2] is a

bond. Jifktd] | n sone enbodi nents of the conpounds of Formulae (1)-(VI), Rl
is -C(Z)R8. The synbol Z may sinply be 0. R8 may be -NR 14R15. R14 and R15

are ﬁjgﬂ"q“fgbs%%gﬁepfo\yéﬂméﬂ%s, ,S0Tand ePbisedacedadposasd. yn p#en. Thus, R14 and

R15 depen e substituted or . o _
embodiments, an R attached at position 3'is combined with R! to form a substituted or

unsubstituted ring.

1 2.
[0112] Insome embodiments of the compounds of Formulae (D-(VI), L' and/or L" is a

bond.

[0113] In some embodiments of the compounds of Formulae (-(VI), R is -C(Z)R®. The
symbol Z may simply be O. R® may be NR¥R!S. R and R" are as described above. In
some related embodiments, y is 0. Thus, R'* and R'® may independently be substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, or are combined with the
nitrogen to which they are attached to form substituted or unsubstituted piperidinyl, or
substituted or unsubstituted piperazinyl, substituted or unsubstituted pyrrolidinyl, or
substituted or unsubstituted morpholino. R and R'® may also be combined with the nitrogen

to which they are attached to form a substituted or unsubstituted piperidinyl, or substituted or

unsubstituted piperazinyl. R and R"® may also be combined with the nitrogen to which they
are attached to form a piperazinyl substituted with a substituted or unsubstituted alkyl or

substituted or unsubstituted heteroalkyl.

[0114] R and/or R'® may be substituted with a substituent having the formula -(CHz)-

NR?'R*. For example, where R™ and R are combined to form a heterocycloalkyl (e.g.
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i al kyl, substituted or unsubstituted heteroal kyl, or are
ggrstil;:)?]:a:jt\llj\:?ﬂ they nitrogen to which they are attached to form substituted
or unsubswotwdedspsperidinyl, or substituted or unsubstectuseehspeqrer azi nyl .
substituted or unsubstituted pyrrolidinyl, or substituted or unsubstitute
nmor pholﬂ-Bo. .R14 and 131}5 al so be conbined with the nitrogen _tzo whi ch
they arlé %r?%lg(]‘?hoérd’”?e& Wﬂ% I?Ltﬁig‘f}fcl%’ll@’én@b’ bersybisisutied wtithch HCHEX-NRIRF, or |
subst i tTHeagn®o] t, RIS MRERI W &&Wd%b?%{l . hR14 and R15 may al so be conbi ne

ac

with the nitrogen to which they are a ed to forma piperazinyl

i it h bstituted or unsubstituted al kyl or subjstituted or
3%3%2%@% e tsé’f%r%%h@ﬁ?’n%f’(&l therfermawlg of Formela il albﬂeAzshzlt!@he\t:\%mdh%ﬂlz haﬁd
i ] = - 2. For _exa , ere
subst i tHoemtilah@), () 61@/1).0ldéhi refagdaﬁbodi}@%ﬁﬁ gandf?)ﬁg i3

R15 are conbined to forma heterocycloal /015123

0PRA1 0267 L[herazin or piperidinyl), the heterocycloal kyl may be
spgls'tJ |St% ut e&ow]ﬁtsﬁﬁjaee% ?n-t‘(f\élzﬂfﬁﬁ?%pg‘fﬁé 053%&13% (Vred/aa ¥ DRRY iar e as I
descri bEE)RBAY & O] MULE] is LNRSRIE R¥hggdRiMBALS, b%he{{}?%oﬁ@?@}l%%ﬂ%%&gpf Forlm‘t 2
(1) and A2 .has the fornula of Forrrul_a(llﬁ, or ) one rel ate
enbodi MBFHPStTUed hetapeclaadiylordietasprty] Wil the]cattionso mbhicivOg iarasHed a8 tHehe
conpouag%ggﬁtg%gﬂlgeis(mac for (M), ROis -C(2R8, Zis 0, and R8 is

" \ . 3
- 5. "R15 an are conbined to forma substitut _ed or _unsubstltute

hgféfsl l.oal kyl , or hg_t eroar%/I with the carbon to which R S attached and
t he nif@flﬁggeww%méﬁ iRests, of the cawhewnds of Fomhulhn (V) dielordWip® fent s, of t he

: Rl i - , Z21s.0, and R8 is
R TARE R R DR B s b & PrinecubYicted R ubst i ¢ ut ed
het er ogyebeiniedihctepocyhlsnbayb ar ybtevdaiyl viitheths @5MOR t G nidireh is%g%egl da?lhm&% hed

. . ; R5
and the, nitrogen. tgswhic S is attached. [0118] In sone enb S, ,
R6, an ltﬁﬁe%‘goe‘gﬁﬁhiﬁ);ﬁcfgﬁ& “hydrogen, substituted or unsubstituted al kyl,

. . . . q
bstituted or unsubstituted heteroal kyl, substituted or unsubstitute

i;c IS oia[‘ﬂ} Bl dwprne embedimentsuRS Wsarid Rit erd iiependeaiy ho@bl, suswiagbd but ed or

unsubsf it yt ar |1 Of .substituted or unsubstituted heteroaryl. R6 and R7

nmaybe | Ol R et taﬁ(y}iisfl{’%ﬁlétﬁ PHuRHPEHutef dgteropflyl.subgtithted or snsubstiutedbst i t ut ed

or unsesudailltyt ﬁdsthﬁfelﬂ o Fﬁﬁbﬁﬁﬂuﬂg}eteg%%yﬁgﬁw,tsﬂgﬁ%ﬁ or, ﬁlrl.l %ﬁ%ﬁéﬁpé %}‘y?,dor
S-menbered heteroaryl. In other , RS, 'Rb, "a .
i ndepefitpeiiured of Wﬁ%@?\lﬁeddtet%gb‘ﬁt iR ;ardd{7ag?wgﬁ m'h;mfdi \Zlgi’é gﬁggbﬁutﬁswu%gtﬁ iﬂ%elgfédand
' e r , .
C1- Coo S et RERBENIB N kg S e 0 Enolereseloaliokenr tsttuietpendent | y
hydr ogenspbsitutad S uhanbdred RetelodryT2th @th¥ydmbodiments, R®, RS, and R7 are
independently hydrogen, or substituted or unsubstituted alkyl. R, R, and R’ may also

independently be hydrogen, or substituted or unsubstituted C1-Cy alkyl. In other
embodiments, RS, R6, and R are independently hydro gen, or unsubstituted C;-Cyg alkyl.

[0119] In some embodiments, A' has the formula of Formula (IT) and A® has the formula of
Formulae (V) or (VI). In some related embodiments, L' and/or L? is a bond. In other related
embodiments, x is 1 and y is 0. In other related embodiments, R" is attached at position 1.

In other related embodiments, R'° is attached at position 2. In other related embodiments, x

is 2, yis 0, and R" is attached at positions 1 and 4. In other related embodiments, x is 2, y is
0, and R" is attached at positions 1 and 5. In other related embodiments, x is 1, yis 1, R¥ is
attached at position 3', and R" is attached at position 1. In other related embodiments, x is 1,
yis 2, R is attached at positions 3' and 4', and R" is attached at position 1. In other related

embodiments, x is 2, yis 0, and one R is attached at position 2.

[0120] In some embodiments, the compound of the present invention has the formula:
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[0119] In sone enbodi nents, A" has the fornula of Forrmula (11) and A2 has
the formula of Formulae (V) or (VI). In sone related enbodi nents, L'

and/ or L2avoo@/hsnd. | n other related enbodinents, x i ct/mpehsp2i7920. In
ot her related enbodi ments, R19 is attached at position 1. In other related
enbodi nents, R19 is attached a}@ p05|t|on 2. In other related enbodinments, x
is 2, yis 0, and R19 is att(#c Ntlons 1 and 4. In other related

enbodi ments, x is 2, yis @ﬁg S/ttached at positions 1 and 5. In
ot her rel ated enbodi nents, 2_I y s is attached at position 3",
and R19 is attached at posi 1. In ot hé@t ed enbodi nrents, x is 1, vy
is 2, RO is attached at fdsitions 3' and 4’ nd R19 is attached at

position 1. In other related enbodinents, x(i;:{% 2, yis 0, and one R19 is
attached at position 2. [0120] In sone errbo Mts, the conpound g@i/he

r esenf0%2dy erdhiFormtlagvime ¥ of mil 1 p24 5 CT/ US2005/ 026792
?RZOI WI')' R er\ Rl Sk i‘%%%’r? %‘?& %[agfﬁfi]n Koimpdae L a

(M 1), HE)T ‘Eé" )- F@SOIF%mmbRQ@ner&s, lalanld/yr BT & aetﬁ)ndemwtﬁﬂea{agéfcﬁrﬂeﬂts':ﬂs@' ae (1),

[ and I fnt s and/or L2 is a bond
((aan)dl ment gS\O xlnlds?he?Cé 88{}98% 1361“6?[1}‘?@@ BORdRN erd/er paRittoni 2 R'tltnajzbed at

posi t i SHZR% fdbfmed pbsve)) ano?ine Blaté’@éfn&ﬁi Z defir In some
rel ate Q,nﬁg@m nment.s, %tl s 0 and R8 is ﬁ%ﬁ%%%(g ‘?L{e 9\3@2@ )(%efpéfé may be
-OR5 (derr ddefimediahovdme enbodi nents, the conpound of the
resentlllﬁzn]ventlon has the formila: H N R0 / L2 RL L1/ R19 (M 11).

[ 0123] (W A2IFomasnze ¢mbddidnents ithe b@mpdtind JRERs praficht fined above in
the Formulae (1), (I1), and (V). In sone enbod?ﬁ%ﬁ?él?h%%h ﬁo %LZ is a
bond. Rl may be -C(Z)R8 (defined aleve)H In sone rel ated enbodi nents, Z is

0 and R8 is -NR14R15 (defined abov may
R20 L2 = /
)
R1
RS (VIID).

1
[0123] In Formula (VIID), L', 1% R, RY, and R® are as defined above in the Formulae D,

(II), and (V). In some embodiments, L' and/or 1% is a bond. R! may be -C(Z)R® (defined

above). In some related embodiments, Z is O and R® is -NR“R (defined above). R may

be -OR’ (defined above). In some embodiments, R? is halogen, -OR?, or -NR°R” (defined
above).

[0124] Insome embodiments, the compound of the present invention has the formula:

R19 (IX).
are as defined above in the Formulae D,
(ID, and (V). In some embodiments, L' and/or L2 is a bond. R! may be -C(Z)R® (defined

[0125] In Formula (IX), L', L2, R!, R", and R?

above). In some related embodiments, Z is O and R® is -NR“R !5 (defined above). R’

may
be -OR’ (defined above).

[0126] In some embodiments, the compound of the present invention has the formula:
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be -OR5 (defined above). In sone enbodi [
t _ . i ments, R20 is hal ogen, -OR
pwsgszt(ﬂgaéggﬁnﬂgggge%h [?124]|In ssne enbodi nents, the gonpoundSBfO{he
e fornul a: Nl HN R20 / L2 R

[0125] In Formula (1X), L1, L2, R, RL9, S i n)

and R20 are as defined a [
LgﬁdFOEEUL:e gl) (rn, and (\0 In sone enbodi nents, L' and/or Egveslg
pond. R y be -C(2Z2)R8 (defined I n sgme related enbodi nents, Z is
Doangy i s -NRL4R15 (deflr-o abov o na e -OR5 (defined abovej
formil a: | 25 VO 2006/ 6?252 /‘622882/”&8 present | venti on has, the

X S H NNRLI9 4 342, 2
3L/ \12 RLRI9 N [0E{127]InForrmIa P
. . ! Ll

defined above in the Formulae (1), (I1), ﬁ:ﬁnd (V). Lél Eey ggd_RlQ =

(defined above). |
S Rl OTE RS RATIEG 4p1 3 sty L
%Hl ({/)8%3 éﬁlgy% @rz% deﬁﬁé"a abb%9). ah kaabedatad cinbediteptss Zti$ @ranﬁld%/ ipe

hal og odi ments, the,
has HN?RY“RFSr(dbﬁned BB Ihistmmetbodents, ' HdioA L1 a bond."RIPHERRI ar il oN* 01

1 position may be _OR®. RY attached at the 4 position may be halogen.

[0128] In some embodiments, the compound of the present invention has the formula:

R20 N\ H
RZOLZL)/\%
Y
. ¥

R1® (X1).
[0129] In Formula (XI), L, 12 R, R', and R* are as defined above in the Formulae (I),

(D), and (V). In some embodiments, L' and/or L? is a bond. R! may be C(Z)R8 (deﬁned

above). In some related embodiments, Z is O and RS is -NR"R' (defined above). R' may
be -OR’ (defined above). R attached at the 3' position may be -OR’. R® attached at the 4'
position may be halogen or substituted or unsubstituted atkyl (such as C:-Cs alkyl).

[0130] Insome embodiments, the compound of the present invention has the formula:

(2o)y N, H
3
< \Lljg
(R*), (XID).

[0131] In Formula (XID), L, 1% R, R!°, R?, x, and y are as defined above in the Formulae

(D), (1), and (VD). In some embodiments, L' and/or 12is abond. In some embodiments, X is

1 and yis 0. In other embodiments, R is attached at position 1 and/or position 2. R! may be

-C(Z)R8 (deﬁned above). In some related embodiments, Z is O and R8is -NR“R"’ (defined

above). R may be -OR’.

[0132] Insome embodiments, the compound of the present invention has the formula:
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R19 (XI). [0129] In Formula (XI'), L1, L2, R, R19, and R20 are as defined
above in the Formulae (1), (Il), and (V). In sonme enbodi nents, L1 and/or
L2 is a bwodoosRlisray be - C(Z) R8 (defined above). |n soreTrshasncs792

enbodi ments, Zis 0 and R8 is -NRL4R15 (defined above). R19 may be -ORS
(defined above). R20 attached at the 3 p sition may be -ORS. R20 attached

at the 4' position may be hal ogen ituted or unsubstituted al kyl
(such as C1-C5 al kyl). [0130]N o |nents t he conpound of the
present invention has ther? X3 ~~ )L23 1 R R19)x
(XI1). [0131] In Fornula (XI L1 L2, X, and y are as
defined above in the Formulge (1), (I I) n \1 I n sone enbodi nents, L1

and/or L2 is a bond. In sonme enbodiments, X i R19 and is 0. In other
enbodi nents, R19 is attached at p05|t|on 1 an /o p03|t|on 2. R1 @a&Dbe

L8 A RSB o6 B
conpour(d, @), tie(y) eﬁmimd eﬁﬁlﬁftﬁm@tﬁts tldsantih@ ]1?01% ﬁ‘tﬂoﬁd h?&nt/é‘% %@ﬂt&%@
PCT/ us%o?ég/ 026792, N H (F)éQL -1 2~ ).

[0133] SR ep@éil Qd)%ﬁntdlabom) ﬁmm@ defied aboasr)e Itasomlefellatecﬂ above
i n the Eapmhafs, i nf%b add B3 is l\ﬁfldR( Yh@neﬁfb e{je e@rbod%r%gltog% or ﬁ@ﬁgg%%jvlé)z s

a bond. In sone’ enbodi nent’s,
R19 ma;orbesubﬁﬁﬁte(ddaéltyllomdhabd,\{@5.alltym).SRfﬁﬁldyQJeatﬂd enbodi ments, Zis 0 and
R8 is NR14R15 (defined above). R20 nmay be hal ogen, or substituted or

unsubstpiis ednabkklenfbdbirhends tkgc'oﬁr’po"ﬂh& ¥ e p?gsgnm%&l%n-hgsq%’e formula:
|

H
N
19
(R, (XIV).

[0135] In Formula (XIV), L', 12 R', R, and x are as defined above in the Formulae @

\12

and (II). In some embodiments, L' and/or L? is a bond. In some embodiments, x is 1. R
may be -C(Z)R® (defined above). R"’ may be -OR” (defined above). In some related
embodiments, Z is O and R® is NR™R"® (defined above).

[0136] In some embodiments, the compound of the present invention has the formula:

H
N\ N
\1 2%
(#9)
X (XV).
[0137] InFormula (XV), L', L% R!, R', and x are as defined above in the Formulae (D) and
(I). In some embodiments, L' and/or L? is a bond. Tn some embodiments, x is 1. R' may be

-C(Z)R?® (defined above). R may be -OR’ (defined above). In some related embodiments, Z
is O and R® is NRMR" (defined above).

[0138] In some embodiments, each substituted group described above in the compounds of

Formulae (1)-(XV) is substituted with at least one substituent group. More specifically, in
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[ [ tion has the

4] In sone enbodi nents, the conpound of the present inven
¥g}§u}a H NN L R144 ~12,, r RI91x XIV . [0135] In Formula (X V),
L1, L2, Ri02BRAH15823d x are as defined above in the Fornmecaas¢ioso2ame (11).
In sonme enbodi nents, and/or L2 is a bond. In sone enbodinents, x is 1.

d bov R19 be -OR5 (defined above) In
Sémn?gﬁota}%egggoﬁﬁg%§defl Qibsyiifed %ﬁ%ﬂbﬁygtaeg IR, %ldteﬁmtwdcbyalbal;llcgb f O£ (r)n:h?g]
1 Sgeuslion et RRyEQIRENNG! B LR BLERRILN IR A0 BB e
Ez R1 "mﬁ/f@ subgHgted ]éﬁ‘t@")ﬁ.lsk}’@@ﬁl deectitmdabevd mthdfl&)rﬁwtgig% gﬁlfm“tl?@x(’.ﬁs’j : :?2
frg;m b:rgp@% Z) Rgeﬁ(vélwt‘ i“ﬂg g %)’i’f ltuﬁaafgggﬂlﬁg IB‘éJQ %(?Rgleb@é@ﬂcmﬁ%@t lehe oy or alm sone

ov In
L5 St ks SR LSRR el

of Fof F%‘é’nﬁ Py 2} efh eﬁ%gr@ub%qrmsuhs@ulted withat lehetasit |Ona sauﬁﬁaérﬁ GRS, 9r oup.
More specifically, in 27 W 2006/ 015123 PCT/ US2005/ 026792 sone

tituted
g;rtglog;:fr%lﬂ% Ip atiter soibsdinientsas thd &dthpoundPst Fésrt}%ug% @e{ P%Lﬁ'ﬁubst?tblp At ed

| | kyl
het er oap%}lﬁbbt t&%ﬁ#ﬁ%’%% et mgl%gu&gﬁﬁ%* CeGhstlkylutast shlﬁttmlitedigk%ﬂ ;an;a .
descri hesgbatowg Hefbr&i]ﬁquggp@déﬁﬂﬁ?c%r I{Znh%bmtlg.ﬁ%%é t%%(ﬁj X%bg%ﬁﬁ@%gqaﬁlgheg@ﬁ al |

at | east one substituent group

t t uent
! e et it SRS U7,

| east one or
\%r ?Epaflﬁ{s{englré ) (%Ir]i]\é/l%l %s\%g,],t c@]&e&grpwc&%lgylgsp d6iphstituted or unsubstituted 4 to 8
membered heterocycloalkyl, each substituted or unsubstituted alkylene is a substituted or
unsubstituted C;-Cyy alkylene, and/or each substituted or unsubstituted heteroalkylene is a

substituted or unsubstituted 2 to 20 membered heteroalkylene.

[0140] Alternatively, each substituted or unsubstituted alkyl is a substituted or
unsubstituted C;-Cs alkyl, each substituted or unsubstituted heteroalkyl is a substituted or
unsubstituted 2 to 8 membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a
substituted or unsubstituted Cs-C, cycloalkyl, each substituted or unsubstituted
heterocycloalkyl is a substituted or unsubstituted 5 to 7 membered heterocycloalkyl, each
substituted or unsubstituted alkylene is a substituted or unsubstituted C;-Cg alkylene, and/or
each substituted or unsubstituted heteroalkylene is a substituted or unsubstituted 2 to 8

membered heteroalkylene.

[0141] In another embodiment, the compounds of the present invention include the
compounds of any one of Tables 1-39, or any one of the methods 1-61. In other

embodiments, the compounds of the present invention include the compounds of any one of

Tables 2-39, or any one of the methods 2-61.

Exemplary Syntheses

[0142] The compounds of the invention are synthesized by an appropriate combination of
generally well known synthetic methods. Techniques useful in synthesizing the compounds
of the invention are both readily apparent and accessible to those of skill in the relevant art.

The discussion below is offered to illustrate how, in principle, to gain access to the
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[0139] In other enbodi ments of the conpounds of Fornulae (I)-(XV), each
substituted or unsubstituted alkyl is a substituted or unsubstituted
Cl- C20 alwwl2posaashssubstituted or unsubstituted het er ogchys2005/026792
substituted or unsubstituted 2 to 20 nmenbered heteroal kyl, each

subst i tashg@dudds HMSIHRASIL loal kyl is a substituted or unsubstituted
C4- C8 cycl oal ksyl , each Ilsjﬁl}gg??%{ﬁ]togﬁn@/o ge defetls onieatrimef de divecdeondthyds i s a

subst i tAYPdbloforuss inessérnblirerthé copSundaBrhES; e cloal kyl , each

substi trféttﬁfé n%dgni?tibsti tlut.eﬁ1 al kyf)ene is a 'Su IlEl{talht W%V%ﬁ' ﬁleﬁ%&?q But ed
Cl- C20 al kyT'érie,© SHHrsY Teut eseonaafreactidnoor reastiohstitditacnhelenaakky! ene is
a  substéparihgtheSompraHBss : 20 ered heteroal kyl ene. [0140]

Al ternat i v&)lé%Izl each subsﬁt%}gk)gege%rlﬁ‘%ﬁé g?ﬂ%)fﬂr’é@“élﬂkﬁthisslnae@l@nsnmhﬂ ed or

unsubsth3dg Qarocsluaesayid, tedmidues dislokddih et B i d heteroal kyl is

a substitlb e oPlapiunsybstituted 2 to 8 menber e%ﬁﬂg%j%%%glwélﬁ?v’ %sa%ﬁﬁ as

subst i t;&ed or unst PHIEHEYeT o Sehemps 1,2 arsidydt iahdi T A dreais deASADST i t ut ed

C5- C7 ehamico® Ky Sch@aesh  2uRgtsi r.unsuhstituted heterocycloal kyl is a

subst i Put ed or unsybstituted %ﬁegﬁ%?gﬁ%%)éggﬁﬁwgt%%"cy | Badqbgines dakand

subst i t SPEEPORA ihdupsdsfinedelowd. kyl ene is a substituted or unsubstituted

C1-C8 ?Qlltléi ene, and/or each substituted or unsubstituted heteroal kyl ene is

a subs edhe comprtdsinitedis@d certdif SRR het ey oal kyl ene. [0141] In

anot heg enbodirent, the corrpouﬁds lofgl%lﬁe prgggl%tpr?ﬁg{e]ﬁf’?rg 115 epiliged fme

conpou ey 'a}%n%ﬂ%théﬁ‘e cpamoagdsi ca@dbe smynthasiyemwﬁieﬁthﬁﬁ%tdaﬁgﬁﬁréiéﬁ}' In

ot her awnhedh : . corpounds t he present .invention iInclude’ the

corrpou;r;;js}.sﬁ of %?(13 hgﬁléwg’?‘m i) %‘é‘q’é‘g%’,m g-ranawnmf@l@mIdMommmoum @e6BL.

Exenpl 108yfn tl H&se Br)] @hdd]|achieeed d invent.i on are .synt hesi zed
oLBYPAE lods et IS O A

by an gpri ate conbi nation of ~ generally we no met hods.
Technilgtglggurgssél?}b?s’ i%Ht %‘f}ﬁ{nﬁﬁféii i repgtiopreusingglonadsl brofuiddw Nnventi on are bot h

r eadi | toRpRALRIthi RNt %9§§§1{égllleel)to those of skill in the relevant art. The
di scussion belowis offered to I'Tlustrate how, in principle, to gain access
to the ch%%g 06/ 015123 PCT/ US2005/ 026792 conpounds cl ai ned under this

i nvention an 0 give details on certain of the diverse nethods available
for use¥n assenblingnt,he conpounds :@f 4 he invention. However, the

di scus@ac%ls not i ded tosdefi Pt the scop€ of reactions or
reacti sequences t are useful lip prieparing the {onpouhds of the

present invention. The conpounds of jthis invention maylfe nade by the
procedures and techni >(ﬁues di scl osed i n the Exanpl es se&tion bel ow, as wel |
as by known organic $§ffhesis technifques. In Schenes 3 2 and 3, L' and L2
are as defined

OMe
' NH2| HN\ HN\
d 1
e *’C;l . ¢1
= ZZ =
X X 2
R 6
4 5
7
N r!
l
M]

5b
[M] = e.g. BRy, SnR3, MgX,ZnX, Li

[0144] ~ Synthesis of a ketone intermediate of general formula 3 (X = Br) can be achieved by

treating the corresponding WEINREB-amide 2 or its hydrochloride salt with a suitable

organometallic species, for example, using an organomagnesium or organolithium compound

[step ¢ in Scheme 1]. (for examples of the use of N-methoxy-N-methylamides (WEINREB
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above. Rl in Schemes 1, 2 and 3 correspond fo Al as defined apove. R2 in
synt hesi sw f . correspond to A2 as defined above. [0143] The conplete
hene 1 (“)/égmny O?amecszgmgglrjrggs gf t he Eresent i nvent i on prs/usRdosionsd2 i n

= . unds can be synthesized conveni |
comercially availabl.e 2-anino-nj Ny . \ iently from
R e e e A i g e

2chi e¥edy b iRbinfitsr (ReLBIs etdsitiaiopeoridantlion ofigipsnt atifldiet BFe, such

as, ot Timted to reactions using el t '
br oSucCHy OGS S s@prane B BRI cozr a
N Rt erhea Dy prige aiti‘ﬁ?io’? o;t}EFRa)%i%(o@&éz} of_l %l\Slﬁ faflilre\ci (?:(‘))tnae&ﬁiﬁh./el\/lﬂﬂﬂ)db abiN 1 HN 3 d
fSB rRB mff%é(ts ?g{)}(?ﬁ,_ot% r fﬁggﬁﬂdgloﬁy aidt&sérgoedﬁn thelobeminal 1%%%\&1??@3%&[“5' %P“%éﬁ er g FZ ’
(X =18 e achieved by  treating t : '
}S/\Ee Neoam dallal iofid u [sigrip Gssrcde’ Bl ;ﬁ‘%@@f@?’%ﬁ?ggﬁgﬂﬁmt allic
[ ot oppyadiest %ﬁg%@%?g s@@bf&%oﬂgu SAPQARARESE bt a6t langehol PyBOENHBdFound
- or exanpl es of the use of N-net hoxy- '
( VEEI NREBA28. WO 2006/ 015123 PCT/ US2005/ 026792 ami des) in )Ié l\l_ id ahm e
see S.Nam S.MWinreb - Tetrahedron Lett. 1981 ® Ohe Synthesis.
am r _ _ : , 22,3815. Th
}’\5' Eﬁ@f@bn(‘z&lge é&%ﬁ%ﬁ?@% rk eﬁfé%@c?.ﬁfe@'f@r by isteritetiemof zDhetoﬂle) nesééu%&% & acid 1
(X d ) W \ di met hyl hydr oxyl am',rlf usi ng st ad‘ugl . et hod
R 49} Pieprd inBeheme 1] can be obtained either commercially or synthesize }a(’%dﬁ% S

methods described in the literature, such as, but not limited to the Grignard-reaction of
organic chlorides, bromides, or jodides, 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, tert-butyllithium or iso-propylmagnesium chloride or
bromide (e.g. J.Clayden — Organolithiums: Selectivity for Synthesis, Pergamon, 2002;
A.Boudier, L.O.Bromm, M.Lotz, P Knochel- Angew. Chem. Int. Ed. (2000) 39, 4414.) or
deprotonation of sufficiently acidic compounds, such as for example pyrimidines, pyrazines,
2-chloro- or 2-fluoropyridines using a suitable base, such as for example lithium N,N-
diisopropylamide or lithium 2,2,6,6-tetramethylpiperidide (cf. J .Clayden — Organolithiums:
Selectivity for Synthesis, Pergamon, 2002; A.Turck, N.PIe, F.Mongin, G.Quéguiner —
Tetrahedron (2001) 57,4489; F.Mongin, G.Quéguiner — T etrahedron (2001) 57,4059). The
aforementioned group R! can be substituted with one or more functional groups, in which
acidic protons such as, for example, the hydrogen atoms attached to nitrogen or oxygen may,
as needed, be protected by a suitable protecting group 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). Such functional groups will allow for the elaboration of

the products obtained in such fashion to various compounds claimed under this invention by

generally well known methods.

[0146] Olefination of the resulting ketones 3 (X = Br) [step d in Scheme 1] can be achieved
by several methods known o those skilled in the art but is most conveniently carried out via a
WiTTIG-reaction (¢f. B.E.Maryanoff, AB.Reitz — Chem. Rev. (1989) 89, 863) using an ylide

generated from commercially available methoxymethyltriphenylphosphonium chloride and a
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either by prior activation of the acid or in situ or via a direct _
condensation. Methods and reagents for both transformations are described
in the cheoizealoibizterature and wel | known to soneone sleciriusdoosn2d7be art
[step b in Scherre 1] . For exanple, amde formation is achieved by direct
met hods L0 abI e coupling reagents such as, but not limted to,

Py BOP, H@lﬁg abiﬁ]nofrﬁ@ltéﬁﬂ AGHeRSPIZRROTReiAlE hRSe :wglq abrbatingtor t he

i nt r oduihiteno of n&h-ﬁﬁl ﬁllfc HH SudR as tﬁ‘zﬁ ﬁtglsLl{n%,( esadlgi[‘a 0 aprs SRt cﬁc heme 1] can

be obtained either co rC| or syn rous
descr i besftrineethyisilyl)anenatSuck pl&ﬁmaﬂnom&an blsb be an\l'dniﬂnt@@aﬁrfédtdﬂle without

f h b d di d th
gnes PUIEERTon o] IR ioe keioing o8 ~Cogeies MeReifesrigisloptiasd o dim W1 ey
& Sons reak888 bf tH@EW BINRBE hRSRD ?K%m A8th' BATL RS Hfic Icéra anlag de&hggas des or

i odi des_using suitable organoli m or or ganonagnesi m conpoun such as,
but no®bP¥eited to, n-butyllithium tert- butylllthl um or o
i so- propyl magnesi um chloride or bromde (e.g. J.Cd ayden - Oganolithiuns:

Sel ect i[0i47y fSubs Ehﬂt%@h%tmﬁ%‘fﬁ%‘i‘é%lﬁ%@l%ﬁn4 XBORe) Bliep i XA M Lot z,
P. Knochel - An w@ﬁChem Int. Ed 2000) 39 g414 iij gé'ep déppr otonation of

suf fi ciMawgh qaneiwilized wrgibanis £- ou hions of @mlgwgﬂmﬂ‘rbewmfmhnﬂwn beyr azi nes,

2-chl o r usi a suit base,. such as fo npl e
lithi UE&R] ﬁd ‘%ﬁdkl Br %gé 1%%5@5% Copg]t%ﬁpilﬁnﬁg %T%lgén?rgf"?lﬁr‘?ﬁf’mlﬁlﬁs l?ﬂcge (cf.
J. d aydsgrbut n@lgﬂﬂﬂﬂi ﬂotshlﬂmi@amd §%k@ﬁ6rﬁd/zidi<y hiy@focBvathesi s, Perganon, 2002;

A. Turck, N. Ple, F.Mngin, Quegui ner - Tetrahedron (2001) 57, 4489;

F. Mong rhﬂuo@%@é%ﬁsﬁg?mc aq@tolr andererrctioaeid)n sntahbm}vemsrsgch a$, buenwnt i oned

ti in which

et o T e TR HoRhhd Wl il RGO RE, SHRF BRRle PR o
ni t r ogérchtoroahamgen c}'flmwofonn,switele?ﬁﬂhanbﬁ op ;:mhllecﬂlr @?nb&%r@s ﬂjétdo?qu?lre\?gt eg ';] |e ng

b t ho e chem ca iterature (cf. T.
2 &t G ZRIRR ek Aossasy Sakamate Gt ey ols G 23t786|4n Wiey &
S o) i e
o ol B s T R o b SR o B GBI BN B Rl 1 <
i nvent pwmolo}2,3-gémeidirel yFomahtiorkoithe vingt pods is §dhisv6d via £$ Tat- bomphﬁg ofhe

resul tin et ones, 3 Scheme 1] can be achieved by
severa %e{’( HEs? qg}?&ﬁ%ﬂﬁgl‘r{“ﬂé's%etgﬂfwl@’ SPaPRe art but is nost conveniently
carried out via a WTTIGreaction (cf. B.E Maryanoff, A B.Reitz - Chem
Rev. (l0g8) duirodetyn afarnmatio oléfimelkyge e ratbnhfticeubsineres aithé 5yposivian| abl e

rI;ECT } Bgé%%@%g%% B)Zéf?osfﬁln %E%Plgns‘%aggheuggggg W%gtsg aBr% gﬁqeﬁlﬁﬁ? 36/ Oé?%é?st rong

or ganobeadidved vagandabd Ral8gen dbds-ddRbling methodologies (¢f. F.Diederich, P.J.Stang
(eds.) — Metal-catalyzed Cross-coupling Reactions, Wiley-VCH, 1998; J.Tsuji — Palladium
Reagents and Catalysts, John Wiley & Sons, 1995). Couplings of the bromide 5 (X = Br)
with suitable reagents such as, but not limited to, boronic acids and boronates,
organoboranes, trifluoroborate salts (e.g. G.A.Molander, G.-S.Yun, M.Ribagorda, B.Biolatto
—J.Org.Chem. (2003) 68, 5534, G.A.Molander, B.Biolatto — J. Org. Chem. (2003) 68, 4302.),
organostannanes, organozinc compounds, organomagnesium compounds, olefins or terminal
alkynes, either purchased or obtained via protocols well known in the chemical literature, are
carried out in the presence of a suitable transition metal catalyst, for example, but not limited
to, suitable palladium compounds, either in the presence of ligands such as, but not limited to,
phosphines, diphosphines or arsines or without and, as necessary, organic or inorganic bases,
such as tertiary or secondary amines, alkaline carbonates, bicarbonates or phosphates and, as
needed, other additives that are known in the chemical literature to assist or accelerate such

transformations, such as lithium chloride, copper halides or silver salts. These cross coupling
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limted to, a non-nucl eophilic am de such as the |ithium sodium or
potassiumsalt of bis(trinethylsilyl)am ne. Such ol efinations can al so be
conveni enwbyoesarisized out wi t hout purification of the respastiosedset one 3
(X =Br), using the crude material obtained fromthe reaction of the

VEEI NREB amide 2 (X = Br) with an organonetal |ic reagent as descri bed
above. Ipertlens ag pggieguein fjabliesalvents smh ash butrmeod liltited go,oN &K, dioxane X =Br) ,

[ step n either. th Z-formor a
ety SGRER IR L S B A S ot
condi t ietBylp$irolddite] Rghdl @AM, 6r AlxtgBfihesef itelipersiedd r@@gm@ﬁbm%t °C
limted to sulfuric acid, perchloric acid, hydroch]IDorl c acid

trifl udecnefGasmgdithenmacheating, conventionblizatiag et incragi e iimdigtion.abl e sol vent s
such as, but not I|imted to THF, di oxane, diethyl ether, dinethoxyethane,
di gl quowb]c hRis eRBEh dRLy m4l) Wé"é}@é&%@l lf@ﬂl‘% 1%0%5%&5Mdﬂcﬂ%ﬂase&mt hanol ,

or ethanol, or m xtures thereof. A simlar cyclization has been descri bed
by Sakamstesplilesaich asbutarcs dipmiteddo @mgm;,,th@’lse mlzmarﬁamc@mary Fhimes; t he

T M A L

via a IbhtauFgoappivhitt aef kndwitinIhdElem caNaéraGirdMotde suitable protecting groups
tributyl -2-ethoxyvi nyl st annane. é}0148 | nt roduction of aromatic, olefin,

al kyne,(c¥mples off sugh gtqups siyblag foun Greens, B@%thsbﬂPr@ectw@pw B to
afford ér%ggz%lﬁ:}gﬁle z]; 33 ccijg &ﬁlrﬁlﬂe{r%%lsal&%é)éf _105131 [tﬁl ft or ammes Cherre 1] can
e UHodo ogd

be achi 0gen’ cross:coupl’i ng

F. D eden¢tabds wellkistvanig thé elttsnifal-litdfatuad sueiatas) W@dy Qf @ﬁlﬁlﬂ@lﬂlﬁﬂsb ﬁl&nﬁ@ﬁé‘d i ons,
Wl ey-VCH, 1998: J.Tsuji - Palladium Reagents and Catalty“s] John Wley &
RS,

Sons, 1985Y-Lepoty 'HV1T|1?§§136T'At”HéWl§F}’6Fﬁ O03) {50, 258%:)).P.falle, 8 é- reagent s
such a | i t r 0

trifl uosﬁfo org'?gs %a ﬁi QCC Eﬁélg egrgg%%g%é ﬂ% ;%{2130151 gé%gﬂga%l ‘ol atto
- J. O dlo™en 85(201133)co&ﬂqouﬁ&s%btalﬁe@\bwblcandﬁhodﬁ:aﬁlbelfaﬂth@ elabdratédtlgy Chem
(2003) 68 430 nost an nes or gapozi nc co unds, Qrganomagnesi um
corrpouﬁﬂ%tho%l well ?ﬁ%‘w{ﬂ' mtg et’i%}Fa ﬁ?fﬂ%%? ot ?ft%&?%@ﬁ%}g{@é uegergﬁksai ned via
prot ocq}eenh! known in the chemical literature, are carried out in the
presence of a suitable transition netal catalyst, for exanple, but not

limte , Suitable pal um conpou er, i.n.the presence .of

| i gandﬁoyﬂﬂh @Soneﬁmboﬂg?eqtoﬁ*}{eélav a&*ﬁ@ﬁﬁ#ﬁﬁ Br )dlﬁﬁffﬁ@f)ﬁ\'ﬁ]eagb YPU4r si nes
or Wi t heut inahelpresdnch 8€ & §isitibYe pa%a@ﬁi Gat&listl PPELARHIE, RARSSHmitSYEN as tertiary
or secondary am nes, al kaline carbonates, bicar bonat es or phosphat es and,

as nedeleakis(airhenylnbriphingiailadivay(0)s dishlosbiciriplreny lpbosshéna)palladiun@) ar ur e t o
assi st cﬁ%l«?féglgi ’gl%@édﬁrheﬁ lloﬁtp@%l%%?ﬁroc@ear}e A3 dium K@B Fr?c? a sulga?)'leubase e!,é) ride,

copper €Se Cross ¢
sodium carbonate, cesium carbonate or cesium fluoride) in aqueous solvent mixtures such as,

oS

acetonitrile/water or dimethoxyethane/water at temperatures between 110 °C and 200 °C

either using conventional heating or microwave irradiation.

[0151] In some cases it may be advantageous to achieve cross-couplings to carbon or non-
carbon atoms such as all those mentioned above, by first converting a halide 5 into an
organometallic derivative 5b such as a boronic acid or ester, trifluoroborate salt,
organomagnesium, organozinc, or organotin compound. Such compounds are accessible by
means of substituting the bromide moiety with an appropriate metal or metalloid in which
case any functional group present in derivative 5, most notably the ring nitrogen in position 1
of the pyrrolo[2,3-b]pyridine, may be protected by a suitable protecting group (examples of
such groups can be found in T.W.Greene, P.G.M.Wuts — Protective Groups in Organic
Synthesis, 3rd ed., John Wiley & Sons, 1999). Introduction of such metals or metalloids can
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WD 2006/ 015123 PCT/ US2005/ 026792 reactions are carried out in suitable
sol vents such as, but not limted to, THF, dioxane, dinethoxyethane,

di gl yme, wochéeansrt hane, dichl oroethane, acetonitrile, pOWRS2085/026792

met hyl pyrrol i done, et hanol or water, or mxtures of these at tenperatures

[ u5| ei.ther no heating, conventional heating
o Crsvey BV b o it ST e e bR g YRS Bricbricas kel nhe

i ncor paralliatine edrtineBtatesheivAaS Biims BE Gl ARRLA %ﬁc}ﬁ&qﬂhﬁ% oPighedigh o M ted to

al cohol.s,. thiols, pr| mary or secondary am nes eter C ri ngs
cont ai it %‘1 Biglitle at vig amectaltnlegenickchrgen rattions ush@t suitalyle @¢gafiB}ithigh

I t to be suitable
or ot ect o 5‘9@&%"‘* o PO b oSy B Bl ﬁm?éfe IS T. W Gr eene,
P. G M \tditpsylmagiresivec thlugd 08 pmide) mlﬁagﬁeécﬁzd%ﬂ%&ﬁégﬁgaré ‘Fct‘glrc])g V{n%é?::ﬁﬁn ley &

f al I t hi ol nes
S ¢ &1 T rgmemAtSe fhnaediare ity b esclle ahd réngte: mem m% s
S.V.L 3 5 J. P. S Wagaw, -
> var conaghe iR Re, AR R ORI B0 i BRI e o Ehlodit g
- Acc. CliemetRgboraiclo@8)yl berateB ﬁi-zsoT;hepyalQiasmu Nl @iflke d}%ctlihl&rﬂi%?l [fgﬁ 2?3? eC?g

hod Ik n the chem cal
ot her - SBSSHLOET ATt oisaRecohrLet e eansAicpi s ved bameac@ngpdi rent of
t he i ndefivdtng.5 Brdal Wit bﬁs(%?ﬁgcol?& dlb&Pﬁ Exf@l%ﬁ)%s\éflée org 1%? acid in the

presence of a suitable Ium cata or “exa not limted to
t et r akip dlphqmé?hpsphuwprﬁcm)ead:]palw&mﬁ@r)) and suitable bases (e.g. potassmm or sodium

g: g E : 8§ oé[t%gil i Sﬁi %@BW@ Eﬂwﬁﬁ%@éﬁeﬁmmaawt tympesgfdrea sui t abl e

base ( @ar@ing ﬁ&ﬁ'S@ni‘@a"'Cbcﬁﬂﬁff ﬁsm%@éﬂwféﬂi‘l&ﬁﬁ 996{?1%% 101%%1 gm ddiQn (Pge}ature

aqueous sol vent m xtures such acet oni

di et hpmyeddmafm/smﬂa-rtrmfommmsm befomatlmemllmaQ\@Mura&ONCM&err using
0151] In sone cases it

convent,i nal ea e.irradiation

maybe é{ agntcélﬁgo{}sqg?))&;zgé M%B@%foééﬂmef%%oﬁ eéemwnacai pinaeel cstar bon

at ons  sbiathed by hik déﬂﬁﬁn@&h&%?&n@gﬁﬂ Qeri 1er§ 51?(:%; 5 POV % g?rrcl)glgt%ege 5
into an organonetallic derivative suc oroni ¢ aci

trifl uereBlypeberaiapalts arowgh doseeihad 5i bherphmlgalriuzname or organotin compound.
Such conpounds are accessible by neans of substituting the brom de noiety

W th a[01sppr apbdsadoRpiBEsadf Iﬁ?étalﬂ'@éc@dlérﬁz'aﬂvés%b"‘mﬂ? E'ulta‘ﬁ?csr%a%e'ﬂ%' s dudRgd 1 onal group

present in derivative 5, npst notably the ring nitro n p05|t|on 1 of
the pyfieBiaipdieterpargyatiaionelefinigychinsides, dremides) lbojndes, ﬂmﬂatedacbreicmhﬁlﬁeé i ng group

ne, .P. G .
br ot ot OB E b SORHE AR ol leloMurig tEOREH ot Per el 1099)
| nt r odowdttin dre prése&d@hf aRiiabk ehsiteh aldtAicalyeed.g. suitable palladium compounds,

either in the presence of ligands such as phosphines, diphosphines or arsines or without and,

as necessary, organic or inorganic bases, such as tertiary or secondary amines, alkaline
carbonates, bicarbonates or phosphates and, as needed, other additives that are known in the
chemical literature to assist or accelerate such transformations, such as copper halides or
silver salts). These cross coupling reactions are carried out in suitable solvents (e.g. THF,
dioxane, dimethoxyethane, diglyme, dichloromethane, dichloroethane, acetonitrile, DMF, N-
methylpyrrolidone, or mixtures of these) at temperatures ranging from 25 °C to 200 °C using
either no heating, conventional heating or microwave irradiation. The compounds obtained
by such methods, particularly those containing suitable functional groups (e.g. carboxylic
acids or esters, nitriles, amines, aldehydes or olefins) can be further elaborated by methods

well known in the chemical literature to other compounds claimed under this invention.
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32 WD 2006/ 015123 PCT/ US2005/ 026792 be achieved in a nunber of ways, such
as via reductive netallation using netals such alkaline or alkaline earth
nmet al s orwecbiwased forns of such netals such as |ithi urcTrosgResearm or
l'ithium naphthalide or via a netal - hal ogen exchange reactions using

sui tabl e organolithium or organomagnesi um conpounds (e.g. n-butyllithium
tert - bu¥s3]i t Mowerreactivesrgac apyibophilee suchras ohdanpmdeallor cdmpnmmde)b and, as
needed, subsequeni. transngtal ati on reactians of the organgnetallic

i nter ne%ﬂnéﬂl@n&ﬁﬁ‘ﬁ{"ée’ St Ay AtsPEaE EnFIEgR Pefals &Fe& QFgaBBﬁ%‘BHﬂvd (e.g.
magnes &?&rﬂﬁﬁ%&;bﬁ@m di‘%ggh%.kiﬂ@%&hﬁéﬂrﬂ@) catnra!ls'orb_'et%h}ﬂeﬁ't@ a¢i R Sther
trimethylltin chloride, “trinmethyl borate, triethyl borate, tri-iso-propyl
bor at e, eledtrophilicichlipliteg martngisrsuck hd antiveiell olefing (MaCH HL-aaepsbrs) abdphydése aci d

i nacol _.ester may. be conveni ently .achi ev react | eri ive 5
G r oct 1P At PR OP R By b R e App B2 R b SpodtELe e et
bi s(di pfirnylopbps240030®), cﬁ@bkg@@m& Badvaadédy anbbh Hickidt, StahriligMases (e. 9.
pot assi um or sodium acetate) in solvents such as DVSO, DM, DNMA or
N- et hydrggirie bhlidpsnSuel cquptipes eanreeashievethggingeithes ne getalysbore wiiteblsr usi ng
conventjional heating.or m.crowave,.irradiati.0 Literature. . ent for
siml artr%qﬁg’f?gfl%%ﬁlacta?d@ﬁ%’ ¢ gﬁ a%ég@%n%ll}iﬁac O%%er’l'.éoqag{ rﬂ(rf/ré&nl?f,o %ﬁﬁuﬁ}ng ug[?ﬁ . Myaura
J Org. $onasms (6E98hr, GBIF] A0 ahe, diatthogsetine, GraiMems] amixiuthef hedepai ¢ aci d

pi nacol ester obtained by this nethod into other boronic acid derivatives
such astehipeighires ragias frosor bt 10001C ¢ither intbe prsseracef other gddifiues bt are

described in the .chem.cal |iterat.ure. 152] SS--coupl | 0 tall ated
deri vat TR7ee! @Bﬂwq%lgadﬁﬁe%ﬁu X troeagag n(frsacééeg%ﬁteasg‘% g?rgﬁ%qul%@ ,O hﬂg’ﬁcehr %Sa?%nat ic or

ol ef i ni &aapIQNitileH hali & hei@ses o BHAAES or tdif deatvatival oprithodalAsdeill beei t her
purchased or obtained via protocols well known in the chemcal literature,

are carsnpeent uromeane withpkdbiaibeabithaceupquags ebleingAdy sPehmaless: cat al yst
(e.g. s u#ic%u '!%rflz“y %'%% kg%:gﬁﬂﬁcf:soc%ﬂ%ﬂﬂg fuitaﬁietfﬁﬁétic%nalo%{gﬁ%sg él?&leﬁ%%rb%g(zﬁé gagds such

as phos 'nes of arsines or w as necessary,

Or gani CorQdsteird) @itgR\) fnipas aklchgdssvr atefingrdah dk Vinttier stborutal yy moihodswel| kal i ne
carbonat es, bicarbonates or phosphates and, as needed,. ot her, additives that
are knokpWmingthecheapeshliderpturg 'Eoé?tg?d‘f’ﬁm%nc&sc%?l@te gnderchisjinyetian.s ¢ h

transformations, such as copper halides or silver salts). These cross
coupl i n@164Jac 8jSedisutatimtabpyricdel 20ub]pyndines ¢alHl® modocesstd vipgengtheBthod

acet on s fet gtk e BT P8R 0BRED. dp SRS fick By Oy R e
tenper a&dﬁ%sdchﬁ(}gd Qgré(aEQl?% #%ifh ib8nd8Rd Sodterh Perio@itd 4 siAblReBIveRtsuch as

conventional heating or crowave Irradiation. The conpounds obtained by
such meDbMIHMpaortN-aiekiipwrdlhiose atcdematddriemgerstrrésads] 1©0£200CC0 toradfiordyr oups

e e Pt et e e acylafodunder Sendard bSHaNOTE sulh ' &1 1)
reacting it with acetyl chloride in a suitable solvent such as pyridine at 25 — 100°C.
Coupling of bromide 32 with ethynyltrimethylsilane to afford alkyne 33 can be achieved via
standard halogen cross-coupling methodologies (cf: F. Diederich, P. J. Stang (eds.), Metal-
catalyzed Cross-coupling Reactions, Wiley-VCH, 1998; J.Tsuji, Palladium Reagents and
Catalysts, John Wiley & Sons, 1995) such as using suitable palladium compounds, such as
dichlorobis(triphenylphosphino)palladium(Ir) or dichloro[1,1'-
bis(diphenylphosphino)ferrocene] palladium (1) as a catalyst in the presence of copper(1)-
salts, such as cuprous iodide in the presence of organic bases, such as triethyl amine, in
suitable solvents, such as dichloromethane at temperatures of 25 °C or above. Cyclization of
the resulting alkynylpyridine 33 can be most conveniently achieved by exposure to soluble
fluorides, such as tetrabutylammonium fluoride, in suitable solvents such as THF or dioxane

at temperatures of 25-110 °C to afford 5-bromo- pyrrolo[2,3-b]pyridine (34).
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wel | known in the chemcal literature to other conpounds clained under this
i nvention. 33 WD 2006/ 015123 PCT/ US2005/ 026792 [0153] More reactive

or gani ¢ nwol2eesphsizes such as organonetal | i ¢ conpounds 5pCTamsRdcEi0Ré70Y

al kaline, or alkaline earth or certain transition netals (e.qg.
organol i thjum organomagnesi um or organozi nc conpounds) can al so be

coupl ed t§caemar¥ge of other electrophilic coupling partners such as
activated ol efins (M CHAEL-acceptors), aldehydes, nitrilkes, aromatic nitro
conpounds (see fogr exanple I.S%pountzis,/ﬁ\ Knochel - J.lAm Chem Soc.
(2002) 124, 9390/), carboxyliclacid derivatives, carbon”di"8xi dg:*or gani c

di sul fides or or anicshalid uch couphi ' can be ac 4 usi ng either
no catal yst or uitable tr ition met atal yst, such_as a suitable

copper, cobalt of iron conmpoung in suitablel solvents (e. et her, THF,
di oxane, di methoxyethane, or djglyme, or mXtures of these3

at
tenperatuyres ranging from-100 Cto 100 C either in the pre%ence of ot her

addi ti ves>ghat ame know-n the chem i teraturenia assi st or
accel erat s transf of onsy, such or  exa ¥t hi um hal i des,

am nes orlaianines‘ﬁT*t eiy derivatives,j or w t hout || will be apparent
to soneonewith skill inYthe art, the onpounds obt aifhed by such net hods,
parti cul ard#y such conpourifds cont ai ni ng®sui t abl e functs onal groups, such as
carboxylic mcids or esters, nitriles, @mnes, aldehydes or ol efins, can be
further el aborated by nethods well known in the chemcal literature to

ot her conpounds cl ai ned under this invention. [0154] &,S-disubstituted
pyrrol o[ 2, 3-b] pyri dines can al so be accessed via another nethod outlined
in Scheme 2 (see al so WD 2004/032874). |odination of

2- am no- 5-bronopyri di ne ‘tay be achi eve reacting"fy\w th iodine and
sodi um periodate in a suyj l e sol venty as . DVF, Br
N- net hyl pyrrol i done at at ed tenper atures of 71004200 C to afford

internediate 31. This intgrnediate 31 can be acyl ated, under standard
conditions, such as reacting it with aetyl chloridé in a suitable sol vent
such as pyridine at 25 - 3¥00C. Coupling of bromde 32 with
ethynyltrinethylsilane to afford al kyne 33 can be achieved via standard
hal ogen cross-coupling nethodol ogies (cf. F. Diederich, P. J. Stang (eds.),

Met al - [0B83)! YEIGBorQiGS6E160UBY 3413 5R238IhOBS reaMill 8¥c: h&?@ﬁ' I
Pal | adi um Reagents and Catal ysts, John V\??Iaeyi]&Cé)(}){ﬁ;g{:S 19 5%6%&%%‘5%} usi ng

suit ablké‘ob’a it m%nﬁ@bmggpetgh@mlmd cross coupling reactions may be employed

di chl or.@hi L I ing).pal | adi ii) or dichlorof 1,1 -

bi s(di p @ﬁ?ﬁ%ﬁ%‘“’?ﬁﬁ%&? gﬁ?’gcr%e%l]wﬁ%of‘%%%r% %‘?WO‘H@S e‘&‘é‘?:daf%%tpallﬁhkuﬁe
pr esendéenel nikpPeBkahples af fifch tRkslrasidRAPYS fduRdiiflthe BILRMRERSEREE Of
or gani iﬁgﬁiﬁﬁh@sum as_triethyl amine, in suitable solvents, such as

di chl o » Aeng-dnd ereigregabredbrass-soundivg\Reacttys| Wakeyr 66H1998;
Beller, M., Transition Metals for Organic Synthesis, Wiley-VCH, 1998; Tsuji, J., Palladium
Reagents and Catalysts, Wiley-VCH, 1%. & 2" ed.s, 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,
Organozine, 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 methodolo gy see: Schlosser, M.,
Organometallics in Synthesis, 2nd. ed., Wiley-VCH, 2002.). Organometallic derivatives
obtained in such fashion may itself be of use in transition metal catalyzed coupling reactions

with aromatic or olefinic halides or triflates, or, if sufficiently reactive, be reacted directly
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the resulting al kynyl pyridine 33 can be npost conveniently achieved by
exposure to soluble fluorides, such as tetrabutyl amoniumfluoride, in
sui t abl e wol2eesntisizsuch as THE or di oxane at tenperatur esTafS2@5/016702 C t o
afford 5-brono- pyrrol o[ 2, 3-b] pyridi ne (34) 34 WD 2006/ 015123

PCT/ US2005/ 026792 Schenme 2 NH, NH, ANH '"NH SiMe3 N S Nt NUN Br Br Br
Br 0 Jtitiasuighle eloqioghilesasyel asNoHRKANDLY ceital/pariic halides RICEHREL BecdptorBr 33

34 35 %er%ﬂ(es ?i1ﬁgmeyuldé§¥dé§" %cxrl Mlg%s Ogrll’lll RRZ Rz 37 38 6 [0155]

El aboration 6 “t eadi | y acconpl i shed by I
ener al kno met hods. For, _exanple, netal catal yzed cross coupling
?eacti hgséﬁyé‘ﬂeect’é( nsjignalizalom gt sither bas- Rh@msmmmlytrﬁ@nrmhffaﬂentorrpounds

£ ck | es..of such
L F ansf oS depdiaiatRiins DR AT b SR b ROzl ko P TR eRe 7
St ang, apeither -poNBDIaIesmuad]y}theshq@emﬂfmuﬂﬂohﬁ]@zaﬁﬁﬁﬁi élﬂi&ﬁ pos’ﬁ‘iér?yrﬁ(@'it nila(:})/98

Bel | er ransition Metals for Organic Synthesis, WIley-V
Tgu J? bs a dvarS-h[ F9°84% ?frﬁec?féér@’etﬂtaghlaﬁf”@ﬁ?%a%%@n a3 poATipn SN, tO& 2d ed s,

2004 I S 2002 4 13856; and
é(93|9r5n C, g?agzla fish gﬁglren eovsn%zlgcs)% e%%%g\@ggﬂ &éoﬁlg?ap@s()é%c Eﬁletfehods I nvol ve
the cofivmirsi omoder eases; dnpqmdmgron. thelhaaresefiths speaﬁilmt grﬁﬂi}is(lo de ﬁﬁtcaiutced) fthe

II ti.t nob ron, organolithium_ organotin
g?E]ZHOSIe] | i‘féﬁéqdlfgag%ﬁ%’%mglsh 8‘?3‘3 Bﬁé‘i‘mﬁr Orfhe inbsrrag pRlestivy @6 fisound)  usi ng
gener akleyhote huktilikeso Wor eﬂﬁhﬁl@dﬁlﬁeeregctaﬁf?ts@tl:h 5@1‘0?9? }?é%gﬁgggro%%d? cgﬁ X g

appropriate or required, subsequent transnetal usi ng so
r eact | VSIcEstRsDibRTe Slecton dﬁﬁmmgﬁm soutain eriernr mdrk electren Withdrawaig copper; for

r, M,
repr es?lmsa{de}ﬁ% o?)f}?a'{r%p?ésegg de%l%f% 1ves otf legtzgln?lgt\érgcighc sSy(':s’glmos gr?d/or contain one

or more substituents ortho to the boron-carbon bond may require the use of highly active
palladium catalysts (such as, for example, those mentioned in Vilar, R., Christman, U.
Angew. Chem. (2005) 117, 370; Littke, A.F., Fu, G. — Angew. Chem. (2002) 114, 4350.) and
more forcing conditions, such as for example higher temperatures and/or longer reaction
times. Such conditions may not be conducive to achieving appreciable selectivities in
reactions of 5-bromo-3-iodo-1H- pyrrolo[3,4-b]pyridine. Hence, in such cases, it will be
advantageous to avoid selectivity issues altogether by sequential substitution of bromine in 5-
bromo-1H- pyrrolo[3,4-b]pyridine, iodination at the 3-position and subsequent introduction
of the second substituent at position 3 utilizing the methods detailed above. Generally
speaking, whenever substitution of the halogen atom at either position may 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-
pyrrolo[3,4-b]pyridine it will be advantageous to resort to this sequential approach.

[0157] It will also be appreciated that protection of reactive groups within R! and/or R? as
well as the pyrrolo[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-pyrrolo|3,4-b]pyridine scaffold by introduction of, for example, a 4-toluoylsulfonyl, tri-
iso-propylsilyl or tetrahydro-1H-pyranyl group at that position. Introduction and removal of
these protecting groups could be conveniently accomplished by methods well known in the

chemical literature. As will be apparent to someone with skill in the art, the compounds
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Organonetal lics in Synthesis, 2nd. ed., Wley-VCH 2002.). Oganonetallic
derivatives obtained in such fashion may itself be of use in transition
met al catwbyseshisrapl i ng reactions wth aromatic or ol etirniseodsabérdes or
triflates, or, if sufficiently reactive, be reacted directly 35 WO

2006/ 0 ] [026792. ith syitable el ectrophiles, such as, for
exanpl (]atl,’:b:k %%f@%n%ﬁ%@tﬁ%gﬂo f‘?{%‘r‘r}%‘&&\g? mgihedsmay certapy petionalbgropps eitherfsqeqrdi nes,

al dehydestecedythat@hibddsithéleldbbtatdd WSgenktlS el Sal Rt M¥Bofunct i onal i zation at
either the 3- or 5-position may require different strategi es depending on

t he natygjggiof at t 488 I: ili.zed to introdyce functionalities at
ei t her [gg)si]t_i énrﬁ grgsd%gd@?aﬁ%&ﬁ%g&é@%ghhﬁﬁlgfl Q(I%SFPCS’?TCB mePrTeqeghresin ther her
posi t i oynthe$isisf thetcompyundsecldicd nhéganis $n@htioe Ga88@faed 8 ReGhEYeEX! anCL

functi I iz(%gi on_at the 3-pagsition prior to functionalization of the

5- posi t* e sk E s Sunaikinpiedindaingsndiarenio peid oz esterrtrylmeobaratgsalt.ed i n

ot her aendi -t h . ci,fi.c oups t.o .be

nt r odiragoiREe T, (e Rhiic B AR, ik MEpBRNS LRI BHER of Betenl, or

t he i nhresiéusts IsBI ecELiRA suyh ofndforenations, he datliibi kb@@canFisy acBlab® b8, stHanR

react agt B such as flor exg | e .sone boronic acids or their esters that are
el ect r OW SGER CLOSEROURIDEMEtaeINIOfies- one or nore el ectron wi t hdr awi ng
substituents or that represent derivatives of certain heterocyclic systemns)
and/ or cobeheme dne or nore substituents ortho to the boron-carbon bond may
require the use of highly a tive palladiumgcatalysts (such as, for

exanpl e, tho mentioned in ar, R, Christvgn, U Angegy. Chem

(2005) 117, 37Q; dikttke, A Fi K. G - Angey égm (2002) (1344 4350.) and
more forcing)cgndi t irers> sugch jas F or—exanpl i gher—tenpé} atfur & and/ or

| onger reacti times. SuchJconditions may t be conduci 7e to achieving
appreci abl e s# ectivities in* reactions of 5-Bf ono- 3-i odo-

pyrrol o[ 3, 4-b] pyri dine. Hence, in such cases, 'it will be advantageous to
avoi d selectivity issues altogether by sequentiial substitution of brom ne
in 5- bronp-1H pyrrol oLN?,, 4-b] pyridine, iodigation at the 3-position and

subsequent i nt! uction the s (;J<1 substithent ,at position 3 utilizing

t he net hods I |_ed ,ayOVE. _&Denf y speak'NI Wwhenever substitution of

t he hal ogen at ei posi ti may requi conditions that involve
nd

hi ghly reactiwe catal ystis ,or reagentss under c itions that generally do
not favor high levels of selectivify between tfie two hal ogen atons present
in 5-bronmo-3-iodo-1H pyrrolo[3,4-b]pyridine it will be advantageous to
resort [0159] hiCoupBiabest thabordePbABRE brondds 81 iokitdewix! | xBL $9. 1}?%&%&&%“ ed that
protection of reactive groups wthin Rl and/or R2 as well as the

pyr r ol &7aBeRis BRyasi terenic seids st kproyasesy orgahebqanss porganospositaspargdjozing t h a
Sul tabkﬁ@p%ﬁ%i&%hﬂ&n%gﬂ&n%ﬁp%gmﬁg\o/%rﬁ}l(sa JFRHRin2 alf(}ei‘n %I(éi?}%ir pl'lzr%flas%(yi%gpl et

was fou
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, but not limited to, phosphines, diphosphines,
ARDUENGO-type heterocyclic carbenes (¢ A.J.Arduengo III et al. — Organometallics (1998)
17,3375; A.J.Arduengo Il et al. — J. Am.Chem.Soc. (1994) 116, 4391) or arsines. Organic or
inorganic bases (e.g. tertiary or secondary amines, alkaline carbonates, bicarbonates,
fluorides or phosphates) and/or other well known additives (e.g. lithium chloride, copper

halides or silver salts) may be utilized to effect, assist or accelerate such transformations.

[0160] These cross coupling reactions may be carried out in suitable solvents such as THF,

dioxane, dimethoxyethane, diglyme, dichloromethane, dichloroethane, acetonitrile, DMF, M-

methylpyrrolidone, water, or mixtures of thereof at temperatures ranging from 25 °C to 200
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tS (ra: ﬁ:he igg]gqfl)(?ge@ compoundsoryanarrad heasition mety 3neRL AT iraforRla88R0LE ReW t h
' duct i of indiyidual residues L1RI or L2R2 such
tr anot Srrad B LE ORI e bt Gee Ko Srameledb eve- GraLer 0 g 4dial ogen
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Ekosiémmgémgagu?%ﬁ]ﬁ% ﬁﬁ)lOZFEG ’E@Nﬁﬁﬁg cgﬁ{’ﬁ Fgagih}@?w@r f)ﬁl(g@lﬁm upl i ngs
of the& ‘respondi ng brom de or iodide (X1, X2 = Br, 1) with suitable

[ [ bor anes
reagents such as boronic acids and boronates, organol : _
or gano$léd hariéss methgdolozy Ary be RARAEETIS, thOIIBRIRY %?hHHJCS%%H%E%‘egs\,ABOI efins

] I ther purchased or obtalned via genera el | known
ot ot ocO5eniles (5 alhplecivini, FmaEner pesbny et stabntabponaly a0l on
tal | C ounds). The cou ng. may optiona
por  or o 1P e ol SRR SRR OL biress EEwGRleR ot A eraues cewbe |
phosphfavad in GirgenesPhetreds ProtARDIENGE) 4 mn_ﬁrgaﬂic@ggwﬁk) Frd Car @@{}f’xﬁﬂ%ﬁ? &
A. J. Arduen Il et al. - ganornetal lics (1998 17, 3375; A * AF duengo
111 et §§ % gg%d.'A%fﬁnﬁﬁl%irﬁ‘?t@ggpfﬂ@g@ﬁzﬂm ofyBgRgarbon myciopiles i@rrglatl')a:d(r:]a;):a .
. . ' . . O ,
| nor gagroSs-8ApBAg (clond A b&Foingn BE&S @,de% W I%zrgegv?éhen?l(lz((%g) s ,C%rSS;
bi car bgnat es,
¢ Wolfe, J., et al., Acc. Chem.Res. (1998) 31, 805; Hartwig, Acc.Chem.Res. (1998) 31, 852;
Navarro, O., et al.,J.Org.Chem. (2004) 69, 3173, Ji, J., et al., Org.Lett (2003) 5, 4611. The
skilled artisan will recognize that the compounds obtained by such methods can be further

elaborated by generally well known methods to obtain other compounds of the present inven-

tion.

[0162] In some 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, organozine 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 pyrrolo[3,4-b]pyridine),
may need to be protected by a suitable protecting group ("PG", c.f. Greene, T., et al.,
Protective Groups in Organic Synthesis, 3rd ed., John Wiley & Sons, 1999).

[0163] 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. Usefil
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
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described above.

[0165] Other methods may utilize the reactivity of organometallic derivatives generated

from halogen containing derivatives of pyrrolo[3,4-b]pyridine by any of the methods

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

organolithium, organomagnesium or organozine compounds) may be employed in direct
h as, for example, activated

couplings to a range of other electrophilic coupling partners suc

olefins (MICHAEL—acceptors), aldehydes, nitriles, aromatic nitro compounds, carboxylic acid

xiranes, aziridines, organic disulfides or organic halides. Such tran

derivatives, 0
erally well known in the art (for reactions with aromatic nitro compounds, see for

sformations

are gen
example Sapountzis, I., et al., J. Am. Chem. Soc. (2002) I 24,9390.).
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at | ini derivatives o
derivatiyes generated from hal ogen containi ng \ examml 6.
pyrroﬁbf%f4- YRxiiapeid apg hadipxpteactiec metdtiosmay dBs Goithdeahaye. For np

! | P i line earth nmetals (e.g.
der i VBydr¥BRicABM MR NLNE p?cltléc%{v'eng?mﬂ)rs sgclzhkgls the benzyl group, while amine groups

capable of hydrogen bonding with acids may be blocked with base labile groups such as
Fmoc. Carboxylic acid reactive moieties may be blocked with oxidatively-removable

protective groups such as 2,4-dimethoxybenzyl, while co-existing amino groups may be
blocked with fluoride labile silyl carbamates.

[0168] Allyl blocking groups are useful in the presence of acid- and base- protecting groups
since the former are stable and can be subsequently removed by metal or pi-acid catalysts.
For example, an allyl-blocked carboxylic acid can be deprotected with a palladium(0)-
catalyzed reaction in the presence of acid labile t-butyl carbamate or base-labile acetate amine
protecting groups. Yet another form of protecting group is a resin to which a compound or
intermediate may be attached. As long as the residue is attached to the resin, that functional

group is blocked and cannot react. Once released from the resin, the functional group is
available to react.
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for exanpl e, 2those noieties |isStéd and descPrbeddd nlT. W ene, P.GM
Wits, Protéddlive Godps in O ganicofynthesis, Srg ed® John W] ey & Sons
(1999). It may be advant ageous, where different 3%t ectingMsgroups are

enpl oyed, that each (different) protective group be renovable by a
different neans. Protective groups that are cleaved under totally

di spar at e@r ggcu on con"c‘ﬁot\%d?ﬂa allow d| ff(er ential grenoval of such

prot ecti ngsgkeups. HQr),exanpul e, protective groupsjcan be renpved by acid,
base, and hydrogenol ysias. G oups sucﬁgl\l\imq/g‘i\mst h@ty)ts@'l/tﬂl,/acet al
and tent-butyl di met hykshliy! are acid labile and may be used toPprotect
carboxy and hydroxy reactive noieties inTddae presence of am'Bgo groups
protected with Cbz groups, which are renovable by hydrogenol y%i s, and Fnoc
groups, which are base | abile. Carboxylic acid andg hydroxy reactive

moi eti es may bechl ocked with base | abile groups sudh as, without

limtation tFyI , |, and acgtyl in the,préSence of anines bl ocked
wth id | e grodgé'cgﬁﬁﬁ asy,c t - but bamate or with carbamates
that ar€%oth acid and base stable but hy 1y renovable. [0167]
Car boxyl i c RMH d and hytdiioxy reacidelye noieties al-so be bl ocked with

hydrol ytically removabl e protective groups sygh.as the benzyl group, while

am neMKEtRSWRSof f hydrogen bonding with acids may be bl ocked with
base | abile grlggggaégéﬁn%sg Frmoc. Carboxylic acid reactive noieties may be

bl ocked with oxidatively-renovable protective groups such as

2, 4- dlO1ABE héx yrivdieryakpecyhhd Sre6dt BXoat: | j rqu he blocked with
fl uorl'&iggsela% iil eusi lé)lg' car b%mat_ es. e.[ 0616 OQEGF%GWBBEWNB}%@F%B@t@ne usef ul
in the pres JVAR ipyrrolgpyrisisekingreat edtlitog cg“ftwésenﬂxﬁﬁﬁti&{?ﬁﬁeorner are
stabl tenﬁnﬂlloa@laﬁlbéekﬁ%%ﬂyﬁﬂt laé' usre%%%}/e?rg rr?ggngtel}a?lthe%rcti\eilt}; gfc tlhe p(r:oe’leii ysts:

kinase is increased or decreased when contacted with a pyrrolo-pyridine kinase modulator of

the present invention relative to the activity in the absence of the pyrrolo-pyridine kinase

modulator. Therefore, the present invention provides a method of modulating protein kinase

activity by contacting the protein kinase with a pyrrolo-pyridine kinase modulator of the

present invention (e.g. the compounds of any one of Formulae (D-(XV)). In some

embodiments, the compound of Formula (IV) is contacted with the protein kinase.

[0171] Insome embodiments, the pyrrolo
activity. The term "inhibit,"

-pyridine kinase modulator inhibits kinase

. as used herein in reference to kinase activity, means that the
kinase activity is decreased when contacted with a pyrrolo

to the activity in the absence of the pyrrolo

-pyridine kinase modulator relative
. . -pyridine kinase modulator. Therefore, the present
mmvention further provides a method of inhibiting protein kinase activity by contacting the

protein kinase with a pyrrolo-pyridine kinase modulator of the present invention
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modul ator of the present inventian relati i '
of 1 heled ok e o kb gt ket L OPSHSE KPS BECOGE enton

rovi : : :
provi des a met hads of | RAULAL [ RGeRERbEhkitasBYELck"), ribosomal S6 kinases (.&.
Rsk1, Rsk2, and Rsk3), sperm tyrosine kinases (€.g. Yes), and subtypes and homologs

thereof exhibiting tyrosine kinase activity. In certain embodiments, the protein tyrosine
kinase is Abl, RON, MET, PAK, or FLT3. In other embodiments, the protein tyrosine kinase
is a FLT3 or Abl family member.

[0173] 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, 1248V, G250E, G250A,
Q252H, Q252R, Y253F, Y253H, E255K, E255V, D276G, F311L, T3151, T315N, T315A,
F317V, F3171, M343T, M351T, E355G, F359A, F359V, V3791, F382L, L387M, H396P,
H396R, S417Y, E459K and F486S. In some embodiments, the mutant Abl kinase has a
T315] mutation. The numbering system denoting the position of the amino acid mutation
above is the well known wild-type ABL numbering according to ABL exon Ja. See
Deininger, M., et al., Blood 105(7), 2640 (2005). The numbering system 1is 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.

[0174] Insome 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. In some

embodiments, the compound of Formula (I) is contacted with the kinase.
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according to ABL exon la. See

to the kinase domain that have a root mean square deviation of the alpha carbon atoms of up

to about 1.54, about 1.254, about 14, about 0.75A, about 0.5A, and or about 0.25A.

[0177] 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 homolo gous 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.

[0178] 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
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2galr Zﬁ?@ggﬁéﬁﬁhg}e lﬁmselg%llblt?frﬁaﬁ &d 1¢o or Kaof Wesiben bedanomdiat. sinhmbtheet al .,
Nuc. AghdsdiRes: t}?eﬁéﬁ%@?ﬁlﬁé‘l@@rhag %x??ﬁgﬂl‘olr gggfei@s}@' n,embodi ents, at |east 50%

or at least 70% of the sequence’is an finengRalal i s- ¢t her tool s
he, al i gnnent include, for exanple, DbClustal and ESPript,

for pe 1N
whi ch W% élé'ﬁatc"be"éenerate t he Post Script version of the alignnment. See
Thonpson et al., Nucleic Acids Research, 28:2919-26, 2000; Gouet, et al.,

5 o YIS | G230 O k99l OPLOBRLTIL 0L AR g8y @ BLAST
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ki nase,,..pr nction omain of FLT3, Abl, or another known kinase.
[0176] Hofd og?x‘]i%%n%ﬁ%sofsli BRBefh o WS&'&%F&%*%QD& kmaggcassodiatedt e bi ndi ng
pocket disfasestib encanizdisaasyd ih RvHidtethd elde¥® s BptinnAliNg A it§floOWn
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The method includes administering to the subject an effective amount of a pyrrolo-pyridine

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

[0181] 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 vasculo genesis. 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. In some embodiments, the compound of Formula (D is administered to the subject.
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ki nas gjdopivh cbitis, mad othar badEd dineases), exmal diseaserFRRNoKId SR 5 anot her
enmbodi nent, the Kkinase inhi blahﬁ?r eczeﬁzﬁf‘@iﬂo%ga%ﬁﬁemﬁis ags@etmmm
t

nanorrml}atsthemlﬁgﬁé%ﬁé?nas@n%%m I'nas€ i nhibitor has an | C50 or K;
ol a%}el}l %?&QB { @ durin® cheabiherapy csxoado Bdmtlont(ﬁéx RIYPRBEPER DI t or has
an |

I"'ess than 1 nanonol ar.  Met hods,.of Tr 0] In
anot heiﬁtoa@gaﬁc br alidgengc @semmarrﬁwémnﬂz}ﬂntﬁ?% |°8(\é)1§ ﬂl@?aﬁo’cf S tmr1 eeJ (?(i%ﬁg a

di sease msdl at ed Ki hase g ofRdtaing tﬁies)easmedr di sorder)
ina SRk MeeUg! (?%ﬁmﬁl%n d%%%h%{ettﬁlmlﬁﬁ%% °n needg?)f such treatnent. By

" ki nascﬁ JBdispl80ma Ahfeckbitags-crampld attedal, vdals enfiagal).deaE SHA%H seases in
e aifsease or synptom can be alleviated by inhibiting kinase
actl Vi ihylufimggbutwoelimitethto, k§sRO8Si s i nvol ved in signal i ng, mediation,
nodul ati on, or regulation of the disease process). By "diseases" is neant
di Seasgay®" di sease synptons.

[0184] The compounds of the present invention may be easily assayed to determine their

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

proliferation. Some examples of useful assays are presented below.

Kinase Inhibition and Binding Assays

[0185] 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.

[0186] 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
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The nethod includes adm nistering to the subject an effective anobunt of a
pyrrol o-pyridi ne kinase nodul ator of the present invention (e.g. the
conpoundswof@msneae of Formulae (1)- (XV)). [0181] Examrplras2eb/okéimase
associ at ed di seases include cancer (e.g. |leukem a, tunors, and

nmet ast al | er sthnp, obesity, inflammtion (e.g. inflamuatory
di seas @%E%%%ylgge% Sﬁ%ﬁ*{%ﬁﬁkﬁ%ﬁ% Jetssteddiyectly byeamyaipprapeiptetoéang) mah agdi sor der s,
obst r uahieectiiifye)s 2 2aRe) , Lfmune .di seases, et I C
di seases, inf eg;,gia Bgnh?qe. g. be)a’co??%i a ,Of\??t;ég%ﬂ%%&?ryﬂ?ﬁg%@ﬁ E‘%\%ﬁéﬁéeases,
brai n tAkGRavVeds denfornstiiomofrephosphatlardsabstratmdy By aetettb@sifly af@ses, and

,. heovascul ari zati on, an

di seas sociated with angi pgenesi
vascul %38%@21?%%%? Uk %%?gr?ﬁlrt}%r‘%gecg%B Aﬁé)rﬁo,flc?r’(‘i’@ti@@@&dﬁ@es%@b@mawl for
treat i ngstean@eomedahc IKidhdeanhiBiike %T@ideﬁtfﬁjedqh)}?eﬁe ctiﬂgﬁ?eaf% S ot sorders

i nvol ving abnormal cell proliferation, such as nyglopro |t11°é]r Fve

di sor dé8sPhorylaigersubsiraisdn taprssenchandarspouerd acést Eompuilmal (6¢9 Exgimpielm ni st er ed
to the Sé&m{l%ﬁow44 WO 2006/ 015123 PCT/ US2005/ 026792 [0182] Mre specific
exanpl es of cancérs treated with the conpounds of the present invention

i ncl ud? B.{? as]'L cancer, | ung cancer, mnelanoma, colorectal cancer, bl adder
cancer 10 iar herpbilify 0&the qomponnd to inhibiter kinaserimb celnogralsoduasayes usiak |

cancer ' ¥ ' cancer, Kapasi's, sarcoma, nultiple
myel o&%d%%%%@én@%'%ﬂe 8?18}%’ S%ISOCHP%?W%PEI@,SC Mgy §e gont vithast i c,

chr oni en kgtinstiog kgetti(such e d gkiwih fa@sd tait Aetvh@uks Minas. ang Cfnﬂﬁﬁgbf" 0?‘ Ca{m. H
| soraers or I C

cancers).. 118?@‘l Q her specjfic exag! es of diseases or

t r eat nEHECHY™H S toH fubstrateomped in the absete arvkthe presedear tiar testusef ul  f or

t r eat mMeshpSindIhSY BNt Sl : r of Limted to transpl ant

rejecti onp( for ?)iarrpl e, lb%ﬂr?g ,mfgitf\g%%e,lgﬁe%:aft,ecﬁl%n%? PresPRae Rbaphorylatsdner eas,

bone néithstwie bycmyeppropriatelmdibwiie, g. BISA R WogFatht m@ﬁntmgggﬁfo{,ﬁ%}g@d ot her
host di sease, osteoarthritis, rheurmatoid arthritis,

transp , aft.vs. I _

nul ti p%‘gb%r%ﬁ)eé’rr ‘giﬁcgffl mn %‘F REssenes of hegelicompeand isalsarchsed relativertontht emputtowe!

di seasgrodhedd iaX@disence@ ot est BhsH deh ceraf.| colitis, ang other bowel
di seases), renal disease, cgche@a?ﬁgé{ﬁl%#éﬁgﬁ%ﬁhg?ﬁlﬁ gated. Wé%gﬁ@’ﬁﬁda

gr avi sCeliydaskinase assayrearpdiscudssq insthz Exampkebestionaalowdl zhei ner’ s di sease,

Par ki nson's disease, stemcell protection during chenotherapy, ex vivo

sel ect [0B8pr Texnassie tRAbiging of8conBluR] RIOURaR! ?@Joﬂl%%' Eh&wg?o”ﬁgg%arfgow

transpl gnt ati on, ocul ar di sease, retinopathies rexanp r
degenetatiapnskitlinistartanaehs vesdaFhyexamme, ot the kitredriufapatbe Siscoverneal

di seas u idaf ectians xanpl e bacterial, viral, or fungal),
heart @r%rgg@é,ég TR R HB%N%E[}%{M i If%qeé%}n&?g Aseat B dsaed).S. Patent No.
5,643,734) may be used. Kinase activity may also be assayed as in U.S. Patent 6,589,950,
issued July 8, 2003.

[0189]  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.

[0190] 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
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Assays [0184] The conpounds of the present invention nmaybe easily assayed
to determne their ability to nodul ate protein kinases, bind protein

ki nases, wodbawoipreevent cell growth or proliferation. Somwseowanpi7es of
useful assays are presented bel ow. Kinase Inhibition and Bi ndi ng Assays

[0185] Inhibjition of various Kidn [ pekdhengalkynostico t hose
of or&l 3EVG SUGRY tPliflglimr‘i’l pf)ﬁlée?gt} ?Oféﬁgﬁégs@ﬁé\?%%@ﬁﬁet hoﬁjszl ?)rg,sent ed

her ei B re%&ﬁatﬁ&lpa%ﬁi 1ins& e Hesteinn T es sddesiing, ehekqualitsedh ffaf seeh oREdIEY OPr ot ocol s
June 80 publication. [0186] For exanmple, V\hﬁl‘e in itern SpKy are

per f ocareghuntiht thi birskng ockgtypewnbe ipdaed eithey bY §RanCeM R BT I Al e
concentration to forma_ ki e | Wt I pases-subsonat e and phosphate
donor SStERALE QLeraeHen eflgrgggg%gg’t%%?hjgtcf(@%ésc?e}éoI ution. Theaki nase is all owed
to transfer a phosphate to the kinase substrate to. yl at ed
subst [e08] Tihe seigemng PHEPBPOURCA T %P%E%‘/lﬁi%’ffﬁ‘&?é%{‘gﬂ%@/"g 6?812&%
phosphoryl at ed. st raft. & tHisrigedokiv aflyy mpplvepr i at e nmeans,
such E’élagfisgﬁgb%%ﬁ%vc}rtagh ?aetgg%a%s)- &%%I%ﬁlkﬁﬂ ) ,S or ntlhglgﬁge of detectabl e

S eCONggiydcaitidnstdive Sadters g FirlL fi8Apmponid wuaihe apppBle of ARYSIGINE on of a

phosphoryl at ed substrate may be detected L gy, p lafifo®, t echni que,
such auctially sseeraiipg %Tﬁe%?%agﬂﬂ% EhEsET S Ee%%lg %WP%%EEF%{)%&( r gfs say
system (Pron | - idaiali foP fSsi tife irfertsitle edstiyide ethébtornef @ he

f or maf? %enggﬁgﬁ%%%rg&%ﬁﬁﬂg{bg‘g subst(lglflegi n.the presence Eilgd absgﬂﬁg of a
test gasmp@auNbnfcselcEkmoiscelsr interactionn péARf 0 he PESPFIARAR oL KiATes ! he

conpound to |nhjbi _kinase.in.a.cel & B5S aYEHydisHdic et hods
wel | I@ﬁ@%ﬁuﬁlqﬂmPWéeiW&pg% Or@(‘%ﬁ’rf) Tge mééerﬁi S (S:g\%ﬁ%gegi ng a Ki Irill}ésglb may be

Cot”.t ag t%&c)ﬁ%ﬁsh ScRBn@ehd dtiougd aasnbe el ahasasmea agoufarhatiecandrorieniadon
acCll vat es

e kinase. The ‘anount_ of _intracellul ar phosphor substrat e
f or medn ir¢latidretoahs bindmgapodkethibaipliogsitle 2550 %wlltgiﬂnaps)%so rfgl%hor%h %@ane

determ ned by |ysing the.cel | AGhiksResRI-EeR KRG lahasyilosg! at ed
substrPéPif‘éeODé)Pfz&liki%jlcOé’i?i(%”i}grv‘flgtng4 %ﬁ%ﬂgé’g’?fgﬁ%&é ll;EHLIlSA). Where the amount of

phos p&%&%&&%‘&y stLpShERlegh s AT eshformative of teseelceulofnd mEYHa%t 2 conpound i s
decredased rel dative to the anount produced in_.the %Q t he test

Conpowsighi fikin rmpadt phipbiensy nCPEOmHIAa} EGUITRBFHS BElS I%kgé(}%%(r:éeq | ul ar ki nase

assays_are,.di scussed i.n_t bS8t e chéARa or ¢AdBRInd Toraleasioe t he
bi ndi ntBIet?fd“é?e’&%%%ﬁ t rc?ar}alﬂlg?ré\g%g, any met hodp%Eg%\Vn to those_of ordinary

ski |1 fiNof d1orfibh ol beling petkefor thexsanphebetarepr Sckonal gEAHRF 8EE ur ed by

? S Zgoﬁgp@égégnng%hg cs:éze’ral%ltm)ér%c% ér%ﬁgso fhiaf (%relgﬁly %EMaWMHEirﬁ's&d' ng Assay Kit

[0192] Docking programs described herein, such as, for example, DOCK, or GOLD, are
used to identify compounds that bind to the active site and/or binding pocket. Compounds
may be screened against more than one binding pocket of the protein structure, or more than
one set of coordinates for the same protein, taking into account different molecular dynamic
conformations of the protein. Consensus scoring may then be used to identify the compounds
that are the best fit for the protein (Charifson, P.S. et al., J. Med. Chem. 42: 5100-9 (1999)).
Data obtained from more than one protein molecule structure may also be scored according to
the methods described in Klingler et al., U.S. Utility Application, filed May 3, 2002, entitled
"Computer Systems and Methods for Virtual Screening of Compounds." Compounds having

the best fit are then obtained from the producer of the chemical library, or synthesized, and

used in binding assays and bioassays.

[0193] 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
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5,643,734) may be used. Kinase activity may al so be assayed as in U.S.

Pat ent 6,589,950, issued July 8, 2003. [0189] Suitable kinase inhibitors
maybe selwot2eeh/fisam t he conpounds of the invention threaghuspsosiogd7nz
crystal |l ographi c screening, as disclosed in, for exanple Antonysany, et

al ., PCT Publication No. WO03087816A1, which is incorporate herein by

r ef er enoerdctionttbe meidcuteatyy fhon ba bjmtb@sliz@dsaaé tesfed®Oits ABibtycto mpmliodsnasés t he
present i.nyention . be cq tat.ion screened to assay and visualize
t heir #’%9“11[’ %}nﬁéng(‘?rﬁﬁ&gg 5(’3 !f‘ﬁﬁ varl ous kinases. The structure may
be conputationally screened with a pI ural ity of conpounds of the present
i nvent il8h%4]lo Medelafihg er othebindiagichinpgunds of kKindsesonay ké eraspitationaly i ous sit es.

Such co u can be.used a

o f or t S EG AR BN R O B3 RR Bt e Fesp SR b AR MR Rl

i mpor t amdeeledted fdiStheiPabiBRE®, as@RRitd Wiih theliB8R I dual bRdidp RRkE: BEMEEORSds of
structures of such conpounds may be superinposed on a three di mensional

r epr es &fRases- ophis PragessaBesbesin hp lezmpm&g ﬁ)rrﬂeampisztheepemtwn tae active

site oro Bl @&eﬁ&ﬁé&%& oh ! 1?@5ste5 80&3&1%?%6‘#@1%&#3@ fratm t%%m#ﬁ'lg%lrﬁr&fps

spatlalﬁy I'n representation an t&in

scr eenimgy thehée gua’uoﬁeﬂ iafa viatittyaff osientatiemy bt deked, rw1t1ﬁﬁ ap dudivigudlbitdieg bi ndi ng
pocket maé be 1udged elther by shape_conpl enentarity or by estimted
i nter ac&qc ﬁ Blarsy, Tt abd D1X031= J. éo%rspeﬁw inBrugpBisgavery gppPesign1 911

The scrge f Hm?ﬁq% R E&rr}go and/ or
nodul at e i nags)e %{HHP In %Q@a&ro ?\%%de ses é%@%gtrg in H;t'(tﬂo this

i nvent |((Ar¢cgeyme8ai Diegon@al) WESE (@b&]ﬁ]cdldﬁ@hpﬂmgdﬂroupplntalk/tmtxsal Ruelsdc, the
conmpoun t C e ygically an tr tur associatin

ei t her gftﬂ? e g%-n@ﬁlp@ Fegf ﬁ§’ Mﬁ) ﬂ?ﬂg)sé‘gf ‘Eﬁéﬂlﬁlmm‘&&@ ent
Inter a%u%%?&gaﬁlmyhgﬁae@ Gt stddibr d881coN b B ebHan RN %&e @ﬂeﬁs Qduchlyé ci de

inhibitors o protein. Non-covalent nolecular interactions inportant in
t he assCHARMMNBobolsi eraded. Gomm Chee. 4dSTEHTNOINCANBER (Wetgs e blonkli ng,

t tl S d,
the corbiemier 196 2br 8% Wit N aEk PR Round SR B G RR e o
relati %ntple%@ CR). bR RAEKSE do&mg may b@u@cdlﬁplisﬁe@eys@@n@f)@gmﬁmkh pases.
Al t hough cerfain " portions of the conpound will not directly participate in

thi s asROEKatkuntz ¢l atl hJkMnb$éd,, 16 h@§%88pkﬂ8t2s PR Krigavailphlp fiopt Vneaesey ohe

pot ency BT bt T Bsaror 5 PROFERICS R e AP0 iRl Befdlley; OO0 0

st ruct umgcaos adiGatads RMPL0Z,1e9eheUTOBIOTK dipyaflable dropoStrtbpsResedredi i on to

all or a port| on of the binding pocket or the _spacing between functional
gr oups Ioftitate, La Jolla, CA); GOLD (Cambridge Crystallographic Data 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.

[0195] 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 and/or low
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conpound conprising several chem cal groups that directly interact with

ki nases. [01921 Docki ng prograns described herein, such as, for exanple,
DOCK, or v0lye/mse3 used to identify conmpounds that bi n#crawsedsachrve site
and/ or binding pocket. Conpounds nmay be screened against nore than one

bi ndi ng pocket of the protein structure, or nore than one set of

coor di rrenéxmatipnal lseais ayen pinding) n Thus Kienmostrefiiciert danase irditfifoes shonldydorecul ar

d t t t.h b d
o der? PR Re oA IraLe tPRmRA P DRRRRG B RS Rred Rt bR Tmar |5
(Chari fraRrealr hanet kaal/mol,hot Medter EREM kcAPmob %QﬁotggTééthgt%ﬂ 2 kc%é‘l obt ai ned

fromnmore than one protein nolecule structure may al so be scored according
to theKinpspbibitgrsgnay beagadt pvith the grasein g mare thanjom: cqytfommattgwnﬂpq@ |1s @mﬂlabn

filed nd t.h dsf t ual
Scr een:\{ﬁévgﬁalléo%%g%gﬁ %ghose%%dr& ﬁl?gw tn%él%gﬁ%n el% I\&l 815% & C‘)Dgt ai ned
from t hee piffetiee betwfeeh g eﬂagy (ﬁfc”the frb@é(ﬁﬁp’oundl’an&}’k[ﬁ ah%ﬁdgé%ﬂerg@@fﬂthdlsed in

bi ndi ng assays and bi oassays. nput er nodel i ng techni ques maybe
used td’%@%’@%%ﬁfé’s%ﬁ@mhﬁwh%@bl@f]PIH@S Orthe Bazyfeng ef fect of a chem cal
conpound on ki nases. If conputer nodeling indicates a strong 47 WO
2006/ 019124 PSHdcUB2OM DR GEER ard intedimbid ianhe drhe evaluatudcenpomyd dbfonmbiton

synthesi zed and tested for ifs ility to bind to.kinases _and . affect (by
i nhi bi tqnﬁ@%y(ﬂnﬁg&crregﬁﬁw}erm@na Xampiey of progeRrps fstaned ?T@C%Pseétl%\“?%l ndi ng

COMPOUNGls,s6ihin h%%‘é‘ﬁm'@ cﬁ,%&ﬁﬁ,‘lﬁ@ai’*t%bu H@N%?@S@}’Am Wfsigh peri es

of steps In chem cal groups or ragrren S are scréened dand sel ected
for thdKollatin) Unyetsdyaﬁ&hfcm,uia amsamthas¢m@MDahﬂUANﬁWGHAWk@t s or other

areas of i nases.. Thj. begi-n_b f
el dAceHERa e sa Liced GRS L dnpan AP DRbpbesi ABeatbl B SHE Diftisa e
coor di n@{ ®s); ﬁ&bﬁﬁ@&éel@s&ﬁ{mrﬂaﬁm &@{"@@95 ra9d RSVISORY(UnMR#isiBeofPosi t i oned
in a variety of orientations, cked, within an individual “binding

pocket Mfmﬂesqt@)s(@la(mgnaﬁbgmlsw lProaam Emhmge Indiaga Urpears;péc flhessprpgrabsug

Di scove] 1993 ocki ng. ma i shed

Dot o by BefutEnRHRa dor indhis BFREh el BRI porRlliR S IRy RRIGSRRR S 1ot
Conput i 43g féa & mfld BCINUMY SGTe2ISun Queledsion. @n@d@)dw@edyﬁafﬁéfb,nd sofivaes, | nc.,
St. Louis 992), followed by energy mnimzation and/or nol ecul ar

dynani d@ckﬂaeh“éltlhﬁhm‘ﬂn?ﬁ)‘lhéé%ﬂ;ka]ﬂedﬂﬁéh%ﬁ#ﬁcs force fields, such as CHARMM
(Brooks, et al., J. Conap. Chem 4:187-217, 1983), AI\/BER (Wi ner, et al.,
J. Ango019fie MTh&eof oﬂcﬁﬁary ékib-i84he ADBAY eﬁpl@ssﬂﬁn%lﬂ?otéﬁiﬁl’sﬁig vethedsitraivn-or ce
Field; Accelrys, San Mor e aut omat &d dockj

be .
acconplindheat spd the fﬁﬁthﬁﬁlggﬁﬁﬁ%edéﬁﬁaﬁn ashe TR Wﬁte%k%g?e?oxiﬁ?e%%?i Biol .,
161: 269188 ibel IR foin BX e cheieal) Sl ifestZaM Wﬂbl‘é‘?{r ShttYisA techniques that are

well known in the art (see, e.g., Creighton, Proteins: Structures and Molecular Principles,

W.H. Freeman & Co., NY, 1983).

[0198] Gene expression systems may be used for the synthesis of native and mutated
polypeptides. Expression vectors containing the native or mutated polypeptide coding
sequence and appropriate transcriptional/translational control signals, that are known to those
skilled in the art may be constructed. These methods include in vitro recombinant DNA
techniques, synthetic techniques and in vivo recombination/genetic recombination. See, for
example, the techniques described in Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, NY, 2001, and Ausubel et al., Current Protocols in
Molecular Biology, Greene Publishing Associates and Wiley Interscience, NY, 1989.

[0199] Host-expression vector systems may be used to express kinase. These include, but

are not limited to, microorganisms such as bacteria transformed with recombinant
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California, San Francisco, CA); AUTODOCK (Goodsell & O sen, Proteins:

Structure, Function, and Cenetics 8:195-202, 1990; AUTODOCK is avail abl e

from Scriwpodégasesch Institute, La Jolla, CA); GOLD ( @emscelg®26792

Crystal | ographic Data Centre (CCDC); Jones et al., J. MIl. Biol.

245: 43-53, 1995); and FLEXX (Tripos, St. Louis, ND Rarey, M, et al., J.

Mol . Bi QﬁCtel’@Blla%ﬂ@NAQpla&IQ%DNA&I‘rt@smabENdpexpmSglopmgﬂomn&mmngjﬁmocroldh%d in,
During sel ection of conpounds t he

Foove o ros: AR B whl red b ot B s e RSB ARe SR nacos

may be deqaéiRd; iafstt 66l §yRieARAniRytcd MR HBSmBABt viRN Kk PREANvedHRs (@g ample, a
conmpound that has been designed or selected to function as a kT hases

i nhi bi tRAculegiuncenigiping thelcadingmequenoe mlan pelheystdmes mbictedevitic vupinbihably t he

or i nar RSV RLLITE. Gt Rlek Kt S Sk EinB B et G M oy,

al | owi rrgtfatnsfonﬁad wangedmmmm% plab®i éﬁes@i@ﬂlv@&orsa(@% 11 915hA€) atiiffg tﬂen
addition,  one of ordinary skill may design corrpounds that could exploit

pr ot ei rFoding SeaRFe RN el STHisRY T]%‘U@ﬁ s may @ SO@ﬁ&ﬁmeésedﬂ@buman Bend n an

ral | PRy SEnd MRk fon R e Ol HPe Y RIS LR e o B Y
nust hagwetetn mramlihdigiiiel, oatol expressan gyginderdd theitapgutbustbrin. | Dive d@rdd6on

2006/01 123 PC{/ US2005/ 026792 _ confornmational, _strain upon binding). Thus,
t he rmseterﬁ?lﬁe tBRte yPtms aannmithett ragtiang specifigities.exanpl e, be desi gned wi t h

a deformation energy of binding of not greater than 10 kcal /nol, not

gr eat er[%@ﬂin Spdeifidallyrdbsi gt vegtoeaslérw theashulidgoel DINAl betweenrtatstsguelaser than 2

kcal / Ki nasj bnhl bitars mﬁ\% interact. wth the 1groteln in nore than one
1 f

conf or iealﬁ YRS LT pecteiaygrmpl cslly. ARAPRIIPTISISIY FORSIAES SYPTesion YREKE Watses,

the defntmi:i Qﬂoﬁgiﬁ bf¥epAtatiin¥et AtohdnbidkehlidafoR tn hdhEelftl bALHERGE bet ween
the energy of the free conpound and the average energy of the

conf or rigtscishle mafkémy@hmm@numher ofrusefol tesirickion dszynes sites, aepmwtal fgrod@s]

ot or mPERURURE pyd SN Fubrb el aicPo it Bl i DR iRt AREER ane

desi g nERi\IAQfolﬁﬂé‘rhsdch ®$nd t0DNAnd KRS IA s?ﬂthesﬁ@VA%trQﬁl% ofdtérS§ Bne @AHSSI an,
I nc. Plttsburgh, PA. (0 1995); AMBER, version 7 (Kol T man, University of

Cal i f orcamses toepainsiiatedhat igPIEREncQUANTA/ CHARW  (Accel rys, Inc., San
Di ego, CA (01995); Insight 1UD scover (Accelrys, Inc., San D ego, CA,

(c)1999p20Me! Phe e)(pﬁﬁsele:hrvy&or tag also%mpﬁlsegmo@'ﬁlen(dﬁﬂ&ﬁﬁ)affeaﬂﬁlarféhﬁﬁﬁon
(University of M. nn 2) Quantum Chem stry Pro ram Exchange, |ndi ana
Uni ver siiflyganslgfion én%lf@@% %examﬁ Benfitﬁ‘&l‘@r?é‘ﬁtl’éfﬁmlh‘ ®Prompdersind ese (Rt

CONMput efrc YREKRIREADBr vedtorAefentiBhl HRQWMIHIE, %R 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.

[0202] Various methods may be used to introduce the vector into host cells, for example,

transformation, transfection, infection, protoplast fusion, and electroporation. The expression
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art, for exanple, a LINUX, SA@ or Sun workstation. Oher hardware systens
and software packages will be known to those skilled in the art. [0197]
Those of wodbwanyizskill in the art may express ki nase proraispoosdevgz net hods
known in the art, and the nethods disclosed herein. The native and nutated

Ki nase yReloyReRk chlb herein may . be chem cally synthesized in
whol e or p())art usi ??gcﬁuggﬁen(}’la%@g’ Hr?%gaﬁflé‘ngmmdkﬂbvmlalmed hedaernifsee, e.g.,

Cr ei ghtvthethetleygiroduce She e ] : Principles, WH.  Freeman &
Co., NY 19%3%]\;5{“[10198], Giiﬁg@iiexprg@g?%ldgfigy %{rr%‘gr?ﬁféc%‘gl mEbads. dnclyding, for

synt hes$T&MB e apistanen Brde usel tpdpitifdasst CERPMASEIVebeY B Srmed

cont ai ndégifichGor &t : d pol ptide codin sequence an '

appropr i ?{’,di t {~, anscﬁr:;f tePg(rlla I?%Sgﬁlgjﬁﬁy‘%ﬁéﬂﬁo@ém%’&e Cg’ilghaIS@Yerathan&re known

to t hoseeledking belchoit lintited t@ithmoBylo BialGeMns ' 1 hqds incjude in
cbeisenst Sh o RAAE IRARS,

vitro i nant t echpi ques, synthe
reconbPﬁ%ﬁ%ﬁ?@gﬂéf%ﬁ%%mqqﬁWon. See, for exanple, the techniques
described_in _Sanbrook et al., Mdlecular Coning: A Laboratory Mnual, Cold

spri ngl4393boExprssion s e PN ANMay 286 be parerrdudsishel . ef rdept .Protocol s
in M| egy a§ 19l o G eene tPubI i ghi ngf As$gf§lg?;etg@grr?8u%ﬁlsé’9&iem ersci ence,
NY, 1989. [0 95‘51‘ DX e s iRiep ey trams Hodirevrgiommyelbéroe Spterhe) IRIRILS S

Ki nasebuthoetimited € weat trekilldgd. t.o, M croorgani sms such as
bacterja trapsformed wg?ﬁﬁs)é%%ﬁ%}ﬁgﬁbé%é%%@ %ﬁ‘gﬁlggs Hérico? 005/ 026792
bact er FE}5Higfe SR baptdesysteths Daludingg bistriod LN QYRR ikl Q5 CONt al i ng
the cogichgs sequence; yeast transformed wi th reconbi nant yeas %xpressi on
vectors containing the coding sequence; insect cell systens infected with

recon‘gjogﬁ t ?ﬁi rus expression vectors (e.g., baculovirus) containing the
codin ‘Que R dStepnigihedPNAspquanne(s) tibeyitkd opiibl Ieeagapwﬁ;ﬂg and{/of US

expr esebieih ul ifl ower saic virus, CaMW,; tobacco nosaic

Vi rus qﬁD&NX) ﬁ?&%dfcg@%g?or%%@?% ¥h C?%%Bﬁtﬁ nérfongimting ¢xemplead simedifiet t or s
(e. g. CDINA 4 where de aalohasaters D NAGH . _ar .anjml. cell systens.
The pr, ) -IQ may al so be eiger essed inqﬁﬁ?}%ﬁﬁ’gﬁ@%ﬁ%ﬁg&%@@mch

i ncl udi n§'l,) fio¥ @&WFQ—??ede%g?sé%liSrﬁqe trvesfpmaedewith the cBINARHIedN] ARt of the

pr ot eildveldofaindsh RINA . express an engi neered therapeutic protein.
The expression el eneq#?ér%@{etl%%géng?grteam vary in their strength and

speci fpfish i 6S.,.[.02001 Specifically designed vectors allow the shuttling of
DNA bé?ﬁmginelhe&{s@%gtﬂ?ﬁe telp gehost Fellsypsaguantitatdsbingt &vartetaof ARthode bl as AN

appr opninahedffintP Bed/bEs £ i ctor may. contain: an origin of
replication for aut ono%ogé%gwggﬁﬁ%éﬁpﬂaﬁ%? 158?%@{“3’&%‘150@ smesific

sel ecf“f‘alﬂiloéh‘?‘iﬁfq(’é%eé,tf) tsolaiter] Bevcthionbenatpfediseibelc8 protbmt T1QBLRZYM™E Sites, a
pot enﬁﬁl@ﬁelé@ﬁro@iﬁ’ b, analyzed by SDS-PAGE. Unlabeled protein is detected by Western

blotting, ELISA or RIA employing specific antibodies.

[0206] 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.

[0207] 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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copy nunber, and active pronoters. A pronoter is defined as a DNA sequence
that directs RNA polynerase to bind to DNA and initiate RNA synthesis. A
strong prworberolsR3one that causes MRNAs to be initi at edTats26vs9bks792

frequency. [02011 The expression vector may al so conprise various el enents

that agffect .transcription Eﬂs,q:j i di fsh 4 BoBibellfi@ bn axfalgade,
constﬁ'lzh vés‘tltgﬂﬁlivﬂé'u@e%f)gp gdr%ts) e s.eq%'%oglg{ae el ement s ez_ire,often host and/ or
vect O (BREBHRN ¢, Fo iaxlasiph Bodiehefbacteniai Ryotims eroveneil & this/foraaay be

i nduci bl e pronot er ch as the T7 pro er,, of , hact erj : k, plac,
ptrp, sqiu‘a’tizpf(dp!siifrt% 3 E@Saalﬂi%r ‘?& EP%P&‘F‘) ﬁ%ﬁﬂd’tlﬂg&q’ Fﬂ%ﬁ.‘r?ﬁ;;gfgied%g gﬁg g ?mv\,heﬁ
cl oni ncg}vieﬁor-n? ﬁgﬁém %ééi&%é%ﬁ%t ob¥ Qﬁ@&ﬁ:hsthe_ Y class dikgsigacul ovi rus

i

polyh% pr onot er e used; when cloning in plant cell systens,
pronoters derived fromthe genone of plant cells (e.g., heat shock
pronoters; the pronoter for the small subunit of RUBISCO the pronoter for
the chl or SplerowiASaXYi ng protein) or fromplant viruses (e.g., the 35S

RNA pronoter of CaM/; the coat protein ronoter .of T . - yused; when
cl oni (P09 rareraty ahcdbgmoway assaysgre kgt G art apdl %et“eslrgg&& S gr.“?&ﬁés

metal | ot b onel i, PI o . Qr naRIpRLL @Y daphble bomBiETSs (€ rglucirgdeddvi r us
late BYS fpey(r%;drl}%/egd(’?m npg&%gl.gus 7.5Kbprorr§t e?; SV40 pronoter; bovine

papi | | h\ehd/Més profifeasérer ; and Epstein-Barr virus pronoter) may be used.

[ 02021 Various mnethods may be used to introduce the vector into host cells,

for ex Il]e’Forteg(%H 105 PR4dLPBE cdik RSt Lirequitd setitiokinagesdbogloagh f usi on,
and el'ectroporation. The expression 50 WO 2006/015123 PCT/ US2005/ 026792
vect oangonpriifirator Thesabality of Sethes ¢9)1 to2BpH date Pressacs Hd IS FIRPPY 4nal yzed

to deternmine whether the roduce i d{ﬁ)ﬁcﬁﬁ] pwar i ous

sel ectRAPIASEHS a,‘n%i WHPR?B‘%/dntg hgge m%{(h:[}&%ﬁlg{eﬂgﬁiﬁg?géﬁ% resi g?ﬁﬁge}y may be

used ti@e%ﬂtlgﬁﬂ%itﬁe)/an@i%life@édv% Priipitidsarrehdesitontpansd.odme dommodemithdd efat i on of
I de

P bihisgias tobadraiieddsiee of MSOMORSRAA AL aEE 48 gL e, TS mase
Eor odB DR P gkt e en P B G O B A e oyt het i ¢
e RTINS o L et ooyt e
eit r actell muabeneCellumapbe frepteh i) 2 TP‘Ft%lFF&CalP@ﬁatgﬁmcqh? Pzeﬁghscg %ng;gg?eqel rgr%s bP d

I ncl “f,t}hﬁ st %(gﬁ%%%k. Wk Ghis ﬁlgtalt!;q]l&re%@in GhbRinither ey foanitkes. [ 0204] To

deter sequence(s at yields optimal |evels of act'.vir#l%/_
i ng

and/ or Jet@i 1 EiRtabBBEbfddact. Giohie delectbleasctaradicaweitct lryels dre FECRFRLd 1

X I f ifi e
eranp f)zjresc,)enccifl o?ttl)lg test ngpound 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).

Pharmaceutical Compositions and Administration

[0211] In another aspect, the present invention provides a pharmaceutical composition
including a pyrrolo-pyridine 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 pyrrolo-pyridine kinase

modulators described above.

[0212] 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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i i timzed for the host

where the codon usage in the cDNA has been op _
gg:\lﬁ:flvmmh the cDNA will be expressed. Host cells aretrapsformed wth
t he cDNA wole@ulisesand the |evels of kinase RNA and/ or ppratseics/oas7e2 i b
measured. [0205] Levels of kinase protein in host cells are quantitated by

[ h i affinity and/or ligand affini ty
? e\éﬁ:]: %%gﬁg%ﬁggggéﬁéég%dgﬁ%t?%E g“B’é&H équ)hreds)ﬂelPPm_p@tt, Wiltialho & Walkase used
to i sol(at)@ij)SSS- met hi oni ne | abel ed or unl abel ed protein. Labeled or Ced b
unl abel ed protein is anal yzed by SDS-PAGE. Unl abel ed protein is detected by

i i ific anti bodies. [0206]
West er ot e”&wm;@ul r Rl A enploying specifi _ (
Fol | ovwr[géﬁéx p?lthassi n o&fic:%%sl%gﬁor{ggmr%’& TR §HECIHEVeE @ Mide gnshgpmpge.des nay

1 G inBnd i f ral. purification
D e e TP OnAoamchine ARl Qodgh 6n! @61 SRNEHE By be
BLr i fi 3981‘1?% r%ogéfﬁo $ Wgnet dey, apd Giom T tadh mnggeedaycatk exiirp BB Of @osads tHAr | OUS

_ . Cndiayi | ication of, fractionation, or
chr ot o0t anest anod PRt B op BRI 167 A e et dey. 656 pyact dossgailldapend o
r econbPAdhthekpiia o€ admimitmtion e &iradinfwioeR Ok Q@fnpﬁﬁx‘l& 1l ’fﬂi@%tg{eﬁlaﬂ 2 isﬁ% g¢ ZS

) T i th nmonocl onal "or poly

an it - BNl Gl T Tage b hsj trpated, epifedecd aalgxeatiscE her eof .
speci f1¢ for \ é/ﬁ)&?' r? i eﬁ?@t hni ques knoaln in the aﬁmmay al so be
O her  af fhicaitendi idaH.i fication techniqu .

used. 51 WD 200125ﬂ 15123 PCT/ US2005/ 026792 [0208] Alternatively, the

| TaY, host cell in an unfolded, inactive
]Pg:’ %l’lpegi.zgljd}es?r Omﬁ?ﬁ%t?cglglg\éﬁge% ;%%Wégretggegrépy &, ellquﬂ@ngtq@qseoﬁvmjilﬁ’dw n this

3 . , a. Cdini um
1l bethesied st tnbyg afIuR] BEway dEDIMBIARH nok 1i¥iitapIYaNL
L%Togﬁquori de, énd th%n r ef o?%ledyl nto an -active ?85%3%?1 g nmet hods known

S 15 Reghetedrenzoasy divasdsondicabiyarirste, GohliddIcamtl, Assays [0209] A
t/gritgﬁ%izﬁggfii% %Vt(!} a3sa ar .gﬁown in thelart and are useful |nbI f
i dentifying “pyrr o?‘o’- B ’(ﬁd?l?gat%(?ﬁlﬁ [l sstplptegesy: fte dhmetitp eliedptale, 8?8? Fgr 0
| nhi bi 8hiega(coglytanizzeluty ol laeshliote QA oI Oy Bl EL RLAON: G

f | s are knowh to requi Speci %_ for
S)r(gvrrv? H%’déqa?&yog{degﬁbérgw%gbﬂl@m iFgide dbithiongte dhctatechac@biable, Hlagd, awidafs, t he

h in
C be. assessed and conpared to the grow
Phe et et R s T BB e o e gt engpapindionate

_ . . : n hod of
o Do o ipuepheeanygaohtliaseat, ommoitodRE SRIIRE JTFHECS
(it g%ﬂglétet m’c&i q{g@qleﬁp th@lf@amppe@flcdlmcddbm@lc edlisanay’bd RiAdid, 6l v,
| nhi bickiu@pleOR eittghor TALISERAES i PrdBYRE PRSRAS LY ea ) 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.

[0215] Depending on the specific conditions being treated, such agents may be formulated
into liquid or solid dosage forms and administered systemically or locally. The agents may
be delivered, for example, in a timed- or sustained- low release form as is known to those
skilled in the art. Techniques for formulation and administration may be found in Remington:
The Science and Practice of Pharmacy (20" ed.) Lippincott, Williams & Wilkins (2000).
Suitable routes may include oral, buccal, by inhalation spray, 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, intra-hepatic,
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determning the total metabolic activity of cells with a surrogate marker
that correlates wiwth cell nunber. Cells nay be treated with a netabolic

i ndi cat orwonoddmaspsesence and absence of the test conpegmdis2idsabdzez cells
nmet abol i ze t he net abol i c i ndi cator thereby formng a detectable net abol iC
product: C; aged nhdu

pr esenclgt%%%ﬁ dﬁarg co ?rgﬂﬁﬁ%ﬁf&g}]eégt 111\%8%%% é@%@éﬁ Sﬁ&%@ testnll corrpound
i nhi bi tofakelioérycel | growth and/ or proli feratl on is indicated. Exenplary

met abolic indicators include, for exanple tetrazoliumsalts and _

Al anor Bloyegyr ) F&x[%ﬁgecgef@rmé SenfeshOmvRal dﬁ"i’)l% y FORARERM Aol fRIRaghddugns and
Admi ni s rat| on I n anot her aspect e present 1nvention provides a
phar maceilitions such aq)ms)hysmtogmaﬂﬂglcudlpa@bla bpifersshch qusyHardq mltmomangam ul at or
in adm xture vvltha cceptable t One of skill in
he- ar tSonion, Pt Sas R el el e pedot liFutehtn s reRiue « ne
phar macgytdsakd 06 tH&EﬁHE%']:% pebate@hretudsd MUhé Qirﬁmnwohdsm BR&Rs are

nodul at or s "descri bed above. [0212] In therapeutic and/or diagnostic

appl i cagdaneradly knhendothsouthds of the invention can be fornulated for a
variety of nodes of adm nistration, including systemc and topical or

| ocal i zpd1AdTURE sfﬁ@m@&ut@gwrﬁucgpmem $a@ri 61t k AfrRN Bt 88 bRlpbin d¥agrdie
found in 52 WO 2006/ 015123 PCT/ US2005/ 026792 _Rem ngton: The Sci ence_ and
Pract i céisaeseptiar e pyactiopehithe mventipmpitg derages sWitkblp £prsyateyie RAMEIStREOD )
[0213] g [ w de
Gosage VAgaTe RRYEL0RIAREHLRA Wil bidfer (HEERr S Py BE A BB Y T
0.01 tOprﬂt@cQQ ﬂig,cofnrpemlﬂnéoﬂthe pikSéht fifgenfiog i partioulaf) thpe fetmdatgd aand from 5

to 40 ny per day are exanpl es of dosages that may be used. A nost
pr ef er afiEicssagEdb admpiseedparspicpdly, %Pé??as b enteavsequsdpiesiiRn. i 19 depend

gg(r)rinn} 2?0&@3& 8% ﬁgenkgeu e{(lzlt%{ed%é tlr% te ,égehgca\gfgﬁ@eﬁl g ?ﬁggl%t e subj ect to

be tr eaingte aixdo ﬁh@gpsf afltabhrfomlahaidmimtsmaﬁemc&uchafanﬁdreembﬂ@thdicnglppmyw ci an.
[ 0214] Pharmaceutical ly accept abl sal S are er wel I own to those
of ordi ?féﬁ?ln‘?ﬂ‘ﬂq’q to; %ﬁ%‘ﬂé as Igh t?‘ré’}‘/l % RS ](fl’gveh%‘;lf? aﬁ%’ﬂff’@s’but not
lim tatiQPenRnELAL fhe 1iIRERE BRI LANE P sl §df|(@é atlgﬁ’ﬂj'lcpﬁé featdd.car bonat e,

bitartrat brom de, calcium e etate carnsyl ate carbonate, citrate,

det at | at t ol , | te,
et o g Yo i AR i bR TR AP ML e bR
hydr obr gyidghods RYEH9 & hesd éieskﬂhmh@éﬁf NaBhdAoatede, lt@ﬂm@apm it hbtanaitel

| actate,” | act obi onate, naml ate, nual eate,
to, examples of solublhzmg, dllutlng, or dlspersmg substances such as, saline, preservatives,

2]

such as benzyl alcohol, absorption promoters, and fluorocarbons.

[0219] 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.

[0220] 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.

[0221] Pharmaceutical preparations for oral use can be obtained by combining the active

compounds with solid excipients, optionally grinding a resulting mixture, and processing the

54



mandel ate, nesylate, nucate, napsylate, nitrate, panpate (enbonate),

pant ot henate, phosphat e/ di phosphate, pol ygal acturonate, salicyl ate,

st ear at e,weubapasete, succinate, sulfate, tannate, tarPcatuso0sn247epc| ate.
O her pharmaceutically acceptable salts nmay be found in, for exanple,
Rem ngton: The Science and Practice of Pharmacy (20th ed.) Lippincott,

W | | i ansixtute W Edehulss, @R000)dindsuitablerapsliliahies, ibdssred, ¢abbipinciebletstaaldrages al t s

i nclude, foyr .ex | e,, acetate, .benzpate, brom de, .carhonat citrate,

gl ucon£PEs. Y BPBLT SIS arﬁy@rp&atrﬂ"%& ors %ﬁ&;ﬂé,%§9$a% Tectirgpaioite,
pamat e, {£HBLRALEDitolP BARRER RepasAldns bAE&mpIs GediAddtech SWhda@k@ichOficd artrat e.
[ 0215] Depending on the specific conditions being treated, such agents may

be f or mterelt, @dtato staxsh) gajatind gom teagheantid oetlyd cEbulase, Androaupronylstedngd
systemcally or . .locally. The.agents be.del i,vere for e e, in a
timed- CSﬁu]Q%%f%‘?lﬁwarl?m&y«kﬁg@q?s@r(m@’P d/EEBW%%?HSg%‘m;@W ed in the
art. TepRRioABE S dRired, Aisihtb@biifdagnts AsyThAAdIet aduchAs TRYr&R- figksad in

Rem ng?{gn: . %e Sci ence an%hP%cgt’ﬁi}ce g}?bPhar macy (20th ed.). Lippincott,

W I | i amolwinglpielilopg,cge, or alginie atifl or p sult Bsraedyudhrasisadignpilainatepyccal , by

i nhal ati on spray, sublingual, rectal, transdermal, vaginal, transnucosal,
nasal qo222]t eptdgBatoradnieirstida wih suipdletdatingd. Ktelthiv @uiposé, Rohesttragd

i ntranmuscul ar, subcut aneous, _intrainedullary injections, as well as

i nt r at FEEH solutiopamay be wsech vt may petionally contp@rgymt arabis; Wit ar ti cul 1 ar, intra

_ster n;] g&g’}l@é@%@mﬂg} ﬁh{"gé? g Z‘?‘h%ﬁ!n b gl %@%éﬁ%ﬁ%%ﬂ%ﬁm dioxide,

PCT/ US Intra rac ntraperitoneal,

i nt r andsajuer @lutionsy @dcuitalile iorgaatt sobveatsan solvhermixiwes Dpé-staélk ow pigmenfs0216]
For injection, the agents of the inven{io be formu] ated.an iluted in
aqueoudNahs @F{qegﬁ%‘gheg@]gﬁs % djages,eRANgs %’jSl%élgﬁﬁyfat%ﬁfé? CHATRCtEiFS BHE 8 ch as
Hank' s SOlyitdiid0s ELomos dsbOn, or physiol ogical saline buffer. For

such transnucosal adm nistration, penetrants appropriate to the barrier to

be per d are used in the fornulation. Suc enetrants.are .generally
known ﬁﬁﬂﬁe gﬁﬂ.’“af gl prepagatigns g?l-%‘éF%@%ﬁﬁeﬁéﬁr‘h}&ng&‘é@B‘(lsg’ﬁﬁigceﬁpﬁ‘g% m%ﬂi riers
to formialent ReyaPiRewn ssidiedaitles Hh&Cd ORafinf Md 4 PRsINiIAL! duCR a®flytael
invention into dosages suitable for system c administration is _wthin the
scope afr sptbétol. (Rhempuslofit capstles paewitain Hisi astve fngeestientein adntixig wih fidler

e L0 L5 5 GERREh4PRRSd RBESAEDL BB Sl

par ent eindl bptionSlig RtabsliAeys. iTA6AEFHALS, thohewld fpotiiés mepbpalsssisedan be
fornul ated readily usi .nggghar maceutical |y _acce%t able carriers well known
i n t he saspendad i sraeblgdiguissi tugh e fatioroilsy iduid ampHis of Hawdpolysthylene#lyqokt

enabl ee@ﬁasf%rgg&ggﬁ Sta%fﬂiztepsem%\ggggcﬁ&egn to be fornmulated as tablets, pills,
) ‘qui ds, rups, s Pi

capsul gel's, sy urries,
[0224] 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.

[0225] 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 and

immunosuppressive agents such as cyclosporin, tacrolimus, rapamycin, mycophenolate
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suspensions and the like, for oral ingestion by a subject (e.g. patient) to
be treated. [0218] For nasal or inhalation delivery, the agents of the

i nvent i oowomyocaliszbe fornmul ated by nmethods known to tlrosassedosskibt in the
art, and may include, for exanple, but not limted to, exanples of

solubilizing, diluting,.or dispersi ubst ances such , .saline,

or eser VAl b&ntEergRs, hiicheaH a@b%l’ﬁa %&Zﬁﬁvwrﬁ BRIz |

f1 uor oGRuRARPhicl bRl sublN A AREALHOIIES 8RB thisONPA G WiHiGiRd:€, ihQ@Ffetds, I N the
present invention include conpositions wherein the active ingredients are

cont ai reabi-donvalsards, fiew chapgeldhiockets, tibizalsh aml/ati-Parkinsoniem dgshts) agpus for

Determ_ nat.ion qf the.effective a n | S W.thin the .capability of
Chose JRAHE ferlovenifis pheeite sl FRGh ke gREE bR RSB S | Dsr e
provi dedidhgh @hinel PIdSdrs, laRd 8@ehi; i ag8ntk Qarttfb@ﬁﬁ‘%ﬁ'véf%éeaw $£idh @0 ESticdNQSRIs,
pharmaceutical conpositions nmay contain suitable pharmaceutically

accept #hplesysamingrigtesisransi aidrrgtioss] pgents; sgemsifoadsertingbloed dispiders suflaes | i t at e

processj t. >t zonmpounds, i nt reparations . whj.ch.c be used
Do maceioRlerdie At IRAT A8 bl PLRRS B B3 L0 P2y Se3R ey
be in tihlinoinduld andlédilestatphadil@@eidsse i@RPHUsEBigudiid &) b in@ilsn scinbi?izdik;

Phar maceutical preparations faor. oral use can be obtained by conbining the
act i ve and 38pgs fRydrepting nagrpefesigiensy digerderssyeh anganya glabeliing a resul ti ng
m xture, and processing the 54 WO 2006/015123 PCT/ US2005/026792 m xture
of grarl0224, TEhdsendditidnaiggants trallbe admxiittemdisesarately, degdrt efth mubipbbd@sage
tabl ets or drggee cores. Suitable excipien&s ar.e, iB particular, fillers
such ad®8iiyar ¥om; e 1?96'09%%{%90%11%6,}* terpghYRly-gheseggeds pyibs part

cel l ul g SHAPASALL R, nfifdd 88 18 6itn {m'iﬁtﬁbﬁéﬁh%ingg@fﬁﬁp@?&nf? h, rice
starch, potato starch, ‘gelatin, gumtragacanth, nethyl cellul ose,

hydr oxy yl et hyl - cel |l ul ose, di.um, car box thyl -cel L. ul ose (CMO),,

nnd o AR Tt s fiantie B o Bt harosd T e fsnt e SoAdgiitit: g
agent s yifg¥h B iAGHSH asSHEAraASnd HEsiEg10 8spectsiofkRAnvARoNY e @Wakiht done, agar,
or alginic acid or a salt thereof such as sodium al ginate. [0222] Dragee
cores anedifieaionded theiintensioh imadditieniatthesgslesEihed higiein il berome appatsehior at ed

et S0 B e 47 B o TR CBROPE, ey 1

titani upfsll @ihidethe sécpe e i PdntiohOMoredtd, Siyidnall &109¢ Gatires sfinyent s or
sol vent m xtures. Dye-stuffs or pignments may be added to the tablets or
dr agee cdwdimens of the inyartonfmaydy mred Witk pay ere @rmets ofier fleatergs of any

i . g : b L . (i
that oo Bay e o B R e B b O o R e
as sof texam@dd, @t pBapiipasdinalimacd mgéllatbtsdeseaditsbddn HeaRyrtalo-periding Wihasas

| ycer ol
ay 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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or sorbitol. The push-fit capsules can contain the active ingredients in
adm xture with filler such as |lactose, binders such as starches, and/or

| ubri cantwouenisRst al c or nmagnesi um stearate and, optipomalsky0s/026792
stabilizers. In soft capsules, the active conmpounds may be dissol ved or
suspended in suitable liquids, such as fatty oils, liquid paraffin, or
liquid pol yethyl ene glycols (PEGHXAMPIERition, stabilizers may be added.
[ 0224] di - rii A i to be
roat b 2 ohy A AR R plel e I o B Al y
adm ni stBketornt. OTHe @eparationpsfenebvidirhéas of the peistintdnyentiay ihdesamlpadnin heer ed
together with the inhibitors of this inyvention. For e | e .

chemot h&llgyeng pramplentshase Og?qﬁl@ffaf}éﬂ?p-nbﬁﬁlaiﬁf‘@ ‘P}d\?@taé’égﬁ%%@wnﬂ%alconbi ned
LN U NGeach O SO iBeQl lcliofs bRVERISS Blinbaifel (pebhrbidliotmdbimgases and
cancer. eI‘—Elxarrpl es ﬁnown 0?1 mot her apeuti c agents I ncludé, but are not

| i mi t ed commpowadis iodi thegiresentlimxentisnh d¥bere compoursisiod themreseny vivepnadpivanPie,
fluorouracil, topotecan, taxol, [nterferon and .pl atipum derivatives.
{0225 besericapligndbomiot sgunmy SR DR rEoEro: e Bl e TSl <o
be comnbi - | Pkiﬁiﬁ - IsPréhic@Mercii tahd bR ukidgehBEss agent s
such aslbgggE ;Mz:egisbtyé{rl%kiﬁks, %@ég?gﬁ}é&;?@ IL-1 RA, azat Ei opri ne, 'g{ X

cycl ophosgisisikdewn anthesutl. fEsaonponeds Withassayroguliagiyey argrgarked with AE.

i mrunosuppr essi ve agents such as cycl osporin, tacroliinus, rapanycin,
mycopherohdt§s 8bcofd ARG/ 015123 PCT/ US2005/ 026792 nofetil, interferons,
corticosteroirds, cyclophopham de, azathioprine, and sul fasal azi ne;

neur ot r dthed t:act ors such as acetyl cholinesterase inhibitors, MAO
inhibitors, interferons, anti-convulsants, ion channel blogkers, rjluzole,
and anti-Rarki nsoni an agents; agepts for trTéﬂti ngpear di ovas ar 9di sease
such as bgt a- bl ocker’s,YACE i nhi bijt 0xs, diuretgcy, Aitrates, A i

channel bl gckeIER! st afTERe; Mg @ 4dills h as
corticos oi ds, estyram nesZi nterferons® and¥anti-viral agents;
agents fobr treating gl ood di sordgrs such as peorticosteroi @ganti-| eukemc
agents, and gromh factors; agents for treating diabetes s as insulin,

i nsul i n anal ogues, al pha gl ucosi dase i nhi bitors, biguanides, ‘and insulin

sensitizerg, @ : aat | : Ll di sorders such as

gama gl ob%?epnl.‘ r?yd’gggﬁﬁ %gegé(’&laélgiaiﬁ)lhgﬁg gegﬁgbrﬂ?gfemgncfm ni st ered

separ at §0329] asnfed 50®mIaotmd botpinseddisk geere addyidriebronior Biptytrelo[2,3-

i nhi bitor-contai ning conposition. Alternatively, these. part

of a si rgPEidRsE§dlfHrh?’ Wb&nE{&a%PHéPetﬁﬁ-ﬁ‘ﬁﬁéﬁs‘f"ﬁm“?}i‘%gﬁ%ﬁ2:? é’i 5258‘} e

conposi t] r I b ORirkedl A9orh Gerlfeoratifd oL d hbir. TROPE bY

t he exe%@??i‘%agéé%dé |(?rteﬁr%tr§éfc%%mn:ug%?@aﬁvg§i ht ended0 as n:ill%lrust rations of single

aspect s peécipitute way eslidcted.antl ndeleal, witlacoldasetone to afford 12. 2 g (74%) of the title
compound as a tan powder. "H-NMR (500 MHz, ds-DMSO) 6= 12.35 (br.s, 1H), 8.29 (d,

7=2.0 Hz, 1H), 7.84 (d, 7=2.0 Hz 1 H), 7.79 (s, 1H); MS: m/z 322.8/324.8 [MH'].

Step 2: Synthesis of 5-Bromo-3-iodo-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3-

b]pyridine.
[0230] Into a 250 mL round bottomed flask were added 5-bromo-3-iodo-1H-pyrrolo[2,3-
b]pyridine (8.00 g, 40.6 mmol) and 120 mL dry THF. The solution was cooled in an ice
bath at 0 °C and NaH (2.40 g, 60.0 mmol) was added in three portions. After 20 min, p-
toluenesulfonyl chloride (8.70 g, 45.63 mmol) was added, and the reaction mixture was ‘
allowed to warm to rt over 30 min. The reaction mixture was concentrated and hexanes was
added to obtain a precipitate, which was collected and washed with ice cold 2M NaOH.
The crude product was recrystallized from EtOAc/hexanes to afford 17.8 g (92%) of the
title compound as a light tan powder. 'H-NMR (500 MHz, de-DMSO) & 8.49 (d, J=2.5 Hz,
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nodi fications of the invention in addition to those described herein wll
become apparent to those having skill in the art fromthe foregoing

descri ptiwo.2o@uwabi2eodi fications are intended to fall wethius2ddse2&eppe of
the invention. Mreover, any one or nore features of any enbodinment of the

invention may b nbi ned wi th f

embod maAD. S5 (rd B ot Wi ot TSoblr gt r S 7ie Gobges B L 1
i nventi . - i di Ki [

_ %ﬁzr(gﬁ(ﬁ){)b%s?gfp} @76&/&%'23{%0 pyri di ne ki nase nodul at ors descri bed

in the ne Ki nas ul ators section are equally applicable

to the nethods of treat and net hods of . infhibjtin I nases cribed
her ei n. Re$§Péﬁ§%é“tE?sﬂ%g‘E£hF Mg R mEH XY Rlisny %]t'{tBirﬁ'eﬂ?'é'S“gf?Hﬁ%ﬁ 5 of the
| evel of Séjrxlrbldéﬂﬁmgyﬂﬂfne?‘nd are hereby incorporated by reference herein
in their entirety for all purposes, whether previously specifically

i ncor porl23d dintaw§00 BE WP HEBNOL1ER werTAdded GeBrwXGFIodo- EXalRNES- [ 0228]

The foll ow n aml re of.f.er id st b to, ljmt &

ol ai mod S Pak oA o RAPEY §Er Cp Zhaariing 2 b BRbeb? eaisl sltent  on
is desc gs.be%, D74 nﬁnols,qiiémwoag(tﬁfsﬁéﬁ@lmsphTﬁe)pﬂla@im@mgi(aasa gskDg nnhdl),t he art
Mmy bo. motibnie (16 prapad E0mbyorM NeeCor 8. THSGHEBONESTSH Yol BBt |
nmay be o B . (Fid UG YWile IsEES ent

i nventiaon. ,\Were .co u f. - ' '

e | Foaie g RO BT AT @b R PR S T, TR Eeclfin nB8fwas o,
Conpoundstei@to MR gRALA pRaciginach, fhidhgysydissobeidsn BeDAcdsd pasedvitd her ei n,

and by using synthesis nethods known in the art. The conpoun wi th assa
resul t s witeiefallawed hrbrae Gncentygion oS spdwtian fordethhdf) ﬁ(ﬁg&%h@g%&&ﬂf: Ts, g

Tk "o SRmoldgah Bhimewgel SERAR YO NIR MO R G e dES P 0220)
Into a 5Q05=7ls Heung), 8Ot e, 803Gk J+&0 eIza0HR 0. S84, gr5| #5114, ) O 2335
b] pyridine (10.11 g, 51.3 mmls) and 250 nl acetone. N-iodosuccinimde (NS,
12.7 g, J58.04Hz,2kb) ?-39(/@%1, Bl > (&rla 7 ordz. R e TPl Im/Q H?’el}féaé-gﬁér ?ffléd at room
ncer one ToRarir I $5GIPssREIR e £ fTe T o of And wasned wiih cold
Step 4: Synthesis of 3-(2-Methoxy-phenyl)-5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3-b]pyridine.

[0232] Into a5 mL Personal Chemistry microwave reaction vial were added 5-Bromo-3-

(2-methoxy-phenyl)-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3-b]pyridine (0.102 g, 0.220

mmol), Bis(pinacolato)diboron (0.123 g, 0.483 mmol), 1,1'-

bis(diphenylphosphino)ferrocenepalladium(i)-dichloride dichloromethane adduct (9.1 mg,

0.01 mmol) and anhydrous sodium acetate (55 mg, 0.67 mmol) and anhydrous DMF (1

mL). The resulting mixture was irradiated in a Personal Chemistry Optimizer at 140 °C for

60 min and then diluted with EtOAc and extracted 4X with water. The organic phase was

treated with brine, dried (Na;SO,), filtered and concentrated. The crude product was

purified by flash silica gel chromatography using a gradient of ethyl acetate in hexanes to

afford 90.9 mg (81%) of the title compound a white powder. '"H-NMR (500 MHz, CDCls) &

8.79 (d, J=1.0 Hz, 1H), 8.32 (d, J=1.0 Hz, 1H), 8.11(d, J=5.5 Hz, 2 H), 7.94 (d, ]=3.0 Hz,

1H), 7.50(m, 1H), 7.35(t, J=7.5 Hz, 1H), 7.25(d, J=7.5 Hz, 2H), 7.05(t, J=7.2 Hz, 1H),

7.01(d, J=7.2 Hz, 1H), 3.85(s, 3H), 2.35(s, 3H), 1.31(s, 12H); MS: m/z 505.1 [MH"].

[0233] Other compounds prepared by Method 1:
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compound as a tan powder. 1H NVR (500 MHz, d6-DMSO 8=12.35 (br.s, 1H),
8.29 (d, J=2.0 Hz, 1H), 7.84 (d, J=2.0 Hz 1 H), 7.79 (s, 1H; Ms niz
322. 8/ 324w8 2pddrt5123St ep 2: Synt hesi s of PCT/US2005/026792

5- Brono- 3-i odo-1| - (tol uene-4-sul fonyl)-1H pyrrol o[ 2,3- b]pyridine. [0230]
Into a 250 nL round bottoned flask were added

5- br onp- 3-i odo- | H-pyrrol o[ 2, 3- b] pyrTalilaé (8.00 g, 40.6 mmol) and 120 nL
dry THF. _The solution was cooled in an ice bath at 0 C and NaH (2.40 g,
60. 0 mol ) wasStewkderk i n t hr pe port Btmsturdf t er 20 min, PStraghovenesul f pnyl
chloride (8.70 g, 45.63 mmp|]) was added, and theg reaction mxture was
allowed to Warmtg rt over BO nmin. The reaction |m xture waf ¢oncentr at ed
and hexanes was - dded to opt & cipitate, V\/f]riCh was | ected and

washed product| wisyrecrystallized from
Et OAc/ h he titlle conpoupd—as a light tan
powder . 9 (d, J=2. SNER 57\WY2006/ 016123
PCT/ US3 ' 7.99 (d, J=2lo bz, 1B, 7.98(4,
J=8.5 Hg o2M. 2:32(s, |3H[ M rn/z 476.8/ 478. 8

[ MH+] E>t%33 Synthesis of | © .

5- Br ony ( 2Pnet hoxy- phenyl ﬂ%rﬁm uene-4-sul fornyl 1-1 pyrrolo [2,3}b]
pyri di reﬁ[-ﬁ%%l] Into a 500 n: round bottoned flas re added
5-Brom:-3ioo | - (tol uene- 4} .If %éﬁ\é[ pyrrol|o 3-b] pyridine (11/80 g,

20. 96 h ' 3. 76
di chl 0[ Falgﬁ&ﬂﬁpﬁog% ne) | pal | adi un( | |§ (0. 9‘%@ %%Sf%&MU

acet oniftri-e /1n0 .“.”L) are—1P0—rt—of 2Fhv1 Na2 €63 ( q} FHre—ftask—was—fi{ted
with a

Cwth rapid stirr|iRg under N2

‘u.u
_T—l

for 8 h. A ed to gbt@in a gr@y-tan
preci pi i i sspl Wwedyy'n aC and washedNwit h lwater fol|owed
by brir i ils solution afforddd 7,470 of the title
conpour (500 MHz, d6- DNBC Y (d, J=2.0|Hz,
1H), 8. O%(s 1 H) 8.03(d, 2H), 7]54(dd,
J=1.5, |7. : : 7.39 (m 1H) 7.15(d, J=7.5 Hz,
1H), 7.05%t,<4 =7.0 Hz, 1H), S. 3H) 2 34( s, 1—%0 MS: nilz 456.9/458.9
[ MH] . |Stép Synt hesi s of 3 (2- Met hoxy phenyl )|- 5- , 5, 5-tetranet hyl

I

[ 1,3, é] di oxabor ol an- 2-yl)-1 I fonyI ) - yrrol o
[ 2, 3- b]|pusi @izs03 [MIZ32] | nt Mé%%ﬁ’ﬂﬁ rso al  Chemi st ry mecr owave reac tion

vial wgre added 5- Brono- 3- MS: m/z 559 [MH"].
(2- met Hoxy- phenyl ) - 1- (tol uepe-4-sul fonyl)-1H pyrirol o[ 2, 3-b] pyridine (0.102
g, 0.220Ts, T 0
N AN S\
) N T
N NH N \
l S
% |
= N~ X \
ORY
N =

. +
MS: m/z 514 [MH]. MS: m/z 517 [ME].

MS: m/z 505 [MH'].
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rnnmol ), Bi s(pinacol ato)di boron (0.123 g, 0.483 mol), 1,1"-

bi s(di phenyl phosphi no) ferrocenepal | adi uin(ii)-dichloride dichloronethane
adduct (9w 208,01502301 nmol ) and anhydrous sodi um acet at ecfas2008/026957 nmol )
and anhydrous DVF (1 nL) The resulting mxture was irradiated in a

Per sonat=Chem-st+y—Opt+mzer—at—3140-Cfor 60 mn and then diluted wth
Té/IICIII JI. —y WL ||: i .

Et CAc and racted 4X with ved er /b@ganl c phase was treated with

brine, [dri ), filtleredNaR wgentrated. The crude product has

purified YY1 as ilica gel G phy using a gradi ent of ethy

acetate i xanes to affaord)90.|9 Bl % of [the title conpound al white

powder 1 NMR (500 MHz, COC13)+<5 8 79 (d, J=1.0 Hz, 1H), 8.32 (d,{J=1.0
Hz, 1H), 5? (d J 5 5 Hz, 2 Hg 7.94 (d, J=3.0|Hz, 1FD, 7.50(m 1H
7.35(t 7.5 Hz, 7. 25(do/Jtﬂ.5 Hz, 2H), 7/05(t, J=7.2 Hz, Ilﬁ,
7.01(d| JE7\2 Hz, 1H) 3. 85(s; , 2.35(s, 3H)| 1.31(s, 12H); Ms: ipalz
505.1 [ MH]. [0233] O her |compounds prepared by Method 1: 28 V\Dt .
2006/ 01 5/ 026792 Table 1 Structure Structure Structure

Ts\ 0 35@%%&’%&%&?@9 O X0 | MSNmg SIO[NTK(]. 1 |i OB OO BO O BO R M
mz 506, [ Ml MBS iz 519 [MHH] . MS: miz 555 [ IVH+] Ts\ F F F/E Ts\ NJ~

N N\ \ §/eeTSl\(Iet@01t 28 \ory synthenis R 2- (5-(pyridine-3-y1)-1H-pyrrolo[2,3-b]pyridine-3-

yl)thiazole.
Method 2:
Ts, O/
'
N7 X
| STEP 1

Step 1: Synthesis of 5-[3-(2-Methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-N,N-

dimethyl-nicotinamide.
[0234] 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-(toluene-4-sulfonyl)-
1H-pyrrolo[2,3-b]pyridine (0.136 g, 0.270 mmol), 5-Bromo-N, N-dimethyl-nicotinamide
(0.0756 g, 0.332 mmol; preparation described below), 1,1'-
bis(diphenylphosphino)ferrocenepalladium(1r)-dichloride dichloromethane adduct (16.2 mg,
0.01 mmol), acetonitrile (2 mL) and saturated aqueous NaHCO; (2 mL). The vial was
sealed, purged with N, and irradiated in a Personal Chemistry Optimizer at 90 °C for
15 min. The layers were separated, and the aqueous phase was extracted 3X with EtOAc.
The combined organic phase was treated with brine, dried (Na,SO,), filtered and
concentrated. The crude product was dissolved in 3:1 MeOH/acetone (4 mL total) and
treated with 500 pL of 50% w/w KOH(aq) for 1 h. Glacial Acetic acid was added to obtain
pH 7, then the reaction mixture was concentrated. The residue was partitioned between
EtOAc and water, then the layers were separated, and the organic phase was washed 2X

with water. The organic phase was treated with brine, dried (Na,SO,), filtered and
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B &r ,OO0OB o0 M: mz 503 [M#] Ms: mz 511 [MH]. . MS: mlz 559
[MH]. Ts\N\V \ Ts\ O NHNTs\ NNN\ S BNNI N)/ 0~O0BOOL OO WM
to/z 514 WwbHede/0131285: mz 517 [MH]. MS: nfz 505 [ M+] . pChASYs206362 015123
PCT/ US2005/ 026792 Ts, N Ts\ 0-- \' 0O\ 0ON\ NN O0BOOOI BO I+ M
in/fz 465 [ MH]. ME: na/z 519 M-|+] See Method 23 on synthesis of

2- ( 5- ( pyPEsnAated. Rurjficptionyy flestotibcasd phipmatogiepta-usjig)a gradiznt of ethwdt hod 2:

Ts\ N ac&jme?co&1%ng§6§fhfé0ﬁa%d%e%nes afi)orded the title compound as a tan powder

(57 mg, 57%). "H-NMR (500 MHz, ds-DMSO) 6= 11.96 (br. s, 1H), 8.95 (d, J=2.5 Hz,
1H), 8.56(d, J=2.0 Hz, 1H), 8.52 (d, J=2.0 Hz, 1H), 8.24(d, J]=2.0 Hz, 1H), 8.13(t, J=2.0 Hz,
1H), 7.72(d, J=3.0 Hz, 1H), 7.59(dd, J=2.0, 5.5 Hz, 1H), 7. 25 (dd, J=1, 7.5 Hz,1H), 7.08(d,
J=7.5 Hz, 1H), 6.99(t, J=7.5 Hz, 1H), 3.76(s, 3H), 2.97 (s, 3H), 2.92(s, 3H); MS: m/z 373.1
[MH™.

[0235] Preparation of intermediate: 5-Bromo-N, N-dimethyl-nicotinamide: Into a 100 mL
round bottomed flask were added 5-bromonicotinoyl chloride (0.531g, 2.41 mmol) and
anhydrous pyridine (5 mL). A 2M solution of dimethylamine in THF (5SmL, 10.0 mmol)
was added dropwise, and the reaction mixture was stirred at rt under N for 6 h after which
it was concentrated under vacuum. The crude residue was partitioned between EtOAc and
water. The layers were separated, and the organic phase was washed 3X with water, then
treated with brine, dried (Na;SQ,), filtered and concentrated to afford 5-Bromo-N, N-
dimethyl-nicotinamide as a brown oil (0.4951g, 89%). MS: m/z 229/231 [MH].

[0236] Other compounds prepared by Method 2 (Either silica gel chromatography or mass
triggered reverse phase HPLC or both may be used for the purification of the following

compounds):
Table 2
Structure Structure Structure
o/ EtO
HN \
N )
l Z

HO

MS: m/z 345 [MH'] °
MS: m/z 403[MH "] AE17

MS: m/z 373.1 (M+H")
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Step 1. Synthesis of

5-[3-(2- Met hoxy- phenyl ) -1H pyrrol o[ 2, 3-b] pyridi n-5-yl]-N, N-

di met hyl -wocode/nsuzsd
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[ 0236] O her conpounds prepared by Method 2 (Either silica gel
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* Suzuki coupling was carried out at 140 °C in microwave for 30 min. and no base treatment

was need for the removal of the Ts group.

Method 3:

Ts, O/
N7

N

L STEP 1 STEP 2
Bo

o O

Step 1: Synthesis of 5-[3-(2-Meth0xy-phenyl)-1-(toluene—4-sulfonyl)-1H—
pyrrolo[2,3-b]pyridin-5-yl]-nicotinic acid ethyl ester.
[0237] Into a20 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-(toluene-4-sulfonyl)-
1H-pyrrolo[2,3-b]pyridine (0.995 g, 2.18 mmol), 5.Bromo-nicotinic acid ethyl ester (0.645
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OHNN MS: miz 355 [M#+]. Ms: miz 361.1 (MtH) HNC( HN N NS HN N NH o
HN /NHO CN OH Ms: niz 335[|MH#] OHCN* WMs: niz 318.0 (M+H+) AE20 IVE:
mz 351 [wbHpes/aset HN\ \ ° HN _ HN O N N OCH N N,, O piBusawz/0332 [ MH+]
AE15 HEN, S2 AE21 MS: mfz 371.1 (M+rH) MS: miz 380 [ MH]. 69 WO

2006/ 015 PCT/ US2005/ 026792 Structure Structure Structure Et HN HN HN -
N NH Ngxlf-% Wjallv%ls(gﬂe@@idwpbmﬂfﬂngepa@aqlrsm(wwﬁsodef M -MS: i z

357. 1 ( MthtblorthethfR adduct (95.5 mg, 0.117 mmol), acetonitrile (10 mL) and saturated aqueous
NaHCO; (10 mL). The vial was sealed, purged with N3, and irradiated in a Personal
Chemistry Optimizer at 90 °C for 15 min. The layers were separated, and the aqueous phase
was extracted 3X with EtOAc. The combined organic phase was treated with brine, dried
(Na,SOy), filtered and concentrated. Purification by flash silica gel chromatography using a
gradient of ethyl acetate and hexanes afforded 5 -[3-(2-Methoxy-phenyl)-1-(toluene-4-
sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-nicotinic acid ethyl ester as a white powder (0.794
g, 69%). MS: m/z 528.1 [MH"].

Step 2: Synthesis of N-Isopropyl-5-[3-(2-methoxy-phenyl)-1H-pyrrolo[2,3-

b]pyridin-5-yl]-nicotinamide.
[0238] Into a 5 mL screw-cap vial were added 5-[3-(2-Methoxy-phenyl)-1-(toluene-4-
sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-nicotinic acid ethyl ester (50.2 mg, 0.095 mmol)
and isopropylamine (500 pL). The vial was sealed and placed in heated block at 100 °C for
48 h. The reaction solution was concentrated and the residue was dissolved in 1:1
MeOH/acetone (2 mL total) and treated with 100 pL of 50% w/w KOH(aq) for 1 h. Glacial
Acetic acid was added to obtain pH 7, then the reaction mixture was concentrated. The
residue was partitioned between EtOAc and water, then the layers were separated, and the
organic phase was washed 2X with water. The organic phase was treated with brine, dried
(NazSO0y), filtered and concentrated. Purification by flash silica gel chromatography using a
gradient of ethyl acetate (containing 10% MeOH) and hexanes afforded the title compound
as a white powder (13 mg, 35%). 'H-NMR (500 MHz, ds-DMSO) §=11.96 (br. s, 1H),
9.05 (d, J=2.5 Hz, 1H), 8.94(d, J=2.0 Hz, 1H), 8.64 (d, ]=2.0 Hz , 1H), 8.51(d, J=8.0 Hz,
1H), 8.46(d, J=2.0 Hz, 1H), 8.30(d, J=2.0 Hz, 1H), 7.76(s, 1H), 7.61(d, J=5.5 Hz, 1H),
7.29(dd, J=2, 7.5 Hz, 1H), 7.12(d, J=7.5 1H), 7.04 (d, J=7.5 Hz, 1H), 4.11(m, 1H), 3.84 (s,
3H), 1.17(s, 6H); MS: m/z 387.1 [MH"].

[0239] Other compounds prepared by Method 3:
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Step 1: Synthesis of 3-[3-(2-methoxy-phenyl)-lH—pyrrolo[2,3-b]pyridin-5-yl]-

benzoic acid.

[0240]

To a solution of 5-bromo-3-(2-methoxy-phenyl)-1-(toluene-4-sulfonyl)-1H-

pyrrolo[2,3-blpyridine (1.01 g, 2.21 mmol) in a 1:1 acetonitrile/saturated aqueous NaHCOj3

solution (20 mL total) was added (3-tert-butoxycarbonylphenyl)boronic acid (0.54 g, 2.43

mmol) and [1,1 ’_bis(diphenylphosphino)ferrocene]dichloropalladium (1), complex with

dichloromethane (1:1) (0.90 g, 0.11 mmol) in a microwave vial. The vial was capped,

flushed with N, evacuated under vacuum, and subsequently heated in a microwave at 90 °C

for 1800 seconds. The material was diluted with ethyl acetate and the organic layer was
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g, 69%9. MS: mlz 528.1 [MH]. Step 2: Synthesis of

N- I sopropyl - 5-[ 3- (2- net hoxy- phenyl) - 1H pyrrol o[ 2, 3- b]
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my, 0. 09%shedwjth Fafd mdmcl)@wahﬁ@ (BeosolytionTes adierbedvario sdmp gdl andd pl aced

i n heat ed f I
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T e e e e
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powder ((33Hpg M35wie. SSH(M/R B00 MHz, d6-DMSO) 8=11.96 (br. s, 1H), 9.05
(d, J=2.5 Hz, 1H), 8.94(d, J20Hz 1H), 8.64 (d, J=2.0 Hz, 1H), 8.51(d,

; Eélt(ld H2[024111 H Ec; 8- [@%Qmetﬂoa%é}ﬂ‘adéﬂl) Jl%(étbluer&-@@(ll@)nyd):%@)yﬁblo [l,Bi)b]pYncﬁﬁcé-s- %I—% y
E ﬁ/H+ J=7. 35] ‘p&nzowld tgrtiw(tyhes@Hfl 0% g,8]48% glmol)g]q)a 1: ?)I\Qeﬁeg;écgtp&e sq],g,lonc é})z 387. 1
b Us2005 bk TB 2RI df RRAL B 3X1ulfeh. [Pk réact %ml%%%%é&zg N 11
NNormH NOfor 2@h s andrdbidAbfdbthturS: Giacizl 30eic btd] wad duBed dfopw3@5niHitle a

solution had a pH = 6. The product was extracted into ethyl acetate and dried over Na,;SOs.

The material was adsorbed onto silica gel and purified by flash chromatography in an ethyl

acetate and hexane gradient, affording 3-[3-(2-methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridin-

5-yl]-benzoic acid tert-butyl ester as a colorless oil that started to crystallize into a white

solid (1.97 g, quantitative yield). 'H NMR (500 MHz, CDCl3) & 11.34 (s, 1H), 8.50 (s, 2H),

8.21 (s, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.75 (m, 2H), 7.55 (m, 2H), 7.40 (t, /= 6.0 Hz, 1H),

7.10 (m, 2H), 3.88 (s, 3H), 1.25 (s, 9H). MS: m/e 401.1 (M + HY.

[0242] To a solution of 3-[3-(2-methoxy-phenyl)- 1 H-pyrrolo[2,3-b]pyridin-5-yl]-benzoic
acid tert-butyl ester (1.97 g, 4.92 mmol) in acetic acid (4 mL) was added dropwise a
premixed solution of hydrogen bromide (33% wt in acetic acid) (889 uL, 4.92 mmol) and
mercaptoacetic acid (444 uL, 6.39 mmol). The sides of the flask were rinsed with
additional acetic acid (3 mL) and the reaction solution was stirred at ambient temperature
for 10 minutes whereupon the product began to precipitate out of solution. The reaction
was stirred for an additional hour at ambient temperature. The precipitate was filtered and
rinsed well with acetic acid and diethyl ether, affording the title compound as a bright
yellow solid (448 mg, 67% yield). "H NMR (500 MHz, ds-DMSO) 8 12.03 (br's, 1H), 8.58
(s, 1H), 8.21 (d, 2H), 7.99 (d, 1H), 7.94 (d, 1H), 7.76 (d, 1H), 7.61 (m, 2H), 7.31 (t, 1H),
7.14 (d, 1H), 7.06 (i, 1H), 3.83 (s, 3H). MS: m/e345.1 M + HY.

73



HNHNH NNNNN OO0 MS: mz 401[MH+#] Ms: nlz 416] M+#] Method 4: o HN O
HN Ts, N1 O M I/ N NI STEP 1 STEP 2 Br OHIl N - I N AE23 Step 1:
Synt hesi swof20@7(18126 2- met hoxy- phenyl ) - 1H pyrr ol o 2, 3- b] pycirdispecsAyd7hz
benzoic acid. [0240] To a solution of

5- br ono- 3- ( 2- net hoxy- phenyl ) - 1- (t ol uene-4-sul fonyl)-1H

pyrrol o[ 2, 3Stepdy riVd2-Aimethydamino-ethyY)-3r{fo(2-methaxyiphenybelttbipiyrralo[@/sat ur at ed

Na | dded
oqueous NPl A PR %5 22920 us o) and
[1,1' - bi §Z43pheny4 ﬁﬂl@ﬁcﬁhbmla‘ @Zfr@ﬂ@ﬁl?—]pﬂb&)h} OHORMIIETI UM i dith-5- 91$fﬂéhﬁ9icw th

11 nmol) m crowave vi al he vi al was

di chl oronet hane (1:1) (O.
capped, 2fidfshae; @noérmmszl) I@M%@Mﬁdémﬂwa&w@ewﬂ%%e@ee@m mrpedat ed

800 | luted with
et hyl acebdr e A ERES I b Ry P OAE 0 90 ier TS0 gk Ree stiieSos, 026702
washed wistied2&nbite at ﬁﬁm@ﬂt t@m éra{m\@@@ﬁ difhRa v pMsmg] $.) FAERELBE RO

silica gel and purified h chromat ography with a gradi ent of et hyl
acet at e A HeREIES, ﬁl@r,fa@pimu e@by reverse phase chromatography in a mobile phase of

3-(2- l |.f 2..3-b di 5-yl
e T e e T
NMR (500 cMﬂbmeE@ﬁ‘d_B})opﬁllﬁe@&ﬂ(osdmg ﬂlfd)tltle&oixﬁoo(lbcﬂ asa witl powd&914.9, mé Huos 7. 99

77ldJ—65HZl 7.34 J=8.0 1H)

(7 329(H3j’ yipkd)g | /NM?@QQMHZ%D( )é&)Sl(é»Tka2(05Hz,3|1=B);8253©J(%2 0, 1Hj) 60
gS[S |(_?2 nme h((lgg(g; 1p eﬁg %Dilﬁ(qj %_%?eﬁeﬁiﬁﬂjo@h);ﬁ) ?Lﬁ?&}r}% 3[3% (I%Jb“[g);rlﬁﬁl ne- 5-

yl ] - benzoiy, ALl d, tsesamz bun)yv oegtt F= c( 1H71H), 319(B§ Jeglo)Hz, vy, 3.84 (é\/%gjv acet one
sol uti on 40 i 1)__wa nL of a % KOH (aq) sol ut,ion.
react i on3@3XEAD; M% (%t3ﬁr)r?—>81 (s, 3H) 280 (brs, 2H) MS m/e 429.1 (M +H).
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3.33 (s, 3H),
+ H). [0244]
St r uct ur ewSt2oesat1 5128

3.17 (s,

3H),

2.91 (s,
QG her conpounds prepared by Method 4: -~
OO UNHNHNINTrN NN N i

3H), 2.80 (br s,

2H). MS: me 429.1 (M

Table 4 Structure

NPOT@S2008/088392 N1 z 512

LN MH] MS: nmfz 490 [ MH+] 74 WO 2006/ 015123
{:)I\CAT_?]USQNS' nifz 415 [uuu]tu"e S ruvfnrn[erllr‘flll‘P p n/ HN HNHN N NN O
N\ , NH2  r N\ “° Y'eN 7/ NN O O oShmeturg/ z 456 [[MH+] SMEicturez 504
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C OF|0 o)

HN

N
I
NTNCN

MS: m/z 518 [MH']

MS: m/z 514 [MH']

MS: m/z 507 [MH']

Method 5:

Step 1: Synthesis of 2-Hydroxy—5-[3-(2-methoxy-phenyl)-1-(toluene—4-sulfonyl)-

1H-pyrrolo[2,3-b]pyridin-5-yl]-benzoic acid methyl ester.
[0245] To a solution of 3-(2-methoxy-phenyl)-5-(4,4,5,5 -tetramethyl-[1,3,2]dioxaborolan-
2—y1)-1—(toluene-4-sulfonyl)-1H—pyrrolo[2,3-b]pyridine (502 mg, 1.00 mmol) in 1.5 mL
saturated aqueous NaHCO; and 5.0 mL acetonitrile was added methyl 5-bromosalicylate

(253 mg, 1.10 mmol) and [1,1 ’-bis(diphenylphosphjno)ferrocene]dichloropalladium D),
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m z 463 [WbHbookdd51207 z 447 [ MHH]

Structure Structure Structure O HN O
p MS: nmconiplék Wiviitlchiolofe

p NNN-~-CH OM: mz 50 . '
STEP 1 1°3pPqd, Syshedavith Ny, evacuated under vacuum, and subsequently heated in a2 microwave

at 90 °C for 300 seconds. The material was diluted with ethyl acetate and the organic layer
was washed with saturated NaHCO, (aq) and brine then dried over Na;SOy. The material
was filtered then adsorbed onto silica gel and purified by flash chromatography with a
gradient of ethyl acetate and hexane, affording the title compound as a hydroscopic white
solid (480 mg, 91% yield). 'H NMR (500 MHz, CD;0D) §8.55 (d, J=2.0 Hz, 1H), 8.06
(m, 4H), 7.96 (s, 1H), 7.77 (dd, /=25, 6.0 Hz, 1H), 7.52 (dd, J=2.0, 6.0 Hz, 1H), 7.40 (m,
3H), 7.16 (d, J = 8.5 Hz,1H), 7.08 (m, 2H), 3.98 (s, 3H), 3.87 (s, 3H), 2.39 (s, 3H). MS:
m/z 529.1 (M + H").

Step 2: Synthesis of N—(2-Dimethylamino-ethyl)-Z-hydroxy-S-[3-(2-methoxy-

phenyl)—lH—pyrrolo[2,3-b] pyridin-5-yl]-N-methyl-benzamide.
[0246] To a solution of 2-hydroxy-5-[3 -(2-methoxy—pheny1)-1-(toluene-4-su1fony1)-lH-
pyrrolo[2,3-b]pyridin-5-y1]-benzoic acid methyl ester (52 mg, 0.10 mmol) in pyridine (0.5
mL) was added an excess of N.N,N’-trimethylethylenediamine (0.5mL). The reaction was
stirred for 16 hours at 100 °C in a scintillation vial. There appeared to be ~50% product
formation and ~50% hydrolysis of the methy ester to the carboxylic acid. PS-carbodiimide
resin (244 mg, 0.29 mmol, 1.21 mmol/g load capacity) and DMF (1 mL) were added to the
reaction solution and heating was continued for 16 hours at 70 °C. The resin was filtered
off and rinsed well with THF and MeOH. The filtrate was concentrated down to a yellow
oil and then redissolved in a 1:1 MeOH/acetone solution (4 mL total). The solution was
treated with 200 uL, of a 50% KOH (aq) solution and stirred at ambient temperature for 3
hours. Glacial acetic acid was added dropwise until the pH = 7. The product was extracted
into ethyl acetate, whereupon the organic layer was washed with H,0, dried over Na;SQy,
filtered, and concentrated under vacuum. The material was dissolved in MeOH and filtered
through a 0.45 um syringe filter. The solution was purified by reverse phase
chromatography using a gradient of H,0 and acetonitrile (with 0.1% formic acid asa
modifier). Clean fractions were lyophilized, affording the title compound as a white powder
(5.2 mg, 12% yield). 'H NMR (500 MHz, ds-DMSO) & 11.80 (d, /=2.5 Hz, 1H), 8.49 (s,
1H), 8.19 (s, 1H), 8.10 (s, 1H), 7.74 (d, J=2.5 Hz, 1H), 7.63 (dd, J=2.0, 6.0 Hz, 1H), 7.51
(d, J=8.5Hz, 1H), 7.43 (s, 1H), 7.33 (m, 1H), 7.17 (d, J= 8.5 Hz, 1H), 7.09 (t, J= 6.5 Hz,
1H), 7.01 (d, J= 9.0 Hz, 1H), 3.85 (s, 3H), 3.01 (br s, 3H), 2.90 (br's, 2H), 2.59 (m, 2H),
2.36 (brs, 3H), 2.00 (br s, 3H). MS: m/z 445.1 (M + HH.
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into ethyl acetate, whereupon the organic |ayer was washed with H2O dried
over Na2SO4, filtered, and concentrated under vacuum The material was
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MS: m/z 511 [MH"]

Method 6:

STEP 4

AE29
Step 1: Synthesis of (3-(1H-pyrrolo[2,3-b]pyridin-5-yl)phenyl)(morpholino)
methanone.

[0248] A mixture of 5-bromo-1H-pyrrolo[2,3-b]pyridine (3 g, 15 mmol), 3-(morpholine-

4-carbonyl)phenylboronic acid (4 g, 18 mmol), sodium bicarbonate (4 g, 46 mmol) , and

tetrakis(triphenylphosphine)palladium(0) in dioxane/water (100 mIL/20 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 (3-(1H-
pyrrolo[2,3-b]pyridin-5-yl)phenyl)(morpholino)methanone (3.86 g, 84% yield) as yellow
solids. MS: m/z 308.1(M+H").
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Ts' N HN Npké¢thaidde. 11 N STEP 1 STEP 2 STEP 3
[0249] To a solution of (3-(1H-pyrrolo[2,3-b]pyridin-5-
yDphenyl)(morpholino)methanone (550 mg, 1.79 mmo]) in acetone (10 mL) was added NIS
(604 mg, 2.68 mmol) and the mixture was stirred at room temperature for 20 minutes.
Acetone was removed by reduced pressure and the crude product was purified by silica gel
chromatography to afforded (3-(3-iodo-1H-pyrrolo[2,3-b]pyridin-5-
yDphenyl)(morpholino)methanone (600 mg, 77% yield). MS: m/z 434.2 (M+H").

Step 3: Synthesis of (3-(3-iod0-1-tosyl-lH-pyrrolo[2,3-b]pyridin-S-yl)phenyl)

(morpholino)methanone.
[0250] A mixture of (3-(3-iodo-1H-pyrrolo[2,3-b]pyridin-5-
yl)phenyl)(morpholino)methanone (600 mg, 1.38 mmol), p-toluenesulfonyl chloride (528
mg, 2.77 mmol), potassium hydroxide (50% w/v in water, 0.387 mL, 3.45 mmol) and
tetrabutylammonium hydroxide (40% w/v in water, 0.448 mL, 0.69 mmol) in toluene 6
mL) was stirred at room temperature for 15 hours. Water was added to the mixture and the
aqueous mixture was extracted by 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 (3-(3-iod0-1-tosyl-1H—pyrrolo[2,3-b]pyridin-5—
yDphenyl)(morpholino)methanone (600 mg, 74% yield) as yellow solids. MS: m/z 588.1
(M+H.

Step 4: Synthesis of (3-(3-(2-ﬂu0rophenyl)-1-tosyl—lH—pyrrolo[2,3-b]pyridin-5-

yDphenyl)(morpholino)methanone.
[0251] A mixture of (3-(3-iodo-l-tosyl-1H-pyrrolo[2,3-b]pyridin—5-
yDphenyl)(morpholino)methanone (40 mg, 0.068 mmol), 2-fluorophenylboronic acid (18
mg, 0.128 mmol), [1,1 ’-Bis(diphenylphosphino)ferrocene]dichloropalladimn(II) complex
with dichloromethane (3.9 mg, 0.005 mmol) and sodium carbonate (2M aqueous solution,
0.102 mL, 0.204 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 to afford crude (3—(3-(2-ﬂuorophenyl)-1-tosy1~1H—pyrrolo[2,3-b]pyridin—5-

yDphenyl)(morpholino)methanone, which was used in step 5 without further purification.
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yl) phenyh)y&gor p 0) met hanq A m xture

(3-(3-ijodo-J LE-pyrro 4. di n- 5-

yl ) phenyl m)rphollno) met hahohe” (40 ny, . 068 MM~ 2-f 1 uor ophenyl bor oni ¢

acid (18 0. 128 mmol ),

[1,1 -Bi ﬁ;/‘lz hosphi no ceryé]?:ﬁ) chl or opal nrm% conpllex wth
di chl o oretnapd -9 ng, 0.POs ol N apd sodi um ¢ t,\pm({JZM aqueous
solution, 0.102 nL, 0.204 pmol) iln acetonitrile (1 heated in a
Per sonjﬁ m crowave at 90 C for 3® min. ThB3gesulting agn xtur SN di luted
W th wg with ethyl acetate. The organic |ayers ywere

conbi ne gﬁdqfﬁgégi\@ﬁ&'iﬁdl un*\MSI: frdtt 432.T (Mt EHNed apnsoneens. Egﬁ,ﬁgﬁ dryness

to af f gprd—erude (3-(3-(2-fljuorophenyl)-1-tosyl-|H pyrrolo yridin-5-
yl ) phenyl) ( nor phol [ no) met hanone, whfgth was used|in step/b W thout] furt her
purification. /82 W 2006/ 0151%& PCDLUS2005/ 026792 St e@ 5: Synthepgis of

(3-(3-( 24 &8ny|) 1H gyr o 3= pyri di nf 5H o

yl) phenyl ) I i no) met hgngne Crude

(3-(3- enyl) 1tcs|)H—pyrroIo[23b]

yl) phenyt A nor phoI i no) met hdnong from | ast step was#di ssol ved in n#et hanol (1
m.) and Jpotassi um hydroxi de 0. 038 n, ) was [added to

t he sof @ resulting * g\s stirred té)Tperaturefor 30
m nut es i ng dil uted>wtk r and ext ' et hyl| acetate.

The orjgani c | ayers were conbi ned, dr| ed over sod| um uI fate filltered and
concentrated to dryne%”The crude product AR&3 |t hen dPssol ved in DVSO and

purifiled by mass triggereéed hase HPLC t rd pure (13-(2-
f1 uor oghgny,j/z)44j4l-j-%j;]? o) o[ 2 é}f%m{?ﬂﬁgﬂﬁw H/)) phe %g ’? ﬂ'%)rmthanone
(5.6 nmg, 21% yie rrom (8- (3-iodo-1-tosyl - H yrroI o[ 2, 3-b] pyri{di n-5-
yl ) phenyl) (nmor phot i hoj T nmetianone)—as—+ght—brown—syrup. 1H NMR (500 MHz,

DVBO d6) S 3660 (m br, 8H, 7.33 (m 3H), 7.39 (m 1H), 7.55 (§, J= 7.5
Hz, 1H),HN¥ 4 (FF\1H), 7.8 /

O AE34
AE35
MS: m/z 442.2 (M+H"). MS: m/z 398.1 (M-+H").

MS: m/z 432.1 (M+H")
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(m 3H, 8.28 (m 1H), 8.61 (d, J= 2.5 Hz, 1H), 12.17 (s, 1H. Ms niz
402. 1 (MtH+). [0253] O her conpounds prepared by Method 6: Table 6
St ruct ur ewBtoesatisrze Structure EtO HN O NH ? HN O N HNpNT1/UN26065/02629N] O rp
ON OM: mz 428.1 (M+tH). p MS: na/z 448.1 (MtH). MS: nmlz 427.1 (M+H).
e St
J

83 WD 2006/ 015§g8dcfEd/ US20075 tructure Structure / / O
O/ HNNHNY - ONN\Y\ /J 0 O Structizvge30 0 AE31

=N
\g¥e)

AE36

MS: m/z 423.1 (M+H"), VS mEAI8T VD). Ms: s 432.1 (M),
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M5: n2/z 444.1 (MtH). MS: nmlz 432.1 Mt () MS: nmlz 428.1 (MtH+). Et / O
OHNOHNOHNNY\\/ O O oON | Jo AE32 0 AE33 0 M. rn/z 462.1
(MrH) . NMSyvorndezo1d48. 1 (M-H+) MBS mz 444.1 (MrH). Et  @ciaNseoosi2dibe o/ F HN
V-V \V / NV VYV / N~V \ /1 oN N O0AE340~ 0M: nz 442.2 (MH).
AE35 MB. mz 398 1 (MeHs) NS 74391 (MFFF) 845 iRtap®6/ 015[123

PCT/ [JS2005/ 8perome Structjure St rUEYIPME structhre H OHN OHN HNN N N NI ~
~i BNOlor o NI NI 000MNM—mz40631 . : z 404.1 (M+H).

MS: m/z 416.1 (M+H"). MS: m/z 385.1 (M+H“‘)J

MS: m/z 428.1 (M+H).

L
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MS : mz 424.1 (MiH) ON-NHNN NHNONNN NJ\V Il ~OrO NJ 000
MS: miz 386.1 (MH). AE36 MS: miz 423.1 (MrH). M5 miz 415.1 (MeHE). H N
A F\  rwbhoodd18120 MS: mliz 423.1 (M:tH). MS: m z 418. 1pCihis2gos/obdSe2 nl z
432.1 (MrH+) 85 WD 2006/ 015123 PCT/ US2005/ 026792 Structure Structure
Structure C HNHNHN Cd N%J NI 1/ / rorol ro NI NDJOO OM: nz
412.1 (MMethod 785: nfz 398.1 (MrH+). MS: miz 452.0 (MrH+). F HN - HN HN

Tso

Step 1: Synthesis of (3-(3-(2,6-dimethoxyphenyl)-1-tosyl-1H-pyrrolo[2,3-b]pyridin-

S-yDphenyl)(morpholino)methanone.
[0254] A mixture of (3-(3-iodo-1-tosyl-1H-pyrrolo[2,3-b]pyridin-5-
yDphenyl)(morpholino)methanone (40 mg, 0.068 mmol), 2,6-dimethoxyphenylboronic acid
(18.6 mg, 0.102 mmol), tetrakis(triphenylphosphine)palladium(0) (3.9 mg, 0.0034 mmol)
and sodium carbonate (2M aqueous solution, 0.102 mL, 0.204 mmol) in acetonitrile (1 mL)
was heated in a Personal microwave at 120 °C for 30 minutes. 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 to afford crude (3-(3-(2,6-
dimethoxyphenyl)—1-tosyl-lH—pyrrolo[2,3-b]pyridin—S-yl)phenyl)(morpholino)methanone,

which was used in step 2 without further purification.

Step 2: Synthesis of (3-(3-(2,6-dimethoxyphenyl)-1H-pyrrolo[2,3-b]pyridin-5-

y)phenyl)(morpholino)methanone.
[0255] Methanol (1 mL) was added to crude (3-(3-(2,6-dimethoxyphenyl)-1-tosyl-1H-
pyrrolo[2,3-b]pyridin-5-yl)phenyl)(morpholino)methanone from step 1 and potassium
hydroxide (50% w/v, 0.038 mL, 0.34 mmol) was added to the resulting solution. The
mixture was stirred for 30 minutes at room temperature before being 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 afforded (3 -(3-(2,6-
dimethoxyphenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl)phenyl)(morpholino)methanone (7 (31%
yield from (3-(3-iodo-1-tosyl-1H-pyrrolo[2,3-b]pyridin-5-
yDphenyl)(morpholino)methanone) as light yellow solids. "H NMR (500 MHz, CDs;0D) &
3.65 (m, br, 8H), 3.75 (s, 6H), 6.77 (d, T =8.5 Hz, 2H), 7.31 (t,J = 8.5 Hz, 1H), 7.39 (m,
1H), 7.46 (s, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.67 (m, 1H), 7.74 (m, 1H), 7.91 (d, T = 2.0 Hz,
1H), 8.45 (d, J = 2.0 Hz, 1H). MS: m/z 444.1 (M+H").
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NNNNF rorol ro NJNJOO WM n1H\2\385N1\$N{+H7)i: I\N/B}Nmﬁl giolol\l\(]MliL]H

; 412. 1 (MrH+ . _ HN - HN 0 _
(J)r)OMSb rl\T/iﬁiforﬂ)as/oﬁiai(isl (?\/HH+). MS: mz 416.1 (MrH+) MS. mbeTA &50HN0$/\0éd‘gB2 H\+)i \
86 WD 2006/ 015123 PCT/ US2005/ 026792 Met hod' 7:S -rll—fhss;rg yf Di
s Smigl@t@%gé qQ?%e YMFT?LE& l'| /5 3-b] pyri di n-
(3-(3-(2,6- |rrethoxyp eny )p?f rrolof2, ]E)y
5-yl) phenyl) ( nor phol i no) met hanone. [0254] A mixture o
(3-(3-iodo-1-tosyl-1Hpyrrolof 2, 3- b] pgbledi n- 5-
yl) phen hanane (4% ng, 0. 0881gT2YD|r]2ml)

Z X ﬁéﬁ Mbdronic acid (Sauetung, , .

tzefrgllﬂns—ﬁ—u thn\l?nhﬂthl ne) pal | adi un{ 0) (3.9 ng, 0.0034 mmol) and sodium

) itrile (1
0 nm, 0.204 |mmol) in acetonitri
car bonat e 'HZM @ueous soI ut i on, -“ 0,204 Jmmol) ¢ ot o nL
?t)sul}tlvles 3 as dilu /:‘ and extracted with e]'E th!c acgta’;}g.
n g - & i fate iltered a
0 were compi d over sqdi um sul ,
The orga |}Ia rs

concenfratéd t &' dryness to af d crrude (3-(3-(2, 6-

[ lo [2,3 _
di met hoxyphenyl)-1-tosyl -1 Hpyrro _ used in step 2
-b] pyrid B-y [)/\ nyl ) (mor phé ve/t\imanone whi ch was
wi t hout & eiN i ficatiagn.

O O
MS:m/z 448.1 (MHHD). | MS: m/z 432.1 (M),
Method 8:
HN
'\} _STEP1 &( STEP 2 __STEP3 _ N:?\L
Br
STEP 4

] STEP 5

Step 1: Synthesis of 1-(5-bromo-1H-pyrrolo[2,3-b]pyridin-3-yl)-ethanone.
[0257] To a stirring solution of aluminum chloride (6.77 g, 50.75 mmol) suspended in
anhydrous CH,Cl, (100 mL) under N, was added 5-bromo- 1H-pyrrolo[2,3-b]pyridine (2.00
g, 10.15 mmol). The reaction solution was stirred for 1 hour at ambient temperature
whereupon acetyl chloride (3.61 mL, 50.75 mmol) was added dropwise and the resulting
solution was stirred for 5 more hours. The reaction was cooled to 0 °C in an ice bath and
quenched carefully by addition of MeOH unti] the solution became clear. The reaction was

concentrated under vacuum. H,0 was added and 1 N NaOH was added dropwise until the
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Step 2: Synthesis of A b I
-di henyl ) - 1H pyrrol of 2, ] py 4
§/I3) éﬁe%\;o?ﬁmrﬁﬂtagﬂﬁg) ma%/h) anone. [0255] Methanol (1 nlLpceas2@ddesiot o crude

_di l)-1-tosyl-1H d
(3-(3-(2, 6-di m et _hoxyph_eny ) r.phol i no) met hanone fromstep 1 an
pyr rol o[ 1 3-40] The dreldty g‘lgy%le%\}?%?&%ll}l%égﬁﬂ%cet@@%@d iR PIEaRis dayed dad washddheith

' hydr oxi de ( )\ ) . - t room
ng ElilstS : lrff’gqsaélg Platl iseltiom hésodnl}rfzagtgﬁlwﬁ?}ﬁﬁmgtg ?92{31\83" ang’%?’?g@#@%%ﬁ%ﬁwﬂ
t enper atyf&, DEGO faﬁerbv%%sg Led-ove Ne: Srasidreetcentintod dindsievaca ] Bl %iéltérfb? €,
acetate. The~organic Silica gel chromatography afforded
filter edV@ﬂddlmm&%ﬁﬁﬁ 'éﬁﬁ%/g%cyelh& MY AfSsq through sbed of silica gel. The filtrate Was0 ol d
L or  Sptrenitatgiogasgithe Sy ompanyla: aimerRRe khmPITRS Danene; () Hijdk Vie
%n%yzgﬁ(ﬁrﬂd:?ﬂo" MSOL S 1RV O AL 5 9y”glbnr;/_sﬁ) 8055, (s 1nNYR (0P M2,
yl)phenyl)(rmrbf'lﬁipl g;)n% 4 &) 1ds 83 geﬂz? (a, 3 = g(_s’5 Jz\l zgﬁﬁ’, 7.31
RO R U L R O )
(t, J =8. ’ A d, J =20 H, 1H), 845 (d, J = 2. ,
1) e 1R 22 Sl o-snyr) B e i Al REm 295 AN k4250 \
19 . MS: infz 444. by Method 7: Table 7 Structure Structure  O- HN
Qther compyupeisoner epar ed by ] OO0 MS miz 448.1 (MH). NS niz

524 () oo e g ARk S Al T ©
--" N Qd‘deﬁ\'te“fhlbutbiyﬁié(dflﬁéthylalnino)methane (5.83 mL, 28.23 mmol) (neat) and refluxed in

an oil bath at 100 °C for 6.5 hours, The reaction was cooled and titrated with diethyl ether.

The solid was filtered and dried under vacuum to afford the title compound as an orange

powder (1.93 g, 70% yield). 'H NMR (500 MHz, ds-DMSO) § 8.67 (d, J=2.5 Hz, 1H),

8.37 (s, 1H), 8.31 (d, J=2.0 Hz, 1H), 7.57 (d, J=12.5 Hz, 1H), 5.78 (d, J=12.0 Hz, 1H),

2.49 (s, 6H).

Step 3: Synthesis of 5-bromo-3-(2H-pyrazol-3-yl)-lH-pyrrolo[2,3-b]pyridine.
[0259] To a solution of 1-(5-bromo- lH-pyrrolo[2,3-b]pyridin-3-y1)-3-dimethylamino-
propenone (1.93 g, 6.54 mmol) in ethanol (5 mL) in a microwave vial was added anhydrous
hydrazine (247 uL, 7.85 mmol). The reaction mixture was heated in a microwave at 80 °C
for 2.5 hours. The reaction mixture Wwas concentrated under vacuum to afford the title

| compound as a reddish brown powder (1.50 g, 87% yield). '"H NMR (500 MHz, ds-DMSO0)
6 12.71 (s, 1H), 11.97 (s, 1H), 8.62 (s, 1H), 8.30 (s, 1H), 7.94 (s, 1H), 7.75 (s, 1H), 6.65 (s,
1H). MS: m/z 263.0 (M + H"),

Step 4: Synthesis of 5-br0m0-1-(toluene-4-sulf0nyl)-3-[2-(toluene-4-sulfonyl)-2H—
pyrazol—3-yl]—1H—pyrrolo[2,3-b]pyridine.
[0260] To a solution of 5-bromo-3—(2H—pyrazol-3-yl)- 1H-pyrrolo[2,3-blpyridine (L51 g,
5.75 mmol) in toluene (5 mL) was added tetrabutylammonium hydroxide (40% wt in H,0,
285 uL) and a 50% KOH (aq) solution (5.7 mL). The reaction mixture was stirred for 20
minutes at ambient temperature and para-toluenesulfonylchloride (2.17 g, 11.50 mmol) was
added. The reaction was stirred at ambient temperature for 2.5 hours. The product was

extracted into ethyl acetate and the organic layer was washed with H,0 then dried over
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N N \

O St epNEI_' \SyﬁtTEESﬁSI\F:c\I T INNN N\ \ / STEP 5~ STEP 6 Br OL B, O N NH2

[0257] Towe 2866/isi of 1-(5-brono-1Hpyrrol of 2, 3-b] pyridin-3-yl)-eth

suspended i @msizag sol ution of al um num chloride (6. 7PCEUss/026 Ryone:
pended in anhydrous CH2C12 (100 nl) under N2 was éddeg 57026702101 )

5-brono-| H pyrrol of 2, 3-b] | di
( , pyridine (2.0 ili [
sol ut NesSGna S hsmhateréad vas conceppaied éﬁl&%ﬁ% ?%LH]? a?%%gérﬁ)aem (ta(9 s1%£§é.Legﬁt 1’3.82'[ yl

hl orjid
chl or %ﬁiﬁ 9(,93199 i’tyirHrE% g&"%ﬁt%? onasicaddeditd napadied odadyt Metaiedift ti ng

sol ut

: e hours. The r ' .
"Ce’ by nanorcnsitecmusnas 5 3R oK o G MG {1 LRGS0l ution
e I AROMA) A Ol ol s Gibe ety o s added

PCT/ US2005/.02 =
t he o!&a%?@%a g@%%@@, %‘?h%%%ﬂmg%’u w8S BxEBcT 4 (dmto8 &ty PHcet at e and

t a saturate ol .0 [ [

d?ir égqgﬁe@p{\g%agggygp ecnraliTB i, 3Hhrﬁ-3ﬁ1ﬁ*h %%)7333.52 (S"I%' :)Mgl;’ﬁ’?zgd: ;;nefo\t/v::SI o
: : oncentrated under vacuum Th [

r edi sSEDVEFTLiH(MNtHFD)- acetate and filtered through aebrencE}t SP 2! | i \(lzvgsgel The

filtrate was concentrated t ff '

(2. 25", sGis st ar o soommny e by SIS PR G DS, e

2/52 m z mqgﬂ)zaggﬁtoglmng-éfzﬁslgfo@)%ﬁ%%{](g?i-glﬁé{ﬁpﬁrbﬁ%["-a”ﬂ)lPylﬁdi‘ﬁ@- (s, 3H).

LS o8, R ks rlhpiastuacsiydoro b SRS BitgEone

o esispartemostonprsea ot o AR MEL HEPER 1 25,0
‘ aélﬁ)éggllstpr %%cggxt%hibop&ﬂ@.ﬂl%, B0 @bty [161°5 hours. The

]EEF‘Ct i]@ﬁprwggvecﬁ&\@ﬂs th diethyl ether h i
e ﬁﬁ@@%ngfphgghmmmw@wmmmpanmjm (HK@O{IIP@@XeW%-F{‘ﬁﬁl??i?P?g%&?SOr ange

powder % viel d).
T A vty WURET
5- br Onﬂuéle@mlﬁq_ﬁbvg,%%ﬂa%dﬁdgx‘sﬁcgﬁl? %1% 1([?62%1:6%_1% ]Sg?rbms ab$40 °C for 3600 , O

The product was extracted into ethyl acetate, washed with lg['zO, dried over
crude material was purified immediately

seconds.

Na,SOy, filtered, and adsorbed onto silica gel. The

by flash chromato graphy using a gradient of ethyl acetate and hexane. The purification

afforded the title compound as a white solid (0.72 g, 39% yield). '"H NMR (500 MHz,
CDCly) & 8.81 (s, 1H), 8.73 (s, 1H), 8.16 (m, 1H), 8.07 (4, J = 8.0 Hz, 2H), 8.04 (m, 2H),
7.038 (d, J= 8.0 Hz, 2H), 7.24 (d, J=18.0 Hz, 2H), 6.67 (m, 1H), 2.41 (d, J=0.5 Hz, 3H),
2.36 (4, J=15.5Hz, 3H), 1.39 (s, 12H). MS: m/z 619.1 M+ H).

Step 6: Synthesis of 5-[3-(2H-pyrazol—3-yl)-lH—pyrrolo[2,3-b]pyridin-5-yl]-

nicotinamide.
[0262] Toa solution of 5—(4,4,5,5—tetramethyl—[1,3,2]dioxaborolan—2-y1)-1-(toluene-4-

sulfonyl)-3-[2-(toluene—4-sulfony1)-2H-pyrazol—3—yl]-1H—pyrrolo[2,3-b]pyridine (56 mg,
0.09 mmol) ina1:1 acetonitrile/saturated aqueous NaHCO:; solution (2 mL total) ina

microwave vial was added 5_bromonicotinamide (20 mg, 0.10 mmol) and [1,1°-

bis(diphenylphosphino)ferrocene] dichloropalladium (II), complex with dichloromethane

(1:1) (3.7 mg, 0.004 mmol). The vial was capped, flushed with No,
°C for 1800 seconds. The product was extracted

evacuated under

vacuum, and heated in a microwave at 90

into ethyl acetate and the organic layer was dried over Na,SO4. The solution was filtered

and concentrated under vacuum. The residue was redissolved ina 1:1 MeOH/acetone
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[ 0259] To a sol ution of

1- (5-brono-I H pyrrol o[ 2, 3-b] pyri di n-3-yl ) -3-di net hyl am no- propenone (1.93
g, 6.54 mvoabjedimi2et hanol (51nL) in a mcrowave vial wagcaddeasandryzlr ous
hydrazine (247 uL, 7.85 mmol). The reaction mxture was heated in a

m crowave at 80 C for 2.5 hours. The reaction (f‘iXt re was concentrated
under veadutiom (2 alafdtal) and Weated with 20@ shpbaR® BT aﬂ)a%fg‘i“éq{l %‘?ﬂﬁfe@%ﬁmr (1.50
, 87%yield). 1H NWVR 0 - il plits 9énd the 1H),
3 62 (ciminey empyghe ol EgEaRtERp whh aied drobfigelinti pi™ Tind e TR

m 2 263, dfdYhwas ldkiracié®iitdtethPydeeiaes i Bheafrganic layer was dried over Na,SOq, filtered,
5-brono-1-(tol uene-4-sulfonyl)-3-[.2-(tolu -4-su] fonyl ) -2 .

pyr azol amgladsdrbeoniprsilifage}- 2@1}3@- BpteHph Vel m’é’ﬁ{éﬁé’f é%fﬂl ‘f%o\él%ocﬁr %I_ﬁ!-hiyouﬁ &

5- brono-3-(2 [ - 3- = b4 ey ItHeN@nCcanthitedundeb. 75 nmol )
in tol ugﬁg&?gg%gﬁ\%gésm%éééé%alﬁggﬁgdj@fga ﬁg%&%ﬁﬁr oxi de (40%r\1/vte in H20
285 uL) vandma TH%edOd wanitraed with dietlys ethento afford dhe étleeanenpun 6 8 PE1SRas

stirred for 20 m nutes at anbi ent tenperatur d
par a- E obalEOSunE oty IM@)@?H@@@Q? 1}61,{4 %%%a})%%@, 1%2:1&%)(?77 $1dD eact i on
was SUILE n a UG ST B3 RE,000CY 4N, J =
extract éggﬂha[ )ggﬁ%?s’;gé’fé;?gsat}] 5"?&he50§?ga§i C Iaﬁ%;) vvasRWashed with H20 t hen
dried oyerH89m)0 8006015528, PAY/ M20053026 78R HNR2SO4. The naterial was
concentrated under vacuum and adsorbed onto silica gel. Purification by
flash c t wi: A 98y witdu @ gradient of ethyl acetate and
hexane Qﬁggfdg%fl@ﬁe ?’P@‘?Sﬁ%%uﬁ% as a yellowsolid (1.73 g, 53%yvyield).
1H NWR (500 MHz, d6-DVSO) 8 8. 68 (zssr"\lé‘!'_%’ 8.57 (d, J= 2.5 Hz, 1H), 8.54
E(cji j= 25%5'%HZH1 1I;I)H{ 8.741917(9;1 J1= 2. , 1H), 7.96 (d, J =9 Hz, 2H), 7.7939
, = Z — L 47 (d—JF—= 5—Hz—2Hy— 74t (d; 5. 8. Hz, 2A), 7.
(d. J=[3 Hz, 1%fructmres (s, 3H), 2. rpdurey” ' \g urpcgre 1 o ({,\/I + HH)
Step 5] Synthesis of 5-(4 4 5, R-tntranl_rr:)t Ay 43 2H1| o
di oxabor ginaas 2- yi) - 1- (t ol uene- BN \ N\ N

sul f ony o uene- 4- sul f oAyl Nyr azol -3 - pyfYol o [ 2, 31b]
pyridin To a sol ut
5- br onp-4.-£t ol uene- 4- sul f ony <[ 2- (t ol uene-4-su nyl)-2H

pyrazoli-3-yl] -1 H pyrrol o[ 2,3t b] pyridine (1.73 g, i DVF (7 i)
ina m ve vial was adde@bhs(pi nacol at o) di (175479, %! 04 mmol ),
I, 1" (1], N+ cOmplex with dig Qnet hane (1:1) gNQO. 11 nmol ), |and

sodi umjacetat@ (0.74 g, 9.06 \he vial was|cdpped, flushed with N2,

evacuat|ed.un v and hea®dd in a ME¥owave 140 C for 369839
secondsﬂ%h’ggg'{rlgc}ﬁ?%'s ext %fé-%?&%&&ffh% acgtate, washadmhth H2O

dri ed qver

H
HN \ N\

)

3
Z
NH

N=/
MS: m/z 301.1 (M+H).

MS: m/z 278.1 (M+H).
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Na2SO4, filtered, and adsorbed onto silica gel. The crude material was
purified inmmediately by flash chromatography using a gradi ent of ethyl
acet ate awmo 2bexase3 The purification afforded the titl ecTwspasnds7as a
white solid (0.72 g, 39%yield). "HNW (500 vHz, 8.04 (m 2H), CDC13) 8
8.81 (s Mitog 8- 73 (s, 1H), 8.16 (m 1H), 8.07 (d, J= 8.0 Hz, 2H), 7.03 8
(d, J =80 H, 2H), 7.24 (d, J = 8.0 Hz, 2H), 6.67 (in, 1H), 2.41 (d, J =
6.5 Hz, 3H), 2.36 (d, J=5.5 Hz, 3H), 1.39 (s, 12H. MS: nlz 619.1 (M +
H) . Step 6: Synthesis of |
5-[3-(2H pypazol - 3-yl ) - Iihpgmr ol of 2, 3- b] py |_|d| n-5-yl]- ni cotlma iode. [ 0262]
To a sol orcHof 5-(4, 4 t etramet hyl - [ ,23,2] |

di oxabor gl an- 2- ;L?_T)ﬂ_(tN]ol STEP2 N STEP 3
sul fonyl )>3-[2- (t ol uene>4 onyl) - 2H py | =17y cb] pyrid

ine (56 nmgr 0.09 nml) gn a 1:1 acetonitrijle/saturated aquebus NaHCO3
solution (2 nL total) in a mcrowave vi al "was added 5- br ondfi cot i nani de
(20 nmg, 0.10 mmol 1 d111 1" (1), "Conpl wi t h di chl oronet hane (1:1)
(3.7 my, OgfR(4 vi al wasny | ushed with N2, evacuated under
vacuum anc—heat & i a \mi crdEREe 0 CTor 1800 seconds. The product was
extracted into ethl acetate and the organic |ayer was dried over Na2SO4.
The solution was fgltered and con rated under vacuum The residue was
redissolved in a 1: 1 MOH acet one 2006/ 015123 PCT/ US2005/ 026792
solution (2 nL total) and treated with @H0 uL of 50% KOH (aq) sol ution and
stirred at anbient tenperature for 1 hour. Citric acid (1 M was added
dropwi se until pH = 7 and the product was extracted into ethyl acetate.

The or ganl%tePdyegryn\?h@lsonfl(édllmneﬁ-mamﬁephenm)-bymlmmyl-medlaadlsor bed onto
silica T urlfledb sh chromato raphy using a
gr adi en'gtp@ll o et é‘%ge(i %f%'ﬁ? “AiHPRGP baldehyde EJX%M mn(1301)

concent lraaré]d'dmud &HF mﬁﬂbwasTﬁ&hpﬁﬁdgqgﬁu%Oﬁﬁ&erm ed d%tyt}}p ofll Iggé%l rﬁE;\I rl\lﬂe?r ( 1:5 8 0

affordg ti fé’e corrpound as a bei solid (0.8
MHz, d6: ‘b%/%)’ dgd af w0 °¢fhe 1.1_321018(?11 msxtur_emyqs Wa&m@& i ﬁqonifd)npe&txﬁi% ahs, 1H),

5,50, (ssisttdovchigh Gopurdth parepfOabbnt o801l ot ol 1 e °
conpou nu&),rihe pmamzt loyervepenated 8ad thEagheus phhdeWkiriéted WithfROWL3ehd fgjure HN

N HN N
H rganic layérs were dried over sodium sulfate, filtered and concentrated. The crude residue

was purified by flash silica chromatography with a gradient of ethyl acetate in hexanes. (2-

Amino-5-bromo-phenyl)-cyclopentyl-methanol (425.9 mg, 50% yield) was obtained as a
yellow powder. MS: m/z 271/273[MH"].

Step 2: Synthesis of (2-amin0-5-br0m0-pyridin—3-yl)-cyclopentyl—methanone.
[0265] A mixture of (2-Amino-5-bromo-phenyl)-cyclopentyl-methanol (4259 mg, 1.57
mmol) and manganese(IV) oxide (2.73g, 31.4 mmol) in dichloroethane (12 mL) was heated
at 50°C for 20 hrs. The mixture was filtered over a pad of celite, the filtrate was then
evaporated down to give (2-Amino-5-bromo-pyridin—3-yl)—cyclopentyl-methanone (363.2
mg, 86% yield) as a yellow powder. MS: m/z 269/271 [MH™.

Step 3: Synthesis of 5-br0m0-3-(1-cyclopentyl—2-methoxy-vinyl)-pyridin—Z-
ylamine.
[0266] To a suspension of methoxymethyltriphenylphosphonium chloride (2.03 g,5.92
mmol) in THF (8 mL) cooled to 0 °C, potassium(bistrimethylsilyl)amide was added (1.26 g,
6.32 mmo]). The mixture was stirred at 0 °C for 30 minutes, and 2-amino-5-bromo-pyridin-

3-yl)-cyclopentyl-methanone (363.2 mg, 1.35 mmol) in 5 mL of THF was added. The
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MS: miz 278.1 (MrH+). OH AE38 OH AE39

rrr-OHNN N,O N
o (M 9 (MtH+). H HW NHN\V N NNN\V\ / NH

NN\ /
: mz 302.0 (MtH+) . S: mlz 4083.
OH N WOZMéDlQﬁS?l (MrH+) . Ms: nmfz 301.1 (MrH+) . 91 pPDURGE@E/00684 23

N
: EP | N STEP

CT/ US2005/ 026792 Method 9: NH2 NHZ OHNH ONH2 CHO 2 z N ST ; _

N STEReRctNnbhixBire Ras Slirred T LN ETEP r4 rN e g ¥h g(gz[ Q_in Sé ER 1& S%/rnt hefs 'S
of (2-am no-5- br ono- phenyr) & ¢y PSFERTIE HyarigBy The Blapn ves flters thcmd 0 .
2- Ani no-Budmfeitiva gyl il fiea®-warthal &%Byﬂ%dg%thggesicﬁﬁ%asgﬂlﬁﬁieb (og'f@éﬁn ydrous
THE (20 was rrﬁth Hlmagne_si um brom de 3Min diethyl €ther . m., .
mol ) i sm;%mﬁﬂgré‘? Y%%t @ Sragient, d FEPAS N hesanes © gm@ﬁbmm@d-(tlcn_ybm@(e:ﬂﬁ 1(;%] .

B TIE S ¢ nLoht. o Sat ted. aqueous anmoni um

added ¢ o poon iy SR SHERL Pl PR AR VP B S8 o Miméne. aqueous
phase exX¥&99dMH]t h Et OAc (3x20 nl). Organic |ayers were dried over
sodium sul fate, filtered and concentrated. The crude residue was purified

?g fl ash sS{eing gﬁ{tﬁggﬁ %-@pgﬁoﬂ-éﬂlﬂ)eﬂ{ﬁﬂiﬁ-% rr%ﬁo[gfsbly]lpqui%?ﬁe",it e i n hexanes.

52

NTg2Z

[0267] A mixture of 5 -bromo-3-( 1-cyclopenty1-2-methoXy-vinyl)-pyridin—Z-ylamine
(116.9 mg, 0.39 mmol) and perchloric acid (0.1 mL) in dioxane (1 mL) was heated at 80 °C
for 2 hrs. Solvents were evaporated and the residue was washed with a solution of 2M
sodium carbonate (5 mL). A precipitate was formed and filtered off. It was washed with
water and dried to afford the product 5-bromo-3 -cyclopentyl-1H-pyrrolo[2,3-b]pyridine
(69.8 mg, 67% yield) as a brown solid. MS: m/z 265/266 [MH"].

Step 5: Synthesis of 3-(3-cyclopentyl—1H—pyrrolo[2,3-b]pyridin-S-yl)-phenol.
[0268] A mixture of 5-bromo-3-cyclopenty1—1H—pyrrolo[2,3—b]pyridine (31.8mg, 0.12
mmol), 3-hodroxyphenylboronic acid (33.1 mg, 0.24 mmol) and 4.2 mg (5 mol %) of
dichlorobis(triphenylphosphino)palladium(II) were placed in a vial and 0.8 ml of acetonitrile
and 0.8 ml of a 2M aqueous solution of sodium carbonate were added and the mixture
irradiated in a Personal Chemistry® microwave reactor to 150 °C for 900 seconds. The
resulting mixture was distributed between 15 mL of a saturated aqueous solution of sodium
bicarbonate and 30 mL of dichloromethane. The organic phase was dried over sodium
sulfate and evaporated. The crude was purified vig silica gel chromatography using a
gradient of ethyl acetate in hexanes to give 3-(3-Cyclopentyl-1H-pyrrolo[2,3-b]pyridin-5-
yD-phenol (4.5 mg, 14% yield) as off white powder. 'H NMR (500 MHz, CD30D) 6 8.36
(s, 1H), 8.14 (d, 2Hz, 1H), 7.29 (t, 8Hz, 1H), 7.19 (s, 1H), 7.10 (d, 7Hz, 1H), 7.06 (s, 1H),
6.79 (dd, 2Hz, 8Hz, 1H), 2.1 (m, 2H), 1.94 (m, 2H), 1.8 (m, 4H), 1.37 (m, 1H). MS: m/z
279.1 [MH™).
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Am no- 5- br ono- phenyl ) - cycl opent yl - net hanol (425.9 ng, 50%yield) was
obtained as a yellow powder. Ms: niz 271/273 [ MH] Step 2: Synthesis of
(2- am no-wehw@mspygri di n-3-yl ) -cycl opent yl - met hanone.  [p02ASpooAond7E ur e of
(2- Am no- 5- br ono- phenyl ) - cycl opentyl - met hanol (425.9 ng, 1.57 mol) and
manganese(l&g oxide (2.73g, 31.4 mmol) in dichloroethane (12 nL) was heated

at 50Weftlpyd hrs. The m xture was filtered over a pad of celite, the
filtrate was then evaporated down to @ive 0

(2- Ani no: 5- br offb- pyri di n-3-yl ) - | - met hanondiN3 , 86% yi el d)
as a yeldo r. MsB: mz 269427 Step 3:

5- br ong-3 ppent yl - 2- met"fpox - vi -pyridin- 1 e [0266] To a
suspengli on of TethoxgWEPHYI tri yl phosphonj um chl oxfde (2.03 g, 5.92
mol ) i HE (8 nmL) cooled to 0 |C, potassiun({bistri hyl si |yl )am de was
added (126 g, 6.32 mmol). Th hxture was stirred for 30 m nutes,

and 2- -5-brono-pyridin- 3 e 63.2 ng, 1.35
mol ) i of THE was added. “TheT92y WD 2006/ 015123 PCI/ U52005/ 026792

reaction m xture was stirred at rodMtenperature overni BH 7 The sol ution
was filtered over a pad of silica gel, the filtrate vvas{érher;gevaporat ed,
and the resigdu S _.DUE Lf C iRl R og)-pivényljB-(BriaetheXidi ent of
Et OAC i nsﬁ%(gn&'\{%ﬁglosg'[%—?%’é ?]ngil(%&(sgﬁéycl ope&t?;yl - 2- I-

met hoxy - ‘ﬂh%{;l)qwb' dliolu(23vb pRiidme(TAH7626m) anddbdy [ leoxy R s o1 .
M5: nalz 299 ?M—H] .. Step 4: 'S g}th i%ol in-2-ol

5- br ono- 3—II:—pyi‘l@]hdﬂI3y1P]PB’HdHV§TY6]'BlE‘§?§’ -'BTE%)?H Inée. [0267] A mixture of

5-b -3-(1- | i IOy 5)-@py 3,6 ditnar@ethylani 116. 9 ,
0. 30 migop! admpPRiaN 3 TR .%“éhnf‘i’ B oxane %?g%ni@&( heaied ai 80
C forrgs h;[cﬁoxaﬁafdlﬁmz@rlm(telwnaécﬂubfp@ﬂ 'éﬁd’ﬂ?igﬁ?g’s'l? YIRS waéhe'g with a

| ution of 2M di b : ioDD 1188 enriEly afidrl d
711 L er eunalh 2 CHodna WS ASd B U i Shele é%ﬁ”#éflaf %Z%Bt%g & p é’gguct
5-b : 3= I - ig i fidk diehlo NGRS | d
iAokl et gl L) o
3-(3-cyg) Qﬁg{)tml(}_gm&mtdnﬁﬁdr[/(zﬁﬁﬂﬁ o] W@%ﬁ%’mﬁ @ieéf'lpa [6328@]] A mixture

of 5-bronp-3-cyclopentyl -1 Hpyrrol.of 2, 3=b i g L+Sehs dstdButedmol ),
3- hodrmpﬁarwop@m&«?r@tlééi@%ﬁbfﬂ Fég.“}%&xrﬁﬁféo aagt’r%l%%ftzengsw nmol % of

di chl or obi s(tiphenyl.ph ' J adbsuslutiorrof spliamddcarborates/i e and 0. 8
nm of REEVEHIYT ?fg&&%&ggﬁgh?ﬁl@? a&?ng aqueous sol utian of sodiym carbonate
wer e a%ﬁ%&%a@é"@aﬁh&ﬁ gteacted with dichloromethane and the combined organic p

were dried over sodium sulfate, filtered and concentrated. The crude product was then

h silica gel chromatography using a gradient of ethyl acetate in hexanes to

purified by flas
2-yl)-phenyl}-3 -(2-methoxy—pheny1)- 1H-pyrrolo[2,3~

afford 5-[3—(4,5—Dihydro-1H—imidazol—
MS: MS: m/z 369.1 [MH+]) and 2- {3-[3-(2-Methoxy-phenyl)-1H—

b]pyridine (11.2 mg,
2-01 (13.2 mg, m/z 387.1 [MH']), both as

pyrrolo[2,3-b]pyridin-5-yl]-phenyl} -imidazolidin-

green solid.
Method 11:
MeO
MeO HN \
HN \ Nl N
vy U Y
| STEP 1

I OH
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irradiated in a Personal Chem stry(r) mcrowave reactor to 150 C for 900
seconds. The resulting m xture was distributed between 15 inL of a
sat ur at edwequesausi2sol uti on of sodi um bicarbonate and 3@cmiusedos/026792

di chl oronet hane. The organi ¢ phase was dried over sodium sulfate and
evaporated. The crude was purified via silica gel chromatography using a
gradient of ethyl acetate in hexanes to give

3-(3- I tyl ol H -b idin-5-_yl)- I, .(4..5. 4% vyield
as o i R34, et o e ety el e BT wiipidingBy Vo0 O
1H), 7.29 (herphofin-4lylmetilyliphemdl. 1H), 7.10 (d, 7Hz, 1H), 7.06 (s, 1H),

6.79 (dd, 2Hz, 8Hz, 1H), 2.1 (m 2H), 1.94 (m 2H), 1.8 (m 4H, 1.37 (m
1H) . Ms: 10830k Azmgitllre[omh{ﬁr(%@e%}zm 18%-p3rrelei?. Ybhoosiip 2 e/kbphenpkt hod 10:
O - HN HN O N N 1. STEP | ./, & EQ.N HO N, HNi . HN- -~ - St 1:
Synt hest & for 8. 0 477 el Mo B (3 57 057 gD e parfheid 35 22 7, 1)
phenyl) - bbb BYh&I91PAGH B JHInRthAndl/RBudnéd 37 vad Sk BRSO °C for 1 hour, then 90 °C

2-13-[ 3-(2- Met hoxy-phenyl)- 1 Hpyrrolo [ 2, 3-b]

pyri di n-for ylHouph drnelrysultim glaght biavmecidot waf pRi68¢d By flashtsiliea gofl t he

D1 T R B haRe bkt OF HENL AT s tp Aty 3B G BBy by i ne
(43 ny, ﬂqe%ﬁ.r}Hr?ﬁl{@,l_o[22,343%311@1@95glmm&p%ﬁ:ﬂ%yﬁﬂaﬁﬁ:ﬂﬁén&mqi.@zrﬁgﬁsséy%- 7 ny,

0.128 mm_lidoa d 1, 1-""
bi s(di phenld) phwobitiselsd f & NYBR(F0NMHadCDAOD) p-&H4ald, didSittte 1), idrd Shiane

7 aai at BPPAspE g Caach ahes it T Py 18 Pk AT FRETHE e

crude rened @) 2mzX8M7.e Y3, 1di( gt sEpxtier, 7. betavaen, @Hyfwl.w @eEEhANEZ 1), a

sat ur at ed a?ueous sol ution of sodi um bi carbonate. The aqueous phase was

‘then ext4-A48(dHki1.87 th H).GrTnér hattd), 308 (bhe 4E0ndiyienz 4l gaddMH phases were

dried over sodiumsulfate, filtered and concentrated. The crude product was

then pupef7ijed Oyercbapbusislpreargiedy Metheadatiogr aphy usi ng a gradi ent of et hyl

acetate in hexanes to afford

[5-[3-(4, 5-Di hydro-1 Himdazol -2-yl)-glgpyd | - 3- (2- met hoxy- phenyl ) - 1H pyrrol o
2,3 +

Structure Structure Structure

MeO

HN

N
1

MS: m/z 431 [MH]. MS: m/z 444 [MH'].

MS: m/z 457 [MH"].
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b] pyridine (11.2 ng, M5 Ms: mz 369.1 [MH]) and
2-{3-[3-(2- Met hoxy-phenyl)-I H

pyrrol o[ Ay8-2bdqmusizdi n- 5-yl ] - phenyl }-i m dazol i di n-2-ol ( 28TAISows/028782 387. 1
[ MH]), both as green solid. Method 11: MeO MeOrHN HN 11 NI / STEP 1
OH N QJ94-\WDO-2006/015123 PCT/US2005/ 026792 Step 1: Synthesis of

5- [ 3- ( 2- Met hoxypphe ﬁ ) - 1H pyr Mg c]pyrldln- -yl ]-2- )

mor phol fi n- 4- vyl “th -prRenol . [ Axqure of |

3-[3-(2-netho L H pyr] uyridln- (14. 2 py,

0. 045 m nol) 5. 87 : Dl ) and dehyde (2|7 ng,
0.09 mol ) in 4P0 | of nethanol /ol uene (3 7) was 60 Cfor|1l
hour, tlhen 90 for 3 hours. i L Ot ¢ due was
purified by fl silica gel ora§hy using ¢ gradient of ethy

acetate in hexaptSogwp afford %- BLAOXY -

phenyl)-l;;p¥rrolo[2,3-b]pyridin- yI] 2- nor phol i t hy -pﬁ%hol 11.7
e

ny, 63% as white solid. NVR (500 VHz 744 (d, 1.pHz,
1H), 8.2§J(d S5Hz, 1H), 7.6MS:9n/z16 [MH 56 (dd & , THz, 1H), 7] 37
(d, 8Hg, 71 7.32 (dt, 2kmao7.8Hz, 1H), 7.19 (d&,SIsz 8Hz, 1H), 7.17 (d,

|n|)/z45&1[MH I's, 2H), 3.87

AH). MB: nilz 416.1 [MH] [0271]] @t her
e tructure Structure erll(‘fll’re

1. 5Hz, 14 (d, 8Hz, 1H), 7.06 (dt, 1Hz, 7Hz
(s, 3H) MF% '%’4(4&{1\/5{?#1) 3.00 (br s,

conpounds—prepared—by—Method—tt—Tab
MeO MeQ MO rHY rHN rHN  HN

MS: m/z 431 [MH™].

AE41
MS: m/z 444 [MH"]. MS: m/z 443 [MH"].

Method 12:

MeO

— Tso O/
N O NS O NS O
L STEP1 & STEP2 7
J Shs
O OMe N
CN
NH NH
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MS: mz 431 [MH#+]. S: mz 444 [MH]. MS: ni/z 457 [MH+]. 95 WD 2006/ 015123
PCT/ US2005/ 026792 MeO MBOrHN HN N~ HN ONOH NNv OH NOHN ~N M
m z 459 [WbHpoe/DEI28E40 S: nmiz 458 [MH]. NS nlz 443 [ Wokwsaodogs7biN HN  N%
N NH~N v,, OHOH "~ "N~N~ OH HM: mz 416 [MH]. Ms: mz 431

[MH+]. MS: miz 457 [MH#+]. OOHNHN N / N JyoH ' ~N NJ OH OH AE41 MB:
in/z 444 [MH+]. MS: mz 443 [MH+]. Method 12: Ts. N O-- Ts, N O- MeO HN N
N\ \ / N

Step 1: Synthesis of methyl 3-(3-(2-methoxyphenyl)-1-tosyl-1H-pyrrolo[2,3-
b]pyridin-5-yl)benzimidate.
[0272] HCI gas was bubbled through a suspension of 3-[3-(2-Methoxy-phenyl)-1-
(toluene-4-sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-benzonitrile (287.8 mg, 0.60 mmol) in
3.5mL of anhydrous MeOH. The mixture was then stirred for 5 hours at room temperature
before ether (20 mL) was added. The precipitate was then collected by filtration and dried
to afford methyl 3-(3-(2-methoxyphenyl)-1-tosyl-1H-pyrrolo[2,3-b]pyridin-5-

yl)benzimidate without further purification.

Step 2: Synthesis of (1-(imino(3-(3-(2-methoxyphenyl)-1H-pyrrolo[2,3-b]pyridin-5-

yDphenyl)methyl)piperidin-4-yl)methanol.
[0273] The imidate precipitate was then dissolved in MeOH to a total volume of 15.0 mL,
it was then divided into 15 equal portions (ca. 0.04 mmol each) for reaction with 15
different amines. To this imidate solution was added the 4-hydroxymethylpiperidine
(9.9mg, 0.086mmol, 2eq) and triethylamine (60 pl, 0.43 mmol, 10 eq.), the mixture was
stirred at room temperature for 2days. At the end of 2 days, NaOH (20 mg, 0.5 mmol) in
100 pl water was added to each reaction mixture to hydrolyze the sulfonamide. The
reaction was done 0 °C overnight. After removing the solvents, the crude product was
purified on reverse phase HPLC to give 5.0mg of [4-(imino- {3-[3-(2-methoxy-phenyl)-1H-
pyrrolo[2,3-b]pyridin-5-yl]-phenyl }-methyl)-cyclohexyl]-methanol as a white solid. 'H-
NMR (500 MHz, CD30D) §8.54 (d, 2Hz, 1H), 8.33 (d, 2.5Hz, 1H), 8.00 (dt, 1.5Hz, 9Hz,
1H), 7.91 (brs, 1H), 7.35 (t, 7.8Hz, 1H), 7.70 (s, 1H), 7.58 (m, 2H), 7.32 (dt, 1Hz, 8.3Hz,
1H), 7.12 (dd, 1Hz, 8Hz, 1H), 7.07 (dt, 1Hz, 7.3Hz, 1H), 3.86 (s, 3H), 3.48 (d, 6.5Hz, 2H),
3.38 (m, 4H), 1.78 (m, 1H), 1.42 (m, 4H). MS: m/z 441.1 [MH"].

[0274] Other compounds prepared by Method 12:
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STEP 1 STEP 2 OH \ \ | OV N CN NH NH 96 WO 2006/ 015123 PCT/ US2005/ 026792
Step 1. Synthesis of nethyl 3-(3-(2-nethoxyphenyl)-1-tosyl-IH pyrrolo[2,3
b] pyri diwe2egsgibi2enzi m date. [0272] HCL gas was bubbl eg¢ctrhusessgh2er92
suspensi on of 3-[3-(2-Methoxy-phenyl)-1-

(tol uene-4-sul fonyl)-1Hpyrrol o[ 2, 3-b] pyridin-5-yl]-benzonitrile (287.8 ny,
0.60 nmml) in 3.5nL of anhydrous MeE#pletBe ni xture was then stirred for 5
hours at—+rocomtenperature bhefore ether (20 m) s added. The precipitate
was t hen coIIé@FBﬁ”ﬁ? filtration afdruptieed to af ford nBtdayture
3-(3-(2-pmethoxyphenyl)-1-togyl -1 H pyrrol o[ 2, 3-b]pyridin-5 yl)benzi m date
wi t hout| fy MeQurification. MeO Synt hesi s jof MeO

(2-(i mno( qet hoxypheny ol of 2, 3-
yl) phenyN) N per i di n- 4-N [0273 e precipitate
was t henldidsol ved in MeOH tolq, ot al~Yol une of t was then

divided iffto 15 equal portionsy(ca. O. 04(Mﬂnn| ea for reaction wth 15

differgn pOHhi s i m da{e sol n was added the

4- hydr gx} gri di ne 08 nmol , 2e hyl am ne | (60 |,

0. 43 molN 7 the m xt rred at |\~ ure for |[2days.
wat er mas added to

At the lend of yg days NaCH (20 ng‘l? 5 mol) in| 100
each rgaction mxture to hyjrolyze!.~I he sul f onami|de. Tﬁﬁ* rea@®t on was done
0C oveﬂngw&42Aﬂ1@dHﬂenDV|1gmihﬂ%$¢Lw$NH§].the pﬁyd@g@4pggpgfmas purified

on reverse—phgseHPLCto—giye5-0ng of

[4-(im 2- met hoxy-
- met hyl - et ha
15 8. 54 8. 33
(br s, 7.8Hz,
8. 3Hz, 7, 12 (dd 1Hz,
3H), 3./48 2, 2H),
m/ z 44 . [0274] O hd
2006/ 015 805/ 0267

NH

MS: m/z 427.1 [MH']
MeO MeO MeO

MeO MeO MeO

MS: m/z 413.1 [MH']. MS: m/z 371.1 [MH']. MS: m/z 399.1 [MH™].
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Table 10 Structure Structure Structure MO MO MO HN HNHN N \ (r) N/
N OH OHNa N N NHNHNHOH M Jn/z 427.1 [MH#]. MS: niz 441.1

[MH -1. MW6 2000m1812441. 2 [ MH+]. MeO MeO MeO HN HN HN NpciRHuseoosiobé793 ~ / O
| HN I N NN NHNHNH M: miz 427.1 [MH]. MS: mz 456.2 [M-1+]. S:
m z 440 [IVH+] . MO MO Me HN HN N N Oet 11J f W C, N/ NJ NH NHNH
MS: m z| 484. 2 PhidefureVS: m Z 454. 2 Sthkbthre S: m z| 440. 2 [SkhkcfureHN MeO HN MeO
HNMO [N \ N VN \ OHN~NN. NHNHNH M:|nmz 413.1 [MN. M5 Mz
371.1 [M—I+H]N. SVe@/ z 399.1 [I\/I—I+'1IN 980 MeO

\

AFE42

NH
MS: m/z 413.1 [MH'].

NH NH
MS: m/z 399.2 [MH']. MS: m/z 428.2 [MH']
MeO MeO MeO

MeO

Y

MS: m/z 383.1 [MH'].

MeO
HN\
A0
I/
QU
N\r/
NH

MS: m/z 385.2 [MH'].

NH

MS: m/z 399.2 [MH'].

Method 13:
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WD 2006/ 015123 PCT/ US2005/ 026792 Structure Structure Structure MO MO
MOHNHNHN N (r) N Nloot OH (-Nve2 » N N NJ NHNHNH M niz
399. 2 [ M¥WD.200BI1515z 428.2 [MH]. S: mz 456.1 [ MH]. MpOrNseyosees79HN HN HN
N (r) N / NI NrDN~ O~ Nonml NH AE42 NH NH M5: mz 411.1 [ MH]. ME:
mz 413.1 [MH]. S mz 397.2 [MH]. MO MO MO HNHNHNN N (r) N
HHH N MNteol HEynthegs HTMZMeWBxymnﬁ&s.-(lH-M&@zol-ﬁ@i)-m@ysﬁaoz,jl\-lzwk : gg:
mz 399.2 [bw;l]idine.%t hod 13: MeO HN MeO gHN\ N STEP | | CN HN N z~

[0275] A mixture of -(2-Methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridine-5-carbonitrile (24.9

mg, 0.10 mmol), sodium azide (78 mg, 1.2 mmol) and ammonium chloride (64.2 mg, 1.2

mmol) were placed in a vial and 2ml of DMF were added. The mixture was irradiated in a

Personal Chemistry® microwave reactor at 150 °C for 900 sec, then 165 °C for 600 sec.

The mixture was concentrated and purified via flash silica gel chromatography using a

gradient of ethyl acetate in hexanes to give 3-(2-Methoxy-phenyl)-5-(1H-tetrazol-5-yl)-1H-

pyrrolo[2,3-b]pyridine (28 mg, 95% yield) as a pale yellow solid. '"H NMR (500 MHz,

DMSO0-d6) 6 11.95 (brs, 1H), 8.92 (d, 2Hz, 1H), 8.59 (d, 2Hz, 1H), 7.99 (br s, 1H), 7.74 (s,

1H), 7/59 (dd, 1.5Hz, 7.5Hz, 1H), 7.33 (t, 7.8Hz, 1H), 7.16 (d, 8Hz, 1H), 7.10 (t, 7.5Hz,

1H), 3.84 (s, 3H). MS: m/z 293.1 [MH'].

Method 14:

MeO
TsN \

N

]/

Br

Step 1: Synthesis of [3-(2-Methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-y1]-(3,4,5-

trimethoxy-phenyl)-methanol.
[0276] A solution 1.5M n-BuLi in hexanes (160 pL, 0.24 mmol) was added to a solution
of the 5-bromo-3-(2-methoxy-phenyl)-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3-b]pyridine
(91.5 mg, 0.20 mmol) in 2ml THF at -78 °C. The mixture was stirred at -78 °C for 30
minutes before 3,4,5-trimethoxy-benzaldehyde (94.2 mg, 0.48 mmol) in 3 mL of THF was
added. The mixture was stirred at -78 °C for 1 hour and then at 0 °C for 30 minutes,
quenched with MeOH, and then concentrated. The crude residue was purified by silica gel
chromatography using a gradient of ethyl acetate in hexanes to give [3-(2-Methoxy-phenyl)-
1H-pyrrolo[2,3-b]pyridin-5-y1]-(3,4,5-trimethoxy-phenyl)-methanol (32 mg, 38% yield) as
a white solid. MS: m/z 420.1 [MH"]. |

[0277] Other compounds prepared by Method 14:
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WD 2006/ 015123 PCT/ US2005/ 026792 Step 1: Synthesis of

3-(2- Met hoxy- phenyl )-5-(1H tetrazol -5-yl)-1H pyrrol o[ 2, 3- b] pyridi ne.

[ 0275] A woxbvew@sns PCT/US2005/026792

- (2- Met hoxy- phenyl') - 1K pyrrol o[ 2, 3- b] pyri di ne-5-carbonitrile (24.9 ny,
0.10 nmmol ), sodium azide (78 ng, 1. CZIT%H and anmmoni um chl ori de (64.2 ny,
1.2 mol) were placed in a vial an of DMF were added The m xture was

irradiated in a Rersonal [Stry{r)yTnecrov actor 150 C for 900
sec, then 165 C fgr 600 sesyh%'t“lphe m xture was Vgﬁﬂﬁg’r’fﬁrat ed and purified via
flash silica gel chromatogpgyhy tsihg—a—gradi-esnt ethyl—acetate in
hexanes to give 3-|(2-Me phenyl ) - 5- ( 1H4 -yl)-1H

pyrrol o[ 2, 3-b] pyri|di ng 95% yi el d) ag vel l ow solid. "H NWR
(500 MHz, DMsO-dg) ® , 1H), 8.9 1H), 8]59 (d, 2Hz,
1H), 7.99 (br s, 1H) 1H), 7/59 7.5Hz| 1H), 7.33 (t,
7.8Hz, 1H), 7.16 (|d, 7.10 (t,(7.5 3.84 (5, 3H. M5 niz
293.1 [ MH]. Met hqd4d4 HN s \ | gH=P N HO Me  Br 1-511 Me M
Step 1. Synthesis |of

[ 3- (2- Met hoxy- phenyl ) - 1HpyriaMeo[ 2, 3- b] pyri di n~8-yl ] - (3, 4, 5¢

trinmet hoxy- phenyl ) - met hanome [0276] A splution 1.5M n-BuLi |n hexanes (160
L, 0.24 mmol) was |added to a solution pMSX:z332[MH].

5- br onp- 3- ( 2- met hoMS phérll YMHE (1 ol uene} 4- sul fonyl ) - 1H pyrrpl o[ 2, 3- b] pyri di
ne (91.5 ng, 0.20mml) in 2m THE at 78 T. The m xture was stirred at

-78 Cfor 30 mnutes before 3,4,5-trinethoxy-benzal dehyde (94.2 ng, 0.48

ol ) i@ﬁ1 g{tlg_f THE was added. The mixture was stirred at -78 Cfor 1
hour an t 0 C for 30 minutes, quenched with MeCH, and then
concentrated. The crude residue was ,gg@l fied by silica gel chr omat ogr aphy
using a of ethyl acetatid-i

1 Hpyrro =] pyridi n-5-yl

te solid.

14: gTdQ

Step 1: Synthesis of [2-(4-{5-[3-(2-Meth0xy-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-

yll-pyridin-3-yl}-piperazin-1-yl)-ethyl]-dimethyl-amine.
[0278] To a solution of 5 -[3-(2—Methoxy—phenyl)-1-(toluene-4-su1fony1)-lH—pyrrolo [2,3-
b]pyridin-5-yl]-pyridine-3-carbaldehyde (24 mg, 0.050 mmol) and dimethyl-(2-piperazin-1-
yl-ethyl)-amine (10 pL, 0.065 mmol) in 1.5 ml dichloroethane was added 3 puL of AcOH.
The mixture was stirred at room temperature for 30 minutes before sodium
trioxyacetylborohydride (22mg, 0.10mmol) was added. The reaction mixture was stirred at
room temperature for another 2 hours before being concentrated. The resulting residue was
then dissolved in 2ml of MeOH, to this was added 100 uL of 5N NaOH, the mixture was
stirred at 60 °C for 2 hours. Solvents were removed and the residue was purified by flash
silica gel chromatography using ethyl acetate and then a solvent mixture
(NH,OH/MeOH/CH2Cly/EtOAc=0.05/1/4/4) to afford [2-(4- {5-[3-(2-Methoxy-phenyl)-1H-
pyrrolo[2,3-b]pyridin-5 -yl]-pyridin-3-yl} -piperazin-1-yl)-ethyl]-dimethyl-amine (4.70 mg,
20% yield ) as a white solid. MS: m/z 471 [MH'].
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WO 2006/ 015123 PCT/ US2005/ 026792 Table 11 Structure Structure HN MeO HN
MO N SN11 O MHHON M M Ms: mz 332 [MH]. M nlz 421 [ MH].
Met hod 15woNB€@/01323 MeO HN N STEP | N N CHO Step 1: Syrchast@sobe792

[ 2- (4-{5-[3-(2-Met hoxy-phenyl)-1H pyrrol o[ 2, 3-b] pyri di n- 5-
yl]-pyridin-3-yl}-piperazin-1-yl)-ethyl]-dinethyl-amne. [0278] To a

sol ut i onl%7915- Pihqrzompevisieypr yMethotldiSuene- 4- sul fonyl ) - 1H pyrrol of 2, 3-
b] pyri di n-5-yl]-pyridi ne- 3-carbal dehyde (24 ng, 0.050 mmol) and

di met hyl - (2- pi perazin-1- yl-ethyl)-apase1£10 L, 0.065 mmol) in 1.5 n

di chl oroet hane was added 3 L of AcOH. The m xture was stirred at room
tenper at ure foiStafrtateut es bef ore sot-Hefurd 11 OXyacdet Yl Dogfiiede (221,

0. 10mol ) was added. The reagtion m xture was stinred at roomtenperature
for another 2 hours before bgrng conceptrared. Thg resutti residue S

t hen di sslqhvd i® 2ml of MeOH, Ho thi® was added 104) L of &N NaCH, the
m xture wap \\stiteed at 60 C|forN S <

resi due by flash y<a
acetate & sol vent miqiuL g

0.05/ 1/ 4/4) to

af ford ([ 2-Y(4-{5-[ 3- (2- Mgt hoxy H pyrrolo
[ 2, 3- b]{pyAdi n- 5 1. di n- - pi perazin-1-yl|)-let hyl ] - di ngth m ne
(4.70 nog|” ¢ ﬁl ) as a whi 5ol i[A\MVS: il z 4] MM%

N ]Ni)l

MS: m/z 471 [MH+].

MS: m/z 385 [MH+]. MS: m/z 470 [MH+]. MS: m/z 384 [MH+].

Method 16:

Ts, @)
N
\
N7
l =

4 ~

O O

Step 1: Synthesis of 5-[3-(2-Methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-2-
methyl-1H-benzoimidazole.
[0280] To a solution of 5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-
sulfonyl)-3-[2-(toluene-4-sulfonyl)-2H-pyrazol-3-yl]-1 H-pyrrolo[2,3-b]pyridine (50.4 mg,

- 0.10 mmol) in a 1:1 acetonitrile/saturated aqueous NaHCO; solution (2 mL total) in a
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WO 2006/ 015123 PCT/ US2005/ 026792 [0279] O her compounds prepared by Met hod
15: Table 12 Structure Structure Structure H NOH O VvVON-~NNNI /I
[INVWe2 Wo2bbardWs123 / F F S mlz 471 [MH].  MS: iz 488T[Uskbobi02dvB: ni z
402 [MH]. H* O H OH O NNNN VNNAN, /J NAE43 Ms. mz 385 [ MH].

MS: m z 141?(90\&15%‘]131 was dﬂd%d§%401£1Wethyl-'\fﬁ-ﬂél%oi‘rﬁfda%le {55 mB 0 YNmhbiPdk 1

0'B,0 HN-~ Step 1: Synthesis o

5-[3-(2- Net’ Fh)ﬁ(@}ghheﬁphosphiﬂo)fynomﬂnelﬁdﬁerb])madim (5 eyipleR - withet hyI -1 Hb
in§0|2]m d ?@i‘g}!ﬂgq:%%ﬂngp%gll >}3¥3 ?nigp brqz)gg)gmg{ ?‘hg Vlal was ga};[peet rf?us ed w1th Nz,

sul fonyl dva3ndted ﬁﬁ&lr V@(Elﬁlh’fl and Is{u‘i’&y 1) a AR OWERZRN 53°0 I 118|d0§¥&ﬁ1% Ofge 3- b] pyrid

ine (50.4 nyg, mol ) i'n a 1 acetonitrilel/saturated aqueous NaHCCO3
sol uti onpl@@ucm_wasmiahqted mtfaethQQadﬁlateZﬁ@lﬁhé) SN lmfmusme&b@aav@sm nifhe owave

vi al was ded 5- I - | H-benzoi m da and

o o R R i o AL theCHITo, ST den i pITied BOmbIes wi ¢ b
phase HPLC to afford 5-[3-(2-Methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-y1]-2-methyl-
1H-benzoimidazole as a beige solid (10.1 mg, 28% yield m/e 355 (M + H+).

Intermediate Synthesis:
Synthesis of 5-Bromo-2-isopropyl-1H-benzoimidazole

Br

2HCl + \ho — N
HN—4
Br

[0281] A mixture of 4-bromo-benzene-1,2-diamine di-HCl salts (1 g, 3.8 mmol) and
isobutyraldehyde (0.71 mL, 7.7 mmol) in 10 mL of water was stirred at 100 °C for 15 hours.

NH2
NH2

Solvents were removed to afford the crude 5-bromo-2-isopropyl-1H-benzoimidazole as a
dark brown solid, which was used directly without further purification. MS: m/e
239.0/241.0 [MH'].

Synthesis of 5-Bromo-2-methyl-1H-benzoimidazole

NH2 Br

NH2

OH

2HCI + /&o — \

Br HN\<
[0282] A mixture of 4-bromo-benzene-1,2-diamine di-HCI salts (2 g, 3.8 mmol) and
acetic acid (0.87 mL, 15.2 mmol) in 10 mL of water was heated at 100 °C for 15hrs.
Solvents were removed, the crude 5-bromo-2-methyl-1H-benzoimidazole was obtained as a
dark brown solid, which was used directly without further purification. MS: m/e
239.0/241.0 [MH"].

[0283] Other compounds prepared by Method 16:
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di chl oronet hane (1:1) (3.7 ng, 0.004 mol). The vial was capped, flushed
with N2, evacuated under vacuum and stirred in a mcrowave at 155 C for
1800 secowgdooslhs123pr oduct was extracted into ethyl acetatrasamgobdrez or ganic
| ayer was dried over Na2SO4. The solution was filtered and concentrated

under vacuum The residue was puri%éﬁgéby reverse- phase HPLC to afford

5-[ 3-(2- Met hoxy- phenyl ) - 1H pyrrol

b] pyridi n-5-yl]-2-nethyl -

1H benzoi m dazol e as a heige soki Aééulc;nlil g, 28p6 yi egtgu{ﬂl?e 355 |(M + H).

| nt er medi at e Syintchwe®i s:  Synt hesi s\S
Br NH2I NH2 2 HCl + HN Br [0?R1leOA_ IV TN

di - HC1

- 1H benzoi m dazol e
xture—of—#=bromgopenzene-|1, 2- di am ne
i sobut yr al dehylex\( 0. m., 7.7 mmol) in

8 ono- 2- | sopropy

salts (1yg, 3.8 innol )_,Nﬁ
er

10 L of MeEy as stirred at (109 or 15 hour§ S werge renoved to
afford . b- br ono- 24i W< 1H benzoi m a dafk brown
solid, W used diregthy wi thout further p fication. M5 me

239. 0/ 2 Synt hesi{s_sf 5- Brono- 2-net hyll - 14 benzoi m dazple NH2 Br
NH2 OH 2 HO + ON Br [0282] A mixtu f

4- br ono{ Henkene- 1, 2-di ami nd dif- HC1 salts (2 g, & mwpl) and acetic acid
(0.87 nl, Y58 mol) in 10 mtiNof wat e®Bas heat edupat” 100 Caftor 15hrs.

Sol vent

3 WF® renoved, the %de r(ﬁm{ met hyl - 1H benzoi m_dazol e was
N ’ v / -2)' 4
4’ Z\s\}%l

obt ai ned as dark brown s ch was used Msﬁé‘(ﬁﬁ@z%ﬂfﬂﬁ}at further
purificatiaon. ; 239.10/241.0 [ MH]. [0283]{ O her conpoundg prepared
Gasli,
MeO

by Met hddi®en/z

006/1015123 PCT/ US2005/ 0268792  Fable—413

I C

HN\

OH AFE44,
MS: m/z 353 (M+H).

a) Purification on silica gel with a gradient of methanol/dichloromethane

b) Dichlorobis (triphenylphosphino)palladium (I1) as catalyst

Method 17:

0]

o)
HN
NH, /J\NH /J\NH _ ™S HN— " \\\ |
X EP 4

NNy STEP1 N _STEP2 NS _STEP3 _ N _STEPZ .

l/ 1/ _ =
Br Br o

‘ Br

Br

Step 1: Synthesis of N-(S-bromo-3-iodo—pyridin-z-yl)-acetamide.

- . I
[0284] Toa solution of 5-amino-5-bromopyridine (12.7 g, 7 3.4 mmol) in DMF (150 mI)

was added iodine (14.9g, 58.7 mmol) and sodium periodate (6.3 g, 29.4 mmol). The
reaction mixture was stirred at 90 °C for 20 hours, then diluted with water and extracted
with ethyl acetate. The combined organic extracts were washed twice with a 1 M aqueous

solution of sodium thiosulfate, dried over anhydrous magnesium sulfate, and filtered over a

pad of silica gel. Solvent was evaporated to give 16.5 g of a brown solid. The solid was
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Structure Structure Structure MO HN MO 11 OHN\ ~\ HNN N1~ N N
HNIT NHNC a,b HNCab ~ M mz 341 (MiH+). S: mz 342 (MtH+). MS:. niz

383 [ MH+]wolbdoisids\ _ N/ F F F OH AE44, M5: nz 353 p(Cifeis2)05/029792
Purification on silica gel with a gradient of nethanol/dichloromethane b)

' ' i hi I 1 adi [ tal yst Method 17: o

N A A R P B R ol R iR it Ty il G ol ey o
S ' b (s B ' 1 oH - -acetl a e..

B 5 ol loReatyagbivial adlihon Of KRB EnbAACTRY MY Bid) RS H AR e

m)  wasWaggitred adoome tqmpkr@gre H5827 howrs thenan 60 SOdorh@es. Sutainewas. 3 g, 29. 4
i 20 hours, then dil uted

mol ). T react | m xture was. stirred at 90 C for .

Wit h) wat g\r?apg%a _ eaﬁ?td(r%g%feéldlue\)ﬁaﬁ ﬁa%’tt]ﬁi}?‘{ ]r&?f‘é(f’%ﬁ water700aeh#i¥ed or gani c extracts
wer e wasdielototheBant(190 A1) 1TAd ﬁﬁesmayerws%kﬁg{}e@{mé@ﬂh%hﬁ' osulfate, dried
over anha/,dr ous magnesi um sul fate, and filtered over a

ichloromethane and the combined organic layers were dried over anhydrous magnesium

sulfate and filtered off. Purification by flash chromotography on silica gel with a gradient of

ethyl acetate/hexanes afforded the title compound as an orange solid (7.76 g, 41% yield). 'H

NMR (DMSO-dg): 8 10.17 (s, 1H), 8.55 (d, J=2.0 Hz, 1H), 8.54 (d, J=2.0 Hz, 1H), 2.01 (s,

3H); HPLC/MS n/z: 340.8, 342.8 [MH]". Diacetylated material was also isolated as a light

orange solid (7.0g, 33 % yield). 'H NMR (DMSO-d¢): & 8.78 (d, J=2.5 Hz, 1H), 8.74 (4,

J=2.5 Hz, 1H), 2.17 (s, 6H); HPLC/MS m/z: 402.8, 404.8 [MNa]".

[0285] The diacetylated material (7 g, 18.27 mmol) was dissolved in dichloromethane
(180 ml) and treated with PS-trisamine (26 g, 3.53 mmol/g loading, Argonaut
Technologies) for 17 hours. The resin was filtered off, washed with, dichloromethane and
the solvent was evaporated to give 5.95 g of the title compound, contaminated with 10 % of

2-amino-3-iodo-5-bromopyridine.

Step 2: Synthesis of N-(5-bromo-3-trimethylsilanylethynyl-pyridin-2-yl)-
acetamide.
[0286] To a suspension of N-(5-bromo-3-iodo-pyridin-2-yl)-acetamide (6.42 g,
18.83 mmol) in dichloromethane (90 ml) was added triethyl amine (3.15 ml, 22.6 mmol),
then the mixture was cooled to 0 °C anddichlorobis(triphenylphosphino)palladium () (66
mg, 0.094 mmol) and copper(I) iodide (36 mg, 0.188 mmol) were added sequentially.
Finally trimethylsilylacetylene (2.93 ml, 20.71 mmol) was added dropwise, and the ice bath
was removed. After stirring at room temperature for 17 hours, the crude mixture was
directly adsorbed on silica gel. Purification by flash chromatography on silica gel with a
gradient of ethyl acetate/hexane afforded the title compound as light yellow solid 4.75 g,
81 % yield). "H NMR (DMSO-de): & 9.99 (s, 1H), 8.31 (d, J=2.5 Hz, 1H), 7.95 (d, J=2.5
Hz, 1H), 1.82 (s, 3H), 0.00 (s, 9H); HPLC/MS m/z: 311, 313 [MH]".
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pad of silica gel. Solvent was evaporated to give 16.5 g of a brown solid.
The solid was 104 WD 2006/ 015123 PCT/ US2005/ 026792 di ssolved in THE (150
m ) and cwol2eeb/d1s126 C. Pyridine (6.7 m, 71.7 mmol) was paddsdiosokerbt onwed by
dropwi se addition of acetyl chloride (5.1 m, 71.7 mml). The reaction

mxture was stirred at roomtenperature for 20 hours then at 60 C for 4
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Technol ageesyhdxanesiptovided the tifleeompeiund gwlsght beige flaliesofl 33 ghddmder wi t h,

di chl or onet hane a he sol yent evapor at t.0 Qi .95 the title
conpoundP {9?&1%“?7?&'3? éﬁ:‘“ﬁf PR s%ﬁa @gl\cl)\‘%?h %ggﬁfeﬁng% PYs g%f%e%%%%ya?tl‘ogl He. st ep

2: Synt gﬁéf;esof(?ﬁe M4 SRR 3 a eFystRlidyd W deR (6/15ah By Y b cpibindd Ficld i 2.01 g;
acetam de. [0286] To a suspension of

N- ( 5- br 06%3- HONMRo@DPMSIOrdd: §1 )1-88ct Hl, 8246, k22.§ Hz dH33B. s, J=2 Hz,

di chl or onet hane (9Q S riet am i ),

o o ot Hane, (90, 1) WG A58 1 8 Wb ST R B 187 g™
anddi chl or obi s(tri phenyl phosphi no) pal | adi um (11 66__nmgy, 0.094 mmol) and
copper (s) iSvep de SyBthesiy of S-brogoririddo-ldmyreald -biml!@htw-al ly. Finally

e bat HOZBRY ermsob@RR At saronb T PR T B (R U, TP S0 e
crude mi 3@ (101 Whe Rilel W-dsaichiagnide (377 ingal g2 mmAWin drieqatiian Thy f1 ash

chronat ography on silica gel with a gradient of et hf(l ac?t,at e/ hexane
af f or dedreatteon mixtere sesEBIR atagom; tgRPEBIG i 43S sringtep AThegegpltingaregpyfpte) q) . 1H

NVR ( DVSO- dB), . 99 s . = . 7 v Fe2. 5
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title compound as a cream-colored solid (329 mg, 67 % yield). '"H NMR (DMSO—dg): &
12.36 (s, 1H), 8.30 (d, /= 2.0 Hz, 1H), 7.85 (d, /= 2.0 Hz, 1H), 7.80 (d, /= 2.5 Hz, 1H);
HPLC/MS m/z: 323.

Method 18:

HN
HN\ \
VY O O
| =
= STEP 1

OH

¢ y
OH OH

Step 1: Synthesis of 4-[3-(2-ethyl-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-2-(4-
hydroxy-methyl-piperidin-1-ylmethyl)-phenol.
[0289] 59.8 mg (0.19 mmol) of 4-[3-(2-ethyl-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl1]-

phenol was dissolved in a mixture of 0.6 ml of methanol and 2.4 ml of toluene. 11.4 mg
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5 br onmy, yarox9shetiyHpmeridal D&Bnéthjd}-pmrfog rambel%égtz@g}s | %@%oﬁdmﬁeﬁﬁp a

5-b |
e T e T
reacti ?f‘qﬁﬁr 14 §| %?'f.sa‘?kﬁlr mg 73% (£,.92m.3 Hﬁpﬁmta%e(df o1 8 85 HMAL (SThe

resul ti

itered off hed
ot onextbandade ok b iy aiG A%dgirs 82 011, 280 Ketpbldiadlly 298 0hY Sol or ed

solid 67 %
>0 Hz%m”?m g1 @S 185 v, o) g OVIRE RO @ =78 B9, T M B0 L8
rilz: \;ﬁ@t{ﬂl\/emod 18 HN HNN STEPI OH N OHOH Step 1: Synthesis of

4-13-( phenyl ) - 1Hpyrrol of 2, 3- b] pyri di
5-yl]-2-(4-
hydr oxy- nethyl pi peridin-1-ylneth AR
yl)-phenol . [0289] 59.38
421 3- (2MethedL9%heny! ) - 1H pyr r ol of 2, 3 b]py”dlnSyh ng (0.19 nmol) of

N X N N
_STEP1

Synthesis of 4-[3-(2-ethyl—phenyl)-1H—pyrrolo [2,3-b]pyrldm-S-yl]-pyridin-Z-ol.
[0291] 26 mg (82 umol) of 3-(2-ethy1-pheny1)-5-(2-ﬂuoro—pyridin—4-yl)-1H-pyrrolo[2,3-
b]pyridine was dissolved in a mixture of 3 ml of 1,4-dioxane, 1.5 L1 of water, and 0.5 mL of

concentrated aqueous hydrochloric acid. The solution was stirred at room temperature for
16 hours and then at 100 °C for 3 hours.

[0292] Upon cooling the mixture was distributed between ethyl acetate and a saturated

aqueous solution of sodium bicarbonate. The aqueous layer was extracted twice with ethyl
acetate and the combined organic phases were subsequently washed with brine, dried over
sodium sulfate and evaporated to afford 25 mg (79 pmol, 96 % yield) of 4-[3-(2-ethyl-
phenyl)-1H—pyrrolo[2,3-b]pyridin—S-yl]-pyridin—Z-ol. 'H-NMR (ds-methanol) &: 8.52 (s,

1H), 7.97 (d, J= 2 Hz, 1H), 7.44 (d, /= 6.3 Hz, 1H), 7.40 (m, 11, 7.32 (4, /=78 Hz, 1H),
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phenol was dissolved in a mxture of 0.6 mM of nethanol and 2.4 m of
toluene. 11.4 ng 106 WD 2006/ 015123 PCT/ US2005/ 026792 (0.38 mmol) of
par af or mavoehyasead 32. 3 ng (0.28 nmol) of 4-piperi di negetusasusiozemer e
added and the mi xture heated to 90 C for 20 hours. [0290] The m xture was

armoni o1 PHeeDrd S0t TRy s aet o Phyae b o2 Sty

acet at e Nawdnt3e6 ¢omne organic | ayers were washed with brine, dried over
sodi um sul fate and evaporated. The crude was purified by nmass-triggered
reverse-phase HPLC to afford 2 ny (3[4‘ ]EDM 2 %yield) of
4-[ 3-(2-ethyl -phenyl)-1H pyrrol of 2, B pyridin-5-yl]-2-(4-
hydr ox yrethyt=piperidr=—t=ytnet hyl ) - phenol as a beige solid. 'H NWR
Fhctyrg
[\

(d4- nmetfhanol ) O(m 34, 8.45 (s, 1H, 7.90 (d, J= 2 Hz, 1H), 7.52
(m 2H}—F41{s—3H—F-238(d, J= 7.3 Hz, 1H), 7.32-7.34 (m 2H), 7.26

(t, J=|7. 6.96 (d,| J= 8.8 Hz, 1H), 4.17 (s, 2H), 3.44 (d, J=5.9
Hz, 2H), = 12.2 Hz, 2H), 2.80 (t, J= 11.2 Hz, 2H), 2.68 (q, J
7.3 Hz,| N d, J=13.2 Hz, 2H), 1.46 (m 2H), 1.08 (t, J= 7.8 Hz,
3H) . Mg [ MH]. Method 19: HN HN NN STEP 1 N F N OH Synt hesi s
of 4-[3-(2Z-ethyl-phenyl)-1H|pyrrol o[ 2, 3-b] pyridin-5-yl]-pyridin-2-ol.

[ 0291] Yy (82 nol) of

3-(2-et - phenyl ) -5-(2-fl uoyo-pyridin-4-yl)-1H pyrrol o[ 2, 3- b] pyridi ne was
di ssol v ¥h a mxture of 3 M of 1,4-dioxane, 1.5 LI of water, and 0.5 niL

of corjcent,y at ed aqlﬂ{%*hydrochl oric acid. The solution was stirred at
roomtgnperature fo hours and then at 100 C for 3 hours. [0292] Upon
cool i ng NiRe,mauysaIyas di styibuted between ethyl acetate and a saturated
aqueoudq solution of Sodium by carbonate. The aqueous | ayer was extracted
twce with ethyl acetate and the conbi ned organi c phases were subsequently
washed i30ko HBr mas ushdiigstea/efrcongddClum sul f at e and evaporated to afford 25

mg (79 r@lh ggg%yi eld) of 4-[3-(2-ethyl-
phenyl) - | o[ 2, 3-b] pyridin-5-yl]-pyridin-2-ol. 1H NWVR (d4-nethanol) S
8.52 (s, 1H), 7.97 (d, J= 2 Hz, ¥)_7.44 (d, J=6.3 Hz , HN: 7.40 (m

\

1H), 7. 3274, \J 7.8 Hz, 1H), N7
N
X STEP 1 STEP 2
NI/ . — OTs on
OTs /B\ N/ N/
Br Q o ==/

3L

Step 1: Synthesis of toluene-4-sulfonic acid 4-[5-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1H-pyrrolo [2,3-b]pyridine-3-yl]-

phenyl ester.
[0293] 2.82 g (9.75 mmol) of 4-(5-bromo-1H-pyrrolo[2,3-b]pyridine-3-yl)-phenol and
3.10 g of para-toluenesulfonyl chloride were dispersed in 400 ml of toluene at 45°C. 45ml
of 50 % aqueous solution of KOH and 1.5 ml of 40 % aqueous solution of tetra-7-
butylammonium hydroxide were added and the resulting mixture stirred vigorously at
ambient temperature for 6 h. The resulting mixture was diluted with 100 ml of a saturated
aqueous solution of sodium bromide, the phases separated and the aqueous layer extracted
three times with toluene. The combined organic phases were washed with a 2 M aqueous
solution of sodium hydroxide, dried over sodium sulfate and evaporated. The crude was

crystallized from ethanol containing 10 % v/v of toluene to afford 3.22 g (5.29 mmol, 55 %
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107 WO 2006/ 015123 PCT/ US2005/ 026792 7.25-7.28 (m 2H), 7.18-7.22 (m 1H),
6.69-6.71 (m 2H), 2.59-2.63 (m 2H), 1.02 (m 3H. M mz 316 [ MH].
Tabl e 14 wétoewmtisrze HO HN \ N N~ OH AE45, Ms: m zp8@Aishddsivpe79% 30% HBr

was used instead of cone. HCl. Method 20: Ts-NHN Ts-N N NI STEP 1 N
STEP 2 OH 11 OIs OIs Br O1B\ ONN Step 1. Synthesis of
t ol uene-ydeld§udfftohiete-deitforic [aad(44[54b15n@-1 éphaneﬂi‘wlfoilbﬂ) -3H2pyreilelRadb

phony! dubeing b BatRBTEcsie b sRpkelgpjicgpedss 0 2 201 pridinesyl -

4- (5- brono-1H pyrrol 052 3- b] pyri di ne- 3 yl ) - phenol and
of par a- t[629Mnek b0 géAy | noholdpf tes m@lieéa]dﬂéﬁéﬂ&@ﬁbllsﬁ@l%@lam)dlbpm%@m o4t 45

C 45 m 50 9% agueous S I.on K ueous

sol uti or‘?ng}’érf)'éi oty ac %Fyafngr%‘r@ ?rﬂﬁyldrcgg@@l’%elé}v’eﬁhd%laﬁggé cf%gﬂe resul ting
m xture p%llhdlﬁ@l@ﬂ)vdlglﬂbﬁ@@hiﬁh@?em@eﬁﬂieﬁd&ﬁuét@@é[:)Rtt:etf 1 $raith® viul aidehervgslul ti ng
m xture was diluted with 100 of a saturated aqueous solution of sodium

br oni de WQSH@S}@%‘Q’& ngw&naﬂéml@ﬁalﬂm@%@%@uﬁaﬂ adgleq andthe gaixBye ifadiaded ti nes
wEh Lol eR bl %@w&% F B CGBIRSED tehe 1 ¥RSEdnihl:l s el aguecus

sol uti on 6f sod over | um's ate an evaporated. The
crude V\/@eS'ap(ﬁrEt)é&TaaGS b edlddrirednced beanaire andthairesultingh@sidhw distriblutaddietvecea t o
afford 3.22 g (5.29 mol, 55 % 108

ether and saturated aqueous sodium bromide solution. The aqueous layer was extracted

three times with ether, the organic phases combined, dried over sodium sulfate and filtered

over celite. The filtrate was evaporated and dried in vacuum.

[0295] The residue was re-dissolved in 150 ml of ether and the resulting suspension
washed three times with 80 ml of a saturated aqueous sodium bromide solution, dried over
sodium sulfate and evaporated. The residue was stirred with 200 ml of hexanes until a
beige suspension was obtained. The insoluble residue was filtered off and dried in vacuo to
afford 1.00 g (1.55 mmol, 62 %) of toluene-4-sulfonic acid 4-[5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1 H-pyrrolo[2,3-b]pyridine-3-yl]-phenyl
ester as a beige powder. "H-NMR (d;-methanol): 59.19 (d, /= 1.4 Hz, 1H), 8.95 (4, J= 1.5
Hz, 1H), 8.57 (d, J= 8.3 Hz, 2H), 8.57 (s, 1H), 8.26 (d, /= 8.3 Hz, 2H), 8.16 (d, J= 8.3 Hz,
2H), 7.96 (d, J= 7.8 Hz, 2H), 7.88 (d, J= 8.3 Hz, 2H), 7.64 (d, J= 8.7 Hz, 2H), 2.99 (s, 3H),
2.89 (s, 3H), 1.89 (s, 12H).

Step 2: Synthesis of 4-[5-(1-methyl-1H-imidazol-2-yl)-1H-pyrrolo[2,3-b]pyridine-

3-yl]-phenol.
[0296] 50 mg (80 pmol) of toluene-4-sulfonic acid 4-[5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1 H-pyrrolo[2,3-b]pyridine-3-yl]-phenyl
ester and 7 mg of [1,1°-bis(diphenylphosphino)ferrocene]palladium(ir)-dichloride
dichloromethane adduct were placed in a Smith® vial. 1 ml of acetonitrile, 1 ml ofa2 M
aqueous solution of sodium carbonate and 16 pl of 2-bromo-1-methyl-1H-imidazole were
added and the resulting mixture was irradiated in a Personal Chemistry microwave reactor
to 165 °C for 20 min. The resulting mixture was diluted with 2 ml of DMSO and 1 ml of
methanol and subsequently filtered over sodium sulfate and a 0.45 pm PTFE syringe filter.
The filtrate is directly purified via mass-triggered reverse phase HPLC to afford 12 mg (41
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WD 2006/ 015123 PCT/ US2005/ 026792 yield) of toluene-4-sulfonic acid

4-[ 5-brono-1| - (tol uene-4-sul fonyl)-1H pyrrol o[ 2, 3- b]pyridine-3-yl]-phenyl
ester as woany/maspst al | i ne needles. [0294] 1.50 g (2.51pawnispoosio2d7bi s
material, 1.30 ng of bis(pinacol ato)di boron, 680 ng of anhydrous sodi um

acet at e, Q of. [/1, 1 - bi s(di phenyl phosphi no) f errocene] -

pal | adi u*#?PF )5 % cﬁ‘? E’ﬁ?dc?r"lf éé[%b(ijféﬂ?tbV%fjétlwmola%rauckﬂmelobmmﬁdmesmcimh( r)

vi al andpHehel asi Bdolo she bt 1 gen 0 hydr ous DMF was
added a(rjl%l the mi xt ur¥%§isc£ﬂrdéjld?§t eg t((?6nﬁlz\;{ltslr-c’@'r ?6%3?’?@%% éﬁ&gsaﬁrﬂésr%%(ﬁbﬁ‘eact or
to 130 G.9&iz, 1Hh 8.4d, / ttddile, 18Bs8.1hed) 1EBVAPP(AYEY Alx, 6A1C;undgr ! gduced
pressureHéa(r?q{ ':T?g reﬁglgu/@? r&g{brdue distributed between f hér ‘and saturated
aqueous SO U B S 58F (% L5%.6-80, dq8edie ABy 278 (nSEDxMSael/e2d] t hr ee

ti mes WMt her, the organic phases conbined, dried over sodiumsulfate
and filtere over celite. The filtrate was evaporated and dried in vacuum
[0295] T esg was re-dissolved in 150 m of ether and the resulting
suspensi[g%g’f]mds)ﬁlleégc?rﬂ?o %fPFF@?%}{{yﬁ\ABt@OMObf a saturated agueous sodi um
brom de solution, dried over sodiumsulfate and evaporated. The residue
was stirred with 200 ml of hexanes Umibid 132 bei ge suspensi on was obt ai ned.
The insoluble residue was filtered off and dried in vacuo to afford 1.00 g
(1.55 mydructe® oy of tol uene-|4- sul fSwmuenaei d 4-[5- (4, 4, Stractufd ranett [

1, 3, 2] ¢ioxaboraol an-2-yl ) -1- (tol uene-4-sul fonyl){1H pyrrol o
[ 2, 3- b] pyridi ne- 3-yl ] - phenyl | estet—as a bel ge powste

(d4- net 9.19 (d, J= 1. B, \8. 95 (A Hz, 1H), 8.]57 (d,
J=8.3 ~8.%57 (s, 1H), 8.} 1247893 He | 2F), 8167 d, J= 8.3 H,
2H), 7 , J= 7.8 Hz, 2H),| 7. 8% J 8.3 Hz 7.64 (d, J= 8.7 Hz,
2H), 2|9 3H), 2.89 (s, |3¥ 3 12H) ep 2: Synthesis of
4-[5-(1 gl-ll—l—in‘idazol-Z-yI) E/rrol [ 2, 3t By pyridi ne- 3-yl]-phenol.
[ 0296] | 50 ng 2{“?0 noAE46f t ol llene- 2- sl fonic aci d 6%5-(4, 4,5, 5-tetranet hyl
[ 1,3,2] dio rol an-2-yl)-1-(tol uene-4-sul fonyl)-1H pyrrolo

[2,3-b W?’tf%&ﬁo@ﬂﬁ-phenyl Mt SADEMHA Ty of | \ig. s 3 -

[1,1" - bis(di phenyl phosphi no) { errocene] pal | adi un{i |S)'- o c%‘ugl %Y’q{d]e

di chl oro \hane adduct were plaged Tn a SmtN(T) Vi alg— £ nt—of

aceton iJ m of a2 M yedug spl ution of sods onate and 16 |
of 2-bf bnof | - ke?RPH- | H i ni dag gided and t He NeH mi xt ufe was

irradipt@d in a Personal Chep Ery m crowave relactory to 165 C for 20 mn.
g mxture was di ed with 2 ml of d1nm of nethanol
and subsequently filtered ovep, godium sul fate and a0/ 45 m PTFE syri pge
filter. The filtrate is dirgectly purified via |mass-tniggered reversg phase

HPLC t|aMISf fnr 291 41 : '
IMEY ( MS: m/z 277 [MH'] MS: m/z 336 [MH']

’)'\ OH

|

MS: m/z 289 [MH"]

Method 21:

HN \ TIPS~y \ TIPS~y o~ \
NS grep \ NS

| SEFT N I STEP2 AN S |

P | N TEP 3 _

Z =

Br

Br Br
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109 WO 2006/ 015123 PCT/ US2005/ 026792 nol, 52 %yield) of

4-[5-
a col
(d, J

J= 8.
prepa
f OH

HNC H

N 1 15 STE

(1-met hyl - | Hi ni dazol - 2- )
! yl)-1H pyrrol o 2, 3- i ne-
or | ewe 28@liisi23’ H NVR (d6- DVBO) : Io%/511. 9[7 ig, b]1|0H)y” At

phenol as
9 P&@/US2005bbH792 8. 53

2.0 Hz, | H), 8.40 (d, J=
2.4 Hz, 1H), 7.54H%d, J= (d, J=1.4 hz, 1H), 8.14 (s, | K, 7.77 (d, J=

) 8.3 Hz . 7 %

7' oo Sy ol begpo-Srjator Vsl SBykfap LS, O g (¢
red hod 20  Tabl [ ] Ot her conpounds

. d!j)l%/yr@ y ; able 15 Structure Structure Structure HN HN HN\

. / 2N/ :NO\ | \ | SO 2 :
VS: M@Z%;Z § Bbtg](1 V67 mmal) eﬂs—brwﬁpr-}%-ioqlﬁiﬂrw%@%@Q@N%ﬂ%ﬂ“%mﬁ@ggN[ I\N/H+]

- .
VB niin 9980l c[fpazqh?c%%“ﬁ[a hmg%r m%ﬁ%%?nr% _s] of\Baiutd Byd3e waskddlied #N \ O4 N N

N TIPSSNO N | STEP
room terﬁ)lpgrawre hid stBsed¥entdy 3 ml of tri-iso-propylsilyl chloride were added. heN !

reaction mixture was allowed to stir at ambient temperature for 4 h.

[0299] The mixture was distributed between ethyl acetate and a saturated aqueous
solution of ammonium chloride. The aqueous phase was extracted three times with ethyl
acetate and the organic phases were combined, washed with brine, dried over sodium sulfate
and evaporated. The crude material was purified by flash chromatorgraphy on silica gel
using a gradient of ethyl acetate in hexanes to afford 3.493 g (7.235 mmol, 62 % yield) of —
bromo-3-iod0-1-triisopropylsilanyl-1H—pyrrolo[2,3-b]pyridine as a crystalline solid. 'H-
NMR (ds-DMSO): 68.34 (d, /=19 Hz, 1H), 7.88 (d, J=2.0 Hz, 1H), 7.72 (s, 1H), 1.86 (m,
3H), 1.05 (d, J= 7.8 Hz, 18H).

Step 2: Synthesis of 5-bromo-3-(2-methoxy-phenyl)-l—triisopropylsilanyl—lH-

pyrrolo[2,3-b]pyridine.
[0300] 1.01g(2.10 mmol) of 5—bromo-3-iodo-1-triisopropylsilanyl—1H—pyrrolo[2,3-
blpyridine, 336 mg of 2-methoxyphenylboronic acid, and 75 mg of (1,1 > _bis(diphenyl-
phosphino)ferrocene)palladium(ll)-dichloride dichloromethane adduct were placed in a
Smith® vial and dissolved in a mixture of 15 ml of acetonitrile, 5 ml of toluene, and 7 ml of
a saturated aqueous solution of sodium bicarbonate. The mixture was heated to 65 °C for
4 1 and then cooled to room temperature. The crude was distributed between
dichloromethane and water and the organic phase was dried over sodium sulfate and
evaporated. The crude was then purified by flash chromatorgraphy on silica gel using a
gradient of ethyl acetate in hexanes to afford 708 mg (1.53 mmol, 73 %) of 5-bromo-3-(2-
methoxy—phenyl)-l-triisopropylsilanyl-1H—pyrrolo[2,3-b]pyridine as a yellow oil
(containing about 20 % of residual starting material as an inseparable mixture). '"H-NMR
(ds-DMSO): 68.33 (d, J= 2.4 Hz, 1H), 8.15 (d, /=2.0 Hz, 1H), 7.76 (s, 1H), 7.55 (dd, J=1.3
Hz, 7.3 Hz, 1H), 7.33 (ddd, /= 1.9 Hz, 7.3 Hz, 1H), 7.15 (dd, J/= 1.0 Hz, 8.3 Hz 1H), 7.06
(dt, J= 1.0 Hz, 7.3 Hz, 1H), 3.82 (s, 3H), 1.88 (m, 3H), 1.10 (d, 18H).
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110 WD 2006/ 015123 PCT/ US2005/ 026792 Step 1: Synthesis of
5-brono-3-iodo-1-triisopropylsilanyl-IH pyrrolo[293- b]pyridine. [0298]
2.30 g ( Mo0Gdoemrei2s of 5-brono-3-iodo-| H pyrrol o] 2, 3- b] pemiud2evs/ores:2

di ssolved in 90 m of anhydrous THE under nitrogen. An excess of sodium
hydri de was added at roomtenperature and subsequently 3 m of
tri-iso-pryp 3i Syhthekisof [ 3H2-wrtleoxycsitay]) TH18-pyiado2| 0] pyriding-8-yilas al | owed
to stir at anB| ent terrperature for 4 h. [0299] The m xture was distributed
bet ween et MY§thykRhenys-aBHpe-a sat ur at ed aqueous sol ution of ammoni um

chlori de [ at e
and t he gﬁggﬁ gg%ﬁg;‘g%gaﬂmgfgwmgﬁ%gﬁ&%%ﬁf eki %aﬁlﬁg%dgl lge}{g\(/ig%ﬂgodl um
sul f at e warglaedpoa Sneth® ﬂ‘llabamlrthelmahﬁumedazht}vmsogm i ¥00enlg £3/27 masdl) of 5-

e O RSB S LG A SR, BB AR S LY SRS g P

br ono- 3- tir | | 1o
crystal | éll ngersdgls I1 d4 ﬂl%?ﬁ{e%ﬁ 3? dll%@w m)Hﬂ'y%ﬁfrf% v@e[{g a@dela a?M théjlleglﬁtlﬁg nﬁxture 5 (d.

J =20 Hze;ate:dl-ﬂ)) 130 °(22fo( 85 h 1Hhpe rebeiBdn mmture%@s thdn @ﬁ)le(dip adubidht &mperatﬂlfkl-l) Step

oy ol o 551 G4 8 TRt 8B BB iy BORFRNbSL ML
5 br ono- @ad é%ﬂf%d' at tédrh %émfe?me%} @ﬁyb ﬂﬂ"beMé(ftﬁﬁio(P bd énbalﬁygwgnew&%@om of

2- met hoxyphenyl boronic acid - bi s(di phenyl -
phosphi neXchengecesné)adad waidhi mch(um WasjadﬂwdorAlftste shakmg aroore téraperatackdioc £ hwer e

Dot oni t P Rmdegnarfiids fiuadBSoriedSgo 4T 8Tl By ot BuBinalieapby n of

sodi um bdnpﬁh&pgémﬁmgﬁﬁadrbmtdfreﬁly‘r\@&m@ &l Bskah& 16rord 7 mgdoh 4andot; lsany, cool ed
to roomtenperature e crude was distributed between i chl ororrethane and

vat er anyickdhef G-GamiethophabenyhhtHdrinetp[@ehIpyadinedrdlietvd rheryl-agvapey ait ed.

Th t

o e ent EFREHONe anbrans (DNsORE 28GRl §19KERRp e lr sty 5 "o °
5-brono- -4 2137 1H), 7.70 (d, /= 2.5 Hz, 1H), 7.48 (dd, J= 15Hz 73Hz 1H), 7.26 (ddd, /= 1.5

met hoxy- phenyl 5-1 trii sopropyl Sila anyl -1 H-pyrro yridine as a yell ow

oi | (coHeza8. Aifkzg 1Hhut6 @Q/-9%.BHz &H),de8 (dsdaB iy 1ﬂrﬁt éﬂ%) &dad= 89 Hndepar abl e

E"d“ﬂr?% U s b 1D, 4 l.réd?%%s%ﬂ 3885 S e, 2'21 o 16,73

Hz, 15 (dd, J= 1.0 Hz, 7.06 (dt, J=1.0 7.3 Hz,
1H), 8@3@%] er exaiggleg pw;pa@fii)by Methgd ek, 18H).

Table 16

Structure Structure

MeO MeO
HN \ HN \
N x N| \
| F F

T

MS: m/z 316 [MH']

NH

J

MS: m/z 298 [MH"]
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111 WD 2006/ 015123 PCT/ US2005/ 026792 Step 3: Synthesis of

[ 3- (2- net hoxy- phenyl ) -1H pyrrol o 2, 3-b] pyri di ne-5-yl]- nethyl -phenyl -am ne.
[ 0301] 30woroesioisredi um tert - but oxi de and 12 ng of PCT/US2005/026792

bi s(t ext-butyl phosphi no) pal | adi un{0) were placed in a Smth(r) vial and
the vial flushed with nitrogen. 100 ng (0.22 mmol) of 5-

br onp- 3- MRthwdtRoxy- phenyl ) - 1-trii sopropyl sil anyl -1 H pyrrol o[ 2, 3-b] pyri di ne
in 1 mM of anhydrous 1, 4-dioxane and 35 | of N-met/hyl ani line were_added
and the resulting mixture heated to 130"
was then o Yo anbi &fftV- efat ure

tetra-n-j Qi srapfl THEEadded. jThe
roomte or 2 h. t hanol trongl y acidic

it h sodi um was a ded. After sh g at room
tenperaturte for 2 h the cBude material is{dijectly adsorbed onto silica
gel and purified by flash chromatorgraphy ©n silica gel usithg a gradient
of ethyl acetate in hexanes to afford 42 ng (0.14 mnol; 64 % vyield) of

[ 3- (2- et hoxy- phenyl ) - 1H pyrrol o[ 2, 3-b] pyri di ne-5-yl ] - net hyl - phenyl - am ne
as a browsteesd SyﬂthemH-ONBR)rbdﬁFDMSQeth(S(ylélthBﬁyIﬁSthyIDl'}(}Bleiﬂﬂox@ebhe\ilyl)Q. 5 Hz,
1H), 775 d, J=2. 1H), 7.70 (d, J-25Hz, 1H), 7.48 (dd, J= 1.5 Hz,
7.3 He, H-pymy lf{[aaéobmﬂdlnes Hz, 8.3 Hz, 7.16 (t, J= 7.9 Hz, 2H),

507 (0P Syl Bl P o 7 .8
pr epar edp)bmlb{mmb}pyﬂﬂhne wiallisoli6d 1530t bfiardhy8taug AtHE. e20(]\xhg)oﬁ/sc(d11HN HN HN NH
Net hod 2BYAEENNERF B4 et TS A0V o FEpaiept ereratine Tor 4 00

0.5 ml of (2-methoxy-ethoxy)methyl chloride was added and the resulting mixture stirred at

room terriperature for 72 h. 0.75 ml of (2-methoxy-ethoxy)methyl chloride and an excess of

sodium hydride were added and the reaction mixture allowed to stir at ambient temperature

for am additional 4 h. 250 mg of tetra-n-butylammonium iodide were added and the

reaction mixture stirred for 2 h at room temperature. The reaction was then quenched by

addition of methanol and distributed between a saturated aqueous solution of ammonium

chloride and dichloromethane. The aqueous phase was extracted with pyridinepethane and

the combined organic phases dried over sodium sulfate and evaporated. The crude was then

purified by chromatorgraphy on silica gel using a gradient of ethyl acetate in hexanes to

afford 922 mg (2.36 mmol, 95 % yield) of 5-bromo-1-(2-methoxy-ethoxymethyl)-3-(2-

methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridine as a yellow oil. "H-NMR (ds-DMSO): 68.40

(d, = 1.9 Hz, 1H), 8.17 (d, J=1.9 Hz, 1H), 7.97 (s, 1H), 7.52 (dd, J/=1.3 Hz, 7.3 Hz, 1H),

7.34 (dd, J= 1.4 Hz, 8.7 Hz, 1H), 7.15 (d, J= 8.2 Hz 1H), 7.06 (t, J= 7.3 Hz, 1H), 5.71 (s,

2H), 3.83 (s, 3H), 3,57 (m, 2H), 3.41 (m, 2H), 3.20 (s, 3H); MS: m/z 315, 317 [MH'-

MeOC,H,0].

Step 2: Synthesis of 1-(2-methoxy-ethoxymethyl)-3-(2-methoxy-phenyl)-5-
morpholin-4-yl-1H-pyrrolo[2,3-b]pyridine.
[0304] 180 mg (0.5 mmol) of 5-bromo-1-(2-methoxy-ethoxymethyl)-3-(2-methoxy-
phenyl)-1H-pyrrolo[2,3-b]pyridine, 10 mg of bis(benzonitrile)palladium(ir)-chloride, 11 mg
of 2,5-bis-(2,6-di-iso-propylphenyl)imidazolium chloride, and 65 mg of potassium-terz-

butoxide were placed in a Smith® vial. The vial was flushed with nitrogen and 3 ml of
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N1l STEP1 N1 1 STEP 2 NNBr Br (NN (N Oo Step 1: Synthesis of
5-brono-1| - (2- met hoxy- et hoxynet hyl ) - 3- (2- net hoxy- phenyl)- 1 Hpyrrolo

[ 2, 3-b] pwyoi2déemas12B0303] Under nitrogen 755 ng (2.49 melr/uskeos026792

5- br ono- 3- ( 2- et hoxy- phenyl )-1H pyrrol o[ 2, 3-b] pyri di ne was di ssolved in 30

m  of hyd THE 200 f dium hydri ; I ti
A R R S e A

( 2- met hoxy- et ) I ' A Gerh wdidoirtregl cmitoxt ur e
stirrepeasgd torlggﬁﬁtﬁ%ﬁa{rﬁgke“qﬁo”{rg %gaﬁo?ég_c{%o m ofl??aZtFﬁrit_hox - et hoxy) met hyl
chl of | dfcand, A1 fkERAByTlash shdiratorpyghy desilier selagined SRGCEHY FWAct i on

m xture alTowed to s

tir at ambient te tu jitional 4 h. 250
i ng of adetdte & Inexbursytd aRRThOUME (Bd; cﬁ’ém%ngg@gﬁlgfedﬁ ngrlngfIﬁéeﬁié}gﬁeja&ti on mxture
stirred.for t oA )| &)l The-4-9RtHimmrole] 8, thewridjneathed b
addi ti SWOW%E‘?]A' r'12I rﬁﬁ‘%&g@i&{i bﬂ?g)ép%et weZn a psgﬂ;rt ur at ed §g§’e&§s éol u%/i on
of amm&bgegs &1hl1ﬁ1r-1m Q%DC@P]:CM% chotahBz, e 744U, pr S %E ract ed
wi th pyridi nepet hane an t he conhin or gani i odi um
Sul T at kTSR Atir, rhbcHiug Mdeddrs D i TR IEGS A LB PPy on

silica ge [ ie f agest Dnshe ,3.87 (aBHMrHO®22
(2 56 ol 1 s T8 5 o 0, o B S L ey met hy -3 (2
met h([))|>\(/é- phg )gj,z)g%ﬂﬁll?tB.@BQi,ZS}B;-MSpW/i WHMHEsl- a yel l ow oi | . ' H NWVR

(d6- DVBO) ° F58.4 (d. J=1.9 H, | H, 817 (d, J=1.9 Hz, 1H), 7.97 (s,

1H) . 7.52.(dd, d=1 3.btreTs. 7. 2tbrboHolin Ay L pprold23- 1y 1) |
o (d, §‘(5Pg".‘2§¥3éth€¥ﬁ“7.@)§‘%w@e%yg iy rgH),naa'{?l (o on 383 (H)s

3H), 3,57pfppridid. 3.41 (m 2H), 3.20 (s, 3H); M mz 315, 317 [ M-

MOC2HAQ . Step 2: nt hesi s.o 2 (7 _phenvl)-5-

1 (2. melPhOSly- 6 PO FTHO) O3 {8 RO Ry -2 methory-pheny)

mor phol i n-4- Mﬁ.a%ﬁfﬂxwﬂ{;]l%[i?«bfpﬁﬂdﬁiéﬁm disolfed 304 mit®0e ofp pdobethmral) of
5- br omdPPPIS et oxy-et hoxynet hyl ) - 3- (2- net hoxy- . d 10 65 °C for 16
pheny! ) 14H: By bf whief. 25® o qfyfointic aeid WAy aggedand thé mixture heated to

bi s(benzonitrile)palladi un(.li)-ch|ord . .
2, 5- b g () SeuiabospRog HHENGES ol Sasol oo O or 8. BRI 85 o

pot assi umtert. ' Blea®B8hts Andwsiet tind the cvidsl distitheted betveqRs
PP Lohed el oy A S B o 5006/ 015123, PET) US20054 26792
anhydr optgyllacétath axishrinea rithe 2Quéous Phass I SKITA edyrige XAl TRE™ Fesul ti ng

{n e)r%[)g; ggxéinegggggig ggﬁ%tz 0 Cafid oved sDaiudG1 e hi e QapiiRited QO4fEEHd U0 niom

(0.15 mmol, 94 % yield) of 3-(2-methoxy—pheny1)-5-morpholin—4-y1—1H—pyrrolo[2,3-
blpyridine. 'H-NMR (dg-DMSO): 611.58 (s, 1H), 8.11 (d, J=2.5 Hz, 1H), 7.59 (d, /= 2.4
Hz, 1H), 7.51 (dd, /= 1.4 Hz, 7.3 Hz, 1H), 7.46 (s, 1H), 7.27 (ddd, J= 1.5 Hz, 8.8 Hz, 1H),
7.11 (d, J= 8.3 Hz, 1H), 7.02 (dd(d), J= 1.5 Hz, 7.3 Hz, 1H), 3.82 (s, 3H), 3.77 (m, 4H),

3.07 (m, 4H); MS: m/z 310 [MH'].

Method 23:
v
J/ HN 0
\N N AN
\ STEP1 -\ STEP2_ 1 _
N — |
P = N
| W,
Br
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silica gel, and purified by flash chromatorgraphy on silica gel using a
gradient of ethyl acetate in hexanes to afford 65 ng (0.17 mml, 33 %

yi el d) ofwd-20& met2Boxy- PCT/US2005/026792 o
et hoxynet hyl ) - 3- ( 2- met hoxy- phenyl ) - 5- nor phol i n-4-yl -1 H pyrrol o] 2, 3-b] pyri di
ne as a cqglorless oil. 1H NWVR (CDCl3): 88.17 Sd, J= 2.8 Hz, 1H), 7.63 (s,
1H), 7.59 (dep J=Pynthasis of Frigdo-3-@-methaxy-phenyl11itoluanesd-sulfouyl)-1H7. 31 (ddd,

J= 1.6 H, 7.07 (ddd, J= 1.1 Hz, 7.4 Hz, 7.4 Hz, 1H),
7.03 (d(m pﬁﬁ’lg&?'W‘ﬂ-&@5 71 (s( oH), 3.87 (s, 3H), 3.68 (m 2H), 3. 49
(m 2H),[03065 B37. 33&@(0 "MEnmnl )70 £396 o fldkB=] 2 - Bt y PheByn il esthéne-sulfon 8),305] 65

5- ror phol i n-4-yl - | & [ of 2 d
Ung (0 1n Rl A yrdthe o 'gmg&wm%ﬂi&?@f{@q@g r'pa'éﬂ%m@l? >
hol n.a mxtur
oF Bt i o el b KT leg i PhbpifiealiaR, ShERRESitn ol bih o

m xt ure hdgtieds toudk sadfian] {613 hnﬁcslyiom@w dlmeﬁgle@&ﬁalddfhrﬁlﬁ@w@}é%a\é@uﬁd to
150 C for 40 nmin. The resulting m xture was neéutralized by addition of

sodi um bibe arBEmgsEsReRsionatas heatpdita 199 6 fdd6di st ri but ed between et hyl
acetate and brine. The aqueous phase was extracted twi ce wth ethyl

acet at e. [030F Therhiixieeh mmﬂle@l tp h@cﬁﬁ&rﬂ}ﬁ&ﬁuﬁ@nﬁ%@ﬂ&ﬁe&@&%@ﬂ stukf flegiand
evapor at ed to af ford 47 (0.15 mmol| % vyi el d{l
3- (2- met AR éﬁvlaﬂu@%ﬁim&{aﬁ ﬁxma%dﬂwﬁyww@} oAl slacmam/rﬂm aeuIbindd. NVR

( d6- D';/B(S?)fg?:ﬁé-ﬂyh%% s {vire vllzéé)hec} &g‘&lﬁzrﬁlgiﬁ?eﬂ ogfe 4%&%&m :Hi%te ?11}5’ % (o Oaé 41 EZ Hz |

8 8 Hz, dris was7pu]ri1ﬁe(ddgy {llash 8hdnidto grily, on/silich gdﬂdéuﬁlg a gdadidnt of klhy 1 doctitdth, 1H)
L et e ol il e B
Ecréggzq%g&%gﬁﬁﬁoﬁ%ﬁﬁ%“%% T ol ldﬁfle b aﬁofk())r}leﬁ )sqlﬂii- pyrrolo [2, 3-b]
pyridin e. Step 2: Synthesis of 3-(2-methoxy-phenyl)-5-pyrrol-1-yl-1H-pyrrolo[2,3-
b]pyridine.

[0308] 40 mg (79 pmol) of 5-iodo-3-(2-methoxy-phenyl)-1-(toluene-4-sulfonyl)-1H-
pyrrolo[2,3-b]pyridine, 30 mg (0.14 mmol) of anhydrous potassium phosphate and 1.2 mg
(6 umol) of copper(1)-iodide were placed in a Smith® vial. The vial was flushed with
nitrogen and 1 ml of anhydrous toluene, 6.7 ul (95 umol) of pyrrole, and 2 pl (10 pmol) of
rac-trans-N,N -dimethyl-1,2-cyclohexanediamine were added. The resulting suspension
was heated to 120 °C for 22 h. 1.2 mg (6 umol) of copper(1)-iodide and 2 pl (10 pmol) of

rac-trans-N,N -dimethyl-1,2-cyclohexanediamine were added and the reaction mixture

heated for another 20 h.

[0309] The resulting mixture was distributed between water and ethyl acetate, the phases
separated, and the aqueous layer extracted three times with ethyl acetate. The combined
organic phases were washed with brine, dried over sodium sulfate and evaporated. The
crude material was purified by flash chromatography on silica gel using a gradient of ethyl
acetate in hexanes to afford 27.9 mg (63 pmol, 80 % yield) of 3-(2-methoxy-phenyl)- 1-
(toluene-4-sulfonyl)-5-pyrrol-1-yl-1H-pyrrolo[2,3-b]pyridine as a beige solid.

[0310] The material was dissolved in ethanol and 400 pl of 50 % aqueous potassium

hydroxide solution added. The solution was heated in a Personal Chemistry Optimizer®
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[0306] 337.3 ng (0.74 mmol ) of

5- br ono- 3- ( 2- net hoxy- phenyl ) - 1- (t ol uene- 4- sul f onyl ) -

1H pyrrolwp2p@ dkpgridine, 11.3 ng (59 nol) of copper (specrageasi2@wd 185 ng
(1.24 mmol) of sodiumiodide were placed in a Smith(r) vial and the vial
flushed with nitrogen. 6 m of anhydrous toluene and 14 | (0.13 mmol) of
N, N - di neidiywetdiehaoedi 1851°0efoned enimdTrelcrade wat Btritesed Hetweerswistpesri on was
heated to, 120 C far [ 0307] The m xture was cooled to roo erature
and di st FPBLACEEDE aﬁi@wéﬁwﬁte CEIARLAUEAS IR¥Erer TadtAd e WBES VIT ﬁgg’?was

ext ract eghothr epnd LFRSnd SRt Bitdscatat W anHR! ek ol g8 es vere
washed vmthJE‘Ib‘ralﬁ}]e drllﬂed %verbsoggumiﬁ%fhgge an vapor%\%eggd}T éq'aﬂ%'réude was
puri fi edarblyeviabaratedtd affomit 20gmg KT wmol, 8171% (yazldjejf 3e(§|-mgthaxgphd1}¢)q5 -poirolel-hyl

acetate in hexanes to afford 261 ng (0,52 Mo 70 9 52
5- i odo- Yl wtrRlekds3 pHrvidine as.a beige solid. "H-NMR (dG CDC13) 6104 (s) [1H], 8.49

>: syt raal B B R R PO LDk o2 Co e PR BB 3 a0

b] pyri di (@ [2HD33](s BHTOMST 8/2190) (88%%) [MH].
5-1 0do- 3- ( 2- met hoxy- phenyl ) - 1- (t ol uene 4-sul fonyl)-1H

pyr r ol of gr.d: ridine, 30 ng (0.14 mmol) of anhydrous potassi um phosphate
and 1.2 n’g—?tsﬁjr/‘m | ) of copper(s)-iodide were placed in a Smth(r) vial. The

VI al was flushed with nitrogen and 1 m of anhydrous toluene, 6.7 | (95

mol ) of erole and 2 | ( mol ) of HN S

rac-tran -di i net hyl - “QYC! ohexanedi anm ne q.]The resul ting
suspensi on he§1r§|511to 120/ C\or ﬁZ h. S%Egzng% of

copper(sN I |dé and—2 L ( f

rac-trangk ' -di met hyl - 1, 2{cygl ohexanedi am ne were|added and the reaction
m xture heéated for another m xture was

di stri but edr bet ween wat er andret hyl acetate, the phases separated, and the
aqueous | ayer extracted three tines with ethyl acetate. The conbi ned

or gani ¢ ph&tgs1wsSyathesis roea-(mwbnml-Myl-mmroma,smmmsmylmmmm

1T oa oot B[ A Qd o -ty oA BV RO A OIBAGENS 081 A8 279 my
(63 mol, 30y %Q)‘chﬁﬁl?)stef?ﬁan?yl-(ﬂ%ogﬁte I@PE% Pb?'i‘ﬁ[li)3'481mnol and

(toluene4sulfon rrol -1-yl - I"Hpyrrol o[ 2, 3-b] pyri di ne as a bei ge
sol i d. [ﬁam]s(tfflbitenMQWhm@mélsdm@bI(l/k_ﬁ:lmg,no il in ayd#ae dioxefie H8s %

aqueous pot assi.um dr sal ut.i on added., Th ut| vvas heated in a
Par sonal SEHERGET I PR R BB Sttt Br 3SR a Rt Bk
M Cr OVaVad &R0 rb&nﬂe&ﬁp&aﬁu% tréStedwith abHQated BABoNAS ﬂlt&%ﬁ bbet@diterneen
wat er and ethyl acetate, the hases separated, and the aqueous | ayer

ext r act efilttaty was Qqnngg;ramd:, puefi¢d by silica gel chromatography and recrystallized in ethyl
acetate to afford a mixture of 2-(5-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine-3-yl)thiazole

(1.11 g, 73% yield). MS: m/z 434/436 (M+HY).

Step 2: Synthesis of 2-(5-(pyridine-3-yl)-1H-pyrrolo[2,3-b]pyridine-3-yl)thiazole.
[0312] A mixture of 2-(5-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine-3-yl)thiazole (75 mg,
0.17 mmol), pyridine-3-ylboronic acid (27 mg, 0.22 mmol) 1,1’-bis(diphenylphos-
phino)ferrocenepalladium(ir)-dichloride dichloromethane adduct (6.9 mg, 0.009 mmol),
acetonitrile (1 mL) and saturated aqueous NaHCOs (1 mL) were stirred in a sealed
microwave tube at 140 °C for 30 minutes. The mixture was then cooled to room
temperature, diluted with ethyl acetate, washed with brine and concentrated to dryness.
Silica gel chromatography afforded 2-(5-(pyridine-3-yl)-1H-pyrrolo[2,3-b]pyridine-3-
yl)thiazole (36 mg, 76% yield) as a white solid. "H NMR (500 MHz, DMSO-d6) & 7.47 (m,
1H), 7.56 (d, T =3.5 Hz, 1H), 7.81 (d, ] = 3.5 Hz, 1H), 8.10 (m, 1H), 8.24 (s, 1H), 8.55 (dd,
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acet at

sodi um sul fate

e.

The conbi ned organi ¢ phases were washed wth brine,
and evaporated to afford 20 ng (70 nol,

dried over

87 %yield) of

3- (2- net hwoyomwnaset) - 5- pyrrol -1- yl -1 H pyrrol o] 2, 3- b] pypcaiuseods2abei ge
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TEP 2/ N N Br
rol o[ 2, 3-b] pyri din

i eiiod 2

refl ux cBablefli7on

st bl o
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7.05-7
Hz\EDnd
Br
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0.1 mmol)
s under

8. 09 (d)

égé&ﬂ%w}?g Gri N S

N Step 1: Synthesis of
[0311] A
rrol o[ 2, 3-b] pyridine (1.66g,
34y, 1.21 nlL, 3.48 mol) and

(d)
N

[1H]

3.48

i n anhydrous

ni trogen at nosphere for

3 days. The reaction mxture was cooled to roomtenperatur treated with
activafed cagbanrtard filtpred Gtaictied ite. |The Sirductwee was| concentr at ed,
purifipd by silica gel chyomatography and rlecrystallized in ethyl acetate
to affprd a m xture of
2-(5-bronp:-1-tosyl -1 H pyrtol Sthyrldlne-ﬁN ) thijazol e 1.11 g, 73%
yi el d) 3%4/ 436 (M) N 2: Synt heki /J
2- (5- (pw1 ) -1H py 2, ] pyridiNe-3-yl )shi azole] [0312] A
m xture ronmo-|-tosyl -l Hpyrrol o 2,3 yridine-3-yl )thiazole (75
ng, O , pyridine | boronic acid (27} ng, 0.22 mmol
1,1'-b henyl phos- ph errocenepal | adi ii)-dichloride
dichlo rret] ane adduct (6 0.009 mmmol )|, | _adetonitrile (1 nL) and
sat ur af ous NaHCO3 were stirred ' acseal ed m ¢rowave tube at
140 C for 30 m nutes. The ture was then cooled to room tenperature,
dil ut ed lveggtat €, washed with bripne and concentrated to dryness.
Silica glgmf Ig/z?g?rgt(ograp hy | af f or ded MS: m/z 295.0 (M+H")
2-(5-(pyridine-3-yl)- 1FFD)%&§M@&@93OQLPM£Dd ne-3- yl)thiazole (36 ng, 76%
yield) |as a white solid. 1H NVR (500 MHz, DV5O-d6) 5 7.47 (m| 1H), 7.56
(d, J =35 Hz, IH), 7.81 (d, J = 3.5 Hz, 1H), 8.10 (m 1H), 8.24 (s, 1H,
8. 55 (dqﬂdﬂggzym>2006/015123 PCT/ US2005/ 026792 J = 2. 0, 5.0 Hz, 1H), 8.61
(d, 1H, (d, J = %{0 Hz Jm 8.89 (m 1H), 12.37 (s,
HN | OMe N7
NS stept, (o
L
N
Br \
N-O

Step 1: Synthesis of 5-(3,5-dimethyl—isoxazol—4-yl)-3-(Z-methoxy-phenyl)-1H-

pyrrolo[2,3-b]pyridine.
[0314] To 5-bromo-3-(2-methoxy—pheny1)-1H—pyrrolo[2,3-b]pyridine (40 mg, 0.087
mmol), 3,5-dimethyl-isoxazole-4-boronic acid (16 mg, 0.114 mmol) and [1,1°-

bis(diphenylphosphino)ferrocene]dichloropalladium (II), complex with dichloromethane

(1:1) (4 mg, 0.0044 mmo]) in a Smith process vial was added 0.6 mL of a 1:1 mixture of

acetonitrile, and a 2 M solution of sodium carbonate in water . The reaction wasrun in a

Personal Chemistry® microwave reactor at 165 °C for 1200 s. The reaction mixture was

diluted with 1:1 methanol/dichloromethane, filtered, and the filtrate was adsorbed on silica
gel. Purification on silica gel with a gradient of MeOH/CH2C12 afforded 5-(3,5-dimethyl-
isoxazol—4-y1)-3-(2—methoxy—pheny1)—1H-pyrrolo[2,3-b]pyridine as beige crystals (20 mg,

71% yield). "H NMR (500 MHz, DMS0-d6) 6 2.23 (s, 3H), 2.41 (s, 3H), 3.81 (s, 3H), 7.01
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1H. Ms: mlz 279.0 (MrH+) [0313] Ot her conpounds prepared b
met h :
'Il\'lagl_le k?ﬁ?’;vraucﬁwre Structure Structure H N HN N p, ltON\ N \y\ \tNOgJZZSLN SJ
DoeM1212397. 0 (MFH+) FMS: mz 295.0 (M:H+y)  WBT/USL@SANT
Met hod 25: HN W HN W N STEP 1 Br NO St ep 1: Syn% hesi s of R0 (M)

5- (3, 5-di et hy X Y, ( X I

pi{)l din ng @]7@]% gﬁ@r ﬂré(i%a(’s 12(% ﬁw&ﬁgp @XQ%—LJ&??I}/%F% %’H 2[ﬁr |bll| ne
( lrrg (dg §8% Qrmpi{i 1}3),,57@!(&\3149«3101115,@3;@9@(@@16&&@ 180 8122 (Lcterrg%o 114
rnol ) an 1,1 wl phol\/Phl no) ferrocene] di cl hl oropal | adium (11),
conpl exHuj IHI]) diiJSI(S, ¢4 mg, 0.0044 nmmol) in a Snith process
vial was added 0.6 nL of a 1: 1 mxture of acetonitrile, and a 2 M sol ution
of sodi g3 spr oRRatcempbudtgepardhiey metoti26n was run in a Personal

Chem stry(r) mcrowave reactor at 165 C for 1200 s. The reaction m xture
was diluted with 1:1 nethanol /di chigkergt hane, filtered, and the filtrate
was adsorbed on S|I|ca gel Purification on silica gel with a gradi ent of

MeOH/
I ILV.I.L OI.II \O 3 Ul et ”y|
i soxazpl -4-yl) S; %“ﬁ%t hoxy- pHenyl ) - _§im Ct3l/lrnraol o[ 2,|3-b] pyri di ne as bei ge

Crysta [ /')n faeal 734 9%\Hi-eeh 11 AL EOR
- M UyICI o) AR P E] (OUU |V|_|L |9 O‘d6) 5 2.23 (S, 3 y
?._4;].- (%, 3 %Ql (s, 3H), 7.01 11 2006/ 015123 PCT/ US2005/ 02679|2_|) (dt,
H; 1& ,J7.]2.10(dg,0l§il ~¥.0,\8.0 Hz, 1H), 7.28 (dt, J=1.5, 7.0

, = 2.0, . 111), 7.73 (d, J= 3.0 Hz
J=1.5 .22 (d, J= 2 e ) ( A 790

OH a,b

MS: m/z 331 (M+H). MS: m/z 253 (MAHT).

a) Dichlorobis (triphenylphosphino)palladivm (II) as catalyst
b) Obtained from 1-(5-bromo-1H—pyrrolo[2,3-b]pyridine-3-yl)-ethanone
Method 26:

Ts,
N HN—
NN VT L
L STEP 1 = 0
OTs OH AE47

Step 1: Synthesis of 3-(3-furan-3-yl—1H-pyrrolo[2,3-b]pyridine-S-yl)—phenol.
[0316] To toluene-4-sulfonic acid 3-[3-iodo-1—(toluene-4-su1fony1)—1H—pyrrolo[2,3-
blpyridine-5-yl]-phenyl ester (50 mg, 0.077 mmol, prepared method 6), furan-3-boronic
acid (11 mg, 0.1 mmol) and dichlorobis (triphenylphosphino)palladium (ii) (3 mg, 0.0046

mmol) in a Smith process vial was added 0.6 mL of a 1:1 mixture of acetonitrile, and a2 M

solution of sodium carbonate in water . The reaction was run in a Personal Chemistry®
microwave reactor at 165 °C for 1200 s. The mixture was diluted with DMF (ca. 5 mL) and
filtered with a syringe filter (0.45 micron). The filtrate was concentrated in vacuo and
redissolved in DMSO. Purification by reverse phase chromatography using a gradient of
H,0 and acetonitrile (with 0.1% formic acid as a modifier) afforded 3-(3-furan-3-yl-1H-
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Hz, 1H), 11.9 (s, 1H. MS: mz 320 (MtH+). [0315] O her conpounds prepared
by nmethod 25: Table 18 Structure Structure MOHN O HNNW OHa,b a
MS: n/z 288 200323 MS: yn/z 331 (M+H+). a) Dichl or obi CT/US2005/026792
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vial was e of acetonitrile, and a 2 M solution
of sodi u?n rg]oggst’é% %%{’glzﬁﬂﬂé( ?‘Iu ction was run in a Personal

Chem strm(}ﬂ%] m crowave reactor at 165 C for 1200 s. The m xture was

di | ut ed Dthqreampgupds)prefaged by Megioddowi th a syringe filter (0. 45
mcron). The filtrate was concentrated in vacuo and redissolved in DVBO
Purification by reverse phase chronmalaigledphy using a gradient of H20 and
acetonitrile (with 0.1%formc acid as a nodifier) afforded 3 -(3 -furan-3

-yl- 1 H 118 Vrgehize 015123 |PCT/ USRBehi+é6792 Structure
pyrrol o] 2, 3-b] pyri di ne-5-yl )-phenol as an off-white solid (6 ng, 56%
yi el d). Cl MeO
HN HN N
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L
OH b O OH b
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l OH b
MS: m/z 363 (M+H+). MS: m/z 347 (M+H+).

MS: m/z 373 (M+H+).
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OHb Ms: mz 359 (MtH+). S: mz 329 (MtH+). MS: mfz 331 (MrH+). Et HN HN /
SO NHN NN OHb OHb Ms: nt/z 307 (MtH+). OHb Ms: mz 315 (MtH+). S
nmz 345 (Wble)eo1sp 10 W % Pd/ C as catal yst b) PCT/US2005/026792
[1,1'-bi s(di phenyl phosphi no) f errocene] di chl oropal I adium (11), conplex with
di chl oronet hane (1:1) as catalyst c) Purification on silica gel with a

gr adi entMethod@¥hanol / di chl oronet hane 124 WD 2006/ 015123 PCT/ US2005/ 026792
Met hod 2}7' Ts, F NHN NNOH STEP 1 \ OIs OH AE48 Step 1: Synthesis of
3-[3-(3- ﬁ‘N 0- 4- hydr oxypheagy- EH pyrrol o] 2, 3- b]

pyri di ne- 5t yl [)henol. [0318] )
3-[3-i 0-1\(to uene-4-suIP10 ) yiarbl o[ 2, 3- b] pyri di ne-5-yl ] -phenyl
ester (58 g, 0.08TERMDI), f | uor o- 4- benzyl oxyphenyl boronic acid (24 ng,
0.1 mml) jand [1, 1'-bi s(di phenyl phosphi no) f errocene] di chl oropal | adi um (11),
conmpl ex wety di chl oronmet hape~(1:1) (3 ng, 0.0046 inmol) in a Smth process

vi al was . 1 mxture of acetonitrile, and a 2 M sol ution
of sodi umXarbosate in OH AE48

Step 1: Synthesis of 3-[3-(3-fluoro-4-hydroxyphenyl)-3-yl-1H-pyrrolo[2,3-

b]pyridine-5-yl)-phenol.
[0318] To toluene-4-sulfonic acid 3-[3-iodo-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3-
b]pyridine-5-yl]-phenyl ester (50 mg, 0.077 mmol), 3-fluoro-4-benzyloxyphenyl boronic
acid (24 mg, 0.1 mmol) and [1,1 _bis(diphenylphosphino)ferrocene]dichloropalladium (II),
complex with dichloromethane (1:1) (3 mg, 0.0046 mmol) in a Smith process vial was
added 0.6 mL of a 1:1 mixture of acetonitrile, and a 2 M solution of sodium carbonate in
water . The reaction was run in a Personal Chemistry® microwave reactor at 165 °C for
1200 s. Water was added, followed by a saturated aqueous solution of NH4CI to pH 6.
Aqueous layer was extracted with EtOAc three times. The crude organics were concentrated
and dissolved in 4 mL of (1:1) EtOH/ aqueous KOH (50% wt). The mixture was stirred at
100°C for 21h , then diluted with water and acidified to pH 4 with aqueous 1N HCl. The
resulting precipitate was filtered, washed with water, and dried in vacuum. The grey solid
was suspended in IN aqueous HCI (2 mL) and stirred at reflux for 17h. 1 N Aqueous
NaOH was added to pH 4, the mixture was concentrated in vacuo and diluted with MeOH.
Salts were filtered, and the filtrate was adsorbed on silica gel. Purification on silica gel with
a gradient of methanol/dichloromethane afforded 3-[3-(3-fluoro-4-hydroxyphenyl)-3-yl-1H-
pyrrolo[2,3-b]pyridine-5-yl)-phenol as a yellow solid (5 mg, 20% yield). 'H NMR (500
MHz, DMSO-d6) 6 6.75 (dd, J=2.5, 7.5 Hz, 1H), 7.03 (dd, /= 9.0, 10.0 Hz, 1H), 7.09 tJ
=2.0 Hz, 1H), 7.16 (d, J= 8.0 Hz, 1H), 7.27 (t, /= 8.0 Hz, 1H), 7.41 (dd, J=1.5, 8.5 Hz,
1H), 7.51 (dd, J= 1.5, 13.0 Hz, 1H), 7.82 (d, /= 2.0 Hz, 1H), 8.30 (d, /=2.0 Hz, 1H), 8.47
(d, J=2.0 Hz, 1H), 9.54 (s, 1H), 9.80 (broad s, 1H), 11.9 (s, 1H). MS: m/e 321 (M+HY).
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water. The reaction was run in a Personal Chem stry(r) m crowave reactor at
165 C for 1200 s. Water was added, foll owed by a saturated aqueous

sol uti on wO 2bidAT312860 pH 6. Aqueous | ayer was extract edpeirius2e5086791 hr ee
times. The crude organics were concentrated and dissolved in 4 nL of (1:1)
Et OH aqueous KOH (50% wt ). The m xture was stirred at 100C for 21h, then
di | ut eMethad?8sat er and acidified to pH 4 with agueous 1IN HCl. The
resulting precipitate was filtered, washed with water, and dried in vacuum
The grey solidO was suspended még adueous HOA (2 rrL) and stirred at

reflux fia N Aqueou wasHadded to pH 4, the m xture was
](c:olncenthll' \ gug and lejl 5d_ W I\/efO—| Salts vverfa fil telred, ﬁnd t he
iltrate e SiNT g Purification on silica gel wt a
gradi en thanol‘f’/'—r&gghlo opet hahe af f or ded
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NMVR (5080 DMSO-d6) 5 6 J=2.5, 7.5 Hz, 1H), 7.03 (dd, J= 9.0,

10.0 Hz, AHOH7.00 (t, 3 =2 O~b 1H), 7.16 (d, J= 8.0 Hz, 1H), 7.27 (t.
J=8.0 Hz, 1H), 7.41 (dd, J= 1.5, 8.5 Ho 5 13.0 Hz,
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ri dl ne nme OX e one
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eremdiike %Of@%scﬂ?e&f?ga%“g%tﬁ&‘ﬁﬁf%@mﬁgﬁ@f e B0, wt ot ot AgucoUS

KOH andgjteqwR$odid tdrigsatugtfor B daysathenabhl t@ e laqus- eTbeolF“WM acy at 80

C for 3 hours. The mxturevva aci di.fi. h AfideouseHC and
ext r act edHd with ENGrgueppy HE1 41 ac‘*?ﬁ@lﬁﬁ@tldé%ct@g\%é}ﬁ%és Thﬁ%l ned and adsor bed

| | lida #&] giithci gradiemfof
ot hanofoBRER? B s e e B K D

&ﬁ)@héﬁ 1glxy phenyl) - 1H

pyrrol Oh}%tlfanbﬂ/cﬁyhlbﬁhmh&e)alfﬂordbdrie{%b){@mﬁﬁér{§r % hé’fi white solid
2.6 , 20 % I d , 03’/085

St o porelatd. Pimyidie By - REtOpp g Pt BRI G NP (S

2.0 Hz, 1 ) @%g%oﬂmgmg@ 63D, 657(s,2.ﬁ{)(,t3 85 (331D, 6.7R(dd, 1IH)2578§4 (d, J=

25 He,
Hz, 1H), 6.83 (d, J = 8.5 Hz, 1H), 699(|t_|)J 8002, 4, 755 0.9t o ), 723
8.0 Hz, 1H), 7.54 (d, J = 2.5 Hz, 1H), 7.73 (&, J = 2.0 Hz, 1H), 8.00 (d, J=9.0 Hz, 11,
8.44 (d, J=2.0 Hz, 1H), 9.49 (s, 1ED), 119 (s, 1H), 13.0 (s, 1H). MS: m/z 375 (M-+H).

Method 29:

Step 1: Synthesis of 2-[5-(3-hydroxy—phenyl)-1H-pyrrolo[2,3-b]pyridine—3-yl]-

benzene-1,3-diol. |
[0320] To a suspension of 3-[3-(2, 6-dimethoxy—pheny1)—1H—pyrrolo[2,3-b]pyr1d1ne—5-yl]
8°C was added 1 M boron

phenol (23 mg, 0.066 mmol) in dichloromethane (1 mL) at -7

tribromide solution in dichloromethane (0.23 mL, 0.23 mmol) dropwise. The reaction

126



8.44 (d, J= 2.0 Hz, 1H), 9.49 (s, 1H), 11.9 (s, 1
) , . , , . , , 13.0 (s, 1H). :
?S’;ﬁt ﬁg/g:t\?vbf (Ij\éb;d:t 20((;132% dOA HO HN HN NN O STEP :_DHO H E]—| Stg?o 1!\/IS "
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Step 1: Synthesis of 3-[3-(2H-pyrazol-3-yl)-1H-pyrrolo[2,3—b]pyridine-S-yl]-

phenol.
To a suspension of 1-(3 -bromo-1H—pyrrolo[2,3-b]pyridine-3-yl)-3~dimethylamino-
propenone (30 mg, 0.102 mmol) in EtOH was added hydrazine (5 uL, 0.122 mmol). The
reaction mixture was stirred at 80°C for 3 h, then concentrated in vacuo. To the crude was
added 3-hydroxyphenyl boronic acid (18 mg, 0.132 mmol) and dichlorobis
(triphenylphosphino)palladium (ii) (4 mg, 0.006 mmol), and 1 mL of a 1:1 mixture of
acetonitrile, and a 2 M solution of sodium carbonate in water . The reaction was run in a
Personal Chemistry® microwave reactor at 150 °C for 600 s. The reaction mixture was
diluted with methanol (ca. 6 mL), filtered, and the filtrate was adsorbed on silica gel.
Purification on silica gel with a gradient of MeOH/ CH2C12 afforded a beige solid that was
further purified by reverse phase chromatography using a gradient of H,O and acetonitrile
(with 0.1% formic acid as a modifier) to give 3—[3-(2H—pyrazol—3-yl)-1H-pyrrolo[2,3-
b]pyridine-5-yl]-phenol as white solid (9.6 mg, 34 % yield). '"H NMR (500 MHz, DMSO-
d6) 6 6.61 (d, J=2.0 Hz, 1H), 6.71 (dd, J = 2.5, 8.0 Hz, 1H), 7.03 (s, 1H), 7.08 (d, /= 8.0
Hz, 1H), 7.22 (t, J= 8.0 Hz, 1H), 7.65 (broad s, 1H), 7.84 (d, J= 2.5 Hz, 1H), 8.43 d,J=
2.0 Hz, 1H), 8.53 (broad s, 1H), 9.51 (broads, 1H), 11.8 (broad s, 1H). MS: m/z 277
(M+HD.
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Step 1. Synthesis of

3-[3-(2H pyrazol -3-yl)-1Hpyrrol o[ 2, 3-b] pyri di ne-5-yl |- phenol. To a
suspensi onoabosio1§zsbr ono- | H- pyrrol o] 2, 3- b] pyri di ne- 3- yl pe3adeusiobgbam no-
propenone (30 ng, 0.102 mmol) in EtOH was added hydrazine (5 uL, 0.122
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acid as et’) to give 3-[3-(2H py -3-yl)-1Ht pyrrol o[ 2, 3-

b] pyri dir -yl ]-phenol as whi olid (9. 6 ng, 34 %yield). 1H NVR (500

Mz, DNBOJ d6) 5 6.61 (d, J= 2 1H), 6.71 (dd, J¥ 2.5, 8.0 Hz, 1H),

7.03 (9, y, 7.08 (d, J= 8.0 7.22 (t, J= 8|0 Hz, 1H), 7.65

(broad [Sk 1M, 7.84 (d, J= 2.5 8.43 SLQESO] p.0 Hz, 1H), 8.53

(broad s é}—l) Ho 51IaD(brogd s IH). 178 (broad @O P | Ms: mz 277  (Mehs).
US2005/ DRES- 92z 302 her compounds prepared b

nmet hod :Zalgg pblzlryjlz(g/bﬂtructure Structu?e@quN{%HN N~l\ln-ITg N /N RI iRI I, Iy CH

a OH AES0, 2P Frie meth#ihg@hzinbtH) . Ms: mfz 304 (MrH+). a) From

met hyl hydr azi ne b) From guani di ne hydrochl ori de and
Met hod 31: brskrom )gledme ydrochloride ar}/d sodium carbonate sodium carbonat e

Method 31:
Ts,
N
N™ I
L STEP 1
OTs

Step 1: Synthesis of 3-(3-phenylethynyl-1H-pyrrolo [2,3-b]pyridine-5-yl)-phenol.
[0323] To asolution of toluene-4-sulfonic acid 3-[3-iodo-1-(toluene-4-sulfonyl)-1H-
pyrrolo[2,3-blpyridine-5-yl]-phenyl ester (60 mg, 0.093 mmol, prepared as exemplified in
Method 6) in dichloromethane (0.5 mL) under nitrogen atmosphere was added successively
triethylamine (16 uL, 0.112 mmol), copper (I) iodide (0.6 mg, 0.00315 mmol), dichlorobis
(triphenylphosphino)palladium (ii) (0.9 mg, 0.00128 mmol), and phenyl acetylene (11 uL,
0.102 mmol). The reaction mixture was stirred at room temperature for 16 h, then adsorbed
directly on silica gel. Purification on silica gel with a gradient of MeOH/CH2CI2 afforded
46 mg of an off-white solid that further suspended in 2 ml of EtOH and 2 mL of aqueous
KOH (50wt%). The reaction mixture was stirred at 80°C for 4 h, then acidified to pH 4 with
1 N aqueous HCI. The milky solution was extracted with EtOAc three times, and the
extracts were combined and adsorbed on silica gel. Purification on silica gel with a gradient

of MeOH/CH2CI2 afforded 3-(3-phenylethynyl-1H-pyrrolo[2,3-b]pyridine-5-yl)-phenol as
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NI NI / \ STEP I OIs OH Step 1: Synthesis of

3-(3-phenyl et hynyl - I H pyrrol o] 2, 3- b] pyri di ne-5-yl)-phenol. [0323] To a
sol uti on wbd 20@lusns- 4- sul foni c acid 3-[ 3-iodo-I - (tol uenectaswdilsonyb) - 1H-
pyrrol o[ 2, 3-b] pyri di ne-5-yl]-phenyl ester (60 ng, 0.093 mmol, prepared as
exenplified in Method 6) in dichloronethane under nitrogen

n«éo. 5 I’TL}
at nosp heeﬂeelgva@llddél% thes 4t Yewisld) e H/NMR (H0\HanDMS Q-16) §6,77ddd. 1= Adol P,

copper % ? | gr,Qbj

(triphe plhﬁsjg)ﬁﬁ p% 08, @%??%)5 ?gD§)°H9 S o) Fafiokehyi
acetyl emeaq fd, 3H),75@ (d.02= ooz, 1}EhE9V§§QH)0811$F(ngu¥ES\Io&§1BII)I8543@1 dt= room
tenperature fo t hen adsor bed irect on sili,ca gel. Purification
on silichs§el 1171/) t%ﬁ%@ﬂﬂdﬂ@rﬁ(@?a%éﬁ)d@%myéﬂ% i) 46 gy of an
off-white solid that further suspended in 2 m of EtOH and 2 nL of aqueous
KOH (50w¥hodBhe reaction m xture was stirred at 80C for 4 h, then
acidified to pH4 with 1 N aqueous HO. The mlky solution was extracted
wth Et d&i\t ree times, and LR wer e conbi ned and adsorbed on
silica gel Rurification on sjli h a gradient of MOH CH2C 2

af f or dedn3s -pll1enyl et hynylN 73- b] pyridi ne-5-yl)-phenol as 128
WO 2006/ 015123 PCTSTERA05/ 0L a beige solid (12 nmg, 41 %yield). 1H NWR
(500 MHz, PMBO-d6) 6 6. 77 (dd] J= 2.5, 7.5 Hz, 1H), 7.10 (t, J= 2.0 Hz,
1H), 7.17 J= 6.0 Hz, 1 .28 (t, J= 8.0 Hz, 1H), 7.37- 7.43 (m 3H),
7.58 (d, 7. Hz, | H), (s, 1H), 8.18 (d, J= 2.5 Hz, 1H), 8.54 (d,

J= 2.5 Drs 9. , ) oH2 (broad s, 1H. MS: nmle 311 (MtHY).

Met hod 32: Ts, N_ STEP 1 Ofs OH Step 1. Synthesis of

3- [ 3- ( 2- py/Siteti - Synthesis of B3-(HppyidinP ol vimd)y] Bypyraplel2,3-bypyridigpdndl- [ 0324]
To tol uene-4- sullfonlc acid 3-[3-iodo-1-(toluene-4-sul fonyl)-1H pyrrol o[ 2, 3-
b] pyri di ne-pé‘ 9 ]-phenyl ester (50 ng, 0.077 nmol), tri-ortho-tolyl phosphine
(10 ny, @388 TOWSlune-PahilFatd st GL[B)iods ei(allgene2- mjfon@l)chynmp) 3was added

EE/F 803813]21_];%@;{1; tSr;ﬁ}erléEQ;{yggtqn&g?gg, lEI)LO77('}nI?101) tmrtho-to?ylphosi)ﬁllng%{(? (? OQF (42
mmol), palladium (II) acetate (2 mg, 0.0077 mmol) was added DMF (0.5 mL),
triethylamine (32 uL, 0.232 mmol), and 2-vinylpyridine (42 uL, 0.388 mmol). The vial was
flushed with nitrogen, and the reaction was run in a Personal Chemistry® microwave
reactor at 150 °C for 900 s. Water was added and the mixture was neutralized to pH 6 with
1 N aqueous HC], then extracted with EtOAc three times. The extracts were combined and
concentrated in vacuo. The crude was treated with 1 mL of EtOH and 1 mL of aqueous
KOH (50wt%). The reaction mixture was stirred at 80 °C for 15 h. The mixture was
neutralized to pH 7 with 1 N aqueous HCI, and the resulting precipitate was filtered, washed
with water, dried in vacuo, and adsorbed on silica gel. Purification on silica gel with a
gradient of MeOH/CH2CI2 afforded 3-[3-(2-pyridin-2-yl-vinyl)-1H-pyrrolo[2,3-b]pyridine-
5-yl]-phenol as a yellow solid (17 mg, 35 % yield). '"H NMR (500 MHz, DMS0-d6) 6 6.78
(dd, J=2.0, 8.0 Hz, 1H), 7.13 (s, 1H), 7.15-7.20 (m, 2H), 7.26 (d, J= 16.0 Hz, 1H), 7.29 (1,
J=8.0Hz, 1H), 7.57 (d, J= 7.5 Hz, 1H), 7.73 (dt, J=2.0, 8.0 Hz, 1H), 7.90 (d, /=16.0
Hz, 1H), 7.93 (d, J=2.0 Hz, 1H), 8.50 (d, J= 2.0 Hz, 1H), 8.52 (d, /= 5.0 Hz, 1H), 8.54 (d,
J=2.5Hz, 1H), 9.56 (s, 1H), 12.1 (s, 1H). MS: m/z 314 M+HD).

[0325] Other compounds prepared by method 32:
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flushed with nitrogen, and the reaction was run in a Personal Chem stry(r)
m crowave reactor at 150 C for 900 s. Water was added and the m xture was
neutral i zw0 2b@/@bi26 wWith 1 N aqueous HC , then extract edTwistévsihé¥e t hree
times. The extracts were conbined and concentrated in vacuo. The crude was
treated with 1 nL of EtOH and 1 nL of aqueous KOH (50wt % . The reaction
mxture was stirred at 80 C for 15 Hablhl ni xture was neutralized to pH 7
with 1 N aqueous HCl, and the resulting precipitate was filtered, washed

wi th wgter, dri8tiuctureacuo, ang adsorbed on silica gel. Purification on
silicalgel with a gradient of | MeOH CH2C12 aff orded

3-[3-(2- pyi-di n-2-yP-vinyl )-1Hpyrrol o 2, 3-b] pyridi ne- 5-yl]-phenol as a
yel | ow solji d\ j, 35 %yield). 1H NWR (500 MHz, DMSO-d6) 5 6.78 (dd, J=

2.0, 8.\0NHx( 1H), )N\]:B (s, 1H)| 7.15-7.20 (m 2H), 7.26 (d, J= 16.0 Hz,
1H), 7.129 (¢, J=°8.0 Hz, 1H),|7.57 (d, J= 7.5 Hz, 1H), 7.73 (dt, J= 2.0,
8.0 Hz, 7.90 (d, J=16. 0 Hz, 1H), 7.93 (d, J= 2.0 Hz, 1H), 8.50 (d, J=
2.0 Hz, 8.52 (d, J=5.0 , 1H), 8.54 (d, J= 2.5 Hz, 1H), 9.56 (s,
1H, 17. 5, 1H). M5 rn/z 314 (MtH+). [0325] O her corrpounds prepared by
met hod [32% 138 WD 2006/ 015123| PCT/ US2005/ 026792 Table 21 Structure HN O
N / I 308 (MrH+).  Method 33: HN N_ HN N N\\ / \ ~ N\\
\ ~ 11 @ﬁﬁpﬂ{z%al\@ﬁkgfep 1: Sypthesis of

3-[3-(Z=pyridim=-z=yr=ethyl )= IH pyrrol o[ 2, 3-b] pyri di ne-5-yl]- phenol. [0326]
A suspensi on of

3- [ 3- (2-Mythodi3d: 2-yl - vi nyl ) - 1H pyrrol o[ 2, 3-b] pyri di ne-5- yI]- phenol (10 ng,
0. 032 mml)andIO/vt Pd/C(l?ng, 0. 0016 mml)|n09 of a (1:1:1)

HN HN
(7 \
\_/ NS \_s
_STEP1

Step 1: Synthesis of 3-[3-(2-pyridin-2-yl-ethyl)-1H-pyrrolo[2,3-b]pyridine-5-yl]-

phenol.
[0326] A suspension of 3-[3-(2-pyridin-2-yl-vinyl)-1H-pyrrolo[2,3-b]pyridine-5-yl]-
phenol (10 mg, 0.032 mmol) and 10wt% Pd/C (1.7 mg, 0.0016 mmol) in 0.9 ml of a (1:1:1)
mixture of MeOH/CH2CI2/DMF was stirred for 2 days under H, atmosphere. The mixture
was adsorbed directly on silica gel. Purification on silica gel with a gradient of
MeOH/CH2CI2 afforded 3-[3-(2-pyridin-2-yl-ethyl)-1H-pyrrolo[2,3-b]pyridine-5-y1]-
phenol as a yellow solid (6 mg, 60 % yield). "H NMR (500 MHz, DMSO-d6) 6 3.22 (t, J =
7.5 Hz, 2H), 3.37 (t, J= 7.5 Hz, 2H), 6.77 (d, J=7.5 Hz, 1H), 7.07 (s, 1H), 7.11 (d, /=7.0
Hz, 1H), 7.27 (m, 2H), 7.82 (m, 1H), 7.93 (d, J=7.0 Hz, 1H), 8.21 (s, 1H), 8.43 (m, 2H),
8.79 (d, J=5.5 Hz, 1H), 9.54 (broad s, 1H), 11.53 (s, LH). MS: m/z 316 (M+H).
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m xture of MeOH CH2C 2/ DMF was stirred for 2 days under Hz atnosphere. The
m xture was adsorbed directly on silica gel. Purification on silica gel
with a grwagi2eeo1sf2z McOH CH2C12 af f or ded PCT/US2005/026792
3-[3-(2-pyridin-2-yl-ethyl)-1H pyrrol o[ 2, 3-b] pyri di ne-5-yl]- phenol as a
ellowsolid (6 ng, 60 %yield). 1H NWR (500 MHz, DVMBO-d6) 8 3.22 (t, J=
5 Hz, Mgthod3437 (¢, J= 7.5 Hz, 2H), 6.77 (d, J= 7.5 Hz, 1H), 7.07 (s,
H, 7.11 (d, J= 7.0 Hz, 1H), 7.2 m 2H), 7.82 (m 1H), 7.93 (d, J= 7.0
Hz, 1H), 78.21 (s, 1H), 8.43 (m 2K 8,79 (d, J= 5.5 Hz, 1H), 9.54 (broad
HF). 130 WO 2006/ 015123
) S;Nr FNI STEP 1 OIs OStep 1: Synthesis
of 3-[3-(|3-/f uor oslyepayl ) -[LH pyrrol o[ 2, 3-b] pyri di ne-5-yl]-phenol. [0327] To
[ % oni ¢ acid 3-[3-iodo-|-(toluene-4-sulfonyl)-1H
-phenyl ester (50 ng, 0.077 mmol, prepared as
nmet hod 6) HE (2 nL) at -90 C under nitrogen atnosphere
tion of By in pentane (1.7 M 90 ulL) dropw se. After
stirring for m n, 3-fluoro-benzal dehyde (40 uL, 0.38 mmol) was added and
the reacti Qnelml9<Synﬂlemsﬂsl[Q%mmﬁmdzylmHopJLanémm]pﬁri&ﬁ,neié:ﬁqL gfoIched
with a saturated solution of anmonium chloride a extracted wt Et OAc

three ti 8371 THe asplytigarod t%‘?@"&é‘ﬁfﬂ%@ﬁ‘éﬁ@é@l@b?tﬁ@é&le@ﬁ"‘sﬁqlfoéal)p}élﬂ

Purifi h L ) . _ 26

of 1 ol ueRErloRi pPRYHUES SOt el BnE N 0D mMsPoR el ALhBliflfs© MO

- ﬁ (t o![ ump’ehloé,& il EHE)(R l)ntJ) aiH_-Spy“}( f mt]c{a:r Elﬂl;ofgte]ﬁ]i@lWSbgér evrf ad&éd]da qihetionl ofest er .

The materj al .was dis ved | 1 chl or ane . nder ni n

at mos phe@il PR Nindh vghgranwlse-. Riw JHrerg %qxésrnaﬂdé-efﬁorq-g?%iérsgg% bor on
trifluor {4_@%1L, @Fﬁ%ﬁﬁ)ﬁ Cvﬁaé a'dde@ar%d‘ltge P%E;Blian ﬁiﬁ)gﬁi’é‘ WS slé%tllty“:&?argltgg :ilglr;[q@ gOCfC,‘Dr 15 h,

the reaction was que d wth a saturate I

solution’o I car bonat e
and ext r exclr &dh, Whenudnahiet ovitnesdhaned sbiuten of ammenivfinehlende act sxtraeted wathnbi ned

and conc at ed unde acuum The crud tr ed..wt of EtOH and
o A e e Tan eop e E S ReR g gtcupet Gagidh e Barheafon e oy
h. The n&m&au%& wWilSy @alihf dateOR/GHbAIMtRdd 2 RAgWe R ISerddd-sulft £%d Bgst ed

with EtOAc three tines. The extracts were conbi ned and adsorbed on silica

gel .  Pul(3ffluora-plemydrhyslirxiyemethe]]- n(tolnene-grsudomnl- L dipymoHR CHoleyddia¢-Sor ded
oD el SR DO e 2 05
(dd, J= Znfspher® Thiethyldilane Q24001 (00149 Bfmod-Was #d&d, HBllowed by boron trifluoride
etherate (7 pL, 0.149 mmol) dropwise. After stirring for 15 h, the reaction was quenched
with a saturated solution of sodium bicarbonate and extracted with dichloromethane three
times. The extracts were combined and concentrated under vacuum. The crude was treated
with 2 mL of EtOH and 2 mL of aqueous KOH (50wt%). The reaction mixture was stirred
at 70°C for 1 h. The mixture was acidified to pH 4 with 1 N aqueous HCI, and extracted
with EtOAc three times. The extracts were combined and adsorbed on silica gel.
Purification on silica gel with a gradient of MeOH/CH,Cl, afforded 3-[3-(3-fluoro-benzyl)-
1H-pyrrolo[2,3-b]pyridine-5-yl]-phenol as a beige solid (8 mg, 66 % yield). "H NMR (500
MHz, DMSO-d6) 6 4.11 (s, 3H), 6.74 (dd, J=2.5, 8.5 Hz, 1H), 6.97 (dt, J= 2.0, 8.5 Hz,
1H), 7.00 (s, 1H), 7.05 (d, J= 8.0 Hz, 1H), 7.13 (d, /= 10.5 Hz, 1H), 7.17 (d, /= 8.0 Hz,
1H), 7.25 (t, J= 7.5 Hz, 1H), 7.30 (q, /= 8.0 Hz, 1H), 7.40 (d, /= 2.5 Hz, 1H), 8.07 (d, /=
2.0 Hz, 1H), 8.42 (d, J= 2.0 Hz, 1H), 9.56 (broad s, 1H), 11.6 (s, 1H). MS: m/z 319
(M+H).

[0328] Other compounds prepared by Method 34:
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Ezi_hll-l)li_|)7.%33(d, J=10.5 Hz, 1H), 7.17
= : : , 7.30 (g, J=8.0 Hz, 1 7.
E‘S’roia 2.\5;)HE06/0][B'TDZ;5 8.07 (d, J= 2.0 Hz, 1H). 8.42 (d. jeTms@ooblmzmihiI:l)D: 9.@2
or Z’b H, 11.6 (§, 1H. Ms: rrz/z 319 (MtH+). [0328] O her conpounds
gtrgg ﬁre yHI\N/E}\IhO(gHMi\/B 1§11 @4200%{9}5&3 PCT/ US2005/ 026792 Tabl e 22
; z ;

g]—l( oy e ot o ( > Method 35: HN HN N N STEP 1 Br
- (3- dycl ohex- Btrawatuxre| H pyrro| of 2, 3- b] i di

( : pyri di ne-5-yl)-phenol . 0329
sci)l lr,:‘it_l on of 5-brono-|1H pyrral o[ 2, 3-b] pyridine (100 %gp 0. 507 rrEmI) %nTONZO-l
( )| wals dded cycl ohexanong (52 uL, 1.015 mmol). The reaction m xture
was dtirked—at 80C for 16 h then concentrated in vacuo. To the residue was

added |3} 0 phenyl boroni¢ acid (91 ng, 0.66 nmol), dichlorobis
GBL

1H), 7.00 (s, 1H), 7.05 (d, J= 8

.0
(d, J=8.0 Hz, 1H), 7.25 (t, J=7

= 2
‘

(triphe o)pal ladium/ (I1) (18 ng, 0.025 mmol and 2
_ 0) ps , 0. , mL of :
'rIPh)e(t lrJre:f ‘ nitrile, andja 2 Msolution of sodi u%n carbonate in 3/atler1.
The r & _rll_hvvasNr\un_ln a Pefsonal Chemistry(r) mcrowave reactor at 150 C
ror fiItrateoaageggtsgfge?étnur'elws d:lu}aed ¥Mth met hanol , filtered, and

_ ! gilica gel. Purification on silica i
g]radl e So;né}\@ Q)’L_Z af forded 3-(3-cycl ohex-1-enyl-IHpyrrol o[ge!&\Mth :
(SB%r:\/_lene- -yl )-phenol as anloff-white solid (12.6 ng, 12 %yi el dj. 1H NMR
( e, DMSO-d6) 8 1.64 (m 2H), 1.74 (m 2H), 2.23 (in, 2H), 2.42 (m
Jt|),7 : tém 1H), 6.74 (dd, J= 2.0, 8.0 Hz, 1H), 7.05 (s, 1H), 7.11 (d
= 7.5 Methodds: 7 26 (1, J= 8.0 Hz, 111), 7.50 (d, J= 2.0 H 1H), 8.26
(d, J= 2.0 Hz, 1H), 8.42 (dHnd= 2. 0_Hz, 1H), 9.51 (broad s, L

N

N STEP 1
=
Br

Step 1: Synthesis of 3-(3-cyclohex—1-enyl-1H-pyrrolo[2,3-b]pyridine—S-yl)-phenol.
[0329] To a solution of 5-bromo-1H-pyrrolo[2,3-b]pyridine (100 mg, 0.507 mmol) in
MeOH (1 mL) was added cyclohexanone (52 uL, 1.015 mmol). The reaction mixture was
stirred at 80°C for 16 h then concentrated in vacuo. To the residue was added 3-
hydroxyphenyl boronic acid (91 meg, 0.66 mmol), dichlorobis
(triphenylphosphino)palladium (ID) (18 mg, 0.025 mmol), and 2 mL of a 1:1 mixture of
acetonitrile, and a 2 M solutipn of sodium carbonate in water. The reaction was run ina
Personal Chemistry® microwave reactor at 150 °C for 600 s. The reaction mixture was
diluted with methanol, filtered, and the filtrate was adsorbed on silica gel. Purification on
silica gel with a gradient of MeOH/CH,Cl, afforded 3-(3 -cyclohex-1-enyl-1H-pyrrolo[2,3-
bjpyridine-5-yl)-phenol as an off-white solid (12.6 mg, 12 % yield). '"H NMR (500 MHz,
DMSO-d6) 6 1.64 (m, 2H), 1.74 (m, 2H), 2.23 (m, 2H), 2.42 (m, 2H), 6.27 (m, 1H), 6.74
(dd, J=12.0, 8.0 Hz, 1H), 7.05 (s, 1H), 7.11 (d, J= 7.5 Hz, 1H), 7.26 (&, /= 8.0 Hz, 1H),
7.50 (d, J=2.0 Hz, 1H), 8.26 (d,/=2.0 Hz, 1H), 8.42 (d, J=2.0 Hz, 1H), 9.51 (broad s,
1H), 11.7 (s, 1H). MS: m/z 291 (M+H").

[0330] Other compounds prepared by Method 35:
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1H), 11.7 (s, 1H. M5 mz 291 (MtH+). [0330] O her conpounds prepared by
Met hod 35: 132 WD 2006/ 015123 PCT/ US2005/ 026792 Table 23 Structure

Struct urevolbbedB823 HN NN OH OH Ms: mz 392 (MrH+) . BFBI/USL@582659% MrH+) .
Method 36: HNHN N~ STEP 1 1 OHI OH Step 1. Synthesis of

3- (3-cycl ohexyl - 1H pyrrol o[ 2, 3-b] pyri di ne-5-yl )-phenol. [0331] A suspension
of 3-(3-cycl ohex-I-enyl -1 H pyrrol o] ZIableRyri di ne-5-yl ) -phenol (6.7 ny,
0.023 nml) and |OM % Pd/C (3 ng) in nethanol (0 m) was stirred for 24 h
under H2 at nos@arctureThe reacti on mSdructerevas filltered through a silica
the sol vent was evapor ated to gi ve

3-(3-cycl ohexyl -1 H pyrrol o] 2, 3{b]Hyd di ne 5BQL) - phenol as a white solid

(2.5 ny| . 1H NMR (%00 [MHp, MEOH-d4) 5{1.35 (m 1H), 1.54 (m
4H), 1.80 N'1.88 (m 2H) 2H), 2|87 (m 1H), 6.79 (dd, J=
2.5 8.ONHZY 1H)\, 7.06 (t, J 7.10|(d, J = 7.5 Hz, 1H), 7.16
(s, 1 H J = 8.0 Hz, J=12.0 Hz, 1H), 8.35 (d, J=
2.0 Hz, 9.51 (broad s, 1H) L 1H). MS| mie 293 (MrH+). [0332]
Q her cp nds prepared by net : 133 WO 2006/ 015123

PCT/ US2D 26792 Table 24 OH

OH
MS: m/z 320 (M+H+).

MS: m/z 392 (M+H+).

Method 36:

HN \ HN
e ad |
| N™
Z sTEP1 U
OH on

Step 1: Synthesis of 3-(3-cyclohexyl-1H-pyrrolo[2,3-b]pyridine-5-yl)-phenol.
[0331] A suspension of 3-(3-cyclohex-1-enyl-1H-pyrrolo[2,3-b]pyridine-5-yl)-phenol (6.7
mg, 0.023 mmo]) and 10wt% Pd/C (3 mg) in methanol (0.9 ml) was stirred for 24 h under
H, atmosphere. The reaction mixture was filtered through a silica plug, the solvent was
evaporated to give 3-(3-cyclohexyl-1H-pyrrolo[2,3-b]pyridine-5-yl)-phenol as a white solid
(2.5 mg, 37 % yield). '"H NMR (500 MHz, MeOH-d4) 6 1.35 (m, 1H), 1.54 (m, 4H), 1.80
(m, 1H), 1.88 (m, 2H), 2.10 (m, 2H), 2.87 (m, 1H), 6.79 (dd, J=2.5, 8.0 Hz, 1H), 7.06 (t, J
=2.0 Hz, 1H), 7.10 (d, J= 7.5 Hz, 1H), 7.16 (s, 1H), 7.29 (t, /= 8.0 Hz, 1H), 8.14 (d, /=
2.0 Hz, 1H), 8.35 (d, /= 2.0 Hz, 1H), 9.51 (broad s, 1H), 11.7 (s, 1H). MS: m/e 293
(M+H™).

[0332] Other compounds prepared by method 36:
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Structure Structure Structure HN HN NBOC HN DO N NNN OHOH OHA4S mz
394 (MtH+). MS: nmfz 322 (MrtH+). M. mz 337 (MtH+). Method 37: Is... NN
HN \ S . wolo@liFi22 N Ofs OH AE51 Step 1. Synthesis of PCT/US2005/026792

3- (3- phenyl sul fanyl -1 H pyrrol o[ 2, 3-b] pyri di ne-5-yl)-phenol. [0333] To

t ol uene-4-sul fonic acid 3-[3-iodo-I-(toluene-4-sul fonyl)-1H pyrrolof2, 3-

b] pyri di ne-5-yl]-phenyl ester (50 mgtalde@47 nmol), copper (1) iodide (1.5
ng, 0.004 mmol). and potassium carbonate (16 ng, 0 155 mmol) under
nitrogen at rmspisemetms added |soprcﬂ1amure(0 2 rrL), berStemeture ol (8]L,
0.077 _nm)I), and ethylene glycol (9 ul, 0.155 mml). The reaction mixture
was stijrred at 80 C\for 24 h. AWN+l) mxtBO& of 2 KOH and MeCh

(1 nm) wagnagded, and the reacti e was fuf stipred at 50(C for
3 h. The ni e was aci dified|[y I N aquéaq extractjed
with Et _\ Extracts wel and cong der vacyum
Purific by reverse phase|c romat ogr aphy usi ng g gradl ent of H20 and
acetoniftrile (with 0.1%formc|g as a nodifien) afforded

3- ( 3- phlepytsul f anyl - | H pyrr ol of enol as a white

_ b] pyri di ne- 5-yl
Soi)l |O—||z( G o5 | vR (680 MHz, DMSO;
: , O t, J-20| 1 7 m 4k), 7.23 (m 3H), 7.[85 (d,
J=2.5 I—%I§ m?”ﬁ-@’?ﬁlf\l/gsf %35@/@(3{?4 (ﬁ’gﬁfg)o Hz | M$)m/z3335MHt0ad 4, 1I(—|),
12. 4 (broad ' n12 31() (MtH+H) . [0334] Ofher exanpl es preparled by
Met hod 377 T34 WD 2006/ 015123 PCT/ US2005/ 026792 Table 25 Structure
Structure
Method 37:

. 17 %vyield). 1H ,74 (dd, J=12.5,

Ts<

N7
N X
_STEP1_ N! \j

~ Step 1: Synthesis of 3-(3-phenylsulfanyl—1H—pyrrolo[2,3-b]pyridine-S-yl)—phenol.
[0333] To toluene-4-sulfonic acid 3-[3 -iodo-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3-
b]pyridine-5-y1]-phenyl ester (50 mg, 0.077 mmol), copper(l) iodide (1.5 mg, 0.004 mmol),
and potassium carbonate (16 mg, 0.155 mmol) under nitrogen atmosphere was added
isopropanol (0.2 mL), benzenethiol (8 pL, 0.077 mmol), and ethylene glycol (9 uL, 0.155
mmol). The reaction mixture was stirred at 80 °C for 24 h. A (1:1) mixture of 2 M aqueous
KOH and MeOh (1 mL) was added, and the reaction mixture was further stirred at 50 °C for
3 h. The mixture was acidified to pH5 with 1N aqueous HCl and extracted with EtOAc
twice. Extracts were combined and concentrated under vacuum. Purification by reverse
phase chromatography using a gradient of H,O and acetonitrile (with 0.1% formic acid as a
modifier) afforded 3-(3-phenylsulfanyl-1H-pyrrolo[2,3-b]pyridine-5-yl)-phenol as a white
solid (4.3 mg, 17 % yield). '"H NMR (500 MHz, DMSO-d6) 6 6.74 (dd, J=2.5, 9.0 Hz,
1H), 6.98 (t, J= 2.0 Hz, 1H), 7.08 (m, 4H), 7.23 (m, 3H), 7.85 (d, /= 2.5 Hz, 1H), 7.98 (s,
1H), 8.56 (d, J=2.0 Hz, 1H), 9.55 (broad s, 1H), 12.4 ( broad s, 1H). MS: m/z 319
(M+HY.

[0334] Other examples prepared by Method 37:
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HN\ HHNS NS | | bN Br OHOH M mz 397 (MH+). S: miz 320 (MrH+).
Method 38: HN -\ HNHN~- NONSTEP1 NOSTEP 2 | ~i Br Br \ OH Step
1. Synt hewd2o@fo1§23br ono- 1H pyrrol o[ 2, 3- b] pyri di ne- 3- yl pephmspyisiopebhanone.

[ 0335] To a suspension of A1C13 (338 ng, 2.54 nmmol) in dichloromethane (10
m.) was added 5-brono-IH pyrrol o[ 2, 3-b] pyridine (100 ng, 0.507 mmol).
After stirring for 45 mn, benzoyl E#le2Pde (0.3 nL, 2.54 mmvl) was added
and the reaction mxture was stirred for 3 h, before quenching with MeOH
at 0 T.| The m xtStrectweess concentjr at ed i nStractmeren the pH was changed to 4 by
additiop of 1N aqueous NaOH, and the aqueous | ayer was| extracted tw ce

w th EtjQAdN—Fhe organic | ayer wasNdni ed over MgSO4, filtered and adsor bed

on sili ~sPurification of s gel with a gradjent of EtOAc/hexanes
af f or degd'} -1 H pyrrolof N D] pypigj ne- 3-yl) - phehyl - met hanone as a
white s 40 %yi el d). epé ynt hesi s of

[5-(3-h l) - 1H-pyrro|o[2 3-b ridine3y|] phenyl - net hanone.

[ 0336] -bro -I H pyrrol o] 2¢3 ] pyri di ne- 3-yl) - phepyl - ret hanone (50 ny,
0. 167 3- hydroxyphenyl bharopjc acid (30 ng, 0.217 nmol), and

di chl orpbi’s @tri phenyl phosphi no)pal PHdi um (11) (6 ng,| 0.0083 mMmvl) in a

Smth progess, %@’gol\éﬁi‘c‘%ﬁ?'added ikl of 39 (?vﬁal? xture of| acetonitrile, and a

2 Msolpution o carbonatle in wate The reactin was run in a
Personal Chemistry(r) mcrowave reactor at 150 C for 1200 s. The 135 WD
2006/ 015123 PCT/ US2005/ 026792 m xture was diluted with DW (ca. 5 nL) and
filteredMghod 38| ca plug. The filtrate was

N

NI ~ STEP 1 N S STEP 2
S l =
Br Br

Step 1: Synthesis of (5-bromo-1H-pyrrolo[2,3-b]pyridine-3-yl)-phenyl-methanone.
[0335] To a suspension of AlCl; (338 mg, 2.54 mmol) in dichloromethane (10 mL) was

added 5-bromo-1H-pyrrolo[2,3-b]pyridine (100 mg, 0.507 mmol). After stirring for 45 min,
benzoyl chloride (0.3 mL, 2.54 mmol) was added and the reaction mixture was stirred for 3
h, before quenching with MeOH at 0 °C. The mixture was concentrated in vacuum, the pH
was changed to 4 by addition of 1N aqueous NaOH, and the aqueous layer was extracted
twice with EtOAc. The organic layer was dried over MgSOy, filtered and adsorbed on silica
gel. Purification on silica gel with a gradient of EtOAc/hexanes afforded (5-bromo-1H-
pyrrolo[2,3-b]pyridine-3-yl)-phenyl-methanone as a white solid (61 mg, 40 % yield).

Step 2: Synthesis of [5-(3-hydroxy-phenyl)-1H-pyrrolo[2,3-b]pyridine-3-yl]-
phenyl-methanone.
[0336] To (5-bromo-1H-pyrrolo[2,3-b]pyridine-3-yl)-phenyl-methanone (50 mg, 0.167
mmol), 3-hydroxyphenyl boronic acid (30 mg, 0.217 mmol), and dichlorobis
(triphenylphosphino)palladium (IT) (6 mg, 0.0083 mmol) in a Smith process vial was added
1 mL of a 1:1 mixture of acetonitrile, and a 2 M solution of sodium carbonate in water. The

reaction was run in a Personal Chemistry® microwave reactor at 150 °C for 1200 s. The
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adsorbed on silica gel. Purification on silica gel with a gradient of

MeOH/ di chl or onet hane afforded

[ 5- ( 3- hyowoxyesuheng! ) - 1H pyrrol o[ 2, 3- b] pyri di ne- 3-yl ] - plremys2008obeanpone as a
yellow solid (37 ng, 71 %yield). 1H NWR (500 Mz, DWsO-d6) 5 6.80 (dd, J=
2.0, 7.5 Hz, 1H), 7.10 (t, J= 2.0 Hz, 1H), 7.14 (d, J= 9.0 Hz, 1H), 7.31
(7 t 84J (_d 7m5xthiz: wdsH)ilutédl Wwith DIVF Jca. 5 mL)anHfilte®dd)qn /sibBéa flig. The firGtelzas 1H) ,

170" gdsoni ong sy seh Rysoaionin sikee i srbSimaICOREEIomsThar N o

N N N STfERqkd [5-G-hynBidt ﬁé 1°fH-pyrrolo[2,3-blpyridine-3-yl]-phenyl-methanon
3-(2H pyrazol - g@ ﬁ}f y Ifyn)- pP]rr yrro o[ 2, 3yb]]p I’Iydllnﬁe oSetaesa

To 5- br opallosv Qcﬂid-@?mmﬂll %-}’Wﬂ‘)) \WRK&WZIZSDMWM6 516880(@0,15@2 (Dgﬁl

S}Tg lhl) or og[nzpﬁ%l’ 9y1;9t{g(r)(§ﬁgg 03%2‘%‘3 L?E‘;?J:a& ﬁ%fﬁ’ ?O7 {Tlg(t’rrg: %éa%g’r@b)h% reJ[dljn a

Sm th pracesg, VI, 76t @ddﬁgﬂiz nrH)Ofszag d, ¥=y. amztglme 804 @cmplalmr(ul.er and a
2 M sol ution of sodiumcarbonate in he reaction was,run in a

Per sonal 2.0H&milEh) s 868 d, niT? 8kay .85 @roadlts iH@ M vz 80D (+HThe ni xture was
diluted wwth DM (ca. 5 nL), filtered on a silica plug, and sol vent was
evapor at gtbthod3#&:i fi cati on by reverse phase chromat ography using a gradient
of H20 and acetonitrile (with 0.1%fornmic acid as a nodifier) afforded the

0337]

formate s of 3 (2H pyrazol By )-Hpyridin- 3-yl-
1H pyrrol ofj2,8=Db i dine as U id (4.5 nmg, 13 %yield). 1H NWR
(500 MHz N O-\46) S_6.61 (broa , 6.73 (broad s, 1H), 7.53 (dd, J=

S,

1H), 7.94 (d, J= 2.5 Hz, 1H), 8.18 (broad
s, 1H), 8.98 (broad s, 1H), 12.0 (broad
z 262 (MrH+). [0338] O her conpounds

06/ 015123 PCT/ US2005/ 026792 Tabl e 26

5.5, 7.0 Hz_ , 7. :
s, 1H), 8.60 (m 2H), 8.68 (broad
s, 1H), 12B7 (broad s, 1H). .
prepared by nethod 39: 136
Structure HNHNN N\ i

Step 1: Synthesis of 3-(2H-pyrazol-3-yl)-5-pyridin-3-yl-1H-pyrrolo[2,3-b] pyridine.
[0337] To 5-bromo-3-(2H-pyrazol-3-yl)-1H-pyrrolo[2,3-b]pyridine (30 mg, 0.114 mmol),
3-pyridyl boronic acid pinacol ester (30 mg, 0.148 mmol), and dichlorobis (triphenyl-
phosphino)palladium (II) (4 mg, 0.0057 mmol) in a Smith process vial was added 1 mL of a
1:1 mixture of acetonitrile, and a 2 M solution of sodium carbonate in water. The reaction
was run in a Personal Chemistry® microwave reactor at 150 °C for 900 s. The mixture was
diluted with DMF (ca. 5 mL), filtered on a silica plug, and solvent was evaporated.
Purification by reverse phase chromatography using a gradient of H,O and acetonitrile (with
0.1% formic acid as a modifier) afforded the formate salt of 3-(2H-pyrazol-3-yl)-5-pyridin-
3-yl-1H-pyrrolo[2,3-blpyridine as a white solid (4.5 mg, 13 % yield). '"H NMR (500 MHz,
DMSO0-d6) § 6.61 (broad s, 1H), 6.73 (broad s, 1H), 7.53 (dd, /= 5.5, 7.0 Hz, 1H), 7.71
(broad s, 1H), 7.94 (d, /= 2.5 Hz, 1H), 8.18 (broad s, 1H), 8.60 (m, 2H), 8.68 (broad s, 1H),
8.98 (broad s, 1H), 12.0 (broad s, 1H), 12.7 (broad s, 1H). MS: m/z 262 (M+HM.

[0338] Other compounds prepared by method 39:
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| NH AE52 MS: niz 300 (M+H+). Method 40: Et Ts, rNN STEP 1 r Step 1:
Synt hesi s of 3-(2-ethyl-phenyl)-5-pyridin-3-yl-1H pyrrol o[ 2, 3-b] pyri di ne.
[ 0339] Towb-2besmrer23- i odo- | - (t ol uene-4-sul fonyl) - 1H pyr r ecofiB2@shkqyz i di ne
(15 mg, 0.0314 nmol, prepared as described in nethod 1), 2-ethyl phenyl
boronic acid (5.2 ng, 0.034 innol), agg di chl orobi s
(triphenyl phosphi no) pal | adi um (11)*¢ le ng, 0.0002 rnol) in a Smth
process vial was added 0.5 of a 1:1 mxture of acetonitrile, and a 2 M
solut|on of swdactmrearbonatdq in water. The reaction m xture was stirred
for 6/ h, then 3-pyridyl bordnic acid pinacol ester (8.4 ng, 0.041 mmol)

and d{ chl tri phenyl - pghosphi no)palladium (Il) (1.3 ng, 0.0002 muol)
wer e adde gy reaction s run in a Personal Chemistry(r) mcrowave
react pr flor 900 s. The m xture was diluted with DWW (2 nl),

filtefedlopla silica plug, and solvent was evaporated. Purification by

rever$ ase chromat ography| using a gradi ent of H20O and acetonitrile
(with ormc acid as a {mwdifier) afforded

3-(2-4 henyl ) -5-pyridin-B-yl -l Hpyrrol o[ 2, 3-b] pyridine as a solid
(5.8 1 %yield). 1H NWR (500 MHz, DMSO-d6) 6 1.05 (t, J= 7.5 Hz, 3H),

q —75H?EHZH) 7.7 (t, J= 7.0 Hz, 1H), 7.31 (t, J= 7.0 Hz,
11, 1.38 0d, J= 7 2H),| 7.45 (dd, J= 5.5, 8.5 Hz, 1H), 7.60 (s, 1H),
7.98 (dvisJF/z200 (Me:HAH), 8.10| (dd, J=1.5, 8.0 Hz, 1H), 8.54 (d, J= 5.0 Hz,
1H), .60 (d_J=2 0 He—3H-18.90 (s, 1H), 12.0 (s, 1H. M mz 300
(MrH+) . 137 WD 2006/ 015123 PCT/ US2005/ 026792 [ 0340] Ot her conpounds

pr epar Eéi%\it hod 40: Table 27 Structure Structure Structure EtO EtO Et
rN HN \ NV VNV T,

N
\ N \
NS _STEP1 _
N

Step 1: Synthesis of 3-(2-ethyl—phenyl)-S-pyridin-S-yl—1H—pyrrolo[2,3-b]pyridine.
[0339] To 5-bromo-3—iodo-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3—b]pyridine (15 mg,
0.0314 mmol, prepared as described in method 1), 2-ethylphenyl boronic acid (5.2 mg,
0.034 mmol), and dichlorobis (triphenylphosphino)palladium (ID) (1.3 mg, 0.0002 mmol) in

a Smith process vial was added 0.5 mL of a 1:1 mixture of acetonitrile, and a 2 M solution

of sodium carbonate in water. The reaction mixture was stirred for 6 h, then 3-pyridyl
boronic acid pinacol ester (8.4 mg, 0.041 mmol) and dichlorobis (triphenyl-
phosphino)palladivm (ID) (1.3 mg, 0.0002 mmol) were added and the reaction was run in a
Personal Chemistry® microwave reactor at 150 °C for 900 s. The mixture was diluted with
DMTF (2 mL), filtered on a silica plug, and solvent was evaporated. Purification by reverse
phase chromatography using a gradient of H,O and acetonitrile (with 0.1% formic acid as a
modifier) afforded 3-(2- _ethyl-phenyl)-5-pyridin-3-yl- 1H-pyrrolo[2,3-b]pyridine as a solid
(5.8 mg, 61 % yield). ' NMR (500 MHz, DMS0-d6) 6 1.05 (t, J="1.5 Hz, 3H), 2.66 (4, J
=17.5Hz, 2H), 7.27 (t, J="7.0 Hz, 1H), 7.31 (t,J="7.0 Hz, 1H), 7.38 (d, J = 7.5 Hz, 2H),
7.45 (dd, J=5.5, 8.5 Hz, 1H), 7.60 (s, 1H), 7.98 (d, /= 2.0 Hz, 1H), 8.10 (dd, J=1.5, 8.0
Hz, 1H), 8.54 (d, J= 5.0 Hz, 1H), 8.60 (d, J=2.0 Hz, 1H), 8.90 (s, 1H), 12.0 (s, 1H). MS:
m/z 300 (M+H).
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~I ~N\N M nmiz 316 (M-H+).

S mz 316 (MrH+).

\' HN\ HN\ N\ OO NN NHM: mz 262 (MH+).

( MFH#) .
262 (MHH).

MBO 20062013022 ( MHHH) .

HN HN A HN \ MeO - N
HN, SC2Me AE53 NH S: iz 354 (MrH+).
OCF3 NNH NTrN MO~ Ol N NJ gggef
m z 46803404+]Othegconmorodspisaed 8y péeth

311 [ MH+]

M5: mlz 300 (MrH+).

Et HN

HNSO2Me S: m z 300

Structure MMO-NF FHNFF HNrNNNHN SOZMe S: nfz 308 (MHHt) .

N \ O RCr/uS208sM67d5: ni z
M. mz 341 (MrH+).
M5 mlz 303 (MrH+). S
05/ 026792 Structure Structure

HN HN

MS: mz

308 (M+H+). MS: miz 395 (M+H+). Efl@bE2MWMeO HN \ -N

Structure Structure Structure
EtO EtO Et

HN N HN N HN \

NTX N ;\{ R

I = I P P

7 l = | = |

N SN SN

MS: m/z 316 (M+H).

Et

HN A
e av
l =
l NH
HN\SOZMe MS: m/z 300 (M+HH).
MS: m/z 392 (M+H+).
MeO

HN\

HN.
SO:Me  AES3

MS: m/z 354 (MAH).

NH
MS: m/z 341 (M+HH).

MS: m/z 303 (M+H+).

MS: m/z 311 [MH+]

MS: m/z 468 [MH+]
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HNrNI1 NNN ~ NH MS: miz 303 (MrH+). MS: mfz 354 (MrH+). St miz 338
(MtHH) . HNF F HNF F VWN\ NN\ H/ NHHN,6 SO2Me a M5 mz 346 (MtH+). S
mz 400 (WbHejeo1dE3 mz 352.1 [M+#]. FFFF HNOO HcOuS24502¢7992 N N N~
T~ NN | I Il r N, ,/OH | NNCH3 NI N HNb O 0O Ms rr123541
[IVH"'] S: nmlz 507 [l\/H-I-] MS: 1z 491 [!\VIH_H 139 ‘VO 20'\%['

PCT/ US2005/ 026Y@actuse r uct ur e StructﬁFré‘c@( ucture I—IS (51

OHO" H O-O

NNO N N N/ 1 11 CIN NI_L 0 0 AE54, hnub.voF...anolw].s:
in/z z128|\[M—M]aO MS: mz 455 | HN F
H \
e D~
N\ N
l _ ¥Z
g
X N SN
HN oo e MS: m/z 308 (M-+H). MS: m/z 308 (M+H+).
2
MS: m/z 395 (M+HH).

EtO
HN A\

NH
MS: m/z 354 (M+H+). MS: m/z 338 (M+H+).

F HN\

NH SOQMG
MS: /2 346 (MFEE). VIS: /s 400 (VEFHE). | MS:m/z 3521 [MEH].

MS: m/z 354.1 [MH+].

MS: m/z 507 [MH+]. MS: m/z 491 [MH+].
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FFFHOHO HOONNN"®

OH O a

OHO H N wWoNode/ddst28 /|
OHOb M5 nmz 439 [ MH].

PCT/ US2
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acid an

. N / NI Nl "/
CM: mz 464 [MH]. S mz 426 [ MH].
NCH3 I (OOH N,,)
S: mz 444 [ M#H] .
005/ 026792 Structure Structure Structure

VS:
Nyy)

N

Il NI ~o NI J
mz 442 [MH]. H
VB  ipofraus3dos/opdvbbt]
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HN N OH M5: mz 315

J O
OH
0

3- Di hydrStrbemeof ur an- 7-
il 2, 2- difluoro-benzo[1,

br oni cSaracthyre benzo|

1, 3] di Sualkawrd- bor on

3] di oxol e-4-boroni ¢ acid were prepared

Lz

[ MHt]
c

accordi

ng to the Rrogedures dgsgribed geNow. Syntlhgsis of A~
1, 3- Di b oRp- 2-(2%0- et hoxy) -|bepzane. 8 BO Br Gﬁ‘N 0" Yo
N

o AES54,b

IMS: m/z 428 [MH+].

l OH

MS: m/z 315 [MH+]

MS: m/z 439 [MH+].

IMS: m/z 444 [MH+].
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OH O-~Br Br Br [0341] 1, 2-Di bronoethane (5.0mM, 58rnol) was added to a
sol ution of sodi um hydroxide (2.5g, 63mmol) and 2, 6-di bronophenol (14. 5g,
57. 6i nnolyoiwochss of water. The m xture was stirred wodars2e60sfobersz f or 20
hours and then extracted with ether. The conbined organic |ayers was dried
over Na2So4, filtered and co dto—gi-re—getorte u'{d'r.e Sitich gel
chr omht ogr aphyStusétnge a gr adi gnt of B&HGIUT§cetate in heESrﬁl(gs to afforded

1, 3-di bronp-2-(2- brono-ethoxy)-benzene (11.55¢g - 57%yieteh—as—a—co] orl ess

CT U}
oil. pynthesi g of 7-Bronp-2, 3 di hydro-benzofuran. Br Br Br [0342]| A

sol ut };MN M n-BuLi (13.0m, 32.5mmpl) was abded to a solution pf 1, 3-
di bro 2
28ml of| hexane¢ at

pnD- et hoxy) - bejnzene (11.5, 32. pl) in 115m of THE| and
B -78 C over| 30m ns. The reactipn was continued at|-78 C
for 3( nutes, then warnmed fo O T. The m xture| was poured into water
(100n}).and t he aqueous phasel was extracted wtph ether. The conbi ng¢d
organilcJ ayers were dried ovef Na2SO4, filtered,|and concentrated {o give
a palg yellow oil. Silica gel}|chromatography usipg a gradi ent of etlhyl

y
acet at Ngém%%qmgﬁhgi ve 7-prono-2, 3-di hydro-benzofuran as col orl ¢ss
\

needl 5 00— —Wo2606/ 015123 PCT/ USZ0057/ 026792 78% . 1H NMR (500

?/ﬁz’ 7P'gﬁg’zggﬁzﬁ}g,dr}:_%&gﬁ;:ra%ﬁérorg{%?id,%zo[z -ﬁ&gﬁ%@#—ﬂdﬂémcﬁcﬁfﬂd 2,2H), 6.75

3.28 (t, 8.8Hz, 2H). Synthesis of
2, 3- Di hyfnorohenze B @bxdle drimotic aciddvere BrepBedpeordiog|io hegTpRPS¥5F A sol uti on
of 1.7Mt-BulLi .oml, 11.1nmol) in pentane was added to a solution of
7- br onode@eribedi -0- benzofuran (2.00g, 10.1mmol) in 15m of THE at -78 C

over 15 mnutes. The m xture was stirred at -78 C for 30 mi nutes before

tri met hyy,hevi@at B3 (Db Béknt-2-(24odmrethpxylakengaded. The nixture was slowy

warnmed to O C and water (loorgé) added. The organic | ayer was separated and
t

t he aquedlis phase was extractied with ether. The conbined organic |ayers
was dri eH Na2s(4, fiIt@@Mgncentrat ed to give a white sticky

resi due e crude pr.oduct t hen washed with water and then 20% Et OAc i n

hexanes gf ord 2, 3-di hydro<beBrzof uran-7-bronic acid (1.48g, 90%yiel d)

as a Mi[(}:;?u] 1,2-Dibromoethane (5.0ml, 58mmol) was added to a solution of sodium hydroxide

(2.5g, 63mmol) and 2.6-dibromophenol (14.5g, 57.6mmol) in 45 ml of water. The mixture
was stirred under reflux for 20 hours and then extracted with ether. The combined organic
layers was dried over Na,S0;, filtered and concentrated to give colorless oil. Silica gel
chromatography using a gradient of ethyl acetate in hexanes to afforded 1,3-dibromo-2-(2-
bromo-ethoxy)-benzene (11.55g, 57% yield) as a colorless oil.

Synthesis of 7-Bromo-2,3-dihydro-benzofuran.
Br Br

ﬁj‘w @3’
Br

[0342] A solution of 2.5M n-BuLi (13.0ml, 32.5mmol) was added to a solution of 1,3-

dibromo-2-(2-bromo-ethoxy)-benzene (11.5, 32.0mmol) in 115ml of THF and 28ml of
hexane at 78 °C over 30mins. The reaction was continued at -78 °C for 30 minutes, then
warmed to 0 °C. The mixture was poured into water (100ml) and the aqueous phase was
extracted with ether. The combined organic layers were dried over Na,SOy, filtered, and
concentrated to give a pale yellow oil. Silica gel chromatography using a gradient of ethyl

acetate in hexanes to give 7-bromo-2,3-dihydro-benzofuran as colorless needles (5.00g,
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solid. [0344] Simlarly, benzo[ 1, 3]di oxol e-4-boroni i
: , , -4- c acid and
2, 2-di fl uoro-benzo[ 1, 3] di oxol e-4- boronic acid were
, d. Method 41: HN
\' NYNH2 Wil 2bid/ddi2Bl N NHZ S N STEP | N Br STEP 2 N S SPERI
S
Br Br HN/ AE55 Step 1: Synthesis of SPERSzistern 1, B

2-brono-1-(5-brono-1 H pyrrol o[ 2 b ri (gngS
T
Zgzggn%%ﬁ Ot NYIR1(50Q 5‘@ r#ﬁ%ﬂﬁ‘dllfﬂz gﬂ%hg 2 :@ﬁgﬁ{;ﬁa E7 rr{) \afag1
Stirr ﬁg&@%ﬁéﬁérfﬁ%ﬂ@ e BB . 2. 54 mrl) v
i r 6o cety hIorlde (0 21 n., 2.54 mmol) was added
:?dOEheTLeaCFI?n m xture was stirred for 2 h, before quenching with MeOH
0C. e m xture was cqncentrat in.vaecyo, the pH was changed to 7 b
addi t i dyynghesis of 23PHohenge '“Sﬁn'ggbra?alfe%us sodi um bi car bonat eg and they
aqueous | ayer was extracted twice with Et OAc. The organic |ayer was dried
over Nggpn and filtered thregygh2a plug of silica gel. Solvent was

gvgporat: ;9 dryness to givg 14§ WO 2006/ 015123 PCT/ US2005/ 026792
=\pr oMo~ T FF pyT |
rono br pyrro b] pyri di n-3-yl)-ethanone as a |ight

yel | ow 1160 ng, quan e) 1H NWMR (500 MHz, DMVBO
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hexanes to afford 2,3-dihydro-benzofuran-7-bronic acid (1.48g, 90% yield) as a white
solid.
[0344] Similarly, benzo[1,3]dioxole-4-boronic acid and 2,2-difluoro-benzo[1,3]dioxole-4-

boronic acid were prepared.

Method 41:
AN N -NH,
HN >
\ HNT) HNT\ N NH, N -
N sTEP1 N Br STEP2 N \ g/ STEP 3 Z
l/ ./ © L~
Br Br Br
HN= AES5

Step 1: Synthesis of 2-brom0-1-(5-br0mo-1H-pyrrolo[2,3-b]pyridin-3-yl)—

ethanone.
[0345] To a suspension of AICL; (338 mg, 2.54 mmol) in dichloromethane (10 mL) was
added 5-bromo-1H-pyrrolo[2,3-b]pyridine (100 mg, 0.507 mmol). After stirring for 30 min,
bromoacetyl chloride (0.21 mL, 2.54 mmol) was added and the reaction mixture was stirred
for 2 h, before quenching with MeOH at 0°C. The mixture was concentrated in vacuo, the
pH was changed to 7 by addition of a saturated solution of aqueous sodium bicarbonate, and
the aqueous layer was extracted twice with EtOAc. The organic layer was dried over
MgSO, and filtered through a plug of silica gel. Solvent was evaporated to dryness to give
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Step 3: Synthesis of

4-[5-(1Hindol -5-yl)-1Hpyrrol o] 2, 3-b] pyri din-3-yl]-thiazol -2- ylam ne.

[ 0347] Towé-20&daseo- | H pyrrol o 2, 3-b] pyri di n-3-yl) -t hi zwlvs2e0plo26Tone
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(s, 1H). dmi infyratwo qu M{ﬂ%)romMH m@rca@[aa?/ b]wma@-sin@wthiszﬂ%;ymzﬁﬂ@z Met hod
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(2- Am n07.511e§,qm9, Y0 (din= 352 169, 4. baar 9=py3 Hel THB8¥L)d, SebivEnoner), 12.4
(s, 1H). MS: m/z 295 (M+H").

Step 3: Synthesis of 4-[5-(1H-indol-5-yl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-thiazol-2-

ylamine.
[0347] To 4~(5-bromo-1H-pyrrolo[2,3-b]pyridin-3-yl)-thiazol-2-ylamine hydrobromide
salt (20 mg, 0.053 mmol), 5-indolyl boronic acid (13 mg, 0.08 mmol), and [1,1°-
bis(diphenylphosphino)ferrocene]dichloropalladium (II), complex with dichloromethane
(1:1) (2 mg, 0.0026 mmol) in a Smith process vial was added 0.5 mL of a 1:1 mixture of
acetonitrile, and a 2 M solution of sodium carbonate in water . The reaction was run in a
Personal Chemistry® microwave reactor at 150 °C for 1200 s. The mixture was diluted with
DMF (3 mL), filtered on a silica plug, and solvent was evaporated. Purification by reverse
phase chromatography using a gradient of H,O and acetonitrile (with 0.1% formic acid as a
modifier) afforded the formate salt of 4-[5-(1H-indol-5-yl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-
thiazol-2-ylamine as an off-white solid (8.5 mg, 42 % yield). '"H NMR (500 MHz, DMSO-
d6) 6 6.44 (m, 1H), 6.82 (s, 1H), 6.91 (s, 2H), 7.32 (t, J= 2.5 Hz, 1H), 7.41 (m, 2H), 7.67
(d, J=2.5 Hz, 1H), 7.81 (s, 1H), 8.14 (s, 1H), 8.46 (d, /=2.0 Hz, 1H), 8.49 (d, /=2.0 Hz,
1H), 11.0 (s, 1H), 11.7 (s, 1H). MS: m/z 332 (M+H).
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[0348] To a solution of 5-brono-2-fluoropyridine (5.6 m, 54.2 mmol) in THE
(50 M) at O C under nitrogen was added dropw se a 2 M sol ution of

i so- pr opyworgesaasizon chl oride in THE (27 ml) over a per ipotd/uskoos@26vnut es.
The ice bath was renoved and the reaction mxture was stirred at room
tenperature for 2 hours. The resulting slurry was added dropw se via
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dark yellow crystals (1.48 g, 49 %le d). 1H NVR ( DMBO d6) 5 8.49 (s,
2 7.81 (d, J=
1H); MS: nlz
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a IMsolution of lithiumbis(tri mylsilyl)amde in THE (3.4 m, 3.4
mmol ). The resulting dark red m xture was stirred at OC for, 10 m nutes to
generat e t HdeRy L} anfhesijol(2-Araing-Sbrame-puridin-g2Dato-fleem-pyriding-yhoe6/ 015123
PCT/ U52005/r8§%831r br ono- pyridi n-3-yl)-(6-fluoro-pyridin-3-yl)-nethanone
(400 ng, 1 3 in THE (6 mM) was added dropwise a 1 M solution of

t ert - but W3depna®i dkslwtivnasfisdgomo-2Hikoropyddinety.6 atl, Bt Tmmalpin THE (S@mi) atThe
reaction pixture was stirred at 0.C for 5 minutes, then the. ylide . reagent
was addea drpde oz wasadded deopwisee 3 MaelytioR ofiserripey! Wégn%sll‘l”%\ﬁg]&“@% yar m
up to : RetvRd aid R rBackihUr at ed
aqueous so u@?t@ﬂ?gﬁgﬁn{'}gﬁoﬁ@c @l(&){%sﬁggg?%r%@%%gf O T. The m xture was
stirred mixpareomad syirfedrat ﬂooh'n twmpe&tm‘e for Dhonrs.erfperattimgeslunavas addsl added,

foll owed by extractin ace ree ti ned or.g ani c

| ayers wATOBWRESHR PR aﬁoﬁr h@‘ong %“égf'?@@&@%ﬁ%}é‘a‘y%ﬁ'@?tﬁ%c‘&g}aml

Pur i 11 cah)RBcifBridd {3 T8, 1994 mifdiflinrigr 880 S0at Rlon® ldifleragRtalie/ gy aaeyald or ded
the title conpound ingle 1soner) as a dark foam (220 rrg 50%yield). 1H
NVR ( DiVSrits) of 3 rﬁumES(Afteﬂsﬂleg B)rlazhoum-i)he 18200N (Vehs cp.uenczl byadditiom of 7. 78
(dt, J= saturate% aqueoufs SOERIOH7 gl%m(oniu chlonge B% mI])H% 0 °C and the mixture was

stirred at room temperature for another 20 minutes. Water was added and the mixture was

extracted with ethyl acetate (three times). The combined organic layers were dried over
sodium sulfate, then filtered and concentrated. Crystallization from methanol (ca. 60 ml)
afforded the title compound as dark yellow crystals (1.48 g, 49 % yield). 'H NMR (DMSO-
de): § 8.49 (s, 1H), 8.34 (d, J= 1.5 Hz, 1H), 8.23 (dt, J=2.5, 8.0 Hz, 1H), 7.81 (d, J= 2.5 Hz,
1H), 7.74 (broad s, 2H), 7.36 (dd, J= 2.0, 8.0 Hz, 1H); MS: m/z 295.9, 297.9 [MH]".

Step 2: Synthesis of 5-bromo-3-[1-(6-fluoro-pyridin-3-yl)-2-methoxy-vinyl]-
pyridin-2-ylamine.
[0349] To a suspension of (methoxymethyl)triphenylphosphonium chloride (1.16 g,
3.38 mmol) in THF (4 ml) at 0 °C under nitrogen was added dropwise a 1M solution of
lithium bis(trimethylsilyl)amide in THF (3.4 ml, 3.4 mmol). The resulting dark red mixture

was stirred at 0°C for 10 minutes to generate the ylide reagent. To a solution of (2-amino-5-
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Chemistry® microwave to 150 °C for 300 s. The reaction mixture was diluted with water

of an

and neutralized to pH 7 by addition of an aqueous solution of sodium hydroxide. The
resulting precipitate was filtered, washed with water, and dried in vacuo to yield the title
compound as a beige solid (152 mg, 77 % yield). 'H NMR (DMSO-de): 8 12.1 (broad s,
1H), 11.7 (broad s, 1H), 8.32 (d, J= 2.5 Hz, 1H), 8.30 (d, J=2.5 Hz, 1H), 7.83 (dd, J=2.5,
11.5 Hz, 1H), 7.82 (s, 2H), 7.67 (s, 1H), 6.43 (d, J=11.5 Hz, 1H); MS: m/z 290 [MH]".

Step 4: Synthesis of 5-[5-(3,4-dimeth0xy-phenyl)-lH—pyrrolo[2,3-b]pyridin-3-yl]-

pyridin-2-ol.
[0351] To 5-(5-bromo-1H-pyrrolo[2,3-b]pyridin—3-yl)-pyridin—Z-ol, 3,4-dimethoxyphenyl
boronic acid (1.3 equiv.) and dichlorobis (triphenylphosphino)palladium (i) (6 mol %) in a
Smith process vial was added a 3:2:1 mixture of acetonitrile, water, and a 2 M solution of
sodium carbonate in water to achieve an overall concentration of the starting material of
0.10 M. The reaction was run in a Personal Chemistry® microwave reactor at 165 °C for
1200 s. Water was added and the mixture extracted three times with ethyl acetate.
Purification on silica gel with a gradient of MeOH/ CH2C12 afforded 5-[5-(3,4-dimethoxy-
phenyl)-1H—pyrrolo[2,3-b]pyridin—3-yl]-pyridin—z-ol as an off-white solid (34 % yield). 'H
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Ove OV MS: mz 468 (MrH+). a) From

5-brono- 3- (6-chl oro-pyridin-3-yl)-1H pyrrol o] 2, 3- b] pyri di ne, which was
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J= 1.5 Hz, 1H), 8.23 (dd, J= 2.0, 8rblkiz8 1H), 8.16 (s, 1H), 7.54 (d, J=
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solutip sodi um hydr oxi de. |The precipitate was
OMe
OMe
MS: m/z 468 (M+HH).

a) From 5-bromo-3-(6-chloro-pyridin-3-y1)-1H-pyrrolo[2,3-b]pyridine, which was
prepared by one of the following ways.

Synthesis of 5-br0m0-3-(6-chlor0-pyridin—3-yl)-1H-pyrrolo[2,3-b]pyridine from 5-(5-
bromo-1H-pyrrolo[2,3-b] pyridin-3-yl)-pyridin-2-ol.

HN | HN l
R — Y7 1]
|
Z S OH Va = cl
Br Br

[0353] 5-(5-bromo-1H-pyrrolo[2,3-b]pyridin-3—yl)—pyridin—Z—ol (152 mg, 0.524 mmol)
was heated in 2 ml of phosphorus oxychloride in a capped vial. The reaction mixture was
stirred at 110 °C for 2 hours, then poured onto ice and neutralized to pH 4 witha 1 N
aqueous solution of sodium hydroxide. The precipitate was filtered off, washed with water,
and dried in vacuo. The resulting solid was heated in methanol for 30 min, then filtered
cold, washed with methanol, and dried in vacuo to yield the title compound as a beige solid
(117 mg, 72 % yield). ' NMR (DMSO-dg): & 12.4 (broad s, 1H), 8.80 (d, J=2.5 Hz, 1H),
8.53 (d, J=2.0 Hz, 1H), 8.36 (d, J= 1.5 Hz, 1H), 8.23 (dd, = 2.0, 8.0 Hz, 1H), 8.16 (s, 1H),
7.54 (d, J=7.5 Hz, 1H); MS: m/z 307.9,309.9 [MH]".
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filtered off, washed with water, and dried in vacuo to give 333 ing of a
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with water, and dried in vacuo. Purification on silica gel using a gradient of methanol in

dichloromethane afforded the title compound as a beige solid (241 mg, 67 % yield).

Method 43:

NN N
N NH F H-N o—
(SO stepe 0 NS N STEP 2
Br 7 N HN—\ O\
g N

Step 1: Synthesis of [2-amino-5-(3,4-dimethoxy-phenyl)-pyridin-3-yl]-(6-amino-

OMe AES56

pyridin-3-yl)-methanone.
[0355] A solution of (2-amino-5-bromo-pyridin-3-yl)-(6-fluoro-pyridin-3-yl)-methanone
(120 mg, 0.405 mmol), ammonium chloride (5 equiv.), and triethyl amine (5 eq.) in absolute
ethanol (0.2 M) was sealed in a Smith process vial. The reaction was heated in a Personal
Chemistry® microwave reactor to 200 °C for 25 minutes. The mixture was diluted with
water, and the resulting yellow precipitate was filtered off, washed with water, and dried in
vacuo. The crude product was mixed with 3,4-dimethoxyphenyl boronic acid (1.3 equiv.),
6 mol % of dichlorbis(triphenylphosphino) palladium (1) and a 3:2:1 mixture of acetonitrile,
water, and a 2 M aqueous solution of sodium carbonate (0.11 M). The reaction was run in a

Personal Chemistry® microwave reactor at 165 °C for 1200 s. Water was added and the
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J= 2.0 Hz, 1H), 7.86 (d, J= 2.0 Hz, 1H), 7.75 (dd, J= 2.0, 8.5 Hz, 1H),
7.15 (d, J 2.0 Hz, 1H), 7.06 (m 3H), 6.98 (d, J='8.0 Hz, 1H), 6.92 (broad
s, 2H), 6wbQogehisik3 9.0 Hz, 1H), 3.80 (s, 3H), 3.75 (spcEhis2008iBLGEHNE N z:
351 [MH]. St ep 2: Synt hesi s of
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th by eSPHIRRI ) in THE
(1) Xé‘imol"‘%"ﬁfna“&‘é? bﬁ.@%“fﬁﬁien ek nes PRI, 1 am e

(97 ng, PNNGH - P ymethowy- e)@b’l)fpé’ﬂ@ﬁ@ﬁd]r(|6m1dna4pyndmn3-yb)fmethammleas afor 30
min,

T i moveltoby- 418 (8788031 9% vield) "HONMR (MSOsddy 5.8.80 (4, J=2.5 Hz, 1H), 829 (¢,

ani no- pys= 202311, 7.9t 2R emens, 341)00.75 0P IZ AR 9 1 MIPNe 18QhL FOR o Fhe
reactlgﬁ m xture b’\)/vas §s(?lrre for )? ogrs t hén quenchéd with wet nét hanol

and concHhk ¥ dodm. BHVER%I6L /T8 Her liDe6 92 <brond Sl,][ﬁﬁ) WSﬂmd,ﬁ#n?r gcﬁz ].H?5 -3gmxane
and tre eﬁé? ue perchloric aci e m xture was
stirred V\n’?’r{,zlgf( ﬁ@”}—}ﬁ%& Fr%le[g/ﬂ\_n{n]th THE/ net hanol (1:1), and treated
with 2.0 g of PS-trisam neé onaut Technol ogi es, 4 equival ents per

equi val ent 8fep&i Syntbesiy of Inld>-6d Tﬁlmtl@s«y-pmgyl)dﬁ DYvwi;O[ﬂﬁ}-ln](pyﬂmmB#yl]and

washed wit 1:1). Purification was acconplished by flash
chr onot ogrgﬁﬂ§ﬁg%¥2aqﬁl (%a gel wth a gradient of nethanol/dichl oronethane

af f or ded0354]5- T3 a 4uspiensiom Oﬁ&n@h\t@id%!ﬂe)fl‘é}il)‘dl‘lphenylphosphon1un|1 lchloncsi% f1|6g nz% 7 g, 20
am ne as a yellow :

52/ ;.r g: 3%024%4’1}%{&&%%’5%@)“ Bsélimlégr(@troaqq)wawdgid p@t%ssmﬂnz o Hz, 1H), 8.31

(1 Ei) J= g Rtﬂ‘ﬁethﬁi‘s‘ﬁ%)%lao? _(L,‘i?dmg?(ﬁl g%%ﬁ 10'15Z Th% h%xtﬁge Jz% %_t@wped_la‘g Jé%rle g%nplegatgrfﬁé:

7.5 Hz, for 34) miny tigeh if was ddrdea t& [Hamirb- 3,4 Gihethox @phei1)Bpyidi-3-yi]-t-, 5. 90

HPLC/ M5 lz: 347.1 [ MH +. 148
o gggG/ﬂ%@?‘é&‘%‘fﬂgﬁ%ﬁ%g@?ﬁg@Wi@m& InGhe@OrtiN. i raaelieNmiXteN & N
N N, OV stitfed BFPFhohrsS TR ichignbaRvith Wet hdhbab1 Mndbof®irated in vacuo. The

crude was diluted with 2 ml of 1,4—dioxane and treated with 0.1 ml of aqueous 70 %

perchloric acid. The mixture was stirred at 80 °C for 19 hours, diluted with THF/methanol
(1:1), and treated with 2.0 g of PS-trisamine (Argonaut Technologies, 4 equivalents per
equivalentof acid used) for 30 minutes. The resin was filtered off and washed with
THF/MeOH (1:1). Purification was accomplished by flash chromotography on silica gel
with a gradient of methanol/dichloromethane afforded 5-[5 -(3,4-dimethoxy-phenyl)-1H-
pyrrolo[2,3-b]pyridin-3-yl]-pyridin-2-ylamine as a yellow solid (9.7 mg, 29 % yield). 'H
NMR (DMSO—dg): 611.8 (s, 1H), 8.51 (d, J=2.0 Hz, 1H), 8.31 (d, J= 2.0 Hz, 1H), 8.25 (d,
J=2.0Hz, 1H), 7.77 (dd, J= 2.0, 10.0 Hz, 1H), 7.70 (d, J= 2.5 Hz, 1H), 7.28 (d, J= 2.0 Hz,
1H), 7.24 (dd, /= 2.0, 7.5 Hz, 1H), 7.04 (d, J= 8.5 Hz, 1H), 6.55 (d, J= 8.5 Hz, 1H), 5.90
(broad s, 2H), 3.86 (s, 3H), 3.79 (s, 3H). HPLC/MS m/z: 347.1 [MH]".
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FOOwW Br \ AE57 Step 1: Synthesis of

(2-am no-5-brono- pyridin-3-yl)-[6-(2-net hoxy-ethyl am no) -

pyri di n- 3wgl2pesmasizanone. [0357] A solution of PCT/US2005/026792

(2-am no- 5- brono- pyridin-3-yl)-(6-fluoro-pyridin-3-yl)-methanone,

2- met hoxyet hylamne (1 equiv.) and triethylamne (1.2 equiv.) in absolute
Et OH ( MdHodH4: was sealed in a Snmith process vial. The reaction was run in
a Personal Chemistry(r) mcrowave reastor at 160 C for 900 s. The m xture
was diluted with water, apd the resm/tlng precipitate was filtered off,

washed wi th wat er, andfeh"ledln vacyo,to give (*
R amTROyN pyri di n- 3-yl ] - net han

ai ni no- nnpyrld|W3 yI) [6(2- & I
one as a \y | ow sol i d/(86 %yl el d) ~=1H NWR \ED d6)AJ-8. 28 (d, J= 2.5
2.5 Hz, tH), 7.69 (dd, J=

( sirEPj— 2 ,§TEIH)

20 9 8ads 1 7 N7, 12 (bd s, 2H), 6.59 (d, J= 9.5
Hz, 1(t : , J= &S iz, 2H), 3.26 (s, 3H);
HPLC/IVB Nz - 351, 353 St ep 2 hesis ofte

[ 2- ami no- 5- (3 4- di met hoxnyphenyI) pyri -yl]-[6-(2-

met hoxy- et hyl am no) - pyri di n- 3-yl ] - net hanﬁne. [0358] To AES

(2-am no-5-brono-pyridin-3-yl)-[6-(2-nmethoxy-ethyl am no) - pyri din- % yl]-

met hanone, s %ﬁpﬁg‘/ﬂﬁﬁegg)é?‘%?ﬂ‘#{‘%ﬁ{‘ﬁq%‘%’ﬁ?ﬁmn@ﬁ _[642nYetho@nethg amhinoy-obi s

(triphenyl in a Smth process vial was
added a 3:Rrillin3iyi}-uiethafonacet onitrile, wat er, and a 2 msolution of sodium

rmtert 3{0%5;]”0%;,,? S s SuSHA s PRI R ek hliesbgit! 1
m cr owa &m,t ﬁ&é}e 1aﬁﬁmér€£5 cﬁl\ff ?Bndléﬁﬁly%mlﬂé(m cH@is.) ddl e et BLOH O, m7 M)ur e

extract |rres hyl acetate Purlflcatloqccﬁl S|I|éa gel with a
gr adi entyaofealddEat SehiiCAD cedsfviel dBlap reaction was run in a Person emistry

2- 5-(3, 4-di met ho d 4
Gy BnTHGPYBYR AL 8L 0T -ChiSE At b ezt dl GlineBlidr PBEASII e, ()
(ZDI(\)/B(I-)E d @ﬂ%tmg ?ﬁeicgl% a@éjwas] ﬁlt@re@ oftZ wadidjl with @&e( dnd deie@irbvadno tagye (2 85 (d, J=

, 7.58 7.14
7.05 (Wmn&l‘d)—S—bﬁorﬁ&-dedma?::YB [6 (Eizneﬂlqlggy ethyla@lf(‘S'Pyﬂlgmﬁrgﬁ%tE 6‘&%123

PCT/ US2005/ 026792 4 bad t

TR ety ag B A
g/m; eﬁ?g 75{%&1?59515 194, 1H)17H 69 (dd, 3= 2.0, 9. 9.0 Hz, 1H) ;64 (broads 1H), 7.12

(oo (broad s, 2H), 6.59 (@, Jein95ﬁz 1H), 3r5r10(tol[ 3 310 O 15U YA Y g, 2mm), 3.26

(s, 3H); HPLC/MS m/z: 351, 353 [MH]".

Step 2: Synthesis of [2—amino-5-(3,4-dimethoxy-phenyl)-pyridin-3-yl]-[6-(2-
methoxy-ethylamino)-pyridin—3-y1]-methanone.
[0358] To (2-amino—5-bromo-pyridin—3-yl)-[6-(2-methoxy—ethylamino)-pyridin—3-yl]-
methanone, 3,4-dimethoxyphenylboronic acid (1.3 equiv.) and dichlorobis

(triphenylphosphino)palladium (if) (6 mol %) in a Smith process vial was added a 3:2:1

mixture of acetonitrile, water, and a 2 m solution of sodium carbonate in water to achieve an

overall concentration of the starting material of 0.10 m. The reaction was run in a Personal
Chemistry® microwave reactor at 165 °C for 1200 s. Water was added and the mixture
extracted three times with ethyl acetate. Purification on silica gel with a gradient of
MeOH/CH2CI2 afforded [2-amino—5-(3,4-dimeth0xy—phenyl)-pyridin-3-yl]-[6-(2—methoxy—
ethylamino)-pyridin-3-yl]-methanone as a yellow solid (74 % yield). 'H NMR (DMSO-dp):
§ 8.49 (d, J=2.0 Hz, 1H), 8.33 (d, /= 2.5 Hz, 1H), 7.85 (d, /= 2.0 Hz, 1H), 7.73 (d, =8.5

Hz, 1H), 7.58 (broad s, 1H), 7.14 (s, 1H), 7.05 (m, 3H), 6.98 (d, /= 8.5 Hz, 1H), 6.59 (d, J=
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pyridin-2-yl}-(2-methoxy-ethyl)-am ne. [0359] To a suspension of

(met hoxynet hyl ) tri phenyl phosphoni um chloride (7-10 equiv.) in THE (0.45 M
at 0 C unslenosw/dtiszgen was added potassium bis(trinmethyl sciryspasioder9f 1

equi val ent to phosphoni um chloride). The m xture was sti rred at room
tenperature for 30 mnutes. The resulting m xture was ad

[ 2- ami nd2-8Hz3 1 1), di Hetshabty 3pitdaydt). pyPi(eroad t, /= 5.0 Hz, 2H), 3. 46 (‘f J 5 0 Hz,
3-yl]- [%%3{5?(&8%@ ﬁ%ﬂ@/ﬁ@';ﬁ'@ﬁ@yﬁ Q\QWBS yl]-met hanone dissolved in THE

(0.1-0 portion he r'e n mxture was stirred for 1-16
hours, then diluted with nethanol and adsorhed on silijc

by {1 ash CRIRIIBBEH TG (51 B cimer ot R ena D i i el 2o bibyriain-S-yil
net hanol /d ﬁldﬂ{ Qw-gﬁtl it xg,o%g@g]ahﬁﬁeco_rrespondi ng vinyl ether that was

used in t next vinyl ether was dissolved in
1, 4-di ox[aBﬁQ]( 0Ta aMpspensioh bEahettoxynhdihyd )t phexylihvsplemisn chlofide (-4 eqwvs

G 1t o i A - W6k (G e nffaet pia PP Gvsione iRl yaphishal

Technol Oélfu%len%& @%bﬂ&}hﬁﬁtcﬁlol@ﬁ&) qay hﬂ%?é“@va@itu?é&'éﬂréb?@@émﬂe%ﬁn%@of@@ ut es.
The resin was efed off and washed with THF/ MeOH 1). Purification by

flash chnommsodihapesyltong msqturc was gédedvip { Praming-adB éﬂilm@f oxy “phenyl)-pyridin-

met hanol dj.chl than forded
henyl ) -1 EoraRo0s oy By Y P  ReST P R REFHGA0 2N - ari n
e as a WiidrtigPhd réREodaMki@teas shlcr:bdpﬂbﬁ—(l@"lﬁ@rsg Gen mﬂ&tddgﬂltlhﬁleﬁﬁﬁ(ﬁlound
prepared according to exanple 83 as a starting materi al H-NI\/R 811.8 (s,

1H), 8. smd(adsotbedonsiliea gal-Purification by flasly ehrpnmtagraphyian silipazs! wih aj= 2. o Hz

%H) HZ 7%7_r 1ent7of%%et% d?ch?ozo%lethé I_%aflﬁ%rdgg%(e%t)l?‘%%%ﬁ? gg '?%n_yl Sﬂ%‘} %a? W%Q_b\geq 55 2

(d, J= S.the Kt rdddlion6. 55 (t, J= 5.5 Hz, 3.86 (s, 3H), 3.79 (s, 3H),
3.47 (m 4H), 3.28 (s, 3H). HPLC/I\/BIn/z 405 2 [MH +. [0361] The

per/ UszodahBoe 785 vEREBEE eI S i o RRRR PP B30 VR Lt o o

(2- am noedmil @D P ‘V(thlueéiisyﬁe)ehﬁcﬁrtd dolib The myix tude waQstyx’r@d— aB0HAN0Ror 1%, 1

g(rqnuh\elgl F.’Qf;[f ggfrg, &11?1?6%%/%}'1 %IrII]Fr/]I\E/"IeSIQI (1: 1) andqcyela}t/?ll tﬁS samme (&%UI Va%l ents for
Technologies ,10 equivalents per equlvalent of acid used) for 30 minutes. The resin was
filtered off and washed with THF/MeOH (1:1). Purification by flash chromatography on

silica gel with a gradient of methanol/dichloromethane afforded {5-[5-(3,4-dimethoxy-

ication

phenyl)-1H-pyrrolo[2,3-b]pyridin-3-yl] -pyridin-2-yl1}-(2-methoxy-ethyl)-amine as a white
solid (65 % yield). '"H NMR (DMSO-d): using the compound prepared according to
example 83 as a starting material. '"H-NMR 611.8 (s, 1H), 8.51 (d, J= 2.0 Hz, 1H), 8.39 (d,
J=2.5 Hz, 1H), 8.26 (d, J=2.0 Hz, 1H), 7.77 (dd, /= 2.5, 9.0 Hz, 1H), 7.70 (d, /= 2.5 Hz,
1H), 7.29 (d, J= 2.0 Hz, 1H), 7.25 (dd, J= 2.0, 8.5 Hz, 1H), 7.04 (d, J= 9.0 Hz, 1H), 6.62 (d,
J=8.5 Hz, 1H), 6.55 (t, J= 5.5 Hz, 1H), 3.86 (s, 3H), 3.79 (s, 3H), 3.47 (m, 4H), 3.28 (s,
3H). HPLC/MS m/z: 405.2 [MH]".

[0361] The following one-pot procedure was used in some cases:
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form of triethyl am ne are dissolved in absolute ethanol (overall
concentration of the starting material: 0.22 M and sealed in a Smth
process wel2ooslihei26eacti on was run in a Personal Chem stmyusejosmeemppWayYe
reactor at 150 C for 900 s. The solvent was evaporated and the crude m xed
with 1.3 equivalents of 3,4-dinethoxyphenylboronic acid, 6 mol % of

di chl or obiNH( ©ri phenyl phosphi nol ) NH: [%adium (ii) and a 3:2:1 mixture of

acetonitride . and an,aqueos sql, uti on of sodi um carbonate
(overall'(llco ceniratNi on of startlg : 0.18 M. The reaction was run
in a Per I Ery(r) m croway 5 Cfor 1200 s. Water
was added @gnd the m xture extracted three times wth ethyl acetate

Purification by flash chromatogra
acet at e/ hexane to afforded
[ 2- Ami no- 5- ( 3, 4- di met hoxy- phenyl ) - pyr iQ%- 3-y1 ] - (6-i sobut yl ani no- pyri di n- 3-
gl)2 gethanonH)e as a yellow solid (YY®%vyield). 1H NVR (DVMBO-d6): 8 8.49 (d,
= - 23k 72 (d,
)= ::E)BG%] A s?ﬁt@% o(f‘ré% g m(;S % p%\H?h’n 3L yﬁ-%(fﬂl’oro]-pi_d‘-z(,ilﬁ ) rrﬂé’fﬁanoﬁ%d S d
E23 g 8 51. Il-izquﬂzhi)ents of %bﬁﬂytanade and P,Bl)equl@raEBtS((dl; 2.3 eq@valentsifor mes B.58K (d J=
7 3 m 1
0. 89 (d fOJJm) 8?@'16872’ a]@l%el_‘gr?-l @leélﬁia?sg%.@fﬁ?anviraﬁ Cﬁg%%l]rrl_%f%%f;t%cogmoundls_b
prepar edstQBﬁn MI%Z M) ahd %a?e% PGP cSth Wmtm&e&tfoﬁﬁifﬂﬁﬁn it _N HN -N
\' N\ N--\" HNH-NN HOHNNH W OVe W Me a OVe a MS: rn/z

417 ( MFB@rsoﬂVBChmmt@@lm(cmme reactorgit 19 2C £o29Q0N fhhy solvem wapevarmuaied 15123

PCT/ US200 ({ ?1% g’?u e mlxe Wll\%hl}IS equlvagvt?s ofq\,/&\-dlmethoxyphenylboromc acid, 6 mol % of

dichlorobis (triphenylphosphinol) palladium (1) and a 3:2:1 mixture of acetonitrile, water,

on silica gel with a gradient of ethyl

and an aqueous 2 M solution of sodium carbonate (overall concentration of starting material:
0.18 M). The reaction was run in a Personal Chemistry® microwave reactor at 165 °C for
1200 s. Water was added and the mixture extracted three times with ethyl acetate
Purification by flash chromatography on silica gel with a gradient of ethyl acetate/hexane to
afforded [2-Amino-5—(3,4—dimethoxy—phenyl)-pyridin—3-yl]-(6-isobutylamino-pyridin—3-yl)-
methanone as a yellow solid (71 % yield). '"H NMR (DMSO-ds): § 8.49 (d, J=2.0 Hz, 1H),
8.32 (d, J=2.5 Hz, 1H), 7.86 (d, J= 3.0 Hz, 1H), 7.72 (d, /= 9.0 Hz, 1H), 7.57 (broad s, 1H),
7.14 (d, J=2.0 Hz, 1H), 7.06 (dd, J=2.0, 8.5 Hz, 1H), 7.03 (broad s, 2H), 6.98 (d, /= 8.0
Hz, 1H), 6.56 (d, J= 8.5 Hz, 1H), 3.79 (s, 3H), 3.75 (s, 3H), 3.15 (broad s, 2H), 1.83 (m,
1H), 0.89 (d, J= 6.5 Hz, 6H); HPLC/MS m/z: 407.2 [MH]".

[0363] Other compounds prepared by Method 44:

Table 29
Structure Structure Structure
7\
=N
OMe OMe a OMe a
MS: m/z 417 (MHD). | MS: m/z 301 (MFHY). MS: m/z 452 (M),
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M5: i n/z 332 (MrH+). a) Conpounds synt hesi zed by the one-pot procedure.
Method 45: NHNNHN 11 HNN\ | ~ OHAN\ I ~NNOHSTEP | STEP 2 CH Br O
O O OrvoSvem14123Synt hesi s of PCT/US2005/026792

5-{5-[ 3- net hoxy- 4- (4- net hoxy- benzyl oxy) - phenyl ] -1H pyrrolo [ 2, 3-b]
pyridin-3-yl}-pyridin-2-ol. [0364] To the

5-(5-brorrﬁ[\l Rl o] 2, 3-1] pyridin-3-yl)-pyridin-2-ol, 4-(4-

met hoxyphes K\hoxy) - 3- netthoxyphenyl boroni ¢ acild (1.3 equiv.), and 6 |mol %
of dich i phenyl phosphi no) pal I adium (ifi) in a Smth process |vial
was added>g"3:2:1 mxture |of acetonitrile, watgr and a 2 M aqueous

sol utiop of sodium carbonatie (0.10 M. The reaqtion was run in a Pergonal
Chemi st m crowave reactor at 165 C for 1200 s. Water was added gnd
the m xt & pas extracted tlhree tines with ethyl| acetate Purification [on
silica | gel wtf a gradient| or nethanol/dichl ordmet hane by flash
chromat pgr@ey af forded 5- |{5-[ 3-
met hoxyt dra 4 yhenzylioxy) - phenyl | - 1H-pyrral o 2, 3-b] pyri di n-3-yl }i- pyri
din-2-0 ﬁ{asg%z/g?%i;@sgl ?d (46 %vyield). 1H NVR (DVMBO-d6): 6 11.86 (broad s,
1H), 11.67 (broad s, 1H), 8.51 (d, J= 2.5 Hz, 1H), 8.22 (s, 1H), 7.89 (dd,
J= 2.5, 8. Gorhpqunilkyyntiiesizsd botthelone2p® piecedtne), 7.72 (s, 1H), 7.38 (d, J=
8.5 Hz, 2H), 7.30 (d, J= 2.0 Hz, 1H), 7.20 (dd, J= 2.0, 8.5 Hz, 1H), 7.11
(d, J= 8pRilda.451H), 6.94 (d, J= 8.5 Hz, 2H), 6.44 (d, J= 9.5 Hz, 1H), 5.03
(s, , 3. s, 3H, 3.75 (s, 3H; HPLC/ M5 mz: 454.1 [ MH +. 152 WO
2006/ 015123 PCT/ US2005/ 026792 Ste . Syt hesi s of
5- (5- (4- hydr oxy- 3- net hoxyphenyl }\1 / 2,.3-b] pyri ik
3-yl ) pyri diN=g- ol [ 0365] To a Susp OH N
oxy) - phenyl ] - 1H P
(25 ®JEP@. 055 i1 6HM of
PS-t hi ophenol resin

5-{5-[3-net :
pyrrol of D] py = no5- grBR
di chl or oney was added 78
Technol ogigs, 1.41 mmolg ), foll by TFA (0.3 m). cl ear suspension
was stirred at roomtenperature f hour, then the yas filtered
off, washed with ethyl acetate, tRen methanol. The fi Itrcﬁ_;e was evapor at ed
and the residue was taken up inf2 m of ethyl acetate and saturated aqueous
sol ution of

_0O

Step 1: Synthesis of 5-{5-[3-methoxy-4-(4-methoxy-benzyloxy)-phenyl]-1H-

pyrrolo[2,3-b]pyridin-3-yl}-pyridin-2-ol.
[0364] To the 5-(5-bromo-1H-pyrrolo[2,3-b]pyridin-3-yl)-pyridin-2-ol, 4-(4-
methoxyphenylmethoxy)-3-methoxyphenylboronic acid (1.3 equiv.), and 6 mol % of
dichlorobis(triiphenylphosphino)palladium (1) in a Smith process vial was added a 3:2:1
mixture of acetonitrile, water and a 2 M aqueous solution of sodium carbonate (0.10 M). The
reaction was run in a Personal Chemistry® microwave reactor at 165 °C for 1200 s. Water
was added and the mixture was extracted three times with ethyl acetate Purification on silica
gel with a gradient or methanol/dichloromethane by flash chromatography afforded 5-{5-[3-
methoxy-4-(4-methoxy-benzyloxy)-phenyl]-1H-pyrrolo[2,3-b]pyridin-3-yl} -pyridin-2-ol as
a tan solid (46 % yield). "H NMR (DMSO-dg): & 11.86 (broad s, 1H), 11.67 (broad s, 1H),
8.51 (d, J=2.5 Hz, 1H), 8.22 (s, 1H), 7.89 (dd, J=2.5, 9.5 Hz, 1H), 7.75 (d, J= 2.5 Hz, 1H),
7.72 (s, 1H), 7.38 (d, J= 8.5 Hz, 2H), 7.30 (d, J= 2.0 Hz, 1H), 7.20 (dd, J=2.0, 8.5 Hz, 1H),
7.11 (d, J= 8.0 Hz, 1H), 6.94 (d, J= 8.5 Hz, 2H), 6.44 (d, J=9.5 Hz, 1H), 5.03 (s, 2H), 3.85
(s, 3H), 3.75 (s, 3H); HPLC/MS m/z: 454.1 [MH]".
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sodi um bi carbonate. The resulting precipitate was filtered off, washed with
wat er, then ethyl acetate and dried in vacuo to afford

5- (5- (4- hydrooe18t28et hoxyphenyl ) - 1H pyrrol of 2, 3- PCT/US2005/026792

b] pyridin-3-yl)pyridin-2-ol as a Ilght bei ge SO|Id (15 ng, 80 %vyi el d) 1H

NVR ( DVBO- d6 6 11.83 (broad 11. 67 1 05

8. 49((d ﬁfel)zzo Symthesisipf gﬁggg amsy -methoxyph ¥§81T"‘7P§§f°wclﬁ 39@”?‘%‘,

Hz, 2.5 H, 7.71 (d, J= 2.0 FE, 7.26 (d, J— 2.0
Hz, ;‘&‘g"ﬁ?dnlﬂ’l 2.0, 8. 5 Hz 1H), (6 87 (d, J= 8 g%;H Es 44 (d,
J= 9 0[(1365 1m)o a shsBdision of 3H)S: [3Hﬁhmbm4rmznetn®m—uer{zmqy<y)-pw}] 46: F F N

T Ngin![_' ;Iﬁéjg\lq lg\|[2;?fo-b]pyr1d1n-3 y{\l}—pyn[\cﬁl ZOOI%IE mg, 6. O§IEP glfinHl S%\feof dRh1Sofethaf St eP

Cal e PR 0 V) ollowe
(4[ L ( iy il 27%1%5! ps %nxél%e]ngry“ %g%nﬁyﬂgﬁtﬂgr ks T4 Do 14°1), followed

5- Br omohgTFA- (@@-ml)umn@cmwsucpamsﬁnwa)ssﬁnn@HMnmmwa]wp ildhayr.2hent Bgi ne was
subj ected to nmethod 20, Ste

3-[1-( 6rqs1wasoﬁ]§ﬁ}¢¢ gffnwgslyﬂ )Wlt%l qﬁ]@fl ﬁa‘;(t?tevﬁhﬁ?/ Friet}gnt)]s The filtrate was evaporated

et b ! d @ﬁu a> | lid
Ao - B S S g s o ol
7. 83 ( dkodivhm bicdoborfited Th&ﬁes\lﬁng(ib@ﬁ‘/llﬁﬂ.ﬁqwas Bmedsiionasied av Watpé the_p q];bly 7 61

(7_do7J _( écetg;e agd gn%m Xf@pblo t (fg%d%O(S (j}f:hygz qgcyég}deg}%x%eﬁ@ 1%(—1 If)'%qir%%[ﬂ-g (m 2H),

b d 0 b
I(-IPrL (C)I/a Nsﬁmygi'dln- %1)%9?% +2- 3f'Qs 2 11g31t %gléé ﬁ?h(g(s‘il)Ssmég 1% (y4e1d)3 HL NNERT MSO—CB?B")
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Step 1: Synthesis of 3-[1-(6-ﬂuor0-pyridin-3-yl)-2-methoxy-vinyl]-5-[3-methoxy-4-
(4-methoxy-benzyloxy)-phenyl]-pyridin-z-ylamine.

[0366] 5-Bromo-3-[1-(6-ﬂuoro-pyridin—3-yl)-2-methoxy—vinyl]-pyridin—Z-ylamine was

subjected to method 20, Step 1 to yield 3-[1-(6-fluoro-pyridin-3 -yl)-2-methoxy-vinyl]-5-[3-

methoxy—4-(4-methoxy—benzyloxy)-phenyl]-pyridin—2-y1amine as a yellow solid (70%

yield). "H NMR (DMSO-dg): & 8.27 (d, J=2.5 Hz, 1H), 8.20 (s, 1H), 7.83 (dt, J=2.5, 8.5
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yl -ethylam ne (0.6 nl, 4.59 mml) in anhydrous Nnethylpyrrolidone (0.5 m)
was sealed in a Smth process vial. The reaction was run in a Personal
Cheni st r wyoroswmssave reactor at 250 C for 1200 s. Thecwivstes26/ms
diluted with a saturated aqueous sol ution of ammni umchloride (20 m), the

e
Cor it § oRtlof Harhidol 31 G ilkD, Eria (halrrs HEnan-arieda 10 Jab6e g EhrTa”
vas trapgherd iil LPaf 6 aC| O(H(J7=p§@(i-?zs§H‘j'@$3 én@H9'§§deY@éél§ QH?“SOO’@@@I(I)T m).

Aqueous "per chi oric % 0. 17m’) was added and, fhe reaction was run
in a Penssone) 3KN6m@lgt, ) 3.751, GHOWHPECMSan/er 4382 MOIIC for 300s. The
mxture was diluted with (1:1) THE/ nethanol (10 m) and treated with 2.0 g

of PS-tris Qeé tﬂmz Veahoa) @qs-ﬁ-_(zl-%x%hmlmm-&hmmm@ in-3Fhe

resin was tere washed Wwith E/ met hanol, and t filtrate

evapor a: edy][]-(1I-bpyﬂ‘ol’dE[Z,ﬁgb]pyrldllﬂé'fyﬂi}-phftnOl-Pur| fication on mass- tri gger ed
prepar a

HPLC . provj o
2- Met hoibg/(g"'-]{ 3k[s%1u?19n ﬁtg'gﬂ'(g?"ﬂHOW'Wdé?ﬁ?flg%l*%e&?oxryyvm - Fﬁhoﬁh4pg/r rol of 2,
3- b] py rﬂlé%h&y‘ibéﬂzbroﬂy)eﬁ@nyaspyaﬂanptfyimhe €50 tnf 0. YOZBﬁinhcﬂ) zﬁlikm-ﬁlom@qolﬂM %
yield, 0.75 equiv ormate salt). 1H NIVR(DIVBOd6 1 8. 98
(s 1H) yletmflzan(lme (@& nd, $S9+znmqlmn anhgdrops Nmeﬂwlw 1ﬁ&ne 1(%11) Q("iaé sefed 3= 2.0

Hz, 0.
J= 2. 5 |_a a éi]ﬁ}h( pf9c?§ Z;5 {%g%@as?&@ 2( EQ'BQ}&E géeﬁbstryg 1%1%;1@3"1‘)3210‘[31‘ 63 (d,
6.80 (d.at 350 8C$oﬂ‘122:005h|‘ﬂ.“he ﬁm&ﬁre(vdas dltatd. Witz satidjed Buddus(sblutidn of. 5 Hz, 1H),
3.81 (s, 3H), (t, J= 4.5 Hz, 4H) 2.44 2.36
(broad symm 1mm@i@dv$2@mﬂ) tasgsyling mqultatfsﬁas{?@%%f d’i@lf?éw“h
PCT/ US2002/ %gc? Z%Zeﬂui\%h?%% (g_:?mrgyugllﬂ Jﬂ%élﬁeghd Wté}l ﬁ’leﬁ'dréﬂﬁ vaeu&FTde o1 N

STEP 2/ SfF ynt hesi s of

trans- 4- i ttdshiedio b &rﬁmrpme@@ Ql,aBaﬂﬂ cﬂlysroilvhdnn Bioglahe Pymi)dAgueous perchloric
yl am noj - C%/cl ohexanql . A sol u

5- br ono-&id GOk bt éﬂleW B‘ildr?dﬁr@ e rfF?tWr‘Y%?l gp 31 SPEEMAL RS 0 g, 0.324
Mol ), 1 A0S, 43T RQGY §56Be X8 0s (REmBure 4va3 Hild¥aIWith @A0 THEF/lethahoR i ne

(10 ml) and treated with 2.0 g of PS-trisamine (Argonaut Technologies, 3.53 mmol-g™") for
1 hour. The resin was filtered off, washed with (1:1) THF/methanol, and the filtrate
evaporated to give 75 mg of a dark oil. Purification on mass-triggered preparative HPLC
provided 2-Methoxy-4- {3-[6-(2-morpholin-4-yl-ethylamino)-pyridin-3-yl]- 1H-pyrrolo[2,3-
blpyridin-5-y1}-phenol as an off-white fluffy solid (10.7 mg, 21 % yield, 0.75 equiv.
formate salt). "H NMR (DMSO-dg): & 11.70 (s, 1H), 8.98 (s, 1H), 8.42 (d, J= 2.5 Hz, 1H),
8.32 (d, J=2.0 Hz, 1H), 8.16 (d, J=2.0 Hz, 1H), 8.08 (s, 0.75H, formate), 7.71 (dd, J=2.5,
9.0 Hz, 1H), 7.63 (d, J=2.5 Hz, 1H), 7.19 (d, J= 1.5 Hz, 1H), 7.07 (dd, J=2.0, 8.0 Hz, 1H),
6.80 (d, J= 8.5 Hz, 1H), 6.53 (d, J=9.5 Hz, 1H), 6.32 (t, J= 5.5 Hz, 1H), 3.81 (s, 3H), 3.52
(t, J=4.5 Hz, 4H), 3.33 (m, 2H), 2.44 (m, 2H), 2.36 (broad s, 4H); HPLC/MS m/z: 446.2
[MH]".
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hydrochl ori de(134 ng, 0.974 mmol ) in anhydrous N-nethyl pyrrolidone (1 m)
was sealed in a Smth process vial. The reaction was run in a Personal
Chem st rwyorossasmeave reactor at 250 C for 1 hour. Thecwusterso26vms
diluted with water (40 nml), and the resulting precipitate was filtered
of f, washed wth water, and dried in vacuo. Purification by flash

chr omat Mgtkasd7:on silica gel with a gradient of nethanol/dichl oronet hane
af f orded jrans- 4- OH

[5-(5-bro yrrol o[ 2, 3- ) - pyri di)- 24yl am no] - cy%hohexanol
as a whiffe] sold d 82 ny, 66 NVR ( DMEOSE6 2 00 Y's, 1H),
2H) STEP.Z[5 3 7.67

. , ] ' zd N ,
(dt, J= 215 9.0 Hz[ 1H), 6 6.36 (dH J= 7.0 Hz,

1H), 4.55 (d, J= 5.0 Hz, | s 3.64 (m 1H), 3.42 Il H, 1.95 (m 2H),
1.82 (m 2H), 1.22 (m 4H); HPLC/ M5 mfz: 387.0, 389.1 +. Step 2:
Synthesis of trans-4-}3-[6-(4-hydroxy-cyclohexyl amyo)-pyridin-3-yl]-IH
pyrrolo [2,3-b] pyridin-5-yl}-2-nmeth oxy-phenol. [0369] To

trans- 4- [ 58dep-10rSyimhdsis- wrand—aﬂi-(ssbh}myﬂmpym@lq{k,ﬁ py ridim3 3)yperiding--
cycl ohexanol (52 mg) 0.134 mol ), 4-(4-nmet hoxyphenyl nmet hoxy) - 3-
met hoxypheﬂ?ﬂ%’@ﬂ]d‘ﬁﬁc hgxanpl 65 ny, 0.174 nmol), and (6 my. 6 nol %

di chl o ghisq T4 BGRY) BAOSRTASE) @I AYALHLI-y 1R FIoD. BrgseREnc(I0)vas

added a ure o acetonitr wat er ~ and aqueous sol ution of
sodi um g, l@matmmel)gtrms 4-Fihmocydetexinnl ($smeuh2i mraolb?@mdém%thyl@%ﬁ? stry(r)

t t
iSahe AV R E R S AL N T it R
gel with, ggg{ E}fiérgggss ofa1 MBlengloh Gh6 Qﬁ@f@?@rﬁ@ﬁ?%&ﬁﬁt@@nﬁ:ﬁxﬂ@!e ofctar dar k

foam The oam was di ssolved in dichloromet hane (
PS-t hi ommem)rc foraishour ( TEOmirgyre Avagshilated Wit walst ¥ b, anﬁ thifﬁi%ﬁﬁangg | oadi ng)

was added, IIowe 0..6 red at
Foom t crpbiEicy B4 Do flara AT Huep i BHEEl SUBPIRRIERAITRL Y

PCT/ US2Q9534026498ny &ik sities gl watif a gramhest methimaidighloramethahe affotded traest-franol .
The filtrates Wwere evaporated and the residue was t‘ ted w.th s turated

aqueous [§€p th:romQSdH-Bmlgﬁ%%bbaﬂﬁwg'ﬁ%ldﬂh&y@rﬁpp ohexpnal @ &y

hyl | | h
o ai encoobf (remalibors Geh S SN HBRRCEHPEFTRdBCatY. 43278 e % 10 Exy?
ﬁgf' ggegg'bm jttg()fgs 8@1{')' ¢r79§§-#| 11 51|‘I|H),YT 610(&15% R5 1.0V, HiHN-665y(d} 32988 hoxy - phe

iy, 8. 2”}“’)’539 T30 Ha byt s, {15 O 18, T (10, 3B EOSLS5 (B, (g 7
1 : e,
o 1ry 2 S 250 Doy he; fpf iy 5.8 0o PRl T 05 (e 97 a0

Step 2: Synthesis of trans-4-{3-[6-(4-hydroxy-cyclohexylamlno)-pyr1d1n-3-yl]-1H-

pyrrolo [2,3-b]pyridin-5-y1}-2-methoxy-phenol.
[0369] To trans-4-[5-(S-bromo-1H—pyrrolo[2,3-b]pyridin-3-yl)-pyridin—2-y1amino]-
cyclohexanol (52 mg, 0.134 mmol), 4-(4-methoxyphenylmethoxy)-3-
methoxyphenylboronic acid (65 mg, 0.174 mmol), and (6 mg. 6 mol %)
dichlorobis(triphenylphosphino)palladium(ir) in a Smith process vial was added a 3:2:1
mixture of acetonitrile water and a 2 M aqueous solution of sodium carbonate 0.9 ml. The
reaction was run in a Personal Chemistry® microwave reactor at 165 °C for 1200 s.
Methanol was added and the mixture was adsorbed on silica gel. Purification by flash
chromatography on silica gel with a gradient of methanol/ dichloromethane afforded 57 mg
of a dark foam. The dark foam was dissolved in dichloromethane (3 ml) and PS-thiophenol
resin (150 mg, Argonaut Technologies, 1.41 mmol/g loading) was added, followed by TFA

(0.6 ml). The clear suspension was stirred at room temperature for 1 hour, then the resin was
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= 7.5 Hz, 1H), 6.53 (d, J= 8.0 Hz, 1H), 6.31 (d, J= 7.0 Hz, 1H),
= 4.5 Hz, 1H), 3.86 (s, 3H), 3.65 (m 1H), 3.43 (m 1H), 1.95
(m 2H) wolBogd1m232H), 1.21 (m 4H); HPLCO MS nfz: 431p2Ttfuskioso2det hod 48:
NH IN HNHS COON COON N2 ONOW NHS NSTEP I NSTEP 2 1 | STEP 3 M I/ Br
Br Br HNNH2 O HN N STEP 4 N STEP 5 N/ STEP 6 Br Br O- e :(Li:

Synt hesifidtersid off, avaskesl With ebirbaretast ithancmethanpl. ¥@i%1@]ateggve@@e@pe@tefi§ql fB%) of
2-am nonj ¢ tini a A d. To
thi's suspin on ARl SRARASE sbflgh By Tk piisBRhlle 0 BERL b AL TS

m of 9|eﬁﬁh@éd waRkihg] actdle. Pmﬁicammwﬂammmog@ghmn smoargclempiea ature for
20 hours. The precipitate formnmed S flltere%tho 4@89 washed with 100 m
of gl aciczadiens ef methsaplidiciHoxmythage 2 V%Eﬂfﬁ RS 4 i (et rat e remai ned

| or | i |
ot hana eSO in: %rﬂ%‘f&‘%‘f?'?"’?@'?Q]P?/?éﬁneﬁ%“s%?*%ﬂﬁ@"%ﬁ?&fﬂsQ"' N
br ononi eatiteniblid ard figpsl %ylglﬁp I HI@VE@@MIOPdg)OSﬂlWﬁl(d g=%.§ Sizal H), 9e03n(@ed| es.
1H NMR (d6- DMVBO 34 [1 7 156 WD
2006/ 01(515238 Era e RY Ls:?o%ﬁm@éﬁ@% (d¢ B2 éHzEs}ﬁ% et @NET 2l 187 7Ytd 3-
N- net h t
bane Loy GaH ad (8T At B NPT RS G IR BRI IAQUALCR0RBO K 11,06
di net hyIGWﬁrdQX#VarHZJGH)y@SB)(Jd]IJer& (ﬁHz,(léH)BEBlgd J46]. GHmfoH) 4airidl( é]SIQZJ,-

o 28, BAMTASD ) ABD o1 Bhekitl 8 (i FQgbre P g 21 G k0! i 80 (0

acet oni tﬁﬂ’ﬂ@/ ﬂl/2513r17129[§§%ﬁ' -i so- propyl ethylam ne were added and the
ea

s o

m xture d to for 20 hours. The solvent was then evaporated
and the re i .dl stributed between 200 m of chloroformand 100 m of a
10 % sol 4 citric acid in water. The organi c phase was separated and

washed with 100 m of 1 M aqueous sodi yg hy:drom de and dri ¢ over sodium
sul f at e. soI vent wad) %%_ﬁt ed a:%/ﬂé comde mate il purified by

chr omat og QS sili clq
_STEP1 _ _STEP2 _ | sTEP3 _
OMe
HN
NHz 1] \
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STEP4_ N7 _steps N _STEP6

| P P

Br Br

Step 1: Synthesis of 2-amino-5-bromonicotinic acid.

[0370] 25.00 g (0.181 mol) of 2-aminonicotinic acid were dispersed in 100 ml of glacial
acetic acid. To this suspension was added a solution of 12.0 m1 (0.23 mol) of bromine in 50
ml of glacial acetic acid. The mixture was stirred at room temperature for 20 hours. The
precipitate formed was filtered off and washed with 100 ml of glacial acetic acid in several
portions until the filtrate remained colorless. The crude was dried by suction and
crystallized from boiling methanol to afford 38.63 g (0.178 mol, 98 % yield) of 2-amino-5-
bromonicotinic acid as slightly greenish to off-white crystalline needles. "H-NMR (d-

DMSO) & 8.45 [1H] d, 8.34 [1H] d.; MS: m/z 217 [MH'].
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using a non-linear gradient of ethyl acetate and hexane affording 2.193 g
(8.436 mml, 46 %yield) of N nethoxy-N methyl-2-anm no-5-brononi cotinam de
as an of fwehodemisBi d. ' H NMWR (d6- DVSO 6: 8.10 [1H] dpcTadteoosbed7ed, 6. 35
LZI;] Shl3 53 [3H% s, 3.24 [3H] s.; Ms: ni/lz 260 [MH]. b) isolated as the
ydrochl ori de salt In a nltrogen flushed flask 3.Q00 g, (30.76 nmol

of N, Odind EWI%M"GLW% Nanethgxy-Hemethyildeamppg-3b S(Smgﬂ'f%ﬂ@?l 1) of :
2-am no aﬁﬁ&?a%ﬂ%‘tﬁ@%ie%}%&eac' d are dissolved in a mxture of 350 m of

di chlo f N-met hyl norpholine. 12.70 g (24.40 mmol) of
Ey BOfD| ( 103)’1522 - amame5 “pramoritatingg pyd (D00WE,13)43ospPhoN, QM

exaf | uosr opho a t re i on irred at room
tenperatd&?lEhV@‘g’ lgeh)ﬁ%%‘ﬁﬁ‘i"%‘? 4;%‘5; Zi%hé: ﬂ@fxﬁﬁﬁ 50 M of a2 M
sol uti O'T)eﬁiotﬁ%lﬁgk MWﬂﬁlﬂdkP{@f)ﬁ'&mﬁﬂ%eﬁﬂﬁﬂréﬂﬂo@ﬁlatcé‘y(l5"0@ O gk of a 10 %

aqueous citric acid solution and dried over sodium sul sol vent is
evapor atremoBwere plecedsisua tifrogenoflushid flafks G0 weldbfianetgnitrilpiand 25 émlﬁrdl -isPhe

t at d filt ff. dd
P orcont matdeth S ore aieed frd e i i rds 93 Giipr 206 Thé o' © 'S
di chl or %F«kﬁﬁ«;&‘s thgﬁ@ve{?%%é& A1A%hS pésmueqmﬁm& bthB&h 200 ﬁ%f’é}ﬁbﬁbf&ﬂﬁarﬂ 1M

sol ution of dr ogen | oride 1n anhydrous ether is added until formation
of the rlé)Qunh]qumglom’oesolunmn@f eltmcsamdanettee Tﬁ'ﬁﬁgmleohﬁﬁetvms@ep@aﬁemanér ed of f,

washed with, ether ied b ff 74 %
yield) dfas tFﬁQQ Sré‘(’ﬁ%eo ?’é{d’iﬁ’?%%[?ﬁg %Sgﬂ%ﬁ’ﬁﬁ%%u de as
ot i g nﬂfﬁd@wﬁ@@%@ S
) MVE: Zl Z
PctT/ uts,ﬁoxs?g@@@mm%t grampt afes yi;paﬂ@tﬁrﬂndm.ea@e@éfw 8g @dﬁ&@@éﬁﬁlm@bf}@er t ed
I Nto [
TN T Binet SRRl i bR SR DR RANL sARE S, A0

2 rI\]/Iiaqu A e aqueous ayer imes wth
ethyl aqgi® @,-DNISO) 8! i 0gIHhe TP ed6 35 92M] € IFRSeN spy.es [3pd.umS: sul fat e
and evapor at@gn and)dryl ng r&t hen[?[efgl due gnd]er vacuﬁgn St er[) ps

(2- ani nors260 OMBL 3- pyr | dyI ) - phenyl ket one. [0374] 1.00 g (3.38 nunol) of

N- met hoxy- N- net hyl - 2- am no- 5- br ononi cot i nam de hydrochl ori de was suspended

in 50 mb)qgolﬁ@@y%@%gdﬁbﬁoﬁaggﬁt nitrogen. The suspension was cooled to -50
Cand 135 mM of a 1.0 Msolution of ghen Irraﬁnea um bromde in ether was

added ra[pm]y T mitrogerflaghed flasigs 08 ¢ (3076 mmathel N Qdipetylydrosylamige,  and

3: g}[Mr %/b élao e e aR8 %558 TR ALHESY) oFRSarhifiS S roRn¥BtihRWcR 40 gfss@l%&’fn' PN was

mixture of 350 ml of dichloromethane, and 30 ml of N-methylmorpholine. 12.70 g (24.40

mmol) of PyBOP (1-benzotriazolyloxy-tris(pyrrolidino)phosphonium hexafluorophosphate)
is added and the reaction mixture stirred at room temperature for 5 hours. The mixture is
then washed with 150 ml of a 2 M solution of sodium hydroxide in water and then twice
with 100 ml of a 10 % aqueous citric acid solution and dried over sodium sulfate. The
solvent is evaporated and the resulting oil is dissolved in 300 ml of ether. The precipitate
formed is filtered off and discarded. The clear filtrate is concentrated to about half its
volume and diluted with 30-60 ml of dichloromethane. The resulting solution is stirred
vigorously and a 1 M solution of hydrogen chloride in anhydrous ether is added until
formation of the resulting precipitate is complete. The precipitate is filtered off, washed
with ether and dried by suction to afford 3.15 g (12.04 mmol, 74 % yield) of N-methoxy-N-
methyl-2-amino-5-bromonicotinamide hydrochloride as an off-white to beige-brown
powder. 'H-NMR (ds-DMSO) §: 8.24 [1H] d, 7.97 [1H] d, 3.56 [3H] s, 3.26 [3H] s. MS:
m/z 260 [MH']
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between 75 m of al0 % aqueous citric acid solution and 200 ml of ethyl
acetate. The organic phase was separated and washed with 75 ml of a 10 %
agueous owonrbes/msi2d sol ution and 75 nl of saturated agrevms20602a792

bi carbonat e sol uti on. The organi c phase was then dried over sodiumsulfate

and eva ed to ford, 985 of a.yellow crystal]inpe solid. .1H NWR

( d6- DVB B s.Tls%hS?Im%l%r}dgeﬁa?g’%[cme ,nﬂf?'.c‘?B"e[rT%ﬂmt&,d‘eii.nTBﬁSg"fSiIh]Y deit%amnz. 63
[2H  d(fhis prodduePbditln Lt acefR and 2 dr%qRdohs kMiin hﬁ}&ﬁdé 'wa§15ﬁ'ﬂ% RgSiRetls

5- br om- 3- ( 2- Bt hoxy- 1 - phenyl vi nyl) - 2-pyri dyl am ne. [ 0375] 2.600 g (8.77
mol ) gflzyerrﬂabhums W irest it lae Qatathew d B4ty theroainbokei wegantbephabgsdrver kddomrnde was
suspended.jn 50 m of. anhydr aus E under njitrogen. The suspension was
cool ed tSBH]?@@n%e}ﬁPd’r@?nTﬂn%gjfylﬁg ?g @em lfed’fq%(%"?fgmﬁlhenyl magnesi um bromi de in
ether was added rapidly to afford an orange solution. The m xture was
stirred, aPtepvd:n@G-awing-yhrgmowiapynidyl)-pbenylketoper at ure. After 1.5 hours the

i d sollltT9n kAGE4a% witho O REbPRRENTEE g duffpg et BINERUE CC00r 2 ca

and was hgdrothtdtide @ a¥lsugfendat wrsatelh el edvEs THHI undeDiigoEdae B ubpedBion The
organi ¢ phase was then dried over sodium sul fate and evaporated to afford
2. 676 g vois cpleddei-Ho G apd dAd-mphafiadl. 6 MsojutiongH ehonyimagirsiion broggide inetherow
solid. The isolate oli.d . was dissol.ved.in 50 m_of .anhydrous THE under
it oger SR UM R arme ST, ShEm BRI ol | ows:
At 0 C 3vfaRddo tob ?eﬁqu'émhrk Tfhe PRURES yelbwitirafde soBloRW Hidisthdweed de was

di ssolved in 100 m of anhydrous THE under nitrogen. At 0 C 7.214 g (21.04

nol )  ofbehseenoiymbe Al agireny Cilho apa selution ard 200 mbofeibylageiate- ahe t he

2006/ 015183 bbitsEBb b BT ad b RTS8 | ¢ fimghe UtSid il
(2- ami nam@-7ranar-spiutited Hquoid Jodilie bidarbvatisannient The beganqihatd was thedhe

resulting mxture was stirred at roomtenperature for 75 mnutes,. T
react i orfiticgioyeisodivga sulie andeianerid tB)?ffﬁng?%ﬁ B8 © fiyﬁﬁ%‘ﬁt"@fsé?tl]é‘%i? solide ols

350"~ OFOR DR E: £34 FHIPE AN S TRt B REL G r a IRRE

100 M of s@f2ml1(ax et @l/zquH*I]he conbi ned organic phases were dried over
sodi um sul fate and evaporated. The crude material was purified by flash

on- 1§ near Skl oS ueliE B FPro b R0 ARARH I pRERATHSDEB IR, 2, 72

?égpsD?VS %?3fsébr 2606 §{8.£237 mfghdéﬂomf/N-rﬁetEbepN-miethyl-)z-amimy-ﬁ Hotyinanmicognaniide NVR
- -isoner 8: 8.00 [1 .44 , .34 d .. (.29
207 ¢ ( Rydtoghlaridp s sgmpecaines) 1ok f andydipul s sl tigger g b ginsioh

was cooled to —50 °C and 32 ml of a 1.0 M solution of phenylmagnesium bromide in ether

was added rapidly to afford an orange solution. The mixture was stirred, allowing to slowly
warm to room temperature. After 1.5 hours the resulting solution was distributed between
50 ml of 10 % aqueous citric acid solution and 400 ml of ethyl acetate. The organic phase
was separated and washed with 50 ml of saturated aqueous sodium bromide solution. The
organic phase was then dried over sodium sulfate and evaporated to afford 2.676 g of (2-
amino-5-bromo-pyridin-3-yl)-phenyl-methanone as a yellow solid. The isolated solid was
dissolved in 50 ml of anhydrous THF under nitrogen and added at room temperature to a
solution obtained as follows: At 0 °C 3.836 g (19.23 mmol) of potassium
bis(trimethylsilyl)amide was dissolved in 100 ml of anhydrous THF under nitrogen. At 0 °C
7.214 g (21.04 mmol) of methoxymethyltriphenylphosphonium chloride was added and the

resulting mixture stirred at room temperature for 75 minutes.
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(Z)-isomer 6: 7.97 [1H d, 7.28 [1H d, 7.27 [2H t(m, 7.17 [1H t(m,
7.14 [1H d(m, 6.95 [1H s, 5.60 [2H s, 3.73 [3H s. Ms: niz 305 [ MH].
Step 5: 5wbrosmiSr2phenyl pyrrol o] 2, 3-b] pyridine. [0377] PCRAB2@5(0367882

nnnol ) of 5-brono-3-(2-nmet hoxy-I-phenylvinyl)-2-pyridylam ne was dissolved
in 60 mM of anhydrous 1,4-dioxane. 800 | of 70 % aqueous perchloric acid
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room temperature and 3 ml of triethylamine was added and the mixture evaporated to

dryness. The resulting crude was crystallized from hot ethanol to afford 763 mg (2.79
mmol, 78 % yield) of 5-bromo-3-phenylpyrrolo[2,3-b]pyridine as a beige-brown to brown
crystalline solid. "H-NMR (d-DMSO) &: 12.19 [1H] s, 8.44 [1H] d, 8.34 [1H] d, 7.97 [1H]
d, 7.72 [2H] d(m), 7.45 [2H] t, 7.27 [1H] t(m). MS: m/z 273 [MH").

Step 6: Synthesis of 5-(3,4-dimethoxyphenyl)-3-phenylmethylpyrrolo[2,3-

b]pyridine.
[0378] A vial was charged with 50 mg (0.18 mmol) of 5-bromo-3-phenylpyrrolo[2,3-
b]pyridine, 43 mg (0.24 mmol) of 3,4-dimethoxyphenylboronic acid and 6.5 mg (9.3 pmol,
5 mol %) of dichlorobis(triphenylphosphino)palladium(i). To this mixture was added 1 ml
of acetonitrile and 1 ml of a 2 M aqueous solution of sodium carbonate. The vial was sealed
and irradiated in a Personal Chemistry® microwave reactor with a temperature setting of
165 °C for 20 minutes. The resulting mixture was distributed between 75 ml of
dichloromethane and 20 ml of a saturated aqueous solution of sodium bicarbonate in water.
The organic phase was dried over sodium sulfate and evaporated. The residue obtained was

recrystallized from a hot mixture of acetonitrile and ethanol to afford 20 mg (61 pmol, 34 %
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[0379] Other compounds prepared by Method 48:
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OH Step 1: Synthesis of

5-brono- 3-[ 4- (tetrahydro- pyran-2-yl oxy) - phenyl ] -1-(tol uene- 4-sulfonyl)-1
H pyr r ol owp2p&dak12pyridin e. [0380] 1.092 g (3.77 mol) pofi/us2005/026792

5- br ono- 3-[ 4- hydr oxyphenyl ] - 1H pyrrol o 2, 3-b] pyridine and 200 ng of
para-toluenesulfonic acid monohydrate were dissolved in 180 m of

di chl of onet harSfrudtoresi of di hydr oStkacpyrean wad addedregtdresne ni|xture was
heated|to reflux for 4 hours. The m xture was then cooled tao rloom
tenperature ad—<{n excess of | triethylam ne was added. The m xtjure was
evapor at ed a . 13.11{mmol ) of para- taluenesul fonyl chljoride was
added. | The vag” di ssollved in 150 m of |THE and the resulting
solution was>goled to 0 C. An excess of sodi um hydri de powder was added

until |further| addition did mot result in the|(formation of nore hydrogen
gas and the mxhyure was stifred for 16 hours |at roomtenperature. The
resulting m Xx e was cooledi{to O C and another 2.5 g (13.11 ) of

par a-t ol uenesu foﬁV? chl oride along with nore |sodium hydride s added.
The m xt ur eyp@s5,4 fempvggenched by addition of g saturated aqueous sol ution
of ammnium chloride and distiri buted between 500 M of ether and water. The
161 WO 2006/ 015123 PCT/ US2005/ 026792 organi c phase was washed three tines
wth a igt E;rgﬁgd aqueous sol ution of sodium bicarbonate, dried over sodium
sul fate porated. The crude product was purified by flash
chronat ogrgphy on silica gel uging a gradient of et hyITSa’\?et ate in hexanes
to afford J 1)16 (2.21 mol, 58— yield) of
5- br ono- r §reEpwr any, phenyl Jstgp2 N OH
(t ol uene- ul fonyl ) - 1Fpyrrol ricddhie as a pakesyel | 6w or pi nk
solid. 1HNWR (d6-DVMSO 6: 8.5 1H d, 8.46 [1H d, 8.520 [1H s, 8.03
[2H d(m), 7.71 [2H d(m, 7.438[2H d, 7.14 [2H d(m, ' 5.54 [1H t, 3.78
IH in, 3.57 [1H in, 2.35 [3H s, 1.95-1.74 K m, 1.68-1.52 [4H

. M5, mz: 527 [MH+]. Step 2: Synthesis of

sul fonyl )-1H-pyrrol o'} M0 _3-vl]-phenol .
u yl) Fs)¥ep4 r’n\/%Ny] P

pyor/a}-/Z\ y) - phenyl ]

di chl oronet hane. S0 this solution s added 23836 gyMe3. 53 mmol ) of

PS-t hi ophenol (Argonaut Technol ogies) and 1.5 of a 2 M solution of
hydrochloric acid in ether. The mxture was stirred at roomtenperature
for 3 hours before the resin was filtered off, washing extensively with
di chl or oneSteprie. Syitthesis 0f 3-hremomds[etfetpairvdredyrant YIoxy)-mumyHyl -(toluene-

4-sulfonyl)-1H-pyrrolo[2,3-b]pyridine.
[0380] 1.092 g (3.77 mmol) of 5-bromo-3-[4-hydroxyphenyl]-1H-pyrrolo[2,3-b]pyridine

and 200 mg of para-toluenesulfonic acid monohydrate were dissolved in 180 ml of

[

dichloromethane. 10 ml of dihydro-1H-pyran was added and the mixture was heated to
reflux for 4 hours. The mixture was then cooled to room temperature and an excess of
triethylamine was added. The mixture was evaporated and 2.50 g (13.11 mmol) of para-
toluenesulfonyl chloride was added. The mixture was dissolved in 150 ml of THF and the
resulting solution was cooled to 0 °C. An excess of sodium hydride powder was added until
further addition did not result in the formation of more hydrogen gas and the mixture was
stirred for 16 hours at room temperature. The resulting mixture was cooled to 0 °C and
another 2.5 g (13.11 mmol) of para-toluenesulfonyl chloride along with more sodium
hydride was added. The mixture was then quenched by addition of a saturated aqueous

solution of ammonium chloride and distributed between 500 ml of ether and water. The
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(877 mol, 81 % of

4-[ 5-brono-1| - (tol uene-4-sul fonyl)-1H pyrrol o[ 2, 3-b] pyridi n-3-yl]- phenol as
a pal e yavbaweabizd. 1H NVR (d6-DVBO 8: 9.67 [1H s, 8pe2/ysiédsocs798. 43
[1H d, 8.11 [1H s, 8.03 [2H] d 7 58 [2H d(m, 7.43 [2H d, 6.89 [2H
d(m, 2.35 [3 S. M5, Eg{ MH]. Step 3: Synthesis of
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r epeat edidy-DM$Q) di &53 EiJerdeBhlér[éH&ﬂdS 80 hB]ls, 8134 2Hi] d{myut7éd [ d(mapM#A3ned and

Coget horl3) n 44 BLAED. 57 BTLCS '7&%%; R GRS SR PR L E

48 hour sat 1 589mt t M€ m/Zne 7 &pthit | Nng suspension was distributed
bet vveens(1n@2 V\D 200'%@13%&1?23 PCT/ USZ 05/ 26792 dichl oronet hane and a

Separ at od S FnSvaled AR R CRRe Rer RS R R G RURb Rue ane.

The conbi ngcyu_pﬁgﬁﬂl c phases were dried over sodium sul fate and evapor at ed.
The crude was purified by flash chromat ogrﬂghy on an am ne functionalized

si | |t c? g[@BSI(]l sﬁ:lj Ré]di)"o‘@mcﬂ) ?mmno édﬁxﬁmh pveyra-Zyiyary epberyt]l- bt hy|
acetat e
2nd the (PBRERER P b RS A B SRRSO W20 Raded an

excess @thldrofndihme! Tbithig solutiby tadaiidedra. so 9(33 3 rrﬁln(ﬂ) hEPS-th@eprm pitate

was filtered off and dried in vacuo to afford 133 g unoI 66 %
yi el d) ofArgonsup keckzo qgle(s)garpi bérmldqfﬁ_q Myplutlon of hydrochlonc acid m et er The

T R (R sl Sepppkale X s PMRIRCIR O BRI (55

[1H] d \Zlas‘h"fng Sdthnsthelyrwib d{c]ihﬂromdthaﬂe OBhg fﬂhfhtedyas&vﬁpbrﬁ@ﬂi]to affo®l. 386 thgH] d,
.18 2598 , 2.890%gl|n 2.24 [2H in 89-1. 76 i%Hlsb(n? %.{]1[1
| n, [77 umql, §1n%) RE3-[rbgomordAtqingaer4- Sléf@pﬂ)anﬂyﬂPW pOlpfridin-3-yll-
2 ot 5 AR T BRSO Bt s U bl
5- br ono- 3- éiflr (135)R1 908 [2HId, 1758 F2R1]cReyy .4 e, b:8OHRH] d(m), 2.35 [3H] s. MS,
m/z: 443 [MH"].

Step 3: Synthesis of 5-bromo-3-[4-(3-piperidin-1-yl-propoxy)-phenyl]-1H-
pyrrolo[2,3-b]pyridine hydrochloride.
[0382] 200 mg (0.45 mmol) of 4-[5-bromo-1-(toluene-4-sulfonyl)-1H-pyrrolo[2,3-
b]pyridin-3-yl]-phenol and 1.20 g (2.80 mmol) of PS-triphenylphosphine (2.33 mmol- g,
Argonaut Technologies) were dissolved in 30 ml of anhydrous toluene. 325 mg (2.27
mmol) of 3-(1-piperidinyl)propanol and 300 pl (1.52 mmol) of di-iso-
propylazodicarboxylate were added at room temperature and the mixture stirred for 72

hours.

[0383] The resin was filtered off and washed repeatedly with dichloromethane and ether.
The filtrates were combined and evaporated. The residual beige oil was dissolved in 20 ml
of methanol together with an excess of potassium hydroxide. The mixture was stirred for

48 hours at room temperature. The resulting suspension was distributed between
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pyrrol o[ 2, 3-b] pyri di ne hydrochl oride, 120 ing (0.33 mmol) of

2-[ 3- Met hoxy- 4- (4- met hoxy-

benzyl oxywepbemibi2s4, 4, 5, 5-t et ranet hyl - [ 1, 3, 2] di oxabor olpemassasvd/oidyorg (5
nmol 9% of dichlorobis(triphenylphosphino)palladiun(ii) were placed in a
vial and .1l acetonitrile a M aqueous sol ution of

m of
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m xture was distributed between oronet hane and a sat urated aqueous
sol ut i onorgshicgddsaswdre dacdaomtsedlufﬂmﬂiatpmdtwapcayted s crexit mas pedfiehbee
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col umm) wusing ent of acetate i n hexanes. The res
i nt er ned’and oﬁa@euargt@bmlub&smt fﬂtergcﬂ offi doltbe oleet filtrate vaaschd?laﬂ)amrgxc(e&s 06

added 1B RP oo RR AR et bl A bt Sl B Lo Pod i W o

t enper at wigofte raffarchmrrﬁ§ (0-B@ nfesl 66 Wﬁﬁelfdb bf &beshm@BI[4-(@4ApsraERed W t h
di chl oronet hane. The filtrate was wth a saturated aqueous sol ution

of sodi ubipERrBsREtd H-ayrrela63-bipyeidiioldsashicaids aaageboesolidit dG-NMRdds-
residue \é‘ﬁ\gs%é (%’fﬁ@?ﬂ . 5p. 65&1'%5 8{3f8d§9c[hh?r OgTeL NAREy 3N it 507 [SHEL! on
2-met h d
| n[re5 3?&1 ﬂoié ﬁzo}lﬁ]dd 251:}&'814%/[\%% ?d 3?{3{{% m& t&mﬁg%q - f37@] pyrl
[1H s, }Eb(nn)awv\ﬁlébmﬁlg%ﬁ@mpms mgzoﬁsvwﬁgz [1H] d, 8. 28 [1H] d
7.76 [1H], 7.67 [2H d(m), 7.25 [111] d, 7.12 [111] dd, 7.01 [2H d(m).

6.88 [1H dStep4od tof 23m8th {SH- d 1I 1-p2 par, 1.88
[ 2H] E,Hll 50e 4 yhgfﬁm 01 38 [}Ok ; %sﬁgeh hﬂ_ p ?ﬁ{]ywﬁknﬂ% 50: HN
HN N | OH ByreploBrEblpyrighingud Pé!eln%E58 Step 1: Synt heS| s of

?6 %3'5][ 3&5@%28)( {186 E%’ @Wped}gl—ﬁroﬁﬁﬂﬁ- 9—{)1?)[38(11%— plll—pt%}%%-ﬂheﬁ}?lﬂlh- phenol .

5- br ono- Byfrdlo[HytHbipsyidierhyidiochidridys 120 @E 20.33 jmyl) bfli2A6:Methoxy-4-(4-methoxy-
benzyloxy)-phenyl]-4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolane and 10 mg (5 mol %) of
dichlorobis(triphenylphosphino)palladium(ir) were placed in a vial and 1.5 ml of acetonitrile
and 1.5 ml of a 2 M aqueous solution of sodium carbonate were added. The mixture was
irradiated in a Personal Chemistry® microwave reactor to 165 °C for 1200 sec. The
resulting mixture was distributed between dichloromethane and a saturated aqueous solution
of sodium bicarbonate. The aqueous layer was extracted three times with dichloromethane
and the combined organic phases were dried over sodium sulfate and evaporated. The crude
product was purified by flash chromatography on amine functionalized silica gel (ISCO
RediSep® amine column) using a gradient of ethyl acetate in hexanes. The resulting
intermediate was dissolved in 30 ml of dichloromethane and 750 mg (1.06 mmol) of PS-
thiophenol (Argonaut Technologies) was added. To this was added 1.5 ml of trifluoroacetic
acid and the mixture was stirred at room temperature for 2 hours. The resin was filtered off
and washed with dichloromethane. The filtrate was washed with a saturated aqueous
solution of sodium bicarbonate, dried over sodium sulfate and evaporated. The residue was
triturated with 20 ml of dichloromethane and dried by suction to afford 9 mg (20 pmol, 8 %
yield) of 2-methoxy-4-{3-[4-(3-piperidin-1-yl-propoxy)-phenyl]-1H-pyrrolo[2,3-b]pyridin-
5-yl}-phenol as a beige powder. 'H-NMR (ds-DMSO) &: 11.83 [1H] d, 9.06 [1H] s, 8.50
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240 mg (0.65 mmol ) of 2-[ 3- Met hoxy-4-(4-nmet hoxy-b
_ - - benzyl o - - -
'Ejiet Li’imet B%/]I E'E)l" 351’;] di oxabor ol ane and 25 ng (8 ?lml %yofxy) phenyl]-4,4,5,5
chl or obwe(bedg/mbeay! phosphi no) palladium(ii) were pl aped/ispood/ e
SE20) /0Y6
1.5 M of acetonitrile and 1.5 mM of a 2 M aqueous Eol ution of 3073? u?nnd

m ¢ ! : 2 M .
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of sodi carbo ueous | ayer was extracted tw i
_ ce with
di chl orqaiEt bamelland. ME meosdf MH Jor gani ¢ phases were dried over sodium
gy:fate and evaporated. The crude was purified by flash chronatography on
i Int |e§:a h oHshng a gradient of ethyl acetate in hexanes. The resulting
as dissolved in 70 m of dichloronethane and 2.00 g (2.82
m)o?f 'IIDI’SHl%hI ophenolt_ (Argogaut TechdTgi es)_was added. To this was added
Noroacetic acid and the~d tirred at roomtenperature
fl'ﬁr ]EL Ihour. Lhergsin was filtered $héd wi t h di chl or onet hane.
he filtrage W naghe®Hh t BTEPdgt ur ate us solution of sodium
bi car bonat exz”The phases were separated . and the aqueous |ayer extracted
twice with efhyl acetate. Al organi ases wer e conbi ned, dried over
sodium sul fate and evaporated. The rgsikdue was heated up Wi th
acetonitrile, cooled down to room te per @M§r e and the supernatant was
removed. The residue was dried in vacdd'to afford 72ES8y (0.22 nmol, 50 %

i el d) of 4-{5-[3- 4 - -
0] pyr hzi n Sep ] SmUMST oL d- G- Bme oS ok RV AR Brafbizanl, oy
[9i§u7 ([jfLI—I]&éggfiﬁ_gg%em,ﬁl[ZB PCT/ US2005/ 026792 s, br, 9.06 [1H s, br, 8.49

o 7.69 [1H d, 7.56 [2H d
dd, 6. 8pIsBH 1d> rfg @644 mhﬂolml}ﬂrﬁ-bromog}[f-gml_y%y}gh%yl].ﬁ}-ﬁ.gy%éng[’%wa?ﬂ%Z ¢, [1H
Ove  Br 280 H@f(0-ﬁﬁp@@o%og@ﬁweiﬁo&&-(ﬁﬁ-m\eth%;?%eﬁzylé)\J(y:bJph%h}iﬁ:ﬁﬂ,d,SN | STEP 2

tetramethyl-[1,3,2]dioxaborolane and 25 mg (8 mol %) of dichlorobis(triphenylphosphino)

palladium(m) were placed in a vial and 1.5 ml of acetonitrile and 1.5 ml of a 2 M aqueous
solution of sodium carbonate were added. The mixture was irradiated in a Personal
Chemistry® microwave reactor to 165 °C for 1200 sec. The resulting mixture was
distributed between dichloromethane and a saturated aqueous solution of sodium
bicarbonate. The aqueous layer was extracted twice with dichloromethane and the
combined organic phases were dried over sodium sulfate and evaporated. The crude was
purified by flash chromatography on silica gel using a gradient of ethyl acetate in hexanes.
The resulting intermediate was dissolved in 70 ml of dichloromethane and 2.00 g (2.82
mmol) of PS-thiophenol (Argonaut Technologies) was added. To this was added 1 ml of
trifluoroacetic acid and the mixture stirred at room temperature for 1 hour. The resin was
filtered off and washed with dichloromethane. The filtrate was washed with a saturated
aqueous solution of sodium bicarbonate. The phases were separated and the aqueous layer
extracted twice with ethyl acetate. All organic phases were combined, dried over sodium
sulfate and evaporated. The residue was heated up with acetonitrile, cooled down to room
temperature and the supernatant was removed. The residue was dried in vacuo to afford 72
mg (0.22 mmol, 50 % yield) of 4- {5-[3 -methoxy-4-hydroxy-phenyl]-1H-pyrrolo[2,3-
b]pyrazin-3-yl}-phenol as a beige powder. IH1.NMR (dg-DMSO) 8: 11.77 [1H] d, 9.37 [1H]

164



N STEP 4 Br O Step 1: Synthesis of

5- br ono- 3- ( 2- met hoxy- phenyl ) - 1H pyrrol o[ 2, 3-b] pyridine. [0386] To a

fl ame- driw0 20@M18123r ound bottoned flask were added 2- anmpowAfS26m50par9N-

met hoxy- N- met hyl - ni coti nam de (661 ngy, 2.54 mmol) and anhydrous THE (15
m). The solution was stirred at -55 C for 5 mnutes under nitrogen, then

a 0.5 M bt GH05AHIb5n 5 44y BRI o SHIrh Brortptédlm) 745 [{H8rf 129. 0
Al T oved E50ur ik b Sl T NS PE SR ECched by addi ¢ on

of 1 Mcitric acid. (25 m). Ethyl acetate (50 ml) was added, and the
| ayers wilethodedar at ed. The aqueous fraction was extracted three times with

ethyl acetate, and the conbined organic fractions wer e washed with brine,
dried (Na2SO4), filtered and conceg;rated to givewa 01 cky yel l ow sol i d.

Recrystal | N@aig on from et hamtl, @ro@ ded 619.5 %O of
(2-am no- 51 br -pyridin-3- ) -X2-ret hoxy- pheny anene agrtyphl ow
needl es. N ) U N y ofj|

nyl)-vinyl ]

Into a 50 flame-dried roynd bottoned fl ask werg added potassi um

bi s(trinmet ﬁﬂ/l silyl)am de (8 nmg, 39.2 mmol Yy and anhydrous THE (10 m ). The
slurry was cooled to O C for 5 m nutg nitrogen, then

(et hoxynet hyl ) tri phenyl phosphoni um [ (1.53 g, 4.47 mmol ) was

added. The resul t1 ng red-orange sol i irred at 165 WD 2006/ 015123
PCT/ US2005{\0 Y2 room tenperature , then a solution of

(2-am no-5{br¥ 5yv i di n-3-yl)-(2- nefhoxy-phenyl)-nmet hanone (601 ngy, 1.95
mol in ‘ , i all at ce. The reaction was stirred under
ni t rogen 4 hours then quenched & ddi tion of a saturated aqueous

sol ution off anmmoni um chl ori m g1yl acetate (100 m) was added,
and the |Byers were separate agueous fraction was extracted three
times with ethyl acetate, and e conbi ned organic fractions were washed

with brine, dried (Na2SO4), filtered and concentrated to give a brown,
sticky oil .Stguii Syndtesisrof5ybroness-(2-meahexyophaphy 1 Hipyarolo23-hépyriding.ng a

gradient of ethyl acetate. in hexan ave 55 (agé 99 of.

3 b ono- 3L nedbinoye-dice ) e SR brdRgey Dot e o] Mafine-Sbrmidtas a

m xture pfilexydithefhylindQMRESideIb6Pm3; 2. 5% 'i‘ﬁrﬁ@lg lfd Qlﬁhgf_drous THF (15 ml). The

5-br ono- 3-( 2-?Iret hoxy- phenyl ) - 1H-pyrrol o[ 2, 3-b] pyri di ne. .
solution was stirred at —55 °C for 5 minutes under nitrogen, then a 0.5 M solution of 2-
methoxyphenyl magnesium bromide in THF (18 ml, 9.0 mmol) was added dropwise over 3
minutes. The resulting solution was allowed to warm to room temperature over 2 hours then
quenched by addition of 1 M citric acid. (25 ml). Ethyl acetate (50 ml) was added, and the
layers were separated. The aqueous fraction was extracted three times with ethyl acetate,
and the combined organic fractions were washed with brine, dried (Na;SOy), filtered and
concentrated to give a sticky yellow solid. Recrystallization from ethanol provided 619.5
mg (79 %) of (2-amino-5-bromo-pyridin-3-yl)-(2-methoxy-phenyl)-methanone as yellow
needles. MS m/z: 308 [MH]".

Step 2: Synthesis of 5-bromo-3-[2-methoxy-1-(2-methoxy-phenyl)-vinyl]-pyridin-2-
ylamine,
[0387] Into a 50 ml flame-dried round bottomed flask were added potassium
bis(trimethylsilyl)amide (832 mg, 39.2 mmol) and anhydrous THF (10 ml). The slurry was
cooled to 0 °C for 5 minutes under nitrogen, then (methoxymethyl)triphenylphosphonium

chloride (1.53 g, 4.47 mmol) was added. The resulting red-orange solution was stirred at
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[0388] A 50 m round bottonmed flask was charged with 403 ng of

5-brono- 3-[ 2- net hoxy-| - (4-nmet hoxy-phenyl)-vinyl]-pyridin-2-ylamne (1.2
mol ; comwoneeb/Es12and Z- isoners), 1,4-dioxane (5 nm), ®od/usRookmwacMEOUS
perchloric acid (250 |). The flask was fitted with a reflux condenser and

nitrogen inlet adapter and. h n an bath . to 100 hours. The
reacti onroﬁi’ktﬁﬁllpér%g?%&ﬁcr&%F @cf’o “ttlﬁgﬁf& -R{N05° RO Egn?%‘g%égsaturat ed

aqueous 1%91'116&* gﬂe@fl) ﬁ@@xb%ﬂeb(%@%&ﬁ@@ts e8! thaWes! PHFPHAY hdRaliak 6nc(02 Pnel ) -

The | ayers we epar at ed, and e aqueous fraction was extracted tw ce
W t h et hnehctiomew @t stirred nederantyogeador 4 hgans ltlnerrfquamhedﬂpsf adém@nmgrs@@rmd h brine,

W th et nGReE eyt 3B 0B S gLy i Scest IR Y il B
with et ‘
;H' p)lfig r Ofa%rg v%r@gdﬁ)ﬁf_ai')téiil' T8e aéue@uﬁ %ﬂc’[ﬁﬁh‘?ﬂ%&ex(tr%&&&"ﬁ‘ﬁeé ﬂﬁepwﬁ@)et lacel%ce %g E {DF
1H), 7. md(the; odreined ongan(ctfrac:uplyls we@’mh@%wnhllqyme Mo 303, k8 filkgpdiandst ep 4:
Synthesi g 9 LOKY (AoTRLN B Yy Heh RGN draptiy( i R Y -
pheny 1) - Sy s T oSG P B ERR

2- [ 3- Vet igxy/a gradfentBt anwyacs@szmlh@xah)es ?E’@%M]mér (%4 %) of 5 &roraomt Ryhethoxy-

[ 1, 3, 2] di oxabor ol ane was prepared as follows. To a flane-dried 50 ml round
bot t oned!-(eshoxyarhenddainy bryrdipgdrylamine 4s 4 paixtue of Eaphsk fysonmersy 3, 2]

di oxabor ol an-2-yl)-phenol (1.00 g, 4.00 mml) and anhydrous DVF (20 m).
Sodi um hydrstele3{ Sfiltheds o5 538-onmmes-(2-Bikthoxydpbani)sl Bpyirnoln] @bipyriding. was

added in three portions, and the suspensio S stirr under i trogenfor
30 ni nut 58 §hr£&%mﬁwdﬁ’éﬁ2wd@ﬁ§%W%&a(@§9¥’ﬁl ‘@3 r)?mar?d[fet rabut yl

ey B 35 PO Y, e o, o e

stirred o eaction m xture was concentr at ed,
t hen COOisGﬂletle, lgh-dioxendét ), amhth Ghagukowfpetchidr dcid (259@11)1 Thadlasiddes

fol | oned 100 M ethyl acetate. The. | ayers wer 16&% 86/ 013663

PCT/ uszoﬁmwahgzeﬂ%wdwéa ancypidrogeRiniel adaier ﬁyﬁg@éte an Qi Pabie 40V Hr ee

t d with
| mes with 82& ?ﬁaﬁ%%a%& imtT ‘}::‘lge d&%ﬁ@&ﬂra@dgﬂ@h@reyeé%ﬂmm%f £sa@sfead w

brine, drie concentrated gl ve a tan powder.
Trit ur at h@ureows §dhutibredfriplivet biearbgaate fdllodved byXthyMpceiiteZ2Q 8l). The layers were

o] i e P e G e e AR o RS PR TR B Sy e ke cpmbipegy 7 g
(S 1H) g]g(aﬁ(& fﬁa% Mere@véﬁéd Qlth%lfﬁle d]rﬁd:hllﬁ O;;?,l'ﬁlteré)d 94d ESnceptrted. 320 (S

A Personal Chem stry S
m cr ovvav ecsidualwas Iﬁﬁrzcréd wnthe)hemﬁsaf&rdﬁ@@ldg\@l Po) ®f Brigemmo-3-(2-methoxy-phenyl)

g E ;23 g: hOthe[gyl lg]pyrldme rag glte% powdelr)]lglyN'M:H (cﬁ-ISM%dT% ?2 ?g (brrmll)H) 8.36
(d, 11D, 8.18 (d, 1H), 7.82 (d, 1H), 7.58 (d, 1H), 7.36 (t, 1H), 7.19 (d, 1H), 7.10 (¢, 1H),
3.88 (s, 3H); MS m/z: 303 [MH]".

Step 4: Synthesis of 5-[3-methoxy-4-(4-methoxy-benzyloxy)-phenyl]-3-(2-methoxy-

phenyl)-1H-pyrrolo[2,3-b]pyridine.
[0389] 2-[3-Methoxy-4-(4-methoxy-benzyloxy)-phenyl]-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane was prepared as follows. To a flame-dried 50 ml round bottomed
flask were added 2-methoxy-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenol (1.00
g, 4.00 mmol) and anhydrous DMF (20 ml). Sodium hydride (251 mg, 6.29 mmol; 60 %
dispersion in mineral oil) was added in three portions, and the suspension was stirred under
nitrogenfor 30 minutes para-Methoxy benzyl chloride (655 pl, 3.62 mmol) and tetrabutyl
ammonium iodide (10 mg, 0.03 mmol) were added, and the reaction mixture was stirred for
an additional 16 hours. The reaction mixture was concentrated, then cooled in an ice-bath,

and 50 ml of 1 M citric acid was added followed by 100 ml ethyl acetate. The layers were
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met hoxy- benzyl oxy) - phenyl ]-4,4,5,5-tetranet hyl -[ 1, 3, 2] di oxabor ol ane (148
ng, 0.400 mnol), 6.5 nmy (9.3 nol, 5 mol % of

di chl or obive(bes/mbeay! phosphi no) pal | adium(ii), 1 m of peraisesuisioeé’be and 1
m of a 2 M aqueous solution of sodium carbonate. The vial was sealed,
evacuated and purged three tinmes with nitrogen, then irradiated in a

Per sonal sep@iatadi snd g eyugeue phass veascaagted thipe times vihpbyhacstate-ddet i ng of 150

C for 30(6) lgﬁ.}%ée(f czlr&allr:IE I%Iy(llc ér@%&%sﬂ%%d% %ﬂﬁ@%ﬂg@ ﬁﬁgz’S(ﬁ qﬂ{e% J,nﬂyer S Were

separate ueous rac I on was racte ree |rres w th ethyl
acet at e, ccnehttd&l Qi aed p@ﬁ@&ﬂl’lﬁ‘ltﬁr@ﬁ@i wﬁh&hamylethmghmdl 34¢ (1 %) oN2[3-dri ed

Na2SO4), filt d d d
on i %Megi@wy%é@n@?@o& B b hEA o A ot S GRUS oy (5

o et g yeRREn MR R NRE Y23 PO (R IRY Ja GG sor o

1HNNR(5JI@1(5@I\@®31;91 137 380§3EH 183 (s,828H); M8, m/&: 393 [M8NAL. (d, 1H), 7.70
(d 1H) dd & )1 t( ,) ,(57 2?33“ 1H)w7[25(d (1H) |7_|)18(dd

3 82 ( S E()g%)]n ?2%_%30%1 eﬁeﬁ}&stry@?l”&v% \élzﬂ (2 AR s1?e %{Qﬁ&&g@@%&»lt@?ﬁ%{?ﬁs 3H),

pr epar ed3JQy ndidxgchhiehyl)- lmﬁyﬁmm}ﬂ;@'ﬂlﬂm&%%fgl mszmbb,%mmetﬁbam%(@l
Structure Structure Struct

H2N-O AE@QtW@%é@me@ﬁjfﬁé‘,éér{&et{akHﬂ%@ 302&?%%2935,3]?%44‘5 361
[NM -+ imd), /6.9 mERS.S NS B )N decl}bbﬂs(uhpﬂenthS!ﬁhmo)pa11ad1um(n), { ml

of acetonitrile and 1 ml of a 2 M aqueous solution of sodium carbonate. The vial was
sealed, evacuated and purged three times with nitrogen, then irradiated in a Personal
Chemistry® microwave reactor with a temperature setting of 150 °C for 30 minutes. Ethyl
acetate (50 ml) was added, and the layers were separated. The aqueous fraction was
extracted three times with ethyl acetate, and the combined organic fractions were washed
with brine, dried (Na,SO,), filtered and concentrated. Purification by flash chromatography
on silica gel using a gradient of ethyl acetate in hexanes gave 75 mg (50 %) of 5-[3-
methoxy-4-(4-methoxy-benzyloxy)-phenyl]-3-(2-methoxy-phenyl)-1H-pyrrolo[2,3-
b]pyridine as a light yellow solid. "H-NMR (ds-DMSO) & = 12.12 (br.s, 1H), 8.51 (d, 1 H),
8.11 (d, 1H), 7.70 (d, 1H), 7.57 (dd, 1H), 7.38 (d, 2H), 7.27 (t, 1H), 7.25(d, 1H), 7.18 (dd,
1H), 7.11 (m, 2H), 7.02 (t, 1H), 6.95 (d, 2H), 5.03 (s, 2H), 3.85 (s, 3H), 3.82 (s, 3H), 3.75
(s, 3H); MS m/z: 467 [MH]".

[0391] Other compounds prepared by Method 51:
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iO--S NHM: MZ 317 [MH+. M. miz 361 [MH +. 02 AE61 MS: M Z 394 [ MH] +.
[ 1/ HNOHNOHNNNN/ s- s 02 NM: MZ 347 [M]+. M5 MZ 379

[ VH +. +.woNBil6/nsr2z 358 [VH 168 WO 2006/ 015123 PCT/ US2@005/132@3926792
Structure Structure Structure HNO HN OHN NN\ / N\ GCGa N H O NH AE62
MS: MZ 394 [MH+. MB: MZ 331 [MH+. M. mz 344 [MH+. / OO HN O HN N\
N\ OH HOM: nmz 331 [MH +. O AE6Babk81 M z 403 [MH +. *obtai ned from

7- Bronp-4, 5-di hydr o- 3H benzo[ b] oxepi n-2- one (obtained via Baeyer- Milliger
reaction). MethStruwspureQ Structure Structure
/
0
N™ X
i j.J\/\/
/lk/o HO ©
H2N AE59 AE60
. +
MS: m/z 404 [MH]". MS: m/z 433 [MHT"
o/ o/
HN—) HN—)
N™™ N
| % | =
g g OH
\%/NH MS: M/Z 317 [MH]".
MS: m/z 361 [MH]". 2 AE61
MS: M/Z 394 [MHT".
o/
HN—)
o0y
L
Y MS: M/Z 347 [MH]".
| . MS: M/Z 379 [MH]".
MS: m/z 358 [MH] .
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O HNHNNN STEP 1/

O OH AE64 Step 1: Synthesis of

2- Met hoxy- 4-[ 3- (2- met hoxy- phenyl ) -1H pyrrol o[ 2,3- b] pyridin-5-yl]-phenol.
[ 0392] Towe 2b6€/0161280und bott oned fl ask were added

5- [ 3- et hoxy- 4- (4- met hoxy-

PCT/US2005/026792

benzyl oxy) - phenyl ] - 3- (2- net hoxy- phenyl )-1H pyrrol o[ 2, 3-bl pyridi ne (48 ng,
0.10 nmpl ), 16Stri@ue06/ 015143 PCT/ US28@BL@26792 et Hyl enStotdtwre de (2. 5
m) and 396 ng (0.28 mmol) PS-t hi ophenol (1.41 mmol9 -1 : Argonaut
Technol|ogi es). Trd fluoroacetig acid (5001 d) was added |and t he guspensijon
was shakepn aCorbital shaker fiQ Rour. The yel | ow ' nlxture was
filtered, and esin was washg e\tinmes with di ane and
et her, |t h¢ th dichl gri Phe conbi ned f
concentrategd/to obtain a yelld i due, “which was di g pet ween
ethyl acetdte and saturated aqueous solution of sodium The
| ayers we epar ated, and thsg ous_phase was extracte hree t| nmes (with
ethyl fc e. The conbi ned ar g c fgdZactions were was th brine,
dried ([Na254), filtered and |col Nfdbed. Purificatign by 1d “ash
chromatipgraphy on silica gel Using afgradient of ethyl e exanes
gave 31 N8B %9 of et hoxy-ﬁs[ﬁﬂgggﬁp\% <y- phenyl ) - 1?—{-% M%%?ﬁg[}ﬂ
pyrrol of 2, 3-b] pyri di n- -yl ] - phenol t yel |l ow pgwder. ' H NWR
(d6-DI\/BCb/[Sbm¢z34L4L[I\8H](br s, 1H, 9.04 (br.s, 1H), 8.48 (d, 1H), 8 07 (i,
1H), 7.88{dd—1H)+——+-5% (dd, HH)—F 27— 720 (e 3—d,
1H), 7.08 (dd, kﬁ), 7.02 (t, 1H, 6. d), 3.85 (s, 3H), 3.82 (s,
3H); Mg i 7M. VH +. [0393]| O her s—prepared by Method 52:
Tabl e 32N‘z ‘ tructure Structurﬁ NHNS|~HNONNN O
o< HO
MS: m/z 331 [MHT". AE63 *
MS: M/Z 403 [MH]".

*obtained from 7-Bromo-4,5-dihydro-3H-benzo[bJoxepin-2-one (obtained via Baeyer-

Villiger reaction).

Method 52:

STEP 1

AE64

Step 1: Synthesis of 2-Methoxy-4-[3-(2-methoxy-phenyl)-1H-pyrrolo[2,3-

b]pyridin-5-yl]-phenol.
To a 50 ml round bottomed flask were added 5-[3-methoxy-4-(4-methoxy-

[0392]

benzyloxy)-phenyl]-3-(2-methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridine (48 mg, 0.10 mmol),
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OHOOH~OH~ M rnfz 347 [MH+ MS: mz 363 [MH+. S in/z: 400 [ MH +.
OOHN~ HN ~ NNF OHOH 170 WD 2006/ 015123 PCT/ US2005/ 026792 Ms: ni z

317 [ MH wvolBoe/omb®23334 [ VH] +. PCT/US2005/026792

*(2-am no-5-br om)pyri di n-3-yl) (2- (t ri fI uor onet hoxy) phenyl ) net hanone and
(2-am no-5- brono r|d|n3y?) henyl t _-neededin
t hese (m@b}ﬁlemefpféo ar Bl angy3d % OFW%@I %gépﬁé@ nt hesi s of

2- 5-b f Y I §ib B
N2 0 iR sTogey! Tﬁﬂ*él’oa%%a@ sid d?“% AR RS hspmkbanase. o
bOt t OnPsﬂ ﬁénaiﬁlﬁ oNeisal aRgled foh- 1D TRe yéitaw fdammtmmstfém@qenq the. 39 g, 9.9

ﬁ lask was fitted with a rubpe um { th ni trogent hen
chargedemmsmhlwﬁtbw tipps wigipdighbpronyey arée(ﬂ t\l}?&‘gg‘@g%Wé -78 C for
10 M M. S Rndafind g%é Rhitbl28 o atg“iayaafﬂcemtea w%utﬁlnm@eﬁsw&eﬂ&u&mch 9.8

mol ) tes. Teresutln? sol ution was
stirredygd dlstﬁ%ute@bfsmeeﬂ@thymhmtteSnmm\amemaquwe nolutine of soddwn bigaienale: 739 ny

(2.84 mml)onamnOSbronDN-net ni n5m of
THE wasThaldpers sicepiapaatesly apd the ﬁﬂ%fi?&lé? S e?‘ﬁ%i% hﬁ t?ﬁe“W% fﬁy!)n was

al | oned t m QlastRedn Pl Bri éldﬁed £SO, pdidteiedn was
quenche?f g‘\/%ae 0&%8%6%8@;?{ @#&E%‘éﬁgufgt ed aqunér(l)us somtl oé of anmmoni um

chl or i dgnd Enbatitrageie Patific#tdA byl fashelsroartheaphar silice gehyaps 2wt 8har at ed.

The aq ugt?l}Lfllsacetate and hexanes gave 31 mg (86 %) of 2-methoxy-4-[3-(2-methoxy-phenyl)-1H-

pyrrolo[2,3-blpyridin-5-yl]-phenol as a light yellow powder. 'H-NMR (ds-DMSO) § =
11.87 (br.s, 1 H), 9.04 (br.s, 1H), 8.48 (d, 1H), 8.07 (d, 1H), 7.68 (dd, 1H), 7.57 (dd, 1H),
7.27 (¢, 1H), 7.20 (d, 1H), 7.13 (d, 1H), 7.08 (dd, 1H), 7.02 (¢, 1H), 6.85 (d, 1H), 3.85 (s,
3H), 3.82 (s, 3H); MS m/z: 347 [MH]". :

[0393] Other compounds prepared by Method 52:

Table 32

Structure Structure Structure

MS: m/z 347 [MH]".

IMS: m/z: 400 [MH]".
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fraction was extracted three tinmes with ethyl acetate, and the conbi ned
organic fractions were washed with brine, dried (Na2SO4), filtered and
concent r avedoosdRusi2Bi cati on by flash chromatography on echriusacogebe7esi ng a
gr adi ent of et hyl acet ate in hexanes gave 530 ng (52 9% of

(2 am ne b nv/ri rll a) (2_trl f1l uoronmet hn)( - phF‘ny| )- I’T‘Et hanone S a
yel | ow @’Jjg%wl 1H-NI\/R CRCL3) 8 = 8. 29 1 H, 7.60 (m 2H), [7.45
(t, 1H)| 7.42 (m 3H), 1.79(pMS:@/% 244 MRS - rﬂz 561[M—I]+ 171 VO

2006/ 015123 PCI7 US2005/ 026792 NEThod—53— 0 HN-O - HN-N—N-STEP—1—©- OH O

AE6G5 St e@-dmindysrbid @fn-3-y1 ]
3-(2- Vbt hoxy lpr)lhen | ﬁﬁig% 1- %/)%ZX9{1ﬂl_loromethoxg}phgrllyl)rﬂeth?none and (2-amino-5

et hoxy) - bW@Wb’]ldlm Wf?r (Ihﬁhflmle)pbirmhmdhmF()s b@e}?ﬁ&]én fh@seadfaﬁ& wilareﬁﬂéphﬁéd i cate
reaction I 0 nmg (0.350 nmo of PS- triphenyl phosphine
(2.33 nu%th%rﬁ%%fﬁ ?e}?d%%%’nol ogi es) and anhydrous nethylene chloride (5
m). The_vial was fltted with a rubber septum and the suspensi on was
stirred Pyithesis pf 2ragine-§-hnemapytidink3-yD-(2)trifiior sopthopy{phan ghlinteh Moone, at e
(68 L, 0.35 mml) was added dropw se, and the m xture was allowed to warm
to roomterrperature over 28" mnutes. To t actOCl:Fta vial was added

2-pyrrolidin-1-yl-ethanol ) , o
2- met hoxy- 4- [ 3- (2- met hox nyl y—akhpye 1 o2, 36 Byr i di n-5-yl ] phenol (60
i » oom tenperature for 8

ng, 0.17 rmol), and the su _
hours. The yellow reaction mixture was filgered, and the resin was washed
three tines with DCM and ether, then twice with DCM The conbined filtrate

was conckip4lat &d atfanobdriédnl O btoundvbotshetifask wdsi adhemsormmgt iSed( bg’ flash
chr omat ogr. nefu t|on | i zed s a_gel (1SCO _ Redi Sep(r) am ne
col um) @éﬁ‘ﬁ"dxﬁle@%{ﬂ?b@ﬁe% ? FREOR EL? ﬁaﬁlfe‘% d withy p FEbEr SPtHE (8 %)

of purged with nitrogenthen char ed with anhydrous THF (20 ml). The solution wa 01 d
3-(2- matho%%fplo g-5 3ma§ hoxy- 4 -y-pyrro]l:((?ln-)-hl uh %S eﬁy(]-lH-
or mm

then a 2.5 M solution of n-butyl lithium in hexanes (3.9 ml, 9.8 mmol)

was added dropwise over 3 minutes. The resulting solution was stirred at —78 ° C for 40
minutes under nitrogen, then a solution of 739 mg (2.84 mmol) of 2-amino-5-bromo-N-
methoxy-N-methyl-nicotinamide in 5 ml of THF was added dropwise over 3 minutes. The
resulting red solution was allowed to warm to room temperature over 5 hours, then the
reaction was quenched by addition of 10 ml of a saturated aqueous solution of ammonium
chloride. Ethyl acetate (50 ml) was added, and the layers were separated. The aqueous
fraction was extracted three times with ethyl acetate, and the combined organic fractions
were washed with brine, dried (Na;SO,), filtered and concentrated. Purification by flash
chromatography on silica gel using a gradient of ethyl acetate in hexanes gave 530 mg (52
%) of (2-amino-5-bromo-pyridin-3-yl)-(2-trifluoromethoxy-phenyl)-methanone as a yellow-
orange solid. "H-NMR (CDCl;) § = 8.29 (d, 1 H), 7.60 (m, 2H,), 7.45 (t, 1H), 7.42 (m, 3H),
1.79(br. s, 2H); MS m/z: 361 [MH]".
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pyrrolo[2,3-b]pyridine as a |light yell ow powder. 1H NVR (d6-DMSO) 6 = 11.87
(br.s, 1 H, 851 (d, 1H, 8.18 (s, 1H, 8.11 (d, 1H), (7.70 (d,)lH), 7.57
(dd, 1H) ,w@é.2806/0m231H), 7.24 (d, 1H), 7.17 (dd, 1H), 7pt2/usdebsoiddyz 7. 06
(s, 1H), 7.04 (m 1H), 4.08 (t, 2H), 3.85 (s, 3H), 3.83 (s, 3H), 2.82 (t,
2H), 2.55 (m_4H), 1.69 (m 4H); M m'z: 444 [ M4 +. [0396] Ot her conpounds
pr epare ing to Method 53: 172 WD 2006/ 015123 PCT/ US2005/ 026792
Table 33 Structure Structure Structure /HNOHNO HNONN I N\ ~A1l O
+ M5 mz 473 [MH+. S: nmlz 459
"OO\~-ON\~O WMs: ni/z 418 [ MH]
/ HNOHNO NN o0 o No HO ~, 0
+. 173 WD 2006/ 015123

AE65

Step 1: Synthesis of 3-(2-Methoxy-phenyl)-5-[3-methoxy-4-(2-pyrrolidin-1-yl-

ethoxy)-phenyl]-1H-pyrrolo[2,3-b]pyridine. '
[0395] To an 8 ml borosilicate reaction vial were added 150 mg (0.350 mmol) of PS-
triphenylphosphine (2.33 mmol- g”'; Argonaut Technologies) and anhydrous methylene
chloride (5 ml). The vial was fitted with a rubber septum and the suspension was stirred for
5 minutes in an ice-bath (0 °C). Diisopropy! azodicarboxylate (68 pL, 0.35 mmol) was
added dropwise, and the mixture was allowed to warm to room temperature over 20
minutes. To the reaction vial was added 2-pyrrolidin-1-yl-ethanol (54 mg, 0.47 mmol) and
2-methoxy-4-[3-(2-methoxy—phenyl)-1H—pyrrolo[2,3-b]pyridin—5-yl]phenol (60 mg, 0.17
mmol), and the suspension was stirred at room temperature for 8 hours. The yellow
reaction mixture was filtered, and the resin was washed three times with DCM and ether,
then twice with DCM. The combined filtrate was concentrated to obtain a yellow residue,
which was purified by flash chromatography on amine functionalized silica gel (ISCO
RediSep® amine column) using a gradient of ethyl acetate in hexanes to afford 12 mg (8 %)
of 3-(2—methoxy—pheny1)-5-[3-methoxy—4-(2-pyrrolidin—1-y1-ethoxy)-phenyl]—1H-
pyrrolo[2,3-b]pyridine as a light yellow powder. '"H-NMR (ds-DMSO) & =11.87 (br.s, 1
H), 8.51 (d, 1H), 8.18 (s, 1H), 8.11 (d, 1H), 7.70 (d, 1H), 7.57 (dd, 1H), 7.27 (m, 1H), 7.24
(d, 1H), 7.17 (dd, 1H), 7.12 (dd, 1H), 7.06 (s, 1H), 7.04 (m, 1H), 4.08 (t, 2H), 3.85 (s, 3H),
3.83 (s, 3H), 2.82 (t, 2H), 2.55 (m, 4H), 1.69 (m, 4H); MS m/z: 444 [MH]".

[0396] Other compounds prepared according to Method 53:
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[0397] The purification of the conpounds in above table was acconplished

usi ng reverse
acid ag. wonb@/msng 5 % ACN,

mass-triggered collection).
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phase HPLC (C18; 5-95 % gradient solvent A: 0.1 %formc
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)-1H pyrS(tDlmt[qu 3- b] pyr

[ 0398]
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gel usi Ng ran ient of ethyl acetate Nh h@xanes pa (30 %9 of
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1 H, 820 (d, 1H, 766(dm:1L§ /1289 cﬂg H)1|—|) 729(dd 7.(12(|t:_lIS
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174 WO ?006/015123 P/ US2005/ 026792 Tabl/e 34 Structure Structura

Struct ur

HN O by

MS: m/z 458 [MH]".

E66

MS: m/z 444 [MH]".

MS: m/z 405 [MH]".
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NNN ON NM F Ow Ms: mz 332 [MH+ M
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302 [ MH] w6:200@s5291 [ VH] + Method 55° HN O B
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3, 4- bi s( 2- net hoxyet hoxy) phenyl bor onj ¢ i d
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it o 8 5 e B A O et & 86! vent s vere re

or 3 _ m t enper at ure. Sol
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acetate and filtered through a pad 175 WO 2006/ 015123 PCT/ US2005/ 026792 of

silica . e filtrate was concentrated
cat ech frod 52 [ght  brown oil. to afford 5.45 g of 4-brono

O/
d HN—
HN—\ NN
N X step1 _ U
”
Br HN
= AE67

Step 1: Synthesis of 3-(2-Methoxy-phenyl)-5-(1H—pyrrol—2-yl)-1H-pyrrolo[2,3-

b]pyridine.
[0398] To a Personal Chemistry® microwave vial (2-5 ml size) were added 5-bromo-3-
(2-meth0xy—phenyl)-1H-pyrrolo[2,3—b]pyridine (96 mg, 0.32 mmol), 1-N-(BOC)pyrrole-2-
boronic acid (103 mg, 0.487 mmol) and 12 mg (5 mol %) of dichloro[1,1°-
bis(diphenylphoshino)ferrocene]palladium(II) dichloromethane adduct, 1 ml of acetonitrile
and 1 ml of a 2 M aqueous solution of sodium carbonate. The vial was sealed, evacuated
and purged three times with nitrogen, then irradiated in a Personal Chemistry® microwave
reactor with a temperature setting of 150 °C for 15 minutes. Ethyl acetate (50 ml) was
added, and the layers were separated. The aqueous fraction was extracted three times with
ethyl acetate, and the combined organic fractions were washed with brine, dried (Na;SOs),
filtered and concentrated. Purification by flash chromato graphy on silica gel using a
gradient of ethyl acetate in hexanes gave 28.1 mg (30 %) of 3-(2-methoxy-phenyl)-5-(1H-
pyrrol—Z—yl)-1H—pyrrolo[2,3—b]pyridine as a tan solid. 'FI-NMR (d¢-DMSO) & = 11.78 (br.s,
1H), 11.32 (br. s, 1H), 8.56 (d, 1 H), 8.20 (d, 1H), 7.66 (d, 1H), 7.59 (dd, 1H), 7.29 (dd,
1H), 7.12 (d, 1H), 7.07 (t, 1H), 6.83 (m, 1H), 6.49 (m, 1H), 6.10 (m, 1H), 3.82 (s, 3H); MS
m/z: 290 [MH]".

[0399] Other compounds prepared according to Method 54:

174



[0401] 1.89 g (10.0 mnol) of this oil
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Step 1: Synthesis of 3,4-bis(2-methoxyethoxy)phenylboronic acid.

[0400]

To this suspension is added 37.6 g (0.150 mol) of boron tribromide at 0 °C. The mixture

was stirred for 3 hours at room temperature. Solvents were removed under reduced

pressure. The resulting brown oil was dissolved in ethyl acetate and filtered through a pad

175

6.51 g (0.0300 mol) of 4-bromoveratrole is dissolved in 50 ml of dichloromethane.
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r57?[ 3, 4- bi s- ( 2- net hoxy- et hoxy) - phenyl ] - 3- (2- net hoxy- phenyl ) - 1H pyrrol o[ 2, 3-
b] pyri di neoasosamisBor | ess powder. 1H NVMR (d4-net hanol ) @ct&isddosfoiddp2d (2.0
Hz), 8.17 [1H]d(20Hz)763[1H]s 7.56 [1H dd (1.5 Hz, 7.5 Hz),
730[1H]_7261 d (2.5 Hz), 7.20 [1H dd (2.3 Hz, 8.3 Hz), 7.11
[1H d (9 1)>a gql. tF{}tCéf!E\@gOIg:eHQ‘)ItedVO QForfl BHS glof 4-ponkz catd@ctivl k) light24 [ 2H]
m 4.19 | 3.77 [4H in, 3.44 [3H s, 3.43 [3H s. MS mz: 449.2
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of 3, 4- bialid Rashed phmldtma&a@%ymé@M@%@ﬂﬁn%n&nﬁma@ég&eBzgt{&'?(bpw sol i d.
1H NMR (CD30D) S 42 [IH d (2.0 21 .64 [1H s,
7.56 [ 1Pethedysthosy)pgpmopenzenp ps a yeboviph ppliddt (1.5 Hz, 7.5 Hz), 7.25 [1H d
25Hz) 7.19 [1H dd (2.5 Hz, 8.5 Hz), 7.12 [1H d (8.5 Hz), 7.08 [1H d
8. Hz) [04D2D5 T kbliditvag dJs&dﬂvedﬁnFanh?drouATEF ah@ e resulfng/ SN cobiedlol 2H t
5 [8H m . 2. m £8H] m M. 559.2 [MH+. [0405]
T7%é £o Rhes%?ﬂlﬁmoﬁas(ﬁﬁd thlwf 343.3 i Sotion dfexangdithiam dwednat - 78

g 4- bi S@P'ﬁ?‘é}'ﬁﬁ%}leﬂ]ge lﬁ%e%@? %gﬁiz?riéh?%tﬁﬁé £3%, 34} minges 478 66/ 1B mmb

PCT/ US2 Oﬁﬁ/rg%@%%ui—@so%r@y?l%ra@%s Wichladti . VRS rehdtion&fhssBired Qo Undlifs at - 78
C before 1
30 minutes at —78 °C and then warmed to 0 °C over 2 hours. The mixture was then cooled

.3
—

(
(
2.

to —20 °C and 10 ml of aqueous 2 N hydrochloric acid was added to the mixture. After
stirring for 20 minutes, the reaction mixture was transferred to a separating funnel and
extracted three times with 100 ml of ethyl acetate. The combined organic layers were dried
over sodium sulfate and concentrated to afford 2.85 g of a brown oil. The oil was titurated
with ether to afford 625 mg (2.44 mmol; 8% overall yield) of 3,4-bis (2-
methoxyethoxy)phenylboronic acid as a colorless powder. 'H-NMR (d4-methanol) &: 7.36
[2H] m, 7.23 [2H] m, 6.98 [1H] d (7.5 Hz), 6.94 [1H] d (8.5 Hz), 4.16 [4H] m, 3.75 [4H]
m, 3.43 [3H] s, 3.42 [3H] s. MS m/z: 271.1 [MH'], 293.1[MNa-+].

Step 2: Synthesis of 5-[3,4-Bis-(2-methoxy-ethoxy)-phenyl]-3-(2-methoxy-phenyl)-

1H-pyrrolo[2,3-b]pyridine.
[0403] A vial is charged with 81.0 mg (0.300 mmol) of 3,4-bis (2-
methoxyethoxy)phenylboronic acid, 60.6 mg (0.200 mmol) of 5-bromo-3-(2-
methoxyphenyl)-1H-pyrrolo [2,3-b]pyridine and 8.3 mg (5 mol %) of
bis(triphenylphosphino)palladium(Il)-dichloride. 1.5 m] of acetonitrile and 1.5 ml of 2 2 M
aqueous solution of sodium carbonate were added and the mixture irradiated in a Personal
Chemistry® microwave reactor to 150 °C for 15 minutes. The mixture was extracted with
three times with 15 ml of ethyl acetate. The combined organic layers were dried over

anhydrous sodium sulfate and concentrated. The dark brown residue (187 mg) was purified
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tri-n-isopropyl borate was added. The m xture was stirred for another 30
mnutes at -78 C and then warnmed to O C over 2 hours. The m xture was

cool ed t owe2006182d 5 M of aqueous 2 N hydrochl oric aecd/vsesmsacscierl. After
stirring for 20 mnutes the reaction mxture was transferred to a

:sl'ﬁga(r:g:’[%(n ébu%?&ﬁggrgpggél; gi 1&&? gs?n?é g g{ft l nipf r%.ht h %tﬂg%ulmha %ine tggt%lﬂaca ate.
concentﬁlgt ?@\)[%QL gk X? : it afgaphé}li‘ﬁ] Qi IﬁaﬁoﬁyLﬁhthﬁt)adl pyrtrdsio?lher to give
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0.3 mmo ORI I flitrigy d ¢¢ velg 7o [am] d (86iHz), BOS5G1HPdY 0. 20
nmol ) O#Ig ‘%%@8 gﬁzt%?xﬁ%)pzérwhﬂl 1|Q—|- prrol[ohi (ﬁ%[))rldl ng nd 8 3 ny
(5 nol E@H@W5HizythJZér[@H])ms(1119|[®Hény8ﬁﬁdéﬁﬂﬂmé)4ﬁa[f> & A ﬁ;

acetonitrile and 1. M a 2 M aqueous solution of sodium car bonate wer e
added afitf-2 BMEA7dr! diated in a Personal Chenistry(r) nicrowave
reactor to 150 C for 15 mnutes. The resulting m xture was extracted three
ti mes wMdihdbsari of ethyl acetate and the conbined organic | ayers were
dried over anhydrous sodium sul fate and concentrated. The resulting dark
brown residue was purified by flash chromatography on sily using a
gradient of ethyl acetate in hexanes to gq 9.4 ng (16 np %yi el d) of

5-[3, 4- bi s- (2- nor phol i n-B-yl - et hoxy) - phen -(2- N

met hoxy- phenyl ) - 1H pyrr [ 2, 3-b] pyri di a light yel low Z 1H NWR

(d4- nethanol) 8: 8.42 d r2pQ Hz) [ SifEPd 7.64 [1H s,

7.56 [1H dd (1.5 Hg Hz)y,—7-30 [AH Tdt (1.5 Hz, 7. , 7.25 [1H d
(2.5 Hz), 7.19 [1H dOd(H5Hz 8.5 Hz 0y.12 [1H d (8 ), 7.08 [1H d
(8.5 Hz), 7.05 [1H dt ( Hz,75Hz)425[2H]t(57% 4.20 [2H t

(5.5 Hz), 3.72 [8H m 2.84 [4H m ijg /mW 2 [MH]. 178
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Step 1: Synthesis of 3,4-bis(2-m0rpholinoethoxy)phenylboronic acid.
[0404] 864 mg (36.0 mmol) of sodium hydride was added to a suspension 0of 900 mg
(5.0 mmol) of 4-bromocatechol and 3.72g (20.0mmol) of 2-chloroethylmorpholine
hydrochloride in 50 ml of anhydrous DMF at 0 °C over 25 minutes. The mixture was
stirred for 3 days at room temperature. 5 ml water was added to quench the reaction. After
removal of the solvent, the black oily residue was adsorbed onto celite and the resulting
solid washed with ethyl acetate. The filtrate was then concentrated to give 0.75 g (1.81
mmol; 36 % yield) of 3,4-bis (2-morpholinoethoxy)bromobenzene as a hygroscopic yellow
solid. "H-NMR (CD30D) § : 8.42 [1H] d (2.0 Hz), 8.18 [1H] d (1.5 Hz), 7.64 [1H] s, 7.56
[1H] dd (1.5 Hz, 7.5 Hz), 7.30 [1H] dt (1.5 Hz, 7.5 Hz), 7.25 [1H] d (2.5 Hz), 7.19 [1H] dd
(2.5 Hz, 8.5 Hz), 7.12 [1H] d (8.5 Hz), 7.08 [1H] d (8.5 Hz), 7.05 [1H] dt (1 Hz, 7.5 Hz)
4.25 [2H] t (5.75 Hz), 4.20 [2H] t (5.5 Hz), 3.72 [8H] m, 2.84 [4H] m, 2.66 [8H] m. MS:
559.2 [MH"].

[0405] 2.4 mlofa2.5M solution of n-buthyl lithium in hexanes was added at —78 °Ctoa
solution of 2.08 g (5.0 mmol) 3,4-bis(2-morpholinoethoxy)bromobenzene in THF over
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O NH2O- N NH2 O Step 1: Synthesis of

2- Am no- 5- brono- N, N- di net hyl - benzam de. [0407] Into an 15 nL high pressure
gl ass vi avo(eaeithsibef | on screw cap) were added 5- bronoi patraiseooanbyrdz i de
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di b I 2 | f 3 2,3-b 0. 167
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di chl or onet hane adduct (14 ng, 0.017 mml) acetonitrile (5 nL) and

t ted h N2, d
T ad at ed S 2 SUPLRAEOf Stildhbhi ol R uRGEy TohepBHHAmShGRE®, TET

were separ qi}@dyl)ampymquge@]wriﬂhﬁﬁe was extracted 3X with EtOAc. The
conbi ned organl c phase was treated with brine, dried (Na2SO4 filtered

and adsol3488] ort wabiswh@r@e@mﬂh 2P8 ang fapEEO XA SaRing] ofjpse beﬁonﬁaé By ths | i ca
gel chro i % e gradient.
Tne pur ELJORRNad o0 Ak 830 AT B B R P 857 ana
200 uL oﬁy@oww&-b]@ddmlmﬂl&mmgqsnﬁﬂde)obfand the sol uti on was stirred at
roomtenperature for 3 hours 200 15123 PCT/ US2005/.026792
reacti onngwa@r B@ﬁ@ﬁ@ﬁiwoéﬂlﬂp?@aﬁ ‘ﬁﬁ“@ﬁg\olé’f& PlpCgions dt{nf FSOBFl%-MS The

quenched cpfe@% L4190 Hfu 8\9 orRRd kil aﬁﬂ@djarpﬁﬂl%ﬁﬁtu@ 8RN0 W Bdonat he

| ayers were separate e aqueous phase was extracted 2X wth Et OAc.
The co anhemsmy@anmo@oxpdmﬂeaomO tI58 ACedr 1 nmtitutés: i The, resliieim{xNa2S0G4) |

IR T T N Y (N ARG L
title over anhydrous sodium sulfate and concentrated. The resulting dark brown residue was

purified by flash chromatography on silica gel using a gradient of ethyl acetate in hexanes to

give 9.4 mg (16 pmol; 8 % yield) of 5-[3,4-bis-(2-morpholin-4-yl-ethoxy)-phenyl]-3-(2-

methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridine as a light yellow solid. "H-NMR (ds-

methanol) &: 8.42 [1H] d (2.0 Hz), 8.18 [1H] d (1.5 Hz), 7.64 [1H] s, 7.56 [1H] dd (1.5 Hz,

7.5 Hz), 7.30 [1H] dt (1.5 Hz, 7.5 Hz), 7.25 [1H] d (2.5 Hz), 7.19 [1H] dd (2.5 Hz, 8.5 Hz),

7.12 [1H] d (8.5 Hz), 7.08 [1H] d (8.5 Hz), 7.05 [1H] dt (1 Hz, 7.5 Hz) 4.25 [2H] t (5.75

Hz), 4.20 [2H] t (5.5 Hz), 3.72 [8H] m, 2.84 [4H] m, 2.66 [SH] m. MS m/z: 559.2 [MH'].
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conpound as a pale yell ow powder (13.5 ng, 11%yield). 1H NWR (500 MHz, d6
DVSO) &=11.80 (br. s, 1H), 8.42 (d, J= 2.0 Hz, 1H), 8.02 (d, J= 2.0 Hz,
1H), 7.68W0adp06dr5123.5 Hz, 1H), 7.58 (dd, J= 1.5, 6.0 Hzpci/uspeosivzeérd2 (dd, J=
2.0, 6.0 Hz, 1H), 7.31 (d, J= 2.0 Hz, 1H), 7.27 (t, J = 7.5 Hz, 1H), 7.12
(d, J = 2 I—éz,/.lH), 7.04 (t, J =7.0Hz, 1 H, 6.80 (d, J=9.0 Hz, 1H),
5.26 (S,%SO (s, 3H), 2.95 (s, 6H). Ms: mz 387.1 [ MH]. [0409] O her
conpounds prepared by Method 57: Table 35 Structure Structure Structure /
O OOHNHNHN NNN INS~NNN" N N NH2 O1 N2 ONH2 O M5: m z 444
[MH+]. M5 miz 456 [MH#]. MBS in/z 499 [M#]. ./ O/Q0/ UNHNHNNNN
NN _,NNH2 O NH2 O NH2 O Ms: niz 456 [MH]. Ms: 486~ MVH+] . MS: mlz 541
[ MH]. 180 WO 2006/ 015123 PO US2005/ 026792 N NN Qal N

NH2 0 NH2 O @z 519 [Md]. MS: miz 556 |
o STEP 1 | STEP 2
Br N\

0 NH, O

NH, O

Step 1: Synthesis of 2-Amino-5-bromo-N,N-dimethyl-benzamide.
[0407] Into an 15 mL high pressure glass vial (with Teflon screw cap) were added 5-
bromoisatoic anhydride (0.401 g, 1.66 mmol), DMAP (20 mg, 0.16 mmol), and
dimethylamine (2 M in THF; 5.0 mL, 10.0 mmol). The vial was sealed and placed in an oil
bath at 70 °C for 8 h after which it was concentrated under vacuum. The crude product was
dissolved in EtOAc and washed 2x with water followed by brine. The organic phase was
dried (NaxSOy), filtered and concentrated to afford 0.428 g of 2-Amino-5-bromo-N N-
dimethyl-benzamide as a pink solid, which was used directly for the next step. "H-NMR
(500 MHz, de-DMSO) 6= 7.19 (dd, J=2.0, 8.5 Hz, 1H), 7.08 (d, J=2.0 Hz, 1H), 6.63(d,
J=8.5 Hz, 1H), 5.31(br. 5, 2H), 2.89(br. s, 6H). MS: m/z 198/200 [C=0"].

Step 2: Synthesis of 2-Amino-5-[3-(2-methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridin-

5-yl]-N,N-dimethyl-benzamide.
[0408] 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-(toluene-4-sulfonyl)-
1H-pyrrolo[2,3-b]pyridine (0.167 g, 0.331 mmol), 2-amino-5-bromo-N,N-dimethyl-
benzamide (0.088 g, 0.364 mmol), 1,1'-bis(diphenylphosphino)ferrocenepalladium(ir)-
dichloride dichloromethane adduct (14 mg, 0.017 mmol), acetonitrile (5§ mL) and saturated
aqueous NaHCO; (5 mL). The vial was sealed, purged with N>, and irradiated in a Personal
Chemistry Optimizer at 90 °C for 5 min. The layers were separated, and the aqueous phase
was extracted 3X with EtOAc. The combined organic phase was treated with brine, dried
(Na;SOy), filtered and adsorbed onto silica gel. The crude material was purified by silica
gel chromatography in an EtOAc (containing 10% MeOH) and hexane gradient. The
purified material was dissolved in a MeOH/acetone solution (5 mL) and 200 uL of a 50%

KOH solution was added and the solution was stirred at room temperature for 3 hours. The
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Method 58: Ts, NOHN N N 11 STEP 1 O SO2NH2 HN NH NH2 | Step 1:

Synt hesi s of 7-[3-(2-Methoxy-phenyl)-1H pyrrol o[ 2, 3-b] pyridin-5-yl]-3-

net hyl - 3, wodnéwuds32H benzo[ 1, 2, 4] t hi adi azi ne 1, 1-di oxi ¢eT/(s@ebb0pe7bnt 0 an 8
mL screw cap vial were added 2- Am no 5-[ 3- (2- net hoxy- phenyl) 1-

(tol uene-4-sul fonyl)-1H pyrrol r.idin-5- z f m de

(0. 0492“2}0“@1 waDdugRFRTd) by %@é‘igﬂ?gﬁ ACEBZ/@’@ V_Vlse 511) ?) %P‘gﬁ‘gé a@%?om trile
(700 .i l’% & iRl w rﬁﬁﬁleﬁ@etv@é@ﬂ EROAS 8Ad Watcr the ddye voak sjar@ed,@Gnélor 1 h.
The reac |on mxture s concentrated under vacuum then dissolved in THE

(1 ), tendusas ﬂhasﬁwﬁﬁ)@&twbtndmah] EtQAs. Hm@mhu@ﬁdmgam? shwetvasgreatsiut i on.

Af t 2 h, th f d
t heﬁr co?’i‘@@rhqngt rewo‘%)aﬁu%ﬁ‘? %\‘fsf)ﬁyeg of %Slilﬁ%ﬁe?egg%%fed%ur i ?f’%ﬁ%ﬁh by
flash ohromal Quraphn BOAR @8ntiRing B Mdm{ymidmeahﬂra/gramﬂt atagfoachtheigleanes

(O- 100%gra ent) afforded the title conpound as el | ow er (23.3 nyg,
61 % . ThinpvRd HCpald-isllaepoDidCy3. SmgLil%WI@lé} éﬂ\ﬂ\ﬁ# MA%(QE J= 2 0 Hz,

7' 5o( a0 57 4w i o 149, {97 BT 2 ke D SP0 o By, Bt TR

7. 12(dd25]r]{_§0ﬁ{) %g& (d&'j) 1% @@(Hz 19577, JHQ)O 650819 (1), 733:19(de720 lH)
4.86 3 44(d, % (5
181 WO 200)6H).I522E, P€WSLBZ,OII$)’ @2187(@,27 [7@4114111@%84 (fcd oQuﬁI&s“g p‘i’r d by

Method 58: o 53} $e%s 20t HA0.Y &0 &, 3t2Ns &, ém). Ms: vz 387.1 (ML,

[0409] Other compounds prepared by Method 57:

Table 35

Structure Structure Structure

/

O
HN\
N™ X
|/

NH, O | NH; O

MS: m/z 444 [MH"]. .
MS: m/z 456 [MH'].

/
@]
HN\
N
|/

NH, O

MS: m/z 456 [MH'].

MS: m/z 486 [MH']. MS: m/z 541 [MH].
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MHH] .
Br

Met hod 59: MeO HN MeO
N N~

rNF "NJ N CO2H N

IN- /NN O Step 1. Synthesis of

[0412] 880 ny

(4 PO@/USDWIS)0267D2
acetonitrile.

to 80 C
used w {
2- di et hy
[ 2, 3-b] |
3-(2- net
di oxabor
(0.50
1,1 - bis
di chl or (
inam
of sodi

for 18 hy” The i xture
funt her purific
(2- met hox
-nicotini
phenyl)-5-(4,4,5
2 yl)-1-(tol uene

dle
Néddhos\m
uc

B, 2.5 m of ace
unlcarbonate The rea

ction m xtur

rated and

5123 PG
2 nm o
was he

2]

t he resultlng br own oi
MH+] . Step 2: Synthesi

-4- sul fonyl)-1H pyrro
(0.45 mol ) of

ol o[ 2, 3-b] pyridine, 13
acid and 16 ng (23 nol
i)-dichloride

T/ US2005/ 026792 di ssoO
f a 2 M aqueous sol uti
ated for 1.5 h to 100

1.0

ol ) of diethylamne was added and the resulting m xture heated
V\B.S eva

I
s of
| o

7 ngy
) of

| ved
on
C.

was distributed between brine and et hyl

[0414] Thes. r;ﬁ/élmmmn xture

acet at e.

acet ate t he
The cont

Di ned organi ¢ phases Wekgs: masée

sul fate

mes with ethyl
ne, dried over
ed by flash

and aqueous phasge extracted three ti

pth bri

and evaporated. The cfude was then purifi

sodi um

chr omat ographysen silica ge

sol vent
cont ai ni

of 2-di ethyl am n®-5 [3-(2- rrethn

using a gradient of ethyl acetate and a

di chl or onet hane and net hanol (4:4:1)
ng 1 %v/y of 35 %ww aquegus ammoni a solution to afford 150 ny
%- ph&nyl ) -1 - (tol uene-4-sul fonyl)-

otinic acid as a brown solid. Ms:

m xture of ethyl actetae,

Step 1: Synthesis of 7-[3-(2-Methoxy-phenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]j-3-
methyl-3,4-dihydro-2H-benzo[1,2,4]thiadiazine 1,1-dioxide.
[0410]
(toluene-4-sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-benzenesulfonamide (0.0492 g, 0.090
mmol), acetaldehyde (200 pL, 3.54 mmol), and acetonitrile (700 pL). The vial was sealed

Into an 8 mL screw-cap vial were added 2-Amino-5-[3-(2-methoxy-phenyl)-1-

and placed in a heat block at 90 °C for 1 h. The reaction mixture was concentrated under
vacuum then dissolved in THF (1 mL), and 500 pL of 50% w/w KOH aq. was added to the
resulting solution. After 2 h, the reaction was quenched by addition of glacial acetic acid
then concentrated under vacuum to afford a brown residue. Purification by flash
chromatography on SiO; gel, eluting with ethyl acetate and hexanes (0-100% gradient)
afforded the title compound as a yellow powder (23.3 mg, 61 %). "H-NMR (500 MHz, ds-
DMSO) 6= 11.88 (br.s, 1H), 8.44 (d, J=2.0 Hz, 1H), 8.04(d, J=2.0 Hz, 1H), 7.71(m, 2H),
7.68(dd, J=2.5, 8.6 Hz, 1H), 7.59(dd, J=2.5, 8.5 Hz, 1H), 7.54(br.d, 1H), 7.29 (m, 1H),
7.26(br.s, 1H), 7.12(dd, J=8.5, 1Hz, 1H), 7.05(t, J=7.5 Hz, 1H), 6.89 (d, J=9.0 Hz, 1H), 4.86
(m, 1H), 3.81(s, 3H), 1.44(d, J=5.5.0 Hz, 3H). MS: m/z 421.1 [MH'].
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2-di et hyl am no- 5-[ 3- ( 2- net hoxy- phenyl ) - 1- (t ol uene-4- sul fonyl) -

1H pyrrol o
di chloro

t et ramet hyl ur oni um hexaf | uor ophosphat e,
di et hyl am ne in THF,
was stirred for

resi due
aqueous

2,.3-b

Ahn

1 h..

pyridin-5-yl]-nicotinic acid was dissolved in 1.5 m of

é?tL@(PWOGOdSJHYeHW))YMeﬂEQ(U?&azabenzot riazol-1-yl)-N, N, N, N -

551 (0.11 muol) of 2 M

and 1 m of Divablwe3ée added and the resulting m xture
The sol vent

was conpletely evaporated. [0416] The

was di ssghve@ei N a m
sodi um hydr oxi de adde

kture of nmethanol and DMSO and 1.1 nml of 2 M
0 in three portions over the period of 24 h.

After stirring at/ anbient te

and t he

to affor
phenyl ) ;

solid.
(d, 1H
(d(d),
3H), 2.

prepare

St ruct ur

N NNi
[ MHH] .

N

811
, , .73

.&5(deL 1H),
. , 1.10 (t, 6

Met hod 59: 183 W
: ure Structure
N, NN N N, N]-; OrN O
VSIS mi/z 460 PMIEMIH+] . Me

mperature for 48 h total the m xture was
dified by addition of glacial acetic acid
rified by mass triggered reverse phase HPLC
oyield) of 2-diethylam no-5-[3-(2-nethoxy-
i n-5-yl]-N, N-di met hyl -ni coti nam de as a brown
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s, 1H), 7.63 (dd, 1H), 7.29 (ddd, 1H), 7.13
3.83 (s, 3H), 3.3.46-3.28 (m 4H), 3.00 (s,
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MS: mz 501

Method 59:

Br

Step 1: Synthesis of 5-bromo-2-diethylamino-nicotinic acid.

[0412]
acetonitrile. 1.0 ml (9.7 mmol)

to 80 °C for 18 h. The mixture

880 mg (4.00 mmol) of 5-bromo-2-fluoronicotinic acid was dissolved in 3 ml of

of diethylamine was added and the resulting mixture heated

was evaporated and the resulting brown oil used without

further purification. MS: m/z 273 [MH'].

Step 2: Synthesis of 2-diethylamino-5-[3-(2-methoxy-phenyl)-1-(toluene-4-

sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-nicotinic acid

[0413]

230 mg (0.45 mmol) of 3-(2-methoxy-phenyl)-5-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1 H-pyrrolo[2,3-b]pyridine, 137 mg (0.50

mmol) of 5-bromo-2-diethylam:

ino-nicotinic acid and 16 mg (23 pmol) of 1,1'-

bis(diphenylphosphino)ferrocenepalladium(in)-dichloride dichloromethane adduct were
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HNHNHNNNNH M N, M N-""""N N NNONOINHO NM: mz 473
[MH]. MS: mfz 516 [MH]. Ms: mfz 459 [ M++]. Method 60: MeO HN OH OH N\
\' . F NiwoNo6@ak23TEP 2_ (N) N O STEP 30 N STEP | N BCTNSs@Rloeddof N O
CN) NBr Br OH 184 WD 2006/ 015123 PCT/ US2005/ 026792 Step 1: Synthesis of
5- br ono- 2-[ 4- ( 2- hydr oxy- et hyl ﬁ | perazin-| g!@i ni cotinic acid. [0418] 500
my (4. 00 diwelvyd bra BRGE2 i obsHEls wid aiephia devsagtiegeoiohdipniaf 3 m of
Fesul 11 naain el BEa E Oy B RS Eh e AR TS G Pe s G 2t 11 but e
between ethyl acetate and water containing 35 % w w aqueous anmoni a

sol ut i on (¥4 4hdjThetresHigngmixire s distrbuted hetwagn bug andaibdeceisteand thect ed
o e kb Ut ey lane ohy QoML e
di chl or omekixaineith ariet, dniet by éresodinth sultitd@dadvapmdtetlr Gat echdeivids then muifees of
WP-1s Ocy%?/?fa(sah El?rg}ngto(gﬁgp (})/%%usglic-geg% Ss?lllé) 2? ig%%lgern% %f ethyl acetate and a solvent mixture
of ethyl actetae, dichloromethane and methanol (4:4:1) containing 1 % v/v of 35 % w/w
aqueous ammonia solution to afford 150 mg of 2-diethylamino-5-[3-(2-methoxy-phenyl)-1-
(toluene-4-sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-nicotinic acid as a brown solid. MS:

m/z 571 [MH'].

Step 3: Synthesis of 2-diethylamino-5-[3-(2-methoxy-phenyl)-1H-pyrrolo[2,3-
b]pyridin-5-yl]-N,N-dimethyl-nicotinamide.
[0415] 40 mg (0.07 mmol) of 2-diethylamino-5-[3-(2-methoxy-phenyl)-1-(toluene-4-
sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yl]-nicotinic acid was dissolved in 1.5 ml of
dichloromethane. 40 mg (0.11 mmol) of O-(7-azabenzotriazol-1-yl)-N,N,N|N“-
tetramethyluronium hexafluorophosphate, 55 ul (0.11 mmol) of 2 M dimethylamine in THF,
and 1 ml of DMF were added and the resulting mixture was stirred for 1 h.. The solvent

was completely evaporated.

[0416] The residue was dissolved in a mixture of methanol and DMSO and 1.1 ml of 2 M
aqueous sodium hydroxide added in three portions over the period of 24 h. After stirring at
ambient temperature for 48 h total the mixture was evaporated and the residue acidified by
addition of glacial acetic acid and the resulting material purified by mass triggered reverse
phase HPLC to afford 6.8 mg (14 umol; 20 % yield) of 2-diethylamino-5-[3-(2-methoxy-
phenyl)-1H-pyrrolo[2,3-b]pyridin-5-y1]-N,N-dimethyl-nicotinamide as a brown solid. 'H-
NMR (ds-DMSO): 611.94 (s, 1H), 8.52 (d, 1H), 8.50 (d, 1H), 8.14 (d, 1H), 7.73 (d, 1H),
7.73 (s, 1H), 7.63 (dd, 1H), 7.29 (ddd, 1H), 7.13 (d(d), 1H), 7.05 (dd(d), 1H), 3.83 (s, 3H),
3.3.46-3.28 (m, 4H), 3.00 (s, 3H), 2.87 (s, 3H), 1.10 (t, 6H). MS: m/z 444 [MH].

[0417] Other compounds prepared by Method 59:
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The resin was then filtered off and the filtrate evaporated to afford 632

mg (1.91 nmol; 84 %yield) of 5-bronp-2-[4-(2-hydroxy-ethyl)-piperazin- 1
-yl] -ni cwbi20eem1828d as a beige, partially crystallinepceaisdaso2dv® n/z
330 [MH]. Step 2: Synthesis of
5- br ono- 2- [ 4- (2- hydr oxy- et hyl ) - pi perazi n-1-yl ]-N, N-di met hyl - ni coti nam de.
[0420] 630 nmg (1.90 mmmol ) of Table 37
5- brono-2-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-nicotinic acid was
suspended i n 58trdctwfe di chl or onet ha®eeuctured of 2 |M di netSiyhdntrene i n THE and
850 ng (1.63 mmol) of benzotfriazol -1-yl-oxytripynrolidi nophosphoni . um
hexaf | u3rohoslplhfate wer e added and Meee resulting | mxture waeostirred for 18
h at anbi ¢ per at ure. The ng m xture A
di chl or pre washed wi f, The aqueg ed
with di¢ adle and t he ses were r
sodi um sui-4dt e and evapor at ed afford crude 5-1
hydr oxy: I') - pi perazin-1-yl ] -\, N-di met hyl - ni coti owWn
oi | cont ‘ g Hri s(pyrrol [ d'ﬁy ) phpsphor ani dat € ¥
rn/z 357 NJdW] . NSt ef. N~ o~
2-[4-(21hydr ox -ethyl| pi pera2|n 1yl ]-5- ﬁ‘3 (2- net hoxy-iphehyl ) -1 pyrrol o
[ 2, 3-b] | pyMidi%h-5-yI] - N N-di [xéiﬁyp nicotin anide. [0 80 ng (99 npl) of
3-(2-mi%xy phenyl )-5-(4, 4,/5] 5-tletramet hyl [1, 3, 2] rfk
di oxabof ol an-2-yl)-1-(tol uene-4-sul fonyl)-1H pyrroTN 2,3-b] pyridine, R15
ing of 1IMS: et uge [ MH". |
5- br onp{ 2- [ 4- ( 2- hydr oxy- et hy|| MSpingesEzMHI]- y1 ] - N/N- di net hyl - ni cot i nanj de
obtained fromstep 2 and 5 |mg (6 nol) of .
1, 1" - bi $(di phenyl phosphi no) flerrocenepal | adi un(i i) M re1562 ([MEL']-
di chl or prethane—adduct -were di-sselved+tnamxtureof 3w —of acetonidrile
and 2 m of at ed aqueous tIYI%(PI of sodijum bi o‘ . The
reaction m xt feated | to 1 h. 185 WO 2006 >FR3
PCT/ US2005/ 0¥ 04221 The resid ure was di’s bet ween
wat er and etthyl)acetate and fthe | ase e>trac|edtw ce"wi th ethyl
acetate| The donbi ned organijc phasgés were washed with [ dried oyer
sodi um sul f ate~and evaporat ed. Th esi due was di|ssol in rret hanol | and
400 | of 50 % ,\jiIUGOUS pot assi um|hydEOX| de was add d IThel resul ting
m Xt ure|was at ~anbi ent terrpél for 3. The crude~soluti on wap
directly purify edyby mass tirigger icgver se Iphase HPLG }.iJUI fication to
afford _L47 29 nol; 29 %yi eld) Sof J
2-[4-(21{hy xy et hyl ) - pi perfa >Wj/lyl] 5-[3-(2-neth phenyl)-1H pyryol o[ 2
,3-b]py||d'i‘n- -yl ] - NN—dlrreth|-n|cot|namde as %olorless solid. '"H NWR
(d6-DVSO) : 811.93 (s,
MS: m/z 473 [MH"].
MS: m/z 516 [MH']. MS: m/z 459 [MH'].
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1H), 8.59 (d, 1H), 8.52 (d, 1H), 8.17 (d, 1H, 7.85 (d, 1H), 7.74 (s, 1H),
7.63 (dd, 1H), 7.29 (ddd, 1H), 7.12 (d(d), 1H), 7.05 (dd(d), 1H), 3.83 (s,
3H), 3.55v0mocaiF1233.4-3.3 (m 4H), 3.01 (s, 3H), 2.88prC3Us3idsi022958 (m
4H), 2.54-2.46 (m 2H) Ms: miz 501 [ MH]. [0423] O her conpounds prepared

by Met hod t t HN N » NH N Et2 Ms:
2 5t560[ Nﬁgﬁ"p nggl‘%gigé’Bg ru%ﬁ%‘iﬁggﬂéﬁ%ﬁ@%ﬁ‘ raﬁé%&ﬁ)%ﬁotl%w%o
TSN _ HN[048] N 390G & @ORMRIyof 5-bronfo-2-fAlubkktoBRR il %Iﬁﬁ’ls&lveﬁTﬁB mlof Br F Z
C2Me FN OHOHO Ste (2:511%nth68|s of 5-brono-3-fl uoro-2-hydroxybenzoic

aci d net Rygtoribiler 62Q g oxyetiBd) pipesdzineow aBadded end del resutting mading was
suspende al a etic i..d brom ne were added
ndpt he (ﬂeét %%%%% ?Osr t2|g CJ(LP B élﬁfhs?rékf’rﬁﬁf%ettWFeél ?tIin acgigteandrater esul t i ng

suspensi Oﬂntmﬁhﬁlgdﬁ Utk AuicBudBRmMBhia@blutish &8 a(?ﬂﬂ th SHRE 85dR1 & ke hlddoRt €d
off and dried by suction to afford 9.394 ¢

5- br ono- Bhﬁeaﬁ)@@r@tq%mw@wlﬂeﬁhwﬁ asetits. o’LFI@saqacpusmhaswwamﬂhemlyophﬂ%@d #%. 08 g

(13.9 crude was dissolved in a mxture of 70 m of
t ol uengng#ldfw%b#é)lfe?hpét hanol. 9 mM of a 2 Msolution of trinmethylsilyl

di azonet dded until the m xture remains yellow 200 | of glacial
acetic a&‘?‘@gb\asﬁ’&d etes Jissoheed in a mixture of dlchloromg‘:hane acetonitrile and

methanol and treated with an excess of MP-isocyanate resin (Argonaut Technologies®).
The resin was then filtered off and the filtrate evaporated to afford 632 mg (1.91 mmol; 84
% yield) of 5-bromo-2-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-nicotinic acid as a beige,
partially crystalline residue. MS: m/z 330 [MH].

Step 2: Synthesis of 5-bromo-2-[4-(2-hydroxy-ethyl)-piperazin-1-y1]-N,N-dimethyl-

nicotinamide.
[0420] 630 mg (1.90 mmol) of 5-bromo-2-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-nicotinic
acid was suspended in 50 ml of dichloromethane. 6 ml of 2 M dimethylamine in THF and
850 mg (1.63 mmol) of benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate were added and the resulting mixture was stirred for 18 h at ambient
temperature. The resulting mixture was diluted with dichloromethane and washed with
water. The aqueous phase was extracted with dichloromethane and the organic phases were
combined, dried over sodium sulfate and evaporated to afford crude 5-bromo-2-[4-(2-
hydroxy-ethyl)-piperazin-1-yl]-N, N-dimethyl-nicotinamide as a pale brown oil containing
tris(pyrrolidinyl)phosphoramidate as a contaminant. MS: m/z 357 [MH'].

Step 3: 2-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-5-[3-(2-methoxy-phenyl)-1H-

pyrrolo[2,3-b]pyridin-5-yl]-N,N-dimethyl-nicotinamide.
[0421] 50 mg (99 umol) of 3-(2-methoxy-phenyl)-5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-y1)-1-(toluene-4-sulfonyl)-1 H-pyrrolo[2,3-b]pyridine, 215 mg of the
crude 5-bromo-2-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-N, N-dimethyl-nicotinamide obtained
from step 2 and 5 mg (6 pmol) of 1,1'-bis(diphenylphosphino)ferrocenepalladium(r)-
dichloride dichloromethane adduct were dissolved in a mixture of 3 ml of acetonitrile and 2
ml of a saturated aqueous solution of sodium bicarbonate. The reaction mixture was heated

to 120 °C for 4 h.
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m xture was col orless and the solvent was evaporated to afford 3.037 g
(12.20 nmol ; 88 % over both steps) of 5-brono-3-fluoro-2-hydroxybenzoic
aci d net hyb 2e&t@s51231H NVR (d6- DVBO): 8 10.57 (s, br., pHruszo8d2qrdd, 1H),
7.67 (d(d), 1H), 3.90 (s, 3H). Step 2: Synthesis of

3-fl d -5-13-(2- h - -1- | -
oul T oyt JOR! RS e  s BOUR bliaissb reteh andeist spteteaidbe [ 0426]
600 my ( hqd&dusppisk efracied gvﬂ@%vﬂﬁ%ﬂiy@ﬁc%ﬂé’tl:) TRe é&nﬁirlgﬁl grftaﬁ ﬁ%%‘gt\’“%% oyri di ne,

[ 1, 3, 2] di oxabor ol an-2-yl)-1-(tol uene-4-sul fonyl)
509 ny (zva@hrs wlmhmg dgied svésrsedivnBsifl fatroans-Xapyrdied x fhe nesidue veasi dissobict i
ester an

1,1 -bi S?HCF pheny Lﬂ)(g)sl'gﬁ)lf %8 }f’@'l/ ¥ BRUS98HBRASSHT Y foxidgivas adiedy eThe resulting
di chl or oEk g waadeue ammhﬁtenﬂieﬁamle\f&dsﬂ iR Fhad éég;ﬁloaf a?sodlfécuyglwﬁﬂé e and

10 mM of a saturated aqueous solution of sodiumbicar onate ctl on
m xture wess nggewed rmrsmalﬁsef BPLE. hirificativch toleéford d4.90ng329f1anolan9 asldield) onal

st ur at o0 BgaASHE S %%Era%#n?L—ahbﬁﬂ-Eﬁ-&-@2&3@%&@%ycﬂkér&a”§i§§§e@§%§@nms

B e S e e R SR Y

evapor at éH), Sﬁﬁé(dcﬂHQieS 561, pH), &1 2, tDH) f1.864, QHDOITPZ]E?QIHPZDZI673J(@d51%) %mel -
6. 0oyt ol b1 B ), TS, 18, IR e3si{)t 9 58 T000h 20 s Gy
hydr oxy- 5-0f 3 gn@@@mm@@y r)lczﬂagx ww@@ ol i\@é%/ n?éi’@ﬂ[%?[?o' - ep 3

[ 2, 3-b] pyri benzoic a met hyl

th 3- 2- h th henyl ) - 1H 1 o[ 2, 3-
o) pyr 1 i ﬁz@yl P RoBppurtynSitetoutt &}@d%%]y 5y (40 n&y;rﬁf"[

3-fluoro-2-hydroxy-5-[3-(2- rret hoxy- phenyl ) -1-(tol uene-4-

sul fonyl ) - 1H pyrrol o[ 2, 3-b] pyri di n- 5Tgble-3Benzoi ¢ acid nethyl ester was
dissolved in 2 M of a 2 Msolution of dinmethylamne in THE The sol ution
was heated to $0@c@ren a clqgsed vial for 24 h and then concentrated. The
resi duelwas dissolved in 2 ml of nmethanol and 350 | of 50 % w v agueous

pot assi u drid&@ de added. The mixture was |left at anbient tenperature for
1 h and : ral i zed by |addition of glacial acetic acid. The crude was
direct! yypteiti@ y mass trii ggered reverse phase HPLC purification to
afford B0 ( Dl ; 37 %jyield) of

3-fl uorp-2 ydroxy 5-[ 3- (2- et hoxy- phenyl ) - 1H pyrrol of 2, 3-

b] pyrid -yl ]1-N, N-di et hyl|{- benzam de as an ivory solid. 1H NVR (d6-DVSO):
811.91 | (%, |1H)4 8.51 (d, 1H), 8.14 (d, 1H), 7.73 (d, 1H), 7.64 (d, 1H),
7.62 (ddN<1H)N, M. 32-7.25 (m
()
N
NEt,

MS: m/z 556 [MH'].
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2H), 7.14 (d, 1H, 7.05 (m 1H), 3.82 (s, 3H), 2.99 (s, 3H), 2.87 (s, 3H).

MS: mz 406 [MH]. [0429] Ot her conpounds prepared by Method 61: Table 39
St ruct ur ewBtoesoiisre Structure MeO MeO MO HN HN HN N RciHuseoos/obe792 f N~~N~
O11 N N~V N\VN OHOOHOOHOM: nalz 402 [MH]. M5 mz 514

[ MH] . Ng:l Eﬁfl 59 [ MH]. 188 WO 2006/ 015123 PCT/ US2005/ 026792 Structure

Structur ure MO MO MO rNHNHN N\ / NI, I ~ ~N | ~N N\
NJ] OHOOHOMs: nzZlz 430 [MH]. MS: nz/z 542 [MH]. M. 7n/z 487 [ MH].
MO MMOHNHN N\ Nx N-\-N~/ 1 | NFNJ WMdp J OHOOHO Mo nalz 518
[MH]. MS: mlz 463 [ MH]. Exanple 2: Bi oa$¥ays HN
OH
. OH F CO,Me
COH grEp 1 STEP 2 STEP 3
Br
F F
OH OH O

Step 1: Synthesis of 5-bromo-3-fluoro-2-hydroxybenzoic acid methyl ester.
[0424] 5.00 g (32 mmol) of 3-fluorosalicylci acid was suspended in 50 ml of glacial acetic
acid. 2.2 ml of bromine were added and the mixture was stirred at ambient temperature for
48 h. The resulting suspension was diluted with 500 ml of water and the precipitate filtered
off and dried by suction to afford 9.394 g of 5-bromo-3-fluoro-2-hydroxybenzoic acid as an

ivory solid.

[0425] 4.08 g (13.9 mmol max.) of the crude was dissolved in a mixture of 70 ml of
toluene and 30 ml of methanol. 9 ml of a 2 M solution of trimethylsilyl diazomethane was
added until the mixture remains yellow. 200 pl of glacial acetic acid was added until the
mixture was colorless and the solvent was evaporated to afford 3.037 g (12.20 mmol; 88 %
over both steps) of 5-bromo-3-fluoro-2-hydroxybenzoic acid methyl ester. 'H-NMR (ds-
DMSO): 6 10.57 (s, br., 1H), 7.83 (dd, 1H), 7.67 (d(d), 1H), 3.90 (s, 3H).

Step 2: Synthesis of 3-fluoro-2-hydroxy-5-[3-(2-methoxy-phenyl)-1-(toluene-4-

sulfonyl)-1H-pyrrolo[2,3-b]pyridin-5-yI]-benzoic acid methyl ester.
[0426] 600 mg (1.19 mmol) of 3-(2-methoxy-phenyl)-5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1 H-pyrrolo[2,3-b]pyridine, 509 mg (2.04
mmol) of 5-bromo-3-fluoro-2-hydroxybenzoic acid methyl ester and 43 mg (60 umol) of
1,1'-bis(diphenylphosphino)ferrocenepalladium(ir)-dichloride dichloromethane adduct were
dissolved in a mixture of 10 ml of toluene and 10 ml of a saturated aqueous solution of
sodium bicarbonate. The reaction mixture was heated to 70 °C for 2.5 h and then to 90 °C

for an additional 1.5 h.

[0427] The crude was distributed between dichloromethane and a saturated aqueous
solution of sodium bicarbonate. The aqueous phase was extracted three times with

dichloromethane and the combined organic phases were dried over sodium sulfate and
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[ 0430] Ki nase assays known to those of skill in the art may be used to
assay the inhibitory activities of the conpounds and conpositions of the
present iwoends/mam23Ki nase assays include, but are not Ipcwiuseahstoes79t he
foll owi ng exanpl es. [0431] Although the first of these exanples uses the

ki nase domain mut ant  f or 3151 T3151 KD'), the_kinase
assays nﬁyart?é%te@a?%&%ﬁ? SR EUGRS Cﬁm “Lﬁ éT&A%( opeilich g ﬁ@glg%fﬁeqhﬁaﬁ ng,
for ex ar%'f@thgl Rt RO Ke%aﬂés% QFBrd 41emks (M2 BrrFONBs D, yield) 8f mﬁfok&ﬁ t her eof
(e.g. Abl . The kinases used in the assays may al so be of varying

phosphor )hl}’éltopiﬁ -Br@rmsthoxyrphényle 1-Molueas-drpilfonylyx 1#ip ymalo[R, akporidin-Syier o

phosphor t ruvat e Ki nase/ Lactate
Dehydrog)e()nasoéC %odﬁ'fe%cﬁ \rll{%/r%g%Aézsza 4W In the c-Abl Pyruvate Kinase
(PK)/ Lact ate Dehydrogenase (LDH) Cou | ed Assay the protein kinase

dependantSt¢hbspshesiges %ﬂu@ro-a-hydmyr%ﬂ%(%m ery-plenybolidtpoaraelo[ 2 e
i dati DH NAD+ d db i
oxi dat i o&;&m&\{ﬁ\%@%ﬁ Qfﬂleqﬁi’lﬁ%lz%l to was detecte y nonitoring

a decre ance 9 WO 2006/ 015123 PCT/ US2005/ 026792

[ 0433] 428 al 2 0 b iof 3t fucReRttydeo Fﬁﬁ /1§-Bienetigle, San
Di ego, g% |q3NADrfl4é\?45$§rmECat #N- 8129, ﬂF\ﬁf? ?/JS’“ b I\slHEPESLdbuffer
pH 7. 5: SERBhbEmT %,@ahléyredm@)yld srslgmc @ad#ﬁtmbeszer Mm}vedm@mltcé
(P 1 o0 SontinPhh AR AL R, ARIRELGR R HEGLR R 10 B P Sifiog

UV star mraddei ardfe bbnceh@ste@nNThe 181000 b alsyb1eber i et mé%Nandﬂl 8380 Gemai n

[ 0434] Stock Sol utions: 10mM NADH (7. 09 %ﬂmln mliQH0 made fresh

dai ly; 10f 58N0AHY agudess petawmmd@euctela@d mpxiuneiwasQef @ amsbiented at - 20C

5o v T bt gl ity isansBhRED ol afigelicdls b glerafine

-20C,  10aivbAlDurHicd byonhdss tigh eréiﬂ%@rsé;alﬁtfsg L%Qc@aﬁgh bt estd s dhel Nto total
of 10 M mliQH0 daily =50M ATP wor stoc 1000UmM PK (Ung varies

with IU;)t {14 paeh 37 Po l)mféef]ichllqroﬁd;}alrm éZ-medroe(dl raenyl30G:- pmrdomﬁou m
LDH ' 2
Lonc 1 ofmebE Sl lézﬁw@gﬁse%gt’y%gqhdf THY gy@ﬁfh‘a@@é&% ilny?t 300M
NADH; 10

A H?/MQ id, EHWM BE% 1f11§U/ 'fH) GP&MW;H AbhEsz gﬁ'\/hﬁg 7, §2J‘?§

pepti de; mpound mal n; ATP
100mM HEPES Told fdel H), 705 (m, lH) 3 82 (s 3H) 299 (s, 3H), 2.87 (s, 3H). MS: m/z 406

[MH'].
[0429] Other compounds prepared by Method 61:

Table 39

Structure Structure Structure

OH O

MS: m/z 402 [MH"].
MS: m/z 514 [MH"]. MS: m/z 459 [MH"].

188



Positive controls contained DMSO with no test conpound. Negative controls

contained 5 d of 0.5M EDTA (50mM in the assay).
of the c-wbl2dcdlismk3 nut ant was used in the biochem cal
The ki nase reaction was initiated at

The dephosphoryl ated form
PCTABPIBY2ESBAYS.
time t=0 by the addition of ATP.

[0436] cti-vi f\l was—measured h\/ foll owi ng the tin DH
by absorbance SP¥ERHSEscopy afl 340nm StEECtHI§ear port| on ofStFuEEesy| tj|ng
progr ess—curve was then analvzed h\/ | inear FF\HFF\QQI gon _to_get t he F—l(‘fl\llty
i n absorbanc ime, reported M8 sl ope of that bﬁﬁt ™MaC | i ne

(ol es/unit ti rre\ aprbe cal cullat ed /g ol ar extinct) oR oefif i cli ent
for NA Mlicml). was eval

equat i on: 6 )/j[t+- _j]l(zhang, &t al., 1 ni ng
4(2) 67473), denotes the nean and 6 the stqndc

subscript de ates positive|or LrQL N T

robust |scre assay shoul ¢ be B The typi (oF: 6+.
Any val ue s bel ow t he S desi gné 0 WO
2006/ 01512 2005/ 026792 | ., Dgse response Y28 i t he
equation: y=m n+{ max- mn)/( L+10[corrpOnd] 1g1 C50) }, |where y i S the
observedyigihipabo $M@Pg, max=the slope in the absence of inhibitor, mn=the
slope af infinite inhibitor, amngkthe shEPOH'$ t he [corr}g@yr}g,}zﬁgh@MW
corresponds to V2 the total observed anplitude (Anplijtude=max-m n). [0439]
To measUlre nodulméd on, activafiion, or wmedhi bition of [ KD, a test conpound
was added tb \he assay at a rangélN \centrations., Inhibitors may

i nhi bit Ab&l « y at an| |1 C5 i cronol af range, the nanonol ar
range, or, for| exahple, in the s y range. Additional Kinase
Assays [ 044 In addition to fhe : PK/ LDH coupl ed assay (above),
honogene¢ous | | um nescence-pased i nhi bitor screenl ng assays were devel oped
for c-Abl, T, Agf ANand” PDKL 3 ng ot hers). Each of these
assays & \gd ATP depljeti (Ki nase-GloTM Pronega

Cor por af ifon, di son, W) to qlant]tatfe k| nase activity. The Kinase-d|[oTM
format yises @Ht Rernostable |uc¢i fer@deG o generate |uninescent signal frjom
ATP renmai ning, i n sol ution fol llowing the kinase reactiion. The |um nescent
signal i ¥MSimger8 torrel at yith ?f unt of kilnase activity. cAbl
Lumi nes¢ence- based Enzynme Ass g’l tm/z 46 :

Example 2: Bioassavs
[0430]

Kinase assays known to those of skill in the art may be used to assay the inhibitory

activities of the compounds and compositions of the present invention. Kinase assays

include, but are not limited to, the following examples.

[0431]

Although the first of these examples uses the kinase domain of a mutant form of

Abl T315I (“Abl T3151 KD”), the kinase assays may use various forms of mutant and wild

type enzymes, including, for example, the entire protein, the kinase domain, or a portion

thereof (e.g. Abl Y393F). The kinases used in the assays may also be of varying

phosphorylation states. In the c-Abl example, a mutant kinase at a zero phosphorylation

state was used.

c-Abl Pyruvate Kinase/Lactate Dehydrogenase Coupled Enzyme Assay

[0432]

In the c-Abl Pyruvate Kinase (PK)/Lactate Dehydrogenase (LDH) Coupled Assay

the protein kinase dependant phosphorylation of a substrate peptide was coupled to the

oxidation of NADH. The oxidation of NADH to NAD+ was detected by monitoring a

decrease in absorbance at 340nm:.
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[0441] Materials: Abl substrate peptide = EAI YAAPFAKKK- OH ( Bi opepti de, San
Di ego, CA), ATP (Sigma Cat#A-3377, FWe551), HEPES buffer, pH 7.5, Bovine
serum alwores/(1BS4) (Roche 92423420), MyC 2, St aur osporcmastdsneEdpi nyces
sp. Sigma Cat#85660-1M5), white Costar 384-well flat -bottomplate (VWR

Coaaa] ot Soyaetigssh g huran porie PAPSA ABRRKRIC NS rlogrmitess S 1 1 0oL
1 OOy Dl AT (s ML o T R VNS P EE By ot
total of 710 Phbspibbic(piaavata(PEP) (Sihid CRBPWOOR| Fig=834)c khctatb¥eBifogdhags BSA i n
st aur ospdrPHe (Wosthiadhibioesmient G 2l i Rasre O Gissrakap-2136t)

et ot | om P s st A SelIay rapplatc BEREAEREH B0, 47 !

pl test tophyephetylated TO1 AWDkReS6I@IHE1.23 PCT/ US2005/ 026792 DMVSO); 0. 4ghnl
Abl ki nase donmi n; 10M ATP; 100nM HEPES buffer. Positive controls

cont ai ne@4MPO S BdIRdRS LOERNRAWHI(7 OB ME nEBOH,0) $ndde Heah A%, 16M
staurosporine. The kinase reactions were Initiated at "tinme t=0 by the
addi t i onm¥l Aktpubstigtorpeptide Edctmegnd inerléQHpO)dated dt R0°Q1 G @M BEPHSn, t hen

Feact | on W PHiET G ERESTit HE5daRuEErRIERY Mk & 7 BNt ?ﬁéELQi En
it nesc e L O S PR O Mo T IR A (3 BT -
subst r at éH(Q) gomed Gat20°€-(82ntb] S0 ATRitG Hitg ol 1 Cabl#AHi (BB OV dai\Wp M ATHEPES

buffer, pH. 7.5, Bavi | bumi n (BSA) (Roche 92423420), MCl2,
St aur osphiriies pae IR R Bymeggimveaon So800ammonnieid Shovds

384-wel | - QpH < T-Ki nase, (see .kel ow),
Ki nase- GIS tg%slaa? Péﬁfg%%g& &@%% &?%%%%%gf&g‘%%gﬁ iﬁ}érzls: uﬁdﬁ{ﬁ%ﬂ%d%%oqr@
G u- Tyr ktoredadt egoecstored at -20C, 100mM HEPES buffer, pH 7.5 (5 mM 1M
stock + 45 M mliQ0O; 10 ATP (5.51ng/m in dH20 stored at -20C

106 Boa (005 pSRTR GbBaReubip e K B0 R L Ul O 2.
_Zgggl) | St /@5 PALMEEP 25Uk 2RE EMMEE?WMmgﬁbsftxra?es&pﬂﬁe;szt.ﬂmgt at
compound (in DMSO); 2pg/ml Abl kinase domain; 10uM ATP; 100mM HEPES buffer.
Positive controls contained DMSO with no test compound. Negative controls contained 5
ul of 0.5M EDTA (50mM in the assay). The dephosphorylated form of the c-Abl T3151
mutant was used in the biochemical screening assays. The kinase reaction was initiated at

time t=0 by the addition of ATP.

[0436] Activity was measured by following the time-dependent loss of NADH by
absorbance spectroscopy at 340nm. The linear portion of the resulting progress curve was
then analyzed by linear regression to get the activity in absorbance units/time, reported as
the slope of that best fit line (moles/unit time can be calculated from using molar extinction

coefficient for NADH at 340nm, 6250M'cm™).

[0437] Data was evaluated using the equation: Z'=1-[3*(cs+c.)/|u-p.|] (Zhang, et al.,
1999 J Biomol Screening 4(2) 67-73), where p denotes the mean and o the standard
deviation. The subscript designates positive or negative controls. The Z' score for a robust
screening assay should be > 0.50. The typical threshold = p+-3*c.. Any value that falls
below the threshold was designated a "hit".
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[ 0446] Standard Assay Setup for 384-well format (20 | kinase reaction, 40 |
detection reaction): 10mM M 2; 0.3 ng/m poly GQu-Tyr; 0.1%BSA;, 1 |

t est conpwondogd1s123DVS0O) ; 0.4g/ M MET ki nase; 10M ATP; pO@rdshédsesSobuf f er.
Positive controls contained DMSO with no test conpound. Negative controls

cont ai neﬁ jéyXI sji)auro orine. aPV gl nas reacti ons wer& initiated at time

t=0 by t di t DA CHOETIS A48 UFeg ei?ﬂﬂétmwlﬁﬁ W%t ed at 21C for 60
mn, themiaf(i+10F"RIHESESG) ofdre 9ag8RIbYEVE RSt dIohe, BaEHhe %ff)é inftRe quench
the kinase reaction and initiate the |um nescence reaction. After a 20 mn

i ncubat i @hsexee 2@1@11111111% migrthesdapsrt enfinits inlabitwt adl tha IGs0ps thed corepalindy that

cempt oo e R e i B SRS SRR TSt ego, Gy AT

(Sigma Cat #A- 3377, FW:551) HEPES buffer, pH 7.5, 10%Brij 35 (Cal bi ochem
Cat #2037 384391 Mykemeassremp dulaion. setiyagonegstiohptios of g\bl Sy reetaorpoaBbwans) |

plate (Vi G BoiIR ey BaRaR e ook Py MR kel B

Ki nase- GIOHMn(tRe oriergmoGa t#i¢6,the handridldiSlan S, @ﬁ,kfoﬁatamm@ s thelddbhdokanat | de
pepti de §7 72mg/ M in water), stored at -20C, 100mM HEPES buffer + 0.015%
Brij 35, 7.5 (5 mM 1M HEPES stock + 75 L 10%Brij 35 + 45 m nili Q0 ;
10nmM ATP (5 51mg/ M in dH20) stored at -20C (diluted 50 I into total of 10
m m i QAdidendl Kina@\Asaps wor ki ng st ock); 100nM MgCl2; 200M

St aur osporine, 2X Kinase-GloTM reagent (nade fresh or stor ed at -200).

[ 0449] Agagy0PutiaRRGSBASS oL ABIPIBE A LAl 3B P80 pdded to
1-5mg/ M Aur A at final concentrations of 10nV and bomvl respectlvely The
aut ophos yhhnmyascanmabased gdithitoysergersing aesapavent develdped fooc-AbIIMIET, PveAs asict | on

sanpt o OKOHPES BRSNS Each g R dn s GRea A Ht@eRossmy . o
St andar d@eﬁﬁwGﬁeMyprofxﬁga oefidn, ﬁ\%d’@i)'h Wadid qdﬁhﬂﬁ@eeklfl%%hﬁ@y e l

detection. reaction): 10mM Mgd 2; 2mv Kerrptl de peptide; 11 test conpound
(in Dwso}imaser@g%format whéélﬁﬁwpwaheé@mf@mmtmgm%e UDGNESAPRL Sigrab ANIHEPES +

0. 015% Br Ir]%%e g oF %Jllgﬁ glogr::?LﬁJOﬁ‘l %ﬁO\g%gttfleof(l &9 %c@oﬂe q‘he mmnesceﬁtrsﬂngna& gst

COI’TpOUI’]d con aur ospori ne |1nase

react i onsnveesety dodfeldted with die atmmtbifﬁmbse defieity.addi tion of ATP. Kinase
reactions were incubated at 21C for 45 mn, then 20l of Kinase- GloTM

r eagent %ﬁb?Lﬂﬂﬂﬁ&cE&e%@d%&&m%%s%ﬁemh the kinase reaction and initiate
t he

[0441] Materials: Abl substrate peptide = EATYAAPFAKKK-OH (Biopeptide, San
Diego, CA), ATP (Sigma Cat#A-3377, FW=551), HEPES buffer, pH 7.5, Bovine serum
albumin (BSA) (Roche 92423420), MgCl,, Staurosporine (Streptomyces sp. Sigma
Cat#85660-1MG), white Costar 384-well flat —bottom plate (VWR Cat#29444-088), Abl
kinase (see below), Kinase-Glo™ (Promega Cat#V6712).

[0442] Stock Solutions: 10mM Abl substrate peptide (13.4mg/ml in miliQH,O) stored at -
20°C; 100mM HEPES buffer, pH 7.5 (5 ml 1M stock + 45ml miliQH,0); 10mM ATP
(5.51mg/ml in dH,0) stored at -20°C (diluted 50 pl into total of 10 ml miliQH,O daily
=50uM ATP working stock); 1% BSA (1 g BSA in 100 ml 0.1 M HEPES, pH 7.5, stored at
-20°C), 100mM MgCly; 200uM Staurosporine, 2X Kinase-Glo™ reagent (made fresh or
stored at -20°C).

[0443] Standard Assay Setup for 384-well format (20 ul kinase reaction, 40 ul detection
reaction): 10mM MgCl,; 100uM Abl substrate peptide; 0.1% BSA; 1 pl test compound (in
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| um nescence reaction. After a 20 mn incubation at 21C, the |um nescence
was detected in a plate-reading | um noneter. PDK1 Lum nescence-based
Enzyme Asweyoodddd4fz3] Material s: PDKtide peptide substratreTrs2005/026792
KTFCGTPEYLAPEVRREPRI LSEEEQEMFRDFDYlI ADWC ( Upst ate Cat #12-401), ATP (Sigma

at #2037 Sy SOl e A s trsie b s A8 P28 i chisioanoo- 1ny
(Seebel oy RPtEs DSONTHRL] T RRb b ARG el he S T one™ T

PDKt i de stansispatise. (Thelindse rédAdns weresuipiplet adtiby tLPp6§ dieadiditiontodraerb.at - 20C;

100mM HEPES buffer, pH 7.5 (5 ml 1M HEPES stock + 45 nl ni| ng—QO); 193 WO
2006/ 015FInaspegactiopnsedpepated af Bhd TR0 pEnShen 20l phKimaseeplaltaergenht - 20C

(diluted i .4 t f 30 . I QH2O dai l.y. =25M ATP_ wor Ki ng

st ock) ; ge ?A&ieﬁ/&%&h ﬁ%%oéﬁﬁe?&%@%fnggléaeag{oﬁg ;“‘\4%% EAESSPori ne, 2x
Ki nase- Greabiibi.efafyant 2 i cibagsh ap21°6} ted@midesceAOSvas (&4&3] inSt glagar d Assay
Setup for 384-well format (20 | kinase reaction, 40 | detection reaction):
10mM MyCFRding Iayisamedes i de: 1 1 test conpound (in DVBO); O.1ghnl PDK1

ki nase; 5M ATP; 10nmM MgCl2i 100nmM HEPES + 0.01% Brij buffer. Positive

cont r ol s MBitlaimixs@hBEObasddEmaynieAssagyonrpound. Negati ve control s contai ned
10M staurosporine. The kinase reactions were initiated at tinme t=0 by the

addi tion I[<M441\TFMateH£1@?1$cﬁy gt en$) WeLeak (Guhaies: Pitoz%)?A;Igfe %Si%nﬁ'tﬁt# {hen

20 | of Kinase-d oTM reagent “were added to each well t0 .t he ki nase

r eact i on33hd EWiF$lat BEPRS buffoi, pHst &ideving sahialhvmiAiBSA) R&he 92423420ubat i on

t 21C, | um ! det ect i I - di ' ter.
Br cpar at P 6T RS BE B LE BTBI A - R SAT ARG TS BHC SHAPREE well
CO- eXpr egi5i-Bétidth pHe &V WRSCAAPHAULIEES AVEST kinhdeq¥se beld Wi R3has@iGigpen- r eadi ng
frame for Aurora kinase was anplified froma i no sapiens (human) Hep&

cDNA | i bfBrojnegafe’\M4818065) by the pol ynerase chain reaction (PCR) using
the followi ng priners: Forward primer: TCAAAAAAGAGGCAGIGGCCTTTG Reverse

primer: MTET&&T@M@%W@& iRGRtE aeratat (2PE; PeREVPAEPES
expected) was gel purified as foll ows. e PCR
buffer, pH 7.5 (5 ml 1M stock + 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,O daily =50uM ATP working stock); 1%
BSA (1 g BSA in 100 ml 0.1M HEPES, pH 7.5, stored at -20°C), 100mM MgCl,; 200uM

Staurosporine, 2X Kinase-Glo™ reagent (made fresh or stored at -20°C).

[0446] Standard Assay Setup for 384-well format (20 pl kinase reaction, 40 pl detection
reaction): 10mM MgCl,; 0.3 mg/ml poly Glu-Tyr; 0.1% BSA; 1 ul test compound (in
DMSO); 0.4pg/ml MET kinase; 10uM ATP; 100mM HEPES buffer. Positive controls
contained DMSO with no test compound. Negative controls contained 10uM staurosporine.
The kinase reactions were initiated at time t=0 by the addition of ATP. Kinase reactions
were incubated at 21°C for 60 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.
AurA Luminescence-based Enzyme Assay

[0447] Materials: Kemptide peptide substrate = LRRASLG (Biopeptide, San Diego, CA),
ATP (Sigma Cat#A-3377, FW=551), HEPES buffer, pH 7.5, 10% Brij 35 (Calbiochem
Cat#203728), MgCl,, Staurosporine (Streptomyces sp. Sigma Cat#85660-1MG), white
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product was purified by electrophoresis on a 1 % agarose gel in TAE buffer
and the appropriate size band was excised fromthe gel and eluted using a
st andar d weloextisesti on kit. The el uted DNA was | i gat e@dclrars2smpevut es at

roomtenperature with topoi sonerase into pSB2-TOPO The vector pSB2-TOPO
is a topai sonerase-activated, nodified version of pET26b (Novagen,

Madi son, Gmssarﬁ/%f@llrﬂ%t hbothﬂl Pl OGVRSGRIEZRAL4HES), b@éﬁphmh@wb@dl Wid  t he

Fol | ow ng AeLERRE AR PATRRV gL T T and The

AAGGGGGATCCTAAACTGCAGAGATCC The sequence of the resulting plasmd, from
the shi nd04Hll ga¥iaek Selytiens é0 mdirgrptide@cpiodd di Rang/miievatsi) gored ae- 2¢6p site

Ao cor AV RP R R SR Akl AR SRR o 70l 066 P s 123

PCT/ US2083/:025:49 fili GHCEY, 1 ok TPAAGEIRZ A LIRS AT G utee sy or a

ki nase expressed using’ this vector has 14 am no acids added to the

N-t er m nusto t¢tvbdfd Oyl siltli QHb S iaidyHFSHiM A MGvpHiisd/eb8er LetmMavgCl,0200.8vHi no
acids added to the C _termnpus (AudydySer). [0457] The phosphat ase

co- expr esSPEASDerES A KiRrse(He " ©resat @HaW‘FSH%IS Rt B€Cphosphat ase gene

from | anbda bacteriophage into the above plasmd (Matsui T, et al.
Bi och e m [@i49) hyAurARAstopﬁonphurylatioﬁ(Rthti(ﬁB JATBan80T3CI, Fees aldod phbcﬁagﬂng ene

was npljfied_us da bacteri nDI 11
G gest. TN R AR L iapey LM B oo RBE a1 SBhatr el s Per -
Forvard pedcish wabkidbited EACBET S8HAIMECHRNHoh Gyas stopped by the addition of
CGTCGACGCATGGAGTGAAAGAGATGECEC  Reverse prinmer (PPrev):

GGT GGT GGHEIIAEGAGTI6UGeacEtARoGeT TOraNT aad cogieTwerdeh &paa with0is#] Narérsl PCR
pr oduct %0?4 btagﬁ, airs expected) was gel purified. The purified DNA and
non- co- eXpFetd;- C& asni d DNA were then digested with Sacl and Xhol
restriction enzymes. Both the digested plasnm d and PCR product were then

gel puri fl04W0] anStahdagddeshy &e(tjgpioné84 -fnstl fermat420 pbignegetrhactionpDA degepsionand
ELZ”ZLSEE?&%M@@%WI@M @@éﬁ%ﬁﬁ | B Caa i PRI by o
sequenci g, &gzﬁi ﬁﬁ{o%pﬁﬁ{h[@gﬂﬁle@%l&ﬁ( E 1@%)(/1 R“[@t 11 Iflgb Wﬁfofse/&%msee

al so, for ni ques ed in roo cul ar
Cl oni ng: biffer. Positive controls contained DMSO with no test compound. Negative controls

contained 5 uM staurosporine. The kinase reactions were initiated at time t=0 by the
addition of ATP. Kinase reactions were incubated at 21°C for 45 min, then 20pl 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.
PDK1 Luminescence-based Enzyme Assay

[0451] Materials: PDKtide peptide substrate =
KTFCGTPEYLAPEVRREPRILSEEEQEMFRDFDYIADWC (Upstate Cat#12-401), 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), PDK1 kinase (see below),
Kinase-Glo™ (Promega Cat#V6712).

[0452] Stock Solutions: ImM PDKtide substrate (1 mg in 200pl, as supplied by Upstate),
stored at -20°C; 100mM HEPES buffer, pH 7.5 (5 ml 1M HEPES stock + 45 ml miliQH,0);
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Laboratory Manual, Cold Spring Harbor Laboratory, NY, 2001, and Ausubel et
al., Current Protocols in Ml ecular Biology, Geene Publishing Associ ates
and W | eywbnveva@asizence, NY, 1989. [0459] This co- expr epsras2@sasero

contains both the Aurora kinase and | anbda phosphatase genes under control

Che. phospRERASUT (e 1 G Sied 2R (VL 21 BHPHGow PBI0 Bunct r oam of

t he target.: =ONWRN r ri G ' ayai, lah! edAani ng
the phosntilP3ED 4690 SIMBire ki3l R BRI ECH TR R dites BRI GT
EcoRl betyopgn $herokpdraee2 RUnaeGsPh adagst (Riade Hesbd storedlat 120amd Xhol
downst ream of the phosphatase. 195 WO 2006/ 015123 PCT/ US2005/ 026792

Pr ot ei j [ 46 - ' f f <

oo 1 OIS, SR RO B 0 Tl 0o
r t i i &l gl ' - foi . AV b

R T R e R R e

Rever se PDKEkinasGSEAVCSTIT CRAKAGETE; 1)@ABIHEFRS +ROR %Rt baiiffef. SAGithase pairs

expected) was purified fromthe PCR reaction mixture using a PCR cleanup

kit (Q ageniyols vprtaiged PMRQ vithnanksst compared; Negatiye gppiele sonfained dRih

t t ith t i ' X3-TORPO, . T tar.. sl OPO i

topor sonsPRsibed ARKERaR bV S e 8 YRR son, ©

W sconsi Rinagehedctibhs Wb ih@ibafdiaf 31y a0 efn asn be aNof REREL-Eh™IEchhe Ndel
site: CATATGICCCTT and the follow ng sequence inserted into the BanH

site: AAMGBSBNEGATemborattincmasicht Bmasarackeyyshiodiags the heninespghed ng

plasm d, __fr.omthe i ne- Dal . ganp ce through the st sit nd t he
B sresiPL AR B PR AR ABERL R AR A e AR SeicaCar
CACCATCAGEAIE I fiRomdiBe c- Abl expressed using this vector had three am no
acids added to its Nterm nus (Met Ser Leu) and 8 am no acids added to its
Ctermn h sH sHi sH sHLsHi s). [0462] A c- Abl / phosphat ase co

expr essi ﬁeg{r%%@d%%s%@gﬂﬁﬂ%%%gﬁ by subcl oning the phosphatase fromthe
Aur or a cqe454pr es sanatsdaphasphathse toexpmpdien flasmidoviswnatbnyel gl falowsl. Both the
Aurora co-expression plasmd and the Abl non-co-expression plasmd were

\(/jvierggs ;g? [6435]S X bfed-R3knb G 0P RAYITR RirhSORhs RPN from TRoDNJibROMENT S
- (human) HepG2 cDNA library (ATCC HB-8065) by the polymerase chain reaction (PCR)

using the following primers:

Forward primer: TCAAAAAAGAGGCAGTGGGCTTTG

Reverse primer: CTGAATTTGCTGTGATCCAGG.
[0456] The PCR product (795 base pairs expected) was gel purified as follows. The PCR
product was purified by electrophoresis on a 1% agarose gel in TAE buffer and the
appropriate size band was excised from the gel and eluted using a standard gel extraction
kit. The eluted DNA was ligated for 5 minutes at room temperature with topoisomerase
into pSB2-TOPO. The vector pSB2-TOPO is a topoisomerase-activated, modified version
of pET26b (Novagen, Madison, WI) wherein the following sequence has been inserted into
the Ndel site: CATAATGGGCCATCATCATCATCATCACGGT GGTCATATGTCCCTT
and the following sequence inserted into the BamHI site:
AAGGGGGATCCTAAACTGCAGAGATCC. The sequence of the resulting plasmid,
from the Shine-Dalgarno sequence through the "original" Ndel site, the stop site and the
"original” BamHI site is as follows:
AAGGAGGAGATATACATAATGGGCCATCATCATCATCATCACGGTGGTCATATG
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purified and the phosphatase gene fromthe Aurora plasmd was ligated with
the digested c- Abl plasmd for 8 h at 16C and transfornmed into Top 10
cells. Thwopoesasree of the phosphatase gene in the reseCiriusgoosonsdz uct was
confirmed by restriction digestion analysis. [0463] This plasnmd codes for
c- Abl and | anbda phosphatase co expression. It has the additional

advant agér QﬁCTW)OEﬁ] 486 GEELATECEAANGRSCAFARNE- Nehsl Aurgpsstinasam of t he

t ar get ene that ¢ be .used for_.subcl.on her Larget prot eins into
b o phoSEErd dbing Mg S OB 1 Ui B RS M8 a8 eSS ¢ B bl "Tas
was pr epiﬁM%CGﬂ?HlEIHiQhﬁfsﬂllﬂﬁsHi@Gly‘@llyHﬁ)dM@:Sbr@euﬁaﬂdgfohf\ﬁnu@ﬂcfds adb@ngahe C-

nmut agenesi s klt Strata ene) with the manufacturer's suggested procedure
and the MR Ieot| des: 196 WD 2006/ 015123 PCT/ US2005/ 026792
Mr05582dS4 5' - CCACCATTCTACATAATCATTGAGTTCATGACCTATGGG 3" MD5582dA4

5'- CCMTM@ATMWWEEH@EM%@@& then 10465 by Misettgrthé r om t he

phosphat ase o-ex I’eSSIO | asm s purified as, fo
non- co- efg? @@@Mfaﬁgﬁ o i 2 Oefﬁe}?ﬁ@&l ﬁ‘\{f tc%l}igéf @t

BL21( DE3)04, + tE Al @g8RRh t d was
t ransf or ned %?Int oépél SZSI %Eg) SAG%??l fzéga,gﬁgaéllﬁ g{fﬁ}g{gggég&%&aﬁ%ﬂ ytic

genes of ahphfidédugha§€Rafnain Itgmle]ste leipbdia lba%mph%@]hHAt (EnDRG d{gEstaiewee S,

i Shes cOHEPAPITTS ABRSI R R AR TR Sl nole col oni es ' ver ¢

grown to md-| og phase and stored at -80C in LB containing 15% gl ycerol .
This glycerol $ooexdwaisnes (PRakeGF@GASAISLCANIIEGHGH Kkananycin and a

single colo | tures of LB with kananycin
and chl or ar@ﬁ?ﬁ@%‘%&%ﬁé&‘ﬁw&%@b@gﬁb@soc overni ght w th shaki ng.
This culture waReys®el hﬁhet (Fe ) AGETCRTEGTIGERCGAGTETaGuT GOAAM  of LB
wi th kananycin and ch or&&phenl col, which was grown to md- |og phase at

37C and i ndd€8d TGATGATGEGGGBRCBECCEREAG 0. 5nM final concentration. After
nduct] ongfhgeln e L pGuNALER ol 21CLOT A DU D S0, FQOBRI e

c- Abl i'nas uri

col | ect edndyogetlekpiesgai pl@ﬁmdl DISIAdWerB tlekinl dig&ehdamh:gmgmbumoeres(rﬁﬁw Tris
HCl, pH 7.5, 500mM KCl,, 0.1% Tween_20, 20nM | m dazol e wtaaﬁgm cation,
ldamf@

and’ cent FRFYTER Hath fherfigrstedpdaamid end PER prAdicd sietmiben g Sep6di fi ed
over an lt%ﬁle?%rw atcf(}}ﬁg%ﬂl Y DA ‘égs%landg?ﬂ% RAto FHPOAUBs ust de_n) , and

eluted u native c it1rons vmt a gradient 20mM” to 500mvri m dazol e
i n 50mMM Ftandardprice8ureS.0Thdvpidaciice of Grehoritaiase gaes in1B86o-expression plasmid

was confirmed by sequencing. For standard molecular biology protocols followed here, see

also, 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.

[0459] This co-expression plasmid contains both the Aurora kinase and lambda
phosphatase genes under control of the lac promoter, each with its own ribosome binding
site. By cloning the phosphatase into the middle of the multiple cloning site, downstream of
the target gene, convenient restriction sites are available for subcloning the phosphatase into
other plasmids. These sites include Sacl, Sall and EcoRI between the kinase and
phosphatase and HinDIII, NotI and Xhol downstream of the phosphatase.
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gl ycerol. The protein was then further purified by gel filtration using a
Superdex 75 preparative grade colum equilibrated in GF5 buffer (10nmM
HEPES, pH¥o2006lddmi23 net hi oni ne, 500nM NaCl, 5nM DTT, aneéctaXe@syeedpl ).
Fractions containing the purified c-Abl T3151 KD ki nase donain were

pool ed. The protein_obtai hed was 98% pure as judged by el ectrophoresis on
SDS pol yREpteImkinase EEPEessiflss spect roscopi ¢ anal ysis of the purified

protein d Sl%ﬂgﬁeni-r%ad‘}gﬁ FRMENE- AR LY arh] Hﬂéd’ﬁ&ﬁ%]ﬁb@ﬁ%&&?ﬁw‘élmo-ﬁ@@ protein

was t hen depho rylated”with Shrinp Al kaline Phosphatase ( Fernment as,
Bur | i ngt oANA llaagdakpared fomt fieshiydhdrosstadgnowsdiver eavsg 2 ¢@owesmallygyaditlal i ne

Phosphat of c- T31 . 100mM MgCl12, and 250mM additi onal Nad .
The reac?ﬁ%lr‘r’&&’sge’f‘ﬁ?fﬁé%rumn&ﬁ{m gﬂow%m? "protein was determned to be
unphosphoryl at ed by Mass spectrosco&c anal ysis. Any precipitate was spun

out and the sol UireafdprgnérorGARS ALeHapeiATOEMGeact ant s by gel 197 WD

2006/ 015123 PCT/S2005/ 0267 { i } Superdex 75 preparative

grade col um eqt#ffvief)srei’tng&f"ri mfgﬁﬁf% W%GWQEPES, pH7.5, 10V

i et hi oni Hﬁlv61]L5WH®@rodﬁéﬂ\(Bm B_ase?@ﬁs sy eas plrified fotnithé PERIredattioh Met :
e

[04671 The cell pellets produced fromhalf of a 12 L Sf9 insect cell
cul ture aupreswngR PER cleanip ki (Qinganh B ovaidsd DDA Was digated Jorsheigdes atn a

buffer c ki g Tris- C i A f
appr oxi mEy Rt s BfersR R GPOMIE S p G RS HOROTRE
Conpl et etopol3bAetdseactivandd aselifisthidpdidwof gIFEAGba(iNovagal MatlgsB5BGyconsin) added
per 1 L of original culture. The suspension S irred, f t 4C
Debris wadersinihgdalloying sequenss asthcsh lrﬁelﬁecg]@t%ﬁd%l sifg: %fgf%BéTg%gfﬁf 4C.
The supe e aker and 10 m of 50%slurry
of Q agehwﬁf@%li\gﬁ%grsgﬁgﬁ Cgltg;e#&éa?}gtzogt(})l?@tgﬂlgI Sﬁg'd been pre-equilibr at(:ad in

50V Tr i AAGEGEATC ATCAOM NASCC AUBGATCYL €ltel sequeBatvbt tine desndting plasmeid10n 4
Met hi oni ne, re.added and stirred for, 30 m nute t . .The | e.

then oLt {SGIE Y 16 SFUiHe L LRED AP AR SHE e FoEB I s TR e of
S0MM Tr | %Cﬁt&A@'d}X@Tﬁ@RM%TC@’TﬁO@MGG@@MGMdaZN e, and 10mM

Met hi oni ne.” The protein was efuted using a step gradient with two col um
vol unes CdcBATCAGACEGA TG . f Bire cdhl exmbssgd BonsthiDodign had tkres emig

| m dazol e,. .se tia .. Th Hi.stidi tag was ci e .aht using
40 uni t s?gfs ?‘%tl?%g? gt i‘gﬁeémtﬁuﬁ@%@f%a eu&?d;g aTb‘%b%isﬂ%dg‘go @S %g%rph%?ot ei n
whi | e di @mlygisms}ﬁgm\g‘mgﬂig HO pH 7.8, 500nM NaCl, 10% d ycerol, 10mM

| m dazol €, and 10nM Met hi oni'ne at 4C. The 6x Histidine tag was renoved by

passi ng t[ﬁlﬁsz? anp lc-eAbCi)f)%E)sp%aBQQQ& g)?ﬂr&s?on'ﬂlasﬁx%@a% %éﬁr@ea(tg@ﬁf s&%lo%ﬂ%gthg 1)

phosphatase from the Aurora co-expression plasmid of Example 1 into the above plasmid.

Both the Aurora co-expression plasmid and the Abl non-co-expression plasmid were
digested 3 hrs with restriction enzymes EcoRI and Notl. The DNA fragments were gel
purified and the phosphatase gene from the Aurora plasmid was ligated with the digested c-
Abl plasmid for 8 h at 16°C and transformed into Top10 cells. The presence of the

phosphatase gene in the resulting construct was confirmed by restriction digestion analysis.

[0463] This plasmid codes for c-Abl and lambda phosphatase co expression. It has the
additional advantage of two unique restriction sites, Xbal and Ndel, upstream of the target
gene that can be used for subcloning of other target proteins into this phosphatase co-

expressing plasmid.

[0464] The plasmid for Abl T3151 was prepared by modifying the Abl plasmid using the
Quick Change mutagenesis kit (Stratagene) with the manufacturer's suggested procedure

and the following oligonucleotides:
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charged with Nickel and equilibrated in 50mM Tris-HCO pH 7.8, 500mM Nadl ,
10% dycerol, 10mM I m dazole, and 10mM Met hi oni ne. The cl eaved protein
bound t o wbeooddiskel colum at a low affinity and was elpgtragvusiobs7ae st ep
gradient. The step gradient was run with 15% and then 80% of the B-side
(A-side = 50nM Tris-Hd 8, 500mM NaCl 10% d ycerol, 10mM I m dazol e,
and 10nviNEORS EAGSAS! C@éﬁ)@éTTC@“@\MMA@MT@MTT@AT%GWG&0%

G ycerol, 500mM I m dazol e, and 10nM Met hi onine) for 4 colum vol unes each.

The Met MDDESSRIANAL @UGATABETCASGANEICAMIBATINECEATAARGEIIGG eaved Mot
and the cleaved Histidine tag eluted in the 80% fractions. The 15%
ter S- PAGE gel anal ysis confirmed the presence

f tion ool. e
01[ a§| Iegviﬁx%it Ipf’tﬁl% ﬂ@fﬂ tb%Pkl?SP Ypsede- ema%m@a@@swds@,‘é@s puriiedas fefpws. T

chr omat oghARBY:ExBRsE %gﬁ Super dex 200 prep
grade (Cat# ?76- 089%? e?&?ﬁ%@t m@gﬁm'%/llh%aﬂ%éﬂ@aeﬁ 150mM Nad ,

10% G yc@rlcﬂl(laﬁﬁl)C@anHLKStfﬁtvgend)@a}iemd the ac{expmssuweplasmm]nmswdlsﬂmhedQS VO

/015123 792 - m, b trif t
o A EE B VSIS AG 08 SRR et fersgetcr PYBmhgh phage sy O
UFC901024pon B‘ééilﬁ%@lﬁi ﬂh@ﬂlr%f((}%ﬂtfée g @4&%11 JEhe J%a%térfb? §684 & gf hs@e).b et §)I)( 18

g) produced from cultured cells expressing human Aurora-2 we
r esuspend@ad Plaf»?dmwm drigs porteiningH. 13 agar vedolnamma@ln Iad09ed gllngbelobjmes

0. 2% I et ha

o 1 2ot S i AR b ARRSh E 8ol A s PR T kot R0 S5 eIk bt ot
1873580) ghrdrol 8ckiMiak Str&k8a 67 ABLadaNpM g eI dAGma sinthls SolasiPads Bed 1 L
of or|g| nal culture. Pellets_ were resuspended in approximately 50 ml per 1

L of ori & warvlets l0upkcwivaesd i Wi kananayfie amcbdﬂ@mmp enippli Whiohova®0- 45 sec

b b f d th
super nat SCUEY 3 CL R Siabfg. TR s RIS ol SR oaded
onto a 5 cﬂﬂltaiﬂllr%lﬁ(]ﬂﬁﬂ SfLB Qhﬂhrmmélﬁbah £ 1510 bmbralﬂlﬁnﬁzel Whichhvess wasmhead it h 6

oI um vol ues of 50mM Na_ Phosphate pH 8.0, 500nM NaCl, 10% gl ycerol, 3nmM
E%EI&S% A3 TG ang ipdusad BY Fh?gadéluanfﬁé?l“arta@ﬁeﬂﬂ Tyl gonsentsionn ffesr

cont ai n| ué@msklsmeg@%%{ﬁ%teq\g% fSﬂ%fﬂl_gI’Eb}LlSﬁ‘@S cl eaved overnight at 4C

in a buffer contalning ate 500mM Nadl, 10% gl ycerol,
was pass ST rths BB ey bii els%h%a%rb‘%%%%a%%f R b
o L oy ol OB By G maprgr o ]
gel 500mM KCl, 0.1% Tween 20, 20mM Imidazole, with sonication, and centrifuged to remove

cell debris. The soluble fraction was purified over an IMAC column charged with nickel

(Pharmacia, Uppsala, Sweden), and eluted under native conditions with a gradient of 20mM

to 500mM imidazole in 50mM Tris, pH7.8, 500mM NaCl, 10mM methionine, 10%

glycerol. The protein was then further purified by gel filtration using a Superdex 75

preparative grade column equilibrated in GF5 buffer (10mM HEPES, pH7.5, 10mM

methionine, 500mM NaCl, 5SmM DTT, and 10% glycerol). Fractions containing the

purified c-Abl T315I KD kinase domain were pooled. The protein obtained was 98% pure

as judged by electrophoresis on SDS polyacrylamide gels. Mass spectroscopic analysis of

the purified protein showed that it was predominantly singly phosphorylated. The protein

was then dephosphorylated with Shrimp Alkaline Phosphatase (MBI Fermentas, Burlington,

Canada) under the following conditions: 100U Shrimp Alkaline Phosphatase/mg of ¢-Abl

T3151KD, 100mM MgCl,, and 250mM additional NaCl. The reaction was run overnight at

23°C. The protein was determined to be unphosphorylated by Mass spectroscopic analysis.

Any precipitate was spun out and the soluble fraction was separated from reactants by gel
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filtration chromatography on a S75 sizing colum in 50nmM Na Phosphate (pH
8.0), 250mMM Nad, 1nM EDTA, 0.1nM AMP-PNP or ATP buffer, and 5nM DTT. The
cl eanest wonraedisns were conbi ned and concentrated to apprmwskevaied7y2 8- 1

|l mg/ M, and were either flash frozen in liquid nitrogen in 120 | aliquots
and stored at -80C, or stored at 4C. Purificatiaqon of PDKl: [046 Cel |

pel | ets pilErfivaadingaompsrdexal permratisesadecalumn gehipetsd ip GidrRwtepOfmier e

resuspen ' f .alni %‘8?M | S 160 mM NaCl in a
volume o aﬂﬁpgzguﬁépe yﬁ‘%gﬁ%{lﬁ%ggo gﬁ’orl gi nTa'F’%élélltbu/? . C%é@ t abl et of
Roche Corir;pl ete,.  EDJA- free protease inhibitor cocktail (Cat# 1873580) and
85 units Béﬁ%hagéfWVagen Cat #70746-3)) were added per 1 L of original
culture. The suspension was stirred for 1 hour at 4C. Debris was renoved
by cent ri[046Fht i Khe detipeBéts pratutebiram BY, B0 24 §f%msepCeell qHbIrs spwessiigdhe was

d ted. int 500 b d 10 f % sl e j,- NTA
Agarose. 9 Sp28af Mimar My Botn Bl et Par bt it R e
7.8, 199 7W0000LE N+ S, RGN HRRO 8P4 ipeSdRdtel AP IV BACE of b %ral ¥RES! Ond ONMM

hmi dazol e, and 10nM Met hi oni ne, were added and stirred for 30 mnutes at
4C. The $abiglof Ragke €henlabn WS -fiee oraiease iphibigirsapkial (Gattd8d4358Nasnwaadddd h 10
col um vol upes .of. 50 TrisHClL pH 7.8, 500] 1% 10nmM

| i dazol & gﬁd’ ffﬁlﬁmaw{IFll}r%nFﬁées.us nesmﬁl rvg%sesglﬁr C%J\E%l%re‘%guesﬁ%ﬁ% ‘g% Sep

gr adi ent rerbidd Byvenaitligaiionol 30ESIEaCH 30800 hey alve. Mk keperaamitaazi ng 50MM
and 500mM | m dazole, sequentially. The 6x Hi stidine tag was cl eaved

over ni ghteeasiadgniocs 3 mEbeskerrnd 10ypbekie slupmafiQiagrarNicTA Asrosed£af per

l'i ng of [ ' ialyzi ' -le § S %ﬁ{ oNaCl , 10%
G ycerol ?’@%@&ﬁ%ﬂn@gg%ﬁr,@ %ﬁ%ﬁ%m I E}r}sﬁ%@&@@ > e ggﬁﬁﬁfﬂg{\‘gl ne tag
was r eno\Gigedsyl, p@aM hgidhtute, 3ad1 DM MuthianiRbaw era addedband stikfeGor Iohimmes( Cat #
17-0409-01) charged with N ckel and equjli ir ated in SOW%i S- H%l PH 7.8,
500mV Na@f 4°G.obhegamnds Bes thep pRpedilpia ASiw, colman dotiv avdorssst WEb 19kelutibay ed
protein i 1. gyt g S i d the
PR e R e L Rt S
wer e contiomdd Methionimec dht paiteid wassiutel syinga stop geadiand tothgwoRehmireyolumes

Bi'osci oncad ol B ata byay Shisuriee 0mbb pahl graciipBERidiia SRetgR "
T act | one e e e e PEo cont ot o i 1
an Anm cor0120G17apdsl m@,c0peotPa wiiedidering irf 2QpaM Tiis-Hed pHﬁT-S, 00s1M NaCl,
UFCR0102 )O% Glycerol, 10mM Imidazole, and 10mM Methionine at 4°C. The 6x Histidine tag was
removed by passing the sample over a Pharmacia 5 ml IMAC column (Cat# 17-0409-01)
charged with Nickel and equilibrated in 50mM Tris-HCI pH 7.8, 500mM NaCl, 10%
Glycerol, 10mM Imidazole, and 10mM Methionine. The cleaved protein bound to the
Nickel column at a low affinity and was eluted with a step gradient. The step gradient was
run with 15% and then 80% of the B-side (A-side = 50mM Tris-HC1 pH 7.8, 500mM NaCl,
10% Glycerol, 10mM Imidazole, and 10mM Methionine; B-side = 50mM Tris-HC1 pH 7.8,
500mM NaCl, 10% Glycerol, 500mM Imidazole, and 10mM Methionine) for 4 column
volumes each. The Met protein eluted in the first step (15%), whereas the non-cleaved Met
and the cleaved Histidine tag eluted in the 80% fractions. The 15% fractions were pooled
after SDS-PAGE gel analysis confirmed the presence of cleaved Met; further purification
was done by gel filtration chromatography on an Amersham Biosciences HiLoad 16/60
Superdex 200 prep grade (Cat# 17-1069-01) equilibrated in 50mM Tris-HCl pH 8.5,
150mM NaCl, 10% Glycerol and 5 mM DTT. The cleanest fractions were combined and
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Exanple 3: Cell Assays [0470] Mv4-11 and THP cells were nmaintained in

| scove's Modified Dul becco's Medium supplenented with 10% fetal bovine

serum ( FBSp 2aewh1prBi ci | | i n/ streptonycin, BalF3 cells weceusassnaémwed in

RPM 1640 supplenmented with 10% FBS, penicillin/streptonycin and 5ng/m
Conpaunds were tested

nbi
.r ﬁcf) hel ? ?ﬂ%ﬁrﬁ?ﬁ%ﬁaé s~é§ ém‘zﬁmhhmn&%saﬂqmm%%gmltravkﬁ*# 040032 MEECDs wer e

gr own |ncgﬁ91% 1%@1‘&1?@;@'[}%‘0%10@1 | ous concentrations of conpounds
(duplicates) on a 96-we plate for 72 hours at 37C. The starting cell

nunber vval§ ch(f? 80 0 c Is per well and volunme was 120 |. At the end of the

72- hour it of XTT labeling m xture (50:1 solution of sodium
-1 - (phen | ai ni no carbon )-3,4-tetrazolium-bis 4-methox?/ 6-nitro)

benzene d046 nlEhQa%@dnseﬁy@hlgmeé letsr{c 1812 pradonet Goml § hgt peaygedheel swsre(smngret hyl

A ter an il HtPbtdsa i RO SlolihaBSR sips o il B2 5
PCT/ USZO%&?&7@2%nthylé}31§0glﬁ@dw&nbﬁaQ (BOGHbnd! SRMPBUWIER P ethagﬁdzgmimgm el |

correction at 650nmwas neasured with ~a spectrophotoneter

Al amar Bl (énetghlgyof Reche Gompete) EEEép@mprowawenblbptbacwtadrﬁC@tﬁehWB58\@)I and of a

Start) ny Sl ERRERIC S Al Lol o, 8) W RRERPeL I Y50 YRR OBt

10 | of vhraranEed@edial dpbtiimbROS(E M p@SIAZ UF bifiginal dﬁﬁﬁbe amrxeerélﬂwﬁ added to
each well of the plate. After an additional 2-hour incubation at 37C,

f | uor esc pisaigd en m@a\gxﬁh 81O 3814A geabursic AN 0%p Hatye yelsadPabLS Wabvesreedbywi t h

t at d t L Ph
EYRPARE to TRt G A RS G i e e T
t he BCR- ABided pasPh arl Bt A ThaPedHh AP ardssiay - THAW @A K BRsiddl with 6
phospho- ELI SA( p- ELI SA) Typi cal Reagent List Description Vendor Catal og #

RPM 1640 colpn yolgrgs ¢ h§8 Phasphiate a0 Bipinnd r@&lum%mem;mw
char act erl*h%%?oteﬁe\%s éh?t%& Els%g Efgleﬂu&g&erﬁl o?‘?he Sam%' b%f?e? mlngnde%I?I EDTA

Imidazole. The eluant (24 ml) was cleaved overnight at 4°C in a buffer containing S0mM
Na Phosphate pH 8.0, 500mM NacCl, 10% glycerol, 3mM BME and 10,000 units of TEV
(Invitrogen Cat# 10127-017). The protein was passed over a second nickel affinity column
as described above; the flow-through was collected. The cleaved protein fractions were
combined and concentrated using spin concentrators. Further purification was done by gel
filtration chromatography on a S75 sizing column in 50mM Na Phosphate (pH 8.0), 250mM
NaCl, ImM EDTA, 0.1mM AMP-PNP or ATP buffer, and 5mM DTT. The cleanest
fractions were combined and concentrated to approximately 8-11mg/ml, and were either

flash frozen in liquid nitrogen in 120 pl aliquots and stored at -80°C, or stored at 4°C.

Purification of PDK1:

[0469] Cell pellets produced from 6 L of Sf9 insect cells expressing human PDK1 were
resuspended in a buffer containing 50mM Tris-HCI pH 7.7 and 250mM NacCl 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) and 85 units Benzonase (Novagen
Cat#70746-3)) were 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 a 50% slurry of Qiagen

Ni-NTA Agarose (Cat# 30250) that had been pre-equilibrated in 50mM Tris-HCI pH 7.8,
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Ant i coagul ant =EDTA I nc. c-Abl (Ab-3) nonoclonal antibody VAR 80001- 286
Reconbi nant Mouse Interl eukin- Chemcon |IL015 3 Adhesive Plate Seal s
96wel | PRvB2bés/mne1zad bottom Thonpson 932465 plate w | ipdT/iS200882679mENt CoO
96wel | Nunc Maxi sorp pI ate (for Fisher Scientific 12-565-136 colorinetric
assay) 96wel| white flat-bottomplate (for Matrix 4923 |um nescent assay)

Lysi s buPP@nMdiaphAit Slycwial.slOmMdppdazolepmdV) OmMPVigdiquing, werpradded @y Sodi um

S e B Tt R e R R
cold Ant waE]Imlswhlol@ oslunm mﬁﬁﬁﬁ'd\d)f deﬁfz{f]&iseHG:BpHGS 60060M BACI, 1200GWeerol,

2006/ 015123 PCTl US2005/.0267 u ate or unconjugated Goa
Anti - lvbuifé e g5l M%@gﬁ”’ he%rotalﬁcvm%'gaﬂé J&ﬁgaef@p.%a@%d

12-349  Bhy %@d&nﬁ?@&ﬁﬂfes e cﬁ'tﬁ@saﬁie‘)ﬁﬁfe‘?@&%mﬁ%%ﬁw QR?BOMBUHGV (0. 1M

Na- car bonat e,
Irmdazole sequentlally 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-HCIl
pH 7.8, 500mM NacCl, 10% Glycerol, 10mM Imidazole, and 10mM Methionine at 4°C.
The 6x Histidine tag was removed by passing the sample over a Pharmacia 5 ml IMAC
column (Cat# 17-0409-01) charged with Nickel and equilibrated in 50mM Tris-HCI pH 7.8,
500mM NaCl, 10% Glycerol, 10mM Imidazole, and 10mM Methionine. The cleaved
protein eluted in the flow-through, whereas the uncleaved protein and the His-tag remained
bound to the Ni-column. The cleaved protein fractions were combined and concentrated
using spin concentrators. Further purification was done by gel filtration chromatography on
an Amersham Biosciences HiLoad 16/60 Superdex 200 prep grade (Cat# 17-1069-01)
equilibrated in 25mM Tris-HCI pH 7.5, 150mM NaCl, and 5SmM DTT. The cleanest
fractions were combined and concentrated to ~15mg/ml by centrifugation in an Amicon

Ultra-15 10,000 Da MWCO centrifugal filter unit (Cat# UFC901024).

Example 3: Cell Assays
[0470] MV4-11 and THP cells were maintained in Iscove's Modified Dulbecco's Medium

supplemented with 10% fetal bovine serum (FBS) and penicillin/streptomycin, Ba/F3 cells
were maintained in RPMI 1640 supplemented with 10% FBS, penicillin/streptomycin and

5ng/ml recombinant mouse IL-3.

Cell Survival Assays

[0471] Compounds were tested in the following assays in duplicate.

[0472] 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 5006—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,
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Assay Di | uent Wash buffer (.05%ween/PBS) Stop Solution (2N sulfuric acid)
Substrate Reagents A&B Super Signal ELI SA Pico Pierce 37070

Chem | umwee@ntisSabstrate (may be used instead of Substratus2oReagent s A&B)
[0475] Cells (Ba/F3 cells transfected with WI' BCR- ABL, ot her kinases, or

of 1L 3 40 Hisktnopreagiagat BERGR bhec ey comRelohy GONE ERREREIN ol |

were fed avgpgargghg%é@adi a so that at the tinme of assay the cells were in
| og phase. Ba/F3 cells that had been grown in the absence of IL-3 for at

| east Y2 er spended i n M. 1640 so that eac Il of a 6- wel |
pl at e md%o%—?@;@&%@: ;g)d—}](ﬂ]fée SPIPSUSIGL VP Rri%t\ré\goﬁﬁos??]? Béted in
a 96- wel I i 0l i ald i i t

conpounas aSFpCeI AR EFh 85 M b b B CATTARH G DORD By BL o unds

for 60- 12Gurtmgedlefunstier EEABO0 SAls. pef hell. Afteh?d-hown ineshafiern fiormed w th or
w t hout ot her additives such as 10% FCS or 50% human plasma. After

i ncubat i gWlamfrBluerpduies(440 M sespairinein RIS veedelgn added tocaplawet of dre plge.15

m nutes; the |lysate s cleared.b rifugation. [0476] .To.na he. ELI SA
plate, ¢ cﬁ#@ raBiaaﬁth;?ngﬁ-’am‘ﬁblP%l%ﬁ‘iﬁ?fY@t_f%%E&aﬂleqrg%aﬁlfeesW%Je%%S“%eﬂa}Sl@, a%{jﬁ&oc hem
OP20) wenyatB t&RALEhRImaeLRNR 8RS IAbh aN5 HnnParkPaisfibn WNsFQ@t 1 ng buf fer

(O. I M Na-carbonate, pH 9.5), and plated at 10 ml per plate (12.5 | 100g/ m

Ab/1OM). In a high binding nulti-well plate, 100 tl Ab in coating buffer
wer e adddCRABhREhosphd-ELIBA Assayh pl ate was covered with a plate seal and

i ncubat e rni,ght .at . 4C.. [ 0477] ..Excess, anti body was renpyv ELI SA
ot o wad S eh BT G SR SRR S g Kl AR S G BORABE ) P
pH 7. 4). phopOIEDISA yraaShseasapove) were transferred to the ELISA plate.
Pl ates were seal ed and incubated 2 hours at room tenperature. The

410, Wpstate) sagePcR L e Tt AlEe T SR PR D2y

[
1: 1000 (stock=2g/| pRag TN 100t —fcw2g )N @ssay dirtuent and 10 m
of diluted anti body ;\ﬂ;f "Bl at e were—added The lysate g s—+enqoved fromthe
ELISA plates, and weRTU Y e 202 wo 2006/ HTET22 PAT/US2005/ 026792

10% Fetal Bovine Serum, VWR 16777-014

characterized, heat inactivated

Human Plasma, Bioreclamation HMPLEDTA
Anticoagulant=EDTA Inc.

¢-Abl (Ab-3) monoclonal antibody | VWR 80001-286
Recombinant Mouse Interleukin- | Chemicon 1L015

3

Adhesive Plate Seals

96well PP 32541 round bottom Thompson 932465

plate w/ lid TC Instrument Co

96well Nunc Maxisorp plate (for Fisher Scientific 12-565-136
colorimetric assay)

96well white flat-bottom plate (for | Matrix 4923
luminescent assay)

Lysis buffer components
Tris-Cl pH7.4 (20mM)
NP-40 (1%)

EDTA (5mM)

Sodium pyrophosphate (NaPP;
5S5mM)

NaF (5mM)
NaCl (150mM)
Protease Inhibitor Cocktail Sigma P2714
PMSF (ImM)

Sodium vanadate (NaVO, ;2mM)
PBS, ice cold

Anti-Phosphotyroesine (4G10T™), Upstate 16-105 or 05-321
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washed four tinmes with 200 Al of wash buffer per well. 100 Al of detection
anti body was added to each well; the plate was covered, and incubated | hr
at room twopeseatisre (21C). Excess detection antibody wasTnspeseds7dz om t he
ELI SA pl ates, and the wells were vvashed four times with 200 Al of wash
buffer per weII [0/'791 | £ pecessary, —e—for unconjugated anti-pTyr
ant i body) secondary mﬂ%%(?“(“(‘i%’ﬁ't“g“gntl -rabbit HRP) was dildyited 1:3000 in

assay di |l uent (3.33 Hg uen t)Ursfl added at 10 nl |of dil uted
anti body per plate. %"8’8%’??3 Y9%nt i body was Ag%;ved fromthe ELISA

| ate, and the IatM@-ts—v\@rshed—t-auJ—t—L S_wWi-th 20 per—wel |l of wash
Buffer. [ 0479] IOSub RIARCHEERY B A an L% Stiaf e Iiéoéﬁent B (Pierce

Cat #37070 Super Si gna‘F°atln ByfigA0- P Mcatpretfi | umi nescent| Substrate] were added
i redi atel y before €10 M resultant solution per plate)| 100 Al
substrate were addedASEi‘éPﬂ‘Wél |, mixed fdr 1 minute,| and chenil unm nescent
si gnal was neasured wslnlhlffa(wﬂﬁwwwh@ber. Assay results on sel ected
conmpounds: Abl T31sihisaass@y sulfrdd8H] T|[Co50 < 0.05 M AE, AER, AE3, AE4,
AE5, AEG6, AE7, AES, Wu_ |:J_4 AETS TAEL4S,; /—\l:J_:) AE16, AE1l7,
AE18, AE1L9, AEZO E21——AR22 —AF23 AE25—AE2 L —AE28— AE29, AE30,
AE31 AE32. AE33. ACHRSigaLissfuss’ P GP oo \Ea1, AERS AEA3 |AEA4. AEAT.
AE48, AE49, AES0, AEhZbe AbifsteaddEOBstatAEY9, AEGO0, AE61, AE64, | AE62, AEG3,
AE65, AE66, AE67 andReE@3&B)0481] 0.05 M < IC50 <0.2 M AE26) AE36, AE38
AE39, AE45 AE46, AESLI, AE53 and AE54. Abl T315 p-ELTSA cellul ar assay

24521 | E80sF & ol 68 R, RO CABL Al AR uBRSy AEZD.
,IXIEZQI Ci E ;’(35 IM orﬁﬂie;;\ Eé\gdnt fé!?ﬁs, OmEz% A%E)é@ere/ﬁ%\iin inAfRe gbseﬁﬁi if,l'z I6L?:3\EfLEastAE22
bi oassay: Wefléﬁgts ¢ @&@?P@yoﬁ %/f‘y Q%Bre gAY, 1 ?‘ﬁ?fgs WR?BA%S WA%St%eShAE%@a S%%@ﬁat AE35,

AEAT,  AlpliméEPsssay¥he SellfVeerd in 230 0p A8 Q11203 VA 1200 8 RpihdRe
PCT/ USZOOS/ 026792 [0485] 0.5 M | C50<5 M AEl, AE11l, AE13, AE33, AEL9,

AE62, AE@hsengE6iBIL-3 lﬁm*tat tnasid,é seegk were resuspended in RPMI 1640 so that each well ofa
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
incubated with or without test compounds for 60-120 minutes at 5%CO,, 37°C. The
incubation was performed with or without other additives such as 10% FCS or 50% human
plasma. After incubation of compounds, lysis buffer was added and incubated for 10-15

minutes; the lysate was cleared by centrifugation.

[0476] To make the ELISA plate, commercially available Anti-ABL antibodies (e.g. (Ab-
3, Calbiochem OP20) were prepared at a concentration of 0.125ug/ml in coating buffer
(0.1M Na-carbonate, pH 9.5), and plated at 10 ml per plate (12.5 ul 100ug/ml Ab/10ml). In
a high binding multi-well plate, 100 ul Ab in coating buffer were added to each well, and

each plate was covered with a plate seal and incubated overnight at 4°C.

[0477] Excess antibody was removed and the ELISA plate was washed 3-4 times with
200 pl of wash buffer (0.05%Tween in PBS, pH 7.4). 150 pl of lysate (see above) were
transferred to the ELISA plate. Plates were sealed and incubated 2 hours at room
temperature. The detection antibody (e.g. HRP conjugated anti-pTyr or unconjugated c-p-Y
4G10, Upstate) was prepared in assay diluent. The antibody was diluted 1:1000
(stock=2pg/ul, 200 pg in 100ul; f.c.=2ug/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
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[0486] IC50 <1 M AE8, AE14, AE40, AE42, AE4A3, AE48, AE53, AE56 and AE66.
[0487] 1 M< IC50 < 5 M AE22, AE26, AE41, AE46, AELS2, AES57, AES8 and AE6S.
PDK1 bi oaseayos/18£88] | C50 < 1 M AE50, AE55 and AE58. [p0488pook/obd792 1 C50 <
5 M AE2, AE3, AE9, AE10, AE1ll, AE20, AE21, AE38, AE44, AE45, AE46, AEA4S,
AE49, AE52, AE53, AE59, AE60, AE61, AE63 and AE64. 204 WO 2006/015123

PCT/ US208%¥# gptimpgntth 280 ¢l af wesh hudfer penwelh Eplorfifistastion Agihody Wasr nul a:

H NN 3 i ' j ndent |y
2 bond, S A i Mg B ks Shered G ettt Bt [y V5FRS)
unsubst i thxtesd d2tecbobamttholie med rdredvexddadnk yHeSRIELS Anpietes) ahdnhé welldwer@ wazheder
fromO tq 2;.7 A. |§(g G%trrengﬁrgtd substituted or unsubstituted aryl or

6- menber eYT TGS FOURRS vorsh B T%t ed heteroaryl; 9 A2 is substituted
or unsubstituted cycl oal kyl, substituted or unsubstituted 10

het er ocy d04781 k yif necatzsy.i(t. etfedummonimngsted snfipliye entérogdly) seoondamp shtitody €goavr 11

unsubstituted.h oaryl., 1 i s hal ogen, -ORS, -NR6R7,. -C(Z2)RS,

- S(O) WR9 ,antlt%zbltﬁf%} Wﬂ%ﬁ%‘}tﬂi &5@% R ASEY 8@@%@%&% P ol dlyent) pud added
substitu 1 r I | & ituted
cycl oal k%ﬁ@%gﬁ'?ﬁ%ﬁ?%ﬂéﬁ%ﬁd‘?@ﬁ@@%& %ﬁ%%ée%%ﬂgﬁ)dgg}gpg}gﬁéﬁﬂo%gaﬁ S |tet ut ed
or unsubd$iLl$ Atpdate,cangdithe platesvrdsstashed foadr mes matht00i it peedelhef enstabyffer. 16 X1
is -C(R)= -C(R(R-, -N=, -N(R4)-, -S-, or -0-; 17 R2 and R3 are

i ndependggyoy hy(BEQHE Reafadlt AR, Sub@Rwe ReNRERB, (Pideé Ll R83 7049 , -CN,
-NQ2, - ngd gubsti tut eo?a%?l unsubsti tu?eggga%?lkyl_(, : substi t ut edsugﬁl@i%}gﬁ
unsubst i Fik{4 Riea €hemillyinescsubSutistraterwersradded isedintelebkforealso 4l Gayl

substit utre%(ljlltant solution per plate). 100 ul substrate were added per well, mixed for 1 minute, and

chemiluminescent signal was measured with a luminometer.

Assay results on selected compounds:
Abl_T315 bioassay:

[0480] ICs0<0.05 uM: AElL, AE2, AE3, AE4, AES, AE6, AE7, AES, AE9, AE10,
AEl11, AE12, AE13, AE14, AE1S, AE16, AE17, AE1S8, AE19, AE20, AE21, AE22, AE23,
AE24, AE25, AE27, AE28, AE29, AE30, AE31, AE32, AE33, AE34, AE35, AE37, AE40,
AEA1, AE42, AE43, AE44, AE47, AE4S, AE49, AE50, AE52, AESS, AES8, AE59, AEGO,
AE61, AE64, AE62, AE63, AE6S, AE66, AE67 and AE6S.

[0481] 0.05 pM <ICsp <0.2 pM: AE26, AE36, AE38, AE39, AE45, AE46, AES1, AE5S3
and AE54.

Abl_T315 p-ELISA cellular assay:

[0482] ICso<0.1 uM: AE1, AE3, AES, AE6, AE7, AE14, AE20, AE25, AE26, AE30,
AE31, AE37, AE41, AE42, AE44, AE54, AE55, AE58 and AE64.

[0483] 0.1 pM <ICso<1puM: AE2, AE4, AE9, AE11, AE13, AE15, AE16, AE1S,
AE19, AE22, AE29, AE32, AE34, AE35, AE48, AE49, AE52, AE61, AE62 and AEG3.

AurA bioassay:
[0484] 1Cs0<0.5 uM: AE6, AE7, AE15, AE30, AE31, AE32, AE34, AE35, AE47,

AES1, AES2, AES3, AES54, AESS and AE60.
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20 or unsubstituted heterocycl oal kyl, substituted or unsubstituted aryl, or
21 substituted or unsubstituted heteroaryl; 22 R4 is hydrogen, -C(O RS,

- S( O 2R1wo=udsatist2at ed or unsubstituted al kyl, 23 substictruiseehsors792
unsubstituted heteroal kyl, substituted or unsubstituted 24 cycloalkyl,
substituted or unsubstituted heterocycl oal kyl, substituted or 25

unsubst i 1048 &yrM 6rICs1§§StMtxﬁEéadAB¥1 WW51h AE3BUABEONAEER, de67, AEBS. Z i s
N(R2), S, or 0, wherein R23 is hydrogen, substituted or unsubstituted 27

al kyl , oMetiieasshyt ed or unsubstituted heteroal kyl; 28 wis an integer from
0 to 2; 205 WD 2006/ 015123 PCT/U82005/026792 29 R5 is independently

ansubst 1Rl HCPL T P B RHAE A ‘?’%sﬁbg\ﬁ%gﬂa?ﬁ%%‘éo%%

substituted or unsubstituted hetero cl oal kyl, substituted or

unsubst | (9488 ol YM < Eso sUbeM: tAESY AJr26uAEidhsARE 6 AR5 h BN T ABSS: an&m and
R7 are independently hydrogen, -C(O R10, -S(O 2Rl11, substituted or 34
unsubst i PKUbiaksaly: substituted or unsubstituted heteroal kyl, substituted
or 35 unsubstituted cycloal kyl, substituted or unsubstituted

het er ocy Kk bstituted aryl, or substituted or
unsubstiﬁhﬁﬁh %b é?g£§§ EEBQTAEgB g% are i ndependently hydrogen,
-NR12R13, substltuted or 38 unsubstituted al kyl, substituted or

unsubst i 10489 HetMr-oKl syl 5, nMubSE AR R d\ES, AF3O, ARS UpAERE, B, ARSIBoAFKY)

nsubst | (oeaEr ARy AR e SRSV A, (1 Rat endaBS 41 r1z and

R13 are i ndependently hydrogen, substituted or unsubstituted al kyl, 42
substituted or unsubstituted heteroal kyl, substituted or unsubstituted 43
cycl oal kyl, substituted or unsubstituted heterocycl oal kyl, substituted or
44 unsubstituted aryl, or substituted or unsubstituted heteroaryl; 45 R8 is
i ndependent|y hydrogen, -NR14R15, -OR16, substituted or unsubstituted 46
al kyl, substituted or unsubstituted heteroal kyl, substituted or
unsubstituted 47 cycloal kyl, substituted or unsubstituted

het erocycl oal kyl, substituted or 48 unsubstituted aryl, or substituted or
unsubstituted heteroaryl; 49 Rl14, R15, and R16 are independently hydrogen,
substituted or unsubstituted 50 alkyl, substituted or unsubstituted

het er oal kyl , substituted or unsubstituted
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51 cycl oal kyl, substituted or unsubstituted heterocycl oal kyl, substituted
or 52 unsubstituted aryl, or substituted or unsubstituted heteroaryl; 53 RO
i s i ndepemdenddoistzgdr ogen, substituted or unsubstitut edpairhysboossedres i t ut ed
or 54 unsubstituted heteroal kyl, substituted or unsubstituted cycl oal kyl,
substi t § or. STgStitUtEd het er ocycl oal kyl, substituted or

unsubst substituted or unsubstltuted het eroaryl, wherein
if wis 2, then RO’ may 57 optionally be -NR 17R18; and 58 R17 and R18 are

|ndqpendently hydr.ogena couipolihd Hiees 8k fomsupsti tuted al kyl, 59 substituted
or unsubstituted heteroal kyl, substituted or uynsubstituted 60 cycl oal kyl,

substituted or unsubstituted heter cl oal Kyl ,ysubstituted or 61
unsubstituted aryl, or substitutgd on ungubs |t/ ted heteroaryl, 206 WO
2006/ 015123 PCT/ US2005/ 026792 6@ fhelqi . R12 and R13 R14 and
R15, and R 7 and R18 are, 63 indepgngdently, opti joined with the
nitrogen to which they are attached 64 to form s\ tuted or
unsubstituted het erocycl oal kyl , Ror substituted or unsubst it ut ed V),
5-mgbered hghgeparyl. 1 2. The conpound of claim1, wherein Al is

6- menber ed substltuted aryI 2 or 6-nenbered substituted heteroaryl. 1 3.
The 4corrpound of cLaam I, aroirelepemiently abomi;bS(tO)t,ut@d Efih;gnsub@ltwacbélﬁﬂsut ed
pyridinyl, substit yrim tit i.oxol yl, .substituted
3" benzi m dazol yI gﬁ‘ygeﬂ s%“fla‘?béﬁyﬁt%%r%f me ﬁfe agﬁéd ’Fe“bFéFi*?ﬂ 3,
whergin Al is subshhﬁggggnwohhza hal ogen. 1 5. The conpound of claim1,

wherein A is substituted phenyl. 1 6. The conpound of claim1, wherein Al
has % he formul a: A3is a®-theprdeeetl @bStlt!l_t@dm uysubswum@rjdmn 64ngmberedn i nt eger

fropl to 5 5 RL9 is,.ind 0 -NR6R7, -C(Z)R8,
“S(OWR9, -CN, @ubt@teﬁfnsﬁ?%l&%ﬁﬁtgﬁﬂaﬂ noabsti toted &l Kyl |

subgtituted or unstiistubétithed or unsubstituted cycloalkyl, substituted or unsubstituted

10 heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

11 unsubstituted heteroaryl;

12 R! is halogen, -OR®, -NR°R’, -C(Z)R?, -S(0)4R’, -CN, -NO,, -CF3, substituted
13 or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
14 unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

15 substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
16 X! is -C(R?)=, -CRHR?)-, -N=, -NR?-, -S-, or -O-;

17 R? and R? are independently hydrogen, halogen, -OR’, -NR°R’, -C(Z)R®,

18 -S(O)WR9, -CN, -NO,, -CF,, substituted or unsubstituted alkyl, substituted or
19 unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted
20 or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

21 substituted or unsubstituted heteroaryl;

22 R* is hydrogen, -C(O)R?, -S(O),R"!, substituted or unsubstituted alkyl,

23 substituted or unsubstituted heteroalkyl, substituted or unsubstituted

24 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

25 unsubstituted aryl, or substituted or unsubstituted heteroaryl;

26 Z is N(R®), S, or O, wherein R* is hydrogen, substituted or unsubstituted

27 alkyl, or substituted or unsubstituted heteroalkyl;

28 w is an integer from O to 2;
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7 heteroal kyl, substituted or unsubstituted cycl oal kyl, substituted or 8
unsubstituted heterocycl oal kyl, substituted or unsubstituted aryl, or 9
subst i t utwod 2006/upREbst i t ut ed heteroaryl, 10 wherei n twoPRTAISIBOPEIAS €
optionally conbined to forma substituted or 11 unsubstituted ring with
t he, carbons to .eh .the 1 7. The conpound of claim 6,

re attached,
wheTein an R19 attatH® pé?geﬁ’g.é’&@'pﬁ)ﬂ% & Sﬂbﬂﬁﬁtﬁﬂﬁéﬁnﬁ}dﬂtﬁuﬁa@@ attached
at yosition 2 to f@ﬁHﬂi%t&P'&ﬁIﬂsﬁl&&ﬁﬁecPﬁet%ﬁ%&%ﬁ Shbshaels b Bbybetisfleg The

conpound of claim®6, wherein an R19 attac at position 'S conbi ned
wi tH an R19 att acheytledlkyosibsiitmteddrivnsibstittal Isidretyclasdled, mbstitntedhst i t ut ed

ring. 207 WO 2006/01 3, PCT/.US2005/.026792 9. The conpound of cl aim 6,

vvhg’%ei n two R19 grBﬂﬁB’ggtéP@d@ﬁfli ?fn%’gftyuégc%ﬁﬁ?“#éwufeéq?ﬁr?ﬁqghsubsti tuted or

unggbstituted rine®md R’ 4B deBERRARY h9dWBEE NCthRY© a56D), B! ablRghg orWher ei n
g

sai d substituted or unsubstituted ring i s substituted or unsubstituted 4
het¥r ocycl oal kyl opnsbstnied gllad, substitnied s tisubstisdted dietererdkyl) subgtiti®d oFhe

or Bubst i tuted or UeiBBERe Sydh kol RERe BoneudnlifonrSerkiim 10,
whatei n R5, R6, anguisiftutddeor undemnendeidyy or dulimei QUAinsSbEpsitbd Hétgl@aﬁ»‘l;

unsubstituted al ky], substituted or unsubstituted heteroalkyl,
substituted or unBulssd iR utredndependsatlyyydrogemsNR (R adubstituied gbst i t ut ed

hetsgr ocycl oal kyl , i ' I r .substituted or
uns%bst ituted het erﬂ%szl#%ﬁ?{e\a%ie@gi Sﬁgﬁgﬂt%g? H?é “ggﬁgtreg h\é%pe{cl’a@f% ﬁuysﬁl%feﬁé’ﬁ with
ni ta%gen to whi ch tepsttuedaytloslkey sitatibneddsussbstiubeHetoroc felodlgbst i t ut ed
het er ocycl oal kyl, or substituted or unsubstituted 5-nmenbered heteroaryl. 1

r . | .
12.4%The” conmpound ofubstitited orgmsyhssifuedharys or pepstitited ransykstinperbheiprgant y 2
hydrogen, or subsgiz 3 0L, l?l]p&g]' : T of
cl glilm 10, wherei nRRtSa%iH%g, 8%#1 ar g&?&@%%g@t@e&% ‘ﬁifgﬁ%gg%%g&ﬂ
subBtit uted or unssibstifutad @dn@ibsGaited ketéroalkyll dubstihgedanpeubaditwiéd cl ai m 6,

wherein x is 1 and R19 i§ attached at 2 .position 2 5. The compound of
cl &Pm 6, wherein x©YG Oaikﬁnﬁltbﬁi@tqﬁé’r&Pf‘ﬁ’éﬁ@&edé’ceter%WB@ﬁﬁioWb&"?t“tfd 5. The

comgound of clai m Gy pBRERH Ay, drSuB&ithdll 898hsubbRMed HeRrourfnd at 2 | east
one R19 is attached at positi‘on 1.

45 R%is independently hydrogen, -NR'*R">, -OR'®, substituted or unsubstituted
46 alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
47 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

48 unsubstituted aryl, or substituted or unsubstituted heteroaryl;

49 R R'5, and R'® are independently hydrogen, substituted or unsubstituted

50 alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
51 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

52 unsubstituted aryl, or substituted or unsubstituted heteroaryl;

53 R’ is independently hydrogen, substituted or unsubstituted alkyl, substituted or
54 unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted
55 or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

56 substituted or unsubstituted heteroaryl, wherein if w is 2, then R® may

57 optionally be -NR'"R'®; and

58 R'7 and R"® are independently hydrogen, substituted or unsubstituted alkyl,

59 substituted or unsubstituted heteroalkyl, substituted or unsubstituted

60 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

61 unsubstituted aryl, or substituted or unsubstituted heteroaryl,
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1 17. The conpound of claim®6, wherein x is an integer from2 to 5 and at
2 least one R19 is attached at position 2. 1 18. The conpound of claim1,
wher ei n Amoi2s06aubesi t ut ed or unsubstituted 2 aryl or sebstusteseds79z

unsubstituted heteroaryl. 208 WD 2006/ 015123 PCT/ US2005/ 026792 1 19. The

conmpound of claim]l, wheyein A2,is substituteds or upsubstituted 2 phenyl,
sub¥tituted or un¥BgEM R AR ﬁilo%’élr%laRléﬁB@Bi b ardl Gddhs alst i t ut ed

pyrgadi nyl, 3 subst i{ddb&lcRtly, WPRURIL bited & ) hiiyed
unsubstituted triazol éj)l , esu%g)?lﬁt utyd otre Alf ﬁ%ésg{t)ﬁsbtgfrtl%gﬁ%;rl m%?ﬂ%}: ,ed
sulfgt i t ut ed or unsthrmtsubstdutpy pamnsupstjtuied hstehstycioalkel oosutistitmeddst i t ut ed

imgdazolyl. 1 20. The,co nd of claim1, wherein A2 has the fornul a:

( \~v 4 2 Qllﬁbs?%,g%"@ewggﬁeggﬁt%’%ﬂis an integer fromO to 4, 5 R0
i s independently hal ogen, -OR5, -NR6R7, -C(Z2)R8, -S(O,,,R9, -CN, -NO»2, 6
-CF3, substitutedyor unsdiksihpdunti @ cRik)! wherehsAl s @dmBEred REbEThtED yed 7
het er oal kyl, substituted or ‘unsubstituted cycloal kyl, substituted or 8

uns @bsttumembred subdifeted hetRiparylsubst i t ut ed or unsubstituted aryl, or 9
substituted or unsubstituted heteroaryl, 10 wherein two R20 groups are
optionally conbi ngd t itute A4l J ring with

t he 1car bons to ngch ?Eeegéd;?rl@ua? ?’ gyﬁéﬁ,l’glpgﬂ%?&hg%g?#@%gb%@ﬁj’and Rl are
opt i2o0nadubytitatdipyridthyl, gubitued ppridailinfl usudetitated beBzadietady] substiweedr i Nng Wit h

t he carbons to which they are attached. 1 21. The conpound of claim 20,
wherei rPargimidazalygenanstihtedyndpdylogen, 2 -NR6R7, OR5, or substituted or
unsubstituted alkyl. 1 22. The conmpound of claim 21, wherein R5, R6, and R7

ar e i ndependent |y, 2 hmer&ﬁgxsbunala?éfah{q@t &fleRin N“ﬁ%ﬁﬁé&t\g‘é& R5na! 1{}%45 en,

substituted or unsubstituted heteroal kyl, 3 substituted or uns I'tuted
cycl oal kyl, substituted or unsubstituted heterocycl oal kyl ,

1 The compound of claim 1, wherein A’ is substituted phenyl.

1 6. The compound of claim 1, wherein A! has the formula:

2 (<), ,

3 wherein

4 x is an integer from 1 to 5;

5 R" is independently halogen, -OR’, -NR°R’, -C(Z)R?, -S(O)«R’, -CN, -NO,,

6 -CF3, substituted or unsubstituted alkyl, substituted or unsubstituted

7 heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or

8 unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

9 substituted or unsubstituted heteroaryl,

10 wherein two R'® groups are optionally combined to form a substituted or
11 unsubstituted ring with the carbons to which they are attached.
1 7. The compound of claim 6, wherein an R'? attached at position 1 is

2 combined with an R'? attached at position 2 to form a substituted or unsubstituted ring.

1 8. The compound of claim 6, wherein an R'® attached at position 2 is

2 combined with an R" attached at position 3 to form a substituted or unsubstituted ring.
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4 substituted or unsubstituted aryl, or substituted or unsubstituted
heteroaryl, wherein R6 and R7 5 are optionally joined with nitrogen to
whi ch t heyoave/mast2ached to form substituted or 6 unsubsPrrutseahs 026792

het er ocycl oal kyl, or substituted or unsubstituted 5-nmenbered heteroaryl. 1
23. The conmpound of claim 21, wherein R5, R6, and R7 are independently 2

hydr.ogen, or substitut or unsybstjtuted. al k Q9 WO 2006/ 015123
PCT/'US2005/ 026792§1 24% %’HH&%H‘I&HBP thaﬁefﬁt’sz ﬁmk%?%sﬁfwtlo% Iy and R7
are gl nd@mwmlfumasbwﬁme&sv wRNbsHRSd Hhp At 0k cé{’aéﬁ@b%t\bﬁlbﬁﬁfé Gl C6 al kyl .

1 25. The conpound of claim 20, wherein yis 1; and R20 is attached at 2
posidt i oaitaghed] whgreimprad empmthoromscbsahméﬁng ngbmtntegt of snpstan@dR20 i s

attgched . at i nd 27. The conpound of claim1,
whe%el ﬁheﬁo‘f‘Vacio%i f SIME%‘?@O '%%St&‘}\f&l]héerfarﬁi (M), 3 wherein 4y is an
integer fromO to 3; 5 R20 is independently hal ogen, -0OR5, -NR6R7, -C(Z)RS,

- S( @ WR9, CN -N@®, Bhe @ﬁﬁ;ou&ﬂl@$blairﬂBGQh@flélergli@ﬁlﬁbﬁdhﬂeﬂl}alﬁéi
substi tutesd unsubst it ut 7 heteroal kyl, substituted or unsu stl t ut ed

cyclloal R R s@BstorﬁuhS@alt@ior@Sub%wgdﬁw ed heterocycl oal kyl, substituted
or unsubstituted aryI or 9 substituted or unsubstituted het eroaryl, 10

wherei n one R20 apd opk
unsulbstl tuted ri ng Wi tﬁﬂgﬁ) car gg?ls: q%@%ﬁg@%yRagg@a tazézjﬁlﬁgbé#re};@ The
corrﬁouri@docﬁgenl fibstiied oshasdistituyed akyl; subsiituRAGrivasdistiatdibitbt@balkl, posi tion
1 29, The co nd of cl wherein L1 nd. 1 30. The
conﬁourﬁd‘bBtFt“@Fiéir ?Lu% éqdéiyﬁl%ﬁg‘]yf@]%ﬂ%ﬁ‘aor Ynsy Stltﬁ"ﬁ&%@%@i@ﬁﬂ&& claim1,
V"Ig:?m)e' nsuiag-tltﬁfég Skagﬁfbguﬁteta%ﬁ oﬂsu%gtitu@a%l GASBRHRE A etGb A Nwherd RE GhARRL i S
5 ére opt10na111y joined with nitrogen to Whlch they are attached to form substituted or

6  unsubstituted heterocycloalkyl, or substituted or unsubstituted S-membered heteroaryl.

1 12. The compound of claim 10, wherein R>, R® and R7 are independently
2 hydrogen, or substituted or unsubstituted alkyl.

1 13. The compound of claim 10, wherein R®, R®, and R” are independently
2 hydrogen, or substituted or unsubstituted C;-Cq alkyl.

1 14.  The compound of claim 6, wherein x is 1 and R" is attached at

2 position 2.

1 15. The compound of claim 6, wherein x is 1 and R is attached at

2 position 1.

1 16.  The compound of claim 6, wherein x is an integer from 2 to 5 and at

2 least one R" is attached at position 1.

1 17.  The compound of claim 6, wherein x is an integer from 2 to 5 and at

2 least one R" is attached at position 2.

1 18.  The compound of claim 1, wherein A? is substituted or unsubstituted

2 aryl or substituted or unsubstituted heteroaryl.
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210 WD 2006/ 015123 PCT/ US2005/ 026792 1 33. The conpound of claim 27,
wherein RLis -C(Z2)R8, Zis 0, and R8 is 2 -NR14Rls 1 34. The conpound of
claim 42, woheseaiimi2Rl is -C(Z)R8, Zis 0, and R8 is 2 - RRIARI®ms5028382 The
conmpound of claiml1l, wherein 2 Rl is -C(Z2)R8, 3 Zis 0; 4 R8 is -NRl4R15;
and 5 R14 and R15 are independently substi tut ed or unsubstituted al kyl,
substltuted or 6 unsubsti t ut ed het eroal kyl , are conbi ned

h the
nit rogen to whi chl%heylhe cgmapoynd o€ plagn oW %TFH% L stibsitiptad oppnsy %tUBté’Bi tut ed
pi per i difayly bstituted or
unsubstitu 1eé&%9§#%&f§ﬂdllir%{§%%m§d gﬁ%%ggp%tlﬁ&g% lﬁiﬁgﬁlgtﬁ%{ %ndollﬁﬁor pholino. 1
36. 3Thesubstptedd uoiubrstltmtemh ﬁ&olydhmbeﬁiuuteﬁ ar smfubstitusd, trizhadyls eubsttmedl @f ¢l ai m

R R Tt T

unsubstiidsibRuidl kildasdly pubstl tut ed or unsubstituted heteroal kyl. 1 38. The
conpound of claim 37, V\/nerel n said piperazinyl is substituted 2 with a
substituent having the formila (CH2)t-NR21R22, ,wherein 3 t is an integer
frorhO to 6; 4 R2 andTl@Qm@pQémd@@é}@éﬁdewhﬁrynhédhwbﬁformllllbast| tuted or

unsubstituted al kyl, 5 substituted or bstltuted het er oal kyl ,
substituted or unsubstltuted 6 cycloalk ysubstltuted or unsubstltuted
het er ocycl oal kyl, substituted or 7 un uted aryl, or substituted or
unsubsti tut ed heteroaryl 8 wherein R2 3an 2 are optionally conbi ned
with the nitrogen to whi ch they 9 are ached to forma substituted or

unsibstituted heterocycl oal kyl or 10 Blbstituted or unsubstituted (V),
het %moaryl gﬁll WO 2006/ 015123 PCT/ US2005/ 026792 1 39. The conpound of
wh

cl ai #PW R21 and R22 are combined with the 2 nitrogen to which
they are attachedy {OufiQiddbareMsthis ut ed or unsubstituted piperazinyl,

5 R? is independently halogen, -OR’, -NR°R’, -C(Z)Rg, -S(O)WRQ, -CN, -NO3,
6 -CF3, substituted or unsubstituted alkyl, substituted or unsubstituted
7 heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
8 unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
9 substituted or unsubstituted heteroaryl,

10 wherein two R?® groups are optionally combined to form a substituted or

11 unsubstituted ring with the carbons to which they are attached, or

12 wherein one R? and R are optionally combined to form a substituted or

13 unsubstituted ring with the carbons to which they are attached.
1 21. The compound of claim 20, wherein R* is independently halogen,
2 -NRR’, OR’ or substituted or unsubstituted alkyl.
1 22. The compound of claim 21, wherein RS, RS and R’ are independently
2 hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
3 substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
4  substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl, wherein R® and R’
5  are optionally joined with nitrogen to which they are attached to form substituted or
6 unsubstituted heterocycloalkyl, or substituted or unsubstituted 5-membered heteroaryl.
1 23. The compound of claim 21, wherein R>, R® and R’ are independently

2 hydrogen, or substituted or unsubstituted alkyl.
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3 substituted or unsubstituted piperidinyl, or substituted or unsubstituted
nor phol ino. 1 40. The conpound of claim 38, wherein R21 and R22 are
i ndependemdl2gos/@dstzgdr ogen, substituted or unsubstitut edpaltkskeosors792
substituted or unsubstituted am noal kyl. 1 41. The conpound of claim1,
wherein Al is substituted with at Ieast one 2 -OR5, V\/nerein R5 i's
|nd pendent |y hydrogen,., substi d nsubstityt ed bst ted or
rbubst it ut ed nedar obg GRmbaiaT el 2l BhoRit bar: Otk pkBdeyy
subsatl t bRy opﬂﬁmetédtdftlﬁgmsﬁmba&ie Lesyglpal kyl, substi tut ed or
unsubstituted aryl, or substituted or unsubstltut ed heteroaryl. 1 42. The
corrpound of claim®6, wherein A2 has the fornula: \ R20) ¥ 4 2' 2 RL (V),
wHerein 4 y is ah i nThgeompeusdhod claim20, gheem y is lhandBeris attahsd at NR6R7,
Zzg s1t0c§nq\AR9 -CN, -NO2, -CF3, 6 substituted or unsubstituted al kyI
sub it or  unsubstituted heteroal kyl, 7 substituted or unsubstitut ed
cycl oal kyl, substituted or unsubstituted 8 heterocycl oal kyl, substituted or
unsubstituted ary®6. or Thelbshpdunded clim 29, wh&ubﬁistmhﬁ@lRﬁ(htsettm&fe&Iat 10
wherein twp R20 groups are optionally conbined to forma substituted or 11
unsFost PSIHBES' @P‘gﬁ 194t he carbons to which they are attached, or 12
wherein one R20 and R1 are optionally conbined to forma substltuted or 13
unsypsti tut ed r'nmwtﬁr BSSARAVTRIAA 1MInERT RBYadHhE fhhaghed. 1 43. The
conpound of claim42, erel an R20 atfached at position 3' is 2 conbined
with RLto forma substl tuted or unsubstﬂ2ﬁ)ut ed ring. 1 44, The conmpound of
claim42, wherein an R20 attached at pm,sl Yfon 3' is 2 conbined with an R20
attached at position 4' to forma subsfjt or unsubstituted ring. 212
WD 2006/ 015123 PCT/ US2005/ 026792 1 45\2Tjie conmpound of claim 42, wherein
Rl is -C(Z)R8, Zis 0, and R8 is 2 - 4R15, wherein R15 and R20 ar 0
conbined to forma substituted or unsubstituted ring with 3 the carbdn to
whi ch R20 i swatfeiched and the nitrogen to which R15 is attached.

4 y is an integer from O to 3;

5 20 js independently halogen, -ORS, -NR6R7, -C(Z)Rg, —S(O)ng, -CN, -NO,,

6 -CF3, substituted or unsubstituted alkyl, substituted or unsubstituted

7 heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or

8 unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

9 substituted or unsubstituted heteroaryl,
10 wherein one R* and R! are optionally combined to form a substituted or
11 unsubstituted ring with the carbons to which they are attached.

1 28. The compound of claim 27, wherein y is 1; and R is attached at

2 position 3'.

1 29.  The compound of claim 1, wherein L' is a bond.

1 30.  The compound of claim 1, wherein 1% is a bond.

1 31.  The compound of claim 1, wherein L' and L? are a bond.

1 32.  The compound of claim 1, wherein R'is —C(Z)RS, Zis O, and R is

2 NRMR'
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1 46. The conpound of claim42, wherein L' and L2 are a bond. 1 47. The
conpound of claim42, wherein x is 1 andy is 0. 1 48. The conpound of

cl ai m 47, wbene/nsR3i9 is attached at position 1. 1 49. Poe/useesorsrd2 of
claimd47,wherein R19 is attached at position 2. 1 50. The conpound of
claim42 wherein 2 xis2; 3y is 0; and 4 R19 is attached at positions 1 and
4. 1 51. The conmpound of claim m 42, wherein £EsO;and 4 R19 is
attdched at positébns 1hepmppung of slaintd, ‘(‘,’B‘?'Fﬁlt‘%ﬁ“ldsocf;(@ii i4risAd "Wﬁé%f éfn 2
Xisol; Jykgisl, 4 R20 is attached at position 3'; and 5 R19 is attached at
position 1°'53. The conpound of claim 42 V\,herei n 2 xisl; 3yis 2; 4 R20
IS attached at positions 3 and 4'; and 5 R19 is attached at p05|t|on 1. 1
54. IThe conpound 34 cIEhmatﬂpmindroéphmﬂxwh@pm&{ys|-(§(Z)R Fhits Q1BIRDis

200 01 3., RCT/ US2005/ 026792 4 one R19 is attached at position 2. 1 55.
The ng of claim®6, wherein A2 has the formula: (R20) N~Y 2 Rl
(M), 3 wherein

1 35.  The compound of claim 1, wherein

2 R!is -C(Z)R®,

3 Zis O;

4 R®is -NRMR"; and

5 R!* and R" are independently substituted or unsubstituted alkyl, substituted or

6 unsubstituted heteroalkyl, or are combined with the nitrogen to which they

7 are attached to form substituted or unsubstituted piperidinyl, or substituted

8 or unsubstituted piperazinyl, substituted or unsubstituted pyrrolidinyl, or

9 substituted or unsubstituted morpholino.

1 36.  The compound of claim 35, wherein y is 0.

1 37. The compound of claim 32, wherein R and R'® are combined with the

2 nitrogen to which they are attached to form a piperazinyl substituted with a substituted or

W

unsubstituted alkyl or substituted or unsubstituted heteroalkyl.

38.  The compound of claim 37, wherein said piperazinyl is substituted

with a substituent having the formula -(CHz)t-NR2 'R?, wherein

t is an integer from O to 6;

R* and R* are independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl,

wherein R*' and R*? are optionally combined with the nitrogen to which they

O 00 I O U B~ W N =

are attached to form a substituted or unsubstituted heterocycloalkyl or

[S—y
(e

substituted or unsubstituted heteroaryl.
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4 yis an integer fromO to 3; 5 R20 is hal ogen, -OR5, -NR6R7, -C(Z)RS,
-S(OWR9, -CN, -CF3, -NO2, 6 substituted or unsubstituted al kyl,

subst i t utwo 2006/upREbst i t ut ed heteroal kyl, 7 substitut esdcorussmsiobsb? t ut ed
cycl oal kyl, substituted or unsubstituted 8 heterocycloal kyl, substituted or
unsubstituted aryl, or substituted or 9 unsubstituted heteroaryl. 1 56.

The conmpound of cl| aim55, wherein 1 and 0,is a ached at 2 p03|t| on
3. 11 57. A methotf-of HerieATERIURg of ﬁ@lraé& Whtrymcﬁ angRo ?EP Romepingd avith the

CONMPY | Sj; f claim 1.
R L S S S G e Ve S
2 t Be gsubsitutedrsiussubsgtucsd phveidioyl, erysubstitnied b nesbstitRed mepk@im: t yr osi ne

ki nase, Met receptor 3 tyrosine kinase, Fns-like tyrosine kinase-3, Aurora

ki nases, p21l-acti Ki nase- 4 nd. 3-. .4 phos bi i de- de
i ndse-1, "ean d metod Bty LBl a8 WETER R R e Gt orpound
haviong f dﬁﬁ %éﬂr SapsBtutdy dﬂ'ﬂns%hﬁ@ed—é‘[kﬁ' oﬁu@bﬁmted%rﬂﬁﬁib@hﬂlte% dndingdlRylL 2 are
i ndependentTy a bond, -S(Ori , - NH-, substituted or 9 unsubstituted
Cl- C5 al kyl ene, or substltuted or unsubstltuted 2to5 10 nenbered
het dr oal kyl ene, ver ei Fhscqmpaundiofclsizarl, Whengin ' isgubstitaied withiag lapg one
200 01 200 Y, ted

¢ dnsuREE s PRERI Ry MUBLRey s rber WG R P yhDORRATL s tRER bt
het & ocyrsubaltkigd hetstdastyll tsubﬁdut@ﬂ otlsdubsiitifed c@cloalk g1, avibstitutad orsunssbstituteed or
unsubstltuted het er oary . . The met hod of ¢laim58, wherein 2 L' and L2
ar e 4 ndeien 'ctllgylasut%tﬁated %@@ubstlw@aryL RI-EUbstifEsdiss s ihstifited hetegoaryl.
al kyl ene, or unsubstltuted 2 to 5 nenbered heteroal kyl ene. 1 60. The net hod

of gl aim 58, whergj o n 2 of cl ai m 58,
V\:heflei NA L and A2 are : ndepeﬂtﬁma cﬁmﬁ% GhertirPA? nddGe FRLTed

(R*)
|y
5, )4
2 R’ V),
3 wherein
4 y is an integer from O to 4;
5 R? is halogen, -OR’, -NR°R, -C(Z)R?, -S(0)+R’, -CN, -NO,, -CF3,
6 substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
7 substituted or unsubstituted cycloalkyl, substituted or unsubstituted
8 heterocycloalkyl, substituted or unsubstituted aryl, or substituted or
9 unsubstituted heteroaryl,
10 wherein two R*® groups are optiortally combined to form a substituted or
11 unsubstituted ring with the carbons to which they are attached, or
12 wherein one R?® and R' are optionally combined to form a substituted or
13 unsubstituted ring with the carbons to which they are attached.
1 43,  The compound of claim 42, wherein an R attached at position 3' is

2 combined with R! to form a substituted or unsubstituted ring.

1 44.  The compound of claim 42, wherein an R* attached at position 3' is

2 combined with an R? attached at position 4' to form a substituted or unsubstituted ring.
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2 substituted or unsubstituted aryl, or substituted or unsubstituted
heteroaryl. 1 62. The nethod of claimb58, wherein A° and A2 are

i ndependewmdl2gocdisibsti tuted or unsubstituted aryl, or 6POeEnNISeE8M26792
substituted or unsubstituted heteroaryl. 1 63. The nethod of clai m 58,
wherein 2 A2 is substituted with at |east one -C(Z)R8, wherein 3 Zis

N(R23), S, or 0, wherein R23 is hydrogen, substituted or unsubstituted 4
al kyll . or substit#ted Blaemﬂ@eka%%ewhww&ylﬁ—c@%ZssW@Aéﬁ

- NR1p4 Rl%RM IS be I { r
AL R, MRS RS SIS it SRS e et
subs$t i tthe edrbon tawhich®?P isatedhddetndrtbe yitogad toywhick RbSisiattedhed. or 8

unsubstituted aryl, or substituted or unsubstituted heteroaryl; and 9 R14,

R S et pus o o PERE St L PR e, SRR L el s abatrg, (ot 1

unsubstituted 11 cycloalkyl substituted or unsubstituted

het gr ocycl oal kyl, 4’/SUbSThééHrﬁiSb1ﬁﬂo¥8laﬁﬁ&gb§hér%hht>6ﬂ 13y is@F substituted or

unsubsti t ut ed het eroaryl. 1 64. The net hod of claim 63, wherein Zis 0 and
R8 is -NRL4R15 1 65. The nmethod of claim58, wherein sal d conpound is the

comdound of 2 cl48-m 1Thaceepoumdef glaimdd. vdierdn &' mssgachgd st Bpsitiatld pr ot ei n
kinase is a Bcr-Abl 2 kinase having a nutation selected fromthe group

congi sting of MA44Y, L . 2 S Y253H,
E255K, E295V, DR760 Fgﬁ%fml%?g%fCéﬁﬁr%eﬁe%msf%%%gfggﬁé& 2

PCT/ US2005/ 026792 4 T315A, F317V, F317L, MB43T, M51T, E355G F359A,
F359V, V3791, F382L, LBByé4mpdunHiz@6RimM39aRreis417Y, E459K and F486S. 1 67.
The net hod of claim66, wherein said protein kinase has a T3151 2

mit & ion. 1 68 A fethod for treati ng cancer, allergy, asthma,

i nf lzammat i on, sid-ughi ve airway di sease, aut oi nmune di seases, netabolic
di sease, inf ectl on, CNS di sease, 3 brain tunor, obesity, asthma,

hent ol ogi cal di sB} deattaOdie@einmsmqnvé anddr al di sease, 4 cardiovascul ar

di sease, or di sease associ at ed Wi t h angi ogenesi s, neovascul arization, or 5
vascul ogenesi s in bj ect h. treatnent, said nethod

com()irl si ng adm ni s eﬁljn% Ifaoutno ?Egﬁgg’ j%@%em therapeutl cally effective
amognt of the conmpeumnd of claiml.

3 yis 0; and

4 R is attached at positions 1 and 5.

1 52.  The compound of claim 42 wherein
2 xis1;

3 yis1;

4 R? is attached at position 3'; and

5 RY is attached at position 1.

1 53.  The compound of claim 42 wherein
2 xis1;

3 yis 2;

4 R is attached at positions 3' and 4'; and

5 R' is attached at position 1.

1 54.  The compound of claim 42 wherein
2 X 18 2;

3 y is 0; and
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1 69. The nmethod of claim68, wherein said cancer is |eukema or 2

nmyel oproliferative disorder. 1 70. A nethod for treating cancer in a

subj ect iwoneemisf23such treatnment, 2 said nmethod conpri ecmgsaedsioné7st eri ng
to the subject a therapeutically effective amount of a 3 conpound havi ng
the formula: NNH 7 A2 L2 L~ Al 4 (1), 5 wherein 6 L1 and L2 are

i ndépendent |y a booR  isspitgched at pgsition®4 | substituted or 7 unsubstituted
Cl-C5 al kyl ene, or substituted or unsubstituted 2 to 5 8 nenbered

het gr oal kyl ene, rei i i I 1 1 ﬁ;}%]'} Al and A2 are
i ndgpendent |y su\ll)\gfi tu?%ﬂCdﬁpcﬁ%gt?ggﬁgﬁgf %&grgf‘ogﬁls%{}?, lagubsti tuted or
unsubstituted heterocycl oal kyl, substi t(lp12 d or unsubstituted 11 aryl, or
substituted or unsubstituted heteroaryN|-1Y71. The nethod of claim 70,
wherein said cancer is |leukema or 2 rgye\k roliferative disorder. 1 72. A
pharmaceutical conposition conprising Q2pharnmaceutically 2 acceptable
exci,pi ent and a conpound having the f@fnula: 216 WO 2006/ 015123 vVT)
PCT/US2005/ 026792 N NH La L~ Al 3 (I'), 4 wherein 5 L' and L2 are ’
i ndgpendent | ywh&etaond, -S(O"-, -0-, -NH, substituted or 6 unsubstituted
Cl1-C5 al kyl ene, or substituted or unsubstituted 2 to 5 7 nenbered
het ér oal kyl ene, Whirasiateges 5o tp 3 eger from0 to 2: and 8 A and A2 are

i ndgpendent | y subgtoi;{ Hﬁ?g%ﬂ?[k?, n’s_gﬁﬁv p_gtg@sc_\sfb&ﬁs)k_\dm__&;su_%zi’ tuted or

unsubsti tuted heterocyc st’i tuted or Unsubsti tut’ed

6 substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
7 substituted or unsubstituted cycloalkyl, substituted or unsubstituted

8 heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

9 unsubstituted heteroaryl.

[a—y

56.  The compound of claim 55, wherein y is 1 and R* is attached at

2 position 3'.

1 57. A method of modulating the activity of a protein kinase comprising
2 contacting said protein kinase with the compound of claim 1.
1 58. A method of modulating the activity of a protein kinase selected from
2 the group consisting of Abelson tyrosine kinase, Ron receptor tyrosine kinase, Met receptor
3 tyrosine kinase, Fms-like tyrosine kinase-3, Aurora kinases, p21-activated kinase-4, and 3-
4  phosphoinositide-dependent kinase-1, said method comprising contacting said kinase with a
5 compound having the formula:
N —NH
L1
6 @),
7 wherein
8 L' and L? are independently a bond, -S(O),-, -O-, -NH-, substituted or
9 unsubstituted C;-Cs alkylene, or substituted or unsubstituted 2 to 5
10 membered heteroalkylene, wherein n is an integer from 0 to 2; and
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10 aryl, or substituted or unsubstituted heteroaryl. 1 73. A pharnaceuti cal
conposition conprising a pharmaceutically 2 acceptable excipient and a
conpound wevbespisize formula: H NN L 2' X1 L~ Al 3 R-pCWus2004/0md7@2 €in 5
L' and L2 are independently a bond, -S(0)"-, -0-, -NH, unsubstituted Cl-C5

6 al kyl ene, or unspbstijuted 2 to 5 nembered heteroal kyl ene, wherein n is
an 1177 i nt eger frofn and & gre igdependesntly S@%ﬁ%?’é‘éﬁ%ﬁ%@t‘q@a gyderlbyl,

unsubstituted aryl on g;qEE e SHRSH] 0, g i

he?%hoaryl; 10 A2 ﬁgkgﬁ%%fltulgghgﬁeuns%%g%#%%#%H&%ﬁgﬁggﬁﬁg%gﬁgﬁ%%?%tuted
or nsubstituted idlhetabstioyed oaddsybstitstadattetoatyd¢d or unsubstituted aryl,
or substituted or 12 unsubstituted heteroaryl; 13 Rl is hal ogen, -OR5,
-NR6R7, -C(2)R8, -S(O , =CN, -NC2, -CF3,. substituted 14 or

unsudbsti tuted al k¥, sﬁ%@?‘thafleédamé%{s‘%%@int uted heteroal kyl, substituted
or 515 unsubsti t%E&d%ré’ﬁld'é%{éndeﬁﬁ%Bbﬁdftﬁcib)gf - sNbishirstib@hted C,-Cs

het erocycl oal kyl , 16 substituted or unsuBstitufed’aryl’, or substituted or
unsbstalkylems ohemsubpttuted 2 tolymémbiesed-hefeRyatkyle® R2) (R3) -, -N=, -N(R) -, -S-,
or -0-; 18 R2 and R3 are independently hydrogen, hal ogen, -ORS, -NR6R7,

- R8, 19 -S(O , = = - Lt 2 [ )
suC(b %i t ut ed or( éqdigvbr%@g%%i%%%%%%g; l(%@%%%%génﬁ&;zys: :JE 5?egl <!

het eroal kyl, substituted or unsubstituted cycloalkyl, substituted 21 or
unsybstituted heter.ocyThomehih of slats 58] wh&dindk' andsarbat indepedieatty! , or 22
substituted or unsubstituted heteroaryl; 23 R4 is hydrogen, -C(O RS,

- S( Q) 2Rubstityted or unsibsttugnd airs AbIOPEcdPr angupstitutesheterpadl t ut ed or

unsubstituted heteroal kyl, substituted or unsubstituted 25 cycl oal kyl,

substituted or ungubstiflted Betef06%8 QRbKHI AL S0 ik WRHeRlently

2 substituted or unsubstituted aryl, or 6-membered substituted or unsubstituted heteroaryl.

1 63. The method of claim 58, wherein

2 A2 is substituted with at least one -C(Z)R®, wherein

3 Zis N(R®), S, or O, wherein R* is hydrogen, substituted or unsubstituted

4 alkyl, or substituted or unsubstituted heteroalkyl;

5 R3 is hydrogen, -NRMR', -OR'®, substituted or unsubstituted alkyl,

6 substituted or unsubstituted heteroalkyl, substituted or unsubstituted

7 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

8 unsubstituted aryl, or substituted or unsubstituted heteroaryl; and

9 R R'® and R'® are independently hydrogen, substituted or unsubstituted
10 alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
11 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
12 unsubstituted aryl, or substituted or unsubstituted heteroaryl.

1 64. The method of claim 63, wherein Z is O and R®is -NRM“RP,

1 65.  The method of claim 58, wherein said compound is the compound of

2 claim 1.

66.  The method of claim 58, wherein said protein kinase is a Ber-Abl
2 kinase having a mutation selected from the group consisting of M244V, 1248V, G250E,
3 G250A, Q252H, Q252R, Y253F, Y253H, E255K, E255V, D276G, F311L, T315I, T315N,
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26 unsubstituted aryl, or substituted or unsubstituted heteroaryl; 27 Zis
N(R23), S, or 0, wherein R23 is hydrogen, substituted or unsubstituted 28
al kyl , orweubssdisizsed or unsubstituted heteroal kyl; 29 wcirassassiond7eger from
0to 2; 30 R5 is independently hydrogen, -CF3, substituted or unsubstituted
al kyl, 31 substituted or unsubstituted heteroal kyl, substituted or

uns#bstTXaAe 3 BV.dAd76aMa¢B T, MABLT.i B306u Fa59 AriEiiny:s VBuPE &3kl -dr 375! oal kyl
substi t i |, or substituted or unsubstituted
het ér o%ﬂ%?’ %9%’%aﬁg§;%§§$%%§gé%%§ndent | y hydrogen, -C(O R10, -S(O 2R11,

substituted or 35 unsubstituted al kyl, substituted or unsubstituted

het ¢r oal kyl, subs37.t ut’He méthodB6f ¢lnisu b6 twhendia daid\pedtoml Kiydse haupdBiflut ed or
unsubstituted heterocycl oal kyl, 37 substituted or unsubstituted aryl, or
subst i t4#t8#Br unsubstituted heteroaryl; 38 RL0 and R' are independently
hydrogen, -NRL2Rlg substdqt it i tdf ULiBRha i hmasidRst i tuted or
unsgbsti t ut ed heR'g%r' oaI‘ﬁﬁ#ﬁdglu%g%r?{tg%&%ﬂ%%’ug%oé}{insubgii t ut 36 cycl oal kyl ,
sub8gt i tobsieactoe aimmaiybisdehde, hedinater disgastsp alekaplolic diseasabimfaction. NS disease,
unsybstituted aryl, or substituted qr..unsubstituted heteroaryl; 42 R12 and
RL3 Sar OTHRATHERAEFY, SR G O I G S GO (ST GGt eal kyl . 43
subgt tc'a'ﬁT?S‘va@EulHﬂﬁk@é%,'otr WisBskehBiRIAR With ang@bBsebik WeBdasRllatipsitas bt t ut ed 44
cycloal kyl, substituted or unsubstituted heterocycl oal kyl, substituted or
45 6Gnsuhstulogenesls ar subjest irsnded toff suthgtbapmeninsaibeieihod cethphising edministeriag RS i s

i ndependent | y. hydrogen, .- NR14R15, -OR16, .substituted.qr. unsubstituted 47
al kyl, '€ ﬁ%ﬁ‘%ﬁﬁ{%ﬁle&peﬂ%@ﬁgﬁﬁﬁ‘f%ﬁnﬁgﬁ%l%%@%‘ﬁ%&@ Yuted or
unsubstituted 48 cycloal kyl, substituted or unsubstituted

het gr ocycl oal kyl ,s6ubstid MEREd 6Ff clath® 68NShedsihishidicatceariylenkamiasubst i t ut ed or
unsubstituted heteroaryl; 50 R14, R15, and R16 are independently hydrogen,
subgt i tmy«deprefifagtigskitordeit ed 51 al kyl, substituted or unsubstituted

het er oal kyl , substituted or unsubstituted 52 cycloal kyl, substituted or
unsybstituted hetgyocygl i 23 i |, or
subgti tuted or un&bst%t@%&@%@t@%ﬁ%dfﬁ&q@%gﬁ%&é%%%%%éf%%mw
PCTAUS2Q0b6m6R6d 98mpHsiig aimiristeldpetodbasubyedy ¢ drcvgpentica lybeffdactive adoart of a
unsubstituted al kyl, substituted or 55 unsubstituted heteroal kyl,

subst i tqorEwusd harag B formelad cycl oal kyl, substituted 56 or unsubstituted

het erocycl oal kyl, substituted or unsublstigyted aryl, or
|
20

4 O,
5 wherein
6 L' and L? are independently a bond, -S(O)y-, -O-, -NH-, substituted or
7 unsubstituted C;-Cs alkylene, or substituted or unsubstituted 2 to 5
8 membered heteroalkylene, wherein n is an integer from 0 to 2; and
9 Al and A? are independently substituted or unsubstituted cycloalkyl,
10 substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
11 aryl, or substituted or unsubstituted heteroaryl.
1 71. The method of claim 70, wherein said cancer is leukemia or

2  myeloproliferative disorder.

1 72. A pharmaceutical composition comprising a pharmaceutically

2 acceptable excipient and a compound having the formula:
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57 substituted or unsubstituted heteroaryl, wherein if wis 2, then RO may
58 optionally be -NR 17R18; and 59 R17 and R18 are independently hydrogen,
subst i t utwo 2006/upREbst i t uted al kyl, 60 substituted or wosussdostoed7er

het er oal kyl , substituted or unsubstituted 61 cycl oal kyl, substituted or
unsubsti tuted heterocycl oal kyl, substhtuted or 62 unsubstituted aryl, or
substituted or unsubstituted heteroary wherein R6 and R7, R12 and R13,
R14 and R15, and R17 and R1§ are) 64! i pdepgend
the nitrogen to which they aré? ¢

unsubsti tuted heterocycl oal k
5-m8nbered heteroaryl. 219

ntly, optionally joined with
Qr m substi tuted or
gd or unsubstituted

@,

4 wherein

5 L' and L% are independently a bond, -S(O),-, -O-, -NH-, substituted or

6 unsubstituted C;-Cs alkylene, or substituted or unsubstituted 2 to 5

7 membered heteroalkylene, wherein n is an integer from 0 to 2; and

8 Al and A? are independently substituted or unsubstituted cycloalkyl,

9 substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
10 aryl, or substituted or unsubstituted heteroaryl.

1 73. A pharmaceutical composition comprising a pharmaceutically

2 acceptable excipient and a compound having the formula:

N H

N
N
A2 sz
2V L1
R Iv),

3
4 wherein
5 L! and L? are independently a bond, -S(O),-, -O-, -NH-, unsubstituted C;-Cs
6 alkylene, or unsubstituted 2 to 5 membered heteroalkylene, wherein n is an
7 integer from 0 to 2;
8 Al is a 6-membered substituted or unsubstituted aryl or 6-membered
9 substituted or unsubstituted heteroaryl;
10 A? is substituted or unsubstituted cycloalkyl, substituted or unsubstituted
11 heterocycloalkyl, substituted or unsubstituted aryl, or substituted or
12 unsubstituted heteroaryl;
13 R! is halogen, -OR’, -NR°R’, -C(Z)R?, -S(O)R’, -CN, -NO,, -CF3, substituted
14 or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
15 unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
16 substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
17 X! is -CR?=, -CRHR?)-, -N=, -N(RY-, -S-, or -O-;
18 R? and R? are independently hydrogen, halogen, -OR%, -NR°R’, -C(Z)R®,
19 -S(0)wR’, -CN, -NO,, -CF3, substituted or unsubstituted alkyl, substituted or
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unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl,

R* is hydrogen, -C(O)R®, -S(0),R", substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl;

Zis N(R™), S, or O, wherein R? is hydrogen, substituted or unsubstituted
alkyl, or substituted or unsubstituted heteroalkyl;

w is an integer from 0 to 2;

R’is independently hydrogen, -CFs, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R® and R are independently hydrogen, -C(O)R'’, -S(0),R !, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R'" and R! are independently hydrogen, -NR'?R", substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R'? and R" are independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R?® is independently hydrogen, -NR'“R"®, -OR'®, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R" RY , and R'® are independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl;
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55
56
57
58
59
60
61
62
63
64
65
66
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R’ is independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl, wherein if w is 2, then R’ may
optionally be -NR'’R'®; and

R and R"® are independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl,

wherein R® and R’,R"? and R!®, R and R, and R and R™® are,

independently, optionally joined with the nitrogen to which they are
attached to form substituted or unsubstituted heterocycloalkyl, or

substituted or unsubstituted 5-membered heteroaryl.
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