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shown below:

Although methods of preparing such compounds were previously referred to in
U.S. Patent Nos. 6,534,524 and 6,531,491, there remains a need in the art for new
synthetic routes that are efficient and cost effective.

The discussion of the background to the invention herein is included to explain the
context of the present invention. This is not to be taken as an admission that any of the
material referred to was published, known, or part of the common general knowledge in
any country as of the priority date of any of the claims.
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The present invention relates to methods of preparing compounds of formula 1
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wherein X is an activated substituent group, to form the compound of formula 1. in one
embodiment R' is CH=CH-(5 to 12-membered) heteroaryl. In a further embodiment the (5
to 12-membered) heteroaryl group in R' is pyridinyl. In another embodiment R* is (C1 to C1y)
alkyl. In a further embodiment R? is methyl. In another embodiment each R® is hydrogen.

20 In one embodiment, the reaction described above is carried out under conditions
comprising a catalyst. In one embodiment the catalyst is Pd or Cu. In a further
embodiment the catalyst is Pd(OAc),, and the reaction conditions further comprise a ligand
that complexes with the Pd catalyst. One embodiment the ligand is P(o-Tol)s. In a further
embodiment the reaction conditions further comprise dimethylacetamide as a solvent,

25 Proton Sponge as a base, LiBr as an additive, and the reaction is carried out at 110°C.



to 12-menbered) heteroaryl group in Rl is pyridinyl.
I n anot her enbodinent R2 is (G to Cl2) alkyl. In a

wo eooblogs74enbodi nent R2 is nethyl. | n another ePGDUB20EM103297
each R3 is hydrogen. In one enbodi nent, the reaction
descri bed above is carried outaunder conditions
conprising a catalyst. In one enbodi nent the catal yst
is Pd or Cu. In a further enbodi ment the catalyst is
Pd(QAc) 2, and the reaction conditions further
conpr i sénether aspRet ethibe eewAsE dwedionirelRtes e Pdnathadagyrreparing a
Oneorepdaad offemiuld 13, dr b @aarthacaitidd(yQctedtgbbe saktor solfatythdner,
enbodi ment the reaction congditions furtfer conprise
di met hyl acet am de as a sol x Proton Spenfe as a
base, LiBr as an additive} sgactfon i%scarried

out at 1100C An & ‘ ' ; R | nhvention
relates to a ng ] : D d of fornul a
a, or a pharmacgeutiycal ly acceptabl e sa or sol vate

t hereof, the method conprisimg reacting a conpound of

f f
cgwnﬁo?m% S @@&“ﬁg‘é"é’éf%ﬁ‘ﬂ%‘* i ZonB M bima s

this reaction fi.s carr| ed o hder conditions

conprising Rd or as_q catjal yéatH3 In one enbodl ment
the catal yst \i s c) d wherein t civen
condi tions frthey orrprl/se (O-Tol)3 a a I | gand t hat

conpl exes with the Pd catalyst. In a fur
embodi ment the ngaction condi tions further coarprl se
Proton Sponge as a base, LiBr as an additive,
}Pefpmﬁhﬁ 8%'%%%“?{ af fBV"W hm one QarB%lqr GI“P%WEnta@S éeactlon is carried
sobmemuer @ndltionk esreprizing Rg or €ack ia@atalyst. dapbné edb@intentihe @atalyst is

t e%ﬁ 5 ugr% \%ere"i'rp 9\ r@a&lgp Q&fi%éﬂﬂ%ﬁ%ﬂ?ﬂ?@erﬁg%ol ha@ a ligand that

carrle
| nOETRIPSR ih e PRIcaiEbat 115 aaf%wwmjmewt the geactianrranditiops further

10 Whesprige Frotdn sp@hgx & £ base, dadriaved a'ﬂaﬂve,, arfar dnﬁhethylacetamlde or N-

ph%r @Ff ﬁ%‘ro?@one%§ %C?ﬁ‘\/ rﬁ%abld%h%rae{n thé) Feaét?onvl? Eamécp out t aftemperature

InoO
f 0PFAP040 220°6r lr@npwawmﬁuemtthecraaqtuyn ﬁ@e@p@ awwmcapt or

sol vat e Thé plesstt mVé\ﬂio@ﬁB&%Mtesit@ye(ﬂﬁéd&ﬁd alteorofmaliag es to
a nmethod of prepari ng a conmpound pof formula 2, or a
phar maceutically a?\ept abl e sal't vat e t hereof,

conpr|S|ng reacti Rg a oung

13

15 where R% R® and X are as defined above, or a pharmaceutically acceptable salt or solvate
thereof. In one embodiment of the invention is a compound of formula 2a

H NN
\/C . N\
[

or a pharmaceutically acceptable salt or solvate thereof.
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In a further embodiment the reaction is carried out under conditions comprising Pd or Cu as a
catalyst. In a further embodiment the catalyst is Pdy(dba)s, and the reaction conditions
further comprise Xantphos as a ligand that complexes with the Pd catalyst. In a further
embodiment the reaction conditions further comprise CsOH as a base, and
dimethylacetamide or N-methyl-2-pyrrolidone as a solvent, and the reaction is carried out
at a temperature of 60 to 80°C. For example, the reaction can be carried out at 70°C.

The present invention further relates to a method of preparing a compound of
formula 4-a, or a pharmaceutically acceptable salt or solvate thereof, by reacting a

compound of formula §-a with .
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where R, is THP or Boc, or a pharmaceutically acceptable salt or solvate thereof. In a
further embodiment is a compound of formula 7a where R, is THP. In a further
embodiment R;, is Boc.

The present invention further relates to a compound of formula 8
Rp
! NN
7 AN

N s R2
R1
R® 8

where R', R}, R®, and R, are as defined above, or a pharmaceutically acceptable salt or
solvate thereof. In a particular embodiment the invention relates to a compound of formula
8-a
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where R, is a suitable protecting group. In one particular embodiment is a method of
preparing a compound of formula 1-a, or a pharmaceutically acceptable salt or solvate
thereof
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where X is an activated substituent group, to form the compound of formula 8. In one
particular embodiment is a method for preparing a compound of formula 8-a, or a
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where R?, R®, Ry, and X are as defined above, the method comprising adding a suitable
protecting group R, to a compound of formula 2.
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In one particular embodiment is a method of preparing a compound of formula 7-a, or a

pharmaceutically acceptable salt or solvate thereof
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where R® is C=C-R*, and R® is optionally substituted with 0 to 4 R® groups, and R?, R®, and
R® are as previously defined, or a pharmaceutically acceptable salt or solvate thereof, In

one particular embodiment is compound of formula 10-a
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CHa
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15  or a pharmaceutically acceptable salt ¢t solvate thereof.
Another aspect of the present invention relates to a compound of formula 11



Anot her aspect of the present invention relates to a
nmet hod of preparing a conpound of fornula 12, or a
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t he net hod conpr.i sing reacting a conpound of fornula 3
a wth a conmpound of formula &a-0 produce a conpound
of formula 12. I n one enbodi nent the reaction is
carried out under conditions conprising Pd or Cu as a
catalyst. In a further enbodinent the catalyst is
Pd2(dba)3, and the regttion conditi™
conpri se Xant phos asy’a
Pd catalyst. In a fu\th. )
conditions further cpnpr
di met hyl acet am de or N-nethyl -
solvent, and the reaction is Carrieg™out at a
tenperature of 70 to 9Q0C. I n ame particular
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and b)
where R®, R?, and R® are as defined previously, the method comprising reacting a
compound of formula 2 with a compound of formula R°H

(8]

R®

where X is an activated substituent group, to form the compound of formula 10. In one
particular embodiment is a method of preparing a compound of formula 10-a, or a
pharmaceutically acceptable salt or solvate thereof



separating solid material fromthe organic phase.
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di scussed below. The listing in this definitions
section of typical substituentsidis exenplary and is
not intended to limt the substituents defined
el sewhere within this specification and clains. As
used herein, the ternms "conprising" agd "including"
are used in their open, nofliniting sehsell The term
"reacting," as used herei s-s{ 0 d chem ca
process or processes in € D or e reactants
are allowed to cone int Wi t ch other to
effect a chem cal changé or transfor on. For
exanpl e, when rea A and®eactant B are allowed to
cone into contact \wWi th each other to afford a new
chem cal conpound(s)”  C, Ais said to have "reacted"
wi e Bethas! gompeisieereectingiagomequad opfontide 2-a wEh a compaind @f formula 9.
herein, refers to a procesg in,which a fun\ilona
group in a chégj : '§ sel ectively
a non- reacthe f joup ¥h order to a

are herein ter rred prp; groups." For exanpl e,
the term "hydroxyl protecting group,” as used herein
refers to those groups that are capable of selectively
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10  where R', R% and R® are as defined previously, the method comprising reacting a
hydrogenating reagent with the compound of formula 10
i N

6
R 2 10

where R® is as defined previously. In one particular embodiment the hydrogenating
reagent is HoNNH,. In a further particular embodiment the stereochemistry of the double
15 bond in the R' substituent of formula 1 is in the E orientation. [n a further particular
embodiment the stereochemistry of the double bond in the R' substituent of formula 1isin
the Z orientation. In a further particular embodiment is a method of preparing a compound
of formula 1-a, or a pharmaceutically acceptable salt or solvate thereof



the processes and nethods of the present invention are
known to those of ordinary skill in the art. The
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for their introduction and their renoval can be found,
for exanple, in T. Geene and f2- Wits, Protective
G oupsin Organic Synthesis (3rd ed.), John Wley &
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i ncl udi ng the approprlate cor 3 eagents, are
known to those # [ ' The term
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hydrogenating reagent is HoNNH,.



(PhO) 2POCI neans chl or odi phenyl phosphate, "HC " neans
hydrochloric acid, "EtOAc" neans ethyl acetate,

WO Dg08344 neans sodi um car bonate, "NaOH' mnmeansPEDTB2005/003297
hydr oxi de, "NaCl" neans sodium chloride, "NEt 3" neans
triethylamne , "THF" neans tefa-ahydrofuran, "DIC'
means dii sopropyl carbodiimde, "HOBt" neans hydroxy
benzotri azol e, "H20' neans water, "NaHCO3" neans
sodi um hydrogen carbonate, "K2CO3" neans potassi um .
car bonafgothenesnaet pfelif sPrRganh isition “platep dpca Mehges of preparing a
| SeaHsduvd oEreRiual | or 4 PiaBREs BN copRgBesl oimsobelefiahey
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chloride, "CH2CI " neans net hyl eneXghingri de, " MIBE"
means met hyl t-butylN® : "DNF" means ®N. N- di net hyl
formam de, "DVA' neans h methytgcet.am de, " SOClI 2"
means thionyl chloride, HPHA" @ phosphori c aci d,
"CH3SOBH' neans met hanesul fori € acid, " AE20' neans
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! D?b%%tﬁ%gﬁs 1, 2- bi s(di phenyl phosphi ng) et hane, " NW"

means N-met hyl - 2-pyrrolidore, and " DVAP aRs

4- di met hyl am nopyri di ne. sed\ her gi n e term " ClL
to C12 al kyl " h¢ anched- chai n
saturated hydrg to Ay bon at ons
whi ch may be ubstit one or
nore substituegts,n Exanples of Ci to G al kyl

10groups i nclude Wet hyl, ethyl lapropyl, 2-propyl,
n-butyl, /so-butyl, fe/f-butyl, pentyl, and the Iike.
Sim'larlg/ the termCl to C8 al k%/)l refersrqho a ..
st 1% TBFPed GompHting RIS ARIMROWR Ol PR W -UraPlsight or to heat.
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Another aspect of the present invention relates to a method of preparing a
15  compound of formula 2-a

N\/ i: i s \CHg
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2-a

or a pharmaceutically acceptable salt or solvate thereof, the method comprising reacting a
compound of formula 12



substituents. The term"C2 to C8 al kenyl", as used
herein, nmeans an al kyl noiety conprising 2 to 8

we aboms4havi ng at | east one carbon-carbon doubtCEIER008403297
The carbon-carbon doubl e bond in such a group may be
anywhere along the 2 to 8 carb@n chain that wl|
result in a stable conpound. Such groups include both
the E and Z isoners of said al kenyl noiety. Exanples
of such groups include, but are not limted to,
ethenyl, propenyl , Qutenyl al lyl, pgnt enyl . The
term"allyl," as wsbo s
group. As used he ein,
an al kyl noiety ca
and having at |east one vriple bond. The
carbon-carbon triple bond in sucR_a grpup may be
anywhere along the 2 to 8 carlon cke that wll
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fused bi cyclic ring,jor a nultlcycP\Q fused ring (a
"fused" ring syst%nf hat each ping \\n the system
shares an adjacent\pal ps wi £ each
other ring in the (n one or nore of
the rings may contain o e bonds, but is
non-aromati c. Exanpl es, w thout dation, of C3 to

G 2 cycloal kyl groups are cyél oprepane, cycl obut ane,
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to produce a compound of formula 12. In one embodiment the reaction is carried out
under conditions comprising Pd or Cu as a catalyst. In a further embodiment the catalyst is
Pda(dba)s, and the reaction conditions further comprise Xantphos as a ligand that complexes
15  with the Pd catalyst. In a further embodiment the reaction conditions further comprise CsOH
as a base, and dimethylacetamide or N-methyl-2-pyrrolidone as a solvent, and the reaction
is carried out at a temperature of 70 to 90°C. In one particular embodiment the reaction is
carried out at a temperature of 80°C.
Another aspect of the present invention relates to a method for reducing the amount
20  of palladium in an organic phase, the method comprising contacting the organic phase with
1,2-diaminopropane and DIPHOS to afford an organic phase wherein the amount of



are not limted to, phenyl or naphthy!. The terns "Ph"
and "phenyl," as used herein, nean a -CSH5 group. The

wo evorioddyenzyl , " as used herein, nmeans a - CH 2(B¢B1B2005/003297
group. The term"5 to 12-nenbered heteroaryl" as used
herei n, means an aronmatic het-esocyclic group having a
total of from5 to 12 atons in its ring, and
containing from2 to 11 carbon atons and from1l to 4

het er oat ons each i ndependently selected fromQ, S and
N, Padiul tth ‘%%ﬁe”}ﬁl" olfii ¥ tOFRNICt PSR | PEProto §8"t60*'@9 otify said 1.2-
do@mntv@propait {id IDIPMOS Al ApBiulaCembaiifie) thé Waouwmdpfa@idtfium in the
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10 belsalmmlaekehlemyfl‘om trengoupicaasistipd ,of beetzaovbaod yétrahydrofuran; and b)
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furo yridin et eroaryl groups may be
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roup derived Trom i
15| m“’db!ﬁﬁllswﬁyflcatlwmdt%ﬁ%d) or imdazol - 3- yI

( C— attage aééd heFet@ AR e Eorhpfisingednd MABIOENG lakeCused in their open, non-
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to "E)])}'P? nge ran fN ophene pyrazole imdazol e
(pyrrol yhg te(rrh dreaetipb )’ ag upbddosheimyefprs tpprceheroicslipyocess or processes in

(1 (ohRA%A ¥ thore reactants are allowed to come into contact with each other to effect a
20 chemical change or transformation. For example, when reactant A and reactant B are
allowed to come into contact with each other to afford a new chemical compound(s) C, A is

said to have “reacted” with B to produce C.
The term “protecting,” as used herein, refers to a process in which a functional
group in a chemical compound is selectively masked by a non-reactive functional group in
25 order to allow a selective reaction(s) to occur elsewhere on said chemical compound.
Such non-reactive functional groups are herein termed “protecting groups.” For example,
the term “hydroxyl protecting group,” as used herein refers to those groups that are
capable of selectively masking the re‘activity of a hydroxyl (-OH) group. The term “suitable
protecting group,” as used herein refers to those protecting groups that are useful in the
30  preparation of the compounds of the present invention. Such groups are generally able to
be selectively introduced and removed using mild reaction conditions that do not interfere
with other portions of the subject compounds. Protecting groups that are suitable for use in
the processes and methods of the present invention are known to those of ordinary skill in
the art. The chemical properties of such protecting groups, methods for their introduction
35 and their removal can be found, for example, in T. Greene and P. Wuts, Protective Groups



i soxazol e oxazol e isothiazole thiazolyl 1,2,3-triazole
(i soxazol yl) (oxazolyl) (isothiazolyl) (thiazolyl) ( 1
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1- oxa- 2, 4-di azol e 1-oxa-2,5-di azole ( 1
,3,4-triazo|y|) (1-oxa-2,3-dLa50Iy|)
(1-oxa-2,4-diazolyl) ( 1-oxa-2,5-diazolyl) OB < NN N
LJ 1-oxa-3, 4- diazole 1- thia 2, 3-di azol e
1-thia-2,4-dj azol ¢ 1-th 5-di azol e . o
(1 lerrga@c §yr&he§§o ‘33" gd )( iohp M/@y é(’ Spng; MY 41 %9?)) The terms “deprotecting,
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beng @Etfv'a@a @b&tlﬂ&ﬁtrg}?&@[ pecats® @VJWSCQUBQItUtlon reactions to take place at the
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10( py(crhicmti@ [bRrBdes Jadide), dotivale) h;(qmgnyrgrbm:{sge 8- friflgte, rdésyiate) and tosylate),

ﬁ@b, O,?,,ug] tpyrl di ne i mdazo[ 4, 5-b] pyridi ne
| m dazo érl di ne pyrazol o[ 4, 3-

d] p di ne
(pyrrol [‘% tQm’b] W‘?%WP%G ('"P?‘?fsdé%o/["ﬁy ’%]Tﬁtfﬁr"?eényh%pj“ha'e“e'1'8‘
(i aiachizopith the Rligpng stiuaioke) (pyrazol o[ 4, 3-d] pyi di nyl)
pyrazol o[ 4, 3-c] pyri di ne pyr gzl ojch.4 c] pyri di ne

hO[ 3, 4- c] pyi di nyl)
yl') indazol e purine

pyrazol o[ 3, 4-b] pyri di ne i soi ndol
i ndolizine imdazo[l ,2-a |m'dazo[1

(pyrazol o[ 4, 3-c] pyi di ny!) m
0
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15’ A "solvate" is intended to mean a pharmaceutically acceptable solvate form of a
specified compound that retains the biological effectiveness of such compound. Examples
of solvates include, but are not limited to, compounds of the invention in combination with
water, isopropanol, ethanol, methanol, dimethylsulfoxide (DMSO), ethyl acetate, acetic
acid, ethanolamine, or mixtures thereof.

20 As used herein, the following acronyms are defined as follows: “Et" means ethyl,
“Ac” means acetyl, "Me" means methyl, "Ph" means phenyl, “Cy” means cyclohexyl,
(PhO),POCI means chiorodiphenylphosphate, "HCI" means hydrochloric acid, "EtOAc"
means ethyl acetate, "Na,CO;" means sodium carbonate, "NaOH" means sodium
hydroxide, "NaCl" means sodium chloride, "NEt;" means triethylamine , "THF" means

25  tetrahydrofuran, "DIC" means diisopropylcarbodiimide, "HOB" means hydroxy
benzotriazole, "H,O" means water, "NaHCO3" means sodium hydrogen carbonate, "K,CO3"
means potassium carbonate, "MeOH" means methanoi, "-PrOAc" means isopropyl
acetate, "MgSO," means magnesiuin -sulfate, "DMSO" means dimethylsuifoxide, "AcCl"
means acetyl chloride, "CH.Cl," means methylene chloride, "MTBE" means methy! t-buty!

30  ether, "DMF" means N,N-dimethyl formamide, “DMA" means N,N-dimethylacetamide,
"SOCIL," means thionyl chloride, "H3PO," means phosphoric acid, "CH:SOsH" means
methanesulfonic acid, " Ac,QO" means acetic anhydride, “CH;CN" means acetonitrile, “KOH"
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( gh&‘pmﬁé)kﬁn%é diDwPs(Beahs r’lapm;(ﬁMhér@lﬂﬂ&ép}nno)ethane “NMP” means

i ne
pyr | eﬂ%{% ero %dg% i gi'\ﬁﬁkep E% %F@@%W%{}Wg]ﬁ?dl nyl)
(pyri d6p asR- gy rtheriedn ity qumywl"d@[resems@] rgightrodiraydnpd-chain

p)ééthr@féﬁ Syo8drBoH béﬁtéimmge1 RY %2 éaibén %toh]sﬂb/ﬂn@hzﬂné‘ﬁ b®YihduBettded or
Zl ne

(6%5 @%F Y325 é’p%grfl ?'&92{51“9(1% %@6‘{%3545}5# ppr G alfgy| groups include

pyrmethyi, éthjiSpropyl] Bpropyii utbutg, ipy-butyli feafoRlyB pbitpyamizthedke. Similarly,
?Yr{e' AR %[1 4to 5ceP'L Wl‘ef@rsdfonie sttt & Blhiched-eitbi ¥4tlHed! iYtokarbon

yrazi nyl)
( ﬁg,qiz—plwpgjb 043 Sara?'b?PmﬁfNa'PmS}’la)’ bg-Hesupglftyipd e supstituted by one or more
13ubsetbes.ed het erocycl oal kyl ," as used herein, nmeans a

nonar og‘ﬁ% eﬁ‘n "ﬁg%cﬁﬁﬁleﬁy?‘ asth'sgcy ﬁé %‘ﬁ’rpé{nis%}{Q‘gill%oi%récomprising 2to

tetracyclic group°havi’n
i § qatbeng hﬁg\gsgﬁs%?honaﬁar eoeareaMAcYgler odrh Ihe gambpnEaip gouble

abetsin 30h af gr@mb m@ bte@nivmufe é]@:tgeth@att@mama@ bham that will result in a
| nplgl ennqe u Srsqgh e%u S lu o({]zl andd%l?s mers oWsa:d l‘i<e I moiet
plsg ) Pchgf’ el 5 0F 1S A Fou TR ZOnhFATH Y.
t waarapl¢sadf sHeh @oapoimsiuds; butvise el |mj@ﬁt’to Sthenyneropenyl, butenyl aliyl,
FUhd PRRAPI Ghe %f'ﬁhal@ 14 udedr H'éﬂm)‘ﬁ{e%ﬁs heteiperFH, @@hbyl
0 oup e ANl i % D) 8 rp e b Bl o 2
exadrpdregn serohard Gpvingt lvast ooe narapmcabondripe aersin Boe carpon-carbon
aYiild R B £BR DY mdY de NPRTE-ALIBRY the'2GH 8RaBbR Eidin that will result
in a stable compound. Examples of such groups include, but are not limited to, ethyne,
propyne, 1-butyne, 2-butyne, 1-pentyne, 2-pentyne, 1-hexyne, 2-hexyne, and 3-hexyne.
"Cs; to Cy, cycloalkyl” refers to a 3- to 12-member all-carbon monocyclic ring, an
all-carbon 5-member/6-member or 6-member/6-member fused bicyclic ring, or a multicyclic
fused ring (a “fused” ring system means that each ring in the system shares an adjacent
pair of carbon atoms with each other ring in the system) group wherein one or more of the
rings may contain one or more double bonds, but is non-aromatic. Examples, without
limitation, of Cs to C4, cycloalkyl groups are cyclopropane, cyclobutane, cyclopentane,
cyclopentene, cyclohexane, cyclohexadiene, adamantane, cycloheptane, cycloheptatriene,
and the like. A cycloalkyl group may be substituted or unsubstituted. Illustrative examples
of cycloalkyl groups are derived from, but not limited to, the following:



may contain nore than one oxo substituent if

chemcally feasible. In addition, it is to be
wanaensg7aod t hat when such a 5 to 12-nenber ed PCT/IB2005/003297
het er ocycl oal kyl group contains a sulfur atom said

sul fur atom may be oxi di zed wiigsh one or two oxygen

atons to afford either asul foxide or sulfone. An

exanpl e of a 4-nmenbered heterocyclic group is

azetidinyl (derived fromazetidine). An exanple of a

5-menbered heterqgyclic oroup |az- and an
exanpl e of & 10 er er|p D |s

qui nol i@l Fur o s

het er ocycl’ a|<yl oroups |nclude ) -t ]
to, [jaﬂﬂil’f i"lil"' yGf o 3
t et I ern

t et r &bydrothi opyk

t hi onor phol i no, thi oxa p| per azi

oxetanyl, thietanyl, hn -o|per|d|n I, oxepanyl,
d opi nyl , rgzepi nyl,
ety /25y,

thiepanyl, oxazepinyl
1,2, 3,6-tetrahydropyr
3-pyrrolinyl, indolinyl Zkkpyranyl 4prrany|
di oxany - Ianyl razolin di t

54i t hi ol g?ﬁ/ 0‘? de"%/r g %De% ha{eﬂ'y alre%?s‘ﬂ %ﬂ% derlvgc; from an aromatic
di hydircefban amyalnlngypramb il Acarhén atpms. d&zeoipies pf $uch groups include, but
' %%%Pﬂidufébw Z[ﬂl'nel:i)y'l o%@ﬁ’thﬁqu’[eﬁn; Fq)l] QW@E@H I,” as used herein, mean

-azabi c pt any
un”ﬁ%?ﬁi5 E%H?fl hertggn tbé'i‘zﬁﬁ a@us?cbhe&q@ ”éefat@%ﬁyc"'?céﬁég@“? 0 an
-0 (G e @2 9@ yhdmgnbarpd helemagi' s’ (3bdterdlh, - rh@ans an aromatic

aI h%{tjera é) ﬁcbq?@pqﬁbfnﬁg%tﬁ?pﬂ%& 5 Belﬁra?o%%'?%‘?strlng n‘é’&émh‘ﬁ& from 2 to 11

pr éﬁbewaforaﬁ andbiierat o 4 hﬁ*ém@@meae!sinti@eﬂﬂezthaﬁm@ﬁ;fmm O, Sand N,
r efaﬁfﬁthttﬁb @rawsdz)wat(tmng of éaid2grarpydo)es 6t @dHain WMaLIIREENt OGEoms or two

ﬁ%ﬁegt sa atﬁ@F u:gri ﬁegeur?cy% c g?oHB% I%F:lg?nnl?eé) ei’ﬂseds'nnnt aétems Elxﬁgples of
t eawmati:s he@rmcztmcgr@upgaarkd@wdlnvlefr@wowb m(r frqummlp p.yrazolyl triazolyl,
15C) pfrﬁfmﬁ OtefrazdlVE Y fu aﬂhiélﬂ'l) isom%fyﬂtﬁiagﬁ/l t&(agél? isothiazolyl, pyrrolyl,

reln
gr awwn)lﬁ,ndf%@ohry lngcpg H@pam,dﬁ;qlgx %anzo?urany cmncﬂmyl indazolyl,
cy olddizinglp hitalazingy oyridbzinyy; | mirzinyl,cigaihdnh: npteddingy, pusing, oxadiazolyl,
Cy?Hia‘BB@&M! cf’lm{zanyl, benzofurazanyl, benzothiophenyl, benzothiazolyl, benzoxazolyl,
guinazolinyl, quinoxalinyl, naphthyridinyl, and furopyridinyl. The Csto C, heteroaryl groups

20  may be C-attached or N-attached where such is possible. For instance, a group derived

from pyrrole may be pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-attached). Further, a group

derived from imidazole may be imidazol-1-yl (N-attached) or imidazol-3-yl (C-attached).
Examples of typical monocyclic heteroaryl groups include, but are not limited to:



The ternms "hal 0" and/or "hal ogen" refer to fluorine,
chlorine, bromne or iodine. The term"3 to

wda 2eoromtyes ed heterocyclic" refers to a non- ar oPEL/IB2005/003297
nonocyclic or fused ring group having a total of from
3 to 12 ring atons, in which 14g¢.0 4 ring atons are
heteroatons selected fromN, O and S(On (where nis
O 1 or 2), the remaining ring atons being C, and wth
t he provhso that such ring systens nay not contaln t wo
adj acent NQ atons op_two adj agent S ato . The rif
may al s@ve one@z nor e dw e bon NFurtherwe
such gro Is rray beTHonded ?1’9@ he rema er of t,é? 1
conpouﬁd@eof hefﬁﬁﬂ ent i fyorEpre| ei tihiggzoly
car bon B8 or a HEVEr oat 09H°p?er')posstHa%ﬁ) Exan(ﬁ]'dé%"'y'bf

sui tabl e sat ur at ed het er ocycl ic gr oups i ncl ude, ut
are not i ted t Zm rane parane a§¢ i di ne CK(-"éWane
t hi at ané zet| di né_get rahydrof/uran (o ;?anyl ) N

(t hi ar B&yﬂol)s (aZ| rokagélenyl ) (:%a&w ) (htakUlyat any‘,)a—triazole

(azeti thorydy) (t et(exedayldr of usethisebl)!) t et fidgdayidr ot hitaphens)
pyrrolidine tetrahydropyran tetrahydrothi opyran

(tetrahydrot hi ophenyl) (pyrrolidinyl)
(tet rahi% pyr anyl) t rahydr ot hi yr anyl) pipeoij di ne
1,4-dio a 4 oxat ?‘Ie mor phol itn |€m 1, 4- di t hi dpe))
(pi perl 1 4 |doxanyl) (1 - oxat hi a1nyl 5 iz

0 e OoXa- 1azole
(1m‘3rg Jhm";;!)l oxé 1a(fnaezagt ml%%le) %gﬁ'%“ g pet S5y
1, 4-azat i anyl ) (oxepanyl) (thi epargyl ) (azepanyl)
1, 4- di o¥epane 1, 4- oxgt hvepane 1, 4\/o>?aazepane N” N
1, 4-di t hi-epane ( 1 , ’oxepanyl) r\( /1 4- oxat hi e\}ga/hyl)

(1 ,1xoxadazepanyldniddsgidodi t hmﬂanyilaaolel 4- tihhieazepane
1, 4- dﬂ'@@@ﬁ'&ﬂ@‘ym ,(tthipR B-digzoy anyiHthia-g4diazevdi aZeihia@pidizoly)
The heterocyclic gpoup is optionally substituted with

one or substi ptents. DetMil] ed DeseVdption qfNg he
| nvent | %Q,{? {,\\/j_z/\'1 | @ @
= = =N

1-thia-3,4-diazole tetrazole pyridine pyridazine pytimidine
(1-thia-3,4-diazolyl)  (tetrazolyl) (pyridiny!) (pyridazinyl) (pyrimidinyl)
N
(J
P>
N
pyrazine
(pyrazinyl)

Examples of suitable fused ring heteroaryi groups include, but are not limited to:



The follow ng processes illustrate the preparation of
i ndazol e conpounds that are protein kinase inhibitors
waewondiTmy t o nmet hods of the present inventi onPCTB2005/003297
presentinvention al so enconpasses novel internedi ates
that occur in the processes deseri bed herein. The
conpounds prepared by the nethods of the present
i nvention nodul ate and/or inhibit the activity of
certain protein klnases Such conpounds are useful for
the trg et of R r d| as \ d
w th iai,’ esi m| N M|f rwlan
by protéin kinases. C%Iess Ot her wi se |ndncated

subst i r epagthiarerst ¢ higdo gm
tF nzc?;luran Zbenzothlo gyl ndg %d ef i Eidné ”‘1.]%% $ r}ydazclpyl)

t he fo oW n 0Cess are" as’

Starti : erlals ynt hesi s |ch ar e
speC|f yNdescr|n »eln orlpr VI ed mﬁtniﬁf[i>
refere publls ad gference@ f either

connerC|aII avallqblebordcan be re ared usi ng pyric

n 1l |ne T ridine
gtr P gl nejg%'%ét i VTR ?[EL% ?ﬁnd?%' ( ym %ﬂgyrﬁa'oyﬂe (é{ﬁﬁg%? fgﬁémy')
to nethgds famliar to those of ordlnary skill in ghe
art. a eutlcaI[i;TZ ptable of t he @nt
i nventd g cl ude atj |t|on e salt P /
(i ncluding M|salts) NSui Habl e aCIO ad |t|on salt's are
f or MBgndidiBR6dndS WRLSR 5RO Nrideod Coppsthink S - pyRXAMBLBFridine
i ncl uplecitihizblacetyat @videagqranidyads) (lbeﬂl[&a’blﬂl“d'mSwlrablﬂ’}3d]py!dmyl)
blcarbonate/carbonate blsulphate/sulfate bor at e,

canmsyl |trate Iate es atE f or mat -
f umar te glwceptat jsonat e, cuhonate f:j::yH
hexaf | osphat e~ nzate =

hy drochlor|de/chlor|de drobron1de/bron1de

d I
%Feg&r@e@iﬁa cl&ppggl Eel(oggezzolo {:]%ylﬁe py%raz%% %%?Er:d:n lso?r?c?oleyl)

naphthylate 2- naBsyIate nlcotlnate nltrate

or ot at I at t at
phosp ' n_ sph el ydr .Qﬁbsphat e N

sacchar at e, HSt ear ate,H succinate, tart rat e, tosylaté

and tr llngalzé-llé)r Oacetpf%@ sal t sndolgHe t mbﬁo[%ﬁrrlﬁél t%nd@zE[@G-a]pyndme
f or med(ds0m basesoumy) Ch f QiRdRiIAMIN -0, 28 BYridiByl) (imidazo[1,5-a]pyridinyl)

EXxanpl es

pyrazolo[1,5-a]pyridine pyrrolo[1,2-b]pyridazine  imidazo[1,2-clpyrimidine
(pyrazolo[1,5-alpyridinyl)  (pyrrolo[1-2,b]pyridazinyl) (imidazo[1,2-clpyrimidinyl)




i nclude the alum num arginine, benzathine, calcium
chol i ne, diethylam ne, diolamne, glycine, |ysine,

wora@aess7em  megl um ne, ol am ne, potassi um sodPCIIB2005/003297
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tromet ham ne and zinc salts. For a review on suitable
salts, see "Handbook of Pharnmgeutical Salts:
Properties, Selection, and Use" by Stahl and Wernuth
(W1l ey-VCH Weinheim Germany, 2002), the disclosure
of which is incorporated herein by reference inits
entirety. ceut i% accept 't of SN
i nventive ds can madi | y ared by n

t oget her solthons of the onpound and t'he desired

h
aci d or bagfoirs appr opk Mi’u’éw The Sqinrfﬁéﬁ’if;my pr ecmﬁﬁf@iﬁe)

from sol ution and be col ected by filtration or
recover ed por at i r-» X he Soly yThe de
ionizatio salt y ry fr et el yno

i oni zed to al st non-ioni zed. In theé c%lse of agent

that are sHfydlRe, it is ifEEst ood%\? ety gﬂ ine ’{')Skia ndr§$? l;ﬁ‘,fy,)

the art that the |nvent|ve co

may exi st J fer ent hi cfo
all of whiigh bre i nten edt be vvrt sco N
t he pr esentNlhtnNentl on an ecr fied or

p e yr ~n@aphthyridine
Si?mié?fﬁc e %"av">2¥eﬁ%‘f%ah n rst a';"’%% a‘e’ “@E@>
st ereoi so \ ere a co yof the in 0
cont ai ns nyI or aI |e e group, i c
ci sftrans i soner s ar e p035| bl e. Wére t he

conpou n@yr@mcmyrmd nef Or pekefixpgimidae ket opydil3, emymtdlrgr oup
or an ar(‘?yﬁdé‘f' 7 EIPVWHF Wy, PEGESHRETEY o on‘@i"i"’?ﬂrdlp\’”m""”y‘

(' tautone an occur gI e Compoyr
exhi bi t re th n one typ@ onerism nclua d
within thes pgoftheln ntNon are al |l W

st er eoi SJQWL’Sd,]pyrQMHEt ri eyrito@emBFSineand t aiyiticoB®EdyAzideOr NB
of the iM{HaRE r*lwn%hpouweombrmzmar ng coftpedhaszny

exhi biti ng than one t i SOneri s and
m xt ures nor e triefﬁ“j %“

N™ °N

pyrimido[5,4-d]pyrimidine pyrazino[2,3-bipyrazine pyrimido[4,5-d]pyrimidine
(pyrimido[5,4-d]pyrimidinyl) (pyrazino[2,3-b]pyrazinyl) (pyrimido[4,5-d]pyrimidinyl)

The term “5 to 12-membered heterocycloalkyl,” as used herein, means a non-
aromatic, monocyclic, bicyclic, tricyclic, or tetracyclic group having a total of from 5 to 12
atoms in its ring system, and containing from 2 to 11 carbon atoms and from one to four
heteroatoms each independently selected from O, S and N, and with the proviso that the
ring of said group does not contain two adjacent O atoms or two adjacent S atoms.
Furthermore, such 5 to 12-membered heterocycloalkyl groups may contain an oxo
substituent at any available atom that will result in a stable compound. For example, such
a group may contain an oxo atom at an available carbon or nitrogen atom. Such a group
may contain more than one oxo substituent if chemically feasible. In addition, it is to be
understood that when such a 5 to 12-membered heterocycloalkyl group contains a sulfur
atom, said suifur atom may be oxidized with one or two oxygen atoms to afford either a



One aspect of the present invention is a process for

preparing i ndazol e conpounds of forrmula |I that is
waleootszds by the foll ow ng Schenme A Li Br ScheP@I/mB206r003297

vari ous substituents shown above in the conpounds of

Schenme A are defined as follows. Rl is CH=CH R4, or

CH=N-R4, and Rl is optionally substituted with 1 to 4

R5 groups; R2 is Cl to Cl2 alkyl, C3 to Cl12

cycloal kyl, 5 to 12-nmenbered heterocycl oal kyl, C6 to C

2 gifpxide mr sfope. nfiRpwmgle hft & Aranyperedetergoyeic 9ELR dk zetidiny!

CG(oteme@ fdmAdziHidney., Aﬁ:%xérﬁplé:&f?a &M@In@@’e&i At¥rocht §rbup B thidzolyl and

ﬁe/ clre%ef rple;_gf% 1h:rﬁ_rﬂ' tgr@ﬁ ic aqr?(upl I? quumc@?%){l%}?r eéelgmples of such
NI—Q to 4AdneRIbefed l@qmrp@mb?lalkx) Gseios iAAUgE eBtyATe ol ImibsdatoRByrToldinyl,
gr @Hﬁrﬁldrcﬂﬁéﬂ?l R@\h&cﬁofhféﬂﬁp Q&%Wrbﬂvfleﬁw d rté?@aﬂ?droﬁ?dn?lg ecﬂhydﬂfpyranyl

e e A S
hegzstidioy cdxelahi,ythieta®@f, baChPeadiwl, oxépany, thzpargiriosazepinyl, diazepinyl,
hefh?a'i@&ﬁ)l( 14, 2,88 @etn@ﬂgﬁr@pyﬂ&wloi‘ﬁinlohyﬁ l’&b@%{)ﬁdﬂ oMyl l@H]pyFa(ﬁyl 4H-

4 groups; each I's 1'’ndependen
ClEVr%ﬂyﬂcylde@I' 't 63(91%°E§P)40x%>"”32@t§“"t od'@iﬁﬂy'cy?,‘%B’éW“)@yl d"“@f opyranyl,
1otod|6?3mota:ew Jinyoarofizanye nb eyrecbliieyler amjdakolidyl, 5 itndazolidinyl,  3-

L2 RS S0l 1P o S et B g1
O( CH 2yt 8 oC11t0 2ﬁmﬁlhwr @é?“h@t?ér'@d%iol Eip alkuyrer, zdlﬁr@@ ‘Cyto
t oc;122a|kyimma§ B@‘ﬁ'neb QibS\Vé)&Te)é}e)serﬁHtlve SRdm@drdineladd) bhiy ke Q@€ imited to,
tituted by one or nore groups

ShebaofPy, PRBbY R0
se[ng ™ © nﬁ)ﬂ%cfxéfgaerﬁj b, -CN, ClL to Cl12 al kyl whi ch
15 may be pea einalCeto st anyloky réfars dyamR-&,to Cayaryhlgreep, @hgrein “Ce to

fsll &;gla)ywelag iaema r*i@enﬁaflie'g)%lsérﬁ(an% ckathpiss iﬁah&g%masre%t I|m|ted to,

- SO 2; nis or 4; and each
[ nB'beﬁg’r‘Vdent I y an activated substi t uent group. In the
first stTepteorh “Sehert, Ayadntkory’ refersptoun dsoupes?-&xeint@d dygioalkyl),

f%ﬁ&h.ﬁ @D cﬁﬁ)am@aﬁ fﬁ&‘oﬁ%?énﬂ%é%ﬁ%f‘&%h Souf Ahdtebut are
an activat tuent group In
20 not limited to, cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, and cyclohexyloxy

The terms "halo" and/or “halogen” refer to fluorine, chlorine, bromine or iodine.

The term “3 to 12-membered heterocyclic" refers to a non-aromatic, monocyclic or
fused ring group having a total of from 3 to 12 ring atoms, in which 1 to 4 ring atoms are
heteroatoms selected from N, O, and S(O), (where n is 0, 1 or 2), the remaining ring atoms

25  being C, and with the proviso that such ring systems may not contain two adjacent O
atoms or two adjacent S atoms. The rings may also have one or more double bonds.
Furthermore, such groups may be Ybonded to the remainder of the compounds of the
present invention through either a carbon atom or a heteroatom, if possible. Examples of
suitable saturated heterocyclic groups include, but are not limited to;



presence of a base and a suitable solvent. Bases that

can be used include bases with a pKa greater than 7.
wEobals7e4 sol vent s i ncl ude pol ar aprotic sol vePtBHIB26aH003297

exanpl e, the base can be KCOH, and the solvent can be

DMF. Exanpl es of activated subgtituent groups include

hal ogens, such as 12. This reaction can be carried out

at -200Ct o 300C. For exanple, this reaction can be

carried out at QOC by imrersing the reaction flask in

an ice/ water bath. CbﬁpoundsEfF formgl a 5 cfn be ©

pr epar ediusi ng-st andard reactilons wn he art,i;;7

such asirddie SasshIey efzinkiRACt bdhe T ridiERRONTERAtGNAI | tytrahydrofuran

avai | aBfEYSt divieian) netiainilal GxetFor (@bl dazetdyyihr Efsgydofuranyl)

a compound of forrmula 5 where X is | , 6-am noi ndazol e

(which is commercially avail able) cap_be used sn a

Sandneyerdiégction usin OtaSSIUHQfEE]de as the

i odi ne sow c Conpound f or mul can th

p re p ar.& tetr ae%et in g a C 99}%0 und tegi Jr%@rgy I a tet W!rgtnopéran
&L@f rot &E ? nd &ett@ APl Betdhy@foBiopyranyl)
conner0|a |y avai able In partlcular enbodi nent s of

conpounds of fornmula 3, R3 can be hydrogen and R2 can
be Cl to CIg alkyl. Fgr exanple, R2 can bg nethyl. Ehe
coupl ing réaction bﬂi :Fn conﬂfu;Fs of UgrEPIa 4 nd;L
conpounds{;vE}ornula 0 pro conpo of for

2 is carried out |n 5 res n of a cat { mmam
base, andpl%;’%rml)t ab éto%@jﬁ)enh 4-0 Qgﬁl of (ﬁc[{)ﬁli ny(j n (1 ithianyl)
art recog nlze hat a varlety o conmercal iy
avallable c talysts can be used in this step, such @s
Cu or ysts. hods t P use pal un1or
copper caﬂglzbts to gg;ble ar [ fide to aryl
conpounds t ai ni ng actlva substi t X a

wel | known. " For exanple palladlun1catalysts whi ch are

useful i W%ﬁ@w fon i e butaé"rp%'1e
not 1 i (e rY Pd( f@% c:{g%% Pd[? )Bu) 3G
Pd(PCy 3)202, Pd(P(o to|%> 3) 2Q 2

F

[ Pd( P( OPh t - Bu) Fi br eCat 1007 \>
(PCy2-fi bin}(o%) 2) iJoreCat " ( n) 026 (PQ/&

1,4-dioxepane 1,4-oxathiepane 1 ,4~oxaazepane 1,4-dithiepane
(1,4~dioxepanyl) (1,4-oxathiepanyl) (1,4-oxaazepanyl) (1,4-dithiepanyl)
H
O ()
N N
H H

1,4-thieazepane 1,4-diazepane
(1,4-thieazepanyl) (1,4-diazepanyl)

The heterocyclic group is optionally substituted with one or two substituents.
5 Detailed Description of the Invention

The following processes illustrate the preparation of indazole compounds that are
protein kinase inhibitors according to methods of the present invention. The present




fibre/PdCl 2/ CH 3CN), FibreCat(tm 1001(PPh

2-fibre/Pd(OAc) 2) , Pd(dppf)Cl 2 - Pd(dppb)C 2,
wedfodogssyLCl 2, Pd(PPh 3)4, Pd(PPh3)Cl2, and thePCT/KB2005/003297

G her useful catalysts for the abovetransformation

i ncl ude those where one or normJdigands, especially

phosphi ne |igands, additionally conplexes to the

pal | adi um catal yst, for exanple: Pd2(dba) 3 conpl exed

to a phosplne i gand such as

2- (inveption AIRCY$IEOHRBISHR NANS) qIMedistes el oeyh i) thg processes described

CorH@Feﬁ?(efﬂhé @oAp&lmds prepared by the methods of the present invention modulate

0 TR Fabiafg 15 sobsEALAL) oo Bt Gunds reygsgrl for e

2 d@ﬁmeeb(@ﬂ qapcgroapy pithenydisepgas- BeRocRiedanith Rigicaeesis30r cellular
500rﬂ?én%¥eﬁ9nh@d.(a@elbppwﬂRma‘é’éé Q) 2. Oopper catal ysts

whi'ch are useful upl i n
i ncl ude 4§58 Qt@a’f'%ﬂ Wépag qﬂ ﬁemp%ﬁ eBL\éang% %e compounds according
c ortplhe xeldwing plocesses are asolefinel ingeind sStartlnmdhail@ﬂahgtF@lﬁvnth@Js of which

lclorrrgpr) ﬁ(q SB%J%H] Ldan !)e%grﬁaa&k XF@'OVISéHTWhr?P%ferQégrté BSshed references,

; ddi t
corf? giiet CRTBmeTCEtY avﬁéﬁ%%?%w f?%@)ee?fe% é%'%b‘% OH%XT%N"gtO those of
10CuU (d?dﬂ@ﬁ) sk{iRP®) d3r. GandinGui(tingio enogific4iBhShBr he done according to methods

reSmeu té’f?\loye)ofo%%r)?&ﬁlnll &Gy Bases which are useful in

Ove action include but are not
| | m t ed Fth@”weat&?@l \uR§oeriAN® altseof 18 ATesPAt MyPApRfdude acid addition

fesa{nH gh&aéahé’ Ou@dltﬁimgc‘(ﬁ’é‘altg WBhlwre@cldCﬁﬂdltISrOﬁltsl Bile formed from acids which
pﬁ‘refﬂr&( :#1‘:8122[(040 F@ h XE'?}IP'%%] ll‘tl {?1 gc%%tq(e as*ggrttaﬂg S#)gr@oate besylate,
15t hehiedfonatSobrbendts, haypmwlsulwd honats, u@amsa@i@plf:ltrﬁge edisylate, esylate,

;eﬁgﬁﬂg%n Sfurhs!%ﬂeu diuBentt gitdhath,| GiliéuRshated hbxiu@Bhosphate, hibenzate,

di n@’@'ﬁ?ﬂl@tdﬁ&{‘léﬁ%ew Qxfgi&b,ronéf#brgrﬁlge,t hgdrpiogideriodide, isethionate, lactate,

t hemaaté, malbats, melacdte,onesglaie, methglavlfaiee darfititylats, 2enapsylate, nicotinate,
t enﬁtgsﬁ@toll’&tgteo dxa?&et&lrﬁgteOGamgﬁé &%@m{eﬁvydhgérﬁ Fﬁ&@ﬁété/@lﬂydrogen

e carr t
204 QREIhEIS, FRSCRETE TGO SHER T (REHHS, 100 At ORG TObaRsiat s

o f fornglitablé bakwosHitd alefomsetirothisdses tvhiplr towr ches-toxic salts. Examples

Suffgc ot SRRGLN! %rgmg\%cpén\%{h%et eals.ﬁ.acanom Nidififfarpine, diolamine,

f orgm:ing, Qsm@;dwagmaln@ @eglgm@ﬁ, %qqlge apotqsgumssqgmrt(pg@thamme and
t haginddags.i odo group at the indazole 6-position is nore
25r eact | Vch}r%V\rg\glew 8r)1( s&%ple sa tsage%l"h%r?d%oskhoa}%hg%%ceutical Salts: Properties,
Selection, and Use” by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002), the
disclosure of which is incorporated herein by reference in its entirety.
A pharmaceutically acceptable salt of the inventive compounds can be readily
prepared by mixing together solutions of the compound and the desired acid or base, as
30  appropriate. The salt may precipitate from solution and be collected by filtration or may be
recovered by evaporation of the solvent. The degree of ionization in the salt may vary from
completely ionized to almost non-ionized.
In the case of agents that are solids, it is understood by those skilled in the art that

the inventive compounds, agents and salts may exist in different crystal or polymorphic



iodo group at the 3-position. Conmpounds of fornmula 4
that contain such activated substituents nay be

w@e@passgd4 i sol ated and/or purified, and subserPUBMmA0§5/003297

reacted with the conmpounds of fornula 3.

Al ternatively, conpounds of f@svula with suitable
activated substituents may be prepared and further

reacted without isolation or further purification with

the conpounds of forrmula 3 to afford the conpounds, of
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presentinvention enconpasses such 1 nternedi ates,

e [CPMeiIngsef fergpiasinalitiian ‘%MFW&'&WW@&P‘F’W Accept abI e
salts and sol vates thereof. In one particular®°
enbodi ment, this.coupling step can be carri ed 0 t és
fol lows: The fi nal step in Schenme A invol VeS~a T
reaction; and js carried out by r
con‘poun;;}j foRful a 2uapi th an alke
producéya orrp und—of_formil a 3 : hove,™
t he al ke\ e s CH=R 4 or ; 7 For %o S%ai’é{eatRl
can be CH:C;H-(S to 12-nenbered Retegoaryl). Even
further, for exanple, the 5 to 12- menbered heteroaryl
of RL can be pyridinyl. In one particular enbodi nent,
Rl is 2- vinylpyridine.

Catalyst/hgand
Proton Sponge, LiBr
Solvent, Heat

Scheme A
The various substituents shown above in the compounds of Scheme A are defined
as follows: R’ is CH=CH-R®, or CH=N-R*, and R' is optionally substituted with 1 to 4 R®
groups; R?is Cqto Cyy alkyl, C3 to C4, cycloalkyl, 5 to 12-membered heterocycloalkyl, Cg to

Cq aryl, 5 to 12-membered heteroaryl, C4 to Cq, alkoxy, Cg to Cqo aryloxy, C; to Cq2
cycloalkoxy, NH(C; to Cg alkyl), NH(Cs to Cyp aryl), NH(5 to 12-membered heteroaryl),
N=CH-(C4 to C1, alkyl), NH(C=O)R*, or NH,, and R? is optionally substituted with 1 to 4 R®
groups; each R® is independently hydrogen, halogen, or Cq to Cg alkyl; each R? is
independently C, to Cy, alkyl, C; to Cq, cycloalkyl, 5 to 12-membered heterocycloalkyl, Cs to
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i ntroduced as a halide, diazoniumsalt, aryl triflate

or hyperval ent iodo conmpound.26R = vinyl, aryl,

heteroaryl, or benzyl X = anionic |eaving group

Pal | adi um i n the form of Pd(11) salts or corrpl exes and
ation, i

( concent i s 5
i), S AR THERYEN DRy L e 1 < ppIORAl Byhslitieg R 1 o 4 R groups;
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and the |ike. Chelated phosphi nes
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Ph2P( Ch2the figsPBp af Schameudbovd, compaingd \pereserderthy fagmnula 4 can be
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PdCl
Bty PEADAR s sulbE s, BRorIA Fgn 5q Fegdhalsae Beasgs with a

re&a:tgneeﬂesttane? C Suithbiet wtvents ipshidapolapambticcsoivedisurfor example, the

(%%\f{lgﬁ é’ﬁ@)"H %chﬂﬁe §&Léﬁ?9§&§beﬁﬂﬁfk‘ %ﬁ&g&fﬂ%&%&& Substituent groups

or mam de
du'%%??'%%‘ﬁa?ﬁcaéif LT b reagtien %GW kg pAEriednept e mpE CatPR°C. For
dejmipik, ®is rduetisratan e edrriddnéut Gk QM ibg iMaérkide therdattion flask in an

6L B, B IRL MRS AN HBLFd ERG ef8a 8 Mactons known

ce auxil
r é‘qtbﬁ arbguch ap thp @@@WQ@@B@W&WWM cially gedilagle starting materials.

NFN‘dilaﬂ?@ib W'préﬁéfé@%rﬁ&undjbﬂ'f&hmd ﬁ@l‘ﬂirélm@le G%ﬁnomdazole (Wthh is

SRl SR 38 bR oF B SR eGSR fgice =0
Steeminesomiseve, conpounds of formula i can be prepared

by Compounds of formula 2 can then be prepared by reacting a compound of formula
4 with a compound of formula 3. Compounds of formula 3 are commercially available. In
particular embodiments of compounds of formula 3, R® can be hydrogen and R? can be C4
to Cy2 alkyl. For example, R? can be methyl. The coupling reaction between compounds
of formula 4 and compounds of formula 3 to provide compounds of formula 2 is carried out
in the presence of a catalyst, a base, and a suitable solvent. Those of skill in the art will
recognize that a variety of commercialiy available catalysts can be used in this step, such
as Cu or Pd catalysts. Methods that use palladium or copper catalysis to couple aryl
sulfides to aryl compounds containing an activated substituent X are well known. For
example, palladium catalysts which are useful in the above coupling reaction include but
are not limited to Pd(dppf)Cl-CH:Cl,, Pd[(P(t-Bu)s);, Pd(PCys).Cly, Pd(P(0-tolyl)3)>Cly,
[Pd(P(OPh-2,4-t-Bu)),ClJ,, FibreCat™ 1007 (PCy.-fibre/Pd(OAc).), FibreCat ™ 1026 (PCy,-
fiore/PdCI,/CH;CN), FibreCat™ 1001(PPh,-fibre/Pd(OAc),), Pd(dppf)Cl., Pd(dppb)Cl,,
Pd(dppe)Cl,, Pd(PPhs)s, Pd(PPh3)Cl,, and the like. Other useful catalysts for the above
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benzyl group which is substituted with a halide,
di azoniumsalt, aryl trifl at-e7er hyperval ent iodo
conpound. In one particular enbodi nent, a Heck
reacti on between 2-(3-1odo-1/-/-indazol -
yl sul fanyl ) - N-net hy! - benzam de (2-a) and 2 Vi ny
pyRIsETRBIANSINGedeothpde WSS 0BG Oh&Me Hﬁlj”% ee§ée‘%‘%'é¥:t°5‘?ﬁp§'“? fjgands,
t bmutmha@ecrmleaés) ® hapalaghiin Gitelyst, &6r gxambladiPdbgtibd)) complexed to a
a

?ﬁo%@%? nF;Erﬁn( %%ﬁ %)2 ger@bdtgga{&g%tﬁ%gtgpglggylSPc(i:glgdbaS)g Somplexed to 9,0-
SQWIﬁ[§|-bpqiq{phenwrphosphmo)xanthene (Xantphos); Pd(dba), complexed to P(i-
Tstggana@wz baphéRal ©nN@-tlphen@PaBule and av@wbba)plcempuexed to (o-

NRBg" 8!‘{5(}% Spp%} (E:Begtalyé‘sr] Q}vh%hsgrlevu%&tul lnut%e ael)ov%oupqmg reaction

Nmmdehynose c{aalx(sm- ipywhichi the2gopperi imydoinpleked widlazohe ®yInzug fligands,
aﬂﬁélhihmg B@t%@%i@&: tb %uﬁéthyler@sgl)fceﬂ dofiRx; N BY B%F@Q'mphgsr

cat al ove r tion s
" 8 PRt Gl SAVPERL I 1 OB tanEr nectupione (e,
obp@bdzn)%@m&:ehd palnt@dp)@Pr:)Bnoeskectvey), bel tae digapl | shed

usi ng éQs@s%ﬁéh%‘ré‘Sseﬁ:‘l hitfPardie %@%%%%ﬂ%ﬁﬂcl%g ‘bt are not limited to

provi sironal pat application
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f tehrtantoniie Nootasserte@butdde} potassilininplienbixides triettGAaammepdreidhe like, or
herx?d % %reo?f %'Oﬁ,nﬁtg nHé]/ 6et ﬁ?e%”E'Ju% X%W@e%ac!llgﬁé msc u%P\g but not

Ium reno
ciyn'tﬁdttp @?ilsenﬁh&'!enaﬁi Idtﬁl\leT@r ipgrefdrafyran, dimetifethvigeneglycol, DMF and the

Emt, &Qﬁbdluféé tﬁé\;\rﬁm Uﬁiﬂ%abﬁbn%&g I08 ¢SrriBPbut P4 whh;@erfaﬁrrérsfdso to 90 °C.
[ exa ., n a 0 Qu 0 pfepare

Pl SRR s s R B PRI Bl o Ar7oDIEP LS

each hjrdgengen, the heivatiet puhstiighitoX inghercefersiundrac frawiarbeteuld be
| %cﬁ%‘at bt%r&ﬁ&&%ﬁﬁéeﬁ)épécﬁc' kiR tWréaBt Wi fFlFthe %poﬁﬁﬂ% of formula 3

Me CH, dit
TR OO EHATA 21 FOTPPOHSMeRaY il 1 Aesesethat tre
amdoighap o teyintazpless-pdsition issaors gedttiventowart mxttemareladdmorathan the

glr?tcf? tq@ v%}s rh%ng ﬁlﬁ) nbor?nrgcmnpg %ﬁ‘ 'f(gﬂulg% ) §8faiROsch activated
substituents may be prepared isolated and/or punﬂed and subsequently reacted with the
compounds of formula 3. Alternatively, compounds of formula 4 with suitable activated
substituents may be prepared and further reacted without isolation or further purification
\(vith the compounds of formula 3 to afford the compounds of formnula 2. Among suitable
activated substituent groups for X are halogens (e.g., Cl, Br, and 1); derivatized hydroxyl
groups (e.g., triflate, mesylate, and tosylate); and diazonium salts. Other suitable activated
substituent groups are known and may be found, for example, in U.S. Patent No.
5,576,460 and in Humphrey, J.M.; Chamberlin, AR. Chem. Rev. 97, 2243 (1997),

Comprehensive Organic Synthesis; Trost, B. M., Ed.; Pergamon: New York, (1991); Vol. 6,

pp 301-434; and Comprehensive Organic Transformations; Larock, R. C.; VCH: New York,
(1989), Chapter 9.
The compounds produced by this coupling step, which are represented by formula

2, are novel intermediates in the synthesis of compounds of formula 1. The present
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pal | adi unr enoval process and pol ynorph control step is

al so described in greater det&ad- in Exanple 1 1 bel ow.

Pal | adi um renoval can al so be achi eved by usi ng

1, 2-di am nopropane, or DI PHOS, which can be used

al one, or in conbination, as palladi um scavengers to
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t hef iinwalhs tstindivatedtadov, engieua®’ BfCH=aHRT @ GH=NaRU For example,
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e conp unds ormu cofrpou ;
shmmbar@d\mtarwnﬂ;cqﬁmas bet m@ld@wbsmuqn@eww’%wWemﬁJ@dlmem R is 2-
de(,;ny]g)q.dp{eew ously in Schenme A According to Schene B,

interme oun of for la?are

addi ng g gﬁﬁﬁi de v&% enﬁat u?f’u? ﬂB)OfSCE gpﬁog%f\‘_ \TYere a vinylic

posyctrbgm lsfeptahed bmazlam@l aylr dripgnyhgrouprpiiu Hgdattsr béiog imupduced as a
2. ndiRe, &Rzt SfiLdr 1 eingle QF Ry deARIchIGf BfRpb&RPved after

the addition of_,the Rl sub Lituent using a Heck

react | on as di cussed pr ousl n SBheirsl, Ayifeteroaryl, or benzyl

sui t&Bf et ni tTogen prot e %ﬁ?‘p RR = ahisni®@B&ink §dtp 1 S

stable to the reaction
Palladium in the form of Pd(ll) salts or complexes and Pd(0), with 1-5% mole

concentration, is the most widely used metal catalyst for these types of reactions. A base
of appropriate strength such as an inorganic base or an organic base (e.g., organic amine)
is also required to neutralize the liberated acid. Beneficial additives, such as LiBr, may
also be used. Typical catalysts for use in the Heck reaction include but are not limited to
Pd(dppf)Cl/CH,Cly, [Pd(OAC),]5, trans-PdCl,(CH3CN),, Pd(C17H140)x, and Pd(0)-phosphine
complexes such as Pd(PPhs); and trans-PdCl,(PPhy), or in situ catalysts such as
Pd(OAc)./PPhs, and the like. Chelated phosphines with larger bite angles such as
CpaFe(PPhy), and PhyP(CH,)..4PPh, are useful with catalysts such as Pd(OAc),, (pi-
allyh)Pd complexes, Pdx(dba)s, Pd(dba), and PdCl,, and the like. The presence of
phosphines “stabilize” these catalysts. Generally, these types of reactions are conducted
in polar aprotic mediums (sigma donor type solvents such as acetonitrile, N,N-dimethyl
formamide, dimethyl sulfoxide or dimethylacetamide). The reaction time and temperature
depend on the nature of the organic halide to be activated. lodo derivatives are more
reactive and hence auxiliary ligands (phosphines) may not be required. In these cases
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protecting group should be chosen so that it can be
subsequently renoved to provige-the conpounds of

formula . Suitable nitrogen protecting groups are well
known, and any nitrogen protecting group that is

useful, or may be useful, in the methods of preparing
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ese grou romnitrogen noie are disclosed in .
T. re@ri@Blsdn HiRPresenairf< calqlyst suich-es palladium(f)A0eite,FdfQfigen a ligand
pr edohC kb nig-agiolglppssphisef |l swisblRpbdsacsuctdeas erbtoar @pamge (N, NV, A, N~

lt Ir ﬁ&%@ﬂeﬂ}i@{wf rlea%/%q(e){(‘? {?ﬁ%%ﬁb‘%)?gﬁ%%%g&'t‘vg 'sgctT as%.%{l,. and a solvent such

{ cPt BRI &l NBPRYA SIOMFR) DMty P Tl oGt HEcgrebBpstanyl

SueénzamideX¢apak kybwset hers (e.g., THP:

tetrahydropyran); carbanmate protecting groups su

al kyl oxycarbonyl (e.g., Boc: t-butyl oxycarbonyl),
I

aryl oxycarbonyl (e.g., Cbz: b | oxyaar bog
FMOC. fl uorene- 9- nmy; %&x&m@ ), Al
.g. bonyl'), al Ryl OR
tedWespe lally aryl al'kyl
y| metdhyshays Lebepzyl  and
and théi%e. (If Rp is a silyl
protecting group (e.g., SEM = La
trimethylsilyl ethoxymethyl, TBDMx
tertbut)a,di met hyl si | ylP, _
hen a palladium catalyst is used in any of the above reaction steps, removal of

residual palladium is an important objective. Such palladium removal can be accomplished

using 10% cysteine-silica as discussed in a U.S. provisional patent application no.
60/624,719, entitied Methods for the Removal of Heavy Metals, filed on November 2, 2004,
and which is incorporated herein by reference in its entirety. This final step of palladium
removal can also be combined with conditions that allow crystallization of the synthesized
compounds in various polymorphic forms. For example, when a compound of formula 1 is
prepared where R; is 2-vinylpyridine, R, is methyl, and Rs are each hydrogen, the
polymorphic form designated as Form IV can be produced by refluxing with THF, DMF,
and MeOH, followed by the addition of HOAc and xylenes. The formation and
characterization of Form 1V, as well as other polymorphs, is discussed in more detail in a
U.S. provisional patent application no. 60/624,665, entitled Polymorphic Forms of 6-[2-
(methylcarboamoyl)phenyisulfanyl}-3-E-[2-(pyridine-2-yl) ethenyllindazole, filed on
November 2, 2004 and is incorporated herein by reference in its entirety. This palladium
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and hydroxyl groups via their silyl chlorides (e.qg.,
SEMCI : trinethylsilylethoxymetbyl chloride, TBDMSCI
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t epwm&wh@mmbmmeﬂlwm erdn eqmbinatioy, aapalijadivmyzeavengers to reduce

5 L I tm@ rah%@nt&ﬁ'p&llad@?hl ik akloRyahit %ﬁésbdﬁﬁéﬂﬁe aQiidnest a:aa@ddwﬂﬁscavenger
u lmte nium fl uo

¢ et dRmBRTAATe et oS bR PTGl e oo rurner oy

fl weﬂhmme/ylthtee&urtatbmqﬂmnwhlaamefHaucoj for therahwioafuram followed by filtration.

fl Qi Q& oe. d%ﬂﬁrﬁﬁ)ﬁipﬁﬁ@ Bh#@iﬁ}-ﬂ% thréo%Eé‘Qﬁé YRbnt ﬁ%r]adlum is

si | ane rotectln cl eaved under ac

coﬂ%?P?t?eGh%grﬁgtPrere%é'r' ﬁ"(‘?'eo?ytiﬁoﬁ’er al acids, with or

10 Wi t hout Intdnetheisespéct af thebfeserit mgergigeista. préaaks X prepdriag compounds of

f}%;&@?%?tt%ﬂs%ép;bt@&Eﬁfﬂggog@ﬁif‘%ééh%mg%t limted to,

voric acid ric aci'd, sulfuric acid,
nitric acid, acetic acid, citric aC|d and
met hanesul foni ¢ aci d. Such sil ane protecting gr oups
may al so be cl eaved using appropriate Lewis acids. For
exanpl e, suitable Lewi s acids include, but are not
limted to, dinethyl bronmo borane, triphenyl nethyl
tetrafl uoroborate, and certain Pd (I1) salts. Such
silane protecting groups can al so be cl eaved under
basic conditions that enploy appropriate organic or
i norgani ¢ basi c conpounds. For exanple, such basic
conmpounds include, but are not Iimted to, sodium
carbonat e, potassium carbonate, sodi um bi carbonat e,
pot assi um bi car bonat e, sodi um hydroxi de, and pot assi um
hydr oxi de. The cl eavage of a silane protecting group
may be conducted in an appropriate solvent that is
conpatible with the specific reaction conditions
chosen and will not interfere



with the desired transformati on. Anmong such suitable
sol vents are, for exanple, alkyl esters, alkylaryl
we@3oe/nss74aryl esters, al kyl ethers, aryl etherBCT/IB2005/003297
al kyl aryl esters, cyclic ethers, hydrocarbons,
al cohol s, hal ogenated sol vent-gj-al kyl nitriles, aryl
nitriles, alkyl ketones, aryl ketones, alkylaryl
ket ones, or non-protic heterocyclic conpounds. For
exanpl e, suitable solvents include, but are not _
limted to, ethyl acetate, isobutyl acetate, isopyopyl
acetate, nbutyl acetate, nethyl isobutyl ketone
di met hoxyet hane, diisopropyl ether, chlorobenze

di met hyl forqﬂ- e met hyk acetaq) Tl e,
butyronitril e oho acety c F
et her, nethyl - et hér’, dlphen [, o et

nethylphenyl et hgr, tetrahydrofuran/ ,
2-net hyl t et rahydrof uran, 1, 4-di oxane, pent ane,
hexane, heptane, nethanol, ethanol, 1-propanol,
2-propanol, t-butanol, n-butanol, 2-butanol,
di chl oronmet hane, chloreform 1, 2-dichloroethanep
acetonitrile, benzonltrl'e,\acetone,m - but anone,
benzene, tolpenes ansksol & xyl enes, a | oh
any mixture/o abo ol verts., A
may be use D- SQ i Fevehi S tRar
necessary. FinalTy, %®uch reactlons may be perforned at
an appropridte tenperature from- 20 0C to 160 CC,
dependi ng on the specific reactants used. Further
sui tabl e reaction conditions may°ke fiound in T. Geene
and P. Wits, supra. If Rp is a cycliic &her protecting
group (e.g., &gsdetrahy . \‘-S THR *oup), such
groups may be gppiiredy 'seq y renoyeturrd
known Condltﬂ@ﬂ%?wFﬁf DX yclic ethers may
be attached t'0™hitroger moi et i 6s and hydr oxyl groups
via their enol ethers (e.g., dihydropyran (DHP)) in
the presence of a suitable acid eg. .y,
par at ol uenesul fonic acid or nethan“surﬁonlc acid), and
solvent (e.g., dichlorgq » E Bycl i c ether
groups nmay be cl eaved by At | Ng & subj ect conpound
W th organic or

R, 1

The process steps depicted above in Scheme B are similar to those described

previously in Scheme A, but with a protecting step that occurs prior to the addition of the R’

5  substituent to a compound of formula 2, and where the protecting group is subsequently

removed to yield the compounds of formula 1. In the compounds shown above in Scheme

B, the substituents are as defined previously in Scheme A. According o Scheme B,

intermediate compounds of formula 7 are prepared by adding a suitable protecting group

(Rp) at the N-1 position of the indazele ring in compounds of formula 2. The R, protecting

10  group can then be removed after the addition of the Ry substituent using a Heck reaction
as discussed previously in Scheme A,



i norganic acids or Lewis acids. The choice of a

particul ar reagent will depend upon the type of ether
w@e@som74as well as the other reaction conditiBEEIB2005/003297

Exanpl es of suitabl ereagents include, but are not

limted to, hydrochloric acidgazasulfuric acid, nitric

aci d, paratoluenesul fonic acid, nethanesul fonic acid,

or Lewi s acids such as boron trifluoride etherate. If

Rp is a carbamate protecting group such as

al kyl oxﬁc%'f"%‘hﬂtrog@“ grotectifigc groun, b'&t V¥ GRS &t boRiablp togpe reaction

ar yoraxiyesin bmw|coﬁ@og1ds oEEmulD @ naty laoweaas bstylijh the compounds of
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Caﬁft%!ﬁ‘l ke q@ﬁ‘iﬂss%’fhéf qbp@ruge;@cpsewn@hremgg@quwthe @¢8@pounds of
5 ch;nqmg@generate t he am no group SUI tabl e aC| ds for
deprot e such car mate qro ncl ude,
nor i mebla. RSeep D ABUR SRR ROy P g b protectn
chbr@mb thet isTis@@H, oamdy M @kdful, Tin theanetbedstal grepanngythdreompounds of the

co B:‘é?ﬁt gﬂ/regt'ibns Hrlay %t §seB h aExef'Mp?arF %%@&ﬁ l%lr&ec%gt Brd'ula§ include silyl,

! nedtieg s Mo FaeTg @&s?t@ad ke ﬁé@%r%i’?'% et“%(nﬁ‘f?é“‘ﬁﬁe fycloalkyl

10 sukthah kizylsaibstitaies akyle carbaate ueesp lamjdealnkgd, eeatiee, Sulfenyl, suifonyl,

th ﬁﬁérj?g{it}@as[),ﬁo%({d%r Z‘!oseﬁ'l%’l p%éépﬁ{)rzl’ S@JI %Ygi?nt?.’h&%;]é 80[%’“(}/ lx id and boronic

2 I,.%‘I esters rocar
al eihareeps. HaaBwes &f é@Ph%Fh@%QFQUPSaWWOdNOf prote@’@g 'htf%gle“ moieties
ni tisihd B8se Glokipd arkeinetheds foRfeyrlovigtimase yrowdh Kighnaritydgen moieties are

ke&gaﬁsséd O c{}g{h% a% V\}agtsg”)cycl i ¢ conmpounds. For

e soI vent's |ncI ude, but are not
15 i mt edTh@, sigfahle | nitepgen am@ctlngmwlsefalo@t%nﬂ@dudﬁs@fjrafmmt limited

accﬁ a&@u ;ﬂot@éﬂnﬁ' g@&@g atey., r@hﬁ‘%’hrnm&ﬁﬁﬁl?/hé{hom{eﬂﬂﬁ TBDMS: tert-
e et her

VAR AR eth & REERS ShlE el PRaRE A (o TP
butejmamwpynah)e carbaarad pedtesbirg lgrougs educ aﬁcawloﬂp@bmﬂ (eg Boc:
et th@lft loﬂ@érgc}ﬂyl)t béﬂ/l)ﬂ(ycgltb@rﬁ/f (edd Ph@l%‘l t8hdYRikycarbonyl, and FMOC:
20 5 ﬁ@r Bty BB SRR S femelndRoERoMH lstiparbony o
hepty&ampnymummd aliefi, reapaglajly drviatk@ipaugo ltrity! Z+ipreapleneiblyl), benzyl and

tb L'ib%ﬂ ed bgngibjtzagg% lik g but anol , di chl ororret hane

or o [Gr oet hane, acetonitril
benzonl iFRpiiea SIRLRPIRING Sup (R M DGRV NoREIeth TBDMS: tert-
anbstghithethyétydNaEh gadihs may be applied and subsequently removed under known

25  conditions. For example, such silyl protecting groups may be attached to nitrogen moieties
and hydroxyl groups via their silyl chiorides (e.g., SEMCI: frimethylsilylethoxymethyl
chloride, TBDMSCI: tert-butyldimethylsilyl chloride) in the presence of a suitable base (e.g.,
potassium carbonate), catalyst (e.g., 4-dimethylaminopyridine (DMAP)), and solvent (e.g,
N,N-dimethyl formamide). Such silyl protecting groups may be cleaved by exposure of the

30  subject compound to a source of fluoride ions, such as the use of an organic fluoride salt
such as a tetraalkylammonium fluoride salt, or an inorganic fluoride salt. Suitable fluoride
jon sources include, but are not limited to, tetramethylammonium fluoride,
tetraethylammonium fluoride, tetrapropylammonium fluoride, tetrabutylammonium fluoride,
sodium fluoride, and potassium fluoride. Alternatively, such silane protecting groups may

35  be cleaved under acidic conditions using organic or mineral acids, with or without the use



pyridine, or any m xture of the above sol vents.
Additionally, water nmay be used as a cosolvent in this
wo e@asisiigrati on i f necessary. Finally, such reRCI/IBM65/003297
may be perfornmed at an appropriate tenperature from
-20 0OC to 100 OC, dependi ng osp3t-he specific reactants
used. Further suitable reaction conditions may be
found in T. Greene and P. Wits, supra. In one
particul ar enbodi ment, a conpound of fornula Z i
pr@f @chuigring age- NFor 9’@§IF‘!€1 ciitaffe (aiEs i ipRgle o Pkt rarengot limited to,
W M?drbfﬁlbi(‘j i@ BYEr apocRIBrid dodP)sultudic icidy highe deliie acdtic rag@e ditric acid, and
R
R- iapprofiatet Lisais ay@Sad“@wamleasmbm éawa a@ﬂs iNergay bat gre aot limited to,
5V' @nﬁé’ﬂ%lbk&%bérﬁ@é:ttmshenﬁﬁetﬁvl %Mﬁ@cﬁ@bopert@vdn@ld;éhéin IPa () salts. Such

ChaECRUPEg: PPLSFh e e KHePYBT oFEE: By RERUERE Tgpt ompioy
f omprrb@iate @gamipoicegahicaisasicalompagds] roaexamnpteheych basic compounds

parr{cluﬁé“ @ﬁt %F@%LW@G tBh%oélﬁrﬁukérbMteC didfh @brbonate, sodium
forrru a can

rotected at
ust?@er’F?ée POYPIMID RigaR YR BT ¥d(5°’?ﬂeo?ﬂ cloé’t S'H'Btnhﬁ%fi’ﬁ%e
100f f or noha cleagagel o 20slieng privteictingl @oupe mag de roemducted in an appropriate

co @@ﬁéﬁt‘ BhaPl cﬁﬂémﬁe%ﬁ\ tﬁéﬁ@&ﬁ%{%ﬁ&%ﬂ c@ﬁdﬂFoH?cHH‘sén %ﬁ%ﬁhf\] h@hterfere

ndazol provi
n| tith deendgsired ér@ﬂ%@m@bwpoﬁman%ﬁuemo?wfﬁm%\S?'V%ﬂSaérEf &riesample, alkyl
| n e&efsuélkﬂéﬂll e@ﬁafrsi iaBl ks EIMYDEthérs, néryl ciierpaungs aters, cyclic ethers,

A B0 B RSO R e, o
15Sc IketreesAalkgan kdtanes depoopeie @dteror:mhc exarauINes. Emeqxaerlﬂ suitable

Ip? gtglgéérittégM&luJé\’ Bhtdelré‘ Rot llﬁnﬁkﬁi tb'eéillfyl 5&3&& '1§b‘ButVlSdc819tet R6HYodyl acetate, n-

D Bubbseinte. v Eui 67TA. et Farey S SR eihg, pjorobenzene,
c anlinmtiot edarade f dinkthylscetamidanobpienitrigs plgm)mtmfe t-Baayl alcohol, acetic
pr %?ﬁnt dlfztﬂylie néth I}n%thg-t-f%@f: eétﬁerf Y Blpﬁérﬁp akth&iy ﬁ%‘fﬂ?(%&@rﬁ ether,

epl ct ed | owm ng Schene
20C. tetrahydrofuran, 2methyltetrahydrofuran 1 4-dioxane, pentane hexane, heptane,

methanol, ethanol, 1-propanol, 2-propanol, t-butanol, n-butanol, 2-butanol,

dichloromethane, chloroform, 1,2-dichloroethane, acetonitrile, benzonitrile, acetone, 2-

butanone, benzene, toluene, anisole, xylenes, and pyridine, or any mixture of the above

solvents. Additionally, water may be used as a co-solvent in this transformation if

25 necessary. Finally, such reactions may be performed at an appropriate temperature from ~

20 °C to 100 °C, depending on the specific reactants used. Further suitable reaction
conditions may be found in T. Greene and P. Wuts, supra.

If R, is a cyclic ether protecting group (e.g., a tetrahydropyran (THP) group), such

groups may be applied and subsequently removed under known conditions. For example,

30  such cyclic ethers may be aitached to nitrogen moieties and hydroxyl groups via their enol

ethers (e.g., dihydropyran (DHP)) in the presence of a suitable acid (e.g., para-

toluenesulfonic acid or methanesulfonic acid), and solvent (e.g., dichloromethane). Such

cyclic ether groups may be cleaved by treating the subject compound with organic or

inorganic acids or Lewis acids. The choice of a particular reagent will depend upon the

35 type of ether present as well as the other reaction conditions. Examples of suitable



Reduci ng Conditions Schene C In the schene shown above

as Schene C, the substituents are as previously
waledooest4as in Schene A, and R6 is C=C- R4, whePEI/RR003003297
optionally substituted with 1 to 4 R5 groups groups.

The first two steps in Schenme.44 to provide conpounds

of formula 2 are simlar to those shown previously in
Scheme A. Conpounds of formula R6H are thenreacted

wi th conpounds of forrmula 2 to provide conpounds of

f OfPAIPRS INGludgRs @rﬁt'l’ffé“'f“ﬂ?Cbioehtﬂﬁ?Rﬁ'lol“ﬁ agih sufurichaaid, nitric acid, para-
recﬂmmésmfoma a@rmubhahda@mom@ 4RIi0\bk d_@wtshandz;ogmuaﬁsooﬁbh trifluoride

for mJI a !?els Epta drc())tléahs gﬁc())urbgs F 3§ a‘él;y?og%r%cmy?ﬁ g., Boc:
Thé‘bBM@PFYPWQWYGf OR@HWmad@nyio@mdsCl@zr beozytepycartnyly cleavage of the

5ac @mtmgs@edp uérabéieém@@ biidR a6igie rab,hdmns Whhé labéeﬁc%# \lvater where
ose asnir

o S8 i i ot sl REadty BEE OO JRsenei the amino
Pr @pup.PPuitapedacidsrfor, depbtectiROsutib Oarpdro@s yioupsTintisde; dutpdre ng limited

caly, %u&r@écfeh@gt:@%Ef%"g{bntchﬁn%f?%ﬂ%d(R/fsoﬂ sui tabl e

cat al yst, such a n additive such as
% ndheseERTHBA B PRHeed PSSR areFAPPe o s specic
10d| mmcﬂlmxgoedlhmeqhosnrn dndlwilene .intérere wmith P@rdebieadl tednsformation. Among

n‘?fﬂ%’ g[ﬁglgl% sgl'vgr'it@énaylfcﬂ dﬁ,rx'arqblgealk)ﬁ @%%eglkylgry?e%igrgpgrlwgste% alkyl

a co
fo|erh@<ﬁ5 aWC@Wﬁﬁuﬁ&gla@'r eqiesF nicie B0eTSwAIEaaBaRs, leohals, halogensted

tr Isélb@tsb@[kdl mtﬁleE hﬂylﬁﬁltﬁlb@%ﬂﬂyt kedHes, &rarketoney) ab@laFyﬂEQé{@@G or non-

us'p{bﬂoﬁétgr% %h: co pour?cge rﬂ'—%tr Efa%p%gg&%;@g%%l?gnrt]s {ntglag tsout e V\q limited
15t r itg| &thyb Gaelgtiet dsolivivbhastatro netprah apalatece-bvipl aedtaiel methyl isobutyl

t h'kﬁtbh@ dﬁwéﬂ)&ﬁ?&@eﬂf&a&k&ﬁoﬂyﬁ%w @ﬁ]or‘d§énﬁ&1ead|%ﬂﬁ:ﬁfoﬁhéf§&e dlmethyl
sSucC as, |

By SCRTIGE LITPREHE, SN, kot e oo 4, BU] Spfroetryb
betbuiglesthea, dplnglf ether, methgpitenyl dhaey] efrahydrofupand 2vmetByltetrahydrofuran,
Vel Sio@al! &%taﬁagr wlg)%ge gv;gptazﬁl RHRRAC BHAHOE S1-KFBYAbIE 2propanol, t-
butanol, n-butanol, 2-butanol, dlchloromethane chloroform, 1,2-dichloroethane,
acetonitrile, benzonitrile, acetone, 2-butanone, benzene, toluene, anisole, xylenes, and
pyridine, or any mixture of the above solvents. Additionally, water may be used as a co-
solvent in this transformation if necessary. Finally, such reactions may be performed at an
appropriate temperature from —20 °C to 100 °C, depending on the specific reactants used.
25  Further suitable reaction conditions may be found in T. Greene and P. Wuts, supra.
In one particular embodiment, a compound of formula 2-a is protected at the N-1
position of the indazole ring with tetrahydropyran (THP) to provide the nitrogen protected
compound of formula 7-a as follows:

THR
\
N
/
7:©/ TsOH EtOAc



e.g. Ckanmura et al. J. Am Chem Soc. 107, 1034-1041
(1985). In one particul ar enbodi nent, the triple bond

wo pooa/oesonpound of formula 10-a can be reduced POT/IBP805/003297

Scat al ysts to couple aryl sulfides

10

15

Z-olefine to arrive at a conmpound of formula 11-a as
follows:In a further enbodi mengs- the triple bond in a
conpound of fornmula 10-a can be reduced to the

E-olefine to arrive at a conmpound of forrmula 1 a as

foll ows. Conmpounds of formula 1 that are the_Z-ol efine

can be &bh{HEREERRrCHaRRPORINGING i cRBPYED @ WGBTS BT eiiglen be added
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conversi on

r e dEPZMSS femalanaa FNORRAC eDflPNSse of skill in the art.
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of fomﬂ(ula 2 . can be prepayed/ usi\ng™the follo

Scherme 'S s The coupling\redcti dn_betyes
conpoypid r mul and—a—compoung’ of

to prow onpo of foffjikz, 12; °

out in the presence of a cat alysic,

sui tabl'e sol vent. Those of skill in/he art w lda
recogni ze that a variety of commergjally avail able
catal ysts can be used in this step, ]uch as Cu or Pd

catal ysts. Methods that use pall adi umh or copper

0 aryl conpounds

cont ai nilthg figthernedriicylar eabedimenti hasestiting egnepoyrd ¢f fRilRB8-a can be
Fordesrsabid @t theal-h pasition Gshigathy $81Bwink lceiditdRS tousedite aicBmpound of
thﬁ?abp%e,coupling reaction include but are not

i P88 Pd<dppf)Cl 2- cH2Cl 2, Pd[ (P(t-Bu)3] 2,
Pd(PCy 3)2Cl 2, Pd(P(o-#tqlyh)3)2C 2, oSNy
[ PA(P(OPh-274-t-Bu)) 2Cl]2 >*FibreCat(tm 1007
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i ncl ude iHose where one or nore

llw
Cl 277 Pd( dppb) CI
2, Pd(PPh 3)4, Pd(PPh3)} and the |ike.

In one particular embodiment, a compound of formula 2-a is protected at the N-1
position of the indazole ring with a Boc group to provide the nitrogen protected compound
of formula 7-b as follows:

‘ 2a

In a further particular embodiment, compounds of formula RH can be added to a
compound of formula 7-b via the Heck reaction as discussed previously in Scheme A, and
then deprotected. For example, when R4H is 2-vinyl pyridine, the Heck reaction using the



t he pal | adi um cat al yst,
conpl exed to a phospine Iigand such as 2-

WQ2hos$d no) bi phenyl ;

for exanple: Pd2(dba)3
(tert-butyl

Pd2(dba) 3 conpl exed t o PCT/IB2005/003297

9, 9- D net hyl - 4, 5- bi s<di phenyl phosphi no) xant hene

( Xant phos) ;

Pd(dba) 2 conpl exedsst-o P(t-Bu) 3; Pd(OAc)2

conpl exed to (o-biphenyl)P(t-Bu) 2;

and Pd2(dba) 3
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Scheme C

In the scheme

shown above as Scheme C, the substituents are as previously

defined as in Scheme A, and R® is C=C-R*, where R® is optionally substituted with 1 to 4 R

10
similar to those shown

groups groups. The first two steps in Scheme C to provide compounds of formula 2 are

previously in Scheme A, Compounds of formula R°H are then



In the exanpl es descri bed bel ow, unl ess otherw se
i ndicated, all tenperatures in the follow ng

wale®eniged on are in degrees Cel sius (0C) and apPCT/pE2003003297
and percentages are by weight, unless indicated
ot herwi se. Various starting mgterials and ot her
reagents were purchased from comrercial suppliers,
such as Al drich Chem cal Conpany, Regis Chenical
Conmpany, and SAl Lifesciences, EM Sci ence, and used
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10 TLC pl ah ese piicalaw edbalirmang -diyynilridipd spuidedol a/dadipoureicotiformula

st.,al ctra were recorded
o gl Ee aQ%E@Pﬁ@O?ﬂ%Ma@ﬁ%Ag‘@it 300 M and .

PP A
When /peak rrultlpI|C|t|es ar@"reporte the foll ow ng
abbrevi ati on&®are used: s = si ngl et o = doubl etz t =
triplet, m= nultiplet, br= broadene, dd = doubl et of
doubl ets, dt = doublet of triplet oupl i ng
constants, when given, are reported ip Hertz.

Compounds of formula 10, which contain a triple bond in the R® substituert, can then

be reduced using standard hydrogenation reducing conditions known to those skilled in the

15  art. For example, reduction of triple bonds to double bonds can be accomplished through a

hydrogenation reaction using a Pd catalyst, such as Lindlar's catalyst, to afford th € Z-olefine,

or by using Li/NHs to give the E-olefine. The converstion between a Z-olefine to a n E-olefine,

and vice versa, can be carried out using procedures known to those skilled in the art (see,

e.g. Okamura et al. J. Am. Chem. Soc. 107, 1034-1041 (1985).

20 In one particular embodiment, tiie triple bond in a compound of formula M 0-a can be

reduced to the Z-olefine to arrive at a compound of formula 11-a as follows:



Infrared spectra were recorded on a Perkin-El nmer FT-1R
Spectroneter as neat oils, as KBr pellets, or as CDCl 3

wa@eloaasoms, and when reported are in wave nunmbRCEIK2008/003297

5

10

1) . The nass spectra were obtained using LC/ M5 or
APClI. Al melting points are agncorrected. Al final
products had greater than 95% purity (by HPLC at

wavel engt hs of 220nm and 254nm . The exanpl es and
preparations provided below further illustrate and
exenpl i fy the methodsyef<the present invention. It s
to be under st ood t he Scope of the present Nens
i nventi on™tg7 S e L awmany Way by the scope |of
the fol | 5w exanp xanpf € 1:) Prepasaty-on

6- f 2- (r nefhyNE3r banoy¥) phesyt s dTHany'\

p- 3- E—f27/( pyridi ne.2- vDet henyl | i adazol
1100C -

2-(3-1o0do-1H i ndazo! - 6-yl sul fanyl ) - N-net hyl - benzam de

e Br ?

11-a

(239. O, 2-vinylpyridine (75.7 nL, 702 Mol),
Pd( OAQ) 2/ (6.56 g), P(O-Tol)3 (23.12 g), Proton Sponge
(187.8279), LiBr (314.59 g), and DVA (3.1L, 3.5 m _/g)

wer e adidedurther amBodimantnibe Rripfel sk, in @cpemppendl ofi fermuta 10-a can be
BLIMBEY 16 Ble ESGIArnE & arffetht 8 chrRFFARI &dtnBla RLLRSel0 NS

m xture was degassgd three tines by alternately
connecting to house>wa m and nitrogen. The m xturey

was then heated {o 110 OC in one hour and the er,
tenper a/t” e Was” ma i
whi ch tg ne
2- (3-1 odo= IHA ndazo6-yl sElPPEfyI ) - N @os
was congunmed (HPLC). After cooling, t ) B
transfegfred to a 22 L extractor agnhd~fol |l amed by the

5.5\ L of water and 275 nL

of 3Z%.aqueous HCl. After agl\ta fon and partitioning,
the/orgagni c phase was extracted twice with 2.0 L of

d 100 nL of 37%HCI. At this stage, the

or gan| %g?n%?l?@s gﬂgllr‘mq}la f %h%t Qrgrthecé?aéf%le rc]:ana Qé/ cosnlvgnréldftcl) fﬁéa%t-oleﬁne as

anmount
discussed above. For example, in one particular embodiment, a compound of formula 11-a

can be converted to a compound of formula 1-a as follows. Such isomer conversion

reactions are well known to those of skill in the art.
o N
\CH3
4 \ H s
\ /
N ) ———
\ Heat or uy
== 11a

In another aspect of the present invention, a compound of formula 2-a can be

Q N

prepared using the following Scheme D:



final product (HPLC), and was di scarded. The conbi ned
aqueous |l ayers were treated with 2.2 L of toluene,

wo odobovszds by the addition of 1.05 L of 28% NH EET/B2605/003297

10

15

20

25

30

45 mnutes of time (via addition funnel). A thick
precipitate formed at this stsge. The resulting

m xture was allowed to stir for approximately 48
hours. The m xture was then filtered and sucked dry.
The cake was triturated with 3.5 L of toluene, stirred
overni ght, fifl Tlered and sucked dry. The cake was then

tr nsferred ty asqgl ass| dj sh andcrdied| at 50 OC under CONHCH

ho dcuum O6LEFF ght 160. RO of the f
Gt LR A O RN TR
H s) 8.61 (1 HL d, J=3.8 Hz), 8.39 , ,

1 q
Hz)5,821(1HdJ8.8Hz,7.96 1 d,J164
Hzf, 7.85-7.76 ( 1 H m, 7. (1H,d, =7.8 , 2
7.61 (1 H s), 7.58 ( 1 H d, J=165Hz),750(1H,

dd, J=5.7 Hz), 736723(3cmmg_@, 7192(1H dd,

‘] 8 4, ﬁi%@%*i r?éa)?pén FJ%TWEén %(rjdom ol Of ogr]zulak%)dnd F:] coméoound of

2f<(r@ullaci:btoln¢\4ﬂ¢diamrm@n§/ p&,fgmw gwmermtrwylwble tirezeaasediece of a
%alyg’tog fasd, S @ éu@é’(ﬂ’é SRR Boéelr le@ﬂ t68) art will reco%mze that a variety

d
( gpe %nrgé)rmalyaﬁx{%@ )%tzs%gn e ug%%ﬂg t@g s%pLsucﬁ]@g rﬁy/%j)ﬁ’d catalysts.
f Meltrmwdedwabyse@&ﬂ}dhmDec@:qbdechtes;et}fuenbuwd bryl dutiides o dryl co mpounds

f %‘r‘talﬂlﬁg lén alctﬁﬁéd %gHétﬁ%%g ngré Welﬁkm h ar*-%'r %Qémﬁé : d'aLa%[un?m&talysts

at ur e r react
sMhPP i g USPﬂlémdgq RDQYE P YRliag \mg“oa é@&@g @at @rﬁ mete'mmesdrgspwppf)c:b-
alctgcinat m[@’ (tHBURREC PUFET LTI o Pa e (O‘nglﬁnqu(‘th 2,4-1—Bu)),Cll,
”' b? @36 &Bbiz[f%e%&g)i n)geaﬁﬁrgcét% a{bz? N fibrBIPdcls /CHLCN),

i ntarned
t @rbﬂ&aéwlom (PR- TP & OARR). RARIY Cli ﬁ%(dwmx@tz cﬁd@ph@Clz, P d(PPha)s,
a'PUGF‘ME)CIgnQidCtﬂé aide.t fthert Js@fusceﬁa@bts w%wﬂmlt@nm&ah@ﬁancmde

e e geny Sembegpalih asoaly o Be gl iy smieres t
L thef paibrdh@n Ratalyst.donexampisx Prddbah complexedrip atphipgpingdigand s uch as 2-
a'(tb@‘ﬁ@tglg bﬁ’osﬁrhhd)buaﬁer@ﬁbmg(&ba)g eéBHﬁ:re%dJ ft@ 8Y @ﬁrﬂét&hh 5-tf (diphenyi-

recipitate forne 9 The was
f Ippqsgp g@x%m ng }Qéan@%ngé) e dba), comp exed to P(t—Bu)s, Pd(OAC)z complexed to
(o-biphenyl)P(t-Bu),; and Pd,(dba)s; complexed to (o-biphenyD)P{-Cy),. Copper- catalysts

which are useful in the above coupling reaction include those catalysts in which the copper
is complexed with one or more ligands, including but not limited to Cul/ethylene glycol
complex; CuBr/DBU complex, Cu(PPh3)Br; and Cu(PPhs)Br additionally comuplexed to
1,10-phenanthroline or neocuproine (e.g., Cu(phen) (PPh3)Br and Cu(neocup)(PPh3)Br,
respectively), and the like.

Bases which are useful in the above coupling reaction include but are not limited to
potassium carbonate, sodium carbonate, cesium carbonate, cesium hydroxid €, sodium
tert-butoxide, potassium tert-butoxide, potassium phenoxide, triethylamine, and Ehe like, or
mixtures thereof. Solvents may be used in such coupling reactions includimg but not
limited to toluene, xylenes, diglyme, tetrahydrofuran, dimethylethyleneglycoi, D MF, NMP,
and the like, or mixtures thereof. This reaction can be carried out at a temperatuare of 50 to



sucked dry. The cake was further dried at 35 OC under
house vacuum for six hours to afford 2 16 g of the

wo povalo4gynoduct . The not her |iquor was then extPEDiIBEd05/003297
with 1.5 L of EtQAc. After partitioning, the aqueous
| ayer was di scarded. The organoc | ayer was washed
twice each with 2 L of water and concentrated. The
residue was treated with 250 nL of CH2Cl 2 and stored
overnight. A thick precipitate formed overnight. The .
i S0 ietbeYs Beheats O patipw e Ssae ez Ao kel igffsincludeeX being |,
calPd;(iee; @ird exdhalgt c@BplBxsdus dentpHos USEOH as b wa3e) MRIPNdsGhoivent, and

t o .af: .&1 g of the final product. The conbi ned
ig?ﬁg@%@agﬁolég of the final product. The materi al

y : . A A
showed J4&¢ fird sRACHISIPRUINISCheranl apwe i serded puttol eeasting a compound
5 st epfowniih dtwith Wint deevatgeuisibbtitGaat KOMhislidabidR 030 QMdEsiePME sing a

: . , - 8..35 J=4. 7 7.5 ,
2%@"‘%@%’%& 5)‘% foéu'dj[%n?le i?_lye:nt %qg%q tf@gra%. %cf':rbl)e?ar&gl%g(cgkgc&n be used
J =85 8 bage, 3nd-HMP Tp{) be gseg@s 7 saitent.nrefergbly, the a6tiveidd substitu@nt X is .
Hz, 3H). Exanple 3: Preparatekginef 3, 6-di odoi ndazol e

An aqueoqus sol ution of 3 S prepared, by addin )
15, 870" 0 e SRR Besabat e o wiosh P Er THisreg. i prneratures in
10 st therfgllogingrdesanigtioncare dlddgnata Lelsieis (80 .a0d gl parfsainti perdnthbyes are by

DMelghO uidss intflaaafiiadsd 0 @ 500 nbi three-neck flask
t hat vva§/ fitted with a nechanical stirrer, a

t enper at’81¥SrHHENG BRIGTAS 2o OREr GAGE WETer RivRHased g épmmercial
t heupmpliens susly deachidiely UThentidak Chmpardy, Wagisi Chatise (Cdniipadf, and SAl
' Cﬁﬁ%ﬁeﬁges,bgW'Sc@ngé F o ugédq.twliltﬁéut *S%rv@?riﬁ@gl‘aﬁd his Hherwise
portion, and the resufting mxture was StIFred +or ard

15 ad#dicAigAal 30 minutes. A solution of 54.3g of 12 in 55

nL of Divhe (éaatieds vel foRR BoRS: Werd PErlorM&s uadhd ed pbétivieNfressure of

o BRRADOS By GBS e el B SRl g s in

r eAdydeons palventsr é\nalylical tiddaver emomatearsphyprs dedontedinn glass-backed

al kifistogel S0FPIAR MASs (AHEREHAD D5 M) Béﬁ@@Iu‘l@dt\ﬁ]thh'ﬁ)é-gpérgﬁﬁg'golvent

20 et hIOdi\/v WEI Cpaltr})dl Cateeatljs 5 aﬁj &hﬁ_f ¥ vvars o Ic:I raphy (HPLC

6- [BFdMttazbl ©FI8S YRS 2SEMEE PY RI9NREHRTFYTE JAUE ohremptpargphy (HPLO)

t her thin-layer chromatography (TLC) and terminated as judged by the consumption of

starting material. The TLC plates were visualized by UV, phosphomolybdic acid stain, or
iodine stain.

'H-NMR spectra were recorded on a Bruker instrument operating at 300 MHz and

25 BCNMR spectra were recorded at 75 MHz. NMR spectra are obtained as DMSO-dg or
CDCl; solutions (reported in ppm), using chloroform as the reference standard (7.25 ppm
and 77.00 ppm) or DMSO-ds (2.50 ppm and 39.52 ppm). Other NMR solvents were used
as needed. When peak multiplicities are reported, the following abbreviations are used: s
= singlet, d = doublet, t = triplet, m = multiplet, br = broadened, dd = doublet of doublets, dt

30  =doublet of triplets. Coupling constants, when given, are reported in Hertz.

Infrared spectra were recorded on a Perkin-Elmer FT-IR Spectrometer as neat oils,
as KBr pellets, or as CDCl; solutions, and when reported are in wave numbers (cm'1). The
mass spectra were obtained using LC/MS or APCI. All melting points are uncorrected.

All final products had greater than 95% purity (by HPLC at wavelengths of 220nm

35 and 254nm).



i odi ne/ DMF sol uti on was added, the second ali quot

sanpl e showed that all the starting 6- iodoindazle was
waeomsissgds A solution of 13.6g of NaHSO3 i n D PEEIE2005/003297

was added slowy to the reaction m xture. At this

stage the dark sol ution becanme4sa-yel | ow suspensi on.

After stirring for one hour, the mxture was filtered

and the cake was washed with 200 nL of water and 200

nmL of hexanes The cake was sucked dry and further

dried in'™§ e@‘%’@ﬂ'ﬁﬁ%‘{/@ﬁpa(f%"? WEﬂd%QﬁRXWGW)““ﬁEﬁ*G gl exemplify the

hounsthtds ddfttieo ps@8.iGenipnoflt khe bélunaérstpb@dﬂtmeaﬁoﬁe bfathe present

So' lh\%ntl(}l'_g WQ@%{ g@%@% Zf‘t?gs a@ g%':g!)a g%s‘l"a) :(d’

56- [\Zre(hmﬂ/llingdzzbw barmyl)phenyl sul f anvn- 3 E—
[2 (pyri di ne-2-yl) et henvni ndazol e N1 THP

t2(nethy|carbam)yl)phe | fanyl ] - 3E—[2(pyr|gllle
-2-yl)eth /@fl?’iE(?ﬁ / was suspendsd i . 485
mL of net ar ( o) @f 1aci

nonohydr at @oxu ,:I,3 8 ,g) wag, added The m e \d&}as t hen
heated to 65 OC (hard rz’?tf,ﬁ)“g fBr 4 hgé'sr'jgH un er argon

HPLC
B A0 LGRS 0 T E P 2 o
1mEI'HI02 pirodle GEQA®H (r6i 0GP (vably (24112 RibSh €bongh@87.82 ), LiBr
hea(tz,h{l@b %’)’aé'lot DRR & ‘?[mé@ %L@f‘@er‘e @Qdéoel?‘:e{ 501 %R %(ﬁlgpped with a
oo and t

Iro er at ure. solid ter e
10, etm R’éc%vﬁ RS @dtewpfrﬁtumr% oThe( R (R degaagy tiep times by
t heattetnhtely sohnedsngne heuseivaamth and hirogéhytheateliratvas (t%n heated to 110

VO' M Bne Izo]uQa%' he tgrlr] eritfile g‘ﬁ%l \f\@f?eclatq b o 9 urs %t which time
detien (156553 by

actor conta I Car Onate
del ayraf 2@2%'@@9 161@@@'@%“@5{%@%?&! bara?@mme evasogBsungd, (HPLC).
V\/n | Al‘fér w@ﬁnd R miurd Wedirdneferred fc‘)oéliﬁL @kiraetdp fnd fgh&fve‘é(ﬁy‘ tHS addition

glﬁ 5 é@%ﬁ%ag%tm%w% taﬁd% Q/B‘I'ﬂﬂ%@g oq;qu%quﬁ%ecll Aﬂer adgltatlon and

partltlonmg, the organic phase was extracted twice with 2.0 L of water and 100 mL of 37%

HCI. At this stage, the organic phase (HPLC) did not contain any significant amount of the
final product (HPLC), and was discarded. The combined agueous layers were treated with
2.2 L of toluene, followed by the addition of 1.05 L of 28% NH,OH over 45 minutes of time

20 (via addition funnel). A thick precipitate formed at this stage. The resulting mixture was
allowed to stir for approximately 48 hours. The mixture was then filtered and sucked dry.
The cake was friturated with 3.5 L of toluene, stirred overnight, filtered and sucked dry.
The cake was then transferred to a glass dish and dried at 50 °C under house vacuum
overnight to afford 160.20 g of the final product.

25 'HNMR, 300 MHz, (DMSO-D6), ppm; 13.35 (1 H, s), 8.61 (1 H, d, J=3.8 Hz), 8.39 (1 H, q,
J=4.4 Hz), 8.21 (1 H, d, J=8.8 Hz), 7.96 (1 H, d, J=16.4 Hz), 7.85-7.76 (1 H, m), 7.66 (1 H,
d, J=7.8 Hz), 7.61 (1 H, s), 7.58 (1 H, d, J=16.5 Hz), 7.50 (1 H, dd, J=5.7 Hz), 7.36-7.23 (3
H, m), 7.192 (1 H, dd, J=8.4, 1.2 Hz), 7.05 (1 H, dd, J=7.5, 1.5 Hz), 2.78 (3 H, d, J=4.5 Hz).



acetate (760 nL), and then dried in a vacuum oven at

400C for 16 hours. The isolatedyield for the reaction
w6780 (274 g), The isolated material was PCT/IB2005/003297

identified as crystalline Formlll free base (0.5

ethyl acetate solvate). 1H NVR42300 WVHz, (DWMVSO- D6),
ppm 13.35 ( 1 H s), 860 ( 1 H d, J=3.8 Hz), 8.39
(1H m, 823 ( 1 H d, J=8.5Hz), 7.95 ( 1 H, d,
J=16.4 sz) 7.82 (1 H ddd, J=7.7, 7.6, 1.8 Hz), 7.67
(1 pxamgle y Prepar of 2-(3-4aslo-1 azghB-yl I l-benzamide
J=16.4 Hz), 7.49 ( 1 H dd,3=7.1, 1.6 Hz), 7.35-7.26
(3 H mM, 7.19 (1 H d, J=8~&~kg), 7.04 (1 H, q J=7.8
Hz), 2.77 (3 H, = 16 Hz)condtBC N 7 ,

( DMBO- D6) ppm N 15548, 149. SN 142,22,
137.31, 136. 00, i|‘132. 9, 138 i 130. Z6yHcd29. B1,

128. 14, 126.50, 125.93, 124:008, 123.01, 122. 85,
122.12, 120.642, 115.08, 26Ma%C Exanple 5: Preparation
of 3,6-diiodoindazole (250.00 g), 2-mercapto-N-methylbenzamide (118.48 g), Pd,(dba)s; (9.28

6- [ﬁ,')(dﬁﬁihlaé/ kﬁ..a?é ,”@M{:)éfg] E,.r%l rﬁl?h)éﬁ)?éﬁdébﬁ}&%ﬁ@&@%ﬁ%éy Jéauentially

- 2-_yDet'henyl i i ndazol e usi ng . _ rany
5pr dP &ctli Wgr—@chljﬁsw’lppqqmw Neghanjqpl stirrerand a temperature probe. The
2- (rBadiionlonidibtel WaaZidn- Simgd.S UtHeadatk ) miNurERihY ldebfRe@Nir8€ times by

it el g gk e o
. 3 ‘RlovercpaioNehB) mingied and MNaidiaimed ath¢ earmeateimgeralubS ®r folls, at which
Ve igneAdBIes! of Medalidudt imncaRa kndt iR K 6-RAINBRRE Whd Rs@than 3%. After

! mecha,nl cal stirrer and a tem erat ure JJrobe. The
Gri xPENE: RASEHENAG BGUELEL A RIWE 1fiidsOfiptes 12t gl telpgne and 1.25
conneaiH. el it @ 220 seraciac UThe raividrenway digeed toldiie atranibiaiiteéemperature
e BB e Rid REIRDRIGKLES 8 Sr s oo v
st aekeAdrhatlBe icalfe Weisfughmigiietbat 33 @yder Apyservaguian ffgigix hours to
t heaffoidXt1 8 lgeof wRSinBQiidact. Thé MoBeNiqIbr vk trea teiiradi@rvitied K00t EtoAC.
12, oy S 50 PV R AU e wast i
pr ergptpwvitha & of weatee dnd qveendreled d Thmsesidié was eehtes fita2id rolhef CH,Cl,
and stored overnight. A thick precipitate formed overnight. The mixture was filtered and
the cake was sucked dry. The cake was dried at 35 °C under house vacuum overnight to
afford 24.71 g of the final product. The combined yield was 241 g of the final product. The
20 material showed satisfactory purity and was used in the next step without further
purification.
'H NMR 300MHz, DMSO ppm: 13.53 (s, 1H), 8.35 (q, J=4.7 Hz, 1H), 7.56 (s, 1H), 7.51-
7.40 (m, 2H), 7.36-7.23 (m, 3H), 7.13 (dd, J=8.5, 1.3 Hz, 1H), 7.06-7.01 (m, 1H), 2.76 (d,
J=4.7 Hz, 3H).
25 Example 3: Preparation of 3,6-diodoindazole

!
/@j\\l I» /KOH ]
l N | N

, DMF, 0°C
H .

An aqueous solution of NaHSO3; was prepared by adding 13.6 g of solid NaHSO; into 250

mL of DI water with strong stirring. 6-iodoindazole (30.0 g), followed by DMF (60 mL) were
added to a 500 mL three-neck flask that was fitted with a mechanical stirrer, a temperature



filtrate was allowed to partition. After partitioning,

t he aqueous | ayer was extracted twice with 300 nL of
WEL@s0487Fhe conbi ned organic | ayers were washePRCT/¥H2065/003297
with water, dried over MgSO and concentrated. The

residue crystallized on standimg- at room tenperature.

The solid was treated wwth 20 nL of Et OAc and

filtered. The cake was allowed to air-dry overnight

and afforded 17.66 g of the final product.Exanple 6:

Pr éﬁgl?ea@lil(béh1qgfmlp\prqurmﬁm%t%f thg stirring had begun, the flask was immersed
2- (id-ah Gedpwaldrivatmd axrel 36 mirtsdd] Kon ya} -abibi¢teih yie benasa rihd theAesulting

gi ?ré&{u?e dvggsis't_it:red f{fé ar(I) Fddétionial nutes[ )A ?Q_Iutlo? ﬂf €r4 :deorf1 |22 in 55 mL of DMF
( 2418 veglyme dap y mjpwaa,qd«@ag tgme&oppn‘@(fu@ww t}me remig started After
5TSQd' r‘ﬁin@l@s (42 m@-éﬁt&gzsolhfbnﬁrﬁlg bﬁén_adlfed'fé eCreu@isn Id@dred TR addition
er ni er cool |
ai 1 EEPARPY Rt G Spmae e PR Ear S RHED g pstignetnon.
L) whiglrindichteshibat tyS@asistll Gdodoindazotleamesent. rifteean adﬁiltr@aai @@ mL of the
Th gocﬁlﬁtﬂ?bﬂﬁ %ol\l?@éh \,Persead@g@ Qﬁebﬁgor@rhth@uo‘ﬂsbﬂnﬁlé sgﬁ/l/edaﬂéi aII the starting 6-
Su Ji(f nda wis Eonsgﬂm§§ 10& a?gﬁc};/ 9%&@-!%(?3 i ﬁ)é(\%?teS/ £ was a%?i\ed slowly

10pr otd et readtibh ivRjre. Sﬁﬂhlwla'@ge DhBakaoBti@bbgogme dy4dllolr ddspension. After
1H)stlrr ng%%r &gg (PoilnH)the 1x§§e %as‘lﬂ-lte(r an%"ﬁw cZIzeg\fias \Zas%gd (Aﬁfh 200 mL of

Hz wqﬁ.q)andgg g-ynl( Q{dwexgneg é‘he Qakf Vi su_e‘tl%d drg agcgfu§hefgin(aqdn a vacuum
1H)oveB (@Pinch Geu(masoidror 1B hodrs(id ,affdr43830Hz pf BEfipal product as a tan

2.4452.23 (m 1H), 208189(m 2H) 182162(m

1H) 62-1 .48 (m 2H). le 7. Preparation o
156.- [zuelw@tsgwmzcm)@@éwﬁ 7.46 (d, J=8.4 Hz, 1H), 7.24 (d J=8.4 Hz, 1H),
ul fagyilsl 118 E- f 2- (pyr| di ne-2- yDet henyl iindazol e using

t heE)Ia%/oT zp Hltnglx %rao ec{) ony sterﬂg 8rto L(l:ctelé1 [9 (r%re{?lvlgarggmov!:ﬁwenvlg‘ulfanvl] 3-E-

2 (B_mmﬂm_lﬂbih@mﬂmﬂ_z@ﬁylsulfanyl) N- et hyl - benzami de
(510 ng), and 2- vinylpyrkdine (0.14 niL, 1.3 Mml) ~
were added to a 100 nL 3;negck fl ask, equped \Mthv\glsl

stirring bar

t hen deg d
house vac S
stir for CONHCcH;  THP CONHCHz ~ H
20  N-1 THP 6-[2-(methylcarbamoyl)phenylisulfanyl}-3-E-[2-(pyridine-2-yl)ethenyllindazole (355
g) was suspended in 2,485 mL of methanol, after which p-toluenesuifonic acid
monohydrate (718 g) was added. The mixture was then heated to 65 °C (hard reflux) for 4
hours under argon while the reaction was monitored by HPLC (gluco method). Heating

continued until less than 1% of the N-1 THP protected starting material persisted. The
25  heating was then removed and the reaction was cooled to room temperature. The solid

was filtered and the wet cake was washed with methanol (2 volumes, 710 mL) then the
solids were rinsed with ethyl acetate (2 volumes, 710 mL). The wet cake was transferred
to a reactor containing sodium bicarbonate (126.84 g), deionized water (1800 mL), and
ethyl acetate (975 mL), which was then stirred for 2 hours at 20°C. The solids were filtered
30 and washed with 5 volumes of deionized water (1800 mL), then with 2 volumes of ethyl
acetate (760 mL), and then dried in a vacuum oven at 40°C for 16 hours. The isolated



two hours, after which an aliquot indicated that only
the starting material was present (HPLO). Initially,
wedjopes7Bu) 3] 2 was used as a catal yst (9.28 ghCT/E20089003297

with 20 nL of DMF, and 124 nL of Cy2Nwe (711 Ml ) at
roomtenperature for 2 hours, -bpat the reaction did not
wor k. Subsequently, it was found that when Pd(QAc) 2

was used as the catal yst along with P(OTol)3, the
reacti on wor the role of the Pd[P(t-Bu)

3] Yid4toaing ﬁac "H‘ “t’%?egzo’i/e%f £ rTdg dsolatnd redsenadwarddensified as crystalline
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ot HEL 0N of 20V kB3 OGN 478 37 o

vvasJ-é@d'E&i to renove the Boc prot ect| ng group. After
cooPd MR, t7Bevig, &b%yrsﬁb &9?75@@3' 1850152 149, ﬁ IU|[4|§ gﬁlf 14503 137.31,
o
T P el 2l 0 6 B o PEALER T 1o
10Et O&é12'l’llﬁé6¢2)rm5 A&®6arSgani ¢ | ayers were washed tw ce
Wi téka%ie%r Prefirh@fh B85 MindabaRBEh chOMEBRINA %Jﬂzg%ggﬁme -2-
C

resid \l/vas pre adsor bed onto S IC& and su

1.4 EtOAc Bt OAC/ I\/b(}| 100:1, 50/ 1) to yield 155
of the fi naI product: l\lg 8: Preparatl on of N
Boc 2-(

H i ndaz AW :
(1.18 Q) Cmm@ddeé b N sﬁaf? Sor 3| ons oSa ol'yt'i on of
2- (3-1o0do-1H i ndazol - 6- anyl ) - RONBGHy| - bdhzam de

(2.20 g), dinethylam no B%‘Qﬂ’l%e (66 ng), and
Nl gk FFBIPW(BfI@fonﬁrMndﬁzoﬁ é’-?lsd‘ﬁ’ahyl) N ey M@§arﬁlbé kﬁ1eﬁ d)N2-@Rylpyridine

o pRtg e ol Mmo'ﬁt d B8 BB G PAreRh 82 BRI 1113 mL, 64

2 (0ol ami . Mqhmami&rmemw ﬁ&pﬁmweye adved hyd 1 Lifemech fiaske equipped

WaSyith QNBdtiRdcal dftr bR@Gtd ra‘fﬂréb%ﬁ@ Wﬁ@m&ﬁx\\;\g;a\tﬁée’srﬂhgﬁ 9eg"éssed three

1 nL of E
partbiee Py Rlemsteh FimSgpataetsipienin and Bfeenc iy was heate t

100 °C and the temperature was maintained at 100 °C overnight, at which time all the

20  starting material was consumed (HPLC). After cooling, the mixture was poured into 800
mlL. of saturated NaHCO3; and 400 mL of EtOAc was added. The mixture was stirred for
half an hour at which time a thick presipitate formed. The solid was filtered off and the
filtrate was allowed to partition. After partitioning, the aqueous layer was extracted twice
with 300 mL of EtOAc. The combined organic layers were washed twice with water, dried

25  over MgSO, and concentrated. The residue crystallized on standing at room temperature.
The solid was treated with 20 mL of EtOAc and filtered. The cake was allowed to air-dry
overnight and afforded 17.66 g of the final product.



nore tinmes with 50 nL of Et OAc. The conbi ned organic
| ayers were washed twice with water, dried over MgSO4
wa@reeoesTeent rat ed. The resi due was chronmat ogr aptiBmB2005/003297
usi ng Hexanes/Et OAc (1:1, 1:2, 1:4, 0:1) to afford
1.35 g of the final product. 1 NVR 300 MHz, CDCI3 d
8.06 (s, 1H), 7.68-7.56 (m 1H), 7.43-7.20 (m 5H),
6.60 (d, J=4.2 Hz, 1H), 2.92 (d, J=5.1 Hz 1 3H), 1.62
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filgsafe 3‘@@% J@o(frﬁ ?Hﬂ%?g 313%e(n§ '1l-l 026‘77VYQSJ-§1 Rewy ‘éﬁ)s '&‘%1 223 (m, 1H),

with'tetrah a ich oroma hane '(di scar ded)

foI%Qﬁ?\?e%P(H}/ B &2u1eq% En ity bP2 4R (M- tetrahydrofuran

sol Eﬁamﬁh mpa@mmenatrmf_mdarbamommmnwmwm&-@fépmmé 2-
. 13.66 (s,

7947.81(m 2H). 776 d 7.9 e 1H).

Py 7, @] 7ol (d79=7, 02, 1
d, J=4. 2) Pd(OAc)s, P(o-Tol)s

CONHCH3 8 N
DMF, 100°C CONHCHs  H

3) TFA

N-1 Boc 2-(3-lodo-1H-indazol-6-ylsulfanyl)-N-methyl-benzamide (510 mg), and 2-
vinylpyridine (0.14 mL, 1.3 Mmol) were added to a 100 mL 3-neck flask, equipped with a
stirring bar and a temperature probe. The mixture was then degassed three times by

20 alternately connecting to house vacuum and nitrogen. The mixture was allowed to stir for
two hours, after which an aliquot indicated that only the starting material was present
(HPLC). Initially, Pd[P(t-Bu)s], was used as a catalyst (9.28 g), along with 20 mL of DMF,

and 124 mL of Cy,NMe (711 Mmol) at room temperature for 2 hours, but the reaction did

not work. - Subsequently, it was found that when Pd(OAc), was used as the catalyst, along

25  with P(o-Tol)s;, the reaction worked. However, the role of the Pd[P{-Bu)s], catalyst in the
overall reaction could not be excluded. Accordingly, 22 mg of Pd(OAc), and 91 mg of P(o-

Tol); were then added to the flask and the mixture was degassed again by alternately



Exanpl e 10: Preparation of
6-f 2- (et hyl car banoyl ) phenyl sul f anv

wW@2®6M44724 (pyri di ne-2- yPet henyliindazol e To aPdD0B2005/003297
3-neck flask containing a solution of 0.95 g of 6-[2-
(et hyl car banoyl ) phenyl sul f anylué-3-[ 2- (pyridi ne-2-yl)e
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(1g|)ﬂasr7 cKrdmatbg @iexgr@s/E(t%Aé?— %1_51 g1 % igt@A? $0Aé/|vl)e0|—|(7 1881, 50/1) to
S E??m%%”‘e aé?f°‘l“§ 2 92‘(d, J=4.5 tz, 1H).

6 for (met hyI car barmyl ) phenyl suI fanvn 3- E—f2 (
" pyridine- 2- vpet henvni nd zolel) 10%

Cyst ei ne- si ) 10% Cyst ei i i cal DVA/THF

3) THF/ o (BeDiQx Po rm vV

5) HOAc/ Xyl ness Tova Was <= i Ppethalit h
ded IXI 0

a rrechanl calostCHs er vaas a

|
Boc
- Cet hyl car bano %%hen ul fan -S- E— CE
ot BB WIS 8 SRR 6 T PR ARS SOEOT B (e Hlazore:
Af tydaulfaty)N-metgylftenzag@lem(i20 @$, dinfethylamiacbupwidinec@femg), and N,N-
15N ONRAGRARBHSamide (22 mL), which was chilled in an ice-water bath. At the completion of
the addition, HPLC of the aliquot indicated that all the 2-(3-lodo-1H-indazol-6-ylsulfanyl)-N-
methyl-benzamide was consumed. The reaction mixture was poured into a mixture of 100

mL of EtOAc and 100 mL of water. After partitioning, the aqueous layer was extracted two

more times with 50 mL of EtOAc. The combined organic layers were washed twice with
20  water, dried over MgSO, and concentrated. The residue was chromatographed using

Hexanes/EtOAc (1:1, 1:2, 1:4, 0:1) to afford 1.35 g of the final product.

'H NMR, 300 MHz, CDCl; 5 8.06 (s, 1H), 7.68-7.56 (m, 1H), 7.43-7.20 (m, 5H), 6.60 (d,

J=4.2 Hz, 1H), 2.92 (d, J=5.1 Hz, 3H), 1.62 (s, 9H).

Example 9: Preparation of 6-[2-(methylcarbamoyl)phenylsulfanyl]-3-[2-(pyridine-2-

25 yhethynyvllindazole

4
= 4
N
s N Pha),Cl./Cul I
Pd(P u .
CONHCH;  Hh (PPhs)Cla S N
DMF CONHCH;

2-(3-Iodo-1H-indazol-G-ylsulfanyl)-N-ﬁ)ethyl-benzamide (2.30 @), 2-ethynylpyridine (0.25
mL), Pd(PPh3).Cl> (128 mg), Cul (64 mg), (Pr.NEt (0.50 mL), and N,N-



To the clear solution was added 800.99 g of 10%
cysteine-silica and the resulting m xture was all owed

WO 000sig740t room t enperat ure overni ght. The m RCTITRR00%4(83297

filtered through a nediumsintered glass fritted

funnel, and the cake was washegzwi th a solution of 500

nmL of DMA and 500 ml _ of THF. The cake was further

washed with 2.0 L of THF and the filtrate was

collected into a separate flask. The volatile parts in
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perl a thick precipitate formed at this
OQ%e%‘?'eDr&g%Ctl rring overnight, the m xture was
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g@§hﬂ§ﬁh&ho%oollng overnlght the n1xture mas

filtere rough sharkskin filter paper and sucked
dry. The cake was cha pd to a 5 L 3-neck flask and
1.6 L of MeCH was The flask was_equi pped

nmechani _gal a wat emzmpdenser d t
wer e N”
S N° Phenyliodide diacetate CONHCH 5 !
CONHCH; M DCM

To a 100 mL 3-neck flask containing a solution of 095 g of 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-[2-(pyridine-2-yl)ethynyllindazole was added 2.5 g of
phenyliodide diacetate followed by 1.0 mL of H,NNH,-H,O. After the bubbling had settled,
more phenyliodide diacetate and HoNNH,-H,O were added in small portions, until LC/MS
indicated the disappearance of 6-[2-(methylcarbamoyl)phenyisulfanyl]-3-[2-(pyridine-2-
yhethynyllindazole and the formation of 6-[2-(methylcarbamoyl)phenylsulfanyl]-3-Z-[2-
(pyridine-2-yhethenyllindazole.

'H NMR, 500 MHz, CD,Cl, 6 8.89 (d, J=2.4 Hz, 1H), 7.90 (s, 1H), 7.86-7.90 (m, 1H), 7.82
(d, J=8.8Hz, 1H) 7.56 (d, J=6.6 Hz, 1H), 7.51 (d, J=8.3 Hz, 1H), 7.35-7.40 (m, 1H), 7.23-
7.30 (m, 2H), 7.21 (d, J=6.6Hz, 1H), 7.15 (d, J=8.3 Hz, 1H), 7.04 (d, J=13.3Hz, 1H), 6.70
{d, J=12.6Hz, 1H), 6.30 (s, 1H), 2.92 (d, J=4.5 Hz, 1H).

Example 11: Palladium removal and polymorph control of 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-[2-(pyridine-2-yl)ethenyllindazole




heated at reflux for 6 hours. After cooling overnight,
the m xture was filtered through sharkskin filter

weapenssamd sucked dry. The cake was di ssol ved Peit/tB2003003297
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L of HOAc with the assistance of gentle heating in the
water bath of a rotary evaporagor. The solution was
filtered through #3 filter paper andthe total vol une
of the filtrate was reduced to ~500 ml _ in vol une on
the rotary evaporator at 60 ¢ 60 mrHg. At this stage,
the bulk of the nfxjure remained a yellow sol ution ang
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repeated two nore tinesymebhte®t cooling, the mnjx

was fil tered the cake swsom@shed with 500 ni 6'?“"!"'%“'\/

xyl enes @ gqgagﬂ%weq#}egd &iﬁkaem\saémkén%nﬁ&%sseéhd&@@ 20 g of

gl ass dIS i nch
ov@fmﬁwlcarpﬁ@os(*)ak@viﬁa@anm Ev{zﬁ1(ﬁyéd‘i‘enz éf'éﬁ%?”yﬁiﬂ Czaglagﬂew L of
108MA8@d 1% I ay THROWSRdT stlirifid for 0 intriuteaniak yskisrei redanoabaatbgeneous.

t hg tgg cﬁaay§ol IOI’] W%a&@éd'%?%@ gquwmggste@?&%é éé\@‘ct?e resulting mixture

teri ray raction
pawa%allnw%mlr@rqv@ E@@R@wzﬁﬁt O‘teﬁ‘@,ghf ol l owi ng approxi mate
diffr acfh@ﬁuxﬁfﬂé]l/vﬁ§ filfe?6d through 9, médun® sintbfedbylaskSritd flrmell ,and the

gc 6 m@i %rl]eéj vi@. ?_pgng B0 g?oc?wt_ 2Fofn afid 580 nfCordHraAtle cake was

2- {uBhdrodshec-withn2ia of TBth@mefﬁﬁWWNWﬁquﬁﬂ infgenearpigediask. The

NWolati%);%rtslﬁ lheAatterlhilthdld GEreNBRbvel! /ﬁ%'cub@fﬁd eee raeiags wm témbined
a nechani cal stirrer, and a

" VL herman s, \TRe ceRaP LA Wheg AR BT Pogg L fask.
g Jolidvaddlby\eed gloy 1 cystainapilica- mhermshyﬂammmﬂwhemzth@)cai stirrer
Pd%‘%@ Lc:igo&eq’ th%%e%se&g@mom@ﬁpérétu%df g), NW (1 .21),

Yo aqueous uti on

Stirri n@thr%yﬁs themfitereg ghrough a medlun)n smtereJ‘S\ass frltge% funnel and
the silica was washed with a mixture of solvents of 500 mL of DMA and 500 mL of THF,

followed by 3.0 L of THF. The volatile parts in the filtrate were removed in vacuo and the
remaining solution was transferred to a 22 L 3-neck flask and treated with 12 L of water
(added over a 20 minute period of time), a thick precipitate formed at this stage. After
stirring overnight, the mixture was filtered and the cake was washed with 2.0 L of water

and sucked dry.

The cake was charged to a 5 L 3-neck flask, followed by 1.6 L of THF and 160 mL
of DMF. The flask was equipped with a mechanical stirrer, a reflux condenser and the
mixture was heated at reflux for 8 hours. After cooling overnight, the mixture was filtered
through sharkskin filter paper and sucked dry.

The cake was charged to a 5 L 3-neck flask and 1.6 L of MeOH was added. The
flask was equipped with a mechanical stirrer, a water condenser and the contents were
heated at reflux for 6 hours. After cooling overnight, the mixture was filtered through
sharkskin filter paper and sucked dry.

The cake was dissolved into 1.6 L of HOAc with the assistance of gentle heating in
the water bath of a rotary evaporator. The solution was filtered through #3 filter paper and



The dark reaction m xture was degassed three tines by
alternately connecting to house vacuum and nitrogen.

wab@eristiur e was heated to 800C over a period pET/mE2065/003297
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an hour and mai ntained at the sane tenperature for 18
hours. The reacti on was nonitg.ed by HPLC. It was

noted that heating may be di scontinued when the anount

of 6-di odoindazole is < 3% The reaction m xture was

all owed to cool to roomtenperature. An aqueous

s dedpiabypluste iAeditzteuaas [?ﬂé??ﬁrt‘eﬁoﬁyma@dfoh'g‘ew tp 1gtary evaporator
s@t sl odNed1RAH. e siag@ t'he ‘Bfllk deh®mbERS renriirRl a\/yeﬂdilrv solution and a
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f ahe hakd \A@Qtﬁ@hgfeﬂré@i toC 8-giek efishbardhrufigdri Gl £Xg0tdI27Minch vacuum
h| hest poi nt .0 00 . lodine (417 g) was dissolved in
g maseparateflask with stirring. Once
conpl efThe d:alsas\@dtamﬂ’-whlteom Gobvd ianck weiglee do E18188g o nf-iay exivdet didfraction
géﬂygg lﬁ&ll:’ét@d Mﬁ% GPRdIRGoh PR p?eslentagﬁ#bﬁ Wag cﬁa%{%ﬂzed EB®orm v

I he/ tlonvvasthenadddrovwseov 1h
t c?yt%éo‘f’%%ic)f 'i’aés drﬁf"?r?t%’t‘ upatiern  gappasing H’éa'ﬁdﬁﬁ {'ﬁecfﬂ”oiwéng approximate
exigfdeaomagieanzb)t e, 120, ensal5.2, a0t 1708 19R5AIE, @AM .2, 24.8,
t%gre AL 5be controlled via external cooling in

Tt or112to t he cofntrol I ed addltl on !rate trtl e

| = A ) 40
16 8 © . Upon npl et e add|t| on the final tenperature
was 14.5C. Th sk S then take out of the bath

and t he i nf&fabvcenmle

| gacheq¢ 21.1 0Cin 70
mNﬁ%@ﬁe m xture was al\;@@ stif atewmoemuen Ny S\@
te at ur €okpra @y, ee hours t which e anal ysi,

of an aliqua{xsarel! e i ndicated the feaction was

conpl et e (<@0h s@fdq). "Jpon confirmatfon of reaction
conpl eti on \MPRRC)1eht he fl ask was re-i Mmersed in the

i cewat er bath. The aqueous NaHSO3 sol uti on prepared as

descri hed |pheéi ek ieshaas ag@eRd with a mechanical stirrer, a temperature
probe, and a N, inlet. The flask was charged with 6-iodoindazole (200 g) followed by 2-
mercapto-N-methylbenzamide (144 g), Pdx(dba); (3.75 g), Xantphos (4.74 @), NMP (1.2 L),
and 50% aqueous CsOH solution (150 mL) in that order. Stirring was thhen commenced.
The dark reaction mixture was degassed three times by alternately connecting to house
vacuum and nitrogen. The mixture was heated to 80°C over a period of half an hour and
maintained at the same temperature for 18 hours. The reaction was monitored by HPLC.
It was noted that heating may be discontinued when the amount of 6-ditodoindazole is <
3%. The reaction mixture was allowed to cool to room temperature.

An aqueous solution of NaHSO; was prepared by adding 90 g of solid NaHSO;
into 1.5 L of deionized water with strong stirring. This solution was then set aside until the
reaction quench step as described below. The reaction mixture in the 5 L. flask was chilled
in an ice-water bath until an internal temperature of 0.9 °C was reached. KOH (183 g) was
then charged in a single portion and the resulting mixture was allowed to stir for half an

CONHCH



slowy over 40 mnutes froman addition funnel. (Note:
this addition is exothermc and trie internal reaction

wo eovpetsiur e nust therefore be controll ed via eXt/B20ed/003297
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cooling in additiont o the controlled addition rate;
the internal tenperature shaowpd be kept bel ow 15.7C).
Upon conpl ete addition the reaction was a slurry of
light yellow solids. The m xture was allowed to stir
at anbi ent tenperature overnight. The solid product
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a‘ljn(tjc; ’EhIeOSnL %(va k and %e funnml was rinsed with 1.5 L of water, and the rinses were also
charged into the 5 L flask. The mixture was stirred for one hour and filtered. The wet cake
was recharged back to the 5 L flask, and the funnel was rinsed with 1.5 L of methanol, and
the rinses were also charged into the 5 L flask. The mixture was heated at 45°C for tvwo
hours, then allowed to cool. The mixture was filtered and the cake was washed with 500
mL of MeOH, and sucked dry. The product (cake) was placed in a vacuum oven at 60°C
for 18 h to afford 317 g of 2-(3-lodo-1H-indazol-6-ylsulfanyl)-N-methyl-benzamide.

Example 13: Preparation of 86-[2-(methylcarbamovl)phenylsulfanyl]-3-E-[2-(pyridine-2-

ylethenyllindazole

\ N=
Q\s NN Pd(OAG),, P(0-Tol)a

|
CONHCHg H Proton Sponge, LiBr
NMP, 110°C

A 3 L 3-neck flask was equipped with a mechanical stirrer, temperature probe, and
a nitrogen inlet.  2-(3-lodo-1H-indazol-6-ylsulfanyl)-N-methyl-benzamide (200 g), as

+ proton sponge HI salt



the tenperature rose from20.90C to 680C in 15 mn,
then began to fall. 2-vinyl pyridine (69 nL) was then

w@odaed487dhe m xture was degassed three tinmes DbRCT/IB2005/003297
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alternately connecting to house vacuum and nitrogen.
The m xture was heated at 11C9HG over one hour and the
tenperature was mai ntained at 110 OC for 18 h. The
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Th'rﬂpurity by HPLC. As standard precaution, the identity of the solids should be confirmed

by HPLC before discarding.

The filtrate was agitated via vigorous mechanical stirring and then allowed to
separate into organic (upper) and aqueous (lower) layers. The lower aqueous layer was
drained (~3.6 L) and the organic layer was extracted twice with 1N HCI (500 nL then 300
mL). The acidic aqueous extracts were pooled and washed once with MIBK (1 L). The
final volume for the lower aqueous layer was ~4.3 L; upper MIBK layer volume was ~1.1 L.
Based on subsequent experiments it is recommended that further agitation should not be
carried out since phase mixing is accomplished as described previously. Furthwer agitation
requires more time to allow for phase re-separation and is not necessary. The initial MIBK
extract may be very close in color to the aqueous phase and difficult to distinguish;
measured volumes are given above.

To the combined aqueous layer was added toluene (1 L) and the rmixture was
transferred to a reaction flask with an overhead stirrer and pH meter. The rmixture was



final volume for the | ower aqueous |ayer was ~4.3 L
upper M BK | ayer volume >was ~ 1.1 L. Based on
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To a 250 mL round bottom flask under a nitrogen atmosphere was charged crude 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-[2-(pyridine-2-yl)ethenyljindazole (35 ¢) - as
prepared in Example 13 - DIPHOS, NMP (175 mL) and then 1,2-diaminopropane with
mechanical stirring. The mixture became an orange solution after about 10 minutes. The

25  solution was then stirred at room temperature for 2.5 hours.

To the mixture was then added methanol (1400 mL) over 5 to 10 minutes. During
addition, the solution became cloudy. After a few minutes, a precipitate formed. Stirring
(250 RPM or less, moderate stir rate) was continued for 18 hours. Note, after MeOH was
added, granulation was carried out for 18 h. Use of a shorter granulation time has been

30 shown to reduce yield. Use of a longer granulation time does not increase yield but may
be carried out without any adverse effect.



Product assay was carried out as above with 0.5 ng

sanple. Typical purity was 83 - 87% The product
wa@ewbaisted NMP, which was visible by 1H NVR Erenm2605/003297
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Zobef ore tg ﬁcﬁ'ﬁdﬁedﬁhevﬁédu%tl(‘?@gmpcharged to a flask and methanol (130 mL) was

added while stirring under an atmosphe&re of nitrogen. The mixture was heated to 65°C,

o
(]

1

1

U‘I

and mechanically stirred for 10 h. The mixture remained a suspension of solids throughout
the reslurry. Note, about 5 to 10 minutes after MeOH was added, an apparent physical
form change took place, resulting in a rapid change from a thin slurry to a very thick one
25  that did not stir well at room temperature (the slurry itself was not actually thicker, but the
new form solids appeared to be needle-like crystals and thus their volume expanded
considerably). Stirring quickly improved on heating and the mixture remained an easily
stir-able slurry both at elevated temperature and on cooling back to 25°C.
The mixture was then cooled to room temperature and stirred for 3 h. The solids
30  were collected by filtration and were pulled dry on the filter via suction. The filter cake was
not washed. The solids were dried in a vacuum oven at 65°C for 18 h. The resulting white
solid weighed 12.2 g (94% recovery by weight; purity-corrected recovery was 95%) and
was 99+% pure by HPLC (TFASH method). Pd content was 7 ppm.

35



A portion of the product (21.2 g) was charged to a

flask and tetrahydrofuran (210 nL, 10 nlL/g) was added
waieeen4sm at nrosphere of nitrogen. The m xt ure RMBEIB2005/003297

heated to 65C, under ~250 rpmstirring, for 15 h. The

m xture remai ned a suspensi on-&#-solids throughout the

reslurry. The m xture was cooled to roomtenperature

and stirred for 3 h. The solids were collected by

filtrat hed, w of THF a
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resulting white solid weighed 16 g (76% recovery by
wei ght; purity-corrected recovery was 77% and was
98+% pure by HPLC (TFASH nethod). Pd content was 7
ppm A portion of the product (13 g) was charged to a
flask and net hanol (130 nlL) was added while stirring
under an at nosphere of nitrogen. The m xture was
heated to 650C, and nmechanically stirred for 10 h. The
m xture remai ned a suspensi on of solids throughout the
reslurry. Note, about 5 to 10 m nutes after MeOH was
added, an apparent physical form change took place,
resulting in a rapid change froma thin slurry to a
very thick one that did not stir well at room
tenperature (the slurry itself was not actually

t hi cker, but the new form solids appeared to be

needl e-li ke crystals and thus their vol une expanded
considerably). Stirring quickly inproved on heating
and the m xture renained an easily stir-able slurry
both at el evated tenperature and on cooling back to
250C. The m xture was then cooled to roomtenperature
and stirred for 3 h. The solids were coll ected by
filtration and were pulled dry on the filter via
suction. The filter cake was



not washed. The solids were dried in a vacuum oven at
650C for 18 h. The resulting white solid weighed 12.2

w@2q08498mecovery by weight; purity-corrected rBCDE20§5/003297
was 95% and was 99+% pure by HPLC ( TFASH net hod). Pd
content was 7 ppm Wile the ingention has been
illustrated by reference to specific and preferred
enbodi ments, those skilled in the art will recognize
that variations and nodifications nmay be nmade through
routine experinentation and @#@B®ice of the invention.
Thus, the invention is intended not to be limted by
thveeolrﬁ_goi ng description, but to be defined by the
appenag ‘clainms and their equivalents.Cl ains W claim
1. or a pharmaceutically acceptable salt or solvate

st hey eof , A 8ot freshria® FRSMuRPof fefid 29 a conmpound of
formula .with a conpound ofy fornmula 6 toormche

conpound of fornula ;Na. 2MJhe 1,
wherein the reaction is [ condi t94Hons
conprising Pd g t hod of
claim2 , wherFéi nd
wherein the pri se
P(O Tol ) 3 assa.l ifand that conpl exes wit Fthe Pd

catal yst. 4. Thé nethod of cH#i m 3, wherein the

r eg@rtd hame@BdtichllyoatSeiabie $¥@for 6EVEW ih_%%of?ﬁ@ltrﬁmnoﬂmﬁgﬁsi@ reacting a
a base Li [ t hyl acet am de or
N%”l%?‘ﬂ*&’%’;?ﬁ'%?%&@‘ﬁ%Cé'%s“%g’“%gfﬁ%é‘ﬂlaf?and wherein the
reaction is frarried out at®a tefrperature of 100 to

12Q0C. 5. (A cegpenpd of for a\2&0r a
phar maceut\ cal ept It ©F sol vat

6. A net hos—e mpound,of forffrul afjfa or @k
phar mace l e salt or sol vatig theyeof,
t he net hod conpr g a

10  to form the compound of formula 1-a.

2. The method of claim 1, wherein the reaction is carried out under conditions
comprising Pd or Cu as a catalyst.

15 3. The method of claim 2, wherein the catalyst is Pd(OAc),, and wherein the reaction
conditions further comprise P(o-Tol); as a ligand that complexes with the Pd catalyst.

4, The method of claim 3, wherein the reaction conditions further comprise Proton
Sponge as a base, LiBr as an additive, and dimethylacetamide or N-methyl-2-pyrrofidone

20  as a solvent, and wherein the reaction is carried out at a temperature of 100 to 120°C.

5. A compound of formula 2a



conmpound of formula 12 with to produce the conpound of
formula 2r. 7. The nmethod of claim®6, wherein the

WO e@eisTid i s carried out under conditions conppPCEFIBRGOF03297

10

15

base and a solvent. 8. The nethod of claim 7, wherein
the base is KOH and the sol vergs-i s N-net hyl - 2-
pyrrolidone. 9. A conpound of fornula 12or a
pharmaceutically acceptable salt or sol vate thereof.
10. A nethod of preparing a conpound of formula 12 or
a pharmaceutical |y Acceptabl e salor fsol vat e t hereof,

t he nmet hod conprigf gagting a cqmpoung of formula 3
with a conpound o\ 5-axt o_produce a conpound
of formula 12. 11 od o Naj m 10, erein the

reaction is carr ons conp%ising Pd
or Cu as a catalyst. 12. The nmetee/of claim 11,

wherein t I ' ( d wherein the
reé%?Pgﬂwggﬁﬁgﬁﬁgﬁ%hﬁhgfﬁgéwgg%%ﬁﬁg%ﬁXantphos as a
ligand that conplexes with the Pd catalyst. 13. The

metghod of methéd dhpfedaringtaeomipbunt bEfoi@@cd-a on condi ti ons
further conprise CsOH as a base, argl di net hyl acet am de

or N-nethyl-2-pyrrolidone as a sol vex nd wherein
the reaction is cagfi eth-oe ratugg of 70 to
900C. 14. A nethod nount of

pal | adi umin an or gam , A od conpri sing

contacting the or di am nopr opane

and DIPHOS to afford an organ'?f% phase erein the

amount of palladiumis less than in the organi c phase

pr iape phaymeentticey aqeeptalile saltoapavate therenfdhe MEHPDErAESIAHgacting a
Dl %b%ound of formula 12

N\/ i: : s \CH3
12

with 1, to produce the compound of formula 2-a.

7. The method of claim 6, wherein the reaction is carried out under conditions

comprising a base and a solvent.

8. The method of claim 7, wherein the base is KOH and the solvent is N-methyl-2-
pyrrolidone.
9. A compound of formula 12

N\/ — s \CH3
N/
12



15. The nmethod of claim 14, wherein the organic phase

conprises a conpound of formula | and pall adi um 16.
wab@ees7mod of claim 15, wherein after the orge@i/B2005/003297

phase is contacted with said 1, 2-di am nopropane and

DI PHOS, the nmethod further comrprises the steps of: a)

contacting the resulting solution with a sol vent

sel ected fromthe group consisting of nethanol and

tetrahydrof uran; and ggsg,e&%rati ng solid material from

{ he®" GPjAmPEeYFalY acceptable salt or solvate {hredr

10. A method of preparing a compound of formula 12
" N

\ S

12
5  or a pharmaceutically acceptable salt or solvate thereof, the method comprising reacting a
compound of formula 3-a with a compound of formula 5-a

Q H

N H
N
HS \CHs N/

3-a

to produce a compound of formula 12.

10 11. The method of claim 10, wherein the reaction is carried out under conditions

comprising Pd or Cu as a catalyst.

12. The method of claim 11, wherein the catalyst is Pd,(dba);, and wherein the reaction
conditions further comprise Xantphos as a ligand that complexes with the Pd catalyst.

15
13. The method of claim 12, wherein the reaction conditions further comprise CsOH as
a base, and dimethylacetamide or N-methyl-2-pyrrolidone as a solvent, and wherein the
reaction is carried out at a temperature of 70 {o 90°C.

20 14, A method for reducing the amount of palladium in an organic phase, the method
comprising contacting the organic phase with 1,2-diaminopropane and DIPHOS to afford
an organic phase wherein the amount of palladium is less than in the organic phase prior
to contacting with said 1,2-diaminopropane and DIPHOS.

25 15, The method of claim 14, wherein the organic phase comprises a compound of
formula 1-a and palladium.
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16. The method of claim 15, wherein after the organic phase is contacted with said
1,2-diaminopropane and DIPHOS, the method further comprises the steps of:
a) contacting the resulting solution with a solvent selected from the group
5  consisting of methanol and tetrahydrofuran; and
b) separating solid material from the organic phase.



