METHODS FOR PREPARI NG | NDAZOLE COVPOUNDS Fi el d of the Invention The present
invention relates to nmethods for preparing indazol e conpounds, and

i nt er rediwoeasoddaeraeof , whi ch are useful as nodul at ors amdiaB20osybossed or s of
protei n ki nases. Background of the Invention The di scussion of the
background to the invention herein is anluded to explain the context of
the invention. This is not to be taken as an adm ssion that any of the
material referred to was published, known or part of the conmon general
know edge in any country as of the priority date of any of the clains. U S
Patent Nos. 6,531, 491 and 0, 534 524 each of which are incorporated herein
by ref@rence in theirME : INDAGOLER COMBQYNPE compounds t hat
nodul at e and/ or inhibit the actlvbhwfméhwembaln protein kinases such as
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20  treatment of cancer and other diseases associated with angiogenesis or cellular proliferation

mediated by protein kinases.
One group of indazole compounds discussed in the above-referenced U.S. Patents is

represented by the formula shown below:

H R10

25  wherein:
R is a substituted or unsubstituted aryl or heteroaryl, or a group of the formula CH=CHR®
or CH=NR?, where R? is a substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl;
Yis O, §, C=CH,, C=0, S=0, SO,, CHz, CHCHj3, -NH-, or -N(C, to Cg alkyl);
30 R® is a substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,

alkoxyl, aryloxyl, cycloalkoxyl, -NH(C, to Cg alkyl), -NH(aryl), -NH(heteroaryl), -N=CH(alkyl),
-NH(C=O)R”, or -NH,, where R" is independently selected from hydrogen, substituted or
unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and '
R is independently selected from hydrogen, halogen, and lower-alkyl; and
35  pharmaceutically acceptable prodrugs, pharmaceutically acceptable metabolites, and

pharmaceutically acceptable salts thereof.



pharmaceutically acceptabl e prodrugs, pharnmaceutically acceptable

nmet abol ites, and pharnaceutically acceptable salts thereof. Al though net hods
for prepawvongosadstasconpounds were previously referred t@eCTUREOR0038008I NS a
need in the art for new synthetic routes that are efficient and cost
effective. Summary of the Invention In one aspect, the invention relates to
nmet hods for preparing a conpound of foPdula |: or a phar maceutical |y
acceptabl e salt or solvate thereof, wherein: Rl is a group of the fornula
-CH=CHR 4 or -CH=NR 4, and Rl is substituted with O to 4 R5 groups; R2 is
(C1 to C12) alkyl, (C3 to Cl12) cycloalkyl, (5 to 12-nenbered)

het er o8ycl oal kthougiCanethpdCI)prepaging soh ¢ampeindareverre peedipudie raiangd g thereCl t o

C12) al kox¥maiksdnde@ inGleart BF Mheu(c%té&hé;a%)eﬁemlaaab&@é%cweNH(C 1to C8
al kyl), -NH(C6 to Cl12 aryl), f]X% mi)ered heteroaryl), -N=CH(Cl to
C12 al kyl), -NH(C=0O H, -NH(C-O) d R2 is substituted with O
to 4 R5 groups;n mcaapdésthesnwemuemmnmejhonyhrmg@nng hednpgent, of ormyfldl t o C8)
al kyl, and the (G to C8) alkyl is substituted with O to 4 R5 groups; R4 is

(Cl to C12) alkyl, (C3 to Cl2) cyd oaI ky ONtBrt o 12- menber ed)

het erocycl oal kyl, (C6 to Cl12) ar lN B2- menber ed) heteroaryl, and
R4 is substituted with O to 4 ou

R R5 i s independently hal ogen,
(Cl to C8) alkyl, (C2 to C8) ald\oenyl w C8) al kynyl, -OH, -NO2, -CN,

-C2H, -0(C 1 to C8 alkyl), (C6 to ClZ)I aryl, (CG to C12) aryl (Cl to CB)
al kyl, (%g]m%-l hal o substituted (Cl to
Cl2) zflok%%arma : aﬁy acc%l tut E%OV&JE%WO& aI k /1), conprising: a)
reacting a compOiRRIeP qfa?erfermalaWH P o8 -SEmYSuNg Fofis Fubstivipdwihg tﬁﬂcﬁn de a

conmpound afroup®r Mul a 1 V: Il 1V wherein the reaction occurs in the

presence of a t n ; ' of£Ct |

activated subsﬁaﬁﬁée ?O 0165 aq‘ﬁfﬁ Sl%é%@'kﬁ f %ﬁ%dggeg%ggﬁeg%@,cé%fg@ ove and
b) depr ot €&l #ig GHe 1@0‘?&5@3% bﬁterf’%v'ntﬂ:1at°|@i2 t%ﬂ‘oﬁ\f ¢%d t?eC@)h@’Y'@@’nﬂbl}ﬁ& 19f
fornmula | cy&whl@nptm}e(a m%ﬂdll) -NHi€; foroyear), qws&hatmaefedmetekvam for preparing

a corrpound O(EH(EC)% 12 aIkWénNH eé)r?félnl\él:tl@goﬁ?t Fﬁﬁ 3&(? FOIS %%stlﬁ‘lfgdw %E{B ﬁlF}éSt In

anot her aspect &2 R preparing a conpound
of f or nul agroups;

each R? is independently hydrogen, halogen, or (C; to Cg) alkyl, and the (C; to Cg) alkyl is
substituted with 0 to 4 R® groups;
20 R* is (C; to Cy) alkyl, (Cs to Cy2) cycloalkyl, (5 to 12-membered) heterocycloalkyl, (Cs to
C12) aryl, or (5 to 12-membered) heteroaryl, and R* is substituted with 0 to 4 R® groups;

each R’ is independently halogen, (C; to Cg) alkyl, (C, to Cg) alkenyl, (C, to Cq) alkynyl,
-OH, -NO,, -CN, -CO,H, -O(C; to Cs alkyl), (Cs to Cy2) aryl, (Cs to Ci) aryl (C4 to Cg) alkyl,
-CO,CH3, -CONH,, -OCH,CONH,, -NH,, -SO.NH,, halo substituted (C; to Cyp) alkyl, or —O(halo
25  substituted (C, to Cy,) alkyl); comprising:
a) reacting a compound of formula Il with a compound of formula Ill to provide a
compound of formula 1V:

H H
w .
! . NG W Oy N2
N” HS R® nN s R3
' + — )QQ/
R1 R3 R1 Rs

wherein the reaction occurs in the presence of a catalyst and a base; W is a protecting group; X
30 s an activated substituent group; and R, R?, and R® are as described above; and
b} deprotecting the compound of formula IV to provide the compound of formula I.
In another aspect, the invention relates to method for preparing a compound of formula 1,
wherein the catalyst is a palladium catalyst.



|, wherein the catalyst is Pd(dppf)Cl2-CH2Cl 2. I n another aspect, the
invention relates to nmethods for preparing a conpound of formula |, wherein
t he base we 2s@l@st4ed fromthe group consisting of potas@cunmBnashoaat e,

sodi um car bonat e, cesi um carbonate, sodiumt-butoxide, potassium

t - but oxi de, triethylamne, and m xtur e'% t hereof. I n another aspect, the
invention relates to nethods for preparing a conpound of formula |, wherein
the base is cesium carbonate. In another aspect, the invention relates to

met hods for preparing a conpound of formula I, further conprising a solvent
in the reaction between the conpound of formula Il and the conpound of
formul & 111. | HeBenhasedspribrentiphislaianjemeineds forairencard 3 eemastiiad ormelp

prepari ng |avrerkimpsigdagt isfra@paion-dH.cLWwherei n the solvent is N, N-di methyl
formam de. I n another_as t. the i i | ates .t o h

b epar | nga colpging SPorap it fRie e et MRt BFOIE s, o
about 80Cl Whereimdienbaseais pelgeted fram the\gsapi eonsistiag Hf egtasgiunmsahenats, segium
prepari ng carb6raie) CdeedmO tarbaid Isadilm  VHLEIxRE,N pMédsmima t-b@bidth ekt RYNIrRN and

pr ot ec1£0| ngn.)grroytg Qr. a trinet hyl si |l yl et hoxynet hyl protecting group. In

anot her a 6 ¢ PR i nvention relates to nethods for preparing a conpound
of fornula |, Whnotenasrhe, theinvantierelatasiie methedsrier RPRETY Kcqrepopnsl @b fdrgela

brom de, QrwheRMlEbask i RBIGHB&borAPECt, the invention relates to nethods for
preparing a conpoupd of fornula.l erein t activated substituent group
B odde. 1 I KBErSpeshdbydhphe iR S REnbf oAl € oS el

pr epar i ng lafudismsompribingf a fseventiInathe | reagtien bétweanhibe gpopaiod ioh dorgyle lipand/ the

t et r ahydr @pMpRRd odB¢hulaN® process of deprotecting conprises reacting the
conpound of formul olic solvent anot her

|V wit id i | cqh sol - h
aopect |t he | nUCHERSh PR 8o B S M BRI Gt et e
f ormul a | I, whaeinghescivest ialdi Ntdimsthpgermamisieul f oni ¢ acid or is p-tol uenesul fonic

acid, and the & R0l h&peSOhy BlkniibPreRisNERBIhodsGo R Rlng AcARRRRNR kor@lia
i sopr opan ntion relates to methods for

prepari ng?g“’hér:?rf}f‘dgﬁn%%ggft' isf%gﬁgcﬁ‘%’%a{%%%m@? in the conpound of formula Il has
fornul2® V, andInt dretheoagpecirite ofentior relates td methbdedorf eparihgaa compound of formula
I, wherein W is a tetrahydropyran protecting group or a trimethylsilylethoxymethyl protecting
group.
In another aspect, the invention relates to methods for preparing a compound of formula
I, wherein the activated substituent group X is chloride, bromide, or iodide.
25 In another aspect, the invention relates to methods for preparing a compound of formula
1, wherein the activated substituent group X is iodide.
In another aspect, the invention relates to methods for preparing a compound of formula
I, wherein the protecting group W is tetrahydropyran, and the process of deprotecting comprises
reacting the compound of formula IV with an acid in an alcoholic solvent.
30 In another aspect, the invention relates to methods for preparing a compound of formula
I, wherein the acid is methanesulfonic acid or is p-toluenesulfonic acid, and the alcoholic solvent
is methanol, ethanol, n-propanol or isopropanol.
In another aspect, the invention relates to methods for preparing a compound of formula
I, wherein the compound of formula Il has formula V, and the compound of formula lll has formula
35 VI




VI: VM- A- In another aspect, the invention relates to nethods for

preparing a conpound of formula |, wherein the conpound of formula IV has
formul a \WO:200am48136t her aspect, the invention rel ates tecrashosisosdar
preparing a conpound of fornula I, wherein the conpound of fornmula |I has
formula VIIl: In another aspect, the invention relates to nethods for

preparing a conpound of formula or a p'ﬁ‘ér maceutically acceptable salt or
sol vate thereof, wherein: RL is a group of the formula -CH=CHR 4 or -CH=NR
4, and Rl is substituted with O to 4 R5 groups; R4 is (Cl to C12) alkyl,
(C3 to C12) cycloal kyl, (5 to 12-menbered) heterocycloal kyl, (C6 to Cl12)
aryl, & (5 tonanathenbweddhe huerdionalajs to metodgor reraing & cerproary ofifermue to 4
R5 groups;) edh tRS conSpolMas pende N has irbiegen, (CL to C8) alkyl, (C2 to C8)
al kenyl, (C2 to C8) alkynyl, -OH -NOX2, -CN, -C@@H, -0(C 1 to C8 al kyl),
(C6 to C12) aryl, (C6 to Cl2) aryl (Clyto C8)OspiNky], - CORCH3, - CONHZ,

- OCH2CONH2, - NH2, -SO2NH2, hal o substituteds to Cl12) alkyl, or -Q(hal o
substituted (Cl to C12) alkyl); Wisha ec g group; and X is an
activated substituent group; conprisfng:a reactting a conpound of fornula
I X with a diazotizing agent to formla diazoniumsalt; and b) treating the
diazoniumsalt with a netal halifle) wherein RL, Wand X are as descri bed
above. |In another aspect, the invention relates to nethods for preparing a
conpound of fornula I, wherein the actiVdted substituent group X is

chl ori de, br oniluenotter aspedi e invémioa raatéser mathpdscfor, prepesing agemgoutthofrfermalaes t o

net hods f qry{Ri&PAE LobRnE PR dh&f okl |1, wherein the activated
substituent group X i's iodide. In another aspect, the invention relates to

met hods for preparing a conpound of fornula Iq]iw\gprei n the diazotizing

agent is sodiumnitrite or t-butyl nitfite. sln anof her aspect, the

invention relates to nethods for prepari a pound of fornula

10 Vil
In another aspect, the invention relates to methods for preparing a compound of formula

W
N X
I ]
I

or a pharmaceutically acceptable salt or solvate thereof, wherein:
15 R' is a group of the formula -CH=CHR* or -CH=NR*, and R’ is substituted with 0 to 4 R®
groups;
R* is (Cy to Cyy) alkyl, (Cs to Cyy) cycloalkyl, (5 to 12-membered) heterocycloalkyl, (Cs to
Ciz) aryl, or (5 to 12-membered) heteroaryl, and R* is substituted with 0 1o 4 R® groups;
each R’ is independently halogen, (C; to Cg) alkyl, (C, to Cg) alkenyl, (C to Cg) alkynyl,
20  -OH, -NOy, -CN, -CO:H, -O(C{to Cs alkyl), (Cs to Cyp) aryl, (Cg to Cyg) aryl (C; to Cg) alkyl,
-CO,CH3, -CONH,, -OCH,CONH,, -NH,, -S0O.NH,, halo substituted (C; to Cyp) alkyl, or —O(halo
substituted (C, to Cy,) alkyl);
W is a protecting group; and

R1

X is an activated substituent group;

25  comprising:



1, wherein the diazotizing agent is sodiumnitrite, and the netal halide
is potassiumiodide. In another aspect, the invention relates to nethods

for prepawvongos4smspound of forrmula 11, further conpri siPOF/IB20050@BBYK | C
anount of iodine. In another aspect, the invention relates to nethods for
preparing a conpound of fornula II, \/\herel n the conmpound of formula I X has
formula X, and the conpound of forrrula Il has fornmula V: x v In accordance
with a convention used in the art, - is used in structural formulas herein

to depict the bond that is the poi nt of attachnment of the noiety or
substituent to the core or backbone structure. Wien the phrase, "optionally
subst i But ed wi tehreaptng @rcompeund Sfifpsile ewithss digzotizingeabiehielp édrm a digzohiympalint t o

i ndi cate tjgt the group in question nmay optionally be substituted by one or
nore of the sug tltuent%‘%{]ovid d, The n@g{% r of substituents a group in
the conpounds &f "$BITH B A AGE ends on the nunber of positions
avai l abl e for substitution. Fow exarrpl e, an%aryl ring in the conpounds of

the invention may contain frm% addi wi Yubstituents, dependi ng on
the degree of substitution pr, on the #4 The maxi num nurrber of
substituents that a group inRthel corrpoundg of ”the |nvent| on may have can be
easily determned. The ternms "react", "reacted” and "reacting," as used

her ei n, ré"fhé'feé‘30W£”€Héfﬁaé£eS%'P%%%°¥e or processes in which two or nore
reactamts are ah hraoivetl adpect ctbermvemibio retatastta ciethodst for weeningé berpotind effférecta a
chemi cal Elh@ﬁ'é}gn eatc{\/gﬂégﬁarsméﬂtggup g%‘rch%mr]oﬁudevmmld'éeam ant A and

react ant are a cone into contact th each other to afford a new
cheni cal conpodhaTader espeg, e inygptign feﬂ?tef?d?/é‘ethf"é%fert REPY ¢ RO e C.

The terms If; phatie aie, actwaipﬂ sibettted gfoupNds iSdideot ect i ng" as used herein, refers
to a process i rfn t% eét%ﬂg varﬂ‘% regeﬁ%%QQ mafhos fgrhﬁ'gﬂa(ﬁﬁdl a GCQ‘IIIH%QWS# thrhula

selectlveli/ -reactive functional group 1n order to allow a
sel ectidve ! é’ﬁ‘t’?‘f‘gﬁ("@mt?@g 69%‘&&8 sefium ks ¥ tBEYISRIS cheni cal conpound. Such
non-reactive f Udﬂﬁlﬁdﬂﬁdﬂadpegj‘tﬁblpﬁetﬁb& rfegdsetd Mmethedsnecpretiod @ cdmpogndjoidopsila’  For

exanpl e, llhﬁlh% gﬁ mecmzst{zﬂgggﬁnp fs%&i ﬂﬁ’e gﬁ&“@me’caﬂﬁah&’e%@?ﬂ&%ﬁ' iolides efers to

t hose groups reactivity of a
ni trogen (N) grioapetherpwpesteihennvertion éﬂbﬁt%s tﬁf‘@ﬂ“@@%fph@e@”ﬁ%ﬁC"’m%”%%féﬁ"h'@r ein
refers to I ias& cpinpiseg hicaglyly st dfvdinear e useful in the preparation of the

corrpo%ds of 1 hﬁ arpcrtf?& g&%ct' tﬂX%&At‘aﬂ ‘rela%éctg' ma{hB4 3 &B&anﬂ& Q%rﬁdoluXd Qﬂl)lﬁ'uu‘ o be
Il, wherein the compound of formula IX has formula X, and the compound of formula il has

formula V:

In accordance with a convention used in the art, % is used in structural formulas herein

25  to depict the bond that is the point of attachment of the moiety or substituent to the core or

backbone structure. When the phrase, “optionally substituted with one or more substituents” is

used herein, it is meant to indicate that the group in question may optionally be substituted by one

or more of the substituents provided. The number of substituents a group in the compounds of

the invention may have depends on the number of positions available for substitution. For

30 example, an aryl ring in the compounds of the invention may contain from 1 to 5 additional

substituents, depending on the degree of substitution present on the ring. The maximum number

of substituents that a group in the compounds of the invention may have can be easily
determined.



selectively introduced and renoved using mld reaction conditions that do
not interfere wwth other portions of the subject conpounds. Protecting
groups t hao 2006004845t abl e for use in the processes and neCmaB®08H03BéE
present invention are well known. The chem cal properties of such
protecting groups, nethods for their gtroductl on and their renoval can be
found, for exanple, in T. Geene and P. "Wits, Protective Goups in Oganic
Synthesis (3rd ed.), John Wley & Sons, NY (1999) herei n i ncorporated by
reference in its entirety. The terns "deprot ect,"” "deprotected,” and
“deprotecting,” as used herein, are neant to refer to the process of

renovi g a pr otTeetermyTepebUpasted rand TeetipgLascsed hereingpinis 19 a s0smieR! grosess,

us efj heLe:oP pl’fo&fs@ésfln ?vﬁctatw'éhﬁ Mofeadtaticdrt Qlkllﬁ)ed & &2 ihtb adm@e\mﬂf &lch ythat ﬂo(ﬁWS a
nucl eophi | i.c stitution r tota itis
at t ached. b?ﬁl 2eXENS Tlg aN9R %4l an(# %1'8?' EgseXoT&?he %ac A%&@Fg?ﬁ%m%er ein R
is al kyl, aiewdd,to mmehetp@pmqwlith eachtather tocrfforgreonpy qhgmﬁér?@m%ﬂuﬂﬁs)r%f%lsrséﬂ to as
a | eavi ngt(gﬁ@gpreg)@&aw@,ﬁgtotpr@jub@@rs nucl eophi lic substitution reactions to
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carbonat e f@fc%l‘ﬁﬁgromﬁpplﬁ HRde? $o aI%Wda Qédélﬁlﬂ?(béa&i'b@('dpﬁ) 6chﬁ'tel§éﬁh(é?e Bﬁ%@ld&ﬁbMM@.t ed by
reaction with c r bodi sutab}:o

| eavi ng gPB’BB@JnﬁnCEf”%HBm rﬁﬁ‘%‘“’%\?@cﬁ ! Q’ri"f‘ﬁstaé%ﬁ?r(%m tsrmegr?rgtg(’tmgrgéow% "' odi de,
cyano, i medaz@é.ghe termd “ityagen psoteghimugreunt "hast ushd nerelpereiersap lthoae @roups thehe®e with a

g?r gﬁqg'd?c?@ab?*ﬁhg@&tn@ly%ﬁﬁék@ﬁe%g|r@&ﬁh@%f'%ﬂ’@ge(nom)l @61@' | Ynd Ebrr?\h@wf&blﬁsfnce

itive su zol e erjvative
The term PRTFIRERHPs ﬁf)é%?‘{ﬁ 'yﬁ’t” E)O 910%% p@e@{f‘gh%ﬁ%[is tR% ?rgr”feftupm "hemi cal
f unct i onalprapectipn bt cayeendsl df %emresmsm\anmmbs?tuctl rdupnare gaoarélyrabtegiotbak e

pl ace at ts@@ctﬁr%@%r%&c%érﬁheh&veh%SI% I fa8Gion EQuitiSHARRIGE notliMterfry Wit &drdes,
the - | group i§ enera ubstituent group

because | tp°'§'PTso%§ Pt CP%/]P ﬂs @ﬁ@Ptingﬁ?“?%th?taﬁ{%Slﬂ'iaé‘ég’s rye ﬁ*ée PSP Car bon
Sui t al#te aol metbadof $elpsasbrtireabtiog aeups kaovwe. e Ehekmiaahpropedias olbwinh pratskinge
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term"al kﬂ”d %F%E@F?P@’efrg%lprsé’i’ Q)Fﬂa”’c 5?’””6“1!‘9%?1%’?&8)6??3? m%yaﬁf’%ﬁ’g‘g A& ™

hydr ocar bawreirc ondrporaied ¢y Teferendd) inc g buinetyat dims tevimiscldepratyet,b ddaprrgackest”i andt ed or
substi t ut eg, pbéf &hs é%rusg!)ﬁé?elmaré RRark ¥Rkt {oqﬁél%l%céig%ﬂreh% ebﬁ ofé\%ng'-:g%&ﬂpl ary

al kyl substltuents I nc but are not limted to neth ethyl (Et),
propyl2® i SOPYRIIPUNSut yl, i sobutyl, t-butyl, and the I|ke

The term “leaving group,” as used herein refers to a chemical functional group that
generally allows a nucleophilic substitution reaction to take place at the atom to which it is
attached. For example, in acid chlorides of the formula CI-C(O)R, wherein R is alkyl, aryl, or
heterocyclic, the —Cl group is generally referred to as a leaving group because it allows

30 nucleophilic substitution reactions to take place at the carbonyl carbon. Suitable leaving groups
are well known, and can include halides, aromatic heterocycles, cyano, amino groups (generally
under acidic conditions), ammonium groups, alkoxide groups, carbonate groups, formates, and
hydroxy groups that have been activated by reaction with compounds such as carbodiimides. For
example, suitable leaving groups include, but are not limited to, chloride, bromide, iodide, cyano,

35 imidazole, and hydroxy groups that have been allowed to react with a carbodiimide such as
dicyclohexylcarbodiimide (optionally in the presence of an additive such as hydroxybenzotriazole)
or a carbodiimide derivative.

The term “activated substituent group,” as used herein refers to a chemical functional
group that generally allows a substitution reaction to take place at the atom to which it is

40  attached. For example, in aryl iodides, the —I group is generally referred to as an activated
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© 5 may be formed) of the nitrogen-containing heteroaryl groups described herein. lllustrative

examples of heteroaryl groups include, but are not limited to, thienyl, pyrrolyl, imidazolyl,
pyrazolyl, furyl, isothiazolyl, furazanyl, isoxazolyl, thiazolyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazinyl, benzo[b]thienyl, naphtho[2,3-blthianthrenyl, isobenzofuranyl, chromenyl,
xanthenyl, phenoxathienyl, indolizinyl, isoindolyl, indolyl, indazolyl, purinyl, isoquinolyl, quinolyl,
30 phthalazinyl, naphthyridinyl, quinoxyalinyl, quinzolinyl, benzothiazolyl, benzimidazolyl,
tetrahydroquinolinyl, cinnolinyl, pteridinyl, carbazolyl, beta-carbolinyl, phenanthridinyl, acridinyl,
perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl, and phenoxazinyl.
llustrative examples of N-oxide derivatives of heteroaryl groups include, but are not limited to,
pyridyl N-oxide, pyrazinyl N-oxide, pyrimidinyl N-oxide, pyridazinyl N-oxide, triazinyl N-oxide,
35 isoquinolyl N-oxide, and quinolyl N-oxide. Further examples of heteroaryl groups include the

following moieties:
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15  acid, pyranosidyl acid, such as glucuronrc acrd or galacturonrc acid, alpha-hydroxy acid, such as

citric acid or tartaric acid, amino acid, such as aspartic acid or glutamic acid, aromatic acid, such
as benzoic acid or cinnamic acid, sulfonic acid, such as p-toluenesulfonic acid or ethanesulfonic
acid, or the like.
If an inventive compound or an intermediate in the present inventon is an acid, a desired
20  salt may be prepared by any suitable method known to the art, including treatment of the free
acid with an inorganic or organic base, such as an amine (primaty, secondary, or tertiary); an
alkali metal or alkaline earth metal hydroxide; or the like. lllustrative examples of suitable salts
include organic salts derived from amino acids such as glycine and arginine; ammonia; primary,
secondary, and terliary amines; and cyclic amines, such as piperidine, morpholine, and
25  piperazine; as well as inorganic salts derived from sodium, calcium, potassium, magnesium,
manganese, iron, copper, zingc, aluminum, and lithium.
The compounds of the present invention may contain at least one chiral center and may
exist as single stereoisomers (e.g., single enantiomers or single diastereomers), any mixture of
stereoisomers (e.g., any mixture of enantiomers or diastereomers) or racemic mixtures thereof. It
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The term “substantially diastereomerically pure,” as used herein, is meant to encompass

25 those compounds that contain from at least about 90% to at least about 95%, and all values in
between, of a single diasterecisomer.

The terms “racemic” or “racemic mixture,” as used herein, refer to a mixture containing
equal amounts of sterecisomeric compounds of opposite configuration. For example, a racemic
mixture of a compound containing one stereoisomeric center would comprise equal amount of

30 that compound in which the sterecisomeric center is of the (S)- and (R)-configurations.

The term “enantiomerically enriched,” as used herein, is meant to refer to those
compositions wherein one stereoisomer of a compound is present in a greater amount than the
opposite stereocisomer.

Similarly, the term “diastereomerically enriched,” as used herein, refers to those

35  compositions wherein one diastereomer of compound is present in amount greater than the
opposite diastereomer.

The compounds of the present invention may be obtained in sterecisomerically pure (i.e.,
enantiomerically and/or diastereomerically pure) or substantially sterecisomerically pure (i.e.,
substantially enantiomerically and/or diastereomerically pure) form. Such compounds may be

40  obtained synthetically, according to the procedures described herein using stereocisomerically
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Before elaboration of the C-3 R' group, however, the intermediates useful for the
25  preparation of the compounds of formula | may require the use of protecting groups.  For
example, the nucleophilic indazole ring nitrogen (N-1) may require masking through use of a
suitable protecting group. Furthermore, if the substituents on these intermediates are themselves
not compatible with the synthetic methods of this invention, the substituents may be protected
with suitable protecting groups that are stable to the reaction conditions used in these methods.
30 The protecting groups may be removed at a suitable point in the reaction sequence of the method
to provide a desired intermediate or target compound. Suitable protecting groups and the
methods for protecting and de-protecting different substituents using such suitable protecting
groups are well known, examples of which may be found in T. Greene and P. Wuts, supra.
A suitable nitrogen protecting group, W, is one that is stable to the reaction conditions in
35  which the compounds of formula Il are allowed to react with the compounds of formula Il to
provide the compounds of formula IV. Furthermore, such a protecting group should be chosen so

that it can be subsequently removed to provide the compounds of formula .
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formamide). Such silyl protecting groups may be cleaved by exposure of the 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 ion sources
30 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 be cleaved under acidic conditions
using organic or mineral acids, with or without the use of a buffering agent. For example, suitable
acids include, but are not limited to, hydrofluoric acid, hydrochloric acid, sulfuric acid, nitric acid,
35 acetic acid, citric acid, and methanesulfonic acid. Such silane protecting groups may also be
cleaved using appropriate Lewis acids. For example, suitable Lewis acids include, but are not
limited to, dimethylbromo borane, triphenylmethyl tetrafluoroborate, and certain Pd (ll) salts.
Such silane protecting groups can also be cleaved under basic conditions that employ
appropriate organic or inorganic basic compounds. For example, such basic compounds include,
40  but are not limited to, sodium carbonate, potassium carbonate, sodium bicarbonate, potassium



Such silane protecting groups can al so be cl eaved under basic conditions

t hat enpl oy appropriate organic or inorganic basic conpounds. For exanpl e,
such basiwocompasmds i ncl ude, but are not limted to, sedraBrosnizecat e,
pot assi um car bonat e, sodi um bi carbonate, potassi unbi carbonate, sodi um
hydr oxi de, and pot assi um hydroxi de. The cl eavage of a silane protecting
group may be conducted in an approprrd?é solvent that is conpatible with
the specific reaction conditions chosen and will not interfere with the
desired transformati on. Anong such suitable solvents are, for exanple,

al kyl esters, alkylaryl esters, aryl esters, alkyl ethers, aryl ethers,
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cleaved by treating the subject compound with organic or inorganic acids or Lewis acids. The

choice of a particular reagent will depend upon the type of ether present as well as the other
reaction conditions. Examples of suitabie reagents include, but are not limited to, hydrochloric

30 acid, sulfuric acid, nitric acid, para-toluenesulfonic acid, methanesulfonic acid, or Lewis acids
such as boron trifluoride etherate.

These reactions may be conducted in solvents that are compatible with the specific
reaction conditions chosen and will not interfere with the desired transformation. Among such
suitable solvents are, for example, alkyl esters, alkylaryl esters, aryl esters, alkyl ethers, aryl

35 ethers, alkylaryl esters, cyclic ethers, hydrocarbons, alcohols, halogenated solvents, alkyi nitriles,
aryl nitriles, alkyl ketones, aryl ketones, alkylaryl ketones, or non-protic heterocyclic compounds.
For example, suitable solvents include, but are not limited to, ethyl acetate, isobutyl acetate,
isopropyl acetate, n-butyl acetate, methyl isobutyl ketone, dimethoxyethane, diisopropyl ether,
chiorobenzene, dimethyl formamide, dimethyl acetamide, propionitrile, butyronitrile, t-amyl
40  alcohol, acetic acid, diethyl ether, methyl-t-butyl ether, diphenyl ether, methylphenyl ether,



These reactions may be conducted in solvents that are conpatible with the
specific reaction conditions chosen and will not interfere with the desired
t r ansf or maiDI2006/048TNg such suitable solvents are, for erampBmO5/603840

esters, alkylaryl esters, aryl esters, alkyl ethers, aryl ethers, alkylaryl
esters, cyclic ethers, hydrocarbons, algohols hal ogenat ed sol vents, al kyl
nitriles, aryl nitriles, alkyl ketones, aryl ketones, alkylaryl ketones, or
non-proti c heterocyclic conpounds. For exanple, suitabl e sol vents i ncl ude,
but are not limted to, ethyl acetate, isobutyl acetate, isopropyl acetate,
n-butyl acetate, nethyl |sobutg ket one, di net hoxyet hane, dii sopropyl

et her, Thl FayeRbERe 2eativietrydrelyianm irdioxangi meptaYs. hesmeahprigne, methanol,

pr opi oni t r éthanol, bikdryiraddi -piopenol, t =tarmdl, abm@m: 2-b@arel, | dichRei@thatl, eiﬁimadformt her,
met hyl -t-b I e [t ydr of ur an,

5. rre%/hyl ter%éilgl:hlgrtogtﬁgne g&&&}wﬂﬂx b&&g}ﬁiﬁle gr%{o?é( 2{? Bﬁﬁ%ne Ben%?.rpe fue e: mS%LanOI

et hanol , 1XVﬂﬁnsi)an%Pyﬂd'Qe '\ 9F @m/a{wéwre ofmhehoaﬁm'venﬁ hddiserelly, wgemnym@rsed asa

di chl or OrTEt:d”-lﬁm%nt i kHiso apbfonmatior. if Zleéﬁs?ﬁ} OlFlﬂ@lS/hs’Uaﬁ! rea@fidPb %ytbélphl%rmed at an g
benzonifri t - a ene, anl s, an
pyri di lInde %ﬁgma?ﬁgtgt Laf[%e giﬁnt wg%(t)ovgd%é@ i %n%'nLdA@dth iOnal | reéc’[a\l/%% er° imy be
used as a E‘ﬁth§bﬁuﬁf%’ﬁfe@<‘1ﬂ°'t?ﬁné't'ftr}sa'?f?sﬁbéfoﬁﬁﬁ'PJnGreﬁn%@@é%M?SysupFa nal |y, such

react i onsdnay berofeetioh asi reesl Nat .rwaz@@mﬁg)lambgérg.st iﬁ:»dm?ﬂaﬁww f»éa@mg 2486 to 100
0C, depen egl eact ants . use ur re i on
condi t :oonsm(gn Olé P’ﬁh §% a?anr_?sz—f éaé‘naggan BesUigs ac'%bn ?5&VGI5E<§P%C?§ @&ﬁ:bf t he
N-1 i ndazoletéafryprﬁ@"% t(fdgenands raeitviare| ickiprise ti(}HiCéactq n!govliiel Gtiedage-nitro-1-
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sol vent, such as DMF, tetrahydrofuran (THF), and net hyl ene chloride
(CH2C1 2) to provide 3-iodo-6-nitro-1- (tetrahydropyr@n-2-yl)-1 Hindazole.
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si | anes, aprkigtting groaw, pt sulfonamide protecting group, their application and their subsequent removal,
is disclosed in T. Greene and P. Wuts, supra.
Suitable hydroxyl protecting groups that are useful in the present invention include, but
25  are not limited to, alkyl or aryl esters, alkyl silanes, aryl silanes or alkylaryl silanes, alkyl or aryl
carbonates, benzyl groups, substituted benzyl groups, ethers, or substituted ethers. The various
hydroxyl protecting groups can be applied and suitably cleaved utilizing a number of known
reaction conditions. The particular conditions used will depend on the particular protecting group
as well as the other functional groups contained in the subject compound. Furthermore, suitable
30  conditions include the use of an appropriate solvent that is compatible with the reaction conditions
utilized and will not interfere with the desired transformation. Suitable solvents useful in applying
the various protecting groups and their subsequent removal may include alkyl esters, alkylaryl
esters, aryl esters, alkyl ethers, aryl ethers, alkylaryl esters, cyclic ethers, hydrocarbons, alcohols,
halogenated solvents, alkyl nitriles, aryl nitriles, alkyl ketones, aryl ketones, alkylaryl ketones, and
35  non-protic heterocyclic compounds. For example, suitable solvents include, but are not limited to,
ethyl acetate, isobutyl acetate, isopropyl acetate, n-butyl acetate, methyl isobutyl ketone,
dimethoxyethane, diisopropyl ether, chlorobenzene, dimethyl formamide, dimethyl acetamide,



car bonat es, benzyl groups, substituted benzyl groups, ethers, or
substituted ethers. The various hydroxyl protecting groups can be applied
and suit awbyowloasmed utilizing a nunber of known reacti @eaTaBdsbi3eens. The
particular conditions used will depend on the particular protecting group
as well as the other functional groups contained in the subject conpound.
Furt hernore, suitable conditions includ¥-the use of an appropriate sol vent
that is conpatible with the reaction conditions utilized and will not
interfere with the desired transformation. Suitable solvents useful in
applying the various protecting groups and their subsequent renoval may
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The Suzuki 9r38A8RECEH i s a pal I adi um cat al yzed coupl ing reaction in which the
reaction of an optionally substituted raryl boronic acid or an optionally

substituted heteroaryl b iPE ,aci d[ L ﬂ coupl mﬂ’subst ituted aryl
group or a substituted hét oar , heg substituents on the
aryl group or the heter olar yl %'Lfb are haI i de triflate, or a diazonium
salt, which prodsets patadilim azlityll/st§ R Cth€ Buzuki reaction includes but are not limited to
25 Pd(C+7H140)x, Pd(PPhg),, and [Pd(OAc),]s and the like. A base such as an inorganic base or an
organic base (e.g., organic amine) is also required to neutralize the liberated acid. In general,
Suzuki coupling reactions require milder conditions than Heck reactions.
When R' is a substituted or unsubstituted aryl group, or is a substituted or unsubstituted
heteroaryl group, the compounds of formula | can be prepared by a Suzuki reaction between an
30  optionally substituted aryl or heteroaryl boronic acid and a substituted aryl or heteroaryl group, in
which the substituents on the aryl or heteroaryl group are halide, triflate, or a diazonium sait.
A Heck reaction involves the catalytic coupling of C-C bonds, where a vinylic hydrogen is
replaced by a vinyl, aryl, or benzyl group, with the latter being introduced as a halide, diazonium
salt, aryl triflate or hypervalent iodo compound.

R =vinyl, aryl, or benzy!

35 RX H>—< Fi>_< + HX X = anionic leaving group
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 such



Useful palladiumcatalysts for the Suzuki reaction includes but are not
limted to Pd(C 17H140 x, Pd(PPh 3)4 and [Pd(OAc) 2]3, and the |ike. A base
such as awmoOi20@wgsmsc base or an organi c base (e.g., orgaorTaBzos/nespod s al so
required to neutralize the liberated acid. In general, Suzuki coupling
reactions require mlder conditions thqg Fbck reactions. Wen Rl is a
substituted or unsubstituted aryl group, Is a substituted or
unsubstituted heteroaryl group, the conpounds of formula | can be prepared
by a Suzuki reaction between an optionally substituted aryl or heteroaryl
boronic_acid and a substituted aryl or heteroaryl group, in which the
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e compoundlg o??ormula | can be prepared by a Heck reaction between a compound
20  containing a vinylic hydrogen and a compound containing a vinyl, aryl, or benzyl group which is
substituted with a halide, halide, diazonium salt, aryl triflate or hypervalent iodo compound.

A Heck reaction between 3-iodo-6-nitro-1-(tetrahydropyran-2-yl)-1H-indazole and 2-vinyl
pyridine is accomplished by heating these reactants in the presence of a catalyst such as
palladium(ll) acetate (Pd(OAc)y), a ligand such as tri-o-tolylphosphine, a suitable base such as

25 N,N-diisopropylethyl-amine, and a solvent such as DMF to provide 6-nitro-3-((E)-2-pyridin-2-yl-
vinyl)-1-(tetrahydropyran-2-yl)-1H-indazole.

Qo .. \N ) /L /k/ _ Pd(OAd), _

N
N N P(o -tolyl)s
DMF

The compounds of formula | contain an indazole ring and phenyl ring that are bridged by

a sulfide group. Such sulfide linked ring structures are obtained by coupling an indazole

30  derivative which is substituted with an activated substituent group X (compound of formula I1) with

a thiophenol derivative (compound of formula Ill). Suitable activated substituent groups for X

include but are not limited to halides (e.g., chloride, bromide, iodide), hydroxyl derivatives (e.g.,
triflate, mesylate, and tosylate groups), and diazonium salts.

Derivatization of the 6-nitroindazole ring compounds described above, with an activated

35  substituent X group can be accomplished by reduction of the 6-nitro group to the 6-amino



acetonitrile, N, Ndinmethyl formam de, dinethyl sulfoxide or

di met hyl acetam de). The reaction tine and tenperature depend on the nature
of the orwennw/disissde to be activated, |odo derivativesParaBmos/eoss@act i ve
and hence auxiliary |igands (phosphines) may not be required. In these
cases pol ar solvents such as N, N-di nethyl formam de, dinethylacetam de and
N- et hyl pyrrolidine in conbination wit'i sodi um acetate as a base are
especially beneficial. Wien RL is a group of the formula CH=CHR 4 or
CH=NR4, wherein R4 is as described herein, the conpounds of formula |I can
be prepared by a Heck reacti on between a conpound containing a vinylic
hydr oggn afRToly onppdndollowrd &Y rdiargtizgtion, rapd | ondienally, displdsement| ofgRowmjth whi ch i s
substi tutamewﬁms@hraablhdme melrldalaquedumel umsalt, aryl triflate or

hyper val ent ction
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(conpoundinggzolg.ornmula 11) with a thi ophenol derivative (conpound of fornula
[11). Suitable tivated substituent groups for { ncl ude but are not
limted to hali (e.g., chloride, bromde, i oa%), hydroxyl derivatives
(e.g., triflate,n Ned e, and tosyl ate groups) Nzoni um sal ts.
Derivatization § 6- nluwz@u@@zo{*’@!mr"i"ﬁ‘tﬁ'or@btrpo escyi &61-; above, with
an activated s tituent X group can be acconplished by reéiuctl on of the
6-nitro group_to the 6-am noi ndazol e conmpound, |l owed by diazotizati on,
and optionall ,Ndi spl acement of N2 with a nucl ile such as a hali de,

wat er,” or aqueous base. 6-nitroindazole ring compounds can be converted to
6-ani no i ndaz diowiATERERA'S UBRJUl for FRIYARIDY BhamiThgrovRtd aciazemurs faltritciude bur oups t o
ani no gr carpsotalinétetved bodiumowinite Mt @hutysigite. abheb€ diakdtiging reaélibnk Zégdke theSN (ti N)
and In ('pﬂgéeH{Q ofcggtrgﬁgngégciyw L h?dr&hlo?c?%'&nﬁeto c%nveﬁdHce & n| b Ogg)r ﬁ\uD to an

am no group a Se ce Oor SsiIn tron transfe §t|on
react i onSdlazonlum salt. Alkali metal halides, such as lithium, sodium and potassmm halldes are a
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presence queous
Treatment of 6-amino-3-(E)-2-pyridin-2-yl-vinyl)-1-(tetrahydropyran-2-yl)-1H-indazole with

a diazotizing reagent, such as sodium nitrite in hydrochloric acid, provides the intermediate C-6

diazonium salt. Addition of a metal halide, such as potassium iodide (KI ) and iodine (o) (1o is

25 employed as a catalyst to facilitate the iodination process) provides 6-iodo-3-(E)-2-pyridin-2-yl-
- vinyl)-1-(tetrahydropyran-2-yl)-1H-indazole.

1. NaNO,,
2. HOAc
3. HCI (2 equiv.)

NHs

4. CH,Cl,
5. Kl

The coupling reaction between the compounds of formula Il and the compounds of
formula 1l to provide the compounds of formula IV is accomplished in the presence of a catalyst,



ammoni um chl oride to provide

6-am no- 3- (E) - 2- pyri di n-2-yl -vinyl)-1-(tetrahydropyran-2-yl)-1H ndazol e.

Di azoti ziwQ 20@zgerass useful for converting an am no gr oBQTIB2085/0033@ONi UM
salt include but are not limted to sodiumnitrite and tert-butyl nitrite.
These di azotizing reactions require the presence of a strong acid such as
hydrochloric acid to convert the anan'group into the diazoniumsalt.

Al kali metal halides, such as |ithium sodium and potassium halides are a
conveni ent source of nucleophilic halide anions. Hydroxyl groups are easily
converted into triflate, nesylate and tosyl ate groups using standard
procedur adaseT progeplietally,. @he or more solvents. The catalyst may be either a palladium or a copper
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to facil IPTd @fdl;mz di pa(tP'@LQ (RBOE.E SFRAPARL M), d@&(P(o 10y)e):Cl, [PAP(OPN2,4-

6- i oda- 3- - -2 yly t dr opy ;? ndazol e.
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of f or nulFibrddai® t WOoPPE4-iibes/Pdi@AdHNTilldpdfClaf PHEppCia IF’U'(ciose gk.c@dfPhghed in

the presenpgpngé, aane%@h. est Oﬂerb@s%ﬁﬂ caalgistmrlt&ngdow trar%‘f@m%onrmﬁu‘ae $ls¥ent s.
The catal yst el t her agla adi um or a

t hods t hat
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pal | adi u i h v i i ncl ude
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3) 2C 2, IﬂﬁF‘(”S Fdef Rﬂ Coﬁbofﬁdg ep(tﬂﬂh VZQ °P99r8ﬁt§')'§€: 'Qh argju ‘é&tf‘?r) 1007
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Fi br eCat P f 2d : X
pel(dppe) 1% PRet A Mﬁdgja SPEp ool BP faiod o B BN P vt s
for the §b’8’\?@3)ﬁﬁ° APes S PRReAE & tl°ﬁﬂytﬁa@p'ﬁ¥?8§‘é1 ieiteganghigling or ﬂ‘i?P‘éP“?"i'e &Hds,
especoal Iqu(qmlaosslﬂ?hs)marhd Candsyp)(@eni)Br, egadctivelyy; anjthei@s to t he pal I adi um

St of TS RIS SRR | RARBEE L AE ", o
Pd( OAc) 2 P@@ﬁ%ﬂi"é‘i@é*ﬁ?”?‘@ ioalumcﬁww PRI CEBEf)nz %mmw%e B"t%?é'H’ﬁlt%g(ed to
(0- bi phemyto)i#, pet@dslunphebopfRetictbraihg, Bihe thatike br miki@res siedadf. Sdvehienaglbeve
COUpl ing u%@oa% Is (le g\.g)llr‘cr]bggeatcm?m? a&t%ﬁado)éﬁtt ﬁot i .%é/@' tﬁh’g ulaﬁe d%pe? d@,é}@@' exed
wi th one or nore I'nc ng not t hylené gl ycol
conpl@x; ‘e dEe. @wﬁw@ﬂwlew{ywme g PemEH PRI By addi ti onal | y
conpl exed to In ddheifal) eddildiad dubstin@hnt REO tdRbMpdady 6. fermuladU (shbunde §UeRh3) Br
and Cu( N&R% Lﬁparg\fcfég s%?fiﬁgnt r@%ﬁﬁt@%&irga%k mth ﬂ?engon]fpgl?ndlsiolf%rmula Il to provide the
compounds of formula 1V. Compounds of formula lil that contain such activated substituents may
be prepared, isolated and/or purified, and subsequently reacted with the compounds of formula 1.
30 Alternatively, compounds of formula Il with suitable activated substituents may be
prepared and further reacted without isolation or further purification with the compounds of
formula Il to afford the compounds of formula IV. 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 salis. Other suitable activated substituent groups are known and may
35  be found, for example, in U.S. Patent No. 5,576,460 and in Humphrey, J.M.; Chamberlin, A.R.
Chem. Rev. 1997, 97, 2243; 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.
6-iodo-3-((E)-2-pyridin-2-yl-vinyl)- 1-(tetrahydropyroan-2-yl)- 1H-indazole is reacted with a
40  catalytic amount of Pd(dppf)Cl-CH,Cl, , cesium carbonate and 2-mercapto-N-methylbenzamide



Bases which are useful in the above coupling reaction include but are not
limted to potassium carbonate, sodium carbonate, cesium carbonate, sodium
tert - but owoadegé/(@s4assi um t ert but oxi de, pot assi um phenoxipde/IBtoos/ei3dyd am ne,
and the like, or mxtures thereof. Solvents may be used in such coupling
reactions including but not limted to toI uene, xylenes, diglyne,

t et rahydr of uran, di nethyl et hyl enegl ycol "and the like, or m xtures thereof.
In general, the activated substituent X in the conmpounds of fornula III
shoul d be such that it provides sufficient reactivity to react wth the
conpounds of formula Il to provide the conpounds of fornmula IV. Conpounds
of fornul anlPNF tah®0 Eotrt ariovides G Brmeciapipat-weihwhebzanidarSritEs-2rpsrjdirszylpyingipar ed,
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substituents ﬂ@be prepared and further reacted O out i sol tFi|on or
further purification with the conpounds of fornula I to af % he
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activated substjifuent groups are known and may be found, for exanple, in
U.S. Patent No. 5\576,460 and in Hurrphrey, J . erlin, A. R. Chem
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When 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 entitled Methods for the
Removal of Heavy Metals, attorney docket number PC032215, filed on November 1, 2004, and is
25  hereby incorporated by reference in its entirety. 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 | is prepared where R1 is 2-vinyl pyridine, R2 is
methyl, and R3 are each hydrogen, the polymorphic form designated as Form IV can be
produced by refluxing in tetrahydrofuran, N,N-dimethyl formamide, and methanol, followed by the
30  addition of acetic acid and xylenes. The formation and characterization of Form IV, as well as



conditions chosen and will not interfere with the desired transformation.
Deprotecti on of

6- ( 2- mer caiptoedd48BShy| benzam de) - 3- ((E) - 2- pyri di n- 2- yl - wvCmyB)004/063300
(tetrahydropyroan-2-yl)-1Hindazol e using para-tol uenesul fonic acid
(p-TsOH) in nethanol /water provides

6- ( 2- mer capt o- N- net hyl benzam de) - 3- ((Ejg‘z pyridin-2-yl-vinyl)-1-Hindazol e.
When a pall adium catalyst is used in any of the above reaction steps,
renoval of residual palladiumis an inportant objective. Such palladium
removal can be acconplished using 10% cysteine-silica as discussed in a
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as follows. 2,2'-dithiosalic) +hc acigris treateghonth reagents such as
t hi onyl chloride or oxalyl deli*n _t hg Pgreience of a suitable base such

as sodi um carbonate, sodiu car bQniat e, pot um car bonat e, potassium
bi car bonat e, sodi um hydroxi de, potassi um hydroxide, a trial kyl am ne,
triethylamne for exanple, or %" et eroaromati ¢ base such as pyridine to
provide the 2,2'-dithiosalicyligc ﬁé‘d d dichloride. Treatnent of the

di chl ori de corrpound wth 2 M rreF@%I anine in THF gr ovi des
2, 2' - di t hi o- N- B¢ F)9fissasiRngeendifrg oeseanvib ferepd o t'ﬁﬁpﬁ"(‘fes”lbieﬂkcg&?owdt h
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2- mer capt Qi r%tpwl'igayzf@rm&ﬁﬁzeﬁe GisdhidBs s Gtarfhg™ r&HR.  The resuiting sulfides
(compounds of formula 1ll) should be protected from light to prevent disulfide formation. These
sulfides may be isolated and further reacted with the compounds of formula Il or they may be
reacted with the compounds of formula Il without isolation or further purification.

25 Another synthetic route to the compounds of formula | is provided in the Examples
section below.
Examples
The following processes illustrate the preparation of indazole compounds of formula |
which are useful as modulators and/or inhibitors of protein kinases. These compounds, prepared
30 by the methods of the present invention, are useful as anti-angiogenesis agents and as agents for
modulating and/or inhibiting the activity of protein kinases, thus providing treatments for cancer or
other diseases associated with cellular proliferation mediated by protein kinases.
Unless otherwise indicated, variables according to the following processes are as defined
above. Starting materials, the synthesis of which are not specifically described herein or provided
35  with reference to published references, are either commercially available or can be prepared



The specific reaction conditions chosen will depend on the specific subject
conpound and reagents chosen. O her suitably functionalized thiophenol
conpoundswoayodnasyener at ed usi ng appropriately functi onaciraBzhosivasadn i des as
starting materials. The resulting sulfides (conmpounds of fornula I11)

shoul d be protected fromlight to prevent disulfide formation. These

sul fides may be isolated and further t1%acted with the conpounds of fornula

Il or they may be reacted with the conpounds of formula Il wthout
isolation or further purification. Another synthetic route to the conpounds
of formula | is provided in the Exanples section bel ow Exanples The
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The react isoltiPnowieporied simm B§inth Fijerofpimeassitie éefpreqwi sfandaiddhad @gmaaﬁlHWmPLC) or
t hi n-1 ayerpm) or DMSO-d; (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 =
25  triplet, m = multiplet, br = broadened, dd = doublet of doublets, dt = 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 CDClI; 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
30  had greater than 95% purity (by HPLC at wavelengths of 220nm and 254nm).
In the following examples and preparations, “DMF” means N,N-dimethyl formamide, “THF” means
tetrahydrofuran, “Et" means ethyl, “Ac” means acetyl, “Me” means methyl, "Ph" means phenyl,
"HCI" means hydrochloric acid, "EtOAc" means ethyl acetate, "Na,CO3;" means sodium
carbonate, “NaHCO;” means sodium hydrogen carbonate (sodium bicarbonate), "NaOH" means
35  sodium hydroxide, “Na,S,05" means sodium thiosulfate, "NaCl" means sodium chloride, "EtsN”
means triethylamine , "H;O" means water, “KOH” means potassium hydroxide, "KoCO3" means
potassium carbonate, "MeOH" means methanol, "i-PrOAc" means isopropyl acetate, "MgSO,"
means magnesium sulfate, "DMSO" means dimethylsulfoxide, "AcCl' means acetyl chloride,
"CH,Cl," means methylene chloride, "MTBE" means methyl t-butyl ether, "SOCI," means thionyl



chromat ography (TLC) and term nated as judged by the consunption of
starting material. The TLC plates were visualized by W, phosphonol ybdic
aci d staiwp2006/d48Hd5ne stain. 1H NVR spectra were recordedTaB2@s/Br3aéoer
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needed. Wien peak nmultiplicities are reported, the foll ow ng abbreviations
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i odi ne0( 1E3arkyd 2dtreme ] By (erray it agole5 to 6 hours while
the reaction terrperature i's maintai ned 350C (Cautlothe reaction is

exot herm c). The reaction mxture is agitated for 1 t\o » hours at 220C

(until the reacwocoﬁpl e@by HP‘t@)eS”'f"Fﬁéc'dm xtureT(s then

[
3-iodo-6-nitroindazole (74.6 Kg) is dissolved in methylene chloride (306 Kg) and THF

(211 L), and methanesulfonic acid (3.0 Kg) is carefully added. (Caution: residual sodium

bicarbonate may cause CO, to be evolved. Monitor the pressure in the reactor). A solution of
25 DHP (55 Kg) in methylene chloride (97 Kg) is added over 5 to 6 hours while the reaction
temperature is maintained at < 22°C. The mixture is agitated at 22°C for 2 to 6 hours (until the
reaction is complete by HPLC). The mixture is then carefully added to an aqueous solution of
10% NaHCO; (37 Kg of NaHCO; dissolved in 370 Kg water) while the solution temperature is
maintained at 22°C. (Caution: CO, is evolved. Monitor the pressure in the reactor). The mixture
30 is agitated for 1 hour at 22°C and the layers separated. The organic layer is washed with an
aqueous solution of 10% NaCl (407 Kg) and the layers separated. The organic layer is
concentrated at 55°C and atmosphetic pressure to cut the volume to half (ca. 500 L), then under
reduced pressure to remove the remaining solvenis. The concentrate (ca.138 L) is co-
evaporated with acetonitrile (1 x 224 Kg, 1 x 75 Kg, 1 x 60 Kg) at 55°C under reduced pressure



added to a solution of sodiumthiosulfate (68 Kg) and potassium carbonate
(0.46 Kg) dissolved in water (455 Kg) while the solution tenperature is
mai nt ai newlo 28@0@8745he m xture is agitated for 1.5 hourspratr/1RAOL003PEE er (683
Kg) is added which precipitates solids and the slurry is agitated for 1 to
2 hours at 220C. The solids are filtered, washed with water (2 x 46 Kg),
and dried in a vacuumoven for 24 to Z1"£’§3‘nours (500C and 25 nmmHg) to
provide 74.7 Kg of 3-io0do-6- nitroindazole as a yellow white solid (93.6%
yield with a purity of 86% by HPLC, KF is 0.2% . Exanple 2: Preparation of
3-i0do-6-nitro-1-(tetrahvdropyran-2-yl)-1Hindazol e Met hanesul fonic acid
3- i 0d0-56- nintiirtes fivdiazdning i§ 2. & LKgThei resuiting siolry idiilited with heetasitde ¢391 ) Refbis( 306
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370 Kg wat whi | e the solution tenperature is {'ntai ned at 220C.
(Caution: |s evol v ni t he pressure in N 4%t or) . The m xture
is agitated ¥ Nbppr t ZZQéNa(Ld/t he X% s . sep . The | ayer

i s washed WN aqu bug sol u i on of 1B8&NaC] (407 Kg) and the)l ayers
separ at ed. rganl c Yayer |s concentmat ed at F50C and at nospheri c

pressure to but the volune to half (ca. 500 L), en under reduced pressure
to remue the remaining solvents. The concentrate’ (ca.138 L) is
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reaction Is cO 2y o T XY Ur géggﬁeé;to 450C and
(tetrahydropyran- -yl)- 1H mdazole (85/0 yie WIth a purlty of 7% DYy

Example 4: Preparation of _6-amino-3-(E)-2-pyridin-2-yl-vinyl)-1-(tetrahydropyran-2-yl)-1H-

indazole

NO, NH,

+ 12H,0 + 6Fe

Ammonium chloride
+ 6 Fe(OH);

25 6-nitro-3-(E)-2-pyridin-2-yl-viny|)-1-(tetrahydropyran-z-yl)-1H-indaque 614 Kg) is
dissolved in an aqueous solution of ammonium chloride (71.4 Kg of NH,Cl in 257 Kg water) and
ethanol (244 Kg) is added. lron powder (39 Kg) is added and the mixture is agitated for 2 to 8
hours at 50°C (until the reaction is complete by HPLC). (Add more iron powder (ca. 9.8 Kg) if the
reaction is not complete after 8 hours). The mixture is then cooled to 22°C and THF (1,086 Kg) is

30 added. The mixture is agitated for 1 hour at 22°C, and filtered through diatomaceous eatth (ca. 5



i sopropanol (248 Kg) is added. The m xture is agitated for 30 m nutes at
450C, diluted with water (1,238 L), and the mxture is agitated at 220C for
1 to 2 howo=ooslilaerasesul ting slurry is filtered, rinsed WCThBas/er33§/7 L),
and the solids are conbined with isopropanol (388 Kg). The mixture is
agitated for 30 to 90 mnutes at 550C, then for 30 to 90 m nutes at 1Q0C,
filtered, and the solids are washed vm"t’% cold (ca. 100C) isopropanol (2 x
30 L). The solids are dried in a vacuum oven for 24 to 48 hours (500C and
25 mMm Hg) to provide 61.8 Kg of 6-nitro-3-((E)-2-pyridin-2-yl-vinyl)-

1- (tetrahydropyran-2-yl)-1Hindazole (85%yield with a purity of 88% by
HPLC) 5Ex digh | Teee 4akePs dnsad with Tif @14 Kg), and the filtrate is concentrated at 50°C under reduced
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6-nitro-3-(E) tet.rahydropyr. zol e
€ oS e SR Hodsheritt i B BT aRp A 4 kg
of NH4CI iima @BFurkgvandbredd)to 4 bouest (RRIRaNd @8 41n Kg))to providieleiKg Pt%@fn'pfb%rﬂé}" (39
Kg) is ad%}rrrﬁﬂﬁtyltml)m(ﬁrhﬂy@ro arBSH1}- Al-RdadoRr (97.84:0yiéld KI5 party 808% bynt i |
the reaction_ is conplet HPLC) . (Add nore iron powder (ca. 9.8 Kg) if
the réddctitBhC s not corrpl ete after 8 hours) The mxture IS then cooled to
220C and Bx¥emnigle 1 508BreKarhtidns o d @eatio-3TKk inR-wl-Virey ahvddpyros Dhddar at
220C, and if4.bdier ed through di at omaceous earth (ca 5Kg). The cake is rinsed
with THF (214 Kg), .and the filtrate is concentrated @5000 under reduced

pressure to a vol gdne\of ca. 305 L. The concentrate i ool ed to 220C,
diluted with wateP—~603 Kg), and agiN.aé,ed at 220C f of hour. The m xture
is filtered, rinsed) @ptanes (26®AKg) dried in a) oven for 24 to
48 hours (5000 and Hg) to pr GVicHae®v) . 5 Kg of 61 -3-((E)-
2-pyridin-2-yl-vinyl)-1-(tetrahydrqpyran-2- y[')-1H i ndagole (91. 8% yield
with a purity of 95% by HPLC). Exa /g 5. Preparation Of
6-i odo- 3- ((E) - 2- pyridi n-2-yl -vi nyl H (t etrahvdr opyr oan=2-yl ) - 1H ndazol e

6- am no- 3- ((E) - 2- pyriMin- 2- yl-vinyl)-1-(tetrahydropy anM2-yl)-1Hindazol e (
1 Kg) dissolved in cetr c acid (6.5 L) is added over hours to a

sol ution of sodaminaB-t(E}-2-pyrifiBRG-ghy)di- @esrehyﬂmwramrzweﬂnd@@l@(wg giss®d. The
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mxture is aéet’ ??r(? e)datfooﬁ% fhermwﬁweé% Stﬁﬁ&@%‘@”rt‘agg%a??‘ghs%w'of'ﬁ @f"ﬁ@%”r‘f.aﬁj% sal t
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m nut es t oy ke ﬂe%ﬁdﬂ@ﬁ@l diaz8 R 641P8 n%rnrt&emby L, W&Q}Iéﬁ%'cﬂl@rrd&fm QP&taSSl um
|od|de(1062K and i odi

is
added over9 sdfg per 19’H‘§‘“re§a%'§‘? S'HZ‘%%L&?} f??tesoeugona?bb a?%% F%&t'og Oh%o ar‘sg'uat QC
(unt i |20conpdidet(& 068/ KeIRhCloding (96 i digsaived inavateh rl) pii€ éschdded oven 1.6 bpuis. i T of 20%

aqueous sodi A MHrOREitstl for BRolrd aKe S Qi LBpi&tE @5 WHLaS. e Thdimildird-is then
poured into a solution of 20% aqueous sodium hydrogen sulfite (2 Kg sodium thiosulfate in 10 L

water) and methylene chloride (4 L) at 0°C, agitated, and the layers separated. The aqueous

layer is extracted with methylene chloride (2 x 4 L) at 0°C and combined. A solution of 3 M

25  aqueous sodium hydroxide (17 L) at 0°C is added over 40 minutes to the combined organic

layers until the aqueous phase is basic (pH = 9 to 12). The phase separation is not clear due to
the formation of an emulsion. A solution of 28% aqueous ammonium hydroxide (1 L) and water
(2 L) is added, and the mixture is agitated for 30 minutes at 10°C, and allowed to settle for 24
hours to afford a clear phase separation. The layers are separated and the aqueous layer is
30 extracted with methylene chloride (2 x 6 L). The combined organic layers (ca. 35 L) are loaded
onto a glass fritted column (7 in. ID and 20 in. length) containing silica gel (4 Kg) and are eluted
under nitrogen pressure with methylene chloride (8 L). The filtration is collected in three carboys
and labeled as fractions 1, 2 and 3, respectively. The column is then eluted with 5% ethyl acetate

in methylene chloride (32 L) and the filtration was collected in three carboys and labeled as



wat er) and nethylene chloride (4 L) at O0C, agitated, and the |ayers
separated. The aqueous |ayer is extracted with nethylene chloride (2 x 4 L)
at O0C amsocoodi4gmd. A sol ution of 3 M aqueous sodi um hpdrar200®0(330 L) at
Q0C i s added over 40 minutes to the conbined organic |layers until the
aqueous phase is basic (pH =9 to 12), The phase separation is not clear
due to the formation of an emul sion. ‘% sol ution of 28% aqueous anmoni um
hydroxide ( 1 L) and water (2 L) is added, and the m xture is agitated for
30 minutes at 100C, and allowed to settle for 24 hours to afford a clear
phase separation. The |ayers are separated and the aqueous |ayer is
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6, respectiv & cot & : =s 108 ' yt—acetdte in
met hyl en@l@ﬁwﬁwﬂ&@z&_wﬁ_the fi Itratl on was col I ected in three carboys
and | abel as fractions 7 and 8, respectively. Fr ons 1 to 6 are

conbi ned, centrated under reduced pressure, andidrjed in adba,géwm oven

for 24 to 4 hqurs (400C and 25 nm Hg) to provide 1 10, g &f 6- |o§o 3-
((E)-2- pyr!N\l yI vinyl) - QN(*P'@traw(ggpg)@w%n 2-yl )\r\ da b (75% vyield

with a puri 97% . BER

6- ( 2- mer capfo- N- net hyl benz de) 3- (GfSEPeZ pyr| di n- 2- W - vi nyI) 1-
(tetrahvdropyroan-2-yl)-1H1ndazol e 6-i0do-3-((E)-2-pyridin-2-yl-vinyl)-1
-(tetrahy roan-2-yl)-1 Hindazole (34.3 Kg) dis yed in DVF (162 Kg)
i s added t 1,1 bIS(dI phenyl - phosphi no) f er r ocene]i_chl or o- paIIadl um (11)

car bonat e nzam and
the m xt GF@"{eé "hB A4162K9) israddecktg [ E-bigfst nyaehosm)femwnel "I‘?l@r‘%'@é{é‘i"ﬂfbn is
(CZTZ)I 1ﬁt )e (IDeotnPeChwvith BleRlommtharee(Pu@pbihern Ceigm) ezlo g), 270 Cesinth eirdtyibtege®s at e

r i I r ter
(63210 ot 2AGEERN Il 6 RoP bl W0y PO sy £ 00 080
m xture |hgur$ af) §02¢ &entiltherepption §cﬂomal§teabryeL?R}o&§; hE® mikiung ie s coa@éﬁca%?ec@eé Kg)
wat er ( 1%%yllégétateamfi 53 B)éhde’ﬂ(éﬁﬁ &elnixi@rd iFahitatedlioe ﬁair atteoa ewdies @86 Kgdsi N THF

(93.3 Kg) d&g ngﬂﬁ;[ thn'x%Peels %tat% fi% éggg gl)s Tﬁ% lglux uBe l??‘?tep a?n? ﬂjne soﬁ+ u:-}rg d

t hr ough 8 CoIUmi cont ai ni é? tom of
Fl ori28i | weefsd wih ethyhagetpie fﬁZd@) avalgr (137 <a.oand gity! %ﬂq@t%é%Kg)gﬂs SIdeS 45?1 t he

top of tRRshRYIHTIIF (98i3tKY) andsediiiidne Bhiedde [6¥6 Kol 2nd tE@b11ABA is eluted through a
column containing sand (25 Kg, at the bottom of the column), Florisil (453 Kg, in the middle of the

conpl ex wi t h g é}%ep#ecﬁrpg I(\FQI&{?WM& I’(gﬁ'?zcac?%-l(l% gok%ég) (3s ad i um
§

column) and sand (97.8 Kg, on the top of the column), with a solutiom of THF (15.4 Kg) and
methylene chloride (113 Kg) 35°C, followed by five portions of THF (31 Kg) and methylene

25  chloride (226 Kg) 35°C. The fractions containing the product are collected and concentrated
under reduced pressure to a volume of ca. 103 L. Ethyl acetate (206 Kg) is added, and the
solution is concentrated under reduced pressure to a volume of ca. 172 L.. Water (69 g) is added
and the solution is agitated for 2 hours at 22°C. The solids are filtered, wrashed with ethyl acetate
(62 Kg), and dried in a vacuum oven for 24 to 48 hours (55°C and 25 mrn Hg) to provide 20.2 Kg

30 of 6-(2-mercapto-N-methylbenzamide)-3-((E)-2-pyridin-2-yl-vinyl)-1-(te-trahydropyroan-2-yl)-1H
indazole as a light brown solid (54% yield with a purity of 98%). The metal contents are 17.3 ppm
for palladium and 42.5 ppm for iron. The product is light-sensitive and should be stored in the
dark at 0°C.



met hyl ene chloride ( 1 13 Kg) 350C, followed by five portions of THF (31
Kg) and net hyl ene chloride (226 Kg) 350C. The fractions containing the
product awe o@ld4semsed and concentrated under reduced pr@€IUBEOS/003300vV0l une
of ca. 103 L. Ethyl acetate (20Q Kg) is added, and the solution is
concentrated under reduced pressure to a volune of ca. 172 L . Water (69 Q)
is added and the solution is agitat ed°for 2 hours at 220C. The solids are
filtered, washed with ethyl acetate (62 Kg), and dried in a vacuum oven for
24 to 48 hours (550C and 25 mm Hg) to provide 20.2 Kg of

6- (2- mer capt o- N- net hyl benzam de) - 3- ((E) 2- pyr|d|n 2 yI Vi nyI) 1

- (t et B ahpdinpjey 70 FrepArajion) of] 6HR-mdreapib-Al-rasthyvipe - g Hy

a purity;@f,oR8% . The netal contents are 17.3 ppmfor paI I adl umand 42.5
ppm for 1ron. Tr’;;{\éroduct is light-sensitive and should be stored in the

dark at Q0C. Exampjl e 7: Pr %Bh%ﬁee' on of CONHCH

6- (2- mer capt o- N- hyl bendam E) - ray™2-yl -vinv p-1-H ndazol e
6- ( 2- mer capt o- N m de) - F{%Tsé‘% E) - i diraz 2- yI |)-1-(tetrahydro
pyroan-2-yl)- 1H dazol e”(20. 2 Kg), p-toNuene sul fonicacod nmonohydrat e
(40 Kg), nethanol Y1 11 Kg) and wéter ( Kg) are conbined and agitated
for 1 to 5 hours ny040C (until the deprQtgction is conplete by HPLC

anal ysis). The m re is then cooled to 220C and concentrat ed under
reduced pr essst(aem&@apt@mmy%nz@mdepﬁ( E)-2-Meitih@noling)- L (édaniabpyrearazidepd and
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w th e S ETPRETe SiP e i xp G AR BT R Yuch e Bhal Rganslio U1 ©
m xt ure fos 1fhoirtas f&§- deten (AeKeds pdpsd an«éthwawwquoplﬁd &oR20C r?é‘fjwa'ﬂﬁ?ﬂtf%tﬁq Kg) .

me sol i dﬁdeareau&eamfs@g k8l vdlneoflcB Db QI m@groeasbysl re@@a@ddab Etirl&@iheKeéctlbushadded
e re | tate nut e (o) e

Ior O PR bt B s B PRYES (e D gl kbl R Ky oA
sequence alrICéHﬂevmgurany agitetdddion! hawtd SAs), dsllilTWc‘eltft vaiee (7o ns B¢ mvdvRdnol may
pr e;/en][ E@@teﬁ%rrﬁ?ﬁdup& ®t. Themlesd & ﬁﬁjetr&pérMW%msf &6 Wabtel vOitH édﬂgnc]étrﬁzol g o
neutrali n_ste ar e ran rea r | e Wi
LE iyl e SR Sl o TRRubd® A5 oA R0 aleidle (o R mod atb S )
addi ti on iscit364 faydfonnutes adiB frctnlaside B®n atctheerllidg ¢r©|f1|té{fqd7®dl<g98h€@1wﬁ'éml% phase
pH . @m%tac@ﬂate (@ﬁrKGPnTMé eequmeIr&na)éelanms.d@ﬂ]emauwsmce StreR@idhuAE of or 2

Cest 1 or "RERAGRRTaRAe Pk ouicorar pavedbrrient Bt RS onb areRlkRE *°
pol ynor platep.oiThe %blids areptodngfienedota o reacter| filutef with \gthyt dnelatenB@ttag)eagitated for 3
minutes at 0°C, and neutralized by addition of 5% aqueous sodium bicarbonate solution (175 Kg)
(aqueous phase pH 2 7). Caution: carbon dioxide is evolved. The slurry is agitated for 2 hours at
25  22°C and a sample is withdrawn (60 mL) to check the pH and to test for polymorph form. If the
DSC indicates that the conversion of polymorph form VI to polymorph form 1l {~ ¥ ethyl acetate
solvate) is not complete, continue the agitation at 22°C and check DSC every 4 hours until the
formation of polymorph form Il is confirmed. A long period of agitation (ca. 16 hours) may be
required for the complete polymorph conversion. Once the DSC indicates the formation of form
30 Il the solids are filtered, washed with ethyl acetate (61 Kg), water (61 Kg), and ethyl acetate (61
Kg), and dried in a vacuum oven for 24 to 48 hours (40°C and 25 mm Hg) to provide 17.8 Kg of 6-
(2-mercapto-N-methylbenzamide)-3-((E)-2-pyridin-2-yl-vinyl)-1-H-indazole (98% yield with a purity
of 98.8% by HPLC). The product is light sensitive and should be stored in the dark at 0°C.



solvate) is not conplete, continue the agitation at 220C and check DSC

every 4 hours until the formation of polynorph formlll is confirned. A
| ong periwo 2066/mgissati on (ca. 1 6 hours) nay be requireacraB20keossanpl et e
pol ynmor ph conversion. Once the DSC i ndicates the formation of formlll, the

solids are filtered, washed with ethyl acetate (61 Kg), water (61 Kg), and
ethyl acetate (61 Kg), and dried in a8acuumoven for 24 to 48 hours (400C
and 25 mmHg) to provide 17.8 Kg of 6-

(2- mer capt o- N- net hyl benzam de) - 3- ((E) - 2- pyri di n- 2-yl -vinyl )-1- H i ndazol e
(98% yield with a purity of 98.8% by HPLC). The product is light sensitive
and shouEganse 81 PslwabrptnCdritrel of & R-natrcafREl-athyipineanfide) Bell B 2eyiain -Contvingl  of
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6- ( 2- mer capt o5 ) - 2-pyridin-2-yl-vinyl)-1-Hindazol e
Cpi nk_tint, %@E%%{mvas O}pg%r?éﬁ?ﬁanol (75 L) and the mixture is

agi t &ed f or § (%rﬂqryamthanetmlbsnza@"%@ﬂE -Fhwidint2-vipyl)- t-Hfindagele e@pinlanding he

sol i ds ap@oykgetddéd B nERiahad A L)(dhd the hiktuRNSl agitatickol 115 RSB Yo 25°C.

The slurry is filtered, and the solids are washed with methanol (12.5 L) and dried in a vacuum

oven at room temperature for 24 hours. The dried solids are added to a solution of aacetic acid
(100 L) at ca. 35°C, and the mixture is agitated for 45 minutes at ca. 35°C until a clear solution is
30 obtained. The solution is cooled to room temperature and activated carbon (Darco G-&0, 2.5 Kg)
is added. The mixture is stirred at room temperature for 2 to 3 hours, filiered through Celite (3.0
Kg), and the filtrate is concentrated at 70°C under reduced pressure to a volume of 25 L. The
solution is cooled to 25°C and xylenes (25 L) are added. The solution is heated to 70°C, and
concentrated at 70°C under reduced pressure to a volume of 25 L. This procedure is repeated
35  four times until solids appear. The slurry is cooled to room temperature, filtered, waashed with
xylenes (25 L) and heptanes (25 L), and the solids are dried in a vacuum oven for 24- hours (40
°C and 25 mm Hg) to provide 1.988 Kg of 6-(2-mercapto-N-methylbenzamide)-3-((E)-2-pyridin-2-
yl-vinyl)-1-H-indazole as an off-white solid (79.5% yield with a purity of > 99% by HPLC)).



oven at roomtenperature for 24 hours. The dried solids are added to a
solution of scetic acid (100 L) at ca. 350C, and the mxture is agitated
for 45 mwotes/®@s746a. 350C until a clear solution is obtairnszhos/adsa0sol ution
is cooled to roomtenperature and activated carbon (Darco GQO0, 2.5 Kg) is
added. The m xture is stirred at roomterrperature for 2 to 3 hours,
filtered through Celite (3.0 Kg), and?the filtrate is concentrated at 700C
under reduced pressure to a volunme of 5 L. The solution is cooled to 250C
and xyl enes (25 L) are added. The solution is heated to 7Q0C, and
concentrat ed at 7CI)C under reduced pr essure to a volunme of 25 L. This

pr ocedur Exargple &Rredaga] 3 pdid diehlaride The slurry is cool ed
to roomterrperature filtereds vva&ldgd vvrd:dscrxyl eo@s (25 L) and heptanes (25
L), and the solids are dri 9TS acuu@eﬁ@r 24- hours (40 OC and 25
mm Hg) to provide 1.988 Kg ”_’
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preci pi t 8978 yidlth @itis @ burithsof 0% b {H NER&MMSO)ashed with hexanes (2 x 250 nl), and
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2.2" -di z%?%@%ﬁ?&fb%%ﬂ%i‘?%%?f‘é%gg rﬂrcM‘“h a purity of 80% by 1H
NVR/ DVBSO) . Exanpl e 10: Preargagr on of s=dli {1 0-"N- et hyl benzani de

2,2 -dithiosalicylic aci d chl r@@ g) solved in THF (500 nL) is
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di | ut ed wf RhMvradteyi afr@@0in lbF &A% nilhen roes LAOt mingtes |akiOr 3C, iasd fagitateslr ed“ooﬁﬁhe

solids agéy lﬂ@%r%ﬁghrwghr)&gé rsﬁl%n%r)ted th'v@a{#er éiboanl_\faﬁdillﬂmegl‘ﬂ% Sy
hours (550 ) ovi de 50 hi o- N- ?Qg benzam de
t I

(65% y1 eRelTigie6n 155 SR £0F eresVATD Yo FIHBESS i s 8 =LoEuis a5 F P GRIBY

2- mer captEs Clane i yinbidg) Zaprodde 20 @ 'of 2J2'tdihieNathgtblayaoddez 85% dield (W6 A.p2rily) |1 s
suspegded; ady, 6y hgng!l (9.0 L) and cool ed to QOC. Sodi um borohydride (253 g)
i s added In port_r ons overf 4 hours arfr]d the mxture is agitated for 5 hours

benzamiflesy added to the mixture in over

15 m nutes whi ch adj usted ﬁ@NQ%'b tCONHCHY 3. Th@Nﬁtl%ture i's concentrated under
reduced pressure and 450C t @ _. ,f

s

2,2’-dithio-N-methylbenzamide (967.2 g) is suspended in ethanol (9.0 L) and cooled to

0°C. Sodium borohydride (253 g) is added in portions over 4 hours, and the mixture is agitated

25  for 5 hours at 0°C. 3 M hydrochloric acid (3.15 L) is then added to the mixture in over 15 minutes

which adjusted the pH to 1.73. The mixture is concentrated under reduced pressure and 45°C to

remove the ethanol. The concentrate is diluted with ethyl acetate (8 L) and water (4 L) and

agitated for 20 minutes. The layers are allowed to separate (30 minutes), and the aqueous layer

is removed. Solids and an emulsion remain in the organic layer. Water (1 L) is added to the

30  organic layer and the mixture is agitated for 20 minutes. The aqueous layer is removed and a

solution of saturated aqueous sodium chloride (3 L) is added to the organic layer. The mixture is

agitated and the layers are separated. The organic layer is dried over sodium sulfate, filtered,

and evaporated to a volume of ~4L before solids began to form. Heptanes (2 L) are added to the

concentrate and the mixture is evaporated to provide 701.3 g of 2-mercapto-N-methylbenzamide

35  (72% yield with a purity of 95% by HPLC). HPLC of this material showed only 1% of the disulfide
present. Avoid exposure to air as this material readily forms the disulfide.



renove the ethanol. The concentrate is diluted with ethyl acetate (8 L) and
water (4 L) and agitated for 20 mnutes. The |ayers are allowed to separate
(30 m nutwe)lpocans’ashe aqueous |ayer is renoved. Solids aou/IRZOFNABB&I ON
remain in the organic layer. Water ( 1 L) is added to the organic |ayer and
the mxture is agitated for 20 m nutes. The aqueous layer is rempved and a
sol ution of saturated aqueous sodi quéhI oride (3 L) is added to the organic
| ayer. The mixture is agitated and the | ayers are separated. The organic

| ayer is dried over sodiumsulfate, filtered, and evaporated to a vol une of
~4L before solids began to form Heptanes (2 L) are added to t he

concent r ExampintP: Preparafioniof §-k2-(methilgarbamaybnhdnyisulfanvidiEHi@-(ridine-2 g of

2- mer captiwidn hyddbenzam de (72% vyield with a purity of 95% by HPLC). HPLC
of this material showed only 1% of the disulfide present - Avoid exposure to
air as this materi al readll?/ forye Nhe disul fide. Exanpl g 12: Preparation of
6-[2-(nmethyl carb sul f anwn#3- E- [ 2 - WDet henyl i nd
azol e Li Br DVA, 1 SNl o AN (o ol - @ afyl ) - N-net hyl - benzam de
(239.19 g), 2-Vinydopipj die (75 7 Bt 702 ijH Pd{ OAc) 2 (6.56 g),
P(OTol )3 (23.12 g), Proton SpongAZg . LiBr (314.59 g), and DVA
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g! d HQB Gafiaicd @R Y2 6 bAabbi &ﬁ%llo@&)&mhe &lditoh ef 4.5 Dat Cmchmtoi(vbdi?é:?hd ?nd was
| SCcar de ueQus S  \W\We ol uene,
foll omeng@mpﬁégga&ﬂﬁ%%ﬁg eb%Q"EX B A el g G e"ra”'&éhasg“’gu Bafblch ] e

(vi a addivigeowittf 28 hef WaterrandH0@ knLnf 8¢ il aficthis stagedhapraeny jhase GieC) cI’Fﬂe

r eS;JI ti NGoiThorkdi %ny\@@n@ahto&‘vﬁ&nt Qf $itd finafl Qfod@cﬁRHPKd))W&h@'vﬁés 4Afschraed. s .Thdhe
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t t th 3.5
L of tol ﬁ%’ﬂl@nedsatoi“?or“égaygvgfﬁnﬁﬁfH“’I'K??@g Zfﬁlugﬂe fQ |°W?<d t%’y\que aJd't'%rh 8 O%g'evimwas t hen
t rangper 28% NhOH glends mitiutsh chtinle dvik eddition f@Mels nitisk preCIpltate 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 triturated 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  Example 13: Preparation of 2-(3-lodo-1H-indazol-6-ylsulfanyl}-N-methyl-benzamide

! CONHCH, |
| I
/(IN,N Pdy(dba)s S NN

h Xantphos CONHCHz i

CsOH
DMF, 70°C

3,6-diiodoindazole (250.00 g), 2-mercapio-N-methylbenzamide (118.48 g), Pdy(dba)s

(9.28 g), Xantphos (11.73 g), DMF (2.5 L, 10 mL/g), followed by CsOH were added sequentially

to a 5 L four-neck flask equipped with a mechanical stirrer and a temperature probe. The

30 reaction mixture was then stirred. The dark mixture was degassed three times by alternately
connecting to house vacuum and then nitrogen. The mixture was heated to 70 °C over a period

of 30 minutes and maintained at the same temperature for fours, at which time HPLC of the



house vacuum overnight to afford 160.20 g of the final product. Exanple 13:
Preparation of 2-(3-1odo-1Hindazol-6-ylsul fanyl)-N-nethyl -benzam d e DW,
7Q0C 3, 6-wDi2o0ani4emazol e (250.00 g), 2-nercapto- N net hyl pemanmiosieo3dol8. 48
g), Pd2(dba) 3 (9.28 g), Xantphos (11.73 g), DWF (2.5 L, 10 nmL/g), followed
by CsOH were added sequentially to a 5 L four-neck flask equipped wth a
mechani cal stirrer and a tenperature 'p?rgdbe. The reaction m xture was then
stirred. The dark m xture was degassed three tines by alternately
connecting to house vacuum and then nitrogen. The m xture was heated to 70
C over a period of 30 m nutes and naintained at the same tenperature for
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purity i cation.

300M—|z Dlvs@%tpm "HISVIB $0MHz, QN)SO @%53(’%1 (s, JE) 87851, J=4i)Hz, TH)56.5 &, 1TH)
7.51-7. 40 7(317.40Hm, 2H), 386-7.283m( 8Al), B (dd/J=BD, (1 chokiz, JH;375)6 7h13m|—|2H i (d,

7.06-7. Ong l_:QH) 2 76 (d, J=4.7 Hz, 3H). Exanple 14: Preparation of

3, 6-di odoi'ndaz0l'e”An aqueous sol ution of NaHSC3 was prepared by adding 13.6
g of sol i dxpmpistt: Prepatationsl§.6rdiodaindagple wat er with strong stirring.

6-1 odoi ndazole (30.0 g), f d by (60 e added to a 500 nL
three-neck flask that vvaslmw_t—ﬁ%éﬁ—n@eha rstlrrer a tenperature
probe,pand a 100 ni dropping fiunnel . ™§¥%r the stijring had begun, the
flask was i rmer gea[%HéOraS @auqoﬁ%mplgé \pfst;nepdogotg}{aregm?%td'lgfssoh g@sin’[gdded in

one portion, ture was I T an_addi tional 30
i nut es. /25§61'-1ﬁf Dbyateyf withptrgrg %Wﬂn9261'qe!°'5@Zﬁlﬁ (30 Ej\/ﬁc’"‘{"feétbélDMfo(ﬁ%H’é Yers

added to a 500 mL three-neck flask that was fitted with a mechanical stirrer, a temperature probe,

and a 100 mL dropping funnel. After the stirring had begun, the flask was immersed in an

25 ice/water bath. After 30 mintues, KOH was added in one portion, and the resulting mixture was
stirred for an additional 30 minutes. A solution of 54.3g of |, in 55 mL of DMF (total volume was
71 mL) was added to the dropping funnel and the run-in started. After 30 minutes, 42 mL. of the
solution had been added to the reaction mixture. The addition was stopped and an aliquot
sample was taken and analyzed with HPLC (TFASH method), which indicated that there was still

30 6-iodoindazole present. After an additional 10 mL of the iodine/DMF solution was added, the
second aliquot sample showed that all the starting 6-iodoindazle was consumed. A solution of
18.6g of NaHSOj; in DI water was added slowly to the reaction mixture. At this stage the dark
solution became a yellow suspension. After stirring for one hour, the mixture was filtered and the
cake was washed with 200 mL of water and 200 mL of hexanes. The cake was sucked dry and

35  further dried in a vacuum oven (25 inch vacuum/60°C) for 18 hours to afford 38.60 g of the final
product as a tan solid. 'H NMR 300MHz, DMSO ppm: 7.96 (s, 1H), 7.46 (d, J=8.4 Hz, 1H), 7.24
(d, J=8.4 Hz, 1H), 3.33 (s, 1H).



7 1 m) was added to the dropping funnel and the run-in started. After 30
m nutes, 42 nL of the solution had been added to the reaction m xture. The
addi ti on wexostmagped and an al i quot sanple was taken an#canBiopzeds3sn th HPLC
(TFASH net hod), which indicated that there was still 6-iodoi ndazole

present. After an additional 10 nL of the iodine/ DM solution was added,

t he second aliquot sanple showed that “311 the starti ng 6-i odoi ndazl e was
consuned. A solution of 13.6g of NaHSO3 in DI water was added slowy to the
reaction mxture. At this stage the dark solution becanme a yell ow

suspensi on. After stlrrlng for one hour the mxture was flltered and the
cake was viastpeld 15 ROOtagtiondenigpreducs (@ pe ehenile

sucked dry(F?pagebgggth],mah@g in a vacuum oven (25 |nch vacuurﬂ GOC) for 18
hours to arfor of the final product as a tan sglid. 1H NVR 300MHz,
DMSO ppm 7.96 (s, 1H), 7.46 (d, {=8.4 Hz, 1H) 1J=8.4 Hz, 1H),
3.33 (s, 1H).Exanple 15 Fiual p?"otgsghlo
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the solids were rinsed wt acetate unes, % he wet cake
was transf@ihredhang (3 velemes: (7r10('% thap meni?“%so‘ﬂ‘?rﬁrﬁ'f“iﬁdd"étf‘t?ﬁw&?cétaf Ferosmey)) |
dei oni wed mathey. (H8QH cate) wasatfisfertdalytb aae@ta@tcentéifiddsantiun biverbonhte WEES. Stlrgen
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(760 niL), %%‘a ff ’P?e??"‘ifr‘i"%@l f'ttﬁr'ie%afva!@abﬁﬁ Whehvolymesrh deipnized wias él?P% m
i sol ated ywisl2dvofupes bfleghyl &eitd @60 MB)S arh&PAr(ed Tia gicuunT h\enlasa;Watf@dGhaIrer i al
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sol vat). TR iR R R i o at6. 1RgR gé%ﬁ%?*as%%%@e%%
J=3. 8 3%) , crgtagige Farmplll figp bage e(thVELaqqtatQjSO'\ﬂa’@% 5l YR, 309 Mtz (DMSQ:DE)gpPmy=16 4
I(—Iz), 7. ;32 {3.35 (HH, ko (I H7d,=3.8 HB), 8.39 B HHizn), 8.73 @'H, €, Jé:BH,I—Iz)’J?QSH?H&i H2|5)34 7.60
aH s =
17350726 AR G Yo 8 fo i 7 Qg D Hiroq oy, BsE TR,
2.77 (3 H,J=16.45i2q7.49 (i, ddléfé‘ 1NIWQHZ)7§ 3RH426 (?UNBD?D@)U Hotn=8.6 biz)p 3.04 fﬂ% 18
d, J=7.8 Hz), 2.77 (3 H, d, J=4.6 Hz). ®C NMR, 75 MHz, (DMSO-D6) ppm: 168.23, 155.18,
25  149.81, 142.35, 142.22, 137.31, 136.00, 132.89, 130.64, 130.36, 129.51, 128.14, 126.50, 125.93,
124,08, 123.01, 122.85, 122.12, 120.642, 115.08, 26.45.

2-(methylcarbamoyl)phenylsulfanyl}-3-E-[2-(pyridine-2-

Nethenvllindazole using the tetrahydropyranyl protecting grou

sBew iy,

Pd(OACc),, P(o-Tol)z

S

CONHCHg  THP (HPr)sNEL CONHCHg THP
DMF, 100C
30 N-1  THP 2-(3-lodo-1H-indazol-6-ylsulfanyl)-N-methyl-benzamide  (21.77 g), 2-

vinylpyridine (5.92 mL, 54.9 Mmol), Pd(OAc), (0.96 g), P(o-Tol); (3.42 g), (i-Pr).NEt (11.3 mL,
64.9 Mmol), and N,N-dimethylformamide (550 mL) were added to a 1 L 3-neck flask, equipped
with a mechanical stirrer and a temperature probe. The mixture was then degassed three times

by alternately connecting to house vacuum and nitrogen. The mixture was heated to 100 °C and



149. 81, 142.35, 142.22, 137.31, 136.00, 132.89, 130.64, 130.36, 129.51,

128. 14, 126.50, 125.93, 124.08, 123.01, 122.85, 122.12, 120.642, 115.08,

26. 45. Baopbe/us145Pr eparati on of 6-r2- (et hyl car banoyl ppmanyiosodsBany

p- 3-E-[ 2- (pyridi ne-2- yHethenyl|indazol e using the tetrahvdropyranyl
protectin g group N1 THP

2- (3-1o0odo- 1Hi ndazol - 6-yl sul fanyl ) - N- et hyl - benzami de (21.77 g), 2-

vinyl pyridine (5.92 nL, 54.9 Mml), Pd(OAc) 2 (0.96 g), P(OTol)3 (3.42 qg),
(/-Pr)2NEt (11.3 nL, 64.9 Mwl), and N, N-di net hyl f or mam de (550 nlL) were
added to a 1 L 3-neck flask, equipped with a nechanical stirrer and a

t enper &t urike PMP&EUre R MAinthibddeat WoS °¢ basinighe, A aAield tirhd Bl Be tstanidg niajeriall ie@r nat el y
connectin a i . . ] 00 OC
andt ho. t orssishmsBHRLCLIRRIAR ot i BRGR oS ol b o5, ARENERO Park

the start |‘W§ Ml HPAG Wogddednd b?rﬁél"t‘(fHP“La@)St'”ﬂffPfe*Fa‘fc%lei“hgt whigfieting @(E*Lﬁke was
poured i ntpﬁeoﬁﬁ&e ﬂérj(jjje?)f Tﬁﬁtslﬂlgdahéédfgwg%arﬂmﬂe 408e Was Mbwdd PNsartioers adeled. The
m xture was or hal f an ho t i te
Formed. T abieyPlaapee it o8 amptis floetiih 504 ) FeBal o RO b

part i t10on.layafst were peashed iied with wekes érqade@@s MagPe andeponeertrated t die trofide wit h
300 nm _ ofcrfstafisa onTQdeQ@rHNd&ﬁ\derﬁbé}&meC ﬂhaxéersWaéareatemhed mLWf GEOAM drfd wat er

dried over, cong entrat.e e d, on. standi ng at
r oom t enpel tg{gﬁcﬁ ':?ﬁe "4 ?"&ed\}\%%'r'gryg e[r%gpt ‘%%%gw% E‘? ORPANE filtered.
The cake viexamplp [1'éseparatiomofN- FP-protecied 13- lodﬁdHﬂﬂamw'aulfﬁw_XSMmgM the final
product. Eeargpli® 17: Preparation of N-1 THP-protected

2- (3-1 odo-1IHi ndazol - 6-yl suI fanyl ) 1 N et hyl benzam de A m xt ure of

2- (3-1 o0do-1H i ndazol - 6- - N- et hyl nz (24 65 g),

di hydropyran (5.50 m _, NMG g) in 600 m _ of

Et OAc @s heated at 60 OGQW@& anght fTer c olHong, tehe m xture was dil ut ed
with 500 m _ ofy ELORG. Weshegiolyh g@@@.sm%qwrhoemwdaeh%&ve(zwgsgsl, and

then concentrated I n vacuo, e resl due Was onto silica gel and

subj ect ed 4RyIPPEIHEERMmAS- 6&"1915@19 T§SHAEOKE r9é§’/€|99 Ohcof EOAC wag hgateq aty 1 3)
to yield Zsolec/dvethigdf. ahé& éoiolmgl th@rnﬂﬂl,h@twasﬁiﬂatﬁwlvﬁh 560 ritr & R0AS, ivabhe@fwith

6-r2- (et p yIs 3-E-r2- |d|ne2 henyl i i ndazol e
st gt he Ve RARGR ARt s g enp sl Ve Nine R RE! de

2- (3- 1 ¥o- emlsprbermmﬂwegyl@dlsmmwd)to Nammaim@nWaml@Bahe(xsa@/ﬁ’q%c (2ant1.2-
vinyl pyri dj; @ﬁ 3§Qy;b{hﬂb7g]0f&e%apbaodmre added to a 100 niL 3-neck fl ask,

equi pped w.t 1 et g _, te tu égg 2_The m£<ture was t hen

degassed ttfec pyridine
l)ethen llndazole using the tert-butoxycarbonyl protecting grou

0\
S N_N
CONHCH;  Boc

2) Pd(OAc),, P(o-Tol)s S
DMF, 100°C CONHCH,  H

3) TFA

25 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 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-

30 Bu)g), 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 catalysi, along with P(o-Tol)s, the reaction worked.
However, the role of the Pd[P(i-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



connecting to house vacuum and nitrogen. The mi xture was allowed to stir
for two hours, after which an aliquot indicated that only the starting
mat eri al weogvesaat (HPLC). Initially, Pd[P(t- Bu)3 2 wra3/Bzesio@Esoe
catalyst (9.28 g), along with 20 nL of DMF, and 124 nlL of Cy2Nwe (71 1
Mol ) at roomtenperature for 2 hours, _but the reaction did not work.
Subsequently, it was found that when Pa%OAc)Z was used as the catalyst,
along with P(O-Tol)3, the reaction worked. However, the role of the

Pd[ P(t-Bu)3]2 catalyst in the overall reaction coul d not be excl uded.
Accordingly, 22 mg of Pd(OAc)2 and 9 1 nmg of P(O-Tol)3 were then added to
t he fl &sk reixdret wasndegassee agais by efjersatall capecinody halsseyastine apd piypersctreasy t o
house VacuiHgsanthe HhikiuRORR HeafeBeo t00EE. anlinBe Mmpekifte WaS rivgradied 4:01080¢ 0C and

t he tenperatur ed.at 100 OC overni i I I t he
starting r’?&?rg'rgﬁt \A?wlééﬁahme aﬂ {rE)SdSt?r{.-l']gL'&?te"a%‘f’ ° clnsﬁ'gné_mﬁ‘tg)% §’ rr\1/\rY‘E/f;‘ts1§added to
remove t hérBdkcwasraggestipiramgveythe BBoc Piafecing araye! i“f#tj coqlipg thej Riiyreaaagurpbigiced i nt o
a mxture %lxtbgéoofmbo afL wa,ta@r ar&i”'CbOLQQ om_amt: Eﬁ@%mt.dﬁ‘ﬁgefhemméoué la9&Y v, t he

aqueo | a ext.rast e ned.organic
ayer o twer S P &R Tl oA orfr® ootV h e e e e The
resi due weeatqsr éﬂeddcs/@r Mgﬁoomdoccgwmf@wdanHWesra%‘jiL@cW@dpi‘P@d@f@d| asit sifidagayiel

chr omat ogrsagbdted Heéracﬂ]&ﬁ/ﬂ@h%@omé]toggaph% AexaFbMA0AC, B:AACA, MGk, ElOAsie0R0/ 1) to

yield 155 nple 19: Preparatl on of N-1 Boc

2- (3-1 odo- 1%&4—%%@21"2‘6?“ gs%ymi%ﬁ\egﬁﬁ;lpfoléx%rret hyl - benzani de (BoC)20 (1.18 g) was
added i n sixainble p®irRréparedion af Nat Bod 2163 lede- 1ifindaz¢lB-yisuffany-Nrngtiibenadmide

yl sul fanyl') - N-nmet hyl - benzam de_(2.20 g), dinethyl am ng pyridine (66 ng),
and NLNdi et hyl f or mam d , | Whi @d).anas il M an i ce-water bath.

At the conpletion of the Jadelt ' Ao Lhe s qd\i i ndi cated that all
the 2-183-1odo- 1H i ndazol -6~y ul'?anyl) N- met HWFBécnzﬁPﬁ de was consuned. The
reacti on m xt ur(Boo)s (1piBL) eds iadtie ia smaX tpartiensob al &flutioh. obd B-(Blo@AtH-mdakzok®0 nl of

watter AT QL8 Rk damBA1C A SBUSh KPP S0 AEHE 3RS the WA | 1T

with 50 nl o e co ﬁanlc aerswerevvase twce with

wat er, drideetefemamifscd? skl Whish vesthlied i a”’PPRéwﬁ‘térs‘PaHheAb\féﬂg ceRrigfieR b dteaphed
usi ng Hex aame;sérEHBAc df Ihelaliquot thdichted thed ‘all thet 2(3abdoorHHindaz31E6-@suddnyl)-heméthyral

producs,

61 2- éma t A Et?%ﬁ%gglrl cge ﬁoﬁsruﬁvg fﬁ ctgﬁ fnfmge ¥v§s poured lnctio a mn%ure of 100 rr]n\ll_no\1; rI)EIIOn cfazol e
2- (3- | odo- aI‘F*IJ P%@J'hfbwater ;P{ﬂgrmafﬂa?mg) h%—aﬁéﬁtoH%ay%éﬁ% aﬁiaef@d v, ftme fiyres with 50

2- et hyny!| pyir bidEi0@c.( The Bonibingd oR@GICREY3rsAiare whsha® tvigy) witiCudter Grbdraggr, MGSOPr ) 2NEt

(0.50 n) ’an@@gnclélnt%tég. nﬁ%%’s‘dﬁ:@ m%rgﬁﬁatgargphed using Hexanes/EtOAc (1:1, 1:2, 1:4, 0:1)

to afford 1.35 g of the final product.

25  Example 20: Preparation of 6-[2-(methylcarbamovyl)phenylsulfanyi]-3-[2-(pyridine-2-

ylethynyllindazole

)—
| \_y
s NN ,
Pd(PPhg),Cl,/C .
CONHCH, M (PPha) Cl/Cu \
DMF CONHCH, 1}

2-(3-lodo-1H-indazol-6-ylsulfanyl)-N-methyl-benzamide (2.30 g), 2-ethynylpyridine (0.25

mL), Pd(PPh3),Cl, (128 mg), Cul (64 mg), (-Pr)oNEt (0.50 mL), and N,N-dimethylformamide (15

30 mL) were added to a 50 mL 3-neck flask, equipped with a stirring bar and a temperature probe.
The mixture was degassed by alternately connecting to house vacuum and nitrogen three times,

and heated at 66 °C for one hour. To the warm mixture was added 0.16 mL of 2-ethynylpyridine

and 0.30 mL of (-Pr)oNEt. The resulting mixture was allowed to stir at 66 °C overnight, at which

time HPLC indicated that all the stariing material was consumed. After cooling, the mixture was

35  diluted with 100 mL of dichloromethane and washed with water. To the organic layer was added



m.) were added to a 50 nL 3-neck flask, equipped with a stirring bar and a
tenperature probe. The m xture was degassed by alternately connecting to
house vacwormm@ndsTast rogen three tinmes, and heated at 66POT/IBZI0S/003800hour. To
the warm m xture was added 0.16 nL of 2-ethynyl pyridine and 0.30 nlL of
(/-Pr)2NEt. The resulting mxture was allowed to stir at 66 OC overni ght,

at which tine HPLC indicated that all -8he starting material was consuned.
After cooling, the m xture was diluted with 100 nlL of dichl oronethane and
washed with water. To the organic |ayer was addedl0 g of silica and
agitated vigorously. The m xture was then filtered and the filtrate was

di scar ged.10Thef Silitd el sgsatet Negoravalg.heThewhikiore! @hg &y dntebdiman/tich albkierasset hane

(di scarded)..and, T phd G 82&?%§Q>’the‘?1”\k§sh5§%ﬁ@{rgﬁ;§ ol %{gdlchTJP(ﬁnetﬂﬁEé ?Qé/cq oL

sol uti on was concentr roduct
Exanpl e 2jollopgtéﬁmparp,t@;@hmofuran The tetrahydrofuran solutlon was concentrated in vacuo to

6- F2- (et tyjdlmgda@memaaemwbaul fanyl | -3-Z-r2-(pyridine-2- vDethenyllindazole
ok f ¢ v fo 09 % of, 6-[2-
) " DVraing-2;
(et hyl cartanoy S S yt1indazol e was
added 2. SMQ_bMilh@ﬂh odi de di acet ate foI I owed by 1.0 nL of H2NNH2 H20.
After the bubbling had settl ed#/yore phenyliodi de diacetate and HZNNH2 H20

were added in snall portions, il LG M indicated the_di gappearance of
6- [ 2- (et hyl car bampy| ) paenyl£ul f anyhlw3- [ 2- (@d@\—ﬁ%@hynyumdazole
and the formation}\ l

sul f amM de%“"f‘e[ 2- PYSHdi - 2- yl ) et henyl ]i ndazol

6-[ 2- (et hyl car ba 'lﬂ?cﬁ ?y

e. Exanple 22: Pall n renoval and ?B’bl ynor ph control of

6- [ 2- (et hyl carvary100pirelny Bsedk afesih- c@ueaiing?-{ pyelitdn net 20.99Degheannyl62-ndazol e
4) MeCH, r(ﬁBﬂhHéarE’é?WleﬂérW&ulfé?ﬂflﬁlbl[z\/(p%)dldé@%étﬁyrlﬁﬂé‘aiollow@s 12dded32rsecé< &l ask,
equi pped wi th a nechani cal

(met hyl c' BNEfiesde) dareiasilamedby 1-p mb oEHNNHEEGO; Af t?féhezb‘«g'l"ﬂ‘éﬂ"ﬁ%ﬁ‘i} foch a%zol e
and 1.16 L paényidddeadidetite Gnd HONNHLHIEO witd Riedinisiail pgidra) unfiLOMMIB iHdRSted tHae

0yt o ve” SR MARSCREA ey Ep ST aB L PR GRG0 o1 20

cysteine-siThca and t hE Tes
t enper at urtee foration ¢fi§t2- "ﬁﬂylombﬁmay Jehensisulianyllt £ Pyrisingdyhetaenydiedagele s nt ered

gl ass fri texedplt dpreliadiudmbREartiadoSmoms cod s d-[AMrdihyiabahsil) bigdnyiefiah@0 nl of
DVA and S%QE-[E-‘(Dvrfdm-g-léﬁnetﬂQnvlllnc%zg‘le was further washed

xample

1) 10% Cysteine-silica/DMA/THF

2) 10% Cysteine-silica/DMATHF
CONHCH H

: 3) THF/DMF, reflux CONHCH, H
4) MeOH, reflux

20 5) HOAc/Xylenes

Polymorph Form IV

To a 12 L 3-neck flask, equipped with a mechanical stirrer, was added 160.20 g of 6-[2-
(methylcarbamoyl)phenylsulfanyl]-3-E-[2-(pyridine-2-yl)ethenyllindazole and 1.6 L of DMA and
1.6 L of THF. After stirring for 20 minutes, the mixiure became homogeneous. To the clear
solution was added 800.99 g of 10% cysteine-silica and the resulting mixture was allowed to stir

25  at room temperature overnight.

The mixture was filtered through a medium sintered glass fritted funnel, and the cake was
washed with a solution of 500 mL of DMA and 500 mL of THF. The cake was further washed
with 2.0 L of THF and the filirate was collected into a separate flask. The volatile parts in the
latter filtrate were removed in vacuo and the residue was combined with the main filtrate. The

30  combined filirate was recharged back into the 12 L flask, followed by 800 g of 10% cysteine-silica.
The flask was equipped with a mechanical stirrer and stirred over the weekend at room
temperature.



with 2.0 L of THF and the filtrate was collected into a separate flask. The
vol atile parts in the latter filtrate were renoved in vacuo and the residue
was conbiwedowiwbrsashe main filtrate. The conbi ned filtr ace/1Baws/nestiar ged
back into the 12 L flask, followed by 800 g of 10% cysteine-silica. The
flask was equi pped with a nmechanical stirrer and stirred over the weekend
at room tenperature. The m xture was tT¥i filtered t hrough a nmedi um sintered
glass fritted funnel and the silica was washed with a m xture of solvents
of 500 m. of DVA and 500 ml _ of THF, followed by 3.0 L of THF. The
volatile parts in the filtrate were removed in vacuo and the remai ni ng

sol uti én was t Teersikire wab then fier2d thfough meedtiurh Isitskedgiags triftechiuens! eiidithe siBa | of

W?t teL ( ad;wasl wamg twﬁh aQrE.mre Bt IRAE bmsocafL di lolm) and@tocb ALK TRF, Qé]loﬂéd @tsao tgr mﬁd
a is s er . Stirrj he mi xt ur red and the
cake was \Rgg'ﬁ [‘Tlt' p@”i'”gg ﬁ’éefefeewergﬁ%mé’ i We‘@cﬁrvd%@m@é{\? 5§ t'sonc arged to
abL 3- nel@ksférteawa 22 bl3treviettrshgnditregietl wii 127 HPf weter (BB gver@f 20mVrute T¥iied f | ask

was equi praemna)nm.c@pr@%ﬁaa@mﬁéd éttHlsH't&gre: Aaemtrln%veem@dqn@mrxm@dagm@rem xture
was heat ed ter ng overnight, the m xture was

f 1 ux C i
filterdd taHSB‘ﬁ@ eé"f"i‘ﬁﬁ?§%dﬂv"P2% Leqfwi)tﬁrpaé‘ids %80' d¥cked dry. The cake was
charged to a 5The Gukaewle chiigektozn L B:r@ck flask, fuis@ied wad-6ddefeldiF andel 60 Inds® was

ﬁq U![ pgedt ‘MMF?l'ﬁ"le ﬂ?&h@a@'eﬁﬁbpeﬁ%tﬁ raerfecha?ﬂc‘élesttlﬁér E%Q@é&ﬁ@énsé%dttmﬂm%@@tmﬁgt S were
eated at re

overn t
1 ter eq (RRGHEHEAAPI TP A ETiaam ek eoch@araa ered estil it
di ssol ved filtertpapet afd ducldfd dHOAC Wit h t he assi stance of gentle heating in the

wat er fgath of ang efi@nhsQUABY Bl 1 3m ﬂ%&iéﬂdp@L‘AﬁﬁeéH WS b@skat MhouaR #3
filter paper and the total “vol unme of trate was reduced Eo ~5(,20 m. in

vol ume on “{ERBRed Withed, Fj56haa{cR St dvat‘?f 66” andyfne gontents (Were, heglqdedty | k of
t he m xt urefluxéméihngd. Aftgredoblimg/ogehight,itinmixiuck wasfitalet thaougl sbariskingitergapdart at e
formed. Tq.bbgid ek was charged 500 nL of xyI enes (precipitate forrred) and

the total volune was reduced t ol une, on the rot ar or at or
at 60C/ 60 mmgTherﬁ%em‘aacdé?%“’%dgt° 1éde%{{q§%f°t% e e Enened ceneigping ﬁgng, t he
m Xt ura® wastdribhih ef @ ehtary leeapoake Wassolviieheat filieted tBQ.Qh A filbdr pxmran@meamd sucked

dry. The %mevmetf.[]a{ﬂf%wes&ea% asoslngsiﬁ qu@ oﬁra% rt)w Qtu Qtdaoa’b/680C/ 27

i nch vacuum over ni hed 108. 38g.
X-ray powdePHgi Mitiisgleno el §f dfiegmixtigireraiead & YPJ{?W goltioy §P%P ISF'ﬁ'éa'T“EPPh‘vavas
present, Widcpiatvremedaroand Risk waskhageds00ml o xPignes (Peviiate fotmay) and the total
volume was reduced to ~500 mL in volume on the rotary evaporator at 60°C/60 mmHg. The
25  process was repeated two more times. After cooling, the mixture was filtered, the cake was
washed with 500 mL of xylenes and sucked dry. The cake was transferred to a glass dish and
further dried at 80°C/27 inch vacuum overnight.

The cake was off-white in color and weighed 108.38g. X-ray powder diffraction analysis
indicated that a crystalline form was present, which was charactetized as Form 1V by a powder X-

30 ray diffraction pattern comprising peaks at the following approximate diffraction angles (26): 8.9,
12.0, 14.6, 15.2, 15.7, 17.8, 19.2, 20.5, 21.6, 23.2, 24.2, 24.8, 26.2, and 27.5.

While the invention has been illusirated by reference to specific and preferred
embodiments, those skilled in the art will recognize that variations and modifications may be
made through routine experimentation and practice of the invention. Thus, the invention is

35 intended not to be limited by the foregoing description, but to be defined by the appended claims
and their equivalents.



diffraction pattern conprising peaks at the follow ng approxi mte
diffraction angles (20): 8.9, 12.0, 14.6, 15.2, 15.7, 17.8, 19.2, 20.5,
21. 6, 23.\WQ28¢b/@87484. 8, 26.2, and 27.5. Wil e the i nventrconBhiasoizeen
illustrated by reference to specific and preferred enbodi nents, those
skilled in the art wll recognize that variations and modi fi cat i ons may be
made t hrough routine experinmentation afd practice of the invention. Thus,
the invention is intended not to be limted by the foregoing descrlption,
but to be defined by the appended clains and their equival ents. d ai n8 Wat
is clainmed is: 1. A nethod for preparing a conpound of fornula |: or a
pharmac®utical ly acceptable salt or s@limte thereof, wherein: RL is a group
of the forgpha afibeSER 4 or -CH=NR 4, and R1 is substituted with O to 4 RS
groups; R2 iIs (Cl to G2 g (C3to C12 cIoaIkyI (5 to 12- nenber ed)
heterocycloalky\ (™eEB %ﬁﬁw %ﬁ' ac?ﬁ?OWB’ %bered) heteroaryl (Cl to
Cl12) al koxy, (C6 to Cl2) aryloxy (C3to G H cycloalkoxy -NH(C 1 to C8
alkyl), -NH(C 6 to C12 aryl), -NHB to 12- nﬁéred heteroaryl), -N=CH(C 1
to C12 alkyl), -NH(CCOH, -NH C=QREof 7 and R2 is substituted with
0 to 4 RS groups; each R3is ind drogen, halogen, or (Cl to C8)
alkyl, and the (ClL to C8) alkyl Ri's suostﬁtuted with O to 4 RS groups; R4 is
(Cl to C12) alkyl, (C3 to Cl12) cycloalkyl, (5 to 12-nmenbered)

het erOCyC|@&Hﬁ&ﬂmaoé@@aﬂ?@c@ﬂ@l}leQd]t)drsol\faltetﬁ&edfOth?elrﬁEWberEd) heteroaryl, and

R4 bsti tuted 5 R 1
(Cll tso? )S :al E i Is \M&%} gf ’[%% orm é)%l;?HH %ﬁCIQF(iB%n aﬁk ggq%ﬁtﬁ@?ﬁﬂ%é%ﬁd ogen,
- CO2H, -O(QD%BIO C8 aIkyI) (CB to C12) aryl, (C6 to C12) aryl (Cl to CB)
al kyl, -CO2CH3, R%Q@lhlo 2,,) alfHB NS cyciddlld, ( 51§@Nbi%berb@lr@te&5dm)bw,wb§¢b (Cl to

C12) aIkyI sub ut ed 0.Cl al kyl):~ campri sin

reacting a 1@0%'0 Eo g)m ﬁ%ﬁé‘*ﬁefwwf C(:%. ga ! rr%%oﬂ( 6ft3 1"%2? b (' Iﬁﬁ:ﬁ %t%‘ag))provi de
a conpoundeyepalkaxy.ntHE I’fov(?a aty -HH (s t@ ptichiii G e thoenkerethhatdieanr esence of a
catal ys§ amdcr(diase;, alyl)SNadRop,eaHic®) T 8URH,, %nd R?is substituted with 0 to 4 R®

groups;

each R® is independently hydrogen, halogen, or (C; to Cg) alkyl, and the (C; to Cg) alkyl is
substituted with 0 to 4 R® groups;
R* is (C; to Cyp) alkyl, (C3 to Cy2) cycloalkyl, (5 to 12-membered) heterocycloalkyl, (Cg to
20  Cyo) aryl, or (5 to 12-membered) heteroaryl, and R* is substituted with O to 4 R’ groups;
each R® is independently halogen, (C; to Cg) alkyl, (C2 to Cg) alkenyl, (C, to Cg) alkynyl,
-OH, -NO,, -CN, -COH, -O(C; to Cg alkyl), (Cs to Cyy) aryl, (Cg to Cy2) aryl (C4 to Cg) alkyl,
-CO,CH3, -CONH,, -OCH;CONH,, -NH,, -SO;NH,, halo substituted (C4 to Cyp) alkyl, or —O(halo
substituted (C, to Cyp) alkyl);
25  comprising:
a) reacting a compound of formula Il with a compound of formula Ill to provide a
compound of formula IV:

H H
Yy . O Mo W Oy N2
DO Sy ey
+ —
R1 R3 R1 RS

wherein the reaction occurs in the presence of a catalyst and a base; W is a protecting group; X
30 s an activated substituent group; and R, R?, and R® are as described above; and
b) deprotecting the compound of formula 1V to provide the compound of formula 1.



is an activated substituent group; and Rl, R2, and R3 are as descri bed
above; and b) deprotecting the conpound of fornula IV to provide the
conpound WO 2b@wvoasi4a 1. 2. The nmethod of claiml, wherei nPCaBmas/edsper is a
pal | adium catal yst. 3. The nethod of claim2, wherein the catalyst is
Pd(dppf)d 2-CH2C1 2. 4. The nethod of claim 1, wherein the base is sel ected
fromthe group consisting of potassi urm®€ar bonat e, sodi um carbonate, cesium
carbonat e, sodiumt-butoxide, potassiumtbutoxide, triethylamne, and

m xtures thereof. 5. The nmethod of claim4, wherein the base is cesium
carbonate. 6. The nethod of claim11, further conprising a solvent in the
reacti on bet weeh t helheoredebiclaim 1fwerain e chtalysics & fadadiiongstalistl of f or nul a
[11. 7. The method of claim®6, wherein the solvent is N, N-dinethyl

f ide. 8 T hod of. cl ai wherein th i on | ied out at
about BOOC. . The nEBAHCHE LA PEreh e Fere AP sy cr opyran

protecting group or a trinethylsilylethoxynmethyl protecting group. 10. The
net hod of claiml, vHRHRkHbAlhSaiRa! WiYerdiS the DHOS bEibtedutiroBT tRbIGrodh dohsigtiih of | de,
brom d? or .iodide. 1]1. The met ftimdt of cl ai n1810 wh‘?r ei I’tl)tt %hac I vat ﬁd
subst i { UenPOGPETP RPN FUTE SaioPater AEPURL FRABENAY SRFUT PO HOBSHIT e

pr ot ect i ngbyexaigptrigihylanine ndimixtireofhereah, and t he process of deprotecting
conprises reacting the conpound of fornmula IV with an acid in an al coholic
solvent. 13. The pracess of claim 12, wherein the acid i s nethanesul fonic
acid or is ptolUenes f"%ﬁm°8°g1‘3"?"8,4’ ‘é’ﬁ&e'rﬂ%%‘éﬁed%?{a&|“ﬂ?a@8ﬁ‘%nt i s met hanol ,
et hanol , n-propanol or isopropanol. 14. The nethod of claim1, wherein the

conmpoungl of forgul a fre @R EEH! 2 1uMherdddfhplidity & UIRAURheQbadiH Path&nkid has
formula VI: V 1r]5. wherein the conpound of formula IV

The th of claiml,
has for mul ™PY dq%’Tm%n@aﬁ‘glgﬁBﬂ"pB?”dcqfEﬂ”ﬁ‘r"i,‘”'wher ein the conpound of fornula

| has formula VIIl: 17. A nethod for preparing a conmpound of formula Il: or
a pharmaceuticaj |y ageeRiaRlofosfblwilers@k Lot & RekeMethyBSlRidR: Rl is a
group of the fornula -CHECHR 4 or -CHENR 4, and R1 1's substituted with O to
4 R5 groups;
20 8. The method of claim 1, wherein the reaction is carried out at about 80°C.
9. The method of claim 1, wherein W is a tetrahydropyran protecting group or a

trimethylsilylethoxymethyl protecting group.

25 10. The method of claim 1, wherein the activated substituent group X is chloride,
bromide, or iodide.

11. The method of claim 10, wherein the activated substituent group X is iodide.
30 12. The method of claim 1, wherein the protecting group W is tetrahydropyran, and
the process of deprotecting comprises reacting the compound of formula IV with an acid in an

alcoholic solvent.

13. The process of claim 12, wherein the acid is methanesulfonic acid or is p-
35 toluenesulfonic acid, and the alcoholic solvent is methanol, ethanol, n-propanol or isopropanol.

14, The method of claim 1, wherein the compound of formula Il has formula V, and
the compound of formula [l has formula VI:



R4 is (ClL to C12) alkyl, (C3 to Cl2) cycloalkyl, (5 to 12-nenbered)

het erocycl oal kyl, (C6 to Cl12) aryl, or (5 to 12-nenbered) heteroaryl, and
R4 i s subwoizoesiees74di th O to 4 RS groups; each R5 is indepenazns/bos3éal ogen,
(Cl1 to C8) alkyl, (C2to C8) alkenyl, (C2 to C8) al kynyl, -OH -NO2, -CN,
-C2H, -0(C 1 to C8 alkyl), (C6 to C12) aryl, (C6 to Cl12) aryl (C, to C8)
al kyl, -COR2CH3, -CONH2, -OCH2CONH2, -NBR, -SO2NH2, hal o substituted (Cl to
C12) alkyl, or -Q(halo substituted (Cl to Cl12) alkyl);Wis a protecting
group; and X is an activated substituent group; conprising: a) reacting a
conmpound of forrmula I X with a diazotizing agent to forma diazonium salt;
and b) treating the diazoniumsaltywth a netal halide, X I X Il wherein
R1, Wand X are as descri bed aboveyN The t Hod of claim 17, wherein the
activated substituent group X is i de, br ne, or iodide. 19. The

met hod of claim 18, wherein the jactivated s ituent group X is iodide.
20. The nethod of claim 17, ein the diaz zing agent is sodiumnitrite
or t-butyl nitrite. 2 1. The hod of claim 20, wherein the diazotizing
agent iss sodiumnitrite, and the netal halidevis potassiumiodide. 22. The
met hod of claim2 1, further conprising a catalytic anount of iodine. 23.

T o L R 35 SRR LA 5 U 1 2 %
H

Vi

10 16. The method of claim 1, wherein the compound of formula 1 has formula VIII:

\ull
17. A method for preparing a compound of formula Il

or a pharmaceutically acceptable salt or solvate thereof, wherein:
15 R' is a group of the formula -CH=CHR* or -CH=NR*, and R' is substituted with 0 to 4 R®
groups;
R* is (C; to Cyp) alkyl, (C; to Ci2) cycloalkyl, (5 to 12-membered) heterocycloalkyl, (Cg to
Cyp) aryl, or (5 to 12-membered) heteroaryl, and R* is substituted with 0 to 4 R® groups;
each R’ is independently halogen, (C; to Cg) alkyl, (C, to Cg) alkenyl, (C. to Cg) alkynyl,
20  -OH, -NO,, -CN, ~-COH, -O(C; to Cg alkyl), (Cg to Cy2) aryl, (Cs to Cy2) aryl (Cy to Cg) alkyl,
-CO,CHj3, ~-CONH,, -OCH,CONH,, -NH,, -SO,NH,, halo substituted (C4 to Cy,) alkyl, or —O(halo
substituted (G to Cyp) alkyl);
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5 W is a protecting group; and
X is an activated substituent group;
comprising:
a) reacting a compound of formula 1X with a diazotizing agent to form a diazonium salt;

and
10 b) treating the diazonium salt with a metal halide,
W W
N NH N X
o — Y
R R!
IX 11

wherein R', W and X are as described above.

18. The method of claim 17, wherein the activated substituent group X is chloride,
15  bromide, or iodide.

19. The method of claim 18, wherein the activaied substituent group X is iodide.

20. The method of claim 17, wherein the diazotizing agent is sodium nitrite or t-butyl
20  nitrite.

21. The method of claim 20, wherein the diazotizing agent is sodium nitrite, and the

metal halide is potassium iodide.

25 22. The method of claim 21, further comprising a catalytic amount of iodine.

23. The method of claim 17, wherein the compound of formula IX has formula X, and
the compound of formula Il has formula V:

NH;




