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WD 2007/ 027950 PCT/ US2006/ 034112 SUBSTI TUTED

BENZI M DAZOLES AND METHODS OF PREPARATI ON CROSS
weBhERENGE TO RELATED APPLI CATI ON Thi s appl i caPComs2006/034112

clainms the benefit under 35 U. S.C. 119(e) to

provi si onal lications U S. Serial No. 60/713, 108

fi SU@Sa‘rITI&EIé@sBE GIVBDAZOLESSANBMEIHGBS OFPRERARBIION

filed on August 30, 2005, U. S. Serial No. 60/731, 591

filed on Cctober 27, 2005, and U S. Serial No.

60/ 774,684 filed on February 17, 2006, each of which

i s incor poCRQASS REFERENCR/ TORELATED AFPLICATHON rety.

FI ELD OF THE | NVENTL.ON 10 Th t
oI Bl SDESHioR RIS Moo BRI thove | B4R Prbisieral

apphE s A 828R %”8@/7@9%8 ﬁi&a' AGHSONE 2803, U.S. Serial No.

stereoi somers, esters,” netabolites, prodrugs,
60/Etf2353ﬁaﬂkedtoméaigwt 30; 0604, é,leeSemll No. 601235591 filod omchtobcr 27,2005,

andilgs. e &R Ao o T SR b s g s ncorporated

her@ﬁqg,%fe@émg%g)g&ﬁg@ of the Ras/Mtogen 15 Activated
Protein Kinase (MAPK) si gnal ing nodul e that controls a

conpl ex transcriptional ng ramin response to

external cellular stER H‘é\éﬁ%@@ de for highly
con [ 0 S
%ﬁé é%ge ‘T‘r%}’eh{i?n I‘egﬁt édlt%tﬂg&{liﬁ%f éﬂe oﬁ)g?sdﬁ%]ﬂ@geﬁar o
ber&ﬁﬁida@cﬂe domponals, theansthmérs Q;teraaﬁdm&?ry ds&lrsl mmbohtes prodrugs or
consi st of rece tor tyrosi pe ses géwr as,
phaspgeqiticaliy arespiablenalts %{:mkfoa&ﬁ? ®PIOgR @k}reﬂm%%cancer
and ERK 20 (MAPK) ki nases, which ultimtely

phosphoryl ate t mSRGRPUND GERTHERVENTIGN S pat hway
Raf ki nases are activated by Ras and phosphoryl ate

an dThc Ref serimeftiwsonine kinases aof esM:ntm@ eompoxentsvfteiRas/Mitogen-

£ ORI AT G T -

prd %e@ﬁﬁ{f& sk ko @tternM deNURP sthaili vahﬁglen& DeRedr Righlyodserved
(“’ ?so call ed Extracel | ul ar Li gand Regul at ed

sermerthlse@nmeépqclﬁc orotein kinageravigeh 21e kipha to Hingdpae ras oncogene.

ThE, SRBAR' e BABHR ol ey b Uil AR b ¥sine

ranscri
klrﬁﬁdégﬁﬂn?as RRdf proeBekinaes, IMd:l{la(iEJR@D adtivaton er RBASPMFKmases and ERK
i nfl uences and reg s many., (gﬁ{a
(M%ﬂli@thlmsgs SUhieh wamgtely phosp rISPRUGAHEF TS Jp this pathyway Raf

kmtsaﬁéé s\ AltivaRAEY 'aﬁdh&@sﬁz‘%&ﬂﬂﬁ@gh@&t%fé tﬁi@qu@ﬁﬁssofyﬁf% fen-

essent | aI osition of Raf In
AcsvgediPrd‘Ignﬂ@hﬁs&d@aad&e(vaileﬁ@»&ﬁd&rnddﬂnkﬁjsﬂm‘aaredualrspmﬁclty

thrpiipeoT o asco B oo b o BaGs B TeTb08PB A ed Kilises 1 and 2
(I\/Igﬂjmﬁhéo%ﬂ@@jﬁﬁa&ﬁulé? {1gaRg R@éﬂﬂieﬁ‘l@lﬁ'és@% ﬁlﬂ'@ SERY and Erk2). The

| ochem cal genetl c techni ques of
MAPKaphaspborylate many setstretes inchuling-transetiption @ctomeﬁndbgl so doing set

receptors that stinul cel | ul ar
RO gR A bR o e PO Ry Pty
influRdtezaint e ldted meRas cdlime fin@hidns such as proliferation, differentiation,

survival, oncogenic transformation and apoptosis.

Both the essential role and the position of Raf in many signaling pathways have

been demonstrated from studies using deregulated and dominant inhibitory Raf mutants in
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upstream of Raf. Upon activation, Raf-1 then
phosphoryl ates and activates Mekl, resulting 5 in the

wonroepgagasoon of the signal to downstream ef f ecPOTAIS2006/034112
such as MAPK (mtogen-activated protein Kkinase)

g ( %qu | N
I ne?e:ﬁ% A Sel(k)vr?lllr?é | n%tgglgg €<”3tré10§1]ngn3| glglr%é(g? %eeneiuﬁ(teecthes of
modl ormafilsmizadn afahg chses,she pstivatien of Raﬁbyaepembnsft}mt atimolateodellular
animal cells,  (Avruch et a 1994 Tr ends
tyrosge phosp leéatlorna#em slonhe ag Wﬂ% st %&%’ﬂl}%@%@%@cﬂm
ups?ﬁrirn of ﬁgtl' ::@]%QH activiidin, RARY tﬁ’én'iﬂfos HeRylehes bhd gtivahd ‘M&Vl resulting

t0|nteract Wt to activate
in tke pmpmapan bf\me sigriab ®udpwigiredm cffmtonsnsmh @s Mml?léémﬂag@rractwated

ProBGOBmESe BV 8. (o3 R AGRHD- 1% Hab sors BigpR Kinides are

con?fdbfeﬁ h&bél tlf%tprm%iry Ra%ffect&%hhvol&’dth thelﬁoﬁfb'ﬁ&rcﬁl%%mmal cells
95). Ki nases are activated by Ras and

(Awhdsqjlab I(W%O drendld Bieaheabd. 1987Dsof or ns of

Mt ogen- Activated Protein Kinase Kinase (called Mkl
andRAMHERIse hahﬂireesdlsmd:tl mofmdidfr k(ctBaf),5A-Raf, and B-Raf,

sy S P L o G35 L o PR TR R s
dis gﬁéﬁigﬂ $Hodellhla8 Bed1i PR (Pfafits é%l faBodheand 351@28%% 2000;
2 The MAPKs phosphor | at e many substr

elbmcettm;ll, @cagzqr@s]@th@ agqq;,gn det<ls, Ml (j]eléfBzol 15 6430-6442,
199 RFERESH Bk AD9H R0 Py B8 b LABRO RS L RRVA@Dwb Bokdifhs of

M1ﬁ)%leﬁ-%cﬁ{7atédl Pfdtéia Hﬁn@dé(kﬁnm (pallel IMd{ladnldCMekZ) that are dual specificity

differentiation, survival, cell cycle ro jon 42
thr@nmeémmr@shl%ase&\&@thé‘flﬁlﬁQOf?ml&F‘FtB’ﬁteoMﬂeﬁ@ 5?"1 %ﬁf‘éisll;g@ses 1an

k2). Th

AT Rk ARl SRR BRI REAHMEA Ko 1 4Ry FARFafH2). The

MARK® h?os()lﬁﬂ’ylaed many substtates mcludRescytosolid fRReinsasl ETY fomily of
HOShI no_et. al Oncogene 18: 8 Recent

transen O Tackysy QR SHEUATS RATEORA T B G M RrPE NG SR emces and

reg@e\fés rhash efifilak ”flﬁﬁhoﬁé &Kigh 'a§‘ foliferhtitid, Hﬁfdré}ﬂlaﬁﬁn Zrvival, cell cycle

anocyti c neoplasia (Pol ock et. o Nat ur'e

prc@een;emnaﬁdaﬁoptdsmz 2002) Furt her rmre recent studies
have di scl osed that activating nutation in the kinase

domajctivatingBnRafion of oresofithe Rashgens E&60beofeenii arouh@?e of ablgtumors
of col on carcinoma and 14% f | r '
anhthe RafRAEK ARG pathoupy igaciivats @??b‘l‘*%g a‘ﬁ 51(110rs (Egﬁ gg al., Cancer

0 . I di
L T

haﬂasﬂiowrﬂlﬁFBQR;aﬁmmm)pnan thersrinl movels aotritivak stm mdbe initdation of

TR O —
smd?es‘ﬁglezﬁgaé%%ﬁg?&c? @fn@%&%xﬂfﬁ‘%ﬁé—ﬁmaieﬁc@ﬁd@ ef BI-R}ﬁ"SESurs in

activated intracellular tyrosine kinases, tunors w.t
abate6Panft mgflaeoapmég%opf coldgratcarpraiast K% of By qarn?qs&PaVleS et. al,

| | o G
NG ST B T B, Dl 0§ B850 orose .
al.R@hndel RebelarcH 6269 - ﬁwol 9062 ni cal trials an inhibitor
of. Raf-1 ki nase t hat aI so inhibit B-Raf have shown

Pr OMISGit&S of REFFNSUMERK paBWhPat the IeRelCel R kinadey @nypotentially be
(Crunp, Current Pharnmaceutical Design 8:2243-2248,
effe 0@ as Sedyapsutio agents against tumors with over-expressed or mutated receptor
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et. al., Current Pharmaceutical Design 8: 2249-2253,
2002). Disruption of Raf expression in cell lines

woOhoargteso he applicati on of RNA anti sense techaoiusgnne/034112
has been shomn to suppress both Ras and Raf-nedi at ed

T BED oAl Bty s

Grbézqaﬁ )ada;)plég pi?@wmr tﬁhtbalﬁtafvs lsum?fmon ofiRhs byo‘dﬁ Sg;a‘égclbmgel factor) as well
escri bed, as ex iting effjc

o5 IS [P OITIEGC AT E THEUORRaS RERGRSE b paply by BTl an

nh%?tggt}f 1?%%1 klgys??}?lati) o mmzt B- ﬁgﬁ%ﬁvegﬁ% pﬁog%é@ g@ﬁl%rapeutlc agents

in danc Shedsdy) (Crﬁ]npe@wmamd?ﬁasmamncda@@rgn $1PAI-2248, 30@2; Sebastien
su est e use of f. ki,n rs for treatin

et. glg E’llgg@éace’é""if’ %ae”@"§ S’%&%ﬁ} 2@@ 6, 268, 391, and
6, 204, 467 and published U, t
O byt s b oo oot SAE 48 O amsnse

tec&%@&%@%@%sho% Hk gﬁlﬁ%ﬂ%dggﬂsgézrﬁﬂ%ﬁ%nll%ﬁ%‘é& rurh&@enicity (Kolch

et db., %30‘8 339:466-288, 1991, Mant ct 6. muw¢dlamd 2@&683617@(;] 1996).
U S. Patent Application No. 20010014679). U.S.
pr o8 bwirAlTRIf kijapd inbittiioeyisavebedadesbiibedaB/exhibitipBefficdoydn inhibiting

on August 30, 2005, Serial .  No. 60/712,5 fil 0
tunqs gel profgeraion viesa andier N vaEEas 5556 2511 S oS 6.391.636,

6 39§‘9$_§’F€ 0327713623%%8@5 g %86'2611 4. an@%/iﬁ'é%ﬁ%oﬁhelr Bkents and

br uar éc dse substit uf
tb@tmppmadmm ISLeggestrth@medff Raf kiziase MIHmomfootre@mlh@l@nsa (see, e.g,

0.5 kSR STV SER S 7 S B TP g ASRSLOh o

20 L0l L RO gl bR i s

cmunwemtwquﬁﬁoPwﬁnéNomﬁﬂéﬁéﬁ2n%7Hbﬂg)éﬂégﬁéﬁdgéégggfand

AR EhuRasT ff'hsdctffaﬁ TS A AR RTDE, T (o' ©
t t .
TSR B S 8 IR AL LGB 05 s

Nogga/ ﬁ%@gﬁlé&%ﬁ&&gu& §(sz@5 (SRBRDNB: 60/ Rer5 9N Lell ol Gétotsr 27, 2005,

each i’s | ndepe ndently sel ect ed
and SeraliNal r60)$€7§74 oRdlfided (o:mlﬂ“cﬂ)raal:cmlV3 @s@pm&bsﬁ@@ bgn21m1dazole

al k an 1- 6, al k f I
cop B B T Y 0 b 2o werin
pofeht ﬁmﬁielﬁ)ihlb%rsfhﬁﬂ @f&iseﬁﬂ fyydaling prodiferkidve diseases medlated by
I ndependently selected fromhalo, Cl-6 alkyl, and Cl1_6

knzdswhasae ipgsei s | ndependent |y sel ect ed from
hydroxy, Cl-6 al kyl, C1-6 al koxy, hal o,

SUMMARY OF THE INVENTION
The present invention provides improved methods and related intermediates for
preparing substituted benzimidazole compounds, their tautomers, stereoisomers, esters,

metabolites, prodrugs, or pharmaceutically acceptable salts thereof having Formula (I):
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het er ocycl oal kyl carbonyl , carboxyl, (Cl-6
al koxy) car bonyl, am nocarbonyl, Cl1 6
wablbyrieamsmocar bonyl , carbonitrile, cycloal kyl, PCT/US2006/034112
het er ocycl oal kyl, phenyl, and heteroaryl; 10 wherein
R, R, R3, and R4 y be optionally substltuted Wi th
one or nore Suke |ndependenm+y jected from
hydr oxy, hal o, 3hb r/yl) ClL 6
al koxy, and hal ';E;;ES p | 1N 2. 3, 4, “or 5
bi sO, 1, 2, or3;anc r2. Al LED DESCRI PTI ON
OF THE PREFERRED ENBODINENT In accordance wth one
aspect of the presentRinvention, provided is a method
for preparing a conpound of giFornmula (I) or a
taut omer, stereoisoner, ester, netabolite, prodrug,
wherinphar maceuti cal |y acceptabl e salt thereof (Rl)a (R

b 1
o ncFRoRE e e ER e T SRty il iy (Cus
alkﬁ?sx@faﬁ&lkmp 6 a@éylﬁuﬁd)lj@@ Wclo(aﬁéd Qlete@édyﬂo)aﬂdyl fpﬁ@l)’}bl ar{dGietdoaryl;

R% cyclo oal k heterocycloalkyl phenyl ,
and et@mék}g}lorhalo@h\a@llq 7/ 027950 PCT/ US2006/ 034112

2 bR il idieRlly Mol il G L alk R B2 dRoxy

al keach; R 'daddileféndestly M@Mlﬁ@ﬁtﬂyﬁm&el epg andylf € ogalkoxy, halo,
hydroxy, Cl1_6 alkyl, Cl 6 gll koxy bonyl. C
hetn@pwlea:lkzlp@rﬁpkxflb eaab%wpl 6 5??@69<ayrloonyaamgocar onyl, Ci.6

alkﬂagrﬁﬁam nog %11 n%%g%ﬁ&nmetergaycﬁ)aﬁ(yl ph)enyl and heteroaryl;

nr'trile, “cycl oal
het edheteymRhal kRP,,annﬁ?émydy, bempmohdtmamtyted withhemresgrrmexe,

oo B PROLRCRL G L SRS . o

r ) 6 alkyl, halo(Cl_6 alkyl), Cl1_6
alklg?(goa%?haldsg %1(0( 1 6 al koxy) ais. 1, 2, 3, 4, or 5;

10 Iaiik2),3,4 ord; or 3; and cis | or 2; the nethod
co “8 P% or 3; and

cis1 or2.

6a|

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
In accordance with one aspect of the present invention, provided is a method for
preparing a compound of Formula (I) or a tautomer, stereoisomer, ester, metabolite,

prodrug, or pharmaceutically acceptable salt thereof

(R4)c

®

wherein,
each R! is independently selected from hydroxy, halo, Cy¢alkyl, Ci.¢alkoxy, (Ci-6

alkyl)sulfanyl, (C1.¢ alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
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(a) reacting a conmpound of Forrmula (I1) with a

conpound of Formula (IIl) to provide a conpound of
wéaomems¢l V) (R3)b (R3)b OZ QL2 Z QI | , rERHS2006/034112

R2HN 15 (I11) (111) (IV) wherein Qis NH2 or NO2; one

"g;ﬁz;, :&r ﬁ(ﬁigr}tb?(l)@%agﬂy@he other of L1 or L2 is OH or

ereo yano, COORS, CH2OR5, CHO, or
i mi ol BP i2mylbpenbistyi delecred fidint halon@;. cekyls aml G afkayps

T i
e SRR A LB oMY ool BRSO B

alkylﬁmlmmbonyldca]borﬁtrﬂﬂ,tdyalo@llkyy hé’tercszydyalﬂml,, ph@m]r,eanqu@roaryl
t |
and PR ni S BRL R ek Pefthalg bRy e G ok

suba?tﬂgﬁy HilepindettlyWisctéd/Bdm by dRsky] Ril6lazQl aﬂcyll | 1o (O akyly, C 1.6
‘ condi

trons to provide a conpound of Fornul a (M); or
alkontye and halp2y. @Bmwllnd of For rrul a (V) Zis CHO,
reacti ng ?‘t/ 5 conmpound with a conpound of Fornul a
(Vb3 %t 2pPoti%88> a conpound of Formula (VI) -5 WO
20034&2719500%&182006/ 034112 0 0 (R3)b N~-(R4)c R4~
Xa Rap ‘RIGQ~\ 1 QI \' N Xb RR NH HN (Va) (Vb)
(VI§is pisdiein Xa in Fornula (Va) is a |eaving group
and Formula (Vb) are independently H
or ﬁfﬁ%ﬁgvccﬁé%%t at | east one of R4p and R4g is R4
and(afedcting @ compomi#F mdlap(ﬂ() withedcaniypzoung off §ommuli EAL) o
corrpound of F rrrullg EIX) is prepared froma 5
PrOcY 3) (d) when in the conpound of
For mul a (VI) Q is NO2, converting said
conmpound ofR%kor myl a (\I,) wher.gi

reacti ngQ m’Hound '6?
with a co ouH of For
conpouRHNT Fornula (VI |

N~j (R4c )a /X
(D m av)

or a tautoner thereof (R3)b

-wherein Q is NH; or NO,; one of 1! or L2 is halo and the other of L! or L* is OH or an
anion thereof; Z is cyano, COOR’, CH,OR’, CHO, or imidazol-2-yl substituted with one or

two R* groups and wherein R’ is hydrogen or a hydroxy protecting group;

(b) when in the compound of Formula (IV) Z is COOR? or CH,OR?, converting
said comﬁound to a compound of Formula (IV) wherein Z is CHO;

(¢) when in the compound of Formula (IV) Z is cyano, converting the cyano

functionality to an amidino functionality and reacting said amidino functionality with a

compound of Formula (Va) under imidazole ring forming conditions to provide a compound

of Formula (VI); or when in the compound of Formula (IV) Z is CHO, reacting said

compound with a compound of Formula (Vb) to provide a compound of Formula (VI)
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(R)aS HZNO\ N V I I'I ~NH N=CSHR2 10 (V1)
(Vi) (f) reacting the conpound of Formula (VIII) or

wea 0@ewser thereof with a desulfurizing agenPCrmws2006/034112
provi de a conpound of Formula (1); (g) optionally
reacting the conmpaund of Formula

I t aut
t her eoﬁ }NI th an i d'ﬁ‘§ 0 give a f%ﬁi\%{ opwegr Irrgge'@‘ta\%gﬁmy

accegﬁ %sal t g ' opti onalQy? [
firs pharnaceutlca&by accept apl e lsalt ofl a gonpeund
of Formula (1) or & tautoner RiMéresf to a“second
phar maceutically acceptable salt; and (i) optionally
conver tVa)g a conpowl of Formula (1) or a €@utomer or
pharnmaceutical |y acceptable salt thereof to a ester,
whereirsXbini Roemular(Vig) tsdv leaying groupand R and R™ [imFewpa (Vb) are

. enbodi ts,apart. i s, carried t wiiad. I~eb :0L
S G I T e g
=NIPRSIS 3nd Prolvitie thia Gtk 1 KBian aCaipbundeftF dfRARB(VIPH prefured from a

pol ar sol vents include di nethyl sul foxi de and
copordipfFosnwarkVék. | n some enbodi ments, part (b)

co i.ses . eacti F :

o EBRER i Rt uRe BEFRAHRE P RN RolicHling $iEfbrtpound to 2
cothPblmdBfPokmula (VIS WasredSPecNH,;, the reduci ng agent is

di i sobutyl al um num hydrjde. - 2007/ 02 0.
PCT(QSsaE GEeompou Oég?@%ﬁg\@g\%@rﬁ% Qi ﬁ\ﬁ% withy p fgrpound of

| hSmbahaasn.
Fofth Ry i ok %&?%&%?F‘H%pf%@%@g&%m&“mo s
al kyl or phenyl, whereingiCl 6 dRRyl or phenfMafR)
optiona /(Bﬂbst i tut ﬂ}% dnbl, tot hoeefa N)bl_G
al koxy,@aﬁ al kyl rog@i I spre Jasp ctsy Ri is
met hyl ri fluor omethyty 9 enbodeent I the
conpound of NEe™hul a (Va) Hs 3-prono-1, 1, 1-
trifluoro%ﬁtone (i.e. Xais Br and R4 i%nﬁf:%). I'n one
enbodi nent, } he anmi di no functionality of "part (c) is

forned by. treatin h E :

wherBrrinp SRR i B ARER KD 3L o TR AR with o
Dy Sopbet s, the ammoni um reagent |

10 daretionpllnsepaEe PRSI CRBBRAD, OTCHAARITD Rietinf with an

r t 4 I LI tone enbodi nent, the
ac}d?ﬁ%%a%%o ]gl%F ng %‘#@%&%‘g%ﬁl? cg)gr‘}ls’ of part (Cfeesa

S i g erioeg e embe i
Foswhisdbr coptpBiertiesol i Segnd ety pibeb @ ptt and

the Aci ol laGoRfpblind SEJrARIA(T) 6 DaGiotenot ds

incﬁ@ggﬂgggpﬁ%ngggggangt anesulfoniéggéid,
pheampivoticalilyfaociptatde salt, tharsof toiaf dstear roptabal s pradspg ef Formula (D).

acid, and trifluoroacetic acid. In another aspect, the,

aci dnissmarmbodiments, part (a) is carried out with organic or inorganic base in polar

solvent. Suitable inorganic bases include NaOH, KOH, CaCOs, and K,COs. Suitable polar

solvents include dimethylsulfoxide and dimethylformamide.

In some embodiments, part (b) comprises reacting a compound of Formula (IV)
when Z is COOR® with a reducing agent. In some aspects, R’ is tert-butyl. In other aspects,

the reducing agent is diisobutylaluminum hydride.
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i norganic acid such as hydrochloric acid and sulfuric
acid. In one enbodinent, the imdazole ring formng

woaonrickisns of part (c) conprises heating therPCeaski06/034112
product formed fromthe reaction of the am dino

f .
ggé glgl@gﬁbto}{mﬁ%ﬁsh H%al?m%g)é’%ﬂgar it g‘% tp%uﬁé/ 89 Forhitla (Va) is
halcigen.lo hgbn?héi(enﬂmﬂmml IX”SH I-S(aﬁf%whbmedhl{)) s Gy &g]kylﬁmphenyl wherein
ude ropano n
IR e T TR T
alkyl: kgr&{bsmhli‘ %m@ﬁ%@&b At SmERS] Hagtiud@metisyicarri ed out at

In"sonme enbodi rents, part (c) when in the

C%%%m%% ar g}q‘l@cc(&lﬁ@u]né of Folthtdal Qa) lggrgrgﬁlg 10?:”1 Wwith

vent n Ssonme aspects
tr1ﬂaoidaee“tbne@eaX?ns>Brmné Rifis CED. et hyl acet at e -and
et hanol ., In some enbodi nents, part (d) conprises

r edfgtdne @n@oﬁﬁlﬁﬂm ihel amfdulﬁoﬁmuﬁ@a(lw Of pavtenis@oinsedNGPtreating the

h
corapund of Eowt (o) XHRFSin &rf eSO (S0 ilags BRchUh e mop g reagent.
In o(n%) Ctﬁ‘% 511{8)?%9 Hlsoli @fh%gidy i Sthel?’&ﬁeas Stﬁ’ér&mmomum reagent is
r| zi ng agent par t i'S

ammehﬁﬁt sdtate. ol mw.b’fhegaspact, the AMND RO ZEQRRTOIS (ammomum benzoate
PCT/ US2006/ 034112 consi sting of FeCl3,

2- Ch Qife@nibodihdit] thy trhidiasdlel fing Getntgg céhdithdrsrof past 8e) comprises
di met hyl i m dazol i um chl ori de, and P

eXPORisg @hqﬁ@ﬁetlonmr@d,ch formed f@nh@p Keastien %:é}%@'gg&ng o hci%ilality with a
cor@%o%ﬁ%‘f%?fxt-&l@ I({/%f) 1RGSR 8R\0fe & % rflte ¢ Ri cﬁ@ gﬁ%@l@éeld Suitable

autoner thereo
orghhiCacis indlade/acétid ackd Iﬂleﬂldﬂesﬂﬁ)m@ac(ldl,)camphense]fmmc eadh R1

s inde d tl d f h 6
trlfg}orémet %%g@l (g}uk%qé, ang %oroé‘q%g{j p}/]g ) éx?ﬂ}Fer a(sPef?éhe acid is an
1no?%a§3/+z)c§djélfcﬁré¥ :hydl%xl‘ﬂbﬁéhclﬁklland Blﬁﬁﬁfc%i@' oal kyl, phenyl,

eteroary Is C1_6 alkyl or halo(Cl_6 al kyI)

:{IOKF agh, eﬁgbd(cﬁm%lﬁdﬁig %ﬂﬁﬁ%l@ﬁﬁlﬁ%&ﬁﬁhg doddigmmsd 7 %ﬁn (Sledtaprises

eac i ndepend
hedidk eled edctionorodiyd lfamyed fion theakdoyion oﬁﬂheﬁanaﬂklo)fynctmahty with a

coragwghggﬂqu j gﬁﬁbsgg%gllsm%%F o%fim@( 19 car6r1ed out in an alcoholic
sol@bdty lSﬁHélﬁ FlE&Wéolveﬁ%ﬁH&ﬂdé 1 !pfcﬁf)anély Gh 9&h& ¥mbodiments, the heating

heterocyc phenyl , and eteroaryl
is carried out at a temperature of about 80 °C to 100 °C. In other embodiments the heating

is carried out at about 85 °C.

In some embodiments, part (c) when in the compound of Formula (IV) Z is CHO is
carried out with NH4OH in polar solvent. In some aspects, the polar solvent is a mixture of

ethyl acetate and ethanol.,

In some embodiments, part (d) comprises reacting a compound of Formula (VI)
when Q is NO, with a reducing agent. In some aspects, the reducing agent is sodium

dithionite.
In some embodiments, part () is carried out in acetonitrile.

In some embodiments, the desulfurizing agent in part (f) is selected from the group

-7-
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wherein Rl, R2, R3, and R4 may be optionally
substituted with one or nore 15 substituents
wondeperndent | y sel ected from hydroxy, hal o, ClpéTtaiskonb/ 034112
hal o(Cl1_6 al kyl), Cl1_6 al koxy, and hal o(Cl_6 al koxy);
conglshlz%af Eglegfe ﬁ}ﬁgr fnéthyl rid?m[(:&)ﬁdldg 2-QHlord1,361s 1 or

reacting a corrpound
dmmfthyPEmmwodlu(ric)hlmdeaanch]E(Dﬁher thereof with an acid to
give a first pharnmaceutically acceptable salt; or (b)
c o S emibediﬁﬂenﬁ tprcph@erdﬁaamaﬂhcsmﬂok pre@aﬁﬁgm phirmasaltically
a conpound of or ata rrFr thereof to
accap@@@éaﬂa 0{3?159%%%@@3@9%&%&%}1@ %HeP 25 In one

enbodi ment, provi ded is a method for preparing a

compound of For ) r a tauto r eoi somer,
ester, netabol |@ pr odr( or. phar il ?ﬁ‘@al Iy

accept abl e sal tY\ her 7950

PCT/ US2006/ 034112 Hhé )b 17 N#/ (R44c N ~~ O

N HN--~ N NR2 (1) ereln each R1L is
i ndependent |y selecteﬁzfron1hydroxy hal o, Cl1.6 al kyl,
Cl 6 al koxy, (Cl1.6 alkyl)sulfanyl, (CL.6
al kyl )sul fonyl, cycl oal kyl, terocycloalkyl, phenyl ,
wh%% heteroaryl; 5 RRis Cl.6 alkyl or hal o(Cl.6
yl): each RB is independently selected from hal o,

a
C1_6achlRyik indepehdettipsa¢dtakfromdudtoxRahale, GMﬁé;@mvdk%y, (Cr6

BRSBTS o o A oy

al kRRyggpggpﬁwrha@ml%g@qponyl Cl-6

al kyl am nocar bon car boni tril e, C

3/ ycl oal ké
het eaqhdglcusmdepym lenthn selgated o Hala, €n o aky @%@@éy,n

one e%?h R %nda cf lﬁe (ik%gd ﬁ&é‘ hg)a%d% Fs_ugﬁg g ’wr o,
hetéy€lsalkylalbon 1%60@1 KW, alntame@boﬁylmmmmb@iy 16C 16

alk?lllalr(lgﬁocarl?or}gl hcgrb%mct:rllléescy%lloka?l?y )ﬂeterocysc’:loalky% phenyl, anci) ﬂeteroaryl

wherein R!, R%, R?, and R* may be optionally substituted with one or more
substituents independently selected from hydroxy, halo, Ci.¢ alkyl, halo(Ci.¢ alkyl), Ci.
alkoxy, and halo(C;.¢ alkoxy);

aisl,2,3,4,0r5;

bis0,1,2,0r3;

cislor2;

the method comprising:

(a) reacting a compound of Formula (I) or a tautomer thereof with an acid to give a
first pharmaceutically acceptable salt; or

(b) converting the first pharmaceutically acceptable salt of a compound of Formula

(D) or a tautomer thereof to a second pharmaceutically acceptable salt.

In one embodiment, provided is a method for preparing a compound of Formula (I)
or a tautomer, stereoisomer, ester, metabolite, prodrug, or pharmaceutically acceptable salt,

thereof
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bis 0, 1, 2, or 3; 15 cis 1 or 2; the nethod
conprising: reacting a conpound of Formula (XIIl) with
wea epwsnd of Fornula (XIV) to provide a conmpoums2b/034112
Formula (1) (RI), (Rb 4 Nvj~R4)c W/ N:Q~r L3 L N
HN--~ 1 NH NR2 Fé]lll) (XIV) 20 wherein one of L3
{ 1 of L3 orNt¥ {R):OH or an

or L4 is halo
ani gn thereof;? /2rea ﬁ&&ﬁ Formul a ( XV)
with a conpound /mJ Vb) t ol provi de a conpound
of Formula (1) -9% T US2006/ 034112
/I(Rl)a/ (R3 )b OO\/NO OHN~~\~HR4p R4A9 N DO R2
(XV) (Vb) wherein R4*§ and R4q are independently H or
R4, provided that at |east ogg of R4p and R4q is R4;

and Xb is =0 or =NHOH;, or reacting the conpound of
whétemgul a (V1) or a tautomer thereof with a

e AR PR 6. TTIALC, o, O

alkyl%ﬁllﬂnﬁ\l ((t‘l dFRcy1)éhifdnyl, dy@lo@n@l eitastyoatkyl piienyl, and heteroaryl;

o Psa(tlll Goarllkyvl\ﬁowlalg(cyl Sl yt I;1e enbodi nents di scl osed

each R? is independently selected from halo, Cy.¢ alkyl, and Cy.¢ alkoxy;

each R* is independently selected from hydroxy, Cy.¢ alkyl, C1.¢ alkoxy, halo,
heterocycloalkylcarbonyl, carboxyl, (Ci.¢ alkoxy)carbonyl, aminocarbonyl, Cy.6
alkylaminocarbonyl, carbonitrile, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;

wherein R}, R?, R?, and R* may be optionally substituted with one or more
substituents independently selected from hydroxy, halo, Ci- alkyl, halo(C;.¢ alkyl), Ci
alkoxy, and halo(Ci.¢ alkoxy); ‘

ais1,2,3,4,0r5;

bis0, 1,2, or3;

cislor2;

the method comprising:

reacting a compound of Formula (XIII) with a compound of Formula (XIV) to

provide a compound of Formula (I)

(RMa N (R*
// (RS /( )c
@Z N /\Eb L3 1.4 ! l\\l)

HN%NU I ~.N H

/
R2
(XIID) (X1v)
wherein one of L or L* is halo and the other of L? or L* is OH or an anion thereof; or
reacting a compound of Formula (XV) with a compound of Formula (Vb) to provide

a compound of Formula (I)
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herein, provided is a tautonmer of a conpound of
Formula (I). In one enbodinent and in conbination with
wany7ok79she enbodi nents di scl osed 10 herein, R2TiUS2006/034112

Cl1 6 alkyl. In sonme aspects, R2 is nethyl. In one
enbodi nment /dQ(Fk%)g conpination with any of the
enbodi nent ipscl oséQ ) her ei n, is Cl_6@l koxy. In

sone aspect /RS embodijfrentsand in
conbi nati on wiH odi ment sRéi sy osed
herein, b is 0. INNSONE aspests, a is 1 andxe is 1. 15
‘I'n some enbodi mengs, Rl, R2, R3, and R4 may be
optionally substituted with one to five sybstituents
i ndependent |y sel ect ed f CoM hydr oxy, hal o, \@1_6,al kyl,
hal o(C1_6 al kyl), Cl1_6 al koxy, and hal o(Cl_6 al koxy).
* whewirs Ritemnd RI® dienindéend&itly FRr Ri3prosided Bkt majeakteone of R* and R* is
optignally s uted with one to three substituents

RYiadeband rﬂrl=§\ﬁ‘§éhgse’f ed from hydroxy, halo, Cl1_6 alkyl,
hal pb hgﬁth@'chﬁlijbgnnc}ogplﬂ&?nu@a glrr]%ﬁw a tAEmBAHRE ot wfith a desulfurizing

al koxy).” In o odi nment in conbination wth any
agenf td provideedimpomdofiguiuts@d herein, Rl is

i ndependent|y sel ected fromthe group confi ting of

hal 0, Cl_6 al kox (Rmab% )6 . -10 WO Mod7 27950

PCT/ US2006/ 03 algl maa@ g (C1_6 al koxy),
hal o(C1_6 al ky) sul f dny! , | heler oary},, hpl o(Cl_6
al kyl ) sul fanyl hefslgi&:'ycl\ kyl /hd (CL 6

al kyl ) het er ocycl oal'kyl .Rin one embodi ment and in

conmbi nation with any of the enbodivmnts di scl osed
herein, a is 1 and Rl is independently sel ected from
t he;group .consi st i - cll 0 L o .
ot ;r??rreu%?‘%o%lélpﬁ% anﬁ%n ?é?%lflﬁ@rno‘;ﬁ@‘{‘ ﬁl?fY gf L Wbodiments disclosed
herdird, prdvidedri®aedubither oFatcempbuliéfFornddd @).t - but yl
3-ethyl, 4-ethyl, 4-chloro, 4-brono,
4- t 1 AQRYEBhBRNd id cdrhbinhte] WITE bRy btk kaiblimehts disclosed
tri flzgor omet hyl sul fonyl, and 4-(4-nethyl pi perazinyl).
herein, Bds ©ntadililmbmsoramaspeets,dynBimeshylon with any of the
enbodi ments disclosed herein, ais 2 and each Rl is
i nd&pemdenbddimert] and tie dorhbinatiethwitl moy pf theesibotinmptodisclosed
2:flyorgq, 0 2-chloro, 2-hygrox 2- met hoxy,
hergphl& oxis aléq%tlp@%)? asf’-eﬁﬁih%r E,méﬁf/hﬁyuor 0, 3
trifluoronmethyl, 4-trifluoromethyl, 5-trifluqronethyl,
5- py# PRA mlpqdngcgﬁnpldn ﬁgtpglgagl,q)q Wltg 2y pf é}pﬁmbpal_rmn’ts csllgclosed
-t etrah s 3- Wl 5 [ ropyl, 5-isopropyl, and
helélr{’g)slé Gbﬁrg{ﬂ%él‘fsﬁ&otgiéﬁgerlmagg}:?rggt and in conbination
Wi t di £ s . j S
el du iRt AT BRRG G R Aaf Y i e, et ith one 1o
five yabstixienfsindepahdently selbeted (1O 16ydrdty, ahloy C).¢ alkgll h4lOC,6 alkyl), Ci6-
al kyl )sul fanyl, (Cl1_6 al koxy)carbonyl, (Cl1_6
all@lx)(:)ﬂn)ilhélcoégb@:a}%‘l”ﬁ’éi kyl, carbonitrile, phenyl,
hal o(C1_6 al kyl ) phenyl ’za]i(ﬁﬁl_6 4 ) ) i
al kym javee embedimients) kyReaRbeny R mavde opjignalqubgtitgted with one to

| AL NQE i [ 1
o3 SHAIEROSREBER b 0 HASTRE EEAR, fubed i)
C 11 bikbkyiena elol§]_¢ aleadyhoni tri l e, phenyl,
trifluoronethyl sul fanyl,
In one embodiment and in combination with any of the embodiments disclosed

herein, R is independently selected from the group consisting of halo, Cy.¢ alkoxy, halo(Ci.

-10-
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met hoxycar bonyl, 4-ethyl pi perazi nyl,

4- et hyl pi per azi nyl -1 -carbonyl, or 20
wa-2tnrdemsy et hyl am nocar bonyl . 1 n ot her enbodi mMeaTAIS2(84/034112

is selected fromthe group consisting of Cl-6 al kyl,

- | -
A, Sk, DAL Ll 1k
aﬂcﬂbéuyﬂamﬂhhﬂyﬂocydlmallsﬂmds(ﬁhh aﬂxyt)hctemmlealm. is selected

fromthe group consisting of nethyl, trifluoromethyl,

andnpdiereyibodinters an@irseotibifaipaciish arydoflitbe embodlments disclosed
trifluoromethyl. 25 In still other enbodi ments, [ 2

hergifga @alcwdF& is sndepensisiiy ssleqtsd Gemdhe group copsisiing o g?r

2-eﬁ197?le ?{ﬂu@ﬁ)lﬂgtt)ﬂe? I&% uorﬁ'm&ﬁikr :4][;{?519% h?ﬂa\/ }butyl, 4- z‘ert—butyl,

uor one pheny uor onet
3-ethyhaixgthpl; behioro, 4hlyrdrrm(y-rmﬂhgrbme‘dmdy,thIﬂUOIOmethplsalfanyl 4-

errbodl nt__an C ion with any of the
Hgﬁ‘ﬂlgonéff%?léé(gdmtﬂg?@ef?mﬁ mula (1) is selected
fron1the ro consisting of -11 WO 2007/ 027950
h}g@m%q gﬁ pnd In cc;mbgmatlon with any of the embodiments disclosed

herérnlvﬂs{% cf a%ﬁ Iﬁ(I?S 1}19%%5?%{@"”% eEb)?}c/!]ﬁ]oin the group ¢ consisting of 2-fluoro,

2-chivirel@zloy dr@xyy R-theth ¢y, Brméthooy, SrmatthygkpHechtorp; difiuom, 3-

wiformeipi. B meRy  Bi DRGE L oyl Srvgidinyl- 31,
5- pé/h)imgy[l' A1 Neefady RStk 3 1, BeRER0PH1082pradyY, andl 5=@FLHEYL.

§ fugﬁr SR e?‘?] dﬁ%ﬂt%@ ifledt Blgg]t?d}?/\%v)tﬁ LE}/;; ?Ié@g )éhlbé?lh?en (iddidsed

herkinbR& [szsaldcmdd‘amothe%wmp donsatingef Ci.¢ alkyl, hydroxy(C1 6 alkyl), halo(C;.6

alk) oy Lﬁgmvﬁ (G e G Rl lhstergoxFlgalily
car%gﬁlﬁllﬁ ;}fﬁéhﬂ?){iloéc 5 It@%ﬁéﬂpl Ct@ﬁ9blk%l‘)b{étéroc?dlbdlﬁylcérbonyl and

I"Uor one
hyddeiy(Cd a 21y ladrigdcarhopyl) dImsaimg sxwhp}nbpd}mmh £ds 1 pd R* is selected

dazol i fluo I en
sorheryie Snbnyio bl RRLE i Bk AP REompp s
meh'idx‘%ai} el @eﬁﬁ?r])p Z(Q:Yz{dn@'l m-éﬂmfylmp@a’ﬂﬂ 141 -carbonyl, or
bénzoi m dazo am ne, I or o- phenyl ) - {
2- lwdrremwlaaunoqaﬁaoels trifluoromnet hyI
H i m dazol - 2-yl) - pyrl di n-4- yl oxy] - 1
H- bénlthlemrdb‘xbﬂneﬂsﬂ 1} selacted Eomitbe group consisting of Cy-¢ alkyl,

hyggxm(g&gy allgflay E%/logg, Z&VP all%ﬁ{;%tgrf}c%lga!tlﬁ?lr Sﬁt}}ﬂyana %1'51’0(C1 -6

al XBE&EI‘P' H $arhuck eﬁﬁb})dlﬁ{éhfkq{ is selected from the group consisting of
Chl'oro-3-trifl uoronet hyl - phenyl)

methyigrifiybroBaqtizyl Budtphienylu dn serae h‘}qh—afpfﬂgs R* is trifluoromethy!l.
i m dazol - 2-yl)-pyridin-4-yl oxy] - 1 H benzo
i m dasiil etheyémbodimentses is 2 and each R* is independently selected from the

gro(l.){pf%(lglg{u?g g’ﬁ Iﬁ%h@h@%ﬂﬁﬁqg &%ﬁg&h%ﬁ%', 2l-trlﬁuorom thphegyl,
tr1ﬂ156r91§\éﬁhlyt %tﬁbkifca%(dﬂy@ wdﬂoxsy 1,-2hd phenyl.

en20|n1dazo “am ne,
écg @Et d:nﬁhfl 'cHxﬁBﬁﬁﬁ&@%th'any of the embodiments disclosed
azo m] pyri di n-4-yl oxy] -1" H benzo-
helrem d*‘azmhla:(l)yk se]leote(délf{d)mnhet gonp nemSnﬁmqﬁhenyl ) - ani ne,

-11-
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(2-Fluoro-5-trifluoronethyl-phenyl)-(1-nethyl -5-
{2-[5-methyl -4-(3-trifluoronethyl phenyl)-1

woékoriodaso! - 2-yl ] - pyri di n-4-yl oxy}-1 PCT/US2006/034112
H- benzoi m dazol - 2-yl ) -am ne, 25

ﬁ Wl%?}' tZr SftllnlﬂgBR)'i’i?ett ll'walp fgﬁ%ﬁl%%l)-@ﬁ@%l#-?rok?}[ﬁibenzo-

uor omet

lmlﬂththdsﬂZM*ﬁﬂI}drbmpwlpﬂBmvlﬂ-mey }-1

e e
yl) ﬁ&ﬁm'ylﬂx?]iiﬂl-be%zolmldazol 2-

yloxy] - pyridin fyl uororret hyl -1 H i m dazol e- 4-
Car @oﬁyabrcxﬁ@mldmei/ - phe@gbe{rl -methyl-5-[2-(5- -trifluoromethyl-1H-imidazol-2-

Drpfiniory b gy bl Phenyl am no)- 4- ety

y| opaertoB tF'Iiplﬁbn&i)y{ 1 mbthi -5 b usroMmesrbikthi 1 Hridéwzzel-24A ypyridin-
| ) - met hano

4- Y{%Yﬂ“]lﬂbb@ﬂﬂg)lmlia@lztﬂ}w onet hyl - phenyl ani no) - 1

AR S P it

imila@'dlLISﬂQQBJtﬁﬂﬂdr&ﬁleﬂﬂB—phmyﬂ)-anmyJ phenyl ) - { o
_1' med h oyl TP Mérégggg}lg&%%#@é%%@?&zlo? it Widin-4-yl-
ox ’\?jlw}iﬂb {2612 gi;e{gﬂl eI H-| m dazol - 2-yl)-pyridin-4-ylo

enzoimd
- ( 4¢4-Chidrorpheny)- hyhmthyﬂ-édQF(Sﬁhﬁnyﬂomedmlﬁél -ingidazol-2-yl)-pyridin-4-

qu&gkﬁf{rt BU.E%@ %ngﬁ %}W 1d|m§t hz/fl yl50£<32/] (? trifluoronethy

By ad)-{ Rméth Qfifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-
Eﬁnuoro 3- ('t ei‘rahyg}rlo I’I?Slrsan 3-yl)- ghenyl 1- {1

oxyhﬂﬂﬂwﬂ@@@zqmﬂl}rﬂnm@; onethyl- 1 H -

| ™ GRER B B P b A i

1mﬂdaﬁﬁtilyl) pyrifdr-{-ytdxk1 leLliﬁhﬁd)'ﬁﬁhﬂado} 2-yl}-amine,

H d | d
V1 o Fuep Barbprmedisbpheay - Lt RaCrrigypiomsthyl- 1H-
iR PR SO T eameimigol 2 iy .
oyl) {QsMetﬁth-{E ﬁ-m@l}ofr?méﬂlpbhﬁﬂnnﬂaxa]z%yl)asyyid}n -&yilowy]-1{H-benzo-
5-triflugro

lmHﬂF%%fé{go@-@%&‘ SOmERQXYTRICRY ﬂ&% 1 H benzo-

'em Q%gmdra:sydr&luéfbrﬁe&hﬁlp%@ﬁﬂm -etwst @pslmpigny (3 -tidffdtomethyl-
phé¢BAFI Hemidaol- gfygbmmdm Aty 1y LH ben@tlmdaz@% FD(aming,i f | u

or OZﬁ}E¥W$’ rﬁl]o%)?%@zlq%l}yl ir‘tht\éw)é) E’ly ﬂlYT 5- {2yt50 mgilhylu (4-trifluoromethyl-
phé@yl)ChH%ﬁda%I El(yfé] ?}iﬁdﬂﬁmtﬁ& PHQJb)éhﬁml{mdazol 2-yl)-amine,

1-'net h rifluoronethyl -
i m da [2 QZ, ]uprqﬁ-,tm@mqqomﬁ‘gwbnlgqnylammo) -1-methyl-1H-benzoimidazol-5-

yk()@?l%gﬁ 4“%%?& Z§) b‘ fglfo\fu%r%% %milﬂdw?le -4-carboxylic acid ethyl ester,
g 252 {Rudrb- ifriﬂubmn@hﬁtﬂimhyl&nﬁﬁd)m nhathgl-1H-bedPoimidazol-5-

qu}g}]w{{g{ngz' 5 }45 rlnéjﬁ(qy@p ﬁﬁﬁﬁ%@éﬂ@ﬁy) l{le%af.\#éf hmy|n65 -
LI—Z b gﬁ&ﬁﬁmw(flg% |2i_g1'_ @Q?x%%;tngy%ﬁh)enyl&}ﬁfﬂo‘julﬁ -Bentbidhzol-5-yloxy]-

pytidinF2-ybi-3HEmpdazbdiheBbolitrgienyl ) - {
1-nmethyl -5-[2-(5-trifluoromethyl-1 Himdazol - 2-
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yl')-pyridin-4-yloxy]-1 H benzoi m dazol -2-yl } -am ne,
25

wa-200570p D50 2- Fl uor o-5-tri fl uoronet hyl - phenyl am BO)‘/-U$2(mE/l)34112
hyl -1 H benzoi m dazol - 5- yl oxy] -pyridin-2-yl } -
i b 2 henyl-1H-imidazol-2-yl)-pyridin-4-yl-
(Z-gﬁgf%% Iﬁh ?) f)lnx'nte{ ?L? 2 é?]g eny {1rr|11 azo y)pyr1 in-4-y

rome
oxy|rd-hyizotmjdazgl22-y13 idnhiner onet hyl - I H-

" R S bt

- 2- yi-%‘ (!ﬁirfﬂﬂoro’inétﬁyl@ﬁféﬂyl E)hétgﬂl byl -1 Him dazol - 2 30

-pyridin-4-ylo 1H-ben20|mdazol Z)I/H}
( 2 3-tegirButsl- p];qnybr msghyl pie§tritiyoromethyl- 1m1dazol 2-yl)-pyridin-

ri orrethyl | H i m dazol - 2-
&Bﬁ#ﬁﬁk)ﬂd%”lb lf}fH!—é%enzm m dazol -2-yl } -am ne,
13[4@&&9?Kfé?rﬁﬂﬁﬁo-?ﬁfﬁh@@@ﬁér@rw&ﬂ-ﬂwthyl 5-[2-(5-trifluoromethyl-1H-
(2-Fluoro-5-trif]uoronethyl -phen

1m1113?ﬁ=h2h§§/19 P5ﬂ[112-”( Hogkk hlglrheszqmﬂilwe%? é{iﬁe@lﬁme
B%ﬁ& %Jl? ngXHlﬁ)l 'BI_J? (Xltﬂﬁi{a)roilnethyl 1H-imidazol-2-yl)-pyridin-4-

H- b NZ ol m
yloé@}-ﬂql-hmmlﬁmﬂamf -D1ydy-emitehy| - phenyl )-{

5‘?’3'232%&‘31338)?&%!1}1 ?k%{ﬁt{;&&? 2 (tggttritf]lﬁlofoni[ethyl-1H-imidazol-2-
yl) 'ig“irh’ﬁ{hz@ 'ym)%?q ol be%zbﬁmﬁiazoi’-myl

Samne,
phenyl -5-tri fl uoromet hyl - 1Hi mi dazol
-2-yl Nﬁhﬂrﬁ{h(ﬁtrsﬂtmwethﬂ I-H-bmrd@@ohﬁ-atbﬂb’lﬂdm ~4ylgxy]-1 Bl-benzo-

f - Et hyl h I -
imi a%@f#iﬁr@gﬁhu A e AN S AR
| (0 -ER%P0- SQSdﬂré%ll@‘l‘léhﬂ) Nt ﬁIeYHl}Q-)WHZ (&-trifluoromethyl-1H-imidazol-2-
H- benzoi m dazol am ne, (4-tert-Butyl-phenyl)-

yl)fpyndxméfy&@nyJéH p@zeumgmlrﬂylsawmm uor omet hyl - 1

o1 ) SRR R 0 omstiotabemls Mot 3P0y ilogramethy -1
im{dz&I1-91) Gybidint- 4-nydxty§|141BIHM1|a@'1hm@mmuﬂ} -afnirk, - met hyl - 5-
L2 (2 tr'%u?ﬁ%”gfpggﬁdﬁ{yw _5:[2-(5-trifluoromethyl-1H-imidazol-2-

yD“ﬁz’?@F‘ﬁ%ﬂ@@t H-péiblokida 0 aming,

mél-ﬁ‘i/dor&—SEtﬁﬂ@Smmmﬂhwmhdn)ﬂhéh-ynethylH -[2-(5-methyl-1H-imidazol-2-yl)-

pypg{naﬁgy&xyﬁlﬁlrge}l%mﬁ i %}' Xyli; 1 H benzo

(2- @'m&oé ﬁyﬂdﬁﬂ gqu%s d;h)ch ﬁreqmls)rz{(s - thBu Oyl A H- ﬁmdazol 2-
nmet hyl - azol - pyridi n-4-yl oxy] -

yl)l-p}behz-éfmnd-zléi b@;zpir}uda@ghijel} arr(met ert-Butyl - phenyl )

pyr i g%‘u&y Qyﬁﬁhﬁﬂ'g % | %lﬁ‘l’?hqeaé’oﬁml% i/_? frigﬂgﬁzl?i bgnz? {nhidazol-5-

vl et zsy§23m5mmaw4 drpirind.-
H'i m dazol ridin-4- oxy] H benzo-
[ QAo Aoty R Bd Mg (5 EiHofmethyl-LH-

midsarzré]te%&})%%i? %é’unxéﬁ 3{9%%# a#lf)f—li}l 11gzleélzol 2-

yI ) -(@-yért @ﬂl‘% c/lﬂ@?oyﬂheihylbﬂlv{ﬂ)emh};]h:ﬁ ﬁﬁllei)trtfﬁloy(blhethyﬂ}-ﬁé-;mldazol -2-
erazi n
yl)lmﬁ*&IWrylsgs[lzﬂi ST A |
zo qré_%}%})r ; g’f:%q Higl,eﬂyl}’ L P-?fﬁ/e]thﬁ ﬁbﬁnﬁffluoromethyl-lH—imidazol-2—

yl)-pyridin-4-y10xy]-1H-benzoimidazol-Z-yl}-amine,
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2-{4-[2-(2-Fluoro-5-trifluoronethyl -phenyl am no) - 1- net
waoyborloeidsenzoi m dazol - 5- PCT/US2006/034112

yI oxy] pyridin-2-yl}- 3H—i m dazol e- 4- carboxylic acid

Pzﬂ’ ltlg‘l% dﬁ r1ﬂu7or eth 13 n{elt rﬁethyl -5-[2- (4 phenyl-5- trlﬂuororr]rilethyl

or o- henyl am no)
thmldazb}-bgf)z;grlrmrdeﬂxy@—lH benzomndazol 2-yl}-amine,

ZL?@%&M@ ﬁaore%ﬁb}y?g ?rgz) ﬁ?{zl%ﬁ% B b 428 8 Rr dthethy1-
1H'1H1@da%ol42 KL }Jrildﬂ{ @J}%thpbéiﬁ}éirﬁldaz{ol-@ -yIRhhithe,5 - [2-(5

-trifluoro

i i ahk/tﬂthﬂ-syu.z}(ztpghenml ﬁMﬂmr@mthyktLHﬂm%phwmldzn#nﬂOXY]
Ry RL TR0 B RBR bty grine

H i (9-B@dDbhetryy)- ) -Rigthiytlis ({244 -phboplydHtrifluoromethyl-1H-imidazol-2-y1)-
H b gnzo?mbdegrzylg ! f“yf‘ r[a‘rg r?e 1WM WO 2007/ 027950
pymtm%ﬂmdel/fbbmmmd@zolﬁ lzi}r@tnﬁ%»xy phenyl ) -

pyr dl n- %83}/’}%5&'?1)1{1}_{11@%&;2:[%@ I'F}’llj'ﬂr?}%gﬁﬁlgér%’l}ﬁem -midazol-2-
Yl)(ﬁrlamumlypxﬂ-tﬁﬂnemyﬂlhlazol2 yl} amine,

h 5 fl [ -1 H
oy (i hioag i Rppromer s Sh R Lapeis- g et afome - L
T
i m @aFhior@5yttiflugr@metliylpbemybhrél- hg@thy,bﬁe[ﬁ;,(ﬁ)m%thwlrfbphenyl 1H-

1m}d2a;5t£¥15-3§85 %& O}Cg'i,}ﬂr%nﬁ%gn%zggg& Etrrnirfel uor onet hyl -

H- b%ﬁl @ldf?—@atﬁ?lho?oﬂétﬁyl = ABhyIFA{ 1-ifetii By 2- Glimethg i phemyl-1H-

lmicﬁz‘él??r?l)wrldmsél-vkqxw lLHrbﬂmlnydaZ;ghaw} -8mife) - 1- 10
e et BB ahah £ RARL S thed Bhlliyf1 ¥ ididol 2i)-

py{I&mLﬁ_yb%y]:iHCHeﬁz&nﬁaazﬁl -pgieamtiney| - phenyl ami no) - 1- net hy
benzoi m da

yl oy MpHhrk- &[%(%n}ﬂﬂ}ylérphwldHﬂﬁm@a@k%ﬂl}c}%&%“ﬂfb4é’&‘?’a’] 1H-benzo-

im GBS M penf i)y - -

H i nhgae BlutyZ-Zyﬂl)orp-)phexdyl)}{ ll—n}dtl@blﬂ-EZl(S}-mb@M]Zﬂﬁphenyl -1H-imidazol-2-

yl):gpllr?d?églylgxy% I}H E)eznzfogrg%;go 3t/lr}|afn|1 yor omet hyl - phenyl) - am

I( 25 ﬁ% ;@ ?\getf%(lt]# Fé&aﬁrlogiﬁlphyﬁfdp bﬁmeltﬁyiisﬁ[ar(stthgwmmmhﬂ

uor one
1m|rﬂazni Mk)qiy:rﬂuyn-)yl(pgyﬂﬂai-hemoymda@ql -24yl}-amine,

isz ﬁ%glzupgo % inf by{;gpagﬁ?g[‘ ngfxl{y?mnw?’fﬁetﬂyl -1H-benzoimidazol-5-

yl&'k}}]lﬂyﬁaﬁloi yB-= yﬂlhmﬁﬁ%zblé'—@caﬂ‘b&i}@é)a}:rd rethyl ester,

énzoi ni dazo

(4 2 {4-3- %Eb}mﬁ;mﬂpﬁr@ml)yl@hméamm) trmsthyll Brbengaimidazol-5-

yl?ﬁy_]ﬁ;g 1ﬁ1§ﬂ22 }( 4trl1§1u(%rf)rl518tr %Ih iﬂldaleeen@ Farbox sc acid eth}él ester,
benZﬂ%lm&@mirﬂﬁxoydrﬁeth}h}mehylm{rll-rﬂethjrl}S RS- mmmmhemylyn)l

mnd@ph%ylm[r@r( 4 Sthaxsf]r%ba}?@trﬁgdﬁquﬁ YInagsG! - 2- yi1 ) - pyri

dl n zol-2-y1)-pyridin-4-
i SR AT AR S e s or oty midazol- 25D pyr

ylaxy{]4l-H berdoirhidazdl- 2(311—}tammb uor omet hyI phenyl am no) -1

H benzoi m dazol - 5- yl oxy]

pyridin-2-yl}-3Him dazol e-4-carboxylic acid

(2- hydr oxy-et hyl)-am de, 25-14-

2-{1-Methyl -5-[2-(5-trifluoronethyl-lHimdazol -2-yl)-

pyri di n-4-yl oxy] - 1H benzo-
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I m dazol - 2-yl am no}-5-trifluoronethyl-phenol, and 3- {
1- Met hyl - 5-[2-(5-trifluoronethyl -

weékimodzsol - 2-yl ) - pyridi n-4-yl oxy] -1 H benzo- PCT/US2006/034112
i m dazol -2-ylamno } -6-trifluoronethyl-phenol; or a

B ST LSBT 0o S SRR P

pyrﬁmlm%}l IlH—Bér%hﬂﬂdzdl&-ﬁ}mhmd for preparing a
of Formul a | Xb)

pha 3@@%@@@&-@6@&@@&%&5&&1(5 Stréﬂuwetnsﬁwl SHelmlﬂ%?Pkr%fyl)
03411
oy IRAN bR TR 2 (OGS YN
| O NMthy5-[2x(5 tHﬂGo(olrﬁéIhyl—lﬁhﬂnndezdiddylit-pyndmsﬁl-y@xyl #l-benzo-

reacting the_ conp ornmula (XI') or a tautomner
lmlfiﬁ@rl'@@f \K?It%ﬂu@‘)@eﬁﬁny B(ﬂ%lflﬁyphenyl i sot hi ocyanat e

t he o O‘F'llYﬂ'Eh&lH%\fmg%gl g&ZE?ftﬁﬂﬁ&oﬁﬁhh) llgélgﬁﬁdklaz%;ﬂ(-iqtﬂ)@ndm- -yl-

oxHIM-Benz0kBidazdl-2-y1j-ahine,
(4-Ethyl-piperazin-1-yl)-(2-{4-[2-(2-fluoro-5-trifluoromethyl-phenylamino)-1-

methyl-1H-benzoimidazol-5-yloxy]-pyridin-2-yl}-3H-imidazol-4-yl)-methanone,
2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-1-methyl-1H-benzoimidazol-5-
yloxy]-pyridin-2-yl}-3H-imidazole-4-carboxylic acid (2-hydroxy-ethyl)-amide,
{1-Ethyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-y1}-(2-fluoro-5-trifluoromethyl-phenyl)-amine,
(2—Fluoro-5-triﬂuoromethyl-phenyl)-{6-methoxy-1-methyl-S-[2-(5-triﬂuoromethyl—
1H-1m1dazol 2-y1)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine,
{6-Methoxy-1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol- 2-y1)-pyr1d1n— -yloxy]-

'1H-benzoimidazol-2-yl}-(4-trifluoromethyl-phenyl)-amine,

(4-Ethyl-piperazin-1-yl)-(2-{4-[1 -methyl-2-(4-trifluoromethyl-phenylamino)-1H-
benzoimidazol-5-yloxy]-pyridin-2-y1}-3H-imidazol-4-yl)-methanone,

{1-Ethyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-yl1}~(4-trifluoromethyl-phenyl)-amine, |

2-{4-[1-Methyl-2-(4-trifluoromethyl-phenylamino)-1H-benzoimidazol-5-yloxy]-
pyridin-2-y1}-3H-imidazole-4-carboxylic acid (2-hydroxy-ethyl)-amide,

2-{1-Methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-ylamind}-5-triﬂuoromethy1-phenol, and

3-{1-Methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-y1)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-ylamino}-6-trifluoromethyl-phenol;

or a tautomer, stereoisomer, ester, metabolite, prodrug, or pharmaceutically
acceptable salt thereof.

In one embodiment, provided is a method for preparing a compound of Formula

(IXa) or its tautomer (IXb) or a pharmaceutically acceptable salt or metabolite thereof
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HCH3 (XIl) (b) reacting the conmpound of Fornmula

(XI'l) or a tautoner thereof with a 10 desul furizing
wagent02t930 pr ovi de t he conmpound of Fornul a (| XapComUs2006/034112

(1Xb); (c) optionally reacting the conpound of Fornula

(1 Xa) or (1XbFsGaith an acid to glve a first

phar maceuti cal | @i ept abl e saI (d) onal Iy
converting the f pharne abl e salt
of a conpound of FaNnﬁbﬂ’a la) Xb to a second

pharmaceutical ly accept alt; 15 (e)
optionally converting Hgthe corrpound or pharnmaceutically
acceptable salt of Fornul aX®Xa) or (I1Xb) to a
nmetabolite thereof. -16 WD 2007/ 027950
PCT/ US2006/ 034112 I n one enbodi ment, part (a) is
carried out i agetonitrile. In one ggpbedi ment, the
desul furi zi ng ai n part (b} is sellgcredrfromthe
group consisting F = N
2-chl or o- 1- net hyl py'F'ﬁ\j [ odi de_N2-chl oro-1, 3-
di met hyl i m dazol i um CB ride, and POCl3. 5 In one
enbodi nent, the conpoutd of Forrmula (Xl) is prepared
by (a) reacting 4-nethyl ami®®) 3- ni t rophenol oy an
ani on thereof with 4-chloropyridine- 2-carboxylic acid
tert-but ester to provide :
the4n?th ‘ﬁ%‘f‘%&’fl‘%’i‘ﬁ no- 3- ni t rophenoxy) - pyri di ne- 2-
car gﬁxl‘ée{cﬁnécﬂfé [ Rhdpolitt Yof ShRlila ((J@[) C&n\@e rtﬁlhtﬁﬂlei hﬁlereof with
4- (4- et hyl am no- 3- nltrophenoxcf pyridi ne- 2-car ox?/
-taﬂu@tonmﬂlyphm}dbqﬂgqcyMQa rtot provide a compound of Formula (XII) or a
I am no- 3- ni t rophenoxy) - pyri di ne- 2- car bal dehy
tau&‘l—?(‘ re?ééacti ng the
4- (4 rret hyl am no- 3- ni t r ophenoxy) - pw Rdi ne- 2- car bal dehy
de with 3,3, 3-trifdmoro<2-0x0 €63 provi de a
compound of Formul a ( @] a aﬁt omq'ﬂ thereof N 02N ,
O~CF3 ~NH H3 H d) i ng the conmpound of
Fornula (X) or a tautoner thereof with a reducing 15
agent to provide a conpound ofKDForrmula (XI) or
tautomer thereof. In sonme such aspects, rt (a) is
carried out g _a basic %phutl on. ng aspects

the basic solut |sa&| dti on
cont ai ni ng KZCO as , the
4- et hyl am no- 3-ni t r pherfﬁ) part™~{a) is prepared

from 4-am no- 3- mtropher@ﬂla In some such aspects,
4- am no- 3-ni trophenol is cor’tg(ﬁs;t ed with

H

(b) reacting the compound of Formula (XII) or a tautomer thereof with a

desulfurizing agent to provide the compound of Formula (IXa) or (IXb);

(c) optionally reacting the compound of Formula (IXa) or (IXb) with an acid to give

a first pharmaceutically acceptable salt;

(d) optionally converting the first pharmaceutically acceptable salt of a compound of

Formula (IXa) or (IXb) to a second pharmaceutically acceptable salt; and

(e) optionally converting the compound or pharmaceutically acceptable salt of

Formula (IXa) or (IXb) to a metabolite thereof.
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20 formc acid and acetic anhydride to provide a

formam de product, and said formam de product is
woant7aetssd with a reduci ng agent to provi de t heCT/US2006/034112

4- et hyl am no- 3-ni trophenol. In other aspects, the

" Sfﬁﬁfﬁorfggﬁﬁbéé eéPeg%ﬂ%gg%ﬂﬁﬁﬁ%bgﬁwﬁﬁﬂo?gg?naspects

no 3-nitroph cont ac
e O a8 o s A3 ol B geed from the group
coR¥istiAl 6f FeSRI ZlcRtt ¢l e-nitRgpeiidihisnciodidec2-ellovd-1 3- 25
di met hy | sulfate under bas]c conditions to provi de the

dlmethﬂtm@mhmclgmdq,raa%%-. In some such aspects, the
4-chl oropyri di ne-2-carboxylic acid tert-butyl ester in |

par {n ofembadipentp theagnipoord pf Raymuls @(Iht,sl reparef Bone

238?9)6%%&5%&5%%%%?3%@%31 FABRREGfeh! tin Hfofbbyridine.

H& Byid rteptibdl &1 eStePtOModide 4- ﬁ -methylamino-3-nitrophenoxy)-pyridine-2-
oro dlne 2-carbonyl chloride. In still other
Ca@e&ﬂl(‘a@ﬁgéﬂs butylipster, chl or opyri di ne- 2- carbonyl chl ori de
A {4 3 oslbBEylic acid
(5 CODEABLSERL A0 Sl chsliiine S ebaminta aatit hagic wi

tert—Bﬁﬁy} Extkr)to 4qgtméthyIM1mﬁBrmﬂmmm(ag@@gndmeﬂh@rbaldehyde

h d
5 aé@g?%aéal@g phe ﬁ ?‘bm it ﬁggx%%ﬁ;e%gbgﬁﬁﬁgﬁé a@l@ﬁﬁyde with
3,53 Eﬁ@]‘bgb Q%)j&%‘_ﬁﬂ;anﬁlcb E&/‘{dléj@c&ﬁfoﬁd ot Formula (X oa tautomer thereof

m no trop enoxy pyr i di ne- carba ehyde.
I n sonme such aspects, the re

du0|ngN ent is
diisobutylaluninurﬁbN cts the
4- (4- met hyl am no- 3-
ni t r ophenoxy) - py4,8HRe- arb Ni ¢ aC|d tert-butyl

ester in part (b) is contact %Q)Wlth a redu0| ng agent
to provide
(4-(4-(nethyl am no)-3-nit rophenoxy) pyridi ne-2-yl) net ha
nol at o4 ?]hcé Wu‘ﬁﬁ )g)hoPQ t&li‘c blzﬂfé%@gﬁﬂ{ a reducing
to 6rOV|8 % anlno -nltrop enoxy) -
agPIth @rovédela G(aﬁlbtaindealwdﬁnulh XHamtaspethereof he reduci ng
agent is lithiumalum numhydride or lithium

bor qmégﬂhb d€ch dspe@PRrtdayie ehidied blieinebadiczonhgioag émbsormesuch aspects
WMh02. I n sonme such aspects, the react.ion 8f

theybgsic sedutiop lamdﬁ@etbyhulﬁ%%@%@m copiainiag feCo
car bal dehyde with 3,3, 3-trifl uoro-2-oxopropanal is
car rinedme stch asppah.ahe 4onsflerieminerit-aitiophenol IEPaGHAYE prppared from

o 500 R ROT s R Bl R s AR B8 W poprctea wit

foﬁm% adtd dnld ety @mgdﬂa@wmﬁaah foranaptiee pfoddctbynd mtfmgmlde
1-di bronp-3 trifluoroacetone with sgglun1ace ﬁ

prptihlomt aontacied v edveia saent o proideghp humdhyrmpmgr frjjteophenol. In

e ) C 1
ot ks HIETRBL S enl Blsoll AR dride and boron riflporde diethy
etBeratd] O 1y othe Apects,Cl- é}nﬁmﬂamnmopheﬂomstmn‘mcmdlvdﬁl trifluoroacetic

4- met hyl .am no- 3- ni tr oph

aq?léérlctedp rEoYigeRt amgdetmgdwﬁﬂgoaﬂﬁﬂ%gﬁyo@ﬁ%i if {?9}1 Rl et
dlﬁie{ dﬁﬂﬁ%‘ %Jlncar 1c?toﬂﬂftloﬁpfbeﬁ}9%& the 4-methylamino-3-nitrophenol.

n|tr| e toan amdino functionality

and ¢ 3R 06 25 AL A, (RGHLORBLEbY ik dert bty ester in part

3- br ’I uor oace under

(a§ Qrﬁiép’aged}ﬁmlpﬁctdliﬂic doid. in esthelguch aspenty) pmﬁnmfaci@as nmhtacted with
(X) or a tautoner thereof N
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02N/ ONCF3 NH H3CHN 25 M (c) reacting the

conpound of Formula (X) or a tautoner thereof with a
woedronmgo agent to provide a conpound of For meC@USA05/034112

or tautoner thereof. In sonme aspects, the am di no

thicgr}frg e%ﬁg%‘%{ﬁ %)g%% 89%&1%é%g%)g;%r3%%&yﬁ&iﬁé‘&'-&90041'}4 &iloride. Tn

stilhethenduahiasyeet3; the drahbdrepyridide-PicaitdnylechPoraderib omitheted with di-r-butyl

o oS50 28l B ot
aspects t he amoni um reﬁgent i S anpmoni-um acet at e.

anolhwme:ysk aspecishibe dritone wlaamé%%ﬂtrqpélt%MWumnea carboxyhc

ac1§’ fertt ng?%s’éeg éﬂ ??'rg ﬁtg‘?ogcﬁ‘ﬂ <P\?nb§1 Q?edu@]n%aagglllteco iﬁ&gde the 4 4-

meﬁjyiaﬂmno-%m’aophemxp)rmdmhm I-Oamaldahydé Ii1 BOIDE eucﬂnsqspmts, the reducing
the acid is an or I, id Suita ani ¢ aci

agcih by Ot Biin e i ride et appesty thede ety faritho 3

n1t1%§H¥Hb§l ?ﬁ}rﬁcﬁﬂé -8-cafodylic Ecﬁ& téﬂ@ﬁ@!"&iéﬁ%ﬁ&t‘ tﬂ)%b&tﬁgédjwnh a

and tri uoroacetic acid. |In another aspect
rediging agenit topryaivied 4 4éi(thethytamine)- hpitrapbbihaxy)pyridinee?-ahhethanol that
fur| acid. 10Q.ln sonme as

s e et oSN om G ne Rl RSB QbR o i tenony)-

pytﬁcﬁﬁ@QloﬁfbaRieﬁ?dbﬁ In §Q@heRGpets, QH&: tdiRcing agédt @Nlidiurh BRiminum hydride
am di no functionality Wi th 3- br ono-

or lithium berohydridsr da ceme agpecisnths exislizingpegant is MRO2-heat i ng
is carried out in an alcoholic solvent. Suitable o
al cbhssinecsush hspentssthemedctide 0114{4&>m1qﬂadmnlnorhnsmhenoxy)-pyrldme-Z-

R W EENENE AT T Pe—

N}ﬁ@ipp dinnse e Sush@pb&atthePolaSsdlvdnk isash ethyd abdthteahd @banél Mixture.
T. In sone such aspects, the reducing agent in part

(d) i %n?@éjs:gé% Ghd B@%ffﬁohﬁ@%%%paﬂaﬁs‘iﬁ@po@ww%g

the co Forfrula (XI) s prepared
1 1F®Mmg3ﬁ-mﬂubmmmmwﬁhmodlmmemm ingyatern ani on
t hereof with 4-chl oro-2-(5-
(t r if dnecenobroelirngnt) thé demipo ez of Ea2amla) @8I isdirepamreédbypr ovi de

R AN N R G A —
Wﬁqo BfoVid 40 BhettiPlarBinoB-hidshRHRky -PRIBAS-2Watddnfrile;
(b) convertmg the cyano functionality of 4-(4-methylamino-3-nitrophenoxy)-
pyridine-2-carbonitrile to an amidino functionality and reacting said amidino functionality
with 3-bromo-1,1,1-trifluoroacetone under imidazole ring forming conditions to provide a

compound of Formula (X) or a tautomer thereof
A
! CF
O,N O 3
oy
HaCHN Z
X)

(c) reacting the compound of Formula (X) or a tautomer thereof with a reducing

H

agent to provide a compound of Formula (XI) or tautomer thereof.

In some aspects, the amidino functionality of part (b) is formed by treating 4-(4-
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agent to provide a conpound of Formula (Xl) or

tautoner thereof. In sone such aspects, the reducing
wagenrozigsopart (b) is sodiumdithionite Na2S20eCT/UR2006/034112

anot her enbodi nent, provided is a nethod for preparing

Yr E ul a. .. I_ r .a. 0 . .

ey BRI incBE T g Bl B S Ty and anammonio
reagdmir InoreUdspen)] thy alkogidp tedldéum sdttioxidee Maother §peW¥S) the ammonium

2007/ 027950 PCT/ US2006/ 034112 R )a N, (Rb OR4 HN,
reagent 1y anymppiym q@ta{q. 6{}1 anQfhey @pﬁgt, @ggﬁmpplqug réagent 1s ammonium
berjﬁg%g_pendent ly selected fromthe group consisting of

ydroxy, halo, C1 6 alkyl, ClL 6 alkoxy, (Cl1 6

al kyl | . I " | .
S e —
expfoding tied dyldiray rebetlon(prddifet & deydcid. IBame akfkct,she acid is an organic acid.

independent|y. selected fromthe grou i st f
Sum%grg@yg @mg%/ kiplude ggefic aeid, @eélpa,pg:%} ’on%glgq?(g SCIEI.I%pLCr)]l‘gSUI%OHiC acid,

P GREER e FLa i egRAte o SaE bl n
inosgadiicheeidesuehray hydrobldose acid aad swfifric #id.3, 4, or 5; and
bisO, 1,2,0r3; the nmethod conprising: 15 (a)

Conkedonewhpedis, thyiatidatolswing formling qondftions oDparod) dombprises heating
Forrr_ula(XVI%Pto an amdino functiopality and, )
thepeaction Repdust @rmed Grrdhe rraectionpithe @vlfﬂm ﬁmatle%aﬂl&éwa 3gfpromo-
0 i i o ﬁ A\ - oir .
1,1%@0%&10&%@%0 Yg%%gfé %Pﬁ'f’s, :ﬂ?el lﬁel ipEls d)ﬁ(ﬂleial (%lgﬁl sk oholic solvent.

Suitable alcoholic solvents include 1-propanol. In some embodiments, the heating is carried

out at a temperature of about 80 °C to 100 °C. In other embodiments the heating is carried

out at about 85 °C.
In some such aspects, the reducing agent in part (d) is sodium dithionite Na;S;04.
In one embodiment, the compound of Formula (XI) is prepared by

(a) reacting 4-methylamino-3-nitrophenol or an anion thereof with 4-chloro-2-(5-

(trifluoromethyl)-1H-imidazol-2-yl)pyridine to provide a compound of Formula (X) or a

N
O,N PN ’/N>‘CF3
o
HsCHN Z

X) ; and

(b) reacting the compound of Formula (X) or a tautomer thereof with a reducing

tautomer thereof

agent to provide a compound of Formula (XI) or tautomer thereof.
In some such aspects, the reducing agent in part (b) is sodium dithionite Na;S,Os.

In another embodiment, provided is a method for preparing a compound of Formula
(Ia) or a tautomer, stereoisomer, ester, metabolite, prodrug, or pharmaceutically acceptable

salt thereof

-19-
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(XVl) (va) to provide a conpound of Fornula (XVII)
-20 WD 2007/ 027950 PCT/ US2006/034112 (R )a (R3 )b N
we2007t027s0\ H H N~I TAN | . R2 (XVI1) ; and (bPCT/US2006/034112
dehydrating a conpound of Forrmula (XVIl) to provide a
conpound of Fort }R?a (la); (c) optionally reacting the
(

conpound of For {Ra or a tautofer the‘{eof W th an
5 acid to gi fin I IAC i cald Btept abl e
salt; (d) optiopglly c ir st

phar maceuti cal | Y ac a conpound of
Formula (la) or a tautoner thereof to a second
pharmaceutically acqeptable salt; and (e) opgéonal 'y
converting a conpound of Formula (la) or at L?tomsr
t hewbekim,0 a prodrug or nmetabolite of Fornula (la).

(13 gﬁ'lf’agh elﬁfn%gg%‘#gg@’t' ?6\%]% égﬁﬁﬁﬁ”%@ﬂﬁ o Sil?%‘g‘ﬁi&? h%&rgx% halo, C1.4
alkﬁn@?-g%ﬂ%%’(C%?alkﬁéu%ggi%%}.’X@ﬁ(y@sﬁ?&yﬁfcy@%aﬁtyﬁ!h'ébékoc?)ﬁlloalkyl,

pheny erern or ‘phenyl” are opti onal
phenyband hetersdryli t h one to three halo, Cl1.6 al koxy, or

Cl_g2.38lk roups,~ | nysame aspects, RIO is nethyl or
tri Il?g(lr:’o%/ﬂilf}ﬁfrﬁﬁf’%clcfﬁg(y mbodi ment, the conpound of
For sach®3(1¥adep&nd@ntdy se1ectdd forh thel@rotip codhsitdin@dE BLIONE, 4 alkyl, and

(i.e. Xais Br and R4 is CF3). In one enbodi nent, the
Credkpoind of Fornula (XV1) is 4-[1-nethyl - 2- (4-

(trih ) l.am RQ).- Z Q1. 1M faz -
(1 BTN B A0\ RS ASERT W
hetom@tilbalkgnphdnyl, an@ hetetoaryne enbodi nent, the ami di no
functiopality of part (a) is formed froma cyano 20
fun®OPSHAl ity by treating the conpound of Formul a
( XV] It | i de and an ammoni umreagent. In
onegéass%yezé?’,%{bﬁg’éﬁtoxi de i s sodi um net hoxi de. In other
aspkdt 8,1, 2her 3;armoni um reagent is ammoni um acetate. In
anot her ﬁs#)ect .Lhe amoni um reagent is ammoni um
ben A5ARENOF FOTNESIG 6 di ment, the dehydration of part
( %a%ﬁéﬂtiﬁg $hEXRAAS N tidnARTBOY B6npdund2T Foshiill(FVT) to an
(XVI'l) to an acid. In one aspect, the acid is an
amgligafiinetionslity arglneactingesaiskayaidine fuaetionslityrydfhueeorspaindof Formula

R cvblgdreigg&alﬁlgg e%%lfgog%gp aci d, canphorsul fonic acid,

R gy,
A oo 3,
LT w
R2
(XVI) (Va)

to provide a compound of Formula (XVII)
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trifluoromethanesul fonic acid, and trifluoroacetic

acid. In another aspect, the acid is an -21 WD
waQew/0a&Ee50 PCT/ US2006/ 034112 inorgani ¢ aci dreuais2@s/034112

hydr ochl ori c acid and sulfuric acid. In other

enbodi nent s, ehydratlon of part (p); conprises

heating a co of @8l a (XVI N oghorm a

compound of [For Ia ('!Ia) I nos %s t he

dehydr ati on calrl d odt in an

al coholic solvent|4Su i c solvents include
1 5 propanol. In sonelenbodlnents the dehydration is
carried out at a tenp&ature of about 80 Cto 100 C.
I'n other enbodinents the de@Mibation is cargjgd out at
about 85 T. In another embodi ment, the conpound of

For h)ldahycdting 4 sompeparoéFobyuls XV 4z pioiglez wompoad ¢f Formula
of Formula (XVI11) with a conmpound of Forrmula (XIX) to
G:%rOV|de a conmpound of Forrmula (XX) (R3)b (R3 )b QL1

|(-2 %) o@n@ia(ﬁ@I reﬂ‘uhg the dﬂn?po%%ﬂ"of"F ot Por( aMdolder @ngé@f with an

wher el n are as defined herein,

acifl ¢o giM@a(ﬁrstr}mnmumﬂélY@pcqwab& saltz is halo and t he

oth or L2

" eagc[).oll?éo?ﬂ]é/ cgg}(r%’ghg ceu S&V‘E%E?ﬁgbée é%? of a coanpound of
Fohulr Qlalol Bta(ibérder thetbe1te h@ed@hd@hdmaacalﬁtﬁ:aﬂy adﬁptdbmjsalt and

herein to provide a corrpound of Forrmula (XXIl) (RI),

( R3)(B) wtionalcsenvremeS ¢qupgpund of Rogmuly Q% g1)a tapigmeghereof to a

| XXI' NC2, t
Py R B 2, Ft ot Formut a (X34 1) wher oi §

NI - t
ot 9nwxﬁ¢oeqawe@ i 1585 e £° oGS PO o I s
haldE@Y | Bembiher &apREmee:, O iF-aSOIR dwhe |Rll° isA0y dalkyd e phenyl, wherein
enbodi nent, part is carried out with organic_or
Ciis nkkwquf@nm@ optwrpiiv spbstisyed with ong fp dEedhal (e spkoxy+g Cie

T, 6 JBEEER TP STTL 0
2 5 byl Ll R SR

trlﬂlﬁfﬁ%ﬂef@l@t(} e.btfgs BeamdRM O ;) For nul a (Xvill) is
4- et hyl am no- 3-

In one embodiment, the compound of F ormula (XVI) is 4-[1-methyl-2-(4-
(trifluoromethyl)phenylamino)-1H-benzoimidazol-5-yloxy] -pyridine-2-carbonitrile (i.e. R!
is 4-CF3, R? is methyl, and b is 0). :

In one embodiment, the amidino functionality of part (a) is formed from a cyano
functionality by treating the compound of Formula (XVT) with an alkoxide and an
ammonium reagent. In one aspect, the alkoxide is sodium methoxide. In other aspects, the
ammonium reagent is ammonium acetate. In another aspect, the ammonium reagent is

ammonium benzoate.

In one embodiment, the dehydration of part (b) comprises exposing a compound of
Formula (XVTI) to an acid. In one aspect, the acid is an organic acid. Suitable organic
acids include acetic acid, methanesulfonic acid, camphorsulfonic acid,

trifluoromethanesulfonic acid, and trifluoroacetic acid. In another aspect, the acid is an
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-22 WD 2007/ 027950 PCT/ US2006/ 034112 nitrophenol

(i.e. R is nmethyl, Qis N2, bis 0, and L1 is OH).
wonoae7sabodi ment, the conmpound of Fornul a ( XP&J/UiS2006/034112

4-chl oro-2-cyano-pyridine (i.e. L2 is chloro). In one

incfRPOlon L hSas0rmRa gad%gd GRARY 254200 TS
? E:P%%ﬁ%fo%%%odgqi@%g%% g AN Efﬁart br} c%ﬂl%rigen%)e%{igg thbrripound of

Forhdla (XU E@f&h@do@gﬁ)ﬂhﬂ bf Pbﬂi\hﬁ@ gay ahSomelaBpRBE the dehydration of
c

enbodi nent art onprises reacting a corrpound

v
pmt&)n@wanemtl ip apja @lmr sodveat nduitalleralcohotic selivents isdudes! -

proé?tl% 1" fﬁi ocrtx@ &n@gﬁﬁ&%eﬂs, tlhé Q a#frﬁtgdél 13 u;?r?wh ‘8%‘(0 aéct]agﬁl!nperg.ﬁ?e of about 80

°C tml@m‘tE: elmathkr RRbodinkdnts ite delhyfduationi in gartige otit dtpbeards °Ce)
is selected fromthe group consisting of FeCl3,

2- I @othdr efbBheRY, théltdthptitind @¢ Fenuld (XML rébai?edb
di met hyl i m dazol i um chl oride, and PQOC13. }Ijln ot he Y

enbdal ieaeting 2 qompoyed af Fermula @éV HYewigh p sompound of Formula (XIX) to
pI’O%’lC?eqqéjon?poﬂ%B 891:5%{\@( i dazol ium chloride. 15 In
ment, ro

not ided is a nmethod for preparing
a pharmac ically acceptable salt of (a3)pon'pound of

Formul a (1R} oritautqmer_t hepgof (Riag NN
N O H I a) mhe@eacthls pen ently
sel ecl&%@l om the grou Msi st i ng R3AN oxy,
Cl1_6 al kyl, C1_6 al koxy, (Cl1.6 al kyl)sulfanyl
(C1l.6 al kyl )suI fonyl, cycloal kyl, heterocycl oal kyI ,
phenyl , andqxvatl roaryl ; s Cl.6 al kyl or {aKp(Cl.6
al kyl); each R39?| S i ndepggg{gnt ly selected fromthe ’

Wthe}iJAJR2 q{?n §1'1<§B hiRchs AbfiRed KbrelﬁlQ@s Rk Bk NGBR&d ofe &f B! or L2 is halo and
S R4 IS | ndependent sel ected fromthe group

thechh@mﬁ-l @glois @Ml .05 anlaripp thesgadl oal kyl |

e 2254508 M PmpBBERY Far RS 02 SERY WhiponaBolFormula (3XT)

wherein R! and a are as defined herein to provide a compound of Formula (XXII)

r (R1 (R3),
C//Z(R1)a <l )J\Qﬁj O
NN
N=C=8
(XXD) (XX

(d) when in the compound of Formula (XXII) Q is NO,, converting said compound
to a compound of Formula (XXII) wherein Q is NHy; and

(e) reacting the compound of Formula (XXII) wherein Q is NH; with a desulfurizing
agent to provide the compound of Formula (XVI).

In one embodiment, part (a) is carried out with organic or inorganic base in polar
solvent. In some aspects, the inorganic base is selected from the group consisting of NaOH,
KOH, CaCOs3, and K,CO;. In other aspects, the polar solvent is selected from the group

consisting of dimethylsulfoxide and dimethylformamide.

In one embodiment, the compound of Formula (XVIII) is 4-methylamino-3-
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wherein R, R2, R3, and R4 may be optionally
substituted with one or nore substituents

wondeperndent | y sel ected fromthe group consi st Pagust006/034112
hydroxy, halo, C1 6 alkyl, halo(Cl_6 alkyl), C1 6

B CER, 1GRAbE R RS g s Do 51 (o
' F | .
{ hoRLB bR R sOmo Y B e bR e spergyicine

(L.cAEeBRhaRbe salt; or (b) converting the first
phar maceutically acceptable salt of a conpound of

For b endifbdithant, fife cBmbBktCOErortaRr &0f) it 2-(3-8&E PR/ ino-3-nitro-

pharmaceuti cally acceptable salt. In another
phaokpdpyriting-2ahoniddte. i s an i nter medi ate conpound

having Formula (XVI) j(Ri)a N(R3 )b CN HN N R2

( XVIn onedmb@iiment] theeanipotid ofF drmabp@Xiemnt | y sel ect ed

N e N v P e T

it S e
 SEEDTeh BRI A s i,

w ¢ i ontecrapodiBient B i e o R alBRites ' cel ect ed

o B TR B2 D O G e
coisHRE Y Fellsl %—ctﬂlor@'l -Bethflpy9dinfum RAdle, 22hirs,3-1, 2, or 3;

provi ded tha he conpound is not ] .. )
dinfethglirhitlagliuam chlptidenyand FO&3). - In-otkarieynbofliments, the desulfurizing agent is

nzai /Mm,dazpl.5-yI axyl -.qvr i di ne-2-carbonitrile. 1In
2- (gogln%jgﬁ?%ﬁ Ifnd%éﬁo 1%%#%%@1% of Formula (XVI) is
4 %ﬁ tarnecgtﬁgrl émzﬁo(dffmér%,d'pr\c/)gd%g %75{ r%gtﬁgg Qor%gléa%%%%op%/aprr?{g&%%écally

acceptable salt of a compound of Formula (Ia) or tautomer thereof

—"'/(R1)a | N
(R®) N ge
Q /N y/ o X @\R
< I T TN
I

R? (T2)

wherein,

each R! is independently selected from the group consisting of hydroxy, halo, Ci.¢
alkyl, C1.¢ alkoxy, (C1.¢ alkyl)sulfanyl, (C,.¢ alkyl)sulfonyl, cycloalkyl, heterocycloalkyl,
phenyl, and heteroaryl;

R? is Cy.galkyl or halo(C.¢ alkyl);

each R? is independently selected from the group consisting of halo, Cy.¢ alkyl, and
Ci.¢alkoxy;

R*is independently selected from the group consisting of Cy.¢ alkyl, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl;
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(trifluoronethyl)phenylam no)-1 H benzoi m dazol -5
-yl oxy] -pyridine-2-carb onitrile. In one enbodi nent,
wonrowvicddedoi s use of a conmpound of Fornul a ( XVI pCTusSkiwe/ 034112
manuf acture of a medi canent for treating a disease
medi.g y 3k B
o R R O S ey 1 ORI ABRELR st GRS
sulsfiplkenicahdependentle wéledted fﬂaaf the giuupicbnsistingsofihydrbxiychato,C;.¢ alkyl,
to refer to conpo at exh bits an 1C50 with
halP&%) é‘b?yl)tfg: F§4(°¥¢i'>ﬁ§ ]%‘Emﬁnf%y f no nore than about
1OOaM ARd3Mprae st ypd cal Iy not nore than about 50 M as
measured in the’ Raf/Mek Filtration Assay descri bed
desbis Beld2j or 3)S provi sional application 60/712, 539.
refers to saturated hydrocarbyl groups that

10 " Al kyl'
do H@tm%tb?ﬂ SYAPYEP&r oat oms and i ncl udes  strai ght

chaig) r@dc'ﬁﬂ% a%b&%@ﬁn&é‘ﬁ%rﬁﬁld‘ﬁ@é)%'a @bt thefo®Mith.an acid to give a
butyl pen exyl octyl, nonyl, decyl,

ﬁ @% , _hept
firg pliarpiceutite Begacptanle saheod i ke. Alkyl also i ncl udes

E; gg@hc%gv?{g Pg '&}ﬂv ﬁrgﬁﬂfégrﬁo efu igatlfyaicgébttabqg]?% oi?g (%%?ﬁllo%u%]lcgi of Formula
(Ta)\ot £ tuthter mmwﬁied sbaond@hamhaceutivaily accep@iti{edR) 2,
- CH( CH3) (CH2CH3) CH(CHZCH3)2 15 C(CH3)3
- O Gzl dirdmbodtigéa( éd is-datiiettaddiie ¢ having Formula
- CH2CH( CH2CH3) 2, - C(CH3) 3, -CH2C(CH2
(XVOH( CH3) CH( CH3) (CH2CH3), - CH2CH2CH( CH3) 2,
- CH2CH2CH( CH3) (CH2CH3) , - CH2CH2CH( CHZCH3) 2,
- CH2CH2C( CH3) 3, /— YeH2C( CH2CH3) 3,
- CH( CH3) CH2CH( )2, - CHRH3) CH( CH3) CH( CH3) 2,

- CH( CH2CH3) CH( ( thers. Thus
al kyl groups incl rimaryj|20 Iky gr oups,
secondary al kyl gr oupsn~a erti al kyI groups. The

- phrase "Cl_12 al kyl" }zefers to al kyl s havi ng
fromone to twelve carBon atoms. The phr Dcl 6
al kyl." .refers to al kyI groups having fromone to six
car DK™ ons. "Al kenyl " refers to straight or branched

hy dregger byl 1n<%p@ﬂ(ﬂb‘hﬂ§}%¥le6t9d fioRMh gtalp&onaaﬁﬁgmﬂ@tdm halo, C1.¢
and preferably 4 carbon atons and havin

alktyl. £uch a,ufoeqyeﬁcamaycynsamm (856 alkybsufonsls cwoa;ksﬁyheterocyﬁoalkyl
C nsat ration. Such groups are exenplified, for
phén(\g_ha&fi)ehe alr\Wnyl allyl, and but-3-en-1-yl. Incl uded

WtfRzﬁsChkslkSrBéﬂnaw(elgﬂeyll;l s and trans isoners or
m xtures,of these isonmers. "Alkoxy" refers to

whereesinR RIS indepsndantly| selepisd éromﬁhs EHHPLOBSIsEnE & Ié%%«&;ﬁ alkyl, and
C sd}< P@ed herein refers to RO wherein Ris a ClL_6
2Ky gr oup. Represent ative exanples of C1.6 30

al ka&d}er@n(ﬂjpﬁ iand [Rd deayrtet dptie llyaubstxtytedtmﬂmrm«y merp gubstituents
the |i - 25 2007/ 027950 PCT/ 1JS2006/ 034
indaneRgpy 3 aplgeiag hony SR QIS oL A sl Rdcs
a11$ﬁ)r @nglk@;(%;ygnd halofO].H1REXy) 0" am di no funct| onal i ty"

ers to the group -C(=NF) NH2. "Anidine" refers to a
conpasid2,Godt ai iand such a group.
bis0, 1,2, or 3;

provided that the compound is not 4-[2-(4-chloro-phenylamino)-1-methyl-1H-

benzoimidazol-5-yloxy]-pyridine-2-carbonitrile.

In one embodiment, the compound of Formula (XVI) is 4-[1-methyl-2~(4-
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"Am no carbonyl"” refers herein to the group -C(O) - NH2.
5 "Cl_6 al kyl am nocarbonyl” refers to the group
woC(@2RR where Ris Cl1_6 alkyl and R is seteaseme/034112
from hydrogen and C1_6 al kyl. "Carbonyl"™ refers to the
ALV - . " car XvVLE" i 0- =0) .~
oS B B BRIt P o R s 51 Sl bt
functional,ity" refer 0 -CN. 10, "Cyclqal ky] " er
o AR aaso it EYRRd B s yr OnRRRRId R p ML e
mafBttaR) dOH mediE A féraratihg @ Msdasendiftied PPRaf kinfse IR RBme
Representative cycl oal kyl groups include cyclopropyl,
aspeefs,| tho disgase icgp@Pepent yl , cycl ohexyl, cycl oheptyl, and
cycl ooctyl. "Hal ogen" or "hal o" refers to chloro,
br oitbg followdrgternasnareieorhboygd du . applieatiopderesvith. ky| )
refers to a C1_6 al kyl radical substituted with one or
nor ERafahinger" iddsed herein toprefer v abdmpamd that ekhibits halGgevith

atons. A nore preferred halo(ClL 6 _alkyl) group is
respact 19 Rk oimateraphvity pERomere Gan ARgpty AR edg ind mereiypically got more

henvl: anau it ] . ( Ny
toef GO s, B BLp ety bR ids BBl At el deserbd in US
provisisifal dpHlRekiod 6017 m)s3%r nore hal ogen 20 atons,
preferably one to five hal ogen atoms. A nore preferred
hal of fi 1"@e&k§‘t@%¥ﬁm%&ﬁ§ﬁrb§arb§l[§‘réﬂpdQ]iaﬁrd{@tIBPMtain heteroatoms and
"Hal o(Cl_6 al kyl)sul fonyl" and "hal o(Cl1_6
inchidey styaightfchaiplatkyl gfanps sechsasmaathyluethpln pebyl, Sutyl.areptyl.disayl,

| f I i th Cl.6: 8l kyl . [
nerifh Py oL M D80T Py B ), ARG 48R AAJBEA nchea
chaiSRéna efastdight eain Skbhidroapsitcludimbbutidet Bmied yd, the following
refers to an aromatic gr?r:é)_ havi ng _from

l1to 4
whidtee? Beavised DHSvaY, At amploireC it Hak aF BUGRNECHEGids i G CHLCH),

IR RS Lo IS, S QRSN RIRCHCI,
-CHIGEENY,, HONENCEATBe-CHTHYEH(CBR(GEICH:) A AL OH(CHy)

gt E S H it RBl reso

4 .
IR A CHSCRICH Otk ST CHRSLRIRCRLIGHAAEL NO
-CHECH 1) EHGCHE) CHERE ICER O Hy), andiptherspiTiys alkyLigranps include primary
S e S o e

refbi@it S Ak %ﬂoupé R g/ fromidng a3 Blalle cAibdrRbinBY The phrase "Cy6 alkyl"
I soqui hol'i nyl, qui nazolinyl, quinoxalinyl, thiazolyl,
refetsite alkly] granps haviieg Bpg one %o six'crgboa taite| oal kyl " refers
herein to cycl oal kyl substituents that have from1l to
5, &Atkenyiirrefets/pistraight/orf bramhed hpdcarbylegroapsorayingrifieth@ to 6

Con G SROtEighiSpf BEbSHOTaME A DY RE AL FRGaRd preferably from 1
to DXNGEITvigN >CHELY unsatiefieh. "SudhRouistak OmpliTied Sfak Exkmple, by

atons may be optionally oxidized. Representative
virtybtadlyb epd butad-yd1-yl. Included within this term are the cis and trans isomers or

mixtures of these isomers.

"Alkoxy" refers to RO- wherein R is an alkyl group. The phrase "Cj.¢ alkoxy" as
used herein refers to RO- wherein R is a Cy.¢ alkyl group. Representative examples of Cy.¢

alkoxy groups include methoxy, ethoxy, #-butoxy, and the like.
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noi eties include, for exanple, norpholino,

pi perazinyl, piperidinyl, and the like. 10 "(Cl1_6
wablboriopteso er ocycl oal kyl " refers to a het er ocyckoaiusyios/o34112

group substituted with a Cl1_6 al kyl group.

A o s
al kWt er oq.\égrég ﬁnc% regers% 65 Brdud ENEHRED,

Aﬁh'rdiﬁé”)x@ﬁ%@foo@&dih}%ﬁﬂnlﬂébt HRK Y grdf ers to - OH.
Hydroxy(Cl_6 al rrlglfmers to aré?G al kyl group

Ukt o ensy oGy,
al kydar PG feRHh, o %séc;rrra;té@t@@mﬁﬁ IR R 0. 3kt and

e est e grou
R' isG¢leblell Ronohydrogen andrhguiticdyl. cont ai ni ng such a gr oup.
I mdate esters include, for exanple, the nmethyl ester
I m t@irBonyl Creferbltd %‘t@valermlgid@ —g(ehers to - NO2.
"Sul fonyl™ refers herein to the group -SQ2-. 25

Suhéﬁ%kyr" E&E@&é—d{éfﬁl@Ht o the group -S-.
"Al kyl sulfonyl"™ referS to a substituted sulfonyl of

the«g #zg[ﬂéet‘;b:]a?q LG it &h gért?q fuﬁc@&dﬁﬁ{[}r“ frefers to —CN

"Al kyisul f refers'to a’ tute anyl of

t he, 1 owh

e LN O T, e ot
gr@?ﬁﬁmﬂﬁ@n Sfto Bhartpheignitors VRE}irés&ﬂtaitme b}dﬂﬁalkﬁlﬁlg_ﬁups include

kyl )sul fonyl and (C1_6 al kyl Sme% Thus yril cal

cyderrapss ey, cyclapeatyhisgrlehexydeyplohoriyl Aad exsiepc

PCT/ US2006/ 034112 et hyl sul fonyl and net hyl sul f anyl

(i . SHalogerdras "Rale" refenvise Plylp1o, bromey lsiare; apgiodagoups.

et hyI sul fanyl (i.e., where R12 is ethyl),

pr opHhs(C aikzyl) ‘cmﬁ:rptom@i §alkylara¢1bal(sub&t1tutemrhemﬁpz njage halogen

o v s L S O B i s

trifPuSmeh ?pl herein also refers to protection of the OH
group o an acid COON. Suitable hydroxy protecting

| t
gr o epr el #1%%}% % i LRRIS a @ﬁ*}rl gr&gﬁsufbﬁ’t‘ituféﬁ%ﬁpi h&18(C . alkyl)

and articul a un nal groups are

grompl | known in the art. For exarrpl e, nunerous such
protecting groups are described in T. W Geene and P.
G NHalMCs4 alRS)@t)'Efefetrﬁlg) £ ks fadicalQuistitined Syitit dresirsnore halogen

Third Edjtion, New York, 1999.. Su
atogpso PrsEerably oge &mége hiosRaiES &mee m&fwe@%@ aﬁ%m%mup 1s
trli%cﬂ@ﬁé’eho& nmet hoxybenzyl et hers silyl ethers, esters,

car bonat e and the |ike. "Metabolite" refers to any

ger <y o((\f El[{?ﬂéﬁ(fﬁgyl'”%na “ﬁéd@écei all@fl)ts&lrfar@qm?e%r% tstifftion of

sulfonyl and sulfanyl groups with halo(C;. alkyl) groups wherein sulfonyl and sulfanyl are
as defined herein (e.g. -SO,-haloalkyl or -S-haloalkyl).

“Heteroaryl” refers to an aromatic group having from 1 to 4 heteroatoms as ring
atoms in an aromatic ring with the remainder of the ring atoms being carbon atoms.
Suitable heteroatoms employed in compounds of the present invention are nitrogen, oxygen,

and sulfur, wherein the nitrogen and sulfur atoms may be optionally oxidized. Exemplary
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parent conpound. The derivatives may be produced from

t he parent conpound by various biochenm ca
wonrergkmsmat i ons in the subject such as, for erampiSen06/034112

oxi dation, reduction, 15 hydrolysis, or conjugation

hetgﬂg?rlyil/ g{t:dluyg ga.wef f}é)t lz?glglﬁg)étgms 9%d fefude ey g)?e[ﬁ%l@,yﬂeg%i%ﬁdazolyl,

tes correspondi ng to su
bemtethiazalyil Meazomyolyl, siezapinpl; dargd.cpyryzinyl, pyrazaylypytidydspyridazinyl,
or,..through synthetic nmethads, In.so mbodi nent s, ..
YRS SR n SCSTAOic 20Blr R, (P Gt
iso@ﬁin&lﬂﬂ, vikdXo BB ARPEHhSL, tHidle 1y ¢thityl, andBidbRXi de

that iI's fornmed " synthetically by treating a conpound

of I ' i dirzd: t

sors e Feibdikyefel Herdth by B S RIER b B to 5, and
mob¢ typicdly fronal tv/2hetpatoxisde tieudly stastung.dSaitpble Interoatonhs.

In some enbodi,ments, a conmpound of .Fornmula (1) ar (Jla .
emp@ye@mqwg@s ?12‘&16 PIFSERt dmvertion aig netﬁogear %yggen, an(c)i suffur, %vherem
the'fﬁ’ﬁ@%ﬁlahﬁ Qulfil ht GO hfA§ be dpRSiEAlly oRIGMId q{éﬁke%eﬁ’tative heterocycloalkyl

met abol ite, tautomer; or steréiosoner thereof having
mojdties srchudet for exarfple Fmprpholine, Piperaziyly pipedidini, 4N the like

H3 CHOO HO CO2H OH 25 "Optionally substituted" or

" subElistalkydtitterafyeloslkyly efees toafetarecyeitallgf gomup sobstitued with a

-28 WD 2007/ 027950 PCT/ US2006/ 034112 hydrogen at ons

 Croplpl goMBnoval ent or dival ent radical. Wen the

substituted substituent includes a straight chain 10 .
gr olieteraseclegibyicpibgnylo Aefermmereit tathe grauRer-(Wthi Whedt ~ is

' ., 2-hydroxypropyl, 2-am nobutyl, and the
het%@%‘;loé)lgylgt the chain termnus (e.g., 2-hydroxyethyl,

3- cyaghopropyl., and the, | ike), st U _ pll 11,
subs el RererROG ok Gieale T s RUEHE kil CrOVRY where R is

(CLytkyyhetidcyamargnt s of covalently bonded carbon or
eteroatons. It is understood that the above

def il 8ioQpsrd:8 th0dH,. Nt ended to include inperm ssible
substitution patterns (e.g., nmethyl substituted with

five r o) itk ith
anot ROREGERIER £ or g AT, SR B S My
pat t‘ﬁ&&l%x?{(ﬁ-s\gﬁylami%lgcﬁf?&%”fr@fextshtg a%‘ﬂ.éah&ﬁmﬁ'ﬁﬁka?%hyl group
substituted with hydroxy.
“Imidate” or “imidate ester” refers to the group —C(=NH)O- or to a compound

containing such a group. Imidate esters include, for example, the methyl ester imidate
-C(=NH)OCHs.

“Nitro” refers to —INOas.
"Sulfonyl" refers herein to the group —SO»-.

"Sulfanyl" refers herein to the group -S-. "Alkylsulfonyl" refers to a substituted
sulfonyl of the structure -SO,R'? in which R' is alkyl. "Alkylsulfanyl" refers to a
substituted sulfanyl of the structure -SR'? in which R'? is alkyl. Alkylsulfonyl and
alkylsulfanyl groups employed in compounds of the present invention include (Ci.

alkyl)sulfonyl and (C;.¢ alkyl)sulfanyl. Thus, typical groups include, for example,

27-
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It wll also be apparent to those skilled in the art

that the conpounds of the invention, including the
woaopgmarnds of Forrmula (1) and (la) or their PCT/US2006/034112

st ereoi soners, esters, prodrugs or pharnaceutically

mefiSf5bRY g BB G s B0 L B TR g P
ethyioglfgiyh (iR, pRkOR “ah emgg , Bopyisaifors] aml gopyleulkmys tiid, tvehere R' is
t o anot her atom and t he chemi cal bonds bet ween t he

mﬂﬂﬂdﬁﬁmdhehhé mol ecul es are consequent|y rearranged.
See, g., March, Advanced Organic Chemstry
Re a‘dtlydmsy promna groaps refes t@pmﬁ@mg @goupséwmpﬁcﬁrwm nlhe term

os i et St Y onp R oo iy OB Bk en R0 COOR, vt

hyd?b poetiky giot@s B W10 8s Sliiable, coiﬂlﬂﬁomt for @hﬂb&tﬂlgbﬁd deprotecting
erstood that all tautomeric forns, insofar as they

parfig Wlapiingtionahgrouphate yerdldpwnin i -t For exapele: Pemerops puch
pro\?ﬁﬁﬂg gﬁ%ugg QI% cf ?&isb%gg{i § . Cﬁe&%rgﬁﬁl#]@[ ®A. \@fsnpfo@ecﬁhg Groups in

i've ‘purposes on
Orguntl Syritkests, Third E‘HManﬂﬁyg Néw Yduk, Fi?))‘)l GuéIRBydro((RpI)o@cbing groups

inc % e gthers. bR b, %[amﬁ y at% SR RSP

atggNgl{dgHe . CH3 -29 WD 2007/ 027950 PCT/ US2006/ 034112
e c:orrpoundl of the invention, including the

co nplgllé t%f ré%&rs iy %@fdérix)atwé él%)iuceﬁl ihh s Je&tl dee} fuﬁﬁlmstra’uon ofa

their one S, eol Sone esters, neta

parbﬁﬂldimpjﬁnd oTh@lila[\rmces,mayzhé prypduesiciept i Imrenatlcbmpound by various
t her eof , corrprl se a metric su stlt

biogherpisal tansiek n Usspiest v éP’a‘ﬂ? RO OB’afP%‘b%’imn

y&ﬁ)%f b Llfg%ﬂ!)ﬁ aﬁd“mt:ﬁ%e SRS oidek Bfd Haven la€é’d dRrivatives.

exl’st enanti oners, diastereoners, and ot
Metaheﬂlmsucsnamondmgcw mwcht desitvatineoy niry aliwfbermdducedrbyv@ rvm;o wethods or
ab oluester imstr ch as,in

e iRgS e £ oipg SanRiepEine BebBblisi L oStipound of

Fohﬂﬁihu) QY @'a% fstaﬁrc&‘ilies qAR6SBe spebReihe oRideiis at Nyomw that is formed
orms, mxtures thereof, racemc mxtures (or

syn"thameﬂnbxe sreytingd saropasnd of Ferrawe 6 o6 fe} with 48 oxdizing agent. In

o B A R S P FATBR N 2 R e s

as hyro erbXid € Onf ogie anbodimerds ausatponed of Rornare(Iher (Ia) is
defined by the 1 UPAC 1974 RECOMVENDAT] ONS FOR SE&TA
cojugateshiorglarapic aridieéempEamsipRelitepln anotg| aspeshipvided is a

metabolite, tautomer, or stereiosomer thereof having the structure:

F
F
e
N SN
<1
H N 0 =N
H,C

E_(F
HOLA
HO CO,H

OH

IZ_ o

"Optionally substituted" or "substituted" refers to the replacement of one or more

8-
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20

45:13-30 (1976). The terns a and (3 are enployed for

ring positions of cyclic conpounds. The a-side of the
woeb@rense pl ane is that side on which the prePermusgnos034112

substituent lies at the |ower nunbered position.

hydh B8 ar SO S ' Liﬁ@ﬁoéfa ¥t &gdl%eﬁé}gdigapw te side of the

erence are assli descri ptor. It

{ h| ff fromt e
oy en e ARl RBhs et iRRRE  ShAikfl ol S ¢ pbSbcotion can
ocddlk affieer vfiin GRBERTe @) SHydkexypEyl,i20athidbb@], ald ehet lﬂ{eb'fsr at the
a and_ (3 configuration, as use her e n, are as defi

chagy erminus 6 EnR ANErONBE IRAGES SR OEDY | Nrss HFEopstihigd Sebstitutents
( r
cark e et R 2 A el e o e URERRARER o) B8t £BSded carbon o
hetamatom@ ¢ 20 acid or alkaline earth met al salts of t he
compound, tautomer, stereoiosner, ester, netabolite,
or Rfi9Ghdgstodd et Y kBsve(definiifont hit)not ThiesRdsa irictudedmpbenissible
prepared in situ during the final isolation and
suhsuwlpn@awraﬁ (8- mpdyLabsayird Vil hroHperp KEoypsor ghaloggy atom
sutfipe, R At shdoER )3 Sl iRl Ao iR phu AR are wel
knéx&ﬁﬂf@léiski@lle&artisaepr esentative salts include but are
not limted to the follow ng: acetate, adi pate,

al ginailiealso?be sphfeat ©, th@ééFbﬁﬂIedﬁﬁtheMlﬂ‘h@t&hé compounds of the
benzenesul fonate, bisulfate, butyrate, canphorat.e,

invertigh draluding Hsrcempareds et divanala (Byaed §lse or telsiagniztmee esters,
ec t

prog#%u X%Q%e%{wﬁw%?ﬁ%&qlé 9&{1% rﬁwe%e?ééﬁgegpmhﬁﬁfg%%lggmg and may
thekefoRy Xl in viryehs enidraericormb yerht o pioden ofhyrdrabémo dif depolecule

2- hydr oxyet hanesuyl f onat e ctate, | eat e,
shifis m%qnaﬁ%ﬂa@ therghaice hhmds Do kA B Cf e grdlpqles ae
co g{% egedl8G!, IMIALE, 'Ad?fﬁﬁc?e‘&i Oafic @i@mzstry Reactions,

enyl proi Gnat e, picrate, pival ate. propio

Mehanismated Ssudthes &5 ourﬂarEdl’atbre J Ohthz)by £ Sows, Pages 69 74 (1992). As

tol.ue esulf te and anoat e, e
st eFeicihe SO ARAPHG GrBURS ot ongt BRgNss g 4 gPlcfon sttt and
it shUGR &Qﬁﬂ%ﬁt&a thek afi tzﬁitMErl@ﬂJrﬂnQ Qﬁsoféﬂ%hh@smﬁji iy, are included
et hyl, propyl, and butyl -30 WO 2007/ 027950
withQIT tHesaomeion 3 Farexampl, hd tawtonsrsoafi aresipornd of Bermgda (I) where, for

| fates bik , dibutyl, and
i Pt 20BE R 1R 4 f HE e 0

Iaur%) nyri styl "and st earyl chl or| des, brom des and
es

s phenyl al k al i des /I kéR'bse | and HN
@nethﬁp 4 ”/%\Bt her §\ Wt j__o %]E; o) ?\R“

orHNdKSp rsipl ejproducks are ther 7obf ai fled. |5
IaC| Mhich may be enpl

phar malceutl cally acceptable acid adbll tion saI ts

i ncl ud&=such i nor gani c aci ds as hydr dénl ori ¢ aci d,

sul furic acid ng hor.i ¢ @CI d and such organic
Thegs gutomerygy piso Eid II%ThG f8 PR RAMEResul foni c

acid, succinic aci ﬁ citric acid. Basic addition
salts can be pre ir_ N gk during theNfJ§\lR4

i sol ation and pur\Nfi atlg of " Formul a
(1) or (la), or sepghat [
acid noieties with a sui
hydr oxi de, carbonate or |bicarbonate of a

phar maceuti cal |y acceptalgHg netal cation or with
ammoni a, or an organic primary, secondary or tertiary

am ne. Pharmaceutically acceptable salts include, but
are not -29-
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limted to, cations based on the al kali and al kal i ne

earth netals, such as sodium Ilithium potassium
woabwiamso magnesi um al umi num salts and the |i RET/U83006/034112

wel | as nontoxic 15 amoni um quaternary ammoni um and

I, |
A NI S XN
or () bltydhalmmﬁom&lsmérh(y‘ib@ﬁerﬁ,&:steri me@bh}dsﬁpﬁbﬂﬂgs or pharmaceutically
triethylam ne, ethylanne, and t

i k
aCCP@tﬁble%lm therepb I%afymwse aﬁfﬂ#@%‘?‘lﬁg& ' S&@F@gqa@on atoms. Such
asyg {/{ﬁgag%ugguﬁéﬁ%aﬂﬂﬂ 'a{ A dbdufy ih oh&! Hpthéfvegtion

I'am ne, ethanolam ne, diethanol’am ne,
exiglinpein@namtongars] didseerédnkars, aBo ofbek stereaisdnietic rfamnath@ma}olﬁe defined,

ds of .th t d
5 TR SRSt o GO 5T e A EfiPult il such
po s@ﬂil@ismn@f%z Rldsyifl sEYdoisBhReY is thdirSptially ghre oA fixtures thereof,
60/ 832715’ "attorney docket number PP028237.0001) fil ed

racomicanixiuey (ZOoscmates"); sitass of dlsféer,@pmma%wylﬂ amnglaw

dlaﬁﬁwg}ers’ﬁgagg@rgglpj%%@li? % Tlgvgek? 8n a5 ﬁélﬁ&&{ﬁ%ﬁl&%@&&% I1]nve1f*1’uon. The

terMB ' S'har " HiedopkiBulati6 )20 Qe Iegeilyare aédéfﬁfearbﬁynnelwmcnsm
entirety. As used herein, the term' Mrrraceutl cally
REGEUMBNBATIONS EQR BECTIQN & EUNRANEN LS TERFRGHEMIRTFy é’wyezxéppl Chem.

sS55I AT Qo

Th BEi&06f thSWtRRtEPIaRd Bithal kA8 PR WHIEH thd @reft@Ed Substitob lies at the
those derived froom pharnmaceutically acceptable

lovedrinpindeied positioox Thpss sabstitaentplying enitha opposife ket éhe reference
Dleg Arroughe AORPTIOE diRang beRgr B P as At Ford fhatfor

t I
e S

cotfiglrtfo0 OeQedisl® andp Qﬂmﬁg’iﬁi’tﬁﬁl, aé)uuste;i haters areay delfiabd by the
and et hyl succi nates. The term"” Q’eﬁa n?ceutl cwq\é
CHEMEX ABYBASTS IYRFICUIRE-APRENP VeIl AS DdreresaRi’ Bhos e

prodrugs of the corrpounds of the present invention )
whi &s usedherging Hiertetmhé @mwu@epal]g@gp@ta%gprl@ refers to the nontoxic

acﬂgfor %H%ﬁﬂ% %ﬁ%&,a%&iarlts Ui th%scﬁn{pguﬁcf) Q%] 1%1 %Eéé)‘ic%}gqé 'e§t%i" Grietabolite,

or pfddinigaéf Fstmudds|(Brogi().r Ehg3e Bales canbd prdpardd zkzeztu durmg the ‘final
commensurate with a reasonable benefjt/r]j

isolgitonand purifigationgt thm@mpwad%%fo%wwéaé Dz dﬁi Pr B&%ﬁﬂé‘ﬁé‘ﬂy reacting
thezl¥3cq %?])9561 tloflé){;vm ﬁ\{tlﬂ)( @og%gﬁﬁ tﬁyr a‘hflc ihe oPQdEE%E]&@%twely
er'm Cpr o

nventi on refers
Reprsprantivtssalth afchaledbut aqemdt },xmitechtusﬂle (foikwvmg a¢e¢aie,tad1pate alginate,

ettty DAt HSPRGPH L atso SR B BT CHPRRIE! on
callngh&’é ?ﬂi?éj di g’l‘uc-Bnat%ocﬂlcﬁbHﬁtﬁheﬁGﬂoNate %@Eéﬁsulﬁf@o ethah@Sifonate,
livery Systens, Vol of A C. S

ghisphppisiaata, Sbwewhoaxha!te; IrenBewiate) thtaR@éhélexmate fumarate,

b B o R b B R QB Mgy moet

mé?ﬁ’&ﬂ%sﬂfon\é&' ffdofihdfle, I-RepBiadseail Rhatke bRdlate Manicate; pedtinate, persulfate
It will be apparent to those skilled in the art

t hat
3-pheaylpovipedindgicrete, pivalatenpreRionats, succinate, sulfate, tartrate thlocyanate
p-toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be

—+]

quaternized with such agents as C.¢ alkyl halides, such as methyl, ethyl, propyl, and butyl

-30-
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15 including the compounds of Fornula (1) or (la) or

the tautoners, stereoi soners, esters, prodrugs, or
woherawsut i cal |y acceptable salts thereof, mapCbas2006/034112

processed in vivo through netabolismin the body to

d h I t hat ;
cnBHLHESBRE R OL TRt YR 157 TEhRE SRR tamy
sulfatd3gieag cldie haﬁdds\sacm@stcw@?ﬂ dued, ﬁg/nﬁyp@mmwﬂ Blorfde bromides

|nvent|on Y i dentified usi ng routine techni ues

and,iqgidks. pReRy ellen balidss dike benyyl argpheapy] broprides, anst othﬂs Water or
-G B B %, 2

Sg:E E%i, %12 ng 23 i@g%y b%%%}%g‘gggl It%f /i‘\g}vp %é(fel ﬁcalﬂ’y a%ceptable

aci@ b&tiaek stgs nﬁﬂl@eeéalcﬁ lindrg £ 5Saci@OR)bydaset]deRIa2RY) sulfdnc 46id and
hDeS| gn and dAppial cation of Prodrugs, Drug Desi and

s a@@ﬂélmwaced ‘magleic a@dsmet estfonic acid,

o) A O ol AR e o
isolakien amﬂ/pﬁiﬂicxanoﬂ bﬁthe Rohipd et s\uf Foiraulak(d or IQIag’,rdrlsé)parateB}hﬁf reacting

er ncer" refers to.cancer  di seases that can be
carpyd .aea pigties with a quifaplg base suchiasphg hﬁﬁ%fle,acara%a@ézr

bicRBbhdt€ UF 2 %{—ﬁﬁééuti%hf‘y?‘é&e ﬂaﬂfé'xﬁ’éféﬂ&tloﬁ ?f Wﬁ[ﬁ%qﬂ’!}fg’éa’ $Pbh Grganic

cancers, car ci no
priparys s®asdary loy teofiaty aoniz. | lﬁlanniuieaticbé}y acbemaiﬂe sal{srineltidd, byt are not

llmwgfcgo%t?qr%&@geﬁ: tﬁmaﬁcla B}@ ]%?d di S evélch gs Sodium, lithium,

pot@ésiiinhrcalcauk %gnesmaﬁ ﬁﬂﬂﬁﬁéﬁn(s@ltsgand M hk@ U3 vl a@ E‘lontoxw
adenona) and sarcomas (e.g. osteosarcona) -32 WO

amFEo NG AP MARCINUSANSE/208 Amde catipes, firdbeding, biuh n@tdtmldﬁd to

o e ot T RS G B Rk Pl DA T RS i,
trinb@BflireNtrittahine CabHeMineasdit@s tike. b@thelr Repil€dediative organic

bel ow. Schene 1 illustrates construction of the
amieh pyeayl fpr ﬁ\eiprrwwarof hmeeadghtwp Sﬁh?emslué@ distudaBingf t he
nd 1.2
eth&%é%@%l%ﬁ%h%ﬁ%ﬂ% el RahGETBGahE I BTHRY of 1

m.et her 1 3 T cou
o PSS Sf*nﬁ“ﬂa%%soof e Bimryids. ghife KRG e 3RE dRfjosed in
pronmdiiaWﬁDMht‘idﬂsﬂ@Péd dBorniuldtiegs FbﬁB@lMﬁldﬁ&ole&’yhﬂijEEt&leﬁ" (US serial
may al so_be conducted at el evated or ref]| ux

nurtlb‘#&é’(@@n%@om%’tdaﬁkeé npbesPP(28231,8e0 1}?(2'@13011 %bhdm 2006 and

"sefiior BRAR Ao Py A e I Pt F3Pke0 0 JAIBY e

numbermaammbam;tﬁm;onm Abfiso20G6reaalvbfiwhichrie heresdnc@peorated by
or a Protected am no group that can | ater be
ref"éS‘PR?éPt"éﬁmt“@X he anine by respectively reducing or
depr ot ectl ng the am no precursors. The Z

conPd uprdl hereip, thejerpe’ pharmasedicaBy ?FCEQF@ngqy'bgqfq:rﬁ t@ esters, which
hydg’ghrg% Wvé)%n \P@]fugélt}g) gﬁ?bl%k ot Peqah}l? %{hew bohg% leave the

e use orm su I'm dazo rou

parémmmtnponmi o4 sulpihedeof | Sud@bkeresttb gﬁiuﬁehwd&le fm eRayple, those derived
uch .as an_ ester or carbonltrlle

b arqufically acpeptable Ak garbeyl liceacidsgpatyierdarlyrlkanoic, alkenoic,
cyc?@ill%of%%d%ﬁ(aﬂ@&lbfcrdcicﬁ BIVOMBS edBA1BA of SR diltylddFantageously

has not more than 6 carbon atoms. Examples of particular esters include formates, acetates,

31-
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al dehyde with a reduci ng agent such as

di i sobutyl al um num hydride. Z may al so be -CH20R5,
woher’®RS0i s a hydroxy protecting group. The abdelgeme/034112

may be unmasked at a later stage by deprotection of

p{’cﬁn‘%rgges%‘%g 1N rﬂ feg%dgtﬂ Rlcdibges €sul ting al cohol to

A& Eonver sron or t he al dehyde to a

b t ed, d :
%?hiﬁfhﬁi?rﬁba) L RE RN P e | Puts S AR S s o those
p&l@% dﬁh@%&ﬁb}dnﬂs %ﬁg@iﬁazselgc qn?ﬁtNiEgﬁﬁﬂch%)\?tﬁi’m ({Ff@ﬁcbpe & sound
nzashcal:ﬂ@s@eat shtahte fanussdarepniactowitl theytissurs Of Sumpnsand lawar animals
h |
B8y i By PUBER S O AL
rmbﬁ@lmbeneﬁ)t/hsk raNGZZandeffebﬁvﬁdr tHezr intenéd usensk Well as the zwitterionic

t but | este An exarrple of the synthesjs of-al dehyde
donsipls. pistherpempounds of Hhei fuvetipy 3he gy "prodrug’ refers to

SRS RO O R e s

| fomdmrfonéxam:dmbw hydrbiystis in bivodndA thepegh disawssiva ig pﬂovildﬁd nT.

it B U5 blHaig e ot PRty e dat Be 0ER.
S%ahgﬁbbmﬁ{‘s&ﬁ:s%ﬁ in BdWaAPB eR 6 @UEd. B oRGRRAKle (AR Drug Design,
in the presence of BF3{ OCH2CH3

Aaulereqané’dmmoyutlcaﬂl Rysocigtionand Pergampn ifég%yl’ﬂ&q ebothef wiych are

r ti S5with trifl t hydri d
1%?%%@& H&fﬁtﬂl@' rceg?r%cg\gondl ngrgl amug;o\?mctehl ;nagl Kylr 1at |eng

PO b et o L SRR penin

iRASEnS WeltoRPHoDBdd b1 Horhalal (%r:(la? o B thiRoREAPRERMisBMers, esters,

treatl ng pi coI inic acid h excess thionyl
peddrogs, dephasmbesuticaldy a-ceprleisalés theugof, mﬂy hegpro¢rssed in vivo through

OB bl RGBT PR i aivie

a8 lidibitctEbNthe 2nZynié RAF lﬁﬁés@r TUE adtive Medbsliteast compound of the
condi tions gives ether 2.6 than can be converte

lquné@tl iy ths 19endidieg yeing rquting teckeriaues broWinin the art. See, e.g., Bertolini,

b
élg’t‘jlcJ %‘Jdgw ester QM?OI%GQ ﬁé aﬁ%lh étta?é?l Pk’argz gf/l 86(7):765-767;
Bb)gtshhtd K1 Drag iDee. Rdsd®h@2ie23GaAMEVE B‘bd()BS\I ) Ad¥dRBesG2NDMug Res.

' 2N \> O _H2N)H
lg:_|224-331 (1984); Buné\gaarlﬂ, H., Design of Prodrugs (Elsevier Press 1985); and Larsen,

L. K., Design and Application of Prodrugs, Drug Design and Development (Krogsgaard-
Larsen et al., eds., Harwood Academic Publishers, 1991). It should be understood that the

all active metabolites of a compound of the invention are included within the invention.

The term "cancer" refers to cancer diseases that can be beneficially treated by the
inhibition of a kinase, particularly Raf kinase, including, for example, solid cancers, such as
carcinomas (e.g., of the lungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or
colon), melanomas, myeloid disorders (e.g., myeloid leukemia, multiple myeloma, and
erythroleukemia), adenomas (e.g., villous colon adenoma) and sarcomas (e.g.

osteosarcoma).

-32-



Rz 2.1 2.2 C C OHk N C kNo"~OOO 2.3 2.4
2.6 (RB)bH(RB )b O 02NO\ ON "R R 7 2.6 15
wa20Bohmse 3 illustrates the formati on of the paradazmbe34112
ring. Al dehyde 2.7 can be reacted with conpound 3.1

nacpenBeRer G ah ogEE AR bR ERs rikSn Ak s spppspgs of e

imventidn alwd]‘&')rthe pyrfdeticintasngalistvd weehill yn siethi preckssas) Avdedaribed in detail
that at |east one of RAp and R" is W The reaction

bﬁlﬁy be carried out in a polar solvent such as an ethyl

acet at e/ et hanol m xture _and_ in the Eresence of NH4CH

to prshsmel dbmyates gomstmctionef the centralbigti ctiter wigip ghthe
5 cr eﬁouﬁ DR hfdHRRd Ctoﬁlp%g]a&'f 13s ?’eaE@édtv&lﬁmaéo %@%&r\ﬁ%wm one of

ucl ng agent such as s um dit
GHE Hﬁlc( :Eiﬂi)lhe ©Eh@)r of L’Oox(lfh‘ls OHHB ﬂ)ﬂl’)l'etmﬂﬂ{ 32. TheHB(fplmg\inay be
c. zN |

C?msflu_oukzl sy et S0 1RGO ls Sr (PR RS iy presence of
288zl HR7 AL bE Louctel AN IBER G deflukiRB $rfbratures. Suitable bases

include K,CO3, CaCO3, KOH, NaOH, or KF-Al,03 (Journal of Organic Chemistry, Vol. 63,
10 No. 18, 1998 pgs. 6338-6343). The group Q in compound 1.1 may be NH; or an amino

precursor such as NO; or a protected amino group that can later be converted to the amine
by respectively reducing or deprotecting the amino precursors. The Z group in compound
1.2 may be an imidazolyl group substituted with one or two R* groups or a functional group
that can be used to form such an imidazoyl group. Suitable functional groups include an

15  aldehyde, or any aldehyde precursor such as an ester or carbonitrile that can later be
converted to the aldehyde. The ester and carbonitrile groups may be reduced to the
aldehyde with a reducing agent such as diisobutylaluminum hydride. Z may also be
-CH,OR’, where R° is a hydroxy protecting group. The aldehyde may be unmasked at a '
later stage by deprotection of the R group and oxidation of the resulting alcohol to the

20  aldehyde. The conversion of the aldehyde to a substituted imidazoyl group is shown in

~ Scheme 3. Other methods for forming the substituted imidazoyl group is shown in Scheme

6.
SCHEME 1
/\ LA A2
+ | —_—
RZH NU 2N R2H ND/ \Cl\'l/
1.1 1.2
25 Scheme 2 shows an example of a synthesis of certain biaryl ethers. It is understood

that for illustrative purposes, Scheme 2 employs the following substitution patterns: Q is
NO,, L' is OH, L? is Cl, and Z is a t-butyl ester. An example of the synthesis of aldehyde

2.7 wherein R? is methyl and b is 0 is shown in Example 1. Amine 2.1 may be converted to
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with thioisocyanate 4.1 to provide thiourea 4.2.
Treatnent of 4.2 with a desul furizing agent 10 gives a

woaogmarndo of Formula (1). The term "desul furi zPagUsS2006/034112

agent"” refers to agents suitable for effecting ring
l.ar is
a;ﬁlafg Iﬁ%{fer% (2% ﬁ% aaxﬁmﬁ?egpg lén(?mf {%eﬁloﬂs oﬂé%'éﬂé’clt %mgﬁ H'i¥feated with
aletichdnbydride, ﬂrdd‘brmicrayidl tmfdmzﬁielcurremhdmgd‘enmdﬁ@@& #hat aray be reduced

an a %ﬁl}% a%-é ﬁg ch a?%g ggﬁ%ﬁkﬂg@%‘f@gﬂ%&%%ﬁ%&ce of

4 ég?@H‘é‘CHC)I‘ e)%g@%%f&é l\%:‘%i'lkyl Zane’@Z n?a&lb%(%%}theﬁ%ed gy react}_é amine 2.1

Witk f/l‘lﬂ@)&aBth adhydnide, B.tkslalbing\lthq qorresm)ndmglarmda wiihrapolindaging agent

of, the in L, on al.t e nat ntheredb

shif i RG4S Bnf] Fenn ST B s Pl itorboy treatment
VA SHIE sichl dsNEdpLat es coupling of 5.1 with 5.2 to form

-35 WD 2007/ 027950 PCT/ US2006/ 034112 the ether

L' nkagfo.ah.5 bRy HRYRL RN Bf tr&tidg Midolin? abid 23 fuﬁfH‘@xths% th10ny1

i m dazole ring astheli enutlrmy step to formng t _
chlgridy tco:ﬁum mﬂ gdortidacd.d rtlnatt iscthereexposed iordiefhmd |da1ae®n5te_‘and pyridine

G ioEed S e ff e tebal BB AL g 2 Slrp fhigtde 2.5 under

bakieWondiflodd vy dtidr QUSthas BRScAayeREPdieC R o aMehyi 237 by reduction
starting materials and/or 5 protecting groups in the

Vk?ﬂb‘{iwpb\ﬂ‘éf hslbgiida er in twouteps by aediction péesign 26 fp thaalcohol
fé 'lcledb H&on tﬂ? ﬁldglg@éde 5.3, for exanple, may be
y rEd0¢tT oh the correspondi ng
carbonltrlle, the synthesis of which is shown in
Exanpl e 71, with diisobutylSGIHEME®n hydri de. Reacti on
of al dehyde 5.3 according to Scheme 3 above WI

ketone 3.1 affords conmpdBhsls of Formul a
SCHEME 5 (RI), (R3 )Pz RH N+ 1 ~N
52m /(R)a 30 P

HsN

2

21 2.2
Cl Cl
| \/ oH | D fj\(
N PN L 07<
© 0 6]
23 24 25

(R3) (R%)p
O.N \b\ OoN \\ \CHJ\ /k -~

27 2.6

Scheme 3 illustrates the formation of the imidazole ring. Aldehyde 2.7 can be
reacted with compound 3.1 wherein X® is =0 or =NHOH and R* and R™ are independently
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\ ~N()b OH+ 3.1 HN~ 1~ NN R25.3 It will be
appreciated that the imdazole internedi ates used in

woOher7motgshi ng reacti ons can be prepared usi ngPOTHSR006/034112

synthetic routes. One such nethod is shown in Schene

Hor R R4 Io 3 ' | 9 49 R4
o R SRR & 5 ol RELS el B0 Ity BIULEREG R ol R is
The sensfion mayibevawkd ookinef felat setvehysuckas b athylac@tasé/tihags]l mixture
al koxi de, suc thoxide, to c e t he

oA PRI & SLOTE I o BE Eot@puihnd. f1be s Erpuaef sppound 3.2
ciitt b8l cATBRMIANTS.B 89 RA men? Yifh ARIRTRP RS [ dithioni
anmoni um benzéate ?2 forn?r?the am di ne: %ﬁ@%ﬁ%ﬁ@u&%ﬂmmw
MaSdPwe wi th compound (Va), wherein Xa is a | eaving

group, provides the alkylated and cyclized conpound

6.2 or a tautoner thereof.SE?%tiﬁg conpound 6. 2 | eads

to the elimati on 20 of water % ydration) and the

formation of internmediate 6.3. O her(Rdehydr ation N—3 (R4,
conditigns include treatnent of §n2 \Wthoorgani dl %
aci ds sgch as acetic acid, nethanesulfonic #ci -§6
VO 20Q4 B0 PCT/ U92006/ 034112 r sul c
acid, trigyd uoronethanesulfori c aci %,2 and
trifluoroacetic acid, as well as wWth inorganic acids
such as &ydrochloric acid and sul furic acivek The four
reactions -formation of imdate ester, formation of
am di ne, al kyl ation/cyclization, and dehydration- are
typically perfor( din a oneNpqt(Rngquence. 5 SCHEME 6
R3)b N OH Og.[;lN\\ C\p 1. HN/I? 6.2 (R3)b N\d 02N
\' \ OH'NNR 6. e q%rrpounds of the

i nvention are i NWENro 'or in vivo in inhibiting
the grow h of H@gncer cells. The conmpounds may be used
al one or in coRpositions together with a
pharmaceutically acce® able carrier or excipient.

Sui tab] e pharmaceutjcally acceptable 1Q carriers, or _.
exci %pﬁw@s { g foraptichelihy benzimiderle ring Duunins i reacted

withUBiote by aafeVs. RFrbV Rk Shiourea 4.2. Treatment of 4.2 with a desulfurizing agent
gives a compound of Formula (I). The term “desulfurizing agent” refers to agents suitable
for effecting ring closure such as FeCls, 2-chloro-1-methylpyridinium iodide (Mukaiyama
reagent), 2-chloro-1,3-dimethylimidazolium chloride, POCl3, or an alkyl halide such as
methy] iodide. Modified Mukaiyama reagents may also be used (Journal of Organic
Chemistry, Vol. 70, No. 7, 2005 pgs. 2835-2838). |

SCHEME 4
4
1 R1a (Rs)b | \>
. NCS ™ H/ﬂ\m = 2N
RZ
41 4.2

Compounds of the invention may alternatively be synthesized by modifying the

sequence of the coupling reactions. Scheme 5 illustrates coupling of 5.1 with 5.2 to form
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and enhancers, such as, for exanple, calcium
phosphat e, magnesi um stearate, talc, nonosacchari des,
wdizemoeani des, starch, gelatin, cellul ose, nerPboyius2006/034112
cel l ul ose, sodium carboxynethyl cellul ose, dextrose,
tal I i.di
O R (o0 S 0T it 336 Yok 2t S 2 e
pesultimite séap todnﬂmnlngthedhﬁy oéupied/pd:tmyo]nc co’kS Ror iatermediates 5.1 and

g; S{rl‘ggé%t Q ]J;;er hglél‘@tga %H:ec& h ar m LC y]g'ggecl% etrr%gclhgtes may be
pPé}b@feﬂBa% eHéWE &l th@‘fokeﬁlm%cherﬁ\@% e?l&ﬁloylgg sultdﬂfé"étalﬁhﬁ %}étenals and/or

991), incorporated herein by reference.
Pmimjmargﬂ@unsfm theeprpper ewtlom semlnn@e Sdeh famnrsaatre dVIEan thheskﬂl in the

ol har ma eut| al so

o otk 0y, FRASRIRECHG) B8 e RN by bG8 PP sk Peongine
caipofitiile, thbeyhthesdd omiiiclfs shawa el Ex&ihﬁle%”ﬁﬂh@l‘ﬁ%&ftylhlﬁﬁlmum

present invention are also useful in conbination with

hx%%q Regstiepelaldehydg 8t agcordingtatScheme 8 abovrjwith ketopp d.1 affords
P‘ﬁ”@ presently disclosed conpounds

ol hggg%@%-dgancer or chenot herapeutic agents are

W|th| n the scope of the invention. Exanples of such

agents can be found in Can8€HEMEISnci pl es and Practice

of Chcolo Y, V. T. Devita and S. Hell man (editors),

6t h a-3 3V\D 2007/ 027950 PCT/ O&gﬁ‘ 034112

( Feb. 2001 oL ppi ncot t WI lia °ki ns
Pub||§€é n of ordi- in the art
woul d EV%J i scer n* whi ch cogbi ngti ons off agents
woul d be usef ased on the p fticul ar

characteristR?cs of the drugs and the cancer inpvol ved.
Such anti -can%{] agents include, pyt are not [limted
to, the follo g: estrogen receptor nodul atofs,
androgen 5 receptor nodul ators, retinoid receptor
nmodul ators, cytotoxic/cytost ati Cc agents,
anti prol |§gr ative agents, prenyl-protein trangferase
i nhi BFTEl's,” HVRP)OA reduct se inhibitors and|other

angi aégemesi syi_nkbioQr | bitors of cell
proliferg LQ'n sur [ i gnal i riy1 apoptosis
I nduci ng agen d agenls that interfere with cell

cycl e check Ql nts The conpounds of the invention are
al so useful "when co-adm nistered with radiation 10
t herapy. The pr¥sent invention will be understood m)re

d ef t he, f || whi
o o BV Brapots et et O M Gee s RGPS RED ol coupling reactions
c?ﬁ‘hi)@%%ggrea leﬂﬂ okﬂe%%tﬁ’&c%mteﬁ h@lﬁ%ﬁ@l?ﬂfetﬁoﬁ\{ﬂﬂo‘vﬁﬂn Scfleme 6.

npl es e ow as well as throughout the
C@ppioundiﬂq%whener?elsfcaamcow ergvésedatiotr eonipmuind mdretead & ankemidino group.

T PRl T SRS TR o AR IRE R R A methoxide, o
cONREIIHE @ar'ébﬁ'tﬁl@ b anl RAIEB lebteNthABS heRNREtEPFEARRN and®iBnium reagent

Centineter C Degrees Celcius
such as ammonium acetate or ammonium benzoate to form the amidine. Reaction of the

@

amidine with compound (Va), wherein X* is a leaving group, provides the alkylated and
cyclized compound 6.2 or a tautomer thereof. Heating compound 6.2 leads to the elimation
of water (dehydration) and the formation of intermediate 6.3. Other dehydration conditions

include treatment of 6.2 with organic acids such as acetic acid, methanesulfonic acid,
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20 DI PEA Dii sopropyl et hyl am ne DMC 2-Chl oro-1;
3-di net hyl i m dazol i nium chl oride DVSO

woOiowhyseul f oxi de Et OAc Et hyl Acetate Et OH Epb@amshkooc/034112
25 g Grans h Hour HPLC Hi gh Performance Liquid

¢ Ui d %#%%}a%’ (;[ fgl‘jpgéﬁ % ea ge?%ea %%2# Q{{% %H\f] %:(ga{cgﬁ(?% ri ? well as
th lhbﬂgbmlc iatiels suclNa@yﬁrcféhhblrm racidend eulfdec adid PTetfour reactlons

é’ﬁrﬁﬁ 1} ml%lg }rl ei}p%ﬁﬁﬁm&lﬁ @g}%ﬁ@@c%lﬁzﬁﬁ%‘éﬁﬁ dehydration-

é@orﬁfé@n%%%?é@s%édeh%e Preparation of
{1- thy 5-[2-(5-tritluoronethyl -1 Himdazol -2-yl)-py

r|d|n4yloxy]-IH
benzoi m dazol - 2-yl } - (4-t ri BCHENESt hyl - phenyl ) - ani ne
FFF NOI NF <1 HHININ I—BCStep_ \QF,+O

100 O H2N/ C | O- K, €03 UB@G)ON” N aCH
y ' 02N\ =/—R
13 — I N
HN
R2 6.2

OaN.. \)b\ \C(L)Q\m
N

The compounds of the invention are useful in vitro or in vivo in inhibiting the
growth of cancer cells. The compounds may be used alone or in compositions together with
a pharmaceutically acceptable carrier or excipient. Suitable pharmaceutically acceptable
carriers or excipients include, for example, processing agents and drug delivery modifiers
and enhancers, such aé, for example, calcium phosphate, magnesium stearate, talc,
monosaccharides, disaccharides, starch, gelatin, cellulose, methyl cellulose, sodium
carboxymethyl cellulose, dextrose, hydroxypropyl-B-cyclodextrin, polyvinylpyrrolidinone,
low melting waxes, ion exchange resins, and the like, as well as combinations of any two or
more thereof. Other suitable pharmaceutically acceptable excipients are described in
"Remington's Pharmaceutical Sciences," Mack Pub. Co., New Jersey (1991), incorporated

herein by reference.

While the compounds of the invention can be administered as the sole active
pharmaceutical agent, they can also be used in combination with one or more other agents
used in the treatment of cancer. The compounds of the present invention are also useful in
combination with known therapeutic agents and anti-cancer agents, and combinations of the
presently disclosed compounds with other anti-cancer or chemotherapeutic agents are
within the scope of the invention. Examples of such agents can be found in Cancer

Principles and Practice of Oncology, V. T. Devita and S. Hellman (editors), 6th edition
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NOZ NO2 5 1a 1b Ic A 500 nL three-neck flask was
fitted wwth a nechanical stirrer and charged with

wé2u082(9%015 g, 30 mMmol ). The vessel was seal eBCT/US2006/034112

evacuated, and flane dried. The apparatus was all owed
(Feb. dGQIOOtID; Inmmmdt&%kbnamst& &Vitiias Publighats WAL ferdh@@0rdindy skill in

h dd 4- 3- h [ ] :
t S r Sald I Oaﬁ{.ﬁotp) @,\Aaﬁlﬁlg e wag(paﬂrgcﬂ?ggy}t? %ytoi}o lz:eq?sgful bgsed on the
pﬁﬁfcﬁﬁ&‘ §éhaﬁ'£&eﬁ§ﬁc§ af the an%%nﬂg%eéapgéggilwwem anti- ancer agents

(di met hyl sul f oxi de 3 ting mxture
iralade; bt aré goirlonidd/toathe fbﬂkamg &strogﬂﬂe@p‘tmrmd@alﬁors]hﬁirogen
h hate buf f H =
rE B R TR rocP Bk g oo S s e it adeBE.

afififfolirative abekibliptény3ph6iEih RRAGEWAL §hibildhe I—H@I@CB@%ductase
blg‘;]a& c mxture was filtered through Celite (>2

ors Fpfbothes angoggpesis lﬂihlbllfptsb tnhedtoahef @Hgmlﬂ’emﬁoaadd survival

S R ARty b B LR e SRR e Peokpoints

T\lmbempm(uﬁis Xf 1f¥nvdntion @fd zﬂﬁb ﬁﬂgﬁﬁ%en cafhdnﬁﬁlﬁfé%d&bﬂgradlatlon
The crude resi due was adsorbed onto Si 02, and

theGaR% i ed by flash chromatography (4:1, 2:1, 1:1
hexanes- Et OAc (ethyl acetate)) to furnlsh 4.92 ¢
( 14. Fhapessent gaegniipe Ml be tinderstaed mogetichdily by weresas to dhe followmg

o g Gl Bovig TR\ By O Mo agd it g Biopd s b timiting of

the phdseDinpeition) = 2.8, 8.8 Hz, 1 H), 6.94 (dd, J= 2.8,

5.8, Hz, 1 H), 6.91 (d, J =01+, 1H, 615 (br s,
2 H) ,InthdBxdnSple Dbt ad Jell Moy, ibn Sthé EollRving
164. 0, 151.8, 151.5, 143.4, 143. 2, 13 5, 129.8,
abbrgvigtionstgye thefollowing meznings 8 ¥ 1t defned, thegernechav6 thef generally

#ﬁﬁ%% 027950 PCT/ US2006/ 034112 St ep 200 1.

>\ 0\ OOCto rt oo HNT | i N2

TBACI,, g#YESONII ¢ OO/I% | d

To a ution of th% WPthSHﬁPquﬂ’éeF crgiga. inéatlol’?nﬁ%ﬁpﬁ"tmscol’y
in 12 (85 ni) aleBiBegEs added TFAA

(trifYuoroacetic ani%?&’feleﬁjgel?mé m.,, 3.6 g, 17 nmmol).

The E8BEAng bat h waBlisoprhpylethglaminel and the reaction

mai nDMGed at r oom 2dridenoal,3Hdemétbylirdidazolitiemrchheideon

was DiM80Ded to 0 C bidethiBaalig:tids r abut yl armoni um

chl oEt@&¢ 2.5 g, 8. BthylblcptateMe2SO4 (di net hyl sul fate
3.2 moH4. 3 g 34 mpthano@and 10% NaOH (34 ni) were

addegd. The Grams
h Hour
HPLC High Performance Liquid Chromatography
IPA Isopropyl alcohol
L Liter
LCAP ‘ Liquid Chromatography Area Percent
MeCN Acetonitrile
mL Milliliters
NaOMe Sodium Methoxide
1-PrOH 1-Propanol
TEA Triethylamine
TFAA Trifluoroacetic anhydride
THF Tetrahydrofuran

Example 1
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resulting mxture was stirred vigorously for 4 h at

roomtenperature. The reaction was diluted with water
wand7nmsoesul ting |ayers were partitioned andPCT/US2006/034112

separated The aqueous 10 phase was extracted with

RREAAS 5 AR b b P e BB i i 1

and evapor atwegzoithidazelr 2l - @etsiifldonvalsy] -phesylj-bmiheont o
silica gel and purified by flash chromatography (4:1,
2:1, 1:1, 1:2 hexa s/EtCﬁc) to give 4 59 (13.0
mml 76% of id as el | ow or ange | £d. 1H NWR

(300 Mz, cDc13) 8 8\af (d. d=o { 804(br
d, J=4.7 Hz, 1 H), 7. a: J= 1 , 7.53
(d, J= 2.5 Hz, 1 H), 7. pd “"3= 2.8, 9 Hz,l
H, 6.91 (m 2 H), 3.04 ° J= 4.9 Hz, 3 H), 1.59 (s,
9 H) Step3C NVR (75 Mz, CDC13) 8 165.9, 164.1, 151.5,

144.7," 1421, 130. 4 118 8, 1155, 114.1, 112.9,

82. 91, H o8, 28.; 189 & cSheP 3 0..0d_Q {1k
LAH, o FHEAO | NG R N 3~ H%
280.A

ld le fI ame-drled 500 ni thicee nitked r ound
bottom fl ask purged with N2 was charged w t'h LAH
(l'ithiumgl um num hygride, 3.0 g, 75 mmol ) ande¢dry THE
(240 nmL). The resulting suspension was cooled to 0 C

and ta b Ml tRebekclt HadkdPasAitted With aebhani@s stitresing charged with
added whil e keeping the internal reaction tenper 1;urerhe

Kubfei(4.55 g, 30rmenal s abhe veasehives seated, gracuatedyand dlage

afgp%rg?tﬁﬁ g@s Ofl(ng%f& ?él @%&gr&'t étu{é)é?r{@) ﬂlﬁmggsﬂe\g% H{%%n To the reaction

fﬁﬁ@wﬁ@@d‘dedqnaﬂﬁn&%m&opm& la (3.@8%, RO mraol),aeiditukyd |4a¢hloropyr1d1ne-2-

our at room tenperature A .

comenyiiedi O si20son eas s RNab st Rl Kig 0 ) The resulting
Wg.g’ st v1%@rt{ﬁ%}2gﬂ% ﬁ%ﬂt 4 ele@m@ ¥Rl £h, (ﬁe%&oﬁoﬁ Réas poured

resu tIng m xt -40 WO 2007/ 0279
oPéfﬁb&JBﬁlﬁk&ﬁhﬁe Biffe (pHhr duagid thetdatiéon ek wasearrsedrweulvngl MTBE

(glg}rbldf]é?éfd )eflgfﬁvﬁqsggg%\glmﬁttplg nﬁiwlng)l %%elflag?cnlﬁ}xgﬁg Was £ filtered through

Shi g |RsiEe WasitREsOERESpafidanditRPagiedus phase was
%ﬁﬂ‘ Zepsd; el 4% e o Taphy (97 : 3 CH2Cl2- ey

exractéd vitt MTBE (X (@) rﬁmcombml asganic lagers gyexnfyashed with water

G GhA%) Fiea ihaSIR, R0 Tdfifyred D rade Ryl (85 adirbr onto S0,

a!ﬁ')iapuﬁﬁ&@bfz ﬂashléhr&nZﬁgfdth 4:H)2:1 61: 9 ReXahes-EIGAS (@byltzstatt)) to
fgrmgh 4. % g,§1449 @nmol ’(4% ,yg;zlcg)@f_]_c amyﬂi@g%rqﬁq@p@liaﬁw (300 MHz,
CDCls) 5 8.58 (d, J= 5.8 Hz, 1 H), 7.90 (d, J=2.8 Hz, 1 H), 7.56 (d, J=2.5 Hz, 1 H), 7.17
(dd, J=2.8, 8.8 Hz, 1 H), 6.94 (dd, J=2.8, 5.8, Hz, 1 H), 6.91 (d, J= 9.1 Hz, 1 H), 6.15 (br
s, 2 H), 1.62 (s, 9 H); 1°C NMR (75 MHz, CDCl;) 5 165.8, 164.0, 151.8, 151.5, 143.4,
143.2, 131.5, 129.8, 121.0, 118.0, 114.2, 113.1, 83.0, 28.4; mp 163-166 °C.
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H Hrt, 2 days N/ ~ N2 HN02 1le if A 100 nL round
bottom fl ask was charged with benzyl alcohol le (1.38
W@ ,2005/087950 nmol ), Mh02 (6.52 g, 75 mmol) and CPICLRIS¢@6/034112
m.). The resulting suspension was stirred at room
t enpgg ‘%C?Jre for 2 days. The reaction m xture was
filter through Celite, and the remaining SO|IdS
were washed succe Si Iy1 mAtAch@IdCli% and Eto—g
conbi ned |on§ it orag,/a |sb bé’d
onto BQN | and pur#. ﬁs@d%'ymfl ash™N¢Rroma raphy
(98: 2&&@2/1\/904) to giv@ my (2. 89 Mol , 589 of
an orange SO||cI d as if. 1H NWR 15 (300 MHz, CDQ];B) 8
10. 01 (s, H, 8.64 (d, J= 5. (( o
1 H) Toa sgp@to‘gofjhe mgoayrgfnp@lc(ﬁqq)g, 17 I@pz%)dn C\H_gC@ &%nql@ at 0 °C was

Ao oo W10 6, g s v

tlend8mbized shdHhe rédicin malntdi?4d A rodm @m@ratﬁrd\hm(h (The3eddtion was

E{Frﬂégooo g&aﬁgTEAklﬁ%%a%@@ggn%W I°8 d% ilts gké\l 19@@2504

(&iér{étﬂ#}kdlfatelﬁz 1, 2% %ﬁh %&L%& i10% I(IQ@HSBA ﬁ{L)(vEe@é Qeme& The

Engel har dt i r schmann Lundel
rcb’sultlrigonmtlue ftas ,stn@d @,goﬂ)uslbm"dt: 4 maEmomgt?:gl,pemz,Ires g h9 react1on was

SRR e 8L g YR adlidugo o faffed B dhucous

pﬁﬁs%t\ﬁéseext?a%te‘&l With C %@lzm 00 AL };1363 {HRGofibinedrsgiri€layers were
resultlng sol ution heated to 100 C for 40 nmin. After
s}

vipshed wish brine 6% H08rple): dried z3Qe, ansl evaperategs Tihg ciyle residue was

Do AT BB s el RS 2 1k 12,

herehesBtOABP ko £i¥BG. I [13.0Tmendl B} ofi1gl mw(ﬁdllbw-mﬁge solid. "H NMR
stirred at roomt e;;perat ure_overni ght.

(RO Mz FGa: DY 4 fhy, = 56 Hy, DG Edhy = AS%%HH), 7.93 (d,J=2.8
Pizo:@bn{zﬁgt?@d? IRLEON 9, 715 Lfspﬁ‘gd CFU9R 818G )81 (m, 2 H), 3.04

I itto@n ‘agueo
(d,J=4.9 Hz, 3 H), 1.59 (s, 9 H); BCNMR (75 MHz, CDCls) 8 165.9, 164.1, 151.5, 144.7,

142.1,130.4, 118.8, 115.5, 114.1, 112.9, 82.9, 30.4, 28.5; mp 187-189 °C.

Step 3

0
o\©/“\o>< 1. LAH, THF . O\@/\OH
\N =N 2. NaBH4 ' \N =N
NO, NO,
1d 1e

3. H,0, NaOH

A flame-dried 500 mL three necked round bottom flask purged with N, was charged
with LAH (lithium aluminum hydride, 3.0 g, 75 mmol) and dry THF (240 mL). The
resulting suspension was cooled to 0 °C and #-butyl ester 1d (20.7 g, 60 mmol) was slowly
added while keeping the internal reaction temperature under 5 °C. The reaction mixture
was stirred at 0 °C for 2 h followed by stirring at room temperature overnight. NaBHy (2.27
g, 60 mmol) was added and the reaction mixture was stirred for an additional hour at room
temperature. The reaction mixture was then treated with successive dropwise addition of

water (3 mL), 15% NaOH (3 mL), and water (9 mL). The resulting mixture was filtered
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slurry, and partitioned with saturated Na2CO3 and

CH2Cl12. The aqueous phase was 5 extracted three tines
Woi2007/0e3C12, and the conbi ned organi cs washedParitis2006/034112

brine, then dried (MySO4), and concentrated to give
tigough Gelige, and th@rsemmng selidsavero mashpd with Eth(uQ dndmethanol. The

Bl e Rufion e v R e ka5 cludepgsice s adsorbed
oftoiOy and piiifid ésihfbﬁrolhat&giﬁglﬁﬁ(%a 31(21@2615@190@ k&gﬂﬁ 763 g

é220 m.) and Et QAc (200 10 vvas sparged wt
(#%r HQ@Oln‘?M) @ﬁﬂjredmangmah@emw ERNMR (39eVBizpGDEM;) BGB.40 (d, J =

ST (3307, 130, TR )| 8458 70b ¢ TEHTE 19, 6m

Ja BSERET ED/@YS Gn RS, 4680, 2 EDCLOPN, ass D3 kb el

through a pad o Celite an col | ect'ed sol
washggpsgiccessively with MeOH and Et OAc. The conbined
or gani C fiItrates were evaporated, the resulting
solid was g {) C%a Iand then dried 15
over ni ght @ 'a_@}'@h 76317 g n?m
lj as a nNanmypfowde & 6%y|@|2%y3 LCI\/S

tR = 1.8% minp, Step 7 F3C F3C O N NCS - N H 1.
/ NON CF3 HN-{ c/ &NHHNHR l\/b(]—|N % Fed 3/
1j 4-Trifluorormt hyl phenyl isothiocyanate (23¢37 g,
115 mmpol ) was added to a 20 stirring solution of

di antn0 L candibptigm fiask waswhyrged withGrengy aicobrb) 1eal 38 g, 5.0

SR OTBETS S Sy8 3F B0 R TR ANSRE, Bl s

amnml teﬂnpcra’alreﬁirmdagﬁl Dhe Feaélion hik@urd 2@s fﬂt%ﬁad&hf@il@h Celif®, and the
added to the reaction and t

rqnéaélalp ?ﬂéfpt S Ste W@%"%?‘W?l@ it CHedrand EE 3119 cembined organic
p&’ﬁ%ﬁi‘wgl'%teva &E‘ﬁ? . Ads0: el 3%%?1%:3 %,@%@rﬂif%@aﬂg& ch}omﬁography

L separatory conta
(98 2 CH,Cl,/MeOH) to give 790 mg (2.89 mmol, 58%) of an orange solid as 1f. 'H NMR
(300 MHz, CDCl5) § 10.01 (s, 1 H), 8.64 (d,J=5.5 Hz, 1 H), 8.09 (br s, 1 H), 7.96 (d, J =
2.75Hz,1H),7.37(d,J=2.48 Hz, 1 H), 7.29 (d, J=2.75 Hz, 1 H), 7.08 (dd, J=2.47, 5.5

Hz, 1 H), 6.94 (d, J=9.35 Hz, 1 H), 3.08 (d, /= 5.23 Hz, 3 H).

Step 5
o Br H,0 o)
F3C)j\ﬂ + NaGAc —— o
5 Br 100 °C, 40 min FaC
H
N
o NHOH o O~ Ay O
FaC I H
N _N

MeOH RT, o/n

Imldazole ring formation (Baldwm, J.J.; Engelhardt, E. L.; Hirschmann, R; Luﬁdell,
G. F.; Ponticello, G. S. J. Med. Chem 1979, 22, 687): Compound 1g (Lancaster (Windham,
NH), 25.75 mL, 136.5 mmol) was added to a solution of NaOAc (sodium acetate, 22.4 g,
273 mmol) in H>0 (60 mL) and the resulting solution heated to 100 °C for 40 min. After

cooling to room temperature, the solution of 1h was added to a suspension of 1f (25 g, 91
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25 nL) and water (750 nmL). The |l ayers were separated,
and t he agueous phase was extracted -42 WD

waQew/aaEe50 PCT/ US2006/ 034112 with Et OAc ( aqReDmS2006/034112
phase saved) The organic | ayers were conbi ned, washed

i SERETY o PR B ROL 0 B, R el hisgd Sas strred
IEAN Mnmaiamwenm,e Thas(tha di@eb elsomatqgkaphy 199:5 I@-IZCIZ/MeOH)

shoted oo et rofias o5 B o o aps el apaan aqueous
f;ﬁﬁx‘goﬁﬁ BpdMifsheBEACsatrA8d Ma)coT. Ql?d Hf Th%&ue%ﬂé biHs€ Yas

the resulting enul si on was ered throug _
exiraatest thyegdimes vitidCHbEL) anddhe cwablaed hrganice pasmdemﬂabmne then dried

(RS ORHE® EnsBPREy Uive STik T 8 b ity S 1 % viela).
bri ng(15 hen dried (MyS04), added to previously

extr material and concentrated. The conbi ned

product was triturated with CH2C12 (500 ni), adsor

onto Si 02 and purlﬂ’%\&/ 10 flash togs ap CFs
JICE ér pat, pwth B@fﬁﬂo (o 1

- et yI Iuor N

H i Nfazet- 2-y -pyr| di n- 4E

H-berﬁzmmdaqu-z yl } -(4-tri- :

fl uoronet hyl - phenyl )-am ne as a pure, white SO|Id

LCVB A $lusttiiofnGlonsiliae 0043 86 famIP &CMeOSTERY Iy aad EtOAc 200
519. 1 (NHS:)- 1H NMR 3%omyg, CDC13§) S 8. 44md ]?— 5. (

nMy) was spprged Wlthg\b( fgr 20 mip, sgdithen chaygedwigna §q§§ensgen of 19 % Pd/C

. i O oD o1 g s il o imsines

udderh 9, MOsﬂheer for@. d%@s (’ﬁhb redetich Was fBltdved tHeough d—ﬁa,d df .C2Hite and the

d, J=_2.
céﬁ@t@ﬁl sothés were \gqshgg ﬁuchqﬁ:‘Lp}y W}&\g g{[eOI—CI ép&%&&kcw?he combmed organic
ﬁ‘ﬁ%étELl@ExféN@Q%o&eé %%esﬁltﬁg l.;éhd Na§ %e(%@drg%éﬁ;wm_?_ Ig)é—ﬁC@E’ang Ynen dried

ofvcxiniglwlun@eremarqm ® gies 40.1%eg1 Iﬁnlllmd};oﬁljras prtappowdry (96% yield).
\SUbst i 0 20 conpounds. Exanple |a

Lﬁ‘\ﬁg%é é@yﬁ’ﬂ%e& zed following step 5 of
Exanple 1 u3| ng 3,3,3- trifluoro-I|-phenyl propane-1,

2-di &@’éydrate as shown beI ow (MeCH = net hanol , RT =

roomtenperature, o/ n=@ (ght, min = mnutes): ON
02NOH+ONH4 02N10I 3 F3£CHNDCHN'N

o/n ¢ 25 |t eNeRedi at 3 was />\
synt |HOWI ng step 5 of Exa L CFs
e 71 -

L ssae

2. FeCly

4-Tr1ﬂuoromethylphenyl isothiocyanate (23.37 g, 115 mmol) was added to a
stirring solution of diamine 1j (40.17 g, 115 mmol) in MeOH (460 mL) at room
temperature. The reaction was maintained at room temperature for 16 h. After the reaction
was judged complete, a solution of FeCls (20.52g, 126.5 mmol) in MeOH (50 mL) was
added to the reaction and the resulting mixture was stirred at room temperature overnight.
The crude reaction mixture was added to a 3 L separatory funnel containing EtOAc (750

mL) and water (750 mL). The layers were separated, and the aqueous phase was extracted
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propanedi one instead of | h as shown below -43 WO

2007/ 027950 PCT/ US2006/ 034112 0O N 02N O H+ 0 O NH4CH
wo2d72HsCH3 HN 1 / 1 NH3C 1 / & N/ MOH RPCTaSZ00bRNBE4112

If 1i3 Internediate 1li4 was synthesized foll ow ng

wﬁlﬁ E&PIS% E@E{)ﬂ%ﬁggee n ;/JF(?)' ??lfib-réa}oi[l)caln Yers were co combined, washed with
saguer'é.tgd bqliée‘ohﬁgﬁéﬁ(;ﬁi mtc\lggimemte)', ahdbrm,dhanélded)(r]}égS@@, agldown
BTN TR BN R RN 1 T
do? @{T %@@%bﬁftﬁn Ih tﬁg‘?ésﬁﬁ'lﬂg NEsY %R ad @l 16 WY séfafiory funnel

coup with = procedures in US Patent
cddtainihg ET@A@ 15()0 mk) n@hemfwthre was agltated and the resulting emulsion was

R e b BATE e g AP B0 Bhase was
exihewa vt E@A@AQQ'BGD mEF .eTh€oahid ,la}NﬁQQ@reeoﬁtbﬁiedWashed with brine,
acetate, NVA = N-neth acet anm de) o00O0OQ

thisa Nided (Vig8D.ratdedyt pmmslym@trﬁged rrgaterlal anggoneenigged. fThe

R G G R0 8k, ool PR gt

flashNhromatography. A final trituration of material with CH,Cl, produced {1-methyl-5-
[2-(5-triﬂuoromethy1-1H—imidazol-2-yl)-pyridin—4-yloxy]-1H-benzoimidazol—2-yl}-(4-tri-
fluoromethyl-phenyl)-amine as a pure, white solid. LCMS (liquid chromatography mass
spectroscopy) m/z 519.1 (MH+); "H NMR (300 MHz, CDCl3) & 8.44 (d, J=35.5 Hz, 1 H),
7.75 (d, J= 8.8 Hz, 2H), 7.61 (dd, J=2.2, 8.5 Hz, 1 H), 7.59 (d, /= 8.8 Hz, 2 H), 7.56 (d, J
=2.5Hz, 1 H), 7.38 (app d, /= 8.5 Hz, 1 H), 7.23 (d, J=1.9 Hz, 1 H), 6.96 (dd, J=2.2, 8.5
Hz, 1 H), 6.93 (dd, J=2.5, 5.5 Hz, 1 H), 3.76 (s, 3 H); LCMS m/z = 519.0, tr =2.57 min

" (MH"); Anal. calc'd for CpsH;6FeNeO: C 55.6, H 3.11, N 16.21; Found: C 55.81, H3.43, N

16.42; mp: 217 — 220 °C (dec.).

The following example describes methods for preparing disubstituted imidazole

compounds.

Example la
Intermediate 1i* was synthesized following step 5 of Example 1 using 3,3,3-
trifluoro-1-phenylpropane-1, 2-dione dydrate as shown below (MeOH = methanol, RT =

room temperature, o/n=overnight, min = minutes):

N Necr
N
MeOH RT, o/n /N Z
1i2

Intermediate 1i* was synthesmed following step 5 of Example 1 using 1-phenyl-1,2-

propanedione instead of 1h as shown below:
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I/ 1/ NOHNWA OCto RTH N1I0HH1i5 Exanple 2

Preparation of (2-Fluoro-5-pyridin-3-yl-phenyl)-{
wa-20100y456 5- [ 2- (5-tri fl uoronet hyl -1 H PCT/US2006/034112

i m dazol - 2-yl)-pyridin-4-yloxy]- |

H benzoi m dazol -2-yl} -am ne -44 WO 2007/ 027950

PCT/ US2006/ 034112 C N ~OCTh N H3C

(2 Fluoro 5-pyrigin-3-yl -phenyl)-{

hyI H@?ﬂrlflugronethyl 1 H-im'dazol-2- "}\ CH
yI) - 1 - 1Hllbegzoi Wi.@Hzol - 3 8
syanh ed aszNescritded abGV'e_l‘n_SPe et

usi ng 3- (4- Fl uor o- 3-i sot CV%BBD/pheﬁ'yl ) - pyri d| ne.

LCVMS mz 548f1 5 (MH), 1.82 min. Exanple 31.

Preparation of ,(2-Fl uoro- 5r£¥r|di n-4§/ ]éphem{ )1
1- neilntynmeshqtql( wva@rsymuhwe@ lowying|sigp 5 of Example 1 using 1-(3-

r : i
SRS Bl PR Y AP Aicdioke B 3 pforggmepvinepy 1 2gproppmedione
abistowrbdt&z: 10 .
(2- Fl uoro-5-pyridi n-4-yl - phenyl )-{1-nmethyl -5-[2-(5-tri
fluoromet hyl - 1Hi m dazol - 2
yl')-pyridin-4-yl oxy] - 1H hezgo m dazol - 2-yl } - ani ne s\\
synt hesi zed as” descri bdd“abdve in Step 7 of Exanpl CFs
usi ng 4-(4-Fluoro-3-isothi nat o phenyl ) pyri di n

LOVB m z 546, 5 ( ), Rt &4 15 CF,
it e ke
(4- tﬁ&yl 'b yl)- {maexmybms [ 2m fl met hy

| -1 H i m dazol -2-yl)- pyridin-4-yloxy]-
s H-benzoin dazgd-2-yl } - abiPe H3C cH H3C\ "N O INF
/ NN~~HF
Intermediate 1i° was synthesized following step 5 of Example 1, coupled with

procedures in US Patent No. 5,374,615, using ethyl (2Z)-4,4,4-trifluoro-2-(hydroxyimino)-

3-oxobutanoate made from ethyl 4,4,4-trifluoro-3-oxobutanoate as shown below (AcOH =

acetic acid, NaOAc = sodium acetate, NMA = N-methyl acetamide):

0
0]
Ny H
0O O o o o R /Q/ (]
Na Oz, 20, N &
FgCJ\/U\OEt AcOH, 0°C FsCJH(U\ OEt H No, 4f
N. -
OH NH,OH/MeOH
CO,Et MeOH, RT, o/n COzEt
N/\g\ NaOAg, TiCl \
3 N Dcr
O:N oAy CFs MeOH. H,0, 3
D/ | OH NMA, 0°C to RT
~ =N
N
10
Example 2

Preparation of (2-Fluoro-5-pyridin-3-yl-phenyl)-{ 1-methyl-5-[2~(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine
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A~N1 / 1 rNHC (4-tert-Butyl-phenyl)-{
1-met hyl -5-[2-(5-trifluoronethyl -
weékbimodazol - 2-yl ) - pyri di n- _ PCT/US2006/034112
4-yl oxy] - 1H benzoi m dazol - 2-yl } - am ne was synt hesi zed
as descri bed above in Syey 7 of 20 Exanple 1 using
4-tert-butyl phenylisothipetyanate. LCVS mz 425.4
(MH#), Rt 2.56 mn. nple 5 Pre a&aéplon of {
1-Methyl -5-[2-(5-trif] ﬁm
H i m dazol - 2-yl ) - pyrldlr'Il _
benzoi m dazol -2-yl }-(3 ®rifl uoromet hyI phenyl ) -am ne
{45 YMK@@%%&%{}P? y%w)ogg@%@%%?p -(5-thiftubroNRry 1111 fidazol-2-
yh)-nyesiding-ytoxiy -1 Hsbanzd inhidawod-@est byhyird-was s yd e @size@ay/descdded above in

S TeTa S| pobl S horartisevinmopeayeny apiinad M8 e 5461

1% 1) si.geghims described above in Step 7 of Exanple 1

(u3| )nges (trifluoromet hyI ) phenyl i sot hi ocyanat e. LCVB
nﬁz(glgtﬁ I5 (rl\]/H:]-g/l)Rt SGMpleEg(arrpl e 6 Preparation

0 yl - phe

1Praparafion &-(RFlydgotr- psfridm#eﬂqihhyjrl) 1lhheﬂﬁ@l@l_ZzO{S-terMb?ornethyl—lH-

& N 1 Al YD IR s e 16l fdigraobRony e

{1- rrethyl 5-[2-(5-triflgaronmet hyl - 1H i mi dazol - 2-yl) - py

ridin-4-yl- oxy]-1H be I m dazol - 2-yl }-am ne was

synt hesi zed as descri above in Skeps7 of Exanple 1
usi ng 3-ethyl phenyli hj .” mz 479.4
(MH), R 2.32 nin. TExy8 7 L

HC
(2-Fluoro-5-pyridin-4-yl-phenyl)-{1 -methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-
yl)-pyridin—4-yloxy]-1H-benzoimidazol-Z-yl}-amine was synthesized as described above in

Step 7 of Example 1 using 4-(4-Fluoro-3-isothiocyanato-phenyl)-pyridine. LCMS m/z 546.5
(MH"), R, 1.83 min.

Example 4
Preparation of (4-tert-Butyl-phenyl)-{1-methyl-5 ~[2-(5-trifluoromethyl-1H-imidazol-2-yl)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

H,C CH,
C

bw peats

(4-tert-Butyl-phenyl)-{ 1-methyl-5-[2-(5 -trifluoromethyl-1H-imidazol-2-yl)-pyridin-
4-yloxy]-1H-benzoimidazol-2-yl}-amine was synthesized as described above in Step 7 of

Example 1 using 4-tert-butylphenylisothiocyanate. LCMS m/z 425.4 (MH"), R, 2.56 min.

Example 5
Preparation of {1-Methyl-5-[2-(5-trifluoromethyl- 1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-
benzoimidazol-2-y1}-(3 ~trifluoromethyl-phenyl)-amine
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Preparati on of (4-Chloro-phenyl)-{

1-met hyl -5-[2-(5-trifluoronethyl-1Him dazol -2-yl)- 15
woRoi7dRTesd- vyl oxy] - 1H benzoi m dazol - 2-yl } - am nePCHUS2(66/034112

a/ NVCI F FH 1 /I iNFi HC

(4- Cnhl or o- phenyl ) -{ F

1- et hyl -5-[2-(5- trifI I=omethyl 1H-| m dazol - 2-yl) - pyr

i di n-4- yloxy]-1H ben m dazo - 2- W}=&ni ne was

synt hesi zed as descri bet—& n Siﬂep"? of Exanpl el

usi ng 4-chl orophenyl i sot’ D!: ana ’e. LCVB niz 485.4

(M#), Rt 2.23 min. 20 EXanpl e 8 Preparation of

( 4- Et{hyNethilesy2 IS—{rlﬂuoromethyl 1H-1m1dazol 2-yl)-pyridin-4-yloxy]-1H-benzo-

1%&(&1{?1' ) 5(;}|[-t§1;;§)ﬁ?rotn{9|tf ll-&)ﬁ | Z\%ql_sl-slgn dgéeci a{;,ﬁeﬁggbeg@bove in
SY&Q iQPﬂd%ﬂ@@%sﬁg’é{- phenyﬁ'ﬁﬂygenly%hl%cyﬁlﬁie ECMS m/z 519.4

5 (Miﬂbtiyl256pﬁn(5 tr|fI uoromsthyl 1
H i m dazol - 2-yl ) - pyri di n-4-yl -
oxy] - 1H benzoi m dazol - 2- yl| }Exampke6 was synt hesi zed as

1w ned i nenBrty il by SR bty s 20

2.31 mn. (24 lgi}ﬁgq{-ﬁéﬂz%ﬂnﬁﬁzol 2-yl}-amine
(4- Chlor03tr [ uor onet ‘tyS'l-p enyl)

1- et hyl - 5[2(5tr|fl rrethyI-IH-

i mi dazol - 2-yl)-pyridi A-g-y] oxy}-1 1<%

H- benzoi i dazol - 2-yl }-anfae( F FL W *F R F \\ F -p-
~HF NNI1 /1 iN g

10 (3-Ethyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-
oxy]-1H-benzoimidazol-2-yl}-amine was synthesized as described above in Step 7 of
Example 1 using 3-ethyl phenylisothiocyanate. LCMS m/z 479.4 (MH"), R, 2.32 min.

Example 7
Preparation of (4-Chloro-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-
15 ‘ pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

cl
Q«—q YV\%H F

(4-Chloro-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4
yloxy]-1H-benzoimidazol-2-yl}-amine was synthesized as described above in Step 7 of
Example 1 using 4-chlorophenylisothiocyanate. LCMS m/z 485.4 (MH"), R, 2.23 min.

20 Example 8
Preparation of (4-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine
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H < H3C (4-Chloro-3-trifluoronethyl-phenyl)-{
1-methyl -5-12-(5-trifluoronethyl-IH 10
womararzwlse 2- yl ) - pyri di n- 4-yl oxy] - 1H benzoi m darorAR200bp34112
-am ne was synt hesized as described above in Step 7
of Exanple 1 using 4-ehloro-3-(trifluoro-
nmet hyl ) phenyl i sot hi ocyanate. LCMS nmlz.553.4 (MH), Rt
2.51 mn. Exanple 10 par at i;on ol >+
(4-FIuoro-3-trif|uoroneHhQH:Eh hyl) *{1- met hyl - 5- [ 2- (5-
trifluoromethyl-1H 15 ¢
i m dazol -2-yl)-pyridin-4-yl oxy] - 1H benzoi m dazol -2-yl}
- ani (@eEthil-phdnyh- { -methisil-p-[B+(F-tiflu@omethyl-1H-imidazol-2-yl)- yridin-4-yl-

oéﬁ@-ﬁ%z%&%{d%c&l@-ﬁ I[q%lnlg% %lﬁ@?ri%%}%leékaé described above in Step 7 of
Ek£ﬂ1ﬂ€4%sir?g’4éﬂ1%rﬂ)ﬁéﬂ1ﬂisﬂﬂﬁbcyh@§é(]L{_ﬂl\l’ﬂSWZW.HI(M@,IR,ZESI tnin.

-am ne was synt hesized as described above in Step 7 .

of Exanple 1 using 4-fl uor gxdmbidd fl uoro 20

met hyl ) phenyl i sot hi ocyanate. L mz 537.4 (MH), Rt
Preptfatinnrof (4-6korpt R triffluormaghylepheoyl)-dfl -methyl-5-[2-(5 trifluoromethyl-1H-

L RIS g 21 amine

benzoi m dazol - 2-yl }-(4-tFifl uor onmet hoxy-phenyl) -am ne

-47 WD 2007/ 027950 P S2006/ 0341%%_313 X~ ONFFNN

IHF H- | / I1~i"7N {i Ll o Ay TF

-Methyl -5-[2-(5-trifluor 4 % "

H i m dazol - 2-yl ) - pyri di nud-yl oxy] -1 H benzo-

i mdazal -2-yl}-(4-trifl uoromnethoxy- ) -am ne

i 2SR D G AR STl CIRRE e e R
10 i@rfdéﬁg%iylﬁ-tp"y&iﬁi&@-&ﬁiﬂ%-@ﬁ%&&ﬁﬁ&%ﬁ@%-%Wses,ynth@{ﬁed as

described above in Step 7 of Example 1 using 4-chloro-3-(trifluoro-

methyl)phenylisothiocyanate. LCMS m/z 553.4 (MH", R; 2.51 min.

Example 10
Preparation of (4-Fluoro-3-trifluoromethyl-phenyl)-{1-methyl-5-[2-(5 -trifluoromethyl-1H-
15 imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

FF

F F
F
dLN O\G/TI\)FIF
4
~1J
C

N
H
H

IZ 4

(4-Fluoro-3-trifluoromethyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine was synthesized as
described above in Step 7 of Example 1 using 4-fluoro-3-(trifluoro-

20  methyl)phenylisothiocyanate. LCMS m/z 537.4 (MH"), R, 2.40 min.

Example 11
Preparation of {1-Methyl-5-[2~(5-trifluoromethyl-1 H-imidazol-2-y1)-pyridin-4-yloxy]-1H-

benzoimidazol-2-y1}-(4-trifluoromethoxy-phenyl)-amine
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5 (MH#), RR 2.24 mn. Exanple 12 Preparation of

(2-Fluoro-5-trifluoronethyl-phenyl)-(1-nmethyl-5-{2-[5-
worbdmyok7ose (3-tri- fluoronethyl-phenyl)-1 PCT/US2006/034112

H i m dazol -2-yl] -pyridin-4-yloxy} -1

H benzoi m dazol - 2-yl ),pamine F FFF FF N-~N\ O\

HCH FHNI/ I iNpBC 10

(2-Fluoro-5-trifluoro hyl - phenyl)lwirrethyl 5-{2-[ 5-

nmet hyl - 4- ( 3- trlfluorozf> N

met hyl - phenyl ) - 1H|mda3go«]@§/ byt di n-4-yl oxy}- 1H b

enzoi m dazol - 2-yl ) - am nendvas synt hesi zed usi ng

simlar procedures as descrihed apove. i %
o g MBhIos e i erom e DR RRS AL 516Kyl 1HL-benzo-
1@%&' fﬁ??ﬁa[gﬁgr il ad??yéph@&il) Qmﬁwas’ syRthedzdPadBeicribed above in
Stéf.rﬂi}Examlﬂe 1 il ?F(nmﬂmhmbﬂlph@phmﬂl@dihmymﬂ B.OMS @z 535.4
-4-(4-tri - r t hyl - ph [)-1
(wmﬁdazz%ﬁi “Eny: ] - p??l g:mﬁ 4y yIOoi;y}) -1 H benzo
i mdazo 1-2-yl)-amne FFE FF/ NOCH3 N -~/ HF

HNI i &N Hd Example 12
( % { gfé?loﬁ ?Fi El!.{o%&'-? {)Jljg%ﬂgfnlgli‘ E)H%’r{y)l)' ((llmgﬁglhil{ZE[S-methyl 4-(3-tri-

ﬂh@ﬁﬁeﬁhyl—blhmyl)dhﬂahn&zyl 2—yﬁypymﬂum44dga{yc}xlﬁ-b&1ﬁ0herdzmlfﬂ-yl) amine
dazol - 2-yl)-am ne was 20 synthesized usjng simlar

procedures as descri begrabove in Ex 1 using
2-Fluoro-5-(tri- fluo rT'éthyI)phen =1 st hi ocyanat e.

LCVB m z 627.5 (M), 9mnn awpl e 14 -48 WO

2007/ 027950 PCT/ US2066 IPr epar ation of
2-{4-[2-(2-Fluoro-5-tri HI oromsthyl phenyl am no) - 1- et

hyl - | H benzo-

i mi da@eFluSroyS-uxﬂa}orplymh@ﬂ phe@yDH(J -iBethylr-5-K 2dd-omathyy-Grteifiuoro-
methﬁ enyl) -1 1m18azy 2—y1f%)lyrqd1rel-t4 yloxy}-1H-ben201m1dazol-2-yl)-am1ne was
synthesized using similar procedures as described above in Example 1 using 2-Fluoro-5-(tri-

fluoromethyl)phenyl isothiocyanate. LCMS m/z 627.5 (MH", R; 2.79 min.

Example 13
Preparation of (2-Fluoro-5-trifluoromethyl-phenyl)-(1-methyl-5-{2-[5-methyl-4-(4-tri-
fluoromethyl-phenyl)-1H-imidazol-2-yl]-pyridin-4-yloxy}-1H-benzoimidazol-2-yl)-amine

F._F
F

(2-Fluoro-5-trifluoromethyl-phenyl)-(1-methyl-5-{2-[5-methyl-4-(4-trifluoromethyl-
phenyl)-1H-imidazol-2-yl]-pyridin-4-yloxy }-1H-benzoimidazol-2-yl)-amine was
synthesized using similar procedures as described above in Example 1 using 2-Fluoro-5-(tri-

fluoromethyl)phenyl isothiocyanate. LCMS m/z 627.5 (MH"), R; 2.79 min.

Example 14

-48-
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15

20

25

ester f- CH FOFF NF NO\NI HFi I iN H3C5
2-{4-[2-(2-Fluoro-5-trifluoronethyl -phenyl am no) - 1- net

waypborloerdsenzoi m dazol - 5- PCT/US2006/034112

yl oxy] -pyridin-2-yl}-5-trifluoronethyl-1Him dazol e- 4-

C rdpasayibh of E-C{I4€[25(121'[‘_51{1016$-Efﬂu‘6ﬁﬁnet§yll‘;ﬂlbﬁﬂhﬂlﬁfb)u3m€ﬂhyl 1H-benzo-
simlar _procedures as _described above.in Exa

l e
dg]pc}?@ole—ptl%}-BylgdlptqryL} Firifrosrraethylr })Iﬁjﬂ@}g@mle rIIrfcarboxyhc acid ethyl
i sot hi ocyanate. LCMS mfz 609. Q3. (Mt). Exanple 15 10
Preparation of
(2-{4-[2-(2-Fluoro-5-trifluoronethyl -pHenyl ami no) - 1- me

t hyl -1 H benzo- i m dazol -yl oxy] -pyridin-2-yl }
-5-trifluoronethyl-1 m dazool et hanol F F OH
F F H3C Red- Al ('sodi dimyb{’ I“ oky®t hoxy) al uni ni um

hydri de, 65%w in tol uemcé “IL) " was added
dropwi se to a sol ution of
2- {4-2E21'[(ZZ(-ZFFlum-ﬁiﬂudrémamybﬂmhmimﬂ 1-methyl-lH—benzoimidazol-S-

hyl b 201 azol .ox l.-pyri di
SRS A 5t o R i oo AT eter vas
spsthebiRidiging@5hRdr frfeddbfid a8 desQnQécV atiove hin Ekﬂnbl@'lutféﬁ% 2-Fluoro-5-(tri-
Ef f ervescence was observed and after 2Q mn,

fuerpanqtiad) pharyldsshiepveanate (LHCNE @z fOLH(MAH)-ext r act ed

with EtQAc. The organic | ayer was washed with H20,
dried over Na2SO4, filterelfxamgple 1éoncentrated to give

9 .. of . . .
(B3PS T i3 G- Blupr s RBE Ry DRIAHaR gty gi-benczo-
et Nitliddzbt- 5§ TAe! prﬂamoi-yﬁ sctrm%}oxﬁythyldlf%l%ldalz&)l ~pyhthéthanol

uor onet hyl - | H-| m dazol - - met hanol

further purified by RP C (reverse-ghase HPLC) to
give 1.1 ng of the pg%ﬁtonpound @‘Zo urity). LCVB
to/z 567.1 (M), R 2

nNe F16 Preparation
of 2-{4-[1-Methyl - 2- (4 tHr_?:f:[E:gr hyI phenyl am no) - 1
H benzoi i dazol - 5-yl - 25%¢

oxy] fAlgO Sigmid2 e 20069%@%&&&@5&&@%&& 58% vitdR tdhne, 0.1

2007/ 0279 PCT/ U
mL) was added dropwise to a solution of 2-{4-[2-(2-fluoro-5-trifluoromethyl-

phenylamino)-1-methyl-1H-benzoimidazol-5-yloxy]-pyridin-2-yl }-5-trifluoromethyl-1H-
imidazole-4-carboxylic acid ethyl ester (0.0104 g, 0.017 mmol) in toluene. Effervescence
was observed and after 20 min, the reaction was quenched with H,O, NaOH and extracted
with EtOAc. The organic layer was washed with H,0, dried over NaySOy, filtered and
concentrated to give 5.9 mg of crude (2-{4-[2-(2-fluoro-5-trifluoromethyl-phenylamino)-1-
methyl-1H-benzoimidazol-5-yloxy]-pyridin-2-yl}-5-trifluoromethyl-1H-imidazol-4-yl)-
methanol which was further purified by RP HPLC (reverse phase HPLC) to give 1.1 mg of
the pure compound (98% purity). LCMS m/z 567.1 (MH"), R, 2.40 min.

Example 16
Preparation of 2-{4-[1-Methyl-2-(4-trifluoromethyl-phenylamino)-1H-benzoimidazol-5-yl-
oxy|-pyridin-2-y1}-3H-imidazole-4-carbonitrile
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10

15

FN-=N NNHEN~~ ~N H,CA slurry of
{1-methyl -5-12-(5-trifluoronethyl-1H i m dazol -2-yl)-py
woi2ai7r2dsyl oxy] - 1 PCT/US2006/034112
H benzoi m dazol - 2-yl }-(4-trifluoromnet hyl - phenyl)-am ne
was prepared according.to Exan'pl el (1.83 g, 3.4
mmol ) and 28 % NHAOHF in Me 0 nm) was
sealed in a 5 tube an at 3o C§—€Wor 3 h. The
reaction was nonitored WE& the crude
reactl on mixture was added to a separ atory funnel and

t t h, Et 0 d . (50 .
o 198 b SiP A A S R i yiow
1}%%%% 8\1‘ 3. 91} (ﬁttgﬁﬁofo%lééhﬁ%h%{)l) arhii® wisqaepazed @chfcﬁng to
brine, then dried él\/%s
Emmblc dmiwatgc &ﬂemrnoﬂfla@d 28 &’dbﬂb%bl@étmbb@ Me(db (b gilgyyas sealed in a

bt I S ot S oA RGBT SO o e
reQ&%%muﬁemls addad 19>a)skpatiotefufine- aylﬂ}paﬁiﬁonad mat@m-(ﬁa) and
rbonitrile as a white solid. LCM5S nfz 476.1

wEiRB () reb) 1?@913&%@%&9@9@@%@%@6%@% phase By |eé¥x%%d with

E@g @r )6% e glu res g%@ﬂm‘gﬁg&r? e%?ﬂ{lﬁ?&fé %f'lieg}i%@girn:lw dried
(MESOY)] &gl contaitiadds 'Elfeesduderprodhtw way adstmdmd&nm SIOneand purified by

ﬂ%%"c@?grﬂgggggﬁ; tci),glvgapéﬁérlgp yl-%rzé‘f-t -p]&e gammo) 1H-
- - lsBlid.
%&r (i1 sl\gprgﬂm{dﬂ{llg-yf}% %ﬁdﬂguda%%% carﬁaﬁltﬁe s BXaiRlselid. LCMS

m{3476eY MBI yI - phenyl ) -{1-methyl -5- 515.4 ¢"3 N
[ 2- (5-phenyl -1 Himdazol-2-yl) N H/
pyri di n- 4-yl oxy] -I H- benzﬁxampliesrﬂﬂéﬁbl -2-yl}-amine 3
18 F_F {1-Met hyl - 9,
i mi d¥hepompgunds Stiia FKBRYg Tables Erigmpleg1 2,590 were prepared

ibed £t Etx%in {dsNW16. Whrious starting materials used in
f?]lﬁj“gfr?% I{%[b%aall‘%%any ! - phenyl) IEI Sam ne -50 s
the synthesis of the compounds will be apparent to one of skill in the art (e.g. Tordeux, M.;

Langlois, B.; Wakselman, C. J. Chem Soc. Perkin Trans 1 1990, 2293).

Table 1
Example Structure Name MH+
17 O, (3-tert-Butyl-phenyl)-{1-methyl-5- | 515.4
C?C”’ r;w [2-(5-phenyl-1H-imidazol-2-yI)-
’ '«NID/ NN pyridin-4-yloxy]-1H-benzo-
. 2N imidazol-2-y1}-amine
18 - { 1-Methyl-S-[Z—(S-.pl.lenyl-lH- 559.3
s . imidazol-2-yl)-pyridin-4-yloxy]-
@ N o\c(l”\ 1H-benzoimidazol-2-yl1}-(4-tri-
H_«N Ln fluoromethylsulfanyl-phenyl)-
He amine

-50-




WD 2007/ 027950 PCT/ US2006/ 034112 Exanple Structure

Name M+ 19 H3C HH3 (3-tert-Butyl

- phenyl ) - {1- net hyl -

woQi7b27430 N F [ 2- (5-trifluoronet hyl -1 H i m dazobkcCy/useqoshB4112

HFF 2-yl)-pyridin-4-yl oxy] - 1H benzo-
azlol -2-yl}-am ne  H3C 20
EK%H an 0= nyzngﬁja Wrn furan—B 5393 Lblame MH+
Yhy- phenylde { 1- net hyl - 5- [ 2- ( 5- {(Bitert-Bi t}ﬂlmueﬁylmmwthﬂ-s- 507.1
Him ddazzl 2K ) - 1H‘N N HFF|[2- (S-trlﬂuorometh 1- 1H-1m1daz(;oll-
pyridin- = C 1 ﬁHﬂ%nz
Br _"|F (4-53.6 15 -F{Fl- ?}ﬁ(gfg'gz ma@%?
/I NON of i (5-tudl fl uoronethyl -1 d326P-
)= rlaln 4 oX 1H-benzo- H3
'y { dg)zl - y ami %Je 22 E "3C [@ﬁuoro-}(tetrahydro-ﬁlran%- 539.3
(4 FI upr o- | sopr opyl - pheny,J ) {y)-pleenyl]s{ lpmethyl-5-[2-(5-tri-
met hyl + 5 [ (5 i fol or | {fludromethd- FH-imidazol-2-yl)-
i m dazpl - 2- rh )fl oxy pyridisNd 4y 1yl 1H-benzo-
1H ben20| m d - am ne  Ha{ida3]- E-yl}:aimine
= =51 L\OLlllluorOﬂE[ -"091. 2
H2ilm daz of* -yl)-pyridip-4 'é—Bromo-phenyl) {1-methyl-5-[2-| 529.1
oxy]-1Hb i i | 5 S?\/Tj( (4 (S\trifuoromethyll- 1H-fnidazol-2-
triflupr orret N - Bheny | \yl)-padiani-ylex gl HdEnfH3
(2- Fl upro-5-i sgé)pr opyl phenyl) - {ﬂitid%ll-z-'lyl}-hl’nlﬁlec
mettyt -5-—[—2-—(‘§Tr| ffooromethyr4TH — HF
i @2dazpl - Y pyri di n- 4-yl oxy]/@-Tuprong-jsopepyl-phenyl)-{1- 511.3
1H ben 70| azol 2-yl} HBetheb5+R245-trifluoromethyl-1H-
(2-Flu Jr o- _< wp 5ad17n1ﬂazom\cyl):pp’nrhn544—yloxy]{
1-met hyl - 5- [ &- vf | Hlberodmedaayl-2-y1}-amine
Himd azol
23 9_F {1-Methyl-5-[2-(5-trifluoromethyl- | 551.2
s 1 H-imidazol-2-yl)-pyridin-4-yl-
Q o I |oxyl-1H-benzoimidazol-2-y1}-(4-
H—QI:]D/ (O W rF triﬂuoromethylsulfanyl-phenyl)-
hé amine
24 LN (2-Fluoro-5-isopropyl-phenyl)-{1- | 511.1
) N T, [methyl-5-[2-(5-trifluoromethyl-1H-
Y _</N:©/° S 'n F imidazol-2-yl)-pyridin-4-yloxy]-
" n N 1H-benzoimidazol-2-yl}-amine
25 RV (2-Fluoro-5-trifluoromethyl- 537.0
N /\3_[ phenyl)-{ l-methy.l-S.- [2-(5-tri-
N Oy N FF fluoromethyl-1H-imidazol-2-yl)-
] N_<N:E>/ (n pyridin-4-yloxy]-1H-benzo-
e imidazol-2-yl}-amine
26 HOPhe (5-tert-Butyl-2-fluoro-phenyl)-{1- | 525.1
d : e methyl-5-[2-(5-trifluoromethyl-1H-
N oSN F imidazol-2-yl)-pyridin-4-yloxy]-
" ”_<,N Lon 1H-benzoimidazol-2-yl}-amine
H,C

-51-




F HEN
i m daz

I NII

ol -2-yl}-am ne

pyridi n-4-yl oxy] - 1H benzo
26 H3C C H3H3

"3C

wO3ed7ant9sBut yl - 2-f | uor o- phenyl ) - {1 - 525.1 N~j PET/US2006/034112
mathyl 5-[2-(5-trifluoromethyl-IH\ | HF
mdaz |-2-yi)-py|iu'i||-4-yiux - F BN
Ekblnpleniz oi i dazolStRetprd - am ne H3C -51 WO N®0F/ 027950 MH+
PCI/ U006/ 034112 Exanple Stry Eﬂii{lc?r Na u'\é'r_gmeztﬁyli-: F 483.1
(Z/Fl upr o- B%¢i fl uoromet hyl - 48571 0P
phenyl ) - { t hyl - 5- [ 2-%S-get h enyl)-{{l-methyl-5-[2-(5-methyl-
1H i mi Hazpl=24 N- 4- yI {1Himidezeledryl)pyridin-d-yl-
H benzpi m day or-e2 yl 32" H3C ami fexyl-48l-perzoimidazol-2-yl}-
(2-Chl oro4f'r|fluoromsthyl S\ﬁmme FENF
1 2?”0 - rrf_‘t :ﬁylH_ |5m[ gag; t r2| yl‘é)z oxgo 4—tr|}huorome51yl- 553.0
pyri di h- 4- xy] - 1I—5— ben ’QHL gyV-3- ?H}’l B9
H3C CHB (5ut et- or o pespgEthyl-1H-igidazel-2
S = met hyl - 53p2- 5 PFY 1 uor o pyidintHylexylHE-Rengor
i m dazpl - 2-yl)-pyridin-4-yl oxy]|imitimbl-2-yl}-amine
TH ben70| m,dazQl-2-yl }-amne /
( 25 ujr o- i di ny4}y| phenyl &-teg%gtgl- -cmoro-phenyl)-{l- 541.1
1- met h éfg‘e 5-1r f | u h Dehet hymethyl-5-[2-(5-trifluoromethyl-1H-
- mi da7ol < r| dl §-§| - Rimidapol-2-y)-RysidipeNy oxyl-
oxy] - 1H benszﬁ azol 2 yl } H3(JHfﬁenaoiBliddiol-Z-yl}-amine
(Z-Fiu)rostrlrluoronemyl 6131 F F
phhyl )} - { 1- #e¥hyl - 5- [ 2- (4- pheny(2-F1u01:o-5-pyrldm-4-y1-pheny1)- 546.5
5-triflluoronpethyl - 1H i m dazol - 3{1-methyl-5-[2-(5-trifluoromethyl-
15 1H-imidazol-2-yl)-pyridin-4-yl-
F N-(’ \G)\ oxy]-1H-benzoimidazol-2-yl}-
amine
31 . (2-Fluoro-5-trifluoromethyl- 613.1
i % phenyl)-{1-methyl-5-[2-(4-phenyl-
\ N “{S - 5-trifluoromethyl-1H-imidazol-2-
F H—(/N]@/ D yl).-pyrldln-4-ylox3.r]-lH-benzo-
HC imidazol-2-yl}-amine
32 . (2-Chloro-5-trifluoromethyl- 629.0
i % phenyl)-{1-methyl-5-[2-(4-phenyl-
\ o i ; F 5-trifluoromethyl-1H-imidazol-2-
a N N:©/ (O H i yD)-pyridin-4-yloxy]-1H-benzo-
R imidazol-2-yl}-amine
33 . : {1-Methyl-5-[2-(4-phenyl-5-tri- 595.1
dﬁf % fluoromethyl-1H-imidazol-2-y1)-
NS¢ pyridin-4-yloxy]-1H-benzo-
N O x"N F .. .
ﬁ_«N:©/ L L 1m1dazol-2—yl}-(3—trlﬂuoromethyl-
G phenyl)-amine
34 (3-Ethyl-phenyl)-{1-methyl-5-[2- | 555.1
CH, % (4-phenyl-5-trifluoromethyl-1H-
d o L i imidazol-2-yl)-pyridin-4-yloxy]-
IO 1H-benzoimidazol-2-yl}-amine
H,C
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F HEN C HF yl)-pyridin-4-yl oxy]-1H benzo-
i m dazol

Had

-2-yl}-amne 32 F (2-Chloro-5-trifl uoronethyl -
w6260702786F F phenyl)-fl - net hyl

-5-[2- (4- phenyl plIT/US2(66/034112

5-trifluoromethyl-1Himdazol-2- cl H (/N
yH)=pyrictn—4=ytoxy]=tHbenzo H3d—Tm dazol - 2-yl J-am ne
Esanﬁe{l Met hyl - Sufighited- phenyl - 5-tri- 595 Name F MH+
pya ?gf’"eg_hy'@;;g | m dazol -2 Y| L(E—tert-Butyl—phenyl) {l-methyl 5| 5832
H -
i m dazpl - 2%21 (3-triflghromet r(f‘Bbg g@; H xyﬁlH
34 (3-Ft hyl tnyl - !} Z0 p
(4- phehyl - 5-t *ﬁ”m t hyl - | H|tH-benaqimidazol- 2-y1} amine
L i m-dazbl-2 \I| \Sn\/r| di-p—4 ]I XY ILI'_ll
1Hghenpoi mi dazol - 2-yl } - an ne l(aobms& soalmﬁamempso 553.1
PCT/ USP006/034112 Exa e Str Uﬂ{eﬂy { Y- [B65-GH
(4-tert-B - Rhenyd )< L hyliegs yng-lmldazol 2-y1)-
[ 2-(4- ahem | W3 th Lg oﬁet hyl E N4 N16 - 1H-benzo-
I m dazpl - 2-yl ridin-4-yl oxy]:
1H-benroim X;);;rﬂpy’) \]Il 1 nmyno y:ll ”ud%g Ig-ylé}-lémlne
(Z7Chl pro-5-trifl uor orret 5% ~Hluofy-F=trpfhenyngthy 559.1
]}l' met hyl - 5-[ ,1F(5_-t ri ~N F|F Fohenyl)-{ 1-methyl-5-[2-(5-methyl-
IOy:rJiOIJIiO Iezl ;)XI—H T b C) |4 Z INHgl-X dﬂﬁ%éﬂﬁ% 37
F (2-F uofo-ﬁmt hyl - 'YE [ 24 ‘
pheny! |- {| - me€hyl - 5- [ 2- (5- met hyi§*4ds3-yl}-amine
4yﬂ1d| nl 41; Io)r(ny??iﬁll_ bén)zll . F FtZSCﬁiorc;L-S-'fl‘iﬂuoromethyl- 575.1
F phenyl)-{1-methyl-5-[2-(5-methyl-
d . N\N—cn, [4-Phenyl-1H-imidazol-2-yl)-
N NN idin-4-yloxy]-1H-benzo-
% H py1L yloxy
: u;zNI)/ = imidazol-2-yl}-amine
39 o (4-tert-Butyl-phenyl)-{1-methyl-5- | 529.3
He—<T [2-(5-methyl-4-phenyl-1H-
Oy |imidazol-2-yl)-pyridin-4-yloxy]-
N—?N:Q/ v 1H-benzoimidazol-2-yl}-amine
HC
40 . {1-Methyl-5-[2-(5-methyl-4- - 541.2
F phenyl-1H-imidazol-2-yl)-pyridin- -
NNecy,  |4-yloxy]-1H-benzoimidazol-2-yl}-
”_qN ™y ~ N (3-trifluoromethyl-phenyl)-amine
HSC'N
41 He (5-tert-Butyl-2-fluoro-phenyl)-{1- | 547.2
’ CH, methyl-5-[2-(5-methyl-4-phenyl-
: . NN 1H-imidazol-2-yl)-pyridin-4-yl-
N RS N T
F N ] :j | H oxy]-1H-benzoimidazol-2-yl}-
HHSC'N - amine
42 M [4-(4-Methyl-piperazin-1-y1)- 549.2
- phenyl]-{1-methyl-5-[2-(5-tri-
fluoromethyl-1H-imidazol-2-yl)-
H‘«N@/o | pyridin-4-yloxy]-1H-benzo-
:N Z

imidazol-2-yl}-amine
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N H3c i m dazol
(2-Chloro-5-trifl uoronethyl -

-2-yl}-amne 38

F

575.1 F F

thmxolz795{) 1-nethyl -5-[2-(5-methyl N N cH3 PCT/US2006/034112
4- phenyl - 1H-i m dazol 2-yl)- G N< N |
—4=ytoxy=tHHbenzo—H-nrdazot=2-ytF-amnme—H3C
; (4tert-mtmch}rphenyl)-{l-rrethyl 5-Na@@. 3 "3 MH+
2-(5- et hyl - henyl- 1 HN "
: azol - ZY 'if Byrl )él n- 4- ymonym sz (il'FI{P o-5-trifluoro- 2271
1H benzoi zol -2-yl }- b phenylamino)-1-methyl-
{1- Met hyl -} _2<N W4~ 0541 1H-begzgimidazol-5-yloxy]-
phenyl {1H-i M) - pyr| di |pyridin€Had }-3H-imidazole-4-
4-yl ox;] 1H B*ecnzm m dazol 2- y| }cadbdkylic aldldmethyl ester
3- ['uor onet hyl - phenyl m n H3C 5
( t - But yI -f ﬁorg phyng( )él {Sﬁ“lﬁ 1o, 0- 625.0
met hy| 8- met hy bheny!  [ewthykphenylamino)- l-methyl-
1Him dazo Wy@él © yl -|1B-hemrpingdagol-fkilokydmi ne
42 H CON [ 4 (4 razi n-|pyydip-2-94 S-2ifluohdmethyl-
phenyl Ji- { 1-wret hyl - 5-[ 2- (5-t ri|1Ntinfidazole-4-carboxylic acid
fl uoronet hyl - 1H-i m dazol - 2-yl ) -|@M &stdtF F
pyTidif- 4=yl oxy] - LFF benzo H, C ijm dazol - 2- yI f-am ne
- 54 WD|20Q./{-627950 PCT/ US2006/ 4l umro-ftriHporemethyl- 537.1
Structyre M+ 43 F F F phenyl)-{1-methyl-5-[2-(5-tri-
2-{4-[2-( 2- uer ,J're‘{ =0- [Hdroinethyl~13Etmidazol-2-yl)-
met hyl - pheny ﬂlﬁ@@ \@i hyl F\ gﬁrdﬂnﬂl-yl@xﬂ 1H-benzo-
1H _bel_m oi m da@ol S-yloxy] " N \I¥idhbol-2-y1}-amine
pyTTdiTf- 2=yt =31 m dazole-4-"*= carboxylic acid
medthy| |est @ NI’\>_'<F (2-Chloro-phenyl)-{1-methyl-5-[2- [ 485.1
of N _«ND/O@H\Q FF |(5-trifluoromethyl-1H-imidazol-2-
o AN yl)-pyridin-4-yloxy]-1H-benzo-
) imidazol-2-yl}-amine
47 s (2,5-Dimethoxy-phenyl)-{1- 511.1
NIMF methyl-5-[2-(5-trifluoromethyl-1H-
N~ ]@/"@N/LH FF |imidazol-2-yl)-pyridin-4-yloxy]-
Z 1H-benzoimidazol-2-yl}-amine
48 O +  |(3,5-Dimethoxy-phenyl)-{1- 511.2
H:,C'OQ N o\éj':p\?“;ﬂp methyl-5-[2-(5-trifluoromethyl-1H-
=IO imidazol-2-yl)-pyridin-4-yloxy]-
e 1H-benzoimidazol-2-y1}-amine
49 Q N {1-Methyl-5-[2-(5-trifluoromethyl- | 519.1
N O FF |1H-imidazol-2-yl)-pyridin-4-yl-
”_qmﬁ \GQ/L oxy]-1H-benzoimidazol-2-yl}-(2-
H:C trifluoromethyl-phenyl)-amine
50 (2-Ethyl-phenyl)-{1-methyl-5-[2- | 479.2
R.«“:@/ OG)‘H PP |(5-trifluoromethyl-1H-imidazol-2-
He g yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-yl}-amine
51 N *  |(4-Ethyl-piperazin-1-yl)-(2-{4-[2- | 609.2
d " . N (2-fluoro-5-trifluoromethyl-
¢ Y j@N/E phenylamino)-1-methyl-1H-benzo-
hd imidazol-5-yloxy]-pyridin-2-y1}-
3H-imidazol-4-yl)-methanone
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44 F o /- CH, 2-{4-[2-(2-Chloro-5-trifluoro- 625.0 cr
FNo" F 1H benzoi mdazol-5-yloxy] Fc¢' HENI | iN
woRoi7dRTes@- yl }-5-tri fl uoromet hyl - H3C PCT/US2006/034112
1H i m dazol e-4-carboxylic acid ethyl ester 45 F F F
(2=—Ft UI o-4=triftuoromethyt= 587. I phenyl)-{
Eﬁampieh - 5- [ 2- (BtrugtireE A N 0 NN- ~F fiN@@onethyl -1 | MH*
m dazol I H 11 iN
p9 i diln- 4-€§§ﬁo¥y% 1H-bQ\| o -bi3C %1 orq -j-trlﬂuoro 556.1
N F (2-Ch %{)\ - net hy @I 0)7 -mF
1\ 0 1 I FNFH‘Ff A1 P'f Puor onet P . "YOEY]H
y1)-pylri di nd-yl oxy] 1H benzo- |ppididin- -Yl} 3H'1m1daZ016“4'
i m dazlol - 2-yl }-amine 47 0 H3 [carboxylic acid (2-hydroxy-ethyl)-
(2, 5- O met hoxy- phenyl ) -{1- 511|ainifliSF
met hyT|- 5-12: (5-trifluoronet hyl
i ﬁ?dzlz l - pyrl di n-4-yl oiy {J % }_ng-%-%nﬂuoromethyl- 551.1
1H ben20| azol yl} 4 4 g H-gpjdagol-2-yl)-pyridin-4-yl-
(3,511 Wl +'511 |oxy]4Blebquzpintideroli2eyl n2-
t hyl - [ 2 (5‘- met hyl - | Hiddrod5Mrifluoromethyl-phenyl)-
i m dazpl - 2- VFf pyri di n-4-yl oxy] mnﬁk 1
H—ben20|nldazo| Z-yI'} -amne 4
{ BAMet hyl - 552 (5- Vrit1 bor omet |{§4rF1u@fj?95 Elﬂ"f@mﬂ%ﬂﬁ 5674
1H i mi paz 2 yl)-pyridj y| [#hepyt{Rrmethexy-1-methyl- 5.5
oxy] - 1H be % r ( 2{[2H5exifluoromethyl- ~1H-imidazol-
trifl upr oﬁetnm nYby - ani ne B NEEdin-4-yloxy]-1H-benzo-
(2-Ethyl - phenyl ) - { Bryret hyl - 5- [ Zimida7dl-2-HBGmige (' N |/
HF F (5~ trlrluoronetn I-TH 1 m[dazol -2- H C .
y135- pyr | d||= “r- y1 oxy] - 1I¥|- benzo- {QrMgthayy- 12;?‘7?}”215 Grdrg- | 5494
51 F F Et hyI pi Zi n{flugrppe az9b3-y)-
N (2-f uoro t hyl Fp)NldlﬁAﬂryIN{y] 1H—benzo—
phenyl am no) - %’c H benz gimitifo1-2-y!1}-(4-trifluoromethyl-
i m dazol - 5-yl oXy] - p)?'?‘l di n- 2- yl Yphenyl)-amine
56 Fr /—CHs (4-Ethyl-piperazin-1-yl)-(2-{4-[1- | 591.2
)b N methyl-2-(4-trifluoromethyl-
\C(LN phenylamino)-1H-benzoimidazol-
:©/ § 5-yloxy]-pyridin-2-yl}-3H-
imidazol-4-yl)-methanone
57 i {1-Ethyl-5-[2-(5-trifluoromethyl- | 533.1
- 1H-imidazol-2-yl)-pyridin-4-yl-
\ F [oxy]-1H-benzoimidazol-2-yl}-(4-
:©/ \C(L” trifluoromethyl-phenyl)-amine
58 N F 2-{4-[1-Methyl-2-(4-trifluoro- 538.1
Fb -~ °" | methyl-phenylamino)-1H-benzo-
IRELNEN ’?‘% imidazol-5-yloxy]-pyridin-2-y1}-
”‘%Ij (n 3H-imidazole-4-carboxylic acid (2-
HC hydroxy-ethyl)-amide
59 cLF 2-{1-Methyl-5-[2~(5-trifluoro- 535.3
F  |methyl-1H-imidazol-2-yl)-pyridin-
" o NI/}—II:"F 4-yloxy]-1H-benzoimidazol-2-
HO ”—«N Ly " ylamino} -5-trifluoromethyl-phenol
H,C
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3 Himdazol -4-yl)-nmethanone -54 WO 2007/ 027950

PCT/ US2006/ 034112 Exanple Structure Nane M+ 52 F F
wa200/p®s50 2- Fl uoro-5-trifluoro- 556.1 F PCT/US2006/034112

met hyI phenyl am no) 1- net hyI F"

411

Henpormdazot=5-ytoxyi—+H7C€

Fomipth - 2- vl } - 3tiweiwdazol e- 4- car boxyl i ¢ Maing MH+

(2- hydf oxyF ethyl)- am de 53 F F

{ 50t h{/| "Bl 2- (5-tri f1 uor onet hyt- %%fﬁflu - frifluoro- 494.1
1H-i i figzpl - 2-yI ) ple\I_[‘L4 yI -phenyl IRIO): -methyl-

oxy] - 1 ?@T G%L viy-(2- Ilirbﬂn%mmldazo 5-yloxy]-

fl uorof 5-t'y t hyl - phenyll?)lﬂql%é“ﬁ}éﬁ ipaidazple=dr £

( 2- Fl upr o- tr| f | uor orret hyl - 5gqarkoniffe £

Fhe?yl - &et hoxy-I-nmethyl -5 N O | N FF/ (" F
2-(5-1ri ororrethyl-ll—l—im'daz [ - l e =Ny"

2-y1) - )‘W' _4 yl o>%y] It?{ g- p2-(5-tritluoro-
. dazol - 274, 5NE REF methyl-1H-imi azo.l-,’z_-yl)-pyrldln- 35
{gb t hoxy- 1 B ma - (5-tri -yng_] -4 H-Rgnzoimidazol-2- 535.3
f 1 uor ofret hyl ¢ H i ni dazol 2- y| )|ylamino}-6-trifluoromethyl-phenol
yridin{4-yloxy]-1Hbenzo FF F g \ /N=N1 & N H3N c01

I 2 11 LA+ 3 £1 0~ | |

Ll i m dh—-n + o [} L .
T OazZ0o Z=yry— (= 1 goronetityTr =95 PJIeiTy T ) -dllrTie

56 F ~N - CH3 (4-Ethyl-piperazin-1-yl)-(2-{4-[1- 591.2
FF N N nethyl - 2- (4trif|u§?‘%"ﬂ£]le?§)9 \ N CAN |

h | ami
phenyl am no)Pr% A }Nfgﬂﬁ%té y—2 -NrO¥HELy])-formamide

5-yl oxy] - pyri I m dazol - 4 yI ) - met hanone
57 FF F {1-Et hyl -5-[ 2- (5-t@iN hyl - 533.1 1

H i m dazol - 2-yl ) -pyridin-4-yl 4

xy] - 1H benzoi ni dazol - 2-yb*f-\(H

N-(4-hydroxy-2-nitrophenyl)-formamide can be prepared according to the following
procedure:

1. Set up a 3-L, 5-necked reaction flask fitted with an internal temperature probe,
temperature controller, heating mantle, condenser, mechanical stirrer, 1-L addition
funnel and a nitrogen inlet. The reactor is with nitrogen for 5 minutes.

2. Charge acetic anhydride (245 mL) to the flask. Stir under nitrogen.

3. Charge formic acid (125 mL) in one portion (an exotherm is observed due to the
mixing and the reaction between acetic anhydride and formic acid).

4, Set internal temperature (IT) end point to 60 °C and start heating. After the internal
temperature (IT) reaches 60 °C, stir and maintain for another 2 hours.

5. Cool contents with an ice bath.

6. When IT reaches ambient temperature (ca 20 °C), start adding a solution of 4~
amino-3-nitrophenol (160 g) in 700 mL of anhydrous THF (tetrahydrofuran) via the
1-L addition funnel in portions so that IT does not exceed 40 °C. The product starts
to precipitate out as a yellow solid.

7. When the addition is completed, replace the ice bath with a heating mantle. Set IT
end point at 60 °C and start heating.
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Fo \ N\ &NH<NI HF
trifluoronethyl-phenyl)-amne H3CJ 58 F F

wa-200f/0pdosdket hyl - 2- (4-trifluoro- 538.1 F N ref PICT/US2006/034112

8.

9.

met hyl - phenyl am no) - 1H benzo No

| M AGe Qi flé/ fe%&Yc]n‘ ¥EieSd By BPY.C} “Thetreaction Normally takes less than 1 -
3H i'm dazol e-4-carboxylic acid (2- H3C

hydrimuy.- et hyl ) -am de 59 F FF

|?:|. |{ #[Vlgglt} ﬂ%lsgasrgp,[ngz mé%p}:lﬁs#l{"a?ﬁ%%i ag’g %0@ rrtLFM‘ WeHYE641 to room

4- y| enplraive ReRZAIEE shagol -2 Ho H -ON 1 H
| am no}-5-trifluoromethyl -phenol.. H3C -

y
1R2007¢0keo86 praipct s posnoEdliraton. B g he 47 Gt R0 L of

4-yl oxy] - 1H benBispapden of
yl am no}-6-trifl uoromnet h;@zN?heiol oHExanpl e 60

| nlv;k hYSVf%%B E%ﬁgl;}f g’rﬁ{né ggl%le(r g@ﬁr&fg E{ %(*) f’g\%lpﬁ'\finQH'% yacuum with a

1H bentieiafr ol anedgeb bidedxyiil dtdusisténtweight is reached.
pyridin-2-yl}-3Himdazole-4- H C carbonitrile F F Ho
N F 3-{1-Methyl-5-[2-(5-trifdmmé 61N o N F
methyl-lH-im'dazol-2-y|)-fyri in 59b H'N ~N "

i -“methylamino-3+-nigrophenol

Preparation of N-(4-hydroXy-¥# rophenyl ) - f or mam de

02N CHlo~ N:cr 5 ~
N- (4- hydr oxy- 2- ni t rophenyl ﬁ-for manm de can be prepared

.accordi ng to the foll ow ng

AN

4-Methylamino-3-nitrophenol can be prepared according to the following procedure:
Set up a 500 mL, 3-necked reaction flask fitted with an internal temperature probe,
and a nitrogen inlet. Flush the reactor with nitrogen for 5 minutes.

Charge N-(4-hydroxy-2-nitrophenyl)-formamide (5 g) and anhydrous THF
(tetrahydrofuran, 100 mL) to the reactor. Stir under N to afford a yellow slurry.
Add the boron trifluoride diethyl etherate (3.83 mL) via syringelslowly.

Stir the reaction mixture for 30 minutes at room temperature.

Add the sodium borohydride (1.04 g) portion wise via an addition funnel.

Stir the reaction for one hour and monitor the reaction by HPLC every hour
thereafter (reaction typically takes 3 hours).

When the HPLC sample shows the starting material is less then 1.0 % slowly add 1
M HCI (40 mL) via a syringe over a‘period of 10 minutes.

Stir for 60 minutes.

Add 1 M NaOH as needed via a syringe to bring pH to 7 + 0.5.

10. Pour the reaction mixture into a 500 mL round bottom flask and concentrate under

reduced pressure (20 mm Hg, at 25 °C) until ca 100 mL of clear liquid is removed.

11.  Add water (100 mL) to the reaction vessel. Cool to 0+ 2 °C with stirring. The

product precipitates out as a red solid.
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procedure: 1. Set up a 3-L, 5-necked reaction flask
fitted with an internal tenperature probe,

woeoganasaur e controller, heating mantl e, condeREEMS2006/034112
mechani cal stirrer, 1-L addition funnel and a

itr I

. E800 Y 5barg BF ARG Bl B ARIREOR R, Wash e
fl aSﬁlterS‘daké withderter R txr29gah). Air-dadpand thehahyircamoven af 52 BC /27 in.
mL) in one portion (an exothermis observed due to the
ni xi Hg vatbe P%lﬁt%@ﬁ&?ﬁls%%%@%nb‘é@% MBS g‘H PPEESEnd
formc acid). 4. Set internal tenperature (IT) end
point to 60 C and start he%’f% e6After the internal

t t f
another 2 hotreer AL Rerilobuidihecp AIRATRANAIT (21,

6. When I T reaches anbi ent Cénperature (ca 20 O,

start adding a solution of 4s_am no-3-nitrophenol (160
g) in 700 nL of anhydrous [THE|(tetrahydrofuran) via
the 1-L addition funnel i i%ns so that | T does

not exceed 40 C. The product starts to precipitate

out as a yellow solid. 20 7. Wien the addition is

conphatigekopytfiheQecaitvnyl ellotidé lkamibehprapdredintergdingrivlthe following

Set IT end point at 60 C and start heating. -56 WO
PEgedre27950 PCT/ US2006/ 034112 8. Monitor the reaction

1Progg P ¥. LH@IE}% Wa&ﬁe AGHaSP FittPO Wil a!rlﬁnl‘éﬁ{&ﬁen{&%iure (IT) probe, a

than starting material is <1
are a%mmﬁuﬁﬁﬁntrbllm heating mantealondensen orechanden stimennisrogen inlet,
wth an ice bath

h d
filt2ay qng tov@cg)nofttﬁ%cqqdp?s;gf tl@g%ectow%cﬁr @%er—ngag qu1d trap that

wat e!is inAltr @Mect@l@ o WL RetibBErfilied vAth 4pesk. 81t o€8 &l NaOH
27 Hg vacuumw th a gentle air or nitrogen bl eed

unt | Isolatlomamd stirendt witled glagnétis stisvss hBlsh theapqsit@ veith nitrogen for 5
Pr epar.atj on 4- nitrophenol O2N OH | o~
10 H™H® Wﬁf.’ﬁ’ﬁ@"ﬁ{‘ lgec %? o%oﬁgl can be prepared
2accorhafi@ thdnyhehldride (QWBDYtdthe eedtor followed B potagsiam Hdinide (38.4
m., 3-necked reaction flask fitted with an internal

tenp@ aﬁmp@q@mt@@@ng megegaty Sﬁ*ﬁftntgc{@‘é% @M. Flush the
e T R 2
4an hycsrec)ﬂﬁ ITHEd pbinf tes0r Ayt stdrtheating100 nl) to the
5r eact %{(e sasrfnl)lres gr?dd11e1£)nilt\(l)2r eo regcf:tlo%rlgjrogaregseby f—ﬁ%& Yhe¥eaction normally
takes around 14 hours to go to completion. Extended heating will result in more di-
chlorination.
6. When the reaction is deemed complete (less than 1% of picolinic acid is present in
the reaction mixture), stop heating. Remove the heating mantle.
7. When the IT is below 30 °C, transfer the liquid to a 3-L reaction flask. Rinse the 5-
L reactor with 700 mL of toluene. Transfer the rinses to the 3-L flask. Remove
excess SOCI, and toluene under reduced pressure. Repeat the process with 2 x 700
mL of toluene. Remove all solvent yielding a yellow-orange solid. Toluene (400

mL) was added to the reaction mixture. Resulting mixture was carried on to the next

step.
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3. Add the boron trifluoride diethyl etherate (3.83
m.) via syringe slowly. 4. Stir the reaction m xture
wba00780@795D nut es at room tenperature. 5. Add t heCTws006M034112
bor ohydride (1.04 g) portion wise via an addition
funnel. 6. Stir the react one hour and nonitor
the reaction by HPLC ever E%QHL}JIQ %O thereafter
(r eact i onPicppiatiah bf/4-t:h]oﬁﬁpy&dhmﬂ-sa)rboﬁylic\ébm-ltdﬁyﬂ dsker C
sanpl e shows the starting terial is less then 1.0 %
slowwy add 1 MHCA (40 nL)y via a syringe over a
period of 10 m nutes. 8. for 60 mnutes. 9. Add 1
M NaOH as needed via a s |r|p e bo\érlng pHto 7 0.5.

25 10. Pour the reaction nNxtgfe Yato a 500 nL round
bottom fl ask and concentrate wnde reduced pressure

5 é%%ﬂoﬁomiﬁdé@&%ﬁi&&il% f.elg t%@%ty]?%st%{l@%lrlgeiéltepéﬁglaccoramg to the

to 0 2 Cwth stirring. The product
féiﬁ)%ﬁ %P’i E:ges ‘out as a red solid. -57 WD 2007/ 027950

1PCT / EGRH0HI20B 4dkd botidm Bk (4atcketipwithadueshanigalsticreuand a
filtration through a coarse fried funnel. Wash the
filtEeregmeteli th water (2 x 20 nl). Air-day and then

20Ty iCRaRR (RVRActBE wall t&uénez(z 1) nllayrldﬂga @yl %) Qarfdoliitrityd @icarbonate

wei ght 1I's reached. Submt sa es for analysis.

ExanBeCED 85P5apar ati on of

33 glpgg %ﬁ&%’%ﬁqgo%“gi?e%%al hlp%?e-ftg% ﬁgl be pr epar ed

4accondignge 4 Qhﬁ@pfrfﬂhﬂe@%%omﬂ rcﬁlbﬁaél (686 &-to B rebi@oPat such a rate as
5-L, 5-necked reaction flask fitted with an i nternal

t enpés kdeprihe {ﬂtéli)lalptembﬁatuae ofitbe reemp@r b@lgwé ®¥ontroller,
heat| ng mantl e, ndenpse rrechanl stirre

Shitr g&g ﬁeqcﬁp%{was a We f@tsﬁcgyly GREESB 8{0% éen&%{,l &gn gl% I.';md stirred for

that {p$oaRnNnected to a 2-L, 2-neck liquid trap that

is in turn connected to a 12-L scrubber filled with

6appr SXhengthe i¢astien tsfdegmpdl perapletesisingt HBIqCa{ﬁaﬂ@g.mat@wl <0.5 area %)
W th _a magnetic st FIu

ni t r SRFERTAFLRD Was ‘ﬁ?shﬁ‘ﬁ Evétha Tt Een S ’u ﬁ rl;wtlr gluélﬁn (2x2L).

7 | OWTh FetiofRak@iee Whi ehgénteifiddourdeeredhiceBirsstire tbhremove toluene
r eact or foll owed by potassium bromde (38.4 g) while
mai nteafl msidyahpyiidiag.e stirring (ca 200 rpm). 3. Charge

&P I c o'élloﬁ]ue%x Zfd(gr&ii%vé% gadetdgaricnﬁ ﬁ'@%%&imn%mxt%% whdordcdntrated under

end n
reduced pressure to obtain the desired product.

EXAMPLE 64
Preparation of 4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carboxylic acid #-butyl ester

o]
woasas
\H =N
4-(4-Methylamino-3-nitrophenoxy)-pyridine-2-carboxylic acid #-butyl ester can be
prepared according to the following procedure:

1. Equip a 3 L round bottom flask with a mechanical stirrer, thermometer and nitrogen

inlet.
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5. Take sanples and nonitor the reaction progress by
HPLC. The reaction normally 20 takes around 14 hours
woaogm2tso conpl eti on. Extended heating will reBaruS2mw6/034112
nore di- chlorination. 6. Wien the reaction is deened
co e I BAR, Hhe ealdynic acid is present in
2't hgrvf‘}le%%i tﬁiggéa%tokt ur e@l‘,ﬁ(gﬁzggl(%a@i ng. Renove the

3.heatBrivg 1 Médction Vessdlhaudet inert hifndsphérel ow 30 C, transfer
the liquid to a

3- ion flask. Ri h - 2 ‘g
1 e bt ecerBs T bt R Senrer Gk, PruBebine 2
the é-é%»égh@a&d t-*Bﬁfmaera@g %ﬁ%n@@%lﬁm (1D).uene under

reduc ressure. "Repe € process with 2 x 700 nL
5.0f tSHrtheeactRenvyeroaslly andheatie 1§0 eC.di ng a
el | ow or ange sol.i

6 he. Wsb theoRestORbA e aTtTe JoRE e (o 0 1 &igpppyridine-

to ts lic si®PbutyP@sS, 20@71h8269 9éhction mixture into 3 L of stirring
PCT/%%%%@ 1534112 ugiaﬁp\égegw Preparati on of

4- chtoot wpter (i yvidu@e ar boxylic acid t-butyl ester C 0

O 4- i.di.ne- 2- b [ i. idt- .
7GRN PR RLATE 25 s BBl Syt
gl EQsP1R idddated 5QUNitR Hated 2 k R06 knl(Honewbdbly heptirde @ x 200 mL).

mechani cal stirrer and a ther poneter . 2. Charge the

St . 1ar ge th
9.r eacDoy maferipl inolagame oyen @) 45-p9 r¢ gniilcopstant weight'is gefpeved.
di -t-butyl dicarbonate (BOC)20 (855.5 g). 10 3. Cool
the reactor so that the inExamplé6benperature is 0 C

4. Add the, 4-chl gr ridines: 2- car banyl '

5t Sremioatddt GRIGHENRE-S TSR ER Pl ettty e
internal tenperature of the reactionCtbelow 5 C. 5. The
reaction was al |l owed om.sleawl Y. c to roomtenp
(-20 © and stirred for ou |s. 115 B. Wen the
reaction is deened co cete~usi LC (starting
material < 0.5 area % Hthe reaction was washed with

T
o 8y I BrdePlME0G. 2nd then the eaction
1ni xt Bqeipmak)0don eornddogam fiask withppnifreaerindet ppechapical stigrer, and
obt aithner}nlggle%%si red product.
2. Charge the reactor with 4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carboxy1ic
acid t-butyl ester (10 g) via a powder funnel.
3. Add 2-methyl THF (100 mL) via a powder funnel.
4. Cool the reactor until an internal temperature of -25 °C.
5. Add the DIBAL (diisobutylaluminum hydride, 1.5 M in toluene; 72 mL) via an
addition funnel at such a rate as to keep the internal temperature under -15 °C.
6. Analyze the reaction via HPLC or GC (gas chromatography), checking for the
disappearance of ester.

7. Stir the reaction at —20 °C, monitoring every hour.
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EXAVPLE 64 Preparation of

4- (4- met hyl am no- 3- ni trophenoxy) - pyri di ne- 2- car boxylic
waceia/esut yl ester 0 02N 1 OO0 I/ eN N H PCT/US2006/034112

4- (4- Met hyl am no- 3- ni t rophenoxy) - pyri di ne- 2-car boxylic

s7eL SR B e B and2 BR8N L0 i or DAL

f | askdiwobtitylursianartiydalesdndrm@fitor tHeareamnivat &leepBébeating this step
nitrogen inlet. -59 WD 2007/ 027950 PCT/ US2006/ 034112
2. ikl theesterhastbsen gensHmede K203 (123 g). 3. Bring

R R b SR R S e i

5 l@ ¢ hlAekiahy potdssivan Eedmmrthmm;el (A0 gati 200 mhutfywateshe stif tbzﬂssolve.

LY. 55 Stir.th t'
19) 4 o ARG ot st fiyokctiog migghas ang Alew S PR BT.
IQee%d@ﬁ‘E{Hgfl E’gl‘_ﬂ’s(‘z@@niﬂ lf@tl{ei'e&u%n%?s@l %

4- chl oropyr i -carboxylic acid t-butyl ester),
1our Hela‘ethhmtactleam 1014 fnrﬂthﬂuewmntsdlrml& of stirring
ooI &)?lg vol une | sol ate the desired
§O5 f4 3P as an orange to orange-brown

10 §0| ' q{enﬁgle%he IBW%r%EqJeB@s lag& ated solid with water (2 x
200 nL) followed by heptane (2 x 200 m.). 9. Dry

lﬁat e fFiltdr thenongawia layentheonghaytug of ®111mt il constant

43{1?@% l eve@@ngﬁﬁy%ﬁégé rglt ing?z?f:ar bal deh

IXd e Add tHebeaBtibh Mixkirdehb al300 2L round bottom flask.
4- (4- (et hyl am no) - 3- ni tropheno;l(%agyrl di ne- 2- car bal deh

19de CW@%W@HGH muesredomgO el bhdisilpliowi ng
flask
15 2 r(rjlict 0@@,@}#@%“@? %%1&%%8?&@3 s?ﬁnd bottom flask with

t|rr and
2iher mme%act%n Rk fort1NRuf 8¢ T with

4- (4- met hyl am no- 3- ni t rophenoxy) - pyri di.ne- 2- car boxylic

22.  Filter the reaction mixture through a course fritted filter.

23.  Allow the solids to dry on the filter for 30 minutes to 1 hour.

24.  Analyze the solids by GC and NMR to determine the % alcohol, slurrying in
20 methanol at 30 °C for 1 hour (5 mL of methanol per g of compound) if necessary to

remove alcohol impurity.
Example 66
Preparation of 4-(2-(5-(trifluoromethyl)-1H-imidazol-2-yl)pyridin-4 —yloxy)-N-methyl -2-

nitrobenzenamine

N
)\
O5N o) I N }CF;;
\N ~-N H
H

4-(2~(5-(trifluoromethyl)-1H-imidazol-2-yl)pyridin-4-yloxy)-N-methyl-2-

25

nitrobenzenamine can be prepared according to the following procedure:
1. Equip a 2 L round bottom flask (3 necked) with a mechanical stirrer, internal
temperature probe, temperature controller and condenser.

30 2. Charge the reactor with water (590 mL) via powder funnel.
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30

' 1%oncehueaths § hacacrorifibs

20 acid t-butyl ester (10 g) via a powder funnel. 3.

Add 2-nethyl THE (100 niL) via a powder funnel. 4. Cool
woOherreasbor until an internal tenperature of PE¥H/US2006/034112

Add the DI BAL (diisobutylal um num hydride, 1.5 Min

t ol - 72 i dj .
5.0 SRRl e BB PRSP B Gl SReltic)
4.6. Aviabye flableusedadt theRodiing aditate dhurg8Gviftgwater (30 mL).

chromat ography), checking for the disappearance of
5.est dileat the ga¢tiontthé0°eacti on at -20 C, nonitoring every

h 260, M0 2007/,02.2950 . 8. ;
o 3 B RACD R RR e SO TR gk i
0.5 g uitaheiinpeturbBie redctlon aadeyt1pd aCuni num hydri de)

and nonitor thée reaction. Keep repeati n(g this step
7.unt i Heatlthe teheticasd en inteabiemperabne et °©. Once the

HEENERS L DTN e X e
oML O)I(eégﬂastt* in?ﬂ% rée‘iclti%{npap 160 SR tMGhe st%%ing%ﬁ’aqeﬁﬂ?s aquequs
solutraon to e

reaction mxture and alflowto warmto

IRT.  dRce e dea’tiorisaompletEcdol @k @hitidnamixere tes63 PON

vessel . 13. Heat the reaction to 50 C for_ 1 hour \Mh

1kt i r Whilg the reaction is 6oplingeeqtina 8- raynd bpemflask acketed 4 neciced)
Renove, t he | \ j t. B0 j

ayerip s pBUaY DRy perise Shod Hler Q0 fRBAGr and
W!thm%c}[@ldaybtiﬁéﬂE (2 x 50 nmL). 18. Add the reaction
oncEharga e § PaeachE TRk Atieiedop b g yiad bisyder funnel and begin
di stjsthjfiﬁ%i on. 15 20. Cool the reaction mxture to 0 C
with™stifring. 21. Stir the reaction mxture for 1

1hour Charg® ti& 5 R2eackor widr 44 hémetbyleniinn-Irhitophencxiinytigmez2-

course fritte [lter. 23. | ow the solids to dry on
the F?P?lé?hwgzéd)g)rﬂlﬁB?@gert‘ﬁlmf?'hour. 24. Anal yze the
180! 1 @50 ¥hdFovald fMHRI fvith el BAdE e ngQn]% @atcobsl L, reactor.
slurrying i'n 20 nmethanol at 30 C tfor 1 hour (5 nL of

1fret h&haige tler 5 § rofctaromigodh ¥ ethanoh€bdEdary to renove

8¢ RITRE o, TR B8, st g 3 rsr
| oxyreMpemidY bf fie nhiktur®REnEPoaHTINE 35 RC. .

17.  Slowly add conc. NH;OH (1.3 L) portion wise monitoring the temperature. The
reaction is exothermic so the first 500 mL should be added in portions keeping the
internal temperature under 50 °C. The total additioﬁ time is ~ 25 minutes. Elevated
temperatures cause the final product to become redder. .

18.  Heat the 5 L reactor to 50 °C.

19.  Stir the reaction mixture at 50 °C. Solution at this point is usually reddish-orange in
color. |

20.  Monitor the reaction every hour until the reaction is complete.

21.  Once the reaction is deemed complete, cool the reaction mixture to 0 °C for 2 hours.

22.  Isolate the product by filtration through a coarse fritted glass filter.

23.  Rinse the reactor with cold ethanol (150 mL). Transfer the rinse to the filter.
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2N ONNCF3 ~-NH N 25 H 4-(2-(5 -
(trifluoronethyl)-1

woékoTicdazol - 2- yl ) pyri di n- 4-yl oxy) - N- et hyl - 2-  PCT/US2006/034112

ni t robenzenam ne can be prepared according to the

ol | a2 L round bottom fl ask
% ggﬁrggﬁ%gﬁﬁgag%%%’#a‘ﬁgtgg tl rrer, internal
5e”DSf1ﬂ£Aﬂ’®oDﬂféki§act(§rQUH@f°@tUre control I er and
condenser. 30 2. Charge the reactor with water (590

26d) Uransfpoiltereticakmbpm the §ltenipthod i/regctas o

20 Begin stirring the mxture and
lZ)hargg ?WS{O%; %@,m ¥ sodi um acet at e (240 g). 4.
2R nsw&é@%efﬂr@&kct Hg6ekH Héoatearined blss Akat at e char ge

with water (30 5. Heat the reaction to 50 C

22dd Rmedhemeemr mth weter(250 mbs.o praspignthe e tq @193"11@;
ort the internal

? & %ﬁ?%gthrgefgge ?‘gg%oﬁlger 100 C. 7. Heat the

31 eac tDrzﬁﬁfdr eheptoduidt € H2IL foRndBotdm faslofsinkldndck) 8nd Whdbix dry using
stirring the reaction for 1 hour at 100 C, . renove a

sanp |aéoﬁ°am evap@nayg ivgth a bath fesesrajurerafidd g Gl p egritany yeight is

100 C un the starting material is < 1.5 % 10. Once

t he rreegg |on is conplete cool the reaction mxture to

<65 C. 10 11. Wiile the reg@gample d7s cooling, equip a 5

L round bottom fl ask acketed 4 neckeq)

ot @mraqoe@éér@t(ér@fém%ethmﬂ&%w s oy NI

refl ux condenser and I 12. Charge
t@ﬁﬂ%@ﬂi&x@ 1,80k - 9

the 5 L reactor with e acetate On) via a
powder funnel and begin stirring. 13. Charge the 5
L reactor with HoN o] d CF,

4- (4- (met hyl ani no) - 3- ni phe ox pyH| di ne- 2-

car bal dehyde (200 g» powd nnel. 14. Rinse the

powder funnel with eﬂ-hyl acetate (200 nmL) into the 5 L

B e LT

1-dtatfife Edp@ é}%réﬁ éccbﬂ&h‘gt@rthé ﬂ)llob&népﬂocécam:t or. 20
ﬁ'e erature of the m xture at this Sm nt is -

117. §q131\m )a add reyne . batomodiagk (4 1&90 ovith @nnwcg@wa? stirrer, internal

oot 1Ptk oh Rt @pdtErpnlidfer, BRI Bl S reflux condenser.
port '@lmgd«‘the pdabigr tith EtOBT @26 alL ) véapewddrfimnelnBegin5arridg rapidly.

The total addition tinme is - 25 mjnutes vat.ed 1
3 en‘pé?hi‘(&?r el§ie c AeAstoTt R th ﬁé?-(g-ﬁﬁgﬁ@fom%hﬂg& gﬂ’n’é‘“ﬁ%@b’ &ryDpyridin-4-
yloxy)-N-methyl- -2-nitrobenzenamine (50 g) via powder funnel.
4, Heat the reaction to 50°C.

5. While the reaction is heating, charge a 250 mL Erlenmeyer with water (75 mL) via a
powder funnel. Begin stirring rapidly.
6. Charge the 250 mL Erlenmeyer with 3.0 eq. sodium carbonate (41.92 g) via a

powder funnel.
7. Stir the mixture until all the solids are dissolved.
8. Once the suspension reaches 50°C, transfer the sodium carbonate mixture from the

250 mL Erlenmeyer to the reaction mixture via powder funnel.
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25 18. Heat the 5 L reactor to 50 C. 19. Stir the

reaction mxture at 50 C. Solution at this point is
waomlkyso eddi sh-orange in  color. 20. Mnitor PCAIS2006/034112

reaction every hour until the reaction is conplete.

(521, R hOB0 Rl RS, TR0, posin s

t he ppfggict by filtration through a coarse fritted
lass filter. 23, Rinse the reactor with,.cold e ol .

u? 150Charge they 20smbErlenmeyerwigh 4 § qgq éocmnlflt dé&?omt-e eég-%gg via powder
2007 P : Charge the 5 L
reacfugrﬁgl\?{ng%r?e%%er E@ﬁogﬁgg%&é?ﬁ%ghd cool: the reactor

11.0 1Rapidly2Gir ther satids eatil tthey are mostik dissaloed.t he filter to
t he L. reactqr. 27, Stjr.at 10 C far 6 ] AUt 5

1he” Quickl Gaseersho i ibisin BEtBaAoE PErLDdu grisimeyer to the
filtRheti iR pRRder @RflePr W th water (250 ni).

Transt er tﬁe rinse to the filter. 30. Dry the wet
1%.ak eStintht heacfibh ttef0°Cdor 30 mpartes. 31. Transfer the

roduct to 2 round bot.tom fl ask i ngl e neck) a e e
1E ol Bt § 0wl B BREYeE TR 3 B ViRl o el Begin stiing
t enpgy C15,|.re of 45 Cuntil a constant weight is 10 ‘
recorded. Exanple 67 Preparation of L .
18- ( 2Chsegetthd 23 UmLdrnnnydype with 1.0 eq. sodium dithionite (22.95 g) via powder

H i m.dazpl - 2- vl ) pyr.i.di n-4-yl o ~N.1- met hyl benzene- |

, 2- d%ﬁ&sé&%ﬁﬁ@mﬁﬁéﬁ%a@ﬁﬁﬂa ‘Nl / N H15

16: (2R Eli'd(}t &irfthe glidgahimthey dmhastigldzseblvad.y! ) pyri di n-4-y

| oxy) - N1-'met hyl benzene- 1, 2-di am ne can be repar}gr(il

1c cofQuigkly transfercthe spdivu HELoniscaKGe from ﬂquﬁOpmé qumeyer to the
round bettom.f w th a mechani cal stirrer,

i nt ef ¥4 lon%é)ﬁt'bl%aeﬁgi’?gér‘gd%ro ee,l' tenperature controller,

18 t r QEeheRUi@RNnANSH ok 88 niipmesnser . 2. Charge the

reactor with EtOH (125 nl) via powder_funnel. Bﬁ%.%eq

18¢ i r Ghaggeracdi0any, Erleppeger vafuvaier {198 mlekvie 8pweT i
5 S SRR 0 2 by SR et v onc
f unn@hnneftjustesdbretaddition as theavadtion FHEk.

21.  Rapidly stir the solids until they are mostly dissolved.

22.  Quickly transfer the sodium dithionite mixture from the 250 mL Erlenmeyer to the
reaction mixture via powder funnel.

23.  Stir the reaction at 50°C for 60 minutes.

24. A sample is taken to verify the reaction completion.

25.  If the reaction is >98% complete, go to step 36. If not then continue to step 26.

26.  Charge the 2 L reaction flask with 1.0 eq. sodium dithionite (22.95 g) via powder
funnel.

27.  Rapidly stir the reaction mixture at 50°C for 60 minutes.

28. A sample is taken to verify the reaction completion.

29.  Ifthe reaction is >98% complete, go to step 36. If not then continue to step 30.

30.  Charge the 2 L reaction flask with 1.0 eq. sodium carbonate (13.97 g) via a powder
funnel.
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5. Wiile the reaction is heating, charge a 250 nL

Erl enmeyer with water (75 nL) via a powder funnel.
weegi7m2ssorring rapidly. 25 6. Charge the 250 BCT/US2006/034112

Erl enmeyer with 3.0 eq. sodium carbonate (41.92 g) via

powdet funnel. 7. Stir the,om . i1 all the

3z'ol i ggpgiyestgﬁg%gﬁgéo& ml@?mﬁ%ggo t@#é% gégn 6@%&%‘% reaches
320C, cma%@&flsa It héacEosl iR &athbioh @t esodivgh \@ithionite (22.0$ g) via powder
250 nL Erlennmeyer to the reaction m xture via powder
f unnémnel.63 WO 2007/ 027950 PCT/ US2006/ 034112 9. Char ge

25 Erl enmeyer Wit ° . Via powder
B g R b oot B 60 miled PNCheg
3k | enngyele Withltenko Qeff) the fdbtion cinmpletor.t e (22. 95 Q)
via powder funnel just before addition to the
3peact the zeartiorsis P8 Yreamniety, &2 1orstepd sol i ds untii |

hey ~ar ' ' trr . ‘
Soar heG i Ropdd Segn ¥ emplde, RSN 2 ] RIS ALT it water (125
to the) vieapbivder fmxdlur e vi a powder funnel. 13. Stir

the reaction at 50C for 30 m nuteﬁs?. 4. Charge a 250
3L EQoehtheyeactign DHx g 1or100 G gnd stir FéJﬁﬁB’O\der f unnel .

S TN b bl G

39 a KMM&&?? re‘aEll@ﬂ?Jéttht&ér_ (g{emr)e.mEarimmrlms; tb lbkee f_illter. )
reactjon flask, 16. idly stit the solids until the
4hr e rﬁﬁ’tthfilwﬁ‘i%agﬁp’@éhf%%ﬁm 'tBRﬁ%PgF’F‘aﬁ%*er t he sodi umy '

4f1ii t hicﬁmg&h@?ﬂ b &ida Pk Wi el qbo BT RAME Yowd e Fubie,
5 reaction mxture via powder funnel.” 18. "Stir the
4peactlransfatth&CRefback Bo themerction flask vighaqogwlenfumpel. m_

rlienpeyer wiwth water (150 nl)..via powder funnel. 20.
ar %%@rﬁe}tm@m@%ﬁﬁ%%ﬁoﬁ%. 0 eq. sodium
i t hitghte @hd Itﬁﬁd&& bg)ﬁltfﬁtﬁ)nﬁﬁmgh a cbthRB littddidhssifiteer e

addition to the reaction flask. 20 21. Rapidly stir
45he Rihsetbe mactor witheyater @5 mosk |Krarsiferdhe viase toghe filter.

iC ransfer t [ ifhionite mxture from
4[(the %%thiwﬁf?%ﬁ%%?ﬁﬁ% t#ﬁaeb%h% ggg‘?ﬂl'on m xture via
qowderrahdfértie proddet t8iY L kdiddribeaoin fusk &inglé Gedl) and Slowly tumble dry
mnutes. 24. A sanple is taken to verif¥ the reaction o
conplusttgenrotars epaporatpr with arbafictenparatue of 6@ 0%3&19;&11@ p gppstant weight is
go to Stﬁ{id 36. If not then continue to step 26. 26.
Charg:]fgcqJf "2 L reaction flask with 1.0 eq. sodium
dithionite (22.95 g) via p@Eseaimple 68

Preparation of {1-Methyl-5-[2~(5-trifluoromethyl-1H-imidazol-2-y1)-pyridin-4-yloxy]-1H-

benzoimidazol-2-yl}-(4-trifluoromethyl-phenyl)-amine .
F3C

NN —cr,
N © | NN
HaC

{1-Methyl-5-[2~(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-yl}-(4-trifluoromethyl-phenyl)-amine can be prepared according to the

following procedure:
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funnel. 27. Rapidly stir the reaction m xture at 50C

for 60 mnutes. 28. A sanple is taken to verify the
woeearioem3o conpl etion. 30 29. If the reaction i BCEHUSBMs/034112

conplete, go to step 36. If not then continue to step

t he,2 L i
sodléﬂﬂl}&aar %ﬁgt ¢ eESrwag?Ct{t/:ngn%;%g%t pital S%Irl] i et intornal
\r/\ga gtt@ﬁhféﬁ&?@ ?@b?%?b'g&%%@f é(ﬁﬁﬂ)lll L &7 nitBdgen @a;:geddnyl cohdansérhe
ion mixture a or t
22 b e fmesie i £BE s (- ORE-2 3 pyridins-
22. t h
et B b B RYE ;| I hing 1200 AR BoWgS fhind, e
3. SaanEargetHe&kwurtvaﬂvmetdnwﬂd'(d Ieazpowderdomplet i on. 35.

When_t he react on.is >980/ Iet t 36 36
4.0nc eBHHR SHERERORITure GE &b e 3p Bpdi SO tmosphere.

5! eacgrtgln %6 Lag Kniﬂ' tcﬂar@@ttl?é' réa@%@ w1fH—)1-tMﬂﬂoﬁnféﬂi/}‘I’1ﬂfenyl isothiocyanate

funne the"reaction m xture to 10C and stir
for (JthgDmapb@vdSBfunns]ol ate the product by filtration

throygh a.course fritted Ia L0 t
reac#o?anwl? i {Eﬁ%f"'é P O(‘i})]t‘.)n ﬁ’ﬁ% %%I{s {ér SOﬁﬁocﬁRh 51[? go t‘%ﬁfy reaction
filtgimpletiéh. Dry the wet cake onthefllter until it

nolonger drips. 41. Charge the 2 Lreactlonfla
7wi t hOne te r¢astion i comylete.Hiliss HeapiNtys Hapugh a eoarse éﬁtgﬁ glass filter.

glhe g? K& ilﬁe%%éct&@%{?l} 5&??1{15&9 {20@ rfn]ﬂ A MnftAne I‘lH%que filter.

8¢ unn eria Foom tenperature for
960 MiWnsh Ak rem®0otdidids Méthprooduittile(900 mlfration thr ough

fritted gl f
1& f P rneteF T2 to  peing ek qEnd odumifk pat § preghanical strer,
Et rﬁél?%}liﬁ@‘htu?@ﬁgg gcteﬁlpgrafu'ré &cﬁftrro‘(i)lgi;] élﬁ%foétéfl g%hréfélcbgg lfondenser.

11 S| n@herga el«ﬂ@eaanﬂwsh dNydiisopropgetylaming viagiomgenfunaelar y

lggﬁg ¢ g}tgg\r,@y d}:\a{]ctc?r vk\)n ]tng?cglﬁg]g‘)gf t i %Byﬁmg%zgpﬁpalrg lgrlde via péwder
of { AkiMEiD ¥dur SeuBralca tpbi'tfdn'é in@ﬁel(mﬂml(total addition tlme of 30 min).

Him dazol - 2-yl )-pyridin-4-yl oxy]-1

benz difter theAiial additign, @Howthe tea@rqnmtmw 1o FésrAp addifienglel 0 min.
.3 C lN-Ieat tll:le reacl}lon to 50 °Cx 5°C.

14. A sample is taken 30 minutes after heating the mixture to verify reaction
completion.

15.  Once the reaction is complete, transfer the reaction mixture through an in-line 0.2
um capsule filter to a 3-L round bottom flask equipped as in step 10.

16.  Add the water via powder funnel.

17.  Heat the reaction to 50 °C £ 5 °C.

18.  After heating for 2 h, allow the reaction mixture to cool to 20 — 25 °C and stir an
additional 1 h.

19.  Isolate the product by filtration through a medium fritted glass filter.

20.  Rinse the reactor with 2:1 acetonitrile/water (300 mL). Transfer the rinse to the
filter.

21.  Wash the filter cake with 2:1 acetonitrile/water (300 mL).
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HN--</\ \ H N\%N 25 H3C{ 1-Methyl-5 -

[2-(5-trifluoronethyl-1
woékoTicdaso! - 2-yl ) - pyri di n-4-yl oxy] -1 H benzo- PCT/US2006/034112

i m dazol -2-yl}-(4-trifluoronethyl-phenyl)-amne can be

repared accordin h f ol |, owi rocedure: -65 WO
2B S5 36 P Bt BubSn i 1 B Boib 2 2L 4 neck
23.ountralsret SNprddsktod Biyigg el had dgeathe sitdteriadin aivadwemnaben at 70 =
r r

S et o] . o i Slonle s s

4- ( aﬁéh'@%l uoronet hyl ) - 1H i m dazol - 2-yl ) pyri di n- 4-

yl oxy)- N - hyl benzene-1, 2-di am ne (200 g) via powder
24.unnEd redryRalligd) argduct hie heaet torefluxtin Ecwvolomes (weigh( to volume) of

ot BT SR PP FGERe Wil E R e O I Ggofiture probe,
S. A{eglﬁ)rera%ge contfBiRy, BRS¢ HukfeardeRBREG seM t N _
4-trifluoromet hyl phenyl ~ i sothi ocyanate (104 g%.w a .
2powdEhe fitnesl is refluxed Senddl minutestvalicarn digtiliation deadis substituted for the
addi~t(i§%n of the isothiocyanate to verify reaction 10
conpPBHBIT- 7. Once the reaction is conplete, filter

26.he PO YS istilledossd in@l £ osluaRs tenhdih e Blegligss stopptéand ofke volume of
R nse the reactor with acetonitrile (200 nL). Transfer
t he weiesis added-he filter. 9. Wash the renoved solids
ith - 0N L .0 1Qo~Transfer the filtrate
2)(“0 angﬁl)&H%eﬁééI&V%(ﬁ%%ogia%otoomgf ask wi th a nechani cal
281 i 1 Iselate the producebynfliratiemeoagiua mepiuabfitteti@igse fiieur e

2§ e e e B S et RO e e

9
unnegy Elgéaw Qﬁmyg)' th
3@'- chme}sg}% gl-géi%rret %/tpﬁvr%&ggggl i ni um chl oride via powder
3t.unn®ry the Weiwakeouithedllenforpbouti lommirevery 10 min (tot al
addition_tinme of 30 nin). fter .the final addition, o
331 | oM e nf bbbl a8 iy B st o e oven at 0 -
mn. Fc29 ."é%vithk"ées%aéf Rged Sfb QA il Bhsfant Kefeht httathed.
sanple is taken 30 m nutes after heating the m xture

to verify reaction conplegighoe Once the reaction
is conplete, transfer the FEACP I OR ni xture t hrough an
PrRphratién 6f @ -Metigdss[ah@-tfiflhdemetiryld H3inhidazmlney Ipoytidin4-yloxy]-1H-

flask equi pped as .in ste 0..25 16. Add the water via
powder funn ebepzoqp;c_lazg@&y?}-%Agtrpﬁ;géqrp%thﬁfﬁwg@ﬁ@mlge C.

18. Af ' 1i LW B! EaahIPWashdded 6 a mixture
o cac TuRGREEIBRL ofiern @00 e EaRhiIPRa

of 4-(2-(5-(trifluoromethyl)-1H-imidazol-2-yl)pyridin-4-yloxy)-N1-methylbenzene-1,2-

diamine (350 mg, 1 mmol) in 3 mL of acetonitrile. The reaction was stirred for 20 min at
ambient temperature and was monitored by HPLC. Triethylamine (0.3 mL, 2.2 mmol) was
added followed by 2-chloro-1-methylpyridinium iodide (270 mg, 1.05 mmol). The reaction
mixture was heated to 50 °C for 5 h. The heating was stopped and 1.5 mL of water was
added. After stirring the mixture for 2 h, the solid was collected by filtration and washed
with 2:1 acetonitrile/water (3 x 1 mL) to afford 317 mg (61%) of the title compound.

Example 70
Preparation of {1-Methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-
benzoimidazol-2-y1}-(4-trifluoromethyl-phenyl)-amine
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additional 1 h. 19. Isolate the product by filtration

through a nediumfritted glass filter. 30 20. Rinse
woOherreasbor with 2:1 acetonitrile/water (300 RCY/US2006/034112

Transfer the rinse to the filter. 21. Wash the filter

S007H s aeR A SASR bl Bt Yo R 1ot Al to g mixture
ofth@- {5 (thﬁﬁo&ﬁfetl@@om-nhda@@lf-,’l-ylaﬁyrldliﬁanﬂf))ey)-lﬂhmqﬂi}dbhlmne -1,2-
to a di sh and dry the mater; al mavagéjumov

e 350 Bl oD i 4 Al OF PiSEHTSy e SHGEE SR g) Folk Reambient
S
B S 3k IS b o R, SR 55
1 ZbnolpiniP@C]; (SeIghtaststirred htlamblem:ftemﬁe@tlre nAﬁelr léh,dhg mixture was
equj pped w t inter,

e IR PRPERET BB C. 1 o e aRAR T QT R EiRred by HBLG he tid

d%h@ ser 25. The m xture is refluxed for
c@#cr%ﬁnut egﬁvvhen a distillation head is substituted for

the condenser. 10 26. Et (ﬁ(éngp hetilled off until 4
vol unmes remain. Heating is stopped and one vol une of
ViPdepdraiion UL (2-BioroTheifhioxd-phenylaniab)-bwedhylel rbetzoimidazol-5-
0- 5C 28 Isolateth r oduc filtration through

a mediumfritted gl a¥8xy H&r’é}l‘r.le'%ﬁ?%ﬂl‘l’iré]g t he reactor

wth 4:1 EtOH water (1Cyé)l une). Transfer the rinse to

the filter. 15 30. M&sh the filter cake with water (1
volume). 31. Dry t et cake on the filfer for about

1 hour. 32. Transf e Rr.od ’YI ng di sh and
dry the material g aHmae({Juen 0 C 5 Cwth a
smal | bl eed of nitrogen umti onst wei ght is

att ai ned. Exanpl e 69 20 Pfeparation of
{1-Methyl -5-[2-(5-trifluoromethyl-1Himdazol -2-yl)-
ri di Step-ly| Syuyesikidf 4-(4- -Amino-3-nitro-phenoxy)pyridine-2-carbonitri e

benzoi m dazol - 2-yl } - (é ri fI ucg orret hy/ henyl ) - am ne
4-Trifl uoronet hyl phenylZ e (200 ng, 1
mmol ) was addedtoamx /N

4 (2 (5- (trlfluoromstH;N)

Rt e (ézmnhfe%,,wc.nﬁd@ -

té?ﬁpéi‘@tﬁfeqﬁidkf hit@gen! e AREAE BLiRoMRBOBGL4 §)pd- chhfro-ZQ:yﬁildipyrldlne
at™ 25 anbi ent % erature and was nonl taqred by

(3P .gémdmthwsql@ erfB0 ik, anfydspys) weese adiiedd 1he PY%‘W% avasﬁtlrred

2-chl. 1-neth di
R SRt APl Oy e T
r&hcuaﬂ Qrab BhicB61cHaAS revnPRARR AR, ﬁo@emnt@ﬁcem(m(somﬁm the
ed. After stirring the m xture for 2 h, th

pvmltaitﬁ wereadlgctsg, washed GliQndissrlveskdi@ac), dried (N az%%@ Fitered and
stripped to a solid. This was suspended (Et;0), collected, air-dried 4.1 g (73.5%) and a

second crop was collected (0.55 g, 10%). M/z=257 (M+1).

Step 2. Synthesis of N-[4-(2-Cyano-pyridin-4-yloxy)-2-nitro-phenyl]-2,2,2-

trifluoro-N-methyl-acetamide

=N
OZN:©/O\©// D/ \C‘/ —_— ~ j@/ \C/
HoN =N
76a

F300 76¢c
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with 2:1 acetonitrile/water (3 x 1 nL) to afford 317

mg (61 %9 of the title conpound. 30 Exanple 70
weéneganasoon of { PCT/US2006/034112

1- Met hyl -5-[2-(5-trifluoromethyl-IHimdazol-2-yl)-pyr

i di n-4-vyl oxyl,-1
beng)gfaﬁ'%/ Zc(yﬂ[bo?g{&;l(} (gg Was |dF1FClIJ in vacuo I}]?Vl}h heﬁtm coc_)lgfln to room
ternfefatife %Qﬁé&ﬁa&ﬁ& AL e T 1 B Wlth 4- (4-am1no 3-n1tro-

4-Trifluoronethylp i sot hi ocyana (200
thﬂY)PMmea%‘G@rbom@rﬂg (%;p)gﬁ under @ftrc}/gen Il"gls 'was cogped to 0°C and neat

2-(5- h .
trlfA[Bégwc(em %C{ﬁ Z%ﬁﬁ[b \xis) ag]d mglf: g@%ﬁﬁyd bpﬁ{f'rgﬁcﬂf Whs diluted
Wl't}[‘n%lghlmonﬁgthﬁl‘ée%gﬂieﬂ e, anNEQI) &iidd (o005, Qﬂte?e@l aﬂﬂdmtr&}iped to a

ient tenperature, HPLC analysis showed

yetowearsi Miz=33rMctr dhistpredrich Wias Bsedswithawy p qatl:?ﬁfo &)domethane
13 was _ s I re.

(Oﬂ?’ t"é]i’c}:‘ﬁasr?%if‘ﬂtg H%PH Sion J@%ta% r%kt otdgaep ;@g}ﬁ( i I#el y 50

difaet fbﬁﬁaﬂﬁaabl\gﬂ (303ﬁ1[2cohtagﬁgg amﬁpctmm:dézﬁbliy gHﬁ’m@l) under nitrogen.

Tli@lf stuspenswn nPr(ileJc? at r\é)vggl terrﬁggrlahge ove%n)%% theen pourerded%?o ﬁtd) %bO ml),

| r NAAR dried
g0 LY B e e OIRK e Hegllad L DY 0 RUCHR
(pNasshinﬁ)cErbUhhtbb ﬁiﬁbﬁzld ahd sBipped esyisldaf orange oil (7.4922 g). m/z 367
4- (4- Ami no- 3- ni tro- phenoxy) pyri di ne- 2-carbonitrile
(MPN- 0 N N H2N Pot assi um car bonate (9 g) was dried in
vacuo with heatin cooled to room 15h erat.u b 1
undeStep 3t Swadesis af Ad-MetylaminostyRkooP e(lgx Rj’)“dme'z carbonitrile
4-chl oro- 2- cyanopyrldlne (3.0 g a
di met hyl sul f oxi de” (30 " were added. The
systemwas stirred und ro as it was heated to
103 C, and held at this fenperature for 1 hr. The

R T
Wﬁg@_@%’yg? 5 5 Q}if GGk o (NI aclainidt ((75&2151@41)@) in ethanol (6 mL)

Stripped to a solid. This
atsosmeadpetatuid. 2&80ter 40omire theadixture iwag dilatgd 4zv1‘§h Iézq) 29 rg@@ and cooled

tq?;odg_a -3 e%;?a%%e %éiggbsvggreégh?cﬁ@ 1&&%1 (?15 09 and gil@di‘led (311.1 mg

92%[)4 z7—291' yr| di n- 4-yl oxy) - 2-ni tro-phenyl]-2, 2, 2-
uor o- hyI acet am de

Step 4. Synthesis of 4-[2-(2-ﬂuoro-5-triﬂuoro-phenylamino)—1-methyl-lH-

benzoimidazol-5-yloxy]-pyridine-2-carbonitrile:

oo - P ST

3
— N

Q N O Z

Heooro
N o
/

76
Palladium on carbon (46 mg, 10% w/w) was suspended in MeOH (2 mL) under
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30

iNONON [02NxoO(] ®N N/ N H N N H2N 76a F3C)_ 0
76b F3C) __O 76c -68 WD 2007/ 027950 PCT/ US2006/ 034112

woeab@Egr79sm car bonate (1.6 g) was dried in vacueCnuskno6/034112
heati ng, cooled to roomtenperature and suspended in

di chl (30 ) i - ( 4- arinQ= 3-Ni 100z -

nih o AP B e e e 40 s A Ko bl asion of 44

m%’c??l?ﬁ%%{%—g?e}it Céﬁ@ﬁ?; { k-2 @adGnanid (BEhing) in MeOH (3mL) at room
| an

temperature. 0Che atmesphexre Wﬁ%é%généﬁﬁwﬂb%vd\gggﬁff ggde fhe SYAS]fteﬂ(f:31 rstlfred
di chlor t

B

thMTﬂEtfaEB?wfsl\ﬁﬁéred (Boli) mcbihe dilirate svas siewi wthdmi dfmrther purification in the
purifica .

nSlEspen) M /g7 2HoNe Lt nlbaEBi e e BEEh g R fiolydbate (250 me)
%7{@%@ ¥ %gcflﬂt?tgler Wz ouh® 9641 MEOHA(1 0 kY CIQi@F%@lﬂﬁdn b stirred at

rogen. The suspen5| on stirred at
reflow fortep Ehet, amlefdmmrﬁwi@;ml 3 ache4pogress addedtathorqaghen and the

reg&zm%%ngg %ggte\gf% gt}\’ggﬁ% }o%)g&@rsn)fag%? rm&%mghge’fﬁ@ %ﬂ@ 8 ction mixture

whPRRE 3 N R RN TakR) cofthinir@i o A uhdstdterp pidd 1ayery weledieparated
an orange oil (7.49 ch?. mz = 367 (Mtl),. Step 3.
arfthe hewssoss pliase was extracted with EtOAc. The organic layers were combined,

Wﬁ%é v%aér%ﬁfl eé&?i\]taa@qg%%y %vja_fé}‘ (| bﬁﬁe %h&?ﬂ@é&‘dMéSO@, and

caféeRehtel. oumssﬁaté@alavas@mmmmgm;ﬁhed (gradient 0- 5% MeOH 1n

(2- cyano pyridin 0
dyhf@met hanei qry q@lwp]lsoiatg the desired csmreud i 2674 Yigldrom,
| de L{nd% %9_ Mn thanol (6 nL) at room

erat Al ‘min, the mxture was dil uted

vvlth H20(20 L) and coole Bri ght orange
crystals were coll ected, V\g)s(#e@ ?%20) and ai r-dgrgl ed

(P3dphrakion 942 (5-(TH FamRckheto iy 1 - ROIdSt 2 -y pyBiint-ediny ) H-methyl-2-
4-[2-(2-fluoro-5-trifluoro- ghenyl ani no) - 1- et hyl - | H

benzoi ni dazol - 5-yl oxy] - pyitio Fli"?@n%m@ﬁr bonitrile: iN

HZN .. 0O O i N HEN FN 02N

BN C*
MeHN

NaOMe (1.5 mL, 6.3 mmol, 25 wt% in MeOH) was added to a mixture of 4-(4-
(methylamino)-3-nitrophenoxy)pyridine—2-carbonitrile (1.72 g, 6.3 mmol) in 1-PrOH (10
mL). The mixture was heated to 50 °C (internal temperature). After heating for 1 h, HPLC
analysis indicated complete conversion of starting material. NH;OAc (1.46 g, 18.9 mmol)
was added and the mixture heated to 70 °C. After 1 h at 70 °C, the mixture was heated to
85 °C. Simultaneously, 3-bromo-1,1,1-trifluoroacetone (0.8 mL, 7.56 mmol) was added in
4 x 0.2-mL portions every 30 min. The mixture was heated at 85 °C for 20 h. The mixture
was then allowed to cool to ambient and water (10 mL) was added. After stirring for
several hours, the mixture was cooled in an ice/water bath. After 1 h in the ice/water bath,
the solid was collected by filtration and washed with 1:1 1-PrOH/water (2 x 7 mL). The
solid was dried in a vacuum oven at 50 °C for ca. 16 h to afford 0.982 g (41%) of the title
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cic( NS H76d 76e CF3 F H76f INN~ OF H\N</
N N 76g Pall adi um on carbon (46 ng, 10% w w) was

woeuspanwsd in MeOH (2 nL) under -69 WO 2007/ 0ORZ9482006/034112

PCT/ US2006/ 034112 nitrogen. The resulting suspension

c(%@? added, under nitrogen, to a suspension of 4-(4-

am no- 3-ni tro- phenoxy) - pyri di ne-2-carbonitrile
(311 ng) in MeOH (3nL) at oom 3 nperature. The
at mosphere was exchanged I?‘}y sogen and the system
stirredep aym%r&usmc)rumdﬁst(trlﬂ@drmneﬁ@[)ogemm{dazollz El)p}_ﬂ'tﬁne
at nosphere was then exchanged for nitrogen,
mxture was filtered (celite)
used without further p&i
reaction. Mz = 242 (M) | H
2 fI uoro-5-trifluoronethyl g‘nyl i sot hi ocyanate (250

( 10 éli'ﬁ)g SOF‘U% ?néﬁ&{’/\%gs I rr Ié%@fpo‘»%daﬂagiu#%r I}‘%qg of 4-chloro-

Z;Bgeﬂib-pﬁﬁﬂind (msnégeﬁﬁﬁlo()hniil BrQH (Rhdl).nhe miguedeesctheted to 50 °C

e reaction and t e ti ' irred

w@m mtsmaw@ns% Ategieatingiar [ bBLE absindiead famplete
\Nat er Rg ﬂTa?erﬁ? PRASBlfrefWHMehtcd 98176 POIaRY NELOXc (462 mg, 6

ayers were separated and the aqueous
npim&wamd;dedxtérfmﬂddat\mm He@aixturd vas beajechios @e$191u1taneously, 3-

S5 0L AL R B R oo

eGQY3aHhatipd mlﬂﬂl‘réswﬂﬁﬁ&rtédadt 8826 foRED OO AMhRRARIE product was 72.4%
gradient 0-5% McOH in dichloronethane on silica gel)

(LCAP} by HPE.G analysesindevhs sonpiongscby hC2dSamslyeipd from 15
conpound 76g. nfz= 428 (Mtl). Exanple 72 Preparation
of Example 74
4-(2-(5-(trif|uororret Y, i mdazolz2-vyl ridin-4-

| oxy) - N- met hyl - 2-  ni tr ﬂrfgfgmnﬁepyrﬂme )(/SFg%péZN \ N d
McHN 20 NaOWe (1.5 nmLk, 6.3 nmgpl, 25 wt%in MeOH) was
added to a mi xture of 4-(4- '

(et hyl am no) - 3- ni t rophenoxfy) pyri di ne-2-carbonitrile
(.72 g, 6.3 mmol) in 1-Pr N N

4-Chloro-2-pyridinecarboxamide (93.9 g, 0.6 moles) and TEA (125 mL, 0.9 moles)

t filtrate was
'Esihe next

in EtOAc (500 mL) was cooled to 0.2°C via an external chiller unit. TFAA (92 mL, 0.66

20

25

moles) was added via addition funnel over 40 min. The internal temperature rose to 10°C
during the addition. The temperature at the completion of the addition was 0.0 °C. After
addition, the chiller was turned off. After an additional 30 min, HPLC analysis showed
4.3% (LCAP) of the starting material. An additional 8.3 mL (0.06 molesj of TFAA was
added. After stirring the reaction mixture for an additional 20 min, HPLC analysis
indicated complete conversion. 10% Aqueous K,COj3 (w/v, 500 mL) was added. The
internal temperature rose from 13.7 to 22.0°C. The mixture was transferred to a separatory
funnel after stirring for 20 min. The layers were separated and the aqueous layer extracted
with EtOAc (150 mL). The combined organic layers were washed with 10% aqueous citric
acid (W/V, 300 mL), dried (Na,SOs), filtered, and concentrated. The crude product was

dried in a vacuum oven at 50°C for 16 h to afford 72.85 g (87%) of the title compound: 'H
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m.). The m xture was heated to 50 C (interna

tenperature). After heating for 1 h, HPLC analysis
wondi7matesad conpl ete conversion of starting mat eCTAlS2006/034112

NH4OAc (1.46 g, 18.9 nnDI) was added and the m xture

“ﬂggt(‘Z@J ]}/@{Zngg%ls)gé &, ?Qa%gz,rgr § ! 7S (1 Y BCRRR (100 M,
c?diggﬁis,yht 5321 b U0ROAGSY AN 60 I-ﬁ’Lf@>9£7%5(ﬁC@i?| ) was

porfions evéry 30 mn
m xture was heated at 85 for ]%gsh The m xture was
then allowed to cool to a f(aern}? and water (10 nmL) was

added. Af t 84 9Méthylamihd-DhitrSpabRY)-Pyaidise-2 chbonitileur e
was cooled in an |1 ce/ water bath Af t er h in the

i ce/water bath, the s8NV by filtration
and washed with 1:1 1-PrQ er (2, 7 nl). The 30
solid was dried in a NedtNunmoven at” 50 C for ca. 16 h

2007 Ao bR as 2T 5he (b 05 Sl g tipfamino-3-

nﬁfcﬁﬁélﬁcﬂt(t; Q@, OfOS moles), and K,CO; ﬁlO 4 g, 0.075 moles) in DMSO (80 mL) was
-chloro-2 gtrlfluororrethy)-1H—|mdazol 2-yl ) pyri

hﬁfﬁi@d t0c§0°p NN@I Gaeisiy md%tepd_compleﬁwnvergg)r\,@tb%h starting
B A0 R AL R, Qo AT Prafg 8L Bp gt e The

tdimpfdramfb m&stohm(:dﬂfdre dEc&ea@mg(tR@ﬂﬂjlérm tenBdevatire. The solid was
npery at

cpfiehee et mad Beshed Nk Srigh2on 4Lings 1T SO Wit Goen sturrid in
hﬁgﬁ?ﬁﬁtrﬂﬁg d’g?effoﬁi@%a%@oﬂ&tgcparﬁ Mecﬁ\'Mp{aﬁé Z40°®L).6The crude

h at 70 m xture was
phahicedad dri®Ein@ vaSium lovematfPSCyfor 1 1103 aﬁfcardrdﬂ 38,g @6%4) of the title

Rt R Nl
A3 008 5, A a0g2 Ty 19, S0 motostagn i
IDMSEBZ@B&B?SL $52.%X3dpl, @40.4, 1341—1(3‘18614013) tyldAss pyT.idilie, 116.5,

1946, A oaPCnib B T 22T BB EE AR el one (200

m.) was cooled to 0.2C via_an external chiller unit.
TEAA (92 nl, 0.66 noles) KX8mAledEY via addition

oo o ek R on%fﬁeﬁ‘?&l%%@r@%d?’g@%@mfbﬁﬁ?rﬂ%°

conpl eti on of the addi tH,N HMter 20
addition, the chiller masjgijﬁ/d After an
addi tional 30 nin, HPiguRrakssis swelled 4. 3% (LCAP)

of the starting material. An_additional_ 8.

ol eg&(%MeﬂWmlmé-nlaadéranom@wrld@ﬁ%%rb@ntr%(iéeacQ-Plcﬁnmole@ in
Pﬂ)ﬁ HrS m]]:)o\;vaﬁ?ea%%dfb t4bQ@.aNa2?(§b3ne4p7 g,'d?éiﬁ ﬁgl%g)y\%ssadded followed by

H,0 (8.4 mL). NayS;04 (3.3 g, 0.019 moles) was added followed by H,0 (10 mL). The
temperature rose from 41.7 to 49.5°C. After cooling down to 41.7°C, Na;S,04 (3.3 g, 0.019
moles) was added followed by H,O (10 mL). The temperature rose to 44.5°C. After
cooling down to 36.7°C, Na;S,04 (6.6 g, 0.038 moles) was added followed by H2O.(20
mL). The temperature rose to 44.0°C. HPLC analysis showed 4.1% (LCAP) of the starting
material. Additional NayS;04 (3.3 g, 0.019 moles) was added. After stirring an additional
15 min, heat was removed and H,O (12.5 mL) was added. At 25°C, additional Na;CO;3 (1.3

)
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i ndi cated conpl ete conversion. 10% Aqueous K2C03 (w' v,

500 nL) was added. The internal tenperature rose from
wa2007/0cws@2. 0C. The m xture was transferred torPar/us2006/034112

separatory 25 funnel after stirring for 20 min. The

g L e

thaasikade Wak Al @ Qge BotS3 0 (fidal tam!pdraﬁmé ef 1.300). rlhe, sohd was
dried (Na2S®), filtered, _and conceniﬁr a@g@. The {1 ei
c k@tﬁskhy f@la@twrmnde‘aashﬁd it AL gvle follgwasdy § miL)-1 dhesqlig was

dﬁ%%%ﬁ S o U i T )

a®ded. (The ndixidye wds stirfad foﬂ.45—|)n.1n 7The $alid viasthen dﬂﬂléct@lﬁ/lﬁy(ﬁl@ﬂion and

g 51.8,145.3,134.9,128. 27.4,116. o
VPP w%ﬁ#? Qas\plf’ i afm Gudepradycy “ﬁﬁ@ﬂ?ﬁ} fif sty oven at 50°C for
1@2%&/3% ) @5@36&“31{9 i s onfouR@ M Kivre( 40%%'1{9 1b1vf§1d) g5 & 8.5 (m,

oro-2-c ano-pyrldlne (6
101)05 5ntad, @), 74(ne ), i (np-13H), 613t(mriﬂéh618 (632 H), Qﬂ; 7 05 051), 2.7 s,

31y Rk MR Bl o 2 bisteiie p8 ™l ¢ ol ysi s

i ndi cated conpl ete conversion of both starting
materials. After cooling t&xample Mater (240 nl) was
L -
P el O RS T e T e SR £ g i ridine-2
solid was «collected by fi tdrbatiirde. and washed with
water (2 x 40 nlL)._The solid was then slurried in
heptane (40 nliL). T sol i d was col | ected and washed
with heptane (40 ni) e crude product was dried in
a vacuum oven at 50 o gfford N33 g (769

of the title conpound 'OO DMSO- d6) 8
8.5 (n1 1 H, 82 , 7.7 15 (m 1
H, 7.5 (m 1H, 72(m 71(m1H) 3.0 (s,
3 H; 13C NWR (100 8 165.

144. 4- (Txﬂblog)meﬂgd)ppeny[lg@ot]q;ocylg@tei@ 61z 055)47{ Inp%qs was added to a

fgég 39 ngé 3;@ Ff“’&%%%g% m%&oﬁp}keﬁﬁ’g) M A chiodniile (3.0 g, 0.05

lﬂoléﬂqﬁ/MdQN e&@n mhb). BHHhCranalglm medigatedogamilete @oRvearsiob ofiihe amine after
ile CN | o~

d.rgin. MRS B SUGIPY A BaraRySL I Hrrhed i MBEN @ 12 mL)
IbIIP%fO@%% 19% @1 ngoq s?%a@%}idédﬁo ke Hitatel 2-Chloryas-heat ed

g, 044 nol es) was added fol | owed
diypethiyfiidagolininm)chloxs2 $RBIC) Bagadded i 6. Hog pettiona .44 g, 0.05

FNEIGTE ) TR TXECR I E T N h—
NaRRAMen(BPIBC @nalPsi9#icated complete conversion. The mixture was then heated
to 50°C (internal temperature). After 45 min at 50°C, HPLC analysis indjcated complete
conversion to the product. The mixture was allowed to cool to ambient temperature and
then H,0 (45 mL) was added. The reaction mixture was initially homogeneous before
compound began to precipitate from the mixture. After stirring for 2 h, the solid was
collected by filtration and washed with 2:1 MeCN/H,O (2 x 20 mL). The crude product
was dried in a vacuum oven at 50 °C for 16 h to afford 16.10 g (78%) of the title compound
'H NMR (400 MHz, DMSO-ds) 8 9.5 (m, 1 H), 8.5 (m, 1 H), 8.0 (m, 2 H), 7.7 (m, 2 H), 7.6
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25 nol es) was added followed by H20 (10 nmL). The
tenperature rose to 44.5C. After cooling down to

wWG@007@0279302S204 (6.6 g, 0.038 nol es) was addedpCoiuseoned34112
by H20- (20 nl). The tenperature rose to 44.0C. HPLC

Rt bAgh KBS by B by o ] Higr offa bt Abermas p

+Ai]t*e-r41$)thnmt99%(mj,dP}| onal 15 min, heat was renoved
and H20 (12.5 nmL) was added. At 25C, additional Na2CC3
(1.3 -72 WD 2007/ 027950 PCEiifp008/ 034112 g, 0.012
nol es) was added and the m xture cooled in an

{il delethat-E 246 thfluoxpmethy b 1 HHarddazol-2-yhhpyridin ol exydeld1-benzoimidazol-

allowed to agef fin eof 1.50).

5 The solid was P’g Q4 tdlﬁggrofnq%ylé}%ngoﬂs washed w th
H20(10rrLfoIIr—Jwed by5m_) The solid was dried on
the filter for 30)\yn and then transferred to the

reaction flask a O (50 m.) 5 added) Ignxture
was stirred for 4 n. NK ¢ n%c?llected

by filtration and \MNs-héd x HO nL). The
crude product was driedN vacuuroven at 50C for
16h to afford 3.50 ¢ (7(§% of the title conmpound: 1H

NNR ﬁ\fa@ﬁd@’t%% %@n’ﬁﬁ%l @Smgvg@ﬁ(lﬁl\%edHWﬁ) ddded (cmt mlxtb% of Example
(s,
7I¥|)(40%m§, { ;ymal) H)Me H‘,(4(rgL) Aftey)l h ﬂs(}:z@nblmg tfmpwamirel.HBLC analysis

T T ———

10 - (Rédﬂtl@ﬁ-@lbck%mlpeféﬁire)oy,&ﬂtéillﬁ@mi’g fol ahpIQnLc rahhlgsis ifdddatddl ANl % (LCAP)
OCN HN-</ N |quororrethyI)ph

of ghststarting materiel remagwdg NiG Q@3 hsns é)mmaE Vé?ég’géec% fpligwed by 3-
e uiacstone (Dt 2imme): heinoe yos e 0°C o
abbet 2002 Addgriondl Hbromd- éﬂ)l-trrﬂdﬂh@&etbﬁé) (010_6 mIHPL58 mmol) was added and
TS o D ERLRLS L8] B0y S i
15 %@@a@%&i SW%{eilj 4 f?@z k}ﬁg aWiddEolYB6D 6P EYOAS (41nk). TRE BErs were

was added to the f||trate
sepatited and theauetiusddyley xtractbalzwith FtQiéve. c“ﬁhmm@nqdmgymwé@ ers were

d&?g:z'g' zfg)a,}nfﬁteregg fu%q,g of talft%gsl’l'gegcaﬁ(i‘q @"ﬁdl?%t%vgas .%1? nfS/F:cz ?r} IPA (4 mL).

M@tﬁa&lsﬁl‘f(\ﬁﬁg ati@ (6.020 m@) vad diddonal mL 17 soluflombeie HPA Golution. The
anal ysi s indicated conpl ete conversion. The nixture

mixture tves hersed @080°C@vem@glxt4 Ahe migure ‘@@ﬁgémﬁfeﬁleq to aaphignt
0C, HP _
20 Epgelef i O AR g LB AGRTRE I 4 0.

cool to anbient tenperatur andl ,wen H20O (45 nL) was
added. The reaction m xtur REE'S mitiall y honobgeneous

ﬁfﬁ\&é’t 18159 20 DPPMBEHNRLGAN H- ﬁnﬂﬁﬁqlzo%t)@yﬁdﬁlr@mokpp1H-benz01m1dazol-
xture. er stlrrlni] for 2 the solid
2-y1}-( -trlﬂuoromethyl phenyl)-amine
FsC
<\ \> N
/N ° X l N CFa
= T
/
25 NaOMe (0.23 mL, 1 mmol, 25 wgt% in MeOH) was added to a mixture of Example
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collected by filtration and washed with 2: 1 MeCN H20

(2 x 20 mL). The crude product was dried in a vacuum
wovent/atose0 C for 16 h to afford 16.10 g (78% POT/USE®6/034112

title conpound 1H NVR (400 MHz, DMSO-d6) 8 9.5 (m 1

7093 15Bheh iR 25159113}5&31(% v@i@feé)egbcd]ﬂ} (? ﬁ%{ga%tion-Block

teh‘)pera?urg) (Afterhebing for 1 i, HPLL ddalysfs ifdicated Eotdpleteconvérsion of the
3'H; APCl M5 [M + H+ = 410; HPLC >99% ( LCAP) .
stagiagphateried. The mixture was heated to 70 °C and NH4OAc (231 mg, 3 mmol) was

acildgh/b EALE’PQ' Fl o Jt %O ér, g%'nfukﬂﬂé az o(f’%(éd'stlo%' o, daARM Aty F¥Fomo-

NZOol m
12; lyﬂri}f}ubﬂoabetbﬁé (0ot ot hy2lmipbB wals pddetd inet x :983-MICpattioBs every 30

s THemtIOIeqvaR TP of B oF FEcamST B The PSS W AnpViit ool

' he solid
SRR AT b IR0, )78 A o LR s, e

mbcdtacteki by THeationand washed Whtbdt bb—ﬁ@%@@en@ x 3 mL). The solid was
%Ca;%}qk}]g: ogl%{lf ﬁ{jfdgp(? gat ar ]i%/h E(faf(%gsl Ohlce} ZE%) 0, 'ihe{ &%egcompound.
e e, e (3 s L e

1t;v6ﬁl H@%gb)ema@aec 59\7&}16{1@0%@65%3%@ Gl tRQ6mvathoud 1ng from the

|t|ona 3- br ono- -trifluoroacetone (
sm&ﬁaﬁdﬁﬁpanﬁﬂ&1MH$namded and the m xture heated to
60C. After 24h at 60C, the m xture was allowed to coo
to anbient 15 tenperature. Water (4 nlL) was added
followed by EtOQAc (4 nL). The |ayers were separated
and the aqueous |ayer extracted with Et OAc. The
conmbi ned organic layers were dried (Na2SO4),
filtered, and concentrated. The crude product was
di ssolved in IPA (4 nL). Methanesul fonic acid (0.020
m.) was added to 1 nL of solution of the |IPA solution.
The m xture was heated to 80C overnight. The m xture
was then cooled to anbient 20 tenperature and
concentrated to give the title conmpound: APCI M5 [M +
H + = 519. Exanple 79 {
1- Met hyl -5-[2-(5-trifluoromethyl-IHimdazol-2-yl)-pyr
i di n-4-yl oxy] -1 H benzoi m dazol - 2-yl }
-(4-trifluoromethyl-phenyl)-amine F3BC N O Yl N )-CF3
HN-~~/ 1 ~N H 25 NaOWe (0.23 nmL, 1 nmol, 25 wgt% in
MeOH) was added to a m xture of Exanple
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-74 WD 2007/ 027950 PCT/ US2006/ 034112 77 (409 ng, 1
mol) in 1-PrOH (2 nl). The m xture was heated to 50 C
WORemoR7930m- Bl ock tenperature). After heating Por/Uus2006/034112
HPLC anal ysi s indicated conpl ete conversion of the
starting material. The m xture was heated to 70 C and
Whb#i©8hig&Bis: ng, 3 nmol ) was added. After 1 h at 70 C,
the m xture was heated to 85 C. Sinultaneously,
3brom)5111tr|fluoroacetci)g§0.él3 1.2 mol) . -
Lvas Adaeod forPRPEiRg:3 CRIPARRG PHELIE ar@L o? tfmerrisereoisomer,
brriat tzble $ult thé@ofm xture
es{gr)qﬂ%? ﬁlt@jarto %g(%lﬂl gﬁr%tl)‘lgaggtaefegrrper ature and water
(2 m) was added. After stirring for several hours,

the solid was co Gﬂbaedb filtratiogangawashed Wit h
1:1 1-PrOH wat e (/ b The soli %cdrled in a

vacuum oven at f orN rd 0.11 g
(219% of the titlelﬂbﬂﬁoi@ﬁ W‘r/ihe the preferred
enbodi nent of the inven®i ofvhas b&en illustrated and
described, it will begappreciated that various
changes can be made therein w Shout departing fromthe
spirit and scope of the i nvenf on. -75 WD 2007/ 027950
fUS2006/ 034112 What is clained is: 1.- A nethod for
preparl 23 a conpound of Fornmula (lI) or a tautoner,

st er eph®reindepasitedy seketabibom hedropy deed;1sakkyl, Cisalkoxy, (Cue
har npceut i cal | ce tabeslt t her

ral&gﬁ% kﬁ }ﬁ 1?11% Rfy heﬁrocg@?oa yﬁ,l(p)ﬁex)nahzgé}@e?eroaryl
eachpR ¢s dn%g%pﬁag tI y3el ected from hydroxy, halo,
c1 6 al

XYy, (Cl 6 k I)sulfan |, (Cl 6
al ky be)cth fll rr;depertdpnﬂy)aﬁﬂww frh@t}@haéi % ﬂi?

?Bdegﬁqﬁﬁgg ep?migz g%geé?%%?cﬁfrgrg%dlf&& {3 f(ﬁaﬁgs ﬁg’i}}%)ﬂalo

h@tlel@ékcroﬁﬁ ca}iaa@yra&dfwl (&19 alkaéy)cabomgpﬁmdmbwl Cie

sel eCcted Tromh I

aﬂwtagnmcbqyal, l@yr[ g]rt ng,}{cloa‘l;l@i—lﬂgi%ypcyc (@?ky lil % andaheteroaryl

al kox car 3 tituted with

al kyl Ol% y?aghlﬁgﬁ‘rg{fn@ tBr(d on iy—ﬁlcyé) i fekyvlvl one or more

sﬁ&‘h@feﬁ%}iﬁdldg)%h&l@ﬂtly spleeiny Ifnorralm)(ﬂrdmeﬁ, @nloatyk alkylhbale(G.cRlkyl), Ci-6
may be optionally substituted with one

alkoxpand hal(Supdko®ent s | ndependently sel ected from

hydr PLY1, irng, o8 0r(§}_6 al kyl, halo(Cl_6 alkyl), Cl1_6
bis 0, 1,2, or 3;
cislor2;
the method comprising:
(a) reacting a compound of Formula (II) with a compound of Formula (III) to
provide a compound of Formula (IV)

3
R3)b 2 . aQ R
a B U |

_N RZHN N

R?HN

I (I1) av)
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al koxy, and halo(Cl1_6 al koxy); ais 1, 2, 3, 4, or 5;

bis 0, 1, 2, or 3; <cis 1 or 2; 20 the nethod
woaogresmg: (a) reacting a conpound of For mul acTiuls2006/034112

with a conmpound of Fornula (I'1'1) to provide a

SRR oG 1 o o b4 B b

aﬁeﬁﬂgsaﬂpﬁﬁs?@aaa,azomﬁé;@moﬁ ,ICH IR imidaligl??-ybsubstitiited| with one or
or is hal o, and the_ other of or L2 is OH or an
t"é%Ro armlﬁéa%wherzm% lémr@gew{ivdr@&msec tipg eroug;

i i d mer ich i khéébﬂﬁ%ﬁu&&%?ﬂox‘%&li‘%{@?% 9 CyarloM IR W5 UHOR?,

and n RS 1Is rogen or droxy protecting

comverting (ai) contyeund to & h@mpmmdmfrF@nnﬁlaF{bV)mh@feml ZAs CHOs
cyano, D 0r CH2ORS, .5 i id dt
o CoRAIUNRR BHErSIRGPAS P LR S Y SRcERSve B Ui gHe
flhfétlbﬁ‘aﬁn? A ROAR-IRY fufioRdlify dnldVdaofink Said eii@ino FRRYiOhAIItH With a
d

the cyano functionality to an am dino functionaljty.
camgounsiaftfonguledVe) wrdes urnwlazcelﬁ ging dpraning gonditionspor wher in the

cEBRIE 5 GLA  GRD e SR B e LR ot

Fbﬁnﬂb@b}@qﬁwlﬂ@a@aﬂngomrmmﬂuw (M1) a conpound of 10
Formula (Vb) to provide a compound of Formul a (V&R Cy?
c

(()/R:)%()bb N—d(R4)c(R4ch Ol \ NRBY' Xa R4p
6 Xb R2 H (v vayq(w) a
(Va) il%w’reaw ng® QB p and R4p\A2§d Rl i n|l Fo

(Vb) are |ndependen0$y H or R&R2HNIO ed t
| east one of R4p and R4q is R4 and Xb is =0 or =NHOH
and proviged that c s 1 when a conpound of {grnul a
(M) is prepared froma 15 conpound of Formula (Va); °

wherein X?in Formula (Va) is a leaving group and R* and R* in Formula (Vb) are
independently H or R*, provided that at least one of R* and R*js R* and X" is =0 or
=NHOH and provided that ¢ is 1 when a compound of Formula (VI) is prepared from a
compound of Formula (Va);

(d) when in the compound of Formula (VI) Q is NO,, converting said compound to a
compound of Formula (VI) wherein Q is NHy;

(e) reacting the compound of Formula (VI) wherein Q is NH; with a compound of

Formula (VII) to provide a compound of Formula (VIII) or a tautomer thereof

RY, (R NDR
//(R1)a //( )SHZN /\,b O ’N?/
N=C=S N~ N 7
H B2
(VID) (VIID)

(f) reacting the compound of Formula (VIII) or a tautomer thereof with a
desulfurizing agent to provide a compound of Formula (I);
(g) optionally reacting the compound of Formula (I) or a tautomer thereof with an

acid to give a first pharmaceutically acceptable salt;
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(d) when in the conpound of Fornula (VI) Qis NQO2,
converting said conpound to a conpound of Fornula

woOYb)7/0etsnein Qis NH2; (e) reacting the conpora@/ustoos/034112
Formula (VI) wherein Qis NH2 with a conpound of

For. TH) Guitahl) cbRePifd Bid pFREROUALaR! b RbHlRal b edmpound of
Fdﬂnul‘d:(% aHafRd 20 tHe¥dolf Yo 4 Mdcbhd phdrinacemally axg:epﬂable salt; and
conpound of Forrmula (VII1) tauii t eof Wi th

o BsioBRll ST e deomE PR BT by Hetoger of
r@%ﬂé}lacaﬁi}y)accéﬁabl@ B @BRbE % af&@éitmeeb&me SYPBRUEC Glf Pérmula (D).

a tautomer thereof acid

give a first pharmaceutically accept abI e sal t; -77 WO
2. 2007m=2memed PCTlalis 006 €8 pan Za) i cawistioyhwithyprganic or inorganic base

) Pvertl ng the first pharmaceutically acceptable salt
mcﬂo & selyound of Formula (1) or a tautomer thereof to
a second pharmaceutically acceptable salt; and (i)
3.0pt | PRAkAYhdRIOBY @Idiinng wwhet€einpihe rido@iniEdsasellia seleptedrfram the group

taut omer_or har maceut i caI | y acceptable salt thereof
cqn@lsanengeTﬁOHng%équféa Kefe@eir ug of Fornmula (1). 5

2. The nmethod of claim1 wherein part (a) is carried

4.4 out T’#l @E&?%’fcclﬁfnapnm%% PSRy dolVeRPlidseleOted SRém the group

od of ereln the inorganic base is
ccﬁﬁis&ﬁg eflditwetiplsiifoxgleang dimethgifemiangdeof NaOH, KOH,
and K2C03. 4. The nethod of claim2 wherein the

pola solve ted fr t he LouR. .
consfrg‘? o ij(f’? LVF’%W‘&{F "8’?&‘8%"5 %chl}'gfa gompound of Formula
0% Wi PP BSOR vehalBukinghvati. n part (b) conpr i ses
acting a conpound of Forrmula (I1V) when Z is COCRS
with a reducing agent. 6. The rret hod of claim5
6wher Fhenrehadfctaim uhsrein B 1s 65ebWEL hod of claim 5

wherei n the reduci ng agent is diisobutylal um num

7hydr e meakilo% dt claﬂﬂﬁ)’ \R?‘?érgﬁ{C{thedﬁ&ﬁg At W&[s@bﬁtg%ﬁrhin(lﬁ)) hydride.

|s carried out I n polar sol vent
met hod of claim 8 wherein the polar solvent is

81 xt The nethoet dficlaimclewbereingradt (Chisteanisd. oulmthﬂlét%tﬂh%lar solvent.
of cl a| m 1 wherein part (d) conprises reacting a

?ggﬂ %é%cﬁf% ri% fl‘(l }]n"iﬁ%g Qais(g v%g :@f rél%ﬁ\%hogreél}yl acetate and

eﬂﬁﬁolteduc:l ng agent is sodiumdithionite.

10.  The method of claim 1 wherein part (d) comprises reacting a compound of Formula

(VD) when Q is NO, with a reducing agent.
11.  The method of claim 10 wherein the reducing agent is sodium dithionite.
12.  The method of claim 1 wherein part (¢) is carried out in acetonitrile.

13.  The method of claim 1 wherein the desulfurizing agent in part (f) is selected from
the group consisting of FeCls, 2-chloro-1-methylpyridinium iodide, 2-chloro-1,3-
dimethylimidazolium chloride, and POCl,. '
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12. The method of claim 1l wherein part (e) is carried

out in acetonitrile. 13. The nethod of claim1l wherein
woOher7dbemsbf uri zi ng agent in part (f) is sel ect edTfuseovs/034112

t he group consisting of FeCl3,

1§ oo RIS b PR S RGBS sy 8t @ compound of
F&%ﬂég%p@gmﬁgm@g&%/ 034112 14. A method for

preparing a pharmaceutically acceptable salt of a
compound of FornuIQR(l) or tautoner thereof /(Rl)
(RB)b N---~, -(R R as NN~I NN-R2 (R

wherein, 5 each / S ||Q t ted from
hydr oxy, hal o, C | k xy, (Cl 6
al kyl ) sul fanyl , (Cl 6 aN uI f cycl oal kyl,

het erocycl oal kyl, phen % and heter oaryl R2is C1 6
al kyl or hal o(C1_6 al kil ); each R3 is i ndependently
sel ected fromhalo, Cl1_6 al kyl@® and Cl1_6 al koxy; each
R4 is independently selected from hydroxy, Cl_6 alkyl,

whered, al koxy, hal o, 10 heterocycl oal kyl car bonyl ,

b | | ]
SRR e AT ESCERRR EBBT O, o,
alé.gl)aﬂmyl; I(G(’.jiaéRdIWI)suﬁbﬁyiybyc_lcmﬂcyll,lﬁwtaro?&lgaﬂkyl,vﬂglenpli, ?]nd?\hqteroaryl ;
an ti ona substituted with one
or Rgég Crqabey |°Egélﬁf§ aﬁ]@@ ’ende%t ly selected from
hydr axy, R glngiaep&gdeﬁtlg Eé‘l&t@d H@an{aﬁilgfi 6@11(?’1/ lahd Cg:%aﬁtox

al koxy, al koxy) ; ais ,
5; bach(R i% ;ncR:pemdenﬂy selcq;tsd liromrhyg]rowh €1 gmlk]n]@ €1.¢ alkoxy, halo

co Si r ea of For rrul
e SR e g S R e
a P'c'abboﬁﬁ:ﬁﬁ:? bdddakyd alhdtero@bfclc(éﬂiyl C}SH&M?IY bmdBeteroaryl;
the first Ear eutlcally accept abl e sal t_ of

corrpcwlnwm RqJ,leendI% Imayobe eptioaailysrbstitules with om%oramore 4
SRR RO AREOR Baf ) P oA,

aﬁio&&%ﬂ&ﬁlwcl calestydr, metabolite, prodrug, or
pharmaceutically acceptable salt thereof -79
ais1,2,3,4,or5;
bis0, 1,2, or3;
cislor2;
the method comprising:
(a) reacting a compound of Formula (I) or a tautomer thereof with an acid to give a
first pharmaceutically acceptable salt; or
. (b) converting the first pharmaceutically acceptable salt of a compound of Formula

(D) or a tautomer thereof to a second pharmaceutically acceptable salt.

15. A method for preparing a compound of Formula (I) or a tautomer, stereoisomer,

ester, metabolite, prodrug, or pharmaceutically acceptable salt thereof
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WD 2007/ 027950 PCT/ US2006/ 034112 /(R )a (R3 )b N~

-(R4)c NON, HN~NH NR2 (I) wherein, each Rl is
wondeperndent | y sel ected from hydroxy, hal o, Clpértaiskonb/ 034112

Cl1_6 al koxy, (C1_6 alkyl)sulfanyl, (Cl1_6

al kyl ) sul fonyl , cyc IkyI het er ocycl oal kyl , phenyl,

and heteroaryl ; a‘| S 6 al kyI (N/\h/adRiIcCl 6

al kyl); each R3 IS/ |nd gentd.y te’d from hal o,
Cl1_6 al kyl, and X '] ea i & i ndependent |y
selected from hydr N ~N1_6al koxy, hal o,

heterocycloalkylcarbonyl, carboxyl (C1_6

al koxy) car bonyl , ami nd®ar bonyl , C1_6

al kyl am nocar bonyl , carbonltruj , cycl oal kyl ,

het er ocycl oal kyl , phenyl and heteroaryl; 10 wherein
whteinR2, R3, and R4 may be optlonally substituted W th

one or sub t| dent fr
yar Geh 1 isingepeegershy:elksTed RS BFRPRE tafo, 3y i G’y (Cue
a@rl 1. Jaﬁty%ﬁtm@l aiybtam)zyl htetdeydloalkyl, pherfyl, 2 Heteroaryl;
1,20 15 ci's t he met hod conpri sing:
reachmgh&aﬂﬂﬁpbhﬁdfbkamaﬁnula (XIII) with a conpound

S LSl R dendgb ity B paRTRP AR Dl d O ikt 1)

20 waRhe*ns prepdidehtd; slecket! frem fh@ﬂmxg.yﬂl ¢ dtley1 o€ healkady, hdlo,

or L4 is OH or an anl on thereof reactin
hesemeprlerkdearbent 628b e/ (Cu 1o B o B AR G-

al%&%%ﬁ%ip%P@E@%%%ﬁ%ﬁﬁw@%@éio@lk@l,)phel%Q, M heteroaryl;

wherein R}, R%, R® and R* may be optionally substituted with one or more
substituents independently selected from hydroxy, halo, Cy.s alkyl, halo(Ci.¢ alkyl), Ci.6
alkoxy, and halo(Ci.¢ alkoxy);

ais1,2,3,4,0r5;

bis0,1,2,0r3;

cislor?2;

the method comprising:

reacting a compound of Formula (XIII) with a compound of Formula (XIV) to

provide a compound of Formula (T)

1

i oy
i U o
(XIID) (XIV)

wherein one of L? or L* is halo and the other of L3 or L* is OH or an anion thereof; or

reacting a compound of Formula (XV) with a compound of Formula (Vb) to provide

a compound of Formula (I)
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(Rl)a 3 O(R)b OHR4Ap/ W/ ~Rda NN .X-' Ol \ N
11 ONXb R2 (XV) (Vb) wherein R4p and R4q are
wondeperndent |y H or R4, provided that at | east ponaseio6/034112

Rdp and R4g is R4; and Xb is =0 or =NHOH;, or reacting

t he conpound of E rnula (VIT'l1) or a tautomer thereof

with a desul R5) agent to grovide a conpound of

Forrrula(l)&RI a&l—ﬁ‘,@@ HH 2N ~\ O®>> C NrN

NHR2 (VIII) ; clkhim 1 R t he

conmpound of For IaN 's S ed from xpdr oup

consi sting of {

1- Met hyl - 5-[ 2- (5- tR?fI uor onet hyl - I Hi m dazol - 2-yl ) - pyr

i di n-4-yloxy]-1H benzo- 1Qxv) (Vb)

i m dazol - 2-yl }- (4 trifluoronethyl phenyl)-am ne,

1 4) 4p 4q

“%%feﬁeﬁ AR HhoPHIRAC] prpvided thag at lgast one of R and R i

2 I md(hm#ﬂjﬂﬁ&ybrl H benzoi m dazol - 2-yl } - am ne,

(1 et e oo oF HorBHE K- womss ferepf with a desulfurzing
%ér)ti&%(fo'vﬁie%cﬂ) o%ﬁ&bfﬁoﬁ‘h@@(l 0| m dazol - 2-yl }-ami ne, 15

4-tert-Butyl-phenyl)-{1-met -5-12-(5- trlfluoronethy

| - 1H i mi dazol - 2-yl R'Q ri dl(ﬂs)b4 yl oxy] - B3R

H benzoi m dazol ¥S N N)

1- Met hyl - 5-[ 2- r|fI oro yl - \

H i i dazol - 2- yI ¥ PyrradrnngSaoxy] oM behbo- i ni dazo

| -2-yl '} -(3 -triflborongthyl -phenyl)-arri ne,

( 3- Et hyl - phenyl ) -{

drrethyll [2(5tr|fluororrethyl-l Rndazol 2-yl)-pyr

idin-4 -

16. Theymethod of claim 1 wherein the compound of Formula (1) is selected from the

group consisting of
{1-Methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazoi-Z-yl}-(4-triﬂuoromethylphenyl)-amine,
(2-Fluoro-5-pyridin-3-yl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-
yD)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine,
(2-Fluoro-5-pyridin-4-yl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2~
yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine,
(4-tert-Butyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-
4-yloxy]-1H-benzoimidazol-2-yl}-amine,
{1-Methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
. imidazol-2-y1}-(3-trifluoromethyl-phenyl)-amine,
(3-Ethyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-
oxy]-1H-benzoimidazol-2-yl}-amine,
(4-Chloro-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-
yloxy]-1H-benzoimidazol-2-yl}-amine,
(4-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-

oxy]-1H-benzoimidazol-2-yl}-amine,
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25

30

20 oxy]-1H benzoi m dazol - 2-yl } - am ne,

(4-Chl oro-phenyl)-{ 1-nethyl-5-[2-(5-trifluoronethyl-1
weékiimodasol - 2-yl) -pyridin-4- yl oxy]-1 Hb enzecrmis2006/034112

dazol 2-yl '} -am ne, (4-Ethyl-phenyl)-{

TR 7SRRS4 e

M@ ZA0 Y13 ¥A&A- Pﬂﬁkyﬁﬂ@%ﬁﬂﬁﬁmol 1—4}}Chhmep 3
-trifluoroneth

O Ewm@mﬁiuo@mﬁmyhpmarumhyl 502 Grttifadrpmestyl-L -

fféﬁ?ﬁﬁza#le’}bgﬁ B PRV TR idazo) ) -amine,

nel{hMetEylESZ{Z &ﬁﬂﬁokmmtbﬂeﬁfbyihldhzﬂ-z-yl) -pyridin-4-yloxy]-1H-benzo-
1rl}urc?agq?nz ojlél} (g ulhugl%mealoxy phgnng(Xt]m g, +benzoi m dazol - 2-y|

IN? blﬂor tﬁﬂﬁérohfe’tﬁyll i&ﬁérﬁf‘l‘ﬁ@l%laﬂl%ﬁi{ﬂi[gﬂﬁ&hﬂ% “{3rifBdoromethyl-

1H benzo- i m’dazol
phe(r@l}}Hﬁmldmzohq}wHQ)WLdghWW}dM -henzoimidazol-2-yl)-amine,

( 2 Fkﬁ? OFOS Ztt% ggrﬁ%}e&}nﬁ QFM ﬂ&&!@#&%&gﬁ%@é&hﬂ% -(4- {rlﬂ?uoromethyl-
h&ﬁymjL tazphdazodd-yyl m&fdhrﬂumcﬂcys}lmmﬂzoimldazol 2-yl)-amine,

H- benzoi m dazo

( 2- FRudrla-B- Elumforimfiimmsathylpwmwa)mm) - irmethyi-1B:-benzoimidazol-5-
yB}zfgiwr;ﬁ’ @}rll}n % L{OI{%‘I‘I&@r ﬁgﬁlgi&oli arbox}yhi 'E_lflg. eth éle%t]er ,

dazol(244s[t{2&mudi&5 ﬁlﬂubroﬁ&eﬂiﬂwanﬁhmmo@—l rﬁethyl -1H- benzmmldazol 5-
-trifluorometh t{) enyl ami no) -1 1%{ EL |
yg}xﬂ;pm@lgz?oyh} %tn uoromethyl-1H- 1m1dazol )-methanol,
yl Oxﬁlgléllp?icl\/l%'tﬁgrl %e(%dht}llﬂﬁoﬂofﬂeiﬂ}}lj LOh QA1 H-b il SiaG @4 R1-4=yloxy]-

car bo
pfAdind2- &B-Z{H—nﬁidmo]e-ésearbmﬁirﬂmr onet hyl - phenyl am no) - 1- ne

t h | - L %‘quﬁg m%nw q?i?ﬂq%?}a Oé oqklﬂ%g)'/l?“ﬁé?%ﬁ%l}rz y]fé)yrldm -4-yl-

o%§%fH[H n&{ﬁhha'e{zogz(y{l glqlhfel uor onet hyl - phenyl ami no) - 1H be

azo
pyr i dilAVigthyl- ﬁ{wﬂpmmj&l -nidazod2dhpyiiding-yloxy]-1H-benzoimidazol-

t. = But hyl -5-] 2-(5-ph | -1
A oS RERpety e, >, L £ (5-pheny
T‘ Bg{{%@érﬂm%ﬂ%eﬂyl% e} me’tlﬁ@llISG[.’Z -{5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-

Mlpm]déixbpn@lmc)azplﬁny .ammew oxy] -1 H benzoi mi dazol -

20 2N B QR READY L DUACADY L1 BREGY 3.3 Rifuckhmethyl-1F-
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