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WD 2007/ 030377 PCT/ US2006/ 034088 SUBSTI TUTED

BENZI M DAZOLES AS KI NASE | NHI Bl TORS CROSS REFERENCE TO
WEREMADED7APPLI CATI ONS Thi s application clai ns POEUS2006/034088

benefit under 35 U.S.C. 119(e) to provisional 5

applications U. S. Serial No. 60/712,539 filed on

August 30, 2005, U S. Serial No. 60/713,108 filed on

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

Oct ober 27, 2005, and U S. Serial No. 60/774,684

filed on February 17, 2006, each of which is

i ncor por a¥ EFTIHEES| FENGYM DAL RN GE8 KIASE sINEmBITAREY .

FI ELD OF THE | NVENTI ON 10 The present invention

relates to new substituted benzi m dazol e conpounds,

their  tauCRUYSREPERERQIESPORET, A POD WIPIROATIONE! S,

met abolites, and prodrugs, to the pharmaceutically

ac c dpissApelieation s cleims Hbe cbenpfitindsler t #utG.8eC.s,119(e) to provisional

[.S.. ters, .netabplites, .and _ .
B SREL PE ShunS R B, R 5 AT 8 it o
60£1TBAAB AL 6n Aogiat BEr2005! 1.9 Ra#AATEGS 6hiT3alshY fﬁé@&?b@ﬁbg 27, 2005,
anéarrl ers, an uses of ag% of the 15 af orenenti one

dto
b HRhND. Q{77 e84 dileshen HebruarycBhB09tdash ofivibichais incorporated

} bk Lok t herapeutic agent, in the
h“’ﬁ?‘?@%ﬁ?%%%qg?*??@?tymnt of cancer. BACKGROUND OF THE

| NVENTI ON Ki nases k i w th

tunorigenesis incl J%@%éﬁﬁiﬁgﬁﬁ{) reoni ne

ki nagesprédedt tventict fidAted td MEWSIuB&itled ARBANIEEER corkfounds, their
The Raf serine/threoni ne ki nases are essenti al

taiinpiSn efitrgoisemense pelympiphegessterictrhetahaditesPr edi prodrugs, to the
j : ' ' I af._ contraols a conple :
phSnREGial Y httepBb Al DRSS an AR, el RE polymorphs,
estess| | mb@bolitts, mand . prRafuggenescanstaitions 6f Hilyy ofotiea¥@8mentioned
erjne-threoni ne-specific, protein kinases which are
embadimenissogether with pharmageutisally gessstablemgaageraranddarusepef any of the
j j HDaY. j C igt "
oS EOTlopkd SIBOHEICLE) SRt B L] PHFuARuCRR o e one additional
therapeatie sgenk/Bk the(fEGphydadtis aataatment olfBiieK). ki nases and ERK
(MAPK) ki nases, which ultinmately phosphoryl ate
transcription f 83CKSROUNDION THEANWENTIRA] Ki nases
are_activated by Ras and_ phosphoryl ate_ and activate. )
t wo KIASFHKRMVILIO g assasied Jith; tymprigenesis inalydedthp Kb serine/threonine

kiffb 388 HERbdsRot Wbl hat are dua
1speci Tici tyﬁth eoirrlllene -tSyr Si nsg ki nases. Both Mek
i soflbe NRafassrinw/titreonih¢ dixersesAatel vatmihl Kongeaatd ofnitle Ras/Mitogen-
-1 S 39293. 1 07/030377 / US2006/ 034088 ..
AR PR it LR B SRS o R0 03488 cancrpona
pro¢rAASE réspRRsk % ektefaklceRng: Rikal. lﬂf_e%en%o‘%&e for highlg conserved
phosphoryl ate many substrates including transcription
serfigcthesogingrsgedific Pootaini kigasestwhicly archshown rtartsed itptthonal oncogene.

- Th atc‘)igé\/\gé?t o@ag silg(hﬁaéaensggcrtltolncfaa%%%/eltyo geﬁerxllectl Qg c@%%/stwgeceptor tyrosine

kinases, p21 ras, Raf protein kinases, Mek1 (ERK activator or MAPKK) kinases and ERK
(MAPK) kinases, which ultimately phosphorylate transcription factors. In this pathway Raf
kinases are activated by Ras and phosphorylate and activate two isoforms of Mitogen-
Activated Protein Kinase Kinase (called Mekl and Mek2), that are dual specificity

threonine/tyrosine kinases. Both Mek isoforms activate Mitogen Activated Kinases 1 and 2
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i nfluences and regul ates many cellular functions such
as proliferation, differentiation, 5 survival,

woer@eyasrt transformati on and apoptosis. Bot h PEEUS2006/034088
essential role and the position of Raf in nany

nal i ng_pat hways have been denonstrated f
MEAH s AP G edeBigr bieend Remlderkanete i i 2AnIoky aRbErkc). The

Mﬁk?%hgsnﬁhgglochen‘&lcsgpﬁan 1ﬁcél§§1[n§qaltn &tmﬁ&%@é&%‘%ﬂqa d@.oldomg set

up o(ﬂmgmmramsmptidmal‘rpmgrms eRaf khlase paiticipatio®in ahe Ras/MAPK pathway
. leceptor that stlrrulaece lular 10 tyro
inflie8essh 6?‘!5/ Iregulages maany e GHPIIS h&chcas wa{ferafﬁmpza@fferenﬁatmn

b stid g upstream of Raf. Upon
Swgc{:{%? 3%{)%&1&%@;%{0% Felynélﬂhd&g SlrSyI ates and activates
l\/kaoth deutssentipl rola anfahe popitigatof Rafdh méy sguphiak pgathways have

e otSL S S SCLaL U e M A Q0SB Sk i

maRhalfl delI§/at WeA QR Kﬂu&ﬁ§ SfpRfying GiBBRInHEL186d bendiR t‘é&ﬁnques of
primary Ras effectors invol ved in the proliferation of

magial onghnisels| dn niBy (casesLibh aetivasion of Fod by 1Teeptads that siehulate cellular

tyr%iiaé pﬁ«?@%@ajﬁoﬁ% ﬂgl? nagﬁooné%l ﬁvfy&’éﬁt | e 1&2}'}&1‘21%&@@%&5 functions
upétheaid offlAfl ITipbnt Rtivaionl REL-1 MenphBashoryiBtefahd ¥RiveteMMRK1, resulting

ki nase pathway, tissue distribution and sub-cellul ar
in th@dmopagatwrbﬂf s/sienaldo dowaptreanpeliediess sugh ssYIARIG (megen-activated

L

coﬂ%&d td\(bélthatphﬁgiryrmaatelﬂéﬁtom‘ ivobredfintthe pRilifergdoe of caimal cells
en in about 20% of all tunors and the

(ARBish Redl RS s el B8 e 0ns ed | n sbout 30% of
al | I e 9: 4 -
198 a?ﬁﬁ%ﬁ}?&g ftrod® dls&?@%@ﬁ@hl’g ?%4&61%% e, and B-Raf
disRageisied Ist their ablliuﬁmemmhmannwﬁlh&as B RajfvamMAPKdnnaserpathy, tissue
iti c in the |

G lieBednd Sl iy Duettes O, BikiRln & adas0205. 2000;

w&%r etal2, oz&gzae 15:969-res, D0, PARRAdZR o, emmc@l b1 $5:6430-6442,
have di’scl oSed that activating nutation in the ki nase

199 Dred etivefingumgtiop of ane of the Rels ganesgaabsfseersinabontad)% ofell tumors

R SR SN R 08l N BLEA S S o s .
CdreseRe£ MoRE38 U589 64989, HdMidio &rads ©nceteral 18:813a81%11999). Recent
Research 62: 6997- 7000, 2002). Melanoma, which -
stugss tharie showpthebBrRad amitatipnsinghe fifia A8Y1 s Areeiticastandaithe initiation of
m@p%%gg%és ﬁ%(ﬁ)lasﬁpg%?lﬂ‘p% &tal mz‘\l'a#nge@ n%ﬁgée%?xtga%ng Fultfi&more, most
re&h’aﬁt&dled\ha\re\/chmlamgd ﬂmﬁattl\tatlngmmitlomnﬂ thakinhee cﬁﬂmﬂl of B-Raf occurs

t h tly b di ' .
in gl glﬁtgq&] y ge glp%ﬁa;/eﬁéi cgp gq}én rgggec?nomaleaquxg h\rl]eracancer (Davies

ot BB RGP 1 TARRLER] 5L W e@alV\Q*a%QWk&%%%z :6451-6455, 2002; Brose
PCT/ U82006/ 034088 70% of _nel’anona express a nutated

et elndCancen Rereadh63ra907069, R@f)ZX V600E) making it an

excell.ent tar 0 eve nment . rt her.npr
o oneRet, S confinith ISP B S il bRpr Rk Sical need, is a
complexN@iltient Nhdcasd With 4 psorl prBgtidsan espeefallly e tMARKvanced metastatic

pathway in the growh_ and survival of nelanoma cells.
state. Activating somafic’ mutations in the B-Raf proto-oncogene have recently been

discovered in a variety of malignancies, and most frequently in melanoma. Approximately
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5 Inhibitors of the Ras/Raf/MEK/ ERK pat hway at the
| evel of Raf kinases can potentially be effective as
WO b@rapsat i ¢ agents agai nst tunors with over - eRQT/ESHOE034088
or nutated receptor tyrosine kinases, activated
Lntracel lul ar tyrosine kinases, tunors with aberrantly
70g pk sl ame%ere(saﬁ raefaisd @nd petératschformoel BRabW 600E), making it an

A T (O —p—

mutmté‘ﬂ-lRas | furthedeaddsirating thie dmpoit&hderdfahe MAPK Riatiiay i@fthe growth
se that also inhibit B-Raf have shown

a
an?)?'ﬁf?ﬁ‘@ %GW%B @litic agents in cancer t her apy
(Cr Tlfilﬁblt&gr&eﬁk RAgR ﬁ@%@e {Lﬁ th%zfg}elzﬁf' &asf ikgirrllases can

astien et a rmaceu I ca
po@ntlaBZﬂQ?r hsBye aﬁﬂﬁ)apeﬁh(s:{geptsmgmnaftuﬁ@fs wihbeasdxpressad or mutated

cell .lines . through..t application of anti sense
fectee&?ﬁ PSS %%@HV@ \IIIIPaPBIf@%FpB’F‘e%%e ENAWSR%H(&PI gvith aberrantly

t I
i w

faczf(rbs)as W@E aesmmomgl%bqurlgt achwating] rsotatieenofsRaftsetthah thé early clinical

T g T N W —
agdit A after dABIaPRNCraagAtiMenNBRar bR LS SHERSE 8%‘2435@&8 2002;

ki nase, leads to the reversion of transforned cel

Sebasticefraka Cutfiesip Iiﬂ"ﬁﬁléﬁ@tcglb@eé(lge& 228972581 208R)., Tr ends
gﬁg?&%‘c@o}%f %%9%5615818474 %g)hn ougﬁ t%ta?pa]Igc?jtéogmeofoﬁNA antlsense

tecmlsit)@y haxr Bedhashe whete rupiies bdie Raaan@ Rar-biddiana ﬁﬁﬁdrfgaﬁ)ﬁty (Kolch
hitin tunor cell proliferation in vi

et %In af/agfre 349l 8‘&2§8§9&?}I sMogigaet ab, ]&atureLMgdzcmth(@I\@ 675, 1996). It has
alsg bg%%slﬁ)%gr th%@tgg %ﬁlﬁlgggtragﬁg Q)g aeé%cg@%tbx% %&1& é‘lgrg a% rlﬁa.f kinase or the

-co-amptessnmt efndonaippihti rmghm\@rﬁafdmme st doinmansgegafivdMEK ithasubstrate of

RebReck, 1S 0 e 2615790 OF ip g mag oo s Rat il PeiRatpenotype (ee

DabnSet a‘i’atw%dsﬁmkh&@t&@rl9b@819 470880834 hdd et al. J. Biol Chem. 1994,
20020082192° 20010016194: ‘and 20010006975) or for

26?6@13{151—31)9 breast cancer (see . g., US Pat ent Nos.

bR CRE TR S

mﬁ&%ﬂq&éﬁﬁe%uon%gnﬁgeﬁ%r 1 S assa&wséeaélgl rmsrpaanNos 6,391,636,
cancer cells. i S known

6 3t5ﬁ,z9t32o¢»@%7 b3<%é3117df00c ar1e®B81 b d.204, 4(e7aéwé§ 268381 a@ﬁler patents and
I
L R LR e LA

U.gr E)aljteﬂtamw r6,268,301f faud I6921)4 463, bm %??HM&@%Y Patent Alpphcatlon Nos.
006 408 not be sufficient to supply .
S S N AN e D A
cantB!Ssce, | 81 UK Pk ROY! 09581657, S5 W%E%@e%%ﬁ 819, 6268391, and
I nhi'b romﬁ of ‘cancer ‘ce eceptor tyrosin
6 ZBﬂﬂéﬁ,emd(pREKsbeddf 8. Eataﬂﬂpphbatmné\lqndlog)ﬁﬂhﬂﬁﬂ%)s t hat
regyl a dev mental cel I
G ¢ PoPiokenis Hie BAeamaniorgn ol RBimahof sauser slfy It is known
that bB&UL Best DF (e BB readhes &f codtain side, Q@Iléhlf"l ab Qgﬁ’lm Lin diameter, the
129: 895- 898, 1995; van der Ceer, P. et Rev
canget ¢ellgjmpst develosa biw, supply iy ordes fgribe tirer toi ggawd@rger as diffusion
known as growth factors or cytokines,

3-



10

15

20

25

30

are known to activate RTKs. Signaling RTKs involves

i gand binding and a shift in conformation in the
w@za0e/08m77 domai n of the receptor resulting in PCHUS2006/034088

di marl zation (Lynboussaki, A. "Vascul ar. Endotheli al

il‘ﬂﬂ Factors and their Receptors in Enbryos, 10
tibe s “géﬁaerﬂ-ﬁo TuRRY dhe sancgesells With sapwegh pxygen and nutrients. Thus,
Il Bi 0 y
R T ahdloEne o hbbied MORR L GIoBME BF candt el
I nstRetcapter t)drgﬁﬁe khjhdses CRTKA) arectrarimembeld pbllpefiitied tRat regulate

d to the RTK It
dey%lgg%f,g? 8‘”%31‘&5@‘%’2%’%}%&&%9% ?]enaq ee§}3% ép‘; ?ng%tl?;b!gl{] pladult tissues
(MLﬁ%ﬁin@ﬁ'eF ang, § UOSIE BHS %,r g’;‘ ak%%%"?%%ja%ﬁde?%e%l rYB! & al, dnn Rev.

domai ns for the phosp tion &

C@hﬁm’ r 14k 25d - 3(3I7d)1994])5 PIbAyp@ubé hgmﬂdts,ebm@ﬁn R g»wah €actors or cytokines,
el.iu " These. i ncl ude

CI b @lﬁg emm 1§{ah§$ 3%&125 fAVOLYRS l(lgz@@:ylndmg and a shift in

ﬁfd)bﬁl@tﬁ@ﬂ)i atd ek@rnbl & PEPT :
coRTKS o ﬁ 06, Rt (clléilg_é‘iﬁ) %)P \I;%SGF L&‘@E%ﬂ Yes HQ§2§S§ ¥ dimerization

(LpmRoussgliintys Y;scu@n@ndvma:@ﬁ(omtwaqto(smdbuhm Reokptets in Embryos,

A t‘cs:o%ng@o%ﬁ{i Afgggﬁsﬂ%iglg 119 g‘gx},-[[?rl%%y og}felﬁnﬂg* Molecular/Cancer
Blﬁhgy EHabEl@ﬁer %3d TB&parthint 9 9’3‘311010%9 Mﬁﬂﬂ@ﬁﬁﬁ Iﬁitltﬁt@elmﬂrlch A.

5 have been descri bed as bei n% le to |n uée
. et ?rla&q?jn &r203,&14vddBP)- i Bindinedolethe dighred oathe T results in receptor trans-

PSSR B G i i o e e

dotrlamstfoﬂhe phd@pﬁmgzﬂatmlof cReplasthit: sﬂibé’cfates](gc@ﬂ VEG- -
RTKs including FLT- 1 and

EPE %@?;&1 g of %’ljlist a?rlgggecgf%b’goeqk}@ Fasapdargmdothglium; Jdpse include
ther'éSEﬁ‘lar g—ndo@ﬁelﬁi growth ‘i‘&ctoxN@f’llh ﬁ&ﬁﬁ‘ 1%1:' ?l% %%%%cgp%?r?subfamﬂy

93). VEG- Stimulates the ‘mgration an
CI@SOV |R'1%K83m|cmde ME@RRbO(FET13) VEGIFRE @&I0R i(hdmass Flk-1 (mouse)) and

VTR i e S ST i 5.
%Jit_é' k¥67D1683, 19991 Preﬁicm cbnuﬁaﬁt C&i’ee;l%} 15%&6 748, 1992)

: Ferrara, Endocri nol
Mqlgl@ﬁrs of ghenyEGH S‘étfalally 'hage ibeer deseribed, a%emgcmﬂe 1(9 wuce vascular

3801- 38

pergh it sl o oral o Prodichh A PieRsj gt e € mpjer inducer of

anglagfmeas hﬁd)basshbgeﬁdaﬁt(FMﬁEF& etﬁEdEﬁtio@ﬁmbhﬂeﬂHBﬂf-JzS M9917)

\AQfsEtre fects of VEGF in an ogeneslséIC
ﬁ%ﬂ@éﬂn Rpatifieally bin%chﬁt sdagluding F bm@ﬁlk-l (DeVries,
7 t 4 7/

3] P S £ S SN 50757
1993). bEEGEwstittlates theomigrationt andaprotifergtfont dfendothelial cells and induces

engigEengs b3 7o alsbig A aROL b bl Bidla gl elp 42001720024,
199RTUEI, I eﬂEll N, LSS 1 LRANER, 1§§9af}91‘?£racﬁn€t%[ Endocrinol.

| 'ung cancer, thyroid cancer, prostaie tancer

Rebvfé’r‘} -2 199Acheungs Be edy Selened 246: K106: E309, N8R, iPhbviegilnet al., EMBO
Jw?%lgggalb%@gtl bodies to 5 VEG-FR2 (KDR) have been
showi TG [ [ [ [

e ®&fficacious in blocking tunor angi ogenesis

( Seﬁtudiélsrih&fhnalhs culbaéiémloBRRaBAN sybR8%: haPe ekmBlidhe8tthat VEGFR?2
a Cell Dffer. 3:315, 199 Because

me ’rﬁ‘&i%@%ﬁ@@P@t}’ of Wawmpireas Kfeets iof | KRGFtin enmiogpnesie KWy S. etal.,
CIRRDF SHav@is U BEmGRN Ol Orl¥Io¥;F:37-45, 2004). VEGFR2 mediated

4-
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and VEGF- RTK, substantial efforts have been undertaken
to devel op conmpounds which inhibit or retard
wae@rossnesi s and i nhibit VEGF- RTK. 10 Pl at el epCTHER2006€034088
growth factor receptor kinase (PDGFR) is another type
S|on has been shown in a nunber of

o{. RTK. ng%gF efg pir
Pratiferaion g thglialymelp ds beliayad o insiolvesactinetion efithe Ras/Raf/Mek/Erk
paSVAOSAHRIIIRT! & P! PHhA Re§ %@'O OO:Q%G?W%F:’%%%OH has been

tunor types, the biological
observed an ;nelemomaabm@st (V21 Gy Sbladddak ahmdéﬂ lohg carethya6id cancer, prostate

CagEeOWthtO mor e_subt | eW crlnelnteractlons
For R il SArehises Ve ndUBIsY Stpuireliaiag mpparlonal antibodies to

VEGFRQ
e DU e —
Kigg ¢ ali, Netie 382:84b) H99anRed{WGé]setla35 Mob@ef]leﬂzﬁeg 3: %]l;ﬂé rOes¥ Because
0 enesi s The fi brobl as
angl g\/\?‘%ﬁ#snggfl «gwn %&E% Ig?a?ﬁ(? 1 ilp@ﬁ:}quer,agé fe bg ﬁpntrolled by VEGF

and NOEGEFR TN peutsfantiil I“’a"for%hl‘ihv“e' Bé%ﬁ hinaéxttal&ﬁ Q¥ dévgl%gt é?)éxgnoiulﬁds which

e a famly of polypeptide growh factors inv

- m]g{a;‘; SF redard apgiogenesiyiapg inhibi HEIGLFGIREE. m t ogenesi s,

i Sy R X B e of Rk

PIXGR axmess&nﬂms been simnmam i lﬁﬁﬂﬁﬂ ofdifferaeidlid tBfoft0 %hf‘ghoblastomas
&n {% either 2 or 3 immunoglobulin (1g)-1ike dorfmai ns;
ang OS{F SRR ePrORfaIReRaF INQIAeS- dn Ehpse paridiyitempy tpss, rthe blologlcal role

ec
o PERT B80Tty B9 MBEARCH LTRSS v
pargcrinOngogeties Indoliing APR8Ht stbdehdRand @hiiogeiRsisC BIDGE interacts with

tyrgglg? gg}ases rgﬁegtors g@%a a%%@iﬁ(}g@ :]Ll%%é}q@ 53:11;{13@% l§heee lg’DGFR kinase
actlﬁ \)mh §1ﬂ§11 hfetl3tiict Re&pRAEM o th e@% é"t\)'r h gtﬁl}%r%o V\xvﬁao?r@a#xglogenesw

91). The rol e of the
recéﬁé@cﬁ'@o lpsirgrowth factor ©GRRSY, kinases AHGFR shaspredeat another type of

S e g e VA ————

a {/'&IBU;S oBrachivigiss) 1h§1ua1n§elmt8g’éneﬁ¥ eﬁ]ﬁglbébﬂ%ﬁ@ ARt BRARAGRESng. They
of B-cell _tunors. In | e yel oma,
compEpEsd Finilyi ofivelated b[uh Eldl‘gdilﬂﬂd ingtiyrasitierkim®e resep®%4 afntaining an

exﬁ‘ﬁc@ﬁﬁlar E&Balﬂ%fh {hefaﬁ o ?%%}r uﬁogl’o ! hegg)ag egﬁ?%z}lg% a fpanggrembrane

ronosone IS un nown,

domhin, ahd ampts)phimlmqoalrdsw leinds@\donta@re N Thel 6Bidbldse Srowth tthktor receptors
-5 WD 2007/ 030377

b oI RO BeIgs B BAL (R M 81 v @nceangas, 1988); FOFR?
(DﬂJnnel@i@flall f@ ehézl gglz@é%@} %o%wmgéggggg a(id Q%KI et al., Proc.

fragnments I ned as containing se
Not 4shct Sei. B&gn%)lo%& 1961 k retnid af GFiRdt KRartaned, T et al., EMBO J 10:1347-
13%£q§€ ocation events into IgH switch regi ons in 15 of
Foma cell lines, including 7 of 8 karyotyped

| i ngge tdlabf hadibasbla bh&od e oxtsrﬁd}ﬁélg&%‘ FEBPR3, in cancer has

These transl ocation br eakpoi nts i1 nvol ve
beqan Hiwrindpd D)@é@gulaq@neo%omger&qzw nanslqclagmﬁ t8; the immunoglobulin

hea]t/g'q%émé(t%ﬁﬁggu@ég %%q%%%ssr 9:35% 6e)ven @gei paégogzﬂnems oI" B-cell tumors.

In J(nNHtp]H ery&eme} trankfiic2héirs26 4hel 13O hehisPotagr il to 60% of gases. For most
g Xs{oﬁ.ﬁal |y silent translocation t(4;14)(pl6.3

m&%ﬁ § TosEOmesqmae i Neknoy fon the otlasta divstse aray of

chrdhobéthaAPpftrel RER been identified, with 11q13, the only chromosome that is
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associated with nultiple nyeloma to exhibit increased
expression and activation of 10 nutations of FG-RS.
wab@7obmonosone-4 breakpoi nts were cl ustered i PCHUSDOKB34088
region centroneric to FGFR3, which was thought to be
the dysregul ated oncogene. Two lines and 1 pringar
frequantly invalvied: HBergsagalres lab ddantisind sligeitinate éwgtdés@ﬁ?@é@@ jory fragments
R3 al | ont.ai ni ti o
(ocfiggh et v g OB ol R S AR potentil markers of

trahdlb@fidn leOerty Fito ]lgl—Bﬁﬂl‘&:h fegiogh th 1526RD2 1Lyig€loMatcell iins, irfetuding 7 of 8
K650E,. the constitutive actjvation o

R3 in_t he .
karé{@&f@ﬁé elings dhat| h@ﬂarm Kat¢ctgblen 14ady etaa%{j:w%tf%sf Thgoffenslocation

g&pl(s”&%@egr 3128 oggutg?@gtn 1&]—9%96 Br Qp%g@ﬁlé h?fq13@;th23 1; and

tion durin
ZIQMDY(BBfgS@geQ%IabU HmequmtAcyzd gezhesvsamglaameﬁ@%) Chesi et al.
protein that is ac éghe absence of |i

(Negson Seaef, 1620 gﬁ Upq e dfifenkaFyQJypisa o ?lﬁ?tf franslocation

t { a iRl | DrEgE 10 t
t(4 %Zg)l@%écgs@%_rﬁl 5‘%?&&{15 Q:@llb ﬁm%t% & I%%g 4 62grlmary umors
ass'beimd withe mumple r apelbmeata @whnbasmmm eyprgssien and activation of

nifi wer, frequen i ent
st BRSOt SreaaP i SR A b o 70-4b region
cefitMaRlo toSUGERS tWHiéh #ad fh'oﬁ%lhtr’[o bBehd d}%fb‘ig'uldtéllfbrfcb gdie. M$ldBlines and

to multiple rryelorra The 14) translocation affects
1 ﬂlmwamoalmdh&w@mbcatmemtwﬁw awprassesl an FERgrllelegontaining

B3 i PRGNS b B RPR G 59 e, s

to RID ARG K60 Yarnee Fér KE80H, eccotiiutindactivatidb o2BGBR 3 Id the absence
%14 5% nultiple nyel ona bone marrow sanpl es

of fligand h@@ beesypioxed 8y m@nfscm@x@frpé@g%ﬁ% S’aﬁoﬁfl 1@% proposed that
aftel thO&f4 ecf“ EAY)' O?Hs‘iafcaﬂeﬁ SRR HARAYE dutifid rﬁ(h%a ppe Bssmn .frequently

onhcoge r FG-FR3 1 n carci nonas
gefératk an FORR3 @oleid\hbilis ectBerinthe @B8eric8-02ligarkd99) .

@mw@ 1 BLSEe e 21 B S Bk Hcsion i
m@%{)hﬁlyﬁ L%senb'ia%@edi gpd .PeHé/én%ztoﬂ:CﬁR%%ma%OZ) The

r equent |y nut at ed oncogene in bl adder
tramalocation Wes nlysemedait edignificantly lowanfreQuney irc pafiests with monoclonal

gaﬁ%&%’c@ge Lg)&ta’%g{lnlglga %%%5)?:8&&%&\4@%% %ggaéesfén%/\%dlg% A8 tAnsition from
MR 49 3RAhP1eR élUx%%o O@h@ ?téﬂﬁgztr&ﬁﬂ)caﬁorﬁ affedts Qg pﬁlﬁnﬂlaﬂ oncogenes:

several tunhor 1D m ssense somatic
FGER 3 endmsltiplelmyeionasgt qicrmqun éW%E"ﬁ)e cRasnipssea ot gh (2§23 fnvestigated

o} RSP AL PR AR I oma. T 1
of U031 4395), muttipke Bfielomaltone ynamm sarmyples, libeyafosad ﬂyﬁegulated FGFR3

FG-R3b i sof orm expressed in epithelial cells contains
eXpIespieB. ani no aci ds than 5 the FGFR3c i sof orm expressed

I n bongdindd, f@gﬁe FdAcahbebald Bﬂ%§eﬂté’ﬂ fRidafRY i@l oncogenic role for
t unors, i 3¢ mit at i on was the mpst confon,
F@FR@ cii cagcinombs Chpmedleer Dc aatcar, s(Iattdr) Netira3 Geselyi %l 8-20, 1999).

lgégtt al Eé{ugg %}%%g%%)sq a[S gqrg@ oarc 1vqtec§]8§§%gllﬂ '18%e proportion

oidﬁ HoRHRSH @pitiYial chRbrsMBHdaEL gnd! Qbﬁ@t t iIRGRR P Bppeared thdé the most
activating mutations

frequently mutated oncogene in bladder cancer, being mutated in more than 30% of cases.

;—

FGFR3 seems to mediate opposite signals, acting as a negative regulator of growth in bone
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10 found in patients with achondropl asia and rel at ed
chondr odyspl asias disturb this process, leading to
wo ewyobi3my of activated receptors and anplifi cBECT/0U82006/034088
FGFR3 signals (Cho et al., Proc. Nat. Acad. Sci.
101: 609- 614, 2004). Cho et al. suggested that this i
andnes haninsagensoin FevsLAl MmOy tyRes. nﬁl”eg@lFBﬁ PoIsHRGeipsaftis mutations

., Of hond | asi e '
RS RS FACECO Py B 0y Sy g o
thafkbstolici dyspldsiat (thecattioro b thacinad nanationd Sthiy equisaehcy mccurred

expl ai n _the pat hogenesis_of achondropl asia. O her | .
beceaspuihe EGFRAPasafemy RereTsei Rocnihel i GERECOIFEN P ghiTs AR acids than

¢ . . . - 2L _ .
RSl PRG035 7B e Sy sl Epors,
S24pmfututibA ®ias the mospionimé, gffeamgads e batlder cantdns ahiaf 3 cervical
gastric and col orectal cancers" Cancer. Res.
cang99) : 354 1-3, 2001). Due to their role in nultiple
my e o BGRd i tih s ARt |88 RR8d FOFR3 is targeted for
devgﬁggnncgﬁég%% Rﬁf%b tors dolfna%biqbr%bl ast grow h factor & .
lysosoep t degradetion dos o-Godmeadiatdda ubiguitivation.t ands that actrmg mutations

d FGER3, wi.ll .pl o [.e i he . .
T RO TR —
leagrﬁlg%‘ 1AL of hevaRAGeRpRIrs hddThhpliAddionSof FEFRBAbipals (Cho ot al.,

resséd in hemat opoi etic fr%ﬁnitor, nmast and germ )
Proe| Ngt. Agalli Sciexif £89r@r, RAY). Lhoperl.i mmepded dbpti tisymechanism

uirber . of cancers i pcl udi. N ] :
cof Pt e SEIERLT PRk Re REhaFRiss BU1Eknt ARt tarer
fordBShpeiio igsivenadn. STHOBdsotdMargeting deficet impdditige troother mechanisms
| eukem a (AM.), erythrol eukem a, neurobl ast ona,
prapesesereaplatthe patogenesis Rbashongioglssia. car ci noma

Hei i . . . 1 . ’ .
( ?ﬂ%érc I?esu% ﬁdllc%lttee)at%hats‘rlrr"o(ﬁ%, alg_mﬁ[g_}ﬁ@?ét Qrgl Q?g?ﬂé?cé%ﬁ factors 1n

200 feview a

turBdrigeesid 41rgl SR 1t aR0"Mueiieny e SHiroplagf giO8kh HfRytor ieceptor 2 and

ﬁby@l@@ﬁr i e?itg%w{hgrgqc%g‘l q%Egpégr:]. %lggst IBQS%F]]%'%@:]&{'}E r}BJS‘IFCSf'(S‘Fé ésls}rich dRd colorectal
caﬁéég;" 29 REY. l%h@g!’s’@ﬁ 19f, 20b8). 5@A®ttheir f1@EYmultiple myeloma, bladder
e ung;

ndonmet ri um i dney, ‘pancreas and prostate
cafiapind fEmorigrnesisBidevelopvacht 2f Snltibitors afidiitzoblastozgewthy factor receptor

. PCT/ US2006/ 034088, 11 . i S: S) :
e SRS b 7000 TP S G e i e
trestent of cdnkb@ger s signal transduction pat hways

controlling cell proliferation and di fferﬁﬁ'ﬁti on. family and i
CSFc-Hivi§ snashqarreesptar tytesing Kingserhelpyeige i 8DG Refgptor family and 1s

regnancy and | act.afli.oF j ion h
w5 AFAGHPR pARDRL S iy LB €58k prsin
bedf Gmpiiddled il/a Alunitiay @ icueels ety mastodetiolvakesieeg@apisll tumors,

supra). A continui ngp,need xi sts_for co

' t1 ? rgg%undsedt heat leukemia
smiahteli ng rarginesna.f gasEpiiRstel sapial [WPPiSs aCute TRYHPEIPH:
(A%EI E \égetgxt&gﬂ g}r?ﬁac;n e%o?fa@fonﬁ?ﬂ& ont#0 dvhrdnec@hdm8&Ysit&t carcinoma

nd/ o mol ecul es such as one or nore

(HefnrfsasM. Rakt alyut Efib. @aR2D, 6 VEIIFRI03, RO (tevikwaarticle); Smolich, B. D.
FGFR2/ 3, c- KLQ& E@R(s, CSF-1 R, and pharnaceuti cal

etpbr Harat3ons d i caments that 10 contain such

- ow&gprcsgidﬁe&ct@@R, @3 r&deptof @dr doRinyatisnuddting factor-1 (CSF-1) has
adm ni stering such corrlrj)ounds, ) ] ) ]
been implicated in a number of human carcinomas, including carcinomas of the breast,

ovary, endometrium, lung, kidney, pancreas and prostate (Sapi, E., Exp. Biol. Med 229:1-

-7-
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phar maceuti cal fornulations, and nedi canents to
patients or subjects in need thereof. SUMMVARY OF THE
WO DWERAUIICN New substituted benzi m dazol e conpoRCESANE 034088
provided of the formula (1): /(R%»(R3)b N~/~Rd)c N
R2 (1) 15' wherein, each IS i nde endently

11,3%104& @&Ffl&)m thgpgingkjnasp gq:cgptocyvhg;ha n acT@lat lay '@J(lgand CSF-1,

trlg(‘ggllﬁ-sggd aﬁ @/sdﬁccttge fp%@%/aﬁys Q:?é\‘ﬁfihﬁ'%géﬂ n%r?ﬂfe@aﬁg%ha&d edrlfferent ation. CSF-

IRRR gxlire@%d & iﬁhb kxydnlnﬁﬁryf%hmi @iking mégaphdy ameblabtatSn.i .‘Abnorrnal CSF-1R
|nepenentyseecte from , Cl 6 alkyl, a . .
expipssintyhas igep goprelpipd; with rﬁé‘@p%é&gfqa& R, %tii WE?%S%U&MSW@

K Cl 6 al koxy, hal o,
bﬁ%Mﬂéroé§%q%a$%§{'%%Egnyl car boxyl, (Cl.6
al k(z»(gdrmauihlg mykd egisisrfor amlhpmylkis that 1r611b1t the proliferation of capillaries,
carbonitrile,

. I3
it $he GOV DO AHgT cairt HELERargT <Wiroparsh adior inhibit
md%uleggsucﬁ% B tRmbe 8PRa9NRhE, Ymetdhs B-Rift SPEGFRD @IBR, Fik-1),

nore substituents independéntly sel ected from
FGWb oy, rI%D@FRB:lCWéRk gnd plisamaceatica fermufatjons end gredipgments that

co laﬁlgsuélﬁ c%rrnlgcﬂﬂl ?.'lg(l) lé’%%ﬁ%ﬁb‘?%?l (gé)}n&fstef]ing Qhicte compounds,
ph%ﬂcé@%@pﬁhﬁ%ﬁ&% aﬁd inedita@kentd to petieBtstorgtilsoEs in need thereof.

st er eoi somer, polynnrph ester, netabolite, or prodrug
t hereof or a pha salt of the
conpound, tautoneéﬁﬁﬁﬁé&gpﬁkgﬁg$ #ﬁﬁgfbh ester,
et akQY dubStitufd H@ﬁﬂﬁﬁ&&ole&oh@oﬁﬁ&ﬁre pmmunﬁme‘o‘formﬁw D):
substituted benzi m dazol e conpounds are provided of

the fornula (11): g (Rl)a(RS)bN/g‘)’EAr U/ NON
N

ND HN-</ | N C €11 )R} wher ei n )i s
i ndependent |y cte@ Cl_6 al koxy,
hydr oxy, hal o,

R | )

wherein,

each R' is independently selected from hydroxy, halo, Ci.6 alkyl, C;.¢ alkoxy, (C16
alkyDsulfanyl, (C,.¢ alkyD)sulfonyl, cycloalkyl, h¢terocycloalkyl, phenyl, and heteroaryl;

R? is Cy.6 alkyl or halo(C1.¢ alkyl); )

each R? is independently selected from halo, Cy.6 alkyl and Cy.¢ alkoxy;

each R* is independently selected from hydroxy, Ci.s alkyl, Cis alkoxy, halo,
heterocycloalkylcarbonyl, carboxyl, (Cis alkoxy)carbonyl, aminocarbonyl, Ci
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(Ci. alkyl), Ci.6
alkoxy, and halo(Ci.¢ alkoxy); t

ais1,2,3,4,or5;

bis0,1,2,0r3; and
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10 al kyl)sul fanyl, (Cl1_6 al kyl)sulfonyl, cycloal kyl,
het erocycl oal kyl, phenyl, and heteroaryl; each R3 is
w0 pabepsnsdent |y sel ected from hal o, Cl_6 al kyl , P@ntiS1006/¢34088
al koxy; each R4 is independently selected from
hydroxg Cl_6 al kyl, C1_6 al koxy, halo, - carboxyl,
(Cle b BbPkxy) car bonyl am nocar bonyl, carbonitrile,

cycIoaI cIo
et 8 Bytsy SRR P ipahy estr, ety o1 Bipdrog gherof or
pha\bﬁﬁb@iti@alﬂ%l,ac@tab% salﬁlw thé dmmpobﬁd otatnomea,l htyreo1somer polymorph,
substituted wth one or nore substituents
eSti’rnH@E?é’ﬁh@n?ﬂRFOé@Bect ed from hydroxy, halo, Cl1_6 alkyl,
and
1 ok or @%1'6851}‘11ent% héw ;subégut@d b%n%lg%ctlagﬂlgr&h%unds are provided of
theSfbﬁﬁﬁal(H)mer pol yrmr ph, ester, netabolite, or prodrug
thereof or a pharmaceutically acceptable salt of the
conmpound, tautoneyr')stereoi soner, pol h, ester,
met abolite, or p/ dr)%g (RPw ot her e ,%;R%ﬁﬁ new
substituted be dam pr ovi ded of
the formula (111)HN—D 0074030377 |
PCT/ US2006/ 034088 / (R") jt \ N NDa O/ HNN
N HHC (I1l) whergih, each Rl is independently
sel ected from Cl_6 at Cl1_6 al koxy, hydroxy, halo, (D
(C1_6 al kyl)sul fanyl, (C1_6 al kyl ) sul fonyl ,
cyc“gi,%l kyl , heterocycl oal kyl , phenyl, and heteroaryl;
5 eaC is I ndependent |y sel ected from hydroxy, Cl1_6
al kyghch KL 1561nad:}ieﬁdﬁ)nﬂym160ted feaan 161 % allkyl,( Gls Akoxy, hydroxy, halo, (Cy.6

alkgfi)glfl) )g(%q)yi;{l?? ﬂﬁy]ésfugtg]pglf %Z{l@@jlp%l hetgrgcr:}% nalllgyrl ! Ilh%nyl and heteroaryl;
het &L QeNT ‘?ﬁde@&@ﬁ% Qa%cted ﬁgﬁr}iﬁho (ﬁ@ dikyetana @8k Téik’ox%',h ‘

wherei n e optionally substitufted w

one eath RSris mdbpendd:mﬂ@'n Seslecteech dpre igteroxlyy Cs.el aketle €1fsr dloxy, halo,

T TN AT T e Y
het% %?gfgfbﬁ&[@fbonWbﬂé}&I Rhd hegtdkyl; met abol ite, or prodrug

or a P maceualcall accept abl e salt of the

Comwhemjn Raulkorﬂér, ,anglt Br emagd:n:epptl(g@lly nqy,bgﬁuted with one or more
substituents independently selected from hydroxy, halo, C.¢ alkyl, and C;.¢ alkoxy;

ais1,2,3,4,or5;
bis0,1,2,or3; and

cislor2; A

or a tautomer, stereoisomer, polymorph, ester, metabolite, or prodrug thereof or a
pharmaceutically acceptable salt of the compound, tautomer, stereoisomer, polymorph,
ester, metabolite, or prodrug.

In other embodiments, ncw substituted benzimidazole compounds are provided of

the formula (IIT):
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ester, netabolite, or prodrug. 15 Also disclosed are

conpounds of the followng formula (1V): R4 /(Rl)a
woER7PBO3NAE | N HN N~~~ Ol ~NN N ~\/. R ¥CVUS2006/034088

wherein, each Rl is independently selected fromCl. 6

al kyl , Cl 6 al koxy,R1)hydr oxy, halo, (Cl_6
al kyl ) sul fanyl @9 aI kyI )suI fonyIN/)‘/y(Bf eal kyI

het er ocycl oal k pheg 1) i's
Cl_6 al kyl or hal gfCl e ch
i ndependent |y sel ect ecm RO haI /'\bl aI kyI and Cl1_6

al koxy; each R4 is | ndependent ly sel ected from

hydroxy, Cl_6 al kyl, 3(231 6 al koxy, halo, carboxyl, {1

(C1_6 al koxy) car bony[ am nocar bonyl, Cl_6

aI kyl.am.nocar bonyl , carbonitrile, - 10 WD 2007/ 030377
CTMS5B6/ 034088 carbonitrile(Cl 6 al kyl),

CyC |69@H KYlis 1nﬁ@;§e%ﬁ&ﬁ%ﬁ§e%{elﬂ)ﬁom @tsedileﬁy el. ?oﬁ'llkgw hSdroRy, halo, (Ci.e

kyl'), heterocycl oal kyl carbonyl
el el ulions cymalkﬂshetamyqnmlﬁayprmyl and beeroary;

opt i onallsy. subst i t.ut nor e
i nd&P R i Besn e B setbifi RPG SWrORa Gu 16 46K }§°Xy= halo,
caﬂ)BSile%C{Bs allik @p¥arbnya, drfiindearBonyd, caAbor@tild;cyalglkyh hlet‘er&ycloalkyl
2, 3; or a tautoner, stereoisoner, polynorph,

he@sqcefcloaﬂfadcaﬂwh phenyl, apd deferngrylher eof or a '
pha RSN tRIC @[lmi xR qﬁﬁg BL %gh‘f?neﬁ@ glﬁ)@ﬁtutté?iewftﬁ aH u&dmIOfet gubstituents

taut omer, 'stereol so ester net ab

ind¥pedendsy lsglect&d) fibth lgtdmw Batbod. J’ra‘lhjrlSand(éW akdost i t ut ed
benzim dazol e compounds are provided of formulas

(1) 218 V) 2, Inftepied; d¢ach Rl is i ndependently sel ect ed
fromg;the, group consisting of hydroxy, chloro, fluoro,

brono, nmethyl, ethyl, propyl, butyl, nethoxy, ethoxy, '

pr opn))aytautohwr,ostyreonsoméﬂ Lpokymnmphyéster,t micfabolite pett prpidrug thereof or a

ph tﬁlirn%la;olﬁﬁor %%qrfj}g]%( ]P}Ffsg yq) %og(tgﬁc))% ffautemers stereoisomer, polymorph,

es@l kNt JIRE, ot bfbdkug, P1 per azinyl, Cl_6 al kyl pi per azi nyl ,
15 "t et r ahydr of ur anyI pyri di nyI and pyrinmdinyl. In

ot heklse disoldserbare sompewnds obtheifollewing forsrda FVdazol e
compounds are provided of -fornulas (1)-(1V), wherein a
is 1 or 2, and at Ieast one Rl is halRf(Cl_6 al kyl),

such as trifl L@ ehyI(R3)In ot her e d| ments, new

HN—«UCK

av)

wherein,

each R! is independently selected from C.¢ alkyl, Ci¢ alkoxy, hydroxy, halo, (Ci-6
alkyDsulfanyl, (Cy.¢ alkyl)sulfonyl, cycloalkyl, heterocycloalkyl phenyl, and heteroaryl

R? is C1.¢ alkyl or halo(C s alkyl);

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

each R* is independently selected from hydroxy, Cis alkyl, Cy.¢ alkoxy, halo,

carboxyl, (Ci.s alkoxy)carbonyl, aminocarbonyl, Ci.s alkylaminocarbonyl, carbonitrile,

-10-
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substituted benzi m dazol e conpounds are provi ded of

formulas (1) and (IV), wherein R2 is Cl1 6 alkyl, such
w@sggo7ha37exanpl e, nethyl or ethyl. In further PCT/US2006/034088

enbodi nents, new substituted 20 benzi m dazol e

conpounds are provided of fornulas ﬂy? (rry,

ca(hovytrile%esr ehlkyD, i sydoalkyld helstpsysloa ndtetqjﬁ@@lmﬂk}’l(ﬁn s alkyl),

t tituted benzi m dazol e
heft ﬁsﬁﬁ%ﬁlcg&%gi»%&%{i&n@?l@% las (1)-(1V), wherein b
I'S Ivhedifl IE??; R: ©B_smeRéoxyy truoptianlly Subktitrdninitd, one or more
nmet hoxy. éet further enbodi nents, new substi t ut ed
l

sub@wzqnm 1@69119 ntbf@ﬁ%ﬁ@t?ﬁé@nah@rwwﬁl&e& o1y b apd Cas alkoxy;

I I cis 1lor 2, and at least one R4 is
(25) hgll;(ll)’(?(:f’épali)%ﬁsl such as, for exanple,

trifdiw0r bizeohy) . I n other aspects, the present
i nventi on provides, et hodfy for treatin f rel ated

di sOF Qetautomer osterepispmet PRRIAEPh,SSSHT ’eafl@%.ba g et Prpdrug, thgreof or a
phtaﬁﬁ&%%%lycm&t ik %uasifmg' §(§I§}?dsﬂﬁa thiloRa, dste%wg&ﬁér 3Blymorph,

anount o of the enbo of ‘a compound or a
esta:hanertdmélm |ocpfddyug acceptable salt thereof of formula

I Il I fective t.o reduce or
U Lola i gthodithgntS ey flbsFtaeiCbdnBnibRediS P fafids apg provided of
fofHes {I?—(I @vh@fe%? SzEHh RhERYd é@ﬂdéﬂﬂ?‘@dﬂ:@&dﬁﬁhﬁ@l@fﬁgﬁ@f) consisting of
treati ng af related disorders in a human or ani nal

hysltcbqyechlorm fhisee, oromsu siethyleethife propsdnpwtys imethoxy, ethoxy, propoxy,
oG5, ARG FEHLISRRAD ooy

trlﬂﬁmﬁiéﬂgllﬁllfaﬁylpbi@éﬁ&ﬁ l,ltllgalkbfhplpeaﬁﬁ@ﬂ)t;ﬂbérﬁlﬁﬁ C1.¢ alkylpiperazinyl,
thereof of formula (1), 3 (rer), . or I%(/%} effective
tetrghydeafueaylo rpygsx.dgwénan mml l@ﬂowthh qthert gab B]eetét npy substituted

be%u%ﬁi{i%@%‘t QQ?%&GS Ale bx%g(ﬁ#ed%%o hg p‘? ), %ﬂ&n a°1% 1 B€2, and at-

cancer éct's,

legpt amerR! i helolC o atyt)y isoes as hﬂﬂumrenmthyl Colmqao‘élet |embgd1ments new
conprising a Ieast one_conmpoun h

suaétetaf,sé bengngdarle RERORICA P! Pty {pnd lhgfem R is

of alfc{rlvgl%cgl:hst ﬁﬁ‘té'x gleo thetyl Br GR$1. Ofn ABHhEr é&ﬁ%dﬂn@ﬂ@' new substituted

thrent “of - cancer, as are commonli

b@ﬂmhldglz@db compamde aret providpy of Trmutas rfb)o (HE and (TR @vhere¥n bis O, and

nv, tlonareuef |ntetrea t of canc
th R R " T5SEhr oilFoMET e, SBoeR e el gaostied benzimidazole
chffHuh&Sdre p Wﬂéﬁf foﬁﬂMEQ(lﬁ(lV‘)' @H&@ﬂh Wis 1¢ @hdJR? is Cy.¢ alkoxy, such as,
mel anoma, © nyel oi d di sorders % nyel oid | eukem a,
fomgxamples mpboxE, émdyeé rirthero p@bk meass nexe sHbstuted benzimidazole

co%ggoglggsag%b{){gizjl ed 0 anm?ﬁ 82@%’ ?ﬂ&{eﬁeé gsf g%? A @nd-at least one R* is

hdl6(C; RIk9T), surhakefor bxuniplt, hﬁﬂﬁor@fnethyhl biting at | east
one _serine/thregnine kinase . in the MAPK _si ggal | n% £ related
pat hegthpi aweg@bﬁ@cpreseéllt inveatipn @50\/& g5 @p@@fl ¢r trgating Raf relate
d]%}%é%s b 91 rl‘luﬂipaﬂ' Alifind%uBieSEh 'n@@%&f‘&f&ﬁ RidAndilt RB2Prisig bBRinistering
al'i'ng pathway In a subject, conprising
toaxdid :mbjﬁceam agpoantt dfeng pé thd antwalipests of acompaprd ei aghaamaceutically

acgg]?tgélp (ﬁ)gl;; ggge%gggl ?%%qu gﬁa ((ﬁ; ?flgagse &% Ffépst}lve%f% %e('e 1{9? olr Srevent tumor

&%ﬁﬁ;mggu :&ti Nhi bit the MAPK signaling pathway in the
subj ect. l%e t her apeutic
In yet other aspects, the present invention provides methods for treating Raf related

disorders in a human or animal subject in need of such treatment comprising administering

-11-
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conpositions are useful for treating patients with a
need for such inhibitors (e.g., those 20 suffering

wo ec@mossnter medi ated by abnorrmal MAPK si gnal i PQi/US1006/034088
one enbodinent the invention relates to nethods of

nh bi.tin k|n se in a subje conpris
bé;?cégp Arount Qi Ay o dhg erab Q({}Wﬂ@’@ iof ?Gﬁm@éh@?msa pharmaceutically

&oé tlé{BIekaitﬂ{éc{
! S) pyri di nT4O%)?§cg?< d {—Iéjggzzm g 3Ieﬁg& i:l%}ztg(rﬁ(ﬁ’th ioF pipyent tumor
gﬁo&xﬁbﬂmghe sph]@cwm)ooaﬁnm,onamdl dtHeast bacihdilitenal agent for the treatment of
aﬁlﬁgrem soner, polynorph, ester, netabolite, or prodrug
greof or a 25 phar maceut i cal I y acceptable salt of
t he Bpfyﬁpwmér 4 é’&[@ e p%&[temvéﬂtﬁﬁ?f g{cﬁg&éénﬂ{ep utu% omp031t10ns

ester, nmetabolite, or prodrug. I'n an r aspect
Cqm@é%l?ﬁ atilpask Ame eemp@indtars phormedentickslycfccéptibloisalt ﬂ@r@&‘ of formula

n EO i nas recet lected fromthe
o) ?ﬁzléﬂgbﬁrs IWI n(éong? l{‘} %p{e(ﬂggltwgﬁggen@ﬁ@jhe treatment of
canGErRas art Chthonly@nfo &l-lﬁlcbnce@ﬂ%réﬁ?: 1R in a subject,
or tJ{;eatl ng a biological 30 condition nediated by at

| eas f‘oﬁ@nPﬁun@Eeﬁ@Qme@rRm@ uspfaRin thsFERytmEEFS cancers, including

F- 1R
Cag%%ﬁﬁ?ss gé:éi %ﬂ}f lﬁgé’ e V@ﬁﬁ%g ?{%641 Sbé%‘%’ﬁf i%] cr%on),a{nelanoma
myelaslt dosleesoii@ayndy€lbida mikamtm Caukipta kﬁz)bélcﬁﬁé? epiA kélgﬁhroleukemla)
-12 WD 2007/ 030377

alttégereo of B}orrrula(l (II)
‘%Eﬂ*?“ RO n adepqma), gid farogmas((e-8¢ ptoesaraemiadhi bit
the fydnelePSsptbt) ARGt &HE RvBhtid ufa'?% hs Lﬁ? tﬁ&cts of 1Rl%b1t1ng at least one

t herapeutic “conpounds are use rea
sepae/theeargnankindsean thecd ATRK mgnuiinglpaﬁivbiytlﬁ aguﬁ;emg or tréMEQ biological

fferin m cancer, nedi.at ed by abnor tyrosi ne
copliioB P Rael A5l S SeGRRpIRC Finoghdn (o DRAPKeeraliagepatinway in 2

subJe¢g Nédneftisir @&ﬁ&lﬁt@ﬂxg,@tah Aktaglitié %hgioglltlﬁﬂ @oéﬁfﬁs‘?ﬁé N§ least one

ki nase sel ected from he group con

CoperRd 21 apherR: Btlcqblﬁzmccem@@ salF @GieRdf O‘f@ﬁ?ula ROERE), (@D, or (IV)

etfk {1%6?@ ge |Fc %1?0 %ygégﬁs elc ing, rpﬁﬂi%rylnéi ncge su Jerc]:‘lc St ?{1 nt%erapeutlc

cohipgh?bizy hll-egus[eﬂrl (for tuehfing pAtRsEY Wyth-d iibdd"fdiI adeh -ighikiers R¥.g., those
i

Suﬁ? E9% fﬁ%‘%%ﬁ lzlﬁéqa}ed(w ghrormaloMagRiE h&glnalgﬂ@nylln) ongnémizodiment, the

in®ntidn trflh‘tteg %ethﬁ&fé@ﬁhﬁo?@ IHI%SX in a ﬁlgl?] ﬁfg[t %(E}'{lﬁ)l‘és&]ilg gimlmstermg

net abol1te, or pro or a p

d’maﬂcuada I oerr@akltlomfcdiﬁ}msmgo {O:WIahylliﬁi[Zb(SlatﬂmﬁSEdmethyl 1H-imidazol-2-
met abolite, or :

st er 0| s npr ph,
i e e Pl M s Bt omst bRbas oo, and  the
tadf&h@pd%tei?é iddaRr odg niEfiact

descri bed Oiln thea%ug%lal 1Itﬂgd deg:rl tlg%?ebf B% g?osdrug thereof or a
phpimasaetically &Wﬁﬁblﬁ)@mmemmtﬂi%twrmré&ﬁ)mer polymorph,

r aspects and many of the attendant advant ages

estfe?f%&oﬁl?em%ﬁioﬁg}g will 15 becone better understood by

r ef @i anetiert Bpédietht Prdsend 1ﬁgerﬂf%h%llafég S BRMJdR o (Prﬁnblmg Bt least one

taken in conJ unction with the acconpanyi ng draw

tyrapias kingse epepirselected fromy ﬂmﬁm@mmsmgng hE VIBEHR -2, PDGFR—B, pERK
|
SFCRINEIN TR AT, gl SR TP PRI bilogica

Ufrors Th mce’ when trea
comdltlemmedrated&zy at tescorene v EGFR0 PDIGFRLS; pERK, bFGF, FGFR1, FGFR2,

FGFR3, c-Kit, and CSF-1R comprising administering a therapeutic composition comprising

at least one compound or a pharmaceutically acceptable salt thereof of formula @, (D,
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20 FI GURES 2A and 2B are PAGE slides show ng the
i nhibition of downstream signaling from Raf kinase in
WA03MBE3CIAN el anoma tunor cells in mce 4- (PFCOUSDAH/034088
and 24-hours (Fig. 2B) after treatnent with a
npound of the invention, as_described in

npl
(111790r @V eflectiyeite inhibjt heHyroRaaikingse rrecpianin the a‘ehi?qto rT%P herapeutic
co@g&{ vvl\éag% L{[ngu?ffoma ng éa'r:h TR d"? 83&% E&n&ﬁﬁ InH{BRloRs geng those

eat'ed corpoun € I nvention,

suff@sgy frb@dcanterbiadined b§ QbnbintAlRIZDsHA, kivkdse rmﬂtoﬂ@lgﬂahng) In one
PAGE sl ides show n9 the inhibitjon. of downstr

embpimeant. the FPSRTEIIAGSASBOAIS pABBbR A e AT sefected from

thd %;Sﬁf, c%g‘élétgx%our S@}ﬁ} 5 1*19%?11&3: ﬁg@@ggﬁ% F(cFngz FGFR3, c-
Kit; oamb WT8F- IBOm)fa Ishigeotn\oempnsmg a&nmﬂmgbadthemp@mrmomposmon

ot DB DR S SEROBLAS08  FLE S ot 1

b 4ﬁﬁﬁ L) ERARSRheP ObNt aOftahtBﬁiebl t §tefRoisomer,
e,ﬁ%a; ownst rgg}m Si gﬁal i ngﬁy?})gm f k|enase Wth t

potymmrph;rﬁswufmﬁxmm or progsugibsteof b@@phanmmmalbsm@zp‘fs@e salt of the

COWHHF@E?%S %&ﬁgﬁgga g GEﬁ%f F’Fng?oigm lg’dk&ﬁase

in '6[31%5MV6ﬁﬁdnS filrfhlef> 1desSl§oﬂ@52t1&$| Infetlidds @6 B3¢, @iddmethods of
CHL-1 cells (FIG6 after 4 hours of incubation in

manufactire anlesaribed inthedasgiledsissaintiontof thednymtione
conmpound of Exanple 1, as described in Exanpl e 83;
FIGURE 7A i s BRIFAIDESERIFTHGNOHIZE PBRAYRGSi n t he

rrea ! ﬁg?%qﬁ%gasisgﬁré S Wn}\{n%lé @mtggld%ﬁ? g‘IM%rgtg%mRatﬁ tgﬂ%qg%mon will
be@élﬁb bgt@&eimﬁgrstl)gd "5?/ rkfBrend® tdTEHe Bl OWingRtailgd Kescibtibhiewhen taken in

onpound of as described in Exanple 84,
coﬁju@ﬁ?&l \WBhlthﬁ @C@ﬁ@}’mg dawitgsyvigieithe i nhi bition of

n fr
o1 UGN S8 e LR S hebl ARRS L AR LR of as7snt
hikt® meRABRKNEmoEs Fxaifpd evhin tesutadesdthi bedmipouritk afihe invention, as

84; 15 FIGURE 7C is a PACE slide show ng the
deﬁmheﬁlltlﬁéﬁlnﬁke 8ownst ream signaling from Raf kinase in

A37 eﬁﬂ Bnal%'I PRGEA sh&éér §10Q\f1ﬁ§ rthé hl%lgﬁibﬁ of downstream

trea ment conpound of Exanple 1,
siglediap tﬁkaﬁdRaﬂansanmlAémm hlﬁhdﬂiﬁﬂaﬁ@na mnaprmufmsnicgé (Fig. 2A) and

242?(?}\% ng ign E@7§%¥L%§grg g\{w[ J Egrhg W'é"ff %@?ﬁ%@ﬁl&tﬁ({%ﬁl% I:‘Z‘%scnbed in

)E?gjga nt with the compound of 20 Exanple 1, as
E cr ?ged in Exanple 84; FIGURE 8A is a graph show ng

t he WEAMRE 8disca igoaphi showime they sieamraedictingyr Apmor (plya¢ of HT29P
hlb\é?%?c%lﬂlg%élg% greslg.%enrncte WWen treateMtﬁ é"@@rﬁp&{nﬁa&eﬁm invention, as

described in Example 80;

FIGURES 4A, 4B, and 4C are PAGE slides showing the inhibition of downstream
signaling from Raf kinase in HT29P human colon cancer tumor cells in mice
1 hour (Fig. 4A), 4 hours (Fig. 4B), and 24 hours (Fig. 4C) after treatment with a compound

of the invention, as described in Example 81;
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i} Raf)ﬁ‘l%sefl ng

Exanpl e 1, as described in Exanple 85; FIGURE 8B is a
PAGE slide showi ng the inhibition of downstream
waegnabismg from 25 Raf kinase in MEXF276 t unoPCT/EE1086/034088
in mce 4 hours after the 20th treatnment with the
conmpound of Exanple 1, as described in Exanple 85
FI GURERICS iHusiramacize MARE sianeling gathwey iesdeding Rgh %ﬁffa MEK, and

e GO o S AR P v
con&ﬁﬁﬂ@ﬁﬂﬂx@ﬁple Beg dpdceibdd indBxatigdey 820861 i n Exanpl e 85; 30

| GURE 9A is a _graph _show the an|n|b|t| f]
t ufBGURENOA, 6B, mexFesua P qRing on. 8, depmstream
s1grg(iﬂgp¥ﬁ%rﬂ gaf‘?qﬁ% ‘éi'islgipsl gf\/r“éeltnﬁcdlgg b té’l@ Nmm)ea ng'Rf} 6B), and CHL-1

cell2 (P 68Pafter Pﬁaﬁ@ﬁ@mmﬂﬁ&ulﬂﬁtmﬂﬁ ag:tanges oficitgprations of the

slide show ng the downstream s aling from Raf kinase
compeuERFESPIE Jrrst dasent f‘éllpﬁxmef@g@ hours after the 20th

tr ﬁshag [h Qdege rdspesRlig the n@8n reduction in tumor
descrl ed in IlQURE 9C is a PAGE slide

volshewf rAngSMe(Banﬂ N@OOEhhloﬁarrmplaeoma dempistin gaige wh@mtreged with an

ora fspligflrfg F/hf:,rl gﬁ iO @E@(géfig}x ?om@(u%Hro? E@&]&Efe 1t B€ described

in T8@RMId pd 1 n Exarrpl e 85, FIGURE 10A is a graph showi ng
the nmean reduction in tunmor volune of HCT- 116

GL3PGURE JReistaaP AGEr dida shewing tae inhitition e’édw&ﬁreﬁméé&r@ﬁng from

] PR AT 18 ARt s

corhptinBioF ERBmple 1d avasscfibanmdxgnpld 84 from Raf Ki nase in
-116 tunor cells in mce 4 hours .afte

t r eBIGRRE 14 tSha BAGE Uasheaeshe mhabiirs of dougstrea Signaling from
Ragﬁg én 81? ?Ahe ] nh { %el?sG l‘ﬂd@% HREs 'aﬁelatheAfﬁhStlréaGﬁent with the

I'on o ownstream signaling from
co unkdi of Examiple P@Id&sbﬁbtdmdi‘xaugﬂé 84;in mce 8 hours

e consiy

Giini# ?élﬁ% P htdOfe QBtORMMISERERITh the compound of
rom kinase in HCT-116 tunor cells in

Exmmpke 12 4s Besaribedaiintlxample8Br d treatment with the

CoTRRARE* 2SR sy Rl B i or e

(Btwwﬂﬂ UiBlaRémATear@r (BmoROinRaficd/6Ref) treatddowitht the compound of
carcinoma tunors in mce when treated with the

ampbdun@ld@ﬁfcrlb@k@rﬂﬁa@lpie 8%s described in Exanple 86;
%‘@m% isg nghc?e% qmg@%@g%gg@%% Qbnaling from
Rakemke@m@ MENERT6 thikfior Sellsnmnmm pibenrst afteat thel 204t kreathpent with the
compound of Example 1, as described in Example 85;
FIGURE 8C is a PAGE slide showing the modulation of markers downstream from
Raf kinase in MEXF276 tumor cells 4 hours after the 20th treatment with the compound of

Example 1, as described in Example 85;
FIGURE 9A is a graph showing the mean inhibition of tumor growth of MEXF1341
(N-Ras Q61K) melanoma cancer tumors in mice when treated with the compound of

Example 1, as described in Example 85;
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conmpound of Exanple 1, as described in Exanple 86; 25

FIGURE 12B is a PACE slide show ng the downstream
waee@mnasisny from Raf kinase in M4-11 tunor cePCBUBI006/034088

mce 4 hours after the 3rd treatnent with the conpound

Exanpl e 1, as described in Exanple 86, F| GURE
is m@;&% $naRAGE slide shawing e GAv bR epr s Eplneros Ra Kinsse in

ME?&%;{&’ eS| > lﬁ%}gm %Xxﬁ%ﬁyp} ¢ 96h t?&%%nta&zﬁ the ?ompound of

Ex a%gblé h%s@@me@mai alspj e 1, as descrl bed |n Exa
8 -’15 WD 2007/ 030377 PCT/ USéJgOG/CP 088
Jee

i s HGYRIHACIHBRARE shde shoxping 100, trﬁ ?rs eam from

P sy %réﬁ%%%wzh@ ot o
Exadtiple| 4 chsdiesdrivgd ireBkample&S; descri bed in Exarrpl e 89

FI'GURE 14B
doﬁ@q%%wéﬁggaa??%@wﬁet@ RS R e 110

-?%Js |C§3Lﬂ BiE&td BPUASma #mBQUA SmiceRehehBrdi@ed Fithftheompound of
e bt treatnent wth the conpound of Exanple 1 in

ExddqﬂeqwdésmheglmEgamph 86as descri-bed in Exanple 89;

%ﬁﬁéﬂi@ %% gﬁ%%slﬂ o%ow%%gotﬂnﬁ Pf%‘é'élggﬁl 'rc])? gg%%\tj ?ﬁll s?énaling from
Raﬁﬁ rJa§e ir{‘ HUT-216 8ufet lcslls T2 nhigeids howB thfke the Bid tedatoment with the

10 treatment with the conpound of Exanple 1
compmml:lefb}ﬁ@mnbsll, agydeseribecein Examplec®®ri bed in  Exanpl e

bet E\@MQ@ #%%\né Pﬁd&@%&?ﬁ%}?&t&ﬁ %g Evvl £ tfe\%gﬁi‘%r%éing from

Raf Qe ik 3@ DN36 afinoheellonpaniod Sohots aaffdr ethd ,3rd Hecagmeninwith the
concentration of the conpqund time, and the
compoussiof Egemplecle At Aescribed IPGE(X&F’Q?EQ > 15 nodul ation, as

des I \r
S SHA IR e S8R i
Raf kénas linéSH{EiI‘ -1l 6vambi eolls Sulbstd Rétheursdefier thedh‘zloﬂr%ﬁtment with the
conpouns are vi ded, of _the fornula (I 1 R
compang ob [Ml) s dggeniped Imypxegle §as N( H) R2 (| § ). 20

‘A’”e!'F%IUREeﬁCia P%abﬁ shdwiﬁ endasid ﬁédﬁ@chﬁpfhetdmﬁ)f @6lume of HT-29 (B-
hydr oxy, hal o, al ky Cl_6 al koxy, (CL
Raf V600E) colorectal carcinoma tumors in mice when treated w1th the compound of

Example 1, as described in Example 86;
FIGURE 12A is a graph showing the mean inhibition of tumor growth of MV4-11

(FLT3 ITD) acute monocytic leukemia cancer tumors in mice when treated with the

~ compound of Example 1, as described in Example 86;

FIGURE 12B is a PAGE slide showing the downstream signaling from Raf kinase
in MV4-11 tumor cells in mice 4 hours after the 3rd treatment with the compound of
Example 1, as described in Example 86;

FIGURE 13 is a graph showing the inhibition of VEGF-mediated angiogenesis in a
CHO-VEGF Matrigel model after treatment with 10 mg/kg, 30 mg/ke, and 100 mg/kg of

the compound of Example 1, as described in Example 88;
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al kyl)sul fanyl, (Cl1_6 al kyl)sulfonyl, cycloal kyl,

het erocycl oal kyl , phenyl, and heteroaryl; R2 is Cl1 6
w@bdoylo3wsr7 hal o(Cl_6 al kyl); each R3 is i ndepenP&rnuk3006/034088

sel ected fromhalo, C1_6 alkyl, and Cl1_6 al koxy; 25

each R4 is independent I y sel ected from hydr oxy, CI:

al KFIGURE 18-Aniskeogspph 1o wing thentsen yeduction 1 Hsmmor volume of A375M

Kk b |
BN, LTSS by o iy ppood of sl
w1th%tc960q36§ b@@f#d@dsmghegm{dhcaﬁ Clesvaiblsy ircBxngriy B9= phenyl ,

and_heteroaryl; -16 WD 2007/ 030377 PCT/ U 006/ 034088
VmeFK;‘rIﬁR_ﬁ'MBRQa PRASE ghide shewing thgdnly ‘PBH p\synstream signaling from

U {
5 R ML AT AP0 G SIS, DRUBONS o 1 o g e s
treattﬁieﬁ( (z‘zlihﬁthalclsmlp))unct:ﬂ:f Exampleokyin thn 2 dbsinCregimshk ox @escribed in
ais 1, 2, 3, 4 or 5 5 bisO, 1,2,0r3;and cis | or
Ex%nplﬁrwa taut oner, stereoisoner, polynorph, ester,

et FE@UEFGI 4(1015 aﬁf&@E WGdd GRMARE t}férlnlﬁbltﬂ@ﬁ%'f @Wﬁﬁﬁdaﬁﬁélgﬁ{ahng from

acceptable salt of the conpound, tautoner,
Raf kiiasins ARETM tpmby ndtqoim mlces48ehour$re7(23hm1r$,ta@d %%y hours after the 3rd

0 oSl a0 bhuBRE o SRREETT I e YRR g i

Exgulﬂi)])e891anc(R) (R3)b NDO .~ NHV</ N N I—BC (1)
wherein, each Rl is independently selected fromCl 6,
al kWGURE &5 4 kaxgph sheaving ghe rlatipnshipbegveepsireatment with A375M

aI k sul. (Cl ) 0 c
o B U, CneBnGiob 3 iy Beo e P i, 1y the servm
coﬁdéﬁﬁ@@cnﬁ eftthy cdaipethddvbr aind)adnd, tlﬁlt}ﬁeshbldy boncan‘niat(bh for target
al koxy; each _R4.is mdependently sel ected from
15 madplationyas describedimixamile 98- al koxy, hal o, carboxyl,

(C1_6 al koxy) carbonyl, am nocar boRé/ carbonitrile
cycl O@E?AILEQD@S&NBTHANW THE PREFERRED EMBODIMENT

het ﬁr ocycl oa%ay h%ﬁ ebg r% mp&lgg;f% en@{}lt@f;ona(?lrs{;@s&i)(ﬁted BEnzimidazole

ﬁﬁbb&ﬁdst st peowdddrofanefopmunmi)e substituents
[ ndependent Iy selected from hydroxy, halo, ClL_6 alkyl,
and Cl1_6 al koxy; a(wg 1 2 3, 4, or 5;

4
e ™
N
HN—-< \Cr 4
R? @

20 wherein,
each R! is independently selected from hydroxy, halo, Cy.6 a]kyl, C1.¢ alkoxy, (Ci6
alkyl)sulfanyl, (C1.¢ alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
R? is Cy.¢ alkyl or halo(C;.5 alkyl);
A each R3is indei)endently selected from halo, Ci.¢ alkyl, and C;.¢ alkoxy;
25 each R* is independently selected from hydroxy, C1.s alkyl, Ci.¢ alkoxy, halo,
carboxyl, (Ci.s alkoxy)carbonyl, aminocarbonyl, Cis alkylaminocarbonyl, carbonitrile,

cycloalkyl, heterocycloalkyl, heterocycloalkylcarbonyl, phenyl, and heteroaryl;
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25

bis 0, 1, 2, or 3; and c is 1 or 2; 25 or a

tautoner, stereoisoner, polynorph, ester, netabolite,
wo@eoopoddrug t hereof or a pharmaceutically accepr/akioes/034088

salt of the conpound, tautoner, stereoisoner,

pol ynor ph nmet apolite, or_ prodru

200 WhesIB &Y, Sst}r/efafszv@dak Inosde| eptinnpby S&gﬁﬁéﬁéﬁz@\ﬂﬁ@,one or more

Hbstii I d 0}, &5, a [(Xa1VA!
RPN RIPACR o RS SRR . O
alkox¥i3@d(Hald(T;.c skex®i n, 5 each Rl is independently

sel ect ?d fromGl 6 alkyl, Cl_6 al koxy, hydroxy, halo,

(C1288 1ad.Byfy @ Fanyl , (CL_6 al kyl ) sul fonyl , ﬁ

cydlbq%Qkylz, ohstghocycl oal kyl, phenyl, and heteroaryl;

each R4 1’s”’i'ndependent|y sel ected from hydroxy, Cl.6

al kylis 16t26 al koxy, hal o, carboxyl, (Cl_6

gi,ié%)ggt%gqggl%ggtgpggvg?rg gégﬁ%ﬁ, e%%?,br(l)lgtlagcr)llltle,ec)r prodrug thereof or a
hAGIREQEAAY ORLKMhINIATS asRydunda K fdomet0
P wher el n Rg angﬁé%@nggmgiemggt i ondallllzn Id’y @a%g%?tsﬁogéaﬁ%’h polymerph,
estor enatabolits, or prdeng. t uent s i ndependent |y sel ected from

hydr.ox hal,0,,. C1 .6 al k .a Cl 6. : ' .

3 Jp .l’;ler gm})odgnerrgs, pey; Q{J%)’stltgpe% abetnglgrtugi\r#é?%(}f(bmﬁodnﬁs dre growded of
thfoPhaRI (B9er, pol ynorph, ester, netabolite, or pr odr ug

thereof or a 15 pharnmaceutically acceptable salt of

the conpound, taut@mer, stereoisoner, polynorph,
ester, netabol fe5 or p®drug. Al so (Rosed are
conpounds of t flol | BN R : R4 /(Rl)a 4
(RB)bp NI \N e~ N/ 2

HsC (ID)

wherein, ‘

each R! is independently selected from Ci.¢ alkyl, Cy.¢ alkoxy, hydroxy, halo, (Ci.6
alkyl)sulfanyl, (Cy.¢ alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;

each R3 is independently selected from halo, Ci.6 alkyl, and Cy.¢ alkqu;

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

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

ais1,2,3,4,0r5;

bis0, 1,2, or3;and

cislor2;

or a tautomer, stereoisomer, polymorph, ester, metabolite, or prodrug thereof or a
pharmaceutically acceptable salt of the compound, tautomer, stereoisomer, polymorph,

ester, metabolite, or prodrug.
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20

R (1V) wherein, 20 each Rl is independently selected

fromCl 6 alkyl, Cl1 6 al koxy, hydroxy, halo, (ClL_6
wa@bdyloysat f anyl , (C1_6 al kyl)sul fonyl, cycl oal RgT/S2006/034088

het er ocycl oal kyl phenyl and heteroaryl; R2 is Cl.6

al kyl or halo(Cl_6 al kyI h R3 is |ndepende

sel imo ther embedinedns, ney sl ﬁbeaﬁlameazo acplnwﬁ
the 5‘% Kgl 30377 PCT/ USZOOG/ 034088 each R4 is

epe ntly sel ect ed from hydroxy, Cl1 6 alkyl, Cl1_6

aI koxy, hal o, car b@g« (C1_6 al koxy) car bonyl ,

am nocar bonyl , al kyI am nocar bom\;d')/(aé)gbonl trile,

carbonitrile( 6//al kw cyo.o

het er ocycl oal ky ; taer g i oa |ky (C1N6 al kyl ),

het er ocycl oal kyl car bot P ~Mnd theteroaryl; 5

wherein R, R2, R3, ard R4 rmy be optionally

substituted with oné@r nmore substituents (111)

i ndependently sel ected from hydroxy, halo, ClL_6 alkyl,

and C1_6 alkoxy; ais 1, 2, 3, 4, or 5; and b is O,

1, owhesin3: or a tautoner, stereoisoner, polynorph,

est t r

oot S 37 B By LA MG 41 0 €5 Bl byaroms, e, s
alltyd)stidarsil, (Csk atkeObwifomst, ,cycioddkyﬁphq*:tlm;ocycdealkyl plnmnyh tandl heteroaryl;

or prodryg, In other_ enbodi sti

bengreh daz @@B@P&S’Eﬁlﬁd@lﬁﬁ Foun 1f60 fa@s alkoxy, halo,
a]gﬂo;(?%( I(?\%(Lg ar g u@%‘%ﬁﬁc Qmﬁﬂac%x?oﬁﬁdsﬁﬁm&ﬂé | d&cﬁﬁh@?tlﬁ:@erocycloalkyl

consi Sting hydroxy, chl’oro, "fluor

hemrmmloah@ﬂdaylbqnyhtphyrhyl amddp;equarjdut yl, met hoxy et hoxy
? : ??\?ﬁ%{:lggt ﬂ%iii,i" ¢ r R %é@E\PQ stltutet:c{ ugﬁeo 8} rr]r}/oré: substituents

| bnd €l 8koxy;
m&{ﬂeﬁ{l gggll%tdtféﬁﬁﬁa fﬁf‘gﬁy&?%}g@“ﬂ 9% al k)%l&pl g)e}; azi nyl,

tet realh)ldﬁ,o?r,@réngnd pyridinyl, and pyrimdinyl. In
ot her nb d| ments, new subst ituted benzim dazol e
are provided of formulas (1)-(1V), wherein a

' S loroe[ ta%torﬁé}d st@iemdoﬁféﬁtpo%‘lﬁoxﬁﬁ esserh aletdbGlited oalpkydr)g thereof or a

such as trifluoroneth I'n other enbodinments, new 20
ptmn@ctqutlmue/d agnentable; @Péé of dhe 6PBBRTREs ’fa‘ﬂt@mﬁ?aoﬂii?f&%’amaﬁ polymorph,
I V), wherein R2 is Cl1_6 alkyl, such
©s § £ tgﬁs’lg«(: (}mﬂ?&ﬁuéret hyl or ethyl. In further
enmbogdisteii¥ciosed & cotipstumdsuif ¢tk foHewhignfortawle (B ) 0 mpounds
are provided of fornul as (1), (11), and (1V), wherein
bis 0, and thus is not present. IR*alternate
embodi ments, n Bdst |(§ ted ben2| mNdnizoI e conpounds
are provided @rmﬂa (’I) eNein b is 1, and
R3is ClL 6 alk 9 exdnpl e, net hoxy.
In yet further entd sl ney swpst it ut ed
benzi m dazol e corrpou ds are provided of fornulas
(1)-(111), wherein cr?s 1 or 2, and at |easiyywne R4 is
hal o(Cl1_6 al kyl), such as, for exanple,
trifluoronethyl.
wherein,

each R! is independently selected from Ci.¢ alkyl, Ci6 alkoxy, hydroxy, halo, (Ci

: la%/elj@rowded of

alkyl)sulfanyl, (C1.¢ alkyDsulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
R? is C1.6 alkyl or halo(C1.¢ alkyl);
each R? is independently selected from halo, Cy¢ alkyl, and Cy.¢ alkoxy;
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In some enbodi nents, Rl, R2, R3, and R4 may be
optionally substituted with one to five substituents

w0 pabepsnsdent |y sel ected from hydroxy, hal o, ClrGI/ak1096/034088
hal o(C1_6 al kyl), C1_6 30 al koxy, and hal o(Cl1_6
al koxy) . ,-19, WO 2007/ 030377 PCT/ be’é( 006/ 034088 I n sone
enb&é?hr&qt@ inggpengent] meele%t%l from PYGrOXE> Spisi PRk 1Gps alkoxy, halo,

T (oS BBL, Amididhfintty T WS Bpqoagbony) arbonitile,

caﬂmhmﬂEQ.Cﬁ; ahlllcyl)) cydldalkylal Ihebeyocyalnailkpﬂal d(e@l'o@chiaﬂdqolwl < alkyl),
In so Rl .is i ndependently selected from
hef%%cyg@gwrbe&%?ﬁpflﬁgl SR BEERFAL C1 6 al koxy,
hal %}E;e.n@ 1 kyd )R hyde ‘R)*ym ﬂ%e% kxﬁl?' Mﬁ'ﬁued \évﬂ:h one or more

hal o(Cl_6 aI kyl)sdl fony eteroary hal o( C1
substitydntsindépengdntlyseteeted <fymh bgdriyy, ,hala)n& ¢ dkyb and C;.6 alkoxy;

?ls,k)]/?‘l gﬂgi (élgc%cioa lcyl. I'n some such enbodi nents, a

pendently selected fromthe group
congigi N@, oP8; 2-chloro, 2-ethyl, 2-trifluoronethyl,
3-trifl uoromet hyI 4-trifluoronethyl, 3-tent-butyl,
4- t @rta- lBuioger, tereeisgmer, polsmmrph, esteghmetabolite, pr predrug thereof or a

phﬂ.m%“ ! lc%ﬁ& %;E[?/t%i lﬁa 0014 ﬁer }:énaﬂo%ﬁn%@(yﬁlérulsfte%gcylgdmer polymorph,

estér, (etimilify bppdaqgzi nyl ) In -still other embodi ment S,
ais 2 and each Rl is indegendently sel ffct ed fromthe .
gr odp ofhesi stahordppenty meyr syhshituged benginnidazole sompepnsizyare provided of

folg'nt as p?ﬁxﬁ %hglﬁh{lgﬁ% Rﬁlsr{'ﬁ&%%ﬁaenﬂ siéf’élstgaq}oﬁ' ihd PRLR consisting of

omet trif ronet

hyﬂfd:xty; ﬁ]élun:r d‘[mtdqylbrpgﬁ; pl%ﬂth}dJ awl],c phemy,r butylyyhetBexp, ,ethoxly, propoxy,
ridi - e ur an- 3- - i sopropyl ,
b“@"’f sopr 8@101”0%%@15 t ert‘E1 g?ﬂ"}% hf?‘é%ﬂ‘é‘e p Q%ﬁé‘omethoxy’

trlﬁﬂ?(ﬂoﬁleﬁﬁflsﬁi: fh oxyI% E&r@h 91‘1{9%)3;%;5(3111?4 éf‘]ﬂarﬁmsqlcp5 alkylpiperazinyl,

teth\di}’dl\‘o@lraﬁylalpkf;atlwm iﬁrahgobfrlmécmwla & lotixey) enbdrimghts, pew @ibstituted

beﬁlélllr(rﬁ?%fﬁt o o}%ﬁl'%l oal kéﬁ Vld{é@fl%gm 5 r| | &)—(ﬁ}}?%erem ais 1 or 2, and at

leay konk ) eiehale |60all|k|§}>)| Sadho e iflucBflethyHr %Y&tﬁér_émbodlments new
al kyl am nocar bonyl ). "I n_sonme such enbodi ments

subsfifRd berzimelagole SOOI e pividnd ofdrEmales (g and (R, Whrein R? is
lt'6|t a}l{qlu&r RIE! llk&( lefcs f ﬂglregﬁlr ff'&? bt £ Inpﬂagtﬂé(xj e[mbodlments new substituted

uoT OBt xyca

befizigtityrol quaiplingdy hre prév1déchyf fﬁrﬁaﬁfa&(l)nylﬂ)- afid (ﬁ@[ Wh.m}eln b is 0, and
or 2-hydroxyethyl agi nocarbonyl. |n still ot

thesrifb it sPresent-s 30 AHEPTRALE IR dirgerithg BRWN Wed benzimidazole

|
%ﬁ% Fi ‘;ﬁg‘goﬁ’%&e@eﬁw gﬁﬁﬂﬂf’s GP(W? 5\&1}\%1%?? nlg t1 g?id;%elsﬁl .6 alkoxy, such as,
fot rdxtinple; anethéwyyt., Bt tyek fodhdyoembodimientdy areyneubsjitytedirignzimidazole

M o2 bt DS ATEIL B 50, 2 TR e 1
h @?Qbﬂ'kﬂll) hagh bl 9of Sl triffidfrolethy@ \ N CF3  a*' N~ ,

In some embodiments, R!, R, R?, and R* may be optionally substituted with one to

five substituents independently selected from hydroxy, halo, C;.¢ alkyl, halo(C;. alkyl), Ci.6
alkoxy, and halo(Ci.¢ alkoxy).
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N H3C or a tautonmer of the conmpound or a

phar maceutical ly acceptable salt of the tautonmer -20
wOD020803/030377 PCT/ USZOOG/ 034088 havi ng t he POT/D81086/034088

FSCHN N QN CF3 HN\Y N N H3C In other aspects,

the_present invention égr |des Jrethods for treating

Raf It &9mag embodimsaisoRr, A0 Rremasbe aptiqnall Y§w‘bﬁf1§8@d with one to

tthee S sﬂ eﬁﬁcpd%eﬁgénr@gn%ele%gﬁgﬁé%nﬂr}% @grmh?f fg(r? 1,( %1%)&1-6 alkyl),

Cp@hllk))xy,(ahﬂh)d,o(@ltsadl{o‘n(y) effective to reduce or prevent
tunpr gro supj e In yet ects, the

th
pr edeAeme r?v&‘?fl{f]‘&mﬁg Rovisda en%@%afsse%eawgeﬁ%ﬁt 1 GTRr Sonsisting of
haﬁ)e'cgt %ﬂkoﬁ %fafo@g[J1 § alkﬂ t)a hgmysﬁélo@@ Bko:sbhsetc) g{‘alkyl)sulfonyl,

such tr mnlsterln

hetssiadyls hidp@hts adleyanifanyl, hn‘teraeycﬂmaﬂgduurdi - sfabkﬁﬂiemrody)cloalkyl In

o S, € R BRI hGlD BRSO oSS i

of 12€&36ro? Qeetﬁﬂd Qttklﬂﬁ@ﬂomeﬁ%@ N8_tfifhiorbhRthyl, eAtiBroMbthyl, 3-fert-butyl,
cancer . yet other aspects, the présent invention

4~ l‘plrlfhﬂbdes rré{eﬂldhs f drethyleat | Hephierd, r el ‘&bél!no di s(ﬂ—tjéhg)romethoxy,

R e P P SBiBp L BRI} 1o s

otlRr @ﬁl%ﬁ@iﬂ{bﬁtsoﬁ if Dapdibach(R) is 1ﬁélép)enddn|tlbf|sklect@ﬂ ﬁ(olrﬂ/ihe grou %conms‘ung
effective to 15 reduce or prevent tunor growt h- in_t

of gufhpares 2ichloserrhidiokpn2wathoxys 3rmatbexbnsgthexy; drigloro, 4-fluoro,
S-ﬁﬁﬁp}oﬁe ylt h$ i GROAERG1 OfS {tﬂﬂ%ﬁ{meﬂégnu%@ﬁd Il el P%rldmyl -3-yl,

anti cancer agents e us
5-pyRidigbeuyl] metx&hﬁdroﬁmmeﬂml a&-sdpzfopyl Gdspropyl,leadSetehraolgyl.
of the presept inven the present

d
i nvéﬁtsoaw %‘Bh?déWﬁ’Pté»t is mﬂecg@eﬁem fhegroup qagsisting of Cie alkyl,
R S U O SR, .

alkyil)het:emwsl))alkalo polaymeyitrilges plenyl,, ehalg(fhs) ; dkyl@lﬂl,enyl (Cr

2B RBE, B A HRERAREL 1o some e

enfPodinh M € FPOMHAIRY iSDBREIANROm @Bt irBslicBhsiamy Yo atifbromethyl,
with anficancer drugs, toxins, and/or radionuclides;

catbonitilgi c phenyles mﬂwome@msnlfml( e mypthqxeasbewslon §-qthylgiperazinyl,

et c |pterle
4‘%5%??2‘2513 %)'%) gn?’m”runot ?lh.y g%f/‘ grgthgla{néljrocﬁr %opm oy ostill - other
enoditdntd, *CK A anid G@QHR% id iilﬁbpdnﬂdml;esdlwmf frém thel group consisting of

dlfferentlatlon gl all-trans-retinoic, acid, C.);
meileyle 3 tnBrarpypethy s4-tafpqremgtiyiphenyl, tr1ﬂuoromethy1 ethoxycarbonyl
hydroxymethyl, and phenyl. k
In other embodiments provided is a compound or pharmaceutical acceptable salt

thereof wherein the compound has the formula:

FaC
N
! CF
@ /N 0] I N H 3
HaC

or a tautomer of the compound or a pharmaceutically acceptable salt of the tautomer
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t herapy reagents and nucl eoti des; tunor vaccines;

i nhi bitors of angi ogenesis,, and the |ike. Nunerous
worthendsxanpl es of chenot herapeuti c conpounds BETUS2006/034088

anti cancer therapies -21 WO 2007/030377

PCT/ US2006/ 034088 suitable for coadm nistration with
having:thg feraras e d conpounds of formula (1), (I1), (I11),

or (V) are known to those skilled in the art. In

preferred enofinents, anticancer agent to be used in
conbi nation wt npounds of the presant.invention
conpri se agents orO p(fpt osis. 5
Agents that induce u:n. incI udg, but are not
limted to, radiation; NinaSe inhtbitors (e.g.,

Epi dermal G owth FactC Recept or [ EGFR] ki nase
i nhi bitor, Vascular G owmh Factor Receptor [VGFR]
ki nkusethen hsisctso the Plegamd bﬂl@@tlon}pmwmesizmtmds ﬁ@c@@ﬁtmg Raf related

dls&ggrts d%) | 1A% eogri nh E@Jeﬁ:‘c’ ip. nﬁg el#ﬁqﬁeat%?en cgmanggg ag}&lmstermg
to daid @ﬁ@ed:tneiﬂ Q‘*ﬂb@‘[tsﬁsfu 6bmpeundTof ﬁﬁh,ulaqwe(\IBCSHI%n& (IV) effective to

A ivec]); antisense nolecul es; antibodies
redpgs Qrapevent tuat erewilhin e sublises - est r ogens [e. g

ral ?ﬁfé& ?@f‘er %Ig]gecf a{ﬂ%ﬁr{%ﬁgﬂg iny @rﬂfotn r@@g’éso&gﬁlx%dg ﬁ)‘rgreating Raf related

flu nas
disedderdg lautveidnasti atlémal ksebjectonaeed of swhdreatment comprlsmg admxmstermg

to %:agcq télll%g%f;n;g%gﬁt]g of, ﬁ%gl%g%gxy enase 2 ( Jé) (I1L), h bI(I effectwe to
redﬁ@oﬁéﬁ@ﬂ{tqﬁl&lﬁf‘ gde\HH fll!l X—t géﬂ{ﬁﬁaﬁd}%tp%i loas@®ME additional
cancer chenot apeut | C ., lrinotecan

agehCrompheotseatinentCP Carkcky. f | udar ab| ne (FI udar a) ,
dac rbaZ| e 5 dexa thason tron
Vi1 Bt S IR 8 R e, e g reaR BP0y s RRP [ eaing Raf related
disdid¥Rtig ra%un?c{n Jr%ﬁhh squ%J:t' HIREd SF Al tkdéﬁn&ﬁ'c@ﬁ@h@iﬁg administering
ceram des and cytoki nes; and staurosprine, and

to $aik subjeet @t h@puras@femgmmm pf Eyanla (Ihv@Bt (15D, er H\V)dfefﬁectlve to

red har ngx%ggr'glrtﬁ%llob ﬁﬁ% Ieosnu:lbﬁc% cce% gig?n mtix?:??et fogr?e ?ddmonal

agdiif f(ﬂIOﬁh@er%tm&@ dofIchncef.! 1A nu{n'bbll f seitabld éﬁtlctaﬂ@efa@a’(ts \w fbh used as
a pharmaceutically acceptable carrier suitable fo
combipptigstherprdicsae eommmilated fompserin the mefheds of th@.nr??@flt invention.
Ind@{ecﬁ Iglrsesetng ?@%Rﬁineé/é%r A 5‘(9? :Ehle{egtr?to? gﬁﬁ@é ’(c)ov Iﬂ%ﬁﬁﬁ&ratlhﬂ 8f numerous
ant&fanm raugémc tsucflﬁasnfagemgmomdli&e apoﬁtommpodlyr(ubbeptlddsl ()s,g ribozymes);

, asdecrl ed herein. 25 1 et. ot
poligﬁzﬂs@e% <e@h eergw@-gé)m TRER; ehifh ogwalg PReHES gg%‘ﬁ‘é‘ﬁn& lating agents;
ant} 60 Aifbidi! binttlﬁ{e%boﬁfest Ry rBBEsTeplaRhur @Qi%ﬁom%sf‘ Cionoclonal

e enzyme 1S a downstream effect or of p2l r as,
anuhmslteanconjugﬂmd)lmdr sinticaacers dfugs, |tnx1phaamﬁere uadlo,rakchdes, biological

s BB LGP Pk 5 AT PO B r . e e

adcﬁ)tlge qrrhtﬁlrfoﬂ&rdﬁye@eﬂﬁnhetﬁﬁto%)éieﬁé Srédl/ @étorss AB&GRE M induce tumor
grom h medi ated by Raf kinase. In partl cular, the

celb M@Qﬂt@@war €. ms@l-upna-wtlamct pridt plsalt rBsAe therapiresgents; antisense
: LOG; plQgr

the??ﬁ) é’ %&geél gsn%gl r %d%'ug e p ende \?acﬁﬁlogf ?#é)ﬁ%a s‘ﬁg“?‘%ﬁ’g?‘lﬁ%& ' Qﬁd the like.

Nusdegnal otheansdmpldsoof cchsmadlerapmhd lerpboiids afd anticancer therapies
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susceptible to treatnment by interruption of the

cascade by inhibiting Raf kinase activity. -22 WO
wQo@7/08980877 PCT/ US2006/ 034088 Accordingly, tPReT/US2006/034088

conpounds of the invention are useful in treating

sol i d cancers, such as, _for exanple, carcino

suifahledor cogdminiairatipngith the disclosed campquarigof @r@uhél), gD, (D), or (IV)
ders (e.g., nyeloid | eukeni a,
mﬁ%ﬁ§wﬂhtﬂﬁ%ﬁ&?%%%mqg%%EerythroIeukenia), adenonas
(e. Iy preferrddd wmb«)dirmntadz&momc)ar agents afoc beasseq eing combination with
ost eQsar.cona 5 "Raf. inhibitor" sed herein

COMPREHS 0F (9P AR IAUETIION OB (EETS 696‘1% g stimlate apoptosis.
AgbifRS BEk lindiRe %;o t@si’éaiﬁ@lua@tﬁu‘('a}é’ ndf hﬂﬁte qg%%naﬁﬁl'dﬁe inhibitors
100 gM and

typicall’'y not nore out
(e.qasEpidersunt €dtowth FavtorPRefcepiek [HGHR lanasennmmiaty Vttlscsﬂan (bt@dvth Factor

RS e LR SR, BB oL (e s

1nhiHi't‘6? 'Fl&t@lét-%ﬂﬂzedb@ro%ﬁﬁ\FéctBPRbé(‘:dbiNtd}l [PGFtH]h qltkﬂ%%e AntRBftor, and Ber-Abl
y | S a

km@s@rmbtbttp@t sugh a@fSI&fﬂ?ﬂbﬁiweqmné HilivedD)c estisehse melecylps; yantibodies

enzy half X I
e P RH0E P o SRR 58 PR oo, i
andrépeantd. gpﬂhmtﬁdé; mmhdarﬁﬁtevmas&nue ar@mbglbtethanﬁhe tietoroyazole, and
activity agai nst ﬁ{gunds of the pr esent

corfipRstaieidal %P@Pé&‘%ﬁ%ﬁ 2 §CRXor) mdybifars de. g t@?ltc@@&eétel%cam NS-

39%& O1{0 a{t@ﬁ@?ﬂﬁ%}r] AL e@%%{ny r%g%éf n%h?gmtherapeuttc

drukh @agabﬁmedzml ((éetmbtms); QRTet Briidaysbimo(Fludds), niacabadien (DTIC),

b gt e et s e Tl 0k SR Tt
or %?glﬂ;g%ell?ga?% fihé Hﬂ)l&ﬁfe@ We¥amidSs 8R4 é%f{ﬁgé %H%EhurésBﬁhe and the

togen acti vated protein kinase signal
Hk&ransductlon pathway in a nDduIe that is formed of
t he K1-ERK signalin
o B Ot SR aiin o CHEBIPS PO ARaEms Y compositions

c01ﬁ u@g Bt 1083 960 bAPBuRNG a PirinBEduadasy &céﬁtlaﬁlhtsaﬁ hl@drébf of formula

%rou ps_such as nethyl, ethyl, Propyl but
(I),péIHt ;(II) mx@V) togeihery with oo p armaﬁ@wgqa yw@égntablg r?é@tew suitable for

adJEWéﬁ%W¥ lox%é / g}nglfl lsla.%ﬁnal ﬂﬂ%%}t 9i|tt§69 aLy log ?g%eﬁlg%r %ﬁp&ﬁer anticancer

traig
agdnm;ludlng but not limted to, the following which are

prow ded by %9 Ofeg(%?”pl (%F@Qoncgr%%lé’ﬁ@)@ethods of manufacture of

com%%% W@g QWH@%% CHzc%%(;'l_lez CHS% 3,
- CH:CY& )otlich(26p&) o, Grd2itkRht invaHREHAGKHdEHS)Bpounds which are inhibitors

of the,qg@p@%@é%?ng e%m%ﬁg@y@@@g%%m%eam e%fector of p21ras, the instant

1nh‘1@§|%sc'éﬁ) {deGHn Qc'!(l {ohS ¥sHsh dr veterinary use where
CH2CH3) CH( )CH(CHB CH3), and others. Thus

1nmb1k9uh ofj thocupaf’ Kinase upiéhvpayi mnghlci’rati,kyg » ga dop &reatmsab Al ynyors and/or
Bt 98 24850 3B 54 PN R 0 BB RE e vt

theOf€atin@nt W hvighaddso@kimal, 0B, mhlttheptinase sifcé_the qirkgl‘essmn of these
refers to al kyl groups havi ng fromone to six carbaon
cangersnis, depgndent “upon the Ras protein signal transduction cascade and therefore is

susceptible to treatment by interruption of the cascade by inhibiting Raf kinase activity.
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WO 2007/ 030377 PCT/ US2006/ 034088 "Al kenyl" refers to
strai ght or branched hydrocarbyl groups having from?2
wo 2006/08@rbon atons and preferably 2 to 4 car boPCEHUSIIB6/034088
and having at least 1 and preferably from1l to 2
sites of vinyl (>C=C<) unsaturati on Such groups are
Aoggglmgly,fth@dg)mp@lmd@ﬁ gventjon e ppeiu 1 frogtin id cancers, such as,

forgil:%qugegﬁg}cll dfetg Mupa&gwag t!nﬁ g@%%&d& nE%r %I%n) myelmd

disofdefOX¥ ., frﬁf&élﬂ Ieﬁké?ﬁ}a wWhefigle mirlomaaandldsythroléubemia), adenomas
The phrase "Cl 6 al koxy as used herein refers to RO

(e.gh &lisiup cpton gdeponr) raprtegmay (CofipdsiaEPFeBaht at i ve

exangl, ﬁ}h?%t ?1155 use%' ié&?%‘e’%{ 8% dg%&ﬂg@uﬂﬁe{}ﬂ%xhlbits an ICsp with

ethoxy,

res’}iekt&b)ﬁ&‘ aTlEmwahVﬂtﬁbﬁhz niode &&h?boutCI(OﬁQ)l\r/]IGiidwheﬂeetyplcﬂly not more
I's Cl a 10 "Am di n e 0 t.he

thancabg) I\X ' arefageed (1B PSR%fG\% gtélﬁﬁ%% S5g% rf{egqrmeﬁggenerally

hefSifiti Gy %ﬁ@ﬁﬁ&%ﬂf@%@&pﬁy F(ma{sgfn? Fhi&e ﬁ?é" Ebrh?o&n'&@ of the present

group - am nocar bony ers
intdméion molll e -shig @i {Nﬁmlbw;hmled%ﬁsafm-lﬁfaﬂm@@ RafdRaR1). |"Eso" is that

R S Y S5 RSPy B S b 21 P8 o

m&Gh8r BvdlORepreRmtédve co %&%ﬂﬂd& of tﬁ@j’)ﬂ@@fﬂﬂt irfvieh&on h&Ve been discovered to
‘nitrile" refersto- Carbonltrlle(C16aIkyI2

exhé;ﬁtemlbutgr}cgggtﬁn’a/l hgdinsg Redt | Compepngis tf thenpresent invention preferably

¥ | kyl . f »
o Y YH 5L R B by o e
thArPatbu€ 8 RO RvEL ﬁ@r@bﬁ@ablﬁ@ﬁf ®SRthat abomit ¢ YN o@ldkybst preferably, not

gr oups i ncl ude cycl opropyl, cyclobutyl, cyclopentyl
m@ydhmﬂbsayﬂ 200@9\41 asHpasyred 1a fhe Refkingseaseys daspifsddierein

nglu/gSs uJe tctﬁ @Hﬁ?&iw réarl sd Qcﬁf&tlgi’%gﬂﬁ%g@ is an abbreviation
thg?%%r??gg?M?ﬁgﬁ ?g@%t?,ﬂ plkbteimil &énrz;\sz ?Iglrlrf tl'aiisdwgzrselébnpprm’g]???fr 1é1da module

thﬁaﬁ freed e Ras)R aé%@%lr@ﬁ%@nm& ma%P@ﬁ%t hyl .
" Hal o(jfdyn @e sl‘t}ﬂls)ifﬁ?ﬁ&?’ h%rdrf)@cfrﬁﬂ?l Bﬁbs%@tﬂﬁﬁﬂ&t &J‘h%&‘rp heteroatoms and

substlt with a Cl 6 -l group. " o(Cl_6 -
malluﬁmsﬁdigm aefheins alkyl grough lsosty as aaahﬂn:sdl ethyh SmDPBdt dutyhi pamtyl, hexyl,
? or nor e hal

LT TP e 4 s i
clﬁ{rpiéﬁm'efs oisgra‘i tfthﬁlr 51!1?1 %@&gs ind4dide 20 bt (ﬁﬁﬁﬁﬂﬁo the following
PCT/ US2006/ 03 " al kyl )sul fonyl "

whileh agg( MVﬂeéle(Wé)}sgf ew;p e: CEEHs o~ Glsda) ngﬂ)d,aﬁH(CHzCHs)z,
GEHBD HETAL ARG el g1 e i crcrncn,
-CH,C(CH3);, -CH,C(CHCHs);, -CH(CH3)-CH(CH3)}(CH>CH3), -CH,CH,CH(CHs),,
-CH,CH,CH(CH3)(CH2CHa), -CHgCHZCH(CHZCH3)2, -CH,CH,C(CHz)s,
-CH,CH,C(CH,CH3)3, -CH(CH;)CH,CH(CHs),, -CH(CH;)CH(CH3)CH(CHj3),,
-CH(CH,CH3)CH(CH;)CH(CH3)(CH,CHs), and others. Thus alkyl groups include primary
alkyl groups, secondary alkyl groups, and tertiary alkyl groups. The phrase "Ci.i; alkyl"

refers to alkyl groups having from one to twelve carbon atoms. The phrase "Ci.¢ alkyl"

refers to alkyl groups having from one to six carbon atoms.
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as defined herein. "Heteroaryl" refers to an aromatic
group having from1l to 4 heteroatons as ring 5 atons

WO pooa3@romatic ring with the remai nder of thePCT/m§R006/034088
atons being carbon atons. Suitable heteroatoms

enpl gyed in conpounds of the present ntion are
n| tr o’%‘iﬁnylo%?f@@nto stegight Q1) brgmchemalgf,dgrqqﬁ)‘yﬁgrqﬂpts rhsyeg from 2 to 6

Iy
30 TR P21 1Bt 8 i, FERTAEy fom
tof D sitesxafihyihg, (>b?e=ﬁ:z<1) numhm:ht;dn, Suhngrotips @re @xgrnplified, for example, by

Vlbgllr,] é ilf 5 Ocli %b&} 3rﬁp %/lluegg &Y‘lhisof%'g)?alfz' :Cﬁfl pnd frans isomers or

mB&ﬁfeQMfﬁhe%@&ﬁ&X' i soxazol yl, imdazolyl, indolyl,
i ndazol yl', qU|noI|nyI |squ|noI|nyI qU|nazoI|nyI

qui n'b&lkbxsﬁ'yﬂefers toi B@e Ivgheremlﬁ srap alkgingtoup.i ko Iphtase "Cpe alkoxy" as

usgl e b &5 R et & R ol e 4y o, R BBssietine exames of Cre

alkémrbupgnauti@h@ﬂﬁﬁy Qeﬂﬁmdyn r-Bﬁtﬁxy IaRg tigd lilect ur e.
Suitabl'e heteroatons enployed I n conpounds of the

pr esdki-s EloBY)eirbenydt eefers to @ﬁé@”n—c(o Whémil Bms Cus alkyl.
wher g 15, atc
opti o%%‘fqu o%%?fl ze&fle ulpesgﬁ\gﬂl\}% er ocyc Skt)(/)l a compound

cdmalﬁlhg@ﬁchﬁgﬂouple for exarrpl e, nor phol [ no
pi perazi nyl peridinyl, and the |ike,

"(Cl_6
y ky | AREncEs be Efé‘FfRPPrelfH@ft@?%TOPB—Q((%N&ZocycI oal ky!

Jhor s oa#%z@fﬁké@f“ e 179 SRl ORI gy fp Cro ko and

RSi baltéteds frenh hzydtdgeh ah¢Cag ykklybal kyl 20
erein to the group

| f
E(bg'fﬁizﬁ J\ﬁéfeéz B yeﬁ&%%f%i@@ bal kyl . "(CL. 6

al ky+@d}g&§qo&y&“@b@@wﬂponyl refers to the group
-C(O where R11'is” (Cl.6 al kyl)heterocycl oal kyl .

Hyd‘r‘@yapb”, eiubpmmlo” oth—mtlilS” tefprdtox§NCL. 6 al kyl)"

e et e i B B R b B B

al kyt@yslaumear M&M'to Arbib- &lﬂbﬁ}idtybhid ety Webstifugak nyplcal cycloalkyl

"Imdate" or "imdate ester’ ers to the grou

grogps: Rpfjeofrosy 3tte & cabap dingdatorsnt Bepiesegtasive wyalogﬁwh groups include

ol 8, 531558 Sl LRSI b, B o

" Sul fIdalygen" oeflgils' efreiorchl@o) Bromgy fiugro; énddedo Youps.
2007/030377 PCT/ U82006/0 4088 yl" refers
o o/ BRlo e RBORY Se1ars 18 2 Cruggliyiradioa] SHHatute pafcone g gnore halogen

S P TRl e RRERACT S o

triflwlof@ngthylof t he structure -SR12 in which R12 is alkyl.

competibS st s i o B AR pTIRiea1 & RatocCys al)

group.

"Halo(C ¢ alkoxy)" refers to an alkoxy radical substituted with one or more halogen
atoms, preferably one to five halogen atoms. A more preferred halo(Ci-s alkoxy) group is

trifluoromethoxy.
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5 al kyl )sul fonyl and (Cl1_6 al kyl)sul fanyl. Thus,
typi cal groups include, for exanple, nethylsulfonyl

wapa 7yl sul fanyl (i.e., where R12 is nethyl PCT/US2006/034088
et hyl sul fonyl, and ethylsulfanyl (i.e., where R12 is

et hyl ropyl sul f onyl, and propyl sul fanyl (i _e., .
\qu¥ aM51-¢ kybrdfyy)” anth fhalpCits alkylsulfpnylgagter to substitution of

L @ " pef t ' :
sl 0y AP Wh G SIcRCl LRIy Rk MR M Rorb Rl lifanyl e
as fefiteddickeam. of the OH group of an acid COOH Suitable
hydr prot.ecting groups as well as suitable .
condi%f t%tﬁgrﬁ ofeles 30 e Aozt grouB pesng ?lﬂé top% heterqatoyps as ring
atdnt¥ &l 28NBbmIhO lfﬁlg B el rbmkMaYWN of Mhd Pig3dtbms FRing carbon atoms.
exanpl e, nunerous such protecting grou%s are ‘
Suitelde hetertams dmplvyeddneempoamts of thepreddnt ivestion are nitrogen, oxygen,

an R 5 ek A5G o PUShArS anbf Siiod. Bxcmplary
heRFRIACEINPs WaPdlBStol 341 v YedensClnd ik, 1BF RRArpleP BBEANIidazolyl,
et hers, p-nethoxybenzyl ethers, silyl ethers, and the

bengoliazolyih benzexaaolpoligarpinyh fuianyle pyrarigyt, hrragolyt eyadyl, pyridazinyl,

crystal for of 0 nd.; Pol rph [ T
oy oG SRR Sr P TR PRHAID B GPE, BAcRl, avinoliny
isoa@inofifyl, guianml@yl, qdinﬁiaﬂfn?[] gliazdlyl, thi&iyl, aXd tidgzolyl.

iffraction patterns, infrared absorgt_i on spectr oscopY
pat t'Betegocycloalkyi glopvhaieis to sydenlkylisybstiyeniyihathave fipm 1 to 5, and
. H [ [ od '
w8 UERE A h °L b TRt AL 8 KB MR Mhekeroatoms
empheyeddn icompbuels afale presqut ddieateh freatitroden, paygens and sulfur, wherein

thff %ﬁ’g%ﬂ?@ﬁgﬂl a(rflifp%gima? $ ((:)gem ? lé)’xgcﬁ%ng qrpgq‘iﬁferiltgtri]\?e fler%erocycloalkyl
m(%i@t@éé"iﬁélﬁaﬁ, goﬁ)kgfngle)[ ﬁio?phoﬁhoﬁ?"ﬁi/ﬁﬁﬁﬂi, PheAlityl BSd te Sike.

or exanpl'e, oxides and dene ated derivafives.
Met 416014 slegDbaeroewsybanticil’hgefers ts ucleteteeyoleally esoupasubatiweed with a
Cbe roduced by in vitro nmethods or 25 through
1$HPR TG met hods. I n sone embodi nents, the metabolite
of arRAIRSRANSA(C, Falkiyh! feférsXo €L YhlkiyBsubbtittedafith Relerocycloalkyl.
some aspects, the oxide is an N-oxide that is forped 10 .
sy nt"Hetearecyicloplkyjcarhaaylt'i rejers keseip olentheogronpr rg(Q-R™ where R is
l) - ith an oxidizing agent. In sonme aspects the
he%%‘%“&%fz".\ﬁ%‘awagem i s N-nethyl norpholine N-oxide or a
hy drepgg ik Dlectaocytlaskyldwbimyge refas riosxhel groupn-GONR" where R is
enbodj ments, a _conpound of Formula (I)-(1V) is
(Ceomlkuhsteracydoallyylgl ucuronic acid to forma metabolite.
{n a P&{y”?éf@?s%n—d?{ow ded is a met a_bol ite,
aut orfer, “or stereiosomer thereof having the
st r Uittydrexy(€ 2610 2007 10303 /:AIBCE WE20DE1t0Ed 088 hydrdxyF

N O“ﬁy’flrox@(&-f alk}laHm}ncg\clJarl;ongfl)!’ l\}efers to a Ci alkylaminocarbonyl 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)OCHj.

“Nitro” refers to —-NO,.

"Sulfonyl" refers herein to the group —SO,-.
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9 H3C HO O HO C2H OH "Optionally substituted" or
substituted” refers to the replacenent of one or nore
woigerogesn7 at ons with a nonoval ent or dival ent PETUSZN6/034088

Vﬂe_n the substituted substituent includes a straight
chain group, the substitution ca cur, ei.t her .
i BN Bt chReipdo ghe R o WFOTITS. SR gB y bstiteed
d . 1 - . 2 t . !
tfoffidof B LirkhreOlSAR' e wiRBRAIR tigTalylus " Ak " ref
4 O@hgld_roxyet yle, ?@cyarﬁog}’%wl, ai'nd tﬂe-légigg%ulfanyl refers fo @
substfbutod t sul fahydof diles structientSR ™~ danwhishsRr aisg hltk}% hafHylsulfonyl and

i BSERTS05 HS SHLPRTRE. e BAShE TR 1

alkylARYS198hd NiC, i gy IfueaR@tl i THueNd@sicdlo giouph Uidelude, fi le,
y?;n'pelsym SSi br‘(l &° 1??&??& ution g?ﬁtze(% o ey D

. g., h ‘
- methgistlgoriyl uemt methiilseifanyl f (iwer Vhgrodbs &t Slaetﬁﬁéﬁo@gg?%‘ﬂ%{ﬁm and

sypstj tut R .anpt . .
B O e e A
propﬂz,%nélﬂiéﬁk%d artisan. It will also be apparent to those

skilled in the art that the conpounds of_ th
i FEdroxshprofasting @FaVg” FeErsdd mﬁ%’g %?uﬁsofpﬁaf QU gropp. The term
as u%:gl Rereily! 4\1}(} ref@fs {0 M)ote%{iox% Reithe BIETRGIS BFBASacid TAOH. Suitable
I'ynorphs, as welt as the pharnmaceutically acceptabl e
hydréd} potectiag efroupsnes bl lak tsaRatde dopditionsufs bteatt aid deprotecting
x4 L

them, may be subject tg tautonerizati d
partieylar BRGHANAGIGDY e YA BGETY B, i o P PR Gife PRSORS sueh

protdife Btufl o esBlRE B F A OO R T O L Vg Tabioping Groups in

Orgaﬂwﬁéi &yﬁnﬂhsss, Thied Editoaghbley) Yew dark.ai9§8d Suctshydroxy protecting groups

. rch, Advanced Organic Chem stry;: R [ . :

o R PSRBTk VB e e
WrRY SmvOb2lyrRAgRS 1BR1s’ 4o (th9ABJfereh dipsesl Rensi of af hempound.

term "tautonmer" refers to the conpounds produced 3/
Polyitvephsroan differtfidon onearpther ik Hyiug phusical puenesiicssgch ﬁsa? r example,

..the all tautoneri.c.for [ . i :
aGef e A R o8 R DAy patrs,

melth USRS  stbhlitg, orerglignd of formula (la), bel ow which
Is a compound of formla, (I

colstadlier Teisrsaioay CPByave IR 31 & siectadef affpipisgtion of a
il OIS G RGE1D st oo y s
biocRERIckIS2QRGHARADSBS inlthé ibjdct kuch h,; for example, oxidation, reduction,
hydrolysis, or conjugation and include, for example, oxides and demethylated derivatives.
Metabolites corresponding to such detivatives may also be produced by in vitro methods or
through synthetic methods. In some embodiments, the metabolite of a compound of
Formula (D-(IV) is an oxide. In some aspects, the oxide is an N-oxide that is formed
synthetically by treating a compound of Formula (D-(IV) with an oxidizing agent. In some
aspects the oxidizing agent is N-methylmorpholine N-oxide or a hydroperoxide such as
hydrogen peroxide. In some embodiments, a compound of Formula (I)-(IV) is conjugated
to glucuronic acid to form a metabolite. In another aspect, provided is a metabolite,

tautomer, or stereiosomer thereof having the structure:
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N R R (la) (Ib) ~(R4 1) /RA (Rl)a (RB)b N\~ (R

a (RBYb HNN NN\ O\ NNN'\ O&N HN-~\ ( Nt
woibos/03037H N 2 R2 R (1Ve) (1vd) R4 /(Rl)a pERBUSHOM34088

\ N~\ ONNH HN{/ \ N R2 (I1Ve) The conpounds of

the invention, incfkuding the conpounds of fornulas

(1), (1), (111 Fp—bor (1V) or their tautomers and

pol ynor phs, as vvel Qs the pharnmaceuticaldy acceptabl e

salts, esters, oolltes and prodH F any of

them may conprise a dﬁltmt ed 5 carbon
atons. Such asyrmetrih{ car bon atons
can result in the conpgunds the invention existing
in enantioners, diast e?eon'é‘? and ot her

stereoi soneric fornms that e defined, in ternms of

absol ute stereochenistry, ®ich ast®:H (R)- or (9)-
forms. As a result, all such %s& bl e isoners,
i ndi vi dual stereoisonmers in their optically pure

t or
"¢ ac RPB) Sitistedf oy orosuue eeGshia o melaenbniz ap or more
hy@wg@h@to%saﬁftﬁa BRABIAAor iRIhPARRANIS of the 1nvent! on

are included in the present 1nvention. The terns "S"
and When deshbsgituted substitvest insladesestemight chaia g&mp;l ﬁfel suBstitution can

OC%ké%%WKLA%?é%E&GM %@%ng iﬁa}mso rr?nd the like) or at the

chéin: t33nines @@@Bydrgfﬁtﬁﬁr%yﬁoﬁ%gyﬂ %@ﬂﬁe <) S@%ﬂgﬂg{r&{ ﬁ%lbstltutents

ring positions of cyclic Tconpouhds
cap éaeeﬁm ohpian dranshechat cytlife aangshieots ¢fheovateatlgreeded carbon or

hefe‘?‘@atoms.

It is understood that the above definitions are not intended to include impermissible
substitution patterns (e.g., methyl substituted with five fluoro groups or a halogen atom
substituted with another halogen atom). Such impermissible substitution patterns are well
known to the skilled artisan.

It will also be apparent to those skilled in the art that the compounds of the
invention, including thé compounds of formulas (1), (Ii), (IIT), or (IV) or their stereoisomers
and polymorphs, as well as the pharmaceutically acceptable salts, esters, metabolites and
prodrugs of any of them, may be subject to tautomerization and may therefore exist in
various tautomeric forms wherein a proton of one atom of a molecule shifts to another atom
and the chemical bonds between the atoms of the molecules are consequently rearranged.
See, e.g., March, Advanced Organic Chemistry: Reactions, Mechanisms and Structures,
Fourth Edition, John Wiley & Sons, pages 69-74 (1992). As used herein, the term
"tautomer" refers to the compounds produced by the proton shift, and it should be
understood that the all tautomeric forms, insofér as they may exist, are included within the
invention. For instance, the tautomer of a compound of formula (Ia), below which is a
compound of formula (I) where ¢ is 1, is a compound of formula (Ib). Similarly, the

tautomer of a compound of formula (IVc) is a compound of formula (IVd) or (IVe).
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WD 2007/ 030377 PCT/ US2006/ 034088 substituent lies at

the | ower nunbered position. Those substituents |ying
wo@eorao3opposite side of the reference pl ane BECEUS2006/034088

assigned (3 descriptor. It should be noted that this

usage (Rl ffers fron1that for cyclic ereoparents in

i a" RAns belomﬂfﬁﬁ_g%ane dengses
a ute N No he terng and 3% R4
conf iR+t i aslus§§ herein, are -‘
t he CHEM BST I NDEX GUlDE-"P V (19

par agr a 203. It will also be apparent/to t hose
skilled in the art that the conpounds Bf the
i nventio i ncl udi ng the conpounds of foryulas (1),
(rey, (1 3, or (IV) or their stereoisonéﬂﬁ and
tautoners, as well as the pharnaceutically accept abl e .
salts, esters, netabolit and pr ugs of any of R
(Rhay exi st in var oqflcrys @%% {15 (or «{
nDrpHB » haV|ng 1 Nstlng IS |ng p |c N
@iﬁ%rtlﬂ ‘under st Bog all NN
pol yH¥ ;I%Eﬁ;he ke npdlinds of the in n, N
|nclud|n§ I r metabol i tes, - prodrugs, /stereoi soners,
and taptoners, as well as t he pharnaé%utlcally
acceptable salts of any of them insofar as they may
exi st ?i er in isolated formor as m x¢@Wdes t hereof,
are included within the invention. As used herein, the

term "pharmaceutically acceptable salts" refers to the
nonto |c 15 acid or alkmtine earth netal salts of the

ut oner keﬂ§0|osner pol ynor ph, ester,
Eg?%;:lltg\eoroprodru oNHFormul as (1), (I'1), (I11),
t he

caN be prepared -in situ during
Iatl Nand purification of the conpounds
of ForrnA as (1), (1), (1), or (1V), or by
separ atRél y reacting the base or acid functions with a
sui table organic or inorganic acid or base,
respect (IWely. Representative salts include but are not

la: g} edcé)tnggﬂtug 59 égéllﬁ]gq\{\érg?rgh%g& t&@@%gﬁnda o%formulas @), dI), (1),

orREVY sk i AELS amlP §1'3l' 0?1%]}% as Wil )€§ fHe haﬁﬂi@ﬂt@d’ g%cceéotable salts,

canphor sul f onat e, g uconat e, cycl op ntaneprop

~ esthygl ensthizalitésaand, predrhgm of anyf ofitiem, Irgﬂymompeqsc asmm’netrlcally substituted

R e TN N T -

of Ah&yllefioebNaRRSH lchafRhfors, |daGtcdotmer RN dtR: steremsomerlc forms that
met hanesul f onat e, nlcotlnate

5
mgy haghfipes, éh toemb 06 gbsodute @t@m@h@nlstrmh@s upél&) jore(¥, forms. As a
h
I'C%?‘%Sé{ﬂo%lgc e]?OS?I?gC %8%[ l%r %cﬁ?@h?lestgﬂteé{s? S lnpalhﬁ]il‘ Oé{tllgﬁla‘{ gurc\ forms

mpettires tenes| fatanatmixanes (ot n‘eb&emat&at)gemnékhfes of dhstebamiees, as well as
nitr en contalnlng groups, can be quaternized wth

siagle Sé?j@?ffl%fs a2t F%?I&pw}ds hell thfednvention aze inglugsd In the present

:dhoh: Tﬁ@ nh Ut

s PRIy St & oo ity aP RO Ain, pBAS defined by the

TURASd 974 RacmvndEmlodea%mloN Enl“gjmhaitnmﬂo SrrmmMISTRY Pure
syc Y. rist and st chl ori

A RSP Ga7RE e & et F Rt don mneapostions of eyetic

coRgidnills. anThedBengd byl thbremaréiRe. pland iPHhar Sde \Wat %I&lr the preferred

oi |l -soluble or dispersible products are thereby
obt ai ned. -29 WD 2007/ 030377 PCT/ US2006/ 034088
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Exanpl es of acids which may be enpl oyed to form
phar maceutical ly acceptable acid addition salts

WO p@siB7sUch i norgani ¢ aci ds as hydrochl ori c BCT/US2006/034088
sul furic aC|d and phosphori c acid and such organic

R SR L R A L T L S p—

side ®f lfére?&@n&eplﬁﬁee RR! &iohdll E'&egcrﬂﬂéﬂ ng sthBﬁldf b Abte® that this usage

i solation and purlflcatlon e conpounds of fornula
diffe(sl fyom drat mp;amha; gtbapoparents an whmgl “od‘an@m ybcrl@waha plane" and denotes

aosol eetoh” e bR R3PS aR e b o 4 seine by
the C@ﬁ?«ﬁ@hahhﬁm&ﬂm@@ﬁﬁwpmﬁﬁ IWIDSU)S)M@&@WQOW gani c

rlnarg secondary or tertlary am ne harmaceuti cal | y
ackeyilhblse l@mlapsarf:rﬁcﬂOuﬂlése iskilledria thetart (thati the poppounds’ of the
. ati on n

inve Q[t?élhl iu ﬁ%u dls§lrfnlf la%gga@llj gfr%) gr Bll']thgif‘tséke%'lsomers
and tRGMRSS,U4B wall Ltt@’lthel phamdadceutbually teeeptitie ,sala§ ewefsl nmabohtes and

nontoxi ¢ ammoni um quaternary ammpni um and, &l )
prodeugsich ey of Aesmadnag exiBiif YASOUS PRELEe G (RroRP HOThS") baving
; .
s PRAATIRRENR, LR ARt B a0 of
compdunys aofi the, mam:hdnh endhudmg thkih emetalepitess epnbch‘hgs; estgegiaomners, and
tautq?r}r%gasgég%fg {k}gf - hgutgc% )r’ra @H:F%t@geewkftgsrﬁ%ﬁgg %I llle(r)rp 1rslsao|f£r as they

may %&{3@ %Rﬁ&g}x E%%latgd fiaapal ﬁ‘ﬁ‘iltﬂfes QAT 88 iRtGuda %ﬂﬁ@ tHelilf@ention.

t's an ormul ations of the conpouhds of th
i moss nised helame ﬂm twondpbuiesedically agreptabk satisll refers to the nontoxic
at| rrul ati ons For Benz
scid Stk ey el SR B FR <SR, o SR Pptymorst,
esterd ﬁiéka%bhféu H@bdﬁ@% %ﬁﬁul@@ })(IIﬁ 1539) 0@ (1V31 ThudeysaROOdn Benprepared
H

Salts of nzi m dazol Et hers and
in sifiodping theofisal Tinelatéesf an am 9 qfdbfk epmponngs i dformulas (D), (1),

(III)ipgro(ﬁg% 20|8r %)fos%é%ra%grr %?ctgx% tﬁg bﬁé%sakldzﬁﬂéucﬁé%ﬂ% smb@orgamc or

reference rni1ts entiret

 inord¥hid/5@d ob 8a%), Respédiigeclye rREpr@hﬁhﬂmmhklmdhdqbtﬂcawmtdbhﬂed to the

ester” refers to esters, which droI Vi an qj 16
follquﬂ@g Lmétaﬁeh e@aataﬁégmétﬁecaizatso%%ﬁmﬁaéa 3%031 W#ﬁﬂa ¢, bisullate,
but et hec AGSHE éTpOLl‘ﬁglu%na?e Salctycl‘bbﬁ{tﬂikfproplonate

Y& tab S

er gro I nc for exanpl e,
dodetgtsulfed, 2 Eet}ﬁzmemlﬁima’tena @ud:ohegtlahgata cc gb{camlpbowhatph athemisulfate,

car boxyl i c aC|ds artlcula n0|
heptageaipal WSFBI8Ean aff%?ﬁ’em 13(36&%@ ﬁy%ﬂ%) Q0 Hu ac h hydroiodide,

2~ hﬁh&%@t}ﬁﬁeﬁl%ﬁﬁé‘l ma&&&s adVﬁtﬁte@@eous kﬁéthdﬂé@lﬂ@ﬁéteﬁof enicotinate,
6 carbon atons. Exanples of partlcular esters
2-naphthledesulfonatas exalateqemoeatss pectinatsp Perivakiets, 3-phenyintpiogate, picrate,
ry ate nd et hyl sucgi nat h g
oL RS B E! Bl b Bie ilmemlonate and
undéRh&4ts. tAlso, tHROBRic Bi@rogéxﬂdém@ﬁmgf giobips canrpe Lqiﬂtermﬁed h\eth such
present i nvention whjc

thin th f
agentds Gaver L REHES, Sh BB loPihi GHoRYLCENE ST SHERAG pgomides,
and tlécﬁ&ééeglaﬂzyl E?ﬁ%@?hl@é‘ﬂn{eﬁ%rdléﬂ&lﬁﬁ bt lv‘éﬂmﬂxgpyyﬂ@ﬁ s, I

rgi c’ fesponse
halidesngteh s fdatyd, syl myrmtﬁl()aﬂ&)t%@l?ﬂﬂ&@&%]bromﬂes and iodides, phenyl

PCT/ US2006/ 034088 . r.easona enef i t I sk
alkyéfhagg? 8@ e bzl Hgd rpl}eﬁctetg}rz}]dgla)na &> agg e?rF a@a{eﬁ or 01[] soluble or
dispRWiB1E BFddaBls Gre thereby obtained.

s, long chain
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forms, where possible, of the conmpounds of the
invention. The term "prodrug" refers to conpounds
W bav/0303e7 rapi dly transformed in vivo to yiel dP€TES2006/034088
parent conpound of the above fornula, for exanple by
hydroI ysis in blood., A thorough di scussion is provided
n TEXaBpl§sgefcasidn ol may de|eapleyes tor faym pkarmecestically acceptable

 oEDAMESY 53618, 301 004 08 & 5 S YCRER, Wi i

phGayphorie rasld :md:h;ud:g dogaii@acids dgrexdlicadeidhasleR R, ingthanesulfonic acid,

ASSOCI and Perganpn Press,. 1987, both of whi ch
Sugigic ﬁcﬁ’tc%ﬂd;%‘#&t add h dagicrpdgifiopsplts eat be prapargd) in s during the final

isGRIRA ahd é)cllﬁf ‘oaﬁ(ﬁ‘? oF Khé lc%ﬂ‘rrllaoﬂn&fSSf %r]trmggﬁg, %)E Separately by reacting

compound inventi o
cathonplac redil oﬂorétmarsrrmlﬁrs a( yyitablel base 6wdh s e hydedxide, carbonate or

SR s Do safic e e RapR AFRCDR S i emepia g orgni
b e teﬂﬁry RABA! PAGmRLeRMAIP boldBMle SR iRfude, but are not

processed i'n vivo through netabolismin
linaitadnig) cagisury basedcen khet alkyli o@thdkalprm«mrﬂnmotatﬁg |smzh asysodlum lithium,
retaln a t| A

bol h
poPRbEF BRI Re 0% b B B e theg mune el g nomtonic

aniriotiih] QalBiary Qnhrderitunf | d é&ﬁin@gcalﬁné Obfcludng, but not limited to
techni ques known in the art. See, e.g., Bertolini, G

anarlmarlm, tetrapecthylamerenivm. traethy pomepniurgo Tyethghmine, Blimethylamine,

i 3. T V-

anfnesg usefl I&: 2(hé- I3rindtibA84),; bBsendgRidich $hlts 1ﬁHﬁdleg ndiefhylamine,
Prodrugs (EI sevr er Press 1985) and Larsen, |. K

thanelamine, disthsnolaming, pipgeazineyang ﬂE?eJélfegn and

Deve§ APARALE a I
20 Ag ade ma] c Ogﬁglﬁgéﬁe% Ehe vdﬁ‘@ﬂm& Og ﬁ}cl)% I1 d telmllr r}_ra'géer s Scflosed in
provisional agphdationd tlﬂd:tbr‘ﬁarmluladlmmﬁmmﬂmzuhhhtola Pyridglt Ethers" (US serial

et B8O T3 AR N GRS, FOPRES £ Ol ih 821 Jly 2006 and

"SERS OF BARiRRARERY] PyHERAS Bthetdahd qarhn%ti%ﬁy efﬂe?é&r* '(xttomey docket
treated by the 1nhibition of a kinase, particularl

nuRAer RPQ?aS@é?? 0P@b) filad oy, 30f®ugle$<a(rﬁﬁ each of Whicke isrteecia 1ncorporated by

inomas (e.g., of the lungs, pancreas,
rei?ﬁe%ce tsegl\?iar}'an bl adder breast, prostate, or 25

co | o) usedrbbiRig ﬂEéSterrﬁy 'phﬁhdtcaiti%glﬂﬂ @éo‘éﬁ(a@legester"w&'é@ it6l esters, which
| eukem a, mul ti nyel oma, and eryt rol eukem a

hydrabrrs i grve eng lnchrdq osrthadirenk davemisad iy inathg slmaam to leave the
t

paée?rt %thmepduﬁgté)ﬁtgﬁgig ﬁ%@é Shi@ab&eﬁ%‘i ?%?%@tlﬁéi&%e\e/ go%t&%fé those derived

fronmphamheceutioallyeacaphble aﬁﬁhatlc carboxylic acids, particularly alkanoic, alkenoic,

cy lpﬁl%epoa«,y chggiﬂmq(dfgléré{:}fg% l{gr r@;e;% ﬁ'gg')i, Ipp }11 "é‘éy‘i'm(%éty a)dverlJr}frageously
has ﬁék ntléfe fihahos %B&b Xﬂoﬁﬂe@kﬁl %Q‘o?? icylar esters include formates, acetates,
(2-Fl uoro-5-pyrid Beny%ﬂlf
prom@tatﬂ,%l blﬁyl[aB:S(@-rylates Iaurbctbyﬂeuch:}mtesl H-| m dazol -2- -31
07/ 03Q3/7.PCT/ U 006/ 0 "
1) 5P DTS ASHBREI Rrodues o5 Yief hifingeters to those
rd(ﬂu | arathe c&mgﬁﬁmdil dT-the Yles@fi@ivention fwhich are, within the scope of sound

methl- 5-trifluoronmethyl-1 Him dazol - 2-
medlcal Judgment sulta le for use in contact with the tissues of humans and lower animals

without undue toxicity, irritation, allergic response, and the like, commensurate with a
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yl)-pyridin-4-yloxy]-1 H benzoi m dazol - 2-yl } -am ne,
(4-tert-Butyl -phenyl)-{

WA 2002080877 5- [ 2- (5-trifl uoronethyl -1 PCT/US2006/034088
H i m dazol -2-yl)-pyridin- 5 4-yloxy]-1

reasl(ih%getn ﬁc%efrgg?éo' ajig 2%:%]: erf%eﬁg?%‘#g%m}f infended use, as well as the zwitterionic
forntd; IV\FHe |s1b?e' lélf)thdob’drhﬂchﬁ‘rdﬁf of X Mlvertid: DERZ @rm "prodrug” refers to
i mdaz -trifluoronethyl - phenyl) -am ne,

compgu@[s ﬁ];@t a@@mdly/ Ira{lsfgrrm Iymivasto] mel(lghq parpnm@nmmmﬂwf tlie above

fomﬁl%?ﬁg %lﬁm %J ixsécﬁx y'sflsI i l?}}o%ci .g?ﬂrm}gh discussion is provided in T.
Higdchi Gatovo -SMBD)Hré-d{'Lﬂgsnﬁ N(>|ve15 ﬂeﬁve{rﬁ Systdrhd) overreahyt tHd1A.C.S.

i m dazol r|d|n onh
Symnﬂﬁéﬁlz%@r}ﬁw%r@omg yad B aRodhe, ed.4 Biargyarsiblecpgzriprs{in Drug Design,
t 5
%ﬂ% %%!rrg?_e%_ﬁ%l) A%{/dﬂag@%f%?]%&é?_%ress, 1987, both of which are
incokpdvated bemindgzeferéicyl } - am ne,

54%0121#,}6 e(:) g}_?}{a%énl(tfgg or O {ééﬁ%tt%p% tlfxat ,Jéle ¢empounds of the invention,
(B%Y, I

1nch!1cg}r1r$j ﬁ?g%on?oéh%% r@g T%rﬁhiti‘e;sl‘"g?’ H%I'?;RWE 8t fﬁeﬂatzct?{on?eré’ prodrugs,

sterebisontelsy |a.m$ polyp@rpl{ssas well fab ﬂmmnmutmalm acceptable salts, esters and

pro%nrxré d oly 2% Wr g eé)rf)rf%ie% {V”] ViFe E%Pgaé%b% 129! % Yhman or

anintA ibal¢ 8z 6311‘ 9 ptb&uc@?hla&hﬁ'cﬂib oMY hetilve thd¥8ARes that retain %%wﬁy as

i m dazol - trifluor omet hoxy- phenyl ) - am ne,
mhlblizorsl Cfbﬁ @curgvemqwho itos bt mpqynémvﬁltb& inYenfismhppy e identiied using
rout%i cehipic Oé _Elég_\{flilf ﬁ'l%ra%neé e§l’?§?wf)’ éet al., J Med. Chem. 40:2011-

pyrldln 4

20164(1%7;&811&11(152611 alZ JY Pheyddin e, 86(7):765-767; Bagshawe K., Drug Dev. Res.
oro-5-trifluoronethyl-

2-Fl u enyl)-(1-nethyl - 5-
34:2%92[39 (AP Podar( .14 pneasris HﬁeSph%:%%A-ﬁ 11¥1 984); Bundgaard, H.,
Desg ﬁ%ﬁﬂlgs %EY%GJ/ISP?F‘%SQ al%Bﬁ)é’Va!ngiﬁ’a}s'e , L. K., Design and Application of

nzol m-dazo
Proflrzigs, 2 Drlig) aDerigye taridt |Deoelopmehry (Kpigegaptdahamsear) -t -ahptedy.l - Harwood

Aoy Berai 40 b It Shesld b psmiond o4 indiridhsh shsigel sompounds

that ‘éf—kr&ﬁ)\?é’ Hefab@ﬁﬂeg ofh Bé(rh{)&ﬁfd%f the 1nvent1on are 1ncluded Wlthm the 1nvent10n
l'uoro-5-trifluoromethyl -ph eng am no)

t h;II{he Tereh B@nwi’ eigesziol caBogy| @m}sesmaaﬁ einnbeberefipially treated by the

mhl?%Ofl f% %/%m%r el hﬁ aflly %f&i}n}ag%éﬁﬂvﬁn%ﬁéﬁ el h %gslj)h(i Cancers, such as

carchoB9 Z@igl] Qfaﬂ@ hﬁrg}fl' ?aﬂé}easpﬂf ditlnovaarl‘in }blacﬁer, breast, prostate, or
H-i m dazol e-4-carbonitril

colop}- meleporpes, ynyqigidndisgrders. G@ﬁ,hgnyeblq Jeukemim apyltiple-mygioga, and
erytﬁ_%géuk nth ) dﬁ%ﬁ#ﬂﬂéﬁ fé}é/ | - Vl‘ﬂ&{s] &olon adenoma), and sarcomas (e.g.,

enzol
ostedsabioiy) - 5- [ 2- (5- phenyl -
1 H benzoi ni dazol. -

H i m dazol - 2-yl ) -pyridin
- 330 ygyrossetiye sEbpd ﬁ@rﬁbsgé%emsam the coppunds of the invention

inoludéfgreky Qr onet hyl sul f anyl - phenyl ) - am ne,
(3-tert-Butyl-phenyl)-{

1- 1t tWigthyIsS-2.1-Siftwibtretby o Htitaidazal 8-y Dimaidlot-4 31guy)-Lybenzo-
1m1dazolrb-yﬁ ()A-tnﬁ}ﬂ)rome'{kytfp A1 )%gezm 2-yl '} -amne,

(2-Fluoro-5-pyridin-3-yl-phenyl)- {1-methyl-5-[2-(5-trifluoromethyl- 1 H-imidazol-2-

...J
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[ 4- Fl uoro-3-(tetrahydro-furan-3-yl)-phenyl]-f
1-met hyl -5-[2-(5-trifluoronmethyl-1 H 5
WO pdod@azsi? 2-yl ) - pyri di n- 4- yI oxy] - 1H benzoi m darCi/u22006/34088
-am ne, (4-Brono-phenyl)

A R bt °€>12@”§| Bt T e, 2 YD P
(4- FupRrods Pkﬁ&lﬁmoﬂ}’ﬁhe o rﬁ%hﬁ;l y.{r??ﬁélpgqrﬁfgﬁlg%.]@idazola-

-trifluorone
le pmdmrﬂwlomyb thieanc}azalPd-wb} arﬂihe

ol AR b Pl %ﬁ}gl]r%g%iﬂé%%ﬁ%—?—liﬁn%a%lzi-%-pyridin—
4-I ?lleBéﬁ%lﬁﬁ@izBMQ%W el - phenyl) - ami ne,
uor o- 5-i sopr opyl phenyl) {

1 me{ ]hMeﬂS’-l'[Sﬂ-zf ttl Wﬂomﬂb’h’éﬂhyzmldazal-ﬂml)imuhnz -yloxy]-1H-benzo-

A AR 520 29 ) e

”B(Ghﬂ'ﬂhyﬁp}ieﬁyf)q1tlﬁ¢tﬁ$’lu51[21(ﬂifrmdoréméﬁ1 1Lf-imidazol-2-yl)- pyr1d1n 4-yl-
i m_dazol - 2-yl)-pyridin-4-yloxy]-1H ben20| m dazol 5

~oxy;ﬂﬁben295nlfié40ﬂ28{§}'9nu%fl uor o- phenyl ) - {

5 e A DR U it g
yl())Qy]Fl}ﬂbemoﬁntdadem&mmhds}yl phenyl )-{I
oyt | ALEA R Ty St it izt gt L fmicgol ey pyridined-s1-

oxy%lﬂnbafzemﬁa&zrou&lyggaﬁm hyl - phenyl) - {1- met hyl - 5- [ 2- (5-
trifluoroneth I'm dazol -2-yl)-pyridin-4-yl oxy]-1

H- be(ﬁz@ilpmﬁ-azﬂnor@ngfchyl}pheam){{é smethyl-5-[2-(5-trifluoromethyl-1H-

R e

H i n4dadebes- &rfﬁﬁf&@é%h}tlfﬁhkﬁyl)-@ métﬁﬁts B- (25 trlﬂuoromethyl 1H-
ut yl - 2- chl or o- phenyl)

mnqla@!f 2w&mmw+yl@<yﬂ+lﬁwbmzmd@zol 25yl} amme |
yI ) Fﬁﬂyor R Ygséb)( ?ﬁ%‘lrwgne %&%’F f% %fo ? y%) ﬁ/yr%dlr?-myrlngy]-lH—benzo-
mﬂdazet hgyﬂ}h@«frﬁhbﬁonmméyl- Heny iaiﬂm@r orret hyl 1 ‘
zol - pyrldln 4 1
2’2&3 Qppéatf umzmgqthy}l phg]p,yl%—él -miethyl-5-{2-[5-methyl- 4 -(3 tnﬂuoromethyl-

ph@gylﬁﬁ%'hﬂd%gi ? ilecﬂxFﬁtﬁ%&y}pﬂﬁ %}é%%%r%lk B?FOI Z_Lyl) amine,
ﬁ [ rfEffﬁuQIbIjSZGrgﬂlu))fomeithﬂ+pheﬂyl)L(bme%hyl ~5-{2-[5-methyl-4-(4-trifluoromethyl-
e PR FR S S0 osfiiheg Tl 1 H-beerimiderg 2 Dhsmminiazol
- 2- ul n' héy- L & imidazol-5-
yo- %4 -P(3-Hi 6ro45 Ylllﬂ’li%%&meﬂiyﬁpﬁé ?ﬁ%ﬁh@t ﬂ %ﬁlgﬁglﬁ%hr}zo?ﬂlﬁaz 1-5

-trifluoronethyl -phenyl) -am ne,
quzcyﬂwmim Lyl}-§-friflqogorp ﬁbﬁlylHamadaoneMjcarm@ﬂlbybmmhyl ester,

pyr {(g Z[g T%%%gf}) 51 uglgme 713/&%3 377 05 Cf‘Tl Uﬁm/@%géoqgédazol 5-

ylc()éf-]-tp@flﬂmﬁupb}l-ﬁ ﬂtfﬁi’(b)/dr}letﬁyl 1H-imidazol-4-yl)- methanol
nyl -5-trifluoromnéth

H- i I:Izi éé[zloMe yl I-()4 tﬁﬂkl@remﬂwl-@h@)qumo) IXI benzoimidazol-5-yloxy]-

py@ﬁg?gﬂr 0- g@@%?l%lj%éraé%% y ephenyl ) -{
1- méB-Hgrt-Baity{l-phéibyd X-{ I -fetiyl-SrRt (Syphehyd- 1 H-imidazol-2-yl)-pyridin-4-yl-

oxy]-1H-benzoimidazol-2-yl }-amine,
{1-Methyl-5-[2-(5-phenyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-
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5 imdazol -2-yl)-pyridin-4-yloxy]-1
H benzoi m dazol -2-yl } -am ne,
W(Q 200Fl08n3rD- 5-t ri f 1 uor onet hyl - phenyl ) - { PCT/US2006/034088
1- et hyl - 5-[ 2- (5- et hyl - 4- phenyl -1 H-

m dazol - 2-y| i din-4-yloxy]-1 H benzoi m dazol - 2-yl
2Y¥} -(Aotitlygrom %hiéﬁﬂlg%%lthnV)ﬁFfH%%onet hyl - phenyl ) - {

| mngaz%;c:B\gy%eﬁgD rﬁgﬂé’th)zrl% ﬂ]@"?{' ﬂlulj’r_é% lolll}IT]l 1daz<l)1 22y1) -pyridin-
4- y}oxy}}ﬂlﬂﬁ&nzmmldazol 2-yl}-amine,
t ; B:é gtlptr e f&@é% ¥ ]lt)pheﬁnguTS{(;%f&?f—gﬁi—?ﬂu—if%ﬁorr)g]rggt}r/lyl-1H~
irnitfﬁz*%ﬁ-@ﬁﬂ} ﬂ%ﬁj&lﬁﬁl %lgﬁ%ﬂlﬁ be&mrﬁﬁaz - 2 } ann

phenyl - %zol 2-yl)-pyr
i di (|4=B£0yna31alge]nyl])+{lbmmhgl-5 [2 (5 trlﬂuoromethyl 1H-imidazol-2-yl)-pyridin-4-

fl t hyl - phenyl
ylof@” g Buigieat 7y o “ﬁéﬁ?ﬁ iy - premvl)-amne.
"B Fibroo3-ksép £°? é?‘\{' 48NS - é—'(ﬁ%ﬁ%ﬂﬁéﬁ‘aﬁ?l-i‘ﬁ imidazol-2-

pyri di n- 4- en20| m azo - am ne,

yh pmna}lﬁ vyl llplrhgwmmdaqu_?fvb} phioay | | - { |
1ot ST G R s oo BRRAS -y 1 -bemao-

1m1d@m neyl}-24 tr{ﬂ]uoromethylsulfanyl phenyl) -amine,

2 2- FI uor o- 5- trlfluororrethi/) g)heng/l am no)-1-nethyl -1
niA8e5or Hisegropsl-phenyl)-{ 1-methyl-5-[2-( trlﬂuoromethyl 1H-imidazol-2-

yl)ﬁglff@é}ﬁr P i3 Zebiha b Ty RRRLE; 4- carboxyl i ¢ acid
2- {@-Flefo25-CiflwranshykpHehyidr{drméthyl-5fih €l vk orogthiil- Tt

gk B PR T o s e g Uy RGP | i dazol e- 4-

car BoxylpyREdoRt
2- (té DT oo detr ,qﬁ u%})}ég#zﬁggﬁethﬂ -5-[2- §5 ?1ﬂuoromethyl 1H-imidazol-2-

yD-pymdinHyylogyl- EH(bsnzmnﬁdamirbnﬁtmmeJ H-

i m Q%ZIH%I,OZ% él fk}ﬂ?%fpgtgl n-4- ¥1§ %;{)ﬂmﬁyl"g *ff@z H}y‘ij ?ﬁoimlga%k 2-yD)-

pyriLhﬁIEIM ;511{ Ber(z’énﬁlﬂbidl@%ﬂpﬁﬁﬁﬁﬁﬂ I HI m dazol - 2-yl) - pyr
| | n- 5 yl oxy] - 1H benzoi nm dazo

ﬁ&ﬁ@xguqyg@ﬁwyphqul) {1- methyl S- [g (g trlﬂuorgmethyl 1H-

il WL AT )

(3 ﬁ{D[MI-m‘Me-ﬁhﬁﬂyblbmefhyl -phenylamino)-1-methyl-1H-benzoimidazol-5-
met hyl - 5- )[2 (5-trifluoronmethyl-1 Himdazol -2- yI)

ylowrgyaqd,lp A-Wi-3¥yimidazaletrarBomird&z ol - 2-yI} - ani ne,
{ 1- dqusﬂ)ﬁlit?f -4 ]ghlé)ﬁ) %ﬁén%ig%q gfggf]y I[2 %&'ﬁ?ﬂg&&ﬁ%ﬂ%ﬁllﬂu&d -2-

zol -
yD) pyﬁdmféi-ﬂouy)} tﬁﬂiehgdlmpimeoiyz -yhHeamine, (2- Et hyl - phenyl)-{

B o5 RO e D et thorBety

lHii’ﬁﬁidazél ﬁyb %1@11{111%%@!1 11% wnz%lzm?ﬁﬂo?g ylj-amine, L

4- Et
( r@]%lllo &%ﬁ&%&gwﬁphw})wmpmyl 5-[2-(4- phgny} -S-trifluoromethyl-
1HRPEDES). 1%‘ WS RN idlifa A1 8 5 3t lm dazol - 4-y
F%m RORaR:
{ 4- {12Meﬁ:yif45u[czr(a ;ﬁlehylLﬂf trunroﬁfm&thylL Hphsakelnd pn)pyihdﬁieumbxy]

H- ben20| m_dazol -

1H}PP%§W1}11W? #vh-0- W}lo@meiﬂ}ﬁl'@ﬁﬁ@msmu@ar boxylic acid
(2- @y@tﬁ?ﬁéfh&&f}yd D@y H&{2-(4-phenyl-5-trifluoromethyl-1H-imidazol-2-y1)-
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{
1-Ethyl -5-12-(5-trifluoronethyl-1Him dazol -2-yl)-pyri
Wl 43037 bxy] - 1H benzo- PCT/US2006/034088
i mdazol -2-yl}-(2-fluoro-5-trifluoronethyl-phenyl)-am
2- Fl uoro-5-trifl uoronethyl -phenyl)-{6-nmethoxy-|I

pyr?d?%ﬁnévxsé -lffbbergoimidaral - Pientipd: 1
ﬂ@lt&lig%}n}g% rrh 191' ?TP/ t@ﬁl{%lyil&mﬂuoromethyl 1H-imidazol-2-

H- b nzoi m
yDp§ridiatdghoyy |- Hiiechydimbddz8l-1-31t aminkyor omet hyl - 1H-i mi dazo

it e Sl
1m1ﬁézo@2t3ﬁ1-p§{cﬁﬁr 11'H lb)snéoﬁm dhdo1-d- } am1

tr| uororret phen no’) 1 H

ben@elf lml@ai-dﬂ@rgme&ayﬂ-plmpyl)e{ lmm@hyl-3 —[B%S -nretlgdAephedylyl H-

| uar onet hyl -1

f
g RSO bR bR Y R o 15

mﬁ;@ﬂbr@s Wi fladrmbthy ikh@{yﬂnﬁtﬁmh b%@é(g-)méﬂ'is}lnﬁphe%g L1H-
1m1é

1- Methyl -2-(4-tritTluodroneth phenyl am’no)
il By 1n-5}-y19xﬂxw-ben201mldazol 2-yI} -amine,

ﬁdtlaﬁgiuy 1- e}%}ﬁﬁﬁ} {?rﬁu%é}?ﬂ_g_[%( -phen}er'lcf I—?—mndazol 2-yl)-

pyrild-lMt}*MY]ﬁH Bed@ﬁidhidl@il@féﬁﬁﬁﬁﬂ 1
H i m dazol - ¥1|d|n4ylox
i ni ﬁla%rthéyﬂZa(éﬂﬁ@t ¥1'4'9h@1¥}’|1‘f1ﬁu’m16¢?9@-ﬂ;bﬂ) pmim% -ylogy Jatbenzo-

thyl - 1H i m dazol - 2-yl
‘mlgi‘/éﬁ’} .Ej/. rf?uo[r%m%tayf% gg%ﬁrﬁag%zol)/- 2-yl 1am' noZ} -
- 6- @FﬂelftleyleﬂFﬂhmep}rdnﬂ)qll-mﬁhylaS [Zi(ﬁ—gﬁlﬁfyl ~4-phenyl- lH-émldazol-2-
stere me ynor, er,mata0|te or prodru
yl)'ﬂ’Wéihé ?‘YLIH%‘?BW&%‘&%PH%ﬁ Jr3mifgcept abl e sal t gf theg
nnaao(unqeth&ﬁ bRl 1.51 g)jeg BRYIPQNES hﬁqi- ! -i?ﬁ}uorohn‘?éﬁﬁrlH

bolite prodr er a cts
1mlpa®$@f}ﬂ)-pymhm4|-xinxy]e]Iﬁﬂaenszoﬁmldah‘d %ybmses for

o Py g SRS e R e bbb bgh e dazol-S-

yloﬁﬁ]cﬁyrﬁE@Q%@}Sgﬁ-lm-m@zow %%bxﬂfé\h@m efyBést, rel ates to
e processes for preparing the conpounds of -the

i nvEntlS2-&htprod-rdlsormat mhenylmnmoa'édmamlsllds]@ﬂmmmdazol 5-

sto8) e P S P @ BN D5t B oS et

Sc h@rrudrok4-trifhioreehyCpiray ) Ya trhethylos -[2 (B tréfviré@bthyl-1H-
. hi arél et her noi ety qQf the conmpqunds of, the invention.
ng%»b umiPYidintieylpedekibdengoimidaettporhatPming wher ei n one
QL b e e ROy LTl 3 fibricin s
yloxyl] beengmmdazde’l—ybmnma,ch as acetonitrile or

al 90 SRR ereUR S 08-hivartpg T -ida Ly

{ M1 RbendoihidRk - ncl ude K2C03 CaCC,
y"r(ﬁﬁm%ﬂ (gil ore KFA1203 zggzhr%ﬁlgllé of Organic Chem stry

VoI (3 %Elmethbxy-m@nymmp@wlﬁfﬁz—fsmy)mefhbrblljrmuéazoj 21y1)-
pyr1dO RN ]]1Hlbg1{a imi F%—}%E-a?nrfn a’lm no
{1-Methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-y1}-(2-trifluoromethyl-phenyl)-amine,
(2-Ethyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-
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precursor such as NO2 or a protected am no group that
can | ater be converted to the am ne by respectively
WO e@ao803g7 or deprotecting the am no precur sor sSPCTN82086/034088
group in conmpound 10 1.2 nmay be an i m dazolyl group
substituted with one or two R4 groups or a functional
oxyl-d Hpbengpimidazah21yé}-aming, t o f or m such an i mi dazoyl

group. It functd Loups. i nel ude :
al de yEc}g#l %?Q Ky 1%8%%%’?}9?’ dp §%Pﬁgq?5?{n§[§%5we@§{a€?mo)"l'
methylc Hil fhemidimidagolt 33ilox ¢ PPy dib-0Ly1 RS H-paxI-Ued)-hetHahéne,
The ester _and carbonitrile group

~al deh\g%?. ) S may be
r edue %—@-Fmro-%ﬁré%m}a@ethﬂ-ph@y}a@m@rhglea@éﬂ%{bwhi@dazol-s-
i iy 13 r4 may: - CH2OR5,
IGRITARL 3h I MTe MEA ShofRgRa BRe ety St Ry
may {deEthphiékeHtrdfluctométhylel H-imidgsl-byl) s pdn-£51dx81-18tbenzo-
. t(ﬂagﬁg g}r Uﬁ an% o%atlo of the resulting alcohol to
My ¢gol-g3y é&i poro-prigtluginrestaylohenyl)-aminca| dehyde to a

SUbS(Qililwr@@-t'ki%gﬁ‘%&ﬁylﬂjihgﬁqz-:{]@- J-Phet -IB- £ g?triﬂ}loromethyl—

O her nmethods 'for for e substitute zZoy

1Hyimidpzal2-ghrowiding-gokgk EH-tenzafideoledvpl HamigR3) b L~ L2
~ ~ . \ ~ ) ’
. 5 e Raly ety - sifiraimeih 8- B it ke g4 viony -

. 1meéﬂzairﬂidmmyﬁ}@Jﬁeﬂl@oroﬂn%%ﬂyﬁphe%%ta&ﬁiﬁ@d that for

illustrative purposes, Schéene enpl oys the foll owi ng

subdtiBtplinipergzan- edh€2- {4 1-methyd2; (4ittiflueromidthyl- phesyl@hino)-1H-

' - L .esterk. ) I f th t hesis .
befi il Salos Bt boai L R B B e fetafing s 671 <
s hovin-EthylEx (@8- gifluordiidthfl- B-dmitaYolLy 1) PMen £61dx9]-1H-benzo-
. alkyl _amne 2 a nunber of known nethods. In one

I 2.2 Vvia C
mydazpld-yladrt8uoromethylphemylamigies h  aceti c anhydri de

and . . . . i

That’ ey HetLe: (4 axneskI S8 FRRRAT HEbeh SRR S 0wy
pyﬁ&iéi/—l;&izemiﬁ_ xﬁﬁidﬁcﬁi_s-%m‘gdﬂyyib gaidi (_Belyarﬁay-eﬁiyll-abide, f

redycin ts jinclude in the presence o

BF3 ?&!&%ﬁ@? ?[aﬁtt'é H%VPWNQ}Y , WQ&O&%%PE@HWO@Q-W%WO-
im%}ét_%lbﬁiﬁaﬁﬁﬁ’o}by-tﬁﬁlﬂ%fn@ﬂ*lyﬁﬂﬁé}fjl,2' 1 wth

trifludroacetic anhydride, alKylating the

cor r2eé poddil rigethi- 266 triflzmombthy)- Hiliimideagleyl)-myuilin-dsyloxy]-1H-

an.al kyl. halide nd.renoving the trifluoroacetam de
beﬁoé?édé%?l%yiﬁ%w'@'}fl%oégmgph@ow th base such as

NaOdr aGhlitefef] &statedisdrhdr, PElyRic2PpIar Rt WethbSIRE] Biprodrug thereof or a

picolini¢c acid 2.3 with excess thi onyl chloride to

phaigacedicelly aspantatle splt oft that carepauidn teassquere dterepisomer, polymorph,
est phethi oEbOBRT 2" 2l Cohol of “the al kyl amine 2.2
Wi t fin @iihepraspets?.the phederit invention relates to the processes for preparing the
compounds of Formulas (1), (II), (III), or (IV) and to thé synthetic intermediates useful in
such processes. '
The present invention also relates to the processes for preparing the compounds of
the invention and to the synthetic intermediates useful in such processes, as described in

detail below.

Synthetic Methods
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basic conditions gives ether 2.6 than can be converted
directly to al dehyde 2.7 by reduction 10 with
walzoogobusryl al um num hydride or in two steps byPCT/US2006/034088
reduction of ester 2.6 to the al cohol followed by
OXId%tIOﬂ to the al dehyde. Schenme 2: 3 (3 )~ (R O2N
1 dllpstyates) ppustrpgtiop of the ceytrat) biagyl Netimpy ngicty of the

BRI B R 1) AT B £ R o o

L be Lf ds haibiand thé othleof bl gaZdieOH @gforﬁeﬂﬁiﬂ)l(:ﬂ? Thd cé\ﬁﬂlng may be
be .15 reacted.w hco ound 3.1 wherein Xb i.s. =0

CARPOAILIA AR EPLYERY |aﬁ%FEB'éYH8@ﬁf1!f9€thﬁdﬁléfoxﬂiﬁ in the presence of
aMasd ehd nf3g IS BS c@ﬁcﬁt\é’ceg%lexe‘%f‘efd' &%‘%ﬂuﬁ’iﬁl \%lﬂ altupe%t §|S1table bases

| east one"of R4p and R4 ere ct|
lmhldBII@@QzuCaeﬁg,d(@HJ NaOHobNIéEtMMomabmf @igbyzlc Chemzstry, Vol. 63,

N Ty bBGReR: Bt )5 e SFAE Rl ior G Jof M sone o an amino

pl%carsor S16h WO N0 Qﬁ@%@%dpﬁ_ ﬁb@?&{%%g%gqgteﬁg@ c&fverted to the amine

reduced to amne 3.3 by treatment wth a reducing
by grspectivigbhreducisg af dmrdﬁecihng)thetammté mmcms) Btsh% maoup in compound

1 g%%} ge a% mluazol}g? grroEdp su §4t?tu5 ﬁqwgh one or two)ﬁ) groups or a ﬁnc%lonal group
" that can be used to form such an imidazoyl group. Suitable functional groups include an
aldehyde, or any aldehydé 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,0R’, 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
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:
(R3), (R%)
Qe L e :
O — DG
RZHN ™ /N RZHN
1.1 | 1.2 13

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?2is 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
alkyl amine 2.2 via a number of known methods. In one aspect, amine 2.1 is treated with

acetic anhydride and formic acid to form the corresponding formamide that may be reduced
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HN(R3)bICNH HN/. R2 3.3 5 Schenes 4
illustrates formati on of the benzi m dazole ring.
wor@mioss78. 3 is reacted w th thioi socyanate 4rPQT/U82006/034088
provide thiourea 4.2. Treatnent of 4.2 with a
desul furizing agent gives a conmpound of Formula (I).
to pHel tapine ddsul Pwkable aylusingnegentefisplyde NaBfdntig the presence of
f I
BF%@'%}FN By _&1‘1 rﬁét \%9{, Iag&% %ﬁ%{%%}g b%@gﬁmlasﬁéd by feheting amine 2.1
with edflestbacetid aﬁhjfdﬁde- alkyl3tinl thetdoydespondagalnhidenwdthl ar alldyﬂatmg agent
OC13, al k hal.i de su¢ch as 10 methyl {odid
suCEf@a.afl.aél%y belide, %ﬁem@aa%m%n groapeiamide pa%féﬁm(gﬁe%hy treatment

: mstry, Vol. 70,-No. 7, 2005 pgs.
W‘tggb%%%gggf e 4 5 N'(R&)c (R). 3.3 /(Rl)a S
" 2NChlorie )2.5 tha® be iphépardd by kreating picbliniN%id—lZIS Rxth ekcdss thionyl

B NI T T T T -

to %%‘ BhlbAge & ga@duﬁﬁﬁg o %!'E%he:i dfi thé! §l‘k§ﬁ&ﬁ§m Qoﬂﬁf!ith Relofitle 2.5 under
wth 5.2 to form the ether age and

basimeguiditivgs gives etheni6rthadn gantke cfoaawnutctd@mctiv d@zbibbyda J§bugeduction

i BB T SRR o 5 LA Bl SR g e o

folRivell By dkidafioh $o thelaRicBydt. t he other of L3 or L4 is CR
These internedi ates may be -38 WO 2007/ 030377

PCTPUBRT0%/ 034088 prepared as shown in the pr evi ous
schemes by enpl oyi ng su{Rg’pbl e starting mate
and/ or protecting g® < pOHhe proper @
sequences. Such factors {lare] wit hin-the skil Il [
art. Aldehyde 5.3, fgyne le, may be p aréd by
reduction of the corresponding car boni t rigke, the
synthesis of which is sh%vgln in Exanple 60, wbh

di i sobutyl al um num 5 hydfi'de. Reaction of al dehyde 5.3
according to Schene 3 above wi th ketone 3. 1 af f ords
conpounds of Formul a

Schene 5:
S
0

2.3 2.4
R3) 7 (R%p |
OzNﬁfbj/ @/k OyN \\ \CKK J< -
2.7 2.6

Scheme 3 illustrates the formation of the imidazole ring. Aldehyde 2.7 can be
reacted with compound 3.1 wherein X is =O or =NHOH and R* and R* are independently
H or R*, wherein R* is as previously defined, provided that at least one of R and R* is R*.
The reaction may be carried out in a polar solvent such as an ethyl acetate/ethanol mixture

and in the presence of NH4OH to provide compound 3.2. The nitro group of compound 3.2
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(R)a N(R)b L.3 L4 N1j(R4)c HN-~~+ 1 N N+ NH

Re 5.1 5.2 (Rl)a VN (R3)n HN--/ ! + 3.1 N~NR2 5.3
w@ooposn3ds of the invention having a triazol e PEY/DHI986/034088

group may be prepared as 10 shown in Schenme 6 by

reacti,ng .conpqund 6.1 wherein Z is_a, carbonitrile with :
o i iegHchd 1o giopine pE B irsmentowith pdedysingagant sesh as sodium dithionit
(N,% ynd 6.3 is described in Exanple 60. Scheme 6:

( P‘g@ (RB(RI), (RBbHN~R4 / N~\ O Z RAC(=0) NHNH2

N . Shgmel NN i | J N6.2 HWN | | NRA R2 6.1 6.3 It

w Il be appreciated that the im dazole internedjate

used in the coupling reactions 15 ’\F@\ng be_pr epaf'}b’&)/(R 8

usi ng ot Her gynthetic routes. Oné*'s " gy’shown

in Sch R*™Conmpoung, 1. 3, wher CN, i

converted tp a compound—where Z i'g,an ami di no group.

-39 WD 2007/ 030377 PCT/ US2006/ 034088 Thi s

transfornéflion can be effected by reactith® 1.3 with an

al koxi de, such as nethoxide, to convert the

carbonitrile to an imdate ester that is next reacted

with an ammoni um®@gagent sulti@.amoni um acetate or

ammoni um benz ( Nénidine. Reaction of the

am di newth co bgp (Va)y WHerein Xa is a |eaving

group, providedNt h& al kyMated and 5 cyclized conpound

7.2 or a tauton® thereof. Heating conpound 7.2 |eads

to the elimation of amter (dehydration) and the

formation of internediate 7.3. O her dehydration

condichemes 4 illittatsdefothARn"E M the Bbnzimelapblenid 9BRInfine 3.3 is reacted
W@élds such as acetic¢ _acid, nethanesul fonic acid,

Hesistxaato fildo Revade thiowearh? o hesemend ol Hi2owith aslesufurizing agent
gif&%h Ednhfdul@oPEOEhhG (BC! Fhe BSn V&@elshlﬁ’ﬁzing 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, POCls, or an alkyl halide such as
methyl iodide. Modified Mukaiyama reagents may also be used (Journal of Organic
Chemistry, Vol. 70, No. 7, 2005 pgs. 2835-2838). '

~ Scheme 4:
4
4 R
R RY N R 9
/(/l)a 33 @\ s ZDO NN — 0o
S ™ /U\ S ~N
NCS ” w
R2
4.1 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
the ether linkage and the coupling of 5.3 with 3.1 to form the imidazole ring as the
penultimate step to forming the fully coupled pentacyclic core. For intermediates 5.1 and

5.2, one of L* or L* is halo and the other of L? or I* is OH. These intermediates may be
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wi th inorganic acids such as hydrochloric acid and
sul furic acid. The four reactions 10 formati on of
w0 pdodasw7est er, formation of am dine, PCT/US2006/034088
al kyl ation/cyclization, and dehydration- are typically
perforned in a one, pot sequence Sche % NOH |
~ prepgypg vy shogyna the previjous sghemes) by qulwmmuﬂ;ﬁ le staping orgguipls and/or
4
protgﬁg‘h% ﬁ%/ ups #ﬁotlri;}e g?g&et gée {){l?n Séﬂugﬁt%erzo%ggﬁ‘ Faﬁﬁgﬁell%u@ﬂﬁm%e skill in the
art.i nzh]dbhydenﬁ 31; tier eddmmeontaly lof pmaamdr by etdustiolhe the corresponding

he used al,on . conposjtions... .
carQgEY BT ahS eiests, ob AFHR % 309 JREEL, Pl P disoppplaluminum
5 hydi’fdee)ﬁéaﬁ’ﬂlcﬁ{%f algthyied.$ a@&ﬁ‘&lﬁgqg Weh&ihé B%tb@?@ QRieRL6ne 3.1 affords
carriers or excipients inclu for exanpl e,
compovindsef Fgmalpebk s and drug delivery nodi fiers and
enhﬁ{i@er . such as, for exanple, calcium phosphate,
st earate, talc, nonosacchari des,

di s@ st arch, geI atin, ul met hyl

cel lUm (20 car bo&ymet hyﬁJ\ fﬁﬂ ose

dext pr opyl - r| n, .

pol yvi rﬂ” P i none; I ow| Meft | ng waxes, |i on
exchange resi ns and the likeXas well as cqnbi nati ons

of any twoRr nore thereof. Other suitable
phar maceut i C%ljhl y acceptabl e exci glzent s are descri bed
in "Rem ngtOh's Pharmaceutical Sciences,” Nack Pub.
Co., New Jersey (1991), incorporated her ein by
reference. 25 Effective anounts of the conpqunds of
the i nv&p}l on generally include any amount |sufficient
to t &bl yR3);nhi bit Raf activity by any of| the

ass desw b r Y other” -40 WD 2707/ 030377
PCT/ US 03409 f k nase activsty assays known to
or readily ai negrMy t hose having ordinary skill

in the artl or by detecting an inhibition or
al l eviatidh of synptons of cancer. The amount of
active ingre@Bent that may be combined wth the

carrier er |S to oduce a singl e.dosage for

| Comip Y R FHETRID NG SHOSHOIT RSB S g be proparad as
10 shoR@ il SdHeR 6 §y ?&Qﬁné’ﬁoﬁﬁm 6.1 "Aler@R 7 Ista E‘érbbmﬁ'ﬁe with hydrazide

understood, however, that the specific dose level for

6.2aAy epample ofithersyptaesie of conpdund 65k desepibed in Kxanmle §0.of
faﬁ%%t?s |é1cl uding the activity of the specific
en'pl oyed, the age, body wei ght, general
health sex, diet, tine of admnistration,

@

1
) R"'C(-O)NHNHQ N\ N 2PN O Sy SN
_< =N

i/
HN HN—<N ULy
R2
6.1 6.3

It will be appreciated that the imidazole intermediates used in the coupling reactions
15  can be prepared using other synthetic routes. One such method is shown in Scheme 7.

Compound 1.3, where Z is CN, is converted to a compound where Z is an amidino group. -
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route of adm nistration, rate of excretion, drug

conbi nation, and the severity of the particular
waele@eass7under goi ng t herapy. The therapeuti cal PET/US2006/034088

effective amount for a given 10 situation can be

_readily determ ned by routine experimentation allnd =
Thisfransformatien s be effasted hyirgaeting 1.3 withran alkenida pych as methoxide, to

| i pi.cian. .Eor. pur. . i nt.j .
AR U o MBS Rl T ot o
such 88 ahn@aidny ackaste crdminimsimartedzdate ®o foamt the ausdingl Keaction of the

.divided doses nmay _be in ampunts, for exanpl.e, qf fram
amiging oith eormmdr@%%g\y%@y gg;sgmeaamg] groawr}gwgﬁﬁ hegrlkglaled and
cyclg%ﬁp%gé{rﬁtg}ug@ﬂi of 3 ARSMEE thE8RbE Ve %ﬁqpldph& 7.2 leads to the elimation

ns may contain such anmounts “of subnultiples
of wakee(delfydrdtionjrakethe fortation af interdwdinte THe Qtberpishydistion conditions

. .the present .invention may be adm ni stered.oral . .
incligly; GRE I 105,72 UGN PRRUR) 15105 BYPPact GEGle S50 B injpesulfonic acid
cambﬁ&%ﬁl‘%%ﬂi@ '&clﬁlE’ @Nuorb@6thahdsWifot defidnd! thiflubfdalRaged, as well as

nit formulations containing conventional  nontoxjc .
withp eorganie arids afubly aadydpachlsivie acad randr silfupio agil. uvidet Hur reactions-

and vehi cl.es as sired. -. Tapi cal., adm ni sty aki 0 .
rorfilin hptnie <Fae TR of P RRESHERTLBLT B tof Bebycration-
are S/pfAlIR pelfbRtEde avat phadeghi@ze Or | onophoresi s devi ces.

?Ee term parenter aF as used herein includes

subshemadous i nj ections, intravenous, intranuscul ar,
intrasternal injection, or inf@sjon techh Bs.

- I'njectabl e preparafions, fof: P N T8
i nj ectabl e aqueous or ol eagi nglls J 25 pensionsrnay

‘be formul ated according to t"W@ knows,art using

sui tabl e di spersing or vvettiphg agents and suspendi ng
agents. The sterile injectable prepgration nay al so be

a sterile injectable %o'\g@f’)io or_s ﬂ};rksi onin. a

nont oxi ¢ parenterally aéc lyoent or  sol vent,

for exanple, as a solutj gn 1,3:%r opanedi ol . Anong

the acceptable vehicles @gnd sdwents that may be

enpl oyed are water, Ringer's solution, and isotoni¢c
sodThercahpamds@f3be seventiporare peefabién pifkenor §¢ @pvo| & inhibiting the

f i | i onal | . .
groulEkamir el AR bhETAa) Yo SN SRR AR RN o fiber with

a pRarat®uticaRy ebipapidcdriiel ofexdpientd 1 SHIRLEO PHArBA6AKiZally acceptable
PCT/ US2006/ 034088 synthetic nono- or di-glyceri cl,es. difi
cartiers 98 @KeIPSATS 1nelpds; fale PYAMREHOSESSIBE @88 ARG driendeliysty modifiers

| PrERATAL | bfa] e BOSiabREER {tBkrate, tale,
andr g%}%%%ergﬁr%ﬁ%?sg’r ati g%&gkfyt ﬁéétcg‘%gﬁ%og e giragpar ed by e .ac
mondsatdgritibe  diduacharides,h starchyi galbtie, welilpse, t meihyl cellulose, sodium

T N T T -
lo“{’xﬁElﬁhP Qibixs, ??n ERBadRGEShs, GRTRR 1BV ALwaIN ds ¥drhbinations of any two or

erefore nelt in the rectumand rel ease the drug. _ .
mofSo lieteados Qfeer oritblef phrarmaedutioallyi atespakle excipigytsi are| drgeribed in

s Capsul e tabl ets ills,, ers,_ a anul I
RESRELE g SRS SBihes MBOLERH Spo SRR oL Boorporaa
her&dWy¥eférentkt h at | east one inert diluent such as
sucrose | actose or starch. Such d_osa%‘_e forms_nay eH SO
Effective amounts of the compounds of the invention generally include any amount

sufficient to detectably inhibit Raf activity by any of the assays described herein, by other
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10 conprise, as is normal practice, additional
subst ances other than inert diluents, e.g.,

WO pdriodsri ng agents such as magnesi um st ear at ePCT/HS1006€034088
case of capsules, tablets, and pills, the dosage

rms may al so conprise buf fer | ng agents. Tablets and
R i lrinase ag v@dgﬁsgysolﬁmwrytobg rea@plggggmlmdthy thpgedraving ordinary skill in

ni.stration
thE 3R B9 Roteb il Ao e PRI PO SR R0 S FLORA 21 e
sol uTh&)mouIwa etied mlg&,dmyﬂmpmay deco]binddrwitle et cakrivr rh‘e’ﬂaterials to
ed in the art, such as

ert dilue u
pighicera SaglEritsaarboP T DEr APeRiie omihe bost duniedand dhe partiular
me8CHf AMMRLLINY RGNS ’un&g%@o&l "R eARitht ?lllléssg)%a?ic IElgse level for any

agents, cyclodextrins, weet eni ng,
pagmtﬂarmangn’ragﬂhd@end‘ hpon:m maein df faofors helydimst tact1v1ty of the specific

cqr S0 ISR, e SR Jor W 2oeral hoefpcsd it Amg of administration,
ro@RN6f Adhinist®4tione dafe” SMeRGOHR) Oclth' {}iﬁﬂﬁﬁatloﬂt hRl thkPleYerity of the

subst ances. Li posomss are forned
Pqﬂﬁlﬁlﬂ?r- (liggpse (vadenggingatherdpy.i liedtherapguically effhetiveaarmount for a given

erse ueous .nedi um . nop-toxic, ... .
I8 EREEy R CRURBT IR R oSO &g i shin the sl and
Judgna’alo@ﬂw‘orﬁﬁfafgagn&larposor nes can be used. The present
corrp05| tions in_ liposone formcan contain, in addition

o & A PpRASATIobhe ﬁ)mgegﬂ@g@ﬁpn,%thpw@wtqaﬂyj effective dose will generally
tgpirlJ Ifl«‘:él?}i ?c?see ﬁﬁl‘?@%ﬁ’eﬂ% X?}?ﬁt iff él'?lgﬁl Jf Qi'ifild%cf‘@ se§ Ilﬂlll y lbe 1 ‘amounts, for
examplp lodfiory 0.0k Ctb 11066 mg/lechddyi \nslght Mlyfhrfdlaﬂrd;thaﬂ 0 &80 mg/kg body

t(P % Met hods to . form|liposonmes_are known in th
W%%]?’f agléfe 9sge Waih AYIROSitisng Seaytqontaty such\asqygsof; %Hb@éltlples thereof
to%‘wﬁk‘e‘%@)the yal X'V, Academ c Press, New York, N W,
et seq. 1976) Wil e the corrpounds of the
| nv e'Hte| ampamndb ef dunpresant arvedtias ntalydaesatdrmnmte@réd/ erallgOparenterally,

EE ceyti cal ﬁgagnt, th can al so be f in
Bl P et fPAiRD o MR SRy DS o R
fokrh@ladi SN tcoﬁfauﬁﬁ'%‘ C&fnvelﬂlﬁlap BRI SpiRtmb ORI 4IRS %Eegatable carriers,

i nvention are also useful in conbination wth
adfuyaptspand ivehiglye ras sdeginefl- aﬁppm@bﬂ@emlmﬂn gnayapldo involve the use of

- e AR tioh Wion asEnifeoial Lo Ll Sononbstrsiscdeicp, The term

padditzhl aftused dReei 1ﬁélu@é§e§ﬂbbﬁtﬁﬁ@ﬂ§ Uilnfetigse ThavhBus, intramuscular,
.Wthin the scope of the invention. Exan'pl es of such

1n§@3é?¥9%1 ipigptio Of Biwon teclodiesr  Principl es and Practice
g{ hCI’ﬁ ?{ta?% pre%&ra%;on SYdr ZW%L“S{?@ lx'(ij@?[ wdﬁu‘%&g gr oleaginous

sutfelnkions nybbe f(bmnﬂate&apmxrchngl toftho kdowarayt ading Isuitabld dispersing or

e art woul d be le to discern.which nmbi nati.ons of
%Ewge% aney spepepding Aseniss eoﬂel‘tﬂﬁemleﬁ‘iig Pigpyption may also be a
st&h@n@eét%le%mmo& §d§§eﬂ§{dﬂ9§1 An@niolR FABLESal }r%‘é@%ﬁf@ﬁe diluent or
Such "anti - cancer a? I ncl ude, but are no
sotvent, foreexfagipla ik RO nnm@éﬁpmmﬁmhr Ampehg the eceeptable vehicles and

Soﬁ%g{ﬁqg? OIPS); g; ’wagocﬁg%i‘}{aa g,{ r et I lﬁleé(gl and e&))ttc?nric sodium chloride

soBffiohPr ol iati@itioh] verikg eiided, oilRf %%mﬁ/&@ﬁ(ﬁiaﬂytélﬁ‘;ﬂéir&{ §§% solvent or
i nhi bitors, HI\/G CoA reductase 10 i nhi bitors and ot her
Suaﬁ:gfh@gelﬁé%m@ i §RT BRis ueposs ey hilansr Exest ol @ngy be employed including

proliferation and survival

-.U
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si gnal i ng, apoptosis inducing agents, and agents that

interfere with cell cycle checkpoints. The conpounds
w@Roovkao3rnventi on are al so useful when co- adm PCHUS20861034088

with radiation therapy. Therefore, in one enbodi nment

of the inventjon, the conpounds_of the invention are _
sYheieaRonss o d-glcerifieen dniagaitaps FtK d\dh Steh Aeleiseroid find use in the
pRpentisn bMajdedibig, for exanple, estrogen receptor

modul at ors, androgen receptor nodul ators, retinoid

r eceprenostionitsl fatr oectal aipinistration ofatherdrsg can be prepared by mixing the
dant\;v rolifqhative.ﬁgents” prequ-Erotein transferase

TieniBi £ SHUAP e RPHEIAPE SEPIERESICR 4R cpFQaghuiter ppdypolyethylene glycols,
WRE! ERSPIANY HidiRh tehFUBNLAS bt WGk 'a@ttgé GedtANigePhisie and will

and ot her angi ogenesis 1 nhibitors. 20 Estrogen

thegefergtmenlt indoritestuon endreleasotipdurgds that interfere with
or ightpit the. binding.of, estrogen to the receptor, .
Feqab i Sbsish Toudh Aot S sarRis R8T i ieBigerpaptulSs, ables, pill,

poedentad grmidsatiarssch &ﬂi&&&a%é;ﬁ)gmél,rtﬁe? ggtg\éeiﬁdﬂlﬁlﬁ%%glgaglbe admixed

t.anoxi fen,  ral oxi fene, idoxi
\A@tg,agﬁpqt@ﬁ@ et dilpent sush s sucrose lactose or starch. Such dosage forms may also

o[ To( 2 2< di = | - OXQPF: y-4-met hyl . .
ol 3 2 AR Yol BRBRON SRR b g g o o,
luBzigatingpigenty buch, R-roldgnesinm stehbate)r BRBO 0@ capsules, tablets, and pills, the
4, 4' - di hydr oxybenzophenone- 2, 4- di ni tr opheny| - hydrazone
dosage, foraysamay alsa rorpwiss buEerng agenipddphletsrandapills can additionally be
p&?é@@b\ﬁ‘tﬁ%ni’é@iic%ﬁaﬂi erfere with or inhibit the binding
of- androgens to arr androgen receptor. Representative ,
exanbpiqesl aloszgedrfogen for eampt aiministiaticat ansy i inchude epharmaceutically

fiq teride and gher 5a-reductase inhjbitors, .. . .
ST FEHLSIOnY ol SToRSPOaRY AR Fliyit,eintainiag dnert diluents
cotnbAY GEQNE: 86 aitabiRh BBRHAHROIStch @&ﬁﬁ&&ﬁomwea%?) %@Pﬁgse adjuvants,

are conpounds which interfere or inhibit t
sugh ap steiting apsntspermulsifyingaind snspeeding rgentExayivdextrio$, and sweetening,

inojd.r t or dul at ors i ncl ude bexar ot ene,
ﬂ%‘g’té?’gh%’uﬁrﬂeﬁ%?‘&% ¥4t inoic acid, -43 WD 2007/ 030377
PCT/ Ti20516p O B8 thd pedsentligdnfioh Cad@lsd be administered in the form of

.a-di fluoronethylornithine, LX23-7553, . o
lipgsgmes. NAE 43 Kpai 8k (istisiayippsomestar aerieerdly dasyed from phospholipids or

othér lg;g& ROBYAIENY LigoSoh P e qgnne%ﬁ%f&)é £ oP&%ﬁtgfaérﬁllaﬁ &&rﬁted liquid

cytostatic agents are conpoun cause ¢
crgstals nthabiate dispetsefr vl ah eaquiedwsn npdivimr i IAhybYion-toxic, physiologically

interferin irectly with the cell's functioning or.
acerpIRe ?I_l%m%ta%OL%ﬁ%i?% SappRlp ot Erming lippspmes P Puted The present
c ﬂ@ﬁti%hilk B9 1BSSHhS forlny FRA c%ﬁﬁtﬁf,’sigfadfdﬂﬁ)hofosa dpsompound of the present

i ntercal ators, hypoxia activatabl e conpoun

inp¢ndiont sthbilieers,npriessrvasives, naxcipidnisy ahé tlsd kké.| The npuefagediipids are the

inhibitors.o Ltoti.c, kinesjns,. i.nhipbitors of Kkipases
Bk ot o b S o B BB Methoas
fobth Aipegirhial aredaMist tHedirf.i 868, fop QkAMPR! Pakbdtt, . "BRMods in Cell
t her apeut i haemat opoi etic growth factors,

Bintogse @ﬁ@ﬁgﬁ?(g?%gé%ﬁpé’wéﬁwm,a@m p.@sgsgeeq.g{wmd
oy o o R BNt bEie, RAGERE B’ BGRET g9 E sole active

phagratestidah agertethep ehn alse beaised 1nddn@indtidon With be&6F more other agents
usgich ctin, i fo?f am de tasonerm n, | oni dam ne,

hibs teeatment g eances oI hecompauds af theipsesent invention are also useful in
cot AR WthdoHn therapeutic agents and anti-cancer agents, and combinations of the

[)
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rani nusti ne, fotenustine, nedaplatin, oxaliplatin,
tenozol om de, heptaplatin, estranustine, inprosulfan

wo o@7ioaise7 trof osfam de, ninustine, di brospi di B@OT/US2006/034088
chl oride, pumtepa, | obapl atin, 15 satraplatin, prof

presrgg@}/ %ql%sg%l icﬁlpg}toi}%@ Iﬁé g)‘lf \ére ?ﬁﬁ?cggolﬁg? %}c aiqmﬂjbﬁrapeutlc agents are
withi® rtﬁalsewbﬁ the SR a@qu% 5?3%1%? 4dehBNGm B¢ 3ud in Cancer

trans)-bi s-nmu- (hexane-
Prn{cmlasrmm Pphcsice mﬂ |ﬂi10b§0]g1w Vs T[ ddexiith. raadcﬂilléwlhl)q:d édiitorshp 6% edition

(Felé ]]5) éb@fgr EChl or{tggglédl al ﬁhgqq%i)l%lsfxé}]s "% pc%gr? o{“ ordinary skill in
the &y d\fo@w&ﬂ@w discdrn/ wﬂicﬁ%ﬁﬁbﬁﬁ&ﬁ%?bf‘&m@ QdHd B seful based on the

i darubi ci n, daunorubicin, bisantrene, 20 m toxantrone,
partisiufag ropiagieristiosi ofathe dlsugsyand tisi esnoer mvelybd.ciSuch anti-cancer agents

e} E 2 50 s, 5 SBE S g svmmesn eamior madalgncs andeogen

recegairar nbtalators, e|ﬂeﬁﬁdldderece15‘t/5NlQﬂ&ﬁdat@Bd cﬁtotomc/cytostatlc agents,
t hoxy- 3- deam no- 3-aziridi nyl - | sul

amlﬁr@gger‘%‘fem%em@’s duenybTgeem0 dagmpierase r é‘ﬁli §Q’fht il CoA reductase
iFAATTLR Sl B 168 BOUNT e o s suiva
s1gnahng,lapnp1basl inducingeapeaisy sid ageatsdth@bintepfeteewithidell cycle checkpoints.

| e crot ubul e
The SRMB0F SF Ahe DTSRI eivs ekt poofih Fhap sradnipistegede with radiation

thergﬂﬁl i taxel, vindesine sulfate,
4' dldehydro 4' - deoxy- 8' - norvi ncal eukobl asti ne,
dod&bﬁma in leezrd)odnnenﬂ oif dwt lawml,onn’thev@bniplomds of the invention are
i set.hi ona aur i. cemadotin

alsollésggr_}% co %H‘{ap% Wi Ex& %%tbmeqrrpgehts nc I?lgmg, g‘or exarl\r/lgle, estrogen
recegtod n%cﬁtla@o@edhﬁﬁféeﬁ%&pfﬁr (fodul 46xs OrdtiAdE hevepR @ddulators, cytotoxic

enzene sul fonam de, anhydrovi nbl asti ne,
ageINs,NIGDALIertive ageatsy pranylyAtojdin fapsfetage inhilgmrs, HMG-CoA reductase

[ I 9
o RERLE AL A8l BulstPAL T RE B E agpsces
1nhlbiwts6 288, 237) and BI\/5188797 Represent ati ve exanpl es
t opoi sonerase | nhibitors include topotecan

hyé%? PEGR FROCDIOF imeuleians, are eamaRauads thatsintepfgre with or inhibit the

U 0
g8 SS0R1S FEHRE OG0, o ot i, o sose
receptomemhdidgtodd, hkoﬁldcetbtmwa:rs-numlimm@y tazahwxifen, raloxifene, 1dox1fene

Ly 3saft ot aE T yreRtiehe Shigka sl ﬁﬁaﬁr%&methyl 1-oxopropoxy-4-methyl-
2- [49[§tmiiﬁﬁéﬁﬁnﬁd)|§ﬁfoﬁ ph@n)h‘{-Zﬂlzﬁbé}%ﬁ a3 }18@&%&-2 2-dimethyl-

I'zino[ 1l ZbJ gw no
proqagpﬁtqg}-ﬁ djl‘%ydeoxybgm()@hgmq-Z 1n1tropheny1—hydrazone, and SH646

%\é‘elns E&pﬁ%&g@g %ﬁe}t hylolg@%tg%c%ghm get hgeglwrl]fh or mhlblt the

blndi)lﬁg)%ﬁfb&hﬁﬁ)geﬁftb RaSiditogehORUENYAN GRepresentatlve examples of androgen
-di net hyl am no- 2' - deoxy- et oposi de,
recem‘qr Zm()@qﬂﬁ%quy}o&qﬁen g}lgqtﬁ o] and [fRro g,-rtglugtase inhibitors, nilutamide,
t f ]
ﬂutégllélu a@%%lﬁtgﬁh% Haﬂ%%%:, %gg gﬁﬂétgg%ig EFE"JaF ﬁ?tmﬁnrgc%ptor modulators
are p@npainde twhithainitertdre tanyihhibit Nﬁm&;ﬁﬂl&ﬂ@ﬁf painokishipl 4 retinoid receptor.

4- h dr oOx t hax e
EXﬁ%lP&% regingid @quim%}ﬂ%pw %@d ﬁgmgﬁte})en%w%(lé -gs-gtinpic acid,
, 3- dIOXO| 6-one, . 2,3-(nmethylene 10 -
di oxy) - 5- net hyl - 7- hydr oxy- 8- met hoxybenzo[ c] - phenant hri
dinium 6,9-bis [(2-am no-
et hyl ) am no] benzo[ g] i sogui W8t i ne- 5, 10- di one,
5- ( 3- am nopr opyl am no) - 7, 10- di hydr oxy- 2-
(2- hydr oxyet hyl am nomnet hyIf) - 6H pyrazol o[ 4,5, 1" -de] acri
di n-6-one, N-[1-[2(diethylam no)-
et hyl am no] - 7- net hoxy- 9- oxo- 9Ht hi oxant hen- 4-yl net hyl ]
formam de, N-(2-
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paql@ar@l,r@n@smed%&fa

(di met hyl am no) et hyl ) acri di ne- 4- car boxam de, 6-
[[2-(di methyl am no)ethyl] am no] -3 15
Woaroxp77H-i ndeno[ 2, 1- c] qui nol i n-7-one, and dPEEEHZ006/034088
Exanpl es of inhibitors of mtotic Kkinesins, such as
the human mtotic, ki nesin KSP, are descri bed in
9-ciBubtiniotat dads oWENu@eMEtyBSnidrite, WDXPB- D537 Srangd- (4'~hydroxypheny1)

03/.050, 9 .2 WO 03/ 050, 122 (Jun. 19,
reti gi ma%?‘bé*}fgﬂ’évpéiﬁ?/l ‘-‘?rﬁ’ﬁ}n 2003), WO 03/ 049, 679
(JubytoibRic #Ri3)o tdé@h@% 849 aﬁ:7§)m ohfls whith c%ﬁ&%ell&lﬁiﬂi/\ﬁ inhibit
03/ 39460 (May 1 2003) and pen |ng PCT Ap

cellysoBfeosinn3prihatils bynmberfering Ziroah fsé'e fm%qtﬁorvé@ %sahlbl‘t or

ey PR R R él%ﬁﬂ%g‘%@l%%% BB B i

hypdxia. a&thateZ@@%mﬂoﬁndsanmﬁimtﬁﬂmlﬁetﬂhlb1fa)|ﬁs/ml1dmﬂuhulefstab1hzlng agents,
mtotic kinesi ns include, but_ are not |

inhibifhtsp of opBoteF Kinesims, Frﬂhblﬁ?rﬁ ot skB’IaSWEWPiVGFan itagics Prpression,

ant, ;I e(')s,lr gi%lcg Jﬁgﬁ&g&%ﬁ %ﬁo&%{%ﬁ%ﬁorﬁ?ﬁ&l“mﬂéﬁmﬂc agents,

haeﬁrﬁtdpbiﬁtlbl tgpowthof faktorsas ﬂﬁ)nodvmllv eabtibodyni ﬂar_getetd therapeutic agents,

progre ncl ude, but. not
topplﬁ@mgqagqs)’lngl%’#or%@?cg?agowg ﬁ%l%\g%o 1S, #} }ﬂflglflg Alfga$01|nglb|1ﬁo&se Examples

of lé#zﬁlgcﬁcgé deB) inkRid8,: bul 3R tﬂoﬁ it B Kerddnef, tathbdtid, Off&sfamide,

1%and inhibitors of bub=Rl. Antiproliferative
tascugemins  ilowiladimeantirbeplstin, RumetanmneDNmr nigvyine! editirgagdulcitol,

ra g R R R Bl A P ab Agices ipp S damustine

1mﬁr§sgﬂ‘faﬁrt051ﬁ€emt&%§éﬂnﬁe dfhudiond, dibbdpiding, chléridep pumitapes lobaplatin,
| udar abi ne, capeci t abi ne, gal oci tabi ne, cytarahine

Satr@plfabs,f prodiromy e esibatie iedavemm deyifpsfamides gistqnainedigljoro(2-methyl-
pyrﬁgﬁleaﬁaégl)é(réd ben%%u%ﬂlr gﬁﬁfggtg% e;'bnGPﬁ?ﬁ(b t &%@etrans trans)-bis-mu-

rexeﬂ

(heRanedE 6Nardine PR Hatenslasihird(IDhis[@ianfihe(chloroplhatihen e -

-45 WD 2007/030377 PCT/ US2006/ 034088 .
(Il)yeumwy dprgdinylspermine, ~arsenic  trioxide, 1-(11- -dodecylamino-10-

hyd}%%%gﬁiﬁ%yz) S’WW%Efo&%%HI Ur 0risitinf QB¥ubiclY, - §3mbr®iGh| Bisantrene,
mltbﬂarﬂﬂmx,y pitarudi2 i, 2iEXidd( Ealrubectm,aahaudnme,nm}titﬂEgplysiym,aind%mmo -3'-

T

ol R R o S e i, i

MENTF38M 8R4 4405846tk x§- Bdeamino-3- a21r1d1ny1-4-methylsulphonyl daunorub1c1n

tetrahydro-3H pyrimdino[5,4-b][1, 4]thiazin-6-yl-(S)-
(sc¢ (1] O30 ohogbresengitieaniamile od, a ByBeHiGeterels compound is
ouracil, a

I
tlrafizaé%lrg?yl g)t?e{gglp awﬁfﬂtg %thhy 1 u& afre not hr81ted to, lactacystin and

boﬂ@bﬁﬁ’%y Eﬁarﬁ’pﬁés bf lmdt(ﬁlilﬁil@ﬁlﬁlﬁbﬂ&h/ﬁ{ﬂroﬂlbiﬂe@stﬁl)ﬂimﬂg repge include

6-t t d t
psines éz éifzsdécllechyggqlq‘ﬂ dleﬁ;ﬁg-genor%}/r\@algﬁlg I%)1.':1st1ne docetaxol,

rhl%oxnsf y gglragtatlr?eoﬁvo%lﬂﬁﬁ) al 1gétfu{3¥l1te Buridtatdl abiddidotin, RPR109881,

ur&ano
Bl\@ r:&mm@ mmﬂlﬁtumg <2yptarhipoinal dehy,deehtafloseri € 3iflvareimethoxyphenyl)

ST TR R Y C—

vangF%QPSA ﬁﬂé §b 1ahAgH, q'm@isiﬂoﬁﬁa SotipRAse (ko fér es;aﬂ@wu S. Pat.
ecific or

ar et cell eci fi ¢ nonocl onal
Noant6 BOHY81 Esahp6,288, 2wa| wd, BMS &8/8%p| e Repeogsadative examples of

MG CoA red ase:nlblt r.S
tope RSy S PRy1 (ERRE, PERSRET, MCAREE Hacisonn, obitecan
whi ch have inhibitory activity for HVM& CoA reduct ase

can be readily identified H¢-using assays wel | - known
in the art such as those described or cited in
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15 U.S. Pat. No. 4,231,938 and WO 84/02131. Exanpl es
of HMG CoA reductase inhibitors that may be used

w0 p@7sB77 but are not limted to, |ovastatin PCT/US2006/034088
(MEVACOR(r); see U.S. Pat. Nos. 4,231,938, 4,294,926,

and 4,319, 039 simvastagin (ZOC(P(r) see U S Pat .
619@5%’13@1319@1 3')841 O-gxgbenzglideneshartipusing. 239)9-methoxy-N,N- dxmethyl 5-

BR8P o

951ydﬁﬁy518ﬁ):thyi IlHymrI-bﬁtnzn[cKe].rﬁﬁﬁi@;{ A)xb 7}&ﬂoﬂﬁnb{1%b]dﬁﬂhohne-

772, 911, 165, 437, 5,189,
1@?2@1315@33“@62 90 lelgecann dzéglss yl@ﬁan@@ﬂwu 4209eamptothecin,
3
BNlPll ?5 a (ﬁ(TPl)lallgg,engbﬁ 5 5 %%;809%% ?c@sﬁé&@ﬁ& ¢ tgﬁ]‘}osﬁ% ]sobuzoxane
2 tdi@sﬁlymna@&dmwrﬁﬂ)pd% CdA3 i ,el‘}l;l{?t-(al&ﬁethylahmhb)émyﬁ -9-hydroxy-5,6-

o B S e BT B T Ly

e e e e e

5 daSefasizhexahy dro i, éjcﬁﬂ)nmimhq@,@ed)rmndtnmbﬁ -ong, - 2,3-(methylene-

R N R R B R B, e (C-amin

emm)mnb]ﬂan@o[g]lmmme@u 0atiyne, CONBiaRGhROp d;qammw 10-dihydroxy-2-
rotein transferase enzynes, including
Haiboplsonens Yl)r@irw@z@g@, Erlasaifin-6-one, N-[1-[2(dicthylamino)-

T I
etﬁﬁgﬁ@%d ger any}%er any rgljrﬁé) m‘?‘gﬁ{fiﬁg@ﬁﬁg ype’ ?Ise ) N-(2-
(d@lﬁéﬁ?jfhﬁnnd)bﬂlybhamhmﬂ-lcaﬁommé}?TaSG{p (dEii&lelaﬁ:ﬁn@éthyl]ammo] 3-
transferase i nh| biting comooun S
h}Pc{}i Z}é-l{lg {}J‘ﬁﬁq%t(ojrm- Ao P8P KERGIA( 1 )ﬁ:gm% ofjinhibitors of mitotic
kﬁi%én'i@ 48dPhs Rk tﬁﬁ’tbﬂlcp %T%%%%;agggg thda i BRWIBIRStions WO

-46 WO 2007/ 030377 qgui nol'i none,
01(/3()166 MM@@AI%BV&rW@GIWB() 044 Qemhy D 20@3);11)&@1)61056 192 (Jun. 19,

284}?’0&§phgﬁ§§321 (i H% 2098} W O 03/A49-67% K. 19, 2003), WO 03/049,678
(JGrt) 196; b@ms)n@ﬁdl wo QBSDm%GYdM;{yl “1%8t4008) |did pending PCT Appl. Nos.

i m dazol

URGVAGIR. e Mo 4 BHIRYSYSISH (e M) RAEH VRHLTB1O (Fle
M3 B SR e O R bl 04 (s a2 2009 1n

ar( &hbddimdnbinhibitors of mitotic kmesms 1nc1ude but are not limited to inhibitors of
chl or phenyl ).- 4 cyanobenz -im dazol | met hyl ] .
KS%,.lpb ttars o AELP dﬁg)qb)toqq@[f I\§P 1n|].34 biters9f Mo#E. inhibitors of Kif14,
1-(4- cyanobenzyl) 5
il r"%ﬁ‘i@%‘ﬁﬁ? TR
1 ( BIﬂhiblltorsupﬂiené}sles 1114/o[vl=d (i nibodio qin@rzgsic)n— iAechudé, Hyk afe-notilimited to,
Zt%s%)lfgsltﬁﬂ?é Hﬂa%et’ ﬁ% l;ll'?o%sa %\é}cgg ?x%(g kw&%@@)ﬂp B jnhibitors of PLK-1),
B3 3 I C I']
i s e | AERUAR, g i
RiNApand H’Nﬂl’eollgyllluvéetduylbs] swhrast G§13%1QRN698, IR VASKRAS, \GEM231, and

ISRy s R0eR B 5708 s eI . AR entostatn,

ddmfﬁn‘f@ﬁd’lwhhwﬂﬂeﬁﬁéohu&ar%ﬁ@t EnpkditabRRN AN Cithbihg, cytarabine ocfosfate,
0x0- 2H pyridin-1- yl)l benzyl] - 3H i ni dazol - 4-

foptﬁ@:tlw| §q51é1ﬁ§o hyfhiatq, eraltitzexpd,3 paltjtrexq ﬁgmeﬁ;rg thazgfusin, Ellecrcablne,

no}]_é%é?ﬁ@cﬁ aé%ﬁl%ﬂ?.x%/ﬁl aﬁéﬁ%&é ézﬁg% %}lid’eﬁecyﬁdine, 2'-fluoromethylene-

4-{3-[4-(2-0xo-2|—|—[1 2' ]b|pyrldln-5'-ylmethyl]-SH-im'd
azol 4-yl - 15 et hyl } benzoni t45-| e,

4-[3-(2-oxo0-1- phenyl 1, 2-di hydropyrldln 4-yl met hyl ) - 3H
- m dazol - 4- _
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yl met hyl } benzonitril e,
18, 19-di hydro-19-oxo0-5H, 17H 6, 10: 12, 16- di net heno- | H

WO poodazsf74, 3-c] [ 1, 11, 4] di oxaazacycl o- nonadeci NBECRUSENE 34088
nitrile, (+)-19, 20-di hydro-19- oxo-

2 d@ﬁxagﬂé}qeztbg?ig& %%lll}yﬁrcﬁ%gnezggn}? 1?f0ny5 ?\?Q? 425 g;lgrggﬁéﬂy%rea, N6~
o PSSRy 30

he%t@j;ﬁrﬁrédsﬂe]laﬂegiﬁteh ajxgbldﬁﬁbl-aci(.’)ﬁ:]lltﬁt&?di}@ tﬂ;)daﬂll[tab,llﬁi, 14-[2-dininoed-ok04,6,7,8-
teqab g Pyl - Bl b R Y GRS RS shieaagwpprie  acid
arr%ndfopgér N5 BurkracilEt tb?a[ﬁ% iReH beneayl gdai‘ﬁeﬁ*&?}%@n?eﬂ'ﬂl) -4-formyl-6-

’12] oxa- trlazacyc ooct adeci ne-9-carboni trile

: mdﬂldml%ooalnhllebazafetrpcsexhg(ﬂAdr @xﬂ)etetradecaﬂs4 éfﬂasm9-y1 acetic acid ester,

SWaTROBA 3{@%@3% Garsiine, Dol et oy S SRk b Afov-1-B-
D-8rbbgd4fifn c%ﬁos?ﬂé 3@1@6’35- WQS%AﬁBQ&QxbdA&&B&&Qﬁ&em\{@rbazone
95/ 32987, . 245, U. S. Pat

No
E)@r@kzs afsmonqa;l@lal mﬂbockb targetg;g Qheg@gutlg agentpgncludg, those therapeutlc

OB o 03 a1l ot st o

talgétt QBll dpebific MhoBd8ionallZatitody.op&xamiphise iﬁchﬂ&blfor (bxﬁﬁhﬁle Bexxar.
81, European Patent Publ . O 696 593 V\gg}?r 357

HS1-Ges 4 2edupsesinbibitors W oighibsigsy ofng- zneﬂ%glutaryl -CoA

R TR

Shly8&aiFicd \BY BE06IB, WAk SBnOHE1AS art\40ckH 64 ﬂﬁﬁﬁ@@so\ﬁb}:d or cited in

32?%};&%%4 2%932 é%gg) 84\,\%2 pr ¢ V%Qé]g%é;gereductﬁs; inhibitors

®.
N T BUIBHIN o s, re

NE6/ARBDBS, WI94926300d 7,3 MO0/ gmwagatlm\ﬁl@ 65ee WS Pat. Nos.

4B R 2000 S i 20 By Rk (PRI 4D S Seey (8. Pat. Nos.

4, 9474 473537989, 921/16%@905 oVeu T/ a113057 030, ¥$9)9 Tl adat th, (MSCOL®, see

26248, WO 97/ 30053, WD 97/ 44350, WD 5 98/ 02436,
ULS g?at PHt)@ni 35\4377% £991,369 4.029.43h ke dALS, ﬁ@:r%%éo 946, and

5 g% dg | G ﬁ@mﬁ(gggﬁg&g@%cgﬁggp? ;‘5%)793),91)%33 §81.893, 5,489,691

an619 94),952)AnThe genewia ﬁoﬂhulbss tortbese efrgr sdditiorad fildidh@sA reductase

“that inhibit the for tfion of n m1b| od vessel s
inhibamsdhataaasobe HsdHRiNG FStAR BROdS aigrdessribed famags 87 of M. Yalpani,

"(f”kl{&msgk&ﬁ%%egﬁg IDgs", @Hﬁmz"@‘ﬁg@ ﬁh’gﬁt{)lo ?gt @8@ ﬁSeFéﬁ/ 1994)¥8d U.S. Pat.

nase i nhi ors; such as in tyrosine

N, rigzs2, osdcmitzt;B&s Fl4.- In an@n(baﬁmialt)thadal\/fﬁ -icoy/ wRctase inhibitor is
|nh|b r.s of i der mal - deri ved,

e
eich?SF my lovagiatin Slm?fl"‘s%tf’gt el et derived growh

f actBegyl-¥din Ms‘férése‘%hﬁﬁﬂo@é@tc%ﬁﬁ)@hnds’l{ifhwht i@hibit any one or any
integri'n” bl ockers, interferon-.al pha.

canttrieatiosuloif n 2, preRyitisstein geingtemse aeazyresie | Msludifen smesyl-protein
| b| t ncI
tran gfg'ﬁ#g 'y[é%g&&%@goﬁ{n? kgggsg‘eﬁa?e ntyge dI (GGPTase-I), and

gdr di’él@lﬂ-pﬁﬁemle kﬂanﬁsrasé efypeli \(GGP}?I@I;@QH;( yalge neadled 2Rab GGPTase).

hi bi t i k I b d f b (P 7
i €3 13 i Sl e s

l’ée DRy gﬁ"igﬁl)daigg‘é-yl)nﬁe%ﬁﬁ4@-@0281%&)%{1 1‘-_181§ethy1-2(1H)
'\/b .

Endocrl nol . 16: 107 (1992&
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' imidagg

Jpn. J Pharmacol . 75:105 (1997); Cancer Res. 57:1625
(1997); Cell 93:705 (1998); Intl. J. Ml. Md. 2:715

W@ 239830371 Bi ol . Chem 274:9116 (1999)), ster oP@EIS2006/034088
anti-inflamratories (such as corticosteroi ds

m.ner al ocorticoj ds, dexamet hasone, redn i.SQ
qu”b‘}llé’(?ﬁﬁsol oné) 626"?’(%‘? %@enﬁ]éﬂ Mhyéﬁ@)‘daml 5-yhmethyl]-4-(3-

: Chl&a%mﬂ?l or oa [e-tQ ?%8 ony §et 3%2\ [P[F‘or*%@ ﬁg@g@ﬁlg? ‘methyl-1H-

1m1éazgl ot nnthyl]F‘b@echlnroj)hemyrh)glmeeh}smmH) qumasiimglenl 2(4&9 -n-butyl-1-
A IR T sSaishenen P maidepaiubnigpipereinions, (S)-1-G-

'chlcﬁbﬂie@iﬁlam 1ogyoyanoﬂeﬁzﬁ§t§ %ﬁ&az()g%eéﬁ% ﬂ%%)hané@u@oﬁ%l) ethyD)-2-

362: 8471-844 (19 00/ 44777;
Pipeyazinanes 6§(S)ﬁm1-k@em@§lnhﬁnylhgdmt(é ctymfoeml)ammim@iylmethyl]

L M A ST T—

pipdraigdiel on i ncl Udel-@@-@ﬁ eh?l@fhyl}oﬂgg-@ @-@yaﬁoBQﬂliiz'l)tlﬁhﬁldazol 5-

gyﬁ gul atign, and. flbrlnol%lsss see revi eéw i
ylet rbanpypineEdinged.  38- Gbhboxymebpyd-(4- éﬂameémaz-ylmethyl)

s, PSS  LT.pd ME700 = .51
hydtraxiyirtetnyl-#e(3- dhhndﬁdnﬂylﬁ-@ﬁﬁmﬁhfe@@hnéﬂ@&%ethﬁﬁn&@aﬁﬁ- 1-ylmethyl}-

arl ns

beng iR b0t I TMHABT S Dberpall o AT SAPoIcioy methy ) benzonitle,

I o R e oo

meﬂlﬂib@)ZQmBﬂd, ( 200@1)3-[4-(2Faxd-2Hi[h 21 bipyridia-HigiectheB+3 H-imidazol4-yl-

medF6i8ine, S5t b Phendn bRy PRy St midazol-4-

ylm6@yB88nRakrilef | | €d Jang 198ih fyﬁQQ@-oxa—ﬁﬂ lmgrlbl@nlh@alﬁ%theno-lH-

enc&gfasses conblnatlons (0] conpoun s  of
-£lbh 1 Hdioxagmcpeloviengdecineed-sabenitrile.e (608,20-dihydro-19-oxo-

FvvE | ¢

si-1 821 BBl 32 GSRRE L0 Mo o BB SR R B35

[1, 6l93H§t>xatr1% dyelodctadeciiRas df®eninylet hel9r2&i)tdhﬁy<ﬁ6 1I9C§Q> 519 N7H-18,21-
COX-2 over | C50 for COX- 1 eval uated cel | or

ethapp 0, (s bkt d@&%@ﬁ@)ﬂ%%ﬁa%%ﬂdﬂﬂd&ll M%&@I@azwﬁloawesme 9-

carHaﬁfmiE' ghg% ed. )H@tjfogﬂggdﬂ'asgﬂeﬁl?g g% 052% sg ﬁ}zzf %Ehﬁ%é\"iz 14-etheno-6,10-

metﬁqr@wmbalzo[cﬂsmdaim[faa-k] M9%.9, 1ZBQS-trmia@ckR&ladebiﬂe-9—carbomtr1le
1 14, 199 S. Pat
Oth6 20 Pi%’s of :piéﬁf grq%g trqasfer%olghlbgog cqngpe fgnd in the following

pubﬁaa%ﬁs &ﬂﬂpatélﬁs'ﬁ UW@ 9‘%9?30348 5Wd 9% g8 o%g‘/znb‘?bwo 97/23478, WO

265, issued Jul 5,
97/3§66536W®5%/2$9§§u‘é63 981201 1155 W@%%az%?sj PPut. Np 5,420,245, U.S. Pat.

No 3280, TEEASE 0y, AL 1996 Mg, B o s,

U.S5P4t98i058402,008 SB@GpERCPatdikt, Pub? T 618281, Edfoped¥PPatent Publ. 0 675
0 A D e Sl 041 1263

1125 Epopesmekitens Pubb 10 644941, EyrgpeanaRaterxidubl, (3496 §93, WO 94/19357,

O 0611980501 o i g St o MBS . e

5,661,521 305 ,95(10515,PAi0 IMNL0516, BB .932A612, SW'QFQSB&BZ%S 2W’,O 95/25086,

wolssall o, e NondndBiut o' miacs, o o bisnt Sassratass,
WOYeBR22PRtWONS/24519 385 98246 B5 lWé 96%#6§ Wb9s96%51%9' w®&Y6/00736,

whi ch are hereby incorporatéd by reference
Repr'esentative inhibitors of COX-2 that are useful in
the methods of the , presef-invention include

3- phenyl - 4- (4-
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(et hyl sul fonyl ) phenyl ) - 2- (5H) - f ur anone; and
5-chl or o- 3- (4- net hyl sul f onyl ) phenyl - 2- ( 2-

woreaonpso3sz pyri di nyl ) pyri di ne. Conpounds whi ch BECBEUS2006/034088
descri bed as specific inhibitors of 20 COX-2 and are

.5, B B Sridi 05, Wiy b 0¢85 B SRB A ¥R SERas o RS, wo

96/361?1*76%‘5 96RO Wo%@obsﬁt‘g@%@w% 98@,ﬁmnw0\%mla77 WO

herei'n 1 hcor porat ed ence:
96/31347& MWD ea/31601, W 973@9&2 \M0$7/®3i’[47 WO 97@3@’4‘@@:97/04785 WO

1ok Mg 88ty ad g b, NP0 wo

98/02@6 &&95} S.Warent R, 5,990, 355, 3&% ahampRsSsetie el of%oprenyl-protem
995, S. 'Pat. 25 No. 823, issued

Nov
trans.ﬁ_@% 1nlub$ar dPeangiogenes, 68 @uman Vsefi(dancams) (%)713%919*ﬁ1 (1999).

agnglﬁgeneglsﬁ%b%gg o3 W o BSHIRe 1@1‘6 %%ggthje%%%ga&da%f new blood

vessé}l@ refar§l6ds c¥lifechafisime @x&ﬁ@lesk& andi9B&hesid. 1ﬁnbﬁla‘s indNade, but are not
001 843, issued_ Dec. 1999, U, S. Pat..

hmltgd M@yrgmge kinase jshbitens, SU]_)h ag g@)@}ntog; of thpgxros1%kmase receptors Flt-1

(AR SRy i oo

or phatdab ddivvd gﬂﬁtthdfadmts, NIBIP IthatrBO uethlldprotBae) idlubitors, integrin .

bloclgsprg el%ex]jgr@n- alg %ggteé@glqn %%Spélrggsgg pg](ﬁ@fal?cg;‘tyclowgenase inhibitors,
t

1nclu§’r%%gvn@éflmdélf%gﬁg%&jlgﬁtoﬁg% (I%gzgglbs)?lﬂ%eérsb@?aﬁg 121;15\%&11 as well as

selecting cypgemrgsganasaid inhibitors likecdlembajb ok ro&cexmc(PMASrﬂ%E’cM (1992);

ﬂvcbéfgﬁf(l%ggﬂ ?}2 ﬂémﬁﬂ@"ﬁ&? 1054 83607810k e SPARS R J04); FEBS

Lette5s e fsgw%i)%fmt @f}hvﬁ 65s: n@t(h995?2:r Mol. Endocrinol. 16:107 (1996)
but enyl ) oxi rangé} - oxaspi ro[ oct - 6- i/q(chl or oacet

Jon. Yobbaraioh 65105 E1T Graoh Rt 373605 A GelL $3 01508 It ]
Mol. )fjf‘? hb gﬁ? (f'94 9 h R, Ogﬁ A Oy}) %ﬁ%n%gﬁt R}Qold anti- 1nﬂammatones

rnaz 1 - car oxam am ne

(sucle Cugbé@ha@d’téibid@, niiirdlodorficoilii3 a&&&xeﬂwbﬁ@t Iﬁddrﬁsone predmsolone
mannopent aose phosphat e,

methylpred, c@ﬁ%ﬁmsoa@s FW#PWW%‘@WP» oombrgtastatin S¥h (y9uAlgming 6-O-
chloxlogg tlﬁ\L %a??c;xﬁfél gﬁll@ dnat ﬁl)m‘fc@' b%{é%c%éﬁa{ﬁiln Odroﬂb‘nﬁ-ﬁ L1 .adgiotensin II

- napht and

antaglinist (ypt Eynnamdezﬁet gl )Muhytt'lan e wﬁd’éum@ (986 HUBAL Sitibodies to

VECHD s oI o oaries 0rabes TPRAY e Ble gvanre

362:841- k44:>(1>99@P CR&S HipRIAnY 7, SWW@ oovémeIsePy @ﬁasmaaf)bm hivats that
cancer cell’ to 10 DNA d amagi ng aaents Such agents

modilats] Qrdehnbnmnmogmesxs ohd AR alguThg usenan cprabingiien mthzhe compounds

of tﬁep éﬁ %@?@}Poglt {ide ? %ge& sbylaiem{@.g' g tor@b a}gq]bar eﬁgulatlon and
ﬁbnﬁd»lﬁM@ Bystdrbld{see feVionDid (i AlRGL L. Bad. ﬁx@} 00)). Examples of

bitors of cell proliferation and surviva

suchsiggniathatgnotlaiovay inktit Prenagriating ag) fi rag@m%pqﬂh\ws include, but
are 1ot Wik *d 16 g&émg{a Je@%rzf';ﬁg ?g&%ose ; ﬂsgg rw&gf&w weight

casca e am o c ept or
hepafius land gﬁrﬁo&ypepuldméeU iinhibitotsqkso dmOWmMSblmhxbltsrsoéf ﬁ@’?’R thrombin

sctivpiaBle, TR apeuot 1 heF el e efapmtasio B A 4RER4 oo

TAFE Mibit 26 ha®d bEh! Rstised' ﬁCF@quu%hcétﬁﬁ' Wd 0519528MAd USS. Ser.
i nhibitors of P13K (for exanple LY294002),

serine/threoni ne kinases (including but not limted to
i nhi bitors of Akt such as -48-
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descri bed in WD 02/083064, WO 02/083139, WO 02/083140
and WD 02/083138), 20 inhibitors of Raf kinase (for
W@X(mmis(mBAY 43-9006 ), inhibitors of MEK (forPEREANE034088
- 1040 and PD- 098059) and inhibitors of niTOR (for

Weth CCl-779 h t | ud I 1
Nq,éﬁf‘@aﬁgs (Sl rr.gs, 3080 THa I aH G OB AlspIsBoR B gombsgons of the
coéggﬁeagggdrﬁ?é ﬂﬂ»ﬁﬁﬁa}p@g g@ap %@1131{3 Isrﬁas%%eﬁeé@ér%%nhwfms (senerally

deﬁmzdeast thioso whﬁfn posbems aapbmﬂmbpfo&s&lmbitmgp@(éxez pegt COX-1 of at least
108‘1*29 s HRAbG e n,[))y S Gatif 4 sp 10 CORLS EFGEL] i(‘)ofr T3 viluated by cell

I'n co 'on w he "conp

or hﬁ&l%%rhél"hsfsegfs) t BRc EGRSTRM 1n@fud%aﬁ‘t?teire nbf‘ﬁlrlﬂgcﬁto BEe disclosed in

exanpl e, iri'notecan, topotecan, genctitabine
U.8- Patu dloo Fe40di 995, llssunﬂoDcm}i 1(985,bUFﬂ ARat. nNocS,Qﬁl at9 nssued Jan. 19,

RBRSCPi NG A0 BB P HEL TRTFORNERS 45 o A, s e 1

20001081 Pab NJ. rafias4eRuedaspiels| 1955, QﬁBePatCmCQM% 265, issued Jul.
chernot herapeutic 30 agents. The above conpounds to be

BehPioyd. Pat M%W@nlsﬁﬂ%hﬂh&,ckﬁ%ow af Nph#,550,142, issued
GO U S PR 5 TS B s

issd€D D308/ 7199¢}TUL2529&611\1?>3@'818) 140PRESued . E@il 1998) WO 94/15932,

ook hed oo ks 6B S0 b0 Bt hours D% abpar. o

1t3Q 1995 sﬁfed‘?fﬁp'ﬁagg% Z’G‘é 'Pﬁ’c Nd B 88748, JHEd‘“JQA‘H‘B“f%% Ebf S. Pat. No.

i hventi on ah e ot her anticancer agent's tan

: 5@6@901 Bhudelfeb. d0, 1998, et dhatraNoleil46m82 Inissued Novc id, 1995 U.S. Pat.

NS U RE P o e Pl 1990 a

of Wh¥chRfe Wéreb$ %c%Ppo"i‘éted 9¥ RiFRhd. RGFSLhBHVE MAIRRAUS COX-2 that are

response depending on the route of adm nistration,
usefgl erint ythef wiethoddi sefisghandredest r dspentios ofnclude  3-phenyl-4-(4-

oo Do DRGSR o PR ene] end® ST S ElEl Rl bptemn2--

méRIRpyHidigy RSiidiRg € TospoWh@N whttlil AleSd&REEbkdas dpecific inhibitors of
conbi nati on, the ther apeut| c agents can_be formnul ated

CQ¥%- %@éﬁaﬁrgt@r@f@mwml i e, progent mvantion gndmegheda of syighesis thereof,
cait %ngtoﬁﬁdT?n (ﬂ{eb ﬁhfo(xﬁfﬁ B&teﬁtjs nﬁ&ldlr@é aﬁ}hﬁaﬁ&%r Oﬁl..ﬁﬂlﬁatlons, which are

can corrp05|
her/éht istponged dy mﬂ@éncas W(ar%XJASDGE publishé&d ﬂulbrzéaa$994 U.S. Pat. No.

5 RR0T, s s, 9ol S hab o 43&;@“' bt afs Blobop's. Pat. No.
5,3§§7ﬁ§gplssmcmt by, 1 P99*5 tes Pa@eﬁﬁ §§9W9d h?sheﬁ%bVﬁ 11995, U.S. Pat.

Ki nase way altérs
N gty IsauddoNow. 5l 45 1 895 U. Sf PIFIZNQI- p,638.2A2 .t hauediNay 27, 1997, U.S.

pab Yo RSP o] Al o RS TL6T Py 15 SRSBY i Dec. 12, 1095,

Useﬁatswgemmeoys@ﬁeﬂanalw,, 19981108 PEhNB. 20A; 84438%§ued Dec. 14,
2001). As reported by Donovan ét al., inhi bition of

19%FU(SSP§n]§I01 82Q.h¢% uﬁjhect Febai 2000, UsS. gPrﬁit VERK Si499i%itt igsued Apr. 25,
199530858 N5, RISRERE 8 T2 0H R P! 85008 e i 16,

199690 8t Edt INey. 5536, 192 Migiudet] ity 27 AC99w; W.B.dPat., No5,8045260, issued Feb.
aspect,,
18, 1897, U.S. Pat. No. 5,698,584, issued Dec. 16, 1997, and U.S. Pat. No. 5,710,140,

issued Jan. 20,1998. Other examples of angiogenesis inhibitors include, but are not limited
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20 any of the enbodi nents of the conmpounds of formnulas

(), (1), (rrr)y, or (I'V) or a tautoner,
w@ba@vosseuti cal |y acceptable salt, or a PCT/US2006/034088

pharmaceutically acceptable salt of the tautoner

t hereof  may be used in the treatnment of hornone
to, Jepepddin . cudaias s raapimesas Bkt amethoxydd2amethyl-3-(3-methyl-2-

. . | '
bRl 1} 2 R F 5 00 bR DG AE O Aoty R aline,  5-
amitid-1-[{3 JSedietilodoetr(4-ahlobensiy) phanytlimettsy 15 hHel)2,8-triazole-4-

el Q enor@}s/l | eukem translocation

a (CM.), .chronmpsonal
carpexapidy o<V b b f%ﬁualaﬁéneeo@mbms%%% yq’ﬁ’éﬂ@%t QYX31838,  sulfated

T t | AL paty imi -
iR fiahec IOBRNAE 7, By DAl NGB0 PR Bl RaftofytiminolN
methyhd 2epyriotd]idaitionylimam | dis-@sishaphiifalénehi bligulfonate), Amnd  3-[(2,4-

. ki tivity. . j.ent ith ad d
iy i B R e s e RIS R i al Iy, but ¢ hen

r elt Agéiﬁs bt ﬁftexﬁéf@ v&if% defiSdyeleadheSkpdthts @R @nifoBds that inhibit protein
mut a

) ions in the Abl kinase donmdin. In vitro studies
kinhgey dhat drapsdiice 8 dycleatheclpoit AignalspBiesshy sehsitiging thé nanper cell to

oA e, St L AR

kinagdi dddonrdk @Mdicdet kiaseaGibitdrs ra8l atcaRpevificdly Wedmplified by 7-
2007/ 030377 PCT/ US2006/ 034088 conferring nutations.

hydspxstayrasgesn, flavopinidoh &rY GgdEclagel) and Bl}ﬁl%em%%, any

of . ' . I .
O AR BPCLTERY Gl SRR S WS ok o
ageatCthpt mhibtét edl turfaee racaphas and sighalcahnsduattmegiseddese ddavhitream of
of the tautoner, thereof are.used in_cqQmnbi nati i £ h
thog syriage fecsheTa ik AEFIT 108 A dnhidne of sy 6f EGER éfweexample
gef'éinfilf st SR i hOJZPQR?éE (F5ABGS tr3HEAmBD), GBRBRGS of IGFR,
nmye CM), to reve t

ogenous l'eukem a rse or preven
inhidors phrnywkie réveptats, | isbibitosnef MET idnbitoragenPI3K rffor example

r aspect, .the present .i nyention rel ates..to
L300l e Rt EnireS Do Plugtod bh b alted B Btk ofAkt such as
deskHBaB 6n IWO lne/(gAB64, S W ahd/0gs 189 Wey 02083 4uh&cWO @2/083138),

treating a biological condition nediated b

a
inhihdiormel R iduise (@riexmanle DAY 4o 00SDK i iteas phyHa fonayample CI-

. oot S risteri
1ol ARgeRA S PR bERRORER Aa5b WaGEL ). Such agents
inchudepEn thaddculOihibitas cdmpounds hnd arfibbdy antagoridty) or a

tautoner, pharmaceutically acceptable salt, or a |

phafRertesis iiBdqine agenpringide aefivatass ofh\ENF atseenigy family members
: At AfACLd inhibit the activity of the at
(m%lggéga{)ene sg;rlltéﬁg ?’LS?'eoni ne ki nase in the MAPK

si ghatdrtain pesénthy preferted eenshadjmetts o tlee inventape u¢presentative agents

nposi ti.ons in.accordance with this aspect of the

usefvBreHine With (e GPRPORE Ghr SR TRRA b H% U, of cancer
inchRIBD HPTexdtple,| HHdddR! Sofdedn, $8biddf fRfHiAGulatRMleucovorin

cancer mediated by abnormal MAPK signaling). Cancer =
carbgpiatén, misplatine daweamwnablnmlophb@%@mdvg viimeel Allj@loids, imatinib

(Glfgg‘{rf?gg)rgl%{ﬂ%\llfg’ﬂlfgﬁl a@%g&b’, ?r%%%%ﬁe{ Cg%%fg %E 8%{%{? z{élgiﬁd%hemotherapeutic
agg@icer, non-snall cell lung cancer (NSCLC), acute

I yrrEhobI astic |eukema (ALL), and acute nyeloid
| eukberabovegommonads bk e@ployed it gombipatien path the icpmpeiends of the

inv@rr%t%'cﬂldsgf.l NeSised (i)r*ﬂﬁgag?& ; td AA3hait 04 B e P%./J”igfaky BesPReference

ant or ns

-50-



10

15

20

25

30

MEK or ERK. I n one enbodi nent, the invention provides

a nethod of inhibiting Ras (wld-type or nutant Ras).
wab@7oshod -i ncl udes admi ni stering an effect i REI/US2006/034088

-amount of any of the enbodi nents of conpounds of

formil as (LLry, or (1'V) or ]taagtorrer

1), (11
(PDRRed Hhe Bitiona1993he otgth o Hoainordted. hytein by reference, or such
ther Ao %Efufﬁhb%ﬁ?&%@ﬁlﬁ@e%gﬁ@h% 8k $md1§1§1§;s@m§fn the art.
er eo to a subject In nee er eo e
e niihd icompoynds o€ theriwresttion ang t}mnthiaranacamm’rmntsfcan be administered
i nhibitin

i ds.t)
at ey e iR e e 4h AP e ATSAEe el of the
actlﬁoWd@WtheoéorﬁﬁﬁltﬂﬁQQﬁ' tHE nﬁw%nﬂf)n RFPRLPSSedOfo ay to obtain a

formil as 1), or (1V) or & tautoner,
demmdathnmpemttq mpcbqse adﬁpepclla@lcm thel touteoof @dministration, seventy of the

dlse{x)qqga:ngg;ﬁg %%Ipéir?slgl Jt %Paetf)eﬁ? 3‘2\8 w@}ngﬁ?ﬁ Qa%gé géjmmstered as separate
comBORHSR3ANE T REIL d52006HA3408Rinihd b6 @R VBN EdminReered as a

I nvention provides a nethod of inhibiting MEK The

- compietien) theBierapesticaanents eandei ingnulatedfas separaie campositionst which are

give?%?h%i%@?inf%?@%fg%g{ t?ﬁn%, o %eg%?faigagiﬁgg’eﬁg, Jaﬂ%'@‘éﬁ& as a single
compliﬁﬁdj‘[’ﬁceutl cally acceptable salt, or a

pharmaceutical |y accept abl e salt of the tauto
t hé¥igsiragsns, Sg%?%@moxﬁemé@@bﬂ DreaeaResr. 2rpythy sugh induction of

cell @ﬂ(ﬁ@ gﬁ@é@ %atéf&@ﬁrd? h'?.l\f@ %n%)tghrbg gﬁéﬁ%ééfﬁ/g tbppz Recently, it has
beerefHosot thafteacamtwmt ofahe Ray-RabMAPKivash paiﬂhmayl taﬁensfth@pho sphorylatlon

sat i bt S bl R Cipd Aokl i aprbingghe el Bly & attemuatea

therWédM@ﬂﬁng@ahMes%‘é?&P}@mtﬁmé DbnSantd8L L AWBBIRT hem. 276:40888,
hereof to a subject in need thereof. 10 An exenpl ary

200bo s uepbriedrbyuBenovant ¢el. minthikitien of MAPK sigpadiog throughgreatment
W@éﬁ)&m &hasplgs:& Bérqhgf%l{oiyéf { é}iﬁ‘g‘ulsﬁ p?irer} ﬁgrmone refactory breast

canddr behEfdsdndda @b dding restored hormone sensmVlty Accordln ly, i 1n one aspect,
(4-trifluoronethyl - phenylf) am ne, ibite
P

any pﬁ ibelﬂmbogﬁn@cts efibe ppmgodndg | fprygn asp@} ﬁub)(lll)agr (IV% ora tglutomer,

phadRREHA0 BELAIN REXATR! A RAHEaESE0 SP N aniomer

thergaftmag be nisedin te wdatBefRadf, harnidaé dep&ﬂdanlt cdnobiaf smhdasl&east and
nmutant Ras in bi ogchem cal assays, hovvn i.n

prosgge Calé‘i?ﬁfhstf’rf&f’?rﬁ% OFRPBG FETianse Coﬁ%ﬁl Y SseRdf %ﬁi rs with
comgelngggal%u%nggsdg i nhibition of B-Raf activity (I1C50
d i nhi bition of c-Raf activity §IC50_of
0. M4hMatorﬁg@at neEntersi tsuch has c@mﬁom nohyclngemais fenkemia (CML),
eS|on|naIIthree f. Xgno f
chronig3o i e i PP o BE Rt R ey PO AB tyrosine
kinak@®hiThé bffieted PatfertpbreaBshosiFaso déeves) Xanslphidcuglste kinase
as 20 sunmarized below in TABLE 7, and described in

- inhibifernps egesdt ogmhibitien 96 AbAnkingssi agtisity.t d1qyEevervBaNAPatissts With

adv%r{r&g% F"ﬁg% ?ﬁ%s% aeségxzcﬂgl Gmgzﬁlaﬂ'y,qm't—%n rel%gsealta{e? lue to resistance-
conﬂeﬂnd@ﬂ&;@lﬁoﬁs [P thebAbY ikidaso dommeinhy i bithoi stidles bive2dephonsprted that
BCI£ Izgzllnen?pl ys t e kag El'_nase pathway to elicit its effects. In addition, inhibiting more

than one kinase in the same pathway provides additional protection against resistance-
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benzoi m dazol -2-yl }-(4-trifluoronethyl - phenyl ) -am ne
i ndi cat ed that phosphorylation of MK was inhibited
W0 n00a/08i33E2 and ti ne-dependant manner, as shownPCTUS2006/034088
FI GURES 7B, 8B 25 and 10C. In addition, treatnent of
tunmor cells A375M MEXF276 and HCT-116 with the
confeiringu mutaHsns aﬁ@eorﬁmgﬂoergl aoothet panpst fof othe Rayvention, any of the

ermp PR ool B B BRCCHE (8P AT ST RPLRE" o Fatomer,

pharaghebgically diccsptabld balt, dr a pharmaceutically acceptable salt of the tautomer

tha}qﬂhizbﬁ.tra&ﬂdd;gfpn%ma}ugrll fV\lut at 1 ﬁ%ﬁ( EXe a(l,lctlﬁor{gl %ggn such lgélvec in the

éﬁn }fé?uza@dloén%l danbds,| §dci1| Elﬁﬁﬁitchﬁﬁlyelegﬁﬁﬁk )lelﬁd&ﬂ@ t((hZML), to

dose t1 me ‘dependant 30 1 hhibition of
re\M:‘slei or areyent rpklsmmdo yheatt st enechdditionsi agent. i ng nol ec uI es

t Raf .t he VAP h . -53. \D...
200 Séé% efﬁsp@ff-%gﬂf@%t} d%‘ﬁ%é‘gn rﬁﬁﬁgmﬁﬁ}odﬁgggﬁ%ﬁl]&% at least one
serﬁfeﬁﬁfe'&hlde Y2436 irPthe 'I\@AFK%%rIaﬁnQE&tﬁQﬂ? irPd subjdet, birttieﬁﬁngai biological

| east one tér osi ne ki nase recept or selected f
corghtmnp m@m@c thn@ seine(EcPRIR, kipgxeriz- the, MAsK SIgn@E@ pathway in a

SO PGS IO AT Boharbruls pamPatlur s, o feast one

coﬁgﬁzmﬂf of\bkemita(l), RI) (S (IVEBK’:& taatdker, mceuﬁﬁﬂi’&cc@table salt,
, c-Kit and -IR, co |S|n admeg%sterlnghig, ..
or g phpmprsetically @ﬁm&bﬁ 9 of dhp exgot|eflgelivedpdnhibit the activity

of G TR SR o scfln AR Rikds gﬁ{h% AP RS AR pRbbiay EHE Shbject

| NhiTiet thédapeitier @mipoeitions as acdordampt orith thig h@esumf érctmvennon are
The therapeutjc conpounds_in acc dance with t

us@fgb@ettreamng FRACHAIBAL§ P o8 IR pORF el sEring from cancer

me[a?z%t# I-[Halai\/ﬂﬁﬁ@ sfg‘ﬂEh ChChﬁU@:&f Q%ﬁe%rtﬁecﬁ@te@ by hhiREMal MAPK
su rom cancer di at ed by abnor nal

signglins lmhldleJ fws&ampie,epelanoma,gmaﬂlamgyance}aﬂm@ caRQl.gavaian cancer,

y abnormal tyrosine kinas tar_si
co{) HaneRa: bansre ﬁgﬁtbqeg no, Mréﬁilo?leclugg Sapeer @gﬁ@tﬁ? aBPtec}amphoblashc
1eRBELT(ALIIYNGnE 3RGRY mybldyd QbikeBANC e Abni¥nRS t MAPKC aiiGaling may be
ovari an cancer, mast cell |eukem a, ermcell tunors

inlghiiéd by edminisierinecascsmeond thay arhibisy widynernsmuaptdpgns of Ras, Raf,
JOr acute nyel ogenous | eukem a (AM),
ME
'stoma, and pancreatic cancer. 15 In one
enbadione Rinboliitent, iemvatonpirovidees natimetdfdehibiting Ras (wild-type or
i nhi bi ti ng VEGFR- 2. Thg t hod i ncl ud fs adm ni st er ng
myfante RABet | mAbodtingpdes g fiere 8k e?ectwe amount”of any of the
ulis G4 CGEP S er PfqenyoPfa tautomer,
erfi RS 10f SRl R KA RS IDL il €% £ OF Py of e
phéjﬂla\c)euncablny 4dcyhtable mlt,s ob Jaepluannacmleledl}t laeoeetable s'aﬂute of the tautomer

‘Pﬁh y be usef ul otreat a solid tunor by
thergef 19ia %CWG6CE s 20 In one enbodi ment, the
' ”V%téine @nﬂb@i‘ﬁﬁéﬁ? %h@m@?ﬁtﬂﬁ%r@fadéd"@hféﬂioﬂ"@ﬂ 1%5@ Raf ;Rb*i‘hi-type, or

met hod 1 ncl esamnlsterlng an effective anount of a
mutantidRed). "Hre methbdinvhdes adrinistgringpncaseeive amewtt of a compound any

er eo of a of t he .enho of +1CO u f
ot B, G i B R T RSB o o oo,
Héﬁﬁé’cehﬁ@dl@oﬁcceﬁtﬁblen@lte%deMﬁiacedtﬂaﬁlly AvEptabtensalt of the tautomer

provides a nethod of inhibiting c-Kit. The
thereof to a subject in need thereof.
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- sumpmjarlg

25 nmethod includes adm ni stering an effective anount
of a conpound, or a pharmaceutically acceptable salt
wao b@resf377 of any of the enbodi nents of conmpounPiST/U8§2006/034088
formula (1), (I1), (111), or (IV) to a subject in
ne d ther I n one, enbodi nent, the nventlon

.oa@§n§>q4§v%d ther invamias; Pﬁ%iew:npﬂw Thle InhiRiting MEK.  The

i Jac a [
m‘*“i‘:‘%‘n%‘*”o A RIS B0 GRcEl] FEMYE STRHP off P epodiments of
comperds of of Girmaitns (B (Hh éIIanrc(ﬂV hend sautfmerophpomacksiticdlly acceptable

selt, 1 Fhetsabiicl oqes sy 1 $6:3be HhemeRin 06 aoaicckn necd

ther&ygenpl ary conpound for use in.the nethods of this
?ect of the invention, { 1 Methyl-5-
21 Bng rqmbqgﬂ@nmtetthﬁy unv_e_nhon prov1des a method of inhibiting ERK. The

me‘dgﬂdil 5“ ﬂldtze aﬁ“ﬂ%’ﬁ%’ rid ﬁﬁ% féégﬂﬂt %tH_ apenio r8nt %ﬁ o(ilments of a

com ahidbiﬂf@frmﬂﬁs f(H?, gzlli), ki V§6r 4 RORPAE] sharMEdduleally acceptable salt,
DGFR- ( ER Rl, FGFR2, FGFR3, c-Kit an

ora dmmtwa gcqsp@bhéﬁ%t @ﬁthea@&@yer thpreoE irgoenliegt in need thereof.

dengNSLn gD, (AIAAOP 8l iV BEE e oS bEWL Ul £3 A imvention,

1 Meuhyl~b4[24(5>4mﬂ>ﬁor6m&htyl QHﬁﬁﬁ)dazbl ﬂyg@yriﬂﬁr#gymy]nmmﬂzmmdazol -2~
0 escrinea I n
1)@t oy )ity a?s%‘éﬁ?fﬁ DPiAB ERROIA 61T SEABK signaling

I
ARG Sl BT P o PROAES 125
14Ai-@GeedtlisonThe lcbmpeundhibes ybkanﬂmhmblbr rof 3HRlaf; doRaf; enilﬁmﬁrﬂéaaf and

mutg% 1{32?18];1?1%)% %);g’r | ]gh 0 etggt g\éﬁgg a%%%éﬁﬁlpiﬁon of
mutih @S- Raﬁa&wityl(mg% RIFIOCD0S3 M), IndbitiEsiaunpf BeRdfektvitya@Cyebf 0.068 uM)
and GUGHB0R 8 FOVRE D ko SE1-DBRM FBATISGEv IR o gpmpound cansed

defg’%#%glgn fead ?&@mﬁg@ﬁve B < ERRE okl "ARERIBLF276 and

HT299 fdstat hﬁluﬁfﬁﬁsgr@\pﬁﬁhhlﬁﬁﬁ)@ﬁﬁ K—R@,s afINeRassdriztemxenograft models as
At mn@gbere cm Centi neter 0. C Degrees Cel ci us DI PEA

ng\ypléffﬁﬁw,ﬁ@d@mrlbed in Examples 84, 85, and 86.

z %{aﬁ{/ SR t%rg% @g&%&g&gﬂa@g{ bl @E{Jéqgg%gﬁ%@%m -116 after
treathtemt avieh {EtNthit-842gh-trifluoromethyl-1H-imidazol- 2-y1)-pyr1d1n— -yloxyl-1H-
benzoimidazol-2-y1}-(4-trifluoromethyl-phenyl)-amine indicated that phosphmjylation of
MEK was inhibited in a dose and time-dependant manner, as shown in FIGURES 7B, 8B
and 10C. In addition, treatment of tumor cells A375M, MEXF276 and HCT-116 with the
compound modulated markers downstream from Raf, including BIM, Cyclin D1, p27Kip
and pAKT as shown in FIGURES 7D, 8C and 9C. These assays in preclinical models
indicate that {1-Methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-

benzoimidazol-2-y1}-(4-triflucromethyl-phenyl)-amine showed a dose and time dependant
inhibition of both MEK target phosphorylation and the signaling molecules downstream
from Raf in the MAPK pathway. '
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g or gmGan(s) h/ hr / hrs Hour(s) HPLC Hi gh

Performance Liquid Chromatography 30 |IPA |sopropyl
wW@bk@osi37L Liter LCAP Liquid Chronatography ArREI/US2006/034088

Percent -55 WD 2007/030377 PCT/ US2006/ 034088 LC/ M5

nc a8 ap et Pecu e rSen] 75 G SRS RIeBTE S v g @bleast one
tyroamé’ncﬁdselreeéﬁsﬁge@écteﬁ%&ﬂmé ng}yEb@mm of A%SFR-2, PDGFR-B, pERK,

Trifl uoroacetic an%/ Tetra drofuran 10

bF G 1ERin tEG R EGE% c(hKutn@df GPFUBein @ Stlh@cte omsalings a diological

he fol
conliifp pitleod! e RRBRE S VEYFREE RIS, BERRESRGETEGHRY, ForRo,
FGIR B paidahd (L‘SP’flR'. chmipeibing ladidigeriiy 4 fhefdpé@tﬁ@&ﬁﬁ;b‘béitroh comprising
H i m dazol - &/Qtyl ridin-4-yl oxy]

at lepsh 9Bt RPMBOWI cevtiqally @F%@P&hkﬁg/ salp Hesagaf) afsfermula (1), (1D,

anpfof) syl S bk sthhin e ™ <

The therapeutic compounds in accordance with this aspect of the invention are

useful for treating patients with a need for such inhibitors (e.g., those suffering from cancer
mediated by abnormal tyrosine kinase receptor signaling). Cancers mediated by abnormal
tyrosine kinase receptor signaling include, for example, melanoma, breast cancer, bladder
cancer, lung cancer, thyroid cancer, prostate cancer, ovarian cancer, mast cell leukemia,
germ cell tumors, small-cell lungx carcinoma, gastrointestinal stromal fumors, acute
myelogenous leukemia (AML), neuroblastoma, and pancreatic cancer.

In one embodiment, the invention provides a method of inhibiting VEGFR-2. The
method includes administering an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, of any of the embodiments of compounds of formula (I), (II), (IID),
or (IV) to a subject in need thereof. The method may be useful to treat a solid tumor by
inhibiting angiogenesis.

In one embodiment, the invention provides a method of inhibiting PDGFR-B. The
method includes administering an effective amount of a compound, or a pharmaceutically

acceptable salt thereof, of any of the embodiments of compounds of formula (I), (I), (I1I),

-or (IV) to a subject in need thereof.

In one embodiment, the invention provides a method of inhibiting ¢-Kit. The
method includes administering an effective amount of a éompound, or a pharmaceutically
acceptable salt thereof, of any of the embodiments of compounds of formula (I), (ID), (III),
or (IV) to a subject in need thereof.

In one embodiment, the invention provides a method of inhibiting CSF-1R. The
method includes administering an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, of any of the embodiments of compounds of formula (I), (II), (III),
or (IV) to a subject in need thereof.
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100 CHZN NO2 la Ib Ic A 500 nL three-neck flask was
fitted wwth a nechanical stirrer and charged with
WwWK200830347 15 g, 30 mmol ). The vessel was seal eRICT/US2006/034088
evacuated, and flame dried. The 20 apparatus was
ar OB e, SR G779 2oRS fRedhoda abdb Bepeck of e invention, {1-
Methy1 3206 Bl RRREN 8-inhidakod-208) Byridif-48ky - 1 1. BBhzdM débzol-2-
© ?tﬂ o&opyri di ne-"2- c%rlboxylzg?%g?’%.(s. 2 tg})] 24 mol )
yl1}-@rtiflooyonEbphety DvinineT e ar peteht indgbitar xefukygosipg kinase receptors

VEGHe: FOoME PR P Fabh FHBEBNACERS: sXifiata CSFIR in o
biocREHIADSRST 7 TRETHEAGAGIBRESes mbiliton OPMEGTR-2actvith€Csg of
0075575 BB TR DRSS oD dngt e YRRk ot 0.2
pMVES fohlti§deek éﬁF—PRQfCSE‘%inO% VIR, o5 QeRAld inHemPI&8 2! n addition,
were partitioned and Separated and the aqueous phase

the dAFpoRNY it &inh Hitho MITBn gl akexesisLidGnivk vivo thatrigelndhbdel das shown in

organi c | ayers were washed with water (5 X 100 ni),
FIGHR%e@' and(dopestbey in Exemple 88or at ed. The crude resi due was

o N a .
* chdh Rt tfntibf s 25 bpBeiobl Bty sl B peference g the following
exaragles,avidsl) ateqprbvided by why 3T ifuditaiod andrete, not dietidedetodie lohiting of
lc as,a yell ow brown solid. 1H NWR (300 WHz, CDCl13) 8
the grespptinyention- 5.8 Hz, 1 H), 7.90 (d, J= 2.8 Hz, 1 H),
7.  Exlimfes® Tasl ' ica fdilowin
Fy 3 40 s e by ol s by Bgficfoft, ho v
abbr@vibtibirs have ke flov8ng breaging® Hnotdened, she gy haygtherqgenerally
N@ 75.VHz, CDCl13) S 165.8, 164.0, 151.8, 151.5,
acceps Meanyes: 2 131.5, 129.8, 121.0, 118.0, 11.4.2,
113 8Gr 83. 0, 28. 4AthBspifedic peBsipe cléRiRaldofiz&tionlmaskspéetroscopy -
CHzClz O*Ctort (~ol~0 H2ZN N 2. TBAC, M2SOM4 .
\ Hag. NO2 10% NaOHAq®RoYsc |d To a sol ution of the
nit{oanilineis(. a7 nmmol) in CH2Cl2 (85 nlL) at
oc®Hs 15 added *4 m., 3.6 g, 17 mol). The
coehi Ng bath was thatimeeroved and the reaction
mai ntai ned at roomtenperature for 2 h. The reaction
wasCcool ed to 0C Afgrect AU t et r abut yl anmoni um
chlomizde, 2.5 g, : : (di met hyl sul fate
3. zﬂr%g‘ 4.3 g,34%&%;31?%‘?”5%13“‘%0%5294Nam (34 nl) were
add®dC The resul t i2aQhloroed Grdimathyligidazolsaium chloride

S

DMSO : Dimethylsulfoxide

eq. equivalent

EtOAc Ethyl Acetate

EtOH Ethanol

g or gm Gram(s)

h/hr/hrs Hour(s)

HPLC High Performance Liquid Chromatography
IPA Isopropy! alcohol

L Liter

LCAP Liquid Chromatography Area Percent
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vigorously for 4 h at roomtenperature. The reaction
was diluted with water and the 20 resulting | ayers
wowre/opsrti ti oned and separated. The aqueous pPEEESWE6034088

extracted wth CH2C12 (3 X 100 nlL), and the comnbi ned
or ganj ayers wer ed wth ine (2 X 100 nl),
dri 2‘?%804) andieq}‘é‘ig?rﬁ{né@graﬂ%% 1335f RECHREPAY e was
adsggbed onto siliggigel and purified by flash
chromat ogr aphy (4:1, 2: 1 1:1, 1:2 hexanes/EtOAc) to
gi v&efX g (13.0 eolonitt’e%) of 1d as a yel | ow or ange
sol i d. 1H NVR (SOO]\W CDC13) 8 8.54 (d, J =5.5 25

, 8.04 (br MHers 2y 1 H), 7.93 (d J =
2. 8NdDMe1 H, 7. 53S6&ium]l\4€th3x§1e 1H, 7.25 (app
dd, J 2.8, 9.1 Hz, 1 H) 91(m2H),3.04(d,J:
4. 91403 H, 1. 591(P§0pagoir|) 13C NMR (75 MHz, CDC13)

9, 164.1, 15 142.1, 130.4, 118.8,

115@A 114. 1. 112%6@“% ne 30.4, 28.5. np 187-189C.
- 57TWRA2007/ 030377Tﬁt1{561‘d§&i>i@%ﬂ§b’cﬁﬂﬁ8 Step 30 01\ 0

1. C THE I \ O]l '~ OH_ iN 2. NaBH4 i N NO2 3. H2Q
Na NO Idle Actrghydeofaaned 500 ni t hree necked
f
A GG SRt B o

genbrily(IR4repdryd iananIﬁattoesuﬂt thadoliowsipng peiceduréns cool ed to
OC and t-butyl ester Id ( 0.7 , 60 nmol ) was slowy

added whil e keeping the i Iyeaction tenperature
Prp Ao {lTIUl%tH&ﬁéﬁ[QJ(S’-'&lﬂﬁhdeﬁiE tylﬂ@ﬁ -indi BB %fgfﬁlﬁh Wyl 18-
for h fol by 'stirring at roomte

over n| ght . hﬂaBHmctaZOIZQFyl}gG t&ﬂummie)hqume@d)}mmmnd t he
reaction mxture was stirred for an additional hour at
room tenperature. After the reaction was judged

conpl ete, the reaét{bn m xture was treated vvlth 10
successi ve dropwi sedl t| on of vvame}_g_ 15% NaCH
(3 nm), and water g mxture was
filtered through Cellt,tb _kerai ning solids were
washed with EtOAc andHn‘et hanol The conbi ned organic
portions were evapor at ed and the resulting crude

resi due was adsorbed onto Si 02 and purified by flash
chrg@puography (97 3 CH2C12- MOH) to afford 7.63 g

(27.7 mmol, 46% of a red-orange solid as Ie 1H NWR

(300 Mz, 0%5 CDC13) b 8.40 (d, J= 5.5 Hz, 8 05

(br s, , 96 (d 2. 713 S oudo H . 7. 29

2. Montieg 1 H)+ 6 %.—g—ss—Hz—Lc °F 0@

H, 4.68:(s, 07 (d, J=003¢23 HzN tep 4
1a 1b 1¢c

A 500 mL three-neck flask was fitted with a mechanical stirrer and charged with
K>CO3 (4.15 g, 30 mmol). The vessel was sealed, evacuated, and flame dried. The
apparatus was allowed to cool to room temperature and purged with afgon. To the reaction
flask was added 4-amino-3-nitrophenol 1a (3.08 g, 20 mmol), zerz-butyl 4-chloropyridine-2-
carboxylate 1b (5.2 g, 24 mmol) and dry DMSO (30 mL). The resulting mixture was stirred

vigorously and heated to 100°C for ~14 h. The reaction was poured over iced phosphate
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OO0OCH WM®2, CHCI3 H \ I/ | NeNHrt, 2 days I/ NO2

HNO2 lelf 20 A 100 nL round bottom fl ask was
waebargas7wi t h benzyl al cohol e (1.38 g, 5.0 P@DUY2006/034088

M102 (6.52 g, 75 mmol) and CHC13 (20 ni). The v

resulti n? suspen3| on was stirred at roomt enper ature
buffey @H /) andithegreaction flask sk sinsed well mﬂwMgBﬁ (magisd dert butyl ether)

o R e T DAL e B2

1ay2B07¢r0 PARTION BT L SPARE0RE a&eaquemqmaﬁe wag é)tt&e&dWﬁﬂﬁMTBE (3X

vapor.at ed, adsor bed, onto silica I and purified b
10§ /LR ThenrmBned cagine (e peier asimd Wsghwaies G %o 10®BIL), dried

(MESORE i ‘;%kc éfggﬁ Jhdn ‘gﬁ@%iﬁd%g‘l"é&’ s {d;. ”@@N@d by flash

chmn}ﬂ)ogr@l@g(ﬂlbr’z 1,4;1 Hexb:i)qs—E?cO% (étdhyl dcetaj@)_?cgfuh'izish 4 9]21)g (14.9 mmol,

740 ) Gt gy aafeﬁew bty ol o SV g MaEG Al 5858 (o, 7= 58
512

HA91 3§ +Hao gdlf'?BNzaéﬁzoﬁ ﬁ£7 56§d F §r5'1%0131@4)7£ (§&eﬁ—§ 808 8 Hz, 1 H),

6. %Kd@Jr\.az mgm tzH ). R[H@DH=02NH2 NH), 6.13 (b¥' s,2 m, I}Ldﬁl\(h 19 H); BC

NN (78 xatrh gggl{ﬁ}'@g ?éd"o Figﬂgsrelﬁgrsétmﬁg] ‘f@f?' B3f LM%, 121.0,

11310;151@1@%311530 28 4inael 63-166 °d-. . Ponticello, G S J.
Med., Chem 1979, 22, 687): Corrpound 1g (Lancaster 10

(W S¥BZm NH), 25.75 mi, 136.5 mol) was added to a
solution of NaOAc (22.4 g, 273 nmmol) in H2O (60 nl)

and the resulting sol utIpFl’A Igg@Fed to 100 C for 49 mn
After oﬁ/ﬂok 0° CAto t \©)‘\OJ<
=N

- |
-

~n =N

HzN 2. TBACI, Mest4

NO, 10% NaOH H NO,

1c 1d

To a solution of the nitroaniline 1¢ (5.62 g, 17 mmol) in CH,Cl; (85 mL) at 0°C was
added TFAA (2.4 mL, 3.6 g, 17 mmol). The cooling bath was then removed and the
reaction maintained at room temperature for 2 h. The reaction was cooled to 0°C and
TBACI (tetrabutylammonium chloride, 2.5 g, 8.5 mmol), Me;SO4 (dimethylsulfate 3.2 mL,
4.3 g 34 mmol), and 10% NaOH (34 mL) were added. The resulting mixture was stirred
vigorously for 4 h at room teinperature. The reaction was diluted with water and the
resultihg layers were partitioned and separated. The aqueous phase was extracted with
CHyCl, (3 X 100 mL), and the combined organic layers were washed with brine (2 X 100
mL), dried (MgSOs), and evaporated. The crude residue was adsorbed onto silica gel and
purified by flash chromatography (4:1, 2:1, 1:1, 1:2 hexanes/EtOAc) to give 4.5 g (13.0
mmol, 76%) of 1d as a yellow-orange solid. 'H NMR (300 MHz, CDCl5) 6 8.54 (d, J=5.5
Hz, 1H), 8.04 (br d, /J=4.7 Hz, 1 H), 7.93 (d, /= 2.8 Hz, 1 H), 7.53 (d, /= 2.5 Hz, 1 H),
7.25 (app dd, J=2.8, 9.1 Hz, 1 H),. 6.91 (m, 2 H), 3.04 (d, J = 4.9 Hz, 3 H), 1.59 (s, 9 H);
BC NMR (75 MHz, CDCls) & 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.
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cooling to roomtenperature (roomtenperature), the
solution of 1h was added to a suspension of if (25 g,
W@ 00mosi3y7 i n NHAOH (150 nlL) and met hanol (450 POC/USZNE034088
rethingnimuremasstwredatroomtemmrMUre
ove % TLC (thin | ayer 15 chromat ography, 95:5
CH2 e’.?/ I\/EO—D showed conpl ete consunption of if. The
crude product was concentrated into an aqueous
slurry, and partPt ned with saturated Na2CO3 and
CH2C12. qgﬁfﬂm has'e"\Md& extrast ed %igzgﬁay
Wit h d the corblitd,, organi cy Wishe th
bri ne, th“é’ﬁ dried (MgSO4), and concentr at 5‘8 to give
31.6 g of 114(83 mmol) as an orange solid (¥L %
yield). No further was purification required. 20 O her

intermedi ates for preparing substituted i mdazol es nay
be Pritgmes dried 300amL hnee neckeduounelbotteor flaskgmpgeel with N, was charged

ity R G R b RangN oE L D sl Hd Wl g3 240 m). e

5 resdwg 3tigpehdion @ag codled o 8sC W%u’@?b@w BB (FP8Ne PRIty was slowly

= nethanol, RT = room tenperature,

adf%ﬂ nﬂék?éﬁeﬁmg& the infernal refiction temperatgy updsr 567/ TiRgeRtion mixture was

o HFAPEP R Pl RO R, 0.

g, 6mmﬁ’fdlr)?@}hs&'tchled iadd Hesreastivhheiiure vab elitredfdrginsdddRiodal hour at room
usi ng 1-phenyl -1, 2- propanedi one. instead of 1h as
tempETeh Y ecre@@tw@msou@ged comuleie thomretionemixtyecys treated with

10 suc'éusi‘/e dro Is'@gﬁﬁn')\ﬁ: %a%rt %H{L'j 0 fl\gﬁqI—(I) &AB %)é ?Iédpwgter (9 mL). The

I'ntermedi ate 114 was synthesi'z
resuléing gniktufSwias lﬁﬂﬂemdrmrmtghﬂehtqg Imd)the rémdAninp oolide dietnwashed with

Et(?%% fllgéﬁle%tgaln]%uié cgqqgﬁ}qﬁ E)Zg @mo r o a%%dyloga[[lgd and the resulting
crude residue was adsorbed onto SiO, and pur1ﬁed by ﬂash chromatography (97 : 3 CH,Cls-
MeOH) to afford 7.63 g (27.7 mmol, 46%) of a red-orange solid as 1e. 'H NMR (300 MHz,
15 CDCl;)68.40(d,J=5.5Hz, 1 H), 8.05 (br s, 1H), 7.96 (d, J=2.75Hz, 1 H), 729 (d, J =
2.75Hz, 1 H), 6.92 (d, J=9.35 Hz, 1 H), 6.75 (m, 2 H), 4.68 (s, 2 H), 3.07 (d, J=5.23 Hz,

3 H).
Step 4
) O
© l Xy “OH MnO,, CHCI, O | X OH
\H N rt, 2 days SN 2
NO, H NO,
1e : | 1f
20 A 100 mL round bottom flask was charged with benzyl alcohol 1e (1.38 g, 5.0

mmol), MnO; (6.52 g, 75 mmol) and CHCI; (20 mL). The resulting suspension was stirred
at room temperature (rt) for 2 days. The reaction mixture was filtered through Celite, and

the remaining solids were washed successively with CHCl; and EtOH. The combined
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20

O01I CF3 :z CF3 02N H MOH, RT, o/n 1 N [/ if NHACH

114 Internediate 1li5 was synthesized follow ng step
w®200008Bred Wi th procedures in US 10 Patent NeCT/US2006/034088

5,374, 615, using ethyl

(22)-4,4,4-trifluoro-2-(hydroxyi m no)-3-oxobut anoat e
OTgARiEePYTIERs SWery| evRparatedy radspibed 0ogo os iput gshoand pwiicdady flash

ohefrd e 3057 GRS B lnd® S RERRIT B8 gidn oranee

sohﬁca@ilf GCNABR () Mmg:cmlg)cs 0. @]J(sg:mﬁ; 8. 64D(d:3®~5\5 Haeu H{\) 8.09 (br
O 02N cf --CE3 J;| gugoJH/
5 th) N0 (& S ddd H@rl Ifé)/, - 3114 (doé?é% 4$\|HZNééﬂc 23 = %\VSOHZ 1 H),

7ok Qe oAl o é&s GRS 7525

Et GepBt OH HN N 1i A slurry of nltroamllnell
(45.76 g, 120 mml) |n MeOH (220 nL) and Et OAc (200 5

nm.) wag sparged with N2 f 20 m n, ang then charged
: . Oﬁfgl ;

wi th alsyspensiqpof 1 12. 77 20 mmol ) in
I\/EO—T? ). The react{ooft, ¥&8&n purgeFdevl H2 and
mai nt ai n'éd under a H2 at nosphere for ’%fblays. The
reactlai’l was flétered t hrough a pad officelite and the

o
ON l A . _ MHOH CFa
N _N Fac :@
/ ‘ H
‘ 1f 1h

MeOH RT, o/n

Imidazole ring formation (Baldwin, J. J.; Engelhardt, E. L.; Hirschmamn, R;
Lundell 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 (22.4 g, 273
mmol) in H,O (60 mL) and the resulting solution heated to 100 °C for 40 min. After
cooling to room temperature (room temperature), the solution of 1h was added to a
suspension of 1f (25 g, 91 mmol) in NH4,OH (150 mL) and methanol (450 mL). The
resulting mixture was stirred at room temperature overnight. TLC (thin layer
chromatography, 95:5 CH,Cl,/MeOH) showed complete consumption of 1f. The crude
product was concentrated into an aqueous slurry, and partitioned with saturated Na,CO; and
CH,Cl,. The aqueous phase was extracted three times with CH,Clp, and the combined
organics washed with brine, then dried (MgSO4), and concentrated to give 31.6 g of 1i (83
mmol) as an orange solid (91 % yield). No further was purification required.

Other intermediates for preparing substituted imidazoles may be prepared in a
similar matter. For example, intermediate 1i* was synthesized following step 5 using 3,3,3-
trifluoro-1-phenylpropane-1, 2-dione dydrate instead of 1h as shown below as shown below

(MeOH = methanol, RT = room temperature, o/n=overnight, min = minutes):
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col l ected solids were washed successively with MeOH
and Et QAc. The conbined organic filtrates were
werapossred, the resulting solid was azeotr opeRCTMIE1006/034088
CH2C12 and then dried 10 overni ght under vacuumto
give 40.17 g (115 nmmol) of |j as a tan powder (96%
yield). LOMsS mz 336.1 (M), tR=1.81 mn. Step 7
61 WD 2007/ 039377 PCT/ US2006/ 034088 F3C Ni F N 3C O
o@i;F NCSg NHB \/ N@CF3 H MOH HN-N & NH NH22F\;
I‘.L\ JILTrlf orgpmet Kyjgpheny |l oSOtk oByangt-e
mml )F3%s addet—to—a—i rri
df d| am ne | i (40.17 11!5e05HTRh',)o/d n Nﬁa
at room t#ihperat ure. reacti on was I nt ai negk at
roomtenperature for 1 After the reaction was
judged 5 conplete, a soI ut| on of FeCl3 (20.52g, 126.5
E tegmediatei’ wes synihesiged fllougng gep Aaisingekphenyh 1 @rropanedione
: ure was stirred at roomtenperature
1nsgé\%§roﬁlﬁg%%%h%g§§%’de reaction mxture was added to a
3 L separatory funnel containing EtOAc (750 nlL) and
water (750 nlL). The layers were separated, and the
aqueous phase was extracted with EtOAc (aqueous pha
saved). The orgfnic | ayers vvere conbi ned, washed V‘N

SadA O us ZCCB S i on, er, ~an CH,
A R
saved aqueous phase was dfedpst g,n(ph-lN— ) by=N

addi ti on oftfsaturated &qukous Na2CO8 §ol utiongand the
resulting slurry was adé€d to a 3 L reparatory funnel
containing EtQAc (500 nlL). The m xture was agitated
-and_the resultjng enul sion s filtered through fil

5 pap&ptermgiate hlé | W3re p¥nthesized fndlovdng Stop Sd Using %Eﬁetrlf{uoromethyl-
ph&ﬂl‘l‘m) )e. P%ﬁ)é&gb?lgglﬁ}’igﬁf 12 jé ?xsz&mcg?rg Cgﬁ;ggﬁﬁ‘f 2@ é%lgélOﬁQ ﬁqstead of 1h as
shdwn belpwt hen dried (MgSO4), added to previously

extracted material and concentrated. The conbi ned
product was triturated yth CHCl2 (500 i), adsorbed
onto Si02 and purified b flcfash chr omat ogr aphy. N
final trituration of rfater with CH2C 2 produced\_—CF;
{1-methyl -5-[2-(5-trifluo thyl -1 H

i mi dazol -2-yl)-py®idin-4-lyl éofk- | Hb enzo CF3
I MaRzo trifl one hyQ2N
as a ' sol i dMeé,q:/FySo,mz m
(300N CDC 6 8.44 (d, 7. 75
(d J—88H§f 2H) 761N+(4od J—22 85qu4| ,

.59 (d,

Intermediate 1i° was synthesized following step 5, coupled with procedures in US
10 Patent No. 5,374,615, using ethyl (22)-4,4,4-trifluoro-2-(hydroxyimino)-3-oxobutanoate
made from ethyl 4,4,4-trifluoro-3-oxobutanoate instead of 1h as shown below (NMA = N-

methyl acetamide):
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2 H), 7.56 (d, J= 2.5 Hz,
Hz, 1 H, 7.23 (d, J 1.9
w@287m20371 H), 6.93 (dd, J= 2. H) ,
3 H; LMS Mz =519.0, tR VH+) ; Anal .
16. 21;
7 -

calc'd for C24HLEF6NOO: C R&NG,

Found: C 25555&3@34&th&42 :
Exanpl e 2 Prepgas ot FsC OEt
(2- Fl uoro-5-pyridin-3-yl-phenyl)-{ I NI

-net hyl -5-[2-(5-trifluoronethyl -1 H COEt

i m dazol - 2-yl)-pyradi n- I -1 H ben20| m dazol 6@\
Ner,

} -amine -62 WO 2 7/6éb37 P fu32006/034088
(2~Fl 5- dyr | ) -
1- mef hylf- 5- [ 2-75- trlfN oPIOMEOHy | 1N W dazor 2N

yl) - pyr N@kn- i yl oxy] - Mﬁpbeﬁ'ﬁ@r’fm dazol - 2-yl }-ami ne was
synt hesi zed £ described above in §H_§p 7 of Exanple 1

usi ng 3-(4-Fl uoro- 3-isot hi ocyanat nyl)-pyridi ne.
LC/I\/ISrﬂz_ 5546.1(M—|+) Rt 1. ﬁn Exarrple3

P hf HENK] Ly 0O5- Cfs - pheny!
I m ) - PYRFON4- y

-1 Hbenzoi m dazol - 2-yl
} -amne/ NN~FHFH-1q5NI e (I HF H3C 10

(2- Fl uor o-5- pyri di n- 4-yl - phenyl ) - {1 met hyl -5-[2-(5-tri
f1 uoronet hyl - 1Hi m dazol - 2-

yl )StE1)I6i di n- 4-yl oxy] - 1H benzoi ni dazol - 2-yl } - am ne was

synt hesi zed as descri bed above in Step 7 of Exanple 1
usi ng 4-(4-Fl uoro- 3-i sot hi ocyanat o- phenyl ) - pyri di ne.

d,
(dd, J= 2.2,

1
Hz,
= PGT/U82006/034088

H? ,
5

%Zw?#

220C.

LCOMS mlz 546.5 , Rt 1.83 mn. Exanple 15 N/>‘
Prqiﬁar ation of ( f crBut vl -ﬁhenm \: CFs
1 VL | f1 uorrd yl zoI |)-H

PYL, |, O d-yl -1 H- benzgh &4 ol HE <am C CH3
m@ o "

A slurry of nitroaniline 1i (45.76 g, 120 mmol) in MeOH (220 mL) and EtOAc (200

mL) was sparged with N, for 20 min, and then charged with a suspension of 10 % Pd/C

(12.77 g, 120 mmol) in MeOH (60 mL). The reaction was purged with H, and maintained

_ under a H atmosphere for 2 days. The reaction was filtered through a pad of Celite and the
collected solids were washed successively with MeOH and EtOAc. The combined organic

filtrates were evaporated, the resulting solid was azeotroped with CH,Cl, and then dried

overnight under vacuum to give 40.17 g (115 mmol) of 1] as a tan powder (96% yield).
LC/MS m/z 336.1 (MH"), tz = 1.81 min.

Step 7
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20

25

F N.~F NF HNel ,NHHC (4-tert-Butyl-phenyl)-
{ 1-nmethyl-5-12-(5 -trifl uoronethyl -

woRomosszpl - 2-yl ) - pyri di n- PCT/US2006/034088
4-yl oxy] - 1H benzoi m dazol - 2-yl } - am ne was synt hesi zed
as descri bed above inF 7 of 20 Exanple 1 using
4-tert-butyl p yl i sot hi nate. FEC/ VS mz 425. 4

( MH)_~Ro ’ Fa Exanpl € 5V¢S. 63 007/ 030377
PCTO /\34688 Priepar ati on of />\CF3
[TV [2(5trWﬁ‘E‘[’WI-1I—I—Wﬁ<ﬁ;‘2|

ridi r{"-Zl yI oxy] - 1H 2, FeCl

benzoi ni ddzol - 2-yl}-(3-trifl uoronet hyl - phenyl ) 34ni ne

FF FN3F NH/-- ~F H~|~NH3C{

1- Met hyl -5-[2-(5-trifluoronethyl -

H- | ﬁr”ﬁmgmetyyl))hgwd lissbthieeaphto X33. B’Ag,l-lrllﬁanml)ﬁwas added to a stitring

s RE B b2 b USh T DU LRI Sone o, T

readBdi Gvad- rﬁilﬁ!afﬂebloa[t%sﬁlhhélrﬁéﬁ%ﬂ)élf& QBhﬁ OCARNAME - re&c(t‘{o%as judged
m z 519. l'e 6 Preparati

cogple(ega[:_s{ohmonmf I3 €20.52g, 126.5 mmol) in MeOH: (50 mL) was added to the

rea%t;«?f? éltfcy khf re% étu&%s n‘&%_élgeleﬁl%% Ioﬁggcgg{ﬂoogl Wda Ol eépghtm he crude

reabfibi miRiGre Wlatb bdddd to 4 3-1 .sephrkidfy fidmélt &Bﬂta&ﬁ?rﬂﬂdﬁi& (750 mL) and
5-trifluoronethyl-IHimdazol-2-yl)

1- net hyl - 5- [ 2-
wafegi(haG mf). JE}%{&Y%% Wenszeparttdz and thoyaqueawd pbaswasas extracted with
| r
e P N R A
aquevhi- Na®D; Rol8Ronyiwater, and brine, then dried (MgSO,), and concentrated. The
saved aqueous phase was made basic (pH = 10) by addition of saturated aqueous NayCOs
solution and the resulting slurry was added to a 3 L separatory funnel containing EtOAc

(500 mL). The mixture was agitated and the resulting emulsion was filtered through filter

‘paper, and the layers were then separated and the aqueous phase was extracted with EtOAc

(2 x 500 mL). The organic layers were combined, washed with brine, then dried MgS0y),
added to previously extracted material and concenﬁated. The combined product was
triturated with CH,Cl, (500 mL), adsorbed onto SiO, and purified by flash chromatography.
A final trituration of material with CH,Cl, produced {1-methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl} -(4-trifluoromethyl-phenyl)-amine
as a pure, white solid. LC/MS m/z 519.1 (MH+); 'H NMR (300 MHz, CDCl3) 6 8.44 (d, J
=5.5Hz, 1 H), 7.75 (d, /= 8.8 Hz, 2H), 7.61 (dd, /=22, 8.5 Hz, 1 H), 7.59 (d, /= 8.8 Hz,
2H),7.56 (d,/=2.5Hz, 1 H), 7.38 (app d, J= 8.5 Hz, 1 H), 7.23 (d, J=1.9 Hz, 1 H), 6.96
(dd,J=2.2,8.5Hz, 1 H), 6.93 (dd, J=2.5, 5.5 Hz, 1 H), 3.76 (s, 3 H); LC/MS m/z = 519.0,
fr = 2.57 min (MH"); Anal. calc'd for CpqH16FsNsO: C 55.6, H 3.11, N 16.21; Found: C
55.81, H 3.43, N 16.42; mp: 217 — 220°C.
Example 2
Preparation of (2-Fluoro-5-pyridin-3-yl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1 H-
imidazol-2-yl)-pyridin-4~yloxy]-1H-benzoimidazol-2-yl}-amine
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15 Exanple 7 Preparation of (4-Chloro-phenyl)-{

1-met hyl -5-12-(5-trifluoronethyl-1H i m dazol -2-yl) -
W@oo7@8a3774- yl oxy] -1 H b enzoi m dazol -2-yl } -BOT/N82006/034088

F NMF / NQ\ NFH HEN(i\ | AN H3C

(4-Chloro-phenyl)- { 1y NthyI

-[2-(5-trifluoronethyl 3&/Him dazol -2-yl)-pyridin-4-

20 yl oxy] - 1H benzoi

as descri bed above i g@ | using

4- chl or ophenyl i sot hi ocyéa ni z 485 4 (M),

Rt 2.23 min. -64 WD 200% 030377 PCT/ US2006/ 034088

Exanpl e 8 Preparation of (4-Ethyl-phenyl)-{

1- net 1;yl-5 [2-(5-trifluoronmethyl-1 Himdazol-2-yl)-

pyr i(& mwoﬁkmgdjn-i-yﬂ-lphewib{hnmw [2-(§Hriflueramietiy]-CH3imidazol -2-

SR NAH 5)@%%?4&&}13 iR pysigat Agtcribed above in

Stepmdaxz Gixadpld ) -@d di@-Fudtb- 3-1sothlocyanato-phenyl)-pyrldlne LC/MS m/z
- 14 benzoi m dazol - 2-yl } -am ne was synthesized

5 54645( M DeR: b$bwén i n Step 7 of Exanple 1 using

‘4- et hyl phenyl i sot hi ocyana mz 479.5 (MH}), R
2.31 min. Exanple 9 Prepa:]z‘eg?Pﬁﬁ/gs
I%pﬁlahmof@-Flu{)lfol-ﬂpymﬁmWLp}ﬁﬁﬁ?L){ll)méthyl -5-[2~(5-trifluoromethyl-1H-
1-met hyl - 5- [ 2- &5 trifluoroneth

i mi dazol mzd'f}ﬂo ml/)rma}dm 4= mwﬁ{ -benzpinigderoki2dd Femine y| )
-amne FFC FF ~/ NF NO rNNF

VAR

LN F
‘N [o) ~ 'N FF
F N¥ | H
H 'n 2N
]

H,C

zol - 2- yI} am ne vvas synt hesi zed

10 (2-Fluoro-5-pyridin-4-yl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-
yD)-pyridin-4-yloxy]-1H-benzoimidazol-2-y1}-amine was synthesized as described above in
- Step 7 of Example 1 using 4-(4-Fluoro-3-isothiocyanato-phenyl)-pyridine. LC/MS m/z
546.5 (MH"), R, 1.83 min.
Example 4
15 Preparation of (4-fert-Butyl-phenyl)-{1 -mefhyl—S -[2-(5-trifluoromethyl- 1 H-imidazol-2-yl)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

H,C, CHy
HcAj
l\

(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
20  Example 1 using 4-tert-butylphenylisothiocyanate. LC/MS m/z 425.4 (MH)), R, 2.56 min.
’ Example 5
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HH H3C (4-Chloro-3 -trifluoronethyl-phenyl)-{
1-met hyl -5-12-(5-trifluoronethyl-1 H
WO pood@z@iz 2- yl ) - pyri di n-4-yl oxy] - 1H benzoi m darot/ul2006/%34088
-am ne was synt hesized as described above in Step 7
of Exanple 1 usin 4ch oro-3-(trifluqro, 15 . s
Pugparhtjon) ) ey esoH dé;iaﬂa?f@meﬂ’g “WA-inyidazghd-yh)-pygiy-4-yhpxy - 1H-

R

1- met hyl -5-[ 2- (5- trlfluororrethyl-ll-l-

i mi dazol - 2-yl)-pyridin"- yI oxy] 1 H benzoi m dazol - 2-yl
-amine FF FF N MF'SNHtHSC-65

WD 2007/ 030377 PCT/ U

(4- Fl uor o- 3- trlfluoroﬁﬁﬁm {

1- et hyl -5-[2-(5- trlflutbPomsthyI

i m dazol - 2-yl)-pyridin-4-yl oxy] - 1H- benzoi m dazol - 2-yl }

-am ne was synt hesized as described above in Step 7

of Etaviphsl- i-[ms-rugﬂtmrémalbybllgd(rmdazm -2rohepyridin-4- yloxy] -1H-benzo-

1mcha&gl i%.gyﬁh(% SOt o)?ﬁa%ﬁngggml'g g/iﬁs gnsprn?esme(fl ag '\AE%Cnb%El above in

Stélp Wﬁ&ﬂ?ﬁl))/(mﬁp{/e]zl (@m{g b (LicasrREthylhpHnylistiioz@hatd: YIO/MSY m/z 519.4

(MIél),z]bzl ABGaxol - 2- yI }-(4-trifluoronethoxy-phenyl)-am ne
FF O~_IFN-NN\FFOﬂ TN\,O\IHHSC{
1-Met hyl -5-[2-(5-tri fl uor “}‘HQF 1H i mi dazol - 2-yl ) -
iTgégardronl oD YIEHphenAR{ 1 -bthyl-5-[2- (5-trlﬂuoromethyl-1H-1m1dazol 2-y1)-

i mdazol -2-yl|}- (4tr|fluoromethoxype -amne was
10 synt hesi zed aBy@dEB@rYlgEd- %g%zoirﬁldazq Zn;/f} -amin

C%-—«j{j WQ/LH\

(3-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-y1)-pyridin-4-yl-
oxy]-lH—Benzoimidazol-Z-yl}-amine was synthesized as described above in Step 7 of
Example 1 using 3-ethyl phenylisothiocyanate. LC/MS m/z 479.4 (MH"), R; 2.32 min.

15 Example 7
| Preparation of (4-Chloro-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-y1)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

Cl

Qm@r sl

(4-Chloro-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-yl)-pyridin-4-
20  yloxy]-1H-benzoimidazol-2-yl}-amine was synthesized as described above in Step 7 of
Example 1 using 4-chlorophenylisothiocyanate. LC/MS m/z 485.4 (MH"), R; 2.23 min.
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Step 7 of Exanple 1 using

4-(trifluoronethoxy)phenylisothiocyanate. LG/ M5S m z
WG3W74303(MH), Rt 2.24 min. Exanple 12 Prepar ap€DOSING6/034088

(2-Fluoro-5-trifluoronet hyI - phenyl ) - 15

(1-met hyl -5-{2-[5-net hyl - (3tr|fluororrethyl phenyl) -

1H i midazol - 2-yl ] - pyri di n- Bxsshple\8

PRERERSB LA R DT RSg15-o- Fs (nﬂuoromethyl 1 imidabol.2-y1)-

(2- Fl uor o- 5- tpyﬁalum-pmypyﬂ{-beﬁmmaz&uz FBLAine S-
{2-[5-net hyl - (3tr|fluoromethyl 20

phenyl) - 1H-i mi dazol - 25yl | - pyri di n- 4-yl oxy} - 1H benzoi m
dazol - 2-yl ) -am ne was synt hesi zed u5| ng simlar

procedures as descrilged above in pl e 1 using
2-Fluoro-5-(tri - quorgr_n;';@)’ A sot hi ocyanat e.
LCMS nlz 627.5 (IVH) Exanpl e 13

Preparation of (2-Fl uor 6¢5- trlfluoromsthyl phenyl )- 25
(1-met hyl -5-{2-[5-nmethyl -4-(4-trifluoronethyl-phenyl) -

5 - 66 rﬁ%tﬁglrp%oilgﬁz @ﬁtﬁ%—# Pé?@ o ?oqgeSthylll H-imidazol-2-yl)-pyridin-4-yl-

oﬁéﬂ;&%ﬂi‘{nﬁ?@fﬁ}:ﬁ%ﬂ% i a8 dynthebized af destritfed™abdde'in Step 7 of

Exempts |, ysing 4-cthyilphenghisateivenanatohbGMS #4475 BYIELSR, 2.3 Bmin,
met hyl -4-(4-trifluorometh
phenyl ) - 1H i ni dazol - 2- yI ] y]!iﬁwlblﬁ? 4-yl oxy} - 1H benzoi ni

Pnb@mheﬂo£/¢4}Cl@lﬁtdl@-tMﬂﬁoroﬁleﬂxxr[le@@l)Z{qdeﬁWﬂg [§1(5‘3t111ﬂﬁ0r0methyl 1H-
procedures as_descri bed above in ampl é usi ng
10; - Fl uor ol :eqo,l-,Z-yl)-pyrldm- -yloxy]- 1H—ben201m1dazol-2-yl} -amine

FF

C{«ﬁ@* F

IZ/

(4-Chloro-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 FExample 1 using 4-chloro-3-(trifluoro-

15 methyl)phenylisothiocyanate. LC/MS 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-
imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

R F

Cgﬂ@‘c* F

:1:2/
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fl uor omet hyl ) phenyl i sothi ocyanate. LCMS mz 627.5
(MH), Rt 2.79 mn. Exanple 14 Preparation of

w@2404/0B@371 2- Fl uoro-5-trifl uoromet hyl - phenyl anm POI/US2006/034088
1-met hyl -1 H benzoi m dazol - 5-yl oxy] - pyri di n- 2- yI} 10
S5-trifluoronmethyl -1 Himdazol e-4-carboxylic acid ethﬁl

est é-FluoreBttriflporomethyl-pirenyD)- £ -methyl-fr [2-(3-triflgqgometiyl-1
1m%fa%<ﬁli~§p é)élhlg g—ﬁ@aﬁfﬁge%q&?ﬁapi &I}F’Qﬁl ¥! aa00) olififfzed  as
des)(:h@éid/ ] -gnovedi Br 2-Stbg - 57 t roff | RMaaiphd hyl - | ddingri daflodre-3itrifluoro-

carboxyllc acid ethyl ester was synthesized using
medhyhpheRY I bisutets LMIGuE 3BV FAOBENpI ¢ 1

using 2-Fluoro-5-(tri- t hyl ) phenyl
i sot hi ocyanate. LC/ M5 ni EE%%B%q?EM-H Exanpl e 15

Piepaptomdf daMethyl-5-[2- (S-trlﬂuoromethyl-1H—1m1dazol-2—y1)—pyr1d1n- -yloxy}-1H-

t(ﬁyl{4 [2- (%GHFZL)H‘I‘CI)IEIECI)ZO 2-y15L ~(4- A I?Or;grtng §) pﬁ r}glll amng) -1 -me
benzoi m dazol - 5-yl oxy] - pyri di n 2 yI }-5-trifluoronethyl
-1 Himdazol -4-yl) h‘ﬁ,thanol F NFNOAHFF
H( ~~ CAN H C 20 Rg/ Al (sodi um

bi s(2- met hoxyet hoxy) nlnlunlhydn\d 65% wt in

toluene, 0.1 nL) wa rmw‘*gepto a solution of
2{4[2(2f|uoro5tr|HT{’ﬂjﬂajdcr - phenyl am no) - |

-nmet hyl -1 H benzoi m daz#i - 5- yl oxy] pyridin-2-yl}
-5-trifluoromethyl-1 H im dazol e-4- carboxyl i c acid

ethyl ester (0.0104 g, 0.017 mml) in tolue

Ef f dil Mdetbih (Semﬂmrmwle%mﬂw yl%mném%ab&s] 1H-benzo-

1méq\%é%logggr(\llm 1ﬁu€§61aet}ﬁg(%3%gr@ gl‘n%&regc $ gﬁﬁflésﬁz{%d% C&k:scnbﬁ%l above in
St@’ 9ot Exangiler winge WagtbravhéthotPphengtis@hiooumnteNAZIMam/z 535. 4
|tered and concentrated to give 5.9 ng of crude

(MED){By- .24 00§ | uor 0-5-tri f1 uor onet hyl - phenyl ami no) - 1-
Example 12

Preparation of (2-Fluoro-5-trifluoromethyl-phenyl)-
15 (1-methyl-5-{2~[5-methyl-4-(3-trifluoromethyl-phenyl)-
1H-imidazol-2-yl]-pyridin-4-yloxy }-1 H-benzoimidazol-2-yl)-amine

F
FF F
F : F
N
o i —cH,
w YN
F H N =N
HC

(2-Fluoro-5-trifluoromethyl-phenyl)-(1-methyl-5-{2-[5-methyl-4-(3-trifluoromethyl-
20  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. LC/MS m/z 627.5 (MH"), R, 2.79 min.
Example 13
Preparation of (2-Fluoro-5-trifluoromethyl-phenyl)-
25 (1-methyl-5-{2-[S-methyl-4-(4-trifluoromethyl-phenyl)-
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10

15

20

met hyl -1 H benzoi m dazol - 5-yl oxy] - pyri di n-2-yl}
-5-trifluoronethyl-1 Himdazol-4-yl) 5 nethanol which
wor®708037t her purified by RP HPLC (reverse phaBer/HR10@)/034088
to give 1.1 ng of the pure conpound (98% purity).
IF_’E:/e g/gllgi]{réﬁggQ-lylf-Mdinﬁt-ylg}k;} llq]benzmmlcggol-Z-yB-amme
2-{4-[1-Methyl -2-(4-trifluoronet hyI - phenyl am no) - | H be
nzo- N . .
i mi dazol - 5-yl oxy] - pyri di n-2-yl } - 34-{ ™ dazol e- 4- car boni
trile FFENN N\YsN 10 H,C lurry of
{1-methyl -5-[2-(5-t Iuororrethyh 1H-|mdazol 2-yl)-py
ridin-4-yloxy]
1H benzoi m dazol - 2- yI ﬁ_%ml 'Uor onet hyl - phenyl ) -am n
e was prepared accordihy to Exanple 1 (1.83 g, 3.4
nmol ) and 28 % NHAOH (23 L) in MeCH (10 rrL) vvas
sealed in_a_ tube and heated to 140C

t h&2- Fb@é@ﬁﬁﬁﬂmgn}eﬁwbaaﬂw&n@r@@@yb%{@cfﬁwthxlrfb(“mﬂuoromethyl-

Dl R D I L D I T B e R, (5 v

synthdsjzed Tising| s&yﬂmsprmdares epdesatied, abane it Emrqﬂel ¢ osing FRiAlsero-5-(tri-

was extracted with FEt 2 X anlc
fluoomehy Wi AT (B s Ths EW% OhCHTE | od

(MySO4), and concentr at efly, ,%{Pg grude product was

adsorbed onto Si 02 and purl d1 flash

chr omaPregaaptny of 2 { ¢i[2-€2-Fluoro- 5-tnﬂuoromethyl—phenylammo)

2- {4 - met g gt AR STB o 1 B AR ) - L+ be

nzo 20

i m dazol 5-&ifopomdthply TH -G fttaZol¥ |4k cabbdylic daid k161 dstear boni
trile as. a white SO|Id L M5 ml z c4376 1 (MH).

Exanpl es 17-59a The c ounds sh fl n the foll ow ng
Tabl e 1 (Exanpl es 15:%”2) were ;ed from

foll owi ng the proce ¥l € or Exanpl es 1-16.
Various starting rrater‘l 25 in the synthesis
of the conpounds wil| "Be apparent to one of skill in

t he. €F18orolRirifRieYometM - pHeafidhDh e 1 -Beth mn%hmmmazol 5-
@Lp (gm Soc. Perkin TP%ns 1 199069 2293) -68 WO

C.
yloxszym@a@syli Pofosrotylgdhuegazoeterboxglianpid ethyl ester was

synt?éjyt’é iu?{ngu E}R{fﬁ 6%4;«'5" d]x%z f‘%ﬁér?gil?]eyq abgve gllgxainplwmﬁg 2-Fluoro-5-(tri-

ﬂuo{oa&e(tl‘@fl);ﬁuemy/lhsoﬂﬂocymdlaz QIC/RASYhE-609.5MMH)] H 1
pyri di n-4-yl oxy] - 1H benzg
‘ Example 15
Preparation of (2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-1-methyl-1H-

benzoimidazol-5-yloxy]-pyridin-2-yl} -5 -trifluoromethyl-1H-imidazol-4-y1)-methanol

Q:—«z@ @*{T

Red-Al (sodium bis(2-methoxyethoxy)aluminium hydride, 65% wt in toluene, 0.1

::2/

mlL) 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
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20

25

i mdazol -2-yl}-amne "3 18 F7 "F
{1- Met hyl - 5-[ 2- (5- phenyl -1H 559.3 s
WO pdodazsi? 2-yl ) - pyridin-4-yloxy]- o N PCT/US2006/034088
1H benzoi m dazol -2-yl }-(4-tri a--('N |

was (0{3 %Wt i SU| I?%gzilhfega%%@mﬁugnc%g@w@lﬁﬁ NgéH and extracted

[ t |
with ﬁt;/il/’%_b pglrlié V%i%frﬁﬁ'@ﬁ/ byab tldﬁs%@gg’?gtﬁ Iilﬂtb dr ed qyer Na,S0s, filtered and

concentrale ol gize ¥IG mgmfmeudel—@e:{@[@ (2 ~-fluoro- 5-tnﬂuoromethyl-phenylammo) -1-

mettlyf PGS iadapT s g7 B0 3t methg=pH-imidazol-4-y1)-
metlfahb’l%ﬁiﬂﬁ%'fﬁﬂthéf"p‘ufﬁi@@%? IRP2VLE (rév'eﬁ;e h'&ke':PIFLC) to give 1.1 mg of

di n-4-yl oxy] -1H benzo H3c c i m dazol -2-yl} mne

pyr
the ppte Brml(omnél(%%pphéﬁy Lp/MS-mfetSﬁz/ﬂ (B2, R5240min. "N -i (F

(5-trifluoronethyl-1Hi az o H(NI f ,N" F F
yl)-pyridm 4-yl oxy] - 1|—|—$é’f%9 ﬂéc i ni dazol - 2-yl } - ami ne

22Pkep araﬁoﬁ}B 0(f4 F mr[umethﬁom(m@muowiﬂémw Henﬂanﬁﬂdb 131-benzo-

N~ meth ;bé trlfluororrethyl-ll—l- ' /
lmldamléa‘zlexy zamd)n-s }aHﬂmdayZp lexdrparbomjtrile

1H benzoi m dazol - % Am ne H3C 23 F~-F

{1- Met hyl - 5[2(5tr| rorrethyl wel.¢ s 1

Him dazol - 2-yl) - pyrld

WO B N
H
oxy] - 1H benzoi m dazol - 2- )FI 2@ 11 HFF
trifluoronethyl sul fanyl - pHenyI) HCamne 324 "3 CH,

( 2AFklufry Qof5{1-aRiydBYR-(Sheflybrbmetryl-3 Hlindidadst-BFyl)-pyridin-4-yloxy]-
1H-bentzct]i%/nli&aSz;){-%-_yg}5-ié{-‘[riif{ulolflgr;gcg}?lt-p%%ll};f)-Zlmine was prepared according to
Example 1 (1.83 g, 3.4 mmol) and 28 % NH;OH (23 mL) in MeOH (10 mL) was sealed in a
tube and heated to 140°C for 3 h. After the reaction was judged complete by LC/MS, the
crude reaction mixture was added to a separatory funnel and partitioned with EtOAc (50)'
and water (50 mL). The layers were separated, and the aqueous phase was extracted with
EtOAc (2 x 50 mL). The organic layers were combined, washed with brine, then dried
(MgSOs), and concentrated. The crude product was adsorbed onto SiO, and purified by
flash chromatography to give 2-{4-[1-methyl-2-(4-trifluoromethyl-phenylamino)-1H-benzo-
imidazol-5-yloxy]-pyridin-2-y1}-3H-imidazole-4-carbonitrile as a white solid. LC/MS m/z
476.1 (MH. ;

Examples 17-59a
The compounds shown in the following TableA 1 (Examples 17-59a) were prepared
from following the procedures described for Examples 1-16. Various starting materials used
in 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).
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F\ HEN I i H F im dazol
H benzoi m dazol - 2-yl }
W@ 200F08037D- 5-t ri f | uor onet
phenyl ) -{1-nmet hyl -5-[ 2-(
fl uoronmet hyl - 1H i m dazol -

2- FHNI -CN
I%’ée)m_daz-ol-_zayl_}_amnn

-2-yl)-pyridin-4-yloxy]- 1

-amne H3C 25 F F

hyl - 537.0 F PCT/US2006/034088
5-tri o NF

pyridin-4-yl oxy]l-1H benzao
Exangge \\D 2007/ 03UBRMIPCT/ US2006/ 034088  FRAMS| e MH+
B rudt ur'és Name M+ 26 H, c 3-er3Butyl-phenyl)-{ 1-methyl-5- | 515.4
(5-teart-Butyl - 2-fI uomq}p@tnyl 12-(Skphengb 1 H-imidazol-2-yl)-
met hyl - gZN mﬂf@ hylbyridin-4N/loRy JH H-benzo-
i m dazol - A7 yHAdi - 4-yl ox%irdﬁzolfzj:yl ~afdihe N
1H benzoi nfdazol - 2-yl } - ami ne [H3C 27
(8- Flluofia;5-t ri f 1 uor onet hyl - 4B-Me1hylr5eE2-6§-phenyl-1H- 559.3
1- metj{hyls: 5- ( 2- (5 met hij FH <hlnidaznll2@1)—pyridin—4-yloxy]-
1IHim da2 Y1 H-B¥ndbimidazol-2-yl} ~(4-tri-
oxy] -|1H bepol d?ijé%ﬂ’L } ﬂa&ommmsulfaﬁyu;plﬁnyl)
(2- Ol oro- j‘rlfluororrethyl Samhe0
freny = methyt=5=12=-(5-tT1 A
F?uororret ' “;FI Him dazol 2-yl % %%fﬁﬁhg eth 1 507.1
H berjzo- () dazol 2-ylj g
2-{4-[ 2- q/rzlr“‘??g‘or o} 1‘}3 Yoxyl- lH-benzo-
met hyl - pheﬁw:” no) -met hy| 1@“??‘4 -Yiangine
1Ll K
I—ICUI IlloliaLUT \J | UKYJ y |\| - .
59“ di n- 2- [} -3Hi m dazol e- 4 gllgé?l trlah ﬁgﬁiﬂg%% 539.3
CH3 (|5-t Butyl 2- chlor - ph fil&l’l RANSE
N ---F 6 flu Hdaml?eylhl
i NHFi m 24ty pyri di pyddiptioxipryl-Hildpenzo-
H benzoi mi dagol - 2-yl } - am ne  jimidazol-2-yl}-amine
21 Br (4-Bromo-phenyl)-{1-methyl-5-[2- | 529.1
Q . b;N\ (5-trifluoromethyl-1H-imidazol-2-
ﬁ‘ﬁﬂ@ o yl)-pyridin-4-yloxy]-1H-benzo-
HyC imidazol-2-yl}-amine
22 G (4-Fluoro-3-isopropyl-phenyl)-{1- | 511.3
d N methyl-5-[2~(5-trifluoromethyl-1H-
D/ C’/L” imidazol-2-yD-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-amine
23 F%—F {1-Methyl-5-[2-(5-trifluoromethyl- | 551.2
: § 1H-imidazol-2-y1)-pyridin-4-yl-
Q o "\_F  |oxy]-1H-benzoimidazol-2-y1}-(4-
El_qND’ | :N N FF  ltrifluoromethylsulfanyl-phenyl)-
Hsé" amine
24 " on, : (2-Fluoro-5-isopropyl-phenyl)-{1- | 511.1
d TR\ Fl ] plgthyl-S-[2-(5-triﬂu9romethyl-1H-
) —«N@/o NN F imidazol-2-yl)-pyridin-4-yloxy|-
H N 1H-benzoimidazol-2-yl} -amine
25 F (2-Fluoro-5-irifluoromethyl- 537.0
’  F  |phenyD)-{1-methyl-5-[2-(5-tri-
N O wp fluoromethyl-1H-imidazol-2-yl)-
o (v " pyridin-4-yloxy]-1H-benzo-
H,C imidazol-2-yl}-amine
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31 F (2-Fluoro=5-trifluoronethyl -
-5-[2-(4-phenyl
-1H i m dazol -
yl)-pyridi n-4-yl oxy] - 1H benzo-
-2-yl}-amne 32 F (2-Chloro-5-trifluoronethyl -

phenyl ) - {1- et hyl
w®2a07io8d3oor omret hyl

__imdazol

613.1

FH{NI
h3C

FF
NNNFF

. N BCT/US2006/034088

-70-

EMEFI?t~~§EFw&%G$QI) {Il-mstﬁr 5-T2- (4 Wheayl N o NN s
6F S5ttrinbgoronet ny FFT T ¢ H
yl)-pyridi -Et'“yl oxy] 1 H-benz(u@zt tyg ﬂE!‘i’B'ﬂhenﬂ) Tl 525.1
Y 1 dabol - | =5-[2~(5-trifluoromethyl-1H-
Ry h;_/l L oX y .\} @ F r| ) %az?l 2 I)prndm-4~yloxy]
f 1 uor prret hyjg azol - 2- yI ergmm1dazol—2-yl}—amme
pyri1djn-4- yIFO)(yJ =TI FFbenzo- N
i mi daol - 294 }-(3-trifl uor onet Tluo% %Ir_?ﬂ;( metrfxyl 483.1
34 (3 Et - phenyl ’\yegﬁhyl i
(4- phenyk- :;j@, @% ?dezo -2-yD)-pyridin-4-yl-
i mi dagzol - 2-% 4- yI ox ﬂX-Y] HEl-kengpippigazol-2-yl}-
| H- bhehzoin r£a7n| 2-yll-am ne [9UE-70 WD 2007/030377
B8T/ US20064 034088 Exanpl e St {(Rd2hlore-ANaiftuokdtketBE- CH | 553.0
(4-teft- | - phenyl ) - L rret Dhenyd)- { badetizyl-5H 2-(5-tri-
[ 2- (4t phe ﬂubrdmd:th - HAmMNafolE2-y1)-
L < ;3
i m dagol -2- Wﬁz “l fifn 4 y| idfiDi Mloxy]-1H-benzo-
1H bejnzoi ni dazol - -2-yl}- a[n Jne iHid a%@l— —yﬁ-amme
phenyl )'{ thyl-5-2-(5-tri eth -phenylamino)- 1-methyl-
f | uorjone I-1 H i i dazpl - 2- yr?hHa J}a]ﬁ Y
pyri di n- 4- @p@% nzo H3 BT Avlakilhe 37
F (2-fFI uor 6‘ Ybr omet hyl PY58E-2-y }ﬂ%ﬁ@W9le{4'
1-nethyl - ( 5-net hyl carbonitrile
30 ° z:a (S-tert-Butyl-2-chloro-phenyl)-{1- | 541.1
: . hix_?_p methyl-5-[2-(5-trifluoromethyl-1H-
o H“<’::©/ (Y T imidazol-2-yl)-pyridin-4-yloxy]-
HE 1H-benzoimidazol-2-y1}-amine
31 . ‘ (2-Fluoro-5-trifluoromethyl- 613.1
il . phenyl)-{1-methyl-5-[2-(4-phenyl-
. o NN 5-trifluoromethyl-1H-imidazol-2-
ATsORSELN y1)-pyridin-4-yloxy}-1H-benzo-
nG imidazol-2-yl}-amine
32 . (2-Chloro-5-trifluoromethyl- 629.0
i . phenyl)-{1-methyl-5-[2-(4-phenyl-
y 0 A h} F 5-trifluoromethyl- 1 H-imidazol-2~
ol g—(’N:@/ UL yl)-pyridin-4-yloxy]- 1H-benzo-
HE limidazol-2-y1}-amine
33 . {1-Methyl-5-[2~(4-phenyl-5-tri- 595.1
F . fluoromethyl-1H-imidazol-2-yl)-
. o “{l: P Pyl.ridin—4-yloxy]-l,H-benzo—
ﬁ_</N:©/ LN imidazol-2-yl}-(3-trifluoromethyl-
HC phenyl)-amine
34 ; (3-Ethyl-phenyl)-{1-methyl-5-[2- | 555.1
oH ; (4-phenyl-5-trifluoromethyl-1H-
4 \g s imidazol-2-y)~pyridin-4-yloxy]-
ﬁ%/::@’o (T NP 1H-benzoimidazol-2-y1}-amine
HG




N\ CH, 4-phenyl

pyrid

-1 Himdazol
i n-4-yl oxy] - 1H benzo-

H3c i m dazol
W@ 00F03@7Th| or o-5-trifl uoronet hyl -

F HEN
-2-yl

~ H
}-am ne

-2-yl)-

575.1 F pheemyUy2006/034088

1-met hyl -5-[2-(5-methyl F N X CH3
4-phenyl - 1Hi m dazol -2-yl)- | NH
Apyr¥ e Aﬁvlnyv1_IH_hogzo NN i m dazol -2 uII am-n
Exampled cf (4. Leﬁmqﬁ}irﬁvl nhpn\/l ) - {1- net hyName 529 3 1| MH+
35 [2-(5- ”Blé.hyl 4- phen I H i (4tert-BasiBphenyl)-{ 1-methyl-5- | 583.2
i i dazol"‘l"r%él ) - pyrl di - Yl o>d{q-(4-phdnyi~,5-triﬂuommethy1-1H-
1H benzoi i"ne 1rhl.d6‘zo<l£2 -¥1)-pyridin-4-yloxyl-
{1- Mgt hyl - Fﬁ’m@ %‘}; | - 4- 4H—l?enzdﬁrrﬁ8'&fc}¥12 syl Lamine
H i mijdazol - ZHavI )-pyridin N \
36yl gxy] -1 benzoi m dazol - 2- y(}Ch}ortHS-tHﬂuoromethyl- 553.1
(3-tnifl met hyl - phenyl } - anphenyl)H 1-AdthyB 5-[2-(5-tri-
(5-tgrt | 2. LTU&QL hnyl uél(lﬁm -1 8-inkfdazol-2-y1)-
hy! EE? €nYybyridin-4-yloxy]-1H-benzo-
1H;J; m;??im quﬁnl pyri di nl 4- yt.}: RO wET: ine
= Cl1TZ d.LUI = = I IIC
?2- (4- Met iyl - pi per azi n yl) - %H@Oﬁd Slé:ﬂ y-rr:eth i 2591
L metihyl /5¥2- (5-tri NJF Tl uof i‘ﬁg y
H i mijdaziyl ¢ 2.yl <N«N ok F B 2‘3119{-benzo
H, C i|m dazgHe @Lﬂfe in- 'YlOXY] tbenzo-
2-{4[ 2- (2- duor o-55trifl uorqlmml-ﬁ}’@m@@
! BZ 'n'zglnenw aml ng) jl nyl r§’ 5-tr1ﬂuoromethyl- 575.1
; azgl ->-y' 0 eth -5[2:(5-methyl-
pyridin- I=} 3H-|mda Ie 4- A a
net h))l 4-p eny azo yl')
N _<, pyr.ldln-4-yloxy] 1H-benzo-
" & imidazol-2-yl}-amine
39 on, (4-tert-Butyl-phenyl)-{1-methyl-5- | 529.3
oo [2-(5-methyl-4-phenyl-1H-
N o N‘§ CH, imidazol-2-yl)-pyridin-4-yloxy |-
N‘«ND/ L n 1H-benzoimidazol-2-yl}-amine
HC
40 e {1-Methyl-5-[2~(5-methyl-4- 541.2
F phenyl-1H-imidazol-2-yl)-pyridin-
/ . N N—cn, 4-yloxy]-1H-benzoimidazol-2-yl}-
ﬁ—«ND/ Y H (3-trifluoromethyl-phenyl)-amine
N =
H,C
41 He (5-tert-Butyl-2-fluoro-phenyl)-{1- | 547.2
CH, methyl-5-[2-(5-methyl-4-phenyl-
) . NN—on, |1H-imidazol-2-yl)-pyridin-4-yl-
N N t
¢ N~ ] j YU & oxy]-1H-benzoimidazol-2-yl}-
" - amine
42 ”’QN_> [4-(4-Methyl-piperazin-1-yl)- 549.2
o phenyl]-{1-methyl-5-[2-(5-tri-
NN [fluoromethyl-1H-imidazol-2-yl)-
O ey L 1
”_qN:©’ @)\N Fr Py1:r1d1n-4—yloxy]-IH—benzo-
H,C imidazol-2-yl}-amine
43 FF 2-{4-[2-(2-Fluoro-5-trifluoro- 527.1
F N,&o methyl-phenylamino)-1-methyl-
N oAy % |1H-benzoimidazol-5-yloxy]-
F E_«N:@r ln pyridin-2-y1}-3H-imidazole-4-
H,C carboxylic acid methyl ester
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-71 WD 2007/ 030377 PCT/ US2006/ 034088 Exanpl e
Structure Nane M+ 44 C'3
wQ@24040p@771 2- Chl oro-5-trifluoro- 625.0 F F 0 PCT/US2006/034088
met hyl - phenyl ami no) - 1-nmethyl \ F F
1H ben20| m dazol -5-yloxy]- NHF

Exaﬁ?ﬁ'ié ln 2- quwi CI Ht'\Naxﬁe T . MH+

Htidazote—4-cat uﬁ)\“y*'ﬁr € au I r

Yoo F uor 0+4-tri 'l uor omret Ayl - t;%(ly%f%oT riffiofo-" | 625.0
1-mefhyl - 5<F2- (5-tri BN & NP indy-1-nethyl-

Hi m daz 2-y| ) - oy )??‘_?1‘ 'P‘l hzo-
", C i m dazpldgyPy-anithe 46 wmﬂm-Z-yl} S-trifluoromethyl-
- Ohl or o- hlnyT ) - F1- met hyl - gLifdmideggle #-casboxylic @eid-

F F (5-trifluoronethyl-1 Hiéthyldateol -2 H N ~% , N
) - | §i n-4-yl oxy] - 1H benz ¢2-Fluéio- 4-triﬂuoromethy1— 537.1
d -yl}-amne 47 C'3 pheny 1-methyl-5-[2-(5-tri-
, O oxy phenyl%_{_}'l 51 yl 1H—1m1dazol-2-y1)
met hyl - 5- I(jﬁ)\j’ (dy onet hy k45101 1 -DerkzoF
e y 70
i m dazol - 2“¥* pyri7di n- 4-yl ox; d 1

hZzolm r~Pa7nJ 2 vl L _a-he 9?(91 -2 ne

5 {(2-Ghloro-phenyl)o{ 1-meflyl-5-[2- | 485.1
oxy- pheny ke «%%ﬂuprﬁe;lhmw bzl

azol {mr N n- 4- yl oxﬂ}'PYﬂdm" -yloxy]-1H-benzo-
€nzoi m efazol 2-yl } - am ne |imi@azol 8-y }Hamfine

47 Vet hyl - 5- [P~ (5-tri f | uor onetlfnyd-DithdBlody-phényd)-N-F F | 511.1
1Him dazgks 2-yl) - pyriy nF4 Yinethy 5 -t fluorbMethyl-1H-

oxy]41H b - 4
trifluorghe jﬂjam am ne%%azrﬁgfgl) pyridin-4 yIOXY]

(2- Ef hyl -Dhé*r’ivJ) {1-net hyl - 5- gl 2-yp-amine
4%-t i f1 uorgfrét hyl - 1H-| m daz g3, 2DimethpryphsayD-{IN H 511.2
yl) - pyr |, ch yl ox nz3methyl-5-[2-(5-triﬂuoromethyl-lH-
imidazol-2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-amine

{1-Methyl-5-[2-(5-trifluvoromethyl- | 519.1

NMF viet e
FAQ It 0@/%;‘ £ |IH-imidazol-2-yl)-pyridin-4-yl-
F ﬁ—<N:©/ Ln oxy]-1H-benzoimidazol-2-y1}~(2-

trifluoromethyl-phenyl)-amine

50 (2-Ethyl-phenyl)-{1-methyl-5-[2- | 479.2

Q ) P (5-trifluoromethyl-1H-imidazol-2-
N—< j::n)\ﬂ yD)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-yl}~-amine

51 5 o,  |(4-Ethyl-piperazin-1-yl)-(2-{4-[2- | 609.2
dF S (2-fluoro-5-trifluoromethyl-
oA henylamino)-1-methyl-1H-benzo-
N A8 phenylamino y ,
- ”jwij O/LH imidazol-5-yloxy]-pyridin-2-yl}-
*© 3H-imidazol-4-yl)-methanone

52 2~{4~[2-(2-Fluoro-5-trifluoro- 556.1
F o methyl-phenylamino)-1-methyl-

§:j{ = 1H-benzoimidazol-5-yloxy}-

¥ u—(/ :@ TC(L ° pyridin-2-yl}-3H-imidazole-4-

carboxylic acid (2-hydroxy-ethyl)-

amide
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m dazol -2-yl}-amne 51 F

FN-C3

(4- Et hyl -pi perazin-1-yl)-(2-{4-[2 609.2 F N ()
W@ 2007008087 D- 5-tri fl uoromet hyl  phenyl am no) - 1- ne€Ty52006/034088
H benzo- F HEN N i m dazol - 5-yl oxy] -pyridin-2-yl}- 3
H i m dazol - 4-yl ) - net hanone 52 2-
{4-[2(2 Fl uoro-5-trifluoro- 556.1 FF
Exalibid ¥ pneny| ggpugﬁll - I-et nyr FN0-~"" Name MH+
I CI1ZUT71 LI UaZOl =9 ' OX = I_
Sgyru di n- 2lL ]Ffi} 3Hi mydaz)orf e-4 HE{H}'I—-S'R%S Efl\ﬂuo;ometgyl- S51.1
(2- hydr - et hyl anirgle WF%’ éfrf ) -yl—
PCT/ [US2 %\Qﬁmﬁie S i\@lz 2FR
{1-Et hyl - Nﬁ% M I uor omefiare->gHilugromgthyl-phenyl)-
1H-|“ndazE7f 2-vl)-pyridin-4-yamige F .
sdxy] t 1H bBhzoi ni dazol - 2- y| } - ((2-Fleoro<S-trifluoramethyl- 567.4
fl uof o- rifl uoromet hyl -phemphehyl)HB-meathoxyel -habtlyl 5-
(2- F| uorag5-t rif Jou \ v - |[B43-téfludromethyl-1H-imidazol-
phen Kl ) #{ XY Ly met hyl - $_ %\) p§|r1&in|-4-yloxyklﬁ -fenko-
[2-(p-tri fhgdor omgL Ry -1 H-i mi dagelyo1 sl amine
5|?5m.y Bazgf: Z?Iyil} ‘*a{n' :gygslgge' {&Mehoky 1 ﬂ?ethyl 5-[2-(5-tri- | 549.4
{6 Nt hoxr - et hyl 12=(( 5- fiyoromsihylyl Hemidazol-2-yD)-
f1 uot | |EQ y|13yr idin-{rypo xy]l -benzo-
pyri j, n- 4_ @: Benzo- HiiRpigazgl-2-ylj(4-trifluoromethyl-
i ni dazol - 2vl} (4Hfr|fluoro hepyD-amineci3
johenyls) ram ne 56 F N -- o, |(4-Ethyl-piperazin-1-yl)-(2-{4-[1- | 591.2
(4- E pi perazin- 1- ylﬁ)(@ - {FAethih-2 DB frifhorbihetiyt|
met hyl h% (4-trid | uollgrat hyl Npi@enylamino)-1H-benzoimidazol-
pheny! amyro )k JH e z8i i dazolls 5.yldx-pyreil2-y1} -3H-
5-yl bxy] - pyridi n-2-yl}-3H H, Grif ARGy Aebdodeet hanore
57 v {1-Ethyl-5-[2-(5-trifluoromethyl- | 533.1
N - 1H-imidazol-2-yl)-pyridin-4-yl-
" o :HF oxy - 1H-benzoimidazol-2-y1}-(4-
u%’ND/ I 4 f trifluoromethyl-phenyl)-amine
H,C
58 FF 2-{4-[1-Methyl-2-(4-trifluoro- 538.1
Fb v~ N/ %" |methyl-phenylamino)-1H-benzo- :
\ _ f
N oAy Y imidazol-5-yloxy]-pyridin-2-yl}-
ﬁ_{N:@ on " 3H-imidazole-4-carboxylic acid (2-
H,C hydroxy-ethyl)-amide
59 | 2-{1-Methyl-5-[2-(5-trifluoro- 535.3
. F  |methyl-1H-imidazol-2-yl)-pyridin-
N o~ ”‘}—i—F 4-yloxy]-1H-benzoimidazol-2-
HO N~</N U ylamino }-5-trifluoromethyl-phenol
H,C ,
59a e LF 3-{1-Methyl-5-[2-(5-trifluoro- 535.3
F  |methyl-1H-imidazol-2-yl)-pyridin-
“Ob o V1 |4-yloxy}- 1Hobenzoimidazol 2-
x N F . .
ﬁ-—(’ND/ Lon ylamino}-6-trifluoromethyl-phenol
H,C
Example 60

Preparation of (2-Fluoro-5-trifluoromethyl-phenyl)-{ 1-methyl-5-[2-(5-pyridin-2-yl-2H-
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57 FF F {1-Ethyl -5-[2-(5-trifluoronethyl- 533.1 1
H i m dazol -2-yl)-pyridin-4-yl \ / N\ oNF

WA benzoi m dazol - 2-yl } - (4- H- <'"N 1 N " FCT/US2006/034088
trifluoromethyl - phenyl) am ne 58 FFF

r2rei ﬁybl%,%@hg%/ogﬁ] ¥115) yr:xL R}I—i%enzmmﬁjazm-yl} -amine

i m dazol - 5-yl oxy] - pyr dl n- 2 yI} I N '

3H i nmi dazol e- 4- car boxyTf ¢ acid (2

hydr oxy-et hyl)-am d 9 F FF

2-{1-Methyl -5-[2-(5; maj

nmet hyl - 1H i m dazol - Zy'I)N N\ oF

4-yl oxy] - 1H benzoi m da%Bl -2 HO N--C N | ~N ' ‘

yl trifl yoronmeyhyl eno 3
?ffp%ﬁ%ﬁé 5- [ é’ (5-tr i4f-[|3iagptlguor%§5tn§mro Ap%}_enylagnno) 1-methyl-1H-

benzﬁﬁhﬂﬁiolilﬁidxyl]-@gﬁ&hez dtbonityitd din HO\ t N:Co \ " -+F
4-yl oxy] - 1H benzoi m dazol -2- H(~NI | ~NH

yl am no}-6-trifl uororreCchyI phenol H3C Exanpl e 60

Preparation of (2-Flugrd-5-trifluoromethyl-phenyl)-{
1- net hyl - 5-[ 2- (5- pyﬁ% n-2-yl - 2H -7/?NV\D 2007/ 030377

PCT/ US2006/ 034088

1,2, 4]tri azol - 3-yl Y- pﬂ”ﬁ;@w@(
H benzoi m dazol -2-yl} -amMne FFP-N FN t NO F
N-/ ~\ -\ H\~%i N H3c Preparation of

%2 (2-fluoro-5-trifluoro- phenyl ami no)-1-methyl -1 H -
be

tepi Imi Satleesis D 4y(H gapinogrnitudt phenoxyopyiding-2 reatbonitiiz:
peaed
2N N

Pdtassium carbonate (9 g) was dried in vacuo with heating, cooled to room
temperature under nitrogen. 4-Amino-3-nitrophenol (3.4 g), 4-chloro-2-cyanopyridine
(3.0 g) and dimethylsulfoxide (30 mL, anhydrous) were added. The system was stirred
under nitrogen as it was heated to 103 °C, and held at this temperature for 1 hr. The
reaction was then cooled to RT, poured onto ice/H,O (500 mlL) the precipitate was
collected, washed (H,0), dissolved (EtOAc), dried (NaySOy), filtered and stripped to a
solid. This was suspended (Et;0), collected, a1r-dr1ed 4.1 g (73.5%) and a second crop was
collected (0.55 gm, 10%). m/z=257 (M+1).

Step 2. Synthesis of N-[4-(2- Cyano-pyr1d1n—4—yloxy)-2—mtro-phenyl]-2 2,2-

trifluoro-N-methyl-acetamide:

ZN N
_N ON O ~"” O,N o2
O.N PN L N U |
H,N &
2 1 FSC/&O

FsC” O 3
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NON r FHNNN 5 Step 1. Synthesis of

4- (4- Am no- 3-ni tro- phenoxy) pyri di ne-2-carbonitrile:
WO@2NM703603 / N H2N Pot assi um carbonate (9 g) WwWeSI/tif1006034088

in vacuo with heating, cool ed to room tenperature

zndcﬂ%:f%gllgﬁnrzgggmg%ﬁmdgﬁ @vas }egig ngggc()?uloa%gthdrhega)[ihg, cooled to room
temgérﬁrtﬁfé“yirﬁu'sﬁ%nggd (0 gﬁ@h»lor%gbhgﬁé’ Ugg WELP wiided4 Iﬂl?no 3-nitro-

ystem was stirred er nitrogen it ‘was heated
pheﬂcﬁ@)@ndamalzheﬂbdnmmlet @Gz Gn@r nitupgen.f oThis vas ctﬁh]ed to 0°C and

G RSB PPl T PP S0 b oion
rapifllyS 89! é@ﬁlo(nal%ﬁade drAﬁ& 10laz2Of) oot ke rnﬁi‘itlﬁé‘ Owas diluted with

stripped to a solid. This was sus ended (Et 20,
dlclﬂmbm@thaed washed ﬁﬂz(édiCMNﬂCB drigl, @0 Qupfiltpresbansiiripred o a yellow

?ﬁg m—lﬁét eﬂué pro \‘rictgs%s Jsg({dmt}{gulz p&ég cagl%l)lodo%e%ﬂane (0.53

meé alldedCyA R GuBpehkidh fof foydssiny) eabatiatd OF.95EglY 1 ditnethy2formamide
trifluoro-N-nmethyl-acetanmide: N O1/z" N 0202 OZN O,

DMF730 nplpontaining sompermd 2. r28 mmol)gmglernigroger Lo sypppnsion stirred
at rgfggéé&ﬁ&ﬁﬂeg gﬁ?%@{ g&&&?ﬁn cﬁg %%wm ;p&géhe(mzo 3x 150

I'n vacuo wt
mL}, aldncbebed adxtiaets andte sushahde, i ay. (Nafﬁ) airmﬂe@b‘mssummrbonate)

Sty A 25 ePEA (198 2 19/7) 3G
ni tgt% gyxgtgés;s (4 R@t@qaxﬁlﬁoggl%%hehéiyf)lﬁﬁﬁﬁécze&drsomtrﬂe

anhy dded, neat.” The 'starting
material goes into solution 5 rapl dI y as addition is

made. After 10 min at of Ye was diluted with
di chl or onet hane, washed NaCl), dried
(K2CX), filtered and@tr pped oayellow f oam

m z=353 (M+l1l). This product was used wit hout
purifi cati on. Iodomst hane (0.53 nlL) was added to a

SRE P E RIS AR Ao
ylox% BnAiEOphenii)Der, 2 M fli 2o meiiyt-asdtapRIRIB oM sy inatthanol (6 mL) at
room temperature. After 40 min, the mixture was diluted with H,O (20 mL) and cooled to
0°C. Bright orange crystals were collected, washed (H20) and air-dried 311.1 mg (94%).
m/z=271 (M+1) ‘ :

| Step 4. Synthesis- of 4-[2-(2-fluoro-5-trifluoro-phenylamino)-1-methyl-1H-
benzoimidazol-5-yloxy]-pyridine-2-carbonitrile:
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10 at roomtenperature overnight, then poured onto H20

(300 nm), extracted (Et20 3x 150 nL), the conbined
wearasi3g7 wer e washed (H20, aq. Nad ), dried (PpOI/aS®oamm4088

carbonate), filtered and stripped to yield an orange

ol et g e 35l S Sl & 6 e

pw se to a solution o
metiddrding 3-niframphenyyi)ygiyridipe-2-carbonitrile (311 mg) in MeOH (3 mL) at room

temesiitel. THACAHRFEIRE o mismapsd B RoR ) e SR stimed
Vigo&ﬁgﬁﬁ %%éﬂzg%tn%;}rﬁfogég ot 1, hi.heTd stimosphevaswal theheekchanged for

_ . and cooled to_ 0C. Bright orange,
nitrageys the sivere veas| filleredd(celitel rad thepBitrat gvas; psegr wdtjout further

311.1 (94% . .mz=271 ( Mtl) Step-4y esi s
punﬁ‘-’%‘?p_( g}%’f | &t o PEXY ﬁafgﬁ((})rll"o- phenyl‘ani nof%- %ﬁ}{)r - Hzgfluoro-s-
triﬂlhtﬁaﬁl@ahmpﬁazﬁiso&iwymé (180 ing) R@s 2déat woaisdiutibe of cofdpound 5 in

(%NO HEN O N CF3 2N O N ~ vy , [ L 1L ~NNNH .
MeQHE10 ml). Fhesejution pas stigredsptreflpy fOQZ:glIS._ Afterpie reaction was judged

comﬁ%?ez /fgﬁ/%gc\%;lg\s,) E%l/% %’gg 6’/n ,%%‘dllﬂgﬁ Wﬁ/g %li_lde?gﬂo% QEcEidh RS théResulting

| nitrdgggégh%\ﬁ)ciﬁé\'sﬁ%/en%n R ]aﬁdaﬁlgﬁdéﬁnﬁiegeﬁ,’\{oaﬂ shspéBsion of 4-(4-

us under
mixttiré ag stirredTitaoosianpergirs usqaight. ofhwersde dehetion arisigre was added
nitr o?en_, to a suspen

i of ,4-(4-

to arspARIoRYHECh ContERe RN 93 ﬂ‘ﬂﬂ{qr'di%- Layess BBRiSEpyRigd, and the
aquéo%%%)h Jwds exlYRGEH GO ARL THRUFani CIPES idié GomBited, washed with

atmosphere was exchanged with hydrogen, and the system
satusdted rapiedusviNpEOys sglutiogle waterat andhineg ethert odriad HMgS0Os), and

The atnosphere was. t hen exchanged f.or .t jen, <o h :
COnﬁngf?E?F‘g if | PR P8 ici%’eo)m SRl (Bl 5% "MeOH in
dicHiG8hetMahd Uit silids tde®y to isolate the desired compound in 28 % yield from
compound 4. m/z=428 (M+1).

Step 5. (2-Fluoro-5-triﬂuoromethyl-pheriyl)-{1-methyl-S-[2-(5-pyridin—2-y1—2H—

[1,2,4]triazol-3-y1)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

CFs
HN’N\ N
N O \NF@
F HN—¢ l
N ~.N )
- /7

Step 6
4-[2-(4-Fluoro-phenylamino)-1-methyl-1H-benzoimidazol-5-yloxy]-pyridine-2-
carbonitrile was solubilized in EtOH (0.1M) and NaOEt was added (1 eq., 0.5 M in EtOH)
followed By picolinyl hydrazide (1 eq.) and the solution is heated in a microwave for 2000
seconds at 140° C. The reaction mixture is then concentrated and purified by reverse phase
HPLC to yield the desired product. m/z= 547 (M+1).
‘ Examples 61-64
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purification in the next reaction. niz 242 , (M+l).
2-fluoro-5- trifluoronethyl phenylisothi ocyanate (250

worgo7mss7added- to a sol ution of conpound 5 i nPCIVESI06/034088
(10 mL). The solution was stirred at reflux for 2 hrs.

2 SRS B B e R BB R0

BRoriafs SRR e fgpared by
fonotvﬁﬁg ﬂﬁ%éeﬂﬁl@ de§Brivkd F& M@SpH b

66.red at roomtenperature
overni ght. The crude reaction mxture was added to a
separatory funnel cont a| ning Et OAc and water. The
| ayers were separated, dfwﬁiﬂ aqueous phase was
TJnn

+ od i+ h Tt OA K-
extractea—wiH-A—FE-OAe- unr\, |1’1yeIDJ\iﬁ €

Ex | ned, washggictkd h  sat ur at ed aqueous;arhazcm MH+

solu = Watl er,” and prrne, gtnen dried (MgSOL , and 1o

@oncéntfated. This Neri al m@s{%ﬁr@nﬂﬂ@r@r% kpro-

509.2

(grad
to i

conpo
(2-F

kept O- 5% Me@R\i n  di chljo
AEYreY ¥Silfr ed conpOL
7N428 (Mr1). 9

unfl
uor's- 5 trifluoronmethyl-p

hyl - 5-[ 2- (5- pyri di n- 2-yl

FRETEAGIR P !

S 1@ Defzoimidazol- -5-yloxy]-
osaiin-p -3 2 iogpl:

-am n¢g

N—r

sol ut
at 140 C.

L desit
2

Tabl ¢ 2

&N

1pyridin-4-yl oxy] -1 H- be”ﬂg-ia@t&ﬁ&ﬁé - 2-
6{22-(4§)§Zhoro phen F@Pﬁmso) 1-

M)ggl diline-

follomedcby pi col i nyl
ionis heated in a mecr

and purified by reverse phas
MO 2004#03
I'n the
by foll

L t Na F 61. == :
(5-{4-[ 2- ¢2- Fl uor o- g-t :rjlr ?I uo{@p}%@g@-genqqlmlé\zolﬁé\-l?gﬁ%

net hyl

20—Step—b—4-

{245~ U-EthbepipeiagindByb| -
carbonijtril e was

-85 S8l o
-1H-

seconds

The reaction m xtu lmnzmmlﬂml-aqnb@ﬂﬂu@béd

596.2

OEt was ad

O

hydr azi

Zg;lugrLC t!o !y:!elg)lt he

“agune -
Q06/ 034 oﬁsgée@;_g G[Q%Hﬂﬂﬁg&nfe'ﬂ@W

F2(Exar wer e prepargd
ddur e dée%fdﬂl,@el@trihml Exbmytidinsd-

0377 PCT/ U
| I owi ng TaRke

520.2

- phenyl ani no) - 1- mefriftbrdthethyl-phenyl)-amine

F
64

C?F ¥
™
atisneg
H n =N
©HC

(2-Fluoro-5 ~trifluoromethyl- 538.2
phenyl)-{1-methyl-5-[2-(5-tri-
fluoromethyl-2H-[1,2,4]triazol-3-

yl)-pyridin-4-yloxy]-1H-benzo-

imidazol-2-yl}-amine

Example 65
Preparation of N-(4-hydroxy-2-nitrophenyl)-formamide
O,N :©/OH

NN

Z N
R
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H f 1H benzoi m dazol -5-yl oxy]- pyridin-2-yl}-1 H[I
,2,4]triazol -3- yl)-acetonitrile FF /~p 62

WO 20¢#+03037CH, (5-{2-[5-(4-Et hyl - pi perazi n-1-yl -PEEESRD06/034088
O-NCo &' NF HHnethyl)-2H[1,2,4]triazol 3-yl] H3C

yr I-g)f-ﬁyérg}é}ls-gﬁ}ﬁrwjl)e%t%%lx{xr@b}%e gan be prepared according to the following
prodeﬂtnfel uor onet hyl - phenyl)-amine F 63 F F Fk F {

1- Met hyl -5 ]EZ (5-trifluoroneth 520.2 N\V( NNN1IT o
L. | Beh upm [3tL QSﬂpckedargmtm ilas)ké ¢d avith an inderqal tempgrature probe,

t ri ?l%%or c‘)lFrE? fﬁﬁﬁsﬂle & c}o,gdéqser bR Shanical stirrer, 1-1, addition

( 2-firhned bad 5nItfdgEﬂ1 iiﬂ)éto fﬂ'ﬁish)the red&8r With @ftrdgelr fof, 5 miritds. \
ri FH(NI oNH

NN phenyl)-{1-ne 5-[2-(5-t
2. 1) (reiackin S (543 ThE s Hask. s under narogen.
Ly Y1 orBYsd Sefud gm L F T e }onéR&que to the

t
N- (Iﬁixh‘;gchndxhe @amd?;‘t;p.;vmydcﬁid athydrideand ﬁ)ﬁhlc(adid@ H -77
007/ 030377 PCT/ 06/ 03408
N (a? L S gu@))mﬁ 3 PR and st hgating: oA gLl reaches

ac%@b@'s@ﬂah&’nfaﬂﬁmﬁ%ﬂaﬁ’ﬂﬂ%ﬂZh@?ﬁcedure 1. Set up a

3-L, 5-necked reaction flask fitted with an internal
5. ter@:cmlamtmﬁspmbtwweba@lmperature controller, heating

6. ma%eﬁ ITreaches 2 eﬁoien%(r:rppaeﬁ{u?r%l(cg EéJd’)’e Start %&A‘ ng g (sjoltujtlon 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.

8. Monitor the reaction progress by HPLC. The reaction normally takes less than 1
hour.

9. When the starting material is <1 area%, add 500 mL of water. Cool to room

temperature with an ice bath.

10.  Collect the product by vacuum filtration. Wash the filter cake with 3x200 mL of
water. Air-dry, and further dry in an oven at 50°C at 27 in. Hg vacuum with a genﬂé
air or nitrogen bleed until a consistent wei ght is reached.

Example 66

Preparation of 4-methylamino-3-nitrophenol
O,N OH

\N: :

H

4-Methylamino-3-nitrophenol can be prepared according to the following procedure:

1. Set up a 500 mL, 3-necked reaction flask fitted with an internal temperature probe,
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5 funnel and a nitrogen inlet. Flush the reactor with
nitrogen for 5 mnutes. 2. Charge acetic anhydride

W@ 2eb3/0803y7t 0 the flask. Stir under nitrogen. 3PCTNS209€034088

R

10.

1.

12. 1 5

formc acid (125 nL) in one portion (an exothermis

observed. due to t 1 Xi ng_and t.he reaction between

ace |d\éa ‘gﬁﬂgedﬂng% Eﬁ&hf )r(rhchorggﬂngﬁroggn %étslr{“ﬁtl@?-n al

t el gd VK (g- itRR) i |

enpesad Vi yﬁ?axﬁ%glt%h&{ylyﬁnﬁ%@:gigz%gg %mpfg?sdsf’i%«“ (100 mL)

After IT reaches C, ‘stir and

anderkg repctap Ptic ugler Wptel affshe gpllewslurty. an i ce bath. 6.

Wh ) ' 200), start

il e BRGNET A Bty ) BTl e untde oty | 1

70(Stirthofeactivtysibaus f3HD himtdsabdnOfcniiudi a the 1-L
in portions so that | T does not exceed

addi ct1 n funne| . , 1
40c:iL ‘iﬂ%@ SB&&HM 10 CEW‘F&I-% £) noytipn sdsenvie an eddition fmnel.
| e o e |
reausokiiton A0 S OP ok SRTRLEAL i ey o
endhereafir (ectt@Cyaivdllgtaked 3 heat). ng. 8. Monitor the

| cobhoh e HPEG Samolelons Hsbrton ot 1 Itk 810 skl add 1
<1 MY @0 nd%i@QQy e Vef’\i@%&fofocgqggrfl:&l‘at oom

tenperature With an ice ba ect the product
by Staderff midutesat i on. Wash the filter cake w th 3x200

mL Alr- , d.furt d ' t
oo Rig 1 YENERH 48 decdiaina A Rimgesd Behe PRV o B3, Ot ogen
bl edr it dehctonCRADGS tifdta Y8 AllroliSd bERGH Fhisk l%ﬁd %ﬁ%ﬁw under

66 Preparation of 4-nethyl am no-3-nitropheno
N reucad pressiie &R mer HeratRAUphmidia ¢ aén eofinienp dineid is removed.

accg ' f,al i.n rocedure., 1. .Set . up .a 500
o B KBl B B e M P M BRRE G CRPL 1 0 it Bflu g, The
t empatuat preeipftaiebeut as-a48d WHd2007/ 030377 '
PCT. 20&2/ 03408§ and a _nitr ogﬁqrg inlet. Flush the

Ft e ROt Py yashumy filtetiop dyrosgh azoarsp fiitesd funnel. Wash the
N- = S ) & i ( n o .
T Ce 4ol RPOYL) A TR Al o By S 27
t o Hgf il @ cansigtbhtoweightlis repched. SAdthit Samplssrionanalysis.
trifluoride diethyl ethepate %,3;6783 m.) via syringe
slowly. 5 4. Stir the r&3PPYP i xture for 30 mnutes

at roomt em@pataﬁ&?ofJﬁcm@fd)gyﬁ@ﬁew&vdﬁﬁeﬁle{lwf | de

(1.04 g) portion w se via ah addition funne
Cl
| X
N/ Cl

o)

4-Chloropyridine-2-carbonyl chloride can be prepared according to the following

procedure:

L.

Setup a 5-L, 5-necked reaction flask fitted with an internal temperature (IT) probe, a
temperature controller, heating mantle, condenser, mechanical stirrer, nitrogen inlet,
gas outlet on top of the condenser that is connected to a 2-L, 2-neck liquid trap.that

is in turn connected to a 12-L scrubber filled with approx. 6 liters of 8 M NaOH
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6. Stir the reaction for one hour and nonitor the
reaction by HPLC every hour thereafter (reaction

wo o33y takes 3 hours). 7. When the HPLC sap@l/€S2006/034088
shows the starting material is less then 1.0 %slowy

add 1. .10 M 40, via a syrin ver a period of
10 nf?%ﬁ?oé’san‘g%réf‘t(q YV“E?E MBEPHE ifteS . ©bish Al repor NG nidsgen for 5
needﬁrﬂnutésaanatﬁeﬁshﬁ%ffhﬁrckgehm Hto 7 0.5 10. Pour

the reaction mxture into 0 nmL round bottom fl ask
2and Ebweethienit ehlonide(1. 18Te)jo¢hedre|actels §oiicawe(d21§y potadsiim Bfomide (38.4

25C) 00 ml of clear renmoved. 15

%?U‘gfnllé &%t 86 dFrafestiHne tﬁé‘%b |rB‘ﬂ 'vessel . Cool to
30 2Chanrgeplcsﬁmwmaq397rgﬁtotﬂé&g&ei precipitates out as
ared solid 12. Collect the product by vacuum

45 | t veithol endmeingrat 80 cG@ﬂéé’faﬂrhe@tdlg‘ unnel . Wash t he

5f il t?éliwkean légnaﬁqgtﬁﬂ\%%rr tﬁ%r?eac on p reaﬁhf ﬂ-ﬁﬁy OE@F g@aézﬂpn normally

vve| gilakes sgourelahbalrs HUgsrid ccﬁﬁ}ﬂ&icﬁ’ﬁ Hx@dndad ﬁbéfﬁﬂgsmllzl@sult in more di-
Preparation of 4-chloropyridine-2-carbony

I, e
chl g%l?fénal@? N k- CI O 4-Chloropyridi ne-2-carbonyl
.chl . .
Ty s T —

fittthel rfmf:iudm @iKtine), stopdieanmgmﬁmﬁbwthe heabingpnable, a
condenser

| |
7 rroc R TS PRIaR J05F: it SRt to 44 waetiomefiask. Rapse the 5-L
of t@@tm@?mﬁﬂdﬁblub& Oﬂﬁﬁ@&ttﬁgnh& % alel‘3’ I_IéI El?ckemove excess

liquid trap that is in turn connecte
scr utdel and rqlwevmdhr mdpwdmreﬁutet tRﬁp@atuhe &rd‘deﬁﬁﬁ‘th 2-x7900 mL of

WV\q ﬁtgfae_lz{rlfcg Slgég Ve hJY é’? yie ﬁgg % ?f{: Sglg%tgl? gq) 1%n'fq>]luene (400 mlL) was

ni t raddettofthe re&ctldﬂ ﬁiiﬂt&% RRSultiRe itietw Al darfid d:0Q
flow. 2. Charge thionyl chl orfﬂ%e (1. 1‘¥3L to t({1 T next step.

reactor, followed by potafspmpletSoni de (38 4 g) while
t 20
Char go. progrREE AU - ERRICER ppigestase,

the I'T end point at 80 C and start heating. 5. Take
sanples and nonitor the ré&action progress by HPLC. The
reaction normally takes ound 14 hours to go to
conpl eti on. Extended heafi Wll result in nore di-
chl ori nati on. 0

4-Chloropyridine-2-carboxylic acid t-butyl ester can be prepared according to the

following procedure:
1. Equip a 12 L round bottom flask (4-necked) with a mechanical stirrer and a
thermometer.

2. Charge the reactor with toluene (1 L), pyridine (977..7 g), and di-#-butyl dicarbonate
(BOC),0 (855.5 g).
Cool the reactor so that the internal temperature is 0°C.

4. Add the 4-chloropyridine-2-carbonyl chloride (686 g) to the reactor at such a rate as

to keep the internal temperature of the reaction below 5°C.
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10 6. Wien the reaction is deenmed conplete (less than

1% of picolinic acid is present in the reaction
wOoR0r8@y7 stop heating. Renove the heating nmap€T/@S2006/034088

When the IT is below 30C, transfer the liquid to a 3-L

reaction flask. Rinse the 5-L reactor w 700, f .
> tol Eé‘:ﬁ EPackom, ag °W?f€t°r§q?1‘§§s°°fr§ P 180 EI\AH“%S N% Mesumd for
eXCe§RoureCC1l2 and tol uene under reduced pressure.

Repeat the process with 2 x 700 mL _of 15 tol uene, .
6. ReniWhendhe resctiondndegmed dompjets uging IRE© (Hpgiag seateripl < 0.5 area %)

ros eeRonrer et AR R D eFT A0 Sl @)

7. Exanpé eeRBolhaR@FAWa® Rofdentrated under reduced pressure to remove toluene
4-chl or opyri di ne-2-carboxylic acid t-butyl ester C
kNoand gidnalayrigdingpyr i di ne- 2- car boxyl i ¢ acid t-butyl

est gr ceardi . : i
5. ot od BERL0D ELRH AR LB Bk mit e i centrated under
(4- pRlukeresuteto abtmctherdesiedd poduct.er and a
thernmoneter. 2. Charge the reactgor with toluene (1 L),
pyridine (977.7 g), and KX3MBEOY| di carbonate 25
(BOC) 20 (855 . 200 eaat t he
ntor nal  tenpaPatipsol SepmetijRurlas AtopenbAt
4- chl or opyri di nepyidimr-Doapbxylid asid deutfled®rg) to the
reactor at such a rate as to keep the internal
tenperature of the reaction belowC -80 WO

2007/ 030377 PCT/ US%OG/ 034088 5. ction was
allowed to slowy cone 0 -'200) and
stirred for 16 how;Me LRe reaction is deened
conpl ete using HPLC [jstarting material < 0.5 area %
the reaction was washed with water (2 x 4 L), then 1 M

HCl solution (2 x 2 L). 5 7. The reaction m.xture was

con 1 ander . I
oS Bh SIS AR A R SR cn
prepagedideesrdingeo Braollowimgprodedne: was concentrated under
reduced pressure to o?l:a in .the d si.reld .Prro%lljct. .
1. Exakguw Y. Iflr@mpf ggggr% gﬁwg a mechanical stifrer, thermometer and nitrogen
4- (45 BEt hyl am no- 3- ni t r ophenoxy) -
pyri%lll ne-2-carboxylic acid t-butyl ester 0 02N OO
2. . Charge the reactor with the K,CO3 (123 g).

Bring the reaction vessel under inert atmosphere.

4. Charge the reactor with 4-methylamino-3-nitrophenol (100 g), 4-chloropyridine-2-
carboxylic acid s-butyl ester (127 g), and dry DMSO (1 L).

5. Stir the reaction vigorously and heat to 100°C. ’

6. When the reaction is deemed complete using HPLC (< 0.5 area % 4-chloropyridine-
2-carboxylic acid #-butyl ester), pour the hot reaction mixture into 3 L of stirring
cool water (by volume). ‘

7. _Isolate the desired compound by filtration, as an orange to orange-brown solid.
Rinse the isolated solid with water (2 x 200 mL) followed by heptane (2 x 200 mL).

9. Dry material in vacuum oven @ 45-50°C until constant weight is achieved.

Example 70
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eN H
4- (4- Met hyl am no- 3- ni trophenoxy) - pyri di ne- 2- car boxylic

wa@ediod/oso3put yl ester can be prepared accordi ngp€DUS1966/034088

followi ng procedure: 15 1. Equip a 3 L round bottom

ni ¢ Pisgion if S5 SRS Ao bRy o R R X e Rddhge

(123 g). 3. Bring the reaction vessel under inert
at nosphere. 4. Charge the reactor wpth

4- et hyl am no- 3- ni t 0gN -. ©10
4-chl oropyri di ne-2- 20 oxy}l c acﬂ"bl t-butyl ester
(127 g), and'dry g 5.~8¢Nr the reaction

vigorously ‘and heat tld 100C. 6. Wien the reaction is
deened conplete using HPLC (< 0.5 area %

“4-chl oropyridi ne- 2-carboxylic acid t-butyl ester),

pour-(4-(recthpamiredStiisophengxy)prridine-3-@rhaldehiyde | roaiingbe  prepared

| 25 7. Ilsolate the desired
aoc%rg}?&&m%bee{?yg#’}gtpgg%ﬁg# as an o?gngeeto gr aﬁzlergr own

L.

SO'E II) 8.1060 RgE réh dobelafigg \Sﬁh 'a%%géﬁ fﬁ’ﬁ’l Qﬁedhan?éalzﬁﬁrer and
0

| oned by heptane (2 x . Dry material
thermamatéiven @ 45- 50C unt i | const ant WEI ght is

c%k%geoa%ﬁ g@%g}é ‘glﬂg, ‘gl%lg%ﬁ%)aﬁlg g7/3or§9§ghenoxy) pyridine-2-carboxylic

4- (abid mithlydsemi( T 3a mpbwd@*feﬁﬁbly) pyri di ne-2-car bal deh

3. yde g’(?r%%ﬂ%ﬁéﬁ%@W@’%‘%éﬁﬁ@ﬁ@Wf| di ne- 2- car bal deh

yd%cfogﬂlebx%a&&eﬁﬁﬂQﬁmté}‘ﬁ‘élocéx%g&%fré’of dol I owi ng

rocedur e: . Equip al round bottom fl ask

S. wi tAdd thei Dmgér(dnmb&xtylalnnmhmmmydhdgtl 5 erm tahdne; 72 mL) via an

o, AT sk At R AR b Do syl Rerse s 576

aci LhdlyARUthe! re@&idar v1a11qu¢: M & mé@ﬁ“&ﬁbmﬁéé@fh?hy), hedds for the
2- net hyI THE (100 via a powdér funnel 0"'4. Cool

t helisaphearancegd ester. an internal tenperature of -25 C. 5.

torEnge i A oI ISR RS 26 sucn a rate

8. as If thekresqionltaild pigogass dfApRdioatd)add umstker 0.3 bquivalents of DIBAL

10.
11.
12.
13.
14.
15.
16.
17.
18.

(diisobutylaluminum hydride) and monitor the reaction. Keep repeating this step
until all the ester has been consumed.

Once the reaction is complete quench slowly with MeOH (10 mL).

Add the potassium sodium tartrate (40 g) to 200 mL of water and stir to dissolve.
Add the aqueous solution to the reaction mixture and allow to warm to RT.

Add 2-methyl THF (100 mL) to the reaction vessel.

Heat the reaction to 50°C for 1 hour with stirring.

Allow the phases to separate.

Remove the lower aqueous layer.

Filter the organic layer through a plug of celite.

Rinse the celite with 2-methyl THF (2 x 50 mL).

Add the reaction mixture to a 500 mL round bottom flask.
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6. Analyze the reaction via HPLC or GC (gas

chr omat ogr aphy), checking for the disappearance of
W@21021030315 7. Stir the reaction at 20C, nonit oPCTYS2006/034088

every hour. 8. If the reaction fails to progress after

2 hours. add anot.her q | BAL
19. (diitr%%%tma% AR BWWP@ ;ﬂbands{{wﬂ%1 %t}o he reaction.
20. Keempol ﬁfé&éﬁd‘cﬁﬁnﬁlhﬂ@e wl PR witngtirtingl | the ester has been
consuned. 9. Once the reaction is conplete quench

21. 5| &WWW@WW@Q@)M&O‘H?@ °§0. Add the potassium
SO r and stir to

2. 5 diliF htebbbiipitobobeh SR e R, 201

23.1 ea@td\mmembxﬂwOedr@nd thed filesevfdrd Owainndsao Rhoud 2. Add
2-methyl THE (10Q ni reacgtion, vesl

24 Fdnibe. el iby BOse NRSEh desprming Hibe s afgh shurying in
14 méthdfolat 5@ Slerﬁ)u} ﬁlmlﬁ&tﬁmﬁﬁ%ellg of | U]ﬁld? Menecessary to
| ower aqueous 1 ayer. . Filter the organic faye
t hremgbe acpiial gmpiirityel i te 17 Rinse the celite with
2-methyl THE (2 x 50 ni) A;ifjthe reaction m xture
to a 500 nL round ot { onERRRBIE 82 WD 2007/ 030377
PCT/ USZOQ@é&ﬁAQﬁ%fﬂ@ (SQ&ﬁﬁﬁ%rhah?l)IllPFuﬁlﬁa&ﬂleﬂ)
m xture to -50 nL distillation Cool
reacti on ni xtmrldlnt“b}’t@@}’)nNtmeth]i 21111&@6112621&11111& | r t he
reaction m xture for 1hour at 0 Filter the
reaction mxtureomo“ V-C ﬁl gd filter. 5

23. Allow the solids ry[on t heqfilter for 30
mnutes to 1 hour 22 al N he solids by GC and
NVR to deterrri ne thHe % al cohol, slurrying in nethanol

ot S5l By P A PR B SRR

mtrd&nEérﬁﬁﬁﬁe&tarﬂfe mtpared accordlng to the followmg procedure
2(5(tr|fluor rrethy |md
: py i 242 699«1) k7

IIEII-Nltm geraﬁﬁré %MbPI,)t%}Péilgl né ion&/ég)e(t§/§rfd'l\{ohg&{s&”5t2hy| ) -1

2. Charge the reactor with water (590 mL) via powder funnel.

3. °  Begin stirring the mixture and charge the reactor with sodium acetate (240 g).

4. Rinse the flask used for the sodium acetate charge with water (30 mL).

5. Heat the reaction to 50 °C.

6. Add 3,3-dibromo-1,l;l-triﬂuoropropan-z-one (395 g) portion-wise at 50°C keeping
the internal temperature of the reaction under 100°C. '

7. Heat the reaction to an internal temperature of 100°C.

8. +  After stirring the reaction for 1 hour at 100°C, remove a sample for analysis.

9. Keep stirring the reaction at 100°C until the starting material is <1.5 %.

10.  Once the reaction is complete cool the reaction mixture to <65°C.

11.  While the reaction is cooling, equip a 5 L round bottom flask (jacketed 4 necked)

with an internal temperature probe, temperature controller, reflux condenser and:

mechanical stirrer.

12.  Charge the 5 L reactor with ethyl acetate (500 mL) via a powder funnel and begin

- -83-
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ni trobenzenam ne can be prepared according to the
follow ng procedure: 15 1. Equip a 2 L round bottom
wo b@gk30337 necked) with a nechanical stirrer, i|iPCEUSZ06/034088
tenperature probe, tenperature controller and
condenser. 2. Charge the reactor with water (590 nL)
Vi e@tlﬁféﬂﬁﬂler funnel. 3. Begin stirring the m xture and :
13, Chakgg e{ﬁﬁ r§agt Ofs, #hwﬁﬂd'4l{m(ﬁi@@l@%ﬁné)zﬁ%@phen&y)pynd1ne—2-
R ng6 the Tlask use or the 'sodium acetate charge
vv| tdarhahiehyde(@DO@yiamV@rﬁmealt the reaction to 50 C

Add 3, 3-di br trifluy 0, g)

porlﬂnée'nt pewder é‘b‘%b é‘cetﬁﬁ%gﬁﬁg{niﬁ Rip %1% egr]rgé“irg a?ogr e

15,01 Ehfg ét%@%%féﬁa%d%%%@thaﬁel (ttlaal) the reaction to an
|nterna tenperature of 100C. 8. After stirring th

16. r eaﬁanifcr tho pymivaldehydetreaqiog, m%ﬁﬁ%ﬁr@maﬂlé dnfpreactop o the 5 L reactor.

SI S, action at 100C
unt Eeﬁaem?t ilﬂ?? ng‘%%%t ﬁl}%ﬁdﬁtgs 2@% '% 10. Once the
17.1 gg%bw%? adlc\S}ﬁ@llethﬁKﬁ—I C(Qelt L} pertiog aeité aronitorihg itiee tamperature The
< ile the reaction i 00 up a.
r oun%ct@@tlﬁ @ﬁ@thﬁra@lk spjthg kst aB0 nfinéwbd?eg %f né%’r‘mns keeping the
i nt.arnal nser 1 rﬁ%r BhRLernd {%E‘H? qhdtigh %infeoiggfﬁ In@futes. Elevated

refTux con e mechani cal stirrer
Chaﬂeg@extahﬁeﬁahser tha dinal preiludt tebdvpmeacddent e (500 nl) via

e nnel begin -83 WO 2007/ 030377
18. PCT'?I Mﬁ@%&?"ggt rring. 13. Charge the 5 L
19. ea@tﬁrothe Ydakfon mixture at 50°C. Solution at this point is usually reddish-orange in

- (4- (et hyl am no) - 3- ni t rophenoxy) pyri di ne- 2-
cartddrdehyde, (200 g) via powder funnel. 14. Rinse the

po r.f with ethyl acetat tothe 5L

20.7 gabpbiso G epeltn et Iy BEELE RBR, ChinikEos o

21.et hened thé 1eadtiéd iskeméd adilﬁfﬂ%fe e«m tl[byréabtﬁindﬁh}/lﬂe to 0°C for 2 hours,
reaction mxture fromthe 2 reactor to the

22.1 ealsplgte the prodpetrbat fidiration th[f%hrﬁ Sppyse dritied $1H$Ssﬁlffé1 nt is
- SpbsEtheTactod vﬁ%é’ol?gﬁxaﬁ&'@w Ny Gﬁragn $tep tHe)riRe 1 {hg Filter.
VVI se nonitori enper at ure. reaction I's
24. exoChz&gmhe SsIoréah’&DrfWMSVat&((QLDrL shoul d be added in

portions keeping th Q.internal tenperature under
25.50C31rHg Bl Pr%t‘}{ﬂ ??JJ& ime is - 25 minutes. Elevated

26te”?ﬁh%yﬂh€$v&%%6rﬁ%éﬁl?éﬂto MO edacto®. becone redder,
18. Heat the 5 reactor to 50C. 19. -Stir the
27rea81una§r10r?f3x&)u6(énamut6vc Solution at this point is

ddi 5 20. h
28 ca Bl R ERb S RBHR Bl AR ledisR | < complete.

29.21. Rﬁa@@ metrb@tdmm vafer (BOdEE)Eapdemhetiase oabt filie
reaction m xture to OC for 2 hours.
0.  Dry the wet cake on the filter for 1 hour.
31.  Transfer the product to a 2 L round bottom flask (single neck) and tumble dry using
a rotary evaporator with a bath temperature of 45 °C until & constant weight is

recorded.
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22. lsolate the product by filtration through a coarse
fritted glass filter. 23. Rinse the reactor with cold

we@edwanai37{ 150 nl). Transfer the rinse to the fPCT/E82006/034088

24. Charge the 5 L reactor with water (2L). 20 25.
Stir and cool the reactor toqi07%. 26. Transfer the
wet cakefromthefilterth(?“{ & L reactor. 27. Stir
at 10 @réfratdl of RS FtrifkBrorréthylpn H-nddpobdaudjpytidineugh
a coarse fritted glass filter. 29. Rinse.the reactor
with water (2504¥0xy)-NlanethglbengeaeliZi @iy the filter.
25 30. Dry the wet cake on the filter for 1 hour. 31.
Transfer the product to a 2 L rouné\&*ottomflask

f

(singl e neck) andH%NmbI e Yy usi dtary
evaporator wth a Dba np ra\t‘ re'ljo 45 C until a
constant wei ght is< dedh -84 WO 2007/ 030377

PCT/ US2006/ 034088 &xarrpl e 72 Preparation of
4-(2-(5-(trifluoronmethyl)-1Him dazol - 2-yl) pyridin-
4-yl oxy)-N 1-net hyl benzene-1, 2-diamne N H2N O N CF3

N Hb- (R (trifluoromethyl)-1H-imidazol-2-y))pyridin-4-yloxy)-N1-methylbenzene-
4-(2J-(Q(E(u-étri fl uorgrr)et hyl)-1H i rsr/i)g)z:\zol -2-yl)pyridin-4-y

1,2tdiseyine gan hepiepaneé acconding 1o the doliawing peassdBe” pr epar ed

L.

accgrdin f ' p re: i : .
CCoRRTRNP A5, HIR B AR TSRO SinTe FRUAGD, Bk il
I nt @hdpataturt erabe RinpeRtyre obtirolles mbesgehpuegecmidtre it @mdenser.
nitrogen purge and refl ux condenser. 2

.the, ,
e RS Hrar Py R A5 105V SR PRl CEBerpe rapidly.

5 sti g@%rg_g( {ﬂ?e?ifﬁ‘eibéfor %hii%'@ﬁ@%m &néﬁgsl1@I-irﬁi'd&£b1-2-y1)pyridin-4-

4- ( uor onet azol - 2-yl) pyridi n-4:
y| oxlpxy NNme¢thylh2-gitrobenshammer{ddighea poGde) funmel. powder
funpel .. 4. at tﬂg reaction to 50C. 5. Wiile the

r eab e feac PAd- charge a 250 niL Erlenmeyer with

5. Wat hile the fEhdtiodl i@h@aﬁngpm%e 4 MBI ErRedieReSivith ﬁﬂg (65 mL) via a

10.

11.
12.

13.
14.

rapidly. 15 6. Charge the 250 nL Erlenneyer wt
eq. Pevdr dwnchr Begiasiaring 1a@dlyg) via a powder funnel. .
7. Ly the -qj r | . e.sol i.ds .
& <Shipe e 750 Sh S dtBlerte Bk pFe el Yt 4192 ) vin o
t r apekdar fidiel.sodi um car bonate m xture fromthe

Stir the mixture until all the solids are dissolved.

-~ Once the suspension reaches 50°C, transfer the sodium carbonate mixture from the
250 mL Erlenmeyer to the reaction mixture via powder funnel. - ,
Charge a 250 mL Erlenmeyer with water (75 mL) via powder. funnel. Begin stirring
rapidly.
Charge the 250 mL Erlenmeyer with 1.0 eq. sodium dithionite (22.95 g) via powdér
funnel just before addition to the reaction flask.
Rapidly stir the solids until they are mostly dissolved.
Quickly transfer the sodium dithionite mixture fromA the 250 mL Erlenmeyer to the
reaction mixture via powder funnel.
Stir the reaction at 50°C for 30 minutes.

Charge a 250 mL Erlenmeyer with water (75 mL) via powder funnel. Begin stirring
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250 nL Erlenneyer to the reaction m xture via powder
funnel. 20 9. Charge a 250 nlL Erlenneyer with water
w@ Z®7m8937vi a powder. funnel. Begin stirring re@I/ub3006/034088
10. Charge the 250 nL Erlenneyer with 1.0 eq. sodium
dithionite (22.95 g) via powder funnel just before
addrpidbh to the reaction flask. 11. Rapidly stir the
sol d v onidi @RI g) via
15 (Eﬁja?%é”ﬂlﬁe st(}{éiumééirlJ %wghellr?sxé u%eau%r%gdﬁwﬁlﬁwe 25(0 e)
Er | pprwvdey &mnthjustefore edrhtwmt@ﬂmx&aml@l flagk. powder funnel :

13. St r th at 50C for..30. m,nutes, 14.
16. cn R apd lé{ Sﬁggle F‘E’W’i‘ﬂ%?f@few(ft diEekyed 75 ni) i a
17. po GiekiyURneter t1REQdhin® Hitlhbhiﬁ@ mixi@Re 0974033 enmeyer to the
CT/'US2006/ 034088 rapidly. 15. Charge the 250 nL

Erllean’mvylemxmm miapo@vdenrfungeldi um di t hi nonite (22.95 g)
wder L bef re-addition to the
g%tlrﬂg%rqaf;%%rkﬁ%ﬁ Cjﬁﬁg’? "81“\? “%tir the solids until they
19. ar eChRSS h Y50/ I sl stsbyebwikil wadi(TI0 ML) wa@mr fdnﬁel
sodiumdithionite mxture fromthe 250 mi

20.t 0 €hasge rthe @60 oRLnkslenmayey vt vkied: Fasival lthi%omfst {4590 g via
t he%)r B i Akt l?eg&e {i’&m&? &cg%lg n{a)%ﬁon figs. Charge a 250

enrre er’'w powder funnel.
21.20. R@i&l@g;ﬁrﬂi&&;oﬁ&d)untﬂt&ylammmytﬁrdmoﬂ?e& 0 eq sodi um

di thinonite (45.90 Vi ovvde
2. bt QpigRuemstes e e i Bigaie gt arm 194 25pls Flgnmeser to the
st 'Ireﬁtlb% kg $iafwder AfdGY. are nost| y d' ssol ved. 22.

y transter the sodiumdithionite m xture from
23.1 heStﬁﬁherdacﬁmrl 6rﬁ®|%@é<vr GOomintes. r eaction mixture via
o4, po er fimn?l 2§. t he .reactlian at 50C for 60
i Mt EOPIoHE XG0 OV Iy Hed SO SRORYS N er i fy t he
25.1 ealf&h@l@a&ﬁﬁﬂb 998%%om§fbte ,leb 16 Bep BEATE A FhenTorR@8 i to step 26.
lete, go to ste I'f not then continue to st

26. 26 Charge then Egeadtion ﬂztslg Withak f ieansadivgs idithjnonite (23 %qg) via powder

SO dithinonite (22.95 g) via powder funnel. 27.
Rapl y stir the reaction mxture at 50C for 60
27.m nRisidly st12ﬂ132}8act1An$ramuteeat|59°¢:MO mhinuesri fy the
reaction co etion, . If,the reaction is >98%
28.¢ n«%wélfneelag?%t%‘(eé rewloa&?mp Dcontinue to step
29. 30 %ﬁ)ereg{gf 3 >H8% c%m?le”c& fth R f3kaagld'ﬁ"tﬁéﬂc% @ﬁufeCto step 30.
on g

um car ate (13 VI a funne
30. Charge the 2 L reaction flask with 1.0 eq. sodlum carbonate (13.97 g) via a powder
funnel.

31.  Rapidly stir the reaction mixture at 50°C for 15 minutes.

32.  Charge the 2 L reaction flask with 1.0 eq. sodium dithinonite (22.95 g) via powder
funnel.

33.  Rapidly stir the reaction mixture at 50°C for 60 minutes.

34. A sample is taken to verify the reaction completion. A

35.  When the reaction is >98% complete, go to step 36

36.  Once the reaction is deemed complete, charge the 2 L reaction flask with water (125
mL) via a powder funnel.

37.  Cool the reaction mixture to 10°C and stir for 1 hour.
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31. Rapidly stir the reaction m xture at 50C for 15
m nutes. 25 32. Charge the 2 L reaction flask with 1.0

wW@eno7ssrum di t hi nonite (22.95 g) via powder PONO81006/034088

33. Rapidly stir the reaction mxture at 50C for 60

n%P@fei A pmé%fs[ @\hgﬁi "‘Sﬂ%ai‘%“ﬁ@s*}n@:ﬁlgqe\;fﬁr '9%%3 r: ?gt i.on

9t 0 RIBP t&@eg&oﬁ@m Qaf‘e@ (M}ﬁL} eﬁfahgief‘th%ﬂﬁ@ﬁmﬁé ﬁlter
| ete, charge the L reaction

g
40(12 rYﬁE)W@Pd(@m@ﬂ@étprwﬂﬂ@QbBQ&rdﬁp&l t he react| on

4150000 2 becstlin By il babs (Ut L 2 Mage apptdac

42.by Tiahtfentheakd bacRUHd the factioheldsk vid £eov0ded Tendel | t €r -

39 Rinse the reactor wwth water (50 nmL). Transfer the
3ri n&gm@@&ﬂgﬁrqqm@qmperamrefqy@ﬂ mffe wet cake on the

44{22%?’.’?5%*“% plocb RPRHGROT o Bspuis SRR AN *

45.f u nRi%!Be theGeat2or Witlawafee (25trhE) Cﬁhﬁsf&ﬂﬁk rinké © thdElter.

46. 5

re n flask vi er funnel 43. Stir materi al
%?eaﬁ %%1“ opaPapt h hours. | sol ate the

47. ]Plr loﬂﬂelﬁifelbﬁ’le fpkéciuﬁf;‘fg' ﬁ%ﬁ'%@%ﬁ)ﬁ ﬁ%ﬁ r(sciﬁ% %@%ﬂ%%o@ﬁ’f tumble dry

Tr asirfgea ratdry evapryatot withtacbafhi tetmperaturd &f SDI"SZ unki a eBiistant weight is
cake Q he filter for about 1 hour. 10 47. Transfer
the p?rg ct to a2 L round bottom flask (single neck)
and slowy tunble dry ugixaghyle #9tary evaporator with
a bath tenperature of 50 C until a constant weight is

P r‘?p@\?é‘PH &f {1-Methpt = [2+&-piflmorameathynl Foimidazol-2- -y)-pyridin-4-yloxy]-1H-

e dagor DBE ORI S SA S bty pheny-amine

benzoi m. dazol - 2-yl }-(4-trifl uoronet hyI phenyl ) -am ne

F3C ~ ~ N O NP> --CF3 HN-~~ H N H3C {

1- Met hyl - 5-[ 2- (548 |quoronethyI

Hi mi dazol - 2-yl i di n-4-yl oxy] 1 b zra;

i m dazol - 2-yl }- (- rifN lyl) am ne can be

prepar ed accordi ngiN _</th oII wi pg pfocedure: 20 1.
Equip a 2-L, 4-neck rolind~bottom¥lask with a
mechani cal sti rrer, Hfternal

{1-Methyl-5- [2-(5-trifluoromethyl-1 H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-

imidazol-2-yl}-(4-trifluoromethyl-phenyl)-amine can be prepared according to the

following procedure:

1.

Equip a 2-L, 4-neck round bottom flask with a mechanical stirrer, internal
temperature probe, temperature controller, nitrogen purge and condenser.
Charge the reactor with 4-(2-(5-(trifluoromethyl)-1H-imidazol-2-yl)pyridin-4-
yloxy)-N1-methylbenzene-1,2-diamine (200 g) via powder funnel.

. Charge the reactor with acetonitrile (1 L) via powder funnel.
.Begin stirring the mixture at ambient temperature and under a nitrogen atmosphere.

After 20 £ 5 min, charge the reactor with 4-trifluoromethylphenyl isothiocyanate
(104 g) via powder funnel.
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tenperature probe, tenperature controller, nitrogen
purge and condenser. 2. Charge the reactor with

waA2q208B71tri fl uoromet hyl)-1H i m dazol - 2-yl ) pyPCTUS2046/034088

10.

11.
12.

13.
14,

15.

16.
17.
18.

19.
20. o
21.
22.
23.

24.

25.

yl oxy) - N1- et hyl benzene- 1, 2-di anm ne (200 g) via povvder
W o sl 538 G o SR e i

rﬁl_lt;]gngﬂerrperature and under a nitrogen at m)sphere
er 20 5 min, charge the reactor with
4 Onceﬂlhama@tren pydoptndetyd filfes SheHmizeya faough ¢ qousegitipd glass filter.

B e A S

i SHLAeh epyematel §ddidy eviikfMeCNa200 mih). conpl etion. 7. Once
the reaction is conpl ete, flllg%{the nm xtur.e through

c pﬁraggfef thet filtigtegtogss 3-Is,i4- neck rouny bettgig dlagly avi g{eslllamc stirrer,

e R Chbbe, ARG SRR lbR BB e bt ydenser

Tr @hﬂfge thetrbactéd With AL¥-diisomoylethy denieckia |powr1elr ibnneﬂo m

hamsch i.cal stirrer Lnter ture
Dhare® chersaichir (Fah Coidr - Sy BB i g Va powder
Coﬂglﬁé‘lsﬁ‘f fouk tequiPARNE BoktidRs LPAFL U nibh t(ibtal addmo:{lztlme of 30 min).

NN-di i sopro yI etliyl am ne via powder funnel

Chafigethe fimal arhlitiay, allpwithe reaction mixture to stir an additional 10 min.

3- di net dazol i nium chl oride via povvder
10%??%%7‘33%01?@@@ IS\%I ent portions every 10 mn
(t At shmpiddist italent BUEmeuté’so aflti heatinff ey rhix@uré | f0alverify reaction
addition, allow the reaction mxture to stir an

adé‘?ftl}i’léfﬁfﬁl 10 mn. 13. Heat the reaction to 50 C 5 C
140{1& %%5&10'1151? tc%hlg)g%t? Ocra'ﬁ]sfgi" S eg%tﬁo%r mﬁ?@xte 1’[@&) gﬂ%n in-line 0.2

ure to veri ct’ion conp I on
t henrcapotle Giter t® aca;nnbmcbbotmam&:kequipbed AEIRGdpOID.
m xt.yre throu in-line 0.2 mcapsule filter to a
é‘d#gl?n‘ﬂatﬁ’b‘l’g fqP dqui pped as in step 10. 16. Add

thgemﬁeefeayﬁ@1@03@d@ri§o@nnel 17. Heat the reaction to
50 After 'heating for 2 h, allow the

et bwtmgﬂbﬁ Peh, tablopothe reastipd mixRECtandolspi20 aR5°@and stir an
addj 1t'°% 1 h. 19. Isolate the product by filtration
th?’ é‘ﬁ‘ r]?'edlumfrltted glass filter. 20. Rinse the

r eR6lagy theiptddudt By ﬁﬁ@ﬂbﬂ/ﬁtf@m h(z{%ﬁ@dlmm) frittb 3s$ fAlterd he
rinse to the filter. e filter cake with

R themaiten with U MeN gt ¢ @9@ mlae "Tagststes dhestin to Fhe filter
S Ay ML OB o e produe
at Dthe web Calvd drhthafﬁﬁﬂfdr abhedconf. nitrogen until the
2 ya?éfe? Iherpergclilgcl‘il ?cl) a drying gl%ﬁ 3;1 H}yt tr]fllelﬁgteflal in a vacuum oven at 70 =
5°C with a small bleed of nitrogen until the amount of residual MeCN (acetonitrile)
is less than 410 ppm.
To recrystallize, product is heated to reflux in 15 volumes (weight to volume) of
EtOH in a reactor equipped with a mechanical stirrer, internal temperature probe, |
temperature controller, nitrogen purge and condenser.
The mixture is refluxed for 30 minutes when a distillation head is substituted for the

condenser.
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is less than 410 ppm 24. To recrystallize, product is
heated to reflux in 15 vol unes (wei ght to vol une) of

WER@F08037 r eact or equi pped with a nechani cal BCT/UEE06/034088
i nternal tenperature probe 30 tenperature

2sCm U S silhd 350 RYCAESPERr R s e pppome o

headyzs isafyelii tuted for the condenser. -88 WO
2007/ 030377 PCT/ US2006/ 034088 26. EtOH is distilled
270f f Thamniiktue isellowedtawehtol -Gt i ng is st opped and one

/o1 405 g AL e RO B bl >

9f l | Ridei tBsreht6OWEh 481 BESHI AR (1 VolatheY | Bansfet ihbefnse o the filter.
Rinse the reactor with 4:1 EtOH water (1 volune).

307, ¥ebriny ke BIBoANEL plE, 30 vash the {111 er
cak ) y the wet cake on
31’( he N@%&g&%@ﬁﬁ@ﬁ%&?g&%}f ransfer the product
32t o draltsyernigs phodictamd ddymg dhsa anddey ihalmateria iv acactmnowesn at 50°C
at 50 bl eed of nitro en unt i |
conéht gnw%ﬁlaﬁlﬁgegdg blgoggyn GRS SeLeh} &5 B1aMEdr at i on
le 74
{1 Met hyl -5-12-(5-trifl uorom&*f’ﬁ3 | -1H i m dazol - 2-yl ) -py" ‘
Pnep@nahomo@/{ leM)e]:hyluél-pE(éftmﬂumomzln'ﬂ-ulﬁ-mldazol 2-yl)-pyridin-4-yloxy]-1H-
}-(4-triflyoronet

4-Trifluoro ‘Hm@%h%ﬁﬂ“’ E%?@flé)h@&’aﬁﬁne

mmM)Tﬂmﬁ)trélﬁ%ﬁ?l héh}illtlé'ﬂtPﬁbél}Vaﬁat‘éf(ZOO mg, 1 mmol) was added to a mixture
-(trifluorone

h
of 4 j m(éééxéirﬁlzogﬂn}q&wl) aﬁymdwbzw)pwldmrfeymbmzreﬁbylbenzene 1,2-
dlamgm g%OS}rn% e?ﬁrﬁa]ﬁ 519 3 qpltrﬂ gft@it‘st?qmg rFBr 2({)1 min at ambient

ace er s r r| ng
temmqaereat}mm ahiitl&is anawds lcsn@lwe/vednmizm etRictionmainsi @B mL, 2.2

hyl nmol dded. fol | owed
S‘Eaéyﬁﬁ&[»gopq?bﬁ@ti ﬁm ?pyhlpﬁﬂ ww&?@%u%zmﬁlm" 7<icr)% 1.05 mmol).
Thg'%’c{cilon miRGrd RAChdAY {3 9@°@rf§r 3‘@13 @Eﬁl{e@ﬂ?é 91a§g rp{)&{ arl 1.5 mL of

The heati ng was stopped and
wawm adddd. eAftetstirmingige miu&tum fdrarhg tHecsolid was doﬂectsd)by filtration and

w8 595 S 4R 3% BRI S ol ve

copoudde title conpound. Exanple 74a Preparatl on of
4-(2-(5- (trlfluororrethyl) 1H i m dazol - 2-yl ) pyridin-4-y

| oxy) - N-met hyl - 2- nitrobdixaaev4®e 02N p CF3 ~N H 25
%ﬂ%ﬁon of 4-(2-(5—(triﬂuoromethyl)-1H—lmldazol-Z-yl)pyridin-'4-yloxy)-N-methyl-Z-
nitrobenzenamine

seavs Al
MVieHN

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. NHsOAc (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
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NaOve (1.5 nL, 6.3 mmol, 25 wt%in MeOH) was added to
a mxture of 4-(4-

W@ p@vlgd3ani no) - 3- ni t r ophenoxy) pyri di ne- 2- car boPCT/D51006/034088
(.72 g, 6.3 mol) in 1-PrOH (10 nl). The m xture was

heated to 50 C t |t t ) t heat .
85 Yor Strmstaneisty %&mﬁéﬁ@lﬂaﬁ%ﬁ%@@%iﬁﬁl il PR AFEPA P added in
f o 0]
4x 82 Eltgggﬂé&g he m1 xt#ﬁ%ﬁ%é’fﬂa@? g&%%a%SQAmnm 21O 4 :'E{Ie mixture

was?tmeﬁ: allolved b xdoat & wmbicnt and dvater (1089LWa2@dd¢<bso°sfver stirring for
PCT/ US20 6/ 034088 85

sevaalfip e TR VTS 38 9B ERARE FgY B AT deh i joc/yter bath,

the Qe Vak @ouéctea By ﬁtﬁ'ﬂhoﬁ%ﬁ'v@e&ﬁe&w 3(1 mm{/wme (z x 7 mL) The
m Xxture was heated at 85 C for

solitlveas dalednedvapenne ouén atoS i if@rﬂa éﬁ&j tmffélfd Q. 2&2 ﬁﬂj’r%&@f the title
adde After stirring for several hours, the nixture
compoindog ed in an ice/water bath. After 1 h in the
ice/water bath, 5 the soExﬂnpmmbol | ected by
filtration and washed with 1:1 1-P C]—Vvva er & X 7 ..
~nL) . Preparatign pf ¢rchigzo- anodifleromehrlun By ewoke Sipyadiog,
ca. 16 h to afford 0.982 g (449 {Fthetltle
conpound. Exanpl e 74bCl &
4ch|or02(5(tr|fluor hret hy )-Lll—l-lmdazol 2-yl)pyrid
ine C N~CF3\ H 10 'N rZ'JV|9(046rrL 2 mol, 25
wgt f. 14-chl _ .
2 AN B BB M Bl s ghyre of 4-chloro
-cﬂ'ahﬁ-pyrbdﬁnﬂ (Q7Wal$g Reatred) inol BﬂDKIZ (3 (MB9acTheanixBire okas heated to 50 °C

Af
Repsimchoeh EhiPte ABvartredont RiHEke pdas Shyiggied complete
con%‘l%ldﬁ" ﬁs%%teﬁﬁlat% k@ &s%gte&"f@%@C AR NITIDAS(462 mg, 6

was added. After 1 h at C, the m xture was
rmﬂmé)awmddod g8aftex 1 Biatid) £ & nkhe usikipre sras heated to 85 °C. Simultaneously, 3-

bropp-1..1. 1-triflu cet 0.25 L, ..2.4 I S .
brogieabl i dipaisons ol B b ATnOg Py idds fp o % FHPFRL portons
evef§ 30 Hi® TAS miateShsHeadd aE85 OC f6r8ca. 20 hh Th@'&ﬁld@rpﬂ&ﬁlct was 72.4%

roduct was 72.4% (LCAP) by HPLC anal yS| s and was

@ by ABECisyalygs mel wantgpdireed Exéﬁ?ph@ analysipo
4- Chl or o- 2- cyano-pyridi ng le‘ﬁ%'
4- Chl or o- 2- pyri di necar boxam 3.9 0.6 noles) and

TEA (125 ni, 0.9 rm|4esmommc§a@«pyﬁcﬁﬁ@' m) was cool ed
to 0.2C via an external chigiler unit. TFAA (92 rnL,

0.66 noles) was added viaaddition funnel over 40
mn. The internal tenperafurg rose to 10C 25 duri ng
the addition. The tenpera gfy the conpletion of the
addition was 0.0 C. After

4-Chloro-2-pyridinecarboxamide (93.9 g, 0.6 moles) and TEA (125 mL, 0.9 moles)
in EtOAc (500 mL) was cooled to 0.2°C via an external chiller unit. TFAA (92 mL, 0.66

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 moles) of TFAA was
added. After stirring the reaction mixture for an additional 20 min, HPLC analysis
indicated complete conversion. 10% Aqueous KoCOs (w/v, 500 mL) was added. The
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addition, the chiller was turned off. After
an, additional 30 mn, HPLC anal ysis showed 4.3%

W@ k@amy030f the starting material. An additi onaPCBUS2008/034088
(0.06 noles) of TFAA was added. After stirring the

. reaction mxture,. for
int5a sséxpgraufrﬁ R 3B LR QPSR Yot GO g sparatory

furf@ (D% RPO0Mhih, Vi 1afketereldep arateﬂ%n&‘%e?&?h B3RP Textracted
PCT/ U82006/%34088 internal tenperature rose rom 13.7

Wlﬁk:Et@A({X@_SOT]ﬂe) i bet aembingd Prganie, kayens vegge wgshe S\@ga %@ﬂyeous citric

sl 052851 L AR TR g G STHE St groduct ws
dried tﬁga i/ﬁkhhmo y dén &CS(Dth e GJM gaaﬁf@rdl ny&sr & (SIV%)Goﬁlbhs tithel compound: ‘H
Wi % agueous citric

300
ol m@b)wemdl B9 Lty hiFa7 St Latuctie KR (100 mapi,

CIREREY P14 351‘90"82?% T A ShoRE . 1
(400|sz CDClS) 8 8.6 (Bxamp74d.7 (m 1 H), 7.5 (m
H: 13C 0 151.8, . 14
133 9, 1284§D@£%Xlaﬂ%° i‘mtﬁPE%ff@g)f W'Car%"%{‘alﬁpl e
74

4- (4- I\/bthylamnoSnltr r|d|ne20arbon|tr
ile 02N O CN 1411 Mel'lm/b Amx ure of

4- ﬁ?ﬂ' 0 Qe CHAARONL Q%g ridg%eq 2€69 22078! &%}esgﬁ methylamino-3-

t@ﬁ@ﬁol((%@ g, ®o5 31(@%5 aﬂiﬂH‘Gz@Ogl 0%@ @B0moley) WEBMSO (80 mL) was
heated to 60C. After 11.5 HPLC anal ysi.s i ndi ¢cat ed
heglgdin @Q°C- dReellsd BrH%IFC Bmlm%tnérqareﬁgom?éﬁt%ﬁwp@owftb@m starting

mFQR. nﬁft%Pcc?(QQ? Y)\@%}% \%%céog.%)m 22508 15 Id %gc ion mixture. The

reaction m Xtu nperature rose to
terthpdratnee deser tadDNG Heforanducemating etop embient demfdratusol iThe solid was

L T ATV T T LA,

%’Mxe (4'61§1L?_0|Th‘3 088 R doB&difanthayiRaNeEh ﬁéﬂtEhé“@L@trﬁDF The crude
he crude product was dried in a vacuum oven

Pr@ducswe‘s flged ir6a ivagwmaprer o FGC3r 46 (7eifad 10138 g (16076 of the title
8 .
oo BERE M PR R DG4S 05 80 it 52 @1 dq g 110,77
(ml 1|'BI), 75 zm( mHY, H, (mg 1)1HI m.1 ImH)l H§3 0 ((§ 3 3{)H)3ac Ng/ﬁ{ (100 MHz,
DM§@ agﬂ) 5115@' b, 153?-% 144. 411'?0é 1314117 1130 411173001 111@, $17.1, 117 0, 116.5,
11@429%2&;%1 Nﬁpﬁk B ML Hr T 20b, (tEAS).>99% (LCAP) .

4- (4 Met hyl am no- 3- am no-EuumiypleV¥e pyri di ne- 2-carboni tr
ile H2ZN O

4- ( 4- Net HY K"gﬁf'ﬁ%‘bﬂ@nwpﬁ @nwﬂm&%w erﬁmer?ecezb@a%%m tr

ile (5.0 g, 0.019 no|é*s')'j® S
MeHN N

4-(4-Methylamino-3-nitro-phenoxy)-pyridine-2-carbonitrile (5.0 g, 0.019 moles) in
EtOH (15 mL) was heated to 40°C. Nap,COj; (4.7 g, 0.044 moles) was added followed by
H>0 (8.4 mL). NayS;04 (3.3 g, 0.019 moles) was added followed by H,O (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
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EtOH (15 nL) was heated to 40C. Na2CO3 (4.7 g, 0.044
nol es) was added followed by H20 (8.4 nL). Na2S2OU4

w@o 2003/080370. 019 nol es) was added fol | owed by H2ELT/1182006/034088
m.). The tenperature rose from4l.7 to 49.5C. After

oS 16, SR BT e s PR 0 o

o9 10T 2000740 3RSWd 4.1% (LCAP) of the startin,
m@c#us%é%?%&%dgéswﬁ&?ng down t? o1 36. 7C I\Ia2(8204 )(06 6e e

magerie0. OEgitivnhleN),Sa0s (313 ¢e6.019 Mol ivap pddero {fter stigipg an additional

rature.ro P n
15 8, ETBR B8 Bt S R AL iRl O (13
g, b S2Hed) Ivad dlded afkl thervaix@ES cv6isd add@ebe/veémebatst |Art rless ghan 5°C,
an addi ti onal 15 mn, heat was renoved and H20O (

thmxtmswaﬁ aldevedato asciorWdmin Ginal tegparetyre of éS%% The solid was
coﬁecg Ilt?%t otnh% ?’gﬁlgg Sv@ph}%a g&@nrﬁ( lﬂ')l‘fo&&p{)}fq ﬂmﬂ) AThe solid was

m Xt
drietl |oﬁWE@| filter &ge3(f miin 30d den tahbferkd te mtmereacunneﬂmk mdae‘g)o (50 mL)

m%%%%ﬁﬁﬁ@%%mewwmwi
wliled #fh fﬁzp @5& fnaﬁo Tgerénﬁfag?tadiﬁﬂgag ansd ff 4 6sbubid &¥R8 at 50°C for

reacti on ded The m xture was
164to nfferd ¥ 50 g(fBS%r) oftha'hﬁe s«nhp@jmd/asH NIMR (600 M, EMB9-d) 5 8.5 (m,

11 B T et B eE bl A Gt 2 a048 8 e s 1 .27 6

fror A t d: 1H
3%@1\% o P%NBQ49 Hﬁﬁ@%g@((;[nml?l e gogpt()umn s
71(m1H) 64(m1H;xan@pls76ﬁ12H),48(sz

4- -Mﬁgﬂ:é:—%ﬂf é%bﬂﬂt)()tﬂﬂlyl e 3[/1%?1@0%4?1'3 %xz%thoT 5'_910x37_|-pyr1d1ne—2-

4 [ 1- Met hyl - 2- (4- (trifl uocabeiitiile) phenyl am no) - 1H benz
oi m dazol - 5-yl oxyfsyri di ne-2- carbonitrile. F3C N O
CN HN--/N (  4-(TripEuoronet hyl ) phenyl i sothi ocyanate
(9.65 g, 0.0475 nol g was added to a sol ution of

4- (4- met hyl am no- 3- ar{i0- phenos CrNaanrbonltr
ile (12.0 g, 0.05 20H1<b+/és) HPLC
anal ysi s indi cated conpl ethe ver Si of the am ne

after 40 min. The mxturé vvas filtered and the

Eem\lﬁ@ﬁfﬁl@}dﬂ&hmﬁﬁ Woihibcyriaht (Z6X gl . (WW)S molésPHAs added to a

was added to the filtrate.

soputioh| of oA- 14-metfmlmmh;a mmwaab@uquommldme&wbommm (13ds g, 0.05

1- ons {.8.4 0. 05 les
m@EFI M (b A PR R Sndichucifotapiohe VAR E B the amine after
A0WaE. aereqmelué §vas tilferedinddBl fehdRad s@lidskPashitdwiheVieCRICx 12 mL).
anal ysi s indi cated conpl ete conversion._ The _m xture

DIRES t G haaked0-1t omslre) (v eradded t dopdhat diEate. Af t%rﬁhloro 1,3-
difRth 1&1&0 ﬁ-ﬁ%nt #ﬁ&&}egggl@@ \%1 aﬂﬂfeﬁ gheg xC?'IrP ge}:)cﬁ“uorg 8.44 g, 0.05

CONVEersion e mxture
mdleg)levey dndire nAftEIetll’[B émal add@ioanthe mixture was allowed to stir an additional

10 min when HPLC analysis indicated complete conversion. The mixture was then heated
to 50°C (internal temperature). After 45 min at 50°C, HPLC analysis indicated complete
conversion to the product. The mixture was allowed to cool to ambient temperature and
then H,O (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
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then H20O (45 nmL) was added. The reaction m xture was
initially honbgeneous before conpound began to

W(prztmczjopﬂsﬂ"at e fromthe mxture. After stirring POT/UR2006/034088
the solid was -92 WD 2007/030377 PCT/ US2006/ 034088

ATt o S TSI o e
w g\éf{:l{éd A a 9 %ufend Wen]a@ 56 °€'?013{é R "téjaf}“&d ]1@ 19 é@%g di'fthd e compound

d
IHHBIMRBMEO (Mmi; r?maso &) 6 9(51(m,21 H), 8.5(m, 1(1-@ 0 @, 2 H)57 7 @m 2H),7.6

(g 11D T, By 7 ol 4 g 7 T B (et B, 37 B 3 BpPAper s v

Hflé;l le 74
¥ 1- thﬁﬁlgfp%(c%_??/)’é %}éf%??ﬁosorre?h{l -

H i m dazol - 2-yl ) - pyri di n- Eviiyllm‘ﬁy]‘gl H benzoi ni dazol -

g IR R S P

MOH) ' was added2tyd}-gd-trifkiovsraethyl-fheayipamines 4f (409 ny,
1 mol) in MeORg4 nL). After 1 h at anbient
tenperature HPLC )aral ysis indicated 46. 2% (LCAP) of
the starting mat& I. The m xture wa ls_edto 50C
(React i on- Bl ock \- Aper aflur e a% ¥or |h,

4

HPLC anal ysi s i ndi Me({ 4 (LGAP) | ofH t he starting

mat eri al renmmi ned. NH4 31 nmol ) was added

foll owed by 3 15 brono- 1 1,1-trifluoroacetone (0.13

ML, NaGMB®DI m1] Themﬁ‘ﬂol(tZ‘Sr\ﬁgtWﬁl MS@H?Waé‘bd&QlQofthlxture of Example
about 20h. "Addi ti onal 3-brono-1 1-trifl uoroacetone

74€ (H@6mg] | nondBimisOH (famlad ddisr érhjat a@metmte(mmrgtumggl)é@ analysis

. t.0 6 At er h 60C. ..t he m xtur °

ingib 35 DTt oL E AL Tty P Bl e et o s0°C

(Regdtioavisidcibinipbfafge) 4A fidr)heatlefor AU EMBLORNEysiS anmaéced 1% (LCAP)
and the aqueous Iayer extracted wth EtOAc.

of dhprbliering atgdalitempingdr NEOAC G5 1dngetimmel) S@a)added followed by 3-
dy T 0
b RIS ERRE 0BT 0T Ut REREAE B s0° o

abotit) 20ha A dalihibed] 3-broinevl lolf-trﬁhiolJ(iace(nn@ (0. (Mthl BPAS Smhul) iwan added and

thmx@;?et)}%:%%rg g(p g@‘gq gggttﬁg? %(an%éer o eewg% altfowéﬁ to cooFto ambient

texéfélﬁﬁl% r ajradr gﬁp n?ﬂé)vﬁfa!é r&ﬁdéd F1fvwaMP ER0AcABRGLYE TIM fayers were
separied lapd i}E‘, a[qge(@s_layqrfelxt,recrtg(hmtﬂgﬂt%c The combined organic layers were

dnfd;ﬁ?g%ﬂ it hadP ¥ ?1;‘%}9[‘(4 %}deapﬁcﬁ'ﬁg?r‘z S 0404 1PA (4 mL).
MEDRsOBe3d Zc1ﬁ’@b§l$ﬂgg%£b3&ﬁ38 to F38L. of solution of the IPA solution. The
mixture was heated to 80°C overnight. The mixture was then cooled to ambient
temperature and concentrated to give the title compound: APCI MS [M + HJ" = 519.

: Example 74h

{1-Methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-Z—yl)—pyfidin—4-yloxy]- 1H-benzoimidazol-

2-yl}-(4-trifluoromethyl-phenyl)-amine
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N\ \ 1 CF3 HN-~/ + NHN NaOw (0.23 ni, 1 mol,
25 wgt% in MeOH) was added to a m xture of Exanple

wQ@ 460703397 g, 1 mmol) in 1-PrOH (2 nL). The ni RCT/US2006634088
heated to 50 C (Reaction- Block tenperature). After
heating for 1F4 HPLC anal ysi s i ndi cat ed conpl ete
conver si on of 5 starting materi The m xture was

heated to 70 C NH40AC (23 ny, OF,Was added.
After 1 h at 70 ed to 85 C
Si mul t aneousl vy, 3HbF I ub"r oacetone (0.13

m., 1.2 mml) was add x O 033 nmL portions every
30 mn. The mxture vvas heated at 85 C for ca. 20 h,
ThaNagiMeé (0.23 m,s 1 abrtholn@fl wtgt?edn dle@H) wasriddedtto a mixture of Example

74t 3P Gy biaofdr<PrOTh &2 S (T Higerocps g0 °C (acton:

Blodil tkﬁxbé&tahﬂébo %r‘ﬂ@étﬁ%@owl thh HPLE dralysietihaedisd }%létei’t:onversmn of

[1d wa dried I n a vacuum oven at :
the atatmgﬁaatartab e mrxdule izt hgate@ 1940 8 anh XN HO¥cd22bmgodmamol) was

a 5 Preparation of o
addt NRRgS 1 e 08 B R0 slrsgied 9185 GaaS Bpulizns iy Frbromo-
1,1 1 ﬁiﬂuoaloade@w](e 11-hn1be1n;z Qhﬁﬂ)l 378 ladded/In 4 x 0.033-mL portions every 30
4-trifluoroneth -am ne 15

heny
ming Theimiise Mthqgtp% BBy I°Ci f@bpm 28cly.ardhe anighog g allgwed to cool to

ambi b%yt;g?a??@%gﬁ Svg?eg r(r% Pﬂ]})‘%&é fadecf) f gt%ro tlrrén%/fo)r 5?’\;&2& hourf the solid

 was |cobl@t‘)ted\ﬂy igttdniph bed mbecﬂwﬂh 1di amrﬁ)ﬂ/(v%f)(m 3 thLmdhg sohd was

nL of acetonitrile. After_stirrin n at
dried | %V%‘ﬁtlm epper iy, caﬁpﬁ_ toffarg G 1d %@Mﬁ &f Mee%lpound-
conversion. A mxture o grﬁa(553 ng, 1 nmol) in
POC13 (3 nL) was sti rre nbi ent tenperature. After
Preparhtion odef lnMcthyﬂ-é [Mé-tﬁﬂudsmale&xyl-ﬂ H-iapgazok yd)-pyridis@-yloxy]-1H-

el ot orb e P TSRS A R
Fi htTlﬂﬂdd?&nétﬁ %enﬁ%‘dﬁﬁb@ya%ﬁteg%%mgj uf fri 1? Wak £EMea_ it S mixture
of Duf(- (tzélummm%lpisék1ng¢aml-2€y®pmlgcﬂdy1@m)-Nl-methylbenzene-l 2-

hat Q r
diarfif EERORE ol 10 8L St isetom@Rer SREERiind HaT2b wjhe ambien
tempaEAtRR0 APQEOMAK sISGhowed G&ﬁbﬁ%@ersi&k A hiiatd ¥thiourea (553 mg,
Upst.at e Bi ot ech #14-205 33P- ATP: NEN Perki n El mer #NEG
1 mpgh ig POCl; (3 mL) was stirred at ambient temperature. After 4 h, the mixture was
heated to approximately 50 °C. After heating for 2 h, HPLC analysis indicated completion
of reaction.
Example 76
Raf/Mek Filtration Assay

Buffers

Assay buffer: 50 mM Tris, pH 7.5, 15 mM MgCl,, 0.1 mM EDTA, 1 mM DTT

Wash buffer: 25 mM Hepes, pH 7.4, 50 mM sodium pﬁophosphate, 500 mM NaCl

Stop reagent: 30 mM EDTA

Materials

Raf, active: Upstate Biotech #14-352
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96 well assay plates: Falcon U bottom pol ypropyl ene

pl ates #35-1190 Filter apparatus: MI1ipore #MAVM 096
woOR03/0987Wel | filtration plates: MII1ipore | nmedl/Us2004034088

#MAIP NOB Scintillation fluid: Wallac Opti Phase

"Su x" #1200-439 As candj tj f

appPWnﬁ%ﬁlV:mo pM Neﬁ?’éﬁ‘i??@%eﬁf&?g‘f'ﬁ%o M 10

33P- BERATPO nM React i on Nprep4hmGanist ﬁll\(JE@%@th room
d Me

tenperature Assay protocol Raf an wer e conbi ned -
at 2% picHassayaldenit r at i oRelcomUsspstayn lfrepyleioplates #35-1190

Tri sg; 15 mM Wy . 0.1 1 nM DTT)
and E%I?gg{%éaé USs | per I{IIPPW#WIB@Q?&%W ene assay

pl at 86 weHdlleatonplires:t om pElpEFARHENRNAGHVRIP NTTS ay
| at es, #35-119Q. Background |l evels are determined in

p ) /
vel | Sciaihgtiognflvid: vek andWolaecOwiiPhesa(' SweerMin'o# 1208439

AR/ NeSticpnt ai ning wel I's was added 3 gl of | OX of a
ra}cgﬁnalse i nhibitor test conpound diluted in 100%

DVBRafTdpproxamatelynEepMct i vity reaction was started by

t he dition of per well of 2.5X 33P-ATP diluted
in a@g)?pBané‘?t?’lyﬁ)tng\fI 45-60 minutes, 20 the reactions

wer e33pt appadowini h the addition of 70 L of stop reagent
(30 M EDTA). Filtration plates were pre-wetted for 5
m n Reackion timesthehwinutesat radme temersterd by filtrati on

' buffer. Sanples (90 .d) fromthe reaction
A%&Eg\)@éo?e then transferred to the filtration plates.,

Thie Rif hﬁnﬂ&ﬂél@ﬁfgﬂ’] @:irlﬂ?ném Q%M@ﬁ'[‘ g&lc@fl};@m&%ﬁ gﬁ@sl%g% tg%ﬁcérmg% mM Tris, |
P45 9 ABEES o B EN Hl L1 e
i » Y #1200-4 dded.
P R A AP 00 s 10
Backgtbund delets. ar&detophiaed i SSAYnRAinif Mkl BMYIORAthout Raf,

Scre]gn I Xltro Raf. Screen 30 The activity of various
i sof of 1 copining Mk Behpdtedd weafddXcele 1e6kinase inhibitor test

RRSHY eulM inPTeve & AT- : St L.
COa_s sayin ut hemt ¥0§)n/fé?@eerng J';’%%ﬁ%ﬁ%f‘%&r%’?‘gw ’r%a%ﬂ? he al§/|':%¥lI ted by the
addigioncfd2 |He porveh afi 2. SIGBPA TR dilirteRah aseyebudior. aARRE 4560 minutes,

: I f.ication fromsf9 jnsect cell -95 WD 2007/ 030377 :
B SEHEROSAORE ViR b iton oh 70 i Pk MoRafeagent (30 mM EDTA)
Filteioniatesweldaselvvied B £ {8 Y Kaahor ancﬁﬂ{%g @s&?% filtration

,Iﬁlhnase inactive MEK was expressed in E. co
withy Biesle fuffer: h Semples (99 ad) frpur the ireationnwellBowereathén transferred to the

IFSAAY plale S THROARAMDS ?pba‘_‘c‘%g%ﬁf%e&éﬁ'ah Yol Wit ossh! By tsing Millipore
filtration apparatus. The plates were dried and 100 pL per well of scintillation fluid (Wallac
OptiPhase "SuperMix" #1200-439) was added. The CPM is then determined using a
Wallac Microbeta 1450 reader.
Example 77
ASSAY 2: Biotinylated Raf Screen
In Vitro Raf Screen
The activity of various isoforms of Raf serine/threonine kinases can be measured by

providing ATP, MEK substrate, and assaying the transfer of phosphate moiety to the MEK

residue. Recombinant isoforms of Raf were obtained by purification from sf9 insect cells
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ki nase inactive biotin-MEK (50 nM in reaction buffer
plus ATP (1 M. Reactions were 5 subsequently

w0 pwabssed for 2 hours at room tenperature andPGL/UWeE034088
by the addition of 0.5 M EDTA. Stopped reaction

e R -
IRCHHIMER\@ s @Eﬁ&b‘sfeﬁqn\ﬂ %‘ll hﬁ@la@ﬁb& Wttt BEEE%]. 1%(%? Bhifetion. For each

fl uorescence system (W |M§g
AAY;i Lo -NEROPIEE Wersi sgnauly d@tedasn PNSO phrennmixgd awithi Rafig.50 nM) and

i 08 Sk 75 A AR 8t e AP egtons were

sMﬁhdlmntlﬂ ARALEEE For'2 hbwe LprRheemptheus ARE 8phad b 'Ehe tefdltlon of 0.5
Ng f)ﬁ‘ conpound for 50% i nhibition (1C50) waS cal cul
3 én- PloRRed repglinnemiterg vpsitragsiened (o o nddlraﬂaamattqamdaolate (Pierce)

t I es r
APl feol Bkt IhRBRS O Fhodtlcr SR IR St TLPIA dime-
retSalfVeck [ﬂua&ecemndﬂ Isjastd&m r(Walat), usihy aatabbib ahCPOMPK (@SB Sigh@lﬁhg) as the
% rr%e 78 | nhi gl?%lﬁign of .Mel anonma Tunor G owt
P%mﬁfyl%tlb ¥ 58 GHRoR TR | | aptirabbitay dhg ﬁ?ﬁoélﬁ@réfdantlbOdy Time

re%b'lb@d‘ Hﬁ&%%éﬁ&é’ wb§‘ Iré%dtotﬂed TWaftt 1230 @EKFBAF ﬂﬁgri)}r?et% Hoe cqucentratlon

approxi mat

é n? W}AL; ce wei gh ma
GRS sgRPPRtLfor vOP bt den: HEsn) apsralautaiek by nqmnmegm$lon using
ost the m ce 20 were random zed by
Xﬁﬁﬁn‘g@a? Eﬁ?gspﬁ %‘twé")“? our groups of nine mce each and
tr eaUﬁﬁ@&hé/pleecﬁresQﬁ'Ei@}Hﬂ%s% drhve, tHéVc%ﬂ@Joﬁﬂdé’\@isExam les 1-64 were

e dosed by oy al every a

st t Th
51}08’?1rt° ed%VEkaat*Tﬂ fQBY ¥y é%/@ Izgrso ﬁ’gle% aistHM1.0

ng/ kg, 30 ng/ kg or 100 ne‘é(x% compound of
Exanple 25 all in a volu m_ The tunor vol une

was neasured twilsleibjten oﬂ@ﬁiaﬂéﬁianﬂnﬂémﬁoﬁkhcm i pers.

vol une is shown in ure 1. 25 Exanple

ggelﬂe ?E {\%ﬁ\r’fé}‘mﬁéﬂnwegﬁ s irmiaantﬂd sicaiaoeausly into the right
fl4e@! J)fSIMZ'\K}eé@(@mplf d'ﬂcs ungf 11hg® V@é%%hsl% %g&xggat?ﬁfnz{m When the

cells were 1 nplante cut anéous

averagpumér volui@ m@ic&ﬂp@rémnﬂbl@ N mwmc&law ;p@ﬁl-lﬁﬁﬂant) the mice
ver age. t.unor, vo

w%g g&h Oglngetgenpy 24 val u§}1611§ ﬁﬂ:@grggp% qﬁmg@ygce each and treatment with a

conq)%tmd oPihe nﬁ\)entlbﬁ Qvamsf%tﬁeﬂveTﬁe fn"i’créd@ ép%r I)Iléfrg{vage every day for
ume into four . groups, and mere ose
149c§y§g@tlb\¢ wehyicle Ao, duywitlni 1l0hmgéty, dOen@Vlcg’l er 100 mg/kg of the

et O P e
twide fex oveglt esi2ddigfithl dalIipérsV(lThélﬁ‘i%a@fun%rz/omme AshdwRrMIF 1g1?1r% 1.

hours post-dose, the mce were euthanized, tunors
harvested and fl ash-frozeKxample 7 ozen tunors were

buffer wi th Eanen eh g sl fER g AR e (iace
i nhiAgi nrDrEmmpket a8 % a;bllGQ AI7EM aneins mefanbaia Eélsmweﬁ:f 1mplanted
su%%éaﬁpgoas’ly 1nto @enﬁﬁt”ﬁmﬁé’ lo? u1f001 lvs]:eleﬁ o(;lldd:t%rrl(alF:el\/%lfl/Nl‘il nmlce weighing
approximately 24g. When the average tumor volume reached approximately 150 mm3
(17 days post-implant), the mice were randomized by tumor volume into four groups, and

were dosed by oral gavage every day for 5 days with vehicle alone, or with 10 mg/kg, 30
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Phosphat ase I nhi bitor Cocktail 11, using the Roche
Magna-lyser (2 x 1 mnute cycles at 6500 rpmat 4C).
wo-20070%8ry 100 ng of tunor tissue, 1 nmL of RI PECT/YS1086/034088
buffer was added. The honpgenates were centrlfuged at
m cr at 4

K RPM.f or nut es i f
S G b o6 Bierieritonnl o ERpG B AR el Y. At4 ana
24 Q5urRBbAtIdoke, ZhdinitdtvRste BhithdQzChumoth BaReQEEhdl flash-frozen.
concentrat| on was determ ned using the Pierce

pr ot €he\ figserninmery warg dhaveed op i, zgheéatnénhem/hembgmm in RIPA

blﬂ?{ x»@ F{P!c:)ﬁvé g%rﬁp,%%/%rrﬁ EP?A%; ?rl [ rot%r?lgen ér?fi"l? ¥ éd:oiéllgt%m ta(ljb?ets (2 tablets

péri R5ank! biil agRr)ye mHahan ylrﬁétpﬁ&ﬁﬂn;ﬂﬁ%ﬁw -(PBSHYi |aKd 1X Sigma
n TBST 0 our at room_tenperature and

wagﬁatﬁﬁeo@b@lt%@cmaérﬁ Bﬁm&éleugpﬂ?g Magnarlyser @@ kuk mdmute cycles at

6§0 %ﬁqk%&%%@ggg lLOOﬁ‘Bg E)gﬁlﬂotr g@ gf :n‘ﬁaﬂgf %@%ﬁsm‘r’ouffer was added.

Thfa bbmbgepxatey ovara adenmfugedpﬁom (RPIMEIfor a0 tminogdy if Gehlicrofuge at 4°C,

NN TP So—
4yt i TR R b&ﬁ@ﬂtre(tﬁ‘ﬁl \k’as%&é}ﬁllhédq&l %q&l%%élercy]ﬁ?A 6Pr%t)eln assay and

menbranes were then washed 5-tines {5 mnutes e
thwntiﬂ TSPl atachosample npes doaded pemlvmﬂ R 4-200%6| dtis-Glycine SDS-

et e e ot e RIR, pE8%in o T opdallufpss membranes,

blba@mas%rmrtat MR f)ﬁiﬂerlmhl‘BBT) fNge hGiﬁ'H@ kGHHE &rﬂﬁ‘e&ﬁlﬂe%a then probed
washed 5- tinmes m nutes each) with TBST, ‘and th

Wmfghtaﬁe% Gasiag |an1: 48R dijutipn Kin leq:l@@ Suffelr) OfothJaIpoiwlonal anti-

f
L D —
antibody (@el¥ SrpnaliRA#9INL), Srapbis ﬁ)o@@ﬁ)ﬁalsﬂﬂﬁERKlyﬁ ant?d@)@WCbH‘ Signalling

I
+i08) B 6 nolelosebin EHANE it (Cell vz S08) HTboprembranes

v, e Saneet ool S8BT R0 HOEHRRERHY o e

labglede gmraglhrrn@)l’a ppmb):)dyrmase hydeddat. 1:90@0 dilhgon dv etlagéts (in blocking

butfféﬁand &%cfu%ﬁtteji Wt ?q%)gle gP ! oé{ﬁgra]eﬁq%ﬂ S’g oré@lpgtvgﬁ%% ]?hen washed 5-
tlrﬂ@l (lﬁrfﬁlnlufb% QaéH) Wit TBSITS aitf tHe QHeIﬁlﬂgnésr\ﬁé}% qﬁ L at@ﬁtvl?ithaPlerce Super-

fhe invention was start ed mce Were
Sl@% é‘(’f Ao?“%’r ﬁqllowd Ay ecxpouny onfayfilidor fafgel af mewixpbsures from 1sec to

2L, 50, S ThEAE s B 4 QoD 8080 s 24

anBCB), tﬁﬁ&ﬁl&él@34088 Exanple 25 all in a volunme of 0.2
m L. The tunor vol unme was _neasured tw ce per week
using digital cali pers THxampleB8Q® uror vol ume i's shown

in Figure 3. EX nase
Si gnal i ng in Co on ng:’fe?& hqua}l&egprﬂor?%gwﬁfwP human
col énxdA &H?Z%'ehdrmn/\mlm nmleﬂnélﬁdwa*dhﬁiplaam@bsiﬁicwahéﬁu@ly into the

rlgj% fl@ﬂf ﬂ’g P(il b%l an léﬁlaﬁ@%é%l \?ﬁmlagpr%liwg[elr; 24g. When the

average tumor volume reached approximately 250 mm3 (14 days post-implant), the mice

were randomized by tumor volume into four groups of ten and treatment with a compound
of the invention was started. The mice were dosed by oral gavage every day for 14 days

with either vehicle alone, or with 10 mg/kg, 30 mg/kg or 100 mg/kg the compound of
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average tunor vol une reached approximately 150 nmm8 (17
days post-inplant), the mce were random zed by tunor

wae edoanso3rnt o four groups and treatnent with a PORPS2006034088
of the inventi on was started. The m ce were dosed by

BT E TR G T -
usﬁn{g cﬁ%?al %Ql'iﬁfé?él nﬁ&ﬁea@‘tﬁﬁ%% QoldRie @éﬂovhﬂn@ impbgme of 0.2

4, and 24 hours post-dose, nice were
eut hani zed, tunors harveEviempim&llflash frozen. The

frozen tum,s aceQq

pr ocedur emf b'ﬁi %#%ﬁ%“ gn? gjsgdflt o??r{]ogal}c%e&gl?s

and 24 100 HRIPAsimAosstors @mﬂeﬁﬁellssw&*éqmplanﬁbd ﬁib@hiBE&)usly into the
A, 4B, and 2C, resFectlve . 15 Exanple 82 I nhibition

nm flpgls okil 0rd3 avesk @irhianle e Wpiehe EPOKIEalA4g. 1When the

akajﬁgé‘ %Jjﬁgrb%ﬁ]ﬁlg re%h Eﬁo&&%&%ﬁ% 1%1%113}5{;2‘:?%}'4;5%5‘[%%%0, the mice
werd ravislomitedSoy| ﬁ&H(OS vbhmfjel mtti‘r fa)ulr gﬁ)ufiehiid/’trea‘tment with a compound of the
ridin-4-yl oxy

H d I
: lnY:in{Blgﬂ 2’%% %agg%l,rﬂ@!%% e werg @gsqdrhyfqra](gagﬁ%q HFFY. day for 5 days with either

Y30 20108073 U g e

allfig|al vrimmg ob D@t nhy IAat led, and 3¢ hoifs qnokn-dms,sma:etware leythamzed tumors

t he | i sof Raf serine/threo |ne
a1 3o 053, B it toer Welg et B artorcig R procedure
of i Maeiply 679NEN163k33§Ft§ #drethand @%@Dmﬁoﬁﬁ%oﬁtﬂd’&éfﬁﬁlﬂs is shown in
hate noi ety to the MEK 25 residue. Reconbi nant
FI MHE% gt apgRCwiespectifielynact i vat i ng K97R ATP bi ndi ng
site nutation (renderinggll. Ki e i nactive) was
expressed in E. coli and Fﬁ%‘gﬂg@svﬂh Bi otin post
pUnhibitivatdfRaf Kikee MghalihiNaithalse Corapd@idesd BiabinBleaNin an In Vitro
N-terminal (his)6 tag and expressed in E. coli and
the reconbi nant MEK subBlOehsnicaleAssairi fied from E.
col i, lpysaRar Rysapi ckel — affinity chromat ography
foll owed by ani on exchange. The final MEK substrate

pr epdreainhibitoB0 effast bf dlommouad exf ERimpleel: EZ}-Mdnkyl-S-[Z-(S-triﬂuoro-

R B N b 2 ituoromey

pheBIRAARR bY Wid-tyfpeCBIRAM \{rl[dlf?péf&R'aﬂsaﬁﬁtmuﬁﬁJc |%ﬁ (V600E) was
infected with the correspondi'ng human reconbi nant
de t@szrpn@ésusm thec foblpwingr h@tlné’b&dV@S@I)OﬁMSEQﬁ% activity of the various

f
TGRSRy LRI OO R PR e

klﬂanﬂ inaCliveo VIO gl pti. andGissBagthasfedyfer bh ghespameYRsie8fto the MEK
nmple 1 vvas serjally diluted in DMSO and then m xed

A re%%ilteh Bergmbinautiifl fngth MBK witkan mactating Ié%qu)ATerndmg site

i g el e

pugfiegtion. cHWt MEKe@PN& Wad Snbpk)nﬁtmhpﬂn N-terming (hivdvggrad expressed
t a- gl hosphat
in i, Paib 20 My OB A A B Sl i B G sétlolseaty by nickel

affinity chromatography followed by anion exchange. The final MEK substrate preparation
was biotinylated (Pierce EZ-Link Sulfo-NHS-LC-Biotin) and concentrated to 11.25uM.
Recombinant B-Raf, c-Raf and mutant B-Raf were obtained by purification from sf9 insect

cells infected with the corresponding human Raf recombinant expression vectors. The
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i ncubated' for 2 hours at roomtenperature and stopped

by the addition of 0.5 M EDTA. Stopped reaction
worRoorss7was transferred to a neutradavi n- coat BAT/PE2N€034088

(Pi erce) and 10 incubated for 1 hour. Phosphoryl at ed

| reccgll-rx g@&%ﬁi@ ag?t@%j PWI {' hdatgbge EgLFI 'tofg 4ya%§r@ctlon or gy Metal Ion

Chr8RhiopPpliK (CeI | Signaling) as the primary anti body
and europium | abel ed anti-rabbit as the secondarﬁ ‘
antHassegh assayyshe easprivad of Exmpbslcwns:@rwas dilated iwPMSO and then

mlx\éﬁ @@% c'fr:ixﬁgtfﬁ% rR%ﬁ(S 56 g%{g rl]%a:?g t4a%@63 81ot1n-MEK

subé‘eﬁﬁe 50 m)awsi a&uedriﬁneadmﬁ&ruffeitiﬂﬁsegws | @NI) USTHegredbtion buffer

L At Eedft bl el 3l BaG° TRRERE), 25 mua

bet@%ly&r@%{osphaﬁe RafM M?blg‘-’élﬂm 0B RS A PHSO Odachbrls! wirk )éu@s%quently
elow in TABLE 37 TABLE 3: In Vitro Potency of

incubatedGonEohoids af rdoxatepiperaturagail séppla foyathe iadditipn 02 @. 5 M EDTA.
Target Conpound of Exam Bi ochenm cal 1 C50

Stoméotﬁeyﬂfm FBEEIR) ‘BaSRafﬁnaﬁermsé N eviadave- @@E@dwplage Blerce) and

n n I )

mc‘%lasgmgo?gp \E)%Fie ntp%%r%?tf % acti v#t gleg{] a%g{m W dD ]t%/gIeA time

resalewif Buore®eaf systoml (Walamd, msmg arabtit Ref-p-MBEK (Gl aﬁigndﬁng) as the

AT o e A PR Sty T
rescﬂ\fdcdeﬂ)ﬁc@és%eﬁdé wiereM\bKa WRascRako '@ﬂﬁﬁ'ﬂu&bﬂ@t@f | THe concentration

of B sepmomyl Af Eamait iRy 3P "B ftsplc 350 CRBIEApy mon-linea

77 / US2006/ 034088 activate
regljﬁ# dgﬂlesrllr?gi%q/‘\evaé) 41}3 nasssegtw “nd 2 (MAPK), in the MAPK

patRENﬁlj(S Raf ki nases are known to influence and
r.ati.on Lfferen

re ate cel rol | f

cur e areech 86 BmRee SRR aterb iR fshe ST KMpef B-Rat
R F b BIRISS @%%?WE%!‘.J%%?’#SO%JA%E@EF‘% Rotive

pr dpEidRE 3ndr Rae Entgrcg loif thg. Cdmpsundhod \EixaingleovagdainsTRE dctivity

4, the MAPK signaling pathway is inplicated in many

human cancers—Ras—putatipns(activated) are found in

15% of all |huma ncers.

(hyper-acti|vat ed reé f ouh CFF?I npgﬁgﬁg#ﬁ)é?lflpw&nn

cancers. Orcogene nutatiop 3&@ th gancer

are Con‘rmn |n oa\larnl n'mnr‘ nrc- r\ < n for

exanpl e the ﬂlﬁ?ﬂ@é&]ﬁaf (V6OOE@AP@§30 s |n atout 70%

of nel ano Yeo-0f—¢ T0—carcHnoma
(Davi es et , BURdpa; Yupn et ab'%gwra and {Brose et
al ., supr a).

c-Raf 0.004 uM

As shown above in TABLE 3, the compound of Example 1 displays potent
inhibitory activity against wild-type isoform B-Raf, wild-type isoform c-Raf, and mutant B-
Raf (V600E) Raf kinase. As shown in FIGURE 5, Raf kinases are considered to be the
primary Ras effectors in the MAPK (Ras/Raf/MEK/ERK) signaling pathway. The Raf
kinases are activated by Ras and phosphorylate and activate Mek1 and Mek?2, which in turn
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TABLE 4: Associ ation between Miutant Signaling

nol ecul es in the MAPK pathway and Poor i nical
w@docosms71 ndi cati on Mut ant signal i ng nol ecul esPCT/US2006/034088

Mel anoma B- Raf (V6OOE) (70% ; N-Ras (15% Papi I I ary

ARl ol il B ot e

ard @BOER) td Lidflenck- Has ééﬂ %ﬁ'r ﬁﬁﬂif&aﬁ\ﬁpcﬁfffe{erﬁ%ﬂon survival,
(90%9 NSC Lung Cancer

onem%c t@@efosa;bmlt aILdeamptOQISa Ffdie BeRﬁfélzsaforrNdIaSJ been%owam be the most

N T I R,

act iAsahedn beﬁovﬁih TKBDE @ﬁhe I\/ﬁ&l@lets@nﬁﬁng ﬁﬁﬁ%y ‘i§ i‘?&ﬁli@@t@ﬂ in many
because its expression is an indicator ° of

hupap gavesrss | Rps mudations {adtivated) ar owad iny b5%anfcﬁ11| hu:mn oeeasers ERK
illary~th

38 kA e L 0 381 PO BRRLLL LN hucains

associtadouith ycamhemmwrﬁmed it baxterdl mhérhbdre lo$ tigik pathively! FiR@xample the

| i bi B 20 Raf h
g R 00U o e B bt 20%hgehFRelanpmanged sprelr M. of colon
calg ﬁfonﬁ’(ﬁﬁp e§ et élt Stl%lg\l% RGERet 4 DA LARE &H%P&l 539,

epletion b mpairs ER S|gna|ng ail
pr o lARIEa4 drssquanantdieammﬂ/luiehﬂ Signalig ridkediles it tHe MAPK pathway
: t.ure Revi ews Cancer (4): 718, 2004). Therefore,
anﬁ?k’odr;(gfﬁg?aéi}mqo Mt t o note Eh)a_t_nu_t_a,nf B- ?Qaf s

i nhi| bi t eh@¥RibnOr € | POt ent | Wb PsibhflizPHB of
Exanpie T than n[ he Wid-type B-Ra SI,& iﬁl!lEI eul;ék!ﬂﬂs

dempnst r Melangnizghe uti | i tde{af(Nﬁé)OEa)(ﬁiBﬂhN-Rasl@G%)\D
oot |+ oD iy Ssobond ok REAN GRS s el BhaC NG e

i ncl udmgngr@t;aﬂ&;m, ovari an FARGLIV60RRP(3dogy ¥ thyr0| d

can¢er and colon camcer. Exanpte 83— tnht brtionof

Mut ant GelRafCakierase | Si gnab-Raf(WeGOk) { 2% CdRas (Y6
Exa

5 Based Assa hibition of ERK
phomplPeﬁpQIP%th Q%encemm hods: Two nﬁgka&@r@l | lines,
A37% MNs@Laﬁg CBidgaf V600E) and %M% 3%8/ (rrut ant

B- Raf V6OOE) Were used to neasure the |||||| bi-tory
effe=ct dfLl.eMEonpolind of Exan'pl &N-Ras (80%)0 a

o 1 87 SRR AP, SN KL P CaBior B S8 biidah

of Exanpl e 1:
{1-Methyl -5-[2-(5-trifluoromethyl-IHindazol-2-yl)-
pyr fAdiipdigated @byye in ARAGYIAG & hed amatdnt Foyth Jof B-Raf (V600E), which is

actw(aléd,t fs' / lﬁ’h% %tt ta}/get ?orec%ce)r trean%ment causévgs expressmn is an indicator

of poor prognosis, it is constitutively active, and it drives several tumors, including

melanoma, papillary thyroid cancer, ovarian cancer and colon cancer. It has been
previously demonstrated that inhibitors of wild-type Raf kinase that also inhibit mutant B-
Raf have shown promise as therapeutic agents in cancer therapy. For example, it has been
shown that muant B-Raf depletion by siRNA impairs ERK signaling and proliferation in
melanoma cell lines (Dibb, N.J. et él., Nature Reviews Cancer (4): 718, 2004). Therefore, it
is significant to note that mutant B-Raf is inhibited even more potently with the compound

of Example 1 than the wild-type B-Raf, thereby demonstrating the utility of the compound
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cells and A375M cells. EC50 val ues were determ ned by
fitting the data into a four- paranmeter curve. 15

woe®alss77 As shown bel ow in TABLE 5, the Conporemusfo06/034088
Exanple 1 inhibits nmutant B-Raf (V600E) kinase

tIVI 8 cells an 375 lls
ST TR R T ——
Aﬁ‘%&*ﬁ& pﬁia&f%yraﬁc(i%épwuiﬂ&{cﬁéml e 1 in Melanonma
20" EXpr essi ng Mut ant Raf-B. nutant Raf-B
Conpound of Exanpl e 1 oomple@3 | |ine PERK

Lbiti 5 60 8 100 2. .
B qfﬂﬁuépc?%ée’?ﬁws# aﬂ% RN e Chiphiond S upele 1 in Cell-
5 Mel anoma cel | 1 nes, A37Egusédm§gy§ B- Raf V600E),
SKMEL- 2 vv| | d- B/{ mut ant N-Ras), and CHL-1
(wi UdIniibi MR@SPWHMP@’Q) were used to neasure
theﬁ?é ({1h| b|tory ef fect of the conpound of Exanple 1
19%°: based assay. The three cell lines were
i nc Ot @elandma ¢Ell lifed) Als%rvemtaru@me VEO0B)Nandl SKMEILS (mutant

1M 5Mand -101 WO 2007/ 030
B B@Y@%W@ﬁ%@e mqa@meabwgﬁﬂogt f "r?é of theyqempopnp 8f Fepmple 1 in

10 a C%E l%%ﬂl af%lat IRﬁfﬂh% h%r}n?ﬁ’(fz > d%f aﬂa&f‘;zb'@ @ﬁélot?eatrwgﬁ with serial dilutions

on Twas ara stern bl ot anal ysis.
of Rths uédnqjound' hef Bxaniptes 1ar{d Mlathm5+[ﬁ (S-Itﬁ]ﬁlﬁﬁtr@thyl-diH -iamidazol-2-yl)-

sh in El he.. 5 co d
ydined 31038 LhbematimiearL o) SRR e YA TG, RMEL-28
cels3 4BMABTEMVG cEild. GEEA)), valiklyElerd dB&rhﬁne(deﬁE fhfd)g dired data into a four-
CHL-1 cells (FIG6C) in a concentration range of from
pafanfeidrtcorveOM 3. | nhi biti on of Anchorage | ndependent
Cel | lg?wthln order to verify that inhibition of Raf
15 transtdfes into anti -proliferative activity, the 10

c oMUk wal belfosa il ITA B8 Stht €oingfbuad @tfmn@levammms mfitant B-Raf
cel | lines and human_tunor j sol at es gr.own

(V6OPE)- ldease ac@wity insYieMERe?boplisand AB7EMCellsopy mﬂ@sared by the decrease

Pro ion Assay: For each cell line |listed bel ow
in ﬁo#}}é%@% 500 cells per 100 | were seeded in '

G P8 28, M B AL B 35l G0

20 Expeddsdg (VhdhdtiglflB. to conplete 15 nedium allowed to
solidify, anfd then 100 of conplete nmedi um was |added
to each well|. mutant Raf-B Compound of Example 1

v 600E) Cellline |  ,ERK inhibition ECs

A3TSM 160 nM

SKMEL-28 100 nM

2. Inhibition of MEK phosphorylation
Methods:
Three Melanoma cell lines, A375M (mutant B-Raf V600E), SKMEL-2 (wild-type
Raf, mutant N-Ras), and CHL-1 (wild-type Raf, wild-type Ras) were used to measure the
25  inhibitory effect of the compound of Example 1 in a cell-based assay. The three cell lines
were incubated at 37°C in 0.1% fetal bovine serum with 0.1pM, 0.5uM, 1pM, 5uM and
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Serial dilutions of the conpound of Exanple 1:
{1-Methyl -5-[2-(5-trifluoronethyl-IH
W(i) pdod@azwl? 2-yl ) - pyridi n-4-yl oxy] -1 H benzoi m de@piUsoeg034088
(4 trifluoronethyl-phenyl) - am' ne vvere made in a

concent f 5% ned|
@%ﬂl CoRRIREDLOT G SO0 o ECRIPISls. AT TS ESicioLbation, MEK

pH&Fho&fahBﬁikvapM%ﬁﬁ §iahitRs: ahlySs 50/() A control 20
cont ai ned 5% Owth no conpound was al so

|ncIBd33dISl n the assay. After 7 days of incubation of

b agnpsisul! &5 shin SEBRBES qihoming T 8o SRR I FIGURE 64, the

c@ﬁﬁoﬂnﬂ@ﬂ@hﬁh leal is3 pétehtoinhibitbOo Raf dOWnsibah 8fnal@y B A375M cells
ead with a fluorescence plate reader, excitation 530

(FrIGnéA)e KM whle (it 6Bsw! in/GHLelscalls (BIG 6€3 imvp serpepipation range
Ofﬁ&hl é\;lt"]‘f @@1 into a four-parameter curve. 25 The
0

conpou anple 1 was al so tested agai nst a panel
~ of hBmihibitiomof Anchotragedndapendant Cell Sobwimagar ( Oncot est,

GrbH, Fr.ei bur The ted ..
fr onilbg@pléﬁqt\ge%gq gqeaf E\%ﬁ%ﬁég@ gggé}dtrglss a?q;ﬁwé{oe%}tljepslrgg?qrﬁwe activity, the
c dgg%{.{rﬁlﬁt?g%gf@ 564s f@s 8 a@?ﬁﬂ teaagi% o 4RI bhén ﬁi‘ﬁ&tﬂﬁgﬁ‘or isolates

ve. Resu nd of Exa
gioas ia spivtagat asa]nﬁtedbrrlquﬂé"AﬁDE/@ ef fect on ceII

I S N T ———

. célﬁ p-Ef@bGT- uP we?eo‘gelegecﬁ in §9frﬁng°9@ "Weffrffhlt bbR6BIURA JANS A¥tachment Micro

Inhibition with Conmpound of 102 WO 2007/030377
PRES/ (Us.m)@@/#@s?lét)ss W«Ex@akpmeGIG@garosq ey Tddask (SPpplavell) to complete

I at i aﬁgwg%ql{@ﬂfg dBihﬁg 16%@2@%&5 &j;gg]%éc%{%s %@t% each well.

Sé&aﬂHlldtloﬁﬁ)ofNBé&Ja wiit BEFE, a}fgﬂ)@ﬁ) Q.- My b2 AS 5 thyl-1H-
(cel I1 I1| ne) Mel ang% B- Raf 00E) {O 032 M[ é% Lozrcéme Y

imidazql-2ryhreyridietiayionl- E:Iﬁgnzoewt%@ﬂ ol -ty ouqmeﬂgfl-phenyl) amine

Wi R BB Bihion SR PSP el Sie fodinmepagsul of the
dDutdd coivboubdrwasnaidad HCachkbel( (fiial DMS@):omhﬂaﬁxm aff 0.5%). A control

f%ﬂé&ﬁgﬁa ?131?{{8 %S%%%%E%LgQg? o yon eldnlg)the assay. After 7

days of incubation of the cells with the compound, 25ul of Alamar Blue (Trek Diagnostic
Systems #00-100) was added to each well and incubated at 37° C for 4 hours. The plates
were read with a fluorescence plate reader, excitation‘ 530 nm, emission 590 nm. ECsg
values were determined by fitting the data into a four-parameter curve.

The compound of Example 1 was also tested against a panel of human tumor
isolates grown in soft agar (Oncotest, GmbH, Freiburg, Germany). The tumors were
isolated from patients and then passaged as tumor pieces in immuno-compromised mice and
assayed using the methods described above.

Results: The Compound of Example 1 has a potent anti-proliferative effect on cell
lines and human tumor isolates expressing mutant B-Raf, mutant K-Ras and mutant N-Ras,
as shown below in TABLE 6.

TABLE 6: Soft Agar Proliferation Assay: Inhibition with the Compound of
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FABLE, § P htaes

thﬁ IAﬂﬁatent anti-

proRpsativienagtivitprobie thel et!mpound in tumor cells expressing mutant B-Raf. The

compound displayed potent inhibition against the mutant B-Raf melanoma cells in the range

of <0.0098 to 0.07 pM. The compound displayed a similar degree of inhibition against the

mutant B-Raf colorectal cell lines in the range of 0.026 uM to 0.13 uM. The compound

also demonstrated potent anti-proliferative activity in the two colorectal carcinoma tumor
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Exanple 84 20 Treatnment with the Conpound of Exanple 1
Causes Tunor Regression in the A375M (B- Raf V600E)

woovan3dse! anonma Xenograft Mobdel Methods: 3 x 1PGI/BS2066/434088
human nel anoma cell s were i npl ant ed subcutaneously

LT o T 0 B e Lo
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ecopRGR AV G0F AERENE T e Bytrde B0 R dege, renal cel

car 1ﬁ?m§\’c§ﬁ1¥rsl@(9 nHQty%flcaHy' Rprebd St Rasitr @htafl BARALY STlkerefore, the
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intg e agl&:ﬁ@rﬂ@ Tl Rjeci G degpale NN G apeing SbpfRimatcly 2¢g
WAt S8latel 9@ nirh™ 7%9bt- lant
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theSrrmtaWerag ra&@lmmized palipher polugs] mﬁalfouhgroup&zpﬁrmze mice each and
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ga@afge teb&gmasl%lam @4y sGhitltsmes bélﬁalmamafek@mmae ngloke 3@smgvgg or 100
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mgﬁlgmﬁdsa compeundcylc Exammte lardl J@owoha%ﬁ’é gpml udbe aoglpound of

?Iogg g,G z:h é?%g@%i—?fﬁ-&ﬂlﬂoﬁ;&n&ﬁ@lﬁ%ﬁcﬁggly2-yl)-pyndln- -yloxy]-1H-
benzoimidazol-2-y1}-(4-trifluoromethyl-phenyl)-amine was formulated in 100% PEG. The
tumor volume was measured twice per week using digital calipers.

Western Blot Analysis
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20 anti - phospho- AKT (S473) antibody (Cell Signaling,
#9271), anti-phospho-Akt (T308) antibody (Cell
wo@nasisny #9275), and anti - phospho-total Akt BeI/UkIH06034088
(CeII Si gnal i ng #9272) The- menbr anes vvere t hen
eac wi.t h TBST room
terrp €§tﬂ’rde5§ﬁ‘8(’§ ggs]ee SBUES JistS ey B‘Hiz?d and tumors were

haa%stdaoﬁw Yiash-ReLad q’he h&_@& Qurﬂd)ﬂs u\tvé@ Nthbfed 20 &L whi lgﬁéscis and then

(i n bl ocki r}g{ buffer) and incubated at room tenpera
qeRgeniZpd iR . ?Hebwf&rbw&h dche Gompteta, %BhEH’TB&—ﬁB@T@sotéeﬁe inhibitor

coﬂc}@ﬁ%ﬁ?etg?‘f% eﬁ” HbeZE g& glét?elg]lgrﬁlg}f PR thyvﬁgf%nylﬂuonde (PMSF)

aridol X c8iggha IBhas RS Bihibifop ddckiailf my uélﬁg Qtﬁe ®ocht rN?agna—lyser 2x1
ex osur es from1l sec to 20 mnutes. Results:
u% fiyeles gt 630Qrpgm abh @hd\wr AeTH leam @fetslpmmélesuenl neof RIPA 1ys1s

f.V
s B L R 3 s .
mmrczﬂlged atd°0f flDwey/ by furBitr Mphlogenizatidd0 usipg Koiagén Qighredders (9K
ound. of Exa e As shown -105 WO 2007/ 303 7
S g sonceRionompotipierngied using the Pierce
BéAE}ﬁBdeﬁl dssBAsn® MEMo ﬁgtof U AL W 16a}’dehga g‘@%h% /3(%-20% Tris-

dose- dependent profi At an Ora ose 0
beblﬂthéDSemimmyﬂanmdmngel r engMmglsPMEe pedisiar ved itfansferred to

.919 th et suI of . the
nifipesSlagt, Plpirdtée o OB @ niur et Sl podrs i THAGD et four at room
teﬁi?éﬁtur@aﬁ theh %)ré&dr@/ehﬁght?a@ 4"(9/u|§ﬂlg3anfi 1869 dﬂﬁ{d%Rﬁj BRicking buffer)
t he conpound of anpl e are E /B
ofa FapbH| @ulmréﬁn@l m@s{b@@mhwmlmmuw éCnll begnaliiag a#9101) rabbit

o e SRS 0 S TR o

ERKyCeasibody (Célh®ighattidd=ko 100N iob irdban pblgcloHat ﬁiti?MEK antibody (Cell
greater than 24 hours after the | ast dose, as shown

SignpllmetR2y. c Anplysissofsthe wrdulation efewpssreanh alaykars was done using a

1: PR AN LRI S BRAL L Aldyfilod, & WilDh3) ¥REIGRIF D1 antibody
cl((Il’ﬂfBS’Ik@ (Updtate p&(fi- @?)Shrgﬁpmmpa7ﬂl89 K%?hﬁ@lﬁgc?f((?ﬁld)chem #506127),
rrest e in Cyclin cell cyc

%?11%. %ﬁi )(S4,7§§Saéﬁp@ e c%tﬂml%%jgr tHfa¢ L it lc@mﬁ%lemﬁld (T308)
anﬂf)oc@x azsl| eSléndhﬁE' #’92755)5 Rﬁ{d Shigl ﬂ(lﬁpﬂg-t{)]tﬁl %ﬂ& %4& éCelfl Signaling

pat hwnay. Tr eat nt W t
#2%Prpl e 1 Inh| b| ts Mel anoma Tunor Growth The conpound

oot BTk St £ L e bk g o room
tetﬂ?éréﬂilﬁf@ld MPIRPIRBEL W%ﬁ”rlbﬁﬁ’[ histiboldy ReasBrdBed at 1¥b@Nlilution in
20 Met hods: Serially paSsaged human

all ilota s q@g:@f@rxmmmba‘gdagfoouﬁwgerature for 1 hour. The membranes

were then washed 5-times (5 minutes each) with TBST, and the membranes were incubated
with Pierce Super-Signal for 4 mins, followed by exposure onto film for range of time
exposures from 1 sec to 20 minutes. '

Results:

FIGURE 7A is a graph showing a dose response in the mean reduction in tumor
volume of A375M (B-Raf V600E) human melanoma tumors in mice when treated with an
oral dose of 10 mg/kg, 30 mg/kg or 100 mg/kg of the compound of Example 1. As shown
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tunmor cells were inplanted subcutaneously into the

hind flank- of 10-12 week old fermale Nu/Nu mce. Wen
WO b@7aswsrage tunor vol ume reached appr oxi mat el pCHESIMN@)34088

the mce were random zed by tunor vol une and

in @&W@&{ tgle %gmp}:b{l]lﬁq gﬁ%qEQﬂ{ai %)é%glp lar%i-%inilolr_ activity in a oral dose-
de ﬂd;ihfjﬁ&(%ﬁie'. %4‘6’4'1& oY 86 dF-190 ﬁﬁgﬂﬁ %)f the ldoRPBAERY, rﬁ:ﬁéﬁﬁgfe%sions were

o yl}y-(4-trifluoromethyl-phen -am ne was starte
obBavedined/? hEthwENFe ®6tedndel is known to be somewhat

cachecti c,. w.th me toxjci expe int
o ks S ik e BE Sidshs HREb &houh A2 hour post-14th dose
of tBY 1 ORIRF SN0 fing#ﬁ%dnd NO® @Aty ddde RF EiettmsRmea of Hxadiple 1 are shown
ht 10ss in the as foll ows.

. Wel drug treated groups,
in THEURE: dBand: FIGURE BG, srsarciiyalvagdhai Wastems blot delenstioms that the

A 5 S BB o e e
redrdssidil), andrtle RAEK WaHibitidf i9@stathed prahitey shdh, 242houtd aftdrhe last dose, as

and 20; and wwth 100 ng/kg on days 0, 2, 14, 16, and
shown in FEEURE 7€007/ 030377 PCT/ US2006/ 034088 FEor t he

@%%WQ%IG I RRAES 5?9%531‘58 § NyiBLARP MR dulation in tumor

tunor celTs were i nplante cut aneously
lysandsa24 hes frishchef [4thkdosé shewsd en hiwrédse i GIM herket b€ apoptosis) and

oG (et PR el 7 e risss b SoUSTnE GOt PeseEaiEts Inhibiton).
THYsE fesh cecﬁdﬁgiﬂgdj&%é’ﬁoxﬁﬁ&ma' & Exalipfe ﬂrﬁﬁﬁi%%af'lé:fg%laﬂ}lg #h the MAPK

wer e dos oral gavage wth either vehicle alone,
pathrwagi. t h t he fol | owi ng dosing regi nen of the conpound
of Exanple 1: 10 ng/ kg onP%aX%IO 2, 4, 6, 10, 12, 18,
and 20; 30 ng/kg on days FGAMPIE8S 5 107 157 18, and

20; TRAEhchPRitH I CoRPodRlT le PinhhitsMeladdna Tasho2Growth
At 4 hours post final dose, the m.ce fromthe MEXF276

and Nex@ermwundstiBrampladr wastastpd fr ieibiter dCingy inmiekanoma tumor
RS LB A o0 PRt Soqe AP ERECTI 1 i
typ©B-R4T @etantMdRdsqQ60K).( pMEK) and nodul ation of

b ovilethnds: ey asseze i andiagrs RESH2 FE UGG ERREr V60OE)
. esurs. e ot
0 oA u R RSB TR IR 100 e
Nt/Neamig. Whin tliveacnageoumsr oblubearepeled lappTirdmesiub sun’, the mice
wasgapaned By dyraot vt b irtatimr Vi SR ROPRRKE] of Bemele 1 (1
MefhyN@fE%g-@riﬂliﬁbﬁE&%l-@H—iﬂrﬁde@l-Z@l)-@?ﬂiﬂﬂ%@&@ﬂ-IH-B@&oﬁﬁidazol-Z-

equal to 50% tunor "regression in 8 mce at 30

Ikg
ylarté-trd Seormyetuyl-phenyDyamise gfas stated.p Beeayse WD@Q&%, medel is known

(£l GURE 8B) and..do trea tyeam bj oI :
ol S e Ao Tty QAR SO ATRENEL ool mice
infBdin@tnt BodRad rearhény wireiwBed ihofdief &dpreéhttsbeerd/bBYHR Meight loss in the
tunors, as shown by the decrease jn phospho-MEK ipn | .
dipg ropeed @moupss as oW | Hepmisgreerg dosednby el @avage; Witlpeither vehicle

al bR &ietf BE FRRARNLE HoSihg 308 nRA Ol Ediibdund¥ Bxample 1: 10 mg/kg on
days 0, 2, 4, 6, 14, 16, and 20; with 30 mg/kg on days 0, 2, 14, 16, and 20; and with
100 mg/kg on days 0, 2, 14, 16, and 20.
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arrest), and a decrease phospho- AKT (survival pathway

signaling) was observed, confirmng inhibition of Raf
whwassosartivity in the MAPK pat hway. 25 FI GURBCEBS1086/634088

graph showi ng the nean inhibition of tunor growth of

MEX
S S EE B TR A AR T 51 e
celtseweretimplintedrsuboutilcGUiRE 1ﬂA the) Hmd&l&ktolﬁﬁmﬁlh eNuZNﬁnmuad When the
f le 1 caysed significant t r owt h
aVGTRgR BITER AL os GUPTORIAFY iy ALey HEbe ke 1epdemized by tumor

I d
I ) 54 NS el o o

by tqmogaVﬁeg weths pithrer vebickhelomej or RBURE @Bowmgadqsmgs r@gimen of the

coRgl B Re CchrOBBRHE G Hafo 2 Hof th Tote P4 BeAb migke on days

0, ZeC6ERE 2] 18, RROSENAd YBKmd/Ke 6084ysa5D, 4%, 1hel 8sdibo, S
%bt ained with the I\/EXFZ?Gg lagmJt an}JrS 2167 WO 2007/ 030377

PCTAUS2lin6s peddBel dpserdlig mml@om thn ME¥F276and WHEXE1341 models

c h ecul e
Weiﬁp‘ﬁiﬁ%‘ﬁ?%way OM g%a%ne%fﬁ n Cﬂ%a%%fﬁz%ﬂ‘ ﬁ%ﬁse ?rom these
tunvers evead fsalodeqabnily haBbfséd ok W%§tern| Blos f&fa@t iGodul@idn (pMEK) and
in the MEXF276 nodel For exa as shown

b
mopRA BRIV Gk (RN BV ECPCEd PAFd) crsadraabyd above in

Exéfﬁ%l"e%ﬂsed in the 30 ng/ kg and 100 ng/ kg groups 5
icating growh arrest, and a slight increase in the

apoBesatlisc mar ker Bl Mvvas observed. Therefore, it
app t.the co nd of Exanpl e, 1 has potent
act ?ﬁ?‘?{?ﬁ% SHeSTRRNEhorEne (hrmga T r%uﬁmm XWRgEYelme of MEXF276

a i
(B-'P@eag S}'%)giﬁggltﬁélﬁkg)é%#gﬁc;f ?%ﬁ@é?howéggglgzgiﬁ ?x@&t{eg_&ﬁ‘ﬁ‘tthe Rifwpound of

Exgnplafl. hhe sastultfsiRag) xBIKHGRESA mditate, thetaths i aoqpotindrof Example 1

el OBk 0D Rt IR TSR BB A bR, s gt

thab@k i ST%Mior f9ef8kibn i BB HREPEYINERE aﬁ&@O’O lnf/Re WARalysis of
tested for _inhibi toréﬁactlw ty in a col orectal

the pYIEKh phesphetylgioaf F1GHRE §BMard 1dosvnstieana mnd kdavenstream biomarker
oy A RGeS SAEIy b s
in 1ﬂ1€MEX62{6m;rm§ d$-sRawn G330} dberemss in %M@@IMEKCQYEIG’UME 8B. As
P OB S SNTSEAE o e b ot v
arr&PP! S ML R4 sgo%eﬂ(ﬁ“h %s@l@%la%%twégo @}g‘éﬂéﬁ’@e azvag observed,

reached appr oxi 12 mB the mce we
comfirglingyiabidiponvaiRal kmkmactmm iicthe MABKepattovay20 wi t h the

8 0 S B SRR SR e
(NJI‘@H lq{bdnﬁmbﬁ‘la%aﬂ@éﬁsmﬂﬂgg)m frﬁfce awﬁéht #hated vith YRY Sempound of

Satellite mce were euthanized and tunprs were

Examaplo dst Bhe gasulis showmsin BAHRE SAaindicate thetuths cafitpernd hé Example 1
caugécij 1%19 ’?gmg H%@@é%ﬁw{h ttli]%g@ptt% Jé‘t mﬂl%mon? %&%%ﬁ%ll 41 mutant

ana ern
N-Ras (N-Ras Q61K) melanoma tumor model at the 30 mg/kg and 100 mg/kg doses, but

did not induce tumor regression. As shown in FIGURE 9B, analysis of the phospho-MEK
post day 20 after treatment with 100 mg/kg of the compound did not show an observable
decrease in phospho-MEK, in contrast to the results obtained with the MEXF276 (mutant

-107-



10

15

20

25

30

nodul ati on (pMEK) as descri bed above in Exanple 84. 25

A second hunman col orectal carcinoma nodel, HT-29
W@ BoRaB03V600E), was tested as follows. 2 x 10BCHUSRD6/034088

cells were inplanted subcutaneously into the hind

ank f 10- femal e Nu/,Nu ce. wai.ghi .

B-Raedtmdt G iongv S W Ses RYdottoBy Sl B oBRoutes in the
MAP a}a@@&/&%ﬂeﬁﬂtcﬁ'%f%@ﬂlemm 84 o8 MRER aﬁestedi, thy effect was

oral gavage wth either vehicle alone, or with t

lessfdvhrhatid thgndbsérmer et ABXE276 model rpausrample, E&éhw!é iy FIGURE

oc. 3y M50 R ] sORR s ly SBRe o
indicdifify NP At 3537 sIEhT Addee30 8 @&4@&@ tofichnarker BIMt\ms observed.
nmonocytic | eukeni a xenograft nodel , MWA4-11 éfLTIE&E%WEXFZWS

Theyefere, iteppears it thsl qospeund of Exgrgplinigbas pogest p
1?3 %@%ﬁﬁg%ﬂtr@@&%ﬁlﬁ%{% rtlﬁgreggngﬁj 61%1% )%{kﬁg%%ﬁt %Qt ﬂe@s potent

actiiigrin tthe MEXIFag4l (wudcmypevBl-Rﬂfe mL&altthHeRako pcremgraﬁtmm}el causing
190 mB _ the m ce were dosed by oral gavage with 5
tumer grosyth JHbiEPR al one, or with the fol | owi ng dosing
regi men of the conpound gf, ¢e 1. 10 ng/kg, 30
ng/ kg and 100 ng/ kg by ora avage on day 1 and every
Treatnoay svithoBel Cofrpound oft ixaaiploi Idlgbitkeliemasgolar¢dtal & apgipema Tumor
wer e eut hani zed and tunors were harvested at 4 hours
after the 3rd dose. Lysatg§ om these tunors were

SUbBRAUSAbbYnPBAIRLARARIDY W ttad ﬂJrthfbﬁbry bﬁlx@@'t in a colorectal
nmodul ati on (pMEK) as descri bed above in

carcFiaGrnh xenogFafe mastels HETFId6 (midantidFRay @1§D)dI;IT£J9e(B;RaW 600E) and
Fl GJURES 10A:D. .F raph show ng the
acufegksua rer et ey e e & 00 (K Ras GI3D)
col Meﬁﬁ(i@' 5f &a{]oﬁl HOTE 16w3mxt§ntgxn-maso@13mehumﬂe ableckctal tdarcinoma
100 t
cell) WeRE R sTheugnay S toote Fiel Db Terenk AL dedhale Nu/Nu
mi EL\%l%l%éSrﬁp%Q%a%el SH4EI G J"g%gsneq}ng% %&grtﬁm()f: | {2148) reached

ose s rva rease in

apbEifRiy WEKmn (BoRkicd 1Ne|r6 deseg rtgpérak poiege gwthrﬂ;thne yehicle alone, or

reduction in tunor, voI of -
with S fodlomane dosins RBImEn At SRV SE ESRBRC s L1 Fg 0 e/ and
10({ ngnlél‘go&g&lép ke of 3PP aRd bverdS &A1Q4%G2d) Yo h %E)fm days. Satellite

gressi on was” observed at "30 rrg/ Kk
m1deO®ag/dug1aniEhé ané sumdrs wetsr harestadhag-Atouss, @%ouasf @ds?ﬁbmms after the

RES 12A-B. Fl GURE 12A.i
Fr A Eriyese Sty o srsReRpR g B9 ek Bt or targe
moﬁﬁraﬁsx\{tleEK%KGéBcﬁbed%BG@[n Exdimsls 84N mi ce when treated
t he conpound of anple 1. The MWA4-11 tu
ceI Ac,seao@d bvinere polpiecteh éarﬁmpﬁlﬁtm%éé?@? (Byliqfs"{T&wE) was tested as
i na -
fol Ezw%g‘}{r el Ja&grle ifflantPs &?ﬁ%ﬂgero&;} {hRPE HIRPHASk of 10-12
webl H1DifbinglR No/Nh mlw/’v\ibilghlng approximately 24g When the average tumor

volume reached approximately 167 mm3 the mice were dosed by oral gavage with either

(mu\;\,

(D=

vehicle alone, or with the following dosing regimen of the compound of Example 1:
10 mg/kg, 30 mg/kg and 100 mg/kg by oral gavage on day 1 and every 2 days (q2d) for a
total of 28 days.
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nodel , however, there was no evidence of tunor
regression (FIGURE 12A), nor was there an observable

wo ndo7los@sron of MEK signaling (FI GURE 12B). Wi PET/NB1006/034088
Wi shi ng to be bound by theory, in the W4-11 nodel it

I I h h ff f i nhi it
2 DGl T R e SR BT 2 LS ), v
test@& tclé Ydlfo36vs By 186 Ma-{ DEQI4G eré Replaniall Qhﬁd%e@ﬁsly ﬁ@o the hind flank
R-2, as described belowin MPLES 87- 88.

of m}mm@@ﬁaﬂd fegale US2dosh 38 408 ghing spnreximately 24ge H\&tea the average
tonieg ol egRe s b 490 Rk disf et 3oy G savage with

eitfepK/EhiBIR Mo B lw@tﬁ‘fﬁé"fcﬁlowg)@ds@{g regﬁﬁlﬁ{ §f the %Sﬁlgbiﬂﬁﬂof Example 1:
above is provided bel ow in TABLE TABLE 7:

10 mfg/k«%eﬁp}mg/lyg ond { femedigpueial srvage amplay landevesy Mags (q2d) for a
{
oS8R RGPS Bl g s 9P s

theA3d Ahd3- BadatckOorg dkdsé tdboEGlere (sﬂbée oany) anayeeD by Wiesern blot f
10 2dxl 4 33% Td 30 gdx| 4 78% T quXm 4 L8y§% % d .

targep grodylation (PMEK) g» éﬁ‘(ﬂcﬂb?%@‘)@% ug 2§41 egressi on

q4dj§_2§@‘g% Td 10 Days 0,2,4,6, 80% TA 14,16, 20
B-Raf 65 nmm 30 Days regression (rrel anona)
( VTR estlt2fot 4hellBCZOL 16GEdP, aﬁe Wm it FIGURES bQyk-€% sFIGURE 10A is

il 6 S S B B s

attfidrshth Base WRedBitdwida 60 91g2kg4®iﬁche 38¥pduad of Example 1. As
nel anonma) (w/ Q1K) 10, 12, 18,
shown in FIGURES 10B-10D, ana1y51s of the phospho-MEK 4 hours (FIG 10B), 8 hours
(FIG 10C) and 24 hours (FIG 10D) post the 3rd dose showed an observable decrease in
phospho-MEK. '

FIGURE 11 is a graph showing the mean reduction in tumor volume of HT-29

(B-Raf V600E) colorectal carcinoma tumors in mice when treated with the compound of
Example 1. As shown in FIGURE 11, tumor regression was observed at 30 mg/kg and
100mg/kg.

The results for the MV4-11 study are shown in FIGURES 12A-B. FIGURE 12A is
a graph showing the mean inhibition of tumor growth of MV4-11 acute monocytic leukemia
cancer tumors in mice when treated with the compound of Example 1. The MV4-11 tumor
cells are driven by the mutant receptor tyrosine kinase (MV4;11, FLT3 ITD). As shown,
the compound of Example 1 caused signiﬁcént tumor growth inhibition in the MV-11
model, however, there was no evidence of tumor regression (FIGURE 12A), nor was there
an observable inhibition of MEK signaling (FIGURE 12B). While not wishing to be bound
by theory, in the MV4-11 model it is likely that the efficacy of tumor growth inhibition is a
result of the compound's anti-angiogenic activity, primarily through the inhibition of
VEGFR-2, as described below in EXAMPLES 87-88.
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30 Days 0,2,4,6, 60% Td 10,12,18,20 100 Days

0,2,4,6, 71% TA 10,12,20 HCT-116 K-Ras 212
w@ecaoswctal ) (w/GL3D) nmmB 10 g2d x 14 33% A PCB0S2006/034088

g2dxl 4 8199 100 g2d x 14 regression (AMALI1 FLT3

a2 gt AR AR A hR%ompound

of Examplawid innthel ffAEoME; t@loreatatl cagincties and Ue@kdmia xenograft models

LES 82-86,. the conpound f Exanple 1 is
deS@?fIP?I’\g%mV% wrpﬁld@@ gelow in TR P, Wiy 2007/ 030377
’1’%@%@0&5/ SQ%H%% of ¥RBORY 8f fhe Mgbuﬂcﬁﬁtlﬁ&d %mus
I's mutated; causing regression of turprs an
Xeh@grgﬁﬂv[odastsdul ation in all three of the nodels tested
375 t MEXF276, and ini#d®) . an‘plé 87: Tyrosin GI/
&% nhi lehbgpe assBusior 5| L Bi 0 Bekibdiad Asse%. The
e activity of a velaher /Botlei n tyr osi nd Regression
WS was BIRasured 0 proyi dl ng |AiR14nd an | 53% TGI
MI%Ma?t ¢ (V@ME)de QhrP! Ot € :if cont 2qkNg a TYra3pNeGI
am o acrd —residu T7Oor pnog >pnor yl 1 arll d
for the transfer of the phosphate Ugd%ﬁn;z to ‘rhﬁ%ff"ﬂ%i
tyrosi ne resi due. Reconbi napt—prote gxu%rrespﬁr%. ?‘.I
to the cytoplasnic domains of the I1ANEGER2, PII §’§1on
CSF- 1R and c-Kit were obtai negy by puUtdKitation frpgyR§sion
Sf9 insect cells infected Wt a da3ds8pondi ng rbgmssion
VEGFR2, PDGFR(3, CSF-1R and|c-Kit rieglds®i nant | 85% TGI
bacul ovirus expressijon vector. For |GagR 8538y, |t
corrpound of Exarrpl e |l {1-Mef I%?/I -5- 114,16,20 %%’TGI
fI gfret hyll - | H- i mdazotr =2y Js- pyT T dim- 2=y oxX
7r6| zoI -GS mh¥- (30¢tri - Agf regressmn
B? hhhhh 02:014,1620 1=
UOfOfTE hy y| )-am ne, rwas—set ai-Huted—n
DI\/BO and then mixed Wi th an|160 appr 054% g g InaSregression
reaction biffer plus| ATP (the ATP qdhtdfdd Aused
vidE2%t or j|dsRaf bel owl@he regpect i Vg dgpyyal ue) BoeTar
Kicolagsstapy ot €VA0RIHd aimnagpronr?ate ' t?}lvl at ed |pepti de
substrate were added to give3a finalqg2dal4ime of | regression
50-100L. Reactions were incubeped flaj2dki8 hoursregessmn
TOERE BARe A Wag and _then stopped ByDAAd RN qf, 25 50
(ki Rlonf?  THEBEAK) 5?38\mm Pes pH 7o i) gostop?&e/d
reactron mxXture (75 L) wastransfe W)
streptavi din-coated mcrotiféf plat f’@) ffﬂ) hger60% TGI
Mannhei m and i ncubated for —hour
100 Days 0,246, | 719, TG1
‘ '10,12,20
HCT-116 K-Ras 212 .
(colorectal) (wt/G13D) | mm® 10 qdx 14 33% TG
30 q2d x 14 81% TGI
100 q2d x 14 regression
MV4;11 190 )
(AML) FLT3ITD o’ 10 q2dx7 41% TGI
30 q2dx7 55% TGI
100 q2dx 7 79% TGI

From the data summarized in TABLE 7, as shown in FIGURES 6-12, and as

described in EXAMPLES 82-86, the compound of Example 1 is efficacious in every
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Phosphoryl at ed peptide product was neasured with the
DELFI A ti nme-resol ved fluorescence system (Wallac or
WORORBI0&SCT ences), using a Europium | abel ed PCT/US2006/034088
anti - phosphotyrosi ne anti body PT66 with the
xerﬂ%?dﬁ hfoatl Bded ﬁﬁ\tvhfcﬁ% REE K| Auided avaulil frégreyvdsh of tumors and target

plemented wth nmnv MgCl12 for the antibod
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corrpound for 50% imhkodihd Kafasd Inkiiionasaysal cul at ed
enpl o non-linear regression using XL Fit data
anally l@ gisiceldisays: VEGFR2 ki nase (0.05 g/ nl) was

ass?égqal_he{% 5;1%51@4, He: nf/]%('ilﬁ{ﬁﬁ ? rﬁrétle%'ﬂ(\)/:t;’\[?%l}@ klnaJst Ws measured by

praviding A'BE atdnaal @pmpmata’%@eﬁt%ﬁc)r profeit @oﬁﬁlmﬂlgﬂ\'ﬁPt,yrcismb amino acid

e BB, SIS S5 by e o

tyrggé L3RR/ Ig%ég‘%ﬁl FBfotdibec r%&cﬁh@ﬁﬁﬁle asn%gQiomams of the

enzyne wt e sane r conditions as above

VEKH&RZ; PRUGTRGE; 63RF-1R rand ledfig iwege plitRinadh &y m@pﬁc@t@nsfm@stﬁfﬁu@ect cells -

rations to 1.4 M ti ted
inffdpt Re Seneroniire b MakERL R CHRIS P HY eyt Soombinant
ba&ﬂ&lﬁs%&gﬁesﬁ&i b¥diby Bdr e@@ﬁ 'aﬂrsByV\@x% c@ aetof Exﬁﬁﬁl@yl {1-Methyl-5-
fer (50nM HEPES pH 7. 10 mM MhC

[2-@5-trifRsapethy Vil Dmiklazol- Z}Yb)bPWlééh4'Y quhﬂqunzma)ldaz_ol Ry} -(4-tri-

ATP blotlnlate p
@EI‘:%&%’@%\E ai‘)‘/ 8f‘F‘fl]teglkl nase aﬁnl Vi en mflxed with an

app‘miﬁlitevlaﬁaseﬁ“aﬁﬁbﬁdmﬁﬁér @jlm;VAmPn@heAEH‘Paaﬁlcbﬂtmtlonused was at or just
r econbi nant rotein correspondlng to the cytopl
bekaiiiE ACBRCtRATE VRIVE) Eeelbipse nrofsnAdg 2ppisRTiate iGhnylated peptide

‘ sul%c%&ﬁ%}?é@eeél 1d8veCa hd1 VOLMASEr SU- QG%L” %%nﬁ%&eﬁﬁﬁbated for 1-3

t de substrate
ho(iSED rbanN@np&)atunwané thxohd stdpped ln;e additiom ob 2H§Xx quIotﬁ 345Af[M EDTA,
acti on

S0l s 5, Nt Mockl 390K TS RS Bt o 4

str%%ﬁ%ate@omm%p 18N8 odhrife M BPAeinhN 8nd Qﬁ&ib'a@ﬂ for 1 hour.
S I ncubated for hour s at roomtegerature and

Phesmhopdated persiddiprodmat whs Bagurest widls therby time-regoilvied fluorescence

sy Vel (o B SRRRG iRt L Al Hpfit ubbnetBRosrosine
anBbRlyeP TERORIT tHRAA6 dilBAIMtha the mEumALab@tyaﬁfﬂ‘e@ kvad shpplemented with

PR 2 SRR 550 FESRATSl e o Wi
12 ED% gﬁ %o%ﬁrﬁgfer g 5@’% QN.E(W dﬁ Qﬁtﬁﬁﬁlg%pg%aﬁﬁg}d?r The concentration of

At - rosine anti
eadD dmmp@mﬁl fon 59%amhlbkt®n[1@QEd)AVa§s®éFyﬂM ¢reploying “non-linear regression
)%eerrent ed with 1 mM 20 MgC12 for the anti body
US@@t Fitgdata anplypis seifWit§ed f1 uor escence val ues were

det eypGPRY kﬁﬁs@ﬁo 0880 4/811 ) o3 2s$drbdF IS ( hmmfgeg pH 700, 22amM MgCl,,
PE Victor |1 tiple signal reader

100N MnGint | M BFals Hembb ABaHuc 51 (Bl el drovigsygerum albumin
(BSQSI b,l tf 0[[10 (13»6:5 OJMmng;,al Cu(i abﬁg uM biotinylated peptide substrate

"GGGGQDGKDYIVLPI" (SEQ ID NO:1).
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enpl oyi ng non-linear regression using XL Fit data
anal ysis software. Results: As shown bel ow in TABLE 8,

wo b@7osmpound of Exanple 1 is a potent 25 i nhP@i/ 82006634088
VEGFR-2, c-Kit, PDG-R-0 and CSF-1R TABLE 8:

LR AR RIS AT L GO fonsions

abo&(gmo Iueecc)il%chptofbln ehhnpalg Jggﬂ?%ﬂq}»d ptila selshtraEs@dnMBakods to 1.4 pM
.07, M M Ki t M1
AT, 3023, 134\ Stt-b SO heteis2 S 5ABEKD BT (SEQ 1D

NO.Q?].ZO M ND Cel | -based assays were al so used to neasure
the activity of the conpound of Exanple 1 against the
t arljpetkinask ectivigsofSOSMIRI WIaSTafSElyEd 8n assay dbuffene 0mM HJERES pH 7.0,

SmMQﬁ%th QGE?MW @16/653's ngﬁfl’ ngrg;ﬁm‘rgzgx{/@hﬁﬂ 7.5), 1 uM
ATP"E&{ 86 81 Mgﬁ%l-'faté’d gép@@@ B@wswa@t FHERA Y GVAINE 3@ Gc:%ﬁ) RO,

as neasdured decrease i n phospho-
V\esilfh@rlﬁnztsb gretiyifoof gﬂfot/\mS measirgd by pmvmhng iR mtmfrecombmant

o S 550 S MR SRR s o
Proqmﬁdke)inTM%Okln&séprMeﬁﬁ(Zﬁwﬁfdelﬁe bhm alagéal?p@ﬁ&@ smlistrate (1uM)
i t'ion

hospho-c-Ki t ELI S Anal ysis_of in
GRS N VONER S BQIDNG! Tl rend sddoitin FeRehion bERAIURATP (BuM)
to g\%ifet%ﬁlgar% %é%é gfr foopiovagd &Mfoﬁ'l}ugfégfoqfc RRR MO RIP DS pH 75,

M-as neasure ecrease in

1 mthgEh%rrM)@#gﬂzsl(bml\EM@z a&&érmg/@ SA} nfiepaqtion wts incubated
e 24P 210 LUt LIPL LNESS) 80L U5 BRI obS 50
HEEXRAEAS, Wahe gt%gg%@eggldﬁgxg&tﬁ?%yﬁ@; WA fdndRtred to a streptavidin-

andi‘ogenesi s no Nu m ce
coated mmvrgtnteupl}atev(@roehlmget Meanbeiny rred ieeibated ifor 1 hourt hhosphorylated

f th t . On.d 106 VEGE-- | I
pepfif orashist Wik, Preuled e’ T DEEPHeo ey Cuadre system
(WAIRE &PPEI BaRERARS), Alsidg'8 FhefiunthbeRY éntl-ﬁmﬁﬁhd&g{ogme antibody,

given oral doses of etther vehicle, ng/
PTﬁég wily the mtifiergior ghas fthe RELFSAsseaydbuffer mmypélemmrd otith 1 mM
Mg%%ﬁﬂ%&nﬁﬁ&ﬁﬁd&&tl@ﬁ I OresbivtE ﬂuf)ﬂegé:éncéj@éiﬁeest\b&e determined on a

trigel plug was renoved fromthe mce and
Walta @B bIDELEIm CtuvhératteOrort HEPR| Vicwas 110 uaidiiple ad@@hl reader. The

con%Reﬁl%r\a/% of dhe %)J%lgo‘%rﬁgbéggﬁrggfp{] fﬁrh gmﬁ)n%h}brl]t?oﬂ 50 | %v'as calculated

employing non-linear regression using XL Fit data analysis software.

Results: As shown below in TABLE 8§, the compound of Example 1 is a potent
inhibitor of VEGFR-2, ¢-Kit, PDGFR-f§ and CSF-1R.
TABLE 8: Inhibition of tyrosine kinases with the compound of Example 1

Target Compound of Example 1 | Compound of Example 1
Biochemical ICs Cell-based EC50
VEGFR-2 0.07 pM 0.03 pM
c-Kit 0.02 pM 1.1 pM
PDGFR- 0.0032 pM 0.7 uM

-112-



10

15

20

25

30

CHO VEGF Matrigel nodel after treatment wth 10 ng/ kg,
30 ng/ kg, and. 100 ng/ kg of 25 the conpound of Exanple
wa200893shown i n FI GURE 13, the dosing of the chapUsIvd6/034088
over 5 days significantly inhibited VEG-- nedi at ed
Dosi ng Sch

.Ylll. 1Na 0O

?8”?&%&&%@6 %‘%%5’" ar%%%%ﬁﬁ%‘%ﬁp%‘éh@@&%? 5 SORLse ”@9 Egppound of
Exmﬂbleul dgalint thie wirget rhslspuidessshowa it TABIIDS NG felssent rat i on

EJ asma. -113 WO 2007/030377 PCT/ US2006/ 034088
aregbmedplation ins EM REG o bnaffr greatment vifiethe compound of Example

1 sasw@ hntbigidn iof VINGF AfOd I WEEFRAD tghob R rA ROWRH a‘ﬁfECSO of 0.03
Exanple 1, as shown in FIGURE 7A. The data in FlI GURE

ulW As inredsured by atdhatasehie phaphoVEGER bf:)‘c’%nr.ﬂrﬁ blbot (i thmsn)

L uinsb gy deangidi oh gk Ta oS,k atr it vie! Sompound of

Exarﬁjj]elll dhiooved @ifihibitiba ot c-Klﬁﬂfoslﬁlﬁﬁ'ylaﬁ@mmnh}ani@OM ¢riafdes measured
i n phospho-MEK in FIGURE 7B). However, on this dosing
by g clnerdadedn phbsphosekip by dd.IBA. Exanpl e 1 was not wel |

t ol d i.n.n. 30. ng/ d the 1

o B T B DR B A bR BTt mounc o
Extihpler] shbsyeti intgbitiod pf pleisghd-PDHRaf with an HOgy &ff(oTeM a neeasured by

nost efficaci ous dosage of 100 ngy/ kg was, further

a deredsgan phosbo PRGFR By Eld8Mow. 10 Met hods: As in
Exanpl e 84, 3 x 106 AS?S%QH#EP | anoma cells were
i npl anted subcutaneously 1n “Re ri ght flank of

10-12 week ol d femal emhiifibwofAagopeiegivi ng
approxi nately 24g. \When the average tunor volu

r eac?ﬁé‘&rtb?fp%@a’ﬂ&atﬁéh@/efm ofhs, campRoungiod Exgep e I against VEGFR-2,
therq%ﬂg)gﬁh& 6 QV AP MELIBIREG Pﬂa&% aé%% ds%?&lélne

each an treatment 1
Ex aividtleods: whk) Sud¥a adce 'Q'l’ﬁé Ofgrmqo)vwele axtohmdteﬂ)one redek pI‘lOI‘ to the

B A AN TN L T

suB'cﬁﬂlhg@lﬁly ﬁﬁ’&té@éw R ugbefl 48donfki o Othe %‘1@6 Sehedly E iR€were given
days.” I'n this study, satellite groups of

oraﬂ dﬁ@s of eishdr rvghiglec 20 mey'leg, 30 s@zﬂkg or Bl0deg/ke of thsriompound of Example

1 o G5 R B o R, IR by T MIBer b2 FRsiPLSred rom e

mi¢eOdrldaté RemEgldpiBdnEdtration thefkighaygualithied. doses on the
g4d group Tunors were processed for Western bl ot

anaR@%‘i@ of phospho-MEK | evel s as descri bed in Exanple

| ev e R‘R:pisﬁﬁ@g %F@kgﬁi@ﬁﬁlﬁ @rgﬁlg%&hﬁgd %Qgenesis ina

CH@-MEGEMngdrmodeltatﬁm trewtﬁieufmnmfloﬂxﬁzm 3(251@&@ andn®0 mg/kg of
the&%%s %ogg]x en s&srh%evtnelg FIG{JIE{El%z tlr1rfcgc/ioks?ngoc§f t}n-t:] gompound over 5
days significantly inhibited VEGF -mediated angiogenesis.
Example 89
Dosing Schedule Effects
Dose scheduling studies of the compound of Example 1 were done in the A375M
human melanoma xenograft model to evaluate the relationship between the mutant B-Raf

inhibition, tumor response, and compound concentration in plasma.
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with a g2d, g3d, or qg4d dosing regi nen. As shown in

FI GURE 14A, the conpound of Exanple 1 dosed orally at
wae®7osi3ky on a q2d, g3d or g4d schedul e resul PETYUS2006/034088

significant efficacy. The Western bl ot anal ysis shown

in FIGJRE 14B indicates,that the t I's |n the : .
o e e FSBYEE THACR IR DA L S ISHBL NS RESM model with
the !:&H;rs:dxﬁd lo@ERhinpR 1, 0s\BBHA iR FIGERECTA 3016 Btal A IIGURE 9A indicate
48 hours post-dose in the g2d sanples. In the qg4d
that dmeinaound wf Frampler kinsiukgs tumoeregiassion at hP@ma'kgrwhen giaen daily,

o R e PR BB B
decre QPRI gﬁ&?bb%ﬂﬁhirﬁ T?GUKEaWBg. tHeWeger, onlids W6king schedule, the

2007/ 030377 PCT/ US2006/ 034088 These results are
compowl ef Brample { waset wel iplemteshinanise et b 30ragdiz@nd the 100 mg/kg

sghedul.e hown i n _Fl QR o in ..
e R
Thetdfiére, theSthodt dfficacisusn®asgy 6fl 10y mekicoWhs fiadtr evaltABl s Yescribed

A375M xenograft dosing study with 100 ng/ nL of the
belocY‘brrpound of Exanple 1 Dosing Schedul e: Mean body

TGyRpgiessi on  (100nmy/ kg of conpound weight |oss on

of anpl e 1 per dose) day 28 g2d 12% Tunor regression

by /&t il daampi)B4i 8 %0100 AX75ivDrimmag3cheBfifomianoells were implanted

regressi qn by at

- subgyiiieausdy dpiop catiehicak 880t T2 HesB ity e Mice weighing

applg)%l.}ﬁétélg;ﬂg:a WHENthE Rerh8E Gflor %M%h%d%??%ﬂﬁﬁely 200 mm3, the

f1 ca ta are consrdered together, I't appears
mice w&te tandomizdd by tyddr seluadiihie fousgioups pHininkenige sach and treatment

it P B o Rt PR D e TR RISl e for 32
daySivitlicBBer vohicitesioné, e dviBhBY QoinPolndesit enifle 156 EhHlfollowing dosing

sanpl es were taken for nmice treated with the conmpoun

regi?fengu&mygg Pn atRd, didier addrrelasduicnvienA8 dgdsr e det er mi ned
RSB DL S LRVED o

targdBmodulbtivreimhah@drdr Tgmosrume pldsaia were harvesad d@im the mice at various
nmodul ation can, be estimted from Fl GURE

time pRfafs dRHqWHEE HOSEATYEE dAS SAVRENSA d@é?ﬂaﬂfsﬁh%aﬁg Erpup) Bpgers were
prockdd3f w é:s{qu%ﬁ)tg)aﬁglgsﬁo%&?gﬁ%g'fﬁgﬁ fVEE at4Rscri¥eddh | Example 84,

time points up t ose, phospho- VEK
and Iptasalasvasgsodated throechsimemeningfeiglleveleat ed t unor s

re:ﬁtiveto vehicle treated tunors, therefore the

corFsWihdi ng drug concentrations nust be above this

t hrggR14ASs a graph showing the mean reduction in tumor volume of A375M

melanoma tumors in mice when treated with 100 mg/kg of the compound of Example 1

. with a g2d, q3d, or q4d dosing regimen. As shown in FIGURE 14A, the compound of

Example 1 dosed orally at 100 mg/kg on a q2d, q3d or gq4d schedule resulted in significant
efficacy. The Western blot analysis shown in FIGURE 14B indicates that the tumors in the
compound treated mice have decreased phospho-MEK levels relative to vehicle treated
controls up to 48 hours post-dose in the g2d samples. In the g4d samples, by 72 hours only
one out of three tumors had decreased levels of phospho-MEK and by 96 hours all of the
compound treated tumors had phospho-MEK levels comparable to vehicle treated tumors.
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20 shown in FIGURE 14C, at 72 and 96 hours post-dose,
there was no target nodul ation, and therefore the

w@orre3pondi ng drug concentrations "nmust be bePOWMUBIE034088
t hreshol d. In conclusion the t hreshol d of the

GBI RSACELIR g RERTLYERR TP 0200 s i

FIGURBWB, It is interesting to note that the target
pl asma concentration in the nouse xenograft

st Ul eoviadasdew el A&E@v% thesq3dandaadid pel tﬁsmbmﬂr(ﬂolerated in the
lég? r target nodulation in A375M
teStE}égF’Sdrs(l?é%%aPﬁ Vi %see TABLE 5). This difference
mayTABLEI%ang&by mpgxaﬁn&)@m@)sumlyaﬁﬂ‘al Qfrmog/ailnodihe domgound of

because the conpound of Exanple 1 is greater -115 WO
Exasme 1 030377 PCT/ US2006/ 034088t han 99_9% prot ej n

DosingSchadplensng. Mein bgdy hils i nto consT&dMegressiom

(100mg(kgofeompeand nwaghtl‘osssenérug concentration is
of Eapmpbed] pext ddsy) (. 1350y 28hich is close to the in vitro

EC50qed 0. 16M|det ennyined for Ttﬁﬁ@%%tﬁ@%ﬂ@atQBastBO%mIO/IO
A375M cell's. I order to fyrther explore tpgogffect of

pIasggg proveinbindigsg on t nﬁm%}[r FESYorMy &t1&st 50% in 7/10 tumors

Conpgigd ot —ExgIpte T, —asar - Regr Q\S,Smfodb&raltie‘éﬁﬁsnygin 3/10 tumors

C}\IJCI | IICI—ITD V\ICI C PUI I UI LLA A" ] I‘II Gl

pr eni dvaidlisiogd when 36588t Wb a1 184S @nd reﬁ‘ﬁcac§%ta are considered
nonkey or human and then agpl ied to A375M cells or

togaiitte i anmesrs thaloHishe2dveK Gaf dic FRSUERIQ [tes, aost @ificgcious tumor
@%g to assay for nutant B-Raf
regﬁﬁﬁ&g{vﬁﬁgﬁl ﬁ%&%ﬁg&%&ér ni ght incubation.
Phospho-c-Kit |evels \NereExaﬁqﬂumed in Mle cells (to

assay for c-Kit 10 inhibition) followng 4 hours of
i ncubation. The f&ggtPlasma Cop At gwére sumari zed

bel QviidbriddBidevd ¢h EXABbE 850 serfihfs Q%bleﬁfwe?@fa%@?l ks Q'H?fce treated with

vari ous species on the activity o e conpoun
the Erappiel of Bpauplesl. PAbs shag mtceﬁll’naisqnh oveERIdeeBhihed from the serum

h Ki, t M EC50 53 15.5.
sautpeSs 34 55 Telits 8 oy, Uy ComGUA) QBP0 VSRISQg plots in
FIGURIk ¢y, A thdesBolli3druf cgnéb‘ﬁtraﬂ"lbﬂ"ﬁﬁ‘ tdadt Moddatith dflbSestit@ated from

data in TABLE 10 can be used to evaluate the relative

FIGH i kg byt canbidedegribe target masiplagivandsitee shown ipl BKRERE 14A and
FIGURE ?11 S AJ ?l{gvﬁ% frf % SORESPAS | Zatnap'gﬁg’ tugs ugtstlo%fg Rou, & post-dose,

correction O extra|d asha

" phoSSIRGRIEK &ivele Wweiereluded @t compimdSeeated Qe relftigeite S/ehlcle treated

For . exanpl e, based, on_these data one would estimat
tUmOFs, it Etr?ferett&lﬁgefrefﬂnégtﬁad%rf@a?ﬁntratlmwnuﬁ beagbove ghis threshold. As

sho@vﬂﬁﬁ@‘ 46, 3t 79 afld 0B WRLrst 1R ﬂ(‘ﬁg MBS Gas A hrgdd $nodulation, and

target plasnma’concentrationin
therefore the corresponding drug concentrations must be below this threshold. In

conclusion, the threshold of the compound is estimated to be between about 50,000 and
80,000 ng/mL, such as approximately 70,000 ng/mL (135uM).

It is interesting to note that the target plasma concentration in the mouse xenograft
studies described above is approximately 1000-fold higher than the ECsy for target

modulation in A375M cells (.16uM) in vitro (see TABLE 5). This difference may be

largely explained by plasma protein binding because the compound of Example 1 is greater
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is approximately 10-fold lower than in nouse. 20 Wile
the preferred enbodi nent of the invention has been

WO bdoussesat ed and described, it will be apprecP@r/e@82006/034088
t hat various changes can be nade therein w thout

thand)?%" RS g R ol TeloB 35 398 RenScespttna P it asBtition of
free drug eangentgation. is Approxipuatels 0o¥3S5iud,mwhiah (4 Plose 30 (R i it BCsp of
\ (R)b HN N &N H R2 (11 wherei n, 'each Rl

0 16;}@ éﬂﬁ@ﬁﬁ?ﬁd@ﬁfﬂytwd@&t@a 13 AéﬁMy@ 1€>xy, hal o, Cl-6
et

compmthdhet Bramply |1, aR®ries o@Jm ﬁ)ztlab lexb%rﬁ?erhﬁmfelﬁﬂxelﬁoé?idgyin) which the
R3 is. i ndepend sel ecte rom hal o
comBHE WaS pieSinegoiPy v STRL FORATOSSS, Rife o JBeRiGy or human, and
6
then 28pE&E ﬁdAi”/Mlchysd&r%w Cits ﬁJoFm{o-lvak %@%%%9%( E@@d fvels were

car boxyl, (Cl-6 koxy car bony am nocar
meagiredy Illanﬁ?rVéMerBm(to agsay tfonlmmtaﬂxteB thfymlhﬂmthd@l followmg overnight

1ncu@a§1f§)%ag§%\og§)ro tv\}?gFléer Oﬁ)l/%lle%%lrle( n n)F%lgllﬁH@oe %say for c-Kit

inhitér) OﬁﬂbwmgSM lh&ﬁﬂstdftlﬁﬁﬂi&hbﬁ' o @éulﬁodfethes%%é}}st éi@ @ arized
i ndependently sel ected from hydroxy, halo, Cl.6 al
belowanap@@L%I% kyl), Cl-6 al koxy, and hal o(Cl-6 al koxy)

nd

or 18BEE, 0 Bfecfof funt ol oot sebpicd g S B gbmpound of
Exampibabol ite, or prodrug thereof or a pharnmaceutically

accept abl e salt of the do undg, T r, ]

Specisseoi ondhospha-YHSK ph, ngg?w?m-m« t ¢, Pbpspho-c-c-Kit
prodrug 2 EC&P(HM}md af d a| m Mherel n (3_ach_ @%OK!?M)

Trndependentty—Setrectedfromthe-—group—congt-st+ng—ot

Movyskr oxy,| chl 5%+ 15)5uor o,| brompisaetiyl , ethyl, prepgh,

butyl, nmethox et hoxy, propox;; but oXy
Rty i f | uoanet b4+ 5% i 1 udroet hyB7 ®F9f | uorQTet hox§ * 6.4
Db |f|uoroetho +9 |per|d|nyl, 1-6oal kyl pi peri di nyl,
pé perazinyts j(%/. u4ngy. pper az;z{%'.?gt et+ahyarofur u..yi. ;
Monkey 9+3.3 13+0.9 nd

Human - 15+15 20+5.0 16+1.5

The data in TABLE 10 can be used to evaluate the relative binding of the compound
of Example 1 to plasma proteins from different species and as a basis for a correction factor
to extrapolate the target plasma concentration determined in mouse to other species. For
example, based on these data one would estimate that the target plasma concentration in rat
is approximately 5-fold lower than in mouse, and the target plasma concentration in human
is approximately 10-fold lower than in mouse.

While the preferred embodiment of the invention has been illustrated and described,
it will be appreciated that various changes can be made therein without departing from the

spirit and scope of the invention.
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pyridinyl, and pyrimdinyl. -117 WO 2007/ 030377

PCT/ US2006/ 034088 3. A conpound of Caim1l wherein a
WO 2002080372, and at | east one RL is halo(Cl_6 ®BERYEI006/034088

4. A compound of Claim3 wherein at |east one R is

trifluoronmethyl. 5. A conmpound of Claim1l wherein R2

is CL 6 alkyl. 6. A conpou@@AdMSCl aim1 wherein R2 is
WHEt hyl . or ethyl. 7. A conpound of Claim4 wherein R2

a1 FW@ isg. " A conpound of Claim1 wherein b is O,

and R3 is not present 9. A conpound of Claiml

wher ein 1 6 al koxy. 10. A conpound

l d ai m%b%é? el n |d%%§ : t hoxy. 11. A conpound of

O aiml wherein c is 1 or 2, and at |least one R4 is

hal o(CG .6 al ky ’/FﬂB A conpound of ﬁwﬁ 11 wherein

at | east one i’ trifiR] cconmpound of

Claim1 having nul : b OUN ~~-N
HN-~ N H 105 N 1y | 3 ea‘,q:this
i ndependently sel ected from , Cl1_6 al koxy,

hydroxy, hal o, (Cl_6 Rzl kyl)sulfanyl, (ClL_6 @
al kyl') sul fonyl, cycl oal kyl, heterocycloalkyl phenyl ,

and heteroaryl; each R3 is independently sel ect ed

from I’éal.o, Cl 6 alkyl, and C1_6 al koxy; each R4 is

i nde ﬁed%’ntly sel ected from hydroxy, Cl1 6 alkyl, Cl1 6

al kexsh Rh& mdep&aaéxh@xselecteacﬂmﬁ I@Hi‘iﬁﬂhzﬂaf @ppézlkyl C1.6 alkoxy, (C1.6
am nacar bonyl , carbonjtrile, C)%qcl oa

allgydswlifanysd CoarlisyDsulfonit eycdealkyl tkrypxcéwé@d yPhenpl, apd/heteroaryl;
and ghet gr Ogﬁ(%m,hﬁ%ol(ééw( 507/ 030377 PCT/ US2006/ 034088

wherein may be optionally
subshétt Ri Bdn&ﬁpbﬂdemﬁy selectad fromshalbs G fs ki, sand C.¢ alkoxy,

I ndependgnt sel ect d from hydr hal o, 1 6 alk
and © %q alsid 9pendf-;nt electe? I%@ %ydwm Cijg gyle Cig, alboxy, halo,
ca®oxy; (@?9 alkoxy)carbonyl, aminocarbonyl, Ci¢ alkylaminocarbonyl, carbonitrile,

cycloalkyl; heterocycloalkyl, heterocycloalkylcarbonyl, 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(Ci¢ alkyl), Ci
alkoxy, and halo(Ci.¢ alkoxy);

ais1,2,3,4,or5;

bis0,1,2,0r3;and

cislor2;

or a tautomer, stereoisomer, polymorph, ester, metabolite, or prodrug thereof or a
pharmaceutically acceptable salt of the compound, tautomer, sterecoisomer, polymorph,

ester, metabolite, or prodrug.

2. A compound of Claim 1 wherein each R is independently selected from the
group consisting of hydroxy, chloro, fluoro, bromo, methyl, ethyl, propyl, butyl, methoxy,
ethoxy, propoxy, butoxy, trifluoromethyl, trifluoroethyl, trifluoromethoxy, trifluoroethoxy,
piperidinyl, Ci¢ alkylpiperidinyl, piperazinyl, Ci.s alkylpiperazinyl, tetrahydrofuranyl,
pyridinyl, and pyrimidinyl.
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cis 1 or 2; or a tautoner, stereoisoner, polynorph,

ester, netabolite, or prodrug thereof or a
w@banrmsseut i cal |y acceptable salt of the conpoeemUS2006/034088

taut omer, stereoisoner, polynorph, ester, netabolite,

or ,prodru DO : )i; )

o 3P o SR LSRR LR T3, ik ohER) o o
alkyBl is independently selected fromCl_6 alkyl, Cl1.6

al koxy, hydroxy, halo, (Cl1 6 alkyl)sulfanyl, (Cl1_6

al kyl )sul fonyl, c Qal ky|, heterocycl gal kyl, phenyl,
and het éreaaRgund oF G et Eeaétr%@rﬁ 1§ i biosBpeiL
from hydroxy, Cl1 6 al kyl, Cl.6 al koxy, hal o, carboxyl,
(C5_6 aWwfﬂ%&ﬁﬁw edim ﬁﬁh&@ﬁﬁh@ ay alig@r bonitrile,
cycl oal kyl, "heterocycl oal kyl ,
het er ocycl oal kyl car bonyl , phﬁ&éL, and heteroaryl;
whér ei n ARtonapriniaf fdaimblewbgreindh ab etk ios etbylit ed wit h
one or nore substituents independently selected from
hydr oxy, k ; koxy; ais 1, 2,
3, G}Zl, of(& %);%Igdﬁlgil 87303‘ gleghly%?erg%ﬂq%ﬁg’g%{c l}'t oner,
st ereoi somer, pol ynorph, ester, netabolite, or prodrug
t hér eof Aocompoyndaf Chaimt wherkinyb iadg et Bbismos ptesersf t he
conpound, tautoner, stereoisoner, polynorph, ester,
metabolite, or pr ug., 15. A.compoundsof .C ai m 14
W or n Aimpentiol AL RS ToBHOR: B ra i he
group consi sting of hydroxy, chloro, fluoro, brono,
metloyl . AeédipoundioBYAim Pwhdtkin Rk Aexhoxy. et hoxy,
propoxy, butoxy, trifluoronmethyl, trifluoroethyl,
trifluoromethoxy, trifluoroethoxy -119 WO 4. '
2007/ 03@8yompRd s Laien & avhsen cif ber i2:and pt legst oge R is halo(Ci6
alky® Kyl pi peridinyl, piperazinyl, Cl1_6 alkyl pi perazinyl,
etrahydrofuranyl, pyridinyl, and pyrimdinyl. 16. A
compound of Claim15 wherein ais 1 or 2, and at | east
ond2R1 ifschmpamdhbfElaial Kywhereibat leastomelintifhfor@hethyh
16 wherein at least one R is trifluoronethyl. 18. A

comgoun dA ggml%uanldngf%lg\l@ne{ Ezlwri]ngafolrﬁquﬂéi (ID): 1

1
= g, NS R
N / /N /\,‘ O N N
HN—</N U
HsC 7 (1)

wherein,

each R! is independently selected from Cy.6 alkyl, C1. alkoxy, hydroxy, halo, (Cis
alkyD)sulfanyl, (C1- alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;

each R® is independently selected from halo, C1.¢ alkyl, and Cy.¢ alkoxy;

each R? is ihdependently selected from hydroxy, Ci alkyl, Ci¢ alkoxy, halo,
carboxyl, (Ci.¢ alkoxy)carbonyl, aminocarbonyl, carbonitrile, cycloalkyl, heterocycloalkyl,

heterocycloalkylcarbonyl, phenyl, and heteroaryl;
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19. A compound of Claim 18 wherein RL is
trifluoronethyl. 20. A conpound of Caim 14 wherein c

w0 2002/080372, and at | east one R4 is hal o(Cl_6 BECRYEI006/034088
21. A conpound of CI aim 20 wherein at |east one R4 is

Itgl fklluor oﬁEt y §€I Con‘p%eung%(?#‘aluglegl %%e Whet.!’heone or more
subﬁﬁﬁént%ué}s}enaént{y sletdv&tdfiydm ﬁycﬁrax& Il Chl untryp R oy afkoxy;
H i ni dazol - 2- y )-pyr| di n- 4-yl oxy]-l H benzo-

i maiado?-324y0r3; - (4-trifluoronethyl phenyl)-am ne,

(2 0 y i n-3-yl-phenyl)- f
d:lé O%%fg {‘@dtrifluororrethyl-l H i m dazol -
yI )clpyrdrag n-4-yloxy] -1 H-benzoi m' dazol 2-yl }-am ne,

(2- Fl uor o-5-pyridjn-4-yl - %/v
1- ristahipptomer.pstensoisprgr, m)@h@p yfrsiermembabtfo pr prodrug thereof or a

pha%i‘h%ctegt?f(%a'_llgu%bfég%ﬂg ;%/é}t) &E P g%f))&mdg ‘H\R!)mgr, ygtére&%rﬂ&*, polymorph,

estet,-metbiolite, or piddfde.t ri f | uor omet hyl - 1H-i m dazol - 2-yl ) - pyr
i din- 4-yloxy]-1 H benzoi m dazol -2-yl } -amne, {

; hyz”b@ég?)‘f&; Oﬁrf? or&g&t gily] 11 H benzo-

irridazol 2-yl -(3 -trifluoronethyl-phenyl)-am ne,

( 3- Et hyl - pheny - (Hh1- met hyl - 5-[ 2- (5 trlfluoromsthyl
H i mi dazol - pyrl d| n- 4 yI oxyN THRD):

enzoi m dazol Q gl)phenyl )- |
1- net hyl - 5- [2(51le lthy-l
H i m dazol - 2-yl) - pyr|| A- yI -1

H benzoi m dazol - *‘G -am ne, (4-Ethyl-phenyl)-{1

-met hyl -5-[2-(5-tri Fuoromsth | -1 Himdazol -2-yl)-pyri (D)
di n-4-yl - -120 WD 2007/ 030377 PCT/ US2006/ 034088

oxy] -1 H benzoi m dazol -2-yl } -am ne,

(4 \Q'lhﬂrcino 3-trifl uororret hyl - phenyl) {1

g@g 1..5[1\%11%65[&%{1 gc&eo éf 61ali€|}-rl Ci-6 alkoxy, hydroxy, halo, (Ci.6
alk}"l*)sﬁﬁ‘éﬂ}m (mlgaﬂﬁl)s@f c?ﬂl'oé]lﬁ?fl , bérefdcy€lb 8k, phenyl, and heteroaryl;

-trlfluororre

maetahlle Bis| md@ﬁerldcn&l)r l§ titgrm -hydroxy, Cie alkyl, Cre alkoxy, halo,
carl:f_cf_xegfj 26 %&8%}9 ?1%§n§§/lr ?ﬁlnocwbgfﬁ?] cgrbomtrﬂe, cycloalkyl, heterocycloalkyl,

am ne

hete’l%f&ﬁldgmyk:iﬂiozry(,@hémylf énddfe?irmlrmyl e
9113/# - gy tbiel qntwa¥m¥waw% Mathy Pye giimpge substituents

mdegé géqba@ Eerfgceg o} HAGRE %'y phﬁm%ﬂ thd% LBy 5-{2- [ 5-
H |emsda203 42e13;langyr i d| n-4-yl oxy} -1

H benzoi m dazol - 2-yl ) - am ne,
(2-F8ud¥d=5-trifl uoromet hyl - phenyl ) - (1-net hyl -5-{2-[5-

et &yl taﬂtcﬁifert §tb1febié9fn@fm§d% rlpH h@s?éf' }ne@abohte or prodrug thereof or a
H i m dazol - 22yl ] - pyridin-4-yI oxy } -

phapnnsnticallyi akeepiable- sal) ofiihien eompound, tautomer stereoisomer, polymorph,

- Fl yor o - 5- tr| f1 uoronet hyl - phenyl am no) - 1- net hy
este RS S PR B o |

15. A compound of Claim 14 wherein each R' is independently selected from the
group consisting of hydroxy, chloro, fluoro, bromo, methyl, ethyl, propyl, butyl, methoxy,
ethoxy, propoxy, butoxy, trifluoromethyl, trifluoroethyl, trifluoromethoxy, trifluoroethoxy,
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yl oxy] -pyridin-2-yl}-5-trifluoronethyl-IHimdazol e-4-
carboxylic acid ethyl ester, (2- { 4- [2-(2- Fl uoro-5

W0 too7f0Basor onet hyl - phenyl am no) - 1- net hyl - PCT/US2006/034088
H-ben20| m dazol -5 - yl oxy] - pyridin-2- yI

.- 9S-1 uor t H i.m da thanol - {4-
pircRginly iy - SECRPLRAPY o BHaEHYH éh@ﬁ*@h AR, Ciratljtroturany,
Renand ﬁ’fﬁ?d% 5 -yloxy]- pyridin-2-yl}-3
pyﬂi %dazg},e 4- c}grbonltrlle (3-tert-Butyl -phenyl)- {
1 rrethyl 5-[2- (5-phenyl -
H i dodazd\ c@@g@dpﬁﬂl@wlﬁwbq:mm@(y]l or 2, and at least one R' is halo(C
allgi-h)benzm m dazol -2-yl } -am ne,
Met hyl - 5- [ 2- (5- phenyl - | H-i mi dazol - 2-yl) - pyri di n-4-yl
oxy] - 1H benzoi m dazol - 2-yl
- (4410ri f lAucompoehd v Sildifalhhqréeiany lehstane RE is trlﬂuoromethyl
(3 tert-Butyl-phenyl)- {

R cdstaauna oF eyl SRRt g 191,

H benzoi m dazol - 2-yl} -am ne,

[ 4- Ruor gy é’mﬁﬂcﬁhﬂ b ier fauwadeid R trﬁhl@fbth&thyl{
1- et hyl - [2(5tr|fluoromsthyl H

I m dazol - 2 yl)-pyridin
H befzoi i ermRaung of mﬂ%&rheremcswdrﬁﬂp ABd 3 Ipagt one R is halo(Ci

alikyTet hy! - 5[2(5tr|fluororrethyl | Him dazol - 2-yl) - pyr
d)l n-4- yloxy]-1 H benzoi m dazol -2-yl } -am ne,
(4 FI uor o- 3-i sopr opyl - phenyl ) - {
1- meilhy| bedrdpaimid b Cldincllowidrbiplat leabtonaiRd dy tifh@romethyl.
yl)-pyridin-4-yloxy]-1 H benzoi m dazol -2-yl }-am ne, {

1- hyl S5-tri onet hyl -.1
1 Pt o cortagtapd of CIR A GRRaiE 1 1 penso-
i m dazol -2-yl}-(4-trifluoronethyl sul fanyl - phenyl)-amn

e, 262- F|N&f@p&md%@l@ét@@ﬂonﬁﬂh@@bﬂub cohsisting of
trifluoronethyl-1 Him

ol
V\D Zédﬁﬁszbgf?r&@ﬂwae@b@iﬂ@@aml 2-Y1)-pyr1d1n-4-%'loxy] IH-benzo-

B G i T

1- mg2-Mhor&-SHBridn-8 -ryil-fphetqd)a (rbtrie;hyl-ﬁ [EI-(S-tnﬂuoromethyl- 1H-imidazol-2-

Ylkpr?ﬂg%%;grmﬂéﬂg 832@11?1 a@h&r@)}( i,
t(@ rFtluo%‘-tSYﬂgrl%hrf h-ﬁ@?ﬁerﬂh‘ﬁ{‘y Unetyl-5-[2- (5-tr1ﬂuoromet2hyl-1H -imidazol-2-

[ udr'onet hyl’-1 H1 m dazol
yl)ypy)rxqmymsdoxy]ﬂ-ybmzy1m1dazd1+2b3elh-@mmen dazol - 2-yl

1arTéfr}]'ﬁ§}T bzty[l'fﬁgrré’%{ it Iﬁyli %Efl (g?fgﬂﬁgl‘l B@ﬁﬁ-)ﬁ-l-lmldazol -2-yD)-pyridin-

4- mk}@lcﬂlmwﬁmk%ﬂz *’%@m@}, m dla)zol 2-yl '} -amne,
uor o- rrdin en
1 neitl Hylpthsl-$- i %irtﬂqumeﬂlﬁhb&lﬁwdazowwrmﬂm 4gloxy]-1H-benzo-

iRy 51 bl ety brblip Bl dazol -2-y1 - ami ne,

[ 2- ((3-Bthylgihenyd) (Iﬂﬂdth@dﬁ)[m@htyﬂlupimmjlh}&m}hﬁﬁtdizm -PiyHpy didin-4-yl-
H benzoi m dazo] - 5-_ yl oxy] - pyridin-2-yl}

oxykilﬁrbﬁna%}%qiaéoh%cyb}rﬁamet rile,
2- @ Iy t ] SR
( rrg?h Apﬁ%ﬁ%li_ {t F oérl%jﬁgtptﬁgﬂ&l&mﬁtﬁyl-lﬂ-lmldazol 2-yl)-pyridin-4
yl“”‘y!]d&bd’“mﬂmﬂazoﬂ?ﬁylﬁiamime—,yl oxy] -1 H benzo

' (%Q-Zé%ﬂ};l-zﬁh)éllwl%-{i-%ggtlg]yeliS-[2-(5-triﬂuoromethy1—1H-imidazol—2-yl)-pyridin—4-yl-

-120-



(5-tert-Butyl -2-chl oro-phenyl)-f
1-met hyl -5-[2-(5-trifluoronmethyl-1 Himdazol-2

w@ R0o7f3w37di n- 4-yl oxy] -1 H benzoi m dazol - 2-yl }PECHIBIV66/034088
(2- Fl uor o- 5- pyridi n-4-yl - phenyl ) - {

oxyi/l @eﬁi’&lrﬁd&ﬁ[ésyir i fluoronethyl-1 Himdazol - 2-

pyri %> H benzoi ni dazol - 2- yl }-am ne,

( Z{E-I(Jlﬂxrre Mﬂubfdnh@lﬁﬂlmbﬂm {plimwns fo- %5 tr1ﬂuoromethyl 1H-

4%12 I 5-[2-(4-phenyl -5-trifl uoronet
imidazolrd- wrldyl M%HH&@RZWW@@QW -yi}-amine,

l%g?ﬁ%rr gﬁ? 1}0?“ ,Y}i REW {1- Wg}}y )5 [g (5-trifluoromethyl-1H-

1m1dazqm ympyﬁd{n24-§f¥bxp]‘4eHydenﬁomﬁdefzleQ-fyO}nﬁhﬁ]\é' 1

21 H\g%tf‘}ii %’i%éﬁ 2‘5{) ygéf}qétnﬂ% 1%@“1%3201 2-yl)-pyridin-4-yloxy]-1H-benzo-
1m1d112(l)\1'92 L(45cr1haox]6§ke%§?ﬁﬂxex§§? 2 Aeuor omet hyl -1 .

Himd 1
H t(éffﬂmmrij‘athiorcﬁnqth}}l m@nylb-i(f-hnﬁdt}mﬁe{ﬂqw mpihghi(3-tafude-

ety R PR pricin- b pyvdohEheraaypidzol-2-31)-amine,
H- (zmda)z@b' ﬁﬂwrbmemy! fgéﬂ%ﬁayﬁl%yﬂ 5J{2 I5- meﬂ;/;fl -4- &4 trlfftsoromethyl

H- benzoi m dazol

pheryl )11Hémt@ﬂrzols2 R Rym)ém%ﬁgquﬁ 1§H- bénzunmdanﬁ-liyyl) amme
e gnﬂé}d@z(% Fdlaoroyé %1fpu¥)%olng ){11 éoh%n}(r)la&nojj 1-methyl-1H-benzoimidazol-5-

azol
ylox@pﬁidmxzey@ i—ﬁiﬂﬁlbtbﬁa{e(ﬁimilfHLimidBﬁﬂé/-Ll)cafboxyhc acid ethyl ester,

1- -trifluoronethy
m?f} i?i (%Fg}mo gﬁlﬂmrﬁmﬂyl @h@)]qumnpbmmh%lahbmzognylazol 5-
ylox: H 1H9L§}-E52tr1??81%5%h1§?1t1§1 rh*dgicﬁ rﬁeﬁt’ﬂﬁ{netlpangpyl )-
[ rriZe{dz[d FVi2thyl- Z{Mﬂlwrmméthyl p]?@n]y}aimno) 1H-benzoimidazol-5-yloxy]-

o IR S o
e T e o

OXY]HPErémmndaa(zlfﬂ -yR-aphing, - ami ne, (4-tert-Butyl-phenyl)-

L_ ;nﬁ(getgg%}f EZ % lgh%héi}flmt l l;,fé/ﬁ?;je}{?%ﬁﬂ-%-yloxy]-lH-benzoimidazol-
2-y1 Héb&ﬁh@wﬁl&ﬁﬁ%lfa%yyhhény Xae[iﬁlﬂ@ 11
yl -5 phenyl -1 Hi m dazol - 2-yl ) - pyr

h
d| (R @rtyB@tpr anDF{BeIﬁthyl Hiinﬂ%rtreﬂuozombthyl—uaamldazol -2-yl)- pyndm

oS BB o e

1- h@Flmyoio-S—({eﬁal()ElrdrﬁirhxyB - plikﬁi@ﬂl-{llm :yIIBIﬂ@-(QJmﬂuoromethyl 1H-

i B S et SR Y e
”PFBYAm&Bﬁ%yg)Sgt Ilhbtil}'[ypg i@g?g‘ﬂl}oraﬂieﬂﬂ'yl 1H-imidazol-2- -yl) pyr1d1n 4-

i m dazol
yloxyirﬂéwzozqnndhizdl-z QL}ydn}nna;n ne,
tr| or one yl am no neth

gfl[,lg_}_ él‘é)ng EﬁOﬁJFO%é{ Bﬁleng methy ? 3{& (? tri uoromethy? P imidarol-2-
yb)- pyh@myzi -yR¥X¥ - @Hrbeazd{hﬁda%bm Z}daﬁ&tee 4- carboxylic acid
ester - { Chl oro-5
-t ﬂ'X’I%Wl&@ﬁymﬂph@ﬁwﬂmh1ﬁb§lmdazol-@exlhyymd1n 4-yloxy]~1H-benzo-

imid Ol%%?é gfg&)%rﬂéthyl}sulgar{yrhpp?W&Whyl 1H i mi dazol e- 4-

Ca(’ZbE]myiol -$-isapioyBp iyl eQt@Ethyl-5-[2- (5 -trifluoromethyl-1H-imidazol-2-
(2-Fluoro-4-trifluoronethyl -phenyl) -{
1- et hyl -5-]2-(5- trlfluorolrﬁthyl 1 H



I m dazol - 2-yl)-pyridin-4-yloxy]-1 H benzoi m dazol - 2-yl
} -am ne, (2-Chloro-phenyl)-{

WA 2002080877 5-[ 2- (5-trifluoronethyl-1 PCT/US2006/034088
H i m dazol - 2-yl ) -pyridin-4- yloxy]-1

1 Di et h h I
y?-Lp ?ﬁﬂﬁm 5’1&2}@1{ %gyélﬁlgﬁg]oggr?e&ﬁl % 1 Ir—rl-el moégzgl egyyl))

pyri @-l Eluﬂrcyﬁ-@xﬂl}ommbﬂwbmb'%{daneﬂhy125-3[2 (3-trifdrovacthyl-1H-

“i‘ﬁazsc’il ?ﬂ'ﬁg%@@@?ﬁk ?% Broeimidaral2-pl ramiagz of - 2-y1 ) -
pyr i G- t@rtélBM!yPZ-)ﬂ]uoﬂo ﬁheha?nZ{q Lxﬂétﬁglzs) oY fldorsr@h et Hdmidazol-2-

uor onet

- Met hy { (b5€ trif
YINPVWIQ:&MIOXE -V pynmdiaﬁolﬂvl}ea«m]ne,l H benzo- i ni dazo

EQQhFl%J (& tr‘iilfll.kor?rg%ﬁlﬁgée}}%}% )-éq [Ige‘%gl) -3 ﬁnﬁgmﬂgfh—é {-Ifﬁy}iglqtzol-}yl)-
pyﬁdmnqaml] -124- béﬁzom{i’dhﬂﬂ-ll y‘l}-ﬂmn@XY] 1

H- benzoi m dazol
1 ECTInOTSr oV gy mechyLas-[3 65 Fifubarosty!sl Heimidazol-2-

R e

- 3H-2- M-(ﬂ%a—ib-thtbr(y-IS)trlﬁembﬂmmyd}phéhyle{mﬂo) ﬂ&n&tﬂyIFIH Y& imidazol-5-

ylp%)bé{é{'{@}m?gi}zgﬁl gP E o}/e éfa cargglzltrllle met hyl -
yl omzlcmwd Mﬂilﬂl?orbﬁ'n}:th%bﬂepﬂ A3 Gh ST 598 PRV ForRGhH-11-

ﬁdr oxy- et hyl)
1mld429 Yylppyritlig-g- }tlox;f]HLBbbwehmylhdeﬂ-yMadaﬁ@I 2 yl)-pyri

dlt Pl(sT%%?%ﬁ%lt%%b%W; r&dazgyl g [%/ (5- rlﬂuoromet }91 IOH ?m1dazol-2

ylk- ﬁyrfdlﬂmyaoﬁy]trmfbbmlﬁm&dl;d¥ - { 6-nethoxy- |
met hyl -5-[2- (5-trifluoronet hyl 123 V\D2007/030377

PCT/(@32oereroryriig-4-yl-phenyl)-{1 methyl 5-[2-(5-trifluoromethyl-1H-imidazol-2-

: |
O e e R -

rret(mmgcglo-s {r%wmitPﬁlﬂegﬁyﬁlwéthﬂ -5-[2-(4- phenyl 5-trifluoromethyl-
lﬁ%gﬁzggﬁﬁla@y%m)n §10X¥]| {]H begzmm)l/c]azol-Z -yl}-amine,

| - ( 4 (lﬁ r(i_‘lfl%‘_dosv 9@0?&’[11&9&1%11}1) qlinrﬁ'eethyl(f' [ftémfhen?' 9—%rriﬁl%ci)r3fnethyl-
1I—&lmvdaml+2—ﬂ)-@§mdm4 ylo&y}al“ﬁ{bbyiommw-ﬁ-ﬁfnnﬂﬁmé H

benﬁﬁg&ﬁg [%-E? ﬁgyﬁﬁh&ﬁéoropet y% 1¥-I 1m1dazol 2-yl)-pyridin-4-yloxy]-
lHlb@zbiﬂutﬁzc{l&' ﬁli(&&hﬂﬁ&@ﬁl@ﬂﬁ?r gﬁ(ényﬁ"énil H? dazol - 2-yl) - pyri

di n- benzo- 1 m da

- (443 -ﬁy hyltnhle@ﬂﬁ't{ h-ylllei]psﬂéﬁr}zl'()"f -rehyles- tlﬂﬂuo{rdm[ethyl 1H-imidazol-2-yl)-

py’f]_@ 9 Xﬁiazot [ fI t/)?g, thmphenyI am no) -
pyr I(«d-lteﬁ’t Buwl}ph&kyl) m&@a@w [2=(@3heRNY-trflRgdHethyl-1 H-imidazol-2-

droxy-eth

Yl)lp ﬂtyl@q]zi Be&mlmlﬂwl@ }Hayine;

Rttt Tie gty PRdad TR ety -

imBlagol-2-yl)- pyndm 4-yloxy]-1H-benzoimidazol-2-yl}-amine,
ronet hyl - | H-i ni dazol -

1- -5-[.2-(5- fl
i on'\/l.E5 E}’w% Nflﬂ%P{OtH{?Ié‘}YJ% S e eyl - [;2r(éﬂ%p¢ﬂayl}v4 pheny TH-
imid@zd1td- ﬂ)lfﬁhﬁﬁie“ﬁﬁxy]lﬁ‘ﬁ%hzmﬁﬁdﬁof 9?&6{‘95@?{%
&, or prodrug

st er eol soner (0] ym)rp est er,
© he B ohlas Seiifloprsrdphén)-{ - nebod st @b(5eman 14-phopbast

conpound, tautoner, stereoisoner, polynorph,
-122-




ester, netabolite, or prodrug. 24. A conpound of claim

23 -or a pharnaceutically acceptable salt thereof
wob@resa37t he conpound has the formula: F3C N PCIMNMUEHB6/034088

HN--////N/ I ClI ~HC NHC or a tautoner of the

imRRAFIOUGH-pRFidR-PHRI @Htﬁehﬁﬁlﬂidﬁzapg%ﬁtﬁﬁi&, salt of the
tautoner  having the fornula: F3BC HN p N CF3 HN~ N

N KBEreButyhpbemibo 51-methyl-é d Avif imasthyg-4plhenypdbridiidazol-2-yl)-

- aut Jt -.124 WD 2007/ 030377
py%@7%%&%%&%%§%¥%g§§%b' gif) e&lé’al t, or a
phar tagehyl-$-a-( nrageathibhyl- Hﬁ-ﬁﬁlid&ﬁol?ilgl)lp?biﬁﬁmi&loxy]- 1H-benzo-
a

. thereof of Caiml or 24 together w't
implazelrdrd B rtefpespmethydphemiDeaaiier  er . 26. A net hod for

t . . : : o
LB o AL SR TS AP . e imicaol 2

yDepyiridin-4-sldyyddH-berzoimpidaiol-2oi}-amimy, i Sing a conpound,

t auf[oner pharmaceutical ]y acceptable salt

g ._or a
phalrit-Mathodpipsrazind sy-ahingl]- d amethyh-5[fdStrifluspmethyl- 1H-

i eninef & )F 112 : Bt ho claim 26

im e‘?lgzl) l)?ﬁg@ﬁn‘glo%ﬁ Flgﬁb%ﬁ(ﬁlz%ﬁ%gpgwg?%’se or nut ant
B- Raf {4kj2r@siEno8s-trifluvetthettylefhe ) anmin )6l -miethyh | Hibsenbaimidazol-5-
conpri.s.e .ni.stering tq the human r ani mal

TG PP S BRI efhoimls Al B G7h ho
treat t(2°(ﬁh16ﬁﬁ§-$1’iﬂu&8meﬁﬁyﬂﬁ(éﬁ9ﬁnﬁﬁo)q - ehy29 H-Per¥bingiBazol-5-
the a east one additional agent for the "treatnent

ylaxty l-omndier2-y13 - sifboravethyloi-imidasledssarbaxylioneid gthyl ester,

o ST e e R R P S el e
imidaié1-9) bpatidinds-yloxlyMaHL bnBoimddiz6l-28 Y ChinfiRs, it uxi mab,
and trastuzumab,
(2-Chloro-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-
yloxy]-1H-benzoimidazol-2-yl}-amine,
(2,5-Dimethoxy-phenyl)- { 1-methyl-5-[2-(5-triftuoromethyl-1H-imidazol-2-yl)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine,
(3,5-Dimethoxy—pheﬂyl)-{ 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-yl} -(2-triﬂuoromethyl-phenyi)-amine,
(2-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-
oxy]-1H-benzoimidazol-2-yl}-amine,
(4-Ethyl-piperazin-1-yl)-(2-{4-[2-(2-fluoro-5-trifluoromethyl-phenylamino)-1-
methyl-1H-benzoimidazol-5-yloxy]-pyridin-2-y1}-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-yl1}-(2-fluoro-5-trifluoromethyl-phenyl)-amine,
(2-Fluoro-5-trifluoromethyl-phenyl)-{ 6-methoxy-1-methyl-5-[2-(5-trifluoromethyl-
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30. A nethod of Claim 26 wherein the cancer disorder
is nmelanoma. 31. A nethod of C aim 26 wherein the

W@ 200¢080301 sorder i s breast cancer or prostat ePCHOSING6/034088
32. Use of a conpound, tautoner, pharmaceutically
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wm&ﬁﬂiea&ﬂn@oﬁﬁﬂhaé)ﬂlelf&ﬁmﬂaamonm thereof 39. A nethod

of inhibiting a receptor tyrosine kinase in a subject

or treating aFr,biological condition nediated by the

receptor tyrosin nase in a subJ ect N nprl si ng
adm ni stering to C@J’izrrprl si ng
a compound, tauto */ eut]| ca Iy,’f{%\ccept abl e
salt, or a phar maceutl e salt of the

tautonmer thereof of Ghigim1 or 24, wherein the

receptor tyrosine Ki nase i s sel ect ed fromthe group

consi sting of VEGFR-2, FGFR-3, c-Kit, PDG-R-(3, and

CSF-ot R tawtOmeiT dnﬁhﬁed)mpohrxdfor@l phiam&@ntivdllgragteptatiesalt of the tautomer
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25. - A composition comprising a compound, tautomer, pharmaceutically
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| ung carcinoma, gastrointestinal stromal tunors, acute
nmyel ogenous | eukem a, neurobl astom, nel anona,

woredoriopi3e7 myel oma, ovari an carci noma, and br eaBCT/US2006/034088
carci noma. 41. The nmethod of C aim 39, wherein the

acF%i:f?rg? itsgr\l:t,ﬁi‘uaé@%ﬁﬁé%%}ﬁ/ﬁgaﬁl}"a%éﬂ?gﬂlé Ralt of the tautomer thereof of Claim 1 or

241ogethelawith a phytinjacgutically acoépiwblexytrietH benzoi mi dazol - 2-y
[}-(4- tri fl uor onet hyl phenyl )-am ne or a
har i cal l cceptabl e salt,, tautomer, or
Bhar u‘%‘ IE‘S‘ihPé 1§ LEping, Pecaget EPrthéntaabWBﬁ%ror animal subject,

coh’ﬁﬁi’sﬁ%f admibéfering to the human or animal subject a composition comprising a

compound, tautomer, pharmaceutically acceptable salt, or a pharmaceutlcally acceptable

salt of the tautomer thereof of Claim 1 or 24.

27. A method of claim 26 wherein the composition inhibits Raf kinase or mutant
B-Raf kinase. |

28. A method of Claim 26 which further comprises administering to the human

or animal subject at least one additional agent for the treatment of cancer.

29. A method of Claim 28 in which the at least one additional agent for the
treatment of cancer is selected from irinotecan, topotecan, gemcitabine, S-fluorouracil,
leucovorin carboplatin, cisplatin, taxanes, tezacitabine, cyclophosphamide, vinca alkaloids,

imatinib, anthracyclines, rituximab, and trastuzumab.
30. A method of Claim 26 wherein the cancer disorder is melanoma.

31. A method of Claim 26 wherein the cancer disorder» is breast cancer or

prostate cancer.

32. Use of a compound, tautomer, pharmaceutically acceptable salt, or a
pharmaceutically acceptable salt of the tautomer thereof of Claim 1 or 24 for the treatment

of cancer.

33.  Use of a compound, tautomer, pharmaceutically acceptable salt, or a
pharmaceutically acceptable salt of the tautomer thereof of Claim 1 or 24 in the

manufacture of a medicament for the treatment of cancer.

34. A method of inhibiting at least one serine/threonine kinase in the MAPK
signaling pathway in a subject, or treating a biological condition mediated by a
serine/threonine kinase in the MAPK signaling pathway in a subject, comprising:

administering to the subject a composition comprising a compound, tautomer,
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pharmaceutically acceptable salt, or a pharmaceutically acceptable salt of the tautomer
thereof of Claim 1 or 24,

35.  The method of Claim 34, wherein the composition inhibits Raf kinase.

36. The method of Claim 34, wherein the composition inhibits the mutant B-Raf

kinase.

37.  The method of Claim 34, wherein the biological condition is selected from
the group consisting of melanoma, papillary thyroid cancer, ovarian cancet, colon cancer,

pancreatic cancer, lung cancer, and leukemia.

38.  The method of Claim 34, wherein the composition comprises {1-Methyl-5-
[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl} -(4-tri-
fluoromethylphenyl)-amine or a pharmaceutically acceptable salt, tautomer, or a

pharmaceutically acceptable salt of the tautomer thereof.

39. A method of inhibiting a receptor tyfosine kinase in a subject or treating a
biological condition mediated by the receptor tyrosine kinase in a subject, comprising
administering to the subject a composition comprising a compound, tautomer,
pharmaceutically acceptable salt, or a pharmaceutically acceptable salt of the tautomer
thereof of Claim 1 or 24, wherein the receptor tyrosine kinase is selected from the group
consisting of VEGFR-2, FGFR-3, c-Kit, PDGFR-B, and CSF-1R.

40.  The method of Claim 39, wherein the biological condition is selected from
the group consisting of mast cell leukemia, erythroleukemia, germ cell tumors, small-cell
lung carcinoma, gastrointestinal stromal tumors, acute myelogenous leukemia,

neuroblastoma, melanoma, multiple myeloma, ovarian carcinoma, and breast carcinoma.

41.  The method of Claim 39, wherein the composition comprises {1-Methyl-5-
[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl} -(4-tri-
fluoromethylphenyl)-amine or a pharmaceutically acceptable salt, tautomer, or a

pharmaceutically acceptable salt of the tautomer thereof.
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