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Kinases known to be associated with tumorigenesis include the Raf serine/threonine
kinases and the 'receptor tyrosine kinases (RTKs).

20 " The Raf serine/threonine kitlases are essential components of the Ras/Mitogen-
Activated Protein Kinase (MAPK) signaling module that conirols a complex transcriptional
program in response to external cellular stimuli. Raf genes code for highly conserved
serine-threonine-specific protein kinases which are known to bind to the ras oncogene.

- They are part of a signal transduction pathway believed to consist of receptor tyrosine

25  kinases, p21 ras, Raf protein kinases, Mek1 (ERX activator or MAPKXK) 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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25  recent studies have disclosed that activating mutation in the kinase domain of B-Raf occurs
_in about 66% of melanomas, 12% of colon carcinoma and 14% of liver cancer (Davies
et al., Nature 417:949-954, 2002; Yuen et al., Cancer Research 62:6451-6455, 2002; Brose

et al., Cancer Research 62:6997-7000, 2002).
Melanoma, which continues to represent a significant unmet medical need, is a
30  complex multigenic disease with a poor prognosis, especially in the advanced metastatic
state. Activating somatic” 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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30 that,on of cancer cells reaches a certain size, roughly I
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in order for H&vbmafhﬁa@ﬁﬂﬁbﬂtcﬁéﬂﬁéb@&l dbisérftied ia® Bxhibi@nY\EFRRT ih Q3R e
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patent applications suggest the use of Ra kinase inhibitors for treatmg leukemia (see, e.g.,

25  U.S. Patent Nos. 6,268,391, and 6,204,467, and published 11.S. Patent Application Nos.
20020137774; 20020082192; 20010016194; and 20010006975), or for treating breast
cancer (see, e.g., U.S. Patent Nos. 6,358,932, 5,717,100, 6,458,813, 6,268,391, and
6,204,467, and published U.S. Patent Application No. 20010014679).

Angiogenesis also plays an important role in the growth of cancer cells. It is known

30  that once a nest of cancer cells reaches a certain size, roughly 1 to 2 mm in diameier, the

cancer cells must develop a blood supply in order for the tumor to grow larger as diffusion



devel opnental cell growh and differentiation, renodeling and
regeneration of adult tissues 5 (Mustonen, T. et al., J. Cell

Bi ol ogy 12989788877 1995, van der Ceer, P. et al., Ann ReWisa662lodsoss
Bi ol . 10:251-337, 1994). Polypeptide |igands, known as growh factors

or cytokines, are known to activate RTKs. Signaling RTKs invol ves
| i gand bi nd‘f‘”rlilgm}irb& syfficiang o pypply thefw@neea ckibnwitin etldﬂgh&@tygernadd aarieits) Tols,

the recept ri.za oussaki

"Vascul ar . q%%%?ﬁe? %@o%ﬂ é\}\%% g%&%grté %unbéﬂ?%% cé"ﬁ?ebl"gnsr n Enbryos,

10| Adu:(t S, and IRﬁcammemdSld&ChmamstmKS}S eret ﬁMSﬁl&mbkﬂbVlﬂﬂﬁjebﬁdéafth?t regula‘te

Hel si nki , cer or at or partnent o

Pat hol ogy, I@a@?ﬁﬁa{téj%ﬁ@g@m@ng f&%enl’ﬁ@f % FERP e%{lg m’é{)%é?nelﬂﬁeé jof adult tissues

61: 203- F12,(MiS&0n, Bienali mgaa,fl BibRg) 1198865893, 1 bes, REK deeeill B, Ly  4nn Re.

receptor tr [}3;5 g ); tion at specific tyrosi ne resi dues an

subsequent (262115*?’9@ P74 6942>aP alypentide ligadai lewnos grewsth factors or cytokines,
h h I f.

phosphoryl akd ®Rowh 16 YHcAPAIS ITIEs. SS&Eéathggt%‘ﬁF& kﬂ%lve%ﬁlegsﬁg@ibz%bﬁﬁ a%& %ﬂ? in

RTKs are specific to the vascul ar "en I um
vascul ar erf§BforBatoR| iy thov exidraglt dpmeivEGE)the ubdeater| sesultidg t ine ﬂl dhmerlzatlon '

Eﬁﬁﬁg;?r Isé :{E}Iﬁm&d%alqus e[? %cu!%@gl (E%&%/Egg: @ﬁla%gbléelr ce glsalﬁzEIg Iyos,

Oncogen@ 5:48Ys,508 in ﬂ.@rgms%wadmm DBsertatlmalUmvmﬁl‘}C@}gHBI@mﬁL mzm:le@mncer

wenber oo G eBaly Ay PRl sESAaben, Mo By bR, A

i nduce vascethilarCellpﬁrzméah[zJ lmo)amlcaﬁgi@m@hlg@id 1©€hd Rmmlesﬁ%nﬁtréc%ﬁto@ﬂ%s-
further |de g’Fas a ?\4 r inducer of angiogenesis and
vascul ogené’ 1Pl 2% SPRpliG tyrgpine 1¢sifyst Aith SPbsCayspt agigvagionsf thegatplytic

VEGF i s kngwm “rng)f(ﬁf Hoksrahv1xtidd g FLT-1 and Fl k-1
(Devrlﬁhé C. a'let alﬂﬁc}j Sc‘;ighgnjlt’:e1 mgﬂ) 816[5@16%@58%{269@& inn, T. et al.
tl.

Pr oc Ac ad o sebfamgigps ﬁééﬂir%@v specifi tpgb@yascwc;nckv@heﬂmmatﬁsse: inelude
m gration A

angl ogenes?{sédvagéﬂll é;r]ﬁét;ﬁEl'rxég %gﬁgthle%&gﬁt @(%%OSUBEH 5( %Bdthé %fecep 19t suBfagpily.
Chem 264: 2685y V2BOHA inclddB8YEGEBA r(BL’[Tle VEGER2 zﬂ(DR (hun@h), Bl nit@ate)), and

84:1470- 14 8 | Endoc

1997; Ler ng%qgk% & Lf%r @é?@”ﬁcé\’l %aa} %OQ%QE 3 511559)@%5 &%aeﬁ@m’@n’ ng't etal,
al X ENBO OhBog380 15: BR06.,683,98991; Bﬁreﬁk{ﬂﬁ! g{ﬁ éﬁral vggé%myl%mmﬁm 1992).
endot hel i a s ave_ est ed t hat medi ates the
maj or i ?é/ #\4 B’g’\ﬁﬁs‘ffy@%ﬁf%ﬁﬁ éﬁlffémwa}\?ﬁ?}i—’e‘?nn deserdhed s risdngs ik tmuce pascular
al . C i npardleatAlityamgesdbieli F8l QkEtaf Ve RhQ Y entified 43 %@na &Oﬁﬂﬂcer of
VEGFRZ medi ated -4 WD 2007/030377 PCT/ US2006/ 034088 -prolift él‘ atio

of endot hef}Ekrseresty aid vasqyiqeenssisdFeran. N ¢t 9o Fadedriral. ifsn «hﬁl’4 25hd997).
Ras/ Raf / Mek/ Er kVE@?tlme{ %eéﬂéglﬁbﬁly %mﬁo 1@1“ 2 1n€ﬁﬁﬁ1§%l§§§ ﬂgg Fﬁgf (Igel\?ries,

2000) . VEGFR2 expression has been serve inme reas
cancer, bl adefet., Sdence2) I PENGIL AR QuitthyE. ot al., Panc éfayl. Heab Sat 80:7533-7537,
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30 Studies in various cultured endothelial cell systems have established that VEGFR?2
mediates the majority of downstream effects of VEGF in angiogenesis (Wey S. etal.,
Clinical Advances in Hematology and Oncology, 2:37-45, 2004). VEGFR2 mediated
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cancer, and ovarian cancer (see Wy et al., supra). Neutralizing
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The role of the fibroblast growth factor receptors, particularly FGFR3, in cancer has

been illuminated. Dysregulation of oncogenes by translocation to the immunoglobulin

heavy chain (IgH) locus on 14q32 is a seminal event in the pathogenesis of B-cell tumors.

30 . In multiple myeloma, translocations to the IgH locus oceur in 20 to 60% of cases. For most

translocations, the partner chromosome is unknown; for the others, a diverse array of

chromosomal partners have been identified, with 11g13, the only chromosome that is
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karyotyped lines that had no detectable 14932 transl ocation. These
transl ocation 5 breakpoints involved 6 chronosomal |oci: 4pl6.3; 6;

8024. 13; | e 200303036823. 1; and 21822.1 (Bergsagel et alpcr/iSfgozsdiat -
Acad. Sci. 93:13931-13936, 1996). Chesi et al. (Nature Genet.

16: 260- 264 1997) found the karyotypically silent translocation t(4;
14) (p16. 3; @@@wmly invobverdy Betgseget el dl. gdérnitified 11Egd1meme awitcheeppmbinagipn figgments

prl mary tUIEI&) ed aaS Octaial{uﬁg O?qufﬁcersrLH{al}E_l n? E@lonixdg &'] tllap?l{aﬁ%%egf

expr essi on and I ONDSONE
br eakpoi nt &aﬂmmau@i eeherisg 1A saitdOrelions mghSafle m@ﬂmthlmes mdﬁ@‘ﬁlig{z of 8

whi ch was hou ht . tp be.th ysre 0 Two I nd., 1.
primary tu th 1R Sthet g’ﬂg é@féBfra?glgellg&%I 3‘@1@0@?8} es %aﬁséﬁ%
allele §0nbﬁ=hlEpdikﬁs iBESHAEGI dHorfibkbRal W 4@@@ Iélﬁmnse\zﬂ@l@sﬂ y16q03.1; and
t hanat ophoric dwarfism tyr373 to_c to gI and ys 50, to

met: For KBBOR1 @.@g%aaﬁls@ﬁ ol Pige Ned i |f‘5(ﬁé{fi|'8fﬁ 8?1 R3%BH 9r?é healc gt al.
15 of 1igapd,had bR PlsRthday 1@%@”5%4 Y tﬁegﬁgw RN S sil&R e Han@leation

al . (1997) "propose that after t cation, somatic
mut at i on du(ilAgptdmb2 pr dgsewytlomafoclslives hyd igehdeaat éso faH) PORRE tumors
protein thg

Cived a froteened it rifiob, Sy PSRETRE Ryt A0t BPOERY G b of

mul ti plle miekwioas CREFSIARSS eTihe Iﬂneﬂnosdm&dr Breakﬂ'mntﬁamtcbistereﬂllﬁ % 26-kB 268gion

2002 Th 20 t t
freq L ency © F‘?‘Ptrﬁﬁjce;lg n"fs 58&?5 hwﬁﬁh 3’8? rt \élcgﬁ%@ﬁ & ﬂfig'g%e% h‘gfgtg%l} rYéO\AFneS end

si gni fi cangeyipdsRimorSwER s tr@ﬁkl@a‘tﬁéﬂ Seldctivélp @xpreans iah IFOFREr dlvle dkdhing

to nultiple nyeloma. The t(4,14) trans]ocation affects 2 enti al
oncogenes: 30@@@&“@%%%@??@"@ Wé@lﬁ%l%ﬁna%lﬁ?% WW@BET‘?P Qéég s SBRo0

et al. ( 209;%111' a[}l\élQZ§659368 &bt F&e[(é.‘m@q%rb%ﬂst@&m': g(::%hgﬂ %f ?@Ft@tu'l Qi?: BBhce

its prognostcva elnrrutlperryeorra é 59 -
mul tiplte npéligand ltﬁdr’c@emrqvgdvbgéll’qtp?rfétéloﬂteﬁéﬁjnm@ltmdchlﬁgﬁs Pte@uﬂﬁ Doprrpgseg that

expression,ql nth%dghtlhf%anglﬁéath %; &%@R@ﬁﬁtlgﬁ%@ﬁ ntuﬂlro?ﬁg%rgﬂ on frequently

i ndi cati ng”an oncogeni c ro I'n carci Romas
et al., (Lgtﬂemftésd)ddt(ﬁiﬁ’ES fietett thatd8 adBre 20the 19883 of I@appel | en et aI

found expressiop of a stltu i,ve activy, o
proportion 30 o?‘ AT Hhroin el ‘El glalé‘%l S%Wc%f?%% f%Rthegfﬁﬁngacfa%ﬁocauon n
FGFR3 appeaifhlé Qn;kwolﬁb@mssent r[eeuant By, aummakobrmg@ﬂeszsn zbﬂ):E)ddé“he
cancer, being nutated in nore tha

0%
medi at 80 oppaaslecatien i rhservgdrat ﬁgﬂ O!ﬁfa a}l@@& |1%P%ﬂenb°~r“r%b HWPPFI?I??I
bone -6 %étﬁ?Q@&?deP %(n%%@@i@é%é@@@U%nﬁgQ@nﬁ@a @€ BOBH Qahsition from

several tu types. m ssense somati c nutations identified
in these céfif@éﬁstovmrﬂélpiedeﬁﬁlpmal Tlee tHd 4y aanslergtion @ffediat pefeminl Qupeasaes:

that cause FGE‘?(S angh %Rht(? 1k gnerg%ﬁﬁl @'LSdo?l da(nji ﬁ@M’S@IS' ORSsRE& Lt LT @OOQPm%estlgated

mut ati ons, equil v
the flequency of FGFR3 dysregulatlon and its prognostic value in multiple myeloma. In 16

25  of 110 (14.5%) multiple myeloma bone marrow samples, they found dysregulated FGFR3
expression.

In addition, further evidence has been presented indicating an oncogenic role for

FGFR3 in carcinomas (Cappellen, D. et al, (Letter) Nature Genet. 23:18-20, 1999).

Cappellen et al. found expression of a coﬁstitutively activated FGFR3 in a large proportion

30 of 2 common epithelial cancers, bladder and cervix. FGFR3 appeared to be the most

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

G-



because the FGFR3b isof orm expressed in epithelial cells contains 2
nmore amno acids than 5 the FGFR3c isof orm expressed in bone). O the
FGFR3 al t emet omg30BTY epi thelial tunors, the S249C nut atrromswasoisies
nost common, affecting 5 of 9 bladder cancers and 3 of 3 cervi cal

cancers. Evidence has al so been presented indicating that actjvated
FGFR3 i s t#Mges %l opergeng ya geusfal R‘d’é’grtﬁﬁfé't i BH BOTR3 anpsehsgpopalg mutabions

ubi qui ti najykQ; edQHQhéng: f LR {aBg At ahé %@1%111&1051&1%{31% thikafdds tBALBuse
wi th achon rop aslia an ated chondrodyspl asias disturb this .

process, |iauitopjotio dﬁfﬁ?@ﬁ@ﬂ (they aethora ayted dkad dn remaistions thif@quivalency occurred
anplificat llﬁeo n‘ﬁgg&)l}f)ﬁ%}%obse ﬁ{l%xér%gd %‘Jgk?lhl cnﬁ SQ:%nta]}EtZ mé‘é%gunosfdds than

101: 609-61 hIS mechani

cont ri bt emeFGFRhmwﬁiremﬂpmssqdan hoagenOsits Rﬁf%’cﬂ@rﬂmnpilmlthelahwmmS the
represents ot ent.i al t for th ntervention

| ysosomal %ﬁ‘@g 'Ilt?l%"‘ﬂ%'? QsSt Lo ima \’7%~r Ct%glg étcﬁ%r I?@%ﬁ%ﬁﬁ CeREnd igp§°er‘”°al
proposed tgmgxpl ai n the pathogenesis of achondroplasia. Qher results
indicate that FG-R2 and FGFR3 are significant factors .

tunori genesi s (F48§o9 hagalsq been PogFrsR Bisatng W%?%Bﬁfgétﬁ@mﬁﬂﬁst&? S

receptor 2ja0dyaf H%Q&%lﬁ%ﬁt byd rcqvﬁmnefaﬁa@édOﬁblaﬁﬁﬁamr a3d Qﬁﬁe&tﬁﬁcﬁfgcm@ﬁﬁ&qs
with human”gastric and col orectal cancers” Cancer. Res. 61(9):354

1-3, 20@1)fouml,|el peientsewith mobandraplasial and prlatedshprdradysplasiay distudlp g possss.
and tunori %E}@es{o ]i(ecﬂ(‘gln o?%@l}{tedolfe?ég&g Qldt 1ff&§1t1c§ri e ﬂ?ﬂ’l@? Elgﬂ&ﬂ?(@ﬂ& cLs al.,

factor rec Ses Icu |tors of FGFR2 "and
will play Brc Maoricaddl Seii mltd’iﬂ@ 616y é&@ﬁﬁeﬁﬂwoﬁ danuvegested ghai this glechanlsm

et Y R SR e
cell's. G kid tl%éﬁ&ﬁmﬁbﬂvémﬁan 2he peBomalrpgb e dedec iy ﬁdmmmm&h”‘”“

cancers including mast cell | eukem f%ﬁl}ge m.cell tunors, small-cell
| ung cAf ci proresed nsian Hicgsthoggesis RArPRIAE*s, acute nyel ogenous

lleukem a  (AM.) gunef ViBNIR! GO Bghath SUIFRD! EOF@FREEW%@HﬁW%MS in
carci noma, breast carcinona (He| nrich, M

6 1692- 17031,111021@ems1(sr@am&dﬂap& Bl Qylutatiprs| incﬁbrosiaSbngéJfl féFtOI I‘E‘PB%HE Bd
o7, 5 1413c142) %log,gjc @(C%legg?@@s%%ﬁ&f asg%lfatécﬁmﬁihﬁulﬁﬁpg&rtﬁ aﬁcpﬁolorectal

colony st tor-1 enlrrplcate in a nunb
of human cedncéreoGms:er Rae 6l G)BG4 d &, 20HOMRye ¢ theleolp i zsitiple myelpwpa, bladder

Biol . Mo Be 4 sy OBt el AR bEIBER g S reeerr

CSF-1R is krﬁaml pRtibZimashibiece pf MGARL afd, FGARS, adli iplat ed ibyort tde in the
l'igand CSF-1 tri ggers signal transduction pathways controlling cell
proliferat HeHmEHEL GAHEBr ent | ati on. CSF- 1R i s expressed in the

mammary gl and dugiing 2REEaN_0GYorandsih@Rihadei RIbng ANRNE PIRIF RieptbRfamily and is
normally expressed in hematopoietic progenitor, mast and germ cells. C-kit expression has
25  been implicated in a number of cancers including mast cell leukemia, germ cell tumors,
small-cell lung carcinoma, gastrointestinal stromal tumors, acute myelogenous leukemia
(AML), erythroleukemia, neuroblastoma, melanoma, ovarian carcinoma, breast carcinoma
(Heinrieh, M. C. et al; J. Clin. One. 20, 6 1692-1703, 2002 (review article); Smolich, B. D.
et al., Blood, 97, 5; 1413-1421),
30 Overexpression of CSF-1R, the receptor for colony stimulating factor-1 (CSF-1) has
been implicated in a number of human carcinomas, including carcinomas of the breast,

ovary, endometrium, lung, kidney, pancreas and prostate (Sapi, E., Exp. Blol. Med 229:1-
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expressi on has been correlated with 58% of all breast cancers, and

wi th 85% of invasive 5 breast carcinoma (see Sapi, supra). A

conti nui ng wsaf7gxkst s for conpounds that inhibit the ppelidsanabi.en
of capillaries, inhibit the growh of tunors, treat cancer, nodul ate
cell cycle arrest, and/or inhibit nolecules such as one or nore of
Ras, Raf, ilit240¢). BESiR iVE@HRR: KiKBR redeplor Which, FErRtZated biCiits ligand CSF-1,

PDGFR( 3, F- 1R, . bh ical f | ati o RN t )
10 cont ai ntSIER EBRERRGERCRS & e bR BsPERANg, REENGERR. Ot
admi ni st er iR@s StpedssROAPRMASmarpland@eiigtprembndyandldcadtionn sybnamehl CSF-1R
di ts t tient bj I th f. U . THE
[ NVENTI N REUFSBBES Deter i) aase of ToBetae ot Eabrut e S e
for mul as (1 breast RhrbinofBI3R Saptisdhra) O & N NH N R2 (1) 15 wherein,
each. R is independently selected from hydroxy, . hal o, i%l_G al kyl ., .
Cl. 6 al koxy, (GCh-coniimingnged gsimnipr comppgungs ﬁ‘?ﬁ(‘ﬁ‘gbétufﬁ? Biliferatiapcaf sapillgies,

het er ocycl ! . hobl s mBAulhe dell- By K¥lestOtand/or inhibit
hal o( Cl. 6 gﬂﬁﬁl)t%e g%?ﬁylgg @%%%%%E%gent’ Y d@¥rom hal o, C1.6

| | ect , )
al kyl , andnGlecelesiskdxyps 020 @wawhreRaf Ras,i R@épégﬁgﬁB%ﬁfss¥Mﬁéd(IW%ﬁlk"l)=
h d y ra k 3 | i "
nycr ok e, Fhcky 901, 1 o PG RO R

al kyl am nocartiinBsydh, coamobedsi Arriek® alse yxibio frkaydihods ef edroinystdrimglskegh gompounds,
phenyl, and heterqaryl erein R, R2, R3, and R4 be optionally
D lber i1 ut eanaimerr i mulRas -84 Feionttnt © e fupe Bntisy el dhPaR
from hydroxy, halo, Cl.6 al kyl, hal o(CL. 6 aIli\g}lll%)’ Cl 6 25 al koxy,
and hal o(C _6 allcoxy); a isSUMMARY OF TEGFINVEMGITONQ, 1, 2, or 3;
and 8 WO 2007/ 0 B H§t@ Q ' -Nid&i ofthe gl Ber,
st er eoi soner, g@?‘éﬁ%?sg@é es glg,%%éféacg%pf“t%e#%g?‘mg{% r?Jg % ér eo;(gor a
phar maceutical |y acceptabl e sg_.b} of the conpound, tautoner,

2 ol prficug. 5 In other

st er eoi soner, pol ynor ph, ry” mggbolite,
enbodi nents, new substitu \Qd/benzgj /\ ole€o nds are provided of
7 ]
_ HN—(FJ |
R? | O

15 wherein,
each R! is independently selected from hydroxy, halo, Ci. alkyl, Ci.¢ alkoxy, (Ci.s
alkyDsulfanyl, (C,.s alkyDsulfonyl, cycloalkyl, hf_:terocycloalkyl, phenyl, and heteroaryl;
R2is Cy6 alkyl or halo(C;.¢ alkyl);
each R? is independently selected from halo, Cy.¢ alkyl, and Cy.¢ alkoxy;

20 each R* is independently selected from hydroxy, Cis alkyl, Ci alkoxy, halo,
heterocycloalkylearbonyl, carboxyl, (Cis alkoxy)carbonyl, aminocarbonyl, Ci.e
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.s alkyl, halo(Cy.¢ alkyl), Ci

25  alkoxy, and halo(C,.¢ alkoxy);

ais1,2,3,4,0r5;
bis0,1,2,0r3; and



the formula (11): R1), (R b N N\ ON HN-~N~ N H H3C (I1)

wherein, each Rl is independently selected fromCl.6 alkyl, Cl1 6

al koxy, hydv@xyzoder0, (C -6 10 allcyl)sulfanyl, (Cl.6pcr/usz006/034088

al kyl )sul fonyl, cycloallcyl, heterocycl oal kyl, phenyl, and

heteroaryl; each R3 is independently selected fromhalo, Cl.6 alkyl,
and Cl. 6 al koxy¢ isdawl?; R4 is independently sel ect ed fron1hydroxy, Cl 6
al kyl, Cl.6 al kox rbo

am nocar bonyl , ca%f)%lnci i ftel%mcszcﬁlné 8?1% lphhe%}%rf&yc oal ﬁpy?( IJOdmg thereof or a
het er ocycl plmmyd:emacilk}rnydcpptpﬂsie reglt , ofathe doﬁtpemaartynhtom% sVdn&nmnmr,Rjﬁquﬁﬁ:;ph
R3, and R4 may be tional substituted wth one or nore

subst i t uenf¥et Wﬂ@B‘gﬁ&é)ﬁﬁ’f | ected from hydroxy, halo, Cl1_6 alkyl,
and CL.§ al koxyln @héSerdbodZmends, méw bstRited BehBmlazols c@mp@mds areapdyided &f
| or 2; 20 or a tautoner st ereoi sonmer, polynorph, ester, netabolite,
or prodr ugthefesets 1br a phar maceutical |y acceptable salt of the
conpound, tautoner, stereoi som;r pol ynor ph, est er met abolite, or

prodrug. In other embodi eW/gubstltuted yn dazol e
conpounds are provided of t e fo gl 007/030377
PCT/ US2006/ 034088 (R')a & aN OHII) wher ei n, each
R is independently sel ected ro C1H6 al koxy, hydroxy,

hal o, (Cl.6 alkyl)sulfanyl, (d+6 al kyI )sul fonyl cycl oal kyl ,

het er ocycl oal kyl, phenyl, and He& eroaryl; 5 each R4 i s i ndependenfiy
sel ected fron1hydroxy, Ci 6 allcyl, CL.6 allcoxy, halo, carboxyl,
(C1. 6 al koxy) car bonyl am nocar bonyl carbonitrile, cycloal kyl,

het er ocycl oal kleefelFiet erocycl oal kyl carbonyl, phenyl, and heteroaryl;

each R! is independently selected from Cy.g alkyl, Ci.¢ alkoxy, hydroxy, halo, (Ci.6
10 alkyDsulfanyl, (Cy.¢ alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
each R®is independently selected from halo, Cy.¢ alkyl, and Cy.¢ alkoxy;
each R is independently selected from hydroxy, Ci.s aIkyﬁ, Ci.¢ alkoxy, halo,
carboxyl, (Cr.¢ alkoxy)carbonyl, aminocarbonyl, carbonitrile, cycloallkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, phenyl, and heteroaryl;
15 wherein R', R% R% and R* may be optionally substituted with one or more
substituents independently selected from hydroxy, halo, Cj alkyl, and CI-G alkoxy;
ais1,2,3,4,0r5;
bis 0, 1,2, or 3; and
cis1or2; o
20 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, néw substituted benzimidazole compounds are provided of

the formula (I11):



wherein RL and R4 may be optionally substituted with one or nore

substituents independently selected from hydroxy, halo, Cl.6 allcyl,

and C1_6 ak{gomyoszod® a is 1, 2, 3, 4, or 5; and cislor2crR@b00f034088

t aut omer, stereoisoner, polynorph, ester, netabolite, or prodrug

t hereof or a pharnaceutically ceptabl e salt of the conpound,

taut omer, stereoisoner, po ester, rretaﬂbm}i(m'*% or prodrug. 15
2

Al so di scl osed are conpou of t[\pe ol Joowing fortula (1V): R4 R-)a
(RB)b NON HNNNH / ,QQ.(/ in|echﬁ§1isindependently
selected from CJ-6 al kyl, Cl.6 alicdxy, hydedky, "halo, (Cl-6

al kyl')sul fanyl, (Cl.6 alkyl)suhggnyl, cycl oal kyl, heterocycl oal kyl
phenyl, and heteroaryl; 20 R2 i'$¥Cl.6 al kyl or halo(C 6 allcyl); (Il
each R3 is independently selected fromhalo, Cl1.6 alkyl, and Cl.6

al koxy; each R4“mgﬁhpdependently sel ected from hydroxy, Cl1.6 alkyl,
Cl-6 al koxy, hal'o,”  ¢arboxyl, (Cl.6 al koxy)carbonyl, am noearbonyl,

Cl. 6 al kyl ani noeshtivniglindepaudeatty teldcked, from 9. \WRyR D) /08894 droxy, halo, (C1.

PCT/ US2006/ 0340 boni tril.e((Cl . yl ), cyclnal kyl, .
et er ocycl AUVRPILAKE CeratptisBbeyledod hekdegfipoaiSl, Bhery, and heteroary
het er ocgcl oal Kykgar Rbnylindspberyfly sasded &gl aadvky, Bhearyn) . alRBxy, Rilo,
and R4 may.be optionally substituted wwth one or nore substituents

i ndependentiiPposd) Cotscdk Py iisihepds anipocasaenyl, eerbogiteley gycloaliyyd hefergeycloalkyl,

al koxy; 5 @efeRctelodikylBarblnyl Phomyl, @APeteRalyd, 0, 1, 2, or 3; or a
t aut oner, s?grg%fgon%r?: %EHE£&1L esterfﬁhetabolite, or prodru

[ pol ynorp Ler : , .
t hereof or a ph@pm&taindaf{“l may de aptionlly sbstituiod withe oro i BI19ER] substituents
t aut omer, i : ter, t i Qr prodrug. 10
In ot her e%%%é%ﬁ%%ﬁggﬁ%gaﬁ%%%gﬁﬁgﬁ?g%§ﬁ%'f@gﬁéggg*ﬁaggﬁgounds are

provi ddd of ais 1,2,3,4, or5; and

cis1or2; _
or a tautomer, stereoisomer, polymorph, ester, metabolite, or prodrug thereof or a
pharmacentically acceptable salt of the compound, tautomer, stereoisomer, polymorph,

ester, metabolite, or prodrug,

15 -Also disclosed are compounds of the following formula (IV):
R4
R‘I
J o N
N A X s
Ly
R av)
wherein,

each R! is independently selected from Cy.q alkyl, Ci¢ alkoxy, hydroxy, halo, (Ci.6
alkyDsulfanyl, (Ci.s alkyDsulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
20 R%is Cy¢ alkyl br halo(C1:4 alkyl);
each R® is independently selected from halo, Ci.g alkyl, and Cy.4 alkoxy;
each R* is independently selected from hydroxy, Cirs alkyl, Cp¢ alkoxy, halo,

carboxyl, (Ci.¢ alkoxy)carbonyl, aminocarbonyl, Cis alkylaminocarbonyl, carbonitrile,

-10-



formulas (I)-(1V), wherein each R is independently selected fromthe
group consi sting of hydroxy, chloro, fluoro, brono, nethyl, ethyl,

propyl, butwyd 20t¥Blobexy, ethoxy, propoxy, butoxy, trifl peiq@Bibyisess
trifluoroethyl, trifluoronmethoxy, trifluoroethoxy,

trifluoromethyl sul fanyl, piperidinyl, Cl.6 alkyl piperidinyl,

pi per azi nylcmbﬁmtrﬁe(é]lkquﬂt}ﬂ)er az/blnylﬂcyl 1Getemcydbalidrlof betarvgyclogdlsl(Cis nyalkyl),
and pyrim odi me ts, new substituted benzim dazole
conmpounds gltegyoﬁ?'?}%qlﬁ@ ﬁ?nﬁ{,ﬁlf hleselo > whereinais | or 2, and
at ) I eaﬁ;[) one Rwheih®'0RE 76, ahdqﬂ“) map beho@nblty fshibkbibaee twhigl ond Br more
ot her enbodi nent s w su stitut ed ben zo

provi ded ofsutrsemmsa%d%pm eaSHqolA frop s ?Xﬁ’»gé éls%yq%nﬁr&dwﬁ%ch

as, for sexanpl eqigiebhyls @fseddayl . I'n further enbodi nents, new

substltut ed 20 benZi m dazol e conmpounds are provi ded of formul as (),
(11), and (1V), biherlefretPiis 0, and thus R3 is not present I n

alternate enbod .
provi ded of forb %ﬁ?qﬂ%e%ﬁ %%fﬁfﬂ% Ogﬁ?zsebtj%} an%% %%ﬂg%dgﬁeﬁgﬁgl,a
such as, fphamexampal@ amtabbcysalﬂ of jket cdmyronthér tagtobedi ﬁenﬁ@isomﬁe\mlymomh,
substltut ed benzi ﬁ] tazo e corrpounds are provided of fornul as
(H-¢crrn), “§ifie ne# éei%lpfo and at least one R4 is 25 halo(d _6
al kyl') ,1osuch asn biber emamimemstmm Isuhsﬁ’m)’mﬁtH&yinmdeﬁol@tdﬁ:ﬁrpoaﬁbeﬁ:é srovidaé of

present invention._p es .net 5. Raf .

di sorders if ?im&ﬂar"ﬁ@ad&br éﬁ‘\‘?‘ﬂ'&f“’q’sg SéE GPF eﬁ@‘éﬁ‘gﬁcfteiﬁ ?EEPPMR?SIStmg of
conpr i si ng 13@¥kNi SA&b] AGorol Brohd Cﬁl&l‘ﬂj 8E§l, g ?ITQME;I] Bkthary, difox ?',h@opoxy,
enbodi ments of a corrpound or a phar maceut | ca acceptabl e sa

t her eof of byl a triflporomefhyl, (| |ifluoregihyly v, W@’@WWW o r egfEFroghoxy,
prevent tu @ﬂuor%etﬂ%l%%%gg i r%’?ﬁlgz}sﬂ@ "§§1k¥119 dpBridig1, %ﬁ;%'&mﬁﬁ @?gélﬁylpfpgﬁzmyl

present inveéention p _ _ gat | ng@
di sor ddis itetrahydrafveanydr padingd] asdipyswiding. nkedthef CQﬂP@ﬁlnlWEatﬂﬁ'EnwbSUmted

conpri sing admn sterln / PGT 4088 .t ,
om0 e B T PRI s
phar maceut ileal bye RACS epilal).e aﬁ@l)t stdhense offietorfiahyiul & Ether e(:rllbbt)unents new

Subj bit | n EBWBHHREI PR S RVt FoRos gt (or Vgl 1 i

treatment af, ; .03NGREL af f(bﬂb)&é&&)leohﬁ&fyl aspR@A! In firklRr Prbsdininis weantubstituted
provi des therapeutl C conpositions ?r si ng east ne co

or a pRar neREmIdRALE FORPEENS A5 @oided of enust (Ié;f@ ‘YhFljel ?Héj and

(1), or (4 BnlsCﬂ&b"g;eemon W hiRrRRe ea{bomeetsao&w 'sﬁBs%ﬂtut@cg%hﬁmfdaﬁole
the treatnent o canc as are commonly enployed in_cancer therapy.

The corrpourcdmp@ind's e prm’ﬂéﬁi plofarmayles (Ds@Whiwherpin hes 1read R 1-ogfkoxy, such as,
cancers, ingludi nﬁ%l oQE/C' i’y y& élﬁheg f?m[rS)Jdu{lQ‘ﬁs | 49 SubfRied HRizimidazole

ovari es, t Ur G- H5 Y or B
compounds are prov1ded of formulas ([)-(III), wherein ¢ is 1 or 2, and at least one R is

25  halo(Ci alkyl), such as, for example, trifluoromethyl,

In other aspects, the present invention provides methods for treating Raf related
disorders in a4 human or animal subject in need of such treatment comprising administering
to said subject an amount of any of the embodiments of a compound or & pharmaceutically
acceptable salt thereof of formula (I), (1), (IID), or (IV) effective to reduce or prevent tumor

30  growth in the subject. '
In yet other aspects, the present invention provides methods for treating Raf related

disorders in 4 human or animal subject in need of such treatment comprising administering

11



nyel oid disorders (e.g., nyeloid | eukem a, multiple myel ona, and
eryt hrol eukem a), adenonas (e.g., villous col on adenoma), and

sarconmas (& ®@0y@Rkeosarconma). | n another aspect, the ppesgRinnsozi0ss
invention relates to nmethods of inhibiting at | east one

serine/t hreoni ki nase in the MAPK signaling pathway in a subject,

or treating’ °asa£!]| BPi5E Beamount ot gyaifitheoembrsitnerted dyonaposiad jon e@hhﬁﬁ@&mnaeely

Kinase in t ﬁt%eﬁvwgsa% @eabt &QOMIQWB/(H% Eﬂgb L{?‘}fg{ﬁ;fecm? rglg}zclte rg)g Rievent tumor

adm ni stering ‘a therapeutic conpo

conpound or gawBhiarthasehirct dntdmbisaive pritidt éeaslaxbrte aﬂﬁmbﬁmfag@ﬂit fhomBedment of
(r)y, (1), &h&é) or (1V) effective to inhibit the MAPK signaling

pat hway in the subject. The therapeutic conpositions are useful for

treatind patientls ydttdther ngecs§ e reedhti Mok OfrSvides Qhelaﬁeh9§%og%osmons
suffering fromcan ce Le d| ated by abnormal MAPK signal i ngﬁﬁ
enbodi nent , “CHESIE Y EATOOR CPRPIEEL AP hemaseically a?cﬁhtiﬂb]ﬁtsﬁ theraf of formula

ki nase in a(I)s (D), D, or CDVYRA bSBRaBH itk SkeSriilGe adiifidBl ARG AL ihe treatment of

COHDOSItIOﬂ conpr|3|n

{I-Methyl - atl%el:(aé ape GofRI B prEplay¢d incpndepihgrapp| - 2-
yl)-pyridin- y|m%&gu1tpbhﬁ‘§ Ahd AR 45 Xlgéﬁ-l].l -t ltlﬁlltlfhenf n'ftcaméers, 1neluX1ng

)-am ne, and the oner, stereolsoner
met abol 0t e, carsinopras de.gg of be dwtas.opanarca$ thaesnmlqemﬂ; blatldey @coepd,ahblenoma,

salt of the, o) 0 t oi sone 0 h ester
met abol i t e, O?Jfgr%i%b%eré a(F:% ang%lﬁlsd ?eéfgf}]él@t m %Q;)'Pigo%‘ﬁg P shftimglpukemia),
relates to 'ldﬂtdmml:ée of villoii doitdni atlgn@ha)| BASErcoRes (eloy,/B&b&Lcdkh ase

receptor sel ect fromthe roup consisting of VEGFR-2, P
pERK, DbFGF, F %&Sdﬁgsenhmk?ftﬂoné atet@FmithO‘i‘%wO%ﬂn@bﬁ]né@t leagjrone

treating asblu@l/tﬁ@bﬁ?labliﬁ@ GRNEH VAPK 2 t
VEGR 2 E st VAT SBeidl Bl Bia suBRSL oPB&h g biologica

CSF- 1R éor’rﬁP’i“EP?ib H&E}ﬂ% Bt ér jerge/regninealsianei ia T@@rﬁiéé’Kt slanalmnmmh\myng a
at | east oRgy; r,eof

of formila (r tr gt BeplRGTReRoLssas  HRBNEE) Sulfidnd RFIGHL one
or (1V) ef Cempowd e plwnnmwucaﬂe %tcwp@éﬂmwlﬂ(ﬂwmsféoirbﬁﬁpﬂaqﬁ) I(Mi) t(HB or (IV)
subj ect r n e us ful .fo ent s
W th s neod TorE BRRMUE of MROK SgAE KIEWY dbrher it rotbe dhgaouie
medi at ed byommw:qmalalet ysedidi foe tlleam@patfeﬁ@aﬂﬂﬁﬁ nﬁbcg i Gy Suag)lrﬂnbﬁb@'@@g those

enbodi ggnt vention r ne h|b|t|ng a tyr05|ne
Ki naseggel g%f% e r"é“m"%w%&wgﬁa%&gﬂc%iﬂéaﬁ Rﬁ‘gﬁ &SIW&’@ odignent, the
PERK, bFGFinvefitkdrl relatetfdAictho@-RBinhbitini Haf kdask 1%%1113}80’5' @mﬁ 1@5‘1‘@ ﬁﬁﬁlmsteung
conpri si ng adm nistering a therapeutic conposition onprisin

{ 1- Met hyl - B-PSApRIIC  sormupsitigheRopgarising. { Mgty bo I%(érmﬂtwwm@thﬂ Ul-ymidsapl-2-
1H benzoi m)q!@ﬁ@ih Rolgky- 1@%&%{1411%950@_@%&??4 frme%éle}h@gm@ Umife, and the

t aut oner, stereoisomer, pol . este prodr ug
t her eof or 4O rAiEeQisaees Igﬁlmw@bat atsles, sattebadite, t ve pﬁc@hmg)nqhemnﬁ or a

tautongs, SEeheQuioNE" accBRhMERLR s LS hpollRE %alﬂi)rlntefa st Lot npc%ymmph
ester, metabolite, or prodrug,

In another aspect, the present invention relates to methods of inhibiting at least one
tyrosine kinase receptor selected from the group consisting of VEGFR-2, PDGFR-B, pERK,
bFGF, FGFR1, FGFR2, FGFR3, ¢-Kit, and CSF-1R in a subject, or treating a biological

30 condition mediated by at least one of VEGFR-2, PDGFR-B, pERK, bFGF, FGFR1, F GFR2,
FGFR3, ¢-Kit, and CSF-1R comprising administering a therapeutic composition comprising

at least one compound or a pharmaceutically acceptable salt thereof of formula (D, (ID,

-12-



The invention further provides conpositions, nethods of use, and

met hods of manufacture as described in the detail ed description of
the i nvent kanoBRoR DESCRI PTI ON OF THE DRAW NGS The f opegQisiMswssnss
aspects and nany of the attendant advantages of this invention wll

15 becone better understood by reference to the follow ng detail ed
descri pti o(i[lI)ydrre{hV) eRetivé 1o inlﬁbi’ujtherigtdsinn 1dnasehecdpenénd®rﬁpéjn9ﬁ nighe therapeutic

dr awi ngs, V\/nerel Fl GU r n ction ,n
tumor vol uffEBf= %ﬂé’h ﬁ%\%gﬁ% W‘gﬁn ﬁehd oéregﬁ‘%ﬂ %ﬂtée% %’ trdse
wth a COW@lﬁﬁﬁiﬁingforﬁ lReénden vediatedrty athornke Sposibe dinase fExaql Bgralng)20 In one

FI GURES 2A and 2B are PACGE slides sho nhi bi ti.on, of
downst r eanPEPGmERG iy PVEHPRATARS tpdueih alhody 0&333@% AEHONBY SHBffaselegisa trom

cells im nﬁféegrﬂup chfﬂsgmng%)' VHFR-24PDOYR B, (ERY, bEBF, B(L‘-FRI RGRRd, 'TRTHR3, c-
with a con%(’:un he Tnvention, as described in rrpl e 79; Fl GURE

3is agra tsamdmpﬁg 1R din @ 2 Dieis ROmPEADE nadnuﬁ@ten%l%ﬁ%@f@%eutiﬁ?@mpf%ﬂn
hunman colo n tu L <IPh GE. a.

vent  on. CAERRGEL | RNt o b R S PR R 1
PAGE sl i debersdoumdm@mhé}{%mfbnotqnmhh}d{phmm@amr S gtﬁatqmﬂg, f storypiRgmer,
ki nase in HI29P human cq ..can | I

4A), 4 h Oupglymg Ig“.’ gsﬁfg :fnegxﬁghtg, OoudrrlESgu t?gteoicc?r Shaul'l cgﬁt&tﬁlrle%%cggﬂﬁ%le(sﬁ %E the
SOWD;)UU'U 3&n96t}nﬂhﬁuﬂ0m/éf;mte&@ﬁs,01mﬁ pd@mpkbleslien, meﬁkall{tp,ICﬁ p8iirug. 13 WO

007/ 030377 PCT/ US2006/,034088 il|lustrates.t MAPK .
signal i ng pat hwaje iRt %%&%SPIO $S, CHRROSIQAY I@Eﬁo%ﬁnﬁ e P 05‘8@853 of

poi nt of '%h@faéﬂu%s%sdﬂ&%ﬁith@aéfmsdgia@drﬂpﬂ&a brasdRaftidal nase with the
conpound of Exanple 1 as described in Exanpl es 82-86; FlI GURES 6A, 6B,

and 6C are PAGE slides shgyrDESERIFMON OF PAEPSRAWINSS eam 5
signaling from Raf kinase in A375Mcells (FIG 6A), SK- IVEL2 cells

613), and CHL- 1The&npgoipgpmegepndmasy of tegieadast a@%&i&%%ﬁ? oS 1ﬁveﬂflgn will

Cul L 951 U GAGE L GSRGNLEAS RS20y SOTRBUR B0 A i
response i nomjhm:timea*dthrthdmmmwrrg drﬂwmgs wheteinre of A375M ( B- Raf
4S00E) Muren TeLASSER TP Bphy s, WESH 0 el otk
as descri b@@dmah indbxaipl antds i hGuRWhéB tested WRGH @hnpdemk nﬁwhengmh@n as
'nhibition o T Gag f,gnal 1ng from
20 FIGURES 2A and 2B are PAGE slides showing the inhibition of downstream
signaling from Raf kinase in A375M human mefanoma tumor cells in mice 4- (Fig. 2A) and
24-hours (Fig. 2B) after treatment with a compound of the invention, as described in
Example 79;
FIGURE 3 is a graph showing the mean reduction in tumor volume of HT29P
25  human colon cancer tumors in mice when treated with a compound of the 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

30  ofthe invention, as described in Example 81;

~13-



Raf kinase in A375Mtunor cells in mce 8 hours after the 14th
treatment with the conpound of Exanple 1, as described in Exanple
84; 15 Fl GyRk06%0ins77a PACE slide showi ng the inhibitionpefidangsidgam
signaling from Raf kinase in A375Mtunor cells in mce 24 hours
after the 14th treatnment with the conpound of Exanple 1, as

descri bed i n BEFAGETRE BAlusEaiGURE M@PK§igalaMthwasd@gExﬁwﬁ=ﬁg, Rfe MEK, and
nodul ati o kers downst.r i i; : :

col s 24" g8 85t Bl e AR At bl Bkl S IR e
Exanpl e 1,coapotieseitixaamld hasddeanribeé iiBdxanfplSIRBGA is a graph show ng

t he mean reduct] ' vQl f 27 .B- Raf. M600

cancer tunors &lﬁaﬂ#@g %e%’twlgﬁ%eaﬁ%{fﬁ ¥ @%Wél%ﬁ% lg?lgg'g)gﬁpwm
as desof i hedhaiife EXAMIr&iBEs inFATRIRESB (FEG 6ARAREMVSIL2de]ls (TG 6B, andeCHL-1
i nhibition of downstream signaling from 25 Raf Kkinase_.in I\/Ege_(F276 £ th
tunor cel |oslly (FIRi & &fteﬁ&dWSa?ftl@?l%F%@M et Aasiee it cARGegetions of the

conpound of,, ﬂl{@éieﬂ)%ﬂ p1 qgﬁ@sfcﬂ@&ﬂnmﬂgg@@@! e 85, FIGURE SCis a

PAGE slide show ng t! en nodul ation of markers downstream from Raf
ki nase in MEXFFIGURINDA isel draphistesingsa dpicetesponee IO MeaBaEMReHPn W fHnor

the. compouelof EYRR@ e ARpPRELORGLA A 6 B8 110, LGRS,

is a graphv OW ng mean 1 nhi ] tunor growth of )
( N- Ras10061d)l dwed afhnmagtantemgtagmopi €0 ing/kgiof drevhamponndeeftixampiet [ a3 fescribed
conmpound of _ EX l.e 1, as described in Exanple 85, 14 WO 2007/030377
PCT/ USZOOGP&X%%‘%%‘}FI GURE 9B is a PAGE slide showi ng the downstream

signaling frommRaURE TRSEa PAGVENRE Idwihg tier inkieltion of dowhgeah sgnalisg from
after the 20th treatnent with the conmpound of anpl - :
descri bed R# HErapireAGSMAUBIRECHTH SUEL A]G%‘I%Iagglegg’hg‘\%ﬁn%eaf%%“ with the

modul at i on, af, 0RY Kef:a @Sk deRRbEd i@ MrampBaks; ki nase in MEXF 1341
tunor cells 41 hours after the 20th treatnent with the conpound

W f
Exanpl 8 1, as dU6ERDHEd is  PRkdngide SB%‘YiﬂEFlG)REbPO@ind@W&StW@EWHG
the mean rlgq“kcltﬁés%nin' Rg’%‘mﬂﬁm\ép'cmino{mdé@r hdbs defr RS 14h3fatment with the
col orectal “Carcinoie Tunmors in mce when treated with the conmpound of
Exanpl e 1, coagrotied of Exemplé b, :Exlasepbed BExampleMGURE 10B is a PAGE slide

FCT 118 tunor | dSoeuf Ao aB R R IR g Bl B p B RS R o
conmpound of,ExAEB i AB75REwERS ¢slisBdhdurs deartipl BHBGpatment with the compound of
20  Example 1, as described in Example 84;
FIGURE 8A is a graph showing the mean reduction in tumor volume of MEXF276
(B-Raf VGOOE) melanoma cancer tumors in mice when treated with the compound of
Example 1, as described in Example 85; -
FIGURE 8B isa PAGE slide showing the inhibition of downstream signaling from
25  Raf kinase in MEXF276 tumor cells in mice 4 hours after the 20th treatment 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;
30 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;

-14-



FIGURE 10C is a PACGE slide showi ng the inhibition of downstream
signaling from Raf kinase in HCT-116 tunor cells in mce 8 hours

after the $shiteatent with the 15 conpound of Exanpl @chwsBBenadoss
described in Exanple 86; FIGURE | OD is a PACGE slide show ng the

i nhi bition of downstream signaling from Raf kinase in HCT-116 tunor,
cells in mice FIGUBEMSS mfaRAGEBdBshdwingshe desmsiigim signpléeng bompal igassfin

Exanmpl e 1, cribed in. Exanple 86 ~F i _ ' P
The rean PUASERFAEIRE CelD BT Sody e St oyl HRRAFORMAA of
col or ect alB:@aipki Iaddestilpaaris Bxample@s; when treated with the conpound of
Exanple 1, as d iLbed. i l.e 86: FlGQJ 12A i s a.graph show

the nmean inhi biﬁé@ﬁbﬁd {s&ﬂ%ﬁ%@a phogfin -mﬁulaﬁﬁ?ém Wi £
nonocytsi ¢ 1 ZukRgE i@ \BRBET41 thMuPBYlIS 4ilBuidiatier thh20th tieeaiecathvith the comgound of

conmpound of Exanple 1, as described in Exanple 86; 25 FIGURE 12B is a
PAGE s i deExsarpl lgs deseribrohin dpwala8si gnal i ng from Raf kinase in

Mv4-11 tumor c EM oA : 12 h€ ehb RaREtehnt ih @@hERRIM BIHTTE 16
conmpound of Ex%g&rirgﬁgnll(m fe\lsgd g@ﬁﬁoﬁé iﬁfnlgxanpl e 5?61; FI GUREullS is a

graph showinBas Ge3lnenlbriettabearcinonEGEIGre di St whpRyreyeth adisthe qorgpound of
CHO VEGF Matrig del.. af. [ ment with 10 ng/ kg, 30 ng/ kg, and
100 ny/ kgI\%mnp%gf’?ggesg%@o%%m%*ﬁganpl e 1, as described in Exanple
88; -1f WO 200 HOBRE7IHEACH RISTD 61id03408:8 thehnEbiREn of Aoiwgstegagyrigyialing from

showi ng the nean re [ in tumor.vol.une .of A375 . S
in mce whdH IEIP@atIBg‘g&ﬁtlﬁgl‘@ﬁmhﬁgﬁb i) g & hc"é‘%?p%%?%g/tlh& 1@%%‘%&9%% the
With a q2don3dd SEEAMLNSES Bescribgl iTBRampled6scri bed in Exanpl e 89; .
oo net oSO T gty e e 3 LY S o
hours, andg 48,;HOM"iH dﬂ&treirlét 0P tRILs §F SREITEMourd hiftert the T@NRAURG Ofith the
Exanple 1 in the g2d dosing reginen, as described in Exanple 89;

FI GUREL 514 Qangoand#Gxagiplale as Heswiibes! infeamplii®Bi ti on of downstream
signaling from E%Wfrdm%[%&e@%ﬁéé\éhg%@&h&ﬁhi@tiddbﬁao%s%@gﬁaﬁn fém
hch e ar 1

hours, and 96 urs afrter treatment with the conpound of
Exanpl e 1 Raf kihesedddidBsildgumegicelnin miredds beurpader the Blamgataerg ovitth g

ABT5M. 1 unfSEQRTY SR i G BERBERPRAR Bhs of |t he compound of
Exanpl e 1, the HEURB 1 CoNCeRbl sidvang the rhdae rehwpauiduowe volinee! FERY (B-
the t hEC? ShI%Ldeg(())OrfE%ec%&érgétglogarziggmgar (()aljts in mice when treated with the compound of
Example 1, as described in Example 36;
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 Bxample 1, as described in Example 86; _
25 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/kg, and 100 mg/kg of

30 the compound of Example 1, as described in Example 88;
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15 nodul ati on, as described in Exanple 90. DETAI LED DESCRI PTI ON OF
THE PREFERRED EML30DI MENT I n accordance with one aspect of the
present i nwembdodgozsubstituted benzi m dazol e conpounds pcgf2EeMbg@ed
of the formula (1): R)a (R3) b N(R4)c N.~ NI HNNIi NRZ(I)

20 wherein, each Rl is independently selected from hydroxy, halaq,
Cl.6 al kyl, Cl.BGIRDLYA i crraph shbiving)thenfeamydduct{ag in-tgmor volume of A375M

| Kyl | | | oal.kyl. [ | Jewil , 3 X
) B 1580 e IATSORNE RS s
| ected fwitmalal,a3dCir.@daokyg regameh SHeGribbdkinBramp h Wi
?ﬁdg;eﬁdent |y ?F@%ﬁ%gl Cgron%ﬁg grg; CJ?:. 6, al kyl.. Cgféﬁw«;ll t|<,ox|¥s. hzf\.l gﬁ
carboxyl, (Cl.6 %‘ &b é 5 lg%‘?i}%vc}%grt%ﬁﬁ?m@l. strcand Signaling from

Pet o1 oCycl oal Ryl Earbony | Bhonyl . Ang het o1 vl <16 WD 20071030377
et erocycl oal kyl carbonyl , phenyl, and heteroaryl; - .

PCT/ US2006FERmome et immbarad oExemgle b i UAIRade S BEITEnat gFoitbed in
substi tut eg, whlibggne or nore substituents independently selected from
hydroxy, halo,” C1.6 al k |, halo(d _6 alkyl), C1 6 al kox%/, ‘and

hal o(C _6 al koxE)GURE i‘té&/ is 2 BAGE, sligé shopvisg ths inhiligomol dpwnsireayy signaligg drom
cis | or gurPhod ih%@&ﬁ{mnﬁtcgﬁse&' SRTER LR YIRLRR, aRS6Ehours after the 3rd
nmet abol i te, or prodrug ereof or a pharmacéutically acceptable salt

of thel@onpeument wahtlomermpaneé rfdxeopter | ipoieyqik gdsing wginesn, as described in
met abolite_ or dryg. 10 In other enbodi nents, new substituted

benzi mi dazgf‘@n}%‘g ds are provided of the formula (11): R), (R3)b
N~ -(R4)c - - <NeRSURHIE i lal graph showing the relationship between treatment with A375M

tumor cells with various concentrations of the compound of Example 1, the serum
concentration of the compound over time, and the threshold concentration for target

15  modulation, as described in Example 90.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
In accordance with one aspect of the present invention, substituted benzimidazole

compounds, are provided of the formula (I):

(R
AT R D
HN%NU LN
R

]

y/(R4)c

=

(0

20 wherein,
each R} is independently selected from hydroxy, halo, Cy.6 alkyl, Cy.¢ alkoxy, (Ci
alkyl)sulfanyl, (C 1. alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
R%is C).6 alkyl or halo(Ci5 alkyl);
each R%is independently selected from halo, Ci.6 alkyl, and Cy.¢ alkoxy;
25 each R' is independently selected from hydroxy, Ci alkyl, Ci¢ alkoxy, halo,
carboxyl, (Cis alkoxy)carbonyl, aminocarbonyl, Ci.¢ alkylaminocarbonyl, carbonitrile,

cycloalkyl, heterocycloalkyl, heterocycloalkylcarbonyl, phenyl, and heteroaryl;

-16-



wherein, each Rl is independently selected fromCl-6 aIkyI, Cl.6

al koxy, hydroxy, halo, (CL.6 15 alkyl)sulfanyl, (C -

al kyl) sul f erydoe7/@yetoal kyl, heterocycl oal kyl, phenyl, aﬁ@r/h?inﬁdﬂ%@ﬁsb('
each R3 is independently sel ected from hal o, Cl.6 al kyI and CL.6

al koxy; each R4 is |ndependently sel ected from hydroxy, Cl-6 alkyl,
C2.6 al koxy, hathbsreincBr.bBxyR], ¢€1R gmﬁykbwpt;amﬂanwbsutmﬂn‘@@aménqn more

carbonitri

het er ocycl %&&tﬁ}/ﬁég?@ E&}den%ﬁgeq%%dyghﬁalh}a{&? ba?l% Cr ?811(\)0(1&1? g(%l ﬁ?%l}cyla‘&?l'ﬁ
R3, and R4alka>yy bed g Conalkbyy)substituted with one or nore
substituents i ndegeg&erilt I Ys. sel ect ed from hydroxy, halo, Cl.6 alkyl,
and Cl-6 al koxy? ,’ or 5 bis 0, 1, 2, or 3; and c is
1 or 2;525 or apisaut ones 3; @iderem soner, polynorph, ester, netabolite,
or pr odr ug ther eof or. a pharmaceuti caIIy accept abl e salt of the
conpound, t aut oférl, ©r'<% er eoi somer, pol ynmor ph, ester, netabolite, or
prodrug. -17 W?nzeo@azl{&;*@s;tzwg’s&ﬁysg&%w@@& hﬁta%i’lteroﬁlb’[’@@ﬁgr’(&éiécﬁ or
new substituted benzi m dazol e conpouhds "are provid of the formula
(111): (R paarpreppgcally- agqepable it Nf-te Homam(dp |tn910mvméFféf?%50H§1=ea<&hmm? ;
i s indepen m C1-66 al kyl, Cl1.6 al koxy, hydroxy,

hal o, (CL. gS%} ‘}“ & ‘?g% %?g’d{“{go(m 6 al kyl)sul fonyl, cycloal kyl ,

het er ot§cl oal ky]n otptreemybodiraerds, metvesubsiitytbd berraidaie p@’llpmmléﬁ)éwd@mﬂﬂ%d of
sel ected fﬂ ?h}/q ﬁﬁ Cl.6 al kyl, C1.6 al koxy, halo, carboxyl, (Cl-6
al koxy) car BSASF " 4ri’hocar bonyl , “carbonitrile, cycl oal kyl ,

het erocycl oal kyl, heterocycl gall cyl earbonyl, phenyl, and heteroaryl;
10 wherein RL and R4 may @ﬁﬁon by y substltmrt'gd Rﬂacth one or - nore
substituents independentky gel eﬁte ‘from ydr Ny’ hal o, Cl.6 al kyl,
and Cl.6 al koxy; ais 1, 2, ; ; or a tautomner,
st ereoi soner, pol ynor ph, ester, it /Hr pl?odrug t hereof or a

/

wherein,
each R! is independently selected from Ci4 alkyl, Ci alkoxy, hydroxy, halo, (Ci.5
15 alkyDsulfanyl, (Ci- alkylsulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
each R? is independently sclected from halo, Cy.6 alkyl, and Cy.6 alkoxy;
cach R* is independently selected from hydroxy, Cre alkyl, Cis alkoxy, halo,
carboxyl, (C1.¢ alkoxy)carbonyl, aminocarbonyl, carbonitrile, cycloalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, phenyl, and heteroaryl;
20 wherein R!, R?, R3, and R* may be optionally substituted with one or more
substituents independently selected from hydroxy, halo, Ci.5 alkyl, and Cy.6 alkoxy;
aisl,2,3,4,0r5;
bis0,1,2,0r3;and
cislor2;
25 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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15 pharmaceutically acceptable salt of the conpound, tautoner,

stereoi sonmer, polynorph, ester, netabolite, or prodrug. Al so

di scl osed @/ o60imeoynds of the following fornula (I1V): PBﬁ,Ugﬁbammgg
(R3)b NAA\N NON 11 HN~-NNH Rz (1V) wherein, 20 each

i ndependently selected fromCl.6 alkyl, Cl1.6 alkoxy, hydroxy, halo
(CL.6 al kyl) sulnf ethgd empadiments| eyt atéveﬂtﬂf@da;bbnamgd@t@alcwpounds are provided of
heterocyclaf%g ula @ﬁznyl and heteroaryl; R2 is Cl-6 al kyl or

hal o(Cl. 6 a K ;- each R3 is independently selected fromhalo, Cl.6
allcyl, and Cl.6 al koxy; - 18 2007/ 030377 PCT/ US2000/ 034038 each

R4 is independently selec m hydr oxy, Cl B’gL[ﬂi}c, Cl. 6 al koxy,
hal o, carboxyl, (Cl.5 al kexy)/carhkp yl, CL.6

al kyl am nocar bonyl , car bomZ: }g on |tr| | e(CL. 6 al kyl),

cycl oal kyl, heter ocycl oal | cyl, ycI cyI (d _6 al kyl),

het er ocycl oal kyl car bonyl , phen and heteroaryl; 5 wherein R, R2,
R3, and R4 may be opti onaIIy siBStituted with one or more {111

substituents independently selected from hydroxy, halo, Cl.6 alkyl,
andClGaIkoxywhef'nsl 2, 3, 4, or 5 and bis 0, 1, 2, or 3; or a
t aut oner, stereol soner, poI yrmrph ester, nmetabolite, or prodrug

t her eof 50r a 1&0bﬁér1mmbptnd@atﬂyt ;emtedépitna@hea&al C1 ofallohp, lydrapoulrade, (Crs

t aut |

ot her - enhodl gt & 2ot R bt BT e PRI Boer L tbteon
pr |OV| deg ?f f?iamnlla”s i{ Iuide(aémi)e?ﬂw\/@eémchﬁealchyd?oxy,rs](ljimdﬁpbr@%nalkgxy, halo,
sel ected fromthe groyp consistin C or

br om(; met ﬁ@lpoxyé,t 8 1%}{5}5:91 onbluprg}nocqlrléqng{g i Xg,yc o&ll%w}?frdcif%loalkyl

but oxy, tr h&t%ﬂé@ﬁc%@lhhé’ehboﬂ}ﬂ 'lﬁlleﬁﬂreﬁhaqlglﬁomﬂ rif1 uor onet hoxy,
trifluoroethoxy, trif uororret peridinyl, Cl.6
ok

al kyl pilperi di nywherpmpgr gtmirgq majcjge @pgp Hatsq IW‘Th one or more substituents
now oubst | CHe By ey L o Y T ormul o
(1)-(1'V), whereais 32i3 d Soan®, and at
cislor2; '
or a tautomer, stereoisomer, polymorph, ester, metabolite, or prodrug thereof or a
15  pharmaceutically acceptable salt of the compound, tautomer, stereoisomer, polymorph,
ester, metabolite, or prodrug. | '

Also disclosed are compounds of the following formula (IV):

R4
4
= (R "j’\<N
A N O N
/4 \
HN—<N Ly H
/2
R av)
wherein,
20 each R is independently selected from Cp.s alkyl, Ci.s alkoxy, hydroxy, halo, (Ci.

alkyl)sulfanyl, (C.s alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
R%is C\.¢ alky! or halo(C.q alkyl);
each R’ is independently selected from halo, Cy.¢ alkyl, and Cy¢ alkoxy;
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| east one Rl is halo(d -6 alkyl), such as trifluoronethyl. In other
enbodi nents, new 20 substituted benzi m dazol e conpounds are provided
of formul asyddop7@osh7(1V), wherein R2 is Cl.6 al kyl, susbrasod@boss
exanple, methyl or ethyl. In further enbodi nents, nem/substituted
benzi m dazol e conE unds are provided of fornulas (1) 1), and (I1V),
wherein b is 0, #Adt thipsderadpatin selogisde Semt hydrexial Ciesr Ayl Crs alkoxy, halo,

enbodi nent S z V,

Formul as (170 Chalekegenan nRiBamBL CRTRRNIInemndh g Cagil
for exanplem%mmnhdﬁys wﬂqybthMDMhﬁr betbodyoheaticyd,, hﬁmmsw%mﬂkﬂ@hedamyh
benzi m daz d of formulas (I)-(111), wherein
cis 1 or g‘gte r%‘g Iea ﬁggﬁ g%etﬁroﬁlgﬁﬂ 6 al kyl), such as, for
exanpl e5 trifl ushasmt Ryl R%| RE sane Rérmgdlbﬂm]ﬂlsnal]? sulﬁﬁtutdﬁiBwnﬁn@heRéi rRYe
be optionally . .substitut ive

D Do B A R L0 .0 LY SIS AP 0 i

al kyl), CL.6 3@ial Boxw, oendnhal o(Cr_6 al koxy). - 19 V\D 2007/ 030377
PCT/ US2006/ 034088 | n sone enbodi nents, Rl, R2, R3, and R4 may be
optional Iy subsPitlited %Pth one to three substituents independent!y

sel ected from hydy %1}’01114“6‘&’(91’@01@3111& abKWorpth @été’é Qleta%oﬁ\!ek}ﬂ })rodm%]’ch@reof ora

al koxy, and hal o(Cl allcoxy). [h sone enbod
i ndeperi@enpha,rm%dué@ﬁt_ﬂé’dacfcﬁmlﬁ healtgefothe @@mwsiﬂh@omfsl Sl”ﬁlﬁa‘ﬁ@n@l,CmC’leUlph

X , droxy, hal o(CL. 6 al k hal o( Cl- 6
al kflf);qs/mf@ét?(geﬁg?@éc%lrp}qd“ alrgzqcljl 6aaIO(kyI)su?f am{) atol

het er ocycl oal | cld ¢thanan§cCiméntg| ey slhetitenedacbym:dimallakqlb colnpourslormee goeided of
embodi ment ?d lalﬁil(g% p gvhlg]%n:é%?;l?qge]g i egt?qt tyo qcﬁeﬂlefd 01I1 rtt?en)gl:[ogg cgns?sHBg of

consi sting

3-trifluor Qf/ﬂibii!b(bhloﬂotﬂm&rd) U6 R kiftytyl, e3hyll Optopy bidyl, méthas\eyr, tetouy yhropoxy,
3ethy| 4- et hyl, ﬁhloro 4bro%4tr|fluq omethg1 10

4-trifHoor BREKhy sfiumometyl ¢ f Sisthy| JUlFgRYEoRyg  wifluoroethoxy,
4- (4- met hy ki RedaEhyl uny!! ﬁpéﬁdlhh cﬁg DRy IpisBRes "RBfaing, c? eﬂkﬁ?@mﬁﬁﬁﬁ

Rl is independently selected fromt group consistin uor o
hl oro, hisbyhkelkpny mndmkyandspmﬁwy 5. pfhethesepodimentsy B, substituted

2-C
g LLE?&?nyPég%ﬁfdgio;’da&Eﬁ 3!%}@. I'arc pl@(udr:& up f&ﬁﬁﬁgﬂy(l\% %Hetelnlr'grlg rTec}rhyland at

3-tetr ahydﬂaaﬁtumwanBw[halogjlwalyhyl),pydch & irﬁkuplroo‘pwl‘lyl amdotbert embodiueyts,. new
15 In nt.s,.R4 i s seletedfr ti

Cr- 6 aPRyt SR ey i dengle B R b A b BBy B BT B ViR R i
a'k%')SU|fFﬂyh&EL@&m&mﬁﬂ#ex%%pﬁyﬁ?fyﬁm-Iﬁ& 61ﬁﬁ%kyﬁﬁhﬂmﬁmﬂQMEMOHbk&h@d
carbonitrile e al o a en

al kyl) heteb@tzg}a 6@?@ mw%mpw‘aﬂ%i #)f %ﬂaﬁ %%% and (IV), wherein b is 0, and

al kyl am nogag bRV )not | freSQRE §1&'C£tlterrﬁfét)gﬂlﬂ33ﬁﬂfeﬁts GelyS sﬂbsﬁﬂﬁladR‘ﬁeﬁzﬁmdazole
selected fromthe group consisting of trifl uororreth

car boni t ri FenppEénye pravided of derardasHiHE): Wappin b ivds W&@cﬁrcb@ #{Hoxy; such as,
4-et hyb? ' p%raé&a%lle, methoxy. In yet further embodiments, new substituted benzimidazole

compounds are provided of formulas (I)-(Ilf), wherein ¢ is 1 or 2, and at least one R is
halo(Cy-¢ alkyl), such as, for example, trifluoromethyl.
In some embodiments, R!, R% R?, and R* may be optionally substituted with one to
five substituents independently selected from hydroxy, halo, Cy.s alkyl, halo(Cy.s alkyl), Cis
30  alkoxy, and halo(Cy.¢ alkoxy).
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4- et hyl pi perazi nyl -1 -carbonyl, or 2-hydroxyethyl am nocarbonyl. In
still other enbodinents, c is 2 and each R4 is independently

sel ect ed f pamdaheogoup consisting of methyl, _ PCT/US2006/034088
3-trifluoromethyl phenyl, 4-trifluoronethyl phenyl, trifluoronethyl,

et hoxycar bonyl , hydroxynethyl and phenyl. 25 In other enbodi nents
provided i s a cmrqowmahh@ﬂmpﬁmm RAGEURT catl Ri aveieatptienallyl substitied eiith one to
wherein th ound .has

aC or a1 SitonBr g AReaRsh AR AR D e A v i Bl h,
salt of thé€, tadguerd haddQ). WD@@@?/ 030377 PCT/ U820061034088 havi ng

the fornmula: F3C H\- / N <1 t her ects,
present invent i Bn* o Besihius bl iPerporea Pﬁ@ctﬁaﬁoweﬁhstgéﬁlp Ehsistng of

di sordess hdloachy ran@xprhmlau@gbu@%xy nheﬂ@(@v}lg @.fkoﬁyl)c hmtd(@pg mgalt)sulfonyl

conprising adminis an anp a co

of for mul ahgterparyf, Iha}O(C(q ?IWI)SUH?HY(I : hﬁm%‘fﬂc@éﬂ‘ﬁ’b ang (§C1 § @Hﬂ@?t%?cygﬁé%ht In
tunmor growsdi,d fich Qﬁﬂ)ﬁ&'ﬁﬂeﬁﬁt a is! NayeR! ﬂtutfl%gggiéﬂ%%e%cteﬁ%lﬂ E%Z%?ip cl;or1]151§tmg

i nvention provides nmethods for treating related diso

human or aff ﬁﬂﬂﬂos@b?- -yl i hirdkewnethydugHiifuosemethvit Sdofprrpaketyl, 3-fers-butyl,
adn1n|sterh ?9lsaI?EU¥HJeCt4 anDuQ Bﬁkaa cqnRoypd Of4{fq%%§ﬁ&ﬂwxﬁ

)y, (1), ‘ef fec é to reduce or preven
growt h19 n u-ima'fhmudnpea‘.hylsmlfangzb mbtnlﬁlabnomﬂmdsu]fmaﬁi Maibttt-mn‘élymlrazﬁrgnﬂal In still

agent o1 e ALSELIBD! 1 R0 ol ) ek LT RSRSSHS oo S50k
of 2-fluoro, 2-chloro, 2-hydroxy, 2-methoxy, 3-methoxy, S-methoxy, 4- chlom, 4-fluoro,
3-trifluoromethyl, 4-irifluoromethyl, 5-trifluoromethyl, S-pyridinyl, 5-pyridinyl-3-yl,
S-pyridinyl-4-yl, 3-tetrahydrofuran-3-yl, 3-isopropyl, S-isopropyl, and 5-ter¢-butyl.

15 In some embodiments, R* is selected from the group consisting of Cig alkyl,
hydroxy(Cy.¢ alkyl), halo(Cy.¢ alkyl), halo(Ci.4 alkyl)sulfanyl, (Ci.s alkoxy)carbonyl, (Ci
alkyl)heterocycloalkyl, carbonitrile,  phenyl,  halo(Cis  alkyl)phenyl, (Ci
alkyl)heterocycloalkylearbonyl, and hydroxy(Cj.s alkylaminocarbonyl). In some such
embodiments, ¢ is 1 and R* is selected from the groﬁp consisting of trifluoronethyl,

20 carbonitrile, phenyl, triflucromethylsutfanyl, methoxycﬁrbonyl, 4-¢thylpiperazinyl,
4-ethylpiperazinyl-1-carbonyl, or 2-hydroxyethylaminocarbonyl. In still other
embodiments, ¢ is 2 and each R* is independently selected from the group consisting of
methyl, 3-triﬂuoromethylphenyi, 4-trifluoromethylphenyl], trifluoromethyl, ethoxycarbonyl,
hydroxymethyl, and phenyl. _

25 In other embodiments provided is a compound or pharmaceutical acceptable salt

thereof wherein the compound has the formula:

Q) .
CF
N © e i
HaC

or a tautomer of the compound or a pharmaceutically acceptable salt of the tautomer

F5C
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di sorders in a human or aninmal subject in need of such treatnent
conprising admnistering to said subject an anmount of a conpound of
formul a (1 wo fdo#Adz03(7111), or (1V) effective to 15 reducecomuspogyrins
tumor growmh. in the subject in conbination with at | east one
additional, agent for_ the treatnment of cancer. A nunber of suitable
anti cancer13y&ibefeBuBe used as combination therapeutics are
contenplated for use in h e methods of the present invention.

| ndeed, the present invehtiQnp contenpl ates, but !\l not limted to,
adm ni stration of nunerous | cancer agbents &1 ch agF agents that

i nduce apoptosis; polynucl eo % BN 2b pol ypepti des
(e.g., enzynes); drugs; biol og ‘K et i c X kal 0| ds; al kyl ating
agents; antitunor antibiotics; rgl nmet abol i fes; hornones; platinum
conpounds; monocl onal anti bodi e conj ugat ed with anticancer drugs,

t oxi ns, and/or [ espons (

i nt erfer ons [e. %abq#ﬁ%%gé&sdgﬁe fl Sé%(tj g |d%§ nfeghoél S%‘P]l_b%{,tﬁlgtlgﬁ?lfﬂated
etc.); adbptdarein @ hunm ot eimnalmabjaqen tnscd dfe;aalt tEomeit compeiem Administering

factor ents that induce tunor elJ.differentiatjon e
- r aho- D aRI B 8 GeaEL o) & etymRa iy ir ot SDak Aafggetve
therapy rQ@&&ﬁbﬁp@ﬂéﬁnm@;ﬁbﬁg}bmﬂﬁ1hetsuﬂj@dﬁt vacci nes; inhibitors of

angi ogenesi s, , and the like. = Numeraous ot her exarrpl es of

chenot her apeut I8 YEOHBE ATBESIS Hie MFERICANERD PHEHdEp meihods Sor tigging Raf related
2007/ 0303 7 sdrfelé Il SRANG! 34088 su@_]\a'éttlﬁllﬂla&l éf%;llcl?f(?@ﬁ%ﬁ' c%hﬁ:?hﬁ}ﬁdﬂlﬁﬁmng

t he di scl osed conpounds of fornula (1) ,
known to tthesid Skidct eq amgupthel ap@mpmdpﬂeﬂoemledl)e dilheat §V) effective to

antic a{bc ereAREL %rév%ni%n%? %goditﬂ if a{ébsk Fﬁ%&t 1§ Q:oyj\fb llgthlf %%‘tj ne(%‘c éHe a%dlaﬁlonal

presen i nventi o rise-agent’s e apo
5 Agents tetgamtfomiatreatapomf@smml ncl ude, but are not I|m ted to

radi ation; Kkinagse | itors.(e.q., .Epidermal .G o ct.or

LR o nase IR e enlshGLS alriafters BROR R Mibat RS R e
ki nase i nhiidrded$ in Fhith@bbedimiisovkes irasddost sRaceéﬁtmem[daﬁiﬁRhng bh@fsstering
inhibitor, Platelet-derived G owh Factor Recepto % I @bd g§se

i nhi bi t or 0 SAW Sbrecihar amepniafea compaing g1 foumplp (s <I§T|<H%v (I8 ¢llgepre to

and djsv ecrlaauce%@tpk‘esﬁﬂtsﬁmﬁp |gﬁﬁﬁh%§th63§%}emﬁ'c%§1bilrgu&? mgtbat L CcaRt 401 RAs
Ri tuxan]; anti-estrogens [€.g., raloxifene and tanoxifen]; anti-

andr ogens qgeutgfor thel eeampdeof dgneenl Wt anmbre, offsuiizhle erticaacer agents to be used as

am nogl ut %Hﬁﬁﬂaggxz &%%p%?@&%@%&’temﬂﬂ&rd fQnkd %eotﬁg SAAT b the dau?sgrg rhnvent on.

cycl ooxygenase I Irtors ecoxi b, ne
398, and rlodeeg} the picdait 1mt111mm¢dnafmph’a¢sobt}t mmaj@sn(e&lsmamgn]lstraa'nmommmewus

chenot her apeuti c s.Je.qg., .ikipotecan nptgsar), .. CPT-1 1 .
1 udar abi ARt eaara) St el PEFRCpobEa Ded TRt (e Hooaymes:
M t ox gt r Qypeplidedt @I, edymt6); dragsplbddlogiven mbndtids; BMexolde) aliilating agents;
Taxotere or, taxol]; .cellular si g alin rml ecu es; ceram des and

cyt oki nes: anbHgnoE ¢ &Etlzl%gttﬁs' naéltmg,ﬁ:& ]?tﬁ 81; atlnum compounds; monoclonal

antibodies conjugated with anticancer drugs, toxms, and/or radionuclides; biological
response modifiers (e.g. interferons [e.g. IFN-a, etc.] and interleukins [e.g. IL-2, etc.], etc.);
adoptive immunotherapy agents; hematopoietic growth factors; agents that induce tumor
25  cell differentiation (e.g. all-trans-retinoic acid, etc.); gene therapy reagents; antisense
therapy reagents and nucleotides; tumor vaccines; inhibitors of angiogenesis, and the like.

Numerous other examples of chemotherapeutic compounds and anticancer therapies
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In other aspects, the present invention provides pharnmaceuti cal
conpositions conprising at | east one conpound or a pharnaceutlcally

accept abl e \ts(ﬂi(ﬁmﬁ greof of formula 20 (1), (1), (111 )Fgg){‘%{”]"y‘}“““

t oget her w a pharmaceutically acceptable carrier sui
adm nistration to a human or ani mal subject, either alone or together

Wi t h ot hersuitiitle RRERIMINRGENGSWIh he GisbleEedaspgetusds df hiﬁnﬁﬂleﬁ@)?(lﬁ) (1D, or (IV)
i nvention £?FVI des s(e|slg§jls of manufacture of conpounds of fornula

(1), (11),5¢qvn togpo cdinheaty i ped herein. 25 In yet other

aspects, the pﬁﬁ%ﬁ@fem’eﬂwﬁﬂ@ddﬁﬂmﬁi OMig 8 erC APRRU BT HeWRiceN 1A% Embination with
|nh|b|tors of the enzyme Raf ki nase. Since the enzynme Is a

downst r earfoEPERdSOH BF Disaepbinventioni «gPHpR 2gquimihst ingpee ar stimglateApopasis.
phar na(;ielJtA%é;i\{s ﬁ%ﬂ?éc{( os{sofnc Hé’% Qfe tlﬁﬁ]{té}@{oy ratﬁﬁio\ﬁ’n%fngﬁ inhibitors

inhibitio se way 1 s |n i ca
t reat nent (@fg , ttipivorraal Pl Facctaribaeptws ECBIRI] kgmwhﬂuhrtem%admbtyroﬂﬂf Factor

(l;:c nﬁa(ramn o t{)ml}?’gj g}ﬂnasmgﬁﬁ 01C é% Iast X 119 | r#ﬁ(étof)%é%g%ls I‘gﬂi lﬁ? Qlllﬂse

t hes ed caruglabiﬁm; B#af%&ﬁ&i&d&é& Guepah Dabtla K@c&pﬂ@r O @IFIR] Isklgmlmlhlbms ﬁiulCB(meﬁ?l
cascade a t heref.ore | S C t eto nt y|nt tion 0
P e catnasy TGS sk cpsnoE bl vecr, pad, e Abtstles Dibrmihgaapdis
PCT/ USQJOOG[{ %34ﬁ&%eptﬁ§%ﬂﬂd1{ﬁﬁb|:aﬁ] hﬁtﬁes@l@gmuwgfs Qﬁ]okﬂ?&e' BNE N O AT, © anti-

usef ul reating solid cancers, such as or exa car ci nonas
(e.g., of Etnﬁ@gplm{gg fblmlﬁééscahﬂﬁmd@u falastﬁm%a@rnoalrut %ﬂ@ﬁ? Kelppanegplg and

di sorders ?tlcgsteromé c%o&?égfl%@ 8, (C '1%?511%%%%”9061%g b, moeloxmam NS-

eryt hr ol eukem a) onas ous C adenona
sarcomas (¥8gand o@t-et@zs)adﬂrb@na)nﬂaﬁmam dmgthNSA@D@)] i sdusedrhdrspietpeutic

refer to a,_conmpound. t

otivi ty GroRRr Hpiin SRR, BT fathbPae (ERAGE] dLubRlncRrtES
t han aljoutdekfindvhasase, TRiasaneshd, M}ﬂd&tﬁgR&'PlMEl&lsﬁnﬁﬂmrﬁ,ti 6D, mgﬂﬂblcm Taxotere
descri bed general | her ei.nbel ow., Prefer. d i,sof orns of Raf Ki nase
whi oh t he CooH AR RN MOl EHEHS: B co(fqﬁfneﬁeanéﬁaw%ne 2 !
inhibit, ipglude A-Raf, 13-Raf, and C-Raf (Raf-1). "1C50" is that 10

concentration of inhibitor which reduces the activity of an_enzy
(e.g., Raf ki ndBeytheroasnge, thipbrerant jngeation Pfé’ﬁﬂdésel?ﬁag{l%?‘én%‘brﬁﬁﬁ’&?ﬂﬂgons

of the presgn hshg\é?%taét%e ﬁos gttﬁl aqihﬁﬁl’i’a.\é@ﬁtﬁ:ql& Qecebbleht Rl BY fdPﬂhMIa

activity agarnst he present” invention preferably
exhi bi20 an()} C8p (\m} horr ééfbdogeth@ mm aopllm%mh@llvhmemﬁﬁ@tcmm [FMtabip Fa

f bl l
prefera yddfmﬁtra ion to ah‘t pr e er be all Mbje %%h@%&lep&qgﬁﬁé? v}{glncﬁﬂel E%B&ﬂr']lkﬁr

t han about
as neasur egentsl the Raf Kinase assays descrl bed herein. As used
herein, the phrase 'MAPK si nsduct i on

at hwa
abbrevi ation thatl®t 4RSSt g I\W?SS eHVETPY Biog{ﬂieﬁr%gtgﬁiﬁ I??n%%réuf EeRat
transduct i @hpBatdd W YorldlA[YTOR (D), or (IV) as described herein.

25 In yet other aspects, the present invention provides compounds which are inhibitors
of the enzyme Raf kinase. Since the enzyme is a downstream effector of p21135, the instant
inhibitors are useful in pharmaceutical compositions for human or veterinary use where
inhibition of the raf kinase pathway is indicated, e.g., in the treatment of tumors and/or
cancerous cell growth mediated by Raf kinase. In particular, the compounds are useful in

30  the treatment of human or animal, e.g., murine cancer, since the progression of tliese
cancers is dependent 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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that is formed of the Ras-Raf-MEKI-ERK signaling nolecules. "Al kyl"
refers to saturated hydrocarbyl groups that do not contain

het er oat onmg,Pgh 038871 ncl udes strai ght chain al kyl groupscsucho@Soss
met hyl , ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, and the like. A kyl also includes branched
chai n i somBkesordihglst thaicghipomtthidf thd laykntipnugpssell ne Itnaaimmsohdtcamts such as,

limted to thefollown provi ded yogl exa
- CH(CHB) 2, f01 m@g@ (t%_éég@)pgncleasw bla d& 815 glye loid
- CH2CH( magmdm@@@(@a r?tﬁmléﬂid@ﬂa@‘@eﬁbmas

Cléa@ﬁm JeHd3GH3N
-CH2C(Cl -1 2CH3) 3 CH3) - CH( CH3) ( CHZCH3)", - CH2CHR CH( CHB) 2
- CH2CH2CH( (-8) xltl}v@cemlowﬁenml@%mwpmzwy 90SALCEIBLHP O CHB) 3,

- CH2CH2E( CHRCH3 )
- OH( 042%(43) CH( c?%f itk &H? q:% °f§i %&%ﬂ%% lgdﬁ?if?éc” vith

i ncl ude pr raspacy to &*ﬂ&@lﬂﬂ}r’@ﬂp@){ 0%@@@@%&% sty [ 0y ridlugasl, mengdynieallyingt ypore
al kyl grou s h Cl-12

havi ng fro Oﬁt 9@\?@&\/ é%‘“raﬁolﬁég (he :ﬁg‘fl[ls{E lris[gltstlgn %EXJ{S C% @1;16?& geverally
refers to adnkmbelgwo@sfeha&nmmﬁrrsomﬁ RaifeKmesesmxwhnah tnhmccanpnmds oP Bhe\yesent
2007/ 030377 PCT/ US2Q06/ 034088 t frem s

br anched hWF‘E}toé‘r‘ﬁéq’ 9418\’)’5410 Hﬁ\’/‘?lhémﬁf%rﬁ‘ Baﬁi} afc'é“?‘ r#agt(gﬁj\tsl)argg” is that
preferapl ycack@rfios af mrbnei ARkhaafichant agivay of @aaizyhedng., Rubitiessajb half-
froml to 2 sites of vinyl (>C=C<) UI’ISEtUI‘atI on. Suchg% %ug‘s are

exenpl i fi edaxingy legﬁla%pgesergytlve\ﬁowpundap {Pe presfd ipysatian discovered to
I ncl uded ‘3’%}&“1?'19 il Wi} QLML Q%arnﬁﬁ RakS @tholh AN ih@%@sfeﬁt @vention preferably

m Xt ur es ese | soners. refers to RO wherein Ris an

al kyl gr oupxhitithen o with résppotgo M@&@ﬂ meyg th@srpéauw&r;efﬂnrrw@r@p@lqbbf Rowmore
wherein R I | K r blv. not
al koxy groicjhﬁi'rs1 qp(%glsgﬁﬁ evx'% f1%)xe%ll%£ef1 %?gﬁﬁi&%tﬁh ’3{)1(%@01,&’){ he IrRiSt Ma y, 3°
aI koxy)ﬁ‘.ar borythin slebe2) ithd, Bshﬁmued:(n:t@) R@ilmeﬂﬁﬂj’ﬁ d-'escisbe@ilsleai kyI 10

"Am di no" refers to . the,gr C = NH2. . " Ami, di.ne

conpound cont af*AFFg ETRY tg BIPISEFp MA‘k S ELF BT ng;hévqg Sseafleeﬁbﬁleylgtlon
the group tifaf hnd¥H3r Mifdpe® a@tﬁ\‘%dalﬂ’bﬁﬁﬁlahm Rignal frafséigiongativeygn aupodule
-C(O-NRR where Ris Cl-6 alky ) sebﬂgtedfromhydrogen

and Cl -6 th@fﬂS forpred-ofhedtagiaf M@Ké@lﬁ %glfaillfég golEsHSHt group - (O

" Carboxyl 1 ef e g b0+ 5bm@b sgdrate@ﬁi@&arbyl gl%ﬁ bt dd h& confin hélérbﬁtbxh@'é\nd
refers to -CN rbonltrlle(Cy6a Iy ers to Cl.6_ al kyl

subst i 20t edhohideh stradpht chain alkyl groups such as methyl ethyl, propyl, butyl, pentyl hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, and the like. Alkyl also includes branched
chain isomers of straight chain alkyl groups, including but not limited to, the following
which are provided by way of example: -CH(CH3)2,- -CH(CHj3)(CH,CHjs}, ~-CH(CH2CHs),
-C(CHa)s, -C(CH,CHa)s, -CHoCH(CHs)y, -CHoCH(CH3)(CHaCHs), -CHoCH(CHaCHa),
25 -CH,C(CHj);, -CHpC(CH,CHs)s, -CH(CHs)-CH(CH3)(CHCHs), -CH;CH,CH(CHa),
-CH,CH;CH(CH;)(CH:2CHa), —CHgCHZC}I(CHZCI-I3)2, -CH,CH,C(CH3)s,
-CH,CH;C(CHaCHa)a, -CH(CH3)CH;CH{CHa),, -CH(CH;)CH(CH,)CH(CHas)a,
-CH(CH,CH;3)CH(CH;)CH(CH3)(CH2CH3), and others. Thus alkyl groups include primary
alkyl groups, secondary alkyl groups, and tertiary alkyl groups. The phrase "Cipp alky!"
30  refers to alkyl groups having from one to twelve carbon atoms. The phrase "Cy.g alkyl"

refers to alkyl groups having from one to six carbon atoms.
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"Cycloallcyl"” refers to a nmono- or polycyclic al kyl substituent.

Typi cal cycl oal kyl 20 groups have from3 to 8 carbon ring atons.

Repr esent aljgrmofiyeleal kyl groups include cyclopropyl, gyt ol
cycl opentyl, cyclohexyl, cycloheptyl, and cyclooctyl. Fblogen or
"hal 0" refers to chl oro, brono, fluoro, and iodo groups. "Halo(d -6
alkyl)" refers téleengll @fes oy bteaighti o dirarshinh hydrataky] viireups dmeringr fomrleto 6

hal ogen s f erabl tq fihve halo

preferred hgﬁ%% él]l'% gsa%filquf 1al§} gl}%glcgr bo}igtoil a\g(?ﬂ%’rnﬁ%{e{?%f/@. M%ffgr(agyfgnnl
al kyl ) phenytb 2 sn‘eﬁ of mnlyb@ﬁkphényﬂma@taﬁ@p bl fptdupgt et Bmiembhﬁed)&blaﬁ)@ﬁlpﬁ: by
al kyl) gr oy "] 1al (C_:i 6 I 0 " refers to an all.cox

Subst ]t ub et Hrbrsd St ol eue RS s B SRS ahE e e o
hal ogen sat aamturdd JTdiee RogEQr red hal o(C _6 al | coxy) group |s 30
trifluoromethoxy. -24 WD 2007/ 030377 PCT/ US2006/ 034088 )

al kyl )’sul fonyl " éHiﬂ)“Yh%flfW E1RE- atheirin Bup paaikyt giogper! ?@%%S?IQ@M’% as

of sul fonylysangersiuhi@Anh rer Qﬂféﬁelﬂ‘kt@ a@l ge@ gl%uﬁbka/ﬂr%seﬁfaﬂv@éxa‘ﬁgﬁésedf@] 5

sul fonyl and sul fanyl are as defined her teroaryl” refers to
an ar onat i ¢ligrpgpupaiichge meiexy, divxy, Hatewoatddheliks ring 5 atons in

an aromatic ri ng((ﬁ‘étahco&gﬁal%&qﬁ" &?e% to dﬁfstei‘ h@grd n@Rﬁ‘éh%ggﬁ ?ﬁéeag? %[g@bon

atons. Suitable eroatons ‘e I'n € oun

i nventilén are m“t%:m@mof’ m:fmygenhe gmmqi SI(ENH)NHwh €d@iiding’h eefarist to cg esnusondd
sul fur atons be o ionally oxidized. Exenplary heteroaryl groups
have 5 to fﬂntl‘”%& éﬂ%d i nclude, for exanple, benzim dazolyl,

benzot hi azol yl, hﬁnmmﬁﬂyiafelglh@féMb el grou gucgoyNHzpyraZl nyl,

pyrazolyl, pyrid yridazinyl, 10 r| m rroyl oxazol yl,
i soxazolyl, im démg lamFﬁ&%P‘gﬂy HGFF&%\ dlll%loukhuﬁ:@# IWheleRlS C6 alkyl and

i soqui nol i thse%ﬁeﬂ%%ﬁlﬁ;@ydgen%ﬂ @p{ﬁkﬂnyl t hi azolyl, thienyl, and
triazolyl. "Fbterocyc oal ers herein to cycloalkyl

substi tldent s t haCathana” ?elfﬁmolthQ givalentgielndf(@)t ypical ly from1 to 2
het eroatons in tBEbB{é‘)ﬂ {e%rg%gbkg_:@ O‘?—'f“ tabl e heteroatons enployed in
en n

conpounds of the I nventi are nitrogen, oxygen, and sul fur,
wherein 15 the“@y&noﬁgézmbamiﬂils’mof ljmrde”cﬁhsmaycbb optional |l y oxidized.

Fopresenta | ve IR, AHELEALH: DL BTl B g™ ©

al kyl ) heter OcyCI"dilka{kyl" FEEens atrﬂo@ beqaenyemie IaD@rl kL}HStI@lEmU ﬁTyplcaI cycloalkyl
substi tuted vm'tg a Cl,6 ali{yl roup cI oal k (09%@51 3/ q
refers 2o EOWS K [Fogt BsiPi § Gl 1\}\ﬁ“§kﬁt%§e Ef“(‘fﬁ’i"ﬁfg’ cl groups’ ifclude

Rngt iegocyclcg)abfsasbﬂaéﬁwty dy B BBy 1N cRhBk I Q:yElBEelﬂﬂerﬂ cySloByRLO wher e
“Halogen" or "halo" refers to chloro, bromo, fluoro, and iodo groups.
"Halo(Cy.s alkyl)" refers to a Cy.s alkyl radical substituted with one or more halogen
atoms, preferably one to five halogen atoms. A more preferred halo(Cr.s alkyl) group is
25  trifluoromethyl.
“Halo(C .5 alkyl)phenyl” refers to a phenyl group substituted with a halo(Cy alkyl)
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

30 trifluoromethoxy.
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het er ocycl oal kyl . " (Cl1.6 al kyl) het erocycl oal kyl carbonyl™ refers to
the group - C(O-R11 where Rll is (G.6 al kyl)heterocycloal kyl .

"Hydroxy" (&f 8hBosher- OH 25 "Hydroxy(Cl .6 al kyl)" referﬁcf,gsﬁo(%4@8
al kyl group substituted with hydroxy. "Hydroxy(CL..

allc),lam nocarbonyl )" refers to a Cl.6 al kyl am nocar bonyl group
substituted w t‘ﬁ{dig(d}ua)a}kyl)‘suhﬁmdﬁt aetd Shald(Co; cdldydse gl refasfier sibstgutidaeof

g;?gfs ICI(,]CFI.{_%)H?fl (c)lrsuex:}'n%?o nt?l hal%f(gvl allcgyg{%?&éécw1 1%19 sﬁ)lgtglyl !u{H sql?frar?yl are
- C(=NH) O(:I—Bsdeﬁhbdhmemref ers to -N2. "Sul fonyl" ref ers her ei n to the

group -S02-. % Q?/ 030377 PCT/ USZOOG#l 0340§ E%%f aﬁ/ refers

herein to the gr i 10&5‘?' refels 19 |28 FFGTAiG) SO RN fromyl B hdFie %{Oéllf as 1ng

sul fonys OfitokanShy bhiae ripCRRA 2hd RerIh@h JR1Be irgahtsdtk .being carbon atoms.
"Al kyl sul fonyl" refers to a substituted sul fanyl 'of the structure

-SR12 i n whiiEhleRperpaions Rpploysn iRyp@upyrgh gl the mepser RpnEN FaRIceyh suyHsD,
enpl oyed i £ 'IEHP elf?fthet 1@&y¥é’11%8 @Elfﬁrrb\f(ﬁﬂ in%ﬁ' bk %Bﬁé’rgtﬁy 6EHi&d S Exemplary

alkyl)sulfony )sul fanyl . Thus] i cal groug
i ncl ude, fbertereaaahygr@ps ham: h‘5les dﬂfrmyatoalﬁohndremﬁyﬂ% ulof ergthpigi benzimidhueha,

R12 is met g%z%)t’lu t#vlg‘%lb?ﬁgofx l > di nﬂﬁgnﬁ’%& a%y!ap ag?lgl, IPXP ‘%{ng)ﬁagmﬁﬁ’

ethyl), propylsu y p’r opyT's
propyl 10 apdimideyl,i ba:ro;ﬂj—l)odazmﬂ(ﬂ, peoatzetyli ngidrdyp"indeikbr mdimlyl, quinolinyl,
protectlng roqﬁ or, an 10 .as sed Pereln al so

refers to Prot¥ WLHW&PZCEIH% n@%ﬂglh@ H@\%‘?W 1’(9(’3&-} 228flt abl e

hydr oxy prot ectifngergéyRURSydSreRpd Heleaﬁtos@uoamypsw@mdmﬁs DRshak©from 1 to 5, and
protecting and deprotectin ezoartl cul ar functional groups, are well
P

known in tFereaptpicaftyrieka hafsrastomss s thenring sgueiits ngUPrde gstesgaoms

described L, kvedt &hBR0SIsAHTd] pre@nt MverWéB%ie ﬁ’ﬁr@%@ﬁchk@ n @rAURE L, vherein
Organi c Synt%ea s, Thrrd Edition, , New Yor Such hydr oxy

pr ot eci$ ngthgméazsn 26d FHEN @aenmasebwmwalbt oredized. pRepresENtal Yelictsr OCYGIOdlk}’I

e e R SRS S 080 YR PR U eI

Pol ynor phs can ‘diCf 5 e}kyf)heimooymaﬁ«yﬁt fedars tona heteiooyrgoathy) siraml substspled tiids
such as, f|% elgalg differences in their X-ray diffraction
patterns, ©hfisfei®%hsorption spectroscopy patterns, nelting points,
stability, or S*qieﬂ&b&ycuqalkyl’(@lsb&yl@'b@fmm Cilsaflet albtsmuwﬂwdﬁretemym«mucyl

Pr Oduced 'na SH}?ét&ﬁéycﬂaﬁl%ﬁca%%%ﬁ'lsé ers ISI%EI ?g ti%a group --C(0)- RY where R is
heterocycloalkyl.
“(C).¢ alkyDheterocycloalkylcarbonyl” refers to the group —-C{O)- R where R" is
(CrsalkyDheterocycloalkyl.
“Hydroxy” refers to —-OH.
25 “Hydroxy(C.¢ alkyl)” refers to a C, g alkyl group substituted with hydroxy.
“Hydroxy(Ci.s alkylaminocarbonyl)” refers to a Cis 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
30 -C(=NH)OCHs.
“Nitro” refers to ~INO;.
"Sulfonyl" refers herein to the group —SO,-.
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parent conpound. The derivatives nmay be produced fromthe parent
conpound by various biochem cal transformations in the subject such

as, for exaaploeyozgebdati on, reduction hydr ol ysi s, or j }
. , | , : EONUSDRYI3DIRS
and include, for exanple, oxides and denethyl ated deri vati ves.

Met abol ites corresponding to such derivat
in vitro methovsfagyl” ZSfeff’%h%E‘{:}ﬁost g’f?é‘li’:/ - Imsgﬁ‘é{ fOI}Yﬁ gq;%gt BrORHG Ry

enmbodi ment gy, %{3 he tﬂ@tsﬁ’gﬂ{det SORAif WHRAURYE Rf alicfior WF&ﬂl@lf(ulﬁm)(U WfedsStoam

oxide. In so aspects, the oxide is N- de, t

synéI het | cabstijutdsly smlfe@at pﬁqha strovtpsurid %Qﬁ Iﬁﬂlr?gr(lﬁ:JRa eﬂh;lké’ L\%ﬁ’gﬁ opl and
oxi di zin S [

N et by A B R EppIRE dh pec s O a%%?s“b‘%‘f“r boen. e
per oxisde.allythsisl fompl endi)o(dllrgealkﬁ)suh?mdmpa“hm ybicEbEruipa z(npl}ldq | o gxgmple,

conj ugat ed 3 | ucur on d,to f

aspect , qﬁ‘iﬁ gsaﬁ n@?@@aﬁ%’é’l Ptcaa‘%v{)rér}grﬁaér%?g% Lheh. H@sﬁl F}gr«?of
havi ng thﬁlﬁiﬂfb&@{l e whe26 RVAGs B&QE[&S@&Z]VEOM&M&QW&&LMAﬂ%e wheﬁe R'H
N~ O~ NH HN| /0I|NH3CHOO HO CO2H OH "Optionally

subst i t utrsePyDetndtig it i t ut ed” refers to the repl acement of one or

nore hydr ogenLaien® pMitdda OVIh© Y pidtectiia/ albend foF adl
substituted subglﬁent |ﬁ%gﬁﬂ.ﬁ§s a str%ll eﬁt gé%a?ﬂrs]ﬁ groumgmuy\h@mtehn
1d Ct(ﬂfﬂ Suitable

substli0t utds oned Aereinsalse eeferseior prerectign Af Hiet 9@ ER4p 9f (48, gid
2- hydr Oxxﬁ{g,dpogy mggﬁﬁg}%g\gﬁt% ‘fvel@qg stibBiel éo‘ﬁﬁl)tlo% f@l I%fé@nng?l%ﬁl Beprotecting

t er m nus cyanopr opyl the 11k
Subst i t utjeeicalabstidivtangsupcare el dpwi ghtt W 1t nTObre&%lﬂ@dePm%%ﬁc?‘}CE

Cinder ot oGHOEHEE SRS AEOVEVHRR T b1 Bra SR e AL Fotertng Gous i
:M”Pﬁr][nl \S; :@%ﬁﬁg ;sgq&h@s@ansma Edition, Wilbjz @femsY ¢rix, HR9Y. rﬁmnmwdrgub@ptepmwoups
1ol ogkn ari: At @g@% o he T pitr ey ity e SR "
Bl YAH8APh" refers to the different crystal forms of a compound.
Polymorphs can differ from one another in various physical properties such as, for example,
differences in their X-ray diffraction patterns, infrared absorption spectroscopy patterns,
melting points, stability, or solubility.

20 "Metabolite” refers to any derivative produced in a subject after administration of a
parent compound. The derivatives may be produced from the parent compound by various
biochemical transformations in the subject such as, for example, oxidation, reduction,
hydrolysis, or conjugation and include, for exampie, oxides and demethylated derivatives.
Metabolites corresponding to such derivatives may also be produced by in vitro methods or

25  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 (I)~(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

30  to glucuronic acid to form a metabolite. In another aspect, provided is a metabolite,

tautomer, or sterelosomer thereof having the structure:
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It will also be apparent to those skilled in the art that the
conmpounds of the invention, including the conpounds of fornmulas (I),
(1), (HEN o 76300, or their stereoisomers 15 and pol YERLRNG4/0:98ss
wel | as the pharmaceutically acceptable salts, esters, netabolites
and prodrugs of any of them pmy be subject to tautomerization and
may therefore exist in vardiQus tautoneric fornms wherein a proton of

one atomof a nolecule shifts anot her atom and ghe chem cal bonds
bet ween the atons of the nol S are consequt wfearranged See,
e.g., March, Advanced Organic em! ' ﬁs rMechani sns and
Structures, 20 Fourth Edition, J {%h y pages 69-74 (1992).

As used herein, the term "tautopgr" refers to the conpounds produced
by the proton shift, and it shoul 8 be™® grstood that. the all

taut omeric forns, |nsofar as they may,, | ist, are included within the
i nvention. For instance, the t aut omer"%of Ia €8ﬁbound of formula (Ia),
bel ow which is a conpound of formula (IP where ¢ is 1, is a conpound
of formula (Ib). Simlarly, the 25 tautoner of a conpound of fornula

| V fi n( .\ h 2007/.030377
I(D CT/C{JSIZS 02 | ggzgg%ﬂ%fgl}_}; FL%JSHHﬁ&l (c% g%\lr ﬁ{ute(d Y% s tg %% V\%aCﬁnﬂﬂl dpe gmore
(12) (1b) hydgen afyms with amqilo\f’\lem-erdﬁsl)amlblﬂib'\l\ (\)b ON\ N\ ONN

L NS R kBl B AR Rt o
t he con@oundrsu efthdrovithin ds hbjn, (e(g |2—hyd1d>>ly*p}opyl Ql:anﬁJhNButﬁlf ahd Bl ike) orbzllt the
ts:ﬂ gmer S a}Qam %1111 Eep 2- hycﬁoxyethyl% cyanop1gpr;l rarrlg %t?euﬁkle(): aSllJ.t};tl’gl%e%esﬂlgs%tutents
can be straight chain, branched or cyclic arrangements of covalently bonded carbon or
heteroatoms.

It is understood that the above definitions are not intended to include impermissible
10 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 the compounds of formulas (1), (ﬂ), (IID), or (IV) or their stereoisomers
15 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 shifis to another atom
and the chemical bonds between the atoms of the molecules are consequently rearranged.
See, e.g., March, ddvanced Organic Chemistry: Reactions, Mechanisms and Structures,
20 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, insofar 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 c is 1, is a compound of formula (Ib). Similarly, the

25 tautomer of a compound of formula (IVc) is a compound of formula (IVd) or (IVe).
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esters, netabolites and prodrugs of any of them nay conprise
asymmetrically substituted 5 carbon atons. Such asymmetrically
substitut ed, £RHHRF;At oms can result in the conmpounds P'ﬁﬂgmnwmmmw
invention existing in enantioners, diastereoners, and o %

st ereoi someric f that nmay be deflned |n terms of absol ute

st ereocheni st wo/sﬂ%h(aa |n (R) S) FVAS a, result,

such p055|ble\4s/ner 8 |s s |n |r optlca I R
pure forms, nMi.xHNFES E eﬁeof] CeHlC nlxt /r N
m Xt ures of dlastered as 10 S|ngW@ {.e eo rsyof the

conmpounds of the in ntlon are |ncluded in the present invention.

The ternms "S" and "R’ conflguratlon as used her&n, are as defined
by the | UPAC 1974 NDATI ONS FOR SECTI ON E, (H)ISIDAI\/ENTAL
STEREOCCHEM STRY, Pur Chern. 45:13-30 (1976).“The terns a and

(3 are enpl oyed for rlng p05|t|ons of cyclic conpounds The a-side
of the reference plane is that sidemn which e preferred -28

2007/ 030377 P {7R00 ,034088 su@s(ltuent s atfﬁﬁe Iomer Hunﬁered
position. Th se/substf hen&s Iy on the p 05|t

reference pla _Ef | ( rlptor |be ot d ﬁ%at
this usage dif S tha _iﬂr C|IC stereopa!e , In ich "a"

means "bel ow t he plane and denotes absolute c flguration. The
terms a and (3 conﬁiguratlon as used herein, are as defined by 5

t he CHEM CAL ABSTRACTS | NDEX GUI DE- APPENDI X |V (19&@% par agr aph 203.
It will also be appd¥ent to those skilled in the art “that the
conpounds of the invention, including the conpounds of formulas (1),
(re)y, (rrr), or (I'V) or their steregi somers and tautomers, as well
as the pharmc Weal | acceptabl e/salts, esters, nmetabolites, and
prodrugs of gjié:zf t %@ ney exi f W@ various crystalllne forns (or
"pol ynor phs™ i i I ng physical properties. It should
be underst ood tH¥r<s e dll mor phs of the conpounds of the

i nvention, includidﬁ tHeir netabolites, prodrugs, stereoisoners, and
tautoners, as wellr%as the pharmaceutically acceptable salts of any of
them insofar as they nmy exist, either in isolated formor as

m xtures thereof, &\&)included wthin the invention: As used herein

t he tern1"phar euticall table salts" refers fo t oxi C
15 acid or " al kal bhEoBRREE Hetgmvediopsingd ing hecOpBLRHE Of %w ), 1, o),

st er eoi osmgf (1vpek ﬂﬁﬁﬁﬂh@m@@%ﬁ@b@l ﬁ‘i@ﬂﬁ@%’s e, as Ae PHaRRHRG@ 1y 'e:i&reﬂ?elbl%%alts
(r)y, (rr)y, (rer), or (1Vv). These salts can be prepared in's

during t he eftPigameiabelitey Mrpredmgqo@ﬁ 1Py}  4Rgnp rinaf canpsise @muﬁegalm substituted
Formul ag ( lc%rb](_n( Ho}ns subh Ll% I'Bétuédlly)su Q{tutpcy cat bR GhE kyn LEaAct I{ g c&gﬁounds
base or aci unctions W Eh a sui e organic of -Inorgani'c acl

base, res peﬁtheue‘keymmRepste@en eatitivacsalliageiemptradedtiter atesomometi¢ firme that
L0 ohe 20 Oh o Rt SR Sp BT REL STkl BL i A BE TP e
canphor sul fanht &] sdctlgbmrbmaisemel&yﬁ'ldﬁ)&ﬁm aredpisopietnat @eir optically pure. forms,

mixtures thereof, racemic mixtures (or "racemates"), mixtures of diastereomers, as well as
10 single diastercomers of the compounds of the invention are included in the present
invention. . The terms "S§" and "R" configuration, as used herein, arc as defined by the
TUPAC 1974 RECOMMENDATIONS FOR SECTION E, FUNDAMENTAL STEREOCHEMISTRY, Pure
Appl. Chem. 45:13-30 (1976). The terms « and § are employed for ring positions of cyclic

compounds. The o-side of the reference plane is that side on which the preferred
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dodecyl sul fate, ethanesul fonate, glucoheptanoate, glycerophosphate,
hem sul fate, heptanoate, hexanoate, fiunarate, hydrochloride,
hydr obr om ﬂ/%’z(}}f%% iTzOdi de, 2-hydroxyet hanesul fonate, | t@é

2= Ny Soffosma40ss
nal eat e, nethanesul fonate, nicotinate, 25 2-naphthal enesul fonat €,

oxal ate, panpate, pectinate, persulfate, 3-phenylproionate, picrate,
pi val at e supstiopholiet &, ths loedr matbered pbéitore, Thewetsobdtigyentshlymgyanas epposite

p-tol uenesul fopate and .undecanoate., Al so,. th asj ;

Pt ogen SErIAR G CBoRIBE® 5 e mat e okd NaERChoR e Bk s gees
| ower al kydiffratrbeiebat foiushliaserdBidants, iredhRivh !'o'Pnegy "beiawn theddngl' and denotes
chloride, brom defs, ~.and i Odi-dES;ggliégl kyl sulfates |ike dnnet@%] »

di et hyl, 2B5Hue FParieapation Ay Iicras o aldh confighigtiath 45 psesohangi e ds SHeRd 5%

decyl ;5 | ahl HlmnaBMf hSEW ROk RNINE- ABINBI Iiﬁﬁ%i%ﬁ{ﬂ'_ 28pd i odi des,
phenyl tlkyl halides |ike benzyl and phenethyl 'brom des, and others.

Wat er or oil - sowilblaksoobe appasgserigithess ghildrduiy ﬂleaﬁr]l? thah dhe 5Pmppigs fd dthe
-29 WO 2 3 irds. I '
orpl oyed Pio Bl PRI PR BERIE B, oARYFS, At S Rdm0IE

i ncl ude suéhaitmoegam wehcisdbe abarpchutcdilyoadoeptalnt daltss gbteusr ingtabelitds, and
phosphoric acid _and such organi.c.acids as | i b .6 .aGl o
met hanes H?C@WSCD af'@?’c?,ﬂﬁ%?rclg n?xéé%é%i %r%élﬁ(f xjg?a;ﬁ?r%ecf%gﬁ%og g@#g%pglagiqltaﬁg
sal t s|pcanidiag@kienapegidah pfipttied ultishould ve vhidrabod thias dlcatlli poiyaoghs of the
purification of the conmpounds,of fornula (1),.or separately. by
react i ng COBRPHER Y11 @eaglg Biebi &C;‘Elé"g\/\fq’gﬂ ‘é‘g’@%ﬁ}{t%lpéo 8 Sgab%oﬁsoﬁéewt’ fgd
hydr oxi dguu&aER0RAL&Q! & the Ph&RlBANRES KleRail sIRRERHY bE &lchy iRoReps all e
metal cation or with ammonia, or an organic _pri marq}%,é secondar

I

Lo . 2 or.
tertiary maay et erherrimidied OEP PyasquEbiesdbirecfsap £relided PR the rvoutas-
not limted tQ,,EaHLLANRS ﬂ%ﬁ% O h ALKl abo ARGk left8s RAMLE Rontoxic

metal s, such as sodium 'l'ithi 10 potassium cal cium magnesi um
al um umesal tisallnithet dvethl inkie] salts ofetht campend caitemeragigisaiogmer, polymorph,

quaternary, a i and .am ne- | ORS i , ’ Li i d..t0
amoni um%ﬁeé%?:bé’ﬁ%fna%%l J %?o@{lérsggt W Q%g:( uri T\Hrréteg{e ﬁgﬁ%tacrﬁhr?g,p kel
di met hyl apisne durihg ikveetibyl| igdlntionesnd tpniriditdiiohaofi the comphyidart ermuaau(l} KH),
like. Other representative organic m nes useful for.the.for '

of “base. Aok of <1t Sepiie Bang fissr s Rnghort B S QLI R
et hanol an},fgan;dh&kt I@J@'Bé’sje?fgsﬁ&tiveﬂ%upﬁéﬁréédﬂ@tﬂa@Qialtshﬁclizdeldﬂlt aSaldt dinded to the
formul ati ons of the conmpounds of the invention are al so dliéscl 0 edlvi n
%{ﬁﬁ 1sulfate,

pr ovi 301 orfallowinpl aceiats ahgate AgeRe, HEIAPAT R GriF RS BEHZTTH
PP028237. BO0LY £ TR a1 Jol ) I P o
Pyridyl Etdderysuifag, Fortiemkatioonis, Tighcelsptanpaet orgﬁ@yroab%skhat&zohﬁlﬂwﬁ@fea
Prozeess SOt | SORRED NP 0SB0l VB At i
2-hydroxyethanesulfonate, lactate, inalteate, methanesulfonate, nicotinate,
25  2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-phenylproionate, picrate,
pivalate, propionate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate and
undecanoate. Also, the basic nitrogen-coniaining groups can be quaternized with such
agents as loweralkyl halides, such as methyl, ethyl, propyl, and butyl chloride, bromides,
and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain
30  halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, phenyl
alkyl halides like benzyl and phenethyl bromides, and others. Water or oil-scluble or

dispersible products are thergby obtained.
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As used herein, the term "pharnaceutically acceptable ester” refers
to esters, mhich hydrol yze in vivo and include those that break down
readily in pan body to | eave the parent conpound

t her eof . SU|tabIe ester groups include, for exanple, thgggu gﬁ?ég]SZS
from pharmaceutically acceptable aliphatic carboxylic acids,

particul arly al Kzamoples ofibdeoibich @y€boahkhyel co dich 9115!&@1@&111’51@511@ Redfkble
in which eacH @{hﬁg %( PFE‘%W Q’DI et{yJ advant ageous] y . has not nore
than 6 car B HPHEsSUGR PUBIC AT 22 @PEhIPH%Ia&’deWIﬁFWﬁ%‘J&ﬂHd
acetates, pREPROIN@i®Ead BibhYdrddis am@&a"sﬁx@ﬁ@@m@ﬁﬁal@fckﬁé cfs'iﬁfe@ﬂaﬂ@s?]ﬁgmc The,
term™ phar maceuti cal I(%/ acceptabl e prodrugs" as used herein refers

£

those 30 BRGHIUHE 8rd piée @%%@l@ﬁﬂ@@ﬂ% préts e be prepiaredentsite dunikg i ﬁnal
are, W shi fotdien SGO ui

e 451 it S s gl WO ) S 0
toxicity, Fambetydeiaid mdibégsginithr espdade, basduthesl ihkehydrmmhaanawoamg or

benet 11171 SE PRrToc! SRAFpra P bLRpRR R ik ST Boniy, qapiorganie

the zwitt epllmmycsectbmrgsor mﬂmr;efunms sPlpr@aceoficdtlp@ceprplimatsinefudé, ot are not
i nvention

) .T.e refers to nds hat are rapidly
transf or meamirl]t 8“%% ﬁ‘g‘ 1 gl aud H@ﬁﬂf’pngﬂ mﬁ?‘l 5% Reehafsipdium, littium,
f or mul &0 fpdstasmanp&mtu highnedidisi Sahmﬂmhtzh ondts Adt PR KEh a8i SGUIST RN
provided in T. 5 Hguchi and V. Stella, Pro-drugs as Novel Delivery

Systems, VERMOXMerqUaiENaRy @uunoniay AR iAtesetticns, inghlings [maveet dingted to
Roche, ed. amﬁbﬁ‘ibﬁlvqa%ﬂlﬁylgﬁﬁfoh%ﬁ? {eRa Ny RS LGN et AE ﬁLl%a?llm thyl?_xlnme

Phar maceuti cal Associ ati on and Per ganmon "Press, 1987,

are incor sidndaniper sienyminef ehaome, prd g likbe é)[tiparrepl‘esematlm@wmc
skilled in h t d h e n

Che COITpOU?]Ig{S}lgSO ?ﬁ ](."‘)L{Iilng 1@? 1%8@%%?1? 3t Q{a]% e(ddl{' 1} \éaltg H%CI‘H%CP | fﬁhy"f mg,
t aut onE¥ s, ethylenhdingsne, emmlemlmodmuhsno!emmde pmeyetmremhs thed&ewel | as the
phar maceuti cal | sa t esters an r.odr y

acc s of an
Pham ey be. prtSGeEToRRIGHTS e SRR ng PR Al disdlosed in
ani mal bodyroei’smﬁﬁlabplli@tlﬂﬁ@ﬁﬂl@ﬁ' E]@hﬁtﬁl@tﬁl‘ﬁl@Q‘bﬂBbﬁ@xhicMzcﬂ@TFM@yI@B@@'C(USts%ﬁaI

that retain i nhi bjtors i venet abo

compound oRENE OGP GHOMEY SEce: JembrT PSR Pep1 Stch ok BAiy 2006 end
t echni ques denowr Béhzhﬂi@ldﬁﬂﬂ P ] @lh&s 1an§eﬁ$rﬁhl'lfﬁfons thef‘éof’al(aﬁzmn%yl\@&ket
Chem 40:2011- 2016 an, har m

86( 7) : 4%5- atver BREER &éo ) ﬁlﬁﬁ 0y 3@)@\;121:@@@06 e@h oiz«'dmm l(eneggslyomawdrby
N., Advancg, E@ lggenlﬁn 13 224- 331 (1984); Bundgaard, H., Design
of Prodrugs ( sevi er 'E’re'ss 1985); and Larsen, |I. K, Desi gn and

Appl i cation of APmsedhags, thr egn Delsingaceaidilpeveptapleesster” refers to esters, which

K t al,. < 20 Acaden Publ i
Lo00y > on e QiR b st sy § ool bR U GRS R EnE LhRn b e ve e
t hat ar e agdrent omtphuabl ok b sl thefeofl DOm0 Wsiek g?ﬁuﬁsh@cludb\( Eottek@AplariBose derived

i ncl Udfsd V\%rt hin the i nv?ntl on.
om pharmaceutically acceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic,

cycloalkanoic and alkanedioic acids, in which each alkyl or alkenyl moiety advantageously

has not more than 6 carbon atoms. Examples of particular esters include formates, acetates,
propionates, butyrates, acrylates and ethylsuccinates.

The term "pharmaceutically acceptable prodrugs" as used herein refers to those

30  prodrugs of the compounds of the present invention which are, within the scope of sound

medical judgment, suitable [or 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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The term "cancer” refers to cancer diseases that can be beneficially
treated by the inhibition of a kinase, particularly Raf kinase,

i ncl udi ng, wOhBxawl e, solid cancers, such as carci noFP‘ﬁUéﬁc}(ﬁman‘c
the lungs, pancreas, thyroid, ovarian, bladder, breast, prost

25 col on), nel anormas, nyel oid disorders (e.g., nyeloid | eukem a
mul ti pl e epemnabla beepfidtial tatinr uideafieativepr thail amtotred Use ag wellvis [Heoavsitaiinin

adenonma) , sent at i
cdenom), 209, SALCAAD Srhe o SEMIBERLBTMaobA, IEPLEACTIIL N
i ncl ude, $anpoardmibhisgre wldly transformed in vivo to yleld the parent compound of the above
{1- Met hyl S-trif ridin-4- ony
| H benzo- IOPH'{“éag%le"ﬁ’W# Q%P%Sdar%?ﬁ hgl %W@H@# {1 Sﬁ%ﬁ’é‘ is provided i 1
(2- Fl uwor oHﬁguer adi - 33{@/11&- @h@ﬁ};ﬂg}s ds Novel Delivery Systems, Vol. 14 of the A.C.S.
| - met hyl ri.fluo hyI -1 Himdazal-2 -31 WO 2007/ Q30377
PCT/ 1J SZO%@ @%s %éeuesﬂ 5111(%9{% HAA. yﬁqf;@]cdl Bioreversible Carriers in Drug Design,
H-benzoi mygRzedr ?héﬂnbc@ﬁba{leAsafo&anM%ﬁ R PidndPiesd- We7PBRY b vihich are

1- et hyl - 5[2(5tr|fluoronethyl-1 I m dazol - 2-

yl) - pyri dinperpospiedbgleimbyHees#Ee i ni dazo i-2-yl } -amine,

(4-tert-Butyl -

1-met hyl - 5- [ 2- E‘?f)llz %{)}E éﬁlgn(‘; r% tﬂhosf slﬁlleﬁi in the th?t tBe c?snpounds 8f the ngenmon
4-y| o] - hehbien Ald mml;m{is af d}dr}m@m(ﬁe(ﬁ){ (III), or (IV) or their tautomers, prodrugs,

1- Met hyl

H i i daz O$€1 mscf S?elg ml?r%}s \Ivéi} ﬁ%& R%%macer%%aélgoarccgat%le }?alT(SBBStelS and
- gr |E I Ihu?)r lmﬁéﬁu@s/ of Bi;l-sen? kI)enamldi}ebe p1500;->ssecfl lm Vivo thrtoﬁgh metabohsné in a human or
g)yrl di x 44 151,1121 ij})r CGHF o gr (E}E:ﬁ&)ﬁfﬂ r(lbglcfa gragtﬂn\?e}m& ]I tg]'itdgtﬁm actw1¥y gs

(4- Chl or oppmesy! )rhélacm%{éydboﬁrek 2f ﬁ@oﬁabbﬁddttqnmw&wmﬂahhy B dRAhedArsity)
-pyridin-4- yloxy | H-benzoi m dazol - g@g}i -amn

( 8- EtWyI -@H@pfyqeyhmq@s haéqmypl@e[agt (Sge,te(g;f gt ﬁWL, V. Med. Chem. 40:2011-
i m dazojqig-( xéép Pk dbne 14:1‘1)@7 ppasﬁ % B EAEYET. EagQlavd 1! DiRdThRE Res.

(4 Chl oro-3-trifluoroneth
- met hyl - 5£320-739- @ P95H nglcu‘nﬁt, dvanceHin Deug Res: 13:224-331 (1984); Bllndgaard, H.,
I(T g?ﬁglr OB?%Q O)p lroldtdl (%gre(#hsg%gf(#es}% §5~);b gl{azﬂélgg;lg?zﬁl,_ﬁés%ln} Y cation of
- met hyI Bro[d&fg(ﬁ ﬂmgfﬂ)wbgformﬁhﬂeveloﬁﬂwnf (Krogsgaard-Larsen etal., eds., Harwood

S g R TR A

H benzo- fnai a@@z@ﬂw afewbbht(eélof 4 ¢cfd1puah@ BEthb Qﬁryntnmwin)cmam wahin tBDinvention.
(2-Fluoro-5-trifluoromethyl -phenyl)-(1-methyl -5-{2- %5 net hyl -4 43 tri

f 1 uor onet hyl pHEngIm) “eanper 4e zfawmzcep discasps that sangdsy %@ﬁylﬂliy treated by the
H-benzoi m,gdazRn-of a¥nas@FhiRularty Raf kinase, including, for example, solid cancers, such as
carcinomas (e.g., of the lungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or
25  colon), melanomas, myeloid disorders (e.g., myeloid leukemia, multiple myeloma, and
erytiwoleukemia), adenomas (e.g., villous colon adenoma), and sarcomas (e.g.,
osteosarcomay).
In representative embodiments of the invention, the compounds of the invention
include, for example,
30 {1-Methyl-5-[2-(5-trifluoromethyl- 1 H-imidazol-2-y])-pyridin-4-yloxy}-1 H-benzo-
imidazol-2-yl}-(4-trifluoromethylphenyl)-amine,
(2-Fluoro-5-pyridin-3-yl-phenyl)-{ 1-methyl-5-[2-(5-irifluoromethyl-1H-imidazol-2-
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(2-Fluoro-5-trifluoronethyl-phenyl)-(I-net hyI - 5-

{2-[5-nethyl -4-(4-trifluoronmethyl- phenyl)-

H i m dazol idin-4-yloxy}-1 H-ben20| m dazol - 2-y

2-{4-[ 2- (Z“I%—)I %'b)j]rﬂg Ir7t rifluoromethyl - phenyl am no) - 1- net htﬁzwﬁ”pﬁ(’é‘#’zﬁ& m
i dazol -5- 25

yl oxy] - pyr iséi-picizing 3yl &eyi-A He heanrimiraeoledry i) bhbinayi dazol e- 4- car boxylic
acid ethyl ester

(2-{4- 2- (2- FI ubt O 8 S P8 oviaRbe Py meiyt-Are wsfrifeopmpsipy - Hipiderol2-
mi dazgl - 5I wll)emlst%damywidnymiH-beh:;‘mmﬁlakcmz‘ yamewet hyl - |

H i m dazo y t

(4-[1- Met hyl - ‘}[gl??‘fr }S%ﬁgl}eg}ﬁ%-t{ﬁﬁlet%eﬁngr(grﬁlﬂgﬂro@ethyl | H-mmidazol-2-y1}-pyridin-

H benzobmi da;a@ky]ﬁwb@zwmdmw@l}na@nwI }-3l
| -i m dazol e-4 rbonltrlle

(3-tert-Butyl - p Eahdathyaley L%@tiﬁi;hwlsmﬁiwl( SH'plﬁé]rﬂWLQﬂdi)*Pmcﬂﬂtﬁdﬂo‘w yIF)-bquyg-i

gl nl\/efhzl 5@1%%2%%64 g 12%}41?1‘1&916@&%&12%@{}1} E”?‘gH pyrl d| n- 4-yl oxy] - 1H benzoi m
i dazol - -32 WO ¢bEthybREaYh-{ParidZoRe(5084088medyly | Himidazol-2-y1)-pyridin-d-yl-

4-trifl I nyl)-amne, (3-tert-Butyl-phenyl
1(rret hll-ugfign?g%%ﬁlﬁo &%?Og)é Egﬁ% lemdazol(z yl)- pylrJ| él nP 4- §I 2)X§/]

| H behgoi m daz&t- CBLoyd-p}}enam{rhenethﬂ-ﬂZ -(5-trifluoromethyl-1H-imidazol-2-y1)-pyridin-4-

3-(tet 3-y| | |
Hoetmo b PR L bRt By §
.( 21 gazol 2- yI) OYEiheli-phehy ) {0xydihdis- ﬂzqe&ﬁﬂﬁargﬁé&yl-ﬂ{ym}da%nmﬁ) -pyridin-4-yl-
rono-

1- met hyl - Osz ](%b?l?zﬂmlﬁﬁ%ﬂ‘é’tlhwmﬂ -1 -imdazol -2-yl)-pyridin-4-

| 111-b |
{ ?n)_(e%/]h HL gnzgﬂ ?&l??f%r;%ﬁ%c%r%etﬁ}mlﬂ@mylf gl'-]ﬂeﬁll?f 91373 RARLAMRANENY! ) - {

y|jL ) Ngyhifn gmal;@ﬂléwq-pyrmtmﬁ ﬁ/ﬂﬂdmmmzi?qﬂ}’ gliiamene, 10 .
L bence. i i daboroglo ARG L CRERE o o ér'%'yﬁ”fﬁéﬁo -

(2- Fl uor o- Bniidwybﬁ@ﬂypyrmmeﬁwﬂc)x-y{ 1H—berm11imy]azﬁ 2[ ﬂ}(aﬁnﬁd’ i fluoronethyl -

|('"2‘ Ilzlmug?éog Cr # ﬁpeﬁar?rgt ﬁ)ﬁ uﬁh %ﬂ'ﬁtﬁ){l'—fﬁlml azo d Zgylrldm—x ly]{oxy?llﬂebenzo

: _m;t hyl - gtrfulfel§12(05-2t3ﬂ{jt4-tiﬁ]’u©f®idﬁ}dxy%3hbhyl)lﬁmned I _
I M aaz I dl Z0Ol m adaz - -am ne,
R PR s et e It A t%t%%p%y%ﬁ%mwmqhw-

H-i mi dazol g?enyMllH' - BYifi - Q ﬂ}ﬁﬂrﬂl‘rﬂl ﬂdx&?@ﬁ%%ah%%&b—gmélmﬁe am ne,
(2-Fluoro-5-trifluoroneth z £§ hyl - 1
H i m dazol - 2- yl L-18yetodi-ti -p euﬁl)t{émzcﬁh‘mrhscl&z Fmgthylh4-§4-irfvorrenetind-

185l ke o oy o
2 -{4-[2-(2-~ Flumo 5 tuﬂuoromethyl -phenylantino)-1-methyl- 1 Fl-benzoimidazol-53-
25 yloxy]-pyridin-2-yl}-5-trifluoromethyl-1H-imidazole-4-carboxylic acid ethyl ester,
(2-{4-[2-(2-Fluoro-5-triflucromethyl-phenylamino)- I -methyl-1H-benzoimidazol-5-
yloxy]-pyridin-2-yl}-5-trifluoromethyl-1H-imidazol-4-yl)-methanol,
2-{4-[1 ~Metliy1—2-(4-triﬂuo1'0methyl-phenylamino)- 1H-benzoimidazol-5-yloxy]-
pyridin-2-yl}-3F-imidazole-4-carbonitrile,
30 (3-tert-Butyl-phenyl)-{1-methyl-5-[2-(5-phenyl-1H-imidazol-2-y1)-pyridin-4-yl-
oxy]-1H-benzoimidazol-2-yl}-amine,

{1-Methyl-5-[2-(5-phenyl-1H-imidazol-2-y])-pyridin-4-yloxy]-1 H-benzoimidazol-
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2-{4-[2-(2-Fluoro-5-trifluoronetlryl-phenyl am"no) 1- et hyl - |

H benzoi m dazol -5 yl oxy] - pyridin-2-yl }-3H i m dazol e-4-carbonitrile,
(5-tert-Butyl - ro-phenyl)-{ 1-nethyl-5-[2-(5-trifl | -
I-I-|mdaz%>6 %/@E:J §|) pyri di n-4-yl oxy] - 1Hben20|mdazo@-%§(]ﬂémsgﬁ
(2-Fluoro-5-trifluoronethyl-phenyl)-{

1- net hyl - &ufl?ﬁ-ﬁ‘lmhﬁcﬁméthﬁsﬁlfﬁlﬁrﬂ pmhﬂyr&mmﬁl

IHimd I di n-4- d | -
(2- Icm 0;1305 t rﬁ %%%&%fb%lp%p&)éﬁéﬁ%ﬂ]ﬂ)l 5{-[2 -trlﬂuoTomgt%lgl 1H- umd}azol%-yl)-pyndm

1- et hyl - 5idz(] 41'H)B§ﬁ?zﬂn’n§izt0[ nyﬁ}'Jﬁlﬁi%ErEt hyl 1 HI m dazo
I-2-y)-pyr|d|n 4-vyl oxy] - H benzoi ni dazol - 2- -am ne,

{1- Met hyl - 5 [2{‘t Eltwpmwﬂenshwkq furgrod-shwbampll- {Lll-meﬂw éﬂ%{i-izflﬂuoyongﬁmldih-

Y T bbr SR R b RAG b Ko gencl o rqmipe

1- et hyl - 5- [ 2- (%Bpthmnyherﬁrl)t{rll—lhbthyiFiaE?E@HyﬂuomnﬂeﬂllyhiHaumlazdl—%fyl)pyr-ﬁﬂ EY's)

2007/ 03037? fﬁ Lé%ZOOIG/ 1%3%1
pyri di n-4- yci 0 PEHENZ6?P éfb}mez yl } - am ne,
(4-tert- But y| phemylo-34sopropyl-phenyl)-{ 1-methyl-5-[2-(5-triffuoromethyl-1H-imidazol-2-

1- et hyl - -b-triflyor yl -1 Him dazol - 2-

yl)-pyri d|y \?}%%F’hﬁ Lﬁﬂ)&ﬂ%@ﬁ%@%ﬂ SN 1 - ami ne,

( 2- Chljgro- 5-tr fMB@ﬁ}Q@EZ%LmHB&@ME%H{ 1H-imidazol-2-yD)-pyridin-4-yloxy]-1H-benzo-
1-met hyl -5-[2-(5-trifl uoroneth

i m dazol - 2miday p?y}‘ll}Iﬁftﬁﬂﬂ[mwl@?@]’lﬂﬂfﬁnﬂdﬂ@wlﬁrﬂ@a@oI 2-yl }-ani ne,
(2-Fluoro-5-tr h) ; -imidazol-2-
S met hyl - 5-[ 2- ( EZf E@?Ly%@%ﬁgﬁ@?&?% Iiﬁ rr{elthj.l 5-[2-(5 t1j1ﬂuolomethy1 1H-imidazol-2
i m dazol - Zhydyyidiy4-iyibip}-dHyHenzophidezd2hd hawing dazol - 2-yl } - ani ne,

gi %!{ g;/lo g ErZ EHIBIKOQ e tli]t}/ lr%ﬁeﬁﬁ{/}yp!hziﬁyl_?;{1-methyl-S-[2-(S-triﬂuoromethyl-1H-

i m dazél - &n}dlaic}layylbﬂynﬂd14-4yjlmgﬁ]1{ﬂ%1b@nﬁdnzm ed:mﬁe,yl }-am ne,

ST e b eer e R R
[2-(5- rret @glpyﬂdmhﬁpw&y]lmkvenmﬁ@aﬁm 92 lylzu)mﬂ%}’“ din-4-yloxy]- | I-1-b

enzo - azol yI } rifluorometh

(5. tent-Butyl - e RSN 1 By S (B CrBeRy - Hperg 21D

H d I b d | - 2-yl

[4' (4 et ﬁﬁdﬂsf“ﬁﬁﬁ‘%@. B bl Xl aslle Denzol m dazol - 2-y1} - am ne,
- met BY| - 5- [ 2- (BChiord-fioilemrempipyl-ghery)-{ 1-methyl-5-[2-(5-trifluoromethyl- 1 H-

m dazol - | } - anmuse, 2-
I{4 (2 (2. Enlla | g?lﬁ‘?lué%/’gﬁ’éﬁ]ﬁﬁ‘g&g&&‘%ég %gﬁ-#@lﬁ%%/h}l iy
| - benzoi m dazoR-{8-[@{@FjorpyritiiusreRey]} plidhly lbmirda ehehy- iIdhbhaxiptidazoati d

t hyl t .. 20, . _ L .
Do 14 [ 20 ( ST BT 2 LB SRR TR ami no) - 1 - met hyl - 1H benzoi ni

€,

dazol -5- (5-tert-Butyl-2-chloro-phenyl)-{ 1 -methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-
yl oxy] - pyr| di n- 2- Xl} -trifluoronethyl-11-1-im dazol e-4-carboxylic
aci d @fhyly Dawridin-4-yloxyl- 1H-benzoimidazol-2-yl}-amine,

(2-Fluoro-5-trifluoromethyl-phenyl)-{1-methyl-5-[2-(4-phenyl-5- Lnﬂuoromethyl-
1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-y!} -amine,
(2-Chloro-5-trifluoromethyl-phenyl)-{1-methyl-5-[2-(4-phenyi-5-trifluoromethyl-
1H-imidazol-2-y)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl} -amine,
30 {1-Methyl-5-[2-(4-phenyl-5-trifluoromethyl-1H-imidazol-2-y1)-pyridin-4-yloxy |-
1H—benzonn1da401-2 -y} -(3-trifluoromethyl-phenyl)-amine, '
(3-Ethyl- phenyl) {1-methyl-5-[2-(4-phenyl-5-trifluoromethyl-1H-imidazol-2 ~yl)
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(2-Fluoro-4-trifluoronethyl-phenyl)-{
1-methyl -5-[2-(5-trifluoromethyl -1 H

i m dazol - in-4-yloxy]-1 H benzoi m dazol -2-yl}
(2-Cnloro- F\)\)#e%{]mﬁgﬁoiﬂl met hyl - 5-[2-(5-trifluoronethyl - e Sfugnsioss

I'1-imdazol -2-yl)-pyridin-4- 25 yl oxy]-1H benzoi m dazol - 2-yl } - am ne,

(2, 5-Di net]ﬁy@myr—aplslbﬂy] bHﬂaeﬂzdimtdlaydm 1}-4mide; trifluoromet|ryl-|
in-4-y - 1H benzaqi m dazol am ne,

[ -1- d I
(3, 5I B' ngtz ﬁoxy %1:@19&1 Ph@m)n{érlﬁ?tiwls,i {2l le%xlr%ql%lpw%lhrnmdaml 2-

| -1-im dazglp I(yﬁ)gyw@ ﬁJHfbeﬂthq@d%)éJalzl Jraggzoi m dazol - 2-yl }-am ne, 30
{1-Metlryl-5-T2- tr| | uor onet | V—lmdazol 2-yl)-pyridin-4-yl ox

y] - 1H benzo- i i(Hi &2@15 tEﬂV‘IJI}?H)@QLYi*PJI‘AeﬁlVDdﬂ@ﬁﬁéherp{ﬁénﬁuqmmmhm]elH—

(2- Et hyl - _ R
| - met hyI HH]‘[?%&%DJ rpiy ICtljl(l)lrégo t%/]l Eﬁ}z.onm Eézglo y&} arfn} pyridin-4-yi- -34
WO 2007/ 030377 (PEToWS2-0081 @8488 8- plexyl)-{ 1 -nekybe 2 b metad d@hpl@aylt 1 -

-amn
(4-Et hyI nb%rzcélizl HpYs ﬁh)“ B R FEberropifasp 52 8 ey or onet hyl - phenyl a
m no) - 1- mst hyl(z-Lhloro-5-trifluoromethyl-phenyl)-{ 1-methyl-5-[2-(5-methyl-4-phenyl-1 H-

l-b da | 4-y] th
2.4 (o (SrRraeh B Y Pohe g B L RO oot byt 1
H benzgi m dazol4- &1t5BM‘gDﬁ$h€:hy})¥{rllrﬂé1Hy125 - [l (5=rddthy 100 sl gl ﬁ{‘ﬂmﬁﬁ’é&QX}Yl} ic

acid (2-hydraoxy-ethyl
1- Et hy| - 5-Ipadipst-ypxsl GbehrethRzal 2yl ivimigol - 2-y1 ) - pyri di n- 4-yl oxy] - 1

Hbenzo- im daz{?'M@%ﬁ)ﬁ'S}L (@: ﬁlétﬂﬂr@{)%n?f bk 1H %r—_%%%y Hayﬁ)éﬂﬁ W}lzxﬁqﬁpﬁemo—

(2-Fluoro-5-trifluorome h
- et hy| - 5-inilag®=2-y1i} f(B-trofleorenbthyl-phenyl)- Iamme

id | - 2-yl | -2yl -amne, 1
(6 Nethoxy. || mer iy B 2Ry i PEREBHoRE bt B
- 4- ZI El%y% l—yl)l-}i)ylﬂdtrb@ljlkﬁVMIdé‘rFﬁimﬁ_ﬁklkOl 2-y1}- a?ﬂ.#le - .

ri uor o n hy e - - erazjn-

%yl() (2-{4-1- E&‘meﬂ% ﬁf&i%@ﬁﬁ%ﬁi&ﬁh&ﬂg‘%ﬁgﬁ%(gmfﬁlfiﬁoﬁieﬂlﬂ“1H'
?enzoi M dam@laz& -4 19wy didiAVC Y184 121-Yénkzoliddzol- 2y Dagaihe 4- Y1 ) - met hanone,
1-Ethyl -5-[ 2- (5= {ﬁr[?f(?ﬂfé?%?réttﬁﬁmpmﬁihbﬂ -phepppmmop bymefhyl dihengoimigaapi-51 H
-benzo 15 }‘ldﬂy??ﬁ‘?dm B-1 ]P;H(ﬂn@le[zbfeLMQeﬁﬁ’d@h@é(chd Hﬁﬂﬁ'%s)telam ne, 2-{4-[l

- Met hyl -2 (4 i Tl uoronmet hyl - phenyl <vnrno) -1 | enzoi m dazol - 5-yl oxy]
- pyriZdi n- 2- yl E={3HRi(Ai(ddorotsetriflugranistivi bhenylagiiep)-1-methyl-1H-benzoimidazol-5-

(2-hydr OX¥1 @ %ﬁdl@@)@f&‘tﬁﬂ%\m nllé@}'ml'll]{ dgLO%ﬁ (2 altbok{jl%cua% CP%‘;E{}QXJET

H i m dazol'- enzo-1m
-5-trifluor 0r’re'(Ehyluechémjﬂum&ﬁethyiebhenyl) {1-methyl-5-[2-(5-trifluoromethyl-1H-

R
(2-Chloro-phenyl)- { 1-methyl-5-[2-(5-trifluoromethyl- 1 H-imidazol-2-yl)-pyridin-4-
25 yloxy]-1H-benzoimidazol-2-yl}-amine,
(2,5-Dimethoxy-phenyl)- {1 -methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl} -amine,
(3,5-Dimethoxy-phenyl}- { 1 -methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-y1)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine,
30 - {1-Methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-yl)-pyridin-4-yloxy]- L H-benzo-
imidazol-2-y1}-(2-trifluoromethyl-phenyl)-amine, .
(2-Ethyl-phenyl)- { 1-methyl-5-[2-(5-trifluoromethyl-11-imidazol-2-y)-pyridin-4-y1-
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or a tautoner, stereoisoner, polynorph, ester, netabolite, or prodrug
thereof or a pharnmaceutically acceptable salt of the conpound,

t aut oner, stcenewnissoner, pol ynorph, ester, netabolite, err/ps0eudgss 25
In other aspects, the present invention relates to the processes for
preparing the conpounds of Fornmulas (1), (11), (IIl), or (1V) and to
t he synt heCk¥l-ibhbetssgideact2-visahive, i n  such processes. The present

of “the Tnvent bor arEpath 1S PLRRERS ol R s R ARIELET Ly FRARRETC

pr ocesses, megiyitéHerenksoidanol-BlosgtmiridinabOvEH-Syirdedvddiye)-Methhads, - 35 WO
2007/ 030377 PCT 0 Sche 1.0l ustra es c uction of
the central bi aé 3]?%222%8 o%g-gr[(q}ma?m “PREHBERAS meﬂtiﬁgi‘f é‘ﬁ%‘ﬂﬂl@ﬁ%‘) -5
Conpoundl 1yﬂnxy15p3rrmaﬁﬁ@ﬁ mmﬁnd@t@cﬂ@@mﬂaoiyl?c éM'tﬁ(Qﬂiyﬂrcﬁﬁi%ﬂQﬁ) arhideOr L2 s
hal o and the ot ormether 1, The, coupling

may be carri ed{]oEfhy ﬁl[%lﬁg) Hffjglam”&e%11@‘emld%b%y§§yh‘€§{%ﬁlOwj -1 1-bgpzo-

di net hyl sulhiaxicle-jind-NeurrsesienseninyRy @en??%ﬁm?end may al so be
conducted at elevated or, refluxing ténperatures. Suitable bases

i ncl ude K2C0B, Galthomo-Kaluonacshyl-phenyRF&imaBoNyIbmehal-3 d2-(Dtgfumironethyl-
Chemi stry, 1H9h1da§gla2 Nﬁ?yléﬁw y’llg)gﬁ_' @ﬂﬁenzgﬁﬁgazglgﬁas} 11 Hg group Qin

conpound 1.1 may as N2 or a
prot ected am no{GgM@thpKI hanetds- ﬂ2a(t§€r1ﬂbaaomeiﬂlvbﬂﬁﬂﬁldamhmﬁ)@mmﬁ*‘l Byxy]-

respect ' ve M be%!%ﬁ%%i% ﬂggﬁ%u%g&ﬁmﬁ ldﬁ?&}iﬁ,n o precursors. The Z

group in compoun ™ 8Foup substituted with
one or two R (gFE:thjdsplpmazan-ﬂqm)G(QI-{@ln[al-m@hﬂLHD(él ﬁaﬂa@mﬁaﬂayp?haﬁrﬁﬂnﬁ@ -frar m

such an i ui t nGtion roups i nclude an
al dehyde, ?1281H§d%8{1§ﬂ{}a§]s &'s}’é}r d’@Hi @‘bﬂ E?F’é’%m‘ﬁr carbonitrile
that can later PleEthﬁ?pSl{/’EE)Sf—@i@lubﬁnﬁeﬂi%rl-@m%ﬁ&’ﬂ@la’) }!Iz-%yﬁ%ﬁr— RAG. LH-benzo-

carbonjtri]le groups na e reduced 'to the evmt a reduci ng
agent Suchirdazg ﬁé’b}b@rw&v@meﬂuwww})ra@une,z may aI so be 15 - CH20OR5,

wh R5
B n Tater, stagsTuieRh et it dhaUR AR OR AR Ao IR R
t he resul tpmgilra%fb}hﬁiﬂ-lmdam‘le‘l calhﬂ:elvﬂymmd (PHedoomedrydi-anidef t he

R T I e
Schene 6. in#@azBthgiamids} -§- Rﬁ)timlc(ﬂi&hjd phBHON \ L + RZHN v L2 | i
[ C%d z and  3-{1-Methyl-5-{2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-
benzoimidazol-2-ylamino }-6-trifluoromethyi-phenol;
or a tautomet, stereoisomer, polymorph, ester, metabolite, or prodrug thereof or a
pharmaceutically acceptable salt of the compound, tautomer, stereoisomer, polymorph,
ester, metabolite, or prodrug.

25 In other aspects, the present invention relates to the processes for preparing the
compounds of Formulas (1), (I1), (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

30  detail below.

Synthetic Methods
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N 1.1 1.2 1.3 Schenme 2 shows an exanple of a synthesis of certain
biaryl ethers. It is understood that for illustrative purposes,

Schene 2 e fol l ow ng substitution patterns: i 7[}16?% s
is OH L2 m@{ﬁ"%ﬂz Zis at-butyl ester. An exanple %&ﬁH%t Fosass

synt hesis of al dehyde 25 2.7 wherein R2 is methyl and b is O is shown
in Exanpl e 1. Arfchem2. 1l itfestdre camiesioadof Ghe &Jeﬂﬁyﬂ Blﬁﬂymeetﬁelzlrtb!e@y &f the
nunber of known n&n%g I n. one, asp ecci) am ne lis treated with
acetic anhy RSB e Fvprtioge (e R L s WéCtE%WFtEsCBJ@H@l‘Png?&hﬁﬁFﬁ% of
that may beL'r @ducigdhalo 2@ MO-RLOF OBQ3F;s W&Wﬂ%ﬁ@3@8@ht§ 90@ %!11& be
am ne 2. 2. Swtable reduci ng agents include NaBH4 1 n Cﬁ‘:e {

B itheadedoyce of

BF3( OCH2 CHIY#iedAut &y 4etBY¢ §olveat kyph aa asaimitpleor myetbzéls@wt
reacting amnj pge %né mé@ﬁ 1186 bE ichy }CEIQ{G@%.? %feb&e@@{]}[éﬁukgﬁ texﬁb&!ﬂlﬂ{sk%@ﬁ% bases

Correspondl n% e Wt an a ating agen
hal i de, and11¢ Cla F10 0 Ch@%ﬁK@Hﬂ‘é&QﬁﬂEﬂﬁ"ﬁﬁH@s @fom}m‘:bﬁ @rgagywﬁlpmw y, VDI 63,

treat nent Wigt B p ar ed
treating pi coI |8h|1%§)8:§§d%3§€6% }g % LY (?m 6%?011118&9%%6&«?6 ¥ Sino
aci d chl or iptecusod sidhads N@z (bl’rtelﬁro“&mﬁd&ﬁlﬁhd @roth that &t lyter bl ﬁcafvbﬂe’tﬁlfo&h@ﬁlﬂme
pyridine to give.chlori the al co f the al kyl
e 52 VPRI g o inr e Bt ons: gﬁveﬁ BRVR b Compound
than cam bel.zanRy ek e ndhi@gtddtipt@balteehWeR ode dr i K'QEBIGE PR it Eloup
di i sobutyl al] um mun hydride or in two steps by reduction of ester

to the. al cHeIcan P61 IRy S5 Haim gy beHe §ut9%8:rh§/a@cn%@hg@pamcluﬂe an
(033%(& ( ?g%%@%&%%zﬁ?\%aﬂwgyglééw& st bs hn Ber 8r Ladoftiril O hde cafd! 1 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

15 -CH,OR’, where R’ is a hydroxy protecting group. The aldehyde may be unmasked at a

later stage bjf deprotection of the R® group and oxidation of the fesulting 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.
20 Scheme 1:
(R3), (R%)p
2
o+ -
RzH‘N x 2 RZHN . ' =N
1.1 | 1.2 1.3

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, 1.2 is CI, and Z is a t-butyl ester. An example of the synthesis.of aldehyde

25 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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(R)b H(R b O02N O 0 02N\ OO01j<HNI / I ~NHN R R2 2.7 2.6
Schenme 3 illustrates the formation of the imdazole ring. Al dehyde
2.7 can be &astbed with conpound 3.1 wherein Xb is NG
and R4P anglolli%% are |ndependently H or R4, wherein R4 F@”ggmﬁ

previ ously defined, provided that at |east one of RAP and R' is R
The react itonaligly atsnecar; i efuieibte relusingodgentss tlcludat NsSBED iasthanpetdnyd of

Conpound £ BUSHLERY gt sl Ebrionad Bosbe s3iene Sl ssmine 21
PCl ' / US2006#103408Hacdid RBydrRRUSRAafD; tﬁéfbél@esﬁlarﬁhr%yarhlﬂ@%tlﬂlﬁedﬂtall\!}‘h%tfﬂl)g@.g%nt

reduci ng agent such as sodiumdithionite Schene 3

N (R4)c orloznunplkytdmidey and yerppying wmflpﬂuomcwlsiejplstetztmg(w@ byHrpgtment
(R3)b Q N-G8ibake siehNs MaofN R2 3.3 5 Schermes 4 illustrates formation
of the benzim azoae ring. Dianiine 3.3 is reacted wth
t hi oi socyanat e Chidridec2.priowsi He praprasdriyatrenting pivodaicrassd 28f with Zxogss Hhignyl
desul furizi e 1V 0 u I

"desul furi %%M@% R . 29 d cﬁ Zorrf’gle{_ﬁotmgl% 9?161? fer Sé’cﬁ% & t—#){lglyi d:},[?r {m% M pyudlue
cl osure sus @1@&1116&6&3 S Laipliog aﬁﬂhe aleoliny lop sheiatiiyh buinei 2atlivitk ch]Mldie( %.Smaaim
reagent), ,2-chloro-.1,3-di.methy|imdazolium chl ori P - QT an .
kot ol 16 G ot i SR g0 o0 0° SRS QORISR B lion
may algo bgilgRdblgRuimmalimydehgan hmwm@m 15t feyluctMal of cé@r 2NOto the aRORE

pgs. 2835-2838).
followéd by oxidation to the aldehyde.

Scheme 2:
R, (R%
0Ny OH O.N l\\
g 5 e
/
HoN™ HN
. R2
Yy 2.2
of
® — M
NPT |N/ o \ﬁ
© o)
2.3

2.7 26

Scheme 3 illustrates the formation of the imidazole ring, Aldehyde 2.7 can be

15  reacted with compound 3.1 wherein X? is =0 or =NHOH and R and R™ are independently
11 or RY, wherein R* is as previously defined, provided that at least one of R*and R" is RY,

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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Schene 4: 3 N(R4). (RI) H2N (Rl )b O(RI). 3.3 NCSHN R2 4.1 4.2
Compounds of the invention may alternatively be synthesized by

nodi fyi ng _ quence of the coupling reactions. ; 03408
iIIustrategmﬁﬁﬁp Fﬁg of 5.1 with 5.2 to form the ethefp??gggggmgﬁ%
the coupling of 5.3 with 3.1 to formthe im dazole ring as the

penul ti mat ecas e peduoed oraviing 3t3hey fredtinynt orithpd edugentgey sldhcasaodiam FEdionit
internedia%ﬁ%ﬁgo$ and 5.2, one of L3 or L4 is halo and the other of
L3 or L4 is ““These internediates may be -38 WD 20071030377

PCT/ US2006/ 034088hengrepared as shown in the previous schenes by

enpl oying suitable starting materials and/or protecting groups in

t he proper reaction sequences. Such factor%r@ b\M-éhi n tllilé““\ R 1 in
the art. Al dehyde 593, for exanple, may be2p| reducti on of
the corresponding g BHitrile,,the synthegi o i &' shown in
Example 60, with diis utyla+ﬂﬂ+ﬂﬁﬁ—5~hydri§%. Reaction of al dehyde
5.3 according to Schene 3 above with ketone 3.1 af;grds conpounds of

Formula (1). Scheme 3 R (Rb N-- 1/(R4)c N L3fa \*~ H HN + H
NiN RR5152m R), N(R)bOOHN/ H+ 3.1 -11

R - NTRARY,
! 3
FieN ]\.\ © | X N)
HN L =N H
éz

3.3

5 Schemes 4 illustrates formation of the benzimidazole ring. Diamine 3.3 is reacted
with thioisocyanate 4.1 to provide thiourea 4.2. Tieatment of 4.2 with a desulfurizing agent
gives a compound of Formula (1). The term “desulfurizing agent” refers to agents suitable
for effecting ring closure such as FeCls, 2-chloro-1-methylpyridinium iodide (Mukaiyama
reagent), 2-chloro-1,3-dimethylimidazolium chioride, _POC]s, or an alkyl halide such as

10 methyl iodide, Modified Mukaiyama reagents may also be used (Journal of Organic
Chemistry, Vol. 70, No. 7, 2005 pgs. 2835-2838).

~ Scheme 4:;
4
3 N/‘\/(R e
(R R% B2 Y
{ 3.3 l, \\ = N -
::‘ — ] [ P L 4y
NCS N w
R2
4.1 4.2

Compounds of the invention 111an alternatively be synthesized by modifying the

15 sequence of the coupling reactions. Scheme 5 iilustrates 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 3.1 and

5.2, one of 1* or 1" is halo and the other of L? or L is OH. These intermediates may be
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N N Rz 5.3 Compounds of the invention having a triazole term nal
group may be prepared as 10 shown in Schene 6 by reacting conpound
6.1 wher ei arbonitrile with hydrazide 6.2. An : he
synt hesi s gi g%ﬂggﬁzd 6.3 is described in Exanpl e 60. %éﬂg%%&ggh ),
(RB)b ~~(R)a (Rb HNRa I CN\ HN\ Ol z RAC(=ONHNH2 HN N X N
iN 6.2 N MNrepRddRR shcﬁmil.in&h@p:levlomb IsdheimES By pmployap editabieattating niavrdbzob/er
i nternedi at es used in.the cou reaction n r.e

st ng ot hEFRYHERSTRR i e eEe s et ea st ol e SRl YR ERRR i oo
Compound %3, AMeRy@ 3.3, SoChkaukysie, CRBY Bkt Rebik@l By Q@Wﬁum@fwhefo@uzspbﬁdlﬁé‘
am di no group.. -39 s %007/ 830377 PCT/ Us2006/ 0 42&8 (%1

1 ansf or mEERPBHUHEN T STERFSE £ Q7SR Hedhopinng Hxa A afiesRytgalumd iy
as net Roxindgndd ORG&Q&Ygf hlabiiae &ay E’&chﬁﬂg‘t ioeSth@m@@ oV el i@ 18801813.1 hldids
is next reacted with an anmoni um reagent such as ammoni um acetate or
anmoni um sempeEde of Bormytaklk he ami di ne. Reaction of the amidine with
conmpound (Va), quhered.n X is a leaving group, provides the allcylated
and 5 cyclized conQ nd 7.2 or a tautoner thereof Heati ng conpound

7.2 leads to th | of water (dehydpat and the formation
of 1 nternediat @ : e\ dahydrati @ COI’ldI.“t |,®ns e i ncl ude treatnent
of 7.2 with organi such as, acet i dY met hanesul f oni c acid,
canphor sul foni ¢ aci d, m oronethane Lhonlﬁ acid, and

trifluoroacetic acid, /as well as with inorganic aC|ds such as

hydrochl oric acid andRsquiuic acid. The four reactions 10 formation
of imdate ester, formagion of am dine, alB&ylation/cyclization, and
dehydration- are typically perforned in a one pot sequence—Scline 7:
(RbNM OH 1.3 H OHNI~\ O\ / R4 N

s (R)b
QHU‘O)L -

5.3

Compounds of the invention having a triazole terminal group may be prepared as
10 shown in Scheme 6 by reacting compound 6.1 wherein Z is a carbonitrile with hydrazide
6.2. An example of the synthesis of compound 6.3 is described in Example 60.

Scheme &:

/(R% ( Na

= RS . R3
AN (Qb o Z o / ( >~m
N ] I\ R_C(=O)NHNH2
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 7 is an amidino group.
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R2 7.2 (R3) ON N R2 7,3 The conpounds of the invention are useful
invi/To or in vivo in inhibiting the 15 growh of cancer cells. The
conpounds {®y,,peusksed al one or in conpositions together <|V‘f/ﬁ§‘z00r?0340‘38
pharmaceutically acceptable carrier or excipient. Suita
pharmaceutically acceptable carriers or excipients include, for
exanpl e, Phiecesshmgtiagen se aﬁfmttedrh;rgea:behg \terwyitlnmdalkmdes su@:rfd methoxide, to
enhancers fQr,. exam cal ciu
st ear at e, 0%’@1% h%%léoélétblt?aﬁol a&égndaéﬁ I E]Pf"g]ﬁﬁp ‘z%a&tcg %ﬁa genl mum reagent
gel | ul os emﬁﬁgts hytimdiglch ltabasae,m a@@hl doﬁ[ﬁrr?@etfz@étbl(?%%fﬁﬂlmwauﬁtﬁhé ulR(a&eLon of the
extrose, y roxy ropy cl odext ri.n, " pol yvinyl pyrr
mel ting werREky tsﬁ cesaemwg@’ c¥heRn Xard 2 lreing R’é’up’aé ‘otgt%t Afitea ard”

conbi nat i Wb 2% o tARE R thGE SO Hea® élﬁﬁn Whd abhﬁlds to the elimation
phar rraceutalﬁ%aﬂé@acge tablea EXCI%I ents areg escrri%bed in "Rem ngton's

Phar maceut{ watr hzehfd@@) andviie Kormgtion glointermidiaty @Ps &3ihqr fghydration conditions
| ncor por a ol 1. NRLELI %%f 7. ffw\ﬂ{hegr%?uiu 2y fua?% ‘é@e&@d{&'tlﬁeﬁtﬁn@% Fonic acid,
conmpounds™ 0 fheravention géne F PRl tdé any anount i clent
to detect ezhhghorsulfnﬂuntacRaftuﬂmhomethwveoa awd, etddenﬁtgel@yfs%tlde@tﬁr iabewkll as
her ei-n

‘n, by.other -40. WD 2007/030377 .PCT/.1J 103 088 . Raf
not ity BB ApSepnip i G of AR uE R SO oo Ryt §REons-
ordi nggy &deinklior Bf iniibigte @ttr, Fombyiodof estding aamannmcjmlnmm and dehydtatlon—
al l eviation of npt ons of cancer. The anount of active ingredient
that nay E‘éi%?%%’ri’éﬁfowetdhnﬁﬁéeE%trs?"i‘@?cerrat erials to produce a single

dosage form wi glpeNary dependi ng upon the host treated and the

particular 5 node of adm nistration. be un pst ood, however,
that the specific dose level for any ngm Rt W I depend
upon a variety of factors indcl uding The ct the specific
conpound enpl oyed, the age, body wei ghth ner eaI th, sex, diet,

time of adm nistration, route of adm nFFstratlon rate of excretion,
drug conbi nati on, and the severity of the partlcul ar di sease

under goi ng t herapy. The therapeuticakiy effect? anount for a given
10 situation can be readily _deter N W xperimentation and
e

is within the skill and | udgrrent No) Nnary clinician. For
purposes of the present invention, sa therapeutically effective dose
will generally be a total daily dose adm ni stered to a haost

singl e or divi deel copandyrgy thie iifvantiaromratuselud dp vt gl &1vo g 11“}}“8%@ the

0. 001 lg 0 Jfg)%%llt ggé%geﬁgﬂy Wl Qhlofis n¥’tyao'3%qécf AMRelor@n EnRRicWa4 kgefed¥ith

15 weight © age unit conpositions may contain such anounts of
subnul t i phqﬂmﬂim&ee‘.whlly acceptable carrier or excipient. Suitable pharmaceutically acceptable

carriers or excipients include, for example, processing agents and drug delivery modifiers
and enhancers, such as, for example, calcium phosphate, magnesium stearate, talc,
monosaccharides, disaccharides, starch, gelatin, cellulose, methyl cellulose, sodium

20  carboxymethyl cellulose, dextrose, hydt‘oxypropyl-[}-oyclodextrin, polyvinylpyrrolidinone,
low melting waxes, ion exchange resins, and the like, as well as combinations of any two or
more thereof. Other suitable pharmaceutically acceptable excipients are described in
"Remington's Pharmacentical Sciences,” Mack Pub. Co., New Jersey (1991), incorporated
herein by reference. ‘

25 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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to make up the daily dose. The conpounds of the present invention may
be adm nistered orally, parenterally, sublingually, by

aerosol i Za{\ﬁooz{ﬂo%sﬂi -ghal ation spray, rectally, or topi Ca{)éﬂuéﬂmﬁ@ﬁﬁ?e
unit fornulations containing conventional nontoxic pharnaceutically
acceptabl e carriers, 20 adjuvants, and vehicles as desired. Topi cal
admi ni st r atRab limmaya(mﬂvﬂp assay@hmnitben vemeilofiscetdigastlemoR! having ordinary skil! in
adm nistratjon s ) tranS(illﬁ_)é pat ches ar i onophgresis devices.

The term 65?68{'1?% detogdng an Rhypifion ¢ RN QE SuMHems SheBE- i nj ecti ons,

i ntravenous, l NTha ELSGH G activd MifeaRhehNahay BY QAR Wil Hen:faHt%l‘ ﬁﬂtenals to
t echni ques. j ectabl e preparations, for exanple, steril géect abl e

aqueous or pb‘? SHRRtEl dozsgesf%fﬁé%w@%d@m}fh%eup@ﬂmﬂla&téwa@é@ dherigtticylar
the known afiddeWshiMdinddiztiah! g Vgll %9%@6&@%(1050\)&/&%{' ttfle{f%@&.%@&h% d?{éqe\bel for any

suspending agents. The sterile injectable prepdrationm
steril e i njpedicalsr patisst will dapend ummgqomsiymf faators analm]mtg)ﬂamactpaﬂyexﬁttlmr@bdlﬁc

13 pr opandarer e gnioyePret S8 b he BSCHRER) 8Tl U Ui et Somiais gy

be enpl oyedowe @fv\ahmm,strﬂmmgeafesoﬁ e»tcmettnonn drancbrhisiaiton and allé Weverity of the
chl oride 30 l.e, fixed oils. are i

convent i ongﬁﬁ’ﬁlﬂélh's sgxfgdmgglggmgc}ﬁq} ﬁ‘e ﬂ?}f?ﬁ%ﬂﬁ fﬂ?@&’ e ApRough fort 4, gigen
pur poseaanyititiandah b echdaiy |deimmiinbe bjB iRy pdridedntheioR Gnd 1bith¥P the skill and
2007/ 030377 CT/ 1JS2000/ 033088 . synthetic nono- or di-glycerides. In

addi ti on, et tagordingRy idttei ¢ acid find use in the preparation
of inject abI es. FSURRASES @fﬂl@?)récsél{rt lljl{g\f%ﬁttiﬁil aﬁ%ﬂ%hﬁc@ lgtefﬂ?&vgfdogmllldgeﬁ&ally

can be prepared 2?/ m Xin a suit nonirritat
exci pi ent daéfrtalsladpeese a@mmlétpredmia st y@ntmgh @nbvgtq/@qsbsmaybewrmmnm%x

solid at Orﬁ&ﬂﬁ o RIR B 46 980 gﬂég v 4 ot ﬁﬁ@s&% %&%}rug_ BbAL Body

and wil |l orerreltlnt dm-and

dosage 1f or neighbdaibr dPosaderiumi sctrnpxtsnmns may cémaih wokdh apmtsl efsybhaltibles thereof
pills, I%rse 31%1 % an ules. In such solid dosage forns, the active
corrpound %lé Y Q fFth at | east one inert diluent such as

sucrose | aCt oseTht cahpiumbls oSukhpreeae@eenion My By adhiaBieldd GOIRY HafierAS,
i's nornal Iﬁ’Ct |aﬁe, gaddi tigna,l subst ances ot her t an inert diluents,

e g Tubmtgerally by ereesoletn £ RbANon; wRAYe resktlls @ tphicalBoncdpsazefnit

capsul es, tabhekisns alddtatiihd Sconb&RiondO8&HExiE O ]Eﬁnﬁ@e\étlé‘&llﬁzo a@&'ﬁﬂﬁ]es Qarriers,
buffering agents. Tablets and pills can additionally bé prefare

wi t h erfer REUEDE: iapd oehicley s dlesignsla g Gomient r@ﬂlmréﬁrtra@pmmsafdaﬂﬁmmw gtihemnse of
may i ncl udg,pharImegtl 't}»y suchhs AGGEREAR! stoﬁge%l% dabgame&@d%b&mﬂw term

suspen5| ons,: syrups, an I XIrs contal n| I nert
used in thealamtbl,al I8 ofvedhewsn enclu@amb@mmwl mjctmsnsrm;tucadeamscmnpamusnallax
adj uvants, intrasternal injection, or infusion techniques.
Injectable preparations, for example, sterile injectable aqueous or oleaginous
.25 suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents, The sterile injectable preparation may also be a
sterile injectable solution or suspension in. a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-propanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution, and isotonic sodium chloride
30 solution. In addition, sterile, fixed oils are conventionally employed as a solvent or

suspending medium. For this purpose any bland fixed oil may be employed including
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such as wetting agents, enulsifying and suspendi ng agents,

cycl odextrins, and sweetening, flavoring, and perfum ng agents. The
compounds @fg fufgusps@sent invention can al so be adm ni st gredsdumdhgs
formof 20 |iposonmes. As is known in the art, |iposones are

general |y derived from phospholipids or other |ipid substances.

Li posones af8theds moaouyr diheserides. nladditipm it asidstopdr at eldicl deglufiza use in the
crystal s that,ane.drsp&iisagd, i n an aqueous nedium Any non-toxic,

physi ol ogi caI}ij accggt 'e"and metabolizable |ipid capabl e of

form ng |i posonmedippesitoties fos eektal Hdeipistesiontof tiwodpghh ibensegaredl hypASGHEhe

formcan co LR dn.addition .o a compound of th resent. 2

ovent on. Upg it D@He cbhBRele BolRMR SN taro Culih GRE RelviKsne shiels.
preferred |wiptidsreasdid hie orddvos phapdaids bantopiogphatribeyl teahelai®Snd will
(1 ecithi ns)t ‘bﬁth _tuggl‘ and s%rngheti c. Methods to formliposones
are known i ACEIPL® WPl In the peotmy pndereleass the dibgescot t, Ed., Methods in

Cel |  Biology, Welifn®saeViornsadent4 a@ﬁﬁﬁ&raﬁ%@‘%aﬁoHf‘:lud’élbéé}ﬁs%&' ta?o:?et?tpél \

seq. (1976). While the conpounds of the invention can adnT ni st ér

as the sol @o4EFIVE! Bonysrarliesdusdlidalossegdrmms. thepticarrnaiosod bay bs edmixd
conbi nat i onyi 4iea@NKie MerRNRACLBE s 898U RotodSE ol &h Hbs g% REnL m%{! also
cancer. The conpounds of the present Invention are also Us ul ™ A

conbi natli orfomiptipe, kasownnetnet apatice,cadiiemels sentnant otheaicer inagedihenis,ang.,

nbi ti of .. - 42 2007/.030377. P 11S20Q6/ 034088 |
ool boey” Bt et S A R SR L 1 R R Bl B e B

are W thinlotdge fsmopmapfalsbhenipnvebtiff@ing dgsanpiTasleaf ariusihs ageMddH@Eally be
be found in_Cancger.. Princi gl.es and Practice of Oncology, V, T. Devita
and S. Hel INVBA FAUI BIEY OBiHSedi tion (Feb. 15, 2001), Lippincott
Wlliams & W KiificPullshghabsns AoP edraloRd@inisdhdbh anyy Stbile | fhapnidically
art woyl d be able to discern which conbinations of ‘agents woul d be
usef ul Bas@fcegirbienanuipgns selyfians, SHPEBRANSy y8dnsc andelitisecontaingae vy dilvents
cancer i nvehyefbnlySUERiARL arCARASS wARENSSh doRGbY : juvants,
limted to, thenfyg‘}_él O\lNi ng:ﬂu estrogen receptcor(brmgﬁ?SaI?# él% gon r%&gﬁwmts’
recept or mydd WpRENE rgenisnhemulsifeop pud suspodingagents, cyclodexiring, and sweetening,
cyt ot oxi c/ stat | ntiproliferative agents,

prenyl - pr otq%lﬁér}ﬁ'g?%{n e@?@@@%ﬁ’ﬁ?bi tors, HMG CoA reductase 10

i nhi bitors and @hheompmngide @énes pesdnnvehdcnr @n dlgthbb alimhsst@td aethe form of

gent s Phat BPifler Aas WHp eof gy EPSopRERR srorny i MsngoanaloBt o
t he invent iogir #pd sabsecys ef iosoh&rare @nﬁﬁﬂnbﬂ inSn8L BEmMMtt-RinfeReh BfdkA8H liquid

therapy. Therefore, in gne enbodi nent of the invention, the conpounds
of the i nvERSEbn thaf ere 155PE1ed is@l ATHCRBBFdiani orf\ Wi PRRGFMRanPhysiologically

anti cancer ;aQeRbR ahdelutoNshbld Bhic eX3MR &’foﬁrﬁﬁ% H}%ﬁgmeé: E4EH Qed. The present
nodul at ors, androgen receptor nodulators, retinoid receptor -

nmodul at or spmgms&qyﬁiig liposome form can contain, in addition to a compound of the present

25  invention, stabilizers, preservatives, excipients, and the like. The preferred lipids are the
phospholipids and phosphatidyl cholines (lecithins), both natural and synthetic. Methods to
form liposomes are known in the art. See, for example, Prescott, BEd., Methods in Cell
Biology, Volume X1V, Academic Press, New York, N.W., p. 33 et seq. (1976).

While the compounds of the invention can be administered as the sole active

30  pharmaceutical agent, they can also be used in combination with one or more other agents
used in the treatment of cancer. The compounds of the present invention are also useful in

combination with known therapeutic agents and anti-cancer agents, and combinations of the
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agents, antiproliferative agents, prenyl-protein transferase
inhibitors, HMG CoA reductase inhibitors, HV protease inhibitors,
reverse transghdphase inhibitors, and ot her angi ogenesi §..1,0hi b (Pt_"%s
20 Estrogen receptor nodul ators are conpounds that mter?ere W
inhibit the binding of estrogen to the receptor, regardl ess of
mechani srrpleEmahpﬂissloxwﬁ m;romgm wmheotépxt aiiti- lmmﬂ at ohsndthakpads dagits are
2(7)'([)8|1I mt E)r%gtr}ﬁnf g}_? scopilloégfgei }1‘3’8}9’(101‘1 %Qamplleg % suc 1n§gentsL(§{a%5 %%md%l Cancer
g [ 7- (g 29@25@1@%@%@&%;‘@%%?@ WFI mzlbewtaband S. Hellman3(edlltors),h6th ecihtlozn
4- t H 1 -
2. Eh m[et h)(/z.F(%SE)g ﬂ&gg}aﬁ‘é%}gncoo mﬁg ¥c JNﬂkms Publ?s?1%sr%py}{ %leon %f ]cnd%mleyng/kﬂl in
4, 4" - d hy @feQxtpeNa 08 BEL aN@scerftwilichich#ORBEME of RySitazaNe be aéyi*ul%i*%ﬁ% the

Andr ogen receptor. nodul ators _are conpounds which interfere wt

i nhi bit tﬁ@twlﬂalnéhah@teéfsh@n@ﬁ@géh@g& yidalhe gnehcn genlvedc epiebranti-cancer agents
Repr esent g} Y€, 8 19N ©

finasteride uand %I?ﬁgrﬁéa rlé ug{’ ggeg@?l%ﬁlb%etég?égémgpw H%d{ﬂ%) y%dlogen
f1 ut ani derechitenl wainlathes, Illeanmdol wecepdond mbdwlaibsr orvgtoded/ attestatiRet ageaisd

receptor . ( 3 i nt. e

bi ndi ng O%‘iﬁﬁ%@ﬁ%@fﬁ 9%’ & r% § g’%ggpeélea B ! Jﬂ%n% %’ITd] ?88 ﬁ%‘ihﬁtase
recept@r imhéhifost ands oihmchmgi@ebmmﬁlﬁm itliisitdrnof nell J;:Beltfbx&tlﬁxefah@@tu@wal
acid, -43 2007/ 030377 PCT/ 1i S2006/ 034%@8 9-ci s- n0| C id,.
ST wor SRR GRIER HOCE S8R Aepi At fegien RS FgHE P points
retinam dehe abghpbkimds asfO@Y VipRemYh 2t DA wl{e‘yit@t@malﬁls@%ﬂ Qfith radiation
cytostati c agents are corrpounds whi ch cause cell death or inhibit

cel l proIf’Pb"Péitl on primarily by interfering directly with the cel |
functioning oridbbRi th Qe enmoldMbhER F?{h% 11‘946}1{*01{3%{9 o Qﬁdssof Lh ﬁllvgrmoﬂ%re
alkylat|ng agents, tunor necrosis factors, intercalators, hypoxi

act i vh abhleo @mdpmmﬂvmaﬁm rothuknever amieitsiot @g@lsrmdm@mabfm @xgploj banpgwg
agents, Q f. Ki

i nvol ved J‘e@gﬂtgl 1&1?{5&&813 mdgogschcf‘eclébt%? ﬁ}oﬁﬁaﬁo% UB{)E Ecsegl%olnlgocfﬁ?‘%ils cytotoxic
response :mdtst mﬁmohfb«anvmmhtsapienyhmmnnmﬂnsﬁme apéhitorg Pﬁg@n@% reductase

haemat opoi, h fact monocl onal antibody targeted . ,
ther apeut PEGERERY plyef e Sisw R gees TP bIF SRIGE aag fer aneiogeness
i nhi bi t or mhita@agh. ubi quitin Iigase inhibitors. Exanples of cyt ot oxi ¢

agents include, but are not Iimted to, sertenef, cachect
i fosfdhi de, t AUO8BY HFIEPIOF GROBHAGIR SIS CRPBBMUALTTH, maqlﬁ%t“&}h A inhibit the

predni nustingge & BepRdw Gid Qlceptof, Q@gﬂﬂ%ﬁs' BE meb IR RSt BGiples of estrogen
nedapl atin, oxal iplatin, tenoz ]IJom dé, heptaplatin, estranustine,

i mpr osul f WACRIYS mOéltl]éfOl‘& inslusist dmt @es el HodEed re, f@iﬁ?ﬁkf@@,plcﬂ@ﬂ@n‘ﬁ idoxifene,
chl ori de, a r -
LRY5H5¢PeY 1179 gg)@%}?ﬁ e Ehﬁ &@r%xﬁté@ 7 ij‘d 1L &%Pdrlrgxw-metmi

cisplatin, iro ul ven, |ne I"or

pyri di ne) pif&ta- fﬂninpexnhmmeﬂ@umhwﬂ Ut estgniale- qusmmz A dimatiy]-
trans tr <auns

(nexate- TPRPUTA it TR o aFAeRe PP PR S ARt 4 HEAF o) pl at

i nuni Androgen receptor modulators are compounds which interfere with or inhibit the
binding of androgens to an androgen receptor. Representative examples of androgen
receptor modulators include finasteride and other Sc-reductase inhibifors, nilutamide,
flutamide, bicalutamide, liarozole, and abiraterone acetate, Retinoid receptor modulators

30 are compounds which interfere or inhibit the binding of retinoids to a retinoid receptor.

Examples of retinoid receptor modulators include bexarotene, tretinoin, 13-cis-retinoic acid,
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II')]tetrachl oride, diarizidinylspermne, arsenic trioxide,

I

(11-dodecyl am no- 10- hydroxyundecyl) -3, 7-di met hyl xant hi ne,

orubi cin, Wb%é;ﬁ{ﬁ?ﬁl;ﬂ daunor ubi ci n, bisantrene, 20 m tQxandhaNS0ss
pi rarubicin, pinaride, valrubicin, anrubicin, antineoplaston,

3' -deam no-3' - nor phol i no- 13- deoxo- 10- hydr oxycar m nonyei n, annarryci n,
gal ar ubi conys-@tihsiaf hele, o-dNENEOrABERYloAIBine, LX23-7553, tlans-N-(4'—11yd1‘oxyphenyl)
4- denet hoxy- 3- deam no- '3-aziridi ny f( - net hyI sul phonyl dam ol ubi cin
(see WO 097“8@10312) andAN4-epPePRemt ?e\iﬁéafé%lSnpl e of a hypoxia activatable
conpound s { ChRRAAIMANG oxPalie A8ATPert BLRLIAL Suidlchideellkihas Gt

limted to, Iac acystin and 25 bortezom b anpl es of m crotubul e

i nhi bi t or s¢1hpmll&1@tb1ml by 12ﬁ6¥fglllmgélm0§1ylvﬁﬂ1 g evell p denctipping or nhibit or
vi ndeskne.

docet aor M WEneEl i PEMAE R e A L ORGSR ISR,
cemadot i nhleRﬁ%l&Bﬁ‘&ﬁable BNBIHB4IES, mmromfuulm|11niebmr$f§np11Qtph}lcrsﬁflblh?lng agents,

g u? f gngmG priliv l{tgﬁg.lip (rjlg}ﬁptllj:cli) (X%El:n%grn?lﬁbﬁor AL hP )ié{rg)abf%n ¥nv)olveg eNZ&iGtic progression,

N, N- di net Eﬂﬁmétawcﬂitééi blotosdday tespbnb® hlvyiftels; BOrmonal/anti-hormonal therapeutic agents
val yl -L-prolyl -L-pr ol i ne-t- but yl ani i d TDXZg t he eaotlhl | ones
for exanpheenigtepoighigs Zrofds. fa@°12=845m?183f ‘%‘ﬂ]d glidady 2t§17g)ete BRI RS 7 nts

Repr esgnt @l ken Xl RIngsoRf prd@Pths RIMBRREE ahd ibighilienigadenahivllers. Examples
t opot ecan, hycaptamne, ifi not ecan, rubifecan, -44 WD 2007/ 030377
PCT/ USZOOBf o300|dc figenis include, but are not limited to, sertenef cachectin, ifosfamide,

9 et hoxylill\lglb\??@‘y 31%111 qrng %%%m g%%ﬁ acri d|1rl%ee- 2-1( léﬁ;o Heftel
propanam aenjmistae) mﬁ*send?ylbd@l"ﬁmuox"@ﬁmlﬁ ‘E&mhyqdom;de heptaplatin, estramustine,
9- hydr oxy- 4- net -

12H- ben ZOEJB@]OE)‘}}F%I{STI@KJ’: ahofog{‘aﬂlc_lq, PHBSHDE, | lf fqpﬁ%l} ) chlor deh%umuepa lobaplatin,

10, 13(9H, iatdpitiangrofdmio, etdlutin, irofulven, demfosfarmde cls—ammed1chloro(Z-methyl-

7-[2- (N-i sopr.opyl ani i nQ) et hyl 20S).c to 5 135 .
BNI[DI 1(100 PBIQ@‘O%%@““‘BVRB )%’g“é%lﬁéyogli‘%‘@ ’Bﬁg%pﬁggib W%NE‘i“Heqms)'b“'mu'
Sobuzoxaneyeyage.-1 BLAREIAY)- ﬁm[ﬁl%%e ﬂﬁ%mﬁ)\]ﬂ@[@%ﬂﬁe(ctﬁﬁﬁﬂanmm

N[ 2- (dlrrethylamno et hyl ] - 9- hydroxy-5, 6-

di net hyl - GII}]ieitpWﬁ)l@iz?{ %mbqldlaylmwv@n EHERBox A akli) ladedepdamingz] 0-
SaB, 8aa, a t 0 h
T5-[4- hy dP%@?thﬁ{déc%N dﬁ%‘%gg@%ﬁi}{% DBARLEL bl i ElN AR RO biSknbi¥hel
5, 5a, 608, &atogaﬂrtmhpmmubmo@maﬁda 16 Ahintap ohdicingantinedplBian, Gx8raBLYAe
, 2,3-(met

di oxy)(5 ﬁ% qm‘?]lﬁy%’%%]lo §Y%1F8%3h°819<‘§) BeR: cl]flc] “pifena | nf ?rHPlﬁm elm"dbde
[(2 <am nCMEISl(b%l‘S) ammeH%ﬂE:d{og}B&mQMIm@ amdlﬁyu@mhgmj,phonyi damombmm

5- (3-aniinopro niino)-7,10-

( 2- hydr oxﬁ@@hﬁiﬁ@%ﬁ% h )re]@.pﬁ_eﬁg%%% &Fc%'[gzll 50f1a h&%ﬁ’%‘% raftavqtab%)e compound is
N-[ 1- [ 2( ditgd,a¥diAimk NOProteasome inhibitors include, but are not limited to, hctacystm and
et hyl am no] - 7- net hoxy- 9- oxo- 9Ht hi oxant hen- 4-y giﬁlgysltzlb or.ma

N- ( 2- 26di rpertegamnzii nByasemsA p%@}lfprg’guﬁg]_egfmglg}t%&%}ﬁz‘o ilizing agen% include
6-[[2-( d' I&lﬂ%\cﬁm}! g@%_sﬁ{ehéfﬂfil@ 'W—hld%hﬁtﬁo 4'-deoxy-8'-norvincaleukoblastine, docetaxol,
0]

hydr oxy- 7 en clquinolin-7-one, and di nesna. Exanpl es_of
i nhi bi t or shiabxing t dbliagtatiki rms'lohuiln s isethicnsiet hautigipEn rRCEEeptL | R} (881,

o e R, Pl 768 2Ado VR QM GRSy
WO 03/ 050%@%&5% ﬁ vn_nL%um%&%p op nb?%%g\@l%egtja?§91 { orOy SeE))
benzene sulfonamide, anhydrovinblastine, N,N- dlmethyl L- vaIyl L-valyl-N-methyl-L-

30 valyl-L-prolyl-L-proline-t-butylamide, TDX258, the epothilones (see for example U.S. Pat.

Nos. 6,284,781 and 6,288,237) and BMSIi88797.  Representative examples of

(
1-
z

topoisomerase inhibitors include topotecan, hycaptamine, irinotecan, rubitecan,
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2003), WD 03/ 049,527 (Jun. 19, 2003), WD 03/049,679 (Jim 19, 2003),
WO 03/ 049, 678 (Jun. 19, 2003) and WO 03/39460 (May 15, 2003) and
pendi ng PCT Appl .. Nos. 20 US03/06403 (filed Mar. 4, 2003)., USO3/15861
(tiled MayVPFU BBy, US03/ 15810 (filed May 19, 2003), ULBB Hd4aEs8
(filed Jim 12, 2003) and US03/ 18694 (filed Jun. 12, 2003). In an
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|nvolved|n mtotic redsion i e no
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EC e

hydr at e, raltltrexed altltreX| ,_em't e i azofurin,

nol at r exed, 5, 386rfeta LheH W@i@ﬁﬁ&@adoﬁﬁéﬂap@’fho@e’o@yl dioxet-frphe, dené@%r(m@jh)d@ie-
2' -flugpo m%idm %‘f‘eﬂaylﬂﬁhﬁé%%%lﬂ{e%%%%zzdfﬁﬂh\a’%ﬁ%ﬁ1%%0886 9-bis  [(2-amino-
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4,911, 165, 4,929, 437,'5, 189, 164,, 5, 118, 853, 5,290,946, an

5,356, 896) and atorvastatin (LI PI TOR(r); see U.S. Pat, Nos
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[1,6,9, 12]oxatriaza-cycl ooctadecine-9-carbonitrile,

19, 20- di hy@iOnd9rs@399- 51 1, 17H 18, 21- 20 PCT/US2006/034088
et hano- 6, 10: 12, 16- di et heno- 22H- i mi dazo[3,4-h][1,8, 11, 14] oxatri azacyc

| oei cosi ne-9- carbonltrlle and

(+-)-19, 20udRhyeheo- 3- nﬁ’t)l‘ﬁy[alﬂl@(ﬁmblomﬂh&i&l)zn-neﬂiyhhﬁ-lmmazdl—bvljmamyﬁ»f%l(@-
met heno- 228, 0X i az i
ne- 9- car b(%% t‘&ﬁ| é ) fj-]é F?gﬁjgé?gép?es 0 prg?L ‘ﬁlE%‘r’%O %F@O{Olpgﬁé&éf W??ﬁ
o b o e B O e oo el L pg iogiibond SBLaMET1-
VO 98/ 289@%3 %@%F’%i%‘ gheastl S-S S-{mstrpR g2 2-gipospinengs (SYylg3-
Eat510 ?gocﬁﬁﬁ%%lﬂ@@} [lls{ﬁlscyaﬁﬁienzﬁpS uﬁld%é’tﬁyiﬁﬁﬁryl 14-8- (eﬁ)ﬁflesul\@ngsé) methyl)-2-

Eur opean b’é’F’é"ﬁFmg'g bﬁ(sl)\% - 12@11113@13]@)?5@314 ﬂiﬁé’ﬁﬁnqb%ﬂyl) Pingirszolylmethyl]-
R e S e e e R R e R e S
95; %ggig mi\;@zmp%ﬁ:. No. 30. 51/ g?%glpmwlm;}asm&&éﬁcyan@a@}agranagnﬁm\c}\? 5-
gg/ 06193 N6 géér%ﬁ%gh"%dég/ 2170%*%6‘@%%@@ 4‘(0\\;@@‘2’}’%}%‘?‘% ~YIgRg§yL)-
ggg gfg% (1)31;@@;@69; 241t 15/11%2}2‘%1113051112&0Il;\?\?hﬁﬁhﬁwe@ﬁomm 96/ 00732/ 1745{3 -0
WO 96/ 33113’;d %%@ﬁ% @%%r%‘@@f%‘ﬂ? Ile"bgﬁﬁn@]gylg%@l‘*ﬂl papoieethihy
96/ 30362, baheo 9611808 63 {4-{MxR6718 pddin- 1WDHR8ABIAT- TmldMIvél%)ﬁ(‘r%@g@%en%lee
7. WD 97/03050. WD 977 047

96/ 31501, 00252 7/ 0304 4
97/ 02920 4\%@# i%‘foz“owﬁéﬂ %3 Dipy idipy -yl DAd-inydratAedos3. WO
97/ 44350, mﬁﬁb&ﬂo&%ﬂ% aad{3Lq4-°e2-oEéal2?ﬂ£1 MNeipyRdm3y ﬁé&nﬁfgﬁ-lﬂﬁdmm yl-

exanp| e of e role of a pren otein "transferasSe |

angi ob%ne%’?%lygé@%lﬁrébeafh 3(2- Qﬁo lﬁf@é’rl 33§ loyiropgodinupinetiydediy-midazol-4-
fo9) Coenenirpal DteihRf®, T o1 o S 11 LATMMNISLRE AR B 1EMmethon-117

formati on of new bl ood Vessels, fégardliess o

angi ogenelsméaziolrﬂﬁ-b][i,d)i,éldumilaadya:lo-bmadamm@rombo1h1t1m t etd 119g52,0 dlly‘jrcbts-ll%‘io-

ki nase in r it e t ne ase

recept or sﬂi 'S’tﬁ eﬁ?ng%‘géﬁﬁlg%g nﬁq{}elﬁowe(%é&@ ‘ﬁ] itors of

]gzpi der mal Figte9, [lXl]eﬂiatrnfmabjyolbllxla&tecﬂe@maﬁﬁbmtﬂre pl a2l &hy@enbyae- 5@{) }JNM Es 21-
act 0 e tors, integrin ockers,

i nt e o%f@r% ii(? H‘f’?al'feéﬁ%?ﬁ ﬁazé@ @ég 1})6‘!‘]%%1?2&‘?%010@10051“@ 9-

cycl ooxyg@ﬁmmm hhdid 9,20 dlm@wshnﬁwhﬂqgsk@rs@! ﬁ@in ethano-12,14-etheno-6,10-

anti-infl ammator| es ( i ke aspirin and uprofen as wel[-as

sel ect i veMEYRIGHRD %5@’@1@5‘@% K[ ér9512ﬂmqaétlwpmm@em@ﬁmﬁe@@m b
(PNAS 89: @32# eﬁ&gﬁgs) £ %ﬁ3}1§%§%%%934 Sfél oitORC B %%ﬁ@' %gg?l%wﬁlgs

(1990); Anat. Rec. Letters
CI in, Ortmtbbcatmsm%pe(tquo 95/357&43,, VE@(W&ISBWOIWOBG/.?MUI (\719%7234781 PHO

gb)as’ MBERIs66d WtPSe/AshEE Wo 56D, B 95307063, bR 5 4580k, 5. P
No 5,523,430, 1.8, Pat. No. 5,532,359, U.S. Pat. No. 5,510,510, U.S. Pat. No. 5,589,485,
U.S, Pat, No. 5,602,098, European Patent Publ. 0 618 221, European Patent Publ. 0 675
112, Buropean Patent Publ. 0 604 181, European Patent Publ. 0 696 593, WO 94/19357,
WO 95/08542, WO 95/11917, WO 95/12612, WO 95/12572, WO 95/10514, U.8. Pat. No.
30 5,661,152, WO 95/10515, WO 95/10516, WO 95/24612, WO 95/34535, WO 95/25086,
WO 96/05529, WO 96/06138, WO 96/06193, WO 96/16443, WO 96/21701, WO 96/21456,
WO 96/22278, WO 96/24611, WO 96/24612, WO 96/05168, WO 96/05169, WO 96/00736,

(199

47



Mol . Med. 2:715 (1998); J. Biol. Chem 274:9116 (1999)), steroidal
anti-inflanunatories (such as corticosteroids, mneralocorticoids,
dexamet hasqmezopizeghini sone, predni sol one, 20 net hyl pred, pcrusaouem340ss
bexamet hasone), carboxyami dotriazole, conbretastatin A4, squalanlne
6- 0- chl or gacet I-carbonym%)funa illol, thalidom de, angiostat

t r oponi n-4:S. Bag Rior 2adi 02 WO a6l agoniide 86/p3 0, PLY ABRHES: 085/343%1 WO

Lab. d
2 S ncthey S 05,080 T OB TR QPO SRPT LR YO A RO

362: 841- H6L14TRIEP; %msou/\mpmomdvmmebmﬂecapwoeﬁﬂbm RRIOATRTV G
ts t
e ol 0 TR BT PO AR QBP0 RO 3914085 50

agents t PﬁéfOM‘ﬁ)@!LﬂnﬂﬂéSOPa‘tem hﬂcblStSBTZJﬁéQ cbaga atdngie ahthe rdlemf |arwé1y§$4pmiem
systems (see. rev

Banpl o5 G TeERt e P e RO a0 PP ARG BIE" LHD' CodaaP AR and

fibrinolysis tuég@y@sumﬁabukﬁ@lefmto co@ﬁ@uﬂ&&tthﬂlﬂ1ﬂhbﬁﬂletf'@1,md°ﬂ1©ﬁ®f héw bRee
Thronb. Haenpst. 80:10-23 (1998 | ow nol ecul ar weli ht 3]§Pepar|ns

and car bo¥spsEpicRaaies of m?ﬂ%lﬁwﬁmo amples of KiRRERIHS Iiﬂf*fhi o5 insiulegbut gea 3ohe
t hrombi n j;aedity 2:91%@11@ kirh QbR | Bt MThPLEQS oE' fhehadide 1(1%@.#% 153%[363@3@% S

Res. 101: 329 20 a inhibitors have been describ

PCT Pbl .(wﬁram Wl BMG@RS@@W)U@M% rof epidagaipdepedr i b@blawdeuved
PCT/ US20Q6/ gtél%@%eu%ﬁ PDQ,é[ff"fQ R2 Aol ggatﬁQqutgﬁo&nglggj al h:mfms 1nteg1m

i nventi on ﬁso enconp es conglhatlo
i nvent i orblasicens, mﬁﬁﬂem m}ipha:hnarleulsmllé,qienwemml@zsmfatn,mybhobwgnz(sgeaﬂvelniwrd y

def i d wh f hi

R NI U T 2

gox;] 2 OV@EIed:tgﬁQ:yﬁlQb}\}C@ﬁad de- E‘!Aﬂhmﬁ@lﬂ?{et&leﬁ@hb afd th![fer(]:ﬁllﬁr(ﬁﬁﬂmp 17884 @1}99))
uc co ounds i ncl ude no (0] Se C

oS 8o R BB 7S SN oh ettt 055505 (S g Gec pra R 094 Prs

S5, 861, 41%;;&;%8%0!3}]@%5) t@m, 0#3%9 31@7% (1594), J'\@foz GE;QQ&”%B;MW(@%)
Dec. 14, 19 3, issued

Pat . JBf?4O9’h9w4awl Jailed (1,&;9?) cz@cer 1@9557 P 1955 ol 7@543%9826@” J

|ssued J S. i

U S hat Mg, M2 2IIIPO FBL e, 220958 (e SEOEA Ml-ncBm IR

5 604 26(]{suchswedrti€eﬁemm& nﬂmﬁﬂpcdm@stPaiexambhasamsg@ecsazlane ‘pelpigelone,
710. 1 sued. J

o4l 1 32 e %ﬂ%’iegsﬁ%ﬁ“%mn 1"&1?‘9’6’&““‘%%?20 COmeS%n%t‘%%4 égiﬁa‘?“\sé\épu'se

Jun. 6, L8RAcacklyBcarBatyl)-INmagilbl, 18dlidotdide,i asgiedatiul tropoRB-1,1988ptehbiiS. 11

Pat. No. 5,380, 7

i ssued F@Bbg?ﬁmsiﬁgﬁggéﬁ %ej 2’-#&?<%ﬂ4@%d§£§14fgéﬁégﬁﬁﬁvgm%%%b%§$§°

U.S. Pat.yEgr N@ee 5N§!%f?a %?&ecﬂn&%ﬂﬁdl%@ Q@S (@&Bet 319919)U 18m Rabl, Neare,
5,932,598, issued |ncorporated

by rof et cHeS 1 AbbrBETH MO VBT REVE BHISTR. 2 Qi ot aciePar 4
the nBt hqgsyofte bPRRREGSERbedRY B hAD alsHBE YGR i3 oBRSMicrtwif the compounds

of the instant invention include agents that modulate or inhibit the coagulation and
fibrinolysis systems (see review in Clin. Chem. La. Med. 38:679-692 (2000)). Examples of
such agents that modulate or inhibit the coagulation and fibrinolysis pathways include, but
are not limited to, heparin (see Thromb. Haemost. 8§0:10-23 (1998)), low molecular weight
30 heparins and carboxypeptidase U inhibitors (also known as inhibitors of active thrombin
activatable fibrinolysis inhibitor {TAFla]) (see Thrombosis Res. 101:329-354 (2001)).
TAFIa inhibitors have been described in PCT Publication WO 03/013,526 and U.S. Ser.

48-



(et hyl sul fonyl ) phenyl ) -2-(5H)-furanone; and
5-chl or o- 3- (4- et hyl sul f onyl ) phenyl - 2- ( 2-

met hyl - 5- py yri di ne. Conpounds which are descri :
specific mkﬂ%lh?agb)sﬁof 20 COX-2 and are therefore usef uF |H Pl(éosmss

present invention, and nethods of synthesis thereof, can be found in
the foll oWn@%ﬁ%ﬁSs(ﬁlqﬂeTradl I8g 280 Tbatnvermtinaild q@u@hjaaz@ésidam‘binawbﬂswf the

o1 100e”" BruRAPSE RE el 1EORNTPL L AT LD Mty
JNgm 513341a&2md ia6 $16 whidh pidSoss &% Qo.l%ddysfm B@\Iebéu gocox@ 330, 38,1 bS8 e
Pat. 25 No?(?@ift%‘%%mei@%of "Nb mP Jesn oy ﬁgpgﬁf%q&%% e&‘fé%ggf%%“

i ssued MyOIZIYIICICJS%QIEI asls’a ). shat con%unc@’ 18§3d§%§t mb%%yﬁfqltép% th§sc dPRed in

U S Pat. , i ssued
5 861, 419, U|Ss§’@éd\1@ah4’7419§>5 igog Deg. 32, M&S U\& P@, 131915,8&13419 Sssuet JaDed9,

1599, £k P 0BRSS RO UiS e v
i ssued Jul 200R51).9. 985 NdJ, 094, isNeed &pr53%,1992, UiSs Baetilo] 6)436,265, i80ed Jul.
5. 604, 260, 21 a98RaoRed e 5952 ¥ B 67 {gpe & Boprtea, TP Pl issued

Dec. 18) mag 27ar1€l9(§,J 1$3. Pat NING,609,260,0issk4@ Fubl 5&&@9736@, Pa0 1\1109%8698 584,
I NCl U but are no

G h hi bi_t
it ed e S0k 0305y o U0 BaTbAbOEIEE oen aftio Lo IO 94/15932,
ukrai n, raﬂmléﬁh@sm hMBGGh, 3y FRPRONA - iﬂa@&hys'sue’é fudr raetﬂ@ylt @s Pat. No.

butenyI)OX| ranﬁa@] 1- oxasp irof2 5] oct - 6-yl (ch1 oroacetyl )carb )anat e,
acetyl di naﬁéﬂ isgued Jul. 28 1992, U.S. Pat. No 5,380,738, issued Jan. 10, 1995, U.S. Pat. No.

am no-1 -1 [ 356 et opde - (fokorabenzeyl L Rheny LABLIKKL | th o2 35 L)

azol e-4- car qgual'am ne, ret ast
NX31838; sHbfatisRR7A, maumddﬁemﬂ&d@@? pﬂhdéb&d{ae No. 5,932,598, issued Aug. 3, 1999, all
7,7-(car bo | ocar

n 41 -
rot ot o S RE e R o B @*ﬁ%ﬁﬁﬁﬁ%ﬁ%}?&om ?&%Msﬂéwe
ind f [ Eﬁ fﬂse,ﬁml m&t h}&iepymitiemlioc@ y1) n’ﬁfehybﬁeﬁﬁﬂt ka/frd@hl Nimakidé S@gml 4t(4-
ents ere W C cycle ¢ i nts are._ conpounds
Cohi bit pr ir;aflﬂagl’@gylg] Ha@i ﬁaﬂy%ac énf e‘#( Flﬁeg?c% - @ﬁ@&l@@gw Phenypg (@-
si gnal s, tﬂﬁ@t‘h?lby p?@dlﬁjd%ﬂi‘dﬂﬁ t bempanes w8l lrd QescABbdDN sSRAMRIINADitors of
include inhibitors of ATR, ATM the Chkl and Chk2

agents. Such de(
ki nase?? andO&dk anthare ¢lepseiRieriss il imtie Broswit doveatien 4pe 11‘@@@@65 pf eatheyis thereof,

exenplifie
(C,y(r:rlp acel )&gﬁ%lf éﬁg@%’g'}@égﬁﬁwﬁoﬁ ‘?{g)éf gyc o(ilh%\éﬁ IP &C%a ngrq%{tgﬁgﬁms vhich are
survi val s]negfnaIlncmgpqmtbdnhayre&tt@cgh‘éﬁmﬁ@’éﬁﬁﬁﬁahbhshgbdmls 21 hE¥94i BhS.biat. No,

cel | Surfaﬁs?gg%ge%@redp B Shy g«gba%ga@ ALl 00 &aRaadess dowhst seam R,

15 those s tors. rocftude i n or's ~of
i nhi bi t or s5,880 EE,:Bsﬁéchanexannﬂ9e Ut iPhi. Diob 5308700, iatubd iFRY., 200 nHHHIEBrRat,

oF ERER2, LSS O S AR VA VR AR I 8| GE ) BhUP5s
exanpl €  pat, No. 5,932,598, issued Aug. 3, 1999, U.S. Pat. No, 5,474,995, issued Dec. 12, 1993,
U.S. Pat. No. 5,861,419, issued Jan. 19, 1999, U.S. Pat. No. 6,001,843, issued Dec. 14,

1999, U.S. Pat. No. 6,020,343, issued Feb, 1, 2000, U.S. Pat. No. 5,409,944, issued Apr. 25,

1995, U.S. Pat. No. 5,436,265, issued Jul, 25, 1995, U.S. Pat. No, 5,536,752, issued Jul. 16,

30 1996, U.S. Pat. No. 5,550,142, issued Aug. 27, 1996, U.S. Pat. No. 5,604,260, issued Feb.

18, 1997, U.S. Pat. No. 5,698,584, issued Dec. 16, 1997, and U.S. Pal. No. 5,710,140,

issued Jan. 20,1998. Other examples of angiogenesis inhibitors include, but are not limited
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LY294002), serine/threonine kinases (including but not linmted to
inhibitors of Akt such as described in WO 02/ 083064, WO 02/083139,

WO 02/ 0831 02/ 083138), 20 inhibitors of Raf Kki
exanpl e BA@Q)A@% i nhibitors of MEK (for exanple I%ZS&MM%S

PD- 098059) and i nhi b| tors of mrOR (for exanple Weth CCI -779). Such
agents i ne| udglostamh,| okeCuleniimbidi tIRIS62.0 MPatsikks:yard-ngdisi 30U nethyl-2-
ant agoni st s opt osis i nduci ng}@agent s incl u@ gct ivators of TNF
recept or fbé‘f’ﬁnAﬁo’Wé‘ﬁiﬁl 1l OXARUREL QRPN Y K ehdorgasRYDC T apENEor Spety siapgime,  5-
certain pre@ﬁ@mlnge soalem%rcmgq BRBRVLLR 51§heﬁa}1 h&8yl mmemBQﬂazme 4-
representative ents se in co |nat| on Wlt he conpounds of

the i nventqﬂthﬁ’m1 et heMilpbat S’fﬁlﬁkﬂm@ie c aprslnetastplify | lfﬂ%l‘?GQ;r xrph.e, sulfated
i ri not %Car]narﬁ@fe%ﬁ%g wosHiElle f,}ggdaﬁa%n ﬁjlg[{r}ﬁgé Wﬁl@ﬁi’yi—il o F}ﬁ Rq:]é%rbb%rhmmom

carboplatin, Yac] ine, cycl©
vi nca al kahahydsi, 2—pﬁm1¢]maﬂaonymnaw¢é$)(l Bamphth@lclyecl |dlséfonnuel uxiandb, 3-[(2,4-

above comaBIRALPY B SRR UG TROGURSE AT O w th the compounds. of -

the invention A@ehtls the intede hi\l’l\thtdéﬁrcweldhdok @ine 4 ngsuhdoihepihiidit ipfotein
t he Physi ¢i ans'  Desk 5 fer nce 5@( ‘&1/ 030%)77 PCT/1JS2006/ 034088
(PDR) 47t Kiesss e qnigiss)ce I ifle 1ohpopit. Sepbh dis ShsEHANE G eAesT T O

or sugh tﬁmw&ugmﬁa@ﬂs L&%hlhlgerﬁﬂméﬂ% irfShi 10U 0A e, xnpmwt@mgrmmz
ordinary skill in the art. The conpounds of the |nvent|on and the

ot her ant iléusetenhgakt and £ blangsgminhibitonr syl 2 SPPFé figadiy o praspidigd by 7-
I f the 5
maxi mim Cﬂgmoﬁkg&a@%ﬁt@ﬁ& Bvo n@hdbﬁ&%@@%ﬁﬁ%ﬁc@ e4eh52 0 e

active conpounds € conposition nventlon my be vari ed
so as to obt ai mnhabithess pf eell phérfapteqn an;;i mpdrssgalaae@@aﬂimg agh phdvwageyticad

of adm ni st rn% tlﬁgin%lgtﬁ Ven Eﬁéﬁ%f & ce tors gn%l %Qigsd[l 1011r &?81%”? SoRfsubdlE of

patient. I On ca
conpodgist i Qlitsse Gurfas recepiony ISaeldm@anﬂmterﬁnhﬂ)ﬁbmlolﬁ nmgb1M$ bf BGERt(Sur eMhepic

For ml at G HUA B BAPT R Do PLEPES SiaE ARE RARRLE T6GTVRN. SR Ehee QIR

tinme or d'1ﬁlﬁ§i‘[&§“oftdy'f@§ne Sdcchtons, LMERAREe Wi MERJeMiSitors &T PIBKO{fYL Rx@Spla
single (;%OSI tion. Antiestrogens, such as tanoxifen, inhibit breast

cancer gr w4047 oig e/ hienudis loneset (induding byf aplimited o Inhibass of b gs
the acti on.ghiykden O mh(%d “ch'obﬁfsm%?*ﬁkr@ oBeseniol ¥nd iwohasoshes)

shown that activation o e Ras- Raf - MAP 'Ki nase pathway alters the

phospfr ylisitibiters 06Raftkinass (b epamme @z"éﬁéh%@ﬁa}, llih'llsltqlﬁhf BRotiyr aemple €ly

ant | est rodot? PRSP ERLDY B bR EURORtyr olEE REBTCERY, Sl o

2001) . As inddersivat nmfeddbniokiditoedonglonndsiant bdtitodp AntegonliPK si gnal i ng

through treat m?-‘\n poptosis inducing agents include activators of TNF receptor family members .
(including the TRAIL receptors).

25 " In certain presently preferred embodiments of the invention, representative agents
useful in combination with the compounds of the invention for the treatment of cancer
include, for example, irinotecan, topotecan, gemcitabine, 5-fluorouracil, leucovorin
carboplatin, cisplatin, taxanes, tezacitabine, cyclophosphamide, vinca alkaloids, imatinib
(Gleevec), anthracyclines, rituximab, trastuzumab, as well as other cancer chemotherapeutic

30  agents.

The above compounds to be employed in combination with the compounds of the

invention will be used in therapeutic amounts as indicated in the Physicians' Desk Reference
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wi th MEK inhibitor changed the phosphorylation status of p27 in
hormone refactory breast cancer cell lines and in so doing restored
hor none se h¥Mdshys Accordingly, in one aspect, 20 any §¢ L6 (
enbodlnentEQL))tze gonpounds of formulas (1), (I1), (IIT'be;({P“Sqor
a tautomer, pharmaceutically acceptable salt, or a pharnaceutically
accept abl €3 476f Rdvdont iA%G e nwhidhhas emémpmytetbehusied by nrdftvender eat wwdht

Lo rovor SEHOMBAD 1o50i apantse B B yeion ract webe Sl B 65,

conventional amid db@‘l})@@lﬁdb@@ﬂf@tlﬁvena&l b e ok oA Bigiieel ageARGE Bs acﬁmﬁme&&l
cl uonic elogenous | eukenm a chronosonal translocation . is

responsi btet Fd?coelﬁ%ﬁﬂé%&amw &Bwalaf&swaweﬁ IB¢RE. HISFS-t \HAgRgenigvels of the

kinases Theivafbhib6hR9 iPad @d?ﬁ}%sﬁfoﬁs LE AROASENBn Iy DL OMRLL Soaassfm&ﬂtam a
mol ecul e tyrosine kinase inhibitor, as a result of inhibition of Abl

ki nase acd4sirpd ﬂlelmréez/e%pomr@ﬁppmm%ﬁ@ sthrirewie Oaﬁor\ﬁah@éfwt@pag@fod% ehde
respond tgg @%Yc? rths%'chXhe Pelﬁen{ heg, ‘f]o% @Eﬁ%k Icé?ﬁ 6 a@HfhidQed ps separate

resi stance con err mutations in nase donal n.
studi es hmaodﬂmmlt sad sdg,lt hla'éagem Sorltaininp Iboghsagbm Ridfienkadmaigigtered as a

pat hway t g ebma(f t'hE %k%eﬁ Vkaagtlc '%% '“2 glécgd:;ﬁ 'f(g Ilgeu%ié n?ﬁnggﬂ%fmai Wﬁl{c}h Ae

ki nase i n¥

resi SI(Bncgverr ﬁ]thé/‘ﬁnﬂzﬁﬁﬂd @&ﬁﬁElZnﬁﬁTéstJ&Qﬂl@ﬁie&@éﬁl&&geﬁt@ﬁa&%lgﬂ@n as a single
mut ati ons. Accor dingly, in another aspect of the invention, any of
the enbotAFRIEE0f "conpounds of fornmulas (1), (1), (I11), or (I1V)

or a tautoner,AntRRASIRE UH &hYxiEGC alliabbheass dnker @6whh through induction ot
pharnaceutlcally acceptabl e salt of the tautoner _thereof are used

conbi nat i ¢t ileifrigst, 1hétaz§ﬁm€§ﬁéhf‘a@ap@ PbHgIcelh gt inhibifehpadin Beeady, if has
the 5 tr e%eﬁ%?&m? Fhah SRR R AR ( CRIICAAD: KAE aﬁ‘éva *a&a@ &1‘r‘e }ET% HOGRIMIS

| eukem a reverse or prevent resi stance | east one
addi tTonastatagehp27Hip sarfotihiils agpkitny attetypresesing ﬁi@@ﬁtlwdderiela&@@@led,o

et hods Olel BN LBLERARLA) (hERILANS,isABH ARILILENL NP KbNEaE,! 57 AiRss,

MAPK S|gna
condi t i on200a3li aitseidpdn};edabysébnmmn ab,omﬂmbmom afd\aAPKnmgrhrémWéugh gnalnicntg

Compost t1 B Mg Shinar €I Grnd o AR OleRe S P27 P Re Ry

(111), orcantddceRNinds &@uh@aﬁbmgnbmraammcmeaédsmvagca&b@hh@;sad bne aspéct,a
pharmaceutical | y acceptabl e salt of t aut oner_t her eof Sfectlve to

i nhi bi& t 3w oddks wwmws plge a?mp@a@§ 0%#«7@11@1@% (hdHthHBo AT He) RY & 8EmeH
the MAPK ﬁlaﬂﬂ@éehﬂ&ll?%t@fﬁ%lé @al{ kt?f §ﬁﬁphr§%ﬁ§eutlﬂlgf 5&&@15@151@%1‘[%{‘ the tauim?-eg

COﬁpOSItIOﬂS I n accordance with hi s aspect of the invention are
useful f othercobary g ysed ii”eFiESlefﬂWt@fri]@é@loﬁecﬁcp@lﬂ@ht ¢HTREBI ush s (haeagt and

hose SUlLELLA%ALAN ENGEK. R RURAABNGHER, M, ShaRALOM win

Cancer types e ed by norna I nclu
exanpl e, mnhanmmm;mpampak@myacancer, thyr0|d cancer, ovarian cancer,

25 In hematological cancers, such as clronic myelogenous leukemia (CML),
chromosomal translocation is responsible for the constitutively activated BCR-AB1 tyrosine
kinase. The afflicted patients are responsive to Gleevec, a small molecule tyrosine kinase
inhibitor, as a result of inhibition of Abl kinase activity. However, many patients with
advanced stage disease respond to Gleevec initially, but then relapse later due to resistance-

30  conferring mutations in the Abl kinase domain. Int vitro studies have demonstrated that
BCR-Av] employs the Raf kinase 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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col on cancer, pancreatic cancer, non-snmall cell |ung cancer (NSCLC),
acute |l ynphoblastic |eukema (ALL), and acute nyel oid | eukem a.

Abnor mal N&Pdg[)%%gﬁﬁi ng may be 20 inhibited by adm ni St%kagwﬁm 088

conmpound t hat ts wild-type or mutant forns of Ra
ERK. In one enbodi nent, the invention provides a nethod of inhibi t| ng
Ras (wil d-tonferiog momtiant Resdrdidphe inebduoie: i asptadelS thed miventsing ranpgofaihe

(1) Ty e o et R IRGRIT Bs ardbeeth th (G Hilbher,

accept abl epigahbceuftallg Moaiame eult,i Gad biaateaptabl eccephble chlttdfethe tautomer
tautomer thereof to_ a subject in need thereqf. In one e[‘r‘glﬁgilrrent

the i nvent {8i§ObREVISeEE %P“H%@WBH v 4t hrshene) adgitiens! agGit Hep SgyEC, in the
nut ant $- Radakmerthér ABLNOEACLHESS REM QI St RYeRBeRuf asikee 20PUNL 1o

of a conpound any of the enbodi ments of conpounds of fornulas (I),
(11), (11 1eyemse oqprgfenpresiglanenie dieeit leagenp Addineebegebtal |y accept abl e

It h
To & subj ect | ningodet Bk peBREEh B iaEt 4o SR U ATE L e aRE
I n one errbsmdm‘dneqmmdiémsnwxetheM@nPI@mgmldgaﬂawrwumwulmct,lcmhniebfma m@ologlcal
MEIC. Th t i n¢l t ff
the enbod TEHES oPo g iSRS TSP P g (1 MK e PR :9%a
(1V) or10 a dusitcnesmprRha ammutmmgl 3 whaeeet abhgositiad tcomprisiag at least one

har maceutical ly a e tabl e sa e tautoner thereof.
Pn need SCQHPi?é’r“)é@)P °I“ﬁ“ Bre): éﬁ%&ﬁpn‘ﬁrd q ﬁ‘éa‘?[‘i’fy@ni’l?%lﬁa‘ﬁ’%%tlléfé‘gcegme st

met hod of 6%]@&5&&9‘[1%&@006]_@%16 ﬁﬁfoh% tﬁLﬂ@&M@ﬁﬁeMeﬂtﬁ\&tte RhHIBit dﬁ activity
effective anount of airy , enbodi nents of a npound of

formul as (ofthe gqlpgst one aen;le/thmon(nﬁwlam inghe MiftIdnegnalipy a%ih’é(@émtil% sHbjspt.
acceptabl e sal toy,. F, ﬁetﬁga\fo%%ﬁﬂgﬂscﬂll .Jylc%%eﬁﬁc%p&ﬁip s %é}JeEt of threhﬁventmn are

taut oner thereof t6 a ect I n need r eof An “exenpl ary
conpouhd fasefder uemm@paumtshmdsa odedtfhi sickh dpdcorof. e, ikosk auidaingdinm cancer

1- Met hyl - trifluor y ] d Y
oxy] -1~ H b@%@g(eﬁ] bdfa%%‘ou‘ﬂalo%ék( ilg{lela,lm:g? ug%an%rﬁhg %héél%tg b'y élﬂof'}ne\{ MAPK
exhi bi t ed ggi2inE indidebfdr leamislé, rhdignodPbépitiarg naicen@yrqndtchm&y, ovaJsan cancer,
d bed bel Ex I 82- 86 d 89-

G_Gig;', el 4@?@? \é\‘IT"P:Elel Bal% gg?ﬂ’ﬁsb &ﬂﬂ-eslli%gll §elb§{'“ér‘f‘€mieh E[ﬁ%\ﬁ,gﬂ agp%:nlgé}o]ﬂasm

c-Raf, nut alferds R{113Ndind 2t ﬁ\lgaoiaa&mcémial oc&rbaahmlmas?xamnalag showe
in Exa l e 82, dem)nstratlngln B-Rat' activit

i bition of m,{ nt ng
(1C50 &t Oinbibsied by pyminisitring Gogwonnd BeRghibits by Gitw q EsEt fergs, Hags: Ra
i.M and \phi higken of c-Raf activity (1C50 of 0.004 M. Treatnent
with the conpound caused tunor regression in all three nutant B-Raf
xenogr aft nodel & uaRBMiinvEXERAGVEtdn provides & method of inhibiting Ras {wild-type or

mutant Ras). The method -ncludes administering an effective amount of any of the
embodiments of compounds of formulas (), (D), (), or (IV) or a tantomer,

25  pharmaceutically acceptable salt, or a pharmaceutically acceptable salt of the tautomer
thereof to a subject in need thereof.

In one embodiment, the invention provides a method of inhibiting Raf (wild-type, or
mutant B-Raf). The rﬁethod includes administering an effective amount of a compound any
of the embodiments of compounds of formulas (I), (I), (III), or (IV) or a tautomer,

30 pharmaceutically acceptable salt, or a pharmaceutically acceptable salt of the tautomer

thereof to a subject in need thereof.
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HT29) tested, and tunor growth inhibition in I CGRas and N-Ras driven

xenograft nodels as 20 summari zed below in TABLE 7, and described in
Exanpl es 840 89703@md 86. Anal ysis of target nodul ati on parAumoseeek! s
A375M MEXF276 and HCT- 116 after treatnent with

{1-Methyl -5-12-(5-triflyoronethyl-1Himdazol -Z-Kl -?yri,d_i_n-4- | ox %“d
| 1-1- benzoi mi Ya9¥1 embodimenty the jveRfinnoPieY et 2 gRet 93)0 aptibiriag i cail

t hat phos | at.d : ; (=T cY) I e . :
time- depeﬁ%gﬁ%{ %’%Pr?ﬁgebr %E%%Mgﬁ(l)ﬁv%ﬁ%lﬁn I%&,EJ;R%%O?%, %ggﬁ%ogﬁ% 168180 dlImrgmts of
addi ti on, cempesandeeit ofdbropulan(), &), (41),A8 BV or MEXROTE:, ahatma@niitdly asbeptable

Oyl i oD s NGO COR S fBUAS] R AR bR Bt Sl ) S

assays5i ntlpreefl i ni cal nodels indicate that

{1-Methyl -5-[2-(5-trifluoro hyl -1l -1-im.dazol - 2-yl ).-pyridin-4-yl
L Do S Ebob PRl T Yo gimomel ot omefol kR i) DY
dose and Hietigd depansandmidihtdringl & bffertiveofanhahh oWyt & g8t embodiments of a
phosphoryl ati on ang]t he signaling nol ecul es downstream, from Raf i

| f
the MAP| COPBRMRAG: formglangd). 280 41 030rdFY) qj@fﬁl&s@zﬂ%@@@&%@wlbwcw&%ﬁgm

aspect, t e, PaeasRhidaiyantd.0nld Gk 8t @8 duniB oL 10f sitiht i debdtheRbr,
| east one tyrosine kinase receptor selected fromthe group consisting

of VEEFR-2, PDEFRxenplsERROMpORGHr meprithe notirgls o duRaspest K theaipgention,

CSE- 1R i ot il , cal . -condit o mediat ‘
2t | east AT GRGAAG bR PSR BRE i AR DR TR Bh R Y.
c- Ki t andylggfdRiorcoethrl-gieng)-actmen iestibitddnigptent tinbiioe utfi the dOWIO ssigniiorg

i si t | t . dd h t.icall l.g.
sl T ther Py of BRI PAT TRV R B R AR Ryt FEEAR s
inhibit theslysesifne ThenagpoRCBR poteitrinkibRoSebBECL,. o-Rbg niuhen ap8uf el

conpounds i n accordance with this aspect t he jnvention are .ysefu
for t1at THETHRET EhPECHBRIISHEBAESTPVE e PRI SFSopdragne piie o
suf f er i ngmutanB-Gafeatvity(0C yprdi0ainesl by, abiboionalf BtRsfostiniey €Caasd.068 M)

ot A e e Ry R T L R T s
bl adder ﬁl%?q-@grﬁ%gu@tagmgﬁmqgee 1£1R¥dt°é-ﬁa?%@ﬁc?g‘i-z?ff Rk A0 7500 GFEXF276 and

ovarian cancer, L C eukem a, germce umors, small-c
| ung car cHAdWeesterhsid oinmiresowihahhibitipn mak-Ragrmod -Racdiven xayagrayendads as

| eukemi a ( AML pneur obl ast ancr.eat | . In one
erbodt frent Tl Bt r o o e e e R B B s1 1R VearR 2.
The net hod i nehdlghsoBdigenmsidsitiongn anmefceBe A B VeV aAMNIE 76 indHCO i 6 wiiek

or a pharnmaceuticall accept e.salt thereof,. of any of. th
enbod P mentreatgpnt CBIH% oﬁﬁ%ﬁgﬁ QT[ZE%'H H ‘qullj““‘,tlly‘(?1 li'?],nhfl”fzf’}'?',y}{) Y ld{”l'%}dof%]" H-
subj ect i BerRSiRfadRL SO 4-TiRorihR Ry Renits ehdibatdD that Gitoshos0tiod of

tunmor by _inhibiting angi ogenesjs. ,
MEX was inhibited in a dose and time-dependant manner, as shown in FIGURES 7B, 8B

25  and 10C. In addition, treatment of tumor cells A375M, MEXF276 and HCT-116 with the

compound modulated markers downstream from Raf, including BIM, Cyclin DI, 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-yh)-pyridin-4-yloxy]j- 1 H-
benzoimidazol-2-y1}-(4-trifluoromethyl-phenyl)-amine showed a dose and time dependant

30  inhibition of both MEK target phosphorylation and the signaling molecules downstream
from Raf in the MAPK pathway.



20 I n one enbodi nent, the invention provides a nmethod of inhibiting
PDGFR- (3. The nethod includes adm nistering an effective anmount of a

conpound, Qo AoPh@ssyaceutically acceptable salt thereof)CT,ggz(,%%“%
t he enmbodi nents of conpounds of formula (1), (I1), (Il1), or (IV) to

a subject in need thereof. In one enbodi ment, the invention provides
a method of i i Bothon gsreckithe prygat mz@ltwmrﬂﬁas F%Pfha@sofaalwbﬁmg@bkaﬁﬁgne

ffect :

21t 1 hor cHpsIRERHRG 1cpfty COBRA R (0 il RCTREAM VEGIRY, PROFROLBECE.
(1), (11 I9FGE, BEFRIVFGFB2AF6tBh ecKi mirEHHIR Rorepbich torwaerbodickesh
th t t hod o

e Lo iR AYERAES o MELDSE; BLybORRY: POBSRIRERE, wFER, pARLNWrRy,
pfrlrgr gaéeu:ﬁi(ﬁmf y—Iﬁfﬂﬁdadﬁi@pﬁ a?k@r&iag adineteeing 2 tbé(z agemyic obmpdsetion comprising
e odl nen (0] coO oundas. o r mul a

Snroer T R RIBREHR Ok 5 N asacab adeobtbbie|sehhtsey G bumtia 4f} 0.

exenpl ary ( H?n&(‘{wl)dsffe@ﬁvdlt%%ﬂh&t tﬂa%mh&mﬂ&e@éccptbiﬁt%ﬂ%éct of the
invention, {1 Meth 2-(5-trifluoronethy

|-1-inidazol - 219¢ )theﬁ-gx}ep ¢ ﬁQWp?I[lQS‘f()Hl afcqm%ﬁ%fmﬁ%fgqegtpf the invention are
yl) - (4- trilso6eaekiy |p'1@é]ﬁ§‘§('lt?1 a@l@?:cﬂﬁ)r sx!lc'ﬁ 1@11!(%31? ! Eﬁ(i'ﬂgéebéuﬁfﬁfuﬁ%fgom cancer

tyr03|ne | ci nase receptors
FGFR2,! OFGERBliatesl b abngrmgpl @Blasmwclrﬂseale@pmrcsegﬁélmﬁgdalcﬂag@aywdmwgl hyowperanl

et oSy RAE LSRR RRELAY bl Rl 9 M
(1 C50. of @31@:21 g pame’ld thyrbiidbéshe@nproftat€SEandeR ¢laGb0 caficed). 128t L] lakemia,
b bi 4 ofedt Shgraanesrel el dite Asingb e GRE RS aITUSES tuin orye
FI GURE 13 n@aﬁ)g&eﬁ@ndulaadml(MEX}@H@h@o}&&;mal@nd@ﬂﬁcmﬁsmbgn nvention wll
o oh 151 o pr oviTHEE YOOt RSB B FORP8 ot P AEe ARl T Bes
limting %ethotdhﬁclﬁde%%@Hﬁmbt@ﬂ@ﬁﬁ @Hectllv@ anbgrtEraRhgsuRel W ﬁﬁtiﬁ%hﬂltlc@ﬁy
t hroughout the application | ow ng abbrevi ati ons have

fol | owi ng apasaibligsalt thepeoforf aefal h@jenﬂtqﬁlemtnéﬁr%Fscoméncisr@fpmyé%@b aﬂlb WD,
15 accept gf @%&hf&g@ecﬁg%e&h@e%@h%é FacRIA54/ B 611 ﬁé%ﬁ tﬁ?ﬁeaﬁﬂe @mxaa%&nby

mass spectr gqueous atm nosphere
Degr ees %hlnbmsg angiogenesis.

20 In one embodiment, the invention provides a method of inhibiting PDGFR-B. The
method includes administering an effective amount of & compound, or a pharmaceutically
acceptable salt thereof, of any of the embodiments of compounds of formula (1), (II), (I1I),

o1 (IV) to a subject in need thereof.
In one embodiment, the invention provides a method of inhibiting ¢-Kit. The

25  method includes administering an effective amount of a 6ompound, or a pharmaceutically
acceptable salt thereof, of any of the embodiments of compounds of formula (L), (II), (II),
or (IV) to a subject in need thereof.

In one embodiment, the invention provides a method of inhibiting CSEF-1R. The
method includes administering an effective amount of a compound, or a pharmaceutically

30  acceptable salt thereof, of any of the embodiments of compounds of formula (I}, (II}, (IIT),

or (IV) to a subject in need thereof.
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Dl PEA Dii sopropyl et hyl am ne DMC 2- Chl oro-1, 3-di net hyl i m dazol i ni um
chloride DWVSO Di net hyl sul f oxi de eq. equivalent 25 Et CAc Et hyl

Acetate EgdhBibhapel g or gmGan(s) h / In- / his Hopf
Hi gh Perfornmance L?ﬁw d Chromat ography 30 |PA Isopropy g@%:%lho+gf8

Liter LCAP Liquid Chronatography Area Percent -55 WD 2007/030377
PCT/ 0S2006/ 03488 8xerhghlyBompquiddfoc hsoomehogetiptyofithis sspaseet ihe swxsptor{1-

oL, RSO bl oLl SRS SO e o,

THE Tetr aﬂﬁ{ﬁ@ﬁﬂncﬁﬂm&iﬁyﬁﬁmnﬁsz—emh&t iive pitde ehditos of dyrosise kimsé h_eceptors

accor danc YT RECF BT GRS BRBodudnLe Elgmte. Breh dPd: (it Bn

1- Met hy| - Biopln(igel tassaly| Lide eoepbydd ddmdnstratesdiabibltioB-of iWECﬁJ‘@RLcHCﬁViAﬂ}L Q[C@g(yi]

(Lt benggy mAazol 2oLy bobArtg [, 08 STES Mo PRRRHOL TS (ol & o)
uM), and inhibition of CSF-1R (ICsy of 0.20 pM), as described in Example 87. In addition,
the compound induced inhibition of anglogenesis in an in vivo matrigel model, as shown in
FIGURE 13 and described in Example &8.

10 _ The present invention will be understood more readily by reference to the foliowing
examples, which are provided by way of illustration and are not intended to be limiting of
the present invention.

In the Examples below as well as throughout the application, the foliowing
abbreviations have the following meanings. If not defined, the terms have their generally

15  accepted meanings.

APCI Atmospheric pressure chemical ionization mass spectroscopy
aq. Aqueous
atm Atmosphere
e Centimeter
20 °C Degrees Celcius
DIPEA Diisopropylethylamine
DMC ~ 2-Chloro-1,3-dimethylimidazolinium chloride
DMSO Dimethylsulfoxide
eq. equivalent
25 EtOAc Ethyl Acetate
EtOH Ethanol
g or gm Gram(s)
h/hr/hrs Houi(s)
HPLC High Performance Liquid Chromatography
30 IPA [sopropyl alcohol
L Liter
LCAP Liquid Chromatography Area Percent
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Step 1 OHCl Ox K, 000 DMSOO HsN+/ Ol / iN NO 100 OC H2 N2

la 1b Ic A 500 nmL three-neck flask was fitted wth a nmechani cal
stirrer andyghasegdwth K2COB (4.15 g, 30 mol). The ygsg %m) 3088
seal ed, evacuated, and flanme dried. The 20 apparatus was allowed to
cool to roon1tengerature and purged with argon. To the reaction flask
was added 4-ani h8/d3ni t r ophendliquidciframdBggphPMasseptdiostopyt - but yl

4-chl oropyri di ngp 2- carboxyla%%ﬂlb (5.2 g, 24 mol) and dry DVSO (30
m.). The resulting m xture was Stirred vigorously and heated to 100C
for -14 h. The Me&tion was pduredittder iced phosphate -56 WO

2007/ 030377 PCT/ WS2006/ 034088 i[@Liffer (pH = 7) and the reaction flask
was rinsed wel ™ th MBE (meffFt#8rt butyl ether) and water. The
conbi nedl bi phasiNeORiext ur e was shiihhevesotihs ough Celite (>2 cm pad).

The |ayers werg %%%titioned and separated and the aqueous phase was
extracted with MEEI(3 X 100 Mypanthe combined organic | ayers were
washed with watera(5 X 100 nLhﬁeg§hﬁgm5 (MySCa), and evaporated. The

. crude residue was adsorbed onto Si02, and purified by flash
chromat ogr aphy 1244, 2:1, 1: 1 Théxeramstc El@ddd¢ et hyl acetate)) to
furnish 4.92 g .9 mol,  74%.yi ~,0f 1c as a yellow brown solid.
1H NWR (300 NHéé%éDC13) 8 8.5§g%%#8%g& .8 Hz, 1 H, 7.90 (d, J= 2.8
Hz, 1 M), 7.56 Represgntavebsiddzghains r,usd jrlthe caidpoudes af Be f@IMviE exatnptds may
6.94 (dd, J=.2:8:.5.8, He 1 | 6.91. (d,. J= 9.1 Hz, 1 H), 6.15 (br

s, 211). %9“8*2”{3‘: PP ”1%“&‘”?%9*%&#&8%‘%Pﬁ!)ﬁk”}“gcﬁﬂeffésu'e% 165. 8, 164.0,
151.8, 151.5, 143.4, 143.2, 131.5, 1EQuBpley21.0, 118.0, 114.2,

113.1, 83.Q, 28..4; gi%h@-mg C Step 20"\ Y~~1 Ol ~NOO"' N
0 0 2. OTBAfParlighpht Seyl2-(ppidluqeymets hiopidagol-2 18- mydidineg-yipxy - 1H-
sol ution of the nitroagpnbdiRRdd6l-1-51162-1 NN Cl2 (85 )
at 0C was 15 added TFAA (2.4 ﬁk%§%§%1g?m%§mﬂggﬂ¥khﬂkg%%%bling bat h
was then renmoved and the

F

FelF
: F
NN !
b N O\G)I\H\ ! F
7
ﬁ%ND/ L_x
HyC

15

Step 1

OH

0 o /[<
N + 2 o>< KsC Qg4 DMSO o] = o
NO, SN 100 °C HaN
NQs

1a ib 1¢

A 500 mL three-neck flask was fitted with a mechanical stirrer and charged with

K2CO3 (4.15 g, 30 mmol). The vessel was sealed, evacuated, and flame dried. The

20 apparatus was allowed to cool to room temperature and purged with argon. To the reaction
tlask was added 4-amino-3-nitrophenol 1a (3.08 g, 20 mmol), fers-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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reaction nmaintained at roomtenperature for 2 h. The reacti on was
cooled to 0OC and TBAC (tetrabutylan7nmoniumchloride, 2.5 g, 8.5

nmol ) , nﬁ%‘lzu@ﬁd;sﬁ'?ﬁhy' sulfate 3.2 n., 4.3 g 34 rn noI }CTd/ﬂ@zqnfﬂ'(B%’%
re

NaOH (34 wer e added. The resulting m xture was sti
vi gor ously for 4 h at roomtenperature. The reaction was diluted with

wat er and biféer 26H =B untl ilngrebaioa Bl eripal Welllxﬂﬂﬂdﬂwﬁﬁ(n%@lgﬂ“’téli Ryl ik
aqueous phas was xtract,ed w th, CH2Cl12 % X 100
conbi ned of YaRiE" | Hferuniiedebmpasicanitire Rap fiftaed (‘120‘%}11@@1’[6 13 cmpadledlhe

(MyS04) amgielwafcthﬁﬁed ThEsHRYAE of S5k (3@1&%0%@@1@9 595 98910@8 &\Qtélsi\/ﬂ“BE?B X

gel and purified by flash chromatograph
hexanes/ Et B8 -0l % ¢embingd @reani @Yerﬁlvfﬁ!ﬁ Wa‘?]@ﬂi) wigh vmﬂma@ & 100 mL), dried

>I£I§|, | (iVF\ngr g@g%@;glahg GV%JE! DR 'ﬁ%%idglﬁ)kﬁdt %%?%1&?8 n§4§%andﬂoulr_1‘}i§d %y Hagh
( d, % _0 421 (501];Qmatq_g1pghy (47, 25 (Id{jpxtuas -E0AcC @1tig] - '1&1teille)B-leCfuin1kH)4é 9B 914.§ Mmool
ohc3) s 1 3T 55 W g midi ot sond, (B et o i (OGS § e v - 55
ég/ Llezoéelst’g H)gz 99 (d,30= 2.8 1281 %), NbO(dL3Z21BAL, 1 HRT, 1\7?@80)6172 @3.@@?1 1 H),
NeBHa ~NN 49%9 g ﬁ%l\gzk % ﬁﬁfg &%@Néq g %I) ﬁfﬂcm 280 ééZ &08 H?L”C

t hree IieckesiRr aurrdﬂlaocmn)fa a6X3, pltmedswat I5IN2 (was ¢lpas oed s W'zﬁls 1210,
LAI-I (lithi Iumnumhée?&lde 867’ mol’) ahd dry Ti~|
0

The Skl)eé (4118 1s SrsPerved: o 16dslBS61 ed to OC and t-butyl ester
Id (20 7 g, GOSWU was sl owy added whil e keeping the internal
reaction tenperature under 5C. The reaction m xture was then stirred
at OCfor 2 h followed by stlrrlng at roomterrperature overnl ght

NaBH4 (2.27 g, 60 ,dgdedT@ftg%%e react g xtur
stirred for an ad t)on | hoﬂ \E‘Lﬁ/@?he
reacti on was juHﬁedNoconp ete t he *r GaG 6% mi xtlﬂr reated with

10 successive dropw Se addition of water (3 n), 15/o NaOH (3 nL), and
water (9 nL). The red6lting mxture was filtered throlgh Celite, and
the remai ning solids were washed with EtOAc and net hanol. The

mbi ned ' t gl and the | ti
et dug was a0 BABHBRED 1S T SHAE B -1 B 1y 48 ALekGraEbr Ry

(97 : 13 Cladde2CIRAAMZA nlD), 1.0 gaflﬁ%ﬂolzﬁ_gﬁ]egccfoﬁﬁw a8 iheftG¥hodd Md the

red-orange sqlid as |e, "H'N
reaction maintained at room lempelatule for 2 h. The reaction was cooled to 0°C and

TBACI (tetrabutylammonium chloride, 2.5 g, 8.5 mmol), Me>SQy (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

20 resu]tihg layers were partitioned and separated. The aqueous phase was extracted with
CH,Clp (3 X 100 mL), and the combined organic layers were washed with brine (2 X 100
mL}, dried (MgSO4), and evaporated. The crude residue was adsorbed onto silica gel and
purified by flash chromatography (4:1, 2:1, 1:1, 12 hexanes/EtOAc) to give 4.5 g (13.0
mmol, 76%) of 1d as a yellow-orange solid. ' NMR (300 MHz, CDCl3) 8 8.54 (d, /= 5.5

25 Hz 1H), 804 (brd, /=47 Hz, 1 H),793 (d, /=28 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) 8 165.9, 164.1, 151.5, 144.7, 142.1, 130.4, 118.8, 115.5, 114.1,
112.9, 82.9, 30.4, 28.5; mp 187-189°C,
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15 CDC13) 8 8.40 (d, .J =5.5 Hz, 1 H), 8.05 (br s, 11-1), 7.96 (d,
J=2.75 Hz, | H), 729(d J= 2.75 Hz, 1 H), 6.92 (d, J=9.35 Hz, 1
H, 6.75 (iyd20@ddhs774- 68 (s, 2 H), 3.07 (d, J=5.23 H, Pcﬁu";ﬂnbmus%@p
40 0OCHMO,, CHCI3 OH \HNTrt 2 days NI N NO2 H NO2

A 100 nmL round bottom fl ask was charged with benzyl al cohol Ie (1.38
g, 5.0 nmol), Mig3(6.52 g, 75 mmwl) and CII1CI3 (20 nL). The

resul ting suspension was stirred at roomtenperature (rl) for 2
days. The reaction mxture w filtered through Cellte and the
remai ni ng solids we vasTredostcce F r‘r@h‘f@l The
cormbined -58 WD 20077 030377 PC7' / 332PP6/ 034088 ppr ani c*Porti ons
wer e evapor at ed, ads®Fbed onto silica gel, and puri f*ed by fl ash
chromat ography (98: 2 C¢H2C12/ MeOH) to give 790 ngy (2.8@“’ nol , 58% of
an orange solid as If. '"H NI\/R(300 MHz, CDCl3) 6 10.01 (s 1 H)

8.64 (d, J=5.5 J = 2.

H, 7.37 (d, J A_%nﬁéuﬁsooﬂg el?eoggi J(Oé}nclﬁ%jottonzafyﬂj)( nggedlwxplBNo yas;cl@gged
(dd, J= 2.\ith 155 (Bl alhninn %gdl(laia 34F 97%1&81) aikd'd)f IPHIngtlQ)%L)] The
5.23 11z, 3 1], Step 5 0 H2O 3¢ 4 H

i F36 HISutB eSS GocPlefi-FCONQg@q rpburyl o RN © GINNOBIGsNLovHY

MEOH, RT, Q88 dhild kebBind the internal reaction temperature under 5°C. The reaction mixture was

then stirred at 0°C for 2 h followed by stirring at room temperature overnight. NaBHj (2.27

g, 60 mumol) was added and the reaction mixture was stirred for an additional hour at room
temperature. After the reaction was judged complete, the reaction mixture was treaied with
10 successive dropwise addition of water (3 mL), 15% NaOH (3 mL), and water (9 mL). The
resulting mixture was filtered through Celite, and the remaining solids were washed with
EtOAc and methanol. The combined organic portions were evaporated and the resulting
crude residue was adsorbed onto Si0; and purified 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 CDCl3)68.40(d,/J=55Hz, 1 H), 8.05 (brs, 1H),7.96 (d, /=275 Hz, 1 ), 729 (d, J =
2775Hz, 1 H), 692 (d, /=935 Hz, 1 H), 6.75 (n, 2 H), 4.68 (s, 2 H), 3.07 (d, /=15.23 Hz,

3 H).
Step 4
' , O
© l “Sy7 TOH MnO,, CHCly O | N H
\N 2 rt, 2 days \N/©/ =N
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 (1t) 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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| m dazole ring formation (Baldwin, J. J.; Engelhardt, E L.;
Hirschman, R ; Lundell, G F.; Ponticello, G S. J. Med. Chem 1979,
22, 687): GRMeURE;H9 (Lancaster 10 (Wndham NH), 25.7p Vbﬂznaﬁnﬁuﬁs
nmol ) was added to a solution of NaOAc (22.4 g, 273 mmT

(60 nm.) and the resulting solution heated to 100 C for 40 mn. After
cooling: t@lgmﬁml:toﬂmmer atugr eva(pbmmm telopeedatontee silich hgels ehdit pwifiedf by hilash

and ot haio ) CorAC Rk DR o R P e S P eav el oF aibenee

t enper at urseli@¥LTMNI'FNIMRIBE (i, cDcayerols (@hrfep)rratsoga aphy.s 1851 ), 8 09 (br
CH2C12/ Me nsu tion

wns concert § EDeqoh ko) A adHeddd: SPdit) = 2 Bl 7 oRt i ti7s He 1 D,
sat ur ated an | I extract tdiy ee
imms w th DG Tt b bal nedorsant s e ros o thbr e then
dried (MyS™), Séwoﬁconcentrat ed to give 31.6 g of 1li (83 nun7ol) as
an orange solid (91 %yield). No further was purification required.

20 Other internedi;ates for preparingysubstitutedd m dazoles may be
prepared in a giC I nat teeoac For—exanple; inte diate lie was

synt hesi zed fol |'owi 4 step 5 usi ngoBCI0Bin FaC
trifluoro-I-phenylygropane-1, 2-dione dydrate mahead of 1h as shown
bel ow as shown below (M = met hanol, RT = room tenperat ur,

o/ n=over ni ght g, =0 2%9%{1030377 PCT/ JUS2006/ 88
O02N Ol H+ 0 a ONO’“N,:Qﬁf | o4} RT,
o/n/ If 1iz Pht& mediate 1i3 WasHsy%(mangg,ﬁd fi@ Yep 5 using

1- phenyl - 1, 2- propanedlqone i nstegd of 1h as shown bel ow1,0 N C 02N |
Ol H 0 NHsOH OHNON CH3 N HN/ H3CH / MeOH RT, o/n NI f 1i35

I nternediate | 'Iﬁud‘:@@e sy hasiaged (baldwoy nar. StE@PelRarlS I MIL.; Hirschmann, R.;
1-(3-trit lLlilg{ie?l{mé 1*}/ Ponticello, G. S. J. Med. Chem 1979, 22, 687): Compound 1g (Lancaster
10 (Windham, NE), 25.75 mL, 136.5 mmol) was added to a solution of NaOAc (22.4 ¢, 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 Ih was added to a
suspension of 1f (25 g, 91 mmol)- in NH4OH (150 mL) and methano! (450 ml). The
resulting mixture was sticred at room femperature overnight. TUC (thin layer
15  chromatography, 95:5 CH;Cl,/MeOH) showed complete consumption of 1f. The crude
product was concentrated into an aqueous slhury, and partitioned with saturated Na;CO3 and
CH,Cl;. The aqueous phase was exiracted three times with CHyCly, and the combined
organics washed with brine, then dried (MgS(l;), and concentrated to give 31.6 g of 1i (83
mmol) as an orange solid (91 % yield), No further was purification required.
20 Other intermediates for preparing substituted imidazoles may be prepared in a
similar matter. For example, intermediate 1 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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phenyl)- 1, 2- propanedi one or
1-(4-trifluoronethyl phenyl)-1, 2-propanedi one instead of |h as shown
below. 0 &RG@Psm:6F3 0 1 CF3 N\NCF3 O H. 02N O H pgwugg(,%,mg@gl,
RT, oln HN/ N3/ If NHnOH 1i4 Internediate |i5 was synthesize
following step 5, coupled with procedures in US 10 Patent No.
5,374, 615, using ethyl
(22)-4,4,4-trifluoro-2-(lgydrox),imno)-3-oxobutanoate nmade fro

ethyl 4,4,4-trif]uoro-3-ofobutangate instead of | h as shown belloy
(NMA = N rr&N:rgg]«:eH .- 60 MO 200780377 BG 3CH
O NaNQ2, H2Qy ~j SAgH, OC,Fs V—=0 |OHICO2Et O

F3COEt NOH/NOHO02N I\ O I\ N H iNg40RY, Me OH HI'N~O N MeOH,
RT, o/n H CO2Et N NaDAc, TId 3, 0\ CF3 I\/EC]LL HOO, 21 I \ NH
NVA, OCto RT H Step 6 N N- O\¥YCF3 0111VO \ -CF, Pd/C, RT HZN \

Hi I NHEtCACL/ t OH Nll}é

nFermedia e WAISI sylnﬂlesized following step 5 using 1-phenyl-1,2-propanedione

instead of 1h as shown below:

O

0,N o o p—
2 S H o  NHOH O,N O 3
HI =N HC ———— | H
/ MeOM, RT, o/n H/N

1§ 1

5 Intermediate 1i* was synthesized following step 5 using 1-(3-trifluoromethyl-

phenyl)-1,2-propanedione or 1-(4-triftuoromethylphenyl)-1,2-propanedione instead of 1h as

shown below:
O / N
@]
FsC __CF,
P2
] N
i s b CFs o i D—cr,
O,N O~ H Oz | NN
HN:©/ I =N MeOH, RT, ofn HN =N
/
/ NH,OH 14

1f

Intermediate 1i% was synthesized following step 5, coupled with procedures in US
16 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 1 as shown below (NMA = N-

methyl acetamide):

-60-



A slurry of nitroaniline Ii (45.76 g, 120 nnm ) in MeOH (220 nL) and
Et OAc (200 5 nL) was sparged with N2 for 20 mn, and then charged

W th a suspepshfef; 10 % Pcl/C (12.77 g, 120 mol) in Mokbo80,

The reaction was purged with H2 and mai ntai ned under a at nosphere
for 2 days. The reaction was filteredt oy a pad of Celite and the
collected solids were washe su cessrx [oMd th 19and Et OAc. The

conbi ned organic filtrat "t ng solid was
azeotroped with CH2Cl 2 and t hen dﬁé{ed 10 over ni ght llwi d—)ek vacuumto
give 40.17 g (115 mol) of || as 2 vancpowder (96% yarel d) . LG VB
Infz 336.1 (M), tR=1.51 mgu. 761 WD 2007/ 030377
PCT/ US2006/ 034088 F3CG.\ N / 3C:T§ 1 CF@ETNCS N | NHI1 2z JN\ & - CF3
FI NHZ MeOH H / i . 31 Mgy P enyl®

i sot hi ocyanat e~ g, sti ing &Qlution
of diamine | j {40.J17 g, 115 nugg‘ 0"“949%04 6 nL) ar“room
tenperature. The ME%cti,en was dim&d at roomterrperature for 16
h. After the reaction was judged 5 corrpl ete, C?gol ution of FeCl3
(20.52g, 126.5 mmol) in MeOH (50 ) was to the reaction and
the resulting RLEhYURR NS St red at room ’Ceigp_eﬂzature overni ght. The
crude reacti OfemHXit % was 8 par dt el y ftuul el

cont ai ni ng Et CAmA ) and nt) . The layers were
separated, and the aqueous pl,ﬁfa extracted with EtOAc (aqueous
phase saved) The organic | ayers WEr e conbi ned, washed with saturated
10 aqueous Na2CO3 sol ution, water, and brine, then dried. (MgSOH4),

and concentr at es\d The saved aqueous phase was made basic (pH = 10)
by addition of E2t%r at ed aqueous Na2CO3 solution and the resulting
slurry was added to a 3 L separatory funnel containing EtOAc - (500

m.). The m xture was agitated and the resulting emnul sion |Itered
through filter paper and t e\ @Eers wer e t el _sepapat d ke,
aqueous phase® EAC. F§35 (2 %ﬂL) rganr c

| ayers were ¢ nb d Wth BEIAE e e N --. , added
to previousl y tract ed Yateri al concent rated. The conbl ned

product was trituratediw th CHZClZ ( 500 L), adsorbedlionto Si 02 and
purified by flash chromat ography.
A slurry of nitroaniline 1i (45.76 g, 120 mmol) in MeQH (220 mL) and EtOAc (200
5 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 Hy and maintained
‘under a Hy atmosphere for 2 days. The reaction was filtered through a pad of Celite and the
collected solids were washed successively with MeOH and BtOAc. The combined organic
filirates were evaporated, the resulting solid was azeotroped with CFLCl, and then dried
10 overnight under vacuum to give 40,17 g (115 mmol) of 1j as a tan powder ()6% yield).
LC/MS m/z 336.1 (MH"), fg = 1.81 min.
Step 7
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A final trituration of material with CH2CI 2 produced

{1-nmethyl -5-[2-(5-trifluoronethyl-I|H

i m dazol - 2- i n-4-yloxy]-1 H benzo

i m dazol - “&im}?%{” ﬁl fl uor onet hyl - phenyl ) -am ne 20 as aps’mugznow@sg
solid. LM n7/z 519.1 (MH); 'I;ICNI\/R(BOO M—Iz CDC13) S 8.44 (d, J

=55H, 1H, 7.75 (d, J=8 8.8 Hz, (dd J—22 8.5 Hz,

111), 7.59 (d, J= 808 H ) S2H), 7. Nxbs J— Hz . 7.38 (app
d, J= 8.5 Hz, 1 od, 3= 1.9 He, d,oJ— 2:2’\)@5,5
Hz, 1 H), 6.9% =™ 5 55—HZ—-—|——|=|)———>3 76 @s~<f QQ’LWS
n/z = 519.0, tRV 2.57 nin (M) “%hal. calc'd foRCs H16 Neo: c
55.6, H 3.11, N 16.21; Found: C~ 25°55.81, H 3.43, N 16.42; nip: 217

220C. Exanple 2 Preparation of _
(2- Fl uoro- 5-pyridin-3-yl -phenyl ) -{1-nmethyl -5-[2-(5-trifl uoromethyl-1H
- imd azo 1-2-4D)iflpymomdilyiphenst woydi1ec:§mﬂré=téaeﬂadlg01l dﬂmmdl)-\zasﬂdd&d toal{'éuﬁ%g

Hgé }/\? lzzf)(a%{rhg 030?{5‘?1‘118”/ EJSEL@C{@/ rﬁ’ug 9138)‘“014 111{\&4@0{-1 (460 mf) at 100m tmnpemtule The

- met hyl - 5- fe2et{oh- Wad fﬂahﬁﬁm&thﬁbbmltehhnbﬁhﬁ@fﬁl 1@h. After the uactmn was ucl%ed
yl)-py 1H benzoi m dazol - am ne _was synthesi ze

descri bgegI g%%i}él % ?\XJI@%‘pOﬁFe&IB 2081 5-615 ggrpqllbm MeOI (50 mL) was added to the

3- (4- FI uor Radioh St hh@?e\é@iﬂﬁé (ﬂuf?ﬂf‘en%s) SR eg B6n tfpdMRu FverRaR*Orit crude
(MH), R 1.52 mn, Exanple 3 Preparation

( 2- Fl uor o- 15&%&9);1,1@1}4;111@1 Wap agfrsinigl 9 (L |sep’u‘at01y fumlel containing EtOAc (750 mL) and
- met hyl - 5- r u Y.

i mi daélol Z\L%F')( @'59 rril ?E{Qn%%g ‘]kuf S:géaé%tﬁ%oﬁnﬁli 28083 \1/3}1'15}‘3 Wagagiactrd NI
F F\ N~ \EfpAc Ganlre@us lah‘i”sle BaWdH Dlel&gamc layers were combined, washed with rs]atlulaied
2-Fl ugro hen 2; |quororret -1
|(-I i (L:I@zola%ﬁga{yl )2 Boﬁl uji0ny %8)’(9‘# ffl?e BK‘WZ@‘F%% @&%ﬁ 2800 C}‘mﬁ‘?ﬁtﬁ@dwﬁw
synt hesi zeadvaisqcﬂemcsrpﬂ’a&dw@d)ﬁm&a bavic Qrep 1@') adeXi@Pd Bsatursd ﬁ@.&eous IgthOg

hi ocyanat o- phenyl ine. LO/MS in/lz
(ﬁ/l—l()4 e @gn :?fsiﬁttllelE%é ail%slil'fg Wasyad)decP %as'y scparatory funnel con‘calnmg EtOAc

(5 00 mL). The mixture was agitated and the resulting emulsion was filtered through filter
‘paper, and the layers were then separated and the aqueous i)hase was extracted with EtOAc
15 (2 x 500 mL). The organic layers were combined, washed with brine, then dried MgSOy),
added to previously extracted material and concenﬁ*ated. The combined product was
triturated with CH,Cl, (500 mL), adsorbed onto SiQs and purified by flash chromatography.
A final trituration of material with CH;Cly produced {1-methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-y1}~(4-iriftuoromethyl-phenyl)-amine
20 as a pure, white solid. LC/MS m/z 519.1 (MH+); '"H NMR (300 MHz, CDCls) 6 8.44 (d, J
= 5.5 Hz, 1 H), 7.75 (d, /= 8.8 Hz, 2H), 7.61 (dd, /=22, 8.5 Hz, 1 I1), 7.59 (d, /= 8.8 Hz,
2H),7.56(d, J=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=2.2,8.5 Hz, | H),6.93 (dd, /=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 CpsHsFeNgO: C 55.6, H 3.11, N 16.21; Found: C
25  55.81,H3.43,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

oy



15 Preparation of

(4-te),t-Butyl -phenyl)-{Il-methyl-5-[2-(5-trifluoromethyl-1Him dazol -
2-yl') - pyrid DoAousmoxy] - 1H benzoi m dazol - 2-yl }-am ne  Hp&rGERBodmhsboss F
\ /NI ryry F _<,N\ Oi HF HC (4-tert-Butyl-phenyl)-

1-nethyl -5-[2-(5-tri fl uoronet hyl - /i mdazol - 2-yl) - pyri di n-

4-yl oxy] - 1Hbenzoi m dazol - 2-yl } - ap.ne was synt hesi zed as descri bed
above in Step 7 of 20 Exanple }=using .

4-t ent - butyl phenyl i sot hi ocyanat = L L§ mﬁ%ﬁﬁﬂ (MVH, R 2.56 mn.
Exanpl e 5 -63 WO 2007/ 030377 PCT/ 82608/ Preparation of
{I-Methyl-5-[2-(5-trifluoronethyl - TH-I m dazol - 2-yl ) - pyri di n-4-yl oxy] -
1H benzoi m cl azol - 2-yl } - (3 trifluoronethyl- phenyl) amne F F F N\
F/g~-NIl %NF 1- Met h 5tr|fluoronethyl-
H i mi dazol - 2-yI ()ZOFFJWPP- ~Pp£1,l_§llyﬁé’l(~glllwﬂ)p{5éﬁ§tgyl5‘5 [2- (5-t11ﬂu01omeihy1 1H-imidazol-2-
Id(rans S?IZ glad ZyI%Jg%(/ré&llﬁ r:lf—flbfijlf]ulq{-%!ﬁ%)ﬁ% 1a£h§ 'S"Y}l Qmﬁmg sy\ﬁﬁes%fi‘ LP8SLAGS ARve in
3-(trifl uot®pet W@th %smgqﬁdwawaq é—zs@l@pmnm@hm@) -y HEXG/MR, m/z
2.36 M. Exay ﬁI)GR ]f@‘pﬁ{n?t'on of (3-Ethyl-phenyl)-{

1- et hyl - 5-[2-(5- t’t1f 1 uor oret hyl -1Him (i azol -2-yl)- 10

pyridin-4-yl oxy] - 1H benzoi m dazol - 2- ¥kjmplei3ne NF ~ /p~N I\ Oi I N

FF N/ N Preparation of (2-Fluoro-5-pyridin-4-yl-phenyl)-{ | -methyl-5-[2~(5-trifluoromethyl-1 H-
in}idazo1-2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-2-yl}-amine

N

AN

Recacam

10 (2-Fluoro-5-pyridin-4-yl-phenyl)-{ 1 ~methyl-5-[2-(5-trifluoromethyi-1H-imidazol-2-
y)-pyridin-4-yloxy}-1H-benzoimidazol-2-yl}-amine was synthesized as described above in
Step 7 of Example I using 4-(4-Fluoro-3-isothiccyanato-phenyl)-pyridine. LC/MS m/z
546.5 (MH™M), R, 1.83 min.
Example 4
15 Preparation of (4-fers-Butyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl- 1 H-imidazol-2-yl)-
pyridin-4-yloxy -1 H-benzoimidazol-2-y1} -amine

H,C CH,

H,C
F
b N Oy i F r
R epes
H,C

(4-tert-Butyl-phenyl)- { 1-methyl-5-{2-(5-trifluoromethyl- 1H-imidazol -2-y1)-pyridin-
4-yloxy]-1H-benzoimidazol-2-yl}-amine was synthesized as described above in Step 7 of
20 Example 1 using 4-rert-butylphenylisothiocyanate. LC/MS m/z 425.4 (MHD, R, 2.56 min.
' Example 5
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FI '/ H H C (3-Ethyl-phen)fl)-{

| - et hyl -5-[2-(5-trifluoronethyl-1Himdazol-2-yl)-pyridin-4-yl-

oxy] - I H bepzpipp,shazel - 2-yl } -am ne was synthesized as depefi g ahrye
in Step 7 of Exanple 1 using 3-ethyl phenylisothi ocyanate LC M5

infz 479.4 (M#+), R 2.32 min. 15 Exanple 7 Preparation of

(4- Chl or o- fhemydtipr bl { Irbfdiys1-SSR2F3-t(i Bucrenethylotirstdagal 21 pyridiacd ooy ]y Hy
N gy:’l idl B Hy: O)IilyLSéHi gn%ﬁ?%?%z%ﬁ%—g/r}-@STMFuc}lom@{ﬂypﬁhe%rl) Emit ~ F ~ /a-N
1-nmet hyl -5-[2-(5-trifluoronethyl - H i m dazol - 2-yl ) -pyridin-4- 20

yl oxy] - 1K benzoi ni dazol - 2-y1} - ani e was synthe5|zed as descri bed

above in Step 7 of Exarrpl elu 4 chl or Ilsot hi ocyanat e.
LCMS ni/lz 485.4 (Mi'), Rt 2.2 ﬂ@@ /030377
PCT/ US2006/ 034088 Exanmple S Prep r (4- Et hyl - phenyl ) -{

1- met hyl -5-[2- (5-triftuoromethyl -1 (H-lmdazol 2-yl)-
pyridin-4-yloxy]-1 H benzoi mdazol-2-yl}-amne CH3 , F N MNNF F
HN\ C\ FNi_, H , - e i
(4- Et hyl - pheny! §! @ffﬂ%gf{%@%l‘lfﬂ‘é”‘(f%eW'111‘ IigtekenireidintyloghlBibesy
) - pyridin- f}mMéznl-Q)sfy}]-(alhifniaaﬁmuggllﬁawmanyIv}wsamnnﬁzsmas as yltdiibsd zabdveam
descri bed above in St eg@(}? of le 1 &gﬁg CIMS mrs 519.4
4- et hyl pheSigpi & 6f Hixeayp At eing ERERIORERTOD nykipgthiopyangtes LCAYIR m

Exanpl e 9 Bfgppgabgg Qf (4-Chloro-3-trifluoronethyl-phenyl)-{
t-nmethyl -5 5-trif uororrethyl-lll- 10
i nridazol -2-y1)-pyridin-4-yl oxy] - 11 - Expagedi ni dazol - 2-yl } - ani no

Preparation of (3-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-yl)-
10 " pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

C%d:r SRR

(3-Ethyl-phenyi)-{ 1 -methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl) -pyridin-4-yl-
oxy]-1H-benzoimidazol-2-yl}-amine was synthesized as deseribed above in Step 7 of
Example 1 using 3-ethyl phenylisothiocyanate. LC/MS m/z 479.4 (MHM, R, 2.32 min.

15 Example 7
| Preparation of (4—Chlor0-pheny1)-{1—methyl~5-[2—(5—triﬂuoromethy1—lH—imidazol—}yl)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl }-amine

Qw o

(4-Chloro-phenyl)-{1 -methyl-5-[2-(5-trifluoromethyl-1H-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. L.C/MS m/z 485.4 (MH"), R; 2.23 min.
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FFO FN)_ +F HNiINF NHd
(4-Chloro-3-trifluoromethyl-phenyl)-{
1- et hyl - Sw[2rbPosbsAf | uoromet hyl -1 H PCT/US2006/034088

i m dazol - 2-yl)-pyridin-4-yl oxy] -1 H benzoi m dazol - 2-y] }-am ne was
synt hesi zed as described above in Step 7 of Exanple | using -
4-chloro-3-(trifluoro- 15 net hyl ) phenBtangst Bi ocyanate. LC/MS m a

553. 4
-trifl

tor ome PR RGBT necth T 08T B Pembl Ty s )

i m dazol - 2-yl ) - pyri di n- 4-pytigxyd-ybxyt hesaebmidaobdh 2y Yhink-amine F F F

cl "l

NSF N/ HNC -65 WO 2007/ 030377 PCT/ US2006/ 1134088

(4-Fluoro-3-trifluoronethyl-pheny|)-f
1-nethyl -5-[2-(5-trifluoronethylsll-1

synt hesi zed as described above i -8 @ ! Exanmpl e 1 using

i m dazol - 2-yl ) - pyri di n- 4- yl oxy] q benzo%crij’bejr—r}yl }-am ne was
/N

4-fluoro-3-(trifluoro- nethyl )phenyak“i sot hidcyanate. LG/ MS mz 537.4

(M),

R1 2.40 nun. 5 Exanple 11 Preparation of

{1-Methyl -5-[2-(5-trifluoronmethyl-1I1-imdazol-2-yl)-pyridin-4-yl oxy]
- 1H- behizoi m dagbEdt-plichy 41 tféthyIUPOEREGKY MGV im@H 82 -vi- pPridin-401-

NN FF NH~NIéiN..H, . .
oxy]-1H-benzoimidazol-2-yl}-amine was synthesized as described above in Step 7 of
Example 1 using 4-ethylphenylisothiocyanate, LC/MS m/z 479.5 (MH"), R, 2.31 min,

Example 9.
Preparation of (4-Chioro-3-trifluoromethyl-phenyl)- { 1-methyl-5-[2-(5-trifluorometiryl-11-
10 : imidazol-2-yl)-pyridin-4-yloxy]-1 H-benzoimidazol-2-yl} -amine
FF
Ci F
F
N,\B—I—F
o !
jw:ﬁ ot
HC

(4-Chloro-3-trifluoromethyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1 -
imidazol-2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine  was  synthesized as
described above in  Step 7 of Example 1 using 4-chloro-3-(trifluoro-

15 methyl)phenylisothiocyanate. I.C/MS sv/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-yD)-pyridin-4-yloxy]-1H-benzoimidazol-2-y1}-amine

F F
[N 7 F
N 0 R LN
I S
IN N
H,C
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{ 1-Methyl -5-[2-(5-trifluoroiethyl- |

H i m dazol - 2-yl ) - pyri di n-4-yl oxy] -1 H benzo- 10

i m dazol - 2w Joofdsok#71 f 1 uor met hoxy- phenyl ) - am ne was sypthesigae6hias
descri bed above in Step 7 of Exanple 1 using
4-(trifluoronethoxy)phenylisothiocyanate. LC MS ;n/z 535.4 fM 1),
R 2.24 nin. Ex@rﬁdu@owlllﬂmelpawénfﬂ@gerwﬂ {1-methyl-5-[2- (5 -trifluoromethyl-1H-

(2- Fl uor o- L 1y | .

(2 et - Bl LRI PNl o i ) v i
1H i m dazodles2eilydd] - pyovedi me 4-$tepxy? - lofH Bemnplen diazostmg-y4~)“1uam3-(m§ﬂllt‘e>1'o-
Uret hyl - 5- oy B PR LM T S Ty g fomin

phenyl )5 | Hi mi dazol - 2-yl ] - pyri di n- 4- Mﬂz{}m}ii H benzoi m dazol - 2-yl ) - am
ne was synt hesized usi n%gi roce

de bed
Exanpl e 1~ dgsagpionef {5 (S?ﬂzr@-ﬂfl P8 {flﬁfﬂ*ﬁ%ﬁé@ il)sﬁwﬂa %@;»3%%{5 i
LG MS ,n/z 627.5 (M) ,be%on%ldz&lmm (:Eﬁﬁmalcﬁnell?ox@’rp&a&@gﬂﬁ&mﬁl@ of

(2-Fl uor o- 5- trifluorometh),|-phenyl)-

(1- net hyl -5-{2-[5- net hyl - 4- (4- t;lfluororrethyl phenyl)- -66 WD

2007/ 030377 PCT/ US2006/ 034088 ¥+ i ni dazol - 2- yl]-pyridin-4-yloxy -1
H benzoi mi dazol -2-yl)-amine FF-F FF / ~N\ O Ni Cil~ HI NH,kd
(2-Fluoro-5-trifluoronethyl - phe ) 7. rag\i\h@—k?yp { 2-[5

-nethyl -4-(4-trifluorometh)’ N—<’

phenyl) - 1Hi m dazol - 2-yl | - pyr| di n- H4:-yl oxy} 1H- benzoi m dazol - 2-yl ) -am
ne was 5 synthesized using simlar procedures as- descri bed above in
Exanpl e 1 using 2-Fluoro-5-(tri- fluoronethyl)phenyl isothiocyanate.
LG/ MBS m z 627. 5{1( Methy]-SR2-(2tr#Boninmethix dhiphidazb 2 Fhepaidat-4-gloxp]-1H-benzo-

Iz-l-E)gn[z (Zﬁglgql’lﬂ% -g-_ygint)éﬁﬂlugg%?l% Ohy%)hyﬁvl?} 1|6f:f1 r\Q/agO nthg'su%ﬁ asycﬁebulbed above In
5-trifluoroEpthyl Bidtnplsi 0a0) 8-(@ihalhexdddyphasidoriotylnaRS LEYMS m/ 535.4
(MH"), R; 2.24 min.
Example 12
Preparation of (2-Fluoro-3-trifluoromethyl-phenyl)-
15 (1-methyl-5-{2-{5-methyl-4-(3-trifluoromethyl-phenyl)}-
1I—i-imidazol-E-yl]-pyridin—4-yloxy}-1H—benzoimidazol-Z-yl)-amine

F F F

F F
BT

" 0 g AL

SO

7o

!
H,e

(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-(iri-
fluoromethyl)phenyl isothiocyanate. LC/MS m/z 627.5 (MIT"), R, 2.79 min.
Example 13
Preparation of (2-Fluoro-5-trifluoromethyl-phenyl)-
25 (1-methyl-5-{2-[5-methyl-4-(4-trifluoromethyl-phenyl)-
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FNCOF NFN\O\NF FA~N/ iNH HC2-
{4-[2-(2-Fluoro-5-trifluoronethyl-phenyl am no)-1-nethyl -1 |

| - benzoi m daznb7éos7y . o PCT/US2006/034088
yl oxy] - pyridin-2-yl}-5-trifluoronethyl-|Himdazol e-4-carboxylic acid
et hyl ester was sP\{r_lt hesi zed using simlar procedures as described
above in Exanpl e Hliwidegolf-pi-awidin-g=ylewit -1 Hberepimdaraki-tliapaeny |

i sot hi ocyanate. LCOMS nfz 609.5 (IMH+). Exanple 15 Preparation of
(2-{4-[2-(2-Fluoro-5-trifluoronethyl-phen),|aqFno)-1-nmethyl-I I1-
benzoi m dazol - 5-yl oxy]-pyridin-2-yl}-5-triflpgronetiryl-1

H i m dazol -4-yl)-nmethanol F F ~s- F N\ FL FN-CAI\ i 1 FHN
N H C 20 Red-Al (sodium bis(2 t hoxyet hoxyq a um ni um hydri de, 65%
W in toluene, 0.1 nl) was addeq ftxOpWiSe 1o a sol ution of '
2-{4-[2-(2-fluoro-5-trifluoronet hyf~~pheryl am no) - 1- net hyl - |

H benzoi m dazol - 5-yl oxy] - pyrri di n=2- | }-5-trifluoromethyl-IH

i m dazol e-4-carboxylic acid ethyl ester (0.0104 g, 0.017 rmmol) in

tol uene. Effer NCe, (e I/ : .
observed and ot earody S F A T e P ooy
and ext r agtced)- 1ok d&E2o CRg/1 - FFhidinet-ghamy 1 Haheeroimibzolesigdmivet h H2O, was
dried over 2S04, .filtered and concentrated.t ive.,5. 9 of c¢rude
(21 { -1 2 vttt dsing Fte CeParen P Tee e T i h G HLIE A g P toroS (-
H-benzoi nilgtagaéihPhptenoiydthipyyfanste T=CMA mk 6275 (MHD),f, unyomet hyl - 1

Him dazol -4-yl) 5 nethanol which was further purified by RP FIPLC
(reverse phase HPLC) to give 1.1 n¥6faPl¢ kb pure conpound (98%

purity). LC MS m pr@fhtidn 6MAt)-{2-B-FiRoA0s-H iforEXAR) e famino)-
1-methyl-1H-benzoimidazol-5-yloxyl-pyridin-2-yl}~

10 S-trifluoromethyl-1 H-imidazole-4-carboxylic acid ethyl ester
cH,

F Oy-0
Cf NIAL
N Oy .
AT TCN i

H,C

F

2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)- 1 -methyl-1H-benzoimidazol-5-
yloxyl-pyridin-2-yl}-5-triftuoromethyl-1H-imidazole-4-carboxylic acid ethyl ester was
synthesized using similar procedures as described above in Example 1 using 2-Fluoro-5-(tri-
15 fiuoromethylpheny! isothiocyanate. LC/MS m/z 609.5 (MH™).
Example 15
Preparation of (2-{4-[2-(2-Fluore-S-trifluoromethyl-phenylamino)-1-methyl-11-

benzoimidazol-5-yloxy3}-pyridin-2-yl}-3-trifluoromethyl- 1 H-imidazol-4-y1)-methanol
. F .

__<

F OH
F F
d N RN N”§~F}'— !
HC
20 Red-Al (sodium bis(2-methoxyethoxy)aluminium hydride, 65% wt in toluene, 0.1
mL) was added dropwise to a solution of 2-{4-[2-(2-fluoro-5-trifluoromethyl-
phenylamino)-1-methyl- | H-benzoimidazol-5-yloxy]-pyridin-2-y1}-5-triftuoromethyl-1H-

imidazole-4-carboxytic acid ethyl ester (0.0104 g, 0.017 mmol) in toluene, Effervescence
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Preparation of

2-{4-[1-Methyl -2-(4-trifluoronethyl-phenyl am no)-1H benzo-

i m dazol - Sy sxydzepyri di n-2-yl } - 3H1 m dazol e- 4- car boni t p¢l@s20bw/d51dss N
NN O 10 HC A slurry of

{1-methyl -5-[2-(5-trifluoronethyl-11-1-imdazol - % n%(l‘ldl n- 4-yl oxy
]- 1H ben%ﬁ ?ﬁsﬁéf%ﬁﬂfbﬂ@ql}zﬂ(mmt HiefipasHp it ﬁl‘;ﬂ“glﬁﬁﬁ‘e‘fﬂﬂﬂ @ peHad exlacted

prepared aaeadhng 8 oBXAERLE: bl hufiRaOvitstdoERl) o8 d@S0%0 HliHng

(23 mL) in MeOH ( “Was ‘seal ed In a eated t6
3 h. Aft efvonpma%a@ g;\@rﬁ g §iindersd2 6 ripi(ZtlaoteyS-rgluBmethgd-phenydanside)- 1-

e Lon TR 0, 8 SCRRLSL 07 LUIRGL 08 BOCIL) oDt

][ he aqileomsthpl’mhnbmlohasamrthaqmeﬁe&\by RP 1&1@\(16‘(0286)(}31593 HED,C)Sg?va)gﬁgrg o
ayers were conbine e ,

co%cef\t ra Eglllefﬂ@p%lmﬁlo@@%ﬂ%ﬁ@m E\%@gé é{g%%@%ble@?]éﬂtg %4@§‘"Ngnd purified

by flash chronatography to give E\[qmplelﬁ

2-{4-[1-nmethyl - 2(4tr|fluoronet% -1 -be

i ni dazol - 5- yl IX¥SHAPPRI di ¢ 2- 30-L5Pg ] &e&d{l@um@sﬂ%bphewhawoé&Habenzo-
whi t e solmgdaszéy@xypﬁﬁmaqqtaﬁwda)mleﬁx@mﬁmel7 59a The conpounds

shown in the fol |l es 17-59a) were prepared from
foll owi ng the procedures descri bé or Exanpl -16. Various

starting materials used 25 in th s@;& F‘le corrpounds will be
apparent to one of skill in the art {i M ; Langlois, B.;
Waksellman, C. J. Chem Soc. Perkin Tr”e?ns 1 1990, 2293) -68 WO

2007/030377 PCT/ | t
2007 30577 TSR O Btk B S s

[2-(5- pheHifibemmldﬁ@éricbﬂ} - yllf)mrom'leﬂpwh@y&ﬁ amipk oxy} - Prpliehzecarding  to
I m dazol ]%4%14:%3 L @l . 3 %1111%@ p 1? 2% {;Hﬁt@é’ n'L% 1l BleOR (RB%'Q’)'WAS Kea PR 23

' m dazol tube and heated to 14D°C for 3 h. After the reaction was judged complete by LC/MS, the

15 crude reaction mixture was added to a separatory funnel and partitioned with EtOAc (50)

and water (30 mL). The layers were separated, and the agueous phase was extracted with

EtOAc (2 x 50 mL)., The organic layers were combined, washed with brine, then dried

(MgSO,), 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-

20  imidazol-5-yloxy]-pyridin-2-yl}-3H-imidazole-4-carbonitrile as a white solid. LC/MS m/z

476.1 (MH"),
Examples 17-59a

The compounds shown in the following Tablc—:l 1 (Examples 17-59a) were prepared

from following the procedures described for Examples 1-16. Various starting materials used

25  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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N\ \ 1H benzoi m dazol-2-yl}-(4-tri H-N N H
fl uor onet hyl sul fanyl - phenyl )- yd am ne 19
3-tert-B -{1- - 5-
(SIS S (RSSO e
2-yl)-pyridin-4- onxy]-IFLbenzo- H N i m dazol -2-yl}-amne H3C 20 [4
-(tetralrydro-furan-3- 539.3 phenyl [Table 1yl ) - phenyl]-{ 1
-ne;SyI-&qhénﬁﬁytrl 0 " Fsfrihdsgeonmet hyl - TH i m dazolNawyl ) - H-N N BH:
pyri di n- 4-yTXY] enzo-"Tm dazol - Z- yl B1&BE/ 1-gheB)-{ 1-methyl-5- | 515.4
Eg- {3; Io;r}); 8?3%{ )h { lﬁm,hyl 5-[24.-52 d z—%wnﬂ-EH ﬁgdazol Z-ﬁl)
- I dil,n; -H ¢
I m dazol 42-yl }-am ne ﬁ"ﬁgﬁ?cﬁiﬁzﬂ Fl uor (ﬂéd;;§gbg%ﬁmgﬁgzr10yl )-{1-
511.3 F nethyl -5r[2- (5t rifluoronmethyl -l &
knldaZOIBZ-wm)-pyrlﬁum 4-yloxy] H/ " lﬁkh@ﬁwhﬁﬁ?ﬂ%zbﬂw?lﬁi} anb pie3
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H,é’\l amine
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d N methyl-3-[2-(5-trifluoromethyl-1H-
) ~</N:(>/° B ’ NoF imidazol-2-yl)-pyridin-4-yloxyl-
ﬁH & #N 1H-benzoimidazol-2-yl}-amine
95 Ry (2-Fluoro-5-trifluoromethyl- 537.0
NN phenyl}-{1-methyl-3-[2-{5-tri-
" OG)LN S fluoromethyl-1H-imidazol-2-yl}-
F ffl_(’NI)/ i pyridin-4-yloxyl-1H-benzo-
H,C imidazol-2-yl}-amine
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imidazol-2-y1}-aming

31 F (2- Kl uoro- 5

29 2-{4-[2-(2-Fluoro-5-triflvoro- | 494.1
methyl-phenylamino)-1-methyl-

C? \C]) D= IH-benzoimidazol-5-yloxy |-

pyridin-2-yl}-3H-imidazole-4-

“a carbonitrile
30 e 2: (S-tert-Butyl-2-chloro-phenyl)-{1- | 541.1
: . N e methyl-5-[2-(5-trifluoromethyl- 1 H-
o ﬁ"{:ﬁ \Gﬁ*ﬁ £ imidazol-2-y1)-pyridin-4-yloxy]-
H¢ [H-benzoimidazol-2-y!}-amine
31 . ' (2-Fluoro-5-trifluoromethyl- 613.1
. i % phenyl)-{1-methyl-5-[2-(4-phenyl-
\ o NN S-triflyoromethyl-1H-imidazol-2-
¢ H.4Nj(j (YR T y1)-pyridin-4-yloxy]-1H-benzo-
e imidazol-2~y}}-amine
32 . (2-Chloro-5-trifleoromethyl- 629.0
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. o \I/NL\ F S-trifluoromethyi- 1 H-imidazol-2-
¢ gg—(fN:@/ \(;N ' yl-pyridin-4-yloxy]- 1 H-benzo-
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33 . {1-Methyl-5-[2~(4-phenyl-5-tri- 595.1
N % ﬂuoxc'lomethylwlH—imidazoi-Z—yl)-
N 2 Ny pyridin-4-yloxy]-1H-benzo-
m—%::@o i :‘N NoF “fimidazol-2-yl}-(3-trifluoromethyi-
HE phenyl)-amine
34 (3-Ethyl-phenyl)-{l-methyl-5-[2- { 555.1
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d o N,l‘q\ F imidazol-2-yD-pyridin-4-yloxy]-
ﬁ-é,\.:©/ (Rt 1H-benzoimidazol-2-yl}-amine
H,C
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WN_ey,  |4-phenyl-1H-imidazol-2-yl)-
N e ve idin-4-yloxy}-1H-benzo-
} i pyridin-4-ylox;
* HH*E,ND/ o _ imidazol-2-y1}-amine
39 o (4-tert-Butyl-phenyl)-{ 1-methyl-5- | 529.3
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H_q:D’ Cy W (3-trifluoromethyl-phenyl)-amine
G
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N 2 N 1111
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ﬁEJ* A amine
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Q__}} phenyl]-{1-methyl-5-[2-(5-tri-
¢ .
N fluoromethyl-1H-imidazol-2-yl)-
— Ij"@*ﬁ? pyridin-4-yloxy}-1H-benzo-
e 4 imidazol-2-yl}-amine
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F \Hac'o methyl-phenylamino)-1-methyl-
N ’1}—\(0 - [1H-benzoimidazol-5-yloxy]-
F H’ﬁ:@l " pyridin-2-yl}-3H-1midazole-4-
H,E carboxylic acid methyl ester
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(2,5-Dimethoxy-phenyl)-{1-
methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-
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(3,5-Dimethoxy-phenyl)-{1-
methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-amine
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{1-Methyl-5-{2-(5-trifluoromethyl-
1 H-imidazol-2-yl}-pyridin-4-yl-
oxy|-1H-benzoimidazol-2-yl}-(2-
trifluoromethyl-phenyl)-amine
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(2-Bthyl-phenyl)- {1-methyl-5-[2-
(5-trifluoromethyl-1H-imidazo}-2-
yl}-pyridin-4-yloxy]-11-benzo-
imidazol-2-y1}-amine
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(4-Ethyl-piperazin-1-yl)-(2-{4-[2-
(2-fluoro-5-trifluoromethyl-
phenylamino)- [ -methyl-1H-benzo-
imidazol-5-yloxy]-pyridin-2-yl}-
3H-imidazol-4-yl)-methanone
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HJ—OH

Fdwr; o

2-{4~[2-(2-Fluoro-5-trifluoro-
methyl-phenylamino)- I-methyl-

1 H-benzoimidazol-5-yloxy]-
pyridin-2-yl}-3H-imidazole-4-
carboxylic acid (2-hydroxy-ethyl)-

amide

556.1
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H,C
58 PR 2-{4-[1-Methyl-2-(4-trifluoro- 538.1
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Preparation of (2-Fluoro-5-triflnoromethyl-phenyl)-{ 1 -methyl-5-[2-(5-pyridin-2-yl-2H-

273



F\ phenyl am no) - 1- net hyl - | H benzo- H i m dazol - 5-yl oxy] - pyri di n-2-yl }-
N,c 3 Himdazol -4-yl)-nmethanone 52 2-{4-[2-(2-Fluoro-5-trifluoro-
556.1 F~ . | - phenyl ami no)-I-methyl \ Fyqi H i
I1-1- benzoi“%’i{?%ﬁogﬁ- yl oxy] F pyridin-2-yl}-3Himdazol BCHUSIY0G34088
carboxylic acid (2-hydroxy-ethyl)- amide -72 WO 2007/030377
PCT/ US2000/ 034088[1,2Katable3-ShpytdiurdeyiNai] viel-Mozb i oF2 & -amine
{1-Ethyl -5-[2-(5-trifluoronethyl:_551.1 F p

=N

1H i m dazol - 2-yl) - pyridi n-4-yl FVeN | o~ ry
oxy] - 1H benzoi m dazol - 2-yl } - ( 2-§;§0N F N
fluoro-5-trifluoronethyl-phenyl ] -
(2-Fluoro-5-trifluoronethyl - 567.%@&@{-}\ 6- met hoxy-| - met hyl - 5- '\
N _ OFF([2-(5-trifluoromethyl-Ikeimdazol FH~No | iN
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(4-Eth),|-piperazin-1-yl)-(2-{4-[]- 591.2 F NJ .
met hyl -2- (4-trifluoronethyl N phenyl anino)- 1I-1-benzoi mi dazol -
a~N N 5-yl oxy] - pyridin-2-yl }-3@

H,/g i n‘igazol -gnyl)-nmethanone 57 F F
{1-Ethyl-5-[2-(5-trifluoronethyl . SIS =
H i i dazol - 2-yl) - pyr i di n-4-yl HN_</N L

Step 1. Synthesis of 4-(4-Amino—k3—nitro—phenoxy)pyridine-Q—carbonitrile:
OoN O\C/N
IBERe
Pétassium 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
10 (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/FH,O (500 mlL) the precipitate was
collected, washed (H:0), dissolved (EtOAc), dried (Na;SQy), filtered and stripped to a
solid. This was suspended (Et,0), collected, air~dried 4.1 g (73.53%) and a second crop was
15 collected (0.55 gm, 10%). m/z=257 (M+1).

Step 2. Synthesis of N-[4-(2-Cyano-pyridin-4-yloxy)-2-nitro-phenyl]-2,2,2-

trifluoro-N-methyl-acetamide:

N
N OzN O S =
ON O~ | 4
O —| WO C
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N
ON SN
- \ND/ i =N

Fso N0 3
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F- Z-F 2-{I - I\/EPb\tyi;suﬁn[c@&k(oﬁatBrQIfd porwas JBi8d.i18 veaclo with heating, cooled to room

Ze;: gily] 1'{%_}5;1?& aé?:% agz/lgf: 1‘[31%” din dej\h]q'ilp};etﬁad\l %ﬂ: mL) with 4-(4-amino-3-nitro-

)?:| ?Im R/g% h%fm?b‘ﬂgyﬂ%m@twﬁmphengﬂg% gy heler Eﬁ’aog%nF This was cooled to 0°C and
-{I- - ri ro-

met hyl - | thlﬁl;.}oa%fgﬂlc 3l fh)ldﬁ‘g rgolap}]w%adﬁeq ngat, The siapting material goes into solution
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HNHC e 60 Preparation

2- FI uor odghanﬁln¢thWow@@W|(Hp£a;ewyN§1C19=1drwét(Kg/¢Oﬁ fiberpdans siipned 1o 2 yplloy
- 73 WO 200/ / ‘@93?%73 g\g )38?1‘99 9{0%6% used Bnthout purification Iodomethane (0.53

(

[1,2,4]triazol i n-4-yl oxy] - enzoi nal d azol 2-y)) -am ne
FFFN = \easl\adﬂmw@\swpensipmqﬂpoﬁ@@n@rc@mn@tﬁu(bﬁs%g) in dnnethylfmmamlde
4
b

L2 A B bl OO LRGN 3 A karde RN ithogbd ™ The suspension stimed
10 at room temperauue overnight, then pourcd onto -0 (300 ml), extracted (Etz0, 3x 150
mL), the combined extracts were washed (H0, aq. NaCl), dried (potassium carbonate),
filtered and stripped to yield an orange oil (7.4922 g). m/z = 367 (M+1). .
Step 3. Synthesis of 4-(4-Methylamino-3-nitro-phenoxy)-pyridine-2-carbonitrile:

=N
OZN]@/O@//
HT =N

15 NaOH (1 mL, IN aq.) was added dropwise to a solution of N-[4-(2-cyano-pyridin-4-
yloxy)-2-nitro-phenyl]-2,2,2-trifluoro-N-methyl-acetamide (3, 440 mg) in ethanol (6 mL) at
room temperature. After 40 min, the mixture was diluted with HyO (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)

20 Step 4. Synthesis: of 4-[2-(2-fluore-S-trifluoro-phenylamino)-1-methyl-1H-

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

ZN
=N HoN a M CFa FaN ° T\ ~
\:I©/ I/N T N 2 /&
N H N7 s
4 5 H

CFy §

—_—

Roora
/
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NNl FHN-QN/ N 5 Step 1. Synthesis of
4- (4- Am no- 3-ni tro- phenoxy) pyri di ne-2-carbonitrile: 02N O N H2N N

Pot assi um weponat-e (9 g) was dried in vacuo with heat }’8?”;5@9@3%3t0

room tenperature Linder nitrogen. 4-Am no-3-nitropheno
4-chl oro-2-cyanopyridine 10 (3.0 g) and dinethyl sul foxide (30 ni,
anhydrous) werRalladidedon Tirbosyéd e, We% wiv)rwasdsugprided in Masei2 agl)iwnder

was heated. to 103, C d held at this .temerat 0 .

eact on bSerh onng besnibe Eufendn st agtEhREEA iSOl fsbitbendfor 4
preci pi t afilpAsminEPhitechiedoxashiathe{ ld2dhitrikti (8 Sbingg dn M=OBAC) mLd et edm
(Na2s04), fil t_er.ed and stripped to a  solid. }hl S was uifeend%g iy
(Et 20), clrieetus, Hhe aprqsaes vasyerchanssds with pydrogeh o Efopy (ks sty

col | ecs edy0::98y Afderl 9%m HJIEGERR Fof WD, - THE efn@sphS¥nivheslics &dchanged for
N-[ 4- (2- Cyano-pyridin-4-yloxy)-2-nitro- phent%((! 1-2,2,2- .
trifl uor oniNoget He -mixsrarnvete filtref oplite apd the Eiigge pvassgpedy grithouty gy

2007/ 0303%&-%@#198%90%934%18 (Bekassi um garbanat@s(1ag+g) vwas-glihesl
in vacuo t eating, cooled to roomtenperature and suspended in_
di chl or ongtfhamestidOphehylispittidrydnaie {256 mg- Fanidded o a solution of compound 5 in

phenoxy) pyri-di pe- 2-.carhonj t.ri | 2.0 Q) o Iy pitr » -
cool ed tox%gq%ﬂg n%t‘)ri l]letf(%irutct)lg%&%? ét”"éer%‘h@)é?%g&&{ﬁﬁ' #T_ ?\E}I/gsrg%g%d, §%1ug§%d.
The st@rt targplomy fhivédoug 0e6lsi(hBceqs Addtinginwds added  theasacsiddiandl ¢ jesulting
made. After 10 min.at OC, the m xture was diluted wth _—

G chi or onBvHARaeS i He TopposmRt e b Rl kdson pyvpis s g
stripped Py aeielid:9Wunddabhtaiie—BEA L MilvaterT hThe piyeguetre wasarats@tnd the
wi t hout purification. |odonethane (0.53 nl) s added t

. . a .
suspensi oAIUSPUPHIRESSFUFIBEPHSHRLEOMT: 4B oggphie Yai‘sr?ﬁ?l‘ﬁwrlg?% e Wik
(30 nL cogfaifln 9%1%9{?33 oA R sdiuBolMader, URHET it I @88 Ndridh e MeSOs), and

suspension stirred 10 at roomtenperature overnight, then poured onto

H2O (390 ndncententack act Bas ( Erapaial 3%vag sehrompographesl cledsiigngd Veiep r AdgQH I

wer e washed, (151 - ety B 1188hsd ROY ASKLUBERORANGL &) o fvidid Gfofl

and strip 158&)%%“63]?&3[3 1arsii\ﬂg?g:a egeg%ﬁ%?%%ggﬁjé?. Dﬁ?’/bz = 367 (wl). ¢

Step 3. Syahpesig. afi/z=428 (M+]). o o .

3~ (4-Methylam go, 321t &% RN ioRHick BRerf DS ALRABYLS 128 b 21 Db
[1,2,4]triazol-3-y1)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine

CFa

2 I
N ° S W)
ESIene e

20

Step 6
4-[2-(4-F1uoro-phenylamino)—1—met‘nyl-1H-benzoimidazol-S-yloxy]-pyridine—2-
carbonitrile was solubilized in EtOH (0.1M) and NaOEt was added (1 eq., 0.5 M in EtOH)
followed by piéolinyl hydrazide (1 eq.) and the solution is heated in a microwave for 2000
25 scconds at 140° C. The reaction mixture is then concentrated and purified by reverse phase
HPLC to yield the desired product. nyz =547 (M+1).
' Examples 61-64
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15 NaOH (1 ni,

of N- [ 4- (2-cyan-pyri di n-4-

yl oxy) - 2-

n\\td' ﬂ%ﬁ

i n et hanol

ﬁg\,}él] 2,2,2-trifluoro-Nnethyl-acetam

roomtenperature.

di |l uted vvlth 120 (20 m.) and cooled to
were col | ect edThwva)s‘rpednC(SBlmm)n thadolwiwinglFabbel? Fixamples§ 1 {(6g4 Hpre pregared iyl

(M1) 20

4-12-(2-f
benzoi m dazol -
CF3 02N 0 2 \' N NI

uor o-

ﬁ%‘ilgglngghc-f‘

de 1U1C C%SC].

TUor oo phe

5- onxy] pyri di ne-2-carbonitrile:
iNV NSH46 CF3FHG6 N F HN<I

"H/

IN ag.) was added dropwi se to a solution

After 40 m n,
0C. Bri

emx

st BRS04 - et hyl - 11
HZNIVOV O N H N i N

ﬁgT/{Jg’Ztl Yo %Qqug)

ght orange crystal s

N 7

-75 WO 2007/030377 PCT/ US2006/ nQAnQQT'ﬂ?ﬂ" | adium-en—earbon—{46-rg—10%
ww was| sugRgrRded in M Qhihfkdypsrl) under nltrogen Nike resul ting MHu+
suspensi pn was ddded, under nitrogen, TP a sngensmn of 4-(4-
net hyl anj no3- ni -thenoxy) sMdi ne- 2(@6((415 -Flipreed-ifhuoreny) il nS09e0H
(3 m.) at room pper at ur e. e atnosp ch
hydr ogen| and t He N ) rﬂed 5 vigofo ?Jt@l?ﬂéﬁgﬁﬁ @nat%ﬂm/drcgen
for 1 1-r. The at rmg t hen exchdhlyesizbiondazol-§-ylogeh, the
m xture was filtiere (cellte) and the f|]ltrate ut]
further |purifidation in the next react}{ ’5Hdmr%'3ﬁ]\pq%2us;‘?]t %)
2-fluorot5- trifil uoronet hyI phenyl i sotii yﬂ))cacau@aﬁxele(ZSO rrg) was added
to a sol ptign of] cgppound 5 1 p—~ MeOH (I0_ni). Th&ﬂgo ut i on was
stirred pt Péflux=for 2 Irs,k("m &t the [(Edétsehelasriredged o | 5962
conpl et e} anhydr|g nf@i 44 eq., 244 @;gglhﬂpg{qggq%mmqq .reaction
and the resulting was stirred room tenperature overnight.
The crude reactilon 'fii xture was added tj’YBd@élp&élP%)t}o}ylth)’hﬁb{r
containipg Et CAG and water. The | ayers Bllﬁﬁgﬁﬁéﬁf 2 Al khe
aqueous phase wds extracted w th Et OAc. e or gani gyers wer e
conbi ned] washed with saturated aqueou311ﬁda2@@€hﬁqihamlbm,nnwater and
brine, then drigd {MySO4), and k5 conceptrated. teri Wa
chromat e gghed ad| ent 0-5%MeCH | n%d\?@ﬁﬂé @ﬁ@ttﬁga%m&? %‘ 2
gel) to soI ate M@und | N)22B[ 1% ANkl - ?fifr)mymdmnzpound 4.

- N—& ’ .
M z= 428 (Mk1). R ’@ yloxyl-1 H-benzoimidazol-2-y1}~(4-

trifluoromethyl-phenyl)-amine
F
64 F (2-Fluoro-5-trifluoromethyl- 538.2
! ‘ phenyD)-{ 1-methyl-5-[2-(5-tri-

;iwizr o*u .

_ fluoromethyl-2H-[1,2,4]iriazol-3-
yD)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-yl}-amine

5

Example 65

Preparation of N-(4-hydroxy-2-nitrophenyl)-formamide

O,N

=~

N
© H
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Step 5.
(2-Fluoro-5-trifluoronethyl-phenyl)-{1-nethyl-5-[2-(5-pyridin-2-yl-2H
- [ 1,2, 4] g Aghsusry 1) - pyridin-4-yl oxy] -1 PCT/USR0L6/034088
H benzoi m dazol - 2 2-yl}-amine CF3 HNNN N_ F HN-~N O \ N / N 20 Step
6 4-[2-(4-Fl uoro phenyl am no) - 1- net hyl -

H ben20| m dazol: @MCWZ-WWWMM@M@E%Whernlq:p@qﬂei@ccy,émam fliefeloing
EtA -1 ich: apd NaOEt was added (1 eq., 0.5 Min EtO-1) followed
by pi CO|I€ %ydramde (I eqg.) and the solution is heated in a

m cr owave 1f or 3600p 253-4¢Sardikedateadtitd ﬁ};slcTﬁte:dr‘e'ahtaildntemaktmmlatsretmebt,

concentrat oo 20 Bk Bt SYBLS BaMIRSSu kR Cobl lbhe S5abies

PCT/ US20001034088c! abkde: itoogea tdels Fhlshwie eavidrhati ohib@nifad hatke. 2

Exanpl es ,61- 6 wer e d he rocedure descri bed
1£or garrplze 60. "’I“gﬁla‘éet’g E%Zd‘h% éﬁéﬁ?{d& \gd“ﬁgn‘é“ SRS IE 4. N
(5-{4-[2-G2-Fl @ﬁﬁl@c%ﬁxﬁbhbl‘d%% ﬁ?gn 2ne ?OITION'(ﬁl{ B dWh@ml is Nb!serlf&l due to the

net hyl - phenyl am no) - 1- et h
1H benzoi ni dazBlixiBE gﬂlﬁb&lﬁ}eacﬁb%be&wwnﬁnvw)mw[df apd Jqrpiq asiBi - 3-

%"5) { gcgtSO(wélt IrEI }S?/L mgmgl(la r'ﬂeélgfl?ehdﬁ}f_e !SPF_) %Ecé gniu topGOIzICjTl\Ild ﬁtallt[\llleﬁmg. After IT reaches

met hyl1V- 2H-[ 1, 80°4), st aadahai@aip|fpranothey? helirh- 4- yl oxy} - 1- met hyl - | H-
3. Cool contents with an ice bath.
6. When IT reaches ambient temperature (ca 20°C), start adding a solution of 4-amino-

- 3-nitrophenol (160 g) in 700 mL of anhydrous THF (tetrahydrofuran) vig the 1-L
addition funnel in portions so that IT does not exceed 40°C. The product starts to

15 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.

3. Monitor the reaction progress by HPLC. The reaction normally takes less than |
hour.
20 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 genile
air or nitrogen bleed until a consistent'weight‘ is reached.

25 Lxample 66

Preparation of 4-methylamino-3-nitrophenol
O,N OH
\N: :
H

A-Methylamino-3-nitrophenol can be prepared according to the following procedure:

1. Set up a 500 ml., 3-necked reaction flask fitted with an intemal temperature probe,
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benzoi m dazol - 2-yl)-(2-fluoro-5- trifluoronethyl-phenyl)-amne F 63
F FkF {1 Met hyl -5-[2-(5-tiifluoronmethyl- 520.2 N NON I f N

2H[ 1, 2, 4] yl)-pyridin-4- " "/ o" MNHG®6 TIUS2006/034488
yl oxy] - 1Ht%)\redn§’g?4#1{'gﬁgzo -2-yl}-(4- trifluoronethyl - phenyf -am ne 64

F F FKF (2-Fluoro-5-trifluorornethyl- 538.2 ~( F N\ o\ N NN
phenyl ) - { 1- met #{ 2 gitjozeq Huety Flysh HENedctor Nt milOgen for 5 minutes,

fl uoronet hyl - Z@I{aggeg\ffg B%( Q%T%F-nﬁ%ogrgggyflo)m % oéb md%ng})r(cg iusl[lﬁPb&%' mL)

i mdazol -2-yl}-amh ara
N- ( 4- hydr oxy- 2i<mhter1@1§tren§hyutﬁd¢rwamsdﬁidﬁ)ﬁeﬂlo@-bl H-77 WO

2007/ 030377 32008 t rophenyl ) -forrauni de
can be prepar eé{ accoér)0 Plﬁguf? lfjﬁgl- 1(‘}’8* Q%Wfﬁgysépﬁégwgngels 0wyt up a

3-L, 5-5necked Réatteiremtibh aﬁiﬂufelfbi Fonituiteh aBomtBpdakd enper at ure
probe, mant | e, condenser, nechani cal

h
stirrer, t eémegz\ﬁﬁi lﬁeoc 9%128 glldﬁzﬁb‘égrﬁ%‘?%‘éﬁe visleateddifipymnelhe
react or wd h nistir Ql%'ﬁeeﬂcbﬁén ForToRH 188 akt ngﬂﬁ&gﬁw. &%Ei‘l(ﬁ'}. wqyﬂfdd“ %%%r%z

) totheflask tir under nitro . arge form-c” aci
in one portioneEd @x@%ﬂ?@?lﬁ{w@aBb?g?&ﬁe@We to the mxing and t he

reaction betweemaged H@L@’miﬁg[e' %@w@ﬂ% staPtis 1?1% 4 lqg 1ess %@??to o 0%%2%‘#1%%

tenperature (1T) end pol nt sta
10 HCI (40 mL) vig a syringe over a period of 10 nnnutes
8. Stir for 60 minutes.
9, Add 1 M NaOH as needed via a syringe to bring pH to 7 + 0.5,
10.  Pouwr the reaction mixture into a 500 mL round bottom flask and concentrate under
reduced pressure (20 mm Hg, at 25°C) until ca 100 mL of clear liquid is removed.
15 1I.  Add water (100 mL) to the reaction vessel. Cool to § + 2°C with stitring. The
product precipitates out as a red solid. |
12, Collect the product by vacuum filtration through a coarse fritted funnel. Wash the
filter cake with water (2 x 20 mL). Air-day anﬁ then dry in an oven at 50°C / 27 in.
Hg until a consistent weight is reached. Submit samples for analysis.
20 Example 67

Preparation of 4-chloropyridine-2-carbonyl chloride

Cl
sy

| N Cl

O

4-Chloropyridine-2-carbonyl chloride can be prepared according to the following
procedure:
25 L Set up 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 § M NaQH
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10 60C, stir and maintain for another 2 hours. 5. Cool contents with
an ice bath. 6. Wen IT reaches anbient tenperature (ca 20C), start
addi ng a sl u | 4-am no- 3-nitrophenol (160 g) in

anhydr ous %—ﬁgﬁd ?Qst[}?&hydrofl iiran) vice the 1-L additi oég? U@mu@fmuxs
portions so that | T does not exceed 40C. The product starts to 15
preci pi tate out wWtignyal |stwed etithch mignevh atirrérh e laddilti roqtidrSwigl0 AR BLreBr 5

repl ace the ice a tle. Set IT end point at 60C
and start heati nﬁmﬁ% % Shlgf)ﬁlén&egﬁjc‘,ﬁf)gn progress by HPLC. The

reacti on no?nal |cyhem@d<thmnymmzdaqm 18L) (Bt rencl®, RB1loWbeDy }a&%ss%%}ohﬂ& (38.4
material is <1l area% adoj[quOO nL of water, Cool to room tenperature

with an ice bath BYE Mlral: Wirg (cpyOU@Etum fil tration. Wash

the filter xake @Mdé&p’i@@i@ibd&d@%gy@t@gma&rr dry, and further dry in
an oven at OC g#? vacuumw th a gentle air or nitrogen

bl eed unti | %T@g%ﬁ‘ﬂd P\%F‘gfﬁtso i’S apdsietbertings Exanpl e 66 Preparation
of 4-met hylam NOPaR

4- 1Vl et hyl ani no- 3- ?1? %élgey%ﬁgﬁb%%%@ge%@ﬁl eéé‘ess ¢ HI(H‘%Q 0§ rpaggon nomally
fol | owi ng proceddicearound 145dpumo go BO@mpletiod- Fetekded heathigt wiolneduiais knore di-
fitted with an i ﬁog{%} al, tenperature probe, -78 WD 2007/ 030377

PCT/ US2006/ 034088 and a nitrogen inlet. Flush the reactor with
nitroge® fdr 5 lerrmllttbtswaQtlmﬂSalegtﬁed complete (less than 1% of picolinic acid is fresent in

N- (4- hydr oxy- 2- |tro hen or nd anhydrous THE
m) to the readtdf® lg{lll %H‘Fé’ Orgz]l a?l?fg é?FeFWH% hygineomaieur ry. 3 Add
the boron taifl ﬂVd{eMd]@eHh@bBMkvﬁPCetﬁe@isﬂr{lﬁ ﬁﬁnd%hm PeaSiydr MER ﬁh‘%%%gL

5 4. Stir the reaction m xture for 30 mnutes at roomtenperatur
Add the sodi um B8FBh{HE 79%“”@1010&1“@1)3 pofisfes hewinses toitlze rh fhiddi Réroove excess

funnel . 6. Stir sble dngashbke{@r reﬁp&dgﬁ’ EuiQnﬁﬁlﬁ@tptlﬁ%roéegseﬁ/ftleact+O%7m]l3 Yr

1 PLC ﬁvery hour thereafter.(reaction typica our
When t HPLC sipljine Kmoqxe @1hE01V631€~' aeldinggp :rwlbe'rqraigenshdl eﬁslut:ﬂme{ﬂ()(lxn@) %es

?nl (r)l\llj\llt gsadd 1 19dd¥h I‘Hhe gé"l@tl&’l‘%l%hf@ ﬁe&l’ftfnlgnr%mu?e\z/ \%Eis caueee on t% thegc ne}xto step.

Example 68
Preparation of 4—chloropyridine—2-carboxylic acid r~butyl ester

Cl
Q
50
R

20 4-Chloropyridine-2-carboxylic acid £-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-t-butyl dicarbonate
25 (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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8. Stir for 60 mnutes. 9. Add 1 M NaCH as needed via a syringe to
bring pHto 7 0.5. 10. Pour the reaction mxture into a 500 nL round
bottomfla centrate under reduced pressure (2 ,
250) untilagﬁ ?g%ﬁ%ﬁ of clear liquid is renoved. 15 11_9g§@9a£?%%@*
(100 nL) to the reaction vessel. Cool to O : 2Cwth stirring. The
product prgci piTigtrestiontvaasllavedth Sovliydome2yp tCoddnetamp O oahdctirgg for
vacuunlfiltratiﬁﬂ t hrough a coarse fritted funnel. Wash the filter
cake with water'® ("% 20 nmL). Air-day and then dry in'an oven at 50C /
27 : n.  Hgs.unt iwhé ¢@R&cSteRtdev@b@bdmpise heag NPAC (Sabimgtmaatyl<ebs toa %)
anal ysis. 20 Exanple 67 Preparatjon of 4- oro i disne-2- carbanyl
chloride ¢ N iy reagriongvasiyashespyify arie@o cﬁng&[sﬂ&y%ﬂ?g?qlééO@éﬁ%-
prepared agcor difadehQiohNBixhied hRAWcHEenRHQE e @eduddl Bressted td idoe Bolkene
5-necked reaction flask fitted wwth an internal tenperature (IT)
probe, a tenpenatresdatpnidist | er, heating mantle, condenser,
mechani cal o stir ! i . .
od UARH and 920 1RHch Gfon Wb hidPwaS cdi€ntrated und
condenser that rfog‘&eéigg%de({:lﬁ gg&fl %{Hg% %T g%-ﬁneééltlg (Fllfoalui (}j( tr:ap %ﬁlat Iaieé uinn61
turn connect ed reducad p@siwrsorabbibethe fdedited grodiueth approx. 6 liters of 8 M
NaOH -79 WO 2007/030377 PCT/CSZOOO/H§ﬁ9§869soIution and stirred with
a magnetic stirrer. Flush the react ‘amﬂ?lnitrogen for 5 mnutes
and thgn shut of f nitro@gepafatiomos £(4-fedhygmiidad-oipbhelokp)y-i de (1. 18L)
to the reactor, followed by pofassiumbromde (38.4 g) while
mai nt ai ni ng noderate stirri RFEER-SY mﬁﬁﬁ@?gﬁﬁggfc%ﬂarge pi colinic
acid (397 g) to the reactor. 4. Set the IT end point at 80 C and

start heating. 5. Take sanples and nonitor t®e rieacti on progress by
| -1 PLC. The reaction normally ONakes 0 .Aﬁ@rs to go to '
i n o

conpl eti on. Extended heating w || sul t|| e di- chlorination. 10
6. Wen the reaction is deened~gonpfete s than 1% of picolinic
acid is present in the reactiofl mxture), stop heating. Renove the
heating mantle. 7. Wien the IT is below 30C, transfer the liquid to a
3-L reaction flask. Rinse the 5-

4-(4-Methylamino-3-nitrophenoxy)-pyridine-2-carboxylic acid /-butyl ester can be
prepared according to the following procedure:
15 1.. FEquipa3 L round bottom flask with a mechanical stirrer, thermometer and nitrogen
inlet.
2. . Charge the reactor with the K2CO; (123 g).

Bring the reaction vessel under inert atmosphere.

4, Charge the reactor with 4-methylamino-3-nitrophenol (100 g), 4-chloropyridine-2-
20 carboxylic acid 7-buty] ester (127 g), and dry DMSO (1 L).

3. 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 r-butyl ester), pour the hot reaction mixture into 3 L of stiming

cool water (by volume).

25 7. ‘Isolate the desired compound by filtration, as an orange to orange-brown solid.
8. Rinse the isolated solid with water (2 x 200 mL) followed by heptane (2 x 200 m[L).
9. Dry material in vacuum oven @ 45-50°C unti! constant weight is achieved.
Example 70
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reactor with 700 nmL of toluene. Transfer the rinses to the 3-L flask.
Renpbve excess SOCl12 and tol uene under reduced pressure. Repeat the
process W mL of 15 toluene. Renove all sol vegt..ytL ' a
yel | ow ora&l\g)e%ggﬁ%gg Tol uene (400 nm.) was added to the%lejg'(g:ﬁllhghnﬂ&g
m xture. Resulting m xture was carried on to the next step. Exanple
68 Prepar at i on Rykpatatotal driey(miethyhie:2s)Sanibophyehdxy)poiding 2-baubsiticlade er

Cl kNO- O 20 4-Chloropyridine-2-carboxylic acid t-butyl ester can
be prepared according to the follow ng procedure: 1. Equip a 12 L
round bottom flask (4-necked) wg,kh meghani ¢ stirrer and a
thernoneter. 2. Charge the react o@ fol OgneM(1 L), pyridine
(977.7 g), and di-t-butyl dicarbg 2 )20 (855.5 g). 3. Cool
the reactor so that the internal Htenperature is 0C. 4. Add the

4- chl oropyri di ne-2-carbonyl chloride (686 g) to the reactor at such a

rate as to keep the internal tenperature of the reaction bel ow 5C
-80 WO 2007/ 0363 #{mpthylusp0e6aiosaess Bpyrithes-3-eabtlildiydnasanl | pivegrapered

slowy cor;@w%né&@g@g}%@ﬂ&%;&%@_ and stirred for 16 hours. 6. Wen

the reaction 1s e using HPLC (starting material < 0.5
area % tlhe r &guipioilaslwashicthtnin Aaskaridr a (Rrogedinldt, medimnich] MndCland
solution (2 X ﬁ Lx%' 51_ 7. The reaction m xture was concentrated under
reduced pressu TP Fétrove tol uene and residual pyridine. 8. Tol uene
(500 nl) was addede wadeidenwithei-teachyamino-XhioghMasyeonriatT-adsbtkylic
under reduced pressure to obtain th esired product. Exanple 69 10
Preparation of @ 91(“}9 E¥5H1 (& h‘G@%PﬂW&?’%ﬂﬁ'@Loxy)-

pyri di ne- 2- car h@¥elinshcTigy t DWW vies b&tdePru@eN O Gk N

10 4. Cool the reactor until an internal temperature of —25 °C.
5. Add the DIBAL (diisobutylalminum hydride, 1.5 M in toluene; 72 mL) via an

addition {funnel at such a rate as to keep the internal temperature under —~15°C.

6. Analyze the reaction via HPLC or GC (gas chromatography), checking for the
disappearance of ester,
15 7. Stir the reaction at —20°C, monitoring every hour.
8. If the reaction fails to progress after 2 hours, add another 0.5 equivalents of DIBAL

(diisobutylaluminum hydride) and monitor the reaction. Keep repeating this step
until all the ester has been consumed.
9. Once the reaction is complete quench slowly with MeOH (10 mL).
20 10.  Add the potassium sodium tarfrate (40 g) to 200 mL of water and siir to dissolve.
11.  Add the aqueous solution to the reaction mixture and allow to warm to RT.
12.  Add 2-methyl THF (100 mL) to the reaction vessel.
13.  Heat the reaction to 50°C for 1 hour with stirring.
14,  Allow the phases o separate,
25 15,  Remove the lower aqueous layer.
16.  Filter the organic layer through a plug of celite.
17.  Rinse the celite with 2-methy] THF (2 x 50 mL.).

18, Add the reaction mixture to a 500 mL round bottom flask.
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H 4-(4-Meth), | am no-3-nitrophenoxy)-pyridi ne-2-carboxylic acid
1-butyl ester can be prepared according to the follow ng procedure:
15 1. Equi und bottom flask with a nmechani cal £ 1088

t her nonet e&(ﬁz‘)g7/$r13|()§7?ogen inlet. 2. Charge the reactor \?\W%ET F%@Bf&*&os
(123 g). 3. Bring the reaction vessel render inert atnosphere. 4.
Char ge t hd9r ea€pureninpte itheqepation yiinerie -3l WiltbrdeﬁéﬁbPﬂ (100 g),

4- chl or opypi di r o ester (127 g), and dry
DVBO (| L%b ﬁ@?ﬁh‘j %ﬁ‘é@éﬁ%ﬁ%ﬁ%ﬂéﬁﬁbﬁéﬁ and heat to 100C. 6. Wen
t he react i2dn |§tudhemdt1mompdtm‘eé01dshomgatlﬂﬁﬂc (< 0.5 area %

foony ooy, o iier G SRON Yol Bty Bt @, Pour | ne, ol

reaction Xtu (by volune). 25 7.
| sol ate the. de&ﬁlbﬁdha:iﬁﬁd@wmiyhyltﬁdﬁlterﬁilBOmmms @n laruange to

orange- brown solid. 8. Rinse t S ,slldwl r. (2,x.200.

mL) fol | owéd b{lHEH ﬁﬁ’es‘(léiss ‘f IN%}Hg% SETCe ?LhFa?a 1ﬁ01\?§:lc%ﬂﬁ¥1%élh
@ 45-50C unti | m%@@ﬁélaa'ﬂt.”ow@fcgmhdu@ (ﬁﬁﬁkﬁ‘ﬂ%ﬁawofﬂ@@ﬂf&o%@omﬁi} iM@cessary to
2007/ 030377 PC 11US2006/ 034088 Pr epar ation of

4- (4- (et hyl ani%s)c 3 Cﬁlfﬁlrl&lﬁh’éfﬁoxy) pyri di ne- 2- car bal dehyde O QZN O |
H N 4-(4-(nethyl am no)- 3-ni trophenﬁ%y,)lpbérﬁdl ne- 2- car bal dehyde can be
prepared according to the follow ng procedure: 5 1. Equip a 1000 nL
round 1Bott om f | ask wPieharation affc@eh- (‘Iiﬁﬁéltomeﬁﬁféhgﬁii@wﬂ@ -th-er, and
thernoneter. 2. Charge the .rea

4- (4- met hyl am no- 3- ni trof henox({]gog2 wnrégﬁr?d 22mt10b%1zenapme acid t-butyl
ester (10 g) via a powder fu?ﬁ Add 2- et éF TI IF (100 nmL) via

a powder funnel. 10 4. Cool e i'IN“an”i®nt ernal tenperature
of-25 C. 5. Add the DIBAL (d-i yI I mntljimhydride, 1.5 Min
toluene; 72 nmL) via an additiNo unnel at such a rate as to keep the

i nternal tenperature under - Anal yze the reaction via HPLC or
aC (gas chr 0mﬁ@(%gﬁﬁ)mw@wga’k)r%lmlggzog ﬁé/l)pyudm-df yloxy)-N-methyl-2-

nitrobenzenamine can be prepared according to the following procedure:
| 15 1. Equip a 2 L round bottom flask (3 necked) with a mechanical stirrer, internal
temperature probe, temperature controller and condenser.
Charge the reactor with water (590 mL) via powder funnel.

" Begin stirring the mixture and charge the reactor with sodium acetate (240 g). -

N

Rinse the flask used for the sodium acetate charge with water (30 mlL).

20 Heat the reaction to 50 °C,

h

6. Add 3,3-dibromo-1,1,1-{rifluoropropan-2-one (395 g) portion-wise at 30°C keeping

the internal temperature of the reaction under 100°C.

7. Heat the reaction o an internal femperature of 100°C.
8. After stitring the reaction for 1 hour at 100°C, remove a sample for analysis.
25 9 Keep stirring the reaction at 100°C uniil the starting material is < 1.5 %.

10.  Once the reaction is complete cool the reaction mixtwre to <63°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.

30 12.  Charge the 5 L reactor with ethyl acetate (500 mL) via a powder funnel and begin
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di sappearance of ester, 15 7. Stir the reaction at 20C, nonitoring
every hour. 8. If the reaction fails to progress after 2 hours, add
anot her 0. nts of DIBAL (diisobutylalum numh

noni t or thgvcfgﬂ'g\ﬁ?)gﬁ Keep repeating this step until W /'Ug%}:(é(%'}&x
has been constuned. 9. Once the reaction is conplete quench slowy
with MO I (10g#khg 20 10. Add the potassium sodiumtartrate (40 g)
to 200 nL of water and stir to dissop

dd
sol ution ti§ t h&a@acthcor nk xfrer aF\’HJl a%(‘b\(r{}l‘%lgy 2 H‘F:’E 8”%%%6&%3’)%381116 2

2- et hyl TI-Ichl%ngeliisld)s(:mg)h@aﬁ@a&tﬁﬁaﬂelvessel 13. Heat the
reaction to 50C for h

our With stirrin phases to
separate, 125 1Rinsépresvdenunehiith ﬁhﬂé@‘g@e é@é‘t‘ﬁl . ﬂ“it? Etréffaqrhe

or gani I pser t(‘?iglé Qi Gl ok & 14731 Rinse the celite with

2- met h%l “1F 91%9149%&%1 ' 1Q§J ﬁlamr gact :ﬂon m xture to a 500 nL
round bot tiém f [Tasiefer theazfrmlfimm?d 1B@0RYT MiFTF/ ityp Hve) b3zsse to thy 5 L reactor.
Concentrate th reac istillation. 20. Cool

the reaction sy utre Q%iﬁ% IIIH)&F}?E&EBILS 1?0911&3* % @Stl  the reaction

m xture forz. 1 le&ﬁd@ﬁnc 2IQII4GFJ'rII(ﬂérL)t[bmtm]ea@ielmmlmlmguh%@m}eUGgh dhe
course fritted filter i fi

for 30 ninutes "F45HqT }‘?O%Pﬂméﬁm Sﬂﬁgﬁ 9?8%@@ o ulgs ﬁﬁgﬁq%dﬁ N %pgﬂgi

det er mjione t he %tadnﬁlocka@ maﬂwnmet 80Pd. Mher@hakidionaim@BG: £ bmidutdso WleveBd

mL of net hanol q oundf i f necessar}/d renove al cohol
inpurity. Exanﬁq:rgpeyq_mf@cq;b}s% 1ol prRdygt to become redder. ,

4- (2- (5- (tyg 1 yQnomesir ehaiod dHsora dazol - 2-yl ) -

pyridin-4-ylo y-N-rrethyI-Z nitrobenzenamne 2N/ O N N~CF3 N/ |
~N H H 4-192- ( 5ti¢ theirpaatior enistursat)S09C. Solution at ihi:. point is usually reddish-orange in
Him dazol - 2-yl ) pyri di n-4-yl oxy) - 1\ T- et hyl - 2- ni trobenzenani ne can

be prepared according to the follow ng procedure 15 1. Equip a 2 L
round 1ot t2m f INskiof Bremercken pvany hovrantigbhieadtoalis serplelér , i nt er nal

21.  Once the reaction is deemed complete, cool the reaction mixture to 0°C for 2 hours.
22.  Isolate the product by filiration through a coarse {ritted glass filter.
23.  Rinse the reactor with cold ethanol (150 mL). Transfer the rinse to the filter.
24, Charge the 5 L reactor with water (2L).
20 25,  Stirand cool the reactor to 10 °C.
26.  Transfer the wet cake from the filter to the 5 L reactor.
27.  Stirat 10 °C for 60 minutes.
28.  Filter the product through a coarse fritted glass filter.
29.  Rinse the reactor with water (250 mL). Transfer the rinse fo the filter.
25 30,  Dry the wet cake on the filter for 1 hour.
31, Transfer the product to a 2 L round bottom flask (single neck) and turable dry using
a rotary evaporator with a bath temperature of 45 °C until a constant weight is

recorded.
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tenperature probe, tenperature controller and condenser. 2. Charge
the reactor with water (590 nlL) via powder fiuurel. 3. Begin stirring

the m xt urev@ﬂgw&hy ge the reactor with sodium acetate 8%sgﬁw 0340k
Ri nse the fl ask use(] for the sodium acetate charge with wa ( 6

m). 20 5. Heat the reaction to 50 C. 6. Add
3,3-di bromp-1, 1, 1-tri fl uor opr opan- 2 fga@mple®s g) portion-wise at 50C

keeping the interpap, AEIPRIANER. Ol AR AR ARMALR ARG, T, Heat

the reaction to an interna erature o C. S After stirring
the reaction for 1 hour at 4300@) Nlenﬁhﬁbalzsmﬂ’pﬂeh?ﬁl@lﬂe analysis. 25 9.
Keep stirring the reaction at 100C until the starting material is <
1.5 % 10. Once the reaction is conplete cqu the reaction mxture to

<65C. 11. Wile the reactlonHﬁ cool icdg, ch, L round bottom
flask (jacketed 4 necked) wth:"ntﬁ% Rrper ature probe,
tenperature controller, reflex n.,, ns d nechani cal stlrrer. 30
12. Charge the 5 L reactor vmt ethyl acetate (500 nL) via a powder
fimel and begin -83 WO 2007/030377 P CP/ U S 2006/ 034088 stirring.
13. Charge the 5 L reactor with

4-(4- (i etlryl &h@ﬂ(d)(hﬁhwiqmeﬁpmeth'gn)‘ci@wl'r%wlmeu'izin-wmm-Héﬁwexlb%@wg)
via powder f U | ethyl acetate
(200 ni) |1r1’%§ qné %ﬂnﬁbeﬁﬂgg%g aE&) @B%ﬂ%@é@g&%ﬁ%&% “reactor with 95
% et hanol 1.3 E@utpla 2 Tk anafdebotidie sk U abadEhydt reaedhapicalinstictayy éitemal
fromthe 2 L reactor to the 5 L reactg e @n’g rature of 1th 1Eixt,ure
at this point j g peraurerobey gl copitoller, RIOERY R ahd re{lyx cpnflgnser.
portion wize nMuTHat@ thd\@atthewlie TEEH at23rel.) vapowdeeaamblorBdgaa axoigwapiic
so the first 500 nL shoul d be adgé}ln portio

h

internd te nper(é}ta{ﬂce Hif dERCSH CVIH L &- ¢ é\“ﬂéta’@ﬂtseﬂgﬁeﬁ' 1d|a§oef 2 é?yﬂdm““

m nutes. El eVat;@&y%—?\?M&ﬁﬁ-Hﬁ%e%Hﬁﬁmét"ﬁ) WlovRIeOEasl, t 0 becone
redder. 18. Heat f reactor to 50C 1 tir the reaction

m xture atd50CHbihgreashonio SOREs point is usual |y reddish-orange in
Compl et e, 51 Cak B o R Rl R ARE 20K P
m xture to OC fromdgr foowsl sBegig 2tiringmdpadle t he product by filtration 7
thr OUglh agoar %ila];grel tth%e?iogmﬁsﬁtlemneyet with 3.0 eq. sodium carbonate (41.92 g) via a
powder funnel,
7. 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 o the reaction mixture via powder funnel.
20 9.  Charge a 250 mL Erlenmeyer with water (75 mL} via powder. funnel. Begin stitring
rapidly.
10. Charge the 250 mL Erlenmeyer with 1.0 eq. sodivm dithionite (22.95 g) via powder
funne! just before addition to the reaction flask.
11.  Rapidly stir the solids until they are mostly dissolved.
25  12. Quickly transfer the sodium dithionite mixture from the 250 ml. Erlenmeyer to the
reaction mixture via powder funnel,
13.  Stir the reaction at 50°C for 30 minutes,

14, Charge a 250 mL Erlenmeyer with water (75 ml) via powder funnel. Begin stirring
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23. Rinse the reactor with cold ethanol (150 nlL): Transfer the rinse
to the filter. 24. Charge the 5 L reactor with water (2L). 20 25.

Stir and ¢ actor to 10 C. 26. Transfer the wet f he
ezr@%ﬁsogﬁ Gﬁﬁ@?zuﬂ@%’ns&

falter to t Feactor. 27. Stir at 10 Cfor 60 mn
Filter the product through a coarse fritted glass filter. 29. Rinse
the reactor w tdpigwter (250 ni). Transfer t he rinse to the filter.

25 30. Dry the wet cake on the filter f hour Tr apsf
product td3a 2 Ghaygguiha 18t mhntripmrayey $ithgl é Wec?R‘ilmélnglﬂ{Hﬁ%ﬁe ﬁéﬁg S via

using a rot ar)fb ﬁv&aﬁﬁﬁl@érafsty\éf&ﬂa aadlﬁ@amth@ﬁaﬁroatﬂame of 45 C untll 6
const ant wei recorded. -84 WD 20071030377 PCP1US20061034088

Exanpl e 72 6Pr eﬁ@p@ﬂy gy tlest solids unhl they are mostly dissolved.

4-(2-( §) ("[\]"r7|_ fl ;ﬂﬂ{ﬁ?@?wﬁ%@l t%é_%d nqﬂi_’tf'?llom’t)e I¥li‘{)&g¥ rﬁ‘o‘rﬂ Rlelzsg mL Ellemneﬁrer t50 the

4-yl oxy enzene- | arnine N HZNO |
4-(2-(5-(trifl ur@actnmemlwgttu)evia-pqwﬁed&mmlrz yl)pyridin-4-yloxy)-Nl-nmetliy

| benzene- 2- an_b cording to the follow ng
procedur e: 138 % lga Oll_air%)uﬁémbotrﬁglw%gl ask (4 neck) with a

mechani cal 19St [ rOhefge al 250D Bllenrheppenatvatee (150 alde), vid mmer amuele

controller nit en_ purge and.refl ux condenser

reactor with EC gg(e ¢ iﬁ%)m@i g(ﬂffﬁ\’/ﬁ?fglr “‘F@ gﬁleq é%lr ¥ g‘?”r“g}ltﬁg@?% %?I Vi
10 3. iGhar ge t hewHaaGhml jom Béforénﬂcﬁ.ué@to(the1eact10n flaslk.
|quoronethyI)-1F1 i mdazol - 2- yI n-4-

yl oxy) - N- rfat hy [Rapidhy stirdseielienai! H@Y@W'l@‘%ﬂy\ﬁi‘%(ﬂﬁ%der funnel . 4. Heat

the reactingn te)pl4y uémsféMhé %cﬁtﬂﬁ dliEekikd 19&&11'13@ ﬁr&ﬁaﬁierﬁo N &FIgAneye? RDthe
nLErIenneyer wi th water via a powd funnel. Begin stirring

rapidly. 15 6. r@ﬁh@l@@l‘ﬂh@%@ er fpdnneyer vvrth 3.0 eq. sodium
car bonat e 341 %%19? &lcﬁo at &g&IG&HB{?@ 7. Stir the mxture until

all the sol'ids”are disso e suspensi on reaches 50C,
t ransflér tdde so‘dsmml@andd@nam eeurfy feuemtibn compléteon.

25.  If the reaction is >98% complete, go to step 36. If not then continuc to step 26.
26.  Charge the 2 L reaction flask with 1.0 eq. sodium dithinonite (22.95 g) via powder
funnel.
27.  Rapidly stir the reaction mixture at 50°C for 60 minutes.
20 28. A sample is taken to verify the reaction completion.
29.  If the reaction is >98% complete, go to step 36. If not then continue to step 30.
30. Charge the 2 L reaction flask with 1.0 eq. sodium carbonate (13.97 g) via a powder
funnel.
31.  Rapidly stir the reaction mixture at 50°C for 15 minutes.
25 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.
35.  When the reaction is 298% complete, go to step 36
30 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.

26~



250 nL Erlennmeyer to the reaction mxture via powder funnel. 20 9.
Charge a 250 nL Erlenmeyer with water (75 nL) via powder funnel.
Begln stir dly. 10. Charge the 250 niL Erlerm

sodi umwé{]%’m"@ﬁﬁ% (22.95 g) via powder funnel | Fgﬁ@Fmr)}é&“g%
addltlon to the reaction flask. 11. Rapidly stir the SO|IdS unt i |
they are ndst| yisdats siw wedhict B;Sﬁ]]t%nommghy. cbnanffted ghefisadi um

dlthlonlte xt romthe, 250 Er, yer .to the _reaction

m xture vi agnpov%g‘%‘cfe URHEP! Wité wagy idr{”i1 #@é?ge iRinge tspe filgr 30
mnutes, 140 Clapge @et2ale Bﬁilﬁﬂh@fhﬁl’ﬁﬂ/ﬁﬁm%ﬂg@r wadser (75 ) via powder
funnel . Begi nCI"él rri th, -85 WO 2007/ 030377 PCT/ US2006/ 034088
rapidly. 1 2 Losgptinp (gt wiHager GO 1) via reyvdes Bunelm
di t hi nani te. (Zzl‘rz%éiﬁlhé/daﬁe bR thd ASh ﬂhM@\FlaQﬁiFQﬂﬁ mdition to the
reactlonflask 16. idly stir the solids unt ey are nostly
di ssol ved. 435 17t (ﬂﬂ%’l@F%ﬁ re¢ry iepperatirp Erd@dniom dit hi onite mixture from

t he 250 ri r funnel 18.
Sttt the ranct oy e il gfeact LT SMNE R ARVERE |
Er | enmeyer45wi t ﬁhmtﬂe&re@thvﬂmwaw @Sm&dé“maﬂsfmﬂmlrlllsafhthé:ﬁaéxge t he 250

m. Erlen er i thi |te(45 90 g) via 10
powder fzﬁbréel ﬂrgplebe?qgrg% %ﬁ%ﬁﬁ e’ ]t%mflﬂfe) Waction flask. 21. Rapidly

stir tlfle s@li d§ rangfer thetheducaroe b sdunyt beitas Shve@ingRheciQUing Kl'oleﬁ B B
the sodiumdithi onlte m Xt ure frqwﬂi’g&g 50 nL Erﬁenrre er to the

reaction ni xt ur@"gpae WMQPOIPWF gPP?l'“W?é)erQa@t‘P%Wﬁ@n‘s??@b”ﬁléht is
60 m nutes. 15radrded Sanple is taken to verify the reaction
conpletion. 25. If the reaction is >98% conplete, go to step 36. If
not then continue to step 26. 26. CR&gpRlet™e 2 L reaction flask with
1.0 eq. sophieHaghtdrim e, i I
stir the realta:lsﬂl on ﬁ{x?ﬂlﬁtg?laﬁ %2285915#{1%1o}ﬂgﬁ%P%ﬂggdaﬁl%?}%é, y“in 488181‘)’5 ]%ﬁs
taken 'fo verify the r&aeinidazdrntpi4-vifluogmethyfi-phtve xesioti on i s >98%
conplete, go to step 36. If not then continue to step 30. 30. Charge
the 2 L reaction flask wif,h 1.0 eq. sodium carbonate (13.97 g) via a

powder
Q N N N r\? CFs
HeC
{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:
200 1. Equip a 2-I, 4-neck round bottom flask with a mechanical stirrer, internal
temperature probe, temperature controller, nitrogen purge and condenser.
2, Charge the reactor with 4-(2-(5-(trifluoromethyl)-1H-imidazol-2-y)pyridin-4-
yloxy)-N1-methylbenzene-1,2-diamine (200 g) via powder funnel.
3. Charge the reactor with acetonitrile (1 L) via powder funnel.
25 4, Begin stirring the mixture at ambient temperature and under a nitro gen atmosphere.
5. After 20 « 5 min, charge the reactor with 4-trifluoromethylpheny! isothiocyanate
(104 g) via powder funnel,
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funnel. 31. Rapidly stir the reaction m xture at 50C for 15 m nutes.
25 32. Charge the 2 L reaction flask with 1.0 eq. sodiumdithinonite

(22.95 9) igwpoyser, funnel. 33. Rapidly stir the reac“ﬁgs%gg&jy{ygg

at 50C for 60 mnutes, 34. A sanple is taken to verify the reaction
conpl etion. 35. Wen the reaction is >98% conplete, go to step 36 30
36. Once fhe réastimn i skoedfedincdiep pédidon e%xeqéothufiéyazlaué tpé@égi BAction
flask with wat m”,l%,‘? m.) via a powder fiunel. 37. Cool the reaction
mixture to 10C°aRd Stir for 1 hour. -86 WD 2007/ 030377

PCT/ 1JS2006/ 03%@88he 138:tiohsotatdett, Hdtepthe dusiirdtiirduih & cadriainitieh glossghiea

course fijtted,glass filter iAse . the reactor ter (50
nm.). Tran ‘ferdj%‘ﬂ%eakﬁ? Fragioy WW@&? EPQP{,%J)' zﬂtfl.m% gletrﬂlémﬁﬁép l@@fée on the
filtersungil iwasmqhé mgﬁrEadﬁlcﬂid@Swﬂﬂ\lecmmgﬁL)t he 2 L reacti on fl ask
w th wat’ er (500 m,

r. funnel 42. TJransfer t
Dack |t ok he FERERbn LI § & T50Rard oA Tesh 3G e uar s
at room t enperigiiabich Ezaﬁge PoBe, t@lﬂ]ﬁ(};itﬁ@'caﬁtﬁ)ﬂeh@uﬁgéﬂﬁéﬁigel@k{d Edrddesisat i on
through a course flit gl ass nse the reactor with

wat er (2517) . Clmegeribe eaﬂctphefﬁh PN eliipeprenyietipilgnpiag via ppgrdegppndhe wet
cake on t f 'd‘ﬁa?% | ﬁl@rle?&?&uﬁf i NGH 10 1%leﬂ”lzt]w—ll-ﬁmglﬁ{mﬁlh&lld}[a@dﬁ&tpo%@ela

2 L round bottomTlask (sin e nec slowy t dry using a
rot ari0 evapor atmrel Wk fouracqoatatent enqbtensamne 16f111150(t@a1umdutlonatlme 98 t38rmin).

Caht i
\{Aﬁ'_ %Et thIS- rec eg?l r%l’:a?(%gﬁéfﬁ%tzlﬁ ‘El%p?a]cﬁéﬁ 1%3( zolto 5111 afl)addmon% J0 m nyl oxy

]-1H 15 bbnzdﬂmﬂazmﬂou&ﬂdﬂ(}a(%ﬁmjfl uor onet hyI phenyl )-am ne F3C
N~- - CF3

l-1-imd a?gl[ _‘E@ ;qa.ganyI)H% gfl f?l_l\114§ l&&ﬂ] es 1%%%@%81@ tﬁe llllhtfule tou%i? leaé/tlo-nl
i m dazol - 2-yl Jeofrtetibh f | uor onmet hyl - phenyl ) - am ne can be prepared
accorldsi ngl 5I © t(?n%e the veaction is complete, transfer the reaction mixture through an in-line 0.2
un capsule filter to a 3-L round boitom flask equipped as in step 10.
16.  Add the water via powder funnel.
17. Heat the reaction to 50°C + 5°C, |
18.  After heating for 2 h, allow the reaction mixture to cool to 20 — 25°C and stir an
20 additional 1 h, |
19.  Isolate the product by filtration through a medinm fritted glass filter.
20.  Rinse the reactor with 2:1 MeCN/water (300 mL). Transfer the rinse to the filter.
21.  Wash the filter cake with 2:1 MeCN/water (300 mL).
22.  Dry the wet cake on the filter for about 1 hour. _

25 23.  Transfer the product to a drying dish and dry the material 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.

24, 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,
30 temperature controller, nitrogen purge and condenser.

25, The mixture is refluxed for 30 minutes when a distillation head is substituted for the

condenser.



foll owi ng procedure: 20 1. Equip a 2-L, 4-neck round bottom fl ask
with a. mechanical stirrer, internal tenperature probe, tenperature

control lery, purge and condenser. 2. Charge the h
o O e, P 8% A T o1 oyt o PEFREH Bl

yl oxy) - N1- net hyl benzene- 1, 2-di am ne (200 g) via powder fiu nel. 3.
Char ge t he26.eacE) isi dittillad effomiil # ivblomes remaiy i Beagispieioniethaad oneelgme of
Begin stirring the mgfieldre at anbi ent tenperature and under a

nitrogen at m)spﬂ%irelek’Ei After 20 5 mn, charge the reactor with

4-trifl uor@fet hyhqhiemyt id Slotvhd acyahmte- 5¢C1L04 g) via powder f unnel ,

-87 WO 2007/ 030377, P 03-1 ken 30 mn
after addi é platerfhe Ii"lgglﬁjﬁ%%gj igf gt P‘%ﬁgh\f‘é}lﬁ@}ngp% tgi%sﬁ &5npl et i on.
7. Oncestheor eamng@m oo Mpthet BEtOHAwRT (1t founie) X Trenefet thealightoaheDiggrs e
fritted glass filte he reactor with MCN (200 ni).

t
Transfer tRg HWS“@%”%@*?W@WMg:} (hvoly@eh t he renoved solids with

MEGN (200 a1). @thha_%f‘c%ﬁ{@fmméqﬂfekfcﬁ"a%tﬁlthglua 3-L, 4-neck round
bottom flask with a mechanical stirrer, internal tenperature probe,

t enper at ur 82.contiepteichs piduetégedpug dish anrig Sicraersl n 3 yacuokeega at T
reactor with N Ngwtﬁ%ﬁf?‘ﬁ% %H gﬂu é?fun‘{ﬂ gongew it‘fé‘ ined12. Charge
- -al ne I M dazoll n

the reactor with I"or o- | oride via
powder 1010 funnel in four equival enthpmmIeMs every 10 mn (total

addition ti

reaction mﬁ%ﬁ‘?&‘é“’ fﬁ R}eﬂg %a[gglg tt}il%cf)%oé?m %ylnﬁg umfg%l? ﬁeya}i i “‘t’lvghn"g ViR
to 50 Ct 5C 14. A sbamdn&ndz&otualyﬂn@aﬂﬂm1nmtatesl la{ehelr) afhgd i ng the
m xture to veri%;eﬁiheacti tlon

Jrea @ln conp %Dé he r%aaécttlon i.S
conpl ete, transteP PHEME 3’@#@@% ipqypats N awnao | Yasstdgd & a pixture
capsul e fibter 4@-@- (ﬁ'rﬂ-uol’&H@%Hylp@ﬂilﬁhrﬂaﬁélaﬁ%&%'dlnp@@Q)\f;‘ﬁN'lf!ne%)ﬂ‘ﬁhn%&}e1
16. Add th vi a powder funnel he reaction to 50

e
5C. 18! Af 1@@%@?@ g ﬁdeQD AR Saml-gif aesteniirdec vifish swites pe29 e gbpmbignt
20 - 25C ap ﬁ@[tahﬁe @PPL@Qmﬁ’ngb showad c&}lﬂete lc%nvéﬁgﬁ at- &ﬁz&%%@ftg%tmbyz 2

filtration through a mediumfritted glass filter.
react or w 2ob: wasnisideg frdtosied (b3CBclHenp-1- mpf@mlm'ednmmmomd@s@?@ ot hdS5 mmol).

filter.  2fp, VAR tGWH lv&seﬂea?c%i%g SW"(E‘ ?0125: i %eq}ga\f@é as @%BSech}r?d- L3>mL of

water was added. After stirring the mixture for 2 h, the solid was collected by filtration and
20  washed with 2:1 acetonitrile/water (3 x 1 mL) to afford 317 mg (61%) of the title
compound.
Lxample 742
Preparation of 4-(2-(5w(triﬂuoromethyl)-1I—I—imic]azol—2-yl)pyridin-4—yloxy)-N-methyl-Z-

nitrobenzenamine

JOC
|
25 MeHN 2
NaOMe (1.5 mL, 6.3 mmol, 25 wi% in McOH) was added to a mixture of 4-(4-
(methylamino)-3-nitrophenoxy)pyridine-2-carbonitrile (1,72 g, 6.3 mmol) in 1-PrOH (10

CF3

mL). The mixture was heated to 50 °C (internal temperature), After heating for 1 h, HPLC
analysis indicated complete conversion of starting material. NH4OAc (1.46 g, 18.9 mmol)

30 was added and the mixture heated to 70 °C. After 1 h at 70 °C, the mixture was heated to

.-89-



22. Dry the wet cake on the filter for about 1 hour. 25 23. Transfer
the product to a drying dish and dry the material in a. vacuum oven
at 70 f  S5GMbeassmal | bl eed of nitrogen until the anpé‘%sﬂhf)(,/uynxx
residual MeCN (acetonitrile) is less than 410 ppm 24. To
recrystallize, product is heated to reflux in 15 volunes (weig

vol une) of85 °Bt Ghnuharondrct-ormecul, péliiomactione tFekméni camuey ?v\iaéﬁdded in
i nt er nal r robe, ., 30 t kbl ef o 1k OPR mixt
purge and c%ﬁgélﬁaltég?r 10 %cwﬁhm %&tﬁggﬁil&gﬁ%{e uer ? Olm nut es &ﬂ‘é‘rﬁe
a distill a)tasqherhewvedsmscmm tnibiedt ol whaiee (lﬂznﬂdeme&dded 8\figp stirring for
2007/ 030377 / US2006/,034083 26, Et OH. | . f

vol umes réﬁ’ﬁ? hopsaine fyxiuge Wpneonlsd I’éﬁ’alcc?ﬁgg?}(sﬂ hhég S m?fﬂ[e lée/éat%cla aih

27. The nigd R ws @llovedy For@eelant &vabhed Bith 128L-PiCiDhatee (2 kel mmdcrm
by filtration through a nedi umflltted glass filt

r eact or V\nSPhd wag diigCOmy aveaceym eYeR, ) e ©oF $7-ahsk @raifohqaog ﬁ% &4t P(S??ﬁge title
filter. Yash the filter cake with water (1 volune). 31. Dry the
wet cake on Phe filter for about 1 hour. 32. Transfer the product to
a drying dish and dry the material Eytmpl¢Z#ium oven at 50C Cwith a-
smal | bl eed of rljflgﬂag)egfog o'fﬁtchiou? 9?%(@1@1{101‘%691}1}) 1'1—?111@&15%'1 Q%%pyﬂ@ingxanpl e

74 Preparation

(1-Methyl -5-12-(5-trifl uoronethy I H- i mijd ’>eb|:32 yl)-pyridin-4-yl oxy] -

| 1'1- benzoi m dazol -2-yl }-(4-tri [or t - phenyl ) - am ne

4-Tri f.l.uor omet hyl phenyl i sot hi ocya 0 ng, | rnmol) was added to
a m xtdre of ) ,
4-(2-(5-(trifl DsOdetOMA yL Humel, @émt%z'nwf)cﬂ%\i"%ﬁaﬁdQFU?Iad}QWm'NPf‘irélﬂlPlioy
| Denzene- b &and By g1 19 k@SB i 1BIOH (o 1P Fhe Ala@ESANChED kP50 o
After stirri'ng for mnat a |ent t enper at ur e. C anal ysi s
showed corﬁﬁbee:tlen@dmketlempmuu Pr iﬁeﬁtehylieaWIgﬁ&n (10, 3HRLC aBaIZbIS b éajednernplete
added fol |l owed oro r| di d Do .
ol et e i A S B b g S P b TR e
was Sthppﬁhdn@lDld/aﬂ.adﬁeﬁL Pdifel 1 hat 2 °®16tﬁe m@dﬁi@ wadhtaed ®t85rad. intuhaneously, 3-

W th 21 SEsE PR 8% ity PBOh T M 7 gt (g oL e

title conrp ?”3(1 mﬁthﬁﬂmaveBﬂl@ﬁ@d @5850"@ B ca. 20 h. The crude product was 72.4%

4-(2-(5-(triftluorone | )-1H i m dazol - ridin-4-yl ox N- net hyl
2( (5-( (LCAP) by HPLC analygls and was conﬁrmed by L(%—IIJ\XS analysis. y y)- y
Example 74c
20 4-Chloro-2-cyano-pyridine

Cl

R

P

N™ "CN

4-Chloro-2-pyridinecarboxamide (93.9 g, 0.6 moles) and TEA (125 mL, 0.9 moles)

in EtOAc (500 mL) waslcm)led 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

25  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 K»COs (w/v, 500 ml.) was added. The
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ni trobenzenarnine QZN~-n~0O &N NCF3 25 MeHN | O H NaOwe (1.5 n, 6.3
mmol, 25 wt%in MOOH) was added to a m xture of 4-(4-

(et hyI am no) - 3- ni t rophenoxy) pyri di ne-2-carbonitrile (1.

mol) in 1YL nl). The nixture was heated to 50 Ef:f’flg%"g(ﬂ‘ﬁé'f%
tenperature). After heating for I h, HPLC analysis indicated

conpl ete comyed Semferalresons ﬁ(i)lﬂg3rmb epoet.. The hikDhe V(/a]s tﬁaﬁsf@,tedlﬁ dgseparatt)ry
nnnol ) 30 was added. and the _ﬁmaﬁgeat ed to 70 }Ater

C, the mi xfine afigsstane &F IR BOWAF 6ert %1* 18 RO 16%%&8%“"6‘1

85 C. Si muki@neous kyso 1%Lpr"pﬁe>cohblﬂea -chdanfd 1B@EORGRLARBe Wit 1 0%k aqileodBcitric
mmol ) was added in portions every 30 mn. The m xture was

heated at 88d (¥ rJOQOnHa) dTlﬁé (Nﬁa@Qﬂ)r dilteifgs a@%%lcé}ﬁ}%d g cugppradyet was
anbi ent ) ang i ahel vty @v%n -aqgled R ik 'id 3% é'(ﬁ@ﬂnj & the ﬁﬁé’ %rﬁ‘ﬁound 'H

hours, the m Xxture was coo In an |1 ce/ water t he
i ce/ wat er bafh (406 NHe, €5 Il SV&a@(m,oll HpGtedn, 0yHEi 7% foat Hh &H%éﬂ@d\@h

oven ai 50CETRP ek b PASa A5 a8 L ARG S BB, Py e

conmpound. Exanple 74b Preparati on oﬂlmmple74d

4-chloro-2-(5-(triflu I azol N C\ N
~CF3 10 iN NaOMe (0.4 @Q%ﬁ”%ﬁ it 2@13 Y&&P’ﬁé%&géifdtiﬁag“lﬁdded to a
m xture of 4-cliloro- 2-cyano-py 2t nunol) int-PrOH (3
rnL). The m xture was heated to 50 G Rea tj,gn Bl ock terrperature)
After heating for 1 h, HPLC ana¥§/8{'s T ndi cated conplete conversion

of starting matﬁrm@«ltmeme4%}@&&2%&&@%&@@@%9t@ (0sCrrangd), NTHE @R iO 2
ng, 6 15 mnol% was added. After 1 he m xture was heated

to 85 C. Shiapheapkcssyl.083.mabgsymgd K401 (1G4 £ Q:B?%av@équWeDsz@OnﬂL) was
2.4 mol) yas.sadded | Rad 190005 a%@{ltlhcﬂﬁa} | (ot 1de g@naﬂs{bn oF 6, stam}lg

m xture was heated at 85 C'for ca. e product was 72
(LCAP) by HPetalanaifies ceolingdo WAEC.cundri (RHenhldyvak lde8 taad sesétion nExang| Ehe

74c 20, 4- . o
12, 2015 Shone oYanes e, Sl W sption gy, s s v

0. 9 nol es) collected by filtration and washed with water (2 x 40 mL) The solid was then slurried in

heptane (40 mL). The solid was collected and washed with heptane (40 mL). The crude
product was dried in a vacuum oven at 50°C for 16 h to afford 10.33 g (76%) of the title
compound: 'H NMR (400 MHz, DMSO-dy) 8 8.5 (m, 1 H), 8.2 (m, 1 H), 7.9 (m, 1 ), 7.7 '
20 (i, 1 H), 7.5 (m, [ H), 7.2 (m, 1 H), 7.1 (m, 1 H), 3.0 (5, 3 H); °C NMR (100 M1z,
DMSO-dg) 8 165.1, 152.9, 144.4, 140.6, 134.1, 130.4, 130.1, 117.9, 117.1, 117.0, 116.5,
© 114.9, 29.8; APCI MS [M -+ HJ" =271; HPLC >99% (LCAP).
Example 74¢
4-(4—Methylamino~3-amin0-phenoxy)—pyridine-?-carbcmitrile
HN O~ CN
IGRG

25 MeMN
4-(4-Methylamino-3-nitro~phenoxy)-pyridine-2-carbonitrile (5.0 g, 0.019 moles) in
BtOH (15 mL) was heated to 40°C. NaxCOs; (4.7 g, 0.044 moles) was added followed by
H0 (8.4 mL). NazS»04 (3.3 g, 0.019 moles) was added followed by HyO (10 mL). The
temperature rose from 41,7 to 49.5°C, After cooling down to 41.7°C, NaS,04 (3.3 g, 0.019
30 moles) was added followed by H,O (10 mL). The temperature rose to 44.5°C. After
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in EtOAc (500 nL) was cooled to 0.2C via an external chiller unit.
TFAA (92 niL, 0.66 noles) was added via addition funnel over 40 m n.

The intern ture rose to 10C 25 during the addi
tenperaturg}a{ EJWi’gﬁgonpl etion of the addition was 0.0 C}’éﬁﬁpgm-m%mgg

addition, the chiller was turned off. After an additional 30 m n,
HPLC anal y sbating llowado 3. 73% NaghP), (66 g 38 tragles) ngpsraided ifdloweArpby 1,0 (20

addi ti onal it er

the reacti Bﬁ‘)mTH% {?F“éwrﬂ e é%eg%l%? ﬁ i Onfffggf%%SISaS%&gg%‘@r{ta szﬁi) ot le/Mhuting
i ndi cat ed gpmPhet £ddeMeENaDRD, (10% aqmmums)NQMdéw x)&fteﬁﬂmumg_an wistional
added. The _-90 WO 2007/ 03037 US2006/ 034 1

t enper at ur & P’(ﬁ%éle‘?tr%“i@o“)edt“ﬁziggg@ ﬁgwﬁf Qq%g g fragﬁlélf’%arlll\@&c?b(l
separat ory ¢ o1nabledf Wal a®lel hhd 8@ hiRfu@€boMdin aiih@e/wawbahmeess than 5°C,
separ at ed and t he adueous | ayer extracte w th Et OAc

conbi ned ofiganixent apendowed & wets s d OvipPHIREoFRGEE0HS OE £r 81: mfé%ﬁ%hd was
(w v, 300 gaﬂi_)cc‘gﬁl Iy gﬂugﬁ‘!ﬂlzg%)vasﬁeh l\\‘lﬁfﬁﬁ) ngLCl%ﬁ@\%ﬁ 'bs’itSeHL% T'Tge §61H1d@"15

product wa I'n a vacuum oven at for 16 to af

(87% of dti¢reon thel fete dmpBund and then mwvierredon the-peac@mciia)k fsdéﬁz@ @ﬁhmlp)

145 3 134 %d%d% *i‘m?‘}“(fr%sl %%P%} f"%%’ﬁ‘%%?ﬁ%’ﬂm%%ép% eg’%ﬁg&‘“&l and
4- (4- Med | i yagmnil mathITa0 (Qrm{@hﬁr)oﬁWemy!e pebilne -2 cdaied ona vadum ove@ N B°C for
CN 10 MeHN, A m o ano Vi ne " 5

mol es), 1@%‘&%{7& g{fﬁ@g{mf ??ﬁﬂ%ﬁﬁ% mp(ogmg gﬁﬂﬂdﬁé%ﬁg)‘)ﬁ%ﬁéﬁ)&%n
(10.4 g, 010®p7. mhesH),ml @Msmwl,tmm MR8.3 (reatre48qs, 800, 4Af Gey HL 2. A,
h, HPLC anal si s_indicat corrg Q)v on of both starting

mat eri al s. 3ADL&F X:Mél[i\’ﬁﬁﬂo H%@é?g Z@‘-‘?ﬂ.) was added to the
reaction mxture. The 15 tenperatur eu,gsf 74 40C before decreasing to
anbi ent tenperature. The solid was «collected by filtration and
washed ! t hé-hadvsthyl-2-(-(@Elueramothy Dphendasmine)- Vdrbenzeanidazolndrilewy lipjridine-2-
lieptane (40 nL). The solid was col |l ggfed..and washed wi th heptane (40
nL). The crude product was drded in a vacuumoven at 50C for 16 h to

afford 10. 33 g (7699 of the t| conpound: 1H NWR (400 MHz,
DMSO-d6) S 8.5 (in, 1 H), 111) 79(m 11-1), 7.7 20 (m

1H, 75(m1H),7.2(m1 M (s, 3 H,; 13C
NVR (100 MHz, DMsO-d5) S 165.1, HLJ 9 106 134. 1, 130. 4,
130.1, 117.9, 117.1, 117.0, 116.5, 29 APCI MS [M-1- H +
= 271; HPLC >99% (LCAP). Exanple 74e _
4- (4- Met hyl am no¢BifathdifetRgReXY) sedtfob fine (866 ag, DM 5T inbRs) was added to a
solution of 4-(4-methylamino-3-amino-phenoxy)-pyridine-2-carbonitrile (12.0 g, 0.05
20 moles) in MeCN (60 mL)., HPLC analysis indicated complete conversion of the amine after
40 min. The mixture was filtered and the removed solids washed with MeCN (Z x 12 mL).
DIPEA (175 ml, 0.1 moles) was added to the (filtrate. 2-Chloro-1,3-
dimethylimidazolinium chloride (PDMC) was added in 4 x 2.11-g portions (8.44 g, 0.05
moles) every 10 min. After the final addition, the mixture was allowed to stir an additional
25 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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HZN O CN 25 MeHN I / | N

4- (4- Met hyl am no- 3- ni tr o- phenoxy) - pyri di ne-2-carbonitrile (5.0 g,

0. 019 nol eg), 4 (15 nlL) was heated to 40C. Na2COB, (4, 7., 0..044
mol es) V\/asaé)d%@é“SF%’WOV\ed by 1-120 (8.4 nl). Na2S204 (5‘.@3”%2,”9‘?5”.38‘5*8
nol es) was added followed by H20 (10 nL). The tenperature rose from
41.7 to 49.8GcteAfyefltatol indgwakhed with 241 MECN/NeQR E2@L20 BL3 Jhe orge pr@ipet

nol es) was added fol |l owed by H20 (10 . _The ' LUr e o

44.5C. Aft 8 dll“%fllm\wa%@?ﬂ%@é%g écjﬁﬁ*/ ﬁéﬁ%‘g‘?ﬁﬁ%@[&g (3% |°|%r'ihge B dofpgund

ﬁ% 7C, Na2520k b 1 0D0D- 196989 (asipgde, L6D) D0ed, DI POM2DED, 7.6
: e tenperature rose to 44.0C, anal ysi _

of the staf®ihl) Thtbrl Ié)»7-3A6Hi1tlﬂbﬁél(]TM§§2€E¥IPSE§§%?¥\§?O%L§[}=%§ @E)[M

was added. Al ery §lid BgoRnLeddyti onal 15 min, heat was renpved and

H2O (12°5 nlL) was added. At 25C, “additional Na2CO3 (1.3 5 g, 0.012

nmol es) was added and the nixture codiempla/4gn ice/water bath. At |ess

than 5C,  the  m xtdre was al 1€ 201 3P dh - {fibk PRI -benzoimidazol-

t enper at ure{qg\fIE@ﬁ cgf(%@“&?}l% vvégqn@%??leégglggg%y ]f_i%t r}gti onenazglml e

washed with H2O (10 ni f ol | dy&d(deyifSominethylFheenghtaiinsvas  dried on the

filter for 30 mn and thef:&ransferred to the reaction flask and H20

(50 n.) added. The m xture stirred for 45 pgip. The solid was
then collected by filtratio d 10 vvash%d V\Ath%é%x 10. m.), The
crude product was dried in a vacu r 16h to afford

3.50 g (76% of the title conpBtng; NUR_(400"M 1z, DI\4SO d6) S
85 (m 1H, 7.5 (in, 1H, 7.1m>211).°6.4 (m 111), 6.3 (m 2

1), 4.8 (s, 2 H, 47 (s, 1 H, 2.7 gs,_ 3 I—%; APCl M5 [M +H| +=_241; -
HPLC >899 ( L%P?I?O%@é%é @z Armma), 25 wel% in MeOH) was added to a mixture of Example

4-[1-Met hy nfel 1 L | Q) ardtlied- QA 9BZO bnatysis

| oxy] - pyri Zlqizn%m%n {g%grn %ﬂ?gwg@yd@ﬁggNM%&&H%Q@IH&@& tgﬁﬁg& deg L‘ﬁ% °
4- (Tri f 1 uohoiretedy46. PhetydAR)sof Hicosiprinat watgdal65The 0x0ug Svarohesy wasd0C
added to assol yt i

apure). ing.for 1h, T alysis indi 1% (LCAP
2 Ca et ny S BRalemporsaney 8o g oo FBL O salip ilenf s 56 .04
0. 05 20 nof &8 )startingMa@dlifl6emaingd. FIROAcqRRl wgj 3 mmd) cat eddaioiiidetdby 3-
conversion, of t myne after 40 min., The mxture was filtere nd .
Che renbvebroust ol LERedele (o -2 sl e HiufRenes B G 1
nol es) was aghdleth. t Odditiafl 3-bidigd-€,1,12niGhbet@tohe &.08linR 0 5 himdiYlaaoddded s
chloride (DMC), was added in 4 x 2.11-g portions (8.44 g, 0.05 noles)
cvery 10 niil MNEGRoHAGE F el Alerdi TR0 Rl TRRECINGS ASVed P G Fabioh
stir an adgidj-RRat. Water (4 mL) was added followed by BtOAc (4 mL). The layers were
separated and the aqueous layer extracted with EtOA¢. The combined organic layers were
20 dried NapSOy), filtered, and concentrated. The crude product was dissolved in IPA (4 mL).
Methanesulfonic acid (0.020 mL) was added to 1 mL 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~imidazo1-2—y1)-pyﬁdin-ﬁi-yloxy]— [H-benzoimidazol-

o]
L

2-y1}-(4-trifluoromethyl-phenyl)-amine
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25 10 mi n when HPLC anal ysis indicated conpl ete conversion. The
m xture was then heated to 50C (internal tenperature). After 45 mn
at 50C, HP s indicated conplete conversion to 1.
The m xturm%‘gﬁamd to cool to anbient tenperature 5%’@%857[1'@%9(&%
1-120 (45 nL) was added. T@e reaction mxture was initially
honogeneous before corrpou began to precipitate fromthe m xture,
After stirring for 2 h, th lid was -92 WO 7/ 030377
PCT/ US200G 034088 col | ect y N @ f shed with 2:1

0

McCN H20 (2 x 20 nl). The cr uie—r ¢ s ldriked in a vacuum oven

at 50 Cfor 16 h to afford 16. 10N orthe title compound 'H

NMR (400 Mz, DMBO-d6) 5 9.5 (in/ 1 H), 8.5 (m 1 H), 80 (m 2 1-1),

|7-|j7 g'g (2 H) , NdOBe (() DB mIl, 1H)mol7251u(gt%,m MGHII) vﬁs@zdc(emtohnh'ﬂ)ﬂuigoﬂﬁ(amplel
, I "

>99% ( LCAPSE. (4@<I1em‘71@iﬁ 111’1@ E%/FHLQ [Téle(fslhw? Mﬂﬁ&?%%e%?x‘? &Reacﬁon"

H-i m dazogr2r YélﬂpeWL'iﬂeﬁ' Rﬁél’ Iﬁéht%yf]n i hl H%@%ﬂdl?@l@ﬁéféh‘ed 301M e% conversion of
-(4-trifluorometh ) -am ne HN 10

NaOve 0. 28 swtungmnml T @nnvgul%Waﬁ hwéc}tp 7\@/a§ 8@6&8&% (33 hingt Lipencdy was

Exanpl e f yn@l ter ]
t enper at U"Za:d ?—IPZJ% ys?s t)h |n§3{\4ggu ﬂ%ﬂ?@d{ ﬁ?&f ¢ Pﬁnﬂgﬁé{%lggbb%&m
material .l Themﬂummreeome(s Iheldl do? om0 @as (mﬁeehcut f’rocnO % %mk portions every 30

te erature fter eat n HPLC n 1
L) o ol B e B g3 Do Al 2B MRS RELER b b gy o
was addedafibibhiawaper wim&mmmms hddedi meﬁﬁtﬁaﬁ@f@ Revefd hbddrsnthe sdllid2

nunol The mi I s heat r t tional

by ol 15 St By B le b vt gaat ] LP R E 12 i mah IR Sl was
the m xt ugiedheatveelniwoRBGr SV By c2 48 18 2B, 0.1 he TRt R RS oAhbawed
to cool to anbient tenperature. Water é m.) was added foll owed by
Et OAc (4 nL). The layers were sepdray eZlihd the aqueous |ayer

extr act ed piéfyiSh A1 16189705 Ao PEABRYCLL B RERI ISR AR Sl sk 111

(I'\Ta2sH), l'tered concentrate he crude produ
di ssol ved | n IPA (4 ntqnzomNéfchlast}t(Hftoﬂmomcﬁhﬁl gleng2emme) was added

to | . ' S‘PW &Br}g?i&lyg)ﬂﬁa}l %{A‘Hﬁ@ygﬁﬁ QZ&OI Oge,a rr%ﬂlﬁér?%% R Po ?Exefﬂmeo

80C over ni ght coo tenpera

and concerit r atde@- O atrifivoeorndiiey}-1 Hiimidnostpoyingrid ARG 1ok - N Mmrethyllbénzene518.

Exarnpl e 7(?'1Qmme (350 mg, 1 mmol) in 3 ml of acetonitrile. After stirring for-20 min at-ambient
temperature, HPLC analysis showed complete conversion. A mixture of thiourea (553 mg,
1 mmol) in POCIz (3 mL) was stirred at ambient temperature, After 4 h, the mixture was

20 heated to approximately 50 °C. After heating for 2 h, HPLC analysis indicated completion

of reaction,
Example 76
RaffMek Filtration Assay
Buffers |
25 Assay buffer: 50 mM Tris, pH 7.5, 15 mM MgCl,, 0.1 mM EDTA, | mM DTT

Wash buffer: 25 mM Hepes, pH 7.4, 50 mM sodium pyrophosphate, 500 mM NaCl
Stop reagent: 30 mM EDTA

Materials
Raf, active: Upstate Biotech #14-352
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25
{l-Methyl-5-[2-(5-trifluoronmethyl-lHimdazol-2-yl)-pyridin-4-yloxy] -

| H- benzoi m\dpzaaaed=y! } -(4-trifluoronethyl - phenyl ) arq,pgw,%g;m\é\gm
2007/ 030377 PCT/ U82006/ 034088 F3C N\ ~\ N-—~ --

NaOwve (0.23 ni, 1 mol, 25 wgt%in MOIl) was added to a mxture of
Exanpl e 74f (409elpnactivempl) in 1-ProHe Biotesh)#14 P88 mi xture was

heated to 50 C (sBeagftd.on- Block terp f ting for | h,
HPLC anal ysi s i n?iﬁcat ed conplete conve%ﬁ%ﬁtﬁég G arting

mat eri al . The mi%twallaspmsplitesit ed tol“ammﬂll-admbzmpd:i)ﬂ@;@pyléﬁa?ﬁlam#B531]mm)l)

was added. Aftef.l. 70 C, the m.xtu t to 85 C.

Si mul t aneousl vy, qg@%rdg%%%tui 1, 1-tri flpllﬂng %mkb?g m., 1.2 mol)
was added in 4 060vdRRandiopgities;ons M‘:&Epdleﬁﬁmomldhl Aharpivdair e was
heated at 85 C for 2 . The m xt owed to cool to
anmbi ent t enper atsg}“élﬁﬁwdl er (2 ntva\?\%é)l\’:{%iiéﬁf "Spperdix SHI2PPHRY for
sever al houssay ¢diQitmaki d 10 vvas collected by filtration and washed
with 1:1 1-PrOH/ water (2 x_ 3 The solid was dried in a vacuum
oven at 50 C fo#{aéépplﬂﬁnﬁtebbw&fﬁ%rd 0.11 g (21% of the title

compound.  Examplig 43 RusRRLA0iM Of
1- Met hyl -5-1 2- (5 tri Iuororrethyl-l Him dazol - 2-yl) - pyridi n-4-yl oxy] - |

H benzldi ni dazoPiRAJP B00mM ¢t ri f | uor omet hyl - phenyl ) - ami ne 15
4-Trifluor Omst hYdeRARAYmd &ngﬁlﬂ%yegn?‘}ogm(téggmdqgfe 1 mmol ) was added to

a mxture

4-(2-(5- (t rASfSamup‘@mdt hyl)-1H i m dazol - 2-yl ) pyri di n- 4-yl oxy) - NIl - net hyl
benzene-1,2- di of acetonitrile, After
otiring 1 or 20 R Reopbi A0e gid)cinCiptiiord vty @ik Giand Ths,
conpl ete cohvEbsionM Kalxt Gl enldfERTA eut e TBENMyd dishemso®ll 3 plpeP@Sl 3n
(3 rnL)

! I(s¥t|rr d at a% rature After 4 h, the m xture
was 20 ﬁeatp8 p’foé’y sRered eéEé,al% botjm BelypreRYIPRY well assey, plpes €35-1190.
anal ysi s i mdilgased el etiemin®f inheast AP b
Filtration AslggggqﬂBufferls 25 Al\gsali} bu§ dr%mngﬁ ?PE\QSO% gﬁ&& nv

MyCl2, 0.1 nME Rafiyislonontainipg welbusdseadded phov ll-aéfp@suabkinvsmmnﬁm it
sodi um pyr Q&ﬁﬁ&ﬁ’lﬁa&ﬁteﬁﬁoldﬂy{) MNAHo. F2Raf E%gﬁnztlc‘twi?fyo 1'@210%11 was started by the

Materi al s ) _
addition of 12 uL per well of 2.5X 33P-ATP diluted in assay buffer. After 45-60 minutes,

20 the reactions were stopped with the addition of 70 pl. of stop reagent (30 mM EDTA).
Filtration plates were pre-wetted for 5 min with 70% ethanol, and then rinsed by filtration
with wash buffer. Samples (90 ul) from the reacdon wells were then transferred to the
filtration plates. The filiration plates were washed 6X with wash buffer using Millipore
filtration apparatus. The plates were dried and 100 pL per well of scintillation fluid (Wallac

25 OptiPhase "SuperMix" #1200-439) was added. The CPM is then determined using a

' Wallac Microbeta 1450 reades.

Example 77
ASSAY 2: Biotinylated Raf Screen
In Vitro Raf Screen

30 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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Raf, active: Upstate Biotech #14-352 -94 WD 2007/030377
PCP/ U52006/ 034088 Mek, inactive: Upstate Biotech #14-205 33P-ATP:

NEN Per ki n G 602 h 96 well assay pl ates: Fal cop. t Ol
pol ypr opyl é@eﬁg /(gﬁ%}sl; #35-1190 Filter apparatus: MIIi p{(;(r' tﬁ]%@ﬁﬂmﬁ%

OR 5 96 well filtration plates: MIIlipore hmobilon 1 #MAI P NOB
Sci nti || at i wuecteritidh a nahdnaafGpionPivasebat Supasikres ki Q@+t 3 Recohst@amt kinase

condi ti ons . reXi Imat el 20 oM., approximately 60 nM 10
33P- ATP 10053%{\%"%2% M e Pretsegan do ool ?%Nﬁﬁ%%“’?%t Wit S tresinst puitipeon K5 i
prot ocol RafssandsiNiekponedeweensiifBddiated2X N Bal theoneentwiat Rﬁf‘@g DMM) and
assay buffer. (50 Tris, .. pH 7.5 15 mM MgCl2. 0.1 nM EDTA and 1 M
BT and. o GptRouitmCiobh-\GER (A Ah TRreaismotsh Py B Ba o s
(Fal con 3J- babtqueipg! ivanber) HeMBLA8s Wabbm AGSRYatRlcahaS addition of
Background | evel %rle dcft erm ned }Sn vve]?ll sﬁﬁc’eg%lt gi ni ngd%ﬁéig%ﬁ% aCDkli\}JI%Od1 of 0.5
wi thout  RafM it AnSioRasd KeFtor s ke wih GaneEirred taagichidaieting opled pfatd (PEXce)
of a raf Kkifasgoubibll Bt Phodes g odhdi Ut Rdnl, v : e
raf kinase acti \}JI ty relactui) oln I\t}/ggﬁ @@%@%0@9&3 ﬁgqn%@g%ggﬁ&qg{ggﬁpﬁgﬁlg}e
wel | of 2. 5xsobgp-fapreserce sedeh { Wadlsayudhigf 4 eabbit Aftiqr MEK- GlINSipndlies) a2Be

the reacti Nere p i h ition.of 70 L of stop .reage
(30 M EDTXJ)?.ﬁn%%aﬁ??%C@i %ﬁpﬁﬁ\ﬂé’%ﬁ%ﬁ \}\%F%gga#%f\%re‘?féﬁ tgeorse%mﬂfﬂﬁ b ogme
et hanol10 anesoitedlupiensade bys fdall bnatWalie 1862 DEMIRD fhofoh@ter, $AHPéRSN96n
pl) fromt i e, | S0 : 1t ned.to th filtration
DAt cs. e T Bl P L AL ARELRLIER: b2 ek B el gine
M I lipore XiFidataedysppdratdls. The plates were dried and 100 pL per
wel | of scintill ti{oln fluid (W%Ilac 25_Opti Phase "SuperM x"

#1200- 439) was adt8d1C BIRECEEN 9t &ximalss Hebiet Titivempoindy of Examales A4 were
M crobet a I4&0n dades ralEivasplndiblidryASHAY @ an BEQtdrmuk al.ed Raf Screen

In Vitro Raf Screen 30 The activity of various isoforns of Raf

seri ne/'Phreoni ne ki nases can be measBradpley8 provi di ng ATP, MEK

substrate, and assaying the (fyigRsh 6F el RRPPRAR! & TRE ety to the MK

3 x 108 A375M human melanoma cells were implanted subcutaneously into the right
flank of 10-12 week old female NwNu mice weighing approximately 24g. When the
average tumor volume reached approximately 150 mm3 (17 days post-implant), the mice

20 were randomized by tumor volume into four groups of nine mice each 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 mgkg or 100 mg/kg of the
compound of Example 25 all in a volume of 0.2 mL. The tumor volume was measured
twice per week using digital célipers. The mean tumor volume is shown in Figure 1.
25 Example 79
[nhibition of Raf Kinase Signaling in Melanoma Cells

As in Bxample 78, 3 x 106 A375M human melanoma cells were implanted
subcutancously into the right flank of 10-12 week old female Nu/Nu mice weighing
approximately 24g. When the average tumor volume reached approximately 150 mm?3

30 (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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resi due. Reconbi nant isofornms of Raf were obtained by purification
fromsf9 insect cells -95. WD 2007/030377 PC17US2006/ 034088

i nfected Wytdnghysmn Raf recombi nant bacul ovirus exprepstpghoy@BLRE -
Reconbi nant ki nase inactive MEK was expressed in E. coll and | abel ed

with Biotin ng< Eurlflcatlon For each assay, test conpounds were
serial ly diPgtedr it meto afiencompesad af Exaomag 2 %/@il 5Da fmgred 0. Xinhagd 4 and

i nactive bi ﬁlﬁdﬂld\ﬂ:ﬁ'ﬁ &cﬁ@ e ée%@r@%ﬁh&%d b[HianI%rl ebted éércf) ﬂfgs%l flr\gzen

Reactions were 5 subsequently 1nc Yor 2 hours a
tenper at ure and Bedppes tyors eradiiivied om iof, x@@l@ledl\ﬂn&mﬁm hSlnommdd in RIPA

(Pior o) AN RitBehd PRELRIL Mgl oSS DO ST Bl S @ bt
measur ed Wl}ieh 2heal.DeE Fhukfdr), memM elslmhyleﬂthfylsufmnﬁﬂﬁeﬂ@ee (SWEW‘EM/\&IE{ gﬁkma
using ara i gnalin rlrrary anti bo

and gur opi %OFP&SE‘F%&H%%} éogg%}l I ‘gsuigh% g%@@%ﬁfﬂg?a" SE oyl MR Cyetes at
resol ved f 4500 eseene) wWase d’v@@dl mm@oﬁ&a&éﬁ@ssa@?}zn@&iﬁjl& f)JsH%lﬂgie\;/%radded
The concentration of each conpound for 50% i nhibition ((1C50) wa

cal cul at ed BY IWS?PEF’F%aWGIPéﬁP%@%eér?t USinigPMxgor Bl tmigytes lar@amgpwfgge at 4°C,
sof tware. lf§1uagadtd}emaﬁ&%%g@§z£fon@§ gni An 1 (8aFedlidrs (bﬂ%‘i\q Hlt%ﬁnégfat

Exanpl es 1- @4 were shown to have a r ase I nhibitory ac

an |1 C5800f 4°eksThhaugten mnc%tl@warvmsedemmmﬁ|usmg thenPiefce Mfatpmmﬂ'ﬁsﬂapend
Gowh 3 x 4106743 n . mpl

subcut aneousl y ?‘nlizgl\étfﬂg@ ﬁ%@?ﬁ%ﬁlé&g f& fé‘skmé%k ?Bﬁge%?@wﬁw&m'
m ce wei ghipalyaeyplanodd geht Ecbljp\ﬂzigPAViﬂemotehewamsﬁged ot caliolds@Bembranes,

reached a t 0 bost-inplant), the mce 20
were r andg%ﬁ()%% /e]tlc}ﬁn%?m\}gne Wéel 1Hﬁ?éﬁ&fﬂﬁéﬂ%ﬂg§°%?)t%ﬂ%a%e&g§ thep grobed
and t Ijeat (rjnameml@iht ht a°C QQHPQLUHGJO(M dilinoni (m/@mkm@ Hﬁ%ﬁm’é{[)ﬁ&iglra?ﬁig Ipol-\gglﬁ:leg} egxﬁ
wer e e ver

al one, ?g \R/F %/ﬁ?ﬁﬁ%lr{ﬁ;aﬁ y,{ﬁ%lﬁ I%Prah%d[ )rlrﬁ?)kg%@ﬁ Robelongb ppfgahespd-MEK
Exanpl e 25 aadiodyRCall B num@g @9512Q LBt pcﬁf}%ﬂav Y- EKRh%ui%ﬁy él? §f§ﬁq1'n

tw ce per ek u5| n (IZJIta| ca ers e nean tunor volu
in Figure T BIne 3?@11%?11%}&‘0ﬁl’ﬂtbdeR@dlI@lﬁa@bn@#%]r?éD| ﬁge membrancs

Mel anoma C@Jelegth@l? \ﬂaﬂleﬁ@a{méﬁ 508inuRs %?%12%1@313%\{; Ft %%qﬁ n?a“(*: 4{‘ %{Ué

were inplanted subcut aneous y Into
femal e Nu/ Nbele cwatwitighblit an‘ahﬂdvaxasnatded it mgoo \Aﬁ&nort Itteah\/lﬂastag&l bl

vol unme,f ea%bﬁ%&ﬁrﬂﬂﬁ@%‘gfgﬁtﬁﬂ%n&éq nung. 20 &(hf)%L épbeglﬁsganeé % afasthec? 5-

m ce were random ze tunor vo urrem
dosed by otinles g‘iamgmeseaelr)ywmaYBﬂ'd)y arfol tﬁay&n‘btah& weliish®art e, Pidke Wibdd
10 o/ kg, §1g11a1 for 4 mins, followed by exposure onto film for range of time exposures from Isec to
20 minutes. The results for the 4 and 24 hours post-dose samples is shown in Figures 2ZA
and 2B, respectively.
25 Example 80
Inhibition of Colon Cancer Tumor Growth
2 x 106 HT29P human colon cancer cells were implanted subcutaneously into the
right flank of 10-12 week old female Nu/Nu mice weighing approximately 24g. When the
average tumor volume reached approximately 250 mm?3 (14 days post-implant), the mice
30 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 meg/kg the compound of
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-96 WD 2007/ 030377 PCT/ US2006/ 031088 ng/ kg or 100 ng/ kg of the
conmpound of Exanple 25 all in a volume of 0.2 mL. At 4 and 24 hours
post - dose, I.;h_ wer e eut hani zed, tunors harvested

flash-frozen. %”Ijﬂ 83?e/?ozen tunmors were thawed on ice, wei g(ﬂléHSZ()U()&)S-HﬁS
honogeni zed in RIPA buffer with Roche Conplete, Mni EDTA-free

pr ot ease i fRabple@s erﬂciulatwaibjmet abl.2trsl.( Zhe amhetvelin® par mSurdd todce per week

buffer), InM ufonlfluorlde PVSF) . Si gma
Phosphat asgmilgﬁ gﬁ%ﬁtcgﬁ ed}l? t\‘nloﬁgql%e%ﬁgos‘ﬁ%)’éﬁlég% na-lyser (2 x 1
m nute cycles at 6500 rpm at 40). Fpxagyesy 100 ng of tunor tissue,

1 nL of RIPA lysis buffe ad The honobgena
centrifuged at 14K RPIQA] 101?9%‘?&5@@? sﬂ%@&%ﬁ“ﬂ%‘?’h @Cﬁl\t,\&l@ f ol | owed

by further honogeni@EaliTop MshdofdPaeBerQehSs NeRAS SutddOKbBRRM oLy 2mo the
m nutes at 10 4C). The protein concentration was determ ned usi 2‘3 lﬁ
nepdlpe

Pi er ce BCAtighidlaaif d@slayﬂeéh@ld ferale Moy reice @a@hmgammwmﬁ@y 24ad

well in a i

brot i n el TAnrof § YR 18 B oo BRAR Y G Mo 8 Sy R BUAY B e
non- f at m WRrepiowdhaniz¢dnbyTEST) vblamelnmchmr moups@oMmepmr‘atUmaesompchutdhﬁmhp
pr obed u 1.n_bl ocki buffer)
bf O abbi 0 BSPUER Ry O o 0 Bl bt L8Rt bR IR Sy
#9101) 10 r abdiidle pkmhy,ojl orit 1(amgﬂcgpm@mmg JYEIKO nagikd biitly céﬁ@btﬁnd&if@l&hﬂpwﬁ
#9121), ntl-ERKll nt i bod (Cel] Signal

#9102) or ?@Bbﬁ‘ %ﬁw@@&aﬁ tlp Hviad 3¢ ‘%“b’*d%ﬂ? s TPcy S aed, umors
#9122) . ThRari®rdaraat gash-Me£e. tme mromﬁﬂuﬁ@rﬁw@re fmRE tl(e&edThdbﬁicﬁﬁ%t%%@ﬂ)rowd%&

TBST at r\a%g]tenperature and an HRP- | abel ed goat-anti-ra
ant i body weisE¥ede 74t 1hstretafar (b dn4i mdalt hewstpesicdase 1speles g sigvn in

buffer) anﬁlgwmg@ageﬂg%gdggol%ﬁe@mg;ature for 1 hour. The nenbranes
were then washed 5- tines (5 m nutes each) with TBST, and the

menbr ahes were incubated with Piercd@umsdt 82 Signal for 4 mns,
foll db f
ol | owe y eﬁ)ﬂ%?_tﬁglecijg% ﬁlﬂca's% §qtg ztﬂ[fgrv@ﬂlgtﬁe@ ﬁlbhou 0?%&81%?1@33111 curl%nf o> CC

to 20 mnutes rs pos i%es
is shown in Figures 2A and 2B, réspademioabhyay 25 Exanpl e 80

I nhi bition of C}%hpoﬁ?lnger Tumor Gowmh 2 x 106 |-1T29P hunman col on
cancer cells were’i ant’eéd subcut aneously into the right flank of

10- 12 week ol d Tlerraﬂlmnblby bfedti @eCombaRidngf BRRAHXI na%EMeﬂ%g -2\ henmidhe
aver a tuno

post - Vil aey el 250 R BE i Eektgi e or G verpmetor

groups of ﬁlﬁﬁyl?«ﬁﬁhﬁef e@tmtypw 1 1Ra8 Gvﬂﬂ@ﬂiéng—[{apfmlﬁ r}ﬁut'aHLV%nf{hio WU@E) was
started. The mce were dosed by oral gavage every day for

with eit hetetsyapicd) wing Higelollpwing biptimdatedy ARsgy- 3”@16@11&5@ @hvm(pf ntg¢ k/guous
the compoungkffis of Raf serine/threonine kinases were measured by providing ATP, a recombinant
kinase inactive MEK substrate and assaying the transfer of phosphate moiety to the MEK

25 residue. Recombinant full length MEK with an inactivating K97R ATP binding site
mutation (rendering it kinase inactive) was expressed in Z. coli and labelled with Biotin post

purification. The MEK ¢DNA was subcloned with an N-terminal (his)g tag and expressed

in E. coli and the recombinant MEK substrate was purified from E coli lysate by nickel

atfinity chromatography followed by anion exchange, The final MEK substrate preparation

30 was biotinylated (Pierce EZ-Link Sulfo-NHS-LC-Biotin) and concentrated to 11.25pM.
Recombinant B-Raf, ¢-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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-97 WO 2007/ 030377 PCP/ U52006/ 034088 Exanple 25 all in a volunme of
0.2 tL. The tunor volunme was neasured tw ce per week usi ng di gital
cal i pers. ;Ugjf %zan tunmor volune is shown in Figure 3. n’B

| nhi bi ti on“F*RAP" K nase Signaling in Colon Cancer Cel I%Cg %205’(“’%&@“
HT29P human col on cancer cells were inplanted subcutaneously into the
right fl amdcomfouﬁﬁt R2 Wwotkmo vabrd paiticd Wa/aNGhMiB o @dha®n or by Meta!l Ion
appr oxi rratz]l When the average tunor vol une reached

appr oxi mat- ‘%}/n ks (17 days post-inplant), the nmice were

randoni zed by pweaahmwrfﬁebdﬁmuﬁ@mmm uaglgielran?@tmf%mn mrsJ@ &ud then
conpound of the invention was started. The m ce were dosed by oral

gavage ev&Hyedduiph Bdkafse-Raler itap: ReRehi@rS0utM wedh) CThe Janasp éacie RiptithMEK
my/ kg, 5 3?51@{1519 (96 n%owggll&%daﬁégﬁﬁ&ﬁ) TRAYN 1.9 fa [@(@”M 21516 r%!zdtloh uBrer

vol une

0
eut hani ze&onti’lﬁ?fjo?%ml\’lﬁérﬂ?é%@]eijplér‘?@ﬁ flpa@M g’?&?ﬂnﬂ 111%@TT5 62@111 EtDﬁf"Br?sS mM
wer e thenpd X! [ e
results fort t%ﬁ;g 1p%?9&gﬂdﬂqgﬂq% ag%g?q g%%%@r?pﬁg%@%ﬁgh%%%gwmﬁy
FI GURES 4#uculi:d fn@ Rys nespectinpahyme Aml Eﬁ@ﬁﬁlt@r 82 aﬂdﬁl’imbbf DGI’IMO}ED'Raf

Ki nase Si aI| Co ound of Exa in an Ln

Bi ocheni ¢ (gg?/avql?fl \W’l"fﬁe Eeﬂzleq’htg 'ilrﬂﬁuBf‘qaﬁWO@f‘iﬂeB’?leofmeme) and
Conpound Qlfcu@&anﬁh el 110Lu{ 1- %ﬁﬂmﬁfﬂsﬁec{ ?ro@ﬁctt Wohd hle8nBed BB the DELFIA t1me
msthyI-IH-lmd ridin- - 1H benzoi m dazol - 2

rifluor orrbeLSW? b%é?ﬂfr‘me %‘%ﬁb(%ﬁlw |uging }i‘p‘@blBL e P-MEE dCely ﬁegnéﬁ/qr@fds élaﬁj
mut ant  B- Raka,VEQRE)y Wag mg@;lﬁﬁ MLRach Ysh-Rebl haes frgl 4eee!4(fa%a§m%d9y' P
assay. The kinase activity of the various 1soforns

seri ne/ t hieediechBudpssaressvasapasl erem¥atled 1 132 DRELRA yngomater. Bhe concentration
reconbi nagt thekioR@send B@CEIxaME/EI\E%:Sw% tikAGiBoR I RP $aY b&lgulat'a@ btyr 1%1151in%ﬂr
of phosphate noiety to the K 25 residue. Reconbinant fall [lengt

MEI C Wb t hregressiomuotiny ¥LiRiglakowRlyAT Bofbivareli ng site nutation (render| ng
it Kkinase i nacllgév 3 was expressed in E. colt and labelled with Biotin
post purifica The MEK cDNA was subcloned with an N-term nal
(his)6 tag andl 1@@1@5@@@1 of Exaugple ¢ oklibisgrohatdne inhegbob{Ifant ONBKM) of B-Raf,

substrate rifie colt lysate by nickel _affinity

chr omat og?'ﬁ%ﬁﬁ%’ﬁ‘l‘" %ﬁgd{@g{pﬁﬁ%ﬁ“&fé’ﬁéﬁ%\m 13 aPLREK substrate
preparation 30TMBEEbi 0f ¥y ratepdy 613!1@(361‘%5\%&&@& §E{ﬂcf101gmlf§ I&@a&h@%‘ n)
and concentrated to 11.25M Reconbi nant  B- Raf af and nut ant Raf

wer e gbt ai ned by purification fromsf9 insect cells infected with

t he correspondi ng human RafTarrg&onbl na tom%engststmmple(it prs. The

Biochemical ICs,

B-Raf (V6QOE) 0.0053 uM
B-Raf 0.068 pM
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 35, Raf kinases are considered to be the

25  primary Ras effectors in the MAPK (Ras/Raf/MEK/ERK) signaling pathway. The Raf

kinases are activated by Ras and phosphorylate and activate Mek] and Mek2, which in turn
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-98 WO 2007/ 030377 PCT/ US2006/ 034085 reconbi nant Raf isoforns were
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Colon Cancer B-Raf (V600E) (12%); K-Ras (45%)
Pancreatic Cancer K-Ras (90%)
NSC Lung Cancer K-Ras (35%)
ALL, AML N-Ras (30%)

See Sebolt-Leopole and Herrera, Nature Reviews Cancer (4): 937 (2004).

15 As indicated above in TABLE 4, the mutant form of B-Raf (V600E), which is
activated, is an important target for cancer treatment because its expression 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-

20 Rafhave 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 ;'11., 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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it issig E{Qbﬁﬁ Easre%cp\% t EMS%@HS Eﬁd%?ﬂ\@Cél@hﬁsh:h&ﬁgleg%gtﬂlé@h%ase
potently e conpound Exanple 1 than the wld-type Raf ,

t her eby demmbesphathilidg t he ut| lity of the conpound -100 WO

2007/ 030377 PCr/US2006/ 034088 for the inhibition of Raf in the
treat nent of RaFARBESalnbdbigisBietsf Coropanei n§Erasnpa oimMelanoma Cell lines

20 Expressing Mutant Raf-B,

mutant Raf-B Compound of Example 1
(V600E) Cellline |, gRK inhibition ECs

A3TSM 160 nM

SKMEL-28 100 nM

2. Inhibition of MEK phosphorylation
Methods: 7
Three Melanoma cell lines, A375M (mutant B-Raf VGO0E), 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 0.1uM, 0.5uM, 1pM, S5uM and
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ovarian cancer, papillary thyroid cancer and col on cancer. Exanple 83
h hibition of Mutant B-Raf Kinase Signaling with the Conpound of

Exanpl e 1 gy &etdsnsm Based Assays 1. Inhibition of ERK perisana6m3inss
Phosphoryl ati on . Met hods: Two nel anoma cell |ines, A375N|knu t ant

B- Raf V600E), and SKMVEL- 28 (mutant B-Raf V600E) were used to neasure
the i nhi bi t BV epceetations pf reconpourtobExampdp| éfier drhougofincubation, MEK

cel | - based Iyzed after treatnent

with seri aIﬂ%%?->6 ﬁl%?g%?%ﬁlg I%Jpouér%‘%H bw%xa%%
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get elr mi rﬁe'(is doynplouid bﬂ'ﬂlﬁl}.aﬁﬂ}fbe_ Giili?fi %pdéiﬁﬁtdlﬁlﬁi&@%{hﬁaﬁmd wRtah s(gmﬁ?h% in18375M cells
esul ts: Q In the o] anple | _

i nhibits nﬁi&lﬁ\‘,‘\\g ﬁ@% @ffﬁkﬁﬁ%@ léﬁ?ﬁ%?%mi (ﬁ?@l@ﬂﬂ SguERYtion shige

A375N|C€||&ﬁﬁ%§1@¢§§Mﬁqd“py t he decrease in phospho-ERI C. TABLE 5:

I nhibitory Effect of Conpound of Exanple | in Melanona Cell lines 20
Expr essi ng. Mut ark /Rpirig; Oaﬁﬂéliﬂoélﬁtagﬁa?ﬂd@Bﬁtdémﬁﬁﬂrﬁ'om? Exanple 1 (V600E)

Cell line pERI Cyg,nhebid i L&%%gﬂu {gt H FaRAi int Vﬁgnﬁfe}%ggre QP{IWiL%'; the

I nhi bition. of hf EKphosphoryl ati on. ods: Three oma
l'i nes, M?WWC&@E@LIRMI VeOBErd aSkER varigneT ekl ise anRafimamivmantsolates

N Ras) , and w | d- pe Ras) were used to neasure
the 25 inhi®b %P&“@f 3%?£%$8%§ﬁ0%6%%%§%§%0f Example 1 in a cell-based

assay. The t hr e@oﬁeAgal | HrolefBratioe rAessayn c Bivadaek ceft 1idd Gsted WRlolWad EABLE 6, 500
bovi ne seru

PCT] Us2006/ 048648 DANMESh EGRES it PRRAEah YHEIE RBEA 1Ly anprtgregt Micc
After 4 horpige{Cdriiayauron, 1%&&&1&@@@%5{%@& hes avas! evalMeRr dYomplete
Western bl ot analysis. Resu

15 medium, allowed to sohd1fy, and then 100p! of complete medium was added to each well,
Serial dilutions of the compound of Example 1: {1-Methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-y])-pyridin-4-yloxy]-1H-benzoimidazol-2-yl1}-(4 -triﬂuoromethyl-phenyl)-émine
Were made in a final concentration of 5% DMSQ in serum-free medium, and 25ul of the
diluted compound was added to each well (final DMSO concentration of 0.5%). A control

20 well contained 0.5% DMSO with no compound was also included in 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.

25 The compound of Example 1 was also tested against a panel of human tumor
isolates grown in soft agar (Oncotest, Gmbl, I'reiburg, 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

30 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 Apar Proliferation Assay: Inhibition with the Compound of
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1

The inhibitory activity of the compound of Example 1 on the broad panel of cell

lines and human twmor isolates shown above in TABLE 6 demonstrates the potent anti-

proliferative activity of the compound 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 o 0.07 uM. The compound displayed a similar degree of inhibition against the

mutant B-Raf colorectal cell lines in the range of 0.026 1M to 0.13 pM. The compound

also demonstrated potent anti-proliferative activity in the two colorectal carcinoma tumor
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Exnmpl(; 84
20 Treatment with the Compound of Example 1 Causes Tumor Regression in the A375M (B-
Raf V600E) Human Melanoma Xenograft Model
Methods: 3 x 106 A375M human melanoma cells were implanted subcutaneously
into the right flank of 10-12 week old female Nuw/Nu mice weighing approximately 24g.
When the average tumor volume reached approximately 150 mm3 (17 days post-imiplant),
25  the mice were randomized by tumor volume into four groups of nine mice each and
treatment with the compound of Example 1 was started. The mice were dosed by oral
gavage every day for 14 days with eitﬁer vehicle alone, or with 10 mg/kg, 30 mg/kg or 100
mg/kg of the compound of Example 1, all in a volume of 0.1 mL. The compound of
Example 1: {I-Methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-y1)-pyridin-4-yloxy]- 1 H-
30 benzoimidazol-2-yl}-(4-trifluoromethyl-phenyl)-amine was formulated in 100% PEG. The
tumor volume was measured twice per week using d gital calipers.

Western Blot Analysis
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RPM for 20 ggnutes in a morofuge at 4C, followed by further :
honogeni zat 19 usi ng Q agen Q ashreclders (9K

: The membranes were then washed 5-times (5 minutes each) with TBST at room

temperature and an HRP-labeled goat-anti-rabbit antibody was added at 1:5000 dilution in

25  all blots (in blocking buffer) and incubated at room temperature for 1 hour. The membranes

were then washed 3-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:
30 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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RPM for 2 mnutes at 4C). The protein concentration was determ ned
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Resul t s: s“é)eazuaJ%Eccrnﬁlmsﬂ%t the apRPaa W Ryaapiel b dehi pissRefriignaling inhe YeARK
reduction Ip r volunme of A375M (B-Raf V600E) human nel anoma
trmors in mce when treated with an oral dose of 10 ng/ kg, 30 ng/kg
or 1001fAg/ kg of the corrpound of Exanpksmple 88s shown - 105 WO
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has potent a ntcl-jl-'/reta§ e,n(t) t%:%f" Ié(\)/lln ound r??]éxam ] ’lémgg"lt %@gﬁgﬁ{]grf?lfﬁ%%?l%ﬂ

At an oral doseThé Cdrﬁ)jﬂbuﬁﬂlokgxm‘ﬁplé hews@enmddnﬂmhlfoummcnm@r mssneagomeiagor

observed in 9/9 e results of the 18 | ot .
anal syS| s 1“51‘{ \\’g)%l Egﬁml‘taﬁﬁheéﬁfeﬂ@wg]ﬁﬁgtm FeRadyLar ?&&ﬁ@l%? wild-
ny/ kg, @Rgp%w@m%%zqm e of the compound of Exanpl e 1 are
shown I'GURE 7B and FI respectively, The Western

dat a sﬁ@vvs t hat Methods:com{sbY rRi‘Sftaﬁ?Fi Byman WE%“@H%%H&W?%@%H“%F Ifﬁfev@@g)
g/ kg dose ( dm &l %@%ﬁa&téﬁ*&(bcuﬁﬁ%@?%t@ Mo m@eqld&ﬂa%fl\@tﬁol PRI Qe

is sustained greater t hours aftéer the [ast dose, as
Nu/Nu mice. When the average tumor volume reached apploxlmqtely 65 mm3, the mice

were randomized by tumor volume and treatment with the compound of Example 1 {1-

Methyl-5-[2-(5-trifluoromethyl- 1 H-imidazol-2-y1)-pyridin-4-yloxyl- 1H-benzoimidazol-2-

[T
h

y1}-(4-trifluoromethyl-phenyl)-amine was started. Because the MEXTF276 model is known
to be somewhat cachectic, with some toxicity expected in the non-treated control mice,
intermifttent dosing regimens were used in order to prevent severe body weight loss in the
drug treated groups, as follows. The mice were dosed by oral gavage with either vehicle
alone, or with the following dosing regimen of the compound of Example 1: 10 mg/kg on
30 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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shown in FIGURE 7C. 10 As shown in FIGURE 7D, analysis of downstream
bi omar ker nodul ation in tunor |ysates 24 12rs post the 14th dose

showed an k\;}?{()gﬁ%ﬁ37i7n BI M (mar ker of apoptosis) and pzzébtefz(eﬂ%&%‘%

of cell cycle arrest), and a decrease in Cyclin D (cell
inhibition). These results confirmthat the conpound of Exanple 1

i nhi bits Raf sidfahy MEXIH 3¢ henadrbreriqhatramaged hBoaEmpnens HITXIEE indwroor
with the C@Hﬁ@%&ﬁ’@inﬂﬁmﬁé@ﬂ%ﬁm?&ohﬁ?'ﬂ% b I!YEA @5&9{‘& AR NGB M. T8Bien the
conpound of Exanple 1 was teste or inhirbrtfory activity ina

mel anoma t &ieinge tiraetetol WRR2G64 epprvaintatdBy R mn\eDOE) coamete meldamiued biy turma:

nodel MEXF134 1 d- «B- Raf tant..\- Ras (61 . Vet hods:
Serially p%nggaa\éﬁdd ﬂbartrltélﬁlﬁqn% 1&?@8@%@9@% ﬁ@%&n‘%@@%{' \Z/I%S(S‘E?e Weig dgsed
cel I's ver ebyi npll aatad sitibeithanenittd ylohata whie thi fudlobimnkogdig Hx%irl&a wegle
old female  Nu/NJ m ce. en the average_tunor val reache

appr oxi mat mjoggyﬂ%an{pﬁ&’rﬁ%&g&%?ge")fsglnao i07 &4 lgy%ﬂ%‘?&v@l PHES ghgays
treat ment @iz &, 6, he, CoMpaundo.aid Emmgyi% ok dats 0, 2, 4, 6, 10, 12, and 20.

Met hyl -5-[2-(5-trifluoronmethyl -1H i m dazol -2-yl)-pyridin-4-yl oxy]-1H -
benzoi ni dazol -2"“2‘!5119%11?P@Ei-fiml?/ﬂpifoﬁl@r@tcwonpﬁ@ Sﬂ%é?ﬁ fred 1341 treaglels
Because t Nge, MEXERABedTOMR! i SukBdWRere LRrRES QMBI 152G ¢ LbGes WhihNihese
sone toxicity expected in the non-Treated control mce, Trntermttent
dosi ngl & edrmerss wiksr wibipguently anglyded by oV gstesy ditt foetreged ratiyatinei (@MEK) o
in the dr t I : e m e _dgsed, by oral.
gavage Wi tlﬂg%?%tﬁgr @figﬁ%&ﬂg%ﬁ%&%@ @%ﬁ@h@ (fg)ﬁ\i%f\kn ?\Sgg%lg&lpengabpve n
regi men ofExahwle®hpound of Exanple 1: 10 ng/ kg on 30 days 0, 2, 4, 6,
14, 16, and ZO;RWi%h 30 ng/ kg on days 0, 2, 14, 16, and 20; and with
100 ny/ kg on day§'0; 2, 14, 16, and 20. -106 WD 2007/ 030377

PCT/ US2006/ 034Q03QURERA isheabliEdolddd teaeah redefiddinl iimpAssiage ¢f mern 76

mel anog 3 nor cells were | nplanted subcutaneously into the
hi nd fngnwgégff @%%ﬂ INREPRRP FRCET Dprsh 1 paice aper disaled uiidh Georemgoud of
reached appimpld Rl ghy rd8ud ot Rer1GE: g&@@ﬁdi&@@ﬁﬁfﬂ%%n@%uﬁd’ﬁ?ﬁxam le 1
volume and_treatnent with the conpound of ﬁExﬁanEI.e,l was started. The
m ce wer e sHe¥edigailisgntgpmpr gavaydmhiliton i MESE2V@ frolatas a4l 16meg/kprandigrdater

on days 0 "GRG NG EFRRI R §E B A Ele HATHN Fie S b
10, 12, 18he aivER@homhdryl:@ion I&JRBNER)agsl Gowidireadn afid doBynst@ym dbivohn2er
A g 28 Sy R A PR ) SRR S P R b
f1 ash-frodemhe MESELES tfi@ s RBS@n by the decrease in phospho-MEK in FIGURE 8B. As
shown in FIGURE 8C, an increase in BIM (marker for apoptosis) and p27Kip (cell cycle
arrest), and a decrease phospho-AKT (survival pathway signaling) was observed,

confirming inhibition of Raf kinase activity in the MAPK pathway.
25 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. The resulis shown in FIGURE 9A indicate that the compound of Example 1
caused significant tumor growth inhibition (up to 70% inhibition) in the MEXF1341 mutant
N-Ras (N-Ras Q61K) melanoma tumor modef at the 30 mg/kg and 100 mg/kg doses, but
30 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
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10 tunors were subsequently anal ysed by Western bl ot for target
nodul ati on (pMElI C) and nodul ati on of downstream nmarkers (BI M p27Kip

and pAKT) as described above in Exanple 84. Results: FIGURE SA is a
graph show' P H&%8an reduction in tumor vol ume of MEXESYES204e)34088
(B-Raf V600E) nel anoma cancer tunors in mce when treated with the
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when treat“l‘-a"(‘,lolvﬁl?‘Ntht‘ﬁ]x’-z1 Ei8hpound of Exanple 1. The results shown in

FI GUREQ9A i ndicate that the conpounqufl kggnpl e 1 caused significant
tumor growh inhibition (up to 70% i nhi |t|on in tre I\%@:_BM
mutant N TRexmen: wills thes proporid effowapleuntahibms Saman Cotpe @ 6 Ay RGO
100 ny/ kg doses, but 30 did not inducgtmpor regression. As shown in
FI GURE 9B, anal ysis of the phospho- MEK post day 20 after treatnent
with 100 mg/ kgToé cohpoenhpddirdmpled! rves ts¥edyiamitgBiiery aphdy get rakestl

(mitant” 246700 00505 HCh B SBBRH ST PR R P DAk o 448
?ﬁgi tbﬁgka\ﬂgf E}@\Agéﬂﬁ?{)ﬁmsﬁmﬂel MVidenEeT3 Rd)si gnal i ng nol ecul es in

af f ect ed, Ito he M%/]é‘@? vxg Fq%r?égﬁ oltllqgncg'fl ’l{:‘% ?ﬁ%ﬁiﬁlﬁfﬁu {j%l %{aﬁ/&&%m ¢
nodel . FOle@xXafié Guplasted AMtahddubll Guikithe DG ﬂhiﬂEOi)IZ(FKI p.reblevldl femplee¥il/Nu

cycle arrest) increased in the 30 ng/ and 100
i ndi cati ng‘m@@ oWwelghBer @B}@lox%ﬂéplé %t} ggh lﬁt&;r s éwef %gl%glp Ogcﬁ%{le reached

mar ker 'Ythié‘%%m‘i’al?a Y €¢hm3 dRekies %1% ddstd E)Dﬁﬁl@'b&vcﬁgh&htht e eanxae aldng for
Exanpl e | spotet activity int mut ant

Rat
xenograf t witdék folatiag @h@ut&mmnen@@?h@ﬁm@ﬁundaﬁ@%maﬁ I |1%a}@&) Blimekead
pot ent C@@V' Wg L%OSI ﬁa\ME?E&%H G !:x%& nh?%%q%ffor Audtans 2h-aRAS ) Satellite

xenogr af t
mice were euthamzed and tumors were harvested at 4 hours, 8 hours and 24 hours after the

3rd dose. Lysates from these tumors were subsequently analysed by Western blot for target
modulation (pMEK) as described above in Bxample 84.

25 A second human colorectal carcinoma model, HT-29 (B-Raf V600E), was tested as
follows. 2 x 106 HT-29 cells were implanted subcutaneously into the hind flank of 10-12
week old female Nu/Nu mice weighing approximately 24g. When the average tumor
yolume reached approximately 167 mm? the mice were dosed by oral gavage with either
vehicle alone, or with the following dosing regimen of the compound of Example 1:

30 10 mg/ke, 30 mg/kg and 100 mg/kg by oral gavage on day 1 and every 2 days (q24) for a
total of 28 days. '
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10 Exanple 86 Treatnment with the Conpound of Exanple | Inhibits Human
Col orectal Carcinoma Tunor G owh The conpound of Exanple 1 was

t ested forjnhibi y activity in a colorectal carcino f
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g/ Kg BY Qfifér @BEARIA0R) of A¥th dhARUHRURIdbsiAg ‘i’%glh%er( 82ek cb@bodhdt FtEMamgfe 1:
28 days. Satellite mce were euthanized.and tunors were harvested at

4 hours, 80negiks 38mae/ke apdlPSmafedy eneavaedddyel andewres dayolgednise
tumors mrt@mﬁk%%&ﬁ?.”%ﬁ!ﬂi?c{%gg %gegeoabfha\ﬁfz%& Cme{eO?% %&%gaghiﬁt%‘éu 4 l(]iouﬁs after

&h
nodul ati on (p s desc ve I n Exanp secon uman
col or ect althe Zdcdasenbysavebeliom HiTese unid@s Regfe WBSQEnt ywaslysedbe dVeisrn blot for
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hind fl ank ena M €6 Wei ghi ng
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day 1 and every 2 days (g2d) for a_ total of 28 days. -1
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2007/ 0303 FRCPCTAISPOGER 08208k irra il e R plobs torerued b hagmple 1. As
xenograft g by piMORES 1@5'51-@), | i sis \ﬁ@ﬁlelp{/hﬁﬁih%%EK ﬁt%llrQYY?Il'Gaﬁ)l?ﬁ, %?@urs

Mv4-11 cells were 1nplanted subcutaneousl’y into the hind '
10- 12 MeeKFuF d0€raul 4 MarNUTHF d8DWwepg iindrdagnse ohewast &1 ybspagblevikaisaseHa
aver age t?’lm)rh _g\%ﬁms reached approximately 190 mmB the m ce were
dosed by 6387138 vage with 5 either vehicle alone, or with the

fol | owi ng dosi FEGURH heis ofgrighesiootppotndnat: Eshariph én rmoid Qolmye kg, HBA9

I 'k d 100 b ~ d 1 2. 2d -
or 8 -t oBrasr oty Rofecl BRETE BRe Mane Bie kUG 31 BTN oo or

were harveshegiat. Ahawis af FIETURR he @fmdr dgs@sioh weat@saiedm shegkg and
tunors were subsequently anal ysed by Western blot for target

modul a0 onlOPP8E%) as described above in Exanple 84. 10 Results:
The results for the MV4-11 study are shown in FIGURES 12A-B. FIGURE 12A i3

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
ceils are driven by the mutant receptor tyrosine kinase (MV4;11, FLT3 I'TD). As shown,
25  the compound of Example 1 caused signiﬁcént tumor growth inthibition 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 iphibition of

30  VEGFR-2, as described below in EXAMPLES 87-88.
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The results for the HCT-116 study are shown in FI GURES 10A-D. FI GURE
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100 10,12,20 71% TGI
HCT-116 K-Ras 212 ] .
(colorectal) (wt/G13D) | mm® 10 qzd x 14 33% TG
30 q2d x 14 81% TGI
100 q2d x 14 regression
MV4;11 190 o
(AML) FLT3ITD o 10 q2d x 7 41% TGl
30 q2dx 7 55% TGI
100 q2d x 7 79% TGl

From the data summarized in TABLE 7, as
described in EXAMPLES 82-86, the compound of Example 1 is efficacious in every

-1

10-

shown in FIGURES 6-12, and as



d regression 100 g2dxl4 _ regression 3dx9 regression 4dx7 85% TG
10 Days 0,2,4,6, 80% TA 14, 16,20 MEXF-276 B-Raf 3 30 Days

(el anona) wVag9kl: A5 mm 0, 2, 14, 16, 20 regression 100 O, +:), Vbl kG052 0
regression HT29 B-Raf 1673 10 g2dxl 4 129G (col orecta ?VGO E) nun

0.204.6, VEREFRIHAR R e SRR EIR R0 o el i R b e
0,2, 4,6, 6MvEon if@]l lRed & ROModODteBay §A TSR, MBXFIIYEH@ HIDY)12, 20

HCT- 116 K-Ras 212 (colorectal) (w/ 3D) 3 10 g2d x 14 33%9G 30
g2dx14 819G 100 g2d x 14 regressiof™RN4/ | FLT3 |1 TD 113 10 g2d x 7

41% TGA 30 g2d x 7 55% TG  THO8sigkKlindsenifiBftod Gsajy om t he data
summari zed in TABLE 7, as shown in FI GURES 6-12, and as described in

EXAMPLES 82- 86,7 tlliléc’rl?(i"ﬁcﬂédffﬂy%f Exanple 1 is ef ficacious in every
-110 WO 2007/ O3PR7¥inke! adiPg U164 03483801 é?d'ﬂé?ﬂrt oﬁln@’Q@IﬁJsﬁ &b §fedsted by

which B-Raf is nmutated, causing regression of tunors and target
modul at | orPrewidiiel ATRraa8 a9f apphepTisisdBendide s trselein ADPEMENSEXFREE g acid

HT29) . Exaxlgplhﬁe & ph&/lﬁlgﬁ)leﬁﬁnﬁﬂﬁ%ga)) I‘Iﬁ‘h}?'tfmé Rﬁ'ns"f’e?%@xﬁe phosphate moiety to the

tyrosine residue. Recombinant proteins corresponding to the cytoplasmic domains of the

10  VEGFR2, PDGFRJ, CSF-1R and ¢-Kit were obtained by purification from Sf9 insect cells

infected with a corresponding human VEGFR2, PDGFRB, CSF-1R and c-Kit recombinant

baculovirus expression vector, For each assay, the compound of Example 1 {!-Methyl-5-
[2-(5-trifluoromethyl-1H-imidazol-2-yl}-pyridin-4-yloxy]-11-benzoimidazol-2-y1 }-(4-tri-

fluoromethyl-phenyl)-amine, was serially diluted in DMSO and then mixed with an

15 appropriate kinase reaction buffer plus ATP (the ATP concentrationused was at or just

below the respective K value). The kinase protein and an appropriate biotinylated peptide

substraté were added to give a final volume of 50-100pL. Reactions were incubated for 1-3

hours at room temperature and then stopped by addition of 25-50 pl of 45 mM EDTA,

50mM Hepes pH 7.5. The stopped reaction mixture (75 pl) was transferred to a

20  streptavidin-coated microtiter plate (Boehringer Man_nheiﬁl) and incubated for 1 hour,

Phosphorylated peptide product was measured with the DELFIA time-resolved fluorescence

system (Wallac or PE Biosciences), using a Europium labeled anti-phosphotyrosine

antibody PT66 with the modification that the DELFIA assay buffer was supplemented with
1 mM MgCl, for the antibody dilution. Time resolved fluorescence was read on a Wallac

]
LA

1232 DELFIA fluorometer or a PE Victor Il multiple signal reader. The conceniration of
cach compound for 50% inhibition (ICsg) was calculated employing non-linear regression

using XL Fit data analysis software.
VEGFR2 kinase (0.05 pg/mL) was assayed in 50 mM Hepes pH 7.0, 2 mM MgCl,,
10 mM MnCly, | mM NaF, 1 mM dithiothreitol (DTT), 1 mg/mL bovine serum albumin
30 (BSA) , 1 to 30 uM ATP, and 025 pM biotinylated peptide substrate
"GGGGQDGKDYIVLPI" (SEQ ID NO:1).
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5 1. Biochem cal Assays: The kinase activity of a nunber of protein
tyrosi ne ki nases was neasured by providing ATP and an appropriate

peptide or vy akebfsz/oNtaining a tyrosine amno acid ﬁtﬂ%ﬁzo@:%zmse
phosphoryl ation, and assaying for the transfer of the phospha

(o the cyt ZBFaEm‘/ ORI Rt ds T2 Nk Ao ROR S SeS P RO GO as
c-Kit wer abght @hdedd fé)(cd@Uﬂ"dlfdhﬁﬁ @Rl‘brn@gop%&el ﬂ%ﬁ%e g@{cglﬁmubﬁg ect.edn

with a correspond hunman

r econbi nakttls Faduf 88| s bistiprleled ipspiidre subsirate F'(S}G@Q@@Cé@%‘aWLRIhéSEQ D
conpound @\fo canple 1 {1-Methyl-5- [2-(5-trifluoronethyl-

H i m dazol - lfh‘é yridi n-4-yl oxy] -1l 1|-benzoi m dazol - 2-yl } (4-tri -

f 1 uor ofret hyI pyzinpseaaeiinigy ofvaSr-$Braalassayel] Inutsery hubleDIAB@N AtERBvept! 7.0,

m xed wtlsmmg‘cgpwlgmmtﬁ,leu%%@ﬁ ¢a0ri 9fT tnléfwwabwrmgﬁ .gelfwf’
concentrationused was at or just below the respective Ki al

The ki naseﬂﬁ’ramtié()ml\ahrd:tlayiata@peimﬁe stais&atbl"EEEB&Y&iVémEe@DQﬂeD N@ul)st rate
were added to

i ncubat ed for %h ?mﬁ%chvg}{ \éfﬁgﬁwgwﬁgﬁ%&lleﬁqﬁ HRY ’t“ﬁeph f“\gﬁ%dewﬂbmam

addi tion @fotadh-dofesgohdiab t4heeybpREMA, dorkfn MoV thie Rewit Qk&eﬁt& (ofBRed from
st opped reactjon _mxture 575 L) was transferred to a

streptbvi diaegied hﬁlcc[?% Knags Prplei @l aas Fl}‘*rﬁ@ﬁmYWéWPﬂ? subyggate (1pM)
| noubat echat rbriiRNYORNOIBRQNNO LS, ReRlie: PradSh AS: TRARYS edl)

with the DELFIA tinme-resol ved fluorescence system (\Wall
Bi osci encésgive adinaveume pb il | dbetastiomheffer pfhloglihomﬁrﬁgml\fﬁéﬁpéﬁtpl:bady

PT66 withithe vadnfnhzq%@\%g@n {hah Whe 1 PhldH ARSI %Abbrflfe%éac%ﬁ was incubated
suppl enented Wit h Cl7 for the antibody dilution. Time

resol ved fdr@dmesce naen mermd amhsteppdd by addildn diZR)Z,LIDE_éEI AMf EIDBA pffethef

Compobha FF eS0T 11 FERP( Ca0P VS & TUAL S8 BHpRay N ? Srepi S

non- | i neamat@glm&s@mn platsiBghnf eF}vIanﬁiﬁaﬁrﬂ) amalhmsaa&da"@;f 1 wewre. Ph\ﬁﬁﬁ?ﬁatec
kmase(OOSg/m was assaye mM1-lepes pH 7.0, 2 nmM
10 mv MiCRHdE 1?1:&&11}%&% TR Wi%tth% é?%ﬁ’Hl@Dme ieww&/ ﬂﬂmﬁwwﬁesymm

serum al bpghihe 30 P@B%Scl’en@esf- Q1s§1Q tE\AN%;[ m- l%&%doalaﬁplﬂys%ﬂo@l@&h@ya'n%&l?

pepti de substrate
2007/ 0303??6@611)‘11)@@00@?1@%98811“ F«imDEh Ppmbkﬁfmw sapplapenied gvigy/ M

enzyney W eI Samitibedyf @fecEON T8 RY fRBANENNESalEaekre Y8R inddn 2
changi ng ATP ‘and pepti de substrate concentrations to 1.4 M ATP, and

0.25 M bi Bdllay | @32dDBEPIA dinosembstr at @ PEGUGROBGKDYIMERE "siglBEQeddr.  The

NGO 1). 5 a-(ﬁl%ellﬁfepl%ﬁ%fatﬁ@ ¥ b of il Mo 38624k a8SaYwhtEdi&hated
(50mMM HEPES pH 7

employmg non—hnem reglessmn using XL Fit data analysis software.
Results: As shown below in TABLE 8, the compound of Example 1 is a potent
25  inhibitor of VEGFR-2, c-Kit, PDGFR-f} and CSF-1R.
TABLE 8: Inhibition of tyrosine kinases with the compound of Example 1

Target Compound of Example I | Compound of Example 1
Biochemical ICsq Cell-based EC50
VEGFR-2 0.07 uM 0.03 uM
c-Kit (.02 uM 1.1 pM
PDGFR-f 0.0032 uM 0.7 WM
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5mM MC12, 10 nM MhC1l2, 0.1% BSA, 1 nM DTT, 0.01% Tween, final pH
7.5), 1 M ATP and 50 nM bi otinyl ated pepti de substrate "EEEEAYGALNF"

(SEQ I D inase activity of c-Kit was nmeasure Lng
ATP and {\Iﬁgazeugﬁa)l-}r?ant prot ein corresponding to the cé?ﬁé?gé@}%%
domain of the c-Kit recept (obtained from 1Q Proqui nase). The
c-Kit kinase |prot €iSH-1(2nM and t he(G.BO pM nyl at eg pepti deMNdubstrate

(1M "GGE.FDDPSWNVONL™ (SEQ TD NO 3), were added in reaction buffer
plus ATP (8M tY-bised agsays ﬁ%ﬂle\ﬂbﬁﬂ)uﬁlﬁé dp mepgpre thaeactisitic tof dhe wampaind of

for c-Kit éﬁ@% PR RiFet/mAteculds s ll\lﬁlFTdAgfor %qg%gw 10 "M M C12

and 1 ng/m_ BSA e reaction was incubate urs at room
t enper at ur e andl'agd ppekylatipn dg HMYH0 caits BEr treasmediSvitivHEDTAPOEE!l eii:xkBiple

HEPES, pH 17sléaweﬁhﬁhi%ltmpﬁdvmﬁGﬁéd%dnvEGPRez ﬁ)%oé%)llral A LWt %fhﬁf{ge‘og o3

a streptavidin- coated mictrotiter plate (Boe nger I\/ann
i ncubatied My asiméesured bEhcaEmameyh g]nceplho VEGfRd:ej Weaehblot\@@s slﬁr&asur ed

with the DELPH me- ved Wal | ac, or
Bi osci ences), d@’?% EEUﬁlgbd 1‘3”7‘9% FFC@%&%&W 8 W zSH‘PP‘P}H’(Sly
PT66, w't hE?taktaﬂfrdehdwadan]mbMOn hﬁt—I@ﬂ@oEﬁbﬁlle&o&wﬂy&n&@%@f 1vig8V as measured

suppl enent ed th 1, mv 2 I\/gC12 for the antibody detection. Tine
r esol ved fl?yu'b‘gm"éé‘?@é%’@é’h\?%ﬂ sKibY ELfer mined on" a Wal | as 1232 DELFI A

];l)l;gre(;”e;?r oﬁr ff@na? & és\@fgﬁlgﬁmbh oﬁPbGFﬁl[ﬁn%g'?Icelfs%gle{r%anﬁ&?t\x;l‘gl compound of
0

nas. calul BB éh&ﬂﬁ@ ﬁ@gwaﬂ of legéw%%%sﬁswwrugpﬁg% iyl s @é@ﬁ&red by
anal ysi s t 3 elow in TABLE 8, the conpound
of Exanpl e@i&f@é@nﬁ?ﬁ%&a Pﬁ)z@?ﬁ?@@%’? of VEGFR-2, c-Kit, PDGFR-(3
and CSF-1R TABLE 5: Inhibition of t[tgmnqﬂm% ki nases with the conpound
of Exanple | Target Conpound o%ﬂ%arrpl und of Exanple |

Bi ochem cal 1C50 Cel | -based EC5 "0@? °0.03 M c-Kit 0.02 M
1. (1:S M PDglzsz( |Td)ﬁ1aﬁc§al21|nMsﬁg3te Whe effct2ofi Z&Q%Zé&ﬁQﬁ?EgcaBﬁE/ Uﬁgﬁl&ﬁi\/@fﬁh#@@@,
F F-1 M ND - hase e also used to neasure the
act i viki{j dhe EHRPRBAPGaRY gt ey &%ﬁfémg BT Rt ol ecul o5

shown i n TABLE \ei@§dst ohimWNuTaﬁ@e(cmmng@ eR Mdﬂ&%&%@%@ fp@ifot @] the
treatment with the conpound of Exanpl e showed i nhibition o

nedi at ed \WOFRE 2bpesiyhoQa dey dn Swikt 1fp6aHE@@5©H@f c@lsoip 05 anMMatagel were
measured Dy, A6E8AEFedidl KL FR\GHYEFIRBY YERUELE oy (NQlicSHAWven

oral doses of either vehicle, 10 mg/kg, 30 mg/kg or 100 mg/kg of the compound of Example

20 1 on a dosing schedule of qdx5. After five.days the Matrigel plug was removed {from the
mice gmd the hemoglobin concentration therein was quantitated.
Results:
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/kg, and 100 mg/kg of
25 the compound of Example [. As shown in FIGURE 13, the dosing of the compound over 5
days significantly inhibited VEGF-mediated angiogenesié.
Example 89
Dosing Schedule Effects
Dose scheduling studies of the compound of Example 1 were done in the A375M
30 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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Anal ysis of inhibition of c-Kit in Mle cells after treatnent with
conmpound of Exarrpl e 1 showed inhibition of c-Kit phosphorylation

with an ECQQ, ffi7/dsyi;sM as measured by a decrease in pho bty
- ELI SA.  Anal ys?] of i 'nhibition of PDGFR- (3 in M3 cell s§§?ﬂ8§)0m}4089

treatment with conpound of 10 Exanple 1 showed i nhibition of
phospho- PDGFR- Gleai t¢seaespBCBOehfioMhipt ihvabeermagblishdd ny thea 3504 emdel wrth

phospho- PRXFIR; n%%m rEllﬁ*{am&l? ec%sr%f”%{] %g MQAt '”@}e f aAnIIQI'G?%ﬁPZ,g %a e

further invest IFfgate ohpound
VEGFR- 2, thhstltehemq:ompmlfrlﬂcammc emlhwmttadon mg@ssEh VEGm et wheetiven daily,

angi ogenesi s node| . Nethods: Nu/ N c 0/ grou

Sedl [ iat oD RgsiesNPt oty vk prinep i O Pl R RES ghove by o
106 VESF- GxxAelih ?uosp}fa-mm VG Uae! mpr SovvoE UrAREO URkitg | Rh&Rledhe
over the upper abdonmen of the m ce. y 1, mice were given or al

doses of EPHPRYdPERREPRIC 11gashgt Rigll t@QaWﬂlﬂkgmi?rat {503 Ggefkg asf thenld0 me/kg
conpound Eé‘;%lfg) f f.V,

days the lff\?/(fésterl gel Elgcﬁglev%/ggyiog%og{\?e DE%F gﬁ??ﬁeﬁf %ﬁlgcsé&gﬁ bo{ﬁf \rvﬁght Bé/ &%I
concent r attheraford dhe mesineisicepieust dasageeef. 10Renglke svas fmlGuRFalugted sis ale@nh@;h
showi ng tg 84”nh| bition of VEGF nedi ated angi ogenesis in a CHO VEG-

Mat ri gel after treatment with 10 ng/kg, 30 ng/kg, and 100 ng/kg
of 251@he conpbistiddof Exanple |I. As shown in FIGURE 13, the d05| ng of

t he conpound oyer, _days signif hi bi t ed VEGF- medi a

angi ogenesi s. éideSF X %051 ﬁgﬁép%égmepﬁ?’%& A35Ee - %@h&'ﬁ'ﬁl gjanted
st udi es ofutichensnpoutd ief riptariike of 108rewekdneld femidke NABTH Mhice Crdiehngn
mel anoma xenograft npdel to_evaluate the relationship between the

mut ant  B- BRIFOXIARDL4E offhen Gigy errEssiHBRG ¥ gR sra bt bR B AR e mut - de
in plas rmmme]ﬂ;\l‘gfe Mdg&%ﬁ%qg%& E%U%Q@ﬁ{r e g%ﬂf #Iﬁ);gglﬁﬂésm _@!ﬁl&?ﬁgﬁ%ﬁﬁﬁ

rel ati onshi have been established in th 3
conpolhd ®ith @@mpp@und ofExashdon Wwas stalttgiJREhe?wceWe dased byrpri| gevme fgs2

00t o O AR ST o MOUE RS T USSP T
sust ai ned:agni_nmﬂt)@ mlg/lqgfonmq%inq&lam&ﬂ sc(laéuig hmmiS!yigiysa 5 decrease in
phospho,VEK |y LG Bl ERYSYSEe GRS 5 RRL IR 0EH oot B
and the 18@sdiB{dd@lation in tumors. Tumors and plasma were harvested from the mice at various
20 time points following 5 doses on the g2d group-and 3 doses on the g4d group. Tumors were
processed for Western blot analysis of phospho-MEK levels as described in Example 84,
and plaéma was isolated for measurement of drug levels.
Results:
FIGURE 14A is a graph showing the mean reduction in tumor volume of A375M
25  melanoma tumors in mice when treated with 100 mg/kg of the compound of Example 1
with a q2d, q3d, or q4d dosing regimen. As shown in FIGURE 14A, the compound of
Exampie 1 dosed orally at 100 mg/kg on a q2d, q3d or q4d 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
30  controls up to 48 hours post-dose in the q2d sampfes. In the g4d samples, by 72 howrs only
one out of three tumors had decreased levels of phospho-MEK and by 96 hours all of the

compound treated twmors had phospho-MEK levels comparable to vehicle treated tumors.
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dose levels, since the mce |ost an average of 10% of their starting
body wei ght by day 14. Therefore, the nost efficacious dosage of 100
ng/ kg was. furt al uated as described below 10 Metho As in.
Exanpl e 84{@()%@8%\;A375M hunan nel anoma cells were i npl’%ﬂPa 06034058
subcut aneously into the right flank of 10-12 week old fenmale Nu/Nu

m ce wei ghlihage reaply oxci oasisteyt 241, thdhenltshebtarelr agehd wlvrsckahilsyshown in
reached a I ely 200 mB, the mce were random zed by tunor

vol une i nto rour groups of nine mce each and treatnment 15 with the
conpound of Exasphewdbses iis TABLED, e dihe g4 &helulssade Byticd idéra8avade
for 32 d%/s w th elther Ve%‘g al one, or with the conpound of
Exanpl e 1 'R eS8 By ‘Fﬁ’@ regi men: 100 nmg/ kg on a g2d, qg3d
or g4dsschedul eABIET9: 28 78RY:EenopifidBkigs SthePWith 360 bt 6r @E %‘1950191& of
tunor-bearing mce were dosed in order to nonitor target nodulation
in tunorsEX¥AEIs and plasma were_harvested fromthe mce at various

20 ti me |poi Rosing Seheduleng 5§ d¥smsbody t he g2d gr oufGAkegemes on t he
q4d gr oupl00megibg of commpupddcesigkidossom West ern bl ot anal ysis of
phospho- MEKiYaawEt § pasdeesdri beldy 28 Exanpl e 84, and pl asma was

i sol ated for neagdrenent qf driugsl evel s. Thestlep@ssio by RIRERs10A L5110
graph showi ng the nean reduction in hunor vol une of tA3és8M 25

mel anomg tunors @38 m ce wien treat ed WrhlodQPreikg Akt PO fithors

of Exanple T wtfaga gq2d, d3d, om, q4d PI0S RABr &M YRR 1281550801 4 Rimors

FI GURE T4A; The CO ound of — Exanpte dosed oral ty at 100 g/ kg-om=a
g2d, q3d or q4H s@lkBgione whew the weeet maslulptipt idefarand affi¢dey abya arBhwnsidered

Vestern bl th@lng Xél sSR! d%x%@ﬁsé}%@ulk rlt%'l.l 2589 d %%}% F{l%%%ﬁwus Tidhor

in the co oun eated m ce  have “decrease ospho

rel ati ve tagrasshnelid maxgatredo8qoleanta ol s tip to 48 hours post-dose in
the ¢ sanples. In the g4d sanpl es hours only one out of
three Tunors had decreased | evels F ‘Bﬁ61§§ﬂo MEK and by 96 hours all

of the conpound treat ed t uTmes athapiwsphetidEsulieyel s conparable to
vehicl e treat eg} h -114_ WO g /030377 PCT/ US2006/ 034088 These
fosults are contHEFBRE Yovhin BEmle 558 BL RAPIAS a e A Toy Feless ersgivigh

shown in tifel GfeudBor Beagown DR Qi’ﬁig' dibna_eﬁ@bﬂt:on?7wér@%eﬁ§ﬁln@@@1oﬁ‘ﬂﬁle serum

schedul es vvere better tolerated in the test mce, as neasured }/
wei ght | 0S5&UPles, TS| the gesulis 7881 SAEHB gi5a POMERISH rgnesirafomiversus Jmnanglaw in

of thes coppoyRe 197 A FX&RR&Irhy concentration for target modulation can be estimated from

FIGURE 15 by considering the target modulation data shown in FIGURE 14A and

FIGURTE 14B. As shown in FIGURE 14B, at all time points up to 48 hours post-dose,

phospho-MEK levels were reduced in compound treated tumors relative to vehicle treated

tumors, therefore the corresonding drug concentrations must be above this threshold, As

20  shown in FIGURE 14C, at 72 and 96 hours post-dose, there was no target modulation, and

therefore the comresponding 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 (135.M),

It is interesting to note that the target plasma conceniration in the mouse xenograft

25  studies described above is approximately 1000-fold higher than the ECsy for target

modulation in A375M cells (.16pM) 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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Dosi ng. Schedul e: Mean body TA/Regression (100ng/leg of conpound
wei ght | oss on of Exanple 1 per dose) day 28 g2d 12% Tunor regression
by at | eas 0/10 tunors q3d 8% Tunor regressi i st
50%in 7/ 1%%?@?3237%% 7% Regression by at |east 50%i ﬁ@gpé’%gﬁn 34(%9

I n concl u 5 %en t he target nodul ati on data and efficacy data are
consi der e dgér maen ?ql‘nﬁb‘bﬁlﬁ%a t helting tés igoconpiderainrs e hewlhl estimetan ofs
i n the noSte @fificoasntuitont iy miplbmxﬁlﬁ@ﬂﬁSSB%O MWL R TR %IR8 18 thBOS Yo ECsp of
tol erance, 10 Exanple 90 Target Pl asma ncentration Studies, As
descri bed Méleﬁermllaﬁ@fﬁpIf@gﬁglodg]@hwmrswﬁﬁﬂvéseﬂmr e taken for nice
treated with he dru ncentrations re
det er ni ned frg%%?%g?ﬁ?iﬁ% gfﬁ%@ﬁ%& é PlaRad éoé?}gpgfag\geonst BriVAY of the
conpound wowoent péFxanplee, sau&rntas ﬂ‘é1?]0h?mtOSeMpﬁllﬂqsnfEl\ﬁREGII(ﬁmCA ik hyiesh aled

drug conc ion for tar n can be estimated from
FI GURE 15 %E?"@%r‘?}sgﬁ FEF ISR gn Sgp/d & i Péﬂi’qué?a Igfatioe 3 @ﬁﬁy i% hpmeymmd
14A and tE&rﬂﬁlﬁEed&BM?ﬁﬂM%blM Mmd:de@sJREhésﬁﬁa MK ahd plidspRo- EPKr!te%léerxteo

48 hours post - Qse ﬁosgho MEK | evel s were reduced in conpound

treat ed “r?ﬁ?lg rB1 Ad T S \Wonfseie o watasl B-Refminhibitiqm cfollp e ovwenight
corresondhag,aﬁl@lyg ERRSeNS-Kat t (I VAS r As 20
shown i n FI. GURE 14Cwaat 7I2<§,Ealrﬁ%l§ Wgulpgﬁglggt\ﬁ ‘(*)«fSch’a 619 (&?ggéag fm Cl%q
tar gelp M@Hb@?llbﬁ’lloﬁfﬁlﬂ 4 thRes of drabetinn. cne espionei iﬁlgsechsaigfs are summzmzed
concent r kjQns TAiSte p§ bel ow this threshold. In conclusion, the

t hreshol d of the conpound is estimated to be between about 50,000 and
80, 000 ng/ nL, TS & Edfsprasemat fedny valoB GPechey/onithe(at8il) of th cdiBpound of

interestl note that the target plasna concentration in the nouse
21 g p

xenogr aft 25—stutires—deseri-bed—abpve—i-s—approxi-mat-ely-1000-fol d

hi gher thasptdie ECJ0 mmrosrsmm( nbdihasplorRERK BCH5M CPMJS?)]:() clfﬁMt in
vitro (see TABLE 5). ht%p d(l} erence may be largely exp]l:
Ihﬂ 5‘0”-\

p| asma prete ei-n—-bindi the POWDOIIF(HN-HJ: EX:’-]I’TT) _50 @ater
-115 WO 20@,?@@@037' PCP4QSQ§J§)6/ 034p88 th@@ﬁﬁ 9% pr Ot ei n@gqug;i in
pl asma. Taking thig i nto consrderapiomn, —a rough—estimattomof—fres

drug conc pREY ation |is apprbXiZmatel y 0. 135?M+Wj| ch is|clos2+6.4t he ijn
vitro ECSOD%E 0. 16M defﬁrﬂgeg fof targ rﬁr’rz ulation in A375M cel lis.

| n order o tutr-ther exXprore—tne efect—of H 2S8R p+o ei-n bllul Rg—OF
t he acti vi Monkéy t he 9+3.3 13409 nd
Human 15+1.5 20+£5.0 16+1.5

The data in TABLE 10 can be used to evaluate the relative binding of the compound
15 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.
20 While the preferred embodiment of the invention has been illustrated and described,
. it will be appreciated that various changes can be made thercin without departing from the

spirit and scope of the invention.
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5 conmpound of Exanple 1, a series of in vitro experinents were
performed in which the conmpond was pre-incubated in 50% serum from
nouse, rat,y key or human, and then applied to 7BM. l, S, OF
Mol e cel | s‘.“ O?’%%?S@NEK and phospho-ERK | evel s were neglguggég&?%ﬁm
A375M cell's (to assay for nutant B-Raf inhibition) follow ng

overni ght incubation. Phospho-c-Kit tEMﬁM? were neasured in Mle
cells (to assay for c-1Ct 10 inhibition) followi ng 4 hours of

i ncubat i onWiphe dladmed iss of these assays are summarized below in
TABLE 10. FABLE 10: Effect of serum from various species on the
activity of theyconp Speci es Phospho- MVEI C

Phospho- ERK ECSD Pho‘glﬁ)5 glpg&éldé??rmk‘gé% (F@) M) EC50 (41V) Mouse 153
15.5 160 27 126 22 Rat 245.7 377.0 296.4 Dog 1S2.4 202.3 aid
Monkey 93.3 130.9 nd Humgp161k5 205.0 16-1.5 ,'\I'hgﬂ ata in TABLE 10
can be used to evaluate FZé:ZelatiV ®bi gding of t ¢onmpound 15 of
Exanple 1 to plasma protei fro fheremt~gpedi es and as a basis

for a correction factor to r et e/marglét pl asma
concentration determned in nouse to other species. For exanple,
based on these data one woul d esfimate that the target plasma 0

concentration-in rat 1is approximately 5-fold | ower than in nouse,
and the target plasma concentration in human is approximately
10-fold | ower tWwasreinn nouse. 20 While the preferred enbodi nent of the

i nvention has beeg .l ustrated ang descri ppreci at ed
A

ed, it will be
that various chdfi I%H‘rﬁ].eff)eé‘d?fﬁ’dese 1Rt g){@'%uimlaegaﬁr ?IFHQ%T-Gr AP PhECLs
PCT/ US2006] 054088 CLAL TS WAL |6 el B e e r o ARyl o ooyl
formula (1): (R FCrsphybonpab(fusalioyc 1: 1
each R? is independently selected from halo, Cr.6 alkyl, and C;4 alkoxy;
each R* is independently selected from hydroxy, C,4 alkyl, C; alkoxy, halo,
carboxyl, (Ci¢ alkoxy)carbonyl, aminocarbonyl, Ci¢ alkylaminocarbonyl, carbonitrile,
cycloalkyl; heterocycloalkyl, heterocycloalkylcarbonyl, phenyl, and heteroaryi;
wherein R', R% R’ and R' may be optionally substituted with one or more
substituents independently selected from hydroxy, halo, Ci¢ alkyl, halo(Cy.s alkyl), Ci.6
alkoxy, and halo(C.¢ alkoxy);
ais1,2,3,4,0r5;
bis0,1,2, or3; and
cis1or2;
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.

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, trifluorcethoxy,
piperidinyl, Ci.¢ alkylpiperidinyl, piperazinyl, Cis alkylpiperazinyl, tetrahydrofuranyl,
pyridinyl, and pyrimidinyl.
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HN~NH ~NN Rz (1) wherein, each R is independently sel ected
from hydroxy, halo, C1_6 alkyl, Cl1.6 al koxy, (C1_6 alkyl)sulfanyl,
P-6 al kyl) cycl oal kyl, heterocycl oal kyl, phenyl,.
heteroarylaHkégﬂﬁkgi 6 al kyl or halo(C _6 alkyl); each nﬁgﬁmmmnms

i ndependent|y selected fromhalo, Cl.6 alkyl, and C1_6 al koxy; each
R4 is i ndepend%nt | A senpoundcfGlam hydipieiya isd1ore, and efleast one B’ tIhebk§y
hal o, ? (C1. 6 al koxy) carbonyl, am nocarbonyl, Cl.6
alkylanlnoc bonyI carbonitrile, cycIoaIin heterocycloalkyl

het er ocycl oal k Icarbonyl phenyl , and heteroaryl wherein R R2 R3,
and R4 may be %ptl ohapgousdied Claimteshaiin bt lesreoisr R s tefluoserbeshilt uent s

i ndependently sel ected from hydroxy, halo, Cl1 6 al kyl, hal o(Cl_6
alkyl), C1.6 al kOWcorﬁfS@lmla%Lf@ﬁ&h 16y RhdORT ) S1C1% ISy 1 2 3, 4, or 3
bis 0, 1, 2, or 3; cCis 5 or a tauto st er eoi soner,

pol ynor ph, ester netabollte or prodrug 1 her eof or a

phar maceut i caly actepnpaing of Slaimdfwharan Roigacid or edut oner

st ereoi sonmer, polynorph, ester, nmetabolite, or prodrug. 2. A
conmpound of CI»,ai m %%ﬁ]fg&{na O?@q:ehnalwﬁeﬁeull R@Igpﬁagﬁnt |y selected from
the group consisting of hydroxy, chloro, fluoro, brono, nethyl,
ethyl, propyl, butyl, methox et hoxy, but oxy

trifl uoronet hyq t A FPRRRUE %Walmtlr‘ﬂﬁ%géﬁg %Q\yls Rof PEF%’ér oet hoxy,

pi peridinyl, CL.6 allcylpiperidinyl, piperadinyl, ClL 6

al kyl pi perazi nyl, tetsa &B%T%M'wheidwbhﬁl Ay 2T Qi di nyl .
-117 WO 2007/ 030377 P /uszooa/ 034088 3. A corrpound of daimi1

wherein a is 1 or 2, and at ? qe Rt ks ]o(Cl 6 alkyl). 4. A
conpound of o]&mé\m@%}nﬁ(% qn@a?s‘twb%Rvasmw-fluoromst hyl. 5. A
compound of Claim1 wherein R2 is Cl-6 alkyl. 6. A conpound of Caim

1 wherein R2 idg, netAigbmpsur@tdndiaim 7whée@@eauiRd, @hd & 18isivde whemaionc B2

i s nethyl
alkyl).

12, A compound of Claim 11 wherein at least one R” is trifluoromethyl,

13. A compound of Claim 1 having formula (II): _

a

wherein,

eacli R’ is independently selected from C, alkyl, Cy¢ alkoxy, hydroxy, halo, (Cj.
alkyDsulfanyl, (C- alkyDsulfonyl, cycloalkyl, heterocycloalkyl, phenyl, and heteroaryl;

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

each R* is independently selected from hydroxy, Cig alkyl, Ci¢ alkoxy, halo,
carboxyl, (C1¢ alkoxy)carbonyl, aminocarbonyl, carbonitrile, cycloalkyl, heterocycloalkyl,

heterocycloalkylcarbonyl, phenyl, and heteroaryl,;
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8. A compound of Claim1l wherein b is 0, and R3 is not present. 9. A
compound of Caiml wherein b is 1, and R3 is Cl.6 al koxy. 10. A

conpound o@voqu,h(m)%ﬂmgel n R3 is methoxy. 11. A corrpoupﬁzg%))ng@é([%l

wherein c , and at Ieast one R4 is halo(CL. 6
conpound of Caimll wherein ast one R4 is trifluoronmethyl. 13.
A compound of @heiein R hBV Rg ﬁl@ﬁr rRuI may |be) optiRnglly RRYsHBYds Mith (RAPC mo:

From c1. 6 A bl SIE nafo ity ho CLMMSRIRIN Y alei, T

(Cl -6 al kyl )suhflsolny_H 4cyctioal kyl , heter ocycl oal kyl , phenyl and
heteroaryl; e c R3,is.ind pendent ly sel ected from hal o, Cl. 6 al kyl,
and Cl1.6 ail coxyq‘ éa%t?‘ I%Zl ?Cg i ndependently sel ected from hydroxy,
Cl.6 al kyl, Clc& ldkgxy, halo, car boxyl (Cl-6 al koxy)car bonyl ,

am nocar bonyl carbonitrile, cycloal kyl, heter OC){)C| oal ky

het er ocycl oal k§i & ¥ HRERI SICISRiSPRES, P&H&"‘OF@& &pifarAtabolites gr mdmtw@%@"?v

PCT/ 1J S209%4:R:34Qm8a1ly Wi EshBe Rhit §2ihe RR3mR08H, RéutORYr, bs%m@&Edrﬁ’é}a#)blé'moz ph,

substituted with oné or nore substituents |ndependent y sel ec from
hydroxy, Rdfomeaholgearpyadiueand C1.6 alkoxy; ais 1, 2, 3, 4, or 5 b
is 0, 1, 2, or 3; and c is | or 2; or a tautomner, stereoisorrer,

pol ym)rph estey, %E%ﬁ&xh{d%ff&{m@e[@m;]ug thereof or a
pharmaceutically acceptable salt of the conpound, tautoner,

st ereoi somer, pol ynor ph, ester, nmet abolite, or prodrug. 14. A

conpound of formila (|||),/RﬁF$a N(R4). Ni qu\ =N H H3C (111)
iy

wher ei n, o
) = "!
HN-—-< N H

)’
HsC (1

wherein,

each R' is independently selected from C.¢ alkyl, Ci. alkoxy, hydroxy, halo, (Ci
alkyl}sulfanyl, (C;.5 alkyDsulfonyl, cycloalkyl, heterocyeloalkyl, phenyl, and heteroaryl;

cach R is independently selected from hydroxy, Cis alkyl, Cig alkoxy, halo,
carboxyl, (Cy4 alkkoxy)carbonyi, aminocarbonyl, carbonitrile, cycloalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, phenyl, and heteroaryl,

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

ais1,2,3,4,0r5;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.

15, A conmipound of Claim 14 wherein each R is independently selected from the
group consisting of hydroxy, chloro, fluoro, bromo, methyl, ethyl, propyl, butyl, methoxy,

cthoxy, propoxy, butoxy, trifluoromethyl, trifivoroethyl, trifluoromethoxy, trifluoroethoxy,

-119-



each Rl is independently selected fromCl.6 al kyl, Cl1.6 al koxy,
hydroxy, halo, (C-6 alkyl)sulfanyl, (C -6 alkyl)sulfonyl,
cycl oal kyl cl oal kyl, phenyl, and heteroaryl; §/ﬁ4 [
i ndependen OSZ%FS"Q 3§%¥ed from hydroxy, Cl.6 alkyl, Cl1.6 aF‘E@Q ,[]O(H'gﬁ%;,s
carboxyl, (d -6 al koxy)carbonyl, am nocarbonyl, carbonitrile,
cycl oal kyl piphtédieyloc@igl @lajrlk)';ple;idinnbtIﬁp@egimlipéllkydlbﬂpibmayihyl, peeaiyyidrof@ay!,
heteroaryl vgf ]E CE R4 may be optionally substituted with one
more sub¥ lfyd’eqﬁ PV l@ﬂendently sel ected from hydroxy, halo, CL.6
aIkyI and Cl1.6 alkoxy; ais 1, 2, 3, 4, or 5 and cis 1 or 2; or a
t aut omer, stereti. sormbompcmnylmﬁmhm lés\tflmrem e b, iahé at least pnoBf isthalo(C
t hereof or f phar maceutically acceptable salt of the conmpound,
t aut omer, y -‘él ‘eoi soner, polynorph, ester, netabolite, or prodrug.
15. A corrpound of Claim 14 wherein each Rr i s independently sel ected
fromthe grouplZonsh seipgmdiof Bjdindsywhesd sienst deldriotri fwammthyret hyl
ethyl, propyl, butyl, methoxy, ethoxy, propoxy, butoxy,
trifluoronet hyI trifluoroeth or onet hoxy, trifluoroethoxy,
150 V0 20071 0377 PEHTEIBOLFREEENSSET Lyl | CL. 6
al kyl pi peridi nyl, piperazinyl, Cl.6 aIkyIplﬁeraZ|nyI,
t et rahydr of i uany., Ppymhpjjtmgllof Céand 18 ylierdirdR hig ltzifhioBomeéhelompound of
Claim 15 wherein a is 1 or 2, and at least one R is halo(G .6
al kyl). 17. A ou i R is4.
Fri71 or omet hy 20 2 Cooos i 3E B AL s R P Bhe BBaflpnd Ris yiocCs
conpound odlk@gh.ai m 18 V\/nerel n RL is trifluoronethyl. 20. A conpound of
Caim 14 wherein c is 1 or 2, and at |east one R4 is halo(d .6
al kyl'). 21. A cpnpou ekl n
trifl uor omet hylc"ﬂ 2@ g%ﬁpcougd %% Eﬂ mq fﬁh@elem ﬁi&a@\g{]@%g 1?9%111\5\{ etlaré.. A
conpound sel ected fromthe group consi sting of {
1- Met hyl - 5-[ 2- (Bt r i4 buopomd ph¢laith 21 whereincis 1,
H i m dazol - 2-yl ) - pyri di n- 4-yl oxy] -1 H benzo-
i m dazol - 2-yl } tr - am :
(2- Fl uor o- 5- pyri|3g| n- %E%‘ﬁ?%ﬁg‘g%gﬁd ?{)]rﬁ’@(é lemorﬂgsmg of
- et hyl - 5- [ 2- (S{It-MeﬂllyUE}r[b@tltﬂdorcﬂnd’ch)'rl{iiﬁiﬂzlddzoﬁ y1)pypiini-¢hytoxg -y drydo- 1
H benzoi m dazol ; 2-yl } - am ne 0- 5- pyri d| n-4-yl - phenyl ) - {
1- net hyl - 501 %kéﬁh‘ﬁ%@%ﬁ?ﬁ?ﬁv S Ftabd o
(2-Fluoro-5-pyridin-3-yl-phenyl)-{1-methyl-5-]2- (5 trifluoromethyl-1H-imidazol-2-
y1)-pyridin-4-yloxy}-1H-benzoimidazol-2-yl}-amine,
(2-Fluoro-5-pyridin-4-yl-phenyl)-{1-methyl-5-{2-(5-irifluoromethyl-1H-imidazol-2-
yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-y!}-amine,
(4-tert-Butyl-phenyl)-{ 1 -methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-y])-pyridin-
4-yloxy]-1H-benzoimidazol-2-yl}-amine,
{1-Methyl-5-[2-(5-triflucromethyl- 1H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-yl}-(3-trifluoromethyl-phenyl)-amine,
(3-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-
oxy]-1H-benzoimidazol-2-yl}-amine, :
(4-Chloro-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1H-imidazol-2~yl)-pyridin-4-
yloxyl-1H-benzoimidazol-2-yl}-amine,

(4-Ethyl-phenyl)-{ 1-methyl-5-[2-(5-triftuoromethyl-1H-imidazol-2-yl)-pyridin-4-yl-
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yl')-pyridin-4-yloxy]-Il11-benzoi m dazol -2-yl } -am ne,
(4-tert-Butyl-phenyl)-(1-meth)l-5-[2-(5-trifluoromethyl-IHimdazol -2

-yl) - pyri diveyodndshery] - 1 -1 - ben20| m dazol -2-yl }-am ne, p¢ ) ;
1- Met hyl - 5- [22” 5-trifluoronethyl - PET/US2006/034088

H i m dazol - 2- pyri di n-4-yl oxy] 1H—benzo- i mdazol-2-yl } -(3 -tri
f1 uor onet Pﬁ?ﬁ lﬁéﬂvpylnlé{%ﬁf)hé YY}CQHIEﬁhyI phenyl ) - {

1- met hyl - 5- [ 2- {4Satibiofa- &ﬁhﬁs(@ﬁ%&i‘ﬂl pﬂxéhrgl)”?eldﬁ%@%ﬁ{ﬁ -ﬁ Bfoqﬁhﬁ{lﬁ

oxy]- | | I-benzoi m dazol -2- pheny
- et hyl - SUIEIQaZPBQtMl}PSMﬂ@r-éﬂéQm&IIHJbeh{aqmnctdaﬂdi -yl P-ayrine; pyri di n- 4-

ot byl - 5- [ o- 8 R A ol IR i TS By o e i 120
WD 2007/ 0BO&DI- gwmmmﬁ@lym&gp&&be@@midazdi Hipenzel m dazol - 2-y|

- | h
1amﬂn |er y|( 45(:?2 (Igl ﬁllyf %1 #’ gﬁﬁge{,éﬁléﬁiylﬂ_ﬁ-lnﬁdwzo 2-yD)-pyridin-4-yloxy]-1H-benzo-
i m dazol -igviydzpt-py J- Gllm&l‘ﬂioﬁbhﬁ&]y)ky phedjh)bﬁﬁ]ﬁ@ i m dazol -2-yl } -am ne,

| .
T o ey T e s Y b iyl -
H- benzoi rﬂlétﬁ‘}l%hegy]yjlP]}111I1@£f£bpe~yl]{p])fﬁdw EMLy}SIlii%eﬁz%nlhfdlaéclll'ﬁgyly% 4 ryl-

H i m dazol - 2-yl ) -pyridi n-4- K
i m dazol - 2-yl }(O(FAUQlﬁsftllﬂﬁ‘PlQWéﬂlb’ pheyy Dt emetyl-ani2A & methyl-4-(4-trifluoromethyl- .

1£I2ug|r lcj)o:rg)thﬁrﬁlﬁ hﬁggﬁ?#gﬁﬁ %lpﬁ?g@%#%?}y 1?%611%/011815@%03[ %, y}ﬁ%m}lt{éyl 4-(3-tri

- 11- | - benzoi miZd&d 3-C22F lybrp-Samiflnesomethyl-phenylamino)- 1-methyl-1H-benzoimidazol-5-

11 uor omat Ry P St R SR b B

H benzoi m daz QR—{Z-[QJ(}F&HI@S—M1f21101omethyl—phenylammog -1 1nethy1 1H- benzomndazol-S—

4-[2-( 2- i f1uoronetlryl | am no) - 1-netlryl -11-1-benzoi
En dc[’:lzol( QJIOX}' -pyridin-2-yl}-5- tuﬂuozometh%l lﬁ-lrm azol-4-yl})- methanol Y

yl oxy] - pyri di r% 2Pl broryt-p i LR R b g R 7g) |b@nﬁmﬁﬁ‘]r1pd?)§y)lrlb>?y]ac' d

et hyl ester,

{4- f/z (2-13;416@%;’% H-pidagrorepkynitgheny| ani no) - 1- met hyl -

ﬁ Ib%nég'zg} diz&{i E Bﬁh@ﬁm%nyﬁyfrl nqgftﬁ'yl% Pﬁl (S}p-h%nsgl ll n‘ﬁ%é&ﬁ'ﬁ W 1!))*196111 -4-yl-
2-{4-]1- I‘(@Cﬁfhi/liﬁbzniéodrmdaml%yil}@mmyl phenyl ami no) - 1

H henzoi m daz -v1.0 ridi.n:2-vl - -
o511 i dazohd SRR eI S 2l iy L benzotmidzol
1- lr)nst hyl -25}(;1}~24(nﬁﬂtpinfernytlwlhhlfahyli-}ﬁﬁedﬁl}@hﬁr%; yl)-pyridin-4-yl- oxy]-1

H benzoi m dazo] - 2- - am ne, . .. -
1- Met hyl - 5- [ 2?4? ?fbﬁ&%bghqnﬂﬁ %{fa“é%ﬁ -B-Gryiflpgrpmainl- i ynislge!-2ryD)-pyridin-
H- benzoi miglazglii- Bembuﬁ]dqz{oﬁgly{}l fhier omet hyl sul f.anyl - phenyl ) - am ne,

(3-text-Butyl-phenyl hyI-5-[2 (5-trifluoronethyl-1
H i m dazol - ﬁ ¥l L}?}/‘? ﬂ}eﬁahydlmfmana yi}-phenyl]|-{]-methyl-5-[2-(5-rifluoromethyl-1H-

i1111d’1201—2~y1)—py1 idin-4-yloxy}- 1 H-benzoimidazoi-2-yl }-amine,
(4-Bromo-phenyl)-{1-methyl-5-[2-(5-triffuoromethyl-1 H-imidaZol~2—yl)-pyridin-4~
yloxy]-1H-benzoimidazol-2-yt}-amine, |
(4-Fluoro-3-isopropyl-phenyl)-{1-methyl-5-[2-(5-triftuoromethyl- 1 H-imidazol-2-
yD)-pyridin-4-yloxy]-1¥-benzoimidazol-2-yl}-amine,
{1-Methyl-5-[2-(5-trifluoromethyl- 1 H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-
imidazol-2-yi}-(4-trifluoromethylsulfanyl-phenyl)-amine,
(2-Fluoro-3-isopropyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1 H-imidazol-2-
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4-yl o xy]- | |1 I-benzo im d azol-2-yl }-am ne,

[ 4- Fl uoro- 3- (tetrahydro-furan-3-yl)-phenyl]-{

1- met hyl - 55 147k f  uor omet hyl - I B TUS2006

i ni i dazol -“-y“§7ﬁgyr7ll7d| n-4-yloxy]- | H benzoi m dazol - 2- yﬁ%\lrjr%zrl{{g,“m{m

4- Br ono- 5-trifluqronethyl

I(-I-l i dazolo- - gd“{““ryﬂ%iﬁ’i% b?f‘%ﬁﬂ(“% iﬂ%é"ﬁ‘i’&n i )éazo |-2-y | }
;I. ame'?ﬁyl (4-Fl UO'(DFB-M@GﬁﬁﬂW?IﬁﬁP?IﬁkIﬁ}ZI? r{nl~(11nae§hy1 5%_2 (S-triftuoromethyl-1H-
yl)-pyridi ﬁlﬂifla%‘%b%&/'%) -Pi”fl in H?bﬂrﬂn%é%@@d@ml ¥-yhininiae, {

1- Met hyl - 5- [2 ( P5-tari-Bliy R0 9RBE 1- : -
H- i i dazol - 2yl )@5 o d?n cb%{enyj{{{ meggl 5&2 (5-trifluoromethyl-1H-imidazol-2-

i m dazol - 2% rl}yrl(im ierxwﬂ:éﬂdmzm dezdl 2apijHanpieeny | ) - am ne,

e o o el B S LA AL

yl)-pyri di @yﬁdim%ydy}]:y]}l}HbMEmdainoﬂaw anZz—ny,I }-am ne,
2-Fluoro-5-tri r th n
(1- met hyl - 5-[ 2- ( F fabi nﬁgy%%@w&%w Y|_)_ {1~11161hy1 5-[2-(5-trifluoromethyl-1H-imidazol-2-

i m dazol - 2ypyripined gl]ony}lmlb@xz}olmithidm QllnmcdaZoI 2-y1} -amine,
(5-tert-Butyl-2:fl 29 hen 1mtd§ﬁ [2-(5-trifluoromethyl-1
H i ni dazol - 2 yI¥- {fﬁt TG HCK0- 51%@15}11‘0@6%11 %ﬂﬁliﬁnéériémﬂ?ﬂ;lﬂ;lbealﬁi)meqhzol 5-

(2- Fl uor o- Shoky)- ﬂruﬁh’ Qfﬁl"r’} B'Mllnm%&}éjél)ca{bo%ltﬁﬁt hyl -5-[2-(5-nmethyl -
Him dazol - 2-yl) i n-4-yl oxy] -1 H benzoi m dazol -2-yl } -amne

(2- Fl uor o- 5- pyr i%d¥ y81 ~§rftei ey thyl-pheny lrbl-tapthys 5-[2-(5-trifluoromethyi-1 H-
-[2-(5-tri ﬁhu@&@ﬁ%ﬁﬁf}umﬁ 431(5}&'_1 HRaRb i PR g 4- vl oxy] -1

H- benzoi m dazol -
2-{4-[2-(2-Fl uofr5d515~BlﬁYlf2 -tiderombtimy)- { pluethy]- am{m)nmzomdmwl ~1H-mlidBenzoi

oS Il el oo oo

n‘gt hy: 5-[2-(@- Rlumﬁliapymfﬁaﬂlyy-bhehybb{l -met 1yld5 [2- HS trlﬂu?l}omethyl 1H-imidazo}-2
i m dazo nZOI m dazo yl }-am ne,
(5-tort- Bu¥l¥'ﬂj}lé&] ﬁ ﬂ p]‘r%:q %n{‘%az‘ﬂ' -yl}-amine,

1- et hyl 5- [ 2- ((5, Hlﬁ(blf)l's‘l@ffmaﬁﬁﬂdmh-plllénlynl{rp.]_gaggl.s.?f (4 phenyl 5'111ﬂ110f01ne1.hyl-
yl)-pyridin-4-ylo H benzoi m_dazol - 2-vyl

( 2- Fl uor o- giwﬁaﬁlﬁg nl)yyu@nélnxlp?}y}{lH—benzonmdcvol 2-yl}- amme

| “rret hyl - 5- [ 2- £l i yi -
yi)-pytidi i §/ émb- [ RIRERAdNphorp! (7 191%91 e "BV g gronesthyt

“trifluor OﬂéﬁlﬁWZcﬁﬁeﬂy-lp)/udl(lﬂ vlest[ Hyl-bezoindi @ (U2 phenyihe,5
RGP e ST I —
1- et hyl - SH Eel(zmrmldenyﬂ—)ﬁ}-t(3-t11ﬂ1uﬁfnmmﬂh}ﬁknyl) -amine,
-1|Vét |h;1| daz?l [ 2 (? L{i)ﬂ&ﬁ é%l%lflgll[ p]y ﬂ}yﬁg-r[%- -Pben 51t1ng]190?§xgeti1yl %I 111-11%220?-% yl)( !
H-i m dazol pyZidin-3-y Rk 1-0Hbedzdim@Myd]1-2-v1} -amine,
(4-tert-Butyl-phenyl)-{1-methyl-5-[2-(4-phenyl-5-trifluoromethyl-1 H-imidazol-2-
yD-pyridin-4-yloxy]-1H-benzoimidazol-2-y1}-amine,
(2-Chloro-5-trifluoromethyl-phenyl)-{ 1-methyl-5-[2-(5-trifluoromethyl-1 H-
imidazol-2-y1}-pyridin-d-yloxy]-1H-benzoimidazol-2-yl}-amine,
(2-Fluoro-5-trifluoromethyi-phenyl)-{ t-methyl-5-[2-(5 -methyl-4-phenyl-1H-
imidazol-2-yl}-pyridin-4-yloxy]-1H-benzoimidazol-2-yl }-amine,
(2—Chlpro-5 -trifluoromethyl-phenyl)- { 1-methyl-5-[2-(5-methyl-4-phenyl-1H-
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| I I-benzoimdazol-2-yl} -(3-trifluoronethyl-phenyl)-am ne,
(3- Et hyl - phenyl ) -{

1- et hyl - 5“[()22067‘}039?73”3/' -5-trifluoronethyl -11-1-im dazol perybdinenasss
pyri di n-4-yl oxy] 1H benzoi m dazol - 2-yl } - am ne,

4-tert- Bu trifluoronethyl -
I(-I-l i dazol FEW ]lgyd{dﬁ\n -y]ﬁ;%'i l?%qubfﬁfohéln(%gol%hﬁzxﬁmez yl } - ani ne, Y
(2-Chl oro- f5| t r i (4ftbnu&tmtqﬂh | l:alyjll'l} phemhyl-j-12{5-hettet-Hypherd]-1 H-imidazol-2-y1)-

2-(5-tri r t = -l . :

ol | T s iAok A YBIR mi dazol - 2 y1) - ami ne,
(2- '|[:|hu|0r o- 52- t r5{ 1E Mdmyi}ﬁﬁizi@yhndﬂh@rﬂﬂih):nyl-{l]H-nmdazol 2-y)-pyridin-4-yloxy]-1H-benzo-
-me me
im daélol n}ld"l'zfl Byﬁ}-gﬁ-wfwowwﬁb@@ PEYBEEERS: i dazol - 2-yl } - ani ne,

(2- ChlorOStHSI-tbll@JB?l IjJﬂh@ﬁél it é‘thlSZ - -
Cethyl -5, [2- (& (fmath :ESE? hor Jjb ?Al))l—r m y [ 5n7th§149henyl [H-imidazol-2

PCT/ US2006Y1081088-4- ylemd l;igbeuzorzmwpl W}}rﬁﬁuﬁeA yl oxy]-1 H benzo

i m dazol - 2-yl 1 - Bu hel ) -(5
ety phoryi b L AR S G b i

| - I - benzoi mideebl-yD-miridiraddytoey -] H-beMpihidhzd-2-y1} - amme

[2-(5-i1etlryl | l-imdaz

151 benzor 1 i akour Py oyt B Sl R Pt bkt miacol s

I( 5I tert dBujzllyky Qbyi1511192—9}}93;@%1[1&)312('{16-1-cﬁibbil_%lig-aﬁrd[lﬁetﬁg e@‘l%f ,hyl -4-phenyl - |

[ ;1 ElélmI\/E? ﬁ; | - plQpi‘L %%E} 1lo|1cyn§»)lm% Oxé%tﬁly hel%f fn?fn[s I%L?hyl lHybenzonrHldaiol 5-
- met hyl - 5ylb2y](p'§1‘f€1fn'—i B/Hofuﬁﬁﬁfomfﬁaﬂylhﬁl imidazole-4- carboxyhc acid ethyl ester,

|mdazol- -yl)-pyridin-4-yl oxy] - 1H benzoi m dazol - 2-yl } - am ne, 2- {4-

[ 2- (2- Fl uoro-5 tﬁlﬁlqlpﬁotﬁI@H@ﬁowthybn@wl)a{h%wl -5t[2- Gﬁettfﬂwrmmthwl 1H-

| penzol m diagkr S uherila B i Andithiaiihlmifagske- 4 carboxyl i c

2-{4-[2-(2-Chl dﬂfﬁlﬁ@mmhﬁhﬂbl{ baethylb-[ pheniflvanma)yl 1-Hrenidgdol-2-yh)-pyridin-4-

H benzoi m
yl oxy] - pyrjlqg yﬂ 15{5 ﬁfr}zogmfiazo "OLYO}r ammle’nyl 111-1m dazol e- 4-carboxylic

acid ethyl est G(Q,:; Dﬁriht}deyqﬂmﬂ} 1{T-trfeihtglbﬁ-(@l%i-h)ﬂmphﬁﬂhjl)l{{ imidazol-2-yl)-

1- net hyl - é I—f-
i m dazol - 219>£H - ‘29’ eﬁ?F‘BQ‘;ﬁgzﬁl V@AY i dazol - 2-yl } - ani ne,
(2- Chl oro- phenysb)s I{)mllemdk% Adwhyfﬁ{f %re(h%pw[zf(i A RRRAANY = 1H-imidazol-2-y1)-

H i m dazol -1 H benzoi m dazol - 2-yl} -am ne,

(2,5-Di rretms@ylﬂ)ﬂ@wﬁ)lﬂ I{GPZWWq)L%}’IﬁMIwHH uor onet hyl -

H i m dazol - 2-yl Rrds, y ]
(3.5-Di met h Oxg %hl\éf%lﬁ gl {[ _1L§ tt Yﬁt ell Zﬁﬁgﬁﬁyﬂ ?—3@% I‘l%lllle %To%?] ¥-benzo

H-i mi dazol ingidago)2 )i (Mruﬁhmwiedwl)heml%abemm m dazol - 2 yI } -amine, {

. I%i: :Vﬁ;[ gglz;f: [2_2y|(§ Ptk Il]:pI %lﬁ-ﬁ-ﬁz&é}(ﬁ?}%—?-lgé-g(iafll,]uz%qmethyl—1H-imidazol—2—yl)—py1'idin-4-yl-

oxy]-1H- benzc>11mdazol-2-yl}-amine,
(4-Bthyl-piperazin-1-yl)-(2-{4-[2-(2-fluoro-5-trifluoromethyl-phenylamino)-1-

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

yloxy]-pyridin-2-yl}-3H-imidazole-4-carboxylic acid (2-hydroxy-ethyl)-amide,
{1-Ethyl-5-[2-(5-triflucromethyl- 1 H-imidazol-2-yl)-pyridin-4-yloxy]-1H-benzo-

imidazol-2-yl1}-(2-fluoro-5-trifluoromethyl-phenyl)-amine,

(2-Fluoro-5-irifluoromethyl-phenyl)-{ 6-methoxy-1-methyl-5-[2-(5-trifftuoromethy!-
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i mdazol-2-yl} -(2-trifluoronethyl-phenyl)-am ne, (2-Ethyl-phenyl)-{
1- nmet hyl - 5-[ 2-(5- trifluororrethyl-ll-l-im'dazol-2-y|)-pyridi n-4-yl -

oxy]-1 HbDb -2-yl }-am ne,
(4- Ethyl - pﬁ%@gﬁ% -yl)-(2-{4-[2-(2-fluoro-5-trifl uorone{/HS?”“(’“mx | a
m no) - 1-

H benzoi mﬁi{%@%@?dﬁﬂfﬂ&% f‘ﬂil%ylzlgﬁb}?n@ﬂmidﬂ_miﬁcbdi@lmm yl ) - met hanone,
2-{4-[2-(2-F Uor{@‘l\@éﬂl&\}i HQHB/F??]_ %5_ Tlff?ﬁmﬁcﬁﬁlgﬁ)—m idazst Bé'bd%“ld n-4-yloxyly

H benzoi m dazol yl oxg yrid azol e ic ac
( 2- hydr oxy &unl‘a@ng -y1}-(4- tuﬂuoxomethyl—phenyl) -amine,

{1 benzo. 1 m aaoo 3 PP RRELA TERBUSRER s S i sty }?i‘lﬁ]

(2- Fl u or obeoimidazdl43udoxytetyiyin-phedy-middzob4y8tfekyonk, - et hyl -

5 -tri fluoro 2007/0 377 P S2006/ 03408
o ol - 5 yl)r(rF tEwyl dr [%Jég%\{\%&/”et&ﬂ Blélﬂﬂ%?ﬁﬂéﬂalzleiduyggy Ohy?é%h?é%o-
{ 6- Met hoxyiﬂndrm:mwl}54{t12ﬂ1(050rhéth§111mem)mhmI -1 Himdazol -2-yl) - pyri din
-4-yloxy] - | l#g?é&g] ? -(4tr|fluoronethyl phenyl
-am ne, (4-Ethy I}) efhylp-(4- trlﬂuoz0methyl~pheny1unlno) 1H-benzoimidazol-5-y o\;y]
l-yl)-(2- {ﬂyiﬁdln—fﬁ}tlpﬂfl%nﬁf‘zofeu Eélb'@{ryﬁgﬁélﬁl}’i h%ngx;&yétflﬁzgfﬂ% el I-

benzoi m dazo -5-y ’ % din-2-y Imetlrarrone,
{1 -Ethyl-5- [ 22-({@:,_1\@@1 nylr E%@n@ﬂﬁyqomethyl 1H—1n11dazol 2-y1)- pyndm 4-yloxy]-1H-benzo-

Hi m dazol m%dﬁ(iol Qw{ﬂ]gl}'? ?ﬂl%?ﬁ]iﬂl}f@%?@zo' I m dazol -2-yl }

-(4-trifluoronetl am ne
- Met hyl - 2- (4-t riufd udr ()IrrMeHwﬂ -5 BEhrifam oxodthyl- IH-Ingidz:ol -84 yilazyoldirb4 -yl ] H-

di n- 2- daz rb d
(3~ hyar oy R P BE RS SERARAURENE. 11 11 uor omet hy1 -

H i m dazol - 2- yl ) pyduitedhgs; ﬁsﬁébl@dxﬁ&r— jbolbhlbﬁfmzesteﬂ MetdRle; er yﬂoaﬂﬁlgrtﬁereof or a
}-5-triflu orreth}llﬁglhenol and 5tr|fluororret

Met h [ 2-
yl -1 H i m BEFGRC BPEPARIA- S&“ﬂf ‘L?]CO@P %éﬁlit@inﬁﬁ» cHipFeQdonEr.y P AGD,
}-6-trifl ugsonmtiaydlite ARy Or a tautonmer, stereoisonmer, polynorph,
ester, metabolite, or prodrug thereof or a pharmaceuti cal I y

acceptable salt_of the conp ? t.aut oner, stereoisaoner, po r ph,
ester, metabolif%, %‘TB’(?PH% 0 Z’JF“mAz%&hﬁoHW%FBL@PEde?%P‘éW@agalt thereof

phar WHCGUtWEéblh)th@Ecﬁﬁﬁﬁ@h@s tﬁat&mhfaer eof wherein the compound has
the formula: FBC N O" CF3 HN</ H3C

FsC
A
! CF
@ /N O | N H 3
HN——<N o |
HeC

or a tautomer of the compound or a pharmacentically acceptable salt of the tautomer

Q 3
~. >—CF
}\1 O | N N 3
HN—(N N
i .
HaC

25. - A composition comprising a compound, tautomer, pharmaceutically

having the formula:

FsC
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or a tautoner of the conpound or a pharmaceutically acceptable salt
of the tautoner having the formula: FSCHN N OIl - \1 CF3 HN-</ N
N H3C 25. A conposition conprising a conpound, tautoner,
pharmaceutically -124 acceptable salt, or a pharnaceutically

accept abl e saiceptaifle sdite ot 2 phaomascutidatly e@él?tdﬂe @lltaif hel tautome2therbalfgd tCliin 1
W th a phar ngeayy, e?l?el‘ ¥ %‘gﬁﬁﬁ%&'ﬂl'c%ugﬁ&%ﬂg%le ey, The use of a
conposition conprrsing a onpouné, aut'oner, pharnmaceutically
acceptable salt, or a pharnaceutically acceptable salt of t he
tautonmer th 0 ' tur

for the trefla?t{&rer\e*(){r"\}{e gecg@%?ﬁcgog{jo 1'S0r od;lls ng237 euﬁg’f %cﬁal m émvﬁ%%urlém
t he- conposi tdceeptibihialii orsa plfmicevtizslly mcepniiasait cBﬂRa:ﬁutkmeratk@eof oIE]athsle
of Cl aim 26 | | east

addi 1 onal ot bR RTR BB Ry Moo hllr e Bl 25 1 1
which the at |east one additional agent for the treatnent of cancer
is selected fr %b{dleﬁﬁltﬁ%@wl | BPO A en AERT R ordiuldo BTOY KRG

| eucovorin ‘carboplatin CISp axanes, tezacitabi

cycl ophospham de, vinca al kal oi ds, imatinib, anthracycllnes

© rituximab, £ Hds I

di sorder is nef%ngﬁgHﬁgg@QBg ]¥ c?gﬁ%ﬁ%%ﬂ§ﬂ%§§Fl ?G%hgg%§§¥&%ﬁgﬁ?ﬂér
i s breast cdntte tigptmpptefeance. cancer. 32. A conpound, tautoner,
pharmaceutically acceptable salt, or a pharmaceutically acceptable

salt of the tautoner thereof of Claim1 or 24 for use in the
treat ment of29% HeeelClaingZ$ inygdéchghe g lepsinme additionabagenifer the treatment of cancer

phar maceuti gal Isé’le(ﬁéaceﬂ[:’(ﬁgbkrﬁ B84 » ngne@anph Elﬁrlrlat' E-Eﬁut)%ura §cankahl

salt of the tautoner 'reo In’t manuf &cture o
medi cament fegyboplatn, tcrsebtlméman@f tegagifahine, cﬁlpphqmbanude vigfea alkeloidpdmitititpn

conpri sing qmﬁgﬂpggggTmhﬁﬂapgﬁﬁmmﬁgﬁﬁﬁpceut|calIy acceptabl e salt,
a

or a pharnaceutlcally acceptabl e salt of the tautoner thereof of
Claim1l or 24 in the manufacture of a medi cament for the inhibition

of at |east 3gngge &f@flalﬂl%weﬁemysmarm e}@m!epﬁ o\PK si gnal i ng

pat hway, or for the treatnent of a biological condition nmediated by
a serine/threonine kinase in the MAPK signaling pathway.

31. Use of Claim 26 wherein the cancer disorder is breast cancer or prostate cancer.

32. A compound, tautomer, pharrhaceutically acceptable salt, or a pharmaceutically

acceptable salt of the tautomer thereof of Claim 1 or 24 for use in the treatment of cancer.

33. Use of a compound, tautomer, pharmaceutically acceptable sait, 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, The use of a composition comprising 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 inhibition of at least one
serine/threonine kinase in the MAPK signaling pathway, or for the treatment of a
biological condition mediated by a serine/threonine kinase in the MAPK signaling

pathway.
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125 35. Use of Claim 34, wherein the conposition inhibits Raf kinase.
36. ;Use of Claim34, wherein the conposition inhibits the nutant

B- Réf ki nase. 37. Use of Claim 34, wherein the biological condition
is selected fromthe group consisting of nelanoma, papillary thyroid

cancer, ovar$arPseshelsmm 3‘13éﬂhélf?ﬂbthw?f@?POSItl%ﬁblbé%aRﬂf@m@%cer | ung
cancer, and | eukem a. 38. Use of C aim 34, \/\herel n the conposition

conprises {l-Methyl-5 #2319 trlfluoromethlg
H i m dazol - 23§4Use ﬁif@hﬂm xhgretntlq compogifigneipbi it%fﬁ%l@}!@nf—BZR?ﬂ}maS? 4-tri-

fl uor onet hyl phenyl ) -am ne or a pharmaceutically acceptable salt,
tautonmer, or_a _pharnmaceutically acceptable salt of the tautorrer

t her eof . 39 3Fnseygle ChIm 234 orksedn theobiologieplr sapditign ds selpgieslifigm the group

t aut omer, l‘ﬂﬁﬁ«%urof Cblhdbmad GRapiltha |th°yr03@-| aance@r ofariah aéa'ﬁ@&e%bﬁ aéa}nyer
accept abI e sal the tautomer théreof of aim1l or in

manuf act ur e MCEERRANeCR I C2RSE aphisukertid bi ti on of a recept or tyr osi ne
kinase or for the treatnent of a biological condition nediated by
the receptor_tyrosine kinase, wherein the receptor tyrosine kinase

i s sel ected 1olst i Glap3tondrisin diy spmuesitior. omprises-RI-Yetlyl-gi £2-(5-
PDGFR- (3, ang fluStoméfRyl- 410H-1H§dﬁz&f2 -$B-pirBin Ly lowbe rlerbeBi%ﬁni*ahé%h-QQl}C f{h tri-

condition is_selected fromthe rou‘[]) consi sting of mast cel
| eukeni a, erHEPBIRIRERYAMEE, P @ePharmagsstically sppgentable|splts| E?H@mer or a

carci noma, gasthatkdticeif Acdedtabid saR OPdhe taiPRIcBiherdbt € NMyel ogenous
| eukemi a, neurobl astoma, nelanoma, multiple nyelonma, ovarian
carci noma, and breast carcinoma. 41. Use of Caim 39, wherein the

conposi ti on 3ONphei &8 Sof 4 cUﬁbMon%on{pZmﬁlé a com ound tautomer, pharmaceuticall
trlfluororrethyl-ll—l-lg1dazol 2-yl) E)yl‘ld }é y] - | B benzoi m _dazof -

Y1) bl ety e st sk o e gsaioy i |

accept abl e s@l#,in H@Uﬁéﬁﬁﬂbmrefﬁf a&nedﬁﬂaﬁélﬁ%ﬁﬁé infiditlon 0B %%t@{bllyﬁ)sﬁ@-kﬁlasgf
t he tautomer thereof osition co risi ngqsa conp ound

t aut oner, pHAr H‘h@éﬁﬁei‘%‘&l"i aaE‘E Bicalifopditioy mediateg by, Hﬁ‘ieﬁ’é?é @G?ﬁ“%?dﬂ!‘%?e
accept abl e Sitldrei thetrb®ploa tir R kidabe Is@ebctd fréth A BrbuPéonsidtideQIr VIREFR.A)

therapy. - Iebp.s cxit, PDGFR-B, and CSF-1R.

40. Use 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. Use of Claim 39, wherein the composition comprises {l-Methyl-5- [2-(5-
trifluoromethyl-1H-imidazol-2-y1)-pyridin-4-yloxy]-1H-benzoimidazol-2-y1} -(4-tri-
fluoromethylphenyl)-amine or a pharmaceutically acceptable salt, tautomer, or a

pharmaceutically acceptable sait of the tautomer thereof.
42. A composition comprising a compound, tautomer, pharmaceutically acceptable salt,

or a pharmaceutically acceptable salt of the tautomer thereof of Claim 1 or 24 for use in

therapy.
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