WO 20051037273 PCT111S2004/ 034179 SUBSTI TUTED BENZAZOLES AND USE THEREOF AS
| NHI Bl TORS W2 200893147AASE FI ELD OF THE 124VENTI ON 5 The pPERERIM R on

rel ates to new substituted benzazol e conmpounds and pharmaceutically
acceptabl e salts, esters or prodrugs thereof, conpositions of the new

conmpounds t 1h pharmaceutically acceptabl arriers, and uses of
t he new co%%%hr% ,erthe OLEP boial ﬂ%%ngﬁlgﬁ&ﬂgtwg?rlwgone

addi tional therapeutic agent, in the prophylaxis or treatnent of cancer. 10
BACKGROUND OF THE | NVENTI ON The Ref serine/threonine ki nases are essenti al

conmponents of the Ras/M togen- meth\Git BHERNYERITION nase (MAPK) signaling
nodul e that controls a conplex transcriptional programin response to

ext ernal Scel | ul afbstrresghti invRatongeslalss dodew gubstijugid penzazels evopgpgunds and

serine-threopine-spegific pratein kinases which.are .kno bi t he ras
e oncogone PpEGAREAlY ARy Sl SAREMELED e AR BaR bl el ol |
consi st of eeepRinds togeflied Siife parfadsasicalp? acdepibleRedrri@s 0hwd Nsdsi sraghe SnewVek|

(ERK activator or MAPKK) kinases and ERK (MAPK) kinases, which ultimately
phosphor yl acempeunds@ither alone arde combination with at leash opgadditermal terpaitic agen,

activat ed bynagz,rd@%?lagﬂ% )éﬁt%f%mﬁ:@ﬁ activate two isofornms of

M t ogen- Act i vat otein Kinase Kinase (called Mekl and Mek2), that are
dual 2018pecificity threoni BAKGGRGUND QF THEREBNVENTIOMEK | sof onvs activate

M togen Activate I pases and 2, (MAPK, also.called Extracellular Ligand
Regul at ed Ki naseq-&e MSW&W‘F SEAé awn'%"r\é?ﬁ&%ﬂ ﬂ%@’ﬁmggnhany
substrat es iA¥Ghatet NProteim NE Glabdt (MAPKS aﬁ?_ﬁﬁ]ﬁgaﬁﬂ)dhlé. SBatd@bmebls i etnpléeei

i ci

transcriptional program Raf ki nase par Qelgljat ion in _the Ras/ MAPK pat hway

i nfl uences &@ascripbenahprogramniniespensetp sxtemnahestiuler stimwlé nRafgencsyroge firibighlyt i on,
differentiat] LoV leonias ' . . wHPRRRS| h the
essenti al r%{)%ggﬁgg%e posP%@g'ﬁ&??& gfggu?gmhagéﬁ)%#%%aﬁ%g pat ‘&%"z‘hﬁ%&e been
denonst 14t ednéagens. SThet azs pats ofvyysiged] ergnddatideh patltvaydrdlinestt toicohsidtiof cscyptBaf

nmut ant in ma ian cell wel |, fr t udi enpl oy] j.ochem cal
and ge?\et : cwgbmﬂﬁ?éé’%ﬁﬁgk%rﬁm ; .es’ﬁﬁ]elfshmg“éﬂ’g?’r Pﬁéﬂ%ﬁﬁ&?@% of
Raf by receph®ERKt GNH\PI%? kitthéed L RER uﬁﬁﬁalééé% ﬁ]&os‘pﬂénﬁﬁl&é‘ﬁaﬁbﬁﬁtﬂﬁ%&bﬁl 9 Fhi S

dependent on the activity of Ras, indi ing  that Ras functions upstream of

Rat Upon acpithaey Baf kipages aretaqévateshysPasong iphosphoninde andadtivate éso isefarms of
resulting iR the. pr td.on. of..t he i gnal . t.0 str f or.S, ch as
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The Raf 20- 1 spoi 9 ShR3rKiad/Brbiiel kihae 4 I8 Mék isoforms activate Mitogen Activated

Kinases 1 and 2 (MAPK, also called Extracellular Ligand Regulated Kinase 1 and 2 or

Erkl and Erk2). The MAPKs phosphorylate many substrates including transcription

X

factors and in so doing set up their transcriptional program. Raf kinase participation in
the Ras/MAPK pathway influences and regulates many cellular functions such as
< 25  proliferation, differentiation, survival, oncogenic transformation and apoptosis.

Both the essential role and the position of Raf in many signaling pathways have
been demonstrated from studies using deregulated and dominant inhibitory Raf mutants
in mammalian cells as well as from studies employing biochemical and genetic
techniques model organisms. In many cases, the activation of Raf by receptors that

30  stimulate cellular tyrosine phosphorylation is dependent on the activity of Ras, indicating
that Ras functions upstream of Raf. Upon activation, Raf-1 then phosphorylates and
activates Mekl, resulting in the propagation of the signal to downstream effectors, such
as MAPK (mitogen-activated protein kinase) (Crews et al. (1993) Cell 74:215). The Raf
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serinelthreoni ne kinases are considered to be the primary Ras effectors
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20 recent studi es have errer ed that act i'vatln ation in the kinase donmin
of B-Rat optoteiss jand -3/ mfahmsphm%cm c dRafnkipasec participationd ing 4ke of
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62: 6997- 700prolifftityn, diffehdnkiafic; sweivaRasll Mcld frbiitepivhhind ypatiosidie | evel of Raf
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tunors MWith overAERYAIEE JuHatign of Ang ol dbe Basgnss can Dg Brende O v at ed
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adapter protein that allows stinulation of Ras Sos exchange factor)

as well as Rm9§6%1468ﬂ i1A80)dBoshine ethgl. m@!ﬂ&gﬂ@r@ Sdﬁ @&a‘ﬂ%heﬂcenh‘st@dies ear |y
clinical t I nase th al. [
shown prom fsl%J a5 er apeﬁ{af%‘g’gﬁ%genths S%sn Iééalergéer garla E‘% ?‘(@u%ﬁ%r rent

Phar maceut i mlanaasicgmﬁasﬁmf;aaé@al 'Mﬁzﬁ-e Gebalra25i1:R) 2002). @'hrther@afd afist

Phar mac, ut i cal S : 2249-2253, 2002). In addition, an_ orall
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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).
Inhibitors of RafMEK/ERK pathway at the level of Raf kinases can potentially be
25  effective as therapeutic agents against tumors with over-expressed or mutated receptor
tyrosine kinases, activated intracellular tyrosine kinases, tumors with aberrantly
expressed Grb2 (an adapter protein that aflows stimulation of Ras by the Sos exchange
factor) as well as tumors harboring activating mutations of Raf itself. In the early clinical
trails inhibitor of Raf-1 kinase that also inhibit B-Raf have shown promise as therapeutic
30  agents in cancer therapy (Crump, Current Pharmaceutical Design 8: 2243-2248, 2002;
Sebastien et. al., Current Pharmaceutical Design 8: 2249-2253, 2002). In addition, an
orally administered Raf kinase inhibitor that inhibits both B-Raf and C-Raf,

BAY 43-9006, is currently undergoing worldwide clinical evaluation in phase T and II
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vari ety of rnuORzepsasres, including nel anomas (Tuveson etpcluszofsdnges Cel |
4: 95-98, 2003). Disruption of Raf expression in cell |ines through the
application of RNA antisense technol ogy has been shown to suppress both Ras
and Raf-nediated 5 tunorigenicity (Kolch et al., Nature 349:416-428, 1991;

Moni a et al clinidiatspideesVe Phtidnfewith 8 kP ofihalignhfQ6s, inchillineeRhordds TuREon
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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).

Certain benzazole compounds and their use as Raf kinase inhibitors are disclosed
in WO03082272 and published U.S. Patent Application No. 20040122237 Al. However,

20  these published applications do not disclose the carboxamide compounds of the present

invention.
SUMMARY OF THE INVENTION
New substituted benzazole compounds and pharmaceutically acceptable salts
C thereof or esters having a solubility enhancing moieties or prodrugs thereof are provided
25  of the formula (I):

Ro
o N_ _Ry
Ry
el LY
(Ralp (Ra)q 6]

wherein, X; and X are independently selected from N, -NRy-, -O- or —S-, wherein
R4 is hydrogen or loweralkyl, provided that at least one of X; and X3 must be N or -NR4~;



WO 20051037273 PCT/ 1JS20041034179 X2 is -NH or -(CH2)m , wherein mis O,
1, 2, 3 or WOMOsHX¥2Bubstituted or unsubstituted al kyl, wyshsadopdsire

het er ocycl oal kyl, aryl, polycyclic aryl, polycyclic arylalkyl, heteroaryl,
biaryl, heteroarylaryl, or heteroarylheteroaryl; 5 R is hydrogen or
substituted or unsubstituted | oweral kyl, al koxyal kyl, |owcrallcyl oxy,

am no, am noal kyK; Imﬁoal_KaHz)mhmﬁéremyﬁmuk&B ordt yl , het eroaryl,

net or otyl ol kyl ”’CVC'gﬁ o R Ty L YAk e,

heter oaryl | QUSERY | acyfl] %szes(moal b5t o1 kOt OV K betarBiylaryl, _or

het er oaryl | ower-al kyl I’s hydrogeh or | oweral kyl 7 "each d R3" are
i ndependent hgtemehf&w@@darﬁ’kom hydr ogen, hal ogen, hydroxy, cyan, |oweralkyl,

or |oweragl koxy, gnd;p gfn 2bf SBSRRRAIGP! Insubstindted 21oWeraficy] O'alid
pharmaceutical ly éccep I"e salt, ester or prodrug thereof. 15 I'n” ot

enbodi ment s loweeaMkAubgt lahiﬂic@daﬁmwkm de abﬁkﬁpnmm@&mn@lpragm d:&dar@iryl the
formula (11):; R2 _OYNYRL 2~ a,,t~ NQ R3 01). wherein and X2, At, R1,

R2, RS, andalhulograék!él@cta@ﬁm M@maﬁsflalgﬂprféfma%%we@ékxyhafe ylealkdd- sal t

gztrgcr)ug(rjsp;% provi gﬁg&;}pt he (% L g(%l ) She %Mb‘%mg]ﬁaﬂ& (Qiﬁ:,nzazol ©

Xt a";' R |alﬂﬂylbe’®rqcy¢l))]owevﬂledmrrh¢mryﬂowemkylAt, RI R2, and R3 are as
defi nedI@bove; OR, & IRARIGIROEIWeRAkY acceptabl e salt, ester or prodrug

t her eof .
each Ry and Rj' are independently selected from hydrogen, halogen, hydroxy,

cyano, loweralkyl, or loweralkoxy; and
~ p and q are independently 0, 1, 2 or 3; or
a pharmaceutically acceptable salt, ester or prodrug thereof.
15 In other embodiments, new substituted benzimidazole compounds are provided of
the formmla (IT):

l}z
N O \ N R1
el T T
N Ry 7
R4

(61
wherein and X;, Ay, Ry, Ry, R3, and R4 are as defined above; or
a pharmaceutically acceptable salt, ester or prodrug thereof.
- 20 In other embodiments, new substituted benzazole compounds are provided of the
formula (I1I):
Rz
N O SN N R4
L O
X R, NF N O
3 iy

wherein and X, X», A, Ry, Ry, and R3 are as defined above; or

a pharmaceutically acceptable salt, ester or prodrug thereof.



-4 WD 20051037273 PCTI US20041034179 I n ot her enbodi nents, new substituted

benzazol e cwopoesniz2z7are provided of the formula (1V): RBer/gsiNoddzédroN X1 |/
RI i NO 1 -Zky 3 (1V) wherein X1, A, Rl, R2, and R3 are as defined above;
or 5 a pharmaceutically acceptable salt, ester or prodrug thereof In yet

ot her enbodi nents, new substituted benzinvdazol e conpounds are provided of

b e e R R s TR

are i ndepenﬂnmﬂ%ﬂ%hl ected from hydrogen, halo, |oweralkyl, cyano, hydroxy,
hal ol ower al kyl , | ower al kyl oxy, hal ol ower al kyl oxy, | oweral kyI t hi o,
hal ol ower al kyl thi o, and substituted or unsubstituggd cycloal kyl,

het er ocycl oal kyl, aryl, or heteroaryl; or pharr‘rﬁ Hﬁl cally acceptabl e
Eél

salt, ester or prodrug ther eof i ers nts, new substituted

benzi t ui dazol e conpounds ar'y i g f t f a (Vl): R7T RB R6 Rg R2i

R5 RN:c:nr (CHz)n R3 R, R12 (VI)1 Ner ey ! R3, R4 Rs, R6, R7,(IRy and Rg

are as defined above; -5 WD 20051037273 PCTI US2004/ 034179 nis0, 1,2, 3or4;

Rap, and R12 are independently selected from hydrogen, hal o, |oweralkyl,
wherein X, Ay, Ry, Ry, and R; are as defined above; or

5 a pharmaceutically acceptable salt, ester or prodrug thereof.
In yet other embodiments, new substituted benzimidazole compounds are
provided of the formula (V):
- Ry Rg
L
R Ro 0 Ez R
N Ty 1
o T L T
I Ry 7
R4 (V)
wherein R;, Ry, R3 and Ry are as defined above; and
10 Rs, Rg, Ry, Ry and Ry are independently selected from hydrogen, halo,
loweralkyl, cyano, hydroxy, haloloweralkyl, loweralkyloxy, haloloweralkyloxy,
loweralkylthio, haloloweralkyithio, and substituted or unsubstituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; or
a pharmaceutically acceptable salt, ester or prodrug thereof.
- 15 In yet other embodiments, new substituted benzimidazole compounds are
provided of the formula (VI);
Ry Rs
Ra
Re Ro |
N Oy N~ (CH2)n Rio
SO Ty
N R. = H/N..
F'h 8 R14
R1z VD

wherein Ry, R3, R4 Rs, R, Ry, Rg and Rg are as defined above;
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hal ol ower al kyl , hydroxyl ower al kyl, | oweral kyl oxy, bal ol oweral kyl oxy,

| ower al kyi - waudops87273 hal ol ower al kyl sul fonyl, and subst i poteshondrozs179
unsubstituted cycloal kyl, 5 heterocycloal kyl, aryl, or heteroaryl; and Rl11
I s hydrogen,, |oweral kyl, hal ol oweral kyl, hydroxyl oweral kyl, | oweral kyl oxy,
hal ol owet al kyl oxy, | oweral kyl oxyl ower al kyl, and substituted or unsubstituted
cycloal kyl, betgiQgycd dadryl , aryl, or heteroaryl or a pharmaceutically

acceptabl e salt, _ester prodr eof 10 . ey asp the resent

i nvention pr OVI dgsﬁ’nsé]tdhgd% a‘%’@é‘%ﬂ% yelgetede 1'E“e J’B elh"iq" man or
ani mal subj gg I@Iﬂrﬁfg S t sai d
subj ect an am)unt 0 onp und ormJi 3“1‘; ]Hi(?‘fw “FH’@ EH]BW@ %8)

(V') effect sulﬁmiyb r}mﬁﬂmecra]kyksulﬁ:tgmt dndnosubgtitotastl h arn udsebmuMdecbycldaﬂxﬂ,et

ot her aspec S i nven rovi des nethods for treating Raf 15
rel at ed |sfi?t§3 ?@‘Yiqﬁﬁ ‘Hﬁfﬁ'&cr subj ect in need of such treatnent
conprising adm Rnsisday-ﬂmgeﬂ,olmrdkﬁumldOWemhcyamydnmxyloWeml]gmmm&ym&yf ornmul a
(D, (1D, (rrpy, (v, f\/) or (VI) effective to reduce or prevent tunor

growt h in t hdolewsradledonynlastsmlirianyleweraliyh aed substétated opnesubgitivted evrdvaladent for
the treatne étel%f: &mr%ﬂ&y&&o E% aspects, the present invention

provi des therape t1c ‘cConpdsitions conprising at |east one conpound of

formula (1), (fl aphf(rinhd:amca(lly\é)cpe;(téb)le sailt, éstéror prodrugahdresfat i on with one or nore

ddi ti I t th t t t ,of d
cancer Mer any. ot St S5 isaet Evepiias poeiden e A oy o st "
conmpound of dfs@t"dﬂi‘é.' # (al)humah! bp an{r:bdllhbgéc’t\'fh néed) ofTsutl! treatiRént Usdnpiting

phar maceutical . The present invention further 25 provides for the use of a

conpound of admmitmg(tfp yaid gubjgct ag ampynt of p wympqupyl o forpylay Dy dlx @H), (FR(¥act ur e
Qf a nedi capge Eﬂ{cﬂ%@fb ?&tﬁ@vc&fmﬁgpégﬁh%%&g odnds of the invention
I'n tIFn ment of “cancers, Tncluding

are usef ul rea I gnant nel anoma,
papillary thyroibh g:etnather asplcts,athgi renc invention gmlvidb& mibdmds fom treatingnRaf

col or ec n cancer, ancr C cancer, kem as ostate
oo 18% REF Hisrdginc Mt o8 BiEial aublecta Seai gt choh P R on
further pr O ARt G RIBRS §did wg&;t aﬂ%ﬂ@ﬂ%f@ﬁoﬂﬁ&md%ﬁfbrﬁﬁia@dﬁl)ogﬂmg ture

as described in the detall description of the invention 1037273
PCT/ US2004/ 03@Vly offeqtizg A9 redpc@IuRyeRiuan: oWkl hREFERREDCenBamioveRiih

accordance YgaﬁtrbngQ&dlﬁé&fﬁéen?i‘orttﬁkehegﬁﬁ&?B}'cdngé{'?nt i on, new substitut ed

benzazol e

In yet other aspects, the present invention provides therapeutic compositions

20  comprising at least one compound of formula (T), (II), (), dV), (V} or (V) in

combination with one or more additional agents for the treatment of cancer, as are
commonly employed in cancer therapy.

In yet other aspects, the present invention provides a compound of formula (J),
D, (I, (IV), (V) or (VI) for use as a pharmaceutical. The present invention further

25  provides for the use of a compound of formula (I), (II), (1D, (AV), (V) or (VL) in the
manufacture of a medicament for the treatment of cancer.

The compounds of the invention are useful in the treatment of cancers, including
malignant melanoma, papillary thyroid cancer, cholangiocarcinoma, gallbladder
carcinoma, colorectal cancer, lung cancer, pancreatic cancer, leukemias, prostate cancer,

30  ovarian cancer, breast cancer and lung cancer.
The invention further provides compositions, methods of use, and methods of

manufacture as described in the detailed description of the invention.



conpounds and pharnmaceutically acceptable salts, esters or prodrugs thereof
are provi deWOWPSBRE3formula (1): R2 i Ag--Xz-< 3 O \PGI/EE20044¢34179 ( 13) P

(R3) 5 a(l) wherein, Xi and X3 are independently selected fromN, -NR4-,

-0- or --S-, wherein R4 is hydrogen or |oweral kyl, provided that at |east
one of XI and X3 nust be N or NE4-; X2 is -NH or - (CH2)m, wherein mis
0, 1, 2, 3 or 4; ARETAILEILBESCRIBAOH OFMHERRERERRED EMBODIMENT0al kyl |

het I | kyl I 1Q I i I I | i J al I

et or ooy o1 02 b s I eiigmss Al Pag ppec F e b Y FaHE e siffbtedYenmazole o ogon

or substi tuwﬂ;il (ﬁilhdsl hadéir@ehlly Quspaable\shits, a4tére sy flolittlzs thetdfaierduidedX y
el

am no, am no cycl oal kyl , heterocycl oal kyl, aryl, heteroaryl,
al kyl oxyal k9ﬁ]?§ -oal kyl, heteroaryl al kyl, cycl oal kyl ower al kyl ,

bet erocycl oal kyl 15 | oweral kyl, | oweral kyl het erocycl oal kyl, aryl | oweral kyl ,
het er oaryl | ower al kyl , al kyl oxy- al kyl het er ocycl olfyver al kyl , or
het eroaryl | oweral kyl; R2 is hydroggn | ewer \I\k X em(ch R3 and R are

i ndependent |y sel ected fromﬂﬁx go og ydﬁﬁxy, cyano, | oweral kyl,
g~are, ihd

or | oweral koxy; and 20 p a N 0,01, 2 or 3; or a
pharmaceytical ly acceptable salt, “gster(Ray pr $ﬂ thereof. I n some, aspects
of the invention, Xi in forrmula (1) is -NR4-. Thus, in sone enbodifents,
new substituted benzi m dazol e conpounds are provided of the formula (I11):

R NON IR Mg Sy b N O Ben PRy bidob o K, WRZUEH S, hidacks 3
R4 is hydrogen or loweralkyl, provided that at least one of X; and X3 must be N or -NR4~;
X is -NH- or —CHp)y~ , whereinmis 0, 1,2, 3 or 4;
- Ay is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl,
10 polycyclic aryl, polycyclic arylalkyl, heteroaryl, biaryl, heteroarylaryl, or
heteroarylheteroaryl,

R; is hydrogen or substitited or unsubstituted loweralkyl, alkoxyalkyl,
loweralkyloxy, amino, aminoalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
alkyloxyalkylheterocycloalkyl, heteroarylalkyl, cycloalkyloweralkyl, heterocycloalkyl-

15  loweralkyl, loweralkylheterocycloalkyl, arylloweralkyl, heteroarylloweralkyl, alkyloxy-
alkylheterocycioloweralkyl, or heteroarylloweralkyl;

Rj is hydrogen or loweralkyl;

each R; and Ry’ are independently selected from hydrogen, halogen, hydroxy,
cyano, loweralkyl, or loweralkoxy; and

20 p and q are independently 0, 1, 2 or 3; or
a pharmaceutically acceptable salt, ester or prodmg thereof.
In some aspects of the invention, X; in formula (I} is -NR4~. Thus, in some

embodiments, new substituted benzimidazole compounds are provided of the formula
(ID):

Il?z
N O = N Ry
el OO
'Il R 7
Ry

-

25 (D



wherein and X2, Al, Rl, R2, R3, and R4 are as defined above; or a

phar maceut woedobyosazsept abl e salt, ester or prodrug ther BeFUSH/GEHE,

enbodi ments of the invention, X3 is Nand X4, is -CH in formula (1). Thus,
in sone aspects the invention provides new substituted benzazol e conpounds

of 5 the formula (I111): R2 At-X2~ ~ I/ RI O XlapNYRt R3 (I11) wherein
and Xt, X2, At, ‘mmmndxm$1R31aR3R@M4m$mapr,m phar maceutical ly
accept able salt, ester rodru her eof . In gbodl ments of the

i nvention, X2 |saH}NPPa‘ieHmF’§ 'Pﬁﬁ%"rl?rﬂ 0 aspects, new

substitut ed benzg SRR a Rt
N0 N g . () ﬁ%ﬁgr@ﬁﬂéﬂ% BN Eﬁ@,}d‘%n@i{ id foley. ¢ o

above; or a%amm@ﬂwmeﬁpnﬁ@&aim m@shmkddxenmddmglpom%f. I n

yet oth%r ﬁ-ﬂg\?di en .of the invention, X, -NR4-, X2 is -NH, X3 is N, NAis

-15 -CH ~an ormula (I) has the structure: R7T Rs Re/ RO R

wherein R5, Rb, R? R8 and Rg are independently sel ected from hydrogen,

hal o, |oweral kyl, cyano, hydroxy, halolomeralkyhz | ower al kyl oxy,

hal ol ower al kyl oxy, | ower al kyI thig Re, and substituted or

. unsubstituted cycl oal kyl, L{ro pal kil , jaryli, or heteroaryl. Thus, in
sone aspects, new substltut ed beg ol @nds are provi ded_ of the

formula (V): -8 WD 2005/037273 PCT USZOO 044179 R7 Ra (m

wherein and X, X5, A, Ry, Ry, and R; are as defined above; or

a pharmaceutically acceptable salt, ester or prodrug thereof.
In other embodiments of the invention, X is -NH- in formula (I). Thus, in some
10  aspects, new substituted benzazole compounds are provided of the formula (IV):

R2
O N. R
H N R 1
A—N— :Q: U \(I)I/
X‘l R3 &

wherein X, A, R, Ry, and Ry are as defined above; or

av)

a pharmaceutically acceptable salt, ester or prodrug thereof.
In yet other embodiments of the invention, X; -NR4-, X5 is -NH-, X3 is N, Xy is
15 -CH- and A, is in formula (I} has the structure:

wherein Rs, Rg, R+, Rg and Ry are independently selected from hydrogen, halo,

loweralkyl, cyano, hydroxy, haloloweralkyl, loweralkyloxy, haloloweralkyloxy,

loweralkylthio, haloloweralkylthio, and substituted or unsubstituted cycloalkyl,

20  heterocycloalkyl, aryl, or heteroaryl. Thus, in some aspects, new substituted
benzimidazole compounds are provided of the formula (V):

-8-



R2 Re RaN\ O, | NRIE RS H\-N/ I ~NO R3 R4 Mwherein and R4
are as def WRUOHSBYB: and R5, R6, R7, RS and R9 are |ndgE@W§§%i”P§‘/"?el ected
from hydrogen, halo, |oweral kyl, cyano, hydroxy, bal ol oweral kyl,

| ower al kyl oxy, halolomeralkyloxy, 5 | oweral kyl t hi o, halolomeralkylthio, and
substituted or unsubstituteg, cy®goal kyl, heterocycloal kyl, aryl, or
heteroaryl; or a pharnaceuti y acceptable salt, ester or prodrug thereof.
In representative, but enbodi nment s, R6, R7, RS and RO nmay

be i ndependently sel ect e i r f ony.exagpl.e n Richl oro, fluoro,
J_,{bu Co¥E B tyl 10 net hyl oxy,
N- t hi®, acetyl, and

met hyl , ethyl, proPYl, iso-g#rof
trifluoronethyl, trifluoron%thoxy %

substituted or unsubstituted phenyll pheny éxy, furyl, tetrahydrofuranyl,
tetrahydropyranyl, pyridinyl, trifltoronethyl pi peridi nyI , thi opher(yD,

pi perazinyl, and rmrphol inyl. In yet other enbodinents, R in formula (V)
has the structure; /( R1 15 wherein nis 0, 1, 2,
3or 4 ris | ‘gperg ﬁ@&iﬁ%&&ﬁ%ﬁ% F?P% are independent!|y

sel ected from hydg ogen RDato anll ORET @b kinliepentichtl9! suddvtedl ivn hydrogen, balo,

hydr oxyt ower al kyl | Iomeralkyloxy, halolomeralkyloxy, Iomeralkyl 20

sul fonyl , hitvekadlgey ab}@pbs uhjfdm’?ﬁ,, l:atnlowcrb]kyﬁ,t mmalkylouy;s ulsdalowerntigtloxy,

cycl oal kyl,, het Kk het er g and s hydrpogen,

| ower al k¥ lm&ﬁ/ quﬁlh}%gﬁ?fl R &% “F %&?& yelalky,

hal ol ovveral Kotk lod]mqrg, Me@@fya{rpmf al kyl , and subst Ituted or unsubstituted
cycl oal kyl, het erocycl oap@yl aryl or het eroaryl. In sone presently

preferred enbodi #BharERcqUt sltygster o groggtherestoin psrooataley bub
- non-limiting embodlments, Rs, Rg, R'], Rg and Ry may be independently selected from,
-

S

for example, hydrogen, chloro, fluoro, methyl, ethyi, propyl, iso-propyl, butyl, ferf-butyl,
10  methyloxy, trifluoromethyl, triflnoromethoxy, triflucromethylthio, acetyl, and substituted
or unsubstituted phenyl, phenyloxy, furyl, tetrahydrofuranyl, tetrahydropyranyl,
pyridinyl, trifluoromethylpiperidinyl, thiophenyl, piperazinyl, and morpholinyl.
In yet other embodiments, R; in formula (V) has the structure:

(CHz)n_ R

(LQrN“Rﬁ

Rez

15 whereinnis(, 1,2,3 or 4;
risior2;
X4is—CH-orN
Rig, and Ryo are independently selected from hydrogen, halo, loweralkyl,
haloloweralkyl, hydroxyloweralkyl, loweralkyloxy, haloloweralkyloxy, loweralkyl-
20  sulfonyl, haloloweralkylsulfonyl, and substituted or unsubstituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; and
Ry is hydrogen, loweralkyl, haloloweralkyl, hydroxyloweralkyl, loweralkyloxy,
haloloweralkyloxy, loweralkyloxyloweralkyl, and substituted or unsubstituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl. In some presently preferred embodiments, ris 1 and



X4 is N Thus, in sone aspects the invention provides new substituted

benzi m dazdWe 26®afPdiinds are provided of the formula (VIpCT/B20803R29 R\ HN |
, Ol N\/(CH2)nN"N/Rlo /TNR NMN% R3 1r pO T Rte NO wherein R2, R3, R4,
R5, R6, R7, R3 and RO are as defined above; 5 nis 0, 1, 2,3 or 4; R10, and
R12 are independently selected from hydrogen, hal o, |oweralkyl,

hal ol ower al Xy lis Nhy@husx yni ewae atpeyis thd mventidnkprbeidys névalsobstivviedabdayinddazole

| oner al kyl - sul fonyl, hal ol oweral kyl sul fonyl, and substituted or

unsubst i t ut @PRoyElHF Ryavidedipf therfomyda 68Dyl , aryl, or heteroaryl: and 10 R |
I s hydrogen,, |oweral kyl, hal ol owneral kyl, hydroxylomeralkyl, | ower al kyl oxy,
hal ol ower al kyl oxy, | owar,al IRl oxyl ower al kyI and substituted or unsubstituted
cycl oal kyl, heterocycl yl, aryl, or beteroaryl or a pharmaceutically
acceptabl e salt, est rug thereof | Rzanot her aspect t he present

i nvention provides neth N e (Q*&)ranl |_Rsgibj ect's
suffering froma Raf rel atHd |s uchl as cancer s, t he present
i nvention provides net hdds of R,2 nCor anl '!#lrjﬁ ect in need of

such treatnment conprising adrngu ster| ng to the subject rapeutically
effective amount of a corrpound of formula (1), (1), &, v, B or
(VI') above, either alone or conbi nation with other anticancer agents. 20

In other aspects,, the pr vi des s for treating Raf
related disordef gr?lﬁlg ﬁ@%ﬁ%%@ﬂ%ﬁg&% F%‘fgég such treat nent
conprisiqng adm pj st ‘?ri @gort40 sai d subject an anmobunt of a corrpound of formula

(1), (1), (ren), (F)~or™ (V) effective to reduce or prevent tumor grow h
in the subject. R yaad 311 eareagéﬁt@p%enﬂyh@ gsteds Eam M@@E@%o‘ﬁl?arbwe%@ met hods

t r eat 5 d, di h d
G0 sucht r ChGTRNEra iR oMy DRI <R BlowBRIET s OHRRIA of
cormound of sullfRayr| alaioiawerﬁlk&&mf&dykl)and(léﬁasmmed(\ér ehds@Bstini&l t eydlaggge or

prevent tunor grovvth i n.the subjeéect in conbination with at -10
heterocycloalkyl, aryl, or heteroaryl; and

10 Ryj is hydrogen, , loweralkyl, halolovu;eralkyl, hydroxyloweralkyl, loweralkyloxy,
haloloweralkyloxy, loweralkyloxyloweralkyl, and substituted or unsubstituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; or

a pharmaceutically acceptable salt, ester or prodrug thereof.
In another aspect, the present invention provides methods of treating human or

15 animal subjects suffering from a Raf relaied disorder, such as cancer. Thus, the present
invention provides methods of treating a human or animal subject in need of such
treatment comprising administering to the subject a therapeutically effective amount of a
compound of formula (I), (), (Iil), OV), (V) or (VI) above, either alone or in

—~ combination with other anticancer agents.

20 In other aspects, the present invention provides methods for treating Raf related
disorders in a human or animal subject in need of such treatment comprising
administering to said subject an amount of a compound of formula (1), (II), (ITI), (IV) or
(V) effective to reduce or prevent tumor growth in the subject.

In yet other aspects, the present invention provides methods for freating Raf

25  related disorders in a human or animal subject in need of such treatment comprising
administering to said subject an amount of a compound of formula (I), (I}, (I}, IV) or
(V) effective to reduce or prevent tumor growth in the subject in combination with at

-10-



WD 20051037273 PCT/ US20041034179 |east one additional agent for the

treat ment w0 masae?3 A nunber of suitable anticancer aggﬁﬂ§ﬂW8mB§”used as
conbi nati on therapeutics are contenplated for use in the nmethods of the
present invention. |Indeed, the present invention contenplates, but is not
limted to, admnistration of nunerous anticancer agents such as: agents

that i nducele%ﬁQ&IeQﬂHﬂmnﬁ aehtyfor thecpddntlen ofafiber. Al RAFHHRE buitabR sHBRRiceEles

(e.qg., enzynes); drugs; biological mnetics; alkaloids; alkylati n%aa ents;
8

antitunor aﬁgqﬂb‘ifﬁt beaised aseonphisation (tharapsuticsora ermiemplated forivsein o mstha
| onal gt d iRl
radi onuel E&'ﬂ‘ %‘3 ca| respohth\éﬂﬂl& LG %ntgﬁlpnter K B Ig\l-a

radlonuclldes se no |f|ers eron [e.g.
etc.] and adrnimistretitn rof Jumegous| dntizancet eggnts stah ?S ageintp tthateinduoeuapoptesisapy

agents; errat oi. C owm h, 10 fa tors ents that in t unpr, cel
di fferen i aP?l ucieo [‘]& %1 Bp PRREYIIERY| igf’sd E8r cSHDIE % gﬁg&ycai
reagents; apiingBds @Mﬁisaa&yraﬁﬁge%en& aﬂmﬁm G btibe SantiteRaDO it ARIRBSSs;

i nhi bitors of angl ogenesis, and t like. Numerous ot her exarrpl es of
chenot her ap@lgtipan C@B%Pﬁﬁﬂﬁﬁd@%ﬁéoaﬂtqﬂéh?ﬂi@r qumﬁa@ﬂ wigh apficengst drygsy toxins,

P (V) o Gialloh ifdas, tH5QLAEnEAIRANAL £ AT Rl IPaldtdpnd | 1)
enbodi nent smtatmﬁcmatﬁ@grlafgew.}semo dgleptrexithrinmotorapy ngtnty mematbpoiciiogowviinds  of
agent s Tt Heliticieen oD waE del dimfeonlon ey ThRrmreiatic a2y Bedon:

ki nase i nhl pérdeO BeraplyCre@gent PABERB | theragVirBageket id AIQIBUE; thﬁa:l%]acdime@ase
-inhibitor, vascul ar. en%ot helial 20 _growth factor rece}gtor [ VEGFR] ki nase

inhi bitor, fabeiioe a%@gwg@msw,ﬂ%mrlﬂqee&éﬁmwus gthereppmR ﬁa‘s‘ehem@memnewc

platel et- d TN t zl:ldnlﬁhﬁﬁ'%ﬁ) t
%(’:? ibf Ki ﬁ%ﬁéﬁgﬁm %}{i@g%frlfél sucﬂ%@@eﬁ%@?f [1Tmatini rrempatit%é dgs?ﬂo
571]); anti semp@uxiebf forivady (D5 (), (OB €3)] @)qor,(Vieare powm for Dhowskullddﬁﬁ the

nonocl OEI$| gﬂti body and Rituxan(r) anti-CD20 nonocl onal anti body];
anti-estrogéris [e.g., raloxifene and 25 tanoxifen]; anti-androgens [e.g

flutam de, bical i gréféieed Emﬁ&ﬁh@ﬁtlsdﬁnncﬂﬁﬂeﬂchgcﬁé b %Whﬂ%ﬂbﬁiﬁ@@%ﬂ@' e,
and corticosteroids]; cyclooxygenase 2 (COX-2) inhibitors

Cel ecoxi b(r pompamgx of the) PIRESnBIyention oGS pEards hal indpae; qrwrlmalﬁfva%mszfr ugs
(NSAI Ds) | ; 9%;,0 i

(Canmpt osar (r @%ﬁﬁd&@%@@;@% :&irc]% %éég(?a%g , gg%? azi ne ﬂgﬂfl%ﬁ ))
dexanet haso(mg ﬁplﬁamahtgmw&l, fabdolr ot Pt r[EGFBQ kifiesg @uhibiterp vascitlau epddgh

doxr ubi xel ot r tax i ne sleu
Capectt 21 neSaR AL skl (R Rioaie ToPiiroh i BER B Bt Bt
ceram des afEGER] kdaseSnhibfick, Siladleddivied egroid fhdier |r¢c|é§tor -[BGFR] 1 kinase
inhibitor, and Ber-Abl kinase inhibitors such as Gleevec® [imatinib mesylate or STI-
571]); antisense molecules; antibodies [e.g., Herceptin® anti-HER monoclonal antibody

and Rituxan® anti-CD20 monoclonal antibody]; anti-estrogens [e.g., raloxifene and

25  tamoxifen]; anti-androgens [e.g.,, flutamide, bicalutamide, finasteride, amino-
glutethamide, ketoconazole, and corticosteroids]; cyclooxygenase 2 (COX-2) inhibitors
[e.g., Celecoxib®, meloxicam, NS-398, and non-steroidal antiinflammatory drugs
(NSAIDs)]; and cancer chemotherapeutic drugs [e.g., irinotecan (Camptosar®), CPT-11,
fludarabine (Fludara®), dacarbazine (DTIC®), dexamethasone, mitoxantrone, Mylotarg®,

30 VP-16, cisplatinum, 5-FU, doxrubicin, docetaxel (Taxotere® or taxol, dacarbazine,
aldesleukin, capecitabine, and Iressa® (gefitinib)]; cellular signaling molecules;
ceramides and cytokines; and staurosprine, and the like.

-11-



WO 2005! 937273 PCT/ US20041034179 In sone enbodi nents of this aspect of the
i nvention, X¥088PIEB agents to be used in conbi nati on weChvusmopedds of the
present invention include, for exanple, dacarbazine, irinotecan, topotecan,
gentitabine, 5-fluorouracil, |eucovorin carhoplatin, cisplatin, taxanes,
tezaci t abi ne, cycl ophospham de, ulna al kaloids, imatinib, 5 anthracyclines,

rituxi mab and tr Gz RRdlder SHRhis ASRECS Sthe R EntRS AMRhndeNYRRI 19 Be REQVI des

pharmaceutical conpositions conprising at |east one conpound of fornula I,
IT, 111, |'in combinatget wish cdmpeunds i atherapresant ciavénfioncmedabifer cxampler

sui table for Lnistration to hu .Of. ant ol ] .t her al.one or
t oget her wi %C%%H%F’ gﬁ?leg%cté-?c’t%aﬂ*’ng%}r&%@n?hgb ré)}l&gg’pg%sv ,0 8{\ h%ﬁnﬁpgégnt
i nventi on peieplaties Aridesdstepicitabing§l agiclophosphamide,peinsds alkaloids; Milnatiib,) ,

(rn)y, (H), (I1V), (V) or (VlI) as described herein. In yet other aspects, the
present 1 nveHPIAEYIBEL vitIdSaR ich are inhibitors of the enzyne raf

W
ki nase. Since th 5 rs of f : jaNSt ant
B 6 {E%élgs, @héjgl‘e@!@é& 1§féﬁh8ﬁ R&ifds MlarBicedtid] SompbfiBortsnst

i nhibitors are usefu har maceut | c conposi tionhs for human or veterinary
15 use wher eompifiing @t deasbiont rempafind ph demrpatthwWayilk IVi adiE dogetherevith 2 in t he

treatment of, tumor.s .and/ or, cancerous. gell. gr h, nedi at by _raf_kinase. In
particular, P}P%meélgﬁ%%gﬁeé:gptﬁﬁlg ‘ﬁ%eft%fmﬁ%ﬁe tfﬁlga%ﬁﬁ%orﬂ %o?%ﬁ'Jﬁ'ﬁnoro%m% i mal ,
e.g., MuringuenGither aérieGR tdgather Pith gihes&itioandef agei®se cancers is dependent
upon the ras protein signal transductjon cascade and therefore is

suscept 1®l e to tMeogthes #Epasts ithe orosenl gentiop prEides seethnds Rf mampdgterenef raf 20
Ki i v ding iy, y 4 ful i
i nase acti yitb. un@g&pfoﬁhigg,(%%%)k%ggﬁw%g%ﬂgmmd%}wn are useful in

treating cancers, suc nant nel anoma, papillary
t-hyroi d cancer, Irclyet athgr caspeats, rtberepresgod liblentiote pravadesi enmppundso vdiakc arel

sancer, |un ancer ancreati,c _capcer. |l eukem a r.ost a can ovari an
cancer, bre Cbl%é%%fé}?g%mleﬁ#gb%%k piee mﬁ&%l“ﬁ%?ﬁ%%&“f’él cﬁe@tgr ﬂ{;?ei(’éllmrsf to
refer to a]c ﬂﬁrmﬁamduﬁjﬁmsetdndab i ﬁ%&oplmninM ﬁ&aud 'Wltcbmp&itl_'drsli?ﬁ]ﬁmndnoor%&rﬂﬁhﬁa' . se
activity_ of no nore than about . pPM and nore, typi cally not nore than
about 565 M v WhesSERBHOR ot e R B ss&s_néwa%&é,sag-: e &b IreeRetfer al | y

her ei nbel oWy ef (o Jl) fﬁdg'dﬂ@c%e NeapifgdRe t D E;g,m:bg]épd of the
pr esent invenc{rigo%wv?n?l?dn%gss :)EEV\% gﬁi&n I bit, ibxcl ude A-'Ra%1 - Raf, ’aﬁlg C Raf
(Raf-1). " | GEopotinds atchwtfubinrtbe treatmentod bofmai oh abinel e.guiigine carher since the
activity of _an _enz e.qg.. Raf, kinase) 30 to half-maxinmal .l evel

Repr osent at POESBTB BLGE Bpocrr sralet Sbo b i el B Bl b etvaiea (o0
exhi bit i nhidid thefeforaqé buscéptibko@i teatmdnaby iktorpRionds th cdstile HyesiEbiting RMENt | ON

preferably exhibit an 1C50 with respect t f. of no nore than about i0 pM
more pfef ekBtey actiyyy nopecardigalya suto gg&? yFRIOP, 3F é%s%ﬁ-ry“ H5#tingor e

than about daPMs such as, for example, malignant melanoma, papillary thyroid cancer,

cholangiocarcinoma, gallbladder carcinoma, colorectal cancer, lung cancer, pancreatic
cancer, leukemias, prostate cancer, ovarian cancer, breast cancer and lung cancer.

- "Raf inhibitor" is used herein to refer to a compound that exhibits an ICsp with

25  respect to Raf Kinase activity of no more than about 100 uM and more typically not more

than about 50 uM, as measured in the Raf/Mek Filtration Assay described generally

hereinbelow. Preferred isoforms of Raf Kinase in which the compounds of the present

invention will be shown to inhibit, include A-Raf, B-Raf, and C-Raf (Raf-1). "ICs," is

that concentration of inhibitor which reduces the activity of an enzyme (e.g., Raf kinase)

30  to half-maximal level. Representative compounds of the present invention have been

discovered to exhibit inhibitory activity against Raf. Compounds of the present invention

preferably exhibit an ICsy with respect to Raf of no more than about 10 puM, more

preferably, no more than about 5 M, even more preferably not more than about 1 pM,

-12-



-12 WD 20051037273 PCT111S20041034179 and nost preferably, not nore than
about 200 nwbemgeasured in the Raf kinase assays desadmnedofassairn. As
used herein, the term "benzazol es" includes benzi m dazol es, benzot hi azol es
and benzoxazoles. 5 The phrase "al kyl" refers to al kyl groups that do not
contain heteroatons. Thus the phrase includes straight chain al kyl groups

such as met Qﬂ&moﬁﬁ%‘)ﬁfemb %Vﬁxorebﬂwaboutﬁ asﬁ)%is\ﬂ‘edlﬂl ncﬂ!%ﬁ%%%ﬂsa Onyl,

decyl, undecyl ecyl "and the Iike fase al so ranc
chain i soneﬂsscubedshﬁraught chain al kyl gr oups i ncluding but not |im ted to,

the foll whiygh i ded b f, 2

'O (Craxapae) A iR b i hefoi 8 (SERER, Fpamiikaold) enpaisooles
- CH2CH( CH3) et B&iAdYazole§H2 CH( CH2CH3) 2, - CH2C( CH3) 3, - CH2C( CH2CH3) 3,
- CH(CH3) CH( CHBXCLRCEB) | - CHRCHDCH( CHB) 2, - CHRCH2CH( CHB) ( CHRCHS) |

CH2CH2CHP CH2CHg) Ahe @%@9{16@@3% ZrpRy bpbdy ot sontain hetgrpitems - Thuy o) 2,

:I'ﬁ'e_K gﬁf’;g;( aﬂ@}o) I ncl ugﬂs WW %s s(ugﬂ(;‘ﬁQ Mp éﬁ))?? qm%{]g[)ayl,

cycl openty| pemtyk hetysdyeptyl mlmwuhylbqylandew,oiodomwd thia dike.uThe phragpsal

substituted. stral and bra he ai n a toups as.defin d above.
Thoe the! oniskidts bRt SRnatt BEERESh hah RSt Stbbes hRine B BEUHRER ° 00 Vo
groups, andtgd erthearwu@hhgl vifidh/pare fRogided r ?i a#dwloigrauﬁﬁﬂd nclQR{ERs),| ai ght

and branched_chai n al s and cyclic a rQups havin 1 to 12
o bon a8 omeCHH G bha) rERICHR Rty I-CCGHh OB bR

bstitut | kylcg) h to 6
carbon at omec e AENCHACH;" MOCHROCIRCRLG, o G e afV%?‘gC{S‘fﬁﬁFﬂb ’
met P?ll et hyCH(Ws)ﬁWCHz)é@iMHhvll FCHﬂIwCIT(CHﬂh but@HzCHzﬁléﬁfi‘H@WHzCHs) e 25

[ or oret oet e like. e
I;s.{:Jbst:Jt ut ed, eéﬁ%ﬂ&%&%{ bﬁ’al 0; %239%‘]33’am ZCW% qb@ggﬁbﬁgﬁ’oups
and the | i ker(CRaRY es:e{(carg)&f(h gctwdcmg%}l bﬂIH@heﬂs)@FHCHXﬁUPH&EKQH%lH)Ut ed

| ower al kg i ncl ude chl or onet trichl oronet hy fl uoronet h
nme

trifl uoddmeend pthewsh The phrass also mchlé%@tc Hg plkyl ﬁyww%@wﬁ op@@fgpxrétﬁwéntw

o et es. 1 e oAl ATt oy HBRyLSHhd TphiBodit Bl bichiihes ApRUALd Ly

car bonyl anm swaigkiydnd baitchsd dmimbalkyll grorips s défried abovd. clhub deyphaase ralj:al Erphps

ar al kyl car bono){ am noal ml’ awpgosaéclég ala_lﬁe§ gar&gpsara&at%n&{\“oyalah&i 'gr&ulp?é.
Preferred a]kyl groups include straight and branched chain alkyl groups and cyclic atkyl

20  groups having 1 to 12 carbon atoms.

As used herein "loweralkyl" includes both substituted or unsubstituted straight or
branched chain alkyl groups having from 1 to 6 carbon atoms. Representative loweralkyl
groups include, for example, methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl,
neopentyl, triflucromethyl, pentafluoroethyl and the like. Loweralkyl groups may be

25  substituted, such as with halo, hydroxy, amino, nitro and/or cyano groups, and the like.
Representative of halo-substituied and hydroxy-substituted loweralkyl include
chloromethyl, trichloromethyl, fluoromethyl, trifluoromethyl, chloroethyl, fluoroethyl,
hydroxyethyl, perfluoropentyl, perflurorheptyl and the like. Other suitable substituted
loweralkyl moieties include, for example, aralkyl, aminoalkyl, aminoaralkyl,

30  carbonylaminoalkyl, alkylcarbonylaminoalkyl, arylcarbonylaminoalkyl, aralkylcarbonyl-
aminoalkyl, aminoalkoxyalkyl and arylaminoalkyl.
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WD 2005(037273 PCTI 1JS20041034179 "Lower al koxy" as used herein refers to
RO wher ei wdRi0s/0370%er al kyl . Representati ve exanpl es of PCOHRSREMRBLI gr oups
i ncl ude met hoxy, ethoxy, t-butoxy, trifluotomethoxy and the |ike. As used
herein, the term "hal ogen" or "halo" refers to chloro, bronmo, fluoro and 5
i odo groups. "Haloallcyl" refers to an al kyl radical substituted with one or

nore hal ogen at opwerdikBxyerad) ubdll HeRerfekylto RELehmerdem R | BWES L.
radi cal substituted with ‘one or nore hal ogen atons. The term "hal oal koxy"

refers to amepraentativeaenasilessobdeweratkey groups iepledeomethoxs eihooty b Beshs.  The
term "hal ol Qugta, " f o a |l oweral koxy radical substituted with one
or nore hal ogen gﬂtﬁg%)fy%@tﬁéméio" refers herein to the group -NH2. The term
"al Il am no" ref erds used bemint ¢the tehne "bplogep” diRRalothrefees R chlvdo, Riromo efleac land

I ndependent .y, sel ected, from hydrogen qr .a .| r .alkyl. The term "aryl am no"
ot oo ar eSS GO AT ORRRES el ratic? SYOstfied Witk P P GEIE | over
al kyl', or antdy/| Thelfin "RABIoWRFALY LT BPa 1dvRlAk rA@ER ishbsititsd Rithdnewp NRR
where Ris a |ower aralkyl and R™ is hydrogen, a |oweral kyl, an ar or a

|
15 | ower ar almgre halpgen atemp dhe mmd@ﬂl@alkéﬂé'rrﬁetﬂdolﬂétﬂﬁi% padicad ebstitite %ﬁﬁl no
aci ds having, Dy, g{ore %ﬂ]&égﬁf&&%ﬁ?% :tteﬁ% "ha?d]g\vérQ%l)ﬁg‘%fersptha lh@?%ﬁ# ﬁﬁfiléafd to,

synt hetic, non-natur M no acl avi ng Sirde -chains ot ose
found in theuBlincehwiih oasoinno@dialbgen Moms.nat ural amno acids are

commercially availabl e o .be prepare cecording to. US § 488,131 20 and
r ef erené@s t her ei ﬁm%nrﬁ{? : t‘h&‘? %@W&kﬁhéﬁeéﬁ%_ t15 %ﬁ“t‘?ﬂ‘ﬁo
modi ficati onge g.toq?um VB R, arkPROSY YeactPindepedGerty Nel2cidll GHRS hydBESor 2
nodi fications rnclude the nunmerous protecti'ng groups comonly used in

\% pt i deI i y ntlonsert alkyl THbBe tasmriardamiog} sfecy lklereignéa éllxegm@ 't‘N%RbWbQIQ iglapylaml a| k2
bt g\rl\gr :I k:)x;;gliilﬁf&hgeer grhg‘k’é‘g%’, O]g[ghj %&Lo%%ﬁ?@l %lgﬁ%wﬁ{)'t%@% hf"ro%(eatro;tﬁé;} or

| ower al kenylgropneNRRk&hérs R Bvieloadek ylalkyt addoReis dlytepstl, 2 IdWweratkgl, rin aryl, or a

"aryl oxylgl kﬁl " refers to the group --alkyl-Oaryl. The term "aral koxyai kyl"
refers t'd t H&W - al kyl enyl -O-aral kyl, where aral kyl is a | oweraral kyl.

The term "al koxy gk thaiafitho AGH GERrR St alfia 1418 YatOMRino NRidsAAempy Bl oy | )

where R is typically hydrogen, |oweraralkyl, or |oweralkyl, The term_ 30
"ami nol ower di-fersrshsrisity; andinshiles dubismot Bmited ton syntssiciientyeatiepl aminowpidgh t he

al koxyal kyl S Qs Oﬁgﬁ QI J N %Eg oGk bonylids TRES rein
to the gr ougla- %3& ) o@ﬁ%@bﬁ%ﬁeefgﬂﬁa%%‘%%%r on)%' re‘?é‘lflgs' hlgzrngliln 0 the
group -C(O ahiEht asitietre cBminserdiallyenwdilihle onnthyRe prepared according to US 5,488,131

20  and references therein. Amino acids may be further substituted to contain modifications

to their amino, carboxy, or side chain groups. These modifications inciude the numerous
protecting groups commeoenly used in peptide synthesis.
The term "alkoxyalkyl" refers to the group -alk;-O-alk; where alk; is alkyl or
alkenyl, and alk; is alkyl or alkenyl. The term "loweralkoxyalkyl" refers to an
25  alkoxyalkyl where alk; is loweralkyl or loweralkenyl, and alk; is loweralkyl or
loweralkenyl. The term "aryloxyalkyl" refers to the group —alkyl-O-aryl. The term
"aralkoxyalkyl" refers to the group -alkylenyl-O-aralkyl, where aralkyl is a loweraralkyl.
The term "alkoxyalkylamino" refers herein to the group -NR-{alkoxyalkyl),
where R is typically hydrogen, loweraralkyl, or loweralkyl The term
30  "aminoloweralkoxyalkyl" refers herein to an aminoalkoxyalkyl in which the alkoxyalkyl
is a loweralkoxyalkyl.
The term "aminocarbonyl” refers herein to the group —C(O)-NHy . "Substituted
aminocarbonyl” refers herein to the group —C(0)-NRR' where R 1s loweralkyl and R’ is
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-14 WO 2005/ 037273 PC1/11520041034179 hydrogen or a loweral kyl. The term

"aryl am nocwoossi27s ef ers herein to the group -C(O - NRedr/ubmesgosR7s an
aryl and R is hydrogen, |oweral kyl or aryL "aral kyl am nocarbonyl" refers
herein to the group -C(O-NRR where Ris loweraral kyl and R is hydrogen,
| ower al kyl, aryl, or loweraralkyl. 5 "Am nosul fonyl" refers herein to the

group - S(Oddidgdn or 3 RsWerdlidy1e ATh@ HerRO SdH thRAMOCarbbBfI € rSfeRERGRA th Qhd roup
-S(O 2NRR where Igri s | oweral kyl and sR‘Ehlili ) hydrl?len gr a Iloweral %ﬁ@ The
term "ar al k{XQMNRES umbersl VRir is "anr edrgh sande i s t bydregengr lnwsralkyl or aryl.

-aryl -S(O)rw, ] €. ral ' > R wrefers
to the di vaﬁ%&%- )&Eﬁg&%atgﬁwn%géﬁ?%ﬁg@u&é#&éﬁcﬁ%%“e group
-C(O -0 Sumi Ryishiydeogendbwerlkyh a low&h@lyD R, where R is | oweral kyl,

cycl oal lgyl , aryl, ar gICﬁ, raral ksfﬂ The term "carbopyl.o ycl g Iblét\{l " refers
gener al Py herei nAFBn?FHﬁﬁg‘é{ " E‘g?%oﬁﬂe&(ﬁa%cﬁ?eﬁ%ar%)r nd aglu tuted

" car bonyl Owﬁﬁgﬁﬂ@k&@ﬂs!ﬁ%ﬁh td th%-grom(é)ﬁ\mﬁ‘ @h&%@%@%ﬁéfﬁ&ﬁd Rfis

het er ocycl oal kyl, respectively. The term™aryl car bonyl oxy" refers herein to

the group hygrogeypr Olaveyalkylnwide erar rtalkydaninonifoulyaryl psfeyshestin éo the group

car bocycl oaryl, . hete | ear vt , . term” | kyl oar bonyl oxy" refers
herein to th 15?@@%%@?5%@%‘5&%%@%% kyl is loweraral kyl. The
term "sul fonyl " "Caftensl" iekgite the@livdit groap pCE®P2- . " Al kyl sul fonyl " refers to
a substituted sulfonyl of the structure -S02R- in wihich Ris alkyl.

Al kyl sui% ony! grgﬂﬁ’é’n%?ﬁyiﬁﬁf%y@&e yc,tB_rFB%lEﬁﬂ’é’ 6?3@)\9@' pEB%heﬁ‘P“P% on are
typicall'y |Qugy ab&ﬂ-ékﬂ,f@ﬁetfé Rgfsqié%raﬁ]@’!’,'d}lg%cofalk?ma!ryﬂ Br fovrRdRIRAL. AT Ferian 1 TS

backbone structure.” Thus, typical alkyl'sulfonyl groups enpl oyed in

conpounds dfabpaylprysyelaeikylvefarsi genetaliy: berdin tofhwth aXearponyloxyparbenyrcloalkyBny |

. €., Where R s, I hyl ny] (i, ere |

pr opy! sul foaf?'gll a(i .cg&',% H’&IB%‘F}’@E&?%E‘%%{J‘%QSI| {'?" a‘ﬁgerf‘ h\g]l |{Ske4Q ﬁ%&&@r‘%l or

A Ryl sul s orers harain Lo tha. ar D o kb L nv e T he
aral kyl13i s -aFvhi WBEe ambispdneRo- SLPABS - darborEteE %E‘P@f‘ﬁﬁf&?‘ﬁﬂ: NH2. As

used herei Remi h@a&ﬁ%&‘b&ﬁﬁ&ﬂ@ ¥ fA RN t6 RfeSirSug S’C(‘d'}ﬁ)-@idﬂ@gh,%er&fh@‘é?a]kﬂ"" O -
in which the 1ydrogen atom’of the anxide nitrogen of the carbonyl am™no group

can be 30 if byt la | oweral kyl, aryl, or loweraral kyl group. Such groups
i ncl ude noietie nh ter - NH- €60) - '
10O 0 R TR ARG R Reh 6l bk ROF R RB TiSo o
cycl oal kyl ,subgtitwed sulfionyl oMveastmbiayd —JDR-tid rwvhich R is alkyl. Alkylsulfonyl groups
20  employed in compounds of the present invention are typically loweralkylsulfonyl groups
baving from 1 to 6 carbon atoms in its backbone structure. Thus, typical alkylsulfonyl -

groups employed in compounds of the present invention include, for example,
methylsulfony! (i.e., where R is methyl), ethylsulfonyl (i.e., where R is ethyl),
\.,. propyisuifonyl (i.e., where R is propyl), and the like. The term "arylsulfonyl" refers
25  herein to the group —SOy-aryl. The term "aralkylsulfonyl" refers herein to the group
-SOy-aralkyl, in which the aralkyl is loweraralkyl. The term "suifonamido" refers herein

to -SO:NH;.
As used herein, the term "carbonylamino” refers to the divalent group -NH-C(O)-
in which the hydrogen atom of the amide nitrogen of the carbonylamino group can be
30  replaced a loweralkyl, aryl, or loweraralkyl group. Such groups include moieties such as
carbamale esters (—NH-C(O}-O-R) and amides -NH-C(O)-O-R, where R is a straight or
branched chain loweralkyl, cycloalkyl, or aryl or loweraralkyl. =~ The term
"loweralkylcarbonylamino” refers to alkylcarbonylamino where R is a loweralkyl having
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"l ower al kyl car bonyl am no" refers to al kyl carbonyl am no where Ris a

| ower al kyl WA30p¥0372735 WO 2005/ 037273 PCTI US20041034179 pErosrsdnisbout 6
carbon atons in its backbone structure. The term "aryl carbonyl am no" refers

to group -NHC(O-R where Ris an aryl. Simlarly, the term

"aral kyl carbonylam no " refers to carbonylam no where Ris a | ower aralkyl.

As used hepgm to dbBut @Eﬁbo@ﬁfbﬂn@%ft@@éhkbonéﬁﬂﬁﬁ]& tCheltBen CryiBArBodylEhiALY
-C(O-Ni- in which the 5 hydrogen atom of the am de nitrogen of the

car bony| ani FEe®r ¢oip LR g’BedWherel Freisl #y| aryhr y| Sﬂ?@ﬁilll}’om)‘é'ﬁartamlkyl

, d 0 !
géﬁggi d;lls" ‘rae ers toﬁﬁn%?‘glt i es g?@%%%h%c&ﬁg% a%g}‘\gt %‘mi%ﬂ%mh

noi eti es i nhémnhethehtaﬂn "omimbestbertiyl? nefersitd g divaleat groug aC{O)NE- irhehichrthal
doubl e b

he ' i.tion of .the idine, e.qg., 10
i am nont nTRESE Bl of oD achuen ki Brsedopyably bt be eplscece
it I 1-' d/ "3
n|_ pgggfpongldgﬁ?ﬁgr%gﬁg}mmMﬂq%&&eﬁﬁagbbm% Thgnhygiogen atons at

any of the nitrodérmsedhpreibe fepemc@am@n 2 "guanidyd! eefers e thoietisstderivedh as

ot he mi efte e oy PRRCERES . ok Flls bidf (R (AR lben 1) €' °

and R(NR )Calle (dahgmlgadieca?d:mbkldvybm bbiirja (thdz i"2" pmsﬁtmmgelﬁ)thcmganehﬂ% amg,R can

oo off popegivadinitratit b oMEL Bl e ondh] A et HR, PSSRy ca

cycl oal kyl SleRB catriil tanoHﬁMQm{%lé)B%n'ﬁ (e '§-DasHaon tpgém@ns oﬂ&é@mﬁgﬁgé

whi ch each backbone atomis elther carbon or a heferoatom

het er ocycl SaNkg(FNH)R1)s Thehetlrpgenatomnsiap any of the aiiegens eantbs relaged eithea f r om 1
o 5, d th [ t t .
an &&b s\{lgéh(f%ysu&{ %%&eﬁﬁ(g ﬁpagﬁhcefrl&%%ﬁ h the ring structure

Sui tabl e he eroatom; enpl oye ‘present invention are
ni trogen, oxygenAsaned shuiein;rthe Iiamr bsgdinat irgfers hemermyﬁ‘dsomoeym -Ni'-e{thes

i ncl ude r exanpl e, r Z era i N and h I ke.
Car bocy & oap&‘%ﬂf(ﬁ’ E‘Ep%t ycﬂ”S%ﬁ Bi/l qﬁh@% Q—A\P bF‘i“ﬁga a"il%e are 25
carbon. Wiegiissed, wne@wmﬂcaﬂb% Yo £HC IRRY AN, a‘i&‘]b&tlo’év'éfa&ll@yl the term

"pol ycyclic" refers herein to fused and non-fused aIkK cyclic structures
¢o

Exanpl es of such"@usileaikd] refersserampne-eer palpdyglie tsteywrclie ot sapoystis alkali ng

bi cyol | o ot Fetaedt LERASASAo TSl s e BBh1s B Mo heWETTAD ond 1 o1

are connect éd \b};ac]h heseh asckbonesppent iy efitieh adtbog dwvwos Hemmoatamnd O'ﬁ[& t&fn car bon
hetort g@ ]%QB Z%Wﬁfyll"t re e%dheqee‘l%% g)?c){ Cﬂ!lkyl sx?bsntugggs at fdve lﬁ"om? y And $nore

het er oc
typically from 1 to 4 heteroatoms in the ting structure. Suitable heteroatoms employed in

compounds of the present invention are nitrogen, oxygen, and sulfur. Representative
heterocycloalkyl moieties include, for example, morpholino, piperazinyl, piperadiny! and
the like. Carbocycloalkyl groups are cycloalkyl groups in which all ring atoms are
25  carbon. When used in connection with cycloalkyl substituents, the term "polycyclic"
refers herein to fused and non-fused alkyl cyclic structures. Examples of such polycyclic
structures include bicyclic compounds having two bridgehead atoms connected by three
or more arms. An example of a bicyclic structure is bicyclo[2.2.1] heptane, in which the
bridgehead atoms are convected by three arms respectively having two, two, and one

30  carbon atoms.
The term "substituted heterocycle” or "heterocyclic group” or heterocycle as used
herein refers to any 3- or 4-membered ring containing a hetercatom selected from

nitrogen, oxygen, and sulfur or a2 5- or 6-membered ring containing from one to three
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herein refers to any 3- or 4-nenbered ring containing a_heteroatom sel ected
from nitrSEMSEYGen, and sulfur or a 5- or 6-member e§CHURYPHEH R ni ng
fromone to three -16 WD 20051037273 PCTI US20041034179 het er oat ons

sel ected fromthe group consisting of nitrogen, oxygen, or sulfur, wherein
t he 5-nenbered ring has 0-2 double bonds and the 6-nenbered ring has 0-3
doubl e bonbeteroatomsesetected dfrom theogronp sonsistiog fofl mitengem axygtre oo stifiery sthesgin

oxi di zed; rein t niteo syl fur er.oat ons be optd |y

uar tor i 7ed® SipoioRd, i BRORD S bad anl ShE LIRLAECIN Bof B BB
het er ocycl i botidsn@hetein thesaittofen and sulfi norh | Migybe roptidudlly edidized; ovhepeimelidoer ed
het erocyclic, ring }*iﬂade ndently defined above. The term "heterogcycle" thus

i ncl udes ri ROSFH i%&a“ﬁi § anayhe optopillyn Bzt | andachidiig 81Y v and

fully- & ur gicglid (068 in WEEH by SFHISHEVONAELERIE RELIE Bascl ¥ o B4BERL fing or
di azapi nyl, pyrryt, ~pyrrolinyl, pyrrolid nyl, pyrazoly pyrazol i nyl,
pyr azol i di ngihothérni-derz 64phembendddhetesoryojic, rirgDindapendendlyi difumpd ,abpye: i dhe term

[ i di nyl e DI ' | 4. t hyl. pi i nyl tidinyl,
R ot hy 1 o e Rl Mo R B s AR et o B Bl s w26 PG
i soxazol yl , and Al Ghtutited/ ings"PreBabd Wtdrocyiclds ddddhde] for bindnle! dighapivll, pyrryl,

I sot hiazolyl, isothiazolidinyl, indolyl, quinolijinyl, isoquinollnY]l,
benzi nmi dazoP¥rolinybnparalidingd) wrazolyle Ryrazelmy). \ayrazplidipyl, imidagoy) imidezolioy) y|  and

benzot higgnyt .« r I Comk 'e}@%e I [ :
mnosuggi tktftngééoor gi’s%ggfg#lf lg%i&ﬁvgl’ta)var |§Jg’u su%ﬁ’t ?J\g%lte{sinn%gpen%:el’ntly
sel ect ed f r emtidinyt, oxy-matlatlaretidingl, ( @rdniding | pyddagingly (ERMo)yInhexazoldi®yli s a
| ower al kyl or | oyer al.koxy.. gr qu am.no, alkyl am no,. dial kyl am.no

cyl am ngal Wﬁémﬁkoﬁsﬁazglﬁ‘ﬁ%ﬂi E@WH]%I&%EI %‘éf}ﬁ{’ﬂ ov@?ﬁ‘ﬁ@yﬁ’ycﬁﬁt@%ﬁa&% or
Qal oal kyl . ZQthibelifiever beyhl,i quirolitgs sjhidetingl t benhintld@doly arbearmhipadyll i ons

as will be apparen to_ those having skill in the organic and nedi ci nal
cheni stry aPeRZoOx#zo cBH. ooyl and bepratltiendyr e herein. NO ~ I T

oncJc: \{\NH N 101 e QyklidNnddi el icdn bd Snsibstitute? or monosubstituted or disubstituted
with various substituents independently selected from hydroxy, halo, oxo (C=0),
alkylimino (RN=, wherein R is a loweralkyl or loweralkoxy group), amino, alkylamino,
dialkylamino, acylaminoalkyl, alkoxy, thioalkoxy, polyalkoxy, loweralkyl, cycloalkyl or
haloalkyl.
20 The heterocyclic groups may be attached at various positions as will be apparent

to those having skill in the organic and medicinal chemistry arts in conjunction with the

disclosure hergin.

o N NH 0
o
~ NH, ™Sy
AR X T
25 o o o)
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N~O- NH2 :xtx OJ, Ji 25 O -17 WD 20051037273 PCT/ U52004/ 034179 OHR iJ
/ONO R NWOQISHSKRIIO 0 fj~ N~~~ N0/ V- RHH N O eankwiasarR is H or
a heterocyclic substituent, as described herein. 5 Representative

het erocyclics include, for exanple, imdazolyl, pyridyl, piperazinyl,

azeti di nyl, thi azol yl , furanyl triazolyl benzimadazolyl,rbenzot hi azol yl,

benzoxazol yl , I soqui nol i nyl, quina inyl,rqQ ogal i nyl,
pht hal azi nyl , d&' pht hpyri di i ndazbl y}, andMNuifnoli zinyl . "Aryl"
refers to optlonal |t v rmnc and ol ycygtg-Mromati c groups
10 having from3 to 1 ack cargson het er oN-at ons, d includes both

carbocyclic aryl groups and heterocyclic aryl g:uoups Car bocy lic aryl
groups are aryl groups in which aJ73 ring atom; e arorratl ring are
e

carbon. The term "heteroaryl” her ei n o group heving from1l to
4 heteroatons as ring atons i n aromatic r|n W|th the| nder of the
ring atons bei arpon en used~y A connecti o h-ary

substituents, the R " po ycycl ic aryl"Hrefers hereinHo fused and
non-fused cyclic ¢Stryctures whi ch at | east one cyclic structure is ,
aromatic, such asg exanpfe, \ benzodi oxozol o (which has a heterocyclic
structure fused-fo =0l . e., napht hyl, and the |ike. Exenplary

aryl noieties enployed as subs |tuents i n ounds of the present
i nvention include pHenyl ,@8yri Wﬂsﬁ or 3 %??B?XFL s“g’ﬁ‘ WeRGotsy| |

I m dazol yl geceplitasqhy! . tet razol yI pyrazinyl, triazolyl, thiophenyl,
funny!, quinolinyl, purlnyl naphthyl benzothlazol |, benzopyrldyl and be
zi mi dazol yl, anﬂeprh@nxatwe heterocychcs include, for example, imidazolyl, pyndyl,

c piperazinyl, azetidinyl, thiazolyl, furanyl, triazolyl benzimidazolyl, benzothiazolyl,
benzoxazolyl, quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl, phthalazinyl, indolyl,
naphthpyridinyl, indazolyl, and quinolizinyl.

"Aryl" refers to optionally substituted monocyclic and polycyclic aromatic groups

10  having from 3 to 14 backbone carbon or hetero atoms, and includes both carbocyclic aryl
groups and heterocyclic aryl groups. Carbocyclic aryl groups are aryl groups in which all

ring atoms in the aromatic ring are carbon. The term "heteroaryl” refers herein to aryl
groups having from 1 to 4 heteroatoms as ring atoms in an aromatic ring with the
remainder of the ring atoms being carbon atoms. When used in connection with aryl

15  substituents, the term "ﬁo’lycyclic aryl" refers herein to fused and non-fused cyclic
structures in which at least one cyclic structure is aromatic, such as, for example,

benzodioxozolo (which has a heterocyclic structure fused to a phenyl group, ie.,
<0

compounds of the present invention include phenyl, pyridyl, pyrimidinyl, thiazolyl,

, naphthyl, and the like. Exemplary aryl moieties employed as substituents in

20  indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thiophenyl, furanyl,

quinolinyl, purinyl, naphthyl, benzothiazolyl, benzopyridyl, and benzimidazolyl, and the
like. ' |

"Aralkyl" refers to an alkyl group substituted with an aryl group. Typically,

aralkyl groups employed in compounds of the present invention have from 1 to 6 carbon

25  atoms incorporated within the alkyl portion of the aralkyl group. Suitable aralkyl groups
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like. "Aralkyl" refers to an alkyl group substituted with é‘f‘ ar{x % oup.

Typi cal | y, WQRMFRIRTXgr oups enpl oyed i n conpounds of the EF SN ent i on
have from1l to 6 carbon 25 atons incorporated within the al kyl portion of
the aral kyl group. Suitable aral kyl groups -18 WD 20051037273
PCT11JS20041034179, enpl oyed in conmpounds of the present inventjon include,
for exanpl ecmploped/in compayngs of thyraesenicinyentier imdpriee & fxamplye beneyle PisalxH

groups i ncl L—g& exanpl e, those shown bel ow. These heteroaryl groups can
be further substituted and nay be attached at various positions as 5 will
be appar ent t o t Remesehtnivehetsioatyl gionpd inetuds, arexempledthosedhown bblowh diiesst r y

o0 A Sk e SO B el s sl
O N NON 5N {yjiNbe Iippareht & #Hoddhdving bklh"ﬁ' thé\loagﬂnic MNd MHeReRalCSRMigy M8 in

heteroaryl groups include, for exanple, imdazolyl, pyridyl, piperazinyl,
azeti di nyl, W@Wﬂ@ﬂwthtb‘?@ad@ﬂmh%@hm m dazol yl ,  benzot hi azol y! ,
benzoxazol yI pYr azolyl a pyr azi nw 15 The term "bi erl refers to a

group or substltuehf\to mh wo ar r oups; h ar condensed to
each other, are b y blary conpoun s /i ncl u exanpl e,
phenylbenzene dlph nyldlazene 4- net l,t hi o-1- enylbe zene phenoxy-

benzene, (2- phenylethyn I)benzen nyl ketone, N«N
(4- phenyl but a- | nyl benzyl e, FR_ AN HN /
(phenyl net hoxy) be and th | ke r ef errngo [ onai N

10

Reprcsentat_ivg heteroaryl groups include, for example, imidazolyl, pyridyl,
piperazinyl, azetidinyl, thiazolyl, triazolyl benzimidazolyl, benzothiazoly), benzoxazolyl,
pyrazolyl and pyrazinyl.

e 15 The term "biaryl" refers to a group or substituent to which two aryl groups, which
are not condensed to each other, are bound. Exemplary biaryl compounds include, for
example, phenylbenzene, diphenyldiazene, 4-methylthio-1-phenylbenzene, phenoxy-
benzene, (2-phenylethynyl)benzene, dipheny! ketone, (4-phenylbuta-1,3-diynyl)benzene,
phenylbenzylamine, (phenylmethoxy)benzene, and the like. Preferred optionally

20 substituted biaryl groups include: 2-(phenylamino)-N-[4-(2-phenylethynyl}phenyl]acet-
amide, 1,4-diphenylbenzene, N-[4-(2-phenylethynyl)phenyl]-2-[benzylamino]acetamide,
2-amino-N-[4-(2-phenylethynyl)phenyljpropanamide, 2-amino-N-[4-(2-phenylethynyl)-
phenyl]acetamide, 2-(cyclopropylamino)-N-[4-(2-phenylethynyl)phenyljacetamide, 2-
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20 substituted biaryl groups include:

2- (phenyl antVASIBTEA (2- phenyl et hynyl ) phenyl ] acet - ani dCT/US2004/034179

1, 4-di phenyl benzene, N-[4-(2-phenylethynyl)phenylj-2-[benzy]ani no]acetam de,
2-am no- N-[ 4- (2- phenyl et hynyl ) phenyl ] pr opanani de, 2-ani no

N—[4 (2- phenyl et hyn l\;{ phenyl ] acet am de,
2- (cycl opr ofsth ¥ 4-@-pEaghthygyRrhegriacytamidey Ri{@cmetpmryDamino -0

20051037273
(ethyl am nof* %%“%%%g I Dt RGPS ibpeidIL3-diowolene,  2-chloro-1-
2-[ (2-met hy'umﬂﬁﬂcy’r%hﬂnmbbnﬁn{s - (Tndid phodylnk @y Damninb)- Nh[ac(g@mﬁmy@phe@]_

-1 (1 m dazoRABIhy H o PR A e To Ay ARy Dl PO e
4-phenyls | %g»pseaﬁﬁaenz%ﬁ(mm%peeﬂynﬁﬁmﬁﬂam}@t&tﬁeﬂwemyﬁmaheﬁﬁmtl :

car boxam de

[ (4-fl uor oprﬂ@dﬂ ?ﬁ(W@MMﬂm%%ﬂﬂMW@WBM?H&MMe

eyt |- (FEER AR e i RS e BRI EBE AR Ie.

g - E cy ﬁ | IC) hex ﬁﬂﬁhtn’j@th%y[)[ﬁgerﬁyﬂawﬂmﬁﬁf,et Ey ay(lbtglphmnb&l:}rﬂf?e)-HMEghenylethynyl)-
et net no - - en t n - en acC m
> (buty1 am RS 8@?@&#@% e pAem b a e e s, 1140~

phenyl ejgyn @}3&% @&ﬁﬁﬁ . o
N[ 4- (2I phe)rfl)g?ié et h_ynﬂ)}) ?\’{e’ﬁm}{&gﬁiﬂé ul nucl I di nngCigl[g_r(r% R%%ng(l:eéhynﬂ)phenyl] 2

N-[ 4- ( 2- pbemwmemﬂ@ny ¥ )WkﬁwmﬂalNdﬁﬁ?zm@mdqhbu%Mmemnmnhanﬁmmﬂmx-

]Zr gmdpgn):?' ) n)ﬂ & %c? g D%}Eyq}ﬁ ﬁ‘{'fypr%n}}% BI]h%Hﬂﬂ?n I de, @f‘ pl?enyﬂwab ut a-

%,Ed{Ethylau%mﬁ??%ﬁ%ﬁﬁ@ﬁﬂ&bfBy?HﬂhﬁﬂﬁﬁﬁmﬂbyNMHX@hﬁﬂMﬂ&?waﬁgﬁﬁﬁmﬂﬁfﬁﬂ[ 15
e am no enyl but a i yn 1en am de e
phenyl %enzeﬁée tarpide %@MPWP@T{WWM }ép‘ﬂﬁ’(ﬁ acetamide, 4- ethyl%

N (1- Caypamiybydndiyee0 X Lr4- QL Ihda i ibhenyllethan-1-one, N-(1-carbamoyk-2-hydroxy-
phenyl but an%ﬁ Ilyglir’ynye gn‘% car bogn)(nﬁ) cnyh 4 onepher(lyfgt?\n;?\%ll) yEToRy

E)henyl ] Er op@mm'i)ﬂb(fl- mlﬁwltik Mwl)phﬂnﬁ?wbdmmheb dpheNyIH-(Rkﬂhmﬁf?ﬂmUB-

tert ut ox ny yl]lcan m de

5. (5 phony! SHERDEraPRARE  FOEREATRR, e SRR Phreldosaranidro g

[14( ?ZEt EOXYPbﬁE]lyj Nj-[)ﬂ‘% ghéd?{ph)‘tl ] bﬁ)]ﬂftﬁﬁ]c_sla_:hbﬁﬁalﬁi‘dld ) 2 (3-1:}heny11|3henoxy)ethane-
phenyl et hyny| ) p pyrrol e e term"heter yl ary ers to a

bi aryl gr oufyHeEaBIc, A fya'Rh‘f%YIH]FWI Franapeats. 51‘54"31#81‘75&’6 Igff“ngerﬂl‘f%l’“%ﬁpl ary

het er oagy| aryh . Q(ﬂg‘% jeRfn yrfo¥anpl e,  2-phenyl pyri di ne,

phenyl pyrrol e, Kenyle yny )p ri di ne, phenyl pyrazol e,

5-( 2- phenyl et hyn ptelnﬂhdﬁemawiwyrre db A diaryl gretipomesre one of the aryl groups is a

4- phenyl - t hi.adi az 5,phe Iet

2- phenyl t hi %‘S%Iéoﬁél pﬁrgﬁ 1 [ r'%xa%%ﬁz . '—H %M%Q/ %élngff) fofu meple
3-(2, 4-di Ch|2qﬂﬁﬁj?l§?mﬂ1ilc 4- mhﬂbmleol e3- (:apdeniym}lnylgpmdane@f erphafylppidotnal | y

substituted het g s i ncl ud

5- (2- phenyl éﬁﬁ?ﬁﬁ‘éﬁﬁ&h ﬁérh Yé‘ﬁ%@@e%“l‘hﬁ’é‘% hehenzl-d 2:3-thisdingelen nene,

I~"met hoxy/- 3phéaidth@ipyhonee Qﬁj)heﬁylfﬁ%ﬂﬂ%e' ZotieRRtNdazole, 3-(2-piperazinylphenyl)-
furan, 3-(2,4-dichlorophenyl)-4-methylpyrrole, and the like. Preferred optionally
substituted heteroarylaryl groups include: 5-(2-phenylethynyl)pyrimidine-2-ylamine,

1-methoxy-4-(2-thienyl)benzene, 1-methoxy-3-(2-thienyl)benzene, S5-methyl-2-phenyl-
pyridine, S-methyl-3-phenylisoxazole, 2-[3-(irifluoromethyl)phenyljfuran, 3-fluoro-5-
30 (2-furyl)-2-methoxy-1-prop-2-enylbenzene, (hydroxyimino)(5-phenyl{2-thienyl))-
methane, 5-[(4-methylpiperazinyl)methyl]-2-phenylthiophene, 2-(4-ethylphenyl)thio-
phene, 4-methyithio-1-(2-thienyl)benzene, 2-(3-vitrophenyl)thiophene, (tert-butoxy)-N-
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pyri di ne, 5-nethyl-3-phenylisoxazole, 2-[3-(trifluoronethyl)phenyl]furan,
3-t 1 uor o- 5 B0 2030373/ | ) - 2- met hoxy- 1- pr op- 2- enyl benzene, PCT/US2004/034179
(hydr oxyi . mi no) (5- phenyl (2-thi enyl))- nethane,

5-[ (4- et hyl pi perazi nyl ) net hyl ] - 2- phenyl t hi ophene, 2-(4-ethyl phenyl)thio-
phene, 4-nethyithio-I-(2-thienyl)benzene, 2-(3-nitrophenyl)thiophene,

(t ert - but oxiff-phenyl@GepyndybpoahyRacpgapce) USaalberye 4tsaghenyl(3-pyridyl))methyi]-

h)(/gr g;])e/nKll- E%gﬁxhe—ﬁh%%ﬁﬁ{’)y %ﬁ:{y?@% hg’ﬂ X n%-l'algi’izole.

2 (pbenyl et hyl tﬁma)eﬁ;ar'ﬂmdncftﬁrylhan&oh?ﬂszdrmaam grotye wherenboth of the aryl
"het eroaryl het eroaryl ! refe s to bi ar rou ere hoth of the aryl
groups are SOHR% &Fvdr te@ @Oﬁm%hg M}‘Wﬁrsﬁ"ﬁ g or
i ncl ude, s f Ogyanihl& AR ﬁm&&m@ anmtﬁémbyiai%feal SionaRd t he
like. Preferred optl on subst [ tut ed heteroaryl hetemary 3 ?)roups I n¢l ude:
30,!;1(\: Y

2- (4- pi pel ambnqqutegql:pgcm qttmhlryhgrougs oclwle:-2-(4-piperazinyl-3-pyridyDfuran, diethyl-

(3-pyrazin-2- i d%(}_} .-

di et hyl (2'[2323%2“% 3t‘ﬂ§?‘|‘ D edi5e, B . B Gime] 242 Gmetylns a2 Dethy eyl o 1
subst i t ut edpyridyl)}amipet i tuted” refers to the replacement of one or nmore 10
hydrogen atons w t h, a non al ent of-dival ent radical. Suitabl e substitution

groups i ncl ude, tutedy gF o‘?{‘?’l‘nmtﬁil Feders inthe seplacemgn) of ope AT moxg o,
thio, s fonydrogent Qbﬂ@rﬂfi@?a lﬁHﬁcﬂr'allﬁt ot AN nR QadiQ O, SIRAIET s%bﬂﬁﬂtlonl groups

met hoxam di no, |m di no, guanidino, sulfonam do, carboxyl, fornyl,

| over al ky! , inebudg Mﬂmm hiydemsylal tite,niamino, ineine)l cyeapaibipl, hion gsulfonyl,

| ower al kox | 0 | ower al koxyal kyl carh

am nocar bo%%lgmg&y %@'@bngﬁdﬁ?’aﬁ?ﬂ S’éar%%l % %tg?%;%%‘?yl o%hﬁuam dino,

llagt(ero_?_[]al ksdlﬁ:&mbigl@yl ,carwé:yyl Ejfcbh.ﬁyl agnomfdllkﬂd lﬁmwwe@dlkﬂj lawgrb]kgtmlﬂmbhe f
i ke. e term substituted, an unsubstitute cing a list o

subst i t uent Balolow angees avelkny, tbél"i%%fﬁalkﬁ’@hgg Lf F@‘Y"a’lbﬁﬁlﬁ

i nst ances t hﬁnﬁl‘&&ﬁﬁ@nyl %ﬁé&b&ﬂl eﬂalﬁ&!@m‘wﬁ;“lbﬁété&&?ﬁgrb@ﬁw hcterB&E&&E%‘bMﬁy{l or

al kyl" and the phrase "substituted and unsubstifuted aryl hetéeroary and
20 al kyl " i akylhienaminoatkyspepinbglkuk, yaryl atlethsalive., Thel famlySL@)ﬁ'éiut@d ancht are

each. substi ar su Th ti.on p..C be
sub;t [ t:,lt eﬁﬁmﬁ‘e 91; tgﬁﬂlsa;ﬂgé% G;‘%“ﬁlklgaa (%lﬁ}h%zpmj?&;bﬂ | tugfifff Gr ?&F}l %@%he

car boxy emiof r N@For dpdinee fhy ' subgiizete unsu SOitVELE XY,

am nocar bon E i" 8’8 9031f, SQoszﬁl; cycl oal where It |js 25
typically h 1'8@‘@( orﬁ’ﬁﬂ’ %‘f rp}ﬁrﬁﬁeﬁ%th ppsibsg %‘B’l SRR uBY i t uent

i ncl udegy a ai BpinspaEie S £ b thin
t he ch?n (%k%l lagi2'1'&8“?/ dr oxypr opy lmgﬁg%o%ﬂtﬁ% Elgﬁ%%eﬁl %)Sﬁostd%%tédm

chai n ter m wassbstisuted., 2- hydr oxyet hyl, 3-cyanopropyl, and the |ike).
Substi tuted The substitution group can itself be substituted. The group substituted onto the

substitution group can be carboxyl, halo; nitro, amine, cyano, hydroxyl, loweralkyl,
foweralkoxy, aminocarbonyl, ~SR, thioamido, -SOsH, -80:R or cycloalkyl, where R is
25  typically hydrogen, bydroxyl or loweralkyl.

When the substituted substituent includes a straight chain group, the substitution
can occur either within the chain (e.g., 2-hydroxypropyl, 2-aminobutyl, and the like} or at
the chain terminus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and the like). Substituted
substitutents can be straight chain, branched or cyclic arrangements of covalently bonded

30  carbon or heteroatoms.

As used herein, the term "carboxy-protecting group" refers to a carbonyl group

which has been esterified with one of the commonly used carboxylic acid protecting ester

groups employed to block or protect the carboxylic acid fimction while reactions
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substitutents can be straight chain, branched or cyclic arrangenents of
coval ent |y ¥88EE3723H carbon or heteroatoms, As used herRGTHUSPHOIHIIP m
"car boxy-protecting group” refers to a carbonyl group which has been
esterified wth one of the commonly used carboxylic acid protecting ester

groups enployed to block or protect the carboxylic acid function while
reactions invelvigg othesiodivpalsiketf UirSRogpeundae parricd wib| I algitiomha catbaxrict i onal

i o R A O S

group can a 0 a sOl1Td suppo conpourtd r emal ns
connect ed teornbeted 6} the sslip papportas thé earbexylute whifltobeausd by hedrelynie thelthods to

hydr ol ytic thods to relgeasge the, cqrrespond free aci,d. Represenfative
car boxy- pr ofé ‘?ﬂﬁ SR Hoacid. w%ﬁﬁa@w-av%@&%gm P@é’i‘ci'fdtéez

secondaky afgrd@amABdoWBRAIA Kfers AScHRIGY JARA& dhd theMkel €7 M " phar maceuti cal |y
: A

acceptable salts" refers to the nontoXic acid or alkaline earth nmetal salts
of the conpoundsAshsadierninghel tenglphasmaerutically-ascaptablesalig'anefees fortheshenioxdur i ng

the final i [ . | £ | f the ¢ la. | r by
separately ?cgél%% iaﬁéggllﬁaga#laélgué%@c%mgu &303%0% Evvi % %gguaglfji ?glbsi; eéi'ioisr aaélnl?ég or

i norgani ¢ 1prepared hosinkhemg theefifd ddolatioh ¥ind paificiendhe vangahtsof Funnutd, but
are not limted to t : acetate, adiptae,_ Lgi nate, citrate,

e fqllaowng: .
aspartate, %P&B%P@ewque%&ﬁ%ﬁaf &cid fypctigns wHR greanic of ipMEnag e,
canphorjgul f Q3@t & b4tk OtdpQRIES, REpreSRRIHENGRE ARHIERALE: areORACEMItSY 1 Ahe,

et hanesul fonate, gl ucoheptanoate, gl ycerophosphate, hem sul fate,
hept anoat e, folloxangyat acetate, rmslipates, alpipateo cittats; | afpartats; dpanipaderi bhmzenegalfosaisdi de,

15 2- hydr ox n |l act l.eat e, .. e i cot i nat e,
2napthe o SRUEAEA A GhlinorE, Albnod SRS oidfibR AR Mo Rl Bropifl

&= phenyl pr oﬂ@dmyle:ﬂf@é,crahm?ulﬁimﬁl thtg&mowpmnga,at glycaapiois W@Nlmmiizﬁfamh ' s
tartrate, thiocyanate, p-toluepesulfonat .. undecanoat g, sQ, .t asic
ni t r ogen- coRtRRAify }e&g%?%a at g)"ﬁf’%@?f‘%t ﬂ“yéﬁﬁ’ﬁom’g&eng‘g&??d‘d%

| overalikyl halhdegethaichitasteBlabitte, RhlDMe; REMRESURAR, PHENinakd)! Qbfig.

brom des, 20 and iodides; dialkyl Sulfates |Iike dinmethyl, diethyl, dibutyl,

and di any| glendsulfensate,| onajatec hmimvateal pegtinate u phrsulatele Syithenylpnotopite, rgietatet yl  and

stearyl chlorides, brom.des and iodides r.al i de ' zyl ; and
ohenet hy | o A e prOBRR T Pt APOIES gl Wbyl PSRBT oo
product s arendebsicatyy AbbaihedssicExaoghesninige pdapsianche quyerbicedwithayed t o
form pharmaceutically ac table 25 acid additiop salts, include such
i nor gani ¢ a%seaééﬁgowwﬁ%ﬁ _ ’c"'_“%f‘%’fﬂe &H:F@‘Wﬁé’r%ﬂﬂmghﬁyl ?féfﬁgmﬂe ci d and
such ongani g gddifes2diakyRlshifataClike AIRURIC dRMyY: diPRYI ARE Wb A MRS, g
succinic acid and citric¢ acid. Basic addition salts can be prepared in situ
during the ¢haimhalides such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides,

aralkyl halides like benzyl and phenethyl bromides, and others. Water or oil-soluble or

dispersible products are thereby obtained.

Examples of acids which may be employed to form pharmaceutically acceptable

25  acid addition salts include such inorganic acids as hydrochloric acid, sulfuric acid and
phosphoric acid and such organic acids as oxalic acid, maleic acid, methanesulfonic acid,
suceinic acid and citric acid. Basic addition salts can be prepared in situ during the final
isolation and purification of the compounds of formula (I}, or separately by reacting
carboxylic acid moieties with a suitable base such as the hydroxide, carbonate or

30  bicarbonate of a pharmaceutically acceptable metal cation or with ammonia, or an
organic primary, secondary or tertiary amine. Pharmaceutically acceptable salts include,

but are not limited to, cations based on the alkali and alkaline earth metals, such as

sodium, lithium, potassium, calcium, magnesium, aluminum salts and the like, as well as
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I solation and purification of the conpounds of formula (1), or separately by
reacting cavmeoghiersaci d noieties with a suitable base pughiseRabiigro

hydr oxi de, carbonate or 30 bicarbonate of a pharnaceutically acceptable
nmetal cation or with anmonia, or an organic prinmary, secondary or tertiary
am ne. Pharmaceutically acceptable salts include, but are not [imted to,

cations baggod hiitodivhit! dqua Iahﬁﬁéﬂi@n,'eaﬁd hnfi®d Bhifons S ielbdiiy, baPdodm

l'ithium potassium calcium rragne5| um alum numsalts and the |ike, as well
as - 22 Wolizgpd1(x7enmopin, Ustaosthy. umo rietethylammenitmm mefhEeminear y

anmoni um tﬂ:ﬁﬂaﬂlﬁ: C Jad [[d m.ed NHHG

t et ranet hylﬁga}%’?m [ ume ?&] ra t gmm%]tﬁﬂm nétﬂ{iﬁfl%inhe ahﬂdtﬂﬁetlﬁgzlngm ne,

trimet hyl amépraentatiwetnkgahmmmmgs msdfgtll fon the foramation o Habk additidthealts include
represeptative or am nes us for the f rrration 01__ ba dition
salts incl Gt ﬁ‘ﬁ’l’ a‘i}?tﬁ%“? Sﬁ? jﬁ‘ﬁanol am ne,
pi per azi ne and %Beudeﬂﬂfbreﬁsﬂﬂst@ﬂn hEh@inAceutiBAly! %@mﬂ@%ﬁﬁcﬁﬁ% G6tlelstérs

acceptabl e ester” refers to esters, which hydrolyze in vivo and include

t hose that Whidekydselyee incwden angd mﬁudm@omrbwoﬂ,owwdlban éheth’\@quJOéMttO

conpound Ofeb I
t hose deri ve oéﬁrélﬂ rrgé?a% | ca ytg%r%if; ?18%&?; %ﬁ& ﬁgag‘?fﬁ oxy | am ds,
particul ar Ithbs&meﬂhmbﬁphﬁﬂnkmﬁtaﬂ,y abyqitzﬂﬂé khptatic cabdxyickaidzd paticulady ds, in

oar bon 18t Qﬁ@aﬁéleaﬁ%v%'gg%%' QAR ) SRR seid i ABiep PRt Rl or-lRet o
pr opi onat egyo; accepuﬁjgﬁ%llﬂﬁ Bfor@fiin BtciitoR Ukdhs Ay@faples DR BartiBhlR esters

"pharmaceut i ca % | e prodrugs” as used herein refers to those
prodrugs ofinglde mwmmmwnmmmwmmmmﬂmammwth. n the

scope of sound di, t 0 t he
ti ssues of hun1arf1fii§z§‘j';{§3 fgh%‘?%ﬁie‘#lép ab?/\fpﬁqb Lﬁ&gﬁl&g{ 5% 0%) c &g}feﬁgh aoltsgn
al l'ergi c r esqrngsof thncbrfemts dfthe presae isanidrewhivh ade, mﬁma&maﬁ ef sound

benefitlrisk [ and effectjve for their jntended u as well. as the
2w tteﬁﬁomnaedff@i ﬁ’édgﬂw%r%“*bﬁg siJP I, poniaet Wit s, e ifesop! PWBES ARSIOMER.  The

term " proghighls WRh&k %@Quﬂﬂﬁu&b%ﬂl ECrebkd lajd tiAns esiRdndufhiyi VO tO
yield the parensf 20 cgjrlrlgg%nd t he abovgfé:‘iornu la, for exanple by htéjrol ysi s
\As

in bl ood. mﬂh@mgiabledb@cﬁélsslronﬁo,saqdrqﬁepdwfqrﬁheﬁ mdndghm ag gl ella,

gre(l?l g;ugs %%Nqﬁgl%%v%%%ehégsgﬁ%s Oflsﬁ{orevé’%ug%l A&rnr%’%%rog‘s?/n %rstﬁngem gn,
Aneri can Pl’lpﬂbﬂmgélréﬁ'em A&ﬂmmﬁthenaraﬁﬁbl&l@rmﬂhﬁn{& RS ®vo tol%lﬂ thegiaten6f whi ch

are ingqrporated e|n y r feren e. 25 Th ter canc ers to cancer
di seasel  RARPEUK B tise .coamﬂe: ¥ creaa Y RELYSH R P o eeghEl nase,

i ncl udi ng, dis@ﬁssﬁ?ﬁaiﬁrﬁfo‘%qdeﬁ%ﬂ‘??lf{?guéhi%d% S| Bidaihgs iR NSRRI Belivery Systems,
Vol. 14 of the A.C.S. Symposium Series, and in Edward B. Roche, ed., Bioreversible
Carriers in Drug Design, American Pharmaceutical Association and Pergamon Press,

1987, both of which are incorporated herein by reference.

25 The term "cancer" refers to cancer diseases that can be beneficially treated by the
inhibition of Raf kinase, including, for example, cancers such as malignant melanoma,
papillary thyroid cancer, cholangiocarcinoma, gallbladder carcinoma, colorectal cancer,
lung cancer, pancreatic cancer, leukemias, prostate cancer, ovarian cancer, breast cancer
and lung cancer.

30 In illustrative embodiments of the invention, A; may be, for example, phenyl,
phenylalkyl, pyridyl, pyrimidinyl, pyridylalkyl, pyrimidinytalkyl, alkylbenzoate,
thiophene,  thiophene-2-carboxylate, indenyl, 2,3-dihydroindenyl, tetralinyl,
triflucrophenyl,  (trifluoromethyl)thiophenyl,  morpholinyl,  N-piperazinyl, N-
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papillary thyroid cancer, chol angi ocarci nonm gall bl adder carci nons,
col or ect al w@apo®37273l UNg cancer, pancreatic cancer, | euRERUEHVBEHELL at e

cancer, ovarian cancer, breast cancer and lung cancer. 30 In illustrative
enbodi nents of the invention, At may be, for exanple, phenyl, phenyl al kyl ,
pyridyl, pyrimdinyl, pyr| dyI al kyl, pyrim dinylal k | benzoat e,

t hi ophene, midyphedi -p@mmlaﬂmfb cyichenylalkyR %’hya ihyiraipdolyl, elralinyl,

155 v 200RG 3k BPE E b b BRI 2 TRl BOP chRlicipll BARREAR, L) v
cycl ohexyl aksty| ,pyhnﬂmhml-ylal&yﬁ di-apihofiniae)nethylphenyle e VisdxaZolgL, di imylﬂaro@tl,ndol yI ,

e il bbb Bl e b

adamant @ﬂg%, thf4thiddC Jatelabd]
I m dazo?yl BE&%Y lcepnyl | mﬂgahzdgq%/ﬂpyﬂzg%ﬂiagll%%?o a pt hyl mlr;\;g%t ht haI enyl ,
benzopheno qeinokimyl) quindlinosylj m;vlm;lfonql; ph@iyiaﬂysflﬂﬂﬁuﬂrﬂﬂ-lﬂmmi- L-ylppigenydis-ul f onyl ,

Cyerypr ooyt RO SIS Sy B RE Rl vt !

pyrrolidi npﬂnym(num,gpmnym&m@m |hyyl’mxyﬁytﬁﬂ@§-yl% m@lﬂcyﬁﬂnﬁopﬁmhdm—
di al kyl am nopyrr ol i nd 4' -bip gerl dip-1" whi ch may be

substi t ut ed- sﬁymslnb‘!oblgm@nslubls twhmh BaY @efs %@@ab}é&n? Pb mare substipigts
consi stjng sélfeot&i/%ﬁf(iﬂengrﬁ%ﬁ 59‘;? L‘f,] AR « ThhfoUtaﬁ&i st¥stituted o

unsubstituted am no sul am di no, 1 mdino,
0Xx0, oxami dnmbst:tutu:étannmamnmnn&m |suﬂfanyh¢blogmdm a;lmdma, mudﬁ’nonwm dm,mxdlanboxyl :

formyl, Iovveralk hal o). ower al k r al. 0, ,hal ol vvealk | am no,
| over al kox Pt é‘P!g(‘J?R] ‘%iﬂ‘? al @j/ wﬁ?’ﬁ%ﬁ %FB ny oweralky,

ami nocar bo Moloweaamylau&ydrﬂﬂymarmﬂwmm@lmo loweralkoxy, haloloweralkoxg
et er ocycl oal kyl | ower al kyl ami nocar bonyl , . car boxyl | ower a kyI am nocar onyI

aryl - car béawaralkexesallels| ¢ aeBeteprbo ﬂeter@aﬂ‘??@h‘?‘h’ nyl ; O‘H@ﬂ@"éﬁ'ﬂ%“?@? =rbony|

| kyl t hko, ' gmg}g] | kaﬁ di t
,%d )r/raylﬂgg gﬁ%{sgtc??ute %ﬁe%g,ﬁjﬂgﬁ%ﬁ)@w c%ﬁlbgei am]l%lstltu éd 0 e
unsubsti tubaboﬁu;ldr @qukﬂimbdnyl hhdcmmyhbibphﬂhedﬁcxmﬂkxlbqlbmm alkylthio,

di al Il ryl ph .di k .
al Koxyal ey seli Rk 3B ang STERE) BN el ‘QX*"Q?%@*“’S““““
hal oal kOXYPB@ﬂw ,sﬁhk)ﬂshafdi’prﬁﬁm le, alsmml O@hemsshbsn&hwl hidre aash,,

am nopheny

al koEybl phiélﬁ %tropmyl Raimher Phenyl @;J}/fﬁgn@ﬂgyhen%ll%yl I&ﬁ@%g%
et er odyc PRt B Mﬁﬁﬂcﬁkpﬁ yPRBRER ! SHALH W@@rﬂnﬂ

yl car bonyl hp]helﬂ;ykyphpwl; alkiythialopbenyd, ph&myjh,aloghchyhualkﬂthmbmyylp hemydphedyl, yet

ot her

nitrophenyl, acetylphenyl, sulfamoylphenyl, biphenyl, alkoxybiphenyl, cyclohexylphenyl,

phenyloxyphenyl, dialkylaminophenyl, morpholinylphenyl, heterocyclylcarbonylphenyl,

heterocyclylphenyl, heterocyclylalkylphenyl, furanylphenyl, (1,4-bipiperidin-1'-

25  ylcarbonyl)phenyl, pyrimidin-5-ylphenyl, and quinolidinylphenyl. In yet other

embodiments, A; is substituted phenyl selected from the group consisting of

chlorophenyl, fluorophenyl, bromophenyl, iodophenyl, dichlorophenyl, difluorophenyl,

dibromophenyl, fluororchlorophenyl, bromochlorophenyl, trifluoromethylphenyl,

trifluoromethoxyphenyl, alkylbromophenyl, trifivoromethylbromophenyl, alkyl-

30 chlorophenyl, trifluoromethylchlorophenyl, alkylfluorophenyl, and trifluoromethyl-
fluorophenyl.

In representative embodiments of the invention, the compounds of the invention

include, for example, 4-[(2-{[4-chloro-3-(triflucromethyl)phenyl]amino}-1H-benz-
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nmet hyl pyri di’ne- 2-car boxam de,
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11- 1 _benzi brodmpbényBaminod-1 i) beprind davel-8-ytiaxpeN andthidpyridine-2-carboxamide,  4-
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amide, 4-({2-[(2-chlorophenyl)amino]-1H-benzimidazol-6-yl}oxy)-N-methylpyridine-2-

carboxamide,  methyl  3-{[6-({2-[(methylamino)carbonyl]pyridin-4-yl}oxy)-1H-

30  benzimidazol-2-yljamino}thiophene-2-carboxylate, 4-({2-[(4-bromophenyl}amino]-1H-
benzimidazol-6-y1}oxy)-N-{(3R,5R)-5-[(methyloxy)methyl|pyrrolidin-3-y1} pyridine-2-

catboxamide,  4-({2-{(4-bromophenyl)amino}-1-methyl-1H-benzimidazol-5-yl} oxy)-N-

methylpyridine-2-carboxamide,  4-[(2-{[4-chloro-3-(triflucromethyl)phenyl]amino}-1-
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In other aspects, the present invention relates to the processes for preparing the
compounds of Formulas (I), (I), {I), V), (V) and (VI) and to the synthetic
30  intermediates useful in such processes.
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The compounds of the invention comprise asymmetrically substituted carbon
atoms. Such asymmetrically substituted carbon atoms can result in the compounds of the
invention comprising mixtures of stercoisomers at a particular asymmetrically substituted
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| car boxam de, (4-{2-[(4-bronophenyl)am no] benzoxazol -5-yi oxy)-(2-
pyridyl))-Nnmet hyl carboxam de, and other representative conpounds set forth
in the Exanples. In other aspects, the present invention relates to the
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ot meu’ by WHER iy elersd s imemnico e OE" PORbCSE IR0 | RORBHNEERE o
STERE0UHEM i5i2%n B/bBodap ide 6P8HB roftRiub e bt hillimedTh BedofpiE. # ABMdlbear o
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enpl oyed for ring positions of cyclic Conpounds. The a-si de
ref erence projedethat this asagsi differsnfromtthathior ryclie sferepparents,uiss whicheit” means at t he

| ower nﬂpbe.r Lion, T ' L{&-@;ﬁ- yi ' .5 de of
the refer en(? gﬂﬁggiag‘?eméis%gétgseg%?gﬁ%%osc 1 pngl!r". m%mg[ﬁ%&r%dgg&%?g F%&gxk’hat

thi s usage abidsédhareinf am dshidfinddoby theclHpMicAie ArsipACen DR GUIMHAPRENELX [Weans 10
"bel ow t he @I g,ge" and gSﬂOt es absolute configuration. The terns a and (3
confi gur at i 9ne) PaeetBkd%%erein, are as defined by the CHEM CAL ABSTRACTS

| NDEX' GUVE- APPENJeXsrds¥nt ifYeRBldn alBé st 8 ihe’Pracesded ForPrenpink the BoaiHoltdls 6 SO
relates to the processes for preparing the conpounds of “the invention and
to the synttheinveniion andrte dheasyathetic sftermefiates wetfulpinsuels prosesses azldeseribasbis i n 15
det ai | g’el o) .aﬂ%/e%&eti ¢ Met hods Conpounds of the invention containing a
benzi m dazol'e core may be prepared via a nunber of synthetic routes using
met hods fam | i arSyntheti®letfodskill in the art, such as those disclosed in
W03082272 and published U S Patent Application No 20 20040122237 Al. One
such route is a %%#%mpéwrwa%r Bipe arprazigdazale com HaY b Fepaed gy ned by
coupling 4-hahRbet dfSyRBetiC rodtes h:gsﬁﬁql%&hodsf faHiIER o RAS 108 SRINAY thé QRS such@

resulting amde |lg iS treated with KOH and bromne to formthe pyridyl am ne
I b t hat those disclosed in WO03082272 and published U.S. Patent Application No.

20 20040122237 A1, One such route is as shown in Scheme 1 below. The pyridyl ether Ig
is formed by coupling 4-halopyridine Ic¢ with phenol If under basic conditions. The
resulting amide Ig is treated with KOH and bromine to form the pyridy! amine Ih that

may then be coupled with various acids to form amide Ii. Reduction of Ii gives diamine

Ij, which may be coupled with various thioisocyanates to form benzimidazole Ik.
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may then be coupled with various acids to formamde Ii. Reduction of Ii

gi ves di amwzeedgszzmhi ch may be coupled with various t hPETASXPHNAEs to form
benzi m dazol e 1k. -27 WD 20051037273 PCTI uS20041034179 Schenme | C02H SCCl 2
[ NH , NJ, 10 KZCOy77MF in heat HCO2H 02H OR BHroMs / OH O- H2H \ AC20
HX-NId Hle HIf 02N O/ N CONH2 KOH, & _ 02N\ | 0-10 NH2 R1000H SOP,
DPEA HHKkKk Tbh H H H21PalC H2H ~ O Séf€the A\r -NCS 02N ~~ ONR HN I/ I i N
OFaC~-J MOH HN v I NOMCHI I; ~I "... 1i H HN\ O\ Nul1l1 R / iN
O t & Conpounds cont ai ning the azol es ructure STy simlarly be prepared

Pat ent Application, No. 20040122237sAl. I'n additi on,lc Havi v . Med
Chem 1988, 31:1719) describes Z%Fr ocedure for errbl | ng xazdl e cores

wherein a hydroWnéC‘?# tr hBieP
o 3@“ ety fﬁ“

Id

according to th dsosbo M to Wh\m gener al
procedures, such NthoseheatS di s ed |n W030822L28 and publ i shed U. S.
i KallOyOME

R,cooH
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Hz nsunc HN Ar—NCS

sege
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Compounds containing the oxazole structure may similarly be prepared according

to the methods above or according to other known general procedures, such as those

5  disclosed in WO03082272 and published U.S. Patent Application No. 20040122237 Al.
In addition, Haviv etal. (J Med Chem. 1988, 31:1719) describes a procedure for
assembling oxazole cores wherein a hydroxy aniline is treated with ethyl potassium
xanthate. The resulting sulfuryl benzoxazole may then be chlorinated and coupled with

an amine,

NH,
0 ?@OH EtOCS:K é—:(;[o\)—sn _2.ANH, g—O: S—NHAr

Compounds containing a benzothiazole core may also be prepared according to
known methods, such as those disclosed in WO03082272 and published U.S. Patent
Application No. 20040122237 Al. An ortho-haloamine may be reacted with a
thioisocyanate to form a thiourea. Reduction with NaH then allows formation of the

15 thiazole ring.
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xanthate. The resulting sulfiiryl benzoxazole may then be chlorinated and
coupl ed Wi v 208808gne. V a:- NHZ Et OCS2K ~-SH 2. Ar NHz PCT/ESI0P#$341780 OH O O
Conmpounds contai ni ng a benzot hi azol e core nay al so be prepared according to
known met hods, such as those disclosed in W03082272 and published U S.
Patent Application No. 20040122237 Al,, An ortho-hal oam ne may be reacted

wth a thiois Mtz to forma thiougeag Reduction with Naf then allows
formation of 15 th| m ri 28\ﬁ0 200511393727@_]? §2QQ4$034179 NH
H Z ArNCS N Na dHfediates Tor s i zi ng

benzoxazol es may general ly be prepared through the follow ng pathway: 02N 1
O H2/PdIC HZN I 0" KOH HO HO S Et OxSK Et OH, reflux 18h N/ 0~ SOCl2 N O~
ArNH2  HS DWF,  n@bimedistesfor sydthdai¥ing behbdkazdie ?‘ﬁeh&&nr b&prephdeld IiYougiN \  Ar

Ar O 5 The compounds of the invention are useful 1n vitro ofr in vivo in
i nhi bi ti ng %@loygpehvey: cancer cells. The conmpounds may be used al one or
in conpositions together wth a pharmaceutically acceptable carrier or
exci pi ent. SoL4 a aar maceut i @b aceept abl e cargdgrs or excipients

i ncl ude, for exa pr defdG ng ag and difiers and
enhancers, sugk for exanpl e, G4 Am phosphatse, Me% um 10 stearate,
talc, m)nosaccharl des di sacchari es starch, gefadd se, nethyl
cel lul ose, sodium carboxynet hyl cel | ul ose, dext rose,

hydr oxypr opyl - (3-cycl odextrin, polyvinyl- pyrrolidinone, |ow nelting waxes,
I on exchange resins, and the like, as well as

N o SOC, .
HS—< — Cl—<
% DMF, reflux & min DMF { NMP

N 0. 48% HBr N OH
9T —
Al'! 0 Ar O

5 The compounds of the invention are useful in vifro or in vive in inhibiting the
growth of cancer cells, The coropounds may be used alone or in compositions together
with a pharmaceutically acceptable carrier or excipient. Suitable pharmaceutically
acceptable carriers or excipients include, for example, processing agents and drug
delivery modifiers and enhancers, such as, for example, calcium phosphate, magnesium

10 stearate, talc, monosaccharides, disaccharides, starch, gelatin, cellulose, methyl celiulose,
sodiuin carboxymethyl cellulose, dextrose, hydroxypropyl-p-cyclodextrin, polyvinyl-
pyrrolidinone, low melting waxes, ion exchange resins, and the like, as well as
combinations of any two or more thereof. Other suitable pharmaceutically acceptable
excipients are described in "Remington's Pharmaceutical Sciences," Mack Pub. Co., New

15 Jersey (1991), incorporated herein by reference.

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 Raf kinase activity assays known to those having ordinary skill in the art or by
detecting an inhibition or alleviation of symptoms of cancer.
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conbi nations of any two or nore thereof. O her suitable pharmaceutically
accept abl ew@xpspi7zent s are described in 'Rem ngton 's PRET/WEWE4eI4EA|

Sci ences, " Mack Pub. Co., New 15 Jersey (1991), incorporated herein by
reference. Effective amounts of the conpounds of the invention generally

I nclude any amount sufficient to detectably inhibit Raf activity by any of
t he assays descﬂhb@ohmtrtﬁ‘iannve ﬂngredtehenhaﬁaiy ki maﬁlﬁnabmwmewamagmeﬂdmm to

t hose haV|n or di nar in.the | rt or detectin n i nhj ion or
alleviatio W‘g‘%ﬁt S%E&n@@fl CE%’G‘%O@PE g@ﬁ ﬂ?‘ P79 The
amount of ag#icRr deae 6%&%5&5@611 nI@WﬂPBe aRERIRANhod SRy, RS tKPdpetieic doBd eri al s

to produce a single dosage formw || vary dependi ng upon the host treated

and the pdevel fukay pmaémmaummuudmndtmoma vanetywf factors II!FH@F@S thsaetiviiowever

var oty Sor Of dysFuts ppnRl Gal ea Y ofF Hhu Wil Relerd Bl bor (EETRE “PO"

enpl oyed, wfadagdstrationlyrousi cgﬂ‘atdmugsmm,l rafecoll ¢doretiof xdrug loe:hbmhﬂmm ancbfthe

adm ni stration, rotgﬁée of . adm ni strat ﬁ@e of ﬁﬁcretlo ru
conbi nat i oREVERHY rqgg}gt HP%r eGive her apy.
The t her apgiohfdol X gﬁkﬁ%ﬁﬁdﬂ‘\ﬁﬁ ca:?ﬁ@féﬁ&ﬂgf @étcrﬁaﬂd‘b?%ﬁﬁﬂeﬁbérﬁﬂen%ﬁn%d&@ad' ly

determ ned by routine experinentation™and is wthin the skill and judgnent
of the ordmﬁmytbclsmila@damlgnmmfﬁahewdmpmémlmthe present invention, a

t herapeyticallyeffective Wi eral t al._dai dos

adni ni gpered t o TS PUEROSES, © gqﬁglpéesmt ﬁ]g%%@%ad '%39'? gkf?%we Y‘@ f or
exanpl e, Ofgefidraliy B Hidlaltdailyl @&b@aﬂﬁiﬂiﬂerb@d)yauu%tmmmmwwﬂddmmy pe af erred
from1.0 to 30 ny/ kg bodé ht dai | Dosage unit conmpositions may

contain su@ﬂm&ﬁfﬁuﬁ?rse’fﬁﬂ pPpf 841 ttﬁelroé’BFﬂ&”%g hﬁ%"t?ﬁﬁhﬁf@llﬂaﬂqdyn@%e. 15
h
i Conpourbg&eﬁéd Ejaﬁl I?r(]e&e%E%ﬂ&aer |zat+]j§’n g{&&nh atlo Sﬂidnk,,may

parenteral Iy, 't ngual | spray,
rectally, @pntampsudaamwmtmﬁmhlagluplmthereoft;rmukealplmwadosw ning conventi onal

nont oxi har maceut i cal acgceptabl e carriers ts and ve cI es as
desi red(5 'FI)'opl caﬁﬁﬁﬁ?ﬁlﬂ?"#’? 3{:&‘85@?@{? ieeye q‘ﬁ%%%&?‘hgyeﬁeg oty p &1 nal
adm ni st r atsiiblirpgBalth) b¥Sackdsalization BRintARL6A §prap) rebtaly) I abSicAl ﬂedmag%SumtT he 20

term parenteral as used_herein includes subcutaneous injections,
i nt r avenoudormulations reskiniag copypnteral egntaxiq mharmpridcallyy aggspigbleoprrtiglehni ques.

| nj ect abl e gﬁf@g}) %&tﬁ]hﬁ&é |

ol g?giblnouz aﬁ@ﬁ%ﬁ%ﬁé@ﬁ%@i@i?@ I%Pat e daccortg% " ngﬁﬁﬂg‘égﬁuﬁé’gf us: ng
sui t abl e ditepsdesial gadoini | agelrans;iean pat&psan umgplargm evidklie Bheeril e
i nj ect Iet%weparatlo CL 5 steri Odl%ecta | e SO|t}Jé[I0n or
suspensron WEQ s 6’5? n %'?‘QI I“i'/c @B“I"ﬂ venous,

intramuscular, intrasternal injection, or mfusmn techniques.

Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated accofding to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a

25  sterile injectable solution or suspension in a nontoxic parenterally acceptable dilvent 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 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

30  synthetic mono- or di-glycerides. In addition, fatfy acids such as oleic acid find use in the
preparation of injectables.

Suppositories for rectal administration of the drug can be prepared by mixing the
drug with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols,
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solvent, for exanple, as a solution in 1, 3-propanedi ol. Anong the acceptable
vehi cl es awpl2wobiretst s that nmay be enployed are water, BERYEPEIMEOL | on,
and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally enpl oyed as a solvent or suspending nedium For this purpose
any bland fixed oil_ nay be enployed incl udi n_g 30 synthetic nono- or_

di - gl ycer i crdich fng selidi# josdinary demperafiies dut lignid a5 the Ectal semperdtigdandswill n t he
preparatio 1N S ' i for rectal adm nistration of the
drug can b?e%%fgfg&#ééﬁ&%ﬁé%%ﬂ%ﬂ?ﬁé&%%eug %ith a suitable nonirritati ng

exci pi ent such 8elid dogge fognisefor apdd adolinisitdiph eney Pelde lcspsules,3QbMEG, AIR51037273
PCT1US20041034179 i ch are soljd rdinary tenperatures but |iquid at
the rectal PP¥ and, eenyles wiy F‘miltff?g‘& e ?Péﬁnﬁ ﬁ‘ﬁ qefige F@E’Pﬂ?ﬁdgﬁ’d‘yr ease

the drug. ahild4GaREClROHS ideR! diRkR sudll Bl Bhcéde AR JFaYarkH)ChidedGaRsY! es,
tablets, pills, powders, an ranules. In such solid dosage forns, the
active conpomsomay plspeomprised mi iedomial pragticd, additionnl substances gtheyhae ivareh as

sucrose | a or_starch. S age for S IS, IS nor mal
practi ce, %‘gia}%?’oerh%’l ﬁ%}garshtngn%érgs gﬁ%e‘r% ?ﬁ%‘ﬁgﬂﬁﬁer di ﬁﬁgﬁ{g‘%ﬁ eo?gcfagsﬁés’

| ubri cat i ngaldgs g pHlscihe d8saga G manalioamptise bufferihp agams eTabletcajdilles,
tablets, and pi)ls,.the dosage,forns may, al so conprise buffering agents.
Tabl et's an&%%‘*@@&#ﬁ%ﬁ?gmfg@?ﬂ‘b@ &hared with enteric coatings. 10

Li qui d jgosage f ofiRd fRkadd! flrmRdfH Noral hithiriiiafiBY hilCindS1cP PRAfRCAHLAA! | Y
acceptabl e emul sions, solutions, suspensions, syrups, and elixirs containing
i nert di | uanteptableosmrdsions, seetions suspeosians, syrops lAnd elixizstcontaindurimet didpragd t i ons

may al so conpris adj uvant such as wettj e enul sifyin d
suspendi ng %ﬁﬁ?ﬁ@ “%e?cfnogéexﬁ% ﬁ"g‘ﬁ ?ngate%meéelpcgn%%@f%%%sv%yn%?gé:ﬁ%pg%f um ng
agents. 15 affiaegspeliatsetthg hgratspedsieifiting mdsuspediding agerdts, 29 clodexddits, andst er ed
in the formof |iposones. As is known in the art, |iposones are generally

derived fréﬂ@ﬁﬁ@&%%’ﬁ’?‘ﬁ‘?&i@mﬁ‘g@ﬁpi d substances. Liposonmes are forned
by mongs or mul %elog\;ggbm of Wi atet M&%Hcaﬁam&amﬁé@a&%lﬁme@%ﬁpﬁsed in

an aqueous medi um Any non-toxic, physiologically acceptable and
met abol i zabipesdmgsi dsdskeivincndlie 4o lipesomes ang@smarally deaived romgbdsphiplipideor pr esent

conpositions. in li one f.arm can_caqnt ai i n additi.on t 0 nd, of the
oresent | nyBiFE HBid LRGeS | Hppemen e darpa v udho” g bl hydited it o i
preferred ckptdls thaliree tdivpebdsphal iguesls Redivih o piahdrtkics pbliclegically
(lecithins), both natural and syntheti.c. I\tZEt hod?ito forml ipos%eme are
known in t [§&ceRfapble S@emwph@kknﬁm%,wm%%e&w%. posomss 3R e wsede| Thasi ol ogy,

Vol une 5§l Vipr AeRdMosifiofis i 1ipsa¥ing Torfn cdtt YntaiR, inSalidfionS6% compound of the
present 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, Ed.,
Methods in Cell Biology, Volume XIV, Academic Press, New York, N.W., p. 33 et seq.

25 (197¢6).
While the compounds of the invention can be administered as the sole active

pharmaceutical agent, they can also be used in combination with one or more other agents
used in the freatment of cancer. Representative agents useful in combination with the
compounds of the invention for the treatment of cancer include, for example, irinotecan,

30 topotecan, gemcitabine, S5-fluorouracil, leucovorin carboplatin, cisplatin, taxanes,
tezacitabine, cyclophosphamide, vinca alkaloids, imatinib (Gleevec), anthracyclines,
rituximab, trastuzumab, as well as other cancer chemotherapeutic agents.
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25 (1976). Wile the conpounds of the invention can be adm nistered as the
sol e acti vewopbssresmoseut i cal agent, they can al so be usedpcrTucomuzagbi on with
one or nore other agents wused in the Sreatnent of cancer. Representative
agents useful in conbination with the conpounds of the invention for the
treatnment of cancer include, for exanple, irinotecan, 30 topotecan,

genti tabi ne, 5- fﬂhH@b@Jérc%ﬁipbmds%BQEﬂbioPe@%r@%ﬁﬁbﬁ with! t8PLdHipdindd SpeABES,

t ezaci t abi ne, (;yclrv?l_ﬁhospham de, ulna alkaloids, imatinib %G eevec),

ant hr acycl iigeestion il bei need, int theeppenticnamourds agdndicated én tee Pémvicians' Desk
chenot her a | Bk 7 |EIHEE bove
conpounds ?%ye%ée’?cggg?g‘zi%}hi n c"m%ﬁgﬁﬂw @ﬁf e con%glﬂﬂ?g%%%ggcfhg&%ﬁ@ention
wi || be usdherapeuticably apeful anoountsois vanldlse krpainda baélof ordinkg sRillisiths &tis' Desk

Referenge (PDR) .47th Edition_(.1993), which,is incorporated herein b
referenge, or sU&h W%éfeﬂfi%ﬁl ’I“%/’erﬁ’é‘éfﬂﬂd &ﬁ%t?ﬁ?%‘ HRSET PEHUS K ®to one

of ~ordi nar ydgditbreli 3t tHeGe@nimendld SnARHRA MiHRaCdoshEor IGREH RRestNDodade Ot her

anti cancer agents can be admnistered at the recommended nmaxi mum clini cal
dosage or develsoufthe adive somppingg én thepmipgsitionst efdhepvintiongoasplruyaticdisa as he

conpositio .t I, | i f Leld g |, ed

t her apeuti 33 Pgtg]f)]oarr}geg ep%ﬁ&%c’%ﬁg\éﬁ%ﬁ& % Oglfoth‘g?%te n‘&g ?’Eﬂ'tﬁ%ﬁ?n’gsggéer{ ty of
tge di seaseygalmldi‘sm mebhe nesponde dfltke patiehenThe aimbiﬁsﬁm:daﬁﬂabeﬂmﬁxafteﬂee as

adm ni stered as 10 separate conpositiqgns or_as a sing osage fo

cont ai APng SERATHE fpEmpestons, gh asa"%:lrﬁq’gﬁesld%?agﬂ fé?gnaw;{oﬂbﬁ,gg%e {V%]@‘l‘apeut ic
agents can AgifiaLil| At L oRBins@RA R therfRMRO3drkO B bYRhSLIALEL agiskSatat t he

same time or different times, or the therapeltic agents, can be given as a
si ngl e conpewippsitens, ahicheare igivgorat, the saohe disnet o dierent times,nori the tthdsapentic cancer

growth thrao i n 1on 15 of cell.cycle arrest, that requires the action
of the cel laﬁ%}%lchg!ﬂ%%ﬁv%xf?soars e?%l’cﬁf’osﬁg%éntly, it has been shown that
activati ?n of th!mﬁBﬁﬁogE&t s&dﬁl%slfbm%ﬁgenp&mrhmmemtweer floerth hiaphHadyction | ?)ln
status .of p27Ki uch that its inphibjtory activity.in arresting the ce

cycl e il8 aés%&mg%w%ﬁw ?Wpioﬁé‘et%héﬁ?lf’ SR R B eft
(Donovan etha@l heed - sl that GBAtion ’ Bf 40858 RAMAP M%ﬁ%ﬁ%%@%@van et

al., inhibition of MAPK signaling 20 through treatnent v EK i nhi bi tor
changed t h@hpsphepiation| statisonf p2Eipssudhi thee 7tsi inhiblerynastivity éf aueding the eeldt

Accor di ngl y7Uik iRl Beféty b Ruliit b AP B RS S8 Php st - et ) (1

and (V) nmayChehe 206:4083802001% s eaioned by Jonboarneat, thbiteiderftMaRKchgmlinguch as

R TN R RN Rl
hormone refactory breast cancer cell lines and in so doing restored hormone sensitivity,
Accordingly, in one aspect, the compounds of formulas (I), (), (III), AV} and (V) may

be used in the treatment of hormone dependent cancers, such as breast and prostate

cancers, to reverse hormone resistance commonly seen in these cancers with conventional
25  anticancer agents.

In bematological cancers, such as chronic myelogenous leukemia (CML),
chromosomal translocation is responsible for the constitutively activated BCR-ABI1
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

30 patients with advanced stage disease respond to Gleevec initially, but then relapse later
due to resistance-conferring mutations in the Abl kinase domain. In vifro studies have
demonstrated that BCR-Av]l employs the Raf kinase pathway to elicit its effects. In
addition, inhibiting more than one kinase in the same pathway provides additional
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25 anticancer agents. In hematol ogical cancers, such as chronic nyel ogenous
| eukem a ( CMO)2005/B8M7dnosomal transl ocation is responsi bl eCTAR20041€34179
constitutively activated BCR-AB1 tyrosine kinase. The afflicted patients
are responsive to G eevec, a small nolecule tyrosine kinase inhibitor, as a
result of inhibition of Abl kinase activity. However, many 30 patients with
advanced st pgtectivsagdet resipacdcdnierGng ewdtionni Acadrdiyglybint anbihenaspedtafisies | at er

due to resistance-conferri tatjo j e | kinase damain..ln.,vitro
St o havEveRERoe crRPupl natoraeles A (B, (i g end (VLS it copbioRich, | o
elicit its gfthqeicst btk aRRildal ggbm,i fioh Ris t(11B& B0 Sthé RRBtRRE ok haldsBlokieal he

sane pat hway provides addition -32 WO 2_0051’037273 PCTI US20041034179
protection eagesrastich as chronicanyetegenets leviemia (GMLArfe reyRsweorrdireught resistanesn ot her

aspect t ] [ OMyq:.i h ounds of formulas (1), (11), (Ill), (TV)
and (V)Ogar egﬁgce%ﬂ?a%p(}:%##gﬁﬁoa%&%th at | east one additional agent, such as
d eevec, in the Tiieatesant moéntivaneild begimdkistcodanoss scadiy iy adferefideot the

nyel ogenous_| euken a .. Lo reverse or preyvent resistance, 5 to the at

| east one a@gPWF}ngggmL hich-are prpwdedby way ehillugatign apd g nohiptseded beor e
readily by ﬁﬁjtgfgqﬁrgﬁ ehi@vedigh! OW ng exanpl es, which are provided by way
of illustration and are not intended to be limting of the present

i nvention. Repr cRemesgniatiee siidel chaihsifarsise dn theseonmpoundscoicthenfollovdsg examples

Fol o N PR Baraly Vo Bihetih B dplehed Gy R G e o ° 10 1

but yl phenyl )am nol -1 -nmet hyl -1 H benti m dazol 5-vl}oxv)pvridin-2-yllacetam de
H HN{ ~~~ NQ f 15 Step 1: O2NEXAniple 1. NEB, cr AOzN /O NuD McHN,

EF’ octNo NbH%'vrlltﬁcs%s' 01]}51_%’»_( Q\L\ﬁg-%ﬁ-bgtvlghéngl‘tag%inotl:l?r}n%%’d—ltl-ﬁl uene, 100 C

benzimidazol-5-y1} oxy)pyridin-2-yl]acetamide

H
N 0 R N\”/
/4
HN%F:@/ U 0

15 Stepl:

o
& PR H
G~ "0
%ND/O\C’/U\OH 1. NEts, /\(- 02“]@/0 1 2 N‘H’OK
o
MeHN 2N THF, 0°C MeHN #N 0
1a 2. NaNj, water, 0°C

b

3. EBuOH, toluene, 100 °C

Triethylamine (5 mL, 35.6 mmol) was added to a stirring suspension of acid 1a

(3.34 g, 11.6 mmol) in dry THF (44 mL) at 0 °C. The reaction was maintained at 0 °C for

1 h, after which a solution of isobutylchloroformate (1.8 mL, 13.9 mmol) in dry THF (14

20 mlL) was added dropwise. After 1 h at 0 °C, a solution of sodium azide (2.28 g, 35.1
mmol) in water (8 mL) was added and the resulting reaction was maintained at 0 °C for
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Triethylamne (5 nL, 35.6 mmvl) was added to a stirring suspension of acid
la (3.34 gwooosp3mm®l ) in dry THF (44 nL) at 0 C The rPEDUS0M/O088059
maintained at 0 Cfor 1 h, after which a solution of isobutylchloroformte
(1.8 nb, 13.9 nmmol) in dry THF (14 20 nlL) was added dropwi se. After 1 h at 0
C, a solution of sodiumazide (2.28 g, 35.1 mml) in water (8 nL) was added
and the restfl i gThefatiansolaforRh¢ontatdted!in®d & dqueous-sharV\QREAH3d 273

PCTI US20041034179 45 mn. The_ reaction sol ution was concentrated into an
aqueous sl ratsaied paveoye AaH Qs sobrion and (Habd- o dhe BrsenaErecsPadied: i on
and CH2C12. Qﬁ@g&sp(wg PArR oed u H@sw&st ract ed
w th CH2Cl 2 (Egﬁ‘eo The coﬁ%?‘%gd or%gﬁ}ncs er(%lgé &Zsﬁgéjéovfnm?%édbggne an%ét he
combi ned agwasb thbr biiom sndethe cbmthWéraqaRQwamrechsv\}mn BiriBer t2IGkRd Witb

conbi ned or ses,were dried SO4) . and Ja ed 2.71 ¢
(8.6 I (%'*%12 of §°°51|b5[}?8e°r§%3|1? Hhé‘%@gfﬁ)a@% 9&% Eé%%‘p g‘n of acyl
azi de (322 ngl.gQS@&mimJjs%vabdﬂgamlddsQ;naeabjdazae% mTDI) in dry toI uene
(12 m.) was heated to 100 C and_ yaintai ned at_that tenperature for h.

The reaction wad SHSPERRN ftf@%a&rdet@?r DZahR mab #ﬂ?) fptangl &%aﬂb&%wﬂ)

t t d ted
2nd the aquaoishen? (BRAEE s fatd G106 aid o] 4 pRlRRBoralRY Br 5021 2 ©
organi c por‘I‘hemescumermasvﬂkh@d toicobl mat andithed pagifioacd wighamus (2 X)
and brine, .dried ed onto Si ification.by flash
chr omat@gr Jgﬁyﬁeﬁgﬁ@ 3}1‘5‘ C%P@ dﬁf‘ﬁ)&eﬁ Ef%%ﬁd?ﬂdf P gaef f%ﬁorﬂﬁxvfaﬁ 36
nmol , 36% dx&aaadmmmcsml alslelcbmbﬂalsa 6 aﬂlmememﬁ&iwﬁl&nﬁteabr s, 1

15 H), 8.12 (d, J= 5. ’11% 04(br d, J=2.8 Hz, 1 H),
7.53 (d, J-aqueous @qq; soputieg (4) d@edl(MESO«O m;d a@soglfd(@to $i%.9. 3 Hz

5 siep b I‘%%ﬁﬁ%ﬂﬁ@ﬂfk%h%%@fép% 106 s S0 sl e R, (<) °

20 Tri f | uor(@&6etinal, 36¥s)l of 4n nabye vuikl amdbe dEtNMR. 00 MHzn CDCIsHEHES Chr sof BOC

e maat a8 12 25 a2 4 T R ba kB T oz 3 e ot LD AR ERE, Lol ue

was suspendeH),i7eogas,ur-a2adoaqye eud), 6.DREOGE andzexHn,adedd\W b 5GREE21(3 X),
The conbi ned organlc ortions were concentrated and the resul ting residue

was adsor bdd: 3¢ §d.90p.2 HaypiH) £49 (A By f1ash 25 chromat ography (0.5 : 99. 5,
0.75: 99.25,1 :99,2 : 98,5: 95 net hanol - CH2C12) gave 94

Step 2:
OzN SN :TOK TFA, CH.Cly OaN D/O S NH,
MeHN:@/ U; © MeHN #N
Th 1c
- 20 Trifluoroacetic acid (4 mL) was added to a stirring suspension of BOC carbamate

1b (181 mg, 0.5 mmol) in CH,Cl, (4 ml). The resulting reaction was maintained at rt for
3.5 h and was then concentrated. The crude residue was suspended in saturated aqueous
NayCO; and extracted with CHCl; (3 X). The combined organic portions were
concentrated and the resulting residue was adsorbed onto SiO,. Purification by flash
25  chromatography (0.5 : 99.5,0.75: 99.25,1 : 99, 2 : 98, 5 : 95 methanol-CH,Cl;) gave 94
mg (0.36 mmol, 72%) of a bright orange solid as 1e: 'H NMR (300 MHz, CDCl3) § 8.03
(brd,J=33Hz, 1H),793(,J=28Hz 1H),792(d,J=58Hz, 1 H), 7.27 (dd, J=
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(0.36 mol, 72% of a bright orange solid as |Ic: 1H NVR (300 MHz, CDC13)
8.03 (brwdz2e05e3R78 Hz, 1 H), 7.93 (d, J= 2.8 liz, 1 Hcrakz@dné4d7s J= 5.8
1 H, 7.27 (dd, J -34 WD 20051037273 PCT/ 1JS2004/ 034179 2.8, 9.4 Hz, |
6.89 (d, J= 9.3 Hz, 1 H),6-24 (dd, J= 2.2, 6.0 Hz, 1 H), 5.92 (d, J=

Hz, | H, 4.44 (br s, 2 H, 3.05 (d, J= 5.0 Hz, 3 H, Step 3: H 2N O
S\CZO, (m/sigdtiﬂe, DAY Q8NK, JMesiBlHz, I HY, dmmug 35 ?ZOWEHNH) N9!D(dch=d| )5
Pyridi ne 9 nun n eti ride (0.04 nL, 0.42 nmo was
added to s%s%éﬁ?&‘”%@’%%%é%gﬁi fedP ng, 0.36 mmol) in dry di oxane
(1.7 m). The resulting reaction m xture was heated to and mai ntai ned at 85
Cfor 21t § . reaction was allowed to cool to rt and was then partitioned

bet ween Et OAC and saturated aqueous Na2CO3. The | ayers were separated and
the aqueous |ayer was extracted with 10 EtOAc (3 X). The co |ned organic

portions were washed | N8, rAcggl )(,,NQBSOZL) ogund daor to Si02.
Purification by fla hr ogra m@/
provi ded 75 ng @& % ofdmne@ﬁ%mge SmbH &

xa es-EtOAc)

~TH RVR (300 MHz,
CDC13) 8 8.3 5 (br s, | ,810(dJ 5.8 Hz, 1 H), 805(brd J =4.4
Hz,lH),795(d J- 8 Hz, 1 H), 776(br,J:1.7Hz‘} , 7.30 (dd,
J =27, 9.1 Hz, 16.91(d,J:9.3I_—|z,1H),6.60_(dc11 J= 2.5, 5.8
Hz, 1H) 305(d J52Hz 3 H, 2.16 (s, 3 H. Step 4: H 1.
10%°d/ CgH2 I\/EO—IPI?M],M | le :
Fed g, gerne A suspglr;\g@c%\]poq‘ggaglg%ogjm aceﬁ@ﬁﬁgtﬂhhéf@dzl&, Ohb%r%]gwiag% Pd/C
(30 ny, 0. Cdde® swspsinyion nf Fentizepytidias lmf%ma,sﬂﬁﬁmmg:é)dnm ﬂmk@ea(hdmh)e
resulting r

e m Rl WS ptihe PR AR bTis by O R G BB 174 ™

- reaction was allowed to cool to rt and was then parntloned between EtOAc and saturated

aqueous NayCO;. The layers were separated and the aqueous layer was extracted with
10 EtOAc (3 X). The combined organic portions were washed with brine, dried (MgSQy),
and adsorbed onto SiQ;. Purification by flash chromatography (2:1, 1:1, 1:2, 1.3
hexanes-EtOAc) provided 75 mg (0.25 mmol, 69 %) of an orange solid as 1d: 'HNMR
(300 MHz, CDCl3) 6 8.35(br s, | H), 8.10(d, /J=5.8 Hz, 1 H), 8.05 (brd, /=44 Hz, 1
H),7.95(d,/J=28Hz 1 H),7.76 (brd,J=1.7Hz 1 H), 7.30(dd, /J=2.7,9.1 Hz, 1 H),
15 6.91(d,J=93 Hz, 1 H), 6.60 (dd, /= 2.5, 5.8 Hz, 1 H), 3.05 (d, /=52 Hz, 3 H), 2.16

(s, 3 H).
Step 4:
- .’
1. 10% Pd/C, Hp, MeOH
OgN 0. N 2 o ‘h‘}
| > f S jr’
MeHs ZN 2, 5 , MeOH HN—C v @
!
NCS
1d 1e
3. FeCly, pytidine

A suspension of acetamide 1d (75 mg, 0.25 mmol) and 10% Pd/C (30 mg, 0.03
20 mmol) in methanol (5 mL) was charged with H; and the resulting reaction mixture was
maintained under a H; atmosphere for 1 h at rt. The mixture was filtered and the
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remai ni ng solids washed thoroughly with Et OAc and net hanol. The conbi ned
organi c powoize05937e¥ e evaporated to afford 60 ng (0. 22 RATAS2088%4170f a
brown residue as the phenylene diamne, which was carried forward wi thout
further purification. The above diaxnine (60 ng, 0.22 mmol) was dissolved in
met hanol (3 nL) and a 5 solution of 3-tert-butyl phenylthioisocyanate (62

ng, 032mMol pemaihnipesdlidl Yash@Atherdtglly withTROARMMH AéhMRE ThE Bérabined ofgahic16 h.
Pyridine (0.06 nL, 0.74 mml) was added to the reaction, followed by ferric

chloride (4rhieps werpgvapeityd torfford &8uns (he? waral, $8akef % hrowyi Iesidwecas thes

mai nt ai ned %Hg,gg FhoSffulth gous Na2CC3

sol ution, a@% *II%?‘{ %QW%II%FC%HE&) e rednmal ning %(ﬂ%gggﬂv{’/ere washed with
Et OAc and the 10Thoa1bmdﬁnﬁnd(ﬁﬁaﬁg3&@mmar)twwdmeldechnﬂndhmeaﬁﬂh) a'n'dha
aqueous ort

Et OA d the conbined organi
portion ofewtbf"ﬁ’ E‘F‘W OHPFEE}MEK@%&)M%QWHI) < Cgpg%.}”e nic

Purificati Omebﬂéaéﬁﬂ'wﬁrrﬁﬁnﬁﬁb@f&aiﬁ| Fyrﬂﬁnet(@%-liﬁﬁ e bﬂ&l’] Wik WRISd to the
neutralized with saturated agueous Na2CC3 solution and extracted with Et QAc

(3 JQ Thereadioni fllowed darfericpdlaridsr(4s wes, - 2fammol). W khrepilfing dagkdreomdioar |

he: mono_ o rae e eERR 48 or, 155, W ohieRed BE WBG LA ARG, 01 2 uted as

Synt hesi s ofolNttiod; énd ﬁltered with Celite. The remammg solids were washed with EtOAc and the

(24(4-f) uoro-3-tet drofuran 3- vl phen nol - | - met hyl - ]
benz.rniﬂdaz %Jan ﬁl FrRtoReAn aquegUy Rert %mmwwa as

descri bed ajg) I)()Edgﬂ | Udr® anady S0
phenyl ) -t et rakfs/:dc?o furgg&lfaﬂb%@ﬁgaﬁ%égmiﬁs Mea?lgil&%n -g%d%/\o")’

2005103727 3amdcvepagzd 0 Adisaton byEscaimrep B&Sﬁg&vest@s the TFA salt which was

QEN-(4-{11 WY Jet2 MP‘! | i 00)s -

zi m dazol - 5&3?/'% oxy}‘E)'%\(/ﬂ]rllé I'n i}qiu?acet des)offmﬁglag@)wwgtﬁkg?wcl\@&

Synt hesi zedTiscoetdned i&gdnabomm welexanaghed withUgine@nd water, dried (MgSOy), and

4-trifl IUSOr ng%wl%l : hl_[%re)he]r‘%ng residue was reconstituted as the mono citrate salt: LCMS m/z
430.3 (MH"), 1r = 2.24 min.

Example 2
Synthesis of N-f4-({2-{(4-fluoro-3-tetrahydrofuran-3-ylphenylamino]-1-methyl-1H-
benzimidazol-5-vl}ox idin-2-vllacetamide

O

: OCY

20

Synthesized as described above in Example 1 using 3-(2-fluoro-5-isothiocyanato-
phenyl)-tetrahydro-furan, LCMS m/z 462.2 (MH"), R, 2.51 min.
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i sot hi ocyanate. LCM5 nfz 474.2 (MR), R~ 3.41 mn. Exanple 4 Synthesis
of N- | 4- ({ 2-WORWHAT7S- 3- i sopr opyl phenyl |l am no | - net hyl - | MTES2204036032 O -
5-yl}oxy)pvridin-2-yllacetamide F ONfIONY /N O to Synthesized as
descri bed above in Exanple 1 using 4-fluoro-3-isopropyl phenyl

i sot hi ocyanate. LCMS mz 434.2 (M4), Rt 3.28 mn. -37 WD 2005/037273

PCTI US2004/ 034179 Exarrpl e 5 Synt hesiExample 3
ofN—{4ff2{[4fI ) [

5- _yl)oxv pyri AR gt gy Do RPICIRYL IBIS INGOIY bRl as
descri bed above in Exarrpl | B05.316% O oS iie ocyanat o-
phenyl)-furan. LCVS razz anple 6 Synthesis

of N-[4-({2-[(4-fl uoro-3- tetrahydrofuran 2- yI phenyl | am nol -1 - et hyl -1 H
benzi m dazol - 5v|}oxy)Uyr|d§__g yl acetamide F -{NOf Nom NI~ , Na 10
Synt hesi zed as descri bed abtX¥e in Exanple | using

2- (2- Fl uor o- 5-i sot hi ocyanat henyl )-tetrabydro-fiiran. LCVM5S nVz 462. 3
(M), R 1.87 min. Exanple nthesis of N-[ 4
(12-[ (4-chl oro-3-i sopronyl ph ) am, no_z 1- get byl - k nzi m dazol - 15

5-ylYoxy vridin-2-vll-I-nethy p,ng,}'-c r boXanffi de
=N Q

i

5 Synthesized as described above in Example 1 using 4-triflnoromethylthiophenyl
isothiocyanate. LCMS m/z 474.2 (MH"), R, 3.41 min.

! Example 4
Synthesis of N-[4-({2-{(4-fluoro-3-isopropylphenyDaminol-1-methyl- 1 H-benzimidazol-

S-yl}oxy)pyridin-2-yl]acetamide

OrY
/

_ Synthesized as described above in Example 1 using 4-fluoro-3-isopropylphenyl
- isothiocyanate. LCMS m/z 434.2 (MH", R, 3.28 min.

10
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\~/ --~~\ O~ " Nfl / /NO-38 W 20051037273 PCTI U520041034179 1.
Synt hesi s oWO[2085/08278m no( 4- pyri dyl oxy)) - 2- ni trophenyl | ne€TIy$2a04/03¢17Br onm ne
(1.3eq) was added dropwi se to a solution of potassium hydroxide (10eq) at
-10C. 4-(4- et hyl am no- 3-ni trophenoxy) - pyri di ne- 2- car boxam de (| eq) was
added followed by di oxane and the m xture was heated to 60C for one hour.
The mxture was 5 then cool ed to anbipimgiggrerature followed by sl ow
addi tion of acetl C aci d 5e : The so uf1on was heated to 60C for one hour.
The sol uti oPYuEssippE -$1Aflarog; : 1]ami thyl-1H-benzimidazol-
[4-(2-anlirl 0(4 pyr| dyI oxy)) m ne precipitated as an
orange solid on cooling whi cmﬁ%}%ﬁtrati on and washed with
water and dried. Ms: .M-r= 261. 10 2. Synthesis of

1- met hyl - N- (4-{[ 4- (met hyl ami no),3ni t ropbenyl ] oxy} pyri di n-2-yl) -

pi peri di ne-4-carboxalide To a mixyure of 1-nethyl pi peridine-4-carboxylic
acid (leq) in N, N-di net hyl am de and NN-di sopropyl et hyl am ne (4eq) was
added BOP (2eq) and the m xt \ was stirred at anbient tenperature until
honbgeneous. To it was added (2- @m 0(4015

pyridyl oxy))-2-nitrophenyl ] nethy| a eq)pan fr esulting m xture was
stirred at 60C for 16h. The react tu?@g t;en concentrated and
partitioned between ethyl acetate fand water. The organic |ayer was dried
over sodiumsulfate and the resulting I- nethyl N-(4- {

[ 4- (et hyl am no) - 3-ni trophenyl ] oxy} pyri di n 2-yl ) pi peridi ne-4 carboxam de was

purified by sili 62 0 si s of
N (4-{ 1953 am no-ﬁ ! ﬁﬁ%g%@%p%%nyﬁ 0X yn‘é‘?%qﬁzﬂ“i"{‘?? 1396&11%;{8

met hyl pi perphhnyb-fdran.dn@dsmnﬂm iR t202emiont ai ni ng

l-methyl -N-(4-{[4- (et hyl am no) - 3- ni t r opheny] ] oxy} -

pyri di n- 2-yl) pi peri di ne-4-carboxam de,in r{e hanol with catal ytic anmount of
Lindlar's catal yst was hydrogenat ed%—’@%&d

N-(4-{[3- am rEypfhefigof RN @) Mive6.8 1} eanytifiralD0iphdhylamino): 1-methyl-1H-
2-yl)-1-methyl pi peridine-4-car boxam de VS:_ M i t 356 2. 4. Synthesis

of N-f4- ({2-[ (4-chl oro- 3- i bengimidazolg -k iAfs gRSEAEG | H-

benzi m dazol - 5-yl } oxy) pyri di n-2-yl]-1- rret hyI p| perl d| ne- 4- car boxam de To
4-chl oro- 3- (net hyl et hyl ) benzenei sh| ocyanate (leq) in nethanol was added
N-(4- { [3-am no-4-(nethyl am no) Foehyl ] oxy} pyridin-2- yl)- |

-rnet hyl pi peri di ne- 4- car box- am

stirred at anbient tenperature

10
Synthesized as described above in Example 1 using 2-(2-Fluoro-5-isothiocyanato-
- phenyl)-tetrahydro-furan. LCMS m/z 462.3 (MH"), R, 1.87 min.
15 S-yl}o idin-2-yl}-1-methylpiperidine-4-carboxamide

ooy
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LC M5 showed formation of the corresponding thiourea. To it in methanol was
then -39 WYOWBRYGEI273 PCT1US20041034179 added anhydr 8GEUSH4HB1B| or i de
(1.5eq) and stirred for 3h. The reaction m xture was then concentrated to
half its volune and brought to basic pH with saturated sodi um carbonate
solution. The aqueous solution was filtered through celite and was then

extracted wit Bynthéshyof (€2 ahmdmﬂyridyﬁ)x@y)%ﬁmﬁph@yﬁmeﬂgm hed with brine
and dri _ed wi th \?\gdl um ful f t"'ﬁ‘§| g Th ﬁ crude vva ther}p%{agstlgnrl y&roxﬂe({]o hot

ether wt fe

h a
N-[ 4-({2- bor Qf [aggﬂ t[@@acljj I 5-
yl %ox% py£ I(%tl- 262@ Qi@h!né hyl pdl'-g |h):ﬁe- ﬂg%?%%ifgﬁﬁ%ﬂgx&nﬂe Q%v@s%ﬁ@d
Exanpl e 8 {)s' dmxane an the mixtare was heated to 60°C for one hour. The mixture was

1- et hyl f - 10 1
H benzi 1?1 da 5 (c OI{B#I oxy pvr WL F‘} Pl per&c‘fl}lor‘féég‘g(ﬁg %@%ﬁ?%&%Y “F N/
| /h NI O 1, ngamssd hﬁgteﬂi tf} a0ty I(t‘cl)rmns%mdl"nﬁ—séh?an W]ﬂ(’jdél@lét&@ ngh'gﬁvr:th acet(:cl Leq)
et Yy pl peri aine- car pox at (10| LN et (0] S. added ] odpet hane . 1eq

and pot assi #if-c &HEeARMC Y1)~ éwémpg ﬁ‘w&suxz@c & PHREHES or

16h. The %Hﬁdﬂéb‘bﬁn%%&'l% SRehEfby ﬁlﬂaﬁ&mcﬁmw%w%a it ee,
Et hanol was concentrated and partitioned between nethyl ene chloride and
wat er. The bﬁ@efniﬁ:l | ayer was then washed w th saturated sodi um chloride

solution, dried with sodium sul fate and concentrated. To it was then added

coneentigt o By %?J‘n%ﬂiﬁ%h?ﬁ*y“ﬁ*aﬁﬂﬁ@%? B B DR

azeot r oped plpemdlﬁé}élvuarﬂibxamideene = 158. 2. Synt hesi s of

1- et hyl ) (4- dd N- (4- et | n t
Sr. dyuy)lér bg;g I D%*Bl)“)ae Hf&%ﬁ‘%ﬂfgﬁipﬁ{‘% n'?‘{iﬁyﬁa I ﬁg‘%ﬁwﬁé’i aci d
(leq) in N, e fnlth @Wﬁ&é&%@ymﬁ)&ﬁiﬂﬁws

added BOP (2eq) and the m xture 25 was stirred at anbient” tenperature until
honogeneouswas gfitred aicambient demperatage wiilihampgeneous. To it was added [4-(2-amino(4-

S rred st PEGAPEIRRHIRHMAIAE Ao ia E ook UL M R RE

partiti oned6@ser fve e Gh.e Thy teacthmembtrareand thiat @nceniried and) patitoded hetweensthgt i ed
over sodium ot SLPudn ThE oraans thyeabyas iied over sodium sulfate and the resulting 1-
methyl-N-(4-{{4-(methylamino)-3-nitrophenyl]oxy } pyridin-2-y)piperidine-4-

carboxamide was purified by silica gel chromatography. MS: MH' = 386.2.

20 3. Synthesis of N-(4-{[3-amino-4-(methylamino)phenyl]oxy}pyridin-2-yl)-1-
methylpiperidine-4-carboxamide
The mixture containing 1-methyl-N-(4-{[4-(methylamino)-3-nitrophenyljoxy}-
,.,., pyridin-2-yl)piperidine-4-carboxamide in methanol with catalytic amount of Lindlar's
catalyst was hydrogenated to yield N-(4-{[3-amino-4-(methylamino)phenyl]oxy}pyridin-
25  2-y1)-1-methylpiperidine-4-carboxamide. MS: MH" = 356.2.
4. Synthesis of N-[4-({2-[(4-chloro-3-isopropylphenyl)amino]-1-methyl-1H-
benzimidazol-5-yl}oxy)pyridin-2-yl}-1-methylpiperidine-4-carboxamide
To 4-chloro-3-(methylethyl)benzeneisothiocyanate (leq) in methanol was added
N-(4-{{3-amino-4-(methylamino }phenylJoxy } pyridin-2-y1)- | -methylpiperidine-4-carbox-
30 amide (leq) and the resulting mixture was stirred at ambient temperature for 16h.
LLC/MS showed formation of the corresponding thiourea. To it in methanol was then
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-40 WD 20051037273 PCTI US20041034179

et hyl ) (4- piweeeodpsRy3 N- { 4- [ 4- (et hyl ami no) - 3- ni t r ophenoREI/US2004/034179
}(2-pyridyl))carboxam de was purified by silica gel chromatography. Ms: MW
= 400.2. 3. Synthesis

ofN—[4 {3-am no- 4- (net hyl am no) } phenoxy] (2- pyridyl)-(Il-ethyl (4-

pi peridyl ))ﬁﬁe@%ﬁﬁh@ﬁs dﬂd?ét(!'S GAA k&l !%93}1, The reaction mixture was then
((1-ethyl) (4-pi perldy ) - N-{4 [ 4- (et hyl am no) - 3-

nitr ophenox99I}C=(‘-'12|3l‘éf:§9df fj it eoloos and brougit tﬁb@ﬂiﬁnﬂlmﬂl wiurated sedjurm cathamplht  of

Il;Ii- F?l' ?g Zm no&%h%/me W%@?gﬁgﬁoxy %Edlt'tﬁ‘hl(iigh celite and was then extracted with

ety N (] o (2 LLUOT 028 (ULt 1 oy et Ty ) pheny| Tam o) 4- ety 10"
- u | u -

1H be%m A ni ﬁvﬁé((ﬂ“dg% B??P‘é“’l‘fthé“’i/?t;] gé‘%"ﬁ&"ﬁ@éﬁ?ﬂ)@ﬁ%ﬁ’&é"m

gd](cjl gor 0- 5- Nl duqreembiavd iﬁﬁaﬁﬂﬂﬁéﬂﬁﬁﬁi&?ﬂ%&ﬁﬁ (H-8éhzihidarRtishanol  was

N- [ 4- ( 3- ani Hdoxy)prmding-pi! rosthylnipetdine-¢xapbpramtide) MS: dHY+634.bi peri dyl )) -

carboxam de (leq) and the resulting m xture was stirred at anbient

tenperature for 16h. LG/ M5 showed fop | of the correspondi ng thiourea.
To this in nmethanol was then 15 added—)?ril!hg%r‘ous ferric chloride (1. Wand
stirred for iEkis of & 1100 { 4d 2+ {(i2-FluamsS-(thiénoromot Hadinb b1 madthylt t s

vol um::u]gl nd brought sol ution.
The aqueous sol uti o
et hyl acetate and the organic

sodium sul fate. The crude was

yer was vvashed W|th brlne and dried with

then triturated with hot ether with a few
drops of ethyl acetate to yi 1 20
ethyl - N-{4-[(2-{[2-fl uoro- 5- |f WW]amno}-l-mthyl-leenzi
m dazol - 5-yl)oxy] pyridin-2- yI}pl capboxam de. Ms: MHO = 557. 6.
Exanpl e 9 Synthesis of N-{44(2-

[2-fluoro-5-(trifluoronethyl)phenyllamn no-1-nethyl-IH

lt;en\zi ;n aazgllnjééé%slsmlfx%ﬁqipn ZdBeL%éa}ﬂosxoﬁr g‘%l pperi di ne-4-carboxam de F F
To ethylpiperidine-4-carboxylate (leq) in ethanol was added iodoethane (1.1leq)
and potassium carbonate (2eq) and the resulting mixture was refluxed for 16h. The
15 mixture was then cooled to room temperature and filtered. Ethanol was concentrated and
partitfioned between methylene chloride and water. The organic layer was then washed
with saturated sodium chloride solution, dried with sodium sulfate and concentrated. To
it was then added concentrated hydrochloric acid and water (2:1) and the mixture was
refluxed for 5h. The resulting 1-(ethyl)piperidine-4-carboxylic acid was then azeotroped
« 20 withtoluene. MS: MH' = 158,

2. Synthesis of ((1-ethyl)(4-piperidyl))-N-{4-{4-(methylamino)-3-nitrophenoxy}(2-
pyridyl}}carboxamide
To a mixture of 1-(ethyl)piperidine-4-carboxylic acid (leq) in N,N-dimethyl
formamide and N,N-disopropylethylamine (4eq) was added BOP (2eq) and the mixture
25  was stitred at ambient temperature until homogeneous. To it was added [4-(2-amino(4-
pyridyloxy))-2-nitrophenylJmethylamine (leq) and the resulting mixture was stirred at
60°C for 16h. The reaction mixture was then concentrated and partitioned between ethyl
acetate and water, The organic layer was dried over sodium sulfate and the resulting ((1-
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-41 WD 2005/ 037273 PCT/ 1352004/ 034179 1. Synthesis of

1- (et hyl etviny kdosiopmr3 di ne- 4- carboxylic acid To et hyl pi p@CTaISaW4M34dH boxyl at e

(1eq) in nethanol was added acetone (leq) and acetic acid (5% and the

resulting mxture was stirred for 2h at anbient tenperature. To it was then

added sodi um cyanobor ohydride (leq) and continued stirring for 161. The 5

m xture Vﬁ%ﬁﬁﬁ&p@p&ﬁﬂﬁﬁ}-}ﬁqﬁﬁ{d -(Bithylnihd) mogﬂhﬁﬁﬂy]mdpﬁmm)cmhaﬁﬂbe and was
y

partitioned between_ et acetate and water. e orzqanl c layer was dried
wi t h sodi urivassurifisd BY silige gl shomatopraniyt AMyi
et hyl -1 - (met hyl et hyl )p| peridine -4-car boxyl ate. To this was then added

concentrategq e@fé*&k‘ﬂ"—f (rret 4 g?%] &hinb A pano ﬁﬂ@z f,)l;}ﬁiquﬂet&gﬁ@was refl uxed

for 5h. The resulting 1 ) pI perldl ne-4- car boxXylic "aci d was then
10 azeotrog&pbndyt)hcaﬂ@kﬁlmd@ VB: I\/Eff =172. 2. Synthesis of

b1 peny] car box diedo s CRRERREY! (GRS RSES oxy  «
acid (leq) m&oﬁﬁehbxy]}(aqiymﬁl))‘cabmlﬂe i Acktisod ivith patpyic elkoynha 6f Déndladeq) was

added BOP (2eq) andthe xture was_stirred at a nt te eratyre until
hormgeneousca"#ﬁ i pas eq glo( zield N-[4-(3 amlno—4-(mn81y amino)}p enoxy &

am no( 4- pyrI; k,l rredyﬂ?lﬂ(s%eﬁg?jgﬁ t Byhamvigt Clsegp, and the resulting

m xt ure was The reaction m xture was then
concentrated and partitioned between eti@%gﬂacet ate and water. The organic

| ayer was dt-i Bsonthesisof ét%hym stlEdl 2 aerg- uqremethy}phenyllamino}-1-methyl-

N-{ 4- get hyl et hyl) (4 20

o por 1 ot | crES PRl A SRR SR ol CXr aphy. M N ¢t =
414.2. 3. Synt hék SZ-ﬂiﬁoro—S-(mﬂuoromethyl)benzcnelsothmcyanate (leq) m methanol was

o pert dyt ) | Erboxar e THBHH-FRER LA el NI, ST,

N-{4-[4-( ”E‘Sahbﬂxﬁi!ﬁldé@l Ml RIPRENAXY hidniWrds¥itebd af dmbient temperature for 16h.

(et hyl et hyl ) (4- pi peridyl]carboxam de in nmethanol with catal ytic amount of
iindlar's shawed foigaationyad thyyeerzaspending thiogreg. To this in methanol was then

N-{ 4- '
pyii d;ﬁsﬁn}%ﬁf a‘?ﬁﬁ{&kgﬂ%?@ pI pg%%%/{"ﬁ car (f)%g% (Tg? Y%E?OW‘E“I%W El.cn4.
Synt hesi s ofonbénfedted (t@ hilf its volume and brought to basic pH with saturated sodium carbonate
2-f 5-(trif I th I I 1- nmet.h - .
Len2| lr:‘locrzlgzoﬁ ﬁ‘%{""Iﬁ‘l ) %‘IS%P Wﬁf]fﬁie qﬁé@lﬁ#%ng?lﬁga%%wa? then £xeasteb ¥k de To
2-11 uoro- 5- e(tﬁsﬁlatzéth@raﬁmm an@@ra ENRASRAREPEHB BRRS and SFEd Wwith SRR RAF¢as 30

added N-{4- am no met hyl am no) phenoxyj ( 2- pyri dyl 1- (net hyl et hyl) (4-
pi peri dyI{)] qs@d@am%@(aqm%tedmthﬁ@ 'il( wyrﬁrms{nf) thmiscega@@ 'ﬂ% YD

anbi entyg - 441 N- {4-[(2-{ [2-flucro-5-(triffuoromethyl)phenyl|amino}-1-methyl-1H-benzimidazol-
5-yDoxy]pyridin-2-yl}piperidine-4-carboxamide. MS: MH' = 557.6.

Example 9
Synthesis of N-{4-[(2-{[2-fluoro-S-(trifluoromethyl)phenvljamino}-1-methyl-1H-

benzimidazol-5-yl)oxylpyridin-2-y1} -1-isopropvipiperidine-4-carboxamide

25



WO 2 00 5103 72 73 PCT/11S20041034179 tenperature for 16h. LC/ M5 showed
formati on of%@ HESBHRPBesponding thiourea. To it in net harot/wsasstiaen added
anhydrous ferric chloride (1.Seq) and stirred for 31lv The reaction mxture
was then concentrated to half its volunme and brought to basic pHw th
saturated sodi um carbonate solution. The aqueous solution was filtered

t hr ough cel 1.t 8ymBhesiscofle(mettybathyd)pipesidineet-varbdxybe agid acet ate and the organic

| ayer was washed.w bri.ne ,and dried . w.th sodiumsulfate. The.,crude was
then triturat eddy\ﬁ' F’hﬁ?&m&"ﬁéﬁ Wiage (&t in gpeiamo) yas, ageé%'fea(tls‘i)t%‘ yi el d
ot hyl L bonet 1 az0) <o g1 ) oy gt Ll T2y ] o de | Sobr Oyl Bl o a me-d- car b
nmet hyl - enzi m dazp] - 5-yl ) oxy] pyridin-2- -1-i sopr opyl| pi peri di ne-4-car box
o b, VG: (e Therseg sodtbesyshRcEshRGiids Feib @i cQHared fing for 161, Tho
4-1(2-(] 'f::uﬁgmg' - .fl:&%ﬂ@%w Nl oM, ik ;L‘I@ :

benzi m dazol -5-y %(%ér?vrl I n- V%F@?s(g met hox~et hv M&‘?ﬂr’l‘?"’ﬁe (E:i%c} l%afam' de
FiNO1 Sartitieeddebfect-cfidd medthterapd twajdr) pibhsergahinkydr was Buedywite sediid 15 To
et hyl pi peri dine- 4-.car bo e . i,n,_et.h l,. was. .added 2- br.opo-l - .

met hoxyet ha 3@8)"05‘%?&%%33%&g{?ﬁ%&lﬁ%ﬁ%@%wmmet%aﬁ’@wﬁ r?lé’ tisxt ur e
was refl uxegs tikh 4ddbd cdh@nirhisd Wy8rodmsrit el dndl weee ®: 8 end eRcabhirated. To it
was then added ethanol and water (3:1) and sodium hydroxide (leq) and it

was ref | uxegped fgndh. Trde seglting jinfgethylethyl)piperidine-4-carboxylic acid was then

1-(2- ox&%k)lg I i di Necréd- Q ic acid was then azeotroped with 20
tol( uegglwlvs: é/+ E’bllglg[{)h%ﬁ@%/dﬁt esi s)i?)%' P

[ 1- (2- met hoxyet hyl ) (4-pi peridyl)}-N{4[ 4- (et hyl am no) - 3- nitrophenoxy]
(2-[pyridyl3. $Mg®%§>€§ﬁﬁ%[¢ﬁnﬁhﬁm3kmmenox¥](2-PYl“ile)}—[1~(m°thylcth}’1)(4-

3= (2- met hoxy.et hperidine-4-carboxylic (leq) inN Ndinethyl formaniide
aad NN-di so%lp%%%yh])é&bg%fﬁ\gﬁe (4eq) was added BOP (2eq) and the m xture 25

\[Nas( stirred at ambijaa lrnmxm;ﬁ;mﬂr &Km&ﬁylﬁmyl)bi]pbﬂdtﬁglémsylécraciﬂt (l\eg)s 1ﬁdd,e¢1 I
4-(2-anvno(4 i 0] -2-njtrophe net an ne e n e resultin
i xt o o vasSeR) Gatnade du W Sioapikoane s s aiosnoB oshend B 161
The reags i ofifhrd s &tiNed at Ehﬁﬁieﬁ%ﬁﬁu&taﬂﬁé ﬁﬁﬁl%%o@é’ﬂéohﬁ.' ?B‘?ﬁw&eédﬂﬁ&m-?}hw

acetate and water. The organic |ayer was dried over sodiumsulfate and the
resul ting [dmino{4-pyridyloxy))-2-nitrophenyljmethylamine (leq) and the resulting mixture was

(2- met hoxyethyl,) (4-Ri-per i dyl )d- N-{4- [ 4- t hyl ami nQ) - 3-ni J 2-[ pyri
(1 0o oy O s SPLORE BN e gnction by, s A el SR RGBT |
430. 2. between ethyl acetate and water. The organic layer was dried over sodium sulfate and the
resulting N-{4-[4-(methylamino)3-nitrophenoxy)(2-pyridyl)}-[1-(methylethyl}(4-
20  piperidyllcarboxamide was purified by silica gel chromatography. MS: M =414.2.

3. Synthesis of N-{4-[3-amino-4-(methylamino)phenoxy](2-pyridy!)}-[1-methylethyl)(4-
piperidyl}]carboxamide
- The mixture containing N-{4-[4-(methylamino)3-nitrophenoxy](2-pyridyl)}-[1-
(methylethyl)(4-piperidyl]carboxamide in methanol with catalytic amount of Lindlar's
25 catalyst was hydrogenated to yield  N-{4-[3-amino-4-(methylamino)phenoxy)(2-
pyridyD)}-{1-(methylethyl)(4-piperidyl)|carboxamide. MS: MH" =384.2.

4. Synthesis of N-{4-[(2-{[2-fluoro-5-(trifluoromethyl)phenyl]Jamino}-1-methyl-1H-
benzimidazol-5-yl)oxy]pyridin-2-yl1} -1-isopropylpiperidine-4-carboxamide
To 2-fluoro-5-(trifluoromethyl)benzeneisothiocyanate (leq) in methanol was
30 added N-{4-[3-amino-4-(methylamino)phenoxy](2-pyridyl) }-[1-(methylethyl)(4-
piperidyl)jcarboxamide (leq) and the resulting mixture was stirred at ambient
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5 3. Synthesis of N-{4[ 3-am no-4-(ntethyl am no) phenoxy] (2-pyridyl)}[1-(2-
nmet hoxyct hyW(2005613p881 dyl ) ] car boxam de The m xt ur e cont aPENTER004/034179

[ 1- (2- met hoxyet hyl ) (4-pi peridyl)}-N-{4-[4-(methyl -

am no) - 3-ni trophenoxy] (2-[pyridyl)}carboxam de in nmethanol with catal ytic
anount of Lindlar's catalyst was hydrogenated to yield

N-{ 4[ 3- am nfenfpefatt frl FOH. HQ@MMB&Emahﬁnwmeobbﬂﬂdnd{ugmtdwxmtmﬁi ) (4
pi peridyl)]carboxam de. Ms: .. 4. Synthesis of

N-{4-[ (2- {[@Wrﬂ%@ﬁr@%@ﬂ@fé&qﬁyﬁméﬁwﬁ #@? aa!dﬁpﬁghfmrﬁh The
benzi m dazolg,ay tﬂéd"'co%ﬁéq rtdﬁ Hha boxaw
de To 2-fl uoro 5 (t ri f uor onet enzene| sot I ocyanat e net hanol

was added saturated sodium carbonate sollmon The aqueous solution was ﬁltcrcd through celite

e
ambi ent temm@e;dmnhfs@uméﬁdwatbcﬁfﬂs chltiewest ther tiirben wath ﬁdﬁﬂﬁ.@mmsﬁptmdl ng
thiourea. To it in_ nethanol was_then added a%ous ferric chlaride

(1.5eq) anddsps PF@M mct@ﬁtom@Nr@a%{%ﬂmrm ypsemetheiphearilapineied t o

22: Lt: E)rs] V‘CI)' e queous so@% ﬁl)g\ggbi 1?1"?’?‘{5’3{?%?‘9%‘% 51:555820 \A&/aégnﬂgn

extracted wM% MiThyl57héet ate and t he organl c layer was washed with brine and
dried with sodium sulfate. The crude was then triturated with hot ether with
a few dibps of ethyl acetate to yi eEgamplel0

N-{4-[(2-{[2-fluoro-5.(trifluoromethyl)phenyl ain‘ino)-l-_ t hyl - i
1H- benzi mi dazc¥AH LEH-RNQIO U - 4- car box
e it ol 2PN B R RO el © 11

(trlfluororrethvlInhenyllamno} 1-met hyl -1 H
benzi m daznl - 5- vl | oxy] pyri difa- 2 y11 1- (2 hydroxyet hyl ) ni peri di ne- 4- car boxam
de FF N~ TT~~1111fff~~Itt ~N O 5 To

N-{4-[(2-{[2-fluoro-5-(tr} ororrethyl)phenyl] - et hyl - 1H benz-
1- | ) (i di ne- 4- car boxam de
(leg) in nmethylene chlor de@.vi s|a ed | M orontrlbromdeln
esul g

i m dazol - 5-yl) oxy] pyri di n=

met hyl ene chloride (10eq) and M xture and the resulting
m xture was stirred at ---78C f was then brought to anbient
tenperature and stirred for LCI I\/IS shovved formation of

1. Synthesis of 1-(2-methoxyethyl)piperidine-4-carboxylic acid
15 To ethylpiperidine-4-carboxylate (leq) in ethanol was added 2-bromeo-1-
methoxyethane (leq) and potassium carbonate 2eq) and the resulting mixture was
refluxed for 16h. The mixture was then filtered and concentrated. To it was then added
Q\ ethanol and water (3:1) and sodium hydroxide (leq) and it was refluxed for 16h. The
resulting 1-(2-methoxyethyl)piperidine-4-carboxylic acid was then azeotroped with
20  toluene. MS: MH" = 188.

2. Synthesis of [1-(2-methoxyethyl)(4-piperidyl) }-N-{4-[4-(methylamino)-3-
nitrophenoxy](2-[pyridyl) } carboxamide
To a mixture of 1-(2-methoxyethyl)piperidine-4-carboxylic (legq) in N,N-dimethyl
formamide and N,N-disopropylethylamine (4eq) was added BOP (2eq) and the mixture
25  was stirred at ambient temperature until homogeneous. To it was added {4-(2-amino(4-
pyridyloxy))-2-nifrophenyl}methylamine (leq) and the resuliing mixture was stirred at
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10 the product. The reaction was quenched with saturated sodi um carbonate
sol uti on atWO@O05/0FF#83 mi xt ure was concentrated and then bPOUYSIYIITH=O. |t
was then extracted with ethyl acetate and the organic |ayer was dried with
sodium sul fate and concentrated and purified on preparative chromatography
to yield N{4-[(2-{[2-fluoro-5-(trifluoronethyl)-

phenyl j am ng}°ClforééhyThe jdadirnzhixnhadaras then ybncenrated aadipantiizongd hetiveb ethylr oxyet

Epyl 4 izzp#ﬁ%' d@&%ﬁ%ﬁﬂ%@%gfzfﬁwmﬁ%@ﬁ%ﬁwﬁ@éﬂ%a%@%%sﬁfm H?Sils Of

= - N /NO
T R R A o

ar eqwgsputified £ m}g =430

ga£ g;'ﬁmylu;ﬁ perxléucallq;l necar boxyl a?e Tog?a m Xt uc: e of n(b'-f@!] _ a _
for snantde Snd TR G SR B ATrab R B0 it B 5oy and the s
gldétegr[e4y\/?§ngtrh;lpxywwlm?fp§h:1§?:]bam_ammdature unt i | h(ﬁm)geneous To ith\?ﬁe
resul ting mixtur ewag’y"tg’i"y ‘?"é‘éﬁ‘é’f‘g68£4 &Pﬁ%tﬂlﬂﬁé Ylﬁl}iﬁqﬁ‘ﬁ Q‘%‘(ﬁ‘i‘ X}vas t hen

concent r at egnRRH3RAFdphEAKIRY- [pf‘% 8ib&alibe ﬁpﬁieﬁiaﬁolaﬂ%‘&@iaﬁ’hc alt¥emPbani ¢

| ayer was dried over “sodi Um su te and the resulting

tert-butyl -lindie's gatplystovastiydroganated) todeld tNdﬁﬁemwyﬁ-@zeﬂpmay]p}wm}i&myl )
10 d L8 h M5: MW =
10,P,Pab, i RSN BL Gt BB blicBftarbllabide. 9 FlCIRLEE! aPhy.
tert-butyl-4-(N-{4-[3-am no-4- (et hyl am no) phenoxy] - 2- pyri dyl - car banoyl)

pi peri di necar Synthdsotof NFIM}[(@'}ﬂﬂiﬂmroeﬁ}(ﬂ'iﬂhmion:gthyl)phenyl]amino} 1-methyl-1H-

tert-butyl - 3- ni trophenoxyl - 24. pyri rbarmyl)

pi peri di nec'ﬁc%ﬁ]éé’é?%{é(ﬁﬁx% }mﬁf& tgg‘l‘)ifg? ﬁ’l"ﬁﬂﬂ’r‘i‘? Clﬂrq{r‘%%‘ r's

catal yst was hydr®gefases- (tﬁﬂuérsfnéthyl)bemenelsothmcyanate leq) in methanol was

tert- butyI 4- (N-{ 4- 3amno (msth I'am no) - gy 3/ dyl car banoyl )

pi peri di necidsdxy| athe{4{umigp-¢ %&1@1‘)}9}1 IS?‘M](%W 1)}[1-( mcthoxyethyl)(“-

of N-{4~k( 2- ,gmg l y H,gﬁi} Y,

benzi m-lckjazoé %@J pyr‘|ie(rj| frll&g Eh?n %)éesﬁmﬁ -4-car xam # Hﬁblem

2-tl uoro-5- 1(empeﬁahmmfmrﬂ6hhyw:ﬂﬂﬂshmcbfotmanomogfahacme(spmqijng thmlumahéﬁuoxlt imvas
methanol was then added anhydrous fermic chloride (1.5eq) and stirred for 3h. The
reaction mixture was then concentrated to half its volume and brought to basic pH with

saturated sodium carbonate solution. The aqueous solution was filtered through elite and

20 was then extracted with ethyl acetate and the organic layer was washed with brine and
dried with sodium sulfate, The crude was then triturated with hot ether with a few drops
of ethyl acetate to yield N-{4-[(2-{{2-fluoro-5-(triffucromethyl)phenyl]amino} - 1 -methyl-
1H-benzimidazol-5-yl)oxylpyridin-2-yl}-1-(2-methoxyethyl)piperidine-4-carboxamide.
MS: MH' = 587.6.



20 added

tert-butyl -WO2Bp5{037273- am no- 4- ( met hyl am no) phenoxy] - 2- pyP¢Tiy$208wisaxtoy 1)
pi per- idinecarboxylate (leq) and the resulting m xture was stirred at
anbi ent tenperature for 16h. LC/MS showed formation of the correspondi ng
thiourea. To it in nethanol was then added anhydrous ferric chloride

(1.5eq) and stirred for 3h. The reacg g xture was then concentrated to
hal f its vol une and brought to basi c-%%m—ﬁ saturated sodi um 25 carbonat e

sol uti on. ThesakRRWTE NO4-J0L GO-fBR-5(triflabReheiil)PHEHY a@in0} 4 &y Es- t hen
extracted with ethyl acetate and the organic Tayer was washed with brine and
dried with dedriuiisol-bahexyjpirddiauds-washydhemethyi)piperidimedd-sarbdxahdde et her
with a few drops of ethyl acetate to yield the product. To it in nethylene
chl oride was then added trifluoroacetic acid to yield '
N-(4-[(2-{[2-fluoro-5-(triflugeenmethyl)phenyl]am no}-1-nmethyl-IH 30

benzi m dazol - 5-yl ) oxy] pyri di=ak Z- yl } pi peri di ne- 4- oxam de, Ms: M. +=

529.5. -46 WD 20051037273 8200410 4179 el,13 Synthesis of 1
- 5% r y p eny | am no}-1-meth~yl- 1
in

-acetyl-N {4-f(2-{f2-fluorg

H benzi m dazol - 5-yl | oxyl pyrii di érl%ll ne-4-carboxamde F/ /INO 1
5 To N{4-[(2-{[2-fluoro-5-(trif uororrethyl)phenyl 3am no} - 1- et hyl - | H- benz-
imrlazol -5- yI)oxy]pyrldln 2-yl ) pi peridi ne-4-carboxam de (leq) in dioxane
and N, N- di sopro yI et h¥l am ne (2eq) was added_acetic anhydrl de (Heq) and the

resul t |$|g i xt u 4 @r{{ &dlupre-Strifluoromethyl)phenyljamino}-1-methyi-1

rlre?flsfy: H n2| m dg &iﬁwzjﬁ( ﬂ%‘%@'@%@?ﬁ ne&IZ;lgl caaebjge?‘)l dué t hus

formed 10 mﬁwlqsmr cHlorkde byt préeQawad mdded cIM drabmitbmptige inViiethyldhe chlritle 5.

T (1 2211 u6BABEEE 8 AU ARHY Ph P TIA TBFr WA S oL 7E°G or 1h. s

benzi m daz%as%:e)ﬁ'l):&?ﬁ'tﬂi’aﬁhﬂbﬁ{t@mﬁléﬁmﬁeﬁugﬁﬁb@fdi"zﬂ YICAVSRARA Hanatfonr F ~
~ NN/ I /N 1w nt hesi's of

tert-bl@yl thefrodydt The feactiomewisyquanthed wit-saturateshéndinax pgrbanate solution at 0°C.
The mixture was concentrated and then brought to pH=9. It was then extracted with ethyl

acetate and the organic layer was dried with sodium sulfate and concentrated and purified

on preparative chromatography to yield N-{4-[(2-{[2-fluoro-5-{trifluoromethyl})-
phenyljamino }-1-methyl-1H-benzimidazol-5-yhoxylpyridin-2-y1}-1-(2-hydroxyethyl)-
15  piperidine-4-carboxamide. MS: MH' = 573.6.

Example 12

benzimidazol-5-vl)oxv]pvridin-2-yl }piperidine-4-carboxamide

F

F
F

/

45-



pyri dyl car banoyl ) et hyl ] pi peridi necarboxylate To a m xture of

3-{1-[ (tert WORMAIBHRI§car bonyl | - 4- pi peri dyl ) propanoi ¢ aciRCTUS2004/0341179

NN- di met hyl formam de and N, N-di sopropyl et hyl am ne (4eq) was added BOP (2eq)
and the m xture was stirred at anbient tenperature until honogeneous. To it
was added 20 [4-(2-am no(4-pyridyloxy))-2-nitrophenyl]nmethylamne (leq) and
the resul tingymthesis of tertinrylst-(N-{ &44-Gnethflanim)-3ifitopheinexyl-@apgridyl} m xture was
t hen concentrated, and.partitioned -47 WO 20051037273 PCT/ US20041034179

bet ween et WW@B‘PE“‘SHWEW" The organic |ayer was dried over sodium
sul fate and the 1S9k d 1- (tert—butoxy)carbonylp1pend1ne—4-carbox¥hc acid (1 eq) in N,N-
ten-butyl-4-[2-(N-{4-{4-(nethyl am no) - 3- mtrophenoxy] r| dylcar banoyl ) -
ethyl] pi pelingibybiosmanide| and &N, Nedisqpuonyletedamipe $4dq) was adde gribhy . MS:

o1 t ene bty PRHS RAR ST & ambien tsmpergtus Wt bomogonsas o ¥ v added (4-2-

pyri dyl ) cardadansmt Hmﬁ))aLﬂeophéhﬂgnaaymw dleq) Ak the Ksultifg GERtuPe Wag g
tent-butyl -4- {4-{4- (et hyl am no) - 3-ni trophenoxyl -
2- pyri dyl ca@'ﬁ]{?ﬁﬁiﬂg 6P e Hgr ]“gtb |r8?%€d?%¥‘§/f“@§éhqnn°‘w§?%%‘| ang; pastitioned) yti c

amount  of ) %@?Eﬁf a@e%@kﬁﬁs&?}\éﬁsli%y&émﬁ%%tdﬂed’ bdr9odinm sulfate and the

tort-butyl
( met hyl am rreﬁ)uﬁinmMPH@LMM{dym}(mtliymm))bnmweﬂpxﬂe?f-l pjnidylc aatbasapiBt e. M5!

of v [ 218 - ierilinsSBoREe Sep prriishion FiFashengmpiasmRy: | M M| 5472

I m dazol - 5-yl oxy) (2-pyridyl]-3-(4-piperidyl)propanam de To

ZdL I gor 0- 5- tSyinfileso oo Rt iy D@02 218 afdid4-Oayafanofgheadxy]2-pyeidiianol  was 15
adde

_lé.?rt but y| -atmoyRypiperidinegarbowylate ( net hyl ani no) phenoxy] - 2- pyri dyl } car banoy! ) -
hyl ' i di t d at
anb et §emper atsy A erBlite SHOAE ARl BB SO o Ry
t hi our ea. Thyridyl}icarbamey!) pireridisasarbdgiatatideethawhwith ostalyfie ambentof Lindlas
(1.5eq§ anslﬂa%ﬁ?érred for, 31t Ta rea I on X S the oncentrated to
hal f its v aWBSb yigennated fasyE “Ip %'ﬁdﬁffﬁ rrea @i‘ﬁ%ﬂ?ﬁnﬁlﬁ? jonat e
sol ution. h@g?@% §mmgg)mnamgéﬂﬁ§lawwgm{tel 1420 and was t hen

extracted wt acetate and the orgam c layer was washed with brine
and dried with SOdI umsul fate. The crude was then triturated W|th hot et her

with a few3 SynthesissNotd- K2H{4- ﬂﬁ%‘@t%(@‘ﬁ%%@@ﬂ@l’h%ﬂ]%%é@ﬂhﬁé‘ Hr was then
dded triflydproaset,
ﬁl—{i- [(r2|-{[uf- T uor o-g-f) ﬂ?ﬁor or?ghﬂmrﬁdnﬁz ny?rf%xm noe} 1-met hyl - | H-benzi m dazo

| - 25 5-yl)oxy] Mo i2dfiword-Syltdflwranehylisnunenéisgthjtcppateafl a . inViBietidh] was57. 6.

48 20 added tert-butyl-4-(N-{4-[3-amino-4-(methytamino)phenoxy]-2-pyridylcarbamoyl) piper-
idinecarboxylate (leq) and the resulting mixture was stirred at ambient temperature for
16h. LC/MS showed formation of the corresponding thiourea. To it in methanol was

; then added anhydrous ferric chioride (1.5eq) and stirred for 3h. The reaction mixture was

then concentrated to half its volume and brought to basic pH with saturated sodium
25  carbonate solution. The aqueous solution was filtered through celite and was then

extracted with ethyl acetate and the organic layer was washed with brine and dried with

sodium sulfate. The crude was then triturated with hot ether with a few drops of ethyl

acetate to yield the product. To it in methylene chloride was then added trifluoroacetic

acid to yield N-{4-{(2-{[2-fluoro-5-(trifluoromethyl)phenyl)amino}-1-methyl-1H-
30  benzimidazol-5-yl)oxylpyridin-2-yl} piperidine-4-carboxamide. MS: MH' = 529.5.
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WD 20051037273 PCT1US20041034179 EzanDl e 15 Synt hesis
of N- { 4] ( 2- {w@-20050672683 5- (tri f | uor onet hyl ) yhenyl | am nol - 1-REIVEE2004]0B4179
benzi m dazol - 5-yl | oxy] avri di n--2-v1}-3-(1 nethvlviperidin-4-yl)propanam de F

tPFNN | ol \ IJ~TI if~" I~"J1 [/ /Tl 05 To
N-{4-[(2-{[2-fluoro-5-(trifluoromethyl)phenyl]am no}-1-nethyl-1l1-benz-

i m dazol - 5-yl) oxy] pyridin-2-yl}-3-pip R34-yl propananm de (leq) in

met hanol was added formalin (2eq) rc aci d(5% foI I ovved by sodi um
cyanobor ohygy o - i Q8 A S s hi ent

t enperature ‘ p e crude m xture

was then concent raqu)mambs-Mg@__ﬁgzlﬂ}ﬁ@dﬁHaQa}mm e and the
resulting m xture was partitioned between ethyl acetate and water. The
organic |layer was dried withgsodiumsulfate and purified by preparative
chromat ography to yield F
N-{4-{(2-{[2-fluoro-5-(trifdxorronmet hyl )phenyl]a ) }ﬁ\l nmet hyl -

H benzi m dazol - 5-yl ) oxy] py n-2-yl}-3 (I et hyl pfperi di n- 4-yl )propanam de.
M5: Mr= 571.6. 15 Exanple _R}‘ '
ofN—{4-K2-{[2-fIuoro-5-(tr”if|do9 I) am no?-1-mef hvl -111 -

benzi m dazol - 5-y1) oxy] pvridin-2-y§1}-3-(1-1 sooprgpyl pi peri di n-4-vl)vropanamd
e FF \~/ N \ O1 NFN/ iNO-49 WO 2005/037273 PCTI US20041034179 1.
Synthesis of N-[4-(2-{[2-fluoro-5-trifluoronethyl)phenyl]an no)-1-

met hyl benzi mi dazg) - SN0} {[B-cRekd-S bk nleiyl PREdYhaldoy. MdemyRativey. ) ] pr opa

nam de To

N- [ 4- ( 2- { [ imidagol-ybexsilpiridindridmipsridinephearyddaamida §14e) mat Hioxeeen 2hdi NAk ol - 5-

1 06Y) (2 Db htcishaitl 05 W BB AR o ke o) Bnd e R0 B0

= was stirred for lh. 1-acetyl-N-{4-[(2-{[2-fluoro-5-(trifluoromethyl)phenyl]amino}-1-
methyl-1H-benzimidazol-5-yl)oxylpyridin-2-yl} piperidine-4-carboxamide thus formed

10  was purified by preparative chromatography. MS: MH" = 571.5,

Example 14
Synthesis of N-{4-[(2-{[2-fluoro-5-(irifluoromethyl yphenvijamino} -1 -methyl-1H-

15 1. Synthesis of tert-butyl-4-[2-(N-{4-{4-(methylamino)-3-nitrophenoxy]-2-
pyridylcarbamoylethyl] piperidinecarboxylate
To a mixture of 3-{1-[(tert-butylJoxycarbonyl]-4-piperidyl}propancic acid (leq)
in N,N-dimethy! formamide and N,N-disopropylethylamine (4eq) was added BOP (2eq)
and the mixture was stirred at ambient temperature until homogeneous. To it was added
20 {4-2-amino(4-pyridyloxy))-2-nitrophenyljmethylamine (leq) and the resulting mixture
was stirred at 60°C for 16h. The reaction mixture was then concentrated and partitioned
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5 and acetic acid(5% followed by sodi um cyanoborohydride (2eq) and the
resul ti ng mwQMWOBIRB stirred at anbi ent tenperature forpPGhyUsio@EI9hows
formati on of the product The crude m xture was then concentrated and to it
was added sodi um bicarbonate and the resulting mxture was partitioned
bet ween et hyl acetate and water. The organic |ayer was dried with sodi um

sul f at e andbdpwedd éteyl abMatBEaﬁ@Waﬁi‘i YBe 31@anl 0 lag e 20irRAdyert sodinirtsutfate and the

N-{4-[(2-{[2-fl 5 fl t hyl) phenyl
n'ei hyl[ EI rit[ar@ﬁtlﬁ? e quy 2)&3;5‘]9@( ?#W-B%n?g]oqhm%ﬁrwmmbamﬂh 4-

” i?????%ﬂﬁﬁ@??”ﬁﬁ@%?%gm“@ﬁmenw ca W Ao, 1o A -

benzi m dazo$0E2.y1) oxyl Ryri di n- 2yl } - N- 2- - net hyI gl yC| nam de F F O N77 N FN
/1 IN Q1. Synthesis of

i 1 ophénoxy] SIUBDETEYY BET RP I R et AR .
2-[(tert- bL@ﬁi@]}cb&b@ﬁb?&éﬁﬁ?b@@ﬁ&ﬁﬂbﬂB&)@mI c acid (leq) in 20 N, N-dinethyl
formam de and N, N di sopropy et hyI am ne (4e was added BOP (2eq) and_. the

mxture was sti r FRSmEEIcS o9 FhrgaRerdditroRhenqxys s

esulti ng 29?@%%3@”‘?%@%&%&@“%%@9‘?eﬁ*yﬁfﬁﬂlﬁé"g@‘?‘r‘%ﬁ% BRRA L " hen

concentr at eHmellads peataliysti ovesd hytimigomadmal dbhyielchcettat-buiah#[ih@ﬂ-é# -[3-ainénost-gani c

27 (1 orl: bR RS T 2 B Re RO o R P AU SRR 4% Miphen.

oxy] (2- pyra:dydjyacet am de was purified by silica gel chromatography. MsS: Mt
432.2. -50 WD 20051037273 PCT/ US20041034179 2. Synt hesi s of

4- 3- 4- h lrid tert-buyt
L o o S RSO ) ”@ﬁb)) - meiiytbers)

(2m[3§':13e/lrambno - 3- kﬁ%ﬁ(gn}%ﬁdﬂ}g’y&gﬂ% grgét am de in nmethanol with catalytic

amount 5 of Li nb¢ a2-flsoroefi-@tiflzeromethyhrizepisothtionyanate (leq) in methanol was
N (4-1 315am n(ﬁeé %@BM&-@-’(‘I@{Q%”OXMM %methylammo)phenoxy] -2-pyridyl }carbamoyl)-
ethyl] piperidine carboxylate (leq) and the resulting mixture was stirred at ambient

temperature for 16h. LC/MS showed formation of the corresponding thiourea. To it in

methanol was then added anhydrous ferric chloride (1.5eq) and stirred for 3h. The

reaction mixture was then concentrated to half its volume and brought to basic pH with

20  saturated sodium carbonate solution. The aqueous solution was filtered through celite

and was then extracted with ethyl acetate and the organic layer was washed with brine
and dried with sodium sulfate. The crude was then triturated with hot ether with a few
\,,_, drops of ethyl acetate to yield the product. To it was then added trifluoroacetic acid to
yield N-{4-[{(2-{{2-fluoro-5-(triflucromethyl)phenyl]amino }~1-methyl-1 H-benzimidazol-
25 5-yloxy]pyridin-2-yl}-3-piperidin-4-ylpropanamide. MS: MH' =557.6.
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pyridyl)}-2-[(tert-butoxy)-N nethylcarbonyl am no] acetam de. Ms: MH = 402. 2.
3. Synt hesi 0 2005/037273 PCT/US2004/034179

Of NNl---(4-[(2-{[2-fluoro-5-(trifluoronethyl)phenyl]amno}-1-nethyl-IH
benzi m dazol - 5-yl ) oxyl pyri di n-2-yl }-N-2---net hyl gl yci nam de To
2-fluoro-5-(trifluoronethyl)benzenei sot hi ocyanate (1eq) in nmethanol was 10

added

N-{4-[ 3-am no- 4- (et hyl am no)phenoxy%ﬁd yl)}-2-[(tert-butoxy)-N n}ethyl
- carbonyl ani 8o Afe6h NI m@t)-ﬂa&@ SLhﬁﬂﬁ@rﬁh&le{h&D@;%}gﬁhﬂfn@}—Mﬁe@llmﬁd at
anbi ent rw tenperature Tor . LGV showed formation o e correspondi ng
thiourea. To i Mmm..___@ﬂb&mmﬂhﬁmvﬁdﬂmméwnﬂgml de

(1.5cq) and stirred for 3h. The reaction mxture was then concentrated to
hal f its volunme and brought fo basic pH with 15 saturated sodi um carbonate
solution. The aqueous solutiogmas filtered through celite and was then
extracted with ethyl acetate{and the organic |ayer s _washed wi th brine
and dried with sodi um sul g. The crude was t hen iturated with hot ether
with a few drops of ethyl/ &t oG H?f!*p&/ﬁgt. To it in methyl ene
chloride was then added frif Qf idgto yield
N--1-{4-[(2-([2-fluoro-5- (trlfluoromethyl phenyl | aam no}-1 20

met hyl -1 11- benzi mi dazol - 5-yl ) oxy] pyridi n-2-yl }-N-2---net hyl gl yci nam de. Ms:
VH 489. 4. Exanple 18 Synthesis of

N444(2{512fluo 5- ({yLd4f 2Qﬂi§$ LARMGRY J “benz-

benzi m dazol -5 \F/llﬁgoxyllqa@ q(y?{] IBAS -4 nor %tgﬁ?%yl@qngﬁ %am 11lllr:]:’elgzl / O1
NO 25 smaesmx?mﬁdﬂmﬂlmm@dﬁmm@/ rilemsims methanol was

Wl but anar AL G S SSRD Aoy OBl b badmeoRamoange Gro
N, N- di met hydng theDs-8dultinigdgrisating \%sttﬁteﬂCH? ra@hidn€ tdhyperatineefot 4B.0) LGNS atigwed BOP

(2eq) and the mixture 5 was stirred at anbient tenperature until
homgeneougomqagopt of {he PEfyeld ’{'h_p_qrgd Wmas then concentrated and to 1t was added

pyri dyl y) fc%&% ﬁ?ﬁn adBitd was
stirre S))%%%wtjor gﬁgﬂ?ﬁe reactaﬂ%n m Xt ure was l{éﬁgﬁﬁieglrl]tge tgrat ed%‘ﬁd
partiti oned?véliert wdhe @gmit layer was dried with sodium sulfate and purified by preparative
chromatography to yield N-{4-[(2-{[2-fluoro-5-(triflroromethyl)phenyl]amino}-1-
methyl-1 H-benzimidazol-5-yDoxy]pyridin-2-yl}-3-(1-methyipiperidin-4-yl)propanamide.
MS: MH " = 571.6.

15 Example 16
Synthesis of N-{4-[(2-{[2-fluoro-5-(iriflucromethylphenyllamino}-1-methvl-1H-
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acetate and water. The organic | ayer was dried over sodiumsulfate and the
resul ti ng WO 2005/037273 PCT/US2004/034179

{4-[4- (et hyl am no) - 3- ni t rophenoxy] ( 2- pyri dyl)) - 4- nor phol i no- 4-yl but anam de
was 10 purified by silica gel chromatography. Ms: M+ = 416.2. 2. Synthesis
of N-{4-[3-am no-4-(nethyl am no) phenoxy] (2-pyridyl))-4-norpholin-4-

yl but anani eSyhthesis rf Nr[d-(2 ffi2-Auotortrifluoromethyl)phenyljamino)-1-

or phol 1 noSHUIBTP RS- OR D o e N s vRlerenemid o

catal yst was 1Fchy gql[@iﬂasmtsl(ﬂsﬂa&ﬂmethﬂ)phe Iyl]ammo- -methylbenzimidazol-5-
N-{4-{3-am no- 4- (rret am no) phenoxy] ( 2- pyr| dyl')

nor phol i n- ﬂbyyli@tpéfﬁd de(4-meeridylipropaizeeide (1eg) ingy ﬁhﬁp@p@sgddedacetone Req)

penzi m aaz B £ooES AETUAL MG HT il Sﬂ%‘a&%ﬂk&?ﬁéﬁﬁﬁﬁ%@n& b Weggling
gdl‘jlegor 0- Smppttntd waersinted [y | Anftdan emmparatuls dary2in atl€C/MSe sfowsnfomastivmnoef theas 20

N- { 4- [ 3- anPREVEE ( B P RS BR yRem pysertigied yand. ioitpmat iaddet §pdiiian-
anm de (| eqhicanfbnhleerndany kidufthg thidhiE SvalGsriionbd Bvwakn 391 &Rtatd eRPSRREUr € for

16h. LC/ M5 showed formation of the corresponding thiourea. To it in
met hanol m&hetnmamcadm@ﬂ wnh ydtiedu svithe spiliome Isulfate dend 1pusidigy bndpreparatived f or

3h. Th ur h t0 hal f. | V. ] d

br ough agéé}%go%%ﬁ% ﬁo WS’?U‘? aﬁgc{ﬁs\[gff@;ﬁ%ogé ggﬁgﬁ)gr%hs%fpﬁﬁ?@n%gﬂaqueous
sol uti on Wm%tliyl-l1&Bbﬁmmmm@ﬁyl§cﬁdy]ﬁyﬁquﬁ-yﬂa${I-heﬂropylbtpaﬁﬁiﬁdﬂ,-vw th ethyl
acetate and t he orq, a washed with brine and dried with sodi um
sul fate. aﬁ\ayst ﬁéﬁl’t‘ﬁfﬁﬁrat ed with hot ether with a few drops of

ethyl acetateto N-{4-[(2- { [2f|u r|fIuororrethyl)pbenyl]amno)
-1-nmethyl -1 H benzi m dazol - 5-yl )oxy]——%ﬂ—étzn 2-yl
-4-ror phol | e puidean g;@-@'-ﬂ%-aéﬁﬁqﬁpemﬁﬁpﬁ%ﬁ%9-?1-ﬁ&ﬁvl-lH-

PCTI US20041

{4-1(29412-f1 uor o- Spélaithidabi) AL Y- R0 NHe imhhicé H

benzi m dazol - 5-vl ) oxyJpvridi n-2-v -14-"Z2-met hoxyethyl ) p

i penrin-~l]acotamde F O5 1_ Synt he5| s of

2- [ 4- (2- et hoxyet hyl ) pi per|2|n | ].- N-{4-[ 4- (et hyl am no- 3- nitrophenoxy]
(2-pyri dyl) } acetam de To
2-chl oroN-{4-[ 4- (net hyl am
acetonitrile was added 1-ne
carbonate (2eq) and the resul
t hen concentrated and

- ni trophenoxy] (2-pyridyl)}aeetamde (leq) in
y-2- pi perigin Ietman (leq) and potassium
i@j@f he fed to 60C for 16h. It was

1. Synthesis of 2-[(tert-butoxy)-N-methylcarbonylamino]-N-{4-[4-(methylamino)-3-
- nitrophenoxyJ(2-pyridyl)acetamide
To a mixture of 2-[(tert-butoxy)-N-methylcarbonylaminclacetic acid (leq) in
20  N,N-dimethyl formamide and N,N-disopropylethylamine (4eq) was added BOP (2eq) and
the mixture was stirred at ambient temperature until homogeneous, To it was added [4-
(2-amino(4-pyridyloxy))-2-nitrophenylJmethylamine (leq) and the resulting mixture was
stired at 60°C for 16h. The reaction mixture was then concentrated and partitioned
between ethyl acetate and water. The organic layer was dried over sodium sulfate and the
25  resulting 2-[(tert-butoxy)-N-methylcarbonylamino]-N-{4-[4-(methylamino)-3-nitrophen-
oxy](2-pyridyl)acetamide was purified by silica gel chromatography. MS: MH" = 432.2.
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10 partitioned between ethyl acetate and water. The organic |ayer was dried
W t h sodi unwepsesrer3and concentrated to give PCT/US2004/034179
2-[4-(2-met hoxyet h) 71 ) pi peri zi nyl ] -N-(4-[ 4- (et hyl -

am no- 3- ni trophenoxy] (2-pyridyl)}acetam de. Ms: WH = 445.2. 2. Synthesis

of N- {4-[ 3- am no- 4- (et hyl am no) phenoxy] (2-pyridyl)}-2-[4-(2- methoxyethyl)

pi peri zi nyly] agyathRRisicFeNIE-[3Rgnifd H{e&X&ﬁﬂh phéndgy](2-pyridyl)}-2-[(tert-butoxy)-
2-[4-(2- et hﬁ;ﬁ/et hyl ) pi -:JEEF[I Zi nyll]‘{(N-{ -0 4-(?bmat hy?(]-( pyridyT)}-2-I( )

am no- 3- ni tN-ssHwhesthytapipplagetrmidecet ami de i n met hanol with catal ytic anount

of Lindlar's catal yst: a i al ]

N. . {4|_ [ 3- ani no- ?ﬁ%ng@%qﬁgeﬁ,‘ %%Jﬁ%%gx%ﬁﬁg_&-ﬂuﬁs&%-ﬁ—methylca.tbonylammo]—N-{4—[4—

2 | dyl )} - Zomethylafoire)-aiyphl4yp2Aeidy et shride tm miethanolMith ohtalytid LikdunG.
nt hesi.s

of N- { 4- P( 2-of [IAndipri catalyst pyes shydmesmatech o NoksRyapinad-(Rsthsamige)pbenoxlC-
benzi m dazglysigyy)-» %M&ﬁbﬁ—%@ﬂyi@%hﬁa&?ﬁdjﬁeﬂﬁﬁd@%wm pejgzi.n-1-yl]acet

am de To 2-fl uoro% (trifluoronmethyl)benzenei sot hi ocyanate (leq) in
met hanol was adde

d
N- { 4- [ 3- amiSnynthesistAN-dnT ol pH En8yerpCotdparemethyDphenyllanginelet weskiydl By | ) -
S o L aaet o ALy Cirrod at anbi ent
Peper at uf SRR RS-y RRE 2 I6 AL BHIAE 100 2 LG ng Thi ourea.
To it in nmethandlo wafu@bd-i-{idfluardaethybbinzednasathibeyanate @bdlolin deethanobegys and
vol unre Wna a9Agh e e G ep & e e el ena 1 B B 108 Bl Dodayo o
PCT/ US2004 19@dayi8miksiabpaaide ﬁ@hytduanmeTﬁ%umﬂFe&ﬂ&méow isfifred\agt hinbieff €d

tshrough celite and was then extracted with ethyl acetate and the organic
Lhayer was vempeafuyg far 1ohi nECAVE shewedifopnation efdhe corresperdingdhiowree. diodtia was

then tritur i r. W r t vl 4 t ield
N4 (2 { (ool ot g RS okl ho(ordd RS Sk b ip@8 TSR P

benzi m dazakacfeny njimxy¢ myas ithinnecestitfated-th Aalf Atsridameyre Brpbghp itgp Bashe pil withy | | acet
amde. ._M5: MWV = 602. 6. anpl e .20 Synthesis of N:f .

21 (2- (P2~ RIS St SRt oot O, PR Bt aion e ierad hrough oelit

benzi m dazghd SeaéltheX ¥ktracted with ethy! acetate and the organic layer was washed with brine
yridin-2-yl}-2-[442-hydroxyet hvl I_lp_per azin-| -ylgl acetamde Ff +r" f N<,, |
C C~ 10 ' -anddged with sodium sulfate. The crude was then triturated with hot ether with a few

N-{4-[(2-{ -I%I =15 ifl dz% j - -
i m dazol - S[dgy? Soxyi p lr?cgia%é_ @g{&g@?@ P%%(@(%M%ﬁ %@gﬁéﬁ%%?ﬁ%et amd
e (leq) i n triflucroacetic acid to yield N~1~{4-[(2- {[2-fluoro-5-(trifluoromethyl)phenyllamino}-1-
20  methyl-1H-benzimidazol-5-yl)oxylpyridin-2-y1}-N~2~methylglycinamide. MS: MH" =
489.4.

Example 18
Synthesis of N-{4-{(2-{{2-fluoro-5-(triflucromethyl)phenyijamino }-1-methyi-1H-

("

benzimidazol-5-vDoxvy]pvyridin-2-v1} -4-morpholin-4-ylbutanamide

25
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met hyl ene chloride at -78C was added 1M borontri brom de in nethyl ene
chloride (We2ps/ea12rst he resulting m xture was stirred apcrmiSisndidarmh. |t
was then brought to 15 anbient tenperature and stirred for 2h. LC M5 showed
formation of the product. The reaction was quenched with saturated sodi um
carbonate solution at OC. The m xture was concentrated and then brought to
pH=9. It S afa;fﬂ,? ﬁﬁﬁt Sy} B Ph er was
dried w t\tltvqsgghﬁlﬁts?lﬁf?g?efgn%é%gncen r at hg;rltd pu?ﬁﬁiiagla -gfl pre(%jédro?tél ve

chr omat ogr aharewige el d

rrNei ﬁyl[ ( IZI—E é(zanfz: m dazo'i’:lf yr ')oggﬁyr?ﬁ@ﬂf(g{n;{&gﬁ%t@@ %qézaheégr oxyélfl'dlﬁnfth?per azin

-EL - y:] zc'itcfamamﬁde anm/s]g Mhﬂlbdpr?pﬁﬁﬁyl&mm34eWé&Bw7@e@C§EBUSBQﬂ%&34l79
a e nt IS O - . . .
f2a4" chPor d%yé r@ at aw@m%ﬁmw%mﬂhhwa%eeﬁy 1ieoik yiep gidedi &H%—ammo("f-

Kll-l{iefgagmcbﬁg 4- ?’?gt@'ﬁmé’%m“gg"ﬁ %?gﬁ Zeq%y“ él;ﬁ gegtél{ag%]ngxtuﬁ e3§ In tet ra-

hydr of ur an 698 &t )lctmdnm“@.t )comdtratbd erdspantitomed bt:mblaﬁﬂmle (4eq)

and 2-(4- chIoro en etic ac d the resultin Xt u

tirred ai & &ﬁ? ) B e SR RSt B

partiti onec{#{ﬂ(we&glaﬁtmys} 3e@@é;meﬁo:q@@-pywamm-ﬂ&tpharr@myleuthmae vvasthshen
dried with sa |untsulfate and concentrate |ve N 10

{4-] 2- (é?cetPW‘% b piliea gok shagmaegrpphy M M&Brr 2 _2-(4-chl or ophenyl ) - N- et hy

| - acetamde. To it was added acetic acid and the resulting m xture was

[tga; Ie\cllet & ?{31 @{){1%315421? N84 3 GabASARR R i5d)BRenBYyT02- SRR RN [4\RorphEIHIRE Ogr aphy

chl orobenz;bﬂ‘)\ltﬂpaxmdhyl -1 H- benzi m dazol - 5-yl ] oxy} pyri di n-2-yl ) acet ami de. MS:
MH = 407.9. 15 Exa |8228V

of N-f4-({2-f(4- CBF o FERHE PP AR ‘m?‘f"kﬂeﬂﬂ%ey‘tlﬂm“ﬁé‘%‘z“ﬁ%“ Zogp(](%—pyn‘iyj(l&-tl—
pvri di n- 2- yhorpslihard-gibudimsmide 8 thethimoNwathl ca'ﬁbytlc amount of Lindlar's catalyst was

am no_ (PeaYARERBHedyl oFskin aciid EPeOZEGHe ﬂaéntg&%e%%’é&”’phe% -

di sopr opy! %&ﬁﬁﬁﬂ@%ﬁﬁgﬁh@éﬁq\dgw c3g6hd (leq) and the resulting mxture

was stirred

O
'_)

;...

-

(@
O

3. Synthesis of N-{4-[(2-{[2-fluoro-5-(triftuoromethyl)phenylJamino }~1-methyl-1H-
benzimidazol-5-yl)oxylpyndin-2-y1} -4-morpholin-4-ylbutanamide
To 2-fluoro-5-(trifluoromethylbenzeneisothiocyanate (leq) in methanol was
20 added N-{4-[3-amino-4-(methylamino)phenoxy](2-pyridyD)}-4-morpholin-4-ylbutan-
amide (leq) and the resulting mixture was stirred at ambient temperature for 16h.
LC/MS showed formation of the corresponding thiourea. To it in methanol was then
e added anhydrous ferric chloride (1.5¢q) and stirred for 3h. The reaction mixture was then
concentrated. to half its volume and brought to basic pH with saturated sodium carbonate
25  solution. The aqueous solution was filtered through celite and was then extracted with
ethyl acetate and the organic layer was washed with brine and dried with sodium sulfate.
The crude was then triturated vﬁth hot ether with a few drops of ethyl acetate to N-{4-[(2-
{[2-fluoro-5-(trifluoromethyl)phenyl]amino} -1 -methyl-1 H-benzimidazol-5-yl)oxy]-
pyridin-2-y1 } -4-morpholin-4-ylbutanamide. MS: MH" = 573.6.
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at anbient tenperature for 16h. The reaction m xture was then partitioned
bet ween et hyo 200863793 20051037273 PCT/ 1TS20041034179 aceraifaighiydt er. The
organic |layer was then dried with sodium sul fate and concentrated and
purified by preparative chromatography to to give N-[4-({2-[(4-chloro-
phenyl )am no] - 1- net hyl - I |1 4- benzi m dazol - 5-yl ) oxy) pyri di n-2-yl | benzam dc. Ms:
W = 470.9. 5 Exanple 23 Synt hesi sof{.\
[4-({2-[(3-tent- butyI phenyl ) am no] - | E—T‘nﬁ-—lﬁﬁ-—i H benzi m dazol - 5- yUoxy) pyridin
PN )]

ONNY N 4
g@{_S Feel 3
pyrldyl)}[(2 nor p dried flask
was charged with 4-[4-(nethyl am no)-3-ni trophenoxy]- pyridine-2-carboxylic
acid (leq), diphenyiphosphor¥+azide (1.1eq), triethylam ne (2.1eq) and 20

m toluene and heated for ere fand one half hours at 75C. To this was added
2- rmrpholin-4-y|ethy|anni(1 2e)°a pﬁesulting m xture was stirred
h n

at 75C 15 overnight. The pea I_("o onfentrated and partitioned

bet ween et hyl acetate and di st Pgenoc | ayer was dried with
sodium sul fate and concentrated and titurated with ether then hexanes to
give the purified product. M5: M-1t = 417. Step 2: Synthesis

of N-{4-[ 3- am no- 4- (et hyl am no)phenoxy] (2 pyridyl)}[(2-

&Dzzh?léll ? %)’F‘%ﬁﬁﬁ%??lrz%’%? eg%box nb fg&/ﬁ i{iﬁhqom ai,ni ng

nor phol i n- 4rttbivysty] et deboiaen de i n met hanol was added a catal ytic
aimunt of To 2-chloro-N-{4-[4-(methylamino)-3-nifrophenoxy](2-pyridyl)}acetamide (leq)
in acetonitrile was added 1-methoxy-2-piperizinylethane (leq) and potassium carbonate
(2eq) and the resulting mixture was heated to 60°C for 16h. It was then concentrated and
10 partitioned between ethyl acetate and water. The organic layer was dried with sodium
sulfate and concentrated to give 2-[4-(2-methoxyethyl)piperizinyl]-N-{4-[4-{methyl-
amino-3-nitrophenoxy](2-pyridyl)} acetamide, MS: MH" = 445.2,

2. Synthesis of N-{4-[3-amino-4-{methylamino)phenoxy}(2-pyridyl)}-2-[4-(2-
methoxyethyl) piperiz:inyl]acetarr;ide
15 The mixture containing 2-[4-(2-methoxyethyl)piperizinyl}-N-{4-[4-(methyl-
amino-3-nitrophenoxy](2-pyridyl) }acetamide in methanol with catalytic amount of
‘ Lindlar's catalyst was hydrogenated to vield N-{4-[3-amino-4-(methylamino)phenoxy](2-
;.. pyridyl)}-2-[4-(2-methoxyethyl)piperizinyljacetamide. MS: MH™ =415.2.

3. Synthesis of N-{4-[(2-{{2-fluoro-5-(trifluoromethyl)phenyllamino}-{-methyl-1H-

20 benzimidazol-5-yl)oxy]pyridin-2-yl1}-2-[4-(2-methoxyethyl)piperazin-1-yllacetamide
To 2-fluoro-5-(trifluoromethyl)benzeneisothiocyanate (leq) in methanol was
added N-{4-[3-amino-4-(methylamino)phenoxy](2-pyridyl) } -2-[4-(2-methoxyethyl)-
piperizinyl]acetamide (leq) and the resulting mixture was stirred at ambient temperature
for 16h, LC/MS showed formation of the corresponding thiourea. To it in methanol was
25  then added anhydrous ferric chloride (1.5eq) and stirred for 3k, The reaction niixture was
then concentrated to half its volume and brought to basic pH with saturated sodium
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10% Pd/ C and hydrogenated to yield in quantitative anmount N—i 3-anvno- 4-
(et hyl am Mmmﬂ (2-pyridyl) } PCT/US2004/034179

[ (2- nor phol i n-4-yl et hyl ) am no] carboxam de.Ms: M-it = 387. -56 WO
20051037273 PCT10S70041034179 Step 3: Synthesis of

3-(tert-butyl)benzeni sothi ocyanate To 3-(tert-butyl )phenyl am ne in acetone
at 0C was &bewte selition-bi The e@waue solutigr) )wasnfiltered Ghrauely eplite (apd gyas tea

m xture wag itioned
bet ween eth acg*t;iatéetﬁ%ifrj:g‘gllaqgI gé%?ég;% ?Ig‘g a?%@%mg@ﬁ]ﬁgg%%%# ttslodl um
bi car bonat eocmm:l sslfgte. u Fbudrivdd waaﬁr&ndnirweed withewdt etherywith o 8w (drapst of ethyl

of N[ e ( (237548 1 B PR SN pHelior e P e e?th"’l@ebséﬂ%ﬁaim ctgl-1 11

yl } oxy) pyr behzimidazcts-y oxydpriim e - D4 hRiHRKotH yllacetamide.

3-(tert- bm be zenl_ylgothl ocyan%%}(lﬁa) in rrethano was a ded N-{4-[3- IO
am no- 4- ( henoxy] (2-pyridyl)}[(2-norpholin-4-ylethyt)am no]carbo
x- am de (Il eq) and the resulting mxture s stirred at anbient tenperature
for 16h. LC/ M5 showed for matl on ofwgndl ng thiourea. To this was
added anhydr oy feer r
m xture was t¥ '

, N fluorometbyliphenyllam ,
with I'N sodi e X ed. W #%%n- te and
the organic %% S ?X#Eﬁhﬁgr :.Qng%na ari-e Y)Hl aoftamydt e. The
crude material was then purFl fied on preparative chromatography to yield
N-[4- ({2
[ (3-tert-butyl phenyl)am n [ et hyl - | H benzi m dazol - 5-yl } oxy) pyri di n-2-yl ]
N - (2- norpholin-4-yleth rea M5: N1H = 544. Exanple 24 20 Synthesis

of 2- (4- et hyl pi perazin. -1 - > Lgm,@ﬁ
('frlfluororrethyl)phenylI'an‘in‘ hyg - 1 H-de \/az\ol 5-yl)oxvl nvridi n- 2-

yi |l ace amde FFF1 Synthes S
N-(4- (4~ (net hyl am no) - 3- ni trophenoxy) pyri di n-2-yl)-2-chl oroacetam de 25 A
solution of 4-(4-(methylam no)-3-nitrophenoxy)pyridin-2-amne (leq) and

chi ori e and. - 89" B 35 1S Bt gt DBy et bl IR BGEL Y
imidazol-3-yljoxylpyridin-2-yl}-2-[4-(2-methoxyethyl)piperazin-1-yl]acetamide (leq) in
methylene chloride at —-78°C was added 1M borontribromide in methylene chloride
(10eq) and the resulting mixture was stirred at —78°C for 1h. It was then brought to

15  ambient temperature and stirred for 2h. LC/MS showed formation of the product. The

reaction was quenched with saturated sodivum carbonate solution at 0°C. The mixture was
concentrated and then brought to pH=9. It was then extracted with ethyl acetate and the
organic layer was dried with sodium sulfate and concentrated and purified on preparative
chromatography to yield N-{4-{(2-{[2-fluoro-5-(trifluoromethyl)phenyl}amino}-1-

20  methyl-1H-benzimidazol-5-yl)oxy]pyridin-2-yl}-2-[4-(2-hydroxyethyl)piperazin-1-y1]-
acetamide. MS: MET" = 588.6.
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stirred for 15 mnutes at roomtenperature. The reaction m xture was then
concentrat eto2e03@32a3 ti ti oned between ethyl acetate and REAVES24IEETHr gani
| ayer was separated and washed with brine, dried over sodiumsulfate and
concentrated in vacuumto give crude product. Purification on silica gel
w th 2% nmet hanol in nethylene chloride gave N-(4-(4 5

(met hyl am no) - 3- ni t r ophenoxy) pyri di nEggaéple24- Chl or oacet am de as a bri ght
orange solid. HPLC = 3.82nin; I\/B: M_T}'LJ?J 2. Synthesis of

N-(4- (4- (megym Archibdre b ' ghaimPlafdl]

et hyl pi perazin-1-y[)acet ani de The m xt ure cont ai ni ng

N- (4- (4- (et hyl am no) - 3- nltrophenoxy))_mmz yl)-2- 10 chl or oacet am de
(leq), 1l-ethyl pi perazine (3eq), and potassium carbonate (4eq) was stirred
i n di met hyl forxnam de at 6QC for 1 hour. The reaction m xture was then

i tvveen ethyl acetate and water. The organic
W th water then bri ne dried over sodium
catl on on silica gel

| ayer was separated and wag
sul fate and concentrated t
wi th 20% net hanol in methyl ene g ve
N-(4- (4- (et hyl ami no) - 3- ni t r ophenoXy d|n- I) 2 (4 et hyl pi perazin-1-yl)
- acetam de as a red solid. HPLC ={3.26m n; = 415. 3. Synthesis of
N- (4- ( 3- am no- 4- ( met hyl anvno) phenoxy) pyrldl n- 2 yI) 2- (4-

et hyl pi petazin-1-yl)acetanm de The m xture cont ai ni ng

N-(4- (45(net hyl qmmqh 3-aih6-ANBRASRY); héhdiy]?}- Jﬁ}n&da&&mlde (leq) in tetra-

(4- et hyl pi perazi n- &/I acet am de i n nethanol catal yti c anount of 10%

Pd/ C poi s@ﬁ@'@ aBDG2ehand S_NR(keq) and NNrdq@pmmflﬁﬁp@emaﬁé@%ﬂnd he
[ | f d
»y €l 1 OW €O to & e ?ﬁf:%&n?"ag%ﬁ]ehg%ﬂd the (Ehfihe' MiFERONEs ifed & GnbRhe N

goncent r at e

4- (et hyl am@aﬂeﬁm%ﬁnﬁh&m@wﬁi}mﬁeéﬁsﬁbﬁpmnpmﬂdﬂweheﬂy) astdiamndle as a

nth si s, of .

2 (4 et hyl el B¢ AUEEA Ry i s nquﬁ[dzwﬁ el s Thyc and ey | -

I L @ggl de A
2(r)nl E’? i gr? of 4@{&%%%6?}2@13@&1%? ﬁ?} | am no %eﬁ?é]ﬁ%—%%ﬂ)}%bgh%y% i iilmet ﬁyl -

pi per azi n- |acgm)1deeffar# was @d@)acptftp madd hathie hPﬁteJ to 60 C for

I -fluoro-44triflu 1 R0 ed at
room terrpergt urTféllaf%?‘gWé’ b?’ P%:p?%g%;% cor réé%ﬂmﬂé ? gsgg (H it
was t hen adHhlecbbientyh)- 14mdthylelﬂ-[-benziimdaiol§eﬂ]m@n}uﬂymim—f?.ryé)icétmudearMS hIdiI—F4; hour S.
The mxturgo s then concentrated and partitioned between saturated -58 WO
2005103727 | US2004/ 034179 sodium carbonate and ethyl acetate. The

or gani C15| ayer was separated and washﬁ lteth

-1-methyl-1H-benzimidazol-5-

liox idin-2-yl]benzamide

o Ql

2 orery?

To [5-(2-amino{4-pyridyloxy))-1-methylbenzimidazol-2-yl](4-chlorophenyl)-

20 amine (leq) in tetrahydrofuran added EDC (2eq) and HOAT (leq) and N,N-
disopropylethylamine (4eq) and benzoic acid (leq) and the resulting mixture was stirred

at ambient temperature for 16h. The reaction mixture was then partitioned between ethyl
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wat er and brine, dried over sodiumsulfate and concentrated to give brown

crude sol i dWO PO§AF2Bati on by trituration with 5% et hyl aceasi®snis et hyl

ether to give 2-(4-

et hyl pi perazin-1-yl)-N{4-[(2-{[2-fluoro-5-(trifluoronethyl)phenyl]amno}-1

rret hyl 5 1H benzi m dazol -5-yl)oxy] pyridin-2-yl}acetam de as tan solid- HPLC
3. 40m n; adefate adil\baterS The &gﬂﬂ@la?eﬁﬁaﬁhmﬂl@mth)ﬁodmm sulfate and concentrated

N-144(2-f[4-chL 3t| 4- h | | ;. 1H
AR el Byl Tppmaine S ehpompiatzmb o 1w AR S Bl -giesi s of
4- (2-chl OrﬂieﬁyRélaxﬁjforhﬁi% l'ﬁi—i)&%%%ﬂﬂ&l}ﬁxﬁg%dih@tﬂ&ﬁz% WA B 1) was

degassed with one hal f hour. 2-brono chl oro-4-nitrobenzene (Il eq)

added and Wé§d8sed for another 10 minutes. 1,1'-
bi s(di pbenyl phospbi no) ferrocene pal |l adi un{l1)chloride (0.05eq),

3-fluorppyridin-4-yl-4 15 boronic a%ﬁﬁgﬁ, and sodi um car bonate (3eq)
hours Reaction then

were then added and stirred at 100C

: -frani c | ayer
washed with brlne ] Purification
on silica gel, 10% et h¥A—~—acet H A-delvlures o1 or 0. 5.
nitrophenyl)-3-fl uoropyr| di ne. HPLC = 4. 57m n;, NS M f = 253. 20 2.

Synt hesi s of 4-chl oro- fI uor opyri di n-4-yl )benzenam ne H
4-(2-chl oro- 5‘?? 3n T LudFthPdi di ne P4 'ILEIN ed~with Iron (0),
(3eq), in acet\ or 10 hgarg,_atMzoom t act ilgm

neutralized wt SOdI um car bona‘t_e/ and filtered to rem)ve iron. Reaction
partitioned between ethyl acetate and water. Oganic |ayer separated and
washed with bri nepdn,g_gl ed over sodiumsulfate and Zp q:,oncentrat ed to gi ve
4-chl oro-3-(3-fl uoroﬁyrl di n- 4-yl ) benzen O —N;L./Kgm\‘ Ms: M = 223.
-59 WD 2005/ 037273 PCT/ U52004/ 03417935 tﬁ@m f L_o

4- (2- chl or o- 5- i sbghj gcyanat ophen@ fruoropyrl di ne The m xture contai ni ng
4- chl oro-3-(3-f|uorc@¥i din-4-yl)b enasni ne (I eq) and sodium

bi car bonat e (2eq% el % acetone was treated with thiophosgene (2eq) and stirred
for 5 mnutes at Reaction then concentrated and partitioned between
ethyl acetate and 5 water. Organic |layer dried over sodiumsul fate and

sodi um bi caf.pqnaL 6306013 "M f¥tfiflamino)-3-nitrophenoxy)(2-pyridyl)} [(2-motpholin-
10 4-ylethyl)aminojcarboxamide
A flame dried flask was charged with 4-[4-(methylamino)-3-nitrophenoxy]-
pyridine-2-carboxylic acid (1eq), diphenylphosphoryl azide (1.1eq), tricthylamine (2.1eq)
and 20 mt toluene and heated for one and one haif hours at 75°C. To this was added 2-
morpholin-4-ylethylamine (1.2eq) and the resulting mixture was stirred at 75°C

15  ovemight. The reaction was then concentrated and partitioned between ethyl acetate and
S distilled water. The organic layer was dried with sodium sulfate and concentrated and
titurated with ether then hexanes to give the purified product. MS: MH' =417.

Step 2: Synthesis of N-{4-[3-amino-4-(methylamino)phenoxy(2-pyridyl) }[(2-
morpholin-4-ylethyl)amino]carboxamide

20 To a flask containing N-{4-[4-(methylamino)-3-nitrophenoxy](2-pyridyl}} {(2-
morpholin-4-ylethyl)amino]carboxamide in methanol was added a catalytic amount of
10% Pd/C and hydrogenated to yicld in quantitative amount N-{4-[3-amino-4-
(methylamino)phenoxy J(2-pyridy!) } [(2-morpholin-4-ylethyl)amino]carboxamide. MS:
MH' =387,
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to give 4-(2-chloro-5-isothiocyanat opbenyl)-3-fluoropyridine. HPLC =
5.54m n; Mgyyg adkle3273265, 4. Synthesis of N (4-[(2-{ PCT/US2004/034179

[ 4-chl oro-3-(3-fluoropyridin-4-yl)phenyl ] am no}- 1- net hyl -

| H benzi m dazol - 5-yl ) oxy] pyri di n-2-yl }acetam de 10 The m xture contai ni ng
4-(2-chl oro-5-i sot hi ocyanat ophenyl ) - 3-f | uoropyri di ne (leq) and

N (4-(3- an’StbpMS@med]gabfaq(teﬂ)bmﬁmmmpthmbyaﬂﬁe yl)acet am de (I eq) in

hanol f1
Corr esponct ng-«H oceedho SERy RS o drSaontBer B el R bgopne )
and stir regzeﬁpén@ﬂﬁ&ﬁhaggeﬂefmﬁ)s ThE GnixHire! bk Brovidhit td)8MbRAT feipfetabirg tin@nd

partitioned between 'saturated sodium carbonate and 15 ethyl acetate. The
organic | ammmgm%ueme@ymm@mmd P prganiel deved wagver

sodi um gul dlg?chfi’tﬂ oG BRGTRIRE bt WodiGmChINR: Hid'Snci kil «£ylad He@d-on on

HPLC to

N-{4-](2- (bﬂtyl)b‘dnﬂérﬂsoﬂné@‘aﬁthM&MﬂHﬂ-%: yl ) phenyl ] anmi no) - 1- et hyl -1 H benz-
i m dazol - 5-yl)oxy] pyridin-2-yl}acetarnide. HPLC = 3.37mn; M5 MT = 503
Exanpte 26

(2 @@p.ﬁﬁe‘m@es' G G 2risrbuiphsanDespinelcaretey B bspimighaolin. -

yl I acet am ¢ )ﬂ 20NN Dmorghblib-4-yéhegh s Of
N ( 3- |sopropyl enE/I)- - met hoxy nzo[d]t |azoI 2-am ne The m xture

cont ai ni ng 2- ~Gertrbutiokyrenisofhicyanaty dleg) (inepppthagol was added N-{4-[3-
| sopro Ib subj ect ed
to " E’romve . ﬁ@@ﬂ‘%ﬂ%‘%&% A A S S
Iet hyl acet aiéle (16@ ¥i(d ﬂﬁOEéﬁBﬁigd h7iguﬁﬁﬂél uﬁgwgwiﬁlaﬁﬁnzmnﬂmpa{h?re fdar gﬁnl c
Layer sepa she rin i ed oyer, .sodium qul fate
'@%cent rgt i,gl/ﬁg,aﬁ “o‘?'f£ Cé’qu?fl?é‘ OT@% Py ﬁ“ﬁ'é% qHE to
give N-(3- cmgﬁw@%mﬁ@med%ﬁm hna@yﬁma[ﬂkm ﬁ&@dhe@c&f&matemhﬁfm
5.S0m n; Ms: Mt 5 2. Synthesis of

2- (3-i sopr ypymp Mpmaghtm@pb@w@a{fawhu 127 ssidingn gydrpkide It was then extracted with

| sopropyl p - o)

bydr obtom Sk A REARCRI M el OIS Hlees

Reaction The crude matenal was then purified on preparative chromatography to yield N-[4-({2~
[(3-tert-butylphenyl)amino]-1-methyl- 1 H-benzimidazol-5-yl }oxy)pyridin-2-y1}-N'-(2-
morpholin-4-ylethyurea. MS: MH" = 544.

Example 24
20 Synthesis of 2-(4-ethylpiperazin-1-y1)-N-{4-[(2-{[2-fluorg-5-

1. Synthesis of N-(4~(4-(methylamino)-3-nitrophenoxy)pyridin-2-yl)-2-chloroacetamide
25 A solution of 4~(4-(methylamino)-3-nitrophenoxy)pyridin-2-amine (leq) and
tricthylamine (2 eq) in tetrahydrofuran was treated with 2-chloroacetyl chloride and
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was then neutralized with sodi um carbonate (saturated sol ution) and

partiti onedWe200g3M273et hyl acetate and water. The or gani BCT/HS2004/088159
separated, washed with brine, dried over 10 sodium sul fate and concentrated
to give 2-(3-isopropyl phenyl am no) benzo[ d]thi azol -5-0l. HPLC =4.63m n; NM5:
MH=285 3. Synthesis

of N- [ 4- ({ 2-stiugat fosdﬁmpgtbzphemoh:) tempeniurd, Thb esztiohmbzate-vwesythdgrooonpaymatedi n-
> {5 s opr By PRREHICIR b ef5D bt A apetes. cfte qragj lavgiwas separated and

N- (4-chl Ormdd%ﬂxﬂnﬂd )iﬁ%étd%} ﬁlﬂuinlsﬂﬁéie\, and’@éxﬁ:%ﬁ&diéﬂmvacuumto ve crude
bi s(trinmethylsil é)émam de (4eqg) and_ potassium carbonate (1.2eq

di xnet hy| f Groduss Qurifieation i} siiecgel with2¥e methanolin metistene 2 ade aavelrﬁ—(‘h(%ut es.

The reagti HX% th e

or gani cgl ag S szga@%}%&d \%g)?ﬂn 'yl?]ﬁaﬁcﬁgr}\‘ééw%&?&e%&ovgﬁggo i Sglﬁ fat e
and conceHBl4 e8.82migMS: MIE =33We product. Purification on HPLC to yield
N-[4 ({2-1(3 20

:_"S:Eg (zpyl pg7:$¥’ﬂ')lam nﬂk]ﬁﬂl‘(‘f( gl ?t hl%?@t@?ﬂ%{? %ég%gl di 512%@” ] acet am de.

N-f4- ({ 2- f fefrylipekaittd{ yhRGSAMEJeaM NO 1, 3- benzot hi azol - 5- vl } oxv) pvri di n- 2-
vl)-1-net hyl pper| di ne- 4- car boxam de N UN25/ / No -61 W 2005/037273

PCT1US200410341 e @pné%mgg {i(Mﬁbﬂﬁmﬁéﬁﬁmlh@hﬁﬂ@%w-zﬁ’Hr%r i de A

flask wg géfh@ S

met hyl pi per!ﬂ& ne- 4- cargo yl | c &S r%ﬁ%q) %&%Fa%%{sﬂne ﬁéﬁné%| oride
added to fIstiséd mmhinetbyifcﬁrrhmda(lﬁ: 60‘1Cafon/a]t ébuzbat".l}he aetinhytittoreremd denadded,
f=hen oxaIyI chlo met ene chl r|de action refluxed for
& hour s, Ao S BHHitOBH e ieah SV SRR Pttt BooHBRI I WA h

tol uene t 0 sgpae«citsh Andrmsnyd Wifevht fien $ring,arRAMNer SIABR bﬂ&t@&cﬁcdnb&ﬁtat&ie' | ow
fluffy soli 2. Synthesis

of N- (4- chl &0 &iyg loraagﬁscﬂldy |P}urﬁ5qaﬁpm9n gilise e¢ldvitle200% centesmebin raethylond @éﬂl‘ldﬂ/as

];rle?gl pi pe%a?fn plia(ﬁz‘g—gﬁg@?m%@ré éﬁ%?’p%%ﬁﬁﬁﬁhfﬁp g£%1%19 ene léH oride

was added abelamideaihaﬁlsohddl-ﬁ’d@ghaﬁﬁmm Fithiks.was added the sol ution
containing 4- chloropyridin-2-amne (leq), and diisopropylethyl am ne (5eq)

I n anhydr ous h | or.i d s, stirred.f ur at 0C
Reacti on cén Cgé’”ﬁt%]?% %ﬁgéﬁﬁ] E{Barqmﬁ]afam%phenoxy)pyndmof-yl} 21
ethylpiperazin-1-yl)acetamide
The mixture containing N-(4-(4-(methylamino)-3-nitrophenoxy)pyridin-2-yi)-2-
20  (4-ethylpiperazin-1-yl)acetamide in methanol with a catalytic amount of 10% Pd/C

poisoned with lead was hydrogenated until the disappearance of the yellow color. The
reaction was then filtered to remove the catalyst and concentrated fo yield N-(4-(3-amino-

[ A-(methylamino)phenoxy)pyridin-2-yl)-2-(4-ethylpiperazin-1-yl)acetamide as a brown
oil. HPLC = 2.00 min; MS: MH" = 385.

25 4. Synthesis of 2-(4-cthylpiperazin-1-yl)-N-{4-[(2-{[2-fluoro-5-(trifluoromethyl)phenyl]-
amino}-1-methyl-1H-benzimidazol-5-yl)oxy]pyridin-2-yl } acetamide

A solution of N-(4-(3-amino-4-(methylamino)phenoxy)pyridin-2-yl)-2-(4-ethyl-

piperazin-1-yl)acetamide (1eq) in methanol was treated with 1-fluoro-4-(trifluoromethyl)-

2-isothiocyanatobenzene (leq) and stirred at room temperature for 16 hours to form the

30  corresponding thiourea. To it was then added iron (IIT) chloride (1.2eq) and stirred for

another 4 hours. The mixture was then concentrated and partitioned between saturated
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bet ween water and ethyl acetate. The organic | ayer was separated, washed

w th brine, whaoehiestzover sodi um sul fate and concentrat epb—lt,gsﬁb‘,y{g“t;@e crude
product. Purification on silica gel, 10% nethanol in methylene chloride to
yield N-(4-chloropyridin-2-yl)-1- methyl pi peridine-4-carboxam de as a
slightly yellow crystal solid. HPLC = 2.39mn; Ms: MN= 254. 3. Synthesis

of N[ 4- ({ Zodifud- cbﬂfohai@%&’l:&??%ﬁﬁmM]oréaﬁc Pa%zmg@ﬁ&kedwl&&ﬁw Pithi di n-
2-yl J-1-nmet hyl g peridine-4-carboxanm de The m xture contal ni fnu%msolid.

2 (3 t ent - BEtey [aph ,M@y@m?m]mwmﬂ@n@ﬂnmeé@gweﬁmm§ :
bis(trimet ﬁ&agléhmg: ﬁfrénrﬁq%m&?”ﬁﬁp S%Eéig@ecﬁ{l%ﬁ ér%é? g'lj (4

di met hyl f o+mam ed ‘at’ room rrperature

N- ( 4- chl or ethylpistrarin- 2—y})¥1~)~{4{@e1{ [Wﬂmrpéﬁﬂhﬁlﬂmoﬂcmabﬁm@]ﬂmﬂ&} Q-insiﬂd) was t hen

gg?teldt ?ggeg] éture 3?2@ ﬁy ed. to %S-é? rowav g; 220ﬁ f(}_ﬁpatszﬁgfni‘gm@,eacti on

washed W t ljglpr+ /¢ dried over sodium suI fate and concentrated to give crude
product. Purification by HPLC to yield N-[4-({2-[(3-tert-

butyl phenyl) am no] - 1, 3- benzot hi azol Mﬁleggy) pyri di n- 2-yl I -

- met hyl pi peri di ne-4- carboxam de. HPL 4m u; M M—l 516 -62 WO
200510372738 34115004 f B SpyHl v

iN

1H— ben2| m dazol - 5-
O5 1. Synthesis of
4- ( 2- met hoxy- 4- (et hyl am no) - 5-mj t r ophenoxy) pyri di ne- 2-carboxylic acid
i i i ngat to tert-butyl

ni't r ophenoxy) pyri di ne- 2- car boxyl at e and
hour s. TEA  wag evapor at ed, solid product
fed 'Fﬁ hor 24 10 hours to yield
4- ( 2- met hoxy- 4- (met hyl am no) - 5-1i t¥ophenexy) % dithe- 2- carboxylic acid.
HPLC =48. 07mi n; MS: Mt = 321 2. Syntjhesis of
4- (2- meét hoxy- 4- (et hyi am no) - 5- ni t r ophenoxy) pyri di ne- 2- car boxaui i de The
m xt ure containi ng 4-(2-nethoxy-4-(nethylam no)-5-nitrophenoxy) pyri di ne-

4- (2- met hoxy- 4- (met hyl ami no) -
stirred at roomtenperaturecg

1. Synthesis of 4-(2-chioro-5-niitrophenyl)-3-fluoropyridine

A mixture of DME: H2O (3:1) was degassed with N; for one half hour. 2-bromo-
1-chloro-4-nitrobenzene (leq) added and degassed for another 10 minutes. 1,1
bis(diphenylphosphino)ferrocene palladium(I)chloride (0.05eq), 3-flucropyridin-4-yl-4-
15  boronic acid (leq), and sodium. carbonate (3eq) were then added and stirred at 100°C for
16 hours. Reaction then concentrated and partitioned between ethyl acetate and water.
Organic layer washed with brine, dried over sodium sulfate and concentrated.
- Purification on silica gel, 10% ethyl acetate in hexanes to yield 4-(2-chloro-5-

nitrophenyl)-3-fluoropyridine. HPLC = 4.57min; MS: MH" = 253,

20 2. Synthesis of 4-chloro-3-(3-fluoropyridin-4-yl)benzenamine
4-(2-chloro-5-nitropheny1)-3-fluoropyridine (leq) was stirred with Iron (0), (3eq),
in acetic acid for 10 hours at room temperature. Reaction neutralized with sodium
carbonate and filtered to remove iron. Reaction partitioned between ethyl acetate and
water. Organic layer separated and washed with brine, dried over sodium sulfate and
25  concentrated to give 4-chloro-3-(3-fluoropyridin-4-yl)benzenamine. HPLC = 1.72min;
MS: MH" =223,
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2-carboxylic acid (leq), I-(3-dinethylaminopropyl)-3-ethylcarbodiimde
(2eq), 3H 1LWOZNYBRB| azol o] 4, 5-b] pyri di ne-3-ol (1. Seq), PENAIS2004/034179

di i sopropyl am ne (5eq) in tetrahydrofuran was stirred at roomtenperature
for I'hour. To this was then added ammoni um chloride (2eq) and the resulting

m xture was stirred éa&et her for 48 hours. Reaction concentrated.
Puri fi cat i dnSwthesis af d{2phloroSovpethiosyastophenybod-Anesopyadpe el d 4- (2- met hoxy- 4-

(et T ok 10) o8 BAGRUSIRARY 4 S5 Lo Pt

4- (2- met hosgdivin bicassbhate (en)iy) acstone waspbaa@wﬁhmmnphbsgstﬁz-(aeq) aad kfirged fr Br om ne

(2eq) was added drg vm e to oI ut| on ot assi dr oxi.d Oe in
wat er at OEDUfES 3. aghon Eﬁﬁﬁ’ﬁé’ffﬁ? ff‘%%‘e?gb

car boxagi deafet.eon aﬂ@qaﬁeh&ﬁe&dd&%m&npsml Andmuﬁtm@&b@hamem&ﬁ&sﬁeuon
brought to 25 roomterrperature for V2 hour then heated to 55C for 1 hour

show ng a KedivadhBgdirras-isothpcymaiarhsnd s frgrapoidins 00RLG 32 SAsmino Mit:i on.

The reactlmﬁw\a Prought back to OC and acetic acid (excess) was added. The
m xture was €d at 55C for % hour, cooled to roomtenperature and sodi um
carbonate added to neutralize. Reaction was extracted wth nethyl ene

chl oride. @r §pmihesis dfdN-¢4-{Re{{Aetiloms-B8H3 Hhiompyridin-4 gl )pheayllsoino vhvsethflat e and
concent r at

met hoxy- 4- ?ﬁe ﬁ?ﬁ%ﬁ%o%’yéoqﬁP%%g%W#dl n-2-amne as an or ange soI i d.

HPLC =103. 10m NThdVEnixNeR cont2idehg M-(BHhlblocsisdthddeyanatophenyl)-3-fluoropyri
N-(4-(2- rret hoxy- 4- (et %I am no) - S—nltrophenoxy) pyridin-2- vyi acet am de Under

a ni tr ogen{lggho@h é‘ﬂ'é“( apinori(msthylamingpienorQpypdin-2sylce ) -in10
di n- 2- I d
\?v)égl Ib?ougﬁm@g 0oC. Acetylrgb)h]] qudw éé‘gﬁg%cg?o W se an m X?Llree

stirred foilo5t was ﬂu:naldad%eant(ﬂﬁhc]ﬂondﬁgfﬂt 2dq0 ancb(smrbérfqnemhﬂd s wather
added. Organi.c_ |l ayer washe th br| rled oV sodi um sul.f ate and
concentratW% T RereaE etween'Safurateq sodium carbohais and

(et hyligm e@yt &efatd, rp}&h@@@ﬁ&hw Ivdssrsep?amba a6® vasliedewithRlafer and badd]idlied VS: MR
= 15 333. 5. @Sﬁ'm hesi s

of N- ( 4- (5- AYArs 1@%&%@@%@@4@@%@@%@@9%iBvri:ﬁcznow)ﬁgbpéﬁi de The
i xt i ni 4 di
1) ncer st AT ERITR A brd iRy Sﬁ@*&ﬁ%ﬂ%ﬁ%ﬁ‘*ﬂ%ﬁﬁ%ﬁ%ﬂa' wi th

20 | ead Wagm’ldydﬂ-égé)maybglnilmz—ﬂ}mmmﬁﬂsaHBé@r%h&énmf M$ieMJEH ®# col or. The
reacti on was

Example 26
20 Svynthesis of N-[4-( {2-[(3-isopropylphenyllamino}-1.3-benzothiazol-5-vl }oxv)pyridin-2-

1]aceiamide

Y

1. Synthesis of N-(3-isopropylphenyl)-5-methoxybenzo[d]thiazol-2-amine
The mixture containing 2-bromo-5-methoxybenzo[d]thiazole (leq), 3-
25  isopropylbnezylamine (1.5eq) and diisopropylethylamine (4eq) was subjected to
microwave in NMP at 235°C for 15 minutes. Reaction partitioned between ethyl acetate
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then filtered to renove the catalyst and concentrated to yield

N- ( 4- ( 5- ami YO 200583788Bxy- 4{ met hyl ami no) phenoxy) pyri di n- 2-PgTjuseeasdite. HPLC
= 2.25mn; Ms: M1 = 303. 6. Synthesis

ofN—{4-[(2-{[2-fI uoro-5-(triffluoronethyl)phenyl]am uo)-6-nethoxy-| -

met hyl -1 H benzi m dazol -5-yl)oxy]pyridin-2 -yl } acetamde 25 . A solution
of N(4 ( 5- dadi wter2 OTBAhOMY diiéd yiha aBltodRiEn Beilye, dyied ohdr-sddiuinl shferetapdBde

(leq) in methanol was_treated with 1-fluoro-4 trlfluoronethyl)-Z-
i sot hi ocyarfé’P%’Eﬁ?@neP'F@&?maﬁa sgics ggly 10pe FHB’ acgiatsetnaherage o2 Ndurs to

formthe qg&ﬂr@@@ﬂféﬂ* NS th&th AYHER oga'ﬁnhiollﬁaémh@.eweﬂs's (&) vt or i de

(1.2eq) and stirred anot her ours. The m xture was en concentrated
and partiti2ed betvveen saturated 30 sodi um carbonate and et hyl acetate. The
organi c | ayer was separated and washed with water and brine, dried over

5005105 7077 P BE AT S HphBET it Bn S REU BRSSO | O 04 VO
N-{4-[(2-{[2-f] Qi){b&sﬁp:(opylbhéuymmmﬁqﬂybahﬁhﬂﬂﬁmm@hn& was  charged w1th_
geggi)nx% | - rreF hﬁl -lH_benéi% fol %“ox¥ g r‘; de{tl70 @/}o}i-%et am de HPECC’:n

of N-[ 4- ( { 2-Jhsmys Qafntaﬁyédnbm s Gafthnath Eaaﬂateh shitiBs)! aiea%etween
yl }oxy)ayrl di n-2-yl|-2-pi per|d|n 4-vyl acetamde Cu a I

Synt hesi sof @byl2acetate aoe ywatedi ﬂhaowho;wmwa@sesapkdpwdhéwﬂl}mw over

ophenoxy) pyeih el odtnlifa & S 2SS R Bl b baE b AT S

(leq) in rreHhBtDaM&MnﬁMSer*aESfroom tenmperature for 16 hours to formthe
correspondi ng thiourea. To it was then added iron (I111) chloride (1.2eq)

par 1 | onecP HOIYEER o S T Siner e bamaal T h oGS a AP

organi c | ayeil)ddetanag separated and washed with water and brine, dried over

sodi um sul fate and concentrated to give brown crude solid. Purification by
trituration withheomirdwe eaptainipe 25(3-1sopropylphenylamino)benzo[djthiazol-5-0t (leq),

Ll | m ol Bk Az el R ARk, fioiBbllsly D3B8
Synt hesi s qiot:tsemm- d‘.mibqnlate4(1(2(e,4} n2digethy fpmapydepivesn glits edteD o ﬂlcrmtchyfvavbl-dt 20
penzol dlTm a0l Ysimitiited Phte readion s Hhen paratioed betweeh BT hielid snd waiar, <Y 2
The organic layer was separated, washed with brine, dried over sodium sulfate and
concentrated to give the crude product. Purification on HPLC to yield N-[4-({2-[(3-
20 isopropylphenylamino}-1,3-benzothiazol-5-yl}oxy)pyridin-2-yljacetamide. =~ HPLC =
4.87min; MS: MH' = 419.

Example 27
- Synthesis of N-{4-({2-{(3-tert-butyl phenyl)amino]-1,3-benzothiazo]-5-vl}o idin-2-

11-1-methvIpiperidine-4-carboxamide

“JQ"/
' N o N
<TI0

25 s N9
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To a m xture of 2-(l-(tent-butoxycarbonyl)piperidin-4-yl)acetic acid (1 eg)
in N, N di ngohyisarraar oi de and N, N, di sopropyl et hyl ani nerd#esphoaasiTadded
HATU (2eq) and the m xture was stirred at anbient tenperature until it
beconmes honpbgeneous. To it was added

5-(2-am nopyri di n-4-yl oxy) - N (3-isopropyl phenyl)-1-net hyl -1 H benzo 25

[d] i m dazol 2 ' € )]} ) yridine (0.05eq) and the
resul ting {'6 &%gggwgméﬁﬁlﬁé%%%%?g%ﬁ%eo m xture was stirred at room
tenperature for AcfaskThas rfzne | diedriantuphcedsitdaen miivegesnbimadspherand 1-
partitioned_between.ethyl .acetate d.water.., The ani ¢.l ayer diied
over sodi unf™® lp}pg{lgmg%aca{bﬁéﬁcé%c} ?P?fg qg&qy_dm}{s é{gﬁﬂeﬁ %%ﬁ&g%@ﬁﬂﬁs%o) - 3-
ni t r ophenoxahdpatoledi 10-30°¢ |ig ar WaEP Bhhre DinbthPifeeiandds addeds @ichoosalyd tchloride
purified by 5 HPLC. HPLC = 4.63mn; M5 MAr = 599. 3. Synthesis

of N- [ 4- ( 2- {l¢43a) B ppeibyienn ehlprifanuitgectionetipred) forn2 nbouss. dbrpgehtsto gegm

oxy) pyri di - =2-0] el - ' s huty i

4- ((4- (4- (et y‘{alé’r’]‘igudﬁ?b‘&& -iﬁ?t#géﬁéh%sx%dp%‘?%ﬁ%% W é’é%aln’%ﬁﬁhf?‘p cridine-4-

met hyl ) pi pecarhinybeldoradrras @ tightogteflow! fhuffy solidnaviSr g=a62tonitrile was added
trifluoroacetic 10 acid (2eq) and stirred at roomtenperature for 16 hours.
lgﬁp[ ZS;: g; gﬁ#%[o?&éﬁ?%rgﬁﬁ%—w&&ll LS Giptikh 29 dndmidee | yophi lized

i sopr opyl phenyl l)ﬁrrﬂﬂﬂ:] “vias Mgty | dﬁbilzlbeﬂdi plack lodér YA nitrogen atmosphere. 1-
ey L ekt e stinamgtion o (1o T Sydhous st lons Abace s Ml
N-[4- ({2- (& kR0 Riugh el - | TaRAY v o - Gtaining 4-

yl }oxy) p) ridi Hﬁzﬂgﬁ/ﬁk{l%&)% - !tﬁ(g}d;leper?di n[g4{-7v\3+ @Eﬁg?nénégﬁ\ﬁ% \cll_%n N~~% [f£77 "1
8. VN~ 1. Syshlérepyrsding-amine (leq), and diisopropylethylamine (Seq) in anhydrous methylene

5- (2-am nopyhl din-4-yl oxy).: N-(3-1,.Sppr.o enyl )-1-nethyl - |.H -
benzo[d]im éjell 0433 féhé%t %Weéﬁilxgﬁ eg%é)ﬁla%ﬁ?# nBncehlrated ind partitioned

4- (4- (et hybawedOwaidr id ¢hylhesaxy ) Wi ofiaiclagat ®as {dpadjedandshed with brine,

1-i sopro‘ﬁyl - 3-1 sot hi gcyanat obenzene (le I n met hangl was st I‘r!fgfd .at room

t enper atur edRey ovep spdiwpsulfate ad sorpen ©sHEa A eruth Peset . Purgfiqationgg ¢t hen

added iron siﬁ%% géx, qh%omeésn&li@ﬁﬁgaﬁ@& Eﬂbﬁ&@go Lﬁémammﬁrm@gge -% gﬁhe

m xture was t concentrated and partitione etween satu um
car bonat e amethglpiperidime dtcathoxafiide asy gashightly aykow 28ysta sobépdiRited 33Bmummshed
with water pgnd ﬁﬁigezmdri ed over sodium sul fate and

3. Synthesis of N-[4-({2-[(3-tert-butylphenyl)amino]-1,3-benzothiazol-5-y1} oxy)pyridin-
20 2-yl]-1-methylpiperidine-4-carboxamide
The mixture containing 2-(3-tert-butylphenylamino)benzofdlthiazol-5-ol (leq),
potassium  bis(trimethylsilyl)amide (4eq), and potassium carbonate (1.2eq) in
- dimethylformamide was stirred at room temperature for 10 minutes. N-(4-chloropyridin-
2-y1)-1-methylpiperidine4-carboxamide (1.4eq) was then added and mixture subjected to
25 microwave at 220°C for 20 minutes. Reaction partitioned between ethyl acetate and
water. Organic layer separated, washed with brine, dried over sodium sulfate and
concenfrated to give crude product. Purification by HPLC to yield N-[4-({2-[(3-tert-
butylphenyl)amino]-1,3-benzothiazo1-5-yl }oxy)pyridin-2-yl]-1 -methylpiperidine-4-
carboxamide. HPLC = 4.74min; MS: MH" = 516.
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concentrated to give brown crude solid. Purification by trituration with
t ol uene t o Vd u9s/B3727366 WO 2005( 037273 PCT/ US2004/ 034179 PCT/US2004/034179
(2-am nopyridin-4-yloxy)-N(3-i soprop)rl phenyl)-1-nethyl-1 H benzo [d]

i m.dazol-2- amne as brown solid. HPLC = 3.63m n; M5: MR = 374. 2.
Synthesis of tert-butyl 4-((4{2-(3-isopropylphenylam no)-1-nethyl- I H
benzo[ d] i m dazol - 5-yl oxy) pyri di n- 2- Bxstapleagoy| ) net hyl ) pi peri di ne- |
-carboxylate 5 To a mixture of

2- (I{tertS pig/oidv4f - i (e tbpiphenpldami N -ethyl-et hyl
f or mam de and N, N, di soi)r opyI et hyI anI i ne (4eq) was added HATU (2eq) and the
mxture was stirred at Apidaze 9Ky -y} acetamaide

it was added

5- (2-am nopyri di n-4-yl oxy) - N- €3¥i sopr opyl phenyl ) - 1- net hyl - | H-benzo[ d] -

i m dazol -2-am ne (leq) and 4-(#i-fethyl am no) pyridine (0.05eq) and the
resulting 10 mxture was stj=fed at roomtenperature for 16h. The reaction
m xture was then . concentr and parti t| oned between ethyl acetate and

wat er. The organic | ayer wg s.hH’f ate and the resulting
tert-butyl 4-((4-(4- (rrethyfamﬂ
ni t r ophenoxy) pyri di n- 2-yl car bam)yl Mz) eri di ne-| - car boxyl at e was

purified by HPLC. HPLC = 4.63nvn; = 599. 15 3. Synthesis of

N (4-(2-(3-1sopropyl phenyl aniino)-1- rret hyl -1 FJ benzo[d]i m dazol - 5-

yl oxy) pyri din-2-yl)-2-(pi peridin-4-yl)acetam de To tert-butyl

4- ((4-(4- (et hyl anvi no) - 3- ni t r ophenoxy) pyri di u- 2-yl car banoyl )

met hyl Ppi peSydthess ¢f 4E-hothykade(mdtadyming)-fmitcophamexyipseiding:2-¢arbaxyllas added
Lrlfluoro%g,catlc acid (2eq) and stirred at roomtenperature for 16 hours.
Lhe resultlng solution was 20 frozen with liquid nitrogen and the

| yophi | i zed saffﬁﬂ&oma&hdedidl\béﬂadcﬁd(ﬁ&at toSerbay Wb ensthenyi 4 nethylamino) -
tl-gezétr)n L dm dazoSP -yl og %rl di n- é &wmﬁﬁﬁﬁgg&cﬁ%/g%g&gtﬁn de HPLC

fN-[ 4- |a)zé@&é}£h
gxy) Lyrl(fjﬁ]ak%‘?’aﬁo% Qfl?drrgﬂahyl pi peridi ﬁ%‘%ﬁgﬁgﬁa?@#%‘g@%&ﬂﬁuie

cont ailfli ngows( 4o ( 2ieiB- A< pretimpyrhéngtizlaming)-Stnitrephepoxy)pyridine-2-carboxylic

o aci al adb EPLEE YOTBIGRIS: SHE £l Pr”( Fobeqy Tin V)70 AT OO (1

t et rahydr of aran: met hanol (1:1) was added sodi um cyanoborohydride (2eq) and

stirred at. Synthedi saofpb@ammmexj-é#(mﬂdmhmub) smme' ooxy)pyeidinedd- bsz’emkanildm
organ c | ayer S HioPIGERE e BarY S a et LR SuMa DPRE
concent r abegrioRylic £1d (1eq), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (2eq), 3H~1,2,3-
15 triazolo[4,5-b]pyridine-3-0l (1.5eq), and diisopropylamine (Seq) in tetrahydrofuran was

stirred at room temperature for 1hour. To this was then added ammonium chloride (2eq)

and the resulting mixture was stirred together for 48 hours. Reaction concentrated.

%

Purification on silica gel, 50% acefone in hexanes o yield 4-(2-methoxy-4-
(methylamino)-5-nitrophenoxy)pyridine-2-carboxamide as a bright yellow solid. HPLC
20 =3.70min; MS: MH' =319.

3. Synthesis of 4-(2-methoxy-4-(methylamino)-5-nitrophenoxy)pyridin-2-amine

Liquid bromine (2eq) was added dropwise to a solution of potassium hydroxide
(10eq) in water at 0°C. 4-(2-methoxy-4-(methylamino)-5-nitrophenoxy)pyridine-2-
carboxamide (leq) was then added in a small amount of dioxane. Reaction brought to

25  room temperature for ¥ hour then heated to 55°C for 1 hour showing a red homogenous
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WD 20051037273 PCTI US2004/ 034179 give crude product. Purification by HPLC

to yield Nwdlop$@7pB3-i sopropyl phenyl ) am nol - PCT/US2004/034179
1- net hyl - | H benzi m dazol - 5-yl } oxy) pyri di n-2-yl]-2-(1- et hyl pi peridin-4-yl)ac
etaunide. HPLC = 3.5lmn; Ms: Mi' 513. Exanple 31 5 Synthesis

of N-{4-[(, 2- {12 fl uoro-5- (trlfl uororret héﬁéphenyl [ am no | -netyl-1H4 benzi m da
ool - 5- yI | osaetiapy Tdiegeaptign wapbrought Gpcktay wp%maajweﬂ- The

I t N ] N OH
Ve 02\ EBTRE el gfod a5 bt 5y f&d%dsst@g’&e%‘ (il Al bl
2- chl or o- Nea{ruer{ath—dddedMmMoBg&uonWamdﬂaﬂadyﬁxﬁZnﬁhyhﬂybbl@@et@gmie (1 eq)
in acetoni {F&i | e. e reilglpf cbdtn}wxqtrusrr;' % ug t to 60C LC/ \ﬂ;@owed
quantitati 5 | r "
concents at ﬁiéthb -ﬂllﬁiéih I&hﬁo)ljﬂﬁuxﬁﬁeu h&mtﬂaaheaﬁ%t&gﬁe%ﬁ&i Hpgieed 15

bet ween wat er and et acetate. The aqueous | ayer was racted 2x with
et hyl acet ademin; ME ﬁlj&rﬂ%} | ayers were conbi ned and washed wth water
foll owed by saturated sodium chloride, dried over magnesi um sul fate and

Coneent . B SyHR 0BH-0-BEAEL I i, SR BresSINBRET T | v
H/ | i N Oylhcetdmide
Under a nifrogen atmosphere, 4-(2-methoxy-4-(methylamino)-5-nitrophenoxy)-
10  pyridin-2-amine (leq) and diisopropylethylamine (4eq) in methylene chloride was
brought to 0°C. Acetyl chloride (1.leq) was added dropwise and mixture stirved for §
~ minutes. Reaction brought to room femperature and water added. Organic layer washed
with brine, dried over sodium sulfate and concentrated to yield N-(4-(2-methoxy-4-
(methylamino)-5-nitrophenoxy)pyridin-2-y1)acetamide. HPLC = 3.21min; MS: MH' =
15 333

5. Synthesis of N-(4-(5-amino-2-methoxy—4-(methylamino)phenoxy)pyridin-2-
yl)acetamide
The mixture containing N-(4—(2-methoxy-4-{methylamino}-5-nitrophenoxy)-
pyridin-2-yl)acetamide in methanol with a catalytic amount of 10% Pd/C poisoned with
20 lead was hydrogenated until the disappearance of the yellow color. The reaction was
then filtered to remove the catalyst and concentrated to yield N-(4-(5-amino-2-methoxy-
4-(methylamino)phenoxy)pyridin-2-yDacetamide. HPLC = 2.25min; MS: MH' = 303.

et 6. Synthesis of N-{4-[(2-{[2-fluoro-5-(trifluoromethy!)phenyllamino}-6-methoxy-1-

methyl-1H-benzimidazol-5-yl)oxy]pyridin-2-yl }acetamide

25 - A solution of N-(4-(5-amino-2-methoxy-4-(methylamino)phenoxy)pyridin-2-
ylacetamide (leq) in methanol was treated with 1-fluoro-4-(trifluoromethyl)-2-
isothiocyanatobenzene (leq) and stimed @t room temperature for 16 howrs to form the
corresponding thiourea. To it was then added iron (IIT) chloride (1.2¢q) and stirred for
another 4 hours. The mixture was then concentrated and partitioned between saturated

30 sodium carbonate and ethyl acetate. The organic layer was separated and washed with
water and brine, dried over sodium sulfate and concentrated to give brown crude solid.
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2- (2- Hydr oxymet hyl -pyrrolidin-1-y1)-N-[4-(4-nmethyl am no- 3- ni tro- phenoxy) -
pyri di n- 2- yivphassasars de was hydrogenated in net hanol i n sdwpiasenee of Pd/ C
for 4 5 hours. The catal yst was renoved via filtration through Celite and
filtrate was concentrated to give

N-[ 4- (3-. Am no- 4- et hyl ar ni no- phenoxy) - pyri di n-2-yl ] -2-(2-

hydr oxynet Hyhﬁq:nj&om by i HRLG fo yield- I&{{dt-ﬁﬁd{ﬂbﬂuwo‘ S—M'Jﬂu&?iﬁleﬂlyl)ﬂn@pl]&njddm- Ho H2N

U iN O H Rebg e eemieol el ik R L0 added

to a sol ut ag IqH‘fN-490
[ 4- (3- Ami no- 4- et hyl am no- phenoxy) - pyri di n- 2-yl ] - 2- (2- hydr oxynet hyl “pyl rol i d

in-1- yl)-acetanm de in methanol. Re@isghinple s stirred at roomtenperature
for 15 hours. Thi ourea forrratlon was conf| rmed by LG MS. Ferr| c chloride
was add&d andSyithesisafN:[4-{{7 propylphenyl faiis 8 tidshenz )

hours. After cycllzatlon was 15 corrpl ete by LC/I\/IS the reactlon m xture was
concentrated and aqueousYliadin st -H 6 il basic pH The
reaction m xture was partltloned bet ween et hyI acet ate and water. The
organi c | ayer was washed wi{h water then brine, and dried over magnesium
sul fate and concentrated. The—crude product was purified by reverse phase
HPLC. MS: M= 5593. -69 20051037273 PCTI US20041034179 Exanple 32

Synt hesi s of
(2S)-N-14-f(2-i[2-fl uoro- trigd e o Naby Wo} 1-nethyl -1 H
benzi m dazol - 5-yl ) oxyl pyl’ldl"h—é v ' 2iicarpboxgmde FF N~ O~ N
.~ /11t HFr~1, I ~NO § ol o QzN Hz DD QZN O N J

E‘&w

1. Synthesis of 5-(2-aminopyridin-4-yloxy)-N-(3-isopropylphenyl)-1-methyl-1H-
benzo[dlimidazol-2-amine

10 The mixtuwre containing 4-(4-(methylamino)-3-nitrophenoxy)pyridin-2-amine
(leq) and 1-isopropyl-3-isothiocyanatobenzene (leq) in methanol was stirred at room
temperature for 16 hours to form the corresponding thiourea. To it was then added iron
(IIL) chloride (1.2eq) and stirred for another 4 hours. The mixture was then concentrated
and partitioned between saturated sodium carbonate and ethyl acetate. The organic layer

15 was separated and washéd with water and brine, dried over sodium sulfate and
concentrated to give brown crude solid. Purification by frituration with toluene to give 5-
(2-aminopyridin~-4-yloxy)-N-(3-isopropylphenyl)-1-methyl-1H-benzo[d]imidazol-2-
amine as brown solid. HPLC = 3.63min; MS: MH" = 374.

{

2. Synthesis of tert-butyl 4-((4-2-(3-isopropylphenylamino)-! -methyl-1H-
20 benzo[d)imidazol-53-yloxy)pyridin-2-ylcarbamoylymethyl)piperidine-1-carboxylate
To a mixture of 2-(1-(tert-butoxycarbonyl)piperidin-4-yl)acetic acid (1eq) in N,N-
dimethyl formamide and N,N,disopropylethylamine (4eq) was added HATU (2eq) and
the mixture was stirred at ambient temperature until it becomes homogeneous., To it was
added 5-(2-aminopyridin-4-yloxy)-N-(3-isopropylphenyl}-1-methyl-1H-benzo-
25  [d]imidazol-2-amine (leq) and 4-(dimethylamino)pyridine (0.05eq) and the resulting
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BWNTfl f N/ NOBoc Hi BOP, DOEA HN DV, Bo C N-Boo honoproline (1.0
eq) was addgshdoSoeadesol ution of the amino pyridine (1.0 pegus2080m4(2.0 eq)
and diisopropylethylamne (3.0 eq) in DM. The solution is heated overnight
at 60C. The solution is concentrated on a rotovap to about one fourth its 10
original volune, then poured into water and Et OAc. The | ayers are separated

and the or I.C . e 1.t h t a then I_n ri oye ! ,
filtered, %%%@%ﬁaﬂﬁ%htgﬁﬁ? gﬁ’rig&éoﬁéhgn ratg)éld. ne Bvra%/gll?% S

t hen purl ecdohyentaed rmd ehrtionddobrapdiy ethylg bedtite ind ofate?0 Ve rgabicMayer 40 Me OH:
DCM to yie]d .the desjred oduc ., 472.5. 15 S . HH wPo| C H2N °
ONON O Yo NSO sulfafey %BA%SP“F% dpthigbityl 7&&(&2@%@6@%5'
PCTrrf520041(;w,§|f,cE!J AT eVl WA ERy1HYi L ' tyhanQhrikie t
presence of P Ii%m%xyﬁg%%?%@b?ggﬁ)cat algﬁsﬁ?&%gga?e&n%\%{gl aﬁ%é@ [ ?JHI te;lt&l1 oﬂ['ry3

t hr ough 5Ce|HRIEC. aHBLE 1 4.6 3min; M8s Mdoné¥ht rated to gi ve phenyl enedi ani ne. Ms:
MI 442. 4. Step 3. 1~-IvF __ H{ 1 Fc ~Nes FSC F HHI NN MOM _ HN~"N\ O

\' NH / i NQ. 8%~ | hxene e
2- Fl uor o- 5-3(t | 3 ug%ﬁ%—ﬁ&#%ﬁ%ﬁ}p&g}& ocy%g"{%elﬁm%s}ﬁa aéd tdgmé 5soI ution of
phenyl enediy@yuxppyridinrBylhdqiperidRedglacciamivdes stirred at room tenperature for
15 hours. Thioyrea fqrnati continued by LC/ V5. Ferri hl ori was
added and the r _su‘eft!ﬂﬁ'@' m‘gaﬁ'@?%tggwg)é}i“éf@gw}?gﬁﬂ@r a ff?@a'f“(?gl 4
hours. Al t GhethpliipefidieOlcafBbkyiht: QLGMh MWaeihd debtRithiROwasOAAEd RIFUDrdHcE Vas
concentrated and aqueous sodium carbonate was added until basic pH The
react i o magidu@einangd pirred atitoomdemperars for AG|hours. The resulting solution was

frozen with liquid nitrogen and the Iyophilized sample yielded N-[4-({2-[(3-
ﬁg isopropylpbenyllamino]-i-methyl-1H-benzimidazol-5-yl} oxy)pyridin-2-yl}-2-piperidin-

4-ylacetamide. HPLC = 3.49min; MS: MH" = 499,

15
yl}oxy)pyridin-2-yl}-2-(1-methylpiperidin-4-y])acetamide
Wy N
RSCRCR AU
1. Synthesis of 5-(2-aminopyridin-4-yloxy)-IN-(3-isopropylphenyl)-1-methyl-1H-
benzo[d]imidazol-2-amine
20 The mixture containing 4-(4-(methylamino)-3-nitrophenoxy)pyridin-2-amine

(leq) and 1-isopropyl-3-isothiocyanatobenzene (leq) in methanol was stirred at room
temperature for 16 hours to form the corresponding thiourea. To it was then added iron
(IIT} chloride {1.2eq) and stirred for another 4 hours, The mixture was then concentrated
and partitioned between saturated sodivm carbonate and ethyl acetate. The organic layer
25 was separated and washed with water and brine, dried over sodium sulfate and
concentrated to give brown crude solid. Purification by trituration with toluenc to give 5-
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acetate and water. The organic | ayer was washed with water then brine, and
dried over WELAPUWHEI f ate and concentrated. The prot ect PEHUGOUP34Y r enpved
by treating the crude product with HJ in dioxane for 30 m nutes at room

t enper at ure whereupon the solvent 15 is renoved. The crude product was
purified by reverse phase HPLC. MS. Nffe= 529.5. Exanple 33 Synthesis of
N-f 4- (f 2- f (2amingpyEdis-4rileg)N-B-isbppyiphenydirl -mejthyl-1kbenzpldiimidazol-2-

b i md ~5- vl bk P 25 k1 ac m L FN/ O -71 WO
2005103727 PR GSRAR P bR MY L34 § "\ bad 2dppr o noz
/ Na2CO3, DVME E HO B"OH 5-Bronp-2-fluoronitrobenzene (1.0 eq),
4- pyri dyl b@r Gynthesicofttert-bityb4)(4-@ra-ifoprdpyiplxingladiipdjelhneftybd Hhi no) f er ocene]
crohl oro pall sdpus, (1L sorpl e L OV ase thed Sl eyl peol yco

i met hyl e : ; ion is
purged with argqg afrfikttOofM-NUESEbA0LY ARSIy BB din LoD ieB heid (1HIRONMY this

time the reation mxture is cooled and then poured into water and Et OAc.

The | ayer s dipethylslopngraide gud AN direpwpyigiamine (dedewas\pdded IBAEH Qea enkn
brine, dri EE, i i '! {I '! &3 ?g ti '
concentrat?%. iﬁee?@‘g uc ﬁ&s“i“%ﬁeéﬁg&?rgu I €0 "olgﬂ ctg%tcjhr?n ?@%&r’lﬁg'tgg?ta% y
(gradi ent afide®®o I\/eOﬂ-(ﬂﬂ@aepyr&ﬁiﬂ@-&k@yb—@@\éso}:mpy]phb@l)—l-Inmtht!,éslH—b@zp['d}duct )
VB M= 2 it F SRing” (it B et dho)pyedine” (3.0%eq) dnd the resulting

10 mixture was stitred at room temperature for 16h. The reaction mixture was then

-

concentrated and partitioned between ethyl acetate and water. The organic layer was
dried over sodium sulfate and the resulting tert-butyl 4-((4-(4-(methylamino)-3-
nitrophenoxy)pyridin-2-ylcarbamoyl)methyl)piperidine-1-carboxylate was purified by
HPLC. HPLC =4.63min; MS: MH" = 599.

15 3. Synthesis of N-(4-(2-(3-isopropylphenylamino}-1-methyl-1H-benzo[d]imidazol-5-
yloxy)pyridin-2-yl)-2-(piperidin-4-yl)acetamide
To tert-butyl 4-((4-(4-(methylamino)-3-nitrophenoxy)pyridin-2-ylcarbamoyl)-
methyl)piperidine-1-carboxylate (1eq) in water and acetonitrile was added trifluoroacetic
acid (2eq) and stirred at room temperature for 16 hours. The resulting solution was
20 frozen with liquid nitrogen and the lyophilized sample yielded N-(4-(2-(3-
isopropylphenylamino)-1-methyl-1H-benzo[d]imidazol-S-yloxy)pyridin-2-yl)-2-
(piperidin-4-yl)acetamide. HPLC = 3.49min; MS: MH" = 499,

4. Synthesis of N-|4-({2-[(3-isopropylphenyl)amino]-1-methyl-1H-benzimidazol-5-
yl}oxy)pyridin-2-y1]-2-(I-methylpiperidin4-yl)acetamide

25 To the mixture containing N-(4-(2-(3-isopropylphenylamino)-1-methyi-1H-
benzo[djimidazol-5-yloxy)pyridin-2-y1)-2-(piperidin-4-yl)acetamide (leq), glacial acetic
acid (2 eq), and formaline (7.5eq) in tetrahydrofuran:methanol (1:1) was added sodium
cyanoborohydride (2eq) and stirred at room temperature for one hour. Reaction
neutralized with saturated sodium carbonate solution and extracted with ethyl acetate.

30  The organic layer was washed with brine, dried over sodium sulfate and concentrated to
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The nitrophenyl conmpound was hydrogenated in nethanol in the presence of
Pd/ C 15 fowOR0es0a7873 The catal yst was renoved via filtraCcresempiaegh Celite
and filtrate was concentrated to give the desired aniline. Ms: Mt= 189. 2.
Step 3: N~ SCCh N/ \' | NH2 NCS Na2c03 , F DCMF The aniline (1.0 eq) was
cooled in a biphasic m xture of dichloronmethane and 20 sodi um carbonate
(4.0 eq) togiGfcrlude pbdidai puﬁﬁdﬁﬁoﬁmeMa@eﬁale[@({qu@mr@g}mdnynﬁhﬁm]- 72 WO
20051037273 PCT(US2004/.034179 ution was_al to StJI’ f 30 .m nut es
at whi ch tihmethyl1Hbsazmidagolss-gh pappyadinngll-2c(lanebyntperdingy acﬁ&elﬁem ed
over nagnesjpyi s t Hewi Nomi N\ \ / FH Meorvrs7 N/
~N O HN-{ | Lﬁgﬂgﬁ‘é\{%% %{‘;:S i NO S 2-fluoro-5-(4- pyrldyl)phenyl

i sot hi ocyanate was added as a sol ut igghphpledant to a solution of

phenyl enedi am ne in net hanol . Reacti'on was sti rred at room tenperature for
15 hours$ Thi Suiithesid i DdorefH tiriflrieb ljdhsine }-t-padthyd+liHie was
added and the resultlng mxture was stlrred at roomterrperature for 4
hours. After i ordmh-@+vd}-B droscymetk i

concentrated and aqueous SOdI um car bonate 10 was added unt|I baS| c ph. The
reaction mxture was partitioned betﬂhm%y,l ‘acetate and water. The
organic | ayer was washed with water then brine, and dried over nmagnesi um
sul fate and concentrated. Th rude product was purifi ed by reverse phase
HPLC. MS: M= 469.5. Exanpl £#34 15 Synthesis

Oof N-[4- ({2-1(3-tent-butylp vl )am no) - 1- net hyl - | H-ben:znnl dazol - 5-

yUoxyl byridin 2 vll-2-(4 Iplperldl I-v Jdacetamide IN~1 ~~1 iNN

Step 1:

TN

al N _ Meon O SV LS

U ‘O’ o L T T
H

10

L-Prolinol (3.0 eq) was added to a mixture of 2-chloro-N-{4-[4-(methylamino)-2-
nitrophenoxyl(2-pyridyl)}acetamide (1 eq) in -acetonitrile. The resulting mixture was
brought to 60°C. LC/MS showed quantitative conversion after stirring for 1 hour. The
reaction was concenfrated to about half the volume of solvent and then partitioned

15  between water and ethyl acetate. The agueous layer was extracted 2x with ethyl acetate.
The organic layers were combined and washed with water followed by saturated sodium
chloride, dried over magnesium sulfate and concentrate to yield pure product. MS:

MH'=402.2.
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Step 1: H 02N 1 ONH2 GO2N O NC i HNNN O TEA THE HN -73 WO
2005103727 vdrsabkhiH2n041034179 Chl oroacetyl chlori de (1PETEGI0HRM1Rdded
dropwi se over 15 minutes to a stirring solution of the amno pyridine (1.0
eql) and triethylamne (2.7 eq) is THE (1.2 L) at room tenperature. After 2
hours LC shows 80% conversion to the desired product with a small anmount of
starting nmetepl:al and sone bis acyl ated product (<10% as well. The solution
5 is concentrated on a rotovap to about one fourth its original volune, then
poured into water and Et OAc. The layers are separated and thggorganic is
washed with water and then r| HQ\ drled over NgSO4 filtared, %lllca added,

and the sol uti omn 0 c ‘%@edu@? M by col um
chr omat ogr aphy (ér*ﬁﬁ}{ ?% "|exane.sh;[éjzg%ﬂﬁ/)\B?oﬁ,\'3 anes) to
yield the desiretNproduct®(39% yi el d) 10 StepH2: HH 02N N C KZCOCs, DMVF

02MC N Y ~Ni i'Nos8oc~N/ ~N H H 4- Met hhyl pi peridine (2.8 eq) was added
to a mxture of 2 chloro-N-[4-]4-

(et hyl am no) - 2- assi um
carbonate (3. 32e )‘W@%%’F@X quﬁ?%ﬁ%%tgﬁﬁm%ﬁ%%&g@% br ought
to 60C LC/pykdih®-giiavasnis andsi tt}altog«tmtabhwmbmaﬁal i ther pregeinee oA @A foi 4hour .
The rea t| n wa art i oned bet ter 81:1,1%‘!% cet ate.. The aqueous

| ayer ac Y 7PS e FHRAY c’é‘ti iony, thrgglh {relitq a??grg%‘ie onmbi ned
and vashed %hééﬂux@aermfo lvevest- Mﬁéﬂﬂ&@lﬁ&h AARHIph&lG-bidin RS (Y er

sodi um sul fate and concentrat ed he crude product was assed through a
pl ug of si |Hydeoxzmethl-pyreakidig-t ﬁl)i@%ﬂm@@h&iﬁ;ﬂ\ﬁ{rﬁﬁﬁ%ﬂene chloride. MS: M=
20 400.2. Step 3

- Step 3:

'll/

O - Ho
wsaee ro s ot

2, FeClyMeOHMRT

10 2-Fluoro-5-{trifluoromethyl}phenyl isothiocyanate was added to a solution of N-
[4~(3-Amino-4-methylamino-phenoxy)-pyridin-2-yl}-2-(2-hydroxymethyl-pyrrolidin-1-
yi)-acetamide in methanol. Reaction was sticred at room temperature for 15 hours.
Thiourea formation was confirmed by LC/MS. Fexric chloride was added and the
resulting mixture was stirred at room temperature fox 4 hours. Afier cyclization was

15 complete by LC/MS the reaction mixture was concentrated and aqueous sodium
carbonate was added until basic pH. The reaction mixture was partitioned between ethyl
acetate and water. The organic layer was washed with water then brine, and dried over
magnesium sulfate and concentrated. The crude product was purified by reverse phase
HPLC. MS: MH'= 559.3.
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HO2N/ o iNN~NEtH2- PAdICOHa NH2N/ ol iNNO N HH N

{4-[ 4- (et hweaosesr273- ni t rophenoxy] (2 pyridyl)}-2-(4- met pyt/pbRedsdih) acet -
am de was hydrogenated in the presence of Pd/C for 4 hours. The catal yst was
removed -74 WD 20051037273 PCT/ US20041034179 via filtration and filtrate
was concentrated to give N- {4-]3-am no-4-(nethyl -

am no) phenoxy] (2- pyridyl)}-2-(4-net hyl pi peridyl)acetam de. Ms: MLH4= 370. 2.
Step 41 H2: i O%NO N-e X- HO g@&ﬂiﬁé@ N H2 Fed31MeOH RT N5

(met hyl ani no) phenoxmbﬁﬁmmamé@ﬁmn@m@@@emam&aﬁm de in
nmet hanol. Reaction was stirred af room tenpérature ours. Thiourea
formation was confirnmed by LG/ M5. Ferric chloride was added and the
resulting mxture was stirred - roomtenperature for 4 hours. After

cyclization was conpl ete by M5 the reaction 10 m xture was concentrated
and aqueous sodi um car bonat s added ynti | am@H The reaction m xture
was partitioned between et hy, A eSantyWatrery™ organi c | ayer was
washed wi th water then briné, JE‘: Nso'eh um sul fate and
concentrated. The crude product as purified by reverse phase HPLC. Ms:

M= 527.2. Exanpl es 35-68 15 The gyl ci nam des in Exanpl es 35-68 were
synthesized in a manner simlar to that described above using the |nd| cat ed
starting materials and reagents. Exanple 35 Synthesis: of

N-f 4- ({2 f (8&ted l:uor o- 5-i soor opvl nhenvl | am no] _-1-net hyl -1 H benzi m dazol -

5-v13 oxv) pyridin-2-yl1-2-(4-methyl pioeridin-1- yI)acetam de N~ Ncs HZN |

,NN~MOOV|TFNON~N 20 HN O 2. &@CIS|UEO-"RTHN~N| i 0 MT
581.1. -75 W00 1@\(6(2%3 PCT/ U52904) 03413%

BOP, DIEA HN o

DMF, 60° C

N-Boc homoproline (1.0 eq) was added to a solution of the amino pyridine (1.0
eq), BOP (2.0 eq) and diisopropylethylamine (3.0 eq) in DMF. The solution is heated
overnight at 60°C. The solution is concentrated on a rotovap to about one fourth its

10  original volume, then poured into water aud EtOAc. The layers are separated and the
organic is washed with water and then brine, dried over MgSQy, filtered, silica added, and
the solution is concentrated. The product is then purified by column chromatography
(gradient of 2% MeOH: DCM -> 10% MeOH: DCM) to yield the desired pfoduct MH+ =
472.5.

15  Step2:

H
p Mg:’C HgND’O\@/N]/(;j
=] |
:@/\Cblr 0 Boc HN #N O Boo
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Exanpl e 36 Synthesis of 2-(4-nethylpinendin-|-vl)-N44-[(1-methyl-2-([4-

(trifl uoromeobgshphenyl | am no) - | H benzi mi dazol- 5-yl PCT/US2004/034179

xyl pyridin-2-yl}acetarnide F3C F3C N'i 1. “¢s H N2N p H11 1 [ MaOAR7 \
N../~ ~N/ NOH\N 2. FeColMeOHFRT N/ i NO Hf 5 M5 MM 539. Exanple

37 Synthesis

of N-[ 4- ((2-[ (4- fwaﬁﬂoﬁmﬁrﬁmkﬂ’cﬁ@m&d amﬁmmbl-ﬁeaimyﬂesdnbb o€ PAIGr fodakzol -

5-v|}oxv)uyridin-2-y11 2-(4-nmeth i peri n I- acet e H2N O\ NN
1, FY | N- hourgy T‘i‘& |‘V’1§Tfeni y (o2 fri‘llﬁ‘e(ﬁ?idA@&?r
10 M5 MH= Gidentra hedSler¥NiiBR] PMS: MH*—

of Nf4-[(2-{F2- quoro 5 trlfluororrethyl)phenvllam no}-1-neth 1y I N

i di n-1-vl)acetanude benzim dazol -5-yl)oxvnpyridin-2-vll-2-(4-nmethyl piper H
F",. HZN ®®p3nN 1. F3C Ncs F3C\ / FH\N C N MOHMI N O 1 NN H ~~~\\\
2. FeG3IMeORRT HN Ni N Ol 15 MS: M= 557.1. -76 WD 2005/ 037273

PCT/ 1US20041034179 Exanple 39 Synth of N-f
4-9g2-(f2, 4- d|f| uoro 54trifd u rorTEZW,.:a?%%ﬁylﬁg R - 1- rret hyl Hp
L e
HN:@/ QU 0 Boc 2. FeClyMeOH/RT HN_<} U U
5 ] 3. HCV dioxans

2-Fluoro-5-(trifluoromethyl)phenyl isothiocyanate <was added to a solution of
phenylenediamine in methanol. Reaction was stirred at room temperature for 15 hours.
Thiourea formation was confirmed by LC/MS. Ferric chloride was added and the

- resulting mixture was stirred at room temperature for 4 hoours. After cyclization was

10 complete by LC/MS the reaction mixture was concentrated and aqueous sodium

[

carbonate was added until basic pHl. The reaction mixture vwas partitioned between ethyl
acetate and water. The organic layer was washed with water then brine, and dried over
sodium sulfate and concentrated. The protecting group is removed by treating the crude
product with HCI in dioxane for 30 minutes at room temperature whereupon the solvent
15 isremoved. The crude product was purified by reverse phase HPLC. MS: MH'= 529.5,

Example 33
Synthesis of N-{4-( {2-[(2-fluoro-5-pyridin-4-ylphenyl Yamine]-1-methyl-1H-

‘benzimidazol-5-v1} oxy)pyridin-2-viJacetamide

¢

7N\

Asionvay
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benzi m dazol -5-vl)oxyl nyridi --2-yl}-2-(4-nmethylpiperidin-i-yl)aeetawide F F
F3zN O N N MO200583%1% FgG _F H\ | ~~ 1 N o MaoN Rr N @ecCiuskoosioR179
FeC~/MeOHIRT NI | iNO 5 Ms: M{+= 575.0. Exanple 40 Synthesis

of N-14-({2-}(2, 4-di fl uoro-5-isopropyl phenyl)am nol -I - net hyl =l H
benzhni dazol - 5-yl }oxy) oyri di n-2-yl ] -2-(4-nmet hyl pi neridin-1-yllacetaznide H

FFHNOM@L NSH ~NI il i NMpHRT FH ONY-a H2 FeC-gMeON R7
Ni I NO-ky 10 Ms: WMHO= 549.1. Exanple 41 Synthesis

ofN—f4f(2f(5tert butyI 2f|uo ophenyl ) am nol - | - net hyl -1 H benzi m dazol -
5-yl) oxy) pyr|d| (4 me Ioi pepichdatbemyl ) agetdnide HF HZN © O
N~N ~NCS F O—H*RT i t\/+H—H2 FeCly ® N 15 Ms:
MAF 545, 1. -77 V\D 510 3 72473 PCT/W200HBME34179 Ex e 42 Synthesis

of NF1---d4-({2-1(3-tert butyl ﬂﬂfénﬂ‘am nol - 1- net hyl - | H benzi m dazol - 5-
yl}oxv)pvridin-2-vll-N-2-N-2---diethxlglycinamde HH+ QZN"' fl , N~
OzN C N CI HNEt 2 KzC0~3. DMVF

5-Bromo-2-fluoronitrobenzene (1.0 eq), 4-pyridylboronic acid (2.0 eq), and [1,1-
bis(diphenylphosphino)ferocene] dichloro palladium (II) complex with DCM are mixed

5  inethyleneglycol dimethylether and 2M agueous sodium carbonate (4.0 eq). The solution
is purged with argon for 20 minutes and then heated overnight at 100°C. At this time the
reation mixture is cooled and then poured into water and EtOAc. The layers are
separated and the orgamic is washed with water and then brine, dried over MgSQy,

filtered, silica added, and the solution is concentrated. The product is then purified by

e
10 column chromatography (gradient of 1% MeOH: DCM -> 10% MeOH: DCM) to yield
the desired product. MS: MH'=219.2.
Step 2:
g _Hp PAC
= N0z —feom ™
F
The nitropheny! compound was hydrogenated in methanol in the presence of Pd/C
15  for 4 hours. The catalyst was removed via filtration through Celite and filtrate was
concentrated to give the desired aniline. MS: MIH'= 189.2.
L
Step 3:
< N=
N sccl
N32003
F DCM F

The aniline (1.0 eq) was cooled in a biphasic mixture of dichloromethane and
20 sodium carbonate (4.0 eq) to 0° C. At this time thiophosgene (1.0 eq) was added. The

2



CHi H60 Ms: MH= 374.2 H INCS H2. Pd/C H2ZN C N“N* MOHIRT PIOH N/ N
O 2. Fed 3, M@MoRI72H MS: M= 344.1 X-Q H O N-N*  HN- - ('pirs2dosdbe@rd (d NS
MH+- 501.1 5 Exanple 43 Synthesis of N-2--.N-2---diethyl-N 1- 14
({2-f(2-fluora-5-isopropyl phenyl)am nol -1- nethyl-1 H-ben2| m dazol -5-yl }
oxv)vvridin-2-vl] elvcinamde F HNCs HzN O N-N* F H | |NOM:O-|IRT

0051037273 PSR dBTe pEHs ATt Jy ?nt%sﬂ@%‘?%%%t SN

1---{4-f 1- ﬂlebrgﬁhw@h@:{emdnedwmmagnaﬁdmkmmm | ami no} -1
H benzi m dazol - 5-vl bxvTpvridin-2-yl lycinamde F3CQF3CH 1 NCS HN/ ! i N
N O IAeO—V%%AfN NI\ Or- J/\ NIlry® H2. FeCl31MeOH/ RT NiN 101 \ 5 Ms:

MM 513.0 npl e 45 Synthesis of N-2nRd 2--d|ethyl WE-J4- ({2-[(4-f
| uor o- 3-i sopr opyl phenyl) am nol-I- nethyl-
H benzi m dazol - 5-yl | oxy) pyr| din-2% | el ye| nam de

SO et O Ry
N 2. FeClyMeOHRT #N O
5 2-fluoro-5-{(4-pyridyl)phenyl isothiocyanate was added as a solution in dem to a
solution of phenylenediamine in methanol. Reaction was stirred af room temperature for
15 hours. Thiourea formation was confirmed by lo/ms. Ferric chloride was added and
ht the resulting mixture was stirred at room temperature for 4 hours. Afier cyclization was
complete by lc/ms the reaction mixture was concentrated and aqueous sodium carbonate
10 was added until basic ph. The reaction mixture was partitioned between ethyl acetate and
water. The organic layer was washed with water then brine, and dried over magnesium
sulfate and concentrated. The crude product was purified by reverse phase HPLC. MS:
MH+= 469.5.

Example 34

15

vl}oxy)pyridin-2-y1]-2-(4-methylpiperidin-1~yDacetamide

SICRSRAGE
_ Step 1:

H
ON O~ - NH2 aa e O,N o N
| N
HN N - N o
"

| TEA, THF
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F HffF(2N o JNNO ' MaOHIRT fN4 ~ o | \ N,~-N* 44 2, FeCI3@eOH RT ry ,N
O 10 MS: MHMWOZW§037273xanpl e 46 Synt hesi s of PCT/US2004/034179

N2-. N-2--diethyl-N-4"---{4-[(2-1[2-fluoro-5- (trifluoronethvl)phenyllam no) __
1- net hyl -1 H benzi m dazol -5- oxyTpyridin-2- Y1) gllycinamde H HNON "N
1' F37NCS F3BCFH ,Dr I \ I / I iNMDART , / N\ O\ N"N* 15 H 2.

FeCl 3/ MeOH RT  HryhtbtohddtsP dhloridVPl 4 g was ddded dr Jp%mé%x%@‘iélﬁﬁi&%?toasmnn
PCT/ US20041034179 Exanpl e 47 B/g n![\gﬁZm s of N-"1|-- £

( 3-t er t - but splysieawy theamine pyridingt1 3 ¢qlnand thethvlpming £ £a|eqbn THF (1.2 L) at room
ORV2PYL bkl foec e b o oA B S RO 55
N ON "N |afidunt bfstartihg matiaiaPaddsomnd bis adylated Prodddt (EXODbY adNwell. IﬂhHsoluﬂon
5 is concentrated on a rotovap to about one fourth its original volurne, then poured into
water and EfOAc. The layers are separated and the organic is washed with water and
then brine, dried over MgSO,, filtered, silica added, and the solution is concentrated. The
product is then purified by column chromatography (gradient of 30%6 EtOAc: hexanes ->
60% EtOAc hexanes) to yield the desired product (39% yield).

10 Step2:

. on QU o E;J e, OZNIj oy To(\‘\/j\

4-Methylpiperidine (2.8 eq) was added to a mixture of 2-chloro-N-{4-[4-
(methylamino)-2-nitrophenoxy](2-pyridyl)}acetamide (I eq), and potassivm carbonate
(3.3 eq) in dimethylformamide. The resulting mixture was brought to 60°C. LC/MS
15 showed quantitative conversion after stirring for 1 hour, The reaction was partitioned
between water and ethyl acetate. The aqueous layer was extracted 2x with ethyl acetate.
The organic layers were combined and washed with water followed by saturated sodium
chloride, dried over sodium sulfate and concenirated. The crude product was passed
through a plug of silica and eluted with 10% methanol/ methylene chloride. MS: MH'=

20 400.2.

Step 3:
wg LY e DUY\O\

N-{4-[4-(methylamino)-3-nitrophenoxy](2-pyridyl)} -2-(4-methylpiperidyl)acet-
amide was hydrogenated in the presence of Pd/C for 4 hours. The catalyst was removed
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M5: M= 358.2. HZN ON ~~N* tNCS H\N I | """ | MaCHRT NON< NI | N~
INS, H 2. Fe@200dMa@BRT N O MS: VH'=515.1. 10 Exanpl e 48p&yitiaesssaraf N- 2-
-ethyl -N--1--f4-({2-f(2-fluoro-5-isopropyl phenyl)am nol-1-nethyl -

H benzi m dazol -5-yl |oxy)pyridin.-2-y1}-N2--nropyl elycinamde F HNCs HZN
Qwr W 1. ~~FNH+ 1l MOHRT O | iNOHZ2. FeCglMOH RIi NNO €M

M= 519. 1yix 8&&%1120%10@%3 wis T lcbiutR@Add) 31 /Gve El‘la{ﬂlFﬁ-aﬁiﬂmS!L(‘lhﬂﬁﬂl-S
ofN—2---ethyI t hy ([4-(tifluoroneth envl }am no}- I H
benzi ni daz 8MimYphes {inMB}@-@ﬂmmeﬂQﬂ)aﬁiméﬁnMﬁ FIWFF3C H2N N~ N
Hcs H / NOl NbO-lIRT\ N~NO-I N H2 FeC3INLeOHNRT HNN I/ .N O 5 M5
ML4+= 527. {eepfzxanpl e 50 Synthesis of N

2---ethyl - N-f -[4-((2-f(4-fluor-3-isouronyl nhenvl)am nol -1 -net hyl -

1H benzi nudazol - 5- vI}oxy}pyrldln 2 yl']1-N 2---propy| glycinanude F Ht'" FHM
/ Ol NO M:@-VR&\IMI N-<N . NOlq_INB M= 519. 1.

eomie 5 SITONTOL e ey
/

2. FeClyMeCHRT

5 3-(tert-Butyl)benzenisothiocyanate was added to a solution of N-{4-[3-amino-4-
(methylamino)phenoxy](2-pyridyl}}-2-(4-methylpiperidyl)acetamide = in  methanol.
Reaction was stirred at room temperature for 15 hours. Thiourea formation was
confirmed by LC/MS. Ferric chloride was added and the resulting mixture was stirred at
room temperature for 4 hours. After cyclization was complete by LC/MS the reaction

10  mixture was concentrated and agueous sodium carbonate was added until basic pH. The
reaction mixture was partitioned between ethyl acetate and water. The organic layer was
washed with water then brine, and dried over sodium sulfate and concentrated. The crude
product was purified by reverse phase HPLC. MS: MH+=527.2.

Examples 35-68
15 The gylcinamides in Examples 35-68 were synthesized in 2 manner similar to that

described above using the indicated starting materials and reagents.

Example 35

S-y}oxy)pyridin-2-vl]-2-(4-methylpiperidin-1-yacetamide

S S e

2. FeCly/MeQH/RT

20

MS: M= 531.1.
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Synthesis of N 2 -ethyl-

1- - -{4-[ ( 2+wid Zrokhbirero- 5- (trifl uoromnet hyl ) phenyl | am no} - RET/HBI0R4/A34179

H benzi m dazol - 5-vl ) oxyj pvridin-2-y1l } -N2--propvlelvcinamde H H2N O Nu*
1. F3F NSF~FH WOHRT H2. FeCINM3eONRT HNN I/ NOH 15 Ms: Nffr=
545.1. -81 WO 20051037273 PCT/US20041034174 Exanple 52 Synthesis

of NN-1-14-1(2-ff2.4-difluoro-5-(tri yor ol byl I phenvl | am nol-nmeth i 1H
benzi m dazol -5-yllntvl nvridin-2-vl} hyl -N 2 provvl eI yciuam de F)F F
H 2N D N-N* ~, F3C_€g ﬁ% A~ b !
FeCLWMeOFVRT HN | - V

(2- [(234dlflgmue&@@@%Q%%3l1m" i idi ide
benzi m dazol -5-yIfoxylpyridin-2-y yT - , - propviglyci nam de H
"FO F NCS T NJ/NI Of N/~NL N/ DI ~-NNOI MOHRHI1 a

FeCl 37MeOART N/ N A 10 Ms: M+ B3)L, ExBfpl e 54 Synthesis of N-|

j4-({2-1(5- t%NW hei) | | amanol -I et hyl - 14 benzi m dazol - 5- vl
mey) p_yri di ng 2- Nt 24 -t N-Z__ﬁiﬂpylgly g\ﬁt@/qlﬁ( ~0O~NMNM
Rﬂ N =N m

~tZ NN O N~ 2. FeCh/MaOH/RT

5 MS: MH'= 539.1.

Example 37
Svynthesis of N-[4~({2-[(4-flucro-3-isopropylphenyllamino]-1-methvi-1H-benzimidazol-

2. FeGlyMeOHRT

EWIWlJQ éﬁfm%0\

10 MS: MH'=531.1.

benzimidazol-5-yloxy]pyridin-2-yl}-2-{4-methylpiperidin-] -yl)acetamide

2. FeClyMeOH/RT

- >
OO e ey

15 MS: MH'=557.1.
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HiNOO2 FeCyMOH/RT H\-Ni .-N O H 15 Ms: MH 533.1. -82 WD 20051037273
PCT/ US2004 134 d00Sr03786anpl e 55 Synt hesi s PCT/US2004/034179

of N-r4-(f2-F(5-tert-butyl-2-11uorophenyl)annol -1-methyl -IH benzi m dazol -
5-vl}oxv)pvridin-2-vil-2-piperidin-l-ylacetamde F HZNN FNCS FHN, iN
O TMOOHRT X~N1.OIl ~ND \v/ MNL~ 2 Fed &MEOH RT ry / iNO H5 VB:
MI}= 531.2. Exanple 56 Synthesis

ON-14-(f2-f(2- quoro-5-pvridin 4- yIM&%nol 1 nethyI-IH-

beuzi m dazol - A N = Vb am de H H2N 0\
NN~_(~FS SENAPLYOL G 4 -3 (irithid phenyiTAm i 11N<|\I N

0 10 M5 W-P%@@%ﬁﬁi )8 24%eth11 idin-1-yDacetamide

N -(f2-f(5-tert-Dbutyr-2-Tluonphenyl)yam nol -T-nmet byl - enzi m dazol -

5-yl I oxy) pyridiu-2-y11-2-(3.5-di neth Ipiperidr_in-l-yllacetalwta de HH 02N
NO\ION'Iqu?GOCIVFOHOIiN vaj:j

HN : FsC NCS FiC F 5 i
e O, Je L
2 FaCI;;!MeOH.-'RT }q N O

5 MS: MH*= 575.0.

Example 40
’ thesis of N-. 2-[(2.4-difluoro-S-isopropylphenyDaming]-1-methv]-1H-
N benzimidazol-5-yl}oxy)pyridin-2-yl]-2-(4-methylpiperidin-1-yl)acetamide

F
OO R W :
N O ___MeOHRT N O~y Nm/\N

2. FellyMeOWRT F HN_<:N]©/ U o O\
10 MS: MH"= 549.1.

Example 41
Synthesis of N-[4-({2-[(5-tert-butyl-2-fluorophenyl)amino]-1-methyl-1H-benzimidazol-

5-yl}oxy)pyridin-2-yl}-2-(4-methylpiperidin-1-yhacetamide

HaN F H
OO, D @“ﬁ:g"“@“y\@\

2, FeclalMeOH!RT

15 MS: MH ™= 545.1.
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15 Ms: M{'" 414.1. HHO2NO NH2ZNON- 1| ~ IN-I/ H2i Pd/C _ N / iNO
Et OH N i N vo-koeboaviys MA= 384.2 -83 WO 2005/ 037273 PCT/ yaaﬁ@g.}w;mﬁ)g H
K2N' N H)ry kziN D Meod4fAtr FH N N -NO H 2. FeC)3)MOHUIRT HN-N I/ Ms:
M CE 559. 2. Exanple 58 Synthesis of 2-(3.5-dinethylpiperidin-1yl)-N{4
F(2-{12-fluom5 5

(trifluoronehyl)yheuyl | am nol -1 - nmet gl - | Egnzi m dazol - 5-y1) oxv}pyri di n- 2-
yl}acetamide HF N' O /NN 17 ,. \' / FNON-INS'/ Ha

FeCA3M eCH Rey b dNid/ othlQ[X-({gﬁ' %%ﬁ]ﬁ%e@%ﬂ]—l%@@ﬂlﬁ{-%ﬁm-ﬁf

2- (3. 5-di nethylurperirdin-1-y - tuoro- 3-

i sopropy! phenyl )am noi vﬂ}oﬁﬂb{»ﬁdmJ2~v11-N~2~,N~2~_d1ethy1%x de

H benzi m dazol - yIony)pyrldln 2-ylTacetam de - Np\W~ N'NC/ S F
HY Hil' \ / N NANT iNO 2. Fed 3l MeCHLRr HN~N/iNOH‘Y MS: MAE

545. 2. Exanp)

oft -azetidin-| \Il’ei t@rﬁ ut ;Zfzc%a'?’f':ugrop I ) m\NéqIﬁN@yl -1 H
N

J
F

benzi m dawl \5& r| 8| n 2-yll acet amegte
MS: MH+= 374.2

HN o : ' 1. NCS
e JT VYT e
\5 N 0 2. FeClyMeOH/RT
MS: MH+= 344,14
aV, "
N Q e N\n/f\N/\\
3
S SRS

MS: MH+= 501.1

5 Example 43
Synthesis of N~2~ N~2~-diethyl-N~1~-[4-{{2-[{2-fluoro-5-isopropylphenyl}amino}-] -

methyl-1H-benzimidazol-3-v1} oxy)pvridin-2-vl]elvcinamide

F:
H 1\rQNCS
T O ot
MeOH/RT N T
. ~ zN O L L AL YN
- y \ SO REREY
/

2. FeClsMeQH/RT

10 MS: MH*=505.1.
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HH DNON)('Cl HN\~ KICO,DMV O NDN- i iNOe LJ 60CC NO HH -94 WO
20051037273 WZIOEEIRT/ 034179 Ms: MEP' 358.1. H H 02N Ipconisimanidis€ HzN |
OlYN IJNOEOH"NA ~-NO HH M5 M= 328.1. H HzN/ O, N NON~-1
UOHRT X- H\ / FNONN N2 FaCl3JMeOH)R7 HN--~N| / iNQ H5 Ms: M#4 =
503. 1. Exanple 61 Synthesis of 2-azetidin-i-yl-N{4-L(2-{
L3-fluoro-4-(trifluoronethyl)phenyl],am 00/%1-

net hvl - 14 benzi m dazol - 5- vI)oxv] nvt i flacetamde FBC FSC H 1. F H H
NON_ "N~ F Ncs \ / | A e RT HNAN H 1 10
M5: MFR 515. 0. Exarrp s

2- azetldlnl ]

HoN o N\[‘(\N/\ 1. H
\ND, LA o L _ MeQHIRT AN _{ND/O g N*;(\N/\
N N ~

2. FeClaMeQH/RT

5 MS: MH'=513.0.

Example 45
Synthesis of N~2~N~2~~diethyl-N~1~~[4-({2-[(4-fluoro-3-isopropylphenyl)amino]-1-

g
:@r C,[,, O k M§HfﬂT é‘;”:ﬁo l N H‘ﬂ/\’ﬂ:\

2, FaCly/MeOH/RT

10 MS: MH'=505.1.

Example 46

yl}glycinamide

H iod
| Noo L __MeOHRT
I C i oares
H

2. FeGlaeOH/RT
15

MS: MH"=531.1.
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H1 NQF HN! 0O N~NNCs HON- ~Ni i NO_ MOHIRT F HN-< { N~1 H 2.
FeCl yMOH RiwdhdobloPzss MS: M1} = 524.1. -95 WO 200510372 P8TRESTU0401E2T041034179
Exam fl ee 63 Synt hesi s of 2-j 4- (di net hyl am no) pi peridin
1-vil-N-{4[(2-112-fluoro-5 ( trifluoromethyllnhenvl|am nol-I

- et hyl - I H- benzi m dazol -5-yl )oxyl nvridin-2- ylla.cetamide H H 02Nly O Nrcl
KZC03, DMF aeN 4 O N~Na / i N 6000 N Examle4di HS5 IIN~-H M MH#=429.1. HH
ONONHZNONxNI )'~N~NH,, PdlCN§/ Y N/ CNO| EtC]—INOHH4 VB:
MH} = 399. 2. SinfhesibEiNG]-€]4-({23 2 ES

2- [4 (di mel hyl ani no) yliexanpwidi PIp ging glepyri di n- 4-
yl phenyl ) am nol - 1- rrethyl I H-ben2|mdavvl 5 -v]l oxy)pyrldln 2-vl | acetam de

N HNSF ON
2!
U O‘/ \“/\cr — cho OMF U \C( K’
5 MS: MH"=388.3.
N H.N o) ‘ '.3
QgN 0. N N H PdfC 2 :@/ \C]/ \(\N/\\
\N:@/ [y 6 BOR N L& 8 \\‘
H H
MS: MH"= 358.2.
H,N O~ ﬁ\ﬂ/\“/\ 1'\)"©Ncs >Z_Q H
N
\N@/ U 0 __ MeQHRT HN—(’N:[@/O\@, TN
H 2. FeClyMeOHRT N N O H
MS: MH*=515.1.
10

2. FellyMeOHIRT

Y@‘F
NCS
H2NU \C‘/ 1. >——Q‘F H
MeOH/RT N N s
I\‘ . HN-—¢ UOG E/\N
/N d

MS: MH'= 519.1.
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HH/ O iNNCS OMOIMI NN HZ FeECyMeOHIRT F N-<,NY. { 15 M5 M=
595. 2. -86 W0 #isiP3d7273 PCT/ US20041 034179 Exanpl e 65 pyfulRsddsa17o

of N-{4-[(2-{!2-fluoro-5-(trifluoronethvl)uhenyllam no}-1-nethyl-IH

benzi m dazol - 5-yl ) oxyl nvri di n-2-vl|-2-(4-nmet hoxypi peridin 1-vl acetatnide F
F F--{{ "JJ1-~~-ONQ F5 Step 1: ti- HO//~~ NaH, THE, MO MO | 1 Mel,
0C TFA, CH2ClI 2 N Boc Naga NH -TFA i-N_EOE- 4- hydr oxypi peridine (1.0 eq;

O Takuna, H. Yoshitaka, Y Kaoru, O. ka, M Hi deaki. W20030180109.
Preparatio .

Di oxaper hyd T 2 y
Respiratory 10 D|s g 7 eq) in THE
(20 nmL) at OC Aftet Far T q ) tse. This m xture
stirred for 2 h and was then quenched with H20 and extracted twice with

Bt OAc. The organic Iayer was dried %?/@ sodfa%jul fate and concentr at ed.

ssolved in GIHZCI 2 and TFA

MS: Nile- 216N 03 £y e materi &F°
(3:1) and stlrrov r i g t The sol meakr was t V{/N »by rotory
evapor ati on tg gi ve acl ear l(’\)jgl. I\/§F cjWRJF16 QhN [N~ a:f L5< ~lc ~~C

MF z~ 0o ~\WN o'W ~( TFA

5 MS: MH™= 527.1.
Example 50
Synthesis of N~2~-ethyl-N~1~-{4-{{2-[(4-fluoro-3-isopropylphenyl)amino]-1-methyl-
L —
1H-benzimidazol-5-v1}oxv)pyridin-2-yl]-N~2~-propylglvcinamide
F
HoN Y\ ~ ¥ Fé d— H
2 Ij U U7 weonie
_N MaOH/RT N. D\@,N\H/\NA\
H 2. FeClyMeOH/RT HN_%D/ Ln b H
10 MS: MH'=519.1,
Example 51
Synthesis of N-2~ethyl-N~1~-{4-[(2-{[2-fluoro-5-(trifluoromethyl)phenyl]amino}-1-
- F

H CQ
HZNUO | e N\R/\N/\ t. Fy NCS FsC F n
MeOH/RT N N ~
N N 0 H —_MeOHRT Y _eN:@/ l ‘“/\NH
/

2, FeClaMeOHRT

15 MS: MH"= 545.1.
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-87 WD 20051037273 PCTI US20041034179 HH 02N ON :x_0c ONIVICCIiNHH
MS: MET}= 3&@.280s/sF73_ rnN/ QiN F3C NC5 F3c f | F H NuaWRboddgsd17© N H 2.
FeCoa+tMeQHIRT N/ iNO Ms: MH = 573.1. 5 Exanple 66 Synthesis

Of N-f4-f(2-{f2-chloro-5-(triluoronethyl~phenyliam no}-1-nethyl -

benzi m dazol - 5-yl ) oxyl pyri di n-2-yl }-2-(4-nmet hoxvoi neridin-I|-vl)acetam de H

cl H2NN~ ~ FyCOE4I RT F3C'~\~'~/j ' "~~+ H .I_| MOHRT NQN O 2. Fec:wm T
HN-N 1 i NoNQ OHR 14 Vs mne= 328BPleSh pyomie 67 Synthesis

of N-{4-f (2 &l 49kor 5 i f t byl Lnhen 178 :

of N {4-1 (2liheds LG SAATE S rIOe RO AT e b elter.
F N O Soc NeH, gdiGimiBesm-s idh-2N13 - N-A - N2 GMeniGde  TFA

HN—

=M O

2. FeClyMeOH/RT

HoN - Facﬁncs QF H
U \C,': Y\ N MeOHRT e o N\n/\N/\
R ' A S

5 MS: MH'= 563.0.

benzimidazol-5-y1}oxy)pyridin-2-y1]-N~2~-ethyl-N~2~propvlglycinamide

Fo F
TONT = et
' /

2. FeClaMeOHMRT

10 MS: MH'=537.1.

2. FeClsMaOHRT

U I 1 ' > Q f o N
MeCHRT N % T
N =N O H e HN—C NU I TN
/

15 MS: MH ™= 533.1.
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-88 WD 20051037273 PCT/ US20041034179 1- N-Boc- 3- hydroxyazetidine (1.0 eq) in
THE (10 nlL) wensnosioided to NaH (2.6 eq) in THE (20 nL) at 0&rwédcofiza?d m n,
Mel (1.1 eq) was added dropwi se. This mxture stirred for 2 h and was then
guenched with H20 and extracted twice with Et OAc. The organic |ayer was
dried over sodium sulfate and concentrated. Ms: MH =132.1 (MH-t 5 Bu). The
mat eri al was dissolved in CH2C12 and,TFA 1) and stirred overnight. The
sol vent was then renoved by rotary Mon to give a clear 0|I ME: MM

87.9. HH

Ove 600c / : I, \

Hz. PdIC ]~ N O Owe Et OH4. i i ) sdihQ - teMﬂHe358 2 F H200 N~N
FSCNCS F3SC\ / FH ~NTI7"TTNO N NI"N Owe H 2. FeCl31MeONRT

NiNOOw M. Mh= 545.1. Exanple 68 §ynthe5|s

of N-f 4- 1(2t chl gy o- S4gr|fluoron¢ noI rrethyI-IH- 15
benzi m dazol - ﬁ -yl -2- (3 rret rbl et am de c3
HZN i \ O + Yy C°4' F3 ON|H Na H

2. Fo013/ MeOHHRT N/ ,N fO~ Ove M5:Febfpords 1.

5 MS: MH™=531.2.

Example 56

]@/ U m/\o Meonm“cs
2 FaChMeOHRT . j@, U v O
10 MS: MH"= 552.1.
Example 57
Synthesis of N-[4-({2-[(5-tert-butyl-2-fluorophenyl)amino]-1-methyl-1H-benzimidazol-
S-yl}oxylpyridin-2-y1]-2~(3.5-dimethylpi eridin—l-l Dacetamide
-

:©/ \C,/ \n/\cr __ K005 DMF :@r \C( q

15 MS: MH ™= 414.1.

H HoN O tll
MUY a0
\NUUI\Q/ EtOH ~N {/N o q
H H

MS: MH*=384.2
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-89 WD 20051037273 PCTI US2004/ 034179 Exanple 69 Synthesis
of N- {4- [ (1- weh bogbro2273(4 ftrifl uoromet hyDphen | ~arui no) | lpchaRzécdinskazo! - 5-

yl Il oxv] pvridin-2- |Y}nropananide F F O5 1. Synthesis of

N-[ 4- (4-Met hyl am no-3-nitro- phenoxy) pyridin-2-yl]-pnmpionamide 1. 10 HQ2N
b O NH2 ci O2N O N1 MHN | Y|NIPr2NEt diaxane McHN 1 | iNO 2.

hydrazine 7la 71b To austl rr| ng % 5i onj i: ‘1a (1 eq) and IPr2NEt (1.5
d st

eq) in di ox& |0'I"F§I fle (2 q d msu nai nt ed at
rt overni ght\N  (d an A ude
product was Goncentrat ed down| and’- EeeigveDiti 10 partl ne /Be Et OAc and

satur ated aqueous Na2C03. The | ayers were separ at ed and the aqueous | ayer
was extracted with EtQAc (3 X). The conbi ned organic portions were washed
with brine, dri eig (&%?03% concentrated, and the resulting residue was
adsorbed onto Si¥: ?2ati on by flash chromat ography (0.5 : 99.5, 0.75:
99.25, 1 : 99, 2 : 98, nethanol -CH gaye 310 ng of a bright orange
solid as 7l b: 1H NWR (300 15M—Iz .35 (br s, 1 H, 8.13 (d, J=

5.77 H, 1 W, 7, Qhyliflesidlr piudiladds, 14 738

(dd, J= 2.74, 2. 75 ; , )
2.47 Hz,5 1 H) , (130085méllypkenRldfinbt |-nuhl-1 o inkiBhzol.s ind-n, 3 0.
-90 WO 2 0 051 00410 9 . Synthesis

of N-{4-[ (1-nmet hyl -2-{[4-(trifluoromaiagétamidenyl | am no}- 1H-

benzi m dazol - 5- yI)oxyI pyri di n-2- yI)propanam' de F3C~ QNON 3. 10:6 Pdl C, Hz,
MOHH CN MHN I/ |N02F3CHN~ " iINO

CQNCS
. Fa FaC F H
- OO e ooy

MS: MH"™= 571.1

8
f
I

Example 59

10

isopropvlphenyhaminel-1-methyl-1H-benzimidazol-5-vl}oxy)pyridin-2-yllacetamide

K
HoN 6 d- H
Segeggege } SePR S S el

MS: MH'=5452.

Example 60
15 Synthesis of 2-azetidin-1-yl-N-[4-({2-[(5-tert-butyl-2-fluorophenyl}amino)-1-methyl-1H-

benzimidazol-5-ylloxy)pyridin-2-vllacetamide

H
OzN 0 N
= cl
]@/ U f\ . HN choa DMF :@/ \C( \n/\Na
‘\.N g
H
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I\NCS 1 MeOH 71b 71c 3. Fed 3, pyridine A suspension of propionam de 71b
(1 eq) and #Peksléssr6:10 mol % in nethanol 5 (4 nl) was pghakaRsoiidsh H2 and
the resulting reaction m xture was mai ntai ned under a H2 atnosphere for 1 b
at rt. The mxture was filtered and the remaining solids washed thoroughly
wi th Et OAc and net hanol. The conbi ned organic portions were evaporated to
afford 272 g ofy ?ﬁﬁﬁm@ gsidue as the phenyl ene diam ne, which was carried
forward without further purification. 10 The above diamne (1 eq) was

di ssolved in nethanol (2 nL) and 4-trifl uoronet hyI phenylth| oi socyanate (1

eq) was added The reacti orH was mai nt ai ned for 61 di n 3 eq) was
added to the % y f emg. PeCchl or|d I L eNr sul ting
dark reacti 0{1 ur |nedEt§lH rt for~y su@pended in
sat ur at ed aque us NaZCOB soI ut| on, and fil teredHw th Oel ite. The remaining
solids were washed with 15 Et OAc and the conbined filtrate was partitioned
and separated. The aqueous portion was extracted with EtQAc (3 X) and the
conbi ned organi efputitopsg. ere washed with brine, dried (MgS™), and
evaporated. Purification by sem -prep HPLC gave 71c as the TFA salt. LCVB
m z 456, 2 (M’P) tR = 3.21 mn, Exanple.70 20 Synthesis
of N-(4-{fl-nmet -2- ({4 [ tn#luorp?(ﬁxéslt I envl}amno) 1H—
benzi m dazol P{m m laRana N
2005/ 037273 34q79 Synthestzed as delse{| p @
using 4-trifl udronethyl phenyl i so’f RiCEUsPAfat e. LOVEY f
n1 n. Exanple 71 Synthesis of N-14

.[(3-tert-butyl uhenyl)am nol -1-net hyl -1 H benzi m dazol -

éy)oxxybpyrldlnizsxuhpegmapanlde H Synt hesi zed as descrlbed above in
anpl e 69 using 3-tert-butyl phenyl

Exampie 61
Synthesis of 2-azetidin-1-y]-N-{4-[(2-{{3-fluoro-4-(trifluoromethyphenyllamino}-1-

methyl-1H-benzimidazol-5-yl}ox idin-2-v1} acetamide

anpl e 69
R 3.72

FaC,

FsC .
1. SFQNCS

H
HgN Q. SN N E 3]
U\Cmmj MoOHRT N A O Ny
Y N0 > FeGieOn: SRR RS
H ;* #

2. FeClyMeOHMRT

10 MS: MH"= 515.0.
Example 62
— Synthesis of 2-azetidin-1-yl-N-[4-({2-[(2-fluore-5-pyridin-4-ylphenylamino]-1-methyl-

1H-benzimidazol-3-yl}ox: idin-2-yl]acetamide

7N

N F

PLCND et [ e
T B \n/'\N
r—tr— et e e 5
Ca IO
{

2. reClyMeOH/RT

15 MS: MU= 524.1.
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i sot hi ocyanate. LCM5S mz 444.3 (ML3'), R1 3.47 min. ".w Exanple 72 10

Synt hesi s ofwé odsid72rs[ (4-t ert - but vl phenvl) am no] - 1- met hy rirhishRilgdsHedazol - 5-
yl }oxy)pyridin 2-yl]prooananide H 0 ON N-} iN O Synthesized as descrl bed
above in Exanple 69 using 4-tent-butyl phenyl isothiocyanate. LCVS ni.

444.3 (Mr), R 3.52 mn. 15 Exanple 73 Synthesis of N-[4-(f

2-f(4-fluoro-3-tetrahyddrof uran-3-yl phenyl ) am nll - et hyl -1 H
rﬁ&ﬂ&éﬁde F I i | 0 Synthesized as

benzi m dazol - 5-yl } oxy) pyri d| n 2 yI I
descri bed above i n&l e Sh1S f
i sot hi ocyanat o- pﬁ@?@é—s} 3 9t2-ty u..}"E‘.‘ DL L j i
-92 WO 2005103 0 : NP1 | 74 e thoxy N-(4
[(1-mot hyl -2 {AQckebe g ﬁ%ﬁ&mﬁﬂé{ﬁﬁt oL
ben2|mdazol 5y|)oxy]pvr|d|n2yllw FFFNONIIO O f iNO~D5

1. Synthesis of 2-Methoxy
N-[ 4- (4- et hyl am no- 3- n| r o- phenoxy) - pyri di n-2-yl ] - acetam de OH OyN O |

NH2 HO OD O2¢nO ccC I Pr2Nrt, HAEL d\/bHN C, am 76a
I taliel TYEL
80°C

/N\ H
MS: MH*=429.1,
- O.N 0 ﬁ HoN o ﬁ
~ ? b N Hp PUIC ) N(:l\
SO0 e YO
H [ H l
MS: MH™=399.2.

e
HaN D Face NCS FsC—Q—F
fj U Q\ e T Y\D«

2. FeCigMeOHRT
I

10 MS: MH"= 586.1.

Example 64
Synthesis of 2-[4-(dimethylamino)piperidin-1-y1]-N-[4-{{2-[(2-fluoro-5-pyridin-4-
-1 -methyl-1 H-benzimidazol-5-vl}lo

1phenyl)laming

H
HZND/O\C(N\H/\IO\ . 3 QNCS . :}
N N O P _MeOHRT ’NU \C( O
ll:ll '? F HN*<;N I =N \g\ N
1

2. FeClyMeOHIRT

135 MS: MH = 595.2.
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To a solution of iPr2NEt (6 eq) and dry DVF (8 nL) was added net hoxyacetic
acid (2 eq) | ting solution nmaintained at rt for } whi ch

ti me HATU (‘5(.)}5“%6)5@3 was added, and continued stirring Pa(fﬁi}%%q‘aggﬁt? hour .

76a (1 eq) was added, the flask was sealed and the resulting solution was
heated to 50 C overni ght Crude product was partitioned between Et OAc and
water, the layers were separated and the aqueous | ayer was extracted with
Et OAc (3 X). The conbi ned organi c poEisammwlg 68ere washed with brine, dried
(MyS™), concentrated, and the resulting resi due was adsorbed onto Si Q2. 15
Purificati on ByohPsAser heRfgiraile ] v : Dgh 1]omy 3 - llH

98, methanol - C2C.2). gave 640, nt e 50 i d as 76b:
(300 MHz, CDC13)penzid Loxyloyadin-Jsyl} 2 (damethoxypipegdins1-yhacetamide o4 (px s, |
M), 7.965 (d, J= 2.75 Hz, | H), 7.807 (d, J= 2.2 Hz 1 H), 7.30 (dd, J=

2.75, 2.75 Hz, | H), 6.916 (d, J= 9.34 Hz,1 H), 6.63 (dd, J= 2.47, 2.48 Hz,
1 H, 3.98 (s, 2 H, 3.48 (s,/H), 3.06 (d, J=5.22 Hz, 3 H. -93 WD

2005( 037273 PCT/ US20041034 2. Synthesis of

2- met hoxy- N-{4-[ (1- met hyl - 4- (tpif ] Bﬁ[yﬂ, ijnyl ] am no} - 1H

benzi m dazol - 5-yl ) oxy] pyri ¢l n-'evé?l tm #3C{ HI1. 10% Pd/C, H2, McOH H
2N\ O\ ~NO- / N\ ONO MHYWIFI ,,7,NO 2. atTI/HN-/NI/IiNNcs

P MOH 76b The 3. Fed 3, pyridine A suspension of nethoxyacetanm de 76b (1
eq) and 10% Pd/C (10 nol % in 5 nethanol (4 nL) was charged with H2 and
the resulting reaction m xture was nai ntained under a H2 atnosphere for | h
at at. ‘Ig;e geﬁriure was filtered and the remaining solids C washed thoroughly
with Et CAc et hanol . The conbi ned organic portions were evaporated to
afford 272 ng of a brown residue as the phenyl ene di am ne, which was

Yarried forwarPwi-thout fu@‘rﬁﬁf“:puriﬂe@ en. 10 Eﬂ?e El&?ve\nwa' e (i eq)
was di ssol ved i rﬁ@qhano ' d 4-tii fh' uor 22 eny\l[irj:ﬁ!?li socyanat e
(1 eq) was added. éBqeeact i on was mai nt ai-fietBekor 16 h. Pyridi (3 eq) was
added to the reaction, followed by ferric chloride (1. | eq). THag resulting
dark reaction mxture was maintained at rt for 16 h, then suspended in

sat urat ed aqueous

1-N-Boc-4-hydroxypiperidine (1.0 eq; O.Takuna, H. Yoshitaka, Y. Kaoru, O.

Yoshitaka, M. Hideaki. = W02003018019. Preparation of Substituted 2-(1,1-

Dioxaperhydro-1,4-thiazepin-7-yl)acetamides for Treating Inflammatory Respiratory

10  Disease) in THF (10 mL) was added to NaH (2.7 eq) in THF (20 mL) at 0°C. After 20

min, Mel (1.1 eq) was added dropwise. This mixture stirred for 2 h and was then

quenched with H;O and extracted twice with EtOAc. The organic layer was dried over

sodium sulfate and concentrated. MS: MH'*= 216.1 (MH'-+-Bu). The material was

o dissolved in CHyCl; and TFA (3:1) and stirred overnight. The solvent was then removed
15 by rotory evaporation to give a clear oil. MS: MH'= 116.0.

H H
OZN 8] N HN 02“ O, M
= Cl 2
BORCRARIGE-_-L Ny a0 e )
N o—  B0°C N o
H H
-TFA

MS: MH"=416.1.
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Na2CO3 solution, and filtered with Celite. The remaining solids were washed
wth 15 Et%z(ﬂ,g,@mtzﬁe conbined filtrate was partiti oned PAMASOPAMEI’ed. The
aqueous portion was extracted with EtOAc (3 X) and the conbi ned organic
portions were washed with brine, dried (MJSO), and evapor at ed.
Purification by sem -prep HPLC gave 76c as the TFA salt. LCIVB mz 474.2
(MR), rR 24 m Ex%rrpl e 75 20 Synt hesi

of N- 2- - soupﬁmoni@ Wmt hy.| 1, 2Pdfo4- ?{rm&@,{t W)'b nyl | ani no
}- | Hbenzivg - | dkyl (g{n EOH/ ) gl wg <N~ N (N
I /1 iNO-9 WO 2 0 05103 7 2 73 PCT1US20041834179 1 . Synthesis of

{[4- (4-Met hyl am i no- 3-ni tro- phenoxy) - pyri di n-2-yl car banoyl ] - net hyl } -
carbamc acid tert-butyl ester 0 HH 02N O NH2 WKN-gx 02N O Ny1lr Wwbc MHN
| i N Pr2NEt HAT ME: 3862. ~N O H50 ,C, In 77a 77b To a sol ution of

| Pr2NEt (4.5 eq) and dry DVF (75 ni) was added tert-

But oxycar bonyl am no acgtic acid (1.5 eq)f The resultl ng sol ution mai nt ai ned
at it for SIQN me HATWU( 2 eS) ¢, and cgnti nued
stirring at r|1 {Irch

(1 eqeonvars add moﬁ | ed and
the resulti nﬁ $ol uti'dn was aﬂ/ed thégu@Rﬁ ov 4] pr

partitioned between Et OAc and water, the |ayers werfe separated and t
aqueous | ayer was extracted with Et OAc (3 X). The conbi ned organic 10

portions were . i rine, dried (MgS™), concentrated, and the
resulting resi mgw_ékgr bed onto SiQ2. Purification by flash
chromat ography (0.5 : 99.5, 0.75: 99.25 .1, .: 99, 2: 98, nethanol - CH2C12)
gave 4. 1€ g of a br| ght orange soli m 2. Synt hesi s of

fuB¥ns ‘ ;

/2> Ami no- N-{ 4- [¢
F3 HMHN i O° bM @@H%&szuzw%ethommendm I—VLL____

‘benzm m dazol =

Cl
_N 0 ___MeOHRT _ N ~ Y\O
\[b‘: o 2. FeClyMeOHRT HN_é;N]@/ I =N O o
MS: M= 589.1.

10 Example 67
Synthesis of N-{4-[(2-{[2-fluoro-3-({trifluoromethyl)phenyl]amino}-1-methyl-1H-

()

u Mel, 0°C ‘T:L TFA, CHCly HN:[
—— e .

OMe
TFA
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McOH 3. Fed 3, pyrfdine 15 77b 4. TFA, CH2Cl2 77c A suspension of 77b (1 eq)
and 10% Pd/ @d 2bbsiowei7399 in nmethanol (4 nL) was charged wet/dosiddyesaiot he
resulting reaction m xture was nai ntai ned under a H2 atnosphere for 1 h at
it. The m xture was filtered and the remaining solids washed thoroughly

wi th Et OAc and net hanol. The conbi ned or ganic portions were evaporated 20 to
afford 380 ng of r o esi due,. st i_am carried
forward wit houtldﬁ"ﬁ Gﬁy\!ﬁ %ﬂﬂaﬁlﬁdd%g 8%%@@5&% ?3@“&%%@?‘6%‘&%34179
The above dmm&dm;a)omsmmuw(t rr%*qmiﬁ@hddea dedpwige) dTtls mixture
trifluoronethyl fte)henyl t.hi oi socyanat e The reaction_was

mai nt ai ned #gFed b qnd was; then qwc%wmﬂzéﬂémt&@ﬂ%%h% Act oieoned by
ferric chl oplyle bhedwilriod hg: il WIAR dadncchBREA B NINLUITD MFEL ¢

mai nt ai ned at en suspended I n saturated aqueous Na2CC3
sol uti ony aBd). f'ﬂl& mdalvwashdl@ﬂveden CHh€ly aaThA 1313 aid shiraderverniglhdthew t h

Et OAc and th ed filtrate vvas artitioned and s a L aqueous
portion was el%??? YR Fi‘liEY A& gE2 E%ﬂﬁ?lﬁﬁsoi‘ﬁgﬁi%@gortl ons
were washed with br| ne, dried (I\/gSO4) and evaporated. The above

gl yci ne-am dgwél egj was dissolved in CHCI 2 (I ) ang 10 rifluoroacetic
acid (10 eq) m‘;@am € Pesuihtng ssPubion m rt for 16
h. Crude pro S c&ntratfed WD, gad thery EHedCw Fh~awet ur at ed
aqueous Na2C® sol ution. The aquBbus portl on was extracted with EtQAc (3 X)
and the conbined organic portions were washed with brine, dried (MySH4),

and evapor at ed to 8I ve 20 ng of 77c as a brownish sem -solid. 15 3.
Synt hesi s

OFf N-2- -1 sopr opyl - N-I----{4 [(1 met hyl - 2- ([ 4- (trlfluoron'ethyl)phenyl]
rfi no} - | H- benzi ni dazol - 1) oxy] pyridin-2-yl N IyC| nam denwF3C \ F3C HH
NN I ~ O N 0= N-NH \ A HN2" %@F@Tﬁa&ﬁmch 77d
NEOH Hﬁ/ﬁ/@(\ Nﬁ IL\Idfp

10 MS: MH "= 358.2.

F

HN h FaC NCS FSC—Q—F H
j@/ \C( \"/\N\ﬂ\ __MeOHRT HN—(’NUO\@/N\(\E\
z FeClyMeQOH/RT ;N =N 0

MS: MH™=545.1.

g__ Example 68
Synthesis of N-{4-[{2-{[2-chloro-5-(trifluoromethyDphenyilamino}-1-methyl-1H-

15 benzimidazol-S-vl)oxy]pyridin-2-y1}-2-(3-methoxyazetidin-1-yl)acetamide

Cl

H X
rrrra S ey
{ Y\Q\ MeOH/RT N NN
\u PLIN OMe—————— HN-—(’ND/ U :[Jl/\\j\
/

2. FeCly/MaOHIRT

MS: MH™=561.1.

-80.



A solution of 77c (1 eq) and acetone (2 eq) in McOH (100 uL) was naintai ned
at  rt for y3Qq69sR372MBH( OAc) 3 (3 eq) was added and resulgdings2604mpansi on
continued stirring 20 for 30 mn. Crude product was concentrated down, then
partitioned between Et OAc and water, the |ayers were separated and the
aqueous | ayer was extracted with Et OAC (3 X). The conbi ned organic portions
were washed with brine, dried (MgSH), concentrat ed. Resulting residue was
di ssolved in DSMO and purifi ed on s 9HPLC to give 77d as the TFA
salt. LCM5 2..00. mi

PCT/ 1JS2004200epieel Neyasl oL maeth G rdiupromg L 3
N'-I--[4(12f(4f|uoro3tetr dr of .;ur -yl nhenyl ) am nol - 1- net hyl -

benzi m dazol - 5-y1} oxvl ovri di r@@hﬂ@ﬁﬁ%@m vcSmde FH H IV~ ~\
H-N / iN OHJ5 Synthesized as descri bed above in Exanple 75 using
3-(2-fluoro-5- isothi ocyanato henyl ) -tetrahydro-furan. LCVM5S nfz 519.2
(Mt), Rr 1.80 mn. Exarrple 7 _Synthesis

of N-1--14-[ (2-#12-fluoro-5-1t uoronet hvl ) nhenyl I am no} - 1- net hyl - I H
benzi m dazol - 5-yl oxv) pyri di n? [ namde cc, O N ~ " |
N OH 10 Synthesized as describ /ab [ nIEx e 75 using 2-fluoro-5-
trifluoronethyl phenyl isothiocyanat¢ 51 .3 (M), R 2.02 mn.
Exanpl e 78 Synt hesi s

of N L---[4-({2-L(4-fluoro-3-isoprouyl phenyl)am nol -1-nethyl-1H 15

benzi m dazol - 5-} oxy) pyri di n-2-vl)=N. 2-i sopropvl glycinamde Fry OH HV I

N (g 1. Synthesis of N-{4-(4-Methylamino-3-nitro-phenoxy)-pyridin-2-yl]-propionamide

- O

. 1.
~ NN b
HN #N PrNEL, dioxane MeHN a N
2. hydrazine
71a 7ib

To a stirring suspension of 71a (1 eq) and iPr;NEt (1.5 eq) in dioxane (4 mL) was
added propionyl chloride (2 eq) and mainainted at rt overnight. Hydrazine (1 eq) was
added and stirred for 2 hours. Crude product was concentrated down, and was then

10  partitioned between EtOAc and saturated aqueous Nay;CO;. The layers were separated
and the aqueous layer was extracted with EtOAc (3 X). The combined organic portions
were washed with brine, dried (MgS04), concentrated, and the resulting residue was
adsorbed onto Si0Q,. Purification by flash chromatography (0.5 : 99.5, 0.75 : 99.25, 1 :
99, 2 : 98, methanol-CH,Cl,) gave 310 mg of a bright orange solid as 71b: 'H NMR (300

15 MHz, CDCl3) O 8.35 (brs, 1 H), 8.13(d, J=5.77 Hz, 1 H), 791 (d, /= 2.74 Hz, 1 H),
768 (d,/=22Hz, 1 H), 738 (dd, J=2.74,2.75 Hz 1 H), 7.11 (d, J=9.6]1 Hz, 1 H),
6.68 (dd, J=2.47, 247 Hz, 1 H), 3.065 (d, J=3.85 Hz, 3 H), 2.40 (m, 2 H), 1.141 (m, 3
H).
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Synt hesi zed as descri bed above in Exanple 75 using

4-f | uor o- 3-waenisaeyphenyl isothiocyanate. LCVS nl z 491p@raddoba)ozaiRd 2. 05
mn. -97 WD 20051037273 PCT/ | HS20041034179 Exanple 79 Synt hesis

ONM -d4- (124(2-fluoro-5-isopropvl nhenyl)am no]-1 nmet hyl -1 H benzi m dazol -5
yl}oxy) pyridin-2-yll-N-2--isonropylsiycinaznide H J'~~~ NN F 1 i | iN

2 Pl ubr - - 1-<SPERY oﬁiﬁ%ﬁ?%%%ﬁﬁfa@@ﬁ@v%%%ﬁﬂ%}#m R 2.09 nin.

Exanpl e 80 @ﬁﬂiﬁie@aoss Wy Ry sdisl208
1-144{2-[1 4-fl uoro- tet [ aﬁvdrofurgﬁbS vl phenvl )am noi- | -nethyl- |

H benzi m dazol - 5- vl I oxy)oyridin-2-v11 alyci vde O F NI~.-N NNI" I/ ~ N a
H 10 I N Synt hesi zed as d scri bed above in Exan@ 75 usi ng cycl opr opanone

and 3-(2- fl ¢ 0-9-icsothi nat A% Pl MeHet r a o-furan. LCV3H & 545.1
(M1" ,R|286“®’ IeS%SyLn{—hvel ) Qar gt hy By
44( 1- rret bvl MEHN A- "hoPorrethylFap _< N O .
phenyl | ] am nol - 1H ben2| m dazol - 5- vl | vridin-2-yl dar bamate F FNOI NO
N~u I / iN O~N-98 WO 2005/ 037273,gCT/ US2004/ 034179 Step 1: Synthesis of
3-[4-(4- Met hyl anti no- 34mi t r o- phenoxy) - pyri di n- 2-yl car ban@yd oxy] -

azeti di ne- 1-carboxylic acid ter# FB‘FJ%VI”J)"éster N 0214 ON t. NEB, BPPA, THF, 0O
CQZN O ~'NO

A suspension of propionamide 71b (1 eq) and 10% Pd/C (10 mol %) in methanol
5 (4 mL) was charged with H, and the resulting reaction mixture was maintained under a
H; atmosphere for 1 h at rt. The mixture was filtered and the remaining solids washed
~- thoroughly with EtOAc and methanol. The combined organic portions were evaporated
to afford 272 mg of a brown residue as the phenylene diamine, which was carried forward
without further purification.

10 The above diamine (1 eq) was dissolved in methanocl (2 mL) and 4-triflucromethy!
phenylthicisocyanate (1 eq) was added. The reaction was maintained for 16 h. Pyridine
(3 eq) was added to the reaction, followed by ferric chloride (1.1 eq). The resulting dark
reaction mixture was maintained at rt for 16 h, then suspended in saturated aqueous
Na;COs solution, and filtered with Celite. The remaining solids were washed with
15 EtOAc and the combined filtrate was partitioned and separated. The aqueous portion was
extracted with EtOAc (3 X) and the combined organic portions were washed with brine,
dried (MgSOy), and evaporated. Purification by semi-prep HPLC gave 71c as the TFA

salt. LCMS m/z 456.2 (M), 1 = 3.21 min.

Example 70
20 Synthesis of N-(4-{[1-methyl-2-{ {4-[(trifluoromethy}thio]phenyl} amino)-1H-

benzimidazol-5-vljox idin-2-y)propanamide

FaC-5

H
Q«’:U"m“r
f
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HO~ MHI N No McFIN1T / ,iN O ~N8oc 83a 2. ~NBOC, toluene, 100 C 83b 5 To
a suspensi ow(pigomgbl (1 eq ) indry THE (10 nL) at O GeupgsAaHRdire
triethylamne (3.0 eq.) and the resulting reaction was maintained at 0 C for
45 mn to afford a honogenous sol ution. D phenyl phosphoryl azide (DPPA 1.1
eq) was added and the reaction was maintained o/n allow ng the cooling bath
to expire. Thesyn@RsitddORs Waderibéd abdvecint Edngifle Fdusie 4tefutdrbinBlylpiedydue

di ssolved in CH%ClZ The organi c ortl on was 10 washed with glgtﬁurygt ed
NaHCC3 (EWW@MWWI‘}& were extracted with CH2C12.

The conbi ned organic portions werﬁ d § iNgSOfL) filtered, and
concentrated. The remaining resid spended in toluene. To this

suspension dd C ion mxture
was heat ed t*@‘%ggﬁg ugﬁ'f{f‘l\%'.[? T T =

to coql to rt and concentr aj ILdue WA s d| ssol ved in CH2d 2 and
washed with saturated Na2CO3 ' onol ned agueous phases were
extracted with CH2CI 2 and the canbi ned organic layers were washed with
Na2CO3 and brine, dried (MSOH)-.and evaporated. The crude residue was
adsorbed onto Si 02 and purifi by flash chyomatography (9 : 1, 4 : 1, 2:

1, 1 : 1 hexanes-EtQAc) to f ““Q?‘,;ﬁ % of a light orange SO|Id as
6

Vas—t hen al | owed

2° 1H NMR (300 20 MHz, CDC13) NsolH) 8,17 (d, J= 6.0 H7,1 H),
.06 (br dd. J=5.0, 10.2 bz, , 796(d J=28H, 1H, 7.52 (d, J=
2.5Hz,1H),730(dd J = 2Hz ,693(d 0=9.2 b, 11-1).

6.57 (dd, J= 18 (.dddd, H),
4.25 (ddd, J= @theﬁ‘z@ di*‘“}%e‘d %ﬂ‘ J"S‘Bg 83 ?‘32[? H“t?"fg""!'é’w ,
307 (d, ﬁWﬁb&;L@Mﬂ)WzW@(MI‘)% 3941711}:111 99 WD 2005/ 037273

RCT/ US2004/ 034179 Step 2: Synthesi's of

3-[4- (13- Am no- 4- net hyl am no- phenoxB3anile 781 n- 2-
yl car banoyl oxy] - azet i di ne- | - car bOXf/| ic acid tert butyI est er H 02M O N~~O
70%Pdllb Mt Ohbyiitieisii f~ S ¥l i IphEE ] JaFhing ~ :

argon over 20 mn. : REQX € one portion and the
reaction vessel sealed with a three vvay stopcock fitted with a ball oon

filled with hydrogen. The reagtion
H
N 0.~y N
5@"@1@@5\

Synthesized as described above in Example 69 using 4-ferr-butylphenyl
isothiocyanate, LCMS m/z 444.3 (MH"), R, 3.52 min.

15 ' Example 73
Synthesis of N-[4-({2-[{4-fluoro-3-tetrahydrofuran-3-ylphenylamino}-1-methvi-1 H-

benzimidazol-5-v1}ox idin-2-vllpropanamide

C&D’UY\

Synthesized as described above in Example 69 using 3-(2-fluoro-5-
20  isothiocyanato-phenyl)-tetrahydro-furan. LCMS m/z 476.3 (MH"), R, 2.73 min.
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m xture was purged with hydrogen and the reaction maintained at it over 3h.
The react xgioegmdsl tered through Celite and the filtrrCEHUSMS4/EITEENt I at ed
to give 474 ng (94% of a brown residue as 83c. The material was carried
forward wi thout further 10 purification: LCMS mz 430.3 (M ), to = 2.07
mn. Step 3: 1-isopropylazetidin-3-yl

4-[(1-methyl -2-{[4-(tril El uoronet hyl am no}- 1H

benzi m dazol -. 5-yl ) oxy] pyri di n-2-yl B 4 scy~y FYCHANR7 1. ~. DVEH
own MaHN 1 /Smmbd}k@rﬁaeM& EtcthyRY ifINoRmethy eyl [@minbFAHCFFC6 / r
d, NaD(OPo) 44, adeone MBOH 83c Bad 4-Triftluoronethyl phenylthioi socyanate
(1.3 eq.) was added to abemdimidagol-Bflo i idé¢ eq.) in dry DME (10
m.) and the reaction was maintained at rt for 14 h. Pyridine (3 eq.) was
added and the reaction cooledseto O T. FeCl3 (1.2 eq.) was added in -one
portion and the resulting re on was maintained at 0 C for 5 mn, then at
rt for 12 h. The reaction was ncentrated and partitioned with Et OAc and

saturated Na2CO3. The resulti m xt ure gva m/ered through Celite and the
hm@%

remai ni ng solids washed with 20 -QA phases were then
partitioned and separated. The orgafi has wds washed with saturated
Na2CO3 (3 X) and the conbi ned aqueous porti ons were extracted with EtOAc.
The conbi ned organic portions were washed with brine, dried (MSO), and
concentrated. The crude residue was adsorbed onto SiQ2 and purified by

flash chy omat ' - i I erial was
di ssol vg{j Fﬁ %%81 QW-%%]@D}%%\%%@‘EW@%QT@% bﬁ%ﬁ% %Tgh treated
wi th TFA ( lacetamidend the resulting reaction maintained at rt for 2 "It The
reaction was concentrated and partitioned with CH2C12 and saturated Na2CGC8.
dThe organi ¢ phase was washed with sg urated Na2CO3 (3 X) and the conbi ned
aqueous porti QR werg ext r,@_pt ed vm;Uh\/GHZC 2 (3029 The, conb ned Qrgani ¢
phases were drla(i@/!\/q&? _clficent ratgd. Thmm Sifile was

di ssolved in M nd tfﬁ@iﬁ@d}\ﬂdﬂt an e of ofe and

NaB( OAc) 3H. The reaction was nai nt%geog at it for 14 h and then
concentrated. The res.}v ue was then”stspended in Et OAc angwashed wth
aqueous 0.5 N HC solution (3 X). The conbi ned aci di c agueous phases were
made

To a solution of /Pr,NEt (6 eq) and dry DMF (8 mL) was added methoxyacetic
acid (2 eq). The resulting solution maintained at rt for 30 min, at which time HATU (2.2
10 eq) was added, and continued stirring at rt for 1 hour. 76a (1 eq) was added, the flask
was sealed and the resulting solution was heated to 50 °C overnight. Crude product was
partitioned between EtOAc and water, the layers were separated and the aqueous layer
was extracted with EtOAc (3 X). The combined organic portions were washed with
brine, dried (MgS04), concentrated, and the resulting residue was adsorbed onto SiO,.
15 Purification by flash chromatography (0.5 : 99.5, 0.75 : 99.25, 1 : 99, 2 : 98, methanol-
CH,Cl,) gave 640 mg of a bright orange solid as 76b: 'H NMR (300 MHz, CDCL) O
8.67 (brs, 1 H), 8.15(d, J=5.76 Hz, 1 H), 8.04 (br s, 1 H), 7.965 (d, J= 2.75 Hz, 1 H),
7.807(d,J=22Hz 1 H), 7.30 (dd, J=2.75, 2.75 Hz, 1 H), 6.916 (d, /=934 Hz, l H),

6.63 (dd, J=2.47,2.48 Hz, 1 H), 3.98 (5, 2 H), 3.48 (s, 3 H), 3.06 (d, /= 5.22 Hz, 3 H).
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basic (pH = 8) by addition of 1 N NaOH solution. The resulting cloudy
aqueous phaggdheny@ss extracted with EtOAc (3 X) and t he pegnibdedsa@roani c
portions were dried (MgSO4) and concentrated. The resulting residue was
further purified by preparative HPLC and reconstltut ed as the nono nesyl ate
salt to afford 72 ng of 2 as a white solid: "H NWVR (300 MHz, CD30D) 5 8 10
(d, J= 5.9 $lzg s of D~ - - -
S J_irlé thédi B, Fr{)ﬁéih&ﬂ( N-¥2- d[@l ﬁeﬂﬂ? 24[¢bmﬂﬂor§ﬁeﬁgi)%&n¥ld§aﬁjngﬁlﬁ '
H, 15 7. o3bf(naumdazel-éy2)ow]m*@n21ylh)cetaml®5 (dd, J= 2.2, 5.9 Hz, | H), 5. 19
(m 1 H, 450 (app dd, J=6.8, 11.7 11z, 2 H), 4 24 (app dd, J= 4.9, 11.7
Hz, 2 H, 3.49 (dddd, J= 6.6, 6.6, 6.6, 66 2.69 (s, 3 H, 1.24

h@ ’
(d, J= 6.6 Hz, 6 H; LCMSHmz 5Q1 o&;ﬁ:@’ﬁ% .03 m n. Exarrple 82 20
i i or se |n t

Synt hesi s of \Pal¥ fdbat es Zi ng
formation are @w Ni f e. Exanpl a«@%aﬁ‘@’ j{L\
4-f | uoro- 3-cy5VopentyI -1-nitrobé %‘%@0 In a stee ess v%ssel wth

stirbar, sodium acetate (4eq), tetr DUtY? ammoni um 25 bronide (1 eq) and
Pd(dppf) C12-Cl 424 2 (. Gg,eq) wer e MB§pended in DVA (di meihyl acet am de,

0.2M. N trogen was bubbl ed thr cuede bfddwai nut es, then 2- fI uoro-|- iodobenzene
(leq) and cycl opentene (5eq) were added. The vessel was seal ed and heated

at 140C, 1l4hrs. The vessel was then cooled to RT, the contents were dil uted
(ethyl -101 WO 20050802 08 rRdihxys2e0ddo 388 19 eqpend 408 Pdiha8ledoktgaessi vel y

¥V:It{]e\r,\2t an&%?lggﬁ%%s%gwm%ﬁ#(ﬁﬂ@ drli‘&fﬂg\/er s drgus K2-C%%]iedhexanes

on silica gehder BRI VAtaOSpherefol & haft 8ENTR im;@ﬁeavamﬁmwdemﬁfm@k@imng SIEI S
3% . Hydr ogenat | on over al | adi um on car bon 5gm 109%v w) in _nethanol (60

) at washsdjtho RPidoRRAq and)methane). an!ﬁ ﬁgp@ned/@ramcuprmmawe
2Tt h |
acet .“E”Sﬁhi%g*féf‘*% 1272 fgRdt dibiof Brige ds MR ZRBMEK EfLPDGIER YR, 0,
was added. Emhétbﬁmedmﬂwmouvﬁmhagldﬁéamﬂw eq) dr opwi se. After addl tion was
lete, th 1A t RT, TLC'
choved [l ot e TsgteeiRRaRd A G mrhtionf HE) u Pefhidienflog e o
et hyl ac et aﬂ]gengmnoﬂé&@aﬁam @%@Mﬂ@t&e%dcﬁomﬁﬁlﬁﬂﬁ&?ﬁ? 15 &l Pyﬁﬁinh

wat er, then dried over anhydrous K2CG3, filtered and

Stri pped t 038 W lndded) ta $he remntiemeioBeweshn fepinehdarislp (1 d .- aTTbe Temulting darks on
silica gel) QU ffGuwd isURhReaied at 1t for 16 h, then suspended in saturated aqueous

NayCO; solution, and filtered with Celite. The remaining solids were washed with

15 EtOAc and the combined filtrate was partitioned and separated. The aqueous portion was
extracted with EtOAc (3 X) and the combined organic portions were washed with brine,
dried (MgSOy), and evaporated. Purification by semi-prep HPLC gave 76c as the TFA
salt. LCMS m/z 474.2 (MHY, 1z = 2.24 min.

Example 75
20 Synthegis of N~2~isopropyl-N~1~~{4-[(1-methyl-2-{[4-

1} glvcinamide
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cycl opentyl -1 -nitrobenzene (48% yield) Exanple 82b. Synthesis of

1-tert - but yiyohobdags-gbenzene 15 In a steel bormb were conpipgchotid butyl
aniline (leq) and 70% hydrogen fl uoride-pyridine (25g/gm anlng r{e Hg Sodi um
nitrite (1.5eq) was then added portion wise over 5 mnutes. The resultlng
solution was allowed to stir for Ih at roomtenperature and then the bonb

was seal ed RNShrRekod {EL(ATG)RImildB-ndRLpHhoR ) PsdineHcsuan ;hﬁﬂnemyﬂ}h

water/ice and extracted with ethyl ether. O ganics washed bri ne and
dried with wﬂ@“%‘b%ﬁ@ﬁﬁ"s@}}tﬂ#@fand concentrated to afford

1-tert-butyl -4-#iorobenzene. 'H NVR (DMSO, 8 ppm): 1.22(9H, s) 7.07 (2H,
t), 7.38 (21L dd) Exanple 82c. Synnhe,$| s of

4-tert-butyl -l efN Hpbenz ert-budnl -4- enﬁc(l eq) was
di ssolved in con(ﬁﬁt ea” sul f 65M *l ﬁ in an

i ce/ wat er bat MeHNPOYassi mtratﬁﬁ@ttequuwas t hewsHad d |n 5 smal | portions
as to allow the tenperature of thegkegetion not to exceed 70C. After
conplete addition theygi xture was allowed to stir for aggmdditional 30

m nutes, then poured onto ice/water and extracted with ethyl acetate.

Organics were washed with a saturated solution of sodium bi carbonate, brine
and dried with shdiausahsionf of ¢Pra¥iby (@@rﬁq;mhdadrngm (e mil )X tveis exdudals tgtar i f i ed

a7 or £~ DL PP A PR o0 ORI OBCRNOR mpbioed i3t B 30c)

7.2(1H, dd
PCTI( uszoo4)1]!c'1“2117961 %Xug%p@%'rggz %ﬂ‘;’%i %deag‘?’sa“gm M%ﬁ%ﬁl hour. 778

5-t ert - but y{l-) f¥ag addesk b flasl was Sﬁﬁledﬂnérthe tﬁa'@lilng ISOIWQFOW‘@S heated tobi&ene in

G xtore vaco RS (pie pridlbs fof fHRhned Yorhl MOAVRANGRE M0 1448 fere 08
of hydr ogensepidatet dnd thoas uédubﬂ@éﬁﬁastémahd@%lﬂtemmﬂX)STmemBthb@nko

af ford tert-butyl-2-f]| enzena I\/B MV =168 Exanpl e 82e. Synthesis
of 1-(2F0quBfFB°1?§‘Yﬁr? g ﬁ’) Off) xopectraey ‘gpfﬁslﬂﬁ?@&’%qu an

internal thgp s B&{oﬁ‘t@&@ﬁd%ﬁﬁ%ﬂ& 'ffés@@l&:‘é gﬂpﬁpm £do4.9 0. 7059 75, an

ice/salt/water batch uor oacet ophenone( insulfuric 10 acid was
added dr opwi %2 098 metlangd- ﬂHu'éla)wa4ddcﬂctfadmghtmmespbdp$6’ﬂuce a sol ution of
0.2M Nitric acid (1.15eq) in sulfuric acid was then added dropvvi se at a

i owed t o 2 SHEESS oZeasficblf £ PIRIRLE 3P RAIHOREE T MBI OF TS
extract ed vidnboiefidaybl-Sgkig)-pyridix-gai)-aztandde

1. 10% Pd/C, Hy, MeOH FiC

0N FaC H
SaeNe OO T
o 2
MeHN N O Boc NCS HN NU \@N/ \g/\
/

MeQH

3. FeCl,, pyridine
~- 15 b 4. TFA, CHyCl, 77c

A suspension of 77b (1 eq) and 10% Pd/C (10 mol %) in methanol (4 mL) was
charged with H; and the resulting reaction mixture was maintained under a Hp
atmosphere for 1 h at rt. The mixture was filtered and the remaining solids washed
thoroughly with EtOAc and methanol. The combined organic portions were evaporated

20 to afford 380 mg of a brown residue as the phenylene diamine, which was carried forward

without further purification.
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washed with a saturated solution of sodi um bi carbonate, brine, dried with

sodi um sul {ﬂ% t?: g.@d concentrated. Crude product was pygirfise@sgsng fl ash
chr omat ogr ap g Jiex: | 5%t oAc) on silicato afford

| - (2-fluoro- S—nltrophenyl)ethanone. "HNWR (CDA 3, S ppm: 2.7(3H,s),
7.28(1H1t), 8. 4(|H n), &8(1H dd) Exanpl e 82f. Synthesis of

1f|uoro4n|tr . y ) dded
dropwi se over 5 m nut es ?ﬂmng Sﬁsguspenm on Z?]%J{Jhgn&@m?mh&hﬁ
triphenyl ph!hspﬁthmmmdte afﬂﬂlvm@ﬂdﬁedﬁclrm’ﬂibEm maﬁﬂﬁemﬂmdﬁmitﬁmma Af ter

it 5t had ook B & ta Bt shaptpn Btifted St RncideR T s 5 1 Riulbfe A, ot nan
one(l eq) Ir}e%‘dsnlxﬁmnb@nvasaadﬁtﬁdmeuaatanUidﬁ, th%h%uﬁﬁb%d&phﬂsﬁt&%%fﬁfu@dhswer 10

m nut es. Resultlng mxture is then allowed to warmto roomte erature and

stirred 3 orN&2ROs soluion: and fltgeed wishndselite. ufdie rremsiningdsnlidy wire seshed

| oh Rt d t
b om t enpertiDe it it A iyl ol bR aind] TR diffboufbonfif 9%% °
purified usixtracted héthEtORcqAa)cgd ahdyonBitdidaxarlS phtiodcwerenwashéd wahﬂmnaf ford
1-f1 4- 2-yl)b "HNMR (CDA 3, S ;
2.15I(Jg|r4,os ‘E‘E’?dé’g’(g%ﬁ'*ﬁ ‘P?V&P iy t%l )seﬁf‘iﬁem, 8. 2(1|(4 dd) -1ogp\r}\)o
20051037273 PCT 11%%2990‘431 c‘ﬂncleZni%e EX P s 8dBsolvaantil €S HSCl, 9 ml) and

2- (2-fluoro-5- nltrophenyl - 2-met hyl oxi rane 1-fluoro-4-nitro-

(prop- 1Wen-td wpa%nzeﬁe( p@qyaamﬁedmﬁmw@mngwlwmsmmﬁhmtﬁmd%ool ed

EjIOC;'”lngO:’JTZ![ ane 88%2 ﬁﬁ%ﬁ%{g_&é@% an resu 1 ng ‘glﬁsglﬁgg Bﬂ%aﬁﬁ OV\Bd to

ﬁr m to rodda,Céxpseihaionr emEChqabdlﬂV\ﬁﬂtltﬁID valsi ¢xtrhBled th HiOdk (aX)camntheed
Wth 10% sodiym sul fite, neutralize h sat ur gt S tiopn of sodium
o bonar EomHBRe cggEac PRTIORS eEh B G abTEe, Greh YBSOwe 1l SERBRBIFPY h
brine, dri é/@(jﬁgsﬁdqygga%{,v}lghgeﬁnghgpncentrat ed. Crude product was
purified with flash chromat ography (85%dex: 15%toAc) to afford

2(2f|uor05n|trophe | ).- 2- met hyl oxi r aae. 'H NMR ( CDCl
1.7(3HB), 2. Bpthesisef N wwmsrLH§I~1-14—i(11mpthflyZ {@-@wﬂwrﬁmethyléﬂ@srﬁﬂ dd)

Exanpl e 82h,...: hgl 8 P!H%r l) propanal

2- (2-fluoro- {11?3% en ﬁz@?@fjm oxlIr ﬁhe}tg? eq %as di ssol ved in ethyl
ether (InL) under nitrogen. BF3-etherate (0. 87eq) was added dropw se at
roomterrperifre 15 and after conplete additi F8h_sol ution was allowed to stir

for I h. Sol ut 'was then quenched wit h wat er tracted withpet hyl ether.
Organi cs washesd th N O N
4\"‘5@”'6‘[ P AR RS
/
N BH(OAc};.,
MeOH 77d

A solution of 77¢ (1 eq) and acetone (2 eq) in MeOH (100 »L) was maintained at
— tt for 30 min. NaBH(OAc); (3 eq) was added and resulting suspension continued stitring
20 for 30 min. Crude product was concentrated down, then partitioned between EtOAc and
water, the layers were separated and the aqueous layer was extracted with EtOAc (3 X).
The combined organic portions were washed with brine, dried (MgSO4), concentrated.
Resulting residue was dissolved in DSMO and purified on semi-prep HPLC to give 77d
as the TFA salt. LCMS m/z 499.1 (ME), g = 2.00 min.
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sodi um sul fate and concentrated. Crude product was purified using flash

chr omat ogr aploy2008@32klex: 15%t OAe) on silica to afford peT/US2004/034179
2-(2-fluoro-5-nitrophenyl) propanal. '"HNVR (CDC13, 8 ppn): 1.5(31-1,d),
3.9(IHc), 7.2(IH1t), 8.15(1Hdd), 8.21(IH mM, 20 9.7(1H s) Exanple 82i.
Synt hesis of 2-(2-fluoro-5-nitrophenyl)-2-nethylpent- -enal To a sol ution of

pal | adi um acetate (0.leq), triphenyl Rirge (0.2eq), lithium chloride

(1.0eq) in THE were sequentially addé -(Z-fl uoro-5-nitrophenyl) propanal
(1.1eq) in Fiithestd dfNl~lat[@aiiDi[(4tfuddeaetrdhyirofifivg-3yiptenyifaniias])1-modiy]l- 1H-

triethyl borane (2. 4eq) 25 under ni trogen at roomterrperature Sol uti on was
Z5 HEN~3 2 nanhideo| ut i on of

sodi um bi car bonat e, ext ract ed with et hyI acet at e. Organl cs were washed with

brine, dried with sodiumsulfate and concentrated. Crude product was

purified using flash chromatogga (85%1ex: 15%toAc) on silica to afford

2-(2-fluoro-5-nitrophenyl)-2- | pent-4-enal. 30 1H NVR (CDCI 3, 6 ppn):

1,5(3H, s), 2.6-2.85(2H, m, 5. 7.2(1Ht), 8,2(21-1,m,

9 7(IH d) -104 WO 20051037273 P 410341 9" Exanpl e 82j . Synthesis of .

2-(2-fluoro-5-nitrophenyl)-2-net hyl’but ane- 1|, 4-di ol

2- (2-fluoro-5-nitrophenyl)-2-nethyl pent-4-enal (1 eq) was dissolved in

di chl or onet hane: net hanol (3:1) and cooled_.to -78C. Qzone was_then bubbl ed

t hrough 3 t he solstﬁnmﬁizaﬁ'ntﬁ? desgribrd clions s Exenpleed/s Alisfn&/va%@'ﬂléﬁ'}“psassed

Lhr 0UGN € NGyl deh-Shh ML MOR Db bReL BN 130 9l0iPY I RPNy dr i de( Seq)

Resul ti ng sol utl warmto roomtenpe ature and diluted with
brine, extracted vvlth di chl or onet banggampledani cs were dried with sodi um
Cﬂlfate and concentrated to afford Z-_(T%ro 5-

t r ophenyl ) S¥nthesidniNpLlt-afi acthivl)phend |anfisd) - 1-methyb 1Hext st ep
with no further characteri zatl on. 10 Exarrpl e 82k Synt heS| s, of
3-(2-i 1 uor o-5- ni t r dighzimiday ) iofr ol : glysinamids
tri phenyl phospbi ne(2eq) in d| ebl or orret bane at OC under O ni trogen was
added dropwi se triflic anhydride(®eq). After 15 mnutes 2-(2-fluoro-5-
ni trophenyl) - 2- met hyl but ane- 1, @ ol (1 eq) was; add d in dichloromethane
foll owed by potassium car bonat el | ag) ‘F@x ng mxture was allowed to
warmto room 15 tenperature fof Bh'y Nmfxt’ﬂlre was added water and
extract¥d with di chl or onet hane. THe organi c | ayer was washed with brine and
dried with sodium sul fate and concentrated. Crude product was purified

using flash chr %ﬁ%@fz@@ h%s(8£gmcrﬁ)éd 15;4‘;%0'6‘?3 (ﬁ}axsrl'isiei Cds using 2-fluoro-5-
trifluoromethylphenyl isothiocyanate. LCMS m/z 517.3 (MH"), R, 2.02 min.

Example 78
Synthesis of N~1~-[4-({2-[(4-fluoro-3-isopropyiphenylamino]-1-methyl-1H-

15

Synthesized as described above ir Example 75 using 4-fluoro-3-isopropylphenyl
isothiocyanate. LCMS m/z 491.2 (MH"), R, 2.05 min.

-97-



to afford 3-(2-fluoro-5-nitrophenyl)-tetrahydro-3-nethylfuran. 'H NWR
(CDC13, S p : 3H,s), 2.2-2.4(2H,m, 3.85(1Hd), 3,9 , 20
7.2(1H t), @mfé'?%ﬂé}?r’% Exanpl e 821. Synthesis of pCisAlnbodiin)

4-fl uoro-3-(tetrahydro-3-nethyl furan-3-yl)benzenam ne To
3-(2-fluoro-5-nitrophenyl)-tetrahydro-3-nethylfuran in nethanol was added a
catal ytic anount of palladiumon carpon (10% . The m xture was allowed to
stir for Ib at roomtenperature undE&‘ﬂWﬂé{gen at nosphere. M xture was

filtered thoug :
o Jamino)_l-methyl.1H-, oo _ 195 WO

4-f| uoro- 3-(tet rBehr et

20051037273 PCT/ US2 T4 s e Hami

[ 4- (4- met hyl ami no- 3%%%%%@%@%@%ﬂ d ethyl ester
O Ot 02N O NHz iPr2NEt ClCO2Et 02N Oy:'-- NUQEt Il MaHN I E i N 7HF, 0 oC
MHN I NO t 2 HH2NNH2, DVF O Ox NPCEt MeHN I - N O 3 Ethyl
chloroformate (2 eq.) was adde 0 a stirrin,g solution of aniline 1 (1 eq.)
5 and zPrrNEt (2 eqg.) in dryT he reaction was allowed to
warmto rt over 2 It The reactlo‘ﬁ"(_%rﬁil3 ed énd the resulting residue

di ssolved in Et QAc. The organic phase was washed wi th saturated agueous
NaHCGB (3 X) and the combined aqueous portions were extracted wth EtOAc.

The co ned or si due
2e 2 T T esi daohigistia el SRGAR opRBERI S b p et SR ARARAAAS,
eq.) added pothidchenatee JUCME gz 4922 NVHN), RpR2W@awined at rt for 14 h. The
reaction volunme was reduced and the renaining solution was partitioned
between Et QAc and water. The | ayer sEmmmpled@par at ed and t he aqueous phase
gxtracted with EtOAc (3 X). The corrbl ned organic |ayers were concentrated
W0 give an oranganthesis of Nrs 2l flperpictewaldeaiigan-3¢ ur t her

H : - ! il 2t tin AU
purification: IBﬂYLEEi__j?i-seth I)H- it dazoEi 52V1?0XY Dvrldm—2-vllzlvcmanude

g

e
EORSR S
i

10

Synthesized as described above in Example 75 using cyclopropanone and 3-(2-
fluoro-S-isothiocyanato-pheny!)-tetrahydro-furan. LCMS m/z 545.1 (MH"), R, 2.86 min.

Example 81
Svnthesis of |-isopropylazetidin-3-vl 4-[(1-methvi-2-{[4-(trifluoromethyl)-

- 15 henvl]amino}-1H-benzimidazol-5-vho idin-2-ylcarbamate

"

W Oy My © !
Saea s a-N

98-



Exanpl e 82n. Synt hesi s of

4- ( 3- am nophen 1-(2,2,2-trifluoroethyl)piperidin-4-o0 OF, MC
THF, -20C %07 %3273NU|\/5)2 ONH2 OH 213 -106 WO 2035&8’%’/"3%‘”9

PCTI US20041034179 1 equi val ent of known conpound 1 (WD 9521452) as a 1M
solution in dry THE was cooled to 20C under argon. 1.1 Equival ents of

grignard cogpoun Al a 2M oI ution | TH s, then

dr opwi se vi y gwg%és a%‘ﬂ%‘h yiqmipo- TmmZB}E? Y?Mglwéﬂns ﬁy 0 warm
t o room t enpRfidine) LarboRfie &id Rftlbayl efbxed. 5 SoI ution was then cooled in an
i ce bath and an excess of dilute agueous HO was carefully added. An

aqueous sol ution of sodium bicarbonate was added to bring the pH >7 and the
product was extracted with ethyl acetate. Renoval of organic solvent in
vacuo gave a residue thap was purified via silica get col uym chromatography

(30% et hyl acet o ) 1 NBorfFBUA: BCwas ified by
recrystalli zi ngﬁ@ hixanei et hyI 10 acet ate wm nBoel ear oil
in a 75% yi eMeriN"| 275.3 ) npl e 9. “Synt hési s of
3-[4-Methoxy-1-(2,2,gsdrifluoré-e PP§I")'“B’]31 B‘gPl di n- 4-yl | gapphenyl ami ne / CF3
(Gr3 NN 1) NaH DVF 10Mel /OC OH OMe NH2 f NH2 3° 4 To Conpound 3 (leq) in
dry DMF as a 1M solution was added 1. 1leq of sodium 15 hydride at room

o

oI, T Sohibigu s ek e g gy 01w gl o0
ylamine (3.0 eq.) and the resulting reaction was maintained at 0 “C for 45 min to
afford a homogenous solution. Diphenylphosphoryl azide (DPPA, 1.1 eq) was added and
. the reaction was maintained o/n allowing the cooling bath to expire. The reaction was
C concentrated and the resulting residue dissolved in CHyCl,. The organic portion was
10  washed with saturated NaHCO; (3 X) and the combined aqueous phases were extracted
with CHyCl,. The combined organic portions were dried (MgSQ,), filtered, and
concentrated. The remaining residue was suspended in toluene. To this suspension was
added N-BOC azetidin-2-ol (1 eq) and the reaction mixture was heated to and maintained
at 100 °C for lh. The reaction was then allowed to cool to 1t and concentrated, The
15  residue was dissolved in CHCl; and washed with saturated Na;CO; (3 X). The
combined aqueous phases were extracted with CH;Cl; and the combined organic layers
were washed with NapCOs; and brine, dried (MgSOQy), and evaporated. The crude residue
was adsorbed onto Si0O, and purified by flash chromatography (9:1,4:1,2:1,1:1
hexanes-EtOAc) to furnish 625 mg (70%) of a light orange solid as 2: 1H NMR (300
20 MHz, CDCL) 8932 (br, s, 1 H), 8.17 (d, J= 6.0 Hz, 1 H), 8.06 (br dd, /= 5.0, 10.2 Hz, 1
H), 7.96 (d, /=2.8 Hz, 1 H), 7.52 (d, /=2.5 Hz, 1 H), 7.30 (dd, /= 2.8, 9.2 Hz, | H),
6.93 (d,/=92Hz 1 H), 6.57 (dd, J=2.5, 60 Hz, 1 H), 5.18 (dddd, /= 4.4, 4.4, 6.9, 6.9
Hz, 1 H), 4.25 (ddd, J =0.3, 6.9, 10.1 Hz, 2 X), 3.94 (ddd, J = 0.8, 4.4, 10.1 Hz, 2 H),

3.07(d,J=5.2Hz, 3 H), 1.43 (brs, 9 H).
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slowy warned to roomtenperature where water was added. The product was
extracted .a‘q%wog;&,l hyl acetate, washed with water, dried over %ne5| um
sul fate, an e vent renoved to give Conpound 4 in EGFPSRpUIH Burl ty.
LCMS in/fz 289.3 (MH). -107 WD 2005/037273 PCT1JJS20041034179 Exanple 82p.
Synt hesi s of 3 [1-(2,2,2-Trifl uoro- ethyl) pi peri di n-4- yI] phenyl am ne. ~CF3

[CF3 N 1) C PtO} t OH  NH2 NH2 Conmpound 3 was
heated to 1368 rnslﬁl%%ﬁﬁslq [g'(ﬁ § e P@%\%‘P&r for 5mns.
Sol uti on waglcadahbA bme@aﬁmge %{,ﬁb@ﬁﬁﬁ%ﬂt&ﬂ%@@hygmacet ate. After renoval of

5 solvent, the |nterrred| ate was dissolved in ethanol and reduced over PtOin
a hydrogen C gas atnosphgre. The catalyst was renoved by fil fering through

celite and thenN at ed io@rdpi meen Conmpou igh N .

Synt hesi s of mﬁﬁgﬁ&ﬁmet hyT ) WpI peri di ne. 4@%@% ﬁ/cﬁﬁﬂc[ 4-(4-

met hyl am no- ‘j ni tr o- phenoxy) - pyri di n- yI] ani de "H NH 1) C6C803(CH2CF3) H
N~CF3 02N O K C04 acaswne _ z ON HNIT I'" NOHNI, NIIOss 10 2 To | eq.
of Conpound 1 in acetone as a 1M solution and 4 eq. © potassium carbonate
was added leq of 2,2,2-trifluoromethyl trichloronetbansul fouate. Sol ution

briefly refl uxedA susminsidn of oitwweniding ssbﬂbeh}ahnﬂryg%e@lﬂe@pdu)tmiwm&meen
sol vent Bvapararel Tt 30fediC (61355 Vabian 15 onSreays ml BETOOBHHE4L 0
Exanpl e 83 sealed with a three-way stopcock ﬁtted w1th a balloon filled with hydrogen. The reaction
mixture was purged with hydrogen and the reaction maintained at rt over 3h. The
reaction was filtered through Celite and the filirate was concentrated to give 474 mg
C (94%) of a brown residue as 83¢. The material was carried forward without further
10  purification: LCMS m/z 430.3 (MH"), fr = 2.07 min.

Step 3: 1-isopropylazetidin-3-yl 4-[(1-methyl-2-{[4-(friflvoromethyl)phenyllamino }-1H-
benzimidazol-5-yloxylpyridin-2-ylcarbamate

Fat,

FiC, 3
HzN O\Crn 1. Hes | DME Q :
I YO\I__]BO > O\E'N
MeHN:©/ N 0 ¢ 2. FeCl, pyridine m_é:‘ P =N \g/
3. TFA, CHCh / T’
4, Nai{Dac)LH, actecne
MeOH
83c 83d

4-Triflnoromethy! phenylthioisocyanate (1.3 eq.) was added to a solution of

15  diamine 83¢ (1 eq.) in dry DME (10 mL) and the reaction was maintained at rt for 14 h.
Pyridine (3 eq.) was added and the reaction cooled to 0 °C. FeCls (1.2 eq.) was added in

one portion and the resulting reaction was maintained at 0 °C for 5 min, then at rt for 12

h. The reaction was concentrated and partitioned with EtOAc and saturated Na,COs.

The resulting mixture was filtered through Celite and the remaining solids waghed with

20 EtOAc. The combined phases were then partitioned and separated. The organic phase
was washed with saturated NayCO3 (3 X) and the combined aqueous portions were
extracted with EtOAc. The combined organic portions were washed with brine, dried
(MgS0y), and concentrated. The crude residue was adsorbed onto SiO; and purified by

flash chromatography (2 : 1 hexanes-acetone). The resulting material was dissolved in
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Synt hesi s

of NN (4-112-({3-Ltluoro-1-(2,2,2-trifluoroethyi)oiperidin-4- | am no) -
1- net hyl - ﬁé%%‘f?ﬁ’l"?ﬁz@azol -5 yl | oxy}pyri di n-2yl ) acet ani de PHT%L@@%)%FS

alINN DAST F M~/ N H 85a abb 5 Conpound 85a (1 eq) was dissolved in
di chl oronetbane to a I M solution under C argon. DAST (Aldrich), 1 eq., was

th dded £ | t for Ihr. .added, . t
phases sepaiach i Rrded PETFACaREERd Bermstbine St miRtfd ¥ Eplee vos
Corpound B5L 1 nearly oo LRt e B b M) R 1 m
oun N near uantil tatl ve 1 e : Z . , . m n.
10rrpExarrpI es ﬂ-OWWW%Wé Wit %/MNE’@Q\P?]@ *handthe combined jaguco - 515)
. . . o { . .
Exanples. 1. g3tiops iU GalstRA (OHE S0, | Tfe BERGREY bAAR FialesRdle died
2#1%4-5( ( 2ﬁ(~3l{l@aﬁa)oqml c}mheer;t;a)ed. Gﬂllld-teg.\lﬁmg wsid?g]wasdﬁﬁolwpd i;i gieﬁﬁh@ mldandl -
. r ~M1,0.9- 0X i n C.. C .
N4 ((24(2- £T0E0 SRR PFEIR seiond s ManROERGT e iarioh sis Fisaiped s, 4 1
0 Yyl } oxy) py fbdi4h dnd thka coheditried HThe rédiftuetivas then suspended in EtOAc and washed

N-[4-([2-1(3-ethyl phenyl)am no]-1- 86 N oy yJy la mnethyl-iH benximdazol -5
402.5 | N Ovilhagusaps Ndi(ﬁ_sglmopﬁ@.aﬂ}l@@orppmedl@gdlc aqueous phases were made

basic (pH = 8) by addition of 1 N NaOH solution. The resulting cloudy aqueous phase

10 was extracted with EtOAc (3 X) and the combined organic portions were dried (MgSQOy)

and concentrated. The resulting residue was further purified by preparative HPLC and

. reconstituted as the mono mesylate salt to afford 72 mg of 2 as a white solid: 'H NMR
~ (300 MHz, CD;0D) 6 8.10 (d, J=5.9 Hz, 1 H), 7.73 (d, J= 8.9 Hz, 2 H), 7.69 (d, /= 8.9
Hz, 2 H), 749 (d, J = 8.7 Hz, 1 H), 7.38 (d, J=2.2. Hz, 1 H), 7.19 (4, J=2.2 Hz, 1 H),

15 7.03 (dd,J=2.2 8.7 Hz, 1 H), 6.65 (dd, J=2.2, 5.9 Hz, 1 H), 5.19 (m, 1 H), 4.50 (app

dd, J= 6.8, 11.7 Hz, 2 H), 4.24 (app dd, J = 4.9, 11.7 Hz, 2 H), 3.49 (dddd, J= 6.6, 6.6,

6.6, 6.6 Hz, 1 H), 2.69 (s, 3 I), 1.24 (d, J = 6.6 Hz, 6 H); LCMS m/z 541.1 (MHD), g =

2.03 min.
Example 82
20 Synthesis of various intermediates for use in the benzimidazole ring formation are

described in this example.,

Example 82a. 4-fluoro-3-cyclopentyl-1-nitrobenzene

SIS QRS I )

In a steel pressure vessel with stirbar, sodium acetate (4eq), tetrabutylammonium

25 bromide (1 eq) and Pd(dppf)CL-CH;CL, (.03 eq) were suspended in DMA
(dimethylacetamide, 0.2M). Nitrogen was bubbled through 10 minutes, then 2-fluoro-1-
iodobenzene (1 eq) and cyclopentene (Seq) were added. The vessel was sealed and heated

at 140°C, 14hrs. The vessel was then cooled to RT, the contents were diluted (ethyl
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WD 20051037273 PCTI U82004/ 034179 Ex. Structure Name M#+ F F

N-{4{(2- {(28 (trifluoro 87 1 N c nethyi)phenyl]a = hyl -1 H
460.4 d ° wf %%)*58 enzi m dazol -5 yl)oxy] pyridi n-2- y|]g§£’ﬁ§%%”‘é%’q%4,c 88 o
402.5 vy cH, nthyl- 1H-benzim'da ot-5 mino}l {~ NNo

Yl } oxy) PYri di n- 2- yI]acetan1de HCMMN4-[(I -methyl-2-f[4 89 69 1

N Can 3! 1ol Wl AU, G e ) 8 YAAEEL STRER wdn aried over

1- met hy k 1H- dnthpddond KatZ!O;,Sﬁltéi@@aﬁd stippel] toNarD ot (Bmmm)awgrapﬁy 3%etityl aetteainn de Pl T

3:1 no;\I-[4rre‘§q’f9'l{1"(s ﬁ\PB‘g‘E‘gqsyll? o a‘l’-ﬁ%‘%ﬁ%‘ﬂ?ﬁ‘iﬁ?‘ﬂ"‘? $3%hcet ani de

A N(4-({2-{(4- Jpaldti g
met hyl( 1(I—E be%gl n%go@&%m%& Hu@%hggryg%gg%r}?r/élwﬁ#%mcma%ocle(?oaﬁ%g Hb F

cl} F N—5{ 4(§Qpsig andRT gomvests bgth(tp pistogleovalatle hﬂ@@hﬂmrmfémmmtan%g X CH,
met hyl -1 H-benzi mgazel of 2brioRpHeny R UbPatlidd iR abenb bR EHRT Fhv) Haseooled

to —10°C. Sulfuric acid (to make 1%v/v) was added. Followed by nitric acid ( 1.15 eg),

dropwise. After addition was complete, the reaction was allowed to warm to RT. After

30 min at RT, TLC showed complete reaction. The mixture was poured onto ice,

10 extracted into ethyl acetate 2x. The combined extracts were washed successively with

water, aq. NaHCO3, NaCl, then dried over anhydrous K;COs, filtered and stripped to an

- oil. Flash chromatography (3% ethyl acetate in hexanes on silica gel) provides 4-fiuoro-3-
cyclopentyl-1-nitrobenzene (48% yield)

Example 82b. Synthesis of 1-tert-butyl-4-fluorobenzene
15 In a steel bomb were combined 4-tert-butyl aniline (leq) and 70% hydrogen
fluoride-pyridine (25¢/gm aniline). Sodium nitrite (1.5eq) was then added portion wise
over 5 minutes. The resulting solution was allowed to stir for 1h at room temperature and
then the bomb was sealed and heated at 85°C for 1h. Solution was then quenched with
water/ice and extracted with ethyl ether. Organics washed with brive and dried with
20 sodium sulfate and concentrated to afford 1-tert-butyl-4-fluorobenzene.
"H NMR (DMSO, § ppm): 1.22(9H, s), 7.07 (2H, 1), 7.38 (2H, dd)

Example 82¢. Synthesis of 4-tert-butyl-1-flucro-2-nitrobenzene
- 1-tert-buty}-4-fluorobenzene (leq) was dissolved in concentrated sulfuric acid
(1.65M) and cooled to 0°C in an ice/water bath. Potassium nitrate(1eq) was then added in
25  small portions as to allow the temperature of the reaction not to exceed 7°C. After
complete addition the mixture was allowed to stir for an additional 30 minutes, then
poured onto ice/water and extracted with ethyl acetate. Organics were washed with a
saturated solution of sodium bicarbonate, brine and dried with sodium sulfate and
concentrated. Crude mixture was purified by flash chromatography on silica.
30 (85%Hex:15%EtOAc) to afford 4-tert-butyi-1-fluoro-2-nitrobenzene.
"HNMR (CDCls, 8 ppm): 1.3(9H, s), 7.2(1H, dd), 7.62(1H, ddd), 8.03(1H, dd)
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N-141{21(4-1sopropyl -3-nethyf- 94 CH, phenyt)am no]-1-nethyl-1H 430.5 |y

benzi m dazo %95?%‘49339@) pyddi n-2 H-N yf]acetarnide -ilO W&%&?ﬂ%}ﬁz?’

PCT1U520041 Structure Nane M+ H c cC ,
NJ4-((24(3-teit-butyl-4-chloro GK~ phenyl)am noj -1 -mathyl -lH 465 o
benzi m dazol - 5-yl }oxy) pyt i di n-2- N yljacetam de H C

lt;I-eilézll En((zjagt()lﬁ iﬁ‘%f)‘*}% XY) yr| f52—¥m0l3,§ﬁy F‘é@gg? "(?ﬁge%-lgél ar CH, 0

N- (4{{24(4-br oerT84Ftait-buty1-1&YuoH> &mmmw&mlwmmwywwt 3 EI

HFE”?&?F?&PBM%M@%” 100 "t i e Mlowed 9 s 0 a8 9 453

(sr ! -N o e AbpRAE AR diGaen Wik b iftehda B Welin?add 4-

(trtNuoronet hyl )phenyl ] am no}

benzi m dazotomBenirgteskiplabiprd ﬁ{mizltyhlﬂuqmbgﬂz}nwanam de
N-[4-({2- [(@W@p_{]@yl am no] -1 nethyl -1 H benzimdazol-5- 1 DOl H 478

Example 82e. $ynthesis of 1-(2-fluoro-5-nitrophenyl)ethanone
In a 3-neck flask equipped with an internal thermometer was added sulfuric acid
and cooled to —10°C in an ice/salt/water batch. 2'-fluoroacetophenone(leq) in sulfuric
10 acid was added dropwise over 10 minutes via addition funnel to produce a solution of
0.2M. Nitric acid (1.15¢q) in sulfuric acid was then added dropwise at a rate not to
C exceed 5°C. After complete addition resulting solution was allowed to stir at for 30
minutes. Solution was poured onto ice and extracted with ethyl acetate. Organics were
washed with a saturated solution of sodium bicarbonate, brine, dried with sodium sulfate
15 and concentrated.  Crude product was purified using flash chromatography
(85%Hex:15%EtoAc) on silica to afford 1-(2-fluoro-5-nitrophenyl)ethanone.
"H NMR (CDCls, 8 ppm): 2.7(3H,s), 7.28(1H,t), 8.4(1H,m), 8.8(1H,dd)

Example 82f. Synthesis of 1-fluoro-4-nitro-2-(prop-1-en-2-yl)benzene
KHMDS(1eq) in toluene is added dropwise over $ minutes to a stirred suspension
20  of triphenylphosphinemethyl bromide(l.2eq) in THF at —78°C under nitrogen. After
complete addition solution is allowed to warm to room temperature for 5 minutes then
cooled a second time to —78°C. 1~2-fluoro-5-nitrophenyl)ethanone(leq) in THF is then
- added via cannulla into the cold suspension over 10 minutes. Resulting mixture is then
allowed to warm to room temperature and stirred for 1h. Solvent is then removed under
25  reduced pressure, cyclohexane is then added and mixture heated briefly to reflux, cooled
to rcom temperature, filtered and filtrate concentrated. Crude product is purified using
flash chromatography(85%Hex:15%EtoAc) on silica to afford 1-fluoro-4-nitro-2~(prop-1-
en-2-yl)benzene.
'"H'NMR (CDCls, 8 ppm): 2.15(3H,5), 5.25(2H,d), 7.19(1H,1), 8.1(1H,m), 8.2(1H,dd)
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extracted with dichloromethane. Organics were washed with brine, dried with sodium
sulfate and concentrated. Crude product was purified with flash chromatography
(85%Hex: 15%Ft0Ac) to afford 2-(2-fluoro-5-nitrophenyl)-2-methyloxirane.
10 'HNMR (CDCl, § ppm): 1.7(3H,s), 2.8(1H, d), 3.05(1H,d), 7.2(1H, 1), 8.2(1H,m),

8.35(1H,dd)

ot

Example 82h. Synthesis of 2-(2-fluoro-5-nitrophenyl) propanal
2-(2-fluoro-5-nitrophenyl)-2-methyloxirane (leq) was dissolved in ethyl ether
(1mL) under nifrogen. BF;-etherate (0.87eq) was added dropwise at room temperature
15 and after complete addition solution was allowed to stir for 1h. Solution was then
quenched with water, extracted with ethyl ether. Organics washed with brine, dried with
sodiurm sulfate and concentrated. Crude product was purified using flash chromatography
(85%Hex: 15%EtOAc) on silica to afford 2-(2-fluoro-5-nitrophenyl) propanal.
'H NMR (CDCls, 8 ppm): 1.5(3H,d), 3.9(1H,¢), 7.2(1H,t), 8.15(1H,dd), 8.21(1H,m),
20  9.7(1H,s)

Example 82i. Synthesis of 2-(2-fluoro-5-nitrophenyl)-2-methylpent-4-enal
To a solution of palladium acetate (0.1eq), triphenylphosphine (0.2eq), lithium
.., chloride (1.0eq) in THF were sequentially added 2-(2-fluoro-5-nitrophenyl) propanal
(1.1eq) in THF, allyl alcoho! (1.0eq), triethylamine (1.2eq) and triethylborane (2.4eq)
25  under nitrogen at room temperature. Solution was allowed to stir for 2h. Mixture was
diluted with saturated slolution of sodium bicarbonate, extracted with ethyl acetate.
Organics were washed with brine, dried with sodium sulfate and concentrated. Crude
product was purified using flash chromatography (85%Hex: 15%EfoAc) on silica to
afford 2-(2-fluoro-5-nitrophenyl)-2-methylpent-4-enal.
30  'HNMR (CDCl;, 8 ppm): 1.5(3H, s), 2.6-2.85(2H, m), 5.1(2H,m), 5.5(1H,m), 7.2(1H,1),
8.2(ZH,m), 9.7(1H,d)
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Organics were dried w1th sodium sulfate and concentrated to afford 2-(2-fluoro-5-
nitrophenyl)-2-methylbutane-1,4-diol. The product was used in the next step with no
further characterization.

10 Example 82k. Synthesis of 3-(2-fluoro-5-nitrophenyl)-tetrahydro-3-methylfuran
_ To a solution of triphenylphosphine(2eq) in dichloromethane at 0°C under
C nitrogen was added dropwise triflic anhydride(leq). Afier 15 minutes 2-(2-fluoro-5-
nitrophenyl)-2-methylbutane-1,4-diol(leq)was added in dichloromethane followed by
potassium carbonate(leq). The resulting mixture was allowed to warm to room
15  temperature for Sh. To the mixture was added water and extracted with dichloromethane.
The organic layer was washed with brine and dried with sodium sulfate and concentrated.
Crude product was purified using flash chromatography (85%Hex:15%EtoAc) on silica
to afford 3-(2-fluoro-5-nitrophenyl)-tetrahydro-3-methylfuran.
TH NMR (CDCL;, & ppm): 1.45(3H,s), 2.2-2.4(2H,m), 3.85(1H,d), 3.9-4.05(3H,m),
20  72(1H,1), 8.15(2H,m)

Example 82I. Synthesis of 4-fluoro-3-(tetrahydro-3-methylfuran-3-yl)benzenamine
To 3-(2-fluoro-5-nitrophenyl)-tetrahydro-3-methylfuran in methanol was added a
~ catalytic amount of palladium on carbon (10%). The mixture was allowed to stir for 1h at
room temperature under hydrogen atmosphere. Mixture was filtered though celite and
25  concentrated to afford 4-fluore-3-(tetrahydro-3-methylfuran-3-yl}benzenamine.
MS: MH" = 196
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- Bthyl chloroformate (2 eq.) was added to a stirring solution of aniline 1 (1 eg.)
5  and iPNEt (2 eq.) in dry THF (14 mL) at 0 °C. The reaction was allowed to warm to rt
over 2 h. The reaction concentrated and the resulting residue dissolved in EtOAc. The
organic phase was washed with saturated aqueous NaHCO; (3 X) and the combined
aqueous portions were extracted with EtOAc. The combined organic portions were
concentrated to give an orange residue as 2. The residue was dissolved in DMF (20 raL),
10  hydrazine monohydrate (1 eq.) added and the resulting reaction maintained at rt for 14 h.
The reaction volume was reduced and the remaining solution was partitioned between
EtOAc and water. The layers were separated and the aqueous phase exiracted with
EtOAc (3 X). The combined organic layers were concentrated to give an orange solid as
3 which was carried forward without further purification: LCMS m/z 333.3 MH), fp =

15 229 min.

Example 82n. Synthesis of 4-(3-aminophenyl)-1-(2,2,2-trifluoroethyl)piperidin-4-ol (3)

]/CF3
rcc-', MgC N
¢ * ©\ THF, -20°C o reflux on
N{TMS),
0 2 NH;
1 3
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gave a residue that was purified via silica gel column chromatography (30% ethyl acetate

in hexane). Compound 3 was then further purified by recrystallizing from a hexane/ethyl

10  acetate solution to give a clear oil in a 75% yield. LCMS m/z 275.3 (MH")

Example 820. Synthesis of 3-[4-Methoxy-1-(2,2,2-trifluoro-ethyl)-piperidin-4-yl]-

- phenylamine
( f
i} NaH/DMF
E 1 Melio°C E 1

To Compound 3 (leq) in dry DMF as a 1M solution was added 1.1eq of sodium

15  hydride at room temperature. This solution was allowed to react for 30mins, The

solution was then cool to 0°C and 1.1 eq of methyl iodine added. Reaction was then

slowly warmed to room temperature where water was added. The product was extracted

with ethyl acetate, washed with water, dried over magnesium suifate, and the solvent
removed to give Compound 4 in sufficient purity. LCMS m/z 289.3 (MH).
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Ex. Structure Nane M+

Compound 3 was heated to 150°C in a 6N HCI solution via a microwave reactor

for 5mins. Solution was neutralized and extracted with ethyl acetate. After removal of

5  solvent, the intermediate was dissolved in ethanol and reduced over PtO in a hydrogen

C gas atmosphere. The catalyst was removed by filtering through celite and the ethanol
evaporated to give Compound 5.

Example 82q. Synthesis of 1-(2,2,2-Trifluoro-ethyl)-piperidine-4-carboxylic acid [4-(4-
methylamino-3-nitro-phenoxy)-pyridin-2-ylj-amide

H NH l) C‘acsos(CHzCFs)
O gl
HN:Q U O
/
10 1 2

To 1 eq. of Compound 1 in acetone as a 1M solution and 4 eq. Of potassium
carbonate was added leq of 2,2,2-trifluoromethyl trichloromethansulfopate. Solution
briefly refluxed, cooled, sotvent removed and residue partitioned between water and ethyl
acetate. Organic separated, dried over magnesium sulfate, solvent evaporated to provide

15 2.
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argon. DAST (Aldrich), 1 eq., was then added and solution allowed to react for 1hr.

Water was added, the phases separated, and the organic solvent removed in vacuo.
The residue was purified via silica gel column chromatography (5% MeOH/DCM) to
give Compound 85b in nearly quantitative yield. LCMS m/z 557.5 (MH'), R, 1.61 min.

Examples 84-515
The compounds in the following Table 1 (Examples 84-515) were similarly

synthesized according to the procedures described in Exampies 1-83.

ylloxyipyridin-2-ylJacetamide

Table 1
Ex. Structure Name MH+
" HG
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ylphenyllamino]-1-methyl-1H-
278 benzimidazol-5-yl}oxy)pyridin-2-yi}- | 582.6
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Hy,&
E
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. cn S-yljoxy)pyridin-2-yllacetamide
-
O™ 4 CH,
;¥ Ny b N-(4-{[2-(1,1"-bipheny}-2-yl-amino)-
485 Q ﬂ/{:;l \ON/ © 1-methyl-1H-benzimidazol-5- 450.56
O CH, ylJoxy}pyridin-2-yljacetamide
C,O\L o e en, N-{4—{(2—_{[2~(4~chlorophenyl)-
i b ethyllamino}-1-methyl-1H-
486 ﬁ%ﬂ \CI ° benzimidazol-5-yhoxylpyridin-2- 436.9
CH, ylacetamide

rdin-2 o

hyl -1 H 468

468 o L

H 470 Ho
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N-{4[ (2-{j 2-fluoro-5-(5rifluoro nethyl)phenyl]am no)-1-nethyl

H- benzi m dazol
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nmet hyl am no) - pyrr
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-157 WD 20051037273 PCT/ U520041034179 Ex. Structure Nane
2-J2- quor05 471
S0P

-1 H 472 ¢ p~N

ben7i m dazoi - gyl )oxy] - pyfsh-ﬂétﬂrie?' 594. Fo Lr me MH+
yl)-2{4-trifl gerormethy—tH—F—d-+FHi—+m-dazel——y] acc{am ge—ejcC
I\I—[4_—({24(5-teart-buty| 2 fI uor o- phenyl)arri noj - 1- met hyl - 4T3 o N
benzi m dazo65{yl ) px¥ -Q\ﬁ»ﬁ"\g ﬁ44£ fkbbut?lé?nmcﬂ-bmethyl—
2- (4- et hoxypil psr d| n /Qvl GNy @cet illdazol-5-yl]-oxy}pyridin- | 354.4
N44- ({2-[(3-efhyl phenyﬁ) I N0] -1- 474 c|2/llacetdnhigd - | H- benzi m dazol - - 4876 ¢
N 8 Q yl)oxy)pyrifdin-2-yl -2-(3 e, Cc cu |ret hoxyazetidin-1-yl)agetantde CH,
N-[ 4- ({24(4- efhyl phenyl)ami nc}1- 475 o jmethyl - 1H benzini dazol 45- _487. 6
yl ) oxy) pyri di ? 2-yl]1-2-(3 N~ met hoxyazebdi n-1- yI )acet am de
N-(4-({2-] (4t art-butyl phen I 47 mra'nm -Ie benzi nfdazol | o
2.0 Sy oy | o S g ke lan )| wage| am de
F F 1' et hyl - 4 - U I'O 5 _y[)aoetamlde
CH
: o R on, | N{4-({2-[{2-ethy!-6-methyl-
N Y | phenyhamino)-1-methyl-1H-
489 dﬂx"ﬁ \Cﬂr ° benzimidazol-5-yljoxy)pyridin-2- 418.5
" cH,  CH, yllacetamide
-
!
" Cth o 0 on, N-[4-({1-methyl-2-[(3,4,5-
: {rimethoxyphenyi}amino]-1H-
490 °bﬁ*(’:ﬁ oY benzimidazok-5-yljoxy)pyridin-2- | 4845
N &n, yilacetamide
s Kooty | Nja-({2-1(3,5-dimethyl
= t phenyl)-
491 b Af”ﬂ U T amino]-1-methy-1H-benzimidazol- | 402.5
HC M &, 5-yhoxy)pyridin-2-yljacetamide
0 NS N-{4-({1-methyl-2-{{4-methyl-
492 ujﬂ \G: I',’ benzyl)amino]-1H-benzimidazol-5- | 402.5
H,\:/O/\ CH, yljoxy)pyridin-2-yllacetamide
GH
& ° Ho o | N4-({2H(2-methoxy-&-methyl-
SO | phenyl)amino]-1-methy-1H-
493 H,cgﬂfé:r@ & benzimidazol-5-yljoxy)pyridin-2- | 4188
CH, yllacetamide
Q " N-[fl-({1—meﬂ1yl_—2—[(4-phenoxy~
494 | O | NP GH, pynd!n-_S-yl)amlnoHH- _ 4875
| | Y benzimidazol-5-yf}oxy)pyridin-2-
CH,
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met hyl -1 H benzi nj dazol -5-yl)- 589.6 " o Cu. L.rj"oxy] py%eg 79
2-yl }am no)w(é-z'f?ﬁ’%’tzml j C d 1-hydroxypiperazin-Il-ium F¥'EEHJS%04M41
N-{4-[(2-{[2-fluoro-5-(triffuoro- nethyl)phenyljam no}-1-methyl-1H 478 F N o
,r benzimdazol -5-yl)oxyl -pyridin-2- 544.5 N
yl }-2- pi per azi gx) [ Vi - acet sgisdigre - 158 WD 2005/ 037 NamePCT/ US2000Mi84/179  Ex.
Struct ure Nanmg—Mg—IF(4—{i2=(cyctohexytanno=—t=—275No0ethyt=1"
H benzi m dazol - 5- ﬁg .5 ylloxy)pyridi H-Z-yl )acet emide 480 H-1N o § N p~cH,
ethyl)ani no} H bepzini dazol - 5- 402, 5 cgf;m;’ | ?_'m_m‘?@?fkjl lacethnide H,
cH a N {4-Q; GQELSI £yl a <ty s 4 ey 5 oy pyriding. 480.5
1H benzi m dazol - 5} w d /6. 5 il e 2V ?acetamde cH.. ol
lya+, N-[4-({2-[(p,3-df nkghyl phenyl) 483" T =N o
am no} 1- net hy - .,gn%i-miiaze! 402 5 1CH 5-y[ 1 oxylpyridin-2-34 }aeEt am de
N N-[4-({2-((R-furyl rng%hyi)agn’ no]ﬁl- 433 0 <1l i iN
met hyl - | H-benzi m d -3 PN e %M}({?xwﬂp&ﬁmﬂwbﬂ-] acet ani He Ny o
ycH, anin{2{I | 46 ' Nret hy||-premilissazeel-4-Wisminohitiaz | gezot - 434.5
5-yl }oxy) pyri df n-pR-gN] acetant de CH, . (,bﬁff‘gggﬂs?l{‘lw)mﬁ@ﬁﬁenyl -2-y| -ami no) -
485 H 1-rmet hyl - | H bedzi mi dazo{-5- 450. g Ylacstamide
OH, o 3 N-{4-({2-[(3,5-dimethylisoxazol-4-
407 ,.f;l ,jﬁj [ X ‘E(CH' yhamino}-1-methyh1H- 2934
N benzimidazol-5-yl}oxy)pyridin-2- ’
HL CH, yllacetamide
._'m
He o R ey, | NH4-{(1-methyl-2{[2-{4-msthyl-
1§ b j b e phenylethyllamino}-1H-
498 H’é‘ @ ° benzimidazol-5-ylyoxy)pyridin-2- 416.5
My yllacetamide
O A o1 | NJA-({1-methyl-2-{(2-morpholin4-
499 anxnf“‘,@/ Y yiethyl)amino}-1H-benzimidazol-5- | 411.5
&, ylloxy)pyridin-2-yiJacetamide
Ou A Sy | NA-({1-methyl-2-[(2-piperidin-1-
500 Ot/x X’::@I O, jf!'/ ylethyl)amino}-1H-benzimidazol-5- .| 409.5
N &H, ylloxy)pyridin-2-yllacetamide
N O njr“"': N-[4-({2-[(cyclohexylmethyl)-
501 X{Nﬁ #N 0 amino}-1-methyl-1H-benzimidazol- | 394.5
O/\ ¥ 5-yljoxy)pyridin-2-yljacetamide
R cn, | N-4-{12-2,3-dihydro-1H-inden-5-
N T ylamino)-1-methyi-1H-
502 %Ln/é'“:@/ 2N O benzimidazol-5-yljoxy}pyridin-2- 414.5
&H, ylyacetamide



g; 00 cH yl]oxy)pyridin-2-yl)acetam de

Gyl ) acet o RITER) |

N-(4-f(2- j2-(4-chlcrophenyl)- 486

487 NN o

1-met hyhl H N benzi m dazol - 5-yl )O@%Bé%%@ ﬁPe436 9
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M+ NO CH, H~ yCH, N-(4-{12-(isobutylam no)-1-mnethyl

| H benzi m dazol - 5-yl ] oxy) pyddin-_354.4 _2-yl)acetanide HH b~H"
N-{4-{12-(i sanQ.pyI am nO)StﬁmﬁBth 488|0 1H benz'uaihslazl . 5-yq- wHrpyri dl n-
340.4 NO cH p=ytpacetamde—Tt,—CH N4£F-T(Z TT[ ethyt==6=methyt—H¥89 ) oq o
3pheny|)am’n3]-1-rrethy|-| H 4165bﬁ n I-?l‘yl)oxy pyriHin-Z- CHO
OR, yl]acetande {cH, QHQ g o
tri met hoxyphe H!j@\'i) zN, t 'j“q)?y) pydsxh pn-2- 5 "c
cry yljacetanjde ~ &dCcN N-J4({2ﬂ get y 4Pp1 N
am no] - 1- met hyl - H- ben2| m dazol 402.5 ~~HA wa. c vy
5-y| )OXy) pyrl |i’) yl j u\l\rl. MIIT‘U\, VI I:I + I\IA4 lr%ﬂlbth"! 2 ‘E{‘—Ar; Il.rt rry 492 | H
benzyl ) am no] { 1Hjbenzi m dazol -5- 402.5 cry yI ) oxy) pyridi n-2-yl | acet am de
N44- ((2-[(2- met hoxy hy 49@(63 @B uyRibgH] - 1-rethyl -1H H ¢
In N benzi m dagei '.§c | - gi J-1-methyl-1H-benzimidazol- | 402.5
? 5-yloxy)pyridin-2-yljacetamide
HyCo<_CH, o H_ow, | NA4-{{1-methyt-2-{(2,4,5-
] § he trimethylphenyl)amino}-1H-
505 | u"%ﬂ oy benzimidazol-5-yloxy)pyrigin2- | 4168
CHy yilacetamide
O N O | N{4-{12-(cyclopentylaming)-1-
506 O\ /@l ﬁ U T methyl-1H-benzimidazol-5- 366.4
L ylloxy}pyridin-2-yl)acetamide
o N-{4-{{2-{(4-cyciohexylphenyl)-
507 O\@ H) C{H\E% amino}-1-methyk-1H-benzimidazol- | 456.6
) 5-yRoxy)pyridin-2-yllacetamide
|
E? . H o, N-J4-{{ 1-methyl-2{(4-phenoxy-
508 phenyhamino]-1H-benzimidazol-5- | 466.5
O\N"{;ﬁ \Chll/ T; yljoxy)pyridin-2-ylJacetamide
H
CH
Q CH
Q‘ ) ﬁ \CrH\Ir N{4-({2-[(2-ethoxyphenyl)-amino}-
509 N oW 1-methyl-1H-benzimidazol-5- 418.5
r° CH, yiloxy)pyridin-2-yllacetamide
CH,
o CHy | N-{4-({1-methyt-2-[(2-phenyl-
510 @\/\ J’:ﬁ ‘C’anﬁor ethyl)armino]-1H-benzimidazol-5- 402.5
W &, yljoxy)pyridin-2-yijacetamide
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cH, yl)acetam de MN44-({1-nethyl-2-1(4-phenoxy 494 o N\~ 0 °~ b cH,

pyrdl n- 3-vyl sH 467.5 | R Y benzim dazol -5-yl} 2 ~~(No
yi j acet am dieﬁm&@ﬁd 1%’0 WO 2005/ 037273 PCT/ US2004/ 034179 Eg?{[l@%ﬁfbﬁ%g?e Nane
M+ O CH) N-(4-({1-net hyl -24(5-norpholin-4- 495 i cH,

Yl pyridin-3-yl)amno]-1 H 460,5 ". t " o benzimdazol-5 y!}loxy}pyridin-2 "
yl]acetami de (@« | N ~~( Nsaudtireg N- (4 ((|1- met hyl - Nape5 et hyl 3 M@6 |"
phenyl i soxazol=z=yi ) am noj =1 4Wbmyﬁoxy) pyrian-2- 1
yl Jacetam de i, o} ac, N—14{{2 [ (3,p-di met hyiisoxazol-4- ri yl)am nog}
1-nmethyl 1 H 497 \@éﬁﬂ% dazte[h-rﬁetw-?e)pwaiﬁlwyl-dl n-2- CH,
yl ] acet ani de ph&h| N ngv( 10 H 1Hognzimidezptelly | ) et| Bt hyl | a
mno} 1H 416.% benzi ol - 5- yf}oxy] qm}ayrﬁmzﬁvl)yﬁ%@q am de | cH

I\I—[4-({‘1-rreth,l-2[(2 rmrphotln4 499 I n
yl et hy{) am no}—tHbenrz+m-dazot 413 {_I1—\.,1—, -y )-pyear2—yH acet am de
NA4- ({1- met hyl - 2- (2 p| per| di n- I - y|l et hyl ) am no} 1H benzi m dazol -5- 409.5
c", yt)oxy) pyridii & N{4<{{2-(2-isopropylphenyl)-
512 amino}-1-methyl-1H-benzimidazol- | 416.5
5-yljoxy)pyridin-2-yi)acetamide
cH, o R cn, | methyl 2-{(5-{]2- -
i X | (acetylamino)pyridin-4-yijoxy}-1-
5131 ne ﬂ’{«ﬁ #N © | methyk-1H-benzimidazol-2- 398.4
° CH, yljaminolbutanoate

o n B HTC“s N-{5-{[2-(acetylamino}pyridin-4-
514 @,\L”A’N‘,@/ 2N © yiloxy}-1-methyl-1H-benzimidazol- | 402.4

; 2-yl}benzamide

c. c cr, | methyl 4-{{5-{[2<(acetylamino}-
515 | °j\Q H’{ﬂ GKE pyridin-4-yijoxy)-1-methyl-1H- 432.4

h henzimidazol-2-y)amino]-benzoate

EH,
Example 516
. Raf/Mek Filtration Assay
- Buffers
5 Assay buffer: 50 mM Tris, pH 7.5, 15 mM MgCl,, 0.1 mM EDTA, 1 mM DTT
Wash buffer: 25 mM Hepes, pH 7.4, 50 mM sodium pyrophosphate, 500 mM
NaCl .
Stop reagent: 30 mM EDTA
Materials
10 Raf, active: Upstate Biotech #14-352
Mek, inactive: Upstate Biotech #14-205
33p-ATP: NEN Perkin Elmer #NEG 602 h
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CH, N-[4{{2-[(cyclohexylnmethyl) 501 0 am no}1l-met hyM H benzi m dazol - 394.5

bH, 5-yl}ox L dbnz 2-yl ] acetam de N (4-{[2-(2, 3-di hyd | -SocK
YA gmﬁﬁ@-"%\z{}ﬁyl it M N benet 2 Yoo F@é?g%‘%ﬁ%z

414.5 CH, yl)acetam de -161 WO 2005/ 037273 PUTf US20041034179 Ex. Structure
Name M+ o O cH, N{4-({1-nethyl-2-((tetrahydro- Ny

furan-2-yi nmet hy 1k 3 0 1. | | 2 RYéd din 2-
362.4 vyi]acet a%’kﬁggﬁ%-f ay CH, ”([(T%%h?’%%’{?@ﬁ enﬁ% I?E%(L HCJ~. ~ <
~i + 0 am no] - 1- rRiltdriappardtkis:benzi m daleilliporé @RIEVM 096 OR

S TR o, b FBEG Lgo
amn o] M ~ , *dazol™= \ =2- : .
yljacetanm de S50&cHifatlod fifid: H O CHyallR: OptiPHasdWukiz0 ki 200-489366. 4

yl Jaxy}pyridin-2-yl)acetam de CH3 N 1H benzimd 507 C am noino]-1-neth

et hyt - PH- 1Assay|gridilans 16 5-yi ) oxy) pyri di n- 2-ygacet ani de i

N (4{{1- et hyl - %15 RES - QO -phenyt)am no] - 1H benzi m dazol -5- 466.5 H
% yi)oxy)pyri ﬁ v laceﬂam e CFi, ~ vyyyyy

Mek approximately 60 nM

33P-ATP 100 nM

Reaction time 45-60 minutes at room temperature

10 Assay protocol

Raf and Mek were combined at 2X final concentrations in assay buffer (50 mM
Tiis, pH 7.5, 15 mM MgCl,. 0.1 mM EDTA and 1 mM DTT) and dispensed 15 pl per

k4

well in polypropylene assay plates (Falcon U-bottom polypropylene 96 well assay plates
#35-1190. Background levels are determined in wells containing Mek and DMSO
15  without Raf.

To the Raff/Mek containing wells was added 3 pl of 10X of a raf kinase inhibitor
test compound diluted in 100% DMSQO. The raf kinase activity reaction was started by
* the addition of 12 ul per well of 2.5X 33P-ATP diluted in assay buffer. After 45-60
minutes, the reactions were stopped with the addition of 70 pl of stop reagent (30 mM
20 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 reaction wells were then transferred
to the filiration plates. The filtration plates were washed 6X with wash buifer using
Millipore filtration apparatus. The plates were dried and 100 pl per well of scintillation
fluid (Wallac OptiPhase "SuperMix" #1200-439) was added. The CPM is then

25  determined using a Wallac Microbeta 1450 reader.

Example 517
ASSAY 2: Biotinylated Raf Screen
In Vitro Raf Screen
The activity of various isoforms of Raf serine/threonine kinases (e.g., c-Raf, B-
30  Raf and mutant B-Raf (V599E); see, for example, "Mechanism of Activation of the RAF-
ERK Signaling Pathway by Oncogenic Mutations of B-RAF", Cell 116: 855-867 (March
19, 2004); and "Dynamic Changes in C-Raf Phosphorylation and 14-3-3 Protein Binding
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i din-2-yi]acetam de -162 WO 20051037273 PCTI US20041034179
Name MH+ N CN N-(4 {L1 nethyl-2 (pyridin 3-yl 511 INO

?ﬁl S ogar opy enykwﬁtﬁn %)e(l)n%ln oﬁnﬁﬁnrk;acﬁ?%@ f{f}g ?r%tlgﬁﬁ Binding

Ex.

- 416.5

H O CH 5- ySilesXyjoRsrial dera?ogiédlmbmnde%m:t P407424DEG(ABA T12008) Bafbei H p a

ON, (acety
cf5 yl)am
yl ] oxy) - 1-
met hyl 4-[ (
benzi m dazofro
Buffers 5
DIT Wash

NaCl Stop
10
-
15
20
25

| di 398. - | -1HDb
P SaPievisige; ATPRNEK s, g 5svoins) B il 25 B10sPiedy
g@%@ itk PERCHcBH 2 Rondbandisofiine oy 08 STt

tnesils Hofeeled twith ExvasincR &1 @oenl mm@amﬂbw ¢ApresHion
ouP Rk %féﬁﬁraw%ﬁ%g itye Ry Audpe s eotimad SRS Mo
I Bidge post p'ﬁﬁﬁiﬂoEDFé’: each assay, test compounds were serially diluted in DMSQ
then mixed with Raf (0.50 nM) and kinase inactive biotin-MEK (50 nM) in reaction
buffer plus ATP (1 uM). Reactions were subsequently incubated for 2 hours at room
temperature and stopped by the addition of 0.5 M EDTA, Stopped reaction mixiure was
transferred to a neutradavin-coated plate (Pierce) and incubated for 1 hour,
Phosphorylated product was measured with the DELFIA time-resolved fluorescence
system (Wallac), using a rabbit anti-p-MEK (Cell Signaling) as the primary antibody and
europium labeled anti-rabbit as the secondary antibody. Time resolved fluorescence was
read on a Wallac 1232 DELFIA fluorometer. The concentration of each compound for
50% inhibition (ICsp} was calculated by non-linear regression using XU Fit data analysis
software.

Using the procedures of Example 517, the compounds of Examples 1-466, 468-
476 and 478 were shown to have a raf kinase inhibitory activity at an ICgj of less than 10

uM.

While the preferred embodiments of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of the invention.
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Materials 10 Raf, active: Upstate Biotech #14-352 Mk, inactive: Upstate

Bi ot ech#14-205 33p- ATP: NEN Per ki n- gwer #NEG 602 h -163 WD 2005/ 037273
PCTI US20041034179 96 wel | assay plates: Fal con i 7-bottom pol ypropyl ene

pl ates #35-1190 Filter apparatus: MIIlipore #MAVM 096 OR 96 well filtration
plates: MIlipore Imobilon 1 #MAIP NOB Scintillation fluid: Wallac

Opti Phase "Super M x" #1200-439 5 Assay conditions Raf approximtely 120 pM
Mek aphy ioxentiomadlaim@d issM - 33p- ATP 100 nM Reaction time 45-60 nminutes at room
tenperature 10 Assay protocol Raf and Mek were conbined at 2X fi nal
concentrations in assay buffer (50 MM Tris, pH 7.5, 15 mM MyC1l2. 0.1 nM

EDTA ﬁnegcgmﬁa}ﬁﬂa'laf)ﬂl@ﬂgm@j gnsed 15 | per well in polypropyl ene assay
plates (Falcon U bottom polypropylene 96 well assay plates #35-1190.

Background | evel s are determ nedg |n wel | s containing Mek and DVSO 15
wi thout Raf. To the Raf/ Mk cont Tning wells was added 3 |1 of 10X of a raf

ki nase i nhi bi torX Ed in 100% DMSO. The raf kinase
achwtyﬁqe&i&& tarfed y he addition of 12 | per well of 2.5X
33P- ATP di |l uted x i ter 45-60 mnutes, the reactions were
stopped with the addi %ﬁ of ¥l of stop reagent (10 MM 20 EDTA).

Filtration plates were pre-wetted for 5 mn with 70% et hanol, and then

rinse I i i f %{EP r ]ran§ reaction
wel | SQ’\I/\I/Ee%len ts(ll’leatr}&ta(t gﬁég?e\é\ércrrt%d Hyt e ]f@liftr é1ﬁ?{6l(|§ edsméjélnhger l?}%t r %’i on pl ates
wer e prshied thakone bhXyarlX pmbitdie Nisndhe oMel bi Koard Xi; hiusebé oNRapésiatus. The

plates_were drjied and 100 NI per well of scintillation fluid (Wallac
Opt i PN&ISEO"'%@ xWh%le‘?G@lsﬂf%gl) 2wa8 %dded. The CPMis then 25 deternined

using a V\a sth&a%B%tr %néu”b?ﬁtu‘ie%aa‘?@l oYk AR SheretdeyeRANY1 ZryBh@AL LY At ed Raf

Screen
aryl, polycychc arylatkyl, heteroaryl, biaryl, heteroarylaryl, or heteroarylheteroaryl;

R; is hydrogen or substituted or unsubstituted loweralkyl, alkoxyalkyl, loweralkyloxy,
amino, aminoalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
alkyloxyalkylheterocycloalkyl, heteroarylalkyl, cycloalkyloweralkyl,
heterocycloalkylloweralkyl, loweralkylheterocycloalkyl, arylloweralkyl, heteroarylloweralkyl,
alkyloxyalkylheterocycloloweralkyl, or heteroarylloweralkyl;

R3 is hydrogen or loweralkyl;

gach Ry and R3* are independently selected from hydrogen, halogen, hydroxy, cyano,
loweralkyl, or loweralkoxy; and p and q are independently 0, 1, 2 or 3;

or a pharmaceutically acceptable salt thereof.
2. A compound of claim 1 wherein X, is —-NRy--.
3. A compound of claim 2 wherein Ry is hydrogen.
4. A compound of claim 2 wherein R4 is methyl.
5. A compound of claim 1 wherein X, is --NH--.

6. A compound of claim 1 wherein A; is selected from the group consisting of substituted or



The activity of various isoforns of Raf serine/threonine kinases (e.g.,

c-Raf, B- 30 Raf and nutant B-Raf (M%¥QE); see, for exanple, "Mechani sm of

Activation of the RAF- ERK Signaling Pathway by Oncogenic Mitations of

B- RAF", Cell 116: 855-867 (March 19, 2004); and "Dynam c Changes in C Raf
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PhosplTRPT G BRSRARLERSdeneh ut BthyRimdenle Reliey B HesPELH) v e
| or GRBR S BE N HIaR) bpHEi A AR N kB b Rl Fgn | n0)

as the primary antibody an eur opi um I'abel’ed anti-rabbit as the secondar
ant i bpigyrazinylatkyl.eyolohexylilkyb irdodd n2, 8-digsirdibdelgla d-asayth 2\Badihpdroin@a 1, DELFI A

s TR POt ek S eSS i by e kEiohe B sy by o )
of T Wayrfolidisi B9, iR 1RSIk AS4 Anik(BRRb fnatlyiphd Ve iGAAPAYD djiagblyExanmpl es

S [
1- 466, 468- 49%’ and 478 were shown to have a raf "kinase inhibitory activity
at anadaggbtyf bibydshexfihquindclidtylimMhidld, béreimpdetayt, édidenddplphemeit s of t he

i nvention._.has been illustrated. and escribed, jt will be reci ated that
var + obte TR fiiessE it Bt inro e £ e RPNl SBRSRR e Spi r1 ¢ and
scope qﬁiﬁoﬁﬁlﬁlgzl, USRI R fdny R ?heﬁﬁaﬁkylsﬂiﬁﬁiyl,-ﬂ?ﬁﬂh&%ﬁﬂ%]‘?ﬁip@ﬁé&'ﬂ@?l , biperidin-A
conpound of the formula (r):
ylalkyl, cyclopropyl, cyclopropylalkyl, pyrimidin-5-ylphenyl, quinolidinylphenyl, furanyl,
furanylphenyl, N-methylpiperidin-4-yl, pyrrolidin-4-ylpyridinyl, 4-diazepan-1-yl,
hydroxypyrrolidn-1-yl, dialkylaminopyrrolidin-1-yl, 1,4™-bipiperidin-1 '-yl, and (1,4'-

bipiperidin-1'-ylcarbonyl)phenyl.

7. A compound of claim 1 wherein A has the structure:

wherein Rs, Rg, Ry, Rg and Ry are independently selected from hydrogen, halo, loweralkyl,
cyano, hydroxy, haloloweralkyl, loweralkyloxy, haloloweralkyloxy, loweralkylthio,
haloloweralkylthio, and substituted or unsubstituted cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl.

8. A compound of claim 7 wherein Rs, Rg, Ry, Rg and Ry are independently selected from
hydrogen, chloro, fluoro, methyl, ethyl, propyl, iso-propyl, butyl, tert-butyl, cyano, hydroxy,



R i At - - X21<1 NO(R3)p (RB% (1) wherein, X, and X3 are selected
fromN and -NR4--, wherein R4 is hydiggen or |oweral kyl, provided that one
of X,and X3 nust be N and the other of Xt and X3 nmust be -NR4--; X2 is --
NH-- or --(CH2)m -, wherein mis 0, 1, 2, 3 or 4; A is substituted or
unsubstituted al kyl, cycloal kyl, heterocycl oal kyl, aryl, polycyclic aryl,
polycyclic arylal kyl, " heteroaryl, biaryl, heteroarylaryl, or

het er owthyldry tifbmrghethi, triﬁguqngmipﬂxgmm toflusotrsthyithiopdcetyl, anbsibstitutedtosd

01 e, S S R B SRS o 7

net er gnuckathkblpieyialnldnspaust dibtainy halenogusliagl kvl | overal kyl,

Iomeralkylheterocycloa kyl , aryllomeralkyl het er oaryl | ower al kyl ,
aIkyloxyalkylheterocyclolomeralkyl or heteroaryllomeralkyl R2 is hydrogen

al kyl : . and R3 re,inde endently sel ected fron1hydrogen
halogéeg V&P@%gqﬁgvgh%“meﬁﬁﬁgf %V&FS ‘EUFOMBraIkoxy and p and q are
i ndependently 0, 1, 2 or 3; or a pharmaceutically acceptable salt thereof.
2. A conpound of clauwﬂQHﬂher 0iS -NR4--. 3. A conpound of claim2
wherein Ito is hydrogen. 6npound of claim2 wherein R4 is nethyl. 5.
A conpound of claim1l mhere Ef --NH--. 6. A conpound of claiml wherein
At is selected fromthe group 'S5ting of substituted or - 167
unsubstituted phenyl, pyridyl, 1pyr|n1d|nyl phenyl al kyl, pyridyl al kyl,
pyri m di nyl al kyl heterocyclylcarbonylphenyl heterocyclylphenyl,
heter@&?&?@ﬂéﬂ yﬁﬁﬁéﬁyl chl or ophenyl , quorophenyI, br omophenyl
|odophgny5 dlhalophenyl nltrophenyl 4- br omophenyl, 4- chi orophenyl,
aIkyIB uzoarte, alkoxyphenyl, dialkoxyphenyl, di al kyi phenyl, trial kyt phenyl ,
t hi ophene, X,hi oghieng-1R- car boxyl at e, al kyl t hi ophenyl, trifluoronethylphenyl,

| phenyl , | f | pheny!l , bi phenyl | ohexyl ph henyl henyl ,
SE’_SE liyf’aﬁ?ﬁo@m%fﬂz a?e”n‘éﬁmai’mGQ%ww;e%ﬁ?oyrahx@q%:é&@ﬁé%hp ersALYIal Ryt 11 uor opheny!
L HRCRRLIKL OB RANGRM I, AL BTBAL ARRNG bl oy,

(trif hmlm&ilh%/llsl)lfdﬂ)@%&@Mbshtﬁb&@%&t@ubh&ﬁ&ﬂ c?/] dTeAIRVOhétavycIDhIRY P ey zk Ny |
N—norghollnyla kyI pi perazi nyl al kyl , cycl ohexyl al kyl , |ndonI
2, 3- diggenasylngns\ 1-aceyt| -2, 3-di hydr oi ndol yl,

Ry is hydrogen, loweralkyl, haloloweralkyl, hydroxyloweralkyl, loweralkyloxy,
haloloweralkyloxy, loweralkyloxyloweralkyl, and substituted or unsubstituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl.

10. A compound of claim 9 whereinn is 1.
11. A compound of claim 9 wherein R and Ry are hydrogen or loweralkyl.

12. A compound of claim 9 wherein Ry, is loweralkyl.

13. A compound of the formula (II):

OO

R Wy



cycl oheptyl, bicyclo[2.2.1 ]hept-2-yl, hydroxyphenyl, hydroxyal kyl phenyl,
pyrrolidinyl, pyrrolidin-1-yl, pyrcaok#di nyl-ylal kyl,

4- am no(i m no) met hyl phenyl, isoxazolyl, isdazolyl, adamantyl, bicyclohexyl,
qui nucl i di nyl, imdazolyl, benzim dazolyl, imdazolyiphenyl,
phenyl i m dazol yl, pthal am do, napthyl, benzophenone, anilinyl, anisolyl,

qui nol i nyl, quinolinonyl, phenylsul fonyl, phenylal kyl sul fonyl,
9H-fluoren-1-yl, piperidin- | -yI pi peridin-I- yIaIkyI, cycl opropyl,

I I kyl h I [i | ph |, f |,
T erRn et ¥ Ay T bR BRI i 0y i 4 o1 oyt di ol
4- di azepan- -y IsubstlIh\fGIf SHOMBKESPACART Woloflical Ka/té@eya&wlr i, qiolyc}clvd

1,4 -bipiperidin-1"-yl, d (1,4 -"bipiperidin-1"*= bonyl’) phényl . 7. A
corrpoumd pfly@yiche amlalm:ehecmaml thasfl tﬂawr@rylaqdméleter@?ylhatemm R5 wher ein
R5, R6i R7, d RO are i ndependent | Iect h

ower al ky! R 1Y RHOReT e oA BF Sr o e e Bk LRy pl Teratkyfoxs’

hal ol %@Im(%p{yl éﬂy&q@h%&&ﬁmalmlﬂ,pﬁg@@,la{sgl t hi o, and substituted or

unsubstituted cycloal kyl,” het erccycl oal %@ , or heteroaryl. 8. A
corrpowﬂwl@fyaﬂdyﬂlemrﬁcwmdledl,rheIRfrparRBtlkyﬂmyc lkafhdwlwkalr e independently sel ected

LM B SOE R o BB S by PR, SRR Rt

trifl Wﬂ&@d]@ﬂiéterbéycidlbiﬂéﬂﬂ@ﬂ ot hbRtqrylRefinkyl; and substituted or
unsubsti‘tut'ed phenyl’, phenyl oxy, furyI tetra ydrofuranyl

t et rahydroriilzrlahydlroggymlamgﬂllkyl trifluoronethyl piperidinyl, thiophenyl,

pi per azi nyl nDr ho inyl.. 9. A, C0 of claim1 wherein R, has the
structure: R3( I%g X@wqalkyhog%gp PRYsfifs 0,1,2,30r 4 r is 1 or

2, X4 is "IGHsh?rd’rB m@mmwa B RAARANG SRlebbRELAThEELS T OM hydr ogen,

halo | ower al ky hal ol ower dl kyl ; hydroxyl ower al kyl, | oweral kyl oxy,
hal ol ower al kyl oxy, Iomeralkylsulfonyl halolomeralkylsulfonyl and

ﬁg{):ﬁloltétutﬁec% or Jnsy almtly ereuI/fL, lSahyla}/ogenhet erocycl oal kyl , aryl, or

15. A compound of claim 13 wherein Ry is methyl.
16. A compound of claim 13 wherein X; is --NH--.

17. A compound of claim 13 wherein A is selected from the group consisting of substituted or
unsubstituted phenyl, pyridyl, pyrimidinyl, phenylalkyl, pyridylalkyl, pyrimidinylaikyl,
heterocyclylcarbonylphenyl, heterocyclylphenyl, heterocyclylalkylphenyl, chlorophenyl,
fluorophenyl, bromophenyl, iodophenyl, dihalophenyl, nitrophenyl, 4-bromophenyl, 4-
chlorophenyl, alkylbenzoate, alkoxyphenyl, dialkoxyphenyl, dialkylphenyl, trialkylphenyl,
thiophene, thiophene-2-carboxylate, alkylthiophenyl, trifluoromethylphenyl, acetylphenyl,
sulfamoylphenyl, biphenyl, cyclohexylphenyl, phenyloxyphenyl, dialkylaminophenyl,
alkylbromophenyl, alkylchlorophenyl, alkylfluorophenyl, trifluoromethyichlorophenyl,
trifluoromethylbromophenyl indenyl, 2,3-dihydroindenyl, tetralinyl, trifluorophenyl,
(trifluoromethyl)thiophenyl, alkoxybiphenyl, morpholinyl, N-piperazinyl, N-morpholinylalkyl,
piperazinylalkyl, cyclohexylalkyl, indolyl, 2,3-dihydroindolyi, 1-aceytl-2,3-dihydroindolyl,
cycloheptyl, bicyclo[2.2.1 Thept-2-yl, hydroxyphenyl, hydroxyalkylphenyl, pyrrolidinyl,
pyrrolidin-1-yl, pyrrolidin-1-ylalkyl, 4-amino(imino)methylphenyl, isoxazolyl, indazolyl,



R11 is hydrogen, |oweral kyl, hal ol oweral kyl, hydroxyl oweral kyl,
| oner al kyl oxy, hal ol ower al kyl oxy, | oweral kyl oxyl ower al kyl , and substituted

or unsubstituted cycl oal kyl, heterocycloal kyl, aryl, or heteroaryl. 10. A
conmpound of claim9 wherein nis 1. 11. A conpound of claim9 wherein R o
and R12 are hydrogen or loweral kyl. 12. A conpound of claim9 wherein R' is

| oweral kyl . 13. A conpound of the formula (II): R2 i ONRt A--X2- ~~N |
R3 N alanmtyl, hisgclosixat ajuuchidingk imidweplyl, benzim{daeplymimjdagplytphienylm i s 0, 1, 2,

3 or 4, A i.s substituted or substituted alkyl, ¢ oal kyl

net er S RTgTRD T bYRREL Rhaily PEPbRIHRE s apBL AT neter oaryi
bi ar yhuinbﬂﬁ(ﬂ{yq),é}ﬂ%hﬂﬁﬁdfqny\l),rphB@ﬁl@l'k?BﬁMM}&,t91{-@1%53611;1—Ei, lpi;:&riﬁﬁﬁ[%?ﬁpe@iﬂin—l- .
substituted or unsubstituted |oweralkyl, alkoxyal ky | ower al kyl oxy, am no,

ami noalalioyl, cyelpprapat.ioyloprey Wlladymirissidioy§-yikeyy], quinelidinelphenyl, furanyl,

al kyl gxyal kyl heter g l.oal- kvl,  .heteroar vl al .. cycl oal kyl oyner al kyl ,

het er %lg&qn@ Iﬁﬁcr)nv?/eﬁ?/yg?lﬁgrll(,mﬁéx\leggf?&ﬁ%}eifﬂ?ﬁ(bylb%ﬁka%??a%L?’p?ovver al kyl ,

het er awmk*wﬁhlqy% diaityathiasyakdidinetyel DeYVpipkavar lvkahd (D4'-
heteroaryl | oweral kyl ; R2 is hydrogen or |oweralkyl; R3 is hydrogen, hal ogen,
| ower @lmqulmﬂ‘—ylm%mlmwl- and 124 is hydrogen or loweral kyl or a

phar maceutically acceptable salt thereof. 14. A conpound of claim 13
wherein R4 is hydrogen. 15. A conmpound of claim 13 wherein R4 is nethyl.

16. A1goARempeusd oftdlainm I3heveRt £] RasXBe stucturbH-. 17. A conpound of claim 13
wherein A is selected fromthe group consisting of substituted or

unsubsti tuted phenyl, pyqipyldmpyrinidinyl, phenyl al kyl , pyridyl al kyl,

pyri m di nyl al kyl, heterocyclylcarbonyl phenyl, heterocycl yl phenyl,
heterocyclylalkylphenyh, \hgﬁ%l, fl uor ophenyl, bronophenyl, iodophenyl,
di hal ophenyl , nitropheh§ r phenyl, 4- chl orophenyl, al kyl benzoat e,

al koxyphenyl , di al koxyphe ‘~ndi al kyl phenyl, trial kyl phenyl, thiophene,

t hi ophene- 2- car boxyl at e, Bd kyl t hi ophenyl, trifl uoronethyl phenyl,

acetyl phenyl, sul fanoyl phenyl, biphenyl, cycl ohexyl phenyl, phenyl oxyphenyl,

di al k%\lzh%péiﬁ] ﬁ?ﬁ&?ﬁl . Rg and Ry are independently selected from hydrogen, halo, loweralkyl,
cyano, hydroxy, haloloweralkyl, loweralkyloxy, haloloweralkyloxy, loweralkylthio,

haloloweralkylthio, and substituted or unsubstituted cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl.

19. A compound of claim 18 wherein Rs, Rg, R7, Rg and Ry are independently selected from
hydrogen, chloro, fluoro, methyl, ethyl, propyl, iso-propyl, butyl, tert-butyl, ¢cyano, hydroxy,
methyloxy, trifluoromethyl, trifluoromethoxy, trifluoromethylthio, acetyl, and substituted or
unsubstituted phenyl, phenyloxy, furyl, tetrahydrofuranyl, tetrahydropyranyl, pyridinyl,
trifluoromethylpiperidinyl, thiophenyl, piperazinyl, and morpholinyl.

20. A compound of claim 13 wherein R has the structure:

/{CHZ)R\)Q/\I/R'O

r N,
(S,

Rqz

whereinnis 0, 1, 2, 3or4;
ris l or2; X4is --CH-- or N



al kyl bronophenyl , al kyl chl orophenyl, al kyl fl uorophenyl,
trifluoronethyl chl orophenyl, triflud?baethyl bronophenyl indenyl,

2, 3-di hydroi ndenyl, tetralinyl, trifluorophenyl,
(trifluoromethyl)thiophenyl, alkoxybiphenyl, norpholinyl, N piperazinyl,
N- nmor phol i nyl al kyl , piperazinylalkyl cyclohexylalkyl indonI

2, 3- dlhydr0|ndolyl 1-aceyt| -2, dlhydr0|ndolyl ic oh blcyclof
2. 2. 1fﬂ1m@r&Reﬁ{ﬂ in P@ﬁ@d@%&b’pﬁ?@ﬁgﬂd fromy &y duogen. laglop aveyall Ylpwlp&

t hyl h |
Y oxaseoRstceialin, SHELRIG MR Wfﬂﬁ‘éxlﬂlﬁ%ﬂfanuﬁl Pd?%
im dahﬁ]lo}dwerhkplaulmr@e,zamkmhbstnmdaimhsylbsmeﬁaa leyclogikgln itteraceelaalkyl, aryp,tdnal am do,

napth?()g benzophenone, anilinyl, anisolyl, quinolinyl, quinolinonyl,
pheny teraasyl ydd phenyl al kyl sul fonyl, 913-fluoren-1-yl, piperidin-I-yl,

pi per I , m di n- 5-yl phenyl
qui noFthl ny ,dx%eﬂ l?"lvg%hkryaﬁr}éﬁé 8‘% nyﬂyaﬁ&ﬁ%?%@dﬁy%mk@&?m n-4-yl,

pyrro [hatd:ilcrwéalymxy,l ldwm;allkyldx}dmaaatk@n -athd yhibstinhsdsroasplystitgibd cycldalil,

di al kyl am nopyrrolidin-I-yl 4' -bipiperidin-1'-yl, and (1,4'- bipiperidin-

1' -yl 5@5&ﬁ99¥%ﬁbﬁ@ﬂ‘“ﬁ@mﬂﬁﬂﬁbnpound of claim 13 wherein Al has the

structure: R7 Re Ra Ra R5 wherein R5, R6, R7, R8 and RO are independently

sel ected from hydrogen, halo, |oweral kyl, cyano, hydroxy, hal ol oweral kyl,

| ower al1kylcexipoulbbdlgive?@iakydeimxy is 1.ower al kyl t hi o,  hal ol ower al kyl t hi o, and

substituted or unsubstituted cycl oal kyl, heterocycloal kyl, aryl, or
heteroaryl, 19. A conpound of claim18 wherein R5, R6, R7, R8 and RO are

i ndepend r I hyI et hyl ,
 oCheIRTelikoaR SELGh 50 ULV 90T ISR RO Y et

tr|fluoronethyl trifluoronethoxy, trlfluoronethylthlo acetyl and

substituted or unsubstltuted phenyl, phenyl oxy, furyl, tetrahydrofuranyl

t et r afPdASHIPIHYS © ﬁ@mlapﬁyﬁfanﬂﬂka5W@HﬂthyIp|perldlnyl t hi ophenyl ,

pi perazinyl, and norpholinyl. 20. A conpound of claim 13 wher ei n R, has the

structure: f(CHZ)n,,"Ro Nr ft4l R12 wherein nis 0, 1, 2, 3or4; r is

or 2; 244Aicempolirdt of the fddmula (IV):

Rz
N O SN N R1
LT
1 R3

wherein X, is -NRy--, wherein R, is hydrogen or loweralkyl;

(1v)

A is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl, polycyclic aryl,
polycyclic arylalkyl, heteroaryl, biaryl, heteroarylaryl, or heteroarylheteroaryl; R.sub.1 is
hydrogen or substituted or unsubstituted loweralkyl, alkoxyalkyl, loweralkyloxy, amino,
aminoalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkyloxyalkylheterocycloalkyl,
heteroarylalkyl, cycloalkyloweralkyl, heterocycloalkylloweralkyl, loweralkylheterocycloalkyl,
arylloweralkyl, heteroarylloweralkyl, alkyloxyalkylheterocycloloweralkyl, or
heteroarylloweralkyl;

R; is hydrogen or loweralkyl; and

R; is hydrogen, halogen, loweralkyl, or loweralkoxy; or a pharmaceutically acceptable salt
thereof.



-171- R10 and R12 are independently selected from hydrogen, hal o,

| oner al kyl , hal ol oweral kyl, hydroxyheneral kyl, | oweral kyl oxy,

hal ol ower al kyl oxy, | oweral kyl sul fonyl, hal ol oweral kyl sul fonyl, and
substituted or unsubstituted cycl oal kyl, heterocycloal kyl, aryl, or
heteroaryl; and R11l is hydrogen, |oweral kyl, hal ol oweral kyl,

hydr oxyl ower al kyl , | ower al kyl oxy, hal ol ower al kyl oxy,

| ower ab ki lcompbuwkofadliyl 24 wheresuRsisitydtogen.or unsubstitut ed cycl oal kyl

het er ocycl oal kyl, aryl, or heteroaryl. 21. A conpound of claim 20 wherein n
is 1. 22. A conpound of claim 20 wherein RLO and R12 are hydrogen or

| ower akky lcom g&dﬁﬁgmaﬁeﬁfnRJ@lrﬁ@tgﬁ wherein R11 is loweral kyl. 24. A
conmpound of Pheforrma( Al NNI f OY, -1z ay- NCR' x R3 (1V)

wherein X1 is -NR4--, wherel n R4 |s hydr ogen or | oweral kyI

bsti d t | kyl | I I k |, het
Dol yoydt - eompopt St ok e 81 el Rt 7P Crarioh Fw@t&ﬁsapil aryl,
or hehﬁgmﬁmkéaeﬁ}@ﬁﬂawﬂldyl Fiaﬁyﬁdldyl 'p?nen)hﬂlﬂsrpﬁ?ﬁdy%l@ll B?ﬁin‘i&ihﬁﬂlk?f
unsubstituted l'owera | koxyal Ky | ower al y, “am no, am noal kyl,
cycl oabﬂcgdcyclbrh:taémoggpbbmﬂj lkqtstrocmlylpheﬂyé,tl‘etmwlylalkylphenyl chlorc)phenyl

net or SRy aROERly B BRBFaMEy pASRtsn SR PREDL ERAEBEY fpromSSRHY dner o kyt

het er QRILYddHaMRr ﬁlkiﬂﬁlfmzcﬁw()ﬂk@%yﬁﬁeh}ﬂl hRl®X P |dP‘ii\E3flﬁllléﬁ¥rl 1tr1é]kylphena'r ogen.

het er oar yI'l ower al hydrogén or [oweral kyl~;
hal ogehnpphamethujphyrhe-Z-oarbbmy\bteaalk@btlypplmnyh trpiﬂmrmc‘élutphcayll gceadp‘rmpvhbl e salt

conpogHeiZheryhbithefi Pestnfed nén ey ooyl diloufmioBre el m 24

wher elamyfbrofnépﬁﬁllyﬁvﬁh@%mé@ﬁhém aﬂfﬂﬂﬁbrﬁﬂféﬁbfﬁ &ﬂlmrsﬁewnﬂdré}sﬁeﬁﬂ or
unsubsti'tuted phényl, pyridyl, pyrimdinyl; phenyl al . pyridyl al kyl ,

pyr i mitdflwybmethy lb,romhphfelf}’bmylcnxll 23 rdilmylydiphany; Itf;tr&imyé rtoﬂwrbplhthb nyl ,
e LA BT LSS Y R SO
al kyl baRzndtRalk Al KRIRRS Ry, iH8AYK 3/ MAG] ndoliil,all -Kody eI hy didind¥iyy | pheny! ,

cycloheptyl, bicyclo [2.2.1]hept-2-yl, hydroxyphenyl, hydroxyalkylphenyl, pyrrolidinyl,
pyrrolidin-1-yl, pyrrolidin-1-ylalkyl, 4-amino(imino)methylphenyl, isoxazolyl, indazolyl,
adamantyl, bicyclohexyl, quinuclidinyl, imidazolyl, benzimidazoly], imidazolylphenyl,
phenylimidazolyl, pthalamido, napthyl, benzophenone, anilinyl, anisolyl, quinolinyl,
quinolinonyl, phenylsulfonyl, phenylalkylsulfonyl, 9H-fluoren-1-yl, piperidin-1-yl, piperidin-1-
ylalkyl, cyclopropyl, cyclopropylalkyl, pyrimidin-5-ylphenyl, quinolidinylphenyl, furanyl,
furanylphenyl, N-methylpiperidin-4-yl, pyrrolidin-4-ylpyridinyl, 4-diazepan-1-yl,
hydroxypyrrolidn-1-yl, dialkylaminopyrrolidin-1-yl, 1,4"-bipiperidin-1'-yl, and (1,4'-
bipiperidin-1'-ylcarbonyl)phenyl.

28. A compound of claim 24 wherein A has the structure:



t hi ophene, thiophene-2-carboxyl ate, al kylthiophenyl, trifluoronethyl phenyl,
acetyl phenyl, sul fanoyl phenyl, bi phemyl, cycl ohexyl phenyl, phenyl oxyphenyl,
di al kyl am nophenyl, al kyl bronophenyl , al kyl chl orophenyl, al kyl fl uorophenyl,

trifluoromethylchlorophenyl, trifluoronethyl bronophenyl indenyl,
2, 3- dihydroindenyl tetralinyl, trifluorophenyl,
(trlfluoroneth th|o phenyl , alkoxyblphenyl rphol i nyl, N-pi perazinyl,

N- nor mhgtellmli’tk, ki, Re apd;ibraaqmdymdmyﬂy Sei\‘;téﬂddmWéltOIgym,,halmdtMgrhlkyl

2, 3-di d d bi cycl
2 2. PR EYBOR hatgioh S e A SelP ROyt 1t RERg; g1 = ©
pyrr 0haldldwdralujdthmyarna@hbﬂitﬁteauyhﬁubmitute&c?abﬂﬁ I, mte@);yabﬂkyno BeMYr,

i soxazol yl, indazolyl, adamantyl, bicyclohexyl, quinuclidinyl, imdazolyl,
ben2|h¢@52mwy1 |n1dazolylphenyl phenyllnldazolyl pthalanldo napt hyl ,
benzophenone, aniIinyI, anisolyl, qui noti nyl, quinolinonyl, phenylsulfonyl,

phenyl al kyl sul fonyl, 9H-fluoren-1-yl, piperidin-I-yl, piperidin-1- ylalkyl,

cycl 099 ORYbmp6wd SIRRYIPlkatein m_ey H(,IR-ﬂR@aﬁd RL aﬁqﬁ&épena&ﬂtmbledteﬂy}oﬁmenyI
furan furanyl phenyl, N net perid yrrolidin-4- yIpyrldlnyI

2 di aﬁmgen, ioro, Tt syl by HwobL Jo-prape wamrhbgyr oo hndroxy,- y1 |

bi eri erld rbo yl . 28 A
compotlitir: P A ey RGP R bs: % sl < 175
wher eiufsuBstitufdd phdyl, ﬁ&@ HFﬁrﬁr ﬁnhﬂ,dﬂ@@ﬂﬂ@nttétya}@&owa@lsh fpzﬂmnpydr ogen,
hal o, | oweral kyl, ~ cyano, drioxy halolomeralky I"ower al kyl oxy,
hal ol &ufreabigthiipjperidod,thi mym;nperamayloml/mc@hnpmlm o, and substituted or
unsubstituted cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl. 29. A
conmpound of claim 24 wher ei n R5, R6, R7, R8 and RO are i ndependent |y

sel ecBed fcbRRbUAYSTLRM4S RERIOR, KdsURY QruciRENY! , ethyl, propyl, iso-propyl,
butyl, tert-butyl, cyano, hydroxy, nethyloxy, trlfluoronethyl

trlfluoronethoxy, trifl nmet hyl t hi o, acetyl, and substituted or

unsubstituted phenyl, -p wyﬁhnf%myl, tetrahydrofitranyl

t et rahydr opyr anyl , pyridiny% i f1 uoronet hyl pi peridinyl, thiophenyl,

pi perazi nyl, and nnrphollnyl . ;conpound of claim24 wherein R has the
structure: (CHONom R10 Rii Qi%mmﬂdn nis 0, 1, 2, 3 or 4

whereinnis 0,1, 2, 3 or 4;

ris 1 or2;

X4is --CH--or N

Ry and Ry; are independently selected from hydrogen, halo, loweralkyl, haloloweralkyl,
hydroxyloweralkyl, loweralkyloxy, halotoweralkyloxy, loweralkylsulfonyl,
haloloweralkylsulfonyl, and substituted or unsubstituted cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; and R.sub.11 is hydrogen, loweralkyl, haloloweralkyl, hydroxyloweralkyl,
loweralkyloxy, haloloweralkyloxy, loweralkyloxyloweralkyl, and substituted or unsubstituted
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl.

31. A compound of claim 30 whereinn is 1.
32. A compound of claim 30 wherein R and R, are hydrogen or loweralkyl.

33. A compound of claim 30 wherein R;, is loweralkyl.



rislor 2, 3{4is --CH- or NRLIO and R12 are independently selected from
hydr ogen, hal o, |oweral kyl, hal ol onwer® kyl, hydroxyl ower al kyl

| ower al kyl oxy, hal ot ower al kyl oxy, | oweral kyl sul fonyl,

hal ol ower al kyl sul fonyl, and substituted or unsubstituted cycl oal kyl,

het er ocycl oal kyl, aryl, or heteroaryl; and R sub. | | is hydrogen,

| owner al kyl , hal ol ower al kyl, hydroxyl oweral kyl, | oweral kyl oxy,

hal ol ower al kyl oxy, | oweral kyl oxyl oweral kyl, and substituted or unsubstituted
cycl ogl kyl , hete cl.oal caryl, or heteroaryl. 31. A conpound of claim
30 \/\hg%'eﬁxﬁblﬂp?@drl&%f?%‘orﬂ“t%%wnd of claim30 wherein RI0 and R12 are

hydr ogen or |oweral kyl. 33. A conpound of claim 30 wherein R11 is

| oweral kyl . -1 348 A conpound of the formula (V): R7T Rg R2 Rs W\--~N
a~~ QNYRt 5 30 Mt (V) wherein Rl,is hydrogen or substituted or
unsubsti t ut eRlg+ HHP al koxyal kyl , lidweral kyl oxy, am no, am noal kyl,
cycl oal kyl, het epodycl ol 2 Rele l,

al kyl oxyal kyl hqiseromu Bal @ E kyl, cycl oal kyl ower al kyl ,

het er ocycl oal kyl™ | ower aNk q S | het erocycl oal kyl , aryl | oweral kyl,
het er oaryl | ower al kyl , Egkyloxy- al kyl het er ocycl ol ower al k or

het er oaryl | ower al kyl ; s hydrogen or |oweral kyl; R3 i ydr ogen, hal ogen,

| ower al kyl , _or .| oweral koxy;. R sub.4 js hydrogen or _|oweral kyl; and R5, &,
R7, Ry'haFd Roisdierqgsasp éﬁ&f@ﬁ#@%@s&w@&eﬁf tovrrab s alkenyalind) weralladeont ky| |

cyanoavﬁy (o I I %ﬁﬁ@' I | ol ower al kyl oxy,
| ower a ly ’F‘mqm%a(%%@o%r’gé%?cfﬁﬁo, an ’sﬁ%és(rf}?%t ed or unsubstituted
cycl oalkyidxyalkgtheteomycloallyk yheteraarylalkyheyclbalkglooaralkyl, mteracypdiaalkgeeut i cal |y

acceptabl e salt thereof. 35. A conpound of claim34 wherein R4 is hydrogen.
36. Aldusrplihdovsralsyleicrosyclolybiany M@kﬂebﬂwoar@?we%ﬁ% BURSof cl ai m 34

wher elyfky RRterBeldwerRy R nERrARIdWARADdent |y sel ected from

R; is hydrogen or loweralkyl;

R; is hydrogen, halogen, loweralkyl, or loweralkoxy; R.sub.4 is hydrogen or
loweralkyl; and

Rs, Re, Ry, Rg and Ry are independently selected from hydrogen, halo, loweralkyl,
cyano, hydroxy, haloloweralkyl, loweralkyloxy, haloloweralkyloxy, loweralkyithio,
haloloweralkylthio, and substituted or unsubstituted cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl,

or a pharmaceutically acceptable salt thereof.

35. A compound of claim 34 wherein Ry is hydrogen.

36. A compound of claim 34 wherein Ry is methyl.

37. A compound of claim 34 wherein Rs, R¢, R7, Rg and Ry are independently selected from
hydrogen, chloro, fluoro, methyl, ethyl, propyl, iso-propyl, butyl, tert-butyl, cyano, hydroxy,
methyloxy, trilluoromethyl, trifluoromethoxy, trifluoromethylthio, acetyl, and substituted or
unsubstituted phenyl, phenyloxy, furyl, tetrahydrofuranyl, tetrahydropyranyl, pyridinyl,
trifluoromethylpiperidinyl, thiophenyl, piperazinyl, and morpholinyl.



hydr ogen, chloro, fluoro, nethyl, ethyl, propyl, iso-propyl, butyl,
tert-butyl, cyano, hydroxy, nethylokis-trilluoronethyl, trifluoronethoxy,
trifluoronmethylthio, acetyl, and substituted or wunsubstituted phenyl,
phenyl oxy, furyl, tetrahydrofuranyl, tetrahydropyranyl, pyridinyl,
trifluoronethyl pi peridinyl, thiophenyl, piperazinyl, and norpholinyl. -175-
38. A conpound of claim34 wherein R, has the structure: ,SCK2)n, Ro Ir-N,
R12 wherein nis 0, 1, 2, 3 or 4, r isl1or 2; X4is --CH- or NRLIO and

nal of S SvRT st S R URTURARBERT, | 07y nal of ower 4l kyl oxy,

| ower al kyl sul fonyl, hal ol oweral kyl sul fonyl, and substituted or

unsubsti t ut ed cycloaLk&@ﬂﬂ fRed oal kyl, aryl, or heteroaryl; and R' is

hydr ogen, | oweral kyl, hal ol rdl kyl, hydroxyl oweral kyl, | oweral kyl oxy,

hal ol ower al kyl oxy, | oweral k wg%Fralkyl, and substituted or unsubstituted
cycl oal kyl, heterocycl oal kyl ,! aryl', or heteroaryl. 39. A conpound of claim

38 wherein nis 1. 40. A conpcﬁlﬁd of claim 38 wherein RLO and R12 are
hydrogen or |oweral kyl. 41. A conpound of claim 38 wherein Ru is

| ower al kyl . 42. A conpound of the formula (M): R7 Ra Rp O NY(CH2)n.N Rlo
~ 7 &plNedei?iris B 1HN Ro/4NiP1 B3 N RI1 R4 R12 (~)} R2 is hydrogen or

| ower al kyl ;
X418 --CH--or N
Rip and R, are independently selected from hydrogen, halo, loweralkyl, haloloweralkyl,
hydroxyloweralkyl, loweralkyloxy, haloloweralkyloxy, loweralkylsulfonyl,
haloloweralkylsulfonyl, and substituted or unsubstituted cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl; and

Ry, is hydrogen, loweralkyl, haloloweralkyl, hydroxyloweralkyl, loweralkyloxy,
haloloweralkyloxy, loweralkyloxyloweralkyl, and substituted or unsubstituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl.

39. A compound of claim 38 whereinn is 1.

40. A compound of claim 38 wherein Ry and R;; are hydrogen or loweralkyl.

41. A compound of claim 38 wherein Ry, is loweralkyl.

42. A compound of the formula (VI):
Ry FRe

Ro
Rs Rg 1
Rs  HN—C :O: U T
N Ry % N.
N e
R4

Ri2 (VD)

R; 1s hydrogen or loweralkyl;



- 176- R3 is hydrogen, hal ogen, |oweral kyl, or |oweral koxy; R4 is hydrogen
or loweral kyl; and R5, R6, R7, R8 and/6RO are independently selected from
hydr ogen, hal o, |oweral kyl, cyano, hydroxy, hal ol oweral kyl, | oweral kyl oxy,
hal ol ower al kyl oxy, |oweral kylthio, halol oweral kylthio, and substituted or
unsubstituted cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl; nis 0, 1,
2, 3 or 4, RO and Rz are independently selected from hydrogen, hal o,

| ower B isyydragandiabegenaloxseralkylhgrdewssalkswer al kyl , | ower al kyl oxy,

hal ol gwer.al kyl 0x | oweral kyl sul fonyl , hal ol oweral kyl sul fonyl, and
substi it m\éfgﬁglsot%e%%&?’@?%% cycl oal kyl, heterocycl oal kyl, aryl, or

het er RaRgl R;, ®3thind Rgtard indbyshdest®nseldctdtefiah Wﬂmlgbxﬂﬂﬁld?\hﬁﬁ@hlkyl, cyano,
hydr oxyl ower al kyl , | owera I;&I oxy, hal ol ower al kyl ox

| H
| over bidegrokelobesralkily lowernby oy shalelaweralioforym sselkithied cycl oal kyl
het | kvl . | h | ti | t abl | t
1 Por Bt RRHrio 3 sabShulf b iR Absined ofCIANRESI GRIN, BEHEP, 20 ° 58 L

of cl péteRodeyiwherein R4 is methyl. 45. A conpound of claim42 wherein R5, R6,
R7, R8 and RO are independently selected from hydrogen, chloro, fluoro,
met hyh 1s &tlhgd 3 optiopyl , i so-propyl, butyl, tert-butyl, cyano, hydroxy,

T bbb SRR e bt GG . 20t
t et r ahyddbRflowanaidyl, 1bREfaBRYSHORNORME alk\¥L Y, dbwthalkylsulfonyl, haloloweralkyl

trifluoronethyl piperidinyl, "thiophenyl, piperazinyl, and nmorpholinyl. 46. A
conposmtbngf, and substingedwramsiibstituted cyicloadiyl, heteroeysdanticy] odryk bahetexparyhreadei n Ri o

d RL2 . hyd | | kyl. . 48. Th d of claim42 which i
i TS RSBy RSP 2 1L o
M O haldtoWMREMYlody, tbREraikyBxdfamdralRyl hadpkitdddr imdibktiafat Gelddkyl,

heterocycloalkyl, aryl, or heteroaryl or a pharmaceutically acceptable salt thereof.

43. A compound of claim 42 wherein R4 is hydrogen.

44. A compound of claim 42 wherein R4 is methyl.

45. A compound of claim 42 wherein Rs, Rg, R7, Rg and Ry are independently selected from
hydrogen, chloro, fluoro, methyl, ethyl, propyl, iso-propyl, butyl, tert-butyl, cyano, hydroxy,
methyloxy, triflucromethyl, trifluoromethoxy, trifluoromethylthio, acetyl, and substituted or
unsubstituted phenyl, phenyloxy, furyl, tetrahydrofuranyl, tetrahydropyranyl, pyridinyl,
trifluoromethylpiperidinyl, thiophenyl, piperazinyl, and morpholinyl.

46. A compound of claim 42 whereinn is 1.

47. A compound of claim 42 wherein Rjp and R are hydrogen or loweralkyl.

48. The compound of claim 42 which is 2-(4-cthylpiperazin-1-y1)-N-{4-[(2-{[2-fluoro-5-
(trifluoromethyl)phenyl])a- mino }-1-methyl-1H-benzimidazol-5-yl)oxy]pyridin-2yl}acetamide.





