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present invention relates to novel benzinm dazole
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carcinomas and 73% of gastric carcinomas as compared to the corresponding
25 normal tissues. Further, patients with high levels of PLLK overexpression in
esophageal carcinoma represented a significantly poorer prognosis group
than those with low levels of PLK overexpression. In head and neck cancers,
elevated mRNA expression of PLK1 was observed in most tumors; a Kaplan-
Meier analysis showed that those patients with moderate levels of PLK1
30 expression survived longer than those with high levels of PLK1 expression.
Analysis of patients with non-small cell lung carcinoma showed similar
outcomes related to PLK1 expression.
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2 PCT Publication No. W2004/014899 to SmthKline
Beecham di scl oses novel benzi m dazol e thi ophene
compounds of fornmula (1): N=~<S g Rl N Qln e
wher Rl is selected fromthe group con
MO éﬂﬁ?{%“36?a| kenyl, alkynyl, -CQ(OR7, -CO2R P hoss
- C(O) NR7R8, C(O)N(R’)CRS - O)N(R’) R2- OR8,
-Q(OQ N(R7) - Ph, - (O N(R7) - R2-Ph, - (O N(R7) C( O) R,

-C(O N(R7) CO2R8, -C(O N(R7) C{O NR R8, -C(O N(R7) S(O) 2R8,

g%%ﬂ\ﬁﬁ%hl% %&@%&é{}fﬁ?&% |tl3ﬁ%§b@l‘§%ﬁidiscloses
RIRENKRIGZ ole- O pNRE)I(rReY RS Of formGJ(a:(NR7) N( R8) - R2- Ph,

-R2 NRRS -CN, -OR, -S(@fR, -S(O 2NR R8,

-S(O 2N(R) - Ph, -S(O)2 (1£-R2-Ph, -NR7R8, N(R7) - Ph,
-N(R7) - R2-Ph, N(R7) - t; Ph is phenyl
optionally substi? om o3times with a
substituent 15 se romt ha group consisting of
hal o, al kyl, -OH, R2(}|, -0- alkyl, -R2-0Oalkyl,

- NMzereinN( H) al kyl, -N(al kyl)2, -CN and -N3; Het is a

S-g! |€%E’@&b§%ﬁ\%§@%¥ Ebr‘?sué?iﬂi{l'of‘ﬂ élkyl ?a!ke'ﬁyloélkfn léC

het er oat ons, sel ec 7. Ql,
nmenber e@?ﬁat‘&@)ﬂ@ﬁ 'ITQWWERJIGRZ CEOMRA R TQR er oat ons

sel ect eCCHN@T)-Rh, -Q(@)MRE},R?qaptr; N(Riy(e(bl)ga substituted

Zhe oo 5%”@@%&%“ 3@9%4@?@ @*ﬁémﬁ@@%@aﬁ?d from
- %aﬂj -RLOR I7R§/-IO ceém G?GB)Rifl-C(S) : -CNISH*) BRI ¥H,, N

- (R2), (TTYBoiA ﬁnR@ £ %—wﬁgﬁgﬁig %,n@awh i
di ffer e%&= B\réR é%rR rMBé’pen@DénﬂFy @(%}fR 1-HRENR R, 25

| east RY-r, 5(0S:NHR'YRALEh, ONRR®, IR BPRI-NR")-RB-Phs a
group of RM( E}Ba ( N}ag (Y2) bb- (RZI)Q(C)?'R or gavvc))

adj acen[fI Q e sel ected fromthe group

C ORN$ lssnl'nengg opfi onaﬂ;l' sytstitutddeamy il to 3 filtes wittbg SlibsRtueand

15 - NR R8 .20d .1 298 LRS brolth Eondidifig SRR Bikyt, -OH, -R2-OH, -O-

25

alkyl, -R%-O-alkyl, -NHa, -N{H)alky!, -N(alkyl)z, -CN and -Na;

Het is a 5-7 membered heterocycle having 1, 2, 3 or 4 heteroatoms selected
from N, O and S, or a 5-6 membered heteroaryl having 1, 2,3 or4
heteroatoms selected from N, O and S, each optionally substituted
from 1 to 2 times with a substituent selected from the group consisting
of halo, alky!, oxo, -OH, -R%-OH, -O-alkyl, -R*-O-alkyl, -NHz, -N(H)alkyl,
-N(alkyl),, -CN and -N3;

Q' is a group of formuta:  -(RY~(Y " )e-(RH-R®

a, b and c are the same or different and are each independently 0 or 1 and at
leastonecfaorbis 1;

nis0, 1,2, 3or4;

Q?is a group of formula;  «(R%ax(Y e (RYee-R?
or two adjacent G groups are selected from the group consisting of
alkyl, alkenyl, -OR’, -S(OXR’ and -NR’R® and together with the carbon
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they are bound, they forma C5 5cycl oal kyl, C5.
6cycl oal kenyl, phenyl, 5-7 nenbered heterocycl e having

%%00%03 teroatons selected fromN, 0 and Sp-PlsRidossess
nmenbere eteroaryl having 1 or 2 heteroatons

selected fromN, O and S; 5 aa, bb and cc are the same
or different and are each independently 0 or 1; each
Yf and Y2 is the sane or different and i s

| O ePERREb R 6 £6 obipiney ey SRyBEHRY . "0 of
Q) Oy NP PRI SRS b PG, 1 91 0) 2
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1 e | me

o S RSB SR ool bl T
the gr S@wrewmesnsistingofod-,HS(Mal-N(R xl 16(D)-, AIXENY GO,

I kynyl R 7 7 - .
"o N AN S T K-
O UOBNRICIs KPR, NRIERE NI ency R,

10 - N(R7) QQ(QY)Z:IRS)N(RM;)Z, -CN, -N3 and a group of fornula

d -.Rs j1 ,.20 wh in R [
Sctah FE® 1 SR LS PBnb R acERT G B BB o B e
C5- locyoHisting kbaikieneanibnyieneldndmatiybgerms het er ocycl e
hay 3 4. . YA R , dS
A B gna s S‘e"?eeSa”“ﬁéfé’?%‘aeﬁfy'?‘dﬁ5‘6?%%'9%5659%%’%9@"%9
het er oHP®IiRe grove epnsisting eiwiNaie) alit alkemy! Sllyayh-GOIR', 0

150r 1, -qO)RRR®, LOR, -8(DR7ACHORZFO T ORRBKL,
PCTI Usg&gﬁ{qgﬁlﬁégg’: -CR’=N-OR’, -OR’, -S(O}R’, -S(0):NR'R®, -NR'R?,

-N(R)C(O)R?, -N(R")S(0)zR®, -NO,, -CN, -N; and a group of formula

(ii):
@((a2>d - R,

l
20 wherein:

Ring A is selected from the group consisting of Cs.1gcycloalkyl,
Cs.1ocycyloalkenyl, aryt, 5-10 membered heterocycle having 1, 2
or 3 heteroatoms selected from N, O and S and 5-10 membered
heteroaryl having 1, 2 or 3 heteroatoms selected from N, O and

25 S
eachdisOor1;
eis0,1,2, 3or4,;



4 each R6 is the sanme or different and is
i ndependently selected fromthe group consisting of
H, hal o, al kyl, alkenyl, alkynyl, cycloalkyl

yl, Ph, Het, -CH(OH)-FRe-CH, -

wc%%&gz%%q | C02- Re- Het, - C(O) NRTR8, C(O) N( W?:%@éms
5 - (O N(R7) CO2R7, - C(O) N R7}0L0) NRTRG.

"C(ON(R7)S(O 2R7. - C(S)R7, - C(S)NR7R8, - C(=NR7) R,

- C(=NR7) NR7R8, - CR7=N-OR8, =0, -OR7, -OC(OR7,

- OO Bleh R it e Hder; l§@;% he
e,

-N(R7) (O " ; 7. Ph,
_ Ng R7g 8((03 '\BEB&kﬁln;g(?Fﬁ% )-IeRZC )NRY@S CORRTLSS,

- N( R7) O O) NRP2r: 7@5@‘@ RF)@W(R“C?OW 7
5 - “g S;g gg g ZNW)Nfo)coch R?ooma NUBTIRTRE; @)N(Raﬁfjokllq\lé
15 wherein \%EQRTQE 5@%@.%@‘%@% Q(W%Nﬁgghd cis O,
R3 is not h&IRFN-CEG®REOR’ -Q(I(ENQYW(O)ENM(O}I-I@( S)R7,
S) NR7R8, RZ
&7) (O TR )':gé, N : %"C(O) s
- N(R7) S( O) 280t RENGT C@R v\M@E}Qz en @ is
N d%{ R, o A RO "“'**“ SRR,
NR?) R8, R R%@Q %ﬁ%(%% waﬁ% (R)%
ﬁg 9 ; 3(70) 2@« )czmmR RE-NFRRSIN(R")ORI(ROPE) RS,
e
the group co g‘;}f&h ’\ﬂ%{?)ﬁ?%ﬁ% ﬁﬁgﬁ(@ﬁﬁm
OR7, S(O)Mﬁ ONrRnd - NHC(O) NR7R8 and
15 - NuRlrEh A4Rén @9 fieﬂnéd Qherk Bis 12and%ri§ioe@ﬁ§‘naﬂ1a?6‘dc@ﬁﬁh RS

2 oo SNBSS R SR e o
al keny FG(=aIRRNR/R®, -CRIN-0RY kR’ as(prJSQa)zNRFm INRTRE,
30 or MLRICK @Ra%%ic@@m% b solvate of
phyRsrein wdien &' liy definnd wheredib s den vaisi O &' it batb, -C(O)R’,
20 ~C(ONRR?, -COsR’, -C(S)R, -C(S)NR'R?, -C(=NR")R®,
-C(=NR”}NR’RE, -CR’=N-OR’, -OR’, -S(O)}R’, -S{0)2NR'R?, -NR'R?,
-N(R)C(O)R?, -N(R)S(O)R?, -NO,, -CN or -N3;
R® is selected from the group consisting of H, halo, alkyl, cycloalkyl, OR’,
-S(0)R’,-NR'R®, -NHC(O)R’, -NHC(O)NR'R?® and -NHS{O),R’;
25 fis0,1o0r2; and
each R’ and each R® are the same or different and are each independently
selected from the group consisting of H, alkyl, alkenyl, alkynyl,
cycloalkyl and cycloalkeny;
wherein when R' is -CO,CH; and nis 0, Q' is not -OH:
30 or a pharmaceutically acceptable salt, soivate or physiologically functional
derivative thereof.
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phar maceuti cal conpositions containing these
compounds, processes for their preparation and nethods
nt of conditions nediated by PL i
E’ﬂ{eg}e conpounds. 5 BRIEF SUMVARY OF THE | NVI 061033683
According to a first aspect §f the invention there is
provi ded a conpound selected from S CN-S " / NH N
NH, ~~HC O~Hac ' HaGC-sp |l / CFCC AB ON

G { I : . CHD 19

N sciagdd b p‘i‘\%ﬁ’gt%—‘@ﬁg'\&ﬁ’%'?\ﬁ% Sppeiidtnes T ¢

\ SoMREndy, ppcesses fogthelr pieppration/andppethads foryregimitof  H

CdUn@itiEﬁ(sQnEhiQfeB'bZ'P@k usif Mk Rompbiifiiscat es chiral

carbon; 10 and pharmaceutically acceptable salts or

sol vates thereof. WD 2007/030361 PCT/ US2006/ 033683 6
5 BRIEF SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a compound

selected from:

N \ / NH, "/ 2
C\)\ H,C h HEC™
Hac’% ¢ HG %
0 FC ¢ '
A B
o]
N==\ s N=y g
N
N/ NH, N N/ NH,
0 oo
’» F,.G ' ’» ci
Q’N oH ! &N\
LR CH, D
N’—"'\'\’ s - N=\N s N
N/ : \_/ d

wherein * indicates chiral carbon;
10 and pharmaceutically acceptable salts or solvates thereof,



I n anot her aspect, there is provided an
enantionerically enriched conpound selected from A,
B, C D E F, G and H wherein the stereochem stry of
%200?/5905&' carbon is R 5 In a third aspect ,of, k6333
invention there is provided a pharnmaceuti cal
conposition conprising a conpound selected fromA, B,
C D E F, Gand H and pharnmaceutically acceptable
salts or solvates thereof.  In one enbodinent, the
phar . g ¢ : .
DDl hork) TR e dfehther B Ampound
e xESIeRIRHOm AOBI G, B . ou s AN pehereipihesirseachewisty ofthe
t heHial éheH ieW.ded a nethod for treating a condition
medi ated by PLK in a mammal in need thereof. The
nmet hod conprises adm nistering to the mammal a

5 t hiersathiedibspeat dfthehletioh werakprotide a phhrmamgmwd
se r A. B D .E . F an
orcBlio BT Rds spclog SaisPea gt e BOF S qand v
t hendepifarmaceuticdlly acteptahbesdlts of solvates themof.i loropet here i s
Pr &V : ' ' neopl asm
 bolftiof, (R phatheelcel CRbroRioR R GAREL S, Coe
adPhaimaceutically aceeniaile pifiprariluent eraxsipient i cal | v

1o0effective anount of a 20 conpound selected fromA, B,
C.,D.E. F d H and pharnaceuti cal | ccept.abl e
salndogn Eipest dte PhdenAherpaieYiced Smalhad REGRIAT A
magoridéion sreldéatéddioly PickOim & memgabiomeed trerextf.i Tige mEthod east
ca . ; I ' e
coriises SUNMSEARG 1 e el sRGRppu Bl A Sl o
pr dsempudgelested fionidrbtG. iDaE, Edhend H anddhaineaceuinaly |

15 Teh@RpABle SAUSEI Va3 theB6ET . pancreatic cancer,
squanous cell carcinoma, carcinona of the head and

neck, esophageal carcinona, hepatocellul ar carcinong,
ani Shitftedspai@if the immehtig) aves Bprowdeia msthad firerebting@®m as

an ssive | ynmh N Xt f th
SR PE Rk Botr TR VR o RetthD FROFSbeiarniGes
30adimisistaring nde marmmal artherapguticallyraftediverrmrant of aThe
20 eEHAhRA BBIESE o H, B, Bt 1 F ahPuth Ral
t her apeut i caf'[léy 8?11agct'i ve’ arm’urt%ta d;f,taaa\?@%%‘f 05&361
PCIFBRIPDIScIES Sowhyater theypl g systeptiblaaeppieym maybe C,
D, sdtectéd frém #iedgrblipbshsiRbing BESEak: c&lel, eolod @8 6% ADhE
salts or solvat e tmsr eof .
cancer, including small cell lung cancer and non-small cell lung cancer,
prostate cancer, endometrial cancer, gastric cancer, melanoma, ovarian
25  cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head
and neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic

malignancies, such as acute ieukemias and aggressive lymphomas.

in a sixth aspect of the invention, there is provided a method for treating a
30  breast cancer in a mammal in need thereof. The method comprises
administering to the mammal a therapeutically effective amount of a



In a seventh aspect of the invention, there is
provided a nethod for treating 5 ovarian cancer in a
manmal in need thereof. The method conpri ses

Lidksigd Ng to the mammal a therapeutically
2’? ectllﬁ\})e ‘amount of a conmpound sel ected fromCR,US@?mEsm

D, E, F, Gand H and phar rracguti cally acceptable
salts or solvates thereof. 10 In a eighth aspect of
the invention, there is provided a nethod for treating

[ hrERht spled Infh, B0 81 2. ol TERY pidhSSilicany,
mepfitaPiabletspls Qfpolvaiasdnergofef f ecti ve anount of a

compound selected fromA, B, C D E F, Gand H and
phar maceut&i cal | acceptable salts, or sol va
th

es ]
0 asventy gspact éf the HvRNUD, tepe igpravided iammc; oRteqtingr ¢

5 i sovarion catedr i amabrhgrél ihoeel tlﬁs&édf.n'ghe neMst adbmAposeecer in

a 0 er .__The t . C [

0 ATRehd 5% e S hsrap s e P EE RN

ef famiround seleeiech frowfA, 8, Cc Bnipdt ftlasitl end phbarmacenticallyB, C,

D, adeeptable Gafid'h ddnangd tﬁg}@?ﬁaceuti cally 20 acceptable

of .

salts or solvates there In a tenth aspect of the
invention, there is provided a nethod for treating a

10 %m&t éiit]lﬁ g@pdﬁiﬁd}ﬂ e W§Midgmh§[61? Bﬂ?}ided] tﬁ AR fbh@éé@ilﬂﬁ-
e nethod,  conprises adm nisteri o, the a
¢ nE Rt LB Rhe it AR EcgRersS: ThE aiRybtnG
s eduppirises éqlmims!e,rinﬁuo e niamrhal aRherGpanidaily effiedtive amount of
i C r .
PrabaRfsih SSRueh roRFE IR & A b ond BlaMeBBncaly |
praseeelatie saliensolyatesithareefating a  condition

15 characterized by inappropriate cellular proliferation.
m?tBod 30 ri ses contacting the ce With a

Th [ . X . I !
¢ hB TG ArRest Py e RN, Eet 5 BrVIdeH adnelagr oL HERting
s epresthecahcarin dAmatmaTin rlibeglﬁherEof. @hammml prises
a abl e.sal t I val es
P Rl IRsRHy o3 Vo BT dansRl s Blus BEUALSTR
aresmreundspeded frome, B €sBnE, F, Bvamt il end phaymadadically
20 %&Eg%aﬁl%a&s"é}'ska|v‘é{e@,gher86f9' iferation of a cell. The

conprises contacting the cell with an anount
of a conpound selected fromA, B, C D E F, Gand H

aniél a oA EBPet bt thé alveiicis RS RRl@idkalalrietRéd RPlaings
t hl%rn?a%lbgic malignancy in a mammal in need thereof. The method
comprises administering to the mammal a therapeutically effective amount of
25 acompound selected from A, B, C, D, E, F, G and H and pharmaceutically
acceptable salts or solvates thereof.

In another aspect of the invention, there is provided a method for treating a
condition characterized by inappropriate cellular proliferation. The method

30  comprises contacting the cell with a therapeutically effective amount of a
compound selected from A, B, C, D, E, F, G and H and pharmaceutically
acceptable salts or solvates thereof.



5 I n anot her aspect, the present invention provides a
met hod for inhibiting mtosis in a cell. The nethod
conprises adm nistering to the cell an anobunt of a
gﬁg}l&%}% elected fromA B, C D E F G and Haidossess
p naceu |caIIy acceptable salts or solvates

thereof. 10 In another aspecy, the present invention
provi des a conpound selected from A B, C D E F G
and H and pharnaceutically acceptable salts or

SOpV %bﬁ'x%r a&ﬂ?a%( & w&&! nt #Entdh ptr&ﬁ‘de%%)’metﬁéd fof ldh?&ttmg

anot er asp ect resent lI'nvention provi des a

digraion @f seelk dThefm@mmcon@ﬂses centagting the qgllyih @ and
Phaﬁmmwalcsmbbmd%‘e@wdawn%salc SDd‘E: F, @@hugﬁ@? g hgr eof
or, use cO ||onrrE|ae Yy
by Rrafegeitica accbRAbR Ealts 7 ioaPalh sty Vot anct hor

Saspect the present invention provides a conpound

Ine%toﬂ‘ger aéﬁ %Enﬂ% %lésen? nngtlolﬁ s|::r wde@ aarﬂgthgﬁi o e 0 Ittr}?er eof

phar maceuti'ca ts or

f omitggiein grcallhd htem%\lu poisesiadiusstepng 191 the aelb?y arvantn
a of %%oun@%ebeteu%nﬂmﬁ keb, ESP@*and tiRed Bﬁ&%%butlcald/
i nvent | rovides a conp ound selected fromA

D, 2geepis } alt5 gF RPIVHiRE t{'lﬁ"&l?’ﬁlaceutl cal |y acceptable salts
1oor sol vates thereof for use in the treatment of
ast .cancer. .ova

o e By ¥ Rk SRR e B Blenfi et il
i nAaB, @b lF, C3hd hhasthphamacadipalytaccaitablpsalisen solvates

|nﬁ%pédf%?ugé9]vd.,ggg¥]a conpound selected from A B, C

E, G and H ahd pharnaceutically acceptable salts
or sol vates WD 2007/030361 PCT/ US2006/ 033683 9

1st hﬁfmhnétaér éb%@ctl metpmehnﬁ@édﬁsmbroofdega @emﬁwnm;ected

or BP Ehl B 1o Gt B phaimasefiely s@kepi solier

[ nwlnates)theparcﬁfnr ass ingthe vegtoentofaedoaditiedmeBiafeddyn FAK iBa

rernE’dI "fne C&tﬁ 01H and pharmaceutically acceptabl e
€S thereof for use in inhibiting

proI [ feratl on of a cell.

20 In yet another aspect, the present invention provides a compound selected
from A, B, C, D, E, F, G and H and pharmaceutically acceptable salts or
solvaies thereof for use in the treatment of a susceptible neoplasm in a
mammal.

25  In yet another aspect, the present invention provides a compound selected
from A, B, C, D, E, F, G and H and pharmaceutically acceptable salts or
solvates thereof for use in the treatment of breast cancer, ovarian cancer,
non-small cell lung cancer, prostate cancer, or a hematologic malignancy in a
mammal,

30
in another aspect, the present invention provides a compound selected from
A, B, C, D, E, F, G and H and pharmaceutically accepiabie salts or solvates



In yet another aspect, the present invention provides

a conpound selected fromA B, C D E F, GandH

and pharmaceutically acceptable salts or 10 solvates

tWEh&hakQr use in inhibiting mtosis in a celdy 55096, 33683

yet anot her aspect, the present invention provi

use of a conmpound selected fgomA, B, C, D E, F, G

and H and pharnaceutically acteptable salts or

sol vates thereof for the preparation of a nedi canent

forthés@@fffmr t?s%tlﬂ'a{gtrﬁ m@it O?Qggﬁénji rbhgpa@{e‘?i% c?b;%) @T%ﬁ:r‘ate
er aspect, esen

pr Gellglaisprelferagige of a corrpound seI ect ed fromA B, C

D, E, F, Gand H and pharmaceutically acceptabl e

salts or gsolvates thereof for the \Preparatlon of a
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25  of a breast cancer, ovarian cancer, non-small cell lung cancer, prostate
cancer, or a hematologic malignancy in a mammal.

In yet another aspect, the present invention provides the use of a compound
selected from A, B, C, D, E, F, G and H and pharmaceutically acceptable

30 salts or solvates thereof for the preparation of a medicament for the treatment
of a condition characterized by inappropriate cellular proliferation in a
mammal.
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25  Asused herein, “compound(s) selected from A-1, B-1, C-1, D-1, E-1, F-1, G-1
and H-1" means compound(s) selected from A-1, B-1, C-1, D-1, E-1, F-1, G-1
and H-1 or a pharmaceutically acceptable salt or solvate thereof.

As used herein, the term “optionally” means that the subsequently described
30  event(s) may or may not occur, and includes both event(s) that occur and
events that do not occur.
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25  polarized light in the counterclockwise direction is said to be levorotatory and
is designated by the symbol “P” or “(-)” for negative rotation, There is no
correlation between the configuration of enantiomers and the direction in
which they rotate plane-polarized light. There is also no necessary
correlation between the (R) and (S} designation and the direction of rotation

30 of the plane-polarized light. The optical activity, or direction of rotation of
plane-polarized light, of an enantiomer of a compound of the invention may
be determined using conventional technigues.
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13\ égfﬂpogn@'i'n ore embodiment, an enantiomerically enriched compound
comprises at least 75% by weight of one enantiomer relative to the other. In
another embodiment, an enantiomerically enriched compound comprises at
least 80% by weight of one enantiomer relative to the other, In one particular
embodiment, an enantiomerically enriched compound comprises at least 85%
20 py weight of one enantiomer relative to the other.

The term “enantiomerically pure” as used herein refers to enantiomerically
enriched compounds comprising at least 90% by weight of one enantiomer
relative to the other. In one embodiment, an enantiomerically pure compound

25 comprises at least 95% by weight of one enantiomer relative to the other, in
one particular embodiment, an enantiomerically pure compound comprises at
least 99% by weight of one enantiomer relative to the other.

The present invention provides compounds selected from:
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wherein * indicates chiral carbon;
and pharmaceutically acceptable salts and solvates thereof.

In one particular embodiment, the compounds A, B, C, D, E,F, GandH are
enantiomerically enriched, wherein the stereochemistry of the chiral carbon is
R. In another embodiment the compounds A, B, C, D, E, F, G and H are
enantiomerically pure, wherein the stereochemistry of the chiral carbon is R.
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10

and pharmaceutically acceptable salts and solvates thereof.

15 It will be appreciated by those skilled in the art that the compounds of the
present invention may be utilized in the form of a pharmaceutically acceptable
salt or solvate thereof. The pharmaceutically acceptable salts of the
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As will be apparent to those skilled in the art, in the processes describaed
below for the preparation of the compounds of the invention, certain

30 intermediates, may alternatively be in the form of pharmaceutically
acceptable salts or solvates of the compound. Those terms as applied to any
intermediate employed in the process of preparing the compounds of the
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The present invention provides compounds for use in treating a condition
characterized by inappropriate cellular proliferation, The present invention
also provides compounds for use in inhibiting proliferation of a cell. The

present invention also provides compounds for use in inhibiting mitosis in a
30 cell
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weight of the subject being treated, the precise disorder requiring treatment
and its severity, the nature of the formulation, and the route of administration,
and will ultimately be at the discretion of the attendant physician or
veternarian. Typically, a compound of the invention will be given for

30 treatmentin the range of 0.1 to 200 mg/kg body weight of recipient (animal)
per day or per dose or per cycle of treatment and more usually in the range of
1 to 100 mg/kg body weight per day or per dose or per cycle of treatment.
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in need thereof, which method comprises administering to the animal a
therapeutically effective amount of the compound of the invention.
“Susceptible neoplasm” as used herein refers to neoplasms which are
susceptible to treatment with a PLK inhibitor, Neoplasms which have been

30 associated with PLK and are therefore susceptible to treatment with a PLK
inhibitor are known in the art, and include both primary and metastafic tumors
and cancers. For example, susceptible neoplasms within the scope of the
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30  The compounds of the invention can be used alone in the treatment of such
susceptible neoplasms or can be used to provide additive or synergistic
effects with one or more other compounds of the invention, or in combination
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30 inappropriate cellular proliferation in which the cellular proliferation occurs in
normal cells at a normat rate, but is nevertheless undesired.
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The present invention also provides the use of a compound of the invention
for the preparation of a medicament for the treatment of condition mediated
by PLK in an animal, such as a mammal {e.g., a human}. The present

30 invention further provides the use of a compound for the preparation of a
medicament for the treatment of a susceptible neoplasm in an animal. In
particular, the present invention provides the use of a compound for the
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pharmaceutically acceptable carriers, diluents and/or excipients.
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pharmaceutlcally acceptable inert carrier such as ethanol, glycerol water and

the like. Powders are prepared by comminuting the compound to a suitable
fine size and mixing with a similarly comminuted pharmaceutical carrier such
as an edible carbohydrate, as, for example, starch or mannitol. Flavoring,
preservative, dispersing and coloring agent can also be present.
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wetting with a binder such as syrup, starch paste, acadia mucilage or
solutions of callulosic or polymeric materials and forcing through a screen. As
an alternative to granulating, the powder mixture can be run through the tablet
machine and the result is imperfectly formed slugs broken into granules. The

30  granules can be lubricated to prevent sticking to the tablet forming dies by
means of the addition of stearic acid, a stearaie salt, talc or mineral oil. The
lubricated mixture is then compressed into tablets. The compounds of the
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The compounds of the invention may also be delivered by the use of

30 monoclonal antibodies as individual carriers to which the compound
molecules are coupled. The compounds may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include peptides,
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When formulated in an ointment, the active ingredient may be employed with

either a paraffinic or a water-miscible ointment base. Alternatively, the active

ingredient may be formulated in a cream with an oii-in-water cream base or a
25  water-in-oil base.

Pharmaceutical formulations adapted for fopical administrations to the eye
include eye drops wherein the active ingredient is dissolved or suspended in
a suitable carrier, especiaily an agueous solvent.

30
Pharmaceutical formulations adapted for topical administration in the mouth

include lozenges, pastilies and mouth washes,
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30 sterile powders, granules and tablets.
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30 embodiment, the chemotherapeutic agent is an anti-neoplastic agent. in
another embodiment, the present invention provides a pharmaceutical
composition as described above further comprising at least ane other
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30 coordination complexes include, but are not limited to, oxaliplatin, cisplatin
and carboplatin.
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Antimetabolite neoplastic agents are phase specific anti-neoplastiq agents
that act at S phase (DNA synthesis) of the cell cycle by inhibiting DNA
synthesis or by inhibiting purine or pyrimidine base synthesis and thereby

30  limiting DNA synthesis. Consequently, S phase does not praceed and cell
death follows. Examples of antimetabolite anti-neoplastic agents include, but
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30  use but lead to suppression of LH and FSH with long-term use indicated for
the treatment prostatic carcinoma and hormone dependent breast carcinoma.
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appreci ated that the two conmpounds nust be stable and

conpatible with each other and the other 25 conponents
of NIRNF gyasin MemyPthaiepawiy reagimens may alsebe peaiulin

adngdmisitdtdh Wi the JNHdURES aﬂh@tnegmfoﬁpar ately they may

25 be Rggé)n\{sl gsee% |:|1 Sroaggptgt%nr\églrr}{egg (e.g., bcl-2 antisense oligonucleotides)
may also be used in the combination of the present invention. Members of
the Bcel-2 family of proteins block apoptosis. Upregulation of bcl-2 has
therefore been linked to chemoresistance, Studies have shown that the
epidermal growth factor (EGF) stimulates anti-apoptotic members of the bcl-2

30 family (i.e., mcl-1). Therefore, strategies designed to downregulate the
expression of bel-2 in tumors have demonstrated clinical benefit and are now

in Phase I/l trials, namely Genta's G3139 bcl-2 antisense oligonucleotide.



formulation, in such a manner as are known for such
conpounds in the art. Wen a conpound of the

invention is used in conmbination with a 30

ch t eutic agent, the dose of each co
dwgggpﬂgﬁgﬁ1that when the conpound is used"gﬁgﬂggm@&mms
Appropriate doses will be reagﬁly appreci ated by

those skilled in the art. The“appropri ate dose of the
WD 2007/ 030361 PCT/ US20061033683 38 compound(s) of

thed ' t her, utd cal |y .acti
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expertise and discretion of the attendént clinician.
5 The conpounds of the invention may be conveniently
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radi ol abel ed conmpounds of the invention and
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25 components of the formulation and may be formulated for administration.

When formulated separately they may be provided in any convenient

formulation, in such a manner as are known for such compounds in the art.

When a compound of the invention is used in combination with a

30 chemotherapeutic agent, the dose of each compound may differ from that
when the compound is used alone. Appropriate doses wilt be readily
appreciated by those skilled in the art. The appropriate dose of the



sui tabl e assay nethods will include conpetition
bi ndi ng assays. The radi ol abel ed conpounds of the
i nvention and biotinyl ated conpounds of the 30
|nv i on _and solid-support-bound versions t
g%gmé)ﬁ%l oyed in assays according to the E,g{rﬁg%ogs,'ossass
conventlonal in the art. WD 2907/ 030361

PCT/ US2006/ 033653 39 The follTowi ng exanpl es are
intended for illustration only and are not intended

to
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The present invention also provides radiolabeled compounds of the invention
and biotinylated compounds of the invention and solid-support-bound
versions thereof. Radiolabeled compounds of the invention and biotinylated
compounds of the invention can be prepared using conventional techniques.
For example, radiolabeled compounds of the invention can be prepared by
reacting the compound of the invention with trittum gas In the presence of an
appropriate catalyst to produce radiolabeled compounds of the invention. In
one embodiment, the compounds are tritiated.

The radiolabeled compounds of the invention and biotinylated compounds of
the invention are useful in assays for the identification of compounds which
inhibit PLK, for the identification of compounds for the treatment of a condition
mediated by PLK, for the treatment of susceptible neoplasms, for the
treatment of conditions characterized by inappropriate proliferation, for the
inhibition of proliferation of a cell and for the inhibition of mitosis in a cell.
Accordingly, the present invention provides an assay method for identifying
such compounds, which method comprises the step of specifically binding the
radiolabeled compound of the invention or the biotinylated compound of the
invention to the target protein or cellular homogenates. More specifically,

‘suitable assay methods will include competition binding assays. The

radiolabeled compounds of the invention and biotinylated compounds of the
invention and solid-support-bound versions thereof, can be employed in
assays according to the methods conventional in the art.



XANTPHOS

(4, 5-Bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene) is a

commercially available catalyst, from Al drich. 30

%@%?Bﬁ.gﬁre commercially available or are p?’%’?/%%ﬁl@ﬁl%%%

accorofl ng to procedures in the literature. In the
follow ng structures, "M" rggers to the group -CHS.
WO 2007/ 030361 PCT/ US2006/ 033683 40 Internedi ate

Exanple 1: Methyl 5-amno-3-({(1 R-1-f2-

( t riinglidiRWHERIBMb IR BRMEdnaE N ¥ hiR¥Yation only and are not intended

2-thjiophenecarboxylate S, \ HZN O H C Step A

- VE® lﬂ)ft)g'@_qqpﬁq of-the (ﬂ(l%lltR!jl in any way, the invention being defined by

. 1-thelbitsndHich fenawret hyl Jphenyl Jet hy/) oxy) - 2- 5

t hi ophenecarboxylate ON S -11 / OV HaCIl F. A
slurry of polyner-supported triphenyl phosphi ne (62. 36
59, TheZdliowingl abyreviati8ms & emplbyed in tHa@ya(bled, havewhs recited

st irﬁéa%ﬂng@.t roomtenperature for 10 m nutes. The

m xture was cooled to 0 C. Methyl 3-hydroxy-5-nitro-2

10 t hi oBhenecar RSt e (20.00 g, 98.44 mmol), which

may be ggepar ed ,inm;gaamgpnner anal ogous to the

I iteraturF procedur‘f (Barker, J.M; Huddleston, P.R;
Wwod, M. BurkiPEE)S A Journal of Chenical Research
10( M n/ primmta) 200 1millinddMXg)y 1022) was added, followed by

(15) - 1-{\,2- (tri fll‘éb?&%fmt hyl ) phenyl ] et hanol (26. 20 g,

137.8 mmol ) and -tent-butyl azodicarboxylate (31.73

g, 137.B 15 nmolljter(sfhe reaction mixture was stirred at

room t epper at ur epfififer@f- 25 h and then was filtered
through a fritted funnel and concentrated. The residue
was triéated wi tWicwliigrst) in 1, 4-di oxane (300 ni-) and
15t i rredpat room {&QRer ature for 3 h. The m xture was
t hen quenched by addition of 3 N sodi um hydroxi de

(300 mM ™" and saPWM&®d aqueous NaHCO3 (200 nl). The

m xture°gvas 20 egdgréssi@shtigtdde DCM (3 x 250 nl). The
comnbi neg'CPr gani ChJJr&%ﬁ' ons. were dried

oric acid
DCM dichloromethane
20 MeOH methanol
EtOAc ethyl acetate
MgSOQ, magnesium sulfate
NaHCO; sodium bicarbonate
KaoCOs potassium carbonate
25 NaS0, sodium sulfate
Na nitrogen
Hz hydrogen

XANTPHOS (4,5-Bis(diphenylphosphino)-9,9-dimethylxanthene) is a
commercially availabie catalyst, from Aldrich,
30 Reagents are commercially available or are prepared according to
procedures in the literature. In the following structures, “Me" refers to the
group -CHjs.



over MgSOH4, filtered, and concentrated onto silica

gel. Purification by colum chromatography (0 to 25%
Et OAc: hexanes) provided 36.08 g (98% of the title
GRaRRAYAssAS el low oil. 1H NVR (300 Mz, CDClg)iysfie/osscss
7.82 (d, 1H, J= WO 2007/030361 PCTI US2006/ 033683 41
7.8 Hz), 7.68 (d, 1 H J=7.§gHz), 7.59 (t, 1 H J=

7.4 Hz), 7.46 (s, 1 H), 742? 1H /=7.6 H).

5.77 (q, 1 H, J—61Hz) 394(s 3H), 1.74 (d, 3H,

f IteAnddidte ExSh hhindaamAmer: (((1R) - 1

N OXY
@%@meo lgers 5 To a

fl ask equi pped W|th a tenperature probe, an over head
mechanical stirrer, a rgfl ondenser, and an

addi tion funnel was added T nO'pyOV\der (26 84 g, 480.6
nmol ) and acetic acid (130 % The iron/acetic acid

slurry was stirred mechan®® y and heated to an
internal tenperature of 50 C{\_Jo 10 the addition
funnel was added a solution of nethyl 5-nitro-3-({(1

(PP et oo A e R PR S8 oy
Sat e'h/egaer@gargoxyg@‘elg mmol) in acetic acid (160 niL).

The solution in the addition funnel was then added
dropwi se to the |ron/acet|csac d slurry at a rate such
that the internal tenpét" a@as mai ntai ned at <60 C
(2.5 h total addition tlrre) JThe 15 reaction m xture

was cooled to room tenperaisKe,diluted with DCM (500
m.), and then quenched by a ion of 6 N sodium

hydroxi de (750 m -) and saturated aqueous NaHCO3 (200
m.). The entire mxture was then filtered through a

pad sarmQs] potyener-suprmed eriphssEphospRinEEE236 ¢l2.21 hmsi/g1g
ang oy it POT baghile et el o R 06
f r dbeimixiussawasssopleddt 8 ACWiMethyEB-Gpdrof25xitdd® nl). The
! LIRS R0, SO S b SR lR o
t hénqnuﬂﬁil naleevps ke lisratwrepronedere (BarkewJ.M.HHUdARS(SB0B.R ;
M‘WVodaDﬂl 1.3; Burkitt’s 39 J&lg'na/JHaf Uﬁve&kaﬂﬁ{slzegé% {M%tbﬁ(%? (2@121 i' H,
J= 193171 Q%S wag aggec{ golfowefil)by 135)615[2( Haﬂuoromethyi)phenyi]ethanol
(26.20 g, 137.8 mmol) and di-fertbutyl azodicarboxylate (31.73 g, 137.8
15 mmol). The reaction mixiure was stirred at room temperature for 21.25 h and
then was filtered through a fritted funnel and concentrated. The residue was
treated with 4 N HCl in 1,4-dioxane (300 mL) and stirred at room temperature
for 3 h. The mixture was then quenched by addition of 3 N sodium hydroxide
(300 mL) and saturated aqueous NaHCOj3 (200 mL). The mixture was
20 extracted with DCM (3 x 2560 mL). The combined organic fractions were dried
over MgS0,, filtered, and concentrated onto silica gel. Purification by column
chromatography (0 to 25% EtOAc:hexanes) provided 36.08 g (98%) of the
title compound as yellow oil. 'H NMR (300 MHz, CDCly): 57.82 (d, 1H, J=



25 1 H J=6.3 Hz), 4.26 (br s, 2H), 3.80 (s, 3H),
1.66 (d, 3H, J=6.3 Hz); M5 (APCI): 368.00 [ MtNa]'
WO 2007/ 030361 PCT/ US2006/ 033683 42 Internedi ate
.. Methyl 5-am no-3-{[(1

%‘62@%@;05% or ophenyl yet hy 11 - PCT/US2006/033683
oxVv} - 2-t hi ophenecar boxyl at e N\S CO M HC Step A
- Methyl 3-([(1R)-1-(2-chlorophenyl Jethyl Joxy)-5-nitro
2 5 thiophenecarboxylate O N\S CGCaMe H, C Methyl
3 iél—l 7.68 (d, 1H

Z)ch? ﬂr e'{1y78H 7 9@( HSI n7|£ttrlo)346fgs’“ﬂ742g

ol SIEd FEiRa Bt/ T bt Hyis, 310, 174 @, SH, /= 6. Fi).
3- hydr oxy-5-nitro- 2 t hi ophenecar boxyl ate and

( 1SPtep-8 2Methyict-amiversy (1 Sy-haphiloporaetty hemuotyioxy)-2-
ana nmedi ate 10 Exanple 1, Step A 'H NWR
(40%&""‘%&?&% . 87.96 (s, 1 H, 7.65 (dd, 1 H,
J=1.7, 7.8 Hz) 7.47 (dd, 1 H, J=1.5, 7.7 Hz), 7.40
(dt, 1 H /=1.3, 7.5 Hzp B4 (dt, 1 H J=1.9, 7.5
Hz), 5.98 (q, 1 H J= 6.0 , B85 (s, 3H), 1.59 (d,
3H, /=6.2 Hz). Step B - Meth¥l .

5-am no- 3- ([ (1RJ- 1- ( 2- ch/ ofEpkefyl ) et hy/ f oxy) - 2- 15
thi ophenecar boxyl ate HzN \' S/ Me H3C ~ C Methyl
5-am no-3-{[ (1

) o b TaGl LRGN D EhRNL P b U RRREARRRRARAY ! 2t ©

was prepare
R) - §tirep-acieflwt wﬁengﬁr)aéﬁml gdditioh fupingli wasdged iron powder

t hi %"8&3}9 Q80 b%&l%ﬁd é&étlé‘aaé @%%)%@T?&n@&%ﬂ@a&@ sjurry

%g@ rea%r?e;chgq:cselbv@nd fep;ed 3&a11|ngernql tempgrgturernf 5§ *GoTo
1@00%Qaeﬁéﬂfdﬁﬁ€l’ w264 8380fsh of413etﬁ)ﬂ @-nitfo- {t(1Jﬁ')11- - (.7
J= 1(trg|uoroyn%hwpen@etpgt}?>w -2 éhlomega;bgey%%{a CPBN QEJSG 2
Hz) misl)di9acedic atidH 60 ALY Fhé soluidn)in theladdlitiof dunndHvasltheh . 4
Hz) édd}-@ d(“gp%ge to%l?i’é irgrﬁa(ge% 'élgill 4élurry at a rate such that the internal
temperature was maintained at <60 °C (2.5 h total addition time). The
15  reaction mixture was cooled to room temperature, diluted with DCM (500 mL),
and then quenched by addition of 6 N sodium hydroxide (750 mL) and
saturated agueous NaHCO3 (200 mL). The entire mixture was then filtered
through a pad of Celite to remove insoluble material, rinsing the Celite with
additional DCM (250 mL). The aqueous and organic fractions were
20 separated. The aqueous fraction was extracted with EtOAc (2 x 400 mL).
The organic fractions were combined, dried over MgSO;, filtered, and
concentrated to afford 30.66 g (92%) of the title compound as an orange
solid. "H NMR {300 MHz, CDCl3): 87.89 (d, 1H, J=7.7 Hz), 7.62 (d, 1H, /=
7.7Hz),7.56 (t, 1H, /=77 Hz), 7.36 (t, 1H, /=77 Hz), 5.72 (s, 1H), 5.85 {q,
25 1H, J=8.3 Hz), 4.26 (br s, 2H), 3.80 (s, 3H), 1.66 (d, 3H, /= 6.3 Hz); MS
(APCI): 368.00 [M+Na]".



Exanmpl e 1: 5-{6-f(Methyl sul fonvl)nethyll-I
ffbenzi m dazol -1-yl)-3-({(1 Th-1-f2- 5
(trifluoromethyl)phenvllethvl)o)v)

- 1 b ecarboxamde NH O HsO 11 OHF F F ;
é(é%)'eﬁ&fﬂ?eg_ (Hydr oxymet hyl ) - 2-n/ t r opheno/ I\IOEC'B%%{"%/—?]‘MSS
10 To a m xture of 3-hydroxy-4-nitrobenzoic acid (5.0

g, 27.3 mol) in 1,2- dichlortethane (100 nm-) was
added trimsthyl borate (4.9 ni, 43 7 mmol ), followed

hiaphenegarheititate dr op Wi se. The reaction was
stirred 4 h at roomtenperature, then cooled to 0 C
and 15 quenched with MGl gdpe. The m xture was

concentrated under vacuum d the residue taken up in
toluene (200 n.), then extracped with aqueous 1 N
sodi um hydroxide (3 x 100 e conbi ned aqueous

| ayers were adjusted to pH 1 by addition of 12 N
HCl, then extracted with EtOACT(3 x 250 nL). The

conBienelt el 8- 1RAY ¢P-shickphenygsiieibxyd-S-hitwad-er , bri ne,
9r'%ﬁg’é&w(’§%§m and concent r at ed under vacuumto

gi ve of the title conpound as alight
yell ow solid. 1H NVR (40 ~cEMSO- d6) : 510.87(s, 1
H, 7.85 (d, 1 H J=28.6 : 708 (s, 1 H, 6.88 (dd,

1 H J=1.19, 8.51 Hz), 5.43 ,ml H, 3.33 (s, 2H).
WD 2007/ 030361 PCTI USZOOG/'C)%S 44 Step B -
3- Hydroxly 4-ni trobenzylpi va/a O OHOHe OCH

Methyt 3-{{{1R)-1-(2-chlorophenyl)ethyijoxy}-5-nitro-2-thiophenecarboxylate
was prepared from methyl 3-hydroxy-5-nitro-2-thiophenecarboxylate and
(18)-1-(2-chlorophenyl)ethanol by a procedure analogous to Intermediate

10 Example 1, Step A. 'H NMR (400 MHz, DMSO-d): § 7.96 (s, 1H), 7.85 (dd,
1H, /= 1.7, 7.8 Hz), 7.47 (dd, 1H, /= 1.5, 7.7 Hz), 7.40 (dt, 1H, /= 1.3, 7.5
Hz), 7.34 (dt, 1H, /= 1.9, 7.5 Hz), 5.98 (g, 1H, /= 6.0 Hz), 3.85 (s, 3H), 1.59
(d, 3H, /=86.2 Hz).

Step B - Methyl 5-amino-3-{f{ 1R}-1-(2-chlorophenyi)ethyijoxy}-2-
15 thiophenecarboxylate

H N~ S -COMa
Ur

H,c—{ cl

Methyl 5-amino-3-{[(1R)-1-(2-chlorophenyi)ethyljoxy}-2-thiophenecarboxylate

was prepared from methyl 3-{f{(1/)-1-(2-chlorophenyl)ethyljoxy}-6-nitro-2-

thiophenecarboxylate by a procedure analogous to Intermediate Example 1,
20  Step B. 'H NMR (400 MHz, DMSO-d): §7.54 (dd, tH, /= 1.8, 7.9 Hz), 7.45



CH, A mxture of 5-(hydroxynethyl)-2-nitropheno

(11.35 g, 67.15 mmol ) and 3

(2, 2-di net hyl propanoyl ) -1, 3-t hi azol i di ne-2-thi one

W@ 2087803613 89 Mol ), which 5 may be prepar ??T/’[}E‘zoﬁﬁmsﬁss
manner anal ogous to the literature procedure

S. Tetrahedron Letters 1992 §3 2171-2174), was

stirred in toluene (670 m - at 100C for 40 h, then

cool ed to room t enper at ure. The reacti on was

ok, 250 AR BT L P S LB, P BR3P R
f [ Wt@ﬂz)p&@é(br syaldh Erﬁg (g,nH, s/ 6. ZiHa) H6H9ds)| 1(!!4).13)63 (s, Adhe.
q 5‘1 (Ht:ﬁ?tﬁ- é"ﬂ?-l 5: %td a};nder vacuum and

purlfled By si hrorratogr hy eluting with a
5N rlﬂ c#&ﬁe -28:111636@1 arbo e’. 87 (d 1H,
/= 8.42 Hz), 7.06 (s, 11 1), 690(dd 1 H /= 1.46,
8.42 Hz), 5.09 (s, 2H), 1. 15 Step C -
4-Nitro-3-Qtrifluoronet Joxyj benzy/ pi val at e
FF NO O 0 %WF OCH aToastlrred
cooled (0C) solution of,\g -hydro 4 ni trobenzyl
pivalate (11.11 g, : mml)‘Ia

Mphenyl tri fl uor onet hanesul foni @ d (16.51 g, 46.2
mmol) 20 in DCM (220 m-) was $lowy added
N, Adalte $:0pr opyl et hyl am ne (15.5 nL, 88.9 mmol ). The

re n y\@.? f at 0C, then 45 mn at
ro?ngb/tqerrp afdﬂreeﬁ%gof?%o el oﬂ was then concentrated
under vacuum and purified silica gel
chr omat ogr aphy el uting w Yr adi ent of 5-to0-20% WO
2007/ 030361 PCT/ US2006/ 03¢ 45 Et CAc/ hexanes to
give 16.87 g (99% of the tfitle conpound as an off
vvhite solid. 1H NWR (400 WMz, DVMSO-de): S 8.36 (d, 1
H, /= 8,42 Hz 7.75-7,69
To a mixture of 3-hydroxy-4-nitrabenzoic acid (5.0 g, 27.3 mmol) in 1,2-
dichloroethane (100 mL) was added trimethyl borate (4.9 mL, 43.7 mmol),

followed by boron trifluoride diethyl etherate (5.5 mt, 43.7 mmol). Borane-

pyridine complex (4.1 mL, 41.0 mmo!) was then slowly added drop wise. The
reaction was stirred 4 h at room temperature, then cooled to 0 °C and

15 quenched with MeOH (10 mL). The mixture was concentrated under vacuum
and the residue taken up in toluene (200 mL), then extracted with aqueous 1
N sodium hydroxide (3 x 100 mL). The combined aqueous layers were
adjusted to pH 1.0 by addition of 12 N HCI, then extracted with EtOAc (3 X
250 mL). The combined organic layers were washed with water, brine, dried

20 over MgS0Q; and concentrated under vacuum to give 4.55 g (98%) of the title
compound as a light yellow solid. "H NMR (400 MHz, DMSO-dy): & 10.87 (s,
1H), 7.85 (d, 1H, J= 8.6 Hz), 7.08 (s, 1H), 6.88 (dd, 1H, /= 1.18, 8.51 Hz),
5.43 (s, 1H), 3.33 (s, 2H).



(m 2H), 5.27 (s, 2H), 1.19 (s, 9H). 5 Step D -
Met hyl 5[ (5- ([ (2, 2-di met hy/ propanoy/) oxyJnet hy/f 2-
nitropheny/Jam noJ-3-(((IR) -1

& | oronet hy/ ) pheny/ Jet hy/ ) oxy) t hi ophengx
i%géozlg%é#ate NO. b5 oH 4 HC1 A\ HeC 0 FEESpoRessess

m xt ure of

4-nitro-3-{[(t(fluoronethyl )sqﬂffonyl ] oxy} benzyi

pivalate (1.0 g, 10 2.60 mol ), nethyl

5-agine- 35 R) 51 2- I.f romet hyl ) phenyl ] et hyl } -

oxﬁ?‘ﬁ%o%h&éer&g)%é’f’%éﬂﬁ/}gyé#g 34 g, 3.88 mmol),

tetraki s(t(phenyl phosphi neypal | adi um (0) (150 ngy, O0.13

mol ), triphenyl phosphin ng, 0.26 nmol) and

K2C03 (900 ngy, 6.5 mol) e stirred in toluene (5.2

m-) at 100 C for 2 h, thek_cooled to roomtenperature

15 and filtered through Celijte, washing with Et OAc and

DCM The filtrate was con€enfeat ed under vacuum and

purified by silica gel chr ondtogr aphy eluting wth a

g ; atdtrﬁmtre @lf 53hydPoxg ianh) Qo dpRsAG 1 1|t95 gal_‘ef)el 5]{11%%! gnéwgé%

0 e.li CONMO .as . a r Oi

e e tyPersREYigt Siigoidiné Sniope 150 MBskay, Wi

57 . 88ay ok prépated dn & manBer driajogous 16 the/litd@turépro2éfure (Ydndada,

(t,al = : K .

b, S eyt Ly 992 9,29 274 P ppd sien g willeob 70 hy

H) ,atd00°C fos40 hiihen goofed togoor kmpetatar. (The raaqiiogwas 6. 22

HZ ) condenkditddPundePiAcuumiis B vBiume R bBrbxiriatdy?200 mL and the

am no- 5- ( 6{2, 2-df net| 7yl pro?anoy oxg/ljl, net hy||l 25

phé'ﬁ?‘fly IWphwas I(e(%:su[ol:gh filter paper, washing the solid with cold

14 2-tbluend.| Tiey finsts sk Xmedyitettiated/ unasiydchim phea parfkd by

Car e Al o 8007 03RO TR B3R 0 e bR
to give 11.09 g (65%) of the title compound as a clear yellow oil. 'H NMR
(400 MHz, DMSO-dp): 811.05 (s, 1H), 7.87 (d, 1H, /= 8.42 Hz), 7.06 (s, 1H),
6.90 (dd, 1H, J=1.46, 8.42 Hz), 5.09 (s, 2H), 1.18 (s, OH).

15

Step C - 4-Nitro-3-{f(trifluoromethyl)suffonyljoxyjbenzyl pivalate
F
- NO, O‘\s )(E

%
;,ﬂ %

ch Ha
To a stirred, cooled (0°C) solution of 3-hydroxy-4-nitrobenzyl pivalate (11.11
g, 43.9 mmol) and Atphenyliriflucromethanesulfonimide {16.51 g, 46.2 mmol)
20 in DCM (220 mL) was slowly added N, A-diisopropylethylamine (15.5 ml., 88.9
mmol). The reaction was stirred for 45 min at 0°C, then 45 min at room
temperature. The reaction was then concentrated under vacuum and purified

by silica gel chromatography eluting with a gradient of 5-10-20%



O QQRHFNOFI / HCOF FFCH A mxture of
met hyl 5-[(5-{[ (2, 2-di net hyl propanoyl ) oxy] net hyl } - 2-
nitrophenyl)am no] -3-({(1

Jgobgs0kdir 1 T1 uoromet hyl ) phenyl ] et hyl } oxy) t hippphenss
I%%(c):arobfo%? (fiate (2.42 g, 4.17 rmol) and plati nu?n)ajg 7033633
(sulflded 5 wt % on car bon) (811 ng, 0.21 mol) in
Et OAc (30 nL) was added to a4|§| gh- pressure reaction
flask. The reaction was purged wi th vacuum and N2 gas,
th I
r eacOREmaRm L3S @8 a7 o R, o o coialy e SN Sitatie g
wi taeligt MRRHQO MHZI; PMSO- dasa BﬁﬁcttéritHr it rder. 7E§cﬁﬁ1m

gﬁ% he title conpound as a tan

soI(EH. ) %‘?039'%@: Ods): 10 S 8.62 (s, 1 H,
7.84 (d, 1H J =7.87 H), 7.72 (dd, 2H, J = 7.60,

513 Sp W)Methﬂl az&m%ém rapaZaﬁ)& A1 (d, 1 H,

Lo il e‘-}ren?fa?m@ofz? ez ]ﬂg@qrgmerfyaqﬂenwegwe«%@meﬁfnel

H) . 2-daaxyme 2H), 4.85 (s 2H) 3 64 (s, 3H), 1.55

(d, 3H J = 6.23 Hz), 1.1l M6 (ESI): 551
[MtH'. 15 Step F - LGH,
Met hyl 5- (6- ({(2, 2- di met 8y| ) oxyJmet hy/ J-

| H benzi m dazo%.-
y1)-3-({(1R)-1(2-(tr/flu oma,b phenyl Jet hyl ) oxy) t hl
ophene 2-carboxyl ate NFe I'= AO CH OOHCI \
CH F HCCHs FF To"a'i i Xt uf & of net hyl

5-[(2-am no-5-{[ (2, 2-di met hyl pr opanoyl ) o xy] 20
me tA{iXER @hdnjens- f[ﬁ[ifil.@rc(r@e((hyI)suifonyl]oxy}benzyl pivalate (1.0 g,

10?) -dled .%w(ol)(fnk-mgr SERR- ?{ﬁhﬁiﬂ}{b hﬁﬂ@l‘&l’)\eth)f?gphenyqemyl}-

tr |‘%‘Vﬂ %ﬁ@r?ﬂrﬁg{yg’oé( 103%9‘?@ 886@’“9‘%rmol ) and DCM ( 3
M)tem(adﬁ@ﬁjlm\‘ﬂépldhé)palm@n’t ©) (150 @y, bf1aMAhe),
triphenylphosphine (68 mg, 0.26 mmol) and KzCO3 (900 mg, 6.5 mmol) were
stirred in toluene (5.2 mL) at 100 °C for 2 h, then cooled to room temperature
15 and filtered through Celite, washing with EtOAc and DCM. The filtrate was
concentrated under vacuum and purified by silica gel chromatography eluting
with a gradient of 5-t0-25% EtOAc/hexane to give 1.26 g (84%) of the title
compound as a red oil. "H NMR (400 MHz, DMSO-ds): § 9.75 (s, 1H), 8.09
(d, 1H, J = 8.6 Hz), 7.89 (d, 1H, J = 7.87 Hz), 7.69-7.78 (m, 2H), 7.52 (t, 1H, J
20 =7.59 Hz), 7.34 (s, 1H), 7.01 (dd, 1H, J = 1.46, 8.60 Hz), 6.62 (s, 1H), 5.70-
5.75 (m, 1H), 5.07 (s, 2H), 3.74 (s, 3H), 1.58 (d, 3H, J = 6.22 Hz), 1.13 (s,
SH).

Step E - Methyl 5-f(2-amino-5-{f{2,2-dimethylpropanoyl)oxy]methyi}
25 phenyl)aminol-3-({{ 1R )- 1-[2-(trifluorometfiyl)phenyllethyoxy)thiophene-2-
carboxylate



(100 ng, 0.4 mol ). The reaction was stirred at 40 C
for 1 h, then cooled to WD 2007/ 030361
PCT/ US2006/ 033683 47 roomtenperature. The entire

I i i Xxture was | oaded onto silica gel
6’5?.940:7@%'3%} silica gel chromatography eluti ngﬂ?mmts%mgossﬁss

gradi ent of 0-to-50% EtOAc/fpgxanes to give 2.0 g
(86% of the title conmpound as a light tan solid. 'H
NVR (400 MHz, DMSO-d6): 8 8.65 (s, 1 H), 7.99 (d, 1 H,
J = 7.87 Hz), 7.7557.89,%m 2H), 7.72 (d, 1 H J =
7.87 Hz), 7.63 (s, 1 H) . »ot H J = 7.60 Hz),
7.40 (s, 1 H), 7.35 (d, HY{ ="8.42 Hz), 5.96 (q, 1

H J = 6.10 Hz), 5.21 (s} 2H),$ 3.83 (s, 3H), 1.65 (d,
3H, J = 6.23 Hz), 1.16 ( 9%(5&): 561 [ M+H] ' .
Step G- Methyl 5-[6-(k Xy | H benzi m dazol -7
ylj-3-(((1R-1 f2 10 "4, F _
b Sl SRS P R £ o on
ﬁ: nmaph;wnyi)5m(rféli-{a{l({(ﬂa))?r-gz'-(mubanmamwllémwﬂxwmiBdeel
enzim ol,- 1- - 3- . . o
oy BBl Gl AMdon) Bistelanan (syfives s 2 ashen)
52- datbmgy0.2it m(dh.i? Et@Ac (30 onh) avad iafldext torat highmprehsurs raagtion
F,
5 3%%%@%’0@%@?%%&@%@* Enei 5 g g s
hy d@Paliadert S0 psiveCHN ( Z4e cragtion mixiuigypg filtererbthraughiGedie: was
svit itvf]arsﬁﬁg ?}ith E;@gflgﬁngﬁiﬁ@h% gori‘c@ﬁtratlad thdek Uélﬁxiuﬁ"lJl@@Wé@z_. t7h
i (eBEE0l e 1. Sorarae o arth sty A MM BB s, MO
mspltém.équs, (ﬂ)ge.w(d)m,lih??.amHzﬁgszl(@cxeﬁ, Va6t BastH, .
W . e 0 | r |1 e
v S TS 201 e ST P BRS04, 20
g (90D5))6.68 (d, hE, 3 =18l24 K Nh8dis] 18y 559-5GB(myeH), 4974%aH),
1H 0 , . 8.8 , : d,
1 14 ARSI ME TR (040, - Bzt L, st

2H)351IM38BI (s, 1H), 7.30 (d, 1H, J = 8.42), 5.96 (q, 1
4H, J =6.10 Hz), 5.30 (t, 1 H J =5.77 Hz) 4.62 (d,
2H, | J = 5.86 Hz), 3.83 (s, 25 3H), 1.65 9}9 3H, dJ =
6. 2.%(941{)-./14&’(/@//(5 /Y%Z'Wt{’WH]’W?"W xyjmethyl}- 1 H-benzimidazol-1-
Y-3-({(1R)- 1-[2-(trifluoromethyl)phenyllethyijoxy)thiophene-2-carboxylate
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N._ 5 ot
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o H,C

CH, r
HG ©Fs F i

To a mixture of methyt 5-[(2-amino-5-{(2,2-dimethylpropanayljoxy]

20  methyl}yphenyl)amino}-3-({(1R)-1-{2-(trifluoromethyl)phenyl]lethyl}-
oxy)thiophene-2-carboxylate (2.27 g, 4.13 mmaol) in triethylorthoformate (10
mt, 60.2 mmol) and DCM (3 mL) was added pyridinium p-toluenesuifonate
(100 mg, 0.4 mmol). The reaction was stirred at 40 °C for 1 h, then cooled to



Step H - Methyl 5[6-(chloronethy/)-1H benzim dazol -
ylj-3-(((1R)-1(2- _ _
(trif/uoromethyl)phenyljethyl)oxy)thi ophene

- %9 ate WD 2007/ 030361 PCTI US2006/ 0336§%ng§,06, 3683
/2W§l§)?%¥ﬁl OCI HCF I/ F To a stirred solution o{’“

met hyl 5-[6-(hydroxynet hyl) - 44+ benzi m dazol - 1-yl ] - 3-

({(1
R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)thi ophene- 2-

Cafmménﬂie‘ietﬁrb 4he @ntlre:?e&%omtl)rem loaded onto silica 8‘3' and)

DCM
wo DA RIRREE Eorbatawapl siting it Sgbeionuergomath )
ThEPAcheNanas wegve hog (86nepdfal tite doRfpound 8ng ligttitar ﬁﬂid

f | .
ot PR R RS o BBk P HoG o T 5 i, 776
Ssat/@0dme@HpquiddstH, Er# a7 sia), Gtasds, (HY5053) 1H, The7.60 Hz),
t a
S09S Y PHeIELDER 2038 ) B g B s 24
coR&Ss. r%‘l)eigjﬁﬁlfﬂiéH 4.6 6230t . 6 (5, ), MS ESNb§6 BIM-iH]a

gel chromatography eluting with a gradi ent of
10-t 0- 60% c/ hexanes to 9299 of the
' r‘lt’%Pg H‘Eﬁﬁé}’ g /Gevaroxmeii)- gﬁrqea fmﬂqzﬂr(wq awmfz-

10 wantﬁaameﬁ;yﬂof%ymhy;ammfabhsﬁe P&arb& laté = 7.87 Hz),
772781(m3H) : 1H, 4 (t, 1 H J=
7.69 Hz), 43(d 1 —58 42c),, '7.38 (s, 1 H,
5.97 (q, 1H J 6.1 ),\4!.91’(3 2H), 3.84 (s, 15
3H), 1.66 (d, 3H J = 6.23 Hzp; M5 (ESI): 495 [ M+H]'
Step |- OH
Met hyl 5- (6] (et hyl t hi o) et hy|= benzi m dazo%l
yl)-3-(((1R)-1 f2- (trifuoronrethyl)pheny/Jethyl)oxy)th

/'l 9BERf 4 Ts&a{i&%‘%lne%y?5!(6-\[(ﬂ-§im%lpro%no%yﬂ’le%ﬁ}—1I-I|:~ F
benzimidazol-1-yl)-3-{({(1R)-1-[2-(trifluoromethyl)phenyljethylioxy)thiophene-
2-carboxylate (5.21 g, from a different batch using procedure analogous to

15 Example 1, Route 1, Step F, 2.30 mmol) in MeOH (24 mL) was added 0.5M
sodium hydroxide in MeOH (24.0 mL, 12 mmol). The reaction was stirred at
room temperéture for 72 h, then quenched with acefic acid (2 mL). The
mixture was diluted with DCM (350 mL) and half saturated aqueous brine
solution (150 mL). The aqueous layer was extracted with DCM {250 mL).

20  The combined organics were dried over MgSQ, and concentrated under
vacuum to give 4.40 g (99%) of the tille compound as a light yellow solid. 'H
NMR (400 MHz, DMSO-dg): 8 8.58 (s, 1H), 7.99 (d, 1H, J = 7.87 Hz), 7.69-
7.81 (m, 3H), 7.51-7.58 (m, 2H), 7.38 (s, TH), 7.30 (d, 1H, J = 8.42), 5.96 (q,
1H,J=6.10 Hz), 5.30 {, 1H, J = 5.77 Hz) 4.62 (d, 2H, J = 5.86 Hz), 3.83 (s,

25 3H), 1.65(d, 3H, J = 6.23 Hz); MS (ES!): 477 [M+H]".

Step H - Methyl 5-{6-(chiorometfil)- 1H-benzimidazol-1-y{]-3-({{ 1R)-1-(2-
(triflvoromethy/()phenylfethyifoxy)thiophene-2-carboxylate



To a stirred m xture of nmethyl 5-[6-(chloronethyl)-1
H benzi m dazol -1-yl]-3 20 (((1
R)-1-[2-(trifluoronmethyl)phenyl]ethyl}oxy)thi ophene-2-

9@’%40 € (200 ng, 0.40 mmol) in PCT/US2006/033683
imethyl formam de (2.5 nm-) was added sodi um
t hi omet hoxi de (37 ny, 0.52 ). The reaction was

stirred 30 nmin, then WO 2007/030361 PCT/ US2006/ 033683
49 diluted with Et OAc, washed with water (5x), brine,

dried over Na2SO4, congentrated under vacuum and

purified by silica gel pcaphy eluting wth a
- gradient of O-to- 60% anes to give 147 ny

(729% of the title ound savvhlte solid. M

(ESI'): 507 [ MtH' 5 St P Jue

((l\/bthylthlo)rrethy/J 1H-ben zo/- y0-3-(((1R) -1

[2- (trifluoronethy)Jpheny6ré&thy/ oxy)thi ophene

2- ) F
2 %%;J%S.frgﬂ‘gﬁﬁn&'\ ﬁmé\{gyl é@ I’?/drcwﬁ%lethﬁ) 1;4 b%nE n'flﬁisaz?i Fy1-5-
H- }ﬁ)rHQd@g@p:om%ﬂp)}l)Lptger(y{]gtmylhy(y)th:ophene-2 carboxylate (1.47 g,
1- [328(rhinb laH@lfr ﬁ;hm{o)sﬂhﬁ@ | ey, hm}rﬁmgtrhmms@ AiLPwasr

amonia I n

box
Seaped §- °f°si‘§%‘ Py DI I I HRE BiEBssur e
gl aeatedd@rdfiugand bmﬁd foﬂ:manﬁhms,hhmeocﬂaﬁdoeobm tdmperature.

t o 8 3edPe Yar po R B BER 00 B ol dau e SRTei8r
c orniam solutiar( 160 ). Thecaquequstidyen wpsi thenfeixtsaictey wish PCHR
9€1The CHMBIRH AR MyerShuble! diida %érfmzeg&,tce caiAdings

anmonit um r oxXl e to glve

10y Voo and pyrisdiby siliga go) ﬁbwww afifiing avith agqmjent of
sol1|octo-sm% A&/ KSR, g g 462%) & th?e #He c(oﬁ1p0|lnd‘Bs a

7 gt Sod. HN%@@M@@“@!@S@@&S@ 6 U9 T80 @ AFsg =1

1 H 81 Hz)77. aa-ma) (m BHRY.E(s, TH)H).54 {, 9, 7.6 Hd), 743 @, 42

b5y 738 g 3l o7y th S Sg.10 56 4 Rt g

15|vs 3!—2,01 6ER), BH, 495.2AMB] MS (ESI): 495 [M+H]".

Step 1 - Methyl 5-(6-f(methylthio)methyl]- H-benzimidazol-1-y}-3-({{ TR )-1-2-
(trifivcoromethyl)phenyliethyloxy)thiophene-2-carboxylate

.' __—‘N . o
td 3
WA
0
s
H,C’ H,C

Fy o

To a stirred mixture of methyf 5-[6-(chloromethyl)-1H-benzimidazol-1-yl}-3-

20 ({(1R)-1-[2-(trifluoromethyl)phenyllethyl}loxy)thiophene-2-carboxyiate (200 mg,
0.40 mmol) in N,N-dimethylformamide (2.5 mL) was added sodium
thiomethoxide (37 mg, 0.52 mmoi). The reaction was stirred 30 min, then
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Step K- 5-(6

f (Met hyl sul f onyl j met hy/ J-1 H benzi m dazo/ -1

y/1_3(((1R)tﬁl[)2-h | Jet hyl )t h/ oph

met hyl ) phenyl Jet hyl j oxy ophene

%&%%Jrohg@aéﬁn de WD 2007/ 030361 PCT/ US2006/ 0336857 S0 el

O . O H3CO0 HaO \ F F To a stirred,

cool ed ( 10C) solution of 5-{6-[(nmethylthio)nmethyl]-1

H benzi m dazol -1-yl }-3-({(1

R) dilutdPwittt EidAdJ%éw&t\MW vm&qsyyl ﬂnﬁtém.hé@m Nagét@ﬁene-

2-car bﬁ{% (‘éﬁ(f @-;'%3( mo/ ) DCMﬂé‘:

ad FAFCRTEEL Hp M@%%@lw gefen atqsr@j?vmng

Theithh e acsdienn omm 60% Et@AL/Rékandd 10,givear4Teng {72%)@Pthe title .
e A [r n was concentrate
g&ﬁﬁc\ﬁk@gug% Ol'% “F%ﬂ%sr%géﬁé’}“}*ﬂfed wth chI or of orm

vvashed é}ueous sat ur at ed NaHCO3

d r PEF oo [ fﬂ?’é@#” G HY b Hrbsnaaidagal -Vt @@H [-%n d

puyidiicesméntysireh bxygHhl H@’Ieozbé}ﬁb»énﬁbéﬂ' ng with a
grgoh ent ofygfo ﬁﬁ@g%ﬂ?/b@ DCM wth % anmmoni um

hydroxi de, to give 78 ny_(96% gf the t|t| e compound

as a white solid. 1H 40Q , DMSO-d6): 8 8.57
J ~8MHz), 7.85 (br s, 1
. 69 1H, 7.55(t, 1H J

(s, 1 H, 7.95 (d, 1

H, 7.80-7.73 (m 3H),

= 7.69 Hz), 7.38 (d, H J =8.42 Hz), 7.19 (s, 1 H),

7.12 (br s, 1H), 595589%% , 4.61-4.58 (m

2H) 2.89 (s, 3H) 175(d 3 = 6.04 15 Hz); M
Sl): 524 [MrH'. Route 2: Step A - Methyl5-(6

nmet hylsulf onyl) met hy6F - 1H benzi m dazo%l

(E

((me

%’ Tﬁftfxﬁel(%@eg;ryé 546 /[(methylthlo)methyl}-SH benzlrgldaﬁl AADILAR).
xyﬂ"g'g” orqmq@g)p@gpyﬂ%ihyy}o@t@gp%’gne 2- carboxylate ( 44.0 mg,
0.28 mmol) and 7N ammonia in MeOH (18 mL, 126.0 mmol) was added to a
high-pressure glass reaction flask. The flask was sealed, then heated to 80 °C
for approx. 16 h. The flask was cooled to room temperature, opened, and the
reaction mixture concentrated under vacuum, then puriified by silica gel
chromatography, eluting with a 0-t0-3% gradient of MeOH/DCM with 1%
ammonium hydroxide to give 130 mg (93%) of the title compound as a white
gold solid. "H NMR (400 MHz, DMSO-dy); 5 8.49 (s, 1H), 7.93 (d, 1H, /=
7.68 Hz), 7.85 (br s, 1H), 7.80-7.75 (m, 2H), 7.69 (d, 1H, /= 8.23 Hz), 7.56 (t,
1H, /=7.68 Hz), 7.39 (s, TH), 7.29 (d, 1H, J=8.42 Hz), 7.15 (br s, 1H), 7.08
(s, 1H), 5.94 (m, 1H), 3.79 (s, 2H), 1.93 (s, 3H), 1.75 (d, 3H, /= 6.22 Hz); MS
(ESI): 492 [M+H]".

Step K - 5-{6-f(Methylsulfonyl)methy(]- 1H-benzimidazol-1-yi}-3-({( 1R)- 1-{2-
(trifluoromethyl)phenyijethyifoxy)thiophene-2-carboxamide



5

10

15

HC~10 H3C F F F WD 2007/030361 PCT[ US2006/ 033683 51
A m xture of nmethyl 5-[6-(chloronethyl)-1
H benzi m dazol -1-yl]-3-({(1 R -1-[ 2-

' met hyl ) phenyl ] et hyl } oxy) t hi ophene
é’%‘éh(}&)w@%ﬁqg, froma different batch using p?g@@éﬁ?&é&éhsss
anal ogous to Exanple 1, Routggl, Step H  9.17 nmol),
nmet hanesul fonic acid sodiumsalt (2.81 g, 27.5 mmol)
and 5 ethanol (40.0 nL) was added to a hi gh-pressure
glass reaction flask. Then<flask gvas seal ed, then
heated to 85 C for appr 6 h. The flask was
cool ed to room tenperat , ed"™and the reaction
m xture concentrated Quiider vacum then purified by
silica gel chronatogegphy, el utj with a 5-to- 35%
gradi ent of Et OAc/ hexanhe to gWe 4 g (929 of the
title conpound as 10 a |i ght ye solid. "H NMR (400
MHz, DMSO-d8): 5 8.67 (s, 1H), F8F01 (d, 1H /=7.87
Hz), 7.82-7.70 (m 4H), 7.53 (t, 1 H /= 7.69 Hz),

7. 75 a(stirred, cobled (-10%9 sbRitiod oft4- {#[Hn&hﬂti’ud’rh)ethy&% (m 1

H) ber%ﬁ%ﬁ\;@é @Otgf({@ 8@[&,&&: I%cg’ﬁgnethglﬁ\epmqgﬁyl}o% hé(i?hgne-
S paR(eMide{ T8 Monii§ mambly In DAMHBE ML) wiad addéd 1
Yl kpl Toﬁ)él(o;( en%mf:%mﬁinyinge? ﬁ1 fnmo)g The reaction was stirred 30

(trifluoro
2- BHYEmad iRropmppmpargiirg-p stlsed @in, thenyes goncentrateqt
F Bndﬂr%éﬁl_ﬁ’n qfhe'?@éldmé was dlluted wnth chloroform and washed with

| fonyl) henzi m dazol - I
(( %_qLueo s satu :e.tezclfI NaH&S , water Xngd over Na>S0q, concentrated an}er

R) vaeulh, Ghd pfnhflﬂadmyrmithlgél)qhhﬂﬁatbdremﬂmélﬁthﬁhb dradieptugne

ca0) b8y 195 IR hlor B, LGATTRRAbR) of

hi e flecssppendpss whitesalitli &n NMR(EI00 MHz DMSR-Rs)n@$.57 (s,

seqheds of (AeTHNPAY RS Ha B85 i s, 1H), 7.80-7.73 (m, 3H), 7.68 (s, TH),
755 (t, 1H, J = 7.69 Hz), 7.38 (d, TH, J = 8.42 Hz), 7.19 (s, TH), 7.12 (br s,
1H), 5.95-5.89 (m, 1H), 4.61-4.58 (m, 2H), 2.89 (s, 3H), 1.75 (d, 3H, J = 6.04
Hz); MS (ESI): 524 [M+H]".

Route 2:

Step A - Methyl 5-{6-[(methylsulfony))methylj-1H-benzimidazol- 1-y}-3-({( TK)-
1-2-(trifluoromethiylipheny(lethylloxy)-2-thiophenecarboxylate

R
FI

F



for approx. 36 h. The flask was cooled to room
tenperature, opened, and the reaction m xture
conbined with a second batch of nmethyl 5-{6-

%@?@%A_@ai fonyl ) methyl -1 H benzi i dazol - 1- ykha3sbdidadess

(trifluoronethyl)phenyl]ethysgoxy)-2-thi ophenecar boxyl
ate (4.11 g, 7.63 25 mol ), which had al so been
treated with 7N ammonia in MOH (200.0 m., 1.40 nol)
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3 9 Bimd Sk ESSccaluh] A 851 o SERIRLPHEPTY,
anﬁibﬁnfg 4G enld wee addeddo gihigh-mreastue glassteactiontftask.tTinel e

C OfIARUHS s%‘é!eﬁi"th@ﬁ ﬁeat@d M§ %)@Péﬁp%xurl\@e‘yﬁglﬂ The fidsk was

[ -( %0}_‘%?{11 B8 é‘?ﬂ}%ﬁf ?R;[ep d5an96the reaction mixture concentrated
[ ( omdenybcuuin, sl purtédiy ditich gal &ﬁ&ibﬁb%ﬁ@)&ﬂdtm with a 5-to-

A y"i‘.})‘y&% éé{}aerg %\h E o bfane g]ggv% 4. 94 g (92'%| of the tl?le compoun(g as
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A mixture of methyl 5-{8-[(methylsulfonyl)methyl]-1H-benzimidazol-1-y1)-3-
{(1R)-1-[2-(trifluoromethyl)phenyilethyljoxy)-2-thiophenecarboxylate (4.53 g,
8.42 mmol) and 7N ammonia in MeOH (250.0 mL, 1.75 mol) was added to a
high-pressure glass reaction flask. The flask was sealed, then heated to 85 °C
for approx. 36 h. The flask was cooled to room temperature, opened, and the
reaction mixture combined with a second batch of methyl 5-{6-
[(methylsulfonyl)methyl]-1H-benzimidazal-1-y1}-3-({{ 1R)-1-[2-
(trifluoromethyl)phenyllethylioxy)-2-thiophenecarboxylate (4.11 g, 7.63
mmol), which had also been treated with 7N ammonia in MeOH (200.0 mi.,
1.40 mol) in a high-pressure glass reaction flask at 85 °C for approximately 36



benzi m dazo%l yl }t hi ophene 2-carboxamde N=1 0 N S
NHz OHCHCCI \ WO 2007/ 030361 PCT/ CS2006/ 033683
53 The title conmpound was prepared fromnethyl 3-{[(1

3?1 }009/3111 PCT/U520061033683
orop enyl)ethyl ] oxy}-5-{6-[(methylthio)nmethyl]-

H benzi m dazol - 1- yl }thi ophen_-’(a 2-carboxyl ate by a
procedure anal ogous to Exanple 1, Route 1, Step J. 'H
NVR (400 MHz, DMSO-d6): S 8.53 (s, 1 H), 7.83 (s, 1
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ne- 2 car boxam de by a procedure anal ogous to Exanpl e

1, Route 1, Step K 1H N OO DMSO-d6): 6 8.61
(s, 1 H), 784(s 1 H), HIHH J= 8.24 Hz),
7.73 (s, 15 1H), 770% (m 7.49-7.47 (m

1H), 7.44-7.33 (m 34417 26 (s , 7.12 (s, 1 H),
5.97-5.93 (m 1 H), 46 460*(% , 2.90 (s, 3H),
1.73 (d, 3H, J = 6.41 Hz); MS (ESHS: 490 [ MHH] +.

I nter medi ate Exanple 3: Methyl 5-(6-bronp-1 H
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The title compound was prepared from methyl 5-[6-(chloromethyl)-1H-

benzimidazol-1-yl]-3-{[(1R)-1-(2-chlorophenyl)ethyljoxy}thiophene-2-

carboxylate by a procedure analogous to Example 1, Route 1, Step I. MS
15 (ESI): 473 [M+H]".

Step B - 3-{f(1R)-1-(2-Chloraphenyi)ethylloxy}-5-{6-f{methylthio)methy(]- 1H-
benzimidazol- 1-yl}thiophene-2-carboxamide

N"_ﬁ‘ o]
N 8
aare
O
Bs e
HC - HC
¢}
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PCTI US2006/ 033683 54 StepA - Met hyl
5- (6- brono- 1H benzi m dazo/-7 yl)-3-([ (1, 1-

' hyI9(dinethyl)siIyioxy)-2-thiophen
%&ﬁ%@é{;{gﬁﬁ , / 00O, Br S11 CHH 3C 3 ﬁéﬁﬁ&@&%}’dﬁm
CH To a m xture of 5- brorm §3/ Fbenzi m dazol e (43.78
g, 222.0 mmol) in 5-chloroform (800 n-) was added
N- et hyl i mi dazole (44.5 nL, 560.0 mmol ), followed by

Metrhy it d .
|reoc_:ompo)1(18_ was_prepareg from meW 3- ﬂ(e1 R%g a(‘r?boxyl at @

C  SPERD RSy M6 et B By FrBRTmigatoka. 50 h
at yhhiophérenDesibbiife bwfblclb%uraahmsbwy 16 E&ahple( 1l RolteN,
C S R N BRo B P $ 85818, THaz 89 (st 7.7 1708
5r eanmmﬁmﬁ BiH,| J £ eamzhms-?l@s trheaM) ;mem(xhaﬂ wi=tgly2ve OH
onfied 8#263%F@W@W@hjﬁwﬁfﬁéﬂ%?ﬁm R

t héH, dribeld HD\WS (EBI2263 [Meldficent r at ed and
chromat ographed on silica gel, eluting with a

505&@@5 @Y RYi- mh@fopﬁsﬁ?ﬁ/).&%% -8B\ Rl RethPif-
o VPR Q%Yé;é?%d f@oﬁeﬂﬁﬁfh'eﬁa'ﬂ%dconpound WO

5 (6 brom) ZH benzi m dazo/ -1 yl) - 3-hydr oxy- 2-

t hi ophenecarboxylate N O /Y™ \INS ®CH OH Br To a
stirred solution of net 2 NaTD- 1

H benzi m dazo/-1-yl) - %{ , 1-

di met hyl et hyl ) (di rretJyls ilyl] oX } - 2-t hi ophenecar boxyl
ate (25.18 g, 53.9 20 ‘%mol) M (540.0 m -) was
10added 1. OM t et rabutyl ammonl um f¢00f1 de in

The title compound was prepared from 3-{[(1R)-1-(2-chlorophenyi)ethyijoxy}-
S-{B-[(methylthio)methyl]-1H-benzimidazol-1-yi}thiophene-2-carboxamide by
a procedure analogous to Example 1, Route 1, Step K. 'H NMR (400 MHz,
DMSO-dg). 68.61 (s, 1H), 7.84 (s, 1H), 7.79 (d, 1H, J=8.24 Hz), 7.73 (s,

15 1H), 7.70-7.67 (m, 1H), 7.49-7 47 {m, 1H), 7.44-7.33 (m, 3H), 7.26 {s,1H),
7.12 (s, TH), 5.97-56.93 (m, 1H), 4.64-4.60 (m, 2H), 2.90 (s, 3H), 1.73 (d, 3H, J/
= 6,41 Hz); MS (ESI): 490 [M+H]".

Intermediate Example 3; Methyl 5-(6-bromo-1A-benzimidazol-1-yl}-3-hydroxy-

20 2-thiophenecarboxylate
=\ o]
N8 .CH,
e
B OH
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15

THE (60.0 nL, 60.0 mmol ). The reaction was stirred 1.5
h then aqueous saturated NH4ClI was added (200 niL).
The resulting slurry was stirred 15 min then diluted

‘%65[)0%59%& (750 n-) and EtOAc (1.0 L). The 3@d@4ds 033683
'ayer was WO 2007/ 030361 PCTNS2006/ 033683 55

separated and its pH adjustegyto 3.0 by addition of
aqueous 1 M HCI. The aqueous |ayer was then extracted
with Et OAc (3x). The conbined organic |ayers were

e SReHM Wﬂé}hﬂgla%%n&#b%fﬂabz&% {%fﬁli ed over MySO4

d d t 9.4 1009
o A SR SRRy Bl o 501 | d. N
(ESI ): 353 [ M+H] +. Exarrpl e 3:

5-f6-f (4- Met hyl pi per azi yI) tth] 1
H benzi m dazol -1 -yl } - ‘i%zfﬂe
R)-1-i2-(trifl uoronet vI | et hoxy}t hi ophene- 2-car

boxam de S O NH, / NarCHCN ,cHCI \ FF Route 1:
10 Step A - 3- Methyl 5-(6- b|"=6¢pcﬂ | H benz/ mi dazo%l
yl)-3-j (1R -1 [2-

(trirluoromethyl)pheny/ Jet hoxy) t h| ophene 2-carboxy/ ate
0 Tsaaukiure of 5imorke-1HHenzImiddzok (48.98 4r 722, (lenmoi) m

po&l?ft}%forlﬁgg%onﬁmd ! rcldgg W%et?ﬂ?rrsl’lggzorl]ee(4g mL, 5%0 0 mmol),

( 1®)|0V16c[ @ (mathyt Bﬂbbmbktyﬁ JSplilenyd-2-eHitpheabcdridxylbtay44.8

7 1520 o 21 Pe%l"@s‘b# i QP i @é‘#g SEBORST i e

(1 W?@Wfﬁ@ﬁ%&'@ﬁé)&mm 2263 m(rrpb warsgdd@ia fdlowee by t-i n DCM

( 7BRyiEAmehyER§Iciblidd @6.83], 245.0 mmol). The reaction was stirred 1 hr,
then quenched with MeOH and poured into DCM and water. The aqueous
layer was extracted with DCM (3x). The combined organics were then dried
over Na;S0y4, concentrated and chromatographed on silica gel, eluting with a
50-to-75% gradient of 25% EtOAc in hexane/hexane to give 25.18 g (24%) of
the title compound. MS (ESI): 467 [M+H]".

Step B - Methy! 5-(6-bromo-1H-benzimidazot- 1-yi)-3-hydroxy-2-

thiophenecarboxylate
Nﬁw s 1 CH
Sares
. OH

To a stirred solution of methyl 5-(6-bromo-1 Atbenzimidazol-1-y1)-3-{[(1,1-
dimethylethyl){dimethyl)silylloxy}-2-thiophenecarboxylate (25.18 g, 53.9
mmol) in THF (540.0 mL) was added 1.0M tetrabutylammonium flouride in
THF (60.0 mL, 60.0 mmol}. The reaction was stirred 1.5 h then aqueous
saturated NH4Cl was added (200 mL). The resulting slurry was stirred 15 min
then diluted with water (750 mL) and EtOAc (1.0 L). The aqueous layer was



roomtenperature, for 10 min. The slurry was then
treated with di-terd4butyl azodicarboxylate (24.8 g,
108 mmol ). The reaction m xture was stirred for 3 h,

d through filter paper, washing th j
g}ﬁbg?&\%ﬁ?h DCM and 20 MeOH. The filtrate vvagdlﬁﬁg&mmss
concentrated under vacuum ang5 purified by silica gel
chr omat ogr aphy, eluting with™a 5-to-50% gradi ent of
Et OAc/ hexane to give WD 2007/ 030361 PCT/ 1TS2006/ 033683

56 9 - il I
yel ié’%avrvﬁg ?) Iaﬁgﬂ%ﬂ%%{é? i%%bﬁié%%g?”?ﬁw g@gg}l’hf s, 1
H) 2a4eqys qygr was then extraciegiwitiy 5IOAE (8%). Thercomiedamaniay . 65

( dlayérshiverd whskhdn With aquée®y0. TMAI(Bne2dfed orePRgE8, ardd H) »
98 85 Zd, 3H,

5. 1.H .,J=5. Hz) , . , 1.

) :gtgnc%gtrﬁ%l uh% v(aggnj to 93\)@51 Qltf'/g if’oo_% of é@ége B°mprﬂ$la
53- figha Relaly solid. MS (ESI): 353 [M+H]".

[2-(trifluoronethyl)phenyl Jet hoxy)-5-(6-vinyl-1H

be Bzaribie 37 @6 javehbRRRERC- AR IR bal fmitafol G Ey-3.H C

-guitiorometoyiy sthoxylihiophene-2-carboxamide
(trifluoromethyl)phenyl]ethoxy}thi ophene-2-carboxyl ate
(23.8 g, 45.4 mol ), 10 po =aNssi u
vinyltrifluoroborate (7.2 ; Pr5mol ) and
triethylamne (6.3 nL, 45. \i'?z:,;mstirred at room
tenperature in n-prﬁ nof~ (230 ,ph)xWas added

[1, 1' - bi s(di phenyl pRosphi no) - f ek ne] di chl or opal | adi
un(11) dichloronethane conplexF&750 ng, 0.91 mmol).
The m xture was then heated to reflux and stirred for
3 Routelen cooled to roomtenperature, poured into

wat er and 15 extracted wth Et CAc (3x). The conbi ned

or gani ayer.s e washed with brine, dried over

1000 880 £ s hT Hhio in B oo Rtk A SV B by
Si Viisoromelylitteonieriamyyjauinreneldariegyiaist h a 10-t 0- 40%
gradi ent of Et OAcl hexane to give 17.06 g (80% of the

title conpound as a yell Qw foam solid. 1H NMR (400
MHz, DMSO-de): 6 8.59 N HLn98 (d, 1 H J=7.87
Hz), 7.80-7.71 (m 3%0@0 $9°(s, 1H), 7.56-7.52 (m
2H), 7.39 (s, 11-1), .85 (dd9 1H, J=10.98 and 17.75
Hz), 6.00 (g, 1 H J= 6.10 k)y"S.86 (d, 1 H, J=17.56
Hz), 5.31 (d, 1 H J F

F

A slurry of polymer-supported triphenylphosphine (53.0 g, 2.04 mmol/g, 108
mmol), (18)-1-[2-(trifluoromethyl)phenyllethanol {15.4 g, 81.0 mmol), and

15 methyl 5-(6-bromo-1 Atbenzimidazol-1-yl)-3-hydroxythiophene-2-carboxylate
(Intermediate Example 3) (19.0 g, 53.9 mmol) in DCM (750 mL) was stirred at
room temperature, for 10 min. The slurry was then treated with di-fertbutyl
azodicarboxylate (24.8 g, 108 mmol). The reaction mixture was stirred for 3 h,
then poured through filter paper, washing the resin solids with DCM and

20 MeOH. The filirate was concentrated under vacuum and purified by silica gel
chromatography, eluting with a 5-10-50% gradient of EtOAc/hexane to give



= 10.98 Hz), 3.83 (s, 3H), 1.65 (d, 3H, J= 6.04 Hz);
M5 (ESI): 473 [MtH ~. Step C -
Met hyl 5 [ -(1, 2-d/ hydr oxyet hyl ) - 1H benz/ m dazo%

- _]_ 2-
X{'(ﬁ @I uororret hy/)phenyl j et hoxy) t hi ophene- 2- car %I)S(%/O 6I033683
V\D 2007/ 030361 PCT/ US2006/ 033853 57 9 0 CH, HO /0
OHHC F F F To a stirred solution of nethyl 3{(1
R)-1-[2-(trifluoronethyl)phenyl]ethoxy}-5- (6-vinyl-
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quenched wi th aqueous (saturated) sodiumsulfite. The
Smi qten 8 - \’k@é‘%-i-fﬁfé’fbﬂe?a-(fmﬂuww@mwh%y@rhﬂﬂeﬁ (Bowikyil+iée
Or%ﬂhﬁ?d@&yﬁf thibBh S RSNESk h brine, dried over
MySO4 (’:oncen’?)r é'?‘gd&gnder v cuéum and 10 purified by
silica gel chromatography
gradi ent of MeOH DCM

eluting with a 1-to-8%
wl 8/0 n@ni um hydr oxi de to

=)

give 16.72 g (92% of tt| %onpound as a |ight
yellow foam solid. 1H NFVR (400%.,MHz, DWVSO-do): 8 8.59
(d, 1 H J=1.46 Hz) *£7.98 ((, /= 7.87 Hz),

7.80-7.68 (m 3H), 7.59-7.52% H, 7.36-7.31 (m

2H), 5.95 (g, 1 H, J= 6.10 Hz¥Y 5.37 (t, 1 H J= 3.66
15Hz) 4.76-4.64 (m 2H) 3.83 (s, 3H, 3.46-3.42 (m

st 0B R Sl ipeme Bl SR

yl )(tnﬂuc(r(:ma,hyl-)meﬁﬁ}ethoxy}thmphene-z carboxylate (23.8 ¢, 45.4 mmol),

10(t {SJ'ofeJ Cﬂﬁﬁ%tﬁdﬂoﬁﬂéﬁw k754 345 ol BRE RRtmngrARG 0¥ 4!t ©
45.4 mmol), stirred at room temperature in n-propanol (230 mL) was added
{1, 1-bis(diphenylphosphino)-ferrocene]dichloropalladium(ll) dichioromethane
complex (750 mg, 0.91 mmol). The mixture was then heated to reflux and
stirred for 3 h, then cooled to room temperature, poured into water and

15 extracted with EtOAc (3x). The combined organic layers were washed with
brine, dried over MgSQ,, concentrated under vacuum and purified by silica
get chromatography, eluting with a 10-t0-40% gradient of EtOAc/hexane to
give 17.06 g (80%) of the title compound as a yellow foam solid. 'H NMR (400
MHz, DM8O-dj): 6 8.59 (s, 1H), 7.98 (d, 1H, /= 7.87 Hz), 7.80-7.71 (m, 3H)},

20 7.89 (s, 1H), 7.56-7.52 (m, 2H), 7.39 (s, 1H), 6.85 (dd, 1H, /= 10.98 and
17.75 Hz), 6.00 (g, 1H, J=6.10 Hz), 5.86 (d, 1H, J= 17.56 Hz), 5.31 (d, 1H, /
= 10.98 Hz), 3.83 (s, 3H), 1.65 (d, 3H, /= 6.04 Hz); MS (ESI): 473 [M+H]".

Step C - Methy! 5-[6-(1,2-dihydroxyethyl)- 1H-benzimidazol- 1-yij-3-((1R)-1-[2-
(triffuoromethyl)phenyifethoxyhihiophene-2-carboxylate



H3C F I / F F 20 To a solution of nethyl
5-[6-(1, 2-di hydroxyet hyl)-1 H benzi m dazol -1-yl]-3-
{(1R)-1-[2-(trifluoronethyl)phenyl]ethoxy}thi ophene- 2-
W&’F/X&Oﬁl&e (16.72 g, 33.0 mmol) in 1:1:1 $2006/033683
wat er/ MeOH (220 nL) was added sodi um per| o ate WO
2007/ 030361 PCT/ US2006/ 033683 58 (10.58 g, 49.5
nmmol ). The resulting slurry was stirred for 1 h, then
was diluted wth water and Et OAC The aqueous Iayer
was extracted with Et OAc =?.‘x) conbi ned organic
| ayers were washed with j |e»q over MgSH and
concentrat ed under vacu toglve’14. 76 g (94% of the
title conpound as a ®.Ji/ght yeld ow foam solid. 1H NWR
(400 MHz, DMSO d6): 810.09 (sic , 8.87 (s, 1 H),
8.19 (s, 1 H), 8.02-7.89 (m 3Kh~4.81-7.72 (m 2H),
7.57-7.51 (m 2H), 5.98 (q, fH /= 6.10 Hz), 3.84 (s,
3H), 1.66 (d, 3H, J=6.22 Hz); M5 (ESI): 475 [M:H'
St ﬂ'@ a'%ture%&lht‘fdn S 4 Hﬁ%{h?}éﬂrlﬁﬁ&%ﬁk henyi]ethoxy} -5-
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155 Hz), 4.76-4.64 (m, 2H), 3.83 (s, 3H), 3.46- 342 (m. 2H), 1.65 (@, 3, Jo6.04
Hz); MS (ESI): 507 [M+H]",

Step D - Methy! 5-(6-formyl-1H-benzimidazol- 1-vi)-3-(( 1R)-1-/2-
(triffuoromethyl)phenyijethoxyjthiophene-2-carboxylate

= o]
Ne S .CH,
\V\_ﬁo
H o]
gaer

F
F

20 To a solution of methyt 5-[6-(1,2-dihydroxyethyl)-1H-benzimidazol-1-yl]-3-
{(1R)-1-[2-(trifluoromethyl}phenyljethoxy}thiophene-2-carboxylate (16.72 g,
33.0 mmol) in 1:1:1 DCM/water/MeQH (220 mL) was added sodium periodate



(91 % of the title conpound as a light yellow foam
solid. 1 HNWR (400 MHz, DMsO ds): 8 8.57 (s, 1 H,
7.98 (d, 1 H J=7.87 Hz), 7.80-7.68 (m 3H), 7.54

= 7.59 Hz), 7.46 (s, 1 H), 7.33-7.
é’hsw&?g%gf q, 1 H J= 6.16 Hz), 25 3.83 (s, %@éﬁgo.@é}%ms
(s, 2H), 2.45-2.20 (m 8H), g 13 (s, 3H), 1.66 (d, 3H,
/ 6.04 Hz); M5 (ESI): 559 [M+H]'. WD 2007/ 030361
PCT/ Q52006/ 033683 59 Step F-5- (6[(4 Met hyl p/ peraz/ n-1

y/ ()1 Blyy 4d S%Qf e %s@%@?@r? a3 sfifddor 1 4, then was diluted

trifluorone hoxy) t
watﬁaﬂﬁwh%t%m d Sayeops | ﬂquaye%aéfafr‘te& W't'rcEFOAq FXEThe A
m adnhb’@edlfrga’ﬁ& I&ybrs were washed with brine, dr[ed over MgSO, and
El_éoglﬁglgt?ﬁtﬁélﬁlelr ?éa% 99}\%43‘)(519”@33)3] the titte compound as a
5 R) agm j&lop foarh lsaitd, &mmmppmmjbmmypﬂ moap)mdm, -8t ar
CH
(28518 8191858 o8 el A ] “L’Eﬁ‘”f‘r?’es“éﬁr 4‘@
r 588 (priH; Vad10 H)e3.B4 és BHMsﬁes(da:Né.df 6 ﬁ hiz) d45 ({E@

80445 (M. @approx. 40 h. The flask was cooled to room
tenpe[mture opened, and the reaction mxture

e R R B AL e T o
10 of 3%&}#fwwmwm&h%phanymﬁaxmrﬁmﬁena-ﬂet@rbmy/giw e 14.11
g (92% of the title conpound as a white foam solid.

1H NVR (400 MHz, DMBO-d6): ;& 8.4% (s, 1 H), 7.93 (d, 1
H J= 7.87 Hz), 7.86 (br a@%@mso-?. 75 (m 2H),
.584(t, 1 H /=7.68 H),

H J=8.42 Hz), 7.15 (br s,

7.68 (d, 1 H J= 8.23 Hz)

7.33 (s, 1 H, 7.28 (™

1 H, 7.06 15 (s, I* 5.94 (€ , /= 6.10 Hz),

3.52 (s, 2H), 2.45-2.20 (m 8H)&T2713 (s, 3H), 1.74

(d, 3H, J=6.22 Hz); M5 (ESI): 544 [ MFH +. Route 2:
To a stirred solution of methy! 5-(6-formyt-1H-benzimidazol-1-y!)-3-{(1R)-1-[2-
(trifluoromethyl)phenyljethoxy}thiophene-2-carboxylate (14.76 g, 31.1 mmol),
n-methylpiperazine (5.72 mL, 62.3 mmol} and acetic acid (2.1 mL, 37.4 mmol}

15  in dichloroethane (150 mL) was added sodium triacetoxyborohydride (8.9 g,

46,7 mmol). The reaction was stirred for 1.5 h, then aqueous 5% K.CO; was
added until the pH was approx. 8. The mixture was then diluted with EtOAc

and water. The aqueous layer was extracted with EtOAc (3x). The combined
organic layers were washed with brine, dried over Na;S04, concentrated

=

20 under vacuum and purified by silica gel chromatography, eluting with a 1-to-
8% gradient of MeOH/DCM with 1% ammonium hydroxide to give 15.82 g
(91%) of the title compound as a light yellow foam solid. 'H NMR (400 MHz,
DMSO-dy): §8.57 (s, 1H), 7.98 (d, 1H, /= 7.87 Hz), 7.80-7.68 (m, 3H), 7.54
(t, 1H, /= 7.59 Hz), 7.46 (s, TH), 7.33-7.28 (m, 2H), 5.97 (g, 1H, /= 6.16 Hz),

25  3.83 (s, 3H), 3.55 (s, 2H), 2.45-2.20 (m, 8H), 2.13 (s, 3H), 1.66 (d, 3H, /=
6.04 Hz); MS (ESI): 559 [M+H]".



Step A -
2- brorm 4- (( (et hyl oxy) et hy/ Joxy) - 1- ni t robenzene NGB
Sr 0, 1O CH 20 A solution of 3-brono-4-nitrophenol

82(9 Qribozedl- 7 mmol ) in DCM (475 nL) was stlﬁéﬁgsﬁ@a@%ﬁ
Blsopropyl ethylamne (19.2 niL, 110.0 nmmol) was

added, WD 2007/ 030361 PCT/ Usgé)OGI 033653 60 fol | owed
by t he drop wi se addition of sol uti on of
chl oronet hyl nethyl ether (7 7 m, 100.9 mmol) in DCM

(2P A 5?&‘11?4!#@@%9&9%5/ @He?ﬁéﬁ%?en%ru& a/-iL i Br{(m)

t hen \?/a roomtenp quenc
\/vat7J12 (”E%O’HEY’WP!‘WQWEIW%i’/{f?’@”’iﬁﬁg‘zpﬁfﬁ%’é‘quﬁ-‘t o brine
(150 nmL) and the aqueous |ayer extracted with 5 Et CAc

(3x). The conbi ned organic ayersgwere washed w th
brine, dried over MSH, t.ed under vacuum

and chromat ographed on Ca gel, (330 g), eluting
with a 0-to-25% gr agj ,@(’S\Nof Et xane to give 20.0
g (83% of the titl tﬁ/n'pound cl ear orange oil.
H NVR (400 MHz, DI\/BOdG) 8 8F 7 (d, 1 H J= 8.97
7.50 (d, 1HJ-220Hz)721(dd 1HJ-897

mi GZ%i {ﬁ 3 4?iﬁet 1{)%}_%1 1%/@29':@ nezﬁ y;’%%fljno
53 gl} {3({(1%;) 1-[ (tnﬂuoromethy phenyl]ethcxy}thlophene-z carboxy|ate (15.82
1[ a 14.35 ﬁmr&w&ms ety fezﬁg rﬁFSY'l) 752m5i§‘ wae E&&eoqera

st %pﬁé’&e%B GLH%%ﬁe%qthﬂ@?q{%,Th%ﬂ%w% sgal@g(tilmen heated to o 800"
R) fat ﬂbﬂﬂﬁtm fi.The Wlﬁfmﬁwttcnblﬂd&ﬁ%dm teliperature, opened, and the

anbesta s ENERRIBE SRR S Srertefed oy SR ene
10( 1pm'og|,atqg_ra332ym‘mﬁn)g with aﬁ -80h @radint of MeOH!DCM with 1%

ammonium hydroxide to give 14.11 g (92%) of the title compound as a white

foam sofid. 'H NMR (400 MHz, DMSO-dy): §8.49 (s, 1H), 7.93 (d, 1H, /=

7.87 Hz}, 7.86 (br s, 1H), 7.80-7.75 {m, 2H), 7.68 (d, 1H, /= 8.23 Hz), 7.56 (1,

1H, /=7.68 Hz), 7.33 (s, 1H}, 7.28 (d, 1H, /=8.42 Hz), 7.15 (br s, 1H}, 7.06
15 (s, 1H), 5.94 (q, 1H, J=6.10 Hz), 3.52 (s, 2H), 2.45-2.20 (m, 8H), 2.13 (s,

3H), 1.74 (d, 3H, /= 6.22 Hz); MS (ESI): 544 [M+H]".

Rouie 2:

Step A - Z-bromo-4-{f{methyloxy)methyljoxy}- 1-nitrobenzene

NO,

5

O

b

0
“CH,

20 A solution of 3-bromo-4-nitrophenol (20.0 g, 91.7 mmol) in DCM (475 mL)
was stirred at 0 °C. Diisopropylethylamine (19.2 mL, 110.0 mmol) was added,



m.) was added tris(di benzyli deneacetone)di pal | adi un(0)
(70.0 ng, 0.076 nmol) and XANTPHOS (97.0 ng, 0.17
nmol ) foll owed by cesium carbonate (6.2 g, 19.0

%10})7/ ﬁgﬁ m xture was heated to 60 C and st p&gB&hodcRbasss
bikdly ai P Bl

en 20 cooled to room tenperature, ute
Et OAc and filtered through ite, vvashlngthe sol i ds
with Et OAc and DCM The filtrate was concentrated
under vacuum and chromat ogr aphed on silica gel (120

g) follBd bﬁ‘%e"éﬂr&d‘w@e gdﬁlﬂor?’ﬁo % scﬂlfti@ﬁ 'o?&l‘ﬁor@:fneﬂ/@ﬁﬁm

of (7, K4S ks AIEM (e e regetonavps sired pydtCgort
(7 d hr, then, waé’rmea trgl%oglzt)eTpar'étuzle Qlfi])d_ ﬁlﬁbngged'l_illzwth]wa(stérg gBO ). ,1Thﬁ
Vo BB s abiet P ety 38 s Shyebaler xraea vt
56 E3R8: 68). The c@rhbined org@nid Jag2ry were Wabhed WittARings drictirgver
K&(SQE 7K co%E%n}r ﬁ 7d,eF %Uﬁl@&fgd%b%&%ﬁraﬂé‘d on sﬂ@a agl (‘356

5- ebﬁ{t{tfowthwodszﬁﬁ rﬁ?‘lenfcgf)'i}o&(h‘h%nﬁ iR 2@ 9@ (83%) of
yl }he’iml(e%ﬂﬂﬁbund]as[a?clééﬂdréﬁgté%OTFFNm ()mdﬂ R éﬂ%@@ 08<yJ

i_ophene

F ’?&k(d-h%h! -pff %% 5'611 @ 59)‘@”% e/na% 2%HZ)F 33& t(qifbﬂ H a§k97vﬁ§1
10adcdes M4 (sH2IfY, 3:39 (s, 3H).
{[(rret hyl oxyg nmet hyl ] oxy} 2-nitrophenyl)a mno]-3-({(1
(A 8 sty s omenyordmeyos 2 mirophenybemingt S I
at &g ‘;Efﬂ@myvmsfhg/)nﬁ@ayqethy}pwtasrﬁwpmnegammwﬁ e sul fonate
(95.0 ng, 0.38 mmol), 5%by W€I ght platinum 10 on
carbon (sul fided) (740 %y nol ) and
trimethyl orthoformate K 3 offfe fl ask was purged
with N2 (gas) vacuum , en wwth H2 (gas) /vacuum
(3x). H2 gas was then pliedfat 50 psi for 3 h. The
reaction mxture was the Bt d through Celite,
washi ng the solids with Ee DCM The filtrate
was then concentrated under vacuumto 1.92 g (100% of
the title conpound 15 as a light yellow foamsolid. 1H

J“'Wo(a%%mutlda'\@%éi né’g ({Q‘F@ ﬂ%"ﬂ};nﬂuo%n%%ﬁ?ﬂher&éﬂ
15y )ethyﬂw%fz(t@ophepepsrbmw' 1(%2 9,8-42 mmel) ang g-bromo-47_ 06
( dq(méthioxy)metbylckyRnAitrdba8fkenié X 1.6 g93.82 thmol) in dioxane (20
mL) was added tris(dibenzylideneacetone)dipalladium(0} (70.0 mg, 0.076
mmol) and XANTPHOS (97.0 mg, 0.17 mmol) followed by cesium carbonate
(6.2 g, 19.0 mmol). The mixture was heated to 60 °C and stirred for 12 h, then
20 cooled to room temperature, diluted with EtOAc and filtered through Celite,
washing the solids with EtOAc and DCM. The fiitrate was concenirated under
" vacuum and chromatographed on silica gel (120 g), eluting with a 5-t0-35% |
gradient of EtOAc/hexane 1o give 1.64 g (82%) of the title compound as a red
oil. 'H NMR (400 MHz, DMSO-dj): §9.85 (s, 1H), 8.12 (d, 1H, /=9.33 Hz),
25 7.90(d, 1H, J=7.87 Hz), 7.74 (m, 2H), 7.53 (t, 1H, /= 7.68 Hz), 6.84 (d, 1H,



1 H J=6.04 Hz), 5.23 (s, 2H), 3.83 (s, 3H), 3.39 (s,

2H), 1.65 (d, 3H, J=6.22 Hz); M5 (ESI): 507 [ MH'

20 Step D - Methyl 5-(6-hydroxy-TH benzi m dazo%

dea,,,g;ogﬁm) 1 [2- (trifluoronethyl)phenyl JebbytRdodssss
2 thi ophenecarboxyl ate WO 2007/ 030361

PCT/ US2006/ 033653 62 S/ OgH, HOOHCFI /| FF

To a stirred solution of nethyl :

5-(6-{[ (et hyl oxy) net hyl ] oxy}-1 H

beoramsiaz)olwlre/éé -2 (8.77- -5.72 (i, k), 528 (s, 2H), 3.75 (s, 3H),

th| é’gﬂ%r%b'ai%%@yéﬁt thél )1“515]3%5&% Zg}rfﬁﬂﬁ% bat ch using

procedure anal ogous to 5 Exanple 3, Route 2, Step C
16 5169 Gndleyiy Sr(GLimeTa ey iio30)- menmdaa@dw-é'l({m)-

HCly_ o1 1?@_ L on m xture
was %Jgraﬁt?%g%e P@é’%},}éﬂﬁ% re}g{}) W’ﬁﬂ?#én cooled to
roomtenperature. The reaction vvas poured into DCM
(500 L) and water added-{IRO s calhe mxture was
neutralized to pH 7 by tio o‘f aqueous (saturated)
NaHCO3. The aqueous 10 |Aayer then extracted with
DCM (1x) and Et OAc 1_&6. They, ined organic |ayers
were dried over MgSH4, concent under vacuum and

5chromat ogr aphed on silica gel (20 g), eluting with a

10-t0-60% gradi ent of Et OAc/ hexane to give 6.9 ¢
9 I I d
]g 0‘28{? h@h ﬁr@ﬁuFd ﬁ;}dﬁ:g‘éﬁé%%@gcti%ﬁ)ﬂ%sgw dgg n@ﬂ; 5?(@ Or €
&f‘e?'y“”‘ik“efhlfﬂ}w}é’ '@tﬁoqwnyliammlﬁ-({(ﬁ 1-31) | 7 80 7 71
( nﬁtnfmbquei’hﬁ)ﬁhQnﬁéthﬂmxy)?ti}hloﬁlea&a(rﬁox Iaﬂe (Q')O gz_é Epﬁ%mbﬁ;

A @%’"t"‘?‘l"ql’f%"z‘g”%“H a(‘ég’%ﬁwg ’%mw % yw*@vﬁgnw)

10 lvsor( €Bhgn (sylided) \T46Hhg:.0. 8 mpiol and MihéthyIGrHofdraR)e- (10 mL).

15

20

((ToHSHeRRER M PHER e ot Heban %Psafzsz)wuyﬂ"a 2
t h esbhleﬁewﬁbm/aapl@d gt S§si f fot. . Theesction @ixture was then
filtered through Celite, washing the solids with EtOAc and DCM. The filtrate
was then concentrated under vacuum to 1.92 g (100%) of the title compound
as a light yellow foam solid. '"H NMR (400 MHz, DMSO-dy): 8 8.49 (s, 1H),
7.98 (d, 1H, J=8.05 Hz), 7.79-7.66 (m, 3H), 7.53 (t, 1H, J=7.59 Hz), 7.35 (s,
1H), 7.22 (d, 1H, J= 2,20 Hz), 7.06 (dd, 1H, /= 8.78 and 2.20 Hz) 5.97 (g,
TH, /= 6.04 Hz), 5.23 (s, 2H), 3.83 (s, 3H), 3.39 (s, 2H), 1.65 (d, 3H, /=6.22
Hz); MS (ESH: 507 [M+H]",

Step D - Methyl 5-(6-hydroxy-1H-benzimidazol-1-yi)-3-({( 1R)- 1-{2-
(trifluoromethyl)phenyllethyljioxy)-2-thiophenecarboxylate



~OFI,O F FF 20 F FF WO 2007/ 030361

PCT/ US2006/ 033683 63 To a stirred, cooled (0 O

sol ut| on of methyl 5-(6-hydroxy-1 H benzi m dazol -1-
éﬁ ‘%{){trlfluororret hyl ) phenyl ] et hyl } oxy) - 2 ’F%ZB ene
carboxyl ate (2.49 g, 5.38 ) and

n- phenyl trifl uoromet hane sul fonam de (2.06 g, 5.76

nmmol) in DCM (30 m -) was added dii sopropyl et hyl am ne

(2.0 m., 11.5 5 mml ). The reagtion was allowed to
warmto roomtenperat ] 'ormﬁd for 12 h. The
reaction mxture was t chrcentrated under vacuum

g (98% of the title conpoun light yell ow
solid. 1H NVR (400 MHz, DVMBG'é6): 5 8.76 (s, 1 H),
8.01-7.94 (m 2H), 78010770(m3H) 7.56-7.43 (m

3H)ro a%uﬂ@d é@lutu&.'%f ;ﬁis 1[hkelthy| hy/ﬁ% thijo ?jHPH- 1.65 (d,
3= AR

3 P?rlzmudgzof 1—yl))3 -({(1R)- -{2 ( rlﬂuorome yl)phenyl]ethyl}oxy)—z-

[ 2tr(jabhnﬁhémmt B/ 1B 8 et b@asuhsﬁ pfocediury bndl ou\s |§|° o
Z 1
5o b Y, Rt Sy Qqﬁl@twgﬁ Pﬂﬂ"ﬁ@ﬁ SO L) was

R) addgd?tN HEI inlwaderd A% hy65. phmmnl Tbé reacliaxypixtube WwBs heated

of|

{300 GBS B "%25@4 AUl e temperature. The rsactign

f r WAF ROYRH frde E‘@N &) ard wgtepacdfteélc(u%mah dhe gmgretvws

Exﬂglmaﬂizéﬁ to ﬁpﬂb? aadltao'ﬁtcﬁ Bqtlfeoug s&%@a@ﬁ?N%HC@Qtﬁ%%hUéﬁus

%{Itrlfluoroo 9 T}-
PRYFSIPR SXY%'%%W'HLDC@A ’Qénﬁﬁé@/j\c (k- ?eama'ﬂeﬁ’ oom
t e njpaniatiayees Werei diict opsr BT, cdnbéhtratbd unds vacldet ahd.,
f ecPoeitar i B PORE B o ot wit i Oo5502% umstent o
c o fffPANh@NE tongjye 6.970(92%) of the title compound as a light salmon
colored foam solid. '"H NMR (400 MHz, DMSO-dp): 89.62 (s, 1H), 8.41 (s,
15 1H), 8.00(d, 1H, /= 7.87 Hz), 7.80-7.71 (m, 2H), 7.56-7.51 (m, 2H), 7.38 (s,
1H}, 7.05 (d, 1H, /=2.01 Hz), 6.81 (dd, 1H, /=8.70 and 2.11 Hz) 5.95 (m,
1H), 3.83 (s, 3H), 1.64 (d, 3H, /= 6.23 Hz); MS (ES!): 463 [M+H]",

and chr omat ogr aphed silica gel (120 g), eluting
with a 5-to-40% gradi ent of Ha@/ hexane to give 3.12

Step E - Methiyl 3-({{ 1R)-1-(2-(trifluoromethyl)phenyljethylloxy)-5-(6-
{ittrifluoromethyl)suffonyljoxy}- 1 H-benzimidazol- 1-y)-2-thiophenecarboxylate

=
N. .8 LCH,
o
=d_



mol ). The m xture was then heated to reflux and
stirred for 3 h, then cooled to roomtenperature,
poured into water and extracted with Et QAc (3x). The
Ay Rionersr ganic | ayers were washed with bri Féngiobé?(ﬁssss
over MySO4, 25 concentrated under vacuum and purif

by silica gel chronatographygzel uting WO 2007/ 030361
PCT/ US2006/ 033683 64 with a 10-to-50% gradi ent of
Et OAc/ hexane to give 12.98 g (79% of the title

coMpautided TodleH wm SBREbO8 haRMsSBIHY BroxMPHeRkida2d 131 -
5{\4@;“(3 ]({(ﬁaﬁﬁi@f@?m%%ﬂ)ﬁhqwﬁ@wwm -Zrihjephenecarboxylate

y/ (2349 ¢, BRB rfr@}) and n-phenyltrifluoromethane sulfonamide (2.06 g, 5.76

A e 1+

5, c oWBlS’UnH"Q:@ﬁCW wasallawed tdoyarm to roame tmperatuel ang atised for

EXW' 'ﬁaei’reactlBﬁ Wiurb wad théh &nc%t?a‘?%d'lz dfg%c?%h anc{ r

%rg for - enzi m dazo%
fl ?’8ﬂ’89 P?{Lﬂ%ﬁ' fares! ﬁ@%»t%mtwmﬁh@fzw/bcsaﬂeat ef O
/ EtGﬂc&e&bl@-to giv@ 1HE(98%)1H tl'fé‘:tltle-EBﬁlpbuﬂd & &ﬁaﬂ?%ﬂé@ can

ot VAR (00 i, QS-S BRI, 0378200 50 0

105-7. B@ (rm 31‘9t hﬁﬁ-r:me(namn 8.98/(q) At Iy bAoh esw isbidnd e¥%d

15

25

y/(h (T fI uoron%*thﬁs ’EJS!%‘?%%YWUXV)W' ophene

2 X OCH O H C-N
§r%p5l° é’ -t ?/—%’) 1-[2‘-( Tnﬂuoromerhy Pohenyi jethox;gl 5 -(6-vinvi-1H-
benzimidazol-1-yl)thiophene-2-carboxylate

E}“ 8 ~CH,
\ ) ©
— o]
H,C
Hsc; I)

FF

To a mixture of methyl 3-({(1 R)-1-[2-(trifluoromethyl)phenyijethyl}oxy)-5-(6-
{[{tifluoromethyl)sulfonylloxy}-1H-benzimidazoi-1 -yl)-2-thiophenecarboxylate
(20.89g, from a different batch using procedure analogous to Example 3,
Route 2, Step E, 34.83 mmol), potassium vinyltrifiuoroborate (5.6 g, 42.10
mmol) and triethylamine ( 4.85 mL, 34.86 mmol), stirred at room temperature
in n-propanc! (176 mL) was added [1,1"-bis(diphenylphosphino)-
ferroceneldichloropaliadium(ll) dichloromethane complex (570 mg, 0.70
mmol). The mixture was then heated to reflux and stirred for 3 h, then cooled
to room temperature, poured into water and extracted with EtOAc (3x). The
combined organic layers were washed with brine, dried over MgSOy,
concentrated under vacuum and purified by silica gel chromatography, eluting



F 15 F F WD 2007/ 030361 PCTI US2006/ 033683 65 The
title conpound can be prepared by a procedure
anal ogous to Exanple 3, Route 1, Step E. Step

I P2d0Bh045: Vet hyl pi per azi n-> PCT/US2006/033683
yl') met hyi J- 1H benzi m dazo%d yl J-3-((1R) - 1

[2-(tr/fluoronmet hy9pheny/ Jet gpxy)t hi ophene
2-carboxamide / NHHL N O H-C-NJ HC5 F F The title
conmpound can be prepared by a procedure anal ogous to

EXWfﬁlae! 030- 5o§scmacﬁea¢ of @t@«wﬁexaﬁ@t&@ﬁ’ﬂm S8 rﬁ P7o6)-of et dié!

9@%4 ﬁf. PSibey Toam soitd, M (51 493 fikerge e M dazo¥d
[2 (trifl uor omet hyl ) pheny/ Jet hyl } oxy) t hl ophene

2- SHABx Yleb5 8-, Ly oroxme i) H-banzinkidszol-Ci-3r( #R)Th/2a
StWWMﬁﬁmnéﬁhwﬁkﬂﬂ%ﬂ%M' ,&¥%ﬂ§2hgd&&ng&gonethyl) 1
R)-1-[2- (trlfluoronethyl)

carboxyl ate (150 ng, O,

The reaction was heat®d {at 60C¢for 18 h, cooled to
room tenperature and conéent k under vacuum The

H benzi m dazol - 1-
henyl et hyl } oxy) t hi ophene- 2-
| X i.n dioxane (1.0 ni)
was added N-nethyl pi per ne\ pL 0.45 15 mmol).
resi due was dissolved in Et d water. The aqueous

5l ayer was extracted with Et OACF The conbi ned organi c

10

15

| ayers were washed with brine, dried over sodi um

s ulrmatntm conponneodrt b prdpared & a\pasdediine sRadgous tofExamply3,
&319%% romat ogr aphy eluting 20 with a gradient
o MeOH DCM wi th 1% ammoni um hydroxi de, to
V\D 2007/ 030361 PCT/ US2006/ 033683
Step H - Methyl 5-(6-formyt- 1H-benzimidazol-1-yi)-3-{{ 1R)-1-{2-

(trifiuoromethy()phenyllethoxy}thiophene-2-carboxylate

N=\N S I CH
wo" 3
" [s}
e

P

The title compound can be prepared by a procedure analogous to Example 3,
Route 1, Step D.

Step I - Methy! 5-(6-[(4-methyipiperazin-1-yl)methyl]- 1H-benzimidazol-1-yi}-3-
{(1R)-1-{2-(trifluoromethyl}phenylfethoxythiophene-2-carboxyiate



66 give 134 ng (79% of the title conpound as a white

solid. M5 (ESI): 559 [MtH]*, Step B - 5-(6

[ (4- Met hyl pi per azin-1 yl)nmethyl J-|1 H benzi m dazo%

Wd 2087/4303k ) - PCT/US2006/033683
2-(trifluor orret hy/) pheny/ Jet hoxy) t hi ophene

ZCarboxam de 0 / 9 NHz / NgBCGNJI H3C F 5 F F The

title conpound can be prepared by a procedure

anal ogous to Exanple 3, Route 1, Step F. Route 4:

St e thle-compound can be prepared by a procedure analogous to Examplﬁ 3,

ﬁﬁ%&gﬁé{%ﬁxy) nmet hy/ J- 2- br ono- 1- ni tr obenzene

A sol ution of
3 br ono- 4- ni trobenzal dehyde (7.97 g, 34.6 mmol ), which
WaSteP r-pikriEaMeiyaipamaine t-yiimelhil bribenzimidazo/ tes-gY B)-e
pr i rdrfiaihy, - hedr on
Le?ﬁ?s 1996, J?gf‘ré)%{erhés;g mo%hrz{'%tc rblo'-\[ ’Bﬁofor mat e
(112.4 ., 104 mol), and oluenesulfonlc acid
hydrate (329 ng, 1.73 nmmlX i 45 IMEOH (69 m -) was
refluxed for 3 h. The rea ontwés M+hen quenched by
addi ti on of saturated ugous anioni um hydroxi de (1
m.) and concentrap@@nto si kktg~gel . Purification
by col um chromat ogr ap (10 tOF Et OAc: hexanes)

5provided 8:76 g (92% of the tiflke corrpound as an

10

15

20

orange oil. "H NWR (300 WMHz, CDCI3): b 7.89 (m 2H)

i gl il g il

xy) nmet hyl J- 2- ni t ropheny/ Jam nof - 3- (((1R) - >

[ Rqute B | uor onet hy/ Jpheny/ Jet hy/ ) oxyJ- 2-t hi ophenecar bo
xyl at e

Step A - Methyl 5-(6-f(4-methylpiperazin- 1-yiymethyij- 1H-benzimidazol-1- -
S-({(1R)-1-(2-(trifluoromethyljphenyileth wijoxy)thiophene-2-carboxylate

To a stirred, solution of methyl 5-[6-(chloromethyl)-1H-benzimidazol-1-yl}-3-
{(1R)-1-[2-(trifluoromethyl)phenyljethyljoxy)thiophene-2-carboxylate (150 mg,
0.30 mmol) in dioxane (1.0 mL) was added N-methylpiperazine {50 pL, 0.45
mmol). The reaction was heated at 60°C for 18 h, cooled to room
temperature and concentrated under vacuum. The residue was dissolved in
EtOAc and water. The aqueous layer was extracted with F1OAc. The
combined organic layers were washed with brine, dried over sodium sulfate,
concentrated under vacuum, and purified by silica gel chromatography eluting
with a gradient of 0-to-10% MeOH/DCM, with 1% ammonium hydroxide, to
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15

20

OIN.ON9 O OCH OOOFHCF CH CH FA

sol ution of tris(dibenzylideneacetone) dipall adi un(0)
(117 nmg, 0.127 mol), 5

W2 amidy! - 4, 5- bi s(di phenyl phosphi no) xant hgaguéhbirossess
ng, 0.280 mol), nethyl 5-amno-3-({(1 f
-1-[2-(trifluoromethyl)phenykéet hyl } oxy) - 2-

t hi ophenecar boxylate (2.31 g, 6.69 nmol),

4-[ bi s(met hyl oxy) net hyl ] -2-brono- 1-nitrobenzene (1.76
9, gire 334 FIF7%) BNfle GASE Al BOB AR Gy, 355§9
mraR anga-dl)oxane (Z%hqﬁrﬁ_l)a\/\gg prggg@e%%g?%‘sg

ro o’_-]]bottomfl ask under N2. 10 The fl ask was
evacuated and refilled three times with N2 and then

st a0 - &6-(@ B e tiviperainit-y T d dkbanaimiazol-thy-IfER)-

t hegodi ' ; s mde and
congeﬁ!}g%{{rg@e%?%hégflﬁt@g%g@ﬁ&%g%Cfal“ %Dg(gi on by col um
chr omat ography (5 to 75% Et QAc: hexoanes) provi ded 2.79
g (81 %9 of the title co dsagt a red foam 1H NWR
(300 MHz, CDCI3): 6 9.63 s H: 8.21 15 (m 1
H, 7294 (m 1 H, 7. A 2H), /.48 (s, 1 H), 7.40
(m 1 H, 7.02 (m 34,/ 6. 47 (85 H, 5.73 (q, 1 H,

J= 6.2 Hz), 3.88 (s, 3H), 3.34 H, 3.31 (s, 3H),
3.28 (s, 3H), 1.72 (d, 3H, J= 6F2 Hz); Ms (ESI): 541

[MEH] ' . Step

. . - . 11 o 0
y "’%f@f‘&% P A e b BRI Ordppis
t hR8yRdneleRfboxylate NS OCH3 F QFIFOF CH3 CH3 /
20 WD 2007/ 030361 PCT/ US2006/ 033683 68 To a sol ution
of Roaieldy |

5- ({5-[ bi s(net hyl oxy) met hyl ] - 2-ni trophenyl } am no) - 3-
({ 6MB A - 4./8; 2. ey

-1- fe?/l( tflf?’f@g f/g/rlgév{)@elﬁ)?yg rﬁeﬁryf/)ﬂae{ ﬁ’{/r eév).(?%;e_- 2-t hi opheneca

rboxylate (2.71 g,

OQ.N‘.O_

Br

& &,

A solution of 3-bromo-4-nitrobenzaldehyde (7.97 g, 34.6 mmol), which was
prepared in a manner analogous to the literature procedure (Katritzky, A.R.;
Xie, L. Tetrahedron Letters 1996, 37, 347-350), trimethyl orthoformate (11.4
mL, 104 mmol), and p-toluenesulfonic acid hydrate (329 mg, 1.73 mmol) in
MeOH (69 mL) was refluxed for 3 h. The reaction was then quenched by
addition of saturated aqueous ammonium hydroxide (1 mL) and concentrated
onto silica gel. Purification by column chromatography (10 to 25%
EtOAc:hexanes) provided 8:76 g (92%) of the title compound as an orange
oil. "HNMR (300 MHz, CDCls): & 7.89 (m, 2H), 7.59 (m, 1H), 5.47 (s, 1H),
3.38 (s, 6H).



5.01 mmol) in trimethyl orthoformate (50 m-) in a

Fi scher-Porter bottle was added pyridi nium

p-tol uenesul fonate (126 ng, 0.501 mml) and sulfided 5

W@Edo%‘ﬂs&n carbon (5 wt% Pt, 977 ng, 0.250 FHPﬁrsﬁﬁémssﬁss
he m xture was hydrogenated on a Fi scher-Porter

hydrogenatl on apparatus at 5g-psi of hydrogen until

t he uptake of hydrogen had ceased (17 h). The reaction

m xture was filtered through a sintered glass filter

to Sr@:tmvm!elﬂj'ﬁ‘.‘i-ﬁai[@k(y&tt /a ;%,pﬁp ,{, ,;‘?) ‘g&}ﬁ )Tyhe
Zj\@tlf\é\{a tgl}f%ntr z ord 2 1

th WeoRstenery {’?t'f Vg’H?P’@"f’ ap‘e V\/nlchvvas

carried on to the next step WIthOUt purification.

(ESI): 521 [MtH]'. Step.d - Met hyl

5-(6-fornyl - 1H-ben2|m azipl -1 yd)-3-(((1R)-1(2-

(trif/uoromethyl)phen et y/ xXyJd

2-t hi ophenecar boxyl at /[OTCHCH, F OHHNC F 15

To a solution of cru ﬁa X

5-{6-[ bi s(nmet hyl oxy) n&{ &yl | - Henzi ni dazol - 1-

yl}-3-({(1 A1
-[2-(trifluoromethyl)phenyl]ethyl}oxy)-2-thi ophenecar b

| 01 1) (f Step C, ab
KBl SrgrsidoShaxiiqnsagiions dhplsdiumd) Bddens, Byer oymalim
5 |ot 2 64dtmtb)8+4LS-ml@flmeﬁﬂlﬁlfostﬁﬂmoﬁaﬁaanmb Ing Wg '29? Hgnﬁo?)ct i on
S S
po'l'l}éﬁe1 {10% ({{](e% éé? ?n@ etéﬂ@“@%‘f'lﬁﬁm}%’a’)'QQerus
ﬁQ Bwr(eggrbmlatemm gi 66& rrmo!)a&-[tﬂs(trremytoﬁsa)mémmm-@@h‘b( 2
X
over so”ZFE%?'sﬁ@ SFfpBhpa el iR ARR 4558 0chl 88 o
si TR Nybf-diosang f&%@ehvmﬁ AEgPareshin @rraunchibasivat ek aptisr N230
10 t oTh]aO‘@% ﬁa@émheaearaaa }efmé@wrébemnés ﬁ; 9 érfﬁf{%n st fat{lps)

I\ﬂtz*é% ound as a |i ){ OW SO

% an iy wag e"ﬁ! Yigd with ?ﬁabmrofmraﬂ)
7 (Q@ﬂ mLB&C(aqncdrlﬂ)a,ted?orﬁ&s“ﬁczﬁdel ( Purifiebbion by7co‘ﬁﬂm( m 1 ,
6. c%?ongazogréﬁﬂib(g t§7§‘¢ I%;}Sﬁg}lexﬁggs)(pégéec)zg}%g ﬁm& thevqge '
26@7}99@'@3@@ m@maysz BIMFB(366 B1HZ5 D8I p5 E63 (B, hi), 8.21

15 S{trp1H, #: Yl'*) 37@'(9?!??\?' L “qﬁhﬁ&(m 1H), 7.02 (m, 1H),
bR Ao e T LT oz ),

XyA 28 (6, 3H), 1.72 (d, 3H, J=6.2 Hz); MS (ESI): 541 [M+H]".

Step C - Methyl 5-(6-[bis(methyloxy)methyl]- IH-benzimidazol-1- Vip3-({{ TR )-7-
[2-(trifluorometh viphenyljethylloxy)-2-thiophenecarboxylate

—\_s
NMO’GHJ
FF

CH, ¢
20 :



\ N/ OCH+ /) I NHOF HCN-1 The title conpound
can be prepared by a procedure anal ogous to Exanple 3,
5 Route 1, Step E. Step F - 5-(6 f(4-Methyl pi perazin-1

WQWA}%&-I H benzi m dazo%d yt)-3-((1R)- 1 ECTm 2006/033683
-(tri
I

uor onet hyl ) phenyl Jet hoxy) t hi ophene-2car boxam
de 1\ NH, NS FF HCdRggH-CN / \ The title
compound can be prepared by a procedure anal ogous to
Exanple 3, 10 Route 1, Step F. Exanple 4: 3-11(1

RITd a Galufist Snathg BY(Io Ishﬁéti"l?ﬁ%}iméth}lﬁﬂnﬁpophenyl}amino)—3-

. 1 | -1 H .
DU AT SR Sorny AR a i) 2Hhisehensrarboxyista® 1 g,
\ / BlOHannGd) iGtrivpethyl orthvbfbydie (50 mL) in a Fischer-Porter bottle was

o TR b R BRItk Ao Gt aaRLAGH palieie . .

5 t hilatimenert earbox (Hl valePV\8Y 20Q70.23DR60! PETTRSadOE: 023683
7Onychgenbtelidn a FisdheFpbndidyashendtion Bpdaritds at 50 psi of
hydrogen until the uptake of hydrogen had ceased {17 h). The reaction
mixture was filtered through a sintered glqss filter to remove the catalyst,
washing with DCM (75 mL). The eluant was concentrated to afford 2.61 g
10 (100%) of the crude fitle compound as an orange oil, which was carried on to
the next step without purification. MS (ES!): 521 [M+H]".

Step D - Methyl 5-(6-formyl- TH-benzimidazol-1-yl)-3-({{ 1R )- 1-{2-
(trifluoromethyliphenylfethyljoxy)-2-thiophenecarboxylate

NS
N\(_zlo -CHa
F.F
O Hacgr-‘

15 To a solution of crude methyl 5-{6-[bis(methyloxy)methyl]-1Atbenzimidazol-1-
yl}-3-({(1 A)-1-{2-(trifluoromethyl)phenyllethyl}oxy)-2-thiophenecarboxylate
(2.61 g, 5.01 mmol) (from Step C, above) in acetone (20 mL) and water (5
mi) was added pyridinium p-toluenesulfonate (126 mg, 0.501 mmol). The

. Feaction stirred for 2 h at room temperature and was then poured into water
20 (30 mL) and saturated aqueous NaHCO3 (30 mL). The mixture was exiracted
with DCM (2 x 30 mL). The combined organic fractions were dried over
sodium sulfate, filtered, and concentrated onto silica gel. Purification by
column chromatography (30 to 100% EtOAé:hexanes) provided 1.37 g (58%,
2 steps) of the title compound as a light yellow solid. 'H NMR (300 MHz,

25 CDCls): 310.06 (s, 1H), 8.13 (s, 1H), 7.96-7.88 (m, 4H), 7.72-7.61 (m, 2H),
7.44 (m, 1H), 6.82 (s, 1H), 5.84 (g, 1H, /= 6.3 Hz), 3.95 (s, 3H), 1.79(d, 3H,
= 6.3 Hz), MS (ESI): 475 [M+H]".



To a m xture of
(4-nitro-3-{[(trifluoronethyl)sulfonyl]oxy}phenyl)neth
yl 2,2- dinethyl propanocate (1.0 g, 2.59 mmol), nethyl
Svandonesodsi{ ((1R) - 1- (2- _ PCT/US2006/033683
chl or ophenyl ) et hyl ] oxy} - 2-t hi ophenecar boxyl at e
(Internedi ate Exanple 2) 5 (860 ng, 2.75 mol),

i ri s(di benzylideneacetone)di pall adi um{(0) (70.0 ng,
0.076 mmol ), and XANTPHOS (90.0 ng, 0.16 mmol) was

addRéep £ oMy 54E-[@-methy)- 7p$eirézﬂdyﬂme me&»@m&%} P—W-@

1S RS RRr iR MehAed B epenetaes Bt oa 1 or

30 min, then cooled to roomtenperature, diluted with
Et OAc and filtered t hr oughy CGel kg 10 washi ng the

solids with Et OAc and ha fi [+fat e was
concentrated under vacuunfi and c¢hr.ommat ogr aphed on
silica gel (40 g), elyttyg wi'th Ft0-15% gradi ent
of acetone/ hexane tac ﬂMf'e 920 5% of the title

conpound as a red solid. 1H NI\/R 400 MHz, DMSO-de): 8
9. . 1 8.0 H J= 61 Hz), 7.63 (dd, 1
v e iz ccmidine Fais e hispaios i procsdure anaipmpus . rBRIRR,

51 Rpute 1, SEepE.79 and 1.47 Hz), 6.67 (s, 1 H), 5.76-5.70

(m1 H, 5.09 (s, 2H. 3.73 (s, 3H, 1.56 (d, 3H, J=
m%ﬂ)s-{é-[(l%&ﬁymﬁé%zm-“@ Whderyly: 1R h bt 1SS -

éf iarrethyirhenpisfionihigrisnegaacipmidel met hyl J-
pheny/ )am noJ- 3- ([ (1RJ- 1- (2- chl or ophenyl ) et hy/ f oxy) - 2-
t hi ophenecar boxyl ate NH, S QICH, O HCHCL/

H C O CH 20 To a high-pr UreyAYer ogenat i on reaction
flask was added nmethyl 3-Y#(1 RYgd-¢

(2-chl orophenyl) et hyl ] - 5- B¢3: 2, 2-di net hyl propan
oyl ) oxy] met hyl } - 2 W0+ / 03036 / US2006/ 033683 71
ni trophenyl ) am no] - 2-t hi ophenecarftfoxyl ate (6.5 g, from

a different batch using procedure anal ogous to
Ex Hifplitle compsuiaghcany bei preparatby p prstcing anefogbis tofExatmpleLay

10 ONR&E ROoBtepFul fided) (2.2 g, 0.56 nmol ) and Et CAc (95

15

m) . T_he | ask was purged with N2 (gas) vacuum (3x),
th@)@a IéQ: ; ;

limethyll-1/tbenzimidazol-1-yiithiophene-2-carboxamide

o

H C-N\J

CI

Step A - Methy! 3-([(1R)-1-(2-chlorophenyllethyijoxy}-5-/(5-{/(2,2-
dimethylpropanoyljoxyjmeth wii-2-nitrophenyi)amino]-2-thiophenecarboxylate



5 Hydrogen gas was then applied at 50 psi for 3 h. The
reaction mxture was then filtered through Celite,
washing the solids with EtOAc and DCM The filtrate

wad 2bdasozgoncent rat ed under vacuum to gi ve 5.p46182006/033683
(89% of the title conpound as a yellow solid.

(ESI): 517 [MtH +. Step C - Mgt hyl

3-([ (1R) - 1- (2- chl or ophenyl ) et hy/ Joxy) - 5- ( 6- [[(2 2 10

di met hyi pr opanoyl ) oxyJnet hyl ) 1H benzi m dazol -

yl)-2-thi Ophenecar boxyl OCH3 O OH O O CH
HOcH Astirred mxtu

5-[(2-am no-5-{[ (2, 2-

di met hyl pr opanoyl ) oxy] net hyl } phenyl ) am no] - 3-{[ (1

R) - 1-(2- Hﬁi@

ch(orophenyl) et hyl ] OX Y hi ecar boxyl ate (5.45
g, 10.5 nmol), 15 pyri i@l um p-tol uene sul fonate (265
ng, 1.0 mol) andtrlethylorthoformate (15 m-) was

h d

t orisd mpdlrBr Gt e AR R AR RIS Rt RE P sy 22

Si :dlmfathyjetopamate i(d e, R3S noypoln mubtim Biafmived3-£(1 A<ii-(2+ ca
?if“%‘éﬁmm RARAABL A diepndessEotlnld Ainkirhi ?é% R
i V@6Gmg 12 35 mﬂ/b “t?ﬁd“?%wtqeﬂ?@e@@ﬁﬁmﬂ%ﬂ'% 90 781 | ow
sol10.ai76 rivinol), Epkd) X ANEAHO §/kdd] O"m 2, %’m@toi) wédRtdirkd toluene (7.0

[ 6%'1(’?3/ rg;@,\%@? ﬁ%tﬁ?{ hen%h% aégjgr)t( X%_cesmm carbonate (2.95

yI I, 2-tthimolpHEheceactivayds diested\® eDUT AGBEE@H for 30 min, then

405@? g %mﬁ%%aaﬂr@ &\F ed?nth’ &5'%\?3& ﬁ@?’%d ﬁ? @3 @iﬁ ne

pare
ltR) vlas('nmtg the SOlIdS with EtOAc and DCM The filtrate was concentrated under

vacuum and chromatographed on silica gel (40 g), eluting with a 5-t0-15%
gradient of acetone/hexane to give 920 mg (65%) of the title compound as a
red solid. "H NMR (400 MHz, DMSO-d): §89.77 (s, 1H), 8.09 (d, 1H, /= 8.61
Hz), 7.63 (dd, 1H, /= 7.69 and 1.65 Hz), 7.46-7.30 (m, 4H), 7.01 (dd, 1H, /=

15 8.79 and 1.47 Hz), 6.67 (s, 1H), 5.76-5.70 {m, 1H), 5.09 (s, 2H), 3.73 (s, 3H),
1.56 (d, 3H, J= 6.23 Hz), 1.14 (s, 9H); MS (ESI): 547 [M+H]".

Step 8 - Methy! 5-f(2-amino-5-{f(2,2-dimethylpropanoy!)oxyjmethyl}-
phenyllamino]-3-{(1R)- 1-(2-chlorophenyl)ethylloxy}-2-thiophenecarboxylate

t;vﬁ

H c
CH,

20  To a high-pressure hydrogenation reaction flask was added methyl 3-{[(1R)-1-
(2-chlorophenyl)ethyljoxy}-5-[{5-{[{2,2-dimethytpropanoyloxylmethyl}-2-



chl orophenyl ) et hyl J oxy}-5-(6-{[ (2, 2-di et hyl pr opanoyl)
oxy]nmethyl }-1 H
benzi m dazol - 1-yl ) - 2-t hi ophenecar boxyl ate by a

anal ogous to 5 Exanple 1, Route 1
%@%ﬁ(ﬁm 243 [MeH " . Step E.Nbthyl pcrUSH33683

6- (chl oronet hyl ) - 1H- benzi gj dazo/ -1
yIJ-3-([(1R)-1-(2- chl oropheny/) et hyl Joxy}
2 t hl ophenecarboxylate o NS/0OCH OC HCO d I

5. DitPeheEnRTRMBshaHEcarBEGRR 1615 bl Alfh Fafithnt betcn
chlugvg pmﬁwrp@nﬁpgqug Example-4, Biair/o Xy iemingl)) 5% by weight
H wﬁurmoﬂ%éﬁblon %smflcied):(%rz é Wy ?&hﬁnﬂﬁ‘aﬁ& ERM& @5 @nL@Ym’é
% ekdure anal ‘gqﬂqous to Step \%S)
( E4pSX wgﬁﬁaur? Ny @@@pvapuum (329 ty@n wzth Hz (gas) vacuum (3x)
53- Hytifoigpn yad Rasthen raagﬁlwrm Blﬁ) @bllhﬁ 3;1@ ) XThe18adiéh fikture was
en azo
o S BeREREL Celfe b mesdle GiE EDATRR ReM ene |
| fill'teGvasTbem candentratdd ondsryaeuunf torgivel5/46 g (89%) of the title
=h qrﬁ | j g 1-yl]-3-
{ [ %?“F’é SLIilﬂo?a.VZ ”g?('é% eny%)?g%;qﬁ Q '2 %/h? ophenecar boxy

Sl S AR 05503

10n rEbEngVipiopanad) DXy -Uk:beb zidin aroml-)y)-2-angphenecarboxylate
triethylamne (136 uL, 0.97 mmol). The reaction was

then heated at 45 C for h, £ooled to room
tenperature and concent § ¢, vacuum The

resi due was di ssol ved i (125 m.) and water (50
nm). The aqueous 5 |ayef vvas t extracted wth

Et OAc. The conbi ned opgéni c Bay were washed with

brine, dried over l\/gSQGEGCFﬁE‘oncent at ed under vacuum and

A stirred mixture of methy! 5-{(2-amino-5-{[(2,2-
dimethylpropanoyl)oxylmethyl}phenyl)amino}-3-{[{1R)-1-(2-
chlorophenyl)ethylloxy}-2-thiophenecarboxylate (5.45 g, 10.5 mmol),

15 pyridinium p-toluene sulfonate (265 mg, 1.0 mmol) and triethylorthoformate
{15 mL) was heated to 40 °C for 1 h, then cooled to room temperature. The
entire mixture was poured onto a silica gel cartridge (25 g) and purified by
silica gel chromatography (120 g), eluting with 100% hexanes for 10 min, then
a 0-to-10% EtOAc/hexane gradient to give 4.71 g (85%) of the title compound

20  as a yellow solid. MS (ESI): 527 [M+H]".

Step D - Methy! 3-{f{1R)-1-(2-chlorophenyi)ethyljoxy}-5-[6-(hydroxymethyi)-
TH-benzimidazol-1-yij-2-thiophenecarboxylate



chr omat ogr aphed on silica gel (4 g), eluting with a
0-to0-10% gradient of MOH DCM w th 1% amoni um
hydroxi de, to give 123 ng (72% of the title conpound

250900171553% yel l ow solid. M5 (ESI): 525 [ MtH| PCT/S 000 B Rss3

3- (' (1R) - 1- (2- Cht or opheny/ Jegqyl JoxyJ- 5- (6[ (4- met hy/ pi
perazin-1- yl Jnmethy/J- 1H benzi m dazo%

y/ Jt hi opl7ene-2-carboxamide NS/ 1/ NH, O HC\/
HCi C The title con‘pohm\d wasoprepared from net hyl
3-{[(1R) - 1-(2- 8

chl or ophenyl ) et hyl ] ox 5- {%- (4° rret hyl pi perazin-1-yl)
methyl]-1 H 15

benzi m dazol -1-yl } t hi ene;i2- arboxyl ate by a
procedure anal ogous to ExarffJI e Route 1, Step F. 1H
NVR (400 MHz, DVMSO-d6): S 8. 5@ ,

H, 7.69 (d, 2H, J= 8.24 Hz), 7.51-7.34 (m 4H), 7.28
(dThdtnthb cohpoung w4 pl'&)aredﬁrohﬁméthilﬂs x}%jf& 5.98 (q, 1

{{(R
(s célg ﬁghériyl)?@t]%y}-gip [? ag@%?q_ggano

[ MeefzimidaeoltInyle2-thiefihatecaibaxpiptechy priveacuyd a&lc{g{o@s o

1H), 7.83 (s, 1

xy}gﬁq'?%yi}g . 213

TR e

10

15

L& £ Wolhyr S5-Thotormeinyl Ir-bensimidasol L iy By-143- St &P

- ZCBmeeAyﬁe(‘MeWrmwmawatd met hyl ) oxy)-1-nitrob
enzene NO2 9H, Br I

2- Brono- 4-f | uor o- I-nltr Jg\enzeneG (20.0 g, 90.9 mmol)
and 4- et hoxybenzyl o-CHs

\/

Q
cl Hy c/b
Cl

The title compound was prepared from methyl 3-{[(1R)-1-(2-
chlorophenyl)ethyljoxy}-5-[6-(hydroxymethyl)-1H-benzimidazol-1-yl}-2-
thiophenecarboxylate by a procedure analogous to Example 1, Route 1, Step
H. MS (ESI): 461 [M+H]".

Step F - Methy! 3-{f(1R)- 1-(2-chiorophenyl)ethyijoxy}-5-{6-{{4-
methyipiperazin-1-yi)methyl]- 1H-benzimidazol- 1-yijthiophene-2-carboxylate

éw

H,C- NJ
cn

To a stirred mixture of methyl 5-[6-(chloromethyl)-1H-benzimidazol-1-yl)-3-
{I{1R)-1-{2-chlorophenyl)ethyijoxy}-2-thiophenecarboxylate (150 mg, 0.32



al cohol (22.7 m, 182 mml) were dissolved in DCM (400
m-) with stirring. 5 1IN sodi um hydroxi de sol ution
(400 M -) was added foll owed by tetrabutyl amoni um

W@Eogg%gfﬁgl fate (3.09 g, 9.10 mmol). The reag ?’EIGQZOWSGB

stifre r 8 h and poured into a separatory funne
The layers were separated amgl the aqueous was
extracted once with DCM and once with diethyl ether
The conbi ned organic |ayers were dried over MySO4,

f l ingn)esl le%%@{’l% ﬁrﬁm%dﬁﬁ %Qnétgylb’rggﬂégtnegﬁ yf 'O%tr#n‘ﬂa?]e

i S togra af forde
0 e FRlwBB TR SO HL W caetoniiass thy b sy
;I fod 38 8, o) to r&orl!:'_v| Ebrﬁ{brat&re;dndgon&nﬁaﬂdahndgr- \%Qgt%n.%e( m
ztgjidé? s S it o (28 g vl sl e et
WFM?S ther thtﬂﬁ&utwmﬂ@ﬁb.)ﬁtmmmy)or@rﬁc{ I18yeré vérel ;3 )

r 0 - 0 -
g hena et Be e et IR RELARt LIRISRUI RIS o
c chromatographed on silica gel (4 g), eluting with a 0-to-10% gradient of
2 ﬂeommem(@itm‘i %thdﬂlmﬁh%dlbﬂ&é/ ld aﬁé h!ix }r@wi%)lcﬂh% { e

e et af 3Bl el s (5%)}52;5 iy, > 8m o

th| ophenecar boxylate (18.60 g, 59.7 mmvpl) were

10 gj §§'6|Cw'/e&{[f Ho)17-i&- @&/@wmm@w 8- Frl6-{Y4-wiet!ylpinerazin-ig i n
a_ yhrayle meﬁgﬁluayzbm ﬁrﬁ)@,&?ﬁﬁﬁe B oaiahﬁcfeef ref | ux

condenser, and thernoreter ution was degassed

for 75 mn by bubbling nitrogen through the stirring
solution. 9,9-D nethyl-4,5 N s
bi s(di phenyl phosphi no) xart_henel #1.%%2 g, 2.63 mml),

cesi um carbonate (97, 299 ), and

tris(di benzylideneatetane) di py L,um(0) (1.09 g, WO
2007/ 030361 PCT/ US2006/ 033683 7p~1#19 mmol ) were
added. The reaction was heated to 60 C and stirred for

1 r ton was ooIe nper at ure and
o B At e e O a b AR e o
zmmmqnylveﬂmvky}%ﬁ -[{4-inethglipipersain-1-giimetap}-igt ed onto .
a
5 SPEROHAEE 0 Rl kb B prd S ineoloc, onc
i rExamle $HRoute 1 tgp & WhNMR (400 MHz, DMSO-ds): 68.52 (s, 1H),
7.83 (s, 1H), 7.69 (d, 2H, /=8.24 Hz), 7.51-7.34 (m, 4H), 7.28 (d, 1H, J =
8.24 Hz), 7.16-7.11 (m, 2H), 5.98 (g, 1H, /=6.35 Hz), 3.55 (s, 2H), 2.42-2.22
(m, 8H), 2.13 (s, 3H), 1.72 (d, 3H, J = 6.23 Hz); MS (ESI): 510 [M+H]".

Intermediate Example 4. Methyl 3-{[(1R)-1-(2-chlorophenvliethylloxy}-5-(6-
hydroxy-1/f+benzimidazol-1-yl}-2-thiophenecarboxvlate

=\ o]
Ne S
\ / o-SH,

(o}

OH
0
cl



concentrated in vacuo. Purification by flash

chromat ography provided 27.18 g (80% of the title
compound. 1H NWR (400 MHz, CDCI3): S 9.87 (s 1 H,
BwéQodr@zoss H J = 9.5 Hz), 7.63 (m 1 H), %%Tﬁfsg(%sms%ss
(m 4H), 7.23 (m 1 H, 6.96- 6.90 (m 2H), 6. d, 1
H /= 2.6 H), 6.75 (s, 1 H),746.69 (dd, 1 H, J-26

9.3 10 Hz), 5.75 (q, 1 H, /= 6.3 Hz), 5.03 (AB, 2H,

JAB = 13.2 Hz, JAB—113Hz) 3.74 is, 3H), 3.74 (s,

3H) Stepd A52-K% Hnedh henyBhRe -
Met hy‘?S ((2- gmﬂ( (met hyl oxy plfr*]%r{yql%”r?g{]ﬁ@qe) oxy)

- pheny/ Jam no) - 3- (((1R) - 1- (2gh/ or ophenyl ) et hy/ Joxy)
2-t hi ophenecar boxyl at e I\gﬂz g \ OCOH Y- O/ HCC
OHCO 15 Methyl 3-{[(1lo O

/7] 1-(2-chl orophenyl)etho oy} -5-{[5-({[ 4- (et hyl oxy
phenyl]
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5car'ﬁp§bf|£’n ﬁﬁq ledé’(_‘gtﬁutﬂ)%g(ﬁgo mgghg?é Qaede{i?&EJWe? rﬂ)gwas pl aced

under oon appar at u After 36
h dﬂtf%tw'&lﬂm@waumé\?d@ﬁﬁﬂ%ﬂfa@dwarJaS V8 mngad). Sthegpaction was

ad dﬁqe@rw 8¢ ar{dr;sdaaedNﬁﬁa éé@bhia?d%?ﬂmHEld Q*helay@Fm&%

ydrog Af ter h reactjon was filtered

¢ hresRgRtE aadthe eqlt?gas “«ﬁagmﬁ?@e%mﬁ with B and,@ngs withy at e
wasiiethyl @det.r Titecbrisinad drgasic tdyerstwdré Griedc@p Mgsdy, fibredh

a0 R Sealn ekl Fhghchy bufed PortSfaoniaioidia,
J= 28,01, g (B1%) it the tifle 40mBoIi. (H]NWES(@BI)MH:S CIRIH: 88.03,

o) =92 () 350 8 212 B, At B abth g 4B, 3

H, 2329205'2) 8.26-6:91) (m, 2H3, 5. 14(s, 2H)-. 7353 6ﬂ)(q 1H J=
6.4 Hz), 4.82 (s, 2H), 4.46 (br s, 3.73 (s, 3H),

3. 68teb B,- Mttt Y- f—ﬁZ—cﬁlbi'opﬁ ofB /]?E' Met hyl
fﬁé‘?ﬁ%{e

19 na{"%ﬁ&w%ﬁ@%e%@?@% M“ Gqrvonyite

yIJ 2- thlophenecarboxylate

2-Bromo-4-({[4-(methyloxy)phenyllmethyl}oxy)-1-nitrobenzene (20.19 g, 59.7
mmol) and methyl 5-amino-3-{[(1R)-1-(2-chlorophenyl)ethyl]oxy}-2-
thiophenecarboxylate (18.60 g, 59.7 mmol) were dissolved in 1,4-dioxane
20 (500 mL) with stirring in a flask equipped with a mechanical stirrer, reflux
condenser, and thermometer. The solution was degassed for 75 min by
bubbling nitrogen through the stirring solution. 9,9-Dimethyi-4,5-
bis(diphenylphosbhino)xanthene (1.52 g, 2.63 mmol), cesium carbonate
(97.26 g, 299 mmol), and tris(dibenzylideneacetone) dipalladium(0) (1.08 g,



NSg OCH O~OHOC 0 5 HO-O Methyl

5-{[ 2-am no-5- ({[ 4- (et hyl oxy) phenyl ] net hyl } oxy) phenyl
]am no}-3- {[(1 A -1

'v&(?iog’ﬂbs%ﬁ?phenyl ) -ethyl ] oxy) - 2-t hi ophenecar b?éWU?%ﬂ%/OSSGM
was m -

Issolved in trinmethyl orthoformate (100 and
diethyl ether (100 nL) with §%irring. Pyri di ni um
p-t ol uenesul fonate (0.601 g, 2.39 mmvl) was added in a
single 10 portion. The reaction was stirred for 2.5 h

anq_@qmﬁg@,g e%g%&%ﬁé@ b ey heatdd! 1§60 Y6 3Tk Bffred for 16
(approxi t_eiy m). ﬁe M XUl e Was “CoRcentrated and
puPi fihe#easion vas eoalad ta fears inmpsaturedng fiftered traugfeCejite.
e S sk g hif 20 MeO i BOVE TR vt Tl (o

: . Ss apy 1 ') . H 1 ="

N foncpRgaRY anid Hproxaiel 200 g of el T Sol werplaced B

5( dd fritid, fuikrel ndiwadifedSvi 162) Etcﬁ.cgﬁaesveomem{t;a%&vl as5. 97 .
= 6 4 5. , =17.1.

{9 gqrghlrgd rvafyb T burindoloh dyish Bhfomdiddrannd fihyaed 27, ¥

J=g&80re}ofthe Blegnipoundve MR (400 MHz, CDClz): §9.87 (s, 1H),

3- - thygl 4 - 5+ (B4 < o/ H

BN e S M TR G e M ot P o8

O 6198 (MR2id6189dd.OH, &/ =226 kig), [§yA5 (8- {H)(8.6%R(dd, 1H, /= 2.6, 9.3
10- ]( Pz Blifsr(q I o ?.smy,lslm)a: 5r Bs CliB & el W h px)ipheny

H BT AFOAE B8 (5151 1155 (Wit bbb boxyl at e (25,45 g,

46.4 WD 2007/ 030361 PCT/ US2006/ 033683 77 nmol) was

di S&31 G e oty EXPRAMRBSH4-ymathdoxsinfiearmesn@oQmi t h

MRSl S e A L g G

was stirred for 1 h and sggi um hydr oxi de (20.0 g, 500
H\S/ 0-CH,
o]
o}
“ 1
Cl
HG-O

15 Methyl 3-{[(1/)-1-(2-chloraphenyl)ethylloxy}-5-{[5-({[4-(methyloxy)phenyl]-
meth'yl}oxy)-Z-nitrophenyi]amino}-2-thiophenecarboxylate (27.18 g,47.8
mmol) was dissolved in EtCAc (400 mL) with stiring. Suffided platinum (5%
weight on carbon, 2.80 g) was added, and the reaction was placed under 1
atm of H; using a balloon apparatus, After 36 h an additional amount of

20 catatyst (2.80 g) was added and stirring was continued under 1 atm of
hydrogen. After 16 h more, the reaction was filtered through a Celite pad
washing with EtOAc. The filirate was concentrated to afford the title
compound, which was immediately carried into the next step. 'H NMR (400
MHz, CDCl): 38.66 (brs, 1H), 7.56 (dd, 1H, /= 1.7, 7.8 Hz), 7.41-7.09 (m,

25 5H), 6.93-6.88 (m, 2H), 8.71 (d, 1H, /=2.8 Hz), 6.65 (d, 1H, /= 8.6 Hz), 6.57



mol ) in water (120 ml-) was added dropw se via
addition funnel. The pH of 5 the m xture was then
adjusted to neutral with saturated NaHCO3 sol uti on.

W}?zobﬁ@sﬁiﬁhon was poured into a separatory fuphghsofitdssss
the layers were separated. The aqueous |ayer was

washed with Et QAc. The conbifed organic |ayers were
dried over MgS™4, filtered, and concentrated in vacuo.
Purification by flash chronmatography afforded 14.86 g

CD@’@ 1ﬂfJ1-EeJ te.'estlllﬁ 5‘L F@W@"ggﬁg 11*lﬂ| U"“%&%{ng{"é(% 2H),
H, 4$51bfﬁ 2'7')737@2()8,, 3H), 3,84 (% 3H) 1,525, @ﬁsﬁﬁ? Hzy. 46- 7. 38
(m 3H), 7.32 (m 1H)), 708(d 1 H J=2.2 H), 6.79

( d&SteplD HViely! 2-{21R )SI-@-critoyophen@fetyfox3-5H6-(34 6.2 Hz),
Zr%esz P/D@Jﬁ% (ﬁmgggﬁo?%) ﬁhg#zxm%‘f;olﬁz)ﬁ -2- hnt}p%erageec%rbaotx}elate

H-ben2|mdazol 1-yl)-3- ({(1

1-f2-(trifl uoromet hyl) ph J@,ﬁ}élc,) oxy) - 2- t hi ophenecar
boxylate DN o OGO OHS O Step A - Methyl

5- ((5- (([4- (et hyl oxy) phenyl J ) oxy)-2

ni t ropheny/ Jam noj - 3- ( R) -1°

[2-(trifluoronethyl)ph IJethyI)oxy,) 2-
5t hi ophenecarboxylate®@*N U5/ OCH HaQ \ O HOOF 20
F The title conpound was prepared from nethyl

?t ?ﬁ%iﬁg%@ﬂho Be(ia- g{ueﬁmjloxy%pl'nle?yl]mithyz}ox%)phern/gammo} -3-
c aﬂﬁdﬂgr@t@'%ﬁezyib?@wm}—%{b ioRbens ot was dissolved in
PC%F4 6&)‘1&3&@5@(1 gg& E{I?d dlethyl ether (100 mLz with ﬁtlzrg?]ge v a
e I R o AR )
10B. pivBorf.EBY reablid Wadkstired fodRd&th &hd qudntiad by the addition of
5+ {lefiyIMiRO (appkdxlaté B ilY! PHY MRRGE Wk BN QRE Bhd
purified by flash chromatography to afford 25.45 g (97% over 2 steps) of the
title compound. *H NMR (400 MHz, CDCl3): 8 8.47 (s, 1H), 7.71 (dd, 1H, /=
1.6, 8.2 Hz), 7.63 (d, 1H, /=9.0 Hz), 7.43-7.08 (m, 7H), 7.00 (dd, 1H, J= 2.4,
15 8.8 Hz), 6.96-6.90 (m, 2H), 5.97 (q, 1H, /=6.4 Kz), 5.03 (AB, 2H, Jag = 17.1
Hz, Jag = 11.3 Hz), 3.80 (s, 3H), 3.73 (s, 3H), 1.60 (d, 3H, /= 6.4 Hz).

Step £ - Methy! 3-{f( 1R )- 1-(2-chiorophenyiethylloxy}-5-(6-hydroxy-TH-
benzimidazol-1-yi)-2-thiophenecarboxylale

= s f

o
oH
H,C
ol

20  Methyl 3-{[(1 A)-1-(2-chlorophenyl)ethyl]oxy}-5-[6-{{[4-(methyloxy)phenyl}-
methyl}oxy)-1/+benzimidazol-1-yi}-2-thiophenecarboxylate (25.45 g, 46.4



pheny/ Jam no)-3-(((1R) -1

[2-(trifluoronethyl)pheny6et hyl)oxy) 2- 5

t hi ophenecarboxylate NH3 5 O p-CH O O HBCF H3C O

y}? JOJ,Iég{OfﬂArconpound was prepared from methyl perus2006/033683

(et hyl oxy) phenyl | net hyl } oxyy7 2- ni t r opheny{] am no} - 3- (
{(1 R-1-]2-

(trifluoromethyl)phenyl]ethyl}oxy)-2-thi ophenecarboxyl
at mnlm:) mmm@ur‘ﬁom @pehps QMﬁcdded' tab@t:mﬁﬂ’i sfl‘iFrﬁz

e o
n@ “‘59&‘15 6@0 i %@ﬁﬁz%ﬁlﬂ a3 a{ﬂdeﬂ%ew'se (Ie@ﬂﬁm[ 2-
( t funhblu dihe meddtigh wab stryddXei it bheé xydium hydroxide (20.0 g 500
thﬂﬁq?ﬂh %?e‘f?’f éb%w RS acfdeé)d%_r wnse(?/fa e%jltlonct:unne\ The pH of
55- {f[eznlawrmwastr@p [adjugted tgeLdnal VitheatyrbledNaH T O ooolition.
h

p :ﬂ:ij&?ﬂr\?%s ﬁ%urr%érrlgﬁﬁ{/ pahatory fljnneh the I?yeés Wﬁl ophene

caP et Ehg aquegus layel was \Mﬁ'ﬁéille \Mna a/&anbined100

rrLoty‘ani‘cnayw \h@fﬂle dviet B@cfr}fmgm‘{.;eﬂl’&ﬁrédW ahd lcbriideﬁﬁ}ated in vacuo

ol uene 0

adg \é@fcah&bbﬁ%&l g’ pgra a?f?ﬁj%d @é@tgq g%%aﬁgtwm' % r ed

10f ocoripdund. 'FINMRI400WIez, @TKC1H0 6 GBS, At 08. 450 1Hi 9. 72 (dle

ey 3 017(9'1{);‘,7 %5@ ?ﬁ(gx%)sol—l%”hé Fe i A8 W5t AP

benzl m

A) 7 P8[(@-1H, r/i=f 2.2 bizh Set(yid,) bh oy3.2, & Sikik)), 504 )(g.21 HND= 6.2
20 6/,0 79 thi oph boxyl at
MSZQ.@??S@?;@W?E%& S SP 75 m) and cool ed o 0 G

Wl‘h Btlir{egg é!'f!Eeﬂ Eg_&qtipoac_:' ) 50'i ., 849 1

Step A - Methyl 5-{J5-({f4-(methyloxy)phenyiimethylfioxy)-2-
nitrophenyilamino}-3-({{ TR )- 1-[2-(trifluoromethyljphenyllethylloxy)-2-
thiophenecarboxylate

20 F

The title compound was prepared from methyl 5-amino-3-({(1/)-1-[2-
(trifluoromethyl)phenyljethyljoxy)-2-thiophene carboxylate and 2-bromo-4-



m xture was concentrated while cooling to renpove nost
of the trifluoroacetic 5 acid. The m xture was
di ssolved in chloroform (200 nL). The reaction was
0 a separatory funnel, and the |ay
;we%g@g?jg .1 The pH of the m xture was then aﬁﬁ@%@gﬁ%ﬁ%
neutral with saturated NaHCGgg sol ution. The aqueous
| ayer was washed with chloroform The conbi ned organic
|l ayers were dried over MSH, filtered, and

co({p;e(matlﬁylcﬁ«? @n)H . ﬁllr&fétnkéme ﬂn@céd@égn fogous
L VDR T far e et s e
J—787Hz 783(s 1H) 766755(m

3 H)Sfepﬁ abjelty! 5—af2ﬂmnzn£ M methyjoxgirpeniiithettiyloky) J =

e N

5J— Pé’gﬁﬁffm e(ESI) 463 [M+H *. 15 Exanpl e 5:
5-[6-(4-Piperidinyloxy)-1 H-benZ|mdazoI-I-yII-3 (((1

R)-1-12- N“en s

Ltrifl uoromet hyl)phenyl | XYo-¢- t hi ophenecar boxam
ide -~ o \ N/ NH S, O CF HNa F F Step A -
11D|rrethylethyl4((1( O (gt y) carbony/ J-4- (((1R
)-1(2- (trifluoroneth pheny/ [ foxy) 2-thieny/J-
1H benzi m dazol 6 y/) )-1- pi peri di necar boxyl at e
o NSI ,/ OCH 400~ HNC, ONNOHCF i , HNC CH,

FF
The title compound was prepared from methyl 5-{[5-({[4-
{msthyloxy)phenyllmethyljoxy)-2-nitrophenyljamine}-3-({(1 R)-1-{2-
(trifluoromethyl)phenyljethyl}oxy)-2-thiophenecarboxylate by a procedure
10 analogous to Intermediate Example 4, Step C. MS (ESI): 573 [M+H]".

Step C - Methy! 5~(6-hydroxy- M1 -benzimidazol-1-yi)-3-(; 1R)-7-/2-
(trifluoromethyl)phenyilethyfjoxy)-2-thiophenecarboxylate

= o]

o]
OH
HC
F

Methyi 5-{[2-amino-5-({{4-(methyloxy)phenylimethyl}oxy) phenyllamino}-3-
15 ({(1A- -[2-(trifluoromethyl)phenyllethyljoxy)-2-thiophenecarboxylate (11g,
19.19 mmol) was dissolved in 100 mL of frimethyl orthoformate with stirring.
Pyridinium p-toluenesulfonate (0.502 g, 1.91 mmol) was added in a single
portion. The reaction was stirred for 2.5 h. The mixture was concentrated
and the crude methyl 5-[6-({[4-(methyloxy)phenyllmethyljoxy)-1H-
20 benzimidazol-1-yl]-3~({(1/)-1-{2-(trifluoromethyl) phenyllethyl}oxy)-2-
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5- (6-hydroxy-1 H benzim dazol -1-yl)-3-({(1 R)-1-[2-
(trifluoromethyl)phenyl]-ethyl}oxy)-2-thi ophenecar boxy

&,@6;,04,930#)]8 , 1.03 nmol), cesium carbonat ep&PudhbbhiBssss

and 4-(Tol uene- 4-
sul fonyl oxy) - pi peri di ne- 1- cagpoxylic acid tert-butyl
ester (0.439 g, 1.24 mmol) 5 were conbined in 10 nL of
N,/ idinmethylformam de and heated to 60 Cwith
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or rmatian Wasystirreddasr Maai‘teﬂloWeﬂ o &, Ent:a@‘ﬁ Q’erﬁé‘eﬁatﬁmhé‘ed
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( daqde.feus l&¥eHuas vdidhed with thﬁfﬁforM")The%o%m@ﬁ ’orﬁﬁo Ia]eﬁé)
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10 3mash$heﬁnaao¢6pmﬁo&id)j 8.1 2[02% dver 0 ¥tepsd)bf thdtitkl- 1. 82

‘1”%%%& ndg it Pnfeflaod g oBellf: o T o, e Jrg A 88,
5(13H)§( [ffgﬁezfg &ﬁ,&(ﬁaﬂﬂ, eerzhv g;ggmqgaﬂvﬁu :; 2 Hz), 6.85

348.7 z'j' rﬂmej ¥ 1Y, (et X ),
thjﬁ%%?ﬁg'f a}t ﬁ:%gsn it [M+H’ipg m— E @Sﬁ

154 {1- [5 [(rrethyl oxy)carbonyl] 4 ({(1 R-1- [2
(t e . * B

H iRt phe AR PO ot

(1. g, troma dai cedure

anal ogous to Exanple 5 Step A 2.85 nmmol) was

di ssolved in 30 nL of DCM ) $ stlrrlng and cooled to
0O C. Trifluoroacetic ac:l( M, 130 mmol) was 25

added dropw se via addjtilon fuinel The reaction was

stirred for 1 h, andH@Q HC?

i

Step A - 1, 1-Dimethylethy! 4-({1-{5-f{methyloxy)carbonyi]-4-({{ 1R)-1-{2-
(trifluoromethyllphenyijethyioxy)-2-thienyil- TH-benzimidazol-6-yljoxy)-1-
20  piperidinecarboxylate



sodi um hydroxi de solution (60 m-) was added dropw se
via addition funnel. Saturated aqueous NaHCGO3

sol ution was used to adjust the pHto basic. The WO

200 36@aR361 PCT/ US2006/ 033683 81 m xt ure WapcpRRYb®RE 033683
into a separatory funnel, and the |ayers were

separated. The aqueous Iayeb was washed once with DCM
and once with diethyl ether. The conbi ned organic

| ayers were dried over MpSH4, filtered, and

CONMEI 5ab %Qdao;ey alivic: rgﬁ’ié&!élﬁ' ﬁf‘% k«?@%ﬁ[ ol 1 ash
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3 H)Stlrélﬁg 9?&@ Ge%%i.@m?@ﬁ@gtef%ggs% iaﬁfcqﬁ%ﬂltoi% tegmnqge%tér) e83
I\/IS he MixipresEs Raued) intogit@Ac end watef,gnd shedlaprre werany 1azy) -
| Hsbpdlaicll 4A& @I’ganfcaayer was washed wnth brine, and the combined

trifl uoromst hg en 0X 2-t hi ophenecar boxam
i g@dueoug :\ayelrsyv r[ql_qpxtra Iﬂ)"lﬁéip jned organic layers

105 [vferé driqal ot Mdisy| fitvsiel- énd’d:dheéﬂttall’édjla?t@buol -Ruilicatioh by |

15

20

25

(t i ?4 ué%%ﬁte iRny RS Q-88%9 (3330\3f he i camparask an"'b'%“@l
at @QWH!EDMSO%)ZB& 43 ('BTOH) de,l 5 BIAH=] 1HY 777887.66 (m,
b7 . 1R T8 T LIS
t o 1Hp R &dén-‘éeﬁa% aredizm iy, denﬁ‘ 8t2dde, |1|'I|)\ﬂa5ﬂ.ﬁm 1H). 3. 31
Purgd fam@ess:@ sbs(mf biash, 2@@@5@4 QEP ARV sﬁgrﬁ gﬂz@eﬂe

8 o d6
e é 55 30 o5 i D4R, S Wiz e, o (b3
s, 1H, 7.78-7.70 (m 2H), 7.61 (d, J= 8.4 Hz, 1 H),
7. S /PMW5[&(ﬁ@péfb#nywy)l7/‘Hﬁen27m%2fé/€7-yﬂ3 A4

I Qﬂlﬁﬁorgl%efﬁgﬂbhf%%thyg}a}_gﬁ Zcfﬁcygﬂ%negi%o ate 2H) | ! 1492514 1( glﬁ

(m 2H), 1.72 (d, /= 6 3H) 159146(m2H)

MG nfz531 (Ml). g‘n\ﬁj
S

1,1-Dimethylethy! 4-({1-{5-[(methyloxy)carbonyl}-4-({(1R)-1-{2-
(triflucromethyl)phenyllethyl}oxy)-2-thienyl]-1H-benzimidazol-6-yl}oxy)-1-
piperidinecarboxylate (1.84 g, from a different batch using procedure
analogous to Example 5, Step A, 2.85 mmol) was dissolved in 30 mL of DCM
with stirring and cooled to 0 °C. Trifluoroacetic acid (10.0 mL, 130 mmol) was
added dropwise v/a addition funnel. The reaction was stirred for 1h, and 2 N
sodium hydroxide solution (60 mL) was added dropwise vz addition funnel.
Saturated aqueous NaHCOj3 solution was used to adjust the pH to basic. The
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R) - 1- (2- Chl or ophenvl ) et hyl ] oxy}-5-f 6- (4- pi peri di nvl oxy
)-1 H benzim dazol -1-yl | -2-thi ophenecar boxam de tJMa

~ M| Step A- 1, 1-Dinethylethy
%?Eb-ﬁ?ﬂi-ﬂfﬁ(l(lR)-l (2-chl orophenyl ) et hy/foxy)- CTUS2006/033683

f (et hyl oxy) car bony/ J- 2-t hi e%/) 1H benzi m dazo%b
y/)oxyJ-1- piperidi necarboxy tel \ N/oC CH S i
0 ~0 HJT Ho | ~ H CH C Methyl 3-{[(1

H
Vb L A —
4. dhemauequs layer piae wasRatoxsh wtb OCM guad gnce with digthy ether
mml*h)a coﬁiﬁﬁ]eggkﬂaﬁlc 14ychy ﬁé@@f‘eh b%rﬁ\?scgf;, ﬂlﬁ@dﬁ %HW ate

1) were ssol v

Sm t%ﬂ%ﬁt%trﬁﬁdﬁ@ VaGHg- Eaﬁi'f@&o'ﬂ vilafh ronmwamyoqswded 137 g
ﬁzqu%%fh@émleaéo%doanMHwMR 4&5MHM|\)15@%) gl ezl( s u—c

m T S AP O aﬁvimr%%n? o il BB e s

rean-t)J 780 wasH;smasr pué mz le hHpEcb7ads,0r H88, patH, $IH) 5@3

Gel e, F2p5UE Lligald O, by 150 Sl URLG AP ?g),ggggeigﬁd

Cl

'tlt e conmpau

i m;(m, 2Hy 1.924. m(zmm mq JBNSTHRGIH), B581488 (ms 2H)L ME

1o 78648 Ay, J=1.6, 7.7 Hz), 7.64 (d, 1H /= 8.8 Hz),

7.44- 2H), 7.34 (s, 1H) 731 (m 1 H, 7.15

S 5tep - o PRRenghgont; Habrngteor Al gRgies. 51y

3. qE#HBoletetiv)panyJethyiloxy)-2-thiophenecarboxamide

&

Methyl 5-[6-(4-piperidinyloxy)-1H-benzimidazol-1-yl}-3~({(1R)-1-{2-

15 (triflucromethyl)phenyllethyl}oxy)-2-thiophenecarboxylate (0.154 g, 0.282
mmol) was dissolved in 7 N ammonia in MeOH (12.0 mL, 84.0 mmol) in a
sealed tube and heated to 80 °C for 2 days. The reaction was cooled to room
temperature and concentrated /n vacuo, Purification by flash chromatography
afforded 0.129 g (86%) of the title compound. 'H NMR (400 MHz, DMSO-a)

20 58.34 (s, 1H), 7.91 (d, /= 8.0 Hz, 1H), 7.81 (br s, 1H), 7.78-7.70 (m, 2H),
7.61(d, /=8.4 Hz, 1H), 7.53 {m, 1H}), 7.12 (br s, 1H), 7.03 (s, 1H}), 7.00-6.93
(m, 2H), 5.94 (g, /= 6.2 Hz, T1H), 4.44 {m, 1H), 3.03-2.94 (m, 2H), 2.70-2.61
(m, 2H), 1.96-1.86 (m, 2H), 1.72 (d, /= 6.2 Hz, 3H), 1.58-1.46 (m, 2H). MS
m/z531 (M+1),



20 3.27-3.14 (m 2H), 1.92-1.81 (m 2H), 1.60 (d, 3H,
J= 6.2 Hz), 1.60-1.47 (m 2H), 1.38 (s, 9H): M
(ESI): 612 [ M+H ~. WD 2007/ 030361 PCTft 152006/ 033683

)
N Bﬁ@“?ﬂ(m) 1- (2- chl or opheny! ) et hyl Joxyf - BEP B (4%

i peridinyl oxy)- 1H benzim ol -1
J

r
- 2-t hi ophenecar boxyl ate | NSOCH O H3C HO
C | 1,1-D nethyl ethyl 4- [(1 {4- {[(1

, 416 4

e IR-alb0XaMIBBY | di necar boxyl at e was
dlssolved in DCM(60n1 ) and cooled to 0 C.
Trifluoroacetic acid (1 5 nol ) was added
dropwi se via additionf&n;§ H,eaction was stirred
for 1.5 h, and 2 N sodi i de solution (88 nlL)
was added dropw se vi ddi tj nnel . Saturated
aqueous NaHCO3 sol ut# was u%e adj ust the 10 pH
to -8. The nixture was poured nto a separatory
nel, and the layers were arated. The aqueous
25 6P Al LSBT LT EER(BY (o eyl
5 comaemwxgbmﬁ 2-BHBY B NIz FHi 28-SV 56,

concentrated in vacua Pyrl f| catl on by

filter
flﬁgﬁ”‘%ﬁlﬁp@%ﬂ%@tﬁaphy provided 1.95 g (82% over 2
steps) of the title conmpound. 'H NVR (400 MHz,

DVBO ds): 8 15 8.46 (s, 1 WD\ 7e7% (dd, 1 H /=1.7,
7.7 Hz), 7.62 (d, 1 H J=@)8 o7"46-7.38 (m 2H),
7.35 (s, 111), 7.32 (m 1 W, 7.

(d, 1H, /= 2.2
6.97 (dd, 1 H J=,2.2, (8Y8 Hz)e =

Hz) ,

7 (q, 1 H J 6.)2

Hz), 4.42 (m 1H)H><f§’jﬁ s, 3Ha 6-2.88 (m 2H
/

2

2.58-2.49 (m 2H), 1%%3-1.84 (m 2H), 1.60 (d, 3H, /=
6.2 Hz), 1.51-1.39 (m 2H); M5 (ESI): 512 [M¢l1}'. 20
Sthethyt 3-{(3 A-[1(2- R)lemp(l%yﬁhihgijmthéi(@khytﬂb)kw1 Rouydimiazol-1-

[ %f(ﬁmidﬁléhéﬂawxgé 2'05" Fﬁnr@& g?rfpﬁggs;lphosphme (4.89 g,

hi ophenec oxam’d
10 8.6 mmol), and £butyl 4-hydroxy-1 -plpendlnecarboxylate (1.88 9,9.34

mmol) were dissolved in DCM (50 mL.) with stirring and cooled to 10 °C.
Diisopropyl azodicarboxylate (1.84 mL, 9.35 mmol) was added dropwise vig
syringe. The reaction was stirred for 5 min and allowed to warm to room
temperature. The reaction was stirred for 4 h and adsorbed onto silica gel.
15 Purification by flash chromatography afforded the titte compound along with
small amounts of impurity. "H NMR (400 MHz, DMSO-dj): 3 8.47 (s, 1H),
7.70 (ad, 1H, J=1.6, 7.7 Hz), 7.64 (d, 1H, /= 8.8 Hz), 7.44-7.37 (m, 2H),
7.34 (s, 1H), 7.31 (m, 1H), 7.15 (d, 1H, /= 2.4 Hz), 7.01 (dd, 1H, /= 2.2, 8.8
Hz), 5.97 (q, 1H, /= 6.2 Hz), 4.59 (m, 1H), 3.80 (s, 3H), 3.65-3.56 (m, 2H),
20 3.27-3.14 (m, 2H), 1.92-1.81 (m, 2H), 1.60 (d, 3H, J/= 6.2 Hz), 1.60-1.47 (m,
2H), 1.38 (s, OH); MS (ES1): 612 [M+H]'.



OHOH3ICI NCOCi W 20071030361 PCT/ US2006/ 033683 84
Met hyl 3-{[(1

)-1-(2-chl orophenyi ) et hyl ] oxy}-5-[ 6- (4-pi peri di nyl oxy)

o L zi m dazol - 1-yl ] - 2- t hi ophenecar boxy|
(\%Qi@g{o@?ﬁo 293 mol) was dissolved in 7 N gmﬁf(}gﬁfﬁuﬁm
MeOH (12.0 nml, 84.0 nmml) ingg sealed tube and heated
to 80 C for 48 h. The solution was concentrated down
and 5 recharged with fresh 7 N anmonia in MeOH (12.0

m S@ﬁBQ /WB?EJ}/ - {ﬁ* W} 7-{@9 ﬁgpﬁe‘?iyl}éltﬁy/ﬁx}}%‘ [6'7(3 Hj:verlyﬂﬁloxy)
re%i_&)ﬁ V\% npe at’ar

@qu ﬂ Wa%fﬂﬁphﬂﬂ"?@&é{‘? Pon by fI ash

chr omat ogr aphy afforded 0.126 g (87% of the title

conmpound. 1H NI\/R(4OO .P'\@O 8): 8 8.38 (s, 1H),
7.79 (br s, 7.66 ofeh. 6, 7.7 Hz, 1 H),
761(d 1HJ—88Hz) 107045(dd 1H J=1.3, 7.8
Hz), 7.40 (m 1 H), 7.11 (s, 1 H), 7.11
(br s, 1 H, 701(dHN H J— ), 6.96 (dd, 1 H,
J-23 8.7 Hz), 5.98 (q, J-62Hz 4.41 (m 1

O ?Bﬁﬁetﬁvf%“*”@ @“&41%1-‘?%- %b@y%eéiﬂ%vfa%a%v%w
5|\/5 c@&zgnyll-Zﬁlgen)[lMﬁﬂlpeQmmlﬁaaﬂrﬁ{-y@oﬁy] 1-piperidinecarboxylate was
a {ozsnsglﬁr%ﬁa @%mfs@@fﬁi éx%H {}%Pfqu\:)l"[fé Triflsoroacetio acid (15.0 i,
1- 25 pel} vad pedastdRryist 1o podition fnaRs)) The rascipmesrctisedo
Xanmbides hsand 2 N soditiiz @oxﬁe'solutlod‘KS@ rﬁ@vﬁs dddedrdlopwise i

| Hhé(étgﬁ% FH“&%& o%ur%eil aéuectue?\%%adp som(lor)\ waglused to adjust the
1q 2-ptt toi Bl Theonistitekdspivared idietasdppmiory funnel, and the layers

2- 400 QQ{?&W&%@T I?ﬁ’é( ¥J]L%BSS %yeﬁuas washed with DCM (3x) and EtOAc

(1x). The combined organic layers were dried over MgSQ;, filtered, and
concentrated /7 vacuo. Purification by flash chromatography provided 1.95 g
(82% over 2 steps) of the title compound. THNMR (400 MHz, DMSO-dp): &

15 8.46(s, 1H), 7.71 (dd, 1H, /=1.7, 7.7 Hz), 7.62 (d, 1H, /= 8.8 Hz), 7.46-7.38
(m, 2H), 7.35 (s, 1H), 7.32 (m, 1H), 7.09 {d, TH, /=22 Hz}, 6.97 (dd, 1H, J=
2.2, 8.8 Hz), 5.97 (q, 1H, /= 6.2 Hz}, 4.42 (m, 1H), 3.80 (s, 3H), 2.96-2.88 (m,
2H), 2.58-2.49 (m, 2H), 1.93-1.84 (m, 2H), 1.60 (d, 3H, /= 6.2 Hz), 1.51-1.38
(m, 2H); MS (ESI): 512 [M+1]".

20  Step C - 3-{f{ IR)-1-(2-Chlorophenyl)ethylloxy}-5-[6-(4-piperidinyloxy)-TH-
benzimidazol- 1-yiJ-2-thiophenecarboxamide



\ N/ OCH O OH3Fi \ HGN/ F F 20 Methyl
5-[6-(4-piperidinyloxy)-1 H benzimdazol-1-yl]-3-({(1
R) -1-[2-

(W hicdbyasanet hyl ) phenyl ] et hyl } oxy) - 2-t hi opheli.%(fﬂ]rsgm(,yj%s:,
ate (0.200 g, 0.367 mml) was dissolved in DCM (

m-) and MeOH (2 ). Acetic de(o 025 WO

2007/ 030361 PCT/ US2006/ 03368§ 85 nmL, 0.44 mmol) and

f or mal del dehyde (0.055 nL, 37%in water, 0.74 nmol)

werme @ﬂ@qﬂw ag&uﬁubﬂa ﬁen@aﬂm&} L. Iea@? B nkg?@rosz gﬁa: gg

é’%@&iqzaw -¥ili3-thieptieneeprpaxylate (9. 150@. @8R Ewarl) Was t h
s atdftrsalvédi mNaH@ﬁfmcﬁﬁé iAtEmH (TBEmD] 84. @de\)aﬁ alReseg thbent 0

188ER6R s adeC B e, S‘ﬁsaﬁ’:ﬁﬁq‘iﬁwﬁ RAET e SRTAT i ¢
5DCNEc(r@xgedamtﬂl fEsts@RAN @mrjonia Tin &1eObhil 2 0adl, @dgbmmol) ahdy er s

we rh%aféﬁ'tg‘h O3 for VB ﬁoq'ge fr%qc &L\ﬁg% cot % o et Eetrﬁpaeﬁ?q &38

vacuo uri f1cati on ogr ap
0. PIncentiategdoy varuo; W@nthmp@by ﬁaﬁh@mmmographmﬁo(rde@@ ™ézx
DN?@/%%‘ théf?tle“é%n(p%un&'*)-l l\%l\gﬂ%?odlgH DM%OYa%% e?'f‘}a (Ssl 'L_'?’n
1 HyZ9 Gr 321("()57 66 (e, 15*; J 7 1§67 7z, 3H), 17.6%)(d, Bi.96 3. ﬁhHZh.H)
166. 9774£{cad 1+ b= 9.3Hz2.8 HEJ, 7140 n‘41FW-7( ml ik, 73118@ 1H)S711
ro(brsl@gﬁ‘s@ fpr‘m’z %“516 anﬁ% n%%zég zf%eg(@dm
J ‘»6=612H-Ilz) 4341 (1), . THYER. $E=5BY (m 554, £ 6453 (vERER 1894-1.84 (m,

Z‘?@R?W 74 ? 574 S AR ey, WS &%?)Z '8 fasare

- tr| f Lor omat h I henyl a]etlhy/ 0X

153401 Elfluorometh I hen Ieth loxy)-2-thio henecarboxamlde

Step A - Methy! 5-(6-f( 1-methyl-4-piperidinyljoxyj- 1 H-benzimidazol- 1-yj}-3-
({(1R)-1-{2-(trifluoromethyi)phenyllethyijoxy)-2-thiophenecarboxylate
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20  Methyl 5-[6-(4-piperidinyloxy)-1H-benzimidazol-1-yl}-3-({(1R)-1-{2-
(trifluoromethyl)phenyl]ethyl}oxy)-2-thiophenecarboxylate (0.200 g, 0.367
mmol) was dissolved in DCM (4 mL) and MeOH (2 mL). Acetic acid (0.025



Met hyl 5-{6-[ (1-nethyl-4-piperidinyl)oxy]-1
H benzi m dazol -1 -yl }-3-({(] R-1-[2-
(trifluoromethyl)phenyl]ethyl}oxy)-2-thi ophenecar boxyl

, 0.264 rmmol) was dissolved in §cNuszno6033683
?ﬁr%“r??lggo?ﬁ MeOH (12.0 nli, 84.0 mml) in a 20 sealed

tube and heated to 80 C for §ﬁ hours. The reaction was
cooled to roomtenperature d concentrated i n vacuo.
Purification by flash chromatography afforded 0.138 g

969 g
(%0, (904)4 $@8|é£@%#ofm8l8§ﬂ§{§%@{,o s %\g‘%ﬁﬂgwa;% 4.mmp
7. 8erg peide), viasyrpge. Jodam miaretoxyorgiyypirider (OsUL7m, 9155? mmol)
%"Dwas7adagd (nl2y su?gle éoﬂf&m ThdRakion Wastimre® io? - HharruéRcHed
zmeﬂthzsa%atéwaﬁﬁps sglubar. SThehiks W pNRBIE DOM and halt
f%agme@ﬁé%% &%HCEQI@ (AR laykbs, wete depaiated, fﬂri)Yi thelaqboils 84
I\/g] l?)gé%s wgilgec{wm_é@MEiéééﬁﬁlEéégg (1§jl { I'{elcon?olned(onbar%—b
R) -layefoweiel died phaiyd @y, fikdred enyl cord@ntréted wevaeypb- 4-
p' wr’ﬁgétﬁw%ﬁé%% %r;r?lgaﬁg%h%ﬁ?&é& 0. H%o QTs%) ol the tite .
St eqs)rrmoun%HNMR (400 MHz, DMSO-ds): 88.43 (s, 1H), 7. 96 (d, /=7.7

16’>( (144, Jiﬁ?]‘fl?a(?séh%oimf)ﬁeﬁ)(d )ﬁééw 'H%OM)) 751 (A, 1H), 7.32 5,

eri benzi mi dazo
L3S B e B s, P, 85 A ERHE 280
HaQsQ %)Nm ¥, 39 {2[52|1§ 4? (m, 2H), 2.27-2.11 (m( 2H), 1.98-1. 35 (m|2H).
0 In 0oX

) 117756 eriah ARRLsA G0t 8L M e peB IR ot e
(O 260 g, 0508 mml) was dissolved in ﬁﬁé{ af)

Ve CBtep £ f-15-( 1Metvt4-aigedding) oagls! Frbenzimigazoiuir3-((E e 7-
1 Or PR HEbBSRYBoALH B Ry By )-BI6pHBnR RIxamikie0 Ml )

were added via syringe. ‘Sodi um triacetoxyborohydride
(0.161 g, 0.760 nmol) was i1 a single portion.
The reaction was stirred f %g poured into DCM

and
o
Sal
N F
HC
FF

Methyl 5-{6-[(1-methyl-4-piperidiny)oxy]-1 H-benzimidazol-1 -yi-3~({(1R)~1-[2-
(trifluoromethyl)phenyi]ethylioxy)-2-thiophenecarboxylate (0.148 g, 0.264
mmol) was dissolved in 7 N ammonia in MeOH (12.0 mL, 84.0 mmol) in a

20 sealed tube and heated to 80 °C for 24 hours. The reaction was cooled to
room temperature and concentrated /n vacuo. Purification by flash
chromatography afforded 0.138 g (86%) of the title compound. "H NMR (400
MHz, DMSO-dj): 88.35 (s, 1H), 7.92 (d, /= 7.7 Hz, 1H), 7.82 (br s, 1H),
7.80-7.71 (m, 2H), 7.64-7.51 (m, 2H), 7.12 (br s, 1H), 7.06 (s, 1H), 6.99-6.94

25 (m, 2H), 5.95 (q, /= 6.2 Hz, 1H), 4.36 (m, 1H), 2.64-2.53 (m, 2H), 2.23-2.11



15 hal f-saturated agqueous NaHCC3. The | ayers were
separated, and the aqueous |ayer was washed with DCM
and Et OAc. The conbined organic |ayers were dried

, filtered, and concentrated In vag
%yu(??@?@%on by fl ash chr omat ogr aphy af f or deng/Uizogﬁlossﬁss
(80% of the title corrpound8 1H NVR (400 MHz,

DMSO-d6): S 8.48 (s, 1 H), 7.6/3 (dd, 1H, J= 20 1.8,
7.7 Hz), 7.63 (d, 1 H J= 8.8 Hz), 7.47-7.40 (m 2H),

(i 20ty Qyonfl 13-L B ooyt ds b B Ty
6. fmEH), Mﬁ(&@')(MSIEMWI 3.80 (s, 3H), 2.65-2.54 (m
21-1), 2.24-2.13 (m 2H), 2.17 WD 2007/ 030361

PCE&MSBI@%/SD&?EB$—€2-&Hlor@he6\b‘lﬂeghy_1]o§3e5£6§i_l -rivéthyi-2k)
]1 Lenecai%oxar}\i’dews ( ESI):

3-f[(1R) - 1- (2-Cnl orophenyl et hyl Joxy)-5-[6

[ (1-met hyl - 4- piperid/ nyl i\;yJ-g fbenzi m dazol - yl)

2-t hi ophenecar boxani de O\K_I/z}j{l(NN/ NHz i C C 55

HC H3CC | Mthyl 3-{ o)

R) - 1- (2- chl or ophenyl ) P] oxyy4 & -[ (1- et hyl -

pi peri di nyl ) oxy] - 1/fg m dazdl - }-2-thi ophenecarb

Soxyl ate (0.214 g, 6”407 nmol ) v&s dissolved in 7 N

amonia in I\/EO—|(12.0rrL 84.0 nmmol) in a sealed tube

andPigreat ddethy 38’17 TR)-1-67-clAorophany et Fioxy ) é-é&‘zi( V-oethpbd-

co ed in
?MJBB#JA% ca ?}6%’1'%%9% "{c roﬁgﬁgr phy afforded

O. 208 g (100% of the titl corrpoHnd 1H NMR (400

MHz, DI\/BOde): 8 8.39 (s, _{I\).s. 7080 (br s, 1 H, 7.67

(dd, 1 H J=1.5 7.6 Hzf,J7.62f(do ™ H, J= 8.6 Hz),
7.45 (m 1 H), 741(m 7.84 (m 1 H), 7.13 (s,
1 H, 7.11 (br s, 1 202 (b , J— 2.0 Hz), 6.97
(dd, 1 H, J= 2.2, gﬂsm , 155 g 1H /=6.2
Hz)437(m1H) 263253(m2H) 222214(m
2H) , 71 (d, 3H, J=

LY qté 17 s 3H), 95-1, 86 @24
W 3-{H1 Ael-@ @@oremenxl)ethyllom ¥ )plp%tﬂmy{omrw

10 benzimidazol-1-yl]-2-thiophenecarboxylate (0.260 g, 0.508 mmol) was
dissolved in DCM (4 mL) and MeOH (2 mL). Acetic acid (0.035 mL, 0.61
mmol) and formaldeldehyde (0.076 mL, 37% in water, 1.0 mmol) were added
via syringe. Sodium triacetoxyborohydride {0.161 g, 0.760 mmol) was added
in a single portion. The reaction was stirred for 2 h and poured into DCM and

15 half-saturated aqueous NaHCOj3. The layers were separated, and the
aqueous layer was washed with DCM and EtOAc. The combined organic
layers were dried over MgSO;, filtered, and concentrated /n vacuo.
Purification by flash chromatography afforded 0.215 g (80%) of the title
compound. 'H NMR (400 MHz, DMSO-d5): §8.48 (s, 1H), 7.73 (dd, 1H, /=

20 1.8,7.7Hz), 7.63(d, 1H, /= 8.8 Hz), 7.47-7.40 (m, 2H), 7.38 (s, 1H), 7.34 (m,

1H), 712 (d, 1H, /= 2.2 Hz), 6.99 {dd, 1H, /=2.2,8.8 Hz), 5.98 (9, 1H, /=

6.2 Hz), 4.41 (m, 1H), 3.80 (s, 3H), 2.65-2.54 (m, 2H), 2.24-2.13 (m, 2H), 2.17



10

15

20

Conpar ati ve Exanpl es Conparative Exanple nunbers 121,
126, 127, 136 and 143 can be prepared 20 using
nmet hods known in the art, including those described in

P ication No. W20041014899 to Smit hKLj

Qﬁ%‘ﬁg’%" rp. WD 2007/ 030361 PCTI US2006/ osse%g%ﬁ"émﬁ"’”“”
Nunmber Structure \ / NH, S/, 121 0\ H C10 \ / NH,
126 0 HBC HG HC\ NS/ N{ 127 HCHGO HC |
Ne~ \s/ NH 136 ~N'~"0 oF/\ JJ F HCN=—~ | NN

NFs, 38, 1621378  21), 1.72-1.61 (m, 2H), 1.62 (@, 3H, /= 6.2 Hz); Ms
(ESI): 526 [M+H]".

Step B - 3-{[{ 1R )-1-(2-Chlorophenylethylfoxy}-5-{6-f{ 1-methyl-4-
piperidinyl)oxy]-1H -benzimidazol- 1-yi}-2-thiophenecarboxamide

= (8]
N\CIJ(NHE
o}
3 0
H,C” ci

Methyi 3-{[(1 A)-1-(2-chlorophenyi)ethyiloxy}-5-{6-{(1-methyl-4-
piperidinyl}oxyl}-1 H-benzimidazol-1-yl}-2-thiophenecarboxylate (0.214 g,
0.407 mmol) was dissolved in 7 N ammonia in MeOH (12.0 mL, 84.0 mmol) in
a sealed tube and heated to 80 2C for 2.5 days. The reaction was cooled to
room temperature and concentrated /7 vacuo. Purification by flash
chromatography afforded 0.208 g (100%) of the title compound. 'H NMR (400
MHz, DMSO-dy): §8.39 (s, 1H), 7.80 (br s, 1H), 7.67 (dd, 1H, /=1.5,7.6

Hz), 7.62 (d, 1H, /= 8.6 Hz), 7.45 (m, 1H), 7.41 (m, 1H), 7.34 (m, 1H), 7.13
(s, 1H), 7.11 (br's, 1H), 7.02 (d, 1H, /= 2.0 Hz), 6.97 (dd, 1H, /= 2.2, 8.8 H2),
5.99 (q, 1H, /= 6.2 Hz), 4.37 (m, 1H), 2.63-2.53 (m, 2H), 2.22-2.14 (m, 2H),
2,17 (s, 3H), 1.95-1.86 (m, 2H), 1.71 (d, 3H, /= 6.2 Hz), 1.70-1.59 (m, 2H);
MS (ES!): 511 [M+H]".

Comparative Examples

Comparative Example numbers 121, 126, 127, 136 and 143 can be prepared
using methods known in the art, including those described in PCT Publication
No. WO2004/014899 to SmithKline Beecham Corp.




Bi ol ogi cal Exanples 1. Assay for inhibition of PLKlL 5

A. Preparation of 6x N-term nal H s-tagged PLK ki nase
domai n 6x N-term nal His-tagged PLK ki nase domain
(-.?6"5({16‘?/03%9&1‘3'3 21- 346 proceeded by I\/KKG‘—IHHHHHp}T,ﬁgzngéld@gm3
No. 1. was prepared from bacul ovirus infected . ni
cell s under pol yhedrin pr orm?gr control. Al

procedures were perforned at 4 C. Cells were lysed in
50 mM HEPES, 200 mM NaCl, 50 mM i mi dazole, 10 5%

gl ycerol ; pHEmber 'Sk genatewas——cent++fuged at

14K rpm i n a4 SrReh S8 30361 pCT/ US2006/ 033683 89
1500 rotor flor 1 h [and/The ernatant filtgred

through a 1.j2 m cron t e supernatant was

| oaded ont o jd2Ni ckel el atimg ¢Bephar ose (Aner sham

Phar maci a) ¢ol unm a;n,gczw’r&shed ' | ysis buffler.

Protein was |el uted Jusi ig 20% % and 100%|buffer B

st eps wher e jboffer—B-t+s20—rM3HEPES—266-5—+xM Nad ,

300 MM i m dazol e, 5% gl Fh~pH 7.5. Fractji ons

cont ai ni ng qu werie ¢ r m- by SDS- PAGE.| Fractions
contai ning PLK were i | yted f] fold with {50 nmM
HEPES, 1 mM|DTT, 5% gl'§cerol™ gt)r.5, then Ijoaded on

an SP Sepharose (Anersham Pharpacia) colunm. After
washi ng thejcol um | wit B30 gMIHEPES, 1 nM OTT, 5%

gl ycerol; pH 7.5, ALK step eluted 10 witih 50 nmMv
HEPES, 1 nM|D%7%, 500 d; lycerol; pgH 7.5. PLK
was concent fated usj Ngc& 10 kK ecul ar wgi ght

cutof f nmenbfane and then | oade to a Supdgrdex 200

gel filtratifonr—{Arersham PI’@(%&C%") €Ot
equilibrated in 25 |nM HE;@,NWNQTT, 500 M Nadl, 5%
gl ycerol; pH 7.5. Hracti coft\ai ni ng PLK vere

det er mi ned BHY3&DS- FAGE. ¥50 PLK was ol ed, gliquoted
and stored at -80 ¢. S es weFg taal ity controlled
usi ng mass ispectronehtct N-term nal sequencilng and

am no acid |anal ysils. B. Enzynme activity +/-

i nhi bitors was detgrm as fFollows: 20 Al
nmeasur enent $ were gbt ediynaer conditions [where
si gnal prodt on |incfeasedetnearly with tline and

J
enzyme. Test q%én’pound c’Were,, to white {384-wel |
assay plateg (0.1L [fory 10.tL &and sonme 20 L gssays, 1L
for sone 23) gL asdla at variabl e known
concentrati ans_in_100% DVEQ.

Biological Examples
it Assay for inhibition of PLK1

A. Preparation of 6x N-terminal His-tagged PLK kinase domain
6x N-terminal His-tagged PLK kinase domain (amino acids 21-346 proceeded
by MKKGHHHHHHD) SEQ ID: No. 1. was prepared from baculovirus infected
T. ni cells under polyhedrtin promoter control. All procedures were performed
at4 °C. Cells were lysed in 50 mM HEPES, 200 mM NaCl, 50 mM imidazole,
10 3% glycerol; pH 7.5. The homogenate was centrifuged at 14K rpm in a SLA-




DMSO (1-5%final, as appropriate) and EDTA (65 mMin
reaction) were used 25 as controls. Reaction MXx was
prepared as follows at 22 C 25 nmM HEPES, pH 7.2 15

1 gM ATP 30 0.05 Ci/well 33P-y ATP
%ﬂo nﬁgﬁl) 1 pM substrate pepti de PCT/US2006/033683

( Bi ot i n- Ahx- SFNDTLDFD) SEQ I? 0. 15 ng/ nL BSA
WD 2007/ 030361 PCT/ US2006/ 03 %83 90 1 MM DTT 2 nM
PLK1 ki nase domai n (added | ast) Reaction Mx (10 or 20

L) 1‘5@§rcﬂé’r'f&k1| Naﬁ@ﬁiﬁ #b&n%ﬁnﬂmdlthﬂopgﬁgﬁ aétd'ﬁicyon%ltar The

follow ng a tion o

haﬁHP%fF%‘a%trWPﬁ lordeganiaye Nickel ohelating %Qph@roswémg@ham
enahagﬁama) c6la fni FPAVASRE B with 9.@ %dff%iﬂv:i#?tﬁiﬁ §’§/L‘3\ eﬂ.g%d Izéulﬁug
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20 Al measurements were obtained under conditions where signal production
increased linearly with time and enzyme. Test compounds were added to
white 384-well assay plates (0.1ulL for 10 puL and some 20 plL assays, 1ul for
some 20 pl. assays) at variable known concentrations in 100% DMSO.

DMSO (1-56% final, as appropriate) and EDTA (65 mM in reaction) were used

25  as controls. Reaction Mix was prepared as follows at 22 °C:

25 mM HEPES, pH 7.2
15 mM MgCi2

1 UM ATP
30 0.05 uCiiwell **P-y ATP (10Ci/mMol)

1 UM substrate peptide (Biotin-Ahx-SFNDTLDFD) SEQ ID:No. 2.
0.15 mg/mL BSA
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30  numbers were determined using 100w per well of methylene blue (Sigma
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25  these dilutions were added to the 100 pL of media currently in the assay
plates. Medium containing 0.6% DMSO was added to control wells. The final
concentration of DMSQ in all wells was 0.3%. Cells were incubated at 37 °C,
5% CO; for 72 h. Medium was removed by aspiration, Cell biomass was
estimated by staining cells with 80 pL per well methylene blue (Sigma M9140,

30 0.5% in 50:50 ethanol:water), and incubation at room temperature for 30-60
min. Stain was removed by aspiration and the plates rinsed by immersion in
water, then air-dried. To release stain from the cells, 100 pL of solubilization
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15 were spiked into human plasma at a target concentration of 2000 ng/mL. The

mixture was inverted gently several times to insure homogeneity and triplicate

50 pL aliquots were collected to verify initial concentrations. Following
assembly of dialysis plate (HTDialysis membrane strips, molecular weight cut
off limit of 12,000 - 14,000 daltons), spiked plasma {150 uL) was placed in the

20 donor compartment of the well and Phosphate Buffered Saline pH 7.4 (150
uL} in the receiver compartment. Eight wells were set up per compound and
plasma type. Piate was placed in a 37 °C incubator on a plate shaker.
Following the 6 h incubation period, the plate was removed. Single 50 uL
aliquots from each donor and receiver compartment (per well) were analyzed.

25  Sample analysis was by LC/MS/MS (results reported as Drug Peak
Arealinternal Standard Peak Area ratios). Protein binding assay can also be
performed using dialysis cells instead of HT Dialysis 96 well plates. The data
are reported in Table 1 below. In Table 1, % Proiein Binding, + = >98%, ++ =
895-98%: +++ = <95%.
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Table 1 shows that the instantly claimed compounds possess superior
properties over the comparative examples tested. For example, example
compounds 1-8 have superior enzyme and cell potency over comparative
examples 121, 136 and 143 in PLK1 enzyme assay and methylene blue call
proliferation assay in multiple cell lines examined. Example compounds 1-8
have superior solubility in pH 7.4, 0.05 M phosphate buffer over comparative
example 127. Example compounds 1-3 and 5-8 have superior protein binding



VDA- MB- 468 ND ND +++ ND +++ | C50 ND ND ND PANC- 11 CsO
ND ND +++ ND ND ND ND ND M aPaca | C50 ND ND +++ ND ND
ND ND ND ASPC3 | C50 ND ND +++ ND ND ND ND ND
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/033683 97 SEQUENCE LISTING 5 <1
Sm t hKl i ne Beecham Cor por at i <120> BENZI M DAZOLE
THI OPHENE COVPOUNDS <130> PR61603 10 <150> 60/ 714, 337
<151> 2005-09-06 <150> 60/786, 244 15 <151> 2006- 03-27

<16 < > : ook, Wy rsi.on 4.

S uiheR gohl B edBiiin s 42089 88 coblefith Sreeic 126
T.n#¢H% s 25 <400> 1 Net Lys Lys Ay His Hs His Hs
Hs Hs Asp 15 10 30 <210> 2 <211> 9 <212> PRT 35

<21g> A'C‘ieillffitgli-élo -§ﬁﬁ’iﬂiﬁ&‘?§f cell proliferation by PLK1 inhibitors

5 Exponentially growing cell lines of different tumor origins, cultured in
appropriate media containing 10% fetal bovine serum at 37°C in a 5% CO»
incubator were plated at low density (less than 2000cells/well) in 96-well -
plates. Twenty four hours post-plating, cells were treated with different
concentrations of test compounds ranging from 10uM to 0.04nM. Several

10 wells were left untreated as a control. Seventy two hours post-treatment, cell
numbers were determined using 50-100ut per welt of CellTiter-Glo (Promega
#G7573). Plates were incubated at room temperature for 15 minutes and the
chemiluminescent signal was read on the Victor V or Envison 2100 reader.

15 Percent inhibition of cell growth was expressed as percent proliferation
relative to 100% proliferation (control). Concentration of test compound that
inhibited 50% of cell growth (ICs0) was determined by 4 parameter fit of data
using XLiit, (value of no cell control was substracted from all samples for
background). The Cell-Titer Glo data are shown in Table 2 below and
20 represent a compilation of several different experiments, each performed
using the general parameters outlined above, although minor variations may
have been employed in some instances. In Table 2, + = ICso >1 pM; ++ =
ICs0 0.5 -1 pM: +++ = |Cs0 <0.5 uM.

Table 2
Cell Line Ex1 |Ex2 [Ex3 |Ex4 |[Ex5 [Ex6 |Ex7 |[Ex8
HCT118 I1C5 ND ND +++ ND ot ND ND ND
AS49-L ICsp ND IND |+++ |ND |+ |ND ND  TND
COLQO205 ICs; | ND ND o ND | +++ ND ND ND
HT29 ICs ND ND 4 ND e+ ND ND ND
MX-11Cgy ND ND | +++ ND | e ND ND ND

SKOV-3 ICsp ND NP 4+ ND +++ ND ND ND

LNCaP I1Cz ND ND et ND ND ND ND ND
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/i 52006/033683
WKM&E TH OPHENE COVPOUNDS <130> PREIGHI 29%R
60/ 714, 337 <151> 2005- 09- 06 ac<150> 60/ 786, 244 <151>

2006- 03-27 <160> 2 <170> Fast SEQ for W ndows Versioin
4.0 <210> 1 <211> 11 <212> PRT <213> bacuIOV|rus

infeaﬁﬁﬂiné Ni— el JEx54 T Me YS$E &y S
ot S R TE TR TR Ty

Py LIL = \~4
PRT /9313'82'3 Art ] JPIJD;TE MPse sznceND_<”§B> £223>| 8Bt i % ed
PLK 3@&??'&@ sub¥ r a8 K00>| WO Set+ThEéNAsn | MBp [ Leu
Asp Predaifisp ND [ND [+++ [ND [ND [ND {ND [ND
HNS ICsp ND ND ek ND ND ND ND ND
MCF7 ICs ND ND +++ ND it ND ND ND
MVE22 ICgy ND ND o ND it ND ND ND

MDA-MB-468
ICsp ND ND Tt ND FhE ND ND ND

PANC-11Cgy ND ND 4 ND ND ND ND ND
MiaPaca ICsgy ND ND bt ND ND ND ND ND
ASPC3 ICsp ND ND +++ ND ND ND ND ND
BXFPC3 ICy ND ND bt ND ND ND ND ND




98 1. A compound selected from N 1/ NH3 N\ NH3
N\ ~N\ 0/ O OOH3C I\ H3C\ OH3C O/ H3CO
F3BCC AB OCN SNHZI NS NH2 /O/NS\POHS\(]:J%
\ \ F3CC N .CH3CCH3 DO0OO C ohe/033683
et 35 o MeC HBe N 3- EFe H FCEUResss

N N NH2 N s/ NH2 OandOI—Ba_‘;yl\A{OI—B_C:I_\ rJ7
H3C~-N G F3C H3C~- rJT/ N Hd wherein * indicates a
chiral carbon;

SEQUENCE LISTING
<110> SmithKline Beecham Corporation

<120> BENZIMIDAZOLE THIOPHENE COMPOUNDS

<130> PR61603

10
<150> 60/714,337
<151> 2005-09-06

<150> 60,786,244
15  <153> 2006-03-27

<1l60> 2
<170> FPastSEQ for Windows Version 4.0

<210> 1
<21%i> 11
<212> PRT
25 <213> baculovirus infected T.ni cells
<400> 1
Met Lys Lys Gly His His Kis His His His Asp
1 5 10

30
<210> 2
<211> 9
<212> PRT
<213> Artificial Sequence
35
<220>
<223> Optimized PLK Peptide Substrate

<400> 2
40  Ser Phe Asn Asp Thr Leu Asp Phe Asp
1 5
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<110>

<120>

<130>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

and pharmaceutically acceptable salts and sol vates
thereof. 2. A conpound according to claim11, wherein
tdowossiser eochem stry of the chiral car borCT/es2ie6/08683A
conpound according to cVaim 1, conprising greater than
50% by wei ght of an enantionerselected fromfornula
A-1, B-1, CG1, D1, E1, F-1, G1 and H1: 99 0 N\ O
ONNHZ NN 1S~ NHZ N\S~/ NH/ es ,HHHC OH3C CS
H3C N N F3C H3C EFP=y**H3€™®R 0 F3C O Cl 'CH A1 B-1
Tnberdarl MR M8, Q0NH N ry O flk( NH HC~YM\ |
,H CI H3CIl OH3CON, CH3 D-1 HNE-1 F3C/ HN
FBENSFIMQPAZO@ GHIORINE SOMRENNY NHZ ,HH /O H3C ~ /O H3C
rJ7 (J7 H3C-N G 1 F3C H3C_N H 1a
PR61603

60/714,337
2005-09-06

60/786,244
2006~03-27

2

FastsEQ for Windows Version 4.0

1

11

PRT

baculovirus infected T.ni cells

ki !

Met Lys Lys Gly Hig Hig His His His His Asp

1

<210>
<211>
<212>
<213

<220>
<323>

<400>

5 10

2

9

PRT

Artificial Sequence

Optimized PLK Peptide Substrate

2

Ser Phe Asn Asp Thr Leu Asp Phe Asp



4. An enantionerically pure conpound selected from
formula A-1, B-1, CG1, D1, E 1, F-1, G1 and H 1:
100 0 N\ OON\N NH Ns/ NHz | NNH, H HC\ O H3C
\ OSHIC  FCI / H3C 1\ |1 ggH3C\.Np FC O Cl CH3
A-1 B-1C1 Ol N1s/ Nz NNel, ONHS O-11 H N
[Tk NH NH3CI1 \' I / HH /\ o H3C 1 / /\ /O HC ON,
cl rJi 1JT NCH3 D1 HNE-1 FBCHNF_1 OO N N\ s
SI-NHz Arauppoungiselectesl @ O H3C | \ / / H3C1J G 1 F3C

H3C~-N H1 G and pharnacgutically acceptable salts and
sol vates thereof=\ 5. s har maceut i Eal, |,tion
conprising a ufid/acé'dr di ng ail arfd a

pharnaceutlcal acceptabl e carri d|Iu nt or
exci pi ent. e pha e c uticalo, con‘pos” ccordi ng
toclaim5 f(;i her ng Hacz\\
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wherein * indicates a chiral carbon;
and pharmaceutically acceptable salts and solvates thereof.

2. A compound according to claim 1, wherein the stereochemistry of the chiral
carbon is R.
3. A compound according to claim 1, comprising greater than 50% by weight of an

enantiomer selected from formula A-1, B-1, C-1, D-1, E-1, F-1, G-1 and H-1:



chenot herapeutic agent. 7. Use of a conpound as
claimed in claim1 for the manufacture of a medi canent
for the treatnent of susceptible neoplasmin mamal .
8. The use according to cl ai mg/, wherein said

suscepti bl e neoplasmis selected fromthe group

consi sting of breast cancer, colon cancer, small cell
| ung cancer, non- small cell |ung cancer, prostate

cancer, endonetrial cancer, gastric car}\p:_e\;, mel ghoms,
ovari an cancer, pancreatic cancer, squano

NH
car ci Hefa, rici noma of K, ophagzeal
car cj A\ hEpat'scel | ul 2 i
mal i nci esyy 101 9. @

hemat ¢} ggi c
ording to clais

whegeln sai d Isiscepti ) e[ neopl adat'is se ,eeéed

thrce,& canter , Ar i anseancer's©no 11 ¢

cander, prosiatescantery and he ogi ¢ Mgy

mal i gnaaci es. 10. Use of a ®anpound as clai ned iox

claiml fop the manufacture of a nmedi canent for the

tr g4k, a di sease char%cteri zed by i nappropriate

ﬁf{ﬁé&“‘lferatir«afqinS mmal . 11. A use of a
ound “accor di ng Qijm I or t he we of a
rredicargp po_for in itin roliferati*of cell,

wh in"a s i ci en anmountl-'bf sai d compound }jeontacts
thekz?l | @0 ¥nhibtigprol Pfer on o celf” A
use of‘cq cogpoucccg_ndi g cl ak foFr1 t

manuf acture of a nedicanent for inhibiting mtosis in

a cell, wherein sai gl conpound js, adginfstered to the
cell in a urf'\m/nHzam)unt Q. NmijL hitnayi tosis in the
cell. 13. onp d of for C , N1 S NH2 O
H3C F3C / C 14.4 A pharmacguti cal .y accept abl e
salt of ®eenpo or n@/@: 0% @. NH2
H:,C/N G- FC HEC,N Het Cl
4, An enantiomerically pure compound selected from formula A-1, B-1, C-1, D-1, E-

1, F-1, G-1 and H-1:



O N) H3C1\ ~NF3C/ CH3 C 102 15. A conpound
according to claim 13 conprising greater than 50% by
wei ght of an enantiomer of formula G1: 0O NN\ g/

NIl -12 H3C ~ F3C N CH3 16. Ampenantionerically pure
compound of formula CG1: 0 N-12 | N1-13C1 \ \~N
F3c CH3 C-1 17. A pharmaceutical conposition
conprising a conmpound according to claim13. 18. A

phar maceuti cal conposition conprising a,cc npo%ndO
according to chaim 13, wherein the cony Wm@es
r
WH

gr eat €=t has_50% by wei ght=v e enan
for -4 /0 S NH, JC N N

f
“ H.C
o - N/w
% HC k/ FiC
HC % Gl N

0 o]
N=\ s N\ s
N T TN, Ny T
H H
O/O H,C O/O H,C
e G4 FC ne N et cl

and pharmaceutically acceptable saits and solvates thereof.

5. A pharmaceutical composition comprising a compound according to claim 1 and

a pharmaceutically acceptable camier, diluent or excipient.

6. The pharmaceutical composition according to claim 5 further comprising a
chemotherapeutic agent.
7. Use of a compound as claimed in claim 1 for the manufacture of a medicament

for the treatment of susceptible neoplasm in mammal.

8. The use according to claim 7, wherein said susceptible neoplasm is selected
from the group consisting of breast cancer, colon cancer, small cell lung cancer, non-
small cell lung cancer, prostate cancer, endometrial cancer, gastric cancer, melanoma,
ovarian cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head and

neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic malignancies,



CH3 C 1, 19. A pharmaceutical conposition conprising

an enantionerically pure conmpound of fornmula C1: 103

ONNY G NV/ NH H NHIC-NFC N CHGL 20. A use

of a conpound according to cl#im 13 for the

manuf acture of a nmedicanent for treating a

suscepti ble neoplasmin a manmal . 21. The use

according to claim?20 wherein said susceptible

98 eopl@gisk %cécﬁhlﬂgltcﬁdamf T, Whetde sajd eugrepiins neddlasy gfselected

reast cancer, colon cancer

RO oSN oT e 15 P G R B B g Etrcsh HietfiB 2aREer, anc

inekadedgic maligremoiesr , gastric cancer, nelanoma, ovarian

cancer, pancreatic cancer, squanous cell carcinoma,

carci noma of the head and neck, esophageal carcinong,

fie patseadflaudortpound a$ daimed impdinhéfaiths Bgnacture of a medicament
T ’fiiferation in
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maingiat. of an enanti omer having the absol ute

stereochem stry of formula G1: 0 \ °~ NH, s/ 11 H N

3C HF3C N
11. A use of a compound according to claim 1 for the manufacture of a medicament

for inhibiting proliferation of a cell, wherein a sufficient amount of said compound

contacts the cell to inhibit proliferation of the cell.

12. A use of a compound according to claim 1 for the manufacture of a medicament
for inhibiting mitosis in a cell, wherein said compound is administered to the cell in a

sufficient amount to inhibit mitosis in the cell.

13. A compound of formula C:
o}
N=\ s
0
<0
N
Q F,C

CHy

14. A pharmaceutically aoceptable salt of a compound of formula C:

N=\
N\/

’ﬁ@

Ci



CH3 Gl 23. A use of a conpound according to claim13
for the manufacture of a nedicanent for treating
breast cancer, ovarian cancer, non-small cell [ung
cancer, prostate cancer, gaspric cancer, carcinonma of
t he head and neck, or a hematol ogic malignancy in a
mamal in need thereof. 104 24. A use of a conpound
according to claim15 for the manufacture of a

edi c@neampounsacaordiag foripir I8 2empasing areatsy then £A Yclanveight of an
ARSI of Rfthlialcupg cancer, prostate cancer, gastric
cancer, carcinoma of the head and neck, or a

hemat ol ogi c ngkigngnc' in a mamal in need thereof.
25. The use Acgs fl*o @, claim 24, wherein said
conpound i § ionerically pure conmpound of
fornmula C HNF3C.,. \,NFCC CH Gl

16.  An enantiomerically pure compound of formula C-1:

17. A pharmaceutical composition comprising a compound according to claim 13.

18. A pharmaceutical composition comprising a compound according to claim 13,
wherein the compound comprises greater than 50% by weight of the enantiomer of
formula C-1: ‘

o]

19. A pharmaceutical composition comprising an enantiomerically pure compound of
formula C-1:
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20. A use of a compound according to claim 13 for the manufacture of a medicament

for treating a susceptible neoplasm in a mammal.

21. The use according to claim 20 wherein said susceptible neoplasm is selected
from the group consisting of breast cancer, colon cancer, smali cell lung cancer, non-
small cell lung cancer, prostate cancer, endometrial cancer, gastric cancer, melanoma,
ovarian cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head and

neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic malignancies.

22. The use according to claim 20 wherein said compound comprises greater than
50% by weight of an enantiomer having the absolute stereochemistry of formula C-1:

QO
Nj\N s
\ / NHz

H

Kl

H,C

N’}

k/N F.C
\CH .

Poea

23. A use of a compound according to claim 13 for the manufacture of a medicament

for treating breast cancer, ovarian cancer, non-small cell lung cancer, prostate cancer,

gastric cancer, carcinoma of the head and neck, or a hematologic malignancy in a

mammal in need thereof.
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24. A use of a compound according to claim 15 for the manufacture of a medicament
for treating breast cancer, ovarian cancer, non-smaill cell lung cancer, prostate cancer,
gastric cancer, carcinoma of the head and neck, or a hematologic malignancy in a

mammal in need thereof.

25. The use according to claim 24, wherein said compound is an enantiomerically
pure compound of formula C-1:




