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w@e@3mesi36i nventi on rel ates to novel

WD 2007/ 030361 PCT/ US2006/ 033683 1 BENZI M DAZOLE
THI OPHENE COVPOUNDS BACKGROUND OF THE | NVENTI ON The

t hi ophene conpounds, 5 pharmaceutical fornulations
conprising these conpounds, and the use of these
conpounds in therapy. Polo-like kinases ("PLK') are
evol utionarily conserved serine/threonine Kkinases
that play gamzmbm@wmmmsut%wmmsssses in
the cell cycle. PLK 10 plays a role in the entry into
and the exit frommtosis in diverse organisnms from
yeast to mammaghpK@ROUND BEFHEMWEeRORKL, PLK2,
FKB and PLK4., Overexpression of PLKLl appears to be
Ihe prepept inveniandelatesior rwvelewzamdaéoleéf@ppl@er(q FRMRANNAS,

AAGRIcBLticah dtHlatRR SR !
gLKl 15 G RNA exgrtesgfégﬁfpﬁﬁm>g%€/% of | ur'i{i;ugnhadﬂ()(ka)tr‘galljgte(ejtc

{NAPECOMPRLPES INthelapYt o no expression in adj acent
normal tissue. Several studies have shown
correl ations between PLK expression, histological

jriadike kinases (dhokare qvmut@ewv apnﬁm%s%neétam@sne

Rinaséd inafplay eaticatk@bs MegWRiifg Fmgsézﬁh\m@een cycle. PLK
Eercenta ges of PLK-positive cells and_ histol ogical

l2y@e refe i thg eniny laﬁmarzbth@rﬁwﬁ@m TRPSIE ih @ prSermEgamey |
frorsRast thasniibe delidabLiPlHSiudes HLKANBLK2, BXRS 85§ PUKIN

i nvadi ng endonetrial carcinoma cells'and that this
could reflect the degree of nalignancy and

I@@Péxbﬁis%tdn%’f FLIK 184 HRaR tol stﬁﬁa"gﬁl éb‘éﬁ&atédﬁhlﬂﬂgned%Taé?@R
ana %S| s!mPLK over expr essi on was tected in 97% of

9 cngeEs)n dneidblished stady BPS ga@,wm highdayels AbREK!
MN@)@@Q‘,% in0>-d0% of:mhg %%B%'B@Bs@ m@&snmtﬁrnduetté psues.

Further, patients with high | evels of
SYRIEESIgR @b@qha@fentﬁ\orragldtsﬁa@eﬁﬁwak%tpwéﬁﬁav%gh%@ nted a

gbeak{ibrAbEtvieR PRKExpPESHMNO Ristol 84S @;radeh aRd tp%&d%sl@' ihh
| ow | evel s of PLK overexpression. In head and nheck

e8yRiakiypes ¢f Gapsele oslamma@ﬁﬁfré%p%we fourd bgiyeen

PbRRhiRds loh PUR%ioshHg‘&éﬁs afd KRRIGHIcal MRS ofdRaliNS bﬁd
showed that those patients wth nodérate | evels

pRfameiabsaiices 6rh0@ Ur Jingee stugiagdiotechthat PhKé%SWﬂQ'V
@kﬂﬂésé&i’i‘ﬁ'nﬁvé@fmgc’ élﬁgorﬁétﬁélec%?élﬁ&na cANRhNSinat Bis &%Idj Ptlet

w th non-snal | gI carci nona showed sim|l ar
st geares of @ﬁb\@r@mcmnm praliferaiipn ysendemalysl parrinema 3b'sing

RITPORAMIB/3PERDverexpression was detected in 97% of esophageal
carcinomas and 73% of gastric carcinomas as compared to the corresponding
normal tissues. Further, patients with high levels of PLK 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
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.

benzi m dazetBUS2006/033683



10

15

25

2 PCT Publication No. W2004/014899 to SmthKline
Beecham di scl oses novel benzi m dazol e thi ophene
wa@ooposnsds of fornula (1): RS N\ s R ~ (Q)P&T/US2006/033683
wherein: 5 Rl is selected fromthe group consisting
of H, alkyl, alkenyl, alkyny, -C(OR7, -CO2R7,
-C(O NR7R8, -C(ONROR8, -C(ONR7)-R2-0R8,
-C(O N(RY7) - Ph, C(O)N(R?) R2-Ph, -C(O N(R7)C(O) RS,

PET @M\W *Nﬁ@@ G(Q)\NWIR% Beecham discloses
N( R7) S( O 2R8 R ORr RO GORT SR,

D%}Wmaiazo typR &L C@HPO%‘S i }- R2- Ph,

-R2- SR7, - O(=NR7) NR7R8, -(&(=NR7) N(R8) - Ph,

- O( =NR7) N( R8) - R2 Ph NR7RB, - ON. 4 OR7, -S(OfRY,

_S(0) 2NR7RS, -S(O)2N(I\I§7)N 0 2N(R7) - Re- Ph. - NR
7R8, N(R7)-Ph, - NCR7e Re¢ Ph, /N(R7) SCPR8 and Het: Ph

i s phenyl optlonélry stltut@fromlto:%tlrres
with a substituent 15 selected fromthe group
whaeirsti ng of hal o, alkyl, -OH, R2 OH, -0- alkyl,

- R2- O-al ky] , al k

R Y oy Y o bRl bt TN s g

or ngl -tne:tzeu’ ae;tconmwl @(Dem(wf)@aﬁw Né m(aﬁ)dREORﬁr a 5-6

menber ar Vi ng et er oat ons

sel ecng %o)n\5 ‘%béh‘]@ }SE{ gi‘c I%;)lg 9)5'3 substi tut ed

Zg f rmm@mm“mwg @)WRN @@om(ﬂé stoy#d, from

the gre IS

S SRROro Ok, SRy re R, &Xﬁfﬁmﬁﬁh
] 2\|£Rg|) _jqf IR I@\-Pﬁmﬂ?z 3@7 Nﬁ)mmﬁo%mﬁmﬂ%}ipﬁ
2 an 3 78

T2 R B R NRBpertind oM SO RS

| east-SPOBNYR) eprpts(@ b8y Rl7; Rﬁ—PHS -0R'FE, N Rga’ ) PHENR')-RE-Ars

a groi\ﬁ %@6 eMu 34 (R2) aa- (Y2)bb (R2)cc-R4 or two

adj ac R 73{6’15‘;51 eatre sel ected fromthe group

PR @plﬁnwgplﬁﬁnallﬁlEMtltut@ﬂ Kemyi to 3 @ﬁ%s with(3dbstituend

) NR?F\;Selgcrt]ed Frg et eSFoqu\)'I éonsutstlﬁg 8? I[|alo alkyl, -OH, -R%-0H, -O-
alkyl, -R*-O-alkyl, -NHy, -N(H)alky!, -N(alky!)z, -CN and -Ng;

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, 3or4
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, alkyl, oxo, -OH, -R*-OH, -O-alkyl, -R*-O-alkyl, -NHz, -N(H)alkyl,
-N(alkyl),, -CN and -N3;

Q'is a group of formula:  «(R%)a-(Y")e-(R?)-R

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

nis0,1,2,3or4;

Q% is a group of formula:  ~(R%)aa~(Y)ob-(R?)cc-R*
or two adjacent Q? groups are selected from the group consisting of
alkyl, alkenyl, -OR’, -S(O)R’ and -NR’R® and together with the carbon



10

15

20

WD 2007/ 030361 PCT/ US2006/ 033683 3 atons to which
they are bound, they forma C5 6cycl oal kyl, C5

woegclasbkenyl , phenyl, 5-7 nenbered heter ocycP@fr/ljszmsrgs%ss

1 or 2 heteroatons selected fromN, O and S, or 5-6
menbered heteroaryl having 3 or 2 heteroatons
selected fromN, 0 and S; 5 aa, bb and cc are the sane
or different and are each independently 0 or 1; each

Y1 angor@td which@n&pamk tSUund' fhfe? k&t a 8Rgychalkyl, Cs.

gr oup conS|st|ng of

[ ndepegﬁient lr}/ sel ect gd7 rom

-0-, W1, peryt) mq\r@e[ed he@fpg/cle hayipg 1 or 2

- O ON¥tdRBAtoms: SO Fén D2nd s, 969 MER B)e ed h&@b%}ﬁ
-S(O) 2N R71) -S%O ZNg ?EF eg) -N(R7) S O)2-
-N(R or2 gleddramNRD) AAPN( R7) - : each
& Hb?artd& SraMRe Sm8liok HRfeRINt aRb@ré éaémﬂﬁéﬁé}ﬂﬁhﬂifb or1;

seI c1ted fyomthe group consistjing of alkylene,

Gehy3the iaite 82k vy Aiiceent@ndis mewemy ﬁglept@éi feoime
or dithé gr@@tcoaaetm@ ofif@h s epﬁm@ntct(]xo sebe%f—d cdg-om

grou

1 ey RO DGy E0) N(%%)S(@()b b I S SR S
S R8N
: iﬁ Rlig;fg%@@ K%@ﬁ&?% N %@ N R7)J(\:%rg)?R8,

-CN, -N3 and a group of formnula
éddnR? i6 (23 8me oRBkRreritiandGs Wa Cg dbnt|§%beect%dlfﬁ>rﬁ tHecgronp

fromthe, rou%consn sting of locycl oal kyl ,
C5_16OPEGIRAP gne, glkanylene endalaplesd: het er ocycl e

8@t RYard R2is tAE sameeir@"ﬁ@émdse k& ﬁ@eﬁénﬂi@n‘ﬁg sBleditd S

and 5 10 nenbered _heteroaryl havin

het erl(4R B1R:0rOUP SeRSisting o H.\aly allyh alkenyisalkyey, Q)BT 1:
e i s BONRER?, TOR™A:CMR206[)NRIRELCRANKYSR006/ 033683
4

-C(=NR’)NR’R?, -CR’=N-OR’, -OR’, -S(O)R’, -S(0).NR'R?, -NR'R?,
-N(R")C(O)R?, -N(R")S(O)2R8, -NO,, -CN, -Ns and a group of formula

(ii):
@—((R2>d <R,

il

wherein:

Ring A is selected from the group consisting of Cs.1gcycloalkyl,
Cs.1ocycyloalkenyl, aryl, 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
S

eachdisOor1;

eis0,1,2, 3o0r4;
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each R6 is the sanme or different and is independently
sel ected fromthe group consisting of H halo, alkyl,

wa@bdengidsl al kynyl , cycl oal kyl, cycl oal kenyl , RUT/UB06/033683

- CH( OH) - R2- OH, C(O) R7, -CQ02R7, -C02-Rz2-Ph,
- 02- R2- Het , C(O)NR7R8 -C(HNR7)C(OR7, 5
- C(O N(R7) COZR?, -C(O N(R7) C( O NR7RS,
- C( O N(R7)S(O 2R?, -C(S)R7, -C(S)NR7R8, -C(=NR7)RS,
e OI ’é;%a‘uph ngghe sarﬁBZ»r tan@ts m&@gen Rzm‘% Iggted from the
-S(O tR7, gr@evmm of Hg zﬂhyl akg(lxb) gkmyl cyRIRaRsl

“N(R7) (O 7 (;,cp;;gg&
N§ S;% g( éﬁﬁ%%%ﬁ ¢ C%%g NR?B% -C(0) F(g))C O? o
-N(R7) C(O.N nﬁ&iﬂ&@'ﬁg Céﬂ gg (:ﬁsgg P@ IN(RY) S(O)2R7
- N(R7) C( O) N( R7), He't ?:'?go

N§ R?% §§ og @gﬁb Si(ﬁl@ﬁ )NFéﬁgand NG;

15 wher ei nopfisq. cgw L@: d@h? n@% R7R8é<d>>§oh§gé€bﬁ+éts 0,

R3 t hal

B N O BINRE Ho RS (O (e S OBRFERE Do
-OR7, -S VR 7 O RS,
CNCRD) S( g))ogg@sz S‘(‘@@WQ&C‘@R R oL s
dof i ned vvnéh(la VRGO, IR QYRR R (R -Recks (NNIRGRE,

O R7, ) NR7R8,

g(( ?\IR?) R8 =NRY. ?%?'2'&7 Nﬁﬁj@ Rﬁ(@ﬁé@

-S(O fR7, N gmwﬁi -NRAReN(R )@@m&)ms

N( R7) S( O 7 R LiS2
thé gzofjp)-&gﬁ [ d?lﬁﬁR )1-@\' NI’(RQH@)I\EFK)LIQ -FEL ellqi)a?is(fd)gmq
OR7, - S(ONRY: Rszr\ﬁﬁ%s? N&H—|C(O) \R7R8 and
WNE'I%GQ)A%BK Q48 dl‘afméd Wherd 96 12and8@f§ cﬁ@@hs Rt i) e?@)WRS
are the sam? é)r erent an are7 gac |n;l endent Yy

sel ectEd@)NRom, t@@zﬁjr oGS BOnSSNR R o C(ENRA

al ke NpPINAIYE CRPLRLORT ki aiopHe sgﬁﬂw NRIE,

wh
SOeLEII\E(R\éh}%%R%eN(R ¢2(Q) gC'R_gd&@pt le@’ %'al t, solvate or

g}%?ét QLWAGh & i E)ﬂ?ﬁr\’élﬁvh%%b is 4e4ridV@lis vert &q{(ﬁ@\falo WQo)Rr’,
007/ 0303617 US2006/ 033683 o 8 58
-C(O)NR'R?, -CO2R’, -C(S)R’, -C(S)NR'R", -C(=NR"R",
-C(= NR7)NR7R8, -CR’=N-OR’, -OR’, -S(O)R’, -S(0).NR’R®, -NR'R?,
-N(R"YC(O)R?, -N(R")S(0)2R?, -NO3, -CN or -Ng;
R® is selected from the group consisting of H, halo, alkyl, cycloalkyl, OR’,
-S(O)R’,-NR'R?, -NHC(O)R’, -NHC(O)NR’R® and -NHS(O)2R’;
fis0, 1or2; 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 cycloalkenyl;
wherein when R' is -CO,CH3 and nis 0, Q' is not -OH;
or a pharmaceutically acceptable salt, solvate or physiologically functional
derivative thereof.



5 Al so di scl osed are pharmaceutical conpositions

containing these conpounds, processes for their
w@e@pas@sbi on and net hods for treatment of conPCT/US2V86/033683

medi at ed by PLK using these conpounds. 5 BRI EF SUVMARY

OF THE | NVENTI ON According tp a first aspect of the

invention there is provided a conpound selected from

00 N=SSN/ NH2 N\ NH2 0 HC 8 H3C " | \ HBC—Sl

Alsé dlé%@seﬁQr&tlgérma@e&&aﬁc&np@s@oné\&n\ammg"tﬁe& o C
Coamotmdé) esocgeses o theip preparagionignel mejkgds festreatment of / O
éﬁ@ltloanEed:&@d/b&WQ(\]&snﬁ%fﬁ'esé cbmﬁ&ﬁbs.\ N'1SNH2 NS
NH2 and / OH3C I aOH3C HC GFC/ HCANHO 3
3 wherein * indicates chiral carbon;

5 BRIEF SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided a compound

selected from:

o 0
N=\ s N‘\N S "
N \ / NH, \_// 2
W H.C O\\ H,C
S s -8
HC™ S, HC™ Y
F.C ' ¢l
A B
N=\ i f
- s N=\ s
N N
\_/ H, N \N/ NH,
H,C ™ H,C
EFC ! |
k/N\ 2 Q/N\ C
LT CH, b
o o
N‘\N S N:\N s N
WA \_/ 2
) Hﬁ%@ ) Hac/?':(j
HN E F,C ©OHN . cl
o} 0
N:\N S N$\N s NH
WAL W, .
and
O/O H,C™ = 'ij H,C
c
e G FC H,C” H '

wherein * indicates chiral carbon;
10 and pharmaceutically acceptable salts or solvates thereof.
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W@r@vlamsenspect ,

10 and pharmaceutically acceptable salts or solvates
t hereof. WD 2007/ 030361 PCT/ US2006/ 033683 6 In

enri ched compound selected fromA, B, C, D E F G
and H wherein the stereochemgstry of the chiral
carbon is R 5 1n a third aspect of the invention
there is provided a pharmaceutical conposition

mcamhélagge@e SRR YEiged Sﬁbﬁgntfdn%ﬂcéw énrmﬁed%on%ouﬁd

phar maceut i cal acce ts or

nd
%%?%@ é{enweﬁ* ébe 8.5 &@ndé-#m'bar%  stgngechemistry of the

& B&eeHtd Ral conposition further conprises a
pharmaceutically acceptable carrier, diluent or

excipient. 10 In a fourth aspect of the invention,

fneMhfrdiaBpBELQY 'tlﬂaelﬂv&tm?itthgr% i BFO\M&% feG(Pcﬂﬂ' tion
her eo

nmedi ated by PLK in a mammal in need

CRIPPRIIIONGRMRISgse samPaiing egleeigd from IﬁeB rferBvelt, Fa G and H
émbwmbe@daw a@éépﬁ’&ﬁlé ‘éSIt@HPéHWatQé the?ed?o 'PPQ:%‘O'

sel ected fromA

HRBPHEEBL tthe amrwacwl% é@'ﬂS‘PaﬁF'@n &mhteg C@'ﬂpﬂ\“cﬁs\ﬁat es

pREAReEutidally accf,é;ftéthe BaRREdiIREnt fexcipygRt i on, there is
provided a nethod for treating a suscepti bI e neopl asm
in a mmmal in need thereof. The nethod conprises

oA R pEADT HR |hOé1tlmn'fﬂé|re B ProGtef 8 héthad for treatmg a
ef fective anount of 20 ¢ npound sel ected from A ™ B,

gendujongmediated ta/rﬁmna% maﬁnaalwa@éa@ theseoly Thggpelpedbl e
é@‘l’lﬁl”?&racﬁlthgfﬁ’lﬁé R d ﬁ@ﬁmaTBQhéﬂéE@@%aW bfedtRBRINMURL of

sel ected fromthe group consisting of breast
%5%@819““%6?'@%66&@%4\ B)Gnld Ecarfé and Hmmrﬁ\gcgwwaﬂy

&t Sal2dHERIvalitdnBRRr. SMal | cel | ung cancer,
prost ate cancer, endonetrial cancer, gastric cancer,

nmel anome, ovarian 25 cancer, pancr eati c cancer,

POHARPHSp 8 bf the MvenIOBhe@as EPcWRiB%I PinctitR fB?ﬁ‘Qatlr@rEj
neck, esophageal carcinoma, hepatocellular carcinons,

stReentibiaNePeigs® in AuNaymghts naed tBar@ﬁf abheyegthed consiseas

adimmwrﬁﬁ%uh{@n{awmé\mra eli}.t.éanﬁyl eﬁeeu@bsaﬁsamqff at he
i nvention, there |S£row a nethod for treatin

epMpPWIkIelRipl BipmiA QTEQnFaIF ﬁnamfélé@nﬂn%\aémceumely
AEIPOShIE SO dreRivatdRbRIcS! The QGsc!e%ﬂBlE%eBBm mé
therapeutically effective anmount of WO 2007/ 0 0361
sriggted onsihe sn@esconsisting of breast cancer, colon cancer, lung
cancer, including small cell lung cancer and 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, such as acute leukemias and aggressive lymphomas.

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

there is provided an enanti oneCT/U8200§033683



10

15

20

30

7 conmpound selected fromA, B, C D E F, Gand H and
phar maceutically acceptable salts or sol vates

wWo b@resf3el | n a seventh aspect of the inventi onPCT/H82086/033683

is provided a nethod for treating 5 ovarian cancer in
a mamal in need thereof. The nethod conprises

adm nistering to the mammal a therapeutically

ef fective amount of a conpound selected fromA, B, C
&mfeunﬁ se@&éﬂjfrﬁnﬁ(‘cﬁ N3, ERge ! Al g ﬁﬂﬁﬁﬁzﬁ’&ﬂ%ﬁl
salts or solvates thereof. 10 In a eighth aspect
3qrepiablesalisel sobvatasdheeohr ovi ded a net hod for treating
non-small cell lung cancer in a mammal in need

t hereof. The nmet hod conprises adm nistering to the
Inensayenth aspechefdhe inventign dhereds pravidesmumethod foptreating
SRR afcash 8Gh&Hnial mne‘éd tFY erebf. Fhe %etrFod rititbel! and
pharmaceutically acce e salts or solvates
adnainisggringits t'nwr@mmaitan hagqy@@tlcaiw effeetiverarepdnt@ia t her e
Esmipsuniel SRtiét B0, IO, e $1 A1t HBRADhBIRacARESly | N
a mammual 1 n need thereof. The nmet hod conpri ses
areriable saltsy SPb’ai%ethﬁ’%ﬁQﬁal a therapeutically
effective amount of a conpound selected fromA, B, C
D, E, F, Gand H and pharmaceutically 20 acceptable
0 eighthraspertciitae 'Wﬁ@&)@bﬁhefﬁr‘ﬁ provisiedia raethed forgreating

MHL%EH 8l Iuhf aRcdrSn Errﬁé{m%@'m%égﬁtth%of Ofhd ffHddY 2
hemat ol ogi ¢ mal 1 gnancy 1n a mammal 1 n need thereof.

qATRPTIRSSIRSININISISRPE ite the mammal aiteerppputically ﬁ@e%wmt of
4 BemPBENd baakiey ki RCB' (‘l‘eD e I afd rﬁaﬁ]@pr@meém%any

selected fromA, B, E’'F, G and H and

| W%ﬁ@'t%lwatﬁc‘b@iﬁ%bl e sal ts or sol vates

thereof. In another aspect of the invention, there is

E‘r ovided a nethod for treating a condition .
rafigkt asreskel 19 invieapien dpereds eravidedia metheddpr reatiidi on.

plostaie EAREr imd rr%‘?ﬁﬂ?’lél' ifi feed MHrasH 'T'T'ﬂ rh&¥od %b}np%éé”' a

therapeutically effective anount of a conpound
adnisdstening todhe manmnal@ therapeuticallysfigaiive-pmpaent of a

t .
O B 05 B SBtE) daspuncaly

asreritie aalieditsolvetrs theednt i nventi on provides a
nmet hod for inhibiting

In a tenth aspect of the invention, there is provided a method for treating a
hematologic malignancy in a mammal in need thereof. The method
comprises administering to the mammal 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.

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

contacting the cell with an anount of a conpound
waedgoswdi from A, B, C, D, E, F, G and H and PCT/US2006/033683

pharmaceutically acceptable salts or sol vates thereof.

5 I n anot her aspect, the prefsent invention provides a

nmet hod for inhibiting mtosis in a cell. The nethod

conprises adm nistering to the cell an anobunt of a

le\camawa dspetictiegleddi® MvAntidh plovides afmethod @rankibitingnd
accept abl e ;salts or, sol vates

maceut i cal |
FRRRRION o1 G, TR TRORO% CpERTSY RBIAIEa G T HAENE on
@h@wmdﬂs cdnftpE el chR fesih A Bf Com EAF GangHBhdE, F, G

H and pharnmaceutical | cC salts or

TR auically Brasalle sl e S ATRR. 1o | vet
anot her aspect, the present |nvent|on provides a
und sel ected ro

'Br?g{%ﬂ%é‘ﬁf’?@a?lewr%% ﬂﬂvéﬁf'%ﬂ e@vwsameeapwt'@@,'btt'ﬁer eof

inRdsis §fa call.t Tige h‘feﬂﬂid@ﬁﬁofr{%%s @dﬁmﬂ&ehh?m m@tCBeﬂtaﬂthr?hbunt
ereo n ye ahno

nee
RPN AR AR O Ao Lo s (ALY 2l gbpasRcally
Septibisisalls siBofatdd theieoP. E, F, G and H and
pharmaceutically acceptable salts or solvates thereof
for use in the treatnent of a susceptible neoplasmin

Y am@spe%tﬂegry%nt mhh@i pRYRIRE cdrmmaess@dted from

)bnggg éloedpég a, co und Sﬁl ected fromA

%\étlﬁa L aFeepiahie sptse ??‘saé‘f‘"i s

m@recﬁmr\mquﬁd?gmeof for use in the treatnent of
breast cancer, ovarian cancer, non-snall cell |ung
cancer, prost ate cancer, or a hematol ogi c mal i gnancy

inyed a?ﬁiﬁlmspeo'ﬁ Qhé Bre’s@ﬁi |h€éntaﬁ>ﬁqﬁ|6¢nde§ gQ?%QEWBeIected
en e und sel ecte ro
M B B [ aniiH R RaUB e Ik ACCEPBIeAANS Bal s
Solvates wsrest i ustlinl o #0alenPoila LERAiSH M3dR¥sH bPPLK in a
t hereqf for uyse |n the treatnent of a condition
EV%%ﬂ'ePF?‘e 85%0fi nappropriate cellul ar

proliferation.

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 a susceptible neoplasm in a
mammal.

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.

In 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
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thereof for use in inhibiting proliferation of a cell.
In yet another aspect, the prgesent invention provides
a conpound selected fromA B, C D E F, GandH
and pharmaceutically acceptable salts or 10 sol vates

tthere8Pfor LSS it'ehe tfé’éth@ﬁf St ddditdh cRatattdri2ed b ?GﬁJ\ép S&%e

yet anot her aspect he present invention Vit
d-‘@HU'éf P@"E%ﬁ%bnd sel ected fromA B C D E F, G
and H and pharnaceutically acceptable salts or

sol vates thereof for the preparation of a nedi canent
fla yet anothercanpreh theBresentdayrintion orovidas scempoyndsatedied a

I n t n

1D O RLE| F O o B mockllfcahl BEGshiabR St b
Qol\@teaiheeoéfm ugedn wwm%f@fat@aqu;a cglicept abl e
salts or solvates thereof for the preparation of a
nmedi canent for the treatnent 20 of a susceptible

B yB! RAerARerh RPresent iantian provides:s peropouncheelected
RS RNB, CNBeR!t £0f a‘?\'&@( big Ehérlﬂﬁadé%ﬁcéﬂg a@c&ﬂ%ﬂ%%ﬂs or

selected from A

pﬁﬁ’%‘@@fﬂ%@rl%ﬁed&@m'm mitogiginacel sol vates t her eof
for the preparation of a medicanent for the treatnment

25 of a breast cancer, ovarian cancer, non-small cell

llnyet me%rrasp&pbm%p@se@tame@mon Brovidasdhause 66 compound

NS PEM A B & TRETH, G dd4 MShdPRaHhse dieR éocegféﬁle

present Invention provides the use of a corpoun
§él||'(§@f sefvategthexeofor the mepawatign of@m medicameng for the treatment

nh%ﬁaﬁﬁswe%twB?ﬁﬁﬂh%%&nggu.sal ts or solvates

thereof for the epar ati on a nedi canent for the
treatment of a condition characterized by

h el ' ¢ha .
N ?gw.?dn%é;@te%gs@??%o%
£ehrcted fromeA, ;ﬁ é%,é?nE,qu\Gea:nd ldieng mbalaeceutinally reseptable

CAB B §9|vat%§|tﬁfr%8fjfof [h%l"Br éPargtlo rof Qmeﬁicaﬁenﬁ@QHe E‘ér eo

phar maceuti ca accepta ts or solvates t
fd@ &lﬁéergirté@aemla@n inf reamal. cament for i nhibiting
proliferation of a cell. 5 In yet another aspect, the

present invention provides the use of a conpound
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
salts or solvates thereof for the preparation of a medicament for the treatment
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
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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selected fromA B, C D E F, Gand H and
phar maceutical ly acceptable salts or sol vates thereof

mtosis in a cell. 10 In yet another aspect, the
present invention provides ajgpharmaceuti cal
conposition conprising a conpound selected fromA, B,
C D E F, Gand H and pharnaceutically acceptable
Sﬁyéﬁawthéoés\bakﬁﬁqet pres&f n\feﬂfuoNBFbvidésttHS usé bﬁakaﬁgbu&i

a susce neo asn] such breast cancer rian
salestad qrs Aacﬁw-cs B, Fc@|and|fmﬁgd@aﬁmceupﬁaib/t@p@ptable

A Sk e R N RN
‘rEoiipratind et cell- t he i nvention" or "conpound(s)
selected 20 fromA, B, C D E F, Gand H" neans
compound(s) selected fromA B, C, D E F, Gand H,
dn yetanatheasesk the prepent dmvention pRYifRs(tag Use Oba cemPAHRN
Aelechrd ﬁ?omE& EEC D, ESFadtrid Haha@h ghﬁéé@%&w &cebptble
acceptabl e sal't 'or Solvate ther . 25 As’used
ratte oh solvet@ﬁqﬂaﬁmqf(fgy thedirearatipr efomnadican@ni for mhibiting 1
Frnﬂosné:'n]acéf‘rl and H 1" neans conpound(s) sel ected
fromA-1, B-1, CG1, D1, E1, F-1, G1 and H1 or a
phar maceut i caI |y acceptable salt or solvate thereof.

iy %/H?&%tn@rr ﬁp%gts Elﬁbf%ﬂe%ﬁpm\%?\hbﬁ?%\)ld’es éTBﬁéP?natcEQﬁca‘i he

sequently even or E?»J/‘
WSlt@ndsommsme%cwwr@\ﬁ@lﬁcc fr@rna& Eb&uﬂ ﬁdG andH

%rhﬁ@%ut%llg%c@%ﬂé salidld é@ﬂ/?a#@ﬁﬁgfgbf for use in the
PCT/ Us2006/ 0336 npounds o e i nvention exi st
itreadmentefiasgipeepible aewamx gHchiasdyreasearef, owgjianggancer,
rﬂ?fnesrﬁéll Eé“ I ﬁ? g@ﬁ éFTﬁBEt'aFeecu cBp %n@tmtologﬁ%élﬂngﬁmes, in

chiral to a e'that I's no
sﬂjﬁ@mmﬁiosable onits mrror imge. The term"achiral™
refers to a nolecule that is superinposable on its
mrror image. 5 The term "stereoi soners” refers to

conpounds \/\EE(TH“&QDE%@TWJHEMWEEHION
cNgddd mrbﬁﬁ"mpdunhi lof in& ibhhiiBhY aﬁ%ﬁ@buﬁé &@eas@rrs

or groups 1n pace. tere0|soners na¥ |ca

i fEAéy 8, 6% DgEoﬁeGrar@ H SBeans . cogmroupd(s selected from A, B, C,

D, E, F, G and H, or enantiomerically enriched compound(s) selected from A,
B, C, D, E, F, G and H, or a pharmaceutically acceptable salt or solvate
thereof.

As used 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
event(s) may or may not occur, and includes both event(s) that occur and
events that do not occur.
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i somers include both enanti oners and di astereoners. An
"enantioner" is one 10 of a pair of optical isoners

configuration have left- and right-hand (chiral)
forms. That is, "enantionmer"jyrefers to each of a pair
of optical isoners of a conpound which are non-
superl nposabl e mirror images of one anot her.

f
gty oo g 07
ae Qmmié ohishle Asyrmmatic earbomratanas). Thatps “ohlraj’h@fers to a

C ”
3@@%?%5**%“%*%9“5@%5‘“@0 ts gl o el actyrar
OXewt%ﬁhghatseaem@p@mle & itgmitrgimagant i oner
accordl ng to the system depends upon the nature of the
atons or groups which are bound to the chiral carbon.
JUheHaHN ' storeoisomtirs frefers o carepoungs vdhichoaret havaragcommon
Fﬂh%ﬂﬁ‘ca‘? %ﬁ"gﬂt&tﬁﬁi\ Mt%ﬁfer ir} {F‘u@tar?a?‘ngnktﬂ?bf thfe%@&hg Gf groups in
activi Sy1 enanti oner tates ane- rized
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q%&g\é@rﬂ&@&@Bé(th%?\%nhémgl%sérﬁﬂﬂéﬁgre%etr?eAnse\!ﬁ%HBm"eﬁj'"is Bhe
for positive rotat enant 1 omer
ertaaitaéfSOf;ﬂpﬁﬁ@ is@ners|cantainiay bichiial darbarhatom whose molecular
%ﬂb@r%ﬁ eglgx‘é%n %ﬁegh%ﬁawﬁhd )}E@?{l ﬁkrth Bhat u@"‘%h?ﬁt"f’&n‘?éry
rfé@&% twe_aqlmf@t padmof Gphl@alesmeern@f ammp@luad vmrprb@e\men
d
PSR BRLsBie Bl inRloce BPGho SRR " dlsordiEl 1n Bk o
rnairr@mgg%lmm@smlaalom@unéméwom mqrm):eatﬁes ¢fS)
dcﬁ Wﬁﬁétb%‘n@ﬂ/ﬂ %@ﬁﬁf@cﬁ%‘%tdré’Ho%nrfo?'inﬂ%%;é?of(ﬁ‘l(ééi‘fotﬁé?e
e- arize he optical act
dTh%l@Qm@'FplaiﬂfGr thaa@hliah cester Islganempdlbdrtheéla) 43)@Msten‘of an
ﬁ@t‘i‘lbpgggrtl%ﬁla"f‘ CSH@BQH&‘% si gngt d ﬁl@t“ROBr %ﬁnanﬁomer

termn usi n ventl on mh%
mwctm)@eme pmﬁm@ﬂaasmﬂwe natu tiheploas' orarowes "

%ﬂchgﬁﬁq@tﬁltﬂ%%,ﬁal cﬁ sed herein refer to a

m xture he (S)- optical isoners
(e g , enantioners) of a conpound in equal, i.e.

MepLaikbt i‘ﬁr}Belﬁ behid&h ?Hé B8|%ﬁ£éd3{i’¢ﬂtythat is, their
eanCﬁ g as use ereln re ers repara
centigal antividy . sAweraniamesfthalgoiated plasenelasizedligiMiich t he

Uéi'@éméé’ legctleﬁ fs saefﬁ gc?Bé @Eﬁforbt%tci}gghﬁ s &é@%hqﬁ?@ by the

quant I t nt1one
symbol “d” or “(+)” for positive rotation. An enantiomer that rotates plane-

polarized light in the counterclockwise direction is said to be levorotatory and
is designated by the symbol “I” 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
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 techniques.

car bon at om whose nol ecul BET/US2006/033683



enriched" refers to m xtures of optical isoners

wherein the ratio of enantionmer 1is greater than
wG0303036Nn enantionerically enriched conmpound PORP§108€633683

10 greater than 50% by wei ght of one enanti oner

relative to the other. For exanple enantionerically

enriched 5-{6-[(Methyl sulfonyl)nethyl]-1 HL

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

'QT I'De térr{\@ rééémétjeugﬁ@rfﬁéé]?ﬂc)rﬁ&ﬁﬂé! ol d Ly I’}é?él}‘)l’éf%i’ to a mixture

IOp enecarboxam de refers to a conp
éﬁmﬁ Rt ard tedReapticakinomens (8yg. ma@nom@fs)pﬁ@ compound in

(ERaEnanso: 90 Bfodoficit | ve to the (S)-enantioner of the
égbconpoundﬂs 9 0one enbodi nent, an enantionerically

enri ched conpound conprises at |east 75% by wei ght of
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enbod] nent, an ena t| oneri ca enri che
COMPTISEg mixture of opticisopierad \yhich die @wt@n rareoner

rePlaftibhi8r 5 higHae tl‘f%tnt\ﬁé qubﬂktg %?th%a(;tﬁérc Uil “e‘ﬁ%ﬂf?&hgﬁﬂlly

an enanti onmeric enric ound cohpr | Ses
|ensished 5%62@%37'@%9@ pt omfcablﬁ@m@rsawher@rrethe ralicef emntlomer

|§" Sré&tté}eiﬁan 3@%& %%'Enaﬁﬂ@t%%hl%@rﬁnﬁ%éd’ c&HE@ud\ ha nr%l%rﬁér%as

herein refers to enantioner enric
10 asaier tien$04e by waight gb@/emgnamiogmr reJativente tbﬁ amaroﬁgnr

reXaptple €ndrflio ?c&ﬁ{nchba So{gﬁg\ﬁ%?gljw

enant i oneri ca ure co e e ast
dwsnzigyidagal-dnt}- %1({( mczfﬁ@ﬁthyapbenWIGtrw&om@ ot her .
ltRiopR&Fe RS IXaftidfefGERO 4 BRIHo smeﬂ cgg@ﬂ%)lhﬂﬁgéét P{hla 50%

pure conpound conpri ses at | east one
&Yavﬁ'gmrﬁéﬁhe @t)=anandomegr reziivettpdhe ( Sv’r@aptl@@@h@f the

I Lo S BRIB R N BTG M inpowq
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least 80% by weight of one enantiomer relative to the other. In one particular
embodiment, an enantiomerically enriched compound comprises at least 85%

20 by 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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woRao7e0y and /OH3G" (\ ~ /JOH3G ( \ H CEr/U200/033683

F3C/ HCANHQA / 3 3 wherein * indicates chiral
carbon; and pharnaceutical |l yijacceptable salts and

sol vates thereof. 5 In one particul ar enbodi nent, the
compounds A, B, C, D, E, F, Gand H are

enanti onmerical by enriched, whereion the stereochem stry
of the)TRit bon is JR)LpS ther embodi ment the
conp s A /B, 'C D E d Hare

enant ricably pure, ei n tthe stereochem stry of
the ghiral athon. i s R 20Q¢ 1
PGT1852006/ 0338 1acThys, in g eferred

embod? mept, ffie Present invepti 6n provides

enantionnerically enriched and enantionerically pure

conpounds selgcted from 0 N\ S NN i~ HC\
H3C- S'n=8 | ¢ FC"H AwL5 o
5-{6- t sut:onyl ) -g}z/u\wm
H be ' -1-yl }-3- 1 N-[ 2-
N " H,C
k/N\ FiC Q cl
CH, c CH, D
(o] (o]
N=\ S N=\ S
j N—( y NH, N \ / NH,
) HSC%ED ) Hacjj@
HI\O/ E FC ' HO F cl
(e} o
N==\ ) N=\ s
N N
and
Q H,C o] H.C
HGC/O/ G FC HSC’U H c

wherein * indicates chiral carbon;
and pharmaceutically acceptable salts and solvates thereof.

In one particular embodiment, the compounds A, B, C, D, E, F, G and H 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.



(trifluoronethyl)phenyl]-ethyl}oxy)-2-thi ophenecar boxa
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W 2407030361 PCT/US2006/033683
F?)-1- (2- Chl or ophenyl ) et hyl ] oxy}-5-{6-[ (net hyl sul f onyl
ymethyl]-1 H 14
benzi m dazol - 1-yl } - 2-t hi ophenecar boxam de; 0 N=\ S\
,N°" NH2 H H3C NF3C N CH3 10 c-1

FThis-if (odsehszb;rb@ lepmwunemt,’lﬂwdr@ﬁriﬁmvbnﬂon provides

?P FiIT1UOT o%@?ﬁg}”ﬁ%ﬁml %@HB@}'?%@&H%H@“EOWS&W%e
frod S gl N/ NH2 H H3C a NOC N,CHB D13-{[(1
R)-1-(2-Cnl orbophenyl ) et hyl J oxy}-5-{6-[ (4- et hyl pi peraz

i n- 15T * 15 1
HoepZd oI yl }t hi ophene- 2- car boxam de; WO

200 30361 iP.S:T/ US2006/ 033683

5 5-{6—[(Methylsulfonyl)methyl]-1 H-benzimidazol-1-yl}-3-({(1/)-1-[2-
(trifluoromethyl)phenyl]-ethyl}oxy)-z-thiophenecarboxamide;

N’\
\/

HC \\
B-1

3-{[(1A)-1 -(2-Chlorophenyl)ethylJoxy}-5-{6-[(methylsulfonyl)methyl}-1
benzimidazol-1-yl}-2-thiophenecarboxamide;

(o)
N=\N s
. \ / NH,
WH

y H,C
Q F,C
N\
10

5-{6-[(4-Methylpiperazin-1-yl)methyl}-1H-benzimidazol-1-yl}-3-{(1 R)-1-[2-

tnﬂuoromethyl)phenyl]ethoxy}thlophene 2-carboxamide;
N

3-{[(1R)-1 -(2-Chlorophenyl)ethyl]oxy}-5-{6-[(4-methylpiperazin-1 -yl)methylj-
15 1Abenzimidazol-1-yl}thiophene-2-carboxamide;
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5-[6-(4-Pi peridinyloxy)-1 H benzimdazol-1-yl]-3-({(1

WORR601/08B61 PCT/US2006/033683
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(trifluoronethyl)phenyl]ethyl}oxy)-2-thi ophenecar boxam
ide; O N=:~\S N\ / N2 35 HOHIC HNF1L C 5
3-{[(1

R) - 1- (2- Chl or ophenyl )et hyl ] oxy}-5-[ 6- (4- pi peri di nyl oxy

)-1 H ben2| dazol - 1-yl ] - 2-t hi ophenecar boxani de; 0
N-=\ ) L@/@ OH3C HCAN G1 F3C 3

5-{6 4 pi peri di nyl)oxy]-1

H benyi m dazBk-1-yl }-3-({(1 /)-1-[2-

(t Puor difet ) phenyl ] et hyl } oxy) - 2-t hi ophenecar boxam
' ang+0 NH2 H OH3C10 H3C N H1 C 3{[(1

f&@%@%}%&@&,‘&fﬁﬁhéﬁ%R%éézo I3 i&A et hy!t - 4- pi pe

(trifluoromethyl)phenyl]ethyl}oxy)-2-thiophenecarboxamide;
(0]
"“\N s
WA
WH
()/O H,C
HN F-1 @]

3-{[(1A)-1-(2-Chlorophenyl)ethyl]oxy}-5-[6-(4-piperidinyloxy)-1+-
benzimidazol-1-yl]-2-thiophenecarboxamide;

(o]
N=\ S
N \ / NH
\‘\ H
O/O H,C
H C/N G-1 F,C

5-{6-[(1-Methyl-4-piperidinyl)oxy]-1Abenzimidazol-1-yl}-3-({(1 /)-1-[2-
(trifluoromethyl)phenyllethyl}oxy)-2-thiophenecarboxamide; and

(e}

Nﬁ\N S N )
WA ,
WH
O/O H,C
H,C” H-1 o

3-{[(1A)-1-(2-Chlorophenyl)ethylloxy}-5-{6-[(1-methyl-4-piperidinyl)oxy]-1 /-
benzimidazol-1-yl}-2-thiophenecarboxamide;
and pharmaceutically acceptable salts and solvates thereof.

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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benzi m dazol - 1-yl } - 2-t hi ophenecar boxam de; and
phar maceutical ly acceptable salts and sol vates

the art that the conpounds of the present invention
may be utilized in the formd a pharmaceutically
acceptable salt or solvate thereof. The
pharmaceutically acceptable salts of the WO
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oalmaic, malpalcnbydrpxymdalem; pheriwaﬂ:éﬁag)gmbﬁmclf;,benzmc salicylic,
i C u
FIFE 860 B BB e LT s o Ehc
hapzﬂrteamémm Bydmkylmpl‘mouc b@dmm Lmhélwzn!tst@rmc tanrtnc and the
r r0| er anni ¢
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ancam@rle,ehayebemsaﬁﬂmmhamre]ﬁrétwnl ?@@R@hé&hﬁas ifefneQiates
r on of .sa use
et RBrRoERAS B Ry b smiRemagewisaly
posaptable saks dSpdemﬁc e)rﬂnmlam?mﬁtab@maﬁlcbmfhﬁm@c?& Sodium,
of .suit e basi alts
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m ne,. chi or opr oca chol i ne,
g#@@&%ﬁ%ﬁaﬁ#n'g%eq@ﬂvl:%rﬂ@&a&%%g a(?r,\g ﬁ%fshyl gl ucani ne
and procaine salts. The term "solvate" as used her ei n
f I t y f d
15§, S0 B Bl B0 A bR, ™
sloichiaonatnyi foahey bg rarsghhe@b OCOMPOUTR] cﬁthmrtvbafclﬁoéa arn ? a
wat er ,
Saniafierioand shiitho opurg i BerttiiEm SralkBls Soiveste, By

pegphexavgplphiacimle evitér; alethanat; ettpinah of agelid sciand
sol vates of the conpounds of the invention are
conventional in the art. See, e.g., 25 Burger's

Restessasdfor mwﬂrleg phinmémbgmlmlyac&wusléﬁaﬁé AnEdblva®B, of

rac appar ent
18 cofpohlty 87 e BRere. foverfionsiin et 06845
Barger's beatlicinal Chemistry And Drug Discovery 5th Edition, Vol 1:
Principles And Practice.

As will be apparent to those skilled in the art, in the processes described
below for the preparation of the compounds of the invention, certain
intermediates, may aiternatively 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

be appreci ated by those sSkCT/US1006/083683
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bel ow for the preparation of the conpounds of the
invention, certain 30 internediates, may alternatively

wheoor3i3he form of pharmaceutically accept abl BCHEB1086/033683

or solvates of the conpound. Those terns as applied to
any internediate enployed i nzthe process of preparing
t he conpounds of the WO 2007/030361 PCT/ US2006/ 033683
17 invention have the sane neani ngs as noted above
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present 1 nvention provides conpounds for use in the
treatment of a condition nmediated by PLK. The present
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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
cell.
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present invention also provides conpounds for use in
inhibiting mtosis in a 30 cell. W 2007/030361

nmet hods for the treatnent of several conditions or
di seases, all of which con‘prife the step of
adm nistering a therapeutically effective anount of a
corrpound of the invention. As used herein, the term
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will ultimately be at the discretion of the attendant
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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
treatment in 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.

i nvention pPOL/US®E6/033683
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per day or per dose or per cycle of treatnent and nore
usually in the range of 1 to 100 ny/ kg body wei ght

w@en7dasenr per dose or per cycle of treat nent PCENIS2006/033683

2007/ 030361 PCT/ US2006/ 033683 19 Accept abl e dosages,
may be fromabout 0.1 to abqgt 2000 ng per day, dose,
or cycle of treatnent, and preferably fromabout 0.1
to about 500 ngy per day, dose, or cycle of treatnent.
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Eartlcu ar humans. 20 Conditions which are nedi ated by
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The present invention also provides a method for treating a susceptible

neoplasm (cancer or tumor) in an animal such as a mammal (e.g., a human)
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
associated with PLK and are therefore susceptible to treatment with a PLK
inhibitor are known in the art, and include both primary and metastatic tumors
and cancers. For example, susceptible neoplasms within the scope of the
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and cancers. For exanple, susceptible neoplasns wthin
the scope of the WD 2007/030361 PCT/ US2006/ 033683 20

breast cancer, colon cancer, |ung cancer (i ncluding
smal | cell lung cancer and -smal |l cell 1ung
cancer), prostate cancer, endonetrial cancer, gastric
cancer, nelanoma, ovarian cancer, pancreatic cancer,
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invention provides a method of treating aggressive lymphoma in an animal,
such as a mammal (e.g., a human) in need thereof by administering a
therapeutically effective amount of a compound of the present invention.

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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suscepti bl e neopl asns or can be used to provide
additive or synergistic effects with one or nore

2007/ 030361 PCT/ US2006/ 033683 21 with certain

exi sting chenot herapi es and/ @q other anti-neopl astic
therapies. In addition, the conpounds of the

i nvention can be used to restore effectiveness of one
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Osteoarthritis and other osteoclast proliferation dependent diseases of
excess bone resorbtion are examples of conditions characterized by
inappropriate cellular proliferation in which the cellular proliferation occurs in

normal cells at a normal rate, but is nevertheless undesired.

or i n conbiPEE/UMNVOG33683



30 inappropriate cellular proliferation in which the
cellular proliferation occurs in nornmal cells at a

woeoommbo3shat e, but i s neverthel ess undesired. V¥TT/US2006/033683

10

15

25

30

2007/ 030361 PCT/ US2006/ 033683 22 The present

i nvention al so provides a nmephod for inhibiting
proliferation of a cell, which nethod conprises
contacting the cell with an anmobunt of a conpound of
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sprelifesiive degnmal  (e.g., a human). The present 30
invention further provides the use of a conpound for
the preparation of a

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
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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medi canment for the treatnment of a susceptibl e neoplasm
inan animal. In particular, the present invention

PCT/ US2006/ 033683 23 preparation of a medi canment for
the treatnent of a breast cagcer in an animal. The

present invention also provides the use of a conpound
for the preparation of a nedicanent for the treatnent
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resent I nvent1 on prOVI he use of a conmp ound for

anmalt fbe pregeat wp@tfplwrogldem US6 qf@nqomgguqdﬁ@r the
ﬁ% XN of Y m@&%ﬁéﬁﬂ %Ptﬂe\i@‘ﬂﬁgﬁt dffacafe Iéﬁlké'fﬁlb (mEfiL@hng

ent 1 nvention further provides the use_of
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%) eﬂ FREhEs ft’:ﬂh@rf p@vnﬁ@g kARt d &mpdldFbf ihePreparation

eratl on of The present invention further
of awnecb@amw@ fgfsfbe@ﬁaﬁnef&&ﬁﬁmﬁdlt'%Fh@'l@éteﬁ'F%‘i'JBV ation of

mdﬁf)%[ﬁ?d?@ BENSIG" prblﬁ@r‘a‘%ﬁ ' 1T’l%le Pidsent ‘rhvéﬁhcfh fafhér préfides the
ie it 0ssi b or use in thera

tuse chpempeangd jordhe éfﬁﬂaﬁloérﬁﬁ@ﬂf‘ed@mﬁmcfewgigﬁ'fﬂ‘gof t he
'p‘?éflﬁé‘lra'tleﬂ or?Y:e*P eTRE pidabat |ﬁ\r/éiﬂ|on3§rtl‘ié‘r%r6\ﬂ%§ih%YUs§Q:lf alit

pI ca resented as the active ingredje q
m@amwad (ieri tbmpref@nqi@sn of agRedigament fRTINAHIT hos in’s odh
Accordingly, the invention further prOV|des a

phar maceutical conposition conprising a conpound

of
tWhile it iscprssitie tphdopiaerindkerapy, @aﬂhe@@e%?ﬁi'd Flre armgunt
Tt tc!?)‘?l‘ia%c{iﬂ%f 'tl?een(?é\ﬁloﬂrmé‘?ﬁ@ aBMHiSTBARIES thalrdy chemical, it is

accept carriers, diluents, and/or excipients.

The
dmnﬁalb'rr(rgyented padir adive ingiedient ehapharBRcedy Cahﬁ@?%%tm“
A GG ARNich. C{fbctoﬂﬁngﬁf NRE nR/fenﬁ&# ﬂ@th@PBﬁb@tdeB'a%WMrﬁchéﬁt&:al

ot her 1 ngre nts © fornul ati on and
mnmq,srtm@nmsmea @@ﬁpwr@rﬁf the fweatign. Thf-‘ Bmf Bragapice!

WdnfbAtRIn1RGy RFABF Eorfipridd Ghd oA sHarinBEsRicafly atcptable
carriers, diluents, and/or excipients. The carrier(s), diluent(s) and/or
excipient(s) must be acceptable in the sense of being compatible with the
other ingredients of the formulation and not deleterious to the recipient
thereof. In accordance with another aspect of the invention there is also
provided a process for the preparation of a pharmaceutical formulation
including admixing a compound of the invention with one or more
pharmaceutically acceptable carriers, diluents and/or excipients.
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30 provided a process for the preparation of a
phar maceutical formulation including adm xing a

pharmaceutically acceptable carriers, diluents and/or
exci pi ents. WO 2007/030361 BgT/ US2006/ 033683 24
Phar maceutical fornulations may be presented in unit
dose formcontaining a predeterm ned amount of active
RS ER eE el RFuMilohs 425 be EdnE0 #F Lt TB3e foRRGoRlahiy a
pnealetﬂrmedcﬂmtamtbf activiedngredieat pereynifdasei Galchya unit may
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ﬁe@thnemf a thaeapaptically effectivecddsesuch @a!mtlpleuéﬁ épsage
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ose or s ose e|n above recited, or an
thepapauticallyeeffactive tose. th%fleB“@ﬂ ungfdosageatormyatiphgpredhess |
C ma be
Eb'ﬁt%fﬁ'ﬁ{edgyggﬂy (?dé‘ﬁert}r st Zfo%t ﬁdésl%we t%d?/@@&l%‘doaﬁ% " y
phmonaatﬁ fsaqtlon Mem@m agive llﬂ@fﬁﬁ@ﬂhtﬁ“ﬁhgmﬁﬁ{? %Lch

PS8 GUMPATE) Gty SRS pmsnie

Kobivin ngthnalmarmacacaral nasal , topical (including
buccal , sublingual or transdernal) vagi nal or 15
par ent eral (i ncl udi ng subcut aneous, intranuscul ar,
iParmaesuios! formulatinnsadey hepaptedifer admipistraiemay agY ons
SRl RRRY °Y RimPIbp RE R ortlhy bibcol & Sblinglal)
amtalv easaigpe@ab(mcluﬂmgwbwml @abhngwa( g/ tragpsdepalpivagineser
i%ré:m&ra Lllﬁlhé: QUbJugér{Bﬁlu@t lhﬁgﬁlug ravBhoRy éH
m ni s |on resente Iscrete units
dnitadesnal) acpxsal sgclmformalﬂt@ns mqnvdw@rﬁﬁa@ﬂ kyrayunethod
Mo R S ofARPRES) 80 iy A7 eifofh P asdStaRhe
Iathﬁ thgeadiendivdthighe carigr (8) of ewccmlent(s)qw d emul si ons. For
instance, for oral administration in the formof a
tabl et or capsule, the 25 active drug conponent can
b?a‘la:mabeut@al Wmulaa@na:a@ptedwfmoramdmmlgmlqm@obe cally
é@ d SEI%rt(% uﬁl?srédlgﬂ BuRs of tdhete! poviHleY$ 8F §lanules;
er an ers are prepared by
amimlonator BYSHEN8ions ipagURUS @ AcswqUaRYRliquids; @déai'ez@am’ﬁoof
[
o B e LGRS RSB Bl i B TR SRl G
dSmmpﬂt@wcesfqmai agiminigiiaiiqron th@ffﬁvmfuadgblet or capsule, the

active drug component can be combined with an oral, non-toxic
pharmaceutically 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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30 preservative, dispersing and col oring agent can
al so be present. WO 2007/ 030361 PCT/ US2006/ 033683 25

descri bed above, and filling formed gel atin sheat hs.

Gdidants and lubricants suchsas colloidal silica,

tal c, magnesium stearate, calciumstearate or solid

pol yet hyl ene gl ycol can be added to the powder _
%LH&? gb%?ﬁgb%gfaegfa'n 'iﬁ)t(thﬂ-:nas @é@nﬁé&‘%ﬁs\?@%‘nﬂg

I Z1 as agar - agar
&Ihn@tmmed gelatincthieatis. &dtdaoh;aarwl Iuamaa\mwcmeam@uiai gilica,

Hrcp rn?%@egmﬁ? Qt\égnle{t@gfallc%\}%r}ﬂ starkid&r TBH g&g&ﬂglgn%%ot &6

over, when
be addsditwthesmwd&b mixtbierhigers, the Giling operation1 @ disintegrating
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, granu I'ng or uggi'ng,
Igmntol mes and ths tuqentte@ruaamts ased mt@gse dgsagﬂf@rmﬁ mclude

s%muﬁ% Siea 8egv9§{st£%9é urn»?ar%\as.ghﬁaeé é@gd{rhgb&%tatee
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assddmawetbbdsecbwe;hlmde ankthe fikg.| Disiniggratass inslusigewithout
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oné solution reta t such
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%ﬁ%lgtr @rysitggagl(%aa@lg ngr @?E%%‘Jﬁyﬁ %%‘ﬁ%né‘ #ﬁé@sﬁ‘@ into
nablétsr Arpawderanixtune kseprgpared ta/tmwnwhe wemppuad, uitably
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R L L
sueh sk glarternary sat) padior ep abJoiptico angetrwr:lé @S @sntqwe
chuag)ih ‘é?h%glc Ut Bh&YHate. STHhE BoNGer Rixtlié chiR BE Grardupsiel B9
wetting W|th a binder such as syrup, starch paste, acadia mucilage or
solutions of cellulosic 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
granules can be lubricated to prevent sticking to the tablet forming dies by
means of the addition of stearic acid, a stearate salt, talc or mineral oil. The
lubricated mixture is then compressed into tablets. The compounds of the
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means of the addition of stearic acid, a stearate
salt, talc or mneral oil. The lubricated m xture is

w0 b@n/odsepr essed i nto tabl ets. The compounds OPCT/H8200633683
2007/ 030361 PCT/ US2006/ 033683 26 present invention
can al so be conmbined with asgree flowing inert carrier
and conpressed into tablets directly w thout going
through the granulating or slugging steps. A clear or

RSP Plibf Fah SRg A MIn S Bt Bt chling et iét and
capEressed atwtablettirectly ovtibiingping rovgixthegramdating or
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coatobbheliacna ceatingosf sager @l polymaricmateial andppoligh ¢opting
e . t . i ' .
SORRE 0 o B Bl of R0 AR ol 1o @
distindnasipdiéfpeané dnibgiosiigesol vi ng t he conpound in a
suitably flavored aqueous solution, while elixirs are

prepared through the use of a non-toxic al coholic )
Qedilifloids. suBh s sokitionssyreps ard ¢lodirmchabedregargd dpaesagednit
he ¢ nd i . - [ ' . N and
I o RAET YRS aHoey S b BglePh o el of A0S, 2
mgcedianty Syyupst dayl Enpreparddi byalisssitieg the cognpound in a suitably
ti . i 1 ' il
B 7RER o EosaulloRe PG ki 8 pRethed it tBlor &
aoh-itdic alebhslisashiote r Suspemdionk eah ibkdormaiatet Hy divpesgiag the
\Wh ' " i |
QPR BF P Pl 1980 ol Blizels Ut ErfiBg cueh o1 2
Bthoxylatdd ieosteany! alcsiwoldeng pelyaxyeethyleng sothilebetbers20

sustain the _r . '
BBt i Bt S elch e RPRRRNR St pliRBbiel GuSbteners or
shecHariker offies actificiad awdsteoers; Aed thediketdasralebe afded.be
adm nistered in the formof |iposome delivery

systenms, such as small unilanellar vesicles, |arge 25
Wiihérarapptapriates siosagesurinfbrmulationsies brad adininistsation can be

Li.posones b L fr vayr i f
ThBBRARR R Fog Rriiph o8 ol AEpUisip prolong or
pasaphthei rdiebsé ab forexanmpleby cogtingred endfedding pamieateon
may. al .so i he use of 30 nonocl onal
é‘ﬁ%‘?ﬁ%‘d? é’g@g%?%’%s{ﬁergﬁ%ﬁk%ar riers to which the
compound nol ecul es are coupl ed. The conpounds nay
so_be I ' | ubl : e
AR RheeR o el biyBR ol ook Ao Ra iAo
liposome delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles and multilamellar vesicles. Liposomes can be formed

from a variety of phospholipids, such as cholesterol, stearylamine or
phosphatidylcholines.

The compounds of the invention may also be delivered by the use of
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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pol yvi nyl pyrrol i done, pyran copol yner,

w@oioghswsoxypr opyl met hacryl ami de - phenol, pol BEmTtS2006/033683

roxyet hyla spa rta m dephenol, or

pol yet hyl eneoxi depol yl ysi nep7 substituted with

pal mtoyl residues. Furthernore, the conpounds may be
coupled to a class of biodegradable polyners useful in

RV PRRISE, oo o ri?ﬁcf‘f)“ﬁg“e‘“““(mww e
njnemylr pglyhzdrquqﬁbylgspar@g@@@pg}ego BP9 ag@ylgpgom o lysme
ﬁ%kﬁtﬂi%&?\ﬁ&ﬁ@%@?ag'reﬂﬂﬁéé’ CY GIRAMOYE, Qﬁ@éorﬁﬁ&.mds may be

Cross- hi ¢ bl ock copol yners

dwldledge lasclaspf Megsao%splq ealymets ysefulin 8 e\éﬁ%ﬁ?@&"ﬁ&
r%fe%@é Eﬁmag( ?(ﬂrer@g@rﬁﬁé ﬁwg e)%btlﬁ%mpﬁole%lﬁﬁ%ﬁp@@aa&ne

|screep oremanin

sty RO uicEss, PebiorBPSStSTSo PO RS RISCRUVURTPBY2gS,
g&ﬁgsgéyna%s a?@l é?f)s% inkRd dr@mphisHiiit Blockk@polgsiery 6f

Ivered fromthe patch by
h\)(dnogﬁfjhore3| s as generally described in
Phar maceuti cal Research, 3(6):318 (1986). 15
Phar maceuti cal fornul ati ons adapted for to
Blarimsdcettical fmmumanédalﬁféﬂrﬂQntéar@Qeﬁ%a'& H’t"?fgtﬁ?t?" may be

é{aeg?lglgfi a§%ﬁ&?&§ g‘z&?\es u%h@élfto @ﬁiéﬂfhﬁntwﬁ@tbﬁoh%wnth the

aerosols or ojls.
epidaltmienf thegecip riplopgedpetiod ftiag: F‘Pfs@i?é%‘"e’ftB‘?

qu gr FEH{ F‘\a? efﬁ{?é@d floRftHeqidiet By ioptspharasis as
prefe app as a topical oint rren g{ fﬂ% eam
yﬁmraﬂsodeﬁﬂrlae@m Pﬁararaceuﬁ@afﬁﬂsealmeﬂéb? §&19 é;r edi ent
may be enployed with either a paraffinic or a

wat er-m sci bl e oi ntnment base. Alternati vel%‘,J th

Edaa'rm@ceumn@ fermuationsadaptedsigr tapicat adgministit

nihdted Q rﬁé?t%r & a§@sp@hsu@ns A8tiom! Qéwdéls%dluﬁmse
Arhacedt cal fotmifati ons adapt'ed for topi cal

pdstienj gals, e&PTaMﬁsaﬂ@Stﬂﬁ@f@j}% i ncl ude eye drops wherein
the active ingredient is dissolved or suspended in a

suitable carrier, especially an aque%s sol vent h d
Floa treaiceants ckthe feye ot PHEr SKSMA §B3USS, 05 CXeBISIAPUL &

d é}e Ii'eﬂcéis@ll% lcar&iRGkent or cream.
%g@z |n1 Sféérﬁlg?] mﬁw £‘p V\D 2007/ 30361b .

Mén&mo@}te%lgmmtment 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 oil-in-water cream base or a

water-in-oil base.

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

Pharmaceutical formulations adapted for topical administration in the mouth
include lozenges, pastilles and mouth washes.
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28 Pharmaceutical formul ati ons adapted for rectal
adm nistration may be presented as suppositories or

nasal adm nistration wherein the 5 carrier is a solid
include a coarse powder haviygg a particle size for
exanple in the range 20 to 500 m crons which is

adm nistered in the manner in which snuff is taken,

I t ; e
et S bl b g
pasentegast suppesitaiendr asienemaswherein the carrier is a
liquid, for adm nistration as a nasal spray or as
nasal 10 drops, include aqueous or oil solutions of
Hnerra@cteuveal|fnrgmtdamlmadapmmfprra@s.ahtaﬁWlstfai\Oﬁmhﬁremﬁae

B8 A8 anidie i
4Rk B o POL0 e TRBR Ao nalhg ikl SR oS
ithearange 20va 500 mmcrony pedichoi adptiristetzd indke ”r&nég"s@rW@@'@I

nab
3L een TEoPY 18 B Slarb WEL IR/ fasal bassage flom 2
&anfairies of tei nﬂwdmyewbclovm@nﬂwe@oag puitaye fargulations

for rruﬁ%qe Sérﬁéﬁ%@ I&Eui{:\f ?r%ceut'ﬁ%g?ﬁ ; or nﬁﬁg?ﬂﬁons a%raapst%ao?al
fdoopsp inchudecagpieons ot ail solutiensodf theraclivgdngregigdbus and
non-aqueous sterile injection solutions which my
contain anti- oxidants, buffers, bacteriostats and
Filameseutisafarmelations aq*motmbfqmﬂaum%ifatlonwt'mﬁ'@t'% inplude

e AR Qdis b Pnlét%‘t\ﬁmgﬁ% Sn% ted EV thefd @p V§rlc§,@

non--aqueous steril'e suspe SIO I ncl ude
styweafdmetgre&lgdm%pr@ﬁaw?@dtaﬂr@m|f\¢QU|a?@é$19@nSqfﬂét°rS
formul ati ons may be presented in unit-dose or multi-
dose containers, for exanple seal ed anpoul es and
\Rhﬁlrmacamahf@ynbletlgms)a@@pteﬂ foryaginakadsigistration may be

( r t RRnadsh of
(TS o PEseFRR oo 0 ke ol RAMRSHopraY”
ifnjredalianss, i mmedi ately prior to use. Extenporaneous
i njection solutions and suspensi ons may be prepared

from30 sterile powders, granules and tablets. W
RigTeseaisl feaTuletons adasse 3 papenteral adiisiragien include

u&ﬁ%ﬁﬁé lnBH %Rb?u?gtg dfe' @@cﬁd}\ écﬂ@tldfrﬁ fH §RY Tontain anti-
[ cu I one ove ornul ati dns may

i mdlamm b@ﬁh@r bagferiostatsamgsaiutenwhichfender the formulation
isotonic with the blood of the intended recipient; and agueous and non-

aqueous sterile suspensions which may include suspending agents and
thickening agents. The formulations may be presented in unit-dose or multi-
dose containers, for example sealed ampoules and vials, and may be stored
in a freeze-dried (lyophilized) condition requiring only the addition of the
sterile liquid carrier, for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from

sterile powders, granules and tablets.

fornul ati ons adapt ePICT/082006/033683
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the art having regard to the type of fornulation in
guestion, for exanple those suitable for oral

above-descri bed nethods of treatnent and uses, a
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conbi nation with one or nore other conpounds of the

i nvention or in conbination with other therapeutic
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eas one conp e i nvention and
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trea and uses as escr | ove, which conprlse
pfasentinvention thuseommisedhe administiation of ablgast Aiectaround
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parti nment apeut I c agent
| enesgmbediment @pnﬁpmatl@nafg@rnples aﬁcordwsttﬁ dhe aresent ingaftion

t&ﬁn‘pﬁf %Stﬁ@tadhm’ %tlo‘ﬁ'lﬁ%’i %\égove ?orﬁﬁ@fn@ad?% inv@htion and at
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present invention comprises the administration of at least one compound of
the invention and at least one anti-neoplastic agent. As an additional aspect,
the present invention provides the methods of treatment and uses as
described above, which comprise administering a compound of the invention
together with at least one chemotherapeutic agent. In one particular
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 one other
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chenot herapeuti c agent, nore particularly, the
chenot herapeutic agent is an anti-neoplastic agent.

activity versus a susceptible 5 neoplasm being treated

may be utilized in conbinatiggp with the conpounds of

the invention, provided that the particular agent is

clinically conpatible with therapy enploying a

CEHEPRstAGraBEulid 8gd it ViRBId iticultR), afd c@%dth&%ﬁ@h@éﬁ%&t is an

a ents Tseful in the present I'nvention inc
plagticiagent.t o, anti- microtubul e agents such as

d| ter penoi ds and vi nca al kal oi ds; platinum 10

ordi nati on conpl exes; al kyl ati ng agents such as

XF}'?;?Q ¥ramhesneiaerapgulic,agans §)sH s pRdty versus a susceptible

arhé’dﬂlé?dm'\ béngitRatedinky BE URREIN BRDidibAZRRRRE compounds of
anti biotic "agents such as anthracyclins, actinonycins

24h8 IRy A, SrRddeq Hitithieopartigwar agent e alinisilly empatiio wih
eﬂﬂbfb@ﬁ%ﬁmbﬂ'lﬁé 9>ﬁoﬁ¥pouﬂ8 Tof fﬁ%tlﬁMtlbheQ' yPi‘éﬁharﬁﬁnéBtﬂééﬁ@

rimdi ne anal ogues, and anti-f ol ate conmpound

t %mtgé?ﬁéwag dhe presRNNYQItion jacludey rbuagredsquﬁﬁ Qi andi-

hmrdmns@e@g@n&omﬁ Rl dit stinB i &ind i@ dkalofds apIaERLER T ON
athmaé i nhi bitors; non-receptor tyrosine kinase

aFRAdg et samPplexes; mikyktiag aﬂﬁﬂﬁmh@paﬁmn@@erﬁﬁs

P62 PRGSPhof-IrRBE Ak PlsulfdHhta:e hlrde¥Glels, MdMakeRs; antibiotic
inhibitors. 20 Anti-mcrotubule or anti-mtoti¢ agents

e H B apaihracyCise AEOAWICINg@Nd RleRMyaing; figpoisomerase Il

nhﬁibﬂb#é@ﬂcﬁ%s@mﬁd%%hylﬁﬁéﬂu% AHfinBehbMies subs agplLARe Snd
phase of the el | cle. Exanples of anti-m crotubul e

a@@ﬁfelgmﬁmamées 508 SafolatoCAmRAUNES; topoisamarase binbibHars

aﬁﬂ:h\ésrbéﬁ‘n;ﬁbihébmbdﬁom‘@ﬁ@%h@ﬁoﬁﬁor‘i’dItaﬁélé@[]@é digrignc! ude,
but are. not |imted paclitaxel and its anal og

dERRSILSHMN Pathway |"8§b't9rfs \oRTECRRREVESING kinaserangiegenesist

ajhRibitets; InmuhSHetdpeutit 8@érﬁ§3§r8§poﬁf&)tﬂ%de‘h‘%é RAd caNeycle
vinorel hine. Platinum coordination conpl exes are

nﬂﬂ"‘ﬂi’i‘&éﬁh'?%& fic anti-neoplastic agents, which are
interactive with DNA. The pl ati num conpl exes enter

tunopr = cells, under%‘mC aquation and formintra- and
i Atspigrpiipyleerandirm ANk PRANagR RE¢ItC agrnds aetive

bagHiRgithahmi@bfu®tles of urhdrecdliy @Rfing MXGTRE Bfitodfs gHaRE Iofth®

30 coordl nation conpl exes include, but are not limted
tge Qyele:. ,%aé@plcp,s otﬁrgbm@r(ptHbulg@geatgrl%bqi%tqqt] aregot llmlted to,

28 pERGISS And REABABIIRD I36BpleSdf dNe‘ﬁb(érﬁ)‘idsnlﬁclﬁgé Bt are

are nagn-phase specific anti-neoplastic agents and
shotdigyted to, paclitaxel and its analog docetaxel. Examples of vinca alkaloids

include, but are not limited to, vinblastine, vincristine, and vinorelbine.
Platinum coordination complexes are non-phase specific anti-neoplastic
agents, which are interactive with DNA. The platinum complexes enter tumor
cells, undergo, aquation and form intra- and interstrand crosslinks with DNA
causing adverse biological effects to the tumor. Examples of platinum
coordination complexes include, but are not limited to, oxaliplatin, cisplatin
and carboplatin.

any chenot herapeuti c agent that haBCT/US2006/033683



el ectrophiles. Typically, alkylating agents form
coval ent |inkages, by alkylation, to DNA through
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phosphat e, am no, and hydroxyl groups. Such al kyl ation
di srupts nucleic acid 5 fungyion | eading to cell

deat h. Exanpl es of al kylating agents include, but are
not limted to, nitrogen nustards such as

gbuk?}!‘agﬁg@ggﬁ@@r ﬁon usuﬁéé’lﬂlc #Hithedpstit agbHGidnd s%*oh?gj'

] S SucC ni trosour eas SUCh
@'ﬁﬁiﬁ@@h"ieﬁe'ryalﬁ@")t, ﬁi@%ﬁ@@ggnﬁﬁorﬁcmﬁa@w io

éfﬂgll hiPteh @hﬁ‘ﬁﬁ@ﬁ% |IE: AdeidsSordh€ DAMBIERSIR such as

|caents bind or intercalate with DNA.
nhatq yamle@cﬂmdarWr@wl gieyns .+ Sushalkylaiipredisryrts nucleic acid

o ?é%ﬁlr@rto%ten ﬁ@g ho r@éhﬁﬂ@s of\’g‘kﬁé"tln@' Rferie ifciaBéd] Hlﬂﬁ)’e

uncti on he nuc eic aclids leading to cel] d
BEeipitasktoonitragen plustards awah asw@@tﬂpé@ﬁw@fﬁ'eewg'Pha'an and

EHIB éﬁ%cnbé'lkylasruﬁoﬂé’tﬁs iEn 5@ guéLﬁfenaﬁ{rbm% Sgchsach as

actl nony ant hracycl i ns such as daunorubicin

aﬁ@n@@n@rm Elﬁﬁen%@%laécﬂﬂ?éfh@@'ne Topoi soner ase | |

inhibitors include, but are not limted to,

epi podophyl I ot oxi ns. 20 Epi podophyl | ot OXI ns are phase
glpth: ehemetheransylia aoeRts AR AP’ PRATY SRAFiCageNts, ME“C?'

Wr%r%&@?ﬂh%ﬂoﬁﬂeéﬂw ShéhhétontrefilEah |s)/ab€Pé DBIN

S in hases of the cell ¢

fcommxgsarﬁ@amrbbseabmlww'ﬁwptwélr@&h@ﬁs ?ﬁthe)éHB'e'c
%sq d‘;fb &gﬁesﬁttﬁ aESaﬂ%l@@6§antM|osérftﬁ{&)lp|IHsﬂ@|é§ents

accurmu anpl es of

dnslugeg @phqﬂq natdrited to,acineraycipg sugyas dRAINPMYFINed 25
ta%mrﬁéaﬁn%g&’& Q@Qaﬁﬁ‘d?blﬂ&ﬁ'a% doRBibiEnt; aalbiddmycins.

neopldstic agents are phase specific anti-neoplastic
agents that act at S phase (DNA synthesis) of the

?Iﬂﬁ):ogﬁxfe'ré‘sebﬁ' ifhibHiod inbh@e QNﬁ‘ ar§ Wt g dsto0r by

rten urine or pyrimdine base synthesis and
t%@l@?hﬂ%@ﬂmﬁ ting DNA synthesis. Consequently, S
phase does not proceed and cell death foll ows.
Exanpl es of antinetabolite anti-neoplastic agent S

i Empcncumhywpmvma@mwamvgemc potineaplesi agsiislernives fipm
% élfedpléﬁt Efpét M&H?Iﬂﬁbims H/PICBW 5ff¥dticBls in the S and G

ara I ne, necaptopurine an

uani ne.
Gﬁm@@pﬁ@@lwﬂ CYP'ﬁ(ﬂVJ@WiQQ adawg%@%%%wgh dopoisomerase Il
g@\gﬁg@ﬂk*&%ﬁélﬂ FNA SRhhy BRaRs. eThés@arﬂj E@Bk@aé&ummé@rand cell

ment s Topol somer ase i nhi bi tor
death foIIows Examples of eplpodophyllotoxms mclude but are not limited

to, etoposide and teniposide.

Antimetabolite neoplastic agents are phase specific anti-neoplastic 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
limiting DNA synthesis. Consequently, S phase does not proceed and cell
death follows. Examples of antimetabolite anti-neoplastic agents include, but



Canmpt ot hecins cytotoxic activity is believed to be
related to its Topoisonerase | inhibitory activity.
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vititemids, a&tktamlde,u

limted to irinotecan, topotecan, and the various
optical forms of 7-(4- 32

nmet hyl pi per azi no- net hyl ene) - 10, 11- et hyl enedi oxy- 20- cam
pt ot heci n. 10 Hornones and hornonal anal ogues are
Lé?éfn@t lirfhREEP &3 AElSroupdcill MBfHotrBdate C&AGRbME H'le‘é’ﬁbt%BuFlr'?@éﬁd
E a rel ationship between the hornone(s) and growt h
dA@YRNINGcKk of growth of the cancer. Exanples of

hor nones and hornonal anal ogues believed to be useful
in the treatnment of neopl asns include, but are not

|G3mPiothacins, Neuding SpMPIQtRYIR PR GAMBIAECH deivadiMes Bife
adVaildiie @ﬁaé.sa&mnwﬁt &b TapSistmeidse limhibists! r eat ment

mal i gnant |y nd acute |eukem a in children;

aﬁEﬁ"’ﬁB@mﬁC@'tsrﬁyr‘i‘?tﬂé'cé’ﬁHV'Ut'ﬁ believed e Pasdlatesdtpiist ors  such

asowmérawl Rhitiehy #E0lE E)‘(é?ﬁﬁé@ bEcarAP@tiREMHERRHEHE but
usef ul the treatment’ of adrenocortical carcinoma

18 %Prnﬁﬁ%t%'@aemgmtomte% ang dh Varinue QRsiseldpPrngf 7-(4-

Q’ﬁéﬂw?%‘eréﬁﬁ@!ﬁﬁétﬁyﬂené)[ﬂﬁﬁﬁbfh'ylé‘heaiéﬁﬂ-zéscaﬁﬁﬁ&ﬁbélﬁ| 20
acetate useful in the treatnéent of hornone dependent

prYFAnes Anddiormpnal ARRIVES Aravsful cOMRaYRdSs & ttfe@aaas
acfaﬂke@qnswh.ammea@tsla REAOASIAP Defikeh tAE hofrheMels) &R growth

ni | yt am de, bical ut am de, pr ot ergne acetate and
sand/erdack akgrewtheithe sansary §§F wplegof Aprmengsandhergeonal

Uéiﬁ‘l(bljuésrbe‘llaﬁed foeo'r’é ORI i@ thelifttinaht & nedplashitan8@udd but
beni gn glr ostatic hypertrophy; anti-estrogens such as

2aenoklinited ip, qd&mﬂwterplﬁlﬁ SYEh aperedNINgandene and
dmdamg&n@ﬁe wWhieH & dseful itthelifc@BhEMmYT nidligh@htTBhoma and

endent breast carci noma; and gonadotr opi n-

r Ué%\@“ﬁ@"?ﬁ)ﬁ"rﬁ?\'f@repmm%og%hm d¢ 8gd o¥ar pErraRise Khdpjtors

a@..eaca%,&ar@strazolacmrai&e ajfadops) @haléxeﬁ»eswﬁbmeﬁn ineat e
the rel ease of |eutinizing hornone and/ or

f ERatmenEokadrappeaticRy Cwsmm@eaqqﬂqunﬁmpswéﬁrtt breash or
i éﬁrghmnbtc%maﬁﬂg eSRoduH reb8@Ers; eroyé@mng%%bﬁ As Pheddstrand

vathlon-termuselndlcated or he treatnent

p@%é@tstqsef% T B A GG OeRaNERELFE B @ispr and
CandomTaLcallbh a8 AaRehd, AGRIIRa0AR] BABRRooSR: Siainy

transducti on at WaY inhibitors are those inhibitors
Ui

amide, eypspierene qﬁe(tﬁtg@@dm reguctases
e RIS fﬁ’fés{é?fd% PHl%@t%n@@Wﬁ;l |r1“t$1eLl§ecﬁmenle6f rosthiid S

ange i's ce eration, surviv an | enesi s
o@armaprrﬁear@kherwn pivStar Gipertrophyi @ngtast ﬁgemm$tm & s

UR{dktreh NofdMifdNet AfitNifeh8 V& Blok®Ehe and iodoxyfene useful in the

treatment of hormone dependent breast carcinoma; and gonadotropin-

releasing hormone (GnRH) and analogues thereof , such as goserelin
acetate and leuprolide, which stimulate the release of leutinizing hormone
(LH) and/or follicle stimulating hormone (FSH) with short-term or intermittent
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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inositol -3 kinases, nyo-inositol signaling, and Ras
oncogenes. Several protein tyBosine kinases catal yse

t he phosphoryl ati on of specific 10 tyrosyl residues in
various proteins involved in the regulation of cel

gBignahtransdueliorPp@thRayinhibiesd & thoswimamitea wien Bloerel Y
ified as recept\,ﬁ_él or non- r.eceptor Kkjinases,

cl ass .
FBBBR A hay Po PR WhiLtevokes ap niFadeliier ShRNGS: disuised
hisetiemgthR'chEhgeXs caiqRblifeladion| 4 G@0al, BhgidgevesioBri N, a
trans nprang.donaln, and,g_txr05|qﬁ, i nase domai n.
FBERNGAUer r SonAldrancsdarnfibibis HRsf intherreseat mvention
rmgmuaummnitt@fs of f‘e%bbttog twmllve RiNEséY, ﬁpﬁ?&@édt&ﬁ?rdsﬁfeﬂﬁ%ses, ,
ctor receptors. |nappropriate  or e
8%@%%3%3%?5\?@% i%ﬁ“%?‘“‘ﬁ&ﬁ?ﬁ Kinases ohorphotduinositol3
akinases) myloHinasivl sighaiMg) ahd HaBlont8gafsor activity, for
exanpl e by over-expression or nmutation, 20 has been
shown to result in uncontrolled cell growh.

Asevardl mrotain tyrbeine RiRGSddHal@sd thel phosphor§latibn 6F siesciie

has been.|inked to nalignant tissue growh.
CFrsy 3idues I varqusirotelisdpvalyadinthe, Eeasiaon,of el gttt

cgueeprotein AroEing kindBéde4tsbe Sraadhclasiied ad ReeploPbBnon-
i nclude, for exanple, epidermal growh factor

r CEPEKINEERER  ErbB2 and ErbB4), platel et derived
grow h factor 25 receptor (PDGFR), vascul ar

endot helial .growm h factor reg\stor S)VEGﬁQ" tyrosi ne

K RRCRRISL 5178 KiiRRsS1 256 HENSMPMBEAN RIOIEM ARG 3% owt h

f éﬂt&:’ellulbﬂl@dr@?&in@ bmain( AltEndnenbisnd HomEnO¥AM a tyrosine
r ecept or

factor-| GF-1),. macrophage col on ,

s?‘Pﬂ%ﬁ demal- ¢ BFOg (‘SEP??E% kingses a@awr?‘ve.qﬁat?e ¥‘P€B+'%tt9“d%ft

gesivgrowtingh® brd SdAmtinigCefhed %rovﬁh kadi@crepésios. (IMaghopriate
receptors, and the

TrkB, and, TrkC), .ephrin 30 h) .

R%WW&FBE‘?F&B@L@B‘?’P%@?@PW R ZS'P%‘?% 1.8f aRFTEARE Kinase

lfglm né farme@t t:é]i_‘tért @dti@it%ﬂ?_ﬁ%xaﬁﬁd!@b??ﬂﬁﬂéx;ﬁé&li(ém@ rdd@tion,
a a agoni sts,, antl bodl es, r osi he .hase

| S e DaOWD TR RS S gni el eLal St e ARGy the

2866411 @3 fivlityREEBULIPRIAE S DRROBSEN Iiked b ATERGRant G6OWS Growth.

S Y R TERN AL R A S
Kerekhod$o GiroWwth fatdp redapidis inclutRY, forRXBRIpIES epideffal growth
{0 B R o b o
afecéptoy ¢PBGFR)evdscular endothelial growth factor receptor (VEGFR),
tyrosine kinase with immunoglobulin-like and epidermal growth factor
homology domains (TIE-2), insulin growth factor-l receptor (IGF-I),
macrophage colony stimulating factor (cfms), BTK, ckit, cmet, fibroblast
growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin
(Eph) receptors, and the RET protooncogene. Several inhibitors of growth
factor receptors are under development and include ligand antagonists,
antibodies, tyrosine kinase inhibitors, anti-sense oligonucleotides and
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Wor kman, Paul and Kerr, Davi d, CRC Press 1994,
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receptor kinases are termed non-receptor tyrosine

ki nases. Non-receptor tyrosiBe kinases useful in the
10 present invention, which are targets or potentia
targets of anti-neoplastic drugs, include cSrc, Lck,

Ematmé(@s iGréwlm_ fa@t%E kecepfifs (aﬁg @%ént%ibﬁfﬁhlﬂﬁit Ei‘d’\)ﬁﬁ €dotor
rut ons rosi ne, ki nase, an Cr- . Suc .
TBIERGpE A des e for HRARCS. rptb ARy F o EP. Opin.
IRher I FesteRts (RO 0) 1068 ) 8D 3KE 182 ShaivWacét ) DOAT Rol 3 N, Pirbridty
a'@ﬁg" S @and Qorey., S.J . (1999; Journal_ of
t%‘?qwle?fg%y- it bt "Gire by fracker, EFPr%aiga(Q?)tﬁ"HG‘ﬂ -
a0leunsr B@*glefs, foﬂclﬁncer Bfﬂmls kéce?r%p%ébad. (w&ﬁsmﬁbgﬂépguadnd Kerr,
Vi, 0 : - . omai n
EL‘FJ%@E&@&E(%S% gg%/‘i'f’dt di srupt SH2 or SH3 domain
binding in a variety of enzynmes or adaptor proteins
i.ncl udi E?Fﬁ P13- K p85 20 suﬁ)lt,mi t, Src famly Kkinases,
AEpHRS KiRgpes Which gremot gemih fagter reegnion kingrespere 1eged
St retBpidp iyPodite RiRaded. Aedrbrdceptor Rirbsif@RinBEeSistdal iRt
di scussed _in %mth(%%lal, T. E. élQ?S&VE Jogrnal of .
PHEFTRLEYealPR Y NihareTaigetL PRpteatal targets of anti-ggpripstic
IitbgSinclade tSVai biKk, A, Yds, Jak, drah, e (FucaPadfigdrma@nase),
SIS Ca e iosR; i B0 R SUen NORe BEeRIOLiases Bnd agents
%iélﬁ%ﬁiﬁ?@f—re@@@t@r ﬁ,l{r@éﬂn&kiﬁa%fmwﬁéﬁERiﬁe dedribed in Stinh, S.
ce ar,_ Re at e i nases s).. an rotein
ACEE Sl Sl niine of Hemeitherte o Sls b6l FEEEARn 8
qehupBe800andEeRN( &P Brughstes., AnBRS iIReAbw 6L,
| anbda, iota, ze ‘L | kB 30 kinase tamly (I KKa,
|IWQOIWB183#1|-w i nases, Akt kinase fam |y nenbers,
and TG- beta receptor kinases. Such Serine/ Threonine
LN nd . inhibitors thereof are criped in,
\SHERER Foain biatlars 3 BoraHuRSTUR SITG) BHE HoTSae1
Ffﬁﬁ'dih@a'ﬁé)Gé@&g633nzy3f5es(dr%£tor~b%téma|incﬂlﬁdirﬁ’é,CFQBQQ"?% ry.
12 5) . 799-803; Brodt, P, mani , A.,_an , R
(SRR ST TIBI Riness. PHAPRLEBISHIPS (506 GRONCl Rgp3) and
Zl\mas;7 4@9@61 64,SHZ/S,'HB\MnE)aig@Mla’igetEéon(éHﬁ%x@ﬁdmL i Séﬁéﬂ%mm
- 41- 64" LA, a rris,. A .
a0 stainosh oL bleo) guiaal BEE uamaraioaisaband TRgRagUR ot
allethoBs.@(@p@s-32nd Medi ci nal Chemistry Letters, (10),
2000, 223-226; and

Inhibitors of Serine/Threonine Kinases including MAP kinase cascade
blockers which include blockers of Raf kinases (Rafk), Mitogen or
Extracellular Regulated Kinase (MEKSs), and Extracellular Regulated Kinases
(ERKSs); and Protein kinase C family member blockers including blockers of
subtypes of PKCs (alpha, beta, gamma, epsilon, mu, lambda, iota, zeta), IkB
kinase family (IKKa, IKKb), PKB family kinases, Akt kinase family members,
and TGF beta receptor kinases. Such Serine/Threonine kinases and
inhibitors thereof are described in Yamamoto, T., Taya, S., Kaibuchi, K.,
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Martinez-lacaci, L., et al, Int. J. Cancer (2000),
88(1), 44-52. Inhibitors of Phosphotidyl Inositol-3

Pl 3- ki nase, ATM DNA-PK, and Ku are also useful in

conmbination with the 10 preg®nt invention. Such

ki nases are discussed in Abraham R T. (1996), Current

Qpi nion in Immunology. 8 (3) 412-8; Canman, C. E., Lim
9?99 (J&Rﬁél of BiSHRaR&R. 426 ( 5)993%133&9% Q%Eﬁpn and

(19 I nt er nat i’onal Jour nal Bi ochem s
d\'ﬂyaéeﬂ (ZQPQ) o%vchqglcewhayg@cslogarﬁp 2H9i‘nj1 0y Massaeque J,
CW@BEGara%SF (1@3@?@%@@( Slirvey SY-44565 -Prlip, P" /SoaHé favis,

i n conbi natl on Wth present [ nvent| on

Myb- (1983); P@ncersTrgﬁmm@nprﬁﬁssamr 8:sheh l@key, K. etal
FB]@&@Eﬁlb'a%ft\#ecﬂcﬁblo@llf@ﬁ&r?'ll&t%o(1@?320%' 223129& oawes

Such 'signal inhibitors arée , and
%@f‘tlﬂ%ga@?m b etgh §Y49. %’weMﬂO@thSéH T‘Mé@ts for

Cancer Chenot herapy ed., Paul 20 Wrkman and Davi d

Kerr, CRC Press 1994, London Anot her group of signal
tIPbiRgers of PBHSMtHMHV‘)?'Fﬂ\'ﬁHF'P%?%faﬂﬁ'éﬁ‘ﬂﬁm'i)ﬂsé‘%ﬁ‘f‘ﬂﬁ'ﬂ%gpéhers

Vif 13 kih@s@r £BANDNANYR ALKy BFeLalsd hé@ﬂﬂ |ﬁrc‘énﬂf neﬁ%ﬁ with the
Oncogene. 'Such’ inhibitors include inhib

fRJﬁme@na%fws!@asgé@a%9|scwaﬁ9 Abfamfpda@@%hnd

25y kO ik ﬁaﬁuﬂﬁuﬁ@owlé 39&1@@ Caﬁrﬂaﬁece le DS (1998)
ollgonucleotlde

t he
i AnGagensrld @M%@p% Hacfsﬁonosiﬁ &t@@@adgtea-aathm{ #%”?'rPf

C@ibbﬁenﬁl@ﬁ\}' ah@Ué@l Bib1bgy. tzep@z 934-8Ndnd2Rond, MR ERY CRGEEMRes,
s. Ras oncogene inhibition

roliferation  agents.
OB 854 T8 & b ooy, 0 o Rovadees U'R
Gervasoni, S.I. Matar, P. (2000), Journal of
Bi onedi cal Science. 7(4 30 292-8; Ashby, M N (1998),
G‘NP? eﬁ@fub@qﬁmmnatwnwm gIRsREeNt WE?WQTGNV%{H@S itol
inHibiRRE ¥ach é@B (ffl%ﬁﬁgée @ HiRSis: gk Mibind¥iol
20 O 0361 PCT/ US2006 3683 36 As nmentioned above,
Analemgse Such srqs@éwhtn*tom W&%SPF'%B RaviziiGhrganeh ikozikepyski
SKIY® ?N%Wélbc&lbﬁ‘i’é‘?,’éﬁ foP Bah&dt dHentherapied. Foup of
ransducti o i nhibitors includes the

I
3‘@’%%?3711%9?2'@&9%@%%8’%‘@ 1994 kendadit r acel | ul ar

| i gand bi ndi ng domain of receptor tyrosine kinases.

For exanple, 5 Intlone C225 EGFR sgem fic anti bod .
(’é‘é‘éh@r%’éHP OM'Q"'a'éfa"ﬁF’UCtW'PW!“ ibHAS Lb‘@&j) RN }5‘9"0”
fw&h R presditiMichitioFaRE Rhibltb A RE38ncogerB8 08lich fHikors

mclude inhibitors of farnesyliransferase, geranyl-geranyl transferase, and

CAAX proteases as well as anti-sense oligonucleotides, ribozymes and
immunotherapy. Such inhibitors have been shown to block Ras activation in
cells containing wild type mutant Ras, thereby acting as antiproliferation
agents. Ras oncogene inhibition is discussed in Scharovsky, O.G., Rozados,
V.R., Gervasoni, S.I. Matar, P. (2000), Journal of Biomedical Science. 7(4)
292-8; Ashby, M.N. (1998), Current Opinion in Lipidology. 9(2)99-102; and
BioChim. Biophys. Acta, (1989) 1423(3):19-30.

of PCT/US2006/033683



286); Herceptin(r) ErbB2 antibody (see Tyrosine Kinase
Signaling in Breast Cancer:ErbB Fam |y Receptor

w(ad0008303e1 Ki nases, Breast Cancer Res., 2000, PRP¢BYS2006/033683
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176-183); and 2CB VEG-R2 specific antibody (see
Brekken, R A et al, 10 Seleggive Inhibition of VEGFR2
Activity by a Monoclonal Anti-VEG- Antibody Bl ocks
Tumor Gowh in Mce, Cancer Res. (2000) 60,
bl ol iiloalde8 PeccRierARERTRAA bIRAIY héf Siso
|&$ﬁv€baft élgaaldfanadgttt@genl@biuye‘»r ] h@tgmuwat;tgmiri@nwmuoar e
eﬁmfﬁm.mﬁs iARBYES 1 s8R e B Ufibodib8 RPgHCL T on
inhi bitors receptors are receptor yrosi ne
kﬁ)qtragelbalar ligene binding darainof regeplar tyroside kinasesdfian gxample,
%@fé’ﬁ@?@%@%o‘ﬂé ahEﬁ%tﬂ{e @38@\{2&“@ . bP5Y. MoRbclonal

exarrp , antl - 0 not recogni ze
\ﬁmbnd(/ tTherapydep3did Tumersi Genmrﬁa@@) Rewu(2000h (?6(43 26

T ercREHG,EFEPABel s b B Rnds BB Rocf Eh i

a(Bﬁh@n@rlnBFamnyu R(eneptoRTW))snnayQadasm BremeCaBeérLRes r2000

AR B AT VEGr Y Pl b Re it R A etal,

c&erlbctwatlnkubltmmthEﬁeFRmhuww thg adflondubonahpatitVEGRFE Aﬁﬁbody

PR T ARGl R PRET ERbS: Ry AT sObaP el e

conbl nati on of the present invention. Menbers of the

Bebedud AMdst SideRE s IRIRS kraRRam 1} Gee iHRAEBHSBA O
dhegrdioas ilshibitare of ShgidgaesisaretehVtGRMHand Tk are discussed
e Ronedl RSBy B X Faspiqrs ays regeptor
rtyfosine. kifidmesg f Othesr irdiibi & oiag Hedeseddm edmbinatiowwith ghe at e
TR RS B Mo Sepn lepion ot PRl 2ty PECP RYASE

nainieh ylo Gohtecogni@s VEG HIR (the regepitardpeinel kirggse) dué bindde ;he
e g R B G R LR ol R LB RAARGR" ' ©

sangmga;yesfsoenddsww%rmmgﬂmsimm Rﬂ()mayealsdfsr@\te udefyl in

;W",%ihg‘?c’"% éi%ﬁl'éibi%lSZS (2000); and Kitada S et

n |se 4:71-79 (1994). 5 Cell cycle
si gnal i ng |nh|b|tors i nhi bit nol ecul es involved in the

CRBP sl iy Bl g AT RSB Sk ==
peavgbivatiorowith theaxogipauhds eﬂtt‘@nymmloncel | cycle. The
CR&érﬂi:, ﬂgég 91 proapoptotic regimens (e.g., bcl-2 antisense oligonucleotides)
may also be used in the combination of the present invention. Members of
the Bcl-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
family (i.e., mcl-1). Therefore, strategies designed to downregulate the
expression of bcl-2 in tumors have demonstrated clinical benefit and are now

in Phase I/l trials, namely Genta's G3139 bcl-2 antisense oligonucleotide.
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activation and inactivation of different cyclin/CDK
conpl exes i s necessary for normal progression through

signaling are under devel opnent. For instance,

exanpl es of cyclin dependent37ki nases, including CDK2,
CDK4, and CDK6 and inhibitors for the sane are
described in, for instance, Rosania, et al., EXxp.

@Udfh p%%@bptoﬁ@%ﬁ%@es l@(n%)th@ %ﬁu?@r@e(oﬁggﬁ)‘)cle&@ésﬂa% for

odi mept , the mef hods /presen I nven

1 FredliscugnedindWater I§ Gtta' w’x i Crgp!. A8d8Agd8Ra (4400);
tB@d Kna@nSieRal.j Anfsembl ialsi pBy \4: 11179 (15849nal
transduction pathway i nhi bitor, part| cularly gefitinib
(I RESSA(r)). The nmethods and uses enploying these

CQBﬂ)bﬂﬂé b@ﬂéllﬁqih‘\hmmﬁhﬁlﬁlt hitfecutds |ﬁ9'6ﬂ/é’dl ﬁltth@tcbﬁl'i’ol‘?ff the

i nventi on and the ot

ound
ORI sdineprafnt Kinesps (SRR angier itemetion cyclins

S@cﬂﬂﬁmbro’gréssncbmth%ugh%éi@tjkéli/on@éénwc@en%dbrduﬂated
‘?&Yr ate or conbined pharmacCeuti cal’ conpositions. Wen

PHeyand w@vawfﬂsmmmwcrﬁﬁ GRmAlexss is necessary for
aﬁ@w prdgPEsdibithrd thw@eu ewmosevéramﬁib.t&% ctcalkfoi@nd

at i bI e with each other and the other 25 conponents
$'9 NG HEHIASE dRvelepmentafop@stanca s anies eicyclin

adé%éﬂd%hf Rihh&es, indlidy EoKaUEBKAUaRE® BRKR £ nﬁnBﬁUrs"f&ythe
ﬁrow ded in any convenient formulation, in su

ch
B ArEe O b Upf IngIANGR, E1psaBiBpBtald£4n Cofe THeE Patents

%) :21523pq060)of the invention is used in
conmbination with a 30 chenot herapeutic agent, the dose

of each conpound may differ fromthat when the
cmwﬁbb@iméae Gh@hRER ISR ﬂ{@ﬂ’ébéﬁtﬂn\%fﬁléﬁ cBirplisde
%%l £Pre0| ated by those skilled in the art. The
&#i?rgt odbe @nmaltafﬁgnwgugg@f ;I'@gomlon in combination with a
p and
ﬁéfs‘t?é?@@ﬁ&ﬁﬁq%ihwg’ﬁmﬁmp ﬂ(cﬁ)ar eﬁ‘l?ﬁ&; (%Aiﬁﬁ

the other therapeutically active
relative timngs of admnlstration WI|| be selected in

OF A€ b RAHFYRs oﬂﬁi tHeSd coRiBRidiBHs hﬂ?gﬁﬂ@ﬁ‘ﬂsé fhe

effect, and are wt e expertise an etion
oadmwest@tﬂpe@amcmnqund.oéthe iBvemioncaneddbe etherof t he

[ s
B e o R e T A

i pioBitanepUsly icsepraie aeeombinkd Phawnaasuioahsompasitions.t Yien

| BYiRBihk&Th the same formulation it will be appreciated that the two
compounds must be stable and compatible with each other and the other
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
chemotherapeutic agent, the dose of each compound may differ from that
when the compound is used alone. Appropriate doses will be readily
appreciated by those skilled in the art. The appropriate dose of the
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10 and bi otinyl ated conpounds of the invention and
sol i d- support-bound versions thereof. Radiol abel ed

w@orposnsds of the invention and biotinylated PONPS2006633683

of the invention can be prepared using conventional
techni ques. For exanple, ra88ol abel ed conpounds of
the invention can be prepared by reacting the
conmpound of the invention with tritiumgas in the

poawenod(spbf the ilentipprag ltheabmeﬁﬂﬂeaép@hcél@ eﬂﬁlO@' Hg@m(s

e T S
gih&j ?%l@ldei&ombmenm@mmnc;eﬁédtﬁﬁamm uram.{tmn tlﬂﬁékpertlsefar}d
PV ﬁ?ﬁierfr%é‘ﬁf 'ﬁ?'g'&tl e invention are useful in

assays fo on of conpounds which 20
|nh|b|t PLK, for the |dent|f|cat|on of conpounds for

t ndi ti nedi at by PLK, for the
{THE CERERLABE bt e 18yt iay ke S RbiEnig prapeesd by 58t mont
anfietbmxiajdetscnbsd rhihe axhmplesachibly follb@appr opri at e
proliferation, for the inhibition of proliferation of
a cell and for the inhibition of mtosis in a cell.

Kthemrelsiemgirw,entldneapo @mwesj ram:]udem wrﬂpdtdﬁah oamﬁaqﬁwﬁ.og
ent i uch conpo i ch metho
S Bt Bted Hbedpsr e Voo 41T S g otgund
Nammisabeﬂeeﬂ Eadlpmbagbdcrfon’i;{]wndsmﬁmbllmmbn bha blotmylated
und_of the vent ontot a
SbBPoeL0 e ARG e be bifhased s E8sadore dasdles.
f@r exdrhple asslinfabadédn odapgmﬂdls ogmlﬁé mdsnmw be pl@ﬁarhed by
radi ol a ounds
PRt S BB EE R STETB S oo on
|appmpr|amn:mi¢st$oIprcEHL&epa@dabbk@dﬂ?m@hﬁd@ﬁﬁthbhmfeﬁmgn in
Yy | ays according to the nethods
%ﬁ%vg‘ﬁ} gﬁ%’fq ﬁ'ﬁ PRPAAES BRdN86% 030361
PCT/ US2006/ 033683 39 The fol | owi ng exanpl es are
[ illustration.only and are not jntended
T5e TS RopRl coambins of B3 rnla Aon BidiniRled diiaunes of
itheviemention dre |usgfbudmf35$e¢s foy the identfication oﬁtbrﬁﬁbdr@ls'vﬂwbh S
revijations as
Bt Pt 6L B BTRERHG o i Ry feaiment e cagption
middiated byrPL K, forthe troate(em) oflSustapliblahebpla®hne () 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.
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N normal L liter(s) nm mlliliter(s) gL
mcroliter(s) 15 h hour(s) mn mnute(s) C degrees

20 MeOH net hanol EtOAc ethyl acetate MSO4 nagnesi um

sul fate NaHCO3 sodi um bi car®®nate K2CO3 pot assi um

carbonate 25 Na2SO4 sodium sulfate N2 nitrogen H2

hydr ogen XANTPHOS

(‘M&elﬁivﬁﬁ@lbmﬁﬁwb }@F@gffﬂéﬂd@iﬂ)fﬁﬁultﬁstﬁﬂtiﬁﬁ md rb&nﬁ)ntéﬁde%l
rcia ai ] abl e catalys from rich

AR I e Scanb Yikisdentan § Ry s B end e gaiined by

ah@oladhm@hi‘cbfolmmcedures inthe literature. In the

follow ng structures, "Me" refers to the group -CH3.

WO 2007/ 030361 PCT/ US2006/ 033683 40 Internedi ate

Eherfpllavidg ablriehigtiofs asrenpicyedin theRxamiles, have the recited

g%rlfluoronethyl)phenylethyl}oxy) 2- thlophenecarboxyla

t 99N S O  H3C CF3 Step A - Met hyl

[52n|(tgof|3 (((1@aﬂal(s) | Jet hyl) ) 2- 5
trifluoronet nyl Jet hyl ) oxy -

t hi opA¥hecar bo@ﬂéf%ﬁ&?

mol mole(s)

mmol millimole(s)

N normal

L liter(s)

mL milliliter(s)

pL microliter(s)

h hour(s)

min minute(s)

°C degrees Centigrade
HCI hydrochloric acid
DCM dichloromethane
MeOH methanol

EtOAC ethyl acetate
MgSQO4 magnesium sulfate
NaHCO; sodium bicarbonate
KoCO3 potassium carbonate
Na»S0O4 sodium sulfate

N> nitrogen

H2 hydrogen

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

HCI hydrochloric acid DCM di chl orOnEsiva6es36s3



10

15

0O NS/ Ow H3C CF3 A slurry of polyner-supported
tri phenyl phosphine (62.36 g, 2.21 mol/g, 137.8 mol)

WO 00D@BA361L. O L) was stirred at room tenper at ur eCT/082008033683

m nutes. The mixture was cooled to 0 C. Methyl
3-hydroxy-5-nitro-2 10 thi opsgnecarboxyl ate (20.00 g,
98.44 mmol ), which nay be prepared in a nmanner

anal ogous to the literature procedure (Barker, J.M;

Hhtdethedib e xdth {yLifa. S. A Jour nal

f..Chem ca Researc I print 1001-1022) was
ro I hylloxy)- 2-th|ophenecarbOX\@te

S)-1- [2 (trifluor orret hyl ) phenyl ] et hanol (26. 20 g,
137.8 mmol ) and di-tent- b;%jé:jazodl car boxyl ate (31.73
5

g, 137.8 15 nmol). The F&af)iOmvni xture was stirred at
roomtenperature for 21.2 cand then was filtered
through a fritted funnel and cfhcentrated. The residue
was treated with 4 N HCl |n4 di oxane (300 nl) and
stirred at room tenperature or 3 h. The m xture was
t hen quenched by addition of 3 N sodi um hydroxi de
(3‘9,0 A Mpthgh8kniak Br{dl R 1Az telucsoie pNBh éra e tidxy) Ehe
Hgﬁoajggé%\i/ gxtract ed with DCM (3 x 250 nL). The
I'ne '€ fractions were dried over MySO4,
f| |tered, and concentrated onto silica gel.
Purification by colum _chro ography (0 to 25%
Et OAc: hexanes) provided™ m{ 98% of the title
conpound as yellow oil. 1H (300 MHz, CDCI3): 8
7.82 (d, 1 H J= WD 2007/ 886361°FPCT/ US2006/ 033683 41
7.8 Hz), 7.68 (d, 1 H J= 7. ), 7.59 (t, 1 H J=
7.4 Hz), 7.46 (s, 1 H), 7.42 , 1H J=7.6 H),
5.77 (q, 1 H J=6.1 Hz), 3.94 (s, 3H, 1.74 (d, 3H,

JﬂFslﬁrrﬂL otBdlymers&fhdted tPi’Eﬁ ] r@sﬁﬁ‘hﬂ%.@% 6( 3B mrholg,

trlf/uororreth hen et
t1§7$§p’ﬁ’8?%)dﬁ%\4 ] ﬁt@ s ﬂ){lERId at yocgm/@mn%@up@,foréo minutes.

The mixture was cooled to 0 °C. Methyl 3-hydroxy-5-nitro-2-

thiophenecarboxylate (20.00 g, 98.44 mmol), which may be prepared in a
manner analogous to the literature procedure (Barker, J.M.; Huddleston, P.R.;
Wood, M.L.; Burkitt, S.A. Journal of Chemical Research (Miniprint) 2001,
1001-1022) was added, followed by (15)-1-[2-(trifuoromethyl)phenyljethanol
(26.20 g, 137.8 mmol) and di-fert-butyl azodicarboxylate (31.73 g, 137.8
mmol). The reaction mixture 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 NaHCO3 (200 mL). The mixture was
extracted with DCM (3 x 250 mL). The combined organic fractions were dried
over MgSOQ,, 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, CDCl): 67.82 (d, 1H, J=



w@prooasissi on funnel was added iron powder (26PGHUS2006/033683

10

15

20

25

To a flask equipped wwth a tenperature probe, an
over head nmechani cal stirrer, a reflux condenser, and

480.6 mmol ) and acetic acid (130 nL). The iron/acetic
acid slurry was stirred nechanically and heated to an
internal tenperature of 50 C. To 10 the addition
funnel was added a solution of methyl 5-nitro-3-({(1

R)?ﬁzl[)Zzsgncé 1hH KéanHlvl_]mg (t, 1H, J= 74Hz)074%nseggl 742(t
1 {3082 5 FRL 3 Yt s F L B o e 4a61¥+z).

The soI ution in the addition funnel was then added
dsrqmw s Mettfay/ WM&JC&J/{H@I -f2-(asriudroshethy ey fethcxypach
ht he mterﬁla tenperature was mai ntai ned at <60 C
I‘?”?‘a‘?rQPXa{ Gition ti nme). The 15 reaction m xture
vvas cooled to roomtenperature, diluted with DCM (500
m.), and then quenched by addrtion of 6 N sodium
hydr oxi de (750 nL) and "3 ateed aqueous NaHCO3 (200
m.). The entire m xture was chenfiltered t hrough a
pad of Celite to renove i ubfe material, rinsing
the Celite with additional (250 nL). The aqueous
and organic fractions were 20-%eparated. The aqueous
fraction was extracted with EtOAc (2 x 400 nL). The

]E)Tclgftml'asla eqmpgé@mm&etetmpefdmieﬁﬁdbef eyl cg/@gtgéé@gmé@(%@gcal f
iltered,. and .concen e or N o
' € TR Bpe et candan adcubi Rnadiwer sadadfe ronesr
Mﬂﬁ 84F)A8B)6 mMmal) & 4abtic beld, (136 ml.) 7TH|'&ﬁon/é'céi2: e(diﬂ slillrriﬂ
7was eﬁrje'éz%reeaaqlgal&fqu)%eagecbtg a(runteg_srgl 1erpper§rturg o§5ql|2§3 To
4th36:d6hron?runr?éﬂ)~as3ao%@d @Ssolutidh, of he@%l (sdnnréJ:i %(3%1-@-[@
P 368. 00 %eﬁ" 13

LBS%@) rbe‘t%yﬂethxﬁoryrt o %Qv@r@ewar @6208 968

5mﬁ16| NA-adetid-bdid R 60 mLR-THa! s‘éh%?zﬁ%‘tﬂe éﬂd’ﬁﬂn' funrlr_eBI was then

- 2 t hi ophenecar boxy| at e
S’t‘ d,@ropwrse to the iron/acetic acid slurry at a rate such that the internal

et A mlfidneb spLop ey b kb bddish et The 2

5 thi ophenecar boxy/ ate
3reppiian mixture was cooled to room temperature drluted wrth DCM (500 mL),

Randlihgg eRhORAPHF Y& B¥8 NRSdhinvrrbkife 2740 aRGecar
saturated aqueous 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
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, /=7.7 Hz), 7.62 (d, 1H, J=
7.7 Hz),7.56 (t, 1H, /=7.7 Hz), 7.36 (t, 1H, /=7.7 Hz), 5.72 (s, 1H), 5.65 (q,
1H, /=6.3 Hz), 4.26 (br s, 2H), 3.80 (s, 3H), 1.66 (d, 3H, /=6.3 Hz); MS
(APCI): 368.00 [M+Na]".



was prepared from net hyl
3- hydroxy-5-nitro-2-thi ophenecar boxyl ate and

W@ 18y/030362- chl or ophenyl ) et hanol by a procedur ePCT/US2006/033683
anal ogous to Internediate 10 Exanple 1, Step A. 1H NWR
(400 MHz, DM5O-d6): 8 7.96 (g 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 J=1.3, 7.5 Hz), 7.34 (dt, 1 H J=1.9, 7.5

gmern%d%e EQambid®: Nie

1 b ) - 1- (2- ch/ or opheny/) et hy/ Joxy) - 2-
15 t hi ophenecarboxy/ate RN\ S/ CO2Me H3C CI Met hyl
5-am no-3-{[(1

R) - 1- (2- chl or ophenyl ) et hy\ﬁg%?} 2-thi ophenecar boxyl at e
was prepared from nethyl {[d1

R) - 1- ( 2- chl or ophenyl ) et hylHwXxy} #5- ni t r o- 2-

t hi ophenecar boxyl ate by a pr ure anal ogous to
Internedi ate Exanple 1, 20 St 25/ B. 1H NVR (400 MHz,

DA éa@?ﬁ%%%a#@zs@wa@«%vﬁ-#ﬁiroe! 14 7.7
5 HfyopiengrarpaxylateH, J= 1. 4, 7 7 Hz), 7.31 (dt, 1H, J=
1.8, 7.6 Hz), 6.76(br 5.57 (q, 1 H J=6.2

Hz), 5.49 (s, 1 H, 3.6 ?—%2 1.51 (d, 3H, J=6.4
Hz); MS (ESI): 334.03 [I\/HrNa Exanpl e 1:
5-{6-[ (Met hyl sul f onyl ) et -l

H. benzi m dazol -1-yl }-3-({(1 8 [2- 5
(trifluoronethyl)phenyllethyl y) - 2-t hi ophenecar boxam
ideNz\ONSll /)NHZO 01 HBCH30 OF FF

Iﬁelute P (h roxymet hy/) 2 nitropheno/
ethyl 3- {[ 1R) -(2- chlorop enyl)ethyl]loxy}-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. 'HNMR (400 MHz, DMSO-dp): 8 7.96 (s, 1H), 7.65 (dd,
1H, /= 1.7, 7.8 Hz), 7.47 (dd, 1H, J= 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 (q, 1H, /= 6.0 Hz), 3.85 (s, 3H), 1.59
(d, 3H, /=6.2 Hz).

Step B - Methyl 5-amino-3-{J(1R)- 1-(2-chlorophenyl)ethyljoxy}-2-
15 thiophenecarboxylate

S

HQNUCOZMe

HC _{ cl

Methyl 5-amino-3-{[(1R)-1-(2-chlorophenyl)ethyl]oxy}-2-thiophenecarboxylate

was prepared from methyl 3-{[(1/)-1-(2-chlorophenyl)ethylJoxy}-5-nitro-2-

thiophenecarboxylate by a procedure analogous to Intermediate Example 1,
20 Step B. "H NMR (400 MHz, DMSO-d;): 87.54 (dd, 1H, /= 1.8, 7.9 Hz), 7.45



NO2 OH OH 10 To a mi xture of 3-hydroxy-4-nitrobenzoic
acid (5.0 g, 27.3 mmol ) in 1,2- dichloroethane (100
workeoy/oswssl added trinmethyl borate (4.9 nL, 43. 7P@mD53006/033683
foll owed by boron trifluoride diethyl etherate (5.5
m., 43.7 mmol ). Borane- pyrighine conplex (4.1 nL, 41.0
mol ) was then slowy added drop wise. The reaction
was stirred 4 h at roomterrperature then cooled to O
1 e hey

g:ldsgglers-a?H 99 wzgﬂﬁ/ﬁng_g%d P@%{;@Ea en TJ |’
7/ Hené. 7(62(®f)srﬂl‘)) 5t97en, €t 7 a@tkblz)wﬁt% (@qlidp BH3U(s, B\H)

| yaL 0 b .pombi ned aqueous
TS R i feet Bk bagfta 1 on of 12 N
HCI, then extrac}]ed vvltr EtOlAc (3 X 250 m) . 3The

5 dhESoRRs R0 59416 rreeamex% / vacuum to

Ve as a |ight
ye||OMISO|id. 1H NMR (400 NHE, DNBC)dS) 510.87 (s, 1
H, 7.85 (d, 1 H J= 8.6 , &4-88 (s, 1 H, 6.88 (dd,
1 H J=1.19, 8.51 Hz), 430 (B, M H), 3.33 (s, 2H
WO 2007/ 030361 PCT/ US2P06/ 033688 44 Step B -

3- Hydr oxy- 4- ni t r obengyRpi va/ gt , OH O/~ /CH3 01
CH3 OH3 A nixture of 3 (hydro hyl ) - 2- ni t ropheno
(11 35 g, 67.15 mmol) and 3- 1

, 2- dlnethylpropanoyl) 1, 3-thi azol i di ne- 2-t hi one

te 1y, 73.89 mol), mhlch 5 may be prepared in a
l‘@{g of - BLAL AR Fe /-?,)Ijlﬁ,,,lobhg,;@t ure procedure (Yanmada,

S. Tetrahedron Letfers 1992, 33, 2171-2174), was

stirred in toluene (670 n1“% at 100C for 40 h, then
cool ed to room tenperat ur Y8 reaction was

concentrated under vacuu a vol une of approximately
200 m - and the

10

To a mixture of 3-hydroxy-4-nitrobenzoic acid (5.0 g, 27.3 mmol) in 1,2-
dichloroethane (100 mL) was added trimethyl borate (4.9 mL, 43.7 mmol),
followéd by boron trifluoride diethyl etherate (5.5 mL, 43.7 mmol). Borane-
pyridine complex (4.1 mL, 41.0 mmol) 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-dp): & 10.87 (s,
1H), 7.85 (d, 1H, /= 8.6 Hz), 7.08 (s, 1H), 6.88 (dd, 1H, /= 1.19, 8.51 Hz),
5.43 (s, 1H), 3.33 (s, 2H).



resulting slurry was filtered through filter paper,
washing the solid with cold 10 toluene. The filtrate

weR®70se1 concent rat ed under vacuum and puri f i BOI/D$2006/033683

10

15

20

silica gel chromatography eluting with a gradi ent of
0-to0-20% Et CAc/ hexanes to gigye 11.09 g (65% of the
title conpound as a clear yeIIow oil. 1H NMR (400
MHz, DMSO-d6): 811.05 (s, 1 H, 7.87 (d, 1 H J= 8.42

'g%pg 2% ka)i}gofe %Vgg% 1 H J=1.46, 8.42 Hz),

15 Step C -
4- Nltro 3-[[(trifluoronet %su/fony/\]oxy) benzy/
p/valate F F NO, O (O gO0OCH3 OCH 3 To a
stirred, cooled (0C) sol n of
3- hydr oxy-4-ni trobenzyl pilvalate (11.11 g, 43.9 nmol)
and ALphenyltrifluoromet han sulfonl m de (16.51 g, 46.2
mrol) 20 in DCM (220 m - )o H’sl ow y added :
NALdllsopropyI ethyl ami ne (1845 ni, 88.9 mml) The

n mn n, gt
A BT ity Bl mefud el it S5 S L3 ot i &
l(ﬁmedlmea‘wlpmpamyll)pumtlﬁlazdld;]WZ mlbm@(illmbf73589 mmol), which
chro 0 eluting with a nt o t0-
T80 PR B GHs bl tbnBriesys 1 i NP puiekli (Ymaca,
3. vﬁetfaﬁwe&ﬂo:ngm% 994, .i3h2111|-21m)pwa$)9uwreﬁ iagolaene{670 mL)
0 1H NVR
\gﬂ 1b8 %?oé{éfoﬂ&)then]co%eéito(srgonk ﬁ{‘np?v[?uresal)ﬁ reg&nw&gs 1 19
Ecs)nc&h*l}ateﬁ ugdamdauumwbtdudlurﬁe of a%prOXImately 200 mL and the
S- [ (2, 2-di 0 net
B ST R S PR ek Bader Woshod Ay iy
|tdliehy/ The fijttdie wabehmm concentrated under vacuum and purified by
silica gel chromatography eluting with a gradient of 0-to-20% EtOAc/hexanes
to give 11.09 g (65%) of the title compound as a clear yellow oil. "HNMR
(400 MHz, DMSO-dp): 6 11.05 (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, 9H).

Step C - 4-Nitro-3-{[(trifluoromethyl)sulfonylloxy}benzyl pivalate

-~

CHCH
To a stirred, cooled (0°C) solution of 3-hydroxy-4-nitrobenzyl pivalate (11.11
g, 43.9 mmol) and A-phenylirifluoromethanesulfonimide (16.51 g, 46.2 mmol)
in DCM (220 mL) was slowly added AN, Atdiisopropylethylamine (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-t0-20%



2-carboxy/ate NO2Z HONCH3 0 H3ICHICJ F H3CFF
CH3 A m xture of

wda200708@6B- { [ (trifl uoronmethyl)sul fonyl ] oxy} benegt/Us2006/033683
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Hz), 1.13 (s, O9H). St

pivalate (1.0 g, 10 2.60 mol ), nethyl

5-am no-3- ({ (1R -1-[2-(trifl ygronet hyl)phenyl]ethyl}-
oxy) t hi ophene- 2-carboxylate (1.34 g, 3.88 muol),
tetrakis(triphenylphosphine)palladiun1(0) (150 ny,

OEtb%cﬂ}'%Jg}mes td §i g@?%@?‘ ﬂ!@v@mf% étﬁes 2% ik P@é‘d

I r r
raofidafH NMRGO®MHz, PMSBret): copBe 1, r-bo&14t2€H14)e7 75769

B2 (Fi D LA oncent 1 at ed under vacuum and.

purified by silica gel chromatography eluting wth a

g ien n 26 g (84%
R et S P TR B Re: Caod
DB/ ) a8hirto/To({( 1) - IRy (rifBiofSnettpleniAjethyfoxB)Biophyne-
7_%3#%(/3 H J =7.87 H), 7.69-7.78 (m 2H), 7.52
(‘?, , 20 = 7.59 Hz), 7.34 (s, 1 H, 7.01 (dd, 1
H J =1.46, 8.60 Hz), %62 (s,¢1 H, 5.70- 5.75 (m 1
H, 5.07 (s, 2H), 3.74 N 358 (d, 3H, J = 6.22
- t hyl
5-[(2-am no-5-([(2, 2-di et hyl p opgnoyl)oxy\]rnet hyl) 25
pheny/)am noJ-3- (((1R) %gi (510 or onet hyl ) pheny/ Jet h

y/ ) oxy) t hi ophene- 2- cag
PCT/ US2006/ 033683 46N

HNC ~\ F /
A mixture of 4-nitro-3-{[(trifluoromethyl)sulfonyljoxy}benzyl pivalate (1.0 g,
2.60 mmol), methyl 5-amino-3-({(1R)-1-[2-(irifluoromethyl)phenyl]ethyl}-
oxy)thiophene-2-carboxylate (1.34 g, 3.88 mmol),
tetrakis(triphenylphosphine)palladium (0) (150 mg, 0.13 mmol),
triphenylphosphine (68 mg, 0.26 mmol) and K2COj3 (900 mg, 6.5 mmol) were
stirred in toluene (5.2 mL) at 100 °C for 2 h, then cooled to room temperature
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. HNMR (400 MHz, DMSO-d;): 8 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
=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,
9H).

y/ a} 2007/ 030361
2 O Nfeslo CH OH3CI \

Step E - Methyl 5-[(2-amino-5-{[(2,2-dimethylpropanoyl)oxy]methyl}
phenyl)amino]-3-({( 1R )- 1-[2-(trifluoromethyl)phenyljethyl}oxy)thiophene-2-
carboxylate
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woeaoropizenyl ) am no] - 3- ({(1

3COF F CH3 A mxture of nethyl
5-1(5-{[ (2, 2-di et hyl propanoyl ) oxy] net hyl } - 2-

R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)thi ophene-
2-carboxylate (2.42 g, 4.17 49l ) and plati num
(sulfided, 5 wt% on carbon) 5 (811 ng, 0.21 mol) in
Et OAc (30 nL) was added to a high-pressure reaction
flask. The reaction \NaSNHpurged o th vacuum and N2 gas,
then H2 gas was applied at 80 pse.for 1 h. The
reacti on m xture was f /through Celite, washing
with Et QAc. The filtratp was qoncentrated under vacuum
to give 2.27 g (99% of,thec conpound as a tan
solid. 1H NWR (400 MHg Of 10 8 8.62 (s, 1 H),
7.84 (d, 1 H J=178 h|z)° 7.92 (dd, 2H, J = 7.60,
13.09 Hz), 7.50 (t, 1 H J =7.60 Hz), 7.01 (d, 1 H,
A mixiurd 6f kelhyl 6-[@B{[(2tdimethl/Ipbpandyl)odyimedhip2, 6. 68

fionbetlyafaroBy b o Abhpninplanyiefiady Thllnt-
Rebart3tylale ¢25.62 834 R )mmit) hlihd @Etlgﬁﬂﬁ) (sulfied,B55M% onxaibon)
+. iy S S5-(6- . i
B o7 srbER D5 TRAC 9 adde e ahigh-pissspre rpaction
yibgk. 3F Ijie( ebBjierrwas purged with vacuum and N, gas, then H; gas was
5Paldd oo BTN B0 RO nedae b PR o Ee 77
avashingwith BIOA®Thy liltrate was concentrated under vacuum to give 2.27
%é%%) ?ﬁt]\gﬂg}l?z) gh{pr%?gf\d %Is%?t XbRE ORAARE (BOMHZz 2OMsO-de):
R)s.62 {32-1Hl) r4.84 (tpnenetmygynmmvz @idi2H} J = 7.60, 13.09 Hz),

AL e BSrias BRM e Tl e T i

18L9)5) V& 68 adl diad] Jp§’812dll-lnz usBR<$, oﬂH)eBms Bemmt ¢H), 49D (g1gH),

%ﬁém%? 3615 WP St dRe T Ged st ?s@%&%és{ﬁ%

tgiffperat ure. The entire reaction mxture was
Ioa ed onto silica gel and

Step F - Methyl 5-(6-{1(2,2-dimethylpropanoyl)oxyJmethyl}- 1H-benzimidazol- 1-
V)-3-({(1R)- 1-[2-(trifluoromethyl)phenyllethyljoxy)thiophene-2-carboxylate

N:\ 0O
N S _CH,
\ J °
(o]

To a mixture of methyl 5-[(2-amino-5-{|(2,2-dimethyipropanoyl)oxy]
methyl}phenyl)amino}-3-({(1R)-1-[2-(trifluoromethyl)phenyljethyl}-
oxy)thiophene-2-carboxylate (2.27 g, 4.13 mmol) in triethylorthoformate (10
mL, 60.2 mmol) and DCM (3 mL) was added pyridinium p-toluenesulfonate
(100 mg, 0.4 mmol). The reaction was stirred at 40 °C for 1 h, then cooled to

PCT/US2006/033683
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purified by silica gel chromatography eluting with a
gradi ent of 0-to-50% EtQAc/hexanes to give 2.0 ¢

w@ 3®9p3wb1 the title conmpound as a |ight tan soPCTUS20064)33683

NMR (400 MHz, DMBO-d6): 6 8.65 (s, 1 H), 7.99 (d, 1 H,
J=7.87 H), 7.755 7.80 (M7 2H), 7.72 (d, 1 H J =
7.87 Hz), 7.63 (s, 1 H, 7.53 (t, 1 H J = 7.60 Hz),
7.40 (s, 1 H), 7.35 (d, 1 H J =8.42 Hz), 5.96 (q, 1
Fyond temlﬁerétmré-lZ)'he Bntd résctiorixturdwds Ida%ed?dfhe sniic@ ellhd

Blist o S ogiehtonasoginb i siiha wilpia sacient of G-40-50%

Et%dhemrt&lolgtvb 30 §-(86%f ofLthB)itld cbmpblind as a light tan solid.

i Bk TP BhASTR) o5 ee WE .0 1 € B g . 7 7o

$IBOMAERHY 07 R @M HT) STBBIZ) 7.63 (s, 1H 75]3(t lH J =7.60 Hz),

Eéﬁﬁ#@aﬁ% ARIITEe anoy'%é’ WAV A0 tiaf 5.21 (5, 2H),
RB3Ys] MY, nred@ugnosmtsmd AT dqsegmbv 'M@(%é qugﬁ%

2-carboxylate (5.21 g, froma er ent
procedur e anal ogous to 15 Exanple 1, Route 1, Step F,

SiPGMbhyi mw&;ﬁem mf) 7M@§nﬁﬁ';fi3‘é%}3{1 3.5 r)' 0

roxi de 1n e re
2’}/ ? Yeregredy: /)Pp%fﬂeﬂé/ﬁlﬁwgt/@@”?eﬁ'cﬂﬁowla@h en q u enche d
with acetic acid (2 rrL)N—\The g xture was diluted with

DCM (350 m -) and haI ?Lcaqueous bri ne
solution (150 ni). que ayer was extracted
with DCM (250 nl). 20 The corgi ned organics were dried
over MgSO4 and concenta+at edc vacuumto give 4.40
g (99% of the title conpoun a light yellow solid.

IH NVR (400 Miz, DVBO-d6): %858 (s, 1 H), 7.99 (d,
'%ﬁ'f_:' ' sti‘;%reé §Z’t”§i‘7)“ H% fzb’etrzy& g%@ {%% %1d1'|§nn}hy?p%eg\7o¥§$xy]@e§g %—I
Bendimitiazob1-40)-37)1R)4- [@Qtr(fﬁ.lord:né‘tl"n hen?l%e?ﬁyl}'&@)tﬁoﬁﬁer(éi

éc%b%%a %nglégmm a reﬂmtm u§ %quqedurleeqr}%kpgous to
Bké&mplehl,Ranet hgiep- H,Iezmmmdmudmw 24/r‘n41) Wab Gadéa 0 H\VR-

LRl B b 35k TS 006 rEaaeR s essied a
room temperature for 72 h, then quenched wnth acetic 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).
The combined organics were dried over MgSO, and concentrated under
vacuum to give 4.40 g (99%) of the title compound as a light yellow solid. *H
NMR (400 MHz, DMSO-dg): 68.58 (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, 1H), 7.30 (d, 1H, J = 8.42), 5.96 (q,
1H, J = 6.10 Hz), 5.30 (t, 1H, J =5.77 Hz) 4.62 (d, 2H, J = 5.86 Hz), 3.83 (s,
3H), 1.65 (d, 3H, J = 6.23 Hz); MS (ESI): 477 [M+H]".

Step H - Methyl 5-[6-(chloromethyl)- 1H-benzimidazol- 1-yiJ-3-({{ 1R)- 1-/2-
(trifluoromethyl)phenyllethyljoxy)thiophene-2-carboxylate
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w®2(06/08d3ydr oxynet hyl ) - 1H benzi m dazol

N=\ O NSOCH O Cd H3CF F To a stirred
sol ution of nethyl

R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)thi ophene- 2-
carboxylate (1.47 g, 3.08 mgl) and

tri phenyl phosphine (1.05 g, 4.01 mmol) in DCM (30 ni -)
was 5 added N-chlorosuccininde (0.53 g, 4.01 mol).
The reaction was then he.e\ted te reflux and stirred for

20 m nutes, then cool teenperature.  The
reaction was dil uted (400 m-) and hal f
saturat ed aqueous bri(ne soI u¢ion (150 nL). The
aqueous | ayer was thenCextrg with DCM  The
conbi ned organic |ayers were over Na2SO4,
concentrat ed under 10 vacuum’and purified by silica
% chr omat ogr aphy el uti gr adi ent

A SR BTt Selor By o imatalg g igezeleyil-3-

L o M e

B8 mm°3v)zﬂn71 tsmhferm phpsphing (695@54(011 rpnol)in BEM (30 L wag

addedN- d’ﬂléros@cé?ﬁn'ﬁdb ({) 58 }_g' .4.91 mn%l)dfa‘}\e rédac®nlwas theh . 15
@pﬁited(lto Ggﬂwn@qrregi for 2P Q\g‘lqlgg themg:c(o@ rogggem(g;’;qtme

$h§ PedctionMRad Wi |ut§d whn b@?@g@d rhb} Ad®iisdidraldd aqueous

- benzi m dazo% X ).- 3-

bting elyHPR A0 JW@WNQ@%W@VE)‘&(% then&xhagted with DCM.
3‘h§%bﬁ%‘)€cﬁ§r§aﬁ?c layers Wefd &lé&'&er Qabb@,%oﬁ@&ﬂraﬂec’f unfier™

. To a stirred m xture of neth 5-[6-(chl oronet hyl ) -
MeGBID AR dyvtied by siica oo Ci\ocr(@pgraphy eluting with a gradient of

gg;t%g)[géﬁ, (EtUAUHe%ﬁ@?H%J/e) whejwz}/&)to*amé Re/adrmpdupaees 2-
Nghide gl EN ﬁ%ﬂﬁMéIZ(léMmme) m (adtdd 78dduitl, J =
27{}3'7?&?@8'707? ¢91Q ﬁngvébéhﬂm'éﬁt 1§ J £9%9 195, 23 (q,
1H, J = 8.42), 738(3 1H) 5.97 (q, 1H, J = 6.10 Hz), 4.91 (s, 2H), 3.84 (s,

3H), 1.66 (d, 3H, J = 6.23 Hz); MS (ESI): 495 [M+H]".

Step I - Methy! 5-{6-(methyithio)methyl]-H-benzimidazol-1-y[}-3-({(1R )- 1-[2-
(trifluoromethyl)phenyljethyjoxy)thiophene-2-carboxylate

. M= i
! N. S _CH,
o
\w‘)\
o]
S
ne Hﬁ:@
F
F .

F

To a stirred mixture of methyl 5-[6-(chloromethyl)-1H-benzimidazol-1-yl]-3-
({(1R)-1-[2-(trifluoromethyl)phenyllethyl}oxy)thiophene-2-carboxylate (200 mg,
0.40 mmol) in N,N-dimethylformamide (2.5 mL) was added sodium
thiomethoxide (37 mg, 0.52 mmol). The reaction was stirred 30 min, then

-1-yl ] -3 B1/1S2006/033683
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Et OAc, washed with water (5x), brine, dried over

wWONa@S@B0361 concentrat ed under vacuum and puri f i BCI/D§2006/033683

silica gel chromatography eluting wth a gradient of
0-t0-60% Et OAc/ hexanes to gi4ge 147 mg (72% of the
title conpound as a white solid. Ms (ESI): 507
[MH +. 5 Step J - 5-(6

Hiluved ythtERORnwhstyd dwitiiwB e 75 @kafeobnedoyérJNa%zdm(lR) 1

fl h h h hi h
bicsPlrplect e KRG R L i &by Hlsodshrorgesmony epiing
mthtaLgTadneht ofed-toy$0 % EtOALheRamd tblive Tt Mgl (Y2%) of the title

rﬁggtﬁ dazthSr?Q{ﬁlﬁilY‘ééﬁéﬁy!ﬁ{Myﬁ oxy)th| ophene-2-car

boxyl ate (144.0 ng, 10 0.28 mmol) and 7N ammoni-a in
W ¢ g6l eth@dtrid) ety 1 Mbenzidntttot- 6-y8-3-fif 1H)- prRssur e

ﬂ) ?&rgﬁ{é@ﬁ@'gﬁ%vy #@}gwp@éﬁe{i"g%’w@ﬁ’?m@sk ENQE ncool ed

to roomtenperature, opened, and the reaction m xture
concentrated under vacylmy thengpuriified by silica

gel chromat ogr aphy, R, 0-to-3% gradi ent of
MeOH/ DCMwith 1 % 15 hydroxi de to give 130 ny
(93% of the title ¢ ounda a white gold solid. 1H

NVR (400 MHz, DMBO- d6%: 68. 49 1 H, 7.93 (d, 1 H,
J= 7.68 Hz), 7.85 (T s, 1ﬁ) 830-7.75 (m 2H),

F )

7.69 (d, 1 H J=8.23 Hz), 7.56 ¢ 1 H J= 7.68 Hz),
7.39 (s, 1 H), 7.29 (d, 1 H FJ& 8.42 Hz), 7.15 (br s,
1 H, 7.08 (s, 1 H, 594 (m 1 H, 3.79 (s, 2H),

A rBiRUS of %bﬁhgl é-{éﬁ(n{éihyn%%)mémyﬁ FRoERimidBol- P91 EGIIR)-

3 ifn& Wg??dgmeﬁwﬁmg}qw}yxmmw@ -gRIbekylate (144.0 mg,

9/28-rdmol) (aﬁa)ﬁ\ﬂa%%oma in MeOH (18 mL, 126 0 mmol was added to a
trifluoronethy IyJet phe
B

IgRr RS OLRSS \mcz'@of atsdéeflapbw%ggzew tb@@dmted 0 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-to-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-dp): 68.49 (s, 1H), 7.93 (d, 1H, J=
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, J=7.68 Hz), 7.39 (s, 1H), 7.29 (d, 1H, /= 8.42 Hz), 7.15 (br s, 1H), 7.08
(s, TH), 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-[(Methylsulfonyl)methyl]- 1 H-benzimidazol- 1-y(}-3-({{ 1R)- 1-[2-
(trifluoromethyl)phenyljethy}oxy)thiophene-2-carboxamide
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50N O/ ~NSN2 00OS HC \OH3C F F F To a
stirred, cooled (-10C) solution of

wW®G2406/0BBeet hyl t hi o) methyl ]-1 H PCT/US2006/033683

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

R -1-[2-(trifluoronethyl)phdbyl]ethyl}oxy)thi ophene-
2-carboxamde (76 ng, 0.15 mmol) in DCM (3.0 m -) was
added m 5 chl or oper oxybenzoic acid (70 ng, 0.31 mmol).
The reaction was stirredp39 mino warmed to room
tenperature and stirreg—{SN en was concentrated
under vacuum The resi( vva\ | ut"ed with chloroform
and washed with aqu@oys saturated NaHCO3, water,

dri ed over Na2SM4,Heconcent rat edlunder vacuum and
purified by silica gef chrorTEl‘tecogry eluting with a
gradi ent of 10 0-to-5% MeOH DCM¢~Wsth 1 % ammoni um
hydroxi de, to give 78 ng (96%Fd the title compound
as a white solid. 1H NWR (400 MHz, DVsO-d6): 8 8. 57

H?asyi‘fg'éi”%@%@f“%ﬁ?"uﬁen b5 bbbt 3 &
berzimiiagely |-y i-33%(1Rk1-[2- (m;ﬂuorom@hyagawanwetﬁy|myxtmppaerhe

Fiopfodafde (76 ;0.7 ey FPDER (o by vigs Btiga 7 ("

@M@lopermuerﬁmad 'Rbulgeoz’l r81ner) Ahe réénnby lwats- s(tlﬁred 30

'm%’@? %4(9? %@;M@HF&QM@] aft s MFEF 1 512384 was concentrated

qnp@r(vapummgﬁne;mstdw/wmwcﬂwuunym))quqn nd Whasigewiticar b
LR alFate? Na?—l(%%ter?d}iéd 9V€I§\IA_2I§84, s R ated under

vacuum, and purified by silica gel chromatography eluting with a gradient of
0-t0-5% MeOH/DCM, with 1% ammonium hydroxide, to give 78 mg (96%) of
the title compound as a white solid. 'H NMR (400 MHz, DMSO-ds): 68.57 (s,
1H), 7.95 (d, 1H, J = 7.87 Hz), 7.85 (br s, 1H), 7.80-7.73 (m, 3H), 7.69 (s, 1H),
7.55 (t, 1H, 4 =7.69 Hz), 7.38 (d, 1H, J = 8.42 Hz), 7.19 (s, 1H), 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-[(methyisulfonyl)methyi]- 1H-benzimidazol- 1-yi}-3-({( 1R)-
1-[2-(trifluoromethyl)phenyljethy/}oxy)-2-thiophenecarboxylate

S
N

F
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F F WO 2007/030361 PCT/ US2006/ 033683 51 A m xture of
nmet hyl 5-[6-(chloronethyl)-1

woRden2i3ni dazol -1-yl]-3-({(1 R -1-[2- PCT/US2006/033683

(trifluoromethyl)phenyl]ethyl}oxy)thi ophene-2-carboxyl
ate (4.53 g, froma differéidt batch using procedure
anal ogous to Exanple 1, Route 1, Step H, 9.17 mol),
nmet hanesul fonic acid sodiumsalt (2.81 g, 27.5 mmol)

AmdixBire bhaedy 64@-(@1lcm’oh1evml$) HMGdzlhﬁda’zohﬂga @({ﬁﬁéuﬁ -
AR o B hBR eI i Blamnar&resca Bon T ke 5P cadomns

diffetea btatn:hrwmm mreWrabnalegotﬂmt@r%mﬁéd Roatd famgp gn

t [ vac urifie
G AR eSS ST 15 Pl
gthadole(nf) mhLEwa\addrmamemgn-pmsselrélg@és lﬁbe(cﬁg%laﬁf M??‘?ioo

a el | ow sol i

ﬁﬁqslzlé ﬁﬁ,ﬁ%f%@qge%ﬁ%a]t Gﬁ? éé gqtfq_bappgo%a ‘fl 6 Elﬂle askwagy
d;or)led e} &bg?teﬁﬁbe(ra;tuzeﬁ} H)J(ejnédléad (ti?ee_ reébcgl%n ﬁwtmtﬁre%ggéht{atei
%n(feisr nggurpn@eaﬁj.lriﬁeﬁ %{,}si iga ggi%ro_rgafggra(p@y,) élg%g w:rpg gm§-to-
85% buledt:cl)qfﬁit@@é]/cﬁdxéne Miglg£$15)4 g @b&%)[dﬂﬂkﬂdﬂﬂe l&irﬁ@o@no‘as
ahélit )Iegj'c\)/%vzsp Wqﬁn%@%@h! 'omdE- a5 85 832 8.01 ()
{1y VEIA®T Hﬁ)svfaa 7. pb%yhléﬁwfsd aw)yhbmw %5%§fhf|a><am

B0 T 5 B D EoRy s 3 | ety 81834, S0

SHperes @, 3z 0l=6l204 HzBmS {£Sh): 539 EM+H .
R)-1-[2- (tr| f1 uor omet hyl) pheny ] et hyl'} oxy) - 2-t hi ophene

SR8 S e BarShy iy T e L BOR N TR 2

tii@roromessiphenyjas s/ foRatioppientl ek boldbidk| ask was
seal ed, then heated to 85 C for approx. 36 h. The

flask was cooled to roonhtenperatoure opened, and the

reaction m xture conbi q a second bat ch of
nmet hyl 5-{6-

3
F

FE

A mixture of methyl 5-{6-[(methylsulfonyl)methyl]-1H-benzimidazol-1-yl}-3-
({(1R)-1-[2-(trifluoromethyl)phenyilethyl}oxy)-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-benzimidazol-1-y1}-3-({(1R)-1-[2-
(trifluoromethyl)phenyllethyl}oxy)-2-thiophenecarboxylate (4.11 g, 7.63
mmol), which had also been treated with 7N ammonia in MeOH (200.0 mL,
1.40 mol) in a high-pressure glass reaction flask at 85 °C for approximately 36
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[ (met hyl sul fonyl ) met hyl ] -1 H-benzi m dazol -1-yl}-3-({(1
R -1-[2-

ate (4.11 g, 7.63 25 mml), which had al so been
treated with 7N ammonia in MggH (200.0 nmL, 1.40 nol)
in a high-pressure glass reaction flask at 85 C for
approxi mately 36 WO 2007/ 030361 PCT/ US2006/ 033683 52
hh, th&e oA kE ORI YRIMIURTRRT heHcR. RRE cOMBRR greJ Rn

COITbI ned reaction mxtures were concentrate

VERHIRS WerR RoRRantrataddindsy vaguum dhejepuriitied Bhﬁﬂ'@@ﬂ%lp hy,
edirbinatbgrhp éu{ﬁng Qntﬁ% @fcﬁg%‘_i/fféd@ﬁt Mﬁbbﬁ@& MMWtR 13, %

ammnlumh r OXI| de, ive of thetltle

cYREBOIEN hydrgids 1o 9'\59 79 éS%I of he II@ cermppundsasian off-

Whitd golidEXEESR): 252 B!
[R) Ea(zthhl orc;a;) e?IyI e+ﬁ1yl]oxy} 5-{6-
[ S I I) h I -1 H

----- o de N=2\ O N

N%ﬂeth@ls(ﬂfbﬁﬂ)niélhmmenﬁmﬁﬁml-ﬁvvl} 2-thiophenecarboxamide
-Met hyl 3- ([ (1R) - 1- ( 2- chl or opheny) et hyl Joxy) -5- (6 10

[ (met hyl t hi o) met hyl J-1 I—I-qunmmd zol -1 yljthiophene
2-carboxylate ~ O / N /CH3 \Z.Os I S H3C H3C Cl
The title conpound vvas arKQ/Z’I/IEEI'i‘n met hyl

5-[6-(chl oronet hyl) - benzi i &Iazol 1-yI]-3-{[ (1

R) - 1- (2- chl orophenyIH) yI]ox hene- 2-
carboxyl ate by a proce re anan to Exanple 1,
Route 1, Step |. cl

Step A -Methyl 3-{f(1R)-1-(2-chlorophenyl)ethyljoxy}-5-{6-
[(methyithio)methyl]- 1H-benzimidazol- 1-yl}thiophene-2-carboxylate

N

= o)
_\N s CH,
\ /) °
o)
$
H,C H,C
cl

The title compound was prepared from methyl 5-[6-(chloromethyl)-1H-
benzimidazol-1-yl]-3-{[(1R)-1-(2-chlorophenyl)ethyl]oxy}thiophene-2-
carboxylate by a procedure analogous to Example 1, Route 1, Step I. MS
(ESI): 473 [M+H]".

Step B - 3-{[(1R)-1-(2-Chlorophenyl)ethylloxy}-5-(6-[(methylthio)methyl]- 1H-
benzimidazol-1-yl}thiophene-2-carboxamide



15 (ESlI): 473 [M+H]. Step B -
3-([(1R) - 1-(2- Chl or ophenyl ) et hyl Joxy) -5-(6
w(Q ¢evensngbt hi o) net hyl J- 1H benzi m dazol -1 yl } t hP@P82966/033683

2-carboxamide N=, O S / NH2 O S H3C H3C 1 WO
2007/ 030361 PCT/ US2006/ 033688 53 The title conmpound
was prepared fromnethyl 3-{[(1 R -1-(2-
chl orophenyl ) et hyl ] oxy}-5-{6-[ (net hyl thi o) methyl]-1
Htheainé icBhipaand whs prépdr8d ﬁ@ﬁﬁﬂ@mir&ﬁ(mw-gzﬂ e by a
procedure anal ogous to Exanple 1, Route 1, Step J. 1H
QIRIQENSY ABY Ipkkes g methyiiiamelhy - #H-bpnzimidazopd: 1
Ifthiophéhe2-&ftbExy{dte b9'd) précédduré Anatbgblis tiEXarfpgleHZ Route 1,
7. 45-7. 35 Sﬁnz 3H), 7.29 (d, 1 H J= 8.42 Hz),
Plasd.7 HINWIR (49P)MHZ QMSO-bb § MB31(sHjH), 7.8%As( $H), 2+§1-7.66

5 dmodn] 94938 111y 49 dhz), 36755 fin ) o W1 4FFL)g.458
514,[ .ﬂi&)w@zzmo@mpaewm) athy3. 8 ey RHE-1.#4 (s, 3H), 1.73 (d,
TR wod QLGN gt benzi m dazol -1 y1)

xam de

2-t hi ophenecar eS NH OO0 H3CS H3C 10
a The title conpound was prepared fr

from 3- 1
feq C(-23- 4R ofshe! rqﬁgﬁqjj/@q@qﬁxy}-&{6—[(methy/su/)r'o[n,(v/)methy/]-
StH-BehAimmiayk 1) Bhécaktboxamide _
H benzi m dazol - 1-yl }t hi ophene- 2- carboxam de by a
procedure anal ogous to Exanple 1, Route 1, Step K 1H
NVR (400 MHz, DMSO de): %.6; s, 1 H, 7.84 (s, 1
H, 7.79 (d, 1 H J= 8.% \ - '8 (s,

/S
H.C
3 \(\) HSCJD
10 Ci

The title compound was prepared from 3-{[(1R)-1-(2-chlorophenyl)ethyijoxy}-
5-{6-[(methylthio)methyl]-1H-benzimidazol-1-yl}thiophene-2-carboxamide by
a procedure analogous to Example 1, Route 1, Step K. HNMR (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, 1H), 5.97-5.93 (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
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15 1 H), 7.70-7.67 (m 1 H), 7.49-7.47 (m 1 H),
7.44-7.33 (m 3H), 7.26 (s,1 H), 7.12 (s, 1 H),

wW®2®7/030368 (m 1 H), 4.64-4.60 (m 2H), 2.90 (BCT/BEH0p6/033683

1.73 (d, 3H J = 6.41 Hz); M5 (ESI): 490 [ M+H].

Internmedi ate Exanple 3: Metigg 5-(6-brono-1

H benzi m dazol - 1-yl ) - 3- hydr oxy- 20

2-t hi ophenecar boxylate O esl oCH3 OH Br WD 2007/ 030361
SZH@ﬁ/yﬂ@-?@ﬁﬁomo'i‘i‘HSﬂe%@/ﬁdazéyPﬂ J|/7)4? {[( 7,1-

H'f ’(‘W[ﬁfh@ﬂ{ﬂ’?ﬁﬂﬁﬁlﬂ«rfnﬂaﬁ%ﬁoﬁﬁﬁéﬁ%é%}ﬂﬁﬁophenecar boxyl

ate N~ 0 SCCH3 Br HC-i"CH 3 ZCH3 H3C CH3 To a
m xture of 5-bronp-1 HMsgnzi meazole (43.78 g, 222.0

mmol) in 5 chlorofor owas added
N- et hyl i m dazole (4 m, 600mm|) fol | owed by
net hyl 2 ¢

2-chl or o- 3- oxo- 2, 3- d| hydro et |ophenecar boxyl at e
(448 g, 233.0 mol). The rg fPon was stirred 20 h
roomterrperature then N net hyI i mdazole (18.0 ni,

i26 0. L s added, fol | owed

%PWW%P §10EImYTl Fhhpenzmidagals (43 éS 92422.0 M0 The

cmatmmn(m&nﬁ)tww @dijeh rhfmethﬁl%uaélﬂﬂe Wmleéewﬂotrhmwﬁm
red into ueous | ayer was

OB B eI 2 ook a-Biio Sty g haP A pRArRos It 4.8

Y138 Orirael). Tlectiaibbils SRS 0AIGn Wlfinorature, then N-

GRS fﬁp& AL, 226.059mel wae e hASIaNE B Ene (o
BiityRira5t ﬁl;@eﬁ@ﬂ&@ (388 g tm @ Mnhcﬂ IPBREASN WA ifadk) T hr,

15 Step B.-
g'e(‘é[%ﬁe Wwith B@Q‘?‘ and, a%ned 'ntoﬁw@wmtg;(ghg _aqueous

lyeOREE BREAEP Wit TCM (8%). The combined organics were then dried
over Na;S0O4, concentrated and chromatographed on silica gel, eluting with a
50-t0-75% gradient of 25% EtOAc in hexane/hexane to give 25.18 g (24%) of
the title compound. MS (ESI): 467 [M+H]".

Step B - Methyl 5-(6-bromo- 1H-benzimidazol-1-yl)-3-hydroxy-2-

thiophenecarboxylate
N=\ o}
NS o-CH
Sare
Br OH

To a stirred solution of methyl 5-(6-bromo-1Abenzimidazol-1-yl)-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
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eslo CH3 Br OH To a stirred solution of nethyl
5-(6-brono-1 H benzi mdazol-1-yl)-3-{[ (1, 1-

walresensosbet hyl ) (di met hyl ) si |yl ] oxy} - 2-t hi ophenPCHURIIRY033683

ate (25.18 g, 53.9 20 mmol) in THE (540.0 m -) was
added 1. OM tetrabutyl ammoni ugg fl ouride in THE (60.0
m., 60.0 mmol). The reaction was stirred 1.5 h then
aqueous saturated NHACI was added (200 nlL). The

semtemcﬁwpm )éd}MéfedStb I3rc; B)daé&tléﬂ Bf addb%ﬂsGI'M HESGrh th

wat er (,750 and 0 Q aqueous layer

LSS '%%’7‘9’?)% foﬁ@qf% @Pﬁsé@@sTh@SO@bw@d@tr@aﬁuand
iaysrmmdwa@imtma@e%ubm Adic)] &naeoﬁné&a@ém .g!ﬁ?l
The er was then extracted wth %)Ac X) .
FBear DR s FESHHTE T g AP QA0 hked Healia eamprpndcases
Ggﬁtmlb{mson@rmsqgsgrgmmr MySO4 and concentrated
under vacuumto give 19. g (100% of the title

n:gj 5M| h%)m azm y\\glﬁoéth\ﬂﬁIW%egmmu)iazo???vl}—B-

E-LB_EFLQAtrMhbl'DnhgihwmDVIléthoMth@jﬁé-l&ébrboxamlde
H benzi m dazol -1-yl }-3- {(1

R -1-[2-(trifl uor omet hyl ) p nyI | et hoxy}t hi ophene 2-car

boxanmide o ~ N S/ NHZ CNJ H3C | F FF
Route 1: 10 Step A - \/

5- (6- br onp- >H benzi m 0 ayl) 32{(1R) - > [2-
(trifluoromet hyI ) phgew et hoxyM ene car boxy/ at e

/| SCH3 Pp 0

FF

Route 1:

Step A - 3- Methy! 5-(6-bromo-1H-benzimidazol-1-y|)-3-{(1R)- 1-[2-
(trifluoromethyl)phenyllethoxyjthiophene-2-carboxylate

Na 0
N ) _CH
Sare
Br ?
H,C I j
F
F

F

A slurry of polymer-supported triphenylphosphine (53.0 g, 2.04 mmol/g, 108
mmol), (15)-1-[2-(trifluoromethyl)phenyl]ethanol (15.4 g, 81.0 mmol), and
methyl 5-(6-bromo-1A-benzimidazol-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-fert-butyl
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
MeOH. The filtrate was concentrated under vacuum and purified by silica gel
chromatography, eluting with a 5-t0-50% gradient of EtOAc/hexane to give
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w@ 1@y~303p2- (trifl uoromet hyl ) phenyl ] et hanol

H3C I \ F F F A slurry of pol yner-supported
tri phenyl phosphine (53.0 g, 2.04 mmol /g, 108 mmuol),

81.0 nmmol ), and 15 nethyl 5-(6-brono-1 H

. benzi m dazol - 1-yl') - 3- hydr oxgg hi ophene- 2- car boxyl at e
(Internmedi ate Exanple 3) (19.0 g, 53.9 mmol) in DCM

(750 m.) was stirred at roomtenperature, for 10 mn.

BB ¢ (84% »bfm@nﬂéwmpmﬁl@sﬂa u@rttfye%wfssm “AWMR (400 MHz,
crbo Iatekg 3 The reaction
O B B8 10T Ba St = PP R o T80 T hBuig), 7.65
f(di IﬂﬂerJWBerz)vwg*ﬁime heH: 36%95 $0lH) dégwq h1|PCM§r§éJ?£

fil was concentr er 'vacuum an
ﬁdﬁ (151 531555 db 3Hanéi 04 bk Mﬁlfﬁﬁﬁ a@?@[M’éﬂutl ng with a
5-t0-50% gradi ent of Et OAc/ hexane to give WO

06T BOINAEY Pmkpm{zzﬁhﬁ&aﬁﬁ%y/)éﬁe%a}e&wyj S480virgi- 1khe

tltle 9 d .as eIIowsoI| . ITH NWVR (400
Zim ‘%ﬁ%&d’ ’0@733796% fQOJiafﬁ) 7.97 (d, 1 H J= 7.87
7.80-7.71 (m 3H), 765 (d, 1 H J= 1.65 Hz),

7.57-7.48(m 2H) , 735:(%\ , 5.99 (q, 1 H J=
5.98 Hz), 3.83 (s, ,ch J=6.04 Hz); M5
(ESI): 525 [ MtH] . SSt - h 3-((1R) - /
j2-(trifluoronethyl) nyl Jet h xy) 5-(6-viny/-1H
benzi m dazol -1 y/)thi ophene v oxylate N1 O S O

CH O HCHG F FF To a*fy re of
3- net hyl - 5- ( 6- br ono- 1H benzi M dazol - 1-yl ) -3-{(1
R) - 1-[ 2-

%g hdiRE PES ) PRSI DO DR iR S s SARD L 2 ©
WrDmethyl)ohemd]em(n(yltﬁioﬁﬁe@-zﬁért@xm (23ag, 45.4 mmol),
bbia85K ARYIBRUbSbErdtE (7.25 g, 54.5 mmol) and tristhylamine ( 6.3 mL,
45.4 mmol), stirred at room temperature in n-propanol (230 mL) was added
[1,1"-bis(diphenylphosphino)-ferrocene]dichloropalladium(ll) dichloromethane
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
extracted with EtOAc (3x). The combined organic layers were washed with
brine, dried over MgSQ,, concentrated under vacuum and purified by silica
gel chromatography, eluting with a 10-t0-40% gradient of EtOAc/hexane to
give 17.06 g (80%) of the titte compound as a yellow foam solid. H NMR (400
MHz, DMSO-dj): 8 8.59 (s, 1H), 7.98 (d, 1H, J=7.87 Hz), 7.80-7.71 (m, 3H),
7.59 (s, 1H), 7.56-7.52 (m, 2H), 7.39 (s, 1H), 6.85 (dd, 1H, /= 10.98 and
17.75 Hz), 6.00 (q, 1H, J=6.10 Hz), 5.86 (d, 1H, /= 17.56 Hz), 5.31 (d, 1H, J
=10.98 Hz), 3.83 (s, 3H), 1.65 (d, 3H, /= 6.04 Hz); MS (ESI): 473 [M+H]".

Step C - Methyl 5-(6-(1,2-dihydroxyethyl)- 1H-benzimidazol- 1-yiJ-3-{(1R)-1-/2-
(trifluoromethyl)phenyllethoxyjthiophene-2-carboxylate

( 15PdT/1$2006/033683
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45.4 mol ), stirred at roomtenperature in n-propanol
(230 nmL) was added

W@ 2001/031365 ( di phenyl phosphi no) -f err ocene] di chl opCpEk10861033683

um(11) dichloromethane conmplex (750 ng, 0.91 mmol).
The m xture was then heated g reflux and stirred for
3 h, then cooled to roomtenperature, poured into

wat er and 15 extracted with Et OAc (3x). The conbi ned
organi c | ayers were vvashad\witho brine, dried over
MySO4, concentrated un Y gmq purified by
silica gel chronmatogr /tlng wth a1l 0-to-40%
gradi ent of Et OAc/ hexane to giove 17.06 g (80% of the
title conpound as a yel loaw fQ id. 1H NMR (400
MHz, DMBO-d5): 8 8.59 (s, 1 Hy 8 (d, 1 H J= 7.87
Hz), 7.80-7.71 (m 3H), 20 7. (s, 1 H, 7.56-7.52
(m 2H) 739(3 1 H), 685(dd 1H J= 10.98 and
El[ sln 5.86 (d, 1 H,
Of‘ﬁ%@dﬁ?juﬂoa °§ %(‘W' 31{@!3) 1rl2 enfi@r%emy)ph@yﬁsth@éy} 5
aazlsnnym %eﬁﬂmné’ézim-i F1)thidktherie)2-cafbokfiate)(17 663, B&Mbhihol)

[fts&folmé o Pﬁ%ﬁ%&gﬁé&irﬂ?ﬂy wes 39dRd nmeatkytsnarpholine N-oxide (5.1
0L o by e PAEE SN OSTUTLHOKEe 2 ot

&B%@ﬁ 68@%? %ﬂlu&yz%m%iésseawnm@s siirred at gpqim
@Tﬁperb@r@fMSHB@lenFquéﬁcﬁea_ ith agubbli£@atifhiet) Sotidh sulfite.

%5 f)('ft*zf? %? EXYRAHUR RV ARERY1 TR sryRbined orgasic fayers. 1

Heb@Wéblﬁ%diﬁKI@ bride, )drl)eﬂ mveplmgsen%meh@éﬂéhaﬁneema?ou%m &hd
was added

Hé‘? ﬁ% CF' nL of acet one/ wat er o'
kY fﬂm ?ap%% F%“@!P%Bﬁpmé qluting with g 1- @33 8, QFﬁPdet of
W@I@/mml Wftha 95 aMhdHiim Hyaixidel t@@l\fésm V'ZTQSFQZ%??S\' e tnltlé

met h pr opanol he reaction

SREROUNG pea g oo 06q AR (PO 1 DNEO: b 859
wemm&m %H&)aﬂys@dﬁlﬂ Sﬁi %f’;‘ﬁ%@h §(9"@J" ﬁ@l@n}égg 7.90€

re was ract ed i ned

é‘?"g%‘ﬁ) d 366&311 ém de).e5 @ééﬁeﬂ" W T B.1 rh'iﬁe5 3dr(t, dH, &\7e3-66
M&f@m Q%C(ﬁﬁtzi-@t 9%3%@0'?4) %@ff# 92ﬂ1g 1%‘3 of '3F|d b/*-?-yes 04
Y, uting wt - 8%

i ca hr omat qgrap

@Zbd\q@rﬁ Saf 507 [M+H]".

Step D - Methy! 5-(6-formyl-1H-benzimidazol-1-yl)-3-{(1R)-1-/2-
(trifluoromethyl)phenyllethoxythiophene-2-carboxylate

=\ o]
N.__S .CH,
\&_/Z)Lo
y 0
* 0

Fr

To a solution of methyl 5-[6-(1,2-dihydroxyethyl)-1H-benzimidazol-1-yl]-3-
{(1R)-1-[2-(trifluoromethyl)phenyl]ethoxy}thiophene-2-carboxylate (16.72 g,
33.0 mmol) in 1:1:1 DCM/water/MeOH (220 mL) was added sodium periodate
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25

MeOH DCM with 1 % anmoni um hydroxide to give 16.72 g
(92% of the title conpound as a |ight yell ow foam

W@ 007/6d3036H NVR (400 MHz, DMSO-d6): 8 8.59 (d,PAI/HS20061033683

1.46 Hz), 7.98 (d, 1 H J= 7.87 Hz), 7.80-7.68 (m

3H), 7.59-7.52 (m 2H), 7.3 7.31 (m 2H), 5.95 (q, 1
H, J= 6.10 Hz), 5.37 (t, 1 H J= 3.66 15 Hz),
4.76-4.64 (m 2H), 3.83 (s, 3H), 3.46-3.42 (m 2H),

11 %58 (35149 3hhmd Theésultiag sluw wWdstircedF6r71 h Mhbh wasilerd

i S W R B B o T AL 190 T

@a@?@ﬂ@gﬁl@lay@r@@rﬁ%he@wdﬂ BAird3 Griedrovdr Nig20, drd a
sol utio

Sr Do lndfy yabua tagive 14785 194%) ol 3% e cmpound 353
R@htlyemaw(fbémféou@ T‘PWMRY hb@lww Idmsb%y} $ ho.0p feenﬁH 28 ®ar

boxy ate

DCM wa / MeCH
dﬁ)n&ﬂ 9\/(&51 Fadaga 7s%?j(f0n$®e?@dd%?% (dedﬁoé@éém 2H),
@sanomsm% ), 3% {slgH'P& GB(d4%H5Jm@bi HzJ IS ( ESD:
resu ting slurry was stirred f h, then was dil d
WMt er and Et OAc. The aqueous Iayer was extracted
W|th Et OAc (3x). The conbined organic |ayers were

& Mty 51;75 Ne-mathy e reR- 1 MobtelranTH-beaneryszoRY 91-

499 of the t|t
éﬁ A4 o n%(@@p%wﬁg%%@é%ew- COPKERE (400
MHz, DVBO d6): 810.09 (s, 1 H), 8.87 (s, 1 H, 8.19
(s, 1H, 802789(m3N—\781D772(m 2H) |
7.57-7.51 (m 2H), b5.98 316,10 Hz), 3.84
(s, 3H), 1.66 (d, 3 J g MG (ESI): 475

[ MiH +. Step E -
[ (4- met hyl pi per azi 'ﬁc fwﬂ) met hyfﬁj@ benzi m dazol -
lyl)- 10 3-((7R) -1

[ 2- (trlfluoronethyl)phenylJethoxy)thlophene
2-carboxylate O S OCH3

To a stirred solution of methyl 5-(6-formyl-1H-benzimidazol-1-yl)-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)
in dichloroethane (150 mL) was added sodium triacetoxyborohydride (9.9 g,
46.7 mmol). The reaction was stirred for 1.5 h, then aqueous 5% K,CO3 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;SOy4, concentrated
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-dg): &8.57 (s, 1H), 7.98 (d, 1H, J=7.87 Hz), 7.80-7.68 (m, 3H), 7.54
(t, 1H, J=7.59 Hz), 7.46 (s, 1H), 7.33-7.28 (m, 2H), 5.97 (q, 1H, /=6.16 Hz),
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]".
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oN HCMN_j HCFF F To a stirred solution of
met hyl 5-(6-fornyl-1 H benzi m dazol -1-yl)-3-{(1

(trifluoromethyl)phenyl]ethoxy}thi ophene-2-carboxyl ate
(14.76 g, 31.1 mmol ), n-netsgyl pi perazine (5.72 nL,
62.3 mmol ) and acetic acid (2.1 n, 37.4 mmol) 15 in
di chl oroet hane (150 ml-) was added sodi um

mfemeetﬂ@mﬂmﬁméezwf 9/)/9emyﬂ5//-/?bmt7)ggﬁghﬁ V2118
vé@'&’ é{)gf'e %(ﬁréﬁrhsméefﬁwwWéngeé‘xcareoxamdem xture was

then diluted with Et OAc and water. The aqueous | ayer

was extracted with Et OAc ( The conbined organic
| ayers were washed with b d over Na2SO4i
concentrated 20 under vac purl fied by silica

of MeOH DCM wi t h 1M9% amoni um R§droR) de to gi ve 15.82
g (91 % of the title con‘poundF s a |ight yellow foam
solid. 1H NWVR (400 Mz, DMBO d6f: 8 8.57 (s, 1 H),
7.98 (d, 1 H J= 7.87 Hz), 7.80-7.68 (m 3H), 7.54
ﬂmmmrﬁof metl‘vy| 5£{6+[-(zl)-memyl4>ﬁoe(razm-]1 MmetﬁleiBH?oeb&lrﬁlﬁazol 1-

9 14 a9 3. .83 (s
(LGP fundordipely Bagi ey tosheiy 2 Saregfdos i k2
9-28.85 mthi nd WS qr&éisbhia lﬁN&QMHOﬂnLVUB@Qﬂ)( Wadadded to a
A
FETBEATR T e g1 TS e e 0
{areperax 493)1 The flask was cooled to room temperature opened, and the
X 0 e- 2- car hoxam
I[regaé:( E_)IE_ h‘&itHfl—:r %&F%%B 6%9%%%“81, ur(ofh eog)y glicage
chromatography, eluting with a 2-t0-8% gradient of MeOH/DCM with 1%
ammonium hydroxide to give 14.11 g (92%) of the title compound as a white
foam solid. "H NMR (400 MHz, DMSO-ap): 88.49 (s, 1H), 7.93 (d, 1H, J=
7.87 Hz), 7.86 (br s, 1H), 7.80-7.75 (m, 2H), 7.68 (d, 1H, J= 8.23 Hz), 7.56 (t,
1H, J=7.68 Hz), 7.33 (s, 1H), 7.28 (d, 1H, /= 8.42 Hz), 7.15 (br s, 1H), 7.06
(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, J=6.22 Hz); MS (ESI): 544 [M+H]".

gel chromat ography, eluting vvlth:a 1-to- 8% gradient

Route 2:

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

NO,

5

o)
b

O\
CH,

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,

PCT/US2006/033683
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A m xture of nethyl
5-{6-[ (4-net hyl pi perazin-1-yl)nmethyl]-1

woR@enzi3ni dazol -1 - 5 yl}-3-{(1 PCT/US2006/033683

R)-1-[2-(trifluoromethyl)phenyl]ethoxy}thi ophene-2-car
boxyl ate (15.82 g, 28.35 mgd) and 7N ammonia in MeOH
(250 nmL, 1.75 nol) was added to a high-pressure glass
reaction flask. The flask was seal ed, then heated to

wloﬁedfbyrthéﬂﬂfmlse”a@dhlonmé soluisk o\ﬁ@ﬂo?&ﬁétﬁﬂ ﬁmékhymnér

(E e o SR AT L) Terregthon WaseleH sv0°oder

@elthé@mhﬁ@dﬁﬁi l%ﬁﬂﬂ@h‘;berﬁhtétérﬂﬂqdéﬁcheé\mﬁthtv%t&o/ 80 Xe'ﬂlﬁe
drOX|de to give 1

@n (@ﬁ)avawwﬁe ‘fto e dSADBUN Ena e qhsous laves Siacied i
X) 40k Wbm@ﬁ@%éﬁ@ hy@rs?wéP@ vx(a?heé with, bél?le9§>nédj@ve1

-M%%)o( 8onq_en|qate?jiur§le§gaj(.%m and g@roc*@atogrfpppd gn sS}:cg ge‘:&SSO

) 3e3ut(r@ with &1D.t0-2528 gfadient of‘EtdEc/ﬁe)(’a%el'tB )gave7201@|g|§93%§ of

]hHéI 061531H) 594&

e Bllq compqynd as yglear ognge il g NV (ﬂQO(i\éHz RS O-35):78

®ch7 @H1 HJ5' €3 QﬁHE&Zb sd\/(% AES)k2. %ﬁzwyé’ﬂo@d fuye 867 and

Ei}ﬁo r omo-4- (] (rre hyl oxy) et
'f'@oééﬁﬁén@")\l@%s 3. CH3 20 A solution of
3- brono-4-nitrophenol (20.0 g, 91.7 mmol) in DCM (475

81yp Bwaletdii 3- [(M/(mtetfi}/&y)/ﬁb V%mry}lgwlz%(,)dmhﬁﬁ)@fﬁmoﬁ - 394(2R)-
7/ 03
9@%@6@67'%%@ 4’2‘?’%%@’% RECETRAEE 8N se

addition of a solution of chloronethyl methyl ether

(7.7 m., 100.9 mol) i¥%¥:DCM (25 nL). The reaction was
stirred at OC for 1 i ~ffed to room
tenperature and quen Wi wat er (150 nL). The

m xture was poured intp brine§(150 nl) and the aqueous
| ayer extracted with 5 \Ethqo The conbi ned
organic | ayers were wasfied, Wit ine, dried over

MySO4, concentrated under vacuum and chromat ographed
on silica gel (330 g), el uting vvith a 0-to- 25%
gl_radl ent of FEt QAc/ hexane to % g (83%

02 Bireashsabition of nethy|Ssamingr H@b"\?d [2 (tf'f cmmewaw

o g%m l_ét;?opl%n@@a&@xyléte"h 3&}; 3. 2927 mh'?o) anz} Bfrdfoal H
{[(methyloxy)methyl]oxy}-g-nltrobenzene (1.0 g, 3 82 mmol) 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
cooled to room temperature, diluted with EtOAc and filtered through Celite,
washing the solids with EtOAc and DCM. The filtrate was concentrated under

" vacuum and chromatographed on silica gel (120 g), eluting with a 5-t0-35%

gradient of EtOAc/hexane to give 1.64 g (82%) of the title compound as a red
oil. '"H NMR (400 MHz, DMSO-dp): 59.85 (s, 1H), 8.12 (d, 1H, /= 9.33 Hz),
7.90 (d, 1H, J=7.87 Hz), 7.74 (m, 2H), 7.53 (t, 1H, /= 7.68 Hz), 6.84 (d, 1H,
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10 2.38 Hz), 5.34 (s, 2H), 3.39 (s, 3H). Step B -
Met hyl 5 f(5- ([ (et hy/ oxy) met hyl Joxyj

wQ2070swphenyl ) am noj -3- (((1R) - > PCT/US2006/033683

[2-(trif/uoronethyl)pheny/Jethy/Joxy)-2-thi ophenecarbo
xy/late NOZ O NS OCH O GHC O CH3 FF F To a
stirred solution of nethyl 5-am no-3-({(1
fi)-1-[2-(trifluoronethyl)phenyl]- 15

et ) soRORCA ST 28 0. o 1ol
?2970(2 Q'E'M Jrr@é?b'% S !é%' ﬂ MokdE. added

tris(di benzyli deneacet one) di pal  adi um(0) (70.0 ny,
ST 6 - Mmyw-wag“(mmkme(f/%o@gnm b@né/ﬁwdamy- )-3-({{175’)-

e B R B P Stosbéndtag a1 ¢ hon

20 cooled to roomtenperature, diluted with Et QAc and
filtered through Celite, Mwashing the solids with

Et OAc and DCM The filt fape" pfitent rat ed under
vacuum and chronmat ographed onsilica gel (120 g),
eluting with a 5-to-395 gradi ent _of Et OAc/ hexane to
give 1.64 g (82% afc-bhe tltl*é’c ound as a red oil.
1 H NMR (400 Mz, DMBO d5): 8 & (s, 1 H, 8.12 (d,
1 H J=9.33 Hz), 25 7.90 (d, 1FH, J=7.87 Hz), 7.74
(m 2H), 7.53 (t, 1 H J=7.68 Hz), 6.84 (d, 1 H WO
T0Grthig B PoessuRCHY drSgeHAIbA 384N flRdk Was AdBEd hiethy! 5-[( 2[

3 ( s
gf("?%‘“é’?xy)?grﬁ%y'@b%n tg’Phépy'gafé'”Bk%ﬁgq R)gf_‘[f “J= 6. 22 Hz)
mﬁﬂ(nﬁsmethﬁ)abﬁeMelnﬂyl}oﬁy)epu%phd\@bdmbx late (2.0 3 8 mmol),

§K§i %Hmi X H ben t@ azo
ydiahint §eyidne Siohete (051 R BInD Y el iy
thdammh(eumdad)uaw e, ©. 10 mifdl)@rfdHAmethylorthoformate (40 mL).
The flask was purged with N, (gas) vacuum (3x), then with H (gas) /vacuum
(3x). H2 gas was then applied at 50 psi for 3 h. The reaction mixture 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-dp): 8 8.49 (s, 1H),
7.98 (d, 1H, /= 8.05 Hz), 7.79-7.66 (m, 3H), 7.53 (1, 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 (q,
1H, /= 6.04 Hz), 5.23 (s, 2H), 3.83 (s, 3H), 3.39 (s, 2H), 1.65 (d, 3H, /=6.22
Hz); MS (ESI): 507 [M+H]".

Step D - Methy! 5-(6-hydroxy- 1H-benzimidazol- 1-yi)-3-({(1R)-1-[2-
(trifluoromethyl)phenyljethyljoxy)-2-thiophenecarboxylate
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OH3CHF F 5 F To a high-pressure hydrogenation
reaction flask was added nethyl 5-[(5-

wd@ pqomesdsyl oxy) net hyl ] oxy} - 2- ni t r ophenyl ) am no] PGF/{§$1006/033683

R)-1-[2-

(trifluoronethyl)phenyl]ethyd2 oxy)-2-thi ophenecar boxyl
ate (2.0 g, 3.8 mol ), pyridiniump-toluene sul fonate
(95.0 ng, 0.38 mmol ), 5% by weight platinum 10 on
carbon (sul fided) (740 jg, 0.18 nmol) and

trimethyl orthoformate KA Jdme flask was purged
wth N2 (gas) vacuum ), en wth H2 (gas) /vacuum
(3x). H2 gas was thendappliedeat 50 psi for 3 h. The
reaction mxture was then {4 d through Celite,
washi ng the solids wth Et DCM The filtrate
was then concentrated under Wacuumto 1.92 g (100% of
the title conmpound 15 as a |ight yeIIowfoamsolld 1H

%\éﬂl’@d{%ﬂm%@ 1,5 @é{({t}ﬁthy;%y’)mgttgéom} 1HI H J_
BehBnittdzol-1-yBB-({81R) ﬂ[z-btnﬂua&ae E‘Z Hedgl Jetﬁ }&xy: HZ)
|@§1q(_r'ffarb9x£|§te((§ 18 82@,)a & &erggt gtc gsﬁ'pg pgog@u&an@pgous to
Exﬁﬁnpa@ls abutedz: sﬁep?.@ 1628 mi6i) InESH )rHrﬂmzomﬂBﬂHnL)Z&bs
?8% ?Ed(ra%e & ( 6&?\1Lh%gr ox%ohl-l;rﬁg E']ezagcrtrllor(%I %ﬂxturelwas heated
¢‘f esﬁ\‘ﬁio agu gn;’/eédwwr 7R hh&ﬁélﬂ/\ %%@Zlg% E‘? gysy% tggwﬁéaatamﬂ emeeaé&@my/
ate
s Rl BERP boiety el eatgt PP PRI o ey hes

5Ie(lﬁal{2[e(:lff6bhw B%ﬁhﬂﬁbﬂﬂ}éf adquedkis Isdturated) NaHCOs. The aqueous
%enm m azo

V86 Wi 156 prarachivi BV i apd E20AG (Paxye gambined
ohgaridapecadexdrieaiovel ﬂg$8)4gcor%edtréfbﬁ uRBEr RRiLOM, 4Ad Ng

R SRR LIS ok BBl ity LS e S
rﬂrBDAbmewem@fo §iod 6|’9-g m)cbfftﬁ@’uﬂe corfipourkRP4d 4 Aghtsaltholf €
R ored foany solid. 'H NMR (400 MHz, DMSO-dy): 89.62 (s, 1H), 8.41 (s,

1H), 8.00 (d, TH, /= 7.87 Hz), 7.80-7.71 (m, 2H), 7.56-7.51 (m, 2H), 7.38 (s,
1H), 7.05 (d, 1H, J=2.01 Hz), 6.81 (dd, 1H, /= 8.70 and 2.1 Hz) 5.95 (m,

1H), 3.83 (s, 3H), 1.64 (d, 3H, J= 6.23 Hz); MS (ES): 463 [M+H]".

Step E - Methyl 3-({(1R)- 1-[2-(trifluoromethyl)phenyljethyl}oxy)-5-(6-
{(trifluoromethyl)sulfonyljoxy}- 1 H-benzimidazol- 1-yl)-2-thiophenecarboxylate

N=\ [e)
N S
Q/ \&/Z)J\O,CH:,
P o]
O=s, Hac::@
F
E
¢ F F

F
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to 35C and stirred for 72 h then cooled to room
tenperature. The reaction was poured into DCM (500

worgo7asidewat er added (100 mL). The m xt ure wasPCT/US2006/033683

neutralized to pH 7 by addition of aqueous (saturated)
NaHCO3. The aqueous 10 | ayerg3nas then extracted with

DCM (1x) and Et OAc (1x). The conbi ned organic |ayers
were dried over MgJSO4, concentrated under vacuum and

qor0sTRicAYEGRNBE b ) sollihtionadf Gfdthyl 52@- Iﬂ)dro@'—ﬂ-‘i-'b@ﬁamlaeﬁom—
())04) radi ent of Et OAc/ hexane 'to Qi ve

(8’2%)@(1& tle(triilupremethnirhenylletay koxy) ’g’ﬁhlogmnﬁmrb%mﬁ ed

{®a9gs5/38¢nmd awﬁi }i:é?\gltﬁﬂ%ro@é@@ng%lfo&n%d@@ )()é g, 8.76

;'Q'E‘Eﬁ A‘%‘i'("(G‘P "%A)W %dvdusqpreﬁylemsammeé%ow 155,

TarfSl). (Tthe réérbtloh—wé’s Slovidd) to vitarflio (86 témbbra@ure E%nﬁ%tnﬁ@&' for

éQ%ﬁTE'é ,'eaqqgn (:%gpje wgg@qrm¢r(utr@§@ Ebnger vacuum, and
WhiohydtSgraphedidn dilida Gbr 1leg§>ré?urmdwnkﬁ abqawmgme}rmsv)

BRI pEve 1 1 Pe%'v%ﬁ's{@%ﬂ oS esdiaht velasc
Sord. CHNR (00 ?Jmfoméf@a%P% 96Q§6|14)P§6/1 lﬁ@@{}ﬁ/ @%36%%
63 To a stlrred cool sol'uti'on of

ammm&wﬂ&mm)mmm 1, J76.1@ He), 3184 (s, ) 3H), 1.65
R, 3H, L/&étzélﬁézuﬂsgﬁéi)hséé @ﬁml ] et hyl } oxy) - 2- t hi ophene

car boxyl at e

hen net hane sulfonam de (2,
ST E S ek {8 ororitey iafeau el s GO aci ne
(RnBimiazol 1-y9ifsopRene)2-cAMBxygRct i on was al | owed to
warmto roomtenperature and stirred for 12 h. The

reaction m xture was then concentrat ed under vacuum
and chromat ogr aphed o s_l\,L [ Csa (120 g), eluting
with a 5-to-40% gradi fhexane to give 3.12
g (98% ofthetitlecnpoun @sallght yel | ow

solid. 1H NMR (400 DVBO- 88.76 (s, 1H),
8.01-7.94 (m 2H), 7.80 10 7570 3H), 7.56-7.43 (m
3H), 5.98 (q, 1 H, J-610HzF .84 (s, 3H), 1.65

(d, 3H J= 6.22 Hz);: MS (ESI): 595 [ MH] .

To a mixture of methyl 3-({(1R)-1-[2-(trifluoromethyl)phenyl]ethyl}oxy)-5-(6-
{[(trifluoromethyl)sulfonyljoxy}-1H-benzimidazol-1-yl)-2-thiophenecarboxylate
(20.69g, from a different batch using procedure analogous to Example 3,
Route 2, Step E, 34.83 mmol), potassium vinyltrifluoroborate (5.6 g, 42.10
mmol) and triethylamine ( 4.85 mL, 34.86 mmol), stirred at room temperature
in n-propanol (175 mL) was added [1,1-bis(diphenylphosphino)-
ferrocene]dichloropalladium(!l) 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 MgSOsg,
concentrated under vacuum and purified by silica gel chromatography, eluting
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wenziossenzo/ -

Step F - 3-f(1R) -1
[2-(Trif/uoronethy/)pheny/Jet hoxy)-5-(6-viny/-1H

HZC Hari F F F 15 To a mixture of nmethyl 3-({(1
R)-1-[2-(trifluoronethyl)phegwyl ] ethyl}oxy)-5-(6-
{[(trifl wuoronethyl)sulfonyl]oxy}-1

H benzi m dazol - 1-yl ) - 2-t hi ophenecar boxyl ate (20. 69q,

fwitara #0-t- $m%rgeéu.eubtaifmou\§m@9auﬁ>é @c%?éﬂi@ 99@9(1725!28%: Itﬁlja‘r)thltle
GPRPPURY 7% deBbisIanIoFE Big MSAESH: adHing

triethylamne ( 4.85 nL, 34.86 mmol), sti rred at room
1eyp & -AVehe/ 26- (mz-dffwdnp@émy/)(ﬂﬁenﬁ/mbdam& -pIBHIR)-7-/2-

% ae'/‘(/&%rg gfqezwr”@ ﬁﬁy ? '5’8?0 Gﬁ%? FICIRRKPE omet hane

conmpl ex (570 ng, O 70 mol). The mi xture was then

heated to reflux and stired gop 3 h, then cooled to
room tenperature, pouregdy ) et and extracted with
or ic layers were washed

Et OAc (3x). The conpi n¥
with brine, dried over—NySO4, X5 concentrated under

vacuum and purified by sili c%rc hr omat ogr aphy,

el uting WO 2007/ 030361 PCT/ USk O 033683 64 with a

10-t 0- 50% gr adi ent of Et OAc/ heXane to give 12.98 g

§v790 of the title conpound as a light yellow foam
oeititle cRBpeEsI Fan he prgpdred by a$reqedare anaogous t5 Example 3,

yethyl)-1 Hbenzimdazo% 1l ylJ--3-{(1 IR)-
ﬁ@@?’?ﬁf%fiuér omet hyl ) phenyl Jet hoxy) t hi ophene

car boxyl a SS OCH3 HOO OHHC F 5 FF
Step H - Mez‘hy/5 (6-formy/- 1H-benzimidazol-1-yl)-3-{(1R)- 1-[2-

(trifluoromethyl)phenyljethoxyjthiophene-2-carboxylate

N=\ 0
NS LCH,
'
Y (o]
ges

Fe

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

Step | - Methy! 5-(6-[(4-methyipiperazin-1-yl)methyi]- 1H-benzimidazol-1-yi}-3-
{(1R)-1-[2-(trifluoromethyl)phenyljethoxyjthiophene-2-carboxylate

N=\ (o]
e
M 1
He-N_/ HSC;>©
F
e

1 y/)thi ophene-2-carboxy/ ate O PEI/T52006033683



The title conpound can be prepared by a procedure

anal ogous to Exanple 3, Route 1, Step C. Step H -
wWORMOMPB036L ( 6- f or nyl - 1H- benzi m dazol - > yl) - 3- {PARYSD06/033683

[ 2-

(trifluoromethy/)phenyl Jet ha&)t hi ophene-2-car boxyl ate

NE=\ O N~CS% O, GH3 OOH3C F 10 F The title

compound can be prepared by a procedure anal ogous to

Ekatife eodpoumduérebd prepaest By a Prédedire andtd t8 Ex@mple 3
4> n?té‘%l @ per azi n-pl yl) rrg%tlhﬁ\]- 11 I—Ebenéztiidr?i dazolm-pe ’
ﬁ)y!eg_, pE.

(1R)-1[2-(trifluoromet hyl)pheny6et hoxy)t hi ophene
Bterpd b 61/ 6h-MeDy pisdrazitH-y|) me By 3 8-BenzimitBLo/- 15y F3-{i13)F

SR e e P pPe 3 e ogous 1o

Exanple 3, Route 1, Step E. Step J - 5-(6

f (4- Met hy/ pi perazin-1 yl) Ny/J- H benzi m dazo% 1
y/)-3-((1R)- DR

1[ 2-(trill uoronet hyl) phenyFlet Oy) t hi ophene

2-carboxam de N~ O M~ wN eS/ NH,
re-N S Hac;'j@

F

5 F

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

Route 3:

Step A - Methyl 5-(6-[(4-methypiperazin- 1-yl)methy]- 1H-benzimidazol- 1-yi}-
10 3-({(1R)-1-[2-(trifluoromethy/)phenyijethyljoxy)thiophene-2-carboxylate

N=\ Q
NS LCH,
e
o
N_> H,C
)
‘o

3

F g

To a stirred, solution of methyl 5-[6-(chloromethyl)-1H-benzimidazol-1-yl}-3-
({(1R)-1-[2-(trifluoromethyl)phenyllethyl}oxy)thiophene-2-carboxylate (150 mg,
0.30 mmol) in dioxane (1.0 mL) was added N-methylpiperazine (50 pL, 0.45
15 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 EtOAc. The
combined organic layers were washed with brine, dried over sodium sulfate,
concentrated under vacuum, and purified by silica gel chromatography eluting
20  with a gradient of 0-to-10% MeOH/DCM, with 1% ammonium hydroxide, to
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s O HBGCMN _j HBCF 5 F F The title conpound can be
prepared by a procedure anal ogous to Exanple 3, Route

wa00svapefr. Route 3: Step A - Methyl 5-(6 PCT/US2006/033683

[ (4-met hy/ pi peraz/n-1 y/)nethyl)-1H benzi m dazo% yo-
10 3-(((1R)- 7 66
[2-(trif/uoronethyl)pheny/Jethyl)oxy)thiophene
2-carboxylate N==\ C / NS ,CH3 OHIC F CH3 F To a
givier 13acg $29%} bOfRe Gitle EBIBYLINd as a white solid. MS (ESI); 559
ﬁ@kﬁ"f("h' oronet hyl) - 1H benzi m dazol - 1-yl']-3-" ({(1

*hl [2-(trifluoronethyl)phenyl]ethyl}oxy)thi ophene-2-
car boxylate (150 ng, 0.30 mml) in dioxane (1.0 m -)
\Rigp Bade-AY-MdthybiperirtiyDeelBh)- NH-behZnidabl- I9BI3( 1R)-

Pl Rl IR BBl soed stoeP e uum The

resi due was dissolved in EtOAc and water. The aqueous

| ayer was extracted with Et)G8Ac. T conbi ned organic
| ayers were washed with b ~°sriegd over sodium
sul fate, concentrated un % um and purified by

silica gel chromatogr@aphy’ el uting 20 with a gradi ent

of 0-to0-10% MeOH DR\ t h 1% &y ym hydr oxi de, to
WD 2007/ 030361 PCT/ US2006/ 0336815 give 134 ng (79%
of the title conpound as a white solid. M5 (ESI): 559
[ MtH +. Step B- 5-(6 [(4-Methyl pi perazin- 7

The e egmpodndiche Bé'})ﬁﬁ%ﬁdy)y a proldeduis dnaloddus to Example 3,

2- (trifluoronethy | Jet hoxy) t h/ ophene
g"é‘%ﬁimééﬁ?n%de
Route 4:

Step A - 4-[Bis(methyloxy)methy|]-2-bromo-1-nitrobenzene

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, CDCl3): & 7.89 (m, 2H), 7.59 (m, 1H), 5.47 (s, 1H),
3.38 (s, 6H).
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WE2@TB86 3,

O S/ NHZ OH3c-N, / HC v F 5 F F The title
conpound can be prepared by a procedure anal ogous to

[ Bi s( et hyl oxy) met hyl J--2- brono-1-ni trobenzene O
N.OBr OO11 10 CH3 CH3A sol ution of
3-brono-4-nitrobenzal dehyde (7.97 g, 34.6 mmol ), which
was prepared in a nmanner analogous to the literature

[Btee Bdureh Ml 6ibizkNeth metASE2-nktropAERYIRNE -7-
_t}%rs 19§6 m/%-%b KZ?%%%/) tf?{jﬁzet hy10 or}{ hofgé)?r%({ém) 7
ﬁf.” Lorgmetyp Me)f/?yffg - INRRNGERERGPXIRIEC aci d
hydrate (329 ng, 1.73 mmol) in 15 MeOH (69 nlL) was
refluxed for 3 h. Thegreaction was then quenched by
addi tion of saturated pquyeous agmoni um hydroxide (1
nmL.) and concentrat ed o / KWca gel. Purification by
col utm chr omat ogr aph 0 2595cHEt OAc: hexanes)

provided 8:76 g (92% bf theotftle conmpound as an
orange oil. 1H NVR {308 ME 3): 6 7.89 (m 2H),
7.59 (m 1 H), 5.47 (& % 0 3.38 (s, 6H. WD
2007/ 030361 PCT/ US2006/ 033688</67 Step B - Met hyl

5- ((5

IAbdoRitiBRI T ABHREhacztHe) LFRNERUMA T 194 027 RN,
PE-dimethylder-bistdiphenyirhesphinelxapihpos ¢ 162mgh0. A enreelir bo
WM 8-arhinolNE(@ A- 142-(trifluoromethyl)phenyljethyTjoxy)-2-
thiophenecarboxylate (2.31 g, 6.69 mmol), 4-[bis(methyloxy)methyl]-2-bromo-
1-nitrobenzene (1.76 g, 6.37 mmol), and cesium carbonate (10.39 g, 31.89
mmol) in 1,4-dioxane (25 mL) was prepared in a round-bottom flask under No.
The flask was evacuated and refilled three times with N» and then stirred at
60 °C for 16 h. The reaction mixture was then diluted with tetrahydrofuran
(100 mL) and concentrated onto silica gel. Purification by column
chromatography (5 to 75% EtOAc:hexanes) provided 2.79 g (81%) of the title
compound as a red foam. 'H NMR (300 MHz, CDCl3): 8 9.63 (brs, 1H), 8.21
(m, 1H), 7.94 (m, 1H), 7.62 (m, 2H), 7.48 (s, 1H), 7.40 (m, 1H), 7.02 (m, 1H),
6.47 (s, 1H), 5.73 (q, 1H, /= 6.2 Hz), 3.88 (s, 3H), 3.34 (s, 1H), 3.31 (s, 3H),
3.28 (s, 3H), 1.72 (d, 3H, /= 6.2 Hz); MS (ESI): 541 [M+H]".

Step C - Methy! 5-(6-[bis(methyloxy)methyij- TH-benzimidazol- 1-yl}-3-({( TR )-1-
[2-(trifluoromethyl)phenyljethyl}oxy)-2-thiophenecarboxylate

Route 1, Step F. Route 4: Step A PCHUS2006/033683



10

15

/1 40-CH3 O H3C F kF CH3 CH3 A sol ution of
tris(di benzylideneacetone) dipalladium( O (117 ny,

w@202/83036m1 ), 5 PCT/US2006/033683

9, 9-di net hyl - 4, 5- bi s(di phenyl phosphi no) xant hene (162
ng, 0.280 mmol), nethyl 5-a68 no-3-({(1
R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)-2-

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

Fo[shscticet dsfyhanyl)mgsmybameahjabwmmw]m hn@bﬁé\mﬁmnﬁ

Sy PR arBnERe R P sbanaarbRiosts 71 o,

Sclinmariodtin mmémwsdﬁhmmaté\leso rh0) mraeafsd:mhvoem bottle was

SHRGY B R o B o3t S0 bl
platinuch drucarbon(d W% ¢ty Stwysiy 00.26@mmdI ) The mdddre was

RPEREDBEH S Pt orid riiamensianariey=tiF alouEn o 7o

byddgetuniifthe loptakitdf ydiogamn bad deasedy(1761. TAamaction NVR

hﬁ)%l}e'\@ﬁs I%[Pglti %u&y g ggﬁ%r%g rgiqs_ﬁs f:ll? %e?@%é ihle%:étg]ys%f 0

(Nalshmgh#)lth DCO76mL)1 Tie, eludntdvas(cdncénttited fo Ffor QxG‘llg H,

§T0gBe 't ppufe o 53 mpdiih o8 8 cubiige ) Mhigs yassegriog by
4} méﬂtﬁtepsmmwpunﬁ@mbu MS (E81): 521 [M+H]".
[ bi s( et hy/ oxy) et hy/ J-1H - benzi m dazol - 1

_ )5.75-
}éptﬁrlﬁ%lg}ﬁ a."%"’ﬁ eny /Té‘ﬁ‘?ofo{{/)‘? érﬂﬁ’{l %henecar box
yW@@@nwmemwamWﬂadbmauawyuzmwaammmxmm&mawme 'i31-13 20
WD 2007/ 030361 PCT/ US2006/ 033683 68 To a sol ution of
met hyl
5- ({5-[ bi s(nmet hyl oxy)
({(1 | |
[ ~-1-[2-(trifluoronethyl)phenglfet hyl } oxy) - 2-t hi ophene
carboxyl ate (2.71 g, o5, 01%fmmlL) Fn tri net hyl
orthoformate (50 nm.) in a Fis -Porter bottle was
added pyri di ni um p-tol uenesul fenate (126 ng, 0.501
mol ) and sul fi ded

To a solution of crude methyl 5-{6-[bis(methyloxy)methyl]-1+benzimidazol-1-
yi}-3-({(1A)-1-[2-(trifluoromethyl)phenyl]ethyl}oxy)-2-thiophenecarboxylate
(2.61 g, 5.01 mmol) (from Stsp C, above) in acetone (20 mL) and water (5
mL) was added pyridinium p-toluenesulfonate (126 mg, 0.501 mmol). The
reaction stirred for 2 h at room temperature and was then poured into water
(30 mL) and saturated aqueous NaHCO3 (30 mL). The mixture was extracted
with DCM (2 x 30 mL). The combined organic fractions were dried over

OLMS ophenyl }am no) - 3-

sodium suifate, filtered, and concentrated onto silica gel. Purification by
column chromatography (30 to 100% EtOAc:hexanes) provided 1.37 g (58%,
2 steps) of the title compound as a light yellow solid. 'H NMR (300 MHz,
CDCl3): 8 10.06 (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 (9, 1H, J= 6.3 Hz), 3.95 (s, 3H), 1.79 (d, 3H, J
= 6.3 Hz); MS (ESI): 475 [M+H]".



5 platinumon carbon (5 % Pt, 977 ng, 0.250 mol

Pt). The m xture was hydrogenated on a Fi scher-Porter
whyarogseat i on apparatus at 50 psi of hydr ogePCT/O$1006/033683

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

m xture was filtered throughe® sintered glass filter

to renove the catalyst, washing with DCM (75 nL). The

el uant was concentrated to afford 2.61 g 10 (100% of

tSrep erw@myw yae/(zmﬁynﬂp/péraam y;()man?/y - benzfﬁ»d%l}om%-s-

l%rgg( ?? ﬂo the/ne step hou urification

( |3 eyl f’WFﬁeW)QﬁéﬁV@”ZV}W/n%Fhl@W(@eﬁfm’yX/afe?H

-benzi m dazo/- > y/)-3-(((1R)- > -[2-

(trif/uoromethy/)pheny/Je |=Fy/J OXYj - 2- t hi ophenecar boxyl

ate N==\ OCH3 NS/ O é,F 15 To a

sol ution of crude net hyI {6-TH s(pethyl oxy)methyl]-1

| f benzi m dazol -1 - yl}- { (1 e .

-1-[2-(trifl uoromsth [) henyl ] et }oxy) - 2-t hi opheneca

rboxylate (2. 61g°5 1 mol) m Step C, above) in

acetone (20 nL) and water (5 nl-) was added

I o SETAASOS § ki P>
5 \ﬁ@ytq he$|tep(ﬁjred into water 20 (30 nlL) and saturated
aqueous NaHCC3 (30 nL). The m xture was extracted

vsté,h Fmag/&m&@wjaéfaz}b W@W]ﬁm Béf%ﬂfa‘"azfyﬁ ﬁ9 bionER)-

drie er odi um su [tered
c’ofﬁc(éfﬁ/#f’éﬁf%rhﬁlmf&ngwiﬁe)af}{ﬁv&phepeﬁ-ﬁre@fafwﬁe by col umm
chromat ography (30 to 100% Et OAc: hexanes) provi ded
1.37 g (58% 2 steps) of theg title conmpound as a |ight

yel low solid. 1H NMR (30 )25.CDCI 3): 6 10.06 (s,
1 H, 8.13 (s, 1H) 79

H, 7.72-7.61 (m
2H, 7.44 (m 1 H), ( .84 (q, 1 H J=
6.3 Hz), 3.95 (s, 3%);( d, J =6.3 Hz); M5
(ESI): 475 [ MtH] +. 007/ 03036 CT/ US2006/ 033683
69 Step E - Methyl 5-1614-nety/ - 1pi peraziny/)mehyJ-1H

T‘}@?trfébﬁﬁﬁﬁh%%ﬂﬁle%’ sard by Blridoedurs analpgous 1o Example 3,
10 g & Nep\F.0

Example 4: 3-{[(1/)-1-(2-Chlorophenyl)ethylloxy}-5-{6-[(4-methylpiperazin-1-
yhimethvl]-1Abenzimidazol-1-ylithiophene-2-carboxamide

Step A - Methy! 3-{f(1R)-1-(2-chlorophenyl)ethyljoxy}-5-/(5-{1(2, 2-
15 dimethylpropanoyl)oxyjmethyl}-2-nitrophenyl)amino]-2-thiophenecarboxylate
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NSOCH3 /~FF I NHICF H3G NI The title
conpound can be prepared by a procedure anal ogous to

wex@mobmwseB, 5 Route 1, Step E. Step F - 5-(6 PCT/US2006/033683

f(4-Met hy/ pi perazin-1 yl)methy/J-1 H benzi m dazo% 1
yl)-3-((1 R- 1 70 _
[2-(trifluoronethy/)phenyljethoxy)thiophene
2-carboxamide N==\ NNH, FF 'NH3CF H3C NN\ The
title conpound can be pigpared py a procedure

anal ogous to Exanple 3 3 gcll, Step F. Exanple

4: 3-{[(1

R) - 1- (2- Chl or ophenyl ) etfiyl | oxyd - 5- { 6- [ ( 4- et hyl pi per az
in-1- ylmethyl]-1 H benzim da -1}

t hi ophene-2-carboxam@§(&:~ O I N\H O H3G-NJINH
C3 Cl/ Step A- Mtihyl 3-([(1

R) - 1- (2- chl or ophenyl ) etfiyl Joxy)-5 [ (5-([(2, 2 15
di met hyl pr opanoy/) oxyJnet hyl ) 2
Miota mpliare\of Y 4umitroo I-{Riritlbdroplethyd)salfdnylgkdpleeniDmethyl 2,2-
IR pPoRzhobte (1570 9¥e93308 Smet 9 8-antiR-3-1(1 A-1-2-
chlorophenyl)ethyljoxy}-2-thiophenecarboxylate (Intermediate Example 2)
(860 mg, 2.75 mmol), tris(dibenzylideneacetone)dipalladium(0) (70.0 mg,
0.076 mmol), and XANTPHOS (90.0 mg, 0.16 mmol) was added toluene (7.0
mL). Stirring was begun, followed by the addition of cesium carbonate (2.95
g, 9.1 mmol). The reaction was heated to 60 °C and stirred for 30 min, then
cooled to room temperature, diluted with EtOAc and filtered through Celite,
washing 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-dj): 8 9.77 (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, J=
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 B - Methy! 5-[(2-amino-5-{f(2,2-dimethylpropancyl)oxyjmethyi}-
phenyl)amino]-3-{[(1R)- 1-(2-chlorophenyl)ethylJoxy}-2-thiophenecarboxylate

NH, H (o}
N S O'CH"
\_/
o dql

e
H,C
Haca/go

CH,

To a high-pressure hydrogenation reaction flask was added methyl 3-{{(1R)-1-
(2-chlorophenyl)ethylloxy}-5-{(5-{[(2,2-dimethylpropanoyl)oxylmethyl}-2-
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NSpCH OCI~ H HCCd O HCCH3 To a m xture
of

W@ 2e0miosa3et 3- {[ (trifluoromet hyl)sul fonyl ] oxy} phetlU}1086/083683

yl 2,2- dinethyl propanoate (1.0 g, 2.59 nmol), nethyl
5-amno-3-{[(1 f)-1-(2- 71

chl or ophenyl ) et hyl ] oxy}- 2-t hi ophenecar boxyl at e
(Internmedi ate Exanple 2) 5 (860 ng, 2.75 mol),

wtro;hehpwmb] ﬂw%&%@aﬁ&%@@ (s b%ma &.%er;\t BEtch

NE16 ProcHliEh anIooRs WiExangile i Biep Al Souant. Soby Biight
Wat'hhﬁl &P'éﬁrbbﬁ’ (subfdees . 2”5‘ G%Bt?ﬁrﬂai) %nél ‘?Et@)'ic (§5 m(?;l) 11(]1 : of

The reaction was

§98'ﬁWﬁS PHFgsd Wil @@s) ba%mﬁ%ﬁb@r thrw He (QQﬁ) |vat:@4mm)h
y@ﬁé(?se%#tsfv{/éé BER %pbfﬁd)é'tgib %lfdrtaeh THe r‘é@éﬁlﬂrﬂﬂlxﬂ}@ was

OAc and e filtrate

Haniredivenaiiaeis, W@%U'ﬂﬂﬁ"@rﬁ?"@ﬁ w&hﬂ@@c apﬁ &FCMnThe
Siltate Wad her( échc@)\trat%H theﬂvéﬂuhhw B (g'i/é /g’ 46 ?)%89%) | ilﬁﬂtle
he 't t

of acetone/ hexane tod\ﬁl ve
@emgguwaagg ygllow sglid; $&ES&H5 tlzibo Mz, DMBO d6): 8
9.77 (s, 1 H, 809 (d, 1 H J=8.61 Hz), 7.63 (dd, 1
Kted © -MBBY B IR 6B (2 €M /orophdhy e tBRok 5-?6:12522- 01 (dd,
ﬂJ-15y8m)6( Ezyie%f)m- 5.76-5.70

We@y{qfop@ogéoxyznem 7/‘(31)9)9)2/ édazg/,-_é-y/} -2qthig ghﬁ@ecqggpxyjate
6.23 Hz), 1.14 (s, 9H); M5 (ESI) 547 [M+H +. Step B -

Met hyl 5-[(2-am no-5-([(
2-di net hyl pr opanoyl ) ox
pheny/)am noJ- 3- ([ (1R) - ( 2- /orophenyl ) et hyl Joxy} 2

t hi ophenecar boxylate NMZ H O OCH3 OdCd OHC Nk
H3C O HC CH3 0 e

CH,
H,C CH,

-CH,

—Z

A stirred mixture of methyl 5-f(2-amino-5-{[(2,2-
dimethylpropanoyl)oxy]methyl}phenyl)amino}-3-{[(1R)-1-(2-
chlorophenyl)ethyl]oxy}-2-thiophenecarboxylate (5.45 g, 10.5 mmol),
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
as a yellow solid. MS (ESI): 527 [M+H]".

Step D - Methyl! 3-{(1R)-1-(2-chlorophenyl)ethyljoxy}-5-[6-(hydroxymethyi)-
1H-benzimidazol- 1-ylj-2-thiophenecarboxylate



20 To a high-pressure hydrogenation reaction flask was
added nethyl 3-{[(1R)-1-

w@ 2s0chswsophenyl ) et hyl ] oxy}-5-[ (5-{[ (2, 2- di met PgT/pSIPEIB3683
oyl ) oxy] met hyl } -2 WD 2007/ 030361 PCT/ US2006/ 033683 71
ni trophenyl)am noj] - 2-t hi opherpecar boxylate (6.5 g, from
a different batch wusing procedure anal ogous to
Exanple 4, Step A 11.9 nmol), 5% by weight platinum
on carbon (sulfided) (21:5% g, 0056 mml) and Et QAc (95
m.). The flask was Lt N2u,(gas) vacuum (3x),
then with H2 (gas) v . % Hydr ogen gas was
then applied at 50 ps . The reaction m xture
was then filtered th nghCe te, washing the solids
with EtOAc and DCM The fi%r was t hen
concentrated under vacuumto ayf v 5.46 g (89% of the
title conpound as a yellow solid. M5 (ESI): 517

TG Bl ppripBiinduas SRR romapey BRI Gs 1 (2,2 10
ghlpraghieny Detbpiaxy)bX 62 Aetimgthylptopanioghaiyiindtuy Bt Hk
éé%jz é_(ééyxpﬁ’ tﬁ? Jﬁ%ﬁ {:Jéﬁ'éswge b?h Cﬁ_'(:etglr!a an%g'éﬁ?to

5 Expupleaiti Routs-1] ES(@Q MS (ESI): 443 [M+H]
di met hyl pr opanoyl ) oxy] net hyl } phenyl ) am no] - 3-{[ (1

Rad £ Heth /5[6‘-(ch Zfomezgy/ -1H-benzimidazol- 7by/ S(1R)- Z 5

chlorophenyl |op enecar

§hlofep. ”W@W/]O pfiMOP RRAaMYVIER: uene sul fonate (265
mg, 1.0 mmol) and triethylorthoformate (15 nlL) was
heated to 40 C for 1 hN=t\hen CQO| ed to room
tenperature. The entiRe Mas poured onto a
silica gel cartridge Q) d‘burlfled by silica
gel chromat ography (120 g), ejuting with 100% hexanes

for 10 min, then a 0% 0-10% Kkt QAc/ hexane gradient to
give 4.71 g (85% of the tit9e pound 20 as a yel |l ow
solid. M5 (ESI): 527 [MtH +. @teg D - Met hyl
3-([(1R)-1-(2-chl orophenyl) et hyI Joxy) -5

TS 08 ERmRANE] ek breghrd PERGREDUCE AL

10 pnjwo,mo@mmgljiﬁ@BS -[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-{(1R)-1-(2-chlorophenyl)ethylJoxy}-5-(6-[(4-
methylpiperazin-1-yl)methyl]- 1H-benzimidazol- 1-yi}thiophene-2-carboxylate

N=\ (e}
N S ,CH
o
r\N (o)
e
15 cl

To a stirred mixture of methyl 5-[6-(chloromethyl)-1H-benzimidazol-1-yl}-3-
{[(1R)-1-(2-chlorophenyl)ethyljoxy}-2-thiophenecarboxylate (150 mg, 0.32
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72 NO Neslo CH OOHH3IC~Co The title conmpound
was prepared fromnethyl 3-{[(1R)-1-(2-

w@ bdoowspbhenyl ) et hyl ] oxy}-5-(6-{[ (2, 2-di met hyl ppOpESZIY$/)33683

oxy]methyl }-1 H
benzi m dazol - 1-yl ) - 2-t hi opherBecar boxyl ate by a
procedure analogous to 5 Exanple 1, Route 1, Step G
M5 (ESI): 443 [MrH] +. Step E - Methyl 5
Eﬁmﬁl):lni cﬁomhl (1y8 i;]nuwllals btaﬁé'dl girﬁémga&ﬁpéradinb &5{UL( d.49 mmol)
-1-(2- chl o n e X . o
S ieiieerBEA) tiok bl e Reeionses tencreatestatas %
Tord &h’itgoelecidgw?cbm dempéraiire BAH endardandBimidr vacuum. The
I he ABRSERiN Fiys (125 rab) angarassy meumb) The aaueous
Kyleewas meiﬂénlfaded/WitI:FEtOAéliWF%ﬁﬂﬁrﬁl Rdo?wii@tl%{é@ym@ﬁ \E
rogedur e anal ogous e out e, 1, e .
el Wi £ et e §rastS Rpieiypieal et vacuih and
B)\I;eme(t@glebh@d on isriina :g)BEM{‘%])! dlgm@ mgh é@)_-io_(ﬂ@% g/radlient of
er.azin- me - enzi azo/ - .
ST PRt 2 aphsbirieihaide, S BV Tiasnbrash angneite
E8Gpdlind a$iE light yilowd@olitl. MSTBSH: 525 Med)' i xt ure of
met hyl 5-[6-(chl oronet hyl)-1H benzi m dazol -1-yl] - 3-

S B R PR U e R
V8metipfy 1 H-hedziovdaro/-( vi)Hiophenegasarboxsmide
n- met hyl pi perazine (55 uL, 0.49 mvl) and

triethylamne (136 uL, O. 9]1=__{TTTD| ) o The reaction was
then heated at 45 C N

S
\ / NH,

o

"
HGC_N\J Hac/‘jij
Cl

The title compound was prepared from methyl 3-{[(1R)-1-(2-
chlorophenyl)ethylloxy}-5-{6-[(4-methylpiperazin-1-yl)methyi]-1H-
benzimidazol-1-yl}thiophene-2-carboxylate by a procedure analogous to
Example 3, Route 1, Step F. 'H NMR (400 MHz, DMSO-dg): 8 8.52 (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 (q, 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-chlorophenyl)ethylloxy}-5-(6-
hydroxy-1/+benzimidazol-1-yl)-2-thiophenecarboxylate

N=\N s 0
\ / O—CH3
o}

OH
=0
Cl
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for 18 h, cooled to roomtenperature and concentrated
under vacuum The residue was dissolved in EtOAc (125

worgo7asidenat er (50 ). The aqueous 5 | ayer waBCT/H82006/033683

extracted wth Et CAc. The conbi ned organic | ayers were
washed with brine, dried oveyg M\ySO4, concentr at ed

under vacuum and chromat ographed on silica gel (4 9),
eluting with a 0-to-10% gradient of MO4/DCM wth 1%

BYEPAl BRI Wf(mewcﬂéﬂﬁv f@n@%xg%wfmbmewl e

compound as a ght yéllow so

[ MkH +. 10 Step G-

3-([(1R)-1-(2- Ch/orophem/l) VEJOXYj - 5- (6

[ (4- et hyl pi per azi n- “/ /J 1H benzi m dazo/- 1
y/)t hi ophene- 2- carboxam eSINHL O H3C- ,  HC3
~Cio The title conpound s repared from net hyl
3-{[(1R)-1-(2-

ZaBonupddogitor tnitgdbeaxerje R0{0Bg,[A049 mediyand pencthoxybenyyl)

SeRtl .0 B 183 e | AL B (4R v s
piNbsaetium dny droxidegsmhstidng 4 0Exdmas dilde®dallosved, bySt ep F. 1H
%t&‘*@%m%“:oﬁ%%é%%%@a% 30003 1Gmilon, fndgelon dgs
(stirred idﬂ 8 b ard pBuctdd ihin)g sepat&oiy. fihﬂmcélmThéH&yerSm&Se (q,
Sebartiadaipyricdusgug s Syrabiba oo S iipicm i qnp g
[digihfl-ethé&l0 ThetcomixbokdogaBicdayere wére dfigdhgier MgSO;, filtered,
o e d i clo o nlasR Shispah oty S0
QM1 §1831 %) of th&\& OMPOGRE 6™H RIUR (49R0M82,CCI3CBRE 6 8.03 (d,
1H, J=9.2 Hz), 7.50 (d, 1H, J= 2.6 Hz), 7.39-7.34 (m, 2H), 7.17 (dd, 1H, J=
2.7, 9.0 Hz), 6.95-6.91 (m, 2H), 5.14 (s, 2H), 3.73 (s, 3H).

Step B - Methy! 3-{( TR )- 1-(2-chlorophenyl)ethyljoxy}-5-{15-({[4-
(methyloxy)phenylimethyljoxy)-2-nitrophenyllaminoj-2-thiophenecarboxylate

(o)

@Q */@

2-Bromo-4-({[4-(methyloxy)phenyllmethyl}oxy)-1-nitrobenzene (20.19 g, 59.7
mmol) and methyl 5-amino-3-{[(1R)-1-(2-chlorophenyl)ethyljoxy}-2-
thiophenecarboxylate (18.60 g, 59.7 mmol) were dissolved in 1,4-dioxane
(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-Dimethyl-4,5-
bis(diphenylphosphino)xanthene (1.52 g, 2.63 mmol), cesium carbonate
(97.26 g, 299 mmol), and tris(dibenzylideneacetone) dipalladium(0) (1.09 g,
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74 Step A -
2-Brono-4-(([ 4- (et hyl oxy) pheny/ Jnet hy/ } oxy) - 1- ni t r obe

wo22ene3dsc? CH3 Br o | i O PCT/US2006/033683

2- Brono-4-fluoro-1-nitrobenzene (20.0 g, 90.9 mmol)
and 4-nmet hoxybenzyl al coholyg22.7 m, 182 mmol) were
di ssolved in DCM (400 nL) with stirring. 5 1 N sodium
hydr oxi de sol ution (400 m -) vvas added fol | oned by

tiefg @h@»«b@fmaba mMrhy %éz%n feo(t% ébﬁcgl%rg?sér%d for 16

he reaction was |rre

.hntleeareg@tmwwqpl%mepm teRweratyierand fidtesed @@wa@@ae
TRE soli® waGWRRHE With 204 MREHS OERe et iirdteMand once

with diethyl ether. The conbined organic |ayers were
gPneantidied onjg serroximatelyr209, 9 atsilgapatonbe seliwas plaged in

YaAed fLPnHéI éﬂcP@%él%?j With i?%%lofﬁ\'&ﬁﬁwgwmaﬁ fyge ded ded

he title co
@g@ej,trat@ . \@qu dPurification py Hlagh ghigmatograploy pvidedi27. 1]8

g(go%g'd? he télg%@ngof%f\d( ”@W 1 o4ﬂnpz( ég) |33; 5'973;7 1R),7
890 dsﬂlslszgslvig) /83 (m, 1H), 7.39-7.29 (m, 4H) 7.23 (m, 1H) 6.96-
iﬁ 5 8l e E?ﬁ‘%? B 8Ys Y Sk aﬁn&ﬁ 6193
Ha. 6@(\@3@% a/r=b6;)3}}'ﬂzat@03 (()&Bl I'H OJABI—93@ B:3JasH31 DB(HZ)
3/'74 g"@ﬁ%@(?{ &f éhzﬂhy? s))tﬂ-lpf{en?/ﬁ]Hn%t hyI yoxy)-1-nitr olie

nzene and nmet hyl 5-am no-3-{[(

F@feﬂc(ﬁwéﬂ%? %féfﬁmw {M;/mqm/qzxmheny Imethyoxsy)-
o sso}?mﬁ BPQWW W?—cﬁ/%?op(?@nﬂ eng;g{]} ))]?%/bp)l@fe%arboxy/ate

di oxane 20 wth stirring in
a flask equi pped with a n@chanl cal stirrer, reflux

condenser, and ther nonet 2“%@2)5 %]uti on was degassed
for 75 mn by bubbllng g foughthe stirring
solution. 9,9-Di nethyl -4,5- ,

é Cl

H,C-©

Methyl 3-{[(1 R)-1-(2-chliorophenyl)ethyl]oxy}-5-{[5-({[4-(methyloxy)phenyl]-
meth‘yl}oxy)-2-nitrophenyl]amino}-2-thiophenecarboxylate (27.189,47.8
mmol) was dissolved in EtOAc (400 mL) with stirring. Sulfided platinum (5%
weight on carbon, 2.80 g) was added, and the reaction was placed under 1
atm of Hy using a balloon apparatus. After 36 h an additional amount of
catalyst (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 filtrate was concentrated to afford the title
compound, which was immediately carried into the next step. H NMR (400
MHz, CDCls): 8 8.66 (brs, 1H), 7.56 (dd, 1H, /= 1.7, 7.8 Hz), 7.41-7.09 (m,
5H), 6.93-6.88 (m, 2H), 6.71 (d, 1H, /= 2.8 Hz), 6.65 (d, 1H, /= 8.6 Hz), 6.57
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15

bi s(di phenyl phosphi no) xant hene (1.52 g, 2.63 muol),
cesi um carbonate (97.26 g, 299 mmol), and

wa pi0308lisbenzyl i deneacet one) di pal | adi um(0) (1.PCOI/YS2006N33683

2007/ 030361 PCT/ US2006/ 033683 75 1.19 nmol ) were
added. The reaction was heatmgd to 60 C and stirred for
16 h. The reaction was cooled to roomtenperature and
filtered through Celite. The solid was washed with

%WWPQH"}' @@M@TﬁwféH a$%2 %Hcﬁﬂ@%”ﬁiah%@@%%

roxi mat el Si sol1'd
A Gh s BHE 375 (& Btk g, G, AR HadHed 2V0-2 W2ko56 Et OAG

in DCM The filtrate was concentrated in vacuo.
Bieh D -oibi TR L RENCKIBFDABA R RIIBY ped 27. 18 g
(80‘2%1‘ tlﬁmmtl)cl-e goc 09 ﬂ}lfl@l%y {\{/&E

! xe/éohefyiqgvethy o% 7{-|dbeqz/rp(dago/-7 g/]-g tp{gyhe@qugqu,;f(ate
1H, 7.39-7.29 (m 4H), 7.23 (m 1 H), 6.96- 6.90 (m
2H), 6.80 (d, 1 H, J—26 75 (s, 1 H, 6.69
(dd. 1 H, J= 2.6, 9310@2\(_%5“(q 1H J= 6.3
Hz), 5.03 (AB, 2H, JAB 2 JAB = 11.3 Hz),

3.74 (s, 3H), 3.74 (s, : lu%d 3H, J= 6.4 Hz).
Step C - Methyl

5-{[2-am no- 5- (([ 4- (megny/ oxy) pheny/ Jnet hyl ) oxy) -

pheny/ Jam no) - 3- {[(1'[-'6 1- (2-ch/ orophenyl) et hy/ f oxy)

2-t hi ophenecarboxy/ate N2 HS ON1 ~ OCH3 O O H3C

IMathyTI5-§2-ahidts-6- (ﬂ&(MétHy}dx phehyikmethyl}oxy)phenyllamino}-3-
Eilf%%&/- %@-cmoropcho Imé l?yﬁ % J—t% c}/p}heneéérgm()iléte v&as c}lsglolvedylh
tirhelyh mmjfor:anatei( Tomlnemﬂnd aisthybgther {TD0apbewiecstirbingy | at
Ry Aplithesiyronan (i, o A vavacded G siodl
@artionn, THe @acipn was sitrektfdr ZMammquémtlibynhd\laddinbmoed
s B Sl ) SRR OB g A
iwd&@bl Byédast throhagoghashycioriford25l48 @OteV%]om @ s¥éps) of the
e Satoundoiw Nl dhoTiHE cbR) §89Y' @ 9.1 Wb TS =
1.6, 8.2 Hz), 7.63 (d, 1H, /=9.0 Hz), 7.43-7.08 (m, 7H), 7.00 (dd, 1H, /=24,
8.8 Hz), 6.96-6.90 (m, 2H), 5.97 (q, 1H, J= 6.4 Hz), 5.03 (AB, 2H, Jag = 17.1
Mz, Jas = 11.3 Hz), 3.80 (s, 3H), 3.73 (s, 3H), 1.60 (d, 3H, J= 6.4 Hz).

Step E - Methyl 3-([( 1R )-1-(2-chlorophenyl)ethyljoxy}-5-(6-hydroxy-TH-
benzimidazol- 1-y()-2-thiophenecarboxylate

Methyl 3-{[(1 R)-1-(2-chlorophenyl)ethyl]oxy}-5-[6~({[4-(methyloxy)phenyl]-
methyl}oxy)-1A-benzimidazol-1-yl]-2-thiophenecarboxylate (25.45 g, 46.4
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washing with EtOAc. The filtrate was concentrated to
afford the title conpound, which was i medi ately

w@a007i0aei nto t he next step. 1H NVR (400 MHz, PADUISBYP6/033683

8 8.66 (br s, 1 H, 7.56 (dd, 1 H, J=1.7, 7.8 Hz),
7.41-7.09 (m 25 5H), 6.93-6788 (m 2H), 6.71 (d, 1 H,
J= 2.8 Hz), 6.65 (d, 1 H J= 8.6 Hz), 6.57 WD

2007/ 030361 PCT/ US2006/ 033683 76 (dd, 1 H, J= 2.7,

Sarfiolliaps dissBRelsn thmoﬁn@)?ar(dvcoole&to % Qith sH?ang 4 82

%E&Of?%betgﬁac'g (:‘5066 Q15f-|.-|§$ %gbwy gdcﬂ@q E%quuse Vi soition

ﬁir(r{e( 1‘R)e fedcion Wa@rsﬂﬂB@fﬁth)lﬁélhwsddMM)hy@rd)@dé @040 09,500
% E@é}é Jmsthg X é ben2|mdazo 0
"t\ﬁ? E } 85§ %[%ded ° waecf@a dafietungel. Enepld ob
INE |Ithure was then adjusted to neutral wuth saturated NaHCO3 solution.

ﬁ'g%,l[ra] 10§ | was pou{réé in ggtsg aratc}/rZI Punne d the Yaye?sx\}\/ler%henyl

{s{eﬁéréiedl -Thz adUcdus pyenWas walshed Wik \BtoAct Tharbaitmey box
was di sscyngsd in ri met hyl orthoformate (100

B BT s 9 BB e WgBer e eq RASPneantRied /7 iacuo

Pm.ﬁ@bmnmwmshaiht@ﬁ@agtafpﬁy aﬁerd@a 1&% § (7525 tRgRllg Was
ded in a,single 10 port action mas stirred

ad
PampouRd, T4 R (o GO ChN o5 g (61 Th. BB (5 TH), 774 (34,
HH, Mbmm&)(ﬁeﬁrmﬂwﬁé% t—?zf>1 asﬁ-ﬂiﬁ?g | 3(\UT SRS 1H),

goncent r at ed mat o%r aphy’'to
t

AR 1 Hoy 722 Meb S (s 10, dL@RIE G Hal 104 o, Ho T 6.2

0 CI 3): S 8.47 1
7. 21 (dg’ 3il1'“)4NW(&Lt'q’(w,J\AJ@z ), )7 63 (d, 1(i| 35)9 0
43- 0 . .

AL L : n £ 0
Gﬂ-(triﬂl:lbroﬂvfl@hjl);ih_éniltllethﬁLxJ)Q@tmoéﬁelﬁcbﬁﬁova%teg0 (S 3H)
3.73 (s, 3H), 1.60 (d, 3H J= 6.4 Fz). Step E - Methyl

3-(/(1R) - 1- (2-chl oropé:r%“)ethglfoxy) 5- (6- hydroxy 1H

- benzim dazol -1 y/) ecarboxy/ ate 3 ~ ~
O CH3
F F

Step A - Methyl 5-{[5-({[4-(methyloxy)phenylmethyljoxy)-2-
nitrophenyljamino}-3-({( TR )- 1-[2-(trifluoromethy|)phenyllethy}oxy)-2-
thiophenecarboxylate

o}

The title compound was prepared from methyl 5-amino-3-({(1A)-1-[2-
(trifluoromethyl)phenyl]ethyljoxy)-2-thiophene carboxylate and 2-bromo-4-



O OH H3C C~10 20 Methyl 3-{[(1 i
-1-(2-chl orophenyl ) et hyl ] oxy}-5-[6-({[ 4- (et hyl oxy) phe

WO 2007430361 PCT/US2006/033683
met hyl } oxy) - 1H benzi m dazol - 1-yl ] - 2-t hi ophenecar boxyl a
te (25.45 g, 46.4 WO 2007/ 0361 PCT/ US2006/ 033683 77
mmol ) was dissolved in DCM (120 m -) and cooled to 0 C
with stirring. Trifluoroacetic acid (40.0 nL, 519

A Tl o0t o o s
Saitey d'%P ?ixa ? ﬁ?%t S ( §2)069$IM+'V|13)S/ added
dropvvl se via addition funnel. The pH of 5 the m xture

\i¥iep Bhdifletaylj Bg2-athita Sy methyox poreaypmalhegotaHCOB

i LR o R T e et
5 lhkigphensasrbmaghtd with Et OAc. The conbined organic

| ayers were dried over MpSH, filtered, and
concentrated in vacuo. Ryrifi cagl on by fl ash

chr omat ogr aphy af f or ded 7% of the title 10
conpound. 1H NWVR (400 3)° 8 9.62 (s, 1 H),

8.45 (s, 1 H), 774(dd 1 H, 1.7, 7.7 Hz), 7.53
(d, 1 H J= 8.8 Hz), 4673*& 3H), 7.32 (m 1H),
7.08 (d, 1 H J=2.2 . 6.79" 1 H J=2.2 8.6
Hz), 5.94 (q, 1 H J=Y6.2 Hz), 3. 79 (s, 3H), 1.60 (d,

3H, J= 6.2 Hz). Interfed ate Exanpl e : Met hyl
5- (6- hydroxy-1 H benzi m dazol - ({(2 - 15

T
W?WWYWG(\YMWMW) -Rinitnophangifdrgindp3y((1 &)-1-[2-

pgﬁ‘?é}gﬁgwgﬁggnmqyﬁ8%@%%%‘%@??%’@@'@6 by a procedure

10  @halogbentodatdrmegiate ExaimileNt, Step C. MEKBSI): 573 [M+H]'.

Step C - Methyl 5-(6-hydroxy- H-benzimidazol-1-yi)-3-({( 1R )- 1-[2-
(trifluoromethyl)phenyllethyljoxy)-2-thiophenecarboxylate

N=\ s o]

(o]

OH
H,C
F'
F

F

Methyl 5-{[2-amino-5-({[4-(methyloxy)phenyilmethyl}oxy) phenyllamino}-3-
15 ({(1A)-1-[2-(trifluoromethyl)phenyllethyl}oxy)-2-thiophenecarboxylate (11g,
19.19 mmol) was dissolved in 100 mL of trimethyl 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)phenyl]methyl}oxy)-1H-
20  benzimidazol-1-yl]-3-({(1/A)-1-[2-(trifluoromethyl)phenyl]ethyl}oxy)-2-
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5

0

HA O OH3CF I ~ 20 F The title conpound was prepared
fromnmethyl 5-amno-3-({(1 R-1-[2-

w@ roo7osazer onet hyl ) phenyl ] et hyl } oxy) - 2-t hi ophenBCT/US2006/033683

car boxyl ate and 2-brono-4 WO 2007/ 030361

PCT/ US2006/ 033683 78 79

({[ 4- (met hyl oxy) phenyl ] net hyl } oxy) - 1- ni trobenzene by a
procedure anal ogous to Internediate Exanple 4, Step

3"OIMé@Eﬂbbxylﬁwé%hﬂdtvecﬁheﬁl&hoforh‘/?J7*5)Ht1Lh ) and cooled to 0
p%&ﬁ\%ﬁ?é{m% Oﬁnﬂg (:éygs Y SBER"GRY el whs aciba. The

Ferction mWidsistirred®srhyn hod Q"%A/e(})ﬁwl\?drh@tbyr)oo% tem erature. The
i

b’nxtu henecar bo%<¥ egtv&

S¥es epnaratated while soRling e r\ﬁﬁpvﬁrﬂéﬁkﬁépéﬁ‘eftf'@#ﬁfﬁ@fﬁm
Beifl[ H'hlé{rhléktureh was dissolved i ln chloroform (2t00 mLh) Thle reaction was
%ﬁra@fntc{)x% %_Dpa(rea%ry] er?rtlg a dot)r(% layerQ IWeieo gepear;gted a{_rll_.g 8&! of the
(nmutfel was theatddjlsiaemdulral Rith sasbated NaRICTRNNRRAT PRXY!

rocedure 1Q.a Io ous to Internediate
%léﬁ,%f/s \%a%ed %th(%%pry orayy Jhengopbined ejigapicdayers
WBtdﬂdﬂlecﬁo\(eﬁ-M‘gStDQXiMerbhi ameegrioshiaeal in vacd,) Pairichliciby
ﬁ?#ﬁ ?WYBB‘P&%?W afiondaml 3-8 OHPRYoR4FY 2:8teRs) Op erlear boxy/
adrapbundy B NMR {400MMEB CISTI,H 1186Kd, TH, /= 7.87 Hz), 7.83 (s,
1H), 7.66-7.55 (m, 3H), 7.40 (t, 1H, J=7.7 Hz), 6.92 (d, 1H, J= 2.2 Hz), 6.85
(dd, 1H, /=2.3, 8.7 Hz), 5.78 (q, 1H, /= 6.23 Hz), 5.47 (s, 1H), 3.91 (s, 3H),
1.75 (d, 3H, /= 6.23 Hz); MS (ESI): 463 [M+H]".

Example 5: 5-[6-(4-Piperidinyloxy)-1H-benzimidazol-1-yll-3-({(1R)-1-[2-
(trifluoromethyl)phenyllethylloxy)-2-thiophenecarboxamide

Sk
o o

Step A - 1, 1-Dimethylethyl 4-({ 1-[5-[{methyloxy)carbonyl]-4-({(1R)- 1-/2-
(trifluoromethyl)phenyljethyjoxy)-2-thienyl]- 1H-benzimidazol-6- Vijoxy)-1-
Plperidinecarboxylate

@ oo
Veglive

HC CHO
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25

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

w@b@ngsgzanm no} -3 15 ({(1 PCT/US2006/033683

R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)-2-thiophene

- carboxylate (11 g, 19.19 ngy ) was dissolved in 100

mL of trinmethyl orthoformate with stirring.
Pyri di ni um p-tol uenesul fonate (0.502 g, 1.91 mmol) was

MR oL@y el 19.oRARTARRI-1 NS fergLi.pn vas stirred

m xture was C and the crude
ﬁtﬁﬂwpmfm)pb?pm ethelony)-8xtbipphensaarbasyiaie (G498 9.11.PB8 20

Iﬁﬁﬂ@lb %@%ﬁ?&arﬁo%&&e (8466 11 44 mmol(_)3 and 4- (Toluene-4-
trifluoromet hy phen o)

29 mePGb'PﬁtJSQQIQQX)O@%EGeﬂMM |¢s éﬂé@ 8r hagynaek
Wte dbmbMleXas 1brﬂn19 ANRiRTeM b Amah é:leaeﬂﬂj r?é’é?é@% é(P°(9wntﬁ:

with stlrrlng ?‘luoroacetlc acl

§HBINY. The raaetion. waml@eatecé&xfﬁﬁdharwh@o%@d tqr@an'f f@rnpfraiur@nd
FhbNREIrd Rat %ﬁréoqnfooé’c@%tceéﬁae\&a”tte%ﬂd % tyeFQ Wér‘éf e was

concentr at ed cool i ng to renove nosS
Sepanatask oHtes@rg@ms l@cqrwaswhﬁﬂ ytitrsingaang F"!@s‘éﬂ%@ed n

cRLes & I@S/QFS(V?Q'Q e'i&féctea_ W?thrEﬁ@N:' TR RMbIMRAHEBEnic Myrs

separatory funnel 'ayers were separated. The

prere frigeheveigd e, eﬂlk@éﬁﬁ ﬁn@ goaegnetec/in wcyau PrElicalipe By
THeo 5]
\?\Eﬁﬁ gg&%ﬁ@&\%ﬁﬁ}ér ot?r'd@& be82 n/g%ﬁ WROHe &&M&Suﬁﬁﬂ H NMR

orm ined organic | ayers

\AéQQeMdi‘rZ, PSS ak) 3/8.434s, 1fH)l ?@Eédd 4nd. 7c|dh,c1é'ﬁt 76718e13|6$ (m,
230G L B o ) SR AR =22 e

ddfﬁp?)@ﬂ\ddd M BINR2(2i6D WHiz5.9THD! &% 6. onz, B8, 49 (m, AH).B=81

{300 85-L56 5 540, a5 15 PSRy 109148 (i bp) 1168 (d 1=
B.HHzJ3HR 179-8.49 (piz PH), 5. 38B(s; §H).1M8, mEz645 dB+1Hz) , 5. 47
(s 1H, 3.91 (s, 3H, 1.75 (d, 3H, J= 6.23 Hz); M

6);)9 HB8y1 Byl tpipd d/ﬁ}@ﬁBLﬁf5enZ/m/dazo/- - 3-({(7/?( 1o42-

4- Pl eri di on benzi m dazol
Rj‘rtf/yafazne /)pheny [lethy oxy)-Z—th/ophenecarboxy/ate

(trifluoromethyl)phenyll et hyI }oxy) - 2-t hi ophenecar boxam
ide N~ SONH, OH3F rHN Fc8tepA 1,

>-Di met hy/ et hyl 4-((115 O—CH
[(rrethy/oxy)carbony/J 4> (1 O1 [ 2-

%

1,1-Dimethylethyl 4-({1-[5-[(methyloxy)carbonyl]-4-({(1R)-1-{2-
(trifluoromethyl)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 via addition funnel. The reaction was stirred for 1h, and 2 N
sodium hydroxide solution (60 mL) was added dropwise via addition funnel.
Saturated aqueous NaHCOj solution was used to adjust the pH to basic. The



WOR00F08036t CH3 0 O H 3 CO CF F13C ~( CH o NaCHUSH006033683

10

15

(trif/uoronethy/)pheny/Jethy/)oxy) 2-thieny/J-
>H benzi m dazo% y/)oxy)- >- 20 piperidinecarboxy/ate

WD 2007/ 030361 PCT/ US2006/ 033683 80 Met hyl

5- (6-hydroxy-1 H benzi m dazogt 1-yl)-3-({(1 R-1-[2-
(trifluoromethyl)phenyl]-ethyl}oxy)-2-thi ophenecar boxy
late (0.478 g, 1.03 mol), cesium carbonate (0.470 g,

%l%réTWEQ out%ﬁ%tﬁ a(JéEaH‘&BPy fonnel, an the Iayers were se arated.
sul fony peri dine -car Ic acid tert-butyl

J@eaqueeuaégegwamaheﬁmmqe \slth/\BﬁéX s BNGR With diety] fihes
Nl co?HHWéJWr‘gEHnEWEréiﬁ/e?é‘&lnﬁ e‘?‘il/l SD Qlt&eﬁ" 5

stirrin € reacti on was at ed and cool ed

CONEYY ?Qféﬁf’p'éﬂcélpu Parificatign biflesiy rcerqmowaaméarqvmasl 1.37g
e S oﬁﬂ? tl‘ﬂ@tCSHT ofthd W@M@Qﬁ%bw&ffmsée&?f 885 (s 1),

orga ayer WRs wais he h™brirde, and the co ine
a?qQﬁa@Us/ H bQé‘l‘Zs Thkr a7 &:0167elon, @)W .6 h (&1.CA8.6 Hihel H)onbil rfead
I-ﬁ r?’ 0%8d"‘!?f-% A 08%’7 SP—”’B z{ ol %ﬁ%eﬂ*l) 348
cen acuo ur'i bat | f
c(m-éﬁﬁtbdz,aﬁ'lw4a1ﬂf(m, dé), 3)8&& 341)(Z. 9%2 & (nn HRH)t 25962.49

REBRY o2 3 B 21 PRa 1< BT SBD. Pat-ri3h i 2rh s
(/u/25315(M+8)m 1 H, 750 (m 1 H, 7.29 (s, 1 H),
7.09 (d, J= 2.2 Hz, 1 H), 7.01 (dd, J=8.8, 2.2 Hz, 1

"Q'Iep z H)95‘ 4 ﬂa-Pz};eném}/(o!dﬁ I/ﬂ_ti)b@bsz}dar%%/-(ig]/] é-(ﬁ/?) R/ABL 15

J(f@imfpnsasthwﬁﬁezwefhﬂw) (?dhlog&en@aabq#ﬁﬂmsrﬂ) 1.59-1. 49
(m 2H), 1.38 (s, 9H). M5 m 2646 (M:l). Step B -

Met hyl 5 [6-(4 piperidiny e« ) 1 ben2|n1dazol 1
y/J-3-(] (7R)- > [2-

(trifluoronethyl)phenyl

-thlophenecarboxylate O HN H3CF

F F

Methyl 5-[6-(4-piperidinyloxy)-1H-benzimidazol-1-yl]-3-({(1R)-1-[2-
(trifluoromethyl)phenyl]ethyl}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-d5)
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 (q, /= 6.2 Hz, 1H), 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), 1.59-1.46 (m, 2H). MS
m/z531 (M+1),
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F 20 1,1 -Di nethyl et hyl
4- ({1-[5-[ (met hyl oxy) carbonyl]-4-({(1 R-1-[2

w@ eoofobazer onmet hyl ) phenyl ] et hyl } oxy) - 2- t hi enyl ] PAT/US2006/033683

H benzi m dazol - 6-yl } oxy) - 1- pi peri di necar boxyl ate
(1.84 g, froma different baxh using procedure
anal ogous to Exanple 5, Step A 2.85 nmmol) was
di ssolved in 30 nL of DCM with stirring and cooled to
Exé?mD'EHB f mem)awz ChIcREpISEryl B Hly)-518Q4 B rdiRSy 23 H-
dde dr op la,additjon funnel.  The reacti on was
355 t & BHEE M hydr oxi de sol ution
(60 m-) was added dropvvl se via addition funnel.
Sat ur at ed aqueous NaHCO3 Msal u%l of was used to adj ust
the pH to basic. The Gl PCT/ US2006/ 033683
81 m xture was poured i aratory funnel, and
the | ayers were separ . Thel.agueous | ayer was
washed once with and oncéSi ffh |di et hyl ether. The
conbi ned organi c | ayers were deiet over MgSO4,
filtered, and concentrated in vacuo. Purification by

ﬁ"?‘fh gﬁ;ﬁp%ﬁg%ﬁﬁihﬁ@ R e N i
ImathyIony) bRy Fhienyg- 1o-benzioyiozpl GaoxEl-(m 21 .

e Hz, 1 7.61 (m 1 7.30 (s, 1
Mé&'? 58%3)(}9/3@22sz|)1 H, 6.(97(dd,H)J: 8.8,(2.2

Hz, 1H, 596 (q, J= 6.1z, 1 H, 441 (m 1H),
3.80 (s, 3H), 2.97-2.88 ( s 2059-2.49 (m 2H),
1.92-1.83 (m 2H), 1.63 (d, J=8{1 ¥%* 3H), 1.51-1.38
(m 2H). M5 10 nfz546 (M]). Step C -

5-[6-(4-Pi peridinyloxy)r IYH benzrmytgzol - 1 y/J 3-(((1
R-1 [2- (trif/uqrond pheny/ & !} oxy)

2-t hi ophenecar boxani¥®€ s o N OO Ma H3 FI FF

Met hyl 5-[6-(4-piperidinyl oxy) 1

Meluwm{m émnaqp- -chfdfd)dheﬁy()éﬂ“l% SSiI'%Jdﬂ@(yJ H-benzimidazol-1-
m

2 DA BTy B e Bt 65

ammﬂml)l andvBbiiy (4L Ry droky-1 pﬁ?&erwuﬁa@akﬁoxyﬁt@(mss g, 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 via
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.
Purification by flash chromatography afforded the title compound along with
small amounts of impurity. 'H NMR (400 MHz, DMSO-dp): 68.47 (s, 1H),
7.70 (dd, 1H, J=1.6, 7.7 Hz), 7.64 (d, 1H, J= 8.8 Hz), 7.44-7.37 (m, 2H),
7.34 (s, 1H), 7.31 (m, 1H), 7.15 (d, 1H, J= 2.4 Hz), 7.01 (dd, 1H, J=2.2, 8.8
Hz), 5.97 (g, 1H, J=6.2 Hz), 4.59 (m, 1H), 3.80 (s, 3H), 3.65-3.56 (m, 2H),
3.27-3.14 (m, 2H), 1.92-1.81 (m, 2H), 1.60 (d, 3H, /= 6.2 Hz), 1.60-1.47 (m,
2H), 1.38 (s, 9H); MS (ESI): 612 [M+H]".
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seal ed tube and heated to 80 C for 2 days. The
reacti on was cooled to room tenperature and

w@oemwcesissat ed i n vacuo. Purification by flash PCT/US2006/033683

chromat ography afforded 0.129 g (86% of the title
conpound. 1H NWMR (400 MHz, @3&0d6) 20 b 8.34 (s, 1

, 7.91 (d, J=8.0 Hz, 1 H, 7.81 (br s, 1 H),
7.78-7.70 (m 2H), 7.61 (d, J=8.4 Hz, 1 H, 7.53 (m
1Steh B -MBBY D R)- L (ZBhiorbpPdnieth y%’ok}(ﬁ 75-@%@@9@/7 VIOXR)-

%@e’f’@fa%ﬁ{ 7%{4)2"’”2’/”76”62036{3%%4? 2H), 1.96-1.86 (m
2H), 1.72 (d, J-62H23,159146(m2H)|\/B
m z531 (M+l). WO 2007/0 ) US2006/ 033683 82
Exan'ple6 3-{[(1 0-CH,

R) - 1- ( 2- Chl or ophenyl )et foxy -5-[6-(4-pi peridinyl oxy
)-1 H benzi mdazol enecar boxam de N=~
OSNH o H3c | ~ Step" 1-D/ net hy/ et hy/ 4
[(1-(4- ([ (1R) -1-(2- ch/orophenycl')ethy/foxy) 5- 5

[ (et hy/ oxy) car bony/ J-2-thieny/)-1H -benz/ m dazol- 6

v )-Bipathylethyl Adeli-{H{i(@ Cril ﬁaaoyﬂcmo[d’lemyl)éthyl]d'xw@;[(rhbthyl@xy)

R T B bl o
disselvedin B&M (601mL)and Qoqlebﬂ e Taflimeytaicacid@(16® nl.,
498 Gn B Was ddabBaRSpiisd 9E%dff%n G, $ne reaction was stirred
for 1.5 h, and 2 N sodium hydroxide solution (88 mL) was added dropwise via
addition funnel. Saturated aqueous NaHCOj3 solution was used to adjust the
pH to 78. The mixiure was poured into a separatory funnel, and the layers
were separated. The aqueous layer was washed with DCM (3x) and EtOAc
(1x). The combined organic layers were dried over MgSOQ,, filtered, and
concentrated /7 vacuo. Purification by flash chromatography provided 1.95 g
(82% over 2 steps) of the title compound. 'H NMR (400 MHz, DMSO-dj): &
8.46 (s, 1H), 7.71 (dd, 1H, /= 1.7, 7.7 Hz), 7.62 (d, 1H, J= 8.8 Hz), 7.46-7.38
(m, 2H), 7.35 (s, 1H), 7.32 (m, 1H), 7.09 (d, 1H, /=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), 1.51-1.39
(m, 2H); MS (ESI): 512 [M+1]".

Step C - 3-{[(1R)-1-(2-Chlorophenyl)ethylJoxy}-5-[6-(4-piperidinyloxy)- TH -
benzimidazol- 1-yi]-2-thiophenecarboxamide



wowerg/oslizssol ved in DCM (50 nL) with stirring apdi/osmheas36s3
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10 18.6 mmol ), and t-butyl
4- hydr oxy- | - pi peri di necar boxyl ate (1.88 g, 9.34 mol)

to 10 C.  Diisopropyl azodicarboxylate (1.84 nL, 9.35
mmol ) was added dropw se viagq syringe. The reaction
was stirred for 5 mn and allowed to warmto room
tenperature. The reaction was stirred for 4 h and

chr or;a%;e{g“?izhoeséﬂg ?rB? ) ehl-&ﬁ {geﬁg(%%%ﬂﬂadm ?{3}1)1 . W th
@ﬁﬁ?lmlmmv&l %fhwnhmeparyoxﬂﬁer(ﬂmngo@ aﬂazmmm@Sd 6):

%lls%oﬂ/édﬁr§7 l\ilat'ﬁ}nonlimﬁ\ﬁe(ﬁqqu §7rﬁ|z 811‘d%6nol)7m asé'g%ed t@)@A’
|E|)’ld hpa@p tprﬁo °oC f|qy 48 P, he(sglution wasjeongentratey down@nd( dd,
1=e$f‘nar&el_?) \%ltl? fre§h N Jémnonﬁa A4 égH ééZ b ‘8}§0 %nk& andH 9

eateddo 114 O(OFﬁ fOQ ir hgzeqct@m Was cop toroem tempe@wreﬁﬂd

Opfflngd Pl by Rpsb ol By iy Aol 20

3587%{\@ thgititlg cofpomnd.1H NMEWA60 diia BMSEx )/ 3 8:x38) (s51H),

U078 (B PALTBEMAONN) =8 RPP R F R s 8842,
H%wd aH, ;1/—113Jméﬁzy|7e401911 HY, 784, {IH)17.11 (s, 1H), 7.11
By 45 £ 4oRerY LAY LR, LSZ8 ) 5.8 g, 1h

L50@aM 4ddm, 6HY12 95280 2bty 2 ERRAATH) 46¢-Virb(m,
.C
DH; PUSTE Ak YA, Tt fRO RO EMS o Caor mep

dr opwi se Vi a add|t| on funnel . The react| on was stl rred
& 7h5-{8 T &be 3 1R

Qj%ijorﬁétﬂ bRyl g&@ghéh&&%oxaﬁﬁ&é‘f at ed
aqueous solutro used to adjust The 10 pH
to -8. The m xture was pouNred intg a separatory
funnel, and the | ayers S ated. The aqueous
| ayer was washed with DC@]@X\){Z%SN*E QAc (Ix). The
conmbi ned organi c | ayers re driged over MgSO4,

filtered, and (\jo HiC]
e

F e

Step A - Methyl 5-(6-[( 1-methyl-4-piperidinyl)oxy]- 1H-benzimidazol- 1-y/}-3-
({(1R)-1-[2-(trifluoromethyl)phenyllethyljoxy)-2-thiophenecarboxylate

0O

“NQJO,CH
HJJES ;©

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



concentrated in vacuo. Purification by flash
chromat ography provided 1.95 g (82% over 2 steps) of

W b@703@3be conmpound. 1H NVR (400 MHz, DVMSO d6)PCBUSH06/033683
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15

25

8.46 (s, 1 H, 7.71 (dd, 1 H /=1.7, 7.7 Hz), 7.62
(d, 1 H J=28.8 Hz), 7.46-7.¢8 (m 2H), 7.35 (s, 1
H, 7.32 (m 1 H, 7.09 (d, T H /= 2.2 Hz), 6.97 (dd,
1H J 2.2, 8.8 Hz), 5.97 (q, 1 H, J= 6.2 Hz), 4.42

gﬁﬂ_ Oh%mfﬁgag% &ﬁnal?éﬁiehﬁ;é)@r (%58@\ (§‘7°{§ |@W)ater20 53 n'?rs‘-&?

wexe agdg:g Vla(SMfln@-.i) Soqugn@ggpgtoxy@pgollqu? ((Q @)1 399@55;2 mmol)
%lés[éd%i@j n’lfa st g‘%&{leﬁ heRy |r<3é?{§|az g«%@%‘l’ujreé 601 k 4nd quenched

Per 1 di ny benzi m
yYith.satyrgied Qapplulieny Gle nixture wag poyreqipto DGNHagd half-

@%faréﬁea aq ?mgﬂ@&(’%ﬂ%@éyepwcal@%&%@é%he%uaous

Fl§¥€'ll'\(3§ veashed spihd?yM)(8xand BY3AC Bx]. eTheicqmbiaed araapicoxy
)Iadﬂeré‘h/elz@&ﬁéd'%\%ﬁgg(?m ¥||t$rea 5#&! 9&%9@5@6%’%5@5 e

di ssol ved anmonia in

Nibmc@m ley fiash @mmaﬁesfﬁwuaﬁoaiegiéhﬂ@jgt(mé) ofhe tileat ed

SonRuf NS Pao R EMOQ. B, s RSP LB (1270

Hz, 184, D7&ﬁtﬁ8)(narﬁh‘l) héated/ t 8.0148 1&)f 6:51Tm, AH),Tha2 (s,

t
cﬁﬂg até Fﬁﬁé’éggm ?HLurlf ati onﬁ-t)ér ?P?rhdﬁ (m, 1H), 3.80
daram)aw@r apdty), af52e2.43 gmO2UR@.27-2 (187(% 24, t%uaa(ne 2H)

W%q?@% %W?Z Ly %Wgﬁksfé%ﬁﬁﬁl’z
7573,0 ﬁz') 5'{5?‘[( JWQIRY/ ﬁpﬂ)l;%%mﬁéacl)xyz ﬁf‘f/sf?ﬁ/%(/jmdézq‘l7 J(,§3-( i 7’@5 7-
7[231(&/ﬂu6)§b’me?hy ﬂohl%‘);sy 1k h}%ﬂo}%?—tﬁmﬁhenbcar toxdmide » 6. 96

J= 6.2 Hz),
441(m1H) 298289(m2|—|) 262253(m2H)
1.94-1.84 (m 2H), 1.70 d‘NS = 6.2 Hz), 1.54-1.40
(m 2H); M5 (ESI): 497 | aple 7:

5-{6-[(1- Met hyl - 4- pi peri I ox]-l
H benzi m dazol - 1-yl }- P1 Rue
1-[2-(trifluoromet h‘yj:)u nyl ] et y) - 2-t hi ophenecar

boxam de O F

Methyl 5-{6-[(1-methyl-4-piperidinyl)oxy]-1 H-benzimidazol-1 -y}-3-({(1R)-1-[2-
(trifluoromethyl)phenyllethyl}oxy)-2-thiophenecarboxylate (0.148 g, 0.264
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 24 hours. The reaction was cooled to
room temperature and concentrated in vacuo. Purification by flash
chromatography afforded 0.138 g (96%) of the title compound. 'H NMR (400
MHz, DMSO-dp): 8 8.35 (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
(m, 2H), 5.95 (q, /= 6.2 Hz, 1H), 4.36 (m, 1H), 2.64-2.53 (m, 2H), 2.23-2.11
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Si Niz OOH3 F H3CNF Step A- Mthyl 5-(6
((1-nmethyl -4 piperidinyl)oxyJd- | Hbenzimdazol- 1

W@ Rg0783036( (1R) -1 [2-(trifluoromethyl) phenyl Jet PgT/V8209§/033683

2-t hi ophenecarboxy/ate O s el O CH3 O H3C NaO H3CF
F 20 Methyl 5-[6-(4-piperidgyloxy)-1

H benzi m dazol -1-yl]-3-({(1 R-1-[2
(trifluoromethyl)phenyl]ethyl}oxy)-2-thi ophenecar boxyl

%ezl(iP ZprnfeS HP 139‘11?1 sﬁxme)z Wami (ﬂ%g%ing?qVH‘\ 57

tiC aci
wnme&sm Wdcb]al 033683 85 m, 0.44 mol) and
forrral del dehyde (0.055 nL, 37%in water, 0.74 mm!)

saturat ed NaHCGS soI ut| on. The m xture was poured into
DCM and half 5 saturated eoys HCO3. The | ayers
were separated, and the sy taper was washed with
DCM (3x) and Et OAc (1x). e C |ned organic |ayers
were dried over MgSO4i_fidtered, fand concentrated in
vacuo. Purification byJtlash Fehr ogr aphy afforded
0.150 g (73%9 of the't¥fle co > 1H NWMR (400 MHz,
DMSO-d6): 8 8.43 (s, 1 H), 7.96 (d, J=7.7 10 Hz, 1

(t%f’fp % 7 Jﬁ;%;_{)(( E%) ;-?}-qyb(%@gﬂ/eﬁﬁ@ygﬂé ’/(7611_775247)/(-% 5%

/T k- THLBeRziidazol- 1- N2t béé@béx te 3.80 (s,
Izb)pe ”8/2)0? v //253 }Z%(mp%lezl) ’ gll(m

2H) 1.98-1. 85 (m 2H, o
Sate
Negli'es

Methy! 3-{[(1 A)-1-(2-chlorophenyl)ethylJoxy}-5-[6-(4-piperidinyloxy)-1 /-
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
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-dy): & 8.48 (s, 1H), 7.73 (dd, 1H, J=
1.8, 7.7 Hz), 7.63 (d, 1H, J= 8.8 Hz), 7.47-7.40 (m, 2H), 7.38 (s, 1H), 7.34 (m,
1H), 7.12 (d, 1H, /= 2.2 Hz), 6.99 (dd, 1H, /= 2.2, 8.8 Hz), 5.98 (q, 1H, J=
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
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1.73-1.60 (m 2H), 1.62 (d, J= 6.0 Hz, 3H. MS (ESI):
560 [M-H +. Step B - 5-(6 [(1-Methy/-4

[2-(trifluoronethyl)pheny/Jetby/)oxy)-2-thi ophenecarbo
xamide 0O \ N/ NHz O O"3dy H3C N F Methyl

5-{6-[ (1-met hyl - 4- pi peridi nyl)oxy]-1

H benzi m dazol - 1-yl } - 3- ({(I R) 1-[2-

(§31) vorores t}w% AL 61 () 2 Mlsl BHOPBRYR B, AR
éﬁﬁﬁnﬁ%lhﬂ*‘ﬁbdﬂ (12 0 rrL 84 0 nmol) in a 20 seal ed
tube and heated to 80 C for 24 hours. The reaction was

®eh 8d 3-g¢7R)OR S. in vacuo.
Pur'A|) fica |or{ mbﬁﬁﬁﬁjﬁbﬁ &hﬂ{%gfagsﬂl?fa%rygéd 0.138 ¢

RIS oM DTG L AT eRE B i
DMSO-d6): b 8.35 (s, 1 H), 7.92 (d, J= 7.7 H, 1 H),

7.82 (br s, 1 H), 7.80-7.04 (m 9H), 7.64-7.51 (m
2H), 7.12 (br s, 1 H), 7 JyI A, 6.99-6.94 25 (m

2H), 5.95 (q, J= 6.2 Hz, : 36 (m 1 H),
2.64-2.53 (m 2H), 2.23<2011 \}/;D 007/ 030361
PCT/ US2006/ 033683 86 ( 2H) , 9. (s, 3H), 1.94-1.84
(m 2H), 1.73 (d, J'ﬂ=°6 2 Hz, 3HF" T'71-1.57 (m 2H).
M5 (ESI): 545 [ M+Hl +. Exanple 8: 3-{1(1
R)letﬂ.w(eﬁ{[@rbor-ezoaﬂmbham%myqasy;}} =a-f1ethyat hyl - 4-
eridin
pb%wqwmém Hboqtimidazoht-yhirehiopiepesPHets 03 1ee o
Cwé& diss@ved BP7 R amrvBhiBYh MeOH gz .0 mL, 84.0 mmol) in
R 2-chl or opher&yl ) et hg fo>g|_\{]
[a(ﬁ p a,g;\d heated to 80 °C for 2.5 days. The reac |on was cooled to
room temperature and concentrated /n vacuo. Purification by flash
chromatography afforded 0.208 g (100%) of the title compound. 'H NMR (400
MHz, DMSO-dj): &8.39 (s, 1H), 7.80 (br s, 1H), 7.67 (dd, 1H, /=1.5,7.6
Hz), 7.62 (d, 1H, J= 8.6 Hz), 7.45 (m, 1H), 7.41 (m, 1H), 7.34 (m, 1H), 7.13
(s, TH), 7.11 (br s, 1H), 7.02 (d, 1H, J= 2.0 Hz), 6.97 (dd, 1H, /= 2.2, 8.8 Hz),
5.99 (q, 1H, J= 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 (ESI): 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.

1 y/)-3-({(ACUF2004633683
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Biological Examples
. 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 polyhedrin promoter control. All procedures were performed
at4 °C. Cells were lysed in 50 mM HEPES, 200 mM NaCl, 50 mM imidazole,
5% glycerol; pH 7.5. The homogenate was centrifuged at 14K rpm in a SLA-
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5 Methyl 3-{[(1
R) - 1- (2- chl or ophenyl ) et hyl ] oxy}-5-{6-[ (1- net hyl -

/-1 -benzi m dazol - 1-yl } - 2-t hi ophenecar boxyl ate (0. 214
g, 0.407 mml) was dissolvegbin 7 N ammonia in MeCH
(12.0 mL, 84.0 mmol) in a sealed tube and heated to
80 C for 2.5 days. The reaction was cooled to 10 room
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%%dgteggm(sﬁ]%y(z'ﬁas PZ\C‘QEE Erag;oncqworgwmgfL weee dibgd five-
1018 Wvith- SBENKIHERES, 1 M b1(1d 5%°>§chelnl BH%7 bizthen ioa?j%d’on%%

ESI): 511 [MtH +. Conparative Exanple
ga'gnﬁ%? PR 8 Pr'i\?ﬁ*lﬂé?@) qalymny Ater washing ¥ @mumm43
mm skmanmrle@raesm AR DI, BY, 5‘9&&%@%@9%‘{ ?’8% @?e;ﬁélhted

% ge described Tn
P BTABO8E, TR FTicBOR el RN GbicaIoIN 75 PLK
m%ﬂa&ﬁﬁﬁef@ hg@%@ﬁ%ﬁﬁﬁlar %lgﬂf"éﬂﬁﬁrméhb%@gn‘a N

yﬁg l % %6t qs;dé; &(])%ggel flltratlon (Amersham Pharmama)
column equilibrated in 25 mM HEPES, 1 mM DTT, 500 mM NaCl, 5%
glycerol; pH 7.5. Fractions containing PLK were determined by SDS-PAGE.
PLK was pooled, aliquoted and stored at -80 °C. Samples were quality

controlled using mass spectrometry, N-terminal sequencing and amino acid
analysis.

B. Enzyme activity +/- inhibitors was determined as follows:

All measurements were obtained under conditions where signal production
increased linearly with time and enzyme. Test compounds were added to
white 384-well assay plates (0.1uL for 10 uL and some 20 uL assays, 1uL for
some 20 plL assays) at variable known concentrations in 100% DMSO.
DMSO (1-5% final, as appropriate) and EDTA (65 mM in reaction) were used
as controls. Reaction Mix was prepared as follows at 22 °C:

25 mM HEPES, pH 7.2

15 mM MgCi2

1 uM ATP

0.05 uCi/well **P-y ATP (10Ci/mMol)

1 uM substrate peptide (Biotin-Ahx-SFNDTLDFD) SEQ ID:No. 2.
0.15 mg/mL BSA

PCT/US2006/033683
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Assay for inhibition of PLKL 5 A Preparation of 6x
N-term nal Hi s-tagged PLK kiggase domain 6x N-term nal
Hi s-tagged PLK ki nase domain (am no acids 21-346
proceeded by MKKGHHHHHHD) SEQ ID: No. 1, was prepared
frombasyiemt rus infected T. ni cells under

pol yhedrin pronoter control. All procedures were
perfo?r’i‘%P'—gﬂ kipage dogpins(agded lasflsed in 50 mv HEPES,
200 MM NaCl, 50 nMim dazole, 10 5% glycerol; pH 7.5.

The honogenate was centrifuged at 14K rpmin a SLA WO
Feaviiasbis OrrR0ws) 0es/nikbeaidegdo 50 wel irometiiately h

PO Y851 520l BRI o -
dHeh at 22GC SFph R0es cerzimetis heantions were stopped with 50 ulL of
stop mix (50 mM EDTA, 4.0 mg/ml Streptavidin SPA beads in Standard
Dulbecco's PBS (without Mg?* and Ca®"), 50 uM ATP) per well. The 10 puL
reactions were stopped with 10 uL of stop mix (50 mM EDTA, 3.0 mg/mL
Streptavidin-coupled SPA Imaging Beads (“LeadSeeker”) in Standard
Dulbecco's PBS (without Mg** and Ca?*), 50 uM ATP) per well. Plates were
sealed with clear plastic seals, spun at 500 x g for 1 min or settled overnight,
and counted in Packard TopCount for 30 seconds/well (regular SPA) or
imaged using a Viewlux imager (LeadSeeker SPA). Signal above
background (EDTA controls) was converted to percent inhibition relative to
that obtained in control (DMSO-only) wells.

C. Results

The data are reported in Table 1 below. In Table 1, + = plCsp <6; ++ =
p|C5o 6-8; +++ = p|C50 >8.

Il. Methylene Blue Growth Inhibition Assay --Inhibition of cell proliferation
by PLK1 inhibitors
Generally, 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
wells were left untreated as a control. Seventy two hours post-treatment, cell

numbers were determined using 100pl per well of methylene blue (Sigma
M9140) (0.5% in 50:50 Ethanol:water). Stain was incubated at room
temperature for 30 minutes before plates were rinsed and dye solubilized in

Exanpl BGT/1US2006/033683
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300 mM i mi dazol e, 5% gl ycerol; pH 7.5. Fractions
contai ning PLK were determ?fd by SDS- PAGE. Fractions
containing PLK were diluted five- fold with 50 niv
HEPES, 1 nmM DTT, 5% gl ycerol; pH 7.5, then | oaded on
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tor er m ne
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A0 PRI b S5 SR ot b g e
a&pplpyed bt sang msmCé&r 10 gL and sone 20 L assays, 1L
for sonme 20 gL assays) at variable known

concentrations in 100% DMSO. DMSO (1-5%final, as
appemssay, g)oraatih@pan fqreskimfibiohlastsa(EtRFH)um@n eclok ed 25
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B
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and plated in 100 pL of culture media per well, at the following densities, in a
96-well tissue culture plate (Falcon 3075): HFF 5,000 cells/well, HCT116
3,000 cells/well, RKO 2,500 cells/well, H460 2,500 cells/well, A549 5,000
cells/well, MCF7 4,000 cells/well. The next day, compounds were diluted in

low glucose DMEM containing 100 pug/mL gentamicin, at twice the final
required concentration, from 10 mM stock solutions in DMSO. 100 uL/well of
these dilutions were added to the 100 uL of media currently in the assay
plates. Medium containing 0.6% DMSO was added to control wells. The final
concentration of DMSO 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,
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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pL of stop mx (50 nM EDTA, o4.0 ng/m Streptavidin
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6&9&% type. Plate was placed in a 37 °C incubator on a plate shaker.

Following the 6 h incubation period, the plate was removed. Single 50 pL
aliquots from each donor and receiver compartment (per well) were analyzed.
Sample analysis was by LC/MS/MS (results reported as Drug Peak
Area/Internal 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, % Protein Binding, + = >98%,; ++ =
95-98%: +++ = <95%.
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percent proliferation relative to 100% proliferation
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conmpounds were diluted in |OMIg|UCOSG DMEM cont ai ni ng
100 gg/ nL gentamcin, at twce the final required
concentration, from10 nM stock solutions in DVSO 100
L/well of 25 these dilutions were added to the 100 gL
of media currently in the assay plates. Medium
cont ai ni ng 0.6% DVMSO was added to control wells. The
final concentration of DMSO in all wells was 0.3%
Cells were incubated at 37 C, 5% CO2 for 72 h. Medium
was renoved by aspiration. Cell biomss was estimated
by staining cells with 80 gL per well nethylene blue
(Sigma MP140, 30 0.5% in 50:50 ethanol:water), and

i ncubation at roomtenperature for 30-60 mn. Stain
was renoved by aspiration and the plates rinsed by
imersion in water, then air-dried. To release stain
fromthe cells, 100 L of solubilization WO 2007/ 030361
PCT/ US2006/ 033683 92 sol ution was added (1 %

N- | auroyl sarcosine, Sodiumsalt, Sigma L5125, in
PBS), and pl ates were shaken gently for about 30 mn.
Optical density at 620 nM was neasured on a

m cropl ate reader. Percent inhibition of cell growth

Concentration of test conmpound thaPCT/US2006/033683
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ND: Not Determined

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 cell
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



phosphate buffer and shaking for 24 h. The test sanple
is filtered by 0.45 filter and then spun for 10 mn
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preformed on these sanples. The peak areas are used
for conputing solubility. The data are reported in
Table 1 below. In Table 1, 10 solubility, + = <30 M
++ = 30-100 M +++ = >100 M WD 2007/ 030361
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concentrations of test compounds ranging from 10uM to 0.04nM. Several
wells were left untreated as a control. Seventy two hours post-treatment, cell
numbers were determined using 50-100ul per well of CeliTiter-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.

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 (ICso) was determined by 4 parameter fit of data
using XLfit, (value of no cell control was substracted from all samples for
background). The Cell-Titer Glo data are shown in Table 2 below and
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, + = ICsp >1 uM; ++ =
ICs50 0.5 -1 uM: +++ = ICs0 <0.5 uM.

Table 2
Cell Line Ex1 |Ex2 |Ex3 Ex4 | Ex5 Ex 6 Ex7 | Ex8
HCT1161Cs, | ND ND | +++ ND [ +++ ND ND [ND
A549-1 ICs ND ND | +++ ND | +++ ND ND | ND
COLO205 ICso | ND ND | +++ ND [ +++ ND ND | ND
HT29 IC5 ND ND [ +++ ND | +++ ND ND | ND
MX-1 ICs ND ND | +++ ND [ +++ ND ND | ND

SKOV-3 ICsp ND ND bt ND ot ND ND ND

LNCaP ICsy ND ND dht ND ND ND ND ND




Com EXx ++ ++ + ++ + ++ + +++ + 143 ND. Not
Determ ned Table 1 shows that the instantly cl ai ned

W@ o09p08N3ss possess superior 5 properties over PEEUS2006/033683
conparati ve exanples tested. For exanple, exanple
conpounds 1-8 have superior epzyne and cell potency
over conparative exanples 121, 136 and 143 in PLK1l

enzyne assay and mnet hyl ene bl ue cell proliferation
asi@ylllum Ul T [ER12 [IEkBEY BaTERS U T g5osam 5?7 Ex8
co -ty i

pgwlé %= [® Tt oy o1 OCL{lh +—H

0. r, M ncn FINTDP kwprgg\h/er Ncpomgglpat [ (NP 10 ré'?(anﬂ]]%
127180351 e [WRmd s |13 AP 5] 8+haVeiss upfid or| N

pr ptelriCsbi ndi|mp WONROO TA8303 ENDWPNDUbAW 0/€°% 35} NB?T

in mlm:u’go SETUTRY [§T IJ P gm Nés” :\hﬁs’—z‘”’NS"“"ﬂr 5

co \/Q X n.r‘n! e 126 aing ?7

LG E)q“?“c;n NP cdNP pif 8% 1 At | it by [PDK1 | Wi HiNDor s
5 EMy¥erddhni al|INP grjoi ng+eel [ NO ngs+of |aNDf T efemt [INDTOT
or | IDAMB-48Sl T[UT €0 [I N approgr_at ¢ medira_—cont-atrntrg—1000
f et Hlso bovi ne upNt  37C i nNR 506 N%cu’b“é@ or| Nker e

pl FPRRCACS OW RS 'NDV tessihar Nuccf%f'u' SHE NS

96 : our] hou post -l ng.! cell
vet 'ﬂ: ?—f:‘a{ ¥d ﬁﬁ(h A% £ e Bt "{;Don:@HtratNDons t]{ e
compORFdSEsor anjdidhg |NDom| +BuUM|tND O BEnM NBever 1D
wel BSPGHACE | 8IND U t;\rDeaLeeﬂdF T B CPRBT Ot oS vighs Y T
hotrs post t+eatnpnt all nunb S \I\A':LI‘(3 det er mlned
usi ng 50-100ul per vvel | of CellTiter-G o (Pronmega
#Gr573). Plates were incubated at roomtenperature for
15 m nutes and the chem | um nescent 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 conpound that

i nhi bited 50% of cell growth (1C50) was determ ned by
4 paraneter fit of data wusing XLfit, (value of no
cell control was substracted fromall sanples for
background). The Cell-Titer Qo data are shown in

Tabl e 2 bel ow and 20 represent a conpil ation of
several different experinents, each performed using
the general paraneters outlined above, although m nor
vari ati ons may

[2)

é%?%_

U.-




10

15

30

35

40

have been enployed in sone instances. In Table 2, + =
IC50 >1 M ++ IC50 0.5 -1 M +++ = | C50 <0.5 M

wadame3BeCel | Line Ex 1 Ex 2 Ex 3 Ex 4 Ex 5 EXPGI/EX2066/033683

Ex 8 HCT1161C50 ND ND +++ ND +++ ND ND ND A549- L
| C50 ND ND +++ ND +++ ND ND 80 COL0205| C50 ND ND +++
ND +++ ND ND ND HT291 C50 ND ND +++ ND +++ ND ND ND
MX-1 1C50 ND ND +++ ND +++ ND ND ND SKOV-3 1C50 ND ND
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<210> 1

<211> 11

<212> PRT

<213> baculovirus infected T.ni cells

<400> 1
Met Lys Lys Gly His His His His His His Asp
1 5 10

<210> 2

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Optimiczed PLK Peptide Substrate

<400> 2

Ser Phe Asn Asp Thr Leu Asp Phe Asp
1 5
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wherein * indicates a chiral carbon;
5 and pharmaceutically acceptable salts and solvates thereof.

2. An enantiomerically enriched compound according to claim 1, wherein
the stereochemistry of the chiral carbon is R.

10 3. An enantiomerically enriched compound having the absolute
stereochemistry depicted in A-1:
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H3C C- OFCAB OO N\ SN\ N/ NH2 NNH N H3C
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salts and solvates thereof. 2. Ap enantionerically
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and pharmaceutically acceptable salts and solvates thereof.

4, An enantiomerically enriched compound having the absolute
5  stereochemistry depicted in B-1;
(o]
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and pharmaceutically acceptable salts and solvates thereof.

5. An enantiomerically enriched compound having the absolute
10  stereochemistry depicted in C-1:

c-1
and pharmaceutically acceptable salts and solvates thereof.

6. An enantiomerically enriched compound having the absolute
15  stereochemistry depicted in D-1:
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15

N\ SNC, N2 ,H 0O HCHICS 3 0 F3C A-1 and
phar maceutical ly acceptable salts and sol vates
wao b@resfdel 4. An enantionerically enriched conpPCmtis2006/033683
having the absolute 5 stereochem stry depicted in
B-1: 0 S/ NH2 ,H C H3Ct#H®C Sp C B-1 and
phar maceutical ly acceptable salts and sol vates
thereof. 5. An enantionerically enriched conpound
havi ng the absolute 10 stereochem stry depicted in
C1l:. 0 N\ SNQ 11 NAz s CC-1 QCH3F and
phar maceutical | y acceptabl els | t Mand sol vates
thereof. 6. An enantilopgri cal enri ched conpound
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D-1: WO 2007/030361 P K,U%ZU&%/ 83 100
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and pharmaceutically acceptable salts and solvates thereof.

7. An enantiomerically enriched compound having the absolute

stereochemistry depicted in E-1:
e}
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and pharmaceutically acceptable salts and solvates thereof.

8. An enantiomerically enriched compound having the absolute
stereochemistry depicted in F-1:

and pharmaceutically acceptable salts and solvates thereof.

9. An enantiomerically enriched compound having the absolute
stereochemistry depicted in G-1:



O N=\S N-I/ NH ,,, HNHC\,- G / N CH3
D-1 and pharnaceutically acceptable salts and sol vates

W b@resfdel 7. An enantionerically enriched conpPCmtis2006/033683
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having the absolute 5 stereochem stry depicted in
E-1: 0 N~e/NH2 N-I ,HO#3CG HN E-1 F3C and
phar maceutical ly acceptable salts and sol vates
thereof. 8. An enantionerically enriched conpound
having the absolute 10 stereochem stry depicted in
F-1: 0 N\9/ NH, ,, HO'AYC sHNQ / F -1 and
phar maceutical |l y accept salt{s and sol vates
thereof. 9. An enantio all'y enpiched conpound
having the absolute 15 sgereoghefi s{ry depicted in
G 1. WO 2007/030361 P@USZO%/"OSS 101

N " C
HBC/ G-1 Fy

and pharmaceutically acceptable salts and solvates thereof.

10.  An enantiomerically enriched compound having the absolute
stereochemistry depicted in H-1:
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and pharmaceutically acceptable salts and solvates thereof.

11. A pharmaceutical composition comprising a compound according to
any of claims 1-10.

12.  The pharmaceutical composition according to claim 11 further
comprising a pharmaceutically acceptable carrier, diluent or excipient.

13.  The pharmaceutical composition according to claim 11 further
comprising a chemotherapeutic agent.

14. A pharmaceutical compositon comprising a compound according to
claim 5.

15. A method for treating a condition mediated by PLK in a mammal in
need thereof, said method comprising administering to the mammal a
therapeutically effective amount of a compound according claim 1.
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10 carcinoma, hepatocellular carcinoma, and hematologic malignancies.

18. A method for treating breast cancer in a mammal in need thereof, said
method comprising administering to the mammal a therapeutically effective
amount of a compound according to claim 1.

15
19. A method for treating breast cancer in a mammal in need thereof, said
method comprising administering to the mammal a therapeutically effective
amount of a compound according to claim 1.

20 20. A method for treating ovarian cancer in a mammal in need thereof, said
method comprising administering to the mammal a therapeutically effective
amount of a compound according to claim 5.

21. A method for treating non-small cell lung cancer in @ mammal in need
25  thereof, said method comprising administering to the mammal a
therapeutically effective amount of a compound according to claim 1.

22. A method for treating non-small cell lung cancer in a mammal in need
thereof, said method comprising administering to the mammal a
30 therapeutically effective amount of a compound according to claim 5.



thereof, said nmethod conprising adm nistering to the
mammal a therapeutically effective anount of a
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according to claim15, wherein said susceptible

neopl asm is selected fromtigg group consi sting of
breast cancer, colon cancer, small cell |ung cancer,
non-smal | cell lung cancer, prostate cancer,
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t.her apeutl cally ective amount of a conpound
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contacting the cell with an amount of a compound according to claim 1
sufficient to inhibit proliferation of the cell.

29. A method for inhibiting mitosis in a cell, said method comprising
administering to the cell an amount of a compound according to claim 1
sufficient to inhibit mitosis in the cell.

30.  The compound according to any of claims 1-10 for use in therapy.



25. A nethod for treating a hematol ogic malignancy in
a manmal in need 10 thereof, said nethod conprising
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effective anount of a conmpound according to claim1.
26. A nethod for treating a fggmatol ogi c malignancy in
a manmal in need thereof, said nethod conprising
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binewst thereokr, col on cancer, small cell lung cancer,
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36. The use of a compound according to any of claims 1-10 for the
preparation of a medicament for the treatment of condition mediated by PLK
in a mammal in need therof.

37. The use of a compound according to any of claims 1-10 for the
preparation of a medicament for the treatment of a susceptible neoplasm,
such as 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, in a mammal in need thereof.



15 34. A conpound according to any of clains 1-10 for

use in inhibiting proliferation of a cell. 35. A
W@ ooposn3el according to any of clainms 1-10 for PGEUBI006/033683
inhibiting 20 mtosis in a cell. 36. The use of a

conpound according to any of;gd ains 1-10 for the
preparation of a nedicanent for the treatnent of
condition nediated by PLK in a manmal in need therof.
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condition characterized by inappropriate cellular
proliferation. 5 39. A pharnaceutical conposition
conprising a conmpound according to any of clains 1-10
for use in the treatnment of a susceptible neoplasm
such as breast cancer, ovarian cancer, non-small cel

| ung cancer, prostate cancer, or hematol ogic

mal i gnancies, in a mamal in need thereof.



