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|  BENZI M DAZOLE THI OPHENE COMPOUNDS BACKGROUND OF THE
| NVENTI ON The present invention relates to novel

benzi m dazol e t hi ophene conpounds, 5 pharnaceuti cal
formul ati ons conprising these conpounds, and the use
of these conpounds in therapy. Polo-1ike kinases
("PLK") are evolutionarily conserved serine/threonine
ki nases that play critical roles in regulating
processes in the cell cycle. PLK 10 plays a role in
the entry into and the exit frommitosis in diverse
organi sns fromyeast to mammalian cells. PLK includes
PLK1, PLK2, dgNsd ' f PLK1
appears to be stwﬂ%@%gg&%%%%@&r{ggﬁasti c
cells (including cancers). A published study has shown

hi gh level s of BARGREUNINOFSHE IRSENTIONN >80% of | ung
reas i e to no expression in

a b L.tgfgprs, Withll@i/tl t >

ad)"GAEFRENHBYSRionfelates do nayel henzimidazols BIOPRaRR.CARAMAdS,

Cc rhaahadsuticss fdyeiatens dinipriep e icompoliids] ShdBie e of

grtﬁgﬁ’mﬂ@g%lgésoig%’?ﬁ%éﬁ in several types of cancer.
can

Signifi correl % ons were found between
per cent ages of PLK-positive cells and histol ogi cal

il ki e 2 ' : =0 _001) .
TS RS (PEKTRS PuBRAT borsBhvel S imiceribe o
i MNa3PHiabplay lical rales inreguiaingProgesses Kiythe colbgyclanifi-K
c cpldly_@far rﬁfe|ti|§3ﬂ'te enitrp ‘ihtg agd eR ék}ct froR ThigH3R 1A Yive R organismsPCR

raliferation in.endqmetrial car : -
b B B orsparpglenselr ook BiuiBe PLRL ElizaP RS e e
esophageal carcinomas and 73% of gastric carcinomas
MRSl b oAy oAl sl
ovelielinsiuding gancers). A pwilisherbstudichascsihawmbighdevealsefitléd a

SiFNA &ppédatdnin BAOY F 1unh A8A BRJast B with BB td Aese Wi th
low | evel s of PLK overexpression. |In head and neck

cAHBEPION INAYRFENEPHRNIRS S pPReE! Sivdise heyxshans

O lzemrelatiahsi betwasitPLIK WRpFession, iieplogital dvde; ana PpAdgynesis in

peRLEr el of LaRRE, SRR S bpE e i hEvEel ¢

hipgreentages of RIK-pusitive exity arsiistologicainpddesofovedarpaid ent s

iR 28 bol e GE0RLS 1S PECH 4ol
expressed in invading endometrial carcinoma cells and that this could reflect
the degree of malignancy and proliferation in endometrial carcinoma. Using
RT-PCR analysis, PLK overexpression 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 mast 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.
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2 PCT Publication No. W20041014899 to SmthKline
Beecham di scl oses novel benzi m dazol e thi ophene
conmpounds of fornmula (1): Ns Sg~ 1| +N 1 ~ wherein:

5 Rl is selected fromthe group consisting of H,

al kyl, al kenyl, al kynyl, -C(O) R7, -CO2R7, -C(O) NR7RS,
-C(ONR)OR8, -C(ONR)-R2-0OR8, C(O)N(R?) Ph,

-C(O N(R) - R2- Ph, C(O)N(R?)C(O)R8 T
-C(O N(R7) CO2R8, - C( O N( R7) CLO NR7RS8, - C( O N(R7) S(O)2R8,
-R2-0OR7, -R2-O-C(O R7, -C(SfR7, -C(S)NR7RS,
-C(S)N(R7)-Ph, 10 -C(S) N R7)-R2- Ph, -R2-SR7,

AT bR AR i ™
- SH\E) DevzivTijiazely thicBh@)MrAounBR oFfarmuIARERS, N( R7) - Ph,
-N(R7)-R2-Ph, -N(R7)- S‘%RS and Het; Ph is phenyl

optionally substitute oml to 3 tines with a
substituent 15 sel ect d’,\f 1grodp consi sting of
hal o, alkyl, -OH, -Jal kyl, -R2-0-al kyl,
CNH2. - N(H) Al kyl (92 y1)2, NaEN and -N3: Het is a
5-7 menbered heterocycle having 1, 2, 3 or 4
hehesewat ons selected fromN, O and S, or a 5-6

RSO A8 Lo e ke MEHALERONEE
20 fr oﬁlet- $(ONR rFes GIPINRaICRIb (QWIBn)rR s@Rect ed from
t he g r-oqu (O éR’hﬁﬂ\ OC(@N(R?)C(@)R@J - OH,
by FOGRC oM

- (R) a-R¥ORY- FRIGCRIRS, d@)amoqsmﬂgﬂf he(SyR(R)-Bh,

least - @L% ?Rabﬁb PENL FREINGTS, SONRNRGH, T, %0
gr oup ‘G(“-%}N@f)aﬁ -Bh, FR-NR EbbCNR‘LQ% fS(@be{ wWB(QAREEnt
QL g1 oy, NIRE- A1 LE@)ARRF)L AP, NARUTONERS.PRSINGRT -8,
-N(R")-SO;R® and Het;

Ph is phenyl optionally substituted from 1 to 3 times with a substituent
selected from the group consisting of halo, alkyl, -OH, —Rz-OH, -O-
alkyi, -R%-O-alkyl, -NH3, -N{H)afky!, -N(alkyl)z, -CN and -Ns;

Het is a 5-7 membered heteracycle 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, -NH,, -N(H)alky!,
-N(akyl)z, -CN and -N3;

Q'is a group of formula:  {RY)a~(Y)p~(RY)-R®

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

nisQ,1,2,30r4;

Q?is a group of formula:  {R?)aa~(Y oo~ (R})ecR*
or two adjacent Q° groups are selected from the group consisting of
alkyl, alkenyl, -OR’, -S(O)R’ and -NR'R® and tagether with the carbon
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wWth the carbon 3 atons to which they are bound, they
forma Cs.scycloal kyl, C'"_ 6cycl oal kenyl, phenyl,
5-7 menbered heterocycle having 1 or 2 heteroatons
selected fromN, 0 and S, or 5-6 nenbered heteroaryl
having 1 or 2 heteroatons selected fromN, 0 and S; 5
as, bb and cc are the sane or different and are each

i ndependently O or 1; each.yf and Y2 is the sane or
different and is independentq y selected from the
group consisting of-0-, -S(Of-, -N(R7)-, -C(O)-

& A LANRRAOR:
- ?@qg%%gﬁﬁ%ﬁm@@%ﬁ@mww VU R(R) coe-

and 1%91%53%%%%8ﬁbm N e@ﬁhd B20ii 556 hidtnbeastEnedéroaryl

di fferent an is 1nd eggn dent | eecggéifromthe group
consi J1aViRg 1" Zeisrpai s&!‘”“ﬁ@ﬁyrf’g% 81 kynyl ene;

eas b Ehdiedir&thel sanden® rﬁfwr@n and dicfdaeh ntepandently Oeath

| adepondentd g%fhseeslgﬁgq e etk L & p%ti{fs@gﬁﬁfe%%j%n{’f
C(O) R Bibvp CORESNg of@&sm )NQ@B ENRO2R8,

S5 T e o
}3 oW ﬂin é\'( ()P R2)d -
F) uN ﬁRf’.Fl RlngAIS sel ected fromthe group

et 5'3'%8@ SRR rcﬁﬁerﬁ'i&ag*?&éﬁe%e"ﬁ%ﬂw&yﬁf@m fidroup

het er caineistngsaflatiylend, dlkenyleNe afd atkginy®erend 5- 10 nenber ed

h%%@% ﬁa%é(d g‘g@é‘\ep%r%s d?duf?érguﬁ éﬂﬁiseéé%ﬂﬁﬂ%eﬁﬁérmgksﬂctﬁaa Om’
from the group consisting of H, halo, alkyl alkenyl, ‘alkynyl, -C(O)R
-C(O)NRR®, -COzR’, -C(S)R’, -C(S)NR'R?, -C(=NR")R’,
-C(=NR")NR'R®, -CR’=N-OR’, -OR’, -S(O)R’, -S(0)2NR'R®, -NR'R®,
-N(R")C(O)R®, -N(R7}S(0)2R?, -NO;, -CN, -Nsand a group of formula

(ii):
J@—«Hm -RY),

i

wherein:

Ring A is selected from the group consisting of Cs.iccycloalkyl,
Cs.iocycyloalkenyl, 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
)

eachdisOor1;

eis0,1,2,30r4,;
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i ndependently selected fromthe group consisting of H,
hal o, al kyl, al kenyl, al kynyl, cycl oal kyl,

cycl oal kenyl, Ph, Het, -CH OH)-R2-OH, -C(O R7, -CO2R7,
-(02- R2-Ph, -C2-R2-Het, -C(ONR7R8, -C(O NR7)C(O R7,
5

-C(O N(R7) CO2R7, - C(O N(R7) C{O NR7R8, - C{O N(R) S(O) 2R7,
-C(S)R7, -C(S)NR7R8, -(C( =NRQ?R8, - C(=NR7) NR7R8,
-CR7=N-OR8, =0 -OR7, - 7, -OC(O Ph, -0OC(O) Het,
-OC(O NR7R8, -O R2-S(O 2R7 -S(OtR7, -S(0O 2NR7RS,

(0 2R re B 2es or AR ER e L LRy slETHGRARP
- N( R7) - R2- G¢d0p BHsR&ing of N( Fal), Glig), RikenyINSIRTY CeBioatiy!,

- N( R7) Ph, N '@E&' Ph RIRRBCO.R’,
-N(R7) ¢( O
- mg S;i 8(( Rgﬁ mﬁa RQ.— a6 -He(t &@d’gﬁsfgr«ﬂ’)cg;m’w
O)N@R n
QL is defi ned E (Oﬂihg,mb):g;gwf% $ nootm)hafo
-C(O RY, % 'NR7R8,
- C(=NR7) R8 rc:;:ﬂ:ﬂ enm)d\mﬁzs -0€ Noom)Pn @U(O)Het

(OtR7, R
-N(R7) S(O 2 el n en’
BN SRR 0 SRR cmf‘ -S(QhPh,
defi ned \/\h@%(@)b-letl-NRlR FNKF@)@(O)R 0- N(RZDCIOSRnot hal o,
C( O) R7, 7 R 7 7 20 @RWW RS,
S( OtR7, B(R’J)CZQWRS ( me : 'Rl( =) Bé‘%)?
- N(R7) S( O 2RR)c(5MR7-RONRGRE, NRR")BIOjNMRPhect ed from

e, 2 S o) &hw%gﬁiet RN R ep IR
- NHS( O)2R7 -NEB)-RASEOPR?, INO3, -CN andeNpach R7 and each RS

a&ﬁggﬁ{:@gﬁ%ﬁ'gﬁ?{ qﬁthé& #h&Rlh ié‘?%n?%?s @E'fhs h&@f%ibe U@'@ﬂh? y
al keny+Q(OMﬂ|R)ﬁ1y~lCOzRoy6(SdBF W(S)Hﬁd%@ SQ{FHB )ﬁevnyl

wher ei pURRNNRIRY SCRRNEERB -6RY 50y’ CS(@INRR) NREH,

-N(R7)C(O)R®, -N(R7)S(0)2R?, -NO2, -CN or -N3;

wherein when Q? is defined where bb is 1 and cc is 0, R* is not halo, -C(O)R’,
-COINR'R?, -COR’, -C(S)R’, -C(SINR'R?, -C(=NR")R®,
-C(=NR")NRR®, -CR’=N-OR’, -OR’, -S(O}R’, -5(0):.NR'R?, -NR'R’,
N{R")C(O)R®, -N(R")S(O)2R®, -NO,, -CN or -N3;

R® is selected from the group consisting of H, halo, alkyl, cycloalkyl, OR’,
-S(O)R”.-NR'R?, -NHC(O)R’, -NHC(Q)NR'R® and -NHS(O)R’;

fis 0,1 0or2; 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 -CO2CHz and n is 0, Q' is not -OH;

or a pharmaceutically acceptable salt, solvate or physiologically functional

derivative thereof.



30 or a pharmaceutically acceptable salt, solvate or
physi ol ogically functional derivative thereof. 5

Al so di sclosed are pharnmaceutical conpositions
cont ai ni ng these conpounds, processes for their
preparation and nethods for treatnment of conditions
nmedi ated by PLK using these conpounds. 5 BRI EF SUMVARY
OF THE I NVENTI ON According to a first aspect of the
invention there is provided_a conmpound selected from
SI NN N NH= OH-C\ H3C~ PBCO C | / OFCC' A6 O

N=\ s NS I NH2\NNH HNC HP NFaCGCHSC
S/ NH Fi 3C | CHN1L E F C
hle Hiscsd b mbarpacatigl SBhos o eino SRse N N 6

HIOURdE,| prodesses for their p(épalaneﬁ; andhimethiods for reatmebbofand
PEGHATRAE HekifBdd b FSCRMARLS: SRhdeings, sol vates thereof.

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

=\ s M=\ 8
Ny ™ vy ™
Y o X 0
— -
A B
N=\ i
N \ Y/ NH, ’_\N \ s / NH,
0 o
Q=2 Q-
N, N,
oy CH, 5
N=\ s M= 3
0 H,chD ) HQCED
HO E FC ! HO F ¢l

wherein * indicates chiral carbon;
10 and pharmaceutically acceptable salts or solvates thereof.
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6 |In another aspect, there is provided an
enantionerically enriched conpound selected from A,
B, C D E F, G and H wherein the stereochem stry of
the chiral carbon is R 5 1n a third aspect of the
invention there is provided a pharnmaceutica
conposition conprising a conpound selected fromA, B,
C. D E F, Gand H and pharnaceutically acceptable
salts or solvates thereof. |In one enbodinent, the
phar maceuti cal conposition rther conprises a

phar maceutically acceptable carrier di l uent or

f th
CHEURURL bl ol B o SRS b B,
nﬁ%le%iﬁéﬁomy‘\ BL&, DnEaF & and H wieraiadite stereodwmistiihef the

MBhiRPEarb&PFE | ses adm nistering to the mammal a
therapeutically effective amount of a conpound

selected fromA, B, C D E F, Gand H and

phed g ashdct 8l thy mvéﬁro@%&ﬁﬁ@@k@rdé@h pRafac@ichpt es
ect invention, there is

o SO RLian OB POPPRELAIaP LT 5B 1 £, eBditharm
| anchphreammereduticallyraeesbtatie sales or sbivateswtidiest. 4nonw i ses

aI I
CHPLRNTLR. b SB Eifoshil R Bdhb i@ om .
CP*‘EIH“GEEUUFEW@CQWW sardiep ldiluerd oeendiienit! y  accept abl e
salts or solvates thereof. The susceptible neoplasm

ée sel ected fromthe group consisting of breast
CUYR.BHrh Bsest ot Euention g e giRvided aimiiorbio sealivala
cedriditionmeediAstisy PEKI i @RmewaERin ne@ﬁhlherééfn g‘hé Aiadd,
CETRRE o6Hiog R B TEbinAl o fERERUtceE Shinie RO o
s@| g@mmmdcs@lelcteddmm A, Or &, € Geame I-bénd praracaiticaiyd
taﬁfé%r@gteﬁlva?é%rtﬁé&m hepat ocel | ul ar carci noma,

and emato ogi ¢ malignancies, such as acute |eukem as
and aggressive |ynphomas. In a sixth aspect of the

| IR d3Bection Blenientidh, dydré %Cbrawm 5‘ ﬁﬁtﬁo@ rforttfe%ﬂﬁ E g a
her eof

0 br t cancer, in a
AR AHESEUn 2 TrHRLD BPedhertons Tie malpRdEonpes
t m‘aﬁmﬂ'hg tathb ynamfrhial et therapautiesing effelctivie @mount of a

compound selected from A, B, C, D, E, F, G and H and pharmaceutically
acceptable salts or solvates thereof. The susceptible neoplasm may be
selected from the group consisting 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 method for treating a
breast cancer in a mammal in need thereof. The method comprises
administering to the mammal a therapeutically effective amount of a
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phar maceutically acceptable salts or sol vates
thereof. In a seventh aspect of the invention, there
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
Db Ef, F, Gand H and pharna%eutlcally accept abl e
salts or solvates thereof. ¥0 In a eighth aspect of
the i nventi on, there is provided a method for treating

g sebEensenth SRR Elo Sl H AR srePis ey ne

namwtabmsdtenasmvates:mbtepf effective armunt of a
conpound selected fromA, B, C, D E F, Gand H and
pharmaceutically acceptable salts or sol vates

t it eRyenthBsPeqt ohtheiinantion, teare isdirovidas 3 mpthediferireatingr e

l 5vd@i’aﬁ\éhﬁ’&‘i|ir?a H‘\%H?r%ﬂ' irf edthérabt "Nie n%&iﬁc’éhﬁ:r@é@cer in

need thereof. The nmethod conpri ses
aﬂ‘i’ﬂ"ﬁlsé%' '89 |“?16‘et"63"f"ﬂé' %H?BPU%'h%W%\Qﬁm tofa
etdramdund gelzowd mionDA, Ba C, m&psu@dns &l amdtphdrrhdcenticlly B, C,

D, maceutically 20 acceptable
saa(fctlégtag'resglotg\gl olva?? ere§¥ In a tenth aspect of the

invention, there is provided a rrethod for treating a

h@.@é.eduﬁ%se&a# #ng r}%ﬁefod thefe FPI0Wded d mEf f&%eserg

onpri ses adm ni steri ng to the mamm
t'f'@?’%‘ﬁ%‘b‘ﬁ“d‘ﬂ?q ¢Angeria atmaramakip paed @ﬁregfs Hedaethedingd

Sﬂdrﬁpﬁse@l a?ﬁnwﬁtéhn gfto tHe, mémBl a ﬁer andine ﬁbﬁ\t/e amount of
ar ma i acc S vat es
PREpERI Y sdtenimof K E R S B e HAndthedRe ey | <

. paczep@ble saltsrot dobdhtdstheseokat i ng a  condition

characterized by inappropriate cellular proliferation.
The nmethod 30 conprises contacting the cell with a
t e Aiptb @speai f Yre divieptian, there isguipiidasia metbodfasiiegting

Sﬁb&ﬁb&%n&ér‘?ﬁb 'ﬁianﬁ’mal% néad Eerebt. ﬁleﬂﬁ&hb‘b &dtAprises
p%@P naceut i c‘% acce tabl e s? or sol vatﬁ%

t fripigiering to thp “éﬁ'@if"ﬁ'@rt grapaitically eftectiverrantit pt@ ent i on
peapviatiad selecred roeh £, @, G, DREDF LG Bad H and pharmaceutically
acceptable salts or solvates thereof.

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 pharmaceuticalty
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
selected fromA B, C D E F, Gand H and
pharmaceutically acceptable salts or sol vates thereof.
5 I n another aspect, the present invention provides a
nmet hod for inhibiting mtosis in a cell. The nethod
conpri ses adm nistering to the cell an anount- of a
compound selected fromA, B_C D E F, Gand H and
pharmaceutical ly acceptabl@ salts or solvates
thereof. 10 In another aspect, the present invention

i d_sel d fr. A .B..C.D.E F G
PInrotER aShael R Hatort BRRGTChrbligds o Mty drinibiots
spiolifetation of h eelk oThef roethod eomprisel eomtpeting e ¢ell witht an

i ;
2011 8 38fipbond M AUARGTA BIUE RIGRVERE 2,
pRarraceuticalAqoppiable spitar selvelasttRergel.  sol vat es t her eof

for use in the treatnent of a condition nediated by
PLK in a manmmal in need thereqf. 20 In yet .anqther

- yanothe? angeth the mispert ventaroropen s Bietiod erdabine
seiitesi$ inca cdll, dmeAvnethhd @mddsedadrhinis@riag tb Heanlll an amount

p ' I ept al-t I of
Ford RSl EaleckaBRRER £, P, B G sl 1 SR Bb SRS
aacoepiable salts &r solvates thawgof.her aspect, the present

i nvention provides a conpound selected fromA, B, C
D, E, F, Gand H and pharmaceutically acceptable salts
ol angtiiey geRAct the pregentinyentiptprpYides  compaund:satectsd from
bAeB ST, I,&) 7 G arfMhandphamBeaiticallyRbertaié baltdrlsolvites
Cﬁ‘gge%rf prosttgte cancer, or a hematol ogi ¢ mal i gnancy

i [RAHR&IN NSEPY 1 anot her aspect, the present

i nvention provides a conpound selected from A, B, C

Din )EBS Pﬁothﬁ &@ectme}g%agnggmau H‘o@ﬂileﬁé ctﬂr&ng&?ﬁcﬁ@l&t Its

or vat es e ruse int atnent of a

cBp@iA Bok, PhBr B erd H@ad phaimesppics|ly aepeptable salts or

solvates thereof for use in the treatment of a condition mediated by PLK in a
mammal in need thereof.

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 neoplasmin 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



cellular proliferation. In yet another aspect, the
present invention provides a conpound selected 5 from
A B C D E F, Gand H and pharmaceutically
acceptable salts or solvates thereof for use in
inhibiting proliferation of a cell. In yet another
aspect, the present invention provides a conpound
selected fromA B, C D E F, Gand H and
pharmaceutically acceptable galts or 10 sol vates
thereof for use in inhibitind mtosis in acell. In
yet anot her aspect, the present invention provides the

us f conpQun seletedf om A .C. D, E F.G
o e fior B 65T M freorBntH pyFont b apcteriagly by Inagpropiate
sotellglaeprotifeeationf for the preparati on of a nedi canent
for the treatnment 15 of condition nediated by PLK in a

mammal . I n yet another aspect, the present invention
priBUEtRISther aspra, the PresemAmenien provifiesa sempousssalected

5 D, frdm AFB, € BIEl A HPBﬁd ﬂ?&ﬁﬁ&éﬁ%ﬂy&éa@éﬂsﬁ& ahksor

saI s or. sol t es th for the aration of a

V éﬁstﬂ?ref%f” pgRin i ﬁ\é%\?q%’rﬁ?"f?@t‘% ‘%Jscept i bl e
neopl asmin a mammal . I n yet another aspect, the
. , h : ¢

el e i BRhoc e bR fchtih i3l o Epipge 4BRrec

pHEMACBUE R.H. IFy Ceardep aabpharmecdutisaliyracseptatie esltstdrer eof
1o QoNaRE RERBALALIAR itinithgThflisRAABRG T OF (e f 1 eat men

a breast cancer arian cancer, non-small cell
Iung cancer, prostate cancer, or a hermtol ogi c

rrahlygnammer laBpett, I”tﬁéfﬁ%her:jtlirﬁ/ehﬁﬁn ;ﬂaﬂaésethe ASPErd eorh;ktﬁmd
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15t r@%@ﬁélnéﬂﬁeélgl%d%%gﬁ{ﬁy a medi cament for the

treatnment o I on aracterlzed by
I nappropriate cellular prollferatlon ina mnmual. 10
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the e, of sel ect fromA F,
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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

25 of a breast cancer, ovarian cancer, non-small cell lung cancer, prostate
cancer, or a hematologic malighancy in a mammal.

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

30 salts or solvates thereof for the preparation of a medicament for the treatment
of a condition characterized by inappropriate cellular proliferation in a
mammal.
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5 In yet another aspect, the present invention

provi des the use of a conpound selected fromA, B, C
D, E, F, Gand H and pharmaceutically acceptabl e
salts or solvates thereof for the preparation of a
medi cament for inhibiting mtosis in a cell. 10 In
yet anot her aspect, the present invention provides a
pharmaceutical conposition conprising a conpound
selected fromA B, C D E ,F, Gand H and
pharmaceutically acceptable Wits or solvates thereof
for use in the treatnent of a susceptible neoplasm
such as breast cer, ovarian can 15 npn-smal |

c vl Shedhe 3ibest hg Pissedh et GPU6E, teihn AP8 paffkeind
nmessleptadhfcora 4\, B G, DaE,faGarid H BETphdrmBcESay detehblor
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D, Prptifefatiosotmgel " neans conpound(s) sel ected from A,
B, C D E F, Gand H or enantionerically enriched
conmpound(s) selected fromA . B, C., D E F, Gand H,
oring ebm(ﬂﬁ%@éa%tb? PipsaRidRysnlion krowides thgyuse of 3 Gopound
t hestentdd fréth AAB, GSPCE, TS IGeardl, H andpinmadéuticaliyedcegptatsle f r om
A- - > -1, F- . ; ;

c s Sp'egred telst o Fiehgnerdion G métapidntror Wit

F-mitosinacalid H-1 or a pharnaceutically acceptable

josalt or solvate thereof. As used herein, the term
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"optional |ly" means that the subsequently described 30
eviBr¥et IothRnAsERCtlg PrRSENtdRYanHon prawdesa P cgical
g\é&fﬁﬁ[{c&)éioh h‘.fahtpﬁﬁﬁglé c@tﬂtﬁqurﬂ\éelé'&:&d_ t tikoa A,tom, Q)@, EQEC@tand HL
nds _of | NV ion exist in,stereoisoneric
o REPRirR el achtias SHsat sShetgd Hral P 458 fhe
asyeatment of acstapiibletneopiasm,lsveh Be breastdancer, bvariaheascer,o
TR G e, iyt iy BEF g Rk n
i s@ 8@pwealnposable on its mirror image. 5

DETAILED DESCRIPTION OF THE INVENTION
As used herein, “compound(s) of the invention™ or “compound(s) selected
from A, B, C, D, E, F, G and H" means compound(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 compaund(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 tarm “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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The term "stereoi soners” refers to conpounds which are
have a common chem cal constitution but differ in the
arrangment of the atons or groups in space.

St ereoi sonmers nay be optical isoners or geonetric

i somers. Optical isoners include both enantioners and
di astereoners. An "enantioner" is one 10 of a pair of
optical isomers containing a chiral carbon atom whose
nol ecul ar configuration have |eft- and right-hand
(chiral) forms. That is, "endntioner" refers to each
of a pair of optical isomers of a conpound which are

ng‘s %F‘E osable mrror imges Qf one another.
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goetersitoc myleclie ﬂ(a&)ss(ts)anmyﬁabm on |Wrelrfhewnawepar ticular

conmpound is designated as the "R' or "S" enantioner

accordl ng to the F\sﬁ%stem depends upon the nature of the

egR "siprepipamenghiefers o eompoynds which pee hayeagommehon.

2 Ochﬁﬁﬁdﬂl thﬂ!Eﬁfu‘Goﬁi binf cﬁl’fer lirnthi RBbhgrREARY tHeratdM¥BF Groups in
pl ane-p that is, their

d |
D ircs © Sttheré G i e onbsl s pLas el RS, Cotiee!
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extr | "dh.or
(s BBl 5Bl ApEFTAEE B ot Blom ¥R Rporedliar
r oQQﬁlﬁMamfdmleZ@l- ot sdghtwad|(¢chirat) formst Aat is, “enantiomer”
c %r&ﬂoféaeﬁ Iy péir et 6;fyirassl.§zfmyr§ oﬁé\b&ns&nta% V46 %ﬁlt ory

I.s desi gnat ed
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f/\/n fmnﬁﬂ ?Etuﬁﬂl fs@?iefb’bf@fcoﬁ‘@%ﬂﬁt’lﬂ Qmﬁa‘abdﬁ’lﬁﬁorb{wngﬁﬁﬂﬂ ion : n
ne olarl.ze | er e S al SO
15 iy Ap oS Broleish dpiarbiRon indobsgr IR prolspr
d eﬁlegmermlattae df 3 blsiradl cerdert is govenhed It the i(B)R(S3Bysiémt he

Pl \RA&HECA Bér#&ﬁ&c! W%nd %Q}%S@Rétb& al H’%@H" \%‘# enﬁﬁuome{

direction o rota | Zze
erRESPIdngp ther systegpdensndsi umn tha eaturﬁ/@frm @wmmr grayps

delRErThRYdund e CRIRY @BbbANAl techni ques. 12 The
terns "racemate" and "racem c¢ m xture" as used herein

refer to a mxture of the (R- and the (S)- optical
| SEwantismés. differ ircthain beRavidr 39wl pRineoalasdedllight, that is, their

optical activity. An enantiomer that rotates plane-polarized light in a
clockwise direction is said to be dextrorotatory and is designated by the
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 ‘" 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 ratation of
plane-polarized light, of an enantiomer of a compound of the invention may
be determined using conventional techniques.



equal, i.e. 50:50 proportion. 5 The term
"enantionerically enriched" as used herein refers to
preparations conprising a mxture of optical isoners
in which the quantity of one enantioner is higher
than the quantity of the other. Thus,
"enantionerically enriched" refers to m xtures of
optical isomers wherein the ratio of enantiomer "is
greater than 50:50. An enantlonerlcally enri ched
conmpound conprises 10 greate* t han 50% by wei ght of
one enantioner relative to the other. For exanple

one[i cal I r.iched
5nT%e {9 MR ?ﬁﬁ"}ﬂ} fa&quafﬁ@WP(ﬁUfel agjused herein refer to a mixture
beofzther’(Ft)aamj thé ($)- bptiea( isOrhers (e.g., enantiomers) of a compound in

hyl ) phenyl hyl 2-
R sl (80 ad hudgtapt 1) phenyl ] ethyl} oxy) -

enecar refers to a conposition
conprl sing greater than 50% by wei ght of the
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e n?‘?'ﬁqrﬂr'gﬂ‘gédﬂ‘ﬁmﬂf QPEW'%%% '“al’l’h'mgtq“%% ghongei g ht of
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(050)
C ORI Thraes B iR o SRo i srein e FEL e Bittgmer
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NeBRiziinibaor ! 1@ AL nmdr&ﬁéw:)ph%npneﬁmexﬁ@npounds
% of one “enant| oner

gg’?l’%’!ée%g@q‘ﬂl@e gt? ﬁt’fé'is to Pﬁ%ms' PrRIMRSING greater than 50%
Sgbymelglﬂmf mn)-?nmmee fHative Wﬁﬁisramnbmemahe l e aﬁ t
| (0) 0 nanti o [ e Lve, t ot,her.
15 D Céniouh! Wline KB fncl SN drfRdrndy aft) i nbe® oobBodtly
p ueampsisapaiieast E%ﬁnﬂ vesightaf ond elmuiome%elaywm the toth@f lone
eNgHhe? @ﬁ{boﬂaﬁ‘leﬂg la¥ %nSﬂiotr&% nchy\%nﬁ grﬁns EEmpnses at s

|nvent|on rovi des conp ound s se

N [e9st0% by weightie? pne emﬂomer 1gjative to-the pffer. iq]cmemcuiar

H] éimBéairadnt, 4A &intiomerically enriched compound comprises at least 85%
20 py weight of one enantiomer relative to the other.

The term “enantiomerically pure” as used herein refers to enantiomerically
enriched compounds comprising at least 90% by weight of one enantiomer
reiative 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 particutar 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:



A8 NSS NNHa NI NHa Har \ HaC ( \ CN FaC/ C
N "CH C'CHa DN N\ A\ N, NHa\ N1 NH Y OHZC
OHc MM EFCHN1F~C NH NH S \ SI and |1 / O
HCI \ OHiIC cACGFJC/ HCNH/ H 3 wherein'

i ndi cates chiral carbon; and pharnmaceutically
acceptabl e salts and sol vates thereof. 5 In one
particul ar enbodi ment, the conpounds A, B, C~-D~E "F 7~
G and H are enantionerically enriched, wherein the
stereochem stry of the chirat® carbon is R In another
enbodi nent the conpounds A, B, C D E F, Gand Hare
enanti oneri cal |

pure, wherein the stereochemnistry of
the chigal carfjon is R BUS in one preferred
| R (LL}Te "k esent Aspent yon™provi des
!
8§

ly enric and enantionerically pure
fre

HC™*
HE™
FC .0 or '
A 8
N=\ s N\ S
N
\J ™ N T,
0. e
SHECI o
N, N
CH, “CcH
c a D

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, Gand H are
enantiomerically pure, wherein the stereochemistry of the chiral carbon is R.
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Q ] N19/ NH 4 HIC HCF3C A15

5-{6-[ (Met hyl sul fonyl ) net hyl ] -1 Hbenzi m dazol - 1-yl }-3-(
{(1 R-1-[2-
(trifluoromethyl)phQQenyl]-ethyl}oxy)-2-thi ophenecarbo
xamde; N==\ GIl N1/ NHS H O HNCI \ H2Gs / O
a B-13-{[(1

Rj - 1- (2- Chl or ophenyl ) et hyl ] oxy}-5- (6-[ (et hyl sul f onyl)
methyl]-1 H 14

benzi m dazol - 1-yi } - 2-t hi ophenecarboxam de; | N ~S/ NH=

~H HH3CiI F3C 10 CH3 al

7 PR Srathnk R i s
( tenantigmerieathenrichedand erantemelically pyieaempounds siipcied
megen: N 1ST NH2 | C --)H CH D1

o]

N\ s

qju ) T,
oH

? H,c%i)

HC™}

o FiC

A1 N
5-{6-[(Methylsulfonyl)methyl]-1 A-benzimidazol-1-yi}-3-({(1 R)-1-{2-
(trifluoromethyl)phenylj-ethyl}oxy)-2-thiophenecarboxamide;

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

c-1 ‘
5-{6-{{4-Methylpiperazin-1-yl)methyl}-1H-benzimidazol-1-yl}-3-{(1R)-1-[2-
(trifluoromethyl)phenyl]ethoxy}thiophene-2-carboxamide;

N‘—'=\N {Zi
\ ) "
o
N i
O3 e

“CH, D1
3-{[(1 A-1-(2-Chlorophenyl)ethyl]oxy}-5-{6-[(4-methylpiperazin-1-yl)methyi]-
1 #-benzimidazol-1-yi}thiophene-2-carboxamide;
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3-{[(1

R) - 1- (2- Chl or ophenyl ) et hyl ] oxy}-5-{6-[ (4- net hyl pi peraz
in-1-yl)methyl]- 15 1

ff benzi mi dazol - 1-yl }t hi ophene- 2- car boxam de; 15 NH |
/I HOHNC I \ HN E-1 FCC 5-[6-(4-Piperidinyloxy)-1

H benzi m dazol -1-yl]-3-({(1 R-1-(2- (tnfl uoronethyl

) phenyl ] et hyl } oxy) - 2- t hi opheneca rboxam de; N S~ NHQ
H OH3C\ HNF1C / 5 3-

R) - 1- (2- Chl or ophenyl ) et hyl ] og{%/} 5-[6- (4- pi perl di nyl oxy
)-1 ff benzimdazol -1-yl]-2-thi ophenecarboxam de;
1s/ NH, .H H3C rJT / HC-N G 1 F30

5-{6-[ 1} F;’4-pi peri di nyl)oxy] -1
Hbenzgmydakd] - 1-yl }-3-({(1 R -1-[2-
(tri fég:ome yl ) phenyl ] et hyl } oxy) - 2-t hi ophenecar boxam
i dez~ahd 0 OH3CI \ rJYIOHCNH1 A 3-{((1
f T2t ( 2e-LChiFg enyl) et hyl ] oxy}-5-{6-[(1-nethyl-4-pip

ﬁ-&-@)’ﬂ: %?%%%‘YM?&%MI %qu1aﬂh$ Hddeeutical 1y

actrifiabminiathytjpheryljathgl}og)-2-tiephenbearbodamided |t wil |l be
appreci ated by g hose skilled in the art that the
of s

con‘pou‘g

F-1
3-{[(1 R)-1-(2-Chlorophenyl)ethyl]oxy}-s-[s-(4-piperidinyioxy)-1 H-
benzimidazol-1-yl]-2-thiophenecarboxamide;

N
\_/

NH,
o H
l/\:rO H,C
Hac,N a1 FC

5-{6~[(1-Methyi-4-piperidinyljoxy]-1A-benzimidazol-1-yl}-3-({(1A)-1-[2-
(trifluoromethyl)phenyllethyl}oxy)-2-thiophenecarboxamide; and

9 \s/ N,

o H
S
HSC’N Ci >

H-1
3-4{(1 A-1-(2-Chlorophenyl)ethyljoxy}-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



present invention may be utilized in the formof a

phar maceutically acceptable salt or solvate thereof.
The pharnmaceutically acceptable salts of the 16
conmpounds of the present invention (or the
enantionmerically enriched or pure forns thereof)

i ncl ude conventional salts formed from
pharmaceutically acceptable inorganic or organic
acids or bases as well as qua ernary amonium salts.
More specific exanples of suitable acid salts include
5 hydrochloric, hydrobromc, sulfuric, phosphoric,

Ll écfrﬁﬁ"oun@@lifthég dsént 1;1%51’1 for th%%&neﬂaﬁfé%@d or pyre

succinic [acti c tartaric,
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i nvention an har maceuti ca accep tab
sapgngenegylfeni mdfe*m?ah'@gwo'fvdgqm% m%*%%{%fp@- @ar"e and the
101 niikel dBthepaktiddsuchl dstdxalig)Whil®hR S theMseNegpiesmateutically

o 2TeDtobHD oo uidBh i reRucHion'ol spls vasrul ag iptprmediates
di iamh@nimmemrnpoendwf@mmmWn end merrmhhymgieumw ne
angBpR6RI gaassgjs e & %pte%ro'?hilnﬁme aﬂémemags ffl N

refers to a co varl a OICIOFTEtry orrre
bytBiU PRIAESIYM, WagRRSIHTY abmini®, caiGiumt 7ok N~ an 20

15 en@aéwmnwaieldwnﬁﬁw Icﬁbﬁfbns&a.ri@uerﬁmﬁ@rdietﬁémmﬁé and a
Sol v exanp i ncl ude wat er,

5 O?tﬁﬁﬁ%?d'arg'f‘ﬁa'ﬂ 6"3“”‘@53('“%36‘@%{? and,rogaine siliSe osses f or

preparing pharmaceutically acceptable salts and

SOTNAfe “ébfhfaté lﬁ%ﬂ%méfeﬁ’é toté“&n‘ud?%gé}gbﬁéblé‘r ©

conven ﬁﬁ I Oha
MestPishigaetnciasmed by @ salwde @rwmue«t ofthe ngmtwna:mam on,

20 Voénahomé?rcb%.mcﬁéd Gf‘ﬂjré’fd?ﬁtdwé‘rﬁe A%d Wsbllere SBRBAS eayt

to those s the art he processes
de‘é’€¥ ?ftféfampke FWdeYat‘?fh@eWPB‘ﬂa?tB?'F%r?r@Fettcl?é"%onpounds

of the i nvent ion, certain 30 internediates, may
al ﬁ’r%rcgéastes or [%epa fing r;])hgrhn?acfegtf rT]ly accg t%[){éas%ﬁg & Iva\fes of
the compounds of the invention are conventional in the art. See, e.g.,
25 Burger's Medicinal 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

30 intermediates, may alternatively be in the form of pharmaceutically
acceptable salts or solvates of the compound. Those terms as applied to any
intermediate employed in the process of preparing the compounds of the
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acceptable salts or solvates of the conpound. Those
terns as applied to any internediate enployed in the
process of preparing the conpounds of the 17

i nvention have the same neani ngs as noted above with
respect to the conpounds of the invention. Processes
for preparing pharmaceutically acceptable salts and
sol vates of such internediates are known in the art
and are anal ogous to the pﬁ@pess for preparing
pharmaceutically acceptable Salts 5 and sol vates of
the conpounds of the invention. The conpounds of the

| hi bi.t
by EEn (aVeSHb 8 MeanintP bE Rt bR ] Baerthn P11 o
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pM using the nethods described in the exanples bel ow.
19 heteempeurdsof thenreserit mveifitiontare typimatbyintibitors @ Polin8y  of

t g lHIYISiEHr 1§|'iﬁe£ﬁ’tr a ¢hifipdufid eﬁﬁ\hut& n@% oaqwatjepth?ﬂ 6 in the

ani ma g. mammal® suc ul ar’,
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t mm iR ietYleng Bidk or%mdrﬁé 8 @r%dm%ﬁ&t@x a%éé, debRfbed

Fent i nvention also provi ES conpoun use 1 n

(pglop 1 the RAAMARS; goge 3rlyl aePHéwblbagrrfﬁ aTREPpURthvhich

%Hﬁlbﬁ’é pld:ggratdh @il B&iEn ICS ISR\ thAEH uElshY the thethods
resent invention provides conpounds

pa ticul t he
ﬂ%@d?whf*t?éa'?’g@&bﬁ@m of a variety of solid tunors

IncI uding but not limted to breast cancer, ovarian
tate

e BesehER RN hufiBt honiP LS TE PPl BB BT o e

t@e‘i’a@utl'lefa(pwteamaninmh@g pmpEmerna)sutle ak e uamna ivdparticular,

agy &ééén\f fhvielifi Hﬁ &'i"nspU]ﬁdﬂo?aﬁ{‘ih thd Y&t g(l%fl -

provides co oun a con
c ﬁa'i‘%mw% aediby Ph'fa ﬂﬁ'ﬁ@mﬁem iavendipn alsa iProyidsisicompaunidsn .
Ther ”‘Qﬁ Ggmt@&rehﬁl‘(&iﬁ lbf ?Busctébt&ﬂ?e ﬁ’éfdiﬂﬁsﬁ‘ﬁ Srrreqam 4dSehi Bfet use
[ i hitin roliferation of a resen
| Reblois & PR b Betibiiat thehrSrast inygaqn frovides
I cbmpoundsdonuskeds the treatment of a variety of solid tumors including but
not limited to breast cancer, ovarian cancer, non-small cell lung cancer
prostate cancer, and hematologic malignancies including but not limited to
acute (myeloid and lymphoid) leukemias and aggressive lymphomas.

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.



30 cell. Il 18 The present invention provides nethods
for the treatnent of several conditions or diseases,
all of which conprise the step of adm nistering a
therapeutically effective anmount of a conpound of the
i nvention. As used herein, the term"treatnent"
refers to alleviating, the specified condition, 5
elimnating or reducing the synptons of the condition,
slowing or elimnating the progression of the

condition and preventing or | ayi ng the reoccurrance
of the condition in a previously afflicted subj ect. As
used herein, the term"therapeutically effecti
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30

The precise therapeutically effective amount of a compound of the invention
will depend on a number of factors including, but not limited to, the age and
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 mgrkg body weight per day or per dose or per cycle of treatment.
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30 treatnent in the range of 0.1 to 200 ng/ kg body

wei ght of recipient (animal) per day or per dose or
per cycle of treatnent and nore usually in the range
of 1 to 100 ng/ kg body wei ght per day or per dose or
per cycle of treatnent. 19 Acceptable dosages, may be
fromabout 0.1 to about 2000 ng per day, dose, or
cycle of treatnent, and preferably fromabout 0.1 to
about 500 ng per day, dose, or cycle of treatnent. 5
As one aspect, the present i%vent i on provi des net hods
of regulating, nodulating, binding, or |nh|b|t|ng PLK
for the treatment of conditions nedi ated J
pAFtaptaiedespars. kaay berfeaitpbayt Ag toaba 2000 mg %Fﬁb.dﬁae-or
i am;metofr&@ambdﬁi anti pfeférably roEghue0.1ng abom 800 aigi peg day,
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P

(Rne g 0B RIchfiel pORaEERERRE, BOSRANE
ag@g@liaang; %Ir\mqghorpnmbmng, BEKfer g}r@g}mpmq coagitipns medtated
ca PLKI ﬁé“rscmé}@mmemé@ﬂaw dnB&Elﬂtir@Pblhahg oEi‘thbﬂianPLK"

‘f' 545 el soocpiaiao i bRy BER PP LR
pactivitg LdsawelyasRedulatinghmodulating) bln};ﬂmg mmmﬂmtwetemgrfes?m
o SFpER Ry ELR] U B bgritits FohE ohiin RSN
msn«ﬂu@ieg oéncersangk tamers) which bave bwmsgoqg@ﬂ wth &K, t he

Sﬂ&:&% P9f<1 %d%ﬂh&%&n&?’\gﬁcﬁﬁz@d roftitite Edliular
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PEFQ"@'@'%O\AM in the art and include but are not
limted to neopl asns and condi tions characterized by
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beednot limited to neoplasms and conditions characterized by inappropriate
cellular proliferation.

The present invention also provides a method for treating a susceptible
neaplasm (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
assaciated 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



30 associated with PLK and are therefore susceptible

to treatnment with a PLK inhibitor are known in the
art, and include both prinmary and netastatic tunors
and cancers. For exanple, susceptible neoplasns within
the scope of the 20 present invention include but are

not limted to breast cancer, colon cancer, |ung
cancer (including small cell lung cancer and non-smal |
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thereof by administering a therapeutically effective amount of a compound of
25 the present invention. In another particular embodiment, the present
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.

30  The compounds of the invention can be used alone in the treatment of such
susceptible neoplasms or can be used to provide additive or synergistic
effects with one or more other compounds of the invention, or in combination
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cell proliferative disorders include glomerulonephritis, malignant

25 nephrosclerosis, and glomerulopathies. Inflammatory/immune-mediated
disorders include psoriasis, chronic wound healing, organ transplant rejection,
thrombotic microangiopathy syndromes and neurodegenerative diseases.
Osteoarthritis and other osteoclast proliferation dependent diseases of
excess bone resorbtion are examples of conditions characterized by

30 inappropriate cellular proliferation in which the cellular proliferation occurs in
normal cells at a normal rate, but is nevertheless undesired.
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The present invention also provides the use of a compound of the invention
for the preparation of a medicament for the treatment of condition mediated
by PLK in an animal, such as a mammal {e.g., a human). The present

30 invention further provides the use of a compound for the preparation of a
medicament for the treatment of a susceptible neaplasm in an animal. In
particular, the present invention provides the use of a compound for the
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the preparation of a nedicanment for the treatnent of
condition nediated by PLK in an aninmal, such as a
manmal (e.g., a human). The present 30 invention
further provides the use of a conpound for the
preparation of a nedicanment for the treatnent of a
suscepti bl e neoplasmin an ?ﬂinal. In particular, the
present invention provides e use of a compound for
the 23 preparation of a nedicanent for the treatnent
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or formulation. Accordingly, the invention further provides a pharmaceutical

composition comprising a compound of the invention. The pharmaceutical
composition may further comprise one or more pharmaceutically acceptable
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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conmposition conprising a conpound of the invention.
The pharnmaceutical 25 conposition nmay further conprise
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| 58S or SBRhSof LREGuSus or non-aqueous liquids; edible foams or
whips; or oil-in-water fiquid emulsions or water-in-oil liquid emulsions.
For instance, for oral administration in the form of a tablet 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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whi ps; or oil-in-water |iquid enulsions or

water-in-oil liquid emul sions. For instance, for ora
adm nistration in the formof a tablet or capsule, the
25 active drug conponent can be conbined with an oral,
non-toxi c pharnmaceutically acceptable inert carrier
such as ethanol, glycerol, water and the |iKke.
Powders are prepared by conmi nuting the conpound to a
suitable fine size and mxing with a simlarly

comni nut ed pharmaceutical céPrier such as an edible
carbohydrate, as, for exanple, starch or mannito

Fl avoring, 30 preservative, dispersin nd ol orin
a§epsulengreanads hyerenasiog Atpowder misiira a% deschb ?Jgi

plﬁmﬁgrdrmecj §elﬁ@r\l\'§i%fd Iatrtm ulwﬁﬁtstaﬁd ﬂmeam@afhhaiswnmdarsﬂwa,
[ of me el atin sheaths
| - e S aiate aD FRafatepy ol POy 8RS gyeol can |
sbeaddédto tha pewdenntiktag efare the g @emﬁbqemﬁﬂlréﬁ@r ating
gl t th
0 o i A ok SRA B bl BRUGR CaBpiloPoqii © | 1e
agemonate@lan a!soé:gadda@mimpm@wad@hﬂﬂb atthe madicementim
ﬁ i Fapgg@ |§iln§9st@c?. added to inprove the
ava| abl |1

ty of the nedicanment when the capsule is
i ngested. Mbreover, when desired or necessary,
S Midrade?, \/@Hemcﬁésﬁed drirlecbssant, suitable lﬂi\daairs]ﬂtmgbantSn g agents

| | h
ritiarsling shebfi aaofile Bofile PiuE Bl MefiPofied Rldine e

n aitued. &mghlesblmied'masde stareb ogadatio; nammhsum YigB ascor n
%o@@ bf Beta %‘dﬁ%aéorﬁg\ge ey g'fa'ltﬁ'al%H%yﬁtH@ﬁb Gifins such as

tragacanth or 50|um I nat

caca@aytmaﬁgntb er sqsiu algingis, WPHW‘M&V‘CGQP‘Q%%IWW\RHB‘(@&G
a%d*oh waké§<aadddaa ke lCLauaJthsam gsbd iR mebe aese{hsfm ihclodes
|ncue sS0oqal um ol eate, SO al a ium
L ol olote SRpEII Bt Bl Fleonosl Fleplai epafim BERIAE,
c moarurrd@cmd soliani ¢HierideRinditivg kkgr Disintegrators mdeqe.\mmuut

Rt St R o TRlsR dge HenlonRe Gon @A bum R SKeE
exﬁamﬂtearetfgmpﬂﬁp@rfwrﬂgcampmm prepaiing alpewdey MiWeat i ng or
S| 419801 8hg, cﬁ‘@ﬁlbﬂﬂgaaddﬂﬁré l‘ﬁﬁman%}\% dlsitteblaftarm Yresdkty into

pressing i nt m xture is,
priaplaised Rwder mixtyedherepdp Sy HH’""%VJ‘PFSWP?“"% SR ed,
W' éd?‘nrﬁmd!eli UG a BifuchBSitha’e ad desdribbe dbdvieparad optiodally, with a
bR oy b BASS e H Briee, ospprmpiviy
quwmltdgde a solution retardant such as paraffin, a resorption accelerator
such as a quarternary salt and/or an absorption agent such as bentonite,
kaolin or dicalcium phosphate. The powder mixture can be granulated by
wetting with 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 sfugs 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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pyrrolidone, a solution retardant such as paraffin, a
resorption accelerator such as a quarternary salt
and/ or an absorption agent such as bentonite, 25
kaol i n or dical cium phosphate. The powder mi xture can
be granul ated by wetting with a binder such as syrup,
starch paste, acadia nucilage or solutions of
cellulosic or polyneric materials and forcing through
a screen. As an alternative to granul ating, the
powder m xture can be run t#ough the tablet machine
and the result is inperfectly formed slugs broken into
granul es. The 30 granul es can be |ubricated to. ent
s PresRitigyention ean alsgbeeorplined with aifrea flawing fned car

aa&hﬁﬂesgmﬁto&éﬁé\é ldﬁeétl?'vdm dqangaumngn thel gtranmating oor
ner.al

re is
CBligeiBa sBas; Aclssr aaranus PiRe e fislh cbRiERg Ae seaing
pr:eme:fl thellay, emd:oacjng otsugal arqolyenerio miateriatiand @ polishfooating
e i ets
P o i irhRS (o ou i o BORBAGRS Meskichligdlto ©
sﬂlﬁgg‘lu@ @ﬁ@petunﬁd@sw‘s- or opaque protective coating
consisting of a sealing coat of shellac, a coating of

I t I d
e o S, SR e Hepraamie M dssgegudl
¢ ‘ﬂﬂh’i m&attaﬁgwﬁ @Ianﬂglcbﬁhlrdlafﬁredmnmnm amalms efaetive Or al
asS SO | e
| itsset S caT e biefpred By isRBnAB i édrjﬁ:héen qu‘?ﬁt".'yt ,
c flavaredh squeops edietia, wihike ammmremreqmm thguse of a
' rﬁSF. SN REohoRY¥ oaﬂaecgasd%ﬁf.eﬁwﬂ@mmm&ba 89 mspa@.rrgnne

npound In a Sul avored ueous sol ution,

WiSPMBON iniarpnpKic m@caar Selubifizess gnd emasiies syeh as
n‘éihdx pteel |§Bs€éégﬁ hicBhMg Bhé bﬁyox@%ﬁ@h‘éls@ﬁﬁtommel’eﬁ

f t ed

v?’eiﬁ”%fen%.tﬁ%ﬁ%var.aﬁ@gééé%ﬂasgmem‘ﬂ?gifgr R R
etsaoohariaoe dthesartfical swketzhers havidshalie qaolajsphie added| ene
sorbitol ethers, 15 preservatives, flavor additive

such as peppermnt oil or natural sweeteners or
s alfoeramppropriatet dusege unit fornulations ierera pdministialion £a0E | ke

C Q'ﬂlc% ﬁ&:p@ﬁlaﬁééld afle for}m%ﬁﬁn BRPAISPD B&aﬁare@@@ aaﬁmgrdrt

fornulations or al dmnistratio

mEBERE p@eﬁsgtaédor crRPIa BRI pTbedage darate

Pragahsith polyhé@| Wadorthe M. sustain the rel ease as for
exanpl e by coating or enbedding particulate material

in polyners, wax or the |ike.
The campounds of the invention can also be administered in the form of

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 pofymers can include peptides,
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The conpounds of the invention can al so be
admnistered in the formof |iposone delivery
systens, such as small unilanellar vesicles, l|arge 25
uni l anel l ar vesicles and nmultilanellar vesicles.

Li posones can be formed froma variety of
phosphol i pi ds, such as chol esterol, stearylam ne or
phosphatid ylchol ines. The conpounds of the invention
may al so be delivered by t use of 30 nonocl ona

anti bodi es as individual cd&'riers to which the
conpound nol ecul es are coupl ed. The conpounds may

| b led with | ubl .
g tPsS. Ryt FopRPHE PR R et isiicRc
AsHeyiul, potytpraxyethyaspartamidephens s ipplyethyleneoxi epolylysine

L vk . ' ,
PRy S RERAIEFRA0AEL iy, RO SARbounds may be
paiupleciy B efes 2l bedasFatapls pelymer kiR peieg Fontole

PRIdELL gvA dfuSof Binpld; WolyRRIEBEE, poldpsilanuapmiamionenay be
coupled to a class of Elode

bl | i
~polinyrony DTS pas Ao hpeRER Ao BRI ITod Ry |
PRbIydyaRbaceyiates Bnd erobsiikel onamplipathisdlaskeopolyBeRsRf dr oxy

butyric acid, polyorthoesters, polyacetals,
pﬁY%ﬁqGﬁ?dropyrans, pol ycyanoacryl ates and
cross-1linked or anphipathic bl ock copol yners of

h *qér‘ﬂ%‘%ﬁﬁ?ﬂ@gﬁn 4 IJﬁE%EH[StE& fr rhRsdavthatddaisistrntian iney beor

t trat be t .

(rsssetod ap deamiepatdiee RIBASCGS Tl K MR CpiRgpith the

c epilhéﬁ-ﬁis 24' th& rddifent Witaqﬁmﬁ%dcﬁeriw of e Porexamply; the
rol onged period of .ti ive

P REedsEreay ke cell e e el e §%r%@'{~‘ﬁt%§gdp‘éﬁ'°s?%

i geheralhodeasiiledds Phgemmsatida) Raseacr!, BEY 315 (1986).

Phar maceuti cal Research, 3(6):318 (1986). 15

Phar maceutical fornul ati ons adapted for t,g{gi calb
adimarmacentical tormuiatjorsadapied fer tapieal adRiniatioh ipY be
CHiHiate A ARG EreahiB] dURPEnsidMBYIRGIT, powdars,isohipns,
pastes, gels, sprays, aerosols or oils. 20 For

t POseREIRSs SPFRYS R8TAS0E 9% PI%t her external tissues, for

exanpl e mouth and skin, the fornulations are

preferably applied as ' L b FRREmMAIE nfduRRERd
é’ﬁ“?%tf*ﬁ:/ﬂsd?g}f et oéﬁm%f %@%@% ,ss%é; act i_vg| i ngr edi ent

neskinh thedomiutatieds aletpreferably applied as a topical ointment or cream.
When formulated in an ointment, the active ingredient may be employed with
either a paraffinic or a water-miscible ointment base. Altemnatively, the active

ingredient may be formulated in a cream with an oil-in-water cream base ora

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 agueous solvent.

Pharmaceutical formulations adapted for topicat administration in the mouth

include lozenges, pastilles and mouth washes.
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either a paraffinic or a water-m scible ointnent base.
Alternatively, the active ingredient nay be
fornmulated in a creamwith an oil-in-water cream base
or a 25 water-in-oil base. Pharnmaceutica
formul ati ons adapted for topical admnistrations to
the eye include eye drops wherein the active

i ngredient is dissolved or suspended in a suitable
carrier, especially an aquegus sol vent. 30

Phar maceutical fornulations %dapted for topical
admnistration in the nouth include | ozenges,
pastilles a nout h shes. 28 . Phar utica

P BhaipesevisaLlontdghal SRapien I pealzdAITRGEPALES Pormy be
p pasented ds asppisidriesior as epsmas. as enenas.

Phar maceutical fornul ati ons adapted for nasal

adm ni stration wherein the 5 carrier is a solid

i IPbAmAseuticablermdalinnacsepied jormgsal agavnistiatien whetein e

géﬁﬁ@l’ Bdl s'&lld fidfidd %'&Emg%o%eﬁﬁqln@acﬂa‘?ﬁb‘fe sk fbheké‘nple in

mni stered 1 n the manner which snuff is E,k
i the rapge 20,15 390 migrena whish i ?Hre'n'@ﬁf%'e '“Pﬁa’é‘ﬁ?“%é&%’ ejﬁ

f ISAG i3 taleanit@ b %pld)fnll'lhth_ﬁorpmmﬂan theehadalpassagedioha t he
ose. e ion er is a

" B einst 41a% hdinder it oo D Yo 41 RRE. Spitabfe fihliaidns

n mreuilheataups ;s a lmid.lfms aduoinistratoroas anasal epray Poasnastel

tg'%ﬁ hbl¥ (?\f so!utBhQBﬁﬁQ% \)eq redigftTul ati ons

te n|s

ration by 1n on include fine
particle dusts or msts, which nmay be gener ated by

MERB fmatbutica fo%maudnémp@ﬁ forRigaiinératide 8? inhaRESH nciad
nebul i zers or i nsuffl at

rosol.s,
PHBE A S 0T ORI BACOSRTRIaled PR et arious
adypesiotineteréd) dosmprebaurispd esrosdls chebslizpasyy dnsultators.
tanpons, creans, gels, pastes, foans or spray
formul ati ons. 20 Pharnmaceutical fornmul ati ons adapted
f Gthapeacentical tormulationsi adaptedifenvagingl agministafiop cay bend

%P?éﬁééﬁ%g%e%a%é Fé‘dnse&teh% G, Phbia8 Foarhs 6Nspray

aln anti - OXI buffers, bacteriostats and
dermuiationhi ch render t he fornulatlon isotonic with
the bl ood of the intended recipient; and aqueous and

: %_annaceutical formulations adapted for parenteral administration include
aqueous and non-aqueous sterile injection solutions which may contain anti-
oxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient; and aqueous and non-
aqueous sterile suspensions which may inciude 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.
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aqueous sterile suspensions which may include
suspendi ng agents and 25 thi ckening agents. The
formul ati ons may be presented in unit-dose or nulti-
dose containers, for exanple seal ed anpoul es and
vials, and may be stored in a freeze-dried
(l'yophilized) condition requiring only the addition of
the sterile liquid carrier, for exanple water for
injections, inmediately pri é to use. Extenporaneous
i njection solutions and susg nsi ons may be prepared
from30 sterile powders, granules and tablets. 29 It
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hor no her apy, targeted kinase inhibitorg.and

t HetAYEREheEmathaBRY: Bﬁﬁ'r'onahwaew.te@e‘e & inhigitgrs and
t hlﬁé:%pétﬁﬁ: nRsHoRIon BINhtibediéd) eo%mnasmatapiesmbndm 16 khes

of
rBRct ybdion 1 ShrtPreR e Fomipion Y 8PS SnE SORBLUHG

c amfmr inverdiah aad thenuseud dt least one ntheecdnsef ireatment method. In

Cogy e{mddﬂﬂerﬁ N&Initiidiion Bferaictl ofdthg'th thePrés invention

i nvention
comprise the administration of at least one compound of the invention and at

least one other chemotherapeutic agent. In one particular embodiment, the
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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conprise the adm nistration of at |east one conpound
of the invention and at |east one other

chenot herapeutic agent. In one particul ar enbodi nent,
the 25 present invention conprises the adm nistration
of at |east one conpound of the invention and at

| east one anti-neoplastic agent. As an additiona
aspect, the present invention provides the nethods of
treatment and uses as descg bed above, which conprise
adm ni stering a conpound of Phe i nventi on t oget her
wth at | east one chenntherapeutic agent. In one

p%éhﬁﬂ&leﬂfpeg& %qmg ot Lm | Eiileéiﬁ%%ﬁ\g %ﬁ&%@eﬁ&%{%ﬂ
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a tlmata olites such as purine an

SR BRI R DIRGP BRSSPI Hiesind Hopss AnsiRgeness |
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hghn%mgmmﬂsogues signal transduction pathway

ors; non-receptor tyrosine kinase angi ogenesi s
i nhi bitors; i1munotherapeutic agents; proapoptotic
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Ant i -m crotubul e or

sPeringt the miseatubulesaf tumor caliduriog M actheimitosis phasaf td
t etndyclee IExamgies o gntMnRFotltife S3dn®ShSiudd) daarinot ftfited to,

diterpenoids and vinca alkaloids. Examples of diterpenoids include, but are
not limited 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 inciude, but are not limited to, oxaliplatin, cisplatin
and carboplatin.
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cell cycle. Exanples of anti-mcrotubul e agents

i nclude, but are not limted to, diterpenoids and

vi nca al kal oi ds. Exanpl es of diterpenoids include, but
are not limted to, paclitaxel and its anal og

docet axel . Exanpl es of vinca al kal oids 25 include, but
are not limted to, vinblastine, vincristine, and

vi norel bine. Pl atinum coordi nati on conpl exes are

non- phase specific anti-neoggastic agents, which are
interactive with DNA. The pfati num conpl exes enter
tunor cells, undergo, equation and forminfra- and

d i nk '
oAl Agenes 918 ae s fhectigapy nedifasiRle RS KRl Blong
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alcﬁﬂm 'il'“%é’ gga %%ygpf?g C%ﬁ%'%jre ng.tp limted to,

nitrogen nustards such as cycl ophospham de, nel phal an,

a'l?l tibiGhY &{eﬁm&é%eun@ Labé/r{ts St doppnkes sﬁdéﬁf& agenteWAMEr an;

roSour eas suc car must i ne; triaze u

P bindes A6/ aipteViN AN Ty sl 4R AEARTABHS 1 dEPE Vot s
alcBmp [éﬂes%\aéﬁ%né B%ékégéi whRA rtﬁéiupts\btdﬁhtr]y fahctibnaf the nucleic
i nt er al ate wif uc ts

i Cigh laadingpi set QM %%{ﬂ e'g%y g& E\r’zﬁewe?'c

d iumudat Butaire notdimitet! to) aclirmmyoins tsheh amdao&nmnyml ds
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i C agents ut are not limted
actinonycins such as dactinonycin, 15

r’«'gﬁag@smsﬂasaﬁ iSHSlrFiRcidas! bt atkinet Mmigitodoxor ubi ci n;
anlﬁplpgfl@p rrgm ns. Topoi sonerase |1 inhi bitors incl ude

8etoxinFri t ed to, epi podophyl | ot oxi ns. 20
Ep| podophyl | ot oxi ns are phase specific anti-neoplastic

e ARORIPIES P 2r<Ehasb et o PrBtt Sgents derveq from

artde @andrake plast. dpipddeplyibtoxios typically affast pelisdn theSanthGy

COJHRLESor the Benl GBIy WIS tellary complex with topoisomerase Il
and DNA causing DNA strand breaks. The strand breaks accumulate and cell
death follows. Examples of epipedophyllotoxins include, but are not limited
to, etoposide and teniposide.

Antimetabolite neopiastic 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



and DNA causing DNA strand breaks. The strand breaks
accunul ate and cell death follows. Exanples of

epi podophyl | ot oxi ns i nclude, but are not limted 25
to, etoposide and teniposide. Antinetabolite

neopl asti c agents are phase specific anti-neoplastic
agents that act at S phase (DNA synthesis) of the
cell cycle by inhibiting DNA synthesis or by

i nhi biting purine or pyrim Je base synt hesis and
thereby 30 limting DNA synt eS|s Consequently, S

phase does not proceed and cell death foll ows.
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Sanmiaide [ Mig@nide, bicalutamide, cyproterone acetate and 5o-reductases
such as finasteride and dutasteride, useful in the treatment of prostatic
carcinoma and benign prostatic hypertrophy; anti-estrogens such as

25 tamoxifen, toremifene, raloxifene, droloxifene 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

30 use but lead to suppression of LH and FSH with long-term use indicated for
the treatment prostatic carcinoma and hormone dependent breast carcinoma.



such as finasteride and dutasteride, useful in the
treatnment of prostatic carcinoma and benign prostatic
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methods. Growth factor receptors include, for example, epidermal growth
factor receptor (EGFR, ErbB2 and ErbB4), platelet derived growth factor

25 receptor (PDGFR), vascular endothelial growth factor receptor (VEGFR),
tyrosine kinase with immunoglobulindike and epidermal growth factor
homology domains (TIE-2), insulin growth factor- receptor (IGF-1),
macrophage colony stimulating factor (cfms), BTK, ckit, cmet, fibroblast
growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin

30 (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



met hods. Growth factor receptors include, for exanple,
epi dermal growh factor receptor (EGFR, Erbl32 and
ErbB4), platelet derived growh factor 25 receptor
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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
(ERKs); and Protein kinase C family member blockers including blockers of
subtypes of PKCs (alpha, beta, gamma, epsilon, mu, lambda, iota, zeta), kB
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.,



in Smthgall, T.E (1995), Journal of Pharnmacol ogi ca
and Toxi col ogi cal Methods. 34(3) 125-32. 25
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ki nase cascade bl ockers which include bl ockers of Raf
ki nases (Rafk), Mtogen or Extracellular Regul ated

Ki nase (MEKs), and Extracell ul ar Regul ated Ki nases
(ERKs); and Protein kinase C fam |y nenber blockers
i ncludi ng bl ockers of subtypes of PKCs (al pha, beta,
gamma, epsilon, nu, |anbda, ta, zeta), |kB 30 kinase
famly (1 KKa, |IKKb), PKB fam |y kinases, At kinase
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15 Zhong, H. et at, Cancer Res, (2000) 60(6), 1541-1545,

15 Al'so useful in conbination with the present

i PAlepbsaivl imeemiipatidnigth the presentdmventioryareMijoinesiios such
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Another group of signal transduction pathway inhibitors useful in combination
with the present invention are inhibitors of Ras Oncogene. Such inhibitors
include inhibitors of farnesyliransferase, geranyl-geranyl transferase, and

25 CAAX proteases as well as anti-sense cligonucleotides, ribozymes and
immunotherapy. Such inhibitors have been shown to block Ras activation in
celis containing wild type mutant Ras, thereby acting as antiproliferation
agents. Ras oncogene inhibition is discussed in Scharovsky, O.G., Rozados,
V.R., Gervasoni, S.1. Matar, P. (2000), Journal of Biomedical Science. 7(4)

30 292-8; Ashby, M.N. (1998), Current Opinion in Lipidology. 9(2)99-102; and
BioChim. Biophys. Acta, (1989) 1423(3):19-30.
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20 Wrkman and David Kerr, CRC Press 1994, London.
Anot her group of signal transduction pathway

i nhibitors useful in conbination wth the present
invention are inhibitors of Ras Oncogene. Such
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geranyl -geranyl transferase, and 25 CAAX proteases as
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Agents used in immunotherapeutic regimens may also be useful in

combination with the compounds of the invention.

Agents used in 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., mci-1). Therefore, strategies designed to downregulate the
expression of bcl-2 in tumors have demonstrated clinicat benefit and are now
in Phase II/Ill trials, namely Genta's G3139 bcl-2 antisense oligonucleotide.



20 angi ogenesi s; endostatin and angi ostatin (non-RTK)
may al so prove useful in conbination with PLK
inhibitors. Agents used in imunot herapeutic reginmens
may al so be useful in conbination with the conpounds
of the invention. 25 Agents used in proapoptotic
reginens (e.g., bd-2 antisense oligonucleotides) may
akse--be-used in the conbination of the present-~-~----~-->~
i nvention. Menbers of the Bci-2 famly of proteins
bl ock apopt osi s. Upregulatloﬁ of bcl-2 has therefore
been | i nked to chenoresi stance. Studi es have shown
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The .met hods and uses e oyi ng these conbi nati ons nmay
20: o pmiristrafipp of he CQ‘BPr?st"(‘ F%'F‘Eﬁﬁ‘"@’l‘ aphibedBhound of the
I nehahothrapsatic/diti-rRbpastic agent either sequentially in any order or

simultaneously in separate or combined pharmaceutical compositions. When
combined in the same formulation it will be appreciated that the two
compounds must be stable and compatible with each other and the other

25 components of the formulation and may be formulated for administration.
When formulated separately they may be provided in any convenient
formulation, in such a manner as are known for such compounds in the art.

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

30 chemotherapeuiic 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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chenot her apeuti c/ anti - neopl asti c agent either
sequentially in any order or sinultaneously in
separate or conbi ned pharnaceuti cal conpositions. Wen
conbined in the sane fornmulation it will be

appreci ated that the two conpounds nust be stable and
conpati ble with each other and the other 25 conponents

‘of ~t-he-~fornul ati on and nay be formul ated for ==~ v~

adm ni stration. Wen fornul gt ed separately they may
be provided in any conveni er? formulation, in such a
manner as are known for such conpounds in the art.
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t Mediateshyfiidt, feritheytreament of gHsceptible neoplasms, for the

treatment of conditions characterized by inappropriate proliferation, for the
inhibition of proliferation of a cell and for the inhibition of mitosis in a cell.
Accordingly, the present invention provides an assay method for identifying
such compounds, which method comprises the step of specifically binding the
radiolabeled compound of the invention or the biotinylated compound of the
invention to the target protein or ceflular 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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medi ated by PLK, for the treatnent of susceptible
neopl asns, for the treatnent of conditions
characterized by inappropriate proliferation, for the
inhibition of proliferation of a cell and for the
inhibition of mtosis in a cell. Accordingly, the
present invention provides an assay nethod for

tdentifying 25 such conpounds, which met hod conprises -

the step of specifically binging the radiol abel ed
conpound of the invention or~"the biotinylated conpound
of the invention to the target protein or cellular
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bispd biBisAlifch foigdpounds of the 30 invention and

sol i d- support - bound versions thereof, can be enpl oyed
in assays according to the methods conventional in

t hhedillowing abbreviations as employed®@ td1exdnilids) Wapthe xadiat es
a:ﬁ intended for illustration only and are not

i AVENIEE to limit the scope of the invention in any
way, t@e i nventgrem(s)ei ng defined by the clains which
follo 5 The f ' abbrevi ati ons as enpl oyed in
t he e\)/(vg, | es, h@bdeq?‘)tﬂhg’grecited meani ngs. g granis)
my m | MPGr an( s)Molef8) nol e(s) 10 mol mllimle(s) N
nor mal mpdal | i t er gfiimotéfs) M I 1iliter(s) AL microliter(s)
15 h hgur(s) mn m nu%e(s) C degrees Centigrade HC
hydr ocHl ori ¢ achfym2

L liter(s)

mL milliliter(s)

ub microliter(s)

h houi(s)

min minute(s)

°C degrees Centigrade
HCI hydrochloric acid
DCM dichloromethane
MeOH methanol

EtOAC ethyl acetate
MgSO, magnesium sulfate
NaHCO; sodium bicarbonate
K2CO; potassium carbonate
NazS04 sodium sulfate

N2 nitrogen

Hz 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 -CHs,
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DCM di chl or onet hane 20 MeOH net hanol Et OAc et hyl
acetate MSO4 magnesi um sul fate NaHCO3 sodi um

bi carbonate K2CO3 potassi um car bonate 25 Na2SO4
sodium sul fate N2 nitrogen H2 hydrogen XANTPHOS

(4, 5- Bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene) is a
comercially avail able catalyst, from Al drich. 30
Reagents are conmercially avail able or are prepared
according to procedures in the literature. In the
foll ow ng structures, "Me" refers to the group -CH3.
40 Internedi ate Exanple 1: Methyl 5-am no-3-({(1

R)
( t.ér IR I sty T'- BB oohoaenecar boxy

f2 (trfI uoromet hyl)phenyl Jet hy/)oxy) 2 5
t hi ophenecar boxy/ate O H , ./ Hc S Aslurry of
pol ymer - supported tri ph%ﬁg&phi ne (62.36 g, 2.21
mol /g, 137.8 mmol) in 1.0 L) was stirred at
roomtenperature for 10 nmaTites. The m xture was
cooled to 0 C. Methyl 3-hydroXy-5-nitro-2 10
thiophenecarboxylate (20.00 g, 98.44 mol ), which may
p n.a _nanner anal ogoustothellterature
r%@é ?’@"(}égr"ﬂ'&’3‘({ﬁf% I-[2egtiifideregetiwpherilethylisgpide-
Mt.bfophébewbbkyda@A Journal of Chenmi cal Research
(Mniprint) 2001, 1001-1022) was added, followed by

(15)-1-[2-(trifluoronethyl)phenyl]ethanol (26.20 g,
137.8 mmol ) and di -tertamﬂufﬁezodi carboxylate (31.73

g, 137.8
up—f ;ﬂ

A slurry of polymer-suppaorted triphenylphosphine (62.36 g, 2.21 mmol/g,
137.8 mmol) in DCM (1.0 L) was stirred at room temperature for 10 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. Joumal of Chemical Research (Minjprint) 2001,
1001-1022) was added, followed by (15)-1-{2-(trifluoromethyf)phenyllethanol
(26.20 g, 137.8 mmot) and di-fertbutyl 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 NaHCO; (200 mL). The mixture was
extracted with DCM (3 x 250 mL). The combined organic fractions were dried
over MgSO,, filtered, and concentrated onto sitica 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, CDClg): 67.82 (d, tH, J=




15 mmol ). The reaction m xture was stirred at room
tenperature for 21.25 h and then was filtered through
a fritted funnel and concentrated. The residue was
treated with 4 NHC in 1, 4-dioxane (300 m-) and
stirred at roomtenperature for 3 h. The m xture was
t hen quenched by addition of 3 N sodi um hydroxi de

(300 mM-) and saturated aqueous NaHCO3 (200 ni). The
m xture was 20 extracted witfy DCM (3 x 250 nL). The
conmbi ned organic fractions were dried over MgSH,
filtered, and concentrated onto silica gel.

P g o (¢
?’O%\i*z 216600, B, f?‘;‘&% £ gt ﬂ%’é? yad B rez e
Hpotmb ) ;%7 @1t = 6 74(¢E§it||35=68 Hz).
782(d 1H, J= 41 78Hz)768(d 1 H J=7.8 Hz),
Z' S@p B - Méathi, 5-dmln$ %?4({(1-7“8)-{ [i (t#)?lofwnethyl)ﬂrenﬂ]e#& }bkw-zé )
Q, = 0. ,
“’/i’pf'%(’e@?ﬁ%f/age 1 Hz). Step B - Met hyI
5 anino-3-(((1R) -1
r2-(trifuoronmethy/)pheny{d ) oxy) - 2-
t hi ophenecar boxy/ ate OM To°“a flask equi pped with a
t enperature probe, an overh ,,mechanl cal stirrer, a
refl ux condenser, and an & on funnel was added

5Iron powder (26.84 g, 480.6 ) and acetic add (130
The iron/acetic acid slurry was stirred

S0t ca Mgk eibpRd Sl 6 flerb e Brobd. o M men § RRREHAT o
of Stiffet, Bypflux gandenses-and @n aaymum [meel was added iron powder

(t((z? tau@r R6026 M&l%‘%&@é&&’ ﬁwélmng,ﬂﬁggaagiawyl a

ic acl

s d‘l"%ﬁ%"& ﬁd m?’cm@c&a'uw heated i arintaieel tarpatatuEaRi6d C. To

10 drtﬁ@wéﬁﬁbrt ﬂnhél%sraeaécﬁa 8b1LfforPStintbtR)! BffﬁtVo-Q-Y{(ﬁ@tﬂtze such
erature was mal ntain 60 C

( Aty St BT e Ufo - orbyoPhenesatb Bte OB 08 3 1dr ¢
vvaemolc)m aetic acid ¢t80 mEPlE sdlution,in thel addridn Wirinel W&aMheh 00

nyrited AR o RNTRRHe S B, LG ek henie el
nuympamwr@was maintairediate<6das (2 Hdriofal dddiiondimé)hThegh a
s Pty AU AP R ol i Alpe 5
argh dﬁawqgnchsp(y@x adslition\of N sodium hydroxide (750 mL) and
saturated aqueous NaHCO; (200 mL). The entire mixture was then filtered
through a pad of Celite to remove insoluble materiat, rinsing the Celite with
additional DCM (250 mL). The aqueous and organic fractions were
20 separated. The aqueous fraction was extracted with EtOAc (2 x 400 mL).
The organic fractions were combined, dried over MgSQs, filtered, and
concentrated to afford 30.66 g (92%) of the title compound as an orange
solid. "H NMR (300 MHz, CDCls): 67.89(d, 1H, /=7.7 Hz), 7.62 (d, 1H, J=
7.7Hz),7.56 (t, 1H, /=7.7 Hz), 7.36 (t, 1H, /= 7.7 Hz), 5.72 (s, 1H), 5.65 (q,
25 1H, /=6.3 Hz), 4.26 (brs, 2H), 3.80 (s, 3H), 1.66 (d, 3H, /= 6.3 Hz); MS
(APCI): 368.00 [M+Na]".




20 separated. The aqueous fraction was extracted with
EtOAc (2 x 400 nL). The organic fractions were
conmbi ned, dried over MpSO4, filtered, and
concentrated to afford 30.66 g (92% of the title
conpound as an orange solid. 1H NWMR (300 MHz, CDC13):
8 7.89 (d, 1 H J=7.7 H), 7.62 (d, 1 H J= 7.7 Hz),
7.56 (t, 1 H J=7.7 H), 7.36 (t, i H J=7.7 Hz),
5.72 (s, 1 H, 5.65(q, 251 H J=6.3 Hz), 4.26 (br
s, 2H), 3.80 (s, 3H), 1.66 (2 3H /= 6.3 Hz); MB
(APCI): 368.00 [ MtNa]+. 42 Internedi ate Exanple 2:
-am no-3-{[(1 R)- 1(2 chIorophenIIetthI-
example 2. Methyi S-aR1ing-34{[{1R dhlagophe
hiophenecarboxylate
3 (((1R)-1-(2-chl oropheny/)ethy/Joxyj-5-nitro-2- 5
t hi ophenecar boxy/ ate H, N { h % 3 {[(1
R) - 1- (2- chl or ophenyl ) et hyl 5-ni tro-2-thi ophenecar
boxyl ate was prepared from lget hyl
3- hydroxy-5-nitro-2-thi ophgngca boxyl ate and (1 S)-1
-(2-chl orophenyl ) et hanol by 3 ocedur e anal ogous to
I nternedi ate 10 Exanpl e 1, S B A "H NWR (400 I\/Hz
)Me@; 13- =5 2J=1.7, 7.8
oy e e AR, fz““*%ﬂ”‘ﬁ%“@w £, 1 o=
’Opf’e%e"a V’"F'34 (dt, 1 H J= 1.9, 7.5 Hz), 5.98
(q, 1 H J=6.0 H), 3. M, 1.59 (d, 3H, J=
6.2 Hz). Step B - Methyl
5-am no- 3- ([ (1R)-1- (2-chl orophenyl ) et hy/j oxy)-2- 15
t hi ophenecar boxy/ate H, N §¢ H, C Met hyl
5-am no-3-([(1
R) - 1- (2- chl or ophenyl ) et hyl ] ox¥¥- 2-t hi ophenecar boxyl at e
was prepared fromnethyl 3-([(1
R) MethyB-{i(1IR)11e(Broblopdphenyi)dtydizxyg-Stnitnd-24titioghenecarboxylate

S A Dy e
8)-d-( fhlgrophgqyl\eg@nollbm prg:ee r@anajogg)upﬁg ntermegiate
10 Example 1, Step A. 'H NMR (400 MHz, DMSO-dy): & 7.96 (s, 1H), 7.65 (dd,
1H, /=1.7,7.8 Hz), 7.47 (dd, 1H, /=15, 7.7 Hz), 7.40 (dt, 1H, /= 1.3, 7.5
Hz), 7.34 (dt, 1H, J=1.9, 7.5 Hz), 5.98 (g, 1H, /= 6.0 Hz), 3.85 (s, 3H), 1.59

(d, 3H, /=6.2 Hz).

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

mvcm

H,C—‘{ ECI

Methyi 5-amino-3-{[(1R)-1-(2-chlorophenyl)ethylloxy}-2-thiophenecarboxyiate

was prepared from methyl 3-{[(1A)-1-(2-chlorophenyl)ethyi]oxy}-5-nitro-2-

thiophenecarboxylate by a procedure analogous to Intermediate Example 1,
20 Step B. 'H NMR {400 MHz, DMSO-g): 67.54 (dd, 1H, /= 1.8, 7.9 Hz), 7.45



43 (dd, 1 H J= 1.4, 7.7 Hz), 7.37 (dt, 1 H, J= 1.4,
7.7 Hz), 7.31 (dt, 1 H J=1.8, 7.6 Hz), 6.76 (br s,
2H), 5.57 (g, 1H, J= 6.2 Hz), 5. 9 (s, 1H), 3.63 (s,
3H), 1.51 (d, 3H, J= 6.4 Hz): MS (ESI): 334.03

[ MkNa] ' . Exanmple 1: 5-{6-1(Meth)l quonvIIrrethyII-l

| f benzi m dazol -1-y1)-3-({(115-1-[2- 5
(trifluorometh)l)phenyllethyt)oxy)-2-thi ophenecar boxam
ide 11 OF I'cy" H I Route_l: Step A -

5- (Hydroxynet hy/J 2 nltrophéﬁol NOQ OH OH 10 To a

m xture of 3-hydroxy-4-nitrobenzoic acid (5.0 g, 27.3

R 7 8 7 30 W MR § g 4 e i

bdroz)t 6.76 (res; RHR 5c57e(’qhw| &t 8. 2rHH),5.45(s51i), 3.633s,BH),
+1 nm, 41.0 |
V\nglsgq en s"r-n yl-i%d\.ag(gﬁ@? 8%@@”%& reacti onnt/\rgs)

toI uene (200 m), then extrat ed vvlth aqueous 1 N

sodi um hydroxi de (3 x 100 conbl ned aqueous

| ayers were adjusted t addition of 12 N
HCl, then extracted wf (3 x 250 nmL). The
combi ned organic Iayer re shed with water, brine,
dried 20 over MgSOH4 And concé‘ﬁtr ~d under vacuum to
give 4.55 g (98% of the titlag npound as a |light

yel | ow solid. 1H NVR (400 MHz, DMBO-d6): 510.87 (s, 1
HRou® 85 (d, 1 H J= 8.6 Hz), 7.08 (s, 1 H, 6.88 (dd,

Pz SR moed (5, 1 oae 1 2

OH

oH

10 'Toa mixture of 3-hydraxy-4-nitrobenzoic acid (5.0 g, 27.3 mmol) in 1,2-
dichioroethane (100 mL) was added trimethyl borate (4.9 mL, 43.7 mmol),
followed 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 aver MgSOQ4 and concentrated under vacuum to give 4.55 g (98%) of the titie
compaund as a light yellow solid. 'H NMR (400 MHz, DMSO-dy): 5 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).
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Not 0" OCHa 1le, N CHa A mxture of

5- (hydr oxynet hyl ) - 2-ni trophenol (11.35 g, 67.15 mol)
and 3

(2, 2-di net hyl propanoyl ) -1, 3-t hi azol i di ne- 2-t hi one
(15.0 g, 73.89 mmol ), which 5 nmay be prepared in a
manner anal ogous to the literature procedure (Yanada,
S. Tebahedron Letters 1992, 33, 2171-2174), was
stirred in toluene (670 nL)  at 100C for 40 h, then
cooled to roon1tenperature.4ﬁhe reacti on was
concentrated under vacuumto a vol une of approxi mately
20 he resulti lurry was filtered through
i ’?@'?’1 ?%QWP&@{'@%V@?{Fi dwith cold 10 tol uene.

The filtrate was then cont®ntrated under vacuum and

purified by silica gel c tography eluting with a
gradi ent of 0-to-20% Et hexanes to give 11.09 g
(65% of the title conmpoud as a clear yellow oil. 1H

NVR (400 MHz, DMSO-d4: 8 $1.05 (s, 1 H), 7.87 (d, 1
H J= 8.42 Hz), 7.06 (s, % Mfes 6.90 (dd, 1 H J= :
1.46, 8.42 Hz), 5.09 (s, 2H% 1.18 (s, 9H). 15 Step C

- f 10, / -

N AL i et

o bRelimebiprasanali b tpzolding 2 iepe £15:0 8 BhASHEOD, which

Klim@l tﬁ] @'e_()?rléd inla nﬂnnér%n%loﬁl Bf i to ﬂ?“aﬁieratuée rlooedurz 6(Yamada.

[l 0L 0 e . ,

oI b LBl Tt S5k 2y 28 Mea pYrariaigens 670 mu)

N,akid09°Scfor 4@l themgdaied toeodri Sentperiture3 Ih@ reantioh was The

" RBhtdrstAmdSHAER tb 8'voftme Br ApAbxiatel) 0T me 2ndie At

room tenperature. e reaction S en’ concentrated

urigRHting D Etopad through filtaspapen, washigg:the solid with cold

C hé1a8ms. OTHePfNRAte Qlal thdhttarbériratbddinddl Wituuffand puffied S
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): & 11.05 (s, 1H), 7.87 (d, 1H, J= 8.42 Hz), 7.06 (s, 1H),

6.90 (dd, 1H, /= 1.46, 8.42 Hz), 5.09 (s, 2H), 1.18 (s, 9H).

Step C - 4-Nitro-3-{f{trifluoromethyl)sulfonyijoxyjbenzyl pivalate

LY F
NO, °j<

N
-8 °F
% 2" %
o%(m
CHI
cH,

To a stirred, cooled (0°C) solution of 3-hydroxy-4-nitrobenzyl pivalate (11.11
g, 43.9 mmol) and Atphenyltrifluoromethanesulfonimide (16.51 g, 46.2 mmoal)
in DCM (220 mL) was slowly added N, 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%



(t, 1 H J 20 = 759Hz

45 Et OAc/ hexanes to give 16.87 g (99% of the title
conpound as an off white solid. "H NVR (400 MHz,
DMSO-de): 8 8.36 (d, 1H, J= 8.42 Hz), 7.75-7.69 (m
2H), 5.27 (s, 2H), 1.19 (s, 9H). 5 Step D - Methyl 5
f(5- f[(2,2-dinethy/propanoy/)oxyjnefhyl}-2-

n/ tropheny)ant noJ-3- (((1R) - 1-

2- (brfIuoronethyl)pheny/Jethy/Joxy)thIophene-
2-carboxylate NN, HH~ N8 0,.~~O H CF F A m xture of
4-nitro- ([(trlfluoronethyﬂfsutfonyl]oxy}benzyl
pivalate (1 0 g 10 2.60 mmol ), nethyl

F—’Wﬂ 2iines g 1o 87 olhk| S0 ool BEE h btk
t &0lchk MMH(@%M&!@B%@W&I@ B3b |(¢|le,| =842 H2)50.76%7.69
A BE e s P e e i rred 1n 1ol uene (5. 2
m-) at 100 C,fo'r 2 h, then cooled to roomtenperatu're

1S5re0 -Wétﬁﬂ BB HER R ey pp-th Et CAc and

W}%l |t r?’{é{gﬁgzﬁzwcent r at gger vagyl%%?a,??qa

gleddirkenyl/atd  5-t 0- 25% Et OAc/ hexane to g| ve 1.26 g (84%

of the title conpound sare oil. "H NWVR (400 MHz,

Dl\/ISOd6):8975(s 1 sO u,gd 1H J=28.6 Hz),

7.89 (d, 1 H J 78(m 2H), 7.52
, , 7.01 (dd, 1
2

H J =1.46, 860Hz)6 , ,570 5.75 (m 1
H, 5.07 (s, 2H), 3.7 58(d 3H, J = 6.22
Hz) 1.13 (s, OH). & E Vet hyl

(2- 5- ([ (2, 2- di met hy/ | Jmethy/ J 25
pﬁéwgfw?én?ﬁn‘ﬁw ogﬁwymﬁ"&eml)'\g/@h% Mﬁ&%ﬁ?%y&«{ﬂ et hy

10 #Qm)mrhbmnﬁ&ﬁﬁ%miﬁafmxm -2 (ifuordméthyl)phenyllethyl}-

15

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 K.CQ3 (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. 'H NMR (400 MHz, DMSO-ds): 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).

Step E - Methy! 5-f(2-amino-5-{{(2,2-dimethylpropanoyljoxyjmethy(}
phenyljaminol-3-({{ TR )-1-{2-(triffuoromethyl)phenyllethyJoxy)thiopheneg-2-
carboxylate
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O FHC FF CH A mxture of nethyl

5-1(5-{[ (2, 2-di et hyl propanoyl ) oxy] net hyl } - 2-
nitrophenyl)am no] -3-({(1
R)-1-[2-(trifluoromnethyi)phenyllethyl}oxy)thl ophene-

2-carboxylate (2.42 g, 4.17 mmol) and pl ati 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 was pur%gd wi th vacuum and N2 gas,
then H2 gas was applied at S0 psi for 1 h. The
reaction mxture was filtered through Celite, washing
with EtOAc. The filtratg was cgncentrated under vacuum
to glve227 g (99% Rhes UL Je® conmpound as a tan
solid. '"H NWVR (400 ef: 10 8 8.62 (s, 1 H),
7.84 (d, 1 H J =7.87 , 7972 (dd, 2H, J = 7.60,
13.09 Hz), 7.50 (t, 1 J 0 Hz), 7.01 (d, 1 H,
J =1.46 Hz), 6.88 (ad 1.74, 8.15), 6.68
(d, 1 H, J = 8.24 m)*-?,;.ésfs 1H, 559565(m 1
H, 4.97 (s, % 4. 85 2H), 3.64 (s, 3H), 1.55
( d\ mmure of metbyl [(5-|ﬂ§2 2-ﬂln191h34monmqyl)owe(ﬂﬁs@r3— 551
: (6 yg qigFS(UR)- Fgﬁm”c?' gt P he"y“e Wy)mié’ﬁg?"r? a
Zgrcartpxyl?ig (2542(q (qﬁ)mmo and pla num (sulfid wt% on carb
[ 28(1t b fd. mmmahhﬂdﬂ@@wﬁgﬁéswdh@dw)d Iﬂgmplmsere reaction
ak( xylate O 8 ﬁH |_(':H F E To
i Jede 8?00Ma[§ﬁu?ged wi vacuurh and gas, then H; gas was
5 appllbdaatﬁﬂ @sbfof 102 The deactiormixture pas Gidred shydughDelite,
@n?hré% [% (v%g r]i-oncernﬁn:\te?1 ﬂer vacuum to give 2.27

UOI‘ one

oﬂ;(?@tb @fpthe ﬁﬂe Qornmu@éwl adee sw I\gXR 0D IMIAZIMSOrdle):
t rsiged ! Pt h@aqa i & £ £.87 Hz), 7.72 (dd, 2H, J = 7.60, 13.09 Hz),

7.50 (t, 1H, J = 7.60 Hz), 7.01 (d, 1H, J = 1.46 Hz), 6.88 (dd, 1H, J = 1.74,
8.15), 6.68 (d, 1H, J = 8.24 Hz), 5.83 (s, 1H), 5.59-5.65 (m, 1H), 4.97 (s, 2H),
4.85 (s, 2H), 3.64 (s, 3H), 1.55 (d, 3H, J = 6.23 Hz), 1.11 (s, 8H); MS (ESI):
551 {M+H]".

Step F - Methyl 5-(6-{j(2, 2-dimethyipropanoyl)oxyjmethy()- TH-benzimidazol- 1-
VI-3-{{(1R)- 1-[2-(trifluoromethyl)phenyljethyljoxy)thiophene-2-carboxylate

To a mixture of methyl 5-[(2-amino-5-{|(2,2-dimethylpropanoyl)oxy])
methyl}phenyl)amino}-3-({(1R)-1-{2-(trifluocromethyl)phenyllethyl}-
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
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m., 60.2 mml) and DCM (3 m -) was added pyridi ni um
p-tol uenesul fonate (100 ng, 0.4 mmol). The reaction
was stirred at 40 C for I h, then cooled to 47 room
tenperature. The entire reaction m xture was | oaded
onto silica gel and purified by silica gel

chromat ography eluting with a gradient of 0-to-50%

Et OAc/ hexanes to give 2.0 g (86% of the title
conmpound as a light tan sollg H NMR (400 MHz,

DVBO- ds): 6 8.65 (s, 1 ?99(d 1H J =787 H),
7.75 5 7.80 (m 2H), 772(d 1H J=7.87 H), 7.63

( ?oonq-te'ﬁ')pergtur%s jlﬁe 'egﬂri?ez?_élon nﬁxt% \n’gs)lmfe oﬂig: éﬂﬁc’g g%b'a_nd

HE5’" f' (cg gemomatsg@ehx eluting yith 2 giegieptiof 03te-50% =
Gemdaﬁéxanas ives2. o%hiiss% tﬁ&ﬁi@ con%&n& %Eﬂﬁght tambéifd. G

NW"{%@EQ?H SE a5 6k s_1|Hl_)|-, D887 3% 8 1), 7.75-

(mﬂf(hmﬁnﬂeﬂm/ Ipheny By o)) )e3Xy) 1H)i mbanm%wa%b / a

9 00, 0. Bofid by F o e b 1§ e A58, 3,

b@:83i(si Atz 065 {d, BH) d 8-6(JAHz)R).16 ¢4, BHJ; tMS {ESI): 561 [M+H]".
uor onet hyI ) phenyl j et hyl } oxy) t hi ophene- 2-carboxyl ate
(5.21 g, froma different batch using procedure

aréanog o Wetvd 518 (fedearpnethy))- 1Renaimiiga 28k tplj-8+({($730/2mo| )

| Rribdrdebink on hydr oxi de in
I\/g(]ﬁ (24. %ﬂﬁ?_ﬂ )f/ééW}o%? ﬁg”égagg#g%,yl\%s stirred at
roomtenperature for N, thén guenched with acetic
acid (2 nL). The m e @ luted with DCM (350
m-) and half saturat aquegus brine solution (150
mL). The aqueous | ayereswas, cted with DCM (250

m.). 20 The conbi ned organl e dried over MpS™4

and concentrat ed under vacu to give 4.40 g (99% of

( gﬁtskftrlﬁg s 3?*’—‘.‘“@ 5361%? ¢l eif" ' %Vp%%lybg%%eﬁ'hvw Hy =
7b&@irhipzol N -B93-({71 F&11-[Qr(tnﬂBd!ﬂbmeﬂwﬁﬁheﬁywﬂmy)mﬁpheﬁ@8
( §—f8$§%¥latgé§ %6 %( {rorili%' qﬁerﬁnt%ag:?i) mﬁw?ocgggrf apaloggﬁ to; _
sExampie)l, Roue3!, Step F, 35303minol) in 1860HA24 BIK) was addiadZBSWHz)
Meodiphydrodidd id MOH (24.0 mL, 12 mmol). The reaction was stirred at
room temperéture for 72 h, then quenched with 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 MgSQ, 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): §8.58 (s, 1H), 7.89 (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 - Methy! 5-{6-(chloromethyl)- TH-benzimidazol- 1-ylj-3-({{1R)-1-{2-
(triffuoromethyl)phenylfethylloxy)thiophena-2-carboxylate



10 pe

15

20

Step H- Methyl 5[6-(chloronethyl)-1H benzi m dazo%l
y/J-3-(((1R) -1 j 2-
(trifluoromethy/)pheny/jethy/)oxy)thi ophene 2
carboxy/ate 48/ NS OCH C HCFF To a stirred
sol ution of nethyl

5-[6- (hydroxynet hyl ) - 1H benzi m dazol - 1-yl]-3- ({(1
R)-1-[2-(trifluoronethyl)phenyl]ethyl)oxy)thiophene-2-
carboxylate (1.47 g, 3.08 ) and

tri phenyl phosphine (1.05 g, 4.01 mmol) in DCM (30 m -)
was 5 added N-chl orosuccinimde (0.53 g, 4.01 mol).
The reaction was then J;uj‘ated o reflux and stirred
for 20 m nutes, then J.oom tenperature. The
reaction was diluted (400 m-) and hal f
saturated aqueous bri{ne soI ion (150 nL). The
aqueous | ayer was then®ext mg with DCM  The

conmbi ned organi c | ayers weré d over Na2SO4,
concentrat ed under 10 vacuurhand purified by silica

o a¢§l{ %%%ﬁ?ﬂﬁ kllg fsqudé@%eﬁnyﬂrﬁ%%t%@l 1Hré-3-

t |(t(1@)—b[ﬂﬁdlmmm@hﬂ)phwllwywthOPMemr@mtmzﬂ g,
Dmrﬂﬁbg afnd %ifﬁénﬁﬁno hah'é ( a5 @94 éﬂmmlol)"h DéM(‘?O?nL%Zvas
7. aégec#&')chbfowc'pwmde 330, X rama&)Thefee%'owaSﬂ%
g h%tegm re‘ﬂugiand sﬁmﬁb ﬁ_;ﬂzd'h)nute% fién Géolecgd) rpo? tgﬂpéwrﬁtll_xure. 15
2 T rpachin s cildsd i PRA PAOD L) b e RRplrstetfghuebis
bdniné sdldéoro{ 160 nyli)) T daledds) laier fuias then extracted with DCM.
2 . |

( Trh% cb"@‘ﬂfn%g%w%] g 19{9%9 ,}g)eﬂee&}m)o%et/r}érzggg Péa‘aggm%z&a.;rwy a

mYBRYHM 804 purified by silien pakahyomatearaphyAlwingavt a aradippt el 20
( {1©]to-60% FtOﬁ/hg;aggg tto give 1.4 49 n(gz%) of the tltle co)rrtlpﬁugd ﬁé ﬁe )

| u | -

e i (b Ag oy DUB G b 0 -85, 110 70 1 o)
N, ABTHERY T2 A r (i 1BHY.€7.6sD1H).- 7. 5W€ets1apwed 690HH),UMA3 (d,

st ?E?ﬁ”%‘é' Pon e b oo TR o e R SaRE.

WidH), Wes @, 3¢5 =, 6.28 Hr)eMSAESBASG\EFHRa 2 SO,

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

: ¢[ "'ifﬁ.@

F
To a stirred mixture of methyl 5-[6-(chloromethyl)-1H-benzimidazol-1-yl}-3-
({(1R)-1-{2-(triflucromethyl)phenyllethylloxy)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
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concentrated under vacuum and purified by silica gel
chromat ography eluting wth a gradient of 0-to-60%
Et OAc/ hexanes to give 147 ng (72% of the title
conpound as a white solid. M5 (ESI): 507 [MtH +. 5
Step J - 5-(6 [(Methy/thio)nmethy/J- | H benzim dazoi-1
y4j-3-(f(1R)-1 [2- (t
rfl uoronet hyl)phenyl Jet h)ijoxy)thi ophene-2-carboxam de
O esl OHOSHF\ FA n)@(ture of net hyl
5-{6-[ (methyl thio)nmethylj-1
H benzi m dazoi-1-yl }-3-({(1 R) -
r I ne- 2- car

sy g“?**% %QBMW%M% Y NIRGr S |

ndey yacuynharst gurmb)asilﬂ@cgeﬂ chramatsiggaphy ebdisgir e
nguasés graarht bmtotém EtOpTé?leeth@s% g%%ﬁ?ﬁg% €/29%) P R title

heated to 80 Th k | ed
(BB B Aievacall MORSIE S07 It ne 1 cacti on m xt ure

concentrated under vacuum then puriified by silica

g&ler Jo Bribtilesyiticipe tylithbegzimidazonl-0f-Sf 89 bf2adi ent
t 130
PR ey ) RS e P d’c 0 01 °

soI id. 1H NWR (400 MHz, DNSOds) 88. 49 (s 1H), 7.93
(d, 1H, J= 7.68 Hz), s gbr S 7.80-7.75 (m
2H), 7.69 (d, 1 H, J WLMZSG (t 1 H J=7.68
Hz), 7.39 (s, 1 H), .9( 1 H /=8.42 Hz), 7.15
(br s, 1 H, 7.08 d .94 (m 1H) 3.79 (s,
2H), 1.93 (s, 3H), ;1.6575 (du,c Y 3 6.22 Hz); M5 20
(ESI): 492 [M+H + St'ep K - F

5- (6-f (Mt hy/sul fonyl)nethyle]y | H benzi m dazol -
yl)-3-(((1R) - i (2-

(4 Pt OF QT 10 ARSI R P BB LSRR
1 -[2-(trifluoromethyl)phenyllethyl}oxy)thiophene-2-carboxylate (144.0 mg,

0.28 mmol) and 7N ammonia in MeOH (18 mL, 126.0 mmol) was added to a
high-pressure glass reaction flask. The flask was sealed, then heated to 80 °C
for approx. 16 h. The flask was cooled to room temperatura, opened, and the
reaction mixture concentrated under vacuum, then puriified by sitica 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-dj): 88.49 (s, 1H), 7.93 (d, 1H, /=

7.68 Hz), 7.85 (br s, 1H), 7.80-7.75 (m, 2H), 7.69 (d, 1H, /=8.23 Hz), 7.56 (t,
1H, 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
(ESl): 492 [M+H]".

Step K - 5-(6-[{Methylsulfonyl)methyl]- 1H-benzimidazol- 1-yi}-3-({( 1R)-1-{2-
(trifluoromethyljphenyjethylloxy)thiophene-2-carboxamide




io

15

O'C F FF To astirred, cooled (-10C) solution of
5-{6-[(nmethylthio)nmethyl]-1 H

benzi m dazol -1-yl)-3-({(1
R)-1-[2-(trifluoronethyl)phenyl]ethyl)oxy)thi ophene-
2-carboxamde (76 ng, 0.15 nmmol) in DCM (3.0 m-) was
added m 5 chl oroper oxybenzoic acid (70 ng, 0.31 mol).
The reaction was stirred 30 mn, warnmed to room
tenperature and stirred 15 gin, then was concentrated
under vacuum The residue was diluted with chloroform
and washed with aqueous saturated NaHCC3, water,
dried over Na2SO4, concegtyated ynder vacuum and
purified by silica gel aphy eluting with a
gradi ent of 10 0-to-59 Wth 1 % amoni um
hydroxide, to give 78 the tide conpound
as a white solid. d¢t5 DMSO-d6): 8 8.57
(s, 1 H), 7.95 (d, 1°H, J ="%9.8 ), 7.85 (br s, 1
H, 7.80-7.73 (m 3H), 7.69 (5 , 7.55 (t, 1 H J
= 7.69 Hz), 7.38 (d, 1 H J =F8¢42 Hz), 7.19 (s, 1 H),
7.12 (br s, 1 H, 5.95-5.89 (m 1 H), 4.61-4.58 (m
2¥) a sBréd) codled 8Hh3C) boiGlor 6 5-{§El(m&hﬂlh§))ﬂéth HHz) ; M5

( 024 | ) te 2. St A - t .
EstepigRah AT KRy S FrgramaShteayiRtenthiophpne-
- 3carbpiathide (76 mg, 0.15 mmol) in DCM (3.0 mL) was added
[ &5 ' !:H%; I ! - 2-1 D Nefpr bo
xét'é\r?gé‘fo - 8&1853%01(8#@??( 51] I )0)@%&%9%# Q’?Q g&?m Xt ure
omiqﬁg@ﬂy?d w-rpem teynperatyrecand gtired 15 min, then was concentrated
Hakfh vhdlurP a8k résidilelwad diflifed \ﬁgrci'aro[‘cﬁér_m arﬁj washed with
(trifluoromnet hﬁlﬂ%ﬁhenyl 4 et hyl ) oxy) t hi ophene- 2--car boxyl
aPHePYS Balufateq Qu. ViR driedavepaS0s conenptert wiier e
aveduaoasd purified dgllica del cRmiziogtaphytedRinglwith a gradient of
0-to-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-de): 8 8.57 (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,J=7.698 Hz), 7.38 (d, 1H, 4 = 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-f(methylsulfony[imethyi}- 1H-benzimidazol-1-yi}-3-({(1R)-
1-2-(trifluoromethyl)phenyjethyljoxy)-2-thiophenecarboxylate
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9.17 mmol ), methanesul fonic acid sodiumsalt (2.81 g,
27.5 mol) and 5 ethanol (40.0 nL) was added to a

hi gh-pressure gl ass reaction flask. The flask was
seal ed, then heated to 85 C for approximately 16 h.
The flask was cooled to roomtenperature, opened, and
the reaction m xture concentrated under vacuum then
purified by silica gel chromatography, eluting with a
5-to- 35% gradi ent of EICMcéggxane to give 4.54 g
(92% of the title conmpound™as 10 a light yellow
solid. "H NWR (400 MHz, DMSO-d6): 8 8.67 (s, IH, 8.01

fmpated bt i ST ffomém 1 oERainifeaS b v il tgp-
HirjfluoepnasshytiphenylleghyljonyBiophmnes2-parbakygite (453 GHfiom &. 90
(&ﬁereawatcﬂuﬁl% ﬁrg%edégé anlzTDg@ug %Em&le Vﬁ?&ﬁé 112 Steé%i?

s

Mﬂﬂ%h ﬁ'&mg@e@wywﬁoﬂwﬁm 8a25P mmol) and
%/éth_arﬁ:_l (t((yl Fﬁ).z ﬂva? addegﬁo fa_high-prless(;))r(e lta?ﬁ rgactiorl? fiask. The
il M= 3E0TE, AR REHEDY 45 i b reatoly B, Teo sk sy
roplagrte redm tampreydtur®; ¢ientdnaridiié ssacfiemmixiure tondehtrdted
E‘;ﬂ'????%d?z‘f‘??ﬁ"&é%%@e%}‘i%é%‘écnhyf? APRPPAY, SUI0G W 850z e

% glagient ef F@Asheyane tg give 4fifg §925) of thi tillencompeundes

. 1’ (_j

g bressure & Sue el BB E s 4B i pope
s@‘gﬁe*d?- { h&h 7@5&'& (e, #5783 (t5 HH, LepDp6Bxiz), T6t5(s, THie
[Laele s ) ses IR AL ML s9RE DR 1
Y B8R B R el Sadiplit "
H benzi m dazol -1-)/I }-3-({(1 R-1-[2-
($'ep B \fofdefybyionsimenist Wbpesiyidezer MilbBEHehfZooxy |
Aerfiorbrmickny thﬁérh;ﬁaWbﬁhenw&Z%%%ﬁgéé mS_O been

treated with 7N anmbni'a i'n MeOH , 1.40 nol)
in a high-pressure glassg _reactign flask at 85 C for

approxi mately 36 52 -

N S

% o

Ho $
o H,C
F
F

A mixture of methyl 5-{8-[(methylsulfony)methyl]-1H-benzimidazol-1-yl}-3-
({(1R)-1 -[2-(triﬂuoromethyl)pheny!]ethyl}oxy)-z-thiophenecarboxylate (4.53 g,
8.42 mmoi) 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 fiask was cooled to room temperature, opened, and the
reaction mixture combined with a second batch of methyl 5-(6-
[(methylsulfonyl)methyl}-1H-benzimidazol-1-yl}-3-({{(1R)-1-[2-
(trifluoromethyl)phenyllethyljoxy)-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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h, then cooled to roomtenperature and opened. The
conbi ned reaction mxtures were concentrated under
vacuum then purilfied by silica gel chromatography,
eluting with a Oto-5%gradient of MOH/ DCM with 11%
amoni um hydroxi de, to give 7.47g (89% of the title
conpound as an off- 5 white solid. Ms (ESI): 524

[ MtH +. Exanple 2: 3-{[(1 R)-1-(2-Chloroo

henyl ) et hy[] oxy}-5-f6- nethyl sul fonyl)nmethyll-1

/ fbenzi m dazol -1 -y_1}-2-t hi%henecar boxam de NH= N
\' f O 11 HGCG 10HC Ol \ Step A

SR IS5 e el sroie She YorpRpechiegpbne

2 m'emln@wémtoenéerg'a@ti(ﬂﬂderﬂacﬁm Phéh piititied\Oyksilica gel The

[ t o
5. K5 E RPN S i SRP S5 AT APy 08 4
)ammemummydmghemnaeel #d (pe%ypt the tikheomepaind as an off-
cawm@@d,@tmlgysﬁ We anal ogous to Exanple 1,
Rout e 1 Step I M5 15 (ESI): 473 [MrH +. Step B -
’ et hyl J -5-(6-[ (et hyl t hi

s =HE D e e ne- 2- car boxani de
~ \-1 EbenzimBiazol-1-yl}-2-thiophenecarboxamide

ﬁ B

-5
H,C \\

CI

Step A -Methyl 3-{f( 1R)- 1-(2-chlorophenyl)ethyifoxy}-5-{6-
[(methylthio)methy(J- 1H-benzimidazol-1-y)thiophene-2-carboxylate

qN ) /CHI
7 °
o
F
H,C

[«}

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-Chlarophenyl)ethyljoxy}-5-{6-f(methylthio)methyl]- 1H-
benzimidazol-1-y}thiophene-2-carboxamide

p=y
N 3
p »
[o]
H
HG HGC

&)
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_The title conpound was prepared from nethyl

3-([(1R)-1-(2-

chl orophenyl ) et hyl J oxy}-5-{6-[ (nethyithio)nmethyl]-1

H benzi m dazol - 1- yl }t hi ophene-2-carboxyl ate by a
procedure anal ogous to Exanple 1, Route 1, Step J. 1H
NVR (400 MHz, DMSO-d6): 8 8.53 (s, 1 H), 7.83 (s, 1
H, 7.71-7.66 5 (m 2H),7.49 (d, 1H J= 7.87 Hz),
7.45-7.35 (m 3H), 7.29 (d, 1H J= 8.42 Hz),
7.16-7.11(m 2H), 6.01-5.955m 1H), 3.82 (s, 2H),
1.94 (s, 3H), 1.73 (d, 3H, J=6.41 Hz); Ms (ESI): 458

& Yo ligs sommsdndvins aremsrrctonm mefty} S84R-12 o
( Eniptophemsiiethyiiyly)-E56-freyithibinng] TH-beeridazol-1- .
T imigpheiy2PaaRCh B APrdiBate el 8 Pl Todiec

§2athdMﬁhé4w|w¢z BMS@xy)} 5 8.53 (s, 1H), 7.83 (s, 1H), 7.71-7.66

A s R
1 HZRAA @711 (resc28p, RO15 LGB Maz2H), DB, c&nmzs D

(SH .1-'6)41 ﬁz)SMsQEsu]hdd)[mﬁ ‘79 (d 1 H, 7J4_1987227Hf)m .

%&f e“ézfr fﬁﬁf-%B@Eh&éﬁgéoy%f-%me@%g@wm%
1. ste(vafm@aao/-l yij-2-thiophendzyrbodmi¢ES| ) : 490 [ MrH]
Internmedi ate Exanole 3: Methyl 5-(6-brono-1

/. benzi m dazol -1-yl)-3-h oxy- o20

2-t hi ophenecar boxyl at e N AICH= OH & 54 Step
A - Methyl 5- (6- brono-_ | %=bendifi dazol -1 yl)-3-f(1,1-
di met hyl eth yl?! d me$thyl j si | y6 foxy)
-2- thi op h e n"0a arbe,cxlDto

Cl

The title compound was prepared from 3-{[{1R)-1-(2-chlorophenyl)sthyljoxy}-
5-{6-[(methyithio)methyl]-1H-benzimidazol-1-y}}thiophene-2-carboxamide by
a procedure analogous to Example 1, Route 1, Step K. 'H NMR (400 MHz,
DMSO-dg): §8.61 (s, 1H), 7.84 (s, 1H), 7.79 (d, 1H, /= 8.24 Hz), 7.73 (s,
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, /
= 6.41 Hz); MS (ESI): 490 {M+H]".
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B.CH3 Br ~CH H, HCCH3 To a m xture of 5-brono-1
H benzi m dazole (43.78 g, 222.0 mmol) in 5 chloroform
(800 M -) was added N-nethylim dazole (44.5 nL, 560.0
mmol ), followed by nethyl

2- chl or o- 3- ox0- 2, 3-di hydr o- 2-t hi ophenecar boxyl at e
(44.8 g, 233.0 mmol ). The reaction was stirred 20 h
at roomtenperature, then N nethylimdazole (18.0 i,
226.0 mmol ) was added, followed by t

but yl di met hyl silylchloride $86.8 g, 245.0 nmol). The
reaction was stirred 1 hr, 10 then quenched with MeCOH

and ured into DCM and vvater. The aqueous | ayer was
%fefpa‘gf MeHG PHo-Broma- Bpenzimidageinborihédl bigani csywer e

t biarettiré e dimesy, )sz-wme:@béfﬁb tand

chr omat ogr aphed on silica gel, eI ut| ng wwth a

50-t0-75% gr adi ent of 25% Et i n hexane/ hexane to
give 25.18 g (24% of Igbnconpound M5 (ESI):
467 [MrH ". 15 Step (6 br ono-

1H benzi m dazol - 1y/ )~ 3- hydr

t hi ophenecar boxylate N S /(P O—| Sr To a stirred

solution of nethyl 5-(6- bro
/ f benzi m dazol -1-yl)-3-{[ (1, 1-

SR P e SO T

aeherdfotm (B0Q et ) wds eddbd Mmathyiimitidzole {446 mb, SBHEED mﬁﬁl) 0

g%ﬂ%‘g%s sat Lﬂ%{t{:@gﬁ I\if—_lg’gé'was a deg{%%gg?'ﬁ]ﬁ&y%wé pﬁ%

r @238 MYoly The teaglkien was stired 20 B atioom temperatireuthen N t h
WRE® mﬁﬁé&w‘(w)o A0 DB Mo %va@ bdted, f Agswaa g?gus layer
PPNy R T
t them qaatichad withl MSOHarfd fobeed iRt) DCM lafid Watek] THRChqueg@i C
layer was extracted with DCM (3x). The combined organics were then dried
over Na;SQy, concentrated and chromatographed on sitica 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

Br

To a stirred solution of methyl 5-(6-bromo-1 Abenzimidazol-1-yl)-3-{{(1,1-
dimethylethyl){(dimethyl)sily(Joxy}-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 NH,Cl was added (200 mL). The resulting sturry was stirred 15 min
then diluted with water (750 mL) and EtOAc (1.0 L). The aqueous layer was
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| ayers were washed wth aqueous 0.1 M HCI, brine,
dried over MgSO4 and concentrated under vacuumto
give 19.4 g (100% of the title conpound as a 5 |ight
yellow solid. M5 (ESI): 353 [MrtH''. Exanple 3:

5-16-[ (4- Met hyl pi oerazi n-1 -yl ) nethyl J-1 H benzi m dazol -
l-yi}-3- 1(1

R)-142-firifluoronethyl)phenyll ethoxy}thi ophene-2-carb
oxamde 0 N/A"N' O HOCGN/ FIC \/ FF Route 1: 10
Step A - 3- Methyl 5-(6-brof®- 1H benzl ni dazol -
yl)-3-((1R)-1 [2-

Qb <R B BB A5 b0 BB Res SRS B o
t BApRRMSAYeh vep tenexiraledwith EQAA3RTHé gomBiA&d organit) ,
{ Ibrehadsg wlshid MIPAQIEBLON 1LAET U UHET Sler M ol

HCB%?‘??FWPQ 2&!2612" “yacuym jo mvehjw X§A0% ) thertisteZoowobiukes @t e
( Ugtisen@esaide MEXEEN! SBagM+F9- 0 9, 53.9 mmol) in DCM

(750 nmL) was stlrred at roomtenperature, for 10 mn.

fiItrpaper vvashl ng the resin SO|IdS vvlth DCM and 20

MeOH. The filtrate was conggntrated under vacuum and
purified by silica gel waphy, eluting with a
5-t0-50% gradi ent of Et he e to gi ve 56

"
He-N_J H.;:K:l

F

Route 1:

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

A slurry of polymer-supported triphenylphosphine (53.0 g, 2.04 mmol/g, 108
mmoel), (15)-1-[2-(trifluoromethyl)phenyl]ethanol (15.4 g, 81.0 mmol), and
methyl 5-(6-bromo-1Hbenzimidazol-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 filtirate was concentrated under vacuum and purified by silica gel
chromatography, eluting with a 5-10-50% gradient of EtOAc/hexane to give
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23.8 g (84% of the title conpound as a light yellow
solid. 1H NWR (400 MHz, DVMBO-d6): 8 8.63 (s, 1 H),
7.97 (d, 1 H J=7.87 Hz), 7.80-7.71 (m 3H), 7.65

(d, 1 H J=1.65 Hz), 7.57-7.48 (m 2H), 7.35 (s, 1
H, 5.99 (q, 1 H J=5.98 Hz), 3.83 (s, 3H), 1.65 (d,
3H, J=6.04 Hz); MS (ESI): 525 [MtH ~. 5 Step B -

Met hyl

3-((1R)-1-12- (Wior onret hy/ ) pheny/ Jet hoxy) - 5- (6-vinyl -1 H
- benzi mi dazol -1 yl)thi ophef® 2-carboxylate / NYS
p.cH HOHC F FFToamxture of

32%@@44%?0&% la{le compoun %Qéllm\ ﬁow s0 ldy l'H NMF\( S4%§)MHZ
( DMSQro)D fmtaw(b) Hengly mnhpxye}nw 198 E.86-721QR1, BRX Y7l6¥ e

Si U
Vi r\yF‘t Fi fI'uor 2)7 48(('7' §€)'3a3%54§f Q])nﬁ-‘rﬁﬂq Ay /= 5.98 Hz),
t Bidst(®aHan. 6153(C( 6H3Jm5044&).4n31(ﬁ$i) 528 [M+Hd at room
tenperature in n-propanol (230 m-) was added

[ Btep B bmvg &W?R)LV ?tﬁ/ﬂ)&kd?ﬁéth} ﬁ%é@k)g@f};%}ﬁmfg Q)’,}Q_gﬁ_ | adi

T%#Qg ré)gf“"oreflux and stlrredfor

t hen cool ed to roomtenperature poured into
vvater and 15 extracted h Et @Ac (3x). The conbi ned
organi c | ayers were o¥Brine, dried over
MySO4r concentrated ung€r v um and purified by
silica gel chromatagFaphy, uting wwth a 10-to-40%
gradi ent of Et OAc/ hexane to“= 17.06 g (80% of the
title conpound as ayellowf m*solid. 1H NWR (400
|sz DVSO- d6) : 8859(s 1H, 7.98 (d, 1 H J= 7.87

7.80-7.71 3H), 20 7.59 (s, 1 H), 7.56-7.52
(ﬁ? agijtureof Jgmet yl-51(6|-l)rommBﬂmw:dazol-myl)aa{mw& nd

1(]n%rdlﬁéthyl)?h@l@j{l]@ﬂk}xy}}ﬂﬁphéﬂé—@ c&&aokmte (5. 89 ft@'? nilmh} J=
1"%‘835&6“ 2/@)4 nﬂyarogogggp @29 %5(@39!) and@ﬂgulqu}e 6.3 S’t'—ep
GA5.4 Wendly ktirbed 4t-rédm Termperatticax ygirdpanpt (28D ht ) dagaddao ! -
(T Bt Gaomine fytosmalicyyemslagan. deriopmiyra: .
5qomgi§:x (750 i, 0.93 hmol). 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-to-40% gradient of EtOAc/hexane to

give 17.06 g (80%) of the title compound as a yellow foam solid. 'H NMR (400
MHz, DMSO-dj): 5 8.59 (s, 1H), 7.98 (d, 1H, /= 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, tH, 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)- 1 H-benzimidazol- 1-ylj-3-{( 1R)- 1-/2-
(triffluoromethyl)phenyllethoxythiophene-2-carboxylate
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HOp S OHHci F F F To a stirred solution of

met hyl 3-{(1R)-1-[2-(trifl uoronethyl)phenyl]ethoxy}-5-
(6-vinyl-1 H benzi m dazol - 1-yl )t hi ophene- 2- car boxyl at e
(17.06 g, 36.1 mmol) in 360 nL of acetone/water (3:1)
was added 4-net hyl nor pholine N-oxide (5.1 5 g, 43.4
mol ) followed by 2.5 weight % sol ution osm um
tetroxide in 2- methyl-2-propanol (10.0 nmi, 0.8 nmol).
The reaction was stirred at _room tenperature for 18
h, then quenched with aqueoﬁg (saturated) sodium
sulfite. The mxture was extracted with Et QAc (3x).
The conbi ned organic |layers were washed with brine,
dried over MySO4, concer{ nat d ng,gr vacuum and 10
purified by silica gel r ofgyogfaphy, eluting with a
1-t 0- 8% gradi ent ofwo OH DCM@ th 1 % anmoni um
hydroxi de to give 16.720g (929 the title conmpound
as a light yellow foam solidF VR (400 MHz,
DMSO-d6): 8 8.59 (d, 1 H J*71.46 Hz), 7.98 (d, 1 H,
J=7.87 Hz), 7.80-7.68 (m 3H), 7.59-7.52 (m 2H),

1 B firdd s lond oyt SR0BL ¢ pupromppyeepuqaonlsy

3(64¢ing- Libbenaimidaol-1-4)@®pheine-24darbdryl&te §17.06-4g) 36. VRmol)

fﬁ%égn"fn% g&%?“ﬁie' s ;«1 LEEBY IR RRY N-oxide 61
(8r434 oo velgbtt pistiemosspiuevietroxidesinBoxy/ at e

Ome\fﬁl-ﬂsprdﬁnol (. @rrh'.3@8\mm51) I THe refcion s 58réd 8Qbshi ON
[ﬁ"é“e(%mff for R4 MsnveRged. wilh agurous{satusied) sogium syifite.
The mixture was 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 1-t0-8% gradient of
MeOH/DCM with 1% ammonium hydroxide to give 16.72 g (92%) of the title
compound as a light yellow foam solid. 'H NMR (400 MHz, DMSO-dj): 8 8.59
(d, 1H, /=1.46 Hz), 7.98 (d, 1H, J= 7.87 Hz), 7.80-7.68 (m, 3H), 7.59-7.52
(m, 2H), 7.36-7.31 (m, 2H), 5.95 (q, 1H, /=6.10 Hz), 5.37 (t, 1H, /= 3.66
Hz), 4.76-4.64 (m, 2H), 3.83 (s, 3H), 3.46-3.42 (m, 2H), 1.65 (d, 3H, /=6.04
Hz); MS (ESI): 507 [M+H]".

Step D - Methyl 5-(6-formyl-1H-benzimidazol- 1-yl)-3-{( 1R)-1-[2-
(trifluorometfiyljphenyilethoxyjthiophena-2-carboxylate

=\ o]
NS .CH
\(_/I)Lo
H v
ke

Fr

To a solution of methyl 5-[6-(1,2-dihydroxyethyl)-1H-benzimidazol-1-yi]-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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{(1R)-1-[2-(trifluoronethyl)phenyl]ethoxy}thi ophene-2-
carboxylate (16.72 g, 33.0 mmol) in 1:1:1

DCM wat er / MeCH (220 nlL) was added sodi um peri odate 58
(10.58 g, 49.5 mmol ). The resulting slurry was stirred
for 1 h, then was diluted wth water and Et CAc. The
aqueous | ayer was extracted with Et OAc (3x). The

conmbi ned organic |ayers were washed with brine, dried
over MgSO4 and concentr at ega under vacuumto give
14.76 g (94% of the title Tonpound as a 5 |ight

yeI | ow foamsolid. "H NVR (400 WHz, DVSO d6): 310.09

Q)o s%ﬁgg Snfbh. 1&;\% rﬁldﬁgg%ﬁn{eé{@é% %e%équaoﬁl?teijm

1w4th wates and) Et%c TRe gqueoys laypl wag exdGcled witBHEtOAe (160
|‘E‘dmblh@ &tgﬁn}; layeé7v5br{=, Wsshe w;ﬂ I?rﬁneEdned\@fePWg§OQ Gind

erazin-1 y/)ne benzi m dazo] -
entfg er vacuum to give 14. 76 2{ (94%) of the title compound as a

3hdt(t ita)wﬂibam(s*ol‘d IHAMR hm‘li MMmfd;)etm«)s) hps eme 2
&l‘?‘r §y4 89? P50 in, 3r), TRV L5 fn . E9-7as1s fn

56. Ge(ci OIIHM-B 10 Hen3isaisi3H), 1.66 (d, BH3S/ £ 6l2B)HZ);- MS(ESI)
(&ié% « onet hyl ) phenyl ] et hoxy) t hi ophene- 2- car boxyl at e
#8 31.1 mol), n- methyl p| perazi ne (5 72 rrL,

nmol ) and acetic acid (2. 37. 4 2
dﬁm %r Yetwinc (&%W@e@m %@@Mfﬂb‘rﬁfﬂﬁmﬂ zw-fyéL

t34{.%%1qzyhﬂu@bmdmy%ehﬂj£h&nmféﬁh&:emm e

reaction was stirred for 1.5 h, then aqueous 5% K2C03
was added until the pH ppr X. 8. The m xture was
then diluted with Et OAc <% The aqueous | ayer
was extracted wth Et OAc he conbi ned organic

| ayers were vvashed ri ne firi ed over Na2SO4,
concentrated 20 unle# acuum wh r| fied by silica
gel chromat ography, el uting WI,I -to- 8% gradi ent

of MeOH DCM with 1 % anmoni um h§/drOX| de to give 15.82

(91 %9 of the title conpound as a |ight yell ow f oam
sBp p@tiradsolntirn(of G@W(G-fcmﬂamae)nznmwazm }Q)S;H(ZLRH'[Z

( %t%o('ﬁnetﬂyﬁb'helég]eﬁo th"gp\'ngn -2§:9r "the 7("1'1 73 31 7 n%i)
va'neﬂgyl@pereane ©. ﬁ m ':6263 L) d acetic acid (2 1 mL, 37 ti mmol)
in dichloroethane (150 mL) was added sodlum triacetoxyborohydride (9.9 g,
46.7 mmol). The reaction was stirred for 1.5 h, then aqueous 5% K,CO; was

added until the pH was approx. 8. The mixture was then diluted with EtOAc
and water. The aqueous layer was extracted with EtOAc (3x). The combined
organic layers were washed with brine, dried over Na;S0;, 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-d;): §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), 2.456-2.20 (m, 8H), 2.13 (s, 3H), 1.66 (d, 3H, /=
6.04 Hz); MS (ESI): 559 [M+H]".
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25 3.83 (s, 3H), 3.55 (s, 2H), 2.45-2.20 (m 8H), 2.13
(s, 3H, 1.66 (d, 3H J= 6.04 Hz); M5 (ESI): 559
[MtH + 59 Step F- 5-(6 [(4-Methyl pi perazln-1
y/)nmet hyl J- | H benz/ m dazo%d yt)-3-((1R- 1
[2-(trifluoronethy/)phenyl Jet hoxy)thi ophene-2-carboxan
zde N I\ O HCN-Hc A mxture of nethyl

5- (6-1(4- et hyl pi perazin-1-yl)methyi]-1

H benzi m dazol -1 - 5 yl)-3- g_%
R)-1-(2-(trifluoromethyi)phenyliethoxy}thi ophene-2-car
boxyl ate (15.82 g, 28.35 mmol) and 7N amonia in MeCOH

was ad ed ressure gl ass
rea |onﬂ%ﬂg§ﬂ§y REIPRIRIRY /@ﬁ?%@%éfgﬂ”%F ‘ﬂéﬂF@@g
80 IZKmemmpWMenﬂ@ethoxy}IMpﬁémmaﬂm ed to room
tenperature, opened, and the reaction m xture
concentrated under vacuum sthen riified by silica

gel 10 chromat ogr aphy, el Syhtd) a 2-t0-8% gradi ent
of MOH/DCMw th 1% amo drOX|deto give 14.11

g (92% of the title ounda V\,hlte foam sol i d.
"H NMR (400 MHz, DM ): 88[3;:% H, 7.93 (d, 1
7.80-7.75 (m 2H),

H J= 7.87 Hz), 7.86 (br s, 1¢
7.68 (d, 1 H, J—823Hz) 7.56(t, 1 H J=7.68 Hz),
= 8,42 Hz .15 (br s,
A'gbuxt(.lr?e g(gne;%yl @3{6 %(f«r&&thylgnpg;@znﬂ -yl!nqhylhh—l-@eq@niq(g;cgl 1§
3ylE3-{(1R)- 1QIEI)(WﬂGoréﬁie&yﬁﬁhehm]etﬁdib,'}thlapﬁéi\e(zﬁcarb&@)ate hskd
(8 2855 mition I8 TN ErdrnohB i 1501 (25 175 b wae Beed’to a

2hbig wr@ssme(glqmemmﬂysmnmaslm)seam then beatee ts8NT,
Si’or aQéroQ 404 1’&9%9%@&5}?3 rré r@d'n\?va [Eéh s #P%&gﬁﬁ%ﬂé@tﬁg 0
qua%?ﬂ @Wr%ﬁ?f}ﬂea?'ﬁ“ﬁ@ U(“i@ VQCUH_m theropwilfiesdly siligageladded,
chromatography, eluting with a 2-10-8% 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-dy): 68.49 (s, 1H), 7.93 (d, 1H, /=
7.87 Hz), 7.86 (br s, 1H), 7.80-7.75 (m, 2H), 7.68 (d, 1H, 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, /=6.10 Hz), 3.52 (s, 2H), 2.45-2.20 (m, 8H), 2.13 (s,
3H), 1.74 (d, 3H, /=6.22 Hz); MS (ESI): 544 [M+H]".

Route 2:

Step A - 2-bromo-4-{f{methyloxy)methylloxy}- 1-nitrobenzene

NO,

5

0
1
“CH,

A solution of 3-bromo-4-nitrophenol (20.0 g, 91.7 mmol) in DCM (475 mL)
was stirred at @ °C. Diisoprapylethylamine (19.2 mL, 110.0 mmol) was added,
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e addition of a solution

60 followed by the drop ws
of chioronethyl nethyl ether (7.7 nL, 100.9 mmol) in

DCM (25 nL). The reaction was stirred at OC for 1 hr,
then warned to roomtenperature and quenched with
water (150 nmL). The m xture was poured into brine
(150 m -) and the aqueous | ayer extracted with 5 Et OAc
(3x). The conbi ned organic | ayers were washed with
brine, dried over MSMi g centrated under vacuum
and chromat ogr aphed on sili gel (330 g), eluting
with a 0-to-25% gradi ent of Et OAc/ hexane to give 20.0

gﬁ“ﬁﬁ% ?VZ%B dh%?wé' L) uaho o%rlll.gma%f %Egro%%hy%ngagleqjgelrl
HeA 7 mE, HB.§ aymol) iHPCM=(25.ral0). The reatiocd waschtirred at-)°Cer 8. 97
aﬁld the?a Qva?méé; td obm témﬁélra(u?e agd'Euen%hg’cPwﬁ?waéW‘l 50%1:!5 Prifé -

("!?“l@ H@P Rpuied nterbring (150,mL) apd thetaqypasiayerextracied with ( (
l BIOACI(3%): The bémMﬁédD&%hﬁwe}yBWéfé Jv%%ﬁad Wi@'i(b‘rﬂ'ne drled over

h | at /
oSO R iyt spd sgtomsiesnhsd g aiion el 330
Ry): lufily it a DI-ta-dB%mﬂadﬁght)qﬁ EcDAd/hexahd to give 20.0 g (83%) of

Chty6 Bty a2 T ARGRE ) ML EMES G PPeToMe Ghch e

(8.00 (¢, 1H3/873. Qiihldt)) 7.50 (dii 16k Aiwe2.2082), 721 ddyd, deda and

gt s oo 20 (0 0 ¢

Bl el A e L2 T DRte DB R (e

2o)-/z-aQWwwmahymamﬂﬁmmpmmopﬁbdeumdmtbh Et OAc and
filtered through Celite, washing the solids with

Et OAc and DCM The fi kd,rate was concentrated under
vacuum and chr omat ographid s ldy ca gel (120 g),
eluting with a 5-to-& geddi ent of Et OAc/ hexane to
give 1.64 g (82% of he titbe conpound as a red oil.
1H NWVR (400 MHz, DI\/BOd6) W98 (s, 1 H, 812 (d, 1
H J= 9.33 Hz), Oson, K

To a stirred solution of methyl 5-amino-3-({(1/)-1-[2-(trifluoromethyl)phenyl]-
ethyljoxy)-2-thiophenecarboxylate (1.32 g, 3.82 mmol) and 2-bromo-4-
{[(methyloxy)methyljoxy}-1-nitrobenzene (1.0 g, 3.82 mmol) in dioxane (20
mL) was added tris{dibenzylideneacetone)dipailadium(0) (70.0 mg, 0.076
mmol) and XANTPHOS (97.0 mg, 0.17 mmo!) foliowed by cesium carbonate
(6.2 g, 19.0 mmol). The mixture was heated 10 60 °C and stirred for 12 h, then
cooled to room temperature, diluted with EtOAc and filtered through Calite,
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, /=7.87 Hz), 7.74 {m, 2H), 7.53 (t, 1H, J= 7.68 Hz), 6.84 (d, 1H,
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25 7.90 (d, 1 H J=7.87 Hz), 7.74 (m 2H), 7.53 (t, 1
H J=7.68 Hz), 6.84 (d, 1 H 61 J= 2.56 Hz),
6.73-6.68 (m 2H), 5.77-5.72 (m 1 H), 5.23 (s, 2H),
3.75 (s, 3H), 3.37 (s, 3H), 1.58 (d, 3H, J= 6.22 Hz);
M5 (ESI): 527 [MtH +. Step C - Met hyl

5-(6-(j (nmet hy/ oxy) net hy/ Joxy}- 1H benzi m dazo/-1 y/)-3
(((IR)- 1 [2-(trifluoromethy/)phenyl Jet hy) oxy)

2-t hl ophenecarboxy/ate 0 NS OO HCOHFS5F To a
hi gh- pressure hydrogenat i on®t eaction flask was added
nmet hyl 5-[(5-

LY TR RTERE IS 7752 (5 B3 80 787 6k,
( -8V (s, 3b).0hS8 (uly Bl plie By22]Ht) HYS Y BSY:) 527 MIiHYphenecar boxy|

ate (2.0 g, 3.8 mmol ), pyridiniump-toluene sulfonate

( StepC ety SE5-Rpo bty gpm ﬁ%)HBdéBﬁﬂﬁ)@mm)-
fid 40 w 0.1

ST S oo N

"with N2 (gas) vacuum (3x), then with H2 (gas) /vacuum

(3x). H2 gas was then aﬁ;led 50 psi for 3 h. The
reaction nixture was they” t{hree€d through Celite,
washing the solids wth/Et OAcxand DCM The filtrate

was then concentr at edstthder Wto 1.92 g (100% of
h
(S,

the title conpoundug® as a 't el l ow foam solid. 1H
NVR (400 MHz, DWVSO d6): 8 8. 1 H, 7.98 (d, 1
H J=8.05 Hz), 7.79-7.66 (m 3H), 7.53 (t, 1 H, J=
TR afproshind hyognationskarton JaS ias addod et 18- 1
all(omtiyioxy)ntetidBioky-2-ihphedyiftanias)3-GHIR)-19239 (s, 2H),
R At e e
wy)'idigium p-1atyeng[spifonate {95.0 mg, 0.38 mmol), 5% by weight platinum
t(dﬁ&d‘r&{iﬁ(&@{lgédglﬁwoﬁrw I RHRY 2B ey ibiH ARRRRSQBRASY/

'ﬁ'ler%sk was purged with N, (gas) vacuum (3x), then with H; (gas) /vacuum

(3x). Hz 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 fight yellow foam solid. '"H NMR (400 MHz, DMSO-d: 58.49 (s, 1H),

7.98 (d, 1H, J=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 (g,

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-yl)-3-({{ TR)-1-[2-
(trifluoromethyliphenylfethyloxy)-2-thiophenecarboxylate
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H3CF/ F ;:::: F To a stirred solution of nethyl
5-(6-{[ (nmet hyl oxy) net hyl j oxy}-1 H

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

R -1-[2-(trifluoromethyl)phenyljethyl}oxy)-2-

t hi ophenecar boxyl ate (8.18 g, a different batch using
procedure anal ogous to 5 Exanple 3, Route 2, Step C
16.16 mmol ) in 1:1 THF/ MeOH (130 nml-) was added--1-N----
HC in water (65 nmL, 65.0 nmol). The reaction mXxture
was heated to 35C and stiré2d for 72 h then cooled to
roomtenperature. The reaction was poured into DCM
(500 M-) and water added (100 ml). The m xture was
neutralized to pH7 b “gdlgl n of aqueous (saturated)
NaHCO3. The aqueous "t hen extracted with
DCM (1x) and Et OAc (1 ,conbi ned organic |ayers

were dried over I\/gSOZ'P, concet at ed under vacuum and
chr omat ogr aphed on silica O g), eluti ng with a
1 0-to-60% gradi ent of Et/ exane to give 6.9 g

(92% of the title conpound as a i ght sal rmn col ored

_Pam solid. 1H NMR (400 MHz, DWMSO dd: 8962(3 1 H,
%3 sfized salutionygf meﬁwb‘ér(% methylpxyyrethylpxylriH- 7. 80- 7. 71

anzﬂlhi)laon’ 150-32¢aR)442- tﬁﬂﬂoro«ﬁe{ﬁ?l);{h%ng]:m:séy)@- 05 (d, 1
%Qéﬁ?%ﬁcallbf;ﬁ}te (g 1?5 ééqre@q}Hbatih ysing pr re 9na]lggq% to
HEyammis 3( BQute 2, 869 ¢, V6HB mmdl) impl: ETHF/MEOH (130 mL) was 6
S ol 6 T SR e
epd étpfmmfee btb,eplcaoled taroomgemp@ature. [Thegedetisn/  F

6.3as pouréd mid DERMA50E ML) &5H \ﬂ/&egddéﬁl(\’ﬁd RAD). The MRitt4lwas
ne(u?ral1 Qle% to p}fl 711I9_3|(-ab drnltéln rgf ggueous (saturated) NaHCOs. The aqueous
layer was then extracted with DCM (1x) and EtOAc (1x). The combined

organic layers were dried over MgSQj,, concentrated under vacuum, and
chromatographed on silica gel (120 g), eluting with a 10-t0-60% gradient of
EtOAc/hexane to give 6.9 g (92%) of the title compound as a light salmon
colored foam solid. *H NMR (400 MHz, DMSO-d;): 5 9.62 (s, 1H), 8.41 (s,

1H), 8.00 (d, 1H, /= 7.87 Hz), 7.80-7.71 (m, 2H), 7.56-7.51 (m, 2H), 7.38 (s,

1H), 7.05 (d, 1H, /=201 Hz), 6.81 (dd, 1H, /=8.70 and 2.11 Hz) 5.95 (m,

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

Step E - Methyl 3-({(1R)- 1-{2-(trifluoromethyl)phenyifethyljoxy)-5-(6-
{(trifluoromethyljsulfonyloxy}- 1 H-benzimidazol- 1-y))-2-thiophenecarboxylate

=\N S CH
Vo
g o]

-
n
-
|
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yl)-3-({(1
R)-1-[2-(trifluoronethyl)phenyl]ethyl)oxy)-2-thl ophene
carboxylate (2.49 g, 5.38 nmol) and

n- phenyl trifl uoromet hane sul fonam de (2.06 g, 5.76
mmol) in DCM (30 m -) was added dii sopropyl et hyl am ne
(2.0 nmL, 11.5 5 mmol ). The reaction was allowed to
warmto roomtenperature and stirred for 12 h. The
reaction m xture was then concentrated under vacuum
and chromat ogr aphed on sil%ta gel (120 g), el uti ng

W th a 5-t0-40% gradi ent of EtQAc/hexane to give 3.12

o o A5 A ol St
/8371 F -[eHrifidbiomethyPhekisthylfoxg) m—m?dﬂhenioa&%x%a@ g [jn
Jpie gos 38 sifol il dhoduifho %ﬁ%chfw‘ona@%sg P85 576
Jrmpl) i DGKA3Q ML) tvas eddeddilsgpropiethyladineHRDyRL:, 51(66- Vi nyI
-mehbh. ﬂ\%ﬁéééﬁoﬁ Wagfaﬂovlred’ (O)VH%QQ %‘ﬂ?fe%}p‘é?éﬂ?%% %{n?

a mxture o

H=C F
FE?HS TPE reaction Pwl"e rv@tsrﬂm GoREpRIatast ynder @oyymsarqcs
{dhtdmatbgraptiedioe 4i g‘uh@@ |e]tﬁi¥iy With a 5-to-40% gradient of

TORRLHEIE v s 1.4 6 21 BB uﬁ”e"aéé’:ﬁéy%%f%ag%@wt o
hmﬁﬁmla (A0RAMKEZ, ctws&agp B.7686, 89), mmL7|)94 (mg
VT 3, 29 Bt 5 Mol B0 VR Ba . mém

@bk VAt 622 H20 MSHESH BB, ( 175 nl) was added [1,
1' - bi s(di phenyl phosphi no) -

fStep Fe gl ml(Wﬁm&ﬁﬁyM%h}j)aﬁag,\g?nlb‘t ) 32@” fhen
X
g?%’?éféﬁy‘gqtﬁ;g&h%‘?dgﬁrp?)ﬂ’é%ef or ;Jhen cooled to

roomterrperature poured into vvater and extracted with

Et CAc (3x). The conbi org |c | ayers were washed
with brine, dried ov “Yeoncentrat ed under
vacuum and puri fi ed b gel chr omat ogr aphy,

eluting 64

FF

To a mixture of methyi 3-({(1 R)-1-[2-(trifluoromethyl)phenyl]ethyl}oxy)-5-(6-
{{(trifluoromethyl)sulfonyfjoxy}-1H-benzimidazol-1 -yl)-2-thiophenecarboxylate
(20.69g, from a different batch using procedure analogous to Example 3,
Route 2, Step E, 34.83 mmot), potassium vinyltrifiuoroborate (5.6 g, 42.10
mmol) and triethylamine ( 4.85 mL, 34.86 mmo}), stirred at room temperature
in n-propanol (175 mL) was added [1,1-bis(diphenylphosphino)-
ferrocene]dichloropalladium(ll) dichloromethane complex (570 mg, 0.70
mmol). The mixture was then heated to reflux and stirred far 3 h, then cooled
to room temperature, poured into water and extractad with EtOAC (3x). The
combined organic layers were washed with brine, dried over MgSO,,
concentrated under vacuum and purified by sitica gel chromatography, eluting
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with a 10-to-50% gradi ent of Et QAc/ hexane to give
12.98 g (79% of the title conpound as a |ight yell ow
foamsolid. M5 (ESI): 473 [MtH +. Step G - Methyl 5
[6- (1, 2-di hydroxyet hyl ) - 1H benzi m dazol -

y/J-3-((1R) -1 f2-

(trit7uoronet hyl)phenyl Jet hoxy}t hi ophene 2-carboxy/ate
/' s HOI OOHHICF 5 FF The title conpound can be
prepared by a procedure anal ogous to Exanple 3, Route
1, Step C. Step H - Methyl 64

5-(6-fornyl -1 H benzi mdazol- 1 yl)-3-{(1R)-1 f2-

trlfl th h | Jet hoxy)t hi ophene 2 car boxy/ ate
(21580 ars i OERIO ALTnatan o etz S 1694) o he e
ommundasamghe/emwmhesbubyms é EspcaIBM-HINAl ogous to
Exanple 3, Route 1, Step D. Step / - Methyl

5sfe5 a Anal S et BRI By ) P b PSPPI IR
1 ﬂ”(’fQ"Sq(”i’}U?B W?WWW/%ﬁW‘?@?W?‘Ph i ophene

2-car boxy/afe O S0-CH H3C-N HNCi \ F/ 15

ﬁvﬁ

Fr—

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

Step H - Methy! 5-(6-formyl- 1H-benzimidazol- 1-vi)-3-((1R)-1-[2-
(trifluoromethyl)phenylfethoxyjthiophene-2-carboxylate

=\ ]
NS A ..CH,
H ]
ghes

Fe

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

Step 1 - Methyl 5-{6-{(4-methylpiperazin-1-yl)methyl]-1H-benzimidazol-1-y{}-3-
{(1R)-1-[2-(trifluoromethyljphenyllethoxy)thiophene-2-carboxylate

=\ o]
M w i
ATy
F
F
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The title conpound can be prepared by a procedure

anal ogous to Exanple 3, Route 1, Step E. Step J -
5-(6 ((4-Methy/piperazin-1 yl)nmethylJ-IH benzim dazo%
yt)-3-{(1R)- 1

[2-(trrfluoronethy4)phenyl Jet hoxy)thi ophene- 2- car boxam
ide / NHS H3CG-NJ Fi~CF 5 The title conpound can be
prepared by a procedure anal ogous to Exanple 3, Route
1, Step F. Route 3: Step A -_Methyl 5-(6 [(4

I net hy/ pi perazin-1 yl) et hy§5J | H benzi m dazo%- y#- 10
3- ({(1R) 1]2- (tr|fIuororrethyt)phenyIJethy

b F/ CH EFT
e)rtrt e § R@gpﬁq m(feroq oﬁ%‘pﬁ&y a procedure analogous to Examp?e 3
SBf@it?thbp(ﬁTet hyl ) -1 H benzi mi dazol -1-yl1]-3- ({(1
R)-1-(2-(trifluoronethyl)phenyljethyl)oxy)thiophene-2-

CSUebCYX)d-ﬁ‘t[Pl Méhg )Pérazmor-?' ) HibBn Qh;%éé%g&%ﬁ;gn ho)
PRETE R ek o )

roomtenperature and concentrated under vacuum The
resi due was dissolved in JEBOAc and water. The aqueous
| ayer was extracted with S conbi ned organic
| ayers were washed w th ried over sodium

sul fate, concentratfed der vadu and purified by
silica gel chroma®®graphy el utfn with a gradient
of 0-t0-10% MeOH/ DCM with 1% ni um hydr oxi de, to

66 give 134 mg (79% of the title conpound as a white
ﬂ@ éqESI 559 [MtH] +. Step B - 5-(6

S’?‘& iR cRpP ‘E‘é?aﬁﬂemfip%?ﬂ bea ﬁgpﬁﬁdqﬂawﬂmw@l Example 3,

Woue31,(StapF- 1 . o

[2-(trifluoronethy/)phenyijethoxyjthi ophene-2-carboxam

iFQﬁlte 3

Step A - Methyl 5-(6-f{4-methyipiperazin-1-yl)methylj- 1H-benzimidazol- 1-yi}-
3-({(1R)- 1-[2-(trifluoromethyllphenylfeth viloxy)thiophene-2-carboxylate

To a stirred, solution of methyl 5-{6-(chloromethyl)-1H-benzimidazol-1-yl}-3-
{(1R)-1-{2-(triftucrometh yl)phenyilethytjoxy)thiophene-2-carboxylate (150 mg,
0.30 mmol) in dioxane (1.0 mL) was added N-methylpiperazine (50 pL, 0.45
mmol). The reaction was heated at 60°C for 18 h, cooled to room
temperature and concentrated under vacuum, The residue was dissolved in
EtOAc and water. The aqueous layer was extracted with EtOAc. The
combined organic layers were washed with brine, dried over sodium sulfate,
concentrated under vacuum, and purified by silica gel chromatography eluting
with a gradient of 0-to-10% MeOH/DCM, with 1% ammonium hydroxide, to
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O NH2 HCNJS5F The title conpound can be prepared
by a procedure anal ogous to Exanple 3, Route 1, Step
F. Route 4: Step A - 4

f Bi s(met hy/ oxy) net hy/ J-2-brono-1 nitrobenzene OLNX

Sr i i 10 CH3 CH A solution of
3-brono-4-nitrobenzal dehyde (7.97 g, 34.6 mmol ), which
was prepared in a nmanner analogous to the literature
procedure (Katritzky, AR ; __X e, L. Tetrahedron
Letters 1996, 37, 347-350), 6@rlmethyl ort hof or mat e
(11.4 o, 104 nmol), and t ol uenesul fonic acid

p-
B8k Ao EdpBnd vl oo et i, Widioent,

BtHl.on of saturated aqueous anmoni um hydr oxi de (1
m -) and concentrated onto silica gel. Purification

bBrepath umzrsmrmwmﬁé@ahw ﬂ)k%tﬁ #ﬁ%nzﬁ#%f-b%@.?%

o iessmaiylbragiia iy dinghe é%ca%gé:&”sw“pf‘sga?ma”m,

7.59 (m 1H), 5.47 (s, 1H 20338(s 6H). 67 Step

B -

Met hyl 5- ((5-[ bi s(met hyl o mZ-nitropheny/)am’ no
)-3-(((1R)- 1- |

[ 2- (trlfluorometh)él)_ I)ethy ) - 2-t hi ophenecar bo
xylate ON~O o-cH,™ kFH CH3 A sol ution of

tris(dibenzyli deneacet one) di p a rum(0) (117 nyg,
0.127 mol ),

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

Route 4:
Step A - 4-{Bis(methyloxy)methyl]-2-bromo- I-nitrobenzene

~

Br

CH, CH,

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 mmoli), and p-toluenesulfonic acid hydrate (329 mg, 1.73 mmol) in
MeOH (69 mL) was refiuxed 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 titie 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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5 9, 9-di net hyl -4, 5- bi s(di phenyl phosphi no) xant hene (162
nmg, 0.280 mmol), nethyl 5-amno-3-(((1

|) 1-[2-(t(fl uoronet hyl) phenyl } et hyl ) oxy) - 2-
hi ophenecar boxylate (2.31 g, 6.69 muol),
-[ bi s( et hyl oxy) net hyl ] - 2-brono- 1-nitrobenzene (1.76
6. 37 mmol ), and cesium carbonate (10.39 g, 31.89
nmmol) in 1, 4-dioxane (25 nmL) was prepared i n-a------------
round- bottom fl ask under N2._10 The flask was

evacuated and refilled thre® times with N2 and then
stirred at 60 C for 16 h. The reaction m xture was

gﬁ%entra%@ﬂs@bf%ﬂéF%ﬂ%ﬁ¥ J%%ﬁwpﬂééggﬁ%%%ﬁggzﬁﬁﬂhh

drteioroaediiiphertfetsyifds- szehmwza@r ovi ded 2.79
g (81 % of the title conpound as a red foam 'H NWR
(300 MHz, CDCI3): b 1H, 82115 (m 1
, 7.48 (s, 1 H, 7.40
(s, 1 H, 573 (q, 1 H
8, 1 H), 3.31 (s, 3H
2 Hz); M5 (ESI): 541

‘.Q-b'_"'_"

F . .

nzi m dazol -1
nethyl)pheny,geGy

X 2-t hi ophenecarboxylate NCe o'er F\/FF 20
J@@wonm trisitlibenzylidentacators) dhaldar;dm(O) 117 m 0. 127 mmol)

4 i G54 G IERLIN il 82 R b ),
Aé-‘ ¥ pAmine-3({(1,6)- bid:(tifuoyqmatmgpBenyiigthyony)-22- t hi ophene
ahbh?‘ngr ma o (230 6|§9 g'hl%”?g Lﬁs(hgo %W lli2:brome
"ldﬁ{g@: ?’f%ﬁr?%lﬂn‘i 'Bme'ér?élgﬁpﬂewa:@@ooe@m%s 9. 3)1 5@1
wRrObl) man@dm.fe @B ehL3 mb@t&ﬂ@tﬁ@ A8 r@tﬂfd%ofrﬁﬂé% UnédeND 77
Tho 1ol SRaiEh o Hife it eatay /il G Tgt a0 O @

§0dE é‘yew hynthel fe@ﬁ@ﬂ@tmmaﬁmhydlnmmuh@&am@ﬂaén( 17
1100 AR BAtrBIecBrtd Hich IR PlibRI) Ll 19"
nove cat

ﬁbntered [ter tor washi ng
F?*Y S 1A 75% FHAGheranes)neyidediR 2hg (G106f the tite

abihpouhdastlreg foam. 'H NMR (300 MHz, CDCly): 5 9.63 (br s, 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 (9, H, J/= 6.2 Hz), 3.88 (s, 3H), 3.34 (5, 1H), 3.31 (s, 3H),
3.28 (s, 3H), 1.72 (d, 3H, J= 6.2 Hz); MS (ESI): 541 [M+H]".

Step C - Methyl 5-(6-fbis(methyloxy)methyi]- H-benzimidazol-1- Vi}-3-({( TR )-1-
ﬁhwmumvnmmmwﬂmqwbMwﬂan&é%Mhm%meanﬁny%m

R
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10 (100% of the crude title conmpound as an orange
oil, which was carried on to the next step w thout
purification. M5 (ESI): 521 [M+tH]'. Step D -

Met hyl 5- (6-fornyl - 1H benzi m dazo% y/J-3-(((1R)-1-12-
(trifleoromethy/)phenyl Jethyljoxy)-2-th/ ophenecarboxyl
ato Ns/ a-CH3 %F OHHaC F 15 To a sol ution of
crude nethyl 5-{6-[bis(nethyloxy)nmethyl -1 --—--—-uoon--.
hf benzi m dazol -1- yl}-3-({(1 /
-1-[2-(trifluoromethyl)pheBf ] et hyl)oxy) - 2-t hi opheneca
rboxylate (2.61 g, 5.01 mmol) (from Step C, above) in

o{553 S piR SRRt S Rl Miespbery i) 3 The
{(ﬁ&ﬁi 1-{)h(tsﬂuormmihﬂMeﬁylletmt}%xwa%ibﬂmbabuxwata l(%i?'llvg,
%‘ﬁﬂ%’@“&ﬁﬁl&@‘ gifmato0 o) & FisBlig>lel paE das
ddgd mq"(uznptgbemqmom’qe(u@m Iﬂeﬁﬂﬁamgalmand smﬁam ons
Wtﬂudfdn%rﬁ&hqs wt%q-q 877 Ry fé[f'mmlt) tzefﬁ‘éjml was

centra onto sillica Pur atl on col um
@Hﬁ??}a‘ﬁ aB Ayischer-Reste] bmgmr@ﬂen ﬂ@B@H?Féi% Pt as; ofled
hy8ibggn (68 We uplalket of arogén hitEcddstd €l ”Wﬁé‘ Pehclisn
T Yle Y8 Mty  udieT ofgde P“F’%"e?‘%%%cﬁa%!ﬁ‘
wapbing with QGN! (784)}.). Thesluaptwad ehncebirdlad (csaffotd .61 84
§m°%’%g%t“& ey f&ﬁﬁ“ﬁ%ﬁﬁ%‘% tisdon
qBext PNW‘Q“.[‘ qynﬁfatiam (Fpbt B91 M .benzi mi dazo°/<i
y/J -3- (f(1R) -1 [2-(trifluoromethy/)phenyl Jet hy/) oxy)
StemnPoe Metiyé syl M-beiziinidbzdd 19h)-3-({FIR)- 142 F The

d
i G o R M e B °E S e -
5-(6 [ (4-Methy/piperazin-1 -y/)mnethyl -
| H benzi mi dazol -1 y -f(} Rs

To a solution of crude methyl 5-{6-[bis(methyloxy)methyl]-14banzimidazol-1-
yi}-3-({(1R)-1-{2-(trifluoromethyl)phenyllethyljoxy)-2-thiophenecarboxylate
(2.61 g, 5.01 mmol) (from Stap 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
sodium sulfate, 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,
CDCla): 510.06 (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 (q, 1H, /= 6.3 Hz), 3.95 (s, 3H), 1.79 (d, 3R, J
= 6.3 Hz); MS (ESI): 475 [M+H]".
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1 [2-(trifluor

onet hy/ ) phenyl Jet hoxy) t hi ophene-2-carboxam de 1 1 \ /
NN HCF VF HP O The title conpound can be prepared
by a procedure anal ogous to Exanple 3, 10 Route 1,
Step F. Exanple 4: 34((1

8- 1- (2- Chl orophenyl ) et hyl j ooxyl -5{6-r (4

nmet hyl pi perazin 1 Yl )nethyll-1 /(benzi m dazol -1-yl

t hi oohene- 2- car boxam de ! NGQSJ NH s O HCVr HNC
~' O Step A - Mt hyl

3-(((1R)-1-(2-ch/oropheny/)ethyl Joxy)-5-[(5-f(2,2 15

dichet L) oxyj et hy/ L,
P R R ETE K B PP sateatndme b denimisozor o
CH( TRy -R-(triffuerometfytjphenyijethylioxy)-2-thiophenecarboxylate
(4-nitro-3-{[(trifluoronethyl)sulfonyljoxy)phenyl)neth
yl 2, 2- di net hyl propanoat , 2.59 mmol), methyl
5-am no-3-{[(1 f)-1-(2- \g~CH,
chl orophenyl ) et hyl ] oxy} necar boxyl at e
(I nternedi ate Exanpl ¢ 2.75 mol),
iris(dibenzyli dene@ﬁ_rt ne) di pal lum(0) (70.0 ng,
0.076 mmot), and XA : , 0.16 mmol ) was
added toluene (7.0 mnL). Stirring was begun, followed
bijhe itle cadliolhd bardbe préparet by arpiedeat® dndioddus & Exdmbple 3,

td 1 g{éﬁé’eactlon was heated to 60 C and stirred for
30 nn; el cooled to roomtenperature, diluted with
Et.OAc_and filtered through Celite, 10 washing the
soieP &s nbi-tetilonampimtyme il Hhhonaimédaral 1-vi-3-(1R)-

C DY@ @mmuordrRéthAlRehyllethoxythiophene-2-carboxamide
=\ .
NH,
fF
HC

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

H,c”

Example 4: 1”-1-{2-Chlorophenvile oxy}-5-{6-[(4-methylpiperazin-1-
methyl]-1 Hbenzimidazol-1-yllthiophene-2-carboxamide

=
N._.S
)
H’C'NF\J H,c’b
o

Step A - Methyl 3-{[(1R)- 1-(2-chlorophenyiethyijoxy}-5-[(5-{1{2,2-
dimethylpropanoyijoxyjmethyl}-2-nitrophenyl)aminoj-2-thiophenecarboxylate




vacuum and chr omat ogr.aphed on silica gel (40 g),
eluting with a 5-to0-15% gradi ent of acetone/ hexane to
give 920 ng (65% of the title compound as a red
solid. "H NWMR (400 Mz, DVMSO-d6): 8 9.77 (s, 1 H),
8.09 (d, 1 H J=8.61 Hz), 7.63 (dd, 1 H, J= 7.69 and
1.65 Hz), 7.46-7.30 (m 4H), 7.01 (dd, 1 H J= 15 8.79
and 1.47 Hz), 6.67 (s, 1 H, 5.76-5.70 (m 1 H), 5.09
(s, 2H), 3.73 (s, 3H), 156(d 3H, J=6.23 Hz), 1.14
(s, 9H); M5 (ESQ 547 [M-H 0 Step B - Met hyl

5((2-am no-5-([ (2, 2-di net hyl propanoy/)oxyj nmet hy/) -
phenyl ) am noJ-3-[ 1R) - 1- "02 chl oropheny/) et hy/ Joxy)-2-th
i ophenecar boxy/ ate NHt ’-Inl{ § , OH3C HCHCO
CH3 20 To a hi gh-presg ation reaction flask
was added net hyl 3-{[ (1

“(2-chl orophenyl )ethyl]o } 56%{[(2 2-di
met hyl propanoyl ) oxy] ngt hil }

10

15

20

ni trophenyl ) am noj - 2 [ obhenecar boxyl ate (6.5 g, from
a different batch wusing procedure anal ogous to
Exanple 4, Step A 11.9 nmol), 5% by weight platinum
o o@nistwe oldtnitrad-dtrifuoromethyiBulienyiinx/}phemyitimethgld 21 95
md}metﬂyh&opéﬁ (’1"@%_; E%Wﬁﬁoi@"rrg ;}é\?-a(rrﬁ:?oii-{ PRUHP- (3X) ,

vacuum

asS was
AL N DR PR -
WES60 rh£2175 inhich) Gid(diun2yiBndabions)dipamadiud) (TeR0 8@, i ds

Rt A o % Eriis e spge 70,
V\énl-)&mptmjwds bagun, folibWedbysthk iaddititviSof d@Sium cashiahatef2-§5+ .
L0 Topelt fensin el o 40 S ey oo

|cm>led k3 foprdgemesature,djilgiedvith EIQAC padfiltare a\zwghqelﬂe

Y Qradhing HRPEURES Gith BEROAE MELDEMPRe filfrste was concentrated under
vacuum and chromatographed on silica gel (40 g), eluting with a 5-to-15%
gradient of acetone/hexane to give 920 mg (65%) of the title compound as a
red solid. '"H NMR (400 MHz, DMSO-dy): §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, /=
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, /= 6.23 Hz), 1.14 (s, 9H); MS (ESI): 547 [M+H]".

Step B - Methyl 5-f(2-amino-5-{{2,2-dimethylpropanoyl)oxyjmethyl}-
phenyl)amino]-3-{(1R)- 1-(2-chlorophenyljethylloxy}-2-thiophenecarboxylate

ﬁ;vﬁ

HC
CH,

To a high-pressure hydrogenation reaction flask was added methyl 3-{[(1R)-1-
(2-chlorophenyljethyl)oxy}-5-(5-{[(2,2-dimethylpropanoyl)oxylmethyl}-2-
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-~-- 1-6, NCCH A stirred mxture of nethyl

5-1(2-am no-5-([(2, 2-

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

R) - 1-(2-

chl orophenyl ) et hyl ] oxy} - 2-t hi ophenecar boxyl ate (5. 45
g, 10.5 mmol), 15 pyridinium p-tol uene sul fonate (265
ng, 1.0 mol) and triethylorthoformate (15 nlL) was
heated to 40 Cfor 1 h, then cooled to room

tenperature. The entire nixXlure was poured onto a

silica gel cartridge (25 g) and purified by silica

gel. chromat o ph 120 el uting. with 100% hexanes
BlrobRe A Ek 2ot i B MR GETEFLRR Nt T o
giusieg protadure @85&@olm‘totﬂxemblat4 estémﬂ.'pﬂl.mdm% 8% by weigtitow

5 Blatfiym ¥ colph keuitief) (286 1'sq ikl sy EedRE B m). The

[ Bagkiyak mxgerbwitlyN) (gas)hvdscuwn I(.'M)dhemwmi H; (gas) vacuum (3x)
Falela} I I

LBoEah SOSN8 1o ey

nienfiitered {ﬂ[lrey_gt) Celite, washing the solids wuth OAc and DCM. The

c hltretswéﬁﬁwh £6&idaNirdted inddrvasudnt ©odive SIUEBYBO% PoARA IR | )

¥§1E§J¢d¥ﬁs@p¥%ﬂ‘g(§8ﬁ£%‘t$ﬁ%y Mﬂa} ocedure anal ogous

to nmple 1, Route 1, Step M5 (ESI 443 [ M+H|'
Sts'ﬁP@ MeMﬁW@ {@mpmmwmy; A2 m dazo%d

Y ailneingybropdm )%%n ethyl}- 1H-benzimidazol- 1-yi)-2-thiophenecarboxylate
chl orophenyl et Jo{fl-) -t hi ophene{:"z)ar box'gll ate ng(/s/

QUCH, Od HaC( \ CI he |tIe compound was
prepared from net hyl

l
H&cm

A stirred mixture of methyl 5-{(2-amino-5-{[(2,2-
dimethylpropanoyl)oxy]methyi}phenyl)amino}-3-{{( 1R)-1-(2-
chlorophenyl)ethylloxy}-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 mixiure 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 titie compound
as a yellow solid. MS (ES!): 527 [M+H]".

Step D - Methy! 3-{[( 1R)-1~(2-chlorophenyl)ethylJoxy}-5-{6-(hydroxymethyi)-
TH-benzimidazol-1-y{J-2-thiophenecarboxylate
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10 chl orophenyl ) et hyl ] oxy}-5-[6-(hydroxynet hyl)-1
H benzi m dazol - 1-yl ] =2- t hi ophenecar boxyl ate by a
procedure anal ogous to Exanple 1, Route 1, Step H M
(ESI): 461 [M+H ~. Step F - Met hyl
3-ff(1R) =1- (2-chl or ophenyl ) et hyl Joxy}-5-(6-[ (4-
nmet hyl pi perazin-1 yl)nethyl J- | H benzi m dazol -1
yl }t hi ophene 2 carboxylate | N~O,CH 11 O H-CNJ
I

HO 115 ~COTo a stirred_gi xture of nethyl
5-[ 6- (chl or onet hyl ) - 1H benzfi dazol - 1-yI ] - 3-
{[(I R -1-(2-chl orophenyl) et hyl ] oxy) - 2-t hi ophenecar boxy

|ate (150 ng, 0.32 73 Nm’ml) in dioxane (1.5 nL) was
added n-net hyl pi per azj N(5§ ull, Q 49 mmol ) and

triethylanine (136 u : 5 The reaction was
then heated at 45 C r 1 cooled to room
tenperature and conceatrat ed junder vacuum The

resi due was di ssol ved® n EHEAC 5 mM-) and water (50
mL). The aqueous 5 | ayer wasc; extracted wth

Et CAc. The conbi ned organi c layers were washed with

b d

th‘ﬁﬁ'é? %‘5'*95“’*11 2R oAl cR ARAR) SR ApEST VAT AN
ochigrop %3&9 let-5d-(l %ﬂmmromnqyl)qxwm@hwbﬁmm
hlbdmlddeol-ﬁ»ﬂf~g-ltl'\l &phbAdcdio %Qﬁrdcbﬁirb lahaBgoysagpound

CErinob il | Sl U8 el g [T 0 St

-(f(1R) -1 };2 Chl or opheny/ Jet h) i Joxyj - 5- (61 (4- et hy/ p/
peﬁt@zf niethyy Gi&tohipramethy)- bk benzititazol 1-alj-3-{l(1R)-1-(2-

Y EhloRpBhAn S MR ispRbRaloolyl  NrR H C Vil N

The titl é conpoun prepared from net hyl
3-f(1R)-1-(2-
chl or ophenyl )ethyljo -=§-{§-[ 4-Jret hyl pi perazi n-|
-yl)nmethyl]-1 H 15 g o
benzi m dazol - I -yl }t hiophene-2-car boxyl ate by a

procedure anal ogous tYg,

He
Cl

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

Step F - Methyl 3-(f(1R)- 1-(2-chiorophenyl)ethylJoxy}-5-(6-[(4-
methylpiperazin-1-yi)methy(]-1H-benzimidazol- 1-yljthiophene-2-carboxylate

Ol

To a stirred mixture of methy! 5-[6-(chloromethyi)-1H-benzimidazol-1-yl}-3-
{l(1R)-1-(2-chlorophenyt)ethyljoxy}-2-thiophenecarboxylate (150 mg, 0.32
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Exanple 3, Route 1, Step F. "H NMR (400 MHz, DWMSO- d6):
58.52 (s, 1H, 7.83 (s, 1H), 7.69 (d, 2H, J= 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, 1 H J= 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); M5 (ESI): 510 [MtH +. 20 Internedi ate
Exanmpl e 4: Methyl 3-{I(1R)-1-(2-chl oronhenyl)ethyljox
..5 (6- hydroxv-1 tkbenzi m dazol-1-A)-2-thlophen | ate
NS OOH OOHHsc cb 74 ep A -

2- Brono-4-((14- (met hy/ oxy) phenyl Jnet hy/ f oxy) -1

i ~ | .
DI B (S L) was dodBd rommvipipgraging (S5 L.o.49mmo)
aRRy etwlaming 93621 0.92mmuloThe GActionmias thea hased ht 483
o . ot TG d.
hggfﬁ'x‘;vﬁ“i"?&f’u%“‘t o et prliglant!cofietlytad ey vatudf, TR
t EEHLE ¥E5 distAlRT InFtRAe( Bfentlandayater (50 od.) gThegaqueous
ey R RO ACSTHY dobiidorgarlc RYErsIME B
a‘%&feﬁéﬁ @3{?8&1@' Q%Q#gttc@'aice&ﬁ%@d\}d"f’ﬁ vaeim@donce
mnwmam@phqa oasitiea gel (he), ety wititla 0rtgA0KCgraaier 6F Wer e
[ . . n cen e 1 n
O with Hemehdtile hilogde 8 Bve a8 Fiakg 2o e A
2Prppugd g3 adiohy yeow selid. MS: (ES)cR2fiM#’. 1H NVR (400
Mz, CDC13): 8 8.03 (d, 1H, J= 9.2 Hz), 7.50 (d, 1 H,
.

JStep G- HYTR)1-ERC lordphdriV)eibiloxy#5-06 {(4-Hibtrnipibbrasin-1- 2.
S it oot et prr o T3 (5

Met hyl 3-fj (1R) - 1- (2-ch/ oropheny/)ethy/foxy)-5-f[5-(([4
15 =
(met hy/ oxy) phenyl Jnet hy/ i‘/ ys <N r opheny/ Jam no) - 2-t

hi ophenecar boxy/ at e
O SS
¢}

The title compound was prepared from methyl 3-{[(1R)-1-(2-
chlorophenyl)ethylloxy}-5-{6-[(4-methylpiperazin-1 -ylymethyl]-1H- '
benzimidazoi-1 -ylithiophene-2-carboxylate by a procedure analogous to
Example 3, Route 1, Step F. 'H NMR (400 MHz, DMSO-de): §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-chlorophenyllethviioxyl-5- 6-
hydroxy-1/Abenzimidazol-1-yl)-2-thiophenecarbo late

N=\N s
N\ [/ T0-CH,
0
OH
0
cl
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S1/ o-cH3 H39 Hc\ I/ C

2-Brono-4- ({[ 4- (net hyl oxy) phenyl ] met hyl ) oxy) - 1- ni t r obe
nzene (20.19 g, 59.7 nmol) and net hyl

5-am no- 3-{[ (1R) - 1- (2- chl or ophenyl ) et hyl ] oxy} - 2-

t hi ophenecar boxyl ate (18.60 g, 59.7 mmol ) were

di ssolved in 1,4-dioxane 20 (500 m-) with stirring in
a flask equi pped with a mechanical stirrer, reflux
condenser, and thernoneter. _The sol uti on was degassed
for 75 min by bubbling nitﬂ%gen t hrough the stirring
solution. 9,9-D nethyl-4,5-

bis(di,phenyl ph i n ant hen .52 q,, 2,63 mol ),
A SR SN g herslaeltdipy- ebensone
tris(di benzyli deneacetone) dipalladiun(0) (1.09 g, 75
1.19 mmol ) were added. The cJ,i on was heated to 60 C

and stirred for 16 h. e ction was cooled to room
tenperature and filtere ragugh Celite. The solid
was washed with 20% MeOH¥n The filtrate was
concentrated onto approximately 200 g of silica gel.

TReBromioidafiugse-1piittabedzéne (20.9 g 80.0thadolf amché-medhnkybereiie d
. : , ' o
Ymr? H\(}gél 8%(2 tﬁi‘?ﬁlq P |2 (F:h at io ner-érb‘i’s#fgéi rn??w%momgap ﬂygﬂrﬁﬁé’ °
orib\SodiT: hydrtide spiytisndfO0mL) wes addeddoliowsidynd. 1H NVR
g %bh‘lﬂfamrﬁ%?%lﬁhyd?g%\s‘iﬁgkggﬂg 9:5%.4{() nitckf) 'ﬁ'ﬂé?reé%ﬂd? wlasi
Fptief 658 highd ot i sepeigipy innal. ihe fefess Wi, 6. 75
( sepdrateyl and tiebaduddus Waslextdaetadl dice With DICM blad pnée with ( g,
1 = = J =
gyt i S0f 0 .
6.and p@:)c_engg'gg i@vacupefngjﬁcation by flash chromatography afforded
5 - A 919 e | |
j 3%'[ ncﬁ@é@?fﬁﬂf%&?é&%@%{*ﬁ; gg%w)%ﬁfb@@%)&mﬂy
Jdkyy=2.2 széﬁgr(@-c%ﬂ, b6 &izb NI 'Hg“ fn2H), 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-{I( 1R )-1-(2-chlorophenyljethylloxy}-5-{15-({14-
(methyloxy)phenyilmetfiyijoxy)-2-nitrophenyllamino}-2-thiophenecarboxylate

‘ o,
e oe
H,%
ﬂ° H,c’b
ct

2-Bromo-4-({[4-(methyloxy)phenyilmethyl}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 dissoived 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(diphenylphoshhino)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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O OHOiI \' HOO15 Methyl 3-{[(1
A) - 1- (2- chl orophenyl ) et hyl } oxy}-5-{[ 5- ({[ 4- (et hyl oxy)
phenyl } -
met hyl } oxy) - 2- ni t r ophenyl } am no} - 2-t hi ophenecar boxyl at
e (27.18 g, 47.8 mol) was dissolved in Et OAc (400
m-) with stirring. Sulfided platinum (5% weight on
carbon, 2.80 g) was added, and the reaction was pl aced
under 1 atmof H2 using a ball oon apparatus. After 36
h an additional anount of 2@5catal yst (2.80 g) was
added and stirring was continued under 1 atm of

16_h nore, the reaction was filtered

h d‘ro en. After )

¢ hriQ ROl WeE addedy The repsian wes hFalad tEOAE andistimed for gt

Whs The mmd_ cbnts wlbge odied @frb6rh terhiatitel étﬂtﬁlt@x%ﬂﬁﬁk@t li ﬁéwgé.c h
| | at e C rl | (0] X St ep.

( T Ok ith 208 pdfp bR Mgy bas (o 1w

Jeancentrated ohto)appitxitiataly @00 G of sifica get) Thésdid-was§Bacein

2K 0 G = 2 . = 8.6

r2 et el fna fradhec g 0% Qg IR M.\ Fhe g i3 ° ©

Hyonosnisated in vagugy Puedficgtion by fjash £h@matagraphy)provided@y. {&r

59 éé’d% 9f%§7 :zue(c%n}p%hwhbctl.hfjil RR(Eoo Mz cHCRy d6ls7 & liny=

38(1P (dRH, 3!-=(§5 ). Jradime Ak, 763829 (maAH)67-28 (my 1), 6.96-

(60l 2pY BIBoay1H Bt 1§ IHz96yI5 (6 H Hes 8b [ddiarol=1.6, 9.3

YhiEh 575 R B R DAY, 211 N2 1534 0l =11 ¥ °

5374 2s, )76 (s( BHY 1 (635 8I3H, aseyg.plzpy| | met hyl ) oxy) phenyl
jamno)-3- {[(1 A-1

- 6%\ e ledifd-By - /i8Ry PHeR RS, xyl ate
was_di sso%ﬁwiy tri Yrr'}ét W)”é%?ﬁé?f"gr rrat_eﬁ)(’af% % and
P WPl (RO R oraprany et Mot idpgeieseriontiote
pt ol uenesul fonate (0.601 g, 2.39 nmol) was added in a
single 10 portion. The r 'hgtiso was stirred for 2.5 h
and quenched by the add{tYor_gf o%Fri et hyl ani ne
(approximately 3 nL). The m xture was concentrated and

purified by flash chro °togr o afford 25.45 ¢
(97% over 2 steps) of e cr

H,c-°

Methyi 3-{[(1 R)-1-(2-chlorophenyl)ethylloxy}-5-{[5-({[4-{methyloxy)phenyi}-
meth'yl}oxy)-z-nitrophenyl]amino}-2-thiophenecarboxylate (27.18 g, 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 H; 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 casried into the next step. TH NMR 400
MHz, CDCla): §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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ompound. 1H NMR (400 MHz, CDCl13): 8 8.47 (s, 1
H), 1 (dd, 1 H J= 1.6, 8.2 Hz), 7.63 (d, 1 H J=
9 , 7.43-7.08 (m 7H), 7.00 (dd, 1 H J= 2.4, 15
8 , 6.96-6.90 (m 2H), 5.97 (g, 1 H J= 6.4 Hz),
5 AB, 2H, JAB = 17.1 Hz, JAB = 11.3 Hz), 3.80 (s,
3 73(s, 3H), 1.60 (d, 3H, J= 6.4 Hz). Step E -
Met hyl 3- ([ (1R) - 1- (2- ch/ or ophenyl ) et hy/ f oxy) - 5- (6- hydr o
xy- | benzi m dazol -1 y/)-2-thi ophenecar boxylate s N
/| OCH3 OHH3C I \ 20 Methy$® 3-{

A) -1-(2-chl orophenyl)ethyl]oxy) 5 [6 (([4-(methyl oxy)p

h
b FR R Y387 (o THN BBl DEAHZN4ER Ee2db g,
46 46 (Grs, 20)18.73 (SaSHY B54q$,\3eN), 1.52 [@°BH( 12@.2Wiz)) and

cooled to 0O Cwth stlrrlng Trifluoroacetic acid

9‘9?;, addl tion
f%%ée)?. @}9“5’;@ %&@%}g’ﬁ[ and sodi um
hfd?@xlpwép{rw.l@e@y}@mmm@wwcraﬁolmbr&?-ﬂ(fmnmwow
added dropwi se via addition funnel. The pH of 5 the
m xture was then adjustegqosngutral wth saturated
NaHCO3 sol ution. The r¢ "i wa® poured into a
separatory funnel, and t e | ayger s vvere separated. The
aqueous | ayer was wash W tHF The conbi ned
organic layers were dr{ ¢d oveF filtered, and
concentrated in vacyg.o Purifi cat| on by flash

chr omat ogr aphy afforded 14.86 g (75% of the title 10

o MRS} 82 il O T e ooy sty fory o IRgior 3 5.3

( {(1 A-1H2-chiorptniir-pthylfoxp2-thidthetscarBhlylatewasdissolvel uIrI)

et prorbimalé (oognlYohy obagis ohEFeigd il vilfsfirif.co 0y

3Pyridiniug, ﬁztoms)wesulfnwa 1»606g.&. @camol)ev@ :adied imA single

[ C
p

: )

: )

e
7.
Hz
Hz
3 (
3.
yl
H-

5p6tﬁor"ﬂ y?‘ﬁ@?@ébﬂodﬁ%ﬁbﬂ‘f&% éncl?i d %( the Budifion of
1-12- trlfluororrethyl)he¥_ hi ophenecar b
o;pep'&y amine (@prpeoximajely guplL). The mlxture was concentrated and

purified by flash chromatography to afford 25.45 g (97% over 2 steps) of the
title compound. 'H NMR (400 MHz, CDCls): 5 8.47 (s, 1H), 7.71 (dd, 1H, J=
1.6, 8.2 Hz), 7.63 (d, 1H, J= 8.0 Hz), 7.43-7.08 (m, 7H), 7.00 (dd, 1H, /= 2.4,
8.8 Hz), 6.96-6.90 (m, 2H), 5.97 (q, 1H, /= 6.4 Hz), 5.03 (AB, 2H, Jag = 17.1
Hz, Jag = 11.3 Hz), 3.80 (s, 3H), 3.73 {s, 3H), 1.60 (d, 3H, J=6.4 Hz),

Step E - Methy! 3-(f{ TR )-1-(2-chlorophenylethylfoxy}-5-(6-hydroxy- H-
benzirnidazol- 1-y{)-2-thiophenecarboxylate

= S
OH
H_,C: I)
<

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



OOHH3 FF Step A -

Met hyl 5- ([ 5- ((f 4- (et hy/ oxy) phenyl Jnet hyl ) oxy) 2
nitropheny/Jam no)-3-(((1R) -1

f2-(tr)7uoromet hy/) pheny/Jet hy/}oxyJ 2

t hi ophenecarboxylate Kl s 1 g -o-CH, HBO~ H3F I \
20 The title conmpound was prepared from nethyl

5-am no-3-(((1 )R -1-[ 2-

(trifluoromethyl)phenyl]et h%) oXxy) - 2-t hi ophene
carboxylate and 2-bronp-4 -4f---------- 78

({[ 4- (et hyl oxy) phenyl ] net hyl } oxy)-1-nitr obenzene by a

DA YA SAIR Bt 180 ) SHTRSAE B RN S, > ©°
5T (i[l@naanetioaad (44. ﬂn’ﬂ-nﬁtmmol)wap ladded dimpmp#@@idmon
RERKO RS rBSdko vfe% éédn fl)y 1h taHy P daun1)hygro§|de (20.0 g, 500

[2 (tr)7uororre
AR Miatar (e )aWQS eddromﬂsesaaajiqun funned Dhapid of

tlHélﬁlxﬁ.ﬂé”fWQé'ﬂ'fén S%Q@ﬁétﬂ%l %t{lﬁi&w&a%ﬁ éo'l&tiah“-

Xr}/ he met hyl -2-nttro am no} - 3-(
_ 1 gs re lntoase aratory ‘funnel, and the layers were

( Bepa‘rahtedr ?ﬁh@bﬁmo):ﬁ resyay WaivisHeH g EtOAE. hTW@b@ﬁlﬁﬁéﬁ boxyl

EofeRle 18/oR QEREHEE o iy RGiSa, sePpceniSiey Jf facuo
R%asor( By Mwatammmme d.(75%) of the title

10 yé&mﬁmfn@.( YENMR $400 MHz, CDCl3): §9.62 (s, 1H), 8.45 (s, 1H), 7.74 (dd,

15

20

1H, J=1.7, 7.7 Hz), 7.53 (d, 1H, /= 8.8 Hz), 7.46-7.38 (m, 3H), 7.32 (m, 1H),
7.08(d, H, J=2.2 Hz), 6.79 (dd, 1H, J= 2.2, 8.6 Hz), 5.94 (q, 1H, /=6.2
Hz), 3.79 (s, 3H), 1.60 (d, 3H, J/= 6.2 Hz).

Intermediate Example 5: Methyi 5-(6-hydroxy-1H-benzimidazol-1-y1)-3-({{1
1-[2-(triflugromethyl)phenyl]ethyl}oxy)-2-thiophenecarboxylate

Step A - Methy! 5-([5-({{4-(methyloxy)phenyilmethylloxy)-2-
nitropheny(jamino}-3-({{ R )- 1-[2-(trifluoromethyl)phenyljethyljoxy)-2-
thiophenecarboxylate

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



(trifluoronethyl)phenyljethyl Joxy)-2-thi ophenecar boxy/
ate 0 s1 ~N1/ ooN OHH FI1I F Methyl

5-{[ 2-am no-5- ( ([ 4- (et hyl oxy) phenyl ] met hyt } oxy)

phenyl Jam no}-3 15 (1(1
[i)-1-[2-(trifluoronethyi)phenyl]ethyl)oxy)-2-thiophen
ecarboxylate (11 g, 19.19 mmol) was di ssolved in 100
mL of trinmethyl orthoformate with stirring. ------ -
Pyri di ni um p-tol uenesul fonate (0.502 g, 1.91 mml) was
added in a single portion. 7he reaction was stirred
for 2.5 h. The m xture was concentrated and the crude

R OR ey iR oK 1 robenzend By & prochaury anslogaut
/ fo Widrie(iints Exangsleo EStap|B. phs (&) SDBMMARY) - 2 79

t hi ophenecar boxyl ate was di ssolved Iin chloroform (75

Mske dm,@g}, ( roacetic
af‘g P2 b e divlod D00 g
S Bhenamigs- %{(ﬁbﬁﬁ-@ﬂ@m@wp{i@nﬂeﬂwhwbﬁ

t empicabedrboxydie M Xture was concentrated while
cooling to renove nost of the trifluoroacetic 5 acid.
The mi xture was di ssol vegyin chhoroform (200 nl.). The
reaction was poured in ﬁpﬁr@;ory funnel, and the
| ayers were separated. p ftHe mixture was then
adj usted to neutral witlh saturpted NaHCOB sol ution.

The aqueous |ayer wag/{washetwitT) chl orof orm The
conmbi ned organic |ay wer e d over MgSO4i
filtered, and concentjyated in vacuo. Purification by
10 flash chromat ogf'&phy afforded 8.16 g (92% over 2
steps) of the title conpound. 1H NVR (400 MHz,

CDe1 Ble: copppuB@wés prepitedirom Réthia-{[5-{[83 (s, 1H

(oo gt 7,5

tryfglo(qﬁnetljyImhewegy&@(ym)thlomeca(rquykat&-py a Bﬂﬁ&dt(re

10 3dmalogous to Intermediate Example 4, Step C. MS (ESI): 573 [M+H]".

15

20

Step C - Methyl 5-(6-hydroxy- TH-benzimidazol-1-pl)-3-({{ IR )- 1-£2-
(trifluoromethyljphenylfethyljoxy)-2-thiophenecarboxylats

Methyl 5-{[2-amino-5-({{4-(methyloxy)phenyilmethyijoxy) phenyllamino}-3-
{1 R-1 -[2-(trifluoromethyl)phenyllethyl}oxy)-2-thiophenecarboxylate (11g,
19.18 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)phenyljmethyl}oxy)-1H-
benzimidazol-1-yl}-3-({{(1/)-1 -[2-(triflucromethyl)phenyljethyl}oxy)-2-



5 (d, 3H J=6.23 Hz); M5 (ESI): 463 [MtH +. 15
npl e 5: 546-(4-Pi peridinyl oxy)-1 H benzi m dazol
tl 3-({(1 R-1 d2

fl uor onet hyl ) phenvi | et hyl ) oxy) - 2-t hi onhenecar boxam
Ns NH OH-FI \ HNF Step A -

Di et hyl et hyl 4- ((1[5-[ (et hy/ oxy) carbony/ J-4-(((1R
)-1 f2- (trifluoronethyi)phenylJetiiyl)oxy) 2

t hi eny/ J- 1H benz(m dazol - 6O¥/Joxy)-1- 20

pi peri di necarboxy/ate N$ 020 OH3F | \ H31 ' ONi
HNC CH 6 F F 80 Met hyl 5-(6-hydroxy-1

1
DRSSt ik despiveb A chlorctan 76 retn o esied i Boxy
| 3¢ with Btiing. @riﬂtﬂ)rdhaetld‘a‘dd (60.00RE, 64 ntrAG PRESAEEIEd0 THhéO 0,
S{Je%?:tcl)ny %)%(?/ ’%E?%'i'r‘f %I ne%?l%di%m%ﬂ rogmiemperplurg. The: v
dijre was £Lonceptrated wvhileneooling 3o vemmcye cuosbofthel triflnorbacatic of
5 Naﬁﬂl TRé Mm@%@is@@lv@&‘ﬂ clﬂﬁﬁ&fgl% g@g )ng‘\%[. ction wa

ITTIW he reaction was heate COO?Gd
?8

¢ BOUTEg ﬁﬁ%ﬁf@@m Wnnel, gad the layers yema%eppmda The ptie the
BnBéure avas thert adjustedte nbhRal Wit SBRIrNEd RaHEOR 8élalidif Thd Ne

OB GRS 1y BY s VBshedamth Siorirtm. Yrien comb?nne% otrgl;aenicclg)r;gls ned
were dried over MgSQy, fittered, and concentrated /in vacuo. Purification by
10 flash chromatography afforded 8.16 g (92% over 2 steps) of the title
compound. 'H NMR (400 MHz, CDCl3): 57.88 (d, 1H, /=7.87 H2), 7.83 (s,
1H), 7.66-7.55 (m, 3H), 7.40 (¢, 1H, /= 7.7 Hz), 6.92 (d, 1H, J=2.2 Hz), 6.85
(dd, 1H, /=2.3, 8.7 Hz), 5.78 (q, TH, /= 6.23 Hz), 5.47 (s, 1H), 3.91 (s, 3H),
1.75 (d, 3H, /= 6.23 Hz); MS (ESI): 463 [M+H]".

7

Exa
1-yt
(tri

e
1, 1-
1

15 Example 5: 5-[6-(4-Piperidinyloxy)-1 H-benzimidazol-1-y{]-3-({{1R)-1-{2-
trifluoromethyl)phenyilethvlioxy)-2-thiophenecarboxarmide

=\

s
[ %’ \_/ NH,
Q
) O’ Hﬁé{j
F e
Step A - 1, 1-Dimethylethyl 4-({ 1-{5-f{methyloxy)carbony(]-<4-({{ 1R)-1-{2-
(trifluoromethyl)phenyilethyljoxy)-2-thien Wilf- 1H-benzimidazol-6-yfjoxy)-1-

20  piperidinecarboxylate
=
Ujo‘“‘“
[o]
0 H,C
H; O 0 ? m
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aqueous | ayers were extracted with Et CAc. The conbi ned
organic layers 10 were dried over \yS™4, filtered, and
concentrated in vacuo. Purification by flash
chromat ogr aphy afforded 0.482 g (72% of the title
conmpound. 1H NVR (400 MHz, DVMSO- d6) 8 8.43 (s, 1 H),
7.95 (dd, J=7.7 Hz, 1 H), 7.78-7.66 (m 2H), 7.63
(d, J= 8.8 Hz, 1 H), 750(m 1H, 7.29 (s, 1 H),
7.09 (d, J= 2.2 Hz, 1 H, 7.01 (dd, J=8.8, 2.2 Hz, 1
H, 5.97 (q, J= 6.2 Hz, 1 H$9 4.59 (m 1 H), 3.81 15
(s, 3H), 3.65-3.56 (m 2H), 325315(m 2H),

( M%:tl'yi:& %—fy@gxx( gpl-bgpﬁlmldﬁgalﬂny|)z%.%1 FpMF[?) St ep1B59 1.49
Mettifhydrorbieth@hriteniipethitixp)2-thiophe 1,03

y/"'{]r% )(’)p eneca;hggév/(éa@”#%{ )éﬂ()y%e%‘yl\]e hy/)oxy) F

2@u110ﬂyloxy)m§p¢ryﬁr@t-h9arboxync acid tert-butyl ester (0.439 g, 1.24 mmol)
4%€éc&n%|ﬁédfﬁt1h¥ﬁlflo5fyﬂ fﬁ{ %ﬂ?’ éo‘mél ‘a%(ahﬁ 'ﬁ)eal%fd he go °C with

fl uorone enyl ]
H5 dngi Meurea m@ql}aamfons a ¢Mﬁdﬁ@<§@nmw§at@m

( Thé frigurefwed Pouredl ihbErOAE amvsd@r, \$RU Mk BYSIS QR ©

2 PRI The orgsAiTlagr Was o hitnErPe, MMA FBIOET cd ¢ o
OaquediisildyeroweraeatractedwitlE(QQRE. Thelcombidi@d wrganjc lass 25
SRRttt fGSL. Inded. dod Buipitiafia iy D, FLiePh B
( Beshghrgmalagraghyiatiprdecthdb e (22%) O&ttmttﬂﬁ@nmbgmcbl 'HNMR

gmrmf OMSOSRHSS, h@tﬁﬁ) %qis%a Oj‘- v\@%ﬁﬁg gtﬁ-ﬁéé gﬁt

pH to basi C. i nt
sé\ﬁ!hﬂsﬁ‘*dFyJ T drihidz. %r?asqm 1Héy7e29s(8mkir')e 788ddr &7 8@ Hz. The

amuﬁouﬂ (bay.es 81823 2Was NRY 5@7q8, y¢ 52 HICWHRASORE

erNp B8 im dhcas. B I R B A

PO.2iHz, 8H),i1069-by9 {thaaH), t.B8 (sraHpomMsphs6p6 gui+tjed 1. 37 g

Step B - Methy! 5-[6-(4-piperidinyloxy)- 1H-benzimidazol- 1-yi]-3-({{ 1R)-1-{2-
(trifluoromethyl)phenyllethylloxy)-2-thiophenecarboxylate

[o]

,...czré o

1,1-Dimethylethyl 4-({1-[5-{(methyloxy)carbonyt]-4-({(1R)-1-}2-
(trifiuoromethyl)phenyflethylloxy)-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 vig addition funnel. The reaction was stirred for 1h, and 2 N
sodium hydroxide solution (60 mL) was added dropwise viz addition funnel.
Saturated aqueous NaHCO3 solution was used to adjust the pH to basic. The



10

15

5 (88% of the title conpound. 1H NMR (400 MHz,
DMSO-d8): 6 8.42 (s, 1H), 7.95 (d, J=7.9 Hz, 1 H),
7.78-7.67 (m 2H), 7.61 (d, J=8.6 Hz, 1 H), 7.61 (m
1H, 7.30 (s, 1 H, 7.05 (d, J= 2.2 Hz, 1H), 6.97
(dd, /=8.8, 2.2 Hz, 1H), 5.96 (q, J= 6.1 Hz, 1H),
4.41 (m 1H), 3.80 (s, 3H), 2.97-2.88 (m 2H),
2.59-2.49 (m 2H), 1.92-1.83 (m 2H), 1.63 (d, J=6.1
Hz, 3H), 1.51-1.38 (m 2H). 8¥5 10 m z546 (Mrl). Step
C - 5 f6-(4-P/ perid/nyl oxy)-"IH benzi m dazo%l

y/J 3- (((1R) 1 [2 (trlfluoromsthyl)phenyIJethy/)oxy)

= "}\'}g*-‘ﬁé) ‘Pg% tftg it ogén ?)%ﬁr ?Wﬁ"&?{r )anq the Iayeré_| v[\\.!eré separate%
I—l—%@mum@ﬂaﬁr whswashed Ql'{C(e]Niﬁ)DQM [oRd dBce with diethy! ether.

TS g Wt o

arfiepFRndrated ’N/é’€f¥°( fyﬂ@carﬁen plash qhmatogrﬁp%y prgtéiaﬁ%a 37 Gbe
ar(ds%)eaﬁtséit.ﬁ@ca%o@n& O'H HMARYG0 MﬁQeoms@% 0@3 wz%s qpg! ed

re and concentrated in

Pd’r?# (dca{rﬂo%nﬁby‘ M 4887 & (Bl 418 fiy/= ﬁﬁf"&ﬁa a@a Tl g
(86%736 g;ha)ma);&:emwdla ), ONNR (483, Mz, @556)

2asrEp 3 Iun b b, 45 2, g Fod g oo g“iaéﬁ%g‘br

7. (ﬁﬁz'f'hﬂ 92-+B3 (,.2H), 1.88 (¢ /=16. HHz, 3H)DB.5(4,381(nkRH). MS

7 OH), 5.94 (q, J= 6.2 Hz, 1 H), 4. 44
1'91)9,3@%?%?-)(2%4 (Fbm 2H) 892073, o1 (m 2H)H) T

2H),_ 1. 72 (d, J= 6. 2
VESeR L oyb g b iot e 12
1-dfﬂ7elﬁbhwmbwu«%mymmwdmﬁné&r&mm@erI di nyl oxy)
1H benzi m dazol -1 -yll-2-thiophenecarboxa m de N H3C

\ HN | iﬁ
mcré s

Methyl 5-[6-(4-piperidinyloxy)-1H-benzimidazol-1-yl]-3-({(1R)-1-[2-
(triflucromethyl)phenylilethyl}oxy)-2-thiophenecarboxytate (0.154 g, 0.282
mmol) was dissolved in 7 N ammonia in MeOH (12.0 mL, 84.0 mmol) ina
sealed tube and heated to 80 °C for 2 days. The reaction was cooled to room
temperature and concentrated i vacuo, Purification by flash chromatography
afforded 0.129 g (86%) of the tile compound. 'H NMR (400 MHz, DMSO-dk)
§8.34 (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), 7.3 (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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Step A - 1,1-Dinethy/ethyl 4

-(4-Q 1R) - 1 (2-chloropljeny/)ethy/foxy)-5- 5

t hyl oxy) car bony/ J-2-thi eny/)-1H

i m dazol -fry/)oxyJ-1- piperidinecarboxy/ate H C I

,Cn \' yNHCII CHO Mthyl 3-{[(1

7)-1-(2-chl orophenyl) et hyl ] oxy) - 5- (6- hydroxy-1 /-

benzi m dazol -1 yl)-2-thi ophenecarboxylate (2.00 g,
.66 Mol ), trlphenylphosphlae (4.89 g, 10 18.6

rmol ), and t-butyl 4- hydroxy | - pi peridi necarboxyl ate

(1.88 g, 9.34 mmol) were dissolved in DCM (50 m)

: Honen 2 S
mn and aIIovvedto vvarmtoroom tenperature. The
reaction was stirred for adsorbed onto silica
gel. 15 Purification by, M@n&t ogr aphy afforded
the title conpound al on amount s of
impurity. 1H NWVR (40 , S0 dg): 8 8.47 (s, 1 H),
770(dd 1 H J= 1u J7.7 HZ ’ 4(d 1 H J=28.8
7.44-7.37 (m 2H) 7.3495711-1), 7.31 (m 1H),
715%d 14 J= 2.4 Hz), 7.01 (dd, 1H J= 2.2, 8.8
HS1eP A - & 7-Rigpetthylethy! 441644 ) 1-(2icHiSoghenyllethyljoxB-B0 (s,
3inet/Bid)can i 2H)
1%-@‘%7 b%}éﬁ M'&Wébm(z‘ge 3Hza%’/$'2')é@|l|z7 1.60-1. 47
(Rperidagea 3’@"(3 9H) M5 (ESI): 612 [I\/H—|] 83 Step
B - Methyl 3 (f(IR) - (2 ch/oropheny/)et hy/Jony . b-
6- (4 piperidinyl oxy) - % |rgid zol -

yI J- 2-t hi ophenecar boxy/ at -/ O-CHS HN 1 O
N CX 1, 1- Di net hyl et hyl
[( 1-{4-{[(111)- ;J,c(2 h&fxﬁ()jthylloxy}-&[(ﬂeth
| oxy) - H,c)((;l( o
Methy! 3-{[(1/)-1 -(2-chlorophenyl)ethytjoxy}-5-(6-hydroxy-1 Abenzimidazol-1-
yl)-2-thiophenecarboxylate (2.00 g, 4.66 mmol), triphenylphosphine (4.89 g,
18.6 mmol), and £butyl 4-hydroxy-1 -piperidinecarboxylate (1.88 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 alfowed 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-dy): 58.47 (s, 1H),
7.70 (dd, 1H, /= 1.6, 7.7 Hz), 7.64 (d, 1H, /= 8.8 Hz), 7.44-7.37 (m, 2H),
7.34 (s, 1H), 7.31 (m, 1H), 7.15 (d, 1H, J=2.4 Hz), 7.01 {dd, 1H, /=22, 8.8
Hz), 5.97 (q, 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, OH); MS (ESI): 612 [M+H]'.
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5 carbonyl]-2-thienyl}-1

/ f benzi m dazol - 6-yl ) oxy] - 1- pi peri di necar boxyl ate was
di ssolved in DCM (60 nL) and cooled to 0 C
Trifluoroacetic acid (15.0 nL, 195 nmmol) was added
dropwi se via addition funnel. The reaction was stirred
for 1.5 h, and 2 N sodi um hydr oxi de solution (88 nlL)
was added dropwi se via addition funnel. Saturated
aqueous NaHCO03 sol uti on was %sed to adjust the 10 pH
to '"8. The m xture was pouréd into a separatory
funnel, and the |layers were separated. The aqueous

l a%%? néNgé orgarﬁ(q 'a')cgrs %%MF?’E@O&%W iyl
f i (-bpadmidgael- 1-sdb?thiapeascetbaxateacuo. Purification by

flash chromat ography provided 1.95 g (82% over 2
steps) of the title conp Emd.s 1 NWVR (400 MHz,

DVMBO-ds): 5 15 8.46 (s, Y7 Fn(dd, 1 H J= 1.7,
7.7 Hz), 7.62 (d, 1 H, 8. ), 7.46-7.38 (m 2H),
7.35 (s, 1 H), 7.32 OlFDHc'??-‘jﬁ‘z(d, 1H J=22
Hz), 6.97 (dd, 1 H, 2.2 ),597(q,1HJ:

62Hz)442(m1H) 3.80 (s, 2.96-2.88 (m

S 1-limgysyte- ﬁﬁﬂsﬁﬂ)ﬁééhﬁ'mo@m&)qmﬁ%kﬁ;um@&éoxw-

gl\datl}onyl}a-tﬁbﬂyl} G;-l-benZImldazol-B-yl)oxy]- -plperldinecarbozylate was
&uéesﬁoli\@h @B it SRAEEYEd 819 “fiibioRcdud kil (15.0 mi,
ﬁ52nlnhi) @fph ed@@bnrgmwamve@dmtm funhel2 Theraacion was sirr¢d\
G ﬁ%;;‘bw bn SOd'uln-'o?ydﬁ%dr?ysIo;ugoﬂ (ﬁ‘vaﬁl%ﬂdgd frogj\)mspeetrfl.la
d )f npej.: $aturated aqueous NaHCO;, solution was used to adjust the
b epH foTT8) @l miktuyd waepddawgwmfamymfee ahf 1Hiiyds
sol ved i
(15518 TRl e aftais 198 weterper i B ol el EiDA
8(11 R)C Thercor®irled ofdenicdayans were diad overldgd®y, fitardd,comin  and
f
o £ RO Vel £4ficanbn by R HicimbBoldBhy plobied 185 0
vva(§2?,6cﬁyeea stepskaf e titlerepmpatnd: cHAMR (405Nidn ONSC W) 1§
\63631%0%(5, PHY, 78 71G@b, 4 S .*},'ﬁfhz)? hisE E1APSY H2, 7 UHeR 98
"(m, 2H()], 7.35 (s, 1H), 7.32 (m, 1H), 7.09 (d, TH, /= 2.2 Hz), 6.97 (dd, 1H, /=
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-ChlorophenyljethylJoxy}-5-[6-(4-piperidinyloxy)- TH-
benzimidazol- 1-ylj-2-thiophenecarboxamide



(87% of the title conmpound. 1H NWVR (400 MHz,

DMBO-ds): 8 8.38 (s, 1 H), 7.79 (br s, 1H), 7.66 (dd,
1H, J=1.6, 7.7 Hz, 1H), 7.61 (d, 1H, J= 8.8 Hz), 10
7.45 (dd, 1 H J= 1.3, 7.8 Hz), 7.40 (m 1 H), 7.84
(m 1 H, 7.11 (s, 1L H, 7.11 (br s, 1 H, 7.01 (d, 1
H J= 2.2 Hz), 6.96 (dd, 1 H J= 2.3, 8.7 Hz), 5.98
(g 1 H J=6.2 Hz), 4.41 (m 1 H), 2.98-2.89 (m

a,
2H), 2.62-2.53 (m 2H), 1.94-1.84 (m 2H), 1.70 (d,
3H, J= 6.2 Hz), 1.54-1.40 (@* 2H); M5 (ESI): 497
[ M1]'. Exanple 7: 546-[(1-Mehl -4-piperidlnyl)oxyl-1

T: 'F%ﬂﬂﬁﬁl@ %g‘!‘(%%g IfﬂPPﬂVg)ﬁé\}f Jy 3 %‘i?/‘f%&'?f"dé'“{‘?ﬁyb shffenecar

bd)&ilﬂﬂﬂ@zol—byi]-ﬂ-thibﬁhéﬂebéﬁoxﬂﬁﬂﬂ-ﬂ 50 @t(bzgislknmol)/bhhyl

5 é| ol\%?h@ Aﬁ’%‘%‘%?‘ﬁ?@“g?%ﬁe éph%%ﬁ?q %énygoxy

2 fm hegkrsite 88°6 dory8dr eThe soltip wssonqeettatpu Howoandt hy|
5 5 Je@he(r dPviEfrést 7' lafh¥anialin MR 61270 fRZ84.0 finddij and- ({ ( 1

(t'mt PIARTR N3 herreacipn was g9oled i foemeneealEaYd o
t ecopberit@edyin vacih Purifitalioh by@Asstiitiiembtegehphy affsribd 4.126 g)

A5 o 0 G B Bl 5

mmib¥9 (breeth), Ad6¢dd, iHa /)8, TgHz, S61), e (d, 1H, /= 8.8 Hz),

10! TABSRRORICIL Y955 {8 &L 1708 (AT (o, 85 71
n(@f%}l]éﬁc'h@‘lj d, WHt ¥=222 i7)26.86 (dda HAOE = 23, 817 W), 593161 1H
m y& - B304 DI ﬁ-ﬁ 3 85.9 39%H anf 2wdld. 5@@%{@%@ 84 (m,

%reouzom lor/ <A Fale 6 49 Ioh ZHENNS (51 ahe Ml

(1x). The conblned organlc Iayers were dried over
S6 | D4o-H il G ihenxiaddazol-1- -

15 1-2-{triflucromethyl)phenyl]lethylloxy)-2-thiophenecarboxamide

" e

e H,C
N F
HC

F %

Step A - Methy! 5-(6-f(1-methyl-4-piperidinyl)oxy]- TH-benzimidazol- 1-y}-3-
({(1R)-1-[2-(triflucromethyijphenyllethyifoxy)-2-thiophenecarboxylate

=8 F
U’“o—‘:ﬂa

20  Methyl 5-[6-(4-piperidinyloxy)-1H-benzimidazol-1-yl}-3-({(1R)-1-[2-
(trifluoromethyl)phenyijethyl}oxy)-2-thiophenecarboxylate (0.200 g, 0.367
mmol) was dissolved in DCM (4 mL) and MeOH (2 mL). Acetic acid (0.025



Purification by flash chromatography afforded 0.150 g
(73% of the title conpound. 1H NVR (400 MHz,
DMSO-d6): 5 8.43 (s, 1H), 7.96 (d, J= 7.7 10 Hz, 1 H),
7.78-7.68 (m 2H), 7.62 (d, J= 9.0 Hz, 1 H), 7.51 (m
1H, 7.32 (s, 11-1), 7.06 (br s, 1H), 6.98 (m
11-1), 5.97 (g, J= 6.0 Hz, 1H), 4.41 (m 11-1), 3.80
(s, 3H), 3.26 (s 3H), 2.52-2.43 (m 2H), 2.27-2.11
(m 2H), 1.98-1.85 (m 2H), 173160(m 2H), 1.62
(d, J= 6.0 Hz, 3H) I\/S(ESI)8556O[I\/H-|]+ Step B -
5-(6 [ (1-Met hy/ 4 piperidinypoxyJ- | H benzimdazol- 1

/)-3-(f(1R
{2%1&9 134 mms%ﬂ&méﬁwmﬁ%by%&%@%@% inwatgroBdd meeelt bo
xa\mard%dhbd wa% d‘did So@LHOtnEoetbiNGoroﬁydﬁ'ldUE(DhW g, 0.552 mmol)

H- gﬁﬁﬁg d'é %glf R;% ?al(r?rz c@}oyg% 2(1 fred for 1 h and quenched
(t with sam\atndmdﬂcoﬂmn}ph) Fhéawriidtare was Douteddnth QA andd badfy |

|
5 atm%;l%rg 5114321“%%"84 %ﬁo%”fﬁ_% Ig%eﬁet%' s%ﬁ?nla‘(e%d ah:gg% éélu?oug
t ulererayas washed with SOM(3R) and EDACHbx) Jhe Tambined efdapi¢ was
SOBYES s s RIS Suiremnd Bl Voo
é% cgiion W@@KF“'@"@&%@RM@ or Nhﬁoy@‘gé&?ﬂﬁ@ 8 )
Dl\/&ﬁhﬂﬁlhd m&m@oem:z bys;?dl 2 583 (6=1H), Z 96izd, S HY,
107; 2 4815 9p bl 2y B o d Lol .71 G SR,
2HJH), 3.08%bi(sy,1H), 6.98 (@n, ), S19H)q, /4 63BHE,MH)14.4) (m, 1H), 3.80
2H§143§) %6]!918‘316'_5 52-%@%%2% -2 {‘In%?éﬁ) 133-%5((57 2H),
1. 7.7341.807m, 2Hy, 126%1 ¥/s 6(0Hsr,)3H 248 (ESA:HFS0 (MY Hnpl e 8:
3-{[(1 R -1-(2-Chl orophenyl ) et hyl | oxy
- 5&tpl4 M@Fh-weﬂéfl-zl@#ﬁr/dﬁblym - ostsendimidazol-1-ylj-3-({(1R)-1-
15 H/é’ﬁ” oS ondn el fos ) L RbS S BYsAse Ns -c e

Y
Lo
H,C
HC’O ,E&)
r) F F

Methyl 5{6-{(1-methyl-4-piperidinylyoxy}-1 H-benzimidazol-1 -yi}-3-({(1R)-1-{2-
(trifluoromethyl)phenyl]ethyi}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

20 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-dj): §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

25 (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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5HCG 3C | [ _Step A - Methyl

3-([(1R) - 1-(2-chl orophenyl ) et hy/foxy)-5-(6

[ (1-met hyl -4- piperidinyl)oxyJ-1H -benzi m dazol -1 y

- 2-t hi ophenecarboxy/ale Ns o 1-13CNOH3CC | /

Met hyl 3-{[(1

[1)-1-(2-chl orophenyl) et hyl joxy)-5-[6-(4-piperidinyl ox
y)-1 - 10 benzi m dazol - 1-yl j - 2-t hi ophenecar boxyl at e

(0.260 g, 0.508 mmol) was dissolved in DCM (4 mM -)
and MeOH (2 nmlL). Acetic add®860.035 nL, 0.61 nmol) and
f or mal del dehyde (0.076 nL, 37%in vvater 1.0 mmol)
were_ added v/a syri nge. Sodi um tri acet oxybor ohydri de
(6ma2D). 31765560, 191 $A 2 A (@ 4 24FngHb 150 16BN,

The, z}e)aMS(Esl)V\@asﬁered for 2 h and poured into DCM
and 15 hal f-saturated aqueous NaHCO3. The | ayers were

s Bap eéj 8- Sc ?o%%%%%hétﬁ‘&i&v}‘-’ﬁ% IY‘P&E g&v'l th DCM

dlll C —ay

Purlfl catl on by fI ash chrormt ography afforded O 215 ¢

(80% of the title conpopsd. MR (400 MHz,
DVSO- d6) : 88.48 (s, 1H)£§7« ,1 H J=20 1.8,

7.7 Hz), 7.63 (d, 1H, J 7 47-7.40 (m 2H),
7.38 (s, 1H), 734( 7812 (d, 1 H J= 2.2
Hz), 6.99 (dd, 1 H J= 2 gHg’ 598(q, 1 H J=
6.2 Hz), 4.41 (m ﬂ,c 3.80 (s¢ 265 2.54 (m
oH), 2.24-2.13 (m 2H), 2.17 87 1Is, 1.97-1. 87

( r:erep?)rl)- Méa‘h%l%’ }(rﬁw% }_fﬁbh/g}&hefé/)@%yg[&y}@% [ﬁm&hﬁﬂ)

3prne%qﬁy)zw(-weﬁwesﬁ%w)i@ffﬁwaeww@@
[ (1-met hyl - 4- piperldinyl )ony 1H - benzi m dazol -1 yl}

2-t h/ ophenecar boxam de NH? ONC N3CI\ O
T 0
H,C”

Methyt 3-{[(1 A)-1-(2-chlorophenyl)ethyljoxy}-5-[6-(4-piperidinyloxy)-1/4
benzimidazol-1-yl]-2-thiophenecarboxylate (0.260 g, 0.508 mmoi) was
dissolved in DCM (4 mL) and MeOH (2 mL). Acetic acid (0.035 mL, 0.61
mmal) and formaldeldehyde {0.076 mt, 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
haif-saturated aqueous NaHCOj3. The layers were separated, and the
aqueous layer was washed with DCM and EtOAc. The combined organic
layers were dried over MgSOQy, filtered, and concentrated /n vacuo.
Purification by flash chromatography afforded 0.215 g (80%) of the title
compound. 'H NMR (400 MHz, DMSO-dy): 88.48 (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, /=
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

CI
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5 H3c, ai Mthyl 3-{[(1

R) - 1- (2- chl or ophenyl ) et hyl ] oxy}-5-(6-[ (1. -net hyl -

pi peridi nyl)oxy]-1

H benzi m dazol - 1-yl ) - 2-t hi ophenecar boxyl ate (0.214 g,
0.407 mml) was dissolved in 7 N amonia in MeOH (12.0
m., 84.0 mol) in a sealed tube and heated to 80 QC
for 2.5 days. The reaction was cooled to 10 room
tenperature and concentrated in vacuo. Purification by
flash chromatography affordd 0.208 g (100% of the
title conpound. 1H NWMR (400 MHz, DNBC>de): 6 8.39 (s,

1 H, 7.80 (br s, 1 Iz—_y 7.672(Hdd 1 H J=15 7.6

HAS,, 3H), 597087 (m, 2H). 3725161 ()2H)71.82 (¢, 3H, ¢=1§)2 Ha); MB (m

1(5\,30 32@?/]-(@* 1H, 7.13 (s, 1 H), 7.11 (br s, 1 H),
7.02 (d, H J= 2.0 Hz), 6.97 (dd, 1HJ—22 8.8

g 6 Sl A *Cﬁ}vf%*w%fg?@%@ﬁ% ehis
1. ;%er@meommmzmdam- (#/-29 apfaeaesa@amrdel o 50

(m 2H); M (ESI): 511 [ MtH] +. Conparati ve Exanpl es
Conpar ati ve Exanpl e numnber 12;, 26, 127, 136 and 143

can be prepared 20 usin Sssknown in the art,

i ncl udi ng those descri be Publ i cati on No.
W2004/ 014899 to Sm tmn % Corp 88 Nunber .
Structure | 1/ NHL 6 127 HHC O H
CHOI \ al/ \ NHa i

Methyl 3-{[(1 A)-1-(2-chlorophenyl)ethyljoxy}-5-{6-[( 1-methyi-4-
piperidinyljoxy]-1 A#-benzimidazol-1-yf}-2-thiophenecarboxylate (0.214 g,
0.407 mmol) was dissolved in 7 N ammonia in MeOH (12.0 mL, 84.0 mmol} in
a sealed tube and heated to 80 2C for 2.5 days. The reaction was cooled to
room temperature and concentrated /n vacuo. Purification by flash
chromatography afforded 0.208 g (100%) of the title compound. H NMR (400
MHz, DMSO-d): 58.39 (s, 1H), 7.80 (br s, 1H), 7.67 (dd, 1H, /=1.5,7.6

Hz), 7.62 (d, 1H, /= 8.6 Hz), 7.45 (m, 1H), 7.41 {m, 1H), 7.34 (m, 1H), 7.13
(s, TH), 7.11 (br s, 1H), 7.02 (d, 1H, /= 2.0 Hz), 6.97 (dd, 1H, /= 2.2, 8.8 H),
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.




136 ~N~+~,0 of / JJ HCN NS/ NH ~ 0143 0 F F
Bi ol ogi cal Exanples |I. Assay for inhibition of PLKL 5
A. Preparation of 6x N-termi nal H s-tagged PLK ki nase
domain 6x N-term nal H s-tagged PLK ki nase domai n

(am no acids 21-346 proceeded by MKKGHHHHHHD) SEQ | D:
No. 1, was prepared from baculovirus infected T. ni
cell s under pol yhedrin pronmoter control. All
procedures were perforned at 4 C. Cells were lysed in
50 mM HEPES, 200 nM NaCl, 5&3nM ini dazole, 10 5%

gl ycerol; pH 7.5. The honpbgenate was centrifuged at

14K rpmin W@M@J—L@x—l—h—mme
super nat ant| T4} ﬁ“i"fﬁ"&ugh al2mcron fllter. The

super nat ant{ was | opde@=ont o NI ckel chelat{ng
Sephar ose (JAnrer sham col umm and yashed w th
lysis buf f r121Pr ot ki 0 t pl using 20% 30% and
5 r
az

100% buffer] B step : Bis 50 mM HEPES, 200
5 mM Nad , {300 mM oIe glycerol pH 7. 5.
Fractions c-gn-t_ai_n.l._ SDS- PAGE.
Fractions containingP seldiluted five-[{fold with
50 nM HEPE$ % DTT, % L4 cer ol ; pH 7.5, |then

| oaded on ar?2 SP Sepflarfose ( sham Phar mafia) col umm.
After washijng t he uolmsfm vkt h nmM HEPES, { 1 mM DTT,
5% gl ycerol|; pH 7. b , PLK was st€p eluted 10jwith 50 mM
HEPES, 1 niyl DTT, 5D ; $% glycerol; pH 7.5. PLK
was concentfrat ed u5| n a0l ecul ar wei ght

cut of f nenfjri@re ang _ onto a SupFrdex 200
gel filtrat]ion (Arre*h"sm PhapAachks

136 CHy.0 m
f .
F

143

Biological Examples
L 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,

10 5% glycerol; pH 7.5. The homogenate was centrifuged at 14K rpm in a SLA-
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colum equilibrated in 25 mM HEPES, 1 nM DTT, 500 nmM
NaCl, 5% glycerol; pH 7.5. Fractions containing PLK
were determ ned by SDS-PAGE. 15 PLK was pool ed,

al i quoted and stored at -80 C. Sanples were quality
controlled using mass spectronetry, N-term nal
sequencing and am no acid analysis. B. Enzyne
activity +1- inhibitors was determ ned as follows: 20
Al'l measurenments were obtaingd under conditions where
si gnal production increase inearly with tinme and
enzyne. Test conpounds were added to white 384-wel |l

W et B R S 2 BB G The
c svpernetant Wamloaded arao @NNBO-heldiihgSepharbsé (Anmathanas
it 3 j | 25
o Pticfftcid) Sl ehdvelshopiin X Lol Tble\ad Bl RRE
2 20¢%, 30%candh} 00RiHptfer Bistepsaviewe buffexBds 50 mM YRRES, 200
oLl e Bk LAt S BB ey PRTE. agbheLSman L
e (Biotjin: - .| D . 0.

P e Sl by SARTEAE S F rogton comaining-clkiwrin divied dier
| deltt WithéEQauM GERES 1M DT, 8% glgoem;qnl-g]_uspﬂ@éy Icfﬁdé@dn Ba
e iLian enzyme
Vs Witkose TAFBIAbfH Phetmaflal S 4152 s fills e SRR
atWHBOMHRPES) 1 mMETInG84 gyceselcntl 3.5 PLic wes stepmiided

ivbi t ' mfMNEET
\é\lltv??pst@g?/ii‘qdﬁp%%&qgg%?' igg@St anggr' g% @J%Bdgg%:ﬂyg ' F'?'B'é
( WrAsiFehtentigted usig adbkBa molscwienweightcatofiaembranpand o |
rE dlzert loadai ot @ Ssperpe dow@éliﬂ_nga;aommﬁersﬁaéw Pﬁiam'lua(cﬁ@_ v

o f i,din- in
atheon et 2 i Y, 1 bl S Rodinvilin BRE' "
( \Gychol PHVES-+ FractiorGadtairiny RLIOWE)e determived by SDSPASE.
. . 00

AR VSRR WA el 50%C Samiaio o * 0

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 ime and enzyme. Test compounds were added to
white 384-well assay plates (0.1ul for 10 pL and some 20 uL assays, 1uL for
some 20 ulL 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 pCiwell **P-y ATP (10Ci/mMol)

1 uM substrate peptide (Biotin-Ahx-SFNDTLDFD) SEQ ID:No. 2.
0.15 mg/mL BSA
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and counted in Packard TopCount for 30 seconds/wel |
(regular SPA) or imaged using a View ux inager
(LeadSeeker SPA). Signal above 15 background (EDTA
controls) was converted to percent inhibition relative
to that obtained in control (DVSO-only) wells. C
Results The data are reported in Table 1 below. In
Table 1, + = pl Cso <6; ++ 20 pl Cso 6-8; +++ = pl C50

>8. Il. Methylene Blue G owth Inhibition Assay
-Inhibition of cell prolifePtion by PLKL inhibitors
Ceneral ly, exponentially growing cell lines of

di fferent tupor origins, cultured 25 in appropriate
medi a tBM D) ing 10% fetal bovine serumat 37Cin a 5%
CO2 i IaMIRLIKIrkinges eoplai (@ddet lastpw density (| ess than
2000cel I s/well) in 96-well plates. Twenty four hours
post-plating, cells were treated with different

c Gleactivinr Mixi(ther 26f pult) m’s quizkiy addedstorematy well irhmedinttQuM t 0

o oSt aifsh 3 enafne'vie Aitaatef by BBl Eho it fareg -
ndbleat22:06). ewadiDth"nnzgnilamsreaghc&@@wer@stopm Witho30 L of

E}?ﬂﬂ? '@ﬁ] HWI?D"/% %/Mr ﬁ av&ﬁ'[ é%/& b adrr%Qn ?‘:Qandard

wat er was |
t &wgpm 3 PBS{withcao Maf rndeza?e5opl AP perwele riher i0nded

i e iipgbd e 1fl S r s S AERTREDTHROAT, ¢

a Sqtfephyldm-@upledési’&swm@ade {teadfegkerylinRjandaidat es
t t
Wuﬁ:eﬁ@@éj pB8 (@:thdﬂl ol Al &2 g?@gl(ﬁﬁf@ ?Q}Wﬂf‘ PrhEwekd @

Per cent | bition
eﬁﬁ?'@% gléa clggr ﬂéﬂ@@&plsmﬁzﬂnuaﬁ 8%k igder 1 misi assspitled pmernmb%

p BAY chaited inqmack@@ 'Tbgébhnt f&@h%%t‘i&?\ké?ﬂféﬁﬁh" SM\ or

rr%(#wdth ‘ ted 50% of cel é 0) was
79 pYiewlusinagrriksadSeekesS d\a\t g "als?% XLfit,
( ‘babkgaomfd (Eomebhtmqnﬁascdonmdau peiceadihigpitién rnatee o

d h Tabl
1 P e LIS SN | ot fon of several

di fferent experinents, each perforned using the
gener ak, paiaeRiers outlined above, although m nor

vari ations may have been enployed _in sone instances.
The data afe reported in Table 1 below. In Table 1, + = plCsp <6; ++ =

plCsp 6-8; ++4+ = plICqq >8.

1. 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 2000celis/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 100y 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



In one assay, normal human foreskin fibroblasts (HFF),
human col on 15 (HCT1 16, RKO, |ung (H460, A549) and
breast (MCF7) tunor cell lines were cultured in high
gl ucose DMEM (Life Technol ogi es) containing 10% f et al
bovi ne serum (FBS) at 37 Cin a humdified 5% CO2, 95%
air incubator. Cells were harvested using

trypsi n/ EDTA, counted using a haenocyt onet er-, - - afe --------
plated in 100 L of culture nedia per well, at the
follow ng densities, in a 2M196-wel| tissue culture

pl ate (Fal con 3075): HFF 5,000 cellstwell, HCT1 16
3,000 cells/well, RKO 2,500 cells/well, H460 2,500

c 1% dHawroyl sarpshess@on salt (Sighad bl 25 WOPBSY(fyther details of

Cod mdfhiieht biuBNRSBP N Hakibel B n%ﬁ’é’% whdphgd in
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ut| o the 100 NL of nedi
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CarsingoXldibevalugabno ealitconisel waisisybsitagiedifiom af alr@plw foh 80
9LbaRrolRd)! THESAW Ry $hon'i ThBIE 9 'ﬁlMepn%@erq g% in
50: 50 et hanol : water), and incubatio
10 SRRIIaHaR of SeiraLidsant axperimasis, ench BerdroRg VBR0 Hip
asgenes panantsts bhdingd aiog?e, mthFe@-dmbw{ Va_imafs:ﬁ ma;tr Eme been
- o release stain fromthe
@ﬁﬁloye&igﬁggﬁgfnsg%‘icggl lization 92 solution was added

(1% N-1 auroyl sarcosine, Sodiumsalt, Sigma L5125, in

P3§bne§9%yph%%?h¥\ﬁ%§fo$% ford} neag-l#z(;\uﬁ"%ﬂ%loﬁo mn.

tical ensit on a

I3 m (b'FJ B %t%@bmr('ﬂ% ABAB) andrtieast (NGR7)dumersst ligpdHese
\Ae@umhwhigh Qflicosd QME‘ME‘(LH@ Te&thoigR:s} é&ﬁéiﬁd?lq o%ntienl

Conc o d bi.ts 50%
oroiesire o) 6y M BurABR B oz s utiipeisator
n o(ndalisme harvgsted gsing irypsivEDDA; @puived psmg it I')aeamndytbmeter,
t X" (- K+x) ),) Y, K Wwas
oot 18 190, bl gl S Wl ot s BoBg Bénsies.
20 beowell issud ablture matek(Falcbﬁ:BO'I&):H-WF 5;000=cellgzwell, HAT 1061 - 1
Mg, d'dW ceﬁs}wféﬁ 2]§(M ce|l§l¢vell %tsﬁ rZ'BOB%tehé?\ﬂeIP‘jASQé 8lgdbn
bi ndi ng to_human
cellslweli MCF7 4,000 celislwell The next day, compounds were diluted in
low glucose DMEM containing 100 pg/mL gentamicin, at twice the final
required concentration, from 10 mM stock solutions in DMSO. 100 pLiwell of
25 these dilutions were added to the 100 ul of media currently in tl}e assay
plates. Medium containing 0.6% DMSO was added to control wells, The final
conceniration 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 uL per well methylene blue (Sigma M9140,
30 0.5% in 50:50 ethanol:water), and incubation at room temperature for 30-60
min. Stain was removed by aspiration and the plates rinsed by immersion in

water, then air-dried. To release stain from the cells, 100 pl of solubilization
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equilibriumdialysis 96 Wll Plate (H gh Throughput
Di al ysis): Stock solutions of conpounds 15 were spiked
into human plasma at a target concentration of 2000
ng/ m.. The mxture was inverted gently several tines
to insure honogeneity and triplicate 50 L aliquots
were collected to verify initial concentrations.
Fol l owi ng assenbly of dialysis plate (HTDi alysis
menbrane strips, nolecular weight cut off limt of
12,000 - 14,000 dal tons), spi%ked plasma (150 L) was
pl aced in the 20 donor conpartnent of the well and
Pho hate Buffered Saline pH 7.4 (150 L) in the
'éwaea t‘%ﬂr'aurgyigﬁtcom@dm galt; SlgmaL3ep, in

C dPBS)ast plows mtefig{a:etsn m@ﬁﬂeyrfﬁi* a’Hoﬁt mmo I cmiedt dera.sity @620
| ncu B,Q% 10 ﬁ&g@& OE g micior ag Q?gerwggr %@%B@H'O" &f hﬂ&@‘g@ gL

al wamatoylammwmto \ihivle treatet contrel wells. Conpenttatiomtf (per

‘IQEJ ?‘r esﬁibt%g‘?% %r "ﬁ %gﬁwﬁ"é‘%"’%"e‘%‘?ﬂ enal
sﬂt&’ﬁtﬁﬂaﬂ rqaEegsion{key tgoﬂyrquwﬂﬁtaa thetsiquationy yas¥ay*(tan

al (sAK-H@) +neX, herer- wak BRudlicdhy$eS. cel | s instead of HT
Dialysis 96 well plates. The data are reported in

Table 1 below. In Table 1, % Protein Binding, + =
>IBkdatatare repinted %V Table 1 helowd IATable 193 = 1LY > HM ++ = IC i

ut Sol bi ity Assay Two sanpl es are prepare
forpég‘@ﬁ 0.1 (the standard sanple) contains

t he corrpound at a fixed concentration of 20 Min an
aqH_eouétg g{.o I xe d‘n pl t cockti [ . Tt}e ot her (the

concenﬂkﬂlg.uﬂLQMQOM in pH 7.4, 0. 05M phosphate
b st
b l@‘e Ve&N PaE (ﬂgb@ktﬂi%ér@b} Bidi Eig)n EIS%Q s%ﬁhoﬁé‘HPéo%wdfgnds

ltered b en spun
r érY%?/ épﬂé?ﬁﬂ"wwlw @tcﬁ fagget m@tr@nawg@@ g/l The

p eiktOre vesh lﬁVbrteﬁQﬁ:ﬁtl)gé’éﬂéH? fmed fFinslfe hombgereiy aRd Uﬁ)ﬁgate

T30 SBGle wafe caledianicuvefiy ntioksanemeliens, Fpiowiago1 1
M

+Jessen%]y &ﬂﬁM/sis“ prate(HTDMlysid iemBrhne strips, molecular weight cut
off limit of 12,000 - 14,000 daltons), spiked plasma (150 pL) was placed in the
danor compartment of the well and Phosphate Buffered Saline pH 7.4 (150
pL) in the receiver compartment. Eight wells were set up per compound and
plasma 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 puL
aliquots from each donor and receiver compartment (per well) were analyzed.
Sample analysis was by |.C/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%; +t =
95-98%: +++ = <95%.
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Tabl e 1 Exam PLK1 HCT116 H460 MCF7 A549 RKO HFF %
Solubilit [1CSOI1C50 1C, 1C50 1C50 IC50 Protein pie It

plC-Y (AM (pM (gM (pM (PM (pM (pM Binding 1

+++ +++ e+ AR R e R 2 R bR e
+++ +++ ++ ++ ++ 3 4 e e R R R e
+++ 4 +++ +++ +++ -+ 4+ ND A+ 5+ 1+
+++ +++ +++ +++ ++ ++ +++ 6 +++ +++ 4+ ND A+
+++ +++ 7+ 4+ e e R A+ 4+ 8 4+
+++ +++ NO +++ +++ +++ +++ 98+ Com EX +++ ++ +++ ++
+++ +++ + + + 127 Corn. EX +++ +++ +++ + +++ +4++ +4+
+ ND 126 Com Ex ++ + + + + + + ++ ND 121 Com Ex

+4V++ HighThroiQhput Solubility ASsay136 Com  Ex ++ ++ + ++ +
+Two daliplds s ?r%‘bg?dg%?e ngéaéa% A doﬂ_é‘gﬁ@st%néé?ﬂ‘é’émbﬁ?t

the 1 nsta compou s posseSs superi or
contains the compound at a fixed concentration of 20 uM in an

aqueous/organic mixed solvent cocktail. The other (the test sample) contains
the compound at a maximum conceniration of 200 uM in pH 7.4, 0.05M
phosphate buffer and shaking for 24 h. The test sample is filtered by 0.45n
filter and then spun for 10 min to remove any undissolved solid. HPLC
analyses are preformed an these samples. The peak areas are used for
computing solubility. The data are reported in Table 1 below. In Table 1,
solubility, + = <30 uM; ++ = 30-100 pM: +++ =>100 uM.
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5 properties over the conparative exanples tested. For
exanpl e, exanple conpounds 1-8 have superior enzyne
and cell potency over conparative exanples 121, 136
and 143 In PLKl enzyne assay and net hyl ene bl ue cel
proliferation assay in nultiple cell |ines exam ned.
Exanpl e conpounds 1-8 have superior solubility in pH
7.4, 0.05 M phosphate buffer over conparative 10
exanpl e 127. Exanpl e conpoungs 1-3 and 5-8 have
superior protein binding 957 n human serum by

equi libriumdial ysis assay over conparative exanple
126 and 127. V. Cellﬁﬂtf%ﬁcao -Inhibition of cell
proliferation by PLK1 |nhi '¥ors 5 Exponenti al

qreaui Mo kg! || HETIHEEHGP | MOFY ¢rabdR | RKOOF HEFilgi s, [ o
culle}t%re cé‘%on WRPr pisd &t Exondice ¢ackali nt:ng| N £f a(sms
Ro € um 3[7 Ll $ %@@2 iR clu r G
4 ASH t(\ﬁ;n)/! gybth@nﬁ:_ﬂ Oc I“Ihﬁc)/ \Agﬁ)\ ?Iﬁﬁa B \Fl\ﬁp| |

R 7y 4+ 4= 5+ 4t ++F. | 4+ ++ ++
i n.uL_f_o[eJr hour's poSt- pl'atilng.” cel I'§ were
tlr et dd*ti thh B flerth] **Comctit | att dnstrof] t et +
gonpoyndst rlanttitng M +a (. 4nM++bevesral [LO +++
weld s |wefe |[etd® U I S+d TaasToths Yy Tty

ffherstwere—deterat-ned
Ysipg150--100u Colr +F--G5(Pr5§r‘mga i
#G7573) . it Bd at™t donf*t gnptitat bir é*¥ or
15 i qutts |antHt h #| inte$cent] stgrlal +was| r ead
on 8 hg WrCtjor+V o ZLU0 T8 a0Ch++ 15 FRT CEMb++
MBIt T o jof—TteH—grpwtir—pas—expressed—qs—percpat—
preliflecatijon  rel ative to]100% prolfiferdtion
c%%tror%. Concent s?at on' of t'ést *¢onpotind t Hat
ilnf’bilt ed 50% of [cel | growth (I1£50) was det erm hed by
4 Goar aneter] fit df dafa ubing KLfitf,” (vdlue of{no
¢elek qoméw 4l was [subsr act Ed++f+r bra-al|l «sanpl es fpr np
bagdgground)]. The |[Cel | {Titef G o|datg are |[shown jn

i %'%'h..e 2 b?! w—ahd—20 @P_r_e_;_enf copilation of .
several dififf erent] experi mepts, gach perfqgrnmed using
{hE généfal|l pdraneters dut|irfed| aboye, * allt hatigh| niNBor

atdlati ons [may Have peen gnpl oyed ijn sore instjances.
rcomalpl e 2,1 + = T|CSO pT MTTF+F _ ni%@‘ﬁ.‘f-l MTFFF =
CeP 0.5 M Jablie,2 Cell Ungp BEX L Bx 2 Bx 3. EX| 4. FX b
Ex B Fx 7 Bx 8

Com.

rougsTpost—=itrgat

+

=4

Ex ++ 4 + ++ + ++ + 4+ +
143
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 biue 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



HCT1161 C,o ND ND +++ ND +++ ND ND ND A549-L | C50 ND
ND +++ ND +++ ND ND ND COL0205I C50 ND ND +++ ND +++
ND ND ND HT29tC,0 ND ND +++ ND +++ ND ND ND MX-11C, o
ND ND +++ ND +++ ND ND ND SKOV-3IC,o ND ND +++ ND +++
ND ND ND LNCaP I C50 ND ND +++ ND ND ND ND ND 96 Cel |
Une Ex 1 Ex 2 Ex 3 Ex 4 EX S Ex 6 Ex 7 Ex 8 P388I Cso
ND ND +++ ND ND ND ND ND H12991 C~- NO ND +++ NO +++ ND
ND NO Hela I C50 ND ND +++ ND ND ND ND ND HN5I Cso ND
ND +++ NO ND ND ND ND MCF71¥960 ND ND +++ NO +++ NO ND
ND MV5221 CSO ND ND +++ NO +++ ND NO ND MDA- MB-468 ND
++ | CS ++ NO NO NO.  PANC- 11 Cso ND NO +++ NO_ND
Nd" ﬁH"ﬁbSGMNfg%%%"lb@s@ digly SiEPesaY O¥@H CRIPRISLIKEEXgPle 126
ASP@31AZ- NO ND +++ ND ND ND ND NO BXPC3I C, ND ND +++
ND NO ND ND ND 97 SEQUENCE LI STING 5 <110>
Sng thKI Be cham Cor por at i on <120> BENZI M DAZOLE
< etctale ninfaibition efcell pradiferation by P hibitors 14, 337
5 <1E)¢wanélﬁl&ﬂy O@'o%g ﬁéﬁqmeﬁ%ﬂﬁﬁfe%ﬂ tumor origins, cultured in

appropriate media containing 10% fetal bovine serum at 37°C in a 5% CO»

incubator were plated at low density {less than 2000cells/well) in 96-well -

plates. Twenty four hours post-plating, cells were treated with different
concentrations of test compounds ranging from 10uM to 0.04nM. Several
10 wells were left untreated as a control. Seventy two hours post-treatment, cell
numbers were determined using 50-100ul per well of CellTiter-Glo (Promega
#G7573). Plates were incubated at room temperature for 15 minutes and the
chemiluminescent signal was read on the Victor V or Envison 2100 reader.

15 Percent inhibition of cell growth was expressed as percent proliferation
relative to 100% proliferation (control). Concentration of test compound that
inhibited 50% of cell growth (ICso) was determined by 4 parameter fit of data
using XLiit, (value of no cell control was substracted from all samples for
background). The Cell-Titer Glo data are shown in Table 2 below and

20  represent a compilation of several different experiments, each performed

using the general parameters outlined above, although minor variations may

have been employed in some instances. In Table 2, + = ICsp >1 BM; ++=

ICs0 0.5 -1 uM: +++ = |Cgg <0.5 uM.

Table 2

Cell Line Ex1 |Ex2 |Ex3 Ex4 |Ex5 |Exé6 Ex7 |Ex8

HCT116iCs, [ND |[ND [+++ |ND |+++ |[ND ND |[ND

AS549-L ICg ND ND 4+ ND +4++ ND ND ND

COLO2051Csy | ND ND . ND +4+ ND ND ND

HT291Csq ND ND +++ ND i+ ND ND ND
MX-11C5 ND ND +++ NP +++ ND ND ND

SKOV-3 ICgq ND ND et ND e+ ND ND ND

LNCaP ICs, ND ND it ND ND ND ND ND




15 <151> 2006-03-27 <160> 2 20 <170> Fast SEQ f or

W ndows Version 4.0 <210> 1 <211> 11 <212> PRT <213>
bacul ovirus infected T.ni cells 25 <400> 1 Net Lys
Lys Ay Hs Hs HHs Hs Hs Hs Asp 15 10 30 <210>
2 <211> 9 <212> PRT <213> Artificial Sequence 35
<220> <223> Optim zed PLK Peptide Substrate <400> 2
40 Ser Phe Asn Asp Thr Leu Asp Phe Asp 1 598 1 A
conmpound sel ected from O Og%l—lz NHz O O O sS H3C HSC

H3C- S~ H3C/ \O

Cell Line Ex1 |Ex2 |Ex3 [Ex4 |Ex5 |Ex8 |Ex7 |Ex8
P388 ICsp ND |ND +++ ND ND ND ND ND
H12991C5 ND ND +t+ NO +++ ND ND ND
Hela IC5 ND ND +++ ND ND ND ND ND
HN5 IC5y ND ND i ND ND ND ND ND

MCF7 iCgy ND ND i+ ND +++ ND ND ND
MV522 |Cs, ND ND +i+ ND 4t ND ND ND

MDA-MB-468
1Cso

PANC-11Cg ND ND +++ ND ND ND ND ND
MiaPacaiCgsy | ND ND 4+ ND ND ND ND ND
ASPC3IC5 ND ND ++ ND ND ND ND ND
BXPC3 ICs ND ND e ND ND ND ND ND

ND ND +++ ND ++ ND ND ND
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15

25

30

35

40

Cl OFCBAOO N1IS NHZSNHZ OON HFC H3C~
~N3 ~~C~"CH3 c CH3 D OO N==\ s/ NHZ | N S NHz
OOHC* OH3CI \ HNEFRFISICHNNF O / OONNS
NHZ N S~ NHZ 0and 0 OH3COH3C" I \ HCNO G F3C
HCNHOC / 3 a wherein * indicates a chiral

carbon; and pharnaceutically acceptable salts and

sol vates thereof. 2. A conmpound according to claim1,
wherei n the stereochem strygf the chiral carbon is
R. 3. A conpound according t6 claim1, conprising
greater than 50% by wei ght of an enantioner selected
fromformula A-1, B-1, CG1, D1, E-1, F-1, G1 and
H1l. 990 S u o0 o\ N -&duedd/LIsring

<110> SmithKline Beecham Corporation

<120> BENZIMIDAZOLE THIOPHENE COMPOUNDS

<130> PR616§0Q3

<150> 60/714,337
<151> 2005-05-06

<150> 60/786,244
<151> 2006-03-27

<160> 2
<170> FastSEQ for Windows Version 4.0

<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> Optimized PLK Peptide Substrate

<400> 2
Sir Phe Asn Asp Thr Leu Asp Phe Asp
5



N1S NH NS Nz I/ "H "HHN- H3C H3C\ OS
H3C F3C H3C/ - H3C\\ I / ~N, 0 3C1l o CH3 A-1 F B-1
a G1 0N If Is,\NH,ONlS/NI—|230HNH
NHCI \ / HH O ~/OHCI ~AT/0 H3C I \ rJ CH3 D
HNE-1 FBCHNF -1 G 00 NHz NNH, I NS/ S H/~
/0 HBC " o H3Cr J~r1 J~ H3GgN G1 F3C H3C N H1 C 4,
An enantionerically pure compound sel ected from
formula A-1, B-1, G1, D1, E- 1, F-1, G1 and H 1:
100 O

1. A compound selected from:

N"\ N”\N
" \ y WLZ)k
Q HC
H,C— % H,C” \\ )\/©
) F3 '
0
N=\ S N=\
N ) NH, ( /
0 5@

2
I

T

Qz

H,C
N/w
k/ F.C
N\
cH,

R fD.

Z

6%

el o
©%©

ct
HC H

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

2. A compound according to claim 1, wherein the stereochemistry of the chiral
carbonis R.
3. A compound according to claim 1, comprising greater than 50% by weight of an

enantiomer selected from formula A-1, B-1, C-1, D-1, E-1, F-1, G-1 and H-1:



NE\.s 0O N( NHZ NN3/ NHZ1 N\ S/ NHZ HH\ N hi3
H3C\ ~1 HBC H,CO H3CSO | jF3c' A-1 B-1 C1 O

NN( VN / NHZN~-OO Is, / NHZ N1 S/ NH H\
NHIC ~I/ C OH3CI \ OHC\ NCH3 Dt HN E-
HNF-I I OO N N\ S\ \ SI NHZ NNHZ H ,H
rJ~ "~ /OHCI \ " OHCr Jg¢ H3C N FCC H3C N H1
and pharmaceutically accept agbl e

C
N=~ S\
N ~ H
1 /

salts and sol vat es

thereof. 5. A pharmaceutical conposition conprising a
conpound according to claim1l and a pharmaceutically

acceptable carrier, diluent or excipient. 6. T

phar maceut i cabl conposi tion according t"b”"\%l j N

furthet canprfising a cheqotherJpeut i gent ./ 7. %
d M [

nmet s,ing a s NHp € smin@ nmamal
in gd t eof , said onpri sijng adm nkeSt.eri ng
to, bffe mammy.wa therapedtical |y ef f ect ',y,ewa'f‘pﬁunt a
/\é H,C \:s H,C k/ F.C
H,C™X\ H, G N N,
0 FiC o c CH,
A-1 841 C-1
0
N—:-\N S Q
\ / NH,

4.

An enantiomerically pure compound selected from formula A-1, B-1, C-1, D-1, E-

1, F-1, G-1 and H-1:



conmpound according to claim1. 8. The nethod according
to claim7, wherein said susceptible neoplasmis
selected fromthe group consisting of breast cancer,
colon cancer, small cell lung cancer, non- small cel

| ung cancer, prostate cancer, endonetrial cancer,
gastric cancer, nel anong, ﬁ% rian cancer, pancreatic
cancer, squanous cell carci , carcinoma of the head
and neck, esophageal carcinoma, hepatocell ul ar

carci noma, and hematol ogi ¢ mal i gnancies. 101 9. The
met hod according to claim1, wherein said susceptible
neoplasmis selected from breast cand%?h ik
canC@L\ non-gmal | cell fung canger,
and he ogmkg mal i gnang Y H, Al
ng ondi tion act zed by I nappr opl

ceI ar pnehiferati onn a nmgpmal

sdid net hg i si g _admi niy '

HtCtTér apeuti cal f figety,ve amoup ac

according & cllaim 1. 11. A,method for inhi%iting

prollferaglon of a cell, said nethod conprising

ceat acting the cell with an amount of a conpound

agch Nﬂzclalle suffigient to inhibit o

Iife tion of t me{#gﬁ&k A net ho 03| |b|t|ng

tosis 4t a ceII id t hod conpri

asmnifster e ceII LAan am)unt a corgppund

acord| 0l suﬁj: t to b|tH s in
'%%II 13 A orrpoun ANHZ

ND‘\ a o4, A phar rrace |caf1 y acceptabl e

salt of a conpoundceof formul a C
=\ $ \
12)\:«2 ‘(_/Z)L
oH
H,C
IO/ cl

and pharmaceutically acceptable salts and solvates thereof.

H-1

5. A pharmaceutical composition comprising a compound according to ¢laim 1 and

a pharmaceutically acceptable carrier, diluent or excipient.

6. The pharmaceutical composition according to claim 5 further comprising a
chemotherapeutic agent.
7. A method for treating a susceptible neoplasm in a mammal in need thereof, said

method comprising administering to the mammal a therapeutically effective amount of a

compound according to claim 1.

8. The method according to claim 7, wherein said susceptible neoplasm is selected
from the group consisting of breast cancer, colon cancer, small cell lung cancer, non-
small cell lung cancer, prostate cancer, endometrial cancer, gastric cancer, melanoma,
ovarian cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head and
neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic malignancies.




NS~ NH H3C" 1 \ F3C/ CH3 C 102 15. A conmpound
according to claim 13 conprising greater than 50% by
wei ght of an enantiomer of formula G1: 0 NN g/
NHZ \ ,, H HC\- F3C N~ CH3 CG1 16. An
enantionerically pure conmpound of formula CG1: 0O NN
"SINHZ ,H N -~) H3CF3C N, 101 OB CG1 17. A

phar maceuti cal conposition conprising a conpound
according to claim13. 18. A pharnmaceutica
conposition conprising a conpound according to claim
13, wherein the conpound conprises greater than 50%

by wei ght of the enantioner of . fornula %1: .
9. The method according to claim 1, wherein said susceptiblé neoplasm is selected
from breast cancer, ovarian cancer, non-small cell lung cancer, prostate cancer, and

hematologic malignancies.

10. A method for treating a condition characterized by inappropriate celiular
proliferation in a mammal in need thereof, said method comprising administering to the

mammal a therapeutically effective amount of a compound according to claim 1.

11. A method for inhibiting proliferation of a cell, said method comprising contacting
the cell with an amount of a compound according to claim 1 sufficient to inhibit
proliferation of the cell.

12. 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.

13. A compound of formula C:
0

N"\N 5
WA

14. A pharmaceutically acceptable salt of a compound of formula C:




O N\ SSNHZ H NHC~FC N, CH3 C119. A

phar maceuti cal conposition conprising an
enantionerically pure conmpound of fornmula C1: 103 O
NNHZ H HyC @QSCHF3C I C-1 20. A nethod for treating
a susceptible neoplasmin a mammal in need thereof,
said nmethod conprising adm Bﬁsterl ng to the rmrmal a
therapeutically effective am)unt of a conpound
according to claim13. 21. The nethod according to

cl aim 20 wherein said susceptible neoplasmis sel ected

s omal éli?nribhﬁél‘ Ec&ﬁcﬂﬁq ®lddi8 13fcofipAgifg gfeatks Bian 509 Byweight of an
cancer, ung cancer, non- snmall cell 1ung

eeaﬂmeroﬁoa@tﬂat% ‘cancer, endometrial cancer, gastric

cancer, nelano ofari an cancer, pancreatic cancer,

squanpus ce a 8\ carci noma of the head and

neck, eso I\c rC|nbna hepat ocel | ul ar car ci nona,
nanci es. 22. The net hod

and henat ic malg
according t clalm .
greater th O%be
the absol ut e r eQe

Aherei n sai d conpound conpri ses
ght of an enanti oner havi ng
*s-stry of formula G 1. 0 N1/

‘CHS

C-1

16.  An enantiomerically pure compound of formula C-1:

17. A pharmaceutical composition comprising a compound according to claim 13.

18. A pharmaceutical composition comprising a compound according to claim 13,
wherein the compound comprises greater than 50% by weight of the enantiomer of
formula C-1:

19. A pharmaceutical composition comprising an enantiomerically pure compound of
formula C-1:



NS,H NHaCFCC N~ \_ CH3 C1 23. A nethod for
treating breast cancer ovarian cancer, non-snall cel

| ung cancer, prostate cancer, gastric cancer,

carci nonma of the head and neck, or a hematol ogic

mal i gnancy in a mammal in need thereof, said nethod
conprising adm ni stering toﬁ@% mamal a
therapeutically effective a nt of a conpound
according to claim13. 104 24. A nethod for treating
breast cancer ovarian cancer, non-small cell [ung
cancer, prostate capcer, gastric cancer, carcinoma of
t he head anfFhecks 3 henatologlc nal|gnancy in a
mammal in A thefeof"2 sai d met hod conpri si ng

adm ni ste g to t mammal a t herapeutically

ef fective apount of }.d' conpound according to claim 15.
25. The et kod ab€or to claim 24, wherein said
compound is g”\7en,_a rically pure conmpound of
formula C1 N\E=:

Sfl, N\HZ HHC CH3 CG1in
SEQUENCE LI STI NC§H3<1g.Q> Sni t hKl i ne Beecham cor poration
<120> BENZI M DAZOLE TH OPHENE COVPOUNDS <130> PR61603

20. A method for treating a susceptible neoplasm in a mammal in need thereof, said
method comprising administering to the mammal a therapeutically effective amount of a

compound according to claim 13.

21. The method according to claim 20 wherein said susceptible neoplasm is selected
from the group consisting of breast cancer, colon cancer, small cell lung cancer, non-
small cell lung cancer, prostate cancer, endometrial cancer, gastric cancer, melanoma,
ovarian cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head and

neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic malignancies.

22, The method according to claim 20 wherein said compound comprises greater
than 50% by weight of an enantiomer having the absolute stereochemistry of formula C-
1:

23. A method for treating breast cancer ovarian cancer, non-small cell lung cancer,
prostate cancer, gastric cancer, carcinoma of the head and neck, or a hematologic
malignancy in a mammal in need thereof, said method comprising administering to the
mammal a therapeutically effective amount of a compound according to claim 13.



.<150> 60/ 714,337 <151> 2005-09-06 <150> 60/ 786, 244
<151> 2006-03-27 <160> 2 <170> Fast SEQ for W ndows
Version 4.0 <210> 1 <211> 11 <212> PRT <213>

bacul ovirus infected T.ni cells <400> 1 1 Met Lys Lys
Gy Hs Hs Hs Hs Hs Hs Asp 15 10 <210> 2 <211>
9 <212> PRT <213> Artifici ?{; Sequence <220> <223>
Opti m zed PLK Peptide Subst ‘%e <400> 2 Ser Phe Asn
Asp Thr Leu Asp Phe Asp

24. A method for treating breast cancer ovarian cancer, non-small cell lung cancer,

prostate cancer, gastric cancer, carcinoma of the head and neck, or a hematologic

malignancy in a mammal in need thereof, said method comprising administering to the

mammal a therapeutically effective amount of a compound according to claim 15.

25. The method according to claim 24, wherein said compound is an

enantiomerically pure compound of formula C-1:
0

Nﬁ\N s N
\ 7 2
.\‘H
H,C
N/w
F.C
LN\ :
CH, 1



<110>

<120>

1n

SEQUENCE LISTING
SmithKline Beecham Corporation

BENZIMIDAZOLE THIOPHENE COMPOUNDS

<130> PR61603

<150> 60/714,337

<151> 2005-09-06

<150> 60/786,244

<151> 2006-03-27

<160> 2

<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 11

<212> PRT

<213> baculovirus infected T.ni cells

<400> 1 i

Met Lys Lys Gly His His His His His His Asp
1 5 10
<210> 2

<211> 9

<213> PRT

<213> Artificial Sequence

<220> ) .

<223> Optimized PLK Peptide Substrate

<400> 2

Ser Phe Asn Asp Thr Leu Asp Phe Asp




