WD 2007/ 030361 PCTI US2006/ 033683 1 BENZI M DAZOLE THI OPHENE COVPOUNDS
BACKGROUND OF THE | NVENTI ON The present invention relates to novel
benzi m dazol e t hi ophene conmpounds, 5 pharnaceutical formulations

conpri sing &H%&mg@ggounds, and the use of these corrp%zg]?/?#%r apy.

Pol o- I i ke ki'nases LK") are evolutionarily conserved serin reoni ne

ki nases that play critical roles in regPIating processes in the cell cycle.
PLK 10 plays a role in the entry into and the exit frommtosis in diverse
organi sms fromyeast to mammalian cells. PLK includes PLK1, PLK2, PLK3 and

PLK4. Overexpression @E@Hﬁb%@’flﬁldﬁléﬁ?bWN?éSSOd ated with
. publi'shed s

neopl astic cells (including cancers udy has shown hi gh
| evel s of PLK1 15 RNA expression in >80% of |lung and breast tunors, wth

little to no expression igpn@dEROSND OPTARINVERSKMAN Several studies have
shown correlations between PLK exgressi on, histol ogi cal grade, and

prognosi s in |NéQARAER} iny§riia rejateg p! begzigiidazpledhippiigne compeinsiss wer e found
bet ween p?érqmatrmsti@i foﬂlhlﬁa@@&idoh‘}pﬁ'( siﬁgétHeS;: amd?]diﬂnﬂé,(ﬁrﬂgh@aée @ age (ﬁf
ovarian an trial .cancer (Pc0.001). These studies noted that PLK
is strongly %ga%&gﬁg)@anésﬁnfhﬁ\;%pgr ng endonetrial carcinoma cells and that
this could reflect the degree of malignancy and proliferation in

endonet rial  GafigiOiResed PP ) aRlavidioRai é’o?fsgm%g %/éﬁ'ir@’tﬁzregﬁiﬂé essi on was
| 0

detected in 97% of esophag_ea carci nones an % of eﬂaSt“ C carcinomas as
conpared to tHiesesiabigbrdicAoles imsonating precasees it edlayclepBlKent s with

hi gh :"evelctsl HlayBlalcoRVe tHROEMG Kb BRd the exfﬁéﬁhﬁﬁﬁ@in éiﬁ?n‘éb aw}sﬁﬁplr esept I?’EKa
significantly poorer. prognosi s group, . n oW )

over expr essi g™ Y%SL'&;{'EF@HE"W&?ES'C%%@F@&GS é’eﬂ%ﬁ%ﬁ-&* %@MSQ on of PLK1
was observed in nost tunors; a Kaplan- Mier anal ysis showed that those

paLT S W RIS sPHEk ol e WoRAPLESFLE0 LGS onr L her

those with highT . expr essi on. [ patients with
non-smal | celqells (ingjdingreinaeiAh A pPdilisaedsstudy has shown bighdevelscaf fLE# t o PLK1

expressi ofs  RNA expression in >80% of lung and breast tumors, with little to no
expression in adjacent normal tissue. Several studies have shown
correlations between PLK expression, histological grade, and prognosis in
several types of cancer. Significant correlations were found between
percentages of PLK-positive cells and histological grade of ovarian and
20  endometrial cancer (A<0.001). These studies noted that PLK is strongly
- 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
25 normal tissues. Further, patients with high levels of PLLK overexpression in
esophageal carcinoma represented a significantly poorer prognosis group
than those with low levels of PLK overexpression. In head and neck cancers,
elevated mRNA expression of PLK1 was observed in most tumors; a Kaplan-
Meier analysis showed that those patients with moderate levels of PLK1
30 expression survived longer than those with high levels of PLK1 expression.
Analysis of patients with non-small cell lung carcinoma showed similar
outcomes related to PLK1 expression.



WD 2007/ 030361 PCT/11S2006/ 033683 2 PCT Publication No. W2004/014899 to
Sm t hKl i ne Beecham di scl oses novel benzi m dazol e thi ophene conpounds of
formula (1): N=~S g RI N Qlne wherein: 5 RlL is selected fromthe group
consi sting kyl, al kenyl, alkynyl, -C(OR7, - - R7R8,
“C(ON(R ) ﬁg 200’7/&?}) ]N( R )-Re- 0?8 %$m3200%3934§|
-C(O N(R7) - Ph, - (O N(R7) - R2- Ph, - C(O) N(§7) C( O) R8,
-C(O)N(R?)COZR&-C(O)N(R?)C(O)NR‘ R8,-C(O N(R7) S(O 2R8, -R2-CR,
-R2-O-C(OR7, -C(S)R7, -C(S)NR7R8, -C(S)N(R7)-Ph, 10 -C(S) N( R7) R2- Ph,

T, OSBRSS R o

- NR7RS8, N( R7 owh benzwpiRgzoleRthicphene pgrmmungseiemaial(Het ; Ph i s phenyl
optionally substituted from1l to 3 t&nmes wth a substituent 15 sel ected
fromthe group consisting of hal ,@ kyI - OH, R2 OH, -0- alkyl,

-R2-O-al kyl, -NH2, -N(Halkyl, -Ntal RICN dnd -N3; Het is a 5-7
menber ed het erocycl e havi ng (1:; or het eroat ons selected fromN, O
and S, or a 5-6 nenbered het er'o havi n@'l, 2, 3 or 4 heteroatons

selected fromN, 0 and S, each optionally substltuted 20 from1 to 2 timnes
with a subst wheksiit sel ected fromthe group consisting of halo, alkyl, oxo,

-OH -R2-6H g s’é‘le!&)’éd’fron%e%hﬁjplﬁbhmst‘ H, amggg!ﬁé alkyn%Nh'{‘(bW' )2, -CN and

-N3; QL is a grou ornula d'c'are the sane
or different and Epé ea%@)wﬁd%peé{@é&@q % té(oina@R 25 | east one of a
orbis 1; nis O -C@O)N%FV &rprc(@)m(@)-népa Q(OPWIRHE()ef mul a:

- (R2) aat (¥2) bb- (R} G5\ kco,R8, -COIN(RICIOINRTR?, -CO)N(RT)S(O):RE,
-R2-0R7, -RZ-O-C(O)R’, -C(S)R, -C(SINR'R?, -C{S)N(R”)-Ph,
10 -C(SIN(R")-R*Ph, -R%-SR, -C(=NR")NR’R?, -C(=NR")N(R%-Ph,

-C(=NR")N(R®-R*-Ph, -R%-NRR?, -CN, -OR/, -S(O)R’, -S(O).NR'R®,
-5(0)2N(R")-Ph, -S(0):N(R")-R%-Ph, -NR’R®, N(R’)-Ph, -N(R’)-R>-Ph,
-N(R’)-S0:R® and Het;

Ph is phenyl optionally substituted from 1 to 3 times with a substituent

15 selected from the group consisting of halo, alkyt, -OH, -R%0H, -0-
alkyl, -R%-O-alkyl, -NHa, -N{H)alky!, -N(alkyl)z, -CN and -Na;

Het is a 5-7 membered heterocycle having 1, 2, 3 or 4 heteroatoms selected
from N, O and S, or a 5-6 membered heteroaryl having 1, 2,3 or4
heteroatoms selected from N, O and S, each optionally substituted

20 from 1 to 2 times with a substituent selected from the group consisting
of halo, alky!, oxo, -OH, -R%-OH, -O-alkyl, -R*-O-alkyl, -NHz, -N(H)alkyl,
-N(alkyl),, -CN and -N3;
Q' is a group of formuta:  -(RY~(Y " )e-(RH-R®
a, b and c are the same or different and are each independently 0 or 1 and at
25 leastonecfaorbis 1;

nis0, 1,2, 3or4;

Q?is a group of formula;  (R%aa-(Yee-(RHe-R?
or two adjacent G groups are selected from the group consisting of
alkyl, alkenyl, -OR’, -S(OXR’ and -NR’R® and together with the carbon



or two adjacent @ groups are selected fromthe group consisting of alkyl,
al kenyl, -OR, -S(OfR and -NR R8 and together with the carbon WO
2007/ 030361 PCT/ US2006/ 033653 3 atons to which they are bound, they forma

C5_5cycl oal Jwl 6cycl oal kenyl, phenyl, 5-7 nenber LEERASYES € having
1 or 2 het‘épgg%-"c%érr(g‘sgel ected fromN, 0 and S, or 5-6 rreq%gzlfse ﬁet eroaryl

having 1 or 2 heteroatons sel ected frog;) N, O and S; 5 aa, bb and cc are the
sanme or different and are each i ndependently 0 or 1; each Yf and Y2 is the
same or different and is independently selected from the group consisting

of -0-, -S(Of-, o B - - . N( R7) -,
"GO NRT) S(b) 2. *28 O?hh'l?*h%%’eib%?gf@‘f mf“é%ﬁ?\‘@‘«??@ e S0 2N R 00 -
-N(R7) S(0) 2-, - N(sRiflieny!; phdayR%)cmpmbered herockglRimana) R R7) - ; each R2 is
t he _Sat”? or ]gh f}‘afelwbatamdlst@ctb?dﬁmctgaﬁdl ﬁ’ &%}@ﬁubﬁ\ﬂeﬁeﬂﬁ@%&ﬁy]gr gzp_ .
consi sting of a ene, nyl ene an ene; _eac an is the
same or differ entkfyaawaqi‘E%ﬁ%ﬁ@‘ﬂ'&éﬁ%ﬁ&‘@ﬁ@é%& M4¥d fromthe group
consi sting ofathb dval ao,araxthe\sbmealr Kiffeydnt amd drgrgth ind€e@dBty 0 4i51;- C(O) NR R8,
-C02R7, -C(S + (R - = O = 7 - CR7=N- OR7, - OR7,
_S(OfR7, - %%@Kﬁ?ﬂ? %@e%aﬁ%w%ﬁygﬁ% %‘Eﬁt‘i °M_ N2, -ON, - N3
and a group of f dhergoup censisting lo&-O-( SRR)-d-N(RAs -€{0)- 20C(Mar-6Da. Ring A is
sel ected fromtheg 7\C O RIR7 BEENRN OO, - cyl oal kenyl,
aryl, 5-10 nenberggit;)ﬁ@e)r ac gl (e a\c/)?%'g@?( g\b( c;r' 3 g% 'eréo@l{zf)dgrﬁyéel ected from
N, 0 and S and 5- )P@ﬁﬁé}r@ , “NBHE( Dy HRASPgNR 0BG het er oat ons
sel ect ed 1br om N, -R(RIKC(O)ATR’S;
each R? is the same or different and is independently selected from the group
consisting of alkylene, alkenylene and alkynylene;
each R® and R* is the same or different and is each independently selected
from the group consisting of H, halo, alky!, alkeny!, alkynyl, -C(O)R’,
15 -C(O)NR'R®, -CO:R’, -C(S)R’, -C(SINR'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(R")S(0)2R", -NOy, -CN, -N and a group of formula

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

l
20 wherein:

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

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



each dis Oor 1;, eis 0, 1, 2, 3 or 4; W 2007/030361 PCTI US2006/ 033683
4 each R6 is the sane or dlfferent and is independently selected fromthe
group consisting of H, halo aIkyI al kenyl , al kynyl, cycl oal kyl

cycl oal ken - R2- O—I O R7, -CO2R7,
“Go2- Ro- He%/‘lvo 2@?’(‘5‘*@7% C( 0 N(R7) C(O) % )5 Lo N R?)P&%%’O%s%a
- N(R7) OO NR7RB, - GO N(R) S(O) 2R7,y - C(S)Rr, - O(S) NRTRB, - O =NR7) R,

- C(=NR7) NR7R8, - CR7=N-OR8, =0, -OR7, -OC(O R7, -0OC(O Ph, -0OC(O) Het,
-OC(O)NR7R8, - O R2-S(0O) 2R7, -S(OfR7, -S(O) 2NR7R8, -S(O) 2Ph, -S(O) 2Het,

-NR7R8, - N(R7 , 7) (O NR7R8,
- N(R7) - R2- (C( og E(R;Q R"’%@*@é&?@%ﬁﬁiﬂe&&%ﬁ% %ﬁ%ﬁﬁ%%&rﬂ E?%R)n Het ,
- N( R7) C( O) NR7- R2- NR7 Rsroupmewgtcg mkyl, a R('R?%'WE}) Nl

-N(R7) (O N(R7) - R2- He%clodﬁ(eﬁ? ﬁﬁ@)e&R&H(OHRk CHR’, - NCR, - ON and

-E(BO) g vmercc(alo)nN\IgA;Eg %%Rgh i Z#Ft is e’LFé(rngé LCN%? R3 is not halo,

- C(=NR7) NR7R8, - CR7= M@BJN(HVWZR -e@)\rm YRRIRZ NE(UWRVMBYR& -
-N(R7) (O R8, -N(R7) S( %&SP@% - ﬁmmd\%%ﬁkﬁga when i s defined

where bb is 1 and cc iS 0 - C(O)NR?RB - CO2R7,
_C(S)R7, -C(S)NR7R8, -CR=NFZRRSO, -ORY M@)RI?R?%(O)PGROIKGI)FGW - OR7,

Sai R E g e otk T
cycloal kyl, OR7, - S(§Ekriet, mmﬂ% I\R Q)ﬂ% NR7R8 and - NHS( O) 2R7;
25 f is Qp 1 or 2; anm(aépmz-éﬁzp&‘nm(aégmm@f* eN(ﬁipRga(@)mfRﬁl fferent and
| glr Eeﬁ;llch ;lng)e/ﬁ)e/lndent I N RS)%(SﬁJhe(*l(w)%%)tl-Pe? ﬂfp%lﬂ-. CIQ&&‘;)I_FttI ng of H, alkyl,
-N{R)C(O)NR’-R®-NR'R?, -N(R")C(O)N(R")Ph,
-N(R)C(OIN(R")Het, -N(R")C(O)N(R")-R?-Het, -N(R")S(0)-R",
-N(R"}-R%-S(0),R?, -NO,, -CN and -N;
15  wherein when Q' is defined where b is 1 and ¢ is 0, R® is not halo, -C{O)R’,
-C(O)NR’R?, -CO:R’, -C(S)R’, -C(SINR'R?, -C(=NR")R®,
-C(=NR’)NR’R®, -CR’=N-OR’, -OR’, -S(O}R’, -S(0).NR’R?, -NR'RE,
-N(R)C(O)R?, -N(R")S(0)2R®, -NO», -CN or -Ng;
wherein when Q is defined where bb is 1 and ccis 0, R* is not halo, -C(O)R’,
20 ~C(ONRR?, -COsR’, -C(S)R, -C(S)NR'R?, -C(=NR")R®,
-C(=NR”}NR’RE, -CR’=N-OR’, -OR’, -S(O)}R’, -S{0)2NR'R?, -NR'R?,
-N(R)C(O)R?, -N(R")S(0)2R®, -NO, -CN or -Ng;
R® is selected from the group consisting of H, halo, alkyl, cycloalkyl, OR’,
-S(0)R’,-NR'R®, -NHC(O)R’, -NHC(O)NR'R?® and -NHS{O),R’;
25 fis0,1o0r2; and
each R’ and each R® are the same or different and are each independently
selected from the group consisting of H, alkyl, alkenyl, alkynyl,
cycloalkyl and cycloalkeny;
wherein when R' is -CO,CH; and nis 0, Q' is not -OH:
30 or a pharmaceutically acceptable salt, soivate or physiologically functional
derivative thereof.



cycl oal kyl and cycl oal kenyl ; wherein when R is -CO2CH3 and nis 0, QL is
not -OH 30 or a pharnaceutically acceptable salt, solvate or
physi ol ogi cally functional derivative thereof. WO 2007/ 030361
PCT/USZOOGLQﬁ%@g%mBa_Also di scl osed are pharnmaceutical ¢QRRADELI QRS
cont ai ning thése compounds, processes for their preparation ana met hods
for treatnment of conditions nedi ated Qy PLK usi ng these conpounds. 5 BRI EF
SUMVARY OF THE | NVENTI ON According to a first aspect of the invention there
is provided a conpound selected from SCN-S "/ NH NNH ~~ HC O~

Hac ' HaC-s : =1 : PHCFIxC NVCC
CHx C CH D ?'ngi‘sﬁﬁgeﬁé@ p%'”?\fﬁxegms %““ﬂ&f’%“\"’*‘?ﬁ"ﬁa'{ﬁ&” Mot Ec / HNE O NS
NHx Q@ O - - | Comppundgpiogessgsgforikeir preparafion apdompthogds for eatment of

conditions mediated by PLK using these compounds.

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

o]
N= NN S
"\N \S/ N, N () NH,
A B
N==\ i
— N___
N \ Sf NH, ——\N \ S/ NH,
Hacjj@ Hacj-j(:j
D FC ! D Cl
N N,
CH, c CH, D
N==, s W= s
U ™

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



GFXCHCNHOGC wherein * indicates chiral carbon; 10 and
phar maceutically acceptable salts or solvates thereof. WO 2007/ 030361
PCT/ US2006/ 033683 6 I n another aspect, there is provided an

enanti onerigal rj ched conpound selected fromA, B, & G and
H wherein t ezé%g’gde}g)ichem stry of the chiral carbon is I%.%[?Qforﬁ\/%gﬁtshi rd

aspect of the invention there is provided a pharmaceutical conposition
conprising a conmpound selected fromA B, C, DL E, F, Gand H and
pharmaceutically acceptable salts or solvates thereof. In one enbodinent,

t he pharmaceg i ol 1%!5? ' . r ically

accept abl e c'é“r?@?'%gpﬁéﬁ‘%’%bré%%?‘éﬁt. '&blﬁ%ﬁég?%d&rg?ﬁg@é%t of the

i nvention, t Beleeted Foprd R Gel B N ifod Hwhereindhg stergoghemigniftheon nedi at ed by
PLK i n a mamgBiralicBrbBeacrt hereof . The method conprises admnistering to the
manmal a therapeutically effective amunt of a conpound selected fromA,

B, C D E F, Gand Hand pharmaceutically 15 acceptable salts or

sol vat es Bheilresthirdlaspect bi thenvesimciheefis plocided s hineteutidaere is provided a
net hod for tr ' ceptible neoplasmin in.n t her eof .
The net hod cgrgr'%bééglgcsnacogyﬁglﬁg%tcggpﬁycf%&%ﬁieeﬂM'@%|F a‘%@ﬂ'??ﬁal ly

ef f ecti ve amsbdphaymagegakyansepiable seltewtsotiatesdardef. Bor@ D, E, F, G and H
and phar maceghipgahlent t@aﬁ%a@uﬁﬁageg@soaﬁonsfehﬁfémgﬁ%graeof- The suscepti bl e

neopl asm may be selected fromthe group consistin breast cancer, colon
cancer, | ungPhemRcapticallyzqcgeteRlg carrigr dilentior exgiRiendancer and non-smal | cel |
| ung cancer, prostate cancer, endonetrial cancer, gastric cancer,

Garcinoma of Tt R RB 2P REn, vBRN Berels SR B AP AORL Fedocbe 1 ul ar
car ci nona, acdnditomanedisgd by Piclin g naanona ¢ nesddherasf. Jbetmethawuken as and
aggr essi ve | %nggéf&ﬁaddi.ﬂstéﬁéd B ASRRRE 2 HerddbGnddny SALL00 smbli§iof 1S Provi ded

a nethod for tr |dga
a compound selected from A, B, C, D, E, F, G and H and pharmaceutically

15 acceptable salts or solvates thereof,

In a fifth aspect of the invention, there is provided a method for treating a
susceptible neoplasm in a mammal in need thereof. The method comprises
administering to the mammal a therapeufically effective amount of a

20 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

25  cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head
and neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic
malignancies, such as acute ieukemias and aggressive lymphomas.

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



30 breast cancer in a mammal in need thereof. The nethod conprises

adm nistering to the manmal a therapeutically effective anmount of a WO
2007/030361 PCT/ US2006/ 033683 7 conpound sel ected fron1A B, C D E F G
and H and iﬂ%@ jcally acceptable salts or solvat (gﬂg 4N a
sevent h aspect e invention, there is provided a ne or treatlng 5
ovarian cancer in a mamual in need t heregof. The net hod conprlses

adm nistering to the manmal a therapeutically effective anmount of a
compound selected fromA, B, C, D, E, F, G and H and pharmaceutically

accept abl e sgbiso s SRl AMeed = 0 i B oibiasggd, of the

i nventi on, ther I'S provi hon- sral | cel | | ung
cancer in a REARIALG saltsOEEPIYaies WBFEOf. The net hod corrpri ses adninistering to
the mammal a ther apeutl cal |y effective amount of a conpound sel ected from
A B, C D, har maceut i cal ng acceptable salts or

sol vates t heF’ia%Fé"efg" 3sged ‘ﬁp\?‘t E vendpn, dgerg fs Rrpdasd R/ R SFPT WEREE i s provi ded
a met hod for ovarisatoancer irpa awiraha ircaewtiaheredf, Thewwidd domprieesd t hereof . The

e o O 3 LU S BB SRATRRY oL oot ve
phar maceut i cgomyour@@e@c@émoamda $al0, €, 6y Gaotl Viandphameacenfically n a tent h

aspect of th%cééib‘(é%f‘ééé?tgor&&%té‘sihére‘afow ded a nethod for treating a
hemat ol ogi ¢ malignancy in a mammal in need thereof. The nethod conprises

adm nistering to the manmal a therapeutically effective anount of 25 a

conpound 18el &ch @@hﬂ'lra’%ﬁénﬁ\ofﬁe iksentibn, herdis ;ﬁ:\ﬁﬂéﬂ eHn@t'ﬂdd Phaesmgeut i cal |y
acceptabl e salts at es_t.her eof %. ect of the invention,
there is pr o@PW@WEQC%@P%ﬁarFSF'"@rTB@PWﬁ "geecg ﬁ'fﬁ"f PREPAct eri zed by

i nappropri at ecmpiises administeririghte teet memmalla therapehimily Siiectiosrpmbang®f cont act i ng
Lhe Sel ! g L8 bl e A ¥, E1630 YUl hambalEM) ) o¢! ect e
_acceptable salts or solvates thereof
15 _
In a ninth aspect of the invention, there is provided a method for treating
prostate cancer 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
20  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

25 acompound selected from A, B, C, D, E, F, G and H and pharmaceutically
acceptable salts or solvates thereof.

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

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



acceptabl e salts or solvates thereof. WO 2007/030361 PCT/ US2006/ 033683 8
I n anot her aspect, the present invention provides a nethod for inhibiting
proliferation of a cell. The nethod conprises contacting the cell with an

amount of a QO{EW selected fromA, B, C D E, F, G]gé)]]% ([;an
pharmaceuti calTy ﬂgﬁéglept able salts or solvates thereof. nﬂg(%@ 6%3r aspect,
the present invention provides a nethod,for inhibiting mtosis in a cell.

The net hod conprises admnistering to the cell an amobunt of a conpound
selected fromA, B, C.-D E F, Gand H and pharmaceutically acceptable

sal ts or sol \RhRSndRHEAl the hRsb iARASIEEARBES etddiofFigERARY, | nventi on
provides a conmpound selected from A B C D E F Gan and

phar maceut i c&F¥eraioneeslle Teamethod complisparceatacingdpest!l Wiltalise in t her apy.
15llnty§t ?n@tﬂmAht@fWﬁB % pguhaéee@ét@@ﬁ&héﬂ.Evenm,lahm,m@wlw?jﬁdal fzonrpoundt o

sel ecte ro . , an a rmaceutically acceptable
salts or SOﬁ\?glfr%asce{leF@;llgaﬁaceptﬂbrelf@gs Phs%'%eﬁqﬁ‘%’g{’ﬁem of a condition nediated
by PLK insa mamual in need thereof. 20 In yet another aspect, the present

| nvention prgy %H&ﬁe@as&?%ﬁ{ﬂgrﬂgeas?ﬁtliﬁ\%nﬁgn 8.%(119 g‘n‘{eﬁhod%r iH?ign’ﬁ_‘n F, G and H and

phar maceutical 'y acce s or solvates thereof "Use in the
treat ment of naitosigdeasell.ble melbpd aempises adminigiering to e gell ap @MoHAbt her aspect ,

the present ighyeBinbeihd¥cRbidtiforfACEEMH FSElAatHPshd dafifadutglyC, D E F,
G and H and pharngceutical |y acceptable salts or solvates thefeof for use

in the treat ASHEPIRRIe prllsLsolvaRe teredbyar i an cancer, non-small cell |ung
cancer, proostate cancer, or a hematologic malignancy in a mamual, 30 In

another aspeqh . LRg RLESCHE ST hRNEES Brf SRk RIRet od from
A, B, C, D, E, F, G and H and pharmaceutically acceptable salts or solvates
thereof for use in therapy.

15 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 condition mediated by PLK in a
mammal in need thereof.

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

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

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



A B, C D E F, Gand H and pharmaceutically acceptable salts or sol vates
WD 2007/ 030361 PCT/ US2006/ 033683 9 thereof for use in the treatnent of a
condition characterized by inappropriate cellular proliferation. In yet

anot her as 00rd3GePr €Sent i nvention provides a conpo G8hReiRees S from
A B, C D, ,20?17,9 %ﬁand H and pharnmaceutically acceptable sai'ts or

sol vates thereof for use in inhibiting I@rol iferation of a cell. In yet
anot her aspect, the present invention provides a conmpound selected fromA,
B, C D E F, Gand H and pharnaceutically acceptable salts or 10 sol vates

t her eof for ugeddprdrBL Bl thé AlatlehPSizPoo iyt SflrheiodAg %G inaARRERSE aspect, the
present invention provides the use of a compoun selec romA, B, C D,
E, F, G and HelWlrprodifeiatiosut i cal |y acceptable salts or sol vates thereof
for the preparation of a medicanent for the treatnment 15 of condition

medi at ed by Ph’bK in a manal . I n yet another aspect, the present invention
provi des the [9&BrOSTESRESURG Prasepdryastion proMies a gompoung selectel G and H and
p Par macgut B cafrbm Aa8cephab) B G ard Hand ph?maumteallwéwg;?eﬁle%@rtﬁ drhe preparati oln
of a medi cane r ment. .20 of .a susceptible neoplasmin a nmanmal .
In yet anot heg&\égst%ge@{eg%{f%%g% 'é's'@h?'gr?grﬁglr'f?ﬁagﬁ" f)fag@qlldes the use of a conpound
selected fromA, B, C, D E F, Gand H and pharmaceutically acceptable

sal L s or SOLVIRRabiIRGRbaliOhe bR AT b8 a SolBSlGARHf O the

treatment 25 gf a breast_cance n cancer, non-snall cell
cancer, prost %8 A, BaficBrE: B andid s Bhaspreseuiieriiypsasrigble salis ofammal . I n yet

anot her agpecsolvdtethpreds R isé MVRHIbiliRY midsvihdasut he use of a conpound
selected fromA, B, C D E F, Gand H and pharmaceutically acceptable 30

salts or solvates thereof for the preparation of a nmedicanent for the
treatnent  of Inyet emithéri aspecthihe podtsentimedtidny providepihe uise af £ cerapduatdar

proliferationsdifugy R ¢, ¥ P YL phirllasRadaR/ 2380805 10
salts or solvates thereof for the preparaiion of a medicament for the treatment
15  of condition mediated by PLK in a mammal.

In yet another aspect, the present invention provides the use of a compound

selected from A, B, C, D, E, F, G and H and pharmaceutically acceptable

salts or solvates thereof for the preparation of a medicament for the treatment
20  of a susceptible neoplasm in a mammal.

In yet another aspect, the present invention provides the use of a compound
selected from A, B, C, D, E, F, G and H and pharmaceutically acceptable
salts or solvates thereof for the preparation of a medicament for the treatment

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

In yet another aspect, the present invention provides the use of a compound
selected from A, B, C, D, E, F, G and H and pharmaceutically acceptable
30 salts or solvates thereof for the preparation of a medicament for the treatment

of a condition characterized by inappropriate cellular proliferation in a
mammail.



In yet another aspect, the present invention provides the use of a conpound
selected fromA, B, C, D E F, Gand H and pharnmaceutically acceptable
salts or solvates thereof for the preparation of a nmedi canent for

i nhi biting Lation of a cell. 5 In yet another B‘S‘%%SE resent

i nvention p‘fvg)\r/ﬂg/ e use of a conmpound selected from 006%}55%7:? E, F, G
and H and phar rraceuti cal ly acceptabl e lts or solvates thereof for the
preparation of a medicanent for inhibitthg mtosis in acell. 10 In yet
anot her aspect, the present invention provides a phar maceut i cal

conposition ¢ F, Gand H
and phar rraceuiill %"I?%/ﬂq%c Bgﬁnﬁgé%gg@ﬁé\%gr SOP{}|8 es t %Pg%?%%crﬁnﬂse in the
treat ment of aelgq}%Q:EE@melBeCn@o@I%ﬁﬁﬂds}mgm pharmeeeiticallyaeceptablevari an cancer,
15 non-smal | g4l orEHU&eQW@JﬁorB{é}ﬁ 1Stidnat G Fhedicintb it R RhRIRE! C

mal i gnanci es, in, a nmanmal DESCRI PTI ON OF THE | NVENTI ON As used
herein, "corrpB'i?hf&( ')m&faeﬁlé |nvent| on" or "conpound(s) selected 20 from A
B, C D Es F, Gand H" neans corrpound(s) sel ected fromA B, C D, E F,
G and H, or eantt rlca It enric 9(2{@ Hé?h elected fromA B, C
D, E F, Gan aB‘i’ [ PREF n‘&S@[ﬁSFEa{"W REPPELIE '5E Pt 2 6P B Vat e

t hereof. 25 AselemedjfrmmeanC DpBer@.mdi(H)an@alhamlaeehttba!MacAeﬂIablB—1, C1, D1,
E-1, F-1, G1 RAES 15 B-1, C1, D1,
E-1, F-1, Glsa[%rbq H:%tesr a rf1ar IT&CEE%I cal y aﬁ%ﬂ?gﬁﬁg\@ﬁpgor sol vat e
thereof . As ugdgsiiyaeel, the term"optional ly" nmeans that the subsequently
descri bed 1030 event (s) may or nay not occur and i ncludes both event(s)

t hat occur g_} even s that do not aqccur.. 007/ 030361 PCT/ Us2006/ 033683
11 Conpounds VeEﬁB" ASREFl eé’f&%{‘“i“f?“g?fé?@& EDAGPPEACBYICE! (e. g. they
contain composition comprising a compound selected from A, B, C, D, E,F, Gand H

and pharmaceutically acceptable salts or solvates thereof for use in the
treatment of a susceptible neoplasm, such as breast cancer, ovarian cancer,

15 non-small cell lung cancer, prostate cancer, and hematologic malignancies, in
a mammal.

DETAILED DESCRIPTION OF THE INVENTION
As used herein, "compound(s) of the invention" or “compound(s) selected
20 fromA,B,C,D, E, F, GandH" means compound(s) selected from A, B, C,
D, E, F, G and H, or enantiomerically enriched compound(s) selected from A,
B, C, B, E, F, G and H, or a pharmaceuiically acceptable salt or solvate
thereof.

25  Asused herein, “compound(s) selected from A-1, B-1, C-1, D-1, E-1, F-1, G-1
and H-1" means compound(s) selected from A-1, B-1, C-1, D-1, E-1, F-1, G-1
and H-1 or a pharmaceutically acceptable salt or solvate thereof.

As used herein, the term “optionally” means that the subsequently described
30  event(s) may or may not occur, and includes both event(s) that occur and
events that do not occur.



one or nmore chiral or asymmetric carbon atons). The term"chiral" refers to
a nol ecul e that is not superinposable on its mrror inmage. The term

"achiral" refers to a nolecule that is superinposabl e on its m'rror i mage.
5 The termwﬁéﬁgbgpmr s" refers to conpounds which ar ghmon
chem cal constitution but differ in the arrangnment of t atoms or groups

in space. Stereoisoners may be optical,jsoners or georretrl Cc isoners.
Optical isonmers include both enanti omets and di astereonmers. An
"enantioner” is one 10 of a pair of optical isoners containing a chiral

Ceni'ral s for neomppdRt HehyorBistiik 8bleBRonHE s o IPLalh o7 "opt i ca
i soners of a _@mrprdnweleﬂnaatrmﬂwﬂcarbmpetomsbd'bamrm ‘ohiratoefersiages of one
anot her. A "dhﬁ)ﬂc@l‘éqmnoﬂsﬁpé}%o‘gg?l@on H@Hrrd?flmé’ 'y 8‘1'#% fa Of a

compound with two or nore center whose nol ecul es are
not mirror i mERjEs e mt?@ul&ﬁmth%‘fupeﬂmﬁesab&@w ‘ﬁ'ffo@“ﬂSP a chiral center is
gover ned by t he (R) (S) system Whet her a particul ar conpound is

desi gnat ed as h ﬁqr " S ntlorrer ﬁ B 'IF to the system depends
upon the natur8® mtﬁgreﬁtSBW?rsofe BF SupMPagReR whigh 8 R@ ©IMe chiral
carbon. 20 Enamemicatensstitiitioh&ut differtiintheraraagragntaf tHeauams opgraass-ipol ar i zed

gt that | SoncthkranBhichaha 6L b¥ELcorRll SIANMARELGHR! dofid! oo

pl ane-pol ari ze aTT ec 'S sal
dext r or ot at or {EORGEE ln@ummt@ L ande:hasgqrmem" &n “emantiprlr” isfane positive

rotation. ifn éﬂ@ﬂéat&%&cél 'ib?:?net@&&ﬁéﬁng?ﬁ éﬁ?al EarbBR bkl wRske! hdlBtuid:n t he

counterclockwi se direction is saidt levorotatory and 1s designated by
the synbol "| <onfiguragion ha\fﬂdﬁﬁ-r?ettjattgmﬁéanddtfatat)éwmﬂ@?bls-. &ngdiomehy r el ati on
bet ween t he cceriérsgmémlcva pafr of Btk ISRErS obd Borhpsundiviei dr@Rohn  Whi ch t hey

rotate plane r| zed, ht The(rﬁlﬁ s al 'ﬁo g&)dg%g ssar correlation

bet ween t he (%5’ Ht&’°t" e 59"5]]%{.{&}5 OO i r BAMST S AEH Pon 30 of the
pl ane- pol ar i zedr pi qytical istiveropitd cahpoaod with two oronordicesets @fin of rotation of

bl ane- Pot A 2alslhbly bl wiR AR nimiforAHBEY B brRfarbliS:. nvent | on mey

be determ ned_usi ng convent I'onal “techn
The nomenclature of a chiral center is governed by the (R)-{S) system.
Whether a particular compound is designated as the “R” or “S” enantiomer
according to the system depends upon the nature of the atoms or groups

which are bound to the chiral carbon,

Enantiomers differ in their behavior toward plane-polarized light, that is, their
optical activity. An enantiomer that rotates plane-polarized lightin a
clockwise direction is said to be dextrorotatory and is designated by the
symbol “d” or “(+)" for positive rotation. An enantiomer that rotates plane-

25  polarized light in the counterclockwise direction is said to be levorotatory and
is designated by the symbol “P” or “(-)” for negative rotation, There is no
correlation between the configuration of enantiomers and the direction in
which they rotate plane-polarized light. There is also no necessary
correlation between the (R) and (S} designation and the direction of rotation

30 of the plane-polarized light. The optical activity, or direction of rotation of
plane-polarized light, of an enantiomer of a compound of the invention may
be determined using conventional technigues.



WO 2007/ 030361 PCT/ US2006/ 033683 12 The terns "racemate" and "racemc
m xture" as used herein refer to a mxture of the (R - and the (S)-

optical isomers (e.g., enantioners) of a conpound in equal, i.e. 50:50
proportion. g5 the term“enantionerical ly enriched” as Lﬁ%ﬁﬁfﬁggﬁssr efers to
preparations conprising a mxture of optical isoners in Ich the quantity

of one enantioner is higher than the q#fntity of the other. Thus,
"enantionerically enriched" refers to xtures of optical isoners wherein
the ratio of enantioner s greater than 50:50. An enantiomerically

enri C.hed COW?H@%H%Q"TB&G%EE&:I@" a]ng “%'b?ﬁﬁc%ixfu?@%s%gg/a I?%’r W%fgp{o Or];“ni [PE enant i oner
relative to the other. For eXa € enanti Ofrerica Fy enri canec)f
5- { 6- [ ( Met hy| 8tihe Ry ppdibeK§)- priicaHisomeesr{gigniedantisimers)of 3 cgmpgynt in

A)-1-[2-(trif by reshyd b,@hgﬁ}dh] et hyl }oxy) - 2- t hi ophenecar boxam de refers
to a conposition conprising greater than 50% by weight of the

(R)-enantioner relative to the (S)-enantioner of the 15 conpound. In one

embodi nent 5 alhewant eramasmemally e@ivheéhdised Apeindferc@MépAgmnat | east 75%
elative to {n anot her enbodi ment,

by wei ght of qn nant i oner .t he ot her.
an enant i orrer?%a?r?%wgeanmlxgﬁ%a{%'ﬁﬁldwrﬁ '?@%E aygntty &LAE "800 by wei ght of
one enanti pmeﬁnal‘éibaﬁ iséligherithhetr@tctuantityloh'gherm@qna‘ﬂ'hlisclidmntiorwtmeﬂy nent, an
enant | oner | CabhyengR LRACE rHATRALAHLGATRALSS ileih RTMIP Unaffbalty Wei gt Of
one enantioner relative to the other.” The term “enantionerically pure" as
used herein rEfespaerBaRAR.| dhenantiameycally sniiciivd gomppsLANRPis®T I i si ng at
| ﬁgsé_ 900/?[1by bféawﬂﬁr;afﬁfso%lﬂl ﬁ?l?ﬂtdfgﬁ@énarftiﬁ}nﬁ ﬂelé‘ﬁgétbth@%’;h@khﬁfri : n O'?e95(V b
enbodi nent, an enantionerically re c un onprises a eas o by
wei ght of one® ¢ FErRtiPmeteally =g 5*\68 %ﬁ%@&'{ o mr%?i’é"b%rti cul ar
enbodi nent, ahemaraidbzabite}BE{11A)-1RH(EIfIcwopemibreadiethyjosy)@ | east 99% by
wei ght of onege I I j t.o e other. The t Layvention
b ovi des. compiisens e fiebioitiontaiBe b iR St oPiess 1 o

by weight of the (R)-enantiomer relative to the (S)-enantiomer of the

15 compound. In one embodiment, an enantiomerically enriched compound

comprises at least 75% by weight of one enantiomer relative to the other. In

another embodiment, an enantiomerically enriched compound comprises at

least 80% by weight of one enantiomer relative to the other, In one particular

embodiment, an enantiomerically enriched compound comprises at least 85%

20 by weight of one enantiomer relative to the other.

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

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

The present invention provides compounds selected from:



NN N2\ S\ 1SS NH / N1/ Nz OH3 C. \ 3 YHNCOFzCCO HzC~~~ HaCO A
B N, /" NH NSNH HBOHON N FzC( A N CH CCH C O N NH N
SNz HZCHC HN~BFZCHNFz C / ONNNHZNNH, and » /OHzO I \ ~ 'O
H3C 1 \ Hz C/ HzCNJ7 HCl / wherein * indi%ﬁ% i car bon;
and phar rracgultgﬁl;aﬁg acceptabl e salts and sol vates thereo @E/P%eégne
particul ar enbodi nent, the conpounds A8 C D E F G and H are
enantionerically enriched, wherein the Stereochem stry of the chiral carbon
is R In another enbodi ment the conpounds A B, C, D E F, Gand H are

enantionerically ure wh e| n the stereochem stry of the chiral carbon is
R WD 2007/ 030361 033683 "' | n one preferred enbodi nent,
t he present inve VI \ {
- ,s\
B
N== S N=
N T T, "\N \S/ NH,
/} Hacj":© HSC)%Q
N
FC '
{'N\CH Q\ o
* ¢ e, p
L]
N=\ s N2\ s
N \ / NH, N C ) HH,
0 H,C Hac’&j
HI\O/ £ Fo ' HU . o
N 0
-‘\, \S/ NH2 r-\N \Sf NH2
and
0 HG 0 HG "
He” O/ a FC Hac’O/ H cl

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

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



enantionnerically enriched and enantionerically pure conpounds sel ected
NS NHZ H H,CHO CF3C A15
5-{6-[ (Met hyl sul fonyl )methyl]-1 Hbenzi m dazol -1-yl}-3-({(1 R -1-[2-

from O

(trifluoro
I / H C H&cC

TRA

d%wmrc{&%g/l ] - et hyl } oxy) - 2- t hi ophenecar boxanj depsiodiodsssy ~N NH

B-1 3-{[(1

R - 1- (2- Chl orophenyl ) et hyl | oxy}-5-{6-[ ({gt hyl sul fonyl )nethyl]-1 1-1I-

benzi m dazol - 1-yl } - 2-t hi ophenecarboxamde; NS NNH, H H3C\ FCC/ CH3
10 c-1 5-{6-[(4-Methyl pi perazin-1-yl)nethyl]-1 H benzim dazol-1-yl}-3-{(1

R)-1-[2- (tri ThueirosmRd diaelrad 8RYbdiRbROIEIEUAPRGHROR pfRfdRexam de; N NH, |

H HC

10

15

enantionmerically enriched and enantiomerically pure compounds selected

5-{6-[(Methylsulfonyl)methyl]-1 #benzimidazol-1-yl}-3-({(1 A)-1-[2-
(trifluoromethyl)phenyl)-ethyl}oxy)-2-thiophenecarboxamide;

3-{[(1RA)-1-(2-Chlorophenyl)ethyljoxy}-5-{6-[(methylsulfonyl)methyl}-1 4
benzimidazol-1-yl}-2-thiophenecarboxamide;

NH,
o H
G
F,C
~

5-{6-[(4-Methylpiperazin-1-yl)methyl]-1H-benzimidazoi-1-yi}-3-{(1 A)-1-[2-
(trifluoromethyl)phenyilethoxy}thiophene-2-carboxamide;

8
WA
oH

H,C

Cl
CcH Bu1
3-{i(1/)-1-(2-Chlorophenyl)ethyijoxy}-5-{6-[(4-methylpiperazin-1-y)methyl]-
1 H-benzimidazol-1-yl}thiophene-2-carboxamide;

/



CH3 D -1 3-{[(1

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

h- benzi m dazol - 1-yl }t hi ophene 2- car boxam de; WD 2007/ 030361

PCT/ US2006/ I \ "SI NH, C H,,C HN E. 1 FCC

5-[ 6- (4- Pi p@?’%ﬁ. ny‘f Oky)-1 h-benzi mi dazol - 1-yl]-3- ({(1 AL {5038

(trifluoronethyl)phenyl]ethylloxy)-2-t h1§phenecar boxamide; NS NH, H O

HBCHNF 1 C 5 3-{[(1

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

benzi m dazol - 1-yl ] - 2-t hi @phenecarboxam de; NH, "H H CN O1 F3C (a0 F{3C
'gsl?/f: '

a 5-{6-[(1-Methyl 173, hdi nyl ) oxy] -1 1f benzi m dazol -1-yl }-3-({(1 R -1-[2-
(trifluoromethyl @ thyI }oxy) 2-t hi ophenecar boxanm de; and 0 / ~N S
NHz O H30 10 H3¢

3-
R) - 1- (2- Chl oro yl)é‘t"ll/@xyi 5-{6-[(1-net hyl -4-piperidinyl)oxy]-1 H

benzi m dazol - } - 24t hiOphenecar boxam de; and pharnaceutically acceptabl e
salts and sol Xﬂ‘é-?épfp@ﬁé fifibxy)-1 Hbenzimidazol-1-y1}-3-({(1 A-1-2-
(trifluoromethyl)phenyl]ethyl}oxy)-2-thiophenecarboxamide;

e

5  3-{{(1A-1-(2-Chlorophenyliethylloxy}-5-[6-(4-piperidinyloxy)-1/4-
benzimidazol-1-yl]-2-thiophenecarboxamide;

N==\ ]
N M,
WH
O/o HC
HC’N a1 F,C

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

o)
Nf‘\N 8 " |
4 2 ,
oH
O/O Hy©
e wy GO

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

10

and pharmaceutically acceptable salts and solvates thereof.

15 It will be appreciated by those skilled in the art that the compounds of the
present invention may be utilized in the form of a pharmaceutically acceptable
salt or solvate thereof. The pharmaceutically acceptable salts of the



15 It wll be appreciated by those skilled in the art that the conpounds of
the present invention nay be utilized in the formof a pharmaceutically
acceptable salt or solvate thereof. The pharnaceutically acceptable salts

of the WO 200/ 4 QpRL PCT/ US2006/ 033683 16 corrpounds oljmt,‘ﬁy; o%%ﬁfsnt
I nvention (or e enantionerically enriched or pure or s t%ereo ) include

conventional salts forned from pharnaceyyically accept abl e i norganic or
organi c acids or bases as well as quaternary anmoniumsalts. Morre specific
exanpl es of suitable acid salts include 5 hydrochloric, hydrobromc,

sul furic, phosphmiungs ofthé btedentIffehlibPfor the énHH%Mé?wallyﬁ&'ﬁfchéd ol oni ¢,

succinic, gly rm,c, lactic citric, palm)lc
nal oni c, hydr%&b#r@%eo inclyde canyentiohal Saéﬁ Gf"é\ﬁ'{ '?O"‘ Béwmceutwew icylic,
fumaric, tol u@fweetablfegmrgamaet trganis atifioo basémwélaésaquatemary

napht hal ene- 2, 3pbhiaRi it RBRFGRERY G Cs IRy RAR R R Gy 07 01 O €,

malic, steroic, tannic and her oxallc whil e
not in thefrselXAERChiorSy siakiiemisasulfyric, ghespbodd Inkric, nargchtmecuemamn, in the

prepar at | on_ oo drépierie subaia®, ditofic, Rithicefi, midlio BBl dighc! e _compounds of
the invention maceut i ca acce |'e sal f's.” Specific

exanpl es of s'?ﬁef 3'81 '59185['& %Vf@%vﬁ@'%'%ehw celisa piyiamic, | bepgpicypaligylie.assi um
magnesi um al fumiaric,toluemasuionicmethar@esulfsnis (nﬁ@ldbbﬁﬁﬁh’thﬂéﬁ#h-@ﬂﬂﬂﬁ@m ne,

N et 1 o voatnEeneRuliSe n BLABRINGE fGiniedfi i S Sembanditeg her ei n
refers tol@ c'd@plCétiaebﬁcldemucalalsexalwtwhutefnubmﬁhemsélmrmﬂrrbacwncwyute (a
Sppound of ! StkebiBUBIELPBe Plerdfln #h FORPLONGS LARXFRL inihREy Bl © fOT T

t hereof) and a sol vent
met hanol , et h'ﬁr?@fa’“"&thﬁ@efni’@“%lﬂthe 'Wﬂﬂﬁ@‘s@'@s‘helbﬂh%mpaﬁlcmy

phar meceut | Caédcﬁpt&ﬁl@%@&ﬁ@ﬁbcﬁ@'e&émﬁl@ﬁloﬁsﬁhth’@é %ﬁmé’galtstlﬂ@u&‘é)éﬂa%pds of the
Burger's Medici nal

i nvention ar sl't'%ﬁ %glsona in th a{ ng
Cheni stry An %é%é@gr@?'h‘“E Uf“i"lbﬁ‘f“ 09&‘“ Z'"CP't\lnle pl es And Practi ce.
As will bas apqﬁaerambtw@neuuesmeskmibdopnlacametdnenr@c tiethiaRolaiepr ocesses descri bed

bel ow for t hegpyeRafahiheN-HletdyifuE AR AN oRineldafis | NVent fon, certain

The term “solvate” as used herein refers to a complex of variable
stoichiometry formed by a solute (a compound of the invention or an

20 enaniomerically enriched or pure form thereof) and a solvent. Solvents, by
way of example, include water, methanol, ethanol, or acetic acid.

Processes for preparing pharmaceutically acceptable salts and solvates 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 describaed
below for the preparation of the compounds of the invention, certain

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



30 internediates, may alternatively be in the formof pharmaceutically
acceptabl e salts or solvates of the conpound. Those terns as applied to any
i nternedi ate enployed in the process of preparing the conpounds of the WO
2007/ 03036 1wRGh)MS3eP6/ 033683 17 invention have the sy BaRligs as noted
above with respect to the conpounds of the invention. Processes for
preparing pharmaceutically acceptable galts and sol vates of such

internedi ates are known in the art and are anal ogous to the process for
prepari ng pharmaceutically acceptable salts 5 and sol vates of the conpounds

of the inventinQéniiohMaveE HiERQ i | e typically
i nhi bitors of PLK. gg\;f,{ﬁ?l'ﬁy Z?ﬁi%ﬁng%Eigggbrrg?%?\yea\,w%%g%cﬁgg B ch” bxhi bi 1 s
K

pl C50 gr eat er “YHRAYN 19k Areaessrsfroirepaivgyphawracetti@lly bel ow i n t he
exanpl es or aacdefablel salts andagivatés dfGutiniMdrnedibes el mohanetRlamearar Cel | -Titre

Ao Gowth I nhibjti i.h bel in th | es;
pa?t i 08| ar | ynga"]egp&,ogﬁlﬁs?%?@%?'%:ggs'%gbrcpg?d]%\?ﬁ8R%V\5H}Ia§ﬁumg§ﬁé(%lgg@gé sﬁ{{%gg greater
than 7 or &n pchbwhatesoftimeenipayMisieitnginverdionet hods described in the

exanpl es below. 15 The present invention further provides conpounds of the

invention for_use in nedjcal therapy in an animal, e.g. a mammal such as a
human. | n par UiceAmMRounds pfdhe presantinventamare smigshvinhbierses Rp6uBs for use in

the treat ment POK inhibito0s Beah oA camsbuat ahidhexRbls pithfgreses®ah siiginant i on al so
provi des Conplgléf'g’.%‘ .}‘or use.in.th reatment of a sus§ept| bl e neopl asm The
term "suscept | hiylon asptyadgseriped i?fi?"i iRder ampies AN awdessinen 10 t he present
i nventi onl1@r optdrethe Metimtenerilae boCelTifte G GRevif MBRitBRARHssSf descviyd ety of

solid tunors j i b not limted t reast cancer, ovarian cancer,
non-snal | cel 1’&%ﬂ‘&hggﬁ%ﬁé'%'ﬁ?%Pﬁ?‘&“‘%@’n%g'r'?'"g'ﬁ’&%'éﬁeﬁﬂmpaa? WRIER | gnanci es
i ncl udi ng but exhdtits lai pdC4 @eeater tharcTibean ICySbss HamngM ysimg e tetlogskem as and

aggressi ve ly&%@ﬁ@%ntl‘?&exgﬂﬁ;l r%%%nt i nvention provi des conpounds for use
intreating a condition characterized by inappropriate cellular

proliferation. The present invention also provides conpounds for use in
i nhi bi tings predd prescHt 1Bt 1Attt blovidkB Gompounds of the invention for use in
medical therapy in an animal, e.g. a mammal such as a human. In particular,
the present invention provides compounds for use in the treatment of a
condition mediated by PLK. The present invention also provides compounds
for use in the treatment of a susceptible neoplasm. The term “susceptible
20 neoplasm” is defined below. In particular, the present invention provides
compounds for use in the treatment of a variety of solid tumors including but
not limited to breast cancer, ovarian cancer, hon-small cell lung cancer
prostate cancer, and hematologic malignancies including but not limited to
acute (myeloid and lymphoid) leukemias and aggressive lymphomas.
25
The present invention provides compounds for use in treating a condition
characterized by inappropriate cellular proliferation, The present invention
also provides compounds for use in inhibiting proliferation of a cell. The

present invention also provides compounds for use in inhibiting mitosis in a
30 cell



present invention also provides conpounds for use in inhibiting mtosis in
a 30 cell. WO 2007/030361 PCT/ US2006/ 033653 is The present invention
provi des nethods for the treatnment of several conditions or diseases, all

of which cogyishsbdis step of adm nistering a therapeutd 25[%,05;6§3ect|ve

anount of a conpound of the invention. As used herein, t term
"treatnent" refers to alleviating, the ecified condltlon, 5 elimnating
or reducing the synptons of the conditi®h, slowing or elimnating the

progression of the condition and preventing or delaying t he reoccurrance
of the condit revi ou af f bj ect d herein, the
term"” therapet‘% %rgﬁe@ r& Ptéo&qré\gé{ hrla&s i W‘egh% ﬁo of a conpound
of the invent canditioh$ oMts&ss&faﬂho{:wbnh ponnnnstehhe slabjoéadmmtstamhgeh it is

admi ni st er ed, ykpplidaly eﬁé&ﬁvé’érﬂ{:uﬂ?o?é‘l:u@?odﬁﬁcﬂfﬂ@ JeRRBRNAEuRly 2 cel

culture, tissue, syst ! uman ei ng sought,
for instance, hgfgin. thetergyieamant 6?f9E§ItPﬁ||%’i'§i'ﬁ9 tepspepifiadhpendlition, t her apeutical |y

effective ermemm@tingaarr@d@ﬁmglaﬁéisﬁiptérh@oﬂtﬁyeMdnm él@Wmeﬁeﬁrﬁ:ﬁﬁtﬂ@Eﬂt of a
condi tion nedjated to treat the PLK

nedi at ed condfhﬁpé?gr?% ‘{“rfgtm“a’é'?“ a"%Prr‘?\V?'HV’pf" d%faY'ﬂ%wﬁd@?ﬁcf‘Eﬁnqey ef fective
amount of a coithedoditioh it h@revivuelytafititied $ubjecthe treat ment of a susceptible
neoplasmis an amount sufficient to treat the susceptible neoplasmin the
subject. In one enbodi nent of the present invention, the therapeutically
ef f ecti ve anodauses hegeipothp tarmdthefapentically edentive amoant] means amauedntsuf f i ci ent

to inhi bihoCehia Eimistind of 18 iRRRIGTHMEN RRDRR, IMife SRS nERKRLI O, 2
t her apeuti cal lr:\érﬁ fective amount of a compound of th i nyvention is an

amount suf f i cP@RIstEed. doyaliciiike b'ﬂ@l@?'&ﬁ’ éned[ﬁahr&sgqnsp ﬁ’ﬁ? gelt cublie.  The precise

t her apeut i cal tissuef éyetim, ‘éﬁln&imntﬂﬂiduﬁﬁ htﬂnmrﬂmw&bu(g‘sdubﬁt fdﬂmtﬂnb@,myZS will
depend on a nunber g‘f fa ?tors Enc udi [‘aﬁ tbut n_@t i g\ t ed t% Qe age and
wei ght of t he2{TRSPERET Ydihigiah, EQtR@Mpie, 8 tharanquilcallyeliaetys Amouat 5 A ng

treat ment andompaursief dwiibyentivhier thettteabmatt of éneorfchimm:h@:hatemby Bhiflist he route

of admi ni gkrab), Qﬂvountas'ﬁﬂuc}@'n{ & u‘é%{t'h 'rXeat?&F@EorH}%n% He'sBhen Of the

at t endant physic ernari a conpoun the i nvention
wi Il be given S[r@}arly,atherapeutlcaily effectlve amount ofa compound of the |nvent|on

for the treatment of a susceptibie neoplasm is an amount sufficient to treat the
susceptible neoplasm in the subject. In one embodiment of the present
invention, the therapeutically effective amount of a compound of the invention
20 is an amount sufficient to inhibit cell mitosis. In one embodiment of the
present invention, a therapeutically effective amount of a compound of the
invention is an amount sufficient to regulate, modulate, bind or inhibit PLK.

The precise therapeutically effective amount of a compound of the invention

25  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

30 treatmentin the range of 0.1 to 200 mg/kg body weight of recipient (animal)
per day or per dose or per cycle of treatment and more usually in the range of
1 to 100 mg/kg body weight per day or per dose or per cycle of treatment.



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 treatnment and nore usually in
the range of 1 to 100 ng/kg body wei ght per day or per dose or per cycle
of treatne /030361 PCT/ US2006/ 033683 19 Accegtahlg es, my
be fron1ab2ﬁ¥"%%%%@%3about 2000 ng per day, dose, or cycle of trggtnent
and preferably fromabout 0.1 to about 300 ng per day, dose, or cycle of
treatment. 5 As one aspect, the presenﬁ i nvention provides nethods of.

regul ating, nodulating, binding, or inhibiting PLK for the treatnent of

condi ti ons nedi ate icu arI bLISL dul ati ng,
bi ndi ng or i Hc B?tﬁg'ﬁ&bﬁqes m%?%fr hml’t 5Lt E{boHtgzdaﬁDQHoéJ%tl gg ggl ndi ng or
i nhi biting Pldicy@ant treatihemt| gndRiréerablysfom abm;to 1de aﬁeﬂ“l“&@@r&dﬁhtl ng,

nmodul ati ng, [ i ng overexpression 10 of PLK, particularly
PLK1. Such cgingg‘tﬁn% Lc'saéi(ﬂ;lc lﬁgﬁtcertal n neopl asns (including cancers and
tunors) which have been associated with PLK, particularly PLKI, and

condi t'tonss Ch?é@@ﬁpbé@fﬁe@edeﬁﬁ%n@&? bn%ilﬂeeﬁiteknbhabf reguiating, er at i on. t 13 ghe
present invention provi or at i ated by
PLK, parti cul'ﬁ?‘MatBEKli'“d‘Wlhloé W%Wﬁrp Lider t&iﬁ "ée?'é? Ql?%"ﬁrﬂ%d'gﬁg

t her apeut i cal dyPIe, fpaaicuragy RDKL MRegblating nmﬂmatmmdttrdfngtdnmhlmmrﬁhlﬁn Th| S
nmet hod and ot her 0 - Dr i ap £y or the

treat nent of %ﬁe aﬁeﬁg‘ﬂg@.ﬁc&' é‘mgt'"% 8%8% o ﬂé%ﬂ%b%l( F #ﬁgrfylr?ul'rgéns 20

Condi ti ons whadatikitya ee wet dé regetbting nRiddlating Hmmpflllﬁh@'ﬁ@ QMereXRIRFSIPAC| ude but
are not [jgn tg ¢=Lﬁ@{a&%&mé W@@hcﬁ%Bﬁd.ﬁdrg%lﬁéadeﬁauhefebalaan@y i nappropri ate

cellular proliferation resent invention al so ﬁ‘léﬁé a method for
treating a su@l&‘é{ﬁ’ﬂﬂgﬁa@c%aﬁégm%@ﬁ‘mmérbeﬁ'ﬂ assPqigH "i" rani mal such as a
manmal (e.g., zﬂtuéﬂlﬁf@rﬁLKﬂ and\eaditibhecRicteridat of immplopdate eafuldrses

adm ni stering t P the animal a therapeutically effective anbunt of the
conpound of tPRa! PRt i on. " Suscepti bl e neopl asm' as used herein refers to
neopl asns which are susceptible to treatment with a PLK inhibitor.

Neopl asms lg\’hi ﬁj?e Bl%ggntl?rﬁl%ﬂtion provides a method for treating a condition mediated by
PLK, particularly PLK1, which comprises administering to the animal a
therapeutically effective amount of the compound of the invention. This
method and other methods of the present invention are useful for the
treatment of an animal suc'h as a mammal and in particular humans.

20 Conditions which are mediated by PLK are known in the art and include but
are not limited to neoplasms and conditions characterized by inappropriate
cellular proliferation.

The present invention also provides a method for treating a suséeptible

25 neoplasm (cancer or tumor) in an animal such as a mammal (e.g., a human)
in need thereof, which method comprises administering to the animal a
therapeutically effective amount of the compound of the invention.
“Susceptible neoplasm” as used herein refers to neoplasms which are
susceptible to treatment with a PLK inhibitor, Neoplasms which have been

30 associated with PLK and are therefore susceptible to treatment with a PLK
inhibitor are known in the art, and include both primary and metastafic tumors
and cancers. For example, susceptible neoplasms within the scope of the



30 associated with PLK and are therefore susceptible to treatnent with a
PLK Inhibitor are known in the art, and include both primary and
nmetastatic tunors and cancers. For exanple, suscepti bI e neoplasns wthin

t he scope O(vv ;357]0\5@ 007/ 030361 PCT/ US2006/ 033683 20 pgessiihaclomégnt i on
I ncl ude but "are no imted to breast cancer, colon cancer qung cancer
(including small cell lung cancer and ngn-snmall cell |ung cancer),

prostate cancer, endonetrial cancer, ga?@tri c cancer, nelanonma, ovarian
cancer, pancreatic cancer, squanmous cell carcinoma, carcinoma of the head 5
and neck esophageal carcinoma, hepato Hm&ed ul ar carcinoma, and hemat ol ogi c
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cancer in an ani ma umah) 1 n need thereof by

adnmi ni steri ngmahgrtaneeaweweineam@ptéme%naﬁe%dﬁw@m'a%ﬁ" QURFHENd of the

present i nvenrymenemé@ tn&iﬁ@tphmbulaﬁérhbd‘daﬂwéﬂt m@bm%enﬁmenubﬂngropﬁeeent i nvention
provi des a meth

|,
Phoh asa- mninaep &f gesting bkt o ah dBimalsdrh 8t SRR RBsPor fng A
t her apeut i cal hymaf)fieatedthemobiyddnifhistedng a thecapedticHly efiective ementt of nvent i on.

| anot hery P2g il SHROILIERbvohidh PR bahRYERShB0iREAYREES 2 ot hod

of treati ng prostate canc N an an g., a human)
i n need t her epfesent inugniion proddesymatied of weatmpeu@rrwanyerémﬁee@wé anount of a

conpound of t BEnRIsSRBnIaR a4 Rinar) Th ndHAGh&rRES BAidmigiseasg #mbodi ment , t he

present invention provides a nethod of treating acute,|eukema, i ncI udi ng

acute nyel oi dtheeapediisaly sfiertiye apguntiof AsABPEHNARf s Rrasent VERIOAnitml | such as
a mamal (e. ganotAerdpaiflar embB@MENt, tHagreeht inyeraidniprivities fai mghad of

t her apeuti gal effecti unt_of a n t invention.
I n anot herg wqﬂg\gﬂgp é’f?ﬁ&arﬁ\gﬂfa"%eﬁ@ %%@'@# El;c% én"t"éng%aiOe f‘ages a net hod
of treating aggmesdnweed ylemobmadmmatmnagarniaarapeutlcally effective amount of

a compound of the present invention. In another particular embodiment, the

present invention provides a method of treating prostate cancer in an animal,
such as a mammal (e.g., a human) in need thereof by administering a

20 therapeutically effective amount of a compound of the present invention. In
another parficular embodiment, the present invention provides a method of
treating acute leukemia, including acute myeloid leukemia and acute
lymphoid leukemia, in an animal, such as a mammal (e.g., 8 human) in need
thereof by administering a therapeutically effective amount of a compound of

25  the present invention. In ancther 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



such as a manmal (e.g., a human) in need thereof by adm nistering a
therapeutically effective ambunt of a conpound of the present invention. 30
The conpounds of the invention can be used alone in the treatnent of such

suscepti bl eﬁ%%(ﬂ'ﬂ%@? or can be used to provide additi VigQicssks Stic

effects with one or nore other conmpounds of the invention, or in

conbi nati on WO 2007/ 030361 PCT/U82006/0§ 683 21 with certain existing
chenot her api es and/ or other anti-neoplaStic therapies. In addition, the
conpounds of the invention can be used to restore effectiveness of one or
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and/ or other anti-neo 5 neopl astic
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t hereof. The [i,ses dm_n erin t her apeut i IIy effective
amount of a ngnpr%%%bﬁggﬁy h‘@rgﬁeé‘?‘é’ﬁfe "]?‘r‘R/tgﬁt ﬁ'&ﬁ’pew $°§Eﬁ5‘rﬁgpr| ate cel lular
prol i f erati onantizgpdigsasurgesy lahd radiatiop theradyer at i on resul ting from

i nappropriate cell growth, cellular proliferation 15 resulting from

excessive cell_division, cellular proliferation resulting fromcell
di vision at afhg@Eeseatinyesion alse provisies alregthqst for Freadipagicondii@b ul ting from

i nappropr i@t ecﬁa’abtef.iztslruvdy\ﬁﬁ.»!ip.:»r@fﬂiaéettt.&aueila'L |b|‘éhféfat|9r'i Rl dnf irAdIl SUkhiad g2 normal cel |
occurring at a nor rate, wg ﬁ'lneveﬁ- E’Pi unde5| red. Conditions
characteri zed “@mmﬂ?}ﬁrﬁﬁ\”r’@f‘ in e thesgot '6?5“19 £PYR"§S%cl ude but are not
limted 20 toan:ieinhétaﬁ*rgsa thbtapeutacalﬁssf@e;w@hpdmbm tompaling of therpseseht broti c

di sorders, alnépﬁ.ll bg@foﬁ%}é gliu%r'é)\(oqiﬁ%tfo r’gq'nesanfgglul r

mflam‘ratory/lm'rune esse iferative
di sorder s i nclpirlieratianiesuling fepminpprropiiede cell growhbceﬂulacmﬂifsmﬂder s include
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di sorders include gl onerul onephritis, nant hr d0scl erosi s, and

gl orrer ul opat hldé’és"’q ﬂﬁ"m?’GW/rPW@BﬁE@ﬂ' glign resulting from

inappropriate cell survival, and/or cellular proliferation in a normal cell
occurring at a normal rate, which is nevertheless undesired. Conditions
characterized by inappropriate cellular proliferation include but are not limited

20 to neoplasms, blood vessel proliferative disorders, fibrotic disorders,
mesangial cell proliferative disorders and inflammatory/immune-mediated
diseases. Blood vessel proliferative disorders include arthritis and restenosis.
Fibrotic disorders include hepatic cirthosis and atherosclerosis. Mesangial
cell proliferative disorders include glomerulonephritis, matignant

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 normat rate, but is nevertheless undesired.



di sorders include psoriasis, chronic wound healing, organ transpl ant
rejection, thronbotic m croangi opathy syndrones and neur odegenerative
di seases. CBteoarthritis and ot her osteoclast proliferation dependent

di seases of é,e{g pone resorbtion are exanpl es of conglitiGRF033683
characterize y 30 |nappropr|ate cellular proliferation in which the

cellular proliferation occurs in normag cells at a normal rate, but is
nevert hel ess undesired. WO 2007/ 030361 %IT/ US2006/ 033683 22 The present
i nvention al so provides a nethod for inhibiting proliferation of a cell,
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Thus, the conpounds of the present invention may inhibit mtosis by
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Thus, the compounds of the present invention may inhibit mitosis by inhibiting

the cell's entry into mitosis, by inhibiting the cell's progression through mitosis
20  or by inhibiting the cell's exit from mitosis. As one aspect, the present

invention provides a method for inhibiting mitosis in a cell, which method

comprises administering to the cell an amount of a compound of the invention

sufficient to inhibit mitosis. In one particular embodiment, the cell is a

neoplastic cell. In one particular embodiment, the cell is an inappropriately
25  proliferative cell.

The present invention also provides the use of a compound of the invention
for the preparation of a medicament for the treatment of condition mediated
by PLK in an animal, such as a mammal {e.g., a human}. The present

30 invention further provides the use of a compound for the preparation of a
medicament for the treatment of a susceptible neoplasm in an animal. In
particular, the present invention provides the use of a compound for the



25 proliferative cell. The present invention also provides the use of a
conpound of the invention for the preparation of a nedicanent for the
treatnment of condition nediated by PLK in an animal, such as a mamal

(e.g., a hugnherolfdg Present 30 invention further proviggsshdiGossed of a
conpound for the preparation of a nedicanent for the treatnent of a

susceptible neoplasmin an animal. In articular, the present invention
provi des the use of a compound for the 2007/ 030361 PCT/ 1JS2006/ 033683
23 preparation of a nedicanment for the treatnent of a breast cancer in an

ani mal . The %}E’&)Sa‘?mogidgéﬁr‘ggﬁiic%&g ﬂh@"tr@ﬂn%?oﬁh@reé‘ﬁ%aﬁéerﬁ\ &pPnpound for the

preparati on treat nent of ovarian cancer in an
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20  While it is possible that, for use in therapy, a therapeutically effective amount
of a compound of the invention may be administered as the raw chemical, it is
typically presented as the active ingredient of a pharmaceutical composition '
or formulation. Accordingly, the invention further provides a pharmaceutical
composition comprising a compound of the invention. The pharmaceutical

25  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

30  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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- 20  Pharmaceutical formulations adapted for oral administration may be
presented as discrete units such as capsules or tablets; powders or granules;
solutions or suspensions in agueous or non-aqueous liquids; edible foams or
whips; or oil-in-water liquid emulsions or water-in-ail liquid emulsions.

For instance, for oral administration in the form of a tablet or capsule, the

25 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,

30 preservative, dispersing and coloring agent can also be present.
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a binder suc as car ose I nate, gelatin, or
pol yvi nyl sodium acetate, sodlum chlonde and the like. D:smtegrators include, without

limitation, starch, methyl cellulose, agar, bentonite, xanthan gum and the like.
Tablets are formulated, for example, by preparing a powder mixture,
granulating or slugging, adding a lubricant and disintegrant and pressing into

20 tablets. A powder mixiure is prepared by mixing the compound, suitably
comminuted, with a diluent or base as described above, and optionally, with a
binder such as carboxymethylcellulose, an aliginate, gelatin, or polyvinyl
pyrrolidone, a solution retardant such as paraffin, a resorption accelerator
such as a quarternary salt and/or an absorption agent such as bentonite,

25  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 callulosic or polymeric materials and forcing through a screen. As
an alternative to granulating, the powder mixture can be run through the tablet
machine and the result is imperfectly formed slugs broken into granules. The

30  granules can be lubricated to prevent sticking to the tablet forming dies by
means of the addition of stearic acid, a stearaie salt, talc or mineral oil. The
lubricated mixture is then compressed into tablets. The compounds of the
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saccharin or other artificial sweeteners, and the like can also be added.

Where appropriate, dosage unit formulations for oral administration can be
microencapsulated, The formulation can also be prepared to prolong of

20 sustain the release as for example by coating or embedding particulate
material in polymers, wax or the like.

The compounds of the invention can also be administered in the form of
liposome delivery systems, such as small unilamellar vesicles, large

25  unilamellar vesicles and multiiamellar vesicles. Liposomes can be formed
from a vatiety of phospholipids, such as cholesterol, stearylamine or
phosphatidylcholines.

The compounds of the invention may also be delivered by the use of

30 monoclonal antibodies as individual carriers to which the compound
molecules are coupled. The compounds may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include peptides,
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Pharmaceutical formulations adapted for topical administration may be

formulated as ointments, creams, suspensions, lotions, powders, solutions,

pastes, gels, sprays, aerosols or oils.

20  For treaiments of the eye or other external tissues, for example mouth and
skin, the formulations are preferably applied as a topicai ointment or cream.
When formulated in an ointment, the active ingredient may be employed with
either a paraffinic or a water-miscible ointment base. Alternatively, the active
ingredient may be formulated in a cream with an oil-in-water cream baseora

25  water-in-oil base.

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

30
Pharmaceutical formulations adapted for topical administration in the mouth

include lozenges, pastilies and mouth washes,



either a paraffinic or a water-m scible ointnment base. Alternatively, the
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15
Pharmaceutical formulations adapted for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes, foams or spray
formulations.

20 Pharmaceutical formulations adapted for parenteral administration include
agueous 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 agueous and non-
aqueous sterile suspensions which may include suspending agenis and

25 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

30 sterile powders, granules and tablets.



aqueous sterile suspensions which may include suspendi ng agents and 25
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agents analgesncs and anti-emetics. As used herein, “anti-neoplastic agents

include both cytostatic and cytotoxic agents such as but not limited to
cytotoxic chemotherapy, hormonal therapy, targeted kinase inhibitors and
therapeutic monoclonal antibodies. Combination therapies according to the

20 present invention thus comprise the administration of at least one compound
of the invention and the use of at least one other cancer treatment method. In
one embodiment, combination therapies according to the present invention
comprise the administration of at least one compound of the invention and at
least one other chemotherapeutic agent. In one particular embodiment, the

25  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

30 embodiment, the chemotherapeutic agent is an anti-neoplastic agent. in
another embodiment, the present invention provides a pharmaceutical
composition as described above further comprising at least ane other



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

conmpound of wabLhBek@dyenti on and at |east one anti-neopl ‘:‘Rtmﬁs@ ? As an
addi ti onal aspect the present invention provides the nethods or treatnent

and uses as described above, which co I se adm ni stering a conpound of
the invention together with at | east one chenot herapeutic agent. In one
particul ar 30 enbodi nent, the chenpt herapeutic agent is an anti-neoplastic
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one ot her WO 20b79 1629¢MET/ US2006/ 033683 30 chenot her apeutic agent, nore
particularly, the chenotherapeutic agent is an anti-neoplastic agent
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t he
iransduction pathway inhibitors; non-receptor tyrosine kinase angiogenesis
inhibitors; immunotherapeutic agents; proapoptotic agents; and cell cycle

sighaling inhibitors.

20 Anti-microtubule or anti-mitotic agents are phase specific agents active
against the microtubules of tumor cells during M or the mitosis phase of the
cell cycle. Examples of anti-microtubule agents include, but are not limited o,
diterpenoids and vinca alkaloids. Examples of diterpenoids include, but are
not limited to, paclitaxel and its analog docetaxel. Examples of vinca alkaloids

25 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

30 coordination complexes include, but are not limited to, oxaliplatin, cisplatin
and carboplatin.



cell cycle. Exanples of anti-mcrotubule agents include, but are not
limted to, diterpenoids and vinca al kal oi ds. Exanpl es of diterpenoids
include, but are not limted to, paclitaxel and its anal og docetaxel .
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Topoisomerase |l inhibitors include, but are not limited to,

epipodophyllotoxins.

20 Epipodophyilotoxins are phase specific anti-neoplastic agents derived from
the mandrake plant. Epipodophytlotoxins typically affect celis in the S and Gz
phases of the cell cycle by forming a ternary complex with topoisomerase |l
and DNA causing DNA strand breaks. The strand breaks accumulate and cell
death follows. Examples of epipodophyllotoxins include, but are not limited

25 to, etoposide and teniposide.

Antimetabolite neoplastic agents are phase specific anti-neoplastiq agents
that act at S phase (DNA synthesis) of the cell cycle by inhibiting DNA
synthesis or by inhibiting purine or pyrimidine base synthesis and thereby

30  limiting DNA synthesis. Consequently, S phase does not praceed and cell
death follows. Examples of antimetabolite anti-neoplastic agents include, but



and DNA causi ng DNA strand breaks. The strand breaks accumul ate and cel |
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pyrim di ne base synthesis and thereby 3Q,limting DNA synthesis.
Consequently, S phase does not proceed and cell death follows. Exanples of
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acute leukemia in children; aminaglutethimide and other aromatase inhibitors
such as anastrozole, letrazole, vorazole, and exemestane useful in the '
treatment of adrenocortical carcinoma and hormone dependent breast
carcinoma containing estrogen receptors; progestrins such as megestrol
20  acetate useful in the treatment of hormone dependent breast cancer and
endometrial carcinoma; estrogens, androgens, and anti-androgens such as
- flutamide, nilutamide, bicalutamide, cyproterone acetate and 5c-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
carci noma and benign prostatic hypertrophy; anti-estrogens such as 25
tanmoxi fen, torem fene, ral oxifene, droloxifene and i odoxyfene useful in the
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tyrosi ne ki nagé@sgatrayoyigesitohgignstiog. @ind Rasancegenss. specific 10 tyrosyl
residues in various proteins involved in the regulation of cell growh.
Such protein tyrosine kinases can be broadly classifjed as receptor or non-
receptor ki nasefverakarolgh brosinpkinasg catplysgibe Phrephopialien8heresiie prot ei ns

ha\éi ng an b ayrbspwdidtudgad va_\riogﬁpRﬂatdwmdwirdl@ddﬁnjw :agu:_atidnromsm@rﬁm-anel dogai n,
and a tyrosin i nase .domai .. Recept or tyrosin i pases, are involved in
the regul ati oSt PaaR B Rresth aoh bE bl asied o ARG BN act o
receptors. | ndpgert@rkirgses. or uncontroll ed activation of many of these

ki nases, i.e. aberrant kinase growth factor receptor activity, for exanple
by over-expression or nutation, 20 has been shown to result in uncontrolled
cel | growth. ARRSEPEN gPsine inases arsdrangmemBEaneVretying PaRE®N ki nases has been

l'inked to mal ighasdiiular igahd BidM dbmail;anfmamemblahe doRRiNDbA®E §rédfinesuch
ki nases coul d lgr{a%\é Idgﬁ':a?nz.i c.-:-(%:repttorr t?/%s{;l%%nases are involved in the regulation of
cell growth and are sometimes termed growth factor receptors. Inappropriate
or uncontrolled activation of many of these kinases, i.e. aberrant kinase
growth factor receptor activity, for example by over-expression or mutation,
20  has been shown to result in uncontrolled celt growth. Accordingly, the
aberrant activity of such kinases has been linked to malignant tissue growth.
Consequently, inhibitors of such kinases could provide cancer treatment
methods. Growth factor recepiors include, for example, epidermal growth
factor receptor (EGFR, ErbB2 and ErbB4), platelet derived growth factor
25  receptor (PDGFR), vascular endothelial growth factor receptor (VEGFR),
tyroéine kinase with immunoglobulin-tike and epidermal growth factor
homology domains (TIE-2), insulin growth factor-l receptor (IGF-I),
macrophage colony stimulating factor (cfms), BTK, ckit, cmet, fibroblast
growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin
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, epidermal growth
factor receptor (EGFR, ErbB2 and ErbB4), platelet derived gromh factor 25
receptor (PDGFR), vascul ar endothelial growh factor receptor (VEGR),
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SH2/SH3 domain blockers are agents that disrupt SH2 or SH3 domain
binding in a variety of enzymes or adaptar proteins including, PI13-K p85

20  subunit, Src family kinases, adaptor molecules (Shc, Crk, Nck, Grb2) and
Ras-GAP. SH2/SH3 domains as targets for anti-cancer drugs are discussed
in Smithgall, T.E. (1995), Journal of Pharmacological and Toxicological
Methods. 34(3) 125-32.

25  Inhibitors of Serine/Threonine Kinases including MAP kinase cascade
blockers which include blockers of Raf kinases (Rafk), Mitogen or
Extracellular Regulated Kinase (MEKs), 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

30  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 cal and Toxi col ogi cal
Met hods. 34(3) 125-32. 25 Inhibitors of Serine/ Threoni ne Kinases i ncl uding
MAP ki nase cascade bl ockers which include bl ockers of Raf kinases (Rafk),
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Also useful in combination with the present invention are Myo-inositol
signaling inhibitors such as phospholipase C blockers and Myoinositol
analogues. Such signal inhibitors are described in Powis, G., and Kozikowski
A., (1994) New Molecular Targets for Cancer Chemotherapy ed., Paul

20  Workman and David Kerr, CRC Press 1994, London.

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 oligonucleotides, ribozymes and
immunotherapy. Such inhibitors have been shown to block Ras activation in
cells containing wild type mutant Ras, thereby acting as antiproliferation
agents. Ras oncogene inhibition is discussed in Scharovsky, O.G., Rozados,
V.R., Gervasoni, S.I. Matar, P. (2000), Journal of Biomedical Science. 7(4)

30 292-8; Ashby, M.N. (1998}, Current Opinion in Lipidology. 9(2)99-102; and
BioChim. Biophys. Acta, (1989) 1423(3):19-30.



Anot her group of signal transduction pathway inhibitors useful in
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inhi bitors i n‘éi‘t[ﬂﬂ’ég'”@fﬂ’@a%@"@f'g ﬁema'nloi&feahqf fvErstedinages. FRECXamRI9 acel | ul ar

l'i gand bi ngli nuna@mzememe@ézﬁfr&ranwsmrsé@@l@enam@ ot &iOKokoddRal €, 5 | ntlone
C225 EGFR spe

Therapy for Sg‘r' t&?d¥ Htﬁ'%agg?%\ac‘%ﬁ‘gf”“??@a&"%é%ea?ER%G&%OIXB)Zg%@)%EBQAntzég?dy
Cancer: B DB o Ly e ep oo e 83000
203y < 176- 1855 Ahoa AR BBl RddkoRE 1lsine MR, S Sha B PER R AR A7 o e
10 Sel ective B3 16183 aofl 2UBGHREF Ricspecifit pntiyody (dderiveltkenaR.Adatal - VEGE

Anti body (fl OQEI%cﬂ-\}éﬁﬂﬁnb%r?W\VEélfh%ﬁﬁmgEﬁﬁ‘iﬁ’&noﬁﬁﬁzp §%@tho 17-5124).

Recept or klnase angi ogenesi s 1 nhi use in the present

i nvention. | nRiasks wgord%rowun&@%é‘@nserr@% @onﬁﬁﬁﬁﬁ'faﬁ?‘ﬁ'l E2 are di scussed

15 above in regard to S|gnal transduction inhibitors (both receptors are
ne ki nase used in conbination

receptor tyr be
e LB KRS Bhoigertbei oo, Also Al U eSerf ok
ant i bodi es mvenﬂundoﬂ?rlnitorsmfmgmgmﬁéﬁaéﬁéd(\mmm ek PiE2rare yisasised ki nase),

but bind 49t B6ovd i GG 1o HM] yAFRLEGH Sl SR bR Secblord BieSBkdgilod 2! Pha”

beta3) tha angi ogenesi s, angrostatin
(non- RTK) nmay adsite kinases). (Stbéninhibitprs may be used in combination with the

compounds of the present invention. For example, anti-VEGF antibodies,
which do not recognize VEGFR (the receptor tyrosine kinase), but bind to the
ligand; small molecule inhibitors of integrin (alphay betaa) that will inhibit

20 angiogenesis; endostatin and angiostatin (non-RTK) may also prove useful in
combination with PLK inhibitors.

Agents used in immunotherapeutic regimens may also be useful in
combination with the compounds of the invention.

25  Agents used in proapoptotic regimens (e.g., bel-2 antisense coligonucleotides)
may also be used in the combination of the present invention. Members of
the Bcel-2 family of proteins block apoptosis. Upregulation of bcl-2 has
therefore been linked to chemoresistance, Studies have shown that the
epidermal growth factor (EGF) stimulates anti-apoptotic members of the bcl-2

30 family (i.e., mcl-1). Therefore, strategies designed to downregulate the
expression of bel-2 in tumors have demonstrated clinical benefit and are now
in Phase I/l trials, namely Genta's G3139 bcl-2 antisense oligonucleotide.



conmbi nation wth PLK i nhibitors. Agents used in imunotherapeutic reginens
may al so be useful in conbination with the conpounds of the invention. 25
Agents used in proapoptotic reginens (e.g., bcl-2 antisense

ol i gonucl eo%@%ﬂ%&y al so be used in the conbi nation 8 T/{IQ‘EO 3§£§nt

I nventi on. the Bcl-2 famly of proteins bl ock apoptosrs.
Upregul ation of bcl-2 has therefore be | i nked to chenoresi st ance.
St udi es have shown that the epidernal (é?owth factor (EGF) stinmulates
anti-apoptotic menbers of the bcl-2 30 famly (i.e., ncl-1). Therefore,

i d h
deronstr ared. oo rirop Rt Rh ek addd AF anfsies BideRlofonaBsatay frs Mhinely
Genta' s G3139 hstP are dipgussethindValpl Joetat! &o®ind ©ncaf0 82180 2/1838 E00);

PCT/ US2006/ 0334hi%Kitadd SUEM, ,@M%@Mﬁ&t b@v%fﬁ?@@'&)@ﬁ using the antisense
ol i gonucl eotide strategy for bcl-2 are discussed 1n Water JS at at., J.

C/in. Onco/. 18:1812-1823 (2000); and Kitada S et al., Antisense Res Dev.
4:71-79 (1994)celﬁcyaelshgrﬁm€d 1BhiBitds MhibRGndieduldy inwividiim e RbhtrdTf gigul es

i nvolved In the ¢of | of the ell c i | i.n _dependent ki nases (CDKs)
and their i nterg&' 85?"5”qeﬁgndeﬁ'g'ﬂ'??s&ﬁ)(gbgﬂr%g'?%ﬂnﬁe# Ci'l"lse eukaryotic
cell cycle. Tf@ntrolmrugrasaimdthrmxgb theagukeryotiowcklliayelet i Thatmccmnnatéddl fferent

cyel [/ 0K COnphigA ohd \IRARASREYafiGn O TEbKREARSTL QRdlagugh the cel!

cycle. Several tors are un vel opnent .
For instance, f&f@ﬁﬁﬂre@eéﬁlortshéqqghthmraqéi@vi@le.nsewaia@“etytors ofeeligyalyy CDK2, CDK4,

gggag:]a(6 gg‘@ja:éﬁﬂéﬂhé ere'ilnfd@fdév@%pn@ﬂmoﬂrﬁtﬂ€§Qarxbﬁgﬂs'of‘ cqurZ bgst aggel " one
- enmbodi nent , %epﬁﬁ%%ﬁﬁggﬁ‘?s' t"l‘f@‘d’[ﬂﬂéﬁ{% (Q"Dllﬁe q(éﬁk 8%?‘ rsg?.fr’r%'%i stering to

t he ani nal a caamzEoars desdribied ¢, fonwatdnce, Resaniapetxl.n Ekb. aPpin 7Her. Fatedsgnal

transduction W particularly gefitinib (I RESSA(r)). The
nmet hods and UE@Q) enp od@hggéci)hese conbi nati ons rmay conprise the 20

adm ni stration of the conpound of the invention and the other

chent her apeut jhGhd BiiboBRRAL 35 MEhBESHhEhlelE iRRANG Kdnfpiisy 1 n any order or
administering to the animal a compound of the invention in combination with a
signal transduction pathway Inhibitor, particularly gefitinib ((RESSA®).

The methods and uses employing these combinations may comprise the

20  administration of the compound of the invention and the other
chemotherapeutic/anti-neoplastic 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 chemotherapeutic agent, the dose of each compound may differ from that
when the compound is used alone. Appropriate doses wilt be readily
appreciated by those skilled in the art. The appropriate dose of the



simul taneously in separate or conbi ned pharmaceutical conpositions. Wen
conbined in the sane fornulation it will be appreciated that the two
conmpounds nust be stable and conpatible with each other and the other 25
conponents of the fornulation and nay be fornul ated for ), M tion.
When forwl&?@@@g‘ﬁg} ately they may be provided in any Pc%ezﬁul@%%
formul ation, in such a manner as are k for such conpounds in the art.
When a conpound of the invention is used in conbination with a 30

chenot her apeuti c agent, the dose of each conpound may differ fromthat

when the conpedmisbuhd(sysafe fteffon aﬁﬁ%@&ﬁé@hgrag&ﬁﬁéla}’!clﬁbe Q@en‘i(@)adi Ly

appreciated b lBJ%S skilled in the art. @gr oriat e dose’ of the WO
2007/ 030361 P gﬁﬂa@d@jgmfag@lwﬁmwm(og)se tedlfiroidaiiermehigre and t he
ot her t her apetitidesitddyconbiriedah@gpatic e¥fectdid 4rb Qithaltidd bxpRrisk Bhags of

adm nistratio L) selected.i.n order to achieve the desired conbi ned
t herapeutic e@?‘\é'\%é"," OSﬁ}F %Leé'gwﬁﬁi'?‘ﬂa?-he expertise and discretion of the

attendent &linician. 5 The conpounds of the invention may be conveniently
prepared by thg dﬁ?pfo’ﬁ ] | Ik% whi ch follow The
present i nvention a s§q§?§5?§‘é’§mﬁ’gé+é§ﬁ%h°§“§%ﬁ% geﬁﬁa%acb%th? he invention
and bi ot i nyl afeiododgrstivresinsne exampleswdrieh fofovand sol i d- support - bound

versi ons thereof. Radiol abel ed conmpounds of the invention and biotinyl ated
conpounds of the invention can be prepared using conventional techniques.
For exanple, FERGPS0bEVEHRARIAY eﬁi%d't’ﬁ?e'ieﬂ\‘F@'P?P?WS@QWeb@’eﬂP@bar ed by
reacti ng the awhpctingldteaf conipouhds/efifid @ventioh And Eblid-dupbe@boirill t he presence of

15 I AL i al.abel ed. d f th
Mventi o, | nieris AoBol Red daiatetiel s Re Fusiior ep By |
radi ol abel ed eRFRSUNURIGS the inventioneas he iprpacatdisbigatonysritiona dechoiopesinds of  t he

I nvention aref | RdRBDR | LSk ' unds whi ch
20 inhibit PLK#%?(%'?MF h'reédi dengéi's'lfci%@1r ??Ig% déﬂ%%\ﬁ%ggﬁgésrp%o@jeﬁrg@?eat ment of a

condi ti on med®aftind g compeund gf theraveniirvitiftiun gas inthe praspnes of@dpl asns, for
t he 15 appropriate catalyst to produce radiolabeled compounds of the invention. In

one embodiment, the compounds are tritiated.

10

The radiolabeled compounds of the invention and biotinylated compounds of
the invention are useful in assays for the identification of compounds which

20  inhibit PLK, for the identification of compounds for the treatment of a condition
mediated by PLK, for the treatment of susceptible neoplasms, for the
treatment of conditions characterized by inappropriate proliferation, for the
inhibition of proliferation of a cell and for the inhibition of mitosis in a cell.
Accordingly, the present invention provides an assay method for identifying

25 such compounds, which method comprises the step of specifically binding the
radiolabeled compound of the invention or the biotinylated compound of the
invention to the target protein or cellular homogenates. More specifically,
‘suitable assay methods will include competition binding assays. The
radiolabeled compounds of the invention and biotinylated compounds of the

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



treatment 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
met hod for g 25 such conpounds, which nethod gqnqy he step
of speC|f|6gﬁ%&h%%%gpng the radiol abel ed conmpound of the |%@§ﬁ??%h or the
biotinyl ated conpound of the inventiomdo the target protein or cellular
honogenat es. More specifically, suitable assay nethods wi Il include
conpetition binding assays. The radiol abel ed conpounds of the invention

and biotinyl aTI@foMﬁ@W@Iéga%hﬁe%d'f&vmrbﬁﬁh c”H'Sdarﬁpérb‘ﬂoﬁH%HQéé bound

versions there can be enpl oyed assays according to t

convent i onal ﬁ"i'tﬁ%e $rape %%@(?W'%@?@IWP@@Z@W@ES‘@S@ inechb Yl'he foI | owi ng
exanpl es are 1h9tcmrrdsadh‘bn>foubwj ustration only and are not intended to limt
the scope of the invention in any way, the invention being defined by the
clainms which follow 5 The follow ng abbreviations as enployed in the
exanpl es, havEha followirg abteeviatiopa as egploygd ortheésgmples) have thegedtes) nol

nol e(s) 10 % ,qhéghl nole(s) Nnormal L liter(s) nL mililiter(s) L
mcroliter(s) 15 our(s) mn mnute(s) OC degrees Centigrade HC
hydrochl ori ¢ aci d9 DCM di cBlagehet hane 20 MeOH nret hanol

mg milligram(s)
mol mole(s)
10 mmol millimole(s)
N normal
L liter(s)
mL milliliter{s)
ub microliter(s)
15 h hour(s)
min minute(s)
°C degrees Centigrade
HCI hydrochloric acid
DCM dichloromethane
20 MeOH methanol
EtOAc ethyl acetate
MgS0, magnesium suifate
NaHCO; sodium bicarbonate
KaoCOs potassium carbonate
25 NaS0, sodium sulfate
Na nitrogen
Hz hydrogen

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



Et OAc ethyl acetate MSOH magnesi um sul fate NaHCO3 sodi um bi carbonate
K2COB8 pot assi um carbonate 25 Na2SO4 sodi um sulfate N2 nitrogen H2

hydr ogen XANTPHOS ( 4, 5- Bi s(di phenyl phosphi no) -9, 9-di nmet hyl xant hene) is a
comer ci al | woiddsee] € catalyst, from Aldrich. 30 ReagegtsydhRosisgrercially
avai l abl e or are prepared according to procedures in the literature. In
the follow ng structures, "Me" refers tgythe group -CH3. WO 2007/030361
PCT/ US2006/ 033683 40 | nt er nedi at e Exanple 1: Methyl 5-am no-3-({(1
R)-1-f2- (trifluoronethvl)phenyllethyl}oxy) 2-thiophenecarboxylate S \ H2N
OVe H, C St epinfermbBibRyExaBml 1

A-[2-(trrflrg
~11 / Ove A AL PeEdseds r i phenyl phosphi ne (62. 36
g, 2.21 mol /g, 137.8 mml) in DCI\/I(l O L) was stirred at roomtenperature
for 10 mnutes. The mxture was cqgl o0 0 C Methyl 3-hydroxy-5-nitro-2
10 t hi ophenecar boxyl ate (20.00 g, 98. mvol ), which may be prepared in a
manner anal ogous to the literature pro%‘re (Barker, J.M; Huddl eston,

P.R; Wod, ML.; Burkitt, S A. Jouffiay{of Chemi cal Research (Mn/print)
2001,

Stop A - Methyl 5-nitro-3-({(1R)-1-[2-(trifiioromethyl)phenyljethylioxy)-2-

5 thiophenecarboxyiate
DZN\.Sqi
N\ OMe
HG 2{ OF,

A slurry of polymer-supported 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-

10 thiophenecarboxylate (20.00 g, 98.44 mmol), which may be prepared in a
manner analogous to the literature procedure (Barker, J.M.; Huddleston, P.R;
Wood, M.L.; Burkitt, S.A. Journal of Chemical Research (Miniprint) 2001,
1001-1022) was added, followed by (15)-1-[2-(trifluoromethyl)phenyijethanol
(26.20 g, 137.8 mmol) and di-fertbutyl azodicarboxylate (31.73 g, 137.8

15 mmol). The reaction mixiure was stirred at room temperature for 21.25 h and
then was filtered through a fritted funnel and concentrated. The residue was
treated with 4 N HCl in 1,4-dioxane (300 mL) and stirred at room temperature
for 3 h. The mixture was then quenched by addition of 3 N sodium hydroxide
(300 mL) and saturated aqueous NaHCOj3 (200 mL). The mixture was

20 extracted with DCM (3 x 2560 mL). The combined organic fractions were dried
over MgS0,, filtered, and concentrated onto silica gel. Purification by column
chromatography (0 to 25% EtOAc:hexanes) provided 36.08 g (98%) of the
title compound as yellow oil. 'H NMR (300 MHz, CDCly): 57.82 (d, 1H, J=



1001-1022) was added, followed by (15)-1-[2-(trifluoronethyl)phenyl]ethanol
(26.20 g, 137.8 mmol ) and di-tent-butyl azodi carboxylate (31.73 g, 137.8 15
mol ). The reaction m xture was stirred at roomtenperature for 21.25 h and

then was fi ough a fritted funnel and concentr si due
was treate \%@ﬂmé{g{\l HCl in 1, 4-dioxane (300 m-) and %@g}agjtﬁgfoom

tenperature for 3 h. The m xture was tRhen quenched by addition of 3 N
sodi um hydroxide (300 m-) and saturated aqueous NaHCO3 (200 nL). The
m xture was 20 extracted with DCM (3 x 250 nL). The conbi ned organic
fractions wer j fhl Y- r o silica
gel. Purifi ca’?igg?]i)gﬁ'sggq/ﬁ#ﬁw?&?g%?gb%?ﬁw(g'qt@'%gét g&ﬁ?ﬁ%ﬁines)
provi ded 36.09”9'/(-‘@%5’/5"2)05-7?%%“’% VGt 6».75@6@ 353, Y4 (dodHof ¥ 6. 1TIHEINVR (300
MHz, CDCI3): 8 7.82 (d, 1H, J= WD 2007/030361 PCTI US2006/ 033683 41 7.8
Hz), 7.68 (d, Steg3 - Meihy/ 8-ardna-3-{ B89- 1f2-(triliudtométhyllptenyiathyifoxA@-(s, 1 H),

7.42 (t, 1 Hyulz 77 (q. 1 H J=6.1 H), 3.94 (s, 3H, 1.74 (d,
3H, /= 6.1 Hz)”.”{’ﬁ’ff’gg"”@g’?y’%’it hyl 5-ami no-3- (((1R)- 1

[2-(trifluoronethyl)phenyl Jethy/JoxyJd 2- thiophenecarboxylate H N\S/ Owe
H C8 F4 5 To a flask equi pped w tfy_astgnhperature probe, an overhead
mechanical stirrer, a reflux condens&d &fd an addition funnel was added
iron powder (26.84 g, 480.6 mmol) and @cetic acid (130 nL). The
iron/acetic acid slurry was stirred e nically and heated to an internal
tenperaturg of 50 C. To 10 the addition\tunnel was added a sol ution of
methyl 5-nitro-3-({(1 R 1-[2-

(trifluoronet %@fﬁgﬁeﬁ%ﬁéﬂ@Qﬁqge?atwip%@gﬁg\%ﬁﬁ%ydﬁ@‘{hgnﬁe 08 g, 96.13
mmol) in acetic acl . solatron’rn e aaditron funnel was then
added dropwi s&Ufe) @ FRéluk condensen brd ar aditianfunngl wes addegtionpoeder hat t he
The 15 1 eact | oo oL e o ang BLE bt (150 L The ranBedtelegla D i T h Do
(500 ni), was stirred mechanically and heated to an internal temperature of 50 °C. To
10 the addition funnel was added a solution of methyl 5-nitro-3-({{1/)-1-[2-
(trifluoromethyl)phenyl]ethyt}oxy)-2-thiophenecarboxylate (36.08 g, 96.13
mmol) in acetic acid (160 mL). The solution in the addition funnel was then
added dropwise to the ironfacetic acid slurry at a rate such that the internal
temperature was maintained at <60 °C (2.5 h total addition time). The
15  reaction mixture was cooled to room temperature, diluted with DCM (500 mL),
and then quenched by addition of 6 N sodium hydroxide (750 mL) and
saturated agueous NaHCO3 (200 mL). The entire mixture was then filtered
through a pad of Celite to remove insoluble material, rinsing the Celite with
additional DCM (250 mL). The aqueous and organic fractions were
20 separated. The aqueous fraction was extracted with EtOAc (2 x 400 mL).
The organic fractions were combined, dried over MgSO;, filtered, and
concentrated to afford 30.66 g (92%) of the title compound as an orange
solid. 'H NMR {300 MHz, CDCl3): 87.82(d, 1H, /=7.7 Hz), 7.62 (d, 1H, J=
7.7Hz), 7.56 (t, 1H, /=7.7 Hz), 7.36 (1, 1H, /=7.7 Hz), 5.72 (s, 1H}, 5.65 (q,
25 1H, J=8.3 Hz), 4.26 (br s, 2H), 3.80 (s, 3H), 1.66 (d, 3H, /= 6.3 Hz); MS
(APCI): 368.00 [M+Na]".



and then quenched by addition of 6 N sodi um hydroxide (750 nml-) and
saturated aqueous NaHCO3 (200 nL). The entire m xture was then f

t hrough a pad

separ at ed.

iltered

of Celite to renove insoluble material, rinsing the Celite
with addity (250 nL). The aqueous and organic re 20
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s fraction was extracted with Et

organic fractions were conbined, dried 8%/ MSH, filtered, and
he

concentrated to afford 30.66 g (92% of

title conpound as an

sol i d. IHNI\/R(BOOM-IZ CDCI3): 5 7.89 (d, 1 H, J—77Hz) 7.62

J= 7.7 Hz),

H, 5.65 (q,
3H, J= 6.3 Hz

p,ummemmmboo' (MNa] . WO 2007/ 030361

PCT/ US2006/ 033683 42 | nternedi at e Exanpl e 2: Methyl 5-am no-3-{

R) - 1- (2-chl orophenyl )ethy_I |- oxv} ugz}4

HCl  Step A -

R) - 1- ( 2- chl or ophenyl ) et hyl ] oxy} - 5- ni #4€o
prepared from methyl 3-hydroxy-5-nitro- @
(1S)-1-(2-chl orophenyl) et hanol

H J=1.7, 7.8
7.5 Hz), 7.
(s, 3H), 1.59

Met hyl 3- ([ (1R)-1-(2-chia ophenyIJet hyl Joxy) - 5-ni t
Methyl 3-{[(1

or ange
(d, 1 H,
5.72 (s,
1.66 (d,

[ (1

ephenecar boxylate HzN \'S/ CO, Me

ro25

hlophenecarboxylate was
i ophenecar boxyl at e and
by a proc&dure anal ogous to Internediate 10

Exanpl e 1, St eend - Mdtﬂ)mﬂ#ﬂa-M/orMﬁ}Myﬂa&}-&rﬂﬁa-és, 1H, 7

65 (dd,
/= 1.3

.5, 7.7 H), 7.40 (dt, 1 H /= 1.3,
M%f’f‘"”z’iaé}é?"g’%qel 9, 7 5 Hz) 5.98%q, 1 H,(J: 6.0 Hz), 3.85

(d, 3H, /= 6.2 Hz). OWONeNEthyI
5-am no- 3- ([ (1RJ-1- (2-ch/ or ophenyl ) et foxy)-2- 15 thi ophenecar boxyl at e

HzN \'S/ CO Me

10

15

20

He o

Methyt 3-{{{1R)-1-(2-chlorophenyl)ethyijoxy}-5-nitro-2-thiophenecarboxylate
was prepared from methyl 3-hydroxy-5-nitro-2-thiophenecarboxylate and
(18)-1-(2-chlorophenyl)ethanol by a procedure analogous to Intermediate
Example 1, Step A. "H NMR (400 MHz, DMSO-d): § 7.96 (s, 1H), 7.65 (dd,
1H, /= 1.7, 7.8 Hz), 7.47 (dd, 1H, /= 1.5, 7.7 Hz), 7.40 (dt, 1H, /= 1.3, 7.5
Hz), 7.34 (dt, 1H, /= 1.9, 7.5 Hz), 5.98 (g, 1H, /= 6.0 Hz), 3.85 (s, 3H), 1.59
(d, 3H, /=86.2 Hz).

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

H N~ S -COMa
Ur

H,c—{ cl

Methyl 5-amino-3-{[(1R)-1-(2-chlorophenyi)ethyljoxy}-2-thiophenecarboxylate
was prepared from methyl 3-{f{(1/)-1-(2-chlorophenyl)ethyljoxy}-6-nitro-2-

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

1

1



H3C-~ C Methyl 5-amno-3-{[(1

R) - 1- (2- chl or ophenyl ) et hyl ] oxy}- 2-t hi ophenecar boxyl ate was prepared from
met hyl 3-{[(1 R)-1-(2-chl orophenyl)ethyl]oxy}-5-nitro-2-

t hi ophenec | by a procedure anal ogous to Inter anple 1, 20
Step B. 1Haﬁ%%6%?g‘%%w|4z, DVEO d6): 8 7.54 (dd, 1 H, J_%’@%.ﬁ’%&m) 7.45
WO 2007/ 030361 PCT/ US2006/ 033683 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=1.87 7.6 Hz), 6.76 (br s, 2H), 5.57
q,lH,/—62Hz)549is 1H, 363(s 3H), 1.51 (d, 3H J= 6.4 Hz);

(
N:‘Sbfaﬁg: 211 das s MNEIJ‘(H E’Kﬁ%‘@%“" J%t i %%HgL ﬁ)"%h’)éﬁ |he|t lhv: ) 0) V)
t

f

2-t hi ophenecaf. 6b|zh|617tﬁdblr\s-l2l-kpﬂ-&Hq11H,O/H52ﬁ-lzl¥ 548 (%t éaH)13 68t(a3H) -

5- (Hydr oxynet n/qup,t]g To a m xture of

3- hydr oxy- 4- n??rg%énz'élg acr'd ﬂ%éE%’f))ZSQ.ﬂ;S rﬁ‘ in 1, 2- di chI or oet hane

(100 M -) was add e o 43 7 l% ovved by
boron trifluo ety < U4 DeR Siiine - pyrldl ne
conplex (451 orhm% etk trid amh:kanhldér op wise. The reaction

was stirred 4 h at roomtenperature, then cooled to 0 C and 15 quenched
with MeOH (10 nL). The m xture was c gpentr ted under vacuum and the

resi due taken up in toluene (200 fracted with aqueous 1 N
sodi um hydroxide (3 x 100 ni). Thg nb d aqueous layers were adjusted
to pH 1.0 by addition of 12 N HCl&-then e racted with EtOAc (3 x 250 niL).

The conbi ned organic | ayers wer & v‘bshed ter, brine, dried
F F

Route 1:

Step A - 5-(Hydroxymethyl)-2-nitrophenoc!

NO,
OH
OH
10 l To a mixture of 3-hydroxy-4-nitrobenzoic acid (5.0 g, 27.3 mmol) in 1,2~

dichloroethane (100 mlL) was added trimethyl borate (4.9 mL, 43.7 mmal),
followed by boron trifluoride diethyl etherate (5.5 mt, 43.7 mmol). Borane-
pyridine complex (4.1 mL, 41.0 mmo!) was then slowly added drop wise. The
reaction was stirred 4 h at room temperature, then cooled to 0 °C and

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

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



20 over MgSHA and concentrated under vacuumto give 4.55 g (98% of the
title conpound as alight yellow solid. 1H NVR (400 MHz, DMSO- d6):
510.87(s, 1 H), 7.85 (d, 1 H J=8.6 Hz), 7.08 (s, 1 H, 6. 88 (dd, 1 H,
J=1.19, 8. 43 (s, 1 H, 3.33 (s, 2H. WO 2007

PCTI USZOOG%’??@ 303! h Step B - 3-Hydroxy-4- nltrobenzylplf va ate ﬁgss OH OHe
OCH CH A mxture of 5-(hydroxynethy})-2-nitrophenol (11.35 g, 67.15
mol ) and 3 (2, 2-di met hyl propanoyl )-1, 3-t hi azol i di ne-2-thione (15.0 g,
73.89 mol ), which 5 may be prepared in a manner anal ogous to the
literature preg 10,E edron Letters 1992, 33, 2171-2174),
was stirred m%ckrueﬁx%@%ah "b?”a’lﬁ’g’i’% C for 40 h, then cooled to room
tenperature. The reaction was concerfter at ed under vacuumto a vol une of

approximately 200 nL and the resul t °Hslurry was filtered through filter
paper, washing the solid with cold ol uene. The filtrate was then
concentrated under vacuum and purifi by silica gel chromatography

eluting with a gradient of 0-to-20% Et gA hexanes to give 11.09 g (65% of
the title conmpound as a clear yell ow%i¥es, H NVR (400 MHz, DMVBO-do):
811.05 (s, 1H), 7.87 (d, 1H, /= 8.42 Hz¥* 7.06 (s, 11-1), 6.90 (dd, 1 H,

/= 1.46, 8. 42Ahﬁitur95c;f(59(h aroxﬂulrath I2-Aifoptrenobi 35 Jg56‘;6ﬂsﬁ1n%iyand 3-
Aé (l\:l;_lt ro-3-Q t ( ldilrjnoerﬂ?yrlrr?rgp no)yl?L‘i 3-tma/alzgl J( r}/ej-éz%lo (&} (%8 % 89 mmol), vl}flﬁ) ch O 0 9%n0F
5 may be prepared in 2 manner analogous to the literature procedure (Yamada,
8. Tetrahedron Letters 1992, 33, 2171-2174), was stirred in toluene (670 mL)
at 100°C for 40 h, then cooled to room temperature. The reaction was
concentrated under vacuum to a volume of approximately 200 mL and the
resuiting slurry was filtered through filter paper, washing the solid with cold
10  toluene. The filtrate was then concentrated under vacuum and purified by
silica gel chromatography eluting with a gradient of 0-t0-20% EtOAc/hexanes
to give 11.09 g (65%) of the title compound as a clear yellow oil. 'HNMR
(400 MHz, DMSO-dj): 8 11.05 (s, 1H), 7.87 (d, 1H, /= 8.42 Hz), 7.06 (s, 1H),
6.90 (dd, 1H, J=1.46, 8.42 Hz), 5.08 (s, 2H), 1.18 (s, 9H).
15
Step C - 4-Nitro-3-{f(trifluoromethyl)suffonyljoxyjbenzyl pivalate

To a stirred, cooled (0°C) solution of 3-hydroxy-4-nitrobenzyl pivalate (11.11
g, 43.9 mmol) and Atphenyliriflucromethanesulfonimide {16.51 g, 46.2 mmol)

20 in DCM (220 mL) was slowly added N, A-diisopropylethylamine (15.5 ml., 88.9
mmol). The reaction was stirred for 45 min at 0°C, then 45 min at room
temperature. The reaction was then concentrated under vacuum and purified
by silica gel chromatography eluting with a gradient of 5-10-20%



CM ' a To a stirred, cooled (0C) solution of 3-hydroxy-4-nitrobenzyl
pivalate (11.11 g, 43.9 mmol) and Mhenyltrifl uoromet hanesul f oni m de
(16.51 g, 46.2 mmol) 20 in DCM (220 m -) was slow y added

N, AAdi i sopr@pwhgldskam ne (15.5 nh, 88.9 mml). The readioiRsest | 11 ed
for 45 mn at 0C, then 45 mn at room tenperature. The reaction was then

concentrated under vacuum and purified y silica gel chronmatography
eluting with a gradi ent of 5-to0-20% WO 2007/ 030361 PCT/ US2006/ 033683 45
Et OAc/ hexanes to give 16.87 g (99% of the title conpound as an off white

solid. 1H NNREW%@ ‘ﬁ%? ?;Eggz’g%gi[h(aq'ﬂ%%orhbo&na a% af\zoﬁlm:fe 7.75-7.69

(m 2H), 5.27
Met hyl 5[ ( 5- ([ ¢2lid2- mmt@mﬂwdpa)mma@xmmymzx 8.42 Hz), 7.75-7.69

ni t ropheny/ Ja 41
[ 2- (tr|fIuorotr;%{%{llﬂlﬁﬁy ﬁg ﬁ%ﬂ 99$)o>)y)th| ophene- 2-carboxy/ate NO, b s cH,
4 HC | HsCOFFCHAmxtureof

ol ) rorrgt R e L S ’ﬁ’?’?’%’fbﬁ’g‘?’%’ym@”y’wﬁgn( ety
oxy) t hi ophene gf "6%"6’@%’9'{” '\%‘( %R)éﬁ'}%éﬂtg @8’9%17 gfh}ﬁ’f\ﬂf)&‘}; .Jheney

t et raki s(t ( pherptholgisiehi ne) pal | adi um (0) (150 ng 0.13 nmmol ),

tri phenyl phosphi ne (68 ng, 0.26 nmmgl,) and K2C03 (900 ng, 6.5 mmmol) were
stirred in toluene (5.2 m-) at 10 f ,@u then cooled to room
tenperature 15 and filtered throu Lfe,®washing with Et OAc and DCM The
filtrate was concentrated under vdcuum and purified by silica gel

chromat ography eluting wth a graadi %to- 25% Et QAc/ hexane to give

F
F

ente,
1.26 g (84% of the title H,cﬁ/Lo
G L
. T \

A mixture of 4-nitro-3-{[{triiffucromethyl}suifonyl]oxy}benzyl pivalate (1.0 g,

10 2.60 mmol), methyl 5-amino-3-({(1R)-1-[2-(triflucromethyi)phenyllethyl}-
oxy)thiophene-2-carboxylate (1.34 g, 3.88 mmal),
tetrakis(triphenylphosphine)palladium (0) (150 mg, 0.13 mmo!),
triphenylphosphine (68 mg, 0.26 mmol) and KzCO3 (900 mg, 6.5 mmol) were
stirred in toluene (5.2 mL) at 100 °C for 2 h, then cooled to room temperature

15 and filtered through Celite, washing with EtOAc and DCM. The filtrate was
concentrated under vacuum and purified by silica gel chromatography eluting
with a gradient of 5-t0-25% EtOAc/hexane to give 1.26 g (84%) of the title
compound as a red oil. "H NMR (400 MHz, DMSO-dg): § 9.75 (s, 1H), 8.09
(d, 1H, J = 8.6 Hz), 7.89 (d, 1H, J = 7.87 Hz), 7.69-7.78 (m, 2H), 7.52 (t, 1H, J

20 =7.59 Hz), 7.34 (s, 1H), 7.01 (dd, 1H, J = 1.46, 8.60 Hz), 6.62 (s, 1H), 5.70-
5.75 (m, 1H), 5.07 (s, 2H), 3.74 (s, 3H), 1.58 (d, 3H, J = 6.22 Hz), 1.13 (s,
gH).

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



conpound as a red oil. 1H NWR (400 MHz, DVSO-ds): 8 9.75 (s, 1 H), 8.09
(d, 1 H J =8.6 H), 7.89 (d, 1 H J =7.87 Hz), 7.69-7.78 (m 2H), 7.52
(t 1 H J 20 =7.59 Hz), 7.34 (s, 1 H, 7.01 (dd, 1 H J =1.46, 8.60 Hz),

. 62 5.75 1 H), 507 (s, 2 3.74 8 (d,
.82 (5 T Woaemntfly S 15 (M 1H, 007 (5 2H). 3. 74 feusionsshs®

ani no-5- ([ (2, 2-df met| 7yl propanoyl) oxyj ngt hyl j 25 pheny/)am noJ-3-(((1R)-1
[2-(trifluoronethy/)pheny/Jethy/)oxy)thiophene-2- carboxy/ate WO

2007/ 030361 PCT/ US2006/033683 46 NH2 HH \ NS OCHs 0 QQHF NOFI /
HCOF FFCH Amxture of neth

5-1(5-{[ (2, 2- di net hyl pr opanoyl ) ox ¥ Js,@% nitrophenyl)am no]-3-({(1
R)-1-[2-(trifluoronethyl)phenyl]e | } /)thl ophene- 2-carboxylate (2.42 g,
4.17 mmol ) and platinum (sul fided, [5 wt%jon carbon) 5 (811 ny, 0.21 nmol)
in EtOAc (30 nL) was added to a hi - pres reaction flask. The reaction
was purged with vacuum and N2 gae; en as was applied at 50 psi for 1
h. The reaction mxture was filt'&r thro‘ugh Celite, washing with EtQAc.
The filtrate was concentrated under vacuum to gl ve 27 0 (99% of the

2.
title compourfymidurg of metyhp(a-{l(2.2rdigyeinylarepanavoxyineityilidy . 10 S 8.62 (s, 1
H, 7.84 (d, ﬂltrdfbheﬂyjarﬂ‘nﬁk-dﬂzlh) -142-(HfldiemeBifphén ?eﬂ'&yﬁﬂxy)th&pﬁ&nd-iz) 7.50

(U ob M 3y SRt o84 A% phoiank bt e S el ¥, 3= 04
(s, 2H) %. 881 mg, 912)1 mrBolpih HtSAc $39 mL)lwastadded tcsmhlgh-pnessuaaeamaon 1. 11 (s,
oH); M (ESI )ﬁask. The reaction was purged with vacuum and N gas, then H; gas was
applied at 50 psi for 1 h. The reaction mixture was filtered through Celite,
washing with EtOAc. The filtrate was concentrated under vacuum to give 2.27
g (99%) of the title compound as a tan solid. *H NMR (400 MHz, DMSO-dg):
10 38.62(s, 1H), 7.84 (d, 1H, J = 7.87 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, 9H); MS (ESI):
551 [M+H]",
i5
Step F - Methyl 5-(6-{1(2,2-dimethyipropanoyi)oxy]methy(}- 1 H-benzimidazol-1-
Y-3-({(1R)- 1-[2-(trifluoromethyl)phenyllethyijoxy)thiophene-2-carboxylate

N=\ [»]
N._ .5 o-%H
m/z/u\
e}
o]

o H,C
CH, r

HG ©Fs F i

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

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



551 [M+H'. 15 Step F - Methyl 5-(6-({(2, 2-di met hyl pr opanoyl ) oxyJmnet hy/ J-
| H- benzi m dazo%. -
yl) - 3-({(1R) 1(2-(tr/fluoronet hyI ) phenyl Jet hyl ) oxy) t hl ophene 2- car boxyl at e

N=\ O | gﬁﬁ@—b O O HC | CH F HCCHsFFTo f§36§’3f met hyl
5-[(2-am no- 5 di met hyl propanoyl)oxy] 20 et hyI} eny #am noj - 3-({(1

R) -1-[2-(t(fl uoronet hyl)phenyl ] ethyl)- gxy)thi ophene-2-carboxylate (2.27 g,
4.13 mmol ) in triethylorthoformate (10 nL, 60.2 mol) and DCM (3 nlL) was
added pyridi nium p-tol uenesul fonate (100 ng, 0.4 mml ). The reaction was

éslt7| ;(r)g% ?gngg?&nf@hpéraﬂnet%@%ﬁ&uoﬁ@rg)&% xtur 'g was | ogg;gﬁ%ﬁ%%???gg?)gel
and purifi eoD EY F'E%? vaiFhfeﬁ'F'E?Hﬁﬁ gé?@ﬂﬁ@/“@h aoradienhrt 41o5Q5f adi ent  of

0-t0-50% Et GROAbdesares to givgi2viey @66) of h8@% corfpdund akiatlight wAgpUNd as a

i gh ik pro , _ 88 199 (d, 1 H,
= t?.tsinré?,“'gfj%@@ME&%@QC’%,S%@?@'H@A&ﬁ"r"i‘(’%-é‘%”;%? .63((3, 1
El),967.(53 E&Hhso{myw 77B0 1) ) = TRIHR)(563 (b, 1), 73336 16 = JZGﬂSHz)d §H42JHE),
6. 23 ng 1. 1723'1]0 63&99%1('@ a%?i)z%erﬁq 18, Lg 0Ff2) 5.1 B2

Met hyl 5- [ 6- (kﬁr%ﬁ@xgiﬁhﬂrﬁﬁ@,w @aﬁzwa)azdwz %);MS{EW BR) {+HP. 10

(trifluoronethyl)phenyljethy/)oxy)thi ophene-2-carboxylate COH, 1/ 0 OH

HOF
Step G - Methyl 5-[6-(hydroxymethyl)-1H-benzimidazol-1-yij-3-({( 1R)- 1-/2-

10 (tifluoromethyl)phenyllethyljoxy)thiophene-2-carboxylate

_\N ) LCh,
o
0
OH HC
F
F ¥

To a stirred solution of methyl 5-(6-{[(2,2-dimethylpropanoyl)oxy]methyl}-1H-
benzimidazol-1-yl)-3-{({(1R)-1-[2-(trifluoromethyl)phenyljethylioxy)thiophene-
2-carboxylate (5.21 g, from a different batch using procedure analogous to
15 Example 1, Route 1, Step F, 2.30 mmol) in MeOH (24 mL) was added 0.5M
sodium hydroxide in MeOH (24.0 mL, 12 mmol). The reaction was stirred at
room temperéture for 72 h, then quenched with acefic acid (2 mL). The
mixture was diluted with DCM (350 mL) and half saturated aqueous brine
solution (150 mL). The aqueous layer was extracted with DCM {250 mL).
20  The combined organics were dried over MgSQ, and concentrated under
vacuum to give 4.40 g (99%) of the tille compound as a light yellow solid. 'H
NMR (400 MHz, DMSO-dg): 8 8.58 (s, 1H), 7.99 (d, 1H, J = 7.87 Hz), 7.69-
7.81 (m, 3H), 7.51-7.58 (m, 2H), 7.38 (s, TH), 7.30 (d, 1H, J = 8.42), 5.96 (q,
1H,J=6.10 Hz), 5.30 {, 1H, J = 5.77 Hz) 4.62 (d, 2H, J = 5.86 Hz), 3.83 (s,
25 3H), 1.65(d, 3H, J = 6.23 Hz); MS (ES!): 477 [M+H]".

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



F F To a stirred solution of nethyl

5-(6-{[ (2, 2-di net hyl propanoyl ) oxy] nethyl }-1 H benzi m dazol -1-yl)-3-({(1

R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)thiophene- 2-carboxylate (5.21 g,
m a

F

- (t
fro di ffg/bezﬂﬁm?@s%f:h using procedure anal ogous to 15 dexanRéoRodksgaRoute 1,
Step F, 9.3 In MOH (24 M -) was added 0.5M sodi um hydroxide in

MeOH (24.0 mi, 12 nmol ). The reaction ygs stirred at roomtenperature for
72 h, then quenched with acetic acid (2 nL). The mxture was diluted with
DCM (350 m -) and hal f saturated aqueous brine solution (150 m-). The
aqueous | ayer was extracted with DM (25 m.). 20 The conbi ned organics
were dried over MgS04 and concen §Ft vacuumto give 4.40 g (99%
of the title conmpound as a |ight | solid. 1H NWR (400 MHz, DMSO- d5):

8858 (s, 1H, 7.99 (d, 1 H J&E 7.87%z), 7.69- 7.81 (m 3H), 7.51-7.58
(m 2H), 7.38 (s, 1H), 7.30 (d, 18 Jw ), 5.96 (q, 1 H J = 6.10 Hz),
5.30 (t, 1 H J =5.77 Hz) 4.62 (d, 2HF 5.86 Hz), 3.83 (s, 25 3H),
1.65 (d, 3H, J = 6.23 Hz): MS (ESI): 477F[MH'. Step H - Methyl

5[6-(chloro i

(E ri 1£/ uor omret i enﬁ]ﬁgﬁhmg@p% Bl(lhg& h;gﬁne(ﬂéﬁ car Z%TIgta%OI\}\dFIZOOYI 030361
PCTI U82006/0 -&ﬁﬂﬂwmmmhﬂ)m}@wﬂet ony)thioghener- ca oxydate (41 @:r ed sol ution
of methyl 5-[$g gw rm;slmﬁw édﬁh#h%fﬁibgbdﬁéphnial hbci (30{rh

) wa
3 08 ol )5 arfl ?{;ﬁw&ﬁ%ﬁ“w%ﬁk@é LY 48 ol “r?f?@opvfa%f%y'(zaenﬁ Hes s
added N-chl ormnemnmd(sﬂrréﬁfogzo #ifldesyeh cooléd & foematmperands t hen

heated to ref{y andSEid dieloh R Bod iS5 on IR LG RALES S, oom

t enper at ure.
brine solution (150 mL). The aqueous layer was then extracted with DCM.

The combined organic layers were dried over Na2SQ4, concentrated under
10 vacuum and purified by silica gel chromatography eluting with a gradient of

10-10-60% EiOAc/hexanes to give 1.4 g (92%) of the title compound as a

white solid. 'H NMR (400 MHz, DMSO-dg): & 8.65 (s, 1H), 7.99 (d, 1H, J =

7.87 Hz), 7.72-7.81 (m, 3H), 7.69 (s, 1H}), 7.54 (t, 1H, J = 7.69 Hz), 7.43 (d,

1H, J = 8.42), 7.38 (s, 1H), 5.97 (q, 1H, J = 6.10 Hz), 4.91 (s, 2H), 3.84 (s,
15 3H), 1.66 (d, 3H, J = 6.23 Hz); MS (ESI): 495 [M+H]".

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

| =\
! N S CH,
WA
0
s
ne H,C

Fy o

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

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



The reaction was diluted with DCM (400 ml -) and half saturated aqueous
brine solution (150 nmL). The aqueous | ayer was then extracted with DCM

The conbined organic layers were dried over Na2SO4, concentrated under 10
vacuum and y silica gel chromatography el uti adi ent of
10-t 0- 60% E‘Pg&b({”g@aﬁes togive 1.4 g (92°/c) of the tltr}g:T\(/:ﬁg’%r@g@sﬁggSas a
white solid. 1H NVR (400 MHz, DVBO- d6) 496 8.65 (s, 1H), 7.99 (d, 1H J =
7.87 Hz), 772781(m 3H) 7.69 (s, 1H) 7.54 (t, 1 H J=7.69 Hz),
7.43 (d, 1 H J 8.42), 7.38 (s, 1H),597(q,1HJ 6.10 Hz), 4.91

o, 1) & RO s i) o,
(trifuoronet W[‘Se&ﬁ%%ﬁ/@ TACY W‘f’ Rzr/f}e%’ﬁéﬂ'éa QEGQF%@E@W@P'B’ glutingy s ooH, O
mcts) H C _Fd F with Bogradisiti of Oao-6016E ORe/hetanke tdyive P41 Brg(BIdpsfametitiey| ) - 1

enzi m daz
R-1-[2-(tri %PméP%Ar&e?%a%B'téééélfél ﬁngtﬁsﬁ)}%%[ﬂWIOphene 2-car boxyl ate (200 ny,
0.40 nmmol ) _ i nmet hyl f o m-) was added sodi um

n_N, N-di
t hi omet hoxi deStea7 - ﬁﬁ‘s[@’e@’”ﬁﬁﬂmwﬁ bﬁ’@éfﬁ’ﬂf’?ﬂ/rfviﬁs3 €t ¥17dd 30 nmin, then WO
2007/ 030361 Ff&ifb&J‘SBfé@@b ity 8y Mhibphons 2abbabiviebo, veshed with vater
Na2 ,

(5x), brine, dried over concentrated under vacuum and purified by
silica gel chromatography eluting ,wth a gradient of 0-to-60%

Et OAc/ hexanes to give 147 nmg (72% Mcﬁ theltitle conpound as a white solid.
M5 (ESI): 507 [MtH]'. 5 Step J - 6 { (Fethyl t hi o) net hy/ J-

1H benzi m dazo/ - yO- 3- (((IR) -1 [,
(trifluoromethy)Jpheny6rethy/ oxy t hi ophe:e 2-carboxamide NO N,,IC S/ NHz

H,C
O HG
E

F E

A mixture of methyl 5-{6-[(methyithio)methyl}-1H-benzimidazol-1-yl}-3-({1R)-
1-[2-(trifluoromethyl)phenyllethyi}oxy)thiophene-2-carboxylate (144.0 mg,

10  0.28 mmol) and 7N ammania in MeOH (18 mL, 126.0 mmol) was added tc a
high-pressure glass reaction flask. The flask was sealed, then heated to 80 °C
for approx. 16 h. The flask was cooled to room temperature, opened, and the
reaction mixture concentrated under vacuum, then puriified by silica gel
chromatography, eluting with a 0-t0-3% gradient of MeOH/DCM with 1%

15 ammonium hydroxide to give 130 mg (93%) of the title compound as a white
gold solid. "H NMR (400 MHz, DMSO-dy); 5 8.49 (s, 1H), 7.93 (d, 1H, /=
7.68 Hz), 7.85 (br s, 1H), 7.80-7.75 (m, 2H), 7.69 (d, 1H, /= 8.23 Hz), 7.56 {t,
1H, /=7.68 Hz), 7.39 (s, TH), 7.29 (d, 1H, J=8.42 Hz), 7.15 (br s, 1H), 7.08
(s, 1H), 5.94 (m, 1H), 3.79 (s, 2H), 1.93 (s, 3H), 1.75 (d, 3H, /= 6.22 Hz); MS

20 (ESI)y 492 [M+H]".

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



HCF SHC FF A mxture of methyl 5-{6-[(methylthio)nmethyl]-1
H benzi m dazol - 1-yl }-3-({(1 R)-
1-[2-(trifluoronethyl)phenyl]ethyl}oxy)thi ophene-2-carboxylate (144.0 ngy,
10 0. 28 mm! ammonia in MeCH (18 nL, 126.0 mol to a
hi gh- pr essurézglf]@g(éﬁr eaction flask. The flask was seal eﬁthwi&%%oﬁﬂ eated to 80
C for approx. 16 it The flask was coolsgd to room tenperature, opened, and
the reaction m xture concentrated under vacuum then puriified by silica
gel chromat ography, eluting with a 0-to-3%gradient of MeOH/ DCMwi th 1 %
15 ammoni um hydr oxi de to give 130 93% of the title conpound as a
white, gold solid. 1H NWR (400 . 6 8.49 (s, 1 H, 7.93 (d, 1
H J= 7.68 Hz), 7.85 (br s, 1 H (8007775 *m 2H), 7.69 (d, 1 H J= 8.23
Hz), 7.56 (t, 1H /=7.68 H)§7/39 (s, d H, 7.29 (d, 1 H J= 8.42 Hz),
7.15 (br s, 1 H), 7.08 (s, 1luky% 5.94 % 1.H, 3.79 (s, 2H), 1.93 (s,
3H), 1.75 (d, 3H, /= 6.22 Hz); M5 20 ( §I): D2 [M+tH] ©. Step K - 5-(6
f (Met hyl sul fonyl j net hy/ J-1 H benzi m dazo/ - IxVHN-3-(((1R) -1 [ 2-
(trrfluoromethyl)phenyl Jet hyl j oxy)th/ ophené 2-carboxam de WD 2007/ 030361
PCT/ US2006/ 033683 so N1 O / NS NH OH3C HaO\ F F F To a stirred,
cool ed (- 10Q)Tesmstisteidpeootdd (SHLOy $dutih by 5-{E{(MmetmhimyirdetidylHH-
benzi m dazol - “X‘H“}‘T%PE{& . . i thyl .
R) - 1- [ 2- (t ri fICO6FOTREPRY; ‘}S%W']‘B‘Wl“?&%'EWPB‘T:DYQEB‘-"}%‘YXQP%%%?SM de (76 mm,
0.15 mmol ) i r2-Cahoxaide (76-mg, 8a$ edubidn BCM (3.0 mL) was added -

5 chloroperoxybenzoic acid (70 mg, 0.31 mmol). The reaction was stirred 30

min, warmed to room temperature and stirred 15 min, then was concentrated

under vacuum. The residue was diluted with chloroform and washed with
aqueous saturated NaHCO,, water, dried over NaxS0Q4, concentrated under
vacuum, and purified by silica gel chromatography eluting with a gradient of
10 0-t0-5% MeOH/DCM, with 1% ammonium hydroxide, to give 78 mg (96%) of
the title compound as a white solid. 'H NMR (400 MHz, DMSO-dg): 68.57 (s,
1H), 7.95 (d, 1H, J = 7.87 Hz), 7.85 (br s, 1H), 7.80-7.73 (m, 3H), 7.89 (s, 1H),
7.55(t, 1H, J=7.69 Hz), 7.38 (d, 1H, J = 8.42 Hz), 7.19 (s, 1H), 7.12 (br 5,
1H), 5.95-5.89 {m, 1H), 4.61-4.58 (m, 2H), 2.89 (s, 3H), 1.75 (d, 3H, J = 6.04
15 Hz); MS (ESI): 524 [M+H]".

Route 2:

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

N:."\
Mo 5 LCH,
\ /7 °
% o
HO™%

HC

F

F

i
(o]
F



5 chl or oper oxybenzoic acid (70 ng, 0.31 mmol ). The reaction was stirred 30
mn, warnmed to roomtenperature and stirred 15 mn, then was concentrated
under vacuum The residue was diluted with chloroformand washed w th

aqueous satyhaf %MEIACOB water, dried over Na2SO4, congghtdhiRsheander
e

vacuum and puri by silica gel chromatography eluting wth a gradi ent
of 10 0-to-5% MeOH/ DCM with 1 % amonisym hydroxi de, to give 78 ng (96% of
the title conpound as a white solid. 1H NVR (400 MHz, DVMSO-d6): 8 8.57 (s,
1H, 7.95(d, 1 H J =7.87 H), 7.85 (br s, 1 H, 780773(m 3H), 7.69

, 1 7 .Folixgdre oflmbthyls-fB- 7.19 (s,
(15H), ;i)lz ; ixfuire oflmbthy pLE;}(Zhn&%niézﬁyl) 17+§§mﬁﬁdaz1el'li u% (t(1ﬁ}_|§1-%22 b (s 3(H)S,

1.75 (d, 3H, Qﬁ'ﬂ”"%mﬁﬁj?y')&“oe“ t“Y'}H@)E"é?P?’Q %'EafHOWﬂF @ 5%&8&’%“2 Step A -
Met hyl 5- (6 ( (differént bstehfusing bjatetiry GRaloddtistte Examiblaar eitey], Btep-H,( ( 1R) - 1

150 s o e EReRuheeloNy I X sl ORI B A g8 Een 51
m xture of methapp! BOLenk)dasaddettorg/high-pressiegiksairerelion flaskyThe 3- ({ (1
R)-1-[2- (trifabkiRadssdidy) kﬁdﬂ%@%hh@é@% H’é]éﬁrbﬁhﬁ@hﬂ@ﬁglﬁ%t?ﬁ%% ate (4 53 g,

froma different batch usin rocedur e anal ogous e 1,

Step H, 9. 1F°RRE 9 roopdemprraliye. opANRd, 28R4 thegpeRtiommidyie C(OQC@Ira&d 27 5 mol )
and 5 et hanolunféOaQuur) thewpurdidd ed siliea Ihhl@h’rdﬂfg%[ﬁ'lyrﬁum ith 4 886>t i on_fl ask.

l'ask vas conredaugRtol B RRERhS wﬁ%ﬁsgr{éﬁ% St {n’tﬁae”at RS 1 xt ur e
concent r aitted a lighthelowaolidi i N (#0pwitiA, DBIS Dy, i518i67as grd), 801 eayat ogr aphy,
celuting with@ 5087 14z 7.82.7.70 (m, 4H), 7.53 (t, 1H, /=7.69 Hz), 7.45 (s, 1H),

7.40 (d, 1H, /= 8.42 Hz), 5.95 (m, 1H), 4.63 (m, 2H), 3.83 (s, 3H), 2.90 (s,

3H), 1.65 (d, 3H, /= 6.204 Hz); MS (ESI): 539 [M+H]".

Step B - 5-{6-f{Methyisulfonyl)methyl]-1H-benzimidazol- 1-y{}-3-({(1R)- 1-{2-
15 (trifluoromethyl)phenyijethylioxy)thiophene-2-carboxamide

ﬂ o)

A mixture of methyl 5-{8-[(methylsulfonyl)methyl]-1H-benzimidazol-1-y1)-3-
{(1R)-1-[2-(trifluoromethyl)phenyilethyljoxy)-2-thiophenecarboxylate (4.53 g,
8.42 mmol) and 7N ammonia in MeOH (250.0 mL, 1.75 mol) was added to a

20  high-pressure glass reaction flask. The flask was sealed, then heated to 85 °C
for approx. 36 h. The flask was cooled to room temperature, opened, and the
reaction mixture combined with a second batch of methyl 5-{6-
[(methylsulfonyl)methyl]-1H-benzimidazal-1-y1}-3-({{ 1R)-1-[2-
(trifluoromethyl)phenyllethylioxy)-2-thiophenecarboxylate (4.11 g, 7.63

25  mmol), which had also been treated with 7N ammonia in MeOH (200.0 mi,
1.40 mol) in a high-pressure glass reaction flask at 85 °C for approximately 36



35% gradi ent of Et OAc/ hexane to give 4.54 g (92% of the title conpound as
10 a light yellow solid. "H NWR (400 MHz, DVMsO-d8): 5 8.67 (s, 1H), 8.01
(d, 1 H /=7.87 H), 7.82-7.70 (m 4H), 7.53 (t, 1 H /= 7.69 Hz), 7.45
(s, 1H, &0‘590&?03611 H /=8.42 Hz), 5.95 (m 1 H), 41@%1{8%0613:@583 3.83 (s,
3H), 2.90 (s 37 1.65 (d, 3H J= 6.204 Hz); M5 (ESI): 539 [M+H'. Step B
- 5-(6[ (Met hyl su/fonyl)nethy/j-1H benzigdazol -1 ylj-3-({(1R)-1-[2- 15
trifluoronethyljphenyljethyljoxyjthi ophéne 2-carboxamde 0 Hz VS/ H 11 S
HaC 111 HaC I \ F F F A mixture of nethyl

5-{6-1( et hyl ]

R -1-[2-(tri ffﬂﬂg%@%ﬁ%@‘@rﬁ&ﬁgny Qﬁ o‘i%@ﬁgd ﬂ‘e% gh:‘ig%g oxyI ate (4.53 g,
8. 42 mol) an@'#ﬂeém?%"?'h”ﬁ%ﬁ“ﬂ QWUB""W"_‘E“PU"FQGW 5iliGReae! added to a 20
h

i gh- pressur ec@bﬁﬁ&)gﬁa}m@te!m’hgfdmﬁé(o tol5%8 gtdcisi ofsonARE I dwitii 196N heated to 85

C for approx, wa om te er at ur opened and
the reaction m?‘lélf‘ h%‘ﬁ%ﬁ‘%i}zjg'v&?ﬁ@%&z%ﬁ@‘%@?éﬂm!a? NekAsiAR © ?%

[ (et hyl subf ompitd selichWS) (ESI)HER [M+HiT.dazol - 1-yl }-3- ({(1 R) - 1- [2-
(trifluoronethyl)phenyl]ethyl}oxy)-2-thi ophenecarboxylate (4.11 g, 7.63 25
mol ), whi ch Egamaik3930ges oth c,g{ .a in MOH (200.0 nL, 1.40
nol) in a hig ] as 5Cfor approxurately 36
WO 2007/ 030361 ; B b enperature and
opened. The conbi ned reaction mxtur es wer e concentrated under vacuum

then purilfied by silica gel chromat raph eluting with a 0-to-5%
gradient of MeOH/ DCM with 1 % Mr\@)ﬂ de, to give 7.47g (89% of
%

the title conpound as an off-

-8
R

Ci

Step A -Methyl 3-{f{1R)- 1-(2-chloropheny!)sthy/joxy}-5-{6-
10 [{methylthio)methyil- 1H-benzimidazol- 1-yi}thiophene-2-carboxylate

=\N 5 /CHa
7 °
Q
13
H,C

cl

The title compound was prepared from methyl 5-[6-(chloromethyl)-1H-

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

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

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

N"_ﬁ‘ o]
N 8
aare
O
Bs e
HC - HC
¢}



5 white solid. Ms (ESI): 524 [MtH]'. Exanmple 2: 3-1[(1 A -1 ‘
- (2- Chl orophenyet hvl | oxv}-5-16- [(nethylsul fonvl)nethyll-1 H benzim dazo)-|
-yi }-2-thi ophenecarboxanmide 0 S/ NH OO0 HO C-\OHNC 1 \ C Step A

Met hyl  3- (6 L5hndisél- chl orophenyl ) et hyl Joxy) -5-(6 10 PCT[USZOO6/033683
[ (et hyl t hi 0) net hylg 1H benzi m dazo%l yl )t hi ophene 2-carboxylate S /CHa /

0O OH3CHCI \ d The title conpoun sVas prepared from net hyl
5-[6-(chloronethyl)-1 H benzi'm dazol -I-yl]-3-{[(1
R) - 1- (2- chl or ophenyl ) et hyl ] oxy}t hi ophene-2- carboxyl ate by a procedure

anal ogous to Ao &) 473 [ M+ Step B -
3- ([(%R;J 1- (21@32%?% GRS |35§§<g;m@mg;‘(‘@?% t hi o) met Ly|5ﬂm P

benzi ni dazo%CNAreRNENY e Y25c rlisest D -bRPEmIdRER-0 1 HCdal \
WD 2007/ 03036/1}trm§§ﬁé€§2aﬁﬁfoa #3Re%Y a &&eﬁh% driatdgous M Rainipe \tmou@é ¢pared from

met hyl 3-{[(1.,R o Xy ( th hlo)rrethyl] 1
H benzi mi dazott® %J @ﬁﬁ%n%ﬁgwgé M %{ EVL J{Bgr(% ﬁ i’ gr‘?‘gl ogous to
Exampl e 1,5 ant,EH)],749(d 1H, J=7.87 Hz), 7.45-7.35 (m, 3H), 7.29 (d, 1H, /=8.42

Hz), 7.16-7.11(m, 2H), 6.01-5.95 (m, 1H), 3.82 (s, 2H), 1.94 (s, 3H), 1.73 (d,

3H, /= 6.41 Hz); MS (ESI): 458 [M+H]".

Step C - 3-{[(TR)-1-(2-Chloraphenyl)ethvifoxy}-5-{6-f(methyisulfony)methyi]-
TH-benzimidazol- 1-yi}-2-thiophenecarboxamide

= )
_\N s
\ M
§ .
HC™y H c*/(j

10 Cl

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

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

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

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




Step J. '"H NWMR (400 M1z, DVMSO-d6): S 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), 6.01-5.95 (m 1H), 3.82 (s, 2H), 1.94
(s, 3H), 1-&%%&10393311 /=6.41 Hz); M5 (ESI): 458 [ M-HlpernRb@binisees
3-([(1IR) - 1-(2- forophenyl)ethyIJoxy)-S-(G-[(rrethyIsquonyI)rrethyIJ-

1H benzi m dazo% y/)-2-thi ophenecarboxggide 0 Ns 1/ NH 0 OHC-tl HNC
10 A The title compound was prepared from3-{[(1

R) - 1- (2- chl or ophenyl ) et hyl ] oxy}

5-{6-[ (et hylsdh@)- rwmwira%hsmgan%@ézoh.yéb@9phene 2- car boxani de by
a procedure anal /o‘% } K. 1H NVR (400 MHz,

DVSO- d6) ? VY dme’f%'s@ﬁ/a@é" "ffoﬁj’eﬂeﬁwxxfﬂe 1 H J= 8.24 Hz), 7.73
(s, 151H), 770 7.67 (m 1 H), 7.49-7.47 (m 1H), 7.44-7.33 (m 3H), 7.26
(s,1 H, 7.12 (s, 1 H, 5.97-5.93=m 184, 4.64-4.60 (m 2H), 2.90 (s,

3H, 1.73 (d, 3H J = 6.41 Hz); %90 [ MtH] +. | nternedi at e Exanpl e
3: Methyl 5-(6-bronp-1 H . benzi zol={-yl)-3-hydrox -- 20
2-t hi ophenecarboU | ate / ~ N 11 8OCH, RLCH;L / OH WO 2007/ 030361

PCTI US2006/ 033683 54 St epA - Met hyl 5'=°'(§-cb,rorm 1H benzi i dazo/ - 7
yl)-3-([(1, 1- dinethy/ethyl9(di net hyI ) ¢l §% oxy) - 2-t hi ophenecar boxylate N S
CH /~, / 00O, Br Sl11 CHH3C

To a mixture of 5-bromo-1 Hbenzumldazole (43.78 g, 222.0 mmol) in

5  chloroform (800 mL} was added N-methylimidazole (44.5 mL, 560.0 mmol),
followed by methyl 2-chloro-3-ox0-2,3-dihydro-2-thiophenecarboxylate (44.8
g, 233.0 mmol). The reaction was stirred 20 h at room temperature, then N-
methylimidazole (18.0 mL, 226.0 mmol) was added, followed by t-
butyldimethylsilylchloride (36.8 g, 245.0 mmol). The reaction was stirred 1 hr,

10 then quenched with MeOH and poured into DCM and water. The aqueous

layer was extracted with DCM (3x). The combined organics were then dried
over Na;S0y4, concentrated and chromatographed on silica gel, eluting with a
50-to-75% gradient of 25% EtOAc in hexane/hexane to give 25.18 g (24%) of
the title compound. MS (ESI): 467 [M+H]".

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

thiophenecarboxylate
Nﬁw s 1 CH
Sares
. OH

To a stirred solution of methyl 5-(6-bromo-1 Atbenzimidazol-1-y1)-3-{[(1,1-
dimethylethyl){dimethyl)silylloxy}-2-thiophenecarboxylate (25.18 g, 53.9

20 mmol) in THF (540.0 mL) was added 1.0M tetrabutylammonium flouride in
THF (60.0 mL, 60.0 mmol}. The reaction was stirred 1.5 h then aqueous
saturated NH4Cl was added (200 mL). The resulting slurry was stirred 15 min
then diluted with water (750 mL) and EtOAc (1.0 L). The aqueous layer was



k-CH, H3C CH To a m xture of 5-brono-1 /-Fbenzimdazole (43.78 g, 222.0
mmol) in 5 chloroform (800 m-) was added N-nethylim dazole (44.5 nL, 560.0
mol ), followed by nethyl

2- chl or o- 3- hydr o- 2-t hi ophenecar boxyl at e (44. smmol ) .

The reacti o‘géwa@ogots?frred 20 h at room tenperature, the%mﬁjsm% /ﬁJ Pﬂ m dazol e
(18.0 nmL, 226.0 nmol) was added, followed by t buty|d|nethyIS|IyIchIor|de
(36.8 g, 245.0 mmol ). The reaction was Stirred 1 hr, 10 then quenched with
MeOH and poured into DCM and water. The aqueous |ayer was extracted with

DCM (3x) . TheseparaRid e Qs A@eq/\gr %}}%ﬂ%logﬁque%ga Lie ?%% concentr at ed

and chr omat ogﬂgg lﬁ‘a on silic o gr adi ent of
25% Et OAC i n WRIRYRIMashanegRGied %hﬁp (B2u Fhe gembinekorganice corrpound S
(ESI): 467 [ Naydrs werbSwashed wih a MBWMHC%M&@%@%&W@& gzo/ -

T b o e AAEOSRERL R UL Sl iad o chis et %BTO P et

di met hyl etﬂlyll);hwaﬁewsyllc) M3 BYNo353 pve-Hhi ophenecar boxyl ate (25.18 g, 53.9
20 mmol) in THE (540.0 m - ) was added 1. O\/Itetrabutyl ammnl umflouride in
THE (60.0 niL Exafhpfe 3 7Y : ; 1.{-i¢A. aqueous

sat urated NH Was stirred 15 min
t hen dil ut ed *witH e : aqueous | ayer was
WO 2007/ 030361 PCTNSZOOG/ 033683 55 separat ed and its pH adjusted to 3.0 by
addi tion of aqueous 1 M HCI. The aqu ¢oUS sI er was then extracted with

-a

Hiu lathoxythipphene-2carlyoxamide

Et CAc (3x). The conbi ned organic | mvashed with aqueous 0.1 M
HCl, brine, dried over MgJSO4 and _colficentra ed under vacuumto give 19.4 g

(100% of the title conpound q,;%,@“ H;:;@

Route 1:

10 Step A - 3- Methy! 5-(6-bromo- 1H-benzimidazol-1-yi)-3-{(1R)-1-[2-
(triffuoromethyljphenylfethoxyjthiophene-2-carboxylate

Br
H,C
F
F

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

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

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



5 light yellow solid. M5 (ESI): 353 [ MtH +. Exanple 3:

5-f6-f (4- Met hyl pi perazin-I-yl)nmethvl]-1 H benzi m dazol -1 -yl }-3- {(1

R) - 1- |2-(trifl uor orret hyl ) phenvl | et hoxy}t hi ophene-2-carboxanmide S O NH, / N
C HC

N/ HG, o710 35 Route 1: 10 Step A - 3- Methyl 5-(fs 3
IH-benz/mdazo (f 3-j(1R) -1 [2- (trirluoronethyl)pheny/Jet hoxygthl ophene
2-carboxy/ate 0 s ocH, 1 /o0 Br H3C kg F F A slurry of polyner-supported
tri phenyl phosphine (53.0 g, 2.04 mml /g, 108 nmmol),
(16)-1-[2-(trifluoronethyl)phenyl]ethanol (15.4 g, 81.0 nmol ), and 15

met hyl 5- (6- bzsﬂsrgw(é'mfci?wm@dé%ebndas\'émygw%%w“h'mﬁ? pgar boxyl at e

(I nternmedi at e_Exam was stirred

at room t enpeMades, 8 8 ?E GHM7|$7 @htH.of 7By HRR I -B0hB T (el 6165 t h
di -terdbutyl (damedi<asbeis) 78727481, 7.398, Fmpla)gs(arhﬁ-l fﬁa@bsﬂﬁ m xture was

stirred for 3 yre h h'tilter washi ng the resin
solids with &%ﬁ%énbgq%é 'Sj'F*fég‘ls'J’glF)nMseE@Qs 3%3% Tat ed under vacuum and
purified by silica gel chromatography, eluting with a 5-to-50% gradi ent of
Et OAc/ hexahe $igo & e 30T 288 uoPTRINYBRODEHIOAEEI6-vBR-18. 8 g (849 of

the title CONPOHuADLRMiHpheNEblaMoRMbd. *H NVR (400 M,

=
N .8 LCH,
o o]
H,C :
H,G
F
E

F

To a mixture of 3-methyl-5-(6-bromo-1H-benzimidazol-1-yl)-3-{(1R)-1-[2-
(trifluoromethyl)phenyllethoxylthiophene-2-carboxylate (23.8 g, 45.4 mmol),

10  potassium vinyltrifluoroborate (7.25 g, 54.5 mmol) and triethylamine ( 6.3 mL,
45.4 mmol), stirred at room temperature in n-propanol (230 mL) was added
{1, 1-bis(diphenylphosphino)-ferrocene]dichloropalladium(ll) dichioromethane
complex (750 mg, 0.91 mmol). The mixture was then heated to reflux and
stirred for 3 h, then cooled to room temperature, poured into water and

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

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

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



DMSO-de): 5 8. 1H, 7.97 (d, 1 H /=7.87 H), 7.80-7.71 (m 3H),
7.65 (d, 1 H, 65 Hz), 7.57-7.48 (m 2H), 7.35 (s, 1 H), 5.99 (g, 1 H,
J=5.98 Hz), 3.83 (s, 3H), 1.65 (d, 3H, /=6.04 Hz); M5 (ESI): 525 [M+H"
5 Step B - «f (1R) -1

[2-(trifl uororrzt@\%%y ) phenyl Jet hoxy) - 5- (6-vi nyl - 1H ben2|PrﬁTél<l;{szz(é)olﬁl-o?’L‘T'ﬁs3

yl) thi ophene- 2-carboxylate s c,cH H G,H G F F F Toe mxture of

3- et hyl - 5- (6- brono-1 I—I—benzinidazol-l-yl)-S-{(l R) -1-[2-
(trifluoronmethyl)phenyl]ethoxy}thi ophene -carboxylate (23.8 g, 45.4 mmol),

63 (s
J=1.
3

10 pOtaSSI umvinyltrifluoroborate ( 54.5 mmol ) and triethyl am ne
(6.3 m., 45.4 mmol), stirred at r tdu;eln n- propanol (230 m -)
was added [1,1'-bis(diphenylphos errocene] di chl oropal | adi un(11)
di chl oronet hane conpl ex (750 The m xture was then heated
to reflux and stirred for 3 h, theﬁml coag& room tenperature, poured
into water and 15 extracted vmth Et CAc he conbi ned organic | ayers

were washed with brine, dried over I\/gSCf4;= concentrat ed under vacuum and
purified by silica gel chromatography, eluting with a 10-to-40% gradi ent

of Et CAcl hexanga &mreﬁomoﬁzng i(fﬂ-“@ @t(tﬁfiaer &Aﬁﬁﬁﬁﬁ&y&%%s a yel | ow

foamsolid. 1H NI\/E H J=
7.87 Hz), 7.46 1"'%’&{'2'@4?20'210“)?“'8@1%-2 %LBOXV'F %@7%523? fhmrmﬂb 7, 39 (s,
11-1), 6.85 (iddp0 it of dediondRatends:1 %s%ﬁdéﬂ)lme@h@ﬂo@ﬁolmb Noxide(1 10 Hz) ,

(5d863|(_|d ]5 g%éBM%gR/gﬁ%\géﬁ’}g% q%olutzongwr@eth%é in 2-83 (s, 3H), 1.65
Met hyl 5[ 6- ( 1, eyl onopanod{1iya k. 10-8 bend). Thel ssaoién whslstiBref @1 ol [ 2-
(tr/fluorometyy érl%ﬂﬁ@?/déhghh@éf{bh%ﬂggmﬁ 2GRS RU A RS st Qe 030361

PCT/ US2006/ 03365
he mixture was extracted with EtOAc (3x). The combined organic layers

were washed with brine, dried over MgSQOs, concentrated under vacuum and

10 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-d5): 68.59
(d, 1H, /=1.46 Hz), 7.98 (d, 1H, /= 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

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

= o]
Ne S .CH,
\V\_ﬁo
H o]
gaee

F
F

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



OHHC F F F To a stirred solution of nethyl 3-{(1
R)-1-[2-(trifluoronethyl)phenyl]ethoxy}-5- (6-vinyl-
H benzi m dazol - 1-yl ) t hi ophene- 2-carboxylate (17.06 g, 36.1 mmmol) in 360 nL

of acet one/, 1) was added 4-nethyl mor pholine N-@x{g&bensdss? 9. 43.4
mol ) foll gym@%‘ﬁ@g/&%% wei ght % sol ution osm umtetroxide i n0 703368

met hyl - 2-propanol (10.0 nL, 0.8 mmol).gdhe reaction was stirred at room
tenperature for 18 h, then quenched vvit aqueous (saturated) sodium
sulfite. The mxture was extracted with Et OAc (3x). The conbi ned organic

layers were W&QQVB ﬁ’nﬁwoﬁr‘f esﬂﬂ'dg‘%‘i’u R/V\@és %@%r 1%&%%&5@:@@&““ vacuum
and 10 purlfled@ﬁ}/ l1ca homato%{ . elutin &n hﬁ*g'l%'tgt -8%

gradi ent of \ﬁi@‘hc ifhe/@avﬁﬂyﬁﬂ W?ﬂ?’ﬁﬁcffé' “Y"Bg% ¢ ( g (92% of
the title cesmbnsdoffini ldyetd Werk dlashud Wmﬁﬁrﬁohnléﬁ ovEHVYSB, 640 |\/HZ

DMSO-do): 8 8.59

7.80-7.68 ( m°°";ﬁ$‘"g‘?“§§d%' Vgﬁuunﬂﬂg"ﬁ'ﬁ 764! /°)(°gihe]‘ﬁ1e °2€3{’°Jr!§‘8 (q 1H J=
6.10 o), 5? aght(yeuomdagq sbgds‘nawawezwazmuse%ﬁzs 1009 @H1), 883 H](s 3,

D Nbt hy! 5- (6% OF%% o 81065037 9]@7/?“3?7)8@?%% _‘L’K%ﬁ)l‘sf% 7511, bH; P
(trifl uor omeSi8s ipHdnis 6.40 Hak pB)8dttis,ditiches i, Shy o Bya24ia; MSEESIEH, \1 0 H O

H3C F I / fy g,aQHTo a solution of nethyl 5-[6-(1,2-di hydroxyethyl)-1
H benzi m dazol - I[

(R %ﬂ%@?}%{%%‘q@@ﬁt S A R RS T ovate . O

10 3-(71R)- 1[2-(fr/ﬂuoromerhy0pheny/]ethoxy}th/aphene—.? carboxylate

o
Pw

F

To a stirred solution of methy! 5-(6-formyt-1H-benzimidazol-1-y!)-3-{(1R)-1-[2-
(trifluoromethyl)phenyljethoxy}thiophene-2-carboxylate (14.76 g, 31.1 mmol),
n-methylpiperazine (5.72 mL, 62.3 mmol} and acetic acid (2.1 mL, 37.4 mmol}

15  in dichloroethane (150 mL) was added sodium triacetoxyborohydride (8.9 g,
46,7 mmol). The reaction was stirred for 1.5 h, then aqueous 5% K.CO; was
added until the pH was approx. 8. The mixture was then diluted with EtOAc
and water. The aqueous layer was extracted with EtOAc (3x). The combined
organic layers were washed with brine, dried over Na;S04, concentrated

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

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



WD 2007/ 030361 PCT/ US2006/ 033683 58 (10.58 g, 49.5 nmmol ). The resulting
slurry was stirred for 1 h, then was diluted wth water and Et QAc. The
aqueous | ayer was extracted with Et QAc (3x). The conbined organic | ayers

wer e washedgu goﬁm ke, dried over MgSO4 and concent r ggfshREfegsacuUM t o
give 14.76 ¢ (2 % of the title corrpound as a 5 l'i ght yellow foam solid. 1H

NVR (400 MHz, DMSO-d6): 810.09 (s, H§9 8.87 (s, 1 H, 819 (s, 1 H),
8.02-7.89 (m 3H), 7.81-7.72 (m 2H), 7.57-7.51 (m 2H), 5.98 (g, 1H, /=
6.10 Hz), 3.84 (s, 3H), 1.66 (d, 3H J= 6.22 Hz); I\/S(ESI) 475 [ MrH "

Step E - Nt Neto & 6060k i) }a@ﬁrgfaﬁe@yﬂh@gg{m i penghg] dazovd yo-

10 3-((1R) - 1 i fl'uor onet @) r‘'boxyl ate ~ S/
0-CH H C NO F—’WOI"E”WF/VW/J napl moe gergod- Erfffib%’i‘ﬂwe net hyl

5-(6- forrryl-lH-ben2|mdazoI 1-yl)-3- {(1 R -1-[2-

(trifluoromethyl)phenyl]ethoxy}thioph Fre- 2- rboxylate (14.76 g, 31.1
nmol ), n-methyl pi perazine (5.72 n1_ ) and acetic acid (2.1 ni,

37.4 mml) 15 in dichl oroet hane s added sodi um

triacet oxyborohydride (9.9 g, , mml) reaction was stirred for 1.5
h, then aqueous 5% K2CO3 was d until H was approx. S. The m xture
was then diluted with Et OAc and wat er. TH& aqueous | ayer was extracted
with Et OAc (3x). The conbi ned organic Iayers were washed with brine, dried

%reéna'\'?igﬁph ARGRELE el Fio-LR Rl bREIR- 2 JomBHI b HEERBRLE DT
amoni um hsydry & {ﬂbR)rb[?gﬁtr\sfl@lomneaiwl)gher(ygqth%y}tbtopbme-wanbexsdambtﬁﬁﬂd as a |light

yel | ow foam ba@s nimérb MEIN 4Rholzn Mea}/ﬁ%@ﬁﬁ. 35%10‘57we(§addéd® 7.98 (d, 1
H J=7.87 46 (s, 1

) 7.33-7.2 Q*h?fe%%b’ © 9'9%%*36%{3“@?% Thﬁﬂaeé wes %?za}ed ﬁ@"é‘%@d (@ asosd %y, 3.55 (s,
2. 45- 2. F6r dpproxSED h. Phelffask was 3bdled tb G6m tshmpetiturd, apedbdOdndiny; M5 (ESI):
559 [ M-H reaction mixture concentrated under vacuum, then puriified by silica gel

10 chromatography, eluting with a 2-t0-8% gradient of MeOH/DCM with 1%
ammonium hydroxide to give 14.11 g (92%) of the title compound as a white
foam solid. "H NMR (400 MHz, DMSOQ-dy): 88.49 (s, 1H), 7.93 (d, 1H, /=
7.87 Hz}, 7.86 (br s, 1H), 7.80-7.75 (m, 2H), 7.68 (d, 1H, /= 8.23 Hz), 7.56 (t,
1H, J=7.68 Hz), 7.33 (s, 1H), 7.28 (d, 1H, /= 8.42 Hz), 7.15 (br s, 1H), 7.06

15 (s, 1H), 5.94 (q, 1H, /= 6.10 Hz), 3.52 (s, 2H), 2.45-2.20 (m, 8H), 2.13 (s,
3H), 1.74 (d, 3H, /= 6.22 Hz); MS (ESI): 544 [M+H]".

Rouie 2:

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

NO,

5

O

b

0
“CH,

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



WO 2007/ 030361 PCT/ 52006/ 033683 59 Step F-5-(6[(4-Methylp/peraz/n-1
y/)met hy/J- 1H benz/ m dazo%d yQ 3-((1R)- 1

12- (trlfl uoronet hyI)pheny/Jet hoxy) t hi ophene 2-carboxamde n NHL O | N HO
N HC I FArrixture of net hyl

5-{6- [(4 rret 2? pI pera2| n-1-yl)methyl]-1 H benzi m dazol Pmesmw?sSG 3-{(1

R -1-[2- (tl’lf| uor orret hyl ) phenyl ] et hoxyJhhi ophene- 2- car boxy! ate (15 82 g,
28.35 Mol ) and 7N anmonia in MeCH (25(? m., 1.75 nol) was added to a

hi gh- pressure gl ass reaction flask. The flask was seal ed, then heated to 80

C for approx l“@s%ka I opened, and
the reacti ono?(?j@%li;?éﬁ%ﬁgcent r at n(3?1)9g?%@?&ﬁﬁ@mﬂi}éﬂyﬁ{eﬂw‘%ﬁ% by silica

gel 10 chrond? R9-9 raoh |anCW%~’hmh) f@fﬁﬁ?@@’g‘ﬂ’%ﬂé‘ﬁ@ 369 Gheoily DCM with 1 %
anmoni um hy driexheewbong tv eockd tehipeBat(32MY g@kndnae with Watr¢eatnaUNth@s a white

f lid. 1 H J=

787 ié’) I 7. é’E‘ {HgR""é 8%‘%_%‘07"’5’6%1&?@-)(?ﬂdB‘B‘I‘LEq&PU%g’YEPdéWEC‘ﬁg“8 8.23 Hz),

7.56 (t, 51 HEtOAS (3K) 68heHdpmbiried 3Bgnds layersivereivaBed dith brine, diied Bvet2 Hz) 7.15
b ,

(2 51582 20 ( mlﬁ%%? ' &gnéfétrzt;"d b‘h%%%&ﬁhng%m%éf@?_(og@ﬁh%&%&ﬁz g E?'éo( ESI ) 544

[ M-H] +.  Rout ed)pelutingeyitha O-105258% gragient of RtRdchexaneyty sive20/0m8356) of ni t r obenzene

NGB Sr 0,  the title compound as a clear orange oil. 'H NMR (400 MHz, DMSO-d): &

8.07 (d, TH, /= 8.97 Hz), 7.50 (d, 1H, /= 2.20 Hz), 7.21 (dd, 1H, /= 8.97 and
10 2.38 Mz), 5.34 (s, 2H), 3.39 (s, 3H).

Step B - Methyl 5-f{6-(f{methyioxy)methyijoxy}-2-nitrophenyl)aminof-3-({( 1R)-
1-[2-(trifluoromethy)phenylfethyloxy)-2-thiophenecarboxylate

To a stifred solution of methy! 5-amino-3-({(1/)-1-[2-(trifluoromethyl)phenyl]-
15  ethylloxy)-2-thiophenecarboxylate {1.32 g, 3.82 mmol) and 2-bromo-4-
{[(methyloxy)methylloxy}-1-nitrobenzene (1.0 g, 3.82 mmol) in dioxane (20
mL) was added tris(dibenzylideneacetone)dipalladium(0} (70.0 mg, 0.076
mmol) and XANTPHOS (97.0 mg, 0.17 mmol) followed by cesium carbonate
(6.2 g, 19.0 mmol). The mixture was heated to 60 °C and stirred for 12 h, then
20 cooled to room temperature, diluted with EtOAc and filtered through Celite,
washing the solids with EtOAc and DCM. The filtrate was concenirated under
vacuum and chromatographed on silica gel (120 g), eluting with a 5-10-35% |
gradient of EtOAc/hexane 1o give 1.64 g (82%) of the title compound as a red
oil. 'TH NMR (400 MHz, DMSO-d). 89.85 (s, 1H), 8.12 (d, 1H, /=9.33 Hz),
25 7.90(d, 1H, J=7.87 Hz), 7.74 (m, 2H), 7.53 (t, 1H, /= 7.68 Hz), 6.84 (d, 1H,



| O, CH 20 A solution of 3-brono-4-nitrophenol (20.0 g, 91.7 mmol) in DCM
(475 m.) was stirred at 0 C. Diisopropylethylamne (19.2 nL, 110.0 mmol)
was added, WO 2007/030361 PCT/ US2006/ 033653 60 followed by the drop w se
addi tion ofwg.58ksdskon of chloronethyl nethyl ether ( pefi¥boosdddts® nmol)
in DCM (25 nL). The reaction was stirred at OC for 1 hr, then warned to
roomtenperature and quenched with watgf (150 ni). The m xture was poured
into brine (150 nL) and the aqueous | ayer extracted with 5 Et QAc (3x). The
conbi ned organic |ayers were washed with brine, dried over MSOX,

concentrat ed sages MﬂC&m%BQmFMPBﬂ?%MQ% il?)@:é.g%s,gi 0 9),

. . - ¥ . §¢§l| ]
eluting with -1 0-25% gr ent o t QAc/ hexane t i (83% of
the title cor%%ﬁﬁdglﬁ)s?gjsgq”gg!* Y584zl MS (ESTY ﬁm'\ﬂt{ﬂg M4z, DVBO- d6): 8
8.07 (d, 1 H J=8.97 Hz), 7.50 (d, 1 H J=2.20 Hz), 7.21 (dd, 1 H, J=
8.97 and 10 3eRE -Wathy! §:(Glrpethyiexymedydexyl-¢H-bdhYimicSE el -8)-3-({{ 1R)-

Met hyl 5[ (5- ([ £ W bRRE) TUATP 1,00J-3- (((1R) -

[ 2-(trifl uoro@%%) pheﬁr@%%({lléﬁ%%%& gﬁ%?@%ﬁ@l"%}r&boxyl ate NO O HH 5
OCH NO OHC OCH FF F To a s irredosol ution of nethyl

5-ami no-3- ({(1 R)-1-[2-(trifluoronmpwl ) phenyl]- 15

et hyl } oxy) - 2-t hi ophenecar boxyl at e 321 8782 mol) and 2- brono- 4-

{[ (et hyl oxy) met hyl ] oxy}-1-ni trobepzene (%.0 g, 3.82 mmol) in dioxane (20
m.) was added tris(di benzyli dene_gEet onejeh | adi un{0) (70.0 ng, 0.076
mml ) and XANTPHOS (97.0 ng, 017 mmol) ¢ d by cesium carbonate (6.2
g, 19.0 nm3ol). The mixture was heated tof60 C and stirred for 12 h, then

To a high-pressure hydrogenation reaction flask was added methyl 5-[(5-
{{{methyloxy)methylJoxy}-2-nitrophenyl)amino]-3-{{{1R)-1-[2-
(trifluoromethyl)phenyljethyljoxy)-2-thiophenecarboxylate (2.0 g, 3.8 mmol),
pyridinium p-toluene suifonate (95.0 mg, 0.38 mmal), 5% by weight platinum

10 on carbon (sulfided) (740 mg, 0.19 mmol} and trimethylorthoformate (40 mL).
The flask was purged with Nz (gas) vacuum (3x), then with H, (gas) ivacuum
(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

15  as a light yellow foam solid. '"H NMR (400 MHz, DMSO-dy): 3 8.49 (s, 1H),
7.98 (d, 1H, J=8.05 Hz), 7.79-7.66 (m, 3H), 7.53 (t, 1H, /=7.59 Hz), 7.35 (s
1H), 7.22 (d, 1H, J= 2,20 Hz), 7.06 (dd, 1H, /= 8.78 and 2.20 Hz) 5.97 (g,
TH, /= 6.04 Hz), 5.23 (s, 2H), 3.83 (s, 3H), 3.39 (s, 2H), 1.65 (d, 3H, /=6.22
Hz); MS (ESH: 507 [M+H]",

r

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



20 cooled to roomtenperature, diluted with EtOAc and filtered through
Celite, washing the solids with EtOAc and DCM The filtrate was
concentrated under vacuum and chromat ographed on silica gel (120 g),
eluting wt 5% gradi ent of Et OAc/ hexane to gi 829% of
the title c‘g(r}%%oéﬁ%ﬁgg ared oil. "HNW (400 Mz, DIVIS(SY:E-%%%m%émg(5 5 (s,
1H, 8.12 (d, 1 H J= 9.33 Hz), 25 7. 9&2(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 WD 2007/030361 PCT/ 1352006/ 033683
61 /= 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, J— 22 Hz); MS (ESI): 527 [MtH'
Step C - Methyl 5-(6-([ (nmethyl ox w} 1H benzi m dazo%
yl)-3-(((1R)- 1 [2-(trifluoromet )p ethytfony

2-t hi ophenecar boxylate 0 / / O C—O H F 5 F F To a high-pressure
hydr ogenati on reaction flask was addedc
{[ (et hyl oxy) net hyl ] oxy} - 2- mtrophenyl)‘ o] 3 ({(1 R -1-[2-

(trifluoronethyi)phenyl]ethyl}oxy)-2- t Airophenecar boxyl ate (2.0 g, 3.8
mol ), pyridinium p-toluene sulfonate (95.0 ng, 0.38 mml) 5% by wei ght

I 0
!to r ?Er{e'? ﬁ)r/nl gr t E}%fﬁ[@?g o(u.r%b‘r'n b H&ﬂ)i i{%ﬁﬁw@@mylo?y)ﬂr%ttﬁ'ﬁ&% Wi t h N2 (gas) vacuum

(3x), then witeRZppdazghtyl) ﬁiﬂgiﬁlﬂﬂz Qtrﬁwyromﬁnhv@aaemﬁgthwm) #pplied at 50 psi

fﬁr 3 Ih dThe tmeméneearbmwéw(wm@% difistent Hatdnt &irhrédbidatedihalegbid ® washi ng
the soll 55 W

vacuum t o %&%5%8%}3Ut%? I:§%M‘t'§ct rqe%}"lf}{ﬂbgé?ﬂd{@hﬂﬁ@ﬁ&:?qo'&ﬁfﬂ%/{aﬁlt g\(/jv 1l‘J (r)]g%r
solid. 1H NNI%d(i&@(i)NMQZ,m BAEOEImL, 688.MRolj.sTheleadtion nifi@8 wad, heatelEH J= 8.05
TN =2, 20 BEy C gilimed 17 perjoddied g dont sty The Begen 1V, 732%1
Hz), 5.23 (s,Wwaspoureslipto Q%M (EAQYmL)3ndavater adgdeq (100 rgs. Tr@ mlsmre was 6.22 Hz);
MS (ESI): 507 helivtited to pH 7 by addition of aqueous (saturated) NaHCOs. The aqueous
10 layer was then extracted with DCM (1x) and EtOAc (1x). The combined
organic layers were dried over MgSQ,, concentrated under vacuum, and
chromatographed on silica gel (120 g), eluting with a 10-t0-60% gradient of
EtQAc/hexane to give 6.9 g (92%) of the title compound as a light saimon
colored foam solid. '"H NMR (400 MHz, DMSO-dp): 89.62 (s, 1H), 8.41 (s,
15 1H), 8.00 (d, 1H, /= 7.87 Hz), 7.80-7.71 (m, 2H), 7.56-7.51 (m, 2H), 7.38 (s,
1H), 7.05 (d, 1H, /= 2.01 Hz), 6.81 (dd, 1H, /= 8.70 and 2.11 Hz) 5.95 (m,
1H), 3.83 (s, 3H), 1.64 (d, 3H, /= 6.23 Hz); MS (ES!): 463 [M+H]",

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

g



20 Step D - Methyl 5-(6-hydroxy-TH benzi m dazo%d ylJ-3-(((1R)-1 [ 2-
(trifluoronethyl)phenyl Jet hy/ ooxyJ 2 thiophenecarboxylate WO 2007/ 030361
PCT/ US2006/ 033653 62 S/ OCH HOOHCFI / F F To a stirred solution

of nmethyl Swo8odslobd¥et hyl oxy) methyl ] oxy}-1 H benzi m dazglrdkdbdssgss({ (1
R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)-2- thi ophenecarboxylate (8.18 g,
a different batch using procedure anal ggous to 5 Exanple 3, Route 2, Step
C, 16.16 mmol) in 1:1 THF/ MeCH (130 nL) was added 1 N HCl in water (65 niL,
65.0 nmmol ). The reaction m xture was heated to 35C and stirred for 72 h

then cool ed (To a suneul s (§°0] Siutbr iyt -y dfS. ARLEBniifcR1 DOV (500 )
and water ad Jim THE M Xt Ure was neuytr_aizedtop by addition
of aqueous (S@%ﬁé‘é98‘&)%ﬂafh&f%’."ewwﬁlﬁeaw@w&%@ﬁrtawvenﬁa%rb@w@te extracted with
%g/l OEL 1x) and (Eﬁ&)gciésamn)ol) aThda»plwﬁyl’trﬁmdromﬁtmai@ud@maeg(z\_/wg?_5?@ ed o?/eE 12

, conce [ ogr a on, silica ge
g), elutin vq\fr'lt:lﬁ}@ 1%“??%{@E@?%%J%Q&ileg@ﬂsogfopy&%ﬂ%ggﬁ@Lt g1€| ve 6.8 g (92%
of the tit] e WBHpdhAastiomwns giawesdd werm tacrobmrtenipérotune smd stitred o1 NMR (400

MHz, DMVBO- d6 . . 1 H J= 7.87 Hz),
7.80-7. 71 (m)fzhgh%e;%?n?ﬁ?f;%aé%'fé',%o'}%g&fg‘?md% ”"("gaé’é (d, 1 H J= 2 o1
Hz), 6.81 (ddMoratearapheg onilica gek(144 o)-gipting with a frto-40¥qgradiessf (s, 3H), 1.64
5 g, : ?H_, f i]: 6 EX3A¢Rdxand/ Qi/EéSB%m aA68%} I)Sﬁtﬁé'ﬂitée coniiRnas aNghtVslice (((1R) -1

- ri uor X - Q- -
(((tnfluor oé%%%@ﬁé%@“#&%sﬁ%r% (BalihoB0173944my B g8Bnecar boxy/ at e
[ YN-_~\ SO OZ@A,(mOB3K), 7:30-F43 (@, 3H), 5.98 (g, 1H, /= 6.10 Hz), 3.84 (s, 3H), 1.65

(d, 3H, J=6.22 Hz); MS (ESH): 595 [M+H]".

Step F - 3-({1R)-1-{2-( Trifluoromethy|)phenyifethoxy}-5-(6-vinyl-T1H-
benzimidazol-1-yl)thiophene-2-carboxylate

E}‘J 8 CH
V)
— s}
H,C
Hsc; I)
?
. .

F

15 To a mixture of methyl 3-({(1 R)-1-[2-(trifluoromethyl)phenyijethyl}oxy)-5-(6-
{[{tifluoromethyl)sulfonylloxy}-1H-benzimidazoi-1 -yl)-2-thiophenecarboxylate
(20.89g, from a different batch using procedure analogous to Example 3,
Route 2, Step E, 34.83 mmol), potassium vinyltrifiuoroborate (5.6 g, 42.10
mmol) and triethylamine ( 4.85 mL, 34.86 mmol), stirred at room temperature

20 inn-propanol (175 mL) was added [1,1"-bis(diphenylphosphino)-
ferroceneldichloropaliadium(ll) dichloromethane complex (570 mg, 0.70
mmol). The mixture was then heated to reflux and stirred for 3 h, then cooled
to room temperature, poured into water and extracted with EtOAc (3x). The
combined organic layers were washed with brine, dried over MgSOy,

25  concentrated under vacuum and purified by silica gel chromatography, eluting



F FF 20 F F F W 2007/030361 PCT/ US2006/ 033683 63 To a stirred, cooled
(0 © solution of nmethyl 5-(6-hydroxy-1 H benzimdazol-1- yl)-3-({(1
R)-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)-2-thi ophenecarboxylate (2.49 g,
5.38 mol ) wB9ednpaeny! tri fl uoromet hane sul f onanmi de (2. R@n&aooﬁm%@ss mol ) in
DCM (30 m -) was added diisopropylethylamne (2.0 nL, 11. The
reaction was allowed to warmto roomt eggperature and stlrred for 12 h. The
reaction m xture was then concentrated under vacuum and chronmatographed
on silica gel (120 g), eluting with a 5-t0-40% gradi ent of EtOAc/hexane to

give 3.12 g (VB4 1®o-80% giddichEofROREMBEhRS0 §|vé'19|9¥3 gg(%%% thefihd d. 1H NWR
(400 MHz, DVBO d6 80 10 7.70 (m

i
3H), 7.56-7. fé’”tpﬁ%'”%ﬁa"@? é‘f%f%a'fﬁ""‘gﬂé(%d) |4z7§’[ 3“134 (s, 3H, 1.65 (d,
3H, J= 6.22 Hz% MS (ESI): 595 [MtH'. Step F - 3-((1R -1
[2-(Trifluor Ry Meifvd ﬁJ éewww@er(wwmmmwwdw (AR > 698-
y/) t hi ophene- %@%%W }th/ %%%ﬁjg{ F F 15 To a m xture of

nmet hyl 3- ({(1 R) -1-[2- tr| uoronet yl } oxy) - 5- ( 6-
{[(trifluoronethyl)sul fonyl]Joxy}-1 | _
H benzi m dazol - 1-yl ) - 2-t hi ophenec oxylsatle of 20.69g, froma different

bat ch using procedure anal ogous t a e 3, Route 2, Step E, 34.83
nol ), potassiumvinyltrifluoraeborate (5.6 g, 42.10 nmol) and
triethylamne (4.85 nL, 34.86 nmol )9+ stdg at roomtenperature 20 in
n-propanol (175 mL) was added [1, 1'-big enyl phosphi no) -

f errocene]ddi chl oropal | adi un(1l 1) dichl or onet hane conplex (570 ng, 0.70

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

Step H - Methyl 5-(6-formyt- 1H-benzimidazol-1-yi)-3-{{ 1R)- 1-{2-
(trifiuoromethy()phenyllethoxy}thiophene-2-carboxylate

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

10 Fr

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

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

15 !



mmol ). The m xture was then heated to reflux and stirred for 3 h,
poured into water and extracted with Et OAc
dried over

?RIS%JEIMS%S:S

cooled to roomtenperature,
(3x). The conbined organic |ayers were washed with brine,
MySH, 25 Gphespbiased under vacuum and purified by silpe

chr omat ogr ap

hy, eluting WO 2007/030361 PCT/ US2006/ 033683 64 wt

t hen

10-t 0-50% gr adi ent of Et OAc/ hexane to ggve 12.98 g (79% of the title
conpound as a light yellow foamsolid. M5 (ESI): 473 [MtH ~, Step G -

Met hyl 5[ 6- (

1, 2-dl hydr oxyet hy/ J- 1H benzi m dazo% y/-3-((1RJ- 1f 2-

(trifl uoronetthy Inu@bmyduherca@w?ﬁdpamrwraepracéa@rmtig%@td Ekabngbnesso CH HO\

/O OH HC i

anal ogous to
5-(6-fornyl -
f I uor onet hyl
F 10 FF The
Exanpl e 3,

y/ Jmet hy/ J-1
[2-(trifluor

10

15

20

E The title conmpound can be prepared
Uteng ée%E Route 1, Step C. Step H - Methyl
YH benzi m dazo% y1J-3-((1R)-1 [2- (tr

a procedure

)%%ﬁyﬁ%f(ﬁdiefmwveﬁed)mwmnama@ohi-yy-swvs;)o CH 00 HC

12 BuSORReY Dﬁbe‘hﬁsﬁt?erﬂﬂﬁ?/}%@ﬁffb{nﬁ% &%@%6{,1;(5%0 edure anal ogous to

Route 1, Step D
H benzi m dazo% y/) - 3 ((1R-1

- met hyl pi perazin-1

onet hyl ) pheny6et hoxy) t hi n rﬁ;ar boxylate \ \S/ OCH O

" T
LY N Hacij
F
E

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

Route 3:

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

=
?C_E ,N\Q/ﬁ\o,cu
o
{3 HeC
N\CHa Fk

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



H C-NJ HC F 15 F F WD 2007/ 030361 PCTI US2006/ 033683 65 The title conmpound
can be prepared by a procedure anal ogous to Exanple 3, Route 1, Step E.
Step J-5-(B((4-Methyl pi perazi n-> yl)nethyiJ-1H benzi m dazo%d ylJ-3-((1R)- 1

[ 2- (tr/fl uoygnBiay3phneny/ Jet hoxy) t hi ophene 2-car boxam g4@piushidsiossbssO H-C-NJ
HC5FF The title conpound can be prepared by a procedure anal ogous to

Exanple 3, Route 1, Step F. Route 3: ggep A - Methyl
5-(6((4-nethy/piperaz/n-1 ylfinethylJ-1H benzim dazo%d yQ 10 3-(((1R)-1
[2-(trifluoronethyl)pheny/Jethyl}oxy)thl ophene 2-carboxy/ate 3 OCH, ON

HCI1 \ F/ gi@%4ﬁn§(7ﬁ%)%f&fdtﬂlé%@mfaémdt&s'aqnhi%fsomt Mg!(EsI): 559
5-[6-(chloro '&Erl )-1 Hbenzi mdazol -1-yl]-3- ({(1

R)-1-[2- (trifluofonet hyl ) phenyl } et hyl } oxy) t hi ophene- 2- car boxyl ate (150 ny,
0.30 nmmmol ) in_di oxane §1. 0 nmL) was added N-nethyl pi perazine (50 pL, 0.45
15 mol ). TheSeRBctrGrldniletmiewpesainal-yBoantiblH-bantimidesa fedi-3- TRBom

t enperature apfia.M@g%@ﬁ%w%5xmggyme_gpﬁbﬁ},@%e was di ssolved in

Et OAc and water. The aquédus yer s extracte Et OAc. The conbi ned
organic |l ayers were washed with brine, dried over sodiumsulfate,
concentrated under vacuum and purifji€d\bys silica gel chronatography

el uting \ N

/2"
He—N\__S H,S
F
F

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

Route 4:
Step A - 4-{Bis(methyloxy/methyi}-2-bromo-1-nitrobenzene

OQ.N‘.O_

Br

10 sz (ci:)Ha

A solution of 3-bromo-4-nitrobenzaldehyde (7.97 g, 34.6 mmol), which was
prepared in a manner analogous to the literature procedure (Katritzky, A.R.;
Xie, L. Tetrahedron Letters 1996, 37, 347-350), trimethyl orthoformate (11.4
mL, 104 mmol), and p-toluenesulfonic acid hydrate (329 mg, 1.73 mmol) in
15 MeOH (69 mL) was refluxed for 3 h. The reaction was then quenched by
addition of saturated aqueous ammonium hydroxide (1 mL) and concentrated
onto silica gel. Purification by column chromatography (10 to 25%
EtOAc:hexanes) provided 8:76 g (92%) of the title compound as an orange
oil. "HNMR (300 MHz, CDCls): & 7.89 (m, 2H), 7.59 (m, 1H), 5.47 (s, 1H),
20  3.38 (s, 6H).



20 with a gradient of 0-to-10% MeOH/ DCM w th 1% amoni um hydr oxi de,

to WO

2007/ 030361 PCT/ US2006/ 033683 66 give 134 ng (79% of the title conpound
as a white solid. Ms (ESI): 559 [M:H]*, Step B - 5-(6

[ (4- Met hyl piyB8h@ALRsd Y! ) nmet hyl J-1 H-benzi m dazo% yl) -
[2-(trifluoronethy/)pheny/Jethoxy)thi ophene 2car boxam
H3CGNJ H3C F 5 F F The title conpou

anal ogous to Exanple 3, Route 1, Step F. Route 4. Step A -
4[ Bi s( net hyl oxy) met hy/ J- 2- br ono- 1- ni trobenzene O-N..O Br 10 CHa CH, A

sol ution of 3Skp sviisinmistFRpREahIBRYRBI.2D i Bnemabitdh 1}( M ch was
A e o s 0 a1

prepared in
AR Xe,
orthoformate (11.4 ni, 104 mol),

TergSonbhs,

can be prepared by a procedure

and ptol uenesul fonic acid hydrate (329

mg, 1.73 nmmol) in 15 MeOH (69 mg)owas refluxed for 3 h. The reaction was
t hen quenched by

(10 to 25%
an orange

5.47 (s,

10

15

20

oil. '"HNWR (300 M

Et OAc: hexanes) provid€d 8746 ¢ #9299 of the title conmpound as

A solution of tris(dibenzylideneacetone) dipalladium(0) (117 mg, 0.127 mmof),
9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene (162 mg, 0.280 mmol),
methyl 5-amino-3-({(1/)-1 -[2-(trifluoromethyl)phenyllethyljoxy)-2-
thiophenecarboxylate (2.31 g, 6.69 mmol), 4-[bis(methyloxy)methyl]-2-bromo-
1-nitrobenzene (1.76 g, 6.37 mmol), and cesium carbonate (10.39 g, 31.89
mmol) in 1,4-dioxane (25 mL) was prepared in a round-bottom flask under Na.
The flask was evacuated and refilled three times with N2 and then stirred at
80 °C for 16 h. The reaction mixture was then diluted with tetrahydrofuran
(100 mL) and concentrated onto silica gel. Purification by column
chromatography (5 to 75% EtOAc:hexanes) provided 2.79 g (81%) of the titie
compound as a red foam. 'H NMR (300 MHz, CDCl3): & 9.63 {brs, 1H), 8.21
(m, 1H), 7.94 {m, 1H), 7.62 (m, 2H), 7.48 (s, 1H), 7.40 (m, 1H), 7.02 (m, 1H),
6.47 (s, 1H), 5,73 (g, 1H, /= 6.2 Hz), 3.88 (s, 3H), 3.34 (s, 1H), 3.31 (s, 3H),
3.28 (s, 3H), 1.72 (d, 3H, /=6.2 Hz); MS (ESI): 541 [M+H]".

Step C - Methyl 5-(6-[bis(methyloxy)methyl]- IH-benzimidazol-1- 3-({( TR )-1-
[2-(trifluorometh viphenyljethylloxy)-2-thiophenecarboxylate

ﬂN s
L] ook
F. F
He F

9F 7.89 (m 2H), 7.59 (m 1 H),

addi tion of satlur §t ed agueous ammoni um hydroxide (1 m.)
and concentrated onto silica g PWat i on by col unmm chromat ogr aphy
g~ oo
1 H, 20 3.38 (a, 6H) e,V 20 30361 PCT/ US2006/ 033683



67 Step B - Methyl 5-((5
f bi s( et hyt oxy) net hyl J- 2-ni t ropheny/ Jam nof - 3- ((( 1R) - >-
[2 (trifl uor oret hy/ Jpheny/ Jet hy/ ) oxyJ- 2-t hi ophenecar boxylate O 1N,.ON 9 O

CH CH F A sol ut f tris(dib ;
a paIIadl ur?%? ?T% mg, 0,127 mol ). upton of tris(dibeptiidiensaset one)

9, 9-di met hyl - 4, 5- bi s(di phenyl phosphi nogyant hene (162 ng, 0.280 mmol),
met hyl 5-amno-3-({(1 f -1-[2-(trifluoronethyl)phenyllethyl}oxy)-2-
t hi ophenecar boxylate (2.31 g, 6.69 mml), 4-[bis(methyl oxy)nmethyl]-2-brono-

1- ni t r obenzen® A sbiuti®n 8f mBihgI/5- ({Blpils)(meﬁ{}cbx@%ﬂwﬂlzcﬁfr {ifarkin®-329 9. 31.89
mol in 1, 4 round-bottomfl ask under N2.
10 T%le f1ask ¢ @@a@&@?@@%ﬁ%@l?tﬁgwwm -tiophepgearkoyigteN. 7419 t hen
stirred at  6®1CGninol :nkﬁmbthyﬂ'dﬂﬂxofcﬁmatel(amlnm MtaFischapPohidreidbifd wak edf\_M th

col um ehr opSfed ety b ASheS RSB (120 B, ABBS it iied o g (55 0h or
the title3 colByoumOnEsrben(2ut% Garf77 hig, ANRO (366 FYHThe@@ud)wass 9. 63 (br s, 1

T)i—i)8 510%5 h%roéer@ted Jn gﬂ'us l‘iBr-FJortEghydE g%atﬁcmap%lé?gms at § %Pf ; H% 8; ?2 (o

3H), 3.34 (s] Y‘ElTOSﬁHR Uil @f LuDéa eyf—blydm@nz*@d(cgasm7 hj. Wr@actwaH J= 6.2 Hz);
M5 (ESI): S54mikthetdas.filtéiedRhrough a sintered glass filter to remove the catal st

C- Met hyl 5- (6 enzi azo (1R) - 1-
12(trif/uororne *‘ﬁég‘ﬁ'ﬁﬁ%@@éﬁ@o%? e&'@ﬁ""i‘?p‘??@ﬁ%’ﬁ@?%??%&%@ﬂ OCH3 F Q
FI FO F CH8 CK30/%) cRthe crude title compound as an orange oil, which was carried on to

the next step without purification. MS (ES!): 521 [M+H]".

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

NS
N\(_zlo -CHa
F.F
O Hacgr-‘

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

. Feaction stirred for 2 h at room temperature and was then poured into water

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

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



WO 2007/ 030361 PCT/ US2006/ 033683 68 To a solution of nethyl

5-({5-[ bi s(net hyl oxy) net hyl ] - 2-ni trophenyl }am no)-3- ({(1R
-1-[2-(trifluoronethyl)phenyl]ethyl}oxy)-2-thi ophenecarboxylate (2.71 g,
5.01 mmol ) wo 2e7oemkhyl orthoformate (50 m-) in a Fi schafudvslhssspott! e
was added pyridinium p-tol uenesul fonate (126 ng, 0.501 mmol) and sul fi ded
5 platinumon carbon (5 wt% Pt, 977 ng,90. 250 nmmol Pt). The m xture was
hydr ogenat ed on a Fi scher-Porter hydrogenati on apparatus at 50 psi of
hydrogen until the uptake of hydrogen had ceased (17 h). The reaction

m ;(t :JI’ et was f lep é&r-adettipise/6glit-mamymt- ,@b@ﬁztﬂj'ﬁﬁﬁhﬁ i H-@énztlrﬁiabﬁ'{?ﬂyy? % h? ford
catal ys oncentrated to affor
2.61 é 10 (m)gf’%‘ﬁ@”@%ﬁ@%”ﬁ@e@é’%ﬁ’zﬁﬁgl’%ﬁ&&ﬁc?f GHEEC 0i |, which was

carried on to the next step w thout purlflcatlon M5 (ESI): 521[|\/H—I]'

Step D - Methyl 5-(6-fornyl-1H benzi 1y|) 3-(((1IR) - 1( 2-
(trif/uoronethyl)pheny/Jethy/ JoxyJ hePréE!ar boxylate s \ N/ OCH F
OHHNC F 15 To a solution of crude 6 [ bi s(met hyl oxy) nethyl]-1

ffbenzi m dazol -1- yl}-3-({(1 A- 1w

-[2-(trifluoronethyl)phenyl] etch;N\H)xy) 2 t phenecar boxylate (2.61 g,
.5.01 mmol) (from Step C, above) in acetone 0 nL) and water (5 nL) was
added pyri di 2"“%@? t ol uen sul f onat e 126 , 0.501 mmol). The reaction
stirred for C?'BB?H é’ieé’{?ﬁaée Wﬁﬁﬁeqqli%ﬁ"‘ii@ﬁﬂuédo Frampled er 20 (30
mL) and s&ft urRoutall,BiepBus NaHCCB (30 nL). The mixture was extracted wth
DCM (2 x 30 nL). The conbined organic fractions were dried over sodium

ROl e e
steps) of the /%g frt em?ﬁ’ufaﬁ/ae'a(é’efaowfgﬁphw?wwm@ 1H NVR (300 MHz, 25
CDCI 3): 510.06 (s, 1 H), 8.13 (s, 1 H), 7.96-7.88 (m 4H), 7.72-7.61 (m
2H), 7.44 (m 1 H), 6.82 (s, 1 H, 384 {qp 1 H J= 6.3 Hz), 3.95 (s, 3H),
1.79 (d, 3H, J "’

2
F_E
'/\ H,C F
H c’N\/?J
a

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

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

-
N
¢ U*
H C-N\J */@

Step A - Methy! 3-([(1R)-1-(2-chlorophenyllethyijoxy}-5-/(5-{/(2,2-
15 d/?netﬁywropanay/yoxyjmethyﬂ-.?—nifrophenyl)ammoj-z-rhiophenecarbaxyfate




OCH- /) | wedhfAzozsH C N~ |

.3 Hz); Ms (ESI): 475 [MtH]'. WD 2007/ 030361 PCT1US2006/ 033653 69 Step
Met hyl 5-

(6-[(4-methyl -1 piperazinyt)nethyiJ- | Hbenzimdazo% y/J-3-

1R)-1 [2-(trif/uoromethyl)phenyljethyl)oxy)-2-thi ophenecarboxytate \ N/
The title conpound can be pfepabR@:RY; a

procedure anal ogous to Exanple 3, 5 Route 1, Step E. Step F - 5-(6
f (4- Methyl pi perazin-1 yl)nethy/J-1H beng m dazo% yt)-3-((1R)- 1
[ 2-(trifluoronethyl)phenyl Jet hoxy)thi ophene-2carboxamde 1 \ | NHL NS F F
/ \ The title conpound can be prepared by a procedure

HC-dF H-C N
anal ogous to

RJ- 1- ( 2- Chl or ophenyl ) et hyl | oxv} - 5-.2§4
benzi m dazol -1 -vlilthi oohene-2-ca

di met hyl p) ' opanoyl ) oxyJnet hyl ) - 2- ni br opié

Exanple 3, 10 Route g, Step . Exanple 4: 3-11(1

{bgxaifle 'Sl NHz H,C\/N Ha G

Met hyl  3- ([(1R) - 1- (2- chl or ophenyl ) &t hy4 %y) S5-[(5-([(2,2 15

WO 2007/ 030361 PCT/ US2006/ 033683:%’3 [8x, NCp

10

15

To a mixture of (4-nitro-3-{[(trifluoromethyl)sulfonylloxy}phenyl)methyl 2,2-
dimethylpropanoate (1.0 g, 2.59 mmol), methy! 5-amino-3-{[(1/)-1-(2-
chiorophenyl)ethyljoxy}-2-thiophenecarboxylate (Intermediate Example 2)
{860 mg, 2.75 mmol}, tris(dibenzylideneacetone)dipaliadium(0) (70.0 mg,
0.076 mmol), and XANTPHOS (80.0 mg, 0.16 mmol} was added toluene (7.0
mL). Stirring was begun, followed by the addition of cesium carbonate (2.95
g, 9.1 mmol}. The reaction was heated to 60 °C and stirred for 30 min, then
cooled to room temperature, diluted with EtOAc and filtered through Celite,
washing the solids with EtOAc and DCM. The filtrate was concentrated under
vacuum and chromatographed on silica gel (40 g), eluting with a 5-t0-15%
gradient of acetone/hexane to give 920 mg (65%) of the title compound as a
red solid. "H NMR (400 MHz, DMSO-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, J=
8.79 and 1.47 Hz), 6.67 (s, 1H), 5.76-5.70 {m, 1H), 5.09 (s, 2H}, 3.73 (s, 3H),
1.56 (d, 3H, /= 6.23 Hz), 1.14 (s, 9H); MS (ESI): 547 [M+H]".

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

NH, "
N\ﬁz/ﬁ\ochs
o] 1
B8
H, C)(LO

H,C
CH,

20  To a high-pressure hydrogenation reaction flask was added methyl 3-{[(1R)-1-

(2-chlorophenyl)ethyljoxy}-5-[(5-{[(2,2-dimethytpropanoyljoxylmethyl}-2-

tdyl pi perazin 1 yl)nethyll-1 H

Step A -

am noJ- 2-t hi ophenecar boxyl at e



O HCH3CCA 0 HCCH To a mxture of
(4-nitro-3-{[(trifluoronethyl)sulfonyl]oxy}phenyl)nethyl 2, 2-
di met hyl propanoate (1.0 g, 2.59 mmol), nethyl 5-am no-3-{((1R)-1-(2-

chl or opheny, y}-2-thiophenecarboxyl ate (Inter le 2) 5
(860 ny #@%J%Hs,f( I ri s(di benzylideneacetone)di pal | g‘jﬂ‘l n(sgg E/?%gﬂo ny,
0. 076 mml) and XANTPHOS (90.0 ng, O. nmol ) was added toluene (7.0 nl).

Stirring was begun, followed by the addi'ti on of cesium carbonate (2.95 g,
9.1 mmol). The reaction was heated to 60 C and stirred for 30 mn, then

| ed h h Cel
c0l e, 10 OOH SRR RSSO T B, Gfrbfpgsd I cuon el e
under  vacuurdSiIScPresadyrransincaps teoExampie 4 Step §e11.9 nonal) S%dyweighy with a

5-t0- 15% r thetltle
Conpoundo ag qslétﬁmh & cﬁsﬁigmﬁé{ﬁwﬁg 6.86 %W%%%Qﬂ@ﬁc MQ )7$ﬁe & 00

|
CaPUIE 52 ek Sapipyroed Wl Nedghs) yoquum (3207 gD wilh e 9as% VAL BRlas- 7 30
4H), 7.01 { dckydtogddn dasmih’étlﬁ?enﬁbpaétﬁaﬂso%lidi,’sh Thdréadtion nixidle wds 76-5. 70 (m 1
l(_DE’SI)S Og 4(78[ %%fllte%g{lznbo(ugh CSGW& W@%hmg thg sblld% wnth‘]EtOgcandHa\A T% 14 (s, 9H; M5

5- [ ( 2- ami no- Siliggte Nag tdinroehitanitpatedpamdentacowy Jogivé§46-g (89%) of the title

pheny/) am nOJéo’ﬁigO['lﬁH&%:gaH;b%(f%\}émh(q@:g%@%ZszW%ﬁ# oxy) - 2-t hi ophenecar boxyl at e

NH, N S OLCH, a hi gh-pressure hydrogenation
reaction flask was AdASh IERMY. 2 30blaoheretyiony 5642 2-

10 aimethylpropanoyi)oxyimethyi}- 1H-benzimidazol- 1-yi)-2-thiophenecarboxylate

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

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

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

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



(2-chl orophenyl ) et hyl Joxy}-5-[ (5-{[ (2, 2- di net hyl propanoyl ) oxy] net hyl } -2 WO
2007/ 030361 PCT/ US2006/ 033683 71 nitrophenyl)am no]-2-thi ophenecar boxyl at e
(6.5 g, froma different batch wusing procedure anal ogous to Exanple 4,
Step A 11. % by weight platinumon carbon ( 2 g,
0.56 mmmol) V% %l(%g&(ﬁ:rs(% m.). The flask was purged w ?#wa%glg?)&%vacuum
(3x), then vmth H2 (gas) vacuum (3x). 3,Hydrogen gas was then applied at 50
psi for 3 h. The reaction m xture was ghen filtered through Celite,
washing the solids with EtOAc and DCM The filtrate was then concentrated
under vacuumto give 5.46 ¢ (89°/c) N the 5it|e conpound as a yellow solid.
M5 (ESI): 517 [MrH +. Step C - ‘
3-([(1R) - 1- (2-chl orophenyl)ethy/y) \5 (6° [[(2 2 10

di et hyi pr opanoyl ) oxyJnet hyl ) - 1H benzi mglazol - > yl ) - 2-t hi Ophenecar boxyl at e
0 SOCH3 O OHO OCHHDO chy Astlr ed m xture of nethyl

5-[(2-am no-5-{[ (2, 2- dinethyl propanoyf) t hyl } phenyl )am no] -3-{[ (1
R)-1-(2- ch(orophenyl)ethyl]oxy}-2-thiogtienecar boxyl ate (5.45 g, 10.5
mrol ), 15 pyridi nium p-tol uene sulfonate (265 ng, 1.0 mml) and

triethyl orthorfmrtmatcempédnﬁjmsaremsdh@;amﬁihwe #RQ-for 1 h, then cooled to
room t enper at oured onto jlica gel
cartridge (2§%")%*%(‘r‘?8$'b‘ﬂ'?¥rhf’i‘yé%'@;iﬁ5? fm%@aB@Pa'&W 8%‘%’8‘8?‘&'3% (120 9g),

el uting wit h bedgimidasehhel-2ftbiopHahenarhoxyidie by a arddedure B0&toEBAC/ hexane

%rsat(jiEgln; _ t%z%ﬁéﬁ/}fﬁ 71,:«%“4 $%pWF‘)E Mae[mgﬂﬁpound 20 as a yellow solid.
T bonzt m das9PE £ N0 S GURSRE R artoasok P -2

ch/orophen vlethylloxy} Z-Ihlophenecarboxylate

=\ Q
N.__-8 ~CH,
o
Q
cl H c/E@

Cl

The title compound was prepared from methyl 3-{[(1R)-1-(2-

10 chiorophenyl)ethyljoxy}-5-6-(hydroxymethyl)-1H-benzimidazol-1-yl}-2-
thiophenecarboxylate by a procedure analogous to Example 1, Route 1, Step
H. MS (ESI): 461 [M+H]".

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

P 00

15 GI

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



WD 20071030361 PCT/ US2006/ 033683 72 N\ O / NS CCH3 O OH H3C C The
title conpound was prepared fromnethyl 3-{[(1 R -1-(2-
chl or ophenyl )et hyl ] oxy}-5-(6-{[ (2, 2-di et hyl propanoyl ) oxy] nethyl }-1 H

benzi m daz - 2-t hi ophenecar boxyl ate by a procedur to 5
Exanpl e 1, ?MJO%O,:’%St ep G Ms (ESI): 443 [M+H]'. Step PET@@%@?Q%

5-16-(chl ororrethyl)-ll—l—benzim'dazo/-l yhJ-3- ([ (1R) - 1-(2-
chl oropheny/) et hyl Joxy} 2-thl ophenecarboxylate o NS0 CH OC HCO C
| / The title conpound was prepared fromnethyl 3-{[(1R)-1-(2 10

hl heny| )&y inl diosgh 1] =2-
thi ophenecar éo h ﬁ‘B%%E%S?Q@“anﬁ"%*g‘m*{%@e@“F‘“’iﬂb 2L "Step
H M (ESI): @ %ﬁq_w e?‘g:}oselﬂ. .97 nyaelh Jhe reaction was then heated at 46 °C
3-([(1R) - 1- (Zerdrslrommbetwﬂobmbmbd@wé aft édPkéritratdtiniel PARAMATHE - |

L1115 AN AR in Bl 28 B Fd ! GO e adeous 1 0 D

5-16-(c hI Gr oeyen YRS thepextractedrivilta EDACL Thé torBbined organic layers were
washed with brine, dried over MgSQ,, concentrated under vacuum and
chromatographed on silica gel (4 g), eluting with a 0-to-10% gradient of
MeOH/DCM, with 1% ammonium hydroxide, to give 123 mg (72%) of the title
compound as a ight yellow solid. MS (ESI): 525 [M+H]".

10 Step G - 3-{J{1R)-1-(2-Chlorophenyi)ethylloxy}-5-{6-f(4-methylpiperazin-1-
yimethiyll-1H-benzimidazol- 1-yfithiophene-2-carboxamide

The title compound was prepared from methyl 3-{[(1R)-1-(2-

chlorophenyl)ethyf]oxy}-5-{6-[(4-methylpiperazin-1-ylymethyl]-1H- )
15 benzimidazol-1-yljthiophene-2-carboxylate by a procedure analogous to

Example 3, Route 1, Step F. 'H NMR (400 MHz, DMSO-dg): 88.52 (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, TH, /=6.35 Hz), 3.55 (s, 2H), 2.42-2.22

(m, 8H), 2.13 (s, 3H), 1.72 (d, 3H, J = 6.23 Hz); MS (ESI): 510 [M+H]".

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

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

(o}

OH
0
cl



{[(1R)-1-(2-chl orophenyl) et hyl | oxy) - 2-t hi ophenecar boxyl ate (150 ng, 0.32 WO
2007/ 030361 PCTI US2006/ 033683 73 nmmol ) in dioxane (1.5 m-) was added
n- net hyl pi perazine (55 uL, 0.49 muvl) and triethylamne (136 ulL, 0.97

mrol ). The {HeasbiRmeyvas then heated at 45 C for 18 h, seRLE&H36P0M
tenperature and concentrated under vacuum The residue was dissolved in

Et OAc (125 nL) and water (50 nL). The agyeous 5 | ayer was then extracted
with Et OAc. The conbi ned organic | ayers were washed with brine, dried over
MySH4, concentrated under vacuum and chromatographed on silica gel (4 9),

el uting with w4 oo BSmanagi-pnbibxy Mrsdfpof Pnk¥paigapsi um hydr oxi de,
to give 123 ny (72% of thgﬁfﬁ?l e'pl é’())rrpound as}ogwfi ght yellow solid. M

(ESI): 525 [M+tH]'. 10 Step G - NG,

3- (' (1R) - 1- ( 2- Cht or opheny/ Jet hyl JO§¥J'5@E@'( 4- et hy/ pi per azi n- 1-

yl Jnmet hy/ J- 1H- benzi m dazo%l y/ Jt hi e 2-carboxamde NS/ 1/ NH, O
HC\/ Hi C The title conpound repared fromnethyl 3-{[(1R)-1-(2-
chl orophenyl ) et hyl ] oxy}-5-{6-[ (4- et hyl pi perazin-I-yl)nmethyl]-1 H 15

benzi m dazol - 1yl iophene- 2- car boxyl at a procedure anal ogous to
Exanpl e 3, Roé't O%‘wé@glﬁ" nirpPergeRe Mg,wmﬁgﬁ@lﬁg)metgogpg@y s, 1H),
7.83 (s, 1 H) alcghdd@2UmL21§2 dimoB wdfe dizgoived.ioDCK @40 () withistiring.28 (d, 1 H, J
= 8.24 Hz}, {ni8aid : =0 0. ), 3.55 (s, 2H),
2.42.2.22 °(m %‘E@“,‘%Q&%?‘%ﬂﬁ?@ﬁ?&%&% a@ﬂ\?‘!fﬁ_‘"@"%’l_ e 1) VB (ESI): 510
[ MEH ' . 20 | n@phwamn%mr@gemsulm ﬁ})QQ @B -9 10(ramol). The reaction was
R) - 1- (2- chl or ey 8 BERY bbsY Imea 68parftd @ikl 1The layers were
ffbenzi m dazol - | -glla-Z-thhl oohenecarboxylate o N S O OHa .

separated and the aqueous was extracted once with DCM and once with

diethyl ether. The combined organic layers were dried over MgSQ, filtered,

10 and concentrated /7 vacuo. Purification by fiash chromatography afforded

28.01 g (91%) of the title compound. 'H NMR (400 MHz, CDCls): §8.03 (d,

1H, J=9.2 Hz), 7.50 (d, 1H, /= 2.6 Hz), 7.39-7.34 (m, 2H), 7.17 (dd, 1H, J=

2.7, 9.0 Hz), 6.95-6.91 (m, 2H), 5.14 (s, 2H), 3.73 (s, 3H).

Step B - Methy! 3-(J{ IR )-1-(2-chlorophenyl)ethyifoxy}-5-{{5-({/4-
15 (methyloxy)phenylimethyljoxy)-2-nitrophenyllamino}-2-thiophenecarboxylate

oN H 0

Rvaiee
o}
9 HacJD
Cl

2-Bromo-4-({[4-(methyloxy)phenyllmethyl}oxy)-1-nitrobenzene (20.19 g, 59.7
mmol) and methyl 5-amino-3-{[(1R)-1-(2-chlorophenyl)ethyl]oxy}-2-
thiophenecarboxylate (18.60 g, 59.7 mmol) were dissolved in 1,4-dioxane

20 (500 mL) with stirring in a flask equipped with a mechanical stirrer, reflux
condenser, and thermometer. The solution was degassed for 75 min by
bubbling nitrogen through the stirring solution. 9,9-Dimethyi-4,5-

bis(diphenylphosbhino)xanthene (1.52 g, 2.63 mmol), cesium carbonate
(97.26 g, 299 mmol), and tris(dibenzylideneacetone) dipalladium(0) (1.08 g,



OH O WD 2007/030361 PCT/ US2006/ 033683 74 Step A
- no- 4- (([ 4- (et hyl oxy) pheny/ Jnet hyl ) oxy) - 1- ni trobenzene NO2 9H, Br o
| ~I o 2-Brono-4-fluoro-I|-nitrobenzene (20.0 g, 90.9 mmol ) and

4- met hoxybegayl hol (22.7 nmL, 182 mmol) were di SSqJC\iﬁﬁ; lobod3EN (400
m-) with gvtglér r“.7’r‘1’§d3g105 1N sodi um hydroxi de sol ution (400 -2‘§° was added

foll owed by tetrabutyl anmoni um hydrogerygul fate (3.09 g, 9.10 mmol ). The
reaction was stirred for 8 h and poured into a separatory funnel. The
| ayers were separated and the aqueous was extracted once with DCM and once

with diethylyq ﬁiﬁ’aﬁ{o fon m@@a&ﬁ?'ﬂ@%ﬁh%ﬂbﬁhéﬁ%ﬂoﬁd’% aerbddsrtdf-r?&'fq?i@r MySCA,

filtered, 10 and centrated in vacuo uriftica
chr omat ogr apHy Hﬁfféﬁ@@a wag gogied {p reomdgmpgratupreand ﬁlleéedctbwygh gelitelH NVR (400

Mz, CDCl 3): 'ﬁ\e&oﬁ@wééiwasﬂedeth]E‘?QM%OHﬁ)lDCN 5ﬂ1e(ﬂtratév.ﬂés J= 2.6 Hz),
7.39-7. 34 55-6.91 (m’ 2H), 5.14

is, 2H), ( 3c0(1gl_gritr§é)d ong @rﬁpr@(tmat@[gﬁl@g of smca gel Th& solid was placed i
3-([(1R)- 35 ( 2 foiteafuapélany Weehdywido10% E1OAL b-HAN 4 TASfiltrate was

ComeLNY) oY) RS Bet i b dud Puificaloh b RES SHrot Ao Giabnyarolilb £ B F8 ecar boxyl ate

2N HON S/
2- Br ono- 4- ({[Qd(SOMDht}nemﬂqicmlmmu] Pk NMA MOR WHZ] CDICt3): oa)ejszenal-o,zo 19 g, 59.7

mol ) and netd D [ | P
t hi ophenecar bo dg;“gm gsé_k{) fé%@%%???z@r(& @sgso%ss ¥Hiﬁ%?%£ di oxane 20
(500 m-) w t&ﬁ%@n FDAEE0 (4 3 /2216 K B TH) BIRSIRTIEhal RIS 1 11 o1
reflux 10 Hz),5.75(q, 1H, /= 6.3 Hz), 5.03 (AB, 2H, Jag = 13.2 Hz, Jas = 11.3 H2),

3.74 (s, 3H), 3.74 (s, 3H), 1.55 {d, 3H, /= 6.4 Hz).

Step C - Metfiyl 5-{{2-amino-5-({{4-(methyvioxy)phenyilmethyiloxy)-
phenyllamino}-3-{[( 1R )-1~(2-chlorophenyllethylioxy}-2-thiophenecarboxylate

NH,
]
o)
o]
0
Cl

HG-0O

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

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

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



condenser, and thernonmeter. The solution was degassed for 75 mn by
bubbling nitrogen through the stirring solution. 9,9-Di nethyl-4,5-
bi s(di phenyl phosphi no) xanthene (1.52 g, 2.63 mmol), cesium carbonate

(97.26 g9, 298 h0Rioke; @nd tris(di benzylideneacetone) di g,glrg@gﬁoﬁﬁgs% (1.09 g,
WD 2007/ 030361 PCT/ US2006/ 033683 75 1.19 mmol) were added. The reaction

was heated to 60 C and stirred for 16 -8 The reaction was cooled to room
tenperature and filtered through Celite. The solid was washed with 20%
MeOH in DCM The filtrate was concentrated onto approximately 200 g of

il I I I h d h 10%
Bt one i n DoMC e 1% T PRS0 (et 92 o, AR DU 4 808 PARAL on by

flash chr omat®otft @pen2Hr 33 fedHh 2.64ds, 31)( BH34d. 8H. t/ﬁ@&II'IJF)Ie corrpound 1H NVR
(400 Mz, CDCOI3): S 9.87 (s, 1 H), 810 (d 1H J=9.5H), 7.63 (m 1

I2‘I),6 |7_|.239 7. 295160 -QWBthy! B-H3R f- IW2-ahibhpphdiy DéthyifoxPlo5- [BW42FD 6.80 (d, 11HH //:
oS 15y o ooy féé‘e‘ngi@da%oﬂy@zﬁg%pnengza,ﬁé Bo il L,

(s, 3H, 155(d 3H, J=6.4 Hz). St

Met hyl 5- ((2- am’ no- 5- (( 14- ( net hyl oxy net hyl) oxy) -

pheny/Jam no)-3-(((1R) -1-(2-ch/oro ny etohy/ Joxy) 2-thiophenecarboxyl ate
NHzHS/ | \ OCOH Y- O/ HOO O.hH, G Met hyl 3-{[(1

[ 7j -1- (2-chl or ophenyl ) et hyl ] oxy} - {[5-? met hyl oxy) phenyl ] -

met hyl } oxy) - 2- ni t r ophenyl ] am no} -4t hi ophenecar boxyl ate (27.18 g, 47.8

mol ) was sdi ssolved in EtOAc (4@9°m -) with stirring. Sulfided platinum (5%
wei ght on carbon, 2.80 g) was added, and the reaction was placed under 1

atm of H2 usiyighg sBf-ARRB-RRRIMBINYBxy)AhdBTmsRyHodibreAfiahiifal amount  of

{[(1/)-1-(2-chlorophenyl)-ethyljoxy}-2-thiophenecarboxylate was dissolved in
rimethyl orthoformate (100 mL) and diethy! ether (100 mL) with stirring.
Pyridinium p-toluenesulfonate (0.601 g, 2.39 mmol) was added in a single

10 portion. The reaction was stirred for 2.5 h and quenched by the addition of
triethylamine (approximately 3 mL). The mixture was concentrated and
purified by flash chromatography to afford 25.45 g (97% over 2 steps) of the
title compound. *H NMR (400 MHz, CDCl3): 8 8.47 (s, 1H), 7.71 (dd, 1H, /=
1.6, 8.2 Hz), 7.63 (d, 1H, /= 9.0 Hz), 7.43-7.08 (m, 7H), 7.00 (dd, 1H, J= 2.4,

15 8.8 Hz), 6.96-6.90 {m, 2H), 5.97 (g, 1H, J=6.4 Hz), 5.03 (AB, 2H, Jas = 17.1
Hz, Jag = 11.3 Hz), 3.80 (s, 3H), 3.73 (s, 3H), 1.60 (d, 3H, /= 6.4 Hz).

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

= s f

o
oH
H,C
ol

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



20 catalyst (2.80 g) was added and stirring was continued under 1 atm of
hydr ogen. After 16 h nore, the reaction was filtered through a Celite pad
washing with EtOAc. The filtrate was concentrated to afford the title
conpound, V\(@b%b.,)ﬁ@ogd mredi ately carried into the next Sﬂc%ﬁ}szookﬁoﬂbﬂ? (400
MHz, CDCI3): 8 8.66 (br s, 1 H, 7.56 (dd, 1 H J=1.7, 7.8 Hz), 7.41-7.09
(m 25 5H), 6.93-6.88 (m 2H), 6.71 (ds71H, J= 2.8 Hz), 665(d 1H J=
8.6 Hz), 6.57 WD 2007/ 030361 PCT/ U82006?7033683 76 (dd, 1 H J= 2.7, 8.6
Hz), 5.87 (s, 1 H, 5.62 (q, 1 H J=6.4 Hz), 4.82 (s, 2H), 4.46 (br s,

H, 3. 73 (s,mAbl) was diedol(&d inIdm éﬂzoii& ) Gfd c§$ﬂed 0 € dithgdringSt 6P D - Methyl

[(1R) - 1- shecons
m(e'E hyl 2)xy) éﬁr Wrg’%r‘g 'ﬁ%gﬁcéﬁ;J "XLH- g@ﬁ‘)ﬂ‘ﬁl Fienggpyylsg WaadHiRBnecar boxyl at e
{S q/ O CH~ fudek(ThkdOeBttidh wds stife@idvithhand sodium hydroxnde (%)0 0g, 500 (L A-1

(2[(2:h?(r)nr nfghgﬂ';(?@ %5’? ;%D@’Bgﬁﬁaleﬁlrﬁf’e"éé?%éé g{ %B I°ved in

trinmethyl rtth%ﬂ'@ﬂlﬁfaﬂﬂ@s(ﬂl@mdﬂmed tamguich! eith phtuetetNakiCOp solujorwi t h stirring.
Pyridiniump ﬁr@'r@é‘d?i%ﬁWaE%Balteﬁ lr(tgaggﬂargt?rygf ﬁl?el rgmltpie E@% g‘fgg«fd ina single 10

portion. The reaction was stirre y the addition of
triethyl am neSPaRER% N ﬁﬁqucy.lsdayﬁ[yuas ‘F’ﬁéh%%mﬁt@‘\ﬁaﬁ' he 6pwbingd at ed and

purified by fdrgeric apsremrioaiaidver gsef, finerdd Mn@erﬁu%?e%@\{@éuoz st eps) of

" 2 e g S e Byt ol o3 00 ey 7 B0 (g, ik

J= 2.4, 19 8.®nipyind. C'HIASMER. (300 [z, CHYL): 593(72(591114)13145 (81H), A744, 5. 03 (AB,

o030 o By P alle L =5 80af 946788 (ol 182 B, 100 (0

3H, J= 6.4 Hz). “Step
3- ([ (1R - 1-( L @hido dphe B2 ) h§T9 tsidy  H 544 B2hg.6iHxxy6.9471d, 1Hbénsi2ni dazol -
1y1) - 2- t hi opheyesas ROXMJ, 3le® (d, 3H, /= 6.2 Hz).

2
3-
(

N
5-

Intermediate Example 5: Methyl 5-(6-hydroxy-1H-benzimidazoi-1-yI)-3-({(1/)-
15 1-f2-(trifluoromethyl)phenvilethvlloxy)-2-thiophenecarboxylate

= s F
N
wo-cua
0
H,C
F
F

F

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

20 F

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



0 NSOCH3 OOHH3 G 0 20 Methyl 3-{[(1 R1

- (2-chl orophenyl ) et hyl ] oxy) - 5-[6- ({[ 4- (et hyl oxy) phenyl ] - net hyl ) oxy) - |

H benzi m dazol - 1-yl ] - 2-t hi ophenecar boxyl ate (25.45 g, 46.4 WD 2007/ 030361
PCT/ US2006/ 7 mol ) was dissolved in DCM (120 led to O
Cwth sti r‘rqla%g%”%ﬁ fluoroacetic acid (40.0 ni, 519 %TFS%EIO%%

dropwi se via addition funnel. The reaggi on was stirred for 1 h and sodi um
hydr oxi de (20.0 g, 500 nmol) in water (120 m -) was added dropw se via
addition funnel. The pH of 5 the m xture was then adjusted to neutral with

sat ur at ed Namﬁmmsmyluky)mnyurmﬂyi;cs@pih%ba\%n@wE%Podeaﬁr% AMaldbBR atory
funnel, and t gge%ra(ss I 4 %P%v@ ueoug l'ayer waS washed with
Et OAc. The cd ‘?ég e 5 §éE%f?|69 Myl Mgsos, filtered, and
concentrated in vacuo. Purification by flash chromatography affor ded 14. 86
g (75% of theeR Pridethd Sd&mooad-({[4-tnbiRobioendimeth@@yB) . 5 9.62 (s, 1 H),
8.45 (s, 1H)heﬁf ik 1H J= 8.8 Hz),
7.46-7.38 (m % QZ{HI’%} Wf ﬁﬂﬁuoz%gf?@pw?'ﬂe@% 6.79 (dd, 1 H,
J= 2.2, 86%’)’!9%'96@(? Blq H J= 6.2 Hz), 3.79 (s, 3H) 1.60(d, 3H, /=
.2 Hz) I ntermedi at e Exanple 5: Methyl 5-(6-hydroxy-1
benzi m dazol -1-yl)-3-({(1 R - 15 N“en 2 '
-f2-(trifluoronethyl)phenyll ethyl t'hicaphenecar boxyl ate DN o O OHS
OH H3OF F Step A - Methyl 5-(( ([ 4-%met hyl oxy) phenyl Jnet hyl ) oxy) - 2
0

H0-0

The title compound was prepared from methyl 5-{[5-({[4-

{msthyloxy)phenyllmethyljoxy)-2-nitrophenyljamine}-3-({(1 R)-1-{2-

(trifluoromethyl)phenyljethyl}oxy)-2-thiophenecarboxylate by a procedure
10 analogous to Intermediate Example 4, Step C. MS (ESI): 573 [M+H]".

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

= e}

o]
OH
HC
F

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



ni tropheny/Jami noj -3-(((1R)-1 [2-(trifluoromethyl)phenyl Jethyl)oxy,) 2-
t hi ophenecarboxylate ONU5/ OCH HaQ \ OHOOF 20 F The title
conpound was prepared fromnethyl 5-amino-3-({(1 R1 -[2-

(trifluor on@é@{d %{%gl yl ] et hyl } oxy) - 2-t hi ophene car boxylRbfsgodzddr omo- 4 WO
2007/ 030361 / 06/ 033653 78

({[ 4- (met hyl oxy) phenyl ] net hyl } oxy) - 1- nishr obenzene by a procedure anal ogous
to Internedi ate Exanple 4, Step B. I\/BZ Sl): 603 [MH . Step B - Methyl
5- ([ 2-am no-5- (([ 4- (et hyl oxy) phenyl j r net hyooxy) pheny/Jam no)-3-(((1R) -1

[2-(trifl uorampﬁaﬂebﬂb@?h @WEQ’HM:BWQd iR chﬁaréfmn‘? gl&g&xh?&@ NH3 5 O

CH OOH3 teCQ ound rom net hyl
E-{[s-({[4 ?CTQYW%%HW ‘IP‘f]%QwF ﬁ%&ml-zﬁwrﬂme weﬁyflq%wg} 3-({(1

R)-1-[2- (trirésalion emeistiydd fohenywhd etdwddoxuhe 2o fobtrﬁ@h@@l%ﬁaé by | at e b)é 2
P ® o SRR b B ARl b S rel 1 51 o
(trifl uor Smetdkig )Toaariyiucardsdijsoney !rfzefﬂchofnphézwoalr bakg Iredction wes CH O

poured into a separatory funnel, and the layers were separated. The pH of the

mixiure was then adjusted to neutral with saturated NaHCO; solution. The

aqueous layer was washed with chloroform. The combined organic layers

were dried over MgSO,, filtered, and concentrated /i vacuo. Purification by

10 flash chromatography afforded 8.16 g (92% over 2 steps) of the title

compound. 'H NMR {400 MiHz, CDCls): 5 7.88 (d, 1H, /=7.87 Hz), 7.83 (s,

1H), 7.66-7.55 (m, 3H), 7.40 (t, 1H, /= 7.7 Hz), 6.92 (d, TH, /=22 Hz), 6.85

(dd, 1H, /= 2.3, 8.7 Hz), 5.78 (q, 1H, /= 6.23 Hz), 5.47 (s, 1H), 3.91 (s, 3H),

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

15 Example 5: '5-[6—(4-F'ioeridinvloxv)-1 H-benzimidazol-1-yl}-3-({{ 1R)-1-12-
trifluoromethyl)phenyllethylloxy)-2-thiophenecarboxamide

= o]
[
o
Step A - 1, 1-Dimethylethy! 4-({1-{5-f{methyloxy)carbonyi]-4-({{ 1R)-1-{2-

(trifluoromethyllphenyijethyioxy)-2-thienyil- TH-benzimidazol-6-yljoxy)-1-
20  piperidinecarboxylate




OHH3CI \ F F Methyl 5-{[2-am no-5-({[4-(nethyl oxy)phenyl ] nethyl}oxy)
phenyl]am no}-3- 15 ({(1
[)-1-12-(trifluoronethyl)phenyl]ethyl}oxy)-2-thi ophenecarboxylate (11 g,

19. 19 mol ) wwpsmoizgssp! ved in 100 nL of trimethyl orthofQmmd.Go6hdsts
stirring. Pyridiniumptoluenesulfonate (0.502 g, 1.91 nmol) was added in a

single portion. The reaction was stlrrs%d for 2.5 h. The m xture was
concentrated and the crude nethyl
5-16-({[ 4- (met hyl oxy) phenyl ] met hyl }oxy)-1 H 20 benzi m dazol -1-yl]-3-({(1

A)-1-[2-(trif g gucy@mwaxgh@nuénm.@aéo}?gge ({140 #2007/ 030361

PCT/ U82006/ 03368 henecar x was di ssolved in chloroform (75
m.) and cool e@'@eweﬂww%W'lsqthvﬂ}iam& ipphanegeipexdae (Q4289.d.Q350. 0 nL, 649

mol ) was addeduol)Tm;ummsénaa@(om 65 1 144 @folf, @hd 3-(Molaésk-4l | oned to conme to

st of Che. tPIBYG R RRed SRR ARG - Eaﬁwf%st%“xﬂé 439 Gobrd Bl chior of or m
(200 nl). FhewerezombimedimoO nqhmﬁun/ﬁfmdlmutrwlfarmpae andhneatédorgdl°C withd t he | ayers

uere separ al eyt nafostioh s nEhiEh 86 Wiho'thal AU EpbApE UL 81 Wi LD

saturated Na sol ut ueous la chl orof orm
The conbi ned Breyabsiuge Wé?é@lg’equﬁt %@V@t@raﬂﬁjﬁe)lﬁyefawet@red and

concentr at ed éd@até@é‘d'orhepd#{;éﬁlé %zérlv%vkaéhé@wfﬂh%’ib ahy fierlnmiaahy af f or ded
8.16 g (92% over st e title ound.. 1H NVR (400 MHz, CDCl 3):

8 7088 (d- L HqUegls RS e exttacid Wit EIOAS - Jhe Sorinerl argamintvely | 7' 46 (L. 1
H J= 7. 710-Iz)wer6 d8iad bder Mg39),, fliered, andtizoncenir&bd if ebvo. 1Ptificationby3, 8.7 Hz),

S 78 (95 1, FakR fomhubidag Sybloe D4gh f P i cfiup Lof @M&ﬁl oxy) - 1
H benzi mi dazou40tD Mz, DBISQ-64) 518)431(s,11H4), 7.95 (dd, J/=7.7 Hz, 1H), 7.78-7.66 (m,
Ltrifluoronetsyl ygEeny)d €65 1Y bodmt NOHRSNE M PPIRE 98 25 H, © V N/ NH,
1H), 7.01 (dd, J=8.8, 2.2 Hz, 1H), 5.97 (q, J=6.2 Hz, 1H), 4.59 (m, 1H), 3.81
15 (s, 3H), 3.65-3.56 (m, 2H), 3.25-3.15 (m, 2H), 1.91-1.82 (m, 2H), 1.63 (d, J=
6.2 Hz, 3H), 1.59-1.49 (m, 2H), 1.38 (s, 9H). MS m/z646 (M+1).

Step B - Methyl! 5-{6-(4-piperidinyloxy)- 1H-benzimidazol- 1-yil-3-({{1R)-1-/2-
(triffluoromethyf)phenyllethyjoxy)-2-thiophenecarboxylate

Hogg =

20 1,1-Dimethylethy! 4-({1-{5-[(methyloxy)carbonyl}-4-({{1R)-1-{2-
(triflucromethyl)phenyllethyl}oxy)-2-thienyl]-1H-benzimidazol-6-yl}oxy)-1-
piperidinecarboxylate (1.84 g, from a different batch using procedure
analogous to Example 5, Step A, 2.85 mmol) was dissolved in 30 mL of DCM
with stirring and cooled to 0 °C. Trifluoroacetic acid (10.0 mL, 130 mmol) was

25 added dropwise vz addition funnel. The reaction was stirred for 1h, and 2 N
sodium hydroxide solution (60 mL) was added dropwise vz addition funnel.
Saturated aqueous NaHCOj3 solution was used to adjust the pH to basic. The



O OHCF HNa F F Step A -
1- D| met hyl et hyl 4- ((1(5-[ (et hyl oxy) carbony/ J-4-(((1R)-1(2-
ri fluoromethyl)pheny/Jehhy/foxy) 2-thi eny/J- 1H benzi m dazol 6 y/)oxy)-1-

s,
1,
(trifl
o TEE o SBGEIBSILS By USzo06s 033683 B0 Net F\yFNC ‘?%5??0'3’2?“ e
H- ben

benzi m dazol -1-yl)-3-({(1 R -1-[ 2-
(trifluoronethyl)phenyl]-ethyl}oxy)- 2-tEH‘i ophenecar boxyl ate (0.478 g, 1.03
mol ), cesium carbonate (0.470 g, 1,44 mvol ), and 4-(Tol uene-4-

sul tony! oxy) - BhAGE ik e R RSBy SFRROM e B el 0 0 128
Wi th stirrinihe Goaveoulayernvés washed eageaHtt B@M%dwnaﬁb’lthd@ﬂ‘@bﬁth@f room

tenperature. Tﬂ@&n‘iﬁlﬁ@d&@aM@%y@r@%e?éidﬂléat&eﬁﬁnﬁéﬁmére%rﬁf and the |ayers
were separated. The organic [ayer was washe and_t he conbi ned

aqueous | ayer%"'\ﬁé’r‘t@tﬂ’tﬂr'ﬁ’é‘c’%d’ Wf'Fﬁ'OEtb@ﬂé‘Sh q’?f@“’@*@ﬁﬁpméﬂméﬂdﬁﬁﬂﬁg 9 ayers 10
were dri edsov@sulyatia tité bdamscsu'#a, RRIIRC@D6 §1MZ BVSD-bly: B8angs, 1Ry i fication by

(400 M DVEOSRE 4 5Ok, T8 778467 th, éw(cm (VS R Ok (e g
(m  2H), 7.68HY 4.30/(s; 181)87.6& (d, VH)2.2 Az, 50H) (697 Idd) /=B.£2.2 Hz, 1H))5.967. 09 (d, J=
2.2 he, (G /= 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, /= 6.1 Hz, 3H), 1.51-1.38 (m, 2H). MS
10 m/z546 (M+1).

Step C - 5-[6-(4-Piperidinyloxy)- 1H-benzimidazol- 1-y{]-3-({(1R)-1-/2-
(trifftuaromethyl)phenyijethy(}oxy)-2-thiophenecarboxamide

=
éN\Q’EN

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

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

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



1 H, 7.01 (dd, J=8.8, 2.2 Hz, 1 H, 597 (q, J=6.2 Hz, 1 H, 459 (m 1
H, 3.81 15 (s, 3H), 3.65-3.56 (m 2H), 3.25-3.15 (m 2H), 1.91-1.82 (m
2H), 1.63 (d, J= 6.2 Hz, 3H), 1.59-1.49 (m 2H), 1.38 (s, 9H). M5 ni z646
(Mr1). Ste p | 5(6-(4pi peridinyl oxy)-1H benzi m 9
-3-(f(1R)-§?§-20 tgdla%lll uor onet hyl ) phenyl Jet hyl ) oxy) 2 thﬁ%g g%og%’lgs 8gxyl ate N
0O-CH OHOF I \' HN~-F F 20 1,1 -Di nethyl et hyl
4- ({1-[5-[ (et hyl oxy) carbonyl]-4-({(1 ?-1-[2-
(trifluoromethyl)phenyl]ethyl}oxy)-2-thienyl]-1 H benzi m dazol -6-yl}oxy)-1-
pi peri di necagampled: -l R#4-(9.chidi@ReRyitulyiB kAR e RAbH iR HEg R Eocedur e
anal ogous to anple 5, ep A 2.8 MO was _a O ved 3S0-nmL of DCM
wi th stirringSBAENCEse kyl-¢-giephenecarbexamidenaceti c acid (10.0 ni, 130 nmol)
was 25 added dropwi se via addition funnel. The reaction was stirred for 1
h, and 2 N sodium hydroxide sol uti ¢m (60 il-) was added dropw se via

20 ¢

Be

Qs

addition funnel. Saturated aqueo | uti on was used to adjust the
pH to basic. The WO 2007/ 030361 P S /033683 81 m xture was poured
into a separatory funnel, and t Qyer separated. The aqueous | ayer
was washed once with DCM and omeg/with die ether. The conbi ned organic
| ayers were dried over MgSO4, filtered, ahd~ concentrated in vacua.

Purification flash_chronmat ogr aphy provi ded 1.37 5 (88% of the title
conpound. 1H%(M@1Wy/m%!ﬂyfﬂ( @Bi-é?zvf(f@qp@nygqfhy/mﬂﬁ-( d, J= 7.9 Hz,
1H, 7.78- 7[Wetmxyfaal}bon}70-§-lwéﬁjxg- /kﬁb&zﬁmﬁézof-&ygbxyfr- 61 (m 1H, 7.30 (s,
1H, 7.05(d, /=22 H, 1H, 697 (dd, J=878 2.2 Hz, 1 H, 5.96 (q,
J= 6.1 Hz, 1PHEF1PRSEDQER 1) 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, /= 6.1 Hz, 3H), 1.51-1.38 (m 2H. MB

10 m z546 (M+1). s
0
H?;S(OTN ¢

Methyl 3-{{(1/)-1-(2-chlorophenyl)ethyljoxy}-5-(6-hydroxy-1 H-benzimidazol-1-
yl)-2-thiophenecarboxylate (2.00 g, 4.66 mmol), triphenylphosphine (4.89 g,

10 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 vig
syringe. The reaction was stirred for 5 min and allowed to warm to room
temperature. The reaction was stirred for 4 h and adsorbed onto silica gel.

15 Purification by flash chromatography afforded the titte compound along with
small amounts of impurity. "H NMR (400 MHz, DMSO-dj): 3 8.47 (s, 1H),
7.70 (ad, 1H, J=1.6, 7.7 Hz), 7.64 (d, 1H, /= 8.8 Hz), 7.44-7.37 (m, 2H),
7.34 (s, 1H), 7.31 (m, 1H), 7.15 (d, 1H, /= 2.4 Hz), 7.01 (dd, 1H, /= 2.2, 8.8
Hz), 5.97 (q, 1H, /= 6.2 Hz), 4.59 (m, 1H), 3.80 (s, 3H), 3.65-3.56 (m, 2H),

20 3.27-3.14 (m, 2H), 1.92-1.81 (m, 2H), 1.60 (d, 3H, J/= 6.2 Hz), 1.60-1.47 (m,
2H), 1.38 (s, OH); MS (ES1): 612 [M+H]'.



Step C - 5-f6-(4-Plperidinylazy)- |H benzim dazol- f2-
(trifluoronethy/)phenyl Jet hy/)oxy)-2-thi ophenecarboxamde s N\ / | NHi
HGO HaF F F Met hyl 5-[6-(4-piperidinyloxy)-1 H benzimdazol-1-yl]-3-({(!

R -1-[2 15 r romet hyl ) phenyl ] et hyl } oxy) - 2-t hi oph%}ﬁg@g e (0.154
g, 0.282 n%‘/r%)li)ow\c?g@‘sgi ssolved in 7 N ammonia in MeOH (12. r%ﬁf%?f% mol )
in a sealed tube and heated to 80 C fgy3 2 days. The reaction was cooled to
room tenperature and concentrated in vacua. Purification by flash

chromat ography afforded 0.129 g (86% of the title conpound. 1H NWR (400
VHz, DMSO- d6) sz 24- RL 71 318 ; ; 1 (br s, 1
H), 7.78-7.70 & 2{%9%/%‘%1?}7?cﬁ'/ém%&i"’%fﬂy’{m%?[%féﬁ?ﬁ"yf}ff, 7.12 (br
s, 1 H), 7.037"gengmgazoli-yhi-tiephengcarboxate 5 94 (q, J= 6.2 Hz, 1 H), 4.44
(m 1 H, 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 2 MS 7ml z531 (M+l). WD 2007/ 030361

PCT/ US2006/ 033683 82 Exanple 6: 3 \ J ot
R) - 1- (2- Chl or ophenvl ) et hyl ] oxy} - 5-6- (4- peperi di nvl oxy)-1 H
benzi m dazol - 1-yl | - 2-t hi ophenec am MO HCI ~ M& | Step A -

1, 1-Dinethylethyl 4f(1-(4-(((Z2 1-(2-chiy phenyl ) et hy/foxy)-5- 5
f (met hyl oxy) car bony/ J- 2-t hi eny/) - 1H benzi m dazo% y/)oxyJ-1-

pi-peri di necar pexyhatGietny 4 01118467 THz-chiorophenyljethyljoxyl-5-(methyloxy)-
5 carbonyl}-2-thienyl}-1Abenzimidazol-6-yl)oxy]-1-piperidinecarboxylate was
dissolved in DCM (60 mL) and cooled to 0 °C. Triflucroacetic acid (15.0 mL,
195 mmol) was added dropwise via addition funnel. The reaction was stirred
for 1.5 h, and 2 N sodium hydroxide solution (88 mL) was added dropwise via
addition funnel. Saturated aqueous NaHCOj3 solution was used to adjust the
10  pHto™8. The mixture was poured into a separatory funnel, and the layers
were separated. The aqueous layer was washed with DCM (3x) and EtOAc
(1x). The combined organic layers were dried over MgSQ,, filtered, and
concentrated /7 vacuo. Purification by flash chromatography provided 1.95 g
(82% over 2 steps) of the title compound. 'H NMR (400 MHz, DMSO-dy): &
15 846 (s, 1H), 7.71 (dd, 1H, /= 1.7, 7.7 Hz), 7.62 (d, 1H, /= 8.8 Hz), 7.46-7.38
(m, 2H), 7.35 (s, TH), 7.32 (m, 1H), 7.09 {d, TH, /=22 Hz}, 6.97 (dd, 1H, J=
2.2, 8.8 Hz), 5.97 (g, 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]".

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



S i OH~o HJTHol ~ C HCHCMthyl 3-{[(1
R - 1- (2-chl or ophenyl ) et hyl ] oxy}-5-(6-hydroxy-1 H benzi m dazol - 1-
yl)-2-thl ophenecar boxylate (2.00 g, 4.66 mml), triphenyl phosphine (4.89 g,

10 18. 6 moiyp20@dodgPut yl 4-hydroxy-| - pi peri di necar boxyp@igsbobnsfisg. 9. 34
nmmol ) were dissolved in DCM (50 m-) with stirring and cooled to 10 C.

Di i sopropyl azodicarboxylate (1.84 nL, & 35 mmol) was added dropw se via
syringe. The reaction was stirred for mn and allowed to warmto room
tenperature. The reaction was stirred for 4 h and adsorbed onto silica gel.

wth sl oI (@ Shere AR B) sI6 Enb iy e g TR0, & 070
H, 7.70 (ddPengimid %Z°i1ﬁl2ﬂhmpﬁmecarbomateép1i% 0/2938“80042’?3 7.44-7.37 (m

2H), 7. 34 (sdissoldd,in 7 N3dmbhialn M)eOH7(1:_15n(Ld84brMnol ina seafedidde 7. 01 (dd, 1
H J= 2.2, 88 3.80 (s, 3H),

3.65-3.56 (m rﬂ—B a}éfo“’?%??(f%"“fﬁ‘ I(dfﬁe S?HE"’" I"aéib'lcegﬁa‘@h]dmﬁﬁ)am 1.60 (d, 3H J=
6. 2 Hz) . 13 G0rethargeq with 88 7 Nir@Borfmin W60 (125D (S840 mbdch e ~. VD
Vet yl 3- ([ 1Rl ER o i TR deatsBl B coded o ogm temperaiyre e
1H benzi m dazéncgntjgted s vtaﬁu@pﬁertﬁeai@nmxlysracmoma&ogmpsy eﬁc@ﬂm 0 0526 §3C HO C |
(87%) of the title compound. 'H NMR (400 MHz, DMSO-d): 58.38 (s, 1H),
7.79 (br's, 1H), 7.66 (dd, TH, /= 1.6, 7.7 Hz, 1H), 7.61 (d, 1H, J/= 8.8 Hz),
10 7.45 (dd, 1H, J= 1.3, 7.8 Hz), 7.40 (m, 1H), 7.84 (m, 1H), 7.11 (s, TH), 7.11
(brs, 1H), 7.01 (d, 1H, J= 2.2 Hz), 6.96 (dd, 1H, J= 2.3, 8.7 Hz), 5.98 (q, 1H,
J=8.2 Hz), 441 (m, 1H), 2.98-2.89 (m, 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 (m, 2H); MS (ESI): 497 [M+H]',

15 1 2-(triflucromethyl)phenvilethvlloxy)-2-thiophenecarboxamide

Step A - Methy! 5-(6-f( 1-methyl-4-piperidinyljoxyj- 1 H-benzimidazol- 1-yj}-3-
({(1R)-1-{2-(trifluoromethyi)phenyllethyijoxy)-2-thiophenecarboxylate

0

. CES j@

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



1,1-Dinmethylethyl 4-T7(1-{4-{[(1

ft)-1-(2-chl orophenyl) et hyl ] oxy}-5-[ (nmethyloxy)- 5 carbonyl]-2-thienyl}-1

f Hbenzi m dazol - 6-yl ) oxy] - 1- pi peri di necar boxyl ate was di ssolved in DCM (60
m-) and c C. Trifluoroacetic acid (15.0 nL, 9% was added
dr opw se V|O§I gzgu |O?? gn funnel. The reaction was stirred for 2%&%83 nd 2 N
sodi um hydr oxi de solution (88 nL) was aacsgded dropwi se via addition funnel.
Sat ur at ed aqueous NaHCO3 sol ution was used to adjust the 10 pHto -8. The
m xture was poured into a separatory funnel, and the Iayers wer e

separated. Th ] : c (Ix). The
conbi ned or gaﬁ#gﬁl?‘gﬂ'ﬁ@ a&é?érmg?d%edgﬂgé\}a:@ %é&%‘f’ Eﬁaﬁconcent rat ed
in vacua. PurWﬁl‘e@é!ﬂe@Wabyﬂffgeaﬁﬂd@mmﬂ@ﬁt@gb@phyﬂfﬁﬁé@ﬂH'éﬁ: @5@3“9101)( 82% over 2

steps) of thew&éé&o%d%?ﬁ@ﬂﬁﬁqaomo'ﬁ PR ré st 6k W stirfB6> 18 hnd éueH_éh&l 46 (s, 1
H . 7,71 (dd, 6-7.38 (m

1
2H), 7.35 (s, W&*lia)wfa‘ﬁdé‘iﬁ"tq{?s SP' n. ’r'hw*%ﬂe WfFiPOWEdQ"t%%Fé% *)“‘dah@f? (dd, 1 H,
J= 2.2, 858 &inratddl dyledus NaHED;. Jrhefla yerd e sépérﬁte(dnandlthbi)aquébtﬁo (s, 3H),

2.96:2.88 (I o8l asha %ﬁéﬂsé%?d ebpS Ry e EOhpAE) rodp8? (¢ 31 /=
ﬁ'e(n[zf#Réaiof2'a@"s°”E@"'“MV’BEM"W‘WMMM“@“@ sy NG VO
20071030361 Pﬁ@gﬁ%&@%@@%@&ﬁ%%ﬁghg E?%" (78905 of ths it

) - 1- (2- chl or opérepsHN¥let hNMFRPD M7 @Msgga)pé i (A1 FBx3 96 §d, = 7.7

benzi mi dazlgl ﬂ-lzKlil-]) ?78-'?'6@Rﬁmeﬁﬁ}3qrd%{ﬁ)’./§b% r@ﬂ'hg@ > (rrp1?|93i 32“@' ) was
di ssol ved in 5_‘ % ﬁ d tube and
heated to 80 @ 3r0648f~°n1""l't§e9%‘6?d )&QXA/@SJC%@EW'Q{ 4 5 rechar ged

with fresh 7 I, aAyomeds| IH)MeEP2(4B2n) 2R}, 2.542.01 (M), B98H.85 (m, 2H),
1,73-1.80 (m, 2H), 1.62 (d, J= 6.0 Hz, 3H). MS (ESI): 560 {M+H]".

Step B - 5-{8-[( 1-Methyl-4-piperidinyl)oxy]-1H-benzimidazol- 1-yi}-3-({(1R)-1-
15 [2-(trifluoromethyllphenyllethyfoxy)-2-thiophenecarboxamide

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

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

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



heated to 110 C for 72 h. The reaction was cooled to roomtenperature and
concentrated in vacuo. Purification by flash chronmatography afforded 0.126
g (87% of the title conmpound. 1H NVR (400 MHz, DI\/BOd8) 8 8.38 (s, 1H),

779(brs 6 (dd, 1 H /=1.6, 7.7 Hz, , J= 8.8
10 7. 4@6(2593’030%‘"’ J=1.3, 7.8 Hz), 7.40 (m I 7"@1"#666’03136 711

(s,lH) 7.11 (br s, 1 H), 7.01 (d, %H J—22Hz)696(dd 1H J=
2.3, 8.7 Hz), 5.98 (q, 1 H J=6.2 Hz)® 4.41 (m 1 H), 2.98-2.89 (m 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
(m 2H); M ( 15

5-{6-[ (1- Mehl (ﬁ-’S h?ﬁln%ﬂ 941%@Ehﬁz 7‘3(8azof52H Fr)é (1(§7R) 15
1-[2-(trifl udfe M&Jfﬁ&!h ABEMMEY oxy) - 2- t hi onhenecarboxam de s | N/ NHz
O FI > HGNOH / FF Step A - Methyl 5-(6((1-nethyl -

pi peridiny/) id 84 mda:rm nyh&hyl] 1-meth I-4-

[2-(trifluorag -4 %rbxylateo s\ N/
OCH 0 O R Ser i di nyl oxy) -1

H benzi m dazol -1-yl ] - 3 ({(1 R) - 1- [2-

(trifluoromethyl)phenyl]ethyl }oxy) 2 —Igl ophenecar boxyl ate (0.200 g, 0.367
mmol ) was di ssolved in DCM (4 n NBzrrL) Acetic acid (0.025 WO
2007/ 030361 PCT/ US2006/ 033683 85

o
H,C”

Step A - Methy! 3-{ TR )- I-(2-chiorophenyl)ethyljoxy}-5-{6-{( 1-methyl-4-
piperidinylloxyj- 1R-benzimidazol- 1-yi}-2-thiophenecarboxylate

Cl

O

é oo

D
SELSe
HQG’N ct

Methyl 3-{{(1 A)-1-(2-chiorophenyl)ethyljoxy}-5-[6-(4-piperidinyloxy)-1 4

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

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

20 1.8,7.7Hz), 7.63(d, 1H, /= 8.8 Hz), 7.47-7.40 (m, 2H), 7.38 (s, 1H), 7.34 (m,
1H), 712 (d, 1H, /= 2.2 Hz), 6.99 {dd, 1H, /=2.2,8.8 Hz), 5.98 (9, 1H, /=
6.2 Hz), 4.41 (m, 1H), 3.80 (s, 3H), 2.65-2.54 (m, 2H), 2.24-2.13 (m, 2H), 2.17



m., 0.44 mmol) and fornmal del dehyde (0.055 nL, 37%in water, 0.74 mol)
wer e added via syringe. Sodiumtriacetoxyborohydride (0.117 g, 0.552 nmol)
was added in a single portion. The reaction was stirred for 1 h and
guenched | ted NaHCO3 sol ution. The m xture nto DCM
and hal f 5V\‘§Vat8r a%& aqueous NaHCO3. The | ayers were s\éi%;f{‘%?eg%géﬁd
aqueous |ayer was washed with DCM (3x),-,and Et QAc (i x). The conbi ned
organic |layers were dried over MgSO4, Yiltered, and concentrated in vacuo.
Purification by flash chromat ography afforded 0.150 g (73% of the title

d. iH 6 thaa/ = 7.7 10 Hz,
sy ren @’\%H@gﬁ;ﬂ#@ gy’FQd-}% 161 c#ﬁrz{gﬁ(cﬁr??" 47 ?%6'?’%?1 M¥H, 7.32 (s
11-1), 7.06 ((&Sl)s 526 [WH] 6. 98(m 1H), 5.97 (g, /= 6.0 Hz, 11- 1) 4.41 (m
1H), 3.80 is, 3H), 3.26 is, 3H), 2.52-2.43 (m 2H), 2.27-2.11 (m 2H),

1.98-1.85 (m g 3-Y TR 72@1/& hedDathAjodR-5&.1f Bmefhy-Hz, 31-1). M5 (ESI):
560 [ M+H] " %g)%n ﬂ[( %ﬁil(é 2%) }79 Wﬁ% dﬁ[(/\]o Y 1H— benzi m dazo%
)7 9- 3 (( (1R -REEHysBir Pbaraleare TP R eR st oy

2-t hi ophenecarboxamde I \ N\ / NHz O o NH CF FI HO' O F Met hyl
5-{6-[ (1- net hyl - 4- pi peri dinyl)oxy]-1 zifi dazol -1 -yl }-3-({(I R-1-[2-
(trifluoronethyl)phenyl]ethyl}oxy)- eme&car boxyl ate (0.148 g, 0.264
nmol ) was dissolved in 7 N ammoni a i NEC]—IO(lZOnL 84.0 mml) in a 20
seal ed tube and heated to 80 C fqr;ﬁﬁ hougs: e reaction was cooled to
roomtenpegature and concentragpgd vacuog ification by flash

chromat ography afforded 0.138 g (96% of the title conpound. 1H NWVR (400

7 80-7 73 ( m MelyF e eenidemndantdon B efad b Dy G52 Y PP
6. 99- 6. 94 25 piperidity)pxg-1FEbgrgimidazob1-3HAzthiophddecaboRdaté (.214 &) , 2. 64- 2. 53
(M 2H), 2. 235307 hmol) 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
10 room temperature and concentrated /7 vacuo. Purification by flash
chromatography afforded 0.208 g (100%) of the title compound. 'H NMR (400
MHz, DMSO-dy): §8.39 (s, 1H), 7.80 (br s, 1H), 7.67 (dd, 1H, /=1.5,7.6
Hz), 7.62 (d, 1H, /= 8.6 Hz), 7.45 (m, 1H), 7.41 (m, 1H), 7.34 (m, 1H), 7.13
(s, 1H), 7.11 (br's, 1H), 7.02 (d, 1H, /= 2.0 Hz), 6.97 (dd, 1H, /= 2.2, 8.8 H2),
15 5.99(q, 1H, /=6.2 Hz), 4.37 (m, 1H), 2.63-2,53 (m, 2H), 2.22-2.14 (m, 2H),
2,17 (s, 3H), 1.95-1.86 (m, 2H), 1.71 (d, 3H, /= 6.2 Hz), 1.70-1.59 (m, 2H);
MS (ES!): 511 [M+H]".

Comparative Examples

Comparative Example numbers 121, 126, 127, 136 and 143 can be prepared
20 using methods known in the art, including those described in PCT Publication

No. WO2004/014899 to SmithKline Beecham Corp.




WD 2007/ 030361 PCT/ US2006/ 033683 86 (m 2H),
/=6.2 Hz, 3H),

2H), 1.73 (d,

2.17 (s,
1.71-1.57

(m 2H). M5 (ESI):

3H), 1.94-1.84 (m

545 [ M-H] +.

Exanmple 8: 3-{[(1 R)-1-(2-Chlorophenyl)ethylloxv}-546-1(1-nmnethyl-4-

Ncr H3C 5 tep A -

Met hyl

pi peri di ”ylﬁx_’@)&@ﬁoé}sﬁf benzi m dazol -1 -vl}-2-thi ooheneca

' 12 0
3-((( 1}é) _1-(2-chl or opLWé’g’ﬁsfF%’oxy) _5-(6

[ (1- nmet hyl -4- piperidinyl)oxyJ-I H benzisjgi dazol -1 yl)-2-thi ophenecarboxyl ate

o (\ N/ OCH

O NO HC HaO-Cl

Met hy[°°3- {[ (1

A) - 1- (2- chl or ophenyl ) et hyl ] oxy} - 5- [ 6- (4- pi peri di nyl oxy)-1 /- 10

benzi m dazol - 1-yl | - 2- t FGGHEETE ' tate—(0—266—g;—0-—5H08 Mol ) was
di ssolved in DCM (4 nL)__and ﬁhé{tgféym) Acetjc acid (DP.035 n, 0.61 mol)
and formal del dehyde (0L 076 nL] 37%in water, 1.0 mmol ) |were added via
syringe. Sodiumtriacet oxyboroh ( M6l g, 0.760 mmol) was added in a
single portion. The regtli on Wasystirr for 2 h and ppured into DCM and 15
hal f - sat ur at ed aqueous] NaHCCO3 H,J;ﬁfé? | aye re separated, and the aqueous
| ayer was washed with |DCM and|Et GAc. The nbi ned orgahic |ayers were
dried over MgSH4, fil tered—and—copgentratetd—tn—vracuwo— Purificati on by
fl ash chromat ogr aphy forded|O0. 218 'g.€389% of the tit|le conpound. 1H NMWR
(400 MHz, DVBO-d6): S By (s| LUl ®&3 (dd, 1H J= 20 1.8, 7.7 Hz), 7.63
(d, 1 H J=8.8 Hz), 7 -7.4pm{°rq 2I—|)R;c 88 (s, 1 H,}17.34 (m 1H, 7.12
(d, 1 H J=2.2 Hz), 699 (dd| I™H, J="2. 8.8 Hz), 5(98 (g, 1H, /= 6.2
Hz), 4.41 (m 1 H), 3.80 (s _BH) 2 65-2 54 (m 21-1).{2.24-2.13 (m 2H),
2.17 =\ s
‘ . W
127 OQ £
F=
Q’" \S/ NH,
136 &3 m
F
N F
N=y
QN Cr
o
143 o m
F
o
b
Biological Examples
k. Assay for inhibition of PLK1
5 A. Preparation of 6x N-terminal His-tagged PLK kinase domain
6x N-terminal His-tagged PLK kinase domain (amino acids 21-346 proceeded
by MKKGHHHHHHD) SEQ ID: No. 1. was prepared from baculovirus infected
T. ni cells under polyhedrtin promoter control. All procedures were performed
at4°C. Cells were lysed in 50 mM HEPES, 200 mM NaCl, 50 mM imidazole,
10 3% glycerol; pH 7.5. The homogenate was centrifuged at 14K rpm in a SLA-



WD 2007/ 030361 PCT/ US2006/ 033683 87 is, 3H), 1.97-1.87 (m 2H), 1.72-1.61
(m 2H), 1.62 (d, 3H, /=6.2 Hz); M5 (ESI): 526 [IVH—|]'. Step B -
3-f[(1R) - 1- (2- Chl or ophenyl ) et hyl Joxy)-5-[6 [(1-nethyl -

i

6
pi perid/ nyl,)‘,%ég&g,gﬁﬁ enzi m dazol -1 yl) 2- 'EP

ophenecarbq;ta[r,ﬂsgﬁwo_‘f“& o I \' N
/| NHz i H3C C | Methyl 3-{[(1

R) - 1- (2- chl or ophenyl ) et hyl ] oxy}-5-{6-[ (g net hyl -
pi peridi nyl)oxy] - 1/fbenzi m dazol - 1-yl } -Z-t hi ophenecar boxyl ate (0.214 g,
0.407 mml) was dissolved in 7 Nammonia in MeOH (12.0 nL, 84.0 mol) in a

seal ed tube af%oh&%ﬁ%?ﬁh%ngq’h&‘sd;p%f‘na%arﬁflﬁéfgéthﬁpmﬁfarﬁfﬁﬁdrgﬁgwsTﬁé’ol ed to 10

roomtenperature and concentr at

chr omat ogr aphSFPEFEEINEWaS 9aderbonjo eNigley cheflating Sepharpge @mmmnu 1H NMVR (400

VMHz, DMBO de) Phaim8eidfeoiinn dnd-vashéd$&h (s Suffed F"%tem7w£é79I(|qus$ H J= 1.5,
7.6 Hz) 7.34 (m 1

H, 7. 1é Zzéf’d |%°J%’ %”dl‘ioo(b?”f?@f‘?lbsw %E‘Lfteaﬂkgﬁ’%m%%égb '6.97 (dd, 1
H J= 2.2, 5 8. BMHRECI, 300518 .irdRlatale, 5B6 blycdral; fHZ.SiPractiénd Cortaming F|1:|)(712(g3 §H53
50 628 by . 2 g elined! W?Hj’ PAGE Freafins utpting sk ols dfilfen oo £l s
Conpar at i ve Ef?@ﬁfiﬂhéormﬂ#ﬁ‘!ﬁ AIMM DY, 5%23lycek8pHna, theloaded breapr epared 20
usi ng met hodss#se rodd (hh%rs%fa?n Phd?ﬁk&gjh M%ﬁ‘er%%ﬁ%o%%iwz 107/ 030361

Publ i cati on 41 489 ['i ne Beecham
PgTI IUSZOOG/ 03‘%859 y'é? JePMII T, S glgcerol; pH 7.5, PLK was step eluted

10 with 50 mM HEPES, 1 mM DTT, 500 mM NaCl; 5% glycerol; pH 7.5. PLK
was concentrated using a 10 kDa molecular weight cutoff membrane and
then loaded onto a Superdex 200 gel filtration (Amersham Pharmacia)
column equilibrated in 25 mM HEPES, 1 mM DTT, 500 mM NaCl, 5%
glycerol; pH 7.5. Fractions containing PLK were determined by SDS-PAGE.

15 PLK was pooled, aliquoted and stored at -80 °C. Samples were quality
controlied using mass spectrometry,'N-terminal sequencing and amino acid
analysis.

B. Enzyme activity +/- inhibitors was determined as follows:

20 Al measurements were obtained under conditions where signal production
increased linearly with time and enzyme. Test compounds were added to
white 384-well assay plates (0.1ulL for 10 puL and some 20 plL assays, 1ul for
some 20 pl. assays) at variable known concentrations in 100% DMSO.
DMSO (1-56% final, as appropriate) and EDTA (65 mM in reaction) were used

25  as controls. Reaction Mix was prepared as follows at 22 °C:

25 mM HEPES, pH 7.2
15 mM MgCi2

1 UM ATP
30 0.05 uCiiwell **P-y ATP (10Ci/mMol)

1 UM substrate peptide (Biotin-Ahx-SFNDTLDFD) SEQ ID:No. 2.
0.15 mg/mL BSA



\' / N4 S/ 121 0\ HCI0O\ / NH, 126 0 HBCHG HC\ NS/ NH 127
HCHGO HCI N=~ \s/ NH 136 ~N'~"o oF/\ JJ F HCN=—= | NNS NH

O 143 o Nf

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

Preparatio f erm nal Hi s-tagged PLK ki nase dongj m nal
Hi s-taggedn‘g@@@%ﬁdg}_gfe dormain (am no acids 21-346 procg?ﬁgﬁé@;%%ﬁszHHHHD)
SEQ ID: No. 1. was prepared from bacul %Yli rus infected T. ni cells under

pol yhedrin pronoter control. All proce

10

15

20

30

ures were perforned

T mMDTT
2 nM PLK1 kinase domain (added last)

Reaction Mix (10 or 20 plL) was quickly added to each well immediately
following addition of enzyme via automated liquid handlers and incubated 1~
1.5 h at 22 °C. The 20 pL enzymatic reactions were stopped with 50 pL of
stop mix (50 mM EDTA, 4.0 mg/m! Streptavidin SPA beads in Standard
Dulbecco's PBS (without Mg®* and Ca®"), 50 uM ATP) per well. The 10 pL
reactions were stopped with 10 pL of stop mix (50 mM EDTA, 3.0 mg/mL
Streptavidin-coupled SPA Imaging Beads (“LeadSeeket") in Standard
Dulbecco's PBS {without Mg?* and Ca®*), 50 uM ATP) per well. Plates were
sealed with clear plastic seals, spun at 500 x g for 1 min or settled overnight,
and counted in Packard TopCount for 30 seconds/well (regular SPA) or
imaged using a Viewlux imager (LeadSeeker SPA). Signal above
background (EDTA controls) was converted to percent inhibition relative to
that obtained in controt (DMSO-only) wells,

C. Results
The data are reported in Table 1 below. In Table 1, + = piCsp <6; ++ =
plICsp 6-8; +++ = plCsq >8.

il Methvlene 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 (iess than 2000cells/well) in 96-well
plates. Twenty four hours post-plating, cells were treated with different
concenfrations 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 100p! 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 solubijlized in



at 4 C Cells were lysed in 50 mM HEPES, 200 nM NaCl, 50 mM i m dazole, 10
5% gl ycerol; pH 7.5. The honpbgenate was centrifuged at 14K rpmin a SLA WD
2007/ 030361 PCT/ US2006/ 033683 89 1500 rotor for 1 h and the supernatant

filtered th&gﬁg@,@g%hz mcron filter. The supernatant még@g}gﬁgﬁon_to a

Ni ckel chel at’i'ng phar ose (Amersham Pharnmacia) col um an wth
| ysis buffer. Protein was eluted using _20% 30% and 100% buffer B steps
where buffer B is 50 mM HEPES, 200 5 nM¥NaCl, 300 mM i ni dazole, 5%

glycerol; pH 7.5. Fractions containing PLK were determ ned by SDS-PAGE.

DT, 5% gl yool BN iepfbyheatcosiee ol sdl (a8 mebn e o o
Phar maci a) coé uathylefibthiue assal argicstribed belom) Plates efsOead/bmEPES, 1 mM DIT, 5%

gl ycerol; pH X“écfp'ﬁ%&é?@g.rﬁ%ﬂ%ﬁr'%é% ét%zﬁﬂr]h.h 50 MM HEPES, 1 nmM DTT, 500 nmM

NaCl ; 5% gl ycero S concentrated using a 10 kDa nol ecul ar
wei ght cutoff nmenbrane and then | oaded onto a Superdex 200 gel filtration

(Arer sham Phapgremanhibifiéd BaIl gt WwhE 8kgessked agﬁeﬁ%ﬂgﬁaﬁeﬁati& mv DTT, 500 nM
NaCl, 5% glycerol; . Fractions cont ai nl,ngaPL wer e dde%erm ned by

ol H 7.5 Fr, r

SDS- PAGE. 15 Flatvaes 10056 rolieration dgebiial GARGoRTAIPR N 85t COFPOMId Bkl o5 ver
quality gont rnﬁilbit@ﬂsm%ionaetr@*a\athqmg_tqu{mwn/yﬂnewbygrqﬁtmﬂétersfeqﬂm?i ng ang
am no aci ana ...B Enz activi +/ - eterm ned as
foll ows: 20 AP?'"#?%E@U‘?@H@EI ggrﬁ%‘rcé’n%‘x\({f\s#é'ﬂ“[ﬁ?&@:”%’t%@%%?'}g\%zmahere si gnal
production i batkgewsied). Thadatalaye siawn ib TebledriztlamandmepreFestta conpounds wer e
added to yhi %&nﬁ%ﬂél’(‘@ﬂéev%%?@iﬁen@h?é@ﬁrirﬁ%t&kaﬁﬁBe&&n{eh usig txPme 20 L assays,

09 at vari abl e

1L for sone L assays nown concentrations in 100% DVSO.
DVBO ( 1- 5% f i Beieralparapgieisauliged pbaygdalthovah mitor ¥atians @ax havshesfler e used 25
as controls. BepeRibdmn s¥me iM@sndesepared as follows at 22 C 25 nM HEPES, pH
7.2 15 MM Md 2 1 gM ATP
In one assay, normal human foreskin fibroblasts (HFF), human colon
15 (HCT116, RKO), lung (H460, A549) and breast (MCF7) tumor cell lines were
cuitured in high glucose DMEM (Life Technologies) containing 10% fetal
bovine serum (FBS) at 37 °C in a humidified 5% CO., 95% air incubator.
Cells were harvested using trypsin/EDTA, counted using a haemocytometer,
and plated in 100 pL of culture media per well, at the following densities, in a
20 96-well tissue culture plate (Falcon 3075): HFF 5,000 celis/well, HCT116
3,000 cellsiwell, RKO 2,500 celis/well, H460 2,500 cells/well, A549 5,000
cellsfwell, MCF7 4,000 cells/well. The next day, compounds were diluted in
low glucose DMEM containing 100 ug/mL gentamicin, at twice the final
required concentration, fram 10 mM stock solutions in DMSO. 100 plL/well of
25  these dilutions were added to the 100 pL of media currently in the assay
plates. Medium containing 0.6% DMSO was added to control wells. The final
concentration of DMSQ in all wells was 0.3%. Cells were incubated at 37 °C,
5% CO; for 72 h. Medium was removed by aspiration, Cell biomass was
estimated by staining cells with 80 pL per well methylene blue (Sigma M9140,
30 0.5% in 50:50 ethanol:water), and incubation at room temperature for 30-60
min. Stain was removed by aspiration and the plates rinsed by immersion in
water, then air-dried. To release stain from the cells, 100 pL of solubilization



30 0.05 G /well 33P-y ATP (10C /mwbl) 1 pM substrate peptide

(Bi oti n-Ahx- SEFNDTLDFD) SEQ I D: No. 2. 0.15 ng/nL BSA WD 2007/ 030361

PCT/ US2006/ 033683 90 1 mM DTT 2 nM PLK1 ki nase domai n (added | ast)
Reaction Mx.( 0 L) was quickly added to each weldei g% ly 5
follow ng a '2@(9'6)%{30]? enzyne via automated liquid handIlJeCrTs andh%trsfubat ed 1-
1.5 hat 22 C. The 20 L enzynmatic reactlémgs were stopped with 50 RL of stop
mx (50 mM EDTA, 4.0 ng/m Streptavidi n”SPA beads in Standard Dul becco's
PBS (w thout Mg2+ and Cat+), 50 M ATP) per well. The 10 L reactions were

%E SEBS gv:Mdlt 2 %@Ht‘qn%da s%ﬁg? @ao)( hﬁlglgrgg“é 35:% gﬁﬁe oc@'mqgélp%fg]rga L@tzgh'aar d
Dul becco' s PBBBEwantplatesvize saai@nwnﬂa) for gmoukBAMIM. pticalansity #620es wer e
sealed with Chﬂ@ﬁasﬁhé"e’%we@i ineaalhﬁropgﬂé%a%r 5519 ght fhh bﬂfonjefeaé,fgrgﬁnhset tled

overnight, and counte I n. Packard TopCount or secon wel | (regul ar

SPA) or imag¥ast’ %ﬁe%qutywtﬁxeh'%geateq E@H@é‘é’é"@erc@%"aﬂsp ghal above 15
backgr ounds( Eaa'nepmaumarhrm)bnmvmrewgm 1O PRETBREpIIAtEd Déihg On rel ative to
t hat obt ai ned |q control %SDD% %Rfl wel ldb % Resul.ts T d,g a are
reported in THBMESY "BEPH Vﬂ'i’ﬁl‘ prouardh) and tag,equetion. ¥ = Ve §1) c50 6- 8:
+++ = pl C50 >&/(KIK))) 4VEZ, Inhicem B "BrasesqGaldatte ICghi bi ti on Assay --1nhibition of
cell proliferation by PLK1 inhibitors Generally, exponentially grow ng

cell lines of different tunor origins, cultured 25 in appropriate nedia
cont ai ni ng 10%4¢ datapreyeppited indiable ‘hibel@y.Oni Table £9% 0G20 >1 WUbRE@sover & pl at ed

at | ow dengi t)zj 1Ch gﬁls _,I,,_ll;;i'a_.qczoggfw s/well) in 96-well plates. Twenty four
s Wer e

hours post - pl atl n reated with different concentrations of
test conmpounds ranging froml QuMto 0.04nM Several wells were |eft

untreated as g CONidigtninaB8Y 8F bt IndAY fohudh piddnRAlBRMs usk§! !

equilibrium dialysis
96 Well Plate (High Throughput Dialysis): Stock solutions of compounds

15 were spiked into human plasma at a target concentration of 2000 ng/mL. The
mixture was inverted gently several times to insure homogeneity and triplicate
50 pL aliquots were collected to verify initial concentrations. Following
assembly of dialysis plate (HTDialysis membrane strips, molecular weight cut
off limit of 12,000 - 14,000 daltons), spiked plasma {150 uL) was placed in the

20 donor compartment of the well and Phosphate Buffered Saline pH 7.4 (150
uL} in the receiver compartment. Eight wells were set up per compound and
plasma type. Piate was placed in a 37 °C incubator on a plate shaker.
Following the 6 h incubation period, the plate was removed. Single 50 uL
aliquots from each donor and receiver compartment (per well) were analyzed.

25  Sample analysis was by LC/MS/MS (results reported as Drug Peak
Arealinternal Standard Peak Area ratios). Protein binding assay can also be
performed using dialysis cells instead of HT Dialysis 96 well plates. The data
are reported in Table 1 below. In Table 1, % Proiein Binding, + = >98%, ++ =
895-98%: +++ = <95%.

30



30 nunbers were determ ned using 1001 per well of nethylene blue (Sigm
MB140) (0.5% in 50:50 Ethanol:water). Stain was incubated at room
tenperature for 30 m nutes before plates were rinsed and dye solubilized in
WO 2007/ 030 2006/ 033683 91 1 % N-|l auroyl sar i fum sal t,
(Sigma L512§J,§,]1|0n—,%g@g53 (further details of a nethylene lﬁ@gﬂg?%k%re
descri bed below). Plates were read on a__ mcropl ate reader, neasuring the
OD at 620nm 5 Percent inhibition of ce?d growt h was expressed as percent
proliferation relative to 100% proliferation (control). Concentration of
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| ow gl ucose DVEM cont ai ning 100 g/ nL gentamicin, at twi ce the final
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25 these dilutions were added to the 100 L of nedia currently in the assay
pl ates. Medi um cont ai ni ng 0. 6% DMSO was added to control wells. The final
concentration of DVMSOin all wells was 0.3% Cells were incubated at 37 C,
5% CO2 for 72 h. Mediumwas renoved by aspiration. Cell biomass was



estimated by staining cells with 80 L per well nethylene blue (Sigm M140,
30 0.5%in 50:50 ethanol :water), and incubation at roomtenperature for
30-60 mn. Stain was renoved by aspiration and the plates rinsed by

i mmersion i then air-dried. To release stain f l's, 100 L
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Table 1 shows that the instantly claimed compounds possess superior
5  properiies over the comparative examples tested. For example, example
compounds 1-8 have superior enzyme and cell potency over comparative
examples 121, 136 and 143 in PLK1 enzyme assay and methylene blue call
proliferation assay in multiple cell lines examined. Example compounds 1-8
have superior solubility in pH 7.4, 0.05 M phosphate buffer over comparative
10 example 127. Example compounds 1-3 and 5-8 have superior protein binding



are reported in Table 1 below. In Table 1, % Protein Binding, + = >98% ++
95-98% +++ = <95% 30 WD 2007/ 030361 PCTI US2006/ 033683 93 IV. Hi gh
Thr oughput Sol ubi | i ty Assay Two sanpl es are prepared for each conpound. One
(the standagg contains the conmpound at a fixe (ﬁl%ﬁ on of 20
gMin an aqueomorgam ¢ m xed sol vent cocktail. The g‘E er Wﬁseﬁﬁeﬂ
sanple) contains 5 the conpound at a ma grmm concentration of 200 isMin pH
7.4, 0.05M phosphate buffer and shaki ng for 24 h. The test sanple is
filtered by O45 filter and then spun for 10 mn to renove any undi ssol ved
solid. HPLC S . e reas are
used for corrp@rﬂlﬁulre{n r%%ﬂ%ﬁ%ﬁﬁmﬁga@ EQS%S’ZW;@%&%E%W xﬁ‘ﬁ'ﬁglﬁzq bel ow.
Table 1, 10 s@MEARTity, + = <30 M ++ = 30-100 M +++ = >100 M WO
2007/ 030361 PCT/ U82006/ 033683 94 Table 1 Exam PLK1 HCT116 H460 MCF7 A549
RKO HFF 0/ 0 -\Sol yk CS ] C | EEII’I pie # pl C50
y (pM (PM (O (p™M (gM B FHFF+++ 4+ -+
++ ++ 2 +$H+ Fxponen 'ai+growmg+qell lmes+@f -|d|ﬁer@1t+tl-.|mor-+erlgﬂ=|s1- sulturegh-in +++ +++
4 """’apm'b;'ma'té‘fne'tﬁ'a conidi n'hﬁ*’l0"7"'f~§té}"BoWiéL seé: 5?'37“@ in a+5'°/ oG, Tt ot 4

++ +++ 6 +++ +++ +++ +++ o+t TP P+ +++ ++

+++ +++ 8 ++#"°¥Q¢°ﬁ¥l§fq\|yalemat+lpw sﬂansm(lﬁssrihan %QQ?G‘"S/WGH) in 96-well

plates. Twenty four hours post-plating, cells were treated with different
concentrations of test compounds ranging from 10uM to 0.04nM. Several
10 wells were left untreated as a control. Seventy two hours post-treatment, cell
numbers were determined using 50-100ut per welt of CellTiter-Glo (Promega
#G7573). Plates were incubated at room temperature for 15 minutes and the
chemiluminescent signal was read on the Victor V or Envison 2100 reader.

15 Percent inhibition of cell growth was expressed as percent proliferation
relative to 100% proliferation (control). Concentration of test compound that
inhibited 50% of cell growth (ICs0) was determined by 4 parameter fit of data
using XLiit, (value of no cell control was substracted from all samples for
background). The Cell-Titer Glo data are shown in Table 2 below and

20 represent a compilation of several different experiments, each performed
using the general parameters outlined above, although minor variations may
have been employed in some instances. In Table 2, + = ICso >1 pM; ++ =
ICs0 0.5 -1 pM: +++ = |Cs0 <0.5 uM.

Table 2

Cell Line Ex1 |Ex2 [Ex3 |Ex4 |[Ex5 [Ex6 |Ex7 |[Ex8

HCT11681Cs |[ND [ND [+#+ |ND |+ |ND |ND |WND

AS49-L ICsp ND IND |+++ |ND |+ |ND ND  TND

COLQO205 ICs; | ND ND o ND | +++ ND ND ND

HT29 ICs ND ND 4 ND e+ ND ND ND

MX-11Cs, ND ND - ND ek ND ND ND

SKOV-3 ICsp ND NP 4+ ND +++ ND ND ND

LNCaP I1Cz ND ND et ND ND ND ND ND
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solubility in (fidellife 0. PBx ¥ B e RIS T 5oVt st OlRGT fELy € 10 exanple
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concentrations of test conpounds ranging from 10uMto 0.04nM Sever al
10 wells were left untreated as a control. Seventy two hours

post-treatnent, cell nunbers were determ ned using 50-100ul per well
of CellTiter-G@o (Pronega #Gr573). Plates were incubated at room
tenperature for 15 mnutes and the em | um nescent signal was read

on the Victor V or Envison 2100 reader. 15 Percent inhibition of cel
grow h was expressed as percent proliferation relative to 100%
proliferation (control). Concentration of test conpound that

i nhi bited 50% of cell growth (IdB&ANASAdSler ni ned by 4 parameter fit
of data wusing XLfit, (value of no cell control was substracted from
all sanples for background). The Cell-Titer Ao data are shown in
Tabl e 2 bel ow and 20 represent a conpilation of several different
experinments, each perfornmed using the general paranmeters outlined
above, al though m nor variations may have been enpl oyed in sone
instances. In Table 2, + = 1C50 >1 M ++  1C50 0.5 -1 M +++ = | C50
<0.5 M Table 2 Cell Line Ex1 Ex2 Ex3 Ex4 Ex5 Ex6 Ex7 Ex8 HCT116l C50
ND ND +++ ND +++ ND ND ND A549-L 1 C50 ND ND +++ ND +++ ND ND ND
COLO2051 Cso ND ND +++ ND +++ ND ND ND HT291 C50 ND ND +++ ND +++ ND
ND ND MX-11C50 ND ND +++ ND +++ ND ND ND SKOV-3IC50 ND ND +++ ND
+++ ND ND ND LNCaP | C50 ND ND +++ ND ND ND ND ND WD 2007/ 030361

PCTI US2006/ 033683 96 Cell Line Ex 1 Ex 2 Ex 3 Ex 4 Ex 5 Ex 6 Ex 7 Ex
8 P388ICsO ND ND +++ ND ND ND ND ND H1299I CsO ND ND +++ ND +++ ND
ND ND Hela I C50 ND ND +++ ND ND ND ND ND HN5I C60 ND ND +++ ND ND ND
ND ND MCF71 CsO ND ND +++ ND +++ ND ND ND



M/5221 CsO ND ND +++ ND +++ ND ND ND MDA-MB-468 ND ND +++ ND +++ | C50 ND ND
ND PANC- 11 CsO ND ND +++ ND ND ND ND ND M aPaca | C50 ND ND +++ ND ND ND ND
ND ASPG3ol6b0302 ND +++ ND ND ND ND ND BXPCSI Cso piDubiidosts3ssND ND ND ND ND
97 BLANK PAGE;] WD 2007/030361 P@T/ US2006/ 033683 1/1 SEQUENCE LI STI NG
<110> Sm t hKl i ne Beecham Cor porati on <120> BENZI M DAZOLE THI OPHENE
COVPOUNDS <130> PR61603 <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 SB¥FS¥F Badfvirus infected T.ni cells <400> 1

1 Met LySo.l¥s cf@MndiaSeddls chiS dilisa HS H's Asp 1 5 10 <210> 2 <211> 9
<212> PRT

<120> BENZIMIDAZOLE THIOPHENE COMPOUNDS

<130> PR61&03

<150> 60/714,337
<l51l> 2005-09-06

<150> 60/786,244
<l51l> 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 Hig Hig His His His His Asp
1 5 10

<210> 2

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> COptimized PLK Peptide Substrate

<4Q0> 2
Ser Phe Asn Asp Thr Leu Asp Phe Asp



<213> Artificial Sequence
<400> 2 Ser The Asn Asp Thr

from N1/ NH3 N\ NH3 N=\
AB OCN S NHZ I

O F3C C
N .CH3 CCH3 DO O N=\ S
HNfa F C OO NNNH2 N s/

<220> <223> Optim zed PLK Peptide Substrate

Leu Asp Phe Asp 98 1. A conpound sel ected
~N\ 0o/ O OOHC I\ H3C\ OH3C O/ H3C
NSNH $HgO/ O 0O HCI \ N H3CI \ F3C C
NN\ SNNH2 NNH2 OO TO H3C H3C HNr J- E FC
NH2

1. A compound selected from:
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P—\N s NH. N NH,
\ /) 2 \ V/
o 0
Q .
Vo W 0
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o
N=\

0 o ﬁ©

indicates a chiral carbon;

and pharmaceutically acceptable salts and solvates thereof.

2.

carbon is R.

3.

A compound according to claim 1, wherein the stereochemistry of the chiral

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:



Oand OH3C | \ " /OH3C I \ rJ7 HBC-N G F3C H3C~ rJT/ NHOC wherein
* indicates a chiral carbon; and pharmaceutically acceptable salts and

sol vates thereof. 2. A conpound according to claim 1, wherein the
stereochem stry of the chiral carbon isgR 3. A conmpound according to
claim11, conprising greater than 50% by wei ght of an enantionersel ected
fromformula A-1, B-1, C1, D1, E-1, F-1, G1 and H1: 99 0 N\ 0 ON NHZ
NN18~NHZN\S~/ NH / es HHHCOHSCOSHSCNNFSC H3C Ul / H3C ON O

= F3C O C CHA—lB—13C-1 O NNH3 NN 8 0 NH, fk( NH H C ~Y?\
=131l H,H G H3CI O§3CON CH3 D -1 HN,E-1 FsC pé v

N"‘\N s " N”\N s
\ 2 \
H H y H,C
0
HC S HC™ N,
F,C i CH,
A1 © OB C-1
o}
N=\ s
N NH, &)
\ / 2 N:_—:\ g Q

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: |



OO0 NSSNBNNZ ,HH /OHC " /OH3CrJ7 (J7 HBC-N G 1 FSC HBC N H 1
Cl 4. ‘An enantionerically pure conpound selected fromformula A-1, B-1,

C1l D1, E 1, F-1, G1 and H1: 100 0 N\ OON\ NH, N s/ NHz I N NH,
H HC\ OH3C\ OGS H3C  FCI / H3C 1vpp / HBC\.Np FCOC CH3 A1 B-1
C1l Ol N1s/ Nz NNel, ONHSO-11 H NIlIk NH NHICI \' I / HH
/I\ o H3CI / /\ JOHCON cl rJi IJT NCH3 D1 HNE-1 FBCHNF_.1 OO N
N\ s S NHz N NH,

N=\
i N
e)
\3\5
Hac’ it
' A-1
NS\N S
\ 4
.\‘H
HC
N’}
(Ll ©
N\
CH, g

and pharmaceutically acceptable saits and solvates thereof.

5. A pharmaceutical composition comprising a compound according to claim 1 and

a pharmaceutically acceptable camier, diluent or excipient.

6. The pharmaceutical composition according to claim 5 further comprising a
chemotherapeutic agent.
7. Use of a compound as claimed in claim 1 for the manufacture of a medicament

for the treatment of susceptible neoplasm in mammal.

8. The use according to claim 7, wherein said susceptible neoplasm is selected
from the group consisting of breast cancer, colon cancer, small cell lung cancer, non-
small cell lung cancer, prostate cancer, endometrial cancer, gastric cancer, melanoma,
ovarian cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head and

neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic malignancies,



HH OH3COH3CI \ / / H3CIJ G1 F3C H3C-N H 1 G and pharnmaceutically
acceptabl e salts and sol vates thereof. 5. A pharmaceutical conposition
conprising a conmpound according to claiml| and a pharnaceutically
acceptabl e carrier, diluent or excipienti0l6. The pharmaceutical conposition
according to claim5 further conprising a chenotherapeutic agent. 7. Use
of a conpound as clainmed in claim1l for the manufacture of a nedi canent

for the treatnment of susceptible neoplasmin mammal. 8. The use according
to claim7g whergd fscSaicBrdiige6 epin B| whereiopkiaisusceptibleIneoplasm if selgntathe gr oup

consi sting of breast cancer, colon canc non-
crmi | cel | mpareLRse. Sgrti st aireanal ol M epg) oy SRy D

cancer, nehanggic mMal@hasdiescancer, pancreatic cancer, squanous cell
carcinoma, carcinoma of the head and neck, esophageal carcinong,
hepat ocel | ul ar carci noma, and hematol ogi ¢ malignancies. 101 9. The use
accor di ng 0. cl Hsernf7a cathrueid s Siimesinstaiptli for the mappiaghive ol wefisated from

breast_canger,. QuanLAbGALGELe PR3l SeldbrdpiE EMlsAoieISTALe cancer

and hemat qr(%? ghanci es. a conpound as clainmed in claim1
for the mamaacdlure of a nmedicanent for the treatnent of a di sease
characterized by inappropriate cellular proliferation in mmal. 11. A use

of a compound according to claim1 for the ufactuyre of .a nedic nt for
i nhi bi ti ng1pr ol Afuse&f # 6AMBPUN aCEPIding\ip kY ﬁ@q%mﬁr@?%me Qér%ﬂ%‘ﬁ"a&?emgai d

conpound ?&gﬁrﬁ&ﬁrﬁ BrBReEBbN oft LediNRhdtein s Mididne bmbinaiiof edid chepoeld . 12. A use
of a-conpound according to claim r the manufacture of a nedi canent for

to claimd f
i nhi bi ti ngcantaetsithe el tainkibitprolfigratiomqithe g8l conpound is adninistered to the
cell ina sufficient anbunt to inhibit mtosis in the cell. 13. A conpound

of formia 1% g\ use of a compound according to claim 1 for the manufacture of a medicament
for inhibiting mitosis in a cell, wherein said compound is administered to the cell in a

sufficient amount to inhibit mitosis in the cell.

13. A compound of formula C:
o}

N\ S
NH
W, 2
¢)
HC™
N’w
F.C
k/N\ ¥
oHy '

14. A pharmaceutically acceptable salt of a compound of formula C:
Q

N*’:\N S "
\ 7 2
0
0
FC
H3

Cc

(J

N

~



N1S NHR2 O H3C F3C/ CH3 C 14. A pharmaceutically acceptable salt of a
conpound of formula C O NN1S NH2 O N) H3C1\ ~NF3C/ CH3 C 102
15. A compound according to claim 13 conprising greater than 50% by wei ght
of an enantiomer of forrmula G1: O NN@g2 g/ NI-12 H3C ~ F3C N CH3 16. An
enantionerically pure conmpound of formula G1: 0 N-12 | N 1-13C 1 \

\~N F3c CH3 C-1

15. A compound according to claim 13 comprising greater than 50% by weight of an
enantiomer of formula C-1:
N==\
E |
N
O

~

CH,

O

~(\_Z)LNHZ

S
/
H,C
F

4C

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:
0

19. A pharmaceutical composition comprising an enantiomerically pure compound of

formula C-1:



17. A pharmaceutical conposition conprising a conpound according to claim
13. 18. A pharnaceutical conposition conprising a conpound according to
claim 13, wherein the conpound conprises greater than 50% by wei ght of the
enantiomer of formula CG1: 0 S/ NH, H483HN"C ~F3C NCH3 CG1, 19. A
pharmaceutical conposition conprising an enantionerically pure conpound of
formula G1:. 103 O NV G N\/ NH H NHIC-NFC N CHGL 20. A use of
a conpound according to clain113ofor t he manufacture of a nedicanment for
treating a susceptible gegplasmjn a mammal . 21. The use according to claim
20 wherein said suscept b'ﬁﬂ@ﬁ?ﬁ%ﬁﬁﬂ]is selected fromthe group consisting
of breast cancer, col anc smal |l cell lung cancer, non- small cel
| ung cancer, prostate cer, epgonetrial cancer, gastric cancer, nelanons,
ovarian cancer, pancreatic cag s guanous cell carcinoma, carcinoma of

N

t he head and Q fo

~

CH,

;-1

20. A use of a compound according to claim 13 for the manufacture of a medicament

for treating a susceptible neoplasm in a mammal.

21. The use according to claim 20 wherein said susceptible neoplasm is selected
from the group consisting of breast cancer, colon cancer, smali cell lung cancer, non-
small cell lung cancer, prostate cancer, endometrial cancer, gastric cancer, melanoma,
ovarian cancer, pancreatic cancer, squamous cell carcinoma, carcinoma of the head and

neck, esophageal carcinoma, hepatocellular carcinoma, and hematologic malignancies.

22. The use according to claim 20 wherein said compound comprises greater than
50% by weight of an enantiomer having the absolute stereochemistry of formula C-1:

0

23. A use of a compound according to claim 13 for the manufacture of a medicament
for treating breast cancer, ovarian cancer, non-small cell lung cancer, prostate cancer,
gastric cancer, carcinoma of the head and neck, or a hematologic malignancy in a

mammal in need thereof,



neck, esophageal carcinoma, hepatocellul ar carcinoma, and henatol ogic

mal i gnanci es. 22. The use according to claim 20 wherein said conpound
conprises greater than 50% by wei ght of an enantioner having the absol ute
stereochem stry of formula CG1: 0 \ ~ N s/ 11 H N3CHF3C NCH G
23. A use of a compound according to claim13 for the manufacture of a

medi canent for treating breast cancer, ovarian cancer, non-small cell |ung
cancer, ProshAle £aQ66fa ok aEodi@G R ciailiPd ol MR ALrdofe RPARsAREBRCK.
or a hematol ogic malignancy i1n a manimal 1n need thereof. 104 54 R Use of
a conpound alEBERINGHreast eangenevesap sanaehoprwmaf g6 e celces nieiate gARGEr. f or
treating bregsdricCanes carbabmans haMess andAREkS BB heriftbloglcWshghdgeh a Prostate
cancer, gastric cancer, carcinom of the head and neck, or a henatol ogic
mal i gnancy iWaQ"“i@dﬁﬁptWﬁeﬂéed t hereof. 25. The use according to clai m 24,
wherein said conpound is an enantionerically pure conpound of fornula C 1:

0 NNNH %.N F‘f’hsecus'e’e‘:iccor\dinlﬁI tc|3: ggm %' Iwt1ce5:rLein said compound is an enantiomerically

pure compound of formula C-1:

o
N=\ s
N—“LETJLNm
S
H,C
E::Z FiC
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