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WD 2007/ 096315PCT/ EP2007/ 051541 -1- 5
4- PHENYL- THI AZOLE- 5- CARBOXYLI C ACI DS AND

WO 4o0FloddYs - THI AZOLE- 5- CARBOXYLI C ACI D AM DES pérap¥sh7/0s1541
th

I NHI BI TORS 10 The present invention is concerned wt

t hi azol yl - benzi m dazol e deri,vati ves and their

phar maceutically acceptablé1salts, t he manuf act ure of
the aforesaid and their use as therapeutic agents.
15PLK1 is a nmenber of the Polo-Iike kinase famly.
Pol o-1i ke kinases are highly conserved fromyeast to
humans and play a variety of roles in the &/ M phase
transition and in the passage through mtotic phase

4£PHEN€¥LC'BHlAZ®L|E65-(fRHBmIQG ARIDS| ANDOE PHENWL - TRHEAZ OL E-5-
A tTea thn

across their kinase 20dorra| ns, in C—term nal " PoI 0"
boxes. Using neutralizing antibodies, anti-sense

ol i gos, and dom nant-negative protein, PLKL was shown
to be essential for mtosis in vitro cultured cells.
Furt hernmore, down regul ati on of PLK1 appears to have
differential effects in tunor versus "normal" cells
in that ablation of PLK1 induced mtotic catastrophe

Then pr@eﬂmnmlntioalm coredrned withGhizrohd-denzimidassisrerivatives and
| anation i s that_ tunor

o]
thsm?‘é"aﬁe @a?%@'@maiﬂ@ 5'&%56% FENUAGIER of WRcETorsBickand
thel @@rme@%&&p@%ﬂger go mitotic catastrophe. The

roles of PL and PLK4 remain el usive. The
expression of PLK1 is restricted to prollferatlve

PLKP IR Popri e & e bikedinaserian) Bait fiq fihgSes Breanly
cols@ARRNfromWRIAt 1S ADATRS BHEICHI Sy aé\iéﬁlegﬁ BPM&JFH) th@seMphase

non- Hodgki n | ynphomas. Furthernore
trgnsifiogy @mqinmtjleaéassage;thrmhsmlt@m pb@semfoﬂ@mucnycmf Four Polo-

BTl BT 2150 (S ERS PREOUNL G pon e

hunoains. (Theseproteins deams ©@ensite Boolelés a¥dss their kinase
dozn'cz)a%é O|%6 -%gr?}?-rgélE’%zo?g?t/)gxselssgslng neutralizing antibodies, anti-sense
oligos, and dominant-negative protein, PLK1 was shown to be essential for
mitosis in vitro cultured cells. Furthermore, down regulation of PLK1 appears to
have differential effects in tumor versus "normal” cells in that ablation of PLK1
induced mitotic catastrophe and eventual cell death but G2 arrest in "normal”
cells. One plausible explanation is that tumor cells are defective in checkpoint
controls and unable to arrest and thus undergo mitotic catastrophe. The roles of

PLK2, PLK3, and PLK4 remain elusive.

The expression of PLK1 is restricted to proliferative tissues. Overexpression of
PLK1 was detected in solid tumors of various origins (breast, lung, coion,
stomach, ovary, smooth muscle, and esophagus) and in non-Hodgkin
lymphomas. Furthermore PLK1 has transforming activity; constitutive expression
of PLK1 in NIH3T3 cells causes oncogenic focus formation, transformed cells
grow in soft agar and form fumors in nude mice.
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- 2 - Therefore, blocking PLKL kinase activity by a
smal | nol ecul e i nhibitor represents a novel approach

wobou7ioagget mtosis and nay be clearly di fferep@r@bg&mﬂsﬂ

fromother mtosis- targetlngt?gents on the market
such as tubulin binders her therapi es which
i nvol ve the disruption of m crotubule formation and

g _ ¢
TRERBRSHRR P PRI TS 4500 by S ABR LK R ropresonts
amveéapp@an’e i@ darget mu@sxsedtricsrnayebeatibarly dlff%r@rmttate@ ¢rom other

02/Mce|| cle arret ef fect qof ta and vinca
mioRler t@]r%%tln gents of; 4 Pﬂ‘%{ el gu i ingRlss to
target those cells which are able to evade the &/ M
cell cycle arresting effect of taxanes and vinca
Odherdherapies whigh iRgokyatthéldisrdpiirsomirdivbaleofesation and

SR/ RN o Ao Al v become

setceekis aaybidt Yla8ing Wanget, eSé@i@T&#fé@ﬁodd“@élisadré able to evade the
i nhi bitors of PLK1. W200262804 di scl oses

Ced silwycleyarsess|effegh pf taxanes andhincanalisaloids. bPLISH inhiition

PSS 2 RS A e O PR efY bl B fieiRE o cen

cyil2 8 3efid 6dect sichramss 4 vihch-alkibigexyst yryl-4- 20
substituted benzyl sul fones that are inhibitors of '
PLK1. W2003093249 di scl oses thiazolidi none conpounds

Ul aaighnb NeAb! 7P ai8hIoBLE L MRARARTEBHGy BB HASS ole-

anti sense conpoln are 1 nhi or’s o

thiaxpin dorbp898dslfaralsesas heticigdsne conpounds that are
i nhibitors of PLKL. W2004043936 di scl oses pyrim di ne
conmpounds that are inhibitors of PLKL. W2004046317

W29 2082 %%%%Jﬁag?ﬂg R AE BRPHUNAE tﬁ?ldé’r]eé}ﬁ"n%g?rnsgof PLKT.

V\P&}é)tlde peptide b omal h I nteractions i nc
00262804 @ilﬁ(ﬂ@ﬂeqomxazodylmyr&cﬂh sterivativesdbabhrePhKibitors of

PR AR B3 581 T2 ol Ebrces
arpyin hibitehisnst w_wqwmmb@oaz Slidoidei (E9rs6-of al é»§% 1-4-

W2004087652 di scl oses i m dazotri azi ne co
supstitutem penzdsulferesthri arssiphitipos sOR KO WD 3519@@49 dlscioses

b8 R Ral AR Aol BB Bl tero sctoses
ariiisbnéé tompoahdPLidt ardhRRNBREOXLTAE I WDPDO2014899 discloses
4-t hi one conpounds t hat

pyrimdin-4-y ar e
thiohheps PBFTQOM‘%&EF@ argg D BOBerEsA 70yl - WICROL0dRP3E dissloses
PR e SobP R Yoz MiRes
produgis anddrdcessesipo madjlmn rigopeptide-Hdptide bl nding domain
interactions including an invention for providing 3-D structures of PLK.
WO2004067000 discloses benzothiazole-3-oxides that are inhibitors of PLK1.
WO2004074244 discloses pyrimidine compounds that are inhibitors of PLK1.
WQO2004087652 discloses imidazotriazine compounds that are inhibitors of PLK1.
WQ2005019193 discloses phenylurea compounds that are inhibitors of PLK1.
WQO2005042505 discloses thiazolidinones that are inhibitors of PLK1.
WO02005042525 discloses pyrimidin-4-yi-3,4-thione compounds that are
inhibitors of PLK1. WO2005075470 discloses thiazole compounds that are

inhibitors of PLK1.
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(1) wherein: 10n is an integer fromO to 2; each
Is independently selected fromthe group consisting

of hydroxyl, |ower al koxy, |ower alkyl, carboxyl
hal-ogen, ~O(C}Q),CXC}Q)nCF13,3-0(CH2) OH

-0(CH2) M\R8R9, wherein R8 and“R9 are each

i ndependently 15selected fromthe group consisting of
hydrogen and | owe erocyclyl, -
and wherein each %@hﬁﬁﬁﬁxm@ﬁ nteger from
2 to 4; or nis 2 and the @ groups are at the 5 and

6 or 6 and 7 positions on the benzi m dazol e
ring and, together with the carbon atons to which
Adeewding € adsatbect, AhdReAis! Prvided &l coriRItIRS 6ormula (1):
heterocyclic ring containing at | east one atom

i ndependent |y sel ected fromthe group censisting of
oxygen, nitrogen, and sulfur; Rl is a menber sel ected
fromthe group consisting of R1 C(BRPR4, -
25-CH(OH) CF3, -C(0)R5 and heter lyl, wherein R4 is
sel ected fromthe group consisi/ingiof hydroxyl and

-NH2 and R5 is seleeted fromt up consisting of

hydroxyl and -NR6R7, wherein R6 gnd. R7 are
i ndependently selected fromthe group consisting of

(1)

 wherein:
"~ nisaninteger from01io 2;

~ each Q is independently selected from the group consisting of hydroxyl,

lower alkoxy, lower alkyl, carboxyl, halogen, -O(CHz)mO(CHz)}mCHs,
~O(CH2)mOH, -O(CH2)mNRBR9, wherein R8 and R9 are each independently
‘selected from the g'rciup COnsisting'of_ hydrogen'and lower alkyl , and
-O(CHz)m~heterocyclyl, and wherein each mis, independently, an intt—:-‘geir from
210 4; . | | - "
ornis 2 and rthé Qp_ groups are at the 5 and 6or6and7 positions on the
benzimidazole ring and, together with the carbon atoms fo which they are
bound, form a four to six-membered heterocyclic ring containing at least one
atom independently selected from the group consisting of oxygen, nitrogen,

and sulfur;

R1 is a member selected from the group consisting of —CHC(QO)R4,
-CH(OH)CF3, —C{O)R5 and heterocyclyl, wherein R4 is selected from the
group consisting of hydroxyl and -NHz and R5 is selected from the group
consisting of hydroxyl and -NR6R7, wherein R6 and R7 areiindependently

selected from the group consisting of hydrogen, hydroxyl, cyano, lower alkyl,
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‘| ower cycl oal kyl, optionally substituted
heterocyclyl, optionally substituted aryl, and

-NH C(0)-optionally substituted aryl; and R2 is aryl
optlonally substituted with ope or nore substituents

h a?oggg'pe otﬂlné/ SSqu?%UEd uﬁgﬁgﬁﬁt%d“ Eﬁq% qy&bﬁ,g&;;ﬁcfr}é!fg\%gg;ﬂtuted aryl,

al kaayNH-0 s AfYarpwer al kyl, and
-0(Q NRSRQ@\Aﬁgﬂr)el n | sgtd%&i re eﬂégh [ ndependent Iy

sel ected fromthe group consi sting of hydrogen and

s S NS L S —
¢ h@é’le@fe@ fRAH Btk gmcpsrbn@né&f@iﬁf ﬁéi?géﬁ( 18REPS @Qxﬁ lower alkyl,

het erocyclic ri tal ni ast one a
i neegienylelomey aﬂﬂrmt,tfmlo-ﬂmwmalkyé, heyclomsyy- kmwaaﬂzyl deC(Q)NRSRg

o WHE R Pl 120 E8 Beh ndsbendiine sBlkRARS FofLine aroti
t Imns:srmgml‘%gf’@gbrpﬁﬁa W!kﬂaWhéﬁéZiP ﬁﬁb to‘f %aﬁj i optional

conprisin compound of fornula
erfﬁthﬁtl S Cametogﬁm:mﬁmhe:atoms)mmchu tbeyfane bbend, form a

BEE 5 o BRI S5 Ao S AP 884 it

prmdemﬂjefmﬂ eBTssiad froim fHeegiol f
20rmdu| at i ng the acti. \r/rlltHéeg Bﬁg{@%@ﬁ?&fto)‘)}ﬂ/%;é'ﬁemir&gen, and -

sy Wrmaﬁ%ca"mmﬁmwersaa@enemfat es a

di sease or condition that responds to said

nmodul ation. In a fourth aspect, there is provided a
f”cc’t‘ﬂﬁi'@%f asnsst, dbergeis ipneddet phermaceutisal compositibas icagprising

PR b i ) BrodbmbolifaduC ?CEonS‘fﬂi'n”

e e
PR lacBRR M Inarifah HufRE ol RRs bl et Rl R eptavle
caifiet,idiluent, or tkcipiaditsease or condition that responds _
to nodul ation of PLK1l activity, conprisi ng
adm nistering to the subject an anount of ‘a conpound

Incf thirdraspleat, (tElQreos peo\pdhad awoepaundl dfthadi cﬁrﬂanlebbfos alse,in

SR 1o BN SR R SRRl B AL tion

arﬁ@limaté%da @fseh é E]"'l:@nélﬂl()m ﬁﬁataemd%eég.d ﬁ%dmat.on

acceptabl e salt, solvate or physiologically
f uncti onal derlvatlve t hereof and one or nore

Inphfeurthesptrt therg is pratdded acoapiasition axdefinahbbows for use in

adj uvants effective to nodul ate Bhe activit

maRHIAYRg e Acig of FERIcR TN 8ioHbib e Feighmodulation

' arﬁ‘éﬁ%ré@%aé 8Reh 88 oPLSSAREN Mat FOGSHIdsAB- ‘said modulation.

In one embodiment, there is provided a method for treatinga’

subjéct affiicted with a disease or condition that responds to moduiation of PLK1
activity,‘c':omprising administering to the subject an amount of a compo‘ﬂhd of -
formula (1) or a pharmace_uti_cally acceptable salt, solvate or physiologically
functional derivative thereof, or a composition comprising an amount of a
compc_)und of formula (1) or a pharmaceutically acceptable salt, solvate or
physiologically functional derivative thereof and one or more pharmaceutically



I n=anot her enbodi nent, there is provided a nmethod of
treating a neoplasmwhich is susceptible to
inhibition or nodulation of PLK activity in an
animal. In a further enbodi ment, there is described
a nethod for treating a PLKneé#dated condition
characterized by inappropriate cellular :
proliferation. In a further enbodiment, there is
descri bed a nmethod for inhibiting proliferation of

acepltdbie Eﬁ@ipr&kél od aujuv@dntseéﬁemmhatmmumfe el dctivity bhPLK1
an anounfof a conpound of fornula (

- agivdy imthewsubient] whaé@epthgbm@t&aﬂlqn a@@?mﬁt%s ths disease or
Cqﬂﬁﬁ% ol ogi cal-ly functional derivative thereof
"cient to inhibit proliferation of such treated
celI's whereby such cellular treatment inhibits PLK
I n anot her 10aspect of the resen%@lnv nti.on,

'm.a@oa@mmmmsn Theanis rovHBR AITPIE B i hEggEm
i B SRER1RK BITRIER A Tpagu St oRRLICA RN iam it

acceptable salt, solvate, or physiologically function
derivative thereof thereby inhibiting PLK 15 In a
fifth aspect, there is provided a nmethod for. -
preparing a conpound as defined in the first aspect
conprising the steps of: reacting a conpound of
formula (2) ,R2 B(OH)1(2) 20 with a conpound

- of fornula (3) o o



(3) wherein: 25X is a |eaving group, and the

remai ni ng substituents have the neanings given in the
first aspect. In an enbodinment, there is provided a
process for preparing conmpourds of -fornula (1) :
conpri sing the steps of reacting a conpound of

In (a%n[[ﬁer er{wégymB M e| n é’&c}tg{ea aéﬂgﬁ'ﬁalt‘f‘% ?Fea} 'E‘[I,DEI&

médiafededondtvi dhargetetized By irsapgsopridtenedufo proifermtione
and may be present fromO to 2 tinmes on the

carbocyclic portion of the benzimdazole ring, and Rl
‘and R2 are as set forth above;, to yield a conmpound of
5 Infafuniheaefibodiragaet, there is described a method for inhibiting

. proliferation of cells. The method involves incubation of cells with an amount'of a
compound of férrriula (1) or a pharmaceutically acceptable salt, solvate, or
physiologically functional derivative thereof sufficient to inhibit proliferation of '
such tieated cells whereby such cellular treatment inhibits PLK. In another

10 aspect of the present invention, there is described the means to inhibit cells in
the stage of mitosis by treating cells with sufficient quantity of a compou nd of
formula (1yora pharma’céuticaily acceptable salt, solvate, or physiologically

function derivative thereof thereby mhlbltmg PLK.

: 1_5.* ‘In a fifth aspect, there is provided a method for prepai'ing a compound as
defined in the first aspect comprising the steps of:

reacting a compound of formula (2)

R2
B(OH)z/ ) S

20
with a compound of formula (3)

R1 X
=
| SYN
N

| /s
(Qyn —N
wherein:

. Xis a leaving gro'up, and the remaining substituents have the meanings given

®

25
in the first aspect.
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- 6 - optionally converting a conpound of formula (1)
to a pharnmaceutically acceptable salt, solvate, or
physi ol ogi cal |y functional derivative thereof; or .
optionally converting a conmpound of formula (1) or a
phar maceutical ly acceptable s%t, solvate, or
physi ol ogi cally functi onal der|vat|ve thereof to a
di fferent conmpound of f roul a (1 a ) T T
E’h REOHTELY | @»ersd%@rreva g apipee g%%rmr@rm compounds of
derivative .t hereof. In
Rﬁ%@%?h %gﬁﬁﬁéhé ?g%ﬁrOV|ded a conpound as
efined in the for the use as a :
néB?E%HkﬂFOWHHUwQHtfEUwﬁﬁ &Qr ‘the use as a nedi canent
for the 10treatnent .of cancer, preferably solid
tunors. In a seventh aspect, there is provided the
use of a conpound as defgﬂgﬂi Hamaflrst aspect. for
the manufacture of nedic )8 for (3he treatnent of
cancer, in particular solid tunDrs 15 hi an
enbodi nent, there is provided a radiol abel ed conpound
of formula (1) or a pharmaceutically acceptable salt,
s¥itha eomMppURAWE feIMBgadd) |y functional derivative
thereof. 20 Al paten{s, patent applications. and

publ i cati ons nentionetyin the present specification
are hereby incorporate reference in their _
entirety. In case of éoéLLch4§n term nol ogy, .the
present specificatRdn isg€ontMol 'thg. Unl ess

ot herw se i ndi cat ed, the foll oming. definitions are
set forth to illustrate and 2B i ne the nmeani ng and
scope of the various ternms us® ¢ describe the-

i nvention herein. The term"hatogen" refers to one
or nore nenbers sel ected fronrﬁﬂuorlne | ori ne,

.brom ne, and iodine, preferably to fluorine and

owbeieime. 30 The term' aI kyI ", alone or in
SRR A Ol BB SHEDCHS B RAANS602 abve
il e beopresadt fiah ®to eﬂ@nés)oh\rﬁ@barb%ya%cﬂﬁ%f the

preferably one to sixteen carbon atons,  nore

igdszpleoing.tand Bi angrBamraasrmet forth above, 1 kigld a

ﬂﬁﬁﬁ | e substituted singly or :
%@L_lprgﬁagggﬁh&{ﬁ ’%%?ogen, hydr o: key, | ower - al koxy,
| ower - al koxy-carbonyl, NH2, NH(|ower-al kyl) and/or

N(! ower - al kyl) 2. Unsubstltuted al kyl. groups are
preferred.
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The term "l ower-al kyl", alone or in conbination with
ot her groups, refers to a branched or straight-chain
‘nmonoval ent al kyl radical of one to seven carbon
atons, preferably one to fo\lj\B;(_:arbon atons. This term

IS further exenpllfled by
2 0Tptionaly cePETTi Egzommpeum of formula §l)da a@t@arMGeuhsally

ne%c@iébfabi% acyi h%oqyﬁgggy RhY aﬁﬁrcgﬁiﬂncgrpgéw%%\@%ve lT:Ihe/rebf or
opdptienally ¥olwreing aSetrapolnt bpfa:rﬁ@ré @I')'br%spl%ﬁiﬁcegﬁé’auy

earlier 1n connectlon wth the term "al
Urﬁma@tabderse!a SQW@‘-E; ar Ryysigioginady ﬁ:re:t!pnercé;emeﬂve hereof fo a

et BnBRang B 10 Lo PRatRao ety dpfériBbie sai

digpalat or §ﬁ¥$16@g%éll§|fl,1ﬁ&tﬂida¥ deyesneahbpsbir adi cal  of
one to twen Yy car bon atons or one to sixteen. carbon

atons, or one to ten carbon atons, or one to seven

IrPQ%Q@Iﬁ‘ 28 OB theRb rQPﬁ)\}ltged( Q%n%l}?ﬂgbd@ﬂ lhi Qﬂ ﬁlthg lﬁ%i%spect

groups can optiona substl t ut
fomife uge as aem@dr(mmanthm p@enulahmtbewselmmairémﬁe’nt for the

wer -.al-koxy- car ower - al kyl') and/ or
Rﬁn?)%ro‘cgﬁl? A i"’e%ﬁ%%&%ﬂw 'gsal kyl ene groups are
-preferred. 15 The term "l ower-al kyl ene”, alone or in

conbi nation with other groups, refers to a branched
Ince sgyenth @ispech dhereds waddded #heyse phdicoatpaindarseddfimed in the

n refera o, four car
F U B8 oo Ph Rtiarofif F s Bt O cancer, in
_partidilapkslicatim@ishyl ene, ethyl ene, propyl ene, butylene :
and the like. A loweral kyl ene group may optionally

"have a substitution pattern as described earlier. in

- Inzocembedinment, thiera is heovidetha tadikldbsled osmpstihd of fedmula (1) or '

2 bR AR ABRF shlyele & Shvamlracaliibingtonal

derivisiive threof erm "1 ower al koxy" refers to the group
"R -0-, wherein R is lower-al kyl. Exanples of | ower-
25 - al koxy groups are e.g. nethoxy, ethoxy, propoxy,

Al g;“g@'ﬁtgp ien Egé@&@gﬁrogggﬁ-%y bgg?{igsn gﬁ%bﬂééﬁ in ﬁ',é‘ﬁ?@éem

. spso;rﬁmtrctnmnednerehyummpamtdd@rrefmrelnmm their énfirety. In case ofa

nnecgti on the term"a . Unsubsiltuted
coffigh jeimiollsie e Praset speupealsnIssBrEIngd. 30 The
term "al kyl eneoxy" refers to the group - -R -0-,
wherein R is alkylene. The term "l ower-al kyl eneoxy"

Unfeesatbemse irmhmtedptheR‘ollOw; ngiefirdiionsRare set forth to rllustrate and

I ene.

- defifE s et HioGing, e o e Enlgus imS Reg Te Jesdine e

invE@swhesei®f aryl groups include phenyl furanyl,
t hi ophenyl , pyrldlnyl _

* The term “halogen” refers to one or more members selected from ﬂuonne

chlonne bromme and rodrne preferably to fluorine and chloring.

The term “alky!”, alone or in combination with other groups, refers to a branched
or straight-chain monovalent saturated aliphatic hydrocarbon radical of one to
twenty carbon atoms, preferably one to sixteen carbon atoms, more preferabty

one to fen carbon atoms.



WD 20071096315PCT/ EP2007/ 051541 -8 thi azolyl and

oxazol yl, which can optionally be nmono- or |

nmul tiply-substituted by |ower-alkyl, |ower-alkoxy,

hal ogen, ON, CF3, hydroxy, N2, NH2, NH(|ower-alkyl)

and/or N(lower-al kyl)2. Prefefaed substituents are

| ower - al kyl, | ower-al koxy and hal ogen. Aryl may al so

signify fused bicyclic aromatic systens such as 5

naphthalene and benzi m dazol e. The term "carbocyclic

ring" refers to a substituted or unsubstituted '
Alikygooyps can optibnalche SUHWHtﬁﬁﬁf pEK or ingtislyse@nwith alogen,

it Sl cataty - Shng RSk seBns. WEE Gyl Al Gl

- N(ldWwarhgkyig! Uns b@tsmnwalngpgmupg ar@prefbﬁrbar ocyclyl"
refers to a 5- ered ring which can conprise

1 to 4 atons selected fromnitrogen, oxygen and/ or '
THRe B R LSS BY i SBAEAABE with dWHek Gt refers to a
bramshed, ebsirmgmmﬂam nfdresvdientatiad cn:hdfbal abome mzsﬁvyeln carbon

i soxazolyl, thiazolyl, 15isothi etrazo ?
atqmg.rigtarably oneeicious calBRN alems. % %égmﬂ‘é BRReT me)' ed by
substituted wth an aryl group or may be optionally
substituted as described earlier in connection with
the term™aryl”. -Heterocylic aryl, also referred to

herein as heteroaryl, includes fused bi cyclic
aromati c systens such as -qui noline, isoquinoline,
benzo[ b] t hi ophene, and -benzi m dazole. 20 The term

"l ower al kenyl", alone or in conbination with other ..
groups, refers to a branched or straight-chain
nonoval ent radical of one to seven carbon atons,
preferably one to four carbon atons, that contains at
| east one carbon to carbon double bond. This termis
further exenplified by such radicals as vinyl,
propenyl, 25 and butenyl. The term "pharmaceutically
acceptabl e salts" enbraces salts of the conpounds of
formula (I') with inorganic or organic acids such as
hydrochl oric acid, hydrobromc acid, nitric acid,

sul furic acid, phosphorlc acid, C|tr|c'acid, fornic
acid, 30maleic acid, acetic acid, fumaric acid,
succini.c acid, tartaric acid, methanesul fonic acid,
p-tol uenesul fonic acid and the |i ke, which are
non-toxic to living organi sms. WO

2007/ 096315PCT/ EP2007/ 051541 This termal so
enconpasses carboxyl ate salts having inorganic
cations, such as alkali and al kaline earth netal
cations (for exanple, lithium sodium potassium
magnesi um barium and cal ci um); anmmoni um cations; or
organi c cations, for exanple, dibenzyramoni um
benzyl anmoni um 2- hydr oxyet hyl anmoni um
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5 bi s(2-hydroxyet hyl) anmmoni um
phenyl et hyl benzyl ammoni um and the Iike. O her
ations enconpassed by the above term i nclude the

W%?”B?’B%é’csed form of procaine, quinine and PCT/EP2007/051541

N- et hyl gl ucosami ne, . and t he- ﬁr~otonat ed forms of

haki _drzides ﬁ@tﬁfl éﬂ'&h rﬁﬁro%/b/ ‘f“édp‘.?epyﬂr bl i”éibutyl t-tytyl and the
hi stidi ne, phenyl gl yCi ne, sin and -ar
liker M Iow@aelhyggg:rummay |0@t|anal \aea sgbeﬂiptfm patlennsas descnbed

S oBhsbi® A8 tha it L1SREhuRh oAl ardlps are

prbfggred. he invention provides a conpound of f ormul a
(1) 15 (@)n (1) wherein: nis an integer fromO to
2; 20each @ is independently selected fromthe group

i St N L, ] .al k I I k
TR B idler OB cooMfey @ S ne aiGheddlaspto 2
brafeid) oMNRERght- eivein efivaid® sansaf alishagiadlydrocarbon radical of one

| nde endently sel ected fromthe group consisting of
rgtg Boryaj %roragq@,qo sixiga@ caroon atoms, or one o ten carbon

[ nrﬁg%%nﬁﬁe an |rb?eger % %ﬁp 0% aﬁtolmg. 2

and the 2 groups are at the 5 and 6 or 6 and 7
ol.e ring and, together

Aisna ﬁ@vsie%”q%ﬂgetbo&%% St e Inaly of FRly. #.8r it
R Ao AP Bl G PR S M\l Pty

and/or N(lower-alkyl),. VUnsubstltuted_alkyJene groups are preferred.

The term “lower-alkylene”, alone or in cembination with other groups, referstoa -
branched or straight-chain divalent alkyl radical of one to seven carbon 'atorhs,
preferably one to four carbon atoms. This term is further exemplified by such
radicals as methyfene ethylene, propylene, bufyiene and the like. A lower- |
alkylene group may optionally have a substitution pattern as descrlbed earlier in
connection with the term "alkyt". Unsubstltuted Iower alkylene groups are |

preferred

The term “alkoxy" refers to the group R’-O-, wherein R’ is alkyl. The term "lower-
alkoxy” refers to the group R-O-, wherein R’ is lower-alkyl. Examples of lower-

~ alkoxy groups are e.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy

and hexyloxy. Alkoxy and lower-alkoxy groups may optionally have a substitution

~ pattern as described earlier in connection with the term "alkyl". Unsubstituted

alkoxy and iower-atkoxy gfoups are preferred.

The term “alkyleneoxy" refers to the group - -R’-O-, wherein R’ is alkylene. The
term "lower-alkyleneoxy" refers to the group -R-O-, wherein R’ is Iower-alkylene

The term "aryl" refers to an aromatic carbocyclic or heterocyclic ring or ring
system. Examples of aryl groups include phenyl, furanyl, thiophenyl, pyridiny!,
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~ substituen

. atom i ndependently selected fromthe group consisting

of oxygen, nitrogen, and sulfur; Rl is a nenber

cted fromthe group consi stl ng of -CH2
woz&"' J b g wher gl( H)Cﬁ@l’zgﬂ'flﬂﬂstll

18F3, -C(0) R5 and heterocyclyl,
sel ect ed fromthe group consi$ting of hydr oxyl and

thz&b:alyaanld B&at@iKl s elheet egn bpaoh: Rg;eb@ ﬁm@ 6P AR -B0b&ituted by
hydr oxyl and R6R7, wherein are
lwgregwla&Wryalg@nediaé@gam&m GEa.di y@ks@(y@&% SHzn Y H{fower-alkyl)

cyﬁ &%?Pxﬂgﬁxg)ﬁr{g g%b%n?ﬁtgglc%}’q erroag%@ wer-alkoxy and

hajigemArylymay o élghlﬁdfweﬂ bicydhertomatic systems such as

optional Iy substituted aryl; and R2 is aryl
nggﬁr%@ﬁq gnd fesEinidagRiewi t h one or nore substituents

i ndependently selected fromthe group consisting of
hal ogen, | ower al koxy, |ower alkyl, hydroxyl, | ower
Takekemy “carbatypelicoivey atkerb to Bysihsliutédve uasiydtituted dnonocyclic or

DIEY P DG OLRETAN Fad Y Bom s 40BN ERIGGE a8 6 members.
Plréné%dagrmeasmf&w& Reh naéhtﬁ?L@?uﬂgmgm o i ch

s can oge her” w
they are bound, forma four to six-nenbered

TR SRS L aBE Bl Bl SRS S35 Bk Bhgmpred ng

whithid&dh cdnbf
accept N ebég‘?? q?@?g’g?@ %g?def{&gn@rm 'ﬁ?@é‘ﬁ *aﬁé}dr‘éulfur

siah a&t%ttahy@r@wmbmmaﬁhmrofto*anuddnydrqmeare f@yl,ipyrroiyt, pyndyt

t h nbod Ny
1 00 PRI U W, SRR SRR idt
isotiauigl tetrmtwamm:@giz@wyfrh@rnétmgy@cmng may%oaﬁ%nauy
Anot her enbodinent is directed to conpounds

subsititnied withae sy RIrous op mayob@ppyog@lwssuhsuw@d as gesarieed
o401 1 BhyicbioR Y Reda 80 sl H M A o neren

asheteeodr|, iscloges arsald hicgeliedromittedybrings attyhs quiBline,
. 20Q7/ 096315PCT/.EP2007/ 051541 11 Anot her enbodinent is

IsoRYIBRNRR) Repzetberran G RNARRAIRICEZAIter e R2 i s
optionally substituted heteroaryl where RL is C(0)R5
and R5-is--0OH Another enbodinent isdirected to -

Theotepoueisendlkéoylfialana onirecemBindtenoith othet byoups, refers to a
)RS5 . and RS i

stituted phepyl where RL is. - - CH.
or gk SR REHn TanaY BBt ¢4 oL Big du AR parbon aioms,
préfiablydnk TBLE cEbInSatBRR) at contains at least one carbon to carbon
double bond. This term is further exemplified by such radicals as vinyl, propenyl,

and butenyl.

The term "pharmaceutically acceptable salts" embraces salis of the compounds
of formula (1) with inorganic or organic acids such as hydrochloric acid,
hy_drobro-mic; acid, nitric acid, sulfuric acid, phosphoric acid, citric acid, formic acid
maleic acid, acetic acid, fumaric acid, succinic acid, tartaric acid,
methanesulfonic acid, p—to-l‘uenesulfonic acid and the like, which are non-toxic fo

~ living organisms.
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substituted with at | east one nenber selected from
the group consisting of hydroxyl and hal ogen, where

C(O0)R5 and R5 is -OH, preferably where 10R2 is
.Wog}?ghfﬂméubst ituted with hal ogen, preferably Wf@zﬁ@’%lﬂl

IS phenyl substituted in the“%‘posn tion wi th hal ogen.

Taotdrer aIeU‘@@dbn‘I?mss% caitioxgtaesl shits havinginsiganic cations, such as
formula 1 wh -is optionally substltuted aryl and

ikl anckalkaline @%651 raetgheatiens; (for-ayremie, tkium, soghim) gotassium,

rﬁﬁ@tp coh@%}g{rﬁ%ﬂ) %’ﬂgﬁggegﬁ}{'%ﬁecr%?éﬁgyﬁ%%@ﬁﬁm &difons, for

etxammmlﬂ)gnmdmmerradbaﬁaMlammoﬁi’lﬂﬁl@hyarﬂ)@étﬁmmo&uum
cted to ounds of formula 1 where nis 1 o ‘
é “?’SYSF @%M@ngﬁmﬂ@wweﬂﬂﬁmfﬁ@”@ﬂb@'d the I|ke Other

P e Oy ot e,
qelh‘mw eng iN-methydghueosanhing anddhe pnplonatis fofméwﬂtuabﬂ: dmino

e a5 Qe Mo ity PatBing] S RGIYRIS s o, ard arginine.

fornula 1 where R2 is optionally substituted aryl and
TR tbfn W@hﬁihg@f@hpﬁ* is DERERIcRPhOLD WStA r‘@ﬁé/rﬁbvéd ar FdtRaced
containing at_ | east one nitrogen atom
dufing @iregetorn. £>@nnrées@<ﬂlaaymgwgrw@sma ﬂnakmfn ﬁwsyiﬂta ahd
Kﬁ& téhe use as a 30 nedicanent, in particular for the
&%s a medi canent ‘for the treatnent of cancer,

preferably solid tunors. WO

2007/ 0963151' CT/ EP2007/ 051541 -12 Anot her enbodi nment
Thys,dhe éavesd on provides secahpeunboldodsuts (flornul a 1 for

t he manuf acture of nedicaments for the treatnment of
cancer, in particular solid tunDrs as defined above.

5 The conpounds of general fBipula f2in this -

i nvention may be derivatized at nctlonal groups to
provi de derivatives which are gapapl e of conversion
back to the parent conpound i [ The invention -
al so relates to pharmaceutical cepnpositions
conprising a 10 conpound as defjMed above and a
pharmaceutically acceptabl g ' '9 and/ or adj uvant.
The conpounds offorqgij manuf actured by the
nmet hods gi ven bel-ow, T heigp gs given in the
exanpl es or by anal ogous net hods. Basdd)on t he

X/

wherein: _
n is an integer frqm 0to 2;

each Qs is indebendently selected from the group consisting of hydroxyl,
lower alkoxy, lower alkyl, carboxyl, halogen, -O(CH2)mO(CH2)mCHa,
-O(CHz)mOH, -O{CH2)mNR8RS, wherein R8 and R9 are each mdependently
selected from the group consisting of hydrogen and lower alkyl , and -
O(CHz)m-heterocyclyl, and wherein each mis, independently, an integer from
210 4; '

or nis 2 and the Q2 groups are at the 5 and 6 or 6 and 7 positions on the
benzimi-dazole ring and, together with the carbon atoms to which they are
bound, form a four_,to six—memﬂbered heterocyclic ring containing at least one
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15present disclosure, appropriate reaction conditions
for the individual reaction steps would be appar ent
- I”Eg% erson skilled in the art. Starting materi
MR8 Wer comercially availabl e or may be &Fé&?ﬁ@@/ﬁfﬂm
by net hods anal ogous to the m¥¥ hods gi ven below or in
t hataw mdﬂmdent!pﬁemxéwﬂemhevgoup cbhsisivid of @/gBne nitrogen,
nE unds of fornmula 1 and/or their pharrraceutlcalfy
ac@ atsbl Ve salts may be used as nedicaments, e.g. in
the form of pharmaceutical conpositions for enteral,
parenteral ‘or topical adm nistration. They may be
adRitris st rae stber Belectedifrprethepgroapalohyistiag of —CHECKKO)RA,
for | et ted tablets, dragees rd and
sofﬁ*@h@pﬁae G 55 refriopy s Wherkin B eaiscied fom the.
s trad _
suppo itorl élg e& rd’%’r gp? N}qz 5&? F%Si% l%pg%drr];rglfn the group
i nfenRisting @‘d‘l)mirom)dandr NRﬁF&Elwheﬂam R6i amisR? @re independently
t opj II e..d. |ntheformo creans
of FeEBieriiragt 1tk ordls Sore D ShiaiRedepd, Syano. Tower alkyt,
| COIEBW@?'C tieBRkyT®ptibAa éﬁsétﬁdtédﬂh
COGWeS il tioakylTwptiBAaRy SelBBAL, dgﬁbﬁgw‘éuﬂismuted aryl,

iar to any person .skilled in
brarnbnwﬂﬂ{@)tmﬁ:@ma e guBstitutathayhdsmdof fornul a (1)
and/ or their pharmaceutically acceptable salts, ,
opti onal | y | n corrbl nation wth other therapeutl cally
Vaﬁ@?@h stlhﬁég vﬁt%@ﬁ? fridhe ggﬂétﬂbéﬁtg?ﬁdéﬂbndently
formto SUI t non-t oxi
t rml@cﬁedtfrwathwgmmmnsmmgsm‘l hadogen, llowen alkexsy, iower alkyl,

e oRRna sy i Eriasal EsBoshoB peiRIk an -
. SWCANRS F@@Whle?éln@é 8hH fﬁsﬁaﬂi Sa&??no%?leﬁdér‘ilﬁf $EMEd from the

carrier rraterlas but al'so organic arri e
erewp §Pasistimg of hydiogeraansi i@warad}tymgmerem ivostfagaidh optional

 SbkRieN RS Shathor iR B PR 4Rty b Jorm =
t mmslxﬁaﬂmd&ﬁ@tel‘tﬁw@ll@ﬁh?tdolﬁmlﬁﬂg%lﬂ|Ié%a‘-2'5{ oflizahl e -
carrier materials for soft ati ne capsul es are, for

eXMigheadenty selasted Uprfgthevmel@ congisting o OKygan, nitngen, and
a I ure of the
a%glf%%%rnj)r%g%eﬁﬂég arri §o|8r§a§]t|}ﬁe;% ?/vever be -
required in the case of soft gel atine capsul es)
Suitable carrier materials for the production of
ArQiher emhgdanw@?mwm ¥, carppoundxaiiiormulasawdere R2 is
I i nvert sugar and the like. Suitable
0;5’3@{1?59%%@#@{&2?@ ‘for injection solutions are, for
exanpl e, water, alcohols, polyols, glycerol and
vegetabl e oils. Suitable carrier materials for

Qibposmpeinantds irepind incamppeyndreifpanuler waeteReds

[ 1 UI I|qU|d pol yol s.

opgghél% cartfpzzﬁ@m@%%ﬂ o{rg t opi (Eal pr epar ati ons
are glycerldes sem -synt hetic 15and synthetic

l'iqui d waxes, |iquid

- ceri ogenated oil s,
Ar%ﬁq&mﬁg&mqrﬁ gﬁ'ected to compounds of formula 1 where R2 is

optionally substituted aryl and where R1 is ~C( O)RS and where R5 is —OH.

Anather embodiment is directed to compounds of formuta 1 where R2 is
optionally substituted heteroary!.



fatty al cohols, sterols, polyethylene glycols and
cellul ose derivatives. Usual stabilizers,
nr rvatives, wetting and enul sifying agents

“K%%ﬁééﬁ% ncy-inproving agents, f1avor-i nprovi h§T/EP2007/051541
agents, salts for varying th‘é1 notic pressure, 20 ,
Andther embbdinimt ésdirscied b lconfyotinds Qifmrmula 1ankere R2 is
maski ng agents and anti oxi dants come in
opyRBabesuhistidned heteraary vhesati tig C@JW B5 igOH.
dosage of the conpounds of fornmula 1 can vary within
wide [imts depending on the disease to be

Ammmgrcﬂrhbwtimtdm@lsa@eeaed i herﬁpmluinmis db & rmutadiwhere RS is
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i ent t he node ni stration, and
oRfionaNFbsiied PRByHWREREE 6 - b0 T A0S s —O
requi rements in each particul ar case. For adul t
patients a daily dosage of about 1 to 1000 ng,
Mgﬂmrleihqu:meouts direcied 50 compoandd of for5da rigvhere F12 tsqahenyl
1to

sttty b&sf one MmBey elemed M The grou ¢hsigingor
“"@’f"%‘ﬂfé‘%’ohﬁ?’égﬁ?gﬁ%ﬂ@ OIS 1Ok BEafRfddlY where
Rgrispheayt ménsatm@@ wilh kajapen beretatablyiveharedil i@ pieryhsubstituted

. dosage units, e.g. in 1 to 4 dosage
'%F§¥8£aﬁ‘%%#%@%%ﬂsPCTAEpzoow 051541 - 14 - The
phar maceutical preparations conveniently contain

about 1 to 500 ng, 1 to 250 ng, 1 to 200 m1:1 1to 150
Angthet emborhveniys dracted ® agmpounds gbfomgulal T mhers Rayis

f s .
offfortal bR anf B8 WBHIR T s Pl ety 55 157 Rl
predrabliswherd Re esdi R7 Sed et fbnﬂ@hﬂ%e@@i@.@ o thé!‘@roup
2007/ 096315PCT/ EP2007/ 0515 15 - DESCRI PTI ON.- OF
CoRSEEt NgYRTIISEPas,, lewapalih apd arfionally sebsiiytegearyl.
prepared by hal ogenation of connerC|aIIy avai |l abl e
starting material 2.
Another embodiment is directed to compounds of formula 1 where nis 1 or 2 and

Q2 is independently selected from the group consisting of halogen, lower alkoxy,

lower alkoxy-loweralkyleneoxy, and lower alkyl.

Another embodiment is directed to the compounds of formula 1 where R1 is

—C(O)OH; nis 2; and Q» is methoxy.

Another embodiment is directed to compounds of formula 1 where R2 is
optionally substituted aryl and R1 is heterocyclyl, preferably a heterocyclyl group

containing at least one nitrogen atom.

Another embodiment is directed o the compounds of formula 1 for the use as a
medicament, in particular for the use as a medicament for the treatment of

cancer, preferably solid tumors.
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5S2 The hal ogenation reaction may be effected by
treatnment of a conpound of fornula 2

: 4hi azol i di nedi one) wi th phosphorus oxybrom de in
wd i

dbence of DMF. Alternatively, the hal o€T&R2607/051541
reaction may also be effectedlby treatment of a W
Angthersehbotlirheritniddiredtetl folth8 RRERITREHHORMNE BF Brhfifa | Tor the
the presence of DMF 10to form the anal ogous _ .
g8 raef medieapenisdoothe iseatmant 5f sagcdreint martraaiabs%hd

. Lstry as indicated bel ow. A conpoun

tgﬁﬁ{%%ﬁu gﬂéd%;%ﬁé%'e oxi di zed to carboxylic acid in
presence of an oxidant such as, but not linmted to,

ot assi um perpanganate in water. 15 Qther nethods for
‘H%{PP%W& ol gerarabiesmulroivin this investion kiayl kaidenivatized at
: s Sl |y ded ta the oxidgtion of a
f%&%ﬁ%g%ﬁ%ﬁ%?@gg%gﬁg\f&oé dﬁgiec% r% &gﬁgéfﬁaooq‘(ﬁonversmn back to
tHiepatdrd cémpound inamqaound of fornula 5 may be produced
by esterification of a conpound of fornmula 4 This
transformati on may be effected by application of

‘ Th@&ﬁ@érﬁfbncélﬁﬁ ir%ih?%bé{%gﬁéfeuﬁé’él &m&éﬁitﬁn%ec%rﬁp?rsing a

reaction wt am nopr op
campetnglasadefioed abale and aphhamateutialie eosptbiéscardsr and/or
[ ion of |ower alkyl 25esters are available and
a&o@l gﬁfmown to those skilled in the art.

The compounds of formula 1 may be manufactured by the methods given below,
by the methods given in the examples or by analogous methods. Based on the
present disclosure, appropriate reaction conditions for the individual reaction
steps would be apparent to the persoh skilled ih the art. Starting materials are
either. commercially available or'-may be prepared by methods anaiogo'us to the

__methods given below or in the eXampl'e_s or by methods known in the art.

- The compounds of formula 1 and/or their pharmaceutically acceptable salts may
'~ be used as medicaments, e.g. in the form of pharmaceutical compositions for

enteral, parenteral or topical adminisiration. They may be administered, for
example, perorally, e.g. in the form of tablets, coated tablets, dragées, hard and

soft gelatine capsules, solutions, emulsions or suspensions, rectally, e.g. in the

form of suppositories, parenterally, e.g. in the form of injection solutions or
infusion solutions, or topically, e.g. in the form of ointments, creams or oils.

The production of the pharmaceutical compositions may be effected in a manner
which will be familiar to any person skilled in the art by bringing the described
compounds of formula (1) and/or their pharmaceutically acceptable salts,
optionaily in combination with other therapeutically valuable substances, inio a
galenical administration form together with suitable, non-toxic, inert,
therapeutically compatible solid or liquid carrier materials and, if desired, usual

pharmaceutical adjuvants.
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WO 2007/ 096315PCT/ EP2007/ 051541 - 16 - DESCRI PTI ON OF
CHEM STRY FOR BENZI M DAZCLE | NTRODUCTI ON A conpound
ormula 7 may be obtained by treatnent of

% of 5 formula 5 with a benzi ni dazol e F§F/ER2007/051541
‘fornula 6 under basic conditibhs. A strong base, such

as but not limted to, sodium hydride may be used to
treat a benzinmidazole derivative of fornula 6 prior

St%taé’fﬁj?@"@ﬁ mgterials & Soh anlyrinprganis earger mﬁtenai@,atautlaﬁmw

0'?@@( rrﬁé ?i# thﬁtsbgi H}@'@meﬁbﬁ ?%%h%sf Heriyatives

titeeresf, ualc sieafieccid/et ijfs st mayﬂmosed)as b@rrte@ MRgeahfefiablets,

be useful. The coupling reaction of thiazole
cGatestiablbis crases radied Gelains Gapsiess Stiltalersarrier maierials for

SRR e 04 AP0 b A, s ac som-

shixx andtifyiddhaydliad depending emnr tabydhturelofahe actlv%lggreclzhent fio
DESCRI PT OF CH STRY FOR, BENZI M FORMA
CaeTs 8"'9%%9@’%8&5&1&?&1&"815’ Ih SefRse 8 P@Pﬁﬁgﬁ)

'Sﬁ}téblbaﬁrﬁelaﬁt‘af&rfhlé‘ﬁ)rttﬁe%ﬂodhﬁd\ﬂﬁ(sro] Y3 'drﬁpésﬁups are, for

Chemicals Directory and e usef
expVpie. waier, PUROET, SREross, NUFBERJgarkan‘d:KDBOIB@OSEBSbIe carrier

I'TMt: C%qu Qor |ﬁject|on solutions are, for example, water, alcohols, polyols,
glycerol and vegetable 0|_Is. Suitable carrier materials for suppositories are, for
example, natural or hardened oils, waxes, fats and semi-liquid or liquid polyols.
Suitable carrier materials for topical preparations are glycerides- semi-synthetic
and synthetic glycendes hydrogenated oils, liquid waxes, liquid paraffins, I|qurd
fatty alcohols, sterols, polyethylene glycols and celluiose denvatlves

Usual stabilizers, preseNatives, wetting and emulsifying agents, consistency-
improving agents, flavor-improving agents, salts for varying the osmotic pressure,
buffer substances, solubilizers, colorants and masking agents and ant:ox:dants

come into consideration as pharmaceuncal adjuvanis.

The dosage of the compounds of formula 1 can vary within wide limits depending
on the disease to be conirolled, the age and the individual condition of the

patient and the mode of administration, and will, of course, be fitted fo the
individual requirements in each particular case. For adult patients a daily dosage
of about 1 to 1000 mg, especially about 1to 750 mg, or 1 to 500 mg, or 1 to 250
mg, or 1 tor200 mg, or 1 to 150 mg, or 1 to 100 mg, or 1 to 75 mg, or 1 to 50 mg,
or 1to 25 mg, or 1 to 10 mg, may be administered. Depending on severity of the
disease and the precise pharmacokinetic profile the compound could be



WD 2007/ 096315PCT/ EP2007/ 051541 - 17 - STRUCTURE
MDLNUMBER . MFCD00010740 OH/ 0 O MFCDO0011555 4 10

woPa00s20059698 F * N 110F Cl PCT/EP2007/051541
' - 14 -
The pharmaceuticai preparations convemently contain about 1 to 500 mg, 1 to
250 mg, 1 to 200 mg, 1 1o 150 mg, 1 to 100 mg, 1 to 75 mg, 1 to 50 mg, 1 to 25

mg, or 1 fo 10 mg of a compound of formula 1.

5 Compounds- of formula (1) may be conveniently prepared by the 'methods

outlined in Scheme 1 below.

o~ : HWI’?
g s X
) __ |
. X '
oo JN
B S)\X ;6 o 7 @

 NaH,NMP™ - 3

_ HO
- ArB(OH),, Pd(dppf),Cl, K S N & s N
Na,CO,, DME/water | N NaoH N
THF/MeOH/H,0
. . 8 Q T ’ 9 Q
fW R2
~ R6—N N
SR o Wy
0 S N/%N
10 Q

10
Scheme |
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MFCDO0067733 .. *F N Br MCD0O0067734 F e up
MFCD00153122 | 4 MCDO0156132 4 Br MCD00160001

WO 4006315 PCT/EP2007/051541
- 15 -
DESCRIPTION OF CORE SYNTHESIS

A compound of formula 3 may be prepared by haiogenation of commercially
availabie starting material 2.

X
Oz NN -0 | N
< ——
2 © 3

The halogenation reaction may be effected by treatment of a compound of
formula 2 (2,4-thiazolidinedione) with phosphorus oxybromide in the presence of
DMF. Alternatively, the halogenation reaction may also be effected by treatment
of a compound of formula 2 with phosphorus oxychloride in the presence of DMF
to form the analogous dichioride.

A compound of formula 5 may be formed by two steps of chemistry as indicated
below. A compound of formula 3 may be oxidized to carboxylic acid in presence
of an oxidant such as, but not limited to, potassium permanganate in water.
Other methods for oxidation of aidehydes known to those skilled in the art may
be successfully applied to the oxidation of a compound of formula 3 to produce a
compound of formula 4.

X X X
TN, . no. [\ N
H . >\x H s)\x s /4 s»\x
O a 0 ;

A compound of formula 5 may be produced by esterification of a compound of
formuta 4. This transformation may be effected by application of reaction
conditions such as, but not limited to, reaction with [N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide in methanol. Other methods for formation of lower alkyl
esters are availabie and well known to those skilled in the art.



a MCD00211325 4 MCD00272526 4 S M-CDO0272527 '
IP o MCD00612461 4 * MCD00792438 WO
wo 20096943963 15PCT/ EP2007/ 051541 - 18 - STRUCTURBCT/RP2007/051541

-16 -

DESCRIPTION OF CHEMISTRY FOR BENZIMIDAZOLE INTRODUCTION

A compound of formula 7 may be obtained by treatment of a compound of

5 formula S with a benzimidazole of formula 6 under basic conditions. A strong
base, such as but not limited to, sodium hydride may be used to treat a
benzimidazole derivative of formula 6 prior to addition of a compound of formula
5. This reaction may be periormed in a solvent and at temperatures such as, but
not limited to, N-methylpyrrolidine at 0° Celsius, respectively. Other reaction

10 temperatures may also be useful. The coupling reaction of thiazole 5 and

benzimidazole 6 can also be performed by reaction with potassium carbonate in
N-methyl pyrrolidine or by reaction with lithium hexamethyldisilazide in
tetrahydrofuran.

X

___o RN

N a
RS S R £

15
DESCRIPTION OF CHEMISTRY FOR BENZIMIDAZOLE FORMATION

The following compounds of formula 6 are commercially available according to
20  the MDL® Available Chemicals Directory and may be useful to this invention.

STRUCTURE MDLNUMBER
N
§ D MFCD00005585

N
<’N:©i MFCDO00005603




MOLNUMBER 'O N HO 0 MFCD01823426 401 MFCD02031530 *
N Nas 111, Br MCD02179193 C ' M-CD02181079

WO 2007/096315 PCT/EP2007/051541
-17-

STRUCTURE MDLNUMBER

N
<’N]©/ MFCD00010740

(,“D*o MFCDO0011555

N i

N

«ND\ MFCD00059698
[¢]]

F
N
«NIQXF MFCDO00067733

F
N
«NQ)(F MFCD00067734

<,”:©'F MFCD00153122

N

N Cl

@Nﬁ MFCD00156132 |
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Compounds of formula 6 may also be conveniently prepared by conventional
reagents and reported synthesis methods. A compound of formula 6 may be
synthesized according to the scheme below.

q
Noo- NH, N
Q Q — Q S
+’,O
N NH, | N
I
| g8 O 9 6

Scheme 2

Substituted dinitrobenzene (formula 8) may be reduced to the dianiline (formula
9) in presence of a reductant such as zinc metal in acetic acid. Alternatively, the
di-aniline may be obtained by reduction using hydrogen gas in an appropriate
solvent, such as methanol, in the presence of an appropriate catalyst, preferably
5% palladium on carbon or platinum oxide. The di-aniline may be reacted with a
ring forming reagent, preferably formic acid, to prepare a compound of the
formula 6. This method has been reported in the chemical literature using
formaldehyde as a ring forming reagent: Synthesis of 2-arylbenzothiazoles and
imidazoles using scandium triflate as a catalyst for both a ring closing and an
oxidation steps. ltoh, Takashi; Nagata, Kazuhiro; Ishikawa, Hiroyuki; Ohsawa,
Akio. School of Pharmaceutical Sciences, Showa University, Tokyo, Japan.
Heterocycles (2004), 63(12), 2769-2783. Alternatively, the use of the ring
forming reagent of triethylformate has been reported: An efficient procedure for
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the synthesis of benzimidazole derivatives using Yb(OTf); as catalyst under
solvent-free conditions. Wang, Limin; Sheng, Jia; Tian, He; Qian, Changtao.
Institute of Fine Chemicals, East China University of Science and Technology,
Shanghai, Peop. Rep. China. S_ynthetié Communications (2004), 34(23),

4265-4272.

Appropriatél-y substituted compounds of formula 6 may also be prepared
according to the following chemistry scheme 3.
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In this method, 3-hydroxy-4-methoxy-aniline (CAS 1687-53-2) may be reacted
with a protecting group, preferably but not limited to tert-butyldimethyisilyl
chioride generating a compound of formula 11. A compound of formula 11 may
be nitrated by treatment with nitric acid, followed by reduction as described
above. The resulting di-aniline product may be reacted with a ring forming
reagent, as described ébove, preferably formic acid or a chemically equivalent

reagent.
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The conditions of this method are disclosed in many publications which have
been reviewed by A. Suzuki in an article entitied “The Suzuki reaction with
arylboron compounds in arene chemistry” in Modern Arene Chemistry 2002, 53-
106. In carrying out this reaction any of the conditions conventional in a Suzuki

reaction may be utilized.

Generally these reactions are carried out in the presence of a metal catalyst such
as a palladium catalyst utilizing any conventional organic solvent and a weak
inorganic base. Among the preferred organic solvents are the polar aprotic
solvents. Any conventional polar aprotic solvents may be utilized in preparing
compounds of the invention. Suitable solvents are customary, especially higher-
boiling, solvents, e.g. dimethoxyethane. The weak inorganic base may be a
carbonaie or bicarbonate, such as potassium carbonate, cesium carbonate.

Commercially available boronic acids used in this procedure are listed below.
The MDL® Available Chemicals Database (ACD) indicates the availability of
greater than seven hundred commercially available aryl boronic acids. Some
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3-AntpiocRd-4-SvEtevamPatiNt. BOROM AT IS SCIENTIFIC CO., | 652148-
[1,3,2]dioxaborolan-2-yl)pyridine INC., JERSEY CITY, NJ, 893-1
6-Chloropyridine-2-boronic acid INTERCHIM, MONTLUCON, | 852148-
pinacol ester FRANCE 1 92-0
Boronic acid, (2-methyl-4- CHEMSTEP, TALENCE, 647853-
pyrimidinyl)- FRANCE 31-4
Boronic acid, (3-methoxy-2- CHEMSTEP, TALENCE, 500707-
pyridinyl)- FRANCE 34-6
Boronic acid, (6-methoxy-2- CHEMSTEP, TALENCE, 372963-
pyridinyl)- FRANCE 51-4
Boronic acid, (6-methyl-2-pyridinyl)- | CHEMSTEP, TALENCE, 372963-
FRANCE 50-3
Boronic acid, (5-methyl-2-pyridinyl)- | CHEMSTEP, TALENCE, 372963-
FRANCE 49-0
Boronic acid, (4-methyl-2-pyridinyl)- | CHEMSTEP, TALENCE, 372963-
FRANCE 48-9
Boronic acid, 2-pyridinyl- ' CHEMSTEP, TALENCE, 197958-
FRANCE 29-5

Phenyi boronic acids and boronic esters useful in the preparation of compounds
of formula 8 may be commercially available as set out above or they may be

made by reactions that are well known in the field of organic synthesis, such as



2, 4- Dl - CHLOROPHENYLBORONI C ACI D
4- CHLORO- 2- METHYLPHENYLBORONI C ACI D
wo 4005ib$aR- 2- METHOXYLPHENYLBORONI C ACI D PCT/EP2007/051541
4- CHLORO- 2- ETHOXYLPHENYLB C ACID
- CHLORO- 3- AM NOPHENYLBORONI € ACI D
tf@ﬁpg@ﬂn@ﬂ@_ PN CREIANES agidpand aryl boronic esters may be formed

P T SR Eeorid o e e e Bl A

ory@nbricta ity DREYEAVESTICH LfHiEb ) Eﬁﬁm\llf@tdk@db{f)ﬁéﬁ@ﬁ@ﬂﬁmh boron
trés HYDROXYMETHYL PHENYL) BORONI C ACI D DEHYDRA

GRPROSEPAE DA T BERGRPE restemeiBrATrE1,3,2- dioxaborolane

BTN S T R W i

3- TRI FLUOROMETHOXYPHENYLBORONI C ACI D
6- FLUORO- 2- METHOXYPHENYLBORONI C ACI D R
2- FLUORO- 3- METHOXYPHENYLBORONI C ACI D

{j OB‘

Scheme 5

10 ESTER HYDROLYSIS

Compounds of formula 8 may be hydrolyzed to compounds of formula 9 where X

represents hydrogen by freatment with hydrolysis conditions, as set out in

Scheme 6.
15
R2 : R2
—0 X—0 N
a Ml
8 4 9 4
Scheme 6

The reaction may be carried out under basic conditions in mixed solvents.

20 Exampies of suitable reagents include but are not limited to sodium hydroxide or
lithium hydroxide dissolved in solvent such as tetrahydrofuran or methanol either
of which contains some quantity of water. The preferable condition is reaction
with sodium hydroxide in a solvent mixture of tetrahydrofuran or methanol, and
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Cbmpounds of formula 10 may be prepared by the coupling of carboxylic acids
of structure 9 where X is proton with amines or aryl-hydrazides of structure

- HNR6R7, according to Scheme 7, may be achieved using methods well known

to one of ordinary skili in the art. For example, the transformation may be carried
out by reaction of carboxylic acids of structure 9 or of appropriate derivatives
thereof such as activated esters, with amines of diverse structure or their
corresponding acid addition salts (e.g., the hydrochloride salts) or with aryl-
hydrazides in the presence, if necessary, of a coupling agent, many examples of
which are well known per se in peptide chemistry. The reaction may be
conveniently carried out by treating the carboxyiic acid of structure 9 with the
hydrochloride of the reacting amine or hydrazide in the presence of an
appropriate base, such as diisopropylethylamine, a coupling agent such as O-
(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate, and in the
optional additional presence of a substance that increases the rate of the
reaction, such as 1-hydroxybenzotriazole or 1-hydroxy-7-azabenzotriazole, in an
inert solvent, such as a chlorinated hydrocarbon (e.g., dichioromethane) or N,N-
dimethylformamide or N-methylpyrrolidinone, at a temperature between about 0
degrees and about room temperature, preferably at about room temperature.
Alternatively, the reaction may be carried out by converting the carboxylic acid of
formula 9 to an actiyated ester derivative, such as the N-hydroxysuccinimide
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by reacting the carboxylrc amd of formula 9 with reagents to form its cognate acyl
halide, preferably acyl chloride in the presence of base, preferable di-
isopropylethyl amine. Acyl chiorides may be conveniently formed by reaction of
carboxylic acids of structure 9 with chlorinating reagents, such as thionyl chleride
or oxalyl chioride, preferably the latter in dry dichloromethane at a temperature
between about 0 degrees and about room temperature. |

Compounds of formula 10 may be prepared by coupling the 2,5-dioxo-pyrrolidin-
1-yl ester of commercially available 2~ary|~thiazoIe—5-carbdxy'|ic acids with a large
number of amines or hydrazides. 5-Dioxo-pyrrolidin-1-yl esters are prepared by

* reagction of commercially available 2-aryl-thiazole-5-carboxyiic acids 1 with TSTU

(ethanaminium, N-[(dimethylamino)[(2,5-dioxo-1-pyrrolidinyl)oxy] methylene]-N-
methyl-, tetrafluo-roborate). The reaction may be conveniently carried out in the

_presence of an organic base such as triethylamine or diisopropylethylamine. The

reaction may be carried out in polar solvents such as, mixtures of
dimethylformamide and dioxane according to the solubility of the carboxylic acid.

- The reaction may be carried out at a temperature between about 0 degrees

Celsius and about room temperature, preferably at around room temperature.
This chemistry may be carried out either in the synthesis of a single compound or
in the synthesis of libraries of compounds using automated parallel synthesis

_ methods.

Compounds of formula 10 may also be prepared by the coupling of carboxylate
esters of structure 9 where X is lower alkyl such as methyl or ethyl with amines
or hydrazides of structure HNR6R7, according to Scheme 7, may be achieved
using methods well known to one of ordinary skill in the art. For example, the
transformation may be carried out by reaction of carboxylic acid esters of
structure 9 with amines or hydrazides of diverse structure or their corresponding
acid addition salts (e.g., the hydrochloride salts) in polar solvents such as water
or methanol or alkyl at elevated temperature such as 60 °C in the presence of
basic catalysis, if necessary. Many examples of which are well known for ester
to amide transformation to those skilled in the art.
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Scheme 8

An alternative synthesis of compounds of the invention is shown in Scheme 8.
According to this process, an aryl-methyi-ketone of formula 14 may be converted
to the bromo-methyl ketone of formuta 15. This reaction may be carried out by
any conventional means, and appropriate methods are well known to one of

10 average skill in the art of organic synthesis. For examples, several methods are
enumerated in "Comprehensive Organic Transformations: A Guide to Functional
Group Preparations” [R. C. Larock, VCH Publishers, Inc., N.Y. 1989, pages 370-
371} and in "Advanced Organic Chemistry" [J. March, 3rd Edition, Wiley
[nterscience, NY, 1985, pages 529-531]. For example, the reaction may be
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preparation of conpounds of f{ rnul a 8 may be
commerci ally avail abl e as set2 out above or they
CoRvegRIMGarfied aut Sidraaiiag tae enelayl katoraaf fosmula14 Méthcbromine

o5 08R et A ERS b e 5hAlbeeiod hysracargn (g garton

telheslobiridd) jr tHeooptivrzl prasimcarsd caer agzmt@ maz faskatessthaeaction,
b%for d as set out below in Scheme treat nent
S 85 A BIORRIRIST kS AR RS B HminU ShicBsgaacetic acid).
Tﬁ %@tfﬁ%l ?eéﬂﬂ%'telﬁdeﬁétﬁ% HEbERUE Bn Wheih &I st la Yhthfst is used.
oron trilsopropoxi
Indthe, el seAvhdre=liBmjrim cbtoxivietibybed, Rie- z‘elaeﬂors rrfayob@m;wmently

cq?rlﬁigaﬁ%ﬁ @ft %Hggﬁﬁ g%b?/q @n@' qd#%pmﬁgﬁq uePce?c aclc:*J IS adkc):ied or where no
catalyst is used, the reaction may be conveniently carried out at a temperature
between about room temperature and about 80 °C, preferably at about room
temperature. Alternatively, methyl ketone of formuia 14 may be converted to
bromomethylketone of formula 15 by treatment with copper(il) bromide in a
suitable unreactive solvent such as ethyl acetate, preferabiy at the reflux
temperature. Suitable reaction conditions may be found in the literature, for |
example in R. A. Glennon et al. J. Med. Chem. 2004, 47, 6034-6041:in C. Ma et
al. J. Am. Chem. Soc. 2005, 127, 1463-1472; in B. A. Bakke et al. J. Org. Chem.
2005, 70, 4338-4345; and in D. L. J. Clive et al. J. Org. Chem. 2003, 68, 9247-
9254. The aryl-bromomethy! ketone of formula 15 can also be convenientiy
prepared from the corresponding aryl ketone using polymer-supported pyridinium
bromide perbromide. Reactions conditions may be found in the literature, for
example in J. Habermann et al. J. Chem. Soc. Perkin Trans. 11999, 2425-2427.
As will be clear to one of aQerage skill, there are alternative methods available to
prepare the bromomethylketone of formula 15, including but not limited to
Friedel-Crafts reactions of an arene with bromoacetyl bromide or bromoacetyl
chloride; oxidation of a 2-bromo-1-hydroxyethyl-arene; reaction of a diazomethy!
ketone with HBr; treatment of an aryl-lithium with the Weinreb amide derived
from acetic acid; and reduction of a dibromomethyl ketone.

The aryl-bromomethy! ketone of formula 15 reacts with thiourea to give a 2-
amino-thiazole of formula 16. The reaction may be convenientty carried out by
treating the aryi-bromomethyl ketone of formula 15 with thiourea in an inert
solvent, such as an aicohol (for example ethanol or isopropy! alcohol) or
tetrahydroiuran, at the reflux temperature. Suitable reaction conditions for this
reaction may be found in the literature, for exampie in J. B. Dickey et al. J. Org.
Chem. 1959, 24, 187-196; in E. B. Knott J. Chem. Soc. 1947, 1656-1659; in R. L.
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WO 2007/ 096315PCT/ EP2007/ 051541 - 25 - water. The

The earnimo-intazobe ot tormivéal1Gicandhen bs doewpaedintoes2-amino-5-

ol S48 o B o e S P o gt such as
bf[?g?igg{( @fl I?Uibrgg?bggéciﬁfrﬁiﬂéf EOr BYarhPR, SUUMBALhSf formula 16 may
be treated with N-bromosuccinimide in an inert solvent such as methanol at a
temperature between about room temperature and the reflux temperature of the
solvent, conveniently at about room temperature. If bromine is used as the
halogenating agent, then convenient solvents include dioxane, acetic acid, and
methanol, and the reaction may be carried out at a temperature about 70 °C.
Reaction conditions for this halogenation reaction are well known and detailed
conditions may be found in the literaiure, for example in K. J. Hodgetts and M. T.
Kershaw Org. Lelt. 2002, 4, 1363-1365; in H. Yamamoto et al. Bioorg. Med.
Chem. 2002, 10, 1535-1545;in J. C. Quada et al. Bioorg. Med. Chem. 2001, 9,
2303-2314; ih E. Ceulemans et al. Tetrahedron 1999, 55, 1977-1988; ih C. Bew
et al. J. Chem. Soc. Perkin Trans. | 1982, 945-948; in L. Forlani and A. Medici J.
Chem. Soc. Perkin Trans. 11978, 1169-1171;in H. Tripathy and G. N.
Mahapatra J. Ind. Chem. Soc. 1975, 52, 766-767; and in M. Bosco et al. J. Chem.

Soc. Perkin Trans. 1/ 1976, 398-402.

The 2—amino—thiazole of formula 17 can then be converied into a 2,5-dibromo-
thiazole of formula 19 using a Sandmeyer-type reaction. This reaction may be
carried out either in aqueous solution, using sodium nitrite, or in organic solution
using isoamyl nitrite or tert-butyl nitrite. For exampile, in the case where the
reaction is carried out in agueous solution, the 2-amino-thiazole of formula 17
may be treated with sodium nitrite in the presence of aqueous mineral acid (such
as hydrochloric acid or sulfuric acid) to give an intermediate diazonium salt which
Is not isolated. The diazonium salt may be prepared at a temperature below
about 10 °C and preferably below 0 °C. The intermediate diazonium salt may
then be freated with an alkali metal halide, or more conveniently a copper halide
which may be generated in situ. Examples of convenient reagents include
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10 of structure 9 where X is proton wth am nes or
aryl - hydrazi des of structure HNR6R7, according to

wo SR8y, My be achieved usi ng met hods vveII ’Plﬂ’ﬁﬁbotﬂ@alscu

one of ordinary skill in the For exanple
transformati on may be carrleg out by reaction of
CeRpasOX Proraidge p@@p@tll)ssultat@/aa@um liondle appd pptasatusn bromide.

SRR el o8Bl KGR Pan o B b kB founc
theclitdrasuia, forCHxam;bIESn Fe Ghen difm. prcbrgzo‘b!barcdems aktts2004, 14,
5&%‘[:\/“ th a hydrazi des .in the presenc

69881\, df'més%ﬁ Bl- v Megk he%ﬁﬂ%ﬁ%ﬁﬁ%é?@f in A. Barton et
alMy Elhefd. Soe 'ﬂer)&ﬂ%n@ef 1962, 1BoPRRL gﬁlﬁ ifReR. %{éigftalr;r%ﬁ. Lang J.

reaction may be conveniently carriéd out by
Orgerembtbs% | 87, #E23-083%F tin thed case @herd tha rteactlon is carried out in -

o ‘glg"g’?r%lcg‘eof ghingy %%éfei)%%am il @a}f&g{ﬁéé@d with an alkyl
n:?itgz(ggfgr:%g Z)ﬁ%Bétr@Fhﬁﬁ‘te Gt éég:%tetéa't"?@enrgt%ﬁl I Sftgfr#? lﬁ‘hr%i z?copper

brosxee Isatir b mﬁmnemaam ganriedhoubpsing mletczartitﬁule assalvent, and
I NCIr eas.

iy SR e te gHT LRI A0S ARs s SR He rastsante raised to
aBoln\ed @Xf tHis 32 Al ol AR e rbﬁcﬁb’h oWl cOMPISHNNn. Examples

such_as a chlorinated hydrocarbon (e.qg.
ofcrnesifisrieastionaendispnafaod thizgransiemationonaw edeund in the

R SR st STAE R BR8EORRUSER, RERMbra ctal
B@b@tMeaocﬂhémertazw& 14\2078mE77y al I JiHedgeiecan®@ M. T.
be carried out ’aﬁi convertaﬁf]@t he_car boxyl ic_acid

KeFeNRw: Q- 4.68f. 2808n4 1365 Ap6ks At iBrA dor PN ENTS. Grioyne

T%%WS@?%W@%O?%@%%O 26 - ester, and

subsequently reacting this with an aryl - hydr azi de or
ts dj d addit | t
TR 4bFo DR tbisgabnetoEbn i bfb amanie Bl Sy reatnione
béﬁtﬁn%z@%éﬁ\ién%'ﬂ I93F dfs?féﬁé'n"rbrﬁ o‘ﬁ"tﬁé‘bfcﬁﬁ%rﬁt%hé 9-position

formits cognate acyl i de, preferably acyl
using eractions analegonsdedhese destrie algrvesfer g pregiaration of a

Vi am ne. Acyl chlorides nay be
céﬁﬁ%&@kﬁ@”ﬁﬁb“%%?hEd by reaction of carboxylic acids
of structure 9 with chlorinating reagents, such as
thionyl chloride or oxalyl chloride, preferably the

latter in dry dichl oronetxane Nib, a tenperature
bet ween about 0 degrees ang=adpout room t enperat ure.
10 Conpounds of formula 1Q be prepared by
coupling the 2,5-di oxo-pyr g dinl-yi ester of
comercially avallable 2- ar{b L hi azol e-5-carboxylic
acids with a |arge nunmber of &nines or hydrazides.
5-Di oxo-pyrrolidin-1-yl1 esters are prepared by
reaction of comercially avéllable
2-aryl -thiazol e-5-carboxylic acids 1 with TSTU
(et hanam ni um N- Rdi net hyl am

Aimm{iﬂ\&lﬁtﬂe eozitrigprolel dfdbmmhl}a@&/ﬂwa?my[brjepa'red\m two steps from

, tr.af | uor.obor eaction may be .
the ST BMEOIS SeyIBLJBMlG 1A e Gk SLerb fn & ninG-thiazole of
foﬁﬁ@é“l'?cmﬁ ri&e tbrthﬁtnﬁ)/é-émhﬂé dé'hvat%eot(‘: taormula 20. This

di 1 soprop Iet yl am ne e reaction nmay
reaciton wmapd:leamarsed\mmbg ayotorwentiomaitroeass. dfor example, the amino-

dinet yIfor nd, di oxane according to, the
th PR3 % By BERR B P E e vegj formula
41bghERr X ir e@éhtsaé it 1‘2{ $Uch RENVSHE 8PSHbrife, in the
degrees 20 Cel sius an about room t enperat ure,
preferably at around roomtenperature. This chem stry
may be carried out either in the synthesis of a
singl e compound or in the synthesis of libraries of
conmpounds usi ng aut omat ed parallel synthesis nethods.
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30 structure 9 with am nes or hydrazides of diverse
structure or their corresponding acid addition salts

wo b®7e6314 he hydrochl oride salts) in polar sol YEMEP2007/051541

such as water or methanol or EI kyl at el evated
tenperature such as 60 Cin ? e presence of basic
P©sears f g base ﬁﬁ@@e@smfﬁ%w&hﬁ}af@ﬁaﬁiﬁ igAnvineptsalyed sach as

N9 A e BB RN G 6 oo

of clzdhﬁtft)n%r.agp%pn@ﬁ fd:#éﬁcban réadtﬁﬁrgay bf%CI’tOEh’e if the ?teﬁéture for
t thesi s .0 cO unds O e | hventl on
SXAMRRANT - (TPt b b U OGEGHAR FHERSal AbSITapisdeaN, 12476161; in
t 1
fl%é{é Rt Uﬁéztﬁcﬁ@%@% saapwpgs 4o RBY Qﬁqjg%’%‘s%%oome

rormrre tone o I's reaction
nltrapebzaertmmtermcmte ch‘}fomuylamwnthe@rm comvaTed f@nitie

a te are wel nvvnto ne of
&R E ST mU%ﬁ% ishadee %Pame& o} prRgrslyes thep are well
krﬂ?@ﬂﬁ'ﬁ’i 88 0P V&S éRﬁF iAQHE =71 6F S1BH sﬁ%ﬁ%élé‘ For example, the
Conpr ehensi ve ni c Transfor A @id
reaghen maydre @faratgdgwer@aluamgdhe mt[rcRgrcmp LozI0] e grcwp using one

oY1 P05 SIS B et pSediyes P8 pstliment il aforice n an
ind¥tlsewenb 6acis Qs€N1Nedlni‘é\fhy!ﬂcﬂﬁﬁmrﬁé%$oc5r¥19ceﬁfbblatul;@ror by

exanpl e, the reaction nmay
hydrogenation in the presence of a nobie metal catalyst such as palladium-on-
carbon in an alcoholic solvent, such as ethanol). The resulting phenylenediamine
derivative can then be treated with formamidine acetate or formic acid in
methanol or ethanol or 2-methoxyethanol at reflux to give the benzimidazole.
Examples of exact conditions may be found in the literature, for example in'N. J.
Tom et al. WO 2004113322; in B. M. O'Neill et al. J. Org. Chem. 2002, 67, 5869- -
5875; in H. A. Burch and R. M. Herbst J. Helerocyci. Chem. 1966, 3, 198-201;
andin B. D. Palmer et al. J. Med. Chem. 1999, 42, 2373-2382. The conversion
of a nitrobenzene intermediate of formula 20 to a benzimidazole of formula 23
can also be effecied in a single step by treating a compound of formula 20 with
formic acid and tin(ll) chloride dihydrate in a microwave oven, according io the
procedure described in D. S. VanVliet et al. Tefrahedron Lett. 2005, 46, 6741-

6743.

A benzimidazole of formula 23 may be converted to a compound of the invention
of formula 1 where R2 represents an aryl group, and R1 represents a
heterocycle (that is, a compound of formula 24), using a palladium-catalyzed
coupling with an organometallic reagent of formula R1—M, following the well-
known reaction conditions of Suzuki, Stille, or Negishi, where M represents
boronic acid, boronate ester, trimethyltih,- tri-n-butyl-tin, or ZnBr. Further
information on the Suzuki reaction may be found in an article by A. Suzuki in
Modern Arene-Chemistry, D. Astruc, Ed.; Wiley-VCH Verlag, Weinheim, 2002,
pages 53-106. Further information on the Stille reaction may be found in an
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WO 2007/ 096315PCT/ EP2007/ 051541 - 28 - conveniently
carried out by treating the nethyl ketone of formula

WO 3h7M0bdsls bromine in a suitable inert solvent

Rp2b07/851541
hal ogenat ed hydr ocar bon (e. gqp _car bon tetracﬁ'%r?%g; >

in the optional presence of o?ﬁer agents that )
artigla by Maosugiband Ke fFugami in élangboak Bf biigarepaliadiusiChemistry

DRt N, AT PRSI ST soppien. .,
200®tgages@63AR83. araanysie, ihe reaetion hfaytteconsmiatsr @arried out
al um num chlori d used, the reaction m% be

by, FRRRIADE E9PRURY PLIPrBuNA 28 iiba SopReUNg ol Terndadik—M where

VISRl BIOHTE e refiRh ki MIFER RN T YR spfolic

scd\éereir(pég. all\!cu%etirbefaﬂwﬁglrmannPE) mcaz:nmthentmi%ardwmnem ?r water, in the
out . prefera ahout room enper at ur e.

pikSBlbe, 3 ol SrRnY ofs RlSS i SRR E iy be

o B b DA e CoRfeiDUr® iinay be reduced

ingiiuga gtiveypaliasive) (serctxaasplet pglladiwm(ljtasetgiedatrer abl y

oty SRR ot ) G ciona presence
oA B S Yo, O et Aionine o
trizgosputylphosphiee. auaiternatively imthemererenes oba preforraeg complex of

PRl @) e o BnoSciifl fdghe BB Ahigl ™ e © 1 Y°

cyaioHexpiphephinb)pallseiumearnd afsorimih@ pidsetizs oilapdnd@yanic base,
convenj ent | repared fromthe correspondi ng aryl

fol SXaMB| a1 TR cacbpilp: BgaAnet AT BhosATIHe (R 0.

* RS oG SRSl S B e ol

roGheiempsratur®ankli abolt 406, degt 688, artViei4B. atAetweeh abeut
clear to _one of erage, skill, there are alternati .

rofigt onReralils eag) abatl B dnipes.lhs 4lFG RBRSPIR oo alkeli meta

hydes:0HE audl asisdslivte inyerdide B@bo’tds@idn@ﬂy&%ﬁide as the base in this

Friedel -Crafts reactions of an arene Wth bronoacety
regelinn. détesnathiehirdbe eegctiorhmay ibgecarigd ot by meagting a compound

of RS AN SIS, PP AS2HAyB v Pomgpsents Snvis or
SrBu irl & tBhushivht inckwIVitvUeR sndidgantein wedpfdseRte of a
acetic acid; and reduction of a di brononethyl ketone.

caigiGRIOUBE ohd RALAGILINNE] 6ABIPEX (Bcd-mul a 15 reacts with

R AP BTN ¥ Splnd G Pad e recuooc
in site &t piveg palladamy(0) oo raxamiply,| pAietium(lpackttedra 15
el e el ) SSEHER b syl Stare
amount of a phosphine ligand, for example tri-o-tolylphosphine, at a temperature
about 100 °C. Another alternative is to carry out the reaction by reacting a
compound of formula 23 with an organozinc reagent of formula R1—ZnBrin a
convenient inert solvent such as tetrahydrofuran, in the presence of a catalytic
amount of a palladium(0) complex (e.g.,
tetrakis(triphenylphosphine)palladium(0)) or Cl-Pd(dppf}-CH:Cl,), at a
temperature about 65 °C. Suitable reaction conditions may be found in the
literature, for example in J. A. Miller and R. P Farrell Tetrahedron Leti. 1998, 39,
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tetrahydrofuran, at the reflux tenperature. Suitable
reaction conditions for this reaction may be found in

wo bdiebdsierature, for exanple in J. B. Dickey FfJ“T/i}&oo‘;mSlsu

Org. Chem 1959, 24, 187- 196 3|_n E. B. Knott
oc. 1947, 1656- 1659 in
S%trﬁﬁééeeri@mﬁ Epizlgdge@sqmtﬂ T. z@rshm@@ 4al. 20024, 1363-
yer J. Org. Chem 1952, 17, 1494-1496; in J.
reinholt etal. J. Heterocycl. Chem 2001, 38,
569-578; in M OAhubo et al. Chem Pharm BuII 1995

43, 1497-1504; in_Y. Katsura et al
Aggorpounst Ofési@u may ke Fenverteshioeh @tzrmpé@e é)f the igvention of
L Pt 2D e SRpl! ¢hiad PruRot of fmia g by

Ilthmnmhalogemmxwpaﬁgetimlma by eadbexytdtiohoThulreadtibryay be

trea E?I o natl n ent such as brom ne
QeI BRI ol A SUP FRLIIEN O AsaRPUN of formula
23 o ﬂh”nﬂari@ol%b(t Qg é@@t%xg’fdfﬂrd}# RiR EBﬁ}Hﬁﬁt'u?ﬁ 3 % ﬂe'ﬁgoeratu re,

an inert solvent _such thanol at a 10 t enper at
fopexampie afmmd 780%5. {idvepesattimgesciutibnt may tieén be poured onto dry

iop B ESE ki Faftion 15138 oA iy BRI IneSugih 1 Sllion to give
cdmpe@enaf orGuR0e Wherk FeNreRBYSMECHOSP! vent s i ncl ude -
di oxane, acetic acid, and nethanol, and the reaction

may be carried out at a tenperature about 70 C.

A A S T B e

obwnuéwtm bné ef avarage skidrinaharpl, For @xéﬁng{b al'&UiﬂﬁéL‘irﬁi éNdrmula
T. Kershaw Or Lett. 2002, 4, 1363-1365;

3%\%{ Rt Brepareg in r%v%%ﬁbepsmm APPOBRDY! Torgla 16. the first

regetion i'rg&rbz 38{3@ %osnl\%fs@'i%g% %m;?&un@b%%r%uldv‘?@to {HeeMro-aniline

2001, emans e
deTivatise d8ruaing 898actiEh ansldgend &Bthat descrilRehaled v for Jhe

oSS LSl B e & gt 1

méjlﬂe_é%onilféﬁ@d -kiéjaonhﬁbdﬁo! 8—1‘\[3 ﬂgﬁﬂ%ﬁ’zﬁﬂgln@a %acweh%%icgg%us to

th@&d%ﬁcrl'b@d abwmfosme preaaratmrrrcnfamsommumer ferda@3 from a

col RO 2 6ol s b Sar el Py Yo regioato

thd 8onéitiogs af HRNUNSAGEr¥RRACkTBAhYIBon Fehdiohe FEF bRAMPRY the
be carried out either in aqueous sol ution, using

thiggale.ehfarmuiai2l may hentreaigahvith sspagemirgansiraigdifeaamyN-

bt fogide Eha BHREbRILS i EniFBh 1S KRR FeghlshBmice as
soh@nﬂtcmentdnﬁy%{ abioodrddmh araperaniire 1rgivé thel 3-fomylQRiazole.
g EcHPR EPRANRER do1 loacviIETReT RASIEE FaY be raundinghe

i t
WA 8 T AR 150 O o, 7.
11pPebidBetn Bt VA Gillopet al.uf. CerhofoabRerkin TraBsahtioss, 341-347;

r.ef bel ow .., The internmedjate, di m sa
anfli € bR ab g ann el it BOBB 8§54 196s.
OtHBY SpSrRRLRES Ritith¥ p?e&é’r@ﬁ@h o @l dtpIMHAFEr BRYuRE39 include (1)
enerated in situ | es of convenlent reagents
pallagdivodeatalyzed carbonylatlon of the bromo-thiazole of farmuia 23; (2)
treatment of the 5-lithio-thiazole derived from 21 by treatment with strong base,
or from 23 by lithium-halogen exchange, with N,N-dimethylformamide, or a

similar reagent which is known to transfer a carbonyl group to an organolithium
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WD 20071096315PCT1EP20071051541 - 30 - copper (1)
brom de; copper(l1) sulfate/sodi um brom de; and

wo PR AsShs/m brom de. Exanpl es of specific reaci,b? P2007/051541

conditions for this transforg‘gtlon may be foun

the literature, for exanple in P. Chen et al. Bi oorg
raagent. Rk Raney icisd seduclionsddhe sudle; ofifarmiiard ead4pt

oGhgrdo e R 12880 o320k WS B s

54,rand then tiedting thivdwith lithtug alumiPugn hGbede. RO pallfdhum-catalyzed
In. the case where the reaction is carried

C%{gpﬁv'%%gg GaRFLoNSHRY decarfigd opt Riritieatipg the Brametthiazole of
fofn% vﬁ?n éﬁ'%oﬁ%c}ﬁ&@&&ﬁa@ﬁﬁ fhe%}eg%ﬁac% Pf‘é?allé@uwp) or

pre era y 1soanyl nitrfte or €esp
pailadzuzm(db) catalyst sLeppes tetbrabis( m@heaylpho's’;lﬂmenmadmm(miw

oisfrGe S RomtingiRa [ ARTIS ShibGoek i B-esapes af areducing
agéﬁthsubh%sttﬁfmﬂmh Lﬁy@naé'o?@@rrﬁle 2RO S 8ﬁ5?n&t FBivat SudtPas

reqwredto rrve reactlontovvar
toleneptred methy pﬁ@ltmamtder @a&:temmer@ﬂweuabomm §Ofﬁﬁ °F hbaitable

o R oG BuB Y B A T eS8 s i eon anc
KNBtilld .srAmet:h@lm SHoaoss, ¥eg, 7Gem 74:8khY. CaRM et A4 Eur. J. Org
2973-2977; J. Hodg etts and M T. 15 Kershaw

Cegry. 1989, ‘24)1)121413 ﬂs%goqrﬁtwg andldRi In Heckr.). Amg Ghean.sSoc. 1974,
géd;.?g@) quﬁfaran?gﬁqr p or mJ a’ %ggﬁmaﬁ Bje C%SQ%% I'-1|t 49 4009-

AQidnveey aleeinam@usttbetrémrazwmd@mﬂ ef ﬁ)@ﬁ'ﬂu‘éﬂﬁii W@th23-boy fithium at
di s&@acenent of the bromne at the 2-position 20

loydeimperaitire (B1%d an=iS Joud inest salysat sedtas tritahyesefran in order
tofe‘i‘ir F iLfhe ?fé%eg%ﬂ Q)Ekhh%fngéng'ﬁ g&rﬂﬂ @fanIo‘?'{ Hﬂk,uzl‘hgn eﬁr"eated with

K ternat iov azo
Nmnp;demnpedhne, Nviormylemperﬁdmm ohid, Mmm@mblfGande to give the

In the first
-Gt PierPf, oranddiona Prin radction Bk bedaved fiina o, for
exahiple Pl Siartiest 1201 ORy. ChdAr 2005 z?ﬁss’ifsﬁt 'ir?P'CH' @lligan et

may be carried out by any conventional neans.
al e’%@i@ﬁ@@’d@&w@% G112 6337 ; b Lf D hutas QValn'Eyurbé Org Chem.

2005358968, Py L6 ROTEFAE P RlP Bind rebas 3oz,
nitfileuof flonBulRl 3@ i b@@eddd@edl’%ﬁhyd?@genaﬁon in the presence of Raney
2007/ 096315PCT/ EP2007/ 051
nickel. The reaction may be conveniently carried out by treating the nitrile with
Raney nickel in aqueous formic acid at a temperature about 100 °C. For
conditions, see C. D. Selassie et al. J. Med. Chem. 1998, 471, 4261-4272; Y .-
A.Kim Tetrahedron Lett. 2003, 44, 2557-2560; and B. Cao et al. J. Am. Chem.
Soc. 2002, 724, 520-521. The reduction reaction may be carried out using
diisobutylaluminum hydride in place of hydrogen/Raney nickel. This reaction may
be convenientily carried out by treating the nitrile with diisobutylaluminum hydride
in a halogenated hydrocarbon (e.qg., dichloromethane) or aromatic hydrocarbon
(e.g., toluene or chlorobenzene) at a temperature about 0 °C. For details, see C.
A. Dvorak et al. J. Med. Chem 2005, 48, 2229-2238; X.-Z. Wang et al. Syniett
2004, 469-472; or T. Kline et al. Bioorg. Med. Chem. 2000, 8, 73-94. As a final

but not limiting option, the carboxylic acid of formula 27 may be converted to the
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presence of a base such as potassi um carbonate in an
i nert solvent such as N, N-di net hyl acet am de or
wo 3ho@3i$ rile at a tenperature around 80 C é%h’f(@WOSISH
of conditions appropriate fo such a reaction
found in the literature, for gxa le in T. Ooata et

Namethpptydbomeibpbamidaitoa somaied é(&{eleretmmm) of dawnulais4 by

g RSl S PO A BBl R e

of abawé psuth andiisdpropyethyizviest ad:otjpllrﬁgragbﬁnﬂjdﬁ sl e

of forrm‘a 23 using one of a nunber rocedur es
(Ranzetrigze-haily- 14 nd eif@ﬂ@ﬂy"esﬂonmmsg@ﬂmphowhatﬁeand in the
oA ECRBYS B SUEEE S E R rockls Tt e
regactiap, sisihnas &){i‘g{dlmcyroes]eutrmblqomsslhbﬁmxyeﬂazabmotnazole in an

B SR Sustvada RS Rystearha B 6 o ishiRraimesans) or N.N-
dlhfé?ﬁ}l?&ﬁ%ﬁlaélﬁrw rriéth*ﬂbgﬂ&ﬁ’dlﬁ ﬁ@aét'ﬂémaﬂ(}a;réﬁﬁe%%ﬁ% Sbout 0

a nobl e netal cat t SUC um oncar
depgfega a@ﬂcﬁhﬂu’i |r@0mdevmatquhematdy lzhabbt robime temperature

THE B e R B St B B s e 15 e Fos ke BE Fradffpent with
dilsomatyranflingh Wﬁﬁ@@‘ﬂr li€Hiu AT A8 ey $i/8A88 lin ah ih@t kBKent, such

to give the benzinidazol e. Exanpl es of exact
ag Bi@yoeiuranegr dehiosemethane: Rbaboutdt 88.urer, apyppriate conditions,

seg(ﬁgﬂflaﬁ %ﬂné\lﬁ ﬂ/& Wgﬂr&g é?tra }%@9 4%% gg'5§§%3%8 and J. J.

Héle ek.al BBibohy.avidd) FCth Herib2004). 1 4jetieb@EH00. . Chem
1966, 3, 198-201; and in B. D. Palnmer et al. J. Med.

Chem 1999, 42, 2373-2382. The conversion 20 of a
nitrobenzene internediate of fornmula 20 to a
benzi mi dazol e of formula 23 can also be effected in a
single step by treating a conpound of fornmula 20 with
formc acid and tin(ll) chloride dihydrate in a

m crowave oven, according to the procedure descri bed
in D S VanVliet et al. Tetrahedron Lett. 2005, 46,
6741- 6743. 25 A benzim dazole of formula 23 may be
converted to a conmpound of the invention of fornmula 1
where R2 represents an aryl group, and Rl represents
a heterocycle (that is, a conmpound of formula 24),
using a pall adiumcatal yzed coupling with an
organonetal lic reagent of fornula RI-M follow ng the
wel | - 30known reaction conditions of Suzuki, Stille,
or Negishi, where Mrepresents boronic acid, boronate
ester, trinmethyltin, tri-n-butyl-tin, or ZnBr.

Furt her -information on the Suzuki reaction may be
found in an article by A Suzuki in Mdern Arene
Chemi stry, D. Astruc, Ed.; WIey-VCH Verl ag,

Wei nheim 2002, pages 53-106. Further information on
the Stille reaction may be found in an WO

2007/ 096315PCT/ EP2007/ 051541 - 32 - article by M
Kosugi and K. Fugam in Handbook of Organopal |l adi um
Chem stry for Organic Synthesis; E.-I. Negishi, Ed.;
John Wley & Sons, Inc., Hoboken, N J, 2002, pages
263-283. For exanple, the reaction may be
conveniently carried out by reacting a conmpound of
formula 23 with a conpound of fornmula Rl-M where 5M
represents B(OH)2, in a convenient inert solvent such
as a pol ar aprotic
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solvent (e.g., N, N-dinethylformam de) or an ether
(e.g., dioxane) or water, in the presence of a
wo Sal7abyss ¢ amount of a pal | adi un{0) conpl ex (geg
tetraki s(triphenyl phos- phi ne_\égql | adi un{0)) orcafEPmml051541
conmpound which may be reduced in situ to give

pal | adiw 0) (for exanple, pafhadi um(11) acetate or
HlObl,@)&tﬂi herDQ phosphi ne) pab| aC w1l chloride), in

t're? G aty“axjdi ti gnal pres OfNa latal ytic
amoyrt of a phgsphine |igande for ﬁ@%l e
tri-o-tolyl pbhi ne or tri-tert-b hosphi ne, or
al t er nat j;yel n the presence of z,a preforned conpl ex

of palladi un{6"wi th a phosphine |igdf such as
bi s(tricycl ohexyl phosphi ne) pal | adium and also in the

presence of an inorgankrc base, 15for exa e, an
al kal i et al carboq;fgf bi car bongt e or phospyat e
(e.g., potassium phosphate or sodi um carbonateé) at a

tenperat ure between about room tenperature and abeut

100 degnedls, and preferablol_\/ at t ween about room N

t enpez Pk about 50 dE( NS¢ al so possi séLN&N
to use an al kaki ne&ad—hydr axi de sugh{as sodi um

hydr oxi de or assi um hydr oxi de as p base jfl this
20reactign. Afernatively, the react#6én nmay b

carried dut by*neacti ng a corrpouﬂd of@formul a 23 wi th (QJn
a conpound of formula Rl-Mwhere Mrepresents SnMe3
or SnBu3,|in a convewjient inert solvent such as
di oxane, ¥ n the pre?e%\f\e of a catalytic anount of a
pal | adj,um(0) conplex (e.g., 4
t et raki §iri phenyl phosphi ne) pah-adi un{0)) or a
I eRe

co y be red 5% st to give
pal | afli uf( O)N jor exanpl e, | | &di u'\?&t'\r) acetate or
bi §{tri phen psphi ne) pat®adi un( 11 loride), in

the presenceXp# a catal ytic anount a phosphi ne
Nand, fof* exapphe tri-o-tolyl pho¥phi pe, at a
tenperature about 100 C. Another alternative is to
carry out;the reaction by reacting a conmpound of
formul a 2,& wi th an organozinc reagent of formula
R1-Zrar in a 30conveni ent inert solvent such as
tetralydrofuran, in the presence of a catalytic
anpynt Na pal | adi un{0) conplex (e.g.,
tetr & 4 wpanyl phosphi ne) pal | adi un(0)) or
G 2Bgl{ dppf) - =R C12), at a tenperature about 65 C
Sui tabl e regct pon conditions may be found in the
literature, exanple in J. A Mller and R P
Farrel | Tetraedron Lett. 1998, 39, WO .
2007/ 096315PCT/ EP2007/ 051541 - 33 - 6441-6444; and in
K. J. Hodgetts and M T. Kershaw Org. Lett. 2002, 4,
1363- 1365. A conpound ofSchemeBa 23 may be converted
to a conmpound of the invention of 5 fornula 1 where
Rl represents COCH (that is, a conpound of fornmula
A &i’bngbm ndi iof Fbreia @We%&@?g%ﬁtgwy@%rpﬂlay be prepared in
car boxyl ation. The reaction may be conveniently
ongaHep di@mpiie agidiahicridenderdvashisoadhesiaipexmic @icichof formula 27 in

arf AR te BrepBiotl e B Bk s B PRl cP b Ges
19851 68x20pLo8aActoding/ B Bis glecte sthbidango st wcidmayie

t hen be Pour ed onto dry ) o
converted to the acid chloride by treatment with a chiorinating agent such as

- thionyl chioride or oxalyl chloride, either neat, or in an inert solvent such as
benzene, and the reaction may be conveniently carried out at about room
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10 ice, or else dry carbon di oxide gas nmay be bubbl ed
t hrough the solution to give a conpound of fornmula 1

WO R f6s3 represents COOH. A nunber of net hod§C

P2007/051541
synt hesi ze 5-fornyl -thi azol es~of formula 39 WI’F@ %)e
obvi ous to one of average ski’ll in the art. For

tespergiwe. I hermasond siep pbiheAmdiEistierirythasis tee acisdchioride
D S S AR A SRR L e B Syl e e tren

tréateauvidh ﬂr@rtwy(lm exidet art sivdr{inexidetd ¥l e db%lrédlcﬁﬁ)@yhc
ous_to that descri bed_above for th

aﬁﬁ@%ﬁﬁui% B e B P v o Sy frsilia 32 where
OSSO iy b BT RTEFRd B st TR E¥ter o

foojmslta 33 adhend Bparepresanise rrmtle azyattealmgcﬁn etheosgd mmnmcmfof the

o e 23l A BB o UAS a5 Bl ok my e
fouBdbi eﬁérﬁpa@flnw%éﬁérﬁe?néﬂ A Téﬁﬁﬁ{édfo?fwfﬁﬁ?b?gz%s 16, 857-
0 ormu hray

reaction. For exa the thi azol e of )
888 in rle Loyamal e&alagveagé?harge@maﬂem f291r8249-3255; and in M. N.

SRR F o Se78o 2888 vent . conveni ent y a
about roomtenperature to give the 5-fornyl-thiazole.

‘Sui tabl e reaction conditions for the Vilsneier
A colRoUSH atdgrmplardst mayibe prepared by &nycenveationst amsns. For

e R R A T e
theercid w:tfﬁramaoglJaﬂxlﬂié sxﬂflhle 34d thendehting thd-BNAe@a about
Chim Acta 2003, 86, 1949-1965.

H. mann
2 @)g@% Sweébsrt%@l%@f faymula 43 Copgitionsder is racten mdbe
| tal yzed
fohd P LT Riekitsh; OF WELE Griom PR S et 8 Y o a 23

(2) treatment of the 5-lithio-thiazole derlved from

b h h f
TG By BB LA e Ve AT REGRRRA Hpit bierarbaeyic acid
of @6rAuUIEI 2V A8 JPRERAR cAdY @hhbﬁg[éﬂé@éfﬂehenér{ a8strledPabove for the

carbonyl group to an organolithium
PTQB@WIQQGEM@PEDQWO@@MHI& inghis-caseafiénand BI)both represent
ni ckel reduction of the nitrile of fornmula 30;
an 4) conversion of the carboxylic acid of fornula
27 to the Weinreb am de of fornmula 54, and then
treati ng this with lithiumalum num hydride. The

Theaniirikeiof farakta BPAeay barmsepgies frem the gmide of farnuie 31 by a

ceErAE Ao of 15914 RSy RE B M hR2A6h ol gbajon reacion

Thefd@ymamc&rdrsmisah mdy baldffedtatihdor a:aér@éty%ﬁ cBHgiflons that are

) B oy lhe i ey el sheanh  mixre o
oxﬁ%?ﬁlgﬁﬁé &hqewfeagsa.&@uﬁaﬁ:ﬂ oréh‘\%Fh &%ﬁah»dggétﬂre e.g.,

e or formc -acl ert vent suc
-78 SChdakowed by et giditibarotdnideity]samine. Oerrqrejatydraﬂlomh@at:ﬁon

T T T
dldﬁlor&ﬂé‘th&ﬁ’e aﬁfﬁorﬂ@ﬂbe@?ﬁre 1 22emeALrith gﬂ%ép ;J%;_o&%[oride in

. Carelli et al. Eur. O'g. Chem 1
pymdmscai@b@ytg Bn@ng, treratmeetkwtm bexrotrizeml -yoc . 1974

oxfpyrr&fiingfdsn BHlut hesgulolprso AR PyaRIT 75 o

diisopeepylatrsiamiena d@éhibﬂfmtlhana%t\abbht Ao bat Yieabtuérh tHRitions

at 15 |l ow tenperature (such as -78 C) in inert
may & amnddo Ms Pﬁe@fm%mmhs i/ @trehadron 2005, Bdc 15-122; N.
l'i thi um hal ogen exchange. The resulting anion may
then be treated with N-fornyl-norpholine,
N-f ornyl - pi peridine, or N, N-di nethyl fornmam de to give
the 5-fornylthiazole. Conditions for this reaction
may be found in the literature, for exanple in P.
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30 in a hal ogenated hydrocarbon (e.g.,
di chl or onet hane) or aromatic hydrocarbon (e.g

wo b M&43gs or chl orobenzene) at a tenperature apgﬁh,%o%sﬁn

For details, see C. A Dvora et al . J.

2005, 48, 2229-2238;: X - et al. Synl ett 2004,
Ngkaiitia 2! abr T Sfrahac ol 2002 558, @6303@78 Vi NATGRISI SLZDOAY. Synih.

i [0, o0 1378 Lo Py M A1 FLIOSBEAAD, g pgss:
4@@42@9D1&96&$5@£€H ESyA0€49 2084 1373-375; and R Kusurkar etal.
am de ét he so-cal led W

Ity GOt SPRLIE, 2683 92 $ LR85 + b adurtheuexample, the
cydritiehTBA ¥dn Hﬁgr@(é‘i{f%ﬁﬂ %gr}%'éjit‘ﬁgta Qéﬂnﬁs%x h(ﬁ‘ of ﬂﬁmula 23 with

presence o pr opylethyl"am n
zinocpanidg iagenpreseticeas cAialytic tetrakfs(tnphenylphosphme)paliadlum(O)

t t et t hyl uroni u
IR I PSR GBI i oWaHe GBIat oA Oh e or this
reRtRsE NS B Aﬂeﬁhﬁﬁte@ap €y, @}g CHBf. 20085 65“??6@‘7989’% similar

the reaction, such as 1- roxybenzottiazo
pallasiuin-eajalyzen ayaration: neaztndxe mayrbearun withoutsusing microwave

e R SRR AR BB P cihpbargm Teranecron Lo
200476150y hpyridaldt e BONBligids 8t AleTeaaRbYidh Lst. V’mg ab%htgs-

0 degrees and about roomtenperature, preferabl

y
1&5@ - Mobsahasmpairalt ¢r@rg. hethal 995 0 48@4%3@%0%/1 -J. Wu et
t t ehyde by treatnent with
al b‘s{s}%@% Q?Q%%’ %% H%I%éﬁg%gr ['ithium al um num
hydrl de |n an inert soI vent, such as tetrahydrofuran
di chl or onet hane, at about 0 C. For appropriate

Tf@oﬂ'&ﬁ"?.% mua SO0gnayperRosygnientlyicopgeied o tha mﬁawrcafrformula

9 I
54 fhire Abrot 4B AV B0 1 BLRLBymorgacin
thaoewemmmpm ﬁeﬁféﬁ%b\iﬂ%ﬂrﬁé%&thes@ﬂﬁhma@@hcﬁ ﬂglay be carried
d of f er a_ represents rogen
oyt Ry A0 TS A Rl B frEkia HB Wi @ QWeTAIpel of
foﬁﬁl#gﬁag@ Wit ar?eh o géﬁ%gggdé_%t %begt Fda’nméﬁp%%tuwé @dnditions
suiigble far i reagiiom mae de 10068 jn 88 liteCauE) $or exaropldiing. B.

Cﬁé?retshét al.pJ.%SaSChén’f -266&?2%}%?2(9-@%2 IH@/ Dk.J?Nllhams etal J Med.

Chem. 2004, 47, 5766-5772; and in M. Acemoglyu et al. Tetrahedron 2004, 60,
11571-11586.

The imidate of formula 34 may be conveniently converted io the amidine of
formula 38 by treatment with ammonia. The reaction may be carried out in an
alcoholic solvent (e.g., ethanol) and at about room temperature. Conditions
suitable for this reaction may be found in the literature, for example in J. B.
Chaires et al. J. Med. Chem. 2004, 47, 5729-5742; in S. Komoriya et al.
Tetrahedron 2004, 12, 2099-2114; and in A. Nicolaides et al. J. Am. Chem. Soc.
2001, 123, 2628-2636.



10

15

20

25

converted to the acid chloride by treatnment with a
chlorinating agent such as 10thionyl chloride or

w0 W3 ovés1£hl ori de, either neat, or in an inert é“?)E¥§J69/051541

such as benzene, and the res\%gl on may be conveniently
carried out at about room

2007/ §315PCT/ EP200¥. 051541 - 37 nperature a
thf* )Ar/nrgt EI SIS,N"( L Ay
e fre i aSzo ane
ethe @zo ketone hrray bethe eatéd wth
mercury(l) X de and silv r(I) oxide to Lye t he e
desi reds carboxylic acid o “formul a 32 where Fla a7 ’

represents hydrogen. The acid of fornmula 32 where 5
Fl a represents hydrogen may be conveniently converted

The ihidRitérsf frhnuRs 88 'm&Y bé Qféﬁt&?wﬁﬁ aMBgE %cﬂ%fcﬁﬁf@é%tréﬂux in

met hyl by treating an ethereal solution of 't
mgthanal e gedha anmetisdi . 28Hg azoledif fommsa ddo Qomglitions for this

reelaleh iy oy RGhe Hle, RG oheplrBlos! Sg; Mgy chem.

19881, 28, 11 628- 8362 Mhetianié coﬁp@ﬁhd%wmu@uhl may B8 brepared
29, 3249- 3255; and in M 10 Sanim et al
Stﬁﬁtr@rfmdhﬁacmbq@or@ula?%? @Ilome@th;@ precesiure. dhmacid aay be

L AT T A

thefreéalnnyla@yﬂm@azdlrd@ahte’ﬁmeﬁi‘Qe asaybavirehted with acetic acid
arg{grno uani di ne sul fate and then heating the m xture

aﬂ@lrzlmetfahmd@fwnt&téeﬂw SZdiiyTs fop thigreaation may

bﬁ@%b%ﬁ ifeRh 6, Br ERATRIOM B, OfedeAfiGl! 7 Mea hem. 2003,
46, 3333+36481 may be conveniently prepared fromthe

carboxylic acid of fornula 27 as a particul ar case of
the general reaction described above for the 20

THY RidAe 3 'f&'ﬁ'uﬂé 30 rﬁﬁﬂ%%@ﬁeﬂ%% f &rery!_ar édlﬁé of fc?rmula 35

case, R6 and R7 both represent hydrogen
byoﬁreatmeﬂﬁ vathaiydrayyiBmine apammcmderm ttime peeaezmeeaﬁ a base (such

R H gL 50p 5360050  AiSifvons potassur

teﬁrmtdﬂbe it be usreaasstth@rbamy ah@ :@fﬁ@@ﬂt@ﬁ.dm @ﬂh}qérous DMSO is
variety of conditions that are well known in e art

a eRfvenesiolvert RadARe deackop may thecearaed it Bt om jerperature.

f aXi
st LRI B AR TR AN A8 o eampe i
P. fSJIAruimm dlyalt YeMeddChieon 2005¢ #8e3yd-am 31;Gn JOi-he!tnsede etal. J
M q\fgr at 88 r&ctl on condi tjons include
3 i g0, L Aaai 4 S5 A 0 Mot SE¥Alcptiale..eMad. Chem. 2003,
46P%7B4ig¥gl n 30 di chl oronet hane at room tenperature;
treatment w th phosphorus oxychloride in pyridine at

about 5 C, and treatnent with
benzotriazol -1-yl gxytripyrrolidi nophosphonl um

hex uor ophosphat PyBOP) and opr opyl et hyl
HN| k@mo ,a’bQut "113 t+on CM@’*@H@’*N
mesy be f nd i rp- L

ersenNa:nd M I's N—N
Tetr ahe n 2005, 61 -122; N. .

Qgn (Qa)n {Qn Qn
48 49 . 50 51

Compounds of the invention of formula 1 where R1 represents an optionally
substituted oxadiazole ring may be prepared by reactions that are well known in
the field of organic chemistry, several of which are outlined in a publication by B.



10

15

20

25 -

30

WO 2007/ 096315PCT/ EP2007/ 051541 - 38 - Nakajima et
al . Tetrahedron 2002, 58, 3561-3578; A. Narsai ah et

WO%(Y?IO%YS Synth. CatalL 2004, 346, 1271-1274,
§ F&Z’gg?ﬁoﬂ?msn

Del aby et al. Bull. Soc. Chiugg._ France 1958;
D. S. Bose et al. Synthesis 01, 373-375; and Ft.
Skixiekiaial.of dffed. Gagan1991.Gib @7 26e2435. Bor erample Jor the

Pttt e edinddUrd G B VR dr GG BBk R represents

Sfmfhhrlyl-?,_%towétmihijai-??l,_ca/ﬁcﬁrhﬂlau ﬂrl]dl of fr‘]@mleesrl / loé rr(trce)e)ated with
catal ytic tetrakis(trjphen osphi ne) pal | adi u in

NpN-ql @%M&ﬁﬂta@mhﬁ Ageialgt @.bgwa%& 6 et thei oRUIing

SEERE A0 a5 £
apaut SHFGme gaeahy dedireg pnadiicini i hectase of ity cbmpound of the
A 0l P AL A i SRS, e
hﬁc&@ﬂyarﬂ@inéé%‘r%fé‘% ﬁﬂaﬁ%? MalakeH Rith %beﬁ‘éDgnthri fe at about

rahedron Lett. 1999, 8193- 8196;
120 “@lto give ihegdestiedmxatiFer®)e.60 tha sage 98B campownd of the

. T hed 1999, 5 13193- 0. 15 T

inkBoffon 8 iyl TS Bt hesils cuBRTinD i 2 izl i, the

hychakiae df fohaiia 48 mapbairéatdd wielietiyl ortheBE&ERNaBabout 120 °C
| ower al kyl, using a reaction called the Pinner

torgive thedesired oxadiaggle. khe Wydrazideefl ibreuta 48 maydea prepared by
. Al . .
G ShRof o 361 AR 227 SEUELA B aBomnape fo ove
tha rheigt esteealiel theh tfeitimgl thisRestbt with hégraziﬁyﬁym@in ethano! at
hl ori de at about room tenperature. ndi ti ons
refdd¥ui table for this reaction may be found in the
literature, for exanple in J. B. Chaires et al. J.
Med. Chem 2004, 47, 5729-5742; in J. D. WIllians et

‘Taprephre kel co®pennd 20 He irvéntisi 66 itz 4anthe iydvbxyamidine of

Ace u et al. Tetrahedron 2004, 60, 11571-11586.,
foR B Favcn asted wift BGRDERE bRy Ora e g dosired 4+
. e 1 . .
[ RE R ol 8 g BT Rl BRaftinic s A b AdsderRdiialonts are
well kaewn i theoan.enclugdinggdiethyl barbsinatea(where the eetctiomomay be

ca iR BLEDY R0 0 bifaihlBE Win e eBntif ¢ pRésence of
sodahhgeir@idéin ethantbat refgn ,?Q%%%Mdiiﬁﬁ@e?zo?@ hefdthe

S. Konoriya et al. 30Tetrahedron 12, 2099-2114;
regeiiPn max benparsepdias dydrealing the hygroxgastidingadth fheoreagent in

thd presere’orahd Base 1B ARHRR RIS T LIREELY Lok dxand 8t
reflux); methyl chloroformate or ethyl chioroformate (where the reaction may be
carried out by treating the hydroxyamidine with the reagent in pyridine or in the
presence of potassium carbonate in acetone and heating at about 125 °C.
Examples of suitable conditions may be found in the literature in S. Kitamura et
al. J. Med. Chem. 2001, 44, 2438-2450; in M. H. Gezginci et al. J. Med. Chem.
2001, 44, 1560-1563; and in G. D. Diana et al. J. Med. Chem. 1994, 37, 2421-

24386.

The compound of the invention of formula 50 may be prepared in two steps from
a compound of formula 23. The first step invoives a palladium-catalyzed coupling
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The inmidate of fornula 34 may be treated with acetic
acid hydrazide at reflux in nethanol to give the

WO%?P’%%H& 1,2,4-triazole of forrrul a 44. Cond|i,b.9)i%§2({89){]51541

I's breaction may be found 2 the literature
Li pi nski et al. J. cAlm 1085, 28, 1628-1636.

reﬁ;‘@ogdwg\n@oaﬁ)@ lﬁz}mlogaslnma mcalomztorm\ye the myjane@f formula 28

whefE BatresBills' GE B il Bhe sk Pimpghie of
fcaamﬂmIaB'may betrdaral with progargghy geiafmemyl éstef ff iheXpraBénce of a

the resulting acyl imdazolide internediate may be

p@'#aéia@@ép)vﬁ&twyatd@r acpra@w@oméﬁa%adatzr@(@) sHgARs in

f
ek B S fho et iadttm(E B pbl ALY adsPed ot
b:ls(trlﬁhemylplﬁbaﬂ"me)gallaﬂlurrﬂlI)\'Hﬂondb,emthé@@éisen&é of a catalytic

3333- ile of fornu be converted

a@BUPh%F%f?BPﬁ&V ﬁ?n“lﬂﬂ‘é for %@Fﬂﬁ H’ @ﬁo'!@hlgﬁphméamﬁtpreseﬂce
o S 4 R0 WAL O Bk o ASAAGEY i
Ola@n Hmmganistma@e (Wrtee(armuie vagi alkapcmaabd:wbnnawertmcanbbdate such
S L BERAR) OO TSR AR RiREoaes oEACalalis sigount of copper

iobRRGHi P SoITENt é%hca%ftre'tr%ﬁ Qrbifudin S1P8NY
Condi tions suitable for yt hlg reacti onr%rr}:gyf}Iré oﬁ%%labom room

temneratureﬂadlﬁb@ut 50r°Ce xapipdes nf 2a@itakle sonditides mayebe found in

bttty S5 AR, BRun i e indelad el 1095, oo, ases.

4528; M KAL. Ysingtidl. Bioord..Médd. &BEm. @hﬁmggﬁ)@esﬁ,@ 2864 in T. Eckert
A4761- 4769, 4849( )n50 )nslg%? nmpounds  of

artthé lpaksahi Srthr Cosrnun.al aﬁegﬂdsehﬂ Heykort et al. Eur.

LG ('j’ boﬂdbﬁb 5 WoRd %?%Qﬁl{ﬂ ng ﬁtbﬂﬂe&ﬁYe Biefor;mula 28 where

by réac ons fha

R; rairdseﬁts @(g@)@@ Heheay stary be&n@m@bvlthfhym%mm
tI|n ublicatjon b

Stipah1e fEﬁ%@ﬁ?]Pb‘Bﬁ%{SUCh@? sodiumdyycsRigle) i a solvent
subh d@&ha%ﬂ@traﬁ?&r&urﬁg aggazn%ﬁegg L%I'g ‘%{1 gﬁ?% ??naEQFq;ure to

the preparation’of t
give freutempowng obthrlinventiars ehfesmula 50. Examples of suitable

cogwgﬂf%gyrbgy pé éfiltllg% thﬁﬁera?uye, forteaS e, o Ijefbns a}?. J. Med.

Chem 2002, 45, 1785-1798;in |. Iwai and N. Nakamura Chem. Pharm. Bull.
1966, 14; 1277-1286; and in R. G. Micetich and C. G. Chin Can. J. Chem. 1970,
48, 1371-1376.

The compound of the invention of formula 51 may be prepared in two steps from

~ the halo-thiazole of formula 23. The first step involves a palladium-catalyzed

coupling reaction known as a Sonogashira reaction, similar to the reaction
described above. According to this process a compound of formula 23 may be
treated with an acetylene derivative that bears one protective group (preferably a
2-hydroxy-propyl or trimethylsilyl group, most preferably a trimethylsilyl group) in
the presence of a palladium(0) catalyst (or a precursor of palladium(0) such as
tetrakis(triphenylphosphine)palladium(0) or palladium(ll) acetate or
bis(triphenylphosphine)paliadium(ll) chloride), in the presence of a catalytic
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N, N- di met hyl acet ami de di net hyl acetal at about 120 C
and the resulting 5 acylam dine reacts wth

wo Rdhsksyd amne in a mxture of dioxane and acfé#@rfﬂ%’ngswu

at about 90 C to give the de ?Ired product .
case of the conmpound of the i'fivention of forrmula 1
afrenkoia phepplisedigend, iesexgmple frji-a-tolylphicspbine3in/he presence

of ARSIy BT AP Ay Yy DGR EHhe or ar

inoxgatiiepake (fok @xahpie anealRéli Higalcsurponae Afoi¢dBonate such as
(gg)l nvention of fornmula 1 where Rl represents
H@twboaa@ ) angaden Wy loe-pregence alea raialdic arsownt of copper

oo Pt (RGN S ML PR e
béty@eaabmltméomaem[ﬂeaatﬂi% any abeupberar Egabipidy @raéumwl@
cJétutlon of tf] g’l L{éforrrula 27 in ether_wt
ST AN e PHr@"@/ & HErafEttfPr @sneple iamy Ttalf@hasht et al.
syﬁmggfsﬁ@abh 627%HE N 1 anﬁ% Crgéf Bfid 'Wﬂé&lﬁ.d Ple?érg?ﬁ%s 2000,

at 15refl ux. prepare t ound e I nven
523490364l in M9$ Kh@n Byak dxfa‘érenmSm: @alfoor Traha, ZWAT@A41-2448;

affior P i pShirerd R a6 3 St 2085 45 o4 SxagBe T

a@#jﬂéﬁ@' @Bﬂﬁ@gftﬁjpeméwﬁéﬁ BbSefidveddo Pﬁ}é theN HE@FnieBIate of

the art, inclu dieth car bonat e ((where
forraular2&Whats Fiaée@rasen@hxﬂmg@»y Inrtbatcasg vitese the protectlve

oA 8 e PR b BI85 Eing o

prdictted acdgiBnewith PoeasRIre chiitizRe i MetieRd) i@ defﬁ)l.’e r'ﬁﬁeratu re.

carried out by treating the hydroxyam dine with
Inthe gase where Hee pf@@@tn@egr@upﬂﬁé‘ imyclexy-propyl, the deprotectlon may

bel% ?Y ?P'tt‘é\é?hg [tRe Lht FH% gﬁ%?dl%ﬂpg?(&g% Bluene at reflux.

Theh:tesutinfngn nmrme(:iwhe rof farneula esonh@ne mased?esézﬁs thiyelebgeit may then
atlnﬁ ﬁ ﬁdro am dine with the reagent in
ep%? tpfimeiny lslyla ﬁEGEfo‘f‘”tB@t’%@PHB@%@%’&%@'WSN”the
no@acc?étﬁgﬁ #sthBe afﬁe%aeﬁoﬁﬁr%% belggrr@d d-:tﬁ nce of solvent

e co fou the I| era in

sui t abl nditions may nd in ure
at 8. teripesatwra abounl 70 ICMrdthe@atahytie 086sionl 4he 2daRiob4h8y be

bl FE T Ehon Sy Dy 2 B0 fromie

copB8rtpowder, 24 plefe?diif co jodide) in a mixt f N,N-
3007/ 096315P /EP2087 ngéil 41 )react |'oHr?<govvn as a

dirsgihyHegnramide and maethane ajia/emprrativetof labout v90 £Or Fuamples of
suftéble conditions may be found in the literature, for example in T. Jin et al. Eur.

J. Org. Chem 2004, 3789-3791; and in T. Balie et al. J. Med. Chem. 2003, 46,
265-285.
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The compound of the invention of formula 52 may be prepared from the
aldehyde of formula 39 according to the process of A. M. van Leusen et al. (J.
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where Ra répresents C(=0) 0OCH3. According to this
process a conpound of formula 23 nay be treated with

woO Bdoomezey | i c acid methyl ester in the presencgcf,iPﬁ,07,051541

pal | adi um(0) cat al yst (or a _Rsecursor of
aleb di u ) suc
OE@ 1081, 48 ShshS02aN T he Sfermabiniaralg obformula 39 may then
gy ﬂﬁék’%lphosp%b%e%gwongwm M(OTEINAEN ¢ he

(tpplwwlmethlyﬂ) carbetitvnidd o thepuederade of thb phabenrarisfdraitalyst

xanple tri toI I phosphine, in the presence of
teé{ﬁ %ﬁga{%%@“ 05“ twa@wﬁwhaﬁeﬁ@xwe@ifm anf ne
d.emo%méﬂ%rnepéfr'rgbpwe@ tur8io 8id ABTARRLAIBARA dk9ble. The

exanpl e, an al car nate or car
protediive@rasp seali hmcoavemaaﬂ)e)emmbdibys oreamemammm espt@rtirated

t
@8t g inr i ahPbe R I oo dng CoRimusn of the
ing&MiBn oofeMnLR®Er at ure and about 50 C. Exanpl es of

sui table conditions nmay be found in the literature,
for exanple in R P. Hsung et al. Tetrahedron Lett.

L. Y 1 , ' . d. . .
A EioutBiqr Sgus Sy Mispased W Jons Fotid cafbsyic aci
of Forrhypiakd 7 ¢hitheShirst @teppwlﬁ@“darbol@@@ acidimay Bé-cdplertdd fo the
M de Kart et al. Eur. Org. Chem 2000, 3085-3092.

PreRaraye amide-ry Iaraeaumﬁralféeaaﬂqrbmﬁﬂt@mamelékm:vn to one of

PR3 57 RN CH T eB et 33480 Bpuajon, For
exasnmé, m tsani;fmmmdawh ey de) cartied csiobyebhctioict @boxylic acid of
et ha thra drofuran at a tenperature about room

fogrg STeRArSY! gMine iHBeJERBRIAROIA cowrlingReatti Bany
f . ! .
e@mfl@él ik E&Ozflre'-:%émh&ﬁn?; r%\é'lﬁ?%ﬁg&i‘&ﬂg@ét@)i?ﬁ]hggr)réﬁgﬁon may

t t
b%@owenl@tlyl\mﬁﬂém%;;b;(rbéﬁfn;;ﬁhee tadmxyiro acidi of formiladd7 with
d N Nak Bul L 196 14, .
prBSralh aBEI T 8 aroREhas Ofp BaspFEtTRR discaroRyiethviagine, &
co&piu%‘ﬁﬁéntl&]c@p ad®- fﬂé’n&btrﬂé%m p1ihe ngffﬁmé?i%lﬁforﬁﬁ}ﬁ

i nvention of fornu be prepared In two steps
hexaBueropeopah@et Bnd o the @ptuonﬁ @ddiionpal preisente ofa s&lbetance that

B B 2 RSB PR SRor ey

7-a£808nz00 2ot lih Rednsl RotienfC@htisd chrinBied W&@@é%oﬁ (e.g.,
conpound of formul a 23 may be 30 treated with

digiroymathaneedr N N-ciracifu o mamide - rpetﬁwmrovd"@ﬂ@uﬁf a
ofBSELGrARUBN U FRE OB ol AT BRI, rsfraby
at abesEmm ta‘mpermd:ﬂead'herrégl)l!tlngtaahlgdéfcamheﬂ bereeewered to the

oxaea B 18 RkagHieCRHS ) Bashalielak 697 Lot 2004, 6, 4391-
4308} Il r‘é‘é&hbﬁ g?éé%ﬁ%‘én%m a%lcarn{el utd by treat c?é;)the propargyl

bls(trlphenyl ine
amidie withegdd(dl) ciilodde & dichiarometne at about room temperatu re to

OGSO Te (R Py A5, AR RyMRBue ApReach to the

sam@ ddBpRIRE SRR With &b @é%ﬁamzd@oﬂformhfé 81 hyhia WhA8ri8f may be
di et hyl am ne or diisopropyl ethylamne) or an
Witk chiseacsioneds foipere aad thé kaikiurerbeated at about 110 °C

R e e N

Hasemgedind B. Fischer Tetrahedron 1989, 45, 6249-6262.



5 iodide in a solvent such as tetrahydrofuran or
di ethylam ne at a tenperature between about room

wo b6iRessat ure and about 50 C. Exanpl es of sui t?@r@moomﬂsn
conditions may be found in th literature,
exanple in S. Takahashi et al. Synthesis 1980
627-630; in T. Nussbaunerand IR Neidlein
Het er ocycl es 2000, 5Z 349- in M S Khan et a
J. Chem Soc. Dalton . §/§%§41 2448; 10 and
in T. H M Jonckers et fal. SJ. / Chem 2002, 45,
3497-3508. The acetyl ene protec &\ group may then be
renoved to give the internedi at & formul a 28 where
FL represents hydrogen. In the cake where the
protective group is trinethylsilyl@mhis may be
conveniently acconplished by’treating the protected
acetyl ene with potassi um carbonate i n nethanol at

| |
THERERS B RS Foyl bOR RSB i Uit e
offohnalzed4 by tteatabhngith mesthpk-kthieal bﬂtr@twnrhagmﬁbllmﬂbromlde in
anﬁ?rl(ﬁj@ in toluene at refl ux. The resul ting

a@féttwcafasf 8iher o tetraheeefuramat %tpmgéb‘m? sConditions for
th\’é’%&‘i’:ﬂ y 3 t]%?@u%&’ﬁ] ﬂfeelﬁqgr%?uﬁﬂ' Lcﬂ example in E. Ve Verner etal. J Med.

trlmet azi de el ther wth of Wt
CbamaR0oi s44, I&V&Hﬁ@?ﬂhnnd_an?al&uhenkeimnmdi AtEEib‘naieeﬂrgl Dett. 2003,

SeRRpeTa U oh A SV I Rb e ey SBedopra B 22

sgfeageaction may be carried out in the presence of a
copper catal yst (such as copper(ll) brom de, copper
powder, or preferably co ) iodide) in a mxture

Tf&# CAMRALAE ok e iBveaiw @f BRanay batpr@paredpe threarsteps

L TR R e T
ina suifable s@edt s@rgas gsareitbon %e?§9 P%?%ne}%ﬂemﬁk Wwith removal
Bal | e et al Med. Chem 2003

Of WRIQy m@f@pcﬁtaéptr@@wmm imiag Thegrgne opanihendsa |
olcF s TG RSB RTATD 30h gk LR St

10/\f@ o gb(mii:ﬁ;%)r']ranﬁythe f%uétlng ar&non may Ee treated with et?yl aﬁetate to
met iiimde.in the sence of the

0y 5004 kr@rendbinen ThekateBraming (Ratts Wb ek o amInga 2

solverl sLR zBRafer Bt ?ﬁe‘fl’i&ncﬂfto gﬂ{@fhe% iSSR0 @tég}?rﬂﬁlons for

at roomtenperature to giv trityl-protecte
sUgh &z wastiomimaylpe famd inathgriidenaturayfasexaoyle it BhtH. yBunnelle et
wi th concentrated hydrochloric
al‘a%ﬁ%ﬁé?ka%@#’%ﬁabout 50 C to give the conpound
of the invention of fornmula 52. 10 A conpound of
formula 53 nay be prepared in tvvo steps fromthe

carb lic acid of rrmul a 27. nf’eNflrst step““h\l
QALI exacy d.coenverte ot Mxﬂpoparhgy )\

Ldr ge er o eact | coﬁdl ns aka{ wet |
knovvn to e of skill i e art, @nd of these
may be usegd, in the currenf situation. Foo}exarrple

the transformation may be ‘carried ouss by Teaction of
carboxylic acid of 15 fornula 27 wth propargyl am ne

TRl SR Teendrr 1 BunlR S By el PiabeRe T rFSaieps

frohe e tabokpl &8d WMIQW h RS ﬁrls?é’teﬁufhebdm& rnﬁ‘@ h&9
the carboxylic acid of fornmula 2 ropar

copyerird Imtheretive ssies dydreaimeas wlthsd!amraethane as descrlbed

S nt., suc
a0floBbERAEAT G VS eofty FEe BtREE Ripn Bl oty e
préepretlofer sipdrasiplss suciaag soflium eyande, Qﬁ@n rﬁéﬁ'sbl\}é'ﬁﬁlsuch as

presence of a substance that increases the rate of
the reaction, such as 1-hydroxybenzotriazole or
1-hydroxy7-azabenzotriazole, in an inert solvent,
such as a chlorinated hydrocarbon (e.g.

(Q;n
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25 at about roomtenperature. The resulting am de can
then be converted to the oxazol e using the procedure

WO %07&963@5 K. Hashnm et al. ( O g. Lett. 2004 Jﬁg%'ﬂlﬁlsiﬂ

4394). The reaction may be cggvenl ently carrie

by treating the propargyl amde with gold(Ill)
teﬁ%fwﬂr%erawfdﬁﬂwpm ﬁar?@yb@C%t%lmier Giaaly, éh@enarmedlate

'Tk% &% f{f@aﬂeﬁe\mﬂ? HE%Q la ﬂi‘”% IWFL&@% de? tﬂ% grc%éﬂggaof%sbase such

ernative appr
as sadiusn wceﬂate hm saiveakaugides ah aﬂmhml I(@.galethé’dim;at reflux to give

eri, aI be ned with chl oroacetone in
@gﬂeo azgle- ﬁ%@ﬂdﬁw&feas%h areagian may pedoppd i the

mteﬁﬁu@rfsr @fé?ﬁg@tm CNIBLIARYS Blasbhicy reaction my be

found'in A ssner an Fi scher’ Tet rahedron 1989,
45 6249 6262 WO 20071096315PCT/ EP2007/ 051541 - 44

The Somreaieid) e SysPhER Bf Bridia Stafaf B Fikpdeddn two steps from

thieCdridite bffoPuld SRITRIEMMIRE B} BY hratddirdiwith sodium

met hyl - magnesi um brom de in an inert solvent such

hmcmﬂarmie ip acatemngiod-6f Ur tongise t%bﬁbromn@aﬁwnalwhldmma‘yobe

%igéle ﬁ?ﬁr‘ég@&\ﬂ&eﬁ gg?aes(sﬂ,r{ﬁ‘iihl cy ell' t%pﬁatlrﬁ)%lTano to give the
5—’a4n| ﬁ6’5|32,217tﬁﬂadsazblé R@act@hhﬁiﬁtﬁﬁor%ﬁdr this feadtionady BeJound in J.
Lett. 2003, 545-548; and in_ S. Nahmand S. M

Gogrdalenetals Gaﬁ%ﬁ%ﬁ@ Ben 1969983, 3975403815- 3818. The

conmpound of the invention of formula 55 may be
prepared in three steps 10 fromthe ketone of fornul a

TS coffipeukdtod e magntien of &atreda \EBtrhay: ye Ipodysargdamiwe staps from

th%éﬁ%% ‘?lséf SPlorFiole 32 I¥hr e Fiab e mBAnY . AGSSrcling to this
PEBESS: o SHtpbbah of RrtuiE spamare freplctort MitTwia BE,
diseoiped it ethy! {ormateandphen treated! Wik eoduuuhydhdé Telueoresultmg

oI DoBVERRIPah Tisd hebaissBar h o RED AL dieaeaant -
hydRaR}Smird hydmdm@wb adghd A ebfbcPatSetive i g%qhe ﬁQMPFs%&azolone.
or nethanol to give the desired i soxazol e. ditions

for such a reaction may be found in the literature,

Tlifgéo@égﬂﬁé 8f tHe WoehtioPUPREUR 88 ntly b bP4a4 T 518 Step from

the nitrile of formula 30. According to this process, a compound of formula 30
may be treated with sodium azide, and an amine salt (e.g., triethylamine
hydrochioride, diethylamine hydrochloride, isoprolyamine hydrochloride, or the
like) in an aromatic solvent (e.g., toluene, benzene, xylene, nitrobenzene, or the
like) at a temperature about 100 °C to give the tetrazole product. Conditions
suitable for this reaction may be found in the literature, for example in K. Koguro
et al. Synthesis 1998, 910-914; in M. B. Young et al. J. Med. Chem. 2004, 47,
2995-3008; and in A. Zhang et al. J. Med. Chem. 2004, 47, 165-174. The
reaction can also be conducted under microwave irradiation (see M. Alterman et
al. J. Org. Chem. 2000, 65, 7984-7989). Alternatively, the reaciion may be
carried out using trimethyisilyl azide in place of sodium azide. in this case, the
reaction may be executed in the absence of solvent but in the presence of a

catalytic amount of tetrabutylammonium fluoride. The reaction may be
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(02) 1 2056575659 The conpound of the invention of
formula 56 nmay be prepared in three steps fromthe

wo s@pagesysi ¢ acid of fornula 27. In the fi rst §éf@9260%51541

acid may be converted to the, pethyl ester

treatment with di azonmet hane, as_ descri bed above I n
copyenigpibhearded put aha temperatieg olrpareximatainga AC. Conditions
h
sGERI Tt thls feabfio My b RRARe Herdufé (P b .
Amrmoewl EJ’POTgﬁ EP!?@’QM;L 691289&-28981 iat A dhyrRinRédomet al.

tere Mot deob 2 o GBS S 1 bl eieal. Org

LgydggMIgj@Qgg 3"2!68t he presence of a base such as

sodi um'acetate in a solvent such as an al cohol (e.g.,
ethanol) at reflux to give the 5-am no-isoxazol e.
Condi tions for such a reaction gay be found in the
5@4terature £ anple in K ZW%rﬁurow US 4, 322, 429
*The conpound of the invention*® ormul a 57 may be
$£epared in two, st eps fromthe arfidine of fornula 38.
e am di ne nay ‘oe treated first with sodium
hypobromite in water at 0-5 Ct¢ give the
N- br ono- am di ne which may be 10$ubsequently treated
with potassiumthiocyanate in refIUX|ng et hanol to
give the 5-am no-1, 2, 4- t hi adi & ol,e. Reaction
conditions for this reactlonrgég found in J.
Goerdel er et al. Chenische BAr. Slgg& 93, 397-405,
The conpound of the invention ofesformnmul 58 may be
prepared in t steps #rom 15 t he nethy st erar, of
formul a 32 whepE\Ra represents nethyl . AccordR;Ptie
this processa ound of fornula 32 wherea
represents neth I may be di ssolved in ethyl fornate
and then treated with di um hydri de. The-resultisng
di car bonyl conmpound nmay be dissol ved |n/9, Q)
met hanol / wat er, treated mntP;ng{oxylan1ne
hydr ochl ori de, and heated & XMt o gi ve the
5(2H) -i soxazol one. 20

24 (@),

Scheme 12

An alternative approach to the synthesis of compounds of formula 24 is shown in-
Scheme 12. According to this approach, a methyl-substituted heterocycie of
formula 60 may be acylated to give the ketone of formula 61. This reaction may
be carried out using any conventional means. For example, a compound of
formula 60 may be conveniently freated with a base, such as sodium amide or
potassium amide or lithium diisopropylamide. When sodium amide or potassium
amide is used, the base may be conveniently prepared using conventional
procedures in ammonia and then the ammonia may be replaced as a solvent by
ether. When lithium diisopropylamide is used as a base, a convenient solvent is
tetrahydrofuran. Once formed, and without isolation, the base formed from the

methyl-substituted heterocycle may be treated with an acylating agent such as
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The conpound of the invention of fornula 59 may be
prepared in one step fromthe nitrile of fornmula 30.

WO B Rsaihg to this process, a corrpound of for *&P?ﬂamﬁ&u

may be treated with sodi um azikde, and an am ne

é‘ triethyl ani ne _hydrochloride, diethylanine
a Fé?%aﬁlffefm&a Ar@a@b@ﬁzwheﬁ:é Rhfgiresants ailawer alkyt aeup,

oL L BT B oL oL B

At @O (8 AabDiug réa(m)loﬁ is gagledeomt{u; att%?ﬁp@taﬁugﬁ b%ween about
i S reac

it Riperalie and ehauthth }Crenitatia spnaions for thsgargtan may be

o@'nd |§Yﬁk§ h%?étﬁrelgrgfgex%gr&ﬁ% nHMvtéﬁl aﬁ%@%’he\; C%igmb J. Org.

4,747 95 300
Caem Jgﬁﬁd 15,Ché&pnin RA00Msawz et Bh5Charm. thHnSBuﬂema @8, 3633-

3%@éﬁb§ﬁ%glé%ﬁgﬂ { ed der dIBgQ%r %ﬁ’aﬁ?&%ggh@ f—lnGelllbert et al.
J. 1984 THER) 206“#!7“-&1941@506 Alt&naﬁmy Iaoeorlﬁmsuﬁ& of formula 60

carried out using trinmethylsilyl azide in place
map fedreaied aeth ethyt berzasde @ndtméa$sm@tetbnxudayn Bthano! at reftux

o 4 cBnddurl G BIAGRIE S SPhailbhs st b Trnsin ey be
folhd o titelitefdnery, ¢acéxamplan ADoMGwn and K. Bruncken Chem. Ber.

007/ 096315PCT/ EP2007/ 051541 - 46 - conveni ently
» 5% d8BU93a Asanaihperiigroatvesfa %mﬁp@btndmfmrmuwi@may be

f
R g P AL TSR e
g:@ g. co@hmmnmcﬁiéfarmela @E.Bui 2888 conditidns Br tRisreatlicmnely be
Chem Lett. 2004, 14, 5329-5332; and

B .
fovﬂd Nt {hgao"rt%@ﬁwez festexgmpleyiy J. FeWolfexie, JeOra deem o tey4, 39,
oopshemipy 12 10 An alternative approach to the synthesis
of corrpounds of formula 24 is shown in Schenme 12.
According to this approach, a nethyl - substltut ed

TSkGERE 4T ot R R B e Bty BN S8 BabiredidiSne o
foxggm#ggs?#g@ggwe@wmm@ﬂaf bf&?ﬁﬁéﬁngﬁéa&‘in’éﬁgﬁhﬁ ard well known in
the art. For exampie, a compound of formula 51 may be treated with pyridinium
bromide perbromide in an inert solvent such as tetrahydrofuran at room
temperature. Examples of suitable conditions may be seen, for example, in F.
Geliibert et al. J. Med. Chem. 2004, 47, 4494-4506. or by treatment with bromine
and in the bptional additional presence of a catalyst such as hydrobromic acid or
aluminum chloride in an inert solvent. When aluminum chloride is present, ether
may be a convenient solvent; otherwise acetic acid may be a convenient soivent.
The reaction may be conveniently carried out at room temperature. Exampies of
suitable conditions may be seen, for example, in K. C. Rupert et al. Bioorg. Med.
Chem. Lett. 2003, 13, 347-350; in B. Eister and E. Endres Liebigs Ann. Chem.
1970, 734, 56-69; in J. M. Smith, Jr. et al. J. Am. Chem. Soc. 1948, 70, 3997-

4000.

The bromo-ketone of formula 62 can then be converted to the compound of the
invention of formula 24 using reactions that are analogous to reactions described
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15 formula 60 may be conveniently treated with a
base, such as sodi um am de or potassium am de or

wo bdot/gdgsng di i sopropyl am de. When sodi um am de 9(?'1‘/EP2007/051541
y

potassium anmide is used, the,pase may be convenient
gr@g%red usi ng conventional procedures in amoni a and
PP

1% EXarbe theigmeckaiape ot rmuda B2 Jeay e copyerted io the

Ly V. . :
S of HERA BSDHE SRS SRALEPL 8% AR BB o o
plf@paeatfcmmfmjc?]lpdumgtdﬁ MUIgdlrf]iaﬂ’hemhiatdlale dfaieﬂrgﬁlaressmay be

romthe -substituted heterocycle may be
cQrhEeEOfe promoiAzald HtfoumulR 64 BeNadeacidys analogous to

R - -

oPRE CEASSTTEROAMN S corbon B g v
regutiing, bromer iiadsly offartula 66may be coavened Yo thiet desired thiazole

' dr.id f.f l.a ArC(=0)0C(=0)Ar. ., Th ,
o Bl RO FEihg e bt Ataidaots tonibae iesk dbest fidng preparation of
a 8bebuNE VGRS 2 6 tAE BremeLthiad8ldof foHhlRMI® Alternatively,

conditions for this reaction my be 5found in the

theithigzatepfdormnala 63 may ke converiad to thewandinesgrtiviativeof Yormula

Lng: e =l dn A (Ohsa et
655 fodkdiahs AefnctiiiR ndS8 Besdrhed ol and BedpsattFoShpounds
of Jairanigi 20, @indad co@pdund .of femnla 53%an 1H8n HeSdomRHedaBdhe
in F. Cellibert et al. J. Med. Chem 2004, 47,
thigzgle aifigrmuly 24 HERG reacions2Rpews tp Boseslasaribed for the
et i - .S | J
PO ST ipslht of oML 23 H25h Tnd BB SRERAR pfformuta 20.
of forrmula 61. Suitable conditions for this reaction
may be found in the literature, for exanple in A
Dor now and K—wBr uncken Chém_yBer. 1950, ,83y_189-193.
As anot her . eqraiive, a-dodpond ofndohm{ A 66,my
be treatigddwi t h thyl (penzoat nd sodi dm ﬁyd e in
di met hoxyethane refluxto g a compound
formula 61. Suitggl.e conditions i or this reacti may
be 15found in7the literature=for exanple inm J.
Wlfe et al. J. Og. Chem 1974, 39, 2006-2010. The
ket one of formula 61 may be conveniently converted to
Thee tarboryliceacid ef tdrmiuta il raap Beuminvgniently presarad fieh ted ester of
br om nat i reactigns that are well known in 20 the )
forgnyla 32y BYaARBISS. I ERASIeRdS wellkaion ia the aregnda selection
. [
iy B8 REUHEI YBHELHBrAile18 SRVILOR, FBr SRaftBle, the ester
of famda 82umay bExeeqiee withf ars alkati thetat bydrokidensucoieas bedium
@i SO Bcindd el tkor eaa i & miur o
h : . y ‘
WP RIRIYHIUIAIR TR {sPsfbon 44) be aMed RitigeRatut 0 <C
anghthereilex iemparaturer corvenientty. aliteut abomitempecdtuce.i de
is present, ether may be a conveni ent sol vent;
ot herwi se acetic acid nmay be a conveni ent sol vent.

Théhemideasftfo nulEEs2 ARyHYEeN &I SrebhRremithalcakid®lic acid
tenperature. Exanpl és of suitabl'e conditions nay be

of farahla 7 bydxeatpent with annoniggepentacid addiiosisatoj ammonia

. ; , 7-350Q: in.B. FEi r and
subf? S aREBhiunE EhiordiI the Brecthle B of bikly rBagofio nifty of
wh%%hgﬁ/te \Sglct)ghowdn theartadf.chémidiny, dateaspcendlly i 48 art/@F.peptide
chemlstfy. Lll—'or example, the carboxylic acid of formula 71 may be treated with
ammonia or ammonium chioride in the presence of an appropriate base, such as

diisopropylethylamine, in the presence of a coupling agent such as O-
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WO 2007/ 096315PCT/ EP2007/ 051541 - 48 - abové. For
exanpl e, the bronp-ketone of fornmula 62 nay be

WO §RPMesied to the thiazole of formula 63 usi NBCT/EP2007/051541

reacti ons anal ogous to those,gdescribed for the
reparation of a conpound of fornula 16. The thiazole

(BenzpiIaga-A- s tegrStetravitiudueniung hexallygropBosphaie oard in the

offorle eiBpfipisknbe bPA LA AIALCABNSCEE e A8 the

escri be pr eparation of a c
refaction) suchoas diydrdve/beesotricizote dr dhpetdxyazzakabaizotriazole, in an
d to the desired thiazo

. f | a 64 b I
IngH Syl s & chlpTnaded USSR s cheplarpEdhane) or NN

. i . i f
RSk o M ARFBIDIATOR & SRR Sopyoon abnut o
deyrees mad absiwy roemde npesatare préfaratipndt ab66t roeayn temperature

converted to the aniline derivative of formula 10 65
by reactions anal ogous to those described for the

T ApEroXaidd aeld dervifve &5 ferm12 78uliRerddR, Ripfesents hydrogen or
conpound of fornmula 65 can then be converted to the

lower-atell enayrbe semvaniently preipaged Baot ihermaraollicgsicot formula 27.

THSEARATBEELATR! B o Rl o AR 3o prvere
a tompoant ok yorimula 73dviedrefl RL raprasériis u‘ggrdmrﬁ @nwaBweRklkoxy-

I%’]_ﬁepared fromthe ester of fornula by drol ysi s.
armigeshydegehipdde (1 Riepara@ samMAoNdHY fagiula 7@ where Ra represents

. . g t
oRE1-8 IR R BroloEB1E arf HPrBpHat (e, Shof Bl Lo 55
diisag_rctwl&ghyzlatrépie,vﬁﬁdwi nlathteﬁjrkséﬁ;]c%mt abgh;ylmg)e@eiﬁ stigh sas-

odi um hydr oxj de or [ithium hydroxide in agueous ,
(6887 PR T b1 ar St LOH UL [iPESTbioraBkasP s and in the
odgi%?éﬁﬁd@#gg@%!rﬁgseﬂ—c;@of £ @BBét%fﬁlcgsﬁattiﬁcr‘é%éé B UL of the

et ween t Cand the re tenperature,
regoiive rsughtdsyt-aydubybenzatdarolenpet-hydnosy-728zaem zatriadele, in an

. of formula 72 ma e conveniently prepared from.the
ingt Bl isic A Brior BARS] S BoBPOrT G ndRgIoRpTRtAne) or N.N-
di eIy MoPmE Midkd o R N-heBfldb ik IRIIvSaNd, 0% BHPRPARIS BEfvéth about 0
amoni um chl oride inthe presence of a coupling
degseeeand akaHyrasm igmperaivie, weeferablyat abowtyeonr temperature
chem stry, and especially in the art of peptide
chem stry. For exanple, the carboxylic acid of
formula 71 may be_treated with 30 amapni a or anmmoni um
chloride int presence of an appropr)ate base, such
as diisopropyP§ lsimMﬁ%Nin the pP @
coupl i ng agest—nsuch as)O WO F S

2007/ 096315PCT/"EP2007/4051641 - 49 - ©

(Qn {Qyn
74 76

The cyanc-amide derivative of formula 74 may be conveniently prepared in two
steps from the carboxylic acid of formula 27. In the first step, the carboxylic acid
of formula 27 may be converted to an activaied derivative such as an acid
chioride, or an anhydride, or an acid fluoride. This may be done by reacting a
compound of formula 27 with a reagent that is commonly used for the conversion
of carboxylic acids to acid chlorides such as thionyl chioride or oxaly! chloride in
the presence or absence of an inert solvent such as an aromatic hydrocarbon
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20

25

(benzotriazol-1-y1)-1,1, 3,3-tetranet hyl uroni um
hexaf | uor ophosphate, and in the optional additional

WO proemegs¢e of a substance that increases the ragteEP007/051541

the reaction, such as 1-hydrgyybenzotriazole or
|azo in an iner

(%ge?ﬁl%égéée)ccpﬂ qzjsﬁlﬁngrgtg hﬁl{)gr L;‘btgwe(vgh%fe thmsngrl gﬁggide is used,
tH& r%rél::ﬁér‘i’ ﬁ?é;{'@ﬁ‘ Egrrfé’d é\!:t'!it aﬁeﬂﬁﬂ@éﬂﬂé P éﬁﬁgﬂ Wd@%rees In the

N- net h pyr I hone, a tenperature betwee
C$&Jwgeaexambbm0m Isrmed ttrmrm@rourreay pee:bevanmleytl)at:arned out

o8 R R SRR PO E R DA TR R e o e
atig\Wrivative) mERYh&Iebe Hrevesd G:ﬁh'dyaﬁéﬁ‘ﬂfé RAhERELEMR of a base
carboxylic acid of formula 27. "10 The carboxylic acid

Syflya$ sodivanhidroxiden niaaieoxs Iselitins. Ppadiions suitdele(foothis

PR nfof TR ud B e St o 1 SRR . e

Inpite 1990, d4c28P308¢and irf or Daheheith athwr EPFCA 4riepr esent s
| ower-al kyl') in the presence of an appropriate base,

such as diisopropyl ethylam ne, and in the presence of

T Oy S e T ey be sy rgpered from the
brioencatHiazoie o erpiuda 23 Apdoidng tu:etmmpmmeas thddrdmortalazole of
b SR AL o b B

relacﬂdﬁ' Wﬁ%tﬁ%lﬂﬁﬁl@%ﬁpfe&r' g&lo?ur nnat‘? ohﬁ%Hpe?QﬂuY@ Ybllowed by

such as a chlorinated hydrocar )
tr@mmrm mitim@thalrie)‘!uomal&et&ie e givel thertnﬂlmrdmemlnyl ketone. This

N et i dj no at .at re bet ween about
kOB B e teich ARy Pearhe SRR SidiG borp ik Jrethanol
tabonbt@mpérgmrett@rgwmbttnﬁuoroeiﬂw afRORBPoPIBYHABIa 76. It will be
derivative of fornula may beé conveniently prepared

obvioysyke o pbplgll it the am éwaiéh@r@@neu ajtespativeofeagentsihat could be

o 1o il B, DR b
alaml raum aydrlde inar Red-Al. O(Bomﬂtl@mtlaﬂpndﬂmat@foralﬁisdl%in@formahon may

%uo ri.de. This may be done by reacting a compound
be I'BIQ‘?"WF@WV% fPéSﬁ%WP'et iR G@S%Iﬁf@ﬂilaif J1 ¥ @Gﬁ’m Soc.
n | 0 I
20 12BN P2 I ap R el e 8 Siockfly Bfchof B! RigBiREze may
bmmmmt@rprapamﬂ:bomftharthuazeiet—cewbbmldtehsmim bf fmsmata 39 by
drocar bon 2007/ 096315PCT/ EP2007/ 051541

trez{tr%gﬂ W|thhe¥ trlfluoromethyla\{mg agent such as
trimethyl(trifluoromethyl}silane in an inert solvent such as N,N-
dimethylformamide at about room temperature. Conditions appropriate for this
reaction may be found in G. K. Surya Prakash et al. J. Am. Chem. Soc. 1989,

111, 393
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15

- 50 - (e.g., benzene) or dichloronethane. In the
case where thionyl chloride is used, the reaction may

wo BR7eedsd ed out at a tenperature of about 80 ﬂé"%ﬁﬁr‘éwoslsau
I'n the case where oxalyl chlgfide is used,

reaction may be conveniently carried out at a

t enper ature about roomtenperature. The acid chloride

(or ot hen r

treated vl\i ﬁﬁ%ﬁﬁ%@g Iﬂg %"\r%?e@-l-gpylgkﬂ\ggg%:uch

as sodi um hydr oxiGFeBENZIMIDAZOLSE IANAIDOGSCondi ti ons
suitable for this reaction may be found in the
literature, for exanple in C. T. Supuran et al. J.

InFhs

o e opiet arelnas 4 gt SlTe e oRpag i) 66
syihesired aﬁcmﬂmgoka Sarf'ramendntlhyhusnmtaoddarﬁ isomérieemixture of 2-

ooV BERA S iciral Flad S ia i BrnrRO ad e AgH iy ostor o

otﬁ@ﬂégfetr AdtR(d- Hfétﬁ&(%ﬁéz@ﬂﬁﬁind&o@ﬁ OAN2lR3_fHisa 16 8R85Moxylic

by reaction vvlth but'yl -Ti1thiumin tetrahydrofuran at
agid eyl @sprrraitalingr, estel maydie ssparatest byere-cryistalizatioplor by

oI BB SHEA R 0B a¥ Rl PecAnsgdly® BT sarstea i
ctrofiaiaraphphyaei r@@uitéht”@é;ﬁ@ﬁté isBnerOara freaRel Wit B&d-0

gi ve etrlfluoroethi al cohol of fornmula 76. It
mﬁmwlatm@ gpNtsush@s tam@n dribroknide and ther sdbsequentlytwith an

SRR SEE AR P2 O, M 3 801 Eponty

theigstéregerhvatives fo obtairt the acids hikh ceyaiish Bedurher derivatized 1o,
Condi tions appropriate for this transformati on may 20

©.ge FYJRE SHAN EESIGSCHRPAALPES. for exanple in A.
Gossauer et al. J. Am Chem Soc. 2004, 126,
1772-1780. Alternatively, the tr| fl uor oet hyl al cohol

f formula 76 may be convenf p.g pared fr e
ol e‘aar bo‘%‘c’Hgé‘Bﬂg@é of f by treat nt\>— \
l d‘ sia ahnni
o a e %ﬁ ge t Z:iz
trineth r| ki R\ L) s Pane in [ nert @I vent o

%ch as 25 di net hyl f or rani de af about om ;
at yPe. Conditions appropri®dte‘for thls react$dn

rmy be found in G K Surya Prakpsh et al. J. Am

Chem Soc. 1989, 111,393 WO :

2007/ 096315PCT/ EP2007/ 051541 -51¥- PREPARATI ON OF

MONO- SUBSTI TUTED | SOVERS OFRBEN/I M/_QAZO_E A 5

—

In this method, ester conmpoungs Sefn gneral stru tl}HN |

Q.

.ﬁ-

88 and 89 may be synt hesi z€ gor gFnyg to Sch 34.
In this nmethod, an isomeric @i xturé
( 5- Met hoxy- benzoi m dazol - 1- 1) - 4- Re{t hi azol e- fS car box OH
ylic acid ethyl ester or other ggter and 87

2- (6- net hoxy- benzoi m dazol - 1- yl)L4 R2-t hi azol e- 5- (:Tb

oxylic acid ethyl ester or otherfegsker may be Ra-X
separated by re-crystallization pr by

R2 N R2 N
/=N /=N
YN | >N
Oﬁ;@— @ OiI S @
@) O
( J ( v
88 Ra

Ra
89

Scheme 14
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10chr omat ogr aphi ¢ neans such as with the application
of super critical fluid chromatography. The

wo b®51ebdzaft , separate isoners are treated WthP%T&ﬁZﬂﬂ'f/ﬂSlsn

met hyl ati ng agent such as borgn tribrom de an
subsequently with an al kyl ating agent Ra-X where X is
a leaving group. It is then possible to saponify the

ester depEdpiip$oNCORBRER M%%&hbﬁisgu@%sgﬁf@mn

be further derivaiilzed to, g., amdes

descri bed abovdSOMBR30F BEWIDAZOM ANALOGS
2007/ 096315PCT/ EP2007/ 051541 - 52 - DESCRI PTI ON OF
PREPARATI ON OF 5-, 6- DI - SUBSTI TUTED | SOVERS OF

I%%MW@H%M%@M Bf p@h%rd@frf]@%re a5 Bt synthesized |

conpound of general Structu e syn esl z
aceordingi tndSahense henen s mathod) 3—(ﬁjﬁtdhcmb,thoxy-ben20|mldazol-1 -yl)-

4 i’ h%ﬁgﬁmla ﬁ‘%g%gb @?ﬁc[s"%%ﬁw? %éafé%g_ogfqﬁstgsmgy bg,treated with
a dehREtiAdtRg dguht Rach ERHEN Wi lt)l"énﬂdé’ AnERhEN 's%é%tgj r]tly with

agent such as boron tribromde and then subse
Pivaiol! ghioade gr sishilasmivaloyreggent tareffsiol ﬁle)fplrmatlag ofig pmaloate

5}, 88, GO Rl Be el Berhelp i incavsny Rax

whgrem( iRa1xa EoUp, igenratiRy EARpOLRY 3. THH @\ﬁﬂmgs may be
npound 9?>ng li)bur% 93 tﬁrr?é bept hen treat e%l W th y
e

thsgtt@at%qi @&t@@%erc@ﬂavag%ﬁ@n@ RS a4Ctwas Withgadium ethoxide in

50 P B3 156 APy EREBR o

aikyiahmi aoadlﬁbnatuilrmudac@ﬂtpauﬂ @l\%Co hipouadtasenit | |s then possible
to saponify the ester derivatives t

possi 5 0
toBRRNY fheostsr oIS aPIarIBEFEIGa b IREmay aiso be further
detRratiyéd igrskanisie ArREBL SstBsifBedSblGaCr | bed above.

——
HO
OH o
91 92
R2

N =N
=Y R2G-N ey N =N
Ox” ™8 Rl [ >N
FIOH o g Q o g @
—_— 0 — . ——
O
O O-Rb

O 0O

( Ra~C 0,}/ ( - H ( ot

a3 94 95
Scheme 15

The following Examples serve to illustrate the present invention in more detail.

They are, however, not intended to limit its scope in any manner.
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20Schenme 15 The foll owi ng Exanpl es serve to :
illustrate the present invention in nore detail. They

WO Boeeodigsvever, not intended to limt its scopfchgpﬂﬁymlsﬂ

manner. WO 2007/ 096315PCT/ ER2007/ 051541 - 53 -
Experi mental Protocols and Exanpl es: Bi ochem cal
characterization assay: Mterials and Met hods

5Ful I -1 th, ' b Sf9
“nsect col| s, bprffipfl FrofocdRami Exalritles! U1 0%, |
E. coll. Anti-phospho p53 anti body was purchased from
Cell Si [ Techpol . E i ' t
B ersisal AhorshmpeaohaRsayt et S5H MRk o
FMl-fe%gﬂgdacﬁvéld;@mﬁk'l sqlfftied R Eo %éo&i‘i_gégjsmadﬂd' i length

anti body was purchase rom Prozyne. 1

GRilcpa? Wasmurifieddo fp colidALi-paosphe pSEtantibadPk@e mirchased from
CRLBIdb b o BpofiEBro it iy ari s bReraendy was

purthasst HETOPER@YRIRRGALR arfl Aﬁ"ﬁ?ﬂ@al%né&d A@‘C@-@%’hjugated anti-
Triton X-100 (Kinase Assay Buffer) were added. Eight

Gail aniibody masopuichased esuRtPzys| uti on were added to
a 384-well black mcrotiter plate, followed by six
mcroliters of GST-p53 (17 ug/m) and ATP (333 uM in
Tdiwa sdcrdditay oBabfrpoundi(8.6mmr-okinigl tn DMSS brBlka MSO for

cg]%/rrw i n_Ki nase Assa)é Buf fer were then added and the
caryiolweds, 3% auerliters 8f 28 7aMrdEPES Pl 58smMENRCI, 10 mM MgCl,

0.8}Ot CEP! 8. 10h SO P AR A8 % 4 hoP BB ah8 (268% Triton

the reaction and a lon O

X004 KinageSlssayt Boitery were 2ddetll BIGPEipidiiters 90 theVbdvapbund
soipsuiverstiagdn fon aeonel Rabh vistotier it faows by six
migjgig%ﬁ% %ﬁ;j@g@apg'dméa/ﬁ{l)fgr% ATH (33qMF kALEE MhsBy Bffer. Six
microliters of GST-PIk1 (3 ug/ml}) in Kinase Assay Buffer were then added and
the solution incubated at 37°C for 35 minutes. Six microliters of solution
containing 43 mM EDTA to stop the reaction and a 1:600 dilution of anti-
phospho-p53 antibody.in 20 mM HEPES pH 7, 50 mM NaCl, and 0.5 mg/ml| BSA
(Antibody Binding Buffer) were added and the SOIution incubated at 37°C for 30
minutes. Six microliters of solution containing 9 nM europium-conjugated anti-
rabbit antibody and 120 nM APC-conjugated anti-GST antibody in Antibody
Binding Buffer were then added and the mixture incubated at rcom temperature
for 1.5 hours. The HTRF signal was read on the Envision reader (PerkinElmer

Life and Analytical Sciences).



rabbit anti body and 120 nM APC- conj ugat ed anti - GST

anti body in Antibody Binding Buffer were then added
wo 80ve/odbd3es M xture incubated at room tenperat ur geRRpifbasisa

1.5 hours. The HTRF signal M@%nread on the Envision

reader (PerkinElner Life and al ytical Sciences).

Hﬂﬂ'&ﬁ@h gshemieal 2S8ANS?/ 051541 54 Results of

bi ochem cal assays:

Exanpl eStruct ureSyst emati c_Nanmel C50 (pM Exanple 1

2- (5, 6-D nmet hoxy- 1050 =

benzoi rni dazol - 1-y1) - 4- phenyl - 0. 107

t hi azol e-5-carboxylic acid Exanple 2

Stru
:xample cture _ Systematic_Name IC50 (uM)
H
O
S.__sN _
2-(5,6-Dimethoxy-
1Example \ 1/ benzoimidazol-1-yl)-4-phenyi- :]015 g7=
O\QL thiazole-5-carboxylic acid :
‘\
N N 2-Benzoimidazol-1-yl-4
: z0l-1-yl-4- _
Example 4 S/k!\l/\ phenyl-thiazole-5-carboxylic 5075—92_

?-\ f“ acid
Q . N/:/’

Example HN \?/ 2-Benzoimidazol-1-yl-4- IC50 =

phenyl-thiazole-5-carboxylic .

S acid amide 7.362

~ories Ay 25 Methykbenzoimidazol-
: o ° et Q -(5- yl-benzoimidazol-1- _
4xamp e g g yl}-4-phenyl-thiazole-5- G50

carboxylic acid 1.554



2- Benzoi m dazol - 1-y1-4- phenyl -t hi azol e-5-car boxylic

acid 1050 = 0.772
WO Péelvds14 hi azol e- 5- carboxylic acid am de

2- Benzoi m dazol - 1-y1-4-
ExapprRrfoornsisa

- 2-(5-Met hyl - benzoi m dazol - 1- k050 =

yl)-4-phenyl -t hi azol e-5- 1.5 carboxylic acid WO

2007/ 096315PCT/ EP2007/ 051541 55 Exanple 5

- Example
5

Example
6

Exampie
7

Exampie

Example
9

, SN,YNF/
; |

i o S
H N, oH ~=
e 6 w7 s?f’"ﬁ
L]
: HC

s, [
WA B
N HO \}’N/
N
)

s, /T
“ . ?{‘[ij\‘ ﬂjr%f“:
o0 Oj

2-(5,6-Dimethyl-
benzoimidazol-1-yl}-4-phenyl-
thiazole-5-carboxylic acid

2-(5,6-Dimethoxy-
benzoimidazol-1-yl}-4-phenyl-
thiazole-5-carboxylic acid
amide

2-(4-Hydroxy-benzoimidazol-
1-yl)-4-phenyl-thiazole-5-
carboxylic acid

1-(5-Carboxy-4-phenyl-
thiazol-2-yl)-1H+-
benzoimidazole-4-carboxylic
acid

2-(8H-5,7-Dioxa-1,3-diaza-
cyclopenta[b]naphthalen-3-yi)-
4-phenyl-thiazole-5-carboxylic
acid

IC50 =
2.487

1C50 =

1.384

IC50 =
2.617



2- (5, 6- Di met hyl -

| 2. 487 thiazol e-5-carboxylic acid Exanple 6

WO 2o eés1$ et hoxy- benzoi m dazol - 1-y1) - 4- phenyj
e-5-carboxylic acid am de 10§$ = 1.384 Exanp
2- (4- Hydr oxy- benzoi m dazol 1-yI') - 4

carboxylic acid 1050 =

Example
10

Example
11

Example
12

Example
13

Example

H

s /T
/ N\é
I

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxylic acid
dimethylamide

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxylic acid
ethylamide

5,6-Dimethoxy-1-[4-phenyl-5-
(1 H-tetrazol-5-yl}-thiazol-2-yl]-
1H-benzoimidazole

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxyiic acid
cyclopropylamide

2-(5-Chloro-benzoimidazol-1-
yl}-4-phenyl-thiazole-5-
carboxylic acid; compound
with 2-(6-chloro-
benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxylic acid

| C50 = benzoi m dazol - 1-y1) - 4-phenv -

F%&%ﬂﬁ;%ﬁm
- phenyl -t hi azol e- 5-

IC50 =
1.385

IC50 =
0.916

1G50 =
3.313



7.473 Exanple 8 1-(5-Carboxy-4-phenyl -
thiazol-2-y1)-1 HI1C50 =

wo bRpaeisfi dazol e- 4- car boxyl i c6. 423 aci d P
2- (8H 5, 7-Di oxa- 1, 3-di azacycl opent a[ b] napht ha
4- phenyl -t hi azol e- g

)- 1050

56 Exanple 10
2- (5, 6-Di net hoxy- benzoi m dazol - 1-y1) - 4- phenyl -t hi azol
e-5-carboxyl i c acid di met hyl2atf-Methagebenzoimidazol-

Example
15

Example
16

Example
17

Example
18

Example
19

S, 5
i

S8

Cl

1-yl}-4-phenyl-thiazole-5-
carboxylic acid; compound
with 2-(6-methoxy-
benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxylic acid

2-(5-Chloro-6-methyi-
benzoimidazol-1-yi)-4-phenyl-
thiazole-5-carboxyiic acid;
compound with 2-(6-chloro-5-
methyl-benzoimidazol-1-yl}-4-
phenyl-thiazole-5-carboxylic
acid

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(3-
fluoro-phenyl)-thiazole-5-
carboxylic acid

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(3,4-
dimethoxy-phenyl)-thiazole-5-
carboxylic acid

4-(3-Chloro-4-fiuoro-phenyl)-
2-(5,6-dimethoxy-
benzoimidazol-1-yl)-thiazole-5-
carboxylic acid

carboxylic 2.617 acid

gf%?%()_ﬂ;lgSlSﬂ

IC50 =
0.226

IC50 =
1.171



1.385 Exanple 11
2- (5, 6- D nmet hoxy-benzoi m dazol - 1-y1) - 4- phenyl -t hi azol

wo S090éaidoxyl i c acid ethylanmide 1050 = 0.916 pEf¥2BWS 051541
12 5, 6-D et hoxy-1-[ 4- phenyﬁS- 1050 =

(1Htetrazol -5-yl1)-thiazol -2
Exanpl e

1H benzoi m

Exampie
20

Example
21

Example
23

Exampie
24

/3
NV PN
! _

7

ol e

S NEN

S
0o

Cl

—C

]- 1.099

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(3-
methoxy-phenyl)-thiazole-5-
carboxylic acid

4-(2-Chloro-phenyl)-2-(5,6-
dimethoxy-benzoimidazol-1-

yl)-thiazole-5-carboxylic acid

~ 4-Benzo[1,3]dioxol-5-yl-2-(5,6-

dimethoxy-benzoimidazol-1-
yl)-thiazole-5-carboxylic acid

4-(3,4-Dichloro-phenyl)-2-(5,6-

dimethoxy-benzoimidazol-1-
yl)-thiazole-5-carboxylic acid

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(3-
isopropyl-phenyl)-thiazole-5-
carboxylic acid

IC50 =
0.127

1C50 =
3.601

IC50 =
0.216



13 2-(5, 6-D net hoxy-

benzoi m dazol -

1-y1) - 4-phenyl - 1050 =

wo bév7asehe- 5- car boxyl i c aci d3. 313 cycl opropyl aﬁb’i‘ﬁ:moomﬂsm

Exarrpl e 14

yl) - 4-phenyl -t hi azol e- 5-

W th

2- (6-chl or
arboxylic aci
2007/ 096345P

Example
25

Example
26

Example
27

Example
28

Example
29

enzoi ni dazol

~~

S
0

HO

2- (5-Cnhl oro-benzgi m dazol -
carboxylic aC|d, compound

050 = 0.72 WO
%\o/l 05154 12-85,6 fiamaphaxyi 5

benzoimidazol-1-yl)-4-
thiophen-3-yl-thiazole-5-
carboxylic acid

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-p-tolyl-
thiazole-5-carboxyiic acid

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-o-tolyl-
thiazole-5-carboxylic acid

2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(4-
methoxy-phenyl)-thiazole-5-
carboxylic acid

4-(2,3-Difluoro-phenyl)-2-(5,6-
dimethoxy-benzoimidazol-1-
yl)-thiazole-5-carboxylic acid

-1-y1) - 4- phenyl -t hi azol e-5-c¢

IC50 =
0.781

IC50
1.618

i

IC50
0.856

IC50 =
0.538



2- (5- Met hoxy- benzoi m dazol 1-yl) - 4- phenyl -t hi azol e- 5-
carboxylic acid; conpound with

WO 200769685 hoxy- benzoi m dazol - 1- y0- 4- phenyl - t hi pglep2d07851541
arboxylic acid 1050 = 0.226 ggxanple 16
2- (5-Cnhl or 0- 6- net hyl - benzoi m dazol - 1-y1) - 4- phenyl -t hi
azol e-5-cg L C acid; conpound with 2-(6-chloro-5-
nmet hyl - beRy i dazol - 1-y1) - 4-
phenyl -t hi azo\e- -carboxyllc acid 1050 = 1.171
Exampl e 18 24/ II/)\rret hwr y2-(5,6- Dimethoxy-

Ipearaplen dazpf™ TR 3- | Obenzmmldazol -1-yl)-4-(2- IC50 =

30 uor o- phegyl ) -t h| e- 5- Ohpd®xgahenylihiazalkis -0 ©.275
carboxyiic acid

Gl

Example Ho s&\"‘ ~ z}-(3-Ch|0ro-pher]yl)~2-(5,6- IC50 =

31 _ dimethoxy-benzoimidazol-1- 0.025
yl)-thiazole-5-carboxylic acid '
2-(5,6-Dimethoxy-

Exa;mple benzoimidazol-1-yl)-4- IC50 =

32 naphthalen-1-yl-thiazole-5- 3.177

carboxylic acid

benzoimidazol-1-yl)-4-pyridin-
33 .
© 3-y-thiazole-5-carboxylic acid ~ +40°

Example oy A L;/\\N 2-(5,6-Dimethoxy- . IC50 =

2-(5,6-Dimethoxy-
A benzoimidazol-1-yf)-4-(3- IC50 =
_ hydroxy-phenyl)-thiazole-5- 0.211
carboxylic acid

N
Example o \
34 ‘s)\



2-(5,6- D nmethoxy- benzoi m dazol-1-y1)-4-(3,4-1050
= di net hoxy- phenyl ) -t hi azol e-5-2. 389 carboxylic acid
WO 2007896 or 0- 4- f | uor o- phenyl ) - 2- (5, 6- di met horyTASSR7/A51541

benzoi m dazol - 1-y1) -t hi azol eg9- 0.087 carboxylic acid

58 2-(5, 6-Di net hoxy- benzoi m dazol -1-y1)-4-(3-1050 =

nmet hoxy. phenyl ) -t hi azol e-5-0. 127 carboxylic acid

3 (ZtSnl org |oheny12]I 2- |(516 2é§l5(§)£11|oro 6-fEu)oﬁro- -

i met hoxy- benzoi m dazo yéhzdiidee) g ylic

aC' d a- Bgﬁ? 3] dg@‘ﬂiﬁ Ythi gzc{lésescarb {ngld c
compound with 2-(6-chloro-5- 255(3)7=
fluoro-benzoimidazol-1-yl)-4- ’
phenyl-thiazole-5-carboxylic

acid
" ™ 4-(3-Chloro-phenyi)-2-(5,6-
Example N dimethoxy-benzoimidazol-1- IC50 =
36 S yl)-thiazole-5-carboxylic acid 0.431
AN amide
- Gl
Q 4 J\ 2-(5,6-Dimethoxy-
Example 6 s -\, benzoimidazol-1-yl)-4-phenyl-  IC50 =
38 == thiazole-5-carboxylic acid 0.606
phenylamide
™0
O~
s, /T
o N. .
Example \ 1{?/ ~ 2-(5.6-Dihydroxy- [C50 =
39 - be_nzo:mldazol-1-yl)-4-phenyi- 5015
Ly thiazole-5-carboxylic acid |
o g i 2-(5,6-Dimethoxy-
Example VNN benzoimidazol-1-yl)-4-(3-vinyl- (G50 =
40 -~/ phenyf)-thiazole-5-carboxylic 0.102

acid

O



0. 125 yl)-thiazol e-5-carboxylic acid

4-(3,4-D chl or o- phenyl)-2-(5,6- 1050 = di :
yl')-thiazol e-5-carboxylic acid 2-(5, 6-Di nethoxy-
benzoi m dazol - 1- })-4-(3-I058 =

i sopropyl - phe -t hi azol e-5-0. 068 carboxylic acid

59 2-(5,6-O¢ Xy- benzoi m dazol - 1-y1)-4-1C50 =

t hi ophen-3-yl -Tthi azol e-5-0. 781 carboxylic acid

Exanpl e N ) 4-(3,5-Dichloro
-(3,5- -phenyl)-2-(5,6- -
Example s/s\r’\\ dimethoxy-benzoimidazol-1- :)ng 6_

41 ~ yl)-thiazole-5-carboxylic acid
0
O
Example oo/ &\ ~ 4—(3-8romo-phen_y_l)—2-(5,6— IC50 -
40 s A dimethoxy-benzoimidazol-1- 0.04 -
HO = yl)-thiazole-5-carboxylic acid )
N

2-(5,6-Dimethoxy-

Example benzoimidazol-1-yf)-4-(3- IC50 =
43 HO == trifluoromethyl-phenyl)- 0.157
thiazole-5-carboxylic acid

4-(3-Chloro-4-triflucromethyl-

Example phenyl})-2-(5,6-dimethoxy- IC50 =
45 benzoimidazol-1-ylf)-thiazole-5- 0.354
carboxylic acid
— S
2-(5,6-Dimethoxy-
Example o [ &\ N benzoimidazol-1-y1)-4-(1- IC50 =
46 s methyl-1H-indol-5-yl)-thiazole- 0.368

5-carboxylic acid



26 2-(5,6-D neth oxy- benzoi
m dazol -1-y1)-4-p-tolyl- thiazol e-5-carboxylic acid

WO b669f9¢319). 657 0- Exanpl e 27 PCT/EP2007/05154
2- (5. 6- Di met hoxy- benzoi mi dazgk- 1-y1) - 4- 0-t ol Y1 - !
t hi azol e- 5 carboxylic acid 1C50 = 1.618 0- Exanple 28

:z 4-(3,4-Difluoro-phenyl)-2-(5,6-
Exam ie . : =
P dimethoxy-benzoimidazol-1- 1)05522

X
%:5 yl)-thiazole-5-carboxylic acid

/“"N
Vs .
. 2-15,6-Bis-(2-methoxy-
Exampie g ethoxy)-benzoimidazol-1-yl}-4- IC50 =
J/ phenyi-thiazole-5-carboxylic 0.819
\ acid

/

2-(5,6-Dimethoxy-
Example / J\ benzoimidazol-1-yl)-4-(3- IC50 =
49 hydroxymethyl-phenyl)- . 1.08

thiazole-5-carboxylic acid

C |
o
) 4-(2,3-Dihydro-
Example &\ PO benzo[1,4]dioxin-6-yl)-2-(5,6-  1C50 =
50 — dimethoxy-benzoimidazol-1- 2.34

yl)-thiazole-5-carboxylic acid

(5,6-Dimethoxy-
Example E\N/\\ benzoimidazol-1-yl)-4-(4-vinyl-  1C50 =
51 _ phenyl)-thiazole-5-carboxylic 2.674
acid



2- (5, 6-D net hoxy- benzoi m dazol -1-y1)-4-(4-1C50 =
nmet hoxy- phenyl ) -t hi azol e-5-0. 856 carboxylic acid O-
wo moowises 29  4- (2, 3-Di fl uoro-phenyl)-2-(5, 6- 38pRp707/051541
di met hoxy- benzoi m dazol -1- 0,538
yl)-thiazol e-5-carboxylic acid 60 2-(5,6- D neth
oxy- benzoi, m dazol -1-y1)-4-(2-1C50 =
hydr oxy- phgny hi azol e-5-0. 275 carboxylic acid

2-(5,8-Dimethoxy-

Example N benzoimidazol-1-yl)-4-(3- IC50 =
52 HO — dimethylcarbamoyl-phenyl)- 8.87
thiazole-5-carboxylic acid
-0 O—
i
Thiophene-2-carboxylic acid
oo J\ N-[4-(3-chloro-phenyl)-2-(5,6- B
sEgampIe T SL f dimethoxy-benzoimidazol-1- :)Cg’fs“
H yl)-thiazole-5-carbonyl]- :
L T hydrazide
S —( o—
ol
4-(3-Chioro-phenyl)-2-(5,6-
Example oA E\ A dimethoxy-benzoimidazol-1- IC50 =
54 N T yl)-thiazole-5-carboxylic acid ~ 0.047
O pyrimidin-4-ylamide
— M
4-(3-Chloro-phenyl)-2-{5,6-
Example © i\ ~ dimethoxy-benzoimidazol-1- 1C50 =
55

UNH - yl)-thiazole-5-carboxylic acid ~ 0.250
(3-methoxy-phenyl)-amide

1
4-(3-Chloro-phenyl)-2-(5,6-
Example oA dimethoxy-benzoimidazol-1--  IC50 =
8
S

A~ _
56 CYNH E_g yl)-thiazole-5-carboxylic acid 0.252

thiazol-2-ylamide

—0Q o—



4- (3- Chl or o- pheny1) - 2- (5, 6- di neth oxy-benzoi
m dazol -1- yl1)-thiazol e-5-carboxylic acid

wo ZeigRoéd) et hoxybenzoi m dazol - 1-y1) - 4- PCT/EP2007/051541

napht hal en- 1/ 1-t hi azol e-5- cgkboxylic acid

2- (5, 6-D nmet hoxy- 1050 =

benzoi m dazol - 1£y1) - 4- pyri di n- 4. 405

3-yl -thiazol carboxylic acid 2-(5, 6-Di net hoxy-

benzoi m dazo yl1l)-4-(3-1050 =

hydr oxy- phenyl ) M hi azol e- 5- #-ZxChtxpiphenyl)e2-656d WO
Rxa7iple96315PETL#P200 7A05 154 dirdthbxpmeheoiffidazol-1-  1C50 =
27 (5- Chl oga- 64f | Gor oy bénzoi pi)daiagblels-ralbokyrbasd - t i.344
azole-S-ﬁgLﬁoxyllc , Co[poum@aybitfyigmiifechl or o- 5-

fl uor o- benzoi m dazol yl)-4-

phenyl -t hi azol e- 5-¢drb lic acid 1050 =

3-Methyl-benzoic acid N-[4-
{3-chloro-phenyf)-2-(5,6-

o 4 ¥ =
E;ample R s)\N’fN dimethoxy-benzoimidazol-1- :)ng 6_
T Q yl)-thiazole-5-carbonyl]- )
D’ko _2><_ hydrazide

2-(5-Methoxy-6-methyl-

©Lﬁ>— benzoimidazol-1-yl)-4-phenyl-
Yy T_Lp—CIh thiazole-5-carboxylic acid;
E;ample @i& w & compound with 2-(6-methoxy- G50 =
i 5-methyl-benzoimidazol-1-yl)-
4-phenyl-thiazole-5-carboxyiic

acid

<l

4-(3-Chloro-phenyl)-2-(5,6-

E oo F N dimethoxy-benzoimidazol-1- _
pample 2~ ylythiazole 5 carboxylic acid o0
o (2-oxo-1,2-dihydro-pyrimidin-4-
N yb)-amide
[&] —0 Cmim

1-yl}-4-phenyl-thiazole-5-
carboxylic acid 4.681

HO S =y ..
Example | />—N /% 2-(7-Hydroxy-benzoimidazol- 1C50 =



1.287 Exanple 36 4- ( 3- Chl or o- phenyl) - 2- (5, 6-
di met hoxy- benzoi m dazol - 1- yl)-thiazol e-5-carboxylic
wo aGi7fdogyis de 1050 = 0.431 Exanple 38
2- (5, 6- D net hoxy-benzoi m daz%I -1-yl1) - 4- phenyrgyﬁ:lp%lﬂzogllﬂﬂﬁl
e-5-carboxylic acid phenylam’de 1C50 = 0.606 Exanple

39
o)

HO S
[0 -
Example . = 2-(5-Methoxy-b¢n20|midazol- IC50 =
62 1-yl}-4-phenyl-thiazole-5- 0.961
carboxylic acid o

2-[5-(2-Methoxy-ethoxy)-

BT ol benzoimidazol-1-yl]-4-phenyl-
Example € " 1 Cﬁf \@ thiazole-5-carboxylic acid; | g

63 ;  compound with 2-[6-(2-

,H ‘ fI methoxy-ethoxy)- 0.526
benzoimidazol-1-yl]-4-phenyl-
thiazole-5-carboxylic acid

Q, OH F ‘\l |
/ Y Y 4-(2-Chioro-pyridin-4-yl)-2
E — - - yl)ter —
omele o - (5,6-dimethoxy-benzoimidazol- 120 =
7 TN e v . 0.075
7 N> 1-yl)-thiazoie-5-carboxylic acid

2-(5-Hydroxy-benzoimidazol-

it e wrees o~ 1-yl)-4-phenyl-thiazole-5-
Example é}f?‘ @ &’} @ carboxylic acid; compound IC50 =
65 o with 2-(6-hydroxy- 0.388
benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxylic acid
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2-(5,6-D hydroxy- 1050 = Obenzoi m dazol - 1-y1) - 4- phenv
- 2.015 H thiazole-5-carboxylic acid Exanple 40

wo2odrme&srs D net hoxy- benzoi m dazol -1-y1)-4-( ECE}EP%IU'OSISM

| 050 = phenyl)-thiazol e-5- ca oxylic 0.102 acl
2007/ 096315PCT/ EP2007/ 051541 "62 Exanpl e 41
4- (3, 5- Di chl or o- plrBgiNicabsynthesjspiotocols:

The following examples illustrate preferred methods for synthesizing the
compounds and formulations of the present inventions. In addition, there may
exist other ways to synthesize these molecules.

Reagents were purchased from Aldrich, Sigma, Maybridge, Advanced
ChemTech, and Lancaster or other suppliers as indicated below and used
without further purification.

The purity of the exemplified compounds was determined by analytical HPLC.
Where the purity of the compound did not exceed 85 percent as judged by UV
absorption at 214 nm, the compound was purified by preparative HPLC. The
conditions for analytical and preparative HPLC are given beiow.

Analvtical HPLC

Analytical HPLC was carried out with a Waters 600 L.C pump and Supelco
Discovery C18 column (5 um, 50 mm x 4.6 mm). Mobile phases A {0.1% formic
acid in water) and B (0.1% formic acid in acetonitrile) were used in a gradient of _
©% B rising to 98% B after 5 mins, held for 4 min at a fiow rate of 2 mi/min.
Photo-diode array (PDA) detection was by a Waters 996 Photodiode Array
Detector, range 210-400 nm UV and ELS detection with a Polymer Laboratories
PL-ELS 1000 (Nitrogen flow rate 1.3 L/min. Nebulizer temp. 80°C, Evap.
temp.110°C). The Mass spectrometer was a Micromass ZQ operating in

electrospray ionization mode.

Preparative HPL.C

Compounds were purified by HPLC Method A unless otherwise indicated.

~ Method A:

Samples that required purification were purified with a Waters mass-directed
purification system utilizing a Waters 600 LC pump, Waters Xterra C18 column
(5 um, 18 mm x 50 mm) and Micromass ZQ mass spectrometer, operating in
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di met hoxy- benzoi m dazol -1- 0. 066
yl)-thiazol e-5-carboxylic acid

WO f(me,ag@igprm- phenyl)-2-(5,6- di methoxy-benzoi PCT/EP2007/051541

m dazol -1- yl)-thi azol e-5-cggboxyli c acid
Exanpl e 46 2-(5, 6- D net hoxy- " benzoi . o
Po§IHe DInglegtigspray jonization mode. Mobile phases A (0.1% formic acid in

wiRiha B1d M3brmicadid iR A84BRARS RRHY Liba i hbrddiaRt 3o B to
30% B over 7 mins, held for 1 min, at a flow rate of 20 mL/min. Gradients in
which formic acid was substituted with trifluoroacetic acid are also possible;

gradients without use of acid modifiers are also possible.

Method B:

Purification was also carried out using a Gilson 215 liquid handier, Gilson 819
inject module, Gilson 322 pumps and Gilson UV/VIS-155 detector sysiem with a
YMC-Pack ODS-A AA-12811-L530WT SH-36605-10P 75x30 |.D. S-10 pm, 12
mm column. The mobile phase used was acetonitrile and pure water.

Preparation of Intermediates

Intermediates prepared for Example 1, 2 and subsequent examples
2-Chloro-4-phenylthiazole-5-carboxylic acid ethyl ester
o cl
N7 8

s

O\_/
O

2-Chloro-4-phenylthiazole-5-carboxylic acid ethyl ester (12,71g, yield 78%) was
prepared from 2-amino-4-phenyithiazoie-5-carboxylic acid ethyl ester (15.21g,
61.25 mmol.) (Lancaster) by reaction with 1.1 equivalents of CuCl; and 1.1. eq.
of fert-butyl nitrite in 80 mL of acetonitrile stirred at refiux for 20 min. At this fime,
the acetonitrile was removed; the residue was diluted with ~100 mL of ethyl
acetate and washed with 30 mL of 3N aqueous hydrochloric acid followed by a
water wash. The ethyl acetate layer was dried over MgSQ,, filtered and then
concentrated in vacuo. The crude product was purified on an ISCO silica gel
flash column eluting with 5 to 30% E1OAc in hexane to yield the product in 78%
yield. "H-NMR (300 MHz, CDCl3) 7.77(m, 2H); 7.41(m, 3H); 4.26(q, J=Hz, 2H);
1.23(t, J=Hz, 3H). MS M/z 268(M+1)

Intermediates prepared for Exampie 1, 2 and subsequent examples
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63 Exanple 47 4-(3,4-D fluoro-phenyl)-2-(5,6- 1050 =
di met hoxy-benzoi m dazol-1- 0.542

woydo)mgdghg;\zol e-5-carboxylic acid HO Exanple ﬂ@T/EP2007/051541
2-[5, 6-Bi s-(2-net hoxyet hoxy) xRenzoi m dazol - -4-

eny| -t hi azol e- 5- carboxyli c0Q. 819 aC|d HO
2-(2 g-Dlmeﬁ oxybenzoimidazol- 1-yI)-4-pl¥enylthlazoIe-5—carboxy||c acid

( 0
O j:[ S/>—N/::N
N i:
O
O\ !

5, 6-Dimethoxybenzimidazole (470 mg, 2.64 mmol) was added to a suspension
of NaH (60% in mineral oil, 112 mg, 2.8 mmol) in NMP (5 ml) at <5 °C. The
mixture was stirred for 20 min, then a solution of 2-chioro-4-phenylthiazole-5-
carboxylic acid ethyi ester (589 mg, 2.2 mmol) in NMP (1.5 mf) was added over
2-3 min. The mixture was stirred 2.5 hrs at RT. Water (15 ml) was added and
stirred for 20 min. Solid was collected by filtration to provide the product 2-(5, 6-

ethyl ester

dimethoxy-benzoimidazol-1-yl)-4-phenylthiazoie-5-carboxylic acid ethyl ester
(753 mg. Yield 84%). "H-NMR (300 MHz, CDCI3) 8.44(s, 1H); 7.87-7.90(m,
2H); 7.72(2,1H); 7.44-7.49(m, 3H); 7.30(s, 1H); 4.32(q, J=Hz, 2H); 3.98(s, 3H);
3.97(s, 3H); 1.33(t, J=Hz, 3H). MS M/z 410( M+1).

Intermediate prepared for Example 2:
2-(Benzoimidazol-1-yl)-4-phenylithiazole-5-carboxylic acid ethyl ester

N =
(>
S

A mixiure of 2-chloro-4-phenyithiazole-5-carboxylic acid ethyl ester (134 mg, 0.5
mmaol), benzimidazole (Aldrich) (73.8 mg, 0.625mmol) and LIN(TMS). (1N
tetrahydrofuran solution, 0.63 ml} in tetrahydrofuran (2 ml) was heated in a
micro-wave oven at 120 °C for 30 min. Water (3 ml) was added and the mixture
was filtered, washed with water and ethyl acetate, dried in air flow to give 2-
(benzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid ethyl ester (108 mg;

61 %). The aqueous solution was concentrated to remove tetrahydrofuran and
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2-(5,6-D nethoxy-
Exanpl eO\ benzoi m dazol -1-y1)-4-(3-1C50 =

wo 4896axyet hyl - phenyl ) -1. 08 HO t hi azol e- 5- C%J@&Mdolﬁamsﬂ

aC|d -0 o- 4- (2, 3-Di hydrobe on[l 4] cli oxi
(5,6- di neth oxy- Denzoi m dazol -
e*tfgpcggq, M@thgatagrq;@@tﬁt@ rg@qa\dar andditional amount of the product

ISR O SR, ATy
3d); r%sﬁyﬂ BRaabbly) 4. pAdayLH):8..87 (1, BHIZ MS NGz caaot(mqw)u c

General methods for the preparation of substituted benzimidazoles useful
for synthesizing compounds of the invention may be found in J Med. Chem.
2000, 43, 4084-4097; Synthetic Comm. 1998, 28, 4137-4142; J. Med.. Chem.
1987, 30, 2216-2221; and J. Org. Chem. 1985, 50, 2205-2210.

General procedure for benzimidazoles:

Diaminobenzenes were either commercially available or were prepared from o-
dinitrobenzenes or o-nitro-anilines by catalytic hydrogenation with 5% palladium
on carbon in methanol or ethyl acetate under atmospheric pressure of hydrogen
gas at room temperature. The reaction was monitored for completion which
usually requires several hours to overnight reaction. Upon completion, the
reaction mixture is filtered and washed through Celite. The filtrate is
concentrated in vacuo to give the o-diaminobenzene. The ortho-
diaminobenzene was then stirred at reffux in formic acid for 1-2 hrs. After
removal of formic acid in vacuo, the residue was diluted with water and
neutralized with 15% NaOH to approxnmate!y pH 8. The solrd was filtered and

washed with water and dried in air.

5,6-Dimethoxy-1H-benzoimidazole

/=N
N

-0

5,6-Dimethoxy-1H-benzoimidazole (2.57 g, 14.9 mmol, yield 60%) was prepared
from 4,5-dimethoxy-1, 2-dinitrobenzene (5.68 g, 24.9 mmol) according to the
general procedure for benzimidazoles above. 1H-NMR (CDCI3) 10.41 (s, 1H);
7.95 (s, 1H); 7.06 (s, 2H); 3.90 (s, 6H). MS M/z 179 (M+1).

5,6-Dichioro-1H-benzoimidazole
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Thi ophene- 2- car boxylic acid
N44- ( 3- chl or o- phenyl) - 2- (5, 6-

wo doTRb{3exy- benzoi m dazol - 1- y1)-thi azol e-5- Ca{*@’?/ﬁi‘ﬂdﬂ?/omsu

hydr azi de Exanpl e 55 71
4- ( 3- Chl or o- phenyl) - 2- (5, 6-

di net hoxy- benzoi m dazol - 1-
acid (3-nethoxy-pheny|)-aM
56 4- ( 3- Chl or o- phenyl ) - 2- r- di net hoxy-benzo
m dazol - 1- y1)-thiazol e-5-caboxylic acid '

t hi azol - 2-yl ami de 1050 = 0.252 C

N -t hi azol e- 5-car boxylic
1050 = 0.250 Example

5,6-Dichloro-1H-benzoimidazole (6.06 g, 0.324 mol, yield 100%) from 1,2-
diamino-4,5-dichlorobenzene (5.73g, 0.324 mol) according to the general
procedure for benzimidazoles above. 1H-NMR (DMSO-D86) 8.30 (s, 1H); 7.83 (s,
2H). MS M/z 188. (M+1).

5-Methoxy-1H-benzoimidazole

~0

5-Methoxy-1H-benzoimidazole (7.5 g, 50.4 mmol, yield 95%) was prepared from
1,2-diamino-4-methoxybenzene dihydrochloride (11.2 g, 53,3 mmol) according to
the general procedure for benzimidazoles above. 1H-NMR (DMSO-D6) 8.14 (s,

1H); 7.46 (d, 1H); 7.08 (s, 1H); 6.82 (d, 1H); 3.79 (s, 3H). MSM/z 149. (M+1).

3H-Imidazo[4,5-flquinoline

3H-Imidazo[4,5-flquinoline was prepared from quinoline-5,6-diamine according to
the general procedure for benzimidazoles above. 1H-NMR (CDCI3) 8.87-9.30 (m,
2H); 8.19 (s, 1H); 7.94 (s, 2H); 7.50 (g, 1H). MS M/z 170 (M+1).

4-Hydroxy-1 H-benzoimidazole



WO 2007/ 096315PCT/ EP2007/ 051541 65 Exanpl e 57
4- ( 3- Chl or o- phenyl) - 2- (5, 6-

wo 9007RbE3eXY - benzoi m dazol - 1- yl)-thi azol e- 5- Caf*@?fﬁﬂdog/gmsu
acid [1,2,41triazol -4-yl am dg,|1 C50 = 0. 344 Exanpl e ‘
3- Met hyl - benzoic acid /V-[ 4-
(3-chl oro-phenyl)-2- (5, 6- d'hl/ﬁm hoxy- benzoi
I

m dazol -1- yl)-thi azol e-5- m nyl k hydrazi de 1C50
= 0. 586
2- (5- Met hoxy- 6- et hyl - benidOf zol - 1-y1) - 4-phenyl -th

i azol e-5-carboxylic acid; conpound with
2- (6- net hoxy5- net hyl - benzoi m dazol -1-y1) -

. -t hi - 5- | i id - :
4ﬂ4f£89))’-'1 Ht-l:?éna}zzo?rln?eda?zo ea‘%ggx e;';a‘freg%om 2,3-dinitrophenol according to
the general procedure for benzimidazoles above. MS M/z 135 (M+1).

6-Chloro-5-methyl-1H-benzoimidazole

/=
N N

Cl

6-Chloro-5-methyl-1H-benzoimidazole was prepared from 5-chloro-4-methyi-2-
10  nitroaniline according to the general procedure for benzimidazoles above. 1H-

NMR(CDCI3) 8.23 (s, 1H); 7.64 (s, 1HO; 7.56 (s, 1H); 4.40 (s, SH). MS M/z 167

(M-+1). |

1H-Benzoimidazole-4-carboxylic acid methyl ester

=N

@/{(O
!

15
1H-Benzoimidazole-4-carboxylic acid methyl ester was prepared from 2-amino-3-
nitrobenzoic acid methyl ester according to the general procedure for
benzimidazoles above. M/z 177 (M+1).

20

1,8-Dihydro-5,7-dioxa-1,3-diaza-cyclopentafb]naphthalene
N 0
¢TI
N 0
H

1,8-Dihydro-5,7-dioxa-1,3-diaza-cyciopenta[bjnaphthalene was prepared by
25 nitration of the commercially available 4,5-dihydro-1,3-benzodioxine-6-amine
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2- (7- Hydr oxy- benzoi m dazol 1-y1) - 4- phenyl -t hi azol e- 5-

wo Sibldysyd i ¢ acid 1C50 = 4.681 66 Exanple 62 permp2007/051541

2- (5- Met hoxy- benzoi m dazol - L£50 =
followed by treatment with reaction conditions described in the general

procedure for benzimidazoles above.

General procedure used for the formation of amides from 2-benzoimidazol-
1-yl-4-phenyl-thiazole-5-carboxylic acids esters
2-(Benzoimidazol-1-yl})-4-phenylthiazole-5-carboxylic acid ethyl esters in alcohol
or water solution of an amine was heated in a sealed tube at 85-130 °C for 2-5
hrs. The product was precipitated by adding water to the mixture and dried in air,
or purified by preparative HPLC if the reaction contains numerous side products.

Preparation of intermediates for Example 26 and related analogs
2,4-Dibromo-thiazole-5-carbaldehyde

To a mixture of 2,4-thiazolidinedione (technical grade, 90%; 19.1g, 147 mmol)
and POBr; (210 g, 734 mmol) at 0 °C was added dropwise dimethylformamide
(12.5 ml, 161.5 mmol). The resulting solid was heated to 105 °C for 8 hrs. The

- dark oil solidified upon cooling. A large amount of ice was added to quench the

excess POBrs. The precipitate was filtered and the filtrate was extracted with 3 x
200 ml CH2Cl>. The combined organics were washed with 50 ml saturated
NaHCO; and 100 ml bring, dried with MgSO, and concenirated in vacuo to afford
a brown solid. The crude was purified by flash chromatography with 0 to 5%
ethyl acetate / Hexanes to afford 2,4-dibromo-thiazole-5-carbaldehyde (14.8 g,
37%) as a yellow solid. 'H NMR (300 MHz, CDCls) 9.89 (s, 1H).
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1-yl)-4-phenyl -thi azol e-5- 0.261 carboxylic acid
Exanpl e 63 2-[5-(2- Met hoxy- et hoxy) -

Wom%%;;qrg dazol - 1-y1] - 4- phenyl t hi azol e- 5- car boi;@Jf,iEi;mmmSlsﬂ

acid; conpound with 2-[6-(2- -gethoxy-ethoxy)-
ben20| m dazol - 1-y1] - 4- phenyl t hi azol e- 5- car boxyl i c
acid | G50 = 0.526 Exanple 64

2,? ﬁ%l@ﬂl Fra0)] g'&lrﬁcﬁﬁghé cid

oxy en20| m dazol-"1C50 = 0' 075
1-yl)-thi azol e-5-carboxylic acid Exanpl e

/ N
S»\Br

Solid potassium permanganate (2.19 g, 13.85 mmol) was added portionwise to a
hot suspension of 2,4-dibromo-thiazole-5-carbaidehyde (2.5 g, .23 mmol) in
water (20 ml}. The progress of the reaction was monitored by HPLC. More
potassium permanganate was added until all of the aldehyde was consumed.
The dark suspension was filtered while hot. The filirate was cooled and acidified
with conc. hydrochloric acid to pH=2 to 3. The resulting precipitate was filtered
off to afford a white solid as the desired product. The filtrate was lyophiiized and
methanol was added to dissolve the remaining acid product. The suspension
was filiered and the filtrate was concentrated in vacuo. Two crops were
combined to give 2,4-dibromo-thiazole-5-carboxylic acid 1.8 g (68%). 'H NMR
(300 MHz, DMSO-dg) & 11.87 (s, 1H).

2,4-Dibromo-thiazole-5-carboxylic acid méthyl ester

| R
S)\Br
@)

A solution of 2,4-dibromo-thiazote-5-carboxylic acid (1.7 g, 5.92 mmol) in
methanol (20 ml) was treated with N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide (820 mg, 5.92 mmol). The mixture was stirred at ambient
temperature overnight. The solvent was evaporated and water (30 ml) was
added. The mixiure was then extracted with 3 x 30 ml of EtOAc. The combined
organics were washed with brine, dried with MgSQ, and concentirated in vacuo.
The crude was purified by flash chromatography (0 to 5% EtOAc/Hexanes) to
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65
2- (5- Hydr oxy- benzoi m dazol 1-yl) - 4- phenyl -t hi azol e- 5-
womm%yg i c acid; conpound vvi th
2- (6- hydr oxy- benzoi m dazol - gl) 4- phenyl -t hf"é’?gf'z‘”%’“m‘“

car boxylic acid 1050 = O. 388

aheye2.6debispe-thiarolsoT-carmyiic ewctmethy& aptesyhdrths76%) as a
| s ust rate

Wg{té)%glr??edH “'Y'F@Obﬁ‘("jlﬂ%yﬁ'%éﬁg}g@g ﬁiél ‘conpounds and

for mul atl ons of the present inventions. |In addi t| on,

ere exl st otner ways to_synt hesi ze thes
Omons -ﬂé@@&m’gv\%@nsoyﬁlda@&éuv htmazmevﬁfrqmboxvhc acid

mgxt Stypybrldge Advanced CheniTech, and Lancaster or
ot her suppliers as indicated bel ow and used wi t hout
further purification. 10 The purity of the
exenplified corrpounds s determ ned by anal yti cal
HPLC. Where the puri he conpound did not exceed
85 percent as judgeé{ by /U\ﬁabs rption at 214 nm the
conmpound was purifie 30)‘611)&%3&” ve HPLC. The
conditions for anal yy cal and}pteparati ve HPLC are

gi ven bel ow. 15 Anal yti cal H alytical HPLC was
carried out with a Waters 600 punp and Supel co
Di scovery C18 colum (5 pm_g0 myx 4.6 nm. Mbile
phases A (0.1%formc 20 acid irywater) and B (0.1%
formc acid in acetonitrile) were used in a gradient
of 5% B rising to 98% B after 5 mns, held for 4 mn

T Dottt e ot TGS B8 pmo) in 1-methyl-
°- B?Fréﬁdlﬁbne'(ﬁﬁ‘ﬁﬁ aﬂ@%%ﬁa&% RAA (%?5}06 %Féubnglrhoﬂvg i, 8.475

rrer Labor at ories PL-ELS 1000 gen
mﬁ@d)e fir gad evolukduhad stopped, 2,480 romethia’ie-5-carboxylic acid

m%tgugfg%ﬁ%fag? g—.\e@%/?qrgg@peaé%ﬁcg e‘fh%ﬁe i CrIu{m n was%nrred at
ambient temperature for 1 hr. 50 ml water was added. The suspension was
stirred for 10 min and filtered to afford 4-bromo-2-(5,6-dimethoxy-benzoimidazol-
1-yl)-thiazole-5-carboxylic acid methyl ester (1.6 g, 73%) as a light brown solid.
"H NMR (300 MHz, CDCls) & 3.96 (s, 3H), 3.98 (s, 3H), 4.03 (s, 3H), 7.32.(s, 1H),
7.58 (s, 1H), 8.39 (s, 1H). |
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Preparative HPLC Conpounds were purified by HPLC
Met hod A unl ess otherw se indicated. 30 Method A:

WO SRde3ss t hat required purification were puripégsipdotbsisa

a Waters mass-directed puri fi7§<ati on systemutilizing
a Waters 600 LC punp, Waters Xterra C18 colum (5 pm
19 mMm x 50 mm) and M cronmass ZQ nmass spectroneter,
operating in WO 2007/ 09¢3d&fpl/Eg’2007/ 051541 68
positive ion electrospray Ionization node. Mbile
phases A (0.1%formc acid in water) and B (0.1%
formc acid in acetonitri e%@v\gers used in a gradient;
5% B to 30% B over 7 mins-Xff@PLfor 1 nmin, at a flow
2.(8} 6-DimetRoRYbéhZointidadh R iiyl)- A phdnyhid 251815 c 3 sk WRSacid
substituted With trifluoroacetic acid are al so
possi bl e; 5gradients withgut use of acid nodifiers
are al so possible. MHoed\Bg Purjification was al so
carried out using a Gl son|| 2»s-Ni dii d handler, Glson
819 inject nodule, G i and G |son
. UYNI S- 155 detector s YMC- Pack ODS- A
e 5-10 rim 12
mm col umm. The nobil e phase usedyvas/facetonitril e and
pure water. Preparation of | nt er medi ates 15
I nternmedi ates prepared for Exanple 1,2 and subsequent
exanpl es 2- Chl or o- 4- phenyl t hi azol e- 5-carboxylic acid
265 6rDiresthexxybibnddmidégzol- 1 -yl)-4-phenylthiazole-5-carboxylic acid ethyl
ester (180 mg, 0.44 mmol) was suspended in THF (4 ml), NaOH (15%, 1.5 ml)
and water (2 mi) and the mixture was stirred at 40-50 °C for 3 hrs. After THF

was removed, the residue was extracted with ethyl acetate (2 x 2 mL). The

aqueous was then neutralized with 3N HCI to pH=3. The solid was collected by

filtration and was washed with water, dried in airflow to give 2-(5, 6-

Dimethoxybenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid (147 mg, 0.38
mmol, 88%). 1H-NMR (DMSC-D6) 8.74 (s, 1H); 7.80 (s, 1H); 7.57-7.63 (m, 2H);
7.40-7.56 (m, 3H); 7.38 (s, 1H); 3.83 (d, 6H). MS M/z 382 (M+1).

Example 2
2-(Benzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid

N~
(>N
% O
OH

2-(Benzoimidazol-1-yl)-4-pheny-lthiazole-5-carboxylic acid ethyl ester was
hydrolyzed in a similar manner as Example 1 fo produce 2-(benzoimidazol-1-yl)-
4-phenylthiazole-5-carboxylic acid. MS M/z 322 (M+1).
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2- Chl or o- 4- phenyl t hi azol e-5-carboxylic acid ethyl
ester (12,71g, yield 78% was 20prepared from

wO 2002804395 4- phenyl t hi azol e- 5- car boxyl i c acid ei’bWE_PZODWﬂS_ISﬂ

ester (15.21g, 61.25 nmol.) gkancaster) by reaction
with 1.1 equivalents of CuOl2 and 1.1. eq. of
tert-butyl nitrite in 80 nL of acetonitrile stirred
at reflux for 20 mn. At j hbAe, the acetonitrile
was renoved; the residue Eg%ﬁgi’h%gfed with -100 niL of
2-denzoimidazolel-yhd-phamyldhiazdie-Socarboxdyligcid amige
hydrochloric acid foll owed by a 25 water wash. The
ethyl acetate | ayer ied over \gsHA, filtered
and then concentrated acyo. The crude product was
purified on an I SCO silTca %‘w’ﬁ col um el uting
wth 5 to 30% EtOAc in tozykel d the product in
78% yield. 1H NMR (300 77(m 2H);
7.41(m 3H); 4.26(q, J=HAH2H); IN23(t, J=Hz, 3H). M5
Mz 268(M+l) 30 WO 2007/096315PCT/ EP2007/ 051541 69

2- (5,
zg%%;ﬁﬁéiﬁgg%{ IgF-gF%%Heg%gﬁéfcgg—?-éébg;&ﬁ WG 88 i prépared
frém2-Behhoxbgrat 1ydazmlay thidk o} 5-chrbdxyiecid BaHl ester (75 mg,
added to a suspension of NaH (60%in mneral oil, 112
0.4d, Moo aRebanmaniWoyasoxife agidessribed ahevaiikthe gengrel amide
. Lt | . . o
foffnafipProciasS, PirfparalER i wiinffluoacatc aag, gy ma. 10%
yieklt eédS(M&B2mg(M212 nmmol ) in NWP (1.5 m) was added
over 2-3 min. The mxture was stirred 2.5 hrs at RT.
Water (15 m) was added and 10stirred for 20 mn.
Solid was col |l ected by fil*_’iérﬁbié)ﬁ! to provide the
product 2-(5, 6-
2-{H-iathylberizeimitdazaleiyi)-A-phenyRhizzekg5: tarkooiyticacid @nd 2-(6-
[ cld eth er, (753 .mo.. Yield 849 . 1H NWR
MELbEREIrdigBL Sl 1y AinerlifhidZole s Saboxyfic agid
7/12(2,1H); 7.44-7.49(m 3H); 7.30(s, 1H); 4.32(q,
J=Hz, 2H); 3.98(s, 3H); 3.97(s, 3H); 1.33(t, J=-Hz,
3H. MS Mz 410( M+t1l). 15 Internedfate prepared for

Exanpl e 2: . S ~
2- (Benzoi ni &&%ol |1§/y_’l.)q-/2\r1\bhenyl PRI a2 9)-—5!\1& boxylic
N N

acid ethyl ester Q i

2-(5-Methylbenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid and 2-(6-

Methylbenzoimidazol-1 4yl)-4-phenyithiazole—S-carboxyIic acid was prepared in a
similar manner as that for Example 1 starting with the reaction of 5-
methylbenzoimidazole (Aidrich) and 2—Ch[oro~4-phenylthiazolé-S-carboxyiic acid
ethyl ester. 1TH-NMR (DMSO-D6) 8.90 (d, 1H); 8.18-8.24 (m, 2H); 8.12 (d, 1/2H);
8.00 (s, 1/2H); 7.69 (d, 1/2H); 7.60 (s, 1/2H); 7.31-7.43 (m, 3H); 7.18-7.26 (m,
1H); 2.46 (d, 3H). MS M/z 336 (M+1).
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20A m xture of 2-chl oro-4-phenylthiazol e-5-carboxylic
acid ethyl ester (134 ng, 0.5 mmol ), benzi m dazol e

wo bddh@bdzed) (73.8 ng, 0.625mmol ) and LIN( TMS) 2p&dhdp2007/051541

tetrahydrofuran solution, 0.68 nl) in tetrahydrofuran
(2 M) was heated in a mcro-wave oven at 120 C for
30 mn. Water (3 m) was added and the m xture was
filtered, washed with wat ﬁ'lrb‘ie t hyl acetate, dried
inair flowto give 2- Fka s
2%56-Bimethyilbenzdinidazpl-1-yiRéphanylthiazeles5-carboxylic acid
acid ethyl ester (108 ng, 61 % . The aqueous sol ution
was concentrated to renofe tetrahydrofuran and WO
2007/ 096315PCT/ EP2007(6 B 70 &hgn extracted with
ethyl acetate to recover a Mtl nal anount of the
product (100 ngy, 75% CDCl 3) 8. 84(s,
1H); 8.16 (d, 1H); 7. ; 7.39-7.58 (m
5H); 4.37 (q, 2H); 1. z 350 (M+l). 5
General nethods for the preparatl on of substituted
benzi m dazol es useful for synthesizing conpounds of
the invention may be found in J Med. Chem 2000, 43,
245 84Dty lbBpndingtazolCoping- 119ar8;Itholet baZ&rBdxic atid was

phéBgied oA Sl ot 22*@@?@%&1@‘&%@@9@9 ith the reaction of
5,8 Fichy] %ﬁﬁﬁ.a&@ﬁﬁe@e@ﬁ%aw datéfa -5-carboxylic acid

commer ci al avai | e or were
etbyi ester. obHﬁ‘iMﬁ%ﬁ@l\dﬁOdD&) 882 é?nHIH nEsSSt(\;s d:blt aZ §247c92 (m, 2H);

7 B e P e Ak Zon T AT P LRl g R 80 hae)

hydrogen gas at roomtenperature. The reaction was
nmoni tored for conpletion which 15usually requires
several hours to overni gHexample Bon. Upon conpl eti on,

L e e AN R SR e

amide o- di am nobenzene. The ort hodi am nobenzene was
then stirred at reflux in.formc acid for 1-2 hrs.
After renoval of formc gcid in vacuo, the residue
was diluted wth wat gd,Namd-B) newmtyalized with 15%
NaOH t o approxi mately pH 3 80—The polid was filtered
and washed w th wat er.Zag” dN ed ir.
5, 6- Di met hoxy- 1H ben dazol e

O

O\I

2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid amide
was prepared from 2-(5,6-Dimethoxy-benzoimidazol- 1-yl)-4-phenyl-thiazole-5-
carboxylic acid ethyl ester (80mg, 0.20 mmol) and ammonia in ethanol (29 molar)
as described above in the general amide formation procedure. The product was
isolated by preparative HPCL: 7.7 mg, 36% yield. 1H-NMR (DMSO-D6) 8.78 (s,
1H); 7.80-7.90 (m, 4H); 7.789s, 1H); 7.40-7.55 (m, 3H); 7.38 (s, 1H); 3.84 (s,

3H): 3.83 (s, 3H). MS M/z 381 (M+1).
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5, 6- D net hoxy- 1H benzoi m dazole (2.57 g, 14.9 mmol,
yield 60% was prepared from 4, 5-di net hoxy-1,

wo Dodhdsiy obenzene (5.68 g, 24.9 mmol) accor di pgrkmebes1s41

general procedure for benzi gazol es above. 1H NWMR

(CDCl 3) 10.41 (s, 1H); 7. 95nr? 7.06 (s, 2H);

3.90 (s, 6H. MS Mz 179 (M+l). 30

5,6-Di chl oro-111- benzoi m%&

2007/ 096315PCT/ EP2007/ 051 ﬁe KIAM
2-$4-Hyﬂrob(yebmzurhbéazdi-wljat-ﬂhen@ﬁ-tiﬁiﬁzgle-5-c’éiuonp|||c acid and 2-

i bt o Do i 4B s

procedure fop benzi m dazol es above H NI\/R (DI\/BO D6)

8.30 (s, 1] 7.83 (s, 2H. W6 Mz 1 (lvm)

5- Met hoxy-HH- B adzole 10 o '
5- Met hoxy- 1H bén 0| ole (7.5 g, 50. I42‘n'rt§ yi el d
95% was pfepared fr i ani no Noxy ene
di hydr ochl de (11. 53 3 mmol coruh t he

general procedure for benzi m dazol above. 1H NWR
(DVMSO-D6) 8.14 (s, 1H); 7.46 (d, 1H); 7.08 (s, 1H);
6.82 (d, 1H; 3.79 (s, 3H). M5 Mz 149. (M1). 15

2-BAIHyE Q87 BE Az ol A BUI A Y 1§-AEhenyi-thiazole-5-carboxylic acid and 2-(7-

hydroxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid were prepared

in a similar manner as that for Example 1 starting with the reaction of 4-Hydroxy-
benzoimidazole and 2-Chloro-4-phenylthiazole-5-carboxylic acid ethyl ester. 1H-
NMR (DMSO-D6) 8.84 (s, 1H); 7.86-7.92 (m, 2H); 7.66 (d, 1H); 7.42-7.52 (m,
3H); 7.27 (t, 1H); 6.80 (d, 1H).. MS M/z 338 (M+1).

- Example 8
1-(5-Carboxy-4-phenyl-thiazol-2-yl)-1H-benzoimidazole-4-carboxylic acid
and 3- (5-carboxy—4—phenyl-thlazol 2-yl)-3H- benzcumldazole-4-carboxy!|c
acid '

1-(5-Carboxy-4-phenyl-thiazol-2-yl)-1H-benzsoimidazole-4-carboxylic acid and 3-
(5-carboxy-4-phenyl-thiazol-2-yl}-3H-benzoimidazole-4-carboxylic acid were
prepared in a similar manner as that for Example 1 starting with the reaction of 5-
Carboxy-4-phenyl-thiazol-2-yl}-1H-benzoimidazole and 2-Chioro-4-
phenylthiazole-5-carboxylic acid ethyl ester. 1H-NMR (DMSO-D6) 9.20 (d, 1H);
8.84 (s, 1/2H); 8.32 (dd, 1-1/2H); 8.60 (dd, 1H); 7.82-7.92 (m, 2H); 7.48-7.55 (m,
3H). MS M/z 366 (M+1).
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3H 1 m dazo[ 4, 5-fi qui nol i ne was prepared from
gui nol i ne-5, 6-di am ne according to 20 the general
woO piooesddus € for benzi m dazol es above. 1H NVR (f&6EBlo07/051541

8.87-9.30 (m 2H); 8.19 (s, gh): 7.94(s, 2H); 7.50

(g, 1H. M5 Mz 170 (Mtl)

4- Hydr oxy- 1H benzoi ni dazoFXample 9

¥ L -3-y1)-4- -thi -

2R IR ASERL IS haptthlen 1) phonyiazoe
Stgarboyylit acichandr2i(8Hy5t b Didxa-g dhdiaga-eyclopentajbjnaphthalen-1-

_ zi m ol e Qve. z. 135 (l\/H-l) 5
V'g'?‘ncﬂ*‘%Pg‘?@"-' S'ﬁx'a/'l?' cfﬁpwgyﬁ%?ﬁlfjdazol e

6- Chl or o- 5- met Ryl - 1H benzoi m dazole vvas prepared from
5-chl oro-4-netjyl-2- 10nitroanil i cording to the
general prosedute-$.or .benm m daZ9l e ‘5;9; .

NMR( CDC13) 8. 23 ;
4.40 (s, 3
1H Benzoi m gl e-4-ca
prepared fro '
ester according to the ral procedure fo
benzi m dazol es above. I\/!z 177 (Mm+l). 20

2-(8H-5,7-Dioxa-1,3-diaza-cyciopentalb]naphthalen-3-yl)-4-phenyl-thiazole-5-
carboxyiic acid and 2-(8H-5,7-Dioxa-1,3-diaza-cyclopenta[b]naphthalen-1-yl)-4-
phenyl-thiazole-5-carboxylic acid were prepared in a similar manner as that for
Example 1 starting with the reaction of 8H-5,7-Dioxa-1,3-diaza-
cyclopenta[bjnaphthalene and 2-Chioro-4-phenylthiazole-5-carboxylic acid ethyl
ester. MS M/z 380 (M+1). '

Example 10 7
2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid
dimethylamide ' '

2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxyiic acid
dimethylamide was prepared from 2-(5,6-Dimethoxy-benzoimidazol-1-yl}-4-
phenyl-thiazole-5-carboxylic acid ethyl ester (48.8mg, 0.12 mmol) and dimethyl
amine in methanol (2 molar) as described above in the general amide formation
procedure. Product was isolated by preparative HPLC:15 mg, 30%. 1H NMR
(400 MHz, DMSO-ds) © ppm 8.81 (s, 1 H); 7.84 (s, 1 H); 7.73-7.79 (m, 2H); 7.44-
7.59 (m, 3 H); 7.40 (s, 1 H); 3.91 (s, 3 H, NCHz), 3.86 (s, 3 H); 3.01 (5, 3 H); 2.74
(s, 3 H). MS M/z 409 (M+1).
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1, 8- D hydro-5, 7-di oxa- 1, 3-di aza- cycl opent a[ b] napht hal
ene WD 2007/ 096315PCT/ EP2007/ 051541 73 fol |l oned by

wo bdogesdzent wWith reaction conditions descri bedpifiEpi@7/051541

general procedure for benzinggazol es above. Cenera

procedure used for the formation of am des from

2- benzoi m dazol -

1-y1-4- phenyl-thlazole ngﬁﬁﬁemyL 4C acids esters

2- (Benzoi m dazol -1-y1) - 4- phenyl t hi azol e- 5- car boxylic
245j6dDnethoxysbenzoimidaizobigil)-4tphentydthiazbie-5ecarbbxylic acid

m ne.ywas heated in a sealed tube at 85-130 C for 2-5

eﬁp@ product was precipitated by adding water to

the m xture and dried jn alr or purified by

preparative HPLC if the r-actlon cont ai NS nuner ous

si de products. 10 Prepd 3 oﬂpinternedlates for

Exanpl e 26 and rel ated ana

2, 4- Di br ono-t hi azol e- 5=ear b3 15 To a m xture

of 2, 4-thiazolidi nedi} (technig grade, 90%

19. 1g 147 mmol ) and PSBr3 (210 g 34 mol) at 0 C

was added dropw se dlnethylfornaﬁidel(lz 5m, 161.5

mol ). The resulting solid was heated to 105 C for 8

hrs. The dark oil solidified upon cooling. A large

anount of ice was added to quench the 20 excess

2¥58r Bimethexypbesrpimidazolviay!)-#-phenyéthiareletthearmiokykaaed

et it WA ot irim 2 FR s G et e frod i dEAt B depheny
ikt dabayiic G e it bBICHISDEIXOT SN a8 ety iamine in

vacuo to aff brown solid he crude was Urlfled

methamnoh & oI aﬁtd@capﬁsi ahove imthecoserat wldeaf@émaﬂ@n/

pﬁ%ﬁ@r%s fi’@gﬁéé\%:;lg Igolétegi lﬂ{@%‘ﬁg“@@zﬁ#lﬁp Rﬁﬁ@%ﬁ“%#wa

(ma): me(dé) sw)m 8.80 gooﬁry WQ@H’HT/?EB’SGOB’Q ORL3KY; 7.55-
7.44 (m 3H) 28 . 1H) 388?s5éH) 365 Ys 3H):; 32% (q, 2H); 1.08 (t, 3H).

MS M/z 409 (M+1).

Example 12

2-Chloro-4-phenyl-thiazole-5-carbonitrile
Gl

A mixture of 2-Chloro-4-phenyl-thiazole-5-carboxylic acid ethyl ester (1 g, 3.74
mmol) in tetrahydrofuran (10 ml) and NaOH (15%, 4.8 ml) was stirred at room
temperature for 2hr. After removal of tetrahydrofuran, the aqueous was
neutralized with aqueous hydrochloric acid (3 N) to ~pH = 3. The solid was
filtered and washed with water, dried in air to give 2-chloro-4-phenyl-thiazole-5-
carboxylic acid (0.83 g). The acid was then dissolved in acetonitrile, and EDC
(0.62 g, 4 mmol) was added. The mixture was stirred under an ammonia balloon



5 Solid potassi um permanganate (2.19 g, 13.85 mol)
was added portionwi se to a hot suspension of

wo 200408438 ono- t hi azol e- 5- car bal dehyde (2.5 g, BcBEp2007/051541
mml) in water (20 m). The gsogress of the reaction

oA RO Vi F6ioUeRle he ST SWis BRI b gLV goetate
am %va%ﬁé!ﬁ WIHSRERY CEghg@azzeftétle ds%nﬁfbnvwéé ﬁnaa*oveﬂv@sm After

I'trate was cool acl |ed W t
rdw@\raidﬁlMgscazl mldoscthcem,l—tlf@ residBie Wanedildsd Mithnigtrahydrofuran (10

fil d. f f wh
nl FleiveiRr pd8R grtatidl Skl § Folf o B FmSufS il dsedin ice,
5  arddifliRibandic ydRdesqo. StSOmH'vﬁééDéddiad aﬁ)pﬁnﬁ@' nrteetr@:a&dmon

product. The suspension was filtered and the filtrate
thgereachor amiuER wasistresa ernighbatReps hnemedur@ wastiianediluted

R ScBels S DA ML SLE AL B i ofooson.

ARerrcPhdwz0 b tHdi bGru5n salfearid sbwntdtwwebhdueaﬁé@punﬁed on
200 A sol ution 4- di br ono-t hj azol e- 5- car box

lsgei(@-20%- graglient @BYh@%ﬁWtﬂ in hexenghis gl(l@@f@ﬁiqcma%‘y 9 mg, yield

10 séé?oﬁcﬁ{eg%pboy‘ lggc‘(i';jg@g 5367‘9@11 I %‘Fp%’z#g 53.(m, 3H): 411 (.

1Mast. 82!(’[( BEYL MS &MhlZ@lt(Mﬂﬁperature over ni ght. The
sol vent was evaporated and water (30 m) was 25
added. The m xture was then extracted with 3 x 30 nml

] g B 1V waw

I e A e A e
The crude was purlfi el by flash chromatography (0 to
5% Et OAc/ Hexanes) to WO\28Q7/ 086315PCT/ EP2007/ 051541
75 afford24D|brormth| ) 5-carboxylic acid

nmet hyl ester (1.4 g,/ T8 ﬁ’sa e solid. 1H NWR
(300 MHz, CDCI3) 53.
4- Br onp- 2- (5, 6-di net hoky- benzoi dapol - 1-y1) -t hi azol e
-5-carboxylic acid 5 nethyl est& -

15 2-~(5,6-Dimethoxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carbonitrile (48.8 mg,
yieid 47%) was prepared from 5,6-dimethoxybenzimidazole (76 mg, 0.43 mmol)
and 2—chIoro-4-phenyl-thiazolé-5—carbonitriIe as described in Example 1 (63 mg,

0.28 mmol). MS M/z 363 (M+1)

20 5,6-Dimethoxy-1-[4-phenyl-5-(1H-tetrazol-5-yl)-thiazol-2-yl}-1H-

benzoimidazole
NI
Lo I ,

25 A mixture of 2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-
carbonitrile (261 mg, 0.72 mmol), sodium azide (220 mg) and ammonium
chioride (250 mg) in N-methylpyrrolidone (2.5 ml) was stirred at 110 °C for 1 hr.
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To a sol ution of 5,6-Di nmethoxy-1H benzi ni dazole (1.0
g, 5.65 mmol) in 1-nethyl- 10 2-pyrrolidinone (10 m)

wo 8do7/dodarsvas added NaH (60% di spersion; 339 ngpcBefddriosisa

mol ). After gas evolution hgg stopped
Wit was 23089 4l i s e rardod wilh TRy e Shipure. After
réMiGvdf SbRAE 9&1&@?@%8% e rf%HLB\REHﬁ’EC th i w%,d tRE p‘?%duct (138.1

wat er was a € suspensi on rre
mg, yiedohd794)| tiét-BiVR DMIGB) 8.78 (s, 1H); 8.21-8.29 (m 2H): 7.86 (s,

16057 85756, B B0 08 B a8 305 vz 4 ). 6

g, 73% as a light brown solid. 1H NVR (300 MHz,
CDCI 3) 53.96 (s, 3H), 3.98 (s, 403 (s, 3H)
7.32 (s, 1H), 7.58 (s, 1@xamp

2%9%69%@%@@%(9#?&%9 yagg&?@)-X%Whﬁgo%%@ér%o&yﬁc acid

cyclopreparyidenzoi m dazol - 1-y1) - 4- phenyi t hi azol e- 5- car
boxylic acid 0 2-(5

6- Di met hoxybenzoi m d@xol -
boxylic acid ethyl esteg
suspended in THF (4 m)H %N 1.5 ) 10 and

water (2 m) and the N S N red at 40-50 C

for 3 hrs. After THF enmoved, resi due was
extracted with ethyl ate (2 x ). The aqueous

was then neutralized with 3N HC bo pF=3. The solid

was collected by filtration and wass washed with

water, dried in airflowto give 2-(5, 6-

Di et hoxybenzoi rni dazol - 1-y1) - 4- phenyl t hi azol'e-5-carb
293 ¥LDitnatA ﬂzl 8 nyl-88%%0l l

-? D’ﬁs D [%t b%f bé oﬁ‘ﬁldaibfq ylg-inﬁﬁé y 8&% eéé;'g:%xy(c acid
cmlqprowlauude wS(msapalrepd fromdB (.6 Drmq)thoxy lsgnzaimidaaol-1-yl)-4-

p%Mﬁa%&é-ééﬂg@Othc acid ethyl ester (24 mg, 0.06 mmol) and

cyclopropylamine in methanol (4 molar) as described above in the general amide

y1) - 4- phenyl t hi azol e- 5- car
18@ ny, O 44 mol ) was

formation procedure. Product was isolated by preparative HPL.C: 10 mg, 40%.
1H-NMR (DMSO-D6) 8.8 (s, 1H); 8.54 (t, 1H); 7.80-7.87 (m, 2H), 7.41-7.55 (m,
3H); 7.38 (s, 1H); 3.90 (s, 3H); 3.86 (s, 3H); 3.25 (q, 2H) 1.08 (t, 3H). MSM/z
421 (M+1).

Example 14

2-(5-Chiorobenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid and 2-(6-
chiorobenzdimidazol-1-yi)-4-phenylthiazole-s-carboxylic acid

S AN HO
Hom Y />—N/\ I />—N
N
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Exanpl e 2
2- (Benzoi m dazol - 1-y1) - 4- phenyl t hi azol e-5-car boxylic

WO 207006315 PCT/EP2007/051541

2- (Benzoi m dazol - 1-y1) - 4- phegy- | t hi azol e- 5- car boxylic
2 28 SR o el S B kol B ST 355 2o
ctﬁoﬁ%@ﬁ!&:i‘rﬁlhéﬁlﬁ' ﬁg&%@ﬁié&l@-@&rbmﬁe{ci%%ré Mepared in a

WD 2007/ 096315P 051541 77 Exanpl e
similBemeniner aabat for Fxampih d rsfartingiveitothe Sactiom ok i c

' 1 d 5 : . . .
ciS1ebelepimdazklp (Aldiohh 8B @G MI R4 PR BiaZgl ATy io acid
ctAgl starmMS Massy @eafied from .

2- Benzoi m dazol - 1- y1-'4- phenyl -t hi azol e- 5- car boxyl i c
acid ethyl ester (75 ng, 0.21 mmol) and amoni um

hydr oxi de as descri bed a ' e general am de
formati on procedure. Pre%%\rég?#l\%e-f PLC with

2-5524}\néts&qummmmm -yﬂ—mpﬁﬁnyﬁh%ztﬂesﬂ-eéﬁboﬁggcl\doﬁd azld 2-(6-
. . . ampi e
MothbREzeimigaRe b A Rerthinzale oAy bRy G BFEL o- car
boxylic acid and 246-

Met hyl benzoi m dazol - 1-y1) - 4- phenyl t hi azol e- 5- car boxy!

ic acid 15 0 0
S ~ HO S =N
HO™ NN | >N
é S ”
O

/ O\

2-(5-Methylbenzoimidazol-1-yl)-4-phenylthiazoie-5-carboxylic acid and 2-(6-
Methylbenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid were prepared in a
similar manner as that for Example 1 starting with the reaction of 5-methoxy-
benzoimidazole and 2-Chloro-4-phenylthiazole-5-carboxylic acid ethyl ester. 1H-
NMRE (DMSO-D6) 8.88 (d, 1H); 8.17 (d, 1/2H); 7.80 (s, 1/2H); 7.82-7.92 (m, 2H);
7.71 {d, 1H); 7.41-7.54 (m, 3H); 7.00-7.13 (m, 1H); 3.82 (s, SH). MS M/z 351
(M+1).

Example 16

2-(5-Chloro-6-methylbehzoimidazol-1 -yl)-4-phenyithiazole-5-carboxylic acid
and 2-(6-chloro-5-methylbenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic

o 0
S s HO S, /=N
R = | >N
N N C
cl

Ci

acid
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2- (5- Met hyl benzoi m dazol - 1-y1) - 4- phenyl t hi azol e- 5- car
boxylic acid and 2-(6-

wo Matesienzoi m dazol - 1-y1) - 4- phenyl t hi azol e- SpepEbBYYbH51541

ic acid was prepared in a 20ggi m |ar manner as that

22@{@{5{59 gﬁ-&ﬁgﬁ*@%r&%iﬁ}a#m(afﬂr—glh%?gﬁﬁ?%‘ftmaozglqu-c%_rboxylic acid and

240 A AR ey eI gshi i acic were
preparedini sindjar mam)er & hat {or, Exenapie; 1 stagihg(with therdaction of 5-

C%I:oﬁ%-sgria?thﬁ/ﬁ_laz '?ingg%@%oééﬁq ,‘g/l-,rrﬁiljIgw-w%e%ﬁﬁia%gle(—g—]catgb@xy[ic acid
etRP0EP ORI EPYRA14 051541 78 Exanple 5 2-(5, 6-Di

net hyl benzoi

m dazol - 1-y1) - 4- phenyl t hi azol e-5-carboxyli ¢ acid O

5 2-(5,6- D nethyl benzg am zﬁ -1-y1)-4-p henylth

i azol e-5-carboxyli c aci FANEE prepared in a simlar
2-(% 6rBimethoxyabehzeinidazol-e-y1)-4(3methoxy-phenyiy-thiazole-5-

reaction of 5, 6-di nethyl benzoi m dazol e and
cazgems'bp@%d phenyl t hi azol e-5- carboxylic acid et hyl

ester. 1H NVR(DMSO D6) 8.82 (s, 1H); 7.98 (s, 1H);

7.82-7.92 (m 2H); 107.58 (s, 1H); 7.42-7.52 (m 3H);

2.39 (s, 3H); 2.38 (s, M5 Mz 350 (M+1).

Exanpl e 6 o)

2- (5, 6- Di met hoxy- bedzoi zol - 1-y1) - 4- phenyl - t hi azol

e-5-carboxylic acid am de N

2- (5, 6- D nnet hoxy- benZ &N z,&l\-m;g) - 4- phenyl -t hi azo

| e-5-carboxylic acid anifle was pkepared from

2- (5, 6- Di met hoxy- benzoi °

m dazol - 1-y1) - 4- phenyl - t hi azol e- arboxylic acid

ethyl ester (80ng, 0.20 mmol) an nia in ethanol

(29 nolar) 20 as described abov€® in Qtre general am de

formati on procedure. The product was isol ated by

preparative HPCL: 7.7 nmg, 36%yield. 1H NVR ( DMSO D6)
In& sifilas manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-

benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 3-methoxyphenylboronic acid (22.8 mg, 0.15 mmol) gave 2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(3-methoxy-phenyl)-thiazole-5-carboxylic acid (17.6 mg,
43%) as a white solid. 1H NMR (400 MHz, DMSO-ds) & ppm 13.63 (br.s., 1 H);
8.83 (s, 1 H); 7.83 (s, 1 H); 7.49-7.54 (m, 2. H); 7.40 (s, 1 H); 7.41 (t, 1 H); 7.06
(ddd, 1 H); 3.86 (s, 3 H); 3.85(s, 3 H); 3.82 (5, 3 H). MS m/z 412 (M+1).
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1H); 7.80-7.90 (m 4H); 7.789s, 1H); 7.40-7.55 (m
3H); 7.38 (s, 1H); 3.84 (s, 3H); 3.83 (s, 3H. Ms Mz

WO Zb1odevisl) . WO 2007/ 096315PCT/ EP2007/ 051541 ¢@r/EP2007/051541

Exanpl e 7 86

2- (4- Hydr oxy- benzoi m dazol - 1-y1) - 4- phenyl -t hi azol e- 5-

carboxylic acid and 2- (7-hyd roxy-benzoi mdazol-1

-y1) - 4- phenyl -t hi azol e-5 gic acid

2- (4- Hydr oxy- benzoi m dazol - 1-'y1) - 4- phenyl -t hi azol e- 5-
2-{5,60Rimethoxyebenzoimigagol-1-yl)-4-(3,4-dimethoxy-phenyl)-thiazole-5-

I - benzoi m dazol - 1-y1) - 4- phenyl -t hi azol e- 5- car bo

c%%x%ﬁacdgmre prepared in a simlar nmanner as that

for Exanple 1 starting with the reaction of

4- Hydr oxy- 10benzoi m dazol e and

2- Chl or o- 4- phenyl t hi az4l e- 5- car boxylic acid et hyl

ester. 1H NWR (DMSO-J§) 8.84 (s, 1H); 7.86-7.92 (m

2H); 7.66 (d, 1H); 7.4 2 (m 3H); 7.27 (t, 1H;

6.80 (d, 1H. M5 M 7338 {M+1). Exanple 8 15

1- (5- Car boxy- 4- phenyl -t hi agal- 2-y1) - 1H benzoi m dazol e

-4-carboxylic acid ando_ // W\

3- (5-car boxy- 4- phenyl -t B azef - y\lﬁ'- 31-1- benzoi m dazo

| e-4-carboxylic acid o

201- ( 5- Car boxy- 4- phenyl -t hi azol 0- 1H benzoi m dazol

e- 4-carboxylic acid and 3-

(5- car boxy- 4- phenyl -t hi azol - 2=¥1) - 8/ benzoi m dazol e- 4

-carboxylic acid were prepared in a simlar manner as

that for Exanple 1 starting with the reaction of 5-
InGasibitay marpiee @l daderibed fe2Eydmplet26 ehbamori2d@z@danathdxy-

oo R e BT Sl Py 3580 .1 mmon
ankl ?r,:h'-éi}rietﬁe%h@ﬁgbboloﬁié%@d (ZF.Hthd, ¢ 5 Mhol) Gade 2%

(m 2H), 7.48-7.55 (m . . .
Dimethoxy-benzoimidazol-1-yl)-4-(3,4-dimethoxy-phenyl)-thiazole-5-carboxylic
acid (26.4 mg, 60%) as a white solid. 1H NMR (400 MHz, DMSO-ds) & ppm
13.45 (br.s., 1 H); 8.83 (s, 1 H); 7.86 (s, 1 H); 7.66 (d, 1 H); 7.60 (dd, 1 H); 7.40
(s, 1H);7.08 (d, 1H); 3.87 (s, 3 H); 3.85 (s, 3H); 3.84 (s, 3 H); 3.82 (s, 3 H).
MS m/z 442 (M+1).

Example 19
4-(3-Chloro-4-fluoro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-
5-carboxylic acid

Cl

N
HO / »\N &N
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3H. MBS Mz 366 (Mrl). WO
2007/ 096315PCT/ EP2007/ 051541 80 Exanple 9

WO fz’no(zﬁbtais 7- b oxa- 1, 3- di aza- cycl opent a[ b] napht hel/ep2087/51541
I') - 4- phenyl -t hi azol e5- car boxyghki c acid and

I%%rrnll%ﬂéﬁg?ngr?% ég%qrg)eng Cl it qegé,a% %}]0 Bo- Et ﬂaa g ednﬁéfhoxy-
b@ni&ﬁl‘cﬁaz& L fhlézcﬁ ‘?L:'-é’érﬁo 8%&5?};@%@%5% 3-¥mol)

phenyl - |azo e- 5- ca |c ac
alzd (38¢H1I6r074-tﬂuomprmn31bmrmaawi:(2ﬁa% ma Oo] haphelh gbea 41(3yChI0ro-

“oflioLt-oR R AR Rovy R S i ot kA Sl PR ic acia

( Bi2t fagt heod) ead Wﬁﬂe %néHm Mlvm @G0 MHE, HVG@:=d;) 5 ppm 13.79

cy clggenta [ b) na hal ene and

{bzsciFor & 84- (phb ) t&ﬁ%tdﬂ e B):chPbdogd.i lHyci-a1 és.hlyH); 7.57 (t

“gf:( 5, ’hoégqﬁ i :FnSEggg?@ ﬁ?@ ﬂﬁaenM":phi azol

e- 5-car boxyl ic acid di nethylam de

2- (5, 6- Di met hoxy- benzoi m dazol - 1-y1) - 4- phenyl - t hi azol
e-5-carboxylic acid 20 dlﬁmﬂ%ﬁvde was prepar ed

245 S ARG T lor B fpniazole-o

cirboxddig,adid12 mmol ) and d| met hyl am ne in nethanol (2
nol ar) as described above in the general am de
formati on procedure. Product was isolated by
preparative HPLC: 15 0% 1H NWR (400 MHz,

DVBO- d6) 6 ppm 8. 81, H; 7.84 (s, 1 H);
7.73-7.79 (m 2H); 7.4 57.59 (m 3 H); 7.40 (s, 1
H; 3.91 (s, 3 H, NCHS) —8 (s, 3 H; 3.01 (s, 3
H: 2.74 (s, 3 H. M° .

In a similar manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-
benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 3-fluorophenylboronic acid (21 mg, 0.15 mmol) gave 2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(3-fluoro-phenyl)-thiazoie-5-carboxylic acid (7.8 mg, 20%)
as a white solid. MS 400 m/z (M+-1).
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WO 2007/ 096315PCT/ EP2007/ 051541 81
Exanple 11

wo 2o0fRed319i met hoxy- benzoi mi dazol - 1-y1) - 4- phenypetRpandbsisa

e-5-carboxylic acid ethyl am g? 5

2- (5, 6- D net hoxy-benzoi m dazol - 1-y1) - 4- phenyl - t hi azol

e-5-carboxylic acid ethylam de was prepared from

2- (5, 6- D net hoxy- benzoi m reloy/ 1) - 4- phenyl -

t hi azol e-5-carboxylic acid ethyl ester (30 ng, 0.07
4+{2«hlosorpherniyf)-2:(5 Sedimetho xyebénraimidaz ol -yl ) thiazole-5-
c%&s(c!(&i.bed .gbove in the general am de fornmation

S &'&raec.' Product was isol ated by preparative HPLC

16 nmg, 56% 1H NWR (400 MHz, DWVSO-d6) 5 ppm 8.81 (s,

1H); 8.53 (t, 1H); 7.88-7.69 (m 3H); 7.55- 7.44 (m

3H); 7.40 (s, 1H); 3. , ?H); 3.85 (s, 3H); 3.25

(g, 2H); 1.08 (t, 3H). NF 2 409 (M+1). 15 Exanple

12 2-Chl oro- 4- phenyl -t ol e-5-carbonitrile NS 20A

m xture of 2-Chl oro- 4gphe "\Jﬁhi azol e-5-carboxylic

acid ethyl ester (1 g, ¥ %N n tetrahydrof uran

(10 M) and NaOH (15%404.8 M) wag stirred at room

tenperature for 2hr. After re @ of

t et rahydrofuran, the aqueous was=fieutralized with

aqueous hydrochloric acid (3 N h-pH = 3. The solid

was filtered and washed with water, dried in air to
gi ve 2-chl oro-4-phenyl -t hi azol e-5- 25carboxylic acid

(0.83 g). The acid was then dissolved in
N SR erirer A eserbell for Exdinple 5 2-brolfig 2265 B imdliG -
benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)

and 2-chlorophenylboronic acid (23.5 mg, 0.15 mmol) gave 4-(2-Chloro-phenyl)-
2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid (19.2 mg, 46%)
as a white solid. 1H NMR (400 MHz, DMSO-d;) 6 ppm 13.63 (br.s., 1 H); 8.82 (s,
TH);, 773 (s, 1 H); 7.59-7.65 (m, 2 H); 7.51 (td, 1 H);7.46 (d, 1H); 7.39 (s, 1 H);
3.85 (s, 3 H); 3.81 (s, 3 H). MS m/z 416 (M-+1).

Example 22°

4-Benzo[1,3]dioxol-5-yl-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-
carboxylic acid

oAy
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WO 2007/ 096315PCT/ EP2007/ 051541 82 for 2 hrs.
Acetonitrile was renoved, the residue was dil uted

wO Ydotoedidyl acetate and washed with water. Et W’b‘EPz{)o’?[oSngl,l

acetate sol gti oln was dried oger MySO4. dA}‘ter renoval

A s
e PRy v %:trmetsﬂ'}gfﬁ mﬁnde-?@? B bl gihoxy-
oHHBR Iisfe B R e 2 mb, 8o

anfi Bmmylmectoxybmzmeborwﬁp acitie(zdé?amgi, or SminmoJ) gave 4-

e e T S i
acﬁé‘i“l@'@ rag C26 NP BalLwhile isBid OWAS YD 208 (MAfer renoval
he magnesi um sul fate and sol vent, thé resi due was
purlfl ed on Ise (0-20% gradi ent ethyl acetate in
hexane) to give product %87.9I r% yi el d 1035%
overall). 1H NVR (CDCl 3) (m 2H); 7.47-7.53
4&5514-@#&106 ?ﬁeﬁ §1)-2-(8, 6-dinrethbky b’ﬂﬁzou’“ﬁlﬂcﬂ ﬁ?ﬂ-thi‘éhae-s-

- Di net hoxy- ben20| m dazol = 1-y1) - 4- phenyl =t hi azol
C@MHﬂﬁmﬂt rile -

152- (5, 6- Di et hoxy- benzoi m dazol - 1-y1) - 4- phenyl -t hi az
ol e-5-carbonitrile (48.8 ny, yield 47% was prepared
from 5, 6-di net hoxybgnzi nfidazole (76 ng, 0.43 mmol)
and 2-chl oro- 4- phenyl\tKi azol e-5-carbonitrile as
described in Exanple3 ng, 0.28 nmmol). M5 Mz 363
(M+1) 20
5, 6- D met hoxy- 1-[ 4- pheny 5N(1H-tetrazol 5-y1)-thiazo
| -2-y1] - 1Hbenzoi m damol e f/ 2 mxture of
2- (5, 6- Di met hoxy- benz oy ¥gZoN13M) - 4- phenyl - t hi azol
e-5- carbonitrile (26% ng, 0.72ol), sodium azi de
(220 ng) and ammoni um chl ori d in
N-net hyl pyrrolidone (2.5 mM) was_&
1 hr. WD 2007/0963151' CT/ EF_’._2_%7/ 031541 83 Water was
added and the m xture was extracted wi th nethyl ene
chl ori de. After renmoval of solvent, the resi due was

purified by HPLC to yield the product (138.1 .
Inyg @nwia&mnnei ﬁsr@ﬂﬁc(léﬂé@ﬂ%%afspfﬁ@fi A-brgmo-2g( ﬁdgn@@oxy-

-b%ﬁ)o rﬁ@a% t&fizo% (ﬁ?b&)%lé {é&i‘ré‘;@lhﬁ Hstery48%n§ 0.1 mmol)

and 3,4- dlchlorophenyiboromc acid (28.6 mg, 0.15 mmol) gave 4-(3,4-Dichloro-
phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid {15.9 mg,
35%) as a white solid. 1H NMR (400 MHz, DMSO-as) & ppm 13.81 (br.s., 1 H);
8.85(s,1H);825(d, 1 H); 7.97 (dd, 1 H); 7.81 (s, 1 H); 7.79 (d, 1 H); 7.39 (s, 1
H); 3.85 (s, 3 H); 3.87 (s, 3 H). MS m/z 450 (M+1).
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5 ' Exanpl e 13
2- (5, 6- Di met hoxy- benzoi m dazol - 1-y1) - 4- phenyl - t hi azol

WO ﬁmﬁo%@ﬁooxw ic acid cyclopropylamde 10 PCT/EP2007/051541

2- (5, 6- D met hoxy- benzoi nni daggl - 1- y1) - 4- phenyl - t hi azo

| e-5-carboxylic acid cycl opropyl am de was prepared

from2-(5, 6-D nmet hoxy-benzoi m dazol -1-yl)-4-

phenyl -t hi azol e- 5- car boxiq 44 ethyl ester (24 ny,

0.06 nmol) and cycl opropyl am ne |n nmet hanol (4 nol ar)
25, 6cBbneihvoy-bénzeimidazbk1gd):4+( dtisoprapeylgthdnyl xthiapole-5-

rocedure. .Product was isolated by preparative HPLC

carpoxylicasid 11 NvR (DVBO D) 8.8 (s, 1H): 8.54 (t,

1H); 7.80-7.87(m 2H), 7.41-7.55 (m 3H); 7.38 (s,

1H); 3.90 (s, 3H); 3.86 (s, 3H; 3.25 (q, 2H); 1.08

(t, 3H. Ms Mz 421 (M) . 20Exanple 14

2- (5- Chl or obenzoi m dazol/~TI-y1) - 4- phenyl t hi azol e- 5- car

boxylic acid and 2-(

chl or obenzoi m dazol - {

ic acid WD 2007/ 096345H

2- (5- Chl or obenzoi m dazol »

boxylic acid and 2-@6-

chl or obenzoi m dazol -

ic acid were preparedgin a sim

Exanple 1 starting with the re

chl or obenzoi m dazol e (Al dri ch) Nang

2- Chl or 0- 4- phenyl t hi azol e- 5- -cal bo (¥|IC acid 5 ethyl

ester. M5 Mz 356 (M+l).

Exanmpl e 15

2- (5- Met hyl benzoi m dazol - 1-y1) - 4- Shen | t hi azol e-5-car
Ingosimilas manner asaiesoribed for Example romo-2-(5,6-dimethoxy-

ol BIHASE R 02 - okbbo yiRNEY hidth ks A e

I'C acCl

argi Q%Mbbwbgenﬂbomrﬂ@acw (24y6Ling4 opiemydiNgave Pe5%-Dimethoxy-
oxXyl |l Cc acl

b%@ﬂyld@éﬁkwar%%dﬁ(l(pIOp}il)phﬁfwﬁéhgﬂzplﬂ -GRara0lis ACbiAH6 Mg,
44%) 8SAWNRS Solfd. ERANGAIH (40 MHz, DMSO-ds) 5 ppm 13.61 (br.s., 1 H):
8.83 (s, 1 H); 7.88 (s, 1 H); 7.83 (t, 1 H): 7.74 (dt, 1 H); 7.39 (s, 1 H); 7.40 (t, 1
H): 7.36 (dt, 1 H); 3.86 (s, 3 H); 3.85 (s, 3 H); 2.93-3.03 (m, 1 H); 1.26 (d, 6 H).
MS m/z 424(M+1).

- 4- phenyl t hi azol e- 5- car boxyl

on of b5-

Exampie 25
2-(5,6-Dimethoxy-benzoimidazol-1 -yl)-4-th|ophen—3-yl-thlazole-s-carboxyl|c
acid

SIS ( SPE
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15 simlar manner as that for Exanple 1 starting with
the reaction of 5-nethoxybenzoi m dazol e and

WO Zin%0468§9- 4- phenyl t hi azol e- 5-car boxyl i c aci d gthyb2007/051541
ester. 1HNVR (DMSO D6) 8.88 g, 8.17 (d, 1/2H);
7.80 (s, 1/2H); 7.82-7.92 (m 2H) 771(d 1H);
7.41-7.54 (m 3H); 7.00-7.13 (m 1H); 3.82 (s, 3H).

Inggi%iﬁéﬁ%ww&des?&bed for Example 26, 4-bromo-2-(5,6-dimethoxy-

b@az(cﬁm(aﬂzogd) yﬂi)l—nhmm-lﬁemm'bbny!iﬂ:amkﬂ niethyil )esterpd@rmag t il ammol)
5-car i ¢ aci n )

% foptnsr 3 -rmpmcg(ef?zgimﬁ Su¥B ol gave Zaffeblimginexy-
bgﬂb@ 5%‘%5’ é@'ﬁ gggrﬂ-o thiazole-5-carboxylic acid (30.1 mg, 78%)
aQa(thitEhSmjlcb mmmmaemﬂuzni)wmmenappyn 43.74 (br.s., 1 H): 8.84 (s,

12—5‘9@ h(Eg i?—b ;ém@ﬁbgﬁﬁ)g'fsaafs 4 18%.66 (ad, 1 H); 7.40 (s, 1 H);

3&9@16(§0$H} yss(éwhfgylw@hﬂngsmnq@r boxylic acid were

prepared in a sin manner as that for Exanple 1
starting with the reaction of 5-

Chl or o- 6- net hyl benzoi m dazol e and

2- Chl or o- 4- phenyl t hi azol e-5-carboxylic acid 5 ethyl
ester MS Mz 370 (M+l). E;‘mmmbasl?

%5 6- Di met hoxy- benzoi n dazol ? 4-§3 net hoxy-
21(@ ybmmpa%b@lzq;mlsamlﬂwllaihmtom -thia <Plﬁ--%rc§rh3xﬂrc acid
m%ﬁ@ﬂer as described for Exanple 26,

ono- 2- (5, 6-di net hoxybenzoi m dazol - 1-y1) -t hi azol e-
5-carboxylic acid nethyl ester (40 ng, 0.1 mmol) 15
and 3- net hoxyphenyl boronic acid (22.8 ng, 0.15 mmol)

gave
2-(5, 6-D net hoxybenzazol -1-yl)-4-(3-nmet hoxy-phen
y1) -t hi azol e-5-car bo c acid (17.6 ng, 43% as a
white solid. 1H NVR (400\Mgz, DVMSO-d6) 6 ppm 13. 63
(br.s., 1 H); 8.83 (8 /H))\7/83 (s, 1 H); 7.49-7.54
(m 2 H,; 7.40 (s, 1 g 4N (t 1 H; 7.06 (ddd, 1

; 3.86 (s, 3 H; 3.85(s, 3 382(3,3H) S
mz 412 (M+1l). WO 2007/ 09631 G/ EP2007/ 051541

—0 0
/

To a solution of 4-bromo-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-
carboxylic acid methyl ester (40 mg, 0.1 mmol}, 4-methylphenylboronic acid
(20.4 mg, 0.15 mmol) in ethylene glycol dimethyl ether (1 ml} was added Na;COs;
(2M, 100 pL, 0.2 mmol) and [1,1'-bis(diphenylphosphino)-ferroceneldichioro
palladium(ll) (4 mg, 0.005 mmol). The mixture was heated to 100 °C for 3 hrs.
The solvent was evaporated and 2 mi water was added. |t was then exiracted
with 2 x 3 ml EtOAc. The combined organics were concentrated in vacuo. To
this crude was added THF (0.5 mi), water (0.5 ml), methano! (0.2 ml) and NaOH
(20 mg, 0.05 mmol). The mixture was heated to 60 °C for 3 hrs. The solvents
were evaporated and the crude was putified by prep-HPLC to afford 2-(5,6-
Dimethoxy-benzoimidazol-1-yl)-4-p-tolyl-thiazole-5-carboxylic acid (21.1 mg,
53%) as a white solid. 1H NMR (400 MHz, DMSO-a5) 6 ppm 13.57 (br.s., 1H);



86 Exanple 18 2-(5,6-D nethoxy-benzoi
m dazol -1-y1)-4-(3, 4-di net hoxy- phenyl) -t hi azol e- 5-

wo sirbepsyd ic acid 5 0/ -0 O0- In a simlar manpefriio/osisal

descri bed for Exanple 26, 92

4- bro (8?30 - di mret hoxybenzorm da ol -
8.88r(BoX )pZ Q%%@@Bgé§ikﬁ)( wg 241
zggj d%wsqggm% m_[ﬂnl c acid (27.3

D| met hoxy- benzoi m dazol - 1-y1) - 4- (3, 4- di net hoxy- phenyl

) -t hi azol e-5-carboxylic ?ﬁidé 6 4 ng, 60% as a
white solid. 1H NWR (400 Od6) 6 ppm 13. 45

110-t hi azol e-5
a1)13:88ds) 31d: §r§§(8 3 H),
ng, 0.15 rr_m)l)

5 2&9'6 Blme%di%y\-bgnﬁﬁnﬁaazél 4ﬁ)yl)-z (ﬁﬁ) H§(I=1thtletﬂb--s-z:slﬁlgg)hﬂi|c acid

10

15

20

3. 87 (s, 3

3 H. 15 M5 rriz

Exanpl e 19 4- (3 \cHA 7

i met hoxy-benzoi m dazaj,-1-y1)-thiazol e5-carboxylic

acid 20 WD 200F/ 096 1%CT/!§2007/ 051541 87 In a
Br Exanpl e 26,

(s, 3H) 384(s 3 H: 3.82 (s,
1)

simlar manner agrde

4- br ono- 2- (5, 6- dijnet hoxy-

benzoi m dazol - 1-y1) -t hi az- car boxylic acid nethyl

ester (40 ng, 0.1 mmol) aNn

3-chl oro-4-fl uorophenyl boyonixc acid (26.2 ng, 0.15

mol ) gave —0 o—

4- (3-Chl or 04-fl uoro-phenyl)-2-(5, 6-di net hoxy-benzoi m

dazol -1-y1l)-thi azol e-5-carboxylic acid 5 ( 8.2 nyg,

19% as a white solid. 1H NVR (400 MHz, DMSO-d6) 5
ln@ﬁhi&lfﬂna(rh‘rer%s, déé)cnb&d% Eﬁamﬂ;ld'EB,A Bro?ﬁo-@d(@ G-élld'rbthoxy—

01 (ddd H)h
bqrgzonmqu)zol 3 y@7t (%zol%safq)arng@g qq;,d n'getipy)l esm; (493 gng,gqj mmol)

arfd¥hethFEHERL Bofdhic acid (20.4 mg, 0.15 mmol) gave 2-(5,6-Dimethoxy- |
benzoimidazol-1-yl)-4-o-tolyl-thiazole-5-carboxylic acid (22.5 mg, 57%) as a
white solid. 1H NMR (400 MHz, DMSO-ds) 5 ppm 13.43 (br.s., 1 H); 8.82 (s, 1
H); 7.68 (s, 1 H); 7.41(d, 1 H); 7.40 (s, 1 H); 7.31-7.39 (m, 2 H); 7.27 (td, 1 H);
3.85 (s, 3 H); 3.81 (s, 3 H); 2.29 (s, 3 H). MS m/z 396 (Ma+-1).

Example 28
2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-(4-methoxy-phenyl)-thiazole-5-
carboxylic acid

—C

N
HO /i »\N o~
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10
2- (5, 6- D net hoxy-benzoi m dazol - 1-y1) - 4- (3-fl uor o- phen

w0 YWolodghifzol e-5- carboxylic acid -0 0- 151 n gefFeohPhsis41

manner as descri bed for Exangée 26,

4- br qno- 2- (5, 6- di
lnb%ﬁlfral%ra%rmr @%%U'Pﬁﬂzi%ﬁéafﬁp@a?%&{?rqfﬁoé’c 5;6mﬁghoxy-

bgrizfogh (%%th @l)oﬁ%d%}%argg%'% ddid! HARNGRYEPABRY 0.1 mmol)
am 45n§t-hbb<yphdzrqﬂb@enmam 22.61mgd; §.15-moB-gdvec¢5 pHRimethoxy-
b%dﬁOﬁrgllC%gB}j ?)lvg%r box §y-e%§myl)-ﬂf?i9§plg95-cgl%?xyﬁg ag'td (20.3 mg,
4@%9%%%@&@8% EPRAQMFCEbR I HE8 DMSO-ds) & ppm 13.53 (br.s., 1 H);
882(2 Uﬂ)o?@4ril:ieﬁly-ﬂ)) 733 (5, 6-td); Fedheacyi- B IT205 (d,dariyi3.87 (s, 3

el AR G oNeiae gy = o

4- brorm 2- (5, 6-di net hoxybenzoi m dazol - 1-y1) -t hi azol e-
5-carboxylic acid nethyl ester (40 ng, 0.1 nmol) 10
and 2-chl or ophenyl bor oni Example@93.5 ny, 0.15 mml)

+ P O R - B R atheny-epagimidazobi s thigpals-5-
catpoxgliecicid (19. 2 ng, 46% as a white solid. 1H NWR

(400 MHz, DVSO d6) 6 ppm 13.63 (br.s., 1 H); 8.82 (s,

1 H; 7.73 (s, 1 H; 7.59-7.65 (m 2 H); 7.51 (td, 1

H) ; 7.46 (d, 1H); 7.39 (s, 1 H); 3.85 (s, 3 H);3.81

(s, 3H. Ms nmz 416 1) . 15 Exanpl e 22 .4-Benzo

[1,3]d ioxol-5-yl-2- & dir met hoxy-benzoi m

i dazol - 1-y1) -t hi azol carboxylic acid

HO

In a similar manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-
benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 2,3-difluorophenylboronic acid (23.7 mg, 0.15 mmol) gave 4-(2,3-Diflucro-
phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl}-thiazole-5-carboxylic acid (16.2
39%}) as a white solid. 1H NMR (400 MHz, DMSO-ds) & ppm 13.81 (br.s., 1 H);
8.83 (s, 1 H); 7.74 (s, 1 H); 7.52-7.64 (m, 2 H); 7.40 (s, 1 H); 7.33-7.39 (m, 1 H);
3.85 (s, 3 H); 3.83 (s, 3 H). MS m/z 418 (M+1).



WD 2007/ 096315PCT/ EP2007/ 051541 89 In a simlar
manner as described for Exanple 26,
wo fhigsDs: 2- (5, 6- di met hoxy- _ PCT/EP2007/051541

benzoi m dazol - 1-y1) -t hi azol egp- carboxylic acid methyl
ester (40 ng, 0.1 nmol) and '
3, 4- net hyl enedi oxybenzeneboronic acid (24.9 ng, 0.15
nmol ) gave 4- _
Benzo[ 1, 3] cl i ox0l1-5-y1- de(g%lgisrgat hoxy- benzoi m dazol

2-(3,6yDimethioxydbenZoiasidanalt iyt)-8-( 2diydro 2 9-phenyl)-tHiafoless-
awlite solid M nlz 426 (M+l). Exanple 23

CabOXYHC BCUY)| or 0- phenyl ) - 2- (5, 6-di net hoxy- benzoi m
idazo 1-1 -yl)-thiazole-5- carboxylic acid 10 O0- In
a simlar manner as described for Exanple 26,

4- br ono- 2- (5, 6- di net hgEbenzoi m dazol - 1-yl) -t hi azol e-
5-carboxylic acid es(?er (40 nmg, 0.1 mol)
15and 3, 4-di chl or ophety+poronic acid (28.6 ng, 0.15
nmol ) gave 4-(3,4-Dichlo
pheny1) - 2- (5, 6- di mete ﬁg‘? ihdazol - 1- y1) 4hi azol e-
38 a white solid. 1H
NVR (400 MHz, DWVBSO-d6p 6 ppm 1 (br.s., 1 H); 8.85
(s, 1 H; 8.25 (d, 1 H; 7.97 1 H; 7.81 (s, 1
H; 7.79 (d, 1 H; 7.39 (s, 1 K .85 (s, 3 H; 3.87
(s, 3H. M5 mz 450 (M+l). 7
2007/ 096315PCT/ EP2007/ 051541730  ©—
Exanpl e 24
2- (5, 6- D net hoxy-benzoi m dazol - 1-y1)-4-(3-isopropyl-p
Inreesigrilpr manmes las-descdbed doryExamplel 28, 31-bromo-2-(5,6-dimethoxy-

benzoimidazol-1-yl)-thiazoie-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (33.0 mg, 0.15 mmol)
gave 2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-(2-hydroxy-phenyl)-thiazole-5-
carboxylic acid (3.5 mg, 9%) as a white solid. MS m/z 398 (M+1).

‘ Example 31 _
4-(3-Chloro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-
carboxylic acid '

cl

HO / »\N&N

in a similar manner as described for Example 26, 4-bromo-2-{5,6-dimethoxy-
benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 3-chlorophenylboronic acid (23.5 mg, 0.15 mmol) gave 4-(3-Chloro-phenyl)-
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O- In a simlar manner as described for Exanple 26,
4- bronno- 2- (5, 6- di met hoxybenzoi m dazol - 1-y1) -t hi azol e
WOZ(ﬁW@%PpXW ic acid methyl ester (40 ng, 0.1 f@f)ﬁ’zoomﬂsn
10and 3-i sopropyl phenyl boronbg acid (24.6 ng, O.
gave 2- - Dl nnet

mol
2 P S rTataaiop e RO Y iente - sabRyic. agid 48.6/80521%)

aw@%“?%x%é"ﬁiﬁ%ﬂ/gé‘@?“%%pﬁ% o Cor s 1°h ek
(s, 1 H; 7.88 (s, 1 H; 783(t 1 H; 7.74 (dt, 1

. 7.39 (s, 1 H: 7.40 (. 7.36 (dt, 1 H):
l?_>|?86 (s, (3H); l?_>|?85 (s, Xﬁ}“P'f% 3. 03((m 1 E)I);

2§,§%ﬁet5g)x@beﬂfbiwﬁdﬁkél -#3f4)-Mrabhthalen-1-yl-thiazole-5-

carboxybic@iaidt hoxy- benzoi mi dazol - 1-y1) - 4-t hi ophen- 3-yl -
t hi azol e-5-carboxylic acid 20 WO
2007/ 096315PCT/ EP2007/ 0 L 91 In a simlar manner
as described for ExappFe
4- br ono- 2- (5, 6-di net enzoi m dazol -1-y1) -t hi azol e-
5-carboxylic acid netyw ester (40 ng, 0.1 mmol) and
t hi ophene- 3-boronic acid R.2 ng, 0.15 mmol) gave

2- (5, 6- Di met hoxy- HO gﬁ\\ A
5benzoi ni dazol -111) - 4 nk3- y'F t hi azol e- 5- car box
hi-e solid. 1H NWR

ylic acid (30.1 ng, as a waid
(400 Mz, DVBO- d6) 6 ppm 13. 74s., 1 H: 8 .84 (s,
, ; 7.86 (s, 1 H);

1 H); 8. 55 (dd, 1 H); 7.91 (dd
7.66 (dd, 1 H); 7.40 (s, 1
3.85(s, 3 Hy=. M5 mlz 388 (M+ﬁ 16—
Exanpl e 26
2- (5, 6- D net hoxy- benzoi m dazol - 1)-4-p-tolyl-thiazo

. In|aesm|@anmqe|r|a§ dﬁacabﬁgtfwyfxarspie 6, 4- bromo 2-(5,6-dimethoxy-

benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 1-naphthaleneboronic acid (25.8 mg, 0.15 mmol) gave 2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-naphthalen-1-yl-thiazole-5-carboxylic acid (15.9 mg, 37%)
as a white sofid. 1H NMR (400 MHz, DMSO-ds) 6 ppm 13.41 (br.s., 1 H); 8.85
(s, 1 H); 8.01-8.09 (m, 2H); 7.92 (dd, 1 H); 7.72 (dd, 1 H); 7.69 (s, 1H); 7.50-7.65
(m, 3H); 7.40 (s, 1 H); 3.84 (s, 3 H); 3.68 (s, 3 H). MS m/z 432 (M+1).

Example 33
2~(5,6-Dimethoxy-benzoimidazol-1-yl)-4-pyridin-3-yl-thiazole-5-carboxylic
acid



To a solution of
4- br ono- 2- (5, 6- di net hoxy- benzoi m dazol -1-y1)-thi azol e
wo 20p7/08@ipoxyl i ¢ acid methyl ester (40 ny, O. 11’@‘1@#)007/051541
4- met hyl phenyl boronic acid (9.4 ng, 0.15 nmol) in
et hyl ene glycol dinethyl ether (1 ml) was added
Na2CO3 20(2M 100 pL, 0.2 nmol) and

In[éﬁﬂ'fh dé? rﬁn‘%%frf’%‘déé&?fﬁée%gﬁ)(aﬁrﬁé Q@he%]rrn&)\gﬁ g,%adémethoxy—

bebrm mtazo|-1600)-thidarie-5- d:HrSc)xWh:eam@ Imahyl egar (@@apgr @.11 erdmol)
en ex

2 pydoine-Eaioic S LB doimgeD. 1 Gatalcaave puB8-Bimethosy-
b(%f?ﬁﬁr‘ﬁiﬁegz%i erow A ﬁ(yﬁehhos ym%%@% Eafﬁg?b%?xw%?gq drﬁrtg?%) as a
white 6old.ngH FEIMEB(%MHZ ﬂMS@rdd) drppmat3.B8dbed., d1B0.47 (d,

1415880551 b 658 ool Hi BBl GoE TRRT B (s 60 7155 6
710T8) heyysibeIeenRaEY o) amiobed hipzol o5 oo

(400 MHz, DI\/BOdG) 6 ppm 13.57 (br.s., 1H); V\D
2007/ 096315PCT/ EP2007/ 053%&%03‘34 82 (s 1 H,; 7.83 -
(m 3 H,; 7.39 (s, 1 H) H; 3.86 (s, 3
245, B—Birﬁélzl?xfbéhzmmlaazém ~y3)-t)( 3-Hyd roky-pHihyi Mikazole-5-
e
°@' He|Gidt hoxy- benzoi i dazol - 1-y1) - 4- o-t ol yl - t hi azo
| e-5-carboxylic acid O0- 10 In a simlar manner as
descri bed for Exanple 26,
4- br ono- 2- (5, 6- di met hoxy®enzoi m dazol -1-y1) -t hi azol e-
5-carboxylic acid nethyk ester (40 ng, 0.1 mml) and
2- met hyl phenyl bor oni d (20.4 ng, 0.15 mmol) gave
2- (5, 6-D net hoxy-
benzoi m dazol - 1-y1) - 4- o- hol
acid (22.5 ng, 57%p@s a soI id. 1H NMR (400
VMHz, DVSO d6) 6 ppm 13,4 ﬂ \ﬂ H; 8.82 (s, 1
15H); 7.68 (s, 1 H); .41( 7.40 (s, 1 H);

7.31-7.39 (m 2 H: 7°27 (td, @

I -t hi azol e-5-carboxylic

In a similar manner as described for Example 26, 4-bromo-2-{5,6-dimethoxy-
benzoimidazol-1-yl}-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 3-hydroxyphenylboronic acid (20.7 mg, 0.15 mmol) gave 2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(3-hydroxy-phenyl)-thiazole-5-carboxylic acid (2.4 mg, 6%)
as a white solid. MS m/z 398 (M+1).
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3.85 (s, 3 H); 3.81 (s, 3H; 2.29 (s, 3 H. MBnz
396 (Mrl). Exanple 28

WO 2006981 D et hoxy- benzoi mi dazol - 1-y1) - 4- (4- mepSPEF200M851541

nyl)-thiazol e-5- 20 carboxylpg acid WO

2007/ 096315PCT/ 102007/ 051541 93 In a sim | ar manner

as described for Exanple 26,

4- br onp- 2- (5, 6- di net hoxy

benzoi m dazol - 1- 0) - t hi azoﬁ 5pcar%oxyl ic acid methyl
248iGhlota-@-flgor@benroiridazoedt 14yl pharyylithinddiesSecarboxylic

aédna 2petifta o BT Relzd B Bazp - vi-fphenvidhipanie s

carboxyficar@le- 5- carboxylic acid (20.3 ng, 5 49% as a
whité solid. 1H NVR (400 Mz, DVSO d6) 6 ppm 13.53
(br.s., 1 H,; 6.82 (s, 1 H; ,

1H);739|(=‘583 g§;705(d

3.85 (s, 3 ; %ﬁ,“ H) .
Exanpl e 29 1Q 2 3- Di uor o- phep
nmet hoxy- ben m dazol y1)-tf

acid O0- 15 @ simla nner
Exanpl e 26, 4-bron0-2-¢5,6cﬂlnethoxy-
benzoi m dazol - 1-y1) -t hi azol e- 5-car boxyl i ¢ aci d net hyl
ester (40 ng, 0.1 mmol) and 2, 3-di fl uorophenyl boroni c

acid (23.7 ,. 0.15 mol ) gave . . .
245 Chierons-fual-Bphenyigazs sy dahasyhiigzolers,oRpasicoAcid and
> ot S A GRPRR | S0P lgh et Gady o ao wore
prepared in d sif)itar 208nr&S gssthal fad)Examplé 1(sariihgHyith the reaction of 5-
chiped-&ly8rapishzs midhzg e ¢ hyoiay - pdiiihiadle- < Rpvbpvic add

ethyl ester. MS M/z 374 (M+1).

Example 36
4-(3~-Chloro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-

carboxytic acid amide

Cl

7
: Q N 5 C
s o/ N=" N"<\N \
a4
N Cl

O-—
2,4-Dichlaro-thiazole-5-carboxylic
acid methyl ester

4-Chioro-2-{5,6-dimethoxy-benzoimid
azol-1-yl}-thiazole-5-carboxylic ac
id methyl ester

A suspension of sodium hydride (60%, 638 mg,15.93 mmol} in dry
dimethylformamide (30 ml) was cooled to 0 °C (ice bath). 5,6-
Dimethoxybenzimidazole (1.42 g, 7.96 mmol) was added in one portion and the
mixture was stirred at 0 °C for 15 min. A solution of 2,4-dichloro-thiazole-5-



WD 2007/ 096315PCT/ EP2007/ 051541 94 Exanpl e 30
2- (5, 6-D net hoxy-benzo i mdazol -1-y1)-4-(2-hyd
wo bpieddieny 1) - t hi azol e-5- carboxylic acid 5 PerkPrRrnsisa
sim | ar manner as described fer Exanpl e 26,
thoxgbenzm m dazol - 1)-thiazol e-

C%fb@éylﬁbﬁ‘;‘)ﬂg‘(!etﬁzl SRR hHP Ge <128 M) wgiry linpetfydpymamide (10
9?5?’ gaged dropwise atQ L qnd sliming wag confnuedfor 15 min jfhe

rez@800 wag querichearatl() @it TN (aﬁuéelﬂ hysdrbohlxaﬂbemmb(SO ml). The

m dazol 1)-thiagzale-5

B rpats wab Soled oraEs: Wiashed Wi watenaschaiged in 2

[+]
5 v%t?%_ng Me?%h {o EN%' 'EPlle% #ﬁéﬁ)rg?(lg& éi‘al% gfelge solid (2.64 g, 94% vyield).

LGTMSIUJ&M@AQ) M+Hn| z)lzol e-5- carboxylic acid 0- In a
simlar manner as described for Exanple 26,
4- br ono- 2- (5, 6- di met hoxybenzoi m dazol - 1-y1) -t hi azol e-
5-carboxylic aci ¢ nethyl ester (40 ng, 0.1 ) and
3-chl or ophenyl bor¥enit acid (23.5 ng, 0.15 mmol ave
4- ( 3- d]INg\c;J-_B{T‘e WO 2007/ 096315PCT/ EP2 051541

NS N’)'\
N”Cl N'<\N )
—O . —_ cl
O~ ° b
4-Chloro-2-(5,6-dimethoxy-benzoimid 4-(3-Chloro-phenyl)-2-(5,6-dimethox
azok-1-yl)-thiazole-5-carboxylic ac y-benzoimidazol-1-yi)-thiazole-5-ca
id methyl ester rboxylic acid methyt ester

10 A solution of 4-chloro-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic
acid methyl ester (1.00 g, 2.83 mmol} in DME (15 ml)/ 2M Na>CO; (4.94 ml, 9.9
mmol) was treated with 3-chlorophenylboronic acid (660 mg, 4.24 mmol) and
Pd[PPhz]s (320 mg, 0.285 mmol) for 20 min at 120 °C in a microwave synthesizer.
The reaction was quenched with water at rt and the precipitate was collected by

15  suction filiration, washed with water and dried in a vacuum oven. The crude was
-absorbed on silica and purified on a silica gel column with a 30-100% ethyl
acetate/ hexanes gradient over 30 min to afford the product as a beige solid (850
mg, 70% yield). LC-MS m/e 430.0 (M+H")

o O
s
s o N ’43 : OH
NFN N “N—
N,(\N \ 1 y
—0 %o..._ cl —© o “

4-~(3-Chioro-phenyl)-2-(5,6-dimethox 4-(3-Chioro-phenyl)-2-(5,6-dimethox
y-benzoimidazol-1-yi)-thiazole-5-ca y-benzoimidazoi-1-yl)-thiazole-5-ca
20 rboxylic acid methyl ester rboxylic acid
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2- (5, 6-di met hoxy-benzoi m dazol - 1-y1) -t hi azol e- 5-car bo

WO ¥Mhhsesaci d (8.6 ng, 21% as a white solid. MeikE2di651541

(Mrl). Exanple 32 5 2-(5, 6-Dy
S é@”&p“ PrapeRIRa 1Y)

2
GRS AR Reld BT 8 BN pter (5
mifﬁﬁhpll) Wt&atéd@vltm,l% H:Iz@n(ﬁByJ ragd! 9.8 mmol) at rt for 2.25 hr. The

SRR el R b o

an Lci*é: %&tﬁ'la'f’% N%%bgﬂéiﬂ Was %!Iéet(e@ﬁaggsuwon?ﬂt%ncﬁﬁ \ni(hsW@Utvﬁth

waterandssteer, @nd tmem)dnee Lol vagu(lmm atzt—go afford2he dgigsired product

aShhelgd Syl Gromiy 7% fdih LoAyme AR @y

mz 432 (Ml).
Exanpl e 33

2- (5, 6- Di met hoxy@benzoi m dazol - 1-y1) - 4- pyridin-
hi azol e- 5- car boxyyg acid 20 -0 0- WO

2007/ 0983451 CT{EP2007/ 051541 96 In a sm'm_a&
as descni b l e 26,

4-bro 5, 6-di
thyl ester 40 ny,
—0

5-carbo c acid

—_ al
O O

4+(3-Chloro-phenyl}-2-(5,6-dimethox 4-(3-Chioro-phenyl)-2-(5,6-dimethox

Eﬁi&?ﬁ;’fﬂm“ ~yl)-thiazole-5-ca }’gﬁi;‘.?;";";ia;‘;'i;];“"‘“ iazole-6-ca
HBTU (228 mg, 0.60 mol) was added at rt in 2 portions over 90 min to a solution
of 4-(3-chloro-phenyl)-2-(5,6-di methoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic
acid (30 mg, 0.07 mmol), ammonium bicarbonate (30 mg, 0.35 mmol) and
triethytamine (0.10 ml, 0.70 mmol) in NMP (1 mi). The reaction was quenched
with water at rt and the precipitate was collected by suction filtration. This crude
product was absorbed on silica and purified on a silica gel column with 100%
ethyl acetate 1o afford the product as a white solid (25 mg, 84% yield). LC-MS

m/e 415.0 (M+H")
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and pyridine-3-boronic acid (18.4 ng, 0.15 mml) gave
2- (5, 6- D net hoxybenzoi m dazol - 1-y1)-4-pyridin-3-yl-th

wo J09%868rD- carboxylic acid (2.6 ng, 7% as a WiidRp2007/051541

solid. 1H NMR (400 MHz, DI\/B(%O§5) 6 ppm 13.68 (br.s.,
1 H,; 9.07 (d, 1H); 8.85 (s, H; 8.66 (dd, 1 H);
8.31 (dt, 1 H); 7.81 (s, 1 H); 7.55 (ddd, 1 H); 7.40
(s, 1 H; 3.86 (s, 3 H; =.3 H. M5 mz 383
(Mrl). 10Exanpl e 34 EXaffiplé 37:
2-05, 6D itné¥hoxtyRbenyzdietidazal-tylsd-pheny)-tHiazdldv§crarbpxplie acid
@/r’l&-thi azol e-5- carboxylic acid OH 0- 15 In a
P lagfd@nnner as described for Exanple 26,
4- br ono- 2- (5, 6- di et hoxybenzoi m dazol -1-y1) -t hi azol e-
5-carboxylic acid nethyl ester (40 ng, 0.1 mmmol) and
3- hydr oxyphenyl boronic acid 2.7 ng, 0.15 mmol) gave
2- (5, 6- D met hoxybenzoi m da -yl) - 4- ( 3- hydr oxy- phen
y1l)-thi azol e-5-carboxylic addA2.4 ng, 6% 20 as a
white solid. Ms mz 398 (M+l).l WO

2007/ 096315PCT/ EP2007/ 0515#1 A7 E¢anpl e 35

2- (5- Chl or o- 6-f | uor o- benzoi ntdazq y1)-4-pheny| -t hi
azol e-5-carboxylic acid and /~
2-(6-chl oro-5-fl uoro-benzoiw_d

azol e-5- 5 carboxylﬂc acid /[
2- (5-Chl oro-6-fl uor8 wo Ni dazol - 1-y1) - 4- phenyl -t hi

zol - 1-y1) - 4- phenyl -t hi

azol e- 5- carboxyl i c aci /
2- (6-chl oro-5-fl uor g~Oe&wzorm dazol - 1-y1) - 4- phenyl -t hi
azol e-5-carboxylic acid were

To a solution of 2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-
carboxylic acid (30 mg, 0.075 mmol) in dimethyliormamide (1 ml) was added
diethylisopropylamine {15.6 pL, 0.09 mmol) and HATU (28.5 mg, 0.075 mmol).
The mixture was stirred under ambient temperature for 5 min. Aniline (6.8 L,
0.075 mmol) was added. The mixture was stirred for 1 hr. Ethyl acetate (5 ml)
was added. The mixture was washed with water (2 x 3 ml), brine, dried with
magnesium sulfate and concentrated in vacuo. The crude was purified with flash
ch romatography (0 to 2% methanol dichloromethane) to afford 2—(5,6:Dimethoxy-
benzoimidazol-1-yl}-4-phenyl-thiazole-5-carboxylic acid phenylamide (30 mg,
86.4 %) as a yeliow solid. MS m/z 457 (M+1).

Example 38
2-(5,6-Dihydroxy-benzoimidazoi-1-yl)-4-phenyl-thiazole-5-carboxylic acid

[ | 0
0 F:I:S/>—N/‘\§N
N :]
OH

HO

- ethyl ester
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10 prepared in a simlar manner as that for Exanple 1
starting with the reaction of 5-

WO ﬂhbﬁ%@1§ f 1 uor obenzoi m dazol e and PCT/EP2007/051541

2- Chl oro 4- phenyl t hi azol e-5- ﬁﬁr boxylic acid ethy
ester. 374 (M e 36 15 o
BGLraBHPRH TRy ISHATEE 4, BTk e RSNy Mesraied in multiportions

L ; :

o R I 2 SRR R 2205, SR ROl R Pyes:

phbr@ﬂﬂhmmiéS(dﬁrlﬁex#hm&td@a&hybeslzm(de g, 4.99 mmol) in methylene

cr3ae b et g e vas GHiTR) T d SOdUNaBAS igS 1 eouater was

adHBd.?\llétﬂy%hié i Wht PEMBTEE Sn é@@s:@hg ftl%)r%lie%et&hd was
O C (1ce’bath azo

5,6- D net hoxy enzim
wasiesd wrtblw)ataaand@c@dalll amouat pbmetimnad,nand themdrigdineair to give

th rodheirin 2, S vplon . TRt (MBB-B6) 8725, 11); 8.78-6.88 (m,
2&2}3@’76@95631-5%25?%@% @454’3089fs @ﬂl)bapml HC2Agi 22 (t, 3H). MS

’&%z ester (1.69

B br mami de (10 m) was added dropvvl se at 0 C
and stirring was continued for 15 mn. The reaction
was quenched at 0 C with 1N aqueous hydrochloric acid
(30 m). The resulting pEgampiedd® was col | ected by
filtration, washed with water and dried in a 5 vacuum

2- &@:&TQ"&Y@%"PR@OHEQQZQ! ToyBrdupheny-thiazglgs-sarkexylic acid
(2.64.9, 94%yield). LCMs me 340.0 (MrH+)
4- Chl oro- 2- (5, 6-di net hox¥- benzoi m d4- (3 Chl or o- phenyl
)-2-(5, 6-di net hox aw HQ- S¢ hj &nl e- 5- car boxyl i ¢
acy- benzoi ni dazol - 1-y1) - t 'I%T)N - -ca

OH
HO

2-(5, 6-Dihydroxybenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid was
prepared in a similar manner as that for Example 1 by hydrolysis under basic,
aqueous conditions with LIOH at room temperature starting with the reaction of 5,
6-hydroxybenzoimidazole and 2-Chloro-4-phenylthiazole-5-carboxylic acid ethyl
ester. "H-NMR (DMSO-D86) 9.47 (s, 1H); 9.07 (s, 1H); 8.67 (s, 1H); 7.84-7.80 (m,
2H); 7,63 (s, 1H); 7.50-7.41 (m, 3H); 7.06(s, 1H). MS M/z 354 (M+1).
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id nmethyl esterrboxylic acid nethyl ester 10A
sol uti on of

wo 408 lobaaio- 2- (5, 6- di met hoxy- benzoi m dazol - 1- yli.c-},ﬁpﬂi,%sﬁﬂ
nmol

e-5-carboxylic acid nethyl e r (1.00 g, 2.83

in DVE (15 m)/ 2M Na2C33 (4.94 m, 9.9 mmol) was
treated with 3-chl orophenyl bor oni c acid (660 ng, 4.24
mmol ) and Pd[ PPh3] 4 (320% @ mml) for 20 mn
at 120 Cin a mcrowave synrﬂ Ssi zer. The reaction was
2dﬁ£thndthmtyhben2mm idazol-1aylp4t(Bevipyephenyixthiazate-5-

C ted y 15 suction filtration, washed with water
c%'%l? :i n a vacuum oven. The crude was absorbed on
silica and purified on a silica gel colum with a
30-100% et hyl acetate/ hexanes gradient over 30 mn
to afford the product as a beigessolid (850 ng, 70%

yield). LCGM me 430.0 (M E1- L
4- ( 3- Chl or o- phenyl ) - 2- (5, 'a-.'--@ (3- Chl oro- phenyl
cay- benzoi m dazol - 1-

) -2- (5, 6-di nel hox

y- benzoi m dazol -1-y1)-thi azoge-

yl)-thiazol e-5-ca 20rhoxylic weNd net hyl
esterrboxylic acid 7/ §96315PCT/ EP2007/ 051541
99 A suspension of Wi@g)

4- ( 3- chl or o- phenyl ) - 2p{5%6<dNnmet hoxy- benzoi m dazol - 1-
yl) - thiazol e-5-carboxylic acid nethyl ester (850 ng,

1.98 mmol ) in THF/ water (50 ml/25 m) was treated
with LiOH H20 (830 ng, 19.8 nmmol) at rt for 2.25 hr.

Ing SR b o g BT o I ATRREa8 4 o 2Ot Emethony-

bgrizatinfidzol-¢-yeibiLold- eectaedoiqmcsam hthylidstdra0ang, 0.1 mmol)
washed with water and ether, and then dried under

a%%mwlamewﬂbqrsnm%@ @22 mg, &%5 MHOIFB pave &r( %@Ehmﬁi%

oS B R LB Sl (g, o0 o

a while (B)ie: gjli-mstMRn(@OO MHz, DMSO-ds) & ppm 8.84 (s, 1 H); 8.04(t,1 H);
78508 B 838 1o, 7 58 W M a8 Y1 BT 40T 939, 83 (e, 1

H); 5.92 (dd, 1 H); 5.33 (dd, 1H); 3.86 (s, 3 H); 3.85 (s, 3 H). MS 408 m/z (M+1).

Example 41
4-(3,5-Dichloro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-
carboxylic acid

Gl
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15

rboxylic acidrboxylic add am de 10 HBTU (228 ng, 0.60
nol ) was added at rt in 2 portions over 90 mn to a

wo febméespn of  PCT/EP2007/051541

4 (3-chl oro- phenyl) - 2- (5, 6- dj 3 thoxt benzoi m dazol -1-y

1) -t hi azol e- 5- car box I|c aci 7 mmol )
In ilasmannalasorescsoedd hﬁxamp@s'&%b oraa@ (5.6-dimethoxy-

bér‘éﬂg@ﬁﬁé&zﬁﬁ Qﬁ) &Qai?e—?—carﬁﬁzﬂadm& )rreétﬁ‘)(l J(@"er& 0.1 imol)
and 8(5- duchhireph@wlbmbhﬂm(ﬂd (By my i @mn‘mlb paed 4e(3,5-DictHoro-
R TN e e
sﬁeelag;é_ ME@? %@JZHL{@@RS(M Mﬁ“—gﬁ@iM@o(%?ﬁ%m 8BA (s, 1 H);8.15
(s220y: G%B@nw;mwnommag 1801 H): 3.89 (s, 3 H); 3.85 (s, 3 H). MS

anpl ;
45@?&'&15?)71& hoxy- benzoi m dazol - 1-y1) - 4- phenyl -t hi azol

e-5-carboxylic acid phenylamde: 5 To a solution of
2- (5, 6- Di met hoxy- benzoi m dazol - (ﬁ%l) 4- phenyl -t hi azol
e-5- carboxylic acid (30Exgmple nol ) in

S Ep o PRl 25 Mt bRy e imdlazol v hizelers-

cdrﬁ&x@l;&mm@ 075 mmol ). The m xture was stirred under
anbi ent tenperature for 5 mn. Aniline (6.8 pL, 0.075
mol ) was added. The m xture was stirred for 1 hr.
Et hyl acetate (5 m) was added. Tke m xture was
washed with water (2 x 3 m), ' dried with
magnesi um sulfate and concemn, vacuo. The

2% met hanol di chl or onet hane)
2-(5, 6-D net hoxybenzm m daz y1) - 4- phenyl -t hi azol e
-5-carboxylic acid prgjanyl am de (30 ng, 86.4 (3/0) as

a yellowsolid. M5 nz Exanple3820

2- (5, 6- D hydr oxy-benzgai -1 yl) phenyl -t hi azol
e-5-carboxylic acid hyl" ester

2007/ 096315PCT/ EP2007/ 051541

In a similar manner as described for Example 26, 4—bfomo-2—(5,6-dimethoxy-
benzoimidazol-1-yl}-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 3-bromophenyiboronic acid (30 mg, 0.15 mmol) gave 4-(3-Bromo-phenyl)-2-
(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid (4.0 mg, 9%) as a
white solid. MS 460 m/z (M+1).
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101 Boron trifluoride di rrethylsul‘fide (4.1 M, 39
mmol ) was added in nultiportions over 5 hrs. to a

wo Seh®asd on of 2-(5, 6-Di met hoxybenzoi mi dazolpé%}mﬁmﬂs“

phenyl t hi azol e- 5- carboxylic ggi d ethyl ester (2.0
4.99 mmol ) in methylene chloride at RT. The mxture
was stirred for an additional 40 mns. lce water was
5 added. Methyl ene chlorigdg n@%i f£noved, the residue
was filtered, the solid was shed with water and a
2-$5ﬁ|-ll)1mthm¢y -bénzsintidarbl-1-9h)d44(Bdrifldoremethylaphenyl)-thiazole-
|ve t%gr,%guct (1.72 g, yield 90% . 1H NWR
2 (s, 1 H; 878-8.88 (m 2H); 7.64 (s,
7.42-7.51 (m 3H); 7.08 (s, 1H); 4.22 (q, 2H),
1.22 (t, 3H. M5 Mz 382 (M+rl) 10 Exanple 39 2-(5,
6- Di hydr oxybenzoi m dazol - 1-y1) - 4- phenyl -t hi azol e-5-ca
rboxylic acid 0 OH HO 152-(5,
6- D hydr oxybenzoi m dazol - 1-y1) O4- t hi azol e-5-car
boxylic acid was prepared in a ' nner as that
for Exanple 1 by hydrolysis undepyb < aqueous
conditions with LiOH at room teBperiature starting
with the reaction of 5, 6- hydroﬁ%é’nzm m dazol e and
2- Chl or 0- 4- phenyl t hi azol 8~5=cqrbbxyl i c acid et hyl
ester. 1H NVR (DVSO D6) 9. />1H) 9.07 (s, 1H);
8.67 (s, 1H); 7.84-7.80 ), 7,63 (s, 1H);
7.50-7.41 (m 3H); 7.06(s, 1H. Ms Mz 354 (M+l). wo
2007/ 096315PCT/ EP2007/ 051541 102 Exanple 40 2-(5, 6-Di
nmet hoxy- benze

in4 Qi@‘(ﬁjxl 2 ranhbr: a% %&CYI B o PBLE bl 3811 ABRIrf6-2(5,6-dimethoxy-

car ylic ac

benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
- and 3-trifluoromethylphenylboronic acid (28.5 mg, 0.15 mmol) gave 2-(5,6-

Dimethoxy-benzoimidazol-1-yl)-4-(3-trifluoromethyl-phenyl)-thiazole-5-carboxylic
acid (26.1 mg, 58%) as a white solid. 1H NMR (400 MHz, DMSO-ds) 6 ppm
13.90 (br.s.1H); 8.82 (s, 1 H); 8.37-8.47 (m, 2 H); 7.87 (s, 1 H); 7.82 (d, 1 H);
7.72(t, 1 H); 7.39 (s, 1 H); 3.87 {s, 3 H); 3.85 (s, 3 H). MS 450 mvz (M+1).

Example 45
4-(3-Chloro-4-trifluoromethyl-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-
thiazole-5-carboxylic acid

cl F. F
o OH E
=
5



In a simlar manner as described for Exanple 26,
4- br ono- 2- (5, 6- di met hoxybenzoi m dazol -1-y1) -t hi azol e-

wo ogaddpxyl i c acid nethyl ester (40 ng, 0.1 np@lkre7/051541
and 3-vinyl phenyl boroni ¢ acigs(22 ng, 0.15 mmol) gave

o T SR EL A, ol Bt
og2fios R 88035 Bl e e 'y o)

arld Bichliaro4Birfluorameihylghetyllfarpnit adjq (33.833ng,dd 15 nrFpl) gave 4-

(X Ghiog BtifyeicpaPi Bhe e (b i Rphabanzoitidazol 1 -y))-
th?az% § dariSémt E‘fél!“tﬂ?m"?)m% (@/oﬁag a'Wﬁ;Ek??sdhdJeﬂiZlEPﬂMFi' @aoMHz,

-1- -th| -5- car l[1c acid
DM#O@%@PHPGB/EPMI mH58§51((331 [ 3 4@ (d I1alr); @edhéad, 1-H);

735680?;%{)29?% G5 TTR 5. 3%: 3.86 (5, 3 H), 3.85 (5, 3 H). MS 484

piyr dazol - 1-y1)-thiazol e- 5-carboxylic acid methyl
es er (40 ng, 0.1 mmol) and 3, 5-di chl orophenyl bor oni c
acid (27 ng, 0.15 nmol) gave
4-(3,5-D chl orophenyl)-2 thoxy-benzoinidazo
-1-y1)-thiazol e-5-car boxy c aC| (23 ng, 5 51% as a
ZMBFBIm@Hho&y-BéhWRuﬂélﬁl 14yl)-4-Plisaetia)-16-indo 1 5-9 B -thiazole-5-
; 0.8.15 (s, 2 H; 7.83 (s, 1 H,; 7.73 (s, 1 H;
carb%thﬁaqd H: 3.89 (s, 3 H: 3.85 (s, 3 H. M 450
mz (Mrl). Exanple 42 10
4- ( 3- Brono- phenyl ) - 2- (5, 6- di met hoxy- benzoi m dazol - 1-y
1) -thi azol e-5- carboxylic acid Br 15 n a simlar

manner as described for Ey Fe N

4- br ono- 2- (5, 6- di net hoxy- Y/,

benzoi m dazol - 1-y1) -t hi azol C oxylic acid nethyl
0.1 ') anth.3xbr onophenyl boronic acid

ester (40 ng,

(30 nmg, 0.15 mmol ) dave 4-% - Brono- phenyl)-2- (5, 6-d
met hoxy- benzoi m dazo t hi azol e- 5-car boxylic
acid (4.0 ng, 9% a%_ J% solid. M5 460 nmlz (Mtl).

in a similar manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-
benzoimidazol-1-yi)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and N- methylmdole -5-boronic acid {26.2 mg, 0.15 mmol) gave 2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(1-methyi-1H-indol-5-yl)-thiazole-5-carboxylic acid (5.1 mg,
12%) as a white solid. MS 435 m/z (M+1).



WD 2007/ 096315PCT/ EP2007/ 051541 104 Exanpl e 43
2- (5, 6- D net hoxy-benzoi m dazol -1-y1)-4-(3-trifl uoro
WO mty,hydﬂphenyl) thi azol e5-carboxylic acid 5 pErRp2007/051541
simlar manner as descri bed r Exanpl e 26,
4- br ono- 2- (5, 6-di met hoxybenzol m dazol -1-y1) -t hi azol e-
5-carboxylic acid nethyl ester (40 ng, 0.1 nmol)
10and 3-trifl uoromet hyl plﬁ% rgnic acid (28.5 ng,
0. 15 nmol ) gave 2-(5, 6- mﬁn
4-mmbifmqromnmwlrﬁ26(&mdimemoxw-beﬁzohniﬂazol-dm)-nyibzple-s-
Qﬁopeythla ol e-5-carboxylic acid (26.1 ng, 58% as a
< licAcd  1H NVR (400 MHz, DVBO d6) 6 ppm 13.90
5 (br.s.1H); 8. 82 (s, 1 H; 837847(m 2 H; 7.87
(s, 1 H; 7.82 (d, 1 H,; 7.72 (t, 1 H; 7.39 (s, 1
H,; 3.87 (s, 3 H,; 3.85 (s, 3 H. I\/IS450rn|z (M+1) .

15 Exanpl e 45 4-(3-Chl oro-4- tr¢|.f
9

uor onet hyl - pheny1) - 2- (5, 6- 8¢kt h
m dazol -1-y1) - thiazol e-5-carho
2007/ 096315PCT/ EP2007/ 051548

| 2

acid 20 WO

In a similar manner as described for Example 26, 4-bromo-2-(5,8-dimethoxy-
benzoimidazol-1-yl}-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)

10  and 3,4-difluorophenylboronic acid (23.7 mg, 0.15 mmol) gave 4-(3,4-Difluoro-
phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid (8.7 mg,
21%,) as a white solid. 1H NMR (400 MHz, DMSO-ds) & ppm 8.81 (s, 1 H): 8.22-
8.32 (m, 1 H); 7.88-8.00 (m, 1 H); 7.80 (s, 1 H); 7.55 (dt, 1 H); 7.39 (s, 1 H); 3.88
(s, 3 H), 3.85(s, 3 H). MS 418 m/z (M+1).

15
Example 48
2-[5,6-Bis-(2-methoxy-ethoxy)-benzoimidazol-1-yl]-4-phenyl-thiazole-5-
carboxylic acid
O
HO S /=
2N
N
0
TN
O
/ N
20

A mixiure of 2-(5,6-dihydroxy-benzoimidazaol-1-yl}-4-phenyl-thiazole-5-carboxylic
acid ethyl ester (118.8 mg, 0.31 mmol, intermediate for Example 39), bromoethy!
methyl ether (0.1 ml) and potassium carbonate (200 mg) in N-methylpyrrolidone
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105 In a simlar manner as described for Exanple 26,
4- br ono- 2- (5, 6- di net hoxybenzoi m dazol - 1-y1) -t hi azol e-

wo oeesazexyl ic acid nethyl ester (40 ng, 0.1 np@ikpRgfesiss

3-chloro-4-trifluoronethyl phgpyl boronic acid (33.7

0. i I -
@Rk SHTRS A R eraiont Ay NP (WA he
mh&azeowas %aﬁaaea \M%ﬁ mm gmg ?\ﬂ%_' Fé@@@ﬂé 86|v@ﬁt Ghe residue
wm/sﬂuu;@)w& mﬁthamolg(:ﬁ nibangd. sodiurhi)hydﬁn%e éslutian l(-l)N 1.5 ml) was

%@ed'c? +E§ rr]ﬂ),ct% ]tlil(e»,gf at g%l’ *(@5 f_&et%a@ VY%S regnoved the

(gﬂ)eod‘éfwﬁﬁeﬂiréhiéﬂﬁb) pH @Eﬂwﬁiﬁlﬁ@te was collected and purified by

- Di met hoxy- benzoi m dazol
preparaive dHLCﬁG(QlVQStf}elfjeSltﬁCbQ@d@CBé%ﬂmmid d7%gi d1H-NMR

(CMSERRR) 378 (B T BT AT Tl daob IS 2T 43 s 31

4 370PD @y UiHy: 3663 TB{ry4HE . 8B(s( 69|) S M/ 470gM-13nd
N- net hyl i ndol e-5-boronic acid (26.2 ng, 0.15 mmol)
gave
2- (5, 6- D net hoxybenzoi m pit- )-4-(1-nmethyl-1Hin
dol-5-y1)-thiazol e-5-carboxylic acid (5.1 ng, 20 12%
2-§3,6eDirhethoxyebenizoiitida26i-13yl)-44BhydroXfmethyl-phenyl)-thiazole-
2007/096315PCT/EP2007/051541 106 Exanpl e 47
s-garkoxylis acidy [ o- phenyl ) - 2- (5, 6-d
met hoxy- benzoi m dazol - 1-y1) -t hi azol e-5- carboxylic
acid 5 In a simlar manner as descri bed for Exanple
26, HO
4- br ono- 2- (5, 6- di net hoxybenzoi m d am
5-carboxylic acid nethyl ester©
10and 3, 4-di fl uor ophenyl boroni c
mol ) gave 4-(3 4-Di fl uor o- g

phenyl) - 2- (5, 6- di met hoxyj benzm)?/
m dazol - 1-y1l) -t hi azol e- 50 hoxyl ic acid (8.7 ny,
219 as a white solid. 1HO I\/Hz DVSO- de) 6
ppm 8.81 (s, 1 H); 8.22-4 ;788800(m
1 H; 7.80(s,1|—|);755(dt 1 ;739(s 1 H;
3.88 (s, 3 H, 3.85 (s, 3 H. M 418 mz (Ml).

tn a similar manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-

1-y1)-thiazol e-
.1 nmol)
.7 nmg, 0.15

benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 3-hydroxymethylphenylboronic acid (22.9 mg, 0.15 mmol) gave 2-(5,6-
Dimethoxy-benzoimidazol-1-yl)-4-(3-hydroxymethyl-phenyl)-thiazole-5-carboxylic
acid {0.8 mg, 2.0%) as a white solid. MS 412 m/z (M+1).
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15 Exanpl e 48 2-[5, 6-Bi s-(2-net hoxy- et hoxy) - benzo
m dazol -1 -yl]-4-phenyl -thiazol e-5- carboxylic acid

wo 26d700¢3uxt ur e of PCT/EP2007/051541

2- (5, 6-di hydr oxy- benzoi m dazgg- 1-y1) - 4- phenyl - t hi azol
e-5-carboxylic acid ethyl ester (118.8 ng, 0.31 nmol,
internediate for Exanple 39), bronoethyl nethyl et her

(0.1 nl) and potassium c?'me% ¢ 200 nmg) in

N- net hyl pyrrol i done 15PCT/ EP2007/ 051541
-IEB—Dﬂwdrp benzofil4]diokint6-R)-2(5 6+dinlethoxy-behzCirhidazél-1-yl)-

er was .added, and the m xture was extracted

“uﬁ?]'e' GOMDOXWNCACID Aft or renpval of sol vent, the
residue was diluted with nethanol (3 m) and sodi um
hydroxi de solution (1IN, 1.5 m) was added The

m xture was stirred at R QO5_mig; t hanol was
renoved, the 5 aqueous was n 2 d t pH 3. The
preci pitate was col |l ected apexQu 26, preparative
HPLC to give the desired produgt (24.6 ng, yield

179 . 1H NMR ( DMSO.0B) 1H); 8.20-8.27 (m

2H); 7.83 (s, 1H); (m 3H); 4.17-4.22 (m

4H); 3.66-3.75(m , 6H). M5 Mz 470 (MW1l).
10Exanpl e 49 N

2- (516- D met hoxy- benzoi m dazol - 1-y1) - 4- ( 3- hydr oxynet h
yl - phenyl ) -t hi azol e5-carboxylic acid 15ln a simlar
|n2mgmrar@gard@cers chm:n’b@a f&?@@hple?@a 4-bromo-2-(5,6-dimethoxy-

rono

bwndﬁzehgmll tﬂ@zweﬁmqbamma%mwle%erdéodnm Aymmol)

;
afiP} Hoéisbdlharft- & LRIBL 27 mo, 0,15 Mol gaye 4:42.3-Dinydro-
bemml[) 4g:ﬁmen25~f(l5-26(5 6-d|methoxy-benzolmldazol 1-yl)-thiazole-5-carboxylic
%hox - boe zoi m dazol - g{g roxymet hyl - phen
a‘i}q?g HNGzeR 95&1%6%%!3[% 64@0"/@( }2.0% as a
white solid. M5 412 mz (Mtl). WO

2007/ 096315PCT/ EP2007/ 051541
Example 51

2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-(4-vinyl-phenyl)-thiazole-5-

carboxyiic acid

In a similar manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-
benzoimidazol-1-yl)-thiazole-5-carboxyiic acid methyl ester (40 mg, 0.1 mmol)
and 4-vinylboronic acid (22.2 mg, 0.15 mmol) gave 2-(5,6-Dimethoxy-
benzoimidazol-1-yl)-4-(4-vinyi-phenyl)-thiazole-5-carboxyiic acid (15.2 mg, 37%)
as a white solid. 1H NMR (400 MHz, DMSO-ds} & ppm 13.69 (br.s., 1 H); 8.82 (s,
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4- (2, 3- D hydro-benzo[ 1, 4]d| oxi n-6-y1l)-2-(5, 6-di net hox
wo YooRgaagy m dazol -1-y1) - thiazol e-5- carboxyl i CP@fimﬂzoﬁw{)Sls“
In a SI m I ar manner as descr{daed for Exanpl
6- di met hox%benzm m dazo

Tfﬂa?&%?h 2 )aZraﬂ tretlny): eG,Q & 2 b 7n§9 ®. 1&%&35? (g4 1 H) 597
m*rol) ave&ﬁpqzﬁg%gggd nzo??gﬁjd ZKAéTHOSQn/%E(M”)

n- 6- yI) 2-(5,6-di net hoxy benzoi
m dazol -1-y1) - th| azol e- 5- carboxgéc acid (9.5 nyg,
22% as a V\,hlte solid. MEX@MPIRIS2 (wr1). Exanple 51

7 Lyl}- - -
2ﬁ1§ gzlggﬁe 2y H%ﬁ%@iﬁ_ Vildggﬁf-i’ tYé)n‘;'l(?'d'meth ylcarbamoyi-phe rﬂy!)
th:azolaeS—darmylm acidi m | ar manner as described for

Exanpl e 26,
4- br ono- 2- (5, 6- di met hoxybenzoi m dazol - 1-y1) -t hi azol e-
5-carboxylic acid methyl ester (40ynmg, 0.1 mml) and
4-vinyl boronic acid (22.2 ng, O 15NL11mI) gave
2-(5, 6- Di net hoxybenzoi n dazol - 4- (4-vinyl - phenyl
)-thi azol e-5-carboxylic aC|d d;rB , 37% as a
white solid. 1H NMR (400 §6) 6 ppm 13. 69
(br.s., 1 H,; 8.82 (s, W i
2007/ 096315PCT/ EP2007/ 051548 109 1 H; 7.95 (d, 2 H);
7.84 (s, 1H) 760(|d 2H) .39 (s, 1 H:; 6.82
(dd, 1 H); 97(dd 37(dd 1 H,; 3.86 (s, 3
H,; 3.86 (s, 3 H. (l\/H-l) Exanple 52 5
2- (5, 6- D net hoxy- bean)l dai\bl -1-y1)-4-(3-di net hyl car
banoyl - phenyl ) - thlazble 5-carboxylic acid 10In a
simlar manner as described for Exanple 26,
4- br ono- 2- (5, 6- di net hoxy-
In a similar manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-

benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (40 mg, 0.1 mmol)
and 3-dimethylcarbamoylphenylboronic acid (29 mg, 0.15 mmol) gave 2-(5,6-
Dimethoxy-benzoi midazol-1 -yl)-4-(3-dimethylcarbamoyl-phenyl)-thiazole-5-
carboxylic acid (1.8 mg, 4%) as a white solid: 1TH NMR (400 MHz, DMSO-ds) ©
ppm 8.81 (s, 1 H); 7.84 (s, 1 H); 7.73-7.79 (m, 2H); 7.44-7.59 (m, 3 H); 7.40 (s; 1
H}; 3.91 (s, 3 H, NCH3), 3.86 (s, 3 H); 3.01 (5,3 H); 2.74 (s, 3 H). MS453 m/z
(M+1).
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benzoi m dazol - 1-y1) -t hi azol e- 5-car boxyl i ¢ acid net hyl
ester (40 ng, 0.1 mvol) and

wo Zoodlogaidy| car banoyl phenyl boroni c acid (29 nUpcPrdRoros1541

nmol ) gave 2-(5, 6- 10

Di et hoxy- benzoi m dazol - 1- y1]) -4- (3-di

nmet hyl car banoyl - pheny9-t hi azol e-5- carboxylic acid

(1.8 ng, 4% as a white %qﬁrﬁpl?]%éNNR (400 MHz,

DMSO- d6) 15ppm 8.81 (s, ;0 .84 (s, 1 H);
Thiopheher2-canbozylic atidiN-[4-43-chioro3phinyl]-24(5,-alimethdxy

3. 3.01 (s, 3 ;
behzoinyidazgiiyi-iiakele Searbamyi-hydszide 1 °
2007/ 096315PCT/ EP2007/ 051541 110 Exanple 53
Thi ophene- 2-carboxylic acid g

-[ 4- (3-chl oro- phenyl) - 2- 6

benzoi m dazol - 1-y1) -t hi azo-
Cl To a solution of

4- (3- Chl or o- phenyl ) -2-(5, 6-di s
yl) - thlazoIeSCarboxylchcuﬂ , 0.1 nmol) and
t hi ophene- 2- car boxyl i c aci dy10F dr id® (14.2 ng, 0.1

mrol , Al drich) in N, /V-dygethyl for nde (1 nm) was

added HATU (38 ng, O, ) and
di i sopropyl et hyl am 65pi |, 0.15 ). The
m xture was stirred ‘atSanbi ent tenPerapPure overnight.

The sol vent was reduced in vacuo and ter (3 mM) was
added. After sonication, the crude was filtered and
T arolutianeaft4-{3-Chionpephidnyt)a?-({ 5,6-dimehhgryepe nilididazol- 1-yl)-

th%ffg? g, L %&@eneﬁQﬁBl%a@g1ox r%lﬁgﬁﬁk&ngphene-%carboxylic acid

m}afraz.@brn ﬂi@zmb é1yr§;}s1noa|1 t )mﬂmég) gro Eﬁlg-@h’ﬁ/séwmﬁgﬂﬁgi@ Q/ﬁml) was

A&' (438 mg, 0 1 mmol) and dusopropylethyiamlne (26 pl 0. 15 mmol).

fﬂ*%tﬁfga\?s?é’l’ﬁ%ﬁéﬁﬁwéﬁ rdTa 8 B ERRC AT SGPRir Was

reduce_d in vacuo and water (3 ml) was added. After sonication, the crude was

di met hoxy
car bonyl] - hydrazi de 5

noxy benzoi m dazol -

filtered and sent directly for purification with prep-HPLC to afford thiophene-2-
carboxylic acid N'-[4-(3-chloro-phenyl)-2-(5,6-dimethoxy benzoimidazol-1-yl)-
thiazole-5-carbonyl]-hydrazide (37.9 mg, 70.2%) as a white solid. MS m/z 540
(M+1).

Exampie 54
4-(3-Chloro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-
carboxylic acid pyrimidin-4-ylamide

cl

N

0 /S&\N/‘\\N

X
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ci WO 2007/ 096315PCT/ EP2007/ 051541 111 In a siml ar
manner as described for Exanple 53,

woO %hof/ge¢8d or o- phenyl) - 2- (5, 6- PCT/EP2007/051541

di rn;t hoxy- benzoi m dazol - 1dy1 rit hi azol e- 5- carboxylic
id. (41 : 4
NG TR At GG 1. EXR ORI o8 g o-Anes 5. 6-
ditHetBS Eéﬁitgﬁmzﬂt qaﬁnf Aqéé%d%g {:@%ﬁgﬁﬂl%&g 3/31*{ @?1 famol) and

acid pyrimdin-4

4-aminepwiidine (@55 nmtgt, 049 3nrivk: Bidricy gavieet-63 Chibrogphemyt-2-(5,6-

pheny 1) - 2- (5, 67 . ST .
o RO BRIk ol igagie Grparbgryls acid pypimisiprd-yamide
(333 ﬁhg{ BoTBLhax ¥ whiga ¥bild. amsiﬁvzlag@l (M a sinilar
manner as described for Exanple 53,

4- (3- Chl or o- pheny1) - 2- (5, 6-
di net hoxy- benzoi ni dazol - Exampled5zol e- 5- car boxylic

4 FEChihte- PRyl 28 B aimS R R PRI Gt 1 DR ditye-5-

c#bBilieacid ¢3-métHdidZ hedyly-bimidel azol e- 5-carboxylic
aci d”(3-net hoxy pheny‘lg)? %?n de (45.1 ngy, 86. 6% as a

white solid. Ms mz 521 (Mtl). Exanple 56 20 4-(3-Chl
or o- phenyl)-2-(5, 6-d net hoxydpenzo

m dazol - 1-y1) -t hi azol e-5- cafboxylic acid

t hi azol - 2-yl am de C

U&

- In a similar manner as described for Exampie 53, 4-(3-Chloro-phenyl}-2-(5,6-

dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid (41 mg, 0.1 mmol) and
3-anisidine (12.3 mg, 0.1 mmol, Aldrich) gave 4—(3—Chioro-pheny[)-2-_(5,6-
dimethoxy-benzoimidazol-1-yl)}-thiazole-5-carboxylic acid (3-methoxy-phenyl)-
amide (45.1 mg, 86.6%) as a white solid. MS m/z 521 (M+1).

Example 56
4-(3-Chloro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-

carboxylic acid thiazol-2-ylamide

Cl
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WO 2007/ 096315PCT/ EP2007/ 051541 112 In a simlar
manner as described for Exanple 53,

w0 %o06/dedsid or o- phenyl) - 2- (5, 6- PCT/EP2007/051541

di met hoxy- benzoi nm dazol - 111)jbhi azol e- 5- car boxyl i c

acid (41 mg, 0.1 mml) and 2 am not hi azol e (10 O rTg,

0.1 nmmol, Aldrich) ave4|(:_3 Chloroztghen 1)-2-
’nﬁéjﬁk?@!{aﬁd&@ﬂ%r%@%%@?&foﬂ yamplend @@r@lﬁ(&ﬂ')r%56-

d@rﬁtﬁcgh}‘k@%fﬁ rnidé(%fg-g'-)?Eﬂ%?ol%g]@arlbzg)g&@cﬂ%? wd)'d: £ mmol) and

2-4ntiReibdzoie {( Thenyd,) 0.2 -rifmof Nﬁﬂm)wmﬂhlmq&t@ly})ﬁ -(5,6-
thi azol e-5- 10 carbhoxylic
d‘f"@thom P?ﬂ%@m'da@%lﬂam Ehéa%r'e 5r?ﬁf§°§¥’lﬁ AGid thiaaeles-yignide (39.6
e9815BRSS hinifeXasTR, uBSAad it pr o- pheny!) -2- (5, 6-

di met hoxy- benzoi m dazol -1-y1) -t hi azol e-5-carboxylic

acid (41 ng, 01 nmol) an 4-ar?' -1,2,4-triazole (8.4

rTg, 0 1 mol , Al dri ch) g%@m%l or o- phenyl) - 2-
v, éﬂ\é@dy senyzwinﬁaaiaoi-?n&w&a

I|c ac:ld rlazol ylam de (2.4 0% as
carbgpiylie amd.[m iazol- %mmM) WO

2007/ 096315PCT/ EP2007/ 051541 113 Exanpl e 58

3- Met hyl - benzoic acid

N 14- (3-chl or o- phenyl) - 2-

1-yl)-thiazol e-5-carbon

,'6- di met hoxybenzoi m dazol -
ydrazide 5 Cl

\
)\NA\‘N
N\é\N,NH
—0 0
/

In a similar manner as described for Example 53, 4-(3-Chloro-phenyl)-2-(5,6-
dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid (41 mg, 0.1 mmol) and
4-amino-1,2,4-triazole (8.4 mg, 0.1 mmol, Aldrich) gave '4-(3~Chloro-phenyl).-2.-
(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid [1,2,4]triazol-4-
ylamide (2.4 mg, 5.0%) as a white'solid. MS m/z 482 (M+1).
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In a simlar manner as described for Exanple 53,
4- (3- Chl or o- phenyl ) - 2- (5, 6-

WO thomededcy - benzoi m dazol - 1-y1) -t hi azol e- 5- car hEK¥PI087/051541
acid (41 ng, 0.1 nmol) and 10mtoluic acid hydrazide
(15.0 ng, 0.1 nmol, Lancaster) gave 3-Methyl -benzoic
aci d

-[ 4- (3-chl or o- phenyl) - X%‘;" gret hoxy- benzoi m dazo
I-1 y1l)-thiazol e-5- carbo -hydrazide (2.1 nyg,

-ﬂl@hyhbgnaommd N’ lq-(:a-cmrmmma) NG Brdimethmpiye 59

bé"{@bﬂgﬁg Igir&\bf ﬁf,‘?zq ﬁ%’ %??ﬁj'g'fhf%{" s pllr\I épar ed

from 5- net hoxy-4-nethyl- 2-nitrophenol according to
t he general procedure for benzim dazol es above. M5
Mz 163 (Mtl).
2- (5- Met hoxy- 6- et hyl benzo
zol e-5-carboxylic acid and
2- (6- met hoxy- 5- met hyl benzoi m dgzgl - 1-y1) - 4- phenyl t hi a
zol e-5- carboxyl c¢ acid ! /X ;L\N Ny

2- (5- Met hoxy- 6- et hyl benmkNHdazol @)-4-phenylthi a

azol - 1-y1) - 4- phenyl t hi a

zol e-5-carboxylic a

2- (6- met hoxy- 5- et hy zomdazol- ) - 4-phenyl thi a

zol e-5-carboxylic 5™e¥d were prep& eddn a simlar

manner as that for Exanple 1 starting {ith the

reaction of 5-nethoxy-6-nethyl-1H benzoi m dazol e and
Inz similar manneplasrddsicribed 6o eEsaropiedas; \A- (3 Chtbdo ghieplyl)-2-(5,6-

diffi2 Ehoxy benzonmld%zol (IW)-l)hiazE)fe—lgpcarboxyhc acid (41 mg, 0.1 mmol) and
m-toluic acid hydrazide (15.0 mg, 0.1 mmol, Lancaster) gave 3-Methyl-benzoic
acid N'-[4-(3-chioro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-
carbonyll-hydrazide (2.1 mg, 3.8%) as a white solid. MS m/z 548 (M-+1).

Example 59
5-Methoxy-6methyl-1H-benzoimidazole

/=N
HN

0
!

5-Methoxy-6-methyl-1H-benzoimidazole was prepared from 5-methoxy-4-methyl-
2-nitrophenol according to the general procedure for benzimidazoles above. MS
M/z 163 (M+1).

2-(5-Methoxy-6-methylbenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic
acid and 2-(6-methoxy-5-methylbenzoimidazol-1-yl)-4-phenylthiazole-5-
carboxylic acid



10 4-(3-Chl oro-phenyl)-2-(5,6-d nethoxy-benzo
m dazol -1 -yl)-th iazol e-5- carboxylic acid
WO $08796315L, 2- di hydro-pyrim din-4-yl)-am de C pdfykP2087/051541
simlar manner as described figr Exanple 53,
4- (3- Chl or o- phnyl) 2- (5 6-

acid (41 ng,,
mol , Al dri - (3 cnl or o- phe
dinethoxy-ber Fmnlaz o yl)-t
acid (2-oxo -dihydr yrim
ng, 11.0% white spi S
2007/096315PCT/EP2007/ 51501 115 Exanpl e 61
2-(7-Hydroxy-benzoi m dazol - 1-y1) - 4- phenyl-thlazole 5-
carboxyllc acid 0 5

Hydr oxy- benzoi m dazol - phenyl -t hi azol e- 5-
RoKy-6-raethy herzopniciezelked- v{iytl@bpayimazcgeﬁq@arboxyhc acid

aﬁ?éﬁ oSy et e ne ERiago} Tk ey ki eitla amoryiic

a®@ were prepared in a similar manner as that for Example 1 starting with the
2- (5- Met hyl benzoi m dazol - 1-y1) - 4- phenyl t hi azol e- 5-car
reggugm oF S4petpoxy-6-methyl-1H-benzdimidazole and 2- Chloro 4-

V. ) t ol e-5-c¢c
- 2GR SokP ety ot M BUE BB ORATL B o
product of Exanple 15 on super critical fluid
chromat ography with the follow ng conditions: 100
bar, 30 C, 2.0 numin el uE*ARIeBY ym AD col um with

4-?%‘?1@{6%1;%@592-(5,81&iHétﬁbx&lbérﬁzoqmdaz&{ﬁ Whanizole-5-
carboxyiic acid (2-oxo-1,2-dihydro-pyrimidin-4-yl)-amide

cl
N

° /)‘\N”\‘N

Z]/ -~-—oE 'oE

In a similar manner as described for Example 53, 4-(3-Chloro-phenyl}-2-(5,6-
dimethoxy-benzoimidazol-1-yl)-thiazole-5-carboxylic acid (41 mg, 0.1 mmol) and
cytosine (11.1 mg, 0.1 mmol, Aidrich) gave 4-(3-Chloro-phenyl)-2-(5,6-
dimethoxy-benzoimidazol-1-yl}-thiazole-5-carboxyiic acid (2-oxo-1,2-dihydro-
pyrimidin-4-yl)-amide (5.6 mg, 11.0%) as a white solid. MS m/z 508 (M+1).
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245- ( 2- Met hoxy- et hoxy) - benzoi m dazol - 1-y1] - 4- phenyl -t
WO hioamedses 5- car boxyl i c acid ethyl ester angcT/EP2007/051541

216- ( 2- met hoxy- et hoxy) - benzoj ¥ dazol - 1- y1] - 4- phenyl 5

t hi azol e-5-carboxylic acid

2- [ 5- (2- Met hoxy- et hoxy) - benzoi m dazol - 1-y1] - 4- phenyl -

t hi azol e-5-carboxylic aC|E§(a@ﬁ|bpéI5ﬁst er and

216- ( 2- met hoxy- et hoxy) - benzoi m dazol - 1-y1] - 4- phenyl -t

274 Isirexy-benzaimi H1-yedphenybiisiargle-twasboxylicacid
usi ng the procedure desctj bed for Exanple 48 from
2- (5- hydroxy- benzoi m dazg| - 1-y1) - 4- phenyl - t hi azol e- 5-

carboxylic acid ethyl d /~pN

2- (6- hydr oxy- benzoi m dazol l1- 4-lphenyl t hi azol e-5-c¢
arboxylic acid ethyl N M 96 (M+l).

15Exanpl e 64 HO

4- (2-Chl oro-pyridin-4-y¥)-2-(5,6-di met hoxy- benzoi m da
zol -1-yl1)-thiazol e-5- carboxylic acid 20 In a
simlar manner as described for Exanple 26,

24§m{y@my2béﬁzcﬁnmaﬁam ?Lh VIt aZeb- ﬂcdrbbxylm @é@ lv@as
hyl ester

carboxylic acid net '(120 ny, nmol
preparchby E?Pﬁi@lﬂﬁ@ihe Bbﬂtblﬁﬁ? ereduay of EIaFf’@le 6 046"' e;luting with

w%gsgéra(cé ﬂéi_) ng\@, 3%33,7 \9PRLEPCT/ EL' 2007/ 051541

met hoxy- benzoi m dazol - 1-y1) -t hi azol e- 5- car boxyl i c
acid (58
Example 62

2-(5-Methylbenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid

O.
HO NN
[ >N )
5”@
O
/

| 2-(5-Methylbenzoimidazol-1-yl)-4-phenylthiazole-5-carboxylic acid was preparéd
by separating the mixtUre product of Example 15 on super critical fluid
chromatography with the following conditions: 100 bar, 30 °C, 2.0 mL/min eluting
a 12 mm AD column with 40% MeOH in super critical fluid CO,.. MS M/z 352
(M+1).



g, 46.4% as a white solid. MS 417 rrilz (Ml).
Exanple 65 5
wo Rofoedslyxlr oxy- benzoi m dazol - 1-y1l) - 4- phenyl - t hp@zabR0D051541
carboxylic acid ethyl ester
2- (6- hydr oxy- benzoi m dazol - 1-y1) - 4- phenyl -t hi azol e- 5-
carboxylic acid ethyl
2- (5- Hydr oxy- benzoi m dazgx-af—‘@'ﬂkg)% phenyl -t hi azol e- 5-
24842 []-4-phenyl- le-5-
S NI} engBhfarlil v 4 phenyl-thiazole; - carboxylic
addr&lbyyesteraandj2f[6+(2+meﬁ1®(y emm)gqer&oﬁnldaﬂolmyb]-4~phenyl-

t%‘ﬁ%#gqux\ﬁ&are' i_geﬁzgiarre procedure for Exanple

m dazol - 1-y1) - 4- phenyl -t hi azol e-5- gbcarboxylic acid
et hyl ester d

2- (6- met héxx 8zoi pigdazol - 1- yl)‘%
t hi azol e- 5- caflbgkyNi c Jaci d et hyl

2007/ 096 CT/ EP20037051541 118 O ai ns 1.A 9
conpound of formJj()l) S
P °

2-[5-(2-Methoxy-ethoxy)-benzoimidazol-1-yl}-4-phenyl-thiazole-5-carboxylic acid
. ethyl ester and 2-[6-(2-methoxy-ethoxy)-benzoimidazol-1-yl]-4-phenyl-thiazole-5-
10 carboxyilic acid (13.6 mg) were prepared using the procedure described for
Example 48 from 2-(5-hydroxy-benzoimidazol-1 -yI)-4-phenyE-thia20Ie-5-
carboxylic acid ethyl ester and 2-(6-hydroxy-benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxylic acid ethyl ester. MS M/z 396 (M+1).

15 ‘ ' Exémple 64
47(2-Chloro-pyridin-4-yl)-2-(5,6-dimethoxy—benzoimidazol~1 ~yl)-thiazole-5-

carboxyHlc acid

20
In a similar manner as described for Example 26, 4-bromo-2-(5,6-dimethoxy-

benzoimidazol-1-yl)-thiazole-5-carboxylic acid methyl ester (120 mg, 0.3 mmol)
and 2-chloropyridine-2-boronic acid (71 mg, 0.45 mmol) gave 4-(2-Chloro-



5

10

15

5 (1) wherein: nis an integer fromO to 2; 10
each @ is independently selected fromthe group

wo 86Abesis ng of hydroxyl, |ower al koxy, |ower ?b’f}ﬁ)mowosmu
car boxyl, hal ogen -O(CH2 ,,g@cHZ)rrCHS -O( ) mOH,

py@qﬁﬁﬁgﬁfﬁ? B eRKPerPa DHESIGT aﬁﬁh@aﬁ@-wf@wc acid (58
ity d6IBENEBAMIREEIE Kt 417 ADE (4 £H2) m het erocyel i,

ereln each rn 1s, 1 ndependently, an integer
from2 to 4; or nis 2 and the Q2 groups are at the 5
and 6 or 6 and 7 p03|t|og$%§ﬂ éﬁ benzi m dazol e ring
and, together with the c to which they are

2&5&!«%@9%&6-&“&&&-@ g@ﬁa@gﬁ%i&%%—gfd&ibbﬁgﬁé 3&id ethyl

contai nin at | east one atom i ndependently sele
estesand 2~ oxyrhanzoimidagolcicy<hphenyl-thjazoleahdarboxylic
Rl is a nenber selected fromthe group
agilf i) effer _CH2C(0) R4, - CH(OH) CF3, -C(0)R5 and
heterocyclyl wherein R4 is selected fromthe group
consi sting of hydr oxyl and -NH2 and R5 is sel ected
fromthe gro& p gonsi sting of hyﬂ{oxx} and - NR6R7,
wherein R6 g 7 are independent|yjsel ected fromthe
25group consisti ‘S§L AV ogen,
| ower al kyl, | ows ﬁ’y oal kyl ,
heterocyclyl ojpt i onal | [
-NF-]1-C(0)optignal ly s
2007/096315PCT/EP2007/0515¢@H119 R2 is ar%é
optionally substituted with one or nore subStituents
i ndependently selected fromthe group consisting of
hal ogen, | ower al koxy, |ower alkyl, hydroxyl, |ower
2-&5%hﬂdyd)xy-banmlmmimm-l1km -4- m}emybt&yazmw wﬂb;akyllcaardd ethyl ester

argcg?-gbt R%E%W ShF "&QR%pgqgﬂﬁg F@} gzclﬂg—ggﬂgﬂxy ic dcid ethyl

ester (1.91 g,5.2 mmol 70% pure) were prepared in a same procedure for

Example 38 from 2-(5-methoxy-benzoimidazol-1-yl}-4-phenyl-thiazole-5-

“carboxylic acid ethy! ester and 2-(6-methoxy-benzoimidazol-1-yl)-4-phenyl-
thiazole-5-carboxyiic acid ethy! ester (2.53 g, 6.67 mmol) and Boron t.rifluoride
dimethylsulfide (1.5 mI 14 mmol). MS M/z 366 (M+1).



s

20

25

. 5and | ower al kyl, wherein two of said optional

substituents can, together with the atons to which

Wdﬁwogggﬂ bound, forma four to six-nenbered PCT/EP2007/051541

het erocyclic ring contalnlng ﬁ | east one atom
I ndependent|y selected fromt group consisting of
n, nitrogen, and sul fur; and pharnmaceutically
acceptabl e salts thereof. 102. The conpound of claim1
wherein R2 is optionally substituted aryl. 3. The
1conmpBdmpbuad af Mrenerein RL is -C(0)R5. 4. The
conpound of claim3 wherein R5 is -OH 15 5. The
compound of claim1l wherein R2 is optionally
substituted heteroaryl. TE§1 d of claimb5
wherein R1 is C(0)R5 and _ - 20 7. The conpound
of claim4 wherein R2 is opti |y substituted
phenyl . 8. The conpound of clai i wherein R2 is
phenyl substituted with at le one nenber
sel ected fromthe group consisting of hydroxyl and
- hal ogen. 25 9. The conpound_of MNiaim8 wherein R2 is
phenyl substituted wth W F? 10. The conmpound of
claim9 wherein R2 t?) @ .»pptltuted in the 3-
position with haloéeﬁ. The conp?%nd of claim3
wherein RS is -NR6R7. WO
2007/ 096315PCT/ EP2007/ 051541 120 13. The conpound of
claiml wherein nis 1 or 2 and @ is independently
wherein:

_ nisan.integer from0 to 2;

each Qqis _Ehdepe_nden_tly selected from the group conSisting of hydroxyl, lower
alkoxy, lower alkyl, carboxyl, halogen, -O(CH2)mO(CH2)mCHa, -O(CHz)mOH,
-O(CH2)mNR8RY, wherein R8 and R9 are each indépendent!y selected from the
group consisting of hydrogen and lower alkyl , and -O{CHz)m- heterocycly[ and
wherein each m s, mdependently, an integer from 2 to 4; '

ornis 2 and the Q» groups are at the 5 and 6 or 6 and 7 positions on the
benzimidazole ring and, together with the carbon atoms.towhich' they are'bm{nd,

-form a four to ﬁx—membere_d heterocyclic ring containing at least oh‘e atom
'independently' selected from the group consisting of oxygen, nitrogen, and sulfur;

R1 is a member selected from the group consisting of ~CH.C{O)R4, -
CH(OH)CF5;, —C(O)R5 and heterocyclyl, wherein R4 is selected f_rdm the group
consisting of hydroxyl and ~NH; and R5 is selected from the group consisting of
hydroxyl and -NR6BR7, wherein R6 and R7 are independently selected from the
group consisting of hydrogen, .hydroxyl, cyano, lower alkyl, lower cycioalkyl,
optionally substituted heterocyclyl, optionally substituted aryl, and —NH-C(O)-
optionally substituted aryl; and



" selected,fromthe group consisting of hal ogen, | ower
~al koxy, I ower al kwryl ower al kyl eneoxy, and | ower

W(ﬁjﬂh-m,%;,g 14. The conpound of claim2 wherein Biph$ 0"0705154
heterocyclyl. 15. The conpourﬁi()of clai m 14, where 2 4 !

said heterocy{clyl ?roup conprises a nitrogen atom 10

' Fl lsmrar eRtinnalll sUbsTTeted with ongrRsBRTe SRbstitienty uieRendently

%cg ?@H} ﬁ% né@ngéé)?\%ﬁmg i chq%ﬁp %g\fréq Mo, B aikyl, nydroxyl,

kmér él&eﬁyl%aietlbﬁrér/alhﬁn Ei?dmibqiméralkyv Ja)nd4~®(f®)NFk8FR@ wherein R8
‘ol e-5-carboxylic acid

aztds%%m prRaAslepengently peleatad from dbe eoup eensiging efchydrogen
5 @Gggwmﬂl%q “ﬁ‘gﬁ%’g.%’ azotd gptlcﬂai Eubﬁtxtueiﬂs can, t%qeth%r gv;th the
aammsx? wrﬁcmeg arg-do@ngl t'ar?rm Fodr- tberxzmembmw lhefergtycli® ring .
-t hi azole-5-car
BfEing & 58S 6Ba Ao dsbR 1Ry SSleciark gm ingiareup £o8sisting of
&8%1@?“ S 1 pheafedesly il dhser
| e-.4-carboxylic acid; .
10 2}2) (S%B%é:%,mupchﬁ%a oc?f@ns? v@r}ﬁré Ig ?%6&59%%%%3&'&& gr
2- (5- Chl or o- benzoi m dazol - 1-y1) - 4- phenyl - t hi azol e-5-c¢

arboxylic acid with 2-(6-
3chl o em@nmumdda‘zcdamzwl)eramp%mcm%ol e-5-carbox -

ylic acid;
252- (5- Met hoxy- benzoi m dazol - 1-y1) - 4- phenyl -t hi azoI e-

45- carhexpimpoundl ¢f ('W,llhh3 zvl{efﬁem R5 is —OH
met hoxy- benzoi m dazol - 1-y1) - phenyl -1 hi azol e- 5- car bo

15 xylic acid;

52 (57{Alg gl He&f[:@{%np? %‘é’rﬁhdﬁf%l oﬂn&ﬁé iy SuBARIES ﬁé}eroaryl

azol e-5-Ca xyI | clhd Wt
2-(-6-chl or o- 5- et hyl - benzm m dazol - 1-y1) - 4- phenyl - t hi

: azole 5-carboxylic aci
6302- (ke @W%ﬂﬁ@tﬁ%@émwﬂaﬂ is1C{IRMand BE g ph
enyl) -t hi azol e- 5-car boxylic aci d; .
2- (5, 6- D net hoxy-benzoi m dazol -1-y1) - 4- (3, 4- di net hoxy

20  7- phehhd retripoandlcé claimchniherginiR2 BoopiﬂonaW)substltuted phenyl
- 2007/ 096315PCT/ EP2007/ 051541 121 - -

8. The compound of claim 7 wherein R2 is phenyl-substituted with at least |

- one member selected from the group consisting of hydrbxyl and halogen.
25 9. The compound of claim 8 wherein R2 is phenyl substituted with halogen.

10.  The compound of. claim 9 wherein R2 is pheny!| substituted in the 3-

position with halogen.
30 11. The compound of claim 3 wherein R5 is -NR6R?7.

12.  The compound of claim 11 wherein R6 and R7 are independently selected
- from the group consisting of hydrogen, lower alkyl, and optionally substituted aryl.
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4- (3-Chl oro-4-fl uoro-phenyl)-2-(5, 6-di net hoxy-benzoi m
i dazol--1 -yl)-thiazol e-5- carboxyllc aC|d

w022n67509§31@‘ et hoxy- benzoi m dazol - ' PCT/EP2007/051541

-y - 4-( 3-met hoxy- pheny1l) -t hi. aﬁel e-5- carboxyli d;

4- (2-Chl or o- phenyl) - 2- (5, 6-di
et holdie exrmpound @hgkeimi- \9!h!93£alh|naadl@-25ané|QzOSthd&pendently

it roBERESrtnp s REB o S akamn g oy
i@netbllyleneoxy and lower alkyl.
Di chl or o- phenyl ) -2- (5, 6-di net hoxy- benzoi m dazo

I-1 -yl)-thiazol e-5- 10carboxylic acid;

“ (1;5 - E?Eédrﬂ opr oér Pﬁg‘ﬁgn\mi%%ffﬁF@&hgt%roc%%lylboxy| ic

aci d;
-(5' Di net hox -ben20|mdazol ?\ 4-p-tolyl-thiazo
Tg&r%umu gtelgim 14, wherein sald eterocyclyl group comprises a
ﬁdg:é t hoxy- benzoi m dazol - 1-y1) -4-o-tol yl -thiazo
-5-carboxylic acid; 152-(5, 6-Di
net. hoxy benzoi nni dazol - 1- y1) - 4- (4- met hoxy- phenyl) -t hi

'132 2 THBSOFRRISHG, PHEARL) - bheeeis Al irsrHONRHbehisd: Angeiois

mat g,yl) t hi azol e-5- carboxylic aci d;
2-(5,76- D net hoxy- benzoi m dazol - 1- yl) ‘4- (2- hydr oxy- phe

. nyl)-thiazol e-5-carboxylic 20acid;

cnl 0 benzoi mi dazal -
1?1 A BRRLS YA B et e g
2- (5, 6- D net hoxy- benzoi m dazol - 1-y1) - 4- napht hal en- 1-y
| -t hi azol e- 5- car boxylic aci d;

2455-DEnethoxyrbenaeimitianalel -yl chpbenyl-thinzole-5 3att;<ﬁ4yhtxyiepl

2%%&%?@%&‘?@?%5’23’?{56?'% %ﬁ@gﬁoxii'ﬁ/ﬁsﬂdﬂf phenyl -t hi

} 2450.!4@&1?} Benmidapl-acyIflavpidhyl-thiazole-5-carboxylic acid;

| oro-5-fl uoro-benzoi m' dazol - 1-y1) - 4-phenyl ~thi

245 lauaetbmrlb%&zsnimid@mlﬂ Tylp4cmhenyl-thiazglendosart bléyimf-‘-id
A e T D e e T T
msnarbbxmqmwmamwwa H-benzoimidazole-4-carboxylic acid;
2-(8H-5,7-Dioxa-1,3- d|aza—cyclopenta{b]naphtha!en -3-yl}-4-phenyl-thiazole-5-
carboxylic acid; ,
2-(5-Chloro-benzoimidazol-1 -‘yl)-4ﬁphenyl-thiazole-s-carboxylié acid with 2-(6-
chioro-benzoimidazol-1 —yl)-4-pheny!-thiazole-5—cafboxylic acid;
2-(5-Methoxy-benzoimidazol-1 -yl)'-4-phenyl-thiazole-s-carboxylic acid with 2-(6-
methoxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid; ’

2-(6-Chloro-6-methyl-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid
with 2-(6-chloro-5- methyl-benzo:mldazol -1- y])-4 phenyl -thiazole-5- -carboxytic |
acid; - :

2-(5,6~ Dimethoxy benzoamldazol 1-yl}-4-(3-fluoro-phenyl)-thiazole- 5- -carboxylic
acid;
2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-(3,4-dimethoxy-phenyl)-thiazole-5-

carboxylic acid;



acid; 4-(3,5-Dichloro-phenyl)-2-(5, 6-di
nmet hoxy- benzoi m dazol -1-y1)-thiazol e-5- carboxylic

W(ﬁﬁ)’gﬂ'@éﬂéo 2007/ 096315PCT/ EP2007/ 051541 PCT/EP2007/051541
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és Br ono- phen I) 2- (5, 6-di n]@llhoxy benzoi m dazol -1-y
4y ﬂhi@@ﬂ-ﬁuatmamm»&(ﬁ tadimithaxy-beszdbnidazol-1-yl)-thiazole-5-

ﬁé@%ﬁ% akf):e@fifl 4-(3-trifluoronethyl-phenyl)-thiazole-5

2-(8,8rhimethd-B8h £bimidazol-1-yl)-4-(3-meth h -
( 4-( 3- Chl or)g( 4-trifl uoromsstqu ( prﬂgn}(?xi"-p}e?gl,) (gijlgff(r)rigt?w
Bepdisiadidiazol - 1-y1) - thi azol e-5-car boxyl ic acid;

cyar
dazfqrgfm)?w [@ 5%@@%%3?6 & @zgg -aﬁr][ﬁlazole—S -carboxylic

aZ:rdS 6- Bi s- ( 2- met hoxy- et hoxy) - ben20| m dazol - 1 yl]-4-p
4ﬁ§n yl -t hi azol e- 5- car boxyl i ¢ 10aci d; 2-(5, 6-
BRERLY - ddinxel-Frivtid4616- dmmoxy@gnwm@&wémytmmeﬂ
r5 6%.'(: .5- carboxylic acid; 4-(2,3-D hyd ro-benzo
clloil n-6-yl)-2-(5, 6- dlnethoxy benzoi

Sdr&ﬂnd:hldwﬂhenylhtqz,(ﬂ emsethax;bbwtm;mn@azom 4yl) thlazoie 5— :
? g@mat hoxy- benzoi m dazol - 1-y1) - Vi nyl -
Cﬁ%"g' 'hPG%56| e- 5- car boxylic aC| d;
| 22 %}%ﬁ%@&'%@f%ﬁﬁﬁ@éﬁbgﬁ 3@ s ﬁa&a@@ p@%n(j’f) DY lecar
carbcxy e abidxy - 6- et hyl - benzoi m dazol 1- yl) 4- phenyl -th
' 5 d
2B BB ERy RentelTigRE b b Hbdabihiazgja p-anrbmerii adie;
2 525’“‘*“ SRy RERYLINGASEET Y 4 ortolv thigzole:6-carbaxylc acid

zdéreoaupeﬁmxu@eazo:mldazol 1-yh)-4-(4- methoxy phenyl) -thiazole-5-

y benzoi m dazol -1-y1) - 4- phenyl -t hi azol e- 5-
C%@&gg%e *acid; 2-(5,6-D nethoxy-benzoi

412 depiluoio- pﬂzbnﬂ)@{ﬁ@tﬂhﬁéﬂ%ﬁylﬁéﬂﬁbmﬁdﬁi&f Wn%a&s@s
carboxylic acid; , :
2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-(2-hydroxy-phenyl)-thiazole-5-carboxylic
acid; .
4-(3-ChIbro-phenyl)—2—(5,6-dimeth0xy-be_n20imidazdl'-1 -yl)-thiazole-5-carboxylic
acid; ' _
2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-naphthalen-1 -yl-thiazole-5-carboxylic -
acid; _
2-(5,6-Dimethoxy-benzoimidazol-1 -yl)-4-(3-hydroxy-phenyl)-thiazole-5-carboxyiic
acid; ,
- 2-(5-Chioro-6-fluoro-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid with
2-(6-chloro-5-fluoro-benzoimidazol-1 -yI)—4—phenyI-thiazole-S-Carboxyiic acid,; |
2-(5,6-Dihydroxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid;
2-(5,6- Dlmethoxy—benzclmidazol 1-yl)-4-(3-vinyi-phenyl)-thiazole-5- carboxylrc
acid;
4-(3,5-Dichloro-phenyl)-2-(5,6-dimethoxy-benzoimidazol-1-yl)-thiazole-5-

carboxylic acid;
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Wd&ﬂﬂi‘/@6§155 car boxylic acid;

25car boxyl i c aci d;
2- (5, 6- Di net hoxy- benzoi m dazol - 1-y1)-4-pyridin-3-yl -t
2- (5, 6- D net hoxy-benzoim dazgll 1-y1) - 4-thi ophen CTI%PZO?WSISM
t hi azol e-5-car boxgl ic acid 2 Chl or o- pyri di
(& Byomophenyd-ai( @Edlﬁmlyow@@rmmmdazo! ~-1-yl)-thiazole-5-carboxylic
i dazol - 1-y1) -t hi azol e-5- carboxylic acid;
-[ 5- (2- Met hoxy- et hoxy) - benzoi m dazol - 1-y1] - 4- pheny

3-(8, 61 DiAwiieoo~ baﬁimwdazza|4cylyi4vpstthﬂuoromethy| phenyl) -thiazole-5-

C2- [6 32 met hoxy- et hoxy) - benzoi m dazol - 1- y1] --4- phenyl -

cacid;car boxyl i c acid; and
ﬁgigoxyﬁrﬁﬁg@ggé}ﬁg gﬁ%@w} & )Slé dﬁ‘n&HSW 'beh%lﬁ’ﬁgéz%lq yl)

thﬁdolex&cbﬂmql;mamgol 1-y1) - 4-phenyl -t hi azol e-5-car bo
%-?5 WO 2007/ 096315PCT/ EP2Q07/ 051541 123 18. A
4—%%

r@fpf@ryf)n«?-ii 6sdmetioy-perzaimidazgl-dup-thiazole-5-

°§P‘[§§JX§O| m dazol 1-y1l-4-phenyl -t hi azol e- 5- car boxylic
265 6By A eethoxy-ethoxy)-benzoimidazol-1-yl]- 4~phenyl-th|azole -5-carboxylic
52- (5, 6- Di met hoxy- benzoi mi dazol - 1-y1) - 4- phenyl - t hi azo
a5 car boxylic acid am de;
Q4 XY YO s -5-
R e I
carhesylic an!et hoxy- benzoi mi dazol - 1-y1) - 4- phenyl - t hi azol

05 earbpxylic eth
4355+ PRI Ernenbl s it b BdS dmerhprubpResiyidazok o
tﬂfgzcﬂersaémwwccaa@ d .cycl opr opyl ami de; :
4- ( 3- Chl or o- phenyl §-2-(5, 6-di net hoxy- benzoi m dazol -
23(3)6-Dimeathexp-tenzaimiseydl-t-yhci-(H-ainyéshenyl)-thiazole-5- carboxylic
agld(S 6- D met hoxy- benzoi m dazol - 1- yI) - 4- phenyl - t hi azoI
€-5-carboxylic-acid 15 phenyl am de;

- 2-[bjepimetboRy tankeiiidagoRtyl-4-(3- dimethylcarbamoyl-phenyl)-thiazole-

_N 44-(3-chl oro-phenyl)-2- (5, 6-di met hoxybenzoi m dazol -
SLARMIC &#8#l5e- 5- car bonyl khydra2| de;

e L

_wuth 2-(6-methoxy-5- methyl benzmmldazoi 1-yl)- 4 phenyl -thiazole- 5—carboxyltc _

-acid;

-(7-Hydroxy-benzoimhidazol-1 -yl)-4-pheny!-_thiazbIe-5-.carboxylic acid;
2-(5-Methoxy-benzoimidazol-1 -yl)-4-phenyl-thiazole-5-carboxylic acid;
2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-(1 —methyld H-indol-5-yl)-thiazole-5-
carboxylic acid; |
2~(5,6-Dimethpxy-benzoimidazol-1 -yl)-4-pyridin-3-yl-thiazole-5-carboxylic acid;
2-(5,6-Dimethoxy-benzoimidazol-1-yl)-4-thiophen-3-yl-thiazole-5-carboxylic acid:
4-(2-Chloro-pyridin-4-yl)-2-(5,6-dimethoxy-benzoimidazol-1 -yIj-;hiazole-S- |
carboxylic acid; '
2-[5-(2-Methoxy-ethoxy)-benzoimidazol-1-yl]-4-phenyl-thiazole-5-carboxylic acid
with 2—[6-(2-methoxy—ethoky)—benzoimidazol-1-yl]~4—phenyl-thiazole—S-carboxyIic
acid; and ‘ ,
2-(5-Hydroxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid with 2-(6-
hydroxy-benzoimidazol-1-yl)-4-phenyl-thiazole-5-carboxylic acid.
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204- ( 3- Chl or o- pheny1l) - 2- (5, 6- di net hoxy- benzoi m dazol -
1-yl)-thiazol e-5-carboxylic acid

: Xy-phenyl ) - anm de; '
Wdﬁ? t hoxy- benzoi m'daZe12047/051541

or o- pheny1) - 2- (5, 6- dlgg
1

y1) -t hi azol e- 5-carboxyl i c aci‘d”t hi azol -2_-y| am de;

. 4-(3=Chl or o- pheny0- 2- (5, 6-di

@;g%*ﬂ?ﬁ@ﬁﬁiﬂm IR R

%ééz&ﬁn&é‘icﬂﬁo yiPApRKAYE: q(z?eﬁsg!rag@)!}ﬂ d,g@dggdazol

1)-thi azol e-5- car
2-6r, o-Lhimetyay- @er(ﬂzlmdazoi 1—y!) -4-phenyl- thlazoie 5-carboxylic acid amide;

2B e B Fifzal [y RlieA nap e GO aci

(ﬂ.rﬂétf%mﬂeCOlTpOSl tion conprising a corrpound of claim
1 and one or nore nenbers selected fromthe group

2eeDimethpxytbasizaimisegat-1 i 4-pheoyleiptazole Scarbdaris acid

m}ﬁi UVants 5 21. A conmpound of claim1l for use in
durass ’ng the activity of PLKL activity.in a ‘

os{iBkg- mhetmrt%nzoﬁﬁidézapﬂi%)aclipﬁBnﬂﬂfﬁldzﬁfe'iS%"art?oxyhc acid

di sease or condition that 'responds to sa

CMQJ@BT%M%WGG 22. A conposition of claim 15 for use in

<RI B DE ALKy BRI W ahle s camoryic
adndmmie or condition that responds to said

ation 23. A nethod for preparing a conpound
22@ IDHT‘%‘OM benapimidazeintyl)<t-agenrdhiezelsss-sarboxylic acid

p%%ﬁcﬁéﬂdz%qg a conpound of fornula (2) , R2

Thiophene-2~carboxylic acid N'-[4-(3-chloro-phenyl)-2-(5,6-dimethoxy-

‘ benzoimidazol-1-yl)-thiazole-5-carbonyl]-hydrazide;

4-(3-Chlo rt)—phenyl)-é-(s,6—dimeth0xy-benzcirﬁidazo!.-1 -yl)-thiazole-5-carboxylic

‘acid pyrimidin-4-ylamide;

4-(3-Chloro-phenyl)-2-(5, 6—dlmethoxy-ben20|mldazol 1- yl) -thiazole-5- carboxyhc :

~ acid (3-methoxy- phenyl)-amide; -

4-(3-Chioro-phenyl)-2-(5,6- dimethoxy-benzmmldazol 1-yl)-thiazole-5- carboxyhc

acid thiazol-2-ylamide;
4-(3-Chloro-phenyl)-2- -(5,6- dlmethoxy-benzmmldazol 1-yh)- -thiazole-5- carboxyhc

acid [1,2 4]triazol-4-ylamide;
3-Methyi-benzoic acid N'-[4~(3-chloro- phenyl) -2-(5,6-di methoxy~ben20|m|dazol 1-
yl)-thiazole-5- -carbonyl]-hydrazide; and

4-(3-Chloro- phenyl)-2-(5, 6-dimethoxy- benzo:mxdazol 1—yi)-th|azole 5-carboxyltc

acid (2- oxo-1,2- -dihydro-pyrimidin-4-yl)-amide.

19. A compound of claim 12 which is 5,6-Dimethoxy-1-[4-phenyl-5-(1 H-
tetrazol-5-yl)-thiazol-2-yl]-1H-benzoimidazole.
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with a conmpound of fornmula (3) wherein: - Xis a
| eavi ng group, and the remaining substituents have
“the neanings given in claimi1. 125 24. The net hod
of claim 23, wherein Xis-a qggber sel ected fromthe
roup consisting of -Cl, -Br,”-1, and -O-triflate.
2%)5. A\ eQMPesIHan LosoRERIAG ataenaeuns of daim { kedwne esmare

TR TR nAb s ol Bind AR fbufeatygpovtave

canlierd dndradjgvant€6. The use of a conpound according to
claim1 for the manufacture of nedi canents for the

treatnent of cancer, in particular solid tunors. 10 |
277 A compound of claim 1 for use in modulating the activity of PLK1 activity

in a subject, wherein said modulation ameliorates a disease or condition that

responds to said modulation.

22. A composition of claim 15 for use in modulating the activity of PLK1
activity in a subject, wherein said modulation ameliorates a disease or condition

that responds to said modulation.
23. A method for preparing a cdmpound according to claim 1 comprising the

 steps of:

reacting a compound of formula (2)

_R?
B(OH);”~ ©

with a compound of formula (3)
R1 X

S« N
N

/
- (@yn /—N
wherein: - | |

X is a leaving group, and the rema'ining substituents have the meanings given in

(3)

claim 1. -
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24, The method of claim 23, wherein X is a member selected from the group

consisting of -Cl, -Br, -1, and -O-triflate.

25. A compound according to claim 1 for the use as a medicament, |n _
particulér for the use as a medicament for the treatment of cancer, preferably

solid tumors.

26. The use of a compound according to claim 1 for the manufacture of

medicaments for the treatment of cancer, in particular solid tumors.

dkd
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