WD 2010/ 036873PCT/ US2009/ 058345 2-[1 HB

enzi m dazol - 2(3H) -yl i dene]-2-{pyri m di n- 2-yl ) acet am des and
2- [ benzot hi azol - 2(3H) -yl i dene] yri m di n-2-ypacet ani des as ki nase

i nhi bi tors Technical Field [OOOWMM tion relates to

241H ben2i WZAYPIPE317-1) -yl id MMF di n- 2- y1) PCRASOYPASHSs and

2- [ benzot hi azol - 2(31-/) -yli.dene] - 2-4pys4 m di n-2-yl ) acetam des, their salts,
phar maceuti cal conpositions contai Wheﬂf and their use as ki nase

i nhi bitors and Iztftchﬁeﬁztae&aqa@(m; ARRERE- @ﬁaalagr@gﬂgce@;,tldwim} As

di scussed bY:zit@J Q603 3 -VhderP %fé;ﬁ]dn{‘zé/ fic eORIBRLseQhnibRbECL 1 Ve

10l nhi bitors Aurora ses” Topl Med. Chem 200 , 199-213,
and Carvaj g . 1c%|F Aurora Ki nases: New Targets for Cancer Therapy",
cin. Cancer 2886 12, 6869-6875, the Aurora famly of kinases are

i nvol ved i e, 9f et hree hi Ay ora

ki nases, ror %%%huoglgflgteﬁwiaﬁg tferl%aqueﬁ(%?lz tl‘g'\;lé%%?g?ra@gggng&l 2rbt\y uman

t unor s, Swhiak@arhile aAd 2 (reazdhigah@(3H)-siglehe] i25parimplinf2 yddcectamidenniyeit sahpr s.  Ther e
has thus be n 15 .consi der.abl e gntergst m(pttheeasme anrEfq)t of rntpll bitors of

alnin 1t0f< aBd

) é) rmaceutic fOl’I&pOSlUOI’lS con %SC
Aur ora ki nases as an ancer conpotnds “for trea Solid
mal i gnanci esatfrengof caet. or ect al , | ung, breast pancreatl c, and bl adder

cancer) and henat ol ogi cal mal i gnanci es (e.g., acute | yrrphocyti c |l eukem a
(ALL), chr diickgnoyed egeous | eukemia (CM.), Hodgkin's and non-Hodgkin's
| ynphomas, and myel odyspl astic syndrone (MDS)). A nunber of conpounds have
" reached 20dP903] cals dispussdddy Mardddsci g “Rregreen dndPekopkens o\Bleg8Q/ MK- 0457,

whi ch rgac G ' ye nued and
Fapl aced | e s Rt e ST A8 Ol 2008 R PR bR i e s
AT9283; Ast r%arozzeﬁeleas é\emZngelsEQr Cimatr Bmly’s CENVB@ BA62006d 2ENMDS$B1693:

M Il ennium Y 3 s R763;
Sune5| s's éﬁ?\fs}{%%&&%ﬁdﬂ Jg%g&ﬁ%g 6%8}% Iljfglmgloscussegs %éégtetrhfekggé and Ker bel ,

. Angi ogenélsrnsn Agroza ltlmsa@erutalz”cartdattgeta B, arNateqreedQ@@Expnﬁ%d ind®m28974, and
nore recen . roeted ther ani sms of
anti-t um)urt ré%‘??(v}iﬁk HeSA %%QAEC éléltsel@lséa}técer égﬁg‘ ttugg 55%{?8%“‘1?%3% nhi bi tion
of angildgeresidsrable ntttresttra&gét\rc}@gmeﬁt ofEdbirsah duidrskinasecaptgicsndes consi der ed
VEGHRe ki nagate Be T Ml gih Byt ol e RRe s LG R, LBl ) oy o
Nexavar (r) )palarrema Iancebldiﬂcagprem)\@d hematplogicAUBafignandids ée.g.ragwatt rewphoofic ki dney
gast rof nt edt el i Rbr A R ARRLAKF MY bl FRIE R 1 g
conpounds évm@homa‘adlvhrnﬁédi\ Splaitlc— svndrome@éDé)pn'enltmbfanﬁwrtonedﬂlwe@hghzopani b,
Novar Uizh, S HALRLLAL R bl Vil SnULELDUR: oAk R ZOURRR Sohandet gl By and
ot hers, for reas ovari‘an, 1Ung, nd col or &ct al ) and
hemat ol ogi carhcarlrahdlgsﬂunhﬂbelsw bﬁd:rsnbscotutematrrziunfdberé @eheqictpemﬁntls\ PAemstin(r)),
al though n n it VEST (IS seel ng
use in bra?%\mg%rtégg: %%gt{}@ez,g?%) nlbsltc?haﬁgg/gééﬁ%% %ilsseAl nhll%[’“tE%trp%qeﬁgy al
find use i BENMD-29%6 and Fa‘MIDeQ&ié% ¥dlenndumniy MIDS-8054 200 OUN- RediyNefiatdiese

conpounds, et ra nl hi LiOLS nenti oned i n paragraph
[0382] or t @%@Rk Hﬁﬁ% c?t“é“'stsren orlljg’é (r?n rg)ar agraph [0003], Ioar egnolto
speci fig | T&U ?j[tQI &SQJs%H'BFﬁé&g{gﬁtdkru}@ée%gﬁg&e&&m%m% &t Jéé%‘;“ ve

i nhibitors al so ‘act on ot her “ki nas For exanpl e,
sorafenib eres?@ﬁﬁ PN P b7 -Alsandheare resérglm by Fiamtd Hokliny ' YRGEGagaddrbtramat -

ki nase and [ cl 0 to '
oo t AL RS LPAR Ao § IS C RAGIRG Cliratth B350 BEE B SRS (200 o)
bel ow 100 nhgibgenesis P EF]targttingo{lVEGHA delsisrelopterstiocodedetbio beerdypblynds that are
e bRk Sl 0L B HIARRE, T8 SN PVENGARRERR gase, as

anti cancer agent% osure of the L nvention Th I rst aspect,
this i rWent(lPtanrsSsltemdgbrmimd&ndf (Bfmr/r@rlvasAcx:@aﬂ—lae Nfea&it)appr-oved Jh-thé U2f{R16 and
their salt vvhre . 2, 3, or
R e aie TR atbidely BTy s 5 o o Rt i nsitsalesh e al ky
aryl , subsiritg¢stibadcana¢ryA ,nurlnlatre)rt oa:by‘VEGERmest:mtﬂdndg&belpoardy hte iraadahieyd |
substi tuted aral kyl, heteroaral kyl, substituted heteroaral kyl, halo, nitro,
or cyano, or is -OR -SR -C(0O)R -0C(O)R -C(0)OR—- W .
-0502R, - SO2NR2, -NR3SO2R, -CONR2, -NR3COR, and N%Cmmmmmm each R
i ndependently is hydrogen, alkyl, substituted al kyl, heter,
substituted heterQal kyl, aryl, substituted aryl, heteroary substl tuted
het eroaryl, aral kyl, substituted aral kyl, heteroaralksﬁf—ee—eubst*rtut ed
het eroaral ky-1, and R3 is hydrogen or Cl1-C3 alkyl; and R2 is alkyl,
substl tuted aI kyI het er oal kyl , substl tut ed het er oaI kyI aryI substl tut ed

T . T . "



~10substituted al kyl groups include such groups as tritluoronethyl,

3-chl oropropyl, and 2-(norpholin-4-yl)ethyl. [0013] "Heteroal kyl" neans

al kyl in which 1 to 3 of the carbon atons are replaced by 0, S. S, or NR
(where Ris Hor C . alkyl optionally substituted with hal ogen or hydroxy)
i ncl udi ng YVOrf8YY0 @F%ups such as 3-oxapentyl; nonocycl i ECVPWSQ"/‘{?&‘W aining 5
or 6 ring atoms 15such as 2-tetrahydrofuranyl, 2-pyrrolidinyl,

3- pi peri di gykiopReR] mngzﬁewd;m& %@ML NP ERARI W er b Mﬁg@pyranyl
and 3-nor phol i nyI, rougs suc as t et rahydrof uran2-yl met hyl and

pi peri di n- @CVFﬁWﬂCm%?@i@ ¢rhoyfpr hpitoepbid (e Sesastrohtifdelupg sadkcoliestad 2adr | ng

ni trogen 'ﬁen%l)ﬂ%%% QaJc%E rmnbé\bazﬁn% (GerHREP! AULGH DRLRLRRLKY! " means
het er oal k substi t ut he manner escrl bed above for Substituted
alkyl. A’ Eﬁéﬂ%&r‘ﬁﬂﬁ@ mlgblmbufla@ agti-X¥Géyfcaniibodyes eqcalukyin befn Gnees, 7 ring at ons
cont ai n ngs%geahﬁgr @&eﬂa@m%pﬁhwomag Bisd Fi&1 GE BHP ol & aﬁgm‘éﬁm MJ}?

remai nder of "the nol ecule of which it forms a part and optionally

cont ai ni ng@@oi]urM%rotrthéagcdméﬁ%@saw&éeakee&&rstq o Qo mEencid NR (wher e
Ris Hor {)tlona substituted wth ha oge hydroxy, or 1 or 2
phenyl gr o%@}alﬂh@% prytha VB 8rinbibitpy mefZFDGQ“l1hfd%§ﬁ%[°ﬂ%])ﬂiﬂ(plsmrtﬁz| nyl ,

4- (di pheanH]%ItQ% ¥ il nprhﬂnel&%ésnydtmatﬁé?%e%éécu@[n%ﬂusQYlhe%Qr%ecﬁléml A of

cycl oam no groups. Conpounds of this invention also iInclude corrpounds wher e
any -NR, gitC@a@orp)@@srémasquFQf@wr@mfedorb@mlaami/wlnwlaﬂnaﬁo hgvreoigpificfroadigity " Ary|
means gy mMpoVal eRkinGk QP &NiNMed, b eguany saém% I ﬂzxxdfegnsﬁgdhgﬂlhp&tnt aining 6

to 14 ring carbon atons by renoval of one hydrogen atom from a carbon atom
which is nmbroseiases A8, gud C, JREMR kinaso perblisied tholéky elyedlee 100t exanpl e,
condensed hicyclic 30(be g., naphthyl), or |inked polycyclic, for exanple,
li nked bi clpopslc Fravold beigpsiaiin A deriop somosndsrthasdreaiotqngin g-ﬁé@ry Pf ApOEH 5]

" Substi t ut gghsarkb inhBRARSVERE IR SRS b ;dﬁgggerwggrjgs up to three substituents
selected fromhalo, nitro, cyano, -OR C, " kyl or O, al kyloxy (each
optionally substituted with halo or -NR), -SR, -COR, -0C(0O)R, -C(0)0OR,
-NR2, - SO20RclosR0f Fhe in2@:idR, , - NRSO R, - CONR2, -NRCOR, and - NRC(0)OR,
where each R independently is hydrogen, optionally R -substituted alkyl,
opti onaj | y[oBD6]s uldsit firkrabrek, hatieveaadky bompubd OdtdbdnyulA - substi tuted aryl,
optionally R -substi tu)ted heteroaryl, optionally R -substituted aral kyl, or

optionally 5R‘ ubdy ted heteroar aI kyl (preferably, hydrogen or
[ qu e

optlonally d al kyl) agnd each R independently is 1 to 3
substltuents S m hal o, tro, cyano, hydroxy, nercapto, an no,
cycloamno, C" aIkyI /C‘§ al kyl oxy, or -C(0)Oal kyl (preferably, halo,
nitro, cyano, hydroxy, \segapt o, amno, cycloanmino, C, alkyl, or C,

al kyl oxy), or two R groups together’forma 4- to 6-nmenber optionally

R - subst i tandebkiadaksanedi yl or optionally R -substituted 10 heteroal kanedi yl
(especial l y, where the nitrogen and the two R groups of -NR forma

cycl oam no group) Two adj acent substituents may also forma

met hyl enecKiisoXM aoS; et hyl enedi oxy group. Substituted aryl groups include
aryl ghQuUPS, s&Qséltuted wWith up to three substituents selected fromthe
gr oup conS|s?|ng of “hal o, nltro cyano, hydroxy, nercapto, anino,
optional | ynhdl b2sybstituted C " alkyl, and optionally hal o-substituted C,,
al kyl oxy, for ex bsti.t ut d in.this . eferred
substitute% ﬂg§§u§$g“§ﬁ%gﬁg?¥?égqSﬁbﬁuwfd 658%%&my1$%¥ﬁvz aIﬂéans al kyl
substitutemumpﬂﬁ:ﬂbyﬁmaﬁumhmaﬁzhﬂﬂtymmamddphémbhhybmnmwpmbimn&bd aral kyl is
benzvl. "Substituted aral kvl" neans aral kyl in or _both of the

aryl and theerearfion. haloenicss eyapenas éf TR Pie r@é‘ﬂﬁerodégﬁm €481 or
substi bt ego%t(' o%@ﬂRSg?S% 1L WEeEOH Kb %@Eb@&é&*%@ @k%?w%%' kyl's are
substituted ben: "Haf dgen™ 6r "hal o" means F, , Br, I;
parti cul ardagh K igglep@dently M’SI]Ogeﬂ-lekérsymﬂwwd Ayl hsterpalkdr sohuitited atarenlial, ent
group deriyved yellc hyd contai.ni n ring atonms in
which 1 to % S(J %{Ugr%af%l etefoatrvq S§§S%? ea[thgeroml amlké %ﬁmg{egﬁ%ﬂ;gr‘e repl aced by
0, S N, olnetder:(lkylhars.leltusd kkteroa@kyladnkdyR’ Js, h\mogdlmr&bJCyal&;l B8d or NR by
removal of one hydrogen atomfroma ring carbon atom including nonocvclic
25groups containing 5 or 6 ring atonms_such as furanyl, thienyl, pyrrolyl,
oxazolyl, imdazolyl, pyridinyl, pyrazinyl, pyridazinyl, pyrimdinyl, and
the like, and bicyclic groups such as benzothiazolyl, purinyl, and
benzi m dazol yl. Monocyclic rings are preferred. Heteroaryl groups also
i nclude those where a ring nitrogen is oxidized to forman N-oxide.
. "Substituted heteroaryl” neans heteroaryl substitut ed in the nmanner

descri bed above for substituted aryl. 30[0019] "Heteroaral kyl" neans al kyl
substl tut ed W|th het eroaryl such as 2 th| enyI rret hyI 'Subst\i tuted

oy o o o o, - o o I D Y



present in pharmaceutically acceptable salts. Suitable inorganic bases,
therefore, include calcium hydroxide, potassium hydroxide, sodium
carbonat e and sodi um hydroxide. Salts nmay al so be prepared using organic
bases, such as salts of prinmary, secondary and tertiary am nes, substituted
am nes i ncMRI?MHY036EBur al | y- occurring substituted am neSCTHRYPOYIEI45c ami nes
i ncl udi ng isopropylam ne, trinethylam ne, diethylamne, triethylamne,.
tripropy! ag:neus 2 eAROLAMNSwr ARLDY AN ARELIRI I LQRE! ham ne,

| ysi ne, arglnlné,lhlstldlne, cafterne, procal ne,”’hydrabam ne,” ‘chol i ne,

bet ai ne, etbhytmnbditaniurd hegloagh sakiinapstivted i3tk hawamiabek substraedr om ne,

purines, piperazine i peridine, N-ephylpiperidir d the Like, [0029] If
a conpound}BF#P y¥P?gfﬂgéﬁ%%?mh?“fﬁbgfﬁﬁvéﬁ@bgnqgaﬁggjﬁ%&é?%aé%g’groupz '
such as an &nidio -050%0 5O NRIBNRE® Rl GRAURY KR @OR a6l QNﬁd%bt)d)ﬁ,r\v&?é t. Acid
addition salts of the 10conpounds "are prepared in a standard manner in a
sui t abl & schshdhindéneadantinie byrpgent allyb sputimted Ak, kearereakeb sdsrfited hetaropliiyl, such as

hydr ochl oriagl,@%sqmﬁm{,cﬂ@& s s@%tqued%&_lufo@, Gra®fi] Abdedliid 4ih he sul fate and
bi sul fate sdlts) o cid and the I1ke,” and organic

, hitric acid, phosphoric
aci ds such hasroaeabiylh er Sabiﬁéete%frff@pi)a@%ﬁyg apgRds hyslrggeobi &-@aildl pyruvi ¢ aci d,
oxalic acid, malic acid, malonic acid, succinic acid, naleic acid, fumaric
aci d, tart dPQ02] adn gcond thraugh gixth dspetenbivingentisa sicampeyndpanthe figetsgect pandel i ¢
aci d, net hanesul f8Rkg a1 Lina QURANESULLORLS 186 hiliors BF AGYLaI 1628 hGably

4-tol uenesul fonic acid, hexanoic acid, heptanoic acid, B

cycl opelft arewers pinesai ¢ aaEPrkrndlopgerially BEHHR2 bingss. thyupassufied reropElienz oi ¢ aci d,
L, 2- et hanedhauhbeleGoaBhhas or Y B0xyek BARRSHLLGA GealidcohfilAaNGSHL f oni C
aci d, 4-chl orobehizenesul fonic acid, " 2-napht hal enesul fonic acid,

canphor sul flonpweaof this iqverterhaskisiagsiehipifars 2ideobe mpogsreurt ocmediayph.c aci d,

gl ucohept Oq}u@m@&lbgs’ of%gﬁlnléﬁtqgfng ﬂ%%gl ounds of the first aspect of this invention, .
4,4'-nethylenebls(3-hydroxy-2-naphtﬁ0|c)aC|d, S-Bhenylproplonlc aci d,
trimethyl agedoBf ach hvediBhdpe@UhY LRERIdnGs @Ehls of AkiNE S lcbipbnd e e _

gl ucuronic acid, glutam c acid, 3-hydroxy-2-naphthoic acid, stearic acid,
nmuconi dSacifigt aspectiohgis ipyeatiof 0030] Conpounds of this invention include those
conpounds of fornula A where one_or nore of the following is true: 251.aX
is S or 1.19R9 s Prgfprred pmbpdimentypt thisnsenton ag dpigptgiiney by theppepificatipn apdhe RY
group (Whemy el fSardeds lclaidiy R GrQYppli&atian &P on the 4-position (i.e.

adj acent to one of the two nitrogen atons on the pyrimdine ring: may be
referred to as the 306-position if mis 2 or 3 and another substituent has
nam ng pri oMédey of ca8tidp @R tHe im@édtioln, 4- met hoxy, or 4-trifl uoronet hyl
(preferred); 4. when mis 2, the other R group is at the 5- or

6- posi ti on,[088]peCicahibynst he 6- position (defined when the first RL group is
at the 4-position); typically a group that is either small WO '
2010/ 02687 30aTT)/ USRBHOY h3&83480n0ealgnt groep Hsrived fremnhoxtyratedar baosaypkatedgbutCl- C3

al koxycar banyl ). Q0 g rt%?d)tch-%t }ﬁé‘%@ﬂ&%ﬁhﬁ REYE E%&P hemeal R apgLty of the
mol ecul e, such as a-solubiTrty-enfanci ng group: 5 n s at” Teast 1,

pref erabl y rdnonl & onhydrdpen Ramifra p (atbrertom.i Bxathplepare anrtiReyloprppyl,when n i s
at |east 2) Ir%)eg%l,qgo%g y% E?rtrlr %%ﬁ‘:ﬂ@r}e%%?ﬁte@_%&%f, %91 ngg‘?i]ac'vc@%g&gr ty of the

nol ecul e, suc a -erihancrhg grou 1y, a

- conmpound hawidpgntan-tHye esiceprapulmeehyl, ofclobhigh end @ebhixgsethsl. Panedied sleds over a

compou havi,ng a l.ess nyaher. of .t hese features: Al rticul ar. addition
o Tore S " P B R SIS EL PR URS GG Rt G el bR ek iniacht Uy e
wi || gener &deythieBaddfinitinn af ‘Cakylydnithib applathtidnSs piogfee rhae the@uaventidrel conpound

- vithout thatefeatun s A0 [032L Jadtonerism and, nam ng,[ 0033) Thig, compounds
of this inVertion aré naredtand siowr ’n RIS appPréati onas

- 241H benzi milkkaglo) and (‘Bkny)] | dene] - 2- (pyri mi di n-2-yl ) acet am des and

24benzot hi azol 2(3H) -yl i dene] - 2- (pyri m di n-2-yl ) acet am des, i.e. conmpounds
havi ng an ¢0002]y c Ai‘sutdotulzd elldld iidin bkiiwelestttddevibepzb mircalzbiged heng atdibazol e
section and the 2-(pyrimdin-2-yl)acetam de_15sectiqn of e ul e.
However? a&P i PrecsesBhgtdirksct ffamﬁétf%awnﬂa—\ﬁ%gg%r-&oﬁ‘ar-g)%‘ﬁﬂ‘r r%? e art,
t he conmpoungdg a ’ g@q{l d d seoR& nageeoRNdyS havi ng t he
doubl e bondft\?{/iz’tfl@g I?ﬁ% i m d%@?é’/ﬁ?g%l_goﬁﬁ{ﬁ’g and ?%3%&‘3‘?3%??% bond to
the 2-(pyrimdin-2-yl)- acetam de being single. Al so, because there is no
i nherent chiral preference at the 2-carbon of the acetam de when the
exocyclic bond becones single, and because the 2-(pyrimdin-

202-yl )acetam de section of the nolecule may rotate relative to the
benzi m dazol e/ - benzot hi azol e secti on when the exocyclic bond is single,
the E and Z i soners when the exocyclic bond is double al so becone
tautoneric. Additional keto-enol tautomerismat the amide, and within the

o o o a oy



3,3-bis(nmethylthio)acrylonitrile 2, such as the ethyl or ten'-butyl ester,
to give the 2-cyano- 52-[1H benzirni dazol -2(3H)-ylidene] acetate or
2-cyano- 2- [ benzot hi azol -2(31-1) -yl i dene] acetate 3. The reaction is carried
out in an al kanol, e.g. ethanol, optionally in the presence of an am ne
base, suchWAVH/EETAt hyl ami nopyri di ne, under heating. PRTUBEIEEEYAD st ep,
t he al koxycarbonyl group is renoved by hydrolysis, for exanple basic
_hydrolysis Vi OXYC - P | ysis to renove
the. prof et od P AT R BB SO KR I RO BlucBE) HP DAL,
" -[ 1H benzi Ri-géastoke@hgdpalobopniraly R'esubstinged dndmpoorllaRodubfioytkd beevarli tril e 4.
[ 0040] 2-( Gal B DRk commercially
avai |l abl e gﬁgﬂlts 59%8%%%#?%\r§}§£1 %Qﬁ"%ﬂkﬁﬁégﬁ%%ggg%ﬂﬁggawﬁg'tert but yl
anal og nayindedildnyly bd tpBeparivantbycldctrd fivantloyeitdogand, BBUAYy, hercipe second

part of-th n dh 1 nzi g@@ / A=l l e or
152- [benzo‘Sf'?fﬁﬁ%ét’zctcgp8%Ju ?] éé%lfy?)rﬁllf %%9‘5“4 |mg L: %1045%?2%?\7\,1 :t(héa pyrim di ne
and then hydsa@hymedictied frhe haki deo, cmnohlydrcat,yz@dpandnmbﬁmdmm ed. If

cOmound 4. s,a 2 AlH benzi m da getoni t
benzi m dazol? eaJL r tr‘g‘ggrlfbla’t 1113 “‘Oﬁgboupylog‘fate%rttoran Wi ttﬂg mem%er %%U prot ecting

group, sucR- mswmd]alkzeﬁdlvlbubpnoyl@l&rmmm;utcprhemmnlixarrtgnNe@Iekgﬂly &thtmmhc In the
coupl i ng/ hydr ol SI rou hen cou rimdine 5
[1. is al }e{%vgr% %%ou e O OIHQ Fof ?ﬁ%ﬁoamﬁoﬁo P16 e[%us Cﬁa']ilf%l o] in the
presende ofubatitgted @lhg ghapemclsdn:duclagos;uds tifluhsothretgh 3@hlotqptdpyu md

hexanet hyl gl SI I Zarl?vl h}n an aprotic polar solvent, such as tetrahydrofuran,
to give a e

241H benzi zol ) - rd et .oni
3 bensot hU GG Rl AEIS) il B B SLL PR A ARV B 0 i 6
is then 5h$,cErQ)J q@ﬁd(\vhetem sdhoehit, nlayl@gltiaullyf smbstcuted:wdl hadoggn vehydhey) i nal

"~ 2-41H benzi

3H) enel- acet am de or
> bonzot noasaRE B Foa Mt P IRkasE bR AL AL Gl BCER AT MR,
hydr ol ¥8i sfwbap?- emgh}admf@remltﬂqrynshctqn& oqﬁpetnldevlpi 9rpezdzmg 4srectbéﬂee ar e

reversed: the nit e ,of co ydr,ol zed de, giving
conpound 7plperaz tl oﬁiﬁo Y #E %Oﬁjﬁh aélld OE(’RS ?uﬁ as tetm gr&luﬁ%n 5 to give

conpound 82- 5131&@004@]plp%néleoemdh;géfmaﬂkysgmntxpheiso oichit Hmd:,wlwlrszorn%ppl icable to
]Pgﬁ gai Ihgnbg]?rzgtnné 828 &0 BNY RRNZLA 9820k 6B RS T ARPTROUN Aol Ol Vs the

2-[ 1H benz suixmiatmhﬁ(leamﬂ;)er yéstzdﬁaeﬂ,ewzﬂérpylbsumtcdil aﬂL—yQAy‘]:ycﬂmeﬁr@mgtduphez or

- 2-[ ben th rimec nltrlle f ol | owed
by hydrégl Ecoh cr§%‘el%1t|)5tt¥’m A0 Cgmgﬁﬁémmﬁﬁmg C?/nf 25 51%P React i on
Schene 2 bbd)r@lvscl td?ha&tnaoﬁeﬁﬁ ligrreol2oule of WORA B] fortnis atﬁae ahd b@ttonsliy&pm@lfmnghe

synt hesi s, .a,benz ene- 1 , = - ot hi ophenol (1, X =-
S) is coupf rtc}fcrmig Ct§r°§t°§] %km(e‘rirgr q}ﬁmg%),gry__%li “lllcrlﬁ gl 2 )aag‘ l3e/l onitrile 9

to give a optonally substltuted with halogen, hydroxy, or 1 or 2 phenyl groups). 4-Methyl-

2-[ 1H benzj rnldaz |de i m.di n- acetonitrile or

2- [ benzot hi 5?013212’( 1% %fé%él pége(”l)zm %‘ﬁl?%?hﬁn’ﬂmy%lg %f%mﬂfi Fit"d 6. The
reacti on i4 nmapskrohesdi aﬁldkanﬂﬂddl’dﬂﬂeu’clogﬁﬂlergﬁiulpy Qohgposafief dmdw&ltlmnﬂsoas are used
in the first aIf of Reacti . In the second

fir st _
step, the €6 o‘i?ﬁ‘lPOBT g‘f’ ?%OWHFSSPVEECBBF&%& A oatiino Flotp.

2abenzot i WOMI5( Sy §m1 s %qvﬂ?te%)oyup.d AP R By e TR 0
Reacti on Sﬁd’iﬂ‘ﬂf&nglé to 1[4@Iﬁgéz]rbé§5atsdnow1remv dRefiatel lﬂdnro@ﬂma fdm atdaebon atom,
3, 3-bi s(met Hl¥l!1 '1[5%0 (gé\;\jal{lgﬁv d\én%aggllégf Eor SXA f%lg?ns% LiGRAL red by the

coupl i ng of & Pyrimt at &' &8 % the
tert-beeyl (egsheghthyl)f (ﬁt|hhbaﬁﬁd>l}b§th& ém\n{ﬁhplé;ﬁmltdd&n(§&k@?g OHighepyl$I0 Agi ve t he
2-(2- pyr|md%“é%(%]%)\;ﬁ‘1 etonlltrlle 11, and reaction of that wth a xanthate salt
fol | owed by '£Ph58Y'de to give the dithioketal . The preparation of

3,3-b thi0)-2-(a-trifl Lopi tril
i ven i n PIBBLr atbutesdan et n0oetisd ol b Rt RT IR et noo. ©

appl i cabl efrb@ nhiBenibeRZAbLNM-@R AL e21RASEd, GONRRHRES, optibN0Y UBSihbE wiRHRbi Ng of a
2- (pyrimdin-2-yl )acetonltrl e or 2-(pyrimdin2-yl Yacetami de with a

2-chl or o- benzot hi azol e, followed by hydrolysis of the nitrile if
10necessary, as shown in Reaction Scheme 3. Reaction Scheme 3 [0046] In
this synthesis, the benzothiazole 10 [L is a |eaving group] is coupled with
a 2-(pyrimdin-2-ypacetonitrile 11 or 2-(pyrimdin-2-yl)acetamde 12 in the
presence of a strong base, such as sodium hydride, in an aprotic polar
solvent, such as tetrahvdrofuran, to give a

132 (benzothlazol 2(31- 1) ylldene] 2 (pyr|n1d|n 2 yI)acetonltrlle 6 or

o Ly o ~NT ~NA . o



10[ 0054] The conpounds of the first aspect of this invention nmay be
adm ni stered by any route suitable to the subject being treated and the
nature of the subject's condition. Routes of adm nistration include '
adm ni stration by injection, including intravenous, intraperitoneal,

i nt r amusculVEP 201¢{}8ubcut aneous i njection, by transnmuc8SHUSHOIPBAIsder nal
delivery, through topical applications, nasal spray, suppository and the

li ke or may b dni, ni r rall F tion i.onal | e

|I'i posonal Toér_ﬁﬁ a—?}‘oﬁ@ﬁgﬁﬂ@@%@ﬁﬁ%@@ﬁﬁ@%@%ﬁd@@%é N‘ze{g#isﬁ)lzlgt er the
drug acr oss.aneRSaNROBIDIRANBRQD)OR AR, PR in@§&{9&@§ isAR&ropRUbSRRAIG

formul ations for each of these nethods of adm nistration may be found, for
exanpl e, i R-Réwiimtst olfyl, optvende Renvbesitamdihpraddiyl, optiohlPRianbsiged2eth ed., A
Gennar o, eQ) tiod'a.‘.l;pﬁ' I—sGSs%%edWeltérd)a%ﬁrﬁ). ﬁ‘oé%l K"—sﬂﬁsﬂtﬁ&f alrﬁg@ lop Q#}tﬁdn_alf)‘e nnsy | vani a,

U S A Typlgal formul ations w |l be either oral or 20sofutidns for

i nt r aveouR-supburgicd heterpymikgdpredobhighydfagemer apiiphallp B -subisitasecsalion) 20dpshl es for
oral adm nigstrat.i Iyt i s_..pf usion, hilized
poudlers T or Faasary B dn 2Bl i nd M e AR D AP e BRY ho5e)
Dependi ng emindhevciopmanded aldde ; akylodmdmCER)Qatkyldpreferdbly, aneceatd,ca

conposi ti ons y i ] ' f sol j.d, S0 Laul ge
forns, pre?@?gﬁr§Qﬁﬁh§éﬁﬂ$%t§%§%§€’?6?%9@%?53%F§8¥5?‘g%ﬁgkgmggﬁgﬁﬁgtration
-of a preci dendosagémenbenedionillp R -substantee filkaedijlvoe opmmalht R ofbstityeedact i ve
conmpound(s > CoN It 1h00: tan .t abl e N

phar mag gut %lgtg{o?@%négln};(gig%gfug “Zlﬁljg?%i Ig%?gsc g mlldn%%J h‘éﬁaig rog%sj (ﬁfvlaﬁf tsorr\I/]\/r%i ch

facilit at e cpl@cessirog) ofwa dd@cae subsgugonpouairdgoinnt metprlepdoat rons whi ch can
be used phapn 1 " i cal t . i.pienty refers to
an ool pr onr sl B Ky Bl Rl e R L e B e
ef f ect i venesstiwntt feteclsil dooghegoumatnsivirgyf bilo,tnren, aeho\hedrognpowaptds) and

which is ngt.toxi t her wi ndesirable to the subject to whigh it is
i ni st er apre fGadl rAbIRRALRE GOUET LEBLEAR HASEIREL (R D |
i ncl udd, f erangpla piwng, subtiarterbic dust WayaPregradiabstobtedramin pteabhstifugdtpbs®]s. st ar ch

magnesi um st earate, sodium saccharin, talc, cellulose, glucose, sucrose,
magnesi um defelonafalkydmeansakyl jukssituted widh dylpivalr sbsotybeidgdkhephyhdyri ni st rabl e

CONpPOSi ti ONS (GAN »fi9Fis HAAIPISS sﬁgﬁ PLARRT 84 DYl 50hM 0o ALSRERRI NT, etc.,
an 5active conpound as descri be f d I

erei’n and opt1onal pharmaceuti cal
adj uvant s iany! sty allgt ara ubagued isthe re i devttibed abdve der, subsGrutadeariphd, wat er,
saline, aqugals dextr ﬁéf%rre@&@férﬁgd L 8s ok &bfst%%% B%%QIL.Ut I on or suspensi on.

| f desired, the pharmaceutical conposition to mni stered may al so

cont ai oM 7R NOHALS..Oh: ARRE Atk rBUXiB: 130 ¥i XA} PLeat s such as wetting or
emul si fying agents, pH buffering agents and the |ike, for exanple, sodium

acetate, SQH(I8|l ARHERAAy WAL SN LBk %Jaa&%agbg;@dé@% o gcpLat e,

tri et hanol am ne oleate,.etc.aL0057] For oral “adm nistration, the

conposi t i ohydipsarbogeneinigingy te hkang ayemsip miichfl ta 4 (rrpfeebly dito Bapshd@g or it may
be an aqueg&gmp&oﬂpﬂ@ﬂ$ﬁg§ﬁwi9@9&1QHNR%H§R9@§W9&NQFa&%ﬁ?ﬂﬁxiﬁhbﬁi%xand
capsul es are preferred oral ‘admnistration forms. Tablets and capsul es for
oral use wNR. bpeswvaliof gnq ydtogereatemdrosy 2 frsrcarben awwon inglugisg thoaswtlisi ent s such
as IaCbgsegﬁmgs&ﬁ&nn F5:Gin %ﬁLHQE&ﬁékhBQL%QQQEEwn%mQﬂm£®LﬂE9£%®Lum
stearate, dre also typically added. When'l'i quid suspensions are used, the
active ageﬁﬂﬂhﬂ#Pb@ﬂﬁéﬁﬁﬂﬁ@@ﬂmmvﬁﬂ@ﬁ%M8ﬂﬂywhgaﬁHQQ§E§§@ﬁﬁﬁwéaéxcipients.:lf
desired, T hayBi, GohAl NG ARURI? WEELER I AREM STV BE AGdEd as wel |
O her optional exc?p ents for |ncor80rat| n 1 ntto an oral fornufation

i ncl ude pr ewepyakioiinadsle thass wherd i Aigg vitfegengs oxidided ketprngn gevdes | Substdutethe | i ke.
20[ 0058] | P&ﬁ%&«gp'nﬁ‘e AL P03k LARSuRA T RERERP s?ﬁ)e#i Qb&@@&%ﬂl&éﬁg{r@'a jior ms,
either as [1qui sof utions or suspensi ons, soll ornms sultable tor

sol ubi hhzayjops) OFHSUSRERSP Bfdads Ml sIkkiCh i@ helePoatyMs 8% ds @ieQimaiy . emul si ons
or |liposomal fornulations. The sterile injectable fornmulation nay al so be a
steril e i nj@bstipice hepaplkdhmerns fesipsplrshbitiad in theermnastdescpbsdehrer al | y
acceptableﬁgghgﬁgkdghﬂﬁplvent. Anong the acceptabl e vehicles and sol vents
that may be enployed are 25water, Ringer's solution and isotonic sodi um
chloride solution. In addition, sterile, fixed oils, fatty esters or '

pol yol s are conventionally enployed as solvents or suspendi ng nedi a. [0059]
The pharnmaceutical conpositions of this invention nmay also be fornulated in
| yophilized formfor parenteral administration. Lyophilized fornulations
may be reconstituted by addition of water or other aqueous nedi um and then
further diluted with a 30 suitable diluent prior to use. The liquid
formulation is generally a buffered, isotonic, aqueous solution. Exanples
of suitable diluents are isotonic saline solution, 5% dextrose in water,

T Y o .. I 1 N .



5[ 0072] The conpounds of this invention are prepared by conventi onal
nmet hods of organic chem stry. See, for exanple, Larock, "Conprehensive
Organic Transformations”, WIeyVCH New York, New York, U S. A |In sone
cases, protective % oups may be introduced and Iat er rem)ved Sui t abl e
prot ect i ve“ﬁ?%‘fﬂ?“ Pe described in Greene et al. "Prot &ETGHRYPBUSs in
Organic Synthesis", 2nd ed., 1991, John WIley and Sons, New York New Yor k,
10U. S. A. T*[&)Z@P”PEHQ%teéPf reIelELJ 3 th DR NG BR sﬁb’m&ﬁﬁb%ﬁ&l}ler aehial |y
follow ng the synthetic schenes illustrated earlier in this ap I cation, as
shown i n t Weors ednprdssi snbptisseampichss be coryerodiof 1 3gne W@newpﬂfoe@néwt heses
by means kngyg, egg u:prlg%?e d: oPEAIAY 43K dolan eaemac%m:m&{aaﬂ LRlde e exanpl es
refer to the pty ation of internediates useful in the synthe5|s of
conpounds eflfanaisle with@nt pomore Sydipgee stosmsexahplitrezen ¢ exe where ¢ng ospordadsi s of
conmpounds L N SookR aloAN&NEL %H{}‘R% fe tabl e
i mredi at el 3}]; (%SOF}II' (\)/ﬁLnS i ebs%lg %E%Hp QMFﬁb Pﬁeésg\r%atelrt%{)aﬁgxgﬁp .
Pr epar at i oreigfoafst, ertalkyllmgw(emamlﬁvmrelllﬂ nE/@)epltecbplemu.ﬂ.cmrn@nalanesmdg@hm n
i ntermedi at, I ne (35.0
g, 243 mmol % wa Ingsvn ssglllg Y T‘Le(%g%ﬁ‘l" §rs§)§ro %F%%EJ%%B{&%??&B#%t but yl
di car bonat ehat S&OG}I‘QCU\Z@@dmﬁm C)Oﬂéﬂdlszﬁ thq, e déni(s oprropyll te bhydrami ave sidl PEA, 84
n, 484 nrnol) wer or"i‘gtd%daﬁur?er!;‘éatc%@a&é?é ution was stirred overnight. The

e

sol vent was™ renov residue partitioned between ethyl acetate (EA)
and 1. 24 hygpec naokhiGHRG Hhdad %HEL i HatBhat @l 889108 il b} gat ur at ed
aqueous sog (ril)fbl car bon tee anldg [3 'S g‘%lslpsélpar ated. The atzl]feous 9 ayer was
extracted thd @epeitdovEre (%@und_thefaﬁ:mt so i tited, fEﬁF“Iﬂ@}?]é{lSdWéY endoselrbi ned,

washed wit was
emoved: gty Fanf M0 bR Ao RRANEaHSBoR Bl Eny RORLBOL VARG

Tert - but yl g@ﬂéﬂmmﬂ@mablmgf@wl@dbamts of 8. a‘?gr(gl,P coda@ingent ?rmats :

di ssol ved i A o ATEN iR kN m neral

oil, 1.03 ?thgg %gro{r%u)mu ﬂﬂqc}%?%py%ﬁzgﬁ %ﬁaslﬁﬁ L{@ggﬁ%g'?{@rh?%g%f or 5 mn,

et hyI i1adi @eef(raea sdlughweh@cmggdo)lpm@u@dugd (@l ¢ableRideperdeniyds heat ed to
60C for 7 hr ot d HeloJsei rature .30 (5 nL

was added 2&1(35%%2) ngvgeL%q ?té‘r}rl%\g/eg‘R %%%r%tgly} E)el%\g\}agwﬂlIESMSr heeq dmh%%A and t he
sol uti on wastewashbovenilkih subsiitned with i-2& ', wieare m@ﬁésdqpmcbuﬂyflahﬂiroandrt he

solvent re t
et hyl [ 3- (4@%‘?% (%I?I%Jy?%ﬁ%ﬂsg?%eghg?'ba %aﬂ}oﬁo Wltkjamlgu%einfclo Iétgltnin pete Of;msl lica

gel chr onataggaphyp eetbiniigh WDR,hSB),Z—(&Om el@omre Chayts, FatRhas0]0OK,DCM MeOH)
gave purified ten-butyl e | [ 3-(4- hol i nyl ) arbamate (1.4 g). -
Do 110 ¢ ePPOBUC B R RGN oM PRSP RS BRere® § 350 g, 1 3
mol ) was qjk?l%%s\ﬁﬁ:‘i’ed‘dqm‘l—w (M@L@ QIER' ataé&aaaav s 6 @©X@NEyK 8 Where 2Bk MOI )

and stirred Water was added and 5t he sol uti on nade basic with
2M aqueous teISEEUATIsipdnine efevitPhstegendariziniia seteserylaanddy i fdeeEror Grfd t he EA
extract wagt pl with brine and dried over magnesium sul fate. Renoval of the
EA gave N-et -3- (4-nor phol i nyl) propan-|-amne (50 ng). [0075] Preparative

Exanpl e 2. (ﬁfZ aF‘@atlt's Of3e @scribed in the section entitled “Compounds of this invention”.
4-trifl uororret y1-2-nethyl thio-6-(pyridin2-Apyrimdine, an internediate to

conmpound 13}g023) l}\ytlﬁ@;@)@&ﬂc@m HeORIRMIunr1REAR 48} arkSurd whiRh UbHe Addhistered
4,4,4-trifluoro-1-(pyridin-2-yCoutane-1,3-dione (1,0 g, 4.6 mmol|) in

et hanol ( 16° #hymandfer Fetiesr ansastinyfticrnt 1o hiselatiaaisheiar daictsee Towg' g, 4.6
nmol ), f ol kpuededyy osAdhitmaet hianh dR1dS dhe Bk nfe 31 Wt . % sol ution in ethanol,

9 mol ). The m xture was heated at reflux for 9 h, then cooled to room

t enper at ur éDand Eseitingtinkibiting grawibRf therrangen i oelinitipal Araesting itsfley@ensrenand t he

sol vent remgved undan /E?e@&ﬁﬁ sﬁEa%%’i‘&(eecanc'EP?e Q&ME'@I o e %‘eftaséé@e% purified
by col um chrorrato raf eltting with 21 chl oroform H to give
4-trifBlor ébet hylﬁhzﬂ%@hy‘qﬂ?%@aeauélpgrfqg&isﬁ*p@fﬁkﬁyqﬂﬂ‘?ﬁ,dl ne (o 21 g, 17%yield)
as an off- %y te §£L&%Ee@917nzl rg[lg&agggthygm@g%gl e 3. Preparation of
(2-chloro-4-trifluor thyl pyrimdin-5-yl)-

(4- net hyl piPer azpaliating byrernsefohecaneen i nt er nedi ate to conpound 130A by
Reaction 20 Schenme 1. [0078] N Methyl pi perazine (0.11 nL, 1 mml) was added
to a solution of 2-chloro4-trifluoronethy-Ipyrim dine- 5-car bonyl chloride
(0.24 g, 1 mmol) in DCM (4 nth) at OC. The mi xture was stirred at that
tenperature for 1 hr, and the solvent was then renpved under vacuumto give
(2-chloro-4-trifluoronethyl pyrimdin-5-0)(4-nethyl pi perazi n-1-y1l)-

25met hanone as a solid. [0079] OQther 2-chloro-substituted pyrim dines,
intermedi ates to compounds 131A to 136A, were simlarly prepared. [0080]
Preparative Exanple 4. Preparation of

3 3 bls(rrethylthl 0) - 2- [(4 tnfluororrethyl pyrlmdln 2 yl)acryl onitrile, an

- . -~ 4 P N ] .



. |odoethane

5[ 0089] 4- Am no- 3-ni trophenyl boronic acid pinacol ester (1.60 g, 6.06
mml ), 3-bronopyridine (1.10 g, 6.96 mmwl), cesium carbonate (3.33 g, 10.22
mol ) and 1, 1" - bi s(di phenylphosphi no) ferrocene-pal | acliun(l1) dichloride
DCM conpl ex (491 , 0.60 mMmvl) were suspended in dinethylformam de (20
m) . The s AY & 2916/P36As degassed by vacuum several times PEAVSHIOYLBHSI n an
argon at nosphere. It was then heated to 65C for 10 6 hr After cooling, EA
(100 ni) a 0 te‘tm(n‘g{?nmn)th err%grgqge ad\%ﬁﬂmﬂ&?bﬂé% ﬁﬂe ér?t as@t? Was
added to the organic layer pr ecipitate was orrre e separatory
f unnel . Theofhiphasiien sl 2biheranyigrcdridherapy deingzthecdubse of calntqrahenqrd@gapr
transferre L f e _Qrgani-c._phase was
washed tw o5 h TRTFRAAbEky hAhe R SEATh BF B8 ol MR8 LORR b BT W th
sodi um sul fasgeet cfitds mertienbefateedirinpded/ ar etlercechdpriEgsitiprof the gioder
152 ni t r-0- - .
Nitro-a- %“&&X%Ine ‘Abgfé‘%%%a‘ﬁ‘gﬁﬂnéﬁgﬁ%%C%’?&%g%thﬁ%ﬁtfsﬁeﬁ of this IYRE0R1 1 EA (40
rrL) was hydrayde raertaectdart tiae tro&plmadmﬁprae'e@ofrtee micther 20it)olcer tpalapxdﬁluprw on
carbon (90 sg\%tal Wi Q\S and aé i cede I orr}otllg\l;frptell;ua%gnuolree cofrr%rlon% gaXdSmmEtlrzltl%{l% ll:hon and
concent rati‘on ‘under Bﬁ
4- (pyri di n-c@myuit)ndbvérr.@eneaﬂpezt ctﬂrtlas"mmtl()rﬁﬁm apgpnpany at lea{t(a@@@s}ne@pélpar ative
Exanpl e 9. tion,of N m. eny.l di-et h nm no 20
N-et hyl acetag(ﬁnr%p NN HCEPY mgsé at thet%mé%s@%g%ncf()fﬁéﬁfg 952 ee}allncot%r1 rarﬁ“%‘cherre 1 or
2. [ 0091] Agem,lmrﬂuokm wofgedd metarpp@nzenpbg& tebraghy agenn er (aamﬁ)cﬁl i¢rafdy withiamol ) ,

di-tert-but arbonte and DIPEA (2.6 nm; 14.9
nml ) in di xa%ée ((ui‘bmrﬁ? OSt 8%1?3“&%HICSSm?T%%<h? Of 40 min, then allowed to

cool toro na h tur ntrat ed educed
pressure aﬂgazisgkeﬁgﬁ Hsrlr% Ig{ ?”11 )% I?d éﬁﬁggr %g a?%ﬁ a\‘/\rlgs%%%O\E/vashed W th
wat er and tifrdusimguedus op hassioexhd Ialc’med spdctfhdlEpreséﬁheoﬁsmddmoetpomangsam c layers
were washed with satucfr?tgk anue q §% |um bi car bonat e ofN brine grled over
magnesi um SHFieSP> AKaTE SRCERET AL SRS E ﬁ((:)rea pr PESEUTE PGS
ten' - butsyl gBuasiswps, dadyht hlcepﬁlenyt@aprbalg’ﬁtl®bmnt gerantortsatingwd”,yi@lsdigs a br own
oS! 1 o TO, JuBLLLF Sl UL 0N Ol L RUYLt a0 RO oo g barmt e
(0. 868 g ofcoxap@@ldwm% d:rn&penhsuoompmrnddfrut alsa2thay fconyml other ncqmmgtedmsts over 10 min.
The m xtur irred for a further 5 mn at roomtenperature and then
Q?%ge%pll_erngsll 9 mmol ) was added. The solution was stirred for 20

wat er e solution concentrated under reduced
%@10281— Sdéﬁ%oﬁ%?%ﬁﬁns%%n&&

pr essure e was partitioned between EA and water and the phases
separ atd. di29) aGHEQKS ARARCo MRS, EAINAGEE b Hiiekdt @rrag f RemGgnbi ned
organi c phaseg] V\B.Shg " terz1C sa’%J%r at t& aqutg)ous 585{%8 i’car bonat e and
brine. The Amrgamgiudedsp Fhsrtprr@mtwasntmnraedl arg westul it eghpasitond, fratheda p

concentr at £ and

di - et hyl at ggesgro ue((:i? ‘gﬂ%%gﬂa% §l§cl‘hir gtsv?/g !p%lrglr)l? idpgé(?)wﬁf) arfngg& gtg au‘col um

chr omat ogr aplaytaldt edidsnipesiot drampld, oM k¥ eremitlt, edsgi“andberk obtiaghaceutically

4-am no- 3- pictd %BQ%QNJ’ (@6day'\9¢9 ;@mlaae@(lﬁr %ém%u& R ALARGE ol 1d. A

sol ution of tert-butyl -amn 3-ni tropheny |ethy carbandte (0. 514 g;
1.83 m#dl) ertnnsamdhytdrle@etrph@hmw@eal|sait5dhmhetlo(nllﬁrem%omdstq Hnlead tet anbi ent
t enper at ur T essure
and the rocan B TRgS RRIGRL RG cLARRIEHe o tRAGL 1 § BOYERCHD

agueous sodd t!pmhym;indewahdaltshe aqueous phase was extracted thr ee t| mes
‘Wi th EA. The conbi ned organic extracts were washed with brine, dried over
magnesi um iQﬂZSJat dhesa padts Golvdests diedaydrdermed edwe eddippregmspesdanoargi ve

N - et hyl - : 1

L e B G O s
15acet A tmﬂhen €xcBss it yn ddind\tedgedi, achyd lyldysidaecadoditeion laxide (0©n@19.ﬁ_hggn 1.25
.mmol ) and 1. (0, 375-~0: B-e,Ad o] | ethyl am ne
(577 ,rtlL; R@?%fa%r%ﬁn C%hoelgsﬁl?cgtaggg )vfa\;@asfl\% qggNg rJ(l)r(e)rgn gr?%}eétr%%re for 8
hr; and t heresdnyintthemmageraindlly becemratdd salg. Nuigibktitnygaglcyeienehgddicuntisdd t (0. 192 g;
1.25 mmol ), DEPBT (0.375 g; 1.25 nmmol ), and triethylamne (577 p.L; 4.14
mol ) were added and stirring continued for 63 hr. Solids were 20renopved by
filtration and the filtrate concentrated under reduced pressure. Water was
added to the residue and the pH was adjusted to 10 with saturated aqueous
sodi um bi carbonate. This solution was extracted three tines wwth EA, and
the organic extracts conbi ned, washed with water and brine, .dried over
magnesi um sul fate, and concentrated under reduced pressure to give

N- (4-am no- 3-ni trophenyl) - 2- (di et hyl am no) - N- et hyl acet am de (0.303 g) as a
25brown oil. A solution of

o ~ " . AN ~ £ 1 <11 19 = % T T T L e LN NN o ~ M~ A



ni trogens, such as those on the sidechains of conpounds 123A and 124A,
‘protected with a group such as tert-butoxycarbonyl after the initial
coupling with the 1-fluoro-4-nitrobenzene and the protecti ng group renoved
prior to the final hydrolysis step of the synthesis in which the resulting

ani | i nes aM® YS¥Y®8[ 0100] Preparative Exanple 13. Pr eﬁg?”é]??%?{”s&? 45

4-[(1Him dazol-1-yl)net hyl ] benzenam ne, an internediate to conpound 89A by
Reaction Scheat® wdrokifd BdhssRat st d4d) ©aiRaMosaté tad28didin hydroRidBTsRkdmMas added
to a stirred solution of 1-(brononethyl)-4-nitrobenzene (3.20 g; 14.8 mol)
and i ni daz@ise by preprgedyusing orepnigbpiey, spch 2 aae BhRTHPATY. ccOBEIMIY B AR ur e Was
stirred at shiRemdiamRRs Al htmnillodhmad dibtiend dAeensantratath.nder reduced
pressure. The residue was partl tioned between EA and water and the phases
separ at ed. IFHEingdivpraE phadenghgapire difdivsmiteniteyianing, EROPEHBNthe conbi ned
or gani ¢ 5| ayghSolaiad @i chfla MRS S anBiNdoREth Mine, Bsin € U rAURS m@%@&ﬂéﬁksm fate,
and concentrated under reduced pressure to gi've

1- ( 4- ni t r olperszipa, hydrpbagegdehpbine bgtaing pthglpnegigmine; degosraing Notlkylglwamisieut | on of
1- (4-ni trobergysel bhdndl JR2Qlife beffindN-diidpd R )anl:l'?heq_ﬁ\p.an()l 15(100 ni)
was hydrogenated at at nospheri ¢ pressure wt ?1 pal | adi um on car bon
(0.285 g) 3bovpom 4 BhL ke tfu@tras;tékc%fhﬁls mTE}%omcaiﬁtME@a vaR gfdubtsafiegd through
di at omaceous earth and then concentrated under reduced pressure to give

4-[ (1H i m @az®io Broshet RYY Youepredapihecid sidpien galt. deid gddign saltsdithed. [ 0102]

4- [(NbrllghO'cer éhnmé argF;e ¥bd RENZAARTHIRNMaS) behHld RIVe): RILRRLGMHAf rOm

nor phol i ne, met hyl pi per azi n- 1- 12/11) nmet hg/l I benzenal ni ne was
simlarly ﬁ?‘@p‘%ﬂ“één‘i #OFFCSs pernragidpiuplersdiiieshlomy 4¢ish hyshphirerpie gcigy splifpric

met hyl ene- Ljinkeg dg%sia@f@@aﬂéblgmﬁém@gts InfHid é‘é‘fci yh&pﬁ&@raaqamg@]eﬂ@m/ Wi th
primary or secondary nitrogens, such as those on the sidechain of conpound
94A, pr ot ectsedic afidstueh yrep agidhpropienia asids glinoliosat ayBungdid. ardie acid malis ni t i al
coupl i ng Wytih dgnicicld! &b%f-ﬁc éa(ﬁ“rﬁa[e&ba‘éﬂazﬁﬁﬁnm LGy PIRt 8651LAG IQhQMP renoved
prior to the final 25hydrolysi’s step of the synthesis in which the

resul tilAg aﬁiilqm@@ca@é, ru@édlc agilrfneteanisplton g clandsplinaic aidt nligtimafidene- | i nked

si dechai ns 4 gUGRs AR ni NE1 HeSBERALA 1R tq&&%&@lo%%ne 1095% a8l Mdaakdid,
prepared using starting materials such as 1-(2- bro ﬁg‘/ )-4-nitrobenzene.
&

[0103] Ani Rilfvéxdroivbenzor Pﬂ?eliizo,frlﬂdléch%i:th@cvlh&llltonﬁéﬂdéa@idrvy aitfedc pyd.a per son

having or d'b%%ﬁ[esélkidc acidNu-ES oBnh R AN R aéﬁ%{agh&ﬁe&e&ﬂ%n&'ﬁbh' and this
di scl osure, and 1 be’ usable in the 30synt héses of Reaction Schene 4. For

exanpl e, dIC@t‘H”f)@FS“(t@nﬁilCEdr 6@@%91@éhk%@r?ﬂ@qﬁé’teeemgrbpeé@:e@ﬁ glupehgp pinic piig

reactiof \M\?rut;orpygrciadw éetﬁ@én@&gi%g&!;men morc%drﬁ?wn lf;z)gloﬁm(aédm trostyryl)-
pyri di ne hydrogenated to give yri |n 3-yl) nzenan ne, used to
synt hesi ze trireghyrsetivdicig - bl&ﬁéiﬁ@tlh@lda PWIb#é@CBQé@WWOQVH@ﬁ@J%C e%drpounds 97A

and 98A wenrg 28 e was reacted with
gl yoxal anc3i Q%Qrg‘lmb g‘%hgh"g{%ga&% 4° ?1}? ﬁ%%‘ﬁgﬁﬁ?ld%ﬁ% dazol e, which was

N- et hyl at %36‘]‘ t ﬁo&gll_?)lméls of%'uﬁ%n@d&%éﬂh@ﬂh&@g&ﬁ&%n&\é St S AN0QMSe Ghl g i de to
give 4-(1-nmethyl-I I m dazol - 2-yl ) benzenam ne, used to 5synthesi ze
conmpound 1@6’&0@3‘“0&@\?108141??“roben20| c acid was converted to the
correspgndiing berzoyl, chloride with oxalyl chloride, then reacted with

3- (nor phol i n- 4- y‘li%\ua opan- 1-am ne and reduced to give

4- ami no- 2- flibuor o ’3%( nmor phol i n-4-yl ) propyl i benzam de, used to synthesize
compound 5QA: an |£ onyl chloride was reacted with

2- (nor phol ?n 4- y%e aénat-S g&h&ﬁ%ﬁgﬁlﬁ%%hen reduced with stannous chloride to
10 gi ve 4-&mi no- MC[IQg(qul(\plkmlrmn-mowéi Igydup irererewpeuhé bipastiadeic.used t o

synt hesi ze ratd, | on of
(R -N- (3, 4- ﬁ%gﬁﬁqﬁgg eny O[IQ%%%%% tIP[pn?ggrdl?e ‘}rélgucg%%a br%a;(»ib%}re?&&%ﬁ ?Erllj!teernedl ate
t 0 conpbundpddBen b iRk aci iwlrnSbhewrkstiPienf Ixs OFhing priority), such as 4-methyl,

0- (Benzotri t hyl ur oni um hexaf | uor ophosphat e
(HBTU, 15448%6%0‘} %l Miow?rsl}étm rg%i&%geto a stirred solution of

(R) - N- Boc- 2- pi pesvhch mescélﬁbmd}drifibglagpda(@eﬁoor@ -pokBiod, esprolhly tlsm@p@!itl@EA (9.0
m., 51.2 h he mxture Sty room
t enper atu P‘ mr&heyf%n R‘Sz"gm WA Eo‘gf Callv :@?ﬁsﬁé}]e(érggjo g, 13.1
nmol ) was added. The m xture was stlrL@dfor a further 18 hr, then the DWF
was renoved by evaporation. The residue was partitioned bet ween wat er (200
nit) and EA 20(100 nL) and the phases separated. The aqueous phase was
extracted with two further portions of EA (100 nL each) and the conbi ned
organi c extracts washed with water, 1M sodi um carbonate sol ution, water,
and brine (100 nmL each). The solution was dried over magnesi um sul fate and
concentrated to give (R)-tert-butyl

2 [(4 am no- 3 ni t rophenyl )am nocar bonyI | pi peri di ne- 1-carboxyl ate as a brown

A E AN A N/



[0115] Synthesis Exanple 1. Synthesis of 241H benzi m dazol-2(3H)-ylidene]-

~2-(4-trifluoronethyl pyri mdin-2-Aacetam de, conpound 1A, by Reaction Schene
1. [0116] A solution of 241H benzi m dazol-2(31-1)-yl]acetonitrile (10 g, 64
mol ), di-/en'-butyl dicarbonate (16.6 g, 76 mvl), and triethylamne (8.8
m., 64 mmolYWOPHOAIGRT3( 180 nl) was 5stirred at room t enp&CAUIPWIBPESni ght .

The sol vent was renoved under vacuum and the cr ude product was dissol ved

i n chl orof te sat ur at ed
aqueoUS sorﬁ‘rﬁﬁ%@%@%&ﬁ%@%%@# phise %tg% B 20, *magnest um
sul fate, armdyy wfay paepe t S YA Sp branpyIcyE geoup;

- 2-[1-(tert-dut ox vl zol -2(31-1)- yI]ace?gnltrlle(15 g) as a
sol i d. 10[05?17] ﬁlqggth‘%t&léﬁ‘%%w‘%

2-[1-(tert-Gut oxy@RWl@bmnsm fatau_adﬂ g@(lslﬂyhcylnllauéétaer?v brigrapiitg, 23 ol )
| THE §50 sbetRs, AA0RGLO, RS SRANSHAR, 01002 SORLU AKE B8:dp m neral

oi | In tet ran over The

suspensr on S a ceferred over

2-chl or o- 4- [ltw3§ I ?gﬁ%gngtﬁ/ln%yrﬁt%%&% ré]feﬁfeﬁgﬂﬂfr OtZLgese tea rcsvl\fa% eteddd a" The

m xt ure was ainpowlchariog wkssar tuonbeooithese et io pertiowa, @thupn etorgwéthebght , and
wat er 15(3 A L) The
crude prodgg?ﬂﬁﬁgqgg?kgggeéakg%o @%%Pg%g 5§%$g%g S ﬂtkﬁﬁf&ﬁce gﬂ wat er
(100 rnL eabd)s préfbreedorvgathé conpivaséwias:t drat Betusver magnesi um sul fate, and the
sol vent was renoved under vacuumto give

2-[ 1- (t'ér t -[032bx Vierrporyjridenzingi dazol - 2( 3H) - ylldene] 2-(4-trifiuoronethylp
yrim di n2- yI&acetonltrlle (8.17 g) as a brown oil. LgllS] 2-[1- (tert-Bu
t oxycar bonylP438knZhateraparind¢faky inytritiga ae|named andshp e ing arstibaFopys i m di n-

2-yl ) acet onif tlH'lJeﬁzu().%az’lol-gﬁ Qidg 1) WS ad Sl Ve ddds Qn&f’ﬁ;‘éﬁﬂhﬁ?z%?d sulfuric
acid (30 m), and the solution added gradually to ice/water 0 n),

al | owed t o AP idecl-Hpminispeylaeureidesgirdcamponpdsdapog pngxghclic lcm xture was
cool.ed -to QGng Q%E&%é)%%mh&‘?ol J%@&oﬂﬁr‘&%l@@éch&‘?ﬂxd%é aéngléqd?rgygfald&arﬁﬁg' um

hydr oxi de. Water was added crude product extracted wth

25chl orlaf orsmﬁps ohhe pelreile. Pimev@r@arﬂi e Pvesetogassgn hatngovdipameighiegham

sul fate, SOLNEHundBSe HETRMEM JAHIE LY BEHIHRI AR Ch ARG Bl dnd@subRur i fi ed
by reverse p ase preparatlve HPLC to gi ve

2- [ 1H benzibendiaitkin s (imidijels/Fizels g onq the exorrdigbrndriethe @ydmidingiln- 2- yCacet a
mde (1.18 agetan:ltgc/ge@rtéesfrglcl Al %EQL%Ql?er@lsmgllI{hQWntS@lliI!ﬂ%Tctcrcnce al t@)é%%lrbgpgpounds
4A, 132A, 135A, and “138A, for exanple, were gener al

30met hod, ki a@gtafmdewaffpt’neprqcart%bw b@@¢5t<mlg1edn§ enatlaen@e %@t@ﬂdall s. [0120]
Synt heSZ.'OS @S@g&%laﬁnd% seé&ﬁmohﬁéln%leq le may rotate relative to the benzimidazole/-

2-[ benzot hi aZol -2(31-1)-ylidene]-2-(pyrimdin-2-yl)- acetam de, conpound
2A by Rea®eizofhiagelhetsson when tha omFychc bmeriyind dedland Zisgraesevbmithe i | e (0. 69
g, 4 mol) . : i 3 : ride

(o 21 g, | § e SO UL i QS RS AN R
stirred at ambmntdembertht mrenftl@frm&ols Aispposaihlg Burgib, étet‘;pyﬂdmomlnenr(leﬂ% g, 4
mol ) vwas 346E0dhe JRSinMS5H ERn WRS 1R Ul rrrdevdﬁ)Js%némqj th@ﬁchnmh)%gmm Agded to
the dark 5 solution. The mxture was ac fred wt drochforic aci d,
and t hépr deigphiderols ardrpivilorBos wesowppinde regadppt 4 wide rvatetvcnf atlpmshed with
water and geehoni! 'tér&?m%/?ﬁ)gc&rﬁrﬁgu 980 HARHHI O i of 4 campound in

2- [ benzot hi'azo dene pyrim n 2-y1l acetoni tril s a brown
sol i d. [ O12g] specification and claims in a particular conformation is not intended to be limited to that

24Benzot hi ?éﬁlbsso?l% )is leh89NS iRl BY, gi}‘ln?&&m? %%fe‘%é%%{%&kad gncio 149, 0.39

nmol ) was In concentrate uric stirred at
room tenperaisweptpgarﬁem eal BB L X4 o%ntr@aﬂgagtae@m § Q&n tn%trc@facaxgr ice,
~and neutral I zed w th 50% aqueous sodi um hydr oxi de. e precipitate that

f or med 3as 2ebiliiee tsexdebyative bt 2-HiH- lmltzlauri:#z?it;’-mff)rvedtnb]yZ fpemerdse2 pPhagemide

preparativ ;

abenzot hi sl S AT YO dideny 2y elpcsomids qubermmby olyspedhe oo,

yi el d) as arigwsy howos BIPAC ndBheda8ntConPbumn ths cSuplel 6ppo8A3I R 22A, and
23A, for exanple, were prepared by this general nmethod, using the
appropriately substituted starting mategrials. Conpound 5A was prepared from
the nitrile internediate to conpound 3A by hydrolysis of a nethanolic
solution of the internediate with 1M aqueous |ithium hydroxide for 2 d at
roomtenperature, neutralization with I'N hydrochloric acid, collection of
the precipitate by filtration, washing 20with water and acetonitriIe, and
drying to give 2-[benzothiazo| 2(31-1)-ylidene]-2-(5-carboxy-
4-trifluoromethyl pyrinmdin-2-yl)acetonitrile. This was hydrol yzed with
concentrated sulfurlc acrd and purlfled to grve

o Ly o T ~NA P I T T T e T T A ~



collected by filtration, washed with water and hexanes, and dried under
vacuumto give 246-carbo xybenz othiazol-2 (31-1) -ylidene] -2- (4-tri flu
oro met hyl pyrimdin-2-yl)acetam de (587 ng, 90%yield) as a brown solid.
[0136] To a room tenperature solution of

2-[ 6- car bo¥DHERYSHPazol - 2(311) -yl i dene] - PCT/US2009/058345
52-(4-trifluoronethyl pyrimdin-2-ypacetam de (350 ng, 0.92 nmol) in
acetonltrlIgmggngg}d%@Qnﬁgded triethylamne (250 iL, 1.79 mml, 2 eq.),
DEPBT (299 ng, 1.0 mmol, 1.1 eq.), and 3-(4-norpholinyl)propan-1-am ne (134
/..LL, 0.92 mml,l.OeoJ,Ha he m xture was stirred at roomtenperature
untiI a yeldo o} e 'for med. The precipitate was coll ected by
~filtration, ed A acet/onht il e, and dried under vacuumto give a
ye||OM/SO|Id About 0 2 " of’4.) dvt hydr ogen chl oride in di oxane was
added, and the m xture was stirred for 15 mn and then concentrated under
reduced pr ésaithee 24(® {[§i (V-enoZpHobnyf)BropAlarirqeib by 1 -benzimidazol-2(3H)- yhdcne

ropyl I am ar enzof 4- tr| ronet hyl pyr
- 2y D e Ry e et (s ARyl o el | ow T
solid. pOl3dhmubynt hesis Exanple 6. Synthesis of
246- ni trobenzot hi azol - 2(3I--/) yl i dene] -

152- (4- trlfLu%ronethylp ;ﬂ%;;%qyl)acetanlde conmpound 26A, by Reaction
ti

Schene 3 8] To Ha (met hyl thio)-6-nitro-1, 3- benzot hi azol e
(226 ng, 1. NS nL) was added

2-(4- trlfluoronethylpyrlnldln- ;y @Aecetonitrile (187 ny, 1.0 mmol) and

pot assi um car bonate (207 1.5 mol ). The orange mixture was heated in

t he ni cr owsvismse 4GB0l ¢ mo%hwﬂ)ﬁfoptl}?éﬁn%@féP@& -ResaothitnlddHwkdsneA (60 ).
The OrganlQ(2Qﬂh@%ﬁkd%@QnMﬁﬁh@Qy&Mbﬁ@eMAth IN hydrochloric acid (25 nL

each), brine (25 nL), "and water” (5 nL), then dried with nagne5|un1sulfate

filtered, aouWsgc om&e&m@ edmmcl%ﬁu&ﬁﬂa@&@am&woﬁlpwmguy@nbed in the

2- (6- nltrobenzothlazol 2(3H) -yl idene) - 2- trlfluoronethy yrlnldln 2-yl)ac
€S an

et oni t ri0| e Spesidigatieg andgagny Péqha)ap%lscataofvé ﬁleéwwém&jn thedragp
2-(6-Ni troksn hlt@gzeoaero%(;ﬂéhay;lrg@a@saco&p()én&srmftbm@dsom Iy B, ebegiug- 2- y1 ) ac

etonitrile 25(296 ny % di ssol ved in concentrated sul furic

acid (3.0 ﬁ@)oneﬂﬁéomtéaldﬁ%}%nﬁp%ﬂ (OANEEA, ST Ar BBy SEDOS AR, WHA, t hen pour ed
into cold W@ﬁ:ﬂ&(@%m)md 1ha rMQh&AQWth%E%JPﬂs tRuMBSanG Bhd &%&goms

filtration, W t h hexanes dri ed under vacuumto give

2-[ 6- mtroﬂézhz/ét*h%\zéf%zé@zr&»i‘}%/wch}é*ﬁé]anzl tb%rselﬁ fpupeshitet #id Pyiedsi di n- 2- ypa
cetam de (280 oPis iR2XAMN iRk c@r%p@smo% AR B&Ys! éi'c @Qr&rﬂé—&gﬂlpo@m%’lgd 32A was
prepared from conpound 26A as follows. To a solution of

2-[6- n|tro@éﬁ@ﬁ?ﬁ@@?@ﬁJQéglﬁwi@vgH@W@F 2-(4-trifluoronmethylpyrimdin-2-yl)a
cet am de (280 ny mmol) in MeOH (25 nl) was added a slurry of 10%
palIadlun1&ﬂ’éhrBﬁﬁm%%ﬁﬂﬁﬁﬁynﬁﬁomNEOH(10 n.), and the nixture was stirred
under hydr @ﬁn at atnnﬁgherlc pressure for 24 hr. The mxture was filtered
and the fil§P3k eTeeshRerifr Beashon 3hgpgeheyp gdow in the discussion of the general

246- am nobepwtibhREels, 26 Sibsdientd 46 d@h-0d-thdbehbdnt liu@bOaMEADME Py T i mi din-2-y1)a
cetam de as a. red Eﬂyder This was purified by flash colum chromat ography

el uti n& wi Prrzigidazole Abeneeshiazals gg)in\};]ée E}’jﬁ-@éﬂme but it will be apparent that substituents

2[ 6- am nobeskathd addlubstdhrslon-iié ddRRRbmgoldt, bi bbdQrapRidy hpyri m din-2-y1) -
acet am de, conpound 32A (160 62% vyield) as a yeIIOM/pomder [0141]

Conpound 76‘%‘?59\%@%?0@6&?‘@@6#%% ewEou PIhacomRosnd etp)gvay bePerseitsdl ut i on of
N- (ten- but gxycankeayl ahglsy&fn@ﬁohm gqﬁusgatwg $hCaPlesi N DNIF (5 nl) were

added O-(7-azabenzotriazol -1-y1) V, N -t'etranet hyl uroni um
hexaf | uor opduagpPhat st gl Eml}.heué-QlElﬂlb@tabMJcM REbok388 bdiizbihiadel8GinAmo! ), and
2-[ 6- ani nobenzot hi azol - 2(3H) -yl i dene] -

2- (4-t2Pf1 b@rrzmé%zmﬂbagﬁrﬂ.camm%dg1ry'|05Va~°cféf fvmaion(of 24 fppnziopidezoli xt ur e was
stirred at z(g@ﬁm&eﬁapc%mme 8: 3-Menzbulznol 5 BANIRGM RO (1B EPBYy BplingThe EA

| ayer was washéed three tinmes wth 10/6aqueous sodi um bj carbonate (30 nL
each), and“ttheeriridingandiydrixias e el it the arir (ol oalen e ddvbsiignesi um
sul fate, fila&ared.scad cnsentrated under reduced pressure 15to give 2- 6-
pert - butyl oxycar bonyl ar ni no) acet yl am ngj benzot hi azol -2(31-1)-ylidene -
2-(4-trifluoronethyl pyrimdin-2-yl)acetam de as a brown foam 2-
{6-[(Tert-butyl oxycarbonyl am no) acet yl am noThenzot hi azol - 2(3F1) -yl i dene} -
2-(4-trifluoronethyl pyrimdin-2-yl)acetam de (80 ng, 156 mmol) was

di ssol ved in 4N hydrogen chloride in dioxane (5.0 nL, 20 mmol ), and the

m xture stirred at room 20t enperature for 2 hr. The m xture was
concentrated to give 2-{6-[(2-am noacetyl)-

anino]benzothiazol 2(3FD ylldene} 2 (4 tr|fluoronethylpyr|n1d|n 2- yChcetan1



30 conmpound 144A. [0154] A solution of 1,1,1--tritluoro-2,4-pentanedi one
(5.00 g; 32.4 mol) and S-nethylisothiourea hem sulfate (4.06 g; 29.2 nmol)
in pyridine (3.75 nL) and water (62 nL) - 39 - was heated at reflux for 1
day. The m xture was cooled to roomtenperature, extracted with chloroform
and the chiV%PaN8P#B8Bxtract washed with water to give PCT/US2009/058345

4-met hyl-2-(nmethylthio)- 6-(trifluoronethyl)pyrimcline as an off-white
solid (4.60g, 22.1 mmol). This in MeOH (60 nL), and a

sol ution of OXONE(r) (27.1 g, 43@%&}1%% l?4ﬁ(il\/\/at er (100 nL) was 5added over

10 min. The xi x{ure _was g,glrred at room tegperature far hro@nd then
extracted V@:E& Th ‘i@ %te,r_,_d.rlconcentrat ed to
give 4-meth Qmethyésu m‘myl) 6- t hyl ) pyet'miXxdi ne (4.8 g) as a

white solid. Sodium hydeide (0.16 g of a 0% di spersion in mneral oil; 4.0
mmol ) was adddd to a sBirred solution o ethyl cyanoacetdte (0.21 ni; 2, 0
mml) in THF (8 nlL), and the resulting suspension stirred at 10room
tenperature for 15 mn.

4- Met hyl - 2- (et hyl sul fony1) -6- (trifluoronmethyl)pyrimidine (0.48 g; 2.0
mmol ) was then ad Eip_/ he m stlrred[iﬁ . Water was added,
foll owed by 1M hy loric ac'fldtu/djust to -4\_fLhe solid that
formed solid was filteged, washed th water, and drigd Ynder hi gh vacuum
to give ethyl 2-cyang- -[4-rret hyl- 6-(trifl uor onet ey p imdin-2-yllacetate
hydrochl oride salt (0.43 g) as a pale yellow solid. ;15[ 0155]

4-Nitro-1, 2- phenyl engdi am ne (50 ng; 0.32 mmol) and|et hyl
2-cyano-2-[4-methyl - "6-(trifluoronmethyl)pyrimdin-2;yl]acetate

hydrochl ori de salt (101 ; 0.32 mol ) were heat edH t0198C in a m crowave
for 3 mn. Acetic gsl N)(ﬁ%m;.) mgsi added to t KNud erial and the

m xture heated at 0C 6 br. I[he| sotrd™was I ed by filtration,
washed with acetonittilfe, and driew® under high vacfﬁum A\ gi ve

244- n'ethyl6(trlfluorérrethyl)pyrlrﬁdln- 8 \=)

202-y11- 2- (5-nitro-1H benzi m dazol -2(3H) -yl i dene) acetonitrile (59 ng) as a
yel I ow sol igg

2-[ 4- Met hyl[ 6- tr| f}]eunésrt e o%thff?ilhrelm?nlratlhﬁmt Vi ﬁﬂfgne 12Fh(%mlll-l-i)enm m dazol 2(
31--/)-yliden fébet%mqﬂnp@ee% Ry~ SDis E@Jﬂlﬁq‘m’ﬂ)h 2 n(alppaycqrBomd)  was

hydr ogenat e GYeEu 30 BRI, AL LR CAE BAR d bt ol off) UL, yas filtered

t hrough di atomaceoUs arth, ‘washing w th’ net hanol e fiftrate was
concent dat é’c[1Hd)egzmeiaaﬂgéfhﬂildme]1@@@6}1%%!@6@2[@#320@3201 2(3H)-Vhden€]’lcetate
252(3F1) yl cuien ls43 f t [ - acetonitril
. Wi ch v B ckafn TRl (i PALDH! e AR e e R e
N- net hyl - L-ﬂpﬁl@lhamﬂdl@s Bdimgthylmipgpyndisic) undFBTIEBI—H(g‘E)BI Be spgondptepsthamol ), and
Dl PEA (104. . c < c d for 5
hr and ther?ﬁ Bléyrcérlb?rlgg)%g épggétr%/\?eéﬁb ' a&%mv\w/g}eer bgglwgﬁas}ség(%ﬁol‘%%ﬂ?ed and
concent r at ethoxyragyoye gup pHaddi@)yd(olvsinet teylopy/the plcifadicd s2- byto)wzcarbboﬁgtoup,BOam noj
- 1H be nz aceto e o v4 ce e

%hy fg%?g?_![]ei_ | ffra'B'l lenh%%rgh stonisgle or 2-[bepothiazol2llacetanjidle

-2[ 4- met or onet rlm acetonitri e (65 ng) as a
brown oil. 8040 5ol b J@N#& M4 Dy mqubla M EREHOAV A NQLble and

1H benzi m Jazo 2 (gl il ene b i )ﬁao-G- | I’(IQI]?| uor r?e hyemﬁ)ylﬁ m di n- 2
-yl ] acet onlprqpﬂﬂa@f(%a#gé lwch%hteha@%tlvéﬁef Hugyl @@k@gm ratdiddepuippd b theci d and
stirred at gpomdgqperature overnight. The mixture was diluted with
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group such as Cl, methylsulfonyl, or methylthio] in the presence of a strong basé, such as
sodium hydride or lithium hexamethyldisilazane, in an aprotic polar solvent, such as
tetrahydrofuran, to give a 2-[1H-benzimidazol-2(3H)-ylidene]-2-(pytimidin-2-yljacetonitrile
or 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)acetonitrile 6. Compound 6 is then
hydrolyzed with concentrated sulfuric acid to give the final 2-[1H-benzimidazol-
2(3H)—y]idene]-2-(pyrirnidin—2_—yl)acemmide or 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-
2-ylacetamide 8. In the hydrolysis/coupling route, the steps of the preceding sentence are
reversed: the nitrile of compound 4 is hydrolyzed to the amide, giving compound 7, and
compound 7 is then coupled with the pyrimidine 5 to give compound 8.

[0042] A second general synthetic method, also appliéable to both the benzothiazole- and
benzimidazole-based compounds, involves the formation of a 2-[1H-benzimidazol-
2(3H)-ylidene]-2-(pyrimidin-2-yl)acetonitrile or 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-
2-yl)acetonitrile, followed by hydrolysis of the nitrile to the amide, and is illustrated in

Reaction Scheme 2 below.

Reaction Scheme 2

CN R CN

o) .
RO CN L
%: f&g '
/4 \ . N /4 \ O>_/ + >/_

11 l
: _ . Q
NHz —Ss CN N CN N NH,
LT e O
XH —S J N X J N X V N
N N N N
[0043] In the first step of the synthesis, a benzene-1,2-diamine (1, X = NH) or
2-aminothiophenol (1, X = S) is coupled with a 3,3-bis(methylthio)-2-(pytimidin-

2-yDacrylonitrile 9 to give a 2-[1H-benzimidazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)acetonitrile
or 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)acetonittile 6. The reaction is carried out

pd

under generally the same conditions as are used in the first step of the first half of Reaction
Scheme 1. In the second step, the compound of formula 6 is hydrolyzed to a

2-[1 H-benzimidazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)acetamide or 2-[benzothiazol-
2(3H)-ylidene]-2-(pyrimidin-2-yl)acetamide 8, as in Reaction Scheme 1.
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As shown in Reaction Scheme 2, the 3,3-bis(methylthio)-2-(pyrimidin-

_ 2-yDacrylonitrile 9 may be prepared by the coupling of a pyrimidine with a 2-cyanoacetate

ester (for example the Zer-butyl ester), followed by removal of the ester group to give the

2-(2-pyrimidinyl)acetonitrile 11, and reaction of that with a xanthate salt followed by methyl

5 iodide to give the dithioketal. The preparation of 3,3-bis(methylthio)-2-(4-trifluoromethyl-

pyrimidin-2-yl)acrylonitrile is given in Preparative Example 4.

[0045]

A third general synthetic method, applicable to the benzothiazole-based

compounds, involves the coupling of a 2-(pyrimidin-2-yl)acetonitrile or 2-(pyrimidin-

2-ylacetamide with a 2-chloro-benzothiazole, followed by hydrolysis of the nitrile if

10 necessary, as shown in Reaction Scheme 3.

Reaction Scheme 3

( CN
_ —N
W
h <
10 ] NH,
—N
N\ 7

[0046]

In this synthesis, the benzothiazole 10 [L is a leaving group] is coupled with a

2-(pyrimidin-2-yl)acetonitrile 11 ot 2-(pyrimidin-2-yl)acetamide 12 in the presence of a strong

base, such as sodium hydride, in an aprotic polar solvent, such as tetrahydrofuran, to give a
15 2-|benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)acetonitrile 6 or 2-[benzothiazol-
| "2(3H)-ylidene]-2-(pyrimidin-2-yl)acetamide 8. If the compound of formula 6 has been

prepared, it is then hydrolyzed to a compound of formula 8, as in Reaction Scherme 1.

[0047]

A fourth general synthetic method, also applicable to the benzothiazole-based

compounds, also involves coupling of a 2-(pyrimidin-2-ylacetonitrile or 2-(pyrimidin-2-yl)-

20  acetamide, here with a phenyl isothiocyanate, typically formed from an aniline, followed by

ring closure and hydrolysis of the nitrile if necessary, as shown in Reaction Scheme 4. This

method is particulatly attractive for compounds with complex sidechains on the benzene ring

of the benzothiazole because the preparation of substituted anilines is well known..

_13_
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Reaction Scheme 4
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[0048] In the first step of the synthesis, the phenyl isothiocyanate 14 (which may be readily
prepared by reaction of an aniline with thiophosgene) is coupled with a 2-(pyrimidin-
2-ylhacetonitrile 11 or 2-(pyrirnidiné—yl)acetamide 12 in the presence of a base to give a
5  3-(phenylamino)-2-(pyrimidin-2(1H)-ylidene)-3-thioxo-propionitrile 15 or 3-(phenylamino)-

2-(pyrimidin-2-yl)-3-thioxopropanamide 16. In the second step, ring closure of the
compound of formula 15 or 16 is achieved by reaction with an agent such as bromine/acetic
acid or potassium ferricyanide, to give a 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)-
acetonitrile 6 or 2—[benzothjazol-Z(_’)H)—ylidene]—2—(pyrinﬂdjn—Z—yfl),acetanﬂde 8. It the

10 compound of formula 6 has been prepared, it is then Hydrolyzcd to a compound of

formula 8, as in Reaction Scheme 1.

[0049] A fifth general synthetic method, also applicable to the benzothiazole-based
compounds, involves the formation of a 2-[benzothiazol-2(3H)-ylidene]malononitrile,
tollowed by conversion of one of the nitrile groups to an imidate and then to an amidine.

15 The amidine is reacted with a -diketone or equivalent to form the pyrimidine ring, and the
other nitrile hydrolyzed to the corresponding carboxamide; or the amidine-nitrile may be
hydrolyzed and then reacted with the $-diketone or equivalent, as shown in Reaction Scheme
5. This method is particularly attractive for forming compounds where the substituted

pyrimidine is not available as a starting material.
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Reaction Scheme 5
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[0050] In the first step, the benzothiazole 10 [L is a leaving group, as in Reaction Scheme
4] reacts with malononitrile in the presence of a strong base, such as sodium ethoxide in
ethanol, to give the 2-[benzothiazol-2(3H)-ylidene]malononitrile 17. Reaction of this nitrile in
suspension in a polar solvent with gaseous hydrogen chloride gives the 2-[benzothiazol-
2(3H)-ylidene]-2-cyanoacetimidate 18, and reaction of the imidate with ammonia gives the

corresponding 2-[benzothiazol-2(3H)-ylidene] -2-cyanoacetamidine 19. Compound 19 is then

- reacted with a -diketone or equivalent, such as 2,4-pentanedione or ethyl 3-oxo-

4,4 4-trifluorobutyrate, to form the pyrimidine ring [substituents not shown] of the

compound of formula 6, in the presence of a base such as sodium ethoxide in an aprotic
solvent under strong (e.g. microwave) heating. Finally, the compound of formula 6 is
hydrolyzed to 2 compound of formula 8, as in Reaction Scheme 1. If the order is reversed, so
that the hydroljfsis is pertormed before the coupling, the hydrolysis proceeds as in Reaction |

Scheme 1, and the coupling may take place under milder conditions.

[0051] Compourids of formula A may be converted to salts by reaction with the
appropriate acids, using techniques well known to a person of ordinary skill in the art for the
formation of acid addition salts. The acid used, and the reaction conditons, may be chosen
to give salts that are pharmaceutically acceptable and that have a form convenient for
isolation and formulation, such as a solid form (for example, amorphous or crystalline).

_15—
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[0052] Compounds for a use, compositions, and uses

[0053] The second aspect of this invention is the compounds of the firstaspect of this
invention for use as kinase inhibitors, especially as an inhibitor of Aurora kinase and
optionally VEGFR2 kinase, particularly for the treatment of cancer. The third aspect of this
5  invention is pharmaceutical compositions comprising a2 compound of the first aspect of this
invention and optionally a pharmaceutically acceptable excipient. The fourth aspect of this
invention is the use of the compounds of the first aspect of this invention as kinase
inhibitors; and the fifth aspect of this invention is the use of the compounds in the

manufacture of medicaments for kinase inhibition, especially for the treatment of cancer.

10 [0054] The compounds of the first aspect of this invention may be administered by any
route suitable to the subject being treated and the nature of the subject's condition. Routes of
administration include administration by injection, including intravenous, intraperitoneal,
intramuscular, and subcutaneous injection, by transmucosal or transdermal delivery, through
topical applications, nasal spray, suppository and the like or may be administered orally.

15  Formulations may optionally be liposomal formulations, emulsions, formulations designed to
administer the drug across mucosal membranes or transdermal formulations. Suitable
tormulations for each of these methods of administration may be found, for example, in
Remington: The Science and Practice of Pharmacy, 20th ed., A. Gennaro, ed., Lippincott Williams &
Wilkins, PBiladelphia, Pennsylvania, U.S.A. Typical formulations will be either oral or

20  solutions for intravenous infusion. Typical dosage forms will be tablets or capsules for oral
administration, solutions for intravenous infusion, and lyophilized powders for reconstitution

as solutions for intravenous infusion.

[0055] Depending on the intended mode of administration, the pharmaceutical
compositions may be in the form of solid, semi-solid or liquid dosage forms, preferably in
25  unit dosage form suitable for single administration of a precise dosage. In addition to an
effective amount of the active compound(s), the compositions may contain suitable
pharmaceutically-acceptable excipients, including adjuvants which facilitate processing of the
 active compounds into preparations which can be used pharmaceutically. “Pharmaceutically
acceptable excipient” refers to an excipient or mixture of excipients which does not interfere
30  with the effectiveness of the biological activity of the active compound(s) and which is not

toxic or otherwise undesirable to the subject to which it is administered.
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[0056] For solid compositions, conventional excipients include, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharin,
talc, cellulose, glucose, sucrose, magnesium carbonate, and the like. Liquid pharmacologically
administrable compositions can, for example, be prepared by dissolving, dispersing, etc., an

5  active compound as desctibed herein and optional pharmaceutical adjuvants in water or an
aqueous excipient, such as, for example, water, saline, aqueous dextrose, and the like, to form
a solution or suspension. If desired, the phannaceuﬁcal composition to be administered may
also contain minor amounts of nontoxic auxiliary excipients such as wetting or emulsifying
agents, pH buffering agents and the like, for example, sodium acetate, sorbitan monolaurate,

10  triethanolamine sodium acetate, tricthanolamine oleate, etc.

[0057] For oral administration, the composition will generally take the form of a tablet or
capsule, or it may be an aqueous or nonaqueous solution, suspension or syrup. Tablets and
capsules are preferred oral administration forms. Tablets and capsules.for oral use will
generally include one or more commonly used excipients such as lactose and corn starch.

15  Lubricating agents, such as magnesium stearate, are also typically added. When liquid
suspensions are used, the active agent may be combined with emulsifying and suspending
excipients. If desired, flavoring, coloring and/or sweetening agents may be added as well.
Other optional excipients for incorporation into an oral formulation include preservatives,

suspending agents, thickening agents, and the like.

20  [0058] Injectable formulations can be prepared in conventional forms, either as liquid
solutions or suspensions, solid forms suitable for solubilization or suspension in liquid prior
to injection, or as emulsions or liposomal formulations. The sterile injectable formulation
may also be a sterile injectable solution or a suspension in a nontoxic parenterally acceptable
diluent ot solvent. Among the acceptable vehicles and solvents that may be employed are

25  water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils,

fatty esters or polyols are conventionally emploved as solvents or suspending media.

[0059] The pharmaceutical compositions of this invention may also be formulated in
lyophilized form for parenteral administration. Lyophilized formulations may be
reconstituted by addition of water or other aqueous medium and then further diluted with a
30 suitable djiuent ptior to use. The liquid formulation is generally a buffered, isotonic, aqueous
solution. Examples of suitable diluents are isotonic saline solution, 5% dextrose in watet, and

buffered sodium or ammonium acetate solution. Pharmaceutically acceptable solid or liquid
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excipients may be added to enhance or stabilize the composition, or to facilitate preparation

of the composition.

[0060] Typically, a pharmaceutical composition of the present invention is packaged in a
container with a label, or instructions, or both, indicating use of the pharmaceutical

composition in the treatment of cancer.

[0061] 'The pharmaceutical composition may additionally contain one or more other
pharmacologically active agents in addition to a compound of this invention. These
additional active agents will typically be useful in treating cancer, or for enhancing the

treatment of cancer by compounds of this inventon.
[0062] Methods of using the compounds

[0063] The compounds of the first aspect of this invention have activity against human
cancer cell lines, as demonstrated in the 7z 27¢r0 and ## vive Examples below, and are therefore
considered to be useful as human cancer chemotherapeutic agents, for the treatment of

human cancers.

[0064] Thus, the sixth aspect of this invention includes methods of treating cancer in
humans by administering a therapeutically effective amount of a compound of the first
aspect of this invention, or a pharmaceutical composition of the third aspect of this
invention, to the human. Optionally, the methods further comprise treating the human with
another anticancer therapy, such as a therapy already conventional for the cancer being

treated.

[0065] Cancers that are particularly treatable by the method of this invention are cancers
with sensitivity to Aurora kinase inhibitors and also to inhibitors of angiogenesis (such as to
VEGFR2 kinase inhibitors), and especially those cancers that overexpress one or more
Aurora kinases. Such cancers include those mentioned in paragraphs [0002] and [0003]
above and the documents cited in those paragraphs. Cancers particularly treatable by the
method of this invention include solid malignancies such as colorectal, lung, breast, ovarian,
pancreatic, bladder, brain, gastrointestinal, and kidney cancers, and hematological
malignancies, such as leukemias, especially ALL and CML, lymphomas, and myelodysplastic

syndrome.

[0066] The amount of the compound of the first aspect of this invention that is
administered to the human (either alone or, more usually, in a composition of the third

aspect of this invention) should be a therapeutically effective amount when used alone or
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when used in conjunction with the another anticancer therapy (if the compound of the first
aspect of this invention is administered in conjunction with another anticancer therapy); and
similarly the amount of the another anticancer therapy that is administered to the human (f
the compound of the first aspect of this invention is administered in conjunction with
another anticancer therapy) should be a therapeutically etfective amount when used in
conjunction with the compound of the first aspect of this invention. However, the
therapeutically effective amount of either the compound of the first aspect of this invention
and the amount of the another anticancer therapy when administered in combination cancer
chemotherapy may each be less than the amount which would be therapeutically effective if
delivered to the human alone. It is common in cancer therapy, though, to use the maximum
tolerated dose of the or each therapy, with a reduction only because of common toxicity of

the therapies used or potentiation of the toxicity of one therapy by another.

[0067] The compounds of the first aspect of this invention, or pharmaceutical
compositions of the third aspect of this invention, are thus used to treat cancer in humans
requiring such treatment, by administering a therapeutically effective amount of the chosen
compound or composition. Therapeutically effective amounts of compounds of the
invention are in the range of 10 - 10,000 mg/m?, for example, 30 - 3000 mg/m® or_

100 - 1000 mg/ m>, Dosing may be at 1 - 35 day intervals; for example, about

500 - 1000 mg/ m® at 1 - 5 week intervals, especially at 1, 2, 3, or 4 week intervals, or at higher
frequencies including as frequently as once/day for several (e.g. 5 or 7) days, with the dosing
repeated every 2, 3, or 4 weeks, or constant infusion for a period of 6 — 72 hours, also with
the dosing repeated every 2, 3, or 4 weeks. Suitable dosages and dose frequencies will be
readily determinable by a person of ordinary skill in the art having regard to that skill and this
disclosure. No unacceptable toxicological effects are expected when compounds of the

invention are administered in accordance with the present invention.

[0068] A person of ordinary skill in the art of cancer therapy will be able to ascertain a
therapeutically effective amount of the compound of the first aspect of this invention and a
therapeutically effective amount of another anticancer therapy (if the compound of the first
aspect of this invention is administered as a part of a chemotherapeutic combination) tor a
given cancer and stage of disease without undue experimentation and in reliance upon

personal knowledge and the disclosure of this application.
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[0069] Examples

[0070] The following examples illustrate the preparation of compounds of this invention,

and their activity in predictive i sitro and in vivo anticancer assays.
[0071] Preparative and Synthetic Examples.

[0072] The compounds of this invention are prepared by conventional methods of organic
chemistry. See, for example, Larock, “Comprehensive Organic Transformations”, Wiley-
VCH, New York, New York, U.S.A. In some cases, protective groups may be introduced
and later removed. Suitable protective groups are described in Greene et al. “Protective
Groups in Organic Synthesis”, 2nd ed., 1991, John Wiley and Sons, New York, New York,
U.S.A. The compounds of this invention can be synthesized, generally following the
synthetic schemes illustrated eatlier in this application, as shown in the following examples or
by modifying the exemplitied syntheses by means known to those of ordinary skill in the art.
Preparative examples refer to the preparation of intermediates useful in the synthesis of
compounds of this invention; synthesis examples refer to the synthesis of compounds of this

invention. Compound numbers refer to the table immediately following these examples.

[0073] . Preparative Example 1. Preparation of N-ethyl-3-(4-morpholinyl)propan-1-amine, a

sidechain intermediate for compound 41A.

[0074] 3-(4-Motpholinyl)propan-1-amine (35.0 g, 243 mmol) was dissolved in
tetrahydrofuran (THF, 250 mL), di-fer#-butyl dicarbonate (58.0 g, 266 mmol) and
N,N-diisopropylethylamine (DIPEA, 84 mL, 484 mmol) were added, and the solution was
stirred overnight. The solvent was removed and the residue partitioned between ethyl acetate
(EA) and 1.2M hydrochloric acid (300 mL). The pH was raised to 7 with saturated aqueous
sodium bicarbonate and the layers separated. The aqueous layer was extracted twice with EA
(150 mL each), and the EA layers were combined, washed with brine, and dried over
magnesium sulfate. The solvent was removed, giving Zr#-butyl 3-(4-morpholinyljpropyl-
carbamate (39 g). Ter#-butyl 3-(4-morpholinyl)propylcarbamate (3.5 g, 14.3 mmol) was
dissolved in THF (30 mL), and sodium hydride (60% dispersion in mineral oil, 1.03 g,

.25.8 mmol) was added in portions. After stirring for 5 min, ethyl iodide (13.4 g, 86.0 mmol)
was added and the mixture was heated to 60°C tor 7 hr then stirred at room temperature
overnight. Water (5 mL) was added and the solvent removed. The residue was dissolved in
EA, and the solution was washed with brine, dried over magnesium sulfate, and the solvent

removed to give crude Zrt-butyl ethyl[3-(4-morpholinyl)propyl|carbamate (2.5 g). Purification
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by silica gel chromatography eluting with 92:8 dichloromethane/methanol (DCM/MeOH)
gave purified zer+butyl ethyl[3-(4-morpholinyl)propyl]carbamate (1.4 g). Purified zrz-butyl
ethyl[3—(4—morpholinyl)propyl]carbamate (350 mg, 1.3 mmol) was dissolved in 4.0M
hydrogen chloride in dioxane (5 mL, 20 mmol) and stirred for 45 min. Water was added and
5  the solution made basic with 2M aqueous sodium hydroxide. The p;oduct was exfracted into
EA, and the EA extract washed with brine and dried over magnesium sulfate. Removal of

the EA gave N-ethyl-3-(4-motpholinyl)propan-1-amine (50 mg).

[0075] Preparative Example 2. Preparation of 4-trifluoromethyl-2-methylthio-6-(pyridin-

2-yDpyrimidine, an intermediate to compound 11A by Reaction Scheme 1.

10 [0076] To a solution of 4,4,4-trifluoro-1-(pyridin-2-yl)butane-1,3-dione (1.0 g, 4.6 mmol)
in ethanol (10 mL) was added 2-methyl-2-thiopseudourea sulfate (0.64 g, 4.6 mmol),
followed by sodium ethbxide (3.0 mL of 21 wt.% solution in ethanol, 9 mmol). The mixture
was heated at reflux for 9 h, then cooled to room temperature and extracted with EA. The
EA was washed with water and the solvent removed under reduced pressure. The crude

15  product was purified by column chromatography, eluting with 49:1 chloroform/MeOH, to
give 4-trifluoromethyl-2-methylthio-6-(pyridin-2-yl)pyrimidine (0.21 g, 17% yield) as an off-
white solid.

[0077]  Preparative Example 3. Preparation of (2-chloro-4-trifluoromethylpyrimidin-5-yl)-
(4-methylpiperazin-1-yl)methanone, an intermediate to compound 130A by Reaction

20 Scheme 1.

[0078] N-Methylpiperazine (0.11 mL, 1 mmol) was added to a solution of 2-chloro-
4-trifluoromethylpyrimidine-5-carbonyl chloride (0.24 g, 1 mmol) in DCM (4 mL) at 0°C.
The mixture was stirred at that temperature for 1 hr, and the solvent was then removed
under vacuum to give (2-chloro-4-trifluoromethylpyrimidin-5-yl)(4-methylpiperazin-1-yl)-

25  methanone as a solid.

| [0079] Other 2-chloro-substituted pyrimidines, intermediates to compounds 131A to

136A, were similarly prepared.

[0080] Preparative Example 4. Preparation of 3,3-bis(methylthio)-2-[(4-trifluoromethyl-

pyrimidin-2-yl)acrylonitrile, an intermediate in Reaction Scheme 2.

30 [0081] ‘err-Butyl 2-cyano-2-[4-trifluoromethylpyrimidin-2(1 H)-ylidene]acetate. /er-Butyl
2-cyanoacetate (97.45 g, 690 mmol) was dissolved in anhydrous THF (1 L), and cooled on an

ice-bath for 90 min with stirring under nitrogen. A 1M solution of lithium
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hexamethyldisilazane in THF (690 mL, 690 mmol) was added dropwise. The mixture was
stirred for an additional 1 hr, then 2-chloro-4-trifluoromethylpytrimidine (105 g, 590 mmol)
was added dropwise. The mixture was then heated to 50°C for 3 hr with stirring under
nitrogen, allowed to cool, and the solvent removed under reduced pressure. Hydrochloric
5 acid (IN) was added to the residue to achieve a pH of 1-2. The precipitated solids were
collected by filtration and dried under vacuum to give #er#-butyl 2-cyano-2-[4-trifluoromethyl-
pyrimidin-2(1H)-ylidene]acetate (135 g, 82% vield) as a bright yellow solid, >98% pure by
LC/MS. fert-Butyl 2-cyano-2-[4-trifluoromethylpyrimidin-2(1H)-ylidene]acetate (48 g;
166 mmol) was suspended in 4M hydrogen chloride in dioxane (415 mL, 1.66 mol) and the
10 mixture stirred at room temperature for 6 hr, then concentrated under reduced pressure to
| give 2-(4-trifluoromethylpyrimidin-2-yl)acetonitrile (31 g, 100% yield) as an orange oil, >98%
. pure by LC/MS. To a stirred solution of 2-(4-trifluoromethylpyrimidin-2-yl)acetonitrile
(31.0 g 166 mmol) in absolute ethanol (800 mL) was added potassium O-ethylxanthate
(26.6 g; 166 mmol) followed by potassium carbonate (45.8 g; 332 mmol). The mixture was
15  heated to 100°C for 3 hr, cooled to room temperature, iodomethane (47.1 g; 332 mmol)
added dropwise, and 1N hydrochloric acid (2 L) added. The resulting mixture was extracted
with DCM (1.5 L), and the DCM layer was washed twice with brine (1 L each). The solvent
was removed under reduced pressure to give 3,3-bis(methylthio)-2-(4-trifluromethyl-

pyrimidin-2-yl)acrylonitrile (36 g, 75% yield) as a light brown solid, >95% pure by LC/MS.

20 [0082] Preparative Example 5. Preparation of 4-[(1 H-imidazol-1-yl)methyl]benzene-

1,2-diamine, and intermediate to compound 90A by Reaction Scheme 1 or 2.

[0083] Potassium carbonate (1.18 g, 8.54 mmol) was added to a stirred solution of

4-(bromomethyl)-2-fluoro-1-nitrobenzene (2.0 g, 8.55 mmol) and imidazole (584 mg,

8.58 mmol) in acetonitrile (40 mL), the mixture stirred at room temperature for 3.5 h, the
25  solvent removed under reduced pressure, and the residue partitioned between water and EA.

 The aqueous layer was extracted three times with EA, then the combined EA layers were

extracted three times with 1M hydrochloric acid. The pH of the combined aqueous layers

was adjusted to 8 \Vit_h. 5M aqueous sodium hydroxide, and the resulting milky solution was

extracted three times with EA. The EA layers were combined, washed with brine, and dried
30  over magnesium sulfate. Filtration and concentration gave 1-(3-fluoro-4-nitrobenzyl)-

1 H-imidazole (914 mg), which contained about 15% of a bis-alkylated imidazole byproauct.

1—(3—Fluoro—4—nitrobenzvl)—1H—irnidazole (914 mg) was treated with an ethanolic ammonia

solution (2M NH;, 55 mL) in a scaled tube heated to 80°C for 2 days. After cooling, the
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solvent was removed to give 5-[(1 H-imidazol-1-yl)methyl]-2-nitrobenzeneamine (1.0 g) as an
orange solid. 5-[(1 H-Imidazol-1-yl)methyl]-2-nitrobenzeneamine (1.0 g, 4.77 mmol) was
dissolved in a 10% solution of dimethylformamide in ethanol (44 mL), and 10% palladium
on carbon (130 mg, 0.12 mmol) was added. The solution was degassed and stirred under a

5 hydrogen atmosphere using a balloon for 1 day. Following degassing, the solution was
diluted with MeOH and filtered through dj_atomeaceoué earth, giving 4-[(1 H-imidazol-
1-yl)methyl]benzene-1,2-diamine (1.08 g) as a brown oil.

[0084] Preparative Example 6. Preparaﬁon of N-(3,4-diaminophenyl)-2-(1 H-imidazol-

1-yDacetamide, an intermediate to compound 86A by Reaction Scheme 1 or 2.

10  [0085] To a solution of 1H-imidazole-1-ylacetic acid (284 mg, 2.25 mmol) and
2-nitrobenzene-1,4-diamine (324 mg, 2.12 mmol) i in acetonitrile (20 ml.) was added
3-diethoxyphosphoryloxy-1,2,3-benzotriazin-4(3H)-one (DEPBT, 632 mg, 2.11 mmol) and
triethylamine (600 pl., 4.4 mmol). The mixture was stirreci for 4 d at room temperature. The
red precipitate was collected by filtration and washed with acetonitrile to give N-(4-amino-

15  3-nitrophenyl)-2-(1H-imidazol-1-yl)acetamide (430 mg, 88% yield), 98% pure. A solution of
N-(4-amino-3-nitrophenyl)-2-(1 H-imidazol-1-yl)acetamide (430 mg, 1.65 mmol) in ethanol
(20 mL) was hydrogenated at atmospheric pressure with 10% palladium on carbon (100 mg,
0.09 mmol) at room temperature overnight. The mixture was filtered, giving a blue solution.
Removal of the solvent under reduced pressure gave N-(3,4-diaminophenyl)-2-(1 H-imidazol-

20 l-yDacetamide (413 mg) as a blue semi-solid.

[0086] Preparative Example 7. Preparation of N-(3,4-diaminophenyl)-2-(diethylamino)-

~ acetamide, an intermediate to compound 75A by Reaction Scheme 1 or 2.

[0087] 2-Nitrobenzene-1,4-diamine (1.55 g, 10.1 mmol), N,N-diethylglycine sodium salt
(1.61 g, 10.6 mmol) and DEPBT (3.02 g, 10.0 mmol) were suspended in acetonitrile (75 mL).

25  Triethylamine (2.8 mL, 20.0 mmol) was added and the solution stirred overnight at room
temperature. The brown precipitate which was formed was filtered and discarded. The
tiltrate was concentrated and the residue partitioned between EA and saturated aqueous
sodium bicarbonate. The organic phase was washed with water and then with brine, dried
over sodium sulfate, and the solvent removed under reduced pressure. The residue was

30  dissolved in ethanol (50 mL) and hydrogenated at atmosphetic pressute with 10% palladium

on charcoal (1.0 g; 0.9 mmol) at room temperature overnight. Filtration and concentration
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under reduced pressure gave N-(3,4-diaminophenyl)-2-(diethylamino)acetamide as a light

brown semi-solid, which solidified and turned blue on standing,.

[0088] Preparative Example 8. Preparation of 4-(pyridin-3-yl)-benzene-1,2-diamine, an
intermediate to compound 107A by Reaction Scheme 1 or 2.
5 [0089] 4-Amino-3-nitrophenylboronic acid pinacol ester (1.60 g, 6.06 mmol),
' 3-bromopyridine (1.10 g, 6.96 mmol), cesium carbonate (3.33 g, 10.22 mmol) and

1,1"-bis(diphenylphosphino)ferrocene-palladium(II) dichloride DCM complex (491 mg,
0.60 mmol) were suspended in dimethylformamide (20 mL). The solution was degassed by
vacuum several times and placed in an argon atmosphere. It was then heated to 65°C for

10 6 hr. After cooling, EA (100 mL}) and water (40 mL) were added. When additional water
(50 mL) was added. to the organic layer, a precipitate was formed in the separatory funnel.
The biphasic solution was filtered, and the filtrate was transferred to the separatory funnel
and separated. The organic phase was washed twice with water (50 mL each), then with
brine, and then dried with sodium sulfate and concentrated under reduced pressure to give

15  2-nitro-4-(pyridin-3-yl)benzenamine (1.18 g). 2—Nitro-4;(pyridin—S—yljbenzenanﬁne (700 mg,
3.26 mmol) in 1:1 ethanol/EA (40 mL) was hydrogenated at atmospheric pressure with 10%
palladium on carbon (90 mg, 0.08 mmol) at room temperature for 2 days. Filtration and

concentration under reduced pressure gave 4-(pyridin-3-yl)-benzene-1,2-diamine (621 mg).

[0090] Preparative Example 9. Preparation of N-(3,4-diaminophenyl)-2-(diethylamino)-

20  N-ethylacetamide, an intermediate to compound 139A by Reaction Scheme 1 or 2.

[0091] A solution of 2-nitrobenzene-1,4-diamine (2.00 g; 13.1 mmol), di-tert-butyl
dicarbonate (3.14 g, 14.4 mmol), and DIPEA (2.6 mL; 14.9 mmol) in dioxane (40 mL) was
heated at reflux for 40 min, then allowed to cool to room temperature. The mixture was
concentrated under reduced pressure and taken up in EA (100 mL). The EA solution was
25  washed with water and the aqueous phase extracted with EA. The combined otganic layers
were washed with saturated aqueous sodium bicarbonate and brine, dried over magnesium
sulfate, and concentrated under reduced pressure to give #rbutyl 3-amino-4-nitrophenyl-
carbamate in quantitative yield as a brown solid. To a stirred solution of zer#butyl 3-amino-
4-nitrophenylcarbamate (2.74 g; 10.8 mmol) in anhydrous THF (50 mL) was added sodium
30  hyddde (0.868 g of a 60 wt% dispetsion in oil, 21.7 mmol) in portions over 10 min. The
mixture was stitred for a further 5 min at room temperature and then iodoethane (950 uL;

11.9 mmol) was added. The solution was stitred for 20 hr, water (1 mL) was added, and the
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solution concentrated under reduced pressure. The residue was partitioned between EA and
water and the phases separated. The aqueous phase was extracted twice with EA and the
combined organic phases washed with water, saturated aqueous sodium bicarbonate and
brine. The organic solution was dried over magnesium sulfate and concentrated under
5  reduced pressure to give a mixture of mono- and di-ethylated products (2.18 g). This was
purified by silica gel column chrofnatography eluting with 1:4 EA/ hcxaﬁes to give Zert-butyl
4-amino-3—'nitrophenyl(ethyl)carbamate (0.534 g) as an orange solid. A solution of zr#-butyl
4-amino-3-nitrophenyl(ethyl)carbamate (0. 514 g; 1.83 mmol) in 4M hydrogen choride in
dioxane (10 mL) was stirred at ambient temperature for 3 hr. The solvent was removed
10 under reduced pressure and the residue dissolved in water. The pH was adjusted to 10 with
1M aqueous sodium hydroxide and the aqueous phase was extracted three times with EA.
The combined otganic extracts wetre washed with brine, dried over magnesium sulfate, and
concentrated under reduced pressure to give N'-ethyl-3-nitrobenzene-1,4-diamine (0.311 g)
as a purple solid. N'-Ethyl-3-nitrobenzene-1,4-diamine (0.208 g; 1.38 mmol) was dissolved in
15  acetonitrile (10 mL) and l\T,Ndiéthylglycme sodium salt {0.192 g; 1.25 mmol) and DEPBT
(0.375 gi 1.25 mmol) were added, followed by triethylamine (577 uL; 4.14 mmol). The
mixture was stirred at room temperature for 8 hr; and then further quantities of
N, N-diethylglycine sodium salt (0.192 g; 1.25 mmol), DEPBT (0.375 g; 1.25 mmol), and
triethylamine (577 uL; 4.14 mmol) were added and stirring continued for 63 hr. Solids were
20 removed by filtration and the filtrate concentrated under reduced pressure. Water was added
to the residue and the pH was adjusted to 10 with saturated aqueous sodium bicarbonate.
This solution was extracted three times with EA, and the organic extracts combined, washed
with water and brine, dried over magnesium sulfate, and concentrated under reduced
pressure to give N-(4-amino-3-nitrophenyl)-2-(diethylamino)-N-ethylacetamide (0.303 g) as a
25  brown oil. A solution of N—(4—amino—3—nitrophényl)—2-(dkthylamino)—N—ethylacetamide
(0.092 g; 0.31 mmol) in ethanol (5 mL) was hydrogenated at atmospheric pressure with 10%
" palladium on carbon (11 mg) at room temperature for 22 hr. The mixture was filtered
through diatomaceous earth, washing with ethanol, and the filtrate was concentrated under
reduced pressure to give N-(3,4-diaminophenyl)-2-(diethylamino)-N-ethylacetamide in

30  quantitative yield as a brown oil.

[0092] Preparative Example 10. Preparation of 4-(4—methylpiperazin—1-yl)benzeﬁc—

| 1,2-diamine, an intermediate to compound 119A by Reaction Scheme 1 or 2.
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[0093] A solution of 5-fluoro-2-nitrobenzenamine (3.0 g, 18.1 mmol), triethylamine

(5.0 mIL, 36.3 mmol), and 1-methylpiperazine (2.0 mL, 18.1 mmol) in dioxane (25 mL) was
heated at reflux for 18 hr. Atter cooling to toom temperature, the mixture was concentrated
under reduced pressure and the residue dissolved in DCM (100 mL). This solution was
washed with saturated aqueous sodium bicarbonate followed by brine, then dried over
magnesium sulfate and concentrated under reduced pressure to give 5-(4-methylpiperazin-
1—yl)—2'—nitrobenzenamine (3.25 g) as a dark brown solid. A solution of 5-(4-methylpiperazin-
1-yl)-2-nitrobenzenamine (3.25 g; 13.7 mmol) in absolute ethanol (40 mL) was hydrogenated
at atmospheric pressure with 10% palladium on carbon (0.30 g; 2.7 mmol) at room
temperature tor 17 hr. The mixture was filtered through diatomaceous earth and
concentrated under reduced pressure to give 4-(4-methylpiperazin-1-yl)benzene-1,2-diamine

2.36 9.

[0094] Preparative Example 11. Preparation of 4-[2-(1 H-imidazol-1-yl)ethoxy]-

benzenamine, an intermediate to compound 117A by Reaction Scheme 4.

[0095] 1-(Hydroxyethyl)imidazole (5.30 g; 47.3 mmol) was dissolved in anhydrous THF
(50 mL) and cooled in an ice-bath. Sodium hydride (2.08 g of a 60 wt% dispersion in oil,
52.0 mmol) was added in portions over 10 min. The ice-bath was removed, and the mixture
was stirred at room temperature for 20 min. A solution of 1-fluoto-4-nitrobenzene (5.0 mL,
47.2 mmol) in anhydrous THF (10 mL) was added over 5 min and the mixture stirred for a
turther 1.5 hr. Water (a few mL) was cautiously added and the mixture concentrated under
teduced pressure. The residue was partitioned between EA (75 mL) and water (75 mL), and
the phases separated. The aqueous phase was extracted twice with EA and the combined
organic layers extracted three times with 1N hydrochloric acid. The pH of these acidic
extracts was then adjusted to 7 with 5N aqueous sodium hydroxide and the resulting milky
solution extracted three times with EA. The combined organic extracts were washed with
water and brine, then dried over magnesium sulfate and concentrated under reduced pressure
to give 1-(2-(4-nitrophenoxy)ethyl)-1 H-imidazole (5.46 g) as a brown oil. A solution of
1-(2-(4-nitrophenoxy)ethyl)-1 H-imidazole (5.46 g; 2.34 mmol) in ethanol (60 mL) was
hydrogenated at atmospheric pressure with 10% palladium on carbon (0.40 g) at room
temperature for 20 hr. The mixtute was filtered through diatomaceous earth and then
concentrated under reduced pressure to give 4-[2-(1 H-imidazol-1-yl)ethoxy|benzenamine

(4.56 g) as a white solid.
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[0096]  4-[3-(4-methylpiperazin-1-yl)propoxy|benzenamine was similatly prepared using |
1-(3-hydroxypropyl)-4-methylpiperazine; 4-[2-(4-methylpiperazin-1-yl)ethoxy]benzenamine
was similarly prepared using 1-(2-hydroxyethyl)-4-methylpiperazine; 4—[2—(4—morpho]in;1—§71)—
ethoxy|benzenamine was similarly prepared using 4-(2-hydroxyethylymorpholine; and
5  4-[2-(dimethylamino)ethoxy|benzenamine was similarly prepared using 2-(dimethylamino)-

ethanol. Other anilines with oxygen-linked sidechains may be similarly prepared; in some
cases, for example, the preparation of 4-(pytidin-3-yloxy)benzenamine from 3-hydroxy-
pyridine and the preparation of 4-[3-(4-morpholin-1-yl)propoxy]benzenamine from
4-(3-hydroxypropyl)morpholine, less stringent reaction conditions, such as the use of

10 potassium carbonate as the base, were found to be sufficient. 3-[2-(4-Morpholin-1-yl)-
ethoxy]benzenamine was prepared using 3—nit;'ophenol and 4-(2-chloroethyl)morpholine,
with cesium carbonate as the base; and other anilines with oxygen-linked sidechains may be

similarly prepared.

[0097] Preparative Example 12. Preparation of4-[4-(piperidin-1-yl)piperidin-1-yl]-

15  benzenamine, an intermediate to compound 121A by Reaction Scheme 4.

[0098] A solution of 1-fluoro-4-nitrobenzene (1.3 mL, 12.3 mmol), triethylamine (6.0 mL;
43.0 mmol) and 4-(piperidin-1-yl)piperidine (2.36 g; 14.0 mmol) in dioxane (10 mL) was
heated at reflux for 18 hr. After cooling to room temperatute the mixture was concentrated
under reduced pressure and the residue dissolved in DCM (150 mL). The DCM solution was
20  washed with saturated aqueous sodium bicarbonate and brine, then dried over magnesium
~ sulfate and concentrated under reduced pressure to produce a yellow solid. Hexanes were
added and the suspension brietly sonicated. The solid was collected by filtration and washed
with hexanes to give 1-(4-nitrophenyl)-4-(piperidin-1-yl)piperidine (3.05 g) as a yellow solid.
A solution of 1-(4-nitrophenyl)-4-(piperidin-1-yl)piperidine (3.05 g; 10.5 mmol) in ethanol
25 (20 mL) was hydrogenated at atmospheric pressure with 10% palladium on carbon (0.251 g)
at room temperature for 17 hr. The mixture was filtered through diatomaceous earth and
concentrated under reduced pressure to give 4-[4-(piperidin-1-yl)piperidin-1-yl]benzenamine

((2.01 g) as a purple/pink solid.

[0099]  4-[4-(Morpholin-4-yl)piperidin-1-yl]benzenamine was similarly prepared trom
30  4-(morpholin-1-yl)piperidine; 4-(4-methylpiperazin-1-yl)beénzenamine was similatly prepared
from 1-methylpiperazine; and N‘—methyl-l\:ﬂ—[2—(piperidine—1-yl)ethy'l] benzene-1,4-diamine
was similatly prepared from N-methyl-2-(piperidine-1-yl)ethanamine. Other anilines with
nitrogen-linked sidechains may be similarly prepared, generally with primary or secoﬁdary
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nitrogens, such as those on the sidechains of compounds 123A and 124A, protected with a
group such as Zer~-butoxycarbonyl after the initial coupling with the 1-fluoro-4-nitrobenzene
and the protecting group removed prior to the final hydrolysis step of the synthesis in which

the resulting anilines are used.

5 [0100] Preparative Example 13. Preparation of 4-[(1H-imidazol-1-yl)methyl|benzenamine,

an intermediate to compound 89A by Reaction Scheme 4.

[0101] Potassium carbonate (2.00 g; 14.6 mmol) was added to a stirred solution of
1—(bromometh}"l)—4—nitrobenzenc (3.20 g; 14.8 mmol) and ifru'dazolc (1.00 g; 14.7 mmol) in
acetonitrile (60 mL). The mixture was stirred at room temperature for 17 hr and then

10 concentrated under reduced pressure. The residue was partitioned between EA and water
and the phases separated. The aqueous phase was extracted twice with EA; and the 7
combined organic layers washed with water and brine, dried over magnesium sulfate, and
concentrated under reduced pressure to give 1—(4—nitrobeﬁzyl)—1H—irnidazolc (127 g asa
red/brown oil. A solution of 1-(4-nitrobenzyl)-1 H-imidazole (2.67 g; 13.1 mmol) in ethanol

15 (100 mL) was hydrogenated at atmospheric pressure with 10% palladium on carbon (0.285 g)
at room temperature for 4.5 hr. The mixture was filtered through diatomaceous earth and
then concentrated under reduced pressure to give 4-[(1H-imidazol-1-yl)methyl]benzenamine

(2.24 g) as a white solid.

[0102] 4-[Morpholin-4-yl)methyljbenzenamine was similarly prepared from morpholine,

20 and 4—[(4—mcthylpiperazin—l;yl)methyfl]benzena'rr]ine was similarly prepared from
1-methylpiperazine. Other anilines with methylene-linked sidechains may be similarly
prepared, generally with primary or secondary nitrogens, such as those on the sidechain of
compound 94A, protected with a group such as zer~-butoxycarbonyl atter the initial coupling
with the 1-fluoro-4-nitrobenzene and the protecting group removed prior to the final

25  hydrolysis step of the synthesis in which the resulting anilines are used. Similarly, other
anilines with ethylene-linked sidechains, such as the sidechain of compound 95A, may be

similarly prepared using starting materials such as 1-(2-bromoethyl)-4-nitrobenzene.

[0103] Anilines with other sidechains will be readily prepared by a person having ordinary
skill in the art having regard to that skill and this disclosure, and will be usable in the

30  syntheses of Reaction Scheme 4. For example, diethyl (4-nitrobenzyl)phosphonate was
reacted in a Wittig reaction with pyridin-3-carboxaldehyde and the resulting 3-(4-nitrostyryl)-

pyridine hydrogenated to give 4-[2-(pyridin-3-yl)ethyl]benzenamine, used to synthesize
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compound 994, and the anilines used to synthesize compounds 97A and 98A were similarly
prepared; 4-nitrobenzaldehyde was reacted with glyoxal and ammonia to give
2-(4-nitrophenyl)-1 H-imidazole, which was N-methylated with methyl iodide and then
reduced with stannous chloride to give 4-(1—mcthyl—lH—imida@l—Z—yl)bcnzenaane, used to
synthesize compound 106A; 2-fluoro-4-nitrobenzoic acid was converted to the .
corresponding benzoyl chloride with oxalyl chloride, then reacted with 3-(morpholin-4-yl)-
propan-1-amine and reduced to give 4-amino-2-fluoro-N-[3-(morpholin-4-yl)propyl]- |
benzamide, used to synthesize compound 50A; and 4-nitrobenzenesulfonyl chloride was
reacted with 2-(morpholin-4-yl)ethan-1-amine and then reduced with stannous chloride to
give 4—amino-l\"'—[2—(rﬁorpholin-4—yl)ethyl]benzenesulfonamide, used to synthesize compound

128A.

[0104] Preparative Example 14. Preparation of (R)-N-(3,4-diaminophenyl)-1-methyl-

piperidine-2-carboxamide, an intermediate to compound 143A by Reaction Scheme 2.

[0105] O—(Benzotriazol—l—yl)—N,l\-",N N '-tetramethyjluronium hexafluorophosphate (HBTU,
4.96 g, 13.1 mmol) was added to a stirred solution ot (K)-N-Boc-2-piperidinecarboxylic acid
(3.00 g, 13.1 mmol) and DIPEA (9.0 mL, 51.2 mmol) in anhydrous DMF (50 mL). The
mixture was stirred at room temperature for 5 min and then 2-nitro-1,4-phenylenediamine
(3.00 g, 13.1 mmol) was added. The mixture was stirred for a further 18 hr, then the DMF
was removed by evaporation. The residue was partitioned between water (200 mL) and EA
(100 mL) and the phases separated. The aqueous phase was extracted with two further
portions of EA (100 mL each) and the combined organic extracts washed with water, 1M
sodium carbonate solution, water, and brine (100 mL each). The solution was dried over
magnesium sulfate and concentrated to give (R)-zer#-butyl 2-[(4-amino-3-nitrophenyl)amino-

carbonyl]piperidine-1-carboxylate as a brown solid (4.80 g).

[0106] (R)-zert-Butyl 2-[(4-amino-3-nitrophenyl) amhocarbonyl] pipetidine-1-carboxylate
(4.80 g, 13.2 mmol) was suspended in dioxane (100 mL) and hydrogen chloride (75 mL of a
4M solution in dioxane) was added. The resulting dark colored soiution was stirred at room
temperatute for 3.5 hr resulting in a yellow/brown suspension. The solid was collected by
filtration and briefly dried under high vacuum. The solid was suspended in water, the pH was
adjusted to pH 8 with 1M sodium carbonate solution and the resulting suspension stirred for
15 minutes. The solid was collected and dried under high vacuum to give (R)-\N-(4-amino-
3-nitrophenyl)pipetidine-2-carboxamide hydrochloride salt as an orange solid (2.08 g). This

was treated with 1M sodium carbonate solution (200 mL) and extracted with EA (3%). The
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combined EA extracts were washed with brine, dried over magnesium sulfate, and
concentrated to give (R)-N-(4-amino-3-nitrophenyl)piperidine-2-carboxamide as an orange

foam (1.77g).

[0107] (K)-N-(4-Amino-3-nitrophenyl)piperidine-2-carboxamide (2.09g, 7.9mmol) was
5  dissolved in MeOH (50 mL), and paratormaldehyde (0.95 g) and sodium cyanoborohydride
(0.50 g, 8.0 mmol) were added. The mixture was stirred at room temperatute for 70 min, and
water added dropwise. The solvent was evaporated and the residue partitioned between
water and EA (150 mL each). The phases were separated and the aqueous phase extracted
with EA (2 X 100 mL). The combined EA layers were washed with brine, dried over
10 magnesium sulfate, and concentrated to give (R)-IN-(4-amino-3-nitrophenyl)-1-methyl-

piperidine-2-carboxamide as an orange foam (2.17 g), which was used without purification.

[0108] A solution of (R)-N-(4-amino-3-nitrophenyl)-1-methylpiperidine-2-catboxamide
(2.17 g, 7.8 mmol) in ethanol (75 mL) was degassed under vacuum and then backfilled with
argon. 10% Palladium on carbon (0.44 g) was added and the mixture again degassed under

15 vacuum. Hydrogen was introduced by a balloon and the reaction stirred at room temperature
for 23 flr. The mixture was degassed by bubbling argon through it, and was then filtered
through a pad of diatomaceous earth. The filtrate was concentrated to give

(R)-N-(3,4-diaminophenyl)-1-methylpiperidine-2-carboxamide as a purple solid (1.78 g).

[0109] (§)-N-(3,4-diaminophenyl)-1-methylpiperidine-2-carboxamide, an intermediate to
20  compound 142A, was prepared by the same method, starting with (5)-N-Boc-2-piperidine-

carboxylic acid.

[0110] - Preparative Example 15. Preparation of (§)-N-(3,4-diaminophenyl)-N-ethyl-
1-methylpyrrolidine-2-carboxamide, an intermediate to compound 145A by Reaction

Scheme 2.

25  [0111] A solution of 2-nitro-1,4-phenylenediamine (10.0 g, 65.3 mmol), di-/er~-butyl
dicarbonate (15.7 g, 71.8 mmol) and DIPEA (13.5 mL, 71.8 mmol) in dioxane (150 mL) was
heated at gentle reflux for 1 hr and then allowed to cool to room temperature. The solvent
was evaporated and the residue partitioned between DCM (500 mL) and water (200 mL) and
the phases separated. The aqueous phase was extracted with DCM (2 X 200 mL) and the

30  combined DCM layers washed with btine, dried over magnesium sulfate, and concentrated to

give fert-butyl 4-amino-3-nitrophenylcarbamate as a brown solid (16.6 g).
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[0112] Sodium hydrde (5.24 g of a 60% dispersion in mineral oil, 131 mmol) was added in
portions over 25 min to a stirred solution of #r-butyl 4-amino-3-nitrophenylcarbamate
(16.6 g, 65.6 mmol) in anhydrous THF (200 mL). The mixture was stirred for a turther
10 min and iodoethane (5.2 mL, 65.0 mmol) was added. The mixture was stirred at room
5  temperature for 22 hr and was then quenched by the addition of a little water. The solvent

was evaporated and the residue partitioned between EA and brine (300 mL each). The
phases were separated and the aqueous phase extracted with EA (2 X 150 mL). The
combined EA layers were washed with brine, dried over magnesium sulfate, and
concentrated to give a brown gum (16.0 g), which was putified by column chromatography

10 eluting with 30% EA, 70% hexanes to give Zrz-butyl 4-amino-3-nitrophenyl(ethyljcarbamate

as a brown foam (3.59g).

[0113] The serr-butyl 4-amino-3-nitrophenyl(ethyl)carbamate from the previous step was
dissolved in dioxane (35 mL) and hydrogen chloride (35 mL of a 4M solution in dioxane)
was added. The mixture was stitred at room temperature for 18 hr and then the solvent was

15  evaporated. The residue was dissolved in water (200 mL) and the solution adjusted to pH10
with 5M sodium hydroxide solution. The solution was extracted with EA (3 X 100 mL), and
the combined EA extracts were washed with brine, dried over magnesium sulfate, and

concentrated to give N'-ethyl-3-nitrobenzene-1,4-diamine as a purple solid (1.68 g).
gt Y purp g

[0114] Triethylamine (1.0 mL, 7.33 mmol) was added to a stirred solution of N'-ethyl-

20 3-nitrobenzene-1,4-diamine (440 mg, 2.43 mmol), N-methyl-L-proline (314 mg, 2.43 mmol)
and DEPBT (727 mg, 2.43 mmol) in acetonitrile (15 ml.). The mixture was stirred at room
temperature and further aliquots of N-methyl-L-proline (314 mg, 2.43 mmol), DEPBT
(727 mg, 2.43 mmol), and triethylamine (1.0 mL, 7.33 mmol) were added after 1, 2, and
3 days. After stirring for a further 1 day, the mixture was concentrated and the residue taken

25  upin EA (75 mL). The EA solution was extracted with water, and with 1M sodium
carbonate solution (2X%). The combined water and 1M sodium carbonate solution extracts
were back-extracted with EA (4X) and the combined EA extracts washed with brine, dried -
over magnesium sulfate, and concentrated to give (5)-N-(4-amino-3-nitrophenyl)- N-ethyl-
1-methylpyrrolidine-2-carboxamide (388 mg) as an orange/brown oil. This was hydrogenated

30  in ethanol, using 10% palladium on carbon (153 mg) as the catalyst. After stirring overnight
under a hydrogen atmosphere (balloon), thé mixture was filtered thfough a pad of
diatomaceous earth and the filtrate concentrated to give ($)-N-(3,4-diaminophenyl)-N-ethyl-
1-methylpyrrolidine-2-carboxamide (335 mg).

_31_



401> :2 N 79A",.. NHo -0 NH2 433 434 \ N)-CF3
80ANHo NH2 N)-C F3 433 434 lel 1 N \

WO 2010/036873 I PCT/US2009/058345

[0115] Synthesis Example 1. Synthesis of 2-[1H-benzimidazol-2(3H)-ylidene]-

2-(4-trifluoromethylpyrimidin-2-yl)acetamide, compound 1A, by Reaction Scheme 1.

[0116] A solution of 2-[1 H-benzimidazol-2(3H)-yl]acetonitrile (10 g, 64 mmol), di-Zer#butyl
dicatbonate (16.6 g, 76 mmol), and triethylamine (8.8 mL, 64 mmol) in THF (180 mL) was

5  stirred at room temperature overnight. The solvent was removed under vacuum, and the
crude product was dissolved in chloroform and washed with water, 1N hydrochlotic acid,
and saturated aqueous sodium bicarbonate. The chloroform phase was dried over
magnesium sulfate, and the solvent was removed under vacuum to give

2-[1-(fert-butoxycarbonyl)benzimidazol-2(3H)-yl|acetonitrile (15 g) as a solid.

10 [0117] A solution of 2-[1-(fert-butoxycarbonyl)benzimidazol-2(3H)-yl]acetonitrile (6 g,
23 mmol) in THF (50 mL) was added to a suspension of 60% sodium hydride in mineral oil
(1.38 g, 35 mmol) in tetrahydrofuran (85 mL) at 0°C over 10 min. The suspension was stirred
at 0°C for 15 min, and 2-chloro-4-trifluoromethylpyrimidine (2.79 mL, 23 mmol) was added.
The mixture was allowed to warm to room temperatute and stirred overnight, and water

15 (300 mL) and then 1N hydrochloric acid (40 mL) were added. The crude product was
extracted into chloroform and washed twice with water (100 mL each). The organic phase
was dried over magnesium sulfate, and the solvent was removed under vacuum to give
2-[1-(fert-butoxycarbonyl)benzimidazol-2(3H)-ylidene]-2-(4-trifluoromethylpyrimidin-
2—yl)acetonitrﬂe (8.17 g) as a brown oil.

20  [0118] 2-[1—(térf—Butox_vcarbon_vl)benzimidazol—z(3H)—ylidene]—Z—(4—triﬂuoromethylpyrimidin—
2-ylacetonitrile (8.1 g, 20 mmol) was dissolved in concentrated sulfuric acid (30 mL), and the
solution added gradually to ice/ watet (100 mL), allowed to warm to room temperature, and
stirred overnight. The mixture was cooled to 0°C, poured over ice, and neutralized with 50%
aqueous sodium hydroxide. Water was added, and the crude product was extracted with 4:1

25  chloroform/isopropanol. The organic phase was dried over magnesium sulfate, the solvent
was removed under vacuum, and the solid was purified by reverse phase preparative HPLC
to give 2-[1 H—Bénzimidazol—Z(3H)—ylidene] -2-(4-trifluoromethylpyrimidin-2-yl)acetamide
(1.18 g, 18% overall yield) as a yellow solid.

[0119] Compounds 4A, 132A, 135A, and 138A, for example, were prepared by this general
30  method, using the appropriately substitated starting materials.
[0120] Synthesis Example 2. Synthesis of 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)-

acetamide, compound 2A, by Reaction Scheme 1.
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[0121] 2-(Benzothiazol-2-yl)acetonitrile (0.69 g, 4 mrﬁol) was added in portions to a
suspension of 95% sodium hydride ((0.21 g, 6 mmol) in THF (12 mL). The resulting yellow
suspension was stirred at room temperatute for 30 min, and 2-chloropyrimidine (0.45 g,
4 mmol) was added. The mixture was stirred for 3 d, and water was added to the dark

5  solution. The mixtute was acidified with 1N hydrochloric acid, and the precipitate that
fbrmed was collected by filtration, washed with water and acetonitrile, and dried under
vacuum to give 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yljacetonitrile as a brown

solid.

[0122] 2-[Benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)acetonitrile (0.1 g, 0.39 mmol) was
10 dissolved in concentrated sulfuric acid (2 mL) and stitred at room temperature for 5 hr The
mixture was cooled to 0°C, poured over ice, and neutralized with 50% aqueous sodium -
~ hydroxide. The precipitate that formed was collected by filtration and 'puriﬁed by reverse
phase preparative HPLC to give 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yl)acetamide
(42 mg, 40% yield) as a yellow solid.

15 [0123] Compounds 3A, 16A, 184, 21A, 22A, and 23A, for example, were prepared by this
general method, using the appropriately substituted starting materials. Compound 3A was
prepared from the nitrile intermediate to compound 3A by hydrolysis of a methanolic
solution of the intermediate with 1M aqueous lithium hydro.xide for 2 d at room temperature,
neutralization with 1N hydrochloric acid, collection of the precipitate by filtration, washing

20 with water and acetonitrile, and drying to give 2-[benzothiazol-2(3H)-ylidene]-2-(5-carboxy-
4-trifluoromethylpyrimidin-2-yljacetonitrile. This was hydrolyzed with concentrated sulfuric
acid and purified to give 2-[benzothiazol-2(3Hj-ylidene]-2-(5-carboxy-4-trifluoromethyl-
pyrimidin-2-ylacetamide, compound 5A. Compound 24A was similarly prepared from the
nitrile intermediate to compound 23A.

25 [0124] Synthesis Example 3. Synthesis of 2-[benzothiazol-2(3H)-ylidene]-2-[5-(4-methyl-
piperazine-1-carbonyl)-4-trifluoromethylpyrimidin-2-yljacetamide, compound 130A, by
Reaction Scheme 1.

[0125] 2-(Benzothiazol-2-yl)acetonitrile (2.05 g, 12 mmol) was added in portions to stirred
concentrated sulfuric acid (5 mL) over 10 min. The mixture was stirred for 4 hr, then poured

30  overice/water. The precipitate that formed was extracted into EA and washed with brine,
then the orgarﬁé phase was dried over magnesium sulfate and the solvent removed under

vacuum to give 2-(benzothiazol-2-yl)acetamide (1.02 g) as an orange solid.
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[0126] Sodium hydride 99% (50.8 mg, 2.1 mmol) was added to a suspension of
2-(benzothiazol-2-yl)acetamide (103 mg, 0.53 mmol) in THF (2 mL), and the resulting yellow
suspension was stitred at room temperature for 15 min. The mixture was cooled to 0°C and
(2-chloro-4-trifluoromethylpyrimidin-5-yl) (4-methylpiperazin-1-yl)methanone (0.18 g,

5  0.53 mmol) was added. The mixture was stirred at room temperature overnight and the
solvent was then removed under reduced pressure. The residue was suspended in water and
the pH adjusted to 7 with 1N hydrochloric acid. The solid was collected by filtration and
partitioned between EA and water. The EA phase was separated, washed with brine, dtied
over magnesium sulfate, and concentrated under vacuum. The resulting material was purified

10 by reverse phase preparative HPLC to give 2-[benzothiazol-2(3H)-ylidene]-
2-[5-(4-methylpiperazine-1-carbonyl)-4-trifluoromethylpyrimidin-2-yljacetamide
hydrochlonide (87 mg, 33% yield) as a yellow solid.

[0127] Compounds 2A, 131A, and 134A, for example, were prepated by this general method

using the appropriately substituted starting materials.
g the appropriately sub d g al

15  [0128] Synthesis Example 4. Synthesis of 2-(5-{[3-(4-morpholinyl)propyl]aminocarbonyl}-
1 H-benzimidazol-2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yl)acetamide, compound
39A, by Reaction Scheme 2.

[0129] A mixture of 3,3-bis(methylthio)-2-(4-trifluoromethylpytimidin-2-yl)acrylonitrile
(682 mg, 2.34 mmol), 3,4-diaminobenzoic acid (392 mg, 2.57 mmol, 1.1 eq.), and

20  4-dimethylaminopyridine (143 mg, 1.17 mmol, 0.5 eq.) in ethanol (3 mL) was heated at
150°C for 0.5 hr in a microwave. The mixture was cooled to room temperature, concentrated
hydrochloric acid (1 mL) was added, and the mixture was allowed to stand for 0.5 hr. The
precipitate that formed was collected by filtration, washed with ethanol and acetonitrile, and
dried under vacuum to give 2-[5-carboxy-1H-benzimidazol-2(3H)-ylidene]-

25  2-(3-trifluoromethylpyrimidin-2-yl)acetonitrile (450 mg, 1.29 mmol, 55% yield) as a brown
solid.
[0130] The 2-[5-carboxy-1H-benzimidazol-2(3H)-ylidene]-2-(4-trifluoromethylpyrimidin-
2-yDacetonitrile (450 mg, 1.29 mmol) from the previous step, dissolved in concentrated
sulfuric acid (2 mL), was heated to 50°C for 6 hr. The mixture was cooled to room

30  temperature and added dropwise to rapidly stirred room-temperature water (500 mL). The

precipitate that formed was collected by filtration, washed with water, and dried under-
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vacuum to give 2-[5-carboxy-1H-benzimidazol-2(3H)-ylidene|-2-(4-trifluoromethylpyrimidin-
2-ylhacetamide (322 mg, 0.88 mmol, 68% yield) as a dark brown solid.

[0131] To a room temperature solution of 2-[5-carboxy-1H-benzimidazol-2(3H)-ylidene]-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide (630 mg, 1.73 mmol) in dimethylformamide
5 (20 mL) was added DIPEA (661 uL, 3.79 mmol, 2.2 eq.), HBTU (720 mg, 1.90 mmol,

1.1 eq.). After 5 min, 3-(4-morpholinyl)propan-1-amine (277 uL, 1.90 mmol, 1.1 eq.) was
added and the mixture was stirred at room temperature for 3 hr. The mixture was diluted
with EA (50 mL) and washed three times with 5% aqueous sodium bicarbonate (50 mL
.each). The EA fraction was decanted, dried over magnesium sulfate, filtered, and

10 concentrated undér vacuum to give a yellow solid. About 2 mL ot 4.0 M hydrogen chloride
in dioxane was added, and the mixture was stirred for 15 min and then concentrated under
vacuum to give 2-(5-{[3-(4-morpholinyl)propyl]aminocarbonyl}-1 H-benzimidazol-
2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yljacetamide hydrochloride (750 mg,

1.52 mmol, 88% yield) as a yellow solid.

15 [0132] Compounds 33A, 34A, 41A,44A, 457, 48A, 51A, 53A, 73A, 77A, 79A to 83A, 86A,
and 142A to 146A, for example, were prepared by this general method using the

appropuiately substituted starting materials.

[0133] Synthesis Example 5. Synthesis of 2-(6-{[3-(4-morpholinyl)propyljaminocarbonyl} -
benzothiazol-2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yl)acetamide, compound 40A,
20 by Reaction Scheme 2.

[0134] A mixture of 4-amino-3-mercaptobenzoic acid (768 mg, 4.5 mmol),
3,3—bis(mcthylthio)—2—(4—triﬂuoromethylpyrimidin-Z-yl)acrylonitrile (1.45 g, 5.0 mmol,
1.1 eq.), 4-dimethylaminopyridine (550 mg, 4.5 mmol, 1 eq.), and. potassium carbonate
(622 mg, 4.5 mmol, 1 eq.) in ethanol (20 mL) was heated at 160°C for 0.4 hr in a microwave.
25 The mixture was cooled to room temperature, diluted with DCM, and washed with 1M
hydrochloric acid. The DCM fraction was decanted, filtered, and concentrated under vacuum
to give 2-[6-carboxybenzothiazol-2(3H)-ylidene]-2-(4-trifluoromethylpyrimidin-2-yl)-
acctonitrile (729 mg, 40% yield) as a brown solid.
[0135] A solution of 2-[6-carboxybenzothiazol-2(3H)-ylidene]-2-(4-trifluoromethyl-
30  pyrimidin-2-yl)acetonitrile (620 mg, 1.70 mmol) in concentrated sulfuric acid (5 mL), was
heated to 50°C for 10 hr. The mixture was cooled to room temperature and added dropwise

to rapidly stirred room-temperature water (100 mL). The precipitate that formed was
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collected by filtration, washed with water and hexanes, and dried under vacuum to give
2-[6-carboxybenzothiazol-2(3 H)-ylidene]-2- (4-trifluoromethylpyrimidin-2-yl)acetamide
(587 mg, 90% yield) as a brown solid.

[0136] To a room temperature solution of 2-[6-carboxybenzothiazol-2(3H)-ylidene]-

5  2-(4-trifluoromethylpyrimidin-2-yl)acetamide (350 mg, 0.92 mmol) in acetonitrile (5 mL) was
added triethylamine (250 uL, 1.79 mmol, 2 eq.), DEPBT (299 mg, 1.0 mmol, 1.1 eq.), and
3-(4-morpholinyl)propan-1-amine (134 uL, 0.92 mmol, 1.0 eq.), and the mixture was stirred
at room temperature until a yellow-brown precipitate formed. The precipitate was collected
by filtration, washed with acetonitrile, and dried under vacuum to give a yellow solid. About

10 2 mL of 4.0 M hydrogen chloride in dioxane was added, and the mixture was stirred for
15 min and then concentrated under reduced pressure to give 2-(6- {[3-(4-morpholinyl)-
propyllaminocarbonyl} -benzothiazol-2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yl)-

acetamide hydrochloride (340 mg, 73% yield) as a yellow solid.

[0137] Synthesis Example 6. Synthesis of 2-[6-nitrobenzothiazol-2(3H)-ylidene]-
15 2-(4-trifluoromethylpyrimidin-2-yl)acetamide, compound 26A, by Reaction Scheme 3.

[0138] To a solution of 2—(meth$‘lthio)—6-nitro—1,3—benzothiazolc (226 mg, 1.0 mmol) in

ethanol (3.5 mL) was added 2-(4-trifluoromethylpyrimidin-2-yl)acetonitrile (187 mg,

1.0 mmol) and potassium carbonate (207 mg, 1.5 mmol). The orange mixture was heated in

the microwave at 160°C for 15 min, then cooled and poured into EA (60 mL). The organic
20 layer was washed twice with 1N hydrochloric acid (25 mL each), btine (25 mL), and water

(5 mL), then dried with magnesium sulfate, filtered, and concentrated under reduced pressure

to give 2-(6-nitrobenzothiazol-2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yl)acetonitrile

(349 mg, 96% yield) as a yellow solid.

[0139] 2-(6-Nitrobenzothiazol-2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yl)acetonitrile

25 (296 mg, 0.81 mmol) was dissolved in concentrated sulfuric acid (3.0 mL). The reddish
mixture was stirred at 50°C for 8 hr, then poured into cold water (25 mL). The yellow
precipitate was collected by filtration, washed with hexanes (30 mL), and dried under vacuum
to give 2-[6-nitrobenzothiazol-2(3H)-ylidene]-2-(4-trifluoromethylpyrimidin-2-yl)acetamide
(280 mg, 89% yield) as an orange solid. '

30  [0140] Compound 32A was prepared from compound 26A as follows. To a solution of
2-[6—nitrobenzothiazol—2(BH)—ylidene]-2—(4—triﬂuoromcthylpyrimidin—2—y-l)acetamide (280 mg,
0.73 mmol) in MeOH (25 mL) was added a slurry of 10% palladium on carbon (200 mg) in
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MeOH(10 mL), and the mixture was stirred under hydrogen at atmosphetic pressure for

24 hr. The mixture was filtered and the filtrate concentrated to give crude

2-[6-aminobenzothiazol-2(3H)-ylidene]-2-(4-trifluoromethylpyrimidin-2-yl)acetamide as a red

powdet. This was purified by flash column chromatography eluting with 19:1 EA/MeOH to
5  give pure 2-[6-aminobenzothiazol-2(3 H)-ylidene]-2-(4-trifluoromethylpyrimidin-2-yl)-

acetamide, compound 32A (160 mg, 62% yield) as a yellow powder.

[0141] Compound 76A was prepared from compound 32A as follows. To a solution of
N-(fert-butoxycarbonyl)glycine hydrochloride (20 mg) in DMF (5 mL) were added
O-(7-azabenzotriazol-1-y1)-N,N,N',N"-tetramethyluronium hexafluorophosphate (190 mg),

10  triethylamine (388 uL, 3.88 mmol), and 2-[6-aminobenzothiazol-2(3H)-ylidene]-
2—(4—triﬂuoromethylpyrimidin—Z—yi)acetarrﬁde (141 mg). The mixture was stirred at room
temperature for 1 hr, then poured into EA (50 mL). The EA layer was washed three times
with 10% aqueous sodium bicarbonate (30 mL each), and three times with water (15 mL
each), then dried over magnesium sulfate, filtered, and concentrated under reduced pressure

15 to give 2-{6-[(ter-butyloxycarbonylamino)acetylamino]benzothiazol-2(3H)-ylidenc} -
2-(4-trifluoromethylpyrimidin-2-yl)acetamide as a brown foam.
2-{6-[(Terr-butyloxycarbonylamino)acetylamino]benzothiazol-2(3H)-ylidene } -
2-(4-trifluoromethylpyrimidin-2-yl)acetamide (80 mg, 156 mmol) was dissolved in 4N
hydrogen chloride in dioxane (5.0 mL, 20 mmol), and the mixture stirred at toom

20  temperature for 2 hr. The mixtuare waé concentrated to give 2-{6-[(2-aminoacetyl)-
amino]benzothiazol-2(3H)-ylidene} -2-(4-trifluoromethylpyrimidin-2-yl)acetamide (50 mg) as
a beige solid. Other compounds with an amide side-chain may be similarly prepared from

compound 32A.

[0142] Synthesis Example 7. Synthesis of 2-{6-[2-(1 H-imidazol-1-yl)ethoxy]benzothiazol-
25  2(3H)-ylidene}-2-(4-trifluoromethylpyrimidin-2-yl)acetamide, compound 117A, by Reaction

Scheme 4.

[0143] To an ice-cooled stirred biphasic solution of 4-[2-(1 H-imidazol-1-yl)ethoxy]-
benzenamine (1.00 g; 4..92 mmol) and sodium bicarbonate (2.07 g; 24.6 mmoi) in chloroform
(100 mL) and water (50 mL) was added a solution of thiophosgene (452 uL; 5.90 mmol) in
30 chloroform (10 mL) over 5 min. The mixture was stirred at ice-bath temperature for 20 min,
and then the aqueous and organic phases were separated and the aqueous phase extracted

with chloroform (50 mL). The combined chloroform layers were washed with btine, then
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dried over magnesium sulfate and concentrated under reduced pressure to give

1-[2-(4-isothiocyanatophenoxy)ethyl]-1H-imidazole (1.41 g) as a yellow oil.

[0144] Sodium hydride (0.531 g of a 60 wt% dispersion in oil, 13.3 mmol) was added in
portions to a stirred solution of 2—(4—triﬂuoromethylpyrimidin—Z—yl)écetamidc 0911 g;

5  4.43 mmol) in THF (20 mL) over 10 min. A solution of 1-[2-(4-isothiocyanatophenoxy)-
ethyl]-1H-imidazole (1.21 g; 4.92 mmol) in THF (10 mL) was then added over 15 min. The
mixture was stirred at toom temperature for a further 1 hr, and then water (1 mL) was added
and the mixture was concentrated under reduced pressure. Water (75 mL) was added to the
residue, the pH adjusted to 7 with 2N hydrochloric acid, and the mixture was extracted three

10  tmes with EA. The combined EA extracts were washed with brine, dried over magnesium
sulfate, and concentrated under reduced pressure to give 3-{4-[2-(1 H-imidazol-1-yl)ethoxy]-
phenylamino} —3-thioxo—2—(4—triﬂuoromcth_ylpyrirnidin-2—y1)propanamide (147 g) as an

orange semi-solid.

[0145] A solution of 3- {4—[2-(1H—irnidazol-1-yl)ethoﬁy]phenylamino}-3—thioxo—
15 2-(4-trifluoromethylpyrimidin-2-yl)propanamide (1.47 g, 3.29 mmol) in glacial acetic acid
(10 mL) was cooled in a cold water bath and a solution of bromine (126 uL, 2.46 mmol) in
glacial acetic acid (1 mL) added dropwise over 10 min. The mixture was allowed to warm to
room temperature with stirring for a further 35 min, and the acetic acid was decanted. The
residue was dried under vacuum, then dissolved in acetonitrile/water and purified by reverse
20  phase preparative HPLC to give produce 2- {6-[2-(1 H-imidazol-1-yl)ethoxy|benzothiazol-
2(3H)-ylidene} -2-(4-trifluoromethylpytimidin-2-yl)acetamide hydrochloride (0.406 g) as an
orange solid.
[0146] Compounds 504, 52A, 89A, 91A, 93A to 95A, 97A to 101A, 1034, 104A, 106A,
108A, 110A to 116A, 118A, and 120A to 129A, for example, were prepared by this general
25  method using the appropriately substituted starting materials.
[0147] Synthesis Example 8. Synthesis of 2-[benzothiazol-2(3H)-ylidene-2-[4-zer+-butyl-
6-(trifluoromethyl)pyrimidin-2-ylJacetamide, compound 7A, bv Reaction Scheme 5.
[0148] Toa stirred solution of 2-chlorobenzothiazole (1.0 mL, 8.1 mmol) and malononitrile
(534 mg; 8.1 mmol) in acetonitrile (4 mI) was added sodium ethoxide (3.0 mL of 21 wt%

30  solution in ethanol, 8.0 mmol). The mixture was stirred at room temperatute for 4 d, then

acidified with 2M hydrochloric acid. The solid was collected by filtration, washed with
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acetonitrile, and dried under vacuum to give 2—(benzothiazol—2(3H)—ylidene)malononitrﬂe

(770 mg) as a white solid.

[0149] A suspension of 2-(benzothiazol-2(3H)-ylidene)malononitrile (0.45 g, 2.25 mmol) in
dioxane (10 mL) and ethanol (10 mL) was cooled to 0°C and hydrogen chloride gas was

5  bubbled into the mixture for 10 min. The mixture was a]lowed to warm to room.
temperature, then heated to 50°C overnight. The resulting precipitate was collected by
filtration, washed with acetonitrile, and dried under vacuum to give 2-[benzothiazol-

2(3H)-ylidene]-2-cyanoacetimidate (0.43 g) as a white solid.

[0150] A suspensidn of 2—[benzothiazol—Z(BH)—y]jdene]—2—cyanoacetirnidétc (0.4 g, 1.6 mmol)

10 in ethanol (5 mL) was placed in a pressure tube, cooled to -78°C, and gaseous ammonia was
bubbled into the tube. The mixture was allowed to warm to room temperature and stirred
for 3 d. The solvent was removed under vacuum to give 2-[benzothiazol-2(3H)-ylidene]-

2-cyanoacetamidine as a beige solid.

[0151] 2-[Benzothiazol-2(3H)-ylidene]-2-cyanoacetamidine (0.2 g, 0.92 mmol) was dissolved
15 in dimethylsulfoxide (1 mL), and 1,1,1-trifluoro-5,5,-dimethyl-2,4-hexanedione (320 pL,

1.84 mmol) and sodium ethoxide (0.6 mL of 21 wt% solution in ethanol, 1.84 mmol) were

added. The solution was heated to 180°C under microwave irradiation for 20 min, dissolved

in EA, and washed with 1N hydrochloric acid and then water. Removal of the solvent gave

2-[benzothiazol-2(3H)-ylidene]-2-[4-fer-butyl-6-(tritluoromethyl) pyrimidin-2-yl] acetonittile as
20 a beige solid.

[0152] 2-[Benzothiazol-2(3H)-ylidene] —2—[4—feﬁ—butyl—6—(triﬂuoromethyl).pyrirnidin—Z-yl]—
acetonitrile (150 mg, 0.39 mmol) was dissolved in concentrated sulfuric acid (1.5 mL) and
-stirred at room temperature overnight. The mixture was cooled to 0°C, poured over ice, and
neutralized with 50% aqueous sodium hydroxide. The product was partially extracted into
25  chloroform, and dried to a brown solid (57 mg), which was purified by reverse phase
preparative HPLC to give 2-[benzothiazol-2(3H)-ylidene]-2-[4-fer+-butyl-6-(trifluoromethyl)-

pyrimidin-2-ylJacetamide (13 mg) as a yellow solid.

[0153] Synthesis Example 9. Synthesis of 2-{5-[(5)-(1-methylpyrrolidin-2-yl)carbonylamino]-
1 H-benzimidazol-2(3H)-ylidene } -2-[4-methyl-6- (trifluoromethyl)pyrimidin-2-yl]acetamide,
30  compound 144A.
[0154] A solution of 1,1,1--trifluoro-2,4-pentanedione (5.00 g; 32.4 mrﬁol) and
S-methylisothiourea hemisulfate (4.06 g; 29.2 mmol) in pyridine (3.75 mL) and water (62 mL)
~39- '
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was heated at reflux for 1 day. The mixture was cooled to room temperature, extracted with
chloroform, and the chloroform extract washed with water to give 4-methyl-2-(methylthio)-
6-(trifluoromethyl)pyrimidine as an oft-white solid (4.60g, 22.1 mmol). This was dissolved in
MeOH (60 mL), and a solution of OXONEP (27.1 g, 44.2 mmol) in water (100 mL) was
added over 10 min. The mixture was stirred at room temperature for 4 hr and then extracted
with EA. The EA was washed with water, dried, and concentrated to give 4-methyl-
2-(methylsulfonyl)-6-(trifluoromethyl)pyrimidine (4.8 g) as a white solid. Sodium hydride
0.16 g. of a 60% dispersion in mineral oil; 4.0 mmol) was added to a stirred solution of ethyl
cyanoacetate (0.21 mL; 2.0 mmol) in THF (8 mL), and the resulting suspension stirred at
room temperature for 15 min. 4-Methyl-2-(methylsulfonyl)-6-(ttifluoromethyl)pyrimidine
(0.48 g; 2.0 mmol) was then added, and the mixture stirred overnight. Water was added,
followed by 1M hydrochloric acid to adjust to pH 3~4. The solid that formed solid was
filtered, washed with water, and dried under high vacuum to give ethyl 2-cyano-2-[4-methyl-

6-(trifluoromethyl)pyrimidin-2-yljacetate hydrochloride salt (0.43 g) as a pale yellow solid.

[0155]< 4—Nitro—1,2—phenylcnédiarnine (50 mg; 0.32 mmol) and ethyl 2-cyano-2-[4-methyl-
6-(trifluoromethyl)pyrimidin-2-yljacetate hydrochloride salt (101 mg; 0.32 mmol) were heated
at 198°C in a microwave for 3 min. Acetic acid (1.5 mL) was added to the crude material and
the mixture heated at 100°C for 6 hr. The solid was collected by filtration, washed with
acetonitrile, and dried under high vacuum to give 2-[4-methyl-6-(trifluoromethyl) pyrimidin-
2-y1]-2-(5-nitro- 1 H-benzimidazol-2(3H)-ylidene)acetonitrile (59 mg) as a yellow solid.
2-[4-Methyl-6-(trifluoromethyl) pyrimidin-2-yl]-2-(5-nitro-1 H-benzimidazol-
2(3H)-ylidene)acetonitrile (55 mg; 0.15 mmol) in DMF (3 mL) was hydrogenated over 10%
palladium on carbon (11 mg). The mixture was filtered through diatomaceous earth, washing
with methanol, and the filtrate was concentrated to give 2-(5-amino-1H-benzimidazol-
2(3H)-ylidene)-2- [4—methy.l—6— (trifluoromethyl)pyrimidin-2-yljacetonitrile, which was
dissolved in DMF (1 mL) and added to a solution of ‘N—methyl—L—proline (19.3 mg;
0.16 mmol), HBTU (56.8 mg; 0.15 mmol), and DIPEA (104.5 uL; 0.60 mmol) in DMF
(1 mL). The mixture was stirred for 5 hr and then partitioned between EA and water. The
EA phase was dried and concentrated to give 2- {5-[(5)-(1-methylpyrrolidin-2-yl)carbonyl-
aminol-1 H-benzimidazol-2(3H)-ylidene } -2-[4-methyl-6-(trifluoromethyl)pyrimidin-2-yl] -
acetonittile (65 mg) as a brown oil. 2- {5-[(5)-(1-Methylpyrrolidin-2-yl)carbonylaminol-
1 H-benzimidazol-2(3H)-ylidene} -2-[4-methyl-6-(trifluoromethyl)pyrimidin-2-yl]acetonitrile
(65 mg) was dissolved in concentrated sulfuric acid and stitred at room temperature

_ 40—
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overnight. The mixture was diluted with ice-water and acetonitrile and, after coming to room
temperature, was purified by revetse phase preparative HPLC using a Peeke Ultro 120, 7 pm,
C18Q, 250 X 30 mm column at a flow rate of 42 mL/min and mobile phases of 95% water,
5% acetonitrile (with 0.01% hydrochlotic acid) and 5% water, 95% acetonitrile (with 0.01%

5  hydrochloric acid) to give 2—{5—[(5)—(1—methylpyrro]idin—Z-yl) carbonylamino]-
1H-benzimidazol-2(3H)-ylidene } -2-[4-methyl-6-(trifluoromethyl)pyrimidin-2-ylJacetamide
hydrochloride salt (18 mg) as a yellow solid.

[0156] The compounds of formula A as shown in the table below were prepared by one or
mote of the above methods, or similar methods not described in detail here. All of the

10 compounds of formula A were analyzed to confirm identity and purity, using HPLC for
purity, and one or more of mass spectrometry (using either positive or negative ionization)
and NMR ('H and/or PC) for identity, and were confirmed to be the expected product in

good purity. Other compounds of formula A may be similarly prepared.

[0157] Representative compounds of formula A include (“exact mass” is of the parent
15  compound; mass spectra were with positive ionization and mass M+H, unless the mass was

noted otherwise):
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[0158] O her conpounds of the invention may be simlarly
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and this disclosure.

[ 0159]
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the art

In vitro exanpl es.
exanples illustrate the inhibition of cancer-rel ated
ki nases (AYYQ?UOB6EHd B and VEGFR2 ki nases) by conpoun&STEP200He58345, st
aspect of this invention and the cytotOX|c I cytostatic effect of the

conpounds aggar st turErT carncer Cet i T es T Vi O 2 TESE Sresuftsjare
consi der ed [C@dpaindve of effi cauckure human cancermgssegft he M#plm/ s (ot her
anti cancer fagents te! i hown—ant Hcancer—actHvity in
humans. [01/61] The cgll lines HL60 ﬁhu nNﬁronyeIocytlc | eukem a) gnd
HCT116 (human col on carci npma) ainéd frpmthe American Typd Culture
Col | ection,| Manassas, mWAJ J sA., apd HUVEGC- 210 hunan u#dbi | icdl vein
endot helial| cells) from Bﬂ050|encesgéi§g_gjord, Massachusetts, U. S A .
Aurora A kijnase was pbtained from Upst i ofech, Billerica,
Massachusetits,—US-A T Aurora B KlnabeolIUHIBPS—Blosclerce, SamDirggo,
California,| US A ; and VEGF 3 n. e ma,Cel | | Si gnal i ng Technol ogy,
Danvers, Mgssachuset} FP ScreEnin _Express kit wgs
obt ai ned frjom ecu > nyv f orfif a, U.S.ﬂf% theg-

Cell Titer-Q o assay k| Nront*Pronega ation, Madi son, W sdonsin

U . S.A; and the Cellular DNA Cytometric alv5|s Reagent| Kit and Br{dU

| abel i ng and detectipn kit from Roche agnostics Corporfati on,

I ndi anapol i|s, | ndiang, U. SoA w .Fod 8h.wer e| used in jaccordance (with
nanufacturer's7ggrect|o S. jtion aspaysgand |t he Qpstong
phosphoryl gti on (p-H3) a ayﬁme e c nd d |n duplicate, and the
cytotoxicitly and HUVEC liferation a Were 20conducted in trilplicate,
i n each case—-wth—selvent—eontrol- f“1§°, H—vH+eo—bBxarmple—1—Aurera A and
B kinase asays. [016B] Aurora A ki SRAY: t he test conpounds wgre

di luted in |di methyl spl foxi @e t concentrations with serigl 3-fold
di F'utions) |and7?A&cubpt @ntrat on 4235%]| wi t K3%urorla A

ki nase at roonttenperaigte 7 KIN reaction |25 buffer Wwth 1mM
dithiothreijtol (IMAP F creenlng Expre The ki nase rleacti on wag
initiated gy addi ng 1OOnM quoresce n Rabel ed PKALT de and 1011. M adenosi ne
tri phosphatle (ATP), @and al lLowe ont e for| 45 mn at roomtenperature,
after which it gyRs stop ed by ndi ng repgenks(1:400 dgjutign in

bi ndi ng bufiffer A). Aft F]n of hoo nperafure incubation wtHh

shaki ng, the fluoresgc Hpol ari zati onMwas/ MEasured on g LJL 30pl atle
reader. Aurera——B L.n°°e assay- perfcrnnvfas fcr t+he—Aurgra—A—Kkirasg assay,
but using Aurora B k| nase |nste d o A of,@ nase. [(J164] In vitjro
Exanpl e 2: |VEGFR2 klnase agsa ThIS assay was performed ag for the
Aurora A kijnasélassaly, N [ e CSKt i dé2hs tthe sdBstratle with
6111\ 4 ATP |and 1nM NhG" ki nase rftacyf o bme of 1 hr,| and dilutijon of

t he bi ndi ng reagent [1: 1200 i n bi ndi ng er Nbinding HQuffer B (1:[1).
[0166] In Vitro Exanpl e 3: Hi stone phogphorylatjon (p-HJ) assay. b5[|0167]
Log phase HCT116 cel € w,104 cells/welll in a 96-vwell
plate and gl lo to hp==<The test| co unds wepg, dilyted in
DVBO (8 corjcentratio Y \dilut ons) and added to tlhe cells
(0.5% DNB fli nal conc and th& cetrt<:ijpcubated for 4 hr. The cells
were then washed thr - } PBS) , and
| vsis buffer was added. After 30 mn _shaking at| 4C and 10centrifuggti on,

t he super ngt angs, werfe tran;iﬁﬂtggffﬁigFﬂiirocelIuIQ§@ nenbragﬁ by a "dot -

bl ot " apparlat us.” Aftler @Ea g e“wel | s he nenbrane was processed for
Western bl gt. Detectj ant p-H3 and 3- ad s| performgd on the sane
menbrane Wi[Th primarly rabbit ant|-p nDuse anti- p-actin anti|lbodi es
fol |l owed by secondarly goat a e800 and goat| anti - nousg

Al exaFl uor [680sant i bjodi mere scanned on 1l5aa7g0dysgey
scanner. [(0168] In vjitr Exanpﬁ HCT116 cytotoxicity |assays.
[0169] Log-{phase cellg\mére tryp5|n|zed Iected by centrifugatign, and
resuspended in a small volunme of freshsyedi um and the density of viable

cells was determ ned follow ng Trypan Blue staining. Cells were diluted in

fresh media (1 x 104 cells/nmL for

cells),
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p. L/ wel |

M 1
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\ ——

o I
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,rt,L) added imedi ately after dilution to achieve a
DMSO concentration of 0.5% then the suspensions added at 150
and i ncubated overnight to all ow attachnment
The ceIIs were cul tured for t hree days (about
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A CP- Aur-AIC', nMAur-B I G50, nMVEGFR2 I C', nMp-H3 IC', CAM HCT116 |IC',
CAM HL6O I C', 1AM HLTVEC IC, CAM 35A 9 5 20 0.6 0.2 36A 30 40 200 >5 4
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0.06 59A 8 20 6 0.09 0.4 0.05 60A 10 7 5 0.2 0.2 0.08 61A 20 10 4 0.03
0.1 0.2 0.02 62A 70 10 6 0.4 0.06 0.06 63A 30 30 5 0.4 0.2 0.06 64A 50 20
10 0.9 2 65A 30 20 7 0.4 0.2 66A 20 10 2 0.2 0.2 0.05 67A 10 40
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Exact
Compound Structure mass, M MS (m/z)
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[0158] Other compounds of the invention may be similatly prepared using methods well

known to a person of ordinary skill in the art having regard to that skill and this disclosure.
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[0159]) I# #ifro examples.

[0160] The following examples illustrate the inhibition of cancer-related kinases (Aurora A

and B and VEGFR2 kinases) by compounds of the first aspect of this invention and the

cytotoxic / cytostatic effect of the compounds against human cancer cell lines 7 vifro. These
5  results are considered predictive of efficacy in human cancer chemotherapy, as other

anticancer agents tested in these assays have shown anticancer activity in humans.

[0161] The cell lines HL60 (human promyelocytic leukemia) and HCT116 (human colon
carcinoma) were obtained from the American Type Culture Collection, Manassas, Virginia,
U.S.A.,, and HUVEC-2 (human umbsilical vein endothelial cells) from BD Biosciences,

10  Bedford, Massachusetts, U.S.A.. Aurora A kinase was obtained from Upstate Biotech,
Billetica, Massachusetts, U.S.A.; Aurora B kinase from BPS Bioscience, San Diego,
California, U.S.A.; and VEGFR2 kinase from Cell Signaling Technology, Danvers,
Massachusetts, U.S.A. The IMAP FP Screening Express kit was obtained from Molecular

_ Devices, Sunnyvale, California, U.S.A.; the CellTiter-Glo assay kit from Promega

15 Corporation, Madison, Wisconsin, U.S.A.; and the Cellular DNA Cytometric Analysis
Reagent Kit and BrdU labeling and detection kit from Roche Diagnostics Corporation,
Indianapolis, Indiana, U.S.A. All products wete used in accordance with manufacturer’s
directions. Kinase inhibition assays and the histone phosphorylation (p-H3) assay were
conducted in duplicate, and the cytotoxicity and HUVEC proliferation assays were

20 conducted in triplicate, in each case with solvent control.
[0162] In vitro Example 1: Aurora A and B kinase assays.

[0163] Aurora A kinase assay: the test compounds were diluted in dimethylsulfoxide
(DMSO, eight concentrations with serial 3-fold dilutions) and incubated (final DMSO
concentration 2.5%) with Aurora A kinase at room temperature for 5 min in kinase reaction
25  buffer with 1mM dithiothreitol IMAP FP Screening Express). The kinase reaction was
initiated by adding 100nM fluorescein labeled PKAtde and 10uM adenosine triphosphate
(ATP), and allowed to continue for 45 min at room temperature, after which it was stopped
by adding binding reagent (1:400 dilution iﬁ binding buffer A). After 30 min of room
temperature incubation with shaking, the fluorescence polarization was measured on a LJL
30 plate reader. Aurora B kinase assay: performed as for the Aurora A kinase assay, but using

Aurora B kinase instead of Aurora A kinase.
[0164] In vitro Example 2: VEGFR2 kinase assay.
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76A 50 580 0.20.7 0.1 77/A8 7 90.10.20.30.09 78A.60 40 50 0.6 2 1
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I1C50, 1.1.11/1 HUWWEC IC, IIM81A 6 7 9 0.09 0.3 0.2 0.08 82A 8 7
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[0165] This assay was performed as for the Aurora A kinase assay, using VEGFR2 kinase,
CSKtide as the substrate with 6uM ATP and 1mM MnCl,, a kinase reaction time of 1 ht, and
dilution of the binding reagent 1:1200 in binding buffer A /binding buffer B (1:1).

[0166] Ir sitro Example 3: Histone phosphorylation (p-F13) assay.

5 [0167] Log phase HCT116 cells were seeded at 2.5% 10" cells/well in 2 96-well plate and
allowed to attach overnight. The test compounds were diluted in DMSO (8 concentrations
with serial 3-fold dilutions) and added to the cells (0.5% DMSO final concentration), and the
cells incubated for 4 hr. The cells were then washed three times with cold phosphate-
buffered saline (PBS), and lysis buffer was added. After 30 min shaking at 4°C and

10  centrifugation, the supernatants were transferred to a nitrocellulose membrane by a “dot-
blot” apparatus. After washing the wells, the membrane was processed for Western blot.
Detection of p-H3 and 3-actin was performed on the same membrane with primary rabbit
anti-p-H3 and mouse anti- 3-actin antibodies tollowed by secondary goat anti-rabbit
TRDye800 and goat anti-mouse AlexaFluor 680 antibodies. The membranes were scanned on

15  an Odyssey scanner.
[0168] In witro Example 4: HL60 and HCT116 cytotoxicity assays.

[0169] Log-phase cells were trypsinized, collected by centrifugation, and resuspended in a
small volume of fresh medium, and the density of viable cells was determined following
Trypan Blue staining. Cells were diluted in fresh media (1 X 10* cells/mL for HL60 and

20 4 x 10’ cells/mL for HCT116 cells), the test compounds (concentrations between 0.1uM
and 200uM, dissolved in DMSO, 50 L) added immediately after dilution to achieve a final
DMSO concentration of 0.5%, then the suspensions added at 150 pL/well to 96-well plates,
and incubated overnight to allow attachment in the case of adherent cells. The cells were
cultured for three days (about three doubling times). The cells were then collected by

25  centrifugation, and 100 uL of the culture supérnatant was replaced by the CellTiter-Glo
reagent. After incubation for 15 minutes at room temperature, the plate was read with a

luminometer.
[0170] In vitro Example 5: HUVEC VEGF-dependent proliferation assay.

[0171] HUVEC-2 cells were seeded at 10* cells/well in a 96-well plate coated with 0.1%

30  gelatin in complete medium. After incubation at 37°C overnight, the cells were washed twice
with PBS, Medium 199 with 0.1% fetal bovine serum was added, and the cells were
incubated for one day. The compounds were serially diluted in DMSO, and added to the cells
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at 0.5% D

further day, 5-bromo-2-deoxyuridine (BrdU, 10uM) was added to label proliferating cells,

MSO final concentration. After 2 hr, VEGF (25 ng/mL) was added; and after a

and the cells incubated for another day. The plates were then processed using the Roche

BrdU labeling and detection kit, and the VEGF-dependent antiproliferative activity of the -
5  compounds determined. |

[0172] Compounds of formula A showed the following activity in these # vitro assays. All

numbers are rounded to 1 significant figure; numbers “>x" indicate that the result was

greater than the maximum limit of quantitation of the assay.

Cpd Aur-A | Aur-B | VEGFR2 p-H3 HCT116 | HL60 | HUVEC
" |ICq, nM [ IC,,, nM | IC,, nM | IC, pM | IC,,, pM | IC,,, pM | IC,,, pM
1A 10 5 10 0.2 0.3 1 0.07
2A 30 6 90 2 2 3 0.05
3A 20 10 90 20 - 3
4A 4 10 30 >40 2
5A 20 8 20 3 10 >10
6A 20 10 200 2 4 2
7A 7 20 30 >5 6 0.08
8A 10 8 . 60 1 2 0.2
9A 10 7 60 >5 >20 >20
10A 10 10 40 5 1 2
11A 40 10 >5 4 3
12A 7 6 40 0.1 0.4 0.2
13A 10 3 0.8 0.7 1
14A 50 30 80 >50 8
15A 80 30 40 2 2
16A 100 20 300 2 2 2
17A 300 30 1 0.6 5 5
18A 200 40 500 2 20
19A 400 30 >50 20
20A 90 20 200 >5 8 0.6
21A 200 100 1000 20
22A 80 10 200 2 10
23A 70 6 100 8 50
24A 900 1000 400 >50
25A 200 100 400 >50 10
26A 200 100 1000 >50 20
27A 3 9 10 1 7
28A 5 5 10 4 4 0.04
29A 30 10 100 >5 0.2
30A 10 10 8 1
31A 4 9 3 0.1 0.2 1
32A 10 10 40 0.4 5 3
33A 2 10 9 0.5 0.3 0.3
34A 5 6 10 0.4 0.6 0.2
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91A 2 20 10 0.1 0.3 0.04 92A 70 30 400 0.5 5 0.06 93A 20 20 10 0.1 0.3
0.03 94A 7 7 10 0.08 0.2 0.1 0.05 95A 20 4 20 0.05 2 2 0.05 96A 2 3 6 0.04
0.3 0.1 97A 207 0.1 0.6 1 98A 6 8 99A 20 7 100 1
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Cpd Aur-A | Aur-B | VEGFR2 p-H3 HCT116 | HL60 | HUVEC |
© |[ICs, nM [ IC,,, nM | IC,, nM | IC,,, pM | IC,,, pM | IC,,, pM | IC,,, pM
35A 9 5 20 0.6 0.2
36A 30 40 200 >5 4
37A 30 20 400 0.5 2 4
38A 40 10 200 0.3 0.8 1 0.1
39A 10 5 7 0.9 0.3 0.5 0.06
40A 3 7 3 0.5 0.2 7 0.03
41A 6 4 4 0.1 0.7 0.1 0.2
42A 10 6 20 0.3 0.5 0.03 0.04
43A 6 10
44A 10 10 10 0.2 0.2 0.08
45A 20 7 20 0.9 0.5 0.1 0.01
46A 6 10 40 0.2 0.4 0.2
47A 4 6 20 0.2 0.3 0.3 0.004
48A 10- 1 10 0.3 0.6 0.1 0.04
49A 3 5 0.1 0.4 1
S0A 20 10 20 0.4 0.3 0.09
51A 7 6 20 0.3 0.5 0.05 0.03
52A 60 60 100 >50 1
53A 3 10 20 0.2 0.3 0.2 0.03
54A 6 10 10 0.4 0.4 0.3 0.03
55A 20 20 20 0.7 0.3 0.05
50A 20 20 20 0.7 0.04 0.04
57A 20 20 10 0.1 0.1 0.02
58A 9 5 9 0.5 0.4 0.06
59A 8 20 6 0.09 0.4 0.05
60A 10 7 5 0.2 0.2 0.08
61A 20 10 4 0.03 0.1 0.2 0.02
62A 70 10 6 0.4 0.06 0.06
63A 30 30 5 0.4 0.2 0.06
04A 50 20 10 0.9 2
65A 30 20 7 0.4 0.2
66A 20 10 2 0.2 0.2 0.05
67A 10 40 4 0.04 0.2 0.02
68A 10 10 3 0.06 0.1 0.06
69A 20 30 2 0.1 0.09 0.02
70A 60 10 4 1 0.6
71A 20 40 4 0.2 0.2 0.09
72A 20 20 20 0.3 0.2 0.08
73A 10 5 6 0.1 0.2 0.2 0.1
74A 20 10 20 0.2 0.3 0.04 0.08
75A 60 10 50 0.4 1 0.2
76A 50 5 80 0.2 0.7 0.1
77A 8 7 9 0.1 0.2 0.3 0.09
78A 60 40 50 0.6 2 1 0.4
79A 20 20 10 0.4 0.1 0.3 0.04
80A 10 4 50 0.09 0.5 0.1
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100A 5 9 10 0.3 0.4 0.09 0.02 101A 7 9 20 1 1 2 0.05 102A 4 7 0.05
106A 3 20

103A 20 10 20 2 2 0.1 0.1 104A 30 1060 2 31 105A57 0.1
30 0.9 2 0.08 107A 8 20 40 >5 5 1 108A 10
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Cpd Aur-A | Aur-B | VEGFR2 p-H3 HCT116 HL60 HUVEC
" |ICg, nM | IC,,, nM | IC, nM | IC,, pM | IC,,, pM | IC,, pM | IC,,, pM

81A 6 7 9 0.09 0.3 0.2 0.08
82A 8 7 10 0.4 0.08 0.03
83A 6 10 60 0.2 0.2 0.2
84A 7 9 20 0.1 0.2 0.1 0.06
85A 5 4 - 20 0.05 0.3 0.06 0.02
86A 4 8 30 0.2 04 0.8 0.03
87A 8 9 10 0.2 0.2 0.1 0.09
88A 4 8 20 0.06 0.3 0.1 0.3
89A 5 5 6 0.1 0.5 0.7 0.08
90A 4 9 4 0.07 0.2 0.1 0.09
91A 2 20 10 0.1 0.3 0.04
92A 70 30 400 0.5 5 0.06
93A 20 20 10 0.1 0.3 0.03
94A 7 7 10 0.08 0.2 0.1 0.05
95A 20 4 20 0.05 2 2 0.05
96A 2 3 6 0.04 0.3 0.1
97A 20 7 0.1 0.6 1
98A 6 8
99A 20 7 100 1 3 2
100A 5 9 10 0.3 0.4 0.09 0.02
101A 7 9 20 1 1 2 0.05
102A 4 7 0.05
103A 20 10 20 2 2 0.1 0.1
104A 30 10 60 2 3 1
105A 5 7 0.1
106A 3 20 30 0.9 2 0.08
107A 8 20 40 >3 5 1
108A 10 10 60 3 2 2
109A 20 9 50 >5 3 0.5
110A 50 20 20 0.2 0.2 0.8 0.08
111A 20 9 100 04 2 0.3
112A 20 20 200 0.9 2 0.2
113A 30 20 40 0.4 0.6 0.2
114A 40 20 40 0.05 0.6 0.04
115A 40 30 20 0.2 0.1 0.1
116A 40 8 9 0.08 0.4 0.1
117A 10 8 20 0.3 0.8 0.06 -
118A 40 10 100 4 2 0.3 0.2
119A 9 6 6 0.2 1 0.2
120A 30 9 2 0.5 2 2
121A 30 8 20 0.09 1 0.9
122A 20 9 20 0.4 4 7
123A 100 40 90 2 4
124A 30 30. 100 >20 3
125A 30 10 20 0.2 3 0.6
126A 20 20 70 2 2 0.03




10 60 3 2 2 109A 20 9 50 >5 3 0.5 110A 50 20 20 0.2 0.2 0.8 0.08 111A 20
9 100 0.4 2 0.3 112A 20 20 200 0.9 2 0.2 113A 30 20 40 0.4 0.6 0.2 114A
40 20 40 0.05 0.6 0.04 115A 40 30 20 0.2 0.1 0.1 116A 40 8 9 0.08 0.4
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Cpd Aur-A Aur-B | VEGFR2 p-H3 HCT1i6 HLG60 HUVEC
" IC,, nM|IC,, nM | IC,,, nM | IC,,, pM | IC,,, pM | IC,,, pM | IC,,, pM

127A 20 6 20 - 0.2 0.6 05 0.04
128A 10 20 60 0.6 0.9 0.06
129A 30 10 100 1 o1 0.3
130A 100 9 20 0.3 2 0.4
131A 90 60 200 0.9 2 0.8
132A 60 20 100 2 1 0.6
133A 40 10 60 0.3 0.8 0.2
134A 50 10 80 0.4 4 0.6
135A 30 20 100 0.5 4 0.6
136A |- 20 : 30 0.2 0.8 0.2 0.2
137A 80 30 40 2 2
138A 8 8 40 0.5 1 0.4
139A 20 2 30 0.09 0.03 0.04
140A 6 9 20 0.4 0.4 0.3 0.02
141A 4 6 40 0.3 0.9 1 0.02
142A 2 4 10 0.3 0.3 0.2 0.09
143A 4 6 - 30 0.2 0.3 0.3 0.08
144A 5 6 0.1 04 0.5
145A 20 4 10 0.08 0.2 0.4
146A 20 5 0.2 04 0.8

[0173] In virro Example 6: Cell cycle analysis in HL60 and HCT116 cells.

[0174] Log-phase cells were seeded in a 75-mL flask overnight to allow cell attachment, with
the seeding density chosen so that the cell culture would be less than 80% confluent on the
day ot harvest. The test compounds were added (dissolved in DMSO) at about ICs, to
5  achieve a final DMSO concentration of 0.1%, and the cells then incubated further for one,

two, or three days. Following incubation, the cells were harvested, washed with cold PBS,
fixed in 75% aqueous ethanol, and stored at -20°C until further analysis. To determine the
cellular DNA content, which reflects the cell cvcle status, the fixed cells were washed twice
with phosphate-buffered saline and then treated with RNase for 30 minutes at 37°C. They

10 were then stained with propidium iodide, followed by FACS analysis on a Becton Dickinson
FACSCalibur system. All compounds tested induced polyploidy followed by apoptosis in
HLGO0 cells, and polyploidy in HCT116 cells, indicative of Aurora kinase B inhibition.

[0175]) In vivo examples.
[0176] Ir vivo Example 1: HLGO xenograft assay, oral administration.

15 [0177] Male athymic ##/n# mice, 6-8 weeks old (about 20 g), were implanted subcutaneously

in the right fore flank with about 1 x10’ cells of the HL60 (human promyelocytic leukemia)
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line that had been grown in antibiotic-free medium for at least two passages. About 6 days
after tumor implantation, when the tumor weight was about 50-250 mg, the mice were
assigned to treatment groups. Test compounds were solubilized at 15 mg/mL in 25 wt.%
aqueous hydroxypropyl 3-cyclodextrin. Groups of mice were treated with compounds 39A,
41A, 75A, 77A, 85A, 95A, and 101A at 150 mg/Kg by gavége once/day on days 1-5 and
8-10 from the start of treatment, with vehicle control. Tumor growth inhibition was
measured 1-2 days after the last day of treatment. All compounds tested were active in this
assay, with compound 39A causing 47% inhibition of tumor growth compared to vehicle,
compound 41A causing 81% inhibition, compound 75A causing 72% inhibition, compound
77A causing 75% inhibition, compound 85A causing 45% inhibiton, compound 95A causing
59% inhibition, and compound 101 A causing 38% inhibition. Similar studies with
compounds 139A, 141A, 142A, and 143A dissolved at 4, 10, 10 and 10 mg/mL in 0.1M
sodium acetate at pH5, dosing at 40, 100, 100, and 100 mg/mL, showed tumor inhibition of

65%, 49%, 89% and 65% relative to.vehicle.
[0178] Ir vivo Example 2: HCT116 xenogratt assay, oral administration.

[0179] Male athymic ##/#x mice, 6-8 weeks old (about 20 g), wetre implanted subcutaneously

in the right fore flank with about 1 x10” cells of the HCT116 (human colon carcinoma) line

‘that had been grown in antibiotic-free medium for at least two passages. About 14-21 days

after tumor transplantation, when the tumor weight was about 50-250 mg, the mice were

.assigned to treatment groups. Test compounds were solubilized at 15 mg/mL in 25 wt.%

aqueous hydroxypropyl B-cyclodextrin. Groups of mice were treated with compounds 39A,
40A, 60A, 75A, 95A, and 117A at 150 mg/Kg by gavage once/day on days 1-5 and 8-12
from the start of treatment, with vehicle control. Tumor growth inhibition was measured

9 days after the last day of treatment. All compounds tested were active in this assay, with
compound 39A causing 56% inhibition of tumor growth compafed to vehicle, compound

40A causing 18% inhibition, compound 60A causing 37% inhibition, compound 75A causing

~ 60% inhibition, compound 95A causing 61% inhibition, and compound 117A causing 42%

inhibition. A similar study with compound 139A dissolved at 4 mg/mL in 0.1M sodium

acetate at pHS5, dosing at 40 mg/mlI., showed tumor inhibition of 46% relative to vehicle.
[0180] Formulation examples

[0181] Formulation Example 1. Formulation for oral administration.

[0182] A solid formulation for oral administration is prepared by combining the following:
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0.2 3 0.6 126A 20 20 70 2 2 0.03 WD 2010/036873PCT/ US2009/ 058345 ri CP-
Aur-A 1C, nMAur-B IC50,, nMVEGFR2 IC, nMp-H3 IC, 1.1. M HCT116 1C50, i M
HL60 1C50, IIMHUVEC IC, |iM127A 20 6 20 0.2 0.6 0.5 0.04 128A 10 20 60
0.6 0.9 0.06 129A 30 10 100 1 1 0.3 130A 100 9 20 0.3 2 0.4 131A 90 60

200 0.9 2 WO 2010/036873 PCT/US2009/058345
Compound of this invention 25.0% w/w
Magnesium stearate : 0.5% w/w
Starch 2.0% w/vif
Hydroxyfpropyhnethyléeﬂulose 1.0% w/w
5  Microcrystalline cellulose 71.5% w/w

and the mixture is compressed to form tablets or filled into hard gelatin capsules containing,
tor example, 100 mg of the compound of this invention. Tablets may be coated, it desired,
by applying a sﬁspension of a tilm-forming agent (for example,
hydroxypropylmethylcellulose), pigment (for example, titanium dioxide), and plasticizer (for

10  example, diethyl phthalate), and drying the film by evaporation of the solvent.
[0183] Formulation Example 2. Formulation for TV administration.

[0184] A tormulation for IV administration is prepared by dissolving a compound of this
invention, for example as a pharmaceutically acceptable salt, to a concentration of 1% w/v in
phosphate-buffered saline; and the solution is sterilized, for example by sterile filtration, and

15  sealed in sterile containers containing, for example, 100 mg of-a compound of this invention.

[0185] Alternatively, a lyophilized formulation is prepared by dissolving a compound of this
invention, again for example as a pharmaceutically acceptable salt, in a suitable buffer, for
example the phosphate bufter of the phosphate-buffered saline mentioned above, sterilizing
the solution and dispensing it into suitable sterile vials, lyophilizing the solution to remove

20  the water, and sealing the vials. The lyophilized formulation is reconstituted by the addition
of sterile water, and the reconstituted solution may be further diluted for administration with
a solution such as 0.9% sodium chloride intravenous infusion ot 5% dextrose intravenous

infusion.
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Claims:
1. A compound of the formula,
sssey
/4
\_/\ GUM
or its salt,
5  where:
X is NH or §;

mis 0,1, 2, or 3
nis0,1,2,3,or 4
R' is alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl,

10 hetefoaryl, substituted heteroaryl, aralkyl, substituted aralkyl, heteroaralkyl, substituted
heteroaralkyl, halo, nitro, or cyano, or is —~OR, -SR, ~C(O)R, ~OC(O)R, ~C(O)OR, -NR,,
-SO,OR, -OSO,R, -SO,NR,, -NR’SO,R, ~CONR,, -NR’COR, and -NR’C(O)OR, where
each R independently is hydrogen, alkyl, substtuted alkyl, heteroalkyl, substituted heteroalkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, aralkyl, substituted aralkyl,

15  heteroaralkyl, or substituted heteroaralkyl, and R’ is hydrogen or C,-C, alkyl; and
R’ is alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl,
hétcroaryl, substituted heteroaryl, aralkyl, substituted aralkyl, heteroaralkyl, substituted
heteroaralkyl, halo, nitro, or cyano, or is —OR, -SR, —C(O)R, —OC(O)R, —C(O)OR, -NR,,
-SO,0R, -OSO,R, -SO,NR,, -NR’SO,R, ~CONR,, -NR’COR, and -NR’C(O)OR, where

20 - eachR independently is hydrogen, alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, aralkyl, substituted aralkyl,

heteroaralkyl, or substituted heteroaralkyl, and R’ is hydrogen or C,-C,; alkyl.

2. A compound of claim 1 where X is NH.

3. A compound of claim 1 where X is S.

25 4. A compound of claim 2 or 3 where m is at least 1.
5. A comi)ound of claim 4 where mis 1 or 2.
6. A compound of claim 5 where m is 1.
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0.4 0.4 0.3 0.02 141 00.30.910.02 142A 2 4 10 0.3 0.3 0.2 0.09
143A 4 6 30 0.2 0.3 8 144A 56 0.1 0.4 0.5 145A 20 4 10 0.08 0.2
0.4 146A 20 5 0.2 [0173] In vitro Exanple 6: Cell cycle
analysis in HL60 and HCT116 cells. [0174] Log-phase cells were seeded in a
75-mL flasRYQYPHOYRt to allow cell attachment, with t RETASHEY R density
chosen so that the cell culture would be | ess than 80% confluent on the day
of harvest .; The zt&shoGRIOICHAIS WEE R Added 4 oHs380byed plimSALdat about 1C80
to 5 achieve a final DMSO concentration of 0.19/0, and the cells then

i ncubat ed fPerferpdy medyL BaBoxy: Yocspesially.hierdegyl Fol | owi ng i ncubation, the
cells were harvested, washed with cold PBS, fixed in 75% aqueous et hanol
and storedgat -20GndBldd ofclint BeheBALYSis. To determine the cellular DNA
content, which reflects the cell cycle status, the fixed cells were washed
twice with phosphate-buffered saline and then treated with RNase for 30

m nutes at “37C. Rfﬁ@y% RRERE § REFE Shet oer WFﬁrPOﬁP%fb?fgbmi% Pad&d ¥ ol | oned
by FACSsan@kaf@fmy@ema,ﬁaﬁ&@no&sg&iam%@mﬂmh.i bur system Al conpounds

t ested i nduced pol yploidy foll owed by apoptosis in HL60 cells, and

pol ypl oidy .in HECT116 cells, . indjcative of,Aurqra.kinase B inhibition.

PO12E] % Uhl o et ee or iy Ahin o0 RSP ES RERE S RY: af ¢ aosay.
oral adm nistration. 15[0177] Male athymc flu/ flu mce, 6-8 weeks old
(about 20 d)., wArcempppidartedoswbcatraiaol®iviere nistthe right fore flank with
about 1 x107 cells of the HL60 (human pronyel ocytic |eukem a) - Iine that
had been grgwn m,ora?gﬁarfa'om}calicro@ (R4 LAk Al 4 £G4, LV passages, Apout 6
days after tunor | antation, en the tunor wei ght was about 50-250 ng,
the mce were assigned to treatnent groups. Test conmpounds were sol ubilized .
at 15 ng/ mi3i n 2zompoundadesu’’ Wikt oR-1ypPropyl P-cycl odextrin. G oups of '
mce were treated with conpounds 39A, 5 41A, 75A, 77A, 85A, 95A, and 101A
at 150 wy/ Kg. by Agamagedoierihdewine days 1-5 and 8-10 fromthe start of
treatnment, with vehicle control. Tunor growth inhibition was neasured 1-2
days after ;the last day, aof treatnment,. All .co unds tested were active in
thi s assay ,1gwi t At SCBRY r?g dé‘gh{-a%ﬁkﬂféﬁné\ds ﬁ%)&bﬁﬁ%?%ia?‘i“&g%”fp‘ t umor growt h
conpared to vehicle, conpound 41A causing 81% i nhi bition, conpound 75A
causi ng 72%.i nhirsompornd of dripolindhetOn B2ZA causi ng 75% i nhi biti on, conpound
85A causing 45% i nhi bition, conpound 95A causi ng 59% i nhi bition, and
compound 133A CAYSAG KL AN R Obhe FEH LRABiIF LR, Mdup._compounds 1394,
- 141A, 142A, and 143A dissolved at 4, 10, 10 and 10 ng% n 0.11\4 sodi um
acetate at pH5, dosing at 40, 100, 100, and 100 ng/nlL, showed tunor

i nhi biti on1gf 68RMaoH of gaimahislessdd Pl Y PeetcampRiis |4 fo 4R e | n vi vo
Exanpl a52: ¢hicT116 xenograft assay, oral admninistration.

A4d46 4
0.3 0.0
0.4 0.8

19. A compound of claim 18 selected from:
2-(5-{[3-(4-motpholinyl)propyllaminocarbonyl } -1 H-benzimidazol-2(3H)-ylidene)-
2-(4-tritluoromethylpyrimidin-2-yl)acetamide,
2-(6-{[3-(4-morpholinyl)propyljaminocarbonyl }-benzothiazol-2(3H)-ylidene)-

20 2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-(5-{[3-(4-morpholinyl)propyl] (ethyl)aminocarbonyl } -1 H-benzimidazol-2(3H)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide, - |
2-[5-(piperazine-1-carbonyl)-1H-benzimidazol-2(3H)-ylidene]-2-(4-trifluoromethylpyrimidin-

- 2-ylacetamide,
25  2-{5-[(diethylaminomethyl)carbonylamino]-1H-benzimidazol-2(3H)-ylidene} -

2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
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[0179] Male athvm c nu/nu mce, 6-8 weeks old (about 20 g), were inplanted
subcut aneously in the right fore flank with about 1 >(10' cells of the
HCT116 (human col on carcinoma) |ine that had been grown in antibiotic-free
medi um for_at | east two passages. About 14-21 days after_ tunor

transpl ant A YP3GHEN the tumor wei ght was about 50- 258CHYSZPHESHSce wer e
20assigned to treatnent groups. Test conpounds were solubili7ed at 15 ng/nL

in 25 w. %a3ag SmEMEF @Y BH Pk arEs Mﬁﬁr@g@}qtg hAmidF 29p3n ofiqdil ce were
treated w tﬁ{ 1(#g?rr;){ound'sfs}39_A, %ﬁ arG%xi, 75A, 9§A, and 1?%&'&'6 1}go. ng/ Kg by
gavage oncé/(t&yluermedypyinslingi)ageanidt.r om t he start of treatment, with
vehicl e coal{rsqdpmlwmrnema%Istamammwaj%_mimgw(%-%id,%}s after the |ast
day of treatnent. Al conpounds tested were active in this assay, with 25
conpound 39A%-e#lysfomstiBysndin-billacgrmidé, t unor growth conpared to vehicl e,
conpound  46A5GaYS NG LA D11l daSBny1 FARDOURHe OO L BURS DG 1344 | nhi bi tion,
conpound 75§ gg%z.t nge 6’0%% nhi blsgi on?j‘ conpound 95A caﬁilg)g) 61%;:)}i nhi bi tion,
and conpouRd4-titlparosethylprgmidzod-ylkétnidé,on. A sinmilar study w th conpound

139A di ssobyedral ¢ 1N ' acet at ~ > Sik ng..at 40
L shored P R et MG BOMIMASE! AbEn AbicRlRr cROS PR3
For nul at i oR-(&xdhptoastypr@ridincbylrattemidon Exanpl e 1. Fornul ation for oral

adm ni strabi oy ) T IL0 B oYy ] K QK alg, 1.0 8L LALEOoN iS
repar od by Coasnaalt Al i I B SR E) S B ahi BB
Conpour@ of-yhisewmidevent i on25. 0% w w Magnesi um st ear at e0. 5% w w St ar ch2. 0%
w W Hydr oxypg epyl m g A els S: ine cellul ose71. 5%
w w and thg%n?@t(t’?g}o%&%glol[r eosﬂtzgﬁb %lm&%éyagll éfgf@y%?gl‘eﬂ |l ed into hard.

gel ati n capgdtitdzowortalippiimgin-3-glacaxaidpl e, 100 ng of the conpound of this

) 1 orm A0t AGaReT Phr Rt 0 bR It ALk P AU ARERS 00, 1

(for exanpPebaceiamaki um di oxi de), and pl asticizer (for 10exanple, diethyl

255 O 0 A BRI )

f ormul at i oRA-yDortainideadni ni stration is prepared by dissolving a conpound of

this inventipny. far. ! ) el - ept.ab) . to a
concentr at itz(gn Jgf Z%S%ﬁ%@ﬁy%%%ezéﬁg?%gﬁﬁfﬁ ;edrl%g&ls%q“?)%gl?&g%? )?]rﬁlge%lsn%fi%ti on is
st eri | i zed2-(3-$idiekdamphendlysirbonyl] @thyhdminalt-1 /dthenzamidazbb3@H)-gdiena)x steril e
cont ai ners,cp ining. . for. exanpl 100 ng of-a conpound of this invention.
[0185] Al t%%ﬁ%{ |u§)/ré)fnf?fy1§}ﬁm>}lglﬁl)?|a{rﬁ§egd Srnulation is prepared by dissolving a
conpoudd of-{bHiSs(limathyipipanin-2gramofiydimied dipbazasdaclidlrmidewti cal | y
acceptabl e,salt,, in g suitable buffer, for exanple the phosphate buffer of
t he phosph%t%ﬁrgla?ﬁoénreg’c‘ﬁ)g%nlaﬁefd 3h tzirr(])lﬂééd above, sterilizing the solution and
di spensi ng2i{b-[{RiMlemsthylpiptridin-2ymitoeylaniablsl H-bgrajphiddzoz2(Big)-tlideneg ol uti on to
renmove 20t he, wat er nd sealing the .yials. The |yophilized fornmulation is
reconsti tu?gA{jg@yortoﬁlén’%é%ﬂ‘?r?l?%ln?g)fceﬁ%gﬁ’I e water, and the reconstituted

sol uti on nBy{546)-flemdethdpyrolidined cdliamyladiviohi tbeatimorzoM Gh)-glidcodlut i on such as
0. 9% sqdi u hl or.,i A ntravenous .i.nfusi on _or 5% dextrose intravenous

i nfusi g:r)l. @g%%&-éﬂ% O(rzoénr%}gﬁ}ﬁycfmb“fhnizﬁgacfe%ﬁrfr a, 0 NH2 (R2- )nll Nor its
sal t, wher 2:5-X({)1-NMetholpy:Sslidin-2-g)ckbody]] (¢?hyl)@hind} - 1 H-Heszifjdazn]- 2@ H)-3lidene)- 4;

R is alkyl,, substituted. alky], heteroalkyl, substituted heteroal kyl, aryl,
subst it ut eg (Aéfniéllu?rofﬁﬁ“é]ﬁ)?er%nélglrné'y,ba‘écl'fo“gg?’fnllj ed heteroaryl, aralky-1,

substi t ut ed(af[glipeyidin- hgheh drrdbigylethydarbiasd }-1 Hitetithehail-0@Fblykdehe)- hal o, nitro,

or cyano, 9r,is -OR -SR -C(O)R -0C(0)R -C(0)OR, -NR2, -SOPR, -0SO R

- SO2NR2, -%ﬁggﬁﬂ?{m?w@ﬂﬁg@&im&% “NR3C(0) OR, where each R

i ndependensddrhtissahydr ogen, al kyl, substituted al kyl, heteroal kyl,
substituted heteroal kyl, aryl, substituted aryl, heteroaryl, substituted
het er oaryl ,, ar al kyl it ut.e ral kyl , 15het eroaral kyl, or substituted
het er oar al ?}I , ‘léﬁé@ﬁn%g%?g%ﬂ?%ﬁtggsgﬁg%r r(@{l C3 al kyl; and R2 is al kyl,

subst i t ut e2(@{Ry4-motpdbiyt) pokyl] (cthBatnsiordrbidrgl] - e berzoaddeyl 2 3Hr-gidencsubst i t ut ed

aryl, hete rvl, substituted heteroaryl, aral k--yl, substituted aral kyl,
het er oar al %g‘?t,rpﬁg%%?fe?lflﬁi’néﬂ‘dﬁlgzt"te})ra%eéarnﬁ%(yI, hal o, nitro, or cyano, or is -OR
-SR, -C(0)R, -0C(0)R, -C(0)OR, -NR2, -020R, -0S02R, -SC2NR2, -NR3S02R,
-CONR2, -NR3COR, and -NR3C(0)OR, where 20each R independently is hydrogen,
al kyl, substituted al kyl, heteroal kyl, substituted heteroal kyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, aral kyl, substituted
aral kyl, heteroaral kyl, or substituted heteroaral kyl, and R3 is hydrogen or
Cl-C3 al kyl. 2. A conmpound of claim1l where X is NH 3. A conpound of claim1
where Xis S. 254. A conmpound of claim2 or 3 where mis at least 1. 5. A
compound of claim4 where mis 1 or 2. 6. A conpound of claim5 where mis
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2- [5- (p ip erazi ne-l-carbonyl)-1 H benz01-2 (311) -ylidene] -2-
(4-trifluoro nethyl pyrimdin- 2-yl)acetam de, 252-

5-[ (di et hyl am nonet hyl ) car bonyl am no] -1H benzim daz ol -2 (31-1) -ylidene}
- 2-(4-trifluoromethyl pyrimdin-2-yl)acetam de, 2- {5-[(9)-(1 -

- met hyl pyr "® 2UPA368L3y| ) car bonyl ami no] - 1H benzi mi daz olPCX/YSZPAYIB34F | dene} -
2-(4-trifluoronethyl pyrimdin-2-yl)acetam de, 2-

{5-1(21-am np;:l : nyl: am pol .- 1 12201 ¢ -2(31-1)-ylidene}
o i T o R B By (1 et byl pi
eri di n- 2- yl)-@aribhonyhehilpromiditlybeeziamiddazol - 2( 31- 1) -yl i dene} -

2-(4-trifl I Jm.di n-.2- j 5 - byl pi

r ezl -y Sepy T B ok Feden it R e e -

2- (4-trifl ubportudrdyétppyicmidin-Ayhacylapalce tam de, 2-(6- { [2-(imdazol-1-yl)e
Loyl 1” ?gsgggjégg. @@e&%@%@g%%;h%eaéﬂohﬁﬁ&ﬁm- of AHE B SR QIR bRy | M di n-
{[2-(1, 1- cIZ-@nﬁﬂnirdrmhmahﬁdiaﬂa—yy@tam;de] benzot hi azol - 2(3H) -yl i dene}) -

2-(4-trifl thyl pyrim.dip-2-yl)acet amde  2-(6- oor.p.aholin-4-y1)

et hyl ] ben?q if @é?‘ée%‘rptpéi‘iqi‘?:@f%‘ﬂ)é@% Pg‘il?%??zﬁ]??l?éééﬁé%e&}

t hyl pyri r nidingadycaoehdpgrigedin-2yRaceGmide,

[ 2- (i m daza] ;1- et hyloxvl.benzot hi azol - 2(3l-1)- vl d ran{é-trifluoronet
hylpyri mi d?jﬁi&[ﬁxi)%(i—)maecexfpl e auél—’ -yhcar on}Fa o¥(1I3[Ibe imida oqﬁ@%)yho% é}

2- ( 1H benzi v4dag@terddiBif)yrilidicleyhice@dibierpatiny 1- 6- (tri f | uor omet hy1) pyri m di n- 2
-yll acet anlj de, .2:(5- (dj.et hyl.am no Wyl )car | ] SeLt ami;noy

T Doz maAT 3R b oo S A g b b R

t hyl pyri m di-@-28ydryracbtlgmirddn-2 2DRetamide,

{5-1(3)-(1- met h?él ﬁi peri di n-2-yl ) car bonyl am no] - 1H- benzi r ni dazol -2(31-1) -yl i
denel - 2- A9 For omet hyl pyri mi di n- 2-yl ) acet ami de, 2- {5-[(R)- (1-me

- thylpip eridin-2-yl)carb onyl am no] -1H benzi m dazol-2 (3H)-ylidenel - 2-
(4-trifluordnme thednmppridofdinno®ofickhaeset R der,us@as a kinase inhibitor, especially as

{5-1(5) 74 1- net,hy 14l n=-2- vl o'f ] -11- (- henzirni 01-2
(319 - y1 | Serit e BEE Akl it b RPPELPD Db bick A el

acet am de, d<cfdser.{ [(S)-(1l-nethyl pyrrolidin-2-yl)carbonyl] (ethyl)am no}
-1H benzimdaz ol -2 (31-1)-ylidene)- 2-(4- trifluorone

t hy! pyrim dion- 21%93%&%%1@@1&1 @s_ﬂ@n%b&éihing a compound of any one of claims 1 to 20, )

[ (piperidin-1-yl Ihyl)carbongﬂl(ethyl)anlno}-lFLbenZ|n1dazo|-2(31-1)-yllde
ne) - 2- (4- tmartfchlady io prekdnpepiealivetigetye 209@acet ani de, 30and their salts. 20. A
COITpOU_I’ld Offuﬁi]ﬁ@hﬁ?tj&gar%?rll g&ﬁlﬁﬁ’augﬁ QM aedcRient [ 3- ( 4-morp holinyl)p ropy]] (e
t hypam no carbonyl} -1H benzi m dazol-2(31-1)-ylidene)-
2-(4-trifluoronet hyl pyrimdin-2-yl)acetamde, - 70 - 2- ,

{5- Rdi etthy|Zni ndikettndi R CaPpog ICAMN T CL e me h 9 H Warersedpaion sRaciliene) -

2- (4-tritl uQnomBIHY SV Urdh Hinkke 2ny bpRGRLAMCIER 2 Badse, paricdladty for the
(4-met hyl pi perazin- 1 -ypethyl]carbonylam no } -1H benzi m dazol -2

(31-1) -yl i dEAB)ent oLepmeetr i t | uor onet hyl pyri mi di n- 2-yl ) acet ani de, 2-(5- {

[ (di et hyl am nonmet hyl ) carbonyl] (ethyl)am no}

- 1H-benzi mzazolthe G&Jot)ny&]b&iﬁae)} any. one of claims 1 to 20 in the manufacture of a

- 2-(4-trifluoronethyl pyrimdin-2-yl)acetamde, 2- . . : )

{5-[(9S) - ( 1-HEIRPEY; fﬁ‘&%? HF%@?F;??? %‘é%‘ﬁfotﬁ%?iag]‘&%ﬁajmﬁsi Ry EtReE Y Py 81 - 2

( 3H) - yl 2sdenghibitor 02 A(bra Hifidsd Anduptionly WEGPRE ikith g prZupBpeatan de, 2-

{5-[ (R - (21-met hyl pi peridin-2-yl)carbonyl am no] - 1H benzi m dazol - 2(311) -yl i de
nel - 102-(4-tritluoronethyl pyrirnidin-2-yl)acetamde, and . )

2-(5-{[ (5) -2?’1- et fﬁ?fﬁ%‘@?&%ﬁﬂ%&%—’ -‘{}]ﬁej‘sééff%‘%‘i/%ﬁ“(ké?aﬁw g“n%”h%’}’?ciaﬁf BEHYi mi dazol -
2(31- 1) - yl iifigpiey of Rufobr litidsé Andapasmlin Y EQYFRR ftindieNpazticyhjlpeetatoterisiand t hei r
salts. 21. A conpound of an Qne of g“ainﬁ 1 %o 2Qﬂf§r yse as a ki nase

i nhi bitor, EPREREP S 2£8™RRYIN 9T AR BeC6FHBY AR FOPATRYHE SR "EAY LB onal |y
VEGFR2 ki ngesmapaiiitdl eothgdslgnf or the treatnent of cancer. 22. A
pharmaceutical conposition containing a conpound of any one of clains 1 to
20, particularly in a therapeutically effective anount, further
particularly in conbination with an excipient. 2023. The use of a conpound
of any one of clains 1 to 20 as a kinasg_inhibitor, especially as an

i nhi bitor of Aurora kinase and optionally VEGFR2 ki nase, particularly for
t he treatment of cancer. 24. The use of a conpound of any one of clains
1 to 20 in the manufacture of a nedicanment for the treatnent of a disease
treatabl e by a kinase inhibitor, especially by an 25inhibitor of Aurora

ki nase and optionally VEG-FR2 ki nase, particularly cancer. 25. A nethod of
treatment of a disease treatable by a kinase inhibitor, especially by an

i nhi bitor of Aurora kinase and optionally VEGFR2 ki nase, particularly
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