2- 11H Benzhni dazol -2(31/) -yl i dene] - 2- (pyrirnidi n- 2- ypacet am des and

2-[ benzot hi azol - 2(3B) - yli dene] - 2- (pyri m di n- 2- yOacet at ni des as ki nase

i nhibitors Technical Field [0001] This invention relates to

211H benzi m dazol-2(31-/)-ylidene]-2-(pyrimdin 2 yl) acetam des and

2- [ ben2ot hi azol -2(310-ylidenel -2-(pyrimclin-2-yl)acetam des, their salts,
phar maceuti cal conpositions containing them and their use as kinase
inhibitors and in the treatnent of cancer. Background art [0002] As

di scussed by Mor2{aBeatinallazol-2 BE)Flia&S] 2Apydiaidieysl)aqmmnidcoindSel ecti ve
| nhi bi tors of2-[Bearidaiil-a@IBsylidetd LLpyRoRiie 2-WadetathiREus kAR, inbibitd 89- 213,
and Carvajal et al., "Aurora Kinases! New Targets for Cancer Therapy",
cdin. Canceruﬂ@§mlﬁﬁgﬁ, 12, 6869-6875, the Aurora famly of kinases are
involved in the regulation of mtosis. |'w of the three human Aurora

ki nases, Aupoo@ AriadeyAuboredidB o @{1&1 B&ﬁﬁh&@&l%}vﬁm@ex@r £558didin-funman
tunors, while the Aurora A _gene mplified in many tunors. There

has t hus be%ﬁ“%%ﬁ%@ﬂé?@EV@mPﬁ@@Fégﬂhﬁ?Ft%@“ﬁ%@é&%ﬁﬁ@ﬁﬁnﬁﬁ #hiaks-t or s of
Auror a Ki na}ﬁﬁﬁn@@ut@-ﬂkb&@&ﬁ%s cmaMNdsm .08 tehesd fseatmentiviels Hethnsol i d
nallgnan0|es col orectal, Iung, br east , pancreatic, and bl adder
cancer) and™# éﬁﬁgﬁﬁﬁﬁﬁﬁal nallgnanC|es (e.g., acute |ynphocyfic |euken a
(A1), chrqg % nyel og, eous | eukema (Qt), degkin's and non ' Hodgkin's

| ynphomas, aids 898 spl astic syndrone (MDS)). A nunber of conpounds have

reached cli rials ding Vertex an rck's VX-680/ MK-- 0457,
whi ch reach@gﬁﬁhdé‘L$F$81VH¥8 Pd§%65| %gﬁﬁFnﬂ§g§ (B BEE AT E§E"‘E’fntinued and
repl aced i nindiék@k opNeBLa Hyiasas”| ate U"op@OMBDUM 200%-5689 A10knd 13@1&)]11 gter's

AT9283; Astra Zeil S Ent renmed MD- 2076 and ENND—981693
M 11 enni uni élwﬁ\gtﬁ%ecz%“nh%ﬁ éﬁé?ﬁaﬁ@’rﬁfﬁk’&n g %@‘3@%#2 ROGeP s R763;
SuneS| S's SNSA3LA h@ﬂﬂo@gﬁlﬂ@d’s&c 115%@3]11 RS+ c@hl&ﬁﬂ&ﬁﬁﬁtobé/”[ﬁero'f@mdﬂﬂéj Xer bel ,
"Angi ogencsis as a t era utlc 8 Nat ure 2005, 438, 967-974, and nore
recently by BN YhE ﬂfr% “@w {; e b Rir EEyE TR WHERTCERS "dF ™At i - t unour
activity", tN&bifs] ¥ l&leR@a\/Am@am@he RQ:Q&. 111%)1151&171911519{ tuntoe ThdhRithds@ReOf

angi ogenesi s gf targetin f VEGRA and its receptors is considered to
be a hlgthDB? ‘HGKNT?gFégy*FBFnﬁﬁﬁgé ltofy B AVFREAEDSTAS P HAIGT t or s of
VEGFR2 ki na@mpoﬁw@mnh@m(qeﬁdnzefbo'ih Suit entighaaid (S0 @fehib hBayek] Onyx' s
NCNaVvar (r).) are alrﬁfgy roved in bﬁe US for the treatnent of Kkidney
cancer, whilPETERiA q 5“15?%6“ PR BPegA rEHstRECs (& etchis AtRgpeytic

gast r oi nt esédkbala (Aan)caﬁomAnmm@a&ﬁs 1&i‘LuQM©ML)VEGEEQn Kdllﬂaq%ﬁﬂdagmm ting
conpounds gre in ady?nced devel opnent em GSK' s pazopanlb
Novartis's VBRMPARiBT mpflpPariasge SO fl&né%ﬁéean&ouv%ﬂaé% %! and
ot hers, forcikiet Iﬂ‘l’lﬁoﬁlt]ddlﬁ§vgte\tﬂﬁce@ﬁickbWSU@'{H\ d4gngunicnehccQl@LLat al ) and
henatologlc | . mal i gnanci es. bevaci zumab (GEnentech s Avastni,

al t hough ndt™ g Y EERRS MR Iwas@elﬁ ﬁlFﬁOBP‘"t“Bf‘ gl replagsd ghdaelomest Bnt Pisbdy, i s

seei ng use d()ﬂ)pbﬁiiﬂ]' V\’%U@ﬁf&r%lﬁ%QQQ@@d mZBha;tstr'VEg:& /167106!%2 FARERIEor s may
also find use in it, as solid tunors. 100041 Many of these

conpounds, lﬁﬁgpﬁ%Vbﬁ%%b%ﬁgb?gb%?ﬁﬁ%@mPWW@%¥F&P%4ﬁ@ﬁﬂ#ﬁﬁ%ﬂ Nervpagagr aph

[0002] or tﬁ}ﬁL\VE%‘R}%%@NIbT({%@L&CJ@@NS@@QHH@ﬂ]Q@f agraph [0003], are not
specific inhibitors t he naned ki nases, but rather are selectlve

i nhi bitors [06031 he\smﬂﬁﬁﬁkdkﬂx Nages andkecattdggeRRs fthBkafl.nag@ss, For exanpl e,
sorafenib ag é&ﬂl%lnl? ave significant act|V|té agai nst Raf ki nase
and ot her KIH4&®$: %Ehd° Cgéﬁ@ porg syt Py Ffseng Bl e 9?é6b?61Wﬁ%P%lt
Aurora Ki nas€BanhmsBf adngnionr MEGHER2VKINRS &5 nardo& bt Fowot hncliGhibiiosSoal | bel ow
100 n.M [0005] It would be desirable to develop conpounds t hat are potent

|nhlb|tors“&Faﬁﬂ?éﬁét%ﬁﬁ&@éw‘éﬁg%n]%HP%%%¢%@“VEEF¥&“KF%&§§“‘é@*antlcancer
agents. Di %E(L]ﬁﬁﬂgf Qm@fm theadcoventhan Tho0A6ikdvrarfd st i @sPeG it hi s

i nvention |$ ngs of fornula A 0 NH2 X_ NI \?A and thelr salts, where:
Xis NHor$ lzfn j “%31 ud rafepb Gaygy/ Paysg Negavag) arg alrggely approveel inj e G kgl |

substi t ut edhaddhhent BELi@lPalky whigUbSTiAb Ut.88 qﬂﬁB\%Q&J k¥ frear By bi T’Istlt{,bSt ituted
aryl, heteroarvl, substituted heteroarxl, ar al kyl , substltuted'aralkyl

het er oar al KYFSind GHSET £ irBReHEE O XEGFRY Kinagaplgbitng qoppourss agyjapbanesd | s - OR,
-SR, -C(0)R, -0C(0)R, -C(0)0OR, -NR,, _1- - NRBSC2R,
-CONR2, -NR COR, and -NWC(0))R, where each R i ndependently is hydrogen

al kyl, substituted al kvl, heteroal kyl, substituted heteroal kyl, aryl,
substituted aryl, heteroarvl, substituted heteroaryl, aral kyl, substituted
aral kyl, heteroaral kyl, or substituted beteroaral kyl, and R3 is hydrogen or
Cl-C3 al kyl; and R2 is alkyl, substituted al kyl, hetcroal kyl, substituted
het er oal kyl, aryl, substituted ativl, heteroaryl, substituted heteroaryl,
aralllyl, substituted aral kyl, heteroaralkyl substltuted heteroaralkyl

Py — P s PN\ PN P



[0028] These salts i lid Lick salts that May he fornmed when acidic protons
present are capable of reacting with inorganic or organi c bases. Typically
the parent conpound is treated with an excess of an al kaline reagent, such
as hydroxi de, carbonate or al koxide, containing an appropriate cation.
Cations such as Nat, 1C, Ca2+, M, 2+ and NH4+ are exanpl es of cations
present in pharmaceutically acceptable salts. Suitable inorganic bases,
therefore, uachpsent @ﬁghwﬂ BYIEE xdofib, POtAESS WMiNY HioXts A irini8 Othud M
car bonat e and saodi um hydroxi de. Salts may al so be prepared using ani c
bases, such &éﬁ%mléete’rb BRI PHRFTS fOlsbeébwﬂ%?%% RFRES OB AH\P UicHlgEscal eﬂfgti t ut ed
am ti es i nChuhihgpinahbligdhdcls 0COURdvhdMGnab ASdnk A bl h Aty f&oudnhigycl i C
am nes |nclud|n I sopr.opyl arni ne, trlnethylanlnc dlcthylanlne
triethyl ani H&C T‘%Pukbwm}v‘am R 20 @B - ROz by ipscging H"e”t“h‘ﬂ“érﬁ“i‘cﬁbet hanol ,
tronet ham Neuegdsyisd sk, VRGN inhib&sd hRso HAfEEIMEas PRGBSI thmfsabam nc,
chol i ne, betalne et byl enedi am ne, glucosanlnc N alkylglucanlnes
It hEObr Fglogg[ooeqr i Kesy, of@hc@ﬁ&c&fiﬁoﬂﬁdx \?hdael; tdiAN@ora anet: mﬁlmb@emdndme,m and the

i ke ound_of the first aspect of this invention contains a
basi ¢ groupL“ﬁﬁ%ﬁ[é%PEﬁ*HﬁVHQPBﬁﬁﬂﬁunﬁT@%ﬁvﬁhepﬁﬁﬁﬁﬁrg%”b§“ﬁﬁt§59 Caddition
salt. Acid adoibdonthsahh&l 10fasdshg P adBAS A i8hipkEPH Blndnitdkirstandar d
manner in a suitable solvent fromthe parent coppound and_an excess of an

aci d, such HSMRYYPGEHIBIGC AETAP hirt Bt i *amaebaho S PERfIRBREHEY( gi vi ng
dac sul fat eagainet Ithf&ﬂis%@ﬁcﬁotﬁ@'khﬁses Nhd cy@lca@l&gp@@&@&@&k@@@t&ﬂﬁﬁ the |ike,
and organic ac such acetic aci d, prapionic acid, glycolic acid,
pyruvic aci 8§ ‘éﬂ"‘F?‘f’ %gr ﬂld Gl Redimgses s dR e dCiotr! Pl CiORPY aci d, naal ei ¢
aci d, funarh% rlc achg lC|tr|c aci d, benzoic .acid,. cinnamc

aci d. mande/PElac a’ou ¢ R b QEIPE B HANE SUF T ORI 4t ' @Al i eyl i ¢
aci d, 4-t ol uesesub iomikgatiGhRIexan uasidagdagpt anoi ¢ aci d,

cycl opent anepropionic acid, lactic acid, 2-(4-hydroxyben7oy|)benzoic aci d,
1, 2- et hanedi sul fonic acid, 2-hydroxyethanesul fonic acid, benzenesulfonic
acid, 4 cilPorcbbenzértesatdnonnc aci d, 2-napl at hal enesul foni ¢ aci d,
canphorsulfonlc acid, 4- nethylblcyclo[z 2.2.]oct 2 clic I carboxylic acid,
gl ucohept onl080@ci k2 fg*tgq@m thisagiedtion is compounds of formula A:

4, 4' - nct byl enebi sp- hydrpxy- 2- napht hoi c) aci d, 3-phenyl propi oni ¢ aci d,

trlnethylacetlc t pputyl acetic acid, laurylsulfuric acid,
gl ucuronic &e)nm ’{ ¢ acid, 3-Rydroxy-2-naphthoic acid, stearic acid,

muconi ¢ aci d ang N [0030] npounds of this i nvention incl ude those
conmpounds of fornul a Athé%e one or nore of the followng is true: 1.aXis
S; or IbXis N 1; 2mis=Ht(east 1, preferably 1 or 2; 3. the re group
(when inis t) or an Rgroup is a group on the 4. position (i.e. adjacent to

one of the t\Wohsi¥egen atons on the pyrinidine ring: may be referred LO
as the 6-pogition if mis 2 or 3 and anot her substituent has nam ng
priority), such as 4 methyl, 4-netboxy, or Lktrifluoromethyl (preferred);

4. when in &P orRe ot her R group is at the 5- or 6-position, especially
t he 6- p05|thqn)QQ§g}ped when the first R group is at the 4-position);
typically a group that is either small (e.g. nethyl, methoxy, carboxyl, or
c,-C " al koxy&al-Boh¢p®: or a group that enhances a phy5|cochenlcal property
of the nol egui iy %&&Hm@éﬁ q&xJSQJté%QMLdl L) 6RRANCEAN AT PURubsiRed kS at | east 1,
preferably 1 or Z; e R2 group (when nis 1) or an |1 R2 group (when .n
is at Ieasthezeyowle <ab¢glﬁtt§%*dleﬁehfale erﬂﬁsaheévsmathﬂ)wyléﬂcleeh@mﬂeélsulpmeérty of t he
nol ecul e, s ubi | - enhan r ] a
conpound ha]\y/el%ﬁ(émgk‘@rhelgt%tfo r?h(r:r‘bg? °0 ahgg%gf ggﬁure([s)&)@%pr@igﬁe m/er a
conpound hagoOngr adsessesOMInberr’ s R/t heo ki, e—anucea ankiANBAC OO @herc @ddi tion
of one of these features to a compound haV|n | ess than all the features
will generaff yR psleRpnglerty isdy é@ﬁﬁbg}ﬁﬂ stippgtgdg! »plr Bfipy ]e\él» sgvaitadhstcesiifound

Wi t hout t hatyyif @Bdili@ ark 0Q&23 T aUtQRRMIR AR ABN 08s:[:0083hikThe conpounds of
this invention are named and shown in this plication as

2111-/ - benZiFsHpedzbor 9087 d Peirrganbyl- quR(bWF "Agdion 2 Cyehbaténi des and

2-1 benzothiazol 2(31 T) yliderte]-2-(pyrimclin-2-yl)acetam des, i.e.
conpounds havi ng an exocyclic doubl e bond between the

benzi m dazol e/ benzot hi nzol e section and the 2-(pyrimdin-2-yQGacetan de
section of the nolecule. However, as will be obvious to a person having
ordinary skill in the art, the conmpounds are tautoneiac and may al so be
named and shown as having the double bond within the i m dazol e/thiazol e
ring and the exocyclic bond to the 2-(pyrimdin-270- acetam de bei ng
single. Al so, because there is no inherent chiral preference at the
2-carbon of the acetam de when the exocyclic bond becones single, and



[0050] In the first step, the benzothiazole 10 [Lisa |eaving group, as in
Reaction Schenme 4] reacts with malononitrile in the presence of a strong
base, such as sodi um et hoxide in ethanol, to give the

2- | benzot hi azol -2(31-1)-ylidene] mal ononitrile 17. Reaction of this nitrile
in suspension in a polar solvent with gaseous hydrogen chloride gives the
2-1 benzot hi azol 2(311) -yl i denel - 2- eyanoacetim datc 18, and reaction of the

i mdate- w Rhs ARI0ObBUES], tléa@o@m c@spaRdhBgrodkPpenz atihtiaZlan2(31 1)
vl i dencl - 2- cyanoacet am dj ne 1 Jfr})ound 19 is then reacted with a
25

p- di ket one Ber@ili \airetied heéf’ﬂ?:”‘ﬁ” agllol, sbpiwed paly diveresralial ppstituted

3- 0x04, 4, 4- L&&BLHPMQPMHM&@%?umB oerﬁhiﬁ%;D&rgﬁ‘Qb@&nﬁ'QQO(§Hb%hituentS hot
shown] of the conpound formul’a 6, b esence “of ase suth as

sodi um et box(deR;j @%I{,ammmp NSOS Y BN+CONEE F-NS'CORGn( e NG (‘(ﬁ))@Rpmeve)

heat i ng. FIH%V nd of Fornu a coppound of

I la 6.is h
dat i R S Rk e A R A R M il
hydr ol ysi s irg, pesdhacded, heflene stieneauplcidag], athe, émydrtmbcyﬁmsylpr oceeds as in

Reaction Sc and the ake ace_und m | der conditions.
[ 0051] Cbnpgﬁﬁﬁ§%5f0f8¢WﬂF%‘ %ﬁymgéq8%§v§5Y3§¥P8rga 1’ kYby reaction with

t he appropr i ds si ng techni s.well known to a.person of ordinary
skill in thLO%ﬁt SFOPAET S v et Fad“ E1UOR SRMPE Yt RE éélfsa“ﬁ%%&? and the
reaction comdmmkmn&fbﬂmyqbewe&msbmmi@qgmmeqSﬁh&@wﬁbahmaﬁOmphamﬂab@ut|cal],

accept abl e m con for i.solation and fornul ation,
oo he e R FeD LSl PENY SRR st oS PR o 050

Conpounds fammam@3&;amqmpmﬁkﬁﬂﬁmswm@edou&QSmkeﬁﬁsthhem&empﬂdﬁaspmet of
this invent# n istirf onmpounds ¥P §f FO PIS |nvent|on for
use as ki nadd THH Bi't'drss m%ﬁeé?% “’gm“lﬁ ’e ﬂ?%?ﬁ%?o NIFSrT Rinase and
optional | y MEGHRDIK bf@sencnpaditol thJdoarponncfs@lf tlicfﬁ&ttlsl’pe(atoﬂﬂlﬁktm‘&fntl&ancer. The
third aspect of this invention is pharnaceutical conpositions conprising a
conpound of [0008¢ flnnstvecaspgett, Ofs it kihon inwmemnbdson nakidg dptcoopalidy ofthe
pharnaceutlgall(xt&ppptab e excipient. The fourth aspect of this invention

15t A, Mvenyo
is the use Of the tonpounds™of the flrst aspect of this invention as kinasc

Lg%gh;ggsl’ [n@(fbﬂ tThrcfcrr?dfuﬂx%npcn? of 911\ mvcnnor "gc 7q£qcﬁ%?ﬁ:ka1$é§}fcﬁ chfecqtlon an(l?
especially ﬁohc&h®m$oe®mmeh25oﬁmﬁamﬁeﬂmnhomﬁﬂ] The conmpounds of the first
aspect of this invention nay be adm nistered by any route suitable to the
subj ect being treated and the nature of the subject's condition. Routes of
admi ni st r at Modes Hfehiigdeg adnhaiyended on by injection, including intravenous,
|ntraper|toneal i ntranuscul ar, and subcut aneous injection, by transnucosal
or transder W8I0l ddPivEops t hrough topi cal applications, nasal spray,
suppository and the |ike or may be adm nistered orally. Formulations may
optional |y 881 podohereamor wpttiFgwEo P driiied ifoRs? Sq?“&”ﬁ?f{f?lé}ﬁ“&ﬁ%te‘ﬁ@ﬁ gned to
adm ni st er {Re 8hHAIAGIRSS AMUCAS ahydPRIBERARES A bellihRIHSI AR of QERULAL i Ons.
Suitable formul ations for each of these methods of administration may be

f ound, for‘é%&ﬁbP@”mWNhR§ﬁﬂﬁﬁth“1TﬁémS€P@ncéméﬁ%WCPﬁ&@@FE@' pPPBhar m (f ey,
20th ed. p@s@mak@plo@@ butyll 1sbmln&%¥\l W/Muh@@nt& M KivAspenBhi | adel phi a,
Pennsylvanla 1i.S. ical fornulations will be elther oral or solutions
f or |ntravéﬁ6@§mﬁﬁﬂdéﬁﬁﬁﬂn%beéaﬂCvﬁ§ﬁﬁé1ﬁ%ﬁﬁ§mﬁﬁmﬁﬁbéSW&%ﬁéﬂ%wEx capsul es
for oral admcRbstERIaRNs) SOLUE] ANE EQLerMICaVENOUS, ¢ NE UBLION e ARMplary.

| yophi | i zed powders for reconstitution as sol utions for |ntravenous

i nfusion. [VO55]t beperdiarg! onld he tintrehaeer wbtedsfbagdhd sinstadatd on, t he

phar maceut l(Q@rlunglpm(?l%]J(]‘LQ(%LJ}MY)} @thrﬂoﬂl\ erd-0f m R ehidy %qu kﬁgk)’ d or

l'i quid dosage forns referably in unit dosage formsuitable for single
adnlnlstratﬂBﬁ“bf“5‘ﬁﬁééise dosage. In addition to an effective anount of
the active conpound(s), the conpositions nav contain suitable

phar maceut i &2 y1566%%%%%1@“bXthﬂ@hv@““WHéWﬁﬂﬂhg”hﬁfh#%ﬁﬂs“vhﬂ&H01
facilitate proeessing Ws%rmt;h & RGHJ.Y 8L FOMROUNGR AL Q- Bk ERSF @hk QRSoWhk ch can
be used pha maceut i cal bharnaceutlca]fy accept abl’e excrpi e t refers to
an ex0|p|enr\Kg<m1®RuLsggR BXQMQ]enﬁﬁ{MbKﬂh\EQGBRGORJMH£NHGK30m4th t he

ef fecti veness of the biological activity of the active conpound(r) and
which is not toxic or otherw se undesirable to the subject LO\VLLICIi IL
isicinlinistered. [0056] For solid conpositions, conventional excipients
i nclude, for exanple, pharmaceutical grades of mannitol, |actose, starch,
magnesi um st earate, sodium saccharin, talc, cellulose, glucose, sucrose,
magnesi um car bonate, and the |ike. Liquid pharnacol ogically adm nistrable
conpositions call, for exanple, he prepared by dissolving, dispersing,
ctc., an active conpound as described herein and optional pharnaceuti cal



[ 0091] A solution of 2-nitrobenzene-1,4-diamne (2.00 g; 13.1 mol ), dinert
butyl dicarbonate (3.14 g, 14.4 mmol), and DIPEA (2.6 inL; 14.9 nmmol) in

di oxane (40 nlL) was heated at m| 1TX for /10 min, then allowed to cool to
roomtenperature. The m xture was concentrated under reduced pressure and
taken up in EA (100 ng The EA solution was washed wth water and the
aqueous phase extracted with EA ' The conbi ned organic |ayers were washed
W th sat ur atRde dayRAIUEpSALIY M BECAEDONRLAIyRLHRELRE akdl d@dnAyer magnesi um
sul fate, and concentrated under réduced pressure to give tent butyl 3

ani no- 1 - ni FreobHets 'ekr by nattendh Rgtrdptredtyver b & adsiisd deosoli d. To a
stined sol ufd@RuQk:- L@yt ¥hid: R M4H5mkﬁt99n@e@¥1|e£%ﬁg§<m§ edArf4 g; 10.8
nmol ) in anh drous Till' (50 int.) was added sodi um hydride (0.868 g of a
60 wt % di sper@rskinibns 6i 3 suptitengistletyd fram pae-titenerapudrdren, HewapThe mi xt ur e
was stirred;fis, c?’dd‘qHﬁIkhé,r} By Al 16808 L@ope et uﬁ@@&gqmqnogodoet hane (950
VI; 11.9 mmol) was ad %e Sol ution was stirred for 20 hr, water (1 nm)
was added, Whdittche %ls,f@qdufqnbhﬂkc@ﬁ@eﬁwcab@ho‘anlﬂ@fﬁﬂﬂt@dme@dcyslp@@@me The

resi due wascpardii &dcongdihet ween 1%%%%%@’0&9@1 bhemahas esrisigiar at ed. The
aqueous phase was extracted twice wth and the conbi ned organi c phases -
washed wi t iR videsairedsbeadat e phgibnlssubuaiahicredrprsivhtceranly Wicraige The

or gani.c sol ukiRN . Wede did R Y- Q¥Esr FRY @%I qumlémlx@gr@u @nﬁhucs apesnt.pat ed under
reduced pressure ve a m xture of nono- an |-et yl atcd products (2.18
g). This wa¥b Wﬁ‘1”9?@198/95344‘1‘%aucﬁéFouémstjﬁﬁlPOé%?%%ﬁd@ba?iﬁyPVéIH]‘E) ing with 1:4
EA/hexanesftgugﬁmﬁnhgggmgutyl 4-am no- 3-ni trophenyl (et hyl ) carbamate (0.534
g) as an orange soli A sol ution of ten-butyl

4-am no- 3- njob 3PP heny a4 heear ReMatSich 8-1o 3 LA thE carlloBIoAIRE YeplBeAM By dr ogen
choride in dloxane (10 mr.) was stirred at anbient tenperature for 3 hr.

the sol ventS ils OF BRdVEHE Brivldior Fedifekepipray sibs @uisa oith heogeast fusodssol ved i n
wat er. The ipldvasinedickshbefich & L0Pidyd MO%M céﬁdhlugs byglrioxi:dgs and t he

aqueous phase was extracted three tines with nA. The conbi ne organic
extracts mé?€1%é§ﬁéﬂwﬁpﬁﬁmﬂr?ﬁﬁ“méWWeﬁP@V%@Whﬁgﬁ€§V@W1%Hﬁﬂ@kb and
concentrat gﬁl} elflﬂﬁll@lr 4 U@)dc%gl%gqn@lr §1§§31151§rp'h@lmg] ¥i®l groups such as tetrahydrofuran-

. N et hyl - ni trobenzene-'1 di am ne (0.311 ? as a purpl'e solid.

NTLE hyl - 3-hilppBHend Bagidin- ityléﬁhélrﬁlﬁémelbyl go8Pyplsoindglefrast Whgtas ridg ssol ved in
acetonitri I&A&&%kﬁ@@@ t*élm%djﬁ&%ﬁ}ﬂ ‘GhysGine SRA MY $ahts Q.M 9; 1.25
mml ) and DEPBT (0.375 g; 1.25 nmol) were added, foll owed by triethylam ne
(577 i, L; sabstigggripEe mahes deiobisradoveier sbptiptedialia. 4 Gostpreinperatnis e-f or 8
hr; and t h%mchfcme&@emﬂwgm Lﬁiﬁor&f cownqh eltrm/Aggill Yfed N16m B9 UntiS kb (i0: 192 g;
1.25 mol ), "DEPBT (0 , and trlet% l'athine (577 ,,LL; 4.14
wi no]) wer eoadded ﬂé’ﬁﬁ“@’ﬂ‘ief pf tham@ksmlqt ichfipforgga ppyt 2 ﬂnS@Prl@rngW@nv@mved by
filtration tamlthﬁhe‘taut&maec@éammbr aised m@@{r(\xﬁl@g%@rﬁ presgyie. Vater was
added to the residue and the pll waé adjusted to 10 with saturated aqueous
SOdIun1blC&PB@W@I@b“WWF§W§bbﬂ@¥@ﬁ“¢@§‘éktp%%m@ﬁﬂ@hﬁ@§ +Methsl-wi th LA, and
the organi ¢ %?Mzﬂf%i 5 (£ORLNEHy - w?,@aﬁgn}wt@lpx@ivﬁ(eﬂ@nq - Bpd: D1, 14 ed over
magnesi um sul and concentra der reduced pressure to give N-(4
am no- 3- 11 It ropheiyrye capdreeiitydlemirogons et mymasdt ofibigay ¢0io80%0 g) as a
brown oi I. iA8RlMLLARIO here any —NR, group present is replaced by a cycloamino

N- (4- am no- 3-ni tropl acnyl) - 2- dle§ anlno -N-et hyl acctam d 6 092 g; 0.31
nrnol) in gbhanolip mq@qm§0\hb€9{g@g§n@h@&x f’?&m%%ﬁ%yﬁfbcﬂg&§sur e with 10%
pal | adi um on car bon g t mg) at roomtenperature for 22 hr. The m xture was
filtered tHPosighsdial bincedns 1eartn st nge Wdrrgeetharetn 2 snbot e il trate
was concental ﬁQmHHQe ]1( 'Zeeod ?@Jgg ) 0%§§H&ﬁ)oﬁ cg& V& C\’lﬂlplL condensed bicyclic

2'J- (3, 4- dlaﬁanP enyl di et hyl am no hﬁet hyl acenmide in quantitative
yield as a (bg-ownber), or 1@9@2@‘@@@{)@? arive |[Bredpitelia@g. Pipegprabbtl on of
4- (4- met hyl pirparadi Ninypbenvenel, 2-cliam ne, an internedi ate to conpound
119A by Reactlon Schene 1 or 2. [0093] A solution of
5- f1 uor o- 2-pitkf r ebgRzEnRamMend3s &lgubbé&tc@ “mhnlglt)) thfwslusbtnhyclla%&@ed( 5.0 ni,
36.3 mind), and 1-nethyl pi'perazine (2. i n di oxane (25 nL)
was heatedfamwhéfhmm>®GW)i@RhFH1ﬂ$baﬂ;c@b&nmgﬂﬂoqmmmﬂhbehpemﬂbuménhthe

m xture was concentrated under reduced4pressure and the residue dissol ved
in DCM (100 m .). This solution was washed with saturated agueous sodi um
bi carbonate foll owed by brine, then dried over magnesi um sul fate and
concentrated under reduced pressure to give
5- (4- nmet hyl pi perazinl -yl)-2-nitrobenzenam ne ( 3.25 g) as a dark brown
solid. A solution of 5-(4-nethyl piperazinl-yl)-2-nitrobenzenam ne (3.25 g;
117 mmop in absol ute ethanol (40 nL) was hydrogenated at atnospheric
pressure with 100/ a pall adiumon carbon (0.30 g; 2.7 nmmol) at room



0.53 mnol) was added. The mi xture was stirred at roomtenperature
overni ght and the solvent was then renoved under reduced pressure. The

resi due was suspended in water and the pl-1 adjusted to 7 with 1N

hydrochl oric acid. The solid was collected by filtration and partitioned
bet ween EA and water. The EA phase was separated, washed with brine, dried
over magnesi um sul fate, and concentrated under vacuum The resulting mater
al was purifieg bypr eVERSEHRRARE.ROIRI-A4t VEOTIRLOsHR JE¥&R,, NR

2- [ benzot hi azol - 2(310 ylldengﬁ éR gﬁ? INRSOR,
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appropri at edpyioslbRtdubitin@el] sd@bdryi NGB eRI-@bSirubOEABY, &Syspﬁida@gi s Exanpl e 4.
Synt hesi s - D propylj am ar 1-benzi md
azol 2(3 TO% & ﬁ éd%sem %lk(/&ﬁP@Fer“ﬁ’,Yu%&dm%é% ﬁV?P;S‘V’d“rﬂ?‘r% mﬁut ﬂvﬂbdééf%m d e,
conpound 3%,mdlap/cnﬁ>@a1«;tsl 108 3$@dmmentzsclematzl%n HAlIThi%b Wy ehhydBox3, Bérsfpe@t hyl t hi 0)

2--(1 trifluoronethyl py 2 yOac tr|Ie (68 2. 34 nnDI)
EARRARAS ALY A R IR o2 e AT R L I R i
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tmmmaUﬂém%%ﬁ%ﬁW% HWWM%&ﬁ ?%WE%WCT%WFWEV%&%&Mﬁmin

m xt ure Washcatdaiediyt @spetiaRehhtRrthdniBodth andliie ¥ ReIRpS &t-&RE Rk, of or med was
col l ected by f||trat|? mefhed th ethangl and acetonitrile, and dried
under v aCULfMl?HH graup Two adjacent substituents may also form a methylenedioxy or
2-[5-car bO)%}ﬂTyﬂeh'ecb@(ﬂéfdﬂi}) dﬁb@itut&( zahl)grdﬁbmem@fl Ayl GRubs ddbbieeOwRE By tpyFk M di n- 2-
34)aceton|trlle ? ng 3 55% yield) as a brown solid. [0130] The
245- car box IR 55 5 5281 ?@?T&fmﬁFWH%ﬁ@ﬂOZHT%CYWPFPG%’bﬁ%?ﬁ?@pyrlnldln2-
vpacet oni Mm(o451£hoﬁrg1y hblo28bsiatl d.1, amyiiAe opli@VilyS-SKidhatedC S SQNMEM fdrn

concentrated s cid , was heated to 50C for 6 hr. The mixture
was cool ed ¥8" %8 ngﬁwvﬂﬁémam Bd&éa?d#)afﬁweg éwlﬁdwr*abﬁﬂaatif REREY ed

col et o I [t AP b e bicv s Wik 87! *Eho i rba - LHEBT ™ Vacuum to gi ve

2( 15- )car POENCF&H:(JQ&MI lm)&illalﬂlO‘Rubsntutcrf aralkyl” meqaix aralkyl in which onedm both of the

2(311 i dene 4-trill uor lpyrim 2 vLacet m de (322 , 0.88
ol 68% W‘éi‘%’)tﬁ%@k?énda‘fﬁémﬁ? e G < deotsipbee g dﬂtf%ddéfl%ungr e

sol uti on Ofsultifuled-a0al PRRYred subsdmid@ Rk ﬂazwbuta(ear&):ﬂzﬂl;l dener
(4-trifluoronmethyl pyrimdin-2-Aacetamde (630 ng, 1.73 mml) in

di met hyl f or[o®n] deHa2@nMor YhaWweisnaskded), B AR A &bdly Flok C). 3. 79 innol, 2.2 eq.),
1BTU (720 ng, 1.90 mmol, 1.1 eq.). After 5 mn,

3-(4- nDrphqu&yl)HE@ﬁﬁﬁFhﬂﬁhﬂﬁv&&ﬂimMMMpv&mQQDHpB&mman&mQQ3mmmas added and

t he m xtur yas stirred. a m t enper ature f ture was
diluted wi CHE lﬁﬁﬁ(%lcfoﬂfﬁl)mnétr?d SR A PP og P e (%eieﬁ’é%tadh%oﬁglﬂ%di um
blCarbonateﬂb&ﬂumhsea®@ﬂmamﬁ€DE%®Jbﬁ@RK@HﬂMﬂ&ddecanﬁﬁﬂL[ﬂﬂheH\ONSRx

magnesi um %a . 1 tterlegf and c&ncentratﬁﬁ)under chuun1to glve :

yel | ow sol i d>> ABOU ™ 2" M BF &0  RITR{FE bYEn e 81 a4 T di"s%X 8nE was added
and the ni&ﬁm@eaﬂ%mmﬁgﬂéﬂammgh&mmkﬁdﬂ%mmﬁmmthh@ﬂp@@ﬂﬁﬁ@hhﬂﬂﬁﬂmMﬂﬂ@r vacuum
to give 2-(5.,.[344 . L o e L _

mor phol i nyﬁd“b%*gmﬂﬁﬁ%lﬁdﬁdﬂzwaln%&@TWB@H}ﬁ-%fd&%ﬂ%f(h%&-%ld-w Hene) 2, (4
tril | uommethhydopyzoll slirfayl2andhaeatani e Niytheathliefsiattepréfdb&. MYerchyd2 NI, 88%

yield) as a yellow id 132] mpou nds 33 A 4LA, 444, 15A, /18A
51A, 53A, FEAP ¥PAx ﬁ“ngh‘iSBL‘g%’&qé%%\m and 11%\241 g° ?%"6] (0 8y dex At wer e
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starting materials. [0133] Synthesis Exanple 5. Synthesis of 2-(6-

{ 13- (4- nor péad]i nyH}ofoapikh]] archasodar obdylidd with heteroaryl, such as 2-thicnylmethyl.

commocnd. soRRb kit raRCRaRu S LAPATE] BPE L L005 aReS T o

mer capt oben@cilstiatddd 468 ngy, 4.5 mmol),
3,3-bis(nmethylthio)-2-(4-trilluoronethyl pyrimdin-2-ypacrylonitrile (1.45
g, 5.0 mol, 1.1 eq.), d-clinme.thylam-nopyridine (550 ng, 4.5 nmol, 1 eq.),
and potassium carbonate (622 ng, 4.3 mol, 1 eqg.) in ethanol (20 M) was
heated at 160C for 0.4 hr in a mcrowave. The m xture was cooled to room
tenperature, diluted wwth DCM and washed with 1M hydrochloric acid. The
DCM fraction was decanted, filtered, and concentrated under vacuumto give
246- car boxyhenzot hi azol -2(3D) vlidene] 2 (4 trifluomrethyl pyrim din-211)-
acetonitrile (729 nmg, 40%vyield) as a brown solid. [0135] A solution of

2 {6 carboxybenzoth|a201 2(3J 0- ylldenel 2- (4
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[0020] “Elaborated” refers to the conversion of a reactive substituent to another typically
more complex substituent, such as the conversion of an amine to an amide or sulfonamide, a
carboxy group to an ester or amide, a hydroxy to an ester, and conversion of an amide or
sulfonamide with one or more hydrogen atoms on the nitrogen to one where one or more of
thosc hydrogen atoms is replaced by an optionally substituted alkyl, heteroalkyl, aryl,
heteroaryl, aralkyl, or heteroaralkyl group. “Protected” has its conventional meaning in
organic synthesis, namely the temporaty conversion of a reactive substituent to a substituent
that. is non-reactive under the conditions of the reaction(s) proposed to be carried out; such

as the PI‘OtC".C[iOﬂ of an amine as a carbamate.

[0021] A “solubility-enhancing group” is a group that enhances the solubility in water of
the compound over a compound that is not so substituted, for example, hydroxy and salt-
forming groups such as carboxy and non-amide amino groups, especially non-amide amino
groups that are capable of forming acid addition salts; or is a group containing one or more
of these groups as functional subgroups, such as lower alkyl substituted with hydroxy.
Preferred solubility-enhancing groups include -NR', (where each R’ independently is
hydrogen or C-C; alkyl, or where —-NR', together is cycloamino) or a nitrogen-containing
heteroaryl; lower alkyl substituted with -NR', (where each R' independently is hydrogen or
C,-C; alkyl, or where —-NR', together is cycloamino) or with a nitrogen-containing heteroaryl;
and groups of the formula —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 R is lower
alkyl substituted with -NR', (where each R'independently is H or C,-C, alkyl, or where -NR',
together is cycloamino) or with a nitrogen-containing heteroaryl, and R* is hydrogen or C,-C,

alkyl.
[0022]  “Salts” are described in the section entitled “Compounds of this invention”.

[0023] A “therapeutically effective amount” means that amount which, when administered

to a human for weating a cancer, is sufficient to effect treatment for the cancer. “Treating” or

“treatment” of a cancer in a human includes one or more of:

(1 limiting/inhibiting growth of the cancer, i.c., limiting/arresting 1ts development,
2 reducing/pr i d of'tl er, i.e. reducing/preventi
2) reducing/preventing spread of the cancer, L.e. reducing/preventing metastases,
(3 relieving the cancer, i.e., causing regression of the cancer,

4 reducing/preventing recurrence of the cancer, and

(5 palliating symptoms of the cancer.
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[0024] “Combination therapy” means the administration of a compound of the first aspect
of this invention and another anticancer therapy duting the course of cancer chemotherapy.
Such combination therapy may involve the administration of the compound of the first
aspect of this invention before, during, and/or after the administration of the another
anticancer therapy. The administration of the compound of the first aspect of this invention
may be separated in time from the administration of the another anticancer therapy by up to
several weeks, and may precede it or follow it, but more commonly the administration of the
compound of the first aspect of this invention will accompany at least one aspect of the
another anticancer therapy (such as the administration of one dose of a chemotherapeutic
agent, molecular targeted therapy agent, biologic therapy agent, or radiation therapy) within

up to 48 hours, and most commonly within less than 24 hours.

[0025] “Comprising” or “containing” and their grammatical variants are words of
inclusion and not of limitation and mean to specify the presence of stated components,
groups, steps, and the like but not to exclude the presence or addition of other components,
groups, steps, and the like. Thus “comprising” does not mean “consisting of”’, “consisting
substantially of”, or “consisting only of”; and, for example, a formulation “comprising” a
compound must contain that compound but also may contain other active ingredients

and/or excipients.
[0026] Compounds of this invention

[0027]  Salts (for example, pharmaceutically acceptable salts) of the compounds of formula
A are included in the present invention and are useful in the compositions, methods, and
uses described in this application. Such salts are preterably formed with pharmaceutically
acceptable acids. See, for example, Stahl and Wermuth, eds., “Handbook of Pharmaceutically
Acceptable Salts”, (2002), Verlag Helvetica Chimica Acta, Zarich, Switzerland, for an
extensive discussion of pharmaceutical salts, their selection, preparation, and use. Unless the
context requires otherwise, reference to any compound of this invention is a reference both

to the compound and to its salts.

[0028] These salts include salts that may be formed when acidic protons present are
capable of reacting with inorganic or organic bases. Typically the parent compound 1s treated
with an excess of an alkaline reagent, such as hydroxide, carbonate or alkoxide, containing an
appropriate cation. Cations such as Na*, K7, Ca*™, Mg™ and NH," are examples of cations

present in pharmaceutically acceptable salts. Suitable inorganic bases, therefore, include

~
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calcium hydroxide, potassium hydroxide, sodium carbonate and sodium hydroxide. Salts may
also be prepared using organic bases, such as salts of primary, secondary and tertiary amines,
substituted amines including naturally-occurring substituted amines, and cyclic amines
including isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,
cthanolamine, 2-dimethylaminocthanol, tromethamine, lysine, arginine, histidine, caffeine,
procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine, N-alkylglucamines,

theobromine, purines, piperazine, piperidine, N-ethylpiperidine, and the like.

[0029] 1If a compound of the first aspect of this invention contains a basic group, such as
an amino group, it may be prepared as an acid addition salt. Acid addition salts of the
compounds are prepared in a standard manner in a suitable solvent from the parent
compound and an excess of an acid, such as hydrochloric acid, hydrobromic acid, sulfuric
acid (giving the sulfate and bisulfate salts), nitric acid, phosphoric acid and the like, and
organic acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic
acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic
acid, cinnamic acid, mandelic acid, methanesultonic acid, ethanesulfonic acid, salicylic acid,
4-toluenesulfonic acid, hexanoic acid, heptanoic acid, cyclopentanepropionic acid, lactic acid,
2-(4-hydroxybenzoyl)benzoic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2.]oct-2-ene-1-carboxylic acid, glucoheptonic acid,
gluconic acid, 4,4'-methylenebis(3-hydroxy-2-naphthoic)acid, 3-phenylpropionic acid,
trimethylacetic acid, Zer-butylacetic acid, laurylsulfuric acid, glucuronic acid, glutamic acid,

3-hydroxy-2-naphthoic acid, stearic acid, muconic acid and the like.

[0030] Compounds of this invention include those compounds of formula A where one or

more of the following is true:

1la X is S; or

1.b X is NH;

2. m is at least 1, preferably 1 or 2;

3. the R' group (when m is 1) or an R’ group is a group on the 4-position (i.c.

adjacent to one of the two nitrogen atoms on the pyrimidine ring: may be referred to as the
0-position it m 1s 2 or 3 and another substituent has naming prionity), such as 4-methyl,
4-methoxy, or 4-trifluoromethyl (preferred);

4. when m is 2, the other R' group is at the 5- or 6-position, especially the 6-position

(defined when the first R' group is at the 4-position); typically a group that is either small
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(e.g. methyl, methoxy, carboxyl, or C;-C; alkoxycarbonyl), or a group that enhances a
physicochemical property of the molecule, such as a solubility-enhancing group;

5. n is at least 1, preferably 1 or 2;

6. the R® group (when n is 1) or an R* group (when n is at least 2) is a group that

cnhances a physicochemical property of the molecule, such as a solubility-enhancing group.

[0031] Generally, a compound having a greater number of these features is preferred over
a compound having a lesser number of these features; in particular, addition of one of these
features to a compound having less than all the features will generally result in 2 compound

that is preferred over the compound without that feature.
[0032] Tautomerism and naming

[0033] The compounds of this invention are named and shown in this application as
2-[1H- benzimidazol-2(3H)-ylidence]-2- (pyrimidin-2-yl)acctamides and 2-[benzothiazol-
2(3H)-ylidene]-2-(pyrimidin-2-yl)acetamides, i.e. compounds having an exocyclic double
bond between the benzimidazole/benzothiazole section and the 2-(pyrimidin-2-yl)acetamide
section of the molecule. However, as will be obvious to a person having ordinary skill in the
art, the compounds are tautomeric and may also be named and shown as having the double
bond within the imidazole/thiazole ring and the exocyclic bond to the 2-(pyrimidin-2-yl)-
acetamide being single. Also, because there is no inherent chiral preference at the 2-catbon of
the acetamide when the exocyclic bond becomes single, and because the 2-(pytimidin-
2-ylyacetamide section of the molecule may rotate relative to the benzimidazole/-
benzothiazole section when the exocyclic bond is single, the F and 7 isomers when the
exocyclic bond 1s double also become tautomeric. Additional keto-enol tautomerism at the
amide, and within the pyrimidine ring, is also possible. Further, there is additional symmetry
within the benzimidazole such that the 4- and 7-positions, and the 5- and 6-positions, on the
benzimidazole are equivalent. Thus the compounds may adopt a wide variety of at least
potentially interchangeable contormations, and the illustration or naming of a compound in
this specification and claims in a particular conformation is not intended to be limited to that

conformation but is intended to include all conformations applicable to that compound.

[0034]  For parallelism, each of the compounds of formula A is named in this specification
and claims as a derivative of 2-|1H-benzimidazol-2(3H)-vlidene]-2-(pyrimidin-2-yljacetamide
or 2-[benzothiazol-2(3H)-ylidene}-2-{pyrimidin-2-yl)acetamide rather than by following the

priority rules of IUPAC naming conventions. Thus, for example, compound 39A, the
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compound of the formula

b9
O/\ ! N NH,
K/N\/\/N N N
3 H N\/_>—CF3

is named 2-(5-{[3-(4-morpholinyl)propyljaminocatbonyl } -1 1-benzimidazol-2(31)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yhacetamide, and compound 404, the compound of the

formula

4 Q
N NH,
Uk -
NN S N
S N\/_>-CF

is named 2-(6- {[3-(4-morpholinyl)propyllaminocarbonyl } -benzothiazol-2(31')-ylidene)-

3

2-(4-wifluoromethylpyrimidin-2-yl)acetamide.

[0035] Compounds of this invention include each of the compounds described in the
specitication and claims of this application as filed, including in the Examples and the
compound table below, such as any one of compounds 1A to 146A, and their salts; especially
any one of compounds 39A to 41A, 60A, 75A, 77A, 81A, 82A, 83A, 95A, 100A, 101A,
1174, 1384, 139A, and 142A to 146A, and their salts; particularly any one of compounds
HA,T5A, 83A, 139A, 142A, 143A, and 145A, and their salts. Compositions and methods,
etc., of this invention include compositibns and methods, etc., where the compound is one

of those mentioned in the preceding sentence.
[0036] Preparation of the compounds

[0037] In each of the Reaction Schemes shown below in the discussion of the general
synthetic methods, no substituents are shown on the benzene ring of cither the
benzimidazole/benzothiazole or on the pyrimidine, but it will be apparent that substituents
(either the final substituents on the desired compound, ot precursors to those final
substituents to be moditied after formation of the compound core} may be present, as

discussed later in the specification and as illustrated by the examples.

[0038] A first general synthetic method, applicable to both the benzothiazole- and
benzimidazole-based compounds, involves the formation of 2-[1H-benzimidazol-
2(31D)-ylidenelacetonitrile ot 2-[benzothiazol-2(3F)-ylidene]acetonitrile, followed by coupling
with a pynmidine and hydrolysis of the nitrile to the amide (in either order), and is illustrated

in Reaction Scheme 1 below.
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[0039]  In the first part of the synthesis, in the first step, a benzene-1,2-diamine (1,

o HO
N NH L _N N NH,
IS T — G-
X N A X N
7 5 N
8

X = NH) or Z-aminothiophenol (1, X = S) is coupled with a 2-(alkoxycarbonyl)-
3,3-bis(methylthio)acrylonitrile 2, such as the ethyl or zr7-butyl ester, to give the 2-cyano-
2-[1H-benzimidazol-2(3H)-ylidene]acetate or 2-cyano-2-[benzothiazol-2(3H)-ylidene]acetate
3. The reaction is carried out in an alkanol, e.g. ethanol, optonally in the presence of an
amine base, such as 4-dimethylaminopymidine, under heating. In the second step, the
alkoxycarbonyl group is removed by hydrolysis, for example basic hydrolysis to remove an
ethoxycarbonyl group or acidic hydrolysis to remove the preferred 7ert-butoxycarbonyl group,

giving the 2 -[1 H-benzimidazol-2-yl|acetonitrile or 2-[benzothiazol-2-yl]acetonitrile 4.

0040] 2-(Ethoxvcarbonyl)-3,3-bis(methvithio)acrylonitrile is commercially available and its
B 4 ? \ 7 ) K 4
preparation described in the literature; the zr7-butyl analog may readily be prepared by the

same method.

[0041]  In the second part of the synthesis, the 2 -[1H-benzimidazol-2-yl]Jacetonitrile or

- 2-[benzothiazol-2-yl]acetonitrile 4 is either coupled with a pyrimidine and then hydrolyzed to
the amide, or hydrolyzed and then coupled. If compound 4 is a 2 -[1 H-benzimidazol-
2-ylJacetonitrile, one of the benzinudazole nitrogen atoms may be protected with an amine-
protecting group, such as with fez-butoxycarbonyl, preventing N-alkylation. In the
coupling/hydrolysis route, compound 4 is then coupled with a pyrimidine 5 [L is a leaving
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group such as Cl, methylsulfonyl, or methylthio] in the presence of a strong base, 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-(pyrimidin-2-ylacetonitrile
ot 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-ylacetonitrile 6. Compound 6 is then
hydrolyzed with concentrated sulturic acid to give the final 2-[1 H-benzimidazol-
2(3H)-ylidene]-2-(pyrimidin-2-yl)acetamide or 2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-
2-yDacetamide 8. In the hydrolysis/coupling route, the steps of the preceding sentence atre
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 applicable to both the benzothiazole- and
benzimidazole-based compounds, involves the formation of a 2-[1H-benzimidazol-
2(3H)-ylidene]-2-(pyrinudin-2-ylhacetonitrile or 2-[benzothiazol-2(31)-ylidene]-2-(pytimidin-
2-yhacetonitrile, followed by hydrolysis of the nitrile to the amide, and is illustrated in
Reaction Scheme 2 below.

Reaction Scheme 2
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[0043] ln the first step of the synthesis, a benzene-1,2-diamine {1, X = NH) or
2-aminothiophenol (1, X = §) is coupled with a 3,3-bis(methylthio)-2-(pyrimidin-
2-yljacrylonitrile 9 to give a 2-[1H-benzimidazol-2(3H)-ylidene}-2-(pyrimidin-2-ylacetonitrile
or 2-[benzothiazol-2(3H)-vlidene]-2-(pyrimidin-2-yl)acetonitrile 6. The reaction is carried out
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 ot tormula 6 is hydrolyzed to a
2-[1H-benzimidazol-2(3H)-vlidene]-2- (pyrimudin-2-yhacetamide or 2-[benzothiazol-

2(3H)-ylidene]-2- (pyrimidin-2-yl)acetamide 8, as in Reaction Scheme 1.
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[0044]  As shown in Reaction Scheme 2, the 3,3-bis(methylthio)-2-(pyrimidin-
2-yhacrylonitrile 9 may be prepared by the coupling of a pyrimidine with a 2-cyanoacetate
ester (for example the zerr-butyl ester), followed by removal of the ester group to give the
2-(2-pyrimidinyDacetonitrile 11, and reaction of that with a xanthate salt followed by methyl
iodide to give the dithioketal. The preparation of 3,3-bis(methylthio)-2-(4-trifluoromethyl-

pyrimidin-2-yDacrylonitrile 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-yhacetamide with a 2-chloro-benzothiazole, followed by hvdrolysis of the nitrile if

necessary, as shown in Reaction Scheme 3.

Reaction Scheme 3
/ CN
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_ |
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(I ?
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— —_— —
N\\ /; s 7 I\\j\
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[0046] In this synthesis, the benzothiazole 10 |L is a leaving group] is coupled with a
2-(pyrimidin-2-yljacetonitrile 11 or 2—(py‘rimidin—Z—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
2-[benzothiazol-2(3H)-ylidene]-2-(pyrimidin-2-yhacetonitile 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 Scheme 1.

[0047] A fourth general synthetic method, also applicable to the benzothiazole-based
compounds, also involves coupling of a 2-(pyrimidin-2-yl)acetonitrile or 2-(pyrimidin-2-yl)-
acetamide, here with a phenyl isothiocyanate, typically formed from an aniline, followed by
ring closure and hydrolysis of the nitrile if necessaty, as shown in Reaction Scheme 4. This
method is particularly attractive for compounds with complex sidechains on the benzene ring

of the benzothiazole because the preparation of substituted anilines is well known.
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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-yhacetonitrile 11 or 2-(pyrimidin-2-yl)acetamide 12 in the presence of a base to give a
3-(phenylamino)-2-(pyrimidin-2(1 H)-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-[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 Scheme 1.

[0049] A fitth general synthetic method, also applicable to the benzothiazole-based
compounds, involves the formation of a 2-[benzothiazol-2(3H)-ylidene]malononitrile,
followed by conversion of one of the nitrile groups to an imidate and then to an amidine.
The amidine 1s reacted with a B-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 B-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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[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)-ylidenejmalononitrile 17. Reaction of this nitrile in
suspension in a polar solvent with gaseous hydrogen chloride gives the 2-[benzothiazol-
2(3H)-ylidenc]-2-cyanoacetimidate 18, and reaction of the imidate with ammonia gives the
corresponding 2-[benzothiazol-2(3 H)-ylidenc]-2-cyanoacetamidine 19. Compound 19 is then
reacted with a B-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) heatng. I'inally, the compound of formula 6 is
hydrolyzed to a compound of formula 8, as in Reaction Scheme 1. If the order is reversed, so
that the hydrolysis is performed before the coupling, the hydrolysis proceeds as in Reaction

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

[0051] Compounds 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
tormation of acid addition salts. The acid used, and the reaction conditions, may be chosen
to give salts that are pharmaccutically acceptable and that have a form convenient for
isolation and tormulation, such as a solid form (for ¢xample, amorphous or crystalline).
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[0052] Compounds for a use, compositions, and uses

[0053] The sccond aspect of this invention is the compounds of the first aspect of this
invention for use as kinase inhibitors, especially as an inhibitor of Aurora kinase and
optionally VEGFR?2 kinase, particularly for the treatment of cancer. The third aspect of this
invention is pharmaceutical compositions comprising a 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.

[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.
Formulations may optionally be liposomal formulations, emulsions, formulations designed to

administer the drug across mucosal membranes or transdermal formulations. Suitable

~formulations 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, Philadelphia, Pennsylvania, U.S.A. Typical formulations will be either oral or
solutions for intravenous mnfusion. Typical dosage forms will be tablets or capsules tor 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
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
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 1s administered.
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[0056] Tor 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
active compound as described herein and optional pharmaceutical adjuvants in water ot an
aqueous excipient, such as, for example, water, saline, aqueous dextrose, and the like, to form
a solution or suspension. If desired, the pharmaceutical 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,

tricthanolamine sodium acetate, triethanolamine 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 preterred oral administration forms. Tablets and capsules for oral use will
generally include one or more commonly used excipients such as lactose and corn starch.
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.

[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 or solvent. Among the acceptable vehicles and solvents that may be employed are
water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile, tixed oils,

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

[0059]  The pharmaceutical compositons of this inventon may also be formulated in
lyophilized form tor parenteral administration. Lyophilized formulations may be
reconstituted by addition of water or other aqueous medium and then further diluted with a
suitable diluent prior to use. The liquid formulation is generally a buttfered, isotonic, aqueous
solution. Examples of suitable diluents are isotonic saline solution, 5% dextrose in water, and

buttered 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 invention.
[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 wro and iz pivo 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 treatng cancer in
humans by administering a therapeutically cftective 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 imhibitors and also to mhibitors 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.

s

[0066] The amount of the compound of the first aspect of this invention that is
administered to the human (either alonc 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 (if
the compound of the first aspect of this invention is administered in conjunction with
another anticancer therapy) should be a therapeutically effective 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 compositon. 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) for a
given cancer and stage of disease without undue experimentation and in reliance upon

personal knowledge and the disclosure of this application.

~19 -



NH -?.-/----",----rhl5-N o 479 473 46A 0 Il rcr NNHIO1 HN<.-y.H.../'N

489 490 /17A 0 475 474 (MAT) N I. H..---.."-0 0)c 48A NH, 7\/-

Y- /(71 MF, 500 501 /19A C Nrz.,"/NH.,,,,,..,----N 517 518 Conpound

Structure Exact mass, MMs (mz) 50A O--Th o ii F 526 527

L.,,N.,,,,....",,N _ 1iNH, 51AF O HNNFI2Z H" . . - ..N - -
. » .. N1110N N OHN\: HCF3

[0069] Examples

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

and their activity in predictive 7z vitro and 7z 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 earlier in this application, as shown in the following examples or
by moditying the exemplified 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] DPreparative Example 1. Preparation of N-cthyl-3-(4-morpholinyl)propan-1-amine, a

sidechain intermediate for compound 41A.

[0074]  3-(4-Morpholinyl)propan-1-amine (35.0 g, 243 mmol) was dissolved in
tetrahydroturan (THF, 250 mL), di-ferz-butyl dicarbonate (58.0 g, 266 mmol) and
N,N-diisopropylethylamine (DIPEA, 84 mlL., 484 mmol) were added, and the solution was
stirred overnight. The solvent was removed and the residue partitioned between cthyl 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 eachj}, and the EA layers were combined, washed with brine, and dried over
magnesium sulfate. The solvent was removed, giving Zert-butyl 3-(4-morpholinyl)propyl-
carbamate (39 g). Tert-butyl 3-(4-morpholinyl)propylcarbamate (3.5 g, 14.3 mmol) was
dissolved i THF (30 mL), and sodium hydride (60% dispersion m muneral 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 for 7 hr then stirred at room temperature
overnight. Water {5 mL) was added and the solvent removed. The residue was dissolved 1n
EA, and the solution was washed with brine, dried over magnesium sultate, and the solvent

removed to give crude Zer~-butyl ethyl[3-(4-morpholinyl)propyl|carbamate (2.5 g). Purihication
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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 zer~-butyl
ethyl[3-(4-morpholinyl)propyl|carbamate (350 mg, 1.3 mmol) was dissolved in 4.0M
hydrogen chloride in dioxane (5 mlL, 20 mmol) and stitred for 45 min. Water was added and
the solution made basic with 2M aqueous sodium hydroxide. The product was extracted into
EA, and the EA extract washed with brine and dried over magnesium sulfate. Removal of

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

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

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

[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 ethoxide (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
product was purified by column chromatogtaphy, eluting with 49:1 chloroform/McOH, to
give 4-trifluoromethyl-2-methylthio-6-(pytidin-2-yl)pyrimidine (0.21 g, 17% yield) as an oft-

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

Scheme 1.

[0078] IN-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 muxture was stirred at that temperature for 1 hr, and the solvent was then removed
under vacuum to give (2-chloro-4-trifluoromethylpynmidin-5-ylj(4-methylpiperazin-1-yl)-

methanone as 2 solid.

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

130A, were similatly prepared.

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

pyrimidin-2-yDacrylonitrile, an intermediate in Reaction Scheme 2.

[0081]  rerr-Butyl 2-cyano-2-[4-trifluoromethylpyrimidin-2(1 H)-ylidene]acetate. ferr-Butyl
2-cyanoacetate (97.45 g, 690 mmol) was dissolved in anhydrous THE (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 mI., 690 mmol) was added dropwise. The mixture was
stirred for an additional 1 hr, then 2-chloro-4-trifluoromethylpyrimidine (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
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 fert-butyl 2-cyano-2-[4-trifluoromethyl-
pytimidin-2(1H)-ylidenejacetate (135 g, 82% yield) as a bright yellow solid, >98% pure by
LC/MS. rert-Butyl 2—cyan;)—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
mixture stirred at room temperature for 6 hr, then concentrated under reduced pressure to
give 2-(4-trifluoromethylpyrimidin-2-yDacetonitrile (31 g, 100% yield) as an orange ot, >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
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-yhacrylonitrile (36 g, 75% yield) as a light brown solid, >95% pure by LC/MS.

[0082]  Preparative Example 5. Preparation of 4-[(1H-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-tluoro-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
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 lavers
was adjusted to 8 with 5M aqueous sodium hydroxide, and the resulting milky solution was
extracted three times with FEA. The EA layers were combined, washed with brine, and dried
over magnesium sultate. Filtration and concentration gave 1-(3-tluoro-4-nitrobenzyl)-
1H-imidazole (914 mg), which contained about 15% of a bis-alkylated imidazole byproduct.
1-(3-Fluoro-4-nitrobenzyl)- 1 H-imidazole (914 mg) was treated with an ethanolic ammonia

solution (2M NH;, 55 mL) in a sealed 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
hydrogen atmosphere using a balloon for 1 day. Following degassing, the solution was
diluted with MeOH and filtered through diatomeaceous earth, giving 4-[(1 H-imidazol-

[-ymethyllbenzene-1,2-diamine (1.08 g) as a brown oil.

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

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

[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 rnmol) 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 stirred for 4 d at room temperature. The
red precipitate was collected by filtration and washed with acetonitrile to give N-(4-amino-
3-nitrophenyl)-2-(1 H-imidazol-1-yl)acetamide (430 mg, 88% yield), 98% purc. 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 soluton.

Removal of the solvent under reduced pressure gave N-(3,4-diaminophenyl)-2-(1-imidazol-

I-ylacetamide (413 mg) as a blue semi-solid.

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

acctamide, 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 acctonitrile (75 mL).
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
dissolved in ethanol (50 mL) and hydrogenated at atmospheric pressure 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.

[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(lI) 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

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
2-nitro-4-(pyridin-3-yl)benzenamine (1.18 g). 2-Nitro-4-(pyridin-3-yl)benzenamine (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)-

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
washed with water and the aqueous phase extracted with EA. The combined organic layers
were washed with saturated aqueous sodium bicarbonate and brine, dried over magnesium
sulfate, and concentrated under reduced pressure to give ze-butyl 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 TI} (50 mL) was added sodium
hydride (0.868 ¢ of a 60 wt%% dispersion in oil, 21.7 mmol) in portions over 10 min. The
mixture was stirred for a further 5 min at room temperature and then iodoethane (950 pl;

11.9 mmol) was added. The solution was stirred 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
reduced pressure to give a mixture of mono- and di-cthylated products (2.18 g). This was
purified by silica gel column chromatography eluting with 1:4 EA/hexanes to give Zer#-butyl
4-amino-3-nitrophenyl(ethyl)carbamate (0.534 g) as an orange solid. A solution of Z-butyl
4-amino-3-nitrophenyl(ethyljcarbamate (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
under reduced pressure and the residue dissolved in water. The pH was adjusted to 10 with
IM aqueous sodium hydroxide and the aqueous phase was extracted three times with EA.
The combined organic extracts were 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
acetonitrile (10 mL) and N,N-diethylelycine sodium salt (0.192 g; 1.25 mmol) and DEPBT
((.375 g; 1.25 mmol) were added, tollowed 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 ¢; 1.25 mmol), and
tiethylamine (577 pL; 4.14 mmol) were added and stirring continued for 63 hr. Solids were
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
brown oil. A solution of N-(4-amino-3-nitrophenyl}-2-(diethylamino)-N-ethylacetamide
(0.092 ¢; 0.31 mmol) in cthanol (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

quantitative yield as a brown oil.

[0092] Preparative Example 10. Preparation of 4-(4-methylpiperazin-1-yhbenzene-

1,2-ciamine, 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 mL, 36.3 mmol), and 1-methylpiperazine (2.0 mL, 18.1 mmol) in dioxane (25 mL) was
heated at reflux for 18 hr. After cooling to room temperature, the mixture was concentrated
under reduced pressare and the residue dissolved in DCM (100 mL). This solution was
washed with saturated aqueous sodium bicarbonate followed by brine, then dricd 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)-—Z—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 for 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-fluoro-4-nitrobenzene (5.0 mL,
47.2 mmol) in anhydrous THE (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
reduced 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)-1H-imidazole (5.46 g) as a brown oil. A solution of
1-(2-(4-nitrophenoxyjethyl)-1H-imidazole (5.46 g; 2.34 mmol) in cthanol (60 mL) was
hydrogenated at atmospheric pressure with 10% palladium on carbon (0.40 g) at room
temperatare for 20 hr. The mixture was filtered through diatomaceous earth and then
concentrated under reduced pressure to give 4-[2-(1H-imidazol-1-yl)ethoxy]benzenamine

(4.56 ¢) as a white solid.
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[0096]  4-[3-(4-methylpiperazin-1-yl)propoxy|benzenamine was similarly 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-morpholin-1-yl)-
ethoxy]benzenamine was similatly prepared using 4-(2-hydroxyethyl)morpholine; and
4-[2-(dimethylamino)cthoxy]benzenamine was similatly prepared using 2-(dimethylamino)-
ethanol. Other anilines with oxygen-linked sidechains may be similarly prepared; in some
cases, for example, the preparation of 4-(pyridin-3-yloxy)benzenamine from 3-hydroxy-
pyridine and the preparation of 4-[3-(4-morpholin-1-yl)propoxy|benzenamine from
4-(3-hydroxypropylymorpholine, less stringent reaction conditions, such as the use of
potassium carbonate as the base, were found to be sufficient. 3-[2-(4-Morpholin-1-yl)-
ethoxy|benzenamine was prepared using 3-nitrophenol 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-yI}-

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

[0098] A solution of 1-fluoro-4-nitrobenzene (1.3 mlL, 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 temperature the mixture was concentrated
under reduced pressure and the residue dissolved in DCM (150 mL). The IDCM solution was
washed with saturated aqueous sodium bicarbonate and brine, then dried over magnestum
sulfate and concentrated under reduced pressure to produce a yellow solid. Hexanes were
added and the suspension briefly 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
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 from
4-(morpholin-1-yl)piperidine; 4-(4-methylpiperazin-1-yl)benzenamine was similarly prepared
from l-methylpiperazine; and qunclhyl—f\:ﬂ~[2~(piperidine—l—y])et.hyl]bcnzcne-l,4—dinminc
was similarly prepared from N-methyl-2-(piperidine-1-yl)ethanamine. Other anilines with

nitrogen-linked sidechains may be similarly prepared, generally with primary or secondary
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nitrogens, such as those on the sidechains of compounds 123A and 124A, protected with a
group such as zer7-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.

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

an intermediate to compound 89A by Reactuon Scheme 4.

[0101] Potassium carbonate (2.00 g; 14.6 mmol) was added to a stirred solution of
1-(bromomethyl)-4-nitrobenzene (3.20 g; 14.8 mmol) and imidazole (1.00 g; 14.7 mmol) in
acetonutrile (60 mL). The mixture was stirred at room temperature for 17 hr and then
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 layers washed with water and brine, dried over magnesium sulfate, and
concentrated under reduced pressure to give 1-(4-nitrobenzyl)-1H-imidazole (1.27 ¢) as a
red/brown oil. A solution of 1-(4-nitrobenzyl)-1H-imidazole (2.67 g; 13.1 mmol) in ethanol
(100 mL) was hydrogenated at atmosphetic 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-y)methyl]benzenamine

(2.24 ¢) as a white solid.

[0102] 4-[(Morpholin-4-yl)methyl]benzenamine was similarly prepared from morphb]jne,
and 4-[(4-methylpiperazin-1-yl)methyl|benzenamine was similarly prepared from
T-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 fe#=butoxycarbonyl atter 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. 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
syntheses of Reaction Scheme 4. For example, diethyl (4-mutrobenzyl)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 99A, and the anilines used to synthesize compounds 97A and 98A were sumilarly
prepared; 4-nitrobenzaldehyde was reacted with glyoxal and ammonia to give
2-(4-nitrophenyl)-1H-imidazole, which was N-methylated with methyl iodide and then
reduced with stannous chloride to give 4-(1-methyl-1H-imidazol-2-yl)benzenamine, 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-N-[2-(morpholin-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-1-yl}-N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU,
4.96 g, 13.1 mmol) was added to a stirred solution of (R)-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 sultate and concentrated to give (R)-7er+-butyl 2-[(4-amino-3-nitrophenyl)amino-

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

[0106] (R}-rerr-Butyl 2-[(4-amino-3-nitrophenyl)aminocarbonyl|piperidine-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 solution was stirred at room
temperature for 3.5 hr resulting in a yellow/brown suspension. The solid was collected by
tiltration 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
4 15 minutes. The solid was collected and dried under high vacuum to give (R)-IN-(4-amino-
3-nitrophenyl)piperidine-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 (3X). The
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combined EA extracts were washed with brine, dried over magnesium sultate, and
concentrated to give (R)-IN-(4-amino-3-nitrophenyl)piperidine-2-carboxamide as an orange

foam (1.77g).

[0107] (R)-N-(4-Amino-3-nitrophenyl)piperidine-2-carboxamide (2.09g, 7.9mmol) was
dissolved in MeOH (50 mL), and paraformaldehyde (0.95 g) and sodium cyanoborohydride
(0.50 g, 8.0 mmol) were added. The mixture was stirred at room temperatare 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 BEA (2 X 100 mL). The combined EA layers were washed with brine, dried over
magnesium sulfate, and concentrated to give (R)-N-(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-carboxamide
(2.17 g, 7.8 mmol) in ethanol (75 mL) was degassed under vacuum and then backhilled with
argon. 10% Palladium on carbon (0.44 g) was added and the mixture again degassed under
vacuum. Hydrogen was introduced by a balloon and the reaction stirred at room temperature
for 23 hr. 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] (5)-N-(3,4-diaminophenyl)-1-methylpiperidine-2-carboxamide, an intermediate to
compound 142A, was prepared by the same method, starting with (§)-N-Boc-2-piperidine-

carboxylic acid.

[0110] Preparative Example 15. Preparation of (5)-IN-(3,4-diaminophenyl)-N-ethyl-
T-methylpyrrolidine-2-carboxamide, an intermediate to compound 145A by Reaction

Scheme 2.

[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 retlux 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
combined DCM layers washed with brine, dried over magnesium sulfate, and concentrated to

give ferf-butyl 4-amino-3-nitrophenylcarbamate as a brown solid (16.6 g).
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[0112] Sodium hydride (5.24 g of a 60% dispersion in mineral oil, 131 mmol) was added in
portions over 25 min to a stirred solution of fer~-butyl 4-amino-3-nitrophenylcarbamate
(16.6 g, 65.6 mmol) in anhydrous THF (200 mL). The mixture was stirred for a further

10 min and iodoethane (5.2 mI., 65.0 mmol) was added. The mixture was stirred at room
temperature for 22 hr and was then quenched by the addition of a little water. The solvent
was evaporated and the residue pattitioned 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 purified by column chromatography
cluting with 30% EA, 70% hexanes to give Zrt-butyl 4-amino-3-nitrophenyl(ethyl)carbamate

as a brown foam (3.59¢g).

[0113] The Zert-butyl 4—amino-3—nitrophcnyl(cthyl)carbamatc 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 stirred at room temperature for 18 hr and then the solvent was
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 IFA extracts were washed with Brinc, dried over magnesium sulfate, and

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

[0114] Triethylamine (1.0 ml., 7.33 mmol) was added to a stirred solution of N'-ethyl-
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
up in 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 sultate, and concentrated to give (§)-N-(4-amino-3-nitrophenyl)-N-ethyl-
1-methylpyrrolidine-2-carboxamide (388 mg) as an orange/brown oil. This was hydrogenated
in ethanol, using 10% palladium on carbon (153 mg) as the catalyst. After stirring overnight
under a hydrogen atmosphere (balloon), the mixture was filtered through a pad of
diatomaceous earth and the filtrate concentrated to give (§)-N-(3,4-diaminophenyl)-N-ethyl-
I-methylpyrrolidine-2-carboxamide (335 mg).
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[0115] Synthesis Example 1. Synthesis of 2-[1H-benzimidazol-2(3H)-ylidene]-

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

[0116] A solution of 2-[1H-benzimidazol-2(3H)-yl]acetonitrile (10 g, 64 mmol), di-zer#-butyl
dicarbonate (16.6 g, 76 mmol), and triethylamine (8.8 mL, 64 mmol) in THE (130 mL) was
stirred at room temperature overnight. The solvent was removed under vacuum, and the
crude product was dissolved in chloroform and washed with water, TN hydrochloric 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 (3 H)-vl]acetonitrile (15 g) as a solid.

[0117] A solution of 2-|1-(fert-butoxycarbonyljbenzimidazol-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 temperature and stirred overnight, and water
(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)-vlidene}-2-(4-trifluoromethylpyrimidin-

2-yhacetonitrile (8.17 g) as a brown oil.

[0118] 2-[1-(te+-Butoxycarbonyl)benzimidazol-2(3H)-ylidene]-2-(4-trifluoromethylpyrimidin-
2-yDacetonitrile (8.1 g, 20 mmol) was dissolved in concentrated sulfuric acid (30 mL), and the
solution added gradually to ice/water (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
chloroform/isopropanol. The organic phase was dried over magnesium sulfate, the solvent
was temoved under vacuum, and the solid was purified by reverse phase preparative HPLC
to give 2-[1 H-benzimidazol-2(3H)-vlidene]-2-(4-trifluoromethylpyrimidin-2-yl)acetamide

(1.18 g, 18% overall yield) as a yellow solid.

[0119] Compounds 4A, 1327, 135A, and 138A, for example, were prepared by this general
method, using the appropriately substituted starting materials.

[0120] Synthesis Example 2. Synthesis of 2-[benzothiazol-2(31)-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 mmol) 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 temperature 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
solution. The mixture was acidified with 1N hydrochloric acid, and the precipitate that
formed 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
dissolved in concentrated sulfuric acid (2 mL) and stirred at room temperature tor 5 hr. The
mixture was cooled to 0°C, poured over ice, and neutralized with 50% acueous 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.

[0123] Compounds 3A, 16A, 184, 21A, 22A, and 23A, tor example, were prepared by this
general method, using the appropriately substituted starting materials. Compound 5A was
prepared from the nitrile intermediate to compound 3A by hydrolysis of a methanolic
solution of the intermediate with 1M aqueous lithium hydroxide for 2 d at room temperature,
neutralization with 1N hydrochloric acid, collection of the precipitate by filtration, washing
with water and acctonitrile, and drying to give 2-[benzothiazol-2(3H)-ylidene]-2-(5-carboxy-
4-trifluoromethylpyrimidin-2-ylyacetonitrile. This was hydrolyzed with concentrated sulturic
acid and purified to give 2-[benzothiazol-2(3H)-ylidene]-2-(5-carboxy-4-trifluoromethyl-
pytimidin-2-yl)acetamide, compound 5A. Compound 24A was similarly prepared from the

nitrile intermediate to compound 23A.
[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-yhacetonitrile (2.05 g, 12 mmol) was added in portions to stirred

concentrated sulfuric acid (5 mlL) over 10 min. The mixture was stitred tor 4 hr, then poured
over ice/water. The precipitate that formed was extracted into 2A and washed with brine,
then the organic 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 stirred 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,

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 bfine, dried
over magnesium sulfate, and concentrated under vacuum. The resulting material was purified
by reverse phase preparative HPLC to give 2-[benzothiazol-2(3H)-ylidene]-
2-[5-(4#-methylpiperazine-1-carbonyl)-4-trifluoromethylpyrimidin-2-yljacetamide

hydrochloride (87 mg, 33% yield) as a yellow solid.

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

using the appropriately substituted starting materials.

[0128] Synthesis Example 4. Synthesis of 2-(5-{[3-(4-morpholinyl)propyljaminocarbonyl} -
1 H-benzimidazol-2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yljacetamide, compound

39A, by Reaction Scheme 2.

[0129] A mixture of 3,3-bis(methylthio)-2-(4-trifluoromethylpyrimidin-2-yhacrylonitrile

(682 mg, 2.34 mmol), 3,4-diaminobenzoic acid (392 mg, 2.57 mmol, 1.1 eq.), and
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|-
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-yhacetonitrile (450 mg, 1.29 mmol) from the previous step, dissolved in concentrated
sulturic acid (2 mL), was heated to 50°C for 6 hr. The mixture was cooled to room
temperature and added dropwise to rapidly stirred room-temperatare 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-trifluorome thylpyrimidin-

2-yhacetamide (322 mg, 0.88 mmol, 68% yvield) as a datk brown solid.

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

1.1 eq). After 5 min, 3-(4-morpholinylypropan-1-amine (277 pl., 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
concentrated under vacuum to give a yellow solid. About 2 mL of 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)propyllaminocarbonyl} -1/ H-benzimidazol-
2(3H)-yliden e)-ZIA (4-trifluoromethylpyrimidin-2-yl)acetamide hydrochloride (750 mg,

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

[0132] Compounds 33A, 34A, 41A, 44A, 45A, 48A, 51A, 53A, 73A, 77A, 7T9A to 83A, BOA,
and 142A to 146A, for example, were prepared by this general method using the

appropriately substituted starting materials.

[0133] Synthesis Example 5. Synthesis of 2-(6-{[3-(4-morpholinyl)propylJaminocarbonyl } -
benzothiazol-2(3H)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yljacetamide, compound 40A,

by Reaction Scheme 2.

[0134] A mixture of 4-amino-3-mercaptobenzoic acid (768 mg, 4.5 mmol),
3,3-bis(methylthio)-2-(4-trifluoromethylpyrimidin-2-yhacrylonitrile (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 ¢q.) in cthanol (20 ml.) was heated at 160°C for 0.4 hr in a microwave.
The mixture was cooled to room temperature, diluted with DCM, and washed with 1M
hydrochloric acid. The DCM traction was decanted, filtered, and concentrated under vacuum
to give 2-[6-carboxybenzothiazol-2(3H)-ylidene]-2-(4-witluoromethylpyrimidin-2-yl)-
acetonitrile (729 mg, 40% yield) as a brown solid.

[0135] A solution of 2-[6-carboxybenzothiazol-2(3 H)-ylidene]-2-(4-trifluoromethyl-
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(3H)-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]-
2-(4-trifluoromethylpyrimidin-2-yljacetamide (350 mg, 0.92 mmol) in acetonitrile (5 mL) was
added triethylamine (250 pl., 1.79 mmol, 2 eq.), DEPBT (299 mg, 1.0 mmol, 1.1 eq.), and
3-(4-morpholinyl)propan-1-amine (134 pL, 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
2 mL of 4.0 M hydrogen chloride in dioxane was added, and the mixture was strred for

15 min and then concentrated under reduced pressure to give 2-(6-{[3-(4-morpholinyl)-
propyljaminocarbonyl}-benzothiazol-2(31)-ylidene)-2-(4-trifluoromethylpyrimidin-2-yl)-

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

[0137] Synthesis Example 6. Synthesis of 2-[6-nitrtobenzothiazol-2(311)-ylidene] -

2-(4-trifluoromethylpyrimidin-2-yl)acetamide, compound 26A, by Reaction Scheme 3.

[0138] To a solution of 2-(methylthio)-6-nitro-1,3-benzothiazole (226 mg, 1.0 mmol) in
cthanol (3.5 mL) was added 2-(4-trifluoromethylpyrimidin-2-yl)acetonitrile (187 mg,

1.0 mmol) and potassium catbonate (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
layer was washed twice with 1N hydrochloric acid (25 mL each), brine (25 mL), and water

(5 mL), then dried with magnesium sulfate, filtered, and concentrated under reduced pressure
to give 2-(6-nitrobenzothiazol-2(3H)-ylidenc)-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-ylhacetonitrile
(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-trifluoromethylpyrmidin-2-ylacetamide

280 mg, 89% yield) as an orange solid.

[0140] Compound 32A was prepared from compound 26A as follows. To a solution of
2-[6-nitrobenzothiazol-2(311)-ylidene]-2-(4-trifluoromethylpyrimidin-2-ylyacetamide (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 atmospheric pressure for

24 hr, The mixture was filtered and the filtrate concentrated to give crude
2-[6-aminobenzothiazol-2(3H)-ylidene]-2-(4-uifluoromethylpyrimidin-2-yl)acetamide as a red
powder. This was purified by flash column chromatography eluting with 19:1 EA/MeOH to
give pure 2-[6-aminobenzothiazol-2(3H)-ylidenc]-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-(tert-butoxycarbonyl)glycine hydrochloride (20 mg) in DMF (5 mL) were added
O-(7-azabenzottriazol-1-y))-N,N,N', N tetramethyluronium hexatluorophosphate (190 mg),
triethylamine (388 pL, 3.88 mmol), and 2-[6-aminobenzothiazol-2(3H)-ylidene]-
2-(4-trifluoromethylpyrmidin-2-yl)acetamide (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
to give 2-{6-[(zert-butyloxycarbonylamino)acetylamino]benzothiazol-2(3H)-ylidene } -
2-(4-wifluoromethylpyrimidin-2-yl)acetamide as a brown foam.
2-{6-[(Tert-butyloxycarbonylamino)acetylamino]benzothiazol-2(3)-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 room
temperature for 2 hr. The mixture was concentrated to give 2-{6-[(2-aminoacetyl)-
amino]benzothiazol-2(3H)-ylidene } -2-(4-trifluoromethylpyrimidin-2-ylacetamide (50 mg) as
a beige solid. Other compounds with an amide side-chain may be similatly prepared from

compound 32A.

[0142] Synthesis Example 7. Synthesis of 2-{6-[2-(1/1-imidazol-1-yljethoxy]benzothiazol-
2(3H)-ylidenc}-2-(4-trifluoromethylpyrimidin-2-yljacctamide, 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 mmol) in chloroform
(100 mL) and water (50 mL) was added a solution of thiophosgene (452 pL; 5.90 mmol) in
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 brine, then
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dried over magnesium sulfate and concentrated under reduced pressure to give

1-[2-(4-isothiocyanatophenoxy)ethyl]-1 H-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-2-yl)acetamide (0.911 g;

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 room 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
times with EA. The combined EA extracts were washed with brine, dried over magnesium
sulfate, and concentrated under reduced pressure to give 3-{4-[2-(1H-imidazol-1-yl)ethoxy]-
phenylamino} -3-thioxo-2-(4-trifluoromethylpyrimidin-2-yl)propanamide (1.47 g) as an

orange semi-solid.

[0145] A solution of 3-{4-[2-(1F-imidazol-1-yl)ethoxy]phenylamino } -3-thioxo-
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 pL, 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
phase preparative HPLC to give produce 2-{6-[2-(1 H-imidazol-1-yl)ethoxy|benzothiazol-
2(3H)-ylidene}-2-(4-trifluoromethylpyrimidin-2-yljacetamide hydrochloride (0.406 g) as an

orange solid.

[0146] Compounds S0A, 52A, 89A, 91A, 93A to 95A, 97A to 101A, T03A, 1044, 106A,
108A, 110A to 116A, 118A, and 120A to 129A, for example, were prepared by this general

method using the appropriately substituted starting materials.

[0147] Synthesis Example 8. Synthesis of 2-[benzothiazol-2(3H)-ylidene-2-[4-/ert-butyl-

6-(trifluoromethyl)pyrimidin-2-yljacetamide, compound 7A, by Reaction Scheme 5.

[0148] To a stirred solution of 2-chlorobenzothiazole (1.0 mL, 8.1 mmol) and malononitrile
(534 mg; 8.1 mmol) in acetonittile (4 mL) was added sodium ethoxide (3.0 mL of 21 wt%
solution in ethanol, 8.0 mmol). The mixture was strred at room temperature 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)malononitrile

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

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

[0150] A suspension of 2-[benzothiazol-2(3F])-ylidene]-2-cyanoacetimidate (0.4 g, 1.6 mmol)
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
in dimethylsulfoxide (1 mL), and 1,1,1-trifluoro-5,5,-dimethyl-2,4-hexanedione (320 ul.,

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 BA, and washed with 1N hydrochloric acid and then water. Removal of the solvent gave
2-[benzothiazol-2(3H)-ylidene]-2-[4-fert-butyl-6-(trifluoromethyl) pyrimidin-2-ylacetonitrile as

a beige solid.

[0152] 2-[Benzothiazol-2(3H)-ylidene|-2-[4-zer#-butyl-6-(trifluoromethyl)pyrimidin-2-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
ncutralized with 50% aqucous sodium hydroxide. The product was partially extracted into
chloroform, and dried to a brown solid (57 mg), which was purnified by reverse phase
preparative HPLC to give 2-[benzothiazol-2(3H)-vlidene]-2-[4-zert-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-(triluoromethyl)pyrimidin-2-yljacetamide,
compound 144A.

[0154] A solution of 1,1,1--trifluoro-2,4-pentanedione (5.00 g; 32.4 mmol) and

S-methylisothiourea hemisulfate (4.06 g; 29.2 mmol) in pyridine (3.75 mL) and water (62 mL)
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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 off-white solid (4.60g, 22.1 mmol). This was dissolved in
MeOH (60 mlL), and a solution of OXONE® (27.1 g, 44.2 mmol) in water (100 mI.) 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-(trifluoromethyl)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-

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

[0155] 4-Nitro-1,2-phenylenediamine (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-yl]-2-(5-nitro-1H-benzimidazol-2(3H)-ylidene)acetonitrile (59 mg) as a vellow solid.
2-[4-Methyl-6-(trifluoromethyl)pyrimidin-2-yl]-2- (5-nitro-1H-benzimidazol -
2(3H)-ylidenc)acetonittile (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-methyl-6-(trifluoromethyl)pyrimidin-2-yljacetonitrile, which was
dissolved in DMF (1 mlL) 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 pL; 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-
amino]-1H-benzimidazol-2(3 H)-ylidene} -2-[4-methyl-6-(trifluoromethyl)pyrimidin-2-yl} -
acetonitrile (65 mmg) as a brown oil. 2-{5-[($)-(1-Methylpyrrolidin-2-yl)carbonylamino -

1 H-benzimidazol-2(3H)-ylidene } -2-[4-methyl-6-(trifluoromethyl)pyrimidin-2-yl]acetontrile

(65 mg) was dissolved in concentrated sulfuric acid and stirred at room temperature
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110A1 0 ,i O 522 523 111A 2
112A rier'-'"'A) 0-- 0 NH, 468 467
A N W 1 T (R N A

overnight. The mixture was diluted with ice-water and acetonitrile and, after coming to room

temperature, was purified by reverse phase preparative HPLC using a Peeke Ultro 120, 7 pm,

467 468
N\ -\ 11
.0.--? --.7---S O]

CUMeNeL L

3A H
(-3 \

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% hydrochloric acid) and 5% water, 95% acetonitrile (with 0.01%

hydrochloric acid) to give 2-{5-[(5)-(1-mcthylpyrrolidin-2-yl)carbonylamino]-

1H-benzimidazol-2(3H)-ylidene } -2-[4-methyl-6-(tritluoromethyl)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

more of the above methods, or similar methods not described in detail here. All of the

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 (' and/or C) 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

compound; mass spectra were with positive ionization and mass M+H, unless the mass was

noted otherwise):

Exact
Compound | Structure mass, M MS (m/z)
@)
©:H NH,,
n an. 29n
LA N N 321 322
H N\_>—CF3
@]
§ NH,
2A @s N 338 339
N\/—>—CF3
O
H
Cr=
3A S )N 396 397
N\_?—CF3
COOCH,
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482 N, 114A N .---) ¢c) O 480 481 115A i----- N---,----
,N,) o 494 495 116A 1 0\ .2 CF 9 425 426 ,--N------ 0
N \' / N, 0 117A Nic---1
c d Struct Bxact MS (m/
ompoun tructure mass, M (m/z)
0
o
4A N N 379 380
H N\/_?—CF3
COOCH,
0
©:ﬁ NH,
5A s )N 382 383
N\_?ch3
COOH
y O
Cro
6A S )N 368 369
N>_>—CF3
—0
0
@[H NH,
7A s )N 394 395
N>_>70F3
t-Bu
0
@“ NH,
8A s N 352 353
0
o
9A S N 406 407
CF{
Q
10A 415 414 (M-H)
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448 449 S N N Compound Structure Exact mass, M M5 (mz)
118A --": -ip N-,,,0 O\ 2 N, 431 CF3 132 / NI\ -
119A"-"NIS 0 CF, 419 420

Compound Structutre mE;s(:,CIt\/I MS (m/z)
1A 415 414 (M-1)
12A 336 337
13A 353 354
14A 467 468
15A 466 467
16A 300 301




/Nl \ - N) 120A -"'-"NI1 F 436 437 N2\ ,
121A FI ./.---NION ./NN"....,/ 0 CE, 504 505 \ 122A

Exact
Compound Structure ' mass, M MS (m/z)

17A

CE
CI
L

Qj;[f
O ~

[N

oS

L3

[\

o'

N

284 285

>_§ 267 268
O

20A @S%i\, 346 347

%g 298 299

19A

y O
L
22A S%Et_)* 298 299
23A : 5%8 342 343




ol @)
- —

506 507 123A 114111 CF, 427 423 \ - N
10111 O 466 467 125A\ ,.."-"N-.."/\NJO1Il 0\ 178 479
C d S Exact MS /
ompoun tructure mass, M (m/z)
0
H
O
24A s )N 328 327 (M-H)
N>_>—
HOOC
25A >_§ 464 463 (M-H)
e
26A >_i\: 383 384
27A >_§: 382 383
HOOC \/——>-
28A >_§ 365 366
HOOC \__)_
29A >_§t 379 380
HCOOC :
OH 0
H H NH,
30A NG \H/Q:H N 452 453
O
\ N _)—NH,
31A HO/\/N\H/C[S _ 453 454
s N\\_/>—CF3
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Compound Structure Exact mass, MM5 (mz) O NH2 500 501 126A OMN
127A 544 545 NH 0Oii0O 2 N--",--",-"--sN Q"' ,,c, \ - USAO\ O
....... " ,NR, 530 531 N O/tsCICF, Cl--,---- 129A 0O HHNH2 O\ 0 486
487 NON CF2 HN.,,,...."..-\ -
S Exact MS (m/
Compound tructure mass, M MS (m/z)
0
§ NH,
32A /Eji 353 354
H,N S 7N
N\_>—CF3
0
33A V/MN =N 404 405
H
N\ / CF,
o)
H
o N D—NH,
34A H,N JLN NN 419 420
H Hoo N D—cr,
Q
§ NH,
35A HO\/©:H N 351 352
N\ / CF,
F
KIH O
N NH,
36A — 357 358
F N =N
N\ / GF,
o)
F § NH,
37A CI:@H N 373 374
N\\_/>-CF3
Q
o
38A - N N 357 358
N\ / CF,
Q,
O/ﬁ H NH,
39A NWH/@[N BANEN 491 492
5 N\\_/>vCF




130A 464 465 NNCF3 \._ . rTh NN - 131A HO NH 508 509 40N
N CF \ - H/ N _jr-NO O 132A HO _ 491 492 101N NNCF3 \ -
H ---\ / N, r NO\ 0 Conmpound
, Exact
Compound Structure mass. M MS (m/z)
O,
/ﬁ N . NH
g N\_—/>70F3
Q,
H
o N . NH,
41A Q\/\/@N%N 519 520
H
o N\\—/>—CF3
O,
H
o N . NH,
42A QW@S . 536 537
3 N\\_/>"CF3
Q
43A N 469 470
| P 5 H N\/:>-—CF3
(0]
N NH,,
H — ;
44A ~ N\H/C[N N 441 443 (M+2)
| ; N&CF
N~ o L 3
Q,
“ NH,
45A [~ N>:§EN 472 473
d a " N&CFR
O,
“ NH
46A E/\NWHW]/@E N\ 489 490
8 N\/=>ch3
O,
“ NH,
47A S~ RN 475 474 (M-H)
@)
“ NH
48A E/\N\/\/Q/@Q{N 500 501
g " N\/_>—CF3
0,
'/ N NH
49A @N\/\/N\(@[g ) 517 518




Structure Exact mass, MM5 (m4 133A HO ist 519 520 N HCF, \ - HC\
N r NO 134A 0 494 495 al | "N NN\CF20 / \ - HS, ) [ 1\ 13i N\
0 135A 0 H NH, 477 478 N\ NCF3/0 \
Compound Structure mE)s(:,CItw MS (m/z)
[e]
o F H . NH,
50A Ownﬁpig_g\:nj 526 527
O
H_ NH,
51A N/\/HYC[H N 511 512
F,’Q 5 N\_:)'-CFa
F
@]
H NH,
52A £ SN 508 509
N CF,
K\N/\/\H o \j
OJ
O
N NH,
53A /\/“W/E:[N N\ 477 478
(@)
N NH,
54A /\/HYE:[S N\, 494 495
. 0 e
i N/\ N o NH2 A 5
55A K/N\/\/“YQ:N - 518 519
S H N\:=>—CF3
. i
N N —NH,
56A Q\/\/ﬂ ﬂs - 535 536
S N\:>—CF3
@)
N NH
57A /\/HYCES T\, 507 508
N
O
H
~n N o NH,
58A OYQ:N N 447 448
i —
5 NL%CFG




H)
\/ 0
O\ 7\-N

[ R\ 0 1 36A NH2 505 506 [TINN\ \ - CF3 (1) H
137A HO 466 467 N > 401N ) CF.
H 138A HO 335 336 101N \CF3

C d S Exact MS (m/
ompoun tructure mass, M (m/z)
O,

~ NH
N 2
59A Q\[(Q: ' 464 465
o N\\_/>—voF3
H O
N NH
HN - 2
60A Quw/@” N 433 434
3 N%_Z>_Cﬁ
| o)
rw/\j N W
61A I\/N\”/©:S N 450 451
3 N%_;>~CQ
O
| N NH,
62A /N\/\/“W‘/@H N 449 451
o NLj%ca
@)
N NH,
A H =
63A NS S =" 424 425
’ 0O N\—>'CF3
e}
N NH,
64A M~ ARNIN 421 422
o . N\/__\>—‘CF3
Q.
. N NH,
65A HA N S N 438 439
N\/——>—‘CFQ
O
HN ¥
66 UY@[N 447 448
H v/
o) N_
O
H,N m N
67A \C’\J\N/Q:S - 464 465
A\
o) N_
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Compound Structure
0 NH2 CF3 477 478

462

Exact mass, MMs (mz) 139A 0 -..N.,,,,...",- 10
N) \- 1404A 0 """""""NHINIiIl O\N I, CFl
N \ - 141A 0o r---"-LN O H
Exact
Compound Structure mass. M MS (m/z)
68A W/©i >_§t 433 434
69A Y@[ 450 451
70A >_§ 447 448
HN \_)_
T1A >—i\: 464 465
HN J
O,
YCE -
72A N 540 540
O\/@ © ’ i
73A / >_§\: 421 422
74A N %gt 438 439
\ o H NH,
75A PN /@[ 449 450
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489 490 N N 142A 0 H 0\ 461 462 H N
143A 0 NH 110 HO Ni2 461 462 N\
C d S txact MS (m/
ompoun tructure mass, M MS (m/z)

76A 410 411
77A 447 448
N N N
\ ——
O
) =
78A N . . 464 465
oo N\/_>~CF3
\ —
H Q
o N o NH
A | ’/MN " N 433 434
QNH " " N\/_>70F3
O
o N B
80A ) . 433 434
o H H N\/_>—CF3
O,
§ NH
@] N o
81A HN N . . 421 422
H 4 N\/_>—CF3
" O,
o N NH,
82A N 461 462
oo : \/——>~CF3
~ J—
Q
o “ NH
83A A Q:N ) 490 491
() i LN
AN — ‘
0]
o H>_§\:NH
84A N /©: 77 478
K\N N N N




| 44A 0 N\
476

IPHONI2 461 462 N 145A o
H
C d Struct BExact MS (m/
ompoun ructure mass, M (m/2)
O,
Ol =™
85A v~ 0 e 291 492
) )
L
Ne— o N NH
DL -
86A &»\)LN Yy 444 45
H N\_>—CF3
O,
87A (/\N/\/U\N Y 458 459
N,} H \L;>—ca
: T
SN N 2
88A \A/\g/ \C[S y 461 462
wi_>~ca
O
/§\\/Ii>:H -
. _
80A QN . \ 418 419
N\/—>—CF3
Q
/:ﬂ § NH,
N — .
90A \\/N\/CEN ’ 401 402
s
N CF,
O
O/ﬁ\/C[H - NH2
91A k/N . . 437 438
Ni_>}~cg
y O,
NH
0=
92A k/N s N 399 400
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HUVEC IC', pMIA 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 T7A 7 20
30 >5 6 0.08 8A 108 6012 0.2 9A 10 7 60 >5

Compound Structure mlizzclt\d MS (m/z)
>
0O
/\/E:[H>_§\:NH2
101A 451 452
N S N
0
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N NH,
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N N
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[ )
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o
N S

CF.

3
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F -
@]
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.
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7N\
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|
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>20 >20 WA 10 10 40 51 2
103 0.8 0.7 1 14A 30 30 80 >50 8

11A /0 10

2 17/A 300 30 1 0.6 5 5 18A 200 40 500

>3 43 12A 7 6 40 0.1 0.4 0.2
15A 80 30 40 2 2

13A
16A 100 20 300 2 2
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N NH,
109A — 398 399
- El / N\ CF
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, O,
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o/\ N NH,
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(\N/\/O § NH,
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R NH,
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O
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25A 200

2 20 19A 400 30 >50 20 20A 90 20 200 >5 8 0.6 21A 200 100 1000 20
22A -80 10 200 9 10 23A 70 6 100 8 50 24A 900 1000 /100 >50
100 400 >50 10 26A 200 100 1000 >50 20 27A 3 9
Exact
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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 0.40.2 17A 4 6 20 0.2 0.3 0.3 0.004 48A 101 10 0.3 0.6 0.1 0.04 49A
35 0.10.41 50A20 10 20 0.4 0.3 0.09 51A7 6 20 0.3 0.5 0.05 0.03 52A
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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 wifro examples.

[0160] The following examples illustrate the inhibition of cancer-related kinases (Aurora A
and B and VEGFRZ kinases) by compounds of the first aspect of this invention and the
cytotoxic / cytostatic effect of the compounds against human cancer cell lines 7z »ifro. These
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 HLGO (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 umbilical vein endothelial cells) from BD Biosciences,
Bedford, Massachusetts, U.S.A.. Aurora A kinase was obtained from Upstate Biotech,
Billerica, 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
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 were 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

conducted 1 triplicate, in each case with solvent control.
[0162] In vitro Fixample 1: Aurora A and I3 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 tor 5 min in kinase reaction
buffer with TmM dithiothreitol IMAP FP Screening Express). The kinase reaction was
initiated by adding 100nM fluorescein labeled PIKAude and 10puM 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 in binding buffer A). After 30 min of room
temperature incubation with shaking, the fluorescence polarization was measured on a LI
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.

- 60—

53A 3 10 20 0.2 0.3 02 0.03 54A 6 10 10 0.4 0.4 0.3
3 0.05 56A 20 20 20 0.7 0.04 0.04 57A 20 20 10 O.
OA 0.06 59A 8 20 6 0.09 0.4 0.05 60A 10 7 5 0.2 0.2
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61A 20 10 4 0.03 0.1 0.2 0.02 62A 70 10 6 0.4 O
0.2 0.06 64A 50 20 10 0.9 2 651\ 30 20 7 0.4
0.05 67A 10 40 4 0.04 0.9 0.02 68A 10 10 3 0.0
0. 09

.06. 0.06 63A 30 30 5 0.4
0.2 66A 20 10 2 0.2 0.2
6 0.1 0.06 69A 20 30 2 0.1

[0165] This assay was performed as for the Aurora A kinase assay, using VEGFRZ kinase,
CSKtide as the substrate with 6uM ATP and 1mM MnCl, 2 kinase reaction time of 1 hr, and

dilution of the binding reagent 1:1200 in binding buffer A/binding buffer B (1:1).
[0166] 1 vitro Example 3: Histone phosphorylation (p-H3) assay.

[0167] Log phase HCT116 cells were seeded at 2.5X 10" cells/well in a 96-well plate and
allowed to attach overnight. The test compounds were diduted 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
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 B-actin was performed on the same membrane with primary rabbit
anti-p-H3 and mouse ant- 3-actin antibodies followed by secondary goat anti-rabbit
IRDye800 and goat anti-mouse Alexalluor 680 antibodies. The membranes were scanned on

an Odyssey scannet.
[0168] I vitro Example 4: HL60 and FICT116 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

4 % 10° cells/ml for HCT116 cells), the test ‘compounds (concentrations between 0.1uM
and 200pM, dissolved in DMSO, 50 ul.) added immediately after dilution to achieve a tinal
DMSO concentration of 0.5%, then the suspensions added at 150 yL/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
centrifugation, and 100 pL of the culture supernatant was replaced by the CellTiter-Glo
reagent. After incubation for 15 minutes at room temperature, the plate was read with a

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

[0171] HUVEC-2 cells were seeded at 107 cells/well in a 96-well plate coated with 0.1%
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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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 56 0.1 0.2 0.2 0.1 74A 20 10 20 0.2 0.3 0.04 0.08 75A 60- 10 50
0.41 0.2 76A 50 5800.20.7 0.1 77/A8 7 9 0.10.2 0.3 0.09 78A 60 40 50
0.6 2

at 0.5% DMSO final concentration. After 2 hr, VEGF (25 ng/mlL) was added; and after a

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

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

compounds determined.

[0172] Compounds of formula A showed the following activity in these in 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
IC,y, nM | IC,), nM |. IC;p, 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
SA 20 8 20 3 10 >10
6A 20 10 200 2 4 2
7A 7 20 30 >5 6 0.08
8A 10 3 60 1 2 0.2
9A 10 7 60 >5 >20) >2
10A 10 10 40 5 1 2
11A 40 10 >5 4 3
12A 7 0O 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
224 30 10 200 2 10
23A 70 6 100 8 50
24A 900 1000 400 >5()
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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Aur-A I C',

HL60 I C "

| 0.4 79A 20 20 10 0.4 0.1 0.3 0.04 80A 10 4 50 0.09 0.5 0.1 A
nMAur-B IC'", nAA VEGFR2 I C', nl114 p-H3 IC', p: M HCT116
VMHUVEC IC', istM81A 6 7 9 0.09 0.3 0.2 0.08 82A 8 7 10

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

Cod. | Aur-A Aur-B | VEGFR2 | p-H3 HCT116 | HL60 | HUVEC
pe. IC,, nM | IC,), nM | IC,, nM | IC,,, pM | IC,,, uM | 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
A2A 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

50A 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
56A 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 - 02— 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
6TA 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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20 0.05 0.3 0.06 0:02 86A 4 8 30 0.2 0.4 0.8 0.03 87A 8 910 0.2 0.2 0.1
0.09 88A d 8 20 0.06 0.3 0.1 0.3 89A55 6 0.1 0.5 0.7 0.08 90A 4 9 4 0.07
0.2 0.1 0.09 91JA 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
Cod Aur-A | Aur-B | VEGEFR2 p-H3 HCT116 HL60 HUVEC
pe- IC,, nM | IC,, nM | IC,, nM | IC,, pM | IC;, uM | IC,,, pM | ICy, pM
81A 0 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
34A 7 9 20 0.1 0.2 0.1 0.06
85A 5 4 20 0.05 0.3 0.06 0.02
80A 4 3 30 0.2 0.4 0.8 0.03
8TA 8 9 10 0.2 02 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
02A 70 30 400 0.5 5 0.06
93A 20 20 10 0.1 0.3 0.03
94 A 7 7 10 0.08 0.2 0.1 0.05
05A 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 3 20 40 >5 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 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
T16A 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
T19A 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 3 100 >20 3
125A 30 10 20 0.2 3 0.6
126A 20 20 70 2 2 0.03




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 9Mm
207 0.1 0.61 98A ( 8 99A 20 7 100 100A 5 9 10 0.3 0.4 0.09
0.02 101A 7920112 0.05 102A 1 7 0.05 103/ 1
Cod Aur-A | Aur-B | VEGFR2 p-H3 HCT116 HLG60 HUVEC
pe- IC,, nM | IC,, nM | IC,, nM | IC,, pM | IC,,, pM | IC;,, pM | IC,,, pM
127A 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 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 0.4 0.5
145A 20 4 10 0.08 0.2 0.4
146A 20 5 0.2 04 0.8

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

[0174] T.og-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 of harvest. The test compounds were added (dissolved in DMSO) at about 1C,, to
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 unul further analysis. To determine the
cellular DNA content, which reflects the cell cycle status, the tixed cells were washed twice
with phosphate-buttered saline and then treated with RNase tor 30 minutes at 37°C. They
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

HLG60 cells, and polyploidy in HCT116 cells, indicauve ot Aurora kinase B inhibition.
[0175] In viveo examples.
[0176] In vive Example 1: HL60 xenograft assay, oral administration.

[0177] Malc athymic s/ 71 mice, 6-8 weeks old (about 20 g), were implanted subcutancously

in the right fore flank with about 1 X10” cells of the HL60 (human promyelocytic leukemia)
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20 10 20 2 2 0.1 0:1 104A 30 10 60 2 3t 105A 5 7 0.1 106/1 3 20 30
0.9 7 0.08 107A 8 20 40 >D 5 1 108/1 10 10 60 3 2 2 109A 1 WA 20 9 50 >5
3 0.5 50 20 20 0.2 0.2 0.8 0.08 WA 20 9 100 0.4 2

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 B-cyclodextrin. Groups of mice were treated with compounds 39A,
41A, T5A, T7A, 85A, 95A, and 101A at 150 mg/Kg by gavage 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 C‘ompared to vehicle,
compound 41A causing 81% inhibition, compound 75A causing 72% inhibition, compound
TTA causing 75% inhibition, compound 85A causing 45% inhibition, 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 pHS5, dosing at 40, 100, 100, and 100 mg/ml., showed tumor inhibition of

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

[0179] Male athymic ##/#nu mice, 6-8 weeks old (about 20 g), were 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
tfrom 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 compared 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 pHS, dosing at 40 mg/ml., 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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0.3 112A 20 20 200 0.9 2 0.2 1 13A 30 20 40 0.4 0.6 0.2 114A 40 20 40
0.05 0.6 0.041 1| 5A40 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 119A9 6 6 0.2 1 0.2 120A
309 2 0.5 2

Compound of this invention 25.0% w/w
Magnesium stearate 0.5% w/w
Starch 2.0% w/w
Hydroxypropylmethylcellulose 1.0% w/w
Microcrystalline cellulose 71.5% w/w

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

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

[0184] A formulation 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

scaled 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 examplc as a pharmaccuticaﬂy acceptable salt, in a suitable buftfer, for
example the phosphate buffer of the phosphate-buffered saline mentioned above, sterilizing
the solution and dispensing it into suitable sterile vials, Iyophilizing the solution to remove
the water, and sealing the vials. ‘The lyophilized formulation is reconstituted by the addition
of sterile water, and the reconsti tuted solution may be further diluted for administration with
a solution such as 0.9% sodium chloride intravenous infusion or 5% dextrose intravenous

infusion.
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2 121A 30 8 20 0.09 1 0.9 122A 20 9 20 0.4 4 7 123A 100 40 90 2 4

30 30 100

Aur-A1C', nMAttr-BIC', nMVEGFR2 IC', nMp-H3 IC', p. M HCT116 I C',

HL6O | C',

'Al HUVEC I C', pM 127A 90 6 20 0.2
Claims:
1. A compound of the formula,
e
= N NHZ
X X N
NN
=" (R
or its salt,
where:
XisNHorS;
mis0, 1,2, or3;

nis0,1,2,3,or4; -

R! is alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl,
heteroaryl, 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, —NRy,
-SO,0R, -OSO3R, -SO,NR;, -NR*SO,R, ~CONR;, ~NR*COR, or -NR’C(O)OR, where
each R 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; and
R? is alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, aryl, substituted aryl,
heteroaryl, 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, -0SO,R, -SO,NR,, -NR*SO,R, ~CONR,, -NR*COR, or -NR*C(0O)OR, where
each R independently is hydrogen, alkyl, subst.ituted alkyl, heteroalkyl, substituted
heteroalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, aralkyl, substituted

aralkyl, heteroaralkyl, or substituted heteroaralkyl, and R? is hydrogen or C,-Cs alkyl.

2. A compound of claim 1 where X is NH.
_ 68 - 00
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0.06 129A 30 10 100 1 1 0.3 130A 100 9
0.8 132A 60 20 100 9 1 0.6 133A 40 10
4 4 135A 30 20 100 0.5 4 0.6 136A 20

0.6 0.5 0.04 128A 10 20 60 0.6 0.9
20 0.3 2 0.4 131A 90 60 200 0.9 2
60 0.3 0.8 0.2 0.6 134A 50 10 80 O.

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

4. A compound of claim 2 or 3 where m is at least 1.

5. A compound of claim 4 where m is 1 or 2.

6. A compound of claim 5 where m is 1.

7. A compound of claim 6 where R' is on the 4-position of the pyrimidine, and is

preferably methyl, methoxy, or, especially, trifluoromethyl.
8. A compound of claim 5 where m is 2.

9. A compound of claim 8 where one R' is on the 4-position of the pyrimidine, and is

preferably methyl, methoxy, or, especially, trifluoromethyl.

10. A compound of claim 9 where the other R!is —OR, -SR, —C(O)R, —OC(O)R,
~C(O)OR, =NR3, -SO,0R, -OSO;3R, -SO,;NR,, NR?*SO,R, ~CONR,, ~NR’COR, or —

NR’C(O)OR.

11. A compound of any one of claims 1 to 10 where n is 0.

12. A compound of any one of claims 1 to 10 where n is at least 1.
13. A compound of claim 12 where nis I or 2.

14. A compound of claim 13 where n is 1.

15. A compound of claim 14 where R?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, or -NR’C(O)OR.

16. A compound of claim 13 where n is 2.
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30 0:2 0.8 0.2 0.2 137A 80 30 40 9 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 56 0.1 0.4

0.5 145A 20

17. A compound of claim 16 where one R%is—OR, -SR, —C(O)R, —OC(O)R, —-C(O)OR,
—NR,, -SO,0R, -OSO,R, -SO,NR,, -NR*SO,R, ~CONRs, ~NR’COR, or —NR3C(O)OR.

18. A compound of claim 1 selected from any one of compounds 1A to 146A, and their
salts.
19. A compound of claim 18 selected from:

2-(5-{[3 -(4-morpholinyl)propyl]aminocarbonyl}-1H—benzimidazol-2(3H)—ylidene)-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-(6-{[3-(4-morpholinyl)propyl]aminocarbonyl}-benzothiazol-2(3 H)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-(5-{[3-(4-morpholinyl)propyl](ethyl)aminocarbonyl}-1H-benzimidazol-2(3 H)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-[5-(piperazine-1-carbonyl)-1H-benzimidazol-2(3 H)-ylidene]-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-{5-[(diethylaminomethyl)carbonylamino]-1H-benzimidazol-2(3/)-ylidene}-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-{5-[(S)-(1-methylpyrrolidin-2-yl)carbonylamino|-1H-benzimidazol-2(3 /1)-ylidene}-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-{5-[(1-amino-1-methylethyl)carbonylamino]-1H-benzimidazol-2(3 H)-ylidene}-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-{5-[(RS)-(1-methylpiperidin-2-yl)carbonylamino]-1H-benzimidazol-2(3 H)-ylidene} -
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-({5-[2-(4-methylpiperazin-1-yl)ethyl]carbonylamino}-1 H-benzimidazol-2(3 H)-ylidene)-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,
2-(6-{[2-(imidazol-1-yl)ethyl|benzothiazol-2(3 H)-ylidene} )-2-(4-trifluoromethylpyrimidin-
2-yl)acetamide,
2-(6-{[2-(1,1-dioxothiomorpholin-4-yl)ethyl]benzothiazol-2(3 H)-ylidene})-
2-(4-trifluoromethylpyrimidin-2-yl)acetamide,

-70-°



4 10 0.08 0.2 0.4 146A 205 0.2 A 0.8 [0173] In oiim Exanple 6: Cel
cycle analysis in I1L60 and |1 CT116 cells 101741 Log-phase cells were
seeded in a 75-mlL. flask overnight to allow cell attachnment., with the
seedi ng density chosen so that the cell culture would be |ess than 80%
confluent on the day of harvest. 'the test conpounds were added (dissolved
in DAISO at about IC, to achieve a final DAI'S concentration of 0.1% and
the cells then incubated further for one, two, or three days. Foll ow ng

i ncubation, the cells were harvested, washed with cold PBS, fixed in 75%

I lysis. To d '
ciueous, o BENGluo BN AL R s ARG AL OLISE. analysts. To determne

cells V\erk(mﬂhemﬁewwlﬁwmltﬂm Phosphatié:, buf f ered saline and then treated

wth R r.3 ut e C. The et stai ned with propidium
i odi de, habﬁiéﬁéﬂnﬁ?“ﬁi §H§P9§Fgﬂﬁwaﬂxégg%bﬂ‘%P%Rlnson FACSCal i bur system
All conpqyaQ§ﬂh@%hggnnﬁgyﬁgq;pQﬂMQQthy foll owed by apoptosis in HL60

cells, and pol vpl oi dy i cells, indicative of Aurora kivase B

i nhi bi do?n(lh[ b@zm]ndml-@(w ﬁsdanq)f?ekl-mftm%prlﬂnorpmlﬁiaawwmshrxt 1 1L60

xenogr af t Z% adntnlstratlon 10177] Male athymic mlnit mce, 6-8
weeks O|&Z? out were i nplanted subcutaneously in the tight fore

flank wi tZ’%(Sa{I[(IUd:th)llamiltﬁ)?nedeil]csrbOMy i(bbylandibo B0/ Yeuneridqzp bApéD otiyeics- | eukeni a)
l'ine that ad. _been bioti.c-free mediumfor at |east two
passages.’ '8@Pm@nﬁgyinﬁwtgwggﬁh%?w’ frant ati on, when the tumor wei ght was
about 50-2B0[(BP(1- ﬁt@ﬂhyfsﬂxp‘e@ldm-@l)&ﬁ&br@mné]olH%%@zﬁtﬂﬁiﬂﬁol@l{@ﬂﬁﬁltdeﬁ@ﬁt conmpounds
wer e solublllzed at 1 /. in 25 wt./0 aqueous hydroxypropyl

f 3- cyclod%&t?ﬁﬁ0“@¥ﬁuﬁ§“WPdWt%é”%ﬁ?@“@%eated wi th conpounds 39A, 41A, 75A,
TTA 85A. 0800 Ao 5 r?@yfotﬂgﬁmmgﬁvﬁgﬁnmwzgtaz(m yAays) 1-5 and

8710 front Start r eat Icle control. Tuhor growth
i nhi bi ti ch(dwaidlupmasthydeyri;idinelayacafairade,t he | ast day of treatnent. All

d 0/
bt e TGS el Eoni By BRO B b B RRRTRL AR RS 1) aden

inhibitiQnmqﬁaﬂmaﬂndﬂﬁ&An&&@&Wy@mﬁR&QHmpb@mhheat conpound 7Th causi ng
759/ 0 |nh|b|t|on compou 85A causin 2% i nhi bition, conpound 95A causing

59% i nhi € hY-(hriee tl@d%&dﬁiﬂ“ Fopae 31<ﬁbylmn?hhﬁmew% azef i | ar studi es
g OB dait b b nhasatuagnl o 15, 10,0005

ng in 0. sodi'um acetate a , dosing a an

mg/ m_, st?o@e{i(ml@mtdnn ilﬂﬂtnﬁht/ll)@mqwl]@@%)am%)’}slH—S@Oﬂﬁl@ldami 2659 yleleat) ve t o
i ni ot FCroR o BTSN AREE IDIETE ) nu m ce. 6.8 weeke of o (about 20
g), mereamaﬂkﬁnm&ﬂ subcutaneously in the right fore flank with about 1 x107
cells of the EICT116 (hurman col on carci noma) |ine that had been grown in
o o e SRR LR R o nges phout B 23 deys after
oAt s e il °ﬁy‘%"ﬁ’%"i’”afﬁﬁtm‘y@pi‘t’i‘ﬁgi‘?‘{?@ﬁspﬁg?&”zaﬁ?‘?ﬂt 025
we?e tre%@drlﬂvtw%ﬂg‘ﬂi@umg'n@wa% )X“p%OAp 7¥A 95A, and 117Apat 150 ng/ Kg
Vo ol 6 B B L e T a5 "2t ter e | ast
day of t re@tinm8noromatylmompdunds!)acesiredt, were active in this assay, with

Comm o Sy AR TR R R P AR gl f o

|nh|b|t|Qﬁ@wﬁﬂﬂ&@ﬁﬁdwﬁﬁﬁnﬁaMS1pgmﬁﬁw@dmhlb|t|on conpound 95A causing 61%
i nhibitiagn, and conpound 117A causing 42: 1A inhibjtion imlar study

Wi t h conﬁo@nfci(di%bﬂa*ai@wmy@aargpnﬂ (Fr‘ﬁ}”ﬁadminﬁ}ﬂHlﬁW%@tzﬁh?éégtyéF@‘eét pi-i5,

dosi ng agz@tgﬂqgquﬂnﬁgpmﬁgwﬁygg&mkﬂhaplt|on of 46% relative to vehicle.
[ 0180] Fornmul ati on exarpl es 1] Fornul ati on Exanple |. Formul ation for

oral adm nistration. [0182] A solld torpol ation for oral administration is
prepared by conbining the following: - 66 - Conpound of this

i nvention25.00/) w w Magnesi um stearate0.5% w w Starch2. 0A. ww

Hydr oxypr opyl net hyl cel | ul osel. 0% w/ w M crocrystalline cellul ose7l. 5% w w
and the m xture is conpressed to formtablets or filled into hard gelatin
capsul es containing, for exanple, 100 nag of the conpound of tills
invention. Tablets may be coated, if desired, by applying a suspension of a
filmformng agent (for exanple, hydroxypropylnethylcellulose) pi gnent
(for exanple, titaniumdioxide), and plasticizer for exanple, diethyl

pht hal ate), and drying the filmby evaporation of the solvent. [0183]
Formul ati on Exanple 2. Fornulation for |1V adm nistration. [0184] A



16. A conpound of claim 13 where n is 2. 17. A compound of claim 16 where
one RR is -OR, -SR, -C(0)R, -0C(0)R, -C(0)OR, -NR2, -S020R, -0S02R,

-S2NR2, -NR3S02R, -CONR2, -NR3COR, or -NR3C(0)OR  18. A conmpound of claim
1 selected fromany one of conpounds 1A to 146A, and their salts. 19. A
compound of claim 18 selected from 2-(5-a3-(4-norpholiny

ppropyl ] am nocar bonyl) -1 H benzuni dazol -2(31.0-yl idene)-
2-(4-trifluoronethyl pyrimdin-2-yDacetam

2- (64[ 3- (4- nor phol i nyI ) propyl ] am nocar bony1} - benzot hi azol -2(311) -yl i dene) -

g gg ELrlliafé( %)BD%L ?4“% %e%%byy%%@?%ﬁ%ﬁl%? n(%h“)}lfizoilgl%fgnyzl{d% c}ézol -2(3H) -y

| i dene) - 264(t41ﬂ1imnoiﬂedgfﬂmmmlhnyimylbacmadnde- 2-yDacet am de,

215- (pi - H be m dazo 310-

o Cas br DA Sk By R retol oy B BT SRS e e TR e

i noet hy peat BeRodd et BMPyirin{1@ih-2-y bR Rdde, BAH azol 2 (310 yli den e} -

2(4tr|fluoronethl yrimdin-2-y acetamcle V& (S) (1 met hyl pyrr ol
i

i di n-2-yl3Cafl b%r{gﬁmeabﬁlmmlrﬁnb%ﬂﬁp%rbwﬂéqthwmw} ibgieieldazol-
2-(4-trif mide
2- ES [Ell jé%ﬁfng] %i Ely reﬂq]p(ﬁkﬁy %ﬁgllgg%ﬂkgﬁoetf I—Eben2| m dazol -2(311) -yl dene

- 2-(4-t randfthaironabsret hyI pyri m di n- 2- ypacet am de,

2-{5-[(RS) - (1- net hyl pi peri di n- 2- ypear bonyl am no] - 1H benzi m dazol - 2(311) -yl i
dene}- 2-{/4-trjifluorQ h ' ~ (. {84 .

- (4- et hy pl peAr o ;?Io_unq"tnﬁP r%e(?r% fn}(?g?sgony Pgste%?]aﬁifnasgm{nb{t%r, %spemally as

H- benzi mdalgbit@(o3/ALyory klrﬁke&fiﬂ)optlélne(lkgl \IR(BIfRZ{JthMB}ﬁdTIlSVdWM fior theitraZrepOacet am

2-9i°*MGazol - 1- ypet hyl f benzot hi azol - 2( 3H) -yl i dene})-2- (4-tri fl uor onet
i m di n2-yQCacet am de,
2-01, 1- Adpmmta&uumsm cpRpbditiordeoyip@tifyd tdeat bf agadme2( 3kins yid Tgne}) -

[
i
[
rifluoronmethyl pyrimid in-2-ypacetam de,
[ 2-FRFksH SHE 1D ?\lhff%Pﬁétﬂ%W Fﬁ%%'é’é@ﬁ‘%‘?ofmb%rm“Cy‘llﬁr]déﬂé?')‘b'”a“on with
ri fal Lé%g[gﬁ{ hyl pyri m di n- 2- yOacet am de,
azol - 1-yDet hyl oxyThenzot hi azol - 2(3H) -yl i dencl ) -

ri fI uor or net hyl pyri m di n- 2- ypacet am de,
ber2i m dAz obe OfBiampphndiefasy-ope vhclmstshylo26-a6 B kinasuioh titet Isspsety ni di n2-
ceta

{1(? S Y RIS S CArBO AP el by B ot W P B Y my RS of - 2(3H) -y i
dene) -t(eé‘fnﬁemt 6f evacanet hyl pyri m di n- 2- ypacet am de,
2-{5-[(S)-(1-nmethyl pi peri di n-2-yl )car bonyl am noN Lbenzi m dazol - 2(3H) -yl i den

e}- 2-(4-grifluoroneth

2-15-[( R)2t4( 1- EEAST Pido %F% V&O&Fégﬁﬁ sk tﬁ%? i e N RACaaLdI - 2(310-y1 i d
enel 2- ( 4-rhddidabhiear PEaichapydnk Hfﬁdlﬁeage wERERE ByTh Bidase inhibitor, especially by an
2-15-[(S).- (1 met hyl pyrrolidin-2-yl)carbonyl am no] -1H—ben2|n1dazol 2(3H) -yl
dene} - 2481 RERIIRY AR fkpjagq %r%ﬁﬁ?%ép %ﬁlbhnﬁsezpm TSt SiRFde,
2-(5-{[(5")-(1-nmethyl pyrrolidin-2-yGCcarbonyl Ket hyl ) am nol - 1H benzi m dazol 2(
31-0-yli dgne) AZm@t‘ﬂﬂ)H bf fr!:dﬂﬁ%é&r&tar@l)@e@ééﬁieﬂﬂaﬂl‘e%y% KR aihdHod @spaidiy by an

2- (5-{kpi peridin-1-yl met hyl arbonleetﬁ¥Dan1nol -1

f f - benzi ritibe]of 2usara kingpq Qj@n@)lonal y VEGFR2 kinase, particularly cancer, comprising
2-(4-trif) i C ] i ../A conpound
of ¢l ai mafgx(?self%ct ééﬁ’}féﬁaﬁ%tﬂld%‘f%ny% (ﬁ{cﬂl%g(?’to %],q)alttﬁﬁfal:ly %@!h%sfom?&efo‘

2- (5- {[ 3-phdrmeeyhal ¢amydpitiopyl | (et hypam nocar bonyl1} - |

H benzi m dazol - 2(31. 0-yl i dene) -

2-(4-trifluoronethyl pyrimdin-2-yOacet am de,

2- {5- Rdi et hyl am nonet hyl ) car bonyl am nol - | H benzi m dazol -2(3/0-yl i dene) -
2-(4-trifluoronethyl pyrimdin-2-ypacetam de, 2-({5-12-(4-nethyl pi perazin- |
-ypet hyl i carbonyl am no}- |1 -benzi m dazol -2(3H)-ylidene) -

2-(4-trifluoronethyl pyrimdin-2-yDacetant de,

2- (5-{1(di et hyl am nonet hyDcar bonyl | i et hyDam no}- |

H benzi m dazol - 2(310-ylidene)- 2-(4-trifluoronmethylpyrimd

i n-2-yCacetam de, 2-15-1(3)-(1-nethyl piperidin-2-yl)carbonyl am

i no] - 1Hben7i midazol -2(31Thyl idene - 2-(4-tri 11

uoronet hyl pyrim clin-2-yl)acetam de, 2-15-[(R)-(

- met hyl pi peri di n- 2-ypear bonyl am no] - 111- benzi m dazol -2(3H) -yl i denel 2- (4-tri
fl uoronet hyl pyrim clin-2-yDacet ai ni de, and 245- {

RS) - (1- net hyl pyrrolidi n-2-yl)carbonyl|iethypaminol- |

H benzi m dazol 2(311) -yl idene)-2-(4-trifluoronethyl pyrimdin-2-ynacetam cl e,
and their salts. 21. A conpound of any one of clainms 1 to 20 for use as a



