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UTI LI ZI NG QUI NAZOLI NONES FI ELD OF THE I NVENTION Thi s i nfﬁtl on relates to
gui nazol i none derivatives which are inhibitors of the m tABRkZﬂﬂési n KSP
and are useful in the treatnent of cellular proliferative di seases, for
exanpl e cancer, hyperpl asias, restenosis, cardiac hypertrophy, immune

di sorders and inflammati on. BACKGROUND OF THE | NVENTION Interest in the
medi ci nal chem stry of quinazoline derivatives was stimulated in the early
1950's with the elucidation of the structure of a quinazoline alkal oid,

3-[A-keto 10 gammas§BHORS AORY C2ARGRITIGS LTonoRid QUiNgpODBRaNEhe, from an
Asi an plant known for its antimalarial properties. In a quest to find

addi tional antimalarial agents, d qui nazol i nes have been
synt hesi zed. O particul ar |moﬁl¥mﬂ§€%¥% s of the derivative
2-metlryl-3-o0-tolyl-4-(3H)-qui nazol i none. This conpound, known by the nane
met_ haqual one, '{hhmhtldmelfan‘ee&i duieazelymine édrivathat ovhieh areiplsbitasoftht mitdts: be a

pot ent hypnotic. .Si uction o nd |t di scovery
as a_hypnot i ck“teHB &P 86‘?%{18 © tratment ‘Efy‘?rﬁg}f‘”&%ﬁﬁgﬁ%e’ hones '3 nd rel at ed
conpounds Bas chafifle bane@shypeiplRHs, réin0dg ehidno Agsrtaptly, defiwadisaeas ider eof are
now known to have a w de variety of biological properties including
hypnoti c, seddpflammatign,) gesic, anticonvul sant, 20 antitussive and

anti-inf I anmatory activities. Quinazolinone deri vatives for which specific
bi ol ogi cal uses have been desgckizeduND DFdBHINGENEHOEMNt No. 5, 147, 875
descri bing 2-(substituted phenyl)-4-o0xo0 qui hazolines V\,i th bronchodi |l at or
activit U. S.. Pat ent, Nos 3. 74 scribe a
cl ass 01}/ 1 - sUBSFFERs® Z‘fhcé?a%gaé‘?f EahiviEt 2 ?el“;‘%thves dEF ig[%/algj(glsqg% usef ul
as anti -i nfl anzmly 030 sagents clubdatvped the pateunt opadlinaalinecialid, 3-[056t0637 Bl
clainms a class of 4 ui.nazol.i pone rivatives.for the t t nent of
hyper t ensi . m%églwdﬁ’gifgﬁ{‘p%’&ﬁ )PERYS ﬁ%fﬂ“ﬁﬁ”ﬁ"%ﬁ‘)@f@ Algfnggag Pls

phar maceut i cal o QERABAA AN o MrtiU TN adwkt 16 fidd aieidAeT dntiafhlaviesguagdatast r eat

neur odegenerative, psychotropic, and drug and al cohol, i nduced central and
peri pher al ner%‘B’ﬁ%m@?S’t‘lé?ﬁOH?“‘s“é’Pﬁ%lPeé’“ Sinihes‘z%i D RBBCBIBHIPTYRS 21 i nones are

anong a growin Qi?%fth@ﬁer{v*aﬁ{?@ﬁﬁdé{hyw BEAPL A5 Hlink M bR TR oknpound,
proliferative disorders, includi n‘g cancer. For. exanple, PCT WD 96 066! 6

describes a phkneracisiihe pame BeAKEa Of"?aGW“%WP@‘?CHV%@@@SBHPWé%WP%@H to
derivative 50 kphLbLh: nyaRek! ar smooth cell proliferation. PCT WO 96/ 19224
uses this same quinazolinone 5 derivative to inhibit rresengl al cell
proliferation. U S. Patent Nos. 4,981, 856, 5,081, 124 d 5,280,027 describe
the use of qui Pa¥xEMe “Ef%‘\f&%eﬂ\?&‘éa1‘tnﬁai‘41¥tﬁ4ﬁ°PV?r)ﬁﬁﬁ g% My nt hase, the

enzyne that Catpﬂlmﬁﬁeoﬁo@mamt?xkaﬁma@mlmesdﬁewaéd ainﬁ%uﬁwlﬁﬁb&ﬁphat eto
produce thym di'ne nonophospha is required fo nt hesi,s. U. S.

Patent Nos. 5, mmsmsada%ngoim@ﬂw@ %s%wp%‘éﬁra%ﬁarrdwlﬂmﬂ’é aVedetiftat i ves
used to treat 73 ShoRMin® WG5rioRE, isbbkily, aBK1gés2 PRICORFsaAe
activity of tyros gftrngfg pt ?r&fgl nasecs i o atsentI No. §SO37, 8629 clalns
(1H azol - 1-34 mmylhélvmbsm-mﬂammmﬁwﬂi% ne conpositions to treat
carcinomas which occur in epithelial cells. PCT WD 98/ 34613 descri bes a
conposi tion Coné}é‘ihﬂoﬂ%)n? B AREabE wﬁa@sp@eﬁb ¥Bideits wss etk bb@deddrbenuat i ng

neovascul ari zatron an or treating mal | gnanci es. U. S. Patent 5,187, 167
descri bes phar nacledt USaPatet Moo sil¢7, 8)?55165,@#9\&25&4’99%}@@&2@1}‘}10@ one

derivatives whi émn&gﬁéegﬁthg%cﬁécﬂlt%l; acGity §yPate(Ri REE, s P8LEPEIHA0u4RGRAT S
used to treat cancer inclu axanes "and Vi nca al'kalor ds. Taxanes and
vi nca al kal oi ds3,a23,548demdribe an:lahabfdssubaﬂrmtcﬁMamé-ZﬂrIEsamazplmoae@m\ia'@’{ﬂy of
cellular str ctur t ubul es ar.e ri nt of the
ntotic 20 33. nd¥e! asl’?fg“lﬁﬁ?%?'amry aﬁmﬁtfﬂ%“mp aené ‘ébﬁlgfﬁlgrf%i?a |5§!tS ution of
replicate copi eslaiis 4dids gmaﬁpqﬁlﬁmMedénﬂaﬁ@sﬁ@ﬂhﬂmaghbrelof bmettmstOhat

result from cel di vi si on. i sruption,.o t e totic
spi ndl e by thes UEPEPABERA ilgahioﬁ%?ﬁﬁ%gsg? %ﬂ&ﬁ?n &S RRaPacey l?afl IRSUSE and

i nduction of Ca'&@@ﬁm&ﬁilﬁ 4QaalidivatiiRyarto tridt ﬁé@&dt@&ﬂemvt‘,qfs?ﬁhﬁﬁ'mﬁ shd/pes of
cellular structures, including tracks for, intracellul ar 6CQ:FJoort in nerve

processes. 25 B@Makppgg@dg@@,ﬂegtrﬂanqup%@@pqvp@aqyp@q mtotic

spi ndl es, they have side effects that Iimt their useful ness.
-1-




| mprovenents in the specificity of agents used to treat cancer is of
consi derabl e interest because of the therapeutic benefi t%ghAﬁ:ﬁ&” d be
realized if the side effects associated with the adm nistrat’ t hese
agents could be reduced. Traditionally, 30 dramatic inprovenents in the
treatnment of cancer are associated wth identification of therapeutic
agents acting through novel nechanisnms. Exanples of this include not -2 0
2 APR 2004 only the taxanes, but al so the canptothecin class of

t opoi sonerase | inhibitors. Promboth of these perspectives, mtotic

ki nesi ns are ginpptinenga aeapgas 3 sopangravmrbsnef theraneats aggpte picd o et 68l ¢
Kinesins are gakAESe B3SA0L!iMudiRl RS TB Sl FUPRID Rodis blarglst ot © 5
spindl e, but are not generally part of other crot ubul e structures, such
as in nerve peepassesiicalbingidstiok coresning a ghinyzobiswenieriwitive tol ivlgbitlur i ng all

phases of mitosis. These enz S,.are .. I mot Qrs”: that transform
energy rel eas éﬁsc%" ﬁ%“f&&'o‘i“’@?f‘}sﬁ}%%t“’m %‘%ﬂ?@%@%‘h S(‘%Satl%lsfsgfrm égul\?\ﬁoc%ong rives the
di recti onab mawpaEMd toGdhiiemkithginl el peigsatidno NS, Maentdfasbdp&is856The cat al ytic

340 am no. aci 0L AT g P RE R Re SR dipyRiPYE H ELOUBERT | nto the

bi pol ar st r uctngdfitabyniifasd, BR eikyn®d tha caiaiynel the méhyl@sng deddinadige Nnovenent  of
chronosones al ong spindl e mcrotubules, as well as structural _changes in
the nitotic spramariosehaisdePadste pifneseErphoepifadhich s reqpreior PNA _
Experiment al Refhad:Df$ Wtepf 64, 94T FoddndS3H78 AT AGEAR N uGARLIRSndTRI f Or mati on
or dysfunction of the mtotic spi ndl e, 15 frequently resulting in cell

cycl e arreldt aledvatiwpy usddtettheat oapesycharpetentaddiyioyedchali aidnagpiopRdifave been
identified is K& 1190 bhY s ANSHE YL I nesi n
subfam |y of pcus“e%%%?ﬁe@%%ﬁ“%@é%%tg\éﬁkggﬁoﬁbg?"g%hat assgnbl e into

bi pol ar honot etirztwhsutihtidsingelof compisimnaiol tedat darsinpeiagahieh oBirithg it osi s

KSP associ at es_w G .fJ.R,lq f 1] j i - M croi nj ection
of antibodi es ¢ ;Mrléel{c;‘% J;ezcjlclilg'aﬁggﬁal ns %@1? h%gnﬁgﬁtﬁ%h{ng%%ﬁgrlg#tgguenﬁ%s spi ndl e pol e
separ ati on durquigpzplirone taphtweeysefyl for ptpnnitag neovapmirpdicarang fir tiditeg and ,
causing mitotic arrest i.nd | f ogramed. cel | d KSP and
Talated ki ks wghaﬂﬁn%?shﬁ ﬁﬁg"ﬁ{%én@r%? %8?"51%%33’%1%%‘,‘“%“6‘8‘“ g %?‘li‘%ér al l el

m cr ot ubul es agghsisind@uinBantinriedriden eativves \lrieh pussdshatti-tuinbustivoy.ci ng t he two
spindl e poles apart. KSP nmay al so nediate in 25 anaphase B spindle

el ongati on and.f.ocussing. Qf m.cr at I 3 KSP
(al so terned Hg Sg@eﬁges&ﬁgéﬁﬁs egég{roil{%eécf%ﬁ glﬁ{gue,gth%? é’%q%s%ngg{n% alg%&ﬁw- 69
(1995); Wit eh@axchpesetndadnca alfniblils ettion niRbretubules, 3MichGBpré®nt(ih 99@jety Gl gi o et

|, 3 Cell Bigl., . 339, . Bl 3 Bial. ,
279’ 139415-6 24 (B Iiég"f’)‘ ,s&ﬂ?éﬁﬁgﬁsg%@%@b }%%%63)&? %’%ﬁ‘{?““ﬁ%‘t“%&a 5?%%‘?'}?%%?5513? 82

(1998); Whizbehegiddlanthdiaitbtitespindik.is RSpdasible faadistribulibi nPeblicablcopit®OBhe Kai ser,

et al-., JBC 274:18925-3 999) ; nBank .accession ers: . X85137
NMD04523 and USP2FE] o ,ea%‘d’&%‘? r\“'%’&@%f?fc%é thah s 2#0’3‘3&%5%’3?“;6\5&9?6%3%
(TRIPS) has beeust dRaplibbethd h6tic Hinddd by, thd¥b inEOROS s iNDhibitiddoZ dacbrke]1 1995) ;
GenBank accession nunber L40372]. Xenopus KSP honol ogs (EgrSQ s well as
Dr osophi | a KLP@ivisipppd inductien pEcamaasell €538 tiayvevip W&B‘W?Sr@ P AQeTyReS

attractive tar ggtaifiRswrhdifed iR aRUR MRS HEeNRI AR BRlpoRfin R8VE brodestdst Ot i C
chenot herapeutics. Accordingly, it is an object of the lgresent i nvention to

provi de met3odBesase thepmassnts do Aet saecfically farget mitotigapingles; they kswe Rdpefitstsni t ot i ¢
Ki nesin. SUMVARY @5 G LOKENEL ON I n accordance with the objects outlined
above, the present 1nvention provides conpositions and nmethods that can be
used to treat djseases of proliferating.cells. The 10.c oshti.ons are KSP

i nhi bitors, partPRMEEERS ﬁﬁ‘??c’lgéﬁf’%rﬁgg'ﬁf ?53930. g3 CPRE 15 é“é%“l,ler iﬁ% i nvention”
rel ates tg et gﬁﬁésesf Wcaitsk @ﬁihg ﬂ@ra@uﬁhﬂcgeﬁe{(ﬁtmﬁlbﬂl évemanaiamuﬂﬁdsie?s ]gis¢ eﬁ‘f@:\s )
treating disorders associated with KSP kinesin actjvity, .a or inhibiting.
KSP ki nesin. Thessersisthuidh Brpipipistaipintthese %ﬂ?ﬁ@éﬂ‘ﬁﬁa L%Wf{%(‘f‘?g SFHSHBB@ nsi sting

of : 30  dramatic improvements in the treatment of cancer are associated with identification of

therapeutic agents acting through novel mechanisms. Examples of this include not



15 and -4 2 APR 204 wherein: R is chosen from

r n, al kyl,
aryl, alkylaryl, heteroaryl, alkylheteroaryl, substi tumg aﬁﬁyzﬂﬂé ‘
substituted aryl, substituted al kylaryl, substituted heteroaryl, and

substituted al kyl heteroaryl; Rz and RZ' are independently chosen from
‘hydr ogen, al kyl, oxaal kyl, aryl, alkylaryl, heteroaryl, alkyl heteroaryl,
substituted al kyl, substituted aryl, substituted al kyl aryl; substituted
heteroaryl, and substituted al kyl heteroaryl; or Rz and RZ' taken together

forma 3- to 7-nenbered ri n?; R3 is chosen from hydrogen, alkyl, aryl,

al kyl aryl, hetoshidhs ipkanes birtyalseehesasmiapheciniaiiss offapqijomesge hkpityiss firest i t ut ed

aryl, substitytgd, el LtiyeS WRRKL kit Gk RELRIRIE WreetSHPR dndt &AL
al kyl het eroa_r?’l , oxaa?/%?/{p}é gfd:'ffqﬁojl ar yﬁ su{)stc?it ut egdet oxaal kyl arylef R50- and
‘R~5-NH; Rs i sgetiosen from hydrogen, al kyl, aryl, alkylaryl, heteroaryl,

a: ty: hetFroaryI . substituted al kyl, substituted aryl, substituted

al kyl aryl, su q#-gﬁg- Egg]{ ' I aaryl and R-5

NH; R3. is cﬁ?)%&étﬁlc rolrrﬁpg{e%y , eﬁk??&éﬁ’ﬁ?%‘%‘w‘gfg’?gﬁa#% ,%l%l&

a: ty: het Ier dar %slpindwmgta'rdnmt pehewllk pirt ofsathys miitrotubide strypturess siish 6§ ingeadd

al kyl aryl, substituted.heteroar nd.. tit l.kyl 0 ; RQIis

chosen from hy?f?%eéseeﬁ?&étf’g@ll%?%al}sﬁg,yegeﬂtﬁt EOB%’I d,u%ﬁ%?lg?}gagér(syﬁf?ﬂgﬁﬁy%%% eroaryl,
20 subst it ut ederaliiyd are ‘Shiddsdntdr vioeds"ahiat kransforhsdnedgy redchsad tyyHyerojusis oS @B%L i t ut ed
het eroaryl, supstit

Rs are i ndepentiHf E‘?e?gf’é ?%M’&%f?g ?%’lg?@rﬁ&g’g?l%‘%}%gﬁluﬁ%ké;@% g?rg%‘g A !_?;%g R7-and
fluoroal kyl, niidréubuésalmiy bammodonaidsdididnt o ytlis tagd s plosmbdoostamtuoo
_sulfonam doglkyl, SUl &oa0LA08 Mas. Bl riitis?; ks AR Rl WieroSENRAKAM O,

the bipolar structure that is the mitotic spindle. Kinesins mediate movement of

chromosomes along spindle microtubules, as well as structural changes in the mitotic

spindle associated with specific phases of mitosis. Experimental perturbation of

mitotic kinesin function causes maiformation or dysfunction of the mitotic spindle,

15  frequently resulting in cell cycle arvest and cell death.

Among the mitotic kinesins which have been identified is KSP. XSP belongs to an
evolutionarily conserved kinesin subfamily of plus end-directed microtubule motors
that assemble into bipolar homotetramers consisting of antiparallel homodimers.
During mitosis KSP associates with microtubules of the mitotic spindle.

20  Microinjection of antibodies directed against KSP into human cells prevents spindle
pole separation during prometaphase, giving rise to monopolar spindles and causing
mitotic arrest and induction of programmed cell death. KSP and related kinesins in
other, non-human, orgahisms, bundle antiparallel microtubules and slide them relative
to one another, thus forcing the two spindle poles apart. KSP may also mediate in

25  anaphase B spindle elongation and focussing of microtubules at the spindle pole.

Human KSP (also termed HsEgS) has been described [Blangy, et al., Cell, 83:1159-6%
(1995); Whitehead, et al., Arthritis Rheum., 39:1635-42 (1996); Galgio et al., J. Cell
Biol., 135:339-414 (1996); Blangy, ¢t al., J Biol. Chem., 272:19418-24 (1997},
Blangy, et al., Cell Motil Cytoskeleton, 40:174-82 (1998); Whitehead and Rattner, J.
30 Cell Sci., 111:2551-61 (1998); Kaiser, et al., TBC 274:18925-31 (1999); GenBank
accession numbers: X85137, NM004523 and U37426] , and a fragment of the KSP

-3.



25 am nocarbonyl, aryl and heretoaryl; R's is chosen fromal kyl, aryl,

al kyl aryl, heteroaryl, alkylheteroaryl, substituted al kyl ts)gpﬁ Z@gt ed
aryl, substituted al kylaryl, substituted heteroaryl, and @2

al kyl heteroaryl; R s is chosen from al koxy, am no, al kyl am no,

di al kyl am no, N-heterocyclyl and 30 substituted N-heterocyclyl. . -5 02
APR 2004 Di seases and di sorders that respond to therapy with conpounds of
the invention include cancer, hyperplasia, restenosis, cardiac hypertrophy,
i mmune di sorders _and inflammation. In another aspect, the invention rel ates

to conpounds ﬁ§§"e¢W?)ﬁ‘a§ PrsrSrteribest (kaw ekiln Mgl fndopReole SG3dH E99Pave t he
structures SF@é@@a@b&\e@ssmhauﬁaerqgu@wzlori@émﬁé@@@th niohfgs B 35,88 well aéfent ion

provi des nmethods of screening for conpounds that will bind to a KSP
kinesin, for lessmbileXéBhb d 30rhave bgen repaiteshl ace or conmpete with the

bi ndi ng of the conpositions of the invention. The nethods conprise
~conmbining a Ll@(?c | S GARRAUREL AT e ffiRts MEDAL QRery andRReIopRBR Pnoyd at | east
10 one candi date agent and determning the binding of the candi date

bi oact i ve agemitoticchehethrgpeukich ehtcardingly, i if ur abjrst ofdbppretent invgatipmigent i on
provi des neth [ ty. The"
nmet hods corrpr?rgildggingk%seﬁq cgglggﬁﬁogg}a tgl:‘:.ll'%')l{r%l[rl %‘Tﬁ éu@gr?ﬁg%&léﬁébﬂii nesi n,
and at | east one candi date agent and determ ning the effect 15 of the
candi dat e bi oactive agent on $HM@Y@F@@M§TMPW -6 0 2 APR 2004
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 depicts a generic synthetic

schene to makg é‘c@&&&ﬁb%tﬁ'ﬂ% d%ﬁecEsflﬁ.uin@ef@Jbtvb%prggeguﬁ\eenao#aemass a synthetic
route for the synthesis of quinazolinone KSP inhibitors. Figure 3 depicts

represent at i veoreppsiioaaindsnetieds trab sandfe vged tadizd dssuneofeoifetngieller e Fi gure
4 depi ct Sa@ 5}5&{1&?&{0‘& 5Q4ise 1519b§d%?§35ﬂ1’8&]]'aﬁy LnPRUES HhiBRLE. enanti oners.

Figure 5 depicts’ synt etlc routes to sul fonam des (Sa), carbamat es (Sh),

ureas (Sc) and am nes (Sri).
In one aspect, the invention relates to methods for treating cellular protiferative

diseases, for treating disorders associated with KSP kinesin activity, and for inhibiting

KSP kinesin. The methods employ compounds chosen from the group consisting of:

0 ! RS [ ] Rs
Rin Re Rin Rs .
N N
Ra l Ry l
Ry \ Ry \
N Ry N R;
0 N Ry N Rg
Y \R4 ( \R4
15 Ra - Ra '
Q R
R1\ RB O RE
N
R R,
Rz ‘ 1\N ]
Rz \
N Ry B
N Ra N R?’
5057 g,
N Ry
N
R3 and H R4



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
a class of novel conpounds, based on a core 10 qui nazol mm&m ture,
that are nodul ators of mtotic kinesins. By inhibiting I

mtotic kinesins, but not other kinesins (e.g., transport -kinesi ns))
specific inhibition of cellular proliferation is acconplished. Thus, the
present invention capitalizes on the fnding that perturbation of mtotic

- ki hesin function causes mal formati on or dysfunction of mtotic spindles,
~'frequently resulting in cell cycle 15 arrest and cell death. The nethods
- of inhibiti ngfhareimurran KSP ki nesin conprise contacti ng an inhibitor of the

i nvention w th KSP ki ﬁﬁ! RS i ncl udi ng
. fragnents an '\I/acrhf"oé‘leﬁtﬁsomo yﬁ[&%&“ B%lt E&ﬁh%laﬁlglﬁ{gg&alﬂjf h“e{é ATP hydr ol ysi s
factivity of the K&Bskiesikpl, abetitord iy subistiptddaliypiyicubstifuedietdremylact i vi ty,

such that the mtot i ndl are disrupted. Meiotic spindles may al so be
di.srupted. 20 An Q‘H%Séléf e ’ﬁﬁh ‘éaég invention is to develop inhibitors

and nodul at org 204 Rma&&tnu@pekdem,sms@n fidin RRTSdea I, €Syl f20y, dihéartlr eat ment  of
di sorders associated with cell proliferatign., Traditional l%ﬁﬁ?‘{ amati c

i mprovenents in t ﬁ@teﬁﬁ‘é{h@%ﬁﬁt‘a@ﬁyb avhstated gligl syhshiturd aplysub ferative

di sorder, have beg nﬁyﬁfﬁ%bﬁméhﬁe&emlyldﬁatsaﬁshﬁeédlaﬂmfe{er AR Uil R;agent s
acting through novel rechani sms. Exanpl es of this include not 25 only the

taxane class of aduse éreetherfomppéde Trracrakoreddiigni cr ot ubul e formati on, but

al so the canit 3t DEchinGh A36otth, HRRAAHRAAIE ndicrb Y] RidiRliSoadne COMPOSI L ons

and net hods descri In-can electivit are
pref erabl 10 used t cubstibwitd dind.cabtted ary), pbgifReddiamk, sybsiinief mw% cells,

i ncl udi ng, but not e cardi ac
B G S i L o St
i nvention rel ates R;@O—rmﬁhbabme;rrpl oy| ng qui nazol i none am des of forrmula | a:
| a quinazolin ngsh %%% K n%y%? gen alky aﬂ(y{aryljh(%:telrc?axy na(il] %Lélte@g&ﬁ| i none ami nes

of fornul ae |
substituted alkyl, substituted aryl, substituted alkylaryl, substituted heteroaryl,

15 substituted alkylheteroaryl and Rys-INH-;

R~ is chosen from alkyl, aryl, alkylaryl, heteroaryl, alkylheteroaryl, substituted alkyl,
substituted aryl, substituted alkylaryl, substituted heteroaryl, and substituted
alkylheteroaryl,

Ry is chosen from hydrogen, alkyl, aryl, alkylaryl, heteroaryl, alkytheteroaryl,

20 substituted alkyl, substituted aryl, substituted alkylaryl, substituted heteroaryl,
substituted alkylheteroaryl, and Ris-alkylene-;

Rs, Rg, Ry and Ry are independently chosen from hydrogen, alkyl, alkoxy, halogen,
fluoroalkyl, nitro, dialkylamino, alkylsulfonyl, alkylsulfonamido,
sulfonamidoalkyl, sulfonamidoaryl, alkylthio, carboxyalkyl, carboxamido,

25 aminocarbonyl, aryl and heretoaryl;

Ry is chosen from alkyl, aryl, alkylaryl, heteroaryl, alkylheteroaryl, substituted alkyl,
substituted aryl, substituted alkylaryl, substituted heteroaryl, and substituted
alkylheteroaryl;

R,¢ is chosen from alkoxy, amino, alkylamino, dialkylamino, N-heterocyclyl and

30 substituted N-heterocyclyl. .



0 2 APR 2004 | R3. |d wherein: R is chosen from hydrog§ @&;zﬁ aryl,
al kyl aryl, heteroaryl, alkylheteroaryl, substituted al kyl %t ut ed
aryl, substituted al kylaryl, substituted heteroaryl, and substituted
al kyl heteroaryl; RZ and RZ' are independently chosen from hydrogen, al kyl,
oxaal kyl, aryl, alkylaryl, heteroaryl, alkylheteroaryl, substituted al kyl,
substituted aryl, substituted al kylaryl, substituted heteroaryl, and
substituted alkyllieteroaryl; or Rz and RZ' 10 taken together forma 3- to
7-menbered ring; R3 is chosen from hydrogen, alkyl, aryl, alkylaryl,
het eroaryl, abkylsseirarddatdets thauddsorid o tiechpahkilcompotgt bt e Reemion! ,
substituted al kyl aryl, substituted hetergaryl; substituted al kyl heteroaryl,
oxaal kyl , oxaHIcIAJF Siger: DPEIRAsia TGS ENPs IS, Sai 3 IYRFrFPPhYRmpung fisordes Rl . | S R3
i s chosen fromMmwd.aeen. al kyl, aryl, alkylaryl, heteroaryl,
al kyl heteroaryl, substituted al kyl, substituted aryl, substituted
al kyl aryl, substituted heteroaryl, .substituted al kyj het.er oar %I . .and
R-5- NH: R3 i & eosesresdhs By Ron reé%t?sl to C%PWP%VF’@ Wéfﬂé“’@&ﬂ% P kdnesin.
al kyl het er gar Yine shsiddb Hivedhlithres SdIsLaLbI €d aryl, substitut ed
al kylaryl, substituted heteroaryl, and substituted 20 al kyl heteroaryl; R4 -
is chosen from hydrogen, alkyl, arI}/I,, al kyl aryl, heterogaryl,
al kyl het er oar y & WWFRW%H@IFRVF SRR Ftrﬁ‘ﬂé‘ﬂ mgithnds oberreping fired
al kyl aryl, subsiphilethal R RAEUKSPIRS ok oM dolgahamanuih cisdlac
Ri b-al kyl ene-; R5, Ra, R~ and Rs are independently chosen from hydrogen,
al kyl , al koxy,or semresieith ths bindingrod fie|ceypositing phthe ivamtiopt dke methods

-al kyl sul fonyl, d ] Talpreled | i

‘al kylthio, car °§‘lx°§§% %&ﬂbﬁ cgar Il%gg%dn%% glgt’ -9 ﬁqgvéxﬁfﬂ%&i{? Olg%m’ AR Vst

10  one candidate agent and determining the binding of the candidate bioactive agent to

the KSP kinesin.

In a further aspect, the invention provides methods of screening for modulators of
KSP kinesin activity. The methods comprise combining a composition of the
invention, a K.SP kinesin, and at lcast one candidate agent and determining the effect

15  ofthe candidate bioactive agent on the KSP kinesin éctivity.



am nocar bonyl, aryl and heteroaryl; R s is chosen fromal kyl, aryl)

al kyl aryl, heteroaryl, alkylheteroaryl, substituted alkg‘ ugggiam%uted
aryl, substituted al kylaryl) substituted heteroaryl, an g i ed

al kyl heteroaryl; R s is chosen from al koxy, am no, al kyl am no,

di al kyl am no, N-heterocyclyl and substituted N-heterocyclyl. Al of the
conpounds falling within the foregoing parent genus and its subgenera are
useful as kinesin inhibitors, but not all the compounds are novel. In

particular, certain ureas (i.e C(égl%gunds in which R3is R-SNIH) are
di scl osed in US patent 5, %@E EGESSRIBHONJAR THERRAWINGSi fy chol ecyst oki ni n

action. The specific exceptions in the claims reflect applicants' intent to
avoi d cl ai m ng;su &gtctdBlchsic dyidbtic 0hindo MaRE td@dakibys Frakd in@fntibhe
inventive concept, iS not patentable to themfor reasons having nothing to
do with the scope of the invention. Definitions 15 A kyl_is.intended to

i ncl ude | i nearf 18t afdidte sygthergoriedonhenaibs ‘%Bﬁﬂ“é’i""?‘ﬂﬁ‘f’ﬁ? Iéég 1t0rs.
conbinations thereof. Lower alkyl refers to alkyl groups of from1l to 5
carbon atons. b@sctOfepletiiitivatienlicastaidpsesion Ghitichelintic WEP, inldbibart.,  propyl ,
i sopropyl, butyl, s-and t-butyl and the Iike. Preferred al kyl groups are

those of Cz bel qw.. More pr.eferred .al kyl. groups, are those of C-3 or

bel ow. Q/clsgal ?’Fef’gqﬁc’%ﬁ@@g@hﬁouﬁtﬁﬁ‘l'bsgﬂ%aqy Hedﬁh%&em‘%’“%?%l i ¢ hydrocarbon
groups of from3 to 13 carbon atonms. Exanpl es of cycloal kyl groups include
c- pi opyl, c- bufighre 5 degigntynthetin orules tagulfonand deve fid) ydartametes Kib) | urdee (Sc) and hi s
application, al k%l g@fers to al kanyl, al kenyl and al kynyl residues; it is

i ntended to i ntTHEd ycl ohexyhnet hyl, vinyl, alkyl, isoprenyl and the I|ike.
Al kyl ene refers to the same residues as al kyl, but having two points of
attachnment. Exanples of AEEAIBAP DESGRIETIOINOETHR BYENTIOBHZCHz-), propyl ene
(- CHzCHzCHz-), dinethyl propylene ( CHZC(CH3) zCHz-) and cycl ohexyl propyl ene
(- CHz CHz CH( Cs li‘lg%ﬁ& e RS At LSS B AR BaLGIof aRmabET Of
carbons is nane alT t hat

geonetric 1sonmers having nunber of carbons are

i nt ended t a0 beqenzolipas stebture.hat arefrovdulsicanef mitotic frinesihs. Byinhibdmgoro i ncl ude
n- butyl, sec-butyl,,.isSol : - "chhclugdes o pl.opy! 30 and
i sopropyl. - 10moxﬂa?gﬁﬁ%q%&fgﬁgﬁg&%wé%{llaraweg{{lgF&/%"etfalélg@ to g‘r“g’og% of from 1
to 8 carbon at dubitddn o celtuiaipgdiiferatiomdnadeenplishyd | Thms.clhevpiegput ivéntinn and

conmbi nations thereof attached to.t rent Struyct L r ..an oxygen.
Exanpl es i ncl u&@“ﬁ&eﬁ&&eﬁ%ﬁ ng}t?f/a,t P%ﬁ‘é‘%?‘%?ﬁ“ﬁ“&‘ﬁﬁ%ﬁ%%%@?’gF%‘E?Sopy| oxy,

cycl ohexyl oxy amfoineioh bkéysfunotiver of atitodx ypindidsgfrequblygrolips: isoelt @cli ng one to
four carbons. Acyl refer 0 grou f.f 1 to 8 on _.atons.of a

strai ght, b]rs“'ané‘ﬁéﬁ?“c&?@ﬁ%%&"coﬂlﬁ ‘B%ﬁ%‘@%w&%ﬁ]ﬁ’@ﬁ&'ﬁ?&ﬁ?gt TP EE “and
aroma:) ic i’in]g C Qgxa aallgia@nﬁﬁmﬂaeaﬁﬁé invaitioaemgdnsr lﬁrhheirrllpﬁdrﬁlﬂl arBiHukteh HISP th[) ough
a carbony unctionality. e or nore car in the ac residue y be.
repl aced by ni tl?‘?fé’@ﬁ,m%‘ﬁk‘;‘&%rag&’rm@&ﬁ YAragls 0?1835‘ ﬁ%ﬂ LPj?meﬁéic?ﬁ b‘°‘o(ff%le()‘¥ﬁ§1
attachnment to tiiaroPalkeBivifyRfBiekSeitindshamng/er e Mitotic fhalIPlopnatidhcktidey, acet yl ,
benzoyl, propionyl, isobutyryl, t-butoxycarbqnyl,_benzylogygarbonyl and t he
li ke. Lower - acyduch bpidhemitaficyipidiss arghrated Meiofrepingles sisy s PralsePdr yI  and
het eroaryl nean a S- or 6-nenbered aromatic or heteroaromatic ring

contai ni ng 95 3 RebEjeaat GEpresalt @fkrtibnlis @MeloNnhibitorSandimbditateds o€ mBotioor

10-nmenbered 1 S aromatic or. heteroaromatic ring system_cocﬂt%ani ng 0-3
het er oat ons  sel Eaesty, pparicyar KEP,dpr the tregtment pf digopdary gssacaated ity oellhp ey ed

aromatic or het hOAELBERT TadfibRAlySHEhaP mBRkahai il i thahrdeboahenFons el ect ed
fromQ N, or S. The aromatic 6- to 14 nmenbered carbocyclic rings include,

e.g., benzene, hapbfdBirediiderativediserder.haterhgen sssociaied withideeHisatighPlthe S- to
10- menbered aro .G ' ' i nGl. | j; 41 :

pyr 1 i mer i naol SEEpFSSRER QNG LEodeh A RSl Bratotes ST UIIMERONE, fazol e
qui nol i ne, 2§oquiiydicitmane claisredrednisibat apperi o agt eremicpymtaid feanationt puialsd e and
pyrazole. Al kylaryl refer.s esl due | Lch Nego] i tached
to the parent s'?’r PR Iehe(\:/ﬂn §fagsn&§§q?§/ﬁ°mrg lga%él Igah\éﬁk S'a'fr%l Cgé%ésrlg&l)sgﬁgﬁe,ﬁm&t
phenet hyl , phenykatiibad herdgiheanydi &idrlity theia nelectimiey drdlees préfemblyl usyd todreet diseases
oxaal kyl aryl refer to al kyl and al kylaryl residues in which one or 2S nore
nmet hyl enes have been repl aced by oxygen. Exanples of oxaal kyl and
oxaal kyl aryl residues are ethoxyethoxyethyl (3, 6-dioxaoctyl),

benzyl oxynet hyl and phenoxynethyl; in geneyal, glycol ethers, such as

pol yet hyl enegl ycol , are intended to be enconpassed by this group.

Al kyl heteroaryl refers to a residue in which a heteroaryl noiety is
attached to the parent structure via an al kyl residue. Exanples 30 include
furanyl met hyl, pyridinylnmethyl, pyrimdinylethyl and the like. -11 02
APR 2004




Het er ocycl e neans a cycl oal kyl or aryl residue in which ope to four of the
carbons is replaced by a heteroatom such as oxygen, nitrd@énABR gfur,
Exanpl es of heterocycles that fall within the scope of the invention

i nclude i mdazoline, pyrrolidine, pyrazole, pyrrole, indole, quinoline,

i soqui nol i ne, tetrahydroi soqui noline, benzofuran, benzodi oxan, benzodi oxol e
(comonly referred to as nethyl enedi oxyphenyl, when occurring as a
Substituent), tetrazole, norpholine, thiazole, pyridine, pyridazine,
pyri m di ne, thiophene, furan, oxazole, oxazoline, isoxazole, dioxane,

t et rahydr of ur @fipehiférating c¢liskiaciuding Het estdioyitch yd canceeftypsplagagrestenosis,
Enitrogen-cont tltuent residue. The term

het erocycl yl gﬁg§&§£§$quﬁL§g?§gﬁaﬁ SRTAON subset  of het er ocycl yl .
Exanpl es of Nheterocyclyl resi dues |nclude 4 nmor phol i nyl ,

4- t hi onor phol iAegbrdinglypthp prasetit inventioh rpiptes tol metharlg lempByink iqaiZI@'J.OHiddmtyl ,

pi per azi nyl and :3%§R%m drobenzoxazinyl). Exanpl es of substituted

het erocycl vyl inerd yl - 1- pi perazi nyl and 4-benzyl - 1- pi peridi nyl .
Substituted al kyl, aryl and heteroaryl refer to alkyl, aryl or heteroaryl
wherein H atons |5 are replaced with alkyl, Ralogen, hydroxy, alkoxy,

al kyl enedi oxy (e g. nethylenedloxy) f1 ug ar boxy (-COOH),

car boal koxy (i.e. acyloxy RCOO), [ BOXYa COOR), carboxani do,
sulfonanldoalkyl squonamdoaryI,R2 ' : benzyl oxycar bonyl am no
(CBZ-am no)) cyano, carbonyl, wmigr|o a0, al kyl am no, am no,

al kyl t hi o, al kyl sul finyl, alkylsu SRl f onam do, arylthio;

aryl sul finyl, arylsirlfonyl, am dijno, phenyl benzyl, heteroaryl,

het erocycl yl, phenoxy, benzyP Wﬁtheteroaﬁyloxy For the purposes of the
present invention, substituted bl kyl "al so includes oxaal kyl residues, i.e.
al kyl residwes in which one or re carbons has been replaced by oxygen.

Hal ogen refers to fluorine, chlorine, brqgine or iodine. Fluorine, chlorine
and 25 brom ne di hal oal kyl, trihal oaryl etc.
refer to aryl ‘ﬁgﬁoﬁﬁg%g@ﬁ%%?ﬁ%%?egggﬂghba plurality of hal ogens, but not
necessarily a plurality of the sane hg| ogen
is within the scope of dihaloary_ ! B8npounds descri bed herein
contain one or nmore asymmetric cent ¢ e carbon to which Rz and RZ
are attached) and may thus giyve i p oners, 30 diastereoners, and
ot her stereoisoneric forns t K&t 3 RN terms of absolute
stereochem stry, as (R)- or (S)-.| The present |nvent|on is meant to include
all -12 2 APR 2004 such possi i somers, gd ncludi ng racem ¢ m xtures,
optically pure forns and i nt e¥tredi ake mi xtures. Optically active (R - and
(S)- isonmers may be prepared d5|ng chiral synthons or chiral reagents, or
resol ved using conventional té&€hniques. Vﬂfn t he conpounds descri bed herein
contain ol efinic double bonds or other cefiters of geonetric asymetry, and
unl ess spec“¥|ed otherw se, it is intended that the conmpounds include both
E and Z geonet rang apigazelipane ajinespf &amulge L C%i‘dtdorrer ic forms are al so intended
to be included. Wen desired, the R aId S-¥%soner s may be resol ved by

met hods known to those skilled ip the t
di astereoi soneric salts or conplex . :
exanpl e, by crystallisation; i nlastere0|soner|c derivatives
whi ch may be separated, for e i sation, gas-liquid or

l'i quid chromat ography; selective one ®nantioner with an
enanti omer -specific reagent, for mati c oxidation or reduction,

t hus 4-chl oro- 3-fl uor ophenyl

xanple enz

foll owed by separation of the fi+i_ed and Ufnodified enantioners; or
gas-liquid or liquid 15 chroma graﬁhy in.a chiral environnment, for exanple -
on a chiral support, such as silica with é bound chiral ligand or in the

presence of a chiral solvent. It will be appreciated that where the desired
enantioner is converted into anotlier chemcal entity by one of the
separation procedures described above, a further step may be required to

| i berate the desired enantiomeric form Alternatively, specific enantioner
20 may be synthesized by asymmetric synthesis using optically active
reagents, substrates, catalysts or solvents, or by converting on enantioner
to the other by asymetric transformation. An exanple of a synthesis from
optically active starting materials is shown in Figure 4. In one

enbodi ment, as will be appreciated by those in the art, the tw adjacent RZ
25 groups may be fused together to forma ring structure. Again, the fused
ring structure may contain heteroatons and may be substituted with one or
nore substitution groups



"R'. It should additionally be noted that for cycl oal kyl ﬂ( hﬁ’ ? ur at ed
ring structures), each position may contain two substitutio éi R and
R . Considering structures la, Ib, Ic and Id, but focusing on la, in a
preferred 30 enbodi nent R~ is selected fronthydrogen, al kyl, aryl,
substituted al kyl, substituted aryl, heteroaryl, substituted heteroaryl,

al kyl aryl and substituted al kylaryl. -13 0 2 A2004 In a nore preferred
enbodi ment R i's selected from hydrogen, |ower alkyl, substituted | ower

al kyl, benzyl, substituted benzyl, phenyl, naphthyl and substituted phenyl.
In a nost preferred enbodinent R is ¢ fir om hydr ogen, ethyl, propyl,
nmet hoxyet hyl , napht hyl, phenyl, bronop chlorophenyl) nethoxyphenyl

et hoxyphenyl) tolyl, dlnethylpheﬁytx 'Ehyl nethylchlorophenyl
et hyl phenyl , phenethyl benzyl, ¢ | Oy , :thylbenzyl met hoxybenzyl ,
cyanobenzyl , hydroxybenzyl tgtra ydtofurm and
(et hoxycarbonyl)ethyl. In a prefe =2 i s hydrogen, alkyl or
substituted alkyl. As will be appfeciated by fthose In the art, Structures
la, I'b, Ic and |d possess a potengially chirg, 10 center at the carbon to
which Rz is attached. Thus) th \ﬁ@5|t|on nay conprise two substitution
groups, Rz and Rz'. The Rz and|R2 groups may be the sane or different; if
different, the conposition is ghiral. Wen the Rz and R are dlfferent
preferred enbodi nents utilize only a si Ple non- hydrogen Rz. The i nventi on
contenpl ates the use of pure enantionerst®and nixtures of enantioners,

i ncludi ng racgpiegei Xtures, 15 al though the use of the substantially
optically pure eutoner will generally be preferred. In a nore preferred

enmbodi ment, RAii&chosensEem hydagemalobgen, albdwes hasryyl, dkdhgemal t ut ed | ower
al kyl, and 2" is hy %Elﬁ%rhtk)}l @u@ttfﬁ@eﬁtarﬁrs%fnﬁ{tﬁt@galﬁ){qmg'sdﬁ%{]ﬁlteﬁ%eﬂal%a&hosen
.from hydrogen, nethy et hyl”,” propyl, nethylthio am nobut yl

(CBZ) ami nobut yI , cwoﬂ@ﬂéwywdméwhﬂmﬂmbbnzyloxynethyl nethylsulflnylethyl

t hyl sul fi nyl d
|[)nr3 ef )ér ?gd L%Og%e;}nm% %Yn%é;?@éé{%&'&ﬂ%e? rggl% %ﬁr gé}'hal Qiax#gp%gylﬂ stl tut ed
al kyl, al kyl aryl, Heteecvausé,riglfkylhemrqplryl sbdtisited alkdsubstiphted gubstbﬁttltuteéd
oxaal .kyl aryl, RS0- %‘sﬂtﬁte@ﬁ'& roa 5l '&nd sggqgﬁ%%%y 1%-,118ﬁ¥lerﬁngAd I@nd

substituted aryl. I a nor e not> Ri SNH,
R3 is chos&m from G&ke@t&geﬂiekfdn’pagubs’l mt:mbﬁddhﬁmer al kyl; phenyl-; napht hyl ;

phenyl substit ted. wit e .or r.alk ralkoxy vitro,
phenyl SUbStL LIt S0, Mt BRSOl 945, B3| B hOpRL B Lo et
phenoxynet | ryl ; haI@mﬂ&m@xm&ﬁtﬁmhumaﬂﬁﬂgk&ﬁmmkdanghgnoﬂbyﬁmniﬁﬁﬁm@ﬁryI

substituted with | ower.al k and benz xyme PR 2004 In a
nost prefetted enbogtl%ﬁ%thtﬁ XW@?\‘G‘%’YL gX%hqy ﬁ?@wa"ﬂ@“%%t‘t‘étﬁ‘gg’@ﬁ@ B et hyl ,
propyl, chl oropropyR,obedoORy, NBEptyl, butyl, octyl, tridecanyl,
(ethoxycarbonyl et hyl dlnethylantnoethyl di e thylanlnonethyl phenyl ,

- napht hyI Hal o éﬁytposeraﬁ%pwﬂ@qﬁl heteroaryl alkylheteroaryl,

hal o(tti f1 uor omet hylsn)b@ﬂ%{&bi' n?(tC E\lb@ﬁﬁﬁh%ﬂ?émtd?éﬂ' al uRSRN RAML

car boxyphenyl , et hyl phenyl olyl, biphenylyl, nethy enedloxypheny
nethylsulfonylphenyFmﬁﬁﬁﬁﬁ@%vgﬁwﬁﬁﬁﬁH@%ﬁhyNéhloronaphthyl

met byl hal opheny_,, , pgﬁﬂx
methylnltrophe?itil“&%%%%gig@lﬁ%?%h%l3h |rre1 %%%%%g &ﬁgﬁgpé¥%€ﬂ§B¥hyl

ni t rochl or ophenyl) ﬁuhsnmpﬂd@rw,l subgffitutect ailmimﬂnwbﬁmbteé heteroprtyl ordswdstiyed phenyl |
benzyl oxy yI benﬁ%hmmr nyI benzofuranyl, pyridinyl, 10 indolyl,

met hyl pyri |nyI quin plcollnyl pyrazolyl, and imdazolyl. In a

nore preferred Woldjsateﬁt»m hmegen&lkyl,sarﬁ;ﬂk«j&hryfehaerba—yb hiagkheteforyin | ower

al kyl; cycl ohexyl; n l ;. an h it a lL.ower _al kyl,

| ower al koxy, or | owé; S&%&?ﬂ @ﬁ?&gb§tt¥%laﬁa %ﬁ%%‘g%gﬁrygﬁ%ﬁh&%ﬁmr gn R3is
R-SNH, R, s is isopropystirutédiyibetérost, £Mchk @haBxihe-; phenyl , bronnpheny

di chl orophenyl, net hoxyphenyl,, . et hy IBpenyI tal yl, trlfLu&Pon% Iphenyl or

met hy! t hi ophenyRs Rerf708 Re prindsaend ity Fhpsen fropadhdoseh gixh 2 aryl ,
al kylaryl, @4 kyl het ef:eadasyl, nSh 8kl dinG aktﬂmhfonﬁuaﬁtttmﬂmmdar yl, and

Ri s- alkylene- and R's is chosen from al ko am no, al kyl am no,

di al kyl ami no and N- hetfERaEgRalo, sulﬁwaanﬁoaw}m I%Péﬁéptwﬂtirﬁa@aﬁﬁ@ﬁta R4 is
selected from !l ower alkyl, substituted | ower al kyl, cyclohexyl; phenyl
substituted wi th hydroxy, |ower al koxy or_dower aIkyI; benzyl ;

het eroaryl i nethyl; heteroaryl ethyl; heteroaryl propyl and R, s-al kyl ene-,
wherein Ris is amno, |ower alkylamno, di(lower alkyl)am no, |ower alkoxy,
or Nheterocyclyl. 25 In a nost preferred enbodinent, R0 is chosen from
nmet hyl , ethyl, propyl, butyl, cyclohexyl, carboxyethyl, carboxynethyl,

met hoxyet hyl , hydroxyethyl hydroxypropyl) dlnethylantnoetlryl)

o, o




0 2 APR 2004 diisopropyl am noet hyl, 1-methyl-4-(diethyl

(t-Boc)am nopropyl, hydroxyphenyl, benzyl, net hoxyphenyi@2 W@%ﬁ@

met hyl met hoxyphenyl , di et hyl phenyl , tonI et hyl phenyl ,
(oxopyrrolidinyl)propyl, (nethoxycarbonyl)ethyl, benzylpiperidinyl,
pyridi nyl ethyl, pytidinylnethyl, norpholinylethyl norpholinylpropyl,

pi peridi nyl, azetidinyl nmethyl, azetidinyl propyl pyrrolidinylethyl,

pyaol i di nyl propyl, piperidinylmethyl, piperidinylethyl, imdazolylpropyl,

i m dazol yl ethyl, (ethylpyrrolidinyl)nmethyl, (methylpyrrolidinyl)ethyl,
(nethylpiperidinyhmbmopvwwl@mémhykpﬁ@eﬁazinyI)propyI furanyl net hyl and

i ndol yl et hyl . er, rred. epbadi nent s lo; R6 is
hydr ogen, et ly C% R éro aﬁk(y A 3T Old}rl%ero ﬁgﬁﬁe erﬁé?'#&‘&“%‘ 2 ali,
trifluoronethyl; amkumednasylmadmgamlmarpnmsuthmdaemam Ghd abktituted ef erred
subgenus, R~ is bepzyl or hal obenzyl; Rz is chosen fromethyl and propyl;
R2' is hydrogen; ﬁ%*ﬁ?egﬁﬁgtltuted phenyl R3~ is substituted phenyl; R3 is
substituted pﬁﬁ%’dhoseﬁ@dnﬁalkc(x@"ﬂrﬂ%' agfym{lm;a)kyﬁnﬂm @Lhéﬂrb@cwﬁudor three; p
is one to three; RS is hydrogen; R6 i's hydrogén; R is

hydrogen; and Ri s SERStgH ﬁet%’c?qlldm ani no, propyl ani no, and azet| d| nyl .
When considering primarily the sul fonam des of structure Ib, R~.is
preferably chmﬁ%mhferc@;ﬂp&mdsrfagﬁl@mdhm& fc@é Malg,paéﬁbgehhst aHded s\!ll%z Weda &k kyl
benzyl, substituted benzyl n ubstituted phenyl is chosen
from hydr ogentssfiti as ipgsin lﬁhthfS Mﬁn%n th@OmwrégéW norg. il‘spaéi?ﬁbéwefﬁﬁ‘l@m C-Cs
al kyl i pheny! uoaanh! BitionRIlGH Which RIS R LirPhe WeliBcdth | anéb%fsoék

| ower allcoxy, vitro, nethy enedi oxy rifluoromet f phénylyl and
het er oar y[19 apgenRhich mm’é’@holﬁfmﬁﬁﬁdnmtwlal ngclspm@mdxomys in thzmémylb

substituted , y
het er oar yl rrewhéq ot ‘g’?gfr‘(% zfl}ty ?A &% !ﬁgug['re pz{rttc“)cngét/1 Ft l”ﬁﬂ%)%?%%rn ja/lllye]faﬁtyl ;
het er oar yl pr opiﬂlhe awdntﬁebmazlcklyisem‘epatamtaéteem IheR, for regsods hdvingarothddgapldpani no,

(1 ower al kyl )%Ql%' gé?d}ghelk\p\@@gn al koxy, or N-heterocyclyl, 25 particularly
pyrrolidino, pi perl or 1TmdaZolyl. When considering prima-rily the '

sul fonam des of structure Ib, R is nost preferably chosen from I ower
al kyl , benzyl| Definitions t ut ed benzyl and substituted phenyl; Rz is hydrogen or
| ower al kyl; RzZ' is hydrogen; R3 is chosen from substituted phenyl and

napht hyl ; 184 | QcfRiEinRhddlt6 BRTude Rieat %rMﬁE’do&%gch ﬂyHB'&ﬁborpﬁltulaM}es%d chl oro;

R5, R6 and R$ 30 are hydrogen; and I's chosen“fromdi (I ower al kyl am no),
(1 ower al kyl ) &rithigations gereo @Wﬂkzb@ﬁmdﬁﬁ%] grpnps 06 frpati e 5 cpbpreptonisno,

TGtk eSO MR O R S
zﬂbi: Eﬂ% :d pm%ojfgméﬁ &I"b@norf %;;q@:ggz - Iﬂéb {l’}s H‘éﬁﬂ ggt?gb)s/ti ?Et ed
| ower al kyI aro efl F]ié I's € oc"sgrsfp%sraosmv% -%~ df(k nee

is g&;r ; :JL e2|D I %crw;mMOmmu?sLog ﬁnmhgalcarbgr:n(&)mmh Bxﬂm;ﬂestdfbﬁﬂba\ntyﬂ h hal o,

bi phenyl y?/ bef2 i ‘%’h‘gdoﬁﬁ%%&)’é%nmpeaﬁrh {%MWH ‘{)'hf’ F%?Agghﬁ%/kyl ;

cycl ohexyl ; p@lpyéatlsmba&yi tefretd aBdahyl, ilkdﬂlﬁ/mﬁﬁ,alldy@gﬂl@ésuﬁbi Gﬁxim@ﬂed wer al kyl ;

Eg?éygarirgts}];/t ﬁgﬁﬁ#ﬁ%@y Eloﬁe%ﬂ?ﬁ&}‘fé‘gégg\rlw% nﬁrﬁré 9 &egi (1 ower

al kyl ) am no, (J.aemesumekyd ﬂ@mmﬁha\fﬁ@tﬂepozh@‘%@ﬁna%hﬂﬁ@ﬁ%YEx%pl%m%z[éﬂgyc| yl.
When considering prim he am nes_of structure |lc and i s nost

pr ef er abl y22ho®&Hds @tbwedwféﬁz%ﬁwpmwm wﬂzgﬁiﬁm @.me@m@@«;qneénd
bstituted ph R3
substituted p @H{éﬂcﬂd}ﬁ)%&’éﬂﬁﬁgxﬂﬁméﬁ%gclyl ap,p]t h;'?oﬂ PYEHR3 18

chosen from sub uted phenyl”, 15 “het R4 1's chosen -
from subt i t ut etesidenbaving arpeanovytiey bf arlgnRis lua:aeckyall gpenstriRBomend hRdngr e

chosen from hyg{ grgﬁngs ﬁfjr&a&%kn%)are %@eﬁpﬁmﬁ eﬁéo%lgqysgé qgl?snfor%;!? dﬁ: 6‘b'u ’Chos en

from di (1 oner ani no
meant to include n-butyl, sec-butyl, isobutyl and t-butyl; “propy includes n—propyl

30  and isopropyl.

-10-



pi peridinyl, imdazolyl and norpholinyl. Wen R3. is present (as in ld) it
is nost preferably chosen from hal ophenyl, pol yhal oph 2 E%mk

di met byl phenyl, 20 net hoxyphenyl, di nmet hoxyphenyl, cya pﬁg

trifluoromethyl phenyl, trifluoromethoxyphenyl, bis(trifluoromnethyl)phenyl,
car boxyphenyl, t-butyl phenyl, nethoxycarbonyl phenyl, piperidinyl and

napht hyl . The conpositions of the invention are synthesized as outlined

bel ow, utilizing techniques well known in the art. For exanple, as
described in Ager et al., J. of Med. 25 Chem, 20:379-386 (1977), hereby

i ncor porat ed Jbl}coxaecﬁr@fﬂ@m:leefeqm graums|of fromelsto Gamattion atylyts af metchighy, bearckedeat al yzed
condensation Qf..N-a ant hrani l.i.c I O her
rocesses  or el EBarEHa R ot ifa SR Sl g R R y AT
applications @a@gerﬁmmﬁmempmﬁemm, &hd8//pibpaky, abpropfxywhi ch are

i ncor por at ed 30 reference. 0 R 20 4 Th ositions of the

i nvention may® %@PFPM]@"%@Y Wﬂ"’fyrfm&ﬂlj’t}ﬁ‘@ wernalkg yé% S%ngwﬁ'pounds of
formul ae | ¢ agstdi@A€oddto dRLABRES fashion to fi gure 1, except that the acyl
halide in the final step is replaced by an al kyI hal i de. Once nade, the

w1l he appr eFdrEy bR to 18 aoen Sfe 52r ety Yl ol Tnon

variety of waysifighf@bn, |s§cura&ﬂ€\m§ﬁ1&at@cfl heTdromhticQmid So@binxens bigrebf)etned ng or
decreasing the activit a conmponent in the mtoti c)ng)at hway . leStgat ed

differentiy, # Hheament “Efé flg?tfgé@tcea%yéﬁﬁmmr&#yr Fng

equi i brium %&ﬁ%{du@ma BQfe?laEéd'BQnﬁfog@&'foky hloagﬂﬁ@asnahg\asqmmﬂemts Si i | ar
-approaches may ‘be used mei 0si s preferred enbodi nent, the

conposi t | dﬁs @ftaefnﬁ@mi tﬁ\ﬁerpereeﬁeewes %Pé%PafttS’ﬂhb@ﬁFI&P]és irriede eyl BERvaYle

for mati on, Ny faEiRBuPLRLBRGERABEI, WNEIGBEEES! addthd RO S er Y1
"m)dulate' ern I's nea al tering mtotic splndeformatlon i ncl udi ng
‘increasing andeﬁtsd@ gxvpsynijmingdinetof forrmattiooh. By "nmitotic spindle formation”
herein is meant organi zation of mcrotubules into bipolar structures by

mtotic kinesifg anﬁ}hetefﬂa})ﬁ)we& A9 o3 Bl Rred hedntie ok Bflerohi8mBidtidgS Meant
mtotic arrest and m)nogo ar spindle formation. The corrp03|t|ons of the

i nvention are wsiehins &3 ﬁﬁfﬁﬁomﬁ)seéﬂﬁfﬂéﬁomﬁcmlﬁaﬁeabﬁ@h&@t P G gprembered i t ot i ¢
Kinesin, Kgp. JI&RQLCFH}ﬁgtgfo%qlaﬁm%dggﬁgrﬂkon&ﬂﬁlgﬁét&oﬂb’r@&lé@@gﬁoﬁi dhough KSP

ki nesins from other organi sns nma be use n this context, nodul ate
means either iNordast m’gicmilcdémré%mm@)e@plamaécpoh%ﬁrseﬁlaﬁfmwn?yst@aus| ng

mal f or mati on. 20,18 0 33RLANNY e Qed B! & S e BdiARS. ol OL her wi se

causi ng nor pho (o]o]] ca per I on | C spin Al'so i ncl uded
wi t hin the def manbéredcabockde ringsrmtih@egpbcrgaseaamﬁeleuann@n@,setahBUmﬂ

fragments of K&?crr[mse%?%%e% o f()t-mem er E{\}E‘ﬁ% Oﬂar?cygct}&%? m%{udcs eni ng for

Mbdul at ors of fer 0S1 ng
Proliferaton fHhidiede, pyrfduheedadaetthmfﬂ%ne Bedprhdors, thﬁeasladhrahlthmxmuﬁﬁole

09/428,1S6), hereh or, rated by. reference in.it ty. _l.n addition,
other nmitotic RMR n’§°c%r§’ qﬂ‘é‘%@?ﬁ"?’ﬂ@%"e@@ﬁ@ﬁi gﬁill on‘r%lj ?Al/gver t he
conpositions of the invention have been shown to have specificity for KSP,
For assay of aciligtaryefegan e ralduyinevitidiem aSrodety & aﬁmhp@mea@mmstﬂﬁwgﬂ o the

Sanpl e rocer vi N rlalreRgu Sgples nsBl PRaeRy) BpaSRERT pnGi It Y T EC
i nsol ubl e suppagikt. cms&uucbﬁnﬂ&d@u@farﬁmfeﬁa&ucyl and alkylaryl residues in whxch one or

25  more methylenes have been replaced by oxygen. Examples of oxaalkyl and

oxaalkylaryl residues are ethoxyethoxyethyl (3,6-dioxaoctyl), benzyloxymethyl and
phenoxymethyl; in general, glycol ethers, such as polyethyleneglycol, are intended to
De encompassed by this group. Alkylheteroaryl refers to a residue in which a

* heteroaryl moiety is attached to the parent structure via an alkyl residue. Examples

30 include furanylmethyl, pyridinylmethyl, pyrimidinylethyl and the like.
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0 2 APR 2004 conposition to which the conpositions can d& bAR %m %s readlly
separated fromsoluble material, and is otherw se conpatlble W ﬁ

overall nethod of screening. The surface of such supports may be SO|Id or
porous and of any conveni ent shape. Exanpl es of suitable insoluble supports
include mcrotiter plates, arrays, nenbranes and beads. These are typically
made of gl ass) plastic (e.g., pol ystyrene), polysaccharides, nylon or
‘nitrocellul ose, TeflonT"', etc. Mcrotiter plates and arrays are especially
conveni ent because a | arge nunber of assays can be carried out

si mul t aneousl ﬁetetﬁwﬂgmgmﬂPycémﬁpgafﬂfreﬁi@ﬁg@wb@hawf@a‘ﬁ‘mfé? carpRes ipar t i cul ar

manner of bin as it is
conpati ble w %@%ﬂyl%%é%gﬁ%hga%ﬁernﬂfggeﬁr:r%r;éﬁi F ggfl nventi on,

mai nt ai ns t he hetetobydlds yhaofalltwithicthapoge of mmmmonmchdnatrﬁdhmmb,l e. Preferred
met hods of bi nd| % i ncl udf: t he us f angi badi es rgh msoOtm%ltle” cally
bl ock either PHETTaRGH an?éc e QOO PgHingin g ne R the :

‘protein is SbO%B&oh@aﬁ,b&z&dw;mwehzomﬂo&qborhmmdyﬁgerteﬁto sdi cky or ionic
supports, chem cal crosskg&ri t he, synthesi.s of the grot in_or agent on
the surface, meiptcedipyp REER PIRYTTING 25 F SYOSRUEL f8RFP G % excess

unbound mat er itRhzdis phRARY d&ﬁnl@ﬁﬁ;‘nﬂﬁhe thivph&RIRES, dsmadexragaliaeeas may then
be bl ocked through i ncubatﬁﬁ)n wi th bovi nl;ﬂ?erum al buni n (BSA), casein or

ot her i nnocuoUseXpFaht: diowansy tetvdiofiran sidythe e “Nrhtetemorel} cefgi§dnts of t he

i nvention may t{?@?ééﬁ %gntQHmE h@cbxroc st Quinihat8atcheraGdvidistoQbtys M totic

ki nesin, particula P. is enbodinent, the mtotic agents 20 of the
invention Hre @ewbmaa@dhvwwmk%wénﬁa subect abhatsroayyglybExamplas of A5sayed. Ki nesi n
activity is k tivities.

i nesi nact i vi T oz YRyLRRaRt inoRRG CRipuaR, SRFoRlm i), £l %%g@?%‘f

m crot ubul e bi pwhohgmylghﬂdamgdmﬂdplpahmbélanctf&(ﬁ biihgdpoirgerezinybt Fydmylesf f ect s
on mi crot ubul e fy 1.bi ndi ng
00 mroteina i rebk LA deren P%yrlg,l A1 4 QS @ﬁ}ﬁinpvﬁngwengyﬁ%gﬁ@l .bind

ot her enzynes; such as ki nases or proteases; and speC|f|c ki nesin cel |l ul ar
activities sucEul&gtumd|aﬂ(dl,eryb®ndéwmm‘la¢fprdn ﬂkmmbwéieﬁoaﬁémﬁﬁ Rgtomstility

(1508), b1 iy e PR R P oy lon Wbl e PUBibeoRBE S 3 5 C o 242

(1):20-5; G tt esthytenadioxy) 18896slkyBj @yiieyy (-COOH)(dajtioalka gy @9, acPoky Bk®fl). et al .,
30 199S, J. Bi o 09: 15 nkel mann ; Bi ophys. J. 68:
- 2444-53: W nkel’ %FB?FWat‘E"]@‘?OOﬁ%@‘Q““B“%\:)ﬁ‘ég".“a‘ﬁ‘ﬁ"%@" %’fﬂ‘g%g’” 0 2 APR 2004

Met hods known |aﬁuﬁohﬁb@nyn bémylodgdaerdﬁylmmg (EBPasind)yqam, yabm;é.mitim;i ty al so

can be used. Preferahly) Iutlon ba as u. S

appl i cation 09/‘11“}”&1?1"Ii ﬂ‘y’a mefﬁﬁﬁg%ﬂﬁlpgﬁ ai%%%’fé Citit ed by
reference iap i tafcyBlforatido, m@nme;@aﬂﬁmmhyiasﬁaﬂsamﬁnbmam; weakyl,

conventi onal nethods are used. For e | e, P ase 1%81] ki nesi n. can be

quantified. |n hSiEPARAEEFIcady e PASBEHYRFEYIONh 8t BeisartdoRy) dF 8 WEPYPEEE PLi t y
assay utilizes (e &eMnP@en&B@rsaﬂsﬂuﬁﬁédcmm hied inoRdesHRhAL rdsRiugs, €enligagent
(8.27 nM sodi um nol ybdate B, 0.33 mM nmal achite green oxal ate, and 0.8 nM
~Triton X-1 00). reslf@jlepérw’tl}?}h?‘l%%%Wbonibas\}a?efbﬁeplﬁﬁé@tﬂo&ﬁgqns quenched in 90
IrL of cold 0.3 M PCA. Phosphate standards are used so data can be

converted to mMihB@mGaEisGo AtbrbamRNaE, %rérﬁnh@@ﬁ@dine Whasris), J:mm&cztnuons and
st andards have been quenched i_n PCA, 00 1rL of .mal achlte ﬁ?’}{{ﬁ?}fﬁfge is

added to th® r ebepisasmrrged. Pialgaryl, @hww{wéwﬁleaw er

devel oped for 1Qg étﬁuz@amgmmysmld%k&t@mlnguree@%ﬁa gRrAbserthanes of 650
nm |f phosphate standards were used, absorbance readl ngs can be converted
to nM P; and pl balogsd; tbyet-chlpnyes- ﬂmmhpmdwﬁamﬂyntm}’mseféz@%a%l known in the 15
art include the luciferase assay. ATPase activity of kinesin notor donains

al so can be useﬂdJsPoWEo&@Buﬁd@%c&ﬁﬁ&ﬂ&c%u@éon@%ﬂe@hﬂ)geﬁgﬁﬂiefnc defiteEp.
enbodi nent ATPase assays ki nesin are ﬁer ornmed in the absence of

i crot ubul es. ﬁlﬂ@ﬂ@@h&w}@%iidm%f arepfizchady prdwaypdungiye BECOFBIFOREd in t he
presence of 39100 %&EM&%@& m@otﬁeﬁétsaa&séa{&ﬁ ?rﬁis tﬁmlaya& idHheAdRRrds 6AN be

detected in above’ assays. In a erred enbodi nent, the effect of a
modul at i ng agentabsodute stereochemistry, as (R)- or (S) The present invention is meant to include all
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i ndependent of the concentration of mcrotubules and ATP. In anot her

enbodi nent, the effect of the agents on kinesin ATPase c bﬁpﬁ égased by
i ncreasi ng the concentrations of ATP, m crotubul es or bot™h? % anot her
enbodi nent, the effect of the nodul ati ng agent is increased by increasing
~concentrations of ATP, 25 m crotubules or both. Agents that nodul ate the

bi ochem cal activity of KSP in vitro may then be screened in vivo. Mthods
for such agents in vivo include assays of cell cycle distribution, cell
viability, or the presence, .norphol ogy, activity, distribution, or anount

of mitotic spFiflPeSLINEIRIHIIFHINGRFHHOTY et epfcally e fImEe8d buti on of a
cell popul ati %ane&lﬁte%ﬁxtﬁﬁngk)@oaﬂp)(cﬁﬁlb Gg-@ﬁ/d(gjrﬁéd’rﬁérs BEEbdRbdaddeing to those
skilled in the art, as are nethods for determning cell viabiljty. See for
exanpl e,, U. S. ciig eysthonpen qhisal reagents\gs raselyed eng copventiona teglppaupg oWk r eéni ng
For Modul at or gy QfonGBlolss Bplibdadiertl Rl R06R pofas i daRrShRG el |
Proliferation States,” tiled Oct. 22, 1999, serial nunber 09/428, 156,

her eby i ncdr peratade ymmefrpraod oeleisspécifedetiterwiet, it.is intendeidthttiten t o t he assays
descri bed above, m croscopi t fQr nj i n [ I ion and
i o mat | on SPEPOET ARRahRe B donic B APPSR M Guo R

Whi t ehead and aRedifoietended %989 inclidedCel | Sci . 111: 2551-61; Galgio et al,

(1996) J. Cell biol., 135:399-414). The conpositions of the invention

i nhibit the KSR, ki N r f . Lohiblidlion is.l j.ned as the
concentrati onsﬁchri%g&gb%%%ﬁ%%ﬁtﬁ id é’ ﬁrqﬂg&g@ﬁ]%?‘? @%@ﬁ%dg 10
decreased by fdkilley imthe agior exPmeledy fathat@ngidisteteonembamyaltt @swhpleaés | ess t han
about 1 with preferred e di rent s havj | Cso' s of .less than about 100
P Dt rovaeb e B FRe R R AR bR Ao ge BB PEES (nan about 10
lrM W th partdigstdredidoynefic eérpvatied whidhantyve Rtprdraly fon gxantpde by coftalliesisnt han
about 1 IrM and ,es,peci‘al‘l f¥11 preferred &gﬁodi_m&nt Se havi gﬁc& I Cso.ﬁ of |ess
than about 100B%MAULoF iGd Frpmatogrely; sFieehs reaction &f ANAFOATIANNE ¥IRAYi ng | Cso' s
of less than ag@ufiodd-spdvfidYeast Siverdmpl enk-GRAiciokiddadtLortishgon folldiease
assay. Another nmeasure of inhjpbitign is K, For compounds ygith |.Cso's | ess
than 1 wM t heb¥eergatiqned thegnedifisdang uamodified epartiogners, 07 gay- AP gWdt ant for

the interagsi Oaue&atbﬁ@ptguh RaKied! eneRamwitt r KeRpleRmefirirdpsegReyads have K
s of less than about 100 IrM 20 vvlthtBreferred enbodi nents having K; s of

| ess than aboutilignwity apovad ahigal figrmdur iy thy PrsrearetirergmBbar nE M!S Shavi ng K s
of less than aboul.al.dKaRe |s &%ﬁ"b@%n'ﬁx){tio%{e‘?fs%ﬁ\f‘cﬁe@m&?ﬂoﬂﬁ%ﬁmﬁ@\/l ng K s

of less than about 100 nM and with the .nost preferred enbodi nents havi ng
K;: s of |ess t kality aponstof i ssparatimerocediuresrdegeribeshgbonn @ fishegsfermay Bed from t he

| Cso based on §laes ATBUARIHORired rhRomeADfm Mo HAFRAILAR ARl € DI nds

to the enzyne a ere’is no cooperatiVvity. Secon e concentrations of
active enzyfe amg belmtiesrpbbinayinestriedydhesishmogppticellpactive pragetsar e no

significant amgun of [ifl or.+l I3 ' rations).
-Third, the enz;?rras%r?ﬁgs’rc %tfﬂgR gf’r{oﬁgﬁgh@yk&&ﬁ%ﬁég?{‘gﬁ C%A&%té%@cggfo. The rate
(i.e., conpoundsyomeentraafirmaliond areexamelefol & tyathetio fibimepigaltachvestatte 0 2
APR 2004 "1 - \|l m-E= .| “&.E.+|£P+Kd)-J(Ea+|o+Kd)z-4EcIa
2E0 Were V is ’P%g“%‘c‘d&%lpv d“?égtuée, ‘Vm- is the rate of the free enzyne, lais

the inhibitor concentration, .Ee is the enzyne concentration, and Kd is the
di ssoci ati on cdaoshaehbaimedhesanit yerepprachiddiby trosciortid &k thestwb@dsent R,

25  groups may be fused together to form a ring structure. Again, the fused ring structure
may contain heteroatoms and may be substituted with one or more substitution groups
“R". It should additionally be noted that for cycloalkyl (i.e. saturated ring structures),

each position may contain two substitution groups, R and R'.

Considering structures 1a, 1b, 1c and 1d, but focusing on 14, in a preferred
30 embodiment R; is selected from hydrogen, alkyl, aryl, substituted atkyl, substituted
aryl, heteroaryl, substituted heteroaryl, alkylaryl and substituted alkylaryl.
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20 25 Anot her neasure of inhibition is G SO defined asﬂ? Pi? @gtration
of the conpound that results in a decrease in the rate of c r@ wt h by
fifty percent. Preferred conpounds have Gso s of |ess than about 1 nM The
| evel of preferability of enbodinments is a function of their Gso : those
"having G SO s of |less than about 20 pMare nore preferred; those having

@ SO s of 10 wM nore so; those having A so of |ess than about 1 1rM nore
so; those having G SO s of 100 nM nore so; those having Gso of |less than

. about 10 nM even nore so. Measurenent of G fo is done using a cell

"proliferati orifnarg%taglpreﬁcrréd eeh%em%rrssclfﬁtcﬂ frem Lydeegen, towvenplisylgglstingtesl t r eat

cel lular proljferaiy Rt SERtiRRed t d eated by the
met hods and corrp03|)!t| ons provi deed rein ?n‘%ﬁﬁg)el%%%{%ﬁg?g E%t&{'i mted to,
-cancer (further discussed bel ow), aut oi mune di sease, arthritis, graft
rejection, inkiamespisaressnbdinry &adschopandiant bydmeensthivhatodd af t er medi cal
procedures i % 36 g and the .
like. It is a%%%ggeg%éa%ﬁ%hﬁ% %A%?ne (% @g’ cﬁﬁé&gé‘?s?sn rray%ﬂtc?ﬁbe in a hyper
or hypo pr®l i étheaphan, silyt @rn(e&lbmb«:nyhlchmﬁmoet)pmm rs¢thyi¢hlorepheinyle treat nent.
For exanpl e, i"?ﬁ’.’? LiRg, ting
"normal I y", #yl frqeglly gtpplg%e g%ltggﬁg methy gé‘%he%%e lﬁ1 larly, as
-di scussed abov@obmzﬁlhqdmgybanmﬂrl; tuﬂrzemyaxroﬁmmylmﬂhyl andr&;hobgcarbnn\;l)eﬂnmr mal "
state, but proliferation nodul ation nay be desired to enhance a crop by
.directly enhagci C e h of a plant
or organi sm wl%%: fe 3‘2%“% %rﬁﬁégsﬁg/df %En Q&Xf &Qlﬁ%‘nﬁftﬁ%}]ﬁﬁ;n%%"&d ment, the
i nvention herej:memated Mdheseammeranﬁtnmmrésdapﬁi Ilsarmlrldlproehewa(madnsalgfd’:ﬁralct ed or

i mpendi ng .af fli of the rs Oor states. -22 02
APR 2004 e cofireleiihih SRR BautBrE vl b Rris S pd BV 1y
deened usef ul sﬁh:snmltxhﬁg]tonﬁaRMRpf Th)eemp&rﬁm’r@bupdmgbsﬁiersﬁtné oindifferesiich as

par ] cul ar y! FSREE B RS B Hieh ookl e G B ERORECEHY "ot hods

of the invent icabolifhiddelizdunly aﬁegmmn-rhydmgte@ﬂz t'l!he ifvefthGomempRas GRNMA
(angi osarcoma, fibrosarcoma, rhabdonyosarcaqns, posar cong), .nmyxons,

r habdonyons, fUShPORHES enapiigReEs %l'ﬂd“‘?‘%ﬁr%?t"éﬁ%ﬁnu?_‘ﬂﬁ& m‘fﬁ\‘%‘?ﬁ:ﬁ%“&é‘ﬁf‘ﬁ”&%ﬁm nona
(squanous pel | aimeiplivhé @6 @niHe aatREnEAB) dotial lpurebitlinfef GliERhEANEE. | ar ge cel |,
adenocar ci noma), al veol ar (bronchiolar) carci noma, bronchial adenons,
sarcom, | yrrpritiﬁfﬁm%hondronat ous hamartonma, nesothelioma; Gastrointestinal:
esophagus 10 (squanous cell carcinoma, adenocarci noma, | eionmyosarcona,

| ynphoma) , st omach 1h e Mded preftbred bnfBaANAEHR, R,liSEHIBMOBE BARSIen, IBRBCAIBASH] duct al
adenocar ci noma, _insulinona, gl ucag onona gastrinomm carcrnord tupors,

vi poma), snal | SubEifated ("é{ﬂ’éﬁl&]a?@rﬁ‘? rdydogsrn b ArdnosiRerlEmseP o0 IS B2 SKar posi *
- sarcoma, |ei 0%@&&&1@@&9% eABethil Wproﬂﬁ%%&]ﬁﬁ%l af'rlnlitlbﬁﬂiﬁ) | ar ge bowel

(adenocar ci norma, tubul ar adenonma, VI nous adenonma, hanartona, |eiomyona);

Geni tourindfy (GBZHeminebeegyclohasiaethy] CWWWWW@“WMWYFH@’})N obl ast ong] ,
| ynphoma, | euk Risme@ld. carcinoma,
transitional h§%‘é‘ﬁ@§']ﬂgﬁ§[ hﬂgxﬁﬁ)}gl no %aqpros{natg (adenocar ci nong,
sarcomg), testr s (sem nome, teratoma, enbryonal carcinong,

t erat ocar ci Nonipd, prehered BEBEdHMARA TR is s%ﬁEt@@EEmch@&eﬁ'ﬁ%ﬁidlkﬁ'su@ﬁHtcd:ﬂkﬁl noma, 20
fibroma, fi broadenorra adenomat oi d, t unor s, ; _Liver: hepataona

(hepat ocel | ul arlkylardihetsrayl, Wd“hﬁﬁi‘t%wlcﬁ%‘hﬁmdﬁéﬁéﬁym’la%tf Brand Ris-

angi osar conma, hgpalaGel {s%h@gcn%gﬁm,aﬁ}gﬁ@gﬁgkmd algpne: osteogeni c sarcona
(ost eosarcoma), fibrosarcoma, mali gnant T1brous histiocytons,

chondr osarcoma, Ewi ng's sarcoma, nalignant |ynphoma (reticul umcell
sarcomm), Al tiUpEE0RyREEHES crreacinTkcn Ra inop B1E Rs isshetendomyF b,

ost eochr onf r oM ASLERGRLL m@,gdnamusheﬁgspﬁp%% bherEObE R HORE bRISH more

chondr obl ast oma, "chondr omyxofi broma, 05teoi d ost éona and giant cell tunors;
Nervous syst enhalskiswer elbgh @(Wﬁﬂkohbrmﬁgpﬁh@% gehnlgnesingy oxa%iwwth%st eitis

def or mans), % X 0 rain
(ast ooyt o, TS Py A R T B e ey
30 gliobl ast ommarylfsohmut@dwi@rddwnd&mgjzindha;zylmmhyiorra retinobl ast onm,
congenital tunors), spinal cord neurofibrom, neningiom, gliom, sarcona);
Gvnecol ogi cal : uterus (endonetrial carcinoma), cervix (cervical carcinona,
pre-tunor cervical -23 0 2 APR 2004 dysphasia), ovaries (ovarian

carci noma [ serous cystadenocarci noma, nuci nous cystadenocarci nona,

uncl assified carcinoma], granul osa-thecal cell tunors, Sertolileydig cel
tunors, dysgerm norma, malignant teratoma), vulva (squanous cell carcinons,
i ntraepithelial carcinoma, adenocarci noma, fibrosarcoma, nelanoma), 5
vagi na (cl ear ceII carcrnona squanous ceII carcrnona botryord sar conma

o o L .




In a preferred enbodi ment, the pharnaceutical conposition re.in a water
sol uble form such as pharnmaceutically acceptable salts) ﬁ?c@g&ﬁ%ant to
i ncl ude both acid and base addition salts. "Pharmaceutically acceptable
acid addition salt" refers to those salts that retain the biol ogical
effectiveness of the free bases and that are not biologically or otherw se
undesirable, fornmed with inorganic acids such as 10 hydrochloric acid,
hydrobrom c acid, sulfuric acid, nitric acid, phosphoric-acid and the |ike,
and organi c acids such as acetic acid, propionic acid, glycolic acid,
pyruvi c aci d, Ioxelostpreigied embadieeitc whe R is nﬁlfbﬁ‘i&i, Rags chosaufcen pihgl, aci d,
fumaric acid, tarjaric aci city C cijnap ¢ .acid,
mandel i ¢ aci d prorpgt, a}a?fggrﬁwlgﬁn‘tt%(ya%ﬁpg’lab %&ﬁ@g canry &é*céj‘i"a‘m%" aﬁ%@’nesul fonic
acid, salicyl |d¢maﬁytdm|':mﬁﬂhytl memktbjdamnﬂ:&tethﬂtplrdﬁﬁcﬂaptnhgzahdﬂyp‘r&ﬁgept abl e base
addition salts | ude those derived from inor arl‘l?r8 ases such as sodi um

potassium |i tdl‘h e’%ﬂrﬁﬁ’i‘f’ﬂﬁi’y‘c%ﬁ Arifiverameaehy ArengxmMEtYEopper
nmanganese, sal Hﬁ@tﬁﬂ*%lﬁ:ﬁ:ldté‘ar@ﬂffbﬁeﬂﬁ émﬁatenﬁ%m Gihedy, rﬁétﬁfd@rfeﬁ%@!yﬁfe?ﬂt he

amoni um pot assi um_ sodi um ~cal ¢i um and %Fesr um salts. Salts derived

f r om phar maceutstedrtigndpheay: asthexyhlpaenhenybahlororpithiagelylhsienhgad. salts of
primary, 20 s t ESnyIS udi ng
naturally occﬁﬁggﬂg&f}%@{kﬁwh?{eﬁbgéﬁtmng&ltﬁ,ycf} ﬁpggr(rlthfr{tllgg an Hhag?)ghérﬁ?rlt
exchange r esi rmebhoxhensl, phanplvapl ndrachlerophenyhaitiopheati. d@ltﬁtﬂ!hewhyl ami ne,

compos 1 ons. A RORREIGNUARy, FASELATARLRALAE nlF JRRATIER dhk 65y

tablets, pldl smddulpp@th}'lpmdua& quigwmpisyl] msglingluspernsil.eond imidatolds, | oti ons and
the |i ke. Phar maceuti cal grade organic or inorganic carriers and/or

diluents suitaplg $r9PngeE—1%h eﬁ@&huﬁ&ﬁ'&ﬁéml&ﬁ?& R, RE itSRkn o RAR: MRy

conposi tions contai n e therapeuti cal yactr ve ‘conpounds. Dil uents known
to the art |nc¢)t¢tbélmart1}wém apepieayl subgitatedivih baiel lewdr atiiyl, ddwesalon, drat s.

Stabi li zi ng agg k;Yiﬁﬁt' ng and emul sifying agents, salts for 30 varying
the osnotic pressure or ‘buffers for securing an adequate pH value, and skin
penetration enhancers can be used as auxiliary agents. The pharnaceuti cal

-25 0 2 APR doamosiangforssd andadimenty wike B isfoiNIR ok ésopropip eyl t he
fol | ow ng: arr L e edniphédih 86151, such as
m crocryst a I i ﬁ%ﬁihgﬁlﬁhgégg%rﬁ@i%@g é@%ﬁ%ﬁhﬁ%%{@t 81.1 cﬁegp blylh’ldl %l
agents; svveeteﬂtﬁ@rcamﬂlymhhwiﬁmﬂawmwglemgents, col oring agents; and
pol yet hyl ene glycol. Additives are well known in the art, and are used in a

variety of forwtater&ra&emimmaﬁmyatratﬁomm Hlealﬁs}lﬁr_?lt iy REERESY,Of the

present invention can done in a variety of as di scussed above,

i ncl udi ng, but snbﬂtltﬂtﬂdrﬁllwb@‘tsemt@raam apd %m@&mkama@déﬁwls chefen Foerrbpyy |
intranasal ly, trans y i ntranuscul arly,

i ntrapul nonary, vagg&g??dm dla IE;%&ho!rgnt rgéﬁgul arly. In some 10

i nstances, for exanple, in the treat ment of wounds and inflanmation, the
anti-mtoti% adasmorepglered embodimen)s Rapprciestgd fomdowe iyl sHbGEbPEFT  To
enpl oy the compgupd Y G R130 Wit Ry V) RAk L ficS £y GOV

conpounds that (ﬁ#ﬂda(tcgﬁ]fég%}g esr n, {éﬁ E |s)bb01fnd t)gga su poléryt? and a
conpound of thdammrhelmermryh(ﬂvﬂwlchﬁwrearaleﬁwh bttcrearalgmyandsRad&@ g the assay.

Alternatively. ShaR GPIRRNNS e e MR B R b e BEPOT ! and

KSP i s added. Q'a5¥8sM%Gf conpounds “anon di ng agents nay be
sought i ncl ude Bgpeedytlyc anti bodi es, non- nat ur al binding agents identified
in screens of chemcal libraries, peptide anal ogs etc. O particular

i nt er est arS:?I ‘f enggg{eﬁ%ggéPéﬁ%?&aﬂ@%%ts& gégﬂ‘% ??D;’Sl pw toxicity

for human c@ varie ays nm é pur pose,
i ncl udi ng | abel egtldhaxylicaboxyiot, eame:pmrtﬂenl mdﬂtomgbtm tygmayshylel ect rophoreti ¢

mobi ity shift gsdgro)}lypfopylmglflmaﬁﬁa }‘ltoeﬂtﬁ aiRe tﬁtlgljnﬂrogtjogy ! élgmylamm%tet C)lnal assays

diethylaminopropyl , aminopropyl, methylaminopropyl, , 2,2-dimethyl-3-
(dimethylamino)propyl, 1-cyclohexyl-4-(diethylamino)butyl, aminoethyl, aminobutyl,

30  aminopentyl, aminohexyl, amincethoxyethyl, isopropylaminopropyl,
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(phosphoryl ati on assays, etc.) and the |like. The determ nation of the

bi nding of the mitotic agent to KSP may be done in a nuhPeAPRI2&ys. tn a

preferred enbodi nent, the mtotic agent (the conpound of the 25 invention)

is |abeled, for exanple, with a fluorescent or radioactive noiety and

bi ndi ng determ ned directly. For exanple, this nmay be done by attaching all

or a portion of KSP to a solid support, adding a | abeled mtotic agent (for

exanpl e a conpound of the invention in which at | east one atom has been

repl aced by a detectable isotope), washing off excess reagent, and

det er i ni ng WABREPYERInogHYk hrredyt-bidiethdamingintil.{-BpaemispeeRfit on t he sol i d

support. Vari ' ' e, ldich &R bRyl B1yknown i n
Qytgo Hgﬁl,ggn&jﬂ%eﬁﬁﬁdh%lﬁﬁ&}%ﬁm%&ﬁﬁ i, dlt ) hatﬁ){h VK

the art. -26 Al By "label’ed” herein’is meant that the conpound
i s either diredylpheryl (Oxegirdistypionyelmethonyearboayeind) bepplriperigiyli des a

det ect abl e si . B r=Yo [ o) ; . ZYE ant i bodi es,
particles suc%plg%n%&&ﬂé?}fng ﬁ’gﬁ?%@@ﬁ%@‘%ﬁ@ﬁ@?ﬁ%&ﬁg@%‘gﬁ% By Iglgl,@ﬁgﬁnys]’peci fic
bi ndi ng nol5ec ukeslinybhahyl petcdibilmomi mpeirolidingéted dyeslidingbiegd, pai rs, such as

biotin and strept.avidi di gaxi d. antidi goxin efc.. .For. the specific

bi ndi ng nenber ,“’“?‘I’i‘éld CE}%PE%B@PQP@%%%%P%%EHYE Ity e | abel od w th a
nol ecul e whi cHethylpykdidmyl)oethiie (Rahyiprolidinyigeip(drnghipaitinyhpropyl, procedur es,
as outlined abhove.. The | apel direct Qr.indjrectly provide a

det ect abl e si g{ﬁxgﬁylpmragwgfﬁpr@naﬁ%aﬁgm ?’i%‘ﬁlu}d"bﬂ@{‘ﬂf t he conponents is

| abel ed. For exanple, the 10 kinesin proteins may be | abel ed at tyrosine
posi tions usi g othdbprefeaed whbddithéntoR Lp hadr@fen oAhdlerMds hydedgen, makyd of han one
conponent y Joe Label ed wi different |abels: using,izsl for the

o me. 1o ol i pa et yle b R B Sreis A Rop et Berant bebThe
conpounds of the invention may al so be used as conpetitors to screen for

addi ti onal dr Ul apartisnigdy e ferreCahgraia B ipiberryl prhelohgeayk Rz éy choggnfiprt andi dat e”
or 15 grammati Gal i-val gnt : j i e iRk , €.3g.,
ot ei o ol goi afiblot KfTinyaReun 8 e b flo AREUL RE oML,

pol ynucl eot i deRa~g# snbstithigd phenyl &b tscoH{(EB)n O erad CHy) dRpe: 1T isdyyo pulrdser sapabl e of

expross on of & REF LR REE R} ARG ha B8 BBl e RUTROIRAE o 1

aci d sequeitesframdning pepplameguedeesidinyh ot her cases, 20 alteration of
cellular proliferation protein binding and/or activity is screened. Screens

of this sort g pe RefLRL mﬁ&%‘é@ﬁlfcingm[)&lé?oﬂtﬁﬁ:ﬁﬂg%,% iGREEASE Bbsen

m crotubul es. I'n the case ere protein nding or activity is screened,
preferred embodfiomsntwgex ddwelelio ubstithied lcater alivly bdompvsnbstisutiod henzylpopheangl
particul ar protein, t e ructur 3 ¢r ot ubul es,
and ener gy sou%@%%uﬁgtbtg{?dgée%gﬂg?isﬁgg ggﬁéélig?ggnn%gg?wn%%t ]%ﬁﬂfggs%ays herein
i ncl ude candi daydroggyeRs $s shlobanhratoCRGH: alkiyh ghdniyk nemithyl phenyd sdistifutad atithon

protein in jts,endogen native state ternmed,.herein.as "e T .agents.
" anot her 79r eFaPr B cERbBd HercoxdRin msty gDl 5t Biep et YR PRl
anti bodi es to KaPhetGangi;dad R, 2GRt rem fovad el agSohayylpsheny solsehitaialith
cl asses, thoug ypical ly they are 30 orgapic nol ecules, preferably small
organi ¢ conpou émﬁ}&j?‘ﬁ‘fj a&%%@m&ﬁ%&ﬁ%ﬂ hﬁﬁer%ﬁ’i@etbﬁa]hﬁ%ﬁﬁylﬁwgfl ess than
about 2,500 dalHeRRsurylfapdi KhtdrGarfgBNt BetGOMPAPiopH and R (s-alkyRRRwWHARHI iygRct | onal
groups necessary for structural interaction wth proteins, partgcﬁlil arly
hydrogen bondi (lawd alkyDepme) devenplsdiayno, aminos Iaviee alkpxys PrIlEgRcs YY) east . an
am ne, car bﬁ"'wpa_rt'fb)(x%l?)ﬁ olidiid) Biperidifio GaRAXML. 9roup, preferably at |east
two of the functional "chem cal groups. The candi date agents often conprise
cyclical carbon_or heterocyclic_structures and/or argnatic orgﬂppl romatic
Shaetegh

structures subs¥herewgidgrngprapailythe pifopargides ¢festRBHRL b Bin ST ps.

Candi dat e agent &, Eréh &Avel 2Py NALRAEPbLEH 288 siibiGhutedipRehyR et des,
saccharides, fatty acids, steroids) puri nes,q]gyrl m di nes, derjvatives,

structural anal byskoasr orlemst #lkyli B & yAwgenRs ismhpien dprprubstitpie pisayeandar e
pepti des. Candi ] é t & i [ . s
including libr agi%tgglyg?g Estoﬁlgy%ﬁg?f 2&%?@%% u alaoe(édoﬂgtg 1%'5@%%6?\2'&%#{)%,
nuner ous nmeafs amdydegid; iyl Risfiehoseadivondi@ower dilyloting, GyrirhksDanioe, a w de
vari ety of organic conpounds and bi onol ecul es, includi ng expression of
random zed ol i gonucl eotides. Alternatively, libraries of natural conpounds
in the formof bacterial, fungal, plant and-ani nal



extracts are available or readily produced. Additional ld natur al or
synthetically 15 produced |ibraries and conpounds are r d 2@& gi fied

t hrough conventional chem cal, physical -and bi ochem cal neans. Known

phar macol ogi cal agents may be subjected to directed or random chemi cal

.nodi fications, such as acylation, alkylation, esterification, amdification
to produce structural anal ogs. Conpetitive screening assays may be done by
conmbi ning KSP and a drug candidate in 20 a first sanple. A second sanple
conprises a mtotic agent, KSP and a drug candidate. This may be perfornmed
in either thea@rresmhdmv,mdmeﬂﬂeﬁﬂ#vbaﬂémmhoéso The binding of the drug
candidate is determ ned for both sanples, and a change, or difference in

'bi ndi ng betwe LAS e B EAbE SRR PIA8ENE R, W pra@raBgent capabl e
‘of binding to%&%ﬁ%o@@m f 'y modul ati ng t|3tsc acti vrltyp]r Thatg is, if the

25 bindi ng of chéven Gomdydmgeii Watcealky, wbstiterdlower skl rhsnabsntitiédnpl e rel ative

to the first KSP. |
breforred onbyarabRbe RatERafAle AR R RSt Eelolhibng, bRTST 11 @
E: gr ogtg_ht 2 :16_ g&ﬁcybindgalﬁmemdlg?a M?ﬂd’f?omﬁlgginom is bhaserefro i fent | ttggd
i i i i i ,
mw aﬂa? sfi e'd g aﬁ%]xyl élfi%‘l }UrP(lj‘gnylcer tulséﬁ%%gloal%w%n y

‘peptide, bindi crrcuhstances
there nmay be Q&Wérlall@xﬁln&ﬁbl REth§lened?iy, orﬁn&o@&ﬁétﬁﬂﬂﬂpﬁmﬂmbﬂmzﬂhﬁd

candi dat e agent and t he bindin ' i Ng noi et spl aci ng
t he -candi dat e beéEeeyrelyly andoive @tﬁ;’gﬁf% Hwefﬁﬁél &%%P’H’;tpg fﬁge’rﬁ’fbti“sx""g‘her ed.

Ei ther the Ca%ﬂﬂﬁ?@o@%@ox}'Qfloﬁgﬁalmrﬁéﬁi)ﬂts%sht@éd epty, hdt@oa@led first to
KSP for a tinme sufficient to all ow bindin if present. |ncubat Wkons may be

performed ¥ abnjereasyipethyk heteronmletnl fisferopyy P&?Pé’éa‘tﬁlpglﬁr?ﬂ‘fﬂﬁ&‘éﬁ}\ﬂ 1689 pi cal ly
bet ween 4 and Il Ol w8 bikOBniAS, SR, RleL k81 oahéteie tivity,
but may al so béeli@g%%ﬂannﬁ?g’g‘ tgﬁl%acr I tle r api d hi gh t)ﬁ{gughput Bjeog:ibﬁrleenr ng.
Typically between 0.1 and 1 hour wil| be sufficjen cess re

general |y renoVagn sensifganesriinarity the spimes el fRgIp! hﬁgfrlgr’r?m"%tpf%%ebqédded
and the presengg, o r@R e Skl bdnkg, duBlrhiedvaeNpRanaibktithed bRiyRReH, to
indicate binding. In a preferred enbodi ment, the conpetitor is added first,

fol | owed by t hbydregeaiogloier alldiRe’ iThvdpieas &relsichesen fiam sEbsipEd ARG s an
i ndi cation ghe pot egﬁ‘%ﬁ‘d APERL; RisRhodh BOmiQuiltsEd saeyll ﬁe@odyagpeﬁqme of

bi ndi ng to, ralTy modul ating, the activity of In this
enbodi nent , e| Bﬁehn@m#&w@ﬁswéoﬁéﬂ&%m amfrhale; Rf ad Reperhydeosgensend he

compet [ tor 15, habebsle hOR AIGAPARRALC] WGk JRphifBsRo S8bULLaR, | ndi cat es

di spl acenent by 'tRe agen tern a Ive € candi dat’e agent
| abel ed, the prpqseadmel piiiddzoty! bredresrpbalinyh Vbadbo tpréserii(esdn &) 1bllis§fp53|5'acerrent

O T e i S

bi ndi ng by 2the rﬁama@pmetng)n; dirmshok ypthieyd,toyatopkenyh hrfludecnestipdphetyli s bound to KSP
wi th a higher afrnrt t.he ca te.agen

presence of thet“ﬁ%fﬁg’in H@‘%hﬁggglfororg%gu%&% %Wr %r%f }tg’p?lg%)ll(q}%? Jygﬂnﬁgtr t or

bi ndi ng, may |ﬁﬂbtﬁ@tyearb&@rl;maﬁ}ﬂtlpﬁt&ﬁdinmhaplﬁhﬁapab| e of binding to KSP. 25
It may be of value to identify the binding site of KSP. This can be done in

gr \dgr Ingt %IOOI h %%ﬁ%esq %H{F&e@gﬁ@& afrg%% esl§%Selﬁc?gor rr%@ﬁc{l“ggﬁgiﬁ SﬂeaZssays
repeat ed to i dethdiguet tvell REBASA ateyarc thmﬁiplesasfdnscribbmhhi Aggr et 2297 of Med.
25 Chem,,
20:379-386 (1977), hereby incorporated by reference, quinazolinones can be obtained
by acid-catalyzed condensation of N-acylanthranilic acids with aromatic pmnary
amines. Other processes for preparing quinazolinones are described in U.S. Patent
applications 5,783,577, 5,922,866 and 5,187,167, all of which are incorporated by

30 - reference.
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0 2 APR 2004 Modul ation is tested by screening for candi ﬁaie agents capabl e
of nodul ating the activity of KSP conprising the steps o oﬁﬁﬁgﬁﬂﬂw a

candi date agent with KSP, as above, and determining an alteration in the

bi ol ogi cal activity of KSP. Thus, in this enbodi nent, the candi date agent
shoul d both bind to KSP (although this may not be necessary), and alter its
bi ol ogi cal -or biochem cal activity as defined herein. The nethods i nclude
both in vitro screening nmethods and in vivo screening of cells for
alterations in_cell cycle distribution, cell viability, or for the
presence, nor pglRSPBEELions pf the inyentigngmayitsmadess, shown b gures b2, #andt.i c

spindl es, as argy t il t ' differential
screeni ng maya%e I%Elg%ro?gérl}ﬁa‘gdﬁtlb%}%d%gxp %@H’&@l&af?%%%ég&r iflh%c%%}ag&fj he
native KSP, bucyttatidoin tx fivch! $tep woaildcedbly #SHkyl Rdgiet i ve control s and negative
controls may be used in the assays. Preferably all control and test sanples
Feaul ts. | noubar o ooty iRt hiertol Aid L b b et eB e bt ng
of the agent twiltiweppiedtted by theed ih el angmitndsinay becltered irila salepl afsvags;ehanashed
genoral 1y | abel b CSgbTo LIS e orrsg AR BF O VA6R ol abel | s

enpl oyed, the sawpheas iMhy mieticpunrad SidleddiSeatily] iltedid Ry KOURERE (4.0,

determ ne the rmuné)é%f .bosnd caonpound, . A variety of other reagents may be
i ncl uded in t h&SWRIFEER] g sgulibrign, eher fy miatiiess gdivedng segiging | t s,

neutral protei BSmpdedds., SimilBUHPbbackiS Ry 98Med 1o AlefmiiBiich may be used 20 to
facilitate optiml protein-protein binding and/ or reduce non-specific or

background,interactjions. Al.so r ents f.hat _qt herw,se inprove the

effici encylgf T abrslong ?mbso&wn&‘iﬁ‘%mpea %nsi"rﬁﬁ\%li“{ﬂ%‘ﬂ%’,af%%ﬂé%’?@éqlﬂﬁi bitors,
anti - m crobi al nigeaisndiefotmatioipdnd@uslseptolohBsd dall $fc Lreef in@rﬁme.nszt s may be
added in any ogdeé thq{? provides for the requisite binding. 25 The

fol | owi ng exanpPedulde heeit is megplterng piietisseindls dormationrinshingdnoreasingg t he
above descri bednd MRALHOHindSToWRItlon 2By ' RitsR spfr@le! BnlahSnORsdn HOGES
contenplated for carrying out various aspects of the invention. It is
under st ood t haC'§2RRaONOL BYgIPERYIPSiniedingdey stsegtires kyanifdtigikinesing By (mitetisope of
this 1 nventison spll ajeibn aeftirPk SRERRADH: Ared bAdRIIBLEY iRt RERGR. A |
references cited herein are incorporated by reference in‘their entirety.
-30 0 2 APR 2004 EXAMPLES, Abbrevj ations and Definitions The foll ow ng
abbr evi at i ons ard PEPITHICRSYEhe Krentiqa A sl thbinditegns/ar mrosulgteghe actizitg of 15 20

25 30 35 40 45 3 mitotic kinesin, KSP. In a preferred embodiment, the KSP is human KSP, although

KSP kinesins from other organisms may also be used. In this context, modulate
means either increasing or ;décreasing spindle pole separation, causing malformation,
20 i, splaying, of mitotic spindle poles, or otherwise causing morphological

perturbation of the mitotic spindle. Also included within the definition of XSP for
these purposes are variants and/or fragments of KSP, See U.S. Patent Application
"Methods of Screening for Modulators of Cell Proliferation and Methods of
Diagnosing Cell Proliferation States", filed Oct. 27, 1999 (U.S. Serial Number

- 25 09/428,156), hereby incorporated by reference in its entirety. In addition, other
mitotic kinesins may be used in the present invention. However, the compositions of

the invention have been shown to have specificity for KSP.

For assay of activity, generally either KSP or a compound according to the invention
is non-diffusably bound to an insoluble support having isolated sample receiving areas

30 (e.g., amicrotiter plate, an array, etc.). The insoluble support may be made of any
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Ac -acetyl BNB - 4-brononet hyl - 3-ni trobenzoi c aci dBoc -t- bubyl ﬁxy car bonyl Bu
-butylc- -cycl oCBZ -carbobenzoxy=benzyl oxycar bonyl DBU- APR 2004

di azabi cycl o[ 5. 4. 0] under - 7- eneDCM di chl or onet hane = net hyl ene chloride =
CHzCl zDCE- di chl or oet hyl eneDEAD- di et hyl azodi car boxyl at eDl C-

di i sopropyl carbodii m deDl EA- N, N-di i sopropyl et hyl am neDVAP-

4-N, N-di net hyl am nopyri di neDMF- N, N-di net hyl f or mam deDVSO-  di et hyl

sul f oxi deDVB- 1, 4-di vi nyl benzeneEEDQ

.2- et hoxy- 1- et hoxycar bonyl - 1, 2- di hydr.oqui nol i neEt - et hyl Fnoc-

9-f 1 uor enyl rretcﬁg‘\é%té‘?nﬁﬁ%}c 1° QEEEOB RS AR brghoaphyHATdY separated from

O- (7- AzabenzotsbluBk@hatekial) kad it othevide doRipafblE Witk i RBh i FRaxa bl wlepRROS phat eHVD
S- hexanet hyl dj sil azaneHOAc- acetic aci dHOBt - hydr oxybenzotri azol eMe-

met hyl nesyl - nePEEHESE of fush suppmmEmay ks sejifl of pasensyehd ef 2m% cpaverient shape.

pentaf | uor ophanl BET o ol anaa R Pl R TE op.

pent af | uor opheno S- pyridinium ona Br oP-
br omo- t ri s-py rand beafisnBhqshars tperaily matiesddldse plophE e palyeytene)y oom

tenperaturesat---d-.saturateds-- secondaryt-- fert.iaryTBDVS-

t bt yi di et nyleLRR e nFiof B P i Re Tedir ol MhixBRessg meaTE TvOF Th
5 tosyl Trt trdrébspecisihoehvenieatbcdatiseh (agymhidEtsransaly dafBE Bathiedddt hof or mat e
trimet hyl silylﬁjllg‘- ol uepesul fonyl tri phgn&ggethall Exanpl e 1 _Synt hesis of
Conmpounds 10 “ﬁf’é‘ﬁ‘@’rﬁ p o Jroupts ok TeagERtsiaRd samplise dhe pafigilea magpesy 1
N-butyryl ant héfamdingor@ed dmpdatich it BQLINE SKRHs 2 D9 Blapitngib@Et om f 1 ask
equi pped with a thernpneter, dropping funnel, and an efficient magnetic

stir bar, Was BeEfeH aheYrahmethedsed g ipveptiqomainrnsehe BEYY ¢fftband di net hy!
formam de (250:d¥positid@addlh RorRPidhti0Np LR R AHBEHI R M idehudelihtb g8 (0. S5
mole, 57.1 nL) dropw se at such a rate that the tenperature of the mxture
did not rise atBipedigo@hichile netspiealy Wackwbershs ligand bipdipssibeier agtieation oom
tenperature fo j b - L X E LIE . .jnto
wator (2000 nt§oang® &R nEfheRarisHoaify i slppo KRBl S U B T s
col | ected by f#uppeds cpmicaherobrdicking.tthe syothdsiswftthy prowincbrdeént dn thadenface.educed

I: i ; 0 .St 2:
D B opyt- 305" [ S Bonosify thd efln BBRNIG s (3desd yiipultP e i Bnied |
di ssol ved i n abewishing [Thdsintde (etd0inghicad mayath&O: Wbckedthnshgh dtctiotiof kath k

equi pped with etic,stir .a. Claisen-distillation.head (wth vacuum
Cet) Cand o ¢ BeTRERE Aot eRR cp R e R RathPl e B RETRTHY 25 o1 owly
heated to 170-180C with vigorous stirring. The acetic acid produced was

sl owl y di stil | dde eftimitptid egentstafisihemtion preissusedon fibinbtvote mgdilite theead

t enperature of St |- at.1 OF - t.0 follow.the progress of the
transfornmati on.a&ﬁlﬁlg%lrfg%dédto#'%&%ﬂ&? gﬂrh}ém%#%:% ﬂ(l:lségrlnee)%?“fl%mﬁtge Eﬂgtﬁ%ag(eﬁtg excess
of acetic &fhydfidenvertimeseicdmbintidstith KSR ardnhamzdeity of@tiRcie dsspyeds Kimesin( ca. 20
mnm Hg) . The residue .was af.t erward,30. cool ed and .t he, product crystallized.
The product was Ctt“?lg'tlﬁr redt \;i\n'e\t%ﬁ apd Hlél?geﬁf’eon(e FEMAKINGT 310@8#%& éﬁ“%? filtration
to yi gl d 2-pr Opydiviﬁcsiﬁg&id]tmf f ﬂj(&mZzifftjclilAmEyd&(ﬁ}sis(; Bficrotubule Gll'&@l%g; g[iaﬁlgabove
procedure gave C oun S | ci ent re to,use directly in the -32 0
D PR 2004 nex S PR ealn ol misr Gt (BEEE a5 Jrtiaiohas Bramid GRanEmpound 3
(28.4 g, 0.1S rgsher protdih dTRZYInAE BiadiGg b protiias ifolvBd ARERLyNEE@tGET | uxed in
chloroform (50 m) in a one-neck 250 nL round-bottomflask for 6 h. 5 After
conpl et e comsurfFIRERS GFURSHARS SUAHErEnZYS: LAY wrionases AT RENCABFAFSYSREGEC under
reduced pressurgnesft daithignRs eiliyCRbh 4siBRltlphi-ansh-NRARH pellets (0.60 g) were
added to the residue and the flask equipped wth a C aisen-distillation
head and a rrag&slti c,stir bar. The flask was imersed in an_oil bath and
reheat ed to | 30Mehedsofpegforming ettty ssws wenrriVingwp sudoseaf skiil iy the ag-

mai nt ai ned t her@eé 0k, Hall ol h@g@hﬁmﬁﬁsts_.ef., 71934?56%@‘9'%% &t 41 SIS An QY
distillation. After conpletion of the reaciion, the clear $olution was
allowed to cooIB’toéh%égf {1o3pSF Gitige et 2hn P MPirlosdl MPGht13-2P; Shisdepretale t he
product. Thegp i . adi : dj %-aq. HA,
Phe cryst al & ner oot} FRRPagr ors 100 LS RRhHa e o dods hidthy 84 0d St
recrystallized Phoplnaost dpdh, Blaphysal168r T28t]i vel y Horn acetone) to provide
t he conpound, 2-propyl-3 15 benzyl qui nazol i n-4-one (conpound 4) (28.0 g,
679 . Step 4: 2-(f-bronopropyl)-3-benzyl qui nazolin-4-one. To a three-neck
250 nmL round-bottom fl ask equi pped with aighernoneter, dropping funnel, and
efficient magnetic stir bar was added conpound 4 (27.8 g, 0. 10 nole),
anhydrous sodium acetate (10.0 g) and glacial acetic acid (130 nL). Brom ne
(16.0 g, 20 0.10 nole) dissolved in acetic acid (10 nmL.) was added dropw se
to the above solution at 40 Cfor 1-2 h. After addition was conplete, the
m xture was poured into water (1500 nL) and stirred for 1-2 h at room
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30 conpletion of the reaction, the solvent was evaporateg&fgﬁﬁé educed
pressure. The -33 0 2 APR 204 residue was dissolved in"@ 2 t hane
(150 nL) and washed with 3% aq. NaOH solution (ca. 10-20 nL). The organic
| ayer was dried over MySO04 and evaporated to dryness under reduced
pressure. The remaining oily product was purified by flash chromat ography
on a short silica gel pad using an eluent of CHC13- MeOH aqg. NH3, 90:10:0.1,
to give the desired conmpound (5),

21 (N N et L L RS o) R RN Arheri yramaly ftaste (9 (6.0

2-[f-(N-4-fl uon@bepfcwmy,(sbiuﬁbxdba@atﬁya{yehﬂaylhmdmmnaﬂﬂicﬁmpwas}@mnzy| qui naz
ol in-4-one. A stock solution of conpound 5 (1.822 .9, 5. S prepared
in HPLC grade @Ry s, [3996hsteoy. m%ar&%&by SBICTFE O l%ﬁntﬁetm Q?F‘iﬂ?é%szm@@

chloride (160. %ssﬂ% keI Ay, 'c&nl'e‘ﬁ)tlr&a%@lqus]argusgd oYy ek AelS @NRIche fdriTL) Was

prepared in a 2.0 nL volunetric solution of triethylam ne

(2.0 nL of @. 5kw51wag1 Yeraupriified- irnonqmmarqueeﬁéw@r@n@ﬂxgw&r&awawsmA 100 pl,
allquot of each afuulipRuAS 0B SEAHeLIIbe. £id:APRRARG AN UEIRA S NG A

Beckman Bi onet i qui I spense rea t| on xture was
shaken usi ng amﬂﬂ(shtﬁmhmdlytslhal{éﬂ&s@mnmw greenamalatet ddchind TeteeX-bat h,

and then incub ove ni ht at m erature ' di | uted
in CHCh (300 pq’)t‘)?dﬁ h{%a“%gdﬁ%ﬁﬁ%lsﬂaﬁé&dﬁﬁa%%%?ﬁo% sol vent
was renoved in p@ctmm&@awmuﬁes SONPAULdatd cérﬁﬁ‘%@anve?daetqam myrgsrﬁct he
conpound vvas anal yzed hy TLC el uted wth CH2Cl 2-eth -con ggﬁs

aqueous NH3L0 10WosRyate released. Whenallyspetiopprog sigpiardshiase ‘?‘T’B qyeng

conpounds  of Gemrlh@ ofga'iééﬁlttéiér@enlrga nt¥s Rideliid¥he Q:Tevlmt wellk in &, za{hicﬁiﬁlt&ne Br
D EA, DWVF, CHCO 3 NH Resin 15: FA: TES: DCM Al | anhydrous_ sol vents were

pur chased from N@rrb&mmmwwlmﬁﬁ@mw Ismlsﬁpégééhelﬂaféwﬁ #aks. Most

reagents were p | " DCM
hainiahtie hane&ﬂsgjﬂ@@ oﬁé o gh&%hé?]b aﬁgﬁ@%&so&m& i ds @RSbe

N, N- di net hyl f or exmwerthd;to TVEP; amﬂm@ttﬂq«j( bmr maneAddlﬁmallmelPaaema)@@wn chel,

Array synt hff§| Sd@lciuﬁo{ﬂg'ﬂgcsf%gséaﬂs 5 x 75 mm gl ass round bottom screw cap
vial s contained 2 rray al um num synthesis block, sealed with a

Teflon-1ined rubber 10 nenbrane. Reagents were added and aqueous
exttaotions per ASPasdctiyitief kinsgh motar dﬁmﬂlm dpraren &F usidgemopiter themtiepts 8 i ons

wer e perforned Hﬁ'l&u%%&f\‘g?{nr?lle ¥habbdik a%%tsyﬁé b kinddinWre pédrfolha ih @k

bl ocks. Evapora on 0 e materia romthe array was perforned with
a Labconco Vortehrseiimaqucabmbulgs ]hy\n@hsemba@mttﬁwﬂ&'as@ a@sam e peFEmARH f ol d.
| S Exanple 2 (sql

1, 3- Di ani nopr op eé) I?S%E]C{%S eS| EE% ?%le%tcSI ngh% ‘g‘ﬁ%%‘g‘;‘ %%58‘!‘)“’“‘1 o

mol ) was wed0ghelek dbbtoassays.cinavprefaped/érathodtumait, Sherdffectfof a niodalatingaggnias of DI\/F
and chl orof orm was added... DI EA (0..130 .m. .
2-(1' - br omopr opy* ep%“ ﬁ%&?ﬁ?ﬁgfrﬁﬁ)?&fmdr%”%“i%s a?’??"% E‘i%l}?p eeTS’Od(uB?rEBB g,

0.48 mmol) wer e thglead: of Titeagéntdlon kinesin ATPase can be decreased by increasing the
concentrations of ATP, microtubules or both. In yet another embodiment, the effect
of the modulating agent is increased by increasing concentrations of ATP,

25  microtubules or both.

Agents that modulate the biochemical activity of KSP in vitro may then be screened in
vivo. Methods for such agents in vivo include assays of cell cycle distribution, cell
viability, or the presence, morphology, activity, distribution, or amount of mitotic
spindles. Methods for monitoring cell cycle distribution of a cell population, for
30  example, by flow cytometry, are well known to those skilled in the art, as are methods
for determining cell viability. See for example, U.S. Patent Application "Methods of
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-35 1) R3"-Br DI EA, DCM 0 2 APR 2Q04 was seal ed, h@%ﬁggﬁe C and
shaken overnight. The resin was filtered and washed (3 X MeCH, | X
DCM 2 x ether) and dried under vacuum A 27 ng aliquot of resin was
treated with S:5:90 TFA: TES: DCM for 15 min and the m xture was filtered and
evaporated, resulting in 8 ng (64% yield) of the quinazolinonedi am ne
internedi ate. LCMS anal ysis showed >80 % purity. STEP 2) Tlie resin from
Step 1 was swelled in 3 nL of DCM DI EA (0.130 nm., 0.72 mml) and

4- br omobenzyl bromide (0,12 g, 0.48 mmol) were added. The vial was seal ed
and shaken ovéemenia for MoiBatarsall (Zsil Erotiferationlapdivisthods offRiegnosiey€all ed an

approxi mate 1pl @ I fs i ial ﬁdﬁﬁt ot her 0.130 nL
of DI EA 10 anggoél?aféiog Sgaft&ﬂ-fﬁ%%én%b%%% ge;ngﬁ%m Zb%\g\ggf}gé a élgreﬁﬁd the m xture
was shaken at iné6rpGrafedivy8efbrencEhirits @sirsty.was filtered, washed (as above), and
ydried under vacuum STEP 3) The resin from Step 2 was tw ce shaken for 30

mn with 5:5: X :Ié;l\/l £i d.. The filtrates were.conbi,ned and
evapor at ed, y?rg?dgﬁﬁa-(ﬁ'ﬁ g Sg#gcgfﬁ%%bg’%%em IBﬁOFQOPLﬂW%hO%ﬁ?OeIﬁOé’fmm Splﬁ‘&p&l fied by
rever se phéase fgmafiar addinvafoirbatidRlafe wdldebenitd thbsemnalll 6 thg maddeerdg., t o provi de

synthesis of MRITHRE Bt hoe S heb sg) T Assela PRl ah O3B TFE eai v
(Novabi ochem bvib19b3snml4ig). (200 g; 1.9 mmol ) and 1, 3-Di ami nopropane trityl
resin. (Novabi ochem 1.14 mmol/g) (2.0 g, 20 2.28 nmol) were each placed in

different 10 pol ypropyl ene. fritted.tube 1 o.Rad). To each .e added 4

oL of v, 4 e BRI Ry oARE b ldgh B HRE b R o Ohe iRy 3R il

Efes pecti vel Iy) i8I, defrtpd a@&gﬁox{cﬂ:ﬁtrdﬁb@ﬂﬂﬂé emﬂ;c)sftﬁnb&n%iylh mxlﬂiaﬂa/Zt@lo't‘KSFis)nﬁ y
rom Exanp| e | L and 1. respective .. Jhe Jp xtures re shaken

90 & avB o bt ts R Sreadt bl RO TP BV IS of B Brbos T Dat 5 x

ether) and. 25 sfirs, G4lh PRESId YABMIRENARANLIITS s 168s ke s @l MU, fhexeal ed

t he presence of the appropriate quinazolinone-diamne for each in >90 %

purity. STEP Zyefvmed emhiodiamestsihsving o' nyf lessitkemiaheut 18 M Withesrtisglarlp. 10 mmol )
was placed int l.alShn fd r f.t and the
qui nazol i none l%?%g%]? |°glr§1&§(tas\ﬂraglég ;1(55@ %@%tﬁ%sa%g&mm\gﬁ%p%@a}%%é |¥rﬁ 0 each
vial of the | astbodimantscha@ilg HFso't bidemtiranyaboifd 0@ akel) and with the snosicholefeliréd EA (0. 131
m., 0.75 ). ,Jnto ch. vial, of-the first 2 of the ray, was added a
di fferent ”gfn' né ,”°§H’a‘3“fsﬁl€‘"£aﬁ¢sefBffn‘%“\?déaﬂlé"b?‘id8£%3w$a&%“°{“ﬁ%t qfiéﬁ“ Wr ows of
the array. TheudgpmtATRasddsezk was shaken at 70 C - 36 0 2 APR 200
overnight. Liquid was renoved from each vial by multichannel pipette using

e Bormiod o8 L Pl D10 B et PRS0 T 2,
added 2 nl. of KaorlQibddimedasthddidotiaiisMatbidtind for tiiateraead éfake bl ock was
shaken for 45 %ign%{&jon% Qvexthrﬁgg Li’rrgfgrred compounds have Kj's of less than about 100 pM,

20  with preferred embodiments having X's of less than about 10 pM, and particularly
preferred embodiments having Kj's of less than about 1 pM and especially preferred
embodiments having X,'s of less than about 100 nM, and with the most preferred
embodiments having Kj's of less than about 10 nM. The K; for a compound is
determined from the ICs based on three assumptions. First, only one compound

25  molecule binds to the enzyme and there is no cooperativity. Second, the
concenirations of active enzyme and the compound tested are known {i.e., there are no
significant amounts of impurities or inactive forms in the preparations). Third, the
enzymatic rate of the enzyme-inhibitor complex is zero. The rate (i.e., compound

concentration} data are fitted to the equation:
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were transferred to a filter block, filtered, and washed twice with 0.75 nL
DCM The sol utions were evaporated to yield yell ow—to-r@ZoNDR.zﬂﬂfgese t hi ck
oils were triturated twice with ether, dissolved in DCM and treated with 4
M HC in dioxane to provide the HCO salts (unknown nunber of salts per
conpound) as tan-to-white powdery or 10 anorphous solids. Analysis by LCVB
showed all to be >75 % pure. Exanples 4-6 Six racem c qui nazol i nones were
separated into their enantionmers by chiral chronmatography. The chiral _
chromat ography of three of these conpounds is 15 descri bed bel ow  Exanpl e
4: Columm - Chiral pak AD, [ 250 x 4.6 nm DiachA [nc.). Sanple- O0.5|mg/nL in
EtOH Conditions & _15 r]u__'wn zt 60%oEt At Kdbexankle &nfant fdner 4 ¥obl ues at 4.5
mn, 20 enant i onef ~ 2wttt ¢S at 4.9 mn. Exanmpl e 5: -37 0 2 APR|2004
Colum - Chiralcel A, 2S@ x 4.6 mm (Di acel |28 ). Sanple- 0.5 ngdnL in
EtOH. Conditions - 15 min at 10% EtOH i n Hexane, (R)-enantioner elutes at
8.4 mn, (S) enantioner elutes at 9.6 mn. 5 Exanple 6: Colum - Chiral pak-
AD, 250 x 4.6 iWhefdV actbé otseyed rateS¥pplisthe rade & thafrer enzymalod@bithe ihil@ondi t i ons -

1 Smn at 70%Et(]1i.n xane ﬁn i r. 1 elutes at. 6.5.m tiomer 2
elutes at 8.8 MH - ThE™ &b & Be o?v@%)jnec%rlrl%}hgn’taﬁ%g“&s%e %3%?%1%&&5 tgﬂﬁ’g '
racemat e and t ke epwm-inbititorcoadpleikhr ee ot her conpounds separated as above.

In all three cases, one enantioner was 15 significantly nore potent than

the other. By ifdeReREAHMe of HultdtonSY B fRFiSed ds thedBRQARRiIh MR IRelcBRpARIGE acti ve
enantioner is the R enantiomer. -38

that results in a decrease in the rate of cell growth by fifty percent. Preferred

compounds have Glsg's of less than about 1 mM. The level of preferability of

embodiments is a function of their Glsp : those having Glse's of less than about 20 pM

are more preferred; those having Glse's of 10 M more so; those having Gl of less
10 than about 1 uM more so; those having Glse's of 100 nM more so; those having Glsp

of less than about 10 nM even more so. Measurement of Glsg is done using a cell

proliferation assay.

The compositions of the invention are used to treat cellular proliferation diseases.
Disease states which can be treated by the methods and compositions provided herein
15 include, but are not limited to, cancer (further discussed below), autoimmune disease,
arthritis, graft rejection, inflammatory bowel disease, proliferation induced afier
medical procedures, including, but not limited to, surgery, angioplasty, and the like. Tt
is appreciated that in some cases the cells may not be in a hyper or hypo proliferation
state (abnormal state) and still require treatment. For example, during wound healing,
20  the cells may be pfoliferﬁting "normally", but proliferation enhancement may be
desired. Similarly, as discussed above, in thé agriculture arena, cells may beina
"normal" state, but proliferation modulation may be desired to enhance a crop by
directly enhancing growth of a crop, or by inhibiting the growth of a plant or organism
which adversely affects the crop. Thus, in one embodiment, the invention herein

25  includes application to cells or individuals afflicted or impending affliction with any

one of these disorders or states.

27 -



0 2 APR 2004 ICso O- ICso Of) ICso ARM Racemate Enantioner 1 Enantiomer 2
0.06 0.28 0.03 0o NHOC\N~/ CHO. N ~/ a ~ "NCH

/ Er @57 40 6.6
/ aMW/ HOCNON ~ ~CH-V NCHo \ / -39 02APR20(¥4\A velld 1.3 0o N
H3C~ /I\ ~NIN ~ ~CHo N\ CH Br -40 0 2 APR 2004 Exanples 7 and 8 The
‘following two conpounds were synthesized as single enantioners by the route
shown in Figure 4. The data indicate that the nore active enantioner is the

R enantioner. K, (W K, (pM S enantionmer R enantiomer iw0O ~ NN<0.1 O
N~NH i i wer, Ol ~ NC~ ON-NH2 >0.5 <0,05 i Br Exanple 9 Chiral
Resol uti on by TReEHRAsKIONS sndmedhodgpronided hergipiare pagcylarly deemed useful for the

treatment of cancer including solid tumors such as skin, breast, brain, cervical
carcinomas, testicular carcinomas, etc. More particularly, cancers that may be treated
by the conipositions and methods of the invention include, but are not limited to:
Cardiac: sarcoma (angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma),
myxoma, rhabdomyoma, fibroma, lipoma and teratoma; Lung: bronchogenic
carcinoma (squamous cell, undifferentiated small cell, undifferentiated large cell,
adenocarcinoma), alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma,
lymphoma, chondromatous hamartoma, mesothelioma; Gastrointestinal: esophagus
10 (squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma), stomach
(carcinoma, lymphoma, leiomyosarcoma), pancreas {(ductal adenocarcinoma,
insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma), small bowel
(adenocarcinoma, lymphoma, carcinoid tumors, Karposi's sarcoma, leiomyoma,
hemangioma, lipoma, neurofibroma, fibroma}, large bowel (adenocarcinoma, tubular

15  adenoma, villous adenoma, hamartoma, leiomyoma); Genitourinary tract: kidney

(adenocarcinoma, Wilm's tumor [nephroblastoma], lymphoma, leukemia), bladder and
urethra (squamous cell carcinoma, transitional cell carcinoma, adenocarcinoma),
prostate (adenocarcinoma, sarcoma), testis (seminoma, teratoma, embryonal
carcinoma, teratocarcinoma, choriocarcinoma, sarcoma, interstitial cell carcinoma,
20  fibroma, fibroadenoma, adgnomatoid tumors, lipoma); Liver: hepatoma
(hepatocellular carcinoma), cholangiocarcinoma, hepatoblastomna, angiosarcoma,
hepatocellular adenoma, hemangioma; Bone: o.ste.o genic sarcoma (osteosarcoma),
fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma, Ewing's sarcoma,
malignant lymphoma (reticulum cell sarcoma), multiple myeloma, malignant giant
25  cell tumor chordoma, osteochronfroma (osteocartilaginous exostoses), benign
chondroma, chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell

tumors; Nervous system: skull (osteoma, hemangioma, granuloma, xanthoma, osteitis

deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain
(astrocytoma, medulioblastoma, glioma, ependymoma, germinoma [pinealoma),
30  glioblastoma multiform, oligodendroglioma, schwannoma, retinobiastoma, congenital

tumors), spinal cord neurofibroma, meningioma, glioma, sarcoma); Gynecological:

uterus {(endometrial carcinoma), cervix {cervical carcinoma, pre-tumor cervical
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10 Internmediate A, prepared in Exanple 1, can be converted to an

I nternmedi ate B, which, upon resolution, provides an al ﬁQnﬂpg\@ﬂgo t he
first five steps shown in Figure 4. The process is sho [ chene

bel ow. -41 0 2 APR 2004 1. NaN3, DMF 2. PPh3, THF A The R enantionmer of B
can be crystallized selectively by heating a m xture of Bwith 1.1

equi valents of D-tartaric acid in a m xture of isopropanol and net hanol and
then letting the m xture return to roomtenperature. Exanple 9: X =d, R =
H Racem c internmediate B (1.5 g), dissolved in 100 nL of boiling

i sopropanol , V#¥sPlaIRetravips (Avadiag cycipfmblsemns eystadermciteingma, 1Oingks of boi | i ng
met hanol . The iy - . 0, r erature.
After standi ngg%%géﬁh%ﬁt ; %ﬁg&%s%@%%&%@orﬁ%%&& Sgsl? EP ?Ilctgl? [antr%oggr{egrrtl “rinsed

with et hyl acetatir cahtinmex dpesimiamo, alaligveatitetatonsd) rvuthaysquiineuscielled sol i d
(0.8 g) was then.dissolved,i m xt.ure

n.a boilin 50 nlL of i sopropanol and
50 2t "t hesaRr R T e B e B e 5 A O SIS ar L or
st andi ng over nighta,(clediell &ftihdrid) gqBalodecasreimiRVIRtyEY shichrhi @idbefnand

rinsed with 15 et hyl acetate and hexanes, and allowed to ajr dry. The dried
solid was thenrhé?‘:s]‘}“’ryéﬁar‘?ﬂ“l f%‘%tﬁ“é?@ﬂ(%&om%ﬁ%%ttémdm%@% nand -
extracted wi t hiegkdiyih [ReR5LA &uoﬁagg&feq@ﬁf;&%w@dﬁuﬁfdiﬁ@m@héa?%)hoqtﬂc! tered and
evaporated to dryness. The resulting clear oil weighed 345 ng. Chiral
purity of >959% gduveioprpliderativg dissesge muiltinle wielampanyeladiispiastic Hmdgmebs her

am de and exam - 0N K &)ﬁ&l&t ~ ; Néyl: € '- y pul e
conpounds bel E)T’\I/{v'a %Hrngg%g%f)%’i?ghﬁgaccorlﬁﬁ%o tgﬁgﬁﬁ%‘%‘ﬁ%ﬁﬂ' %%ygg@ El:l% I gure
4, from mat@ri aiclanemy/besaheelfqapnonitesqurmewsdal eardisems, iKpembstsrercemasielegs bot h D-

M1 Coo M 1 0o TR B e G- G AR Ry Ao AR AP Tr €50

glands: neuroblastoma. Thus, the term “cancerous cell” as provided herein, includes

a cell afflicted by any one of the above identified conditions.

Accordingly, the compositions of the invention are administered to cells. By

15 "administered" herein is meant administration of a therapeutically effective dose of the
mitotic agents of the invention to a cell either in cell culture or in a patient. By
"therapeutically effectivé dose" herein is meant a dose that produces the effects for
which it is administered. The exact dose‘will depend on the purpose of the treatment,
and will be ascertainable by one skilled in the art using known techniques. Asis

20  known in the art, adjustments for systemic versus localized delivery, age, body
weight, general health, sex, diet, time of administration, drug interaction and the
severity of the condition may be necessary, and will be ascertainable with routine

experimentation by those skilled in the art. By "cells" herein is meant almost any cell

in which mitosis or meiosis can be altered.

25 A Vpatient" for the purposes of the present invention includes both humans and other
animals, particularly mammals, and other organisms. Thus the methods are applicable

to both human therapy and veterinary applications. In the preferred embodiment the

patient is a mammal, and in the most preferred embodiment the patient is human.

Mitotic agents having the desired pharmacological activity may be administered in a
30 physiologically acceptable carrier to a patient, as described herein. Depending upon

the manner of introduction, the compounds may be formulated in a variety of ways as
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CH3 Induction of Mtotic Arrest in Cell Popul ations Treagg m%g

Qui nazol i none KSP I nhi bitor FACS analysis to determne ¢ I %tage by
measuri ng DNA content was performed as follows. Skov-3 cells (human ovari an
cancer) were split 1:10 for plating in | OGcm di shes and grown to

subconfl uence with RPM 1640 nedi um contai ning 5% fetal bovine serum (FBS).
The cells were. then treated with either I OnM paclitaxel, 400nM

gui nazol i none 1, 200nM qui nazol i none2, or 0.25% DMSO (vehicle for 10
conpounds) for 24 hours. Cells were then rinsed off the plates with PBS
cont ai ni ng SMiEEFA babey.| ‘Bhecgpneapirstde! drecapeitivalpBStivoermponndig thes FCS, and

t hen fixed ov i i 0 | o/B ) Sk ells were
pel | et ed, msﬁé‘gﬁgﬁfgremﬁgﬁl sﬁgﬁtﬁﬂ% {??gdlg(t)ﬁu?lﬁlg%&gg% )%a%’rﬂgltbl ?éljm i odi de
and 250pg of rdldmerusl eadea(i@iNage pthér ptmanis, 1.4.,|radigonaer @%E f or hal f an hour.
Fl ow cytonetry anag sis.was 15 perfornmed on a Becton-D cki nson FACScan, and
data from 10, Oﬁlﬁmgélgrﬁ‘%cugg?gcg Srrpl e was analyzed with Mddfit software. - 43

0 2 APR 200 The qui nazol i none conpounds, as well as the known anti-mtotic
agent pacl i1 axilaprdeusiethbadisien, the phatnveeytiog sbmposgivnotrcgreh stef soublea GO A
cell cycle stage (2n DNA content) to IMcell .cycle, st n

contenty. o hePrasuterarofiiy deforlie el SRish it TR AU e ot f ec s,
Monopol ar Spi nsHdeabecudeiioh edltsf OPRaambdeaticANphdegastilorididdaiontalnazftsithione KSP

I nhibitor To determ ne the nature of e. /M acc | ati on,, human tunor
Lol 1 pes | skolod G arin s HoBe sttt oafe g st gl SoBtte. bl ot ed
in 96-wel | pl atBBgrRulIH@BHcViEs ufesitab@)fbrnaed With Refganiehtid{ kW 3 & Hela) or
8,000 cells _per well (A549), allowed.to 10 adhere for 24 hours, and treated
“with variod? c8HEMIERFGAYAmLIEHE aﬁfﬂi sHHyn qc}ﬁ’v)ﬁ‘é‘l%}‘?pB’EﬂfB%orP&F‘dfﬁdWBur S.

Cells were fix@gl,iafid &%’qﬁi@ﬁd{@slsdamsch@e&rhdid,slsﬁiaﬁ@am,ténycané heid, phrskicRcid,

anti bodi es (subsequently recogni zed using uorescent |l y-1| abel ed secondary

anti body) and PEEERsE: Bleic gl Baogie 45iksueyps acid/fuparic aeids seamq asih Filiifeal ed

that the quinazghifiphf. LATBRAHAHR LRUSEHESId, MefhfesAifsRShad> i n the
pronet aphase stage of mtosis. DNA was condensed and spindle formation had

initiated, but ctherssulfenit asid, pdolyeriepdforicacd sabityligeeid aphdedkar spi ndl es,

i ndi cati ng :hat, W (TR T . i d par ati on.
M croi nj ect1|t50n g%@%‘%?“%@%g&gﬁtgﬁgg I ggagﬁ%ﬁgéﬂkg%dg dr?n&% gﬁ?‘% )aﬁrofhgst W th
arrested cel | s idirggpichyesgsgurhmscpdibay pEpsinal Bium, alminohiuie palgimCehingsiam,

Proliferation i,n, THIDE, G mehbes, ALGALE% N £ a2 Bk NN reRnkPle

I nhi bitors. .
the ammonium, potassium, sodium, calcium, and magnesium salts. Salts derived

from pharmaceutically acceptable organic non-toxic bases include salts of primary,
20  secondary, and tertiary amines, substituted amines including naturally occurring

substituted amines, cyclic amines and basic ion exchange resins, such as

isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, and

ethanolamine.

The pharmaceutical compositions can be prepared in various forms, such as granules,
25  tablets, pills, suppositories, capsules, suspensions, salves, lotions and the like,
Pharmaceutical grade organic or inorganic carriers and/or diluents suitable for oral
and topical use can be used to make up compositions containing the therapeutically-
active compounds. Diluents known to the art include aqueous media, vegetable and
animal oils and fats. Stabilizing agents, wefting and emulsifying agents, salts for
30  varying the osmotic pressure ot buffers for securing an adequate pH value, and skin

penetration enhancers can be used as auxiliary agents. The pharmaceutical
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Cells were plated in 96-wel|l plates at densities from 108@ 23%3 cell s/well
of a 96-well plate (depending on the cell line) and allo 3 re/grow
for 24 hours. They were then treated with various concentrations of drug
for 48 hours. The tinme at which conpounds are added is considered To. A
tetrazoli um based assay using the reagent 25

3-(4, 5-di net hyl t hi azol - 2-yl ) -5- ( 3- car boxynet hoxyphenyl ) - 2- (4- sul f ophenyl ) -2
H tetrazolium (MIS) (LS> Patent No. 5,185,450) (see Pronega product catal og
#G3580, Cell Titer 96 AQ'<o~ One Solution Cell Proliferation Assay) was used
to determine tqt?@pmiltriﬂmmaafalsviifa‘-blde ogedt reoravf e fadlnwinghermernpideinpfucked | s

remai ni ng aft QBH sure, el mai ni ng
after 48 hourgS was 1co {EF%{H- gﬁ&ﬁagwr%tag%i%aﬂﬁ%eh%& £3 éo aI{/dleabl e
cells at the tate stm‘cheh' hgdagdgmts;)snveeadnbm\ammghérd‘ravmaigmgbms |c01nnmg aggnomt h
inhibition. The,gr er 48 urs of S Lh contr wel J.s that had
been treat ed vEEHoPEHERTATy ATE s sty oR e TR B dal e SebBeghti n-and
-the growm h of &gbdnsldtiansvel ls with 5 conpounds is conpared to this.

Qui nazol i none KSP inhibitors inhi bi ted cell proliferation in human tunor

(VDA B 231, N aronipof e il HBGR ap g ikt enteapen B AP e ( Skov: 5.
OVCAR- 3), | eUkﬂﬁﬂe@( c(flvuays S stspd M@Zﬂolucﬁx%nbﬁtaabt netsausorayst em ( SF- 268)
renal (A498), t eosar corra aé{CTZ- and cervjcal_ (HelLa) 10 In addition, a
mouse tunor | i FECYERCPRSLy. ARiTaXeRanaly: %@‘asaailgdraﬁ?%%ﬂ% nheRsTit@alYn t he presence
of the qui nazolBRBRuRAYRAKPERnonaryS, Ste&ﬁllycéi'llﬁ‘t}é%gulm PhQbhi Ng the
_concentration of corrpound in IrMvs t ercenta e of cell growth of cell
growt h in tPeains@negeslfprexampls, @t%tr@a&n%p Weignds and lﬂﬂ@n@e}w&o@ﬁa%w%m%e
estimat ed concenl ratl AR a@kct e a: QW10 d bited by 50% 15 conpared to
control, i.e %ynes cﬁent?%bgn atS \I\/nltéf?sor]s. ny [(Treatedge - To) /

(Control 4s - Tg) 50. Al concentrations of conpounds, are tested in
duplicate and Bﬁ{I’PWéh%Oélpa\}’é’fS%@&‘W%‘FOHHE‘W@W@ of sergraing %ﬁ%mpa\mdee wel |
plate |ayout af&?lt@n&%bﬁ@lbﬁﬁlaﬁﬁ't&k@ﬁ%@&dtéa@%@ﬁ%dta% dytale Cancer
Institute (see Monks, et al Nat|. Cancer Inst. 83:757-766 20 (1991)).
However, the nﬁmﬁ@*@n&y«hwhﬁ%hmﬁﬁfec 2gs0t) isreddedcn heapsay.ndltenativelygthant i t at es cel |
nunber does;snof, fﬂg&nwfgﬁhe%nﬁ&ﬁg gaqad%rmeg Spﬁ)oa'amkg 3l aa%eﬁreélggg@sso

Cal cul ation OF I'Cs Measurenent of a co tion's for KSP activity
uses an ATPase camgeynds ﬂin@la“@hlblmmwgbls@hmaeoﬂamaabeS@&bﬁml%ﬁ Weeibm 1 consists

(51 g A 3a77) g el ROESRLHTRaS Ry AR, SEAbA et 7002 10

ppm ant i f oam 288ptidsi agmlags%fBA%))aleﬂamMeﬁstpmuéaﬂnghss@:sgo(cﬁn@dae P&RE7), 2 nM
Md 2 (VW 7T 01 d.lL g 388 SIStS of .
T NADH (1 orib Rt Vg R R A BideVRighes 2 i Re S8 e
7UmM, L-| azi atthisgetppsh; ﬁghlﬂageabb&dhﬁ witro p#ﬁem—pﬁbte%x KiRRn2 aGaysStlegrtepRaed) , 100
AM KSP not or do /[l mcrotu uI es Si ma D9779) 5 NM
Dac it axel ( si Qv ARG it it R et S e e AR SRS 25 i

Pi pes/ KOH pH 6. %h&s%h@'@ﬁu&ﬁ:?s&?y)s,et@ AldgEe12 (V WR 7T4003-0 ), and 1 mM EGTA
(Sigma E3889). Serial dilutions (8 12 two-fold dilutions) of the

conposition are_nma t| ter te rni.n Costar 3695)

usi ng Sol ution 1%€ ‘t%gﬁr?lg\f\‘f%oﬁ lgfhn%lﬁ[ f PgRMS %5% tﬂéﬁ%?%ﬁaé'sbe%@ "o %f Sol ution
1. The reacti onnmﬁbesbﬁwﬁﬁd Irba/pzafkddemgmﬁ&huabmqﬁe mbtid 4 dgﬁﬁt (thetcompanid oflel . Thi s
may be done_with a pultich gd%r p|p ttqr ei ther manu - or With automated

i qui d handP? ng'TERioBLSs 18 e B froresqest ¢ °=t EREPER G to a

m cropl at e absopRangRekRRdal d&@ﬁ'y n?LHrTek c %ﬁsﬁ&ﬁ@é&lﬁ%?aﬁ@ﬁﬂig&g%rat 340 nm
are taken for each well in a kinetic no he observed rate of change, '
whi ch is propor PP@ﬁ&PfKﬁPEWOMTWﬁr%*@@B a.l@ebﬁ@ntoﬁpéﬁn&fo‘a@w@lﬂhﬁncu on of
the compound CORGERALE B inVeorfin HtAdRleth: bie ot Shebdh Afilcansy he dat a
acquired is fit by the follow ng four paraneter equation using a nonlinear
fitting programdgiectghle 1SGOa¢)L washjng off excfia regeent; aB3 ditgruning whetherthe maomt s 15

.. Werey igt n e
i nazol i nord copiBIREL Rk bl B et ien SURAIE: FRRAEN ooy ol

i ncl udi ng cell maybeutlhzedasmknownmtheart
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lines (IvlICF-7/ADR-RES, HCTlI 5) that express P-glycoprotein (also known as

Mul tidrug Resistance, or MDR~, which conveys resistance bck Mei
chenot herapeutic 20 drugs, such as pacilitaxel. Therefor 004

qui nazol inones are anti-mtotics that inhibit cell proliferation, and are
-not subject to resistance by overexpression of MDR+ by drug-resistant tunor
‘lines. O her conpounds of this class were found to inhibit cell
proliferation, although G Sa values varied. Gso values for the

qui nazol i none conpounds tested 25 ranged from 200 nMto greater than the

hi ghest concemyr'"tbtied' heean sancapihat m@omowréaﬁmthﬁa@ue&ﬂr pondrecipibeled t he

corpounds |'h aly; hr]anﬁl%l &ﬁgh géﬁﬂﬁg L Hé’tbf%é‘ol@él (Ez?ciullyot edﬂdo'i'é}l:é?xk {aé cel |

proliferation, SOIE, est tratlo tested neral ly

about 20 ~M, eue;hlhc grtrhwthhs m@chcnmcbras megﬂGES&mdiwncfE@ﬁ@mmWnUﬁg,tOhe
conpounds have

and
several have éP%%‘S‘iC}%{P‘H%%mP Bglge Ezliecgpﬁﬂm E}ﬁrfl% es %°r‘ta}‘?.1’%‘és ?:%%Sounds t hat
-have been SSUCQﬁﬁﬁfdﬂmstjepa@mmeﬁkokfm dnll @ntidi goxircetd. CFdrltt&ﬂbémﬁﬁblﬁdmg:ancer (cancer
chenot herapeutics) hav r eat i.n A549

0's that var r. ex
celI's, paclitaRgpbes gt?CPgiP MARAETY FOSERReH ME “P@%gbﬁ%%elggwaggwm’:&l& | is 1

pM and 5 hy dr QY8 K dksSfoP@ReclbA, (6l adcardRic@ Witlae oW pRidéduedtads obame®r
Institute, Devel opnental Therapeuti c_ Progran http [/ dtp.nci.nih. gov~.

Therefore, congheuhdehetishsl Cﬁ“rﬁ‘TFﬁlYtOTé‘é‘FﬂeﬁlYa’Fo ¢ detestenleisigalat virtual |y any
concentrati on may be useful. However, preferably, conpounds will have d so

val ues of | essmthas cﬂabmﬂneﬁ@romymhebemabwponeﬂmqmcbﬂ Wot dxalgiépth€ so val ues
of less than 20 pM Even nore agreferabl 10, conpoungds Wi | | have d so

val ues of IRsskinfsinprotsingmayibgfabpled afrtéfaaew%wopw-‘f@%o L b dupephorrs o be

desirabl e, i nchuehng-ROMRRAMASSonY pddeRnMA Ul wilhesSerbliadbelk, iMg Sone of
t he qui nazol i ngpne conpounds of the invention inhibit cell proliferation

with G so val ued fertbepiinsnwiopgampin, e Hiaswhenion e mitptic ageptsAPR 2004 W
claim 1. A compound of the formula: Rs n R6 R~ R3 wherein: 5 R~ is benzyl;

Rz is ethyl; Rite E&nﬂbﬁ%s‘lﬁ% inT&tibrSmh M&i’ RN compBitotsdo screen for
NN—dlrrethyIamnoeth | - IS hg en; R6 is hydrogen, R- is hydrogen;
and Rs is hydr a¢ditiongtdne ﬁﬁ’éﬂ?ﬁéelﬁﬁn IQPtF loafefe'éas%ifg é%‘EtcaItdeE‘Feer

15  grammatical equivalents as used herein describe any molecule, e.g., protein,
oligopeptide, small organic molecule, polysaccharide, polynucleotide, etc., to be tested
for bioactivity. They may be capable of directly or indirectly altering the cellular
proliferation phenotype or the expression of 2 cellular proliferation sequence,
including both nucleic acid sequences and protein sequences. In other cases, -

20  alteration of cellular proliferation protein binding and/or activity is screened. Screens
of this sort may be performed either in the presence or absence of microtubules. In the
case where protein binding or activity is screened, preferred embodiments exclude
molecules already known to bind to that particular protein, for example, polymer

structures such as microtubules, and energy sources such as ATP. Preferred

25 embodiments of assays herein include candidate agents which do not bind the celiular
proliferation protein in its endogenous native state termed herein as "exogenous"
agents. In another preferred embodiment, exogenous agents further exclude

antibodies to KSP.

Candidate agents can encompass numerous chemical classes, though typically they are
30  organic molecules, preferably small organic compounds having a molecular weight of

more than 100 and less than about 2,500 daltons. Candidate agents comprise
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2. A conpound of the formula: Rs n R6 R~ R3 15 wherei nﬂgﬁ?ﬁ@ﬁ%}zyl -48
2 APR 2004 Rz is ethyl; Rz~ is hydrogen; R3 is bronophen

N, N-di met hyl am noethyl -; 5 Rs is hydrogen; R6 is hydrogen; R~ is hydrogen;
and R8 is hydrogen or a pharmaceutically acceptable salt thereof. 3. A
compound of the formula: Rz O~.,~ Ra R3 to wherein: R8 R6 R~ R is benzyl;
Rz is ethyl; Rz~ is hydrogen; R3 is naphthyl-; 15 Ra is
N, N-di net hyl am noethyl -; Rs is hydrogen; R6 is hydrogen; R~ i's hydrogen;
and R$ is hydrpgen or a pharnmaceutically acceptable salt thereof. -49 Rs n
: ctional groups necessary for structural interaction with proteins, particularly

hydrogen bonding and lipophilic binding, and typically include at least an amine,

carbonyl, h_ydroxyl, ether, or carboxyl group, preferably at least two of the functional

chemical groups. The candidate agents often comprise cyclical carbon or heterocyclic

structures and/or aromatic or polyaromatic structures substituted with one or more of

the above functional groups. Candidate agents are also found among biomolecules

including peptides, saccharides, fatty acids, steroids, purines, pyrimidines, derivatives,

structural analogs or combinations thereof. Particularly preferred are peptides.

Candidate agents are obtained from a wide variety of sources including libraries of
10 synthetic or natural compounds. For example, numerous means are available for
random and directed synthesis of a wide variety of organic compounds and
biomolecules, including expression of randomized oligonucleotides. Alternatively,
libraries of natural compounds in the form of bacterial, fungal, plant and animal
extracts are available or readily produced. Additionally, natural or synthetically
15  produced libraries and compounds are readily modified through conventional
chemical, physical and biochemical means. Known pharmacological agents may be
subjected to directed or réndom chemical modifications, such as acylation, alkylation,

esterification, amidification to produce structural analogs.

Competitive screening assays may be done by combining KSP and a drug candidate in
20  afirst sample. A second sample comprises a mitotic agent, KSP and a drug candidate,
This may be performed in either the presence or absence of microtubules. The
binding of the drug candidate is determined for both samples, and a change, or
difference in binding between the two samples indicates the presence of an agent
capable of binding to KSF and potentially modulating its activity. That is, if the
25  binding of the drug candidate is different in the second sample relative to the first

sample, the drug candidate is capable of binding to XSP.

In a preferred embodiment, the binding of the candidate agent is determined through
the use of competitive binding assays. In this embodiment, the competitor is a
binding moiety known to bind to KSP, such as an antibody, peptide, binding partner,

30 ligand, etc. Under certain circumstances, there may be competitive binding as
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2 APR 2004 4. A conpound of the fornmula: RS Rs R~ R3 wherein: R~ is benzyl;
5 RZis nethyl; Rz~ is hydrogen; R3 is bronophenyl -; RQBgA

N, N- di met hyl ami noethyl -; Rs is hydrogen; R6 is hydrogen; R~ IPg zﬂﬂdr ogen;
and R8 is hydrogen or a 10 pharmaceutically acceptable salt thereof. 5. A
compound of the formula: RS RS R~ R3 wherein: 15 R is benzyl; RZis

nmet hyl ; -50 2 APR 2004 Rz~ is hydrogen; R3 is bronophenyl-; RQIis

am noethyl -; Rs is hydrogen; R~ is hydrogen; R~ is hydrogen; and R$ is
hydrogen or a 5 pharmaceutically acceptable salt thereof. 6. A conpound of
the fornul a: RevseRbe rrodategaaf Birdithe bipding moiety githyhe binding moiety

displacing the candidate agent.

In one embodiment, the candidate agent is Jabeled. Either the candidate agent, or the
competitor, or both, is added first to KSP for a time sufficient to allow binding, if

present. Incubations may be performed at any temperature which facilitates optimal
activity, typically between 4 and 40°C.

Incubation periods are selected for optimum activity, but may also be optimized to
facilitate rapid high throughput screening. Typically between 0.1 and 1 hour will be
sufficient. Excess rcagent is generally removed or washed away. The second

10 component is then added, and the presence or absence of the labeled component is

followed, to indicate binding.

In a preferred embodiment, the competitor is added first, followed by the candidate

agent. Displacement of the competitor is an indication the candidate agent is binding

to KSP and thus is capable of binding to, and potentially modulating, the activity of
15 KSP. In this embodiment, either component can be labeled. Thus, for example, if the
competitor is labeled, ﬂ’lL‘; presence of label in the wash solution indicates
displacement by the agent. Altematively; if the candidate agent is labeled, the

presence of the label on the support indicates displacement.

In an alternative embodiment, the candidate agent is added first, with incubation and
20 washing, followed by the competitor. The absence of binding by the competitor may
indicate the candidate agent is bound to KSP with a higher affinity. Thus, if the
candidate agent is ]abeléd, the presence of the label on the support, coupled with a

fack of competitor binding, may indicate the candidate agent is capable of binding to
KSP.

25 It may be of value to identify the binding site of KSP. This can be done in a variety of
ways. In one embodiment, once KSP has been identified as binding to the mitotic

agent, KSP is fragmented or modified and the assays repeated to identify the necessary

components for binding,
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RZ is ethyl; R2. is hydrogen; R3 is bronophenyl-; RQis am noethyl-; 15 RS
is hydrogen; R6 is hydrogen; R~ is hydrogen; and R8 is ng@?@%% a
pharmaceutically acceptable salt thereof. 7. A conpound a i @ to any
preceding claimwherein Rz and RZ' are each attached to a stereogenic
center having an R-configuration, or a pharmaceutically 20 acceptable salt
thereof. -51 2 APR 2004 8. An in vitro nethod of inhibiting KSP kinesin

~conprising contacting KSP kinesin with a conpound of the fornmula: Rs n Rs
'R~ R3 wherein

is. ch en fromh al ky aryl, alkylaryl,
‘heteroaryl, WP@E‘E%&S&’& Y S ff’%‘"tf’é@fgaatF R&FPLs cappblstaf mpdulgting the |
;substituted a'a&wlthYKSP s&hﬁmﬁguh@ﬂ dﬂa@fe&mﬁmg a c@RfhaRUBSTtMWiIMEES, as

‘al kyl het er oary!l R2~ are i ndependently chosen fromh drogen al kyl ,
oxaal kyl , ar ylabovaiWldaﬁewlmnﬁéﬂek%rowm th&lblél}ﬂglif@t wtiydy 9ﬂKSI§u'BBl§41U thied al kyl ,

'subst I tuted are}ﬁlboﬂﬁlggs&lg E%dﬁggc:a%el:\)rglsgcﬁgﬁ bm H)bﬁéf’g ﬁ%hmﬁg Sln?g(l)’tég and

-substituted al kyl hetefoary - en to -
7- menber ed 5r i mgeesRey)) and eleydisryidlogial ®~bi®h®n.ahllac§r1'1ty a5 dbSredthetedd TGE - Cs aI kyI ;

h | ; ht t
orenyl: n2n iliccb AL LAl G0 O R 0 O
bi phenyl yI ; beahmyians phmﬁmyyla*ﬂtsh*;bhnorﬂ,Beihahmbdymdwmpxhsﬂnce ﬁm}ibmg)nyl

heteroaryl; heter.oa substl tuted wi, al k I oxyrret hyl ;
RO is chosen fFofv h‘é}é‘PB OTAA °fé‘?1§ﬂ“° Spd?‘&%l' %/genﬁ@ﬂéé%tgﬁﬂy ove.
al kyl het eroaryl, substitut ed al kyl, substituted aryl, substituted

al kyl aryl , subﬂsltarmmv@yl dm‘éetrettmhscydemng ubgbé umﬂmjxdaﬁtkyaﬂgtcarcﬁx&ltqglthat Biad 20 Rs,
R6, R~ and ar.e t en fro drogen, al kyl, al koxy,

hal ogen, uort8él}elgy{]v°efgﬁ?08{1“8%5%&@5‘%%09?&‘3%%I sul fonyl ,  al kyl sul fonani do,
sul f onam doal kyl, sul fonam doaryl, al kylthio, carboxyal kyl, carboxam do and
am nocar bonyl Posfize cont@lsARRNIGifide @mtriﬂlamaubeuseﬁm mlaassawui’frefmahiyenof a

medi canment for t uI ar ol i.ter onpound as
defined in cl a5 n&@laan!i pegt s%mp s arc periormed i at east tnp]gcag'-: gtain s?atlstlcaﬁ

significant results. Incubation of all samples is for a fime sufficient for the binding of

the agent to the protein. Following incubation, all samples are washed free of non-
15  specifically bound material and the amount of bound, generally labeled agent
determined. For example, where a radiolabel is employed, the samples may be

counted in a scintillation counter to determine the amount of bound compound.

A variety of other reagents may be included in the screening assays. These include
reagents like salts, neutral proteins, ¢.g., albumin, detergents, etc which may be used

© 20 to facilitate optimal protein-protein binding and/or reduce non-specific or background
interactions. Also reagents that otherwise improve the efficiency of the assay, such as
protease inhibitors, nuclease inhibitors, anti-microbial agents, etc., may be used. The

mixture of components may be added in any order that provides for the requisite

binding.

25  The following examples serve to more fully describe the manner of using the above-
described invention, as well as to set forth the best modes contemplated for carrying
out various aspects of the inventton. It is understood that these examples in no way
serve to limit the true scope of this invention, but rather are presented for illustrative

purposes. All references cifed herein are incorporated by reference in their entirety.
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10. A use as clainmed in claim9 wherein said disease or glngsdgie i s chosen
5 fromthe group consisting of cancer, hyperplasia, rest 200 di ac

hypertrophy, immune disorders, and inflammtion. 11. A nethod as clainmed in
claim8 or a use as clained in claim9 wherein said conpound is a conpound
according to any of clains 1 to 6. 10 12. A nethod for the synthesis of a
conpound of Formula 1 a RS Rz O-_,\ R3 R$ Fornula 1 a wherein said nethod
conprises the steps o 15 contacting a conpound of Formula |c Rz, Rs Fornul a
lc -53 R~ RSR- /"\ Rs HR4 2 APR 2004 with an acyl chloride of the
formula R3(CO C, and isolating a coldAMELES Fornula 1 a, wherein: R is
chosen from hydrogen, al kyl, aryl, alkylaryl, heteroaryl, alkyl heteroaryl,

5 substituted al kyl, substitut e&bﬁg‘y‘,}im[ﬁlﬁgﬁtﬂeﬁuﬁﬁﬂs al kyl aryI substi tut ed
het eroaryl, and substl tuted al Kyt heteroaryl;, RZ and RZ~ are |ndependently

chosen from hydro en, al kyl, oxaal kyl, aryl, alkylaryl, heteroaryl,

al kyl het er oar yFhe fellaydng ghbreviptignsapd ter@abé‘ﬁtbw@eata@ eanings yeyehonted

al kyl aryl, substituted heteroaryl, and substituted al kyl heteroaryl; or Rz
and Rz takeh 14t oget her focpyh 3- to 7-nenbered ring; R3 is chosen from

d -C13 al kyl; BUBstitut&d G-bosopicleyl3-nighbergbic acidpht hyl ; phenyl substituted
with one or noRes hal 0, €l - GsbuglldeyyicarbGhylCS al koxy, vitro, carboxy,
met hyl enedi oxyBer trifl gor ométlhyl ; bi phenylyl; benzyl; phenoxynethyl;

hal ophenoxynet &yl ; pheny viewloe, heteroaryl; heteroaryl substituted with

C -CS al kyli§ 16Band benzyl ocoaytmbtiepky = RQuzyexghdesyl fr om hydrogen, al kyl,
aryl, al kyl ar yDBUnhet er oar y| diazdbicydit{SdejmaieyV-ensubst i t ut ed al kyl , ’
substituted arPICM subst it ut éidhladolnethaties methyllasd dhlatided: Ci@Gy oar yl ,
substituted al kgEhet er oat yl dickioelPlendR6, R~ and R$ are independently chosen
from hydrogen, Dalaky! , alkoxgieth#azbéitmgemiated | uor oal kyl , vitro, dial kyl am no,
al kyl sul f ongl , packyl sul f=onagii@dgropgitdrbsaiandedoal kyl , sul f onam doaryl ,

al kyl thio, carpogyal kyl ,= cane4astpetpyle@dil Hasar bonyl , aryl and hetroaryl.
-54 . A AQ . Avy DABNY - AY\ Al 44N N-BRettVIZnAbsyaaR) 2. Al g\ . Al . APX

\LAY2. AL AL A?DAYR AnY. Al= 2. NN Aty i@Bndnle Al 2. Ag\ . A

\.Aly. Al X&. A>)3Mﬁ5><AI)Q Adﬁ,ll 1 8 fox X - Al #.A A2, A LAl L AG)

A CARAAX ! vEF. A) AL Aa)gi ﬁ}lﬁe\ézcneu 6, x45
EEDQ = 2 ethoxy-1-ethoxycarbonyl-1,2-dihydroquinocline
Et = ethyl
Fmoc = 9-fluorenylmethoxycarbonyl
GC =  pas chromatography- '
25 HATU = Q-(7-Azabenzotriazol-1-yi)-1,1,3,3-tetramethyluronium
hexafluorophosphate
HMDS = hexamethyldisilazane
HOAc = acetic acid
HOBt =  hydroxybenzotriazole
30 Me = methyl
mesyl = methanesulfonyl
MTBE = methyl t-butyl ether
NMO =  N-methylmorpholine oxide
PEG =  polyethylene glycol
35 Ph =  phenyl
PhOH =  phenol
PP = pentafluorophenol
PPTS =  pyridinivm p-toluenesulfonate
Py = pyndine
40  PyBroP = bromo-tris-pyrrolidino-phosphonium hexaﬂuorophosPhate
rt = room temperature
sat=d =  saturated
5- =  secondary
t- = tertiary
45 TBDMS = t-butyldimethylsilyl
TES = triethylsilane
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6, C xx(x088| pppp9y<px88?~pp0~| >0??>~??~| | >??>~?| ??~~~a
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Ak RR ] +hC SOhti@L QYR 06)0- i@l YBie Oyganic 1R Es) dried 0@r MEIL,QGN gvaporated to
WLO%E () - S5 1%%;S(Jn}1%rtg§utgd ﬁr%gsgr_e? q‘gg{'emaining oily product was purified by flash
chomatoéaphy on a short silica gel pad using an eluent of CHC1;-MeOH-aq.NH3,
53 90:10:0.1, to give the desired compound (5), 2-[I'-(N,N-

dimethylethylenediamino)propyl]-3-benzylquinazolin-4-one (6) (6.0 g, 55%).

Step 6: 2-[I'(N-4-flucrobenzoyl)-(N,N-dimethylethylenediamino)propyl}-3-
benzylquinazolin-4-one.
A stock solution of compound 5 (1.822 g, 5.0 mmol) was prepared in HPLC grade
10 CHCI; (0.5 mL). A stock solution of p—ﬂﬁrobcnzoy] chloride (160.2 mg, 1 mmol) in
HPLC grade 1,2-dichloroethane (2.0 mL} was prepared in a 2.0 mL volumetric flask.
A third solution of triethylamine (2.0 mL of 0.5 M) was prepared in HPLC grade 1,2-
dichlorethane. A 100 uL aliquot of each solution was pipetted into a glass reaction
vessel using 2 Beckman Biomet 2000 automated liquid dispenser. The reaction
15  mixture was shaken using a mechanical shaker, sonicated in an ultrasonic water bath,
and then incubated overnight at room temperature. The mixture was diluted in CHCI,
{300 pL) and washed witil 5% aqueous NaHCO; and water. The solvent'was removed
in vacuo to provide compound 6 (65%). :[hc purity of the compound was analyzed by

TLC eluted with CH,Cly-ethanol-concentrated aqueous NH;, 100:10:1.
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All anhydrous solvents were purchased from Aldrich chemical company in SureSeal®
5  containers, Most reagents were purchase from Aldrich Chemical Company.

Abbreviations: DCM, dichloromethane; DIEA, N,N-diisopropylethylamine; DMF,
N,N-dimethyiformamide; TES, triethylsilane; TFA, trifleoroacetic acid. Array
synthesis was conducted in 15 x 75 mm glass round bottom screw-cap vials contained
in a 4 x 6 array aluminum synthesis block, sealed with a Teflon-lined rubber

10  membrane. Reagents were added and aqueous extractions performed with single or
multichannel pipettors. Filtrations were performed using Whatman/Polyfiltronics 24
well, 10 mL filtration blnocks. Evaporation of volatile materials from the array was

performed with a Labconco Vortex-Evaporator or by sweeping with a 4 x 6 nitrogen
manifold,

i5

Example 2 (solid phase syﬁthesis of a single compound)
STEP 1) 1,3-Diaminopropane trityl resin (Novabiochem, 1.2 mmol/g) (0.20 g,
0.24 mmol) was weighed into a screw-cap vial and 3 mL of a 1:1 mixture of DMF and
chloroform was added. DIEA (0.130 mL, 0.72 mmol) and 2-(1*-bromopropyl)-3-
20  benzylquinazolin-4-one (from Example 1) (0.188 g, 0.48 mmol) were added. The vial
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10% & ()-11i!10%u& ()-11i110% CFC& ()-!1i!10%44& ()-V 10% & ()-11 f
10% ()- j GKG GyGH| 1 $3{JInN 9" 10%& ()- P |
10%& ()-9' 10%& () - 29 10%?&' ()-2" 10%' ()-3 \ 10%& ()-Z 10] 10]JKLKK§SEE?|[EmIJ;
%1098 ()-! 10%& ()- 10% 10% ()-10% & () -S10%& () - L7MWN <
2012()/%2%"0(/ G)&_ I(Z- ‘f%‘g/sf (})eat;:d ﬁooé& %}é@%‘s }Ceﬂ(kgwemlgl%o/@gf%ry&n was ﬁlgce)red and washed

1098 () - $10%& (3)::1)895’@5@11@@1&1)(:1@,2&&& G)dnécil&é&r x(a)cuu\g? %%%
109 ()-29109%& ()-F 0! L10%& ()- 10 10J

| +109&’ () - F( " 180t 9fregy Wisr}mte(l)thb1515<% Tli@ﬁ!%&s (I)CM tf@)l 5n0ed@hd the F?WYYEZZd EK/

101 *Y ~ 910%& Y 4 e
010%& ()--1(5)<>/a(@}”?;§g zézr%%‘f% b 4%&53g¥% 2849 Ka8) 6 The quinazoline

diamine intermediate. LCMS analysis showed >8( % purity.
STEP 2) Ttie resin from Step 1 was swelled in 3 mL of DCM. DIEA (0.130

mL, 0.72 mmol) and 4-bromobenzyl bromide (0.12 g, 0.48 mmol) were added. The

vial was sealed and shaken overnight. LCMS analysis of a cleaved aliquot revealed an

approximate 1:1 mixture of starting material and product. Another 0.130 mL of DIEA
10 and 0.12 gof 4—bromobenz$r1 bromide were added and the mixture was shaken at 70
°C for 8 h. The resin was filtered, washed (as above), and dried under vacuum.

STEP 3) The resin from Step 2 was twice shaken for 30 min with 5:5:90

TFA:TES:DCM and filtered. The filtrates were combined and evaporated, yielding

140 mg of an orange oil. This material was purified by reverse phase preparative

15  HPLC (acetonitrile-water gradtent) to provide 27 mg (17% for 3 steps) of the mono-
TFA salt.

Example 3 (éombinatorial synthesis of multiple compounds)

STEP 1) 1,2-Diaminoethane trityi resin (Novabiochem, 0.95 mmol/g) (200 g,

1.9 mmol) and 1,3-Diaminopropane trityl resin (Novabiochem, 1.14 mmol/g) (2.0 g,

20  2.28 mmol) were each placed in different 10 mL polypropylene fritted tubes (Bio-
Rad). To each were added 4 ml, of DMF, 4 mL of chloroform, 3 eq. of DIEA (1.0mL
and 1.2 mL, respectively) and 2 eq. of 2-(1"-bromopropyl)-3-benzylquinazolin-4-one
(from Example 1) (1.5 g.and 1.8 g, respectively). The mixtures were shaken at 70 °C
overnight. Each mixture was washed (3 x DCM, 2 x MeOH, 1 x DCM, 2 x ether) and

25  dried under vacuum. Analysis of a cleaved aliquot revealed the presence of the
appropriate quinazolinone-diamine for each in >90 % purity.

STEP 2) The quinazolinone ethyl-diamine resin (105 mg, 0.10 mmol) was
placed into each of the vials in the first 2 rows of the array, and the quinazolinone
propyl-diamine resin (88 mg, 0.10 mmol) was placed into each vial of the last 2 rows

30 ofthe array. To each vial was added DIEA (0.131 mL, 0.75 mmol). Into each vial of
the first 2 rows of the array was added a different amine, and the additions were

repeated for the last two rows of the array. The reaction block was shaken at 70 °C

-36-



10! s@O%&' () -s\ @O0%& ()-V10%& ()- !'!I\V10%00& ()-w 10 1@ Zlgpﬁ 2004
109%&' ()-X]]]1"H "ar<~_@ 10'kyJ 10%& ()-* 'GyJ 10%}& ()-* T#y

109RWRE () -* pDl0%Ww&' ()-yD10%& () -f10%& () - aabZbbcFcdE~_@ 10! kY
3C10M& ()- ,2 10%& ()- O 109%& ()-/ 109%& ()- - 109 & ()- 3+
10%&' () - Fccc: d?d@AdBdLdxnbC 10! k! 10%&' ()-v 10w 10w 10w; 109%%&' () - v
&9109&' () -67c109& ()-Y 6S109&' () -Lddnfghij}[9nbC 10!#J 10%&' ()-!UP
109XX& ()- '*P° 10%& ()- !'P 109 T& ()- 10%& () - CLO%& ()-jj wkmmmmmr g\ =

101 P Y109 ( )<){ren]1‘1ght. Liquid was removed from each vial by multichannel pipette using fine-
pointed gel-well tips, and the resins were washed (2 x DCM, 1 x MeOH, 1 x DCM)
and dried under vacuum.

STEP 3) To each vial of the array was added 2 mL of a 10:5:85
5 TFA:TES:DCM solution. The reaction block was shaken for 45 min and the mixtures
were transferred to a filier block, filtered, and washed twice with 0.75 mL DCM. The
solutions were evaporated to yield yellow-to-red oils. These thick oils were triturated
twice with ether, dissolved in DCM and treated with 4 M HCl in dioxane to provide

the HCl salts (unknown number of salts per compound) as tan-to-white powdery or

10 amorphous solids. Analysis by LCMS showed all to be >75 % pure.

Examples 4-6

Six racemic quinazolinones were separated into their enantiomers by chiral

chromatography. The chiral chromatography of three of these compounds is
1S  described below:

Example 4:

ke
CfL”
e
. NJ\I)\

Oxy N NHy

Column - Chiralpak AD, 250 x 4.6 mm (Diacel Inc.). Sample — 0.5 mg/mL in EtOH.
Conditions — 15 min at 60% EtOH in Hexane, enantiomer 1 elutes at 4.5 min,

20  enantiomer 2 elutes at 4.9 min.

Example 5:
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10 10; 109%& ()-! @21 10%& ()-,109%& ()- !1#J 10% ; & ()- mOno9pp<qq}[ 9g\ =
101 1- 109 ()- 'U 109%& ()- 310%& ()-g 109%& ()-!':g 10%{]&'69[{ 2@14

10% " & ()-grsruuuuuu}”~SH= 10! 10w 10w 10w, 109%& ()-1 109w () -

10%& ()-!Nf)109% ()-3 $109& () - uu( xyxx#y{ydESH= 10! 10w 10%& ()- 10%
& ()-110%& ()-10%& ()-VCl0%& ()- 10%& ()- {y-zYzz{{|dBSH= 10!

10'R) (! 10%&' () -

% 0% & ()-y#10%& ()-"10%& ()-10%& ()- 10%& ()-y|S}}0~~, 12aB7= 10 10z;
10%2& ()-!166J 10%z& ()-z< S5D10%& ()-<

| 2D10%g& ()-z/10%& ()-)10%& ()-234A |

s' 109%& () - 109%K&' () - 109%& () - S@LOW&E' §) & ()- 109%&' ()- 10z
10zdcSAEMV s' 1098$' 10%wv & () -y#' 10%w& 1) -1)' 109&' () - -

1090& () -|"' 109%&' () -' 109%& () - Sl aB "% 1 109& () -!*. - 10%wW& () -\

Cl

NH,
Column - Chiraleel OJ, 250 x 4.6 mm (Diacel Inc.). Sample — 0.5 mg/mL in EtOH.

Conditions - 15 min at 10% EtOH in Hexane, (R)-enantiomer elutes at 8.4 min, (8)-

enantiomer elutes at 9.6 min.

Example 6;

NH,

Column - Chiralpak AD, 250 x 4.6 mm (Diacel Inc.). Sample — 0.5 mg/mL in EtOH.
10 Conditions - 15 min at 70% EtOH in Hexane, enantiomer 1 elutes at 6.5 min,

enantiomer 2 elutes at 8.8 min.

The table below depicts the ICsq activity of the racemate-and the enantiomers of three
other compounds separated as above. In all three cases, one enantiomer was
15  significantly more potent than the other, By independent chiral synthesis, it appears

that the more active enantiomer is the R enantiomer.
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s' 10% 109Z& ()-z 10%&Z& ()-zi- 109Z& ()-10%Z& ()-" 109&Z& ()-yi 1692& ()-
SHABbC s' 109 @0J 109& ()-y * 109&& ()- (v109%&& ()- $}109%&Z& ()- |"}10%&& ()-
109@& ()-gdYNC s' 1098 10z 10Z 10Z; 109%2& ()- 68 109%&& ()-Y <7} 109%&Z& ()-Y
5}109Z] & ()-Y L310%Z& ()- SIEYNC s' 109 9109%& () - 10%w. & () - 010%w. & () -
109" & ()-S109Ms& ()-c L! 1098& () - QPaBYNC s' 109 (&L09M& ()- & 109M& () -
9RI0IME () - #&LOMWYE () - 109M& ()-z! 10%w& ()-yJ1dEYNC s' 10% 3" 109M& () -

12109%& ()- /#109%& ()-h. 109& ()- ,109%& ()- )109& ()-z2~_ @
s'10109%&' ()-G_i!Y10%.& () -
‘ ICsp (uM) ICso (uM) ICso (pM)
Racemate Enantiomer 1 } Enantiomer 2
0.06 0.28 0.03
o]
L
/’\W/J*§
HaC N
0. N\/\\N /CHJ
|
CHy
Br
12.7 >>40 6.6
o
|
HiG N
o N\\//A\W/ﬁm
l I (I;Hg
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1094.& ()-110%.& ()-#10%.& ()-9Z10%.& ()- sVI0UU& ()- Yh@lg)m @884 358;

>AdEdY: 0!

#Cl0%.& () -p310%.& ()-66, 10%8.& ()-$10% & ()-10A& ()-6@10%U.& ()- n_=!

Bl 0! 109&' ()-"0!10! 10%& ()- 0!y10%& ()-w 10L 10L 10L3; 10%.& ()-<

i110%.& ()-twJde+= 10;

109 ()-!10110%ré& ()- 0!l 0! 10%GG& ()- 0!10!10%& ()- 0!dl0!'10%& ()- 0! @0!1

0% ()- 0 GcdB= 10!'# 10%B}B& ()-! @109%R2& ()-Y!'I 10%n& ()-Y' 10%Y& ()-Y

v 10%& ()-" 10 10cwU6+= 10Z; 10%Z&: W& ()- ! @V6 10%ZZ& ()- 'N\/
10%& ()-!'N 109& ()-!# 10%}& ()-D EQTBIEJ?%%B#N%:&' ()-1*f

10%99& () -y10%& ()-10%& ()-!<10%& ()- 10Z 10Z2+xdEK= 10Z;1 ##10%*& ()-

3" 10%& () - 1093 f@)& inglOIegmpYunds QoA yithesized agpRely 9ﬂa)%frlﬁl”a@f<&y thez6@

|1:(OZ§§J/G:Z1&-Y( ) 1ﬁ%g% ég‘%? ‘( iﬁ}%)@gtléﬁa?%@%%mﬁe_aawe enanttomgr isthe R

enantiomer.

Ki (uM) Ki (uM)

S enantiomer | R enantiomer

o }.1\/..‘_?\“_12 2 <0.1

O N, | 08 <0.05

Br

Example 9
Chiral Resolution by Recrystallization with Tartaric Acid

10  Intermediate A, prepared in Example 1, can be converted to an intermediate B, which,
upon re.solutiori, provides an alternative to the first five steps shown in Figure 4. The

process is shown in the scheme below:
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010%& () - t UKJEMhCOZ109RE () - 10%& () - 3510%&’ () - J S@ﬁ

109& () - DLOY& ()-| 109& () - KAJEMbCOZ< *109& ()-< |) 109%& () () -

1> 109 ()-, 109 ()-109% ()-V>aBmbC0Z | 9c 10% () - p7, 10%&'() Y

1C10% ()-6C0 109& ()-< . 109%& ()-'l9-

10%y& ()-[_@Z109%& ()-z! 10%gvg& ()-zs109@Z& ()-i!109&Z& ()-= 10 10 10;
109 ()-?}dB_@Z' @ 109%& ()-!109%%& () -

1092& () - | 10%Z& () - 1092& (

109@& ()-z 96} 1092& () -V Z& ()-1k' 10%&' ()-OpaB

z109%2& () -z10%& ()- 210938 -zloqaﬁm;mm¢1owz&r()ol

)| 109Z&' ()-' 109%Z& ( & y—#1-10028/

109@2Z& () - z/ daB7@Z L0Z; g () - BRPhATYZE!

03 100Z& ()-!1\@ 10958 , s10% & () -

10%& () -z} qy~avVK@Z 10

0Z 10Z; 1092& () - p7

0% *& ()-cE aBVK@Zz
: -y!'8

o0& ()- VY

L

The R enantiomer of B can be crystallized selectively by heating a mixture of B with
1.1 equivalents of D-tartaric acid in a mixture of isopropanol and methanol and then

5  letting the mixture return to room temperature.

Example 9;: X=Cl,R=H
Racemic intermediate B (1.5 g), dissolved in 100 mL of boiling isopropanol, was
mixed with 0.8 g of D-tartaric acid in 100 mL of boiling methanol. The mixture was

10 allowed to slowly reach room temperature. Afier standing overnight, the solid was
removed by filtration and rinsed with ethyl acetate and hexanes, and allowed to air
dry. The dried solid (0.8 g} was then dissolved in a boiling mixture of 50 mL of
isopropanol and 50 mL of methanol and allowed to slowly cool to room temperature.
After standing overnight, the resulting solid was removed by filtration and rinsed with

15  ethyl acetate and hexanes, and allowed to air dry, The dried solid was then stirred -

with saturated sodium bicarbonate for 30 min and extracted with ethyl acetate. The
organics were dried (MgSQy), filtered and evaporated to dryness. The resulting clear
oil weighed 345 mg. Chiral purity of >95% was determined by conversion of a
portion to the S-Mosher amide and examination of the product by "HNMR.

20  The enantiomerically pure compounds below were prepared, according to the

remaining steps in Figure 4, from material resulting from the procedure described

above using both D- and L-tartaric acid.
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f210%&' ()-010%&' ()-) 10%&' ()-c(f 10%&' ()-& 10%&' ().-

% bCs1010%&' () - sl 10%& ()

“nvxY:/

10109%Z& ()-t10%Z& ()- 109%&Z& ()- \\109%&Z& ()-cl0%& ()-i!Y109%&Z& ()- 10dE:/
10Si 310%Z&' () - Y. 10%7& () -,)10%Z&" () -9$10%& () -109%& () -10%Z& ()-12pQo/
10i 109Z& () -*FY10%Z& ()-**10%&& () Racepsgk' () - PR Bemesx &' |(§ lseenVRXY  u]|C/
10109%&Z&' () - ** LOWZ& () -**100%7Z&" () -*+&H - x x il *HCdyMr 2/ |
10109Z&' () -**L0%Z& ().-**10%&Z& ()-*F10%&Z& ()-**10%&& ()-*[*} " F/
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10109Z& () -**R109%Z&' ()-**) 109%&Z& ()1**&109%Z& ()}F**)10%&Z& |()-**C af x*?/
10109%Z& () -**10%&Z& ()-**109%Z& ()-*T1109%&Z& ()-**[1L0%Z& ()-*F} F/
10109Z&' () -**109%&Z& ()-**10%& ()-*7110%&& ()-**| u]l
10109%Z&' ()-** &10%Z&' () 0% & ()-**&100/1&' O F**) 109&8& [) - ** <=@N x [/
1010%Z& () -**10%&Z& () - Y& ()-*1109%Z8& ()-**109%Z& ()-*F} F/
10109%Z& () - **109%&Z& ()0** 0%&Z& ()-*1108&& ()-**U] Tscpps >0.5
10109Z&' () - ** &109 N%) 109Z&' () 4**&10%&Z& () }**) 109&Z& [) - **#: x"?/
10109%2& () -**1QY Ef 109@8& () -*110%& ()-**L0%&& ()-*}:; ?2Z[ _uv}"F/

(8] N\/\/NHz

CH,4

Induction of Mitotic Arrest in Cell Populations Treated with a Quinazolinone KSP
' Inhibitor

FACS analysis to determine cell cycle stage by measuring DNA content was
performed as follows. Skov-3 cells (human ovarian cancer) were split 1:10 for plating
in 10cm dishes and grown to subconfluence with RPMI 1640 medium containing 5%
fetal bovine serum (FBS). The cells were then treated with either 10nM paclitaxel,
400nM quinazolinone 1, 200nM quinazolinone2, or 0.25% DMSO (vehicle for

10 compounds) for 24 hours. Cells were then rinsed off the plates with PBS containing
SmM EDTA, pelleted, washed once in PBS containing 1% FCS, and then fixed
avernight in 85% ethanol at 4°C. Before analysis, the cells were pelleted, washed
once, and stained in a solution of 10pg propidium iodide and 250pg of ribonuclease
(RNAse) A per milliliter at 37°C for half an hour. Flow cytometry analysis was

15  performed on a Becton-Dickinson FACScan, and data from 10,000 cells per sample

was analyzed with Modfit software.
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109&' ()-4 @O%WNVE& .()-1) 610WNV& (,)-0 el0%NV& ()- k: 10%& ()-N + *zY8fE 10
1076 () SRR HANNE 0 S UWE L) AP it 17
109& () - 4*/ 0123bud/d shift il (8 POS@LDR of pells 'Hof@alOEREEME e stke IAPONE () -

L1 10% : & () - <1OW10W1QWV. ; 109 &éé -EB%[:VTS 1 1109 ()- ! 10%r& ()- !
10%d& () - | @298t @4 G2™M &l gk RS 2(()49 AgontsoR o Qtyey capypty et fhis class

109% & () - Y10: :wJeds fobfd fo hatOenilée diferts410% @ & () - 410%d& () - !

10% =: & ()-D?|[:bU4 1  10%&' ()- DLO% & ()-y lg 10% & ()- D1O%& ()- :
10% & ()-z sploWw & ()-8l grst|obW 1 |!1<10% :& ()-=10r10Qr10r_f:10% & ()- f
10% & (3 SLodhonopott Siogle Fytoyaion floyine Prizpllgaﬂfe@% 2 Quingzolinggk Ske: () . w H
1098 ()- L 10%mitc ()- #10% :& ()- MLO%:& ()-1; >u |[:bW4 1 R

4109 ()- 0210% : & ()- 110%:& ()- y/}10%:& ()- |, g 109%k& ()- |, g
TO09ONN& ()- !Jritir) >bw4 1 Z 10%j 9& ().-
0 ] To dete!nﬁine the nature of tﬁe G2%4%éc%mufa)tiog, human tumor cell lines Skov-3

(ovarian), HeLa (cervical), and A549 (lung) were plated in 96-well plates at densities

of 4,000 cells per well (SKOV-3 & Hela) or 8,000 cells per well (A549), allowed to
10 adhere for 24 hours, and treated with various concentrations of the quinazolinone

compounds for 24 hours. Cells were fixed in 4% formaldehyde and stained with anti-

tubulin antibodies (subsequently recognized using flnorescently-labeled secondary

antibody) and Hoechst dye (which stains DNA).

Visual inspection revealed that the quinazolinone compounds caused cell cycle arrest
15  in the prometaphase stage of mitosis. DNA was condensed and spindle formation had

initiated, but arrested cells uniformly dis?]ayed monopolar spindles, indicating that

there was an inhibition of spindle pole body separation. Microinjection of anti-KSP -

antibodies also causes mitotic arrest with arrested cells displaying monopolar spindles.

Inhibition of Cellular Proliferation in Tumor Cell Lines Treated with Quinazolinone

20 K SP Inhibitors.

Cells were plated in 96-well plates at densities from 1000-2500 cells/well of a 96-well
plate (depending on the cell 1ine) and allowed to adhere/grow for 24 hours. They were
then treated with various concentrations of drug for 48 hours. The time at which
compounds are added is considered Tp. A tetrazolium-based assay using the reagent

25  3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) (1.S> Patent No. 5,185,450) (see Promega product catalog #G3580,
CellTiter 36® AQyueous One Solution Cell Proliferation Assay) was used to determine
the number of viable cells at Ty and the number of cells remaining after 48 hours

compound exposure. The mumber of cells remaining after 48 hours was compared to
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compounds is compared to this. Quinazolinone KSF inhibitors inhibited cell
proliferation in human tumor cell lines of the following tumor types: lung (NCI-H460,
AS549), breast (MDA-MB-231, MCF-7, MCF-7/ADR-RES), colon (HT29,

HCT15), ovarian (SKOV-3, OVCAR-3), leukemia (HL-60(TB), K-562), central
nervous system (SF-268), renal (A498), osteosarcoma (U2-08), and cervical (HeLa).

In addition, a mouse tumor line (B16, melanoma) was also growth-inhibited in the

presence of the quinazolinone compounds.

A Gisgwas calculated by plotting the concentration of compound in M vs the
percentage of cell growth of cell growth in treated wells. The Gis calculated for the
compounds is the estimated concentration at which growth is inhibited by 50%

compared to control, i.e., the concentration at which:

100 x {(Treatedss - Tg) / (Controlyg - To)] = 50.

All concentrations of compounds are tested in duplicate and controls are averaged
over 12 wells. A very similar 96-well plate layout and Gisp calculation scheme is used
by the National Cancer Institute (see Monks, et al., J, Natl. Cancer Inst, 83:757-766
(1991)). However, the method by which the National Cancer Institute quantitates cell

number does not use MTS, but instead employs altemative methods.

Calculation Of ICsq:

Measurement of a composition's ICsq for KSP activity uses an ATPase assay. The
following solutions are used: Solution 1 consists of 3 mM phosphoenolpyruvate
potassium salt (Sigma P-7127), 2 mM ATP (Sigma A-3377), 1 mM IDTT (Sigma D-
9779), 5 uM paclitaxel (Sigma T-7402), 10 ppm antifoam 289 (Sigma A-8436), 25
mM Pipes/KOH pH 6.8 (Sigma P6757), 2 mM MgC12 (VWR JT400301), and 1 mM
EGTA (Sigma E3889). Solution 2 consists of 1 mM NADH (Sigma N8129), 0.2

mg/ml BSA (Sigma A7506), pyruvate kinase 7U/ml, L-lactate dehydrogenase 10 U/ml
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and 1 mM EGTA (Sigma E3889). Serial dilutions (8-12 two-fold dilutions) of the
5  composition are made in a 96-well microtiter plate (Corning Costar 3695) using
Solution 1. Following serial dilution each well has 50 pl of Solution 1. The reaction
is started by adding 50 pl of solution 2 to each well. This may be done with a
multichannel pipettor either manually or with automated liquid handling devices. The
microtiter plate is then transferred to a microplate absorbance reader and multiple
10 absorbance readings at 340 nm are taken for each well in a kinetic mode. The
observed rate of change, which is proportional to the ATPase rate, is then plotted as a
function of the compound concentration. For a standard ICsq determination the data

acquired is fit by the following four parameter equation using a nonlinear fitting

program (e.g., Grafit 4):

R
y= Ange + Background

x s
| I+ (1(:50)_
15 . -

Where y is the observed rate and x the compound concentration.

The quinazolinone compounds inhibit growth in a variety of cell lines, including cell
lines (MCF-7/ADR-RES, HCT1 5) that express P-glycoprotein (also known as Multi-
drug Resistance, or MDR™), which conveys resistance to other chemotherapeutic

20 drugs, such as pacilitaxel. Therefore, the quinazolinones are anti-mitotics that inhibit

cell proliferation, and are not subject to resistance by overexpression of MDR" by

drug-resistant tumor lines.

Other compounds of this class were found to inhibit cell proliferation,
although Glsp values varied. Glsg values for the quinazolinone compounds tested
25  ranged from 200 nM to greater than the highest concentration tested. By this we mean
that although most of the compounds that inhibited KSP activity biochemically did
inhibit cell proliferation, for some, at the highest concentration tested (generalty about
20 pM), cell growth was inhibited less than 50%. Many of the compounds have Gl
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5  hydroxyurea is 500 pM (data prowded by Nanonal Cancer Institute, Developmental

Therapeutic Program, http://dtp.nci.nih.gov/). Therefore, compounds that inhibit
cellular proliferation at virtually any concentration may be useful. However,
preferably, compounds will have Glsg values of less than 1 mM. More preferably,
compounds will have Glsg values of less than 20 uM. Even more preferably,

10 compounds will have Glsq values of less than 10 pM. Further reduction in Gls values
may also be desirable, including compounds with Glsp values of less than 1 pM.,
Some of the quinazolinone compounds of the invention inhibit cell proliferation with

Gl50 values from below 200 nM to below 10 nM.
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wherein:
5  Ryisbenzyl;
R; is ethyl;
Ry is hydrogen;
Rz is fluorophenyl-;
R4 18 N,N-dimethylaminoethyl-;
10 Rs is hydrogen; Rs is hydrogen; R; is hydrogen; and Rg is hydrogen or a

pharmaceutically acceptable salt thereof.

2. A compound of the formula:
R.
0 5
Rl . R6
R, N
Ra NN
N Ry
O N
N Ry
R4
R;

15  wherein:

R; is benzyl,
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aad4a7a: a=a@| [ : RE8 &10% " & ()- 10% " & ()- @o0% " & ()-

FpF109%r "Rais@ehyl 0 10% " & ()- |"F10% " & ()- @Waxaaa b>bw/5RES & 10%
& () (0% M & () - (M T 10% 4
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Rz is bromophenyl-;
R4 15 N,N-dimethylaminoethyl-;
5 Rs 1s hydrogen; Rs is hydrogen; R; is hydrogen; and Ry is hydrogen or a

pharmaceutically acceptable salt thereof,

3. A compound of the formula:
R
0 5
RI \ R6
R: N
R; NS
N Ry
O N
~— Ry
Ry
R;

10  wherein:
Ry is benzyl;
Rs is ethyl;
Ry is hydrogen;
Rj3 is naphthyl-;
15 Ry is N,N-dimethylaminoethyi-;
Rs is hydrogen; Rs is hydrogen; R; is hydrogen; and Ry is hydrogen or a

pharmaceutically acceptable salt thereof.
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Ry ~— R6
R N
R, NS
N Ry
Ry
R3
wherein:
R; is benzyl;

5 Rz is methyl;
Rz 1s hydrogen;
Rj3 is bromophenyl-;
R4 is N,N-dimethylaminoethyl-;
Rs is hydrogen; Rg is hydrogen; R; is hydrogen;, and Rg is hydrogen or a

10 pharmaceutically acceptable salt thereof.

5. A compound of the formula:
R
0 5
Rl \ R—6
R, N
Ry N
N R;
O N
~— Ry
R4
Ry
wherein:

15 Rjis benzyl,
R; is methyl;
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R3 is bromophenyl-;

R4 is aminoethyl-;
Rs is hydrogen, Rg is hydrogen; R; is hydrogen; and Rg is hydrogen or a

5  pharmaceutically acceptable salt thereof.

6. A compound of the formula:
R.
0 5
]11\\\ R6
R: N
R, NS
N Ry
O N
~ Ry
Ry
Rj
wherein:

10 Ryis benzyl;
R; is ethyl;
Ry is hydrogen;
R; is bromophenyl-;
R4 is aminoethyl-;
15 Rs is hydrogen; Rs is hydrogen; R; is hydrogen; and Rg is hydrogen or a

pharmaceutically acceptable salt thereof.
7. A compound according to any preceding claim wherein R, and Ry are

each attached to a stereogenic center having an R-configuration, or a pharmaceutically

20  acceptable salt thereof.
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" 10B&P kinesin with a compound of the formula:

10

15

20

0 Rs

RI\ R6
R, N

Ry NN
N Ry

0 N
™~
ﬁ/ R, Rs
R;

Ry 1s chosen from hydrogen, alkyl, aryl, alkylaryl, heteroaryl, alkylheteroaryl,

wherein:

substituted alkyl, substituted aryl, substituted alkylaryl, substituted heteroaryl,
and substituted alkylheteroaryl;

R; and Ry are independently chosen from hydrogen, alkyl, oxaalkyl, aryl,
alkylaryl, heteroaryl, alkylheteroaryl, substituted alkyl, substituted aryl, substituted
alkylaryl, substituted heteroaryl, and substituted alkylheteroaryl; or R, and R,: taken
together form a 3- to 7-membered ring;

R; is chosen from C;-Cy3 alkyl; substituted C;-Cs alkyl; phenyl; naphthyl;
phenyl substituted with one or more halo, C;-Cs alkyl, C;-Cs alkoxy, nitro, carboxy,
methylenedioxy or trifluoromethyl;  biphenylyl; benzyl; phenoxymethyl;
halophenoxymethyl; phenylvinyl; heteroaryl; heteroaryl substituted with C;-Cs alkyl;
and benzyloxymethyl;

R4 is chosen from hydrogen, alkyl, aryl, alkylaryl, heteroaryl, alkylheteroaryl,
substituted alkyl, substituted aryl, sobstituied alkylaryl, substituted heteroaryl,
substituted alkylheteroaryl; and

Rs, Rg, R7 and Rg are independently chosen from hydrogen, alkyl, alkoxy,
halogen, fluoroalkyl, mitro, dialkylamino, alkylsulfonyl, alkylsulfonamido,
sulfonamidoalkyl, sulfonamidoaryl, alkylthio, carboxyalkyl, carboxamido and

aminocarbonyl.
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12. A method for the synthesis of a compound of Formula 1a

R.
o 5

Rl\ R6

Formula 1a
wherein said method comprises the steps of:

15 contacting a compound of Formula 1¢

0 Rs

RI\ R6
R N

Ry 2
N Ry

Formula lc
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with an acyl chloride of the formula R3(CO)Cl, and

isolating a compound of Formula 1a,
wherein:

R; is chosen from hydrogen, alkyl, aryl, alkylaryl, heteroaryl, alkylheteroaryl,
substituted alkyl, substituted aryl, substituted alkylaryl, substituted heteroaryl,
and substituted alkylheteroaryl,

Rz and Ry are independently chosen from hydrogen, alkyl, oxaalkyl, aryl,
alkylaryl, heteroaryl, alkylheteroaryl, substituted alkyl, substituted aryl, substituted
alkylaryl, substituted heteroaryl, and substituted alkylheteroaryl; or R, and Ry taken
together form a 3- to 7-membered ring;

Rz is chosen from C;-Cys alkyl; substituted C;-Cs alkyl; phenyl; naphthyl;
phenyl substituted with one or more halo, C;-Cs alkyl, C;-Cs alkoxy, nitro, carboxy,
methylenedioxy or trifluoromethyl; biphenylyl; benzyl; phenoxymethyl;
halophenoxymethyl; phenylvinyl; heteroaryl; heteroaryl substituted with C;-Cs alkyl;
and benzyloxymethyl;

R4 is chosen from hydrogen, alkyl, aryl, alkylaryl, heteroaryl, alkylheteroaryl,
substituted alkyl, substituted aryl, substituted alkylaryl, substituted heteroaryl,
substituted alkylheteroaryl; and

Rs, Rs, Ry and Ry are independently chosen from hydrogen, alkyl, alkoxy,
halogen, fluoroalkyl, nitro, dialkylamino, alkylsulfonyl, alkylsulfonamido,
sulfonamidoalkyl,  sulfonamidoaryl, alkyithio, carboxyalkyl, carboxamido,
aminocarbonyl, aryl and hetroaryl. '
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